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The serotonin (5-HT) transporter (SERT) plays a key role in regulating 5-HT homeostasis and is the major pharmacological target for 

most antidepressant drugs (ADs). Most ADs seem to bind to a common site overlapping with the substrate binding site, termed the S1 
site. Multiple structure–activity relationship (SAR) studies have been focused on characterizing the high-affinity binding of ligands to the 
S1 site. In addition to the S1 site, the presence of an allosteric binding site has also been known for years, but it is only recently that the 

site (termed the S2 site) has been suggested to be in the extracellular vestibule 
of SERT. Only a few compounds that target the S2 site have been published, and 
in general, these compounds show activity in the micromolar range. Here, we 
disclose a series of compounds based on the scaffold of 
citalopram/escitalopram with selectivity for the S2 site over the S1 site on SERT. 
We will discuss the SAR of the series, including the molecular determinants that 
govern the selectivity for the S2 over the S1 binding site. The allosteric effects of 
binding of compounds to the S2 site have been characterized by determining 
their ability to inhibit dissociation of S1-bound [

3
H]escitalopram or 

[
3
H]imipramine. Hereby, Lu AF60097 was discovered as the most potent 

compound within the series and is, to our knowledge, the most potent ligand for 
the S2 site on SERT. Lu AF60097 displayed an IC50 value of 30 nM on the S2 site 
for inhibition of dissociation of [

3
H]imipramine from the S1 site. In contrast, the 

IC50 value for binding of Lu AF60097 to the S1 site was 300 nM, suggesting a 10-fold selectivity towards the S2 site. In summary, 
Lu AF60097 is the first compound that possesses high affinity and selectivity towards the S2 site relative to the S1 site in the SERT. 
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Accumulated pharmacological studies have implicated that dopamine receptors are preferable targets for neuropsychiatric 

disorders, such as schizophrenia and Parkinson’s disease. Dopamine receptors are also potential drug targets for other disorders, such 
as depression and drug abuse. Current antipsychotic drugs do not have much selectivity between D2R and D3R, and this low selectivity is 
associated with side effects such as extrapyramidal syndrome (EPS) and substance abuse. Consequently, a selective dopamine receptor 
antagonist may have fewer side effects. A novel series of 1,2,4-oxadiazole derivatives were designed and synthesized. Some of these 
compounds showed excellent activities and selectivity. The results of ongoing structure–activity relationship (SAR) and molecular 
modeling studies will be presented. 
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Glutamate is the main excitatory neurotransmitter in the central nervous system and its modulation is crucial both in physiological 

and pathological conditions. The mGluR5 receptor subtype belongs to family C of the 7-transmembrane (7-TM) receptor and it is 
peculiar for huge N-terminal domain and working mode. Different theories suggest that dysregulation of such a system is implicated in a 
variety of psychiatric and neurological disorders including schizophrenia, depression, and Parkinson’s disease. The aim of the work here 
described is to identify new antagonists at this receptor subtype. 

Given the difficulty to find competitive antagonists and to manage amino acidic structures, a series of know non-competitive 
derivatives able to antagonize the receptor were selected from the literature to build a pharmacophore model. Such a model was used 
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to sieve the commercially available compounds from different vendors. The new templates were filtered to remove reactive species and 
to achieve adequate physicochemical properties to ensure the final development of the scaffolds. After clustering, the centroids have 
been visually inspected and ordered from the vendor. Novel compounds endowed with micromolar potencies have been identified from 
the screening and can constitute the basis for a wider exploration of this potentially developable new class of mGluR5 NAM. 
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The NMDA receptor, a member of the family of ionotropic glutamate receptors, plays a crucial role in memory and learning.

[1]
 The 

NMDA receptor is activated by two agonists, glycine and (S)-glutamate, which need to bind simultaneously. Clinically it has been shown 
that over-activation of the NMDA receptor by excess of glutamate leads to an uncontrolled influx of Ca

2+
 ions into the neuron resulting 

in excitotoxicity. These excitotoxic effects have been shown to play a role in the progression of chronic neurodegenerative diseases such 
as Alzheimer’s disease and Parkinson’s disease. Inhibition of the over-activation can be addressed by targeting the allosteric ifenprodil 
binding site located on the GluN2B subunit of the NMDA receptor. Binding of ifenprodil-like antagonists prevent glutamate from binding 
at its agonist binding pocket and thus inhibit the channel from opening. As the expression of the GluN2B subunit is restricted to only 
some parts of the central nervous system, GluN2B-selective antagonists represent a selective approach to treat neurodegenerative 
diseases as well as exhibiting a better side effect profile compared to channel blockers. 

Previously our group has shown that a conformational restriction approach,
[2]

 starting from the lead compound ifenprodil (1), led to 
high affinity 3-benzazepines 
2 binding at the ifenprodil 
binding site of the GluN2B 
subunit (Figure 1). The 
current project aims to 
develop further this 
conformational restriction 
approach by investigating 
novel ligands based on the 
benzo[7]annulene scaffold 
3. Main aims of the project 
are broad variations of the 
substituents in 2-position of the benzo[7]annulene scaffold and introduction of various lipophilic residues at the amino group in the 
7-position. We have successfully synthesized and biologically evaluated a series of 2-nitro derivatives 3 (R

2
 = NO2). The 2-nitro 

derivatives exhibit surprisingly high affinity irrespective of the nature of the 7-amino substituent. Docking analysis also demonstrate that 
the nitro compounds adopt a similar binding pose as the co-crystallized ligand ifenprodil.

[3]
 These results stimulate the development of 

structure–activity relationships by synthesizing and testing a library of variously substituted benzo[7]annulen-7-amines. 
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Depression is one of the leading causes of disease worldwide. Epidemiological studies demonstrate that depressive disorders are 

highly prevalent; the incidence of depression has risen every year since the early 20th century. Pathophysiologically, the cause of 
depression is commonly associated with a deficiency of monoamine neurotransmitters (serotonin (5-HT), norepinephrine (NE) and 
dopamine (DA)) in the brain (monoaminm hypothesis), and a number of antidepressants aim to increase the levels of these 
neurotransmitters in the synapses.

[1]
 Since the launch of the first selective serotonin reuptake inhibitors (SSRIs) in the 1980s, second 

generation antidepressants such as dual 5-HT and NE reuptake inhibitors (SNRIs) or NE and DA reuptake inhibitors (NDRIs) with 
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enhanced properties have been substituted to tricyclic derivatives or monoamine oxidase inhibitors.
[2]

 However, a very large percentage 
of patients treated with SSRIs or SNRIs show partial responses and remission rate around 30 %. Additionally, the associated side effects 
such as insomnia, sexual dysfunction and elevated blood pressure are hamper their efficacy.

[3]
 An important recent development has 

been achieved with the discovery of triple reuptake inhibitors 
(TRIs), broad spectrum antidepressants that are capable of 
inhibiting the reuptake of 5-HT, NE, and DA by one molecule to 
improve the efficacy and/or reduce the delay in the onset of their 
action. We will present an exploration of 3-aminoazetidines which 
derived from the bioisosteric modification of 3-substituted 
azetidine

[4]
 as a part of our continuing efforts to development of 

novel antidepressant. The advantages of the 3-aminoazetidines are 
to frustrate from the difficult chiral resolution in stereochemistry 
and enantioselective syntheses. 
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A number of therapeutically important molecules act via allosteric enhancement of GABAA receptor function. These include 

benzodiazepines, barbiturates, neurosteroids, general anaesthetics such as propofol and etomidate and anticonvulsants such as 
loreclezole. With the exception of benzodiazepines that act predominantly through an N-terminal binding site on the GABAA receptor, 
the binding site of these drugs remains unknown, despite their long history of use. Despite their chemical diversity, it has been 
postulated that these agents may bind at a common or overlapping binding site, or share an activation domain, although it is likely that 
that more than one binding site exists. 

We have previously reported the modulation of GABAA receptors by flavonoids at a site independent of the high-affinity 
benzodiazepine binding site.

[1]
 In modifying the structure of epigallocatechin gallate found in green tea, we identified Fa131 (trans-

(2S,3R)-3-acetoxy-4’-methoxyflavan), a functionally selective positive modulator of 222L GABAA receptors over 1, 3 and 5 
containing receptors, which exerted non-sedative anxiolytic effects in mice.

[2]
 We also demonstrated that Fa173 (cis-(2S,3S)-3-acetoxy-

3′,4′-dimethoxyflavan) antagonized the potentiating actions of Fa131, etomidate and loreclezole at 12 and 122L GABAA receptors. 
Furthermore, Fa173 blocked the potentiation of GABA responses by high, but not low, concentrations of diazepam, but did not block 
the potentiation induced by propofol, the neurosteroid THP or the barbiturate thiopental.

[3]
 This suggests that Fa131 and Fa173, 

etomidate and loreclezole may act via the same allosteric binding site, which is the same as the “low affinity” benzodiazepine binding 
site.  
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In order to determine the site of action of the flavan-3-ols and other GABAA modulators, we have designed, synthesised and 
pharmacologically characterised a series pharmacological tools to identify and characterize the allosteric binding sites on GABAA 
receptors. These include Fa131-derived photoaffinity labels (1–3) and flavonoid- and propofol-derived cysteine-reactive ligands (4–9). 
We now report on the synthesis, pharmacology and chemical biology of these ligands. 
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The evident necessity to develop novel therapeutics to treat depression has recently been highlighted by the World Health 

Organisation, indicating that depression will be the second global health burden by 2020.
[1]

 Consistent evidence is suggesting that the 

aetiology of depression stems from the increase in density of the high affinity conformation of the 2-adrenocpetors (2-AR), 
illustrated with an increase in receptor density in depressed patient post-mortem human brain tissue.

[2]
 Current antidepressant (AD) 

therapies have a normalising effect (down-regulation) on these receptors, indicating that the 2-AR should be considered a valuable 
and viable target for AD treatment. 

The blockade of the presynaptic 2-AR has shown to increase the release of brain monoamines to exert an AD response according 
to the monoamine hypothesis of depression. However, it has now been accepted that although monoaminergic dysfunction is a useful 
element of the neurobiological basis of depression, it is not the entire component.

[3]
 Recent studies indicate that monoamine therapies 

may act indirectly by evoking adaptive changes in intracellular signal transduction and synaptic connectivity, thus influencing neuronal 
plasticity and neurogenesis to have an AD response. 

In the past 14 years, we have prepared several novel families of aromatic guanidine and 2-aminoimidazoline derivatives, showing 

high affinity for the 2-AR with antagonist activity (see Figure A, B and C).
[4,5,6]

 Building on what has been learnt from previous design 
and pharmacological results, new families of substituted 1,4-dihydropyrido[2,3-d]pyrimidin-2-amines and 1,4-dihydroquina-zolin-2-
amines have been developed, along with substituted 
2-amino-4,5-dihydro-1H-1,3-benzodiazepines (Figure 
D), to probe if alteration in the conformation of these 
cyclic guanidines will yield enhanced affinity for the 
receptor. 

We present now the final compounds and their 
pharmacological profile determined in human brain 
tissue. These novel ligands were evaluated in human 
prefrontal cortex by in vitro competition assays to 

assess their 2-AR affinity (pKi) and, then, by in vitro 

functional [
35

S]GTPS binding assays to determine 
their agonistic/antagonistic activity. We also propose 
to test these novel ligands in neuronal signalling 
pathways that have a protective effect on synaptic 
plasticity and neurogenesis in order to further 
understand positive secondary AD effects that our 
compounds may induce. 
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Neuronal nicotinic acetylcholine receptors (nAChRs) are ligand gated channels widely expressed both in central and peripheral 

nervous system. 7 nAChRs are implicated in several nervous system pathologies that involve, among others, cognition disorders,
[1,2]

 

schizophrenia,
[3]

 pain
[4]

 and inflammation.
[5]

 The search for positive allosteric modulators (PAMs) of 7 nAChRs has attracted 
considerable interest, because they permit the selective regulation of these channels and, at the same time, avoid many of the adverse 
effects associated with ligands that directly target the agonist binding site.

[6]
 

After the screening of a heterogeneous collection of small natural molecules, we identified a compound that behaves as a selective 

positive modulator of the 7 nAChR. This compound has two substituted phenyl rings separated by a spacer, and can be considered 
within the so called privileged structures. Modifications of the initial hit, regarding the number, position and character of the 

substituents, lead to several analogues which confirmed their role as PAMs of 7 nAChRs. The synthesis, biological behavior and 

modulatory properties of these new series of 7 nAChR PAMs will be commented. One of the new prepared analogues exhibited a 
much better activation profile than the model parent compound and was selected for further biological evaluation. Results of its 
neuroprotection ability in an in vitro assay of cell damage by reactive oxygen species, its effects in an in vivo model of analgesia, and the 
preliminary toxicology data will be also disclosed. A short ADME profile indicates the need for additional optimization of the molecule, 
and dictates new modifications. 
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The glutamatergic ionotropic AMPA receptors (AMPARs) represent an interesting target to develop innovative therapeutic drugs 

such as positive allosteric modulators (AMPApams), a subclass of modulators known to potentiate the effect of glutamate through such 
receptors. AMPARs mediate fast excitatory postsynaptic currents at the great majority of synapses and are involved in the expression of 
long-term potentiation, a phenomenon closely linked to learning and memory processes. The potentiation of AMPA signals is expected 
to be beneficial in the management of several neurological disorders, such as depression, schizophrenia, Parkinson’s disease and 
learning-memory deficits. The interest of AMPApams has recently been reinforced considering their neuroprotective and neuroplastic 
enhancing effects linked to stimulation of BDNF release. 

A number of distinct classes of AMPApams have been described in recent years, among which benzothiadiazine dioxides (BTDs) such 
as IDRA-21 (1).

[1]
 Starting from 1, we developed extensive research on original AMPApams belonging to pyridothiadiazine dioxides 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

83



(PTDs) and BTDs. The first series of PTDs isosters of the reference compound IDRA-21 (1) allowed the establishment of coherent 
structure–activity relationships and led to the identification of 2 as one of the most potent PTD-type AMPA potentiators. Further 
improvement of the pharmacokinetic properties as well as of the biological activity was reached in the benzenic series by introducing a 
cyclopropyl side chain at the 4-position, 
leading to BTD compounds such as 3. 
Several of these newly synthesized BTDs 
were co-crystallized with the ligand-
binding domain (LBD) of the GluA2 
subunit of AMPA receptors.

[2]
 

The present work aimed at exploring 
the interaction of representative PTD-type 
AMPApams (such as 2) with the GluA2 LBD in order to study the impact of the position of the nitrogen atom on their binding mode and 
affinity for the AMPA receptors. This study was completed by the synthesis and biological evaluation of new pyridothiadiazines 
belonging to the different heterocyclic subclasses and bearing the cyclopropyl group at the 4-position (i.e. compounds 4 and 5). 
4-Cyclopropyl-substituted compound 4 was found to provoke a much more pronounced potentiation of AMPARs than the 
corresponding 4-ethyl-substituted PTD (2). 
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Anxiety and panic disorders are amongst the most common mental diseases worldwide. Most effectively, these diseases are treated 

with benzodiazepines. However, these compounds are known to cause severe side effects like confusion, fatigue and drug addiction. 
Valerenic acid, a sesquiterpenoidal compound isolated from roots of Valeriana officinalis, acts as subtype selective allosteric ligand on 

the GABAA receptor.
[1]

 The highly pronounced selectivity for 2/3 over 1 subunits allows for addressing anxiety rather than sedation in 
animal models.

[2]
 Therefore, Valerenic acid could serve as alternative for benzodiazepines for the treatment of anxiety. 

To gain insight into the so far unknown binding mode and mode of action of Valerenic acid derived GABAA receptor ligands different 
regions of the complex original structure were modified (see Figure 1). Based on the total synthesis of Valerenic acid,

[3]
 a set of 

compounds was synthesized and biologically evaluated via electrophysiology. Results from the above mentioned structural alterations, 
in regions and functionalities, could give insight in the ligand–receptor interaction and elucidate structural motifs necessary for binding. 
We plan to further optimize the structure in terms of synthetic feasibility and biological activity. 
 

 
 

Figure 1. Modifications of the original Valerenic acid structure. 
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Magnolol (1) and Honokiol (2) are compounds belonging to the class of neolignans. They were isolated from Magnolia officinalis, 

species widely used in traditional eastern medicine to treat gastric and psychiatric disorders. Neolignans were proven to be responsible 
for most of the healing abilities of magnolia.

[1]
 Besides some other activity, magnolol and honokiol were shown to modulate activity of 

GABAA receptors
[2]

 and were identified as partial PPARg antagonists.
[3]

 
GABAA receptor is a ligand gated chloride channel located in the CNS, responsible for neuronal signaling inhibition. GABAA has a 

heteropentameric structure and comprise of various subunits. Properties and pharmacology of the receptor depends on its 
composition. Therefore, development of subtype specific ligands might be advantageous and can lead to the suppression of side effects 
of currently used drugs, targeting GABAA receptors (benzodiazepines, barbirbiturates). 

Recently, involvement of PPARg receptor and RXR receptors in inflammatory processes was revealed.
[4]

 Upon the activation of 
either receptor, heterodimer is formed which in turn competes for co-activators, involved in the inflammatory triggering. In this 
contribution, we describe synthesis of new magnolol and honoikiol derivatives and their selectivity profiling towards GABAA receptor 
modulation and anti-inflammatory properties. 
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Muscarinic acetylcholine receptors (MRs) belong to the superfamily type A G-protein-coupled receptors (GPCRs) and mediate the 

action of the neurotransmitter acetylcholine in the peripheral and central nervous system (CNS). MRs comprise five receptor subtypes 
(M1 to M5). Due to the high conservation of the orthosteric binding pocket, the development of subtype-selective MR ligands has been 
very challenging. As pharmacophore dimerization can have remarkable impact on receptor affinity and subtype selectivity,

[1,2]
 this work 

is aiming at the design, synthesis and pharmacological characterization of dimeric MR ligands. Based on the dibenzodiazepinone-type 
MR antagonist DIBA,

[3]
 which exhibits a preference for the M2 subtype, homo- and heterodimeric MR ligands were synthesized and 

characterized in whole-cell binding and functional assays at human MRs. For linking the pharmcophoric groups, spacers of various 
length and chemical nature (basic vs nonasic), containing flexible and rigid moieties, were used. The new dimeric MR ligands showed 
affinities and antagonistic activities in the nanomolar or sub-nanomolar range (M1R, M2R). By determination of the effect on the 
dissociation of the orthosteric MR antagonist [

3
H]-N-methylscopolamine ([

3
H]NMS), some of the compounds were shown to be 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

85



allosteric modulators at the M2R subtype. With pIC50 values of 5.10 and 5.56, two homodimeric ligands showed a higher inhibitory effect 
on the dissociation of [

3
H]NMS compared to the structurally related literature compound AF-DX 384 (pIC50=4.27). 
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Biased agonism offers an opportunity for the medicinal chemist to discover pathway-selective ligands for GPCRs. A number of 

studies have suggested that biased agonism at the dopamine D2 receptor (D2R) may be advantageous for the treatment of 
neuropsychiatric disorders, including schizophrenia. As such, it is of great importance to gain insight into the SAR of biased agonism at 
this receptor. We have generated SAR 
based on a novel D2R partial agonist, 
tert-butyl (trans-4-(2-(3,4-
dihydroisoquinolin-2(1H)-
yl)ethyl)cyclohexyl)carbamate. This 
ligand shares structural similarity to 
cariprazine, a drug awaiting FDA 
approval for the treatment of 
schizophrenia, yet displays a distinct bias 
toward two different signaling end 
points. We synthesized a number of 
derivatives of the lead compound, with 
subtle structural modifications, including 
incorporation of cariprazine fragments. 
By combining pharmacological profiling 
with analytical methodology to identify and to quantify bias, we have demonstrated that efficacy and biased agonism can be finely 
tuned by minor structural modifications to the head group containing the tertiary amine, a tail group that extends away from this 
moiety, and the orientation and length of a spacer region between these two moieties. 
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This project addresses the longstanding urgent, unmet medical need of chronic pain. Recent surveys have found that chronic pain 

affects up to 20% of adults in Europe and the USA. This equates to 8 million people in the UK alone.
[1]

 According to the international 
association for the study of pain (IASP), 1 in 5 people live with chronic pain and 1 in 3 are unable to live a normal lifestyle due to their 
pain. One key issue is the fact that the symptomatic medication currently available is effective only in about 40 % of chronic pain 
sufferers, and even these patients struggle to maintain the balance between adequate pain relief and their ability to cope with 
substantial drug-induced adverse effects. This creates a vicious cycle of insufficient analgesia and unbearable side effects ultimately 
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leading to discontinuation of treatment. A greater understanding of the underlying mechanisms of chronic pain has revealed the key 
role the strychnine-sensitive glycine receptor (SSGR) plays in the nociceptive pathway.

[2]
 

Although the SSGR has been recognised as an attractive target for analgesia, academic researchers and companies have so far failed 
to identify compounds, which selectively bind to the glycine receptor to enhance function. By contrast the genetically and functionally 
closely related GABAA receptor is an important target for a variety of clinically important drugs, including the intravenous general 
anaesthetic propofol. We have discovered that an analogue of propofol is 1000 times more potent at the glycine receptor than any 
other known compound and that it was selective for glycine over GABAA receptors, thereby potentially avoiding the side effects of 
sedation and anaesthesia associated with GABAA receptor enhancers. 

We have rationally designed and synthesised a library of compounds which selectively target the SSGR with EC50 values in the sub-
nanomolar range. We have successfully progressed from hit to lead stage with improved efficacy and dmpk properties. The lead 
compound has shown excellent PK profiles with oral bioavailability >80 % and CNS penetration >10x the EC50. We have obtained proof-
of-concept for the lead compound in a rat model of neuropathic pain and are currently moving forward with lead optimisation. 
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The main challenges for medicine nowadays are novel drugs for the treatment of memory deficits and cognitive disabilities. New 

drugs may improve the quality of life for people suffering from neurodegenerative diseases, such as Parkinson's and Alzheimer's 
diseases. Thus, since it has been demonstrated that the AMPA receptor (AMPAr) appears to be crucial for mediating synaptic plasticity 
and long-term potentiation, the positive allosteric modulation of the receptor became one of the promising direction for Parkinson's 
and Alzheimer's diseases treatment.

[1]
 Therefore, the ligand binding domain of the receptor was co-crystallized with almost 50 different 

allosteric modulators. It allowed a unique opportunity to evaluate the native orientation and bioactive conformation of a high number 
of congeneric compounds in terms of the same binding domain conditions. The main advantage of this kind of ligands’  alignment is the 
fact that the alignment was obtained only by the overlay of the crystal structures, and neither molecular docking nor receptor-based 
alignment methods were applied for the ligands.

[2,3]
 The high-resolution X-ray structures provide a rare opportunity to sample ligands’ 

orientations as a fragment library for rational drug design process. The strategy was successfully applied to the design and optimization 
of a new class of compounds based on a well-recognized scaffold.

[4]
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L-Glutamic acid is the major excitatory neurotransmitter in the central nervous system (CNS). It secures the majority of synaptic 

transmissions and is involved in learning and memory processes. On the other hand, glutamate is the main endogenous neurotoxin that 
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is responsible for numerous neuropathologies. Therefore, glutamate receptors from the CNS constitute excellent therapeutic targets 
and specifically the metabotropic glutamate receptors (mGluRs) that modulate synaptic transmission. Indeed, powerful and selective 
ligands are actively searched. Our laboratory has developed several series of compounds as agonists of mGluRs,

[1,4]
 whose efficacy was 

shown in vitro (Figure 1; J.-P. Pin’s group, IGF, Montpellier, France), and in animal models of Parkinson’s disease (PD)
[2,3]

 and pain.
[4,5]

 
Today, many compounds have been synthesized

[1,4]
 and tested, and one molecule, LSP4-2022, has been identified as the best agonist of 

mGlu4 receptor (subtype 4 of mGluRs), showing optimal compromise between activity and selectivity. New analogues that display 
improved activity will be presented. 
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Alzheimer's disease (AD), the most common form of dementia among the elderly, is a progressive, degenerative disorder of the 

brain with a loss of memory, and cognition. The search for inhibitors of acetylcholinesterase (AChE, EC 3.1.1.7) able to simultaneously 
bind to its catalytic and peripheral binding sites has become an area of very active research within AD. Donepezil is a member of a large 
family of N-benzylpiperidine-based AChE inhibitors, which were developed, synthesized, and evaluated by the Eisai Company in Japan, 
and has been approved for use in the US for the treatment of AD. In order to find less toxic derivative of tacrine 7-methoxytacrine (7-
MEOTA) was developed with preserved pharmacological properties to tacrine. Within our contribution we will report in silico studies of 
a novel series of donepezil-7-methoxytacrine hybrids designed to simultaneously interact with the active, peripheral and midgorge 
binding sites of acetylcholinesterase (AChE) that were synthesized and tested for their ability to inhibit AChE as well as 
butyrylcholinesterase (BChE, EC 3.1.1.8). 
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The compounds that will be described are presently under evaluation for patenting, and as such, this abstract is currently 

confidential. 
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Radiolabelling of nanofitins with N-[2-(4-[

18
F]fluorobenzamido)ethyl]maleimide (

18
F-FBEM) is described. Nanofitins derive from 

bacterial proteins from the Sac7d family and have acidophilic and thermophilic properties. They are small proteins (10 kDa) such as 
antibodies, which are capable of binding to a biological target. Some nanofitins were retained based on their specific binding to the FXY-
D2 receptor on beta-cells in the pancreas during in vitro studies. Radiolabelling of a nanofitin model has been performed to determine 
the in vivo biodistribution. As the formation of a C–

18
F bond requires hard conditions, an alternative method that has been developed 

since a few decades consisting of incorporating the 
18

F on a prosthetic group and coupling it to the biomolecule. Thus, 
18

F-FBEM has 
been synthesized on GE Fastlab to perform an automatic synthesis. Coupling with the 

18
F-FBEM has been achieved with Ni-His-Tag 

process. 
 

 
 
Figure 1. Synthesis of 

18
F-FBEM and labelling of nanofitin. 
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The neurotransmitter acetylcholine (ACh) exerts its effects on the central nervous system (CNS) through two distinct muscarinic 

mAChRs and nicotinic nAChRs receptors types: nAChRs belong to the superfamily of ligand-gated ion channels possessing a pentameric 
structure.

[1]
 Because of their distribution and abundance in the CNS (in particular in the hippocampus and cortex), the a7 subtypes are 

potential diagnosis and therapeutic targets for brain disorders that involve these cerebral regions. In this field, 7 nAChR agonists were 
identified and allowed the design of novel therapeutic agents for Alzheimer disease (AD). Having in hand a human compatible [

18
F]-

labeled positron emission tomography (PET) tracer to realize the early diagnostic or to validate the efficiency of therapies in clinical 
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trials for AD is indubitably crucial. In this aim, we also envisioned to design novel 7 nAChR ligands and their transformation into a [
18

F] 
PET tracer. 

Synthesis, molecular modelling and in vitro evaluation of each final compound were also associated to create a complete 
consortium able to identify the best ligands. Radiolabelling and in vivo evaluation determine the brain penetration as well as the tracer 
potency of drug. Based on our expertise in 
heterocyclic bio-mimetic development,

[2]
 we 

also obtained a wide library of novel 7 
nAChR ligands and some of them were 
transformed into [

18
F] PET tracer. Ligands 

contain a quinuclidine, a tropane or a 8H-
quinolizine moiety. We present herein 
chemistry,

[3]
 SAR studies, molecular modelling 

docking studies which confirmed the binding 
mode of the developed ligands, in vitro 
efficiency (SAR), radiolabeling and in vivo 
results in rats. 
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Serotonin-activated cell-surface receptor 5-HT7 is the most recently discovered 5-HT receptor. Although its physiological and 

pathophysiological implications have not yet been fully elucidated, it is known to play major regulatory functions in the central nervous 
system (CNS). It is now known to be 
associated with CNS diseases, 
deregulation of the circadian rhythm, 
sleep disturbance, thermoregulation, 
pain and control of nociception, 
learning and memory.

[1]
 So far, no 

suitable 5-HT7 positron emission 
tomography (PET) radioligand is 
available, thus limiting the 
investigation of the receptor in the 
living brain.

[2]
 Finding a highly selective 

5-HT7 receptor ligand would not only 
give supplementary information on the 
exact distribution of 5-HT7 in the CNS, 
but it would also provide valuable data 
on the exact role of the receptor in CNS 
disorders.  

We report the synthesis of a novel 
highly selective ligand of 5-HT7 
receptor. A series of mono- and di-substituted benzo[d]imidazol-2(3H)-ones, imidazo[4,5-b]pyridine-2(3H)-ones, benzo[d]oxazol-2-(3H)-
ones and oxazolo[4,5-b]pyridine-2(3H)-ones were synthesized and evaluated in vitro as potent ligands of 5-HT7 (Scheme 1). 
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Among the tested compounds, benzoylpiperidine series showed the best combination of affinity and selectivity for 5-HT7. After SAR 
optimization, MNI-709 was thus chosen as the fluorine-18 radiolabeled ligand, and evaluated in primate brain by PET (Figure 1). In this 
communication, we will discuss the implemented chemical strategies to access the desired ligands, their in vitro evaluation on 5-HT7, 
radiolabeling and PET imaging. 
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In this work, we successfully designed and synthesized a new precursor that allows the fluorine-18 labelling of UCB-H in a single step 

with good yields. The multistep radiosynthesis of [
18

F]UCB-H that is currently implemented in our lab shall therefore be replaced by this 
shorter, more efficient and technically simpler one-step radiolabelling. [

18
F]UCB-H is a radiotracer that has recently shown its potential 

as a synaptic vesicle protein 2A (SV2a) imaging agent. This work therefore allows for further research and investigation on 
neurotransmission processes and related diseases, such as epilepsy. 

 

 
 

Figure 1. Radiosynthesis of [
18

F]UCB-H from its diaryliodonium precursor. 
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Today, the diagnosis of Alzheimer's disease (AD) is based on detection of beta amyloid (A) plaques and neurofibrillary tangles 

(NFTs) in postmortem brains and on SPECT and PET imaging of A plaques. However, these cerebral changes seem not specific for AD, 
as they have also been reported in brains of cognitively unimpaired elderly individuals and in many other chronic neurodegenerative 
disorders. Since high MAO-B levels are present even in early stages of AD, the MAO-B system can be designated as an appropriate and 
prospective tracer target of molecular imaging biomarkers for AD. In the context of establishing new PET radioligands for the detection 
of MAO-B in AD, their precursors, which serve as starting material for radiolabeling, and reference compounds, which undergo 
preclinical testing, first need to be prepared. Previously, Mishra et al.

[1]
 reported 3-(anthracen-9-yl)-5-phenyl-4,5-dihydro-1H-pyrazoles 

as highly selective and extremely potent, reversible MAO-B inhibitors. 
 

 
 

Figure 1. Chemical structure of the extremely potent, high selective and 
reversible MAO-B inhibitor 3-(anthracen-9-yl)-5-phenyl-4,5-dihydro-1H-pyrazole. 

 
Hence, the aim of this project was the development of a compound library of fluoroethyl-substituted 3-(anthracen-9-yl)-4,5-

dihydro-1H-pyrazole derivatives, which serve as reference compounds for preclinical testing. Bioisosteric principles were applied to 3-
(anthracen-9-yl)-5-phenyl-4,5-dihydro-1H-pyrazoles, which have been proven extremely potent regarding the affinity towards MAO-B. 
Due to stability problems, the core structure (Figure 1) had to be modified by inserting an additional acetyl moiety. All target 
compounds could then be made accessible in 4 or 5 reaction steps, respectively. After preparation, all compounds were subjected to 
affinity, lipophilicity and selectivity testing to gain information for their suitability as radioligands for the employment in PET and thus, 
usage in the detection of MAO-B in early AD. We hypothesize that 

18
F-labeled pyrazoline derivatives may serve as high potential and 

promising molecular imaging biomarkers for the diagnosis of AD, since all unlabeled compounds feature outstanding characteristics for 
selective and potent reversible MAO-B inhibitors. 
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Emergence and spread of antibiotic-resistant strains of pathogenic bacteria have boosted an urgent need for new antibacterials with 

novel modes of action. In this sense, FtsZ—a widely conserved tubulin-like GTPase, which has not been targeted yet by any approved 
antibiotic—has been proposed as an attractive target due to its essential role in bacterial cell division.

[1]
 From a structural point of view, 

two main cavities have been identified for ligand binding: (i) the GTP-binding pocket and (ii) the long cleft between the nucleotide-
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binding and the C-terminal domain, also known as the PC190723 binding site (Figure 1).
[2,3]

 In the last decade, compounds that 
specifically target FtsZ and inhibit its function in bacterial division have been identified mainly by HTS.

[4]
 However, the binding modes of 

most of them are still unknown. 
Here, we will present our latest results on the discovery of FtsZ inhibitors targeting both binding sites. For the GTP-binding pocket 

(i), we identified hit UCM05 from the screening of our in-house library, and a hit-to-lead process led to UCM81 with improved FtsZ 
affinity and antibacterial activity.

[5]
 This compound inhibits bacterial cell division by disruption of FtsZ assembly and FtsZ delocalization 

(Figure 1A,B). Regarding the PC binding site (ii), fluorescent derivatives of the previously identified inhibitor PC190723 were synthesized. 
Among them, NBD derivatives were used as a valuable tool to successfully set up a fluorescence-based assay for the identification of 
new FtsZ inhibitors (Figure 1C). 
 

 
 
Figure 1. Dual strategy in the search for FtsZ inhibitors. A) In vitro effects of UCM81 in B. subtilis by phase-contrast microscopy; B). Z ring 
visualization with FtsZ-GFP; C) Displacement curves of fluorescent probes by the FtsZ inhibitor PC190723. 
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Metallo--lactamases play a key role in bacterial resistance to -lactam antibiotics by efficiently catalysing the hydrolysis of the 

-lactam amide bond. New Delhi metallo--lactamase (NDM-1) is a broad spectrum -lactamase that is able to inactivate all -lactams 
except aztyeonam. NDM-1 was first identified in a Klebsiella pneumoniae isolated in Sweden from a patient who had previously been 
hospitalised in New Delhi. Since identification NDM-1 has spread across the world to countries such as Canada, Russia, and the UK 

The objective of this project is to design an inhibitor which could be co-administered with current -lactam antibiotics to prolong 

the lifetime of -lactam antibiotics retaining the susceptibility of the bacteria to the -lactam antibiotics. Two approaches using in silico 
techniques where used to identify inhibitor classes. In the first approach a computational library of all trimer peptides including one 
cysteine was created using python scripting, babel and OMEGA. The library of ~1000 trimers was docked into the NDM-1 crystal 
structure using AutoDock. The docking results were scored using the AutoDock scoring function. The 10 top scoring and 10 worst 
scoring peptides were synthesised by solid phase peptide synthesis. The trimer peptides were biologically evaluated against NDM-1 on a 
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nitrocefin based assay. The best peptides showed micro molar inhibition against NDM-1. In 
the second approach, de novo design using SPROUT lead to the design of a small molecule 
containing a thiol which is designed to bind covalently to the zinc atoms in the binding site. 

This small molecule was tested against NDM-1 alongside the known metallo--lactamase 
inhibitor captopril on a nitrocefin based assay. Inhibition of 24 μM was seen against NDM-
1which was an improvement on that seen for captopril (36 μM). A crystal structure has been 
obtained of the inhibitor co-crystallised in VIM-2 a close analogue of NDM-1. A structure–
activity relationship study (SAR) has been conducted improving the potency to the NDM-1 
enzyme. Future work will look to continue the identification of hits by further SAR series 
around the thiol compound aiming to increase potency by adding additional interactions 
between the molecule and the binding site. 
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Pseudomonas aeruginosa is a Gram-negative bacterium associated with a range of life-threatening nosocomial infections and the 

primary cause of mortality in cystic fibrosis patients. It uses an intercellular signalling mechanism known as quorum sensing (QS) to 
regulate processes involved with virulence, including biofilm formation and production of virulence factors. Disruption of QS may 
therefore represent a strategy to attenuate the 
pathogenicity of the bacterium.

[1]
 It has emerged 

that some 2-alkyl-4-quinolone derivatives, most 
notably 2-heptyl-3-hydroxyl-4(1H)-quinolone 
(Pseudomonas quinolone signal, PQS), act as QS 
signalling molecules in P. aeruginosa.

[2]
 Recently, 

a set of 4-quinolones, isolated form the 
fermentation broth of the actinomycete 
Pseudonocardia, showed inhibition of growth of 
Helicobacter pylori (see Figure).

[3]
 Given the 

relevance of these natural products due to their 
structural resemblance to the PQS signalling 
molecules of P. aeruginosa and as part of our 
ongoing work to develop new antimicrobial structures for potential use as antibiotics, we will describe our recent efforts towards the 
synthesis of this set of quinolones. The synthetic routes and the biological evaluation of these new compounds will be discussed in the 
communication. 
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Tuberculosis (TB) remains a scourge in the world with nearly 8.6 million new cases and 1.3 

million deaths in 2012.
[1]

 The emergence of resistant strains to current treatment highlights 
the increasing need to discover new classes of chemical compounds. Isoniazid is a first-line 
drug acting as a prodrug whose active metabolite primarily targets the InhA protein.

[2]
 This 

protein is an NADH-dependent enzyme playing a key role in the biosynthesis of mycolic acids, 
essential elements of the mycobacterial cell wall. With this specificity, InhA protein has 
become a prime target in the design of new highly specific TB drugs. 

Those recent years, our group focused the work on the design of molecules acting directly 
on the InhA protein. Those molecules were on the one hand based on the scaffold of the 
active metabolite of isoniazid

[3]
 and on the other hand on known inhibitors, such as triclosan

[4]
 

or GENZ10850.
[5]

 
Crystallographic study of InhA as well as the synthesis and evaluation of novel compounds 

will be presented. The in vitro tests performed on a those molecules have revealed a 
significant enhancement of their biological activity. These results represent a step towards the 
discovery of new TB drugs. 
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Thymidylate kinase (TMK) is an essential enzyme in bacterial DNA synthesis. The deoxythymidine monophosphate (dTMP) substrate 

binding pocket was targeted in a rational-design, structure-supported effort yielding a unique series of potent inhibitors of 
S. pneumonia and S. aureus TMK. S. aureus membrane permeability was found to be highly dependent on the physical properties of the 
molecule and whole-cell activities were improved by the modulation of LogD with optimal whole-cell activity observed for compounds 
with LogD values close to 1. In vivo target validation was achieved by the identification of compounds showing efficacy in a murine 
model of thigh infection (S. aureus). 
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Thymidylate kinase (TMK) is an essential enzyme in bacterial DNA synthesis. Hit compounds were identified by a high-concentration 

screen. The hit compounds were shown to occupy the deoxythymidine monophosphate (dTMP) substrate binding pocket. A rational-
design, structure-supported effort yielded a unique series of potent inhibitors of H. influenza and E. coli TMK. In vivo target validation 
was achieved by the identification of compounds showing efficacy in a murine model of lung infection (H. influenzae). 
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The Aspergillus nidulans purine–cytosine/H

+
 FcyB symporter is a prototype member of the nucleobase cation symport (NCS1) family. 

NCS1 family members are responsible for the uptake of purines, cytosine, and uracil, but their substrates also extend to several 
antifungal drugs. Using homology modeling, substrate docking, and rational mutational analysis, we have previously identified residues 
critical for function and specificity of the transporter. In this study, the homology modelled structure of FcyB is further utilized for virtual 
screening calculations. Our in-house database of 1,500 natural products and synthetic compounds was used together with the NCI 
database of approximately 260,000 structures. The compounds with high empirical binding affinity from our in-house database were 
further experimentally investigated. The competition of the analogues was determined by in vivo uptake assays in the simultaneous 
presence of radiolabelled hypoxanthine. The virtual screening results from the NCI database guided as to rationalize the design and 
synthesis of a number of new substituted 3-deazaadenine derivatives as FcyB inhibitors. Herein, we present the first results from our 
ongoing efforts to target nucleobase transport in Aspergillus nidulans. 
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Multidrug bacterial resistance is one of the most critical health issues of the present days. Infections related with multidrug-

resistant Gram-negative bacteria can lead to inadequate or delayed bacterial therapy, and are associated with bad patient outcomes.
[1]

 
Therefore, there is a great necessity for new antibacterial agents, which are able to combat multi-drug resistant Gram-negative bacteria. 
The deacetylase LpxC is an essential enzyme in the biosynthesis of lipid A, which represents the main component of the outer leaflet of 
the outer membrane of Gram-negative bacteria.

[2]
 As the inhibition of lipid A biosynthesis is lethal to Gram-negative bacteria, inhibitors 

of LpxC represent promising new antibiotics. 
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The diphenylacetylene derivative CHIR-090, one of the most potent LpxC inhibitors, whose effectiveness is comparable with 
antibiotics like ciprofloxacin or tobramycin,

[3]
 served as lead compound. Recently conformationally constrained C-aryl furanosidic 

hydroxamic acids 2
[4]

 as well as open chain hydroxamates 1
[5]

 were stereoselectively synthesized in our group starting from chiral 
D-mannose and showed promising LpxC inhibition. Taking into account these data as well as main structural features of CHIR-090 and 
natural substrate we designed and successfully synthesized series of hydroxamic acids with imino-sugar scaffold 3. 
 

 
 

The antibiotic activity of the synthesized inhibitors was determined by agar disc diffusion clearance assays against E. coli BL21 (DE3) 
and the antibiotic resistant strain E. coli D22. Also, a fluorescence-based microplate assay for LpxC activity was performed as described 
by Clements et al.

[6]
 Some of the compounds showed activity in the disc diffusion clearance tests and in the enzymatic assay. 
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Antibiotic resistance in bacterial pathogens is one of the major threats regarding human health. An alarming trend is the spread of 

metallo--lactamases (MBLs) among Gram-negative pathogens that transfer resistance against almost all -lactams including 
carbapenems.

[1]
 The development of new anti-infective agents remains one of the most significant demands in modern medicine.

[2]
 To 

overcome MBL-mediated resistance, a combination of -lactam and -lactamase inhibitor, which protects the -lactam antibiotic 

against the activity of the -lactamase, is urgently needed.
[3]

 The identification of such MBL inhibitors is the focus of our recent work. 

We present a computer-aided approach to screen for inhibitors of three different class B1 MBLs: NDM-1 (New Delhi metallo--

lactamase 1), VIM-1 (Verona integron-encoded metallo--lactamase 1) and IMP-1 (Imipenemase-1). Therefore, different vendor 
libraries were filtered according to the Astex

[4]
 ‘rule of 3’, followed by consensus docking into the crystal structures of the targeted 

proteins using MOE
[7]

, GOLD
[8]

 and PLANTS
[9]

 software suites The top-scored fragments were manually selected and evaluated in a 
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fluorescent assay system with purified recombinant protein. Possible binding was confirmed by STD-NMR.
[10]

 We identified fragments 
that can serve as starting point for further development of potent MBL inhibitors. 
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Cystapep 1

[1]
 is a compound structurally based upon the inhibitory center of human cystatin C, which inhibits the growth of clinically 

important gram-positive pathogens, like methicillin-resistant Staphylococcus aureus and multiresistant coagulase-negative 
staphylococci.

[2,3]
 In addition, recent in vitro tests showed that Cystapep 1 is a specific inhibitor of PGPH-like activity of proteasome 20S, 

the major protease of the ubiquitin-proteasome pathway. We have synthesized and tested analogues in which the residues were 
replaced by different amino acids or acids, the latter in the case of cinnamoyl moiety. The obtained results suggest that the presence of 
certain components is necessary for the activity against pathogens. Some of the compounds present lower MIC for S. aureus and 
Streptococcus pyogenes than original compound. Further results suggested that Cystapep and its analogues activate ChT-L activity of 
human housekeeping 20S proteasome at high level of concentrations and inhibit PGPH-like activity at low concentrations. We have also 
obtained compounds with both biological activities. 
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Plasmodium falciparum is responsible for most casualties related to malaria infections, however P. vivax also cause significant 

morbidity in endemic regions.
[1]

 This species is particularly known to adopt a dormant stage in the liver which do not respond to 
common blood schizontocydes, that are usually given to treat falciparum malaria.

[2]
 Incomplete clearance of the parasites either from 

the blood or liver, greatly increases the risk of resistance. In this report we present a series of tetraoxane–pyrimidine nitrile hybrids that 
combine two distinct mechanisms of action with blood- and liver-stage activity (Figure 1). All hybrid compounds displayed potent 
nanomolar antimalarial activity (13–80 nM versus 3D7) against two strains of P. falciparum, low cytotoxicity (SI>2000) and showed 
significant effect on liver stage parasitemia. In vivo, it was observed a decrease in parasitemia and an increase in survival of mice when 
compared to control. The compounds developed in this study showed a more complete antimalarial activity to cope with highly 
adaptable parasites, and represent an approach that should be further explored with special emphasis in the treatment of P. vivax 
infections. 
 

 
 

Figure 1. General structure of tetraoxane–pyrimidine nitrile hybrids. 
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The need for new antibiotics is imperative due to the emergence of virulent bacterial strains resistant to clinically available drugs.

[1]
 

New routes for the discovery of antibiotics are required to overcome this drug discovery deficit and the re-emergence of natural 
products-based approach has gained importance in the quest for novel medicinally active compounds. Inspired by the intrinsic 
antibacterial activity of natural products such as equisetin and reutericyclin, both 
containing a tetramate core structure, our research has focused on the diverted 
synthesis of cysteine-derived thiazolidine templates, which are suitable for highly 
chemoselective and diastereoselective ring-closing reactions to obtain polar tetramic 
acid derivatives. Even though the tetramate core possesses no intrinsic bioactivity, 
appropriately substituted tetramates show high levels of antibacterial activity. These 
novel antibacterial compounds with improved physicochemical properties obey 
Lipinski's Rule of Five and hence have a promising profile as drug candidates suitable 
for 'escaping from flatland'.

[2]
 This approach offers promise for the next generation of 
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orally bioavailable drug candidates with reduced binding to human serum albumin and thus improved efficacy in vivo. The poster 
communication will describe the synthesis, properties and bioactivity of a series of enantio-enriched potent novel polar tetramates 
derived from L-cysteine. This is important since most compounds, despite good intrinsic bioactivity, fail in clinical effectiveness in vivo 
due to strong binding to serum albumin.

[3]
 Bioassay evaluation shows that these templates exhibit high levels of bioactivity against 

S. aureus even in the presence of human serum albumin. This series of tetramate derivatives synthesized holds the potential to provide 
a new generation of orally bio-available antibacterial agents. 
 
References: 

 
[1] Y-C. Jeong, M. Anwar, Z. Bikadi, E. Hazai, M.G. Moloney, Chem. Sci. 2013, 4, 1008–1015. 
[2] F. Lovering, J. Bikker, C. Humblet, J. Med. Chem. 2009, 52, 6752–6756. 
[3] J. Ghuman, P.A. Zunszain, I. Petitpas, A.A. Bhattacharya, M. Otagiri, S. Curry, J. Mol. Biol. 2005, 353, 38–52. 

 
 

C013 | Novel Approaches Toward the Eradication of Resistant and Persistent M. Tuberculosis Strains 
 
Marco Pieroni,

(1)
 Miguel Viveiros,

(2)
 Gabriele Costantino

(1)
 

 
1) Dipartimento di Farmacia, Centro Interdipartimentale BIOPHARMANET_TEC, Università di Parma, Parco Area delle Scienze 27, 43124 Parma, Italy 
2) Grupo de Micobactérias, Unidade de Microbiologia Médica, Instituto de Higiene e Medicina Tropical, Universidade Nova de Lisboa (IHMT/UNL), Rua da 
Junqueira 100, 1349-008 Lisboa, Portugal 

 
Tuberculosis (TB), brought by Mycobacterium tuberculosis (Mtb) is one of deadliest diseases that the human kind have faced 

throughout the centuries, and the toll of deaths caused by this disease is still remarkable.
[1]

 TB is thought to represent a concern only in 
the developing countries, where extreme life conditions boost the spread of the disease. However, global warming, business travels and 
the steadily increasing migration flows from countries where TB is endemic, pose a real threat to contract TB also in the developed 
countries; and the whole scenario becomes almost intolerable when resistant strains such as multi-drug resistant TB (MDR-TB) and 
extensively drug-resistant TB (XDR-TB) take over. Two main hurdles characterize TB infection: drug-resistance and the presence of 
persistent strains that extend the duration of the therapy and make it more difficult to eradicate. Although hundreds of compounds are 
often disclosed, that have in vitro activity against drug-resistant and drug-susceptible Mtb, a different idea is needed to face the disease 
at 360 degrees. Efflux pumps are known to be important means to modulate antibiotic resistance for many bacteria, and for Mtb in 
particular. As it is true that the main mechanism by which Mtb eludes chemotherapy is represented by mutations at the target binding 
sites of the most common drugs, it is as well true that: 1) efflux systems are effectors of the innate drug-resistance machinery; 2) their 
contribution is crucial in conferring high-level of resistance; 3) they contribute to lower the concentration of the drug inside the 
mycobacterial cell, enabling the emergence of resistance; 4) it has been demonstrated that efflux pump inhibitors are able to restore 
the activity of old drugs toward which the bacteria had become resistant.

[2]
 As such, inhibition of efflux pumps may help in preventing 

the raise of resistances, in containing its spread, and in re-establish obsolete therapeutic options. Moreover, thioridazine (TZ), by virtue 
of its capability to affect the efflux systems of the macrophage, not only acts as an inhibitor of bacterial efflux pumps, but has also 
shown to cure resistant TB when administered in combination with other antituberculars on compassionate basis.

[3,4]
 However, TZ, 

indicated for the treatment of schizophrenia, shows general toxicity at the anti-TB therapeutic doses. All of these findings prompted us 
to prepare analogues of thioredazine as inhibitors of the mycobacterial efflux pumps. Taking M. smegmatis as Mtb surrogate for the 
preliminary investigation, these compounds were tested for their ability to inhibit the efflux of ethidium bromide (EtBr) and, in a 
combination assay, to enhance the potency of known antimycobactetrials (rifampin, claritromycin, ofloxacin, ciprofloxacin and ethidium 
bromide), when administered at only ¼ of their MICs. We were pleased to notice that while UPAR 223 was an inhibitor of EtBr efflux 
slightly better than TZ and Verapamil, UPAR 174 was able to enhance up to 128 the activity of RIF in the combination assay. As such, we 
strongly believe that these compounds may serve as effective tools for an innovative antituberculosis regimen. 
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The number of multidrug resistant bacterial strains (MDR) has been rapidly increasing.

[1]
 Drug resistance is the main cause of 

prolonged infections, which enhances the risk of dangerous illnesses such as wound infections, osteomyelitis, septic arthritis, 
endocarditis. As a consequence, death rate related to MDR-bacteria is rising quickly. In general, acute infections are known to be caused 
by planktonic bacteria, which are usually treated with antibiotics. In contrast, in case of biofilm forming strains, infections often show up 
to be untreatable and usually develop into chronic.

[2]
 Thus, since overused antibiotics become ineffective, innovative approaches are 

required in the search of alternative biocidal agents and therapies. Despite the discovery of various active agents only few of them meet 
the requirements as biocompatibility, biodegradability and lack of cytotoxicity against human cells. Among a number of strategies, 
polymeric particles as drug carriers have attracted lately a lot of researchers’ attention. 

Present study focuses on alginate/chitosan sub-microparticles constructed of polymeric core loaded with antibiotic (e.g. 
ciprofloxacin) and polymeric shell prone for further lytic enzyme immobilization. Several synthetic approaches were conducted in order 
to obtain stable and uniform core-shell beads. Physicochemical characterization of obtained materials was performed. Size and zeta 
potential were determined by dynamic light scattering technique (DLS). Particles shape and morphology were investigated via scanning 
electron microscopy (SEM). Drug loading efficiency and cumulative drug release profiles were evaluated by UV/Vis spectrophotometry. 
Finally, preliminary biological tests were also performed. Alginate/chitosan core-shell beads loaded with ciprofloxacin appears to be a 
promising alternative for ineffective antibiotics. Preliminary biological tests encourage for further investigation of those hybrid 
materials. 
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According to WHO figures, tuberculosis was the sole cause of death of almost one million people in 2011, with a further 8.7 million 

people infected.
[1]

 This treatable disease is caused by an infection of Mycobacterium tuberculosis (Mtb), although treatment can be 
hindered by the emergence of drug resistant strains.

[2]
 Mtb enoyl acyl carrier protein reductase (InhA), an established drug target, is a 

key component of the Mtb FAS II pathway. It is an NADH-dependent enzyme that facilitates the reduction of long-chain trans-2-enoyl-
acyl carrier protein fatty acids.

[3]
 A series of thiadiazole-based InhA inhibitors (e.g., 1, Figure 1) was initially discovered in a high-

throughput screening campaign by GlaxoSmithKline.
[4]

 Compound 1 was shown to be a direct, reversible inhibitor of InhA through 
binding in the active site, where it makes contacts with NADH. Preliminary structure–activity relationship studies were later performed 
by AstraZeneca, where it was also demonstrated that this binding is dependent on the oxidation state of NADH.

[5]
  

We have designed, synthesized and biologically evaluated a series of tricyclic inhibitors of InhA that are based on the thiadiazole 
scaffold of 1. Our aim was to improve their physicochemical properties and to reduce the number of aromatic rings,

[6]
 while retaining 

the InhA inhibitory potency and antimycobacterial activity. Potent nanomolar inhibitors with excellent antimycobacterial activity were 
synthesised. In vitro profiling studies revealed that they have good artificial membrane permeability, do not interact with hERG, and 
have an acceptable profile of cytochrome inhibition. The best compound in the series was compound 2 (Figure 1), which also 
demonstrated good intracellular antimycobacterial activity in THP-1 cells, and good intrinsic clearance in a human microsomal fraction 
assay. 
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Figure 1. Evolution of the new InhA inhibitors. 
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Infections are frequent complications of many invasive surgical, therapeutic and diagnostic procedures.

[1]
 Biofilm plays a pivotal role 

in healthcare-associated infections, especially those related to the implant of medical devices, such as vascular and urinary catheters 
and orthopaedic implants.

[2]
 In order to improve the long-termed maintenance of implants and to inhibit biofilm formation, the material 

surface, e.g., polyethylene or silicon, can be modified by chemical functionalization and subsequently grafted with molecules having 
known anti-biofilm activities. In a previous study, a new series of chemically modified molecules, related to zosteric acid and salicylic 
acid scaffold, were investigated with the aim to better understand the structural characteristics 
responsible for the antifouling activity and to define the requirements essential to hinder biofilm 
formation.

[3]
 Their biological investigation on E. coli growth led us to the identification of several 

commercially available molecules as suitable anti-biofilm compounds for grafting to polymers. In 
details, the polymeric surface was activated by using physical and chemical methods, without changing 
their bulk properties.

[4]
 Then, the graft-polymerization with a linker and the immobilization of the 

selected bioactive molecules on the polymeric surface provided the new material. The activation of the polymeric surface and the 
subsequent analysis carried out to characterize the new materials and to evaluate their inhibitory activity against E. coli biofilm will be 
reported. 
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The antibiotic resistance of invasive pathogens has become one of the most challenging and persistent worldwide health problems; 

thus efforts to develop new antimicrobial agents are needed.
[1]

 In the case of an immune system disorder (e.g., immunosuppressive 
therapy, AIDS patients, etc.) bactericidal agents are unequivocally indicated. Considering steadily escalating numbers of 
immunocompromised patients with endocarditis, meningitis or osteomyelitis in 
recent years, it is necessary to achieve bacterial killing and broaden the spectrum of 
antimicrobial agents with bactericidal active compounds.

[2,3]
 

This paper deals with bactericidal activity of newly synthesized (S)-5-chloro-2-
hydroxy-N-{3-methyl-1-oxo-1-[4-(trifluoromethyl)phenylamino]butan-2-
yl}benzamide against Staphylococcus aureus ATCC 29213 as a reference strain and 
three clinical isolates of methicillin-resistant S. aureus (MRSA). The synthesis of this 
compound was described previously,

[4]
 and the compound was assessed as a potent 

bactericidal agent.
[4,5]

 This study is a follow-up paper where the dependence of bactericidal activity on time and concentration was 
examined by a time–kill curve assay. The tested compound exhibited remarkable concentration-dependent bactericidal effect at 2× MIC 
at 4, 6, 8 h (with a reduction in bacterial count ranging from 3.08 to 3.75 log10 CFU/mL) and at 4× MIC at 4, 6, 8, 24 h (5.30 log10 CFU/mL 
reduction in bacterial count) after incubation against MRSA 63718. Reliable bactericidal effect against other strains was maintained at 
4× MIC at 24 h. 
 
Acknowledgements: 

 
This study was financially supported by IGA VFU Brno No. 52/2014/FaF and by IMA VFU Brno No. 2014-FaF-18. The authors also wish to acknowledge for 
the institutional support of the Faculty of Chemical Technology, University of Pardubice to the Ministry of Education Youth and Sports. 

 
References: 

 
[1] S. Buffet-Bataillon, et al., Int. J. Antimicrob. Agents 2012, 39, 381. 
[2] H. Lüllmann, et al., Pharmacology and Toxicology (in Czech), Grada, Prague, 2004. 
[3] R. Schwalbe, et al., Antimicrobial Susceptibility Testing Protocols, CRC Press, Boca Raton, 2007. 
[4] K. Pauk, et al., Bioorg. Med. Chem. 2013, 21, 6574. 
[5] I. Zadražilová, et al., Book of Abstracts of the Antimicrobial Drug Discovery Conference, Madrid, 2013. 

 
 

C018 | Evaluation of Michael-Type Acceptor Reactivity of 5-Benzylidenerhodanines and Related Heterocycles using NMR 
Spectroscopy 
 
Anamarija Zega,

(1)
 Emilija Arsovska,

(1)
 Jurij Trontelj,

(1)
 Nace Zidar,

(1)
 Tihomir Tomašić,

(1)
 Lucija Peterlin Mašič,

(1)
 Danijel Kikelj,

(1)
 Janez 

Plavec
(2)

 
 
1   n      t  of  j b jana, Fa   t  of P a  a  , Ašk  č  a  , 1000  j b jana, S o  n a 
2) National Institute of Chemistry, Hajdrihova 19, 1000 Ljubljana, Slovenia 

 
Despite existing experimental and computational tools to assess the risk, the nonspecific chemical modification of protein thiol 

groups remains a significant source of false-positive hits, particularly in academic drug discovery.
[1,2]

 Herein, we describe the application 
of a simple NMR method

[3]
 in a systematic study on the reactivity of 5-benzylidenebarbiturates, 5-benzylidenerhodanines, and their 

related oxo-heterocycles, which have been associated with numerous biological activities and have recently gained a reputation as 
unselective promiscuous binders.

[4]
 Using this method, we confirmed the reactivity of 5-benzylidenebarbiturates, which are known to 

easily form Michael adducts with nucleophiles. In contrast, 5-benzylidene five-membered oxo-heterocycles revealed almost insignificant 
reactivity. We can conclude that the distinct binding profile of the most controversial compounds, 5-benzylidenerhodanines, is not 
necessarily related to their unspecific Michael acceptor reactivity. 
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Antiamoebin I (AAM) and Zervamicin II (ZER) are peptaibols with antibiotic activity that perform their function through 

insertion/disruption of cell membranes.
[1,2]

 In this study we investigate the folding properties of two classes of non-canonical amino 

acids inserted in these peptaibols: proline analogues and asymmetrical ,-dialkyl glycines (similar to D-Iva). Systematic substitution of 
native Aib, Pro, Hyp and Iva residues were done to understand the folding of 
the peptides incorporating non-canonical residues. It is known that the 
structure of these peptides is directly related to their membrane 
permeability properties and therefore to their function. These peptides 
permeate membranes through a barrel stave model,

[1–3]
 and this 

organization is only possible if the peptides are folded in -helical or 310-
helical conformation. The insertion of non-canonical constrained amino acids 
is capable to induce specific types of secondary structure in peptides with a 
significant increase on the bioavailability and stability in physiological 
conditions.

[4–6]
 Our findings revealed that native AAM suffers less unfolding 

than native ZER. The non-canonical proline analogue, cis-3-amino-L-proline 
(ALP), has shown to induce helical structures in both peptaibols. Asymmetric 

glycines, such as -methyl-D-leucine (MDL) and -methyl-D-phenylalanine 
(MDP) have also shown to be good folding inducers for the two peptaibols. This pre-organization in water may be essential to overcome 
the energy barrier required for peptide insertion into the membrane, as well as to facilitate the formation of transmembrane channels. 
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The ferrocenyl group has been conjugated to a plethora of biological vectors, for example, to antibiotics, peptides, drugs, plant’s 

secondary metabolites, and nucleosides. Concerning the above nucleobases, they are attractive targets for ferrocenyl conjugation. In 
connection with our previous studies on biologically active ferrocenes,

[1,2]
 we have started a new project in the chemistry of ferrocenyl–

nucleobase conjugates.
[3,4]

 Herein presentation report on the synthesis, structure, and biological activity of metallocene–uracils 1–4 (see 
Figure). 
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The synthetic approach towards complexes 1–4 employ a Michael addition reaction as a key step.

[4]
 Biological evaluation results 

indi-cated the thymine derivative 3 (M=Fe, R=CH3) the most antiproliferative active complex (IC50= 23.8 μM) against MCF-7 cells and 
derivative 1 (M=Fe, R=F) the most active anti-bacterial agent against Gram-positive methicillin-resistant and vancomycin-resistant 
Staphylo-coccus aureus strains (MIC = 32 μg mL

–1
).

[4] 
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The increasing emergence of bacteria resistant to antibacterial drugs is a worldwide problem not only in hospitals, where these 

drugs are heavily used, but also in community settings. Bacterial DNA gyrase and topoisomerase IV are type IIA topoisomerases that 
catalyse reactions involving the transient break of both strands of DNA. The modulation of DNA topology by DNA gyrase and 
topoisomerase IV is a function vital to DNA replication, repair and decatenation and is thus essential for cell viability. DNA gyrase is a 
heterotetrameric protein consisting of two GyrA and two GyrB subunits (A2B2), whereas topoisomerase IV is a DNA gyrase paralogue 
composed of two ParC and two ParE subunits (C2E2). The GyrA and ParC subunits are involved in DNA transit, whereas the GyrB and ParE 
subunits contain ATPase domains. 

The complexity of reactions in DNA replication catalysed by DNA gyrase and topoisomerase IV offers multiple opportunities for 
intervention. Both enzymes are targets of the fluoroquinolones, a clinically important class of antibacterial drugs, which interact mostly 
with GyrA and ParC subunits and stabilise the enzyme–DNA complex, and aminocoumarins, which bind to GyrB and ParE. Because of 
structural similarities between DNA gyrase and topoisomerase IV there is a possibility of dual targeting in most bacteria, which prolongs 
the onset of resistance, and makes bacterial type IIA topoisomerases attractive targets for discovery of novel antibacterial drugs. Several 
recent publications and patent applications on bacterial type IIA topoisomerase inhibitors emphasize the attractiveness of these targets 
for antibacterial drug discovery.

[1] 

During our previous work, we have prepared several series of analogues of oroidin, a pyrrole-2-aminoimidazole alkaloid isolated 
from marine sponges of the genus Agelas.

[2]
 We have discovered that the 4,5-dibromopyrrolamide moiety present in oroidin is an 

important structural fragment for 
inhibition of Escherichia coli DNA 
gyrase. Structural optimisation of 
the identified hit compounds led 
to potent E. coli DNA gyrase 
inhibitors with IC50 values in the 
low-nanomolar range 
(determined in DNA supercoiling 
assay) that also showed weak 
antibacterial activity (see Figure). 
Their binding to the ATP-binding 
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domain of E. coli DNA gyrase (GyrB) was confirmed using surface plasmon resonance (Kd values in the low-nanomolar range). The 
evaluation of these E. coli DNA gyrase inhibitors for their activity on DNA gyrase from Staphylococcus aureus and topoisomerase IV from 
S. aureus and E. coli revealed their weaker inhibitory activity. Potent DNA gyrase inhibition, observed antibacterial activity, albeit weak, 
novel chemical class, together with potential for dual-targeting, highlight these compounds as excellent starting points for structure-
based design of novel, dual type IIA topoisomerase inhibitors possessing antibacterial activity. 
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The actions of estrogens in many organs and tissues (reproductive, skeletal, cardiovascular, and central nervous) are mediated by 

estrogen receptors (ERs), which are members of a superfamily of nuclear receptors that function as ligand-activated gene transcription 

factors.
[1]

 There are two subtypes of estrogen receptors known as ERand ER. The two receptor subtypes have quite different tissue 

distributions. In fact, ERis more enriched in certain reproductive organs, such as the uterus and mammary glands, whereas ER is 
mostly expressed in other tissues, such as the central nervous system, colon, lung, prostate, and the urinary tract.

[2] 
 

Selective estrogen receptor modulators (SERMs) are a special category of estrogens, mostly of a nonsteroidal nature, that show an 
estradiol agonist-like action in some tissues but antagonize estradiol in others. They are particularly attractive as therapeutic agents 
because they are able to block estrogen action at those sites where stimulation would be undesirable (breast and uterus), whereas at 
the same time, they stimulate estrogen actions in other tissues where they are desired, (the bone and liver).

[3,4]
 

In this communication, we will report the synthesis
[5]

 of new chemical entities based on flavonoid core through a biomimetic 
approach. We will also report its estrogenic activity and the key interactions of representative compounds into the binding pocket of 

estrogen receptors /.
[6]
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Janus kinases (JAKs) are important mediators of intracellular signaling; their function effects cellular growth, proliferation, apoptosis 

and the expression of particular genes.
[1]

 They are necessary for the proper functioning of the immune system, and their defect can be 
the precursor of various disorders of the bone marrow, such as myelofibrosis or polycythemia vera. Another reason they are interesting 
to the drug discovery community is that tumor cells can use the signaling pathways mediated by JAKs during their growth and 
metastasis.

[2]
 

Our objective is to develop JAK1 and JAK2 inhibitors with improved activity and selectivity. This work is based on our earlier results
[3]

 
and on the increasing number of experimental JAK complex structures and inhibitor activity data. We utilized the concepts of 
desirability functions,

[4]
 ensemble docking and interaction fingerprints

[5]
 to compile a virtual screening protocol, which enables us to 

identify promising JAK1/JAK2 actives after a stepwise screening of large chemical databases (~1–10M compounds). By exploring the ATP 
binding site of the available JAK X-ray structures, we can observe and collect structural differences between the isozymes. 
Consequently, the information gathered from the interaction fingerprints can be used to predict the isozyme selectivity of the identified 
ligands. The hits of our screening campaign will be used to identify starting points for developing JAK inhibitors. 

Our primary database of interest was the Mcule Purchasable Compounds Collection, which contains over five million commercially 
available compounds. First, we removed any molecule containing reactive groups (we defined reactive groups as implemented in the 
Schrödinger Small-Molecule Drug Discovery Suite). Then, since we are mainly interested in lead-like molecules (to maintain the 
possibility of further lead optimization), we filtered the remaining compounds to only include lead-like structures. Then, the remaining 
molecules were scored with a tailored desirability function to assess their “kinase-likeness” (the probability with which they are kinase 
binders) based on six molecular descriptors. Those compounds that obtained a higher desirability score than a predefined cutoff were 
subjected to structure-based virtual screening. 

For the structure-based virtual screening step, we applied an ensemble docking approach to account for the flexibility of the 
proteins. Since there is a wide selection of Janus kinase X-ray structures in the Protein Data Bank, we superposed all structures of each 
isozyme to identify a few groups of near-identical structures, from which we selected one representative structure per group. For the 
selected structures, enrichment tests were performed to assess their ability to distinguish known active kinase ligands (obtained from 
the ChEMBL Kinase SARfari database) from decoy compounds (from the Directory of Useful Decoys), using early enrichment factors as 
indicators of performance. The best structures were selected and subjected to short molecular dynamics (MD) simulations to generate 
further structures, which were again, assessed and selected. From the best-performing X-ray and MD structures, five were finally 
compiled for each isozyme to obtain the highest possible enrichments (early enrichment factors over 20, reaching as high as 29). 
Structure-based virtual screening was augmented by generating interaction fingerprints to assess potential selectivity towards JAK1 or 
JAK2. We plan to acquire and to test the highest-scored compounds in JAK binding assays. Thermodynamic and kinetic profiling of the 
binding of these ligands to JAKs are also planned. 
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Poly (ADP-ribose) polymerases (PARP) represent a large family of proteins that use NAD as a co-substrate and they have been 

studied as potentials therapeutic targets. PARP-1 is the most abundant and best characterized member of PARP family. It plays a critical 
role as a DNA damage sensor. PARP-1 recognizes and binds to DNA strand-breaks through a N-terminal region, following which its 
C-terminal catalytic domain becomes activated, causing formation and addition of polyadenosine-ribose to acceptor proteins, thereby 
modeling their functions.

[1]
 

The development of medicinal chemistry approaches to synthesize a high number of potent and selective PARP-1 inhibitors has 
been pursued with therapeutic relevance in a range of several diseases including cancer, stroke, inflammation, diabetes and 
neurodegenerative diseases.

[2]
 PARP inhibitors have shown especial relevance in tumors deficient in BRCA-1 or BRCA-2 function. 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

107



Although some PARP-1 inhibitors have entered in clinical trials, recent data indicate that these compounds usually lack binding 
specificity among PARP family members. In this way, deeper studies of the protein structure to disclose new insights into PARP-1 
recognition features and to develop novel and more selective PARP-1 inhibitors are required.

[3–5]
 

In this work, we performed explicit-solvent molecular dynamics (MD) simulations with inhibitors complex with PARP-1 catalytic 
domain to analyze complex functional dynamics and to disclose new insights onto the active site of the enzyme. The complexes after 
MD were used to generate selective structure-based pharmacophores, based on receptor–ligand interactions. The pharmacophore 
models were used for virtual screening of large compounds databases. After docking analysis, the best candidates were selected for 
evaluation by enzyme inhibition assays. 
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Significant place in the anticancer drug development and therapy belongs to DNA alkylating agents, with the important group of 

nitrogen mustards. Chlorine atoms present in a mustard drug molecule are well known to react with guanine in two DNA strings forming 
a bridge.

[1]
 Present theoretical investigation focuses on the interaction of thiazole moiety present in novel nitrogen mustard drugs

[2]
 

with DNA bases. This interaction can play an important role both before the reaction of nitrogen mustard's chlorine atoms with guanine 
and after, with thiazole being an additional center holding the DNA molecule and helping in formation of the DNA–drug complex. 

The problem is addressed using quantum mechanical methods. The 2-aminothiazole and 2-(2-methylenehydrazinyl)thiazole are 
chosen as model systems interacting with nucleobases. Optimal values of geometrical parameters of the investigated complexes and 
the corresponding vibrational frequencies are evaluated using Density Functional Theory (DFT) with the B3LYP functional and the 
6-311++G** basis set. Next, interaction and binding energies are obtained within the second-order Møller Plesset (MP2) perturbation 
theory and the DFT M06-2X approximation. A wide range of basis sets is employed, namely the aug-cc-pVDZ, aug-cc-pVTZ, 6-31G**, 
6-311++G** and ZPol sets. The supermolecular approach is used, and all results are counterpoise corrected. 

For both aminothiazoles, interaction with guanine is the strongest, next that with cytosine, thymine and finally adenine. This is 
reflected not only in the binding energy and interaction energy values but also in the hydrogen-bond distances and angles. The 
evaluated interaction energies are about 1–2 kcal/mol lower than the corresponding binding energies, which is caused by the energy 
cost of deformation of monomer structure upon complexation. Results of this theoretical study assist experimental recognition of 
effective anticancer drugs.

[2]
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Malaria remains a major threat to global health, with over 250 million cases per year and one million deaths annually, primarily in 

children under the age of five.
[1]

 The non-mevalonate (or MEP) pathway has been validated as a target for treatment of malaria and has 
the added advantage that it is absent in humans.

[2]
 Therefore, small molecules that inhibit the enzymes of this pathway represent 

attractive targets for the development of novel antimalarial chemotherapy. 
We present our work using an array of chemoinformatic approaches to identify small molecule inhibitors of a key enzyme of the 

MEP pathway, IspD. We have employed a two stage compound selection procedure as outlined below. 
In the first screen, chemoinformatics was employed to perform similarity searches exploring the BioFocus library of 500,000 

compounds using a variety of query molecules. Fingerprint similarity searching using several different methods was performed with the 
identified molecules being docked and ranked into crystal structures. A diverse subset of 5,000 compounds was selected for high-
throughput screening (HTS). The HTS resulted in 54 confirmed hits. The most active compounds are the most potent that have been 
discovered for IspD. These chemotypes also display potency 
against the whole cell parasite and are now undergoing 
medicinal chemistry optimisation.  

A second round of chemoinformatics was undertaken to 
discover additional chemotypes. All of the data from the first 
screen (both hits and misses) was used in a range of machine 
learning methods to select compounds for HTS. We will describe 
how we built, validated and applied these models to the 
BioFocus library and how we identified the set of the second set 
of 5000 compounds via ranking, scoring, diversity selection and 
multiparameter optimisation procedures. Upon testing, a 
further confirmed 154 compounds (10 hit series) were identified 
with activities in the nanomolar to low-micromolar range. The 
increased hit rate in the second screen demonstrates the power 
of our machine learning and selection methods. We will present 
an analysis of the virtual screening approaches adopted. 

Our studies demonstrate the power of our computational 
approach, identifying the most potent IspD inhibitor reported to 
date and multiple hit series with tractable chemistry. It also proves the feasibility of targeting IspD for antimalarial development, 
identifying 208 new compounds with considerable potential as antimalarial therapy. 
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Topoisomerase 1 is an important target in cancer chemotherapy.

[1]
 The drugs currently in use acting on this enzyme belong to the 

family of the camptothecins but present severe limitations because of their low stability,
[2]

 which is associated with the hydrolysis of the 
d-lactone moiety. In an effort to overcome this drawback, we selected as the starting point the alkaloid luotonin A,

[3]
 a natural 
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camptothecin analogue that lacks this functional group and therefore shows a much-improved stability, albeit at the cost of a lower 
activity. Therefore, the development of luotonin A analogues with an increased potency is important for progress in this area. In the 
present work, we present a small library of luotonin A derivatives,

[4]
 all of which showed a potency as topoisomerase 1 inhibitors similar 

or higher than that of luotonin A, with some compounds disclosing an activity comparable to that of camptothecin. These inhibition 
data correlated well with the in vitro cytotoxicities measured in several human cancer cell lines. In an effort to explain these results, a 
docking study of the ternary complexes of all compounds with topoisomerase 1 and DNA was undertaken. We noticed that some 
derivatives interact in a manner similar to luotonin A and to standard topoisomerase 1 inhibitors, such as topotecan. Notably, the most 
promising derivatives, bearing a 3,5-dimethylphenyl substituent at ring B, show a different binding mode, whose discovery represents 
an encouraging advance in the design of new topoisomerase 1 inhibitors. 
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A promising approach to develop better and safer pharmaceuticals is the consideration of the polypharmacological characteristics of 

a molecule from the beginning. Thereby not only the main target, which is the principal affecter towards the disease, but also other 
interactions with proteins are considered. Unwanted targets, which produce for example a toxicological outcome, can be avoided and 
allow the development of safer drugs. On the contrary, the binding of an additional protein may raise the wanted medical effect, giving 
the scientist the possibility to discover better drugs. The potential of applying polypharmacology in drug design is just starting to be 
explored as well-organized databases allow the access of more and more public information easily. 
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Intelligent Pharma has developed Pythia, a tool for the prediction of the polypharmacological characteristics of small molecules. 
Real and off-targets are predicted on the basis of ligand-based approaches

[1,2]
 and experimental data.

[3]
 The molecule’s target profile is 

then used by Pythia to suggest medical indications, giving insights about targets that may potentiate the molecule’s effect. Additionally, 
published information about the targets and the medical indication is made available to the medicinal chemist to facilitate the molecule 
design and the decision-making process. Different studies around Pythia will be presented, including both the validation of the target 
and the medical indication prediction methods. A real study on a molecule for cancer will be discussed. For the first time, 
polypharmacological profiles of mixtures will be presented, which may allow for the development of combination treatments and could 
open the door to traditional medicines like Chinese ones. 
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Dopamine D1 receptor (D1R) is involved in regulation of a variety of physiological processes affecting, for example, cognition, 

behavior and motor functions. Therefore compounds possessing D1R activity are supposed to be effective in therapy of cognition 
impairment and negative symptoms of schizophrenia.

[1]
 On the other hand, dopamine D2 receptor (D2R) ligands are well known to be 

effective in ameliorating positive symptoms of schizophrenia. However, rational design 
of novel D1R/D2R ligands is difficult because of distinct requirements for ligand spatial 
configuration, resulting from their binding sites. We therefore carried out virtual 
screening (VS) study of our in-house database of approximately 4200 compounds 
designed as D2R ligands in search of potential D1R affinity. 

Ligand-optimized homology models of D1R
[2]

 were used for automated docking 
experiments using Glide XP. For each compound, the best score was taken into 
consideration, in order to limit the extent of false negatives. Best-scored 411 
compounds were directed to in vitro studies to determine D1R affinity. In test concentration of 1 μM, 172 compounds demonstrated 
over 90 % inhibition of control specific binding (Cerep, Le Bois l'Evêque, Poitiers, France). The VS hit rate reached 42 % then. The hits 
were clustered and assigned to 5 various chemotypes. One of them (arylsulfonamide derivatives of aryloxyethylazetidine)

[3]
 was 

recognized as a novel scaffold of D1R/D2R ligands. The representative compound (ADN-3772) displayed affinity for D1 equal 100 %, while 
for D2 – 99 % (inhibition of control specific binding in the concentration of 1 μM). 
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More than 90 % of people diagnosed with pancreatic cancer will not survive for more than 5 years. Pancreatic cancer is one of the 

top four cancer killers in the developed world with a 5-year survival rate below 5 % and as of yet, there is no known cure. The high death 
rate can be attributed to late diagnosis of the disease. This is due to the lack of adequate markers to identify the cancer at an early 
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stage, where the right intervention could yield a better outcome. Recent developments in pancreatic cancer research have led to the 
discovery of S100P, a protein which is being investigated as a potential marker for the disease.

[1]
 S100P is a 95-amino acid calcium-

binding protein first identified and isolated from human placenta.
[2]

 It exerts its effect both intracellularly through calcium ion 
modulation and extracellularly through binding to the receptor for advanced glycation end-products, RAGE.

[3]
 The protein has been 

reported to be highly expressed in pancreatic cancer; but despite an abundance of structural information, little has been done to 
elucidate its binding site or postulate how it interacts with cromolyn, a ligand shown to inhibit its interaction with RAGE.

[4]
 Ours is the 

first study on S100P that combines computational and synthetic methods to identify novel molecules with the potential to bind to, and 
inhibit, the protein’s interaction with its receptor RAGE. 

Using the NMR ensemble of the protein [PDB ID 1OZO] and the known inhibitor cromolyn, protein informatics was carried out to 
identify the appropriate starting points for drug discovery studies. Subsequently, small molecules from the MOE lead-like database with 
the potential to bind to the protein and therefore stop it from interacting with RAGE were identified via molecular docking studies. 
These molecules were clustered according to their chemical similarity, and the most representative hits were purchased and/or 
synthesised in the lab and tested on BxPC-3 S100P-expressing pancreatic cancer cells. 

Of the 16 conformers in the NMR ensemble, only one was useful for developing a pharmacophore model as it was the only one with 
pockets at the dimeric interface large enough to accommodate the known inhibitor. Virtual screening of the MOE database of lead-like 
compounds gave an initial hit rate of 0.008 %, which increased to 1.1 % when the initial, admittedly stringent pharmacophore 
constraints were relaxed. Clustering of hits resulted in 129 diverse clusters with 24 singletons. A selection of the most representative 
hits was purchased and 31 were synthesised in the lab. So far, 29 % of compounds identified and tested on BxPC-3 S100P-expressing 
pancreatic cancer cells have shown promising inhibitory activity on the protein, equal to or better than that of cromolyn. 

By using computational methods, we have been able to carry out structure-based drug discovery studies on the NMR ensemble of 
S100P, enabling us to identify potential leads—structurally different from cromolyn—that show promising activity against S100P-
expressing pancreatic cancer cells. Computational and synthetic studies are currently underway to optimise these hits in order to 
enhance their biological activity.  
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The electron transport chain (ETC) in malaria parasites was first recognized as an attractive drug target since the development and 

clinical use of atovaquone in 1992.
[1]

 Atovaquone selectively inhibits electron transport by binding to the Qo binding site (oxidation site) 
of the parasite mitochondrial bc1 complex. More specifically, this compound induces the collapse of the mitochondrial membrane 
potential which results in parasite death.

[2]
 Therefore, being crucial for the survival of P. falciparum (Pf), the cytochrome bc1 complex is 

currently a validated target for antimalarial drug development.
[3]

 
In the absence of a crystallographic structure for the bc1 complex of Pf, much of the key structural and mechanistic information has 

been obtained from analogous bc1 systems. In particular, the bc1 complex of Saccharomyces cerevisiae was already chosen to model this 
pocket and to understand the mechanism of action of potential inhibitors of the Pf bc1 complex.

[4,5]
 

However, this model was not able to explain the selectivity found for WR 249685 since this compound is highly active against Pf bc1 
complex but loses completely its activity when tested against S. cerevisiae.

[6]
 In spite of sharing a high sequence identity, the Qo pocket 

of both species must present different structural features that provide such selectivity and, therefore, a more accurate model is urgently 
needed to provide better predicted inhibitory potential for chemically diverse inhibitors. 

Presently, having in mind the crescent interest in bc1 complex as a target to develop potential antimalarial drugs and considering the 
importance of having a reliable 3D structure of this enzymatic complex to understand the mechanism of action of the inhibitors, a 
homology model of cytochrome b and Rieske ISP was generated based on yeast crystallographic structure. 

Here, we present the methodology followed to obtain the homology model and all the validation procedure employed to verify the 
reliability of the model generated. Additionally, a virtual screening study was also performed using this novel tridimensional structure 
and the results obtained will also be discussed. 
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Hedgehog (Hh) signaling plays varied and critical roles in animal development, homeostasis, and diseases.

[1,2]
 This essential signaling 

pathway is involved in the modulation of the fate and behavior of stem and cancer stem cells, as well as tumor growth and survival in 
many human cancer types. An important component of Hh signaling pathway is the smoothened (SMO) receptor, a G protein-coupled 
receptor (GPCR)-like protein. The function of this receptor can be modulated by small agonists and antagonists, some of which are 
potential antitumor agents, such as compounds LY29450680 (antagonist) or with significant osteogenic activity in stem cells culture, 
such as Purmorphamine (agonist).

[3] 

Our research focuses in the understanding of agonist or antagonist binding modes at the SMO receptor, in order to contribute to 
the rational design of new drugs. So far, a whole three-dimensional structure of SMO is unknown, but we have used partial solved 
crystal structures of SMO to build its general structure by means of homology modeling (Figure a).

[4,5]
 The main interactions of the 

receptor/ligand complexes were obtained by means of molecular docking studies using AutoDock Vina suite. The results show that 
agonists and antagonists use preferentially the same cavity formed mainly by aromatic and non-polar amino acids. The insights from the 
general 3D structure and the specific interactions give us an atomistic approximation of the structural requirement for new ligands of 
SMO. 
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Receptor-ligand docking methodologies are important tools for structure-based rational drug design studies.

[1]
 These methods aim 

to predict the experimental binding mode and affinity of a small molecule within the binding site of the receptor target of interest. The 
DockThor program, developed by the group GMMSB/LNCC, uses a grid based methodology and was implemented to deal with highly 
flexible ligands using a multiple-solution steady-state genetic algorithm.

[2,3]
 The scoring function is based on the MMFF94S force field.

[4]
 

Dockthor performance was evaluated through a comparative analysis of redocking experiments with Glide, GOLD and Autodock Vina 
docking programs. This study was carried out using a high-quality test set of 115 protein–ligand complexes (including 75 selected by 
Astex Therapeutics Ltd). This test set covers a wide range of different protein families (including relevant drug or agrochemicals targets 
like kinases, phosphodiesterases, and nuclear receptors) and ligands with distinct chemical properties. The redocking experiments were 
performed considering a RMSD ≤2.0 Å as a success criterion. Dockthor obtained a success rate of 83.6 %, showing a very good 
performance when compared to the programs Glide (77.3 %), GOLD (ChemScore – 84.5 %, GoldScore – 80.9 %, ChemPLP – 82.3 %) and 
Autodock Vina (76.3 %). It also obtained an excellent performance for highly flexible HIV-1 protease ligands in comparison with the 
other programs. 

The DockThor Web Server was developed to enable and facilitate the use of the program by the academic community using the 
computational facilities provided by the Brazilian high performance platform (SINAPAD, www.lncc.br/sinapad). The DockThor Server 
implements the major steps of the ligand and protein preparation, being possible to set the residues protonation states. It is also 
possible to consider cofactors molecules (e.g., structural waters, metals, small organic cofactors) during the docking experiments. The 
user can set the main parameters values of the energy grid (i.e., dimensions and discretization) and of the genetic algorithm (i.e., 
population size, total number of energy evaluations, number of runs and seed). The ligand and receptor input files are automatically 
generated but can be downloaded and manually edited allowing a subsequent submission considering modifications made by the user. 
The DockThor Server is free

[5]
 and the user only needs to provide an e-mail address to receipt the link for the results page when the 

docking job is finished. The results of the docking process are analyzed and organized automatically. The parameters values of the 
analysis step may also be settled by the user: 1) clustering criterion used; 2) number of distinct ligand binding modes to be inspected; 
3) ordering the ligand poses by the intermolecular or total energy and 4) comparing the binding modes with a reference conformation 
through RMSD calculation. 
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This poster will show how the recent breakthroughs in GPCR structural biology can be complemented by computational and 

experimental studies for a more accurate description and prediction of molecular and structural determinants of ligand binding kinetics, 
functional activity, and selectivity in different key binding regions of GPCRs. Biocomputational approaches including structure-based 
virtual screening, protein–ligand interaction fingerprint scoring and customized molecular dynamics simulation techniques are used to 
discover new GPCR ligands and elucidate the molecular mechanism of GPCR ligand binding. 
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HDACs are a family of eighteen isoenzymes responsible for chromatin remodeling through the removal of acetyl moieties from 

histone lysine residues, resulting in DNA packaging and consequent silencing gene expression. Besides this crucial activity, some of them 
also have the capability to interact with other non-histone targets, suggesting their role in diverse physiological and pathological 
pathways.

[1]
 Particularly, HDAC6, has recently been demonstrated to be implied in biological phenomena linked to 

neurodegeneration.
[2,3]

 Evidences from both in vitro and in vivo assays suggested that its inhibition could be beneficial for the treatment 
of neurodegenerative disorders.

[4,5] 
 

The HDAC6 classical pharmacophore scheme comprises a “cap” group connected to a zinc-binding group (ZBG) by a hydrophobic 
linker. However, a new series of “capless” hydroxamic acids, exhibiting excellent HDAC6 selectivity, has been developed by Wagner et 
al.

[6]
 Through both molecular docking and molecular dynamics (MD) simulation approaches, we compared the binding of the compound 

BRD9757 in both HDAC6
[7]

 and HDAC2
[8]

 catalytic pockets in order to determine the molecular features leading to this selectivity. The 
presence of exclusive residues in HDAC6 combined with their flexibility allowed to rationalize the selectivity features highlighted in vitro. 
This structural information will be useful for the design of new selective and potent HDAC6 modulators. 
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Histone deacetylases (HDACs) have become interesting therapeutic targets because of the benefits their pharmacological 

modulation may provide in aging-related disorders, such as cancer and neurodegeneration.
[1]

 Whereas class I HDACs is mainly 
responsible for chromatin remodeling and consequent genes expression modulation,

[2]
 class II HDACs, and in particular the isoform 6, 

controls cell mobility and aggresome formation.
[3]

 
In this study, the inhibitory activity of 20 natural and synthetic aurones, which are flavonoids known for their antioxidant, anti-

inflammatory and anticancer properties,
[4,5]

 was tested on HDAC isoforms from class I (HDAC1 and 2) and class II (HDAC6) by a 
fluorescence enzymatic assay. Only four of them showed IC50 in the micromolar range. Molecular modelling revealed the structural basis 
for the interaction between the compounds and the enzyme: the presence of hydroxyl groups was identified to be responsible for both 
good compound orientation within the isoenzyme catalytic site, and zinc chelation. Taken together, these results identify for the first 
time the HDAC inhibition of various aurones. Moreover, they can be considered as a reliable starting point for the development of 
selective and potent HDAC inhibitors. 
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Protein–ligand docking calculations are widely used in medicinal chemistry to discover new drug candidates. These calculations 

implement various types of scoring functions (SFs), like molecular mechanics, empirical, knowledge-based, or hybrids of them. However, 
their performance varies according to the receptor. Having a set of ligands with experimental binding constants, one can customize a SF 
or select a few different SFs that perform well on the receptor of interest. We have developed an automatic framework for selection 
among 46 SFs via rescoring of docking poses and evaluation using several ranking, classification and correlation metrics. To further 
attenuate the SF bias towards specific receptors, we have developed a robust two-stage genetic algorithm to obtain the optimum 
target-specific consensus scoring function. The proper variables are selected in two stages using a multiobjective optimization approach: 
in the first stage, a specially designed genetic algorithm selects sets of SFs that perform well, while in the second stage a second genetic 
algorithm finds their optimum linear combination. The objective function that we seek to maximize can be parametric, non-parametric, 
classification-based or a combination of them. The efficiency of the proposed method is illustrated through its application to eight 
diverse receptors: AKT kinase, β-lactamase, cytochrome P450 3A4, C-X-C chemokine receptor type 4, glucocorticoid receptor, HIV-1 
protease, HIV-1 reverse transcriptase, and kinesin-like protein 1. We also assess the performance of rigid and flexible receptor docking 
in the consensus scoring framework using two popular docking programs, Vina and Glide. 
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Activation of transient receptor potential vanilloid type 1 (TRPV1) leads to excitation of sensory neurons of the peripheral nervous 

system and consequently to immediate pain perception.
[1]

 Therefore targeting TRPV1 for development of non-opioid analgesics is an 
area of intense research in modern medicinal chemistry. Recently determined rat TRPV1 (rTRPV1) structures (PDB codes 3J5R, 3J5Q

[2]
) 

allowed us application of structure-based methods to the study of TRPV1 modulation. 
In a previous study, we identified three potent modulators of hTRPV1 using ligand-based pharmacophore modeling.

[3]
 Here, we 

present the use of these experimentally validated pharmacophore models to identify the binding modes of both agonists and 
antagonists to TRPV1. To this end, we performed docking with flexible side-chains of three known agonists (capsaicin, RTX, sRTX), 11 
antagonists (capsazepine, 10 quinazolines) and three hits previously identified to the experimental rTRPV1 structures. The ligand-based 
pharmacophore models provided some insights into the structural key features of TRPV1 modulation: a hydrophobic core with a donor-
acceptor group placed at one side. We used these pharmacophore models for prioritizing the obtained docking poses. Taking into 
account the broad mutational data available in the literature, we have selected the most prominent binding mode of highly active 
ligands of TRPV1. In both cases, agonists and antagonists are able to form a π-π stacking interaction with the aromatic moiety of the 
residue Tyr

511
 located in the lower part of the binding pocket and a hydrophobic one with the Met

547
 in the upper region. However, they 

exhibit a slightly different hydrogen bond network. Whereas agonists interact with the residues Tyr
511

, Ser
512

 and Glu
570

, antagonists 
form hydrogen bonds with Tyr

511
, Thr

550
 and Glu

570
. 
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Tuberculosis (TB), caused by Mycobacterium tuberculosis, is one of the most destructive infectious diseases, showing increasingly 

high mortality levels over time.
[1]

 Current concern is the massive resurgence of multidrug-resistant and extensively drug-resistant TB, 
leading to an urgent demand for new anti-mycobacterial agents. However, as the process of drug discovery is expensive and time-
consuming, a strategy to address such critical barrier is to identify new therapeutic uses for molecules that were already approved to 
treat a specific disease (repurposing), or were already synthesized but did not found clinical application (rescuing). The undeniable 
advantages of repurposing and rescuing drugs are particularly valuable for development of medicines against diseases endemic to low-
income countries such as TB. 

In this context, and based on literature accounts reporting antimicrobial properties of trans-cinnamic acid derivatives,
[2]

 a 
computational rescuing approach was applied to four series of cinnamic acid derivatives previously synthesized as antimalarials.

[3]
 Based 

on a data set of cinnamic derivatives with known MIC values for M. tuberculosis,
[4]

 quantitative structure–activity relationship (QSAR) 
models were derived using multiple linear regression analysis (MLR).

[5]
 The robustness and predictive ability of the derived models was 

duly assessed by rigorous internal and external validation procedures and the best model was used to estimate the anti-TB activity of 
the compounds series aforementioned. Noteworthy is that one of the series was predicted to exhibit high anti-TB activity (MIC = 0.2–0.8 
µM), with values comparable to the reference drug, isoniazid (MIC = 0.3 µM). The most promising molecules of the series were selected 
to be tested in vitro against M. tuberculosis. 
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The mineralocorticoid receptor (MR) belongs to the steroid receptor subfamily of nuclear receptors. Abnormal activation of MRs by 

aldosterone, a steroid hormone that mediates sodium, potassium, and water balance, has been implicated in hypertension, and 
deleterious cardiovascular and renal effects.

[1]
 There are two MR antagonists approved for clinical use in 

humans, spironolactone, and eplerenone, but they exhibit undesirable side effects due to interaction with other 
steroid receptors. Although eplerenone is slightly more selective, its potency is low.

[1]
 In recent years, there has 

been a growing interest in the development of non-steroidal MR antagonists as experimental therapies for 
cardiovascular diseases. 

During a screening program, a series of 1,4-dihydropyridine (DHP) calcium channel blockers were identified 
as modest MR antagonists.

[2,3]
 From the initial hits, several libraries of DHPs were prepared. Their structure–

activity relationships (SAR) showed that a free NH is essential for activity and that the presence of a CN group at R
5
 increases MR 

selectivity against calcium channel blockers. In addition, several aromatic substituents at R
4
 provided good affinity, being the 
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stereochemistry at the 4 position of the DHP ring important for the activity.
[2,3]

 On the base of these previous studies, we decided to 
analyze the role of the rather less explored R

2
 substituent. To get insight into the most suitable groups at this position, docking studies 

were carried out using an induced fit docking protocol. The analysis of the theoretical results suggested that the presence of aromatic 
groups or proton acceptors within this substituent might contribute to a better docking of DHPs. For the synthesis of the designed 

derivatives we applied the Hantzsch dihydropyridine synthetic method to amino acid-derived -keto esters. The design, synthesis and 
biological evaluation of these new DHPs will be described. 
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The discovery of novel drug molecules is a long, risky, and costly process and constant efforts are undertaken in order to optimize 

this task. For hit identification, the inception of smart and focused chemical libraries together with accurate in silico screening methods 
have proven their efficiency and hence, furthering early drug discovery. The Prestwick Chemical Library (PCL) (Prestwick Chemical, 
Illkirch, France) is a product arising from medicinal chemistry expertise comprising 1280 off-patent drugs, thus presenting a large 
degree of chemical and pharmacological diversity within a relatively small number of compounds. We were interested in studying the 
pharmacophore diversity of this library and performed pharmacophore-based (RDF) clustering of the PCL using the LigandScout 
(Inte:Ligand, Vienna, Austria) package. 385 diverse clusters were outputted. From these clusters, a total of 1023 pharmacophore 
models were constructed and 537 were chosen according to their selectivity performance throughout a virtual screening experiment on 
a subset of the ZINC library. A selection of hand-picked pharmacophores underwent hence external validation using the DrugBank 
(TMIC, Edmonton, Canada) and the ChEMBL (EMBL, Cambridge, UK) databases. Validated examples of our pharmacophore approach 
will be illustrated in the poster. Furthermore, external validation clearly demonstrated that our models were able to return approved 
drugs connected to the same therapeutic target or therapeutic class. This, likewise, was found to be true for molecules that are still 
under investigation. We will use the resulting pharmacophore models for extending the PCL into uncovered molecular space. 
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The serotonin receptor 5-HT1A is one of the most important and extensively studied serotonin receptors. However, it is still 

interesting challenge for medicinal chemists to validate this therapeutic target and develop new compounds. The long-chain 
arylopiperazines represent one of the most important classes of 5-HT1A receptor ligands. The quipazine as arylpiperazine moiety can be 
used as structural templates for the development of new serotoninergic drug molecules. In our previous studies a series of 
nitroquipazine buspirone derivatives were synthesized and docked to serotonin transporter model.

[1]
 In the present study, a series of 

arylpiperazine derivatives exhibited different affinity with hydroxy and methoxy group at quipazine moiety were docked to the model of 
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serotonin receptor 5-HT1A. The simulations were run according to the flexible-ligand docking protocol (4D-docking).
[2]

 Docking analysis 
shows that all ligands were accommodated within the binding pocket of 5-HT1A receptor model. The ligands with methoxy substituent 
are located in the binding site in position where methoxy groups interacted with hydrophobic amino acids. The more detailed analysis 
will be performed to explain the experimental affinity differences. 
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We proposed the design of a physicochemical property-based scoring method for fragment-based drug discovery. The method was 

developed for sorting commercially available and virtually compiled fragment-libraries, suitable for compilation of an amine-like GPCR 
targeted fragment-library. In our 
study we examined the 
characteristics of physicochemical-
property distributions of GPCR-
active fragments sorted from 
ChemBL GPCR-SARfari, and 
concluded the essential parameters 
into desirability functions. The 
desirability functions were defined 
based on the property distributions 
of logD (at pH 7.4), TPSA (at pH 7.4), 
pKa (strongest basic centre), number 
of nitrogen atoms, number of 
oxygen atoms, and the number of 
rotatable bonds combined into a 
fragment-GPCR-score. The validation of the score was carried out using the fragment-screening data of an existing fragment-GPCR 
library. Subsequent goal is the design and establishment of an amine-like GPCR targeted fragment-library, using the Fragment-GPCR-
Score, followed by fragment-screening campaign on several GPCR-targets. 
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In order to escape an undesired DMPK profile and promise efficient drug development, drug repositioning combined with 

conventional HTS technology is an interesting method. If some chemicals in public chemical databases possess desired DMPK profile as 
well as activities on targets (proteins, cells, and organisms), they are available for the drug repositioning technology to find another 
target on them. Here, a dual method to find ‘hit molecules’ on a query target (a specific biological target) will be presented. Specifically, 
JAK3 will be chosen as a query target for the following reasons: Firstly, because the JAK/STAT pathway does not have a known 
compensatory pathway in cytokine-induced signal transduction to guarantee high correlation of ‘drug’ and ‘disease’, development of 
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new JAK inhibitors has been an attractive treatment for autoimmune diseases like rheumatoid arthritis (tofacitinib, ruxolitinib, 
baricitinib and decernotinib); secondly, the fact that well-known JAK3 inhibitors share very similar scaffolds motivated authors to study 
‘how diverse scaffolds are eligible as a JAK3 inhibitor’. For this purpose, robust and predictive 3D-QSAR models (CoMFA; q

2
=0.760, 

r
2
=0.915 and CoMSIA; q

2
=0.817, r

2
=0.981) were generated. The generated models were used to evaluate ‘in silico’ hit molecules from 

shaped-based virtual screening. 
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Human golgi -mannosidase II (hGM) is a zinc ion cofactor dependent glycoside hydrolase (the GH family 38) included in the 
biosynthesis of complex N-glycan structures. It is a target for inhibition of metastasis and growth of cancer cells. Up to now, many 
known potent inhibitors of hGM are not sufficiently selective to be interesting for the pharmaceutical industry. We used several 
computational methods to build QSAR models and design a selective inhibitor of hGM. Fragment docking techniques and 3D-QSAR 
models with interaction energy quantum mechanics-based descriptors were employed. The predictive models were built and validated 

with a library of 52 
structurally diverse hGM 
inhibitors and 25 non-
active hGM compounds. 
The predictive ability of the 
models were significantly 
improved when going from 
the empirical docking 
scoring function to QM-
based QSAR model (Q

2
 = 

0.22 → 0.75 when cross-
validation procedures were 
carried out) with an 
average error for the 

predicted ΔGbind going from 2.1 to 1.1 kcal mol
–1

. 60% of success in filtering out of the non-active compounds from hGM inhibitors was 
reached. A Schrödinger library of small fragments, derived from molecules in the medicinal chemistry literature, was used to design a 
structural linker of the selective hGM inhibitor. 
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OATP1B1 and OATP1B3 (organic anion transporting polypeptides B1 and B3) are transporters exclusively expressed on the 

basolateral membrane of the hepatocyte. They have a wide and overlapping range of substrates and inhibitors, such as endobiotics and 
a considerable number of drugs currently on the market.

[1,2]
 Thus, they are involved in various drug–drug interactions. Additionally, they 

are closely associated with cancer, as many anticancer agents are substrates and/or inhibitors of OATPB1/B3. Last, but not least, OATPs 
are correlated to hyperbilirubinemia, a condition of accumulation of bilirubin in the body, which can lead to neurotoxicity, non-neural 
organ dysfunctions, and can be considered as an early warning of possible adverse effects, such as hepatotoxicity.

[3]
 Inhibition of 

OATP1B1/B3 leads to the increase of unconjugated bilirubin in the blood, which could eventually cause hyperbilirubinemia. 
Based on a large data set compiled from literature, we established classification models for OATP1B1 and B3 inhibitors and non-

inhibitors, using a set of basic 1D and 2D physicochemical descriptors, such as lipophilicity, molecular weight, molecular refractivity, 
topological surface area, and the number of hydrogen-bond donors and acceptors as well as some topological descriptors. Both our 
training set

[1]
 and the external test set

[2]
 were derived from literature and a thorough curation procedure was applied using an in house 
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developed workflow. After the curation of the datasets, our training dataset comprised 1708 compounds for OATP1B1 and 1725 
compounds for OATP1B3, while the test set included 201 and 209 compounds, respectively. The classification models were generated 
with WEKA v3.7.10, using the meta-classifier MetaCost. For validation of models 5-fold and 10-fold cross-validation were applied as well 
as prediction of an external test set. 

For both transporters and in both cases of descriptors, models with reasonable performance were retrieved. In particular, when 
using Random Forest as a second classifier (besides MetaCost) and the external test set as a validation method, the best model for 
OATP1B1 was rated with MCC=0.638 and ROC Area=0.815, and in case of OATP1B3 with MCC=0.565 and ROC Area=0.886. To allow 
prediction of selectivity profiles with one model, a 4-Class classification was also performed for both transporters simultaneously. 
However the predictive capability of this model was lower (MCC=0.428 and ROC Area=0.773 for the best obtained model). 
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Approximately 40 % of the world’s populations are exposed to the risks of malaria, resulting in roughly one million deaths annually. 

Previous successes in attempting to eradicate the disease were only short lived, due to increased resistance of the parasite to 
established drugs such as chloroquine. Computer aided-drug design is an essential part of modern drug discovery, not least in the field 
of antimalarial chemotherapy. Our research has been to find novel structural chemotypes which are active against the Plasmodium 
falciparum cytochrome bc1 complex (Pfbc1), which has been confirmed as an antimalarial target through the study of drugs such as 
atovaquone.

[1]
 

Many ligand based virtual screening techniques were used to identify potential lead like structures that are active against Pfbc1, 
based on a number of known inhibitors previously identified and tested in-house. Several screening methods involved the use of just 
the active structures: fingerprint similarity searching, TurboSimilarity searching, substructure searching. However, several classification 
methods were also considered, which used the structures of both the active and inactive compounds: Principle component analysis, 
Bayesian classification, decision tree analysis. These methods required the use 0, 1 and 2D molecular descriptors that were calculated in 
DRAGON, and numerically expressed much of the chemical/molecular information of the molecules. The virtual screening methods 
were used to screen the Zinc lead like library of commercially available compounds, with hits being scored based on factors such as their 
physicochemical properties, as well as their similarity to compounds already known to be active. Multiple ligand based virtual screening 
methods were employed to allow for a consensus approach; that is compounds which were identified by multiple methods were given 
preference over those identified by single methods. 

Filters were applied such as Lipinski’s rule and Veber’s guidelines for oral bioavailability, to remove compounds with unfavorable 
physicochemical properties. Filters for Rishton fragments and other known toxicophores from the literature were also used, as such 
structural motifs may produce unwanted biological interactions. Diversity analysis was performed to select a representative subset of 
compounds from the resulting hits, and included fingerprint analysis, clustering methods AGNES and CLARA, and simply selecting the 
highest scoring compounds. Following visual inspection by medicinal chemists, 19 compounds were purchased and biological testing 
performed. 

Whole-cell growth inhibition testing against the 3D7 strain of the parasite resulted in 5 active hits, with IC50 values ranging between 
4.5 and 8 µM. Additional in vitro studies showed the compounds to be inactive against bovine bc1, which is promising as strong bovine 
bc1 inhibition is indicative of cardiotoxicity in humans.

[2]
 Molecular docking was performed to support the potential binding mode of the 

hits against Pfbc1, with several promising chemotypes emerging from the results. These chemotypes have since undergone synthetic 
optimisation to investigate their SAR, which has ultimately driven forward the molecular design loop and led to more potent inhibitors. 
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Standard techniques for generating ligand conformations frequently fail to correctly predict the native structure of large 

macrocycles, and therefore structure-based drug design approaches cannot be reliably implemented. Without a high-quality description 
of a near-native backbone or ring configuration of macrocycles, correct prediction of the binding orientation is unlikely to occur. We 
address this challenge by developing new methods based on kinematic loop sampling. Emphasis was placed on generalizability and 
mathematical rigor. A total of 50 diverse, pharmaceutically relevant macrocycles with structural data were sampled with these 
methods. Accuracy and efficiency were assessed through comparison with experimental data, as well as best-in-class computational 
approaches. Sampling was initialized from random conformations with a heavy atom RMSD greater than 2.5 Å to the experimental 
structure in order to avoid bias during modeling. Significant results include the accurate prediction of low-energy conformations within 
0.09–1.0 Å of the experimental structure. Using these low-energy conformations predicted by our sampling algorithm, we established a 
docking protocol against peptidylprolylisomerases using a set of known binders and decoys. Our results illustrate the necessity of 
allowing both protein and macrocycle flexibility in order to successfully identify the experimental binding interactions. Importantly, 
separation in relative binding rank was seen for known binders and decoys. We applied our docking protocol to a series of piperazic acid 
macrocycles predicted to bind peptidylprolylisomerases. Several were identified as high-affinity binders based on the docking results, 
and these hits were confirmed experimentally. 
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Experimental and virtual high-throughput screenings are complementary, powerful, widely used techniques that have accelerated 

dramatically the identification of new bioactive molecules both in academia and industry. To increase the success rate of screening 
campaigns, it is strongly recommended to include target-specific and compound-relevant data (e.g., binding site properties and 
physicochemical descriptors). Structural complexity (Cstereogenic/Ctotal), 
which is known to correlate well with several physicochemical properties 
of small molecules,

[1]
 represents a promising descriptor that could fill the 

gap in existing drug discovery between ligand library filtering rules and 
the corresponding properties of the target’s recognition site.

[2]
 

We have performed a large-scale in silico study to uncover the yet 
unclear underlying correlations between molecular complexity and other 
more sophisticated physicochemical and biological properties.

[3]
 By 

exploring the protein–drug chemical space in DrugBank, we detected 
significant unexpected correspondence between properties at the 
recognition site and the chirality content of their substrates. Namely, we 
show that low-druggability binding sites can be addressed by richly chiral 
small molecules. Furthermore, we also see that biologically relevant protein classes characteristically bind molecules with a certain 
degree of structural complexity. Based on this set of simple rules, we have applied the presented method aiming at describing the 
chirality preferences of druggable and undruggable histone tail reader proteins.

[4]
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Structure-based design (SBD) is a powerful strategy 

to design and/or optimize bioactive compounds. 
Whereas de novo SBD is rarely used, most reports on 
SBD are dealing with the optimization of an initial hit 
discovered by other means. Dynamic combinatorial 
chemistry (DCC) has emerged as a powerful strategy to 
identify ligands for biological targets given that it 
enables the target to direct the synthesis of its strongest 
binder.

[1]
 Here, we have demonstrated that the novel 

combination of de novo SBD and DCC is a highly efficient 
hit identification strategy. We have designed a library of 
potential inhibitors (acylhydrazones) generated from 
five aldehydes and five hydrazides and used DCC to 
identify the best binder(s). Upon addition of the aspartic 
protease endothiapepsin,

[2]
 the protein-bound library 

member(s) were characterized by saturation-transfer 
difference NMR spectroscopy (STD-NMR).

[3]
 The ligands 

identified were synthesized separately and tested for 
their biological activity using an enzyme-based fluorescence assay and shown to have IC50 values in the double-digit micromolar range. 
Subsequent co-crystallization experiments validated the predicted binding mode of the two most potent inhibitors, constituting a proof 
of concept that the combination of de novo SBD and DCC constitutes an efficient starting point for hit identification and optimization.

[4]
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Modulation of the DNA repair pathway is an emerging target for the development of anticancer drugs. DNA interstrand cross-links 

(ICLs), one of the most severe forms of DNA damage caused by anticancer drugs such as cisplatin, activate the Fanconi anemia (FA) DNA 
repair pathway. As such, inhibition of the FA pathway could chemosensitise FA competent tumour cells to commonly used ICL inducing 
agents.

[1]
 Moreover, suppression of the FA pathway causes synthetic lethality in tumour cells with acquired loss of function in a second, 

non-FA DNA repair pathway, suggesting that FA pathway inhibitors could be used in targeted therapies against specific tumours.
[2]

 The 
catalytic centre of the FA pathway is the exclusive E3–E2 pair consisting of FANCL (a monomeric RING E3 ligase) specifically interacting 
with Ube2T (the E2) for the strict monoubiquitination of FANCD2,

[3]
 which is a key signalling event for the recruitment of downstream 

DNA repair factors. 
We herein report the application of computational drug design strategies to identify small molecules binding Ube2T and modulating 

its protein–protein interactions (PPIs), with the aim of inhibiting the FA pathway. Specifically, two potentially druggable pockets were 
identified on Ube2T: Pocket 1, partially overlapping with FANCL interaction surface, where a small molecule could inhibit the PPI. Using 
the Ube2T crystal structure,

[3]
 a virtual screening study has been carried out in order to find drug-like compounds mimicking Tyr311 of 

FANCL, stacking between two Arg residues of Ube2T. Pocket 2, localised at the putative Ube2T–Ubiquitin low-affinity interface, where a 
small molecule could stabilise the PPI. Pocket 2 is supposed to be opened upon ligand binding, as observed for a recently discovered 
cell-active small molecule, binding the related E2 protein Cdc34.

[4,5]
 A model of Ube2T has been generated using Cdc34–Ubiquitin 
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complex in the 'open' conformation
[5]

 as reference structure, and a fragment-based virtual screening has been performed on the 'open' 
Pocket 2 conformation of Ube2T. 
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Bacteria are a growing threat to mankind. The development of new drugs is essential for the future treatment of bacterial 

infections.
[1]

 Nonetheless, the development of new and superior antibacterial is neglected,
[2]

 and already forces political interventions.
[3]

 
Gyrase is a well-known target for the treatment of bacterial infections. It is an ATP-dependent type II topoisomerase, which consists of 
four subunits (two gyrA, two gyrB). Fluoroquinolones are clinical used inhibitors of the gyrase–DNA complex. Besides this mechanism of 
action, there are known inhibitors of the ATPase in gyrB, for example, the aminocoumarines like novobiocin. Currently, no drugs that act 
as gyrB ATPase inhibitors are used in clinical therapy.

[4]
 

We performed a high-throughput virtual screening with a subset of the ZINC database
[5]

 targeting the ATPase domain of the gyrB 
subunit of E. coli. Starting with 11 million compounds, we applied several filter criteria (e.g., MW, number of rotatable bonds) for the 
first substantial reduction of 
compound numbers. The remaining 3.6 
million compounds were docked with 
the newly developed high-throughput 
screening tool TrixX,

[6]
 which has 

allowed a multitarget approach 
because of its fast algorithm. This way, 
we were able to dock the compounds 
in different conformations of the 
ATPase domain of gyrB. Together with 
a validated post-processing protocol, 
the number of compounds could be 
reduced to several thousands. For the 
validation, we used our own decoy set 
generated from the DUD-E database.

[7]
 

In the end, these compounds were 
redocked with the Glide docking tool of Schrödinger.

[8]
 A crucial visual inspection resulted in 21 compounds, which were selected and 

purchased. Finally, we tested these compounds in an adapted fluorescence quenching assay for their inhibitory activity of E. coli gyrB.
[9]

 
In this poster we will present a full hit search protocol, in which we could successfully apply all necessary steps by ourselves: From 

the initial preparation of the protein structure to the generation of the library, the docking, the rescoring, the acquisition, the assay up 
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to the final evaluation of our protocol. This work will be continued to further optimize our findings to a possible lead structure for the 
inhibition of bacterial gyrB ATPase. 
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To develop more potent alpha-glucosidase inhibitors based on salacinol isolated from Salacia reticulata of Ayurvedic traditional 

medicine, the binding mode of salacinol was predicted. The predicted binding mode could explain structure-activity relationships of 
known salacinol derivatives.

[1]
 As the hydrophilic sulfate group interacted to an aromatic pocket of alpha-glucosidase, a hydrophobic 

group such as ethyl and benzyl group was introduced into this position. Interestingly, a derivative with benzyl group appeared to be 
more potent and to have unexpected binding mode that the hydrophobic group interacted with another pocket. Furthermore, a series 
of derivatives with mono-substituted benzyl groups were designed to strengthen the interaction to the pocket. The derivative with the 
ortho-nitrobenzyl group which was anchored in a narrow cavity of the pocket was found to be the most potent in this class of molecules 
synthesized so far.

[2]
 From these insights, novel promising compounds are being designed and synthesized. 

 

 
 
References: 

 
[1] S. Nakamura, K. Takahira, G. Tanabe, T. Morikawa, M. Sakano, K. Ninomiya, M. Yoshikawa, O. Muraoka, I. Nakanishi, Bioorg. Med. Chem. Lett. 2010, 
20, 4420–4423. 
[2] G. Tanabe, S. Nakamura, N. Tsutsui, G. Balakisian, W. Xie, S. Tsuchiya, J. Akaki, T. Morikawa, K. Ninomiya, I. Nakanishi, M. Yoshikawa, O. Muraoka, 
Chem. Commun. 2012, 48, 8646–8648. 

 
 

D033 | Identification of Protein Kinase CK2 Inhibitors by the Solvent Dipole Ordering Virtual Screening Method 
 
Isao Nakanishi,

(1,2)
 Katsumi Murata,

(2)
 Naoya Nagata,

(2)
 Masakuni Kurono,

(2)
 Takayoshi Kinoshita,

(3)
 Misato Yasue,

(2)
 Takako Miyazaki,

(2)
 

Yoshinori Takei,
(2)

 Akira Hirasawa,
(2)

 Gozoh Tsujimoto
(2)

 
 
1) Department of Pharmaceutical Sciences, Kinki University, Osaka 577-8502, Japan 
2) Graduate School of Pharmaceutical Sciences, Kyoto University, Kyoto 606-8501, Japan 
3) Graduate School of Science, Osaka Prefecture University, Osaka 599-8530, Japan 

 
Protein kinase CK2, a serine-threonine specific protein kinase, is distributed ubiquitously in the human body.

[1]
 Inhibitors of this 

enzyme have been explored as cancer, virus infection, and glomerulonephritis therapies, and several highly potent compounds, such as 
apigenin,

[2]
 emodin,

[3]
 and CX-4945,

[4]
 have been reported as ATP-competitive inhibitors. To obtain novel seed or lead compounds, in 

silico virtual screening (VS) has been widely used in conjunction with experimental high-throughput screening, and some CK2 inhibitors 
such as ellagic acid

[5]
 have been identified using VS. 

Recently, we developed a novel virtual screening method, the so-called solvent dipole ordering virtual screening (SDOVS) 
technique,

[6]
 based on a unique screening concept. In the new method, first, several pseudo-molecules composed of sp

3
 carbon atoms 
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are generated in the region where the solvent dipole, using water in most cases, is large around the ligand binding pocket. Then, 
compounds with a high shape-similarity to the generated pseudo-molecules are retrieved from a three-dimensional compound 
database. We applied the SDOVS method for the identification of novel CK2 inhibitor molecules, and succeeded in discovering several 
lead-like compounds from a commercially available compound database. 

These compounds have diverse chemical scaffolds and many are dissimilar to the known CK2 inhibitors. Also, crystallographic 
experiments demonstrated high accuracy of the binding modes predicted using SDOVS. The chemical structures of the hit compounds 
are presented and their similarities to known CK2 inhibitors are discussed along with their binding modes. 
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Molecular field topology analysis (MFTA) seeks to model the biological activity and selectivity of compounds in terms of local 

molecular properties (effective atomic charge, van der Waals radius, H-bond donor and H-bond acceptor ability, local lipophilicity, 
and/or other parameters) by topologically superimposing their structures using a so-called molecular supergraph. The statistical analysis 
of the descriptor set, by means of the partial least squares regression or artificial neural networks, yields a predictive model that allows 
one not only to estimate the bioactivity of new compounds but also to identify the structural features critical for activity and reflecting 
possible ligand–target interactions. Recently some extensions of the MFTA technique were introduced in order to provide better control 
over the superposition of the matching fragments in different compounds as well as the handling of symmetrical scaffolds. The MFTA 
approach was successfully used by us and other researchers

[1–4]
 as a tool to design and optimize lead structures with various activities, 

such as organophosphorus esterase inhibitors, virus entry inhibitors, receptor antagonists and modulators, anti-inflammatory agents, 
etc. 
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Malaria is one of the most widespread infectious diseases besides HIV and Tuberculosis: In 2012 207 million infected patients have 

been registered of which 627.000 died.
[1]

 The most serious form of malaria, Malaria tropica, is caused by Plasmodium falciparum. There 
are effective malaria therapeutics on the market, however rapid emergence of resistance and high costs necessitate the development of 
new drugs.

[2]
 In a screening campaign, a thieno[2,3-b]pyridine derivative has 

been identified as a potential lead structure to inhibit the plasmodial 
glycogen synthase kinase 3 (PfGSK-3)

[3]
 and a small library of derivatives has 

been synthesized.
[3]

 A homology model of the PfGSK-3 has been developed
[4]

 
and was used for docking and 3D QSAR studies

[3]
 to clarify the binding mode 

as well as to guide structural variations.
[3]

 Several potential binding modes 
have been identified and prioritized.

[4]
 We used molecular dynamics 

simulations and MM/GBSA calculations of the respective protein–ligand 
complexes considering pre-optimized calculation parameters

[5]
 to further 

investigate the binding poses of a series of thieno[2,3-b]pyridines.
[6]

 The 
GBSA energies could be correlated to the biologically measured IC50 values of 
the individual compounds for complexes with binding mode A (see Figure).

[6]
 

This was used as a starting point for further structure based design 
modifications. The results of the design process and the synthesis of some 
new thieno[2,3-b]pyridines are presented on this poster. 

 
References: 

 
[1] World Health Organization (2013). World Malaria Report. Geneva, Switzerland. 
[2] Noedl, H.; Se, Y., et al.; N. Engl. J. Med. 2008, 359, 2619–2620. 
[3] Fugel, W.; Oberholzer, A., et al.; J. Med. Chem. 2013, 56, 264–275. 
[4] Kruggel, S.; Lemcke, T.; Arch. Pharm. Chem. Life. Sci. 2009, 342, 327–332. 
[5] Poll, B.; Kruggel, S.; Lemcke, T.; Joint Meeting of the German and Austrian pharmaceutical societies (Poster), Innsbruck, Austria, 2011. 
[6] Poll, B.; Kruggel, S.; Kunick, C.; Brandt, W.; Meijer, L.; Lemcke, T.; EuroQSAR (Poster), Vienna, Austria, 2012. 

 
 

D036 | Androgen Receptor Binding Affinity Prediction of Chemicals Using Pharmacophore and 3D-QSAR Models 
 
Roger Rozot, Anaëlle Clary, Ann Detroyer, Nicole Flamand, Stéphane Imbert, Reine Note, Stéphanie Ringeissen 
 
 ’OREA  R         & Inno at on, 1 Avenue Eugène Schueller, 93600 Aulnay-Sous-Bois, France 

 
Concerns have been raised about chemicals with endocrine disrupting (ED) activities. Consequently, European Authorities have 

taken actions and banned some of these from consumer goods (e.g., bisphenol A), which may be present within pharmaceuticals, 
plasticizers, pesticides or consumer products. The context of the European Regulations (REACh, Cosmetic directive) implies, in the 
development of new cosmetic ingredients, as an important and early step, to identify a potential endocrine modulation activity of the 
molecules in the course of their discovery process, during the ingredient design phase. Thus, as part of the selection process for new 
compounds, pharmacophore and 3D-QSAR models were built to predict their affinity to the androgen receptor (AR). To build these 
models, we used the structural information available in the protein data bank (PDB) for the androgen receptor and the public data 
(binding of chemicals on the AR) available on the web-site of the US-EPA. The first step of this work aimed at designing and selecting 
complementary pharmacophore models from the structures of the AR available in the PDB (approx. 50). Four pharmacophore models 
were selected. Accordingly, a 3D-QSAR model was built to quantify the affinity to the AR, using the training set of molecules (from the 
US-EPA) after pharmacophore alignment in the receptor active site. This model estimates the logarithm of the relative binding affinity 
(RBA) of the molecule with respect of the affinity of dihydro-testosterone (DHT). The predicted log(RBA) allows determining the activity 
class (e.g., inactive or active). The overall performance of these models (pharmacophore alignments followed by 3D-QSAR predictions) is 
suitable, in comparison with commercial dedicated software, offering a sensitivity of 0.90 and a specificity of 0.74 with respect of the 
log(RBA). Thus, our model allows selecting planned cosmetic ingredients, which probably will not interact with the AR, prior their 
synthesis, with a low rate of both false positive and false negative results. 
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During the last years, histone deacetylases (HDACs) have been studied as new potential targets for the development of new 

treatments against neurodegeneration. Among eighteen isoforms, the NAD
+
-dependent enzymes known as sirtuins are of particular 

interest,
[1,2]

 especially the inhibition of the human sirtuin 2 (hSIRT2).
[3]

 Moreover, the network interactome evaluation of hSIRT2 showed 
direct interaction with 78 proteins, mainly related to chromatin modification, oxidative stress and metabolism.

[4]
 

In the present study, molecular docking and molecular dynamics simulations, coupled to in vitro tests, have been used (i) to discover 
new hSIRT2 catalytic inhibitors, and (ii) to characterize hot spots of the enzyme involved in protein–protein interactions (PPI). New 
scaffolds for the development of potential therapeutic agents inhibiting hSIRT2 were retrieved for in vitro inhibition assays. Moreover, 
the new structural information on hSIRT2 PPI brings novel possibilities in the search for sirtuin modulators. 
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DNA gyrase is one of the most important targets for antibacterial agents, and gyrase inhibitory compounds are widely used to treat 

bacterial infections such as respiratory and urinary tract infections.
[1]

 The increasing use of broad-spectrum antibacterial compounds 
such as fluoroquinolones, which inhibit gyrase subunit A, β-lactam antibiotics, or sulfonamides, led on to multidrug-resistant pathogens. 
Inhibition of DNA gyrase subunit B through active antibacterial agents got more attention as a clinical useful target against bacteria (i.e., 
Escherichia coli) with multidrug-resistant strains. The advantage of this 
target is that it only exists in bacteria (like gyrA) and not in human cells, 
and the high degree of sequence conservation in many bacterial 
species.

[2]
 Novobiocin, which is an aminocoumarine derivate, was used 

to inhibit the ATPase domain of the gyrase subunit B, but it was 
unsuccessful in the clinic because of serious side effects. Currently there 
are no antibacterial agents which inhibit gyrB used for therapy.

[3]
 

In connection with a project to identify new small-molecule 
inhibitors of the ATPase of the gyrB subunit of bacterial gyrase, 3D-QSAR 
models for the inhibition of E. coli gyrB ATPase by a set of structurally 
diverse small molecules were generated. A set of 68 small-molecule 
inhibitors with known gyrB inhibitory activity was assembled from the 
literature and docked to the ATP-binding site of different conformations 
of E. coli gyrB. Docking poses were used to generate an alignment of 
putative biological binding conformations (see Figure), and this alignment was used to train CoMFA and CoMSIA models. Cross-
validation and prediction of the inhibitory activity of an independent test set were used to establish the predictive power of the QSAR 
models. The results of these investigations will be presented on this poster. The presented QSAR models will subsequently be used to 
aid the optimization of hit/lead structure from a virtual screening campaign. 
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It has been estimated that toxicity accounts for approximately 30 % of expensive, late stage failures in development. Therefore, 

identifying and prioritising chemistries with a lower risk of toxicity, as early as possible in the drug discovery process, would help to 
address the high attrition rate in pharmaceutical R&D. We will describe how expert 
knowledge-based prediction of toxicity can alert chemists if their proposed 
compounds are likely to have an increased risk of causing toxicity, based on 
precedence for similar compounds where experimental data are available. However, 
an alert for potential should be given appropriate weight in the selection of 
compounds. It is important to balance potential opportunities against the risk of late 
stage failures caused by toxicity; an alert may not be sufficient reason to ‘kill’ a 
compound or chemical series. If a series achieves good outcomes for other 
requirements, it may be appropriate to progress selected compounds and generate 
experimental data to confirm or refute a prediction of potential toxicity. We will 
discuss how multi-parameter optimisation approaches can be used to balance the 
potential for toxicity with other properties required in a high quality candidate drug, 
such as potency and appropriate absorption, distribution, metabolism and 
elimination (ADME). Furthermore, it may be possible to modify a compound to 
reduce its likelihood of toxicity and we will describe how information on the region 
of a compound that triggers a toxicity alert can be interactively visualised to guide 
this redesign. 
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When we view compound data sets, we almost always find ourselves looking at a ‘chemical spreadsheet’ or ‘form views’ of 

compounds in a long list. However, compounds have much more complex relationships that cannot be captured in a single, sequential 
order. We will describe an alternative approach to visualising sets of compounds and their associated data that enables more complex 
relationships to be captured and manipulated in a highly interactive way. The user can impose their own, arbitrary structure on their 
data, guided by their individual perspective. Alternatively, algorithms can be used to initialise the view to draw out interesting patterns 
or features. Example applications include quickly triaging results from high-throughput screening to quickly identify high-quality hit 
series; investigating structure–activity relationships using molecular matched pair analysis or by identifying activity cliffs; and tracking 
the flow of ideas through the course of a project. 
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One of the most recently identified serotonin receptor subtypes, the 5-HT6 receptor,

[1,2]
 localized practically only in the brain,

[3]
 is a 

very promising target for different new psychotropic drugs. These receptors are supposed to be responsible mainly for motor control, 
memory and learning and its ligands can be used to treat cognitive impairments

[4–6]
 or as antiobesity drugs.

[7,8]
 So far, several thousands 

of ligands have been synthesized, and their structural diversity makes consensus binding mode very difficult to define.  
Isosterism is the most common technique used by medicinal chemists to design and synthesize new series of compounds. An 

isosteric replacement can change compound activity, bioavailability, pharmacokinetics and metabolism. If isosteric replacement doesn’t 
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substantially change biological properties of a substance, it is called bioisosteric replacement. Besides altering compound properties, 
bioisosterism can be used to get insight into interactions of ligand with the receptor. By carefully planning isosteric replacements it is 
possible to probe certain regions of receptor binding pocket. 

With the use of specialized software (PypelinePilot, vBrood) a group of dozens of thousands of isosteres were generated. All of them 
were screened with virtual screening protocol and compounds to synthesize were chosen individually from those that met all the 
requirements of VS protocol. As a result a group of substances was synthesized together with their isosteres. By combining ligands 
affinity towards 5-HT6R, their crystal structures and molecular modelling, a detailed explanation of ligand–5-HT6R interactions is 
proposed. 
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A common task in the early stages of a drug discovery programme involves the analysis of large small-molecule datasets to derive 

relevant hit series that can be used for subsequent testing. Usually such datasets contain up to 10^6 molecules, which makes this an 
especially difficult procedure as structural commonalties and similarities between molecules need to be explored. Common approaches 
make use of generating molecular scaffolds, structural fingerprints or maximal common substructures (MCSS) of the aforementioned 
datasets. However, such approaches can be computationally demanding and therefore unfeasible for large datasets. 

We present a novel approach for deriving frequently occurring fragments from small-molecule datasets. Our new approach is based 
on a two-step workflow: a clustering step, and an MCSS-generation step. The clustering step serves as a pre-grouping stage where 
molecules are grouped into clusters. For this, a very fast k-Means clustering algorithm is based on structural fingerprints and can handle 
large sets of molecules in very little time. In the second stage of the workflow, MCSS fragments are generated per cluster and then de-
duplicated across all clusters. Lastly, our new approach enables the automatic ranking of the found MCSS-based fragments according to 
accumulated properties (e.g., average activity, IC50, …) from the original molecules where the fragment is contained. This makes it 
possible to quickly identify those groups of molecules that are likely to exhibit for example higher activity towards a biological target of 
interest than others. The workflow is implemented by Dotmatics’ Vortex making it easy to combine the results with various data 
visualisation tools, such as scatterplots and other similar graphical methods. 
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Androgen receptor (AR) signaling is known to regulate the development and progression of malignant prostate cancer cells, and 

thus it has been recognized as an important target in prostate cancer treatment. AR antagonists such as bicalutamide and cyproterone 
acetate are commonly used to treat androgen-dependent disorders. However, long-term treatment with bicalutamide induces 
resistance by turning into agonist due to the development of a T877A point mutation of AR. In addition, a mutant type AR containing 
two mutations (L701H and T877A) was isolated from the androgen-independent human prostate cancer cell lines. The purpose of this 
study is to discover novel AR antagonists effective against both wild type and mutant AR. 

Two AR receptors including wild type (PDB ID: 3B68) and mutant type (PDB ID:1GS4) were used for Surflex-Dock docking screening. 
Ligand binding affinity was computed taking into account Surflex-Dock score and CSCORE. Based on docking scores and analysis of 
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molecular interactions between AR and ligands, a total of 144 compounds were finally selected as candidate compounds from in-house 
chemical database. The biological activities of the selected candidate compounds were tested in a cell-based assay screening study. 
Several hit compounds were selected for further studies. 
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In recent years, the drug abuse effects of many synthetic or extracted new cannabinoid receptor 1 (CB1R) agonists or 

tetrahydrocannabinol (THC) family were reported. They cause psycho effects similar to marijuana by binding and activating CB1R in the 
central nervous system (CNS). Our aim is to establish the reliable QSAR models to correlate the structures and properties of various 
cannabinoids with their activation of addiction-related proteins, such as CB1R and dopamine active transporter (DAT). For this work, we 
prepared 22 compounds including CB1R agonists and THC family, and their cellular effects on expression of various addiction-related 
proteins were evaluated. First, more than 770 various descriptors of dataset compounds were calculated by using PaDEL_Descriptor 
program, and genetic algorithm (GA) methods were used for selection of relevant descriptors to build QSAR models. After selecting 
about 100 descriptors out of 770, multiple linear regressions (MLR) were employed to give QSAR models. Leave-one-out cross validation 
(LOOCV) were performed to validate stability and predictability of our models. The resulting QSAR models provided the scientific basis 
for establishing a new strategy for predicting the addiction potential of synthetic cannabinoids. 
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Most tumors show altered glycosylation patterns. Some of them are associated to cancer progression events, such as metastasis, 

tissue invasion, growth and non-recognition by the immune system.
[1,2]

 Golgi -mannosidase II (GMII) plays a key role in the 
N-glycosylation pathway, trimming two mannose residues. The inhibition of GMII leads to a decrease in cancer-associated 
oligossacarides, providing a potential target for chemotherapy. Swainsonine (1) is the most potent inhibitor of GMII known. However, it 

is known to have side effects resulting of Lysossomal-mannosidase (LM) inhibition, which is involved in glycoprotein degradation.
[3]

 
In the present work, free energy calculations, using thermodynamic integration (TI) and molecular mechanics Poisson-Boltzmann 

surface area (MM-PBSA) were made to identify new derivatives of swainsonine which may be more selective or more potent. It was 
found that solvation energy plays a major role in ligand binding. Azaswainsonines are not charged and due to solvation costs, most of 
them display higher affinity than swainsonine. The most effective azaswainsonine is 2. Other derivatives of swainsonine were prepared, 
and the one with highest affinity is 3. Swainsonine derivatives with more complex moieties were created in order to achieve selectivity 
between GMII and LM. Most of these molecules showed binding affinity similar to swainsonine. Compound 4 has higher affinity than 
swainsonine and shows selectivity. Some molecules displayed no selectivity despite having high affinity. Therefore, a commitment 
between selectivity and binding affinity is needed. 
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A probabilistic method, the Parzen–Rosenblatt Window approach,

[1]
 was applied to build a predictive model from the ChEMBL 

dataset. Circular fingerprints descriptors
[2]

 were calculated for compounds used in the study. The predictive model can determine, from 
a compound's structure, its primary and off targets. The same cheminformatic methodology is applied to build a predictive model from 
the DrugBank dataset.

[3]
 Primary pharmaceutical targets and off-targets for the novel multitarget ligands, able to interact with 

monoamine oxidase (MAO) A and B, acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE), and histamine N-methyltransferase 
(HMT) and histamine H3 receptor, were examined by use of the developed predictive models. These drug targets are essential in the 
treatment of Alzheimer’s disease, depression, obsessive disorders, and Parkinson’s disease. Several multitarget ligands were selected 
for further study, as compounds with possible additional beneficial pharmacological activities. The novel targets identifications for 
selected multitarget ligands were confirmed by in vitro 5-HT1A and 5-HT2A receptor binding assay of the most promising ligand and by 
3D-QSAR predictions. 
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A class of non-imidazole histamine H3 receptor (H3R) antagonists that simultaneously possess strong inhibiting potency on catabolic 

histamine N-methyltransferase (HMT) are procognitive agents able to enhance histaminergic neurotransmission in the central nervous 
system. A set of thirty-five multipotent H3R/HMT ligands

[1, 2]
 containing a piperidinoalkyl group as a key structural feature for human H3 

receptor (hH3R) antagonism, connected by different spacer lengths to an aminoquinoline moiety as a pharmacophoric moiety for HMT 
inhibiting activity, has been examined by 3D-QSAR and pharmacophore study.

[3]
 

Created 3D-QSAR models provide a better understanding of the crucial chemical functionalities for combined hH3R/HMT activities, 
define important variables as essential 3D-pharmacophoric features for both activities, and select specific 3D-pharmacophoric features 
for hH3R antagonistic and for HMT inhibiting activity. Structures of the 3D-pharmacophores were used for the design of multitarget 
hH3R/HMT ligands as novel procognitive agents. Designed compounds with 3D-QSAR predicted pKi(hH3 R)>9.6 and (pKi(hH3R)+pIC50 
(HMT))>16.8 were selected for further profiling. Virtual screening of ZINC database is performed against the most promising hH3R/HMT 
ligand

[4]
 and top-ranked compounds are tested by the 3D-QSAR models. 
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In the present work, we developed Fraction Lipophilicity Index (FLI), a metric for assessing oral drug likeness of ionizable chemical 

entities, considering that a drawback of the ubiquitous rule of five (Ro5) is that it does not explicitly take into account the ionization 
potential of a molecule. The basic concept of FLI is to allocate lipophilicity to 
a pH dependent neutral fraction of the molecule and to establish borders for 
either too high or too low lipophilicities. FLI is expressed by the following 
equation: FLI = log[P/fN] = logP–log fN = logP–log[D7.4/P] =2xlogP–logD7.4, 
where the neutral fraction is referred at physiological pH 7.4. In establishing 
the width and the borders of FLI we considered the oral drugs introduced 
worldwide in the years 2003–2012, based on the “To Market, To Market” 
sections of the respective Annual Reports in Medicinal Chemistry, in 
combination with the ChEMBL data base. The number of oral molecular 
entities thus identified was 138. In the next step, the partition coefficients 
(logP) and the distribution coefficients (logD7.4) were calculated using the 
freeware MedChem Designer (i.e., S+logP and S+logD7.4, respectively). The 
compounds were further divided into highly ionized (>50% ionization at pH 
7.4), and into low ionized, zwitterions, and neutrals. In this way, 59 highly 
ionized oral drugs were identified, from which 39 (66%) were bases and 20 
(34%) were acids. From the diagram it is apparent that the majority (93%) of 
FLI values falls in the range of 1 to 8. Among the drugs outside this span, two with FLIs>8 are reported to have poor absorption, 
although administered orally. The performance of FLI metric was further compared to the Ro5. We found out that 3 highly ionizable 
drugs with good absorption violated simultaneously two criteria of the Ro5 (MW and Lp), however they have acceptable FLIs. 
Furthermore, in the same set of compounds, 5 violate one criterion (Lp), but the majority of them (4 out of 5) have acceptable FLIs. 
Finally, we recalculated the FLI values by replacing S+logP with ClogP. We observed a similar distribution of FLI values with a positive 
shift of approximately 0.1. In conclusion, we could state that FLI stands as a promising addition to the metrics’ array, targeting the oral 
drug likeness of highly ionic chemical entities. Work is under way to expand the database by including more years of drug introductions. 
 
 

D049 | Binding Pose Prediction of Xanthine Oxidase Inhibitor Hydroxychavicol and Drug Design of Its Analogues 
 
Keiji Nishiwaki, Kanae Ohigashi, Shinya Nakamura, Kazuya Murata, Hideaki Matsuda, Isao Nakanishi 
 
Department of Pharmaceutical Sciences, Faculty of Pharmacy, Kinki University, 3-4-1 Kowakae, Higashiosaka, Osaka 577-8502, Japan 

 
Xanthine oxidase (XO) is a key enzyme in the purine metabolic pathway, catalyzing the oxidation of hypoxanthine to uric acid and 

known as a target protein in the treatment of gout. Recently, Matsuda et al. have found hydroxychavicol had higher activity than 
allopurinol in the XO inhibition.

*)
 In this study, we predicted the binding pose of hydroxychavicol at the active site of XO and explored 

more potent XO inhibitors possessing hydroxychavicol scaffold. The binding pose of hydroxychavicol was 
predicted using Molecular Operating Environment (MOE) program based on 3D structure of the XO complex 
with salicylic acid (PDB ID 1FIQ). The predicted binding pose suggested that the strong hydrogen bonds 
between the catechol unit of hydroxychavicol and Arg880 and Thr1010 in XO contributed to the stabilization 
of the complex. Also the aromatic ring of hydroxychavicol was interacted with Phe914 and Phe1009. This 
binding pose could explain the structure-activity relationship of the hydroxychavicol analogues. Then, 
compounds having a substructure of hydroxychavicol were retrieved from a commercially available 
compound database and docked to XO. Several compounds with good binding scores were selected for a further modification study. We 
have designed novel compounds based on the binding structures of these compounds and their binding energies (ΔGbind) were 
evaluated using the MM/PBSA method. The inhibitory activities of these designed compounds were suggested to be more potent. 
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D050 | Novel Selective HDAC1 And HDAC2 Inhibitors Guided by Structure-Based Design 
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Histone deacetylases (HDACs) are enzymes responsible for removing acetyl groups from lysine residues of core histones, and their 

overexpression was found in a large number of human cancers. Such a discovery unleashed the interest on these enzymes as cancer 
targets, and currently two HDAC inhibitors are approved by the US Food and Drug Administration (FDA) for treatment of cutaneous T 
cell lymphoma: Vorinostat (suberolanilide hydroxamic acid, Zolinza) and Depsipeptide (Romidepsin, Istodax). However, some available 
HDAC inhibitors, such as Vorinostat, are pan-inhibitors of multiple isoforms, with a large range of toxicity reactions associated (from 
fatigue to cardiac toxicity). The current interest is to develop isoform-selective inhibitors in order to improve efficacy and minimize side 
effects, allowing more secure and tolerable anticancer agents.

[1,2]
 

HDAC1 and 2 are class I isoforms sharing the highest degree of similarity on all the HDAC family and both are overexpressed in 
several cancers, such as gastric, breast, colon, prostate and neuroblastoma. These isoforms were proved to be important in promoting 
cell proliferation and inhibiting apoptosis, and in addition HDAC1 was also shown to be important for the induction of 
chemoresistance.

[1,2]
 

Herein, we report our efforts to identify selective small-molecule inhibitors of HDAC1 and HDAC2 using a ligand and receptor-based 
drug design combined approach. In order to discover new inhibitors with high selectivity towards HDAC1 and 2, a database of 
compounds showing high potency and selectivity were carefully chosen from the literature and were used to generate, validate and 
refine a pharmacophoric model. This model was used to filter the NCI compounds database, and a total of 15,197 compounds were 
retrieved and further screened into the HDAC1 and 2 protein binding pockets. After a careful selection, the most promising compounds 
were purchased and the biological activity was assayed. 
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In poultry, the apicomplexan parasite Eimeria tenella is responsible for an infection of the animal’s intestine (coccidiosis), leading to 

substantial economic losses in the global industry. Despite the multitude of anticoccidial drugs, large-scale and long-term use has led to 
a worldwide increased appearance of resistance, demanding the focus on new chemical entities with novel modes of action. A cyclin-
dependent kinase (CDK) with key regulatory function 
in the parasitic cell cycle has been identified and 
validated as a new drug target, initiating a combined 
in silico and in vitro screening programme in search 
for lead structures as potential inhibitors.

[1,2]
 At 

present, emphasis is placed on the lead optimisation 
based on two promising hit structures, benzimidazole 
carbonitrile 1 and aminopiperidine 2.

[1]
 Docking 

models of the identified hits within the kinases active 
site are evaluated and used in conjunction with 
evolving information on structure–activity 
relationships as rational for further derivatisation to 
increase selectivity and activity of the inhibiting 
compounds. 
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D052 | The Application of Extended Huckel Theory for Pharmacophore Modeling 
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Pharmacophore models play an essential role in drug discovery. Generating pharmacophore models which encode accurate 

molecular recognition features are highly dependent on properly defined annotation points. Simplistic or ill-defined pharmacophore 
annotations which do not capture subtle electronic or geometric effects lead to many inaccuracies. “Rule” based methods which 
typically employ SMARTS patterns to specify annotation "rules" are subject to such inaccuracies. Here we have developed a new 
approach for pharmacophore modeling which is based on a semi-empirical method using Extended Hückel Theory (EHT). In contrast to 
“rule” based approaches, the EHT method uses a model to assign annotation points and generate features. The pharmacophore 
features generated through the EHT annotation scheme take into account ligand resonance and electron withdrawing effects and are 
sensitive to non-standard interactions, such as C-H and halogen bond interactions, during pharmacophore screening. 
 
 

E001 | Optimising Ligands for the CREBBP Bromodomain 
 
Michael Brand, Timothy P. C. Rooney, Stuart J. Conway 
 
Department of Chemistry, Chemistry Research Laboratory, University of Oxford, Mansfield Road, Oxford, OX1 3TA, UK 

 
Epigenetic transfer of information is linked to dynamic DNA methylation and post-translational modifications on histones, the small, 

positively charged proteins, around which DNA is stored. Specific combinations of these marks, and their crosstalk, can mediate context-
dependent effects on transcription, a concept known as the “histone code”. Bromodomains are acetyl-lysine “readers” of the histone 
code, which interact with acetylated lysine residues. This 
protein–protein interaction results in changes in gene 
expression levels and leads to specific downstream 
effects.

[1–3]
 

The human bromodomain family consists of 61 
unique proteins, which are divided into eight different 
subfamilies, according to sequence similarity. Most 
research has been focused on the bromodomain and 
extra C-terminal (BET) family, which has yielded probe 
compounds like I-BET762, currently in clinical trials. Only 
a few ligands have been reported for bromodomain 
families other than BET. Herein, we report the structure-
guided development of potent, CREBBP inhibitors. 
Building on previous work in the group,

[4]
 we have 

focused on the rigidification of the linker between an 
acetyl-lysine mimic and its tail, which fits in an induced 
cation–π pocket. The latter interaction is crucial for the 
selectivity of CREBBP over other bromodomains.

[4]
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Small molecules can probe the biological role and therapeutic potential of individual proteins but achieving selectivity against
structurally similar paralogs remains a formidable challenge. The paired bromodomains of Bromo and Extra-Terminal (BET) proteins are
the target of potent and cell-active inhibitors, including clinical candidate I-BET and chemical probe JQ1.[1–3] However, none of the
currently published BET domain inhibitors exhibit selectivity for a single BET domain family member, and their highly conserved acetyl-
lysine binding site suggests this could be a major challenge to medicinal chemistry efforts.

To address this problem, we have developed a novel chemical genetic approach to achieve high selectivity of single domain
chemical probes.[4] Guided by crystal structures of I-BET bound to BET domains, compound analogs were designed and synthesized to
target engineered mutants of the BET family. We show that a specific orthogonal "bump-hole" pair achieves nanomolar affinity and up
to 540-fold selectivity in vitro versus wild-type domains across the entire subfamily. Co-crystal structures were determined to provide
experimental support for the design strategy. Probe selectivity within a tandem BET bromodomain system was further demonstrated
first in vitro using isothermal titration calorimetry and then in live cells using fluorescent recovery after photobleaching, providing
insight into the functional effects of selective pharmacological inhibition of a single BET domain.

Our discovery opens up new avenues for target validation of individual BET proteins and of their bromodomains in human
physiology and disease. It also provides proof-of-concept for extending the approach to engineer selective chemical control within other
bromodomain subfamilies within the human phylogenetic tree.
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Bromodomains are acetyl-lysine recognition domains that mediate protein-protein interactions, often between histones and
transcriptional machinery, playing an important role in the epigenetic transfer of information. Bromodomain-containing proteins play
fundamental cellular roles, and show
association with particular diseases
including psychological diseases,
obesity, inflammation and cancer.[1,2]

This wide range of biological roles
emphasises the importance of
developing small molecule probes to
assist in gaining a better
understanding of bromodomain
function in vivo.

Many protein–protein
interactions are challenging to inhibit,
because their interfaces are often
heavily solvent-exposed, cover large
areas, are structurally featureless and
poorly defined. Conversely, bromodomains have a well-defined binding pocket that displays characteristic interactions with acetylated
lysine residues. Consequently these recognition domains have proved ligandable, with a range of ligands for the BET sub-family of
bromodomains reported in the literature. Work within this group has led to the development of nanomolar potent inhibitors of the BET
bromodomains. Here we report that these compounds have antiproliferative activity in a variety of cancer types and a promising profile
in the NCI60 panel. We have synthesised a collection of analogues to understand the scope of SAR in the WPF region of the
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bromodomains, with the aim of increasing compound potency. Further optimisation is being carried out to improve the physical and
pharmacokinetic properties of this series of compounds, to develop a probe compound for use in animal models.
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Bromodomains are protein domains that recognize acetylated lysine residues such as those on the N-terminal tails of histones.[1]

This recognition is often a prerequisite for protein-histone association and chromatin remodeling and thus bromodomains have become
potential therapeutic targets due to their implications in several diseases such as diabetes, obesity, oncology, inflammation, viral
infection, metabolic and cardiovascular disorders.[2] However, just a small fraction of the chemical space has been explored in the last
decade in the quest for bromodomain inhibitors and a rather limited palette of scaffolds is currently available.

We report the first in silico drug discovery campaign performed up to date that targets the CREBBP bromodomain (CREB-binding
protein), which afforded low-micromolar inhibitors with remarkable ligand efficiency (0.36 Kcal/(mol HAC)), thus making them valuable
scaffolds for the design and development of potential drug candidates. Based on docking and molecular dynamics (MD) simulations, a
lead optimization campaign was carried out yielding highly selective and potent (nM) CREBBP inhibitors, which conserve promising
ligand efficiency values. The inhibitors were characterized by an array of different biochemical techniques such as differential scanning
fluorimetry, TR-FRET and surface plasmon resonance (SPR), and their anti-proliferation abilities are currently being evaluated in a
variety of relevant cancer cell lines.

Figure 1. Typical binding mode of KAc to the CREBBP bromodomain that forms interactions with N1168 and Y1125 via the structure
water molecule network shown as red spheres (PDB code 3P1C).
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E005 | New Benzazepine BET Inhibitors with Improved Oral Bioavailability
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Bromodomain protein 4 (BRD4), a member of the bromodomain and extra-terminal domain (BET) protein family, binds to acetylated
histone tails via its two bromodomains BD1 and BD2. It forms a complex with the positive transcription elongation factor b, which
controls phosphorylation of RNA polymerase II, ultimately leading to stimulation of transcription elongation. An essential role of BRD4 in
cell proliferation and cancer growth has been reported in several recent studies.

The benzodiazepine JQ-1 is a strong antagonist of the binding of BRD4 to acetylated histone tails and has been used to elucidate the
functions of the BET protein family members. JQ-1 is active in vivo in several therapeutic models but reveals a poor pharmacokinetic
profile with high clearance and low oral bioavailability in animal studies. We investigated the benzodiazepine core of JQ-1 with the aim
of optimization of oral bioavailability. Several possible core variations were identified that kept overall cellular activity but increased
metabolic stability. The benzazepine BAY6356 was selected as a potent BET inhibitor with an improved overall pharmacokinetic profile
and oral bioavailability between 60 and 100% in mouse, rat and dog. The strong antiproliferative activity observed in vitro in acute
myeloid leukemia (AML) and multiple myeloma (MM) cell lines was confirmed in vivo in the MOLM-13 (AML) and MOLP-8 (MM) tumor
models implanted in SCID mice. Daily oral treatment at the maximal tolerated dose of 30 mg/kg led to strong tumor reduction in
MOLM-13 (17% T/C on day 13 post tumor implantation) and in MOLP-8 (4% T/C on day 19 post tumor implantation) xenografts
(T/C≤40% = active, T/C≤10% = highly active, according to NCI criteria). In the MOLM-13 model, c-Myc down-regulation was shown in
vivo. Furthermore, for a same total dose, intermittent dosing every other day or twice a week in the MOLP-8 model proved to be as
active as daily dosing, demonstrating exposure-driven efficacy. These favorable preclinical data support the evaluation of BAY6356 for
further development.

F002 | Histamine H3 Antagonists: From Program Inception to the Clinic in Less Than Four Years

Milan Chytil, Sharon Engel, Kevin Fang, Kerry Spear

Sunovion Pharmaceutical Inc., 84 Waterford Drive Marlborough, MA 01752-7010, USA

A novel series of benzimidazo-diazepine derivatives as histamine H3 receptor antagonists was rationally designed. The initial hit
compound showed high in vitro H3 potency but a medium hERG affinity and a rapid rat microsomal clearance. Lead optimization
focused on decreasing hERG affinity and on adjusting preclinical in vivo PK parameters to allow separation of expected insomnia adverse
events from presumed cognitive enhancement in humans. To assess pharmacodynamic properties of several compounds, rat ex vivo
receptor occupancy, rat EEG and baboon PET imaging data were collected in both dose-response and 24h-time-course formats. Four
clinical candidates were identified and human microdosing half-lives for three compounds were determined to confirm preclinical in
vivo half-lives.

F003 | Fragment-Based Drug Discovery Applied to a Protein–Protein Interaction Target: FromMillimolar Fragments to
Nanomolar Dual Antagonist of XIAP And cIAP1

Gianni Chessari

Astex Pharmaceuticals 436 Cambridge Science Park CB4 0QA, Cambridge, UK

Over the past decade, fragment-based drug discovery (FBDD) has revolutionized the way medicinal chemists think about drug
design and drug development. FBDD has not only provided a new way to identify hit matter but has also changed the perception of
potency, lipophilicity and molecular size allowing the development of molecules with improved drug like properties. FBDD has being
applied to develop leads for challenging targets, such as protein-protein interaction (PPI). Binding sites of PPIs are more exposed and
less defined, and this imposes significant challenges to the development of inhibitors. Here we will describe the application of FBDD to
discover novel dual inhibitors of PPI involving the inhibitor of apoptosis proteins (IAPs) cIAP1 and XIAP.

IAPs are key regulators of anti-apoptotic and pro-survival signaling pathways. Overexpression of IAPs occurs in various cancers and
has been associated with tumor progression and resistance to treatment. Our X-ray crystallographic screening platform, PyramidTM,
enabled us to identify non-alanine fragments which bind very weakly (mM affinity and ligand efficiencies - LE << 0.3) to both XIAP and
cIAP1. It also provided essential and detailed understanding of the binding interactions between fragments and target proteins.
Structure-based hit optimization supported by a fast-turnaround of X-ray crystal structures and a careful analysis of the electrostatic
potential complementarity between the protein and the ligand allowed us to significantly increase the binding affinity and the LE of the
starting hits. Lead optimization led to the discovery of AT-IAP, a non-peptidomimetic, sub-10 nanomolar, balanced dual cIAP1/XIAP
antagonist which is chemically distinct from previously reported first generation, alanine-based, peptidomimetic antagonists. AT-IAP
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shows potent in vivo activity when delivered orally in breast and melanoma mouse xenograft models. High concentrations of the
compound were measured in tumor and plasma over a 24 h period which ensured potent antagonism of both XIAP and cIAP1. Induction
of apoptosis biomarkers (cleaved PARP, cleaved caspase-3) and strong inhibition of tumor growth were also observed for this new class
of inhibitors.

F004 | New Ligands of 2-Adrenergic Receptor with Potential Anti-Obesity Activity

Joanna Gładysz, Monika Marcinkowska, Adam Bucki, Maciej Pawłowski, Marcin Kołaczkowski, Agata Siwek, Magdalena Dudek, Jacek
Sapa
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Although 2 receptor antagonists seem to be significantly effective in the treatment of obesity they are disqualified as potential
anti-obesity drugs because of their serious side effects. Considering the fact, that introduction of some agonist component could allow
maintaining therapeutic activity and at the same time decreasing possible adverse effects, the synthesis of selective 2 receptor partial
agonists, with low intrinsic activity was planned. For that purpose a series of variously substituted arylpiperazine derivatives of 4,4-
dimethylisoquinoline-1,3-(2H,4H)-dione, analogues of a reference 2 receptor antagonist AR-C239 were designed. In order to achieve
compounds with partial agonist activity, o-methoxyphenyl substituent of ARC 239 was replaced with various aryl and heteroaryl
moieties, capable of forming hydrogen bonds with the side chains of serine residue at transmembrane helix 5 in the 2 receptor binding
site. It is postulated that these interactions are key element of monoaminergic receptors activation. The synthetic methodology of 4,4-
dimethylisoquinoline-1,3-(2H,4H)-dione derivatives was based on three retrosynthetic analyses. Also identification and description of
reaction byproduct was possible through analysis of synthesis cycle. As a result of conducted reactions the series of new compounds
with potential partial 2 receptor partial agonist activity were obtained. The compounds were tested for affinity for 2 adrenergic
receptor using radioligand binding studies.

F006 | Novel Ligands Acting as SERT Blockers and Dopamine D2 Receptor Partial Agonists with Therapeutic Potential for
Treatment of Mood Disorders and Their Comorbidities
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Mood (affective) disorders are a wide and heterogeneous group of medical conditions including unipolar and bipolar depression,
mania or substance-induced mood disorders. Their typical comorbidities include eating disorders, anxiety disorders or drug addiction.
Anhedonia and affective flattening are also major features of negative symptoms of schizophrenia. Selective serotonin reuptake
inhibitors (SSRI) acting through blockade of serotonin transporter (SERT) are frequently employed therapeutic options in various
affective disorders. On the other hand, dopamine D2 receptor partial agonists (e.g., aripiprazole), developed primarily as novel
antipsychotic drugs, have attracted increasing interest also as promising mood modulating agents. Nevertheless, the therapeutic
efficacy of current drugs remains limited and mood disorders present numerous unmet needs. Therefore it was hypothesized, that
combining the above mechanisms of action with additional promising activities in a multimodal ligand could elicit synergistic activity,
resulting in improved therapeutic potential. Given the proven synergy between SSRIs and 5-HT7 antagonists in antidepressant activity,
the hybrid molecules were initially designed as dual SERT/5-HT7 blockers by combining 3-(1,2,3,6-tetrahydropyridin-4-yl)-1H-indole with
N-(3-aminoalkyl)arylsulfonamide, the moieties characteristic for ligands of the respective targets. Further molecular modeling studies
revealed, however, their complementarity also with dopamine D2 and serotonin 5-HT1A receptors, providing additional therapeutic
interest. Conversely, molecular modeling suggested that the compounds had potentially low affinity for some important antitargets,
including hERG channels, M1, H1, 5-HT2C and 1 receptors. A series of hybrid molecules was therefore synthesized and tested; it
showed a favorable profile of pharmacological activity, with markedly higher affinity for the therapeutic targets vs. antitargets.
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One of the most interesting examples, compound ADN-3662, potently blocked the serotonin transporter and showed prominent
partial agonist activity at D2 receptors. Moreover, those activities were complemented by significant 5-HT1A receptor partial agonism
and 5-HT7 receptor antagonism. No significant interactions with any of the antitargets were observed. ADN-3662 showed a promising
profile of therapeutic-like activity in various animal models relevant to mood disorders: forced swim test in mice and rats, tail
suspension test in mice, expression of saccharine self-administration in rats, four-plates test in mice and Vogel test in rats. Interestingly,
ADN-3662 also reversed haloperidol-induced deficits in saccharine self-administration. The range of active doses in the above-
mentioned models was 0.312–1.25 mg/kg in mice and 1–3 mg/kg in rats. Notably, ADN-3662 did not exert any activity in models of side-
effects liability, including catalepsy, sedation or disruption of social behavior up to a dose of 100 mg/kg in rats, testifying for its benign
safety profile. The compound was therefore selected for further preclinical development.

F007 | Synthesis and Biological Evaluation of Fluorinated Imidazo[1,2-a]pyridine Derivatives as Potential Antipsychotic Agents

Monika Marcinkowska,(1) Krzysztof Kamiński,(1) Marcin Kołaczkowski,(1) Adam Bucki,(1) Grzegorz Kazek,(1) Agata Siwek,(1) Paulina
Kubowicz,(1) Paweł Mierzejewski,(2) Przemysław Bieńkowski,(2) Maciej Pawłowski,(1) Elżbieta Pękala(1)

1) Jagiellonian University, Medical College, Krakow, Poland
2) Institute of Psychiatry and Neurology, Warsaw, Poland

Currently available antipsychotics act primarily via antagonism of dopamine D2 receptors (typical antipsychotics) or via wider range
of targets including mainly dopamine and serotonin receptors (atypical antipsychotics).[1] However, those drugs have only limited
efficacy and a long-term treatment may cause various undesirable side effects such as: extrapyramidal symptoms or hormonal and
metabolic disorders.[2] Therefore, there is a need to search for new anti-psychotic drugs utilizing different mechanisms of action that
could account for better efficacy and spare some of the troublesome side effects.

Recently, our research group has confirmed specific antipsychotic properties of selective GABA-A modulator-zolpidem in animal
models, indicating its novel application in the treatment of psychotic disorders.[3] However, zolpidem was introduced on the market as a
fast and short-acting non-benzodiazepine hypnotic drug, due to its fast elimination and half time of about 2h.[4] In view of this fact, it
can be concluded that short half time of zolpidem may not be suitable for an effective pharmacotheraphy of psychosis. With the aim of
adjusting pharmacokinetic profile of zolpidem for the treatment of psychosis and maintaining the pharmacophoric features responsible
for biological activity, we decided to introduce fluorine atoms or fluorinated groups to metabolically labile sites of parent compound
and evaluate its influence on metabolic stability and affinity to GABA-A receptors.

A series of fluorinated zolpidem analogues was synthesized and characterized for affinity towards GABA-A receptors. Two molecules
displayed higher affinity for GABA-A receptors than zolpidem and four compounds showed comparable activity to the parent
compound. In vitro biotransformation study revealed that replacement of both methyl groups with fluorine inhibited effectively phase I
metabolism. Similar effect was observed for 4-(fluorophenyl)-6-methylimidazo[1,2-a]pyridine derivative. On the other hand,
substitution of single methyl group with fluorine in the para position of phenyl ring was not sufficiently effective. Our research showed
that replacement of methyl groups with fluorine improved affinity to GABA-A receptors and resulted in increased metabolic stability.
The most interesting molecules were selected for evaluation in animal model of psychosis.
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F009 | Prodrugability of Carbohydrates—Investigations on FimH Antagonists

Wojciech Schönemann, Simon Kleeb, Philipp Dätwyler, Beat Ernst

Institute of Molecular Pharmacy, University of Basel, Switzerland

Urinary tract infections (UTIs) are among the most prevalent bacterial infections and are caused largely by uropathogenic
Escherichia coli (UPEC). UTI is affecting millions of people every year and women are in the group of the highest risk. More than half of
them will suffer from recurrent infection within six months. All of this makes UTIs a major medical and economical problem. The current
treatment requires antibiotics and that, in turn, can lead to antimicrobial resistance.

The mannose-specific bacterial lectin FimH expressed by UPEC is the virulence factor enabling E. coli to adhere to urothelial cells and
enables colonization of the urinary tract. FimH antagonists can prevent this initial step of the infection. Therefore, these antiadhesive
molecules hold promise for being alternative to antibiotics.

Our group has reported monosaccharides capable of binding to FimH in low nanomolar concentrations. Despite incorporated
lipophilic aglycone, these compounds are still too polar for intestinal absorption, precluding their use as an oral medication. Here, we
present a prodrug approach paving the way for oral bioavailability of carbohydrate-based drug candidates by masking the polar
property of their sugar moiety.

F010 | Targeting Cyclophilin D to Treat Pancreatitis

Emma Shore,(1) Dr. N. M. Kershaw,(1) M. A. Javed,(2) Dr. M. Awais,(2) Dr. R. P. Gibson,(3) Prof. L-Y. Lian,(3) Dr. A. J. Carnell,(1) Dr. N. G.
Berry,,(1) Prof. R. Sutton,(2) Prof. P. M. O'Neill(1)

1) Robert Robinson Laboratories, Department of Chemistry, The University of Liverpool, Crown Street, Liverpool, UK
2) Institute of Translational Medicine, The University of Liverpool, Royal Liverpool University Hospital, Daulby Street, Liverpool, UK
3) NMR Centre for Structural Biology, Biosciences Building, The University of Liverpool, Crown Street, Liverpool, UK

The UK incidence of pancreatitis approaches 50,000 new cases per year costing the NHS and UK economy over £2 billion. Despite
approximately 300 randomised clinical trials there is no specific treatment to stop disease progression or prevent occurrence. This
presents a great need to design therapeutic agents for use in the treatment of acute pancreatitis.[1] The mitochondrial permeability
transition pore (MPTP) is thought to have a key role in cell injury and induction of the MPTP causes a reduction or complete loss of ATP
synthesis. The MPTP is thought to be fundamental in the switch from apoptosis to necrosis in the onset of severe acute pancreatitis.[2]

Cyclophilin D (CypD) is a peptidyl-prolyl cis–trans isomerase (PPIase) that inter-converts the cis and trans isomers of the amino acid
proline and regulates pore opening of the MPTP. CypD is inhibited by Cyclosporin A (CsA) and it is believed that this prevents assembly

and function of the MPTP protecting pancreatic cells from cell
death.[3] However, CsA is also an immunosuppressant which is
an extremely undesirable side effect in patients with severe
acute pancreatitis.

The aim of this project is to discover and develop rationally
designed molecules to treat acute pancreatitis through
inhibition of CypD with no immunosuppressive activity. A
structure-based drug design approach has been adopted to
synthesise a series of small molecules. The compounds
synthesised thus far are based on the scaffold shown in Figure
1a. X-ray crystallography and molecular docking have been
employed to design inhibitors. Initial data from molecules
designed and synthesised in this project have shown excellent
in vitro and in vivo activity.

Figure 1. a) Structure of EA4 and EA4 docked into CypD. b) A
synthesised compound and it docked into CypD.
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Abacavir (ABC, Figure 1A), used to treat the HIV-1 virus, is responsible for a potentially life-threatening, idiosyncratic hypersensitivity
reaction, which affects approximately 4 % of patients, and only in those who possess the HLA-B*57:01 allele.[1,2] The reason for this
toxicity is largely unknown, although several hypotheses have been published. One such hypothesis originates from hapten formation,
where ABC is metabolised to its carboxylic acid metabolite via an aldehyde intermediate (Figure 1B). This metabolite has shown to
undergo protein binding both in vitro and in vivo, resulting in an immunogenic species.[3,4] To probe this mechanism, D2-ABC (Figure 1C)
was synthesised and used in metabolic experiments. Compound C was designed to retard the in vitro oxidative metabolism on basis of
the primary kinetic isotope effect (KIE). A KIE was determined and D2-ABC was found to retain its antiviral activity, although, further
testing has shown that compound C maintains a high level of immunogenicity.

Figure 1. ABC (A) is metabolised to an aldehyde intermediate (B). To probe this mechanism, D2-ABC (C) was synthesised and used in
metabolic experiments. 6-Alkyl analogues of ABC were used to probe the ‘altered repertoire’ mechanism (D).

In contrast to this proposal, an alternative hypothesis, the ‘altered repertoire’ mechanism has been suggested.[5,6] This has shown
that ABC is capable of binding non-covalently within the HLA protein and alters the repertoire of peptides that are usually presented
within this molecule: inducing an immune response. Using in silico methods, it was confirmed that the 6-position cyclopropyl amino
group of ABC contributes to its toxicity. This mechanism was probed through synthesis of a series of 6-position analogues (Figure 1D),
which were designed to maintain anti-viral activity but eliminating an immunological response. A large proportion of these compounds
were found to abrogate stimulation of CD8+ T-cells, with several expressing anti-viral activity comparable to ABC. A close ABC analogue
was identified that was devoid of an immunological response whilst maintaining potent anti-viral activity and this analogue has been
profiled in initial ADMET studies.
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F012 | Metallo-chromones with Pro-apoptotic Activity and Arresting Human Cancer Cells in G2/M Phase
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Flavonoids are secondary metabolites produced by plants. The chromone skeleton is a core structural motif present in these
compounds. Due to their beneficial biological activity many flavonoids are in focus of medicinal chemistry and pharmacy. In the last few
years we have thoroughly investigated organometallic compounds with anticancer and antibacterial activity.[1–3] Recently we have
turned our attention into the organometallic derivatives of chromones. We previously reported on the synthesis and the biological
activity of the ferrocenyl-chromones bearing a ferrocenylvinyl substituent in position 6 of the chromone skeleton.[4] From the series
complex 1 (Figure 1) show cytotoxicity against T lymphoblast-like polymorph CCRF-CEM cancer cells and antibacterial activity against
Gram-positive Staphylococcus aureus (MSSA), S. aureus (MRSA), S. aureus (VRSA), and S. epidermidis bacterial strains. In this
communication we present the synthesis and the mechanism of anticancer activity of metallo-chromones 2 and 3 (Figure 1). Metallo-
chromones 2 and 3 generate the elevated ROS amount, causes DNA scission and triggers oxidative stress in human cancer cells. These
molecular processes are correlated with cell cycle arrest in G2/M phase and induction of apoptosis.
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F013 | Targeting the Sigma-1 Receptor: Indene-Based Scaffolds as Potent and Selective Ligands
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The sigma receptor (σR) was first identified almost 40 years ago as
a new subtype of opioid receptor,[1] but it is currently recognized as a
unique chaperone with low homology to opioid receptors or other
mammalian proteins. Two subtypes of σR receptors, σ1R and σ2R have
been identified,[2] with a clear pharmacological distinction among them.
While the σ2R has been associated to proliferation, synaptogenesis and
cell plasticity, the σ1R is involved in memory, emotion, motor function,
sensory and pain control. In particular, preclinical evidence strongly
supports a role for σ1R antagonists in the treatment of pain of different
origins, including neuropathic pain, and as opioid adjuvant therapy.[3]
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In a parallel communication,[4] we have presented the conversion of the 5-HT6-targeting N-(inde-5-yl)sulfonamide ligands 1 to the
σ1R-targeting N-(inde-7-yl)sulfonamide ligands 2. Here, we wish to disclose the evolution of compounds 2 to the novel N,N-disubstituted
(7-arylinden-3-yl)ethanamines 3, that act as σ1R ligands with potency in the nanomolar range and show good σ1R/σ2R selectivity ratios.
The indenyl-ethanamines 3 were prepared following a convenient two-step synthetic procedure from commercial bromo-indanones.[5]
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F014 | Identification of a Novel Type I and II Topoisomerase Inhibitor as Highly Cytotoxic Anticancer Agent

Christopher Meier, Katharina Jarolim, Ulrich Girreser, Christian Peifer, Doris Marko, Bernd Clement

Department of Pharmaceutical and Medicinal Chemistry, Christian-Albrechts-University of Kiel, Gutenbergstrasse 76, 24118 Kiel, Germany
Institute of Food Chemistry and Toxicology, University of Vienna, Währinger Straße 38, 1090 Vienna, Austria

Besides an inadequate implementation of prevention strategies, insufficient therapeutic options are responsible for an alarming
worldwide increase of global cancer incidence and cancer deaths.[1] Anticancer drugs are among the most effective treatment
possibilities, especially classic cytotoxic drugs combined in terms of a polychemo- therapeutic treatment represent frontline therapy for
most of the cancer diseases. Within the range of approved cytostatics, topoisomerase inhibitors arose as highly effective antitumoral
agents that are used in almost every therapeutic regimen that targets the complete remission of the tumor.[2,3] Nevertheless, current
medicines of this class are associated with serious side effects and are particularly vulnerable for the development of resistance
mechanisms of the tumor cells against them, revealing a great demand of structurally different compounds that target the
topoisomerase enzymes.

Natural occurring quarternary benzo[c]phenanthridine alkaloids like Fagaronine and Nitidine were found to possess potent
antitumor and topoisomerase inhibitory activities.[4] As the result of an intensive research in the field of cytostatically active
heterocycles based on the benzo[c]phenanthridine skeleton we could identify the strongly cytotoxic pyridophenanthroline
P8-D-6OEthNCH32 via a wide cytotoxicity screening. The compound can be easily obtained using the straight-forward one-pot synthesis
developed in our laboratory to construct the benzo[c]phenanthridine core and aza-analogous heterocycles followed by 3 facile reaction
steps (Figure 1).[5,6]

Figure 1. Synthesis of P8-D-6OEthNCH32 and schematically illustrated inhibition of topoisomerase activities.

In addition to a GI50-value (50 % net cell growth) in the lower nanomolar region over the whole cell panel of the NCI-60 DTP Human
Tumor Cell Line Screening, P8-D-6OEthNCH32 was found to be high potent in vitro against both type I and II topoisomerases, showing
significantly increased activities compared to Etoposide and Camptothecin.[7] Furthermore, its optimized physicochemical profile
including a millimolar water solubility allows an i.v. and an oral application. In summary P8-D-6OEthNCH32 is predestined for further
development.
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Insulysin or insulin degrading enzyme (IDE) is a zinc metalloprotease involved in the clearance of numerous physiological peptides. It
hydrolyses in particular beta-amyloid peptide and insulin, respectively implicated in Alzheimer’s disease and Diabetes.

Consistent with the fact that IDE degrades insulin in vitro, mutations leading to functional loss of IDE in mice result in high levels of
insulin and development of glucose intolerance. Moreover genetic studies have shown that polymorphism on the IDE region of
chromosome are associated with type-2 diabetes and Alzheimer disease. The X-ray structure of human IDE by Tang et al. (Nature 2006)
has given molecular insight for
the understanding of
substrate recognition.

We report the discovery,
using in situ-click chemistry of
the first inhibitor of IDE
(BDM44768) suitable for in
vivo studies. X-ray
crystallography shows that it
binds to the catalytic site and
locks the enzyme in a closed
conformation. Amongst a
panel of metalloproteases,
BDM44768 selectively inhibits
IDE. It increases extracellular
A in neuroblastoma cell
culture and delays myoblast differentiation in vitro. The vivo result confirm that IDE is involved both in the clearance of insulin and
pathway(s) that modulate short-term glucose homeostasis. It also suggests that the glucose intolerance observed in Ide-/- mice is not
solely due to lifelong elevated insulinemia.

F016 | The Discovery of HIV-1 Splicing Inhibitor SPL-464
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Successful production of new infectious viruses from proviral genomes integrated into human blood cells requires an adaptation of
the viral splicing machinery to allow expression of both spliced and unspliced viral mRNAs. Therefore, targeting HIV-dependent
alternative splicing represents an approach to potentially target viral reservoirs as well as to treat HIV infection.

A screening of the Curie-CNRS collection in a test designed to measure the inhibition of the formation of the spliceosome in vitro
revealed the inhibitory properties of some molecules belonging to the same family. Among these, a polycyclic indole compound (IDC16)
was shown to interfere with the exonic splicing enhancer (ESE) activity of the splicing factor SRSF1 and to compromise the assembly of
infectious particles.[1]
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To reduce the toxicity associated with this planar structure, various nonfused poly-heterocyclic systems
were designed. Our automated parallel synthesis facility was thus used to build libraries of more than 300
compounds. Five compounds were selected for their interesting activities against HIV replication, among
which SPL-464 demonstrated unique and very promising properties. In brief, SPL-464 inhibited HIV
replication in macrophages and PBMCs from several donors, replication of HIV-1 and HIV-2 of varying T cell-
tropism, as well as clinical isolates of different subtypes (B and C) at nanomolar concentrations. SPL-464 did
not select for drug resistance, and deep sequencing demonstrated an absence of any possible mutations that
might have emerged under SPL-464 treatment. In vitro, SPL-464 protected CD4+ cell counts in infected
cultures and induced an increase in the CD4+/CD8+ ratio. Furthermore, SPL-464 had no adverse effect on global pre-mRNA splicing in
PBMCs, while it specifically modified HIV splicing. This selectivity was also demonstrated by the ability of SPL-464 to modulate the
expression of a single microRNA that can be used as a biomarker of efficacy in vivo.

Proof of concept of SPL-464 in vivo efficacy was demonstrated in two animal models of retroviral pathogenesis using replication-
competent HIV-1. In these models, SPL-464 alone, administered by gavage, efficiently compromised viral multiplication, whereas a
combination of 3TC, Raltegravir and Tenofovir (ART) was required to achieve viral inhibition. Although a rebound of viral load was
observed in humanized mice treated with ART after one week of treatment interruption, only a slight or no viral rebound was observed
in mice treated with SPL-464 at two months following treatment interruption, consistent with a potential effect on viral reservoirs.
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Muscarinic receptors play an important role in regulating the activity of central and peripheral functions in the human body. Five
subtypes are known (M1–M5), which can be divided into the Gq/G11-coupled M1 (M1/M3/M5) and the Gi/Go-coupled M2 (M2/M4)
family.[1]

To better understand the activation and allosteric modulation of GPCRs, active state crystal structures are mandatory but difficult to
obtain. The reasons are the inherent conformational flexibility and biochemical instability of the protein. To overcome these problems,
the receptor–agonist complex can be stabilized with G-protein mimetic nanobodies.[2] For selecting the active state stabilizing
nanobodies, receptor populations have to be simultaneously stained with an exceptionally high-affinity or irreversible agonist and
antagonist.[3]

Here, we report the synthesis and biological evaluation of the potent irreversible agonist ‘iperoxo-mustard’ which covalently
attaches to the hM2R via an aziridinium ion and thus is an important tool for nanobody selection and so for receptor crystallization.[3]
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[1]Muscarinic acetylcholine receptors: mutant mice provide new insights for drug development.Wess, J. et al., Nat. Rev. Drug Discovery 2007, 6,
721–733.
[2] The dynamic process of β2-adrenergic receptor activation. Nygaard, R. et al. Cell 2013, 152, 532–542.
[3] Activation and allosteric modulation of a muscarinic acetylcholine receptor. Kruse et al., Nature 2013, 504, 101-106.
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G002 | Synthesis and Dopamine Receptor Affinity of 4'-O-Alkylated Hydroxy Eticloprides

Marie Gienger, Harald Huebner, Peter Gmeiner

Department of Chemistry and Pharmacy, Friedrich-Alexander-Universität, Schuhstr. 19, 91052 Erlangen, Germany

The neurotransmitter dopamine is known to modulate mood, movement and cognition.
In human brain, its biological activity is mediated by interaction with a family of five dopaminergic G protein-coupled receptors:

Gs-coupled D1- and D5-receptors and Gi/o-coupled D2-, D3- and D4- receptors. The latter are of special interest in psychopharmacology, as
it has been discovered that D2/D3 receptor antagonists represent powerful antipsychotics. However, their therapeutic applicability is
limited by the occurrence of severe side effects.

It has been postulated that selective targeting of dopamine receptor subtypes would minimize side effects and lead to more
tolerable antipsychotic drugs, and efforts have been made to elucidate the structures of dopamine receptor subtypes. In 2010, the
crystal structure of hD3R in complex with the antagonist eticlopride has been published[1] indicating that the pyrrolidine moiety,
stabilized by a salt bridge with Asp1103.32, is directed towards the entrance region of the binding site. The binding cavity shows a hollow,
well-defined vestibule towards the extracellular periphery which could tolerate additional substituents without significant loss of
receptor binding affinity. Based on the crystal structure, we synthesized several 4’-hydroxy eticlopride[2] derivatives with additional
substituents attached to the pyrrolidine ring and investigated their binding profile with radioligand displacement experiments.

Figure 1. Design of D3R antagonists based on the crystal structure of hD3R in complex with eticlopride.

References:
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In recent years, numerous data has emerged suggesting that GPCRs may function as homo- or heterodimers or higher order
receptor oligomers.[1,2] These receptor entities are believed to possess altered ligand binding and signal transduction, and many of the
observed unexplainable effects found in traditional GPCR pharmacology have been attributed to their existence.

Two of the most studied receptors in GPCR pharmacology are the opioid (MOP, DOP and KOP) and cannabinoid (CB1 and CB2)
receptors. As a result of their similar pharmacological properties, signaling characteristics and overlapping distribution in specific regions
of the central nervous system, they are thought to functionally interact.[3,4] The constitutively active CB1 receptor has been shown to
associate with numerous GPCRs and the newly formed receptor heterodimers have demonstrated altered CB1-directed signaling.[5]

Also, studies with opioids have demonstrated that co-expression of the MOP and CB1 receptor leads to functional changes.[6–8]

Among various efforts to selectively modulate or investigate GPCR dimer or oligomer-mediated signaling, bivalent ligands which are
defined as two pharmacophores linked by spacers, represent promising pharmacological tools.[9,10] Bivalent ligands that may also have
affinity to the monomeric receptors are expected to selectively bind with greatly improved affinity to ligand recognition sites on homo-,
heterodimer or higher order oligomer of GPCRs. Bivalent ligands are also believed to induce specific signal-transduction pathways and
cellular responses.
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In this study, we present the design, synthesis and in vitro pharmacological evaluation of a pool of MOP-CB bivalent ligands,
primarily targeting the MOP-CB1 receptor heterodimer. We hope that these bivalent ligands will enable direct functional and molecular
investigation of the MOP-CB1 receptor heterodimer and shed light on novel function and regulation of this exciting receptor
complement.
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G004 | Development of PSB-13253, the First Radioligand for the Orphan Receptor GPR35

Anne Meyer, Dominik Thimm, Mario Funke, Christa E. Müller

PharmaCenter Bonn, Pharmaceutical Institute, Pharmaceutical Chemistry I, An der Immenburg 4, 53121 Bonn, Germany

The human genome encodes about 800 G protein-coupled receptors (GPCRs) that participate in diverse physiological functions and
pathological processes. GPCRs can be activated by a broad range of ligands including proteins, peptides, small organic compounds, ions,
and even photons. About 30 % of marketed drugs as well as drugs in clinical development target human GPCRs. However, the
endogenous ligands of around 100 GPCRs remain unidentified or have not been
confirmed yet. Little is known about these so-called orphan GPCRs although they
represent attractive potential drug targets. GPR35 is one of those poorly studied
receptors. Its physiological role is only at the beginning of being understood. GPR35
agonists are potential drugs for the treatment of pain and inflammation whereas GPR35
antagonists might be useful for treating gastric cancer, diabetes type 2, or cardiovascular
diseases. We recently identified 8-benzamidochromen-4-one-2-carboxylic acids as a
novel class of highly potent and efficacious GPR35 agonists. A series of 8-substituted
chromen-4-one-2-carboxylic acids was synthesized and chemically optimized based on an
evaluation of their structure–activity relationships.[1] 6-Bromo-8-(2,6-difluoro-4-
methoxybenzamido)-4-oxo-4H-chromene- 2-carboxylic acid (EC50 = 5.54 nM in -arrestin
assays) was identified as the most potent agonist known at the date of its discovery.[2]

Subsequently, a synthesis was devised to obtain it in tritium-labeled form. Therefore ethyl-6-bromo-8-(4-((tert-
butyldimethylsilyl)oxy)benzamido)-4-oxo-4H-chromene-2-carboxylate was methylated with [3H]methyl tosylate followed by ester
hydrolysis yielding [3H]PSB-13253 with a specific activity of 36 Ci (1.33 TBq)/mmol. It showed high affinity for human GPR35 (KD = 5.27
nM), saturable and reversible binding, and represents the first radioligand for GPR35.[2]
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[1] 8-Benzamidochromen-4-one-2-carboxylic acids: potent and selective agonists for the orphan G protein-coupled receptor GPR35; Funke, M.; Thimm, D.;
Schiedel, A. C.; Müller, C. E., J. Med. Chem. 2013, 56, 5182–5197.
[2] 6-Bromo-8-(4-[3H]methoxybenzamido)-4-oxo-4H-chromene-2- carboxylic acid: A powerful tool for studying orphan G protein-coupled receptor GPR35;
Thimm, D.; Funke, M.; Meyer, A.; Müller, C. E., J. Med. Chem. 2013, 56, 7084–7099.

G005 | The Role of the Calcitonin Receptor in Small Cell Lung Cancer (SCLC) Calcitonin Regulation
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Small cell lung cancer (SCLC) is a highly aggressive neuroendocrine cancer, responsible for more than 20,000 deaths per year in the
US. It accounts for 10–20 % of all lung cancer and is characterised by secretion of mitogenic peptide factors including gastrin releasing
peptide (GRP) and arginine vasopressin (AVP).[1] It was noted by Sorenson that a particular immortalised SCLC cell line, DMS53,
produced high quantities of the peptide hormone calcitonin (CT).[2] Calcitonin is not typically associated with SCLC but has been
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implicated as a promoter of metastasis and proliferation in prostate cancer.[3] Based on this finding, we set out to investigate whether
calcitonin played a role in the growth of the DMS53 cell line.
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Fenoterol is a long lasting 2-adrenergic receptor (2-AR)-selective agonist used in therapy as a racemic mixture of (R,R') and (S,S')
isomers. In our medicinal chemistry project, we studied all four stereoisomers of fenoterol and several of its derivatives modified on the
aminoalkyl tail.[1,2] Our research showed that these compounds exhibit qualitatively different functional activities in various assays. Rat
cardiomyocyte contractility studies using pertussis toxin indicate that (R,R')-isomers of fenoterol, 4-methoxy-fenoterol and 4-amino-
fenoterol, activate the 2-AR to a form that couples selectively to Gs protein, while the receptor activated by, for example, 1-naphtyl-
fenoterol or 4-methoxy-1-naphtyl-fenoterol is able to couple uniformly both Gs and Gi proteins. Molecular modeling data suggest that
hydrogen-bond formation between the N-alkyl moiety of a ligand with the Y308 residue of 2-AR is a key interaction distinguishing Gs-
selective derivatives of fenoterol from other, nonselective derivatives. To test this hypothesis in vitro, we examined the interaction of
the series of fenoterol analogs with the Y308A 2-AR mutant. Binding affinities for the mutant were determined using membranes from
stably transfected HEK-293 cells, with [3H]CGP‑12177 as the marker ligand. The Y308 A2-AR shows significantly reduced affinities for
Gs-selective derivatives of fenoterol as compared with the data obtained using the wild-type, while affinities of nonselective analogs
were not affected by the mutation. Fenoterol derivatives appear to be important drug candidates for therapy of congestive heart failure
or certain brain tumors. Chemical modifications can be used to switch interactions with Y308 residue, which seems to be an interesting
strategy for the development of molecules specifically triggering desired cellular downstream effects.[3]

Acknowledgements:

Grant information: NIH/NIA contract N01AG-3-1009, Foundation for Polish Science grant TEAM 2009-4/5 and the National Centre for Research and
Development (Polish-Norwegian Research Programme, Small Grant Scheme, DZP/POL-NOR/252/2013).

References:

[1] K. Jozwiak, C. Khalid, M.J. Tanga, I. Berzetei-Gurske, L. Jimenez, J.A. Kozocas, A. Woo, W. Zhu, R.P. Xiao, D.R. Abernethy, I.W. Wainer, J. Med. Chem.
2007, 50(12), 2903–2915.
[2] K. Jozwiak, A. Woo, M.J. Tanga, L. Toll, L. Jimenez, J.A. Kozocas, A. Plazinska, R.P. Xiao, I.W. Wainer, Bioorg. Med. Chem. 2010, 18(2), 728–736.
[3] A.Y. Woo, K. Jozwiak, L. Toll, M.J. Tanga, J.A. Kozocas, L. Jimenez, Y. Huang, Y. Song, A. Plazinska, K. Pajak, R.K. Paul, M. Bernier, I.W. Wainer, R.P. Xiao,
J. Biol. Chem. 2014; DOI: 10.1074/jbc.M114.558882.

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

149



G007 | Discovery and Optimization of GLPG0974 as a FFA2 Antagonist: From Hit to Clinic

Mathieu Pizzonero,(1) Laurent Sanière,(1) Sonia Dupont,(1) Marielle Babel,(1) Stephane Beaumont,(1) Natacha Bienvenu,(1) Roland
Blanqué,(1) Laetitia Cherel,(1) Thierry Christophe,(2) Benedetta Crescenzi,(1) Elsa De Lemos,(1) Philippe Delerive,(1) Pierre Deprez,(1) Steve de
Vos,(2) Fatoumata Djata,(1) Stephen Fletcher,(1) Sabrina Kopiejewsky,(1) Christelle L'Ebraly,(1) Jean Michel Lefrançois,(1) Stéphanie
Lavazais,(1) Murielle Manioc,(1) Luc Nelles,(2) Line Oste,(2) Denis Polancec,(3) Vanessa Quehenen,(1) Florilène Soulas,(1) Nicolas Triballeau,(1)

Ellen M. van der Aar,(2) Nick Vandeghinste,(2) Emanuelle Wakselman,(1) Reginald Brys(2)

1) Galapagos, 102 avenue Gaston Roussel, 93230 Romainville, France
2) Galapagos, Generaal De Wittelaan L11A3, 2800 Mechelen, Belgium
3) Fidelta, Prilaz baruna Filipovica 29, 10000 Zagreb, Croatia

FFA2, also called GPR43, is a G protein-coupled receptor for short chain fatty acids which is involved in the mediation of
inflammatory responses.[1] A class of azetidines has been developed as potent FFA2 antagonists. Multi-parametric optimization of early
hits with moderate potency and ADME properties led to the identification of several compounds with improved nanomolar potency on
the receptor combined with excellent pharmacokinetic (PK) parameters. The most advanced compound, GLPG0974, is able to inhibit
strongly acetate-induced neutrophil migration in vitro and demonstrated ability to inhibit a neutrophil-based pharmacodynamic (PD)
marker, CD11b activation-specific epitope [AE], in a human whole blood assay. All together these data supported the progression of
GLPG0974 towards next phases, becoming the first FFA2 antagonist reaching the clinic.
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The recognition of the molecular basis of ligand binding is essential to understand the pharmacological properties of the 2-
adrenergic receptor (2-AR). Analysis of the ligand-binding region of 2-AR using the recently solved high-resolution crystal structures
revealed a number of highly conserved amino acids that might be involved in ligand binding. While much attention has been related to
ligand binding and molecular mechanisms of receptor activation, the ligand dissociation/association process remain unresolved. We
report the results of the computational study, which provide insights into the agonist molecule dissociation/association process from/to
2-AR both in its active and inactive state. In order to explore the configurational space of the ligand–receptor complex, and to
surmount the various free-energy barriers, we used the umbrella sampling technique. The chosen ligand was the agonist of the 2-AR,
fenoterol. For comparative purposes, the analogous study has been carried out for the inverse agonist, carazolol. The investigations
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were focused on estimating the free-energy profiles (FEP) corresponding to the process of ligand binding/unbinding to/from 2-AR and
the subsequent interpretation of these profiles. The two different conformational forms of the receptor have been considered (based
on the crystal structures PDB: 2RH1 and 3P0G, referred further to as 'active' and 'inactive' states, respectively), which created an
opportunity to compare the association/dissociation paths characteristic of these two states. The results indicate that the process of
ligand binding/unbinding is dependent both on the character of the ligand and on the conformational state of 2-AR. The fenoterol-
related FEP is more rough, revealing a larger number of local minima and maxima of the free energy, indicated more complex binding
mechanism when compared to FEP calculated for carazolol. The large local minimum present in the FEP corresponding to the fenoterol-
'active' 2-AR indicates the existence of the secondary binding cavity created by D192, F193, T195, H178, F194, S203, N293 and H296.
Furthermore, we speculate on the ligand influence on the conformational state of the 'molecular switch' formed by the TRP286 residue
and playing a role in the initial states of the 2-AR activation process.

G009 | New Antagonists for Orphan G Protein-Coupled Receptors GPR18 and GPR55: Structure–Activity Relationships of
Bicyclic Imidazole-4-one Derivatives
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G protein-coupled receptors (GPCRs) are targeted by approximately 30 % of marketed drugs. Nevertheless there are still almost 100
so-called orphan GPCRs about which only little is known so far, mainly because their endogenous agonists have not been unequivocally
identified yet. However, some orphan receptors might qualify as future drug targets. Two of those are GPR18 and GPR55, both of which
interact with certain cannabinoids. However, both receptors share only low sequence homology with the cannabinoid receptors CB1 and
CB2, and belong to a different branch (-branch) of the rhodopsin-like GPCR receptor family. GPR18 was reported to play a role in
migration of microglia and endometrial tissue.[1] GPR55 was found to be involved in pain and inflammatory responses, and is
upregulated in many cancer cells.[2] As the pharmacology of both receptors is poorly understood, potent and selective ligands are
required to study their (patho)physiological roles and to investigate their potential as novel drug targets. By screening the parts of our
compound library (www.mueller-
group.pharma.uni-bonn.de/bibliothek)
bicyclic imidazole-4-one derivatives
synthesized in Krakow[3] were identified as
novel class of antagonists at both receptors.
We subsequently investigated their structure-
activity relationships at GPR18 and GPR55,
and evaluated their selectivity versus related
receptors, including CB1, CB2 and GPR35.[4]

(Z)-(2,3-difluorobezylidene)-6,7-dihydro-2H-
imidazo[2,1-b][1,3]thiazin-3(5H)-one was
found to be a selective GPR55 antagonist with
an IC50 value of 3.15 µM. (Z)-2-(3-(4-Chlorobenzyloxy)benzylidene)-6,7-dihydro-2H-imidazo[2,1-b][1,3]thiazin-3(5H)-one was identified as
a potent, selective GPR18 antagonist with an IC50 of 0.279 µM, >36-fold selectivity vs. CB1 and GPR55 and 14-fold vs. CB2. It represents
the most potent, selective GPR18 antagonist known to date.
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Neuropeptide Y (NPY) is a 36 aa peptide neurotransmitter predominantly expressed in the central nervous system that has been
shown to influence a wide array of regulatory systems in mammals spanning stress response, food intake, cardiovascular function[1] and
circadian rhythms. It has been implied in endocrine-related cancers, obesity and type 2 diabetes.[2,3]

While these roles suggest it as a prime target for drug development, such efforts are complicated by its four G-protein coupled
receptors and the two closely related peptides PP and PYY. A better understanding of subtype selectivity is therefore of utmost
importance to create new agonists and antagonists with high potency and selectivity.[4]

We have investigated the conformational change in NPY needed for binding as well as the binding site of NPY at the Y2 receptor
using NMR, computational modeling, site-directed mutagenesis and signal transduction bioassays.
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H001 | trans-L-3-(3'-Carboxyphenyl)proline as a Versatile Scaffold for the Discovery of Subtype-Selective Ionotropic Glutamate
Receptor Antagonists

Lennart Bunch

Chemical Neuroscience Group, University of Copenhagen, Denmark

(S)-Glutamate (Glu) is the major excitatory neurotransmitter in the central nervous system (CNS). It activates the plethora of Glu
receptors and is believed to be involved in all key neurological processes. Thus, this class of receptors holds a true potential for the
disclosures of new therapeutic targets.

The ionotropic Glu receptors (iGluRs) are ligand gated ion channels and responsible for fast acting synaptic activation. The iGluRs are
divided into three subgroups based on ligand binding affinity studies and sequence identity: the AMPA receptors (subunits: GluA1-4),
the kainate receptors (subunits: GluK1-5) and the NMDA receptors (Glu recognizing subunits: GluN2A-D).

We have previously reported the rational design and synthesis of the trans-L-3-(3’-carboxyphenyl)proline analogue CNG-10100.[1] In
accordance with the rationale, subsequent pharmacological evaluation showed CNG-10100 to be a non-selective iGluR antagonist in the
low-to-medium micromolar range (Ki in µM: GluA2 = 67; GluK1 = 4.3; GluK2 >100; GluK3 = 8.1).

Here, we present the in depth structure–activity-relationship (SAR) study of CNG-10100, establishing how iGluR subunit selectivity
profile can be controlled in a rationale way or even full subunit selectivity obtained. Furthermore X-ray structural data of selected
analogs are presented as well as details on the challenging synthetic pathways to this class of molecules.
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H002 | Cyclopropyl-Fused Pyrrolidine-Substituted Pyrazoles as Neuropathic Pain Modulators

Kyung Il Choi, Jung Hyun Kim, Sunhee Seo, Ghilsoo Nam

Center for Neuromedicine, KIST, P. O. Box 131, Seoul 130-650, Korea

Calcium channels[1] are responsible for a number of diseases, and exist in nerve, muscle, and endocrine cells. T-type channels,[2] one
of the subtypes of the calcium channels, have been reported to be related to learning and memory, pain, epilepsy, etc.

Of many diseases related to the T-type calcium channels, we were interested in neuropathic pain, and referring to the structure of
Mibefradil[3] and other CNS acting drugs, we designed pyrazole-containing structures that are expected to block T-type calcium channels
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selectively. Mibefradil, a selective T-type calcium channel blocker, had been developed as an antihypertensive, however, was withdrawn
due to the unfavorable drug-drug interaction.

In this presentation, we describe the synthesis and biological activities including pain killing effect of cyclopropyl-fused pyrrolidine-
substituted pyrazoles.
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H003 | Synthesis and Pharmacological Evaluation of Allosteric Modulators of High-Affinity -Hydroxybutyric (GHB) Binding

Maria Damgaard, Rebekka F. Petersen, Mia Nittegaard-Nielsen, Laura F. Eghorn, Petrine Wellendorph, Bente Frølund

Department of Drug Design and Pharmacology, University of Copenhagen, Denmark

-Hydroxybutyric acid (GHB) is an endogenous neuromodulator working alongside the main inhibitory neurotransmitter
-aminobutyric acid (GABA) in the mammalian brain. GHB is clinically used in the treatment of narcolepsy. Furthermore, GHB is a drug of
abuse, known as Fantasy or date-rape drug. The pharmacology is complex with both low- and high-affinity binding sites. The GABAB
receptor has been characterized as the low-affinity target and mediates several actions of GHB. A distinct population of extrasynaptic
GABAA receptors have recently been identified as a high-affinity target for GHB.[1] Explorations of the orthosteric site have led to the
development of selective ligands such as the potent agonist HOCPCA and the antagonist NCS-382 (see Figure).

Recently two compounds, monastrol and catechin, were identified as efficient modulators of the high-affinity GHB binding. These
are the first GHB allosteric modulators identified. This study is focused on the modulatory actions of monastrol, a small cell-permeable
compound. The Biginelli multicomponent reaction is used to obtain a number of monastrol analogues, structurally differing in the R1, R2,
R3, R4, R5 and X positions (see Figure).
These analogues are pharmacologically
characterized as modulators of the GHB
high-affinity site in a [3H]NCS-382 binding
assay in rat cortex homogenate. Based on
the obtained results, very strict structural
requirements for the modulatory effect of
monastrol on the GHB high-affinity
binding seem to exist. A few of the
analogues modulate the binding to a
greater extent than monastrol. Small
structural changes seem to be allowed in the R2, R3 and R4 directions, whereas the 3-hydroxy group in the R1 position and the sulfur in
the X position are required to retain activity. These findings open up for further studies of the modulatory binding site and the
modulatory effect of monastrol analogues on the GHB high-affinity binding.
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H004 | Mitochondria-Targeted Benzothiadiazine and Benzopyran KATP Channel Openers and Their Effect on Cellular
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Mitochondria are double membrane organelles that play a central role in cellular metabolism, calcium homeostasis and redox
signaling. They have been also considered as main producers of adenosine triphosphate (ATP) and reactive oxygen species (ROS). In
many cancer cells, those organelles become dysfunctional in leading to a shift of energy metabolism from oxidative phosphorylation to
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active glycolysis and an increase of ROS generation. According to Warberg theory, cancer damage might occur at the mitochondrial
level, affecting tiny structures within each cell implicated in the energy production through ATP. New insight is that mitochondria might
be a good therapeutic target for metabolic syndromes, ischemia/reperfusion injury and organs transplantation. Therefore, search for
novel molecules able to keep mitochondria functional are of relevant interest. Several KATP channels activators are known to exhibit a
protective effect in some ischemic/reperfusion (I/R) in vivo models. This effect is generally presented as a consequence of a modulation
of the mitochondrial KATP channels. In order to assess this hypothesis, a Cardiomyocytes (H9C2 cells) in vitro model was used to evaluate
the ability of selected KATP channel openers to affect basal cellular respiratory rate, proton and electron leaks as well as ATP production.
All compounds: diazoxide (DIAZ), diazoxide analogs (1: BPDZ 259, 2: BPDZ 444), cromakalim and benzopyran derivatives (3: BPDZ 490, 4:
BPDZ 711) were tested at final concentration of 10–5 M, except when specified and compared to control samples (cells with or without
DMSO). The basal respiratory rate of H9C2 cells was changed depending on the chemical structure of the tested compounds: e.g.
compound 3 strongly enhanced the routine respiration, while 4 displayed a marked lowering effect. In contrast, diazoxide and its
analogues (1, 2) had no effect on routine respiration but also on the other respiratory parameters such as oligomycin-induced leak and
ATP production. Overall, our findings indicate that both diazoxide-like analogues (1 and 2) and diazoxide were without significant effect
on basal respiration, ATP production, even on maximal respiration. Interestingly, two derivatives show opposite effects: compound 3
behaves as an uncoupling agent and the other one (4) exhibits a real lowering effect on respiration, which was reversible. The latter
effect might be of interest if this kind of molecules could be used for further use as an agent for organ conservation during
transplantation.

H005 | Highly Functionalized β,-Diamino Esters: New TRPV1, TRPM8 and TRPA1 Antagonists from a Single Linear Scaffold

Rosario González-Muñiz,(1) Paula Pérez-Faginas,(1) M. Teresa Aranda,(1) M. Teresa García-López,(1) Roberto De la Torre,(2) Susana Quirce,(2)

Asia Fernández-Carvajal,(2) Antonio Ferrer-Montiel(2)

1) Instituto de Química Médica (IQM-CSIC), Juan de la Cierva 3, 28006 Madrid, Spain
2) IBMC, Universidad Miguel Hernández, Avda. Torregaitán s/n, 03202 Elche, Spain

ThermoTRP channels are promising targets for the therapeutic management of a number of pathologies.[1] The multimodal
activation of these channels, together with the scarce structural knowledge, complicates the application of rational discovery programs
to modulate them. Therefore, strategies directed to identify new modulators rely on the screening of peptide and small-molecule
libraries. In this context, our lab is continuously involved in the development of synthetic pathways for the generation of diverse, chiral,
linear and heterocyclic scaffolds from amino acids, and in the production of discrete libraries from them.[2]

In this communication we exploit the versatility of simple highly functionalized amino acid -ketoesters for the preparation of a
small libraries of ,-diamino esters. The synthetic procedure involved a reductive amination process using different amines and amino
acids, and resulted in mixtures of separable diastereosiomers.[3] The biological evaluation of this collection of ,–diaminoester allowed
the discovery of new TRPV1, TRPM8 and TRPA1 channel antagonists within the same family. This communication will deal with the
synthesis, chemical characterization, and the results of the biological evaluation of the indicated library. The structural requirements for
activity and selectivity for each TRP channel subtype will also be discussed.
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H006 | Discovery of TRPV6 Inhibitors Using Ligand-Based Virtual Screening
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The highly Ca2+-selective transient receptor potential vanilloid 6 (TRPV6) mediates calcium entry into epithelial cells of the intestine,
placenta and exocrine tissues. Moreover, the expression of TRPV6 has been shown to be up-regulated in breast and prostate cancer
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tissues.[1,2] siRNA experiments showed that regulation of TRPV6 expression has an influence on both prostate and breast cancer cells
proliferation.[2,3,4] Selective and potent inhibitors of TRPV6 are required to study in detail the role of TRPV6 in breast and prostate
cancer development and might have therapeutic potential. However, only few inhibitors are reported and so far no potent and selective
compounds are known.

In an effort to identify new TRPV6 inhibitors, we applied our ligand based virtual screening (LBVS) approach[5] on the Zinc library
using known TRPV6 inhibitors as references. Biological testing of a first selection of commercially available compounds with the FLIPR
Calcium 5 Assay Kit allowed us to identify some early hits. Further LBVS rounds together with chemical synthesis allowed the
identification of a new inhibitor’s series. The activity of the best compounds in proliferation assays is under study. Selectivity towards
the closely related channel TRPV5 and store operated calcium (SOC) channel will be further investigated.
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H007 | In Pursuit of Selective GABAC Receptor Antagonists: Design, Synthesis, and Pharmacological Evaluation

Jacob Krall,(1) Helle Lindemann Olsen,(1) Sara Björk Sigurðardóttir,(1) Birgitte Nielsen,(1) Toke Bek,(2) Anders Asbjørn Jensen,(1) Bente
Frølund(1)
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The ionotropic GABAA and GABAC receptors are involved in a wide variety of CNS functions, where the majority of inhibitory control
in the retina is mediated by the GABAC receptors. In addition, recent studies have shown that the GABAC receptors mediates the GABA
induced relaxation of porcine retinal arterioles.[1] The overall architecture of the ligand-binding site of the GABAA and the GABAC
receptors seems to be very similar as most GABAA agonists have some agonist/antagonist effect at GABAC receptors. In order to study
the structural determinants for GABAA and GABAC receptor selectivity, we have previously investigated the 2- and 5-position of the
imidazole ring of imidazole-4-acetic acid (IAA), a partial GABAA and GABAC receptor agonist.

[2] These studies resulted in identification of
the selective GABAC receptor agonist 1. In the present study, we have focused on investigating the area of the receptor in the vicinity of
the -position of IAA.

All new compounds were characterized pharmacologically using a [3H]muscimol binding assay at native GABAA receptors and the
FLIPR Membrane Potential assay on 122S GABAA and ρ1 GABAC receptors expressed in tsA201 cells. Alkylation of the -position of IAA
showed that the available space in the receptor, surrounding the -position of IAA, is very limited. Interestingly though, adding a methyl
group (compound 2) in the -position of IAA
resulted in a potent and selective GABAC receptor
antagonist equipotent to the standard GABAC
receptor antagonist TPMPA.[3,4] Furthermore, 1
and 2 did show effect on the GABA induced
relaxation of retinal blood pressure in porcine
eyes. Compound 1 alone caused relaxation of the
retinal arterioles, whereas 2 potently inhibited
the GABA induced relaxation on retinal arterioles.
These findings make compounds 1 and 2 useful
pharmacological tools for further elucidation of
the physiological role of the GABAC receptors.
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H008 | Novel Noncompetitive Inhibitors of α3β4 Acetylcholine Nicotinic Receptor

Dariusz Matosiuk,(1) Agnieszka Ligeza,(1) Agnieszka Kaczor,(1,6) Tomasz Wrobel,(1) Elzbieta Szacon,(1) Katarzyna Targowska-Duda(2)

Krzysztof Jozwiak(2) Barbara Budzynska,(3) Grazyna Biala,(3) Joanna Kozak,(4) Emilia Fornal,(5) Antti Poso,(6) Irwing Wainer(7)

1) Dept. of Synthesis and Chemical Technology of Pharmaceutical Substances; 2) Laboratory of Medicinal Chemistry and Neurobiology, Dept. of Chemistry;
3) Dept. of Pharmacology and Pharmacodynamics, Faculty of Pharmacy, Medical University, Chodzki 4A str., 20-093 Lublin, Poland
4) Dept. of Anatomy, First Faculty of Medicine, Medical University, Lublin, Poland
5) Department of Chemistry, Catholic University of Lublin, Poland
6) School of Pharmacy, University of Eastern Finland, Kuopio, Finland
7) Institute on Aging, NIH, Baltimore, MD, USA

Successful introduction of varenicline for the treatment of nicotinic addiction focused much of scientists' attention to the
acetylcholine nicotinic receptors (nAChR). As ion channels they can be inhibited in orthosteric mode but other are also possible. Special
attention was put on non-competitive and uncompetitive inhibition, which do not require presence of the exogenous or endogenous
ligand for triggering on sensitize state of receptor. In earlier studies, dextromethorphane was confirmed to inhibit non-competitively the
α3β4 receptor.[1] In molecular modeling, its binding site was located within the hydrophobic amino acid residues circle at the top
portion of the channel pore. To analyze possible way of interactions modifications in position 17 of the morphinan were applied.
Through modifications different interactions, namely ionic, polar (hydrogen bond), dipole-dipole and hydrophobic were introduced.
Binding modes for each type were modeled and compared with biological activity established in cell (patch-clamp) and behavioral
models.

Figure 1. 3D model of 34 nAChR with dextromethorphane derivative interaction, scheme and close-up of interacting residues in the
channel pore active site.
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H009 | Nonsense Mutation Read-Through Enhancement by Variation of Fluorine Number and Position in a Series of PTC124
Derivatives

Andrea Pace, Ivana Pibiri, Laura Lentini, Raffaella Melfi, Aldo Di Leonardo

Dipartimento di Scienze e Tecnologie Biologiche, Chimiche e Farmaceutiche (STEBICEF), Università degli Studi di Palermo, Viale delle Scienze Ed. 16, 90128,
Palermo, Italy

Nonsense mutations are single nucleotide changes in the gene that result in an in-frame UGA (opal), UAG (amber) and UAA (ochre)
codons inserted prematurely in the coding region of mRNA. These premature termination codons (PTCs) cause an inappropriate
interruption of translation leading to truncated polypeptide products and promote mRNA destabilization by the nonsense-mediated
mRNA decay (NMD) pathway. The premature interruption of protein synthesis can cause diseases such as the Duchenne muscular
distrophy (DMD) or the cystic fibrosys (CF) which are characterized by a lack of production of distrophin and CFTR proteins, respectively.
For these types of genetic disorders, therapeutic strategies are directed towards the identification of efficient read-through promoters.
PTC124 is a bioactive diaryl-1,2,4-oxadiazole which is able to promote read-through of premature UGA stop codons in different
systems.[1] Its potential interaction with mRNA has been recently studied by computational methods highlighting the importance of
H-bonding and stacking π−π interactions.[2]

In the frame of our research on the synthesis and biological evaluation of fluorine-containing oxadiazole derivatives, a SAR study
involving variations of PTC124’s fluoroaryl moiety led to significantly improved activity. The latter was evaluated independently by three
reporters based on FLuc, GFP and CFTR proteins, all carrying the opal (UGA) mutation. Western-blotting experiments performed in IB3.1
cells from cystic fibrosis patients showed high percent recovery of the CFTR protein. Cell viability studies showed that performed
scaffold changes did not affect the toxicity profile.
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H010 | Molecular Recognition of Two 2,4-syn-Functionalized (S)-Glutamate Analogues by the Kainate Receptor GluK3 Ligand
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Kainate receptors are the least studied subfamily of ionotropic glutamate receptors (iGluRs). Moreover, these receptors differ from
other iGluRs as they play a modulatory role in the CNS, by regulating the balance between neuronal excitation and inhibition. Kainate
receptors have been associated with CNS disorders such as neuropathic pain, fear memory, epilepsy, depression and obsessive-
compulsive disorder,[1–4] making them interesting potential drug
targets. Today, structures of the ligand binding domain (LBD) of the
kainate receptor GluK3 are only known in complex with the
endogenous agonist glutamate, the natural product kainate and the
synthetic agonists (2S,1’R,2’S)-2-(2’-carboxycyclobutyl)glycine and
(2S,4R)-4-(3-hydroxy(methyl)amino-3-oxopropyl)glutamic acid. A series
of 2,4-syn-functionalized (S)-glutamate analogues have previously been
reported to possess binding affinity at GluK3.[5] Here, we report
structures of GluK3 LBD in complex with two analogues (compound 1
and 2) within this series, which display high binding affinity.

These compounds comprise either a 2-(methoxycarbonyl)ethyl (1) or a 2-(methylcarbamoyl)ethyl (2) substituent at the syn-
C position of glutamate, and the structures were determined to 2.0 Å and 2.6 Å resolution, respectively. Similar binding affinities of 1
(Ki=4.0 μM) and 2 (Ki=1.7 μM) at GluK3 LBD were seen. The two compounds 1 and 2 are similarly positioned in the binding site of GluK3,
but show differences in hydrogen-bonding networks to the surrounding GluK3 residues. Thus, these two new structures might form
basis for structure-guided design of selective GluK3 agonists in the future.
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H011 | Synthesis of Piperine Analogues as GABAA Receptor Ligands
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Black pepper is traditionally used in Asian folk medicine as antiepileptic, anxiolytic, sedative, and sleep-inducing preparation. One of
the ingredients of piper nigrum, its natural pungent alkaloid piperine, was recently identified as a positive allosteric modulator of the
major inhibitory neurotransmitter receptors GABAA in the brain.[1] Drugs enhancing chloride currents through GABAA receptors play an
important role in the treatment of general anxiety, panic disorders, sleep disturbances, and epilepsy.[2,3] The present study is dedicated
to the optimization of the piperine scaffold in terms of ligand potency and receptor subtype selectivity. Compounds were tested for
GABAA receptor activity using a two-electrode voltage clamp assay on Xenopus laevis oocytes.

The target molecule (see Figure) was divided into three distinct structural motifs: amide, linker region and the aryl moiety. In an
early stage of the project, the amide functionality was modified whereas the di-n-propyl, di-iso-propyl and di-n-butyl amides were
identified as the most efficacious residues. Based on the gained knowledge, modifications of the double bond system, the linker region,
was approached.[4] Hence, by applying transition metal-catalyzed cross-coupling reactions, derivatives with 1,2-, 1,3- and 1,4-substituted
phenylene, 1,5-naphthalene and 2,5-thiophene as substitute for the double bond system were
synthesized. The aromatic benzodioxole ring system was extended to naphtho[2,3-d]dioxole,
incorporating one of the double bonds. Further modifications of the aryl moiety were performed by a
palladium-catalyzed Heck cross-coupling reaction of conjugated dienamides. This reaction strategy
served as a highly modular platform for library synthesis. Biological testing revealed several potential
hit compounds with up to 5-fold increased efficacy and one particular compound (LAU399) was found
to be functionally selective for β2/3-containing receptors, indicating non-sedative anxiolytic
properties.
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Voltage-gated sodium channels (NaVs) play a central role in driving neuronal excitability. Two types of functional mutation in the
NaV1.7 isoform have highlighted the importance of this channel for pain processing in man. Loss-of-function mutations, rendering the
channel completely inactive, are associated with the inability to feel pain. At the opposite end of the spectrum, a series of mutations
leading to a gain of function of the channel are consistent with an experience of extreme pain.
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Pain is associated with high-frequency firing of action potentials in nerves and the rapid cycling of ion channels through their
different states. We therefore sought potent molecules that selectively block the NaV1.7 isoform in a state-dependent fashion. Our aim
was to achieve increased efficacy over known Nav blocking drugs, without increasing those central side effects most likely to occur via
tonic blockade of sodium channels.

A class of spirocyclic pyrrolidine amides was found to exhibit these characteristics. An optimisation campaign was undertaken to
increase the potency, selectivity and developability of initial hits, culminating in the discovery of centrally penetrant compounds that
show efficacy in in vivo pain models. This poster describes the synthesis and preliminary evaluation of this novel series of NaV1.7
blockers.

H013 | New Substituted Aminobenzenesulfonamides as Modulators of Voltage-Gated Sodium Channels

Nace Zidar,(1) Tihomir Tomašić,(1) Robert Kirby,(2) Marc Rogers,(2) Danijel Kikelj(1)

1) University of Ljubljana, Faculty of Pharmacy, Aškerčeva 7, 1000 Ljubljana, Slovenia
2) Xention Limited, Iconix Park, London Road, Pampisford, Cambridge CB22 3EG, UK

Voltage-gated sodium channels (Nav channels) are found in all excitable cells including myocytes, endocrine cells and neurons of the
central and peripheral nervous system, and are crucial for the initiation and propagation of electrical sygnals.[1,2] They are composed of
one -subunit, which forms a voltage-sensing pore, and one or more auxiliary -subunits. There are currently nine known voltage-gated
sodium channel -subunits (Nav1.1–Nav1.9) and two -subunits. These subunits have similar structures, but are differentially expressed
throughout different types of cells and tissues, and are therefore believed to have unique functions.[3] Abnormal function of Nav
channels can cause various neurodegenerative diseases, chronic pain, epilepsy, arrhythmias, and spasticity.[4] Current drugs acting at
Nav channels have low potency and are relatively non-specific, therefore there is a need for the development of subtype selective
inhibitors with greater efficacies and reduced side effects.

Substituted arylsulfonamides received considerable attention as Nav channel modulators and are described in several patents
published in recent years with potencies in nanomolar range. The design of the present series of compounds was based on
arylsulfonamide-class of Nav channel modulators with IC50 values on human Nav1.3 channels in low nanomolar range.[7,8] Nav 1.3
channels are mainly expressed in the central nervous system and a number of preclinical studies have implicated their roles in
nociceptive processing. In the present study, we have designed a series of substituted aminobenzenesulfonamides and evaluated their
effects on several different Nav channel subtypes. The compounds were designed using two different approaches, 1) a traditional
medicinal chemistry approach with introduction of isosteric replacements, and 2) a computational approach using 3D similarity search.
The similarity search was performed in a drug-like subset of ZINC library of compounds using ROCS from OpenEye Scientific Software
Inc. In total, 34 compounds were synthesized or purchased and evaluated for their effects on several different Nav channel subtypes.
The obtained results provide valuable information on structure–activity relationships and are good starting points for structure based
design of selective Nav modulators.
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I001 | BRP-7, a Novel Benzimidazole Derivative, Targets 5-Lipoxygenase-Activating Protein (FLAP) for Inhibition of Leukotriene
Biosynthesis

Erden Banoglu,(2) Jana Gerstmeier,(1) Burcu Çalışkan,(2) Lidia Sautebin,(3) Oliver Werz,(1) Carlo Pergola(1)
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2) Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Gazi University, Etiler, 06330 Yenimahalle, Ankara, Turkey
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Leukotrienes (LTs) are pro-inflammatory lipid mediators derived from arachidonic acid through a pathway catalyzed by 5-
lipoxygenase (5-LO) with the aid of FLAP. LTs are involved in the pathophysiology of diverse ailments such as asthma, allergic rhinitis,
atherosclerosis and cancer. We recently identified BRP-7, a non-acidic benzimidazole derivative bearing the isobutylphenylethyl
fingerprint of ibuprofen, as a novel structure lacking the typical pharmacophoric features of known FLAP inhibitors.[1] Investigations on
the pharmacological profile of BRP-7 as an inhibitor of LT biosynthesis indicated that BRP-7 potently suppressed LT formation in human
neutrophils and monocytes with IC50 values of 0.2 and 0.05 µM, respectively, without any interference on isolated 5-LO. BRP-7 also
impaired the co-localisation of 5-LO with FLAP at the nuclear membrane, confirming the interruption of AA transfer to 5-LO as a primary
effect of FLAP-interference. Moreover, FLAP was found to bind to BRP-7-linked to a solid matrix, which was reduced after competition
with free BRP-7 clearly indicating the FLAP as a target of BRP-7. In contrast to the known FLAP inhibitor MK-886, BRP-7 did not potently
inhibit cyclooxygenase-1 and the microsomal prostaglandin E synthase-1, implying a certain degree of selectivity for FLAP. Finally, BRP-7
effectively suppressed LT formation in human whole blood and impaired inflammation in vivo, in the rat pleurisy and mouse peritonitis
models, along with reduced LT levels in a dose dependent manner. As a result, BRP-7, as a novel chemotype of FLAP inhibition,
efficiently suppresses LT biosynthesis in vitro by targeting FLAP, and is effective as an anti-inflammatory agent in vivo, with promising
potential for further development as lead compound.
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5-Lipoxygenase-activating protein (FLAP) is a nuclear transmembrane protein involved in the biosynthesis of leukotrienes (LTs) and
other 5-lipoxygenase (5-LO) products. Apparently, FLAP acts as a scaffold for 5-LO at the nuclear envelope, where it may transfer cPLA2-
released arachidonic acid (AA) to 5-LO for efficient production of LTs. FLAP genetic deficiency or pharmacological intervention fully
abolishes the generation of 5-LO-derived products, rendering its critical role in LT biosynthesis. To date, two chemotypes of FLAP
inhibitors, namely indole series
(e.g., AM803/GSK2190915) and
quinoline-based compounds (e.g.
BAY X-1005/DG-031) have been
developed and evaluated in
clinical trials for asthma and
myocardial infarction,
respectively. By using the recently
reported low resolution crystal
structure of inhibitor-bound FLAP,
we previously applied a
combination of ligand- and
structure-based pharmacophore
virtual screening techniques for
the identification of BRP-7, a benzimidazole derivative bearing an ibuprofen fingerprint, as a new chemotype for FLAP inhibition (IC50 =
0.31 μM).[1] In this presentation, we wish to disclose our SAR efforts around the benzimidazole ring of BRP-7 using synthetic and
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molecular modeling approaches to better understand the binding inter-actions of BRP-7 with FLAP, which may lead to design of more
potent derivatives. The presentation will include: 1) structural modifications on benzimidazole ring of BRP-7; 2) in vitro cellular inhibition
of LT biosynthesis; 3) molecular docking results of potent derivatives to explain the increased potency.
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I003 | Dual IKKε/TBK1 Inhibitors for the Treatment of Inflammatory Diseases
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IKK and TBK1 are two closely related protein kinases that are important components of a number of inflammatory signalling
pathways. They are key players in the innate immune response, acting downstream of toll-like receptors (TLRs) to stimulate the release
of type-1 interferons. Consequently they have an important role in diseases such as rheumatoid arthritis (RA) in which aberrant
signalling via TLRs has been implicated. Furthermore recent published work and our own data shows that IKK plays an important role in
IL-17 mediated signalling, and this cytokine drives a number of chronic autoimmune and inflammatory diseases such as RA, psoriasis,
chronic obstructive pulmonary disease, and asthma.

We will describe a series of potent, selective IKK/TBK1 inhibitors that show excellent levels of drug exposure via the oral route, and
are able to inhibit release of pro-inflammatory cytokines in an in vivo mouse pharmacodynamic model. This paves the way for further
studies to explore the potential therapeutic utility of these compounds in a variety of disease settings.

I004 | Structure–Activity Relationship (SAR) Study of a Potent, Systemically Available Class of N-Acylethanolamine Acid
Amidase (NAAA) Inhibitors

Annalisa Fiasella,(1) Fabio Bertozzi,(1) Andrea Nuzzi,(1) Jose Antonio Ortega Martinez,(1) Chiara Pagliuca,(2) Daniela Pizzirani,(1) Stefano
Ponzano,(1) Silvia Pontis,(1) Alison Ribeiro,(1) Luisa Mengatto,(1) Angelo Reggiani,(1) Tiziano Bandiera,(1) Daniele Piomelli(1,3)
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2) Janssen Pharmaceutica, Turnhoutseweg 30, 2340 Beerse, Belgium
3) Departments of Anatomy & Neurobiology, Pharmacology, and Biological Chemistry, University of California, Irvine, 3216 Gillespie Neuroscience Facility,
Irvine, CA 92697-4621, USA

N-Acylethanolamine acid amidase (NAAA)[1] is a cysteine hydrolase involved in the regulation of the levels of the endogenous lipid
signaling molecules palmitoylethanolamide (PEA) and oleoylethanolamide (OEA) by hydrolyzing these compounds to ethanolamine and
the corresponding fatty acid. Several studies have shown that PEA
exerts anti-inflammatory and antinociceptive effects in animals[2] by
activating the peroxisome proliferator-activated receptor- (PPAR-).[3]

Sustaining PEA signaling at PPAR- by protecting this lipid amide from
degradation is therefore envisaged as a novel approach for the
treatment of pain and inflammatory states. Only few classes of NAAA
inhibitors have been reported to date.[4] Among them, -amino--
lactam amide derivatives[5] have been recently identified as a novel
class of NAAA inhibitors with good potency, and physicochemical and
pharmacokinetic properties suitable for systemic administration. Here,
we described a structure–activity relationship (SAR) study of a series of
-amino--lactam carbamates. Our work allowed the identification of the stereochemical and structural features of these compounds
that are critical for good inhibition of NAAA activity and led to the discovery of potent and drug-like NAAA inhibitors.
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Dynamics Simulations
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Inhibition of 5-lipoxygenase-activating protein (FLAP), a nuclear transmembrane protein, is a developing strategy for treatment of
leukotriene (LT)-related chronic inflammatory diseases, such as asthma, allergic rhinitis and atherosclerosis. FLAP acts as a scaffold
protein for the transfer of cPLA2-released arachidonic acid (AA) to 5-lipoxygenase (5-LO) at the nuclear membrane for efficient
production of LTs. Our preliminary SAR analysis demonstrates the value of substitutions at C(5) or C(4) of the benzimidazole ring of BRP-
7 for FLAP inhibitory potential. For understanding the underlying reasons of substituent contribution to the increased potency, we
implemented a structure-based
procedure using in silico docking and
molecular dynamics simulations on a
low-resolution crystal structure of an
integral membrane protein. Our
approach included the use of X-ray
ligand MK591 for elucidation of
important binding interactions and
showed that Lys-116 at FLAP active
site is able to make salt-bridge
interactions with MK591 as well as
water mediated hydrogen bonds.
Based on this information, new BRP-
7 derivatives, which are able to
better exploit polar interactions with
Lys-116, are designed and
synthesized. Here, we demonstrate
the potential of additional polar
interactions for development of
potent FLAP inhibitors.
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Leukotrienes (LTs) belong to a class of bioactive lipid mediators that are generated by oxygenation and further conversion of
arachidonic acid. One key enzyme of their biosynthesis is an iron-containing, heme-free dioxygenase: the 5-lipoxygenase (5-LO). LTs play
a pivotal role in inflammation, allergic disorders, asthma, cardiovascular diseases and cancer.[1,2] One promising approach for an
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effective anti-leukotriene therapy is the inhibition of 5-LO. This study presents the synthesis and development of two potent and direct
5-LO inhibitors based on the molecular pharmacologically characterized 5-benzylidene-2-phenylthiazolone C06.[3,4] Extensive evaluation
of structure-activity relationships including profound assessment of the thiazolone core revealed two substituted thiazoles (ST-1829 and
ST-1748), both exhibiting improved 5-LO inhibitory activity in a cell-based (IC50 values 0.14 and 0.01 μM) and a cell-free assay system
(IC50 values 0.03 and 0.05 μM, respectively). Furthermore, both compounds are characterized by an enhanced solubility and for ST-1748,
promising inhibitory potency could be established, even in the presence of blood serum, excluding excessive binding to serum proteins.
Together with a non-cytotoxic profile, the thiazolone-based parent compound could successfully be optimized and thereby marks a
major step towards an effective anti-inflammatory therapy.
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I007 | Do Inhaled Glucocorticosteroids (In Vivo), Oral N-Acetylcysteine (In Vivo) and Glutathione (In Vitro) Affect Blood Redox
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Ceslava Kairane,(1) Riina Mahlapuu,(1) Ülle Helena Meren,(2) Kersti Zilmer,(1) Ursel Soomets,(1) Mihkel Zilmer(1)

1) Institute of Biomedicine and Translational Medicine, Department of Biochemistry, Medical Faculty, University of Tartu, The Centre of Excellence for
Translational Medicine,19 Ravila St, 50411 Tartu, Estonia
2) East Tallinn Central Hospital, Ravi 18, 10138 Tallinn, Estonia

Chronic obstructive pulmonary disease (COPD) is a progressive, irreversible disease characterized by airway obstruction,
inflammation, protease antiprotease imbalance in lungs, increased mucous viscosity etc. Inflammation plays an important part in the
pathogenesis of the disease by increasing the amount of pro-oxidants keeping the inflammatory process active and provoking tissue
damage. It is therefore important to further investigate prevention of oxidative stress for improving treatment opportunities for COPD.
An important natural antioxidant in human body is glutathione (GSH) that plays the key role in controlling signalling pathways and pre-
inflammatory processes in lungs.

The aim of this study was to compare the effect of inhaled glucocorticosteroids and oral N-acetylcysteine (NAC, 600 mg/day) after 4
weeks of treatment. The effect of treatment was measured by total antioxidant response (TAR), total peroxide (TPX) concentration,
oxidative stress index (OSI), glutathione concentration, glutathione redox ratio (GSSG/GSH), activity of glutathione peroxidase (GPx) and
superoxide dismutase (CuZnSOD) in COPD patients' blood samples. In vitro study was carried out to compare the effect of GSH on
erythrocyte GPx activity in healthy controls and COPD patients. Parameters characterizing redox status was also compared between
healthy controls’ and COPD patients’ blood samples. The results show 2.7 times higher level of oxidative stress index and 2.2 times
higher total peroxide concentration in COPD patients’ blood samples compared to the healthy control group. The erythrocyte GPx
activity is 1.5 times lower and the activity of CuZnSOD 2.5 times higher in COPD patients’ blood samples compared to healthy control
group. COPD treatment with inhaled glucocorticosteroids after 4 weeks shows no significant difference in TAR, GSH concentration and
redox ratio, decreases total peroxide concentration and OSI, increases significantly GPx activity in COPD patients’ blood. COPD
treatment with oral NAC after 4 weeks shows no significant differences in TAR, OSI, GSH concentration, GSH redox ratio and GPx
activity, decreases total peroxide concentration and CuZnSOD activity in COPD patients’ blood. In vitro studies show that GSH addition
improves erythrocyte GPx activity more in COPD patients compared to the healthy control group.
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Cancer and Alzheimer’s type senile dementia are two conditions absolutely unrelated to each other, but they share in common the
presence of inflammation in both sites, arising beliefs that they are somehow linked to it. Thus, targeting lipid and polyunsaturated fatty
acid metabolism, inflammation and carcinogenesis has been extensively examined in numerous molecular studies. Recent advances also
show that such is the lysophosphatidylcholine (LPC) and lysophosphatidic acid (LPA), which are emerging as a novel class of
inflammatory lipids, joining thromboxanes, leukotrienes and prostaglandins with which they share metabolic pathways and regulatory
mechanisms.[1] Lipoxygenase (LOX) pathways play an important role in inflammatory sites, and reactive oxygen species (ROS) are
produced during the inflammation process by phagocytic leukocytes that invade the tissue. These ROS are involved in the LOX-mediated
conversion of arachidonic acid into proinflammatory intermediates. Autotaxin (ATX, ENPP2) is in turn an extracellular enzyme, which
plays a central role in regulating LPC/LPA axis levels along with cyclooxygenases (COXs) and LOXs[2] intracellularly. LPA interacts with
specific GPCRs and thereby stimulates mutations, cell proliferation, apoptosis, differentiation, and senescence.[3,4]

In a continuation of our previous studies on designing and synthesizing hybrid molecules bearing the barbiturate moiety, combined
with substituted aryl aldehydes, we present 16 newly synthesized compounds that are subjected also to further optimization.
Computer-aided drug design has been used[5] for the candidates’ synthesis selection, which is partly based on published procedures.
Preliminary antioxidant activity in vitro tests have been performed followed by inhibition of soybean LOX and ATX. The antiviral activity
of selected compounds was tested using a recombinant herpes simplex virus carrying a reporter gene (-galactosidase). None of the
compounds exhibited significant antiviral effects. Further investigation is in progress concerning their multitarget profile.
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Intimal hyperplasia is a condition mainly characterized by the infiltration of smooth muscle cells (SMCs) and their excessive
proliferation at the inside of blood vessels. This inflammatory response is a key factor in the development of atherosclerosis, and hence
thrombus formation, possibly with ensuing myocardial infarction or stroke. Compounded by damage to endothelial cells (ECs), this
vessel-occluding over-response is frequently encountered in the wake of coronary artery bypass grafting (CABG) or percutaneous
coronary intervention (PCI, stenting), leading to eventual restenosis.[1] A useful drug would therefore potently inhibit SMC proliferation
and thus prevent intimal hyperplasia, but ideally not interfere with ECs.

Leoligin (2), a furan-type lignan isolated from the roots of Leontopodium alpinum,[2] had previously been shown to inhibit intimal
hyperplasia in in vitro human saphenous vein organ cultures as well as in vivo mouse models.[3] Our aims were to prepare a library of
analog compounds of this natural product via a suitable intermediate 1[4,5] using a modular synthetic route (see Scheme) and study their
inhibition profiles. With such synthetic analogs, we were able to increase the SMC inhibitory activity up to 15-fold compared to leoligin
itself. Additionally, our most active analogs did not show inhibition activity on ECs, unlike the natural hit compound or other compounds
which are currently used clinically, e.g. in drug-eluting stents. We therefore conclude that the synthetic lignans we prepared are both
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useful probes to investigate the causative factors of graft disease and stent-related complications, as well as potential treatments for
intimal hyperplasia and its detrimental consequences on the cardiovascular system.
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Inflammatory diseases are among the prevalent causes of disability in western countries, and non-steroidal anti-inflammatory drugs
(NSAIDs) are still the most commonly used medications. However, NSAIDs cause several serious adverse effects, the most important
being gastric injury and renal damage. In addition, the involvement of oxygen free radicals and lipid peroxidation in the development of
the NSAID-induced mucosal damage has been proposed as an important event. Attempts to develop better tolerated treatments have
been associated with gastroprotective agents that partly counteract the damaging effects of prostaglandin synthesis inhibition.
However, a combination therapy introduces problems of pharmacokinetics, toxicity, and compliance of patients.

In this investigation, we report the synthesis and study of known NSAIDs derivatives, aiming to reduce the undesired effects and
retain or reinforce the anti-inflammatory action. The anti-inflammatory molecules are amidated with an amino acid (alanine, proline,
cysteine), since the use of natural amino acids as a linker was considered advantageous in terms of potentially low toxicity of the
derivatives. Then, the carboxylic group of the compounds is esterified with cinnamyl alcohol or trimethoxybenzyl alcohol, based on the
reported anti-inflammatory activity of these compounds. Indol-3-acetic acid derivatives are also prepared. The anti-inflammatory
activity of the derivatives is assessed from their ability to inhibit the paw edema induced by carrageenan in rats. The compounds were
administered i.p. at a dose of 150 μmol/kg and demonstrated significant inhibition of edema. The effect of the synthesized compounds
on lipoxygenase activity is examined monitoring the conversion of linoleic acid to 13-hydroperoxylinoleic acid, producing a conjugated
diene that absorbs at 234 nm. The free radical scavenging ability of the molecules is determined from the extent of their interaction
with the stable free radical DPPH, as well as the inhibition of rat hepatic microsomal membrane lipid peroxidation, induced by ferrous-
ascorbate and assessed as thiobarbituric acid reacting product, at 535 nm. The potential for further development of this type of
compounds is discussed.

I011 | Novel Anti-inflammatory Agents by Conjugation of Antioxidant Compounds with Cysteamine and Cysteine

Panagiotis Theodosis-Nompelos, Antonis Gavalas, Eleni Rekka, Panos Kourounakis

Department of Pharmaceutical Chemistry, School of Pharmacy, Aristotelian University of Thessaloniki, Thessaloniki 54124, Greece

The production of various reactive oxidant species in excess of endogenous anti-oxidant defense mechanisms promotes the
development of oxidative stress, with significant biological consequences. Evidence has emerged that oxidative stress plays a crucial
role in the development and perpetuation of inflammation, and thus contributes to the pathophysiology of a number of debilitating
illnesses. Oxidants affect most stages of the inflammatory response. Reversely, it is cleared that antioxidants are potentially able to
suppress, at least in part, the immune reaction and to enhance the normal cellular protective responses to tissue damage.
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In this presentation, we report the synthesis and study of new amides of antioxidant acids, such as trolox, dihydrocaffeic and
butylated hydroxybenzoic acids, with cysteamine or cysteine ethyl ester, aiming to increase their antioxidant potential. The purpose of
this study is to investigate the effect of these conjugated antioxidant compounds on inflammatory response. The synthesis included
amidation of the acids using DCC, CDI, or the corresponding acid chloride. Amides of cinnamic and lipoic acids were also prepared,
based on the anti-inflammatory activity of parent acids. For evaluation of the anti-inflammatory activity of the compounds, oedema was
induced by the id injection of carrageenan into the right hind paw of rats. The test compounds were given i.p. (0.15mmol/kg) and the
produced oedema was estimated as paw weight increase. The effect of the synthesised compounds on lipoxygenase activity is examined
by recording the absorbance of a conjugated diene structure at 234 nm, due to the formation of 13-hydroperoxylinoleic acid from
linoleic acid. The antioxidant activity of the molecules is determined as the inhibition of rat hepatic microsomal membrane lipid
peroxidation, induced by ferrous-ascorbate. The radical scavenging ability of compounds was also determined as interaction with the
hydrophobic, electron accepting radical DPPH. The new compounds demonstrated significant oedema reduction, reaching 87 %. They
were also found to be potent antioxidants, with IC50 values as low as 1.5 μM. They could significantly inhibit lipoxygenase and interact
with DPPH. In conclusion, their design could offer more alternatives to the medicinal treatment of inflammatory conditions.
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I012 | Discovery of ARN2508, A Novel, Potent and Orally Available Multitarget FAAH/COX Inhibitor with In Vivo Efficacy in
Mouse Models of Ulcerative Colitis

Rita Scarpelli,(1) Marco Migliore,(1) Damien Habrant,(1) Clara Albani,(1) Glauco Tarozzo,(1) Angelo D. Favia,(1) Andrea Cavalli,(1) Andrea
Armirotti,(1) Oscar Sasso,(1) Daniele Piomelli(1,2)

1) Drug Discovery & Development, Fondazione Istituto Italiano di Tecnologia (IIT), Via Morego 30, 16163 Genova, Italy
2) Departments of Anatomy & Neurobiology, Pharmacology & Biological Chemistry, University of California, Irvine, CA 92697-4621, USA

Over the recent years, an alternative paradigm to the traditional ‘one target—one drug’ model has become the ‘multitarget’
approach, the goal of which is, instead of pursuing highly selective compounds for ‘unique targets—single disease mechanisms’, to
identify multiple target modulators, to gain access to clinical benefits that are usually associated with complex biological processes.[1]

Recently, this innovative strategy is increasingly being appreciated by different research groups interested in exploiting the potential
therapeutic application of the complex network of ‘endocannabinoid signaling pathways’ for the treatment of pain and inflammation,
with the aim of developing drugs with improved safety and efficacy.[2] Evidence in animal models suggest that a combination of
inhibition of fatty acid amide hydrolase (FAAH) and cyclooxygenases (COXs), not only can have beneficial antinociceptive effects, but can
also reduce NSAIDs-induced gastric epithelial damage.[3]

These potential beneficial effects have motivated us to search for novel compounds with multitarget FAAH and COX inhibitory
activities by the rational design of hybrid scaffold 1,[4] through the merger of the structural commonalities and pharmacophoric groups
of two classes of known FAAH and COX
inhibitors, the O-aryl carbamates, as 2
(URB597)[5a] and the arylpropionic acids,
as 3a (Flurbiprofen) and 3b,c,[5b]

respectively.
Herein, we describe our SAR

exploration on this new class of
compounds, which led to the
identification of ARN2508 as the first
potent multitarget FAAH and COXs
inhibitor. Preliminary pharmacological in
vivo results of ARN2508 in mouse models
of ulcerative colitis will be also reported.
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I013 | Innovative Platforms of Nanoparticles for Delivery of Betamethasone-21-acetate to Treat Inflammatory Skin Conditions
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6) Center of Plant Biotechnology (IBB), Lisbon University, Faculty of Sciences, Plant Biology Department, Campo Grande 1749-016 Lisboa, Portugal

Small systems such as nanoparticles (NP) (1–100 nm) and sub-micron particles (>200 nm) are widely studied for treatment of
chronic and acute diseases, such as inflammatory conditions.[1] For this study, we have chosen betamethasone-21-acetate (BTMA), a
high-potency synthetic derivative of betamethasone (BTM) and steroid agonist for the glucocorticoids’ receptors, as our model drug. It
is our aim to improve the efficacy of the treatment, maintaining the drug effectiveness and stability, but reducing the side effects,
through a target delivery to the skin. First, we developed hybrid polymeric-lipid NP, made of polycaprolactone as the core polymer and
long chain fatty acids, according to a modification of the solvent displacement method, previously described.[2] The mean particle size,
polydispersity index (PI) and zeta potential of the NP’s concentrated suspension were measured and the morphology of blank and BTMA
loaded NP was observed on SEM at an accelerating voltage of 15 kV. Drug encapsulation efficiency (EE %) and in vitro drug release
studies were carried out through a newly developed reverse-phase HPLC chromatographic method, by measuring the free drug present
in the supernatant and also the encapsulated drug, after NP’s rupture. Stability of blank and BTMA loaded NP was evaluated for three
months in terms of the formulation’s physical and chemical characteristics, mainly: size, PI, zeta potential and pH. Samples were kept
under storage at 4 °C and at room temperature, protected from the light. Interactions between drug and NP components were
evaluated by FTIR spectroscopy – KBr pellet method – and TLC during one month. Samples of fresh and one-month old NP as an
aqueous suspension, with and without the drug, were also analyzed by SEM. Finally, we conducted in vitro cytotoxicity MTT assays with
HaCaT human keratinocytes. We obtained NP with a mean size around 300 nm (PI: 0.2) and a negative charge (–5 mV). After BTMA
encapsulation, there was a slight decrease of the NP's mean size and an increase of the absolute value of zeta potential (–8 mV). EE was
85–95% and pH of nanosuspensions was about 4–5. Empty and loaded NP had a spherical shape and a regular and sharp surface. Our
studies confirmed that the encapsulation of BTMA in NP improved greatly drug protection from degradation into BTM, avoiding the
potency decline and promoted a controlled release of the drug over one month. FTIR analysis confirmed drug entrapment and the
formation of a complex drug-nanoparticle since the intensity decayed and the shift of specific peaks occurred at probable interaction
sites, with no bands’ superimposition.[3] Cytotoxicity studies showed a dose–response relationship for blank and loaded NP and free
drug. In conclusion, we may state that the developed NP will be suitable for topical application and treatment of chronic inflammatory
diseases, improving the treatment safety and reducing side effects occurrence. We intend to conduct in vitro COX inhibition assay, in
vitro permeation studies with epidermis membrane in Franz cells systems and in vivo paw edema studies in rats to test the NP
efficiency. Additionally, we aim to develop different nanosystems, such as metallic NP and lipidic NP, for incorporation of isolated
diterpenoid compounds from natural sources, with similar activities.[4]
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I014 | Dimethyl Fumarate Anti-inflammatory and Metabolic Effect
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Inflammation and oxidative stress have been implicated in the pathogenesis of metabolic disturbances. Esters of fumaric acid,
mainly dimethyl fumarate (DMF), exhibit immunomodulatory, anti-inflammatory, and anti-oxidative effects. In the current study, we
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tested the hypothesis that fumaric acid ester treatment of an animal model of inflammation and metabolic syndrome, the
spontaneously hypertensive rat transgenically expressing human C-reactive protein (SHR-CRP), will ameliorate inflammation, oxidative
stress, and metabolic disturbances. We studied the effects of fumaric acid ester treatment by administering Fumaderm, 10 mg/kg body
weight for 4 weeks, to male SHR-CRP. Untreated male SHR-CRP rats were used as controls. All rats were fed a high sucrose diet.
Compared to untreated controls, rats treated with fumaric acid esters showed significantly lower levels of endogenous CRP but not
transgenic human CRP, and amelioration of inflammation (reduced levels of serum IL6 and TNF) and oxidative stress (reduced levels of
lipoperoxidation products in liver, heart, kidney, and plasma). Fumaric acid ester treatment was also associated with lower visceral fat
weight and less ectopic fat accumulation in liver and muscle, greater levels of lipolysis, and greater incorporation of glucose into adipose
tissue lipids. Analysis of gene expression profiles in the liver with Affymetrix arrays revealed that fumaric acid ester treatment was
associated with differential expression of genes in pathways that involve the regulation of inflammation and oxidative stress. These
findings suggest potentially important anti-inflammatory, anti-oxidative, and metabolic effects of fumaric acid esters in a model of
inflammation and metabolic disturbances induced by human CRP.

J001 | Next-Generation Kinase Panel Screening Measuring Target Residence Time and Kinetic Selectivity

Nicole Seegers, Joost Uitdehaag, Jos de Man, Suzanne van Gerwen, Guido Zaman, Rogier Buijsman

NTRC B.V., Molenstraat 110, 5342 CC Oss, The Netherlands

Selectivity determination of novel kinase inhibitors is a vital optimisation parameter in drug discovery programmes. It has been
proven that exquisite selectivity can be accomplished for kinase inhibitors even though the family of kinases represents one of the
largest families of proteins in humans. The selectivity profile of candidate inhibitors can be determined in large panels of kinase assays
either by measuring binding or residual enzyme activity. Although these assays allow a rapid and cost effective measurement of
selectivity of a candidate kinase inhibitor the observed selectivity profile in vivo is often determined by the half-life of the inhibitor–
kinase complex. It is therefore of high value to measure target residence time and kinetic selectivity of candidate kinase inhibitors
before proceeding to in vivo experiments.

We have setup a panel of kinase assays (Residence Timertm) in which we measure the target residence time and kinetic selectivity of
kinase inhibitors using surface plasmon resonance. The kinases used are biotinylated at the N-terminus, so that immobilization on a
streptavidin-coated chip occurs in a uniform way and under conditions that normally retain enzyme activity. Uniform experimental
conditions are used for profiling, so that different kinetic profiles can be attributed to enzyme-inhibitor interactions only. We have
profiled a variety of kinase inhibitors to validate our Residence Timer assay panel. For some of these inhibitors we demonstrate
surprising differences between biochemical and kinetic selectivity, indicating that both are independent parameters, and that
measuring kinetic selectivity is very important for characterizing drug candidates.

J002 | The Effect of Fluorine Introduction on Hydrogen Bond Donating Capacity of Alcohols
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1) Chemistry, University of Southampton, Highfield, Southampton SO17 1BJ, UK
2) CEISAM UMR CNRS 6230, Faculté des Sciences et des Techniques, Université de Nantes, 2, rue de la Houssinière – BP 92208, 44322 NANTES Cedex 3,
France

The fluorine atom is widely incorporated in bioactive compounds with the aim to improve their biological properties. This approach
had great successes as shown by the number of fluorinated drugs on the market.[1] In fact, the fluorination of an organic compound can
significantly modify its physical properties. Among these, the hydrogen bond (H-bond) is one of the most important interactions, which
is implicated in the binding affinity of a drug with its biological target. The strong inductive effect of fluorine is generally considered to
lead to an increase in H-bond donating capacity of an adjacent hydrogen bond donor.[2]

We have shown that this is not always the case for fluorohydrins and that a reduction in H-bond donating capacity is also possible.
This study demonstrates that the influence of fluorine is strongly dependent of the relative orientation between the fluorine atom and
the hydroxyl group (see Scheme).[3] This presentation will give an overview of the recent results obtained, with a tentative rationale for
the observed effects.
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DNA ligases involved in DNA replication, repair and recombination are essential enzymes found in all living cells. Their activity is
required for sealing DNA single-strand breaks between 5′-phosphate and 3′-hydroxyl termini.[1,2] Different from eukaryotic DNA ligases
which are ATP-dependent, bacterial DNA ligases use nicotinamide adenine dinucleotide (NAD+) as a co-substrate to catalyse their
reaction. Their restricted distribution in bacteria makes NAD+-dependent DNA ligases very attractive targets for the development of
antibacterial drugs. Therefore, the need for a better understanding of their active site and reaction mechanism is needed to underpin
the discovery of new effective inhibitors.[1] Herein, we describe the synthesis of adenosine monophosphate (AMP) and corresponding
NAD+ derivatives
modified on the adenine
ring by the introduction
of aryl/heteroaryl groups
via Suzuki–Miyaura cross-
coupling.[3] The biological
activity of these
compounds as either
inhibitors and/or non-
natural substrates was
assessed against two
different bacterial DNA
ligases, EcLigA from E.
coli[2,4] and MtLigA from
M. tuberculosis,[5] using a
gel electrophoresis assay
which monitors the ligation of nicked DNA. The results will be discussed, giving particular emphasis to the distinct responses generated
by different substituents on the same enzyme as well as across similar enzymes, and the rationalization of such behaviours.
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J004 | Affinity of Antimetastatic Ruthenium Complex (NAMI-A) to Transferrin Component in Simplified Plasma Models and
Human Serum
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Traditional cancer therapy can be effective in destroying tumors, but still can cause dangerous side effects. Due to that fact many
targeted therapies are currently being investigated. A new and attractive strategy to enhance therapeutic properties of drugs is to
deliver these agents specifically to defined target cells thus keeping them away from healthy cells. Recent studies focus on the
transferrin receptor (TfR), carrier protein for transferrin (Tf) which is taking part in cellular iron uptake.[1] Due to overexpression of TfR in
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primary proliferating malignant cells,[2] this receptor is an attractive molecule for targeted cancer therapy. TfR can be targeted in two
ways: the delivery of a drug into malignant cells or blocking the function of receptor leading to cancer cells death. This finding leads to
the concept that the transferrin uptake pathway could be used for delivery of chemotherapeutic drugs or other molecular cargo to
cancer cells.[3] The transferrin targeted delivery is proposed as a
mechanism of uptake for antitumor ruthenium complex NAMI-
A.[5,6] Since NAMI-A is administrated to systemic blood circulation
binding of drug to transferrin should be examined. This
information will give an answer as to what percentage of
administrated complex can be specifically transported into cancer
cells.

Our research shows that holo-transferrin binds NAMI-A
complex in about 1:1 (Ru/Tf) molar ratio in a simplified serum
model in the presence of albumin as a competitive binding target.
Addition of small-molecule components the serum, like amino
acids, lactate, citrate and oxalate and others, increases NAMI-A
binding to transferrin up to 2:1. What is interesting the presence of
metal ions (Ca2+, Mg2+, Zn2+) increases the amount of ruthenium bound to transferrin even more to 3:1 molar ratio. Finally, ruthenium
content in transferrin isolated from human serum incubated with NAMI-A was checked. Ruthenium was bound to transferrin in a 0.65:1
molar ratio. That outcome suggests that only about 3% of administered NAMI-A complex can be specifically transported by transferrin,
even though most of the Ru in blood plasma is accumulated in the protein-bound form (>97%).[4] Our results indicate that only a certain
amount of administrated NAMI-A is bound to transferrin. To avoid drug side effects, NAMI-A can be administrated as a transferrin-
bound adduct, and the effectiveness of this form should be checked.
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Nevirapine (NVP), a non-nucleoside reverse transcriptase inhibitor (NNRTI), is the most used anti-HIV drug in low-resource
countries. Despite its efficacy, NVP is associated with skin rash and hepatotoxic effects, both including fatalities,[1] and is marketed
under a black box warning, primarily due to the occurrence of idiosyncratic side effects whose origin remains elusive.[2] The mechanisms
of NVP bioactivation and induced toxicity are still under scrutiny, due to unclear metabolic profile and the challenge of identifying
molecular biomarkers of toxicity in vivo.[3] 3D Hepatocyte cultures, that better mimic in vivo tissue and maintain cellular metabolic
functions, are an appealing alternative to conventional in vitro and in vivo pharmacological and toxicological methods.[4,5] The aim of the
current work was to assess the adequacy of this model to study the biotransformation of NVP and the ensuing formation of reactive
species potentially implicated in the drug’s toxicity.

Hepatocytes isolated from Wistar rats and cultured as spheroids in spinner flask suspension cultures (3D) were exposed to NVP or
its two major metabolites, 2-OH-NVP and 12-OH-NVP (80 µg/mL), for up to 12 days, and compared to conventional monolayer cultures
(2D). Control hepatocytes were cultured in the same manner without addition of the test compounds. Several endpoints were used to
evaluate culture performance. Cell survival in 3D cultures was >80 % during the whole culture time, as opposed to a decline of up to 50
% in 2D cultures by day 6. Phase I (EROD and ECOD) and II (SULT1A1) enzyme activities were also evaluated. Compared to the control,
EROD activity was enhanced up to fivefold. The toxic effects of NVP are thought to be associated with the formation of reactive species
capable of yielding covalent adducts with biomacromolecules.[6–9] In this work, a metabolite (12-sulfoxy-NVP) whose reactivity was
demonstrated by adduction of co-incubated N-acetyl-L-cysteine in NVP-containing culture media, was identified in the 3D model.
Additionally, a covalent adduct with albumin was detected by mass spectrometry. Our results validate the applicability of hepatocyte 3D
models to study the biological fate of drugs, focusing on their biotransformation and on possible metabolite-associated toxicity.
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The term leishmaniasis describes a range of diseases caused by different species of protozoa of the genus Leishmania which are
frequent in tropical and subtropical regions with visceral and tegumentary forms. It is estimated that 350 million people worldwide are
at risk of infection with an estimated prevalence of 12 million cases and an incidence of be 1.5 million cases per year.[1] The severity of
the lesions and the risk of dissemination determine the treatment of choice that can be parenteral or local. Parenteral treatments have
important limitations of toxicity, efficacy and cost and, in the case of antimonials, emergence of resistance. For this reasons, local
therapy is emerging as an attractive option offering reduced systemic toxicity and outpatient treatment. Among local therapies, topical
treatment appears as the ideal treatment for cutaneous leishmaniasis (CL) because of the ease of administration, less pain and lower
cost. The absence of control of the disease together with the current scenario makes stronger the necessity to investigate new
formulations and drugs for the topical treatment of CL.

In this study, we present the synthesis of eight compounds that contain either a selenocyanate (1a–d) or a diselenide (2a–d) moiety
in the scaffold with promising antileishmanial activity. These derivatives were more potent than edelfosine and mitelfosine in
L. infantum amastigotes. Moreover, seven compounds combined high potency and low toxicity with SI values higher than those
obtained for the reference drugs.[2] Some compounds were also evaluated against L. major amastigotes, showing compound 2a to have
an IC50 value of 5.6 µM.

Encouraged by the IC50 values obtained against
Leishmania by compound 2a and due to its
physicochemical characteristics (MW and logP),
theoretically well-suitable for topical application, we
developed novel chitosan hydrogels for the topical
treatment of L. major infected BALB/c mice. Chitosan
can be of interest in the topical treatment of CL
because of its biocompatibility, its intrinsic
antimicrobial activity, penetration enhancer properties
and bioadhesive. In vitro assays performed in Franz
diffusion cells with intact and damaged pig skin showed
that 2–4 % of the diSe 2a penetrated and permeated
through the skin. When topically applied to lesions of
L. major infected BALB/c mice, the novel diselenide
chitosan formulation was unable to slow lesion
progression and reduce parasite burden.

References:

[1] Control of the Leishmaniasis: Report of a Meeting of the WHO Expert Committee on the Control of Leishmaniasis, Geneva, 22–26 March 2010, WHO
Technical Report Series 949, World Health Organization, Geneva, 2010, p. 1–185.
[2] Plano, D., Baquedano, Y., Moreno-Mateos, D., Font, M., Jimenez-Ruiz, A., Palop, J.A., Sanmartin, C., Eur. J. Med. Chem. 2011, 46, 3315–3323.

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

171



L002 | Novel Heteroaryl Selenocyanates and Diselenides as Potent Antileishmanial Agents 
 
Ylenia Baquedano,

(1)
 Esther Moreno,

(2)
 Verónica Alcolea,

(1)
 Nuria Díaz,

(1)
 Marta Díaz,

(1)
 María Font,

(1)
 Socorro Espuelas,

(2,3)
 Antonio 

Jiménez-Ruiz,
(4)

 Juan Antonio Palop,
(1)

 Carmen Sanmartin
(1)

 
 
1) Department of Organic and Pharmaceutical Chemistry, University of Navarra, Pamplona, Spain 
2) Institute of Tropical Health, University of Navarra, Pamplona, Spain 
3) Department of Pharmacy and Pharmaceutical Technology, University of Navarra, Pamplona, Spain 
4) Department of Biochemistry and Molecular Biology, University of Alcala, Alcala de Henares, Madrid, Spain 

 
Leishmaniasis is an infectious poverty-associated disease caused by more than 21 species of protozoan parasites of the genus 

Leishmania in the family Trypanosomatidae. The global annual burden of all forms of leishmaniasis is approximately 12 million per year 
in which about 350 million people are at risk. In the past few years, various reports have shown the relevance of the trace element 
selenium, whose increased level in plasma has been recognized as a new defensive strategy against Leishmania infection.

[1]
 Recently, 

new selenium compounds with in vitro antiparasitic activity against L. infantum were reported.
[2–4]

 Among the numerous antileishmanial 
scaffolds earlier reported by our group, selenocyanate and diselenide showed promising activity against Leishmania parasite. Based on 
these precedents, we aim to construct hybrid molecular architectures by combining selenocyanate and diselenide with different 
skeletons specifically active against Leishmania. Concerning these skeletons we planned to introduce variable carbo and heterocycles 
(mono, bi or policyclics) in order to confer different electronic, volume, rigidity and lipophilic characteristics. We also evaluated 
leishmanicidal activity in infected macrophages of the most active compounds. In order to exclude those molecules with unfavorable 
toxicological profile, complementary experiments with TPH-1 human cell line were performed. 
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Malaria and leishmaniasis are important, social and economic health problems, particularly in the tropical countries. Malaria is a 

major public health problem today in more than 106 countries and its prevalence is estimated on the order of 216 million clinical cases 
annually, with a mortality estimated at 266 thousand persons per year; leishmania is responsible for some 2 million clinical cases each 
year in 88 countries. Most available drugs against malaria and leishmania are costly, highly toxic, require long treatment regimens and 
are currently losing their effectiveness due to the development of resistance on the part of the respective parasites. Therefore, new 
effective and affordable antiplasmodial and leishmanicidal agents are urgently needed. 

Quinoxaline derivatives are a class of compounds of great interest within the field of medicinal chemistry because they display a 
broad range of biological properties such as anticancer antimycobacterial,

[1,2]
 anti-inflammatory,

[3]
 antiviral, antiprotozoal and 

antibacterial activities. In an attempt to intensify the antiparasitic activity of quinoxaline derivatives, our group has synthesized different 
series that offer promising results; these consisted in the introduction of a carbonitrile group in position 2, which increases the 
antiparasitic activity, and an amide group in position 3, with the aim of linking together new molecules with interesting activities.

[4,5]
 

Continuing with this strategy, we have synthesized and evaluated in vitro twelve new amide derivatives of 1,4-di-N-oxide quinoxaline 
against Plasmodium falciparum FCR-3 strain (chloroquine-resistant), against Leishmania infantum, responsible for visceral forms, and 
against Leishmania amazonensis, responsible for cutaneous expression of the disease. Taking into account the promising profile and the 
biological values of these compounds, it can be said that they should be considered for further experimental research. 
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A reagent-based diverse series of 3-piperidin-4-yl-1H-indoles was synthesized focused on a HTS hit from a whole-cell screen against 

Plasmodium falciparum.
[1]

 Despite the good antimalarial activity of the hit against a drug-sensitive P. falciparum strain (3D7), this 
compound showed poor drug-like properties and cross-resistance with chloroquine, possibly due to the presence of the 4-
aminoquinolinyl fragment. In an attempt 
to overcome these drawbacks, a three-
step synthetic pathway has been 
employed to synthesize a small library of 
derivatives starting with condensation of 
the appropriate indole with N-benzyl-4-
piperidone in the presence of a base and 
subsequent reduction under 
hydrogenation conditions. Diverse 
chemical blocks could then be linked to 
the free amine group. These compounds 
were first screened against the 
chloroquine-resistant Dd2 strain of P. 
falciparum and the IC50 values of the best 
compounds determined for Dd2 and 3D7 
strains. The structure–activity 
relationship (SAR) data show that the 4-
aminoquinolinyl moiety is not essential 
for activity. Bis compound SAS9, 
featuring a benzyl linker, despite 
possessing predicted unfavorable oral 
absorption properties, showed similar 
activities against both strains with IC50 
values between 0.1 and 0.2 μM. We also 
found that the 3-piperidin-4-yl-1H-indole 
is intolerant to most N-piperidinyl 
modifications. Nevertheless, we were able to identify a new compound (SAS74) with lead-like properties (MW < 350, LogP < 3, HBA / 
HBD < 3), showing antimalarial activity against both strains (IC50 values ~2 µM) and no cross-resistance with chloroquine, thus 
representing a potential new chemotype for further optimization towards novel and affordable antimalarial drugs. 
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Leishmaniasis a parasitic infection caused by unicellular protozoan organisms belonging to the trypanosomatidae family, is currently 

emerging as a worldwide disease.
[1]

 Only a limited and outdated drug arsenal for the treatment of Leishmaniasis is available. Therefore, 
there is an urgent need to find new targets and/or new inhibition mechanisms against these parasites. 

Trypanothione reductase (TryR) is a validated and an attractive target in the search for new drugs for the treatment of 
leishmaniasis. This enzyme is exclusive (it does not exist in mammals) and essential for parasites survival.

[2]
 Since, the biologically 

functional form of TryR is a homodimer, we have recently reported an alternative inhibition strategy that attempts to disrupt the dimer 
interface of the enzyme by designing protein-protein interaction inhibitors. Using the recently reported X-ray crystal structure of 
Leishmania infantum TryR (Li-TryR)

[3]
 and site-directed mutagenesis we have identified and validated residues E436 and Q439 as "hot 

spots" for dimer stabilization. These residues are located in an-helix spanning from P435 to M447. As a “proof of concept” of this 

novel approach we designed and tested a small library of linear peptides derived from this interfacial-helix. From these studies, the 
13-mer peptide TRL35 significantly inhibits both the oxidoreductase activity and the dimerization of the enzyme, thus emerging as a 
promising TryR dimerization inhibitor.

[4]
 

Peptide cyclization is one approach which has shown to improve the biological activity of peptide analogs by limiting proteolysis and 
stabilizing secondary peptide structures. In order to improve the pharmacological properties of the linear prototype (TRL35), side chain-

to-side chain cyclized peptides, to stabilize the-helical conformation, were investigated. To determine the optimal position of the 
covalent linkage, a first series of cyclic peptides with amide bridges between side-chains at the i and i+4 positions (at the non-interacting 
face of the enzyme) were synthesized and evaluated. Moreover, hydrocarbon-stapled peptides bearing the staple at the optimal 
cyclization position were also prepared. We herein report the effect of these modifications on the peptide helical conformation, 
proteolytic stability and bioactivity against Li-TryR. 
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Leishmaniases are a group of neglected diseases, considered as opportunistic and emerging in humans.

[1]
 In the Mediterranean 

basin, infections by Leishmania infantum represent an important health problem, causing extensive human and canine leishmaniasis. 
Currently available chemotherapeutic formulations (e.g., amphotericin B and miltefosine) are expensive, show toxicity to the host and 
declining efficacy, mostly due to increasing selection of resistance.

[2]
 The World Health Organization (WHO) advocates an urgent need 

for new, efficient, safe and affordable drugs for the treatment of leishmaniasis.
[3]

 
Artemisinin and some of its derivatives (ARTs) are used clinically for the treatment of malaria as part of the artemisinin combination 

chemotherapy protocols advised by the WHO.
[4]

 Similar antiparasitic activity is achieved by selected synthetic trioxolanes and 
tetraoxanes. These peroxides are easily accessed by synthesis and some have attained clinical trials for malaria chemotherapy.

[5–7]
 

Although some synthetic peroxides are known to be highly effective against Plasmodium parasites, their antiproliferative activity 
against other protozoans, namely Leishmania spp., has attracted little attention. We have investigated the in vitro activity of a small 
library of peroxides against L. infantum. Some of the compounds scrutinized appear specially promising as antileishmanial compounds, 
presenting low host cell toxicity.  
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Leishmaniasis and Chagas’ disease are considered a superneglected tropical disease affecting areas of extreme poverty.

[1]
 The 

research for new and more effective drugs is still an urgent need. Dendrimers (one, two and three branches) containing 
propanediamine, butanediamine, hexanediamine, and melamine as core, L-malic acid as spacer and dendron, and 3-hydroxyflavone as 
bioactive agent, were designed as potentially dendrimeric prodrugs.

[2–5]
 Molecular modeling methods were applied in order to obtain 

the conformational ensemble profile and select the lowest-energy conformer for each dendrimeric prodrug.  
The 3D molecular model of each dendrimer was built up and the geometry was optimized (MM+). A warming-up molecular 

dynamics simulations (MDS) scheme (50 K, 100 K, 200 K, 300 K, and 310 K; subsequently, 1 ns at 310 K) was performed using the 
MOLSIM 3.2 program.

[6]
 The total potential energy (Etotal) value and number of intramolecular hydrogen bonds (nHb) were evaluated for 

the selected conformers as structural stability parameters (ViewerLite 4.2). The dendrimeric prodrug with one branch containing 
butanediamine as core has showed Etotal value of 30.22 kcal/mol and none hydrogen bond, then, it was considered as not energetically 
favorable (positive value). Computational simulations of molecular systems containing two dendrons and butanediamine as core, and 
systems containing one, two and three branches with propanodiamine, hexanediamine, and melamine as core are already in process. 
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The Drug Discovery Unit (DDU) is a fully operational, fully integrated drug discovery group working across multiple diseases based 

within a UK university. Our multidisciplinary teams work closely together in an integrated management structure, operating more like a 
biotech company than a traditional academic group. Our initial remit was to develop new, more effective treatments for some of the 
world’s most neglected diseases. Over the last seven years, we have extended, and continue to extend, both our remit and our 
partnerships across the academic, industrial and charitable sectors worldwide. Today, we are focusing on tackling unmet medical need 
through small-molecule drug discovery; collaborating with partners in Dundee and beyond to identify drug candidates, lead and hit 
compounds, potential new drug targets and innovative tools and approaches across a wide range of debilitating and deadly diseases, 
including more mainstream conditions such as cancer and diabetes.

[1]
 

Our two areas of activity are diseases of the developing world and innovative targets and pathways. Within the diseases of the 
developing world area, we are targeting five major diseases: human African trypanosomiasis (HAT),

[2,3]
 Chagas disease, visceral 

leishmaniasis,
[4]

 malaria and tuberculosis. Within the innovative targets and pathways area, we are collaborating with world-class life 
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sciences researchers to develop new approaches to developed world diseases, including cancer, diabetes and Alzheimer’s disease. Our 
goal is to partially validate innovative drug targets, investigate disease pathways and identify lead compounds to develop our 
understanding of the underpinning biology and establish proof-of-concept in preclinical models of disease. 
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Chagas disease (CD), which was once thought to be confined to Latin America, has now gone global, becoming a new worldwide 

challenge. CD is included among the tropical neglected diseases and is endemic in Latin America, where it is estimated to affect 10 
million people.

[1]
 CD is caused by the flagellate protozoan Trypanosoma cruzi, mainly transmitted to humans by bite of the Triatominae 

insects (kissing bug). Currently the treatment of CD is limited to nifurtimox and benznidazole, which are effective in curing the disease if 
given soon after infection at the onset of the acute phase. However, the efficacy of both diminishes the longer a person has been 
infected. The potential benefits of medication in preventing or delaying the development of Chagas disease should be weighed against 
the long duration of treatment (up to 2 months) and possible adverse reactions (occurring in up to 40% of treated patients). Thus the 
development of new drugs has become an urgent need. 

A validated therapeutic target in T. cruzi is the sterol 14-demethylase (CYP51), an essential enzyme in the sterol biosynthesis 
pathway. CYP51 inhibition causes the block of sterol production and the accumulation of toxic methylated sterol precursors followed by 
pathogen growth arrest and death.

[2]
  

Our approach was focused on the screening of a series of compounds from our in-house library, chosen for their structural 
similarities with T. cruzi CYP51 (CYP51 Tc) inhibitors reported in the literature. Some of these compounds possess high in vitro activity 
towards T. cruzi (Tulahuen C2C4 amastigote stage) 
with IC50 values in the low nanomolar range and are 
characterized by low cytotoxicity and low interference 
with human liver microsomes.

[3]
 Development of these 

compounds lead to very potent inhibitors active at 
nanomolar and sub-nanomolar concentrations. The 
most promising inhibitors have been co-crystallized 
with T. cruzi CYP51; the X-ray co-structures uncovering 
two basic approaches that can be utilized to further 
rational design of more effective CYP51 inhibitors. 
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Plasmodium falciparum is the major cause of malaria in humans, with 200–300 million individuals affected annually, causing 200–

250 thousand deaths,
[1]

 while Trypanosoma brucei, responsible for the African sleeping sickness, concerns 30 thousand persons and is 
lethal in absence of any treatment.

[2]
 Due to current resistance phenomena to established therapeutics against these diseases, new 

efficient antiparasitic agents are deeply needed. 
Cissampeloflavone 1, a chalcone–flavone dimer isolated from the Venezuelan plant Cissampelos pareira, displayed a good activity 

against T. brucei proliferation (IC50 = 1 µM).
[3]

 In the course of our work on the total synthesis of this anti-trypanosomal natural product, 
we prepared intermediate benzofuran derivatives (2 and 3) that showed good preliminary antiparasitic activity. Besides, an 
unprecedented formation of methylene bischalcones (4) has been discovered during our synthetic work. Antiparasitic activity of both 
series being rarely described, structure-activity relationship studies were carried out on compounds 2, 3 and 4.

[4,5]
 The methodologies 

developed to obtain these compounds and their biological evaluation on protozoan parasites will be presented and discussed. 
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African sleeping sickness is associated with significant morbidity and mortality and has a serious impact on society in the poorest 

areas of the world. Current therapies suffer from severe side effects, inconvenient administration and high costs.
[1]

 Cyclic nucleotide 
phosphodiesterases (PDEs) have emerged as attractive molecular targets for a novel treatment for African trypanosomiasis. For 
example, both genetic knock-down and chemical inhibition of PDE activity resulted in halted proliferation and eventually elimination of 
Trypanosoma brucei (Tbr), the causative agent of African sleeping sickness.

[2]
 The vast knowledge and generated expertise within the 

field of human PDEs provides a shortcut to high-affinity inhibitors of parasitic PDEs. Interestingly, TbrPDEB1 and TbrPDEB2 are cAMP 
specific, like one of the most investigated human PDEs, hPDE4. The catalytic domains of the hPDE4 and parasitic PDEs show a high 
degree of homology. Nevertheless, structural studies have enabled the identification of parasite-specific features that can be targeted 
to obtain parasite-selective PDE inhibitors (Figure 1).

[3]
 Altogether, this has allowed in fast optimization of hit compounds and generated 

nanomolar TbrPDE inhibitors with trypanocidal activity.
[4]

 Here, we will present our most recent results in the development of 
trypanosomal PDE inhibitors. 
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Figure 1. The vdW surface of the active site of hPDE4B (magenta) co-crystallized with rolipram (left) and the homology model TbrPDEB1 
(cyan) with rolipram superimposed and the arrow pointing at the parasite-specific L-pocket (right). 
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Malaria is an infectious disease that affects more than 200 million people worldwide, with pregnant women and children the most 

common victims. Throughout the diseases history many marketed antimalarials have been used for treatment. However resistance to 
all of them has now been reported so there is an urgent need to find new molecules to cure 
malaria. But…where to search? 

In 2009, GlaxoSmithKline (GSK) carried out a >2M-compound HTS of the GSK collection. As a 
result of this, in 2010 the Tres Cantos Antimalarial Set (TCAMS) was published. It contains more 
than 13K compound that present a growth inhibition greater than 80 % at 2 mM against the 3D7 
strain of the parasite. Within the TCAMS, we identified two small, soluble, and simple hits with 
in vivo activity contrary to their moderate in vitro antiplasmodial activities. 
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Human African trypanosomiasis (HAT) is a parasitic disease caused by Trypanosoma brucei though it is more commonly known as 

sleeping sickness and has been declared a neglected tropical disease. This disease affects the central nervous system, resulting in 
disrupted sleep patterns, brain damage and eventual death. New treatments are urgently needed.

[1]
 However, for a disease that is 

difficult to diagnose, that has in practice had only one new treatment developed in the last 50 years, and which affects an estimated 
20,000 people in the remotest parts of Africa, that is easier said than done. 

A whole organism high-throughput screen of approximately 87,000 compounds from the WEHI/Bio21 screening library was 
conducted against T. brucei and led to the identification of a number of new classes of compounds as inhibitors of T. brucei.

[2]
 These 

have been progressed through to medicinal chemistry optimization and some of our results have already been published in the 
literature.

[3,4]
 Here, the current SAR will be discussed around one of these classes. 
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Malaria is an infectious disease with an estimated 219 million cases and 660,000 deaths in 2010. In 2012, there were a total of 104 

countries where malaria is considered to be endemic.
[1]

 Plasmodium falciparum is the most dangerous form of the malaria parasite and 
it is responsible for a very high percentage of clinical attacks.

[2]
 The appearance and spreading resistance of P. falciparum to the existing 

antimalarial drugs is one of the biggest obstacles in the fight against malaria, one of the most important and devastating parasitic 
diseases. The urgent need to control and eradicate this disease constitutes one of the largest scientific challenges of the 20th century, 
with the key strategy being the essential development of new, safer and more effective, pharmacological therapies. Based on the 
demonstrated antiplasmodial activity of the quinoxaline derivatives

[3]
 and the chalcone compounds

[4]
 and with the aim of establishing 

the structural requirements in order to optimize the activity, new series of quinoxaline and quinoxaline 1,4-di-N-oxide linked to 
chalcone and other structures derived from them have been developed and evaluated against the FCR-3 chloroquine-resistant 
P. falciparum strain (Figure 1).

[5]
 The SAR study demonstrated the importance of an enone moiety linked to the quinoxaline ring for 

obtaining better antimalarial activity. Compounds 1a and 2a showed the best antiplasmodial activity. 
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The human malaria parasite Plasmodium falciparum is responsible for the most severe form of malaria. Central to the capacity of 

this organism to grow inside red blood cells and thrive inside the blood-stream is its ability to export an estimated 450 proteins into the 
host cell erythrocyte. The proteins exported to the erythrocyte possess a conserved N-terminal export motif termed the Plasmodium 
export element (PEXEL). In order for proteins to be exported, the PEXEL motif (RxLxE/Q/D) must be processed by an ER-resident aspartic 
protease called plasmepsin V (PMV). PMV is conserved in all Plasmodium spp., including the most virulent human parasites P. 
falciparum and P. vivax, and is essential for blood-stage parasite survival. Therefore, PMV is considered a prime target for the 
development of new antimalarial therapies. 

Here, we present the design and synthesis of transition-state mimetics of the native PEXEL substrate of PMV. The mimetics display 
potent inhibition of PMV from both P. falciparum and P. vivax, with negligible off-target activity against human proteases. The mimetics 
also reduce processing of PEXEL-containing proteins, which has a direct effect on parasite viability in cultures. This presentation will 
describe the efforts to improve the potency of the mimetics in parasite culture by enhancing membrane permeability and proteolytic 
stability. 
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Chagas’ disease and leishmaniasis are neglected tropical diseases and serious public health concern.

[1]
 The discovery and 

development of new drugs to treat these diseases can be still considered as an urgent need. In this regard, dendrimers with one branch, 
having myo-inositol as core and directing group, L-malic acid as spacer, and hydroxymethylnitrofurazone (NFOH), quercetin, 3-
hydroxyflavone as active agents, were designed in order to obtain potentially chemotherapeutic prodrugs. Molecular docking and 
computational simulations were carried out, herein, to exploit the preferential binding mode of these molecules with the primary 
human enzyme responsible for the bioconversion of esters bonds, a liver carboxylesterase type 1. 

The 3D molecular models of dendrimers and enzyme were built up using reference geometries of 3D structures retrieved from 
Brookhaven Protein Data Bank (PDB). The energy minimization and molecular dynamics (MD) simulations were carried out employing 
the MOLSIM 3.2 program.

[2]
 AutoDock Vina

[3]
 was used for molecular docking studies. One catalytic water molecule into the catalytic 

site was maintained during molecular docking and computational simulations. Thirty docking runs were carried out for each compound, 
resulting approximately 1620 conformers. The Gibbs energy values and conformers orientation into the active site were evaluated in 
order to identify the interaction mode. The distances between the hydroxyl group (Ser221) and the carbonyl group (dendrimer), which 
is susceptible to nucleophilic attack, were taken into account. The program PyMOL

[4]
 was used to visualize the complexes (enzyme–

ligand) as well as the interactions established. The carbonyl group closest to the core seemed to be the most likely to undergo 
enzymatic attack regarding the molecules planned with inositol as core, and having 3-hydroxyflavone, quercetin, and NFOH as active 
agent, or with inositol as core and directing group, having NFOH as active agent. 
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Malaria remains the most important parasitic disease that needs to be controlled and eliminated. Despite malaria mortality rates 

globally decreased in over 25 %, emergent resistance to artemisinin-based therapies, the first-line treatment for chloroquine-resistant 
falciparum malaria, underpins the ongoing search for effective low-cost antimalarials.

[1]
 

In the past few years, our group has “recycled” the heterocyclic cores of classical 
antimalarials, developing new compounds by their conjugation with cinnamic acids.

[2]
 

Based on the improved in vitro performance of such novel hybrids, as compared with 
their parent drugs, we have now developed a new class of N-cinnamoylated analogues 
of quinacrine (1),

[3]
 which presented higher in vitro antiplasmodial activity than the 

parent drug, quinacrine, against blood-stage P. falciparum W2, Dd2 and 3D7, as well as 
against liver stage P. berghei parasites; the compounds’ in vitro liver-stage activity was 
higher than that exhibited by the reference drug, primaquine, and one of them (1 with 
R=F) was considerably less toxic to human hepatocytes than quinacrine. 
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A child dies every minute from malaria. Despite this intricate infectious disease is known for millennia, and associated deaths have 

decreased by about 30 % in Africa since 2006, eradication is far from being achieved in the near future.
[1]

 There are well identified 
obstacles to malaria eradication, namely, the complexity of the malaria parasite’s life cycle, widespread resistance to cheaper and most 
popular antimalarial drugs, and lack of efficient vaccines or multi-stage antimalarials, able to efficiently deplete liver- and blood-stage 
forms of Plasmodium parasites from the human body. Another drawback in malaria therapy is the high cost of first-line drugs, which 
instigates traffic of fake antimalarials.

[2]
 

One main approach to accelerate the development of novel antimalarials is to start from the chemical framework of known ones to 
produce new drugs, i.e., to recycle classical drug scaffolds. Additionally, as developing new drug products is a costly and time-consuming 
process, a cost effective reduced-risk strategy is to identify new therapeutic uses for molecules that were already synthesized but did 
not find clinical application (drug rescuing), or were already approved to treat a specific disease or group of diseases but might be 
relevant against other therapeutic targets (drug repurposing).

[3]
 This is what we call the “3 Rs” of antimalarial drug development, in an 

obvious analogy to the “3 Rs of the environment”. Our group has been mainly working on the chemical recycling of classical 
antimalarials with rather promising results, including the recent discovery of chloroquine and quinacrine analogues (Scheme 1) with in 
vitro dual-stage antimalarial activity.

[4]
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Scheme 1. Synthetic route towards N-cinnamoylated analogues of chloroquine and quinacrine. 
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With 200–300 million cases and an estimated 0.5–0.8 million deaths reported in 2012, malaria remains a serious global health 

problem.
[1]

 The disease is caused by five species of protozoan parasites of the genus Plasmodium and is transmitted to humans through 
the bites of infected female Anopheles mosquitoes. Several drugs are currently used against malaria. Nevertheless, the rapid emergence 
of parasite drug resistance compromises their efficiency to reduce disease mortality and morbidity. Hence, the need for drugs 
preferentially acting on new targets and with new chemotypes is still a major area of research where our group has been actively 
involved during the last years. The mitochondrial bc(1) complex is a key enzyme that catalyzes the transfer of electrons from ubiquinol 
to cytochrome c maintaining the mitochondrial membrane potential. Inhibition of the cytochrome bc1 complex collapses the 
mitochondrial membrane potential and is fatal to P. falciparum.

[2]
 

Here, we describe a combined computational/experimental approach to explore a new target in the bc1 complex, the Qi pocket, 
located specifically in the cytochrome b subunit. As the crystallographic structure has not yet been resolved, a homology model of the 
parasite’s cytochrome b was developed and validated. A virtual screening study was then performed with several compound databases 
screened by a docking protocol against this particular Qi site. With this approach, we were able to identify three novel antimalarials and 
test their activities on the parasite mitochondrial electron-transport chain, and against P. berghei liver stages, as well. The results 
obtained will be presented and discussed. 
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Hypoxanthine-guanine-(xanthine) phosphoribosyltransferase [HG(X)PRTase] is a key enzyme of the purine salvage pathway.

[1]
 

Parasites of the genus Plasmodium are unable to synthesize purine bases de novo and depend on the transport of preformed bases 
from the host cell. HG(X)PRTase then catalyses the conversion of these bases to the corresponding nucleoside monophosphates. Acyclic 
nucleoside phosphonates (ANPs) are structural analogues of nucleoside monophosphates. Several ANP-based drugs are currently in 
clinical use as antivirals.

[2]
 Specific ANPs containing a 6-oxopurine base inhibit Plasmodium falciparum (Pf) and P. vivax (Pv) 

HG(X)PRTases and arrest the growth of Pf in cell culture.
[3]

  
 

 
 

Within the frame of an extensive SAR study a novel type of ANPs with build-in tri-substituted nitrogen in the acyclic portion of the 
molecule were designed and a series of these aza-ANPs synthesised.

[4]
 Crystal structures of human HGPRT in complex with several ANP-

based inhibitors suggested that attachment of a second phosphonate group could lead to increased affinity.
[5]

 A series of 
bisphosphonates derived from aza-ANPs scaffold were then synthesised. They were found to be good inhibitors of human HGPRT, 
PfHGXPRT and PvHGPRT. Crystal structures of these compounds in complex with enzyme provide further insights into drug design. 
Phosphoramidate prodrugs of the aza-ANPs exhibit micromolar values against Pf in cell culture. 
 
Acknowledgements: 

 
Supported by the Grant Agency of the Czech Republic (P207/11/0108), NHMRC Australia (1030353) and Gilead Sciences (USA). 

 
References: 

 
[1] J. de Jersey et al., Curr. Top. Med. Chem. 2011, 11, 2085. 
[2] E. De Clercq, A. Holý, Nature Rev. Drug Disc. 2005, 4, 9283. 
[3] D. T. Keough et al., J. Med. Chem. 2009, 52, 4391. 
[4] D. Hockova et al., J. Med. Chem. 2012, 55, 6209. 
[5] D. T. Keough et al., J. Med. Chem. 2013, 56, 2513. 

 
 

L021 | Design and Synthesis of Quinolones Targeting Plasmodial Cytochrome bc1 and/or PfNDH2 
 
Pedro Horta,

(1,2)
 Paul O'Neill,

(2)
 Maria de Lurdes Cristiano

(1)
 

 
1) CCMar - Centro de Ciências do Mar do Algarve, Campus de Gambelas, Universidade do Algarve, 8005-139 Faro, Portugal 
2) Department of Chemistry, University of Liverpool, Liverpool L69 3BX, UK 

 
Malaria remains one of the most deadly infectious diseases in the world and current estimates place 40% of the global population at 

risk of infection by Plasmodium falciparum.
[1]

 Considering the growing emergence of resistance, development of new and effective 
antiplasmodial drugs is a priority. 

The bc1 complex and PfNDH2, involved in mitochondrial electron transfer of Plasmodium spp., are validated therapeutics targets. 
Loss of mitochondrial function, essential to provide intermediates for pyrimidine and ATP synthesis,

[2,3]
 results in a collapse of the trans-
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membrane electrochemical potential and parasite death.
[4]

 The aim of our project was to design 
and synthesise inhibitors of these important targets and to assess their whole cell phenotypic 
activity versus Plasmodium falciparum in culture to develop SAR. Initial studies have focused on 
the quinolone ester template

[1]
 with the aim of producing more soluble analogues than the 

current lead compounds.
[5]

 
An important part of the design of these molecules has been modelling their interactions with 

a homology model of the Plasmodium falciparum Qo active site. Through this modelling we have 
identified the key interactions responsible for low nanomolar enzyme inhibition, with the overall 
protein–ligand complex providing clues as to how to optimise our template further. In addition to the inhibition of the bc1 complex, the 
quinolone templates prepared, when substituted appropriately, can yield compounds with the ability to bind to haem by π-stacking.

[6]
 

Thus, this strategy provides a single chemical entity capable of attacking the parasite by two independent mechanisms, which may 
contribute to delay of selection of resistance. 
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Schistosomiasis is a chronic neglected tropical disease. It affects over 200 million people and is more debilitating than malaria. It is 

caused by helminth parasites of the genus Schistosoma. The mostly studied species is Schistosoma mansoni, which causes the intestinal 
form of the disease. The long-term survival of the parasite in the host involves a remarkable control of the immune system, in particular 
through an appropriately balanced T helper response. Molecular mechanisms of this immune-evasion are far from being fully 
understood and a better understanding of the host-parasite relationship is especially desirable to design vaccine. 

In 2005, we identified in S. mansoni an ADP-ribosyl cyclase expressed at the outer surface of the worm adult tegument. This 
particular enzyme was named Sm NACE for S. mansoni NAD

+
 catabolizing enzyme. Sm NACE is a distant homolog of the mammalian 

CD38, a membrane-associated ecto-enzyme which has the potential to regulate innate and adaptive immune responses. 
In order to better characterize Sm NACE function, and eventually validate its potential as an anti-schistosomal target medicine, we 

aimed at the discovery of enzyme chemical inhibitors. We herein present our work from docking using a homology model of Sm NACE to 
the synthesis of potent inhibitors with a range from 3 nM to 500 µM. 
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Nucleoside triphosphate diphosphohydrolase (NTPDase) is an apyrase family enzyme that is involved in the hydrolysis of the 

extracellular nucleosides di- and triphosphate to the corresponding nucleoside monophosphate. In parasite, the presence of this 
enzyme is investigated to be associated with parasite virulence, since its hydrolytic activity modules the purinergic signaling decreasing 
the host immune response. Recently, an NTPDase from Leishmania infantum (LiNTPDase-2) has been cloned and expressed, which has 
been considered as a new drug target to the treatment of Leishmaniasis.

[1]
 With the intent to develop screening methodologies, in this 

study, this enzyme was covalently immobilized onto a fused silica capillary, creating the LiNTPDase-2-ICER,
[2]

 which was incorporated in 
multidimensional HPLC method using the LiNTPDas-2-ICER in the first dimension and a C8 column (Ascentis Express, Supelco, 2.7 µm, 10 
x 0.30 cm) in the second to perform the activity assays. Using the validated LiNTPDase-2-ICER method, the kinetic parameters of 
immobilized enzyme were determined by the construction of a Michaelis–Menten plot (Figure 1). KM values of 2.3 mmol L

–1
 and 

1.4 mmol L
–1

 to ADP and ATP substrates, respectively, were obtained. The present method is automated and the analyses require small 
amounts of samples to perform activity studies; therefore, it represents an important tool to perform kinetic studies and can be applied 
to the NTPDase ligand screening to help in the development of leishmanicidal drugs. 
 

 
 

Figure 1. Michaelis–Menten plots for the kinetic data from Li NTPDase-2-ICER using a) ATP as and b) ADP as substrate. 
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Leishmaniasis is a public health issue and is among the five parasitic diseases worldwide. The current treatment disease includes 

limitations of toxicity, variable efficacy, high costs and inconvenient doses and treatment schedules. These observations prompted us to 
investigate the leishmanicidal activity of novel synthetic derivatives, designed from molecular modification on the prototype LASSBio 
1064. The spleen cells viability was determined with the propidium iodide kit. Leishmanicidal effect against amastigotes of Leishmania 
major (LV39) was evaluated at concentrations of 100, 50, 25, 10 and 1 μM. Nitric oxide (NO) production was indirectly evaluated by 
Griess reaction. Data obtained from experiments were expressed as the mean ± SEM of triplicate cultures of representative assays. 
Statistical differences between the treated and the vehicle groups of in vitro experiments were evaluated by ANOVA and Dunnett hoc 
tests. Differences with a pin vivo assay on Leishmania-infected BALB/c mice. The compounds LASSBio 1483, LASSBio 1491 and LASSBio 
1492 and pentamidine not affected the viability of spleen cells until the concentration of 100 µM, evidenced by propidium iodide 
incorporation. The inhibitory effects of pentamidine (IC50=8.1±0.9 µM and EMAX=63.2±2.9 %) and LASSBio 1491 (IC50=8.3±0.3 µM and 
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EMAX=60.2±1.9 %) on the growth of the amastigote form were found to be similar. In contrast, LASSBio 1483 and LASSBio 1492 were 
inactive against the intracellular form of L. major. According to the in vitro evaluation on intramacrophage amastigotes growth, LASSBio 
1491 was the unique was able to increase NO production by BALB/c mice macrophages infected with L. major at concentrations of 100, 
50 and 25 μM. Considering the in vitro results, LASSBio 1491 was selected to evaluate its in vivo leishmanicidal activity using ear model 
of L. major infection. The BALB/c mice infected with L. major were treated with LASSBio 1491 and glucantime, as standard drug), both 
at 10 μmol/kg/day × 35 days (i.p.). In these conditions, LASSBio 1491 did not reduce the size of the lesions at the site of cutaneous 
inoculation, however it was able to decrease parasite load in infected ear and draining lymph node similar to the treatment with the 
standard glucantime. These results indicate LASSBio 1491 as a new lead-candidate for antiparasitic drug with original structure pattern, 
pronounced leishmanicidal activity, with no cytotoxic effect to mammalian cells.  
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The existence of malaria predates the dawn of humanity,

[1]
 yet despite numerous attempts at eradication, it still remains the most 

predominant human parasitic disease globally. Vector control methods (e.g., DDT) and traditional drug treatments (e.g., chloroquine, 
sulfadoxine, pyrimethamine) are increasingly becoming redundant due to widespread resistance. Alarmingly, resistance to current first-
line treatment: artemisinin-based combination therapy (ACT), is also now emerging in Southeast Asia.

[2]
  

P. falciparum metalloaminoproteases are a group of enzymes crucial to parasite survival. Recent studies show they have a variety of 
roles, the foremost being breakdown of host haemoglobin to liberate amino acids for parasitic protein synthesis. In particular, the M1 
and M17 enzymes represent validated novel drug targets; with enough active-site similarity to suggest a single dual-enzyme inhibitor 
could be developed – effectively starving the parasite of essential amino acid nutrients. 

Using structure-based design and focused mini-libraries, starting from a lead identified in-house;
[3]

 we report the design, synthesis, 
enzyme inhibitory and parasiticidal activity of novel, dual M1/M17 inhibitors based on a hydroxamic acid scaffold. Additionally, 
preliminary data indicates that the compounds are not cytotoxic in human cells. It is anticipated this novel family of compounds will be 
useful leads in further developing SAR, and ultimately lead to tractable compounds that validate the dual M1/M17 inhibition approach 
in targeting malaria. 

 
 

Figure 1. X-Ray crystal structure of the inhibitor MIPS1480, bound to P. falciparum M17 
metalloaminoprotease (A-chain), coordinating both zinc ions. 
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Malaria is a serious public health problem worldwide.

[1]
 In 2011, 260 000 cases of malaria were estimated in the Amazon.

[2]
 The 

main drugs used to treat malaria are quinoline and artemisinin derivatives, sulfadoxine, clindamycin. However, the lower efficacy of 
these conventional drugs has led to resistant strains. Thus, the need for development of new and more efficient drugs remains an 
important goal in the treatment of malaria. We have designed new hybrid conjugates having chloroquine-sulfadoxine pharmacophores 
groups (1–15) separated by a distinct linker containing 2–4 CH2 units that are not found in the individual molecular frameworks of the 
precursors (Figure 1). 

The N
1
-(7-chloroquinolin-4-yl)alkyldiamine (17–19) were achieved by the reaction of 4,7-dichloroquinoline (16) with the 

corresponding diamines.
[3}

 The second step was the nucleophilic substitution reaction of the appropriate sulfonyl chloride by the 
quinoline-amines

[4]
 (17–19) in MeOH and TEA (1 eg.) at 25 °C, to obtain N-(2-((7-chloroquinolin-4-yl)amino)alkyl)benzenesulfonamides 

(1–15) with 50–77 % yield. 15 new compounds having different substituents at the 4-positions of the sulfonamide group that were 
tested against the W2-chloroquine-resistant P. falciparum clone. Some results are shown in Figure 1. Compounds 10 (n=3; R=F), 12 (n=4; 
R=CH3 ), 13 (n=4; R=Cl) and 15 (n=4; R=F) were the most active displaying IC50 values of 0.28, 0.05, 0.09, 0.17 µM, respectively, in the 
anti-HPR2 assay while chloroquine used as reference shows IC50 = 0.22 µM. None of these compounds were toxic for HepG2 cells. 
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There are about 18 million people infected with Trypanosoma cruzi in Latin America, of which 3 million are in Brazil. After 105 years 

of its discovery, Chagas disease still has no cure in phase chronic.
[1]

 Thus, there is a need for development of new efficient drugs. This 
work aims to syn-thesize and to biologically evaluate new nitroimidazoles (1a–2a,b), with structural analogues of megazol (3) (Figure 
1).

[2]
 

The synthetic route was performed by obtaining the 1,2,3-triazole intermediates 6a–d. Intermediates were obtained with 
satisfactory yields. In the subsequent step of nucleophilic aromatic substitution, the reaction of 7 was done with the respective amines. 
The evaluation of trypanocidal activity of new analogues of megazol was taken against blood trypomastigotes of the Y strain of 
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Trypanosoma cruzi. All the new derivatives were synthesized with good yields and characterized. Compound 1a was two times more 
active than the prototype 3 and 60 % less genotoxic when compared with 3. New azole derivatives are being synthesized in our 
laboratory. 
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Nowadays, malaria is still a main concern; the World Health Organization estimates that 3 million people lives in areas where 

malaria transmission occurs
[1]

 and the lack of efficacy and of the current treatments makes necessary the development of new 
antimalarial agents. 

Quinones constitute a group of great interest due to their biological 
activities.

[2]
 The quinonic core is a selected chemical entity

[3]
 and it is considered 

an important biologically validated starting point to develop new bioactive 
molecules with good levels of activity.

[4]
 Recently a hydroxynaphthoquinone 

derivative (atovaquone) has been reported as an effective antimalarial drug 
against multiresistant parasites.

[5]
  

On the other hand, triazoles have been shown to possess a number of 
desirable features in the field of medicinal chemistry,

[6]
 and also has a high dipolar 

moment and might be able to participate actively in the formation of hydrogen 
bonds as well as in dipole–dipole and π-stacking interactions. This moiety can be used to link two or more molecular entities. In this 
communication we report the synthesis of diverse 1,2,3-triazolyl naphthoquinone derivatives and their antimalarial activity. 
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Malaria is still a major global health challenge as current drug therapies are compromised by resistance. Plasmodium falciparum 

dihydroorotate dehydrogenase (Pf DHODH) was validated as a new drug target after triazolopyrimidine-based inhibitors showed 
antimalarial activity in vivo.

[1,2]
 Here, we firstly present the synthesis and the biological evaluation of a new series of Pf DHODH 

inhibitors bearing a 3-hydroxypyrazole moiety (compounds 1–4). Compound 1 showed micromolar activity against Pf DHODH, while it is 
inactive against the human DHODH isoform. This preliminary result suggests that 1 could represent an interesting lead compound to 
design new selective Pf DHODH inhibitors. When docked inside the Pf DHODH binding pocket, the carboxylic function present in 1, 
essential for activity, seems to play a fundamental role. We hypothesize that it interacts with protonated Arg265, a key amino acid 
present in the area where inhibitors explain their activity. Close to the Arg265 residue, the additional lipophilic pocket could be easily 
occupied by the phenoxy moiety of 1 (Figure 1). These assumptions allowed us to design new derivatives based on the 1H-4-
carboxypyrazole scaffold that could present additional interactions with the protein. The biological assay of this second series would 
confirm whether our ligand–protein interaction assumptions are correct and will allow us to explore the binding site of Pf DHODH, 
searching for more potent and selective inhibitors based on this scaffold. In the second group of compounds, the presence of 
substituents on the hydroxyl and phenoxyl moieties of 1 (see structures in Figure 1c) was investigated, together with the heteroatom 
substitution in the phenoxyl scaffold. Synthesis and pharmacological profiling of this second modulation are presented and fully 
discussed. 

 
 
Figure 1. a) Series of designed hydroxypyrazoles, proposed for the lead compound generation; b) hypothesized binding mode for 
compound 1 (Ligand Scout); c) series of 1H-4-carboxypyrazoles, designed from compound 1 and investigated in this study. 
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Malaria is a potentially fatal tropical disease that is caused by a parasite known as Plasmodium. Approximately 40 % of the world’s 

population are exposed to the burden of the disease, which results in around 650,000 deaths each year.
[1]

 The development of 
chloroquine resistance by Plasmodium falciparum in the 1950s marked the beginning of an issue that has placed a huge burden on the 
control of malaria. The requirement for both new drug therapies and novel drug targets is therefore essential in the battle to overcome 
resistance and eradicate the disease. 
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The isoprenoid family is a diverse group of natural products, which play important roles in a variety of cellular functions; including 
membrane structure, electron transport and cell signalling. The synthesis of isoprenoids is dependent on the production of two essential 
building blocks: isopentyl pyrophosphate (IPP) and dimethyl allyl pyrophosphate (DMAPP) (see Figure 1). Eukaryotes synthesise IPP and 
DMAPP via a coenzyme A dependant pathway—the mevalonate pathway. The Plasmodium parasite however uses an alternative 
method; known as the non-mevalonate or MEP pathway.

[2]
 

 

 
Figure 1. The MEP Pathway.

[2]
 

 
The aim of this project is to deliver a lead candidate molecule suitable for clinical development as an antimalarial drug, which 

targets one of the components of the MEP pathway, the methylerythritol cytidyltransferase enzyme (IspD). IspD is crucial for the 
parasite, has been genetically validated and is absent in the human host.

[3]
 

Computational compound selection followed by high-throughput screening provided a number of confirmed active hit series. The 
compounds enzyme inhibition and whole cell efficacy profile is extremely promising, with several molecules displaying IC50 data in the 
nanomolar range. Research is now focusing on enhancing the efficacy of these hit molecules by exploring the polar nature of the target 
and optimising drug-like properties and the removal of metabolic and pharmacokinetic vulnerabilities. 
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Malaria and leishmaniasis are two of the World’s most important tropical parasitic diseases. Mortality due to malaria is estimated to 

be over 1 million deaths annually and this situation is worsened by the spread of drug-resistant strains of the parasite. Leishmaniasis 
threatens approximately 350 million people and almost 12 million people are currently infected with the disease. The emergence of 
resistant parasites, the high cost and toxicity of current treatments call for the discovery of new drugs. 
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Quinoxaline derivatives are of great interest as antimycobacterial, anti-inflammatory, anticancer and antiparasitic agents. More 
specifically, their 1,4-di-N-oxides are considered to be particularly important because they are responsible for a resulting increase in 
various biological properties.

[1]
 

As a result of different research projects, our group synthesized different series of quinoxaline 1,4-di-N-oxide derivatives, with a 
great variety of substituents in positions 2, 3, 6 and 7.

[2]
 With the aim of improving their pharmacological properties, we synthesized 

compounds with a carbonitrile group in position 2, thereby enhancing their antiparasitic activity. We also added an amine group in 
position 3 in order to link together new molecules, leading to interesting activities. Thirteen new 2-cyano-3-(4-phenylpiperazine-1-
carboxamido) quinoxaline 1,4-dioxide derivatives (CPCQs) were synthesized and evaluated for their in vitro antimalarial and 
antileishmanial activity against erythrocytic forms of Plasmodium falciparum and axenic forms of Leishmania infantum. Their toxicity 
against VERO cells (normal monkey kidney cells) was also assessed. None of the tested compounds was efficient against Plasmodium, 
but two of them showed good activity against Leishmania (5.7 μM and 7.6 μM). Toxicity on VERO was correlated with leishmanicidal 
properties. 
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Leishmaniasis is a neglected tropical disease endemic in many underdeveloped countries that is also becoming a serious health 

problem in Europe and North America. The most dangerous clinical forms are mucosal and, specially, visceral leishmaniasis. 
Chemotherapy is currently the only treatment option for this disease. First-line therapies are based mainly on pentavalent antimonials, 
but usual treatments cause severe side-effects and induce resistance, so that new drugs are urgently needed.

[1]
 

Following our research line on trypanosomicidal and leishmanicidal drugs,
[2,3]

 we have tested 1-chloro-4-alkylamino- and 1,4-
bis(alkylamino)-substituted phthalazine derivatives containing imidazole rings attached to the side chains on three Leishmania species 
causing different clinical forms of the disease: L. infantum, L. braziliensis and L. donovani. These compounds show remarkable in vitro 
activity against both extra- and intracellular forms of the parasites and also low toxicity against macrophages. They exhibit much better 
SI values than glucantime and, simultaneously, are also able to strongly inhibit the antioxidant Fe-SOD enzyme of the parasite. 
Interestingly, a clear structure-activity relationship can be inferred from results obtained, and that relationship is explained on the basis 
of molecular modelling studies. 
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Recently, antimalarial activities of large chemical collections have been made publicly available; this important event has created a 

great excess in chemical structures to explore for lead finding. Prioritization has become a critical step in order to choose the most 
promising structures to develop further into the drug discovery program. However, the main issue appears to be the lack of 
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understating of the mechanism of action for structures obtained from phenotypic screening platforms. Proteomics offers a unique tool 
for target identification and several proteomics approaches are available, one of the most interesting is the so-called chemical 
proteomics, which couples affinity purification methods with mass spectrometry and therefore permits to increase selectivity and 
sensitivity. 

Several limitations can affect the results of chemical proteomics approaches, for example, it is necessary to use tag compounds that 
present high activity and affinity for the target protein. Moreover, considering that LC–MS analysis is a very sensitive methodology used 
for identification of the target protein, nonspecific protein binding could cause high background noise, therefore greatly complicating 
the proteomic analysis. Chemical proteomics applied to antimalarial drug discovery is a difficult task and several attempts have been 
made. The main problem derives from the small amount of Plasmodium proteins available and the noteworthy interference deriving 
from the host proteins. 

We present here a chemical proteomics study using a new selective and sensitive approach that overcomes non-specific protein 
binding using a cleavable linker that allows the selective release of the tagged protein from the affinity beads.

[1]
 Furthermore, the 

cleavable linker containing the affinity tag (Biotin) is introduced through a click reaction after incubation with the lysate, reducing 
therefore the perturbation in the structure of the starting inhibitor. The developed methodology was applied to a new class of 
antimalarial compounds that we recently identified; these structures showed high in vitro efficacies against the intraerythrocytic stages 
of Plasmodium falciparum comparable to artemisinins. The proteomics analysis have been performed using a high resolution, high 
sensibility LTQ-Orbitrap and allowed the isolation of specific proteins implicated in pathways critical for Plasmodium survival and 
reproduction 
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Chagas disease, caused by the flagellate protozoan Trypanosoma cruzi, is one of the most prevalent parasitemia in the world.

[1]
 

Currently, there is no definitive and effective chemotherapy against it. Therefore, studies in progress points to both the search and 
identification of new targets for action, as to the characterization of new substances with trypanocidal capacity.

[2]
 

 

 
 

Figure 1. a) Modification of 2-aryloxinaphthoquinone system to obtain new derivatives; b) Structure of compound 1 with the 
best tripanomicidal effect and selectivity; c) Pharmacophoric model; d) 3D-QSAR representations for compounds in study. 
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With this purpose, we have recently synthesized a new series of 2-aryloxy-indolequinones with different substitution patterns 
(Figure 1a), which were tested for their trypanocidal effect and selectivity in cultures of T. cruzi and macrophages, respectively.

[3]
 From 

the results, we have identified several molecules with high trypanocidal effect and selectivity values never reported, as is for compound 
1 (Figure 1b, IC50 = 20 nM and SI = 625). In silico studies of these compounds generated a pharmacophore (Figure 1c) and their 
stereoelectronic properties were used to derive a 3D-QSAR model (Figure 1d). From these models, relevant structure–activity 
correlations were deduced for the design of new derivatives with enhanced trypanocidal activity. 
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Resin acids, such as dehydroabietic and abietic acids, are easily available from coniferous trees, and their typical source is pine resin. 

In plants, these compounds are thought to act as a defensive measure against herbivores, insects and pathogens.
[1]

 They have been 
found to possess many biological activities, such as antibacterial,

[2]
 anti-inflammatory

[3]
 and anticonvulsant.

[4]
 Thus, they are a good 

starting point for developing new compounds with interesting biological properties. Our group has experience in natural product 
chemistry,

[5–10]
 and we have recently studied the effects of several betulin and betulinic acid derivatives against Leishmania donovani. In 

the current study, we have synthesized a set of new diterpene derivatives that were found to be both more potent and selective against 
L. donovani than the parent dehydroabietic acid. The new compounds were able to inhibit the activity of L. donovani axenic amastigotes 
with low micromolar IC50 values and high selectivity index. These compounds show promise for further development as naturally 
inspired anti-leishmanial agents. 
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Chagas disease is a chronic systemic parasitic infection caused by the protozoa Trypanosoma cruzi, which constitutes a public health 

problem in many Latin American countries, with an estimated 7 to 8 million people infected worldwide and more than 25 million people 
at risk of the disease.

[1]
 Moreover, the recent influx of immigrants from countries endemic for the disease has meant that Chagas 

disease is becoming an important health issue in the USA, Canada, many parts of Europe and the western Pacific, where an increasing 
number of infected individuals has been identified.

[2]
 The presence of side-effects and the unclear efficacy of current drugs available for 

the treatment of Chagas disease, Benznidazole and Nifurtimox, clearly show the urgent need for more adequate treatments.
[3]

  
There are still very few fully validated drug targets in neglected diseases in general, for this reason phenotypic screening is becoming 

a powerful method that can promote the identification of new hits.
[4]

 Herein, we report the development of a T. cruzi in vitro 
phenotypic hit-discovery cascade which has allowed the identification of 11 cidal hit series, two of which have shown efficacy in an in 
vivo animal model. 
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Research and drug development is a long and expensive process that costs the pharmaceutical industry about 15 years and an 

investment of millions of dollars.
[1]

 In the drug development process, some general steps can be identified: the discovery of the 
molecule with biological activity, the optimization of these molecules, the in vivo studies in animal models, and stages of toxicological 
studies.

[2]
 For neglected diseases, research and development is carried out by universities and research institutes.

[3]
 In these institutions, 

generally this process only reaches preclinical stages. Among neglected diseases stands Chagas disease—a disease with the highest 
incidence in America. It is a disease caused by the parasite Trypanosoma cruzi, it affects millions of people worldwide and has no 
adequate treatment yet.

[4]
 In this work, we performed the search and design of new antiparasitic molecules. For this, we use a bio-

guided design process and hybrid molecules. In this way, we synthesized a hundred new thiazolidenhydrazines, of which twenty were 
good trypanosomicidal agents. Furthermore, these derivatives are active against different strains and stages of the parasite. These 
derivatives have a selectivity index of more than a hundred times higher, with no mutagenic or genotoxic effects.

[5–6]
 Some of them 

proved to be as potent as the reference drug, benznidazole, in an acute murine model of Chagas disease. In addition, it is important to 
highlight that these molecules have a simple and economic synthesis compared with others previously reported,

[7–9]
 an important 

feature in the search for a future drug against Chagas disease. 
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A novel series of 2,4-diamino-thienopyrimidines with potential as antimalarials was identified from whole-cell high-throughput 

screening of a SoftFocus ion channel library. Synthesis and structure–activity relationship studies identified compounds with potent 
antiplasmodial activity and low in vitro cytotoxicity. Several of these analogues exhibited in vivo activity in the Plasmodium berghei 
mouse model when administered orally. However, inhibition of the hERG potassium channel was identified as a liability for this series. 
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Malaria remains a major public health threat worldwide, being responsible for high mortality and morbidity burdens in malaria-

endemic countries. Full eradication of the disease requires intervention at the various developmental stages of the parasite within the 
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host, as well as, in the mosquito vector. The liver stage (LS) of Plasmodium spp. infection is a mandatory life-cycle step towards the 
generation of erythrocytic forms causing clinical symptoms. Thus, targeting exoerythrocytic forms (EEFs) of the parasite offers clear 
advantages, as only full blocking of the clinically silent liver stage leads to true causal prophylaxis, as well as targeting hypnozoitic forms 
responsible for relapses, posing a massive challenge for malaria eradication.

[1]
 

Breaking with traditional antimalarial drug discovery efforts, focused mainly on the intraerythrocytic stage of infection, we and 
others have initiated programs toward the discovery of antimalarials with new chemotypes and differentiated modes of action that 
target the underexploited liver stage of infection.

[2]
 For example, we recently disclosed novel LS malaria inhibitors that emerged from a 

high-throughput phenotypic LS Plasmodium parasite screen, and further analysis of these hits compounds showed that they act 
specifically on the LS of infection, suggesting that this phase of the parasite’s life cycle presents a promising area for new drug 
discovery.

[3,4]
 

In this report, we will describe the hit-to-lead optimization of a quinazoline-based hit, disclosing the synthesis and structure–activity 
relationship of a library of novel quinazolines selectively killing Plasmodium liver stages (IC50 values in single-digit nanomolar region). 
Further studies indicated that these compounds effect both parasite survival and development in the liver. Our efforts are now focused 
in developing suitable chemical tools to understand the mechanism of action and identify the molecular target(s) of these selective LS 
malaria inhibitors. 
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Quality of life of the aging population in the today's society is, to a great extent, determined by the normal aging process of neurons 

in the central nervous system (CNS) and especially in diseases characterized by accelerated neuronal loss, which are traditionally 
designated as neurodegenerative diseases (ND). The development of effective neuroprotective therapies that slow down or stop 
disease progression in the earliest stages is one of the main goals of the researchers in this area. The present communication provides 

an overview about the potential of 
different substituted coumarins as 
inhibitors of enzymatic systems involved in 
these pathologies (MAO-A, MAO-B, AChE 
and BuChE), and as antioxidantive and 
neuroprotective agents.

[1]
  

Coumarins are an important family of 
natural and/or synthetic compounds.

[1]
 For 

its many properties, these family of 
compounds occupies an important place in the area of natural products and Organic Chemistry.

 [1]
 We have developed synthetic 

methodologies that allowed us to obtain new series of differently substituted coumarins.
[2–5]

 Some synthetic 3-arylcoumarins already 
proved to be very potent and selective MAO-B inhibitors.

[2–4]
 Other substitution in the scaffold allow obtaining dual MAO-B/AChE 

inhibitors.
[5]

 Based on these results, and with the aim of finding more potent and selective chemical entities, we designed, synthesized 
and evaluated in vitro and in vivo new series of differently substituted coumarins. Synthetic routes and experimental (in vitro and in 
vivo) results will be reported in the communication. 
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There is increasing realization that effective treatment of complex diseases requires multi-targeted approaches. This is because in a 

complex disease network, targeting the inhibition of a particular protein may not be sufficient to restore the system to normality. Thus 
for optimal therapeutic benefits, approaches based on polypharmacology are likely to be more effective. Although combination 
treatments have long been used to achieve this purpose, the design of a single chemical entity that can act simultaneously at multiple 
molecular targets are less common due to the complexities in design. These compounds termed as ‘multi-targeted’ drugs, are less prone 
to drug resistance and should be more efficacious due to synergistic effects. This presentation outlines our efforts directed towards the 
development of multi-targeted ligands for the treatment of Parkinson’s disease. We report the synthesis and potential applications of a 
novel series of compounds that demonstrates highly potent MAO-B inhibitory activity with remarkable selectivity over other types of 
monoamine oxidase enzymes as well as exhibits unexpectedly excellent neuroprotection properties. This discovery may represent a real 
therapeutic breakthrough for the treatment of Parkinson’s disease, i.e. have the potential to provide both symptomatic relief and 
disease-modifying action such that further degeneration is prevented. 
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Improvements in healthcare in developed countries have led to increased life expectancy, which combined with a decreasing birth 

rate has resulted in progressive population ageing. Such trends show the necessity for the development of new treatments for 
neurodegenerative pathologies. Of particular relevance are Alzheimer’s disease (AD) and Parkinson’s disease (PD); for the former alone, 
it has been estimated that by 2050 there will be an incidence of 1 in 85 worldwide. Besides the relevant social costs, effective 
interventions are necessary to delay the onset of the pathology, improve the quality of life of the patients and slow down the 
progression of the symptoms.

[1]
 

Our interest lays in the oxidative stress caused by reactive oxygen species (ROS), which is among the common pathophysiological 
pathways shared by neurodegenerative diseases. ROS can directly damage DNA and lipids and modify proteins. Their implication in AD, 
PD and others, has been widely investigated. Activation of neuronal nitric oxide synthase, caused by increased levels of intracellular 
Ca

2+
, leads to abnormal levels of nitrite and superoxide and subsequently to ROS. Furthermore, activation of microglia by distress signals 

produced by nearby cells, leads to production of nitric oxide and ROS, contributing to protein aggregation and persistent 
neuroinflammation.

[2]
 

Natural polyphenols display the ability to scavenge free radicals directly and chelate pro-oxidant metals; examples among these are 
resveratrol, curcumin and flavonoids such as quercitin, which have been intensively studied.

[2]
 Bromophenols, obtained from red algae, 

have also displayed radical scavenging activities and, together with synthetic analogues, have been tested for their activities.
[3]

 
However, to-date, these reports have focused on 
phenols, catechols and pyrogallol derivatives. 
Here, we report routes to the synthesis of a new 
family of halogenated phenols (Figure 1) based 
on dimeric resorcinols, including the preparation 
of dendritic tetrameric and hexameric 
derivatives and their evaluation for ROS 
scavenging using a combination of techniques 
including DPPH assays, cell viability assays, 
cellular localisation studies and EPR. The effect of 
hydroxyl valency, halogen substitution and 
number and the rigidity and topology of linkers 
on ROS scavenging will be discussed. 
 

Figure 1. Example multivalent halophenols. 
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The inhibition of -secretase (BACE1) is a potential disease modifying mechanism for Alzheimer's Disease (AD).
[1]

 On the grounds of 

the amyloid hypothesis, many of the ongoing efforts in the pharmaceutical industry against AD are aimed at decreasing -amyloid (A) 
production and aggregation in the brain. The therapeutic potential of interfering with BACE1 is attributed to its role as the rate limiting 

enzyme for the formation of A. 
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Since the discovery and structural determination of BACE1, different series of potent in vitro inhibitors have been disclosed. To date, 
amidine and guanidine-containing heterocycles have emerged as the preferred structural class that combines cell and brain penetration 
with high ligand efficiencies.

[2]
 Our design of novel amidine-based warheads 

relied on in silico virtual screening and basic pKa calculation. 1,4-oxazines and 
pyrrolopiperazines are examples of potent BACE1 warheads that were optimized 
during the course of our medicinal chemistry program. The introduction of 
electron withdrawing groups on the central scaffolds as pKa-controlling 
elements, led to the finding of in vivo efficacious BACE1 inhibitors. 
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Alzheimer’s disease (AD), the most common form of dementia in the elderly population, is also a neurodegenerative disorder. It is 

clinically characterized by the progressive loss of memory and cognitive functions.
[1]

 Although its etiology is not fully understood, there 
are several experimental data supporting the idea that oxidative stress (OS) is associated with both initiation and progression of AD.

[2]
 

Moreover, AD is associated with the loss of cholinergic neurons in specific brain regions, resulting in a decrease in the amount of the 
neurotransmitter, acetylcholine (ACh) that mediates memory and learning function.

[3]
 So, currently the approved therapy for AD is 

focused on increasing cholinergic transmission with cholinesterase inhibitors (ChEI), which temporarily enhance the amount of ACh in 
neuronal synaptic cleft by inhibiting 
acetylcholinesterase (AChE) and 
butyrylcholinesterase (BuChE), the enzymes 
responsible for ACh degradation.

[4]
 Recently, 

three ChEIs namely donepezil, galantamine 
and rivastigmine have been used for this 
purpose. Unfortunately, these drugs provide 
only symptomatic improvement in AD. As a 
result, drug candidates to possess antioxidant 
activity besides cholinesterase inhibition may 
be more crucial in treatment of AD. 
Consequently, we synthesized six new 3(2H)-pyridazinone and six new 1(2H)-phthalazinone derivatives carrying N'-(4-
substitutedphenyl-1,3-thiazol-2-yl)acetohydrazide moiety at position 2 in order to investigate their antioxidant, acetylcholinesterase and 
butyrylcholinesterase inhibitory activities. 
 
References: 

 
[1] Disease-modifying therapies in Alzheimer’s disease, Salloway S, Mintzer J, Weiner MF, Cummings JL, Alzheimer’s & Dementia 2008, 4, 65–79. 
[2] Blood markers of oxidative stress in Alzheimer’s disease, Skoumalova´ A, Hort J, J Cell Mol Med 2012, 16(10), 2291–2300. 
[3] The cholinergic system in aging and neuronal degeneration, Schliebs R, Arendt T, Behav Brain Res 2011, 221, 555–563. 
[4] Cholinesterase inhibitors: new roles and therapeutic alternatives, Giacobini E, Pharmacol Res 2004, 50, 433–440. 

 
 

M006 | Adamantyl Group-Containing 1,4-Dihydropyridine Derivative Regulates Protein Expression Related to Synaptic 
Plasticity 
 
Gunars Duburs,

(1)
 Egils Bisenieks,

(1)
 Brigita Vigante,

(1)
 Ulrika Beitnere,

(2)
 Sergejs Isajevs,

(2)
 Vija Klusa

(2)
 

 
1) Latvian Institute of Organic Synthesis, Riga, Latvia 
2) University of Latvia, Faculty of Medicine, Riga, Latvia 

 
During the last decade, interest has arisen to neurotropic effects of different 1,4-dihydropyridines (1,4-DHPs) due to their ability of 

penetrating the blood–brain barrier and reducing the risk to develop neurodegenerative diseases. For instance, about a 27% reduction 
in Parkinson’s disease risk was observed in patients who had taken centrally acting calcium channel blocking drugs.

[1]
 Some drugs (e.g., 
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isradipine) are found as beneficial also for the Alzheimer’s disease treatment strategy.
[2]

 Memory-improving/neuroprotective effects 
were described also for atypical (neuronally non-calcium-antagonist) class of 1,4-DHPs.

[3]
 Our concept is that neuroprotective activity of 

1,4-DHPs is mediated through their regulatory effects on the expression of proteins attributed to synaptic plasticity. 
The present study investigated influence of adamantyl-group containing 1,4-DHP compound (V-6-93, derivative of cerebrocrast) on 

the impairment in cognitive functions and changes in the expression of rat hippocampal brain-derived neurotrophic factor (BDNF) and 
protein biomarkers related to cholinergic (AChE) and 
glutamatergic (glutamate decarboxylase 67, GAD67) 
systems in animal model of 2h-immobilization stress 
in Wistar male rats. Learning/memory was evaluated 
in passive avoidance response (PAR) test. Stress 
induced impairment in memory, and a considerable 
overexpression of BDNF, AChE in the striatum, as 
well as overexpression of BDNF and GAD67 in the 
hippocampus. These changes were protected by V-6-
93. Results are in agreement with those in literature 
that immobilization stress challenge induces rapid induction of BDNF expression in the hippocampus that coincided with a decline in 
memory.

[4]
 Our data agreed with reports demonstrated increased GAD67 mRNA expression in several stress-relevant brain regions, 

including the hippocampus,
[5]

 as well as increased brain AChE activity expression.
[6]

 We are focusing attention to V-6-93 regulatory 
effects on BDNF expression by providing its normalization. The cell requires the balanced BDNF expression, because BDNF 
overexpression by itself may lead to memory impairment,

[4]
 or promotion of epileptogenesis via activation of its cognate receptor 

TrkB.
[7]

 The drug which repertoire of action involves regulation of BDNF (and other proteins) expression cannot be overestimated. One 
may consider that peculiarities of 1,4-DHP structure, as well as adamantyl-moiety play an essential role also for their function to act as 
protein stabilizer. 
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Over the past years, the enzyme tyrosinase (polyphenol oxidase, EC 1.14.18.1) has received considerable attention as an 

indispensable tool in the performance of studies on a wide range of topics. Tyrosinase catalyzes three different reactions in the 
biosynthetic pathway of melanin in melanocytes: the hydroxylation of tyrosine to L-DOPA and the oxidation of L-DOPA to 
dopaquinone.

[1]
 Furthermore, in humans, dopaquinone is converted by a series of complex reactions involving cyclization and oxidative 

polymerizations, which finally result in the formation of melanin.
[2]

 However, this beneficial trait comes in hand with some severe vices 
and human diseases because of the overproduction of melanin.

[3–5]
 As the unregulated action of tyrosinase is factor in a number of 

human disease etiologies, tyrosinase inhibition has thus been avidly explored as an avenue for therapies to these diseases. Besides, 
some authors suggested that tyrosinase may contribute to the neurodegeneration associated with Parkinson’s disease.

[6]
 

The aim of the present study is the development of new pharmacological tools for preliminary studies on the tyrosinase enzyme 
inhibition role eventually in melanoma and Parkinson’s disease. A new class of low-molecular-weight phenols, related to chalcones and 
phenylpropanoid, and in particular reminiscent of natural structures, having inhibitory activity against tyrosinase, was designed, 
synthesized and characterized. 

A first approach consisted in the determination of the inhibitory activity of each molecule by means of an amperometric biosensor. 
This device exploits the ability of tyrosinase to catalytically transform catechols to quinones, which are electrochemically detected on 

the surface of epoxy carbon-based microsensors, suitably modified, by applying a reduction potential of 50 mV vs Ag/AgCl. The 
interaction between inhibitor and enzyme could be revealed from the variations in the Michaelis–Menten kinetic parameters, 
extrapolated both in the presence and absence of the inhibitor. The specific kind of inhibition could be identified by means of a 
Lineweaver–Burk plot, matching results obtained with and without the tyrosinase inhibitor. Moreover, the effects of same molecules 
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were preliminary tested on the viability of PC12 cells, a cell line derived from murine pheochromocytoma, (in culture with medium 
alone or supplemented with hydrogen peroxide) in order to test their eventual biological properties. 
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Alzheimer’s disease (AD) is one of the most frequent neurodegenerative disorders in elderly. Even though the extracellular 

accumulation of amyloid -peptide (A) is one of the hallmarks in AD pathogenesis, it is also well known that intracellular A interacts 
with various proteins and thus interferes with their proper function. One of the affected proteins is amyloid-binding alcohol 

dehydrogenase (ABAD), enzyme known for its direct interaction with A. The interaction with A alters ABAD’s physiological functions, 

which leads to disruption of mitochondrial homeostasis and finally to cell death. For this reason, ABAD-A interaction and ABAD itself 
represent a potential drug targets for AD treatment.

[1,2]
 Previously, an FDA approved immunosuppressant frentizole has been found to 

act as inhibitor of ABAD-A interaction.
[3]

 
We have prepared series of frentizole analogues with different substitution of phenyl and benzothiazolyl moieties and consequently 

evaluated their potency to affect ABAD enzymatic activity. Generally, the synthesis of substituted benzothiazolylureas was performed in 
three steps in high yields (see Scheme). Identity and purity of prepared compounds were confirmed by 

1
H and 

13
C NMR and HRMS. 

Several compounds were found to be micromolar ABAD inhibitors with K690 and K691 being the best hits.
[4]

 These structures were 

further optimized, which resulted in identification of high nanomolar inhibitors. Interestingly, one compound exhibited 20 % increase 
in ABAD activity. 
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Adenosine modulates a great variety of biological functions both in the central nervous system and in peripheral tissues via 

G protein-coupled receptors, classified as A1, A2A, A2B and A3 receptor subtypes.
[1]

 A1 and A2A adenosine receptor (AR) antagonists are 
attractive pharmacological agents for the treatment of neurodegenerative disorders. Selective A1 AR antagonists have demonstrated 
promising therapeutic potential for the treatment of cognitive diseases, Alzheimer’s disease, renal and cardiac failure. A2A ARs are 
present in high density in the basal ganglia where they are co-localized with dopamine D2 receptors and are able to cross-talk with 
dopamine receptors. Accumulating evidence exists that A2A AR antagonists may provide a novel therapy for the treatment of 
Parkinson’s disease with lower risk of dyskinesia associated with standard dopaminomimetic therapy. These observations were 
elucidated by the evaluation of Istradefylline in clinical trials. 

Xanthines are well-known AR ligands.
[2,3]

 In our studies, we focused on annelated xanthine derivatives as AR antagonists.
[4]

 In our 
previous work,

[5]
 we have shown that selected adenosine A2A R antagonists possessed anti-parkinsonian effects in “reserpine-” and 

“oxotremorine-induced” animal models. These results prompted us to develop novel compounds (see Figure) sharing structural 
elements of ARs ligands (xanthine) and a dopamine fragment. So 
1,3-dialkyl derivatives of xanthines, possessing at the 8-position a 
dopamine moiety (III) were obtained. These bicyclic compounds 
were compared with dialkyl-substitutedannelated structures: 
pyrimidopurinediones (I) and pyrazinopurinediones (II) having a 
dopamine moiety incorporated in the tricyclic structures. 
Compounds were tested in radioligand binding assays for their 
affinity at A1, A2A, A2B, and A3 ARs. Surprisingly, compounds 
showed higher affinity at A1 AR (rat) than at A2A ARs and were 
essentially devoid of affinity at A2B and A3 ARs. 

The compounds were evaluated in silico on their “drugability” 
properties, including potential toxic effects as well as their ability 
to penetrate the blood–brain barrier using semi-empirical methods on the basis of models of Zhao, Norinder and Haeberlein. 
Experimental methods were used to examine their cytotoxic and antioxidant properties. To predict possible binding modes of the 
obtained compounds (I–III) inside the binding pocket of the human A2A and A1 ARs, molecular modelling and docking methods were 
applied. 
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Beta-amyloid peptide (Ab) is the major proteinaceous component of senile plaques that characterize Alzheimer's disease (AD). The 

aggregation of Ab is associated with neurodegeneration, loss of cognitive ability, and premature death. Understanding the aggregation 
mechanism and finding ways to inhibit its progression, is therefore a major research target in the fight against AD with worldwide 
impact. 

It has been suggested that oxidative stress and generation of free radical 
species have implications in the aggregation of Ab and its subsequent 
neurotoxicity. For this reason, it is proposed that antioxidants such as 
oleuropein (OE), the major glycoside of the leaves and unprocessed olive drupes 
of Olea europaea, may offer a protective or therapeutic alternative against 
amyloidosis. In addition, our group has previously reported the neuroprotection 
effect of OE by forming a noncovalent complex with the Ab peptide. 

Within this context it was considered interesting to synthesize a series of 
novel hydroxytyrosol derivatives possessing structural analogy to OE and to 

study their ability to interact with the amyloid peptide A. Consequently, we 
present here a convenient and facile synthesis of hydroxytyrosol and its 
lipophilic esters which could be viewed as OE aglycon analogues (Figure 1). More 
precisely, the new compounds possess the hydroxy-tyrosol scaffold bearing 

modifications on the -carbon of the catechol side chain. The activityof the 
compounds was evaluated in vitro, by means of their interaction with the 

amyloid peptide A(1–28) with electrospray ionization mass spectrometry 
(ESI-MS) and circular dichroism (CD). 
 
 
Figure 1. Molecular structure of OE. The molecule is a glucoside consisting of a 
glucose unit (A) and a moiety called OE aglycon (B). The latter consists of two 
chemical subunits, the polyphenolic part hydroxytyrosol (C) and the lactone part 
elenolic acid (D). 
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Searching for drugs with multidirectional mechanism of action (multi-target-directed ligands, MTDLs) raises hope for a progress in 

the treatment of complex and refractory diseases, such as Alzheimer’s disease (AD).
[1]

 For the vast majority of the MTDLs reported in 

the field of AD the main targets are cholinesterases activity and amyloid- (A) toxicity.
[2,3]

 Cholinesterases, acetyl- and 
butyrychcholinesterase (AChE, BuChE) are enzymes responsible for the hydrolysis of acetylcholine. Cholinergic neurotransmission is 
significantly impaired over the course of the disease and can be improved by inhibition of those enzymes. In fact, such cholinesterases 
inhibitors, donepezil and rivastigmine and galantamine, became the first marketed anti-Alzheimer drugs. Although they are sometimes 
regarded as only symptomatic treatment there is a growing body of evidence suggesting their involvement in certain disease-modifying 

effects. It was found that AChE could bind A and promote its aggregation into toxic plaques. The fragment of AChE responsible for 

interactions with A is a peripheral anionic site (PAS) located at the entrance to the gorge leading to the catalytic site of the enzyme. 
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Compounds able to bind to the both sites at the same time could not only be more efficient AchE inhibitors but also prevent the 
formation of the toxic plaques. 

The study presents the design, molecular modelling, synthesis, and pharmacological evaluation of novel heterodimeric 
cholinesterases inhibitors. The structures were designed to combine two pharmacophores: N-benzylpiperidine as a fragment interacting 
with the catalytic site and indole or phthalimide moiety reported as PAS ligands. Among the compounds obtained we found mixed 
AChE/BuChE inhibitors and selective BuChE inhibitors with sub-micromolar activities. Furthermore, the active compounds significantly 

prevent the aggregation of Ab in vitro. Given the selectivity towards BuChE and the A-anti-aggregating properties the study described 
herein is a promising start for the search for new MTDLs as potential drugs against Alzheimer’s disease. 
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Alzheimer’s disease (AD) represents a fundamental challenge for public health in the 21st century. Current AD therapies largely 

focus on symptomatic aspects of the clinical pathology, but they have yet to demonstrate any major impact on the disease 
progression.

[1]
 The most important role of the research aimed at fighting the AD is the development of neuro-protective agents, able to 

interfere with the protein aggregation process whose clinical signature is represented by the plaques deposition. An important role in 
AD’s framework could be played by heat 
shock proteins (HSPs), highly regulated 
proteins that mediate the proteins proper 
folding and promote recovery of their native 
conformations lost due to stress.

[2]
 Recently, it 

was shown that HSP60 mediates translocation 
of amyloid precursor protein (APP) and 

amyloid beta peptide (A) to the 
mitochondria, leading to dysfunction of the 
organelle.

[3]
 In the field of potential 

therapeutic approaches, curcumin, a non-
toxic component of the curry spice turmeric, 
with anti-inflammatory, antioxidant and anti-aggregation properties, is emerging as a lead-compound for the development of 
neuroprotective drugs.

[4]
 Here we present our recent findings on Curcumin and Curcumin-like drugs obtained by a combination of 

cellular and in-vitro experiments, such as thioflavine T fluorescence spectroscopy and small angle X-ray scattering.
[5]

 In particular, 
together with the synthesis of some curcumin-like compounds, we present the results about their effect on a neuronal cell model, 

concerning the cytotoxicity and ability to affect Hsp60 expression, as well as their influence on A aggregation, provided by in vitro 
experiments. 
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Both in the periphery and in the brain, mammals degrade most non-proteinogenic L-tryptophan through the so-called kynurenine 

pathway (KP).
[1]

 This branched metabolic cascade is now recognized as a key component of an intricate network of immune and 
inflammatory processes. Indeed, several KP metabolites have distinct neuromodulatory properties and may be causally involved in the 
aetiology of acute and chronic brain diseases. As such, the pathway has attracted substantial attention from investigators in the 
neurosciences.

[2]
 An imbalance between neuroprotective [kynurenic acid (KYNA)] and neurotoxic [3-hydroxykynurenine (3-HK) and 

quinolinic acid (QUIN)] KP metabolites has been tentatively linked to the onset and propagation of a number of severe neurological 
disorders, as those above mentioned.

[3]
 Among the enzymes belonging to this pathway, 3-hydroxyanthranilic acid 3,4-dioxygenase 

(3-HAO) is the one responsible for the production of the neurotoxic tryptophan metabolite quinolinic acid (QUIN). Elevated brain levels 
of QUIN are observed in several neurodegenerative diseases, but pharmacological investigation on its role in the pathogenesis of these 
conditions is difficult because the only class of substrate-analogue 3-HAO inhibitors reported so far suffer of poor chemical stability, 
resulting in a useless pharmacological tool. Here we report the design, synthesis, and biological evaluation of a novel class of chemically 
stable inhibitors of 3-HAO based on the 2-aminonicotinic acid 1-oxide nucleus. After the preliminary in vitro evaluation of newly 
synthesized compounds using brain tissue homogenate, we selected the most active inhibitor and assessed its ability to acutely reduce 
the production of QUIN in the rat brain in vivo.

[4]
 Along with the innovative clinical relevance, these findings provide a novel 

pharmacological tool for the study of the mechanisms underlying the onset and propagation of neurodegenerative diseases. 
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Huntington’s disease (HD) is a rare, fatal, autosomal dominant inherited disease caused by a CAG repeat expansion in the huntingtin 

(Htt) gene that results in an expanded polyglutamine tract in the mutant huntingtin (mHTT) protein. Clinical manifestations of this 
disease include motor and cognitive impairment, psychiatric disturbances, as well as metabolic abnormalities, with disease onset 
typically occurring between the ages of 30 and 50, and death within 15 to 20 years. Kynurenine monooxygenase (KMO) is an enzyme in 
the Kynurenine Pathway (KP) that catalyses the conversion of kynurenine (KYN) to 3-hydroxykynurenine (3-HK), a precursor of quinolinic 
acid (QA), a metabolite that has been found to be neurotoxic at supraphysiological concentrations. It has been shown that in 
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postmortem brain of early stage HD patients, 3-HK is increased in both striatum and cortex. Furthermore, QA and 3-HK levels have been 
found to be elevated in the striatum, cortex and cerebellum of R6/2 HD transgenic mice. Therefore, it has been postulated that central 
inhibition of KMO should result in decreased levels of 3-HK whilst concurrently increasing the levels of Kynurenic acid (KYNA), a 
metabolite that has been shown to be neuroprotective. CHDI and Evotec have been collaborating on an integrated drug discovery 
program towards identifying potent and selective KMO inhibitors for use in proof of concept studies in HD. 

We present here, our efforts in the optimization of a series of potent KMO inhibitors. We show that oral administration of the lead 
compound to rats and mice leads to systemic elevation of Kynurenine and a subsequently increase KYNA levels centrally, as measured 
by microdialysis studies. We further showed that in non-human primates a profound PK/PD effect is observed in both plasma and CSF. 
Efforts to progress the lead compound to the clinic are underway.  
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Alzheimer's disease (AD) is a devastating age-dependent neurodegenerative disorder. The main disease hallmarks are the 

impairment of cholinergic system and the accumulation in brain of beta-amyloid (A) aggregates, which have been associated with 
oxidative damage and dyshomeostasis of redox-active biometals. The absence of drug for an effective AD cure has been attributed to 
the complexity and multifactorial nature of this disease. Thus, we have assisted to a recent intensive research focused on the 
development of multifunctional compounds aimed at targeting different disease pathways.

[1]
 These challenging issues have also been an 

important part of our recent research interests, by exploring various multifunctional heterocyclic compound families aimed at potential 
application as AD drug candidates.

[2]
 One of current drug developing strategy has been based on the repositioning of known drugs in 

which convenient modifications or extra functionalizations are made, resulting a final whole molecule entity with improved biological 
activity due to its capacity to target and interfere with several disease factors and mechanisms. Interestingly, in medicinal chemistry we 
have also assisted to a recent increased trend towards the development of drugs or drug-fragments based on natural products.  

With this in mind, we have explored and performed an integrated study on a set of hybrid compounds (TAC-SAC), which conjugate a 
known drug, tacrine (TAC), with a natural compound, S-allylcysteine (SAC). Thus, these semi-natural hybrids combine the known role of 
TAC, as acetylcholine esterase (AChE) inhibitor for improving the acetylcholine (ACh) levels and impulse transmissions in cholinergic 
synapses, with the properties of SAC, a garlic 
constituent with neuroprotective capacities 
(attributed to the antioxidant and metal-binding 
properties).

[3]
 Herein, we report preliminary results 

of exploring a new set of semi-natural derivatives as 
potential anti-AD multitarget drug candidates. The 
docking modeling studies allowed the selection of 
linkers for potential dual binding to both AChE active 
sites, namely the catalytic active site (CAS) and the 
peripherical anionic site (PAS). This novel series of 
tacrine-SAC hybrids were evaluated on some of their 
most relevant biological and physico-chemical 
properties, namely the inhibitory capacity against 
AChE, the neuroprotective effects against 

neuroblastoma cells stressed with A-peptide, the 

inhibition of A self-aggregation, as well as the anti-
oxidant and the Cu-chelating properties. This data, together with the molecular modeling of ligand-enzyme interaction, allow a broader 
structure-activity relationship analysis. The most promising results were presented by compound 9d, especially the remarkable neuro-
regenerative role. 
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Alzheimer's disease (AD) is one of the major health problems worldwide affecting more than 36 million people. Recent statistics 

showed that the number of affected people will increase to 65.7 million by 2030 and 115.4 million by 2050, which is caused by a 
significant increase in life expectancy in the past decades. AD is characterized by the progressive and irreversible differentation of the 
limbic system, association neocortex, and basal forebrain accompanied by the formation of neuritic amyloid plaques, amyloid 

angiopathy, neurofibrillary tangles (NFTs), and neuropil threads. In AD, amyloid- peptide 1–42 (A1–42), a proteolytic product of 
amyloid precursor protein (APP) metabolism, accumulates in the neuronal endoplasmic reticulum (ER) and extracellularly. The primary 
pathogenic event triggering synaptic loss and selective neuronal cell death in these disorders is not yet completely clear.

[1]
 Cys C was 

found to co-localize with A in amyloid-laden vascular walls, and in senile plaque cores of amyloid in brains of patients with AD, Down’s 
syndrome, HCHWA-D, intracranial hemorrhage, cerebral infarction, and of elderly subjects without any neurological disorder. Cys C also 

known as -trace, is a basic protein originally identified in human CSF and subsequently, also found in all other mammalian body fluids 
and tissues CysC is highly abundant in brain tissue, expressed by neurons, astrocytes, and microglial cells in the brains of different 

species. Furthermore, in vitro studies have shown that CysC binds to A (A(1–40) and A(1–42)) and inhibits fibril formation and 

oligomerization of A in a concentration-dependent manner.
[2]

 Using a combination of selective proteolytic excision and high-resolution 

mass spectrometry the binding sites in peptide A and hCC sequences were assessed as A(17-28) and hCC(101-117).
[3]

 The 

identification of hCC binding sites may result in designing of inhibitors of amyloid  aggregation process. Here we report future details 

concerning hCC–A interaction. With the use of affinity tests and ELISA assay the amino acid residues in hCC sequence crucial for 
protein interaction were determined. 
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Alzheimer’s disease (AD) is the most common cause of late-life dementia. This neuropathology is characterized by an extracellular 

accumulation of amyloid plaques, caused by amyloid -peptide (A) aggregation, and by the presence of intracellular neurofibrillary 

tangles (NFTs), formed by aggregation of hyperphosphorylated tau protein. The sequential proteolysis of the amyloid -protein 

precursor (APP) leads to the formation of two types of amyloid -peptides A1–40 and A1–42 that during the aggregation process form 

oligomeric species and fibrils, characterized by a high content of -sheets, in which the -strands are perpendicular to the fibril axis.
[1]

 It 

is now widely recognized that, small soluble A oligomers (tri-, tetra- and pentamers), rather than amyloid fibers, are the neurotoxic 
species.

[2]
 

Numerous inhibitors of amyloid formation have been investigated that influence amyloidogenesis either by inhibiting the fibril 

formation or accelerating the aggregation process and forming non-toxic aggregates.
[3]

 Rational design of A1–42 aggregation inhibitors 
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has been essentially based on short peptides that are truncated versions of the full-length A1–42. Recently, macrocyclic mimics of -
sheets have shown efficient anti-aggregation activity.

[4]
 

Herein, we present the synthesis of a new class of peptidomimetics containing a conformationally con-strained bifunctional 2,5-
diketopiperazine as a turn inducing element bearing peptidic and peptidomimetic arms.

[5]
 The relative orientation of the two arms 

depends on the configuration of the diketopiperazine scaffold (Figure 1): cis DKP leads to the formation of well-organized -hairpin 

which inhibits the aggregation of A1–42 peptide, whereas trans DKP accelerates the formation of oligomeric species. 

 
Figure 1. Hypothesis of interaction of DKP-based hairpins with Aβ1–42 in order to inhibit its aggregation. 
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Oxidative stress is one of the most crucial factors involved in the development of degenerative diseases like cancer and Alzheimer, 

and of ischemia episodes as well. Oxidative stress involves the generation of reactive oxygen (ROS) and nitrogen (RNS) species,
[1]

 leading 
to the chemical modification of relevant biomolecules, specially lipids and proteins.

[2]
 It is accepted that the use of antioxidant and 

neuroprotective agents reduces the levels of oxidative damage; however, these compounds should reach the potentially damaged 
target tissues. At the central nervous system level, the blood–brain barrier 
(BBB) protects the brain from the action of a wide variety of organic 
molecules and drugs.

[3]
 Consequently, the importance of developing novel 

antioxidant agents with good penetration across the BBB continues to be a 
subject of pharmaceutical interest. 

We previously reported the antioxidant agent 3,4-dihydro-2,2-dimethyl-

7-metoxy-1-(2H)benzopyran (CR6),
[2,4]

 an analogue of - and -tocopherols 
(Figure 1A), which is currently used in dermopharmacy, and it is also in phase 
II clinical trials for anticancer treatment. In our present work, our goal has 
been the synthesis of a short library of CR-6 analogues that could improve the penetration across the BBB. Accordingly, eleven novel 
CR6 analogues bearing the general structure shown in Figure 1B have been synthesized. Their antioxidant activity has been tested using 
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the DPPH assay,
[5]

 as well as the cellular antioxidant activity (CAA) assay
[6]

 against two different cancer cell lines. Moreover, their 
capacity to cross the BBB by passive diffusion transport has been evaluated using the in vitro PAMPA membrane model.

[7]
 Results 

obtained along these lines will be presented. 
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Although the aetiology of AD is still unknown, the build-up of amyloid -peptide (A) is considered to play a central role in the 

pathogenesis of the disease. It is well established that the intracellular accumulation of A is associated with AD and increasing 

evidence suggests that mitochondria may be an important target for intracellular A to exert its neurotoxic effects. Amyloid-binding 

alcohol dehydrogenase (ABAD) is to date the most characterized A-binding intracellular protein. Direct interaction of this 

mitochondrial enzyme with A was confirmed by many different methods. A binding to ABAD triggers a series of events leading to 
mitochondrial dysfunction characteristic for AD. Thus this interaction may represent a novel target for treatment strategy against  
AD.

[1–4]
 The benzothiazolyl analogues related to known immunosuppressant frentizole were synthesized and in vitro evaluated for their 

capability to inhibit ABAD. Several prepared compounds showed ability to inhibit ABAD in vitro on low-micromolar scale.
[5]

 These 

promising compounds are going to be further tested on inhibition of A–ABAD interaction. 
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Mitochondria play a central role in the regulation and handling of Ca

2+
 by cells. To perform this accurate role, mitochondria take up 

Ca
2+

 through the Ca
2+

 uniporter (MCU) and release it back to the cytosol mainly through the mitochondrial Na
+
/Ca

2+
 exchanger (mNCX). 

However, mitochondria do not store Ca
2+

. Hence, the mNCX plays an essential role in the control of [Ca
2+

]M and the Ca
2+

 crosstalk 
among mitochondria, cytosol, and ER.In the last thirty years, few contributions have focused on the design and preparation of chemical 
entities capable to interact with the mNCX, even though the mNCX misfunctionality has been implicated in several diseases, like 
diabetes, stroke, Parkinson's or Alzheimer's disease (AD). The discovery of the 4,1-benzothiazepine CGP37157 about thirty years ago, 
constituted a breakthrough for the study of the mNCX and its role in several diseases. But CGP37157 also modulates other ionic 
channels at slightly higher concentrations. This has hindered the knowledge of the real contribution of mNCX to physiological and 
pathological processes. Hence, we decided to synthesize new chemical derivatives of CGP37157 with two aims, enhancing mNCX 
blockade and selectivity, and figuring out how this can affect the neuroprotective profile of the compounds. With these goals, we 
synthesized CGP37157 derivatives and, taking into account its low aqueous solubility, we designed pyridine-like derivatives to aid the 
formation of ionized-water soluble analogues. Overall, most of the compounds kept the neuroprotective properties of CGP37157 
against toxic stimuli related to oxidative stress and Ca

2+
 overload, two of the principal physiopathologic signals described in 

neurodegenerative diseases and, in one case, we could improve the mNCX blocking activity. Thus, we describe the best mNCX blocker in 
three decades, i.e. ITH12575. Neuroprotective and electrophysiological studies of each enantiomer have been performed, to 
characterize its whole mechanism of action. 
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Neurodegenerative diseases have been proposed to possess a multifactorial nature. Hence, there is a rising interest in the 

development of new neuroprotective compounds interacting with two or more biological targets implicated in the neurodegenerative 
progression. Ca

2+
 plays a pivotal role in a plethora of cellular events, so its cytosolic concentrations are finely controlled by intracellular 

organelles. When this accurate control is impaired, a cascade of pro-apoptotic events can occur. Thus, compounds tuning the cell Ca
2+

 
signal have been classically studied for the treatment of neurodegenerative diseases. On the other hand, scientific community has 
recently paid attention to phosphoprotein phosphatase 2A (PP2A) by its role in the dephosphorylating process of tau protein, taking 
into account that one of the hallmarks of Alzheimer´s disease are the presence of neurofibrillary tangles (NFT), mainly formed by 
aggregates of hyperphosphorylated tau protein. 

With these precedents, we focused on an indole alkaloid, gramine, as a potential hit compound for the synthesis of new 
neuroprotectants, due to our observation that it blocked Ca

2+
 entry through voltage-dependent Ca

2+
 channels (VDCC) and protected 

neuronal cultures against toxic stimuli related to neurodegeneration, e.g. high glutamate exposure, rotenone/oligomycin A-induced 
oxidative stress, or okadaic acid-elicited tau hyperphosphorylation. Thus, we have synthesized two dozens of 3-substituted indole 
derivatives related to gramine that have shown, in some cases, improved neuroprotective profile in several in vitro models of 
neurodegeneration. In general, these compounds have reduced Ca

2+
 entry through VDCC, as observed in patch-clamp experiments, and 

some of them avoided the okadaic acid-induced PP2A inhibition, as shown in immunoprecipitation experiments. To get insights on 
chemical and pharmacokinetics characteristics of gramine derivatives and in the interaction with PP2A, we also applied molecular 
modeling methodologies and in silico ADME-Tox tools. We hypothesize that the dual action on Ca

2+
 channels and PP2A can lead to a 

new promising approach for the treatment of some neurodegenerative diseases like Alzheimer´s disease. 
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In 2010, 19% of all cancer deaths were from lung cancer and around 80% of these cases were non-small-cell lung cancer (NSCLC) 

where about 65% of NSCLC patients presented localized advanced or metastatic disease. When surgery is not possible, a platinum-
based chemotherapy is the first-line treatment, and new cytotoxic drugs such as Gemcitabine, Vinorelbine and Docetaxel have been 
introduced in the treatment, which has resulted in some improvements. However, the overall survival in 2002 was stated at about only 
eight months in clinical trial settings,

[1]
 which is of very low prognosis. 

Glutathione (GSH) level has been reported to be elevated in NSCLC, suggesting GSH inhibition as a possible target to treat this 
disease. Accordingly, cycloalkenone compounds as the natural compound 2-crotonyloxymethyl-(4R,5R,6R)-4,5,6-trihydroxycyclohex-2-
enone (COTC) and its synthetic analogue, 2-crotonyloxymethyl-2-cyclohexenone (COMC), have already been reported to react with GSH 
leading to GSH depletion, and to induce antitumor activity. 

In line with our interest on the synthesis of carbocycles and functionalized 2-cyclopentenones, namely recent methodologies for the 
introduction of hydroxymethyl group,

[2]
 prompted us to synthesize a range of 2-hydroxymethyl-2-cyclohexenones, 2-cyclopentenones 

and 2-hydroxycyclopentene in order to explore their antiproliferative activity in a NSCLC cell line (NCI-H460). Tumor cell lines from 
breast (MCF-7) and colonic (HT-29) origin were also used in this screening to search for other interesting antitumor activities. Within 
active molecules, we found one compound with selectivity for NSCLC cells and activity (IC50=3.9 μM) that is in the range of cisplatin. 
Additionally, the combined results suggest that its mode of action might also involve other mechanisms.

[3]
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Microtubules are important in mitosis and have been recognized as an important target for the development of novel anticancer 

drugs. Combretastatin A-4 (CA-4) is one of the well-known natural tubulin-binding molecules affecting microtubule dynamics. CA-4 has 
provided researchers a simple structural template for the design of related compounds with potent activity and a large number of 
combretastatin analogues have been prepared as potential anticancer agents including chalcones, some of which have recently been 
reviewed. There are many indole-based compounds found to be effective as tubulin assembly inhibitors. Cinnamon amides having an 
α,β-unsaturated ketone moiety) are shown to bind to tubulin, thereby causing an inhibition of its polymerization and alteration in the 
tubulin-microtubule equilibrium. Encouraged with these results and to discover novel anticancer agents, we have synthesized a series of 
indolylacrylamides as 
potential anticancer agents 
and determined their 
cytotoxic activity against five 
human cancer cell lines. 
Compound 3e showed 
significant antiproliferative 
activity against both the Raji 
and HL60 cell lines with IC50 
values of 9.5 and 5.1 µM, 
respectively. Compound 3e 
also exhibited moderate 
inhibitory activity on tubulin 
polymerization (IC50 = 17 µM). 
Flow cytometric analysis of 
cultured cells treated with 3e also demonstrated that the compound caused cell cycle arrest at the G2/M phase in HL-60 and HeLa cells. 
Moreover, 3e, the most active compound, caused an apoptotic cell death through the activation of caspase-3. Docking simulations 
suggested that 3e binds to the colchicine site of tubulin. 
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Riboflavin (RF) is the essential vitamin for humans and its derivatives (FMN and FAD) participate in fundamental physiological events 

including energetic process, lipid metabolism, vitamin synthesis.
[1]

 From a chemical point of view, RF is composed of a D-ribitol chain and 
an isoalloxazine moiety responsible for electronic and optoelectronic properties. Thanks to these features, a number of applications 
have been developed in the area of nanotechnology including biosensors, biocatalysis, stimuli responsive systems, hydrogels, biofuel 
cells.

[2]
 On the other hand, RF also acts as a targeting agent for RF receptors which are highly upregulated in metabolically active cells, in 

particular prostate and breast cancer.
[3]

 Surprisingly, to the best of our knowledge, no amphiphile derivatives of RF were prepared and 
studied up to date. Taking into account the physicochemical properties and targeting efficacy, we consider that a modification of 
riboflavin into an amphiphilic derivative would create innovative targeted self-assembled nanosystems (liposomes, micelles, 
nanoparticles). 

The aim of this project was to synthesize new amphiphilic derivatives of riboflavin and to study their self-aggregation, 
supramolecular assembly morphologies, physicochemical properties, incorporation into nano-systems and biomedical application. 

We designed and synthesized two groups of RF derivatives bearing different lipid chains and/or polar groups. As a result we 
obtained 7 new amphiphilic molecules with different chemistry (phosphoramidate and click chemistry), different number and nature of 
hydrophobic/polar group. Physicochemical studies of these molecules helped us to select candidates able to self-aggregate in aqueous 
solutions. To complete this work, molecular modelling calculations based on a coarse grain approach are performed in parallel. For 
biological evaluation of these new molecules we prepared and characterized fluorescent liposomes and functionalized them with the 
selected RF amphiphiles. The RF moiety is considered to be on the surface of the liposomes, providing specific targeting, and the 
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hydrophobic moiety is anchored into lipid bilayer. First in vitro studies on PC3 and A431 cancer cell lines showed higher uptake of the RF 
derivative functionalized liposomes compared to liposomes without RF amphiphiles. The specificity towards RF receptors was also 
confirmed in competitive binding experiments. These targeted liposomes will be further evaluated and tested for imaging and drug 
delivery in vivo. In conclusion, we synthesized new amphiphile derivatives of riboflavin that could be used as versatile tool to 
functionalize micelles, liposomes, magnetoliposomes or lipid nanoparticles to ensure cancer cell targeting for imaging and/or 
therapeutic purposes. 
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Epilepsy affects about 50 million people worldwide (~0.5–2% of the population), and treatment options for this debilitating disorder 

are limited.
[1]

 Although there has been a profusion of new-generation antiepileptic drugs (AEDs) over the past two decades, their 
introduction has not had a major impact on the one-third of patients with epilepsy who have drug-refractory seizures. While there is 
currently no “antiepileptogenic” drugs available, the goal for new antiepileptic drug development is to maximize quality of life by 
minimizing seizures (decrease the frequency and/or severity) and adverse drug effects. An estimated 0.7–1.1 million patients with 
epilepsy across the seven major pharmaceutical markets (US, France, Germany, Italy, Spain, UK and Japan) are currently inadequately 
treated.

[2]
 Valproic acid (VPA, sodium valproate) is effective for treatment of generalized and partial epilepsy, febrile convulsion and 

post-traumatic epilepsy. VPA acts by inhibiting GABA transaminase, facilitates glutamic acid decarboxylase, increases the concentration 
of inhibitory neurotransmitter GABA at its receptors, and exhibits some effect on sodium channels. Relatively few unwanted effects of 
VPA are anorexia, nausea, teratogenicity, liver damage. New roles for this old drug

[3]
 include the treatment of bipolar disorders, 

schizophrenia, depression, neurological pain, migraine headaches and a number of neurodegenerative diseases. VPA inhibits class I 
(HDAC1, 2, 3) and class II HDACs, except HDAC6 and HDAC10. VPA has been demonstrated to cause a marked decrease in proliferation 
of prostate cancer (PCa) cells in vitro and a significant reduction in tumor volume in vivo and is under clinical trial evaluations in 
oncology. In our efforts to develop more effective VPA derivatives, we designed a series of oligometal-based complexes of VPA.

[4–5]
 In 

this communication, we report on their efficacy in animal models of provoked and spontaneous
[6]

 epilepsy, their HDACi pharmacological 
parameters, and their potential adverse effect based on genotoxic evaluation. 
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After the discovery of kinase-mediated signaling pathways, designing small-molecule inhibitors of kinases has emerged as a 

potentially important way to target many dysregulated pathways, particularly in cancer progression and metastasis.
[1,2]

 However, target 
selectivity remains a formidable challenge in drug development because almost all approved kinase inhibitor drugs work by competing 
with ATP for the ATP binding site of the enzyme. 

Light is a convenient and powerful trigger to control the activity of biomolecules.
[3]

 Cell environments benefit not only from the 
noninvasive and noninterfering nature of light, but also from its spatial and temporal resolution. The artificial introduction of 
photosensitivity in biomolecules relies in most cases on the covalent functionalization with small, photoactive molecules, such as 
spiropyranes or azobenzenes. 

Here, we describe the synthesis of photochromic RET inhibitors obtained from 3-substituted pyrazolopyrimidine-based compounds 
by incorporating an aza-bridge. The compounds demonstrated excellent switching properties and stability. The best compound gave 
good inhibitory effects both in cell-free as well as in whole-cell assays, with a significant difference in inhibitory activity between its two 
photoisomeric forms. Further developments could ultimately lead to a photoswitchable compound suitable for studying RET signaling in 
a novel manner, with activity addressable by light and with precise spatiotemporal control over events at the molecular level. 
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Peptidyl phosphoranes are obtained by integrating C-acylation steps into the standard procedures of Fmoc-based peptide chemistry 

on immobilized phosphoranes.
[1]

 It has already been shown that the C-acylated 2-phosphoranyliden acetates are flexible intermediates 
for various C-terminal peptide derivatives.

[2]
 Furthermore, peptidyl phosphoranes react regioselectively with azides to form 1,5-

disubstituted peptidyl-triazolyl-peptides via 1,3-diploar cycloaddition.
[3]

 
Now we have developed an access to stable internal diazo peptides which have not been prepared synthetically until now. First of 

all, we showed that peptidyl diazoalkanesters were prepared in solution in very good yields using electron poor azides like nonaflyl- or 
triflyl-azide. In this mechanism the nucleophilic carbon of the peptidyl phosphorane reacts with the terminal nitrogen of the azide and 
delivers exclusively the targeted diazo peptide. Subsequently, we successfully transferred this concept to solid phase synthesis, which 
enables the preparation of longer peptidyl diazoalkanesters. 

These new diazo-functionalized peptides were then tested under assay conditions against two different cysteine proteases as 
irreversible inhibitors with good results. The covalent mode of action could be proven by MALDI-TOF/MS and SDS-PAGE experiments. 
Cross-selectivity tests using a cysteine protease and BSA as a rich source of cysteines clearly showed a preference towards the protease. 
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In recent years, clinicians show increasing interest to devise genetic knowledge-based therapeutic strategies for treating complex 

diseases. Since targeted treatments ensure better drug efficacy and fewer long-term side effects, tailor-made drugs are of rising 
demand. Through modern biological and analytical techniques, we could now predict the disease causing transcription factors and 
design chemical and/or biological tools to reset the transcriptional machinery of the diseased cell and restore them back to a healthy 
state. However, therapeutic targeting of the defected genes in the body is not straightforward owing to the critical influence of the 
dynamic epigenome. Therefore, programmable DNA binding transcriptional activators must encompass the functional module like 
epigenetic activity to retain the capability of 
their natural equivalents for rewiring the 
transcriptional networks within a cell. 
Recently, we developed a new class of dual-
functional small molecule for genome 
engineering termed "SAHA-PIP" containing 
sequence-specific pyrrole-imidazole 
polyamides (PIPs) and histone deacetylase 
inhibitor like SAHA. Certain SAHA-PIPs 
distinctively activated the pluripotency 
genes in mouse fibroblasts by triggering the 
epigenetic marks associated with 
transcriptionally permissive chromatin.

[1]
 In 

human fibroblasts, a SAHA-PIP induced the 
typically conserved germ cell genes to 
propose a potential strategy to treat infertility.

[2]
 Microarray studies and functional analysis revealed the remarkable ability of thirty-two 

distinct SAHA-PIPs to trigger the transcriptional activation of exclusive clusters of genes of therapeutic importance including the obesity 
gene called KSR2.

[3]
 Strategies to expand the tunable SAHA-PIPs could create an epoch-making approach to modulate the silent genes of 

therapeutic importance in a diseased cell. 
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Activity-based probes are compounds that interact with the active site of a target of interest. They can be utilized to profile enzyme 

activities in vivo, to identify target enzymes and to characterize their function. Usually, such probes share three elements, a reactive 
head group that covalently binds to the target, a tag that allows detection (e.g., a fluorophore) and a linker to connect both.

[1]
  

Matriptase-2 is a transmembrane, multi-domain serine protease, which plays a key role in the human iron homeostasis.
[2]

 This 
enzyme exhibits a primary substrate specificity for arginine in P1 position. Our design of activity-based probes for matriptase-2 is based 
on linker-connected bis-benzguanidines.

[3]
 The two benzguanidine units interact as arginine mimetics with the S1 and the upper part of 

the S3/S4 pocket, respectively, and direct the inhibitor to the active site of the target enzyme.
[2]

 An amino acid was introduced as a 
linker, which bears the coumarin fluorophore. Moreover, an incorporated phosphonate allows for a covalent interaction with the active-
site serine.

[4]
 The resulting irreversible mode of action was demonstrated, leading to an enzyme inactivation and, simultaneously, to a 

fluorescence labeling of matriptase-2. 
Herein, we present the preparation of the coumarin-functionalized 2,3-diaminoproionic acid and the subsequent linear eight-step 

synthetic approach to a coumarin-labeled bis-benzguanidine as activity-based probe for matriptase-2. Spectral properties and kinetic 
parameters for the reaction with matriptase-2 are reported. 
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Figure 1. Structure of the labeled bis-benzguanidine and reaction with the active site serine residue 
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We describe the synthesis and biological activity of novel amino-pyrazolopyridines with anti-NF-κB and pro-apoptotic potential. 

-Methylene ketones were used as a starting point for synthesis of amino-pyrazolopyridine 3. The alkylidenemalononitriles 1 were 
obtained by the Knoevenagel reaction of ketones with malononitriles. Vilsmeier–Haack reaction allowed direct access to 2-chloro-3-
cyanopyridines 2. Those products, by refluxing with hydrazine hydrate, allowed cyclisation to amino-pyrazolopyridines 3A–G, which 
were not previously described in the literature. We describe the synthesis and biological activity of novel amino-pyrazolopyridines with 

anti-NF-κB and pro-apoptotic potential. -Methylene ketones were used as a starting point for synthesis of amino-pyrazolopyridine 3. 
The alkylidenemalononitriles 1 were obtained by the Knoevenagel reaction of ketones with malononitriles. Vilsmeier–Haack reaction 
allowed direct access to 2-chloro-3-cyanopyridines 2. Those products, by refluxing with hydrazine hydrate, allowed cyclisation to amino-
pyrazolopyridines 3A–G, which were not previously described in the literature. Bioactivity results indicated that amino-
pyrazolopyridines 3A, 3B and 3G induced apoptotic cell death in K562 cancer cells with an IC50 value of 36.5±3.9 μM, 27.6±4.5 μM and 
35.0±2.3 μM, respectively, after 72 hours. In addition, compounds 3A, 3B and 3G exerted NF-κB inhibition activity with an IC50 value of 

4.7±1.6 μM, 6.9±1.9 μM and 39.8±3.9 μM, respectively, after 8 hours in K562 cells activated with TNF. Compounds 3B and 3G showed 
interesting differential toxicity as viability of peripheral blood mononuclear cells (PBMCs) from healthy donors remained largely 
unaffected by this treatment. 
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Searching for drugs with multidirectional mechanism of action (multi-target-directed ligands, MTDLs) raises hope for a progress in 

the treatment of complex and refractory diseases such as Alzheimer’s disease (AD). For the vast majority of the MTDLs reported in the 
field of AD the main targets are cholinesterases activity and amyloid-b (Ab) toxicity. Cholinesterases, acetyl- and butyrychcholinesterase 
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(AChE, BuChE) are enzymes responsible for the hydrolysis of acetylcholine. Cholinergic neurotransmission is significantly impaired over 
the course of the disease and can be improved by inhibition of those enzymes. In fact, such cholinesterases inhibitors, donepezil and 
rivastigmine and galantamine, became the first marketed anti-Alzheimer drugs. Although they are sometimes regarded as only 
symptomatic treatment there is a growing body of evidence suggesting their involvement in certain disease-modifying effects. It was 
found that AChE could bind Ab and promote its aggregation into toxic plaques. The fragment of AChE responsible for interactions with 
Ab is a peripheral anionic site (PAS) located at the entrance to the gorge leading to the catalytic site of the enzyme. Compounds able to 
bind to the both sites at the same time could not only be more efficient AchE inhibitors but also prevent the formation of the toxic 
plaques.

[1,2]
 

The study presents the design, molecular modelling, synthesis, and pharmacological evaluation of novel heterodimeric 
cholinesterases inhibitors. The structures were designed to combine two pharmacophores: N-benzylpiperidine as a fragment interacting 
with the catalytic site and indole or phthalimide moiety reported as PAS ligands. Among the compounds obtained we found mixed 
AChE/BuChE inhibitors and selective BuChE inhibitors with sub-micromolar activities. Furthermore, the active compounds significantly 
prevent the aggregation of Ab in vitro. Given the selectivity towards BuChE and the Ab-anti-aggregating properties the study described 
herein is a promising start for the search for new MTDLs as potential drugs against Alzheimer’s disease. 
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Macrocycles are currently of great interest to medicinal chemists as potential drugs for intractable targets like protein–protein 

interactions.
[1]

 The greater size of macrocycles enables larger binding sites to be addressed that are often beyond the range of small 
molecules. The opportunity afforded by macrocycles to open up new therapeutic opportunities is rivaled only by the challenge of 
understanding the differentiating properties of these molecules.

[2]
 We aim to create an understanding of the properties that govern cell 

permeability and oral absorption of macrocycles, and then incorporate our learnings into guidelines that describe an orally bioavailable 
property space for macrocycles. 

We analyzed a representative selection of macrocycles (~200) from the Broad DOS collection (~22,000), including structurally 
diverse sets of matched pairs of stereo- and regioisomers. We determined their cell permeability (Caco-2) and efflux ratios, as well as 
aqueous solubility, logD and pKa values. This dataset enabled us to perform extensive PCA and model calculations to identify the key 
factors influencing epithelial cell permeability and ultimately the oral bioavailability of these macrocycles. Additionally, we performed 
QM calculations to identify the structural features that lead to stereospecific differences in pKa, cell permeability and efflux ratios. Cell 
permeability is driven mainly by logD (+ive correlation) and hydrogen-bond donor count (–ive correlation). Other physicochemical 
properties make smaller contributions. Additionally, we found that some functional groups such as sulfonamides and oligofluorinated 
substituents had a favorable impact on permeability, in contrast to ureas which were notably poor. Finally, we found for charged and 
neutral molecules stereospecific differences in cell permeability and transporter efflux. Preliminary conformational calculations indicate 
that these are principally driven by intramolecular hydrogen bonding and differences in solvent exposed polar surface area. 

Through a systematic analysis of macrocycle ADME properties, we were able to identify important factors affecting cell 
permeability. We found that logD had the most positive and hydrogen-bond donor count the most negative influence on cell 
permeability. Additionally we identified advantageous substituents like sulfonamides. Understanding the influence of stereochemistry 
on cell permeability will enable us, together with our previous findings, to design cell-permeable macrocycles. 
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Foldamers, artificial oligomers with well-defined conformations, represent a new family of self-assembled supramolecular 

architectures that have developed rapidly in the last decade. Considerable advancements have been made in mimicking proteins 
architecture and function using foldamers that adopt helical conformations. However, foldamers do not yet span the same range of 

structural diversity that can be found in proteins. For example, foldamers with -sheet-like structures are very rare and most of them 
are of a peptidic nature. The major difference of prevalence between sheet- and helix-like foldamers is most likely due to the fact that 
the latter fulfill their potential for noncovalent interactions intramolecularly giving rise to discrete and soluble structures, whereas the 
former tend to aggregate and precipitate when in an isolated form. 

In this context, we have endeavored to expand foldamer diversity by developing a novel class of abiotic -sheet-like architectures. 
Our strategy is to use inter-strand π–π aromatic stacking between sequences of aromatic oligoamides and oligoamines to mimic the 

natural stabilization of -strands, which occurs through a network of regularly spaced hydrogen bonds. These oligoamide and 
oligoamine sequences are connected by a rigid U-shaped moiety that will create a turn and initiate strand formation. A key parameter 
for design of these molecules is to balance the strength of noncovalent interactions involved in folding and the level of pre-organization 
of the structure. On one hand, strong noncovalent interactions would be expected to result in folding but also in aggregation and 
precipitation as these interactions may occur in both intra- and intermolecular fashions. On the other hand, weak noncovalent 
interactions may not result in aggregation but may also fail to direct folding unless the structure is sufficiently preorganized. 

In this presentation, we report our stepwise approach in the development of -sheet-like aromatic amide-based foldamers: from 
the optimization of the design elements to the synthesis of multiturn structures. These molecules are studied in solution by NMR 
spectroscopy and in the solid state by X-ray crystallography (see Figure). 
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To explore the anticancer potential of anthracenediones, we have developed the synthesis of novel series of thiophene-fused 

congeners of these heterocycles.
[1]

 The designed anthra[2,3-b]thiophene-5,10-diones demonstrated promising cytotoxicity in 
mammalian tumor cells, including multidrug-resistant sublines. Earlier, we have shown that the introduction of basic groups with the 
delocalized terminal cationic centers (e.g., guanidines or amidines) into the side chains of anthra[2,3-b]thiophene-5,10-diones yielded 
derivatives (e.g., 1 or 2) capable of tight binding to DNA and RNA G-quadruplexes.

[2,3]
 Moreover, bis(guanidino) derivative 1 and its 

bis(acetamidino) analog 2 have been identified as agents with potent inhibitory activity against topoisomerase I and telomerase. 
Furthermore, 2 and its homologs stabilized G-quadruplexes in the H-Ras oncogene promoter, an effect paralleled by a decrease of H-Ras 
expression.

[2]
 Preliminary SAR data showed that the side chains with guanidine and amidine substituents of anthra[2,3-b]thiophene-

5,10-diones 1 and 2 were important for binding with G-quadruplexes. However, compounds 1 and 2, bearing strong positively charged 
residues, showed poor cell permeability and low bioavailability. 

In this work, the synthesis and biological evaluation of a series of analogs of 1 with two alkyl side chains of different lengths bearing 
chloroacetamidine resides are presented. The preparation of new series of DNA ligands 3–7 was accomplished by an early developed 
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methodology,
[3]

 which was based on a nucleophilic substitution of the alkoxy groups of 4,11-dibutoxyanthra[2,3-b]thiophene-5,10-dione 
with diaminoalkanes and subsequent amidination of the terminal amino groups. 

The designed anthra[2,3-b]thiophene-5,10-diones 3–7 demonstrated one to two orders higher cytotoxicity for mammalian tumor 
cells than the parent compounds 1 and 2. Moreover, these novel analogs demonstrated promising activity against multidrug-resistant 
sublines that express P-glycoprotein or nonfunctional 
p53. Besides, we have found that the introduction of 
chloroacetamidine side chain groups increased 
inhibition of topoisomerase I. Additionally, anthra[2,3-
b]thiophene-5,10-diones 1–7 were identified as 
inhibitors of kinases of families CK1. 

Flow cytometry showed that the designed 
anthra[2,3-b]thiophene-5,10-diones 3–7 entered 
much more efficiently in malignant T24 bladder cells 
than analogue 1. All the designed molecules stabilized 
G-quadruplex structures and showed good 
quadruplex/duplex specificity. Dual-luciferase assays showed that anthra[2,3-b]thiophene-5,10-diones 3–7 decreased the activity of the 
HRAS promoter, while immunoblotting data revealed that they strongly reduced the level of protein p21

HRAS
 in malignant T24 bladder 

cells. Taken together, our data suggest that anthra[2,3-b]thiophene-5,10-diones 3–7 bearing chloroacetamidines in the side chains are 
promising multitargeted agents for the exploration of novel anticancer drugs. 
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The replacement of the furanose ring by a cyclopentane in nucleosides generates a series of analogues known as carbocyclic 

nucleosides, which show increased chemical and enzymatic stability because of the lack of a glycosidic bond.
[1]

 However, the loss of 
such glycosidic bond leads to a significant change in conformation due 
to the absence of anomeric effect and gauche effect which help 
maintain the ribose in either 3’-endo (north) or 2’-endo (south) 
conformation in conventional nucleosides.

[2]
 Fusing a ring to the 

cyclopentane will be able to lock the embedded cyclopentane ring into 
a conformation similar to the conventional nucleosides.

[3] 
Herein, a 

synthetic study of conformation constrained carbocyclic nucleosides, a 
novel bicycle[5.4.0]nonane system, will be reported (see Scheme). The 
bicyclic carbanucleoside (1) could be derived from ketone 2 which 
would be formed by diene-enone 3 via an intramolecular Diels–Alder 
reaction as the key step. Enone 3 would be derived from D-ribose (5). 
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In order to optimize the synthesis in “click chemistry” reactions the association with microwave irradiation is currently considered of 

great interest.
[1]

 Herein, we describe the introduction of such laboratorial shortcut into carbohydrate-based drug discovery, resulting in 
the rapid formation of a library of triazole-linked xanthones with 
extensive glycoside variations. Parallel microwave-assisted 1,3-
dipolar cycloaddition reactions promoted by copper(I) between 
3,6-bis(prop-2-yn-yloxy)-9H-xanthen-9-one and several sugar 
azides, namely, glucosamines, galactosamines, glucuronic acid, 
galactose and glucose, were assembled (see Scheme 1). All 
clicked products were obtained in excellent yields within only 15 
min. Sugar-based products 1–10 were purified by silica flash 
chromatography. Deprotected compounds 11–20 were 
obtained in 1 h after treatment with MeONa solution at room 
temperature. Structure elucidation was performed by IR, 

1
H and 

13
C NMR, and HRMS. In conclusion, we have successfully 

synthesized twenty triazole-linked xanthone glycosides based on 
click chemistry, and the investigation of the impact of the sugar 
moiety towards the bioactivity will be examined in the future. 
 
 
 
 
 
Scheme 1. General synthetic methodology for the synthesis of 
triazole-linked heterocyclic glycosides. 
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Hypertension, the most common serious chronic health problem, affects 15–20 % of adults worldwide. This problem of epidemic 

proportions carries a high risk factor for arteriosclerosis, stroke, myocardial infarction and end-stage renal disease. Angiotensin I-
converting enzyme (ACE) play a key role in the control of blood pressure

[1]
 acting as an exo-peptidase that cleaves a dipeptide of 

C terminus of angiotensin I to produce angiotensin II, a potent vasoconstrictor.
[2]

 Recently, much attention has been paid to the 
potential of marine organism constituents as novel therapeutic drug candidates for the treatment of hypertension. Being isolated in the 
middle of the Atlantic Ocean and taking into account the low pollution levels of its seawater,

[3]
 the Azores Islands have become a very 
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promising location as a natural resource for marine organisms which may produce new ingredients that have a medicine-like effects in 
treating or preventing certain diseases. The goal of our study was to search for novel natural ACE inhibitory activity peptides from the 
selected Azorean macroalgae (n=12). The investigation was carried out by optimizing of the protein enzymatic hydrolysis (selection of 
the proteolytic enzymes, temperature and period of incubation, and also the pH of the reaction) followed by the peptides purification 
by size exclusion, ionic and reverse-phase chromatographies. The inhibitory activity was evaluated by the modified Cushman and 
Cheung

[4]
 method and also using the quantification of hippuric acid by High performance liquid chromatography (HPLC). The results 

show that half of the selected marine macroalgae presented a high ACE inhibition activity close and greater than 50 % (ranging from 
44.98 % to 78.95 %) revealing the ACE potential inhibitory activity of some Azoream macroalgae peptides as new sources of natural bio-
products, with potential pharmaceutical and nutraceutical applications. These novel products will consequently have impact on public 
health, particularly on the hypertensive patients, in the regional economy, and also increase the biotechnological valorization of marine 
algal resources. 
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Riboflavin, a water soluble vitamin (B2), is essential for normal cellular function, growth and development. Riboflavin is the 

precursor of flavinmononucleotide (FMN) and flavinadenindinucleotide (FAD), the latter acting as co-factors of different redox enzymes 
mediating metabolic functions.

[1]
 The uptake of riboflavin into cells is facilitated by a cellular membrane protein- riboflavin transporter 

(RFT), which interacts with riboflavin and translocates it into the cells.
[2,3]

 This receptor is shown to be overexpressed in cells with high 
metabolic activity like endothelial and tumor cells.

[4,5]
 Although RFT mechanism remains to be explored, we show that targeting this 

receptor is simple, highly efficient and holds a great potential in imaging, drug delivery and cell labeling. In our first approach we 
demonstrated that MR contrast agents FMN- and FAD-decorated ultrasmall superparamagnetic iron oxide nanoparticles (USPIO) can be 
efficiently used for RFT-mediated targeting of different prostate cancer and activated endothelial cells in vitro and in vivo.

[4,5]
 

Furthermore, we showed that FMN-coated USPIO are also very efficient for cell labeling and cell imaging in tissue-engineered 
implants.

[6]
 

Here, we present an extension of this work with a whole new class of FMN-coated USPIO. We systematically improved and analyzed 
the targeting efficacy of the nanoparticles by introducing new stabilizing agents. We designed biocompatible FMN-labeled USPIO 
stabilized with different spacers—the nucleotides AMP, ADP and ATP. The nanoparticles’ uptake by endothelial cells and numerous 
cancer cell lines was evaluated with MRI. Our experiments show that the cellular uptake a) is receptor mediated, b) depends on the 
amount of the targeting agent (FMN) on the nanoparticles’ surface and c) can be tuned by the spacers. Although the nucleotides do not 
initiate any specific cellular uptake, they considerably alter the targeting efficacy of the USPIOs. Due to steric effects, the spacers change 
the amount of FMN adsorbed on the USPIO surface. Particles stabilized by nucleotides with less sterically demanding adsorptive sites, 
like AMP, carry a much higher amount of FMN than those stabilized by ATP. This is why AMP-stabilized particles are taken up by cells to 
a significantly higher extent. In conclusion, we synthesized biocompatible targeted MR contrast agents based on iron oxide 
nanoparticles. New stabilizing agents could improve the targeting efficacy of FMN-coated USPIO and thus provide a higher cellular 
uptake. 
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Extracellular matrix metalloproteinases (MMPs) are a family of zinc-dependent enzymes that are capable of degrading essentially all 

extracellular matrix components at neutral pH.
[1]

 Therefore, they are considered to play key role in many biological processes, including 
malignant tumor growth, invasion, metastasis and angiogenesis. Hence, we report here the synthesis of a series of 
(aryltriazolyl)methylaziridines 1 and their evaluation as selective inhibitors of MMP-2.

[2]
 They constitute a novel class of hydroxamic 

acid-free matrix metalloproteinase inhibitors. The triazole fragment serves as a linker between the hydrophilic aziridine and the 
lipophilic part of the molecule. The best inhibition was observed with 1-
(aziridin-2-ylmethyl)-4-(4-butylphenyl)-1H-1,2,3-triazole and 1-(aziridin-2-
ylmethyl)-4-phenyl-1H-1,2,3-triazole that selectively inhibited MMP-2 at 
73% in 20 μM concentration and at 75% in 10 μM concentration, 
respectively. The biological activity of 1-(aziridin-2-ylmethyl)-4-(4-
butylphenyl)-1H-1,2,3-triazole (2) was studied in detail.

[3]
 It was found that 

compound 2 exhibits selective MMP-2 inhibitory activity, suppresses melanoma cells invasion, inhibits secretion of VEGF and 
angiogenesis, and downregulates ERK1/2 phosphorylation. Therefore it can be regarded as a potential anticancer agent for melanoma 
treatment. 
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Matching the synthetically accessible chemical space with disease-related biological target space is one of the core activities of 

current medicinal chemistry. The content of today’s compound collections is a reflection of the target families that have been addressed 
in the past, and chemical libraries are a reflection of the number and type of chemical reactions we can pursue in for example a two-
week chemistry/biology cycle time typically embedded in lead finding campaigns. Hence, there remains a substantial risk that currently 
populated compound space might not match with the areas of biological target space the pharmaceutical industry will have to focus on 
in the near future. However, chemical complexity associated with synthetic challenges prevented medicinal chemists from a systematic 
exploration of for example natural product-related compound space over the last two decades, despite the obvious structural 
complementarity of natural product-derived analogues to main stream libraries. In this context, we embark on a systematic exploration 
of fused, bridged, and spiro-cyclic systems in which a smaller ring (3 to 7 skeleton atoms) is associated with a medium-sized ring (7 to 12 
skeleton atoms; Figure 1). By following this design, we attempt to match the topology of natural product-related ring systems onto 
native peptide turn structures, such as b and g turns that are prominent components of protein–protein interactions. We will elaborate 
on the results of a systematic cheminformatics and data mining analysis of the charted bioactive compound space, followed by 
structure-based design of novel, thus patentable, bicyclic ring topologies. Subsequent synthetic feasibility considerations are then 
fueling chemical validation of new bicyclic ring systems that qualify as scaffolds for 2D and 3D library expansion. In pursuit of this 
concept, we try to achieve an optimal balance between novelty on the one hand, and proximity to bioactive compound space, i.e. 
resemblance of peptide secondary structure elements, and increased 3D skeletal complexity on the other hand. We consider this as a 

significant contribution to unlock the chemical accessible bicyclic ring 
system space that is often inaccessible in lead finding and lead 
optimization campaigns due to the underlying chemical complexity. 
 
 
Figure 1. Schematic illustration of the design principles for spiro-, 
fused-, and bridged bicyclic topologies that mimic, for example, 
reverse turn structures such as a b turn (left). 
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8-Azapurine (1,2,3-triazolo [4,5-d]pyrimidine) scaffold, as an important and well known purine bioisostere,

[1]
 is a useful tool for the 

preparation of new interesting molecules interacting with various molecular targets.
[2]

 A series of novel 2,6,9-trisubstituted 8-azapurines 
with fixed N9 position substituted by cyclopentyl moiety (see Figure) was prepared and screened both for CDK2, CDK5 and CDK9 
inhibitory activity, and cytotoxicity on selected cancer cell 
lines. The synthesis started from commercially available 
bromocyclopentane and sodium azide to give cyclopentyl 
azide, which was further reacted with cyanoacetamide via 
1,3-dipolar cycloaddition, according to modified method 
reported in the literature.

[3,4]
 The resulting 4amino-5-

carboxamido-1-cyclopentyl-1,2,3-triazole was then 
reacted with diethyl carbonate under strong basic 
conditions to 8-azaxan-thine, which was further 
chlorinated with phenylphosphoryl chloride or phosphoryl 
chloride.

[3]
 Thus obtained key intermediate, 2,6-dichlo-ro-9-cylopentyl-8-azapurine, was undergone to aromatic nucleophilic 

substitution at C6 position with appropriate aryl amine or heterobiarylmethyl amine, and then at C2 position with various amines.
[3]

 
Among them, 1,4-trans-diaminocyclohexane appeared to be the most suitable pharmacophore. The kinase assay showed that final 
molecules were only weak inhibitors of CDK2 (IC50 in µmol values), but a majority of them possesses relatively strong cytotoxic activity. 
Some compounds appeared to be strong killers of neuroblastoma cells. 
 
References: 

 
[1] R. Jorda, K. Paruch, V. Kryštof, Curr. Pharm. Design 2012, 18, 2974–2980. 
[2] I. Giorgi, V. Scartoni, Mini Rev. Med. Chem. 2009, 9 (12), 1367–1378. 
[3] L. Havlíček, K. Fuksová, V. Kryštof, M. Orsag, B. Vojtěšek, M. Strnad, Bioorg. Med. Chem. 2005, 13, 5399–5407. 
[4] H. Bredereck, W. Baumann, Liebigs Ann. Chem. 1961, 701, 143. 

 
 

N021 | Around the Macrolide—Substitution Effects on Cellular Pharmacokinetics 
 
Maja Matanovic Skugor,

(1)
 Sanja Kostrun,

(1)
 Vesna Munic,

(1)
 Ivana Palej Jakopovic,

(1)
 Snjezana Dragojevic,

(1)
 Jovica Ralic,

(1)
 Sulejman 

Alihodzic,
(1)

 Ivica Malnar
(2)

 
 
1) Fidelta Ltd, Prilaz baruna Filipovica 29, Zagreb, Croatia 
2) HALMED - Agency for Medicinal Products & Medical Devices, Ksaverska cesta 4, Zagreb, Croatia 

 
The pharmacokinetic properties of a drug often depend on a variety of physicochemical parameters, such as lipophilicity, hydrogen-

bond capability, molecular shape, electrostatic potential, etc. Macrolide molecules show quite a variety of pharmacokinetic properties 
related to their structural features and they are characterized by high tissue distribution, as a consequence of good cellular 

accumulation and retention. Moreover, it has been observed that quite small 
structural modifications cause a significant change in the ADME properties. We have 
already shown that two chromatographically determined physicochemical molecular 
properties ChromlogD and CHI IAM are discriminating parameters between 
macrolides with high or low accumulation and retention within cells.

[1,2]
 In order to 

expand this study, we investigated cellular accumulation and retention of rationally 
designed azithromycin derivatives on a molecular level. 

Molecules were synthesized in order to measure influence of different 
substitution sites (N9a, C2', C4'', C11 and C3) and substituents of different size, 
length and lipophilicity on measured properties. Starting aminopropyl-azithromycin 
scaffolds were synthesized according to the described literature,

[3]
 and all rationally 

designed final compounds from training and validation sets were prepared by a 
microwave-assisted amidation procedure.

[4]
 For all rationally designed azithromycin 

derivatives, cellular uptake and retention were modelled. In silico models were 
developed for the studied properties using 2D and 3D molecular descriptors in order to investigate structural, electronic, 
conformational and solvent effects on studied properties. Models were further validated on synthesized set. It was shown that the 
macrolide structure is a complex unit that cannot be treated as a sum of the smaller motifs and that the flexibility is highly influenced by 
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the site of substitution. The models developed could be used for the profiling of in vitro libraries. These new models could also be 
applied to a wider spectrum of natural product libraries. 
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Apoptosis is a highly regulated cellular pathway responsible for programmed cell death. The formation of the macromolecular 

complex named apoptosome is a key event in this process and, therefore, it has become an interesting therapeutic target.
[1]

 We 
previously reported a peptidomimetic compound bearing a 3-substituted-piperazine-
2,5-dione (DKP) moiety as a potent apoptotic inhibitor.

[2]
 The presence of cis/trans 

isomers
[3]

 of the exocyclic tertiary amide bond encouraged us to perform an isosteric 
replacement by 1,2,3-triazole moiety with different substitutions. For one of the 
proposed structures, during the cyclization step, a novel β-lactam compound was 
formed, and it elicited the highest inhibitory activity.

[4]
 Due to the formation of the 

unexpected β-lactam scaffold, an experimental study was done and it was supported 
by computational calculations to give a reasonable explanation of the different cycles 
formed. Consequently, a small library of compounds bearing both heterocyclic 
scaffolds has been synthesized and their activities as apoptosis inhibitors have been 
evaluated. Since the cyclization reaction leading to the four-membered ring produced 
a quaternary stereocenter, the β-lactams were obtained as racemic mixtures. The 
enantiomeric resolution of the most active molecules was performed, and the 
enantiomers were tested separately. 
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Advances in molecular and cell biology have revealed a wealth of biochemical mechanisms underlying poorly treated diseases. This 

has resulted in an increased interest in intractable targets not amenable to traditional small molecules, such as protein–protein 
interactions. Therefore, the last decade was marked by a fast expansion of medicinal chemical space towards natural products and 
macrocyclic molecules. Macrocycles belong to the middle chemical space with properties between small molecules and biologicals, and 
although they do not follow Lipinski's rule of five, they do have druggable physchem properties.

[1]
 

Macrolides are an interesting class of macrocyclic molecules having high potential in antibacterial,
[2]

 anti-
inflammatory/immunomodulatory,

[3,4]
 antitumor,

[5,6]
 and antimalarial

[7,8]
 therapeutic areas. Macrolides with 14- and 15-membered 
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polyketide rings are a very well-established class of antimicrobial compounds widely used in the clinic. Azithromycin, one of the most 
successful antibiotics on the market

[9]
 was synthesized in our laboratories. The anti-inflammatory potential of macrolides has also 

received recent attention. So far, the most promising results were observed 
in chronic inflammatory diseases with dominant neutrophilic infiltration. 
This occurs as the macrolides inhibit accumulation of neutrophils in 
inflamed tissues, as well as proinflammatory cytokine release.

[3,4]
 Macrolides 

owe part of their success as drugs to their distinct pharmacokinetic 
properties. They highly accumulate in cells and tissues. Therefore, our drug 
discovery efforts were strongly supported by property-based drug design.

[10]
 

We will present our approach for efficient determination and 
modulation of macrocyclic physchem properties. High-throughput 
chromatographic determination of lipophilicity and permeability parameters 
was used to monitor physchem properties. We then linked these data with 
in vitro and in vivo pharmacokinetic parameters and developed in silico 
models that were used to focus and speed up lead optimization. Our novel macrolide-inspired macrocyclic library was built upon 
macrolide clinical relevance, as well as our long-term experience and in-house knowledge on their chemistry and pharmacology. 
Macrocycles are designed to maximize cell permeability and maintain favorable pharmacokinetic properties, as well as to diversify and 
enrich chemical space with different ring sizes, variety of 3D shapes, and potential pharmacophoric features. 
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Modified nucleosides have provided a wealth of drug candidates and clinically approved therapeutics. The replacement of the 

furanose oxygen in the sugar moiety with a methylene group yields a class of nucleosides known as carbocyclic nucleosides. This 
modification increases stability and lipophilicity of analogues, both highly desirable traits for drugs. The 5’-norcarbocycles in general, 
possess interesting characteristics due to their increased stability and lack of 5'-phosphorylation. This latter feature is responsible for a 
decrease in cytotoxicity of 5’-norcarbocycles. 

 

Figure 1.  
 
Recently, we reported a series of 5’-norcarbocyclic uracil derivatives, which displayed interesting activity against M. tuberculosis. 

5-Alkynyl derivatives (Figure 2, Type 1) completely inhibited the growth of M. tuberculosis culture at a concentration of 5–20 μg/mL. 
Analogues of 2',3'-dideoxy-2',3'-didehydro-5'-noruridine with three different types of modifications (Figure 2, Type 2) were able to act 
as non-nucleoside inhibitors against HIV-RT wild-type (Ki = 5–50 mM) and mutants L100I (Ki = 1.2–20 mM) and K103N (Ki = 8–35 mM). In 
an attempt to further explore their therapeutic potential and with aim to discover of a dual inhibitor of HIV and TB a new type of 5’-
norcarbocyclic nucleoside was designed. Based on the activity exhibited by the C5 substituted pyrimidines, C5-arylamino substituted 
uracil derivatives were selected to investigate their effect on M.tuberculosis and HIV-RT. In anti-TB tests the targets (Figure 2, Type 3) 
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were able to negatively affect the active growth of micobacterial cells. Complete inhibition of the culture growth was observed for these 
compounds at a concentration of 20–40 mg/mL. The anti-HIV properties of the target compounds were examined in RT HIV-1 (wild and 
non-nucleoside resistant strains). Weak activity was observed. Additional studies are currently underway to explore the anti-TB 
mechanism of action for these promising analogues. Broad screen testing against other viruses is currently under investigation. 
 

Figure 2.  
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In the last several decades, AIDS has become one of the major threats to human health. Many years of research efforts resulted in a 

variety of substances with anti-HIV activity, which can be divided into several groups: 1) nucleoside and non-nucleoside HIV reverse 
transcriptase inhibitors (NRTIs and NNRTIs); 2) protease inhibitors; 3) integrase inhibitors; and 4) entry inhibitors. Currently, the best 
treatment for HIV is highly active antiretroviral therapy (HAART), which includes several drugs with different mechanisms of action. 
These cocktails typically include one or more NRTIs, an NNRTI and/or inhibitors 
that work by other mechanisms. To date, five NNRTIs have been approved as 
drugs: efavirenz, etravirine, delaverdine, nevirapine and rilpivirine. The main 
disadvantage to the use of NNRTIs is toxicity, unwanted side effects, and the rapid 
emergence of resistant strains, resulting in the need to find new and more 
efficacious drugs. Here, we present the design and synthesis of new types of 
potential HIV NNRTIs with low toxicity. Innovative idea is to improve the properties 
of HIV NNRTIs by introducing a phosphonate moiety into molecules, namely in 5'-
norcarbocyclic uracil derivatives. Earlier compounds of this group showed pronounced anti-HIV activity acting as NNRTIs against isolated 
enzyme, both wild and mutant types, but due to the low solubility, they didn’t show any activity in cell systems.

[1–2]
 The obtained results 

provide data for evaluation of the feasibility of the introduction of the phosphonate moiety into these type of NNRTIs. 
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Hodgkin Lymphoma is among the most common cancers in adolescents and younger adults; it has an annual incidence rate of 3 in 

100,000 persons. Patients with relapsed and refractory Hodgkin lymphoma typically receive chemotherapy as ABVD (doxorubicin, 
bleomycin, vinblastine and dacarbazine) and radiotherapy followed by autologous stem-cell transplantation (ASCT). We focused our 
attention on Hodgkin Lymphoma, given that some novel therapeutic agents are urgently needed for refractory or relapsed patients. 

To this end, we analyzed the behavior of three compounds, PTA34, PTA73 and RS35, having an N-biphenylnicotinoyl-based moiety 
that has been frequently associated in the literature with antiproliferative activity at sub-micromolar concentrations against solid 
tumors. We tested the antitumor efficacy of our compounds in HRS cell lines (HDLM-2, L428, L540, L1236 and KM-H2 cells) and also in 
MDAMB231/MCF7 and ov2008/A2780 breast and ovarian cancer cells, respectively. 

The cytotoxicity of PTA34, PTA73 and RS35 was evaluated by direct cell counting and by CCK-8 proliferation assay after three days 
exposure. Preliminary results showed the high intrinsic activity of all the three agents in blocking cell proliferation in the nanomolar 
range, showing strong antitumor efficacy in all cell lines. To test the selective activity of compounds, we evaluated the effects on cell 
cycle progression and on induction of apoptosis or necrosis. Interestingly, the drugs blocked cell cycle in G2/M phase in HRS cells and 
did not in solid tumor cells, suggesting this as the main mechanism of induced cell proliferation inhibition in HRS cell. According to the 
induction of G2/M phase block induced in HRS cells, we found a 10 to 20-fold increase of apoptosis in treated cells compared with 
controls (untreated cells) evaluated by cell death ELISA. To preliminary determine the molecular mechanisms involved in drug induced 
toxicity, we found that cell death was associated with mitochondrial injury as shown by the marked mitochondrial membrane 
depolarization, measured by flow cytometry using the fluorescent probe JC-1. In addition, our compounds were effective in determine 
the necrotic death of cells, as evaluated by the LDH activity assay. 

In conclusion, these three compounds are effective antitumor agents against Hodgkin lymphoma. Nevertheless, the identification of 
molecular mechanism(s) of action of these compounds requires further investigation in order to identify biomarkers predictive of 
response, which could lead to a better selection of patients for therapy. The genome expression analysis of cell cycle check-points is 
ongoing, together with the validation of the results in a murine model. 
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It is generally admitted that non-drug-like drugs should be discarded from drug discovery programs. Amino acids fall in this class 

besides a few exceptions. Their polar nature is supposed to hamper permeability through biological membranes and blood–brain barrier 
penetration for CNS drugs. In addition, if they target orthosteric binding sites of proteins, selectivity will be difficult to be found because 
of a high evolution selection pressure. However, if these drawbacks may be overcome, polar amino acids have several advantages, such 
as high aqueous solubility, little metabolism, high plasma unbound fraction, and minimal off-target effect. This will be illustrated with a 
series of glutamate analogues that target metabotropic glutamate receptor 4 (mGlu4R) in the CNS. 

Glutamate is the major excitatory neurotransmitter in the brain. Besides its essential physiological role, it is involved in numerous 
pathologies resulting from an excessive release. Activation of presynaptic mGlu receptor that reduces the neurotransmitter release is an 
attractive therapeutic approach for these diseases. Presynaptic receptor activity may be enhanced by either positive allosteric 
modulators (PAMs) or by orthosteric agonists. While PAMs are mostly developed in the industry, we chose the second option. 

The program started with a virtual high-throughput screening of the mGlu4R binding site
[1]

 and the identification of a hit, an amino 
acid bearing a phosphinic side chain.

[2]
 This was followed by a chemical optimization and identification of selective and potent agonists. 

The selectivity was gained thanks to the discovery of a selective pocket next to the glutamate binding site.
[2]

 These compounds were 
tested in animal models of Parkinson’s disease, pain and other disease models.

[3,4]
 The results showed positive effects with systemic 

injection.
[3,4]

 Moreover, central disposition, pharmacokinetics and ADMET profile were examined and proved to be satisfactory.
[5]

 
Altogether, we have shown that drug discovery rules may be revisited opening new possibilities. Including chemical structures that 
broaden diversity may be one way of improving the success rate of new drugs. 
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Specific inhibitors (selegiline, Anipryl; rasagiline, Azilect) of the type-B monoamine oxidase (MAO-B) decrease the rate of dopamine 

metabolism, thus enhancing the level of dopamine available for neurotransmission in the basal ganglia. Rasagiline (a second-generation 
irreversible MAO-B inhibitor) was developed as an alternative to selegiline, without the possibility of cardiac and psychiatric side effects, 
for the early therapy of Parkinson’s disease. 

Structural studies show that MAO-B contains a dipartite cavity structure with volumes of ~290 Å for cofactor binding domain and 
~400 for substrate binding domain. Depending on the size of the inhibitors that are bound within the substrate cavity, conformational 
alterations occur. Specifically, for a small-molecule inhibitor like isatin(1H-indole-2,3-dione), the side chain of Ile199 rotates into a 
closed conformation whereas, with a larger size inhibitor like rasagiline ((R)-N-(prop-2-ynyl)-2,3-dihydro-1H-inden-1-amine), the side 
chain of Ile199 occupies an open conformation resulting in the fusion of the two cavities to form into one, ∼ 700 Å

3
, highly hydrophobic 

cavity known as an aromatic cage. The I199F gatekeeper mutant is the determinant for the specificity of MAO-B inhibitors. 
These molecular insights were employed for our synergistic effort in the development of third-generation inhibitors of MAO-B, 

active against the I199F mutation. A molecular docking study using GOLD program was performed towards our in-house series of 
compounds (rasagiline derivatives). The X-ray crystal structure of human MAO-B in complex with rasagiline was used as the model for 
docking calculations (PDB code: 2BK4; resolution: 1.9Å). Water molecules that are within 5 Å of the binding site were taken into account 
because a conformational change observed between the aromatic cage and highly conserved water molecules favors the binding of the 
inhibitors. These conserved water molecules were not displaced by the ligand, which as a result stabilizes the complex between MAO-B 
and the inhibitor. Based on our model, the computational approach in incorporating the sticky water molecules in the active site of 
MAO-B is considered to be the third dimension in understanding the interatomic interaction of ligand–protein complex, and ultimately 
designing reversible and specific inhibitors for MAO-B with potential therapeutic application of the new substituted rasagiline analogue. 
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The ChemBioBank is a Spanish initiative in chemical biology developed to generate an academic chemical compound library 

annotated with experimental and virtual screening results, which will be described. The initiative has three main goals: a) Collect and 
organize a chemical library of good quality and innovative compounds from academic sources; b) Characterize the ChemBioBank library 
compounds with available virtual and experimental screening methods and assays

[1]
 in Spain and in Europe; c) Generate an annotated 

chemical biology database, remotely accessible, containing the chemical structures of the ChemBioBank library compounds, and the 
virtual and experimental screening data generated for these structures. 

This ChemBioBank database is a starting point for multiple projects in drug discovery. Three case studies describing how the 
ChemBioBank workflow, structure and applications may be applied to drug repurposing

[2]
 will be shown: a) how to discover possible 

new mechanisms of action and therapeutic applications for known drugs from a Prestwick Chemical Library, and how this knowledge 
may be transferred to a pharmaceutical company; b) how to discover and validate the chemical biology profile of approved orphan 
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drugs, and how to repurpose drugs for rare diseases; and c) a case study where a new target was found for a compound delivered to the 
ChemBioBank library from an academic group will be presented. 

This ChemBioBank initiative is coordinated with other Chemical Biology initiatives developed in several European countries, in the 
ESFRI-funded European Research Infrastructure on Open Screening Platforms (EU-OPENSCREEN) initiative (www.eu-openscreen.eu). An 
update of the current status of this project and its implications and benefits for the chemical biology and medicinal chemistry will be 
described. 
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Thrombotic diseases are still a major health concern in the industrialized world. Anticoagulants have proven their efficacy to address 

these thrombotic disorders but they are associated with several drawbacks. The search of the ideal anticoagulant is thus not yet 
achieved and novel strategies are to be discovered. In this perspective, the inhibition of the coagulation factor XIIa (FXIIa) emerges as an 
attractive approach for the development of safe antithrombotic drugs.

[1]
 

Coumarin derivatives developed in our group have been previously described as small-molecular-weight inhibitors of FXIIa.
[2]

 
Unfortunately, these compounds did not display any activity in vivo in a model of thrombosis

[3]
 In order to develop a new chemical 

scaffold targeting FXIIa, we launched a pilot study derived from a fragment-based drug design (FBDD) approach. This study aimed to 
evaluate the fragment expansion of a 2,5-dichlorophenyl moiety. This latter was selected upon the assumption that 1) thrombin and 
other coagulation factors such as FVIIa, FXa, FXIa and FXIIa share some structural features in the S1-pocket since they belong to the 
trypsin-like serine protease family and 2) the 2,5-dichlorophenyl moiety is present in various thrombin inhibitors

[4]
 and is found to be 

stabilized in the thrombin S1-pocket as demonstrated by crystallographic studies.
[5]

 
About thirty compounds were synthetized by either click chemistry (series 1) or amidation reactions (series 2). Their inhibition 

potency was then measured at 100 µM on thrombin and FXIIa. Interestingly, six compounds displayed an inhibition higher than 65 % on 
FXIIa at 100 µM. Among these molecules, two had an inhibition higher than 25 % on thrombin. On thrombin, the maximum inhibition 
percentage obtained was about 57 %. The results are really encouraging and novel syntheses have been started. They include the 
bioisosteric replacement of the 2,5-dichlorophenyl moiety. The determination of the IC50 is also ongoing. 
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Reagent selection in library design is guided by a variety of factors, many of which are dependent on project related variables (e.g., 

defined receptor–ligand interactions, drug-like criteria, etc.). Given this, it might be expected that a corporate collection consists of a 
random distribution of incorporated reagents based on the diversity of targets within each company. To test this hypothesis, 
regioisomeric frequency of mono-substituted aromatics was examined across various databases. The results demonstrated significant 
bias towards para-substituted reagents, with the most favored being para-chlorophenyl (p-ClPh), favored over its meta and ortho 

regioisomers by 3:1 across available reagent databases, the AZ database, protein databank structures and known drugs. This is not a 
universal observation, as –CF3 and pyridine examples demonstrate very different distributions (e.g., –CF3 regioisomeric population 
frequency is variable across databases, whereas pyridine regioisomers are uniformly distributed). The frequency of p-ClPh is possibly 
traced back to a seminal paper by Topliss in 1972 which recommends that if Ph is active agasint a target, then medicinal chemists should 
test p-ClPh due to ease of synthesis and hydrophobic drivers.

[1]
 

To further understand whether p-ClPh is a “privileged” group, a molecular matched pair analysis was done for Ph→p-ClPh as well as 
for each regioisomer (any biological assay tested, solubility, logD, hERG, plasma protein binding, and human microsomal clearance). The 
results indicated very little difference in regiosiomeric changes of p-ClPh and m-ClPh. The m-ClPh regioisomer demonstrated higher 
microsomal clearance with 72 % of matched pairs increasing in clearance, but this does not likely explain the population bias of p-ClPh 

(3:1). In general logD drove most changes in the matched pair analysis, but this is a trend with exceptions given that many statistical 
differences in matched pairs are just above the 50 % range. A further extension of matched pairs on a Topliss 1st level decision tree and 
some other common cores will also be presented, along with examination of typical X-ray binding modes of chloroaromatics. In 
summary, the regioisomeric frequency of p-ClPh is likely due to conventional wisdom, and reinforced by hydrophobic energetic drivers. 
Understanding this bias can assist in interpretation of HTS data as well as future library design. 
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During the course of a lead optimization program, hundreds or even thousands of compounds may be synthesized. These 

compounds hold a wealth of information on potency, selectivity and ADMET properties, but keeping all of this in mind, understanding it 
and using it to determine the optimal compound to make next 
is a challenging task. One technique to extract the most 
important chemical transformations in a data set is to locate 
‘activity cliffs’: pairs of compounds where relatively small 
structural changes cause relatively large potency changes. The 
idea is that if a small structural change causes a large change in 
activity, then that structural change has high information 
content. A similar philosophy underlies the technique of 
matched molecular pair analysis. However, the interpretation 
of activity cliffs can be difficult. A small structural change could 
cause a large change in potency due to many different 
reasons, such as steric clash with the protein, the loss of (or 
gain of) hydrogen-bond donors/acceptors, or through forcing 
an alternative conformation of the ligand. We present a 
technique for locating activity cliffs in the context of the target 
active site. This clearly identifies the most important parts of 
the SAR, and visually shows the reason for the activity 
difference between each pair of compounds, assisting in a true 
understanding of the SAR landscape. 
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Nuclear factor-ĸB (NF-ĸB) is a transcription factor that controls several biological functions such as innate and adaptive immunity, 

inflammation or cell survival. NF-ĸB inducing kinase (NIK), a serine/threonine protein kinase, is essential for the activation of the non-
canonical NF-ĸB pathway. The design of small-molecule NIK inhibitors represents an 
attractive modulation approach within the immune system (e.g., for treating 
rheumatoid arthritis). The primary objective of the TAKTIC (TrAnslational Kinase 
Tumor Inhibitor discovery Consortium), a project funded within the FP7-SME-2012 
framework, is to identify and develop highly specific small-molecule inhibitors 

targeting the three kinases IKK, IKK, and NIK. In this presentation, the 
identification of novel NIK inhibitors will be described. 

A pharmacophore-based virtual screening experiment was performed with 
several millions of compounds and allowed after sequential filtration to select 203 
compounds that were tested for NIK inhibition. Several chemical series were 
identified with an IC50 below 100 µM and two of them showed inhibition against NIK 
in the micromolar range (IC50 < 10 µM). These series are currently under 
investigation for hit-to-lead validation, kinase selectivity (profiling), and early 
ADMET evaluation. 
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Unregulated elastolytic activity caused by an imbalance between human neutrophil elastase (HNE) and its endogenous inhibitors is 

on the basis of several life-threatening diseases such as chronic obstructive pulmonary disease, which is the fourth leading cause of 
death worldwide, cystic fibrosis, acute respiratory distress syndrome and acute lung injury and, more recently, evidence was found on 
HNE-related processes involvement in non-small cell lung cancer progression. Therefore, HNE is an attractive therapeutic target for lung 
diseases but besides the efforts at academic and industrial level, no HNE inhibitor launched the market successfully. Although a large 
number of low-molecular-weight HNE inhibitors, covering a wide range of chemical scaffolds with different mechanisms of action were 
reported over the last decades, there is still an urgent need to optimize drug discovery process toward HNE therapeutic target.

[1]
 

Following our interest in HNE inhibitors,
[2]

 we developed a unified approach to boost HNE inhibitor discovery and constructed a 3D 
pharmacophore model toward HNE activity that reflects tridimensional features for potent HNE inhibitors, leading to a powerful tool for 
compound making decision for either ligand or target-based virtual screening. 

Moreover we used an oxo--lactam template for automated de novo design as it was discovered by our group as potent HNE 
inhibitor. We used MOE package for both pharmacophore modelling and de novo design.

[3]
 The validated pharmacophore was used to 

filter the virtual library generated by de novo design and promising hits were synthesized for proof-of-concept. We were able to obtain 
low nanomolar inhibitors and validate methodology for generation of innovative chemical motifs for HNE drug discovery. 
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Water-mediated interactions offer tremendous opportunities for the development of novel chemical structures with biological 

activity, but due to its small size on the one hand and to its overwhelming abundance as a solvent on the other hand, water is often 
neglected when it comes to the detailed study of biological processes. 

In order to address a variety of serious medical indications, such as osteoarthritis or cancer, the family of Matrix metalloproteinases 
(MMP) turns out to be a promising class of target enzymes.

[2]
 Due to a lack of selectivity and thus resulting side effects, no MMP-

Inhibitor has reached the market, yet.
[3]

 Therefore, it is important to generate novel inhibitors with high inhibitory potency against 
selected members of the MMP-family combined with beneficial selectivity profiles over MMP anti-targets. 

Here, we report the very efficient use of X-ray crystallographic data containing structural water molecules for the design and 
synthesis of potent and selective MMP-13 inhibitors by targeting multiple water-mediated interactions to the protein target. The 
application of this process led to novel small molecule inhibitors with nanomolar potency against MMP-13, combined with appealing 
selectivity profiles over other members of the MMP superfamily. 
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Phosphodiesterases 4 are catabolic enzymes that promote the hydrolysis of the second messenger c-AMP to the corresponding 

acyclic nucleotide.
[1]

 Their inhibitors may offer novel strategies in the treatment of different pathologies, like asthma and inflammation, 
but also depression and age-related memory impairment.

[2,3,4,5]
 Despite a number of PDE4 inhibitors already having been approved as 

drugs (i.e., Roflumilast,
[6]

 Apremilast
[7]

 and Cilomilast, in clinical development by GlaxoSmithKline
[8]

) and several classes of PDE4 
inhibitors having been reported in the scientific literature, we were interested in developing novel, patentable chemotypes to further 
explore their potential for PDE4 inhibition. Combination of ligand-based and structure-based methods, coupled with statistical 
modelling, informed the selection of completely unprecedented chemical classes. These were further assessed in terms of their 
synthetic accessibility, especially in terms of parallel chemistry and chemical diversity potential. The overall approach and preliminary 
results will be presented in details. 
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During respiration, oxygen is normally reduced to water, but when this process is incomplete, some reactive oxygen species (ROS) 

are produced, such as superoxide anion radical, hydrogen peroxide, peroxynitrite, or hydroxyl radicals. Since ROS are highly reactive, 
they can damage cells and cause diseases such as cardiovascular disease, ischemic stroke and  lzheimer’s disease. Quercetin 3-O-
methyl ether has been reported to possess potent antioxidant and neuroprotective activities against neuronal damages induced by 
ROS

[1]
 or ischemia.

[2]
 However, the lower water solubility of flavonoids can limit their in vivo bioavailability. In the present studies, 

several amino group-substituted derivatives of quercetin 3-O-methyl ether were synthesized to increase water solubility while retaining 
its antioxidant and neuroprotective activities. Some compounds showed potent and well-balanced antioxidant activities in three 
different cell-free assay systems and in vivo neuroprotective effect against transient focal ischemic brain injury induced by occlusion of 
the middle cerebral artery in rats. 
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Tuberculosis caused by Mycobacterium tuberculosis is responsible for more than two million deaths worldwide every year. The 

World Health Organization (WHO) has estimated than one-third of the world population is infected by M. tuberculosis.
[1]

 Multidrug-
resistant M. tuberculosis (MDR-MT)

[2,3]
 and extensively drug resistant M. tuberculosis (XDR-MT)

[4]
 have become resistant at an alarming 

rate
[5]

 to existing antibiotics: isoniazid, rifampicin (for MDR-MT) and fluoroquinolone 
kanamicyn, amikacin, and capreomycin (for XDR-MT). Currently there is an urgent need of new 
chemotherapeutics to combat the spread of this disease. 

In recent years, heterocycles have received much attention as central core in medicinal 
chemistry and especially in the synthesis of antitubercular agents. Our own efforts on the 
development of potential inhibitors of the 2-trans-enoyl-ACP (acyl carrier protein) reductase 
enzyme (InhA or ENR, EC number: 1.3.1.9) from M. tuberculosis have focused on the synthesis 
of GEQ (Genz_10850) analogues (Figure 1).

[6]
 Here, the design, synthesis and biological activities 

of various families will be presented. Some of these compounds exhibited good activities 
against InhA and/or promising activities against M. tuberculosis and multidrug resistant 
M. tuberculosis strains. 

Figure 1. GEQ inhibitor of InhA (Genz_10850). 
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Bio(iso)steric replacement is a powerful tool for the Medicinal chemist.

[1]
 Two functional groups should be called isosters if they 

share similar physicochemical properties and bioisosters if they have the same biological profile. It could be said that while chemistry 
rules the isosteric similarity between groups, only the biological target will be able to answer positively to the following bioisosteric 
hypothesis. The word “alkahest’’ came directly from the alchemist’s word. It reflects the importance at those times of searching the 
universality in properties. As for alchemists, the term “alkahest” when applied to bioisosterims represents a dream for any medicinal 
chemist: the finding of such bioisosteric universal tool that, avoiding any biological target judgment, when applied to a structure is 
always able to afford compounds optimized in terms of biological properties. Beside the fact that unfortunately, as for the alchemists, 
this theory is going to remain a dream, in recent years, our group at DSTF is directing its efforts towards the investigation of a general 
tool able to mimic the acidic group in a universal “alkahest” way. Instead of deeply investigating a single moiety, we focused our 
attention on a pool of over ten acidic hydroxylated pentatomic heterocyclic systems. The result of this effort is the development of 
flexible tools capable of adapting to the requirements of different targets both in terms of acidity as well as general physicochemical 
profile. We called this pool the “bioisosterc alkahest” (B ). In this study, the application of the B  toward the structure of IMD-0354, a 
novel NF-κB inhibitor agent claimed to selectively inhibit IKKbeta,

[2]
 is presented with the aim to obtain new and potent anticancer 

drugs. Starting from the structure of IMD-0354, the bioisosteric substitution of the acidic phenolic substructure with a substituted 
hydroxylated heterocyclic should mimic the phenol role and also generate additional binding opportunities. The synthesis and the 
pharmacological characterization of powerful IMD-0354 analogues are presented and discussed, together with the characterization of 
the mechanism of action of IMD-0354. 
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Identification of new chemical hits binding to a specific biological target is still one of the most challenging steps within a drug 

discovery project. Whereas high-throughput screening (HTS) of large libraries of organic compounds is still considered as a standard 
procedure in hit discovery, it remains a long and costly approach that can be 
performed only by big pharma and mid-size biotech organizations. The use of 
smart and focused chemical libraries nowadays represents a cost-effective and 
efficient alternative approach to the HTS accession. Computer-aided drug design 
(CADD) has emerged in the past decades as powerful approach to limit the 
number of compounds necessary to screen by skipping those predicted to be 
inactive. CADD tools such as virtual screening using structure-based 
pharmacophore models and molecular modeling allow preselecting a smaller 
number of molecules to be tested in vitro. In this presentation, we will describe 
the 3 previous strategies and present experimental results obtained during 
TAKTIC (TrAnslational Kinase Tumor Inhibitor discovery Consortium), a project 
funded within the FP7-SME-2012 framework, which aims to identify small-
molecule inhibitors targeting NF-ĸB inducing kinase (NIK). 
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Diversity oriented synthesis (DOS) represents a strategy for the efficient generation of a collection of molecules which exhibit a high 

level of structural diversity.
[1]

 The build/couple/pair (B/C/P) strategy is a commonly used strategy to maximise diversity in compound 
libraries. The classic procedure including: i) synthesis of different building blocks containing orthogonal functionalities in the build 
phase; and ii) coupling of different building blocks to give pairing precursors in the couple phase; and iii) pairing reactions are carried 
out in order to generate final compounds in the pair phase.

[2]
 We further developed this classic strategy, whereby a set of distinct 

coupling reactions were applied in the couple phase (multidimensional coupling, Scheme 1b) instead of one sole reaction (one-
dimensional coupling, Scheme 1a). This strategy has been successfully applied in the DOS of a non-peptidic macrocycle library.

[3]
 

 

 
 
Scheme 1: a) one-dimensional coupling; b) multi-dimensional coupling; c) diversification on a secondary branching point in the couple 
phase; d) multi-dimensional pairing. 
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The work here describes the further development of this strategy using three approaches: i) in the couple phase, the conversion of a 
primary branching point to a secondary branching point from where a second round of branching was employed (Scheme 1c); and 
ii) using a build/couple/couple/pair (B/C/C/P) strategy to synthesise larger macrocycles with various linking motifs within one 
macrocycle; and iii) in the pair phase, diverse macrocyclisation methods were explored for multidimensional pairing (Scheme 1d). 
Illustrative macrocycles of the DOS library are shown in Figure 1. 
 

 
 
Figure 1: Illustrative macrocycles of the DOS library. 
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The development of cytotoxic agents that selectively promote the apoptosis of cancer cells while limiting the death of normal cells 

would represent a significant breakthrough in cancer therapy. Our group has reported a large spectrum of cell growth inhibition for a 

family of N-derivatives of 2-piperazino-5-androstane-3,17-diol, but their bioavailability needs to be improved by adding a 17-
ethynyl group. The linkage of an acetylenic steroid to a diethylsilyl resin and further introduction of molecular diversity by solid-phase 
chemistry allowed us to generate two libraries of ethynylated aminosteroid derivatives. Each library member was then tested (cellular 
viability assay) on two cancer cell lines (HL-60 and Ovcar-3) and compound A3 was selected for in vivo studies. After the large-scale 
synthesis of the aminosteroid derivative A3, its antitumor potency was evaluated in nude mice (xenograft model). Compound A3 
reduced the tumor growth of three cancer models: 1) leukemia (HL-60 cells) by 58 % (60 mg/kg/day, sc, EtOH/PG 8:92), 2) ovarian 
cancer (Ovcar-3 cells) by 50 % (60 mg/kg/day, sc, EtOH/PG 8:92) and 3) ovarian cancer (Ovcar-3 cells) by 100 % (2 x 240 mg/kg/2day, sc, 
EtOH/MC 8:92). The aminosteroid derivative A3 was also well tolerated by mice during the treatment (1 month) and no weight loss was 
recorded. 
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In 2010, Jonathan Baell and Georgina Holloway reported a list of frequent hitters in enzyme assays.

[1]
 They conned the terms Pan-

Assay interference compounds for those (PAINS). It is not surprising that similar PAINS are found in in vitro assays in antifungal research. 
However, it is even more worrying to realize that those compounds are also affecting phenotypic testing. Concrete examples from the 
recent literature will be shared in order to highlight to which extent this is affecting worldwide antifungal research. 
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Proteases are the largest family of enzymes and comprise an estimated 2% of the human genome being involved in a wide range of 

biological processes. While some protease inhibitor drugs have been successfully launched onto the market, very often lead compounds 
inhibit more than one parent protease resulting in unwanted side effects.

[1]
 Hence, the main hurdles 

in the field are the validation of protease drug targets and to overcome inhibitor promiscuity for 
parent proteases, due to the vast number of proteases in living organisms. The reactive oxo-β-lactam 
ring was discovered in our group as potent human neutrophil elastase (HNE)

[2]
 inhibitor and was 

envisaged as an exceptional scaffold for diverse protease activity, once its HNE activity and selectivity 
toward parent proteases is highly dependent on distinct structural motifs around the scaffold 
(Figure1). The aim of this work is to explore structural diversity around the oxo-β-lactam ring in order 
to establish a platform of molecular tools to address the urgent need for effective and selective antiprotease drugs, as well as to 
incorporate fluorescent probes that will be applied to identify therapeutic targets and to understand their molecular mechanisms. 
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Xanthones and chromenes are O -heterocycles frequently associated with antitumor activity.

[1,2]
 Bearing this in mind, our group has 

obtained a library of pyranoxanthones, holding these two moieties leading to the identification of XC36, a molecule which have shown 
an interesting antitumor activity (Figure 1).

[3] 
In order to optimize this hit compound and expand the chemical space, we designed a 

small library focusing in particular on the pyran ring. Keeping in mind drug-likeness, the prediction of the pharmacokinetic profile was 
undertaken taking into account the molecular descriptors prescribed by Lipinski and Veber guidelines. Special attention was given to 
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lipophilicity, which was evaluated using biomembrane-based models (micelles and liposomes). In addition, the protein plasma binding 
was studied on the human serum albumin (HSA).

[4]
 The binding of the synthesized analogues to     was evaluated by fluorescence 

quenching technique and Förster resonance energy 
transfer technique. To better understand the putative 
binding site to HSA, docking simulations were 
conducted (PyRx/AutoDock Vina) considering the HSA 
(PDB code: 2VUE) as a rigid unit, while the ligands were 
allowed to be flexible. This work allowed the 
identification of new molecules with adequate ADMET 
properties, being a step further for the development of 
a drug candidate.  
 
 

Figure 1. Multidimensional optimization of XC36 
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Successful drug discovery often requires optimization against a set of biological and physical properties. Muse Invention is a 

molecular invention tool that operates on an initial population of structures to invent new structures with improved characteristics. It is 
possible to combine almost any property calculation and scoring function to guide the invention process to molecules that are in 
accordance with the desired attributes. Ligand- and structure-based methods may be applied or a combination of them. We present a 
“reaction driven” evolutionary algorithm approach to de novo molecular design. Structures generated by our approach include a 
proposed synthesis path intended to aid the medicinal chemist in assessing the synthetic feasibility of the ideas that are generated. The 
methodology for reaction-driven molecular evolution we have developed is independent of how the design ideas are scored. A 
validation study using a set of common CADD scoring methods is shown. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Muse Invent Pathway Viewer 
showing the results of a synthetically 
reinvented structure. 
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Drug repurposing, the process of developing new indications for existing drugs, represents nowadays an excellent strategy to 

achieve optimal potential and maximize the value of a therapeutic drug. This process reduces cost, risk and time, and some common 
phases to de novo drug development can be bypassed as compared with traditional discovery. Repositioning FDA-approved drugs for 
the treatment of alternative disorders have already proven to effectively answer unmet medical needs. The computer-assisted drug 
design methods are also the powerful tools to reduce costs and time of research. They have been used for identification and screening 
of potential repositioning candidates. 

In order to identify and develop novel anti-inflammatory agents, we performed in silico screening from a heterogeneous database of 
molecules. First of all, we describe the potential of TOMOCOMD-CARDD methods to discover new anti-inflammatory drug-like agents 
from a diverse series of compounds using the total- and local-atom-based bilinear indices as molecular descriptors. The mathematical 
models obtained were validated by biological studies, identifying bisacodyl, drug used in therapeutic as laxative, as the first anti-
inflammatory lead-like using in silico repurposing from commercially drugs. Several biological in vivo and in vitro assays were performed 
in order to establish the mechanism of anti-inflammatory activity. In parallel, design, synthesis and biological evaluation of an original 
class of anti-inflammatory agents structurally related to bisacodyl was developed. The different analogues were easily prepared using 
low-cost synthetic procedures, and their anti-inflammatory activity was evaluated in zebrafish or in mice models. The biological results 
allowed us to establish some structure–activity relationships. This study suggests a new anti-inflammatory scaffold (the bisacodyl 
chemotype), which opens the door to future phamaco-modulations to develop new promising anti-inflammatory agents for further 
preclinical development. 
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Currently we describe a set-up for sleep-wake recording and sleep-modifying drug screening where 2304 larval zebrafish are 

recorded in parallel. Fertilized embryos are collected using a custom built embryo collector that yields up to 5000 embryos a day. The 
embryos are incubated at 28.5 °C for 120 hours and then placed in 96-well plates by a custom built dispenser which utilizes a cost-
effective break beam detection system. Next, twenty-four 96-well plates are placed in light and temperature controlled recording 
apparatus which is fitted with 24 separate cameras and a Perkin-Elmer microfluidics dispenser. After a 24 hour acclimation period, drugs 
are dispensed to the wells, and the larvae are recorded for 24 hours. In a typical run each group comprises 16 larvae. Each drug is 
applied in three dose sizes, in addition to 3 control groups (47 different drugs in a single run). Behavioral data is collected using the 
Noldus Ethovision image analysis module but analyzed for sleep percentage, sleep fragmentation, average sleep and wake bout length, 
and sleep latency, using custom written software. Currently the sleep assay is validated by running a reprofiling study using a 500 
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compound subset of the 1200 compound Prestwick Chemical Library®. We show that sleep active and sedative drugs are easily 
identified using the assay and of the first 500 compounds screened 22 compounds are sleep-wake modulatory. The Figure depicts a 
scatter-plot of compounds with sleep ratio on the x-axis and sleep fragmentation on the y-axis. Large green dot represents naive values. 
Compounds that cluster in the bottom-right quadrant of the graph (high sleep percentage and low sleep fragmentation) are putative 
novel hypnotics. We show that the Prestwick Chemical Library® is highly appropriate for reprofiling screens in larval zebrafish. Future 
developments include adaptation of the assay to other CNS disorders. 
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Cyclin dependent kinases (CDKs) are enzymes that play a key role in the regulation of the cell division cycle.

[1]
 These enzymes and 

their partner proteins, the cyclins, are commonly overactive or overexpressed in human cancers, or CDK-inhibiting proteins are not 
functional, leading to cell cycle deregulation. Therefore, CDKs are attractive therapeutic targets for cancer, whose inhibition is likely to 
arrest or recover control of the cell cycle in aberrantly dividing cells.

[2]
 Although few small-molecule CDK inhibitors have entered clinical 

trials, such compounds have been of limited efficacy due to their lack of target selectivity.
[3]

 Among CDKs, CDK2 is ascribed to act in the 
G1/S cell cycle phase transition and in the S phase progression. Its inhibition is reported to block tumor cell proliferation by apoptosis, 
with no effect on normal cells.

[4]
 However, targeting a specific cell cycle CDK remains an issue, since the catalytic ATP-binding site of 

kinases is rather conserved among the class. 
We report herein on the development of new molecules planned to specifically inhibit CDK2 that were designed to compete with 

ATP for the binding to the active site. The structure of the compounds was envisioned to mimic that of nucleotides, comprising a 
nucleobase moiety or a related nitrogen-containing aromatic unit, a sugar part, and a bioisostere functional mimic for the phosphate 
group. In this communication, both the synthetic work and the molecular docking simulation studies into the CDK2 enzyme, which 
contributed to identify new potential CDK2 inhibitors, are disclosed. 
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Carbohydrates/lectin interactions are involved in numerous relevant biological processes like signal transduction, pathogen-host 

interaction, or inflammation. An example of pathophysiologically relevant lectins is the family of the selectins, which plays a key role in 
the body’s defense mechanism against inflammation.

[1]
 Dysfunction can lead to acute and chronic reactions and therefore, antagonism 

of selectins is regarded as a valuable pharmaceutical option.
[2]

 The tetrasaccharide sialyl Lewis
x
 (sLe

x
) is the minimal carbohydrate 

epitope present in all physiological selectin ligands. Recently, we identified an interresidual non-conventional C–H···O hydrogen bond, 
that contributes substantially to the rigidity of the Le

x
–core in solution.

[3]
 This stabilization is crucial for high-affinity binding, because it 

contributes to the pre-organization of sLe
x
 in its bioactive conformation.

[4]
 We assumed that also other glycoepitopes are able to form 

non-conventional C–H···O hydrogen bonds leading to their pre-organization in the bioactive conformation. NMR structure 
determination and extensive database searches, confirmed that non-conventional C–H···O hydrogen bonds are present in numerous 

fucosylated carbohydrates, more precisely in 1,3- and 1,4-fucosylated, branched oligosaccharides. This structural information of 
biologically relevant carbohydrates could support the design and development of potent glycomimetics in the future. 
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The objective of the study was to indicate the effects of the Garcinia cambogia extract, which is used as a weight reducer on 

hydrogenised-vegetable-oil- and cholesterol-fed rats on the body weight and the obesity-raising or -inhibiting hormones (leptin, ghrelin, 
adiponectin, insulin). 30 Sprague–Dawley rats (5–6 months-old) were divided into three equal groups. Group 1 was fed with the 
standard rat diet, group 2 was fed with diet containing 20% hydrogenated vegetable oil and 1% cholesterol, group 3 was fed with the 
diet containing 20% hydrogenated vegetable oil and 1% cholesterol for first 30 days and the same diet plus 6% Garcinia cambogia 
extract for the next 30 days. Serum leptin levels were significantly higher (p=0.007) on day 60 than on other days in the two groups fed 
with the high-lipid diet and both the high-lipid diet and Garcinia cambogia extract. Serum ghrelin levels decreased on day 30 and again 
increased on day 60, but could not reach the starting level of the experiment (p=0.001) in the group fed with both high-lipid diet and 
Garcinia cambogia extract. Serum adiponectin levels increased with the advancing days in the group fed with both high-lipid diet and 
Garcinia cambogia extract. The levels detected on day 60 were significantly higher than the levels detected on day 0 (p=0.004) in this 
group. Any significant variety was not detected in serum insulin levels and body weights among groups on days 0, 30 and 60, and among 
days within each group. As a result, the evidence obtained from the present study does not support the role of Garcinia cambogia plant 
widely used as a weight-loss facilitator. 
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Metabolomics is one of the most recent technologies in the world of omics sciences. It aims at studying metabolome, which is 

composed of low-molecular-weight organic molecules (called metabolites) of a cell, an organism, or a biological system. This approach 
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gives rise to a growing number of applications in many areas, such as biomarkers discovery, clinical studies, drug efficacy and toxicity 
evaluation, diagnostic tools, quality control. One of the most interesting features of metabolomics is its capability to extract biochemical 
information reflecting biological events and then to be a powerful tool in the knowledge of the aetiology of some pathologies. Indeed, it 
is clear that every disease could alter more or less drastically the metabolic profile of the patient. Then a metabolomics approach could 
highlight the biochemical pathways affected and could allow the identification of new putative therapeutic strategies or targets that 
could be useful in a new drug discovery strategy. As proteomics, metabolomics approach represents a new and powerful tool for 
medicinal chemistry. 

Age-related macular degeneration (AMD) is a leading cause of vision loss in the western world among people aged 50 or older. 90% 
of all vision loss due to AMD results from the exudative form, which is characterized by choroidal neovascularization (CNV). Age-related 
changes that induce pathologic CNV are incompletely understood. A successful application of anti-VEGF approaches in the clinic is 
obviously a turning point in AMD treatment. Nevertheless, despite such important advances, critical issues remain to be addressed. To 
better understand the aetiology of this pathology, we used and improved a murine model of laser-induced choroidal neovascularization 
and applied a 

1
H NMR metabolomics study.

[1]
 This approach leads to the emergence of different putative biomarkers and to the 

validation of the CNV model for an experimental study of    .  mong these “biomarkers”, lactate appears to be clearly involved in the 
development of AMD. The modulation of their plasma concentration by treatment of the animals with synthetic compounds and more 
specifically pyruvate dehydrogenase kinase (PDHK) inhibitors significantly decrease the impact of laser-induced CNV. Starting from these 
results, the development of new PDHK inhibitors could open the way to innovative treatment opportunities in AMD disease. 
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Obesity in the world has nearly doubled between 1980 and 2008

[1]
 leading to an increased risk of developing type 2 diabetes 

(T2D).
[2]

 T2D is characterized by high blood glucose levels due to insulin resistance, declining of insulin production, and eventually 

pancreatic -cell failure, leading to complications such as blindness, kidney disease, heart disease, stroke, peripheral vascular disease, 
and neuropathy. Current treatment of type 2 diabetes are associated with problems such as increased body weight, hypoglycemia, and 
loss of efficacy after few years, leaving insulin injection as the only therapeutic viable option.

[3]
 As a result, there is an urgent need for 

new antidiabetic agents with novel mechanisms of action. 
Recently, it has been discovered that dietary components such as free fatty acids are capable of binding to and activate G protein 

coupled 7-transmembrane receptors and thereby regulate metabolism.
[4]

 One such receptor is FFA4 (GPR120), which is activated by 
unsaturated long-chain FFAs, leading to secretion of antidiabetic and appetite regulating gut hormones glucagon-like peptide-1 (GLP-1) 
and cholecystokinin (CCK),

[5]
 anti-inflammatory and insulin sensitizing effects.

[6]
 Deletion of FFA4 in mice and mutation leading to a non-

functional receptor in humans have been associated with increased risk of obesity.
[7]

 This receptor has attracted interest as a possible 
therapeutic target for the treatment of T2D and obesity. Potent and selective agonists for FFA4 have recently been developed.

[8]
 

Lipophilic carboxylic acids have however been generally associated with metabolic instability. Here, another series of FFA4 modulators 
lacking the carboxylic acid function will be presented. 
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New drugs are needed to enhance premature termination codon (PTC) suppression to treat the underlying cause of cystic fibrosis 

(CF) and other diseases caused by nonsense mutations. We tested new synthetic aminoglycoside derivatives expressly developed for 
PTC suppression in a series of complementary CF models. Using a dual-luciferase reporter system containing the four most prevalent 
CFTR nonsense mutations (G542X, R553X, R1162X and W1282X) within their local sequence contexts (the three codons on either side of 
the PTC), we found that NB124, which was successfully synthesized in our lab, promoted the most read-through of G542X, R1162X and 
W1282X PTCs. NB124 also restored full-length CFTR expression and chloride transport in FRT cells stably transduced with a CFTR-G542X 
cDNA transgene, and was superior to gentamicin and other aminoglycosides tested. NB124 restored CFTR function to ~7% of wild type 
activity in primary human bronchial epithelial (HBE) CF cells (G542X/delF508), a highly relevant preclinical model with endogenous CFTR 
expression. Efficacy was further enhanced by addition of the CFTR potentiator ivacaftor (VX-770) to airway cells expressing CFTR PTCs. 
NB124 treatment rescued CFTR function in a CF mouse model expressing a human CFTR-G542X transgene; efficacy was superior to 
gentamicin and exhibited favorable pharmacokinetic properties, suggesting in vitro results translated to clinical benefit in vivo. NB124 
was also less cytotoxic than gentamicin in a tissue-based model for ototoxicity. These results provide evidence that NB124 and other 
synthetic aminoglycosides provide a 10-fold improvement in therapeutic index over gentamicin and other first generation 
aminoglycosides, providing a promising treatment for a wide array of CFTR nonsense mutations. 
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GPR81 is a novel drug target that is involved in the control of glucose/lipid metabolism and therefore show potential in type II 

diabetes treatment. The aim of the project is to create an orally active GPR81 agonist that through insulin sensitization decrease the 
HbA1c concentration (glycated haemoglobin) which reflects the average blood sugar level over a period of weeks/months. The 
medicinal chemistry team focused on exploring SAR, generating in vivo tools, improving DMPK and selectivity profiles. The efforts 
resulted in a lead series with additional subseries with sufficient quality for lead optimisation. High selectivity favouring GPR81 versus 
the GHS-R1a receptor (involved in the regulation of food intake) was achieved. Several compounds were used for in vivo studies which 
showed free fatty acid lowering and improved glucose control, but also increased blood pressure as a side effect. This poster will discuss 
SAR and the efforts made during LI phase regarding potency and GPR81 selectivity versus GHS-R1a and GPR109A (another member of 
the hydroxycarboxylic acid GPCR family) by introducing chirality in different parts of the lead series molecule. 
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Diabetes is today affecting 382 million people worldwide and of these 90 % suffer from type 2 

diabetes.
[1]

 The disease is connected with lifestyle factors and prevalence is rapidly increasing as a 
consequence of the obesity epidemic. Development of better and safer therapeutics is of high 
importance for treatment of the disease and to limit the extent of secondary diseases such as renal 
and cardiovascular disorders. The 7-transmembrane free fatty acid receptor 1 (FFA1, previously 

GPR40), highly expressed on human pancreatic -cells, is a new potential target for treatment of type 
2 diabetes.

[2]
 FFA1 responds to physiological concentrations of medium- to long-chain free fatty acids 

and enhances glucose-stimulated insulin secretion, but does not affect secretion at low glucose 
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concentration, and is thus unlikely to cause hypoglycemia. FFA1 is also reported to protect b-cells and is associated with incretin 
release. In our search for selective FFA1 agonists with therapeutic activity against type 2 diabetes, we have identified TUG-770, a potent 
and selective FFA1 agonist with moderate lipophilicity and robust activity after oral administration in mouse models.

[3]
 We here 

summarize the discovery and characterization, and present the further structure-activity relationship investigations of this compound 
series. 
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The ghrelin receptor is a G protein-coupled receptor that is involved in the regulation of energy homeostasis. High receptor signaling 

induces appetite and food intake. Interestingly, the receptor possesses a high constitutive activity that can be targeted by different 
ligands: agonists increase the constitutive activity, whereas inverse agonists decrease it.

[1]
 With these approaches, energy homeostasis 

could be influenced and may result in obtaining drugs that influence weight-related diseases. On the one hand, obesity is an increasing 
problem all over the world and specific anti-obesity drugs would be of advantage. In contrast, diseases owing to a loss of appetite as 
cachexia could be influenced by ghrelin receptor agonists. 

We designed peptides based on the hexapeptide KwFwLL-NH2 that are able to influence the constitutive activity of the receptor.
[2]

 
Analogues were synthesized using solid-phase peptide synthesis with Fmoc/tBu-strategy and tested for their potency, efficacy and 
binding affinity. We showed that small changes in the aromatic core could swap the peptide behavior between agonism and inverse 
agonism. Furthermore, poly(ethylene glycol) and palmitic acid can be incorporated to improve metabolic stability, bioavailability and 
biodistribution. 
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The farnesoid X receptor (FXR) is a key regulator of bile acid metabolism, furthermore, this nuclear receptor acts in various 

pathways of fatty acid and carbohydrate metabolism, as well as liver protection and regeneration.
[1,2]

 Therefore, it is an attractive target 

to treat several metabolic disorders. A phase III study with obeticholic acid (OCA, 6-ethyl-
chenodeoxycholic acid, 6-EDCA, INT-747) in primary biliary cirrhosis and phase II studies in 
nonalcoholic hepatosteatosis and alcoholic hepatitis are underway to verify the value of an 
FXR agonist in disease models of hepatic injury.

[3]
 

To generate starting points for novel synthetic FXR modulators, we initiated an in silico 
search with a combined ligand- and structure-based virtual screening. The most promising 
structures identified were an anthranilic acid derivative and an imidazo[1,2-a]pyridine, which 
showed moderate activation of the receptor.

[4]
 Subsequently, these scaffolds were 

chemically modified to generate structure–activity relationship (SAR) data, revealing insights 
into pharmacophore properties of the specific residues. All structures were characterized 
biologically in a luciferase-based, full-length FXR transactivation assay.

[5]
 In detail, the 

imidazo[1,2-a]pyridine scaffold was chemically altered considering the thiophene- and 
methylenedioxyphenyl partial structures as well as the substitution pattern of the imidazo[1,2-a]pyridine core. The published "mini-
SAR" was enlarged to systematically and gradually evaluate modifications to the structure to activity and maximal activation towards 
FXR. Therefore, several derivatives were synthesized using the Groebke-Blackburn three-component synthesis of imidazo[1,2-a]-
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pyridines using the respective aminopyridines, aldehydes and isocyanides. The results of biological evaluation promote ligands that 
activate FXR in a nanomolar activity range and that can be optimized regarding physicochemical properties for further in vitro and in 
vivo characterization. 
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The G protein-coupled free fatty acid receptor 1 (FFA1, formerly GPR40), which is expressed in pancreatic -cells and in entero-
endocrine cells such as the I-, L-, and K-cells, has attracted attention as a potential drug target for treatment of type 2 diabetes.

[1]
 

Stimulation of FFA1 with agonists, both endogenous long-chain fatty acids and synthetic agonists, leads to glucose-dependent release of 

insulin directly via stimulation of FFA1 on pancreactic -cells and indirectly via intestinal incretin release, and without an increased risk 
of hypoglycemia. FFA4 (previously GPR120) is another G protein-coupled receptor that is activated by 
long-chain fatty acids. Activation of this receptor, which is abundantly expressed in the enteroendocrine 
cells, is found to have beneficial effects on both type 2 diabetes and obesity through regulation of the 
GLP-1, CCK and ghrelin levels. We have previously identified several potent and selective FFA1 agonists 
based on the 3-(4-(phenyl-ethynyl)phenyl)propanoic acid scaffold.

[2]
 We present here further structure–

activity relationship studies on this scaffold, which has led to the discovery of a sub-series of lead 
structures with high ligand efficiency. 
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The beneficial health effect of dietary fiber is well established, e.g. in counteracting inflammatory bowel disease and metabolic 

diseases.
[1,2]

 The short-chain free fatty acid 3 receptor (FFA3, previously GPR41) is a 7-transmembrane receptor activated by short-chain 
fatty acids produced in high concentrations during colonic fermentation of fiber.

[3,4]
 A selective FFA3 agonist produces a modest but 

significant stimulation of GLP-1 release from murine colonic crypt cultures and inhibits ghrelin secretion 
from murine gastric ghrelin cells

[5]
 and hence FFA3 may have a role in regulation of inflammatory processes 

and metabolism. New potent and selective FFA3 modulators are essential for a thorough investigation of 
the receptor and for the development of potential new therapeutics. In 2007, a patent application from 
Arena was published describing representatives from a series of 2-methyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxamides that behaved either as agonists or as antagonists on FFA3.

[6]
 Recently, 

a representative from this series was demonstrated to be a useful tool compound for studies of FFA3.
[5,7]
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We have synthesized and characterized representatives and additional analogues from this series and shown that the compounds act as 
allosteric modulators with highly diverse pharmacology, including both positive and negative allosteric modulators (PAM and NAM) as 
well as PAM agonists and PAM antagonists.

(8)
 We here present further structure-activity relationship studies within this series. 
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In multifactorial diseases, multifunctional agents which address two or more targets of such a disease can be expected to produce 

superior in vivo effects as compared to higher-affinity single-targeted compounds.
[1]

 Based on the pathophysiological mechanisms 
involved in atherosclerosis (inflammation/hyperlipidemia/oxidative stress), we have designed morpholine- or benz(oxa/thia)zine-
phenothiazine derivatives by exploiting several different pharmacophores.

[2]
 These novel compounds, combine antioxidant, 

antihyperlipidemic and anti-inflammatory activities by design, exhibited strong in vitro activities against oxidative stress (lipid 
peroxidation, LDL-oxidation and free radical-scavenging), inflammation (COX-1 and/or COX-2 inhibition) and 
hypercholesterolemia/hyperlipidemia (SQS inhibition). This activity profile was confirmed in vivo in a high-fat diet mouse model for the 
most potent compounds; lipidemic parameters were reduced up to 80 % (e.g., LDL levels) while the anti-atherogenic index (HDL/LDL) 
increased sixfold. Based on these results, one of these multi-targeted compounds was evaluated for its anti-atherosclerotic activity after 
long-term administration (3.5 months) in ApoE(–/–) transgenic mice and promoted a significant decrease of primary atherosclerotic 
lesions while at the same time did not show any toxicity as reflected by liver/plasma enzyme levels. 

It appears that the incorporation of phenothiazine, and its strong antioxidant/free radical-scavenging properties, into the “lead” 
morpholine pharmacophore, significantly enhanced and broadened the pharmacological profile of the new compounds with a 
successful application in atherosclerosis. 
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Agents that impact multiple targets simultaneously seem to be a preferential approach in the treatment of multifactorial diseases 

such as atherosclerosis, diabetes and the metabolic syndrome. -Lipoic acid [(R)-5-(1,2-dithiolan-3-yl)pentanoic acid], known as a 
universal antioxidant, is protective of human LDL exposed to oxidative stress. Moreover, it lowers triglycerides, increases levels of 
proteins that regulate cholesterol levels and enhances glucose tolerance and insulin sensitivity in several animal models. 

We hereby incorporated in one structure combinations of lead compounds such as lipoic acid, our previously studied antioxidant 
and antihyperlipidaemic biphenyl-morpholine, (pheno)thiazine or 3,5-di-tert-butyl-4-hydroxybenzyl alcohol. These molecules were 
synthesized employing modifications of existing synthetic methodology and their structures were confirmed by 

1
H NMR and 

13
C NMR. 

They exhibited improved antioxidant activity in vitro: inhibition of Fe
2+

/ascorbate – induced lipid peroxidation of rat microsomal 
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membranes with IC50 values ranging from 0.5 mM to  5 μM depending on the structural moieties combined and the presence of the 
reduced/oxidized form of the dithiolane ring. As expected, derivatives with a dimercapto group showed significant activity also in free 
radical (DPPH) scavenging capacity (IC50 values up to 60 μM). The in vivo activity of two such derivatives was evaluated in a 
hyperlipidaemic/diabetes II mouse model. They exhibited both significant hypolipidaemic and antidiabetic effects, achieving reductions 
in plasma levels of total cholesterol and triglycerides up to 51 % and 82 %, respectively, LDL-cholesterol up to 51 %, increasing the 
HDL/LDL ratio and reducing glucose levels up to 40 %. The reported novel dithiolane derivatives, combined antioxidant, hypolipidaemic 
and antidiabetic activity and therefore may be considered as potential agents in the treatment of multifactorial diseases such as 
atherosclerosis, diabetes and the metabolic syndrome. 
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Nuclear farnesoid X receptor (FXR) is a ligand-activated transcription factor that is highly expressed in liver, intestine and kidney.

[1]
 

After activation by endogenous or synthetic ligands it binds to DNA response elements either as monomer or as heterodimer with 
Retinoid X Receptor (RXR). FXR regulates target genes which are involved in bile acid metabolism, lipid and glucose homeostasis. Bile 
acids (most active: chenodeoxycholic acid)

[2–4]
 as well as their metabolites, and polyunsaturated fatty acids are known as endogenous 

ligands for FXR whereas intense research has been made to find potent synthetic ligands. FXR has gained interest as potential 
pharmaceutical target

[5,6]
 due to its role in metabolic pathways as well as in inflammation and tumorigenesis. Presently, FXR agonists 

(e.g., 6-ECDCA, 6-ethylchenodeoxycholic acid) are in clinical development for treatment of primary billiary cirrhosis (PBC), non-
alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH). Besides FXR agonists, the development of FXR 
antagonists has come into focus in recent years since FXR knockout studies suggested positive impact of FXR inhibition on insulin 
sensitivity and atherosclerosis in obese conditions.

[7,8]
 Here, we present the development of new potential ligands of FXR starting from a 

dual PPAR / ligand previously developed in our workgroup which showed slight FXR activity in our transactivation assay. Further 
improvement in activity and selectivity at FXR was achieved by introduction of a pyridinol moiety. Interestingly pyridinol/pyridinon 
tautomerism distinguished between agonistic or antagonistic activity of the new FXR ligands. We investigated the different binding 
modes of the agonistic and antagonistic derivatives in docking studies and furthermore optimized the reaction conditions to manage 
tautomerism. 
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Liver X receptors (LXRs) are members of the nuclear receptor superfamily of ligand-activated transcription factors. Two LXR isoforms 

have been identified: LXR (NR1H3) and LXR (NR1H2). During our drug discovery process aimed to develop LXR agonists, we started 
with an HTS screening. Substituted proline 
1 was identified as human LXR agonists in 
a transactivation assay. A first round of 
hit-to-lead optimization of 1 led to 
indoline analogues 2 with significant 
improvement in potency. In this 
presentation, we will go through the 
design, synthesis and biological evaluation 
of this series 2, in vitro and in vivo data 
will be discussed. We will show that we 
were able to obtain compounds with 

different LXR/ profiles with good PK parameters. Indeed, we identified LXR-selective derivatives bearing acidic moieties on R2 part, 

while the LXR component was restored with tertiary amino derivatives on R2 leading to dual LXR/ compounds and some with a 

tendency towards LXR selectivity. 
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The ligand activated transcription factor nuclear farnesoid X receptor (FXR) acts as bile acid sensor and as a regulator in many 

metabolic pathways including lipid and glucose homeostasis.
[1]

 Therefore pharmacological activation of FXR seems a valuable 
therapeutic approach to treat several pathophysiological conditions. FXR activation holds promise for the treatment of liver diseases 
such as primary biliary cirrhosis and non-alcoholic fatty liver disease, metabolic disorders linked to insulin resistance and certain forms 
of cancer.

[1–5]
 With obeticholic acid, the first FXR ligand is in clinical trials.

[5]
 However, full FXR agonism as it is exhibited by known 

synthetic FXR ligands can evoke undesirable effects which might hinder the clinical development of some known FXR agonists.
[6–8]

 FXR 
activation may e.g. cause cholestasis and impaired lipid homeostasis.

[1,2]
 

For long-term treatment of metabolic disorders partial FXR agonists with balanced, moderate FXR activating activity are therefore 
required, that avoid disadvantageous FXR over-activation. We report the development and SAR of anthranilic acid derivatives

[6]
 as 

potent FXR modulators in a reporter gene assay and on mRNA level in liver cells. The most potent compound of this scaffold exhibits 
partial FXR agonism with an EC50 value of 8±3 nM. Additionally, we investigated structural differences on molecular level between full 
and partial agonism on FXR by co-crystal structure analysis. 
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The α-amylase inhibitors have been investigated due to its properties to decrease hyperglycemia postprandial and alleviate the 

oxidative stress. Annona sp. ( nnonaceae) popularly known as “araticum” is a common fruit found in the Cerrado Biome (Brazilian 
savanna). This study aimed to evaluate the fruit peel aqueous and ethanolic extracts of Annona relative to its antioxidant potential, total 

phenol content and inhibition the salivary α-amylase activity by the method GalG2CNP ((2-chloro-4-nitrophenyl)--1,4-
galactopiranosilmaltoside) using a partially purified enzyme from human saliva. We also evaluated the antidiabetic potential in 
streptozotocin-induced diabetic rats for 20 days treated with the fruit peel ethanolic extract of Annona sp. The fruit peel ethanolic 
extract was submitted to liquid-liquid partitions with solvents of increasing polarity. The ethanol extract (10 g) was dissolved in 
methanol to yield the following partitions: hexane, dichloromethane, ethyl acetate, n-butanol and water. Ethanolic extract of the fruit 
peel of the Annona sp. showed the higher antioxidant activity (IC50=7.9 µg mL

–1
), followed by aqueous extract (IC50=22.1 µg mL

–1
). The 

total phenol content was expressed as gallic acid equivalent [GAE]/g extract. The extracts that showed a higher content of phenolic 
compounds were: ethanolic extract (637.13 mg GAE g

–1
) and aqueous (223.20 mg GAE g

–1
) of the fruit peel and seed ethanolic extract 

(73.23 mg GAE g
–1

). We found for inhibition of HSA activity, IC50 values of 430 µg mL
–1

 and 574 µg mL
–1

, respectively, for ethanolic and 
aqueous extracts of fruit peel, respectively. The ethyl acetate, n-butanol and water partition showed the inhibition more than 90 % of α-
amylase activity. After 20 days of treatment the animals treated with Annona not reduced fasting glucose and body weight when 
compared with the controls groups (water and metformin). There was no change in biochemical parameters in treated animals, only 
increased levels of alkaline phosphatase when compared with diabetic control animals. Owing to these properties, the studies can be 
further extending to exploit them for their possible application as natural antioxidant for supplements, cosmetic and functional 
ingredients for food products. 
 
Keywords: fruits cerrado; alpha-amylase; inhibition; antioxidant. 
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Monoacylglycerol acyltransferase 2 (MGAT2) is a member of the MGAT family enzyme that catalyzes the biosynthesis of 

diacylglycerol (DG) from monoacylglycerol (MG), a committed step in dietary fat absorption. MGAT2 is highly expressed in the small 
intestine and considered to have a crucial role in the absorption of dietary fat and the accretion of body fat in mice.

[1]
 MGAT2-deficient 

mice show resistance to obesity, glucose intolerance, hypercholesterolemia and fatty 
livers induced by a high-fat diet, although they show a normal phenotype by a low fat 
diet. Thus, the inhibition of this enzyme would be effective for treating obesity and 
relating metabolic disorders induced by excessive fat intake.

[1,2]
 A high-throughput 

screening campaign identified that 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidin-4(3H)-one 
derivatives showed MGAT2 inhibitory activity. Lead optimization identified compound A 
containing an ester group with potent human MGAT2 inhibitory activity but undesired 
off-target profile.

[3]
 Compound A exhibited the efficacy in experimental animal models 

and quickly metabolized to corresponding carboxylic acid with acceptable off-target profile to avoid the systemic side effects. The 
lability of compound A in human plasma is not so high compared to the lability in liver S9. In this poster, we describe the successful 
design and synthesis of novel MGAT2 inhibitors with improved lability in human plasma to reduce the risk of systemic side effects.

[3]
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Adiponectin is an adipose-derived protein that exerts insulin-sensitizing, anti-diabetic and anti-atherogenic effects, and its 

expression occurs in the process of adipogenesis. Based on our hypothesis that agents that promote adipocyte differentiation could also 
act as adiponectin expression enhancers, we screened a novel small-molecule enhancer of adiponectin expresssion, using the system 
involving differentiation of ST-13 preadipocytes as an indicator, and found that some small molecules, including nobiletin and 
norlichexanthone, induced the differentiation of ST-13 preadipocytes into mature adipocytes and enhanced adiponectin expression.

[1–3]
 

In the present study we examined 12 disubstituted pyrazole compounds for their differentiation-inducing activity against ST-13 
preadipocytes. Oil red O staining showed that a disubstituted pyrazole compound, 14-39, promoted adipogenesis in ST-13 cells. 
Compound, 14-39 dose-dependently increased the mRNA expression of fatty acid-binding 
protein, a marker of adipocyte differentiation. Western blot analysis demonstrated that the 
compound, 14-39, enhanced the extracellular secretion of adiponectin protein in a dose-
dependent manner. Increased level of adiponectin mRNA was also observed in the ST-13 cells 
treated with the compound. Actinomycin D treatment blocked an increase in adiponectin 
mRNA expression by the compound, 14-39, implying that it is the result of increased 
transcription. A luciferase reporter assay showed that the compound, 14-39, failed to activate 

peroxisome proliferator activated receptor  (PPAR), suggesting that its action of mechanism 
with respect to upregulation of adiponection might differ from those of thiazolidinediones 

which enhance adiponectin expression via activation of PPAR. Additionally, compound 14-39 upregulated the mRNA expression of 
glucose transporter 4 or adiponectin receptor 2. These findings suggest the possibility that the compound, 14-39, has the potential to 
treat and/or prevent lifestyle-related diseases, including metabolic syndrome, type 2 diabetes, atherosclerosis and cardiovascular 
diseases. 
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Atherosclerosis, a condition affecting arterial blood vessels, is the main risk factor for cardiovascular disease, one of the most 

common diseases in the modern western world. Hyperlipidemia, especially elevated levels of low-density lipoprotein (LDL) cholesterol, 
can lead to the formation of plaques within the artery. Furthermore, dyslipidemia is one of the main alterations characterising the 
metabolic syndrome. Oxidation of LDL promotes inflammatory response and increases free radical production, leading to plaque 
vulnerability. Dyslipidemias are still poorly controlled, mainly because the origin of atherosclerosis is still not completely understood. 

We have reported the study of a number of properly substituted morpholines, designed to act as squalene synthase (SQS) inhibitors, 
thus interrupting cholesterol biosynthesis. They acquired antioxidant activity and were potent anti-dyslipidemic agents. They also 
inhibited atherosclerotic lesions in the cholesterol-fed rabbit. 

In this investigation, we synthesized and studied a number of substituted morpholines, incorporating part of a potent antioxidant 
molecule, such as a butylated hydroxytoluene residue, as the morpholine N-substituent, in order to augment the antioxidant potential 
of these molecules. In addition, a nicotinic acid residue was introduced, considering that nicotinic acid possesses both anti-dyslipidemic 
activity and lipid-independent actions on vascular endothelial oxidative and inflammatory events. The antioxidant activity of the 
synthesized compounds was assessed in vitro as inhibition of rat hepatic microsomal lipid peroxidation. For selected structures, 
inhibition of human blood LDL oxidation, lecithin-cholesterol acyltransferase (LCAT) activation and SQS inhibition were determined. The 
hypolipidemic effect of the compounds was studied using hyperlipidemic rats. Plasma levels of lipidemic indices were measured. 
Furthermore, the effect on blood glucose in streptozotocin-treated rats was examined for representative structures. It is found that the 
novel compounds, as designed, acquired all the desired properties, mainly, antioxidant and anti-dyslipidemic action. Finally, an effort is 
made to draw conclusions upon structural characteristics important for anti-dyslipidemic activity. 
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G-Protein-coupled receptors (GPCRs) are of critical importance within the human organism since they are key players in the cellular 

communication, involved in a variety of physiological and pathophysiological processes. About 30% of the currently available drugs act 
via GPCRs, representing the extraordinary role of this class of receptors for modern drug discovery.

[1]
 In the past decade, small-molecule 

ligands of GPCRs were investigated that do not target the orthosteric binding site, affecting receptor function via an allosteric 
mechanism. Since most of the allosteric ligands themselves cause no or only minor receptor activation, the allosteric approach offers 
the opportunity for fine-tuning GPCR pharmacology. Furthermore, small-molecule allosteric modulators of GPCRs offer the potential for 
the improved subtype selectivity, preservation of physiological signal patterns and induction of biased signaling.

[2]
 Based on these 

properties, small-molecule allosteric modulators of GPCRs open new prospects for acting in the central nervous system and for 
treatment complex metabolic disorders.

[3]
 In a high-throughput screening approach, different small-molecule compounds were 

identified and characterized for their effects on GPCRs involved in metabolic disorders. The allosteric modulators were used as tools to 
obtain more detailed insights into receptor pharmacology and activation mechanism. This knowledge might potentially provide the 
basis for development of allosteric compounds useful as pharmaceuticals for metabolic syndrome. 
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The free fatty acid 4 receptor (FFA4, previously known as GPR120) is part of the free fatty acid receptor family. Members of this 

family respond to free fatty acids of variable chain length and are involved in various metabolic and inflammatory disorders. FFA4 is 
expressed in lung, intestines, pancreas, adipose 
tissue and macrophages, is activated by the 
medium to long chain fatty acids, and is reported 
to promote incretin secretion and mediate 
inflammatory and insulin sensitizing effects.

[1,2]
 

Furthermore, dysfunctional FFA4 has recently been 
linked to the development of obesity.

[3]
 The 

receptor is therefore a potentially interesting 
target for treatment of obesity and type 2 diabetes. 

We have recently described the discovery of 
TUG-891 as the first potent and selective FFA4 
agonist,

[4]
 a compound which is currently taken 

advantage of in the further studies with this 
receptor.

[5]
 We here describe the details binding 

interactions of TUG-891 with FFA4
[6]

 and the 
further structure–activity relationship studies 
around this series. 
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Recently, we derived "humanized" spontaneously hypertensive rats (SHR-CRP) in which transgenic expression of human CRP induces 

inflammation, oxidative stress, several features of metabolic syndrome and target organ injury. In addition, we found that rosuvastatin 
treatment of SHR-CRP transgenic rats can protect against proinflammatory effects of human CRP and also reduce cardiac inflammation 
and oxidative damage. In the current study, we tested the effects of rosuvastatin (5 mg/kg) on kidney injury in SHR-CRP males versus 
untreated SHR-CRP and SHR controls. All rats were fed a high sucrose diet. In SHR-CRP transgenic rats, treatment with rosuvastatin for 
10 weeks, compared to untreated transgenic rats and SHR controls, was associated with significantly reduced systemic inflammation 
which was accompanied with activation of antioxidative enzymes in the kidney, lower renal fat accumulation, and with amelioration of 
histopathological changes in the kidney. These findings provide evidence, that in the presence of high CRP levels, rosuvastatin exhibits 
significant anti-inflammatory, anti-oxidative, and renoprotective effects. 
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Bisphosphonates (BPs) are the most widely used and effective anti-resorptive agents for the treatment of diseases in which there is 

an increase in osteoclastic resorption. Recently, laboratory studies highly suggest that third-generation BPs, named N-BPs (e.g., 
ibandronate and zoledronate), can induce important antitumor effects in breast cancer cells in vitro by promoting apoptosis,

[1]
 and 

inhibiting cell adhesion and invasive potential. Nevertheless, it has been noted that the in vitro concentrations of N-BPs required 
inducing breast cancer cell apoptosis are higher than those required for osteoclast apoptosis. This recent discoveries of antitumor 
potency of N-BPs was attributed to the differences of their molecular mechanism of action. Thus, BPs can be grouped in two main 
different classes: first-generation is non-N-BPs and second-generation is N-BPs. First-generation BPs, such as clodronate and etidronate, 
are metabolized intracellular to analogues of ATP by 
inhibiting ATP-dependent enzymes. In contrast, second-
generation N-BPs, such as pamidronate and zoledronate, 
interfere with mevalonate biosynthetic pathway by inhibiting 
farnesyl diphosphate (FPP) synthase (see Figure). Our 
recent

[2]
 and present work considered an elaboration of a 

novel series of nitrogen- and/or sulfur-containing BPs. Several 
of these N-BPs reflected remarkable antitumor activity 
against breast (especially MDA-MB-231/ATCC and BT-549), 
and myeloma (LOXIMVI, MALME-3M, and MI4) carcinoma cell 
lines. 
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Within the human organism, central and peripheral molecular clocks influence biochemistry, physiology and behavior to oscillate 

with a circadian (~24h) rhythmicity, thus controlling numerous physiological processes. Disrhythmic, i.e. out-of-sync body clocks lead to 
severe chronobiological impairments, such as cardiovascular disorders, neurological diseases, insomnia, and sleep disorder-related 

diseases, such as Alzheimer‘s Disease, arthritis, diabetes, or Parkinson‘s disease. In this context, casein 1 kinase  (CK1) offers novel 
treatment opportunities for different chronobiological diseases, since this kinase is involved in the regulation of a number of circadian 
clock-related proteins. 

Here, we report on the discovery and optimization of a class of novel, highly active CK1inhibitors with improved selectivity profiles 
when compared to advanced competitor compounds, such as PF670462. Detailed enzymological studies on the frontrunner compound 
NBC 0459 show an ATP competitive, time dependent inhibition mode with an increased residence time on target. Most active 
compounds exhibit increased cellular efficacy, e.g. in a Tau phosphorylation assay. Initial PK studies on NBC 0459 show promising 

cerebrovascular permeability, qualifying the compound class as a 
novel treatment modality for CNS-related conditions. Single 
administration of the lead compound within an in-vivo sleep-wake 
animal model promoted sleep and augmented NREM sleeping time in 
rats significantly, thus demonstrating proof-of-concept for the 

therapeutic potential of CK1inhibitors in diseases that are caused by 
dysregulated body clocks. 
 
 
Figure 1. The frontrunner compound NBC 0459 displays a CNS-
compliant physicochemical profile (left), and a distinct and unique 
binding mode is identified with X-ray (right). 
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The tumor suppressor p53 plays a crucial role in cell stress response, and its inactivation by a range of mechanisms is a frequent 

underlying event in the development and progression of cancer. In wild-type p53 tumors, overexpression of the p53 negative regulator 
MDM2 is implicated in the inactivation of p53 function. Restoring p53 levels through disruption of p53–MDM2 interaction has been 
proved to be a valuable approach in fighting cancer.

[1]
 

Based on the spiropyrrolidine oxindole scaffold (a known p53–MDM2 interaction inhibitor family) it was synthesized a small library 
of spiroisoxazoline oxindole (see Figure).

[2,3]
 Molecular diversity was introduced by different groups attached to the spirooxindole core. 

Screening the spiroisoxazoline oxindoles in human hepatocellular carcinoma cell line (HepG2) revealed that derivatives with chloro or 
bromo groups at position 6 of the oxindole ring were more active than the positive control nutlin-3. To investigate if cytotoxicity was 
mediated by p53, all compounds more active than nutlin-3 were tested in three other cell lines with different p53 status: an isogenic 
pair of wild type p53 and null human colorectal cancer cell lines [HCT116 p53(+/+) and p53(–/–)]; and a 
p53 mutant human colorectal adenocarcinoma cell line (SW620). Although all compounds showed only 
a marginal increase in potency in cell lines harboring wild type p53, their inhibitory activity profile was 
comparable to that of nutlin-3. Furthermore, evaluation of their ability to block intracellular p53–MDM2 
interaction and to activate p53 pathway was accomplished by employing a bimolecular fluorescence 
complementation assay (BiFC),

[4]
 and by immunobloting analysis, respectively. Derivatizations of the 

best compound obtained are currently under construction and evaluation, with the most active 
derivative displaying a cell-based IC50 value of 2 µM. 
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Cancer is a leading cause of death worldwide, accounting for 13 % of the world’s mortality.

[1]
 Chronic myeloid leukemia (CML) is a 

cancer characterized by the presence of an abnormal chromosome. This chromosome, called the Philadelphia (Ph), provides hybrid BCR-
ABL protein, which has abnormal tyrosine kinase enzymatic activity, being responsible for the pathogenesis of the disease. Under 
normal conditions, the tyrosine kinase regulates a number of crucial activities. Treatment of CML has been revolutionized with the 
advent of tyrosine kinase inhibitors, the first being imatinib (1). In general, these compounds have in their structure the skeleton 
phenylaminopyrimidine (PAP), identified as the most important pharmacophore for nonspecific kinase inhibition.

[2]
 The isatin (2,3-

dioxoindol) (2) is a benzo-heterocycle that has attracted attention of many researchers for being recognized as a versatile starting 
material for the preparation of various other molecules with potential pharmacological activity. An example is sunitinib® (3), which has a 
high anticancer activity. Thus, the aim of this work is the synthesis and biological evaluation of new molecules (4–6) (a–d) obtained from 
the hybridization of PAP with isatin (Figure 1). 

 
 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

254



The synthetic route used to obtain the novel molecules is performed by a few steps. The PAP skeleton was prepared according to 
the methodology described by Boechat et al.

[3]
 Subsequently, we carried out the condensation between the PAP and the corresponding 

isatin. So far, 11 compounds (4–6) (a–d) were synthesized with good reaction yields. The substances obtained were biologically 
evaluated according to the activity profile. The tests were conducted in human cell lines K562 and K562-Lucena, derived from CML. The 
results demonstrated that some of the new inhibitors showed similar or higher activities than the reference drug (imatinib). In addition, 
the molecules tested did not have any cytotoxicity. 
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Recently, our group reported a new strategy suitable for producing numerous new octahydropyrazin[2,1-a:5,4-a’]diisoquinoline 

derivatives.
[1]

 There is a structural similarity of these compounds to many natural products and their synthetic analogs of anticancer 
activity as berberine, erianin, combretastin, curcumine, tylocrebrine, or tylophorine. A possible mechanism action of these compounds 
might be inhibition of topoisomerase I/II. DNA topoisomerases are nuclear enzymes that are involved in DNA replication, transcription, 
recombination, and chromosome condensation and decondensation. The evaluations of these compounds bioactivity disclosed, that 
octahydropyrazin[2,1-a:5,4-a’]diisoquinoline derivatives act as topoisomerase I/II inhibitors. Mechanism associated with resistance 
against topoisomerase-interactive agents is a decreased level or activity of the target enzyme (known as altered topoisomerase 
resistance). However, since the topoisomerase I enzyme function is essential to very basic cell survival requirements, commonly 
decreased activity of topo I is compensated for by an increase in topo II expression, with subsequent enhanced cytotoxicity of cells to 
topo II inhibitors. Similarly, resistance to topo II inhibitors has been linked to a reduction in the catalytic activity of topo II or a reduction 
in levels of topo II mRNA. Simultaneous targeting of both topo I and topo II by a drug may be an important contributing factor for 
circumventing resistance mechanisms due to alteration of a single target enzyme. It is probable that deregulation of DNA replication 
and transcription by inhibition of topoisomerases activity contribute significantly to the cytotoxicity of novel diisoquinoline derivatives. 

Understanding the pathways by which octahydropyrazin[2,1-a:5,4-a’]diisoquinoline derivatives induce cell death can provide 
information necessary to target specific cell death pathways in the treatment of breast cancer. Our experiments carried out with flow 
cytometry assessment of annexin V binding and fluorescent microscopy assay revealed that these compounds inhibited the proliferation 
of MCF-7 and MDA-231 cells by increasing the number of apoptotic cells. Most apoptotic pathways converge on the mitochondria, 
inducing the disruption of the mitochondrial transmembrane potential ΔΨm. The loss of mitochondrial membrane potential ΔΨm is an 
early and already irreversible stage of apoptosis. Exposure to novel diisoquinoline derivatives resulted decrease of mitochondrial 
membrane potential ΔΨm in MCF-7 and MDA-MB-231 cells. These results provide better insight into the action of these compounds and 
establish mitochondria as the major mediator of their effect in breast cancer cells. In our study the induction of apoptosis by 
octahydropyrazin[2,1-a:5,4-a’]diisoquinoline derivatives in human breast cancer cells was also confirmed by several biochemical 
markers, such as: phosphatidylserine externalization, caspase-3, -8, -9 activity, and DNA degradation. Octahydropyrazin[2,1-a:5,4-
a’]diisoquinoline derivatives induce apoptosis of breast cancer cells via mechanisms dependent on caspases activation and associated 
with mitochondrial membrane potential disruption. 
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Despite their promise, the potential development of related natural or synthetic alkaloids as promising drug candidates has been 

limited, to a large degree, by low natural availability. As part of a current project aimed at the synthesis of isoquinoline alkaloids, we 
have developed a stereoselective method for the preparation of octahydropyrazin[2,1-a:5,4-a’]diisoquinoline derivatives starting from 
L-tartaric acid. The key steps of the synthesis involve the dimerization of an in situ generated alfa-aminoaldehyde into the corresponding 
cyclic bis-hemiaminal, followed by dehydration in the presence of a base to give a 7-oxa-2,5-diaza-bicyclo[2.2.1]heptane derivative, 
which can be regarded as a bicyclic bis-hemiaminal inner ether. These compounds represent a new class of molecule, with a structure 
unambiguously established for the first time. In our in vitro antitumor study, we found that novel octahydropyrazin[2,1-a:5,4-
a’]diisoquinoline derivatives have strong antitumor effect on human breast cancer cells. Evaluation of the cytotoxicity of these 
compounds employing a MTT assay and inhibition of [

3
H]thymidine incorporation into DNA in both MDA-MB-231 and MCF-7 human 

breast cancer cells demonstrated that these compounds were more active than etoposide and camptothecin. One of the characteristic 
features of breast cancer cells is a deregulation of their interaction with extracellular matrix proteins. Therefore, changes in the 
quantity, structure and distribution of collagens caused by anticancer agents may affect the metabolism and function of human breast 
cancer cells. Collagen biosynthesis was measured in MCF-7 and MDA-MB-231 breast cancer cells treated with various concentrations of 
novel octahydropyrazin[2,1-a:5,4-a’]diisoquinoline derivatives. These compounds were proved to be stronger inhibitors of collagen 
biosynthesis than etoposide and camptothecin. Collagen is the most abundant component of extracellular matrix and is responsible for 
the maintenance of the architecture and the integrity of the connective tissue. It is known that the interaction between integrin 
receptors and extracellular matrix proteins, e.g. collagen, can regulate neoplastic cell attachment, migration, proliferation, progression 
and survival. A decreased amount of collagen in extracellular matrix is believed to enhance motility and invasion of neoplastic cells, but 
it also contributes to the inhibition of cell growth and induction of apoptosis. Since the antiproliferative effect of octahydropyrazin[2,1-
a:5,4-a’]diisoquinoline derivatives is independent of the estrogen receptor status of the breast cancer cells, these potent inhibitors are 
potential pharmacological agents for the treatment of both hormone responsive and nonresponsive breast cancer cells. 
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Casein kinase CK2 is a ubiquitous eukaryotic serine/threonine protein kinase, also known to phosphorylate Tyr residues. CK2 plays a 

key role in cell growth, differentiation, cell death and survival, and is a potent suppressor of apoptosis. Overexpression and activation of 
CK2 have been observed in a wide variety of cancers,

[1]
 and in inflammatory disorders, pain, and viral infections.

[2]
 Therefore, the 

development of highly specific, cell-permeable, and ATP-competitive CK2 inhibitors appears as a promising strategy for treatment of 
various diseases. The extensive studies have led to 
the development of different types of inhibitors. 
Among them are 4,5,6,7-tetrabromo-1H-
benzotriazole (TBBt, Ki 0.4 μM) and its derivative 2-
dimethylamino-4,5,6,7-tetrabromo-1H-
benzimidazole (DMAT, Ki 0.04 μM).

[3]
 However, the 

cytotoxicity tests showed that TBBt has no obvious 
effect on studied cancer cells (Jurkat, HL-60).

[4]
 

Therefore, it was of interest to modify its structure to obtain new active compounds against human CK2and/or inhibiting tumor cells 

growth. This was achieved by straightforward, four-step synthesis: 1) NaBH4-reduction of the appropriate aryl -keto esters, 2) selective 
monotosylation of a primary hydroxyl group of the obtained diols, 3) bromination of benzotriazole to obtain 4,5,6,7-tetrabromo-1H-
benzotriazole, 4) subsequent alkylation of TBBt with the appropriate monotosylated diols. 

Human CK2inhibitory activity of the newly 6a–g, and previously synthesized compounds 7a–c
[5]

 was estimated at micromolar 

concentrations. We found that aliphatic TBBt derivatives 7a–c suppressed the activity of hCK2more efficiently than the new 
compounds with phenyl ring 6a–g. The most active appeared to be (R)-1-(4,5,6,7-tetrabromo-2H-benzotriazol-2-yl)butan-3-ol, (R)-7b, 

with similar affinity for the hCK2as TBBt. This activity is probably due to optimal orientation of the hydroxyl group of that inhibitor in 
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the ATP binding pocket, what was confirmed by the computational docking. Cytotoxic effect of all compounds was tested on human 
leukemia (CCRF-CEM) and breast (MCF-7) cancer cell lines. In vitro biological evaluation showed that most of the compounds exhibit 
weak cytotoxicity against MCF-7 cells, and compounds 6b–f exerted moderate antitumor activity against the CCRF-CEM cells. The higher 
cytotoxicity of 6b–f than TBBt and alkyl derivatives 7a–b is likely due to their better cell penetration ability. 
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SMYD3 is a lysine methyltransferase which is believed to play a key role in the di- and tri-methylation of H3K4, a modification which 

has been associated with transcriptional activation. SMYD3 is highly expressed in a number of cancers, notably hepatocellular 
carcinoma, colon, breast, and prostate cancer, whilst being absent or showing low levels of expression in many normal tissues. Knock 
down of SMYD3 in a number of cancer cell lines has been shown to inhibit cell growth. Together this suggests that a SMYD3 inhibitor 
has the potential to be a new treatment for cancer. We will describe the development of assays and the use of virtual screening to 
identify a number of highly efficient hits, which have provided an attractive starting point for our SMYD3 drug discovery programme. 
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The serine/threonine kinase CDK2 (member of the cyclin-dependent kinase family) is of considerable interest as a potential drug 

target in oncology owing to its important role in the regulation of the mitotic progression and its association with the molecular 
pathology of cancer.

[1,2,3]
 As a consequence, small-molecule ATP-competitive CDK inhibitors have 

potential therapeutic value as antitumor agents.
[4]

 Furthermore, despite the fact that structures of 
many protein kinases have been characterized by X-ray crystallography, molecular modelling and in 
silico prediction of new sub-micromolar kinase inhibitors still remain a significant challenge.

[5]
 

Recently, we successfully applied a refined quantum mechanics (QM)-based scoring protocol to 
recapitulate the binding affinities of known pyrazolo[1,5-a]pyrimidine inhibitors of CDK2 kinase and 
their bioisosteres.

[6]
 Utilizing the same scoring function, novel inhibitors bearing properly 

substituted biphenyls at the 5-position of the pyrazolo[1,5-a]pyrimidine core were modelled. The 
synthesis and biological evaluation of these new CDK2 inhibitors will be discussed in order to assess 
the predictive power of the in silico methodology. 
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Aziridinyl-substituted 1,4-benzoquinones are important group of potential antitumour agents which have been used in the cancer 

therapy since 1970’s, although with a variable success. Their cytotoxicity is caused by: 1) the net two-electron reduction by flavoenzyme 
NAD(P)H:quinone oxidoreductase (NQO1) into aziridinylhydroquinones, which alkylate DNA more rapidly than the parent quinones; 
2) the parallel redox cycling under the action of single-electron transferring NADPH:cytochrome P-450 reductase (P-450R) or the 
analogous enzymes; 3) the parallel direct alkylation of DNA by some aziridinylquinones with strong electron-donating substituents, and 
by 4) possibly by their net two-electron reduction by the single-electron transferring flavoenzymes such as P-450R under partly hypoxic 
conditions. 

2,5-Diaziridinyl-3-(hydroxymethyl)-6-methyl-1,4-benzoquinone (RH1) emerged as a well-promising antitumour agent, including its 
results in preclinical and phase-I trials. Its cytotoxicity in several cancer cell lines was apparently related to the amount of NQO1. 
However, the recent data point to the potential impact of single-electron transferring enzymes such as P-450R, on its cytotoxicity. In 
order to get a quantitative insight on the action of RH1, we investigated its cytotoxicity in several cell lines with the different amount of 
NQO1, i.e., the fetal lamb kidney fibroblasts transformed by bovine leukemia virus (line FLK, 250 U/mg), MH22a murine hepatoma 
(80 U/mg), human promielocytic leukemic cells (HL-60, 3 U/mg), and primary mice splenocytes (4 U/mg). In these cell lines, the 
cytotoxicity of aziridinyl-unsubstituted quinones increased with an increase in their single-electron reduction potential (E

1
7), which, 

taken together with the antioxidant protection, points to the dominating oxidative stress-type of their cytotoxicity. Aziridinyl-
substituted benzoquinones form an additional series of more active compounds, whose cytotoxicity in FLK and MH22a cells was 
additionally partly decreased by an inhibitor of NQO1, dicumarol. We also derived the RH1-resistant MH22a sublines with a 4.6–23-fold 
decreased activity of NQO1 and with the insignificantly changed activity of other prooxidant and antioxidant enzymes. This may point to 
the dominating role of NQO1 in the cytotoxicity of RH1 and other aziridinyl-quinones in MH22a and FLK cells, which are relatively rich in 
NQO1. The cytotoxicity of RH1 and other aziridinyl-quinones in primary mice splenocytes was enhanced with respect to aziridinyl-
unsubstituted ones, but to a lesser extent. Possibly, it is attributed to a net two-electron of quinones by single-electron transferring 
flavoenzymes under reduced intracellular oxygen tension. In contrast, the cytotoxicity of aziridinyl-substituted quinones was 
significantly enhanced HL-60 cells, which points to the additional currently poorly understood factors of their toxicity. 
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Apart from their widely analyzed antioxidant properties, polyhydroxybenzenes and flavonoids exhibit the prooxidant cytotoxicity in 

mammalian cells during the prolonged incubation. This is related to their (auto)oxidation which is accompanied by the formation of the 
reactive oxygen species, and the formation of their quinone/quinomethide oxidation products, which may further undergo the redox 
cycling, and deplete the intracellular reduced glutathione.

[1]
 Our studies of the transformed cell lines, e.g., human promyelocytic 

leukemia cells (HL-60), bovine leukemia virus-transformed lamb kidney fibroblasts (FLK), and murine hepatoma (MH22a) revealed that 
the cytotoxicity of polyhydroxybenzenes and flavonoids was partly prevented by: 1) catalase; 2) the antioxidant N,N‘-diphenyl-p-

phenylene diamine; 3) the Fe-ion chelator desferrioxamine, and by 4) the inhibitors of cytochromes P450, izoniazide and -
naphthoflavone. Their cytotoxicity was enhanced by the alkylating agent 1,3-bis-(2-chloroethyl)-1-nitrosourea (BCNU), and by an 
inhibitor of catechol-o-methyltransferase (COMT), 3,5-dinitrocatechol. The inhibitor of DT-diaphorase, dicumarol, displayed the 
equivocal effects. It points to the oxidative stress-type cytotoxicity of polyphenols and flavonoids, which is enhanced by their P450-
catalyzed hydroxylation or oxidative demethylation. In these cases, polyhydroxybenzenes comprised a separate series of a higher 
cytotoxicity, which were characterized by Δlog cL50/ΔE

2
7 = 6.9–5.1 V

–1
, and Δlog cL50/ΔlogD = –0.20 to –0.07, where cL50 is the compound 
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concentration for 50 % cell survival, E
2

7 is the potential of phenoxyl radical/phenol redox couple at pH 7.0, and logD is octanol/water 
distribution coefficient at pH 7.0. Flavonoids comprised another less active series of compounds with the similar quantitative structure–
activity relationships (QSARs), i.e., their cL50 also increased with an increase in their E

2
7, and decreased with an increase in logD. In this 

case, the studies of the reduction of ferricyanide or cytochrome c by flavonoids and other polyhydroxybenzenes enabled us to obtain or 
to correct the previously unavailable or incorrectly defined E

2
7 values for flavonoids.

[2]
 In our opinion, the decreased mammalian cell 

cytotoxicity of flavonoids may be attributed to their more efficient methylation by COMT, which decreases the ease of their oxidation. 
The presence of a positive charge in the side-substituents of polyhydroxybenzenes did not significantly enhance their cytotoxicity. 
Importantly, the similar QSARs and protection/potentiation effects were also observed in primary mice splenocytes. It shows that 
flavonoids and other polyhydroxybenzenes may not be regarded as the selectively toxic compounds against these transformed (tumor) 
cells. On the other hand, the cytotoxicity of polyhydroxybenzenes in tyrosinase-expressing SK-MEL-28 human melanoma cells did not 
follow the previously observed log cL50 vs. E

2
7 + logD dependences. It may point to a specific role of tyrosinase in the cytotoxicity 

manifestation of polyphenols in melanoma cell lines and to a possibility of some specific therapeutic effects of polyphenols in this case. 
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Melanoma is a common and aggressive malignancy that has been increasing in incidence and mortality during the past two decades. 

Tyrosinase is a single enzyme present in melanosomes that mediates the pigmentary process of melanin production and is 
overexpressed in melanotic melanomas. This differential expression makes this enzyme a suitable target for cancer therapy using 
tumour activated prodrugs.

[1]
 

Our group has been interested in exploring this molecular uniqueness of melanomas to target prodrugs of triazenes that will be 
selectively activated by tyrosinase in melanoma cells. Triazenes are conventional chemotherapeutic agents approved by the FDA, for the 
treatment of this disease. To study the structural requirements for triazene prodrugs cytotoxicity a set of analogues 1 were synthesized 
and evaluated in cell lines selected from different origins, some rich in tyrosinase and others tyrosinase absent.

[2,3] 
In this work we will 

discuss the SAR for activation by tyrosinase 
and present the structural requirements for 
selective cytotoxicity of this set of 
analogues. We believe that this class of 
prodrugs will provide a targeted drug 
candidate. 
 

 
 
Figure 1. Activation scheme of triazene 
prodrugs 1 by tyrosinase. 
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In all eukaryotic cell types, protein elongation is a critical and energetically expensive step in the synthesis of new proteins. 

Eukaryotic elongation factor 2 (EF2) is essential for protein elongation: its affinity for the ribosome, and hence protein elongation rate, is 
controlled by its phosphorylation state. Phosphorylation of eEF2 at Threonine 56 by the elongation factor 2 kinase (EF2K) decreases the 
affinity of EF2 for the ribosome, and reduces protein elongation rates. This regulation is critical under various forms of cellular stress, 
such as nutrient limitation and hypoxia, or conditions of increased energy expenditure, such as muscle exercise. Dysregulation of EF2 
(Thr56) phosphorylation has been associated with several devastating pathologies, including cancer and depression. Tumor cells often 
experience various forms of stress (hypoxia, nutrient deprivation), and therefore activate eEF2K. Indeed, EF2 is highly phosphorylated in 
tumor tissue compared to normal tissue as an adaptive response to nutrient limitation.

[1]
 Deregulation of this control through inhibition 

of eEF2K is thought to fatally increase energy expenditure in tumor cells, and represent an anti-tumor strategy through induction of 
metabolic crisis.

[1–3]
 

Using biochemical lysate-based eEF2K kinase screening assays, we have identified ATP-competitive macrocyclic hits with low 
micromolar activity on eEF2K inhibition. In collaboration with Proteros, we initially solved the crystal structure of the eEF2K kinase 
domain bound to non-hydrolyzable ATP, followed by co-crystallization of a number of lead compounds. Modifications in the core 
scaffold residue of the macrocyclic compounds showed substantial impact on eEF2K activity and kinase selectivity profile but the main 
efforts of the lead optimization process focused on variations of the linker residues. Among these introducing branched linker residues 
and inducing chirality had a major role in the design of eEF2K inhibitors which inhibit phosphorylation of EF2 at double digit nanomolar 
concentrations in metabolically stressed MCF10A cells. In addition even minor linker modifications had major impact on both the kinase 
selectivity profile as on the pharmacokinetic properties. 
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Human arylamine N-acetyltransferase 1 (hNAT1) is one of the ten most highly overexpressed genes in estrogen-receptor-positive 

(ER+) breast cancer,
[1]

 making hNAT1 a potential biomarker for this disease. Furthermore, shRNA knockdown studies suggest that 
hNAT1 inhibition might provide a novel therapeutic strategy to targeting ER+ tumours.

[2]
 We have previously shown that 

naphthoquinone 1 is a selective hNAT1 inhibitor and undergoes a colour change from red to blue in the presence of the enzyme,
[3]

 
caused by selective recognition of the conjugate base of 1 by the Arg127 residue of hNAT1.

[4]
 SAR studies have shown that little 

variation in the C2 substituent is tolerated, anilino-C3 substituents provide both favourable colorimetric and pharmacological properties, 
and that amino substitution at C8 gives a tenfold increase in potency.

[5]
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Presently, our aims are to develop analogues of 1 that: (a) display improved solubility and cell permeability, for testing potential 
therapeutic use in cancer cell lines; and (b) maintain hNAT1 specificity, but with increased affinity and higher sensitivity to enable 
quantitative hNAT1 detection in tissue 
samples in vitro. SAR data and in silico 
modelling were used to construct a binding 
model between naphthoquinone inhibitors 
and hNAT1, which we have exploited in 
inhibitor design. Notably, further 
explorations at the C3 position have enabled 
the development of inhibitors, which are 50-
times more potent than 1 and with 
significantly improved solubility and cell 
permeability, and low levels of plasma 
protein binding; these compounds inhibit 
hNAT1 in extracts from the breast cancer cell 
line ZR-75-1 and are currently undergoing 
evaluation in vitro in tumour cell lines. 
Recently, we have also synthesised fluorescent analogues of 1, such as fluorene 2, the fluorescence intensity of which is pH-dependent 
(see Figure) and is detectable at 1 μM. Further optimisation of such species is underway to yield probes that could be used for enzymatic 
titrations in in vitro experiments. 
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As a part of a research program directed towards the design and synthesis of xanthones and acridones structurally related to 

mitoxantrone and PZA, we present here the synthesis and cytotoxic activity of a number of amino-substituted xanthones and acridones 
according the general types I, II, III and IV (see Figure). The preparation of xanthone derivatives proceeds through coupling of ethyl 2-
iodobenzoate with m-cresol, followed by nitration, saponification and cyclization to the corresponding 1-methyl-2-nitro-9H-xanthen-9-
one. This was brominated, hydrolyzed and oxidized to afford the corresponding acid, which was treated with suitable amines to provide 
the desired xanthone-1-carboxamides. The synthesis of the compounds bearing the acridone core was carried out through coupling of 
anthranilic acid with methyl 3-bromo-4-nitrobenzoate, followed by cyclization, saponification of acridine methyl ester, and finally 
treatment with suitable amines to afford the corresponding acridine-1-carboxamides. The antiproliferative activity of the synthesized 
compounds was investigated against wild-type and resistant tumor cell lines. 
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Multidrug resistance (MDR) is defined as resistance of cancer cells to the cytotoxic action of various structurally dissimilar and 

functionally different chemotherapeutic agents. MDR is mainly related to the expression of the adenosine triphosphate ATP-binding 
cassette (ABC) transporters. P-glycoprotein (P-gp), multidrug resistance-associated protein (MRP1) and the breast cancer resistance 
protein (BCRP) as a major MDR proteins actively transport a wide variety of structurally different substrates out of the tumor cells, 
thereby decreasing their intracellular concentrations. 

A series from 40 novel thieno[2,3-b]pyridine and furo[2,3-b]pyridine derivatives were designed and synthesized as potential MDR 
modulators. All synthesized compounds were tested to determine BCRP, P-gp, and MRP1 inhibitor activity. Most potent MDR 
modulators were also screened for their toxicity, cytotoxicity and Ca

2+
 channel antagonist activity. Among all tested compounds five 

most promising thieno[2,3-b]pyridine derivatives were 20–24 times more effective than used control inhibitors (Verapamil, MK-571, 
Reversan). In particular, thieno[2,3-b]pyridine (R

1
=Me, R

2
=COOC2H4OMe, R

3
=3,4,5-(MeO)3 C6 H2, R

4
=4-MeOC6H4) 

was found to exhibit a potent P-gp inhibitory action with EC50 = 0.3 ± 0.2 mM, MRP1 inhibitory action with EC50 = 
1.1 ± 0.1 mM and BCRP1 inhibitory action with EC50 = 0.2 ± 0.05 mM and may represent suitable candidate for 
further pharmacological studies. Inhibition of MRP1 could be partly caused also by inhibition of protein kinases 

(e.g., CK2). Oxygen bioisosteres - furo[2,3-b]pyridines have revealed weak potency on inhibition of BCRP1 
transport protein. More than ten times lower Ca

2+
 antagonist effects than that of Verapamil have been 

established, it indicates lower possibility to observe cardiotoxic side effects. Low toxicity (approx. LD50 ~ 2500 
mg/kg) of investigated compounds were observed, and most thieno[2,3-b]-pyridines showed no cytotoxic 
activity against tested cell lines.  
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Malfunctions in the tightly regulated network of protein–protein interactions (PPIs) are the basis for various malignancies such as 

cancer. Numerous human cancers such as prostate, breast, lymphoma and brain cancer harbor aberrantly activated signal transducer 
and activator of transcription 3 (STAT3) protein. In their dimeric form, STAT3 complexes play a master regulatory role in tumor cell 
growth and survival. Poorly treated brain cancers, such as gliomas, astrocytomas and glioblastomas, harbor constitutively activated 
STAT3. Notably, survival rates for brain cancers are poor, given the limited number of drugs able to permeate the hydrophobic blood–
brain barrier (BBB) and by the 
difficulties of brain surgery. 
Disrupting STAT3 protein 
complexes has repeatedly been 
shown to be an important and 
valid target for cancer drug 
discovery.

[1]
 

Phosphorylation of STAT3’s 
key tyrosine (Tyr705) residue 
has been shown to initiate 
STAT3–STAT3 complexation 
events through binding to the 
Src homology 2 (SH2) domain of 
another phosphorylated STAT3 
monomer. Thus, STAT3–STAT3 
protein complexes are mediated 
through reciprocal pTyr705–SH2 
domain interactions. Most drugs 
targeting STAT3 include a phosphoryl group to mimic pTyr705. While the phosphate functionality is regarded as being essential to 
targeting the SH2 domain, it is unsuitable for drug discovery as it suffers from poor cell permeability and metabolic degradation. 

Herein, we report the identification of a first-in-class nonphosphorylated, potent and selective STAT3 inhibitor, SH-04-54, which is 
currently in preclinical trials. A "hot-spot" targeted comprehensive computational analysis combined with the application of known 
medicinal chemistry techniques, such as prodrug and bioisosterism, led to the identification of this small-molecule STAT3 inhibitor. 
Currently in preclinical trials, SH-04-54 displays nanomolar potency against a variety of cancer cells with no toxic effects versus healthy 
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cells. Moreover, in vivo, SH-04-54 exhibited BBB permeability, potently controlled glioma tumor growth, and inhibited pSTAT3 in vivo. 
This work, for the first time, demonstrates the power of STAT3 inhibitors for the treatment of brain cancer stem cells (BTSCs) and 
validates the therapeutic efficacy of a STAT3 inhibitor for GBM clinical application.

[2]
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Activating mutations in the epidermal growth factor receptor (EGFR) characterize a subset of non-small cell lung cancers (NSCLC) 

with exquisite sensitivity to tyrosine kinase inhibitors like erlotinib or gefitinib. However, after an initial dramatic response, patients 
harboring these mutations progress within 8-14 months on therapy. In approximately 60% of patients, the resistance to TKIs is 
associated with the acquisition of a secondary mutation within the EGFR kinase domain. The mutation in the kinase domain leads to the 
substitution of a bulky methionine for threonine at position 790 (T790M) also referred to as the gatekeeper residue. 

A novel series of pyridinyl-aminopyrimidine inhibitors was identified using high-throughput-screening. Co-crystallization with both 
wild type (wt) EGFR and the T790M/L858R double mutant revealed an unusual binding mode which conferred selectivity for inhibition 
of T790M double mutants over wt EGFR and kinases in general. Structure and physicochemical property guided optimization was used 
to selectively increase potency delivering compounds with low nanomolar affinity for the target enzyme. The optimized compounds 
show inhibition of p-EGFR and proliferation only in mutant-bearing EGFR-driven cell lines. Additionally, compounds were identified 
which give substantial tumor growth inhibition of both H1975 and PC9 erlotinib resistant mouse xenografts with commensurate 
inhibition of phosphorylation of EGFR as well as downstream kinases ERK1/2 and AKT. These results suggest that these pyridinyl-
aminopyrimidine inhibitors have the potential to benefit NSCLC patients who have developed resistance to first-generation EGFR 
inhibitors due to the acquisition of the T790M mutation, without the skin rash and gastrointestinal toxicity associated with wild-type 
EGFR inhibition. 
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In 1990 Judah Folkman´s laboratory published a fundamental discovery on the anti-angiogenic activity of a natural compound 

named fumagillin 1 which had been isolated in 1951 from the fungus Aspergillus fumigatus.[1]
 The molecular target of 1 and derivatives 

was identified in 1997 as methionine aminopeptidase 2 (MetAP-2) by the laboratory of Craig Crews.
[2]

 In 1998 Jun O. Liu and his group 
identified the ring-epoxide as a relevant warhead binding covalently to His231 in MetAP-2.

[3]
  

MetAPs are enzymes which remove the amino terminal amino acid methionine from proteins during or after the translation 
process, and three different isoforms, MetAP-1, MetAP-2, and MAP-1D, are known in humans. Whereas MetAP-2 is widely expressed in 
all human tissues, different expression levels based on mRNA data are apparent. MetAP-2 inhibition blocks proliferation of vascular 
endothelial cells, explaining thereby, at least in part, the anti-angiogenic mechanism of action.

[4]
 A wealth of published data 

demonstrated that MetAP-2 inhibitors have potent anti-tumor efficacy in vivo, predominantly demonstrated in mouse models. Whether 
the antitumor efficacy in these models is indeed mediated by anti-angiogenic alone and/or direct antitumor effects could not be proven 
yet. 
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This poster describes ligands 2 that inhibit the target reversibly. The synthesis of aryl templates like substituted purines, 3H-
imidazo[4,5-b]pyridines, [1,2,4]triazolo[1,5-a]pyrimidines, 1H-pyrazolo[3,4-d]pyrimidines, imidazo[1,2-a]pyrimidines, 7H-pyrrolo[2,3-d]-
pyrimidines, [1,2,4]triazolo[1,5-a][1,3,5]triazines, [1,2,5]thiadiazolo[3,4-b]pyridine and pyrido[2,3-d]pyrimidines is outlined, as well as 
the preparation of substituted 
pyrrolidin-methyl bridging 
moieties. SAR and binding mode 
of derivatives from compound 
class 2 are discussed as well as 
surprising structural changes that 
were discovered when comparing 
MetAP-2 in complex with 2 and/or 
other known ligands like acid 3 
(A-832234). 
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Platelet-derived growth factor receptors (PDGF-R) are tyrosine kinase receptors. They are important for the regulation of cell 

proliferation, cell growth, and many diseases including cancer.
[1]

 In this study we demonstrate the optimization of 3,5-diaryl-pyrazin-

2(1H)-ones as potent PDGF-R inhibitors. Originally, the core was derived from the marine sponge alkaloid family of hamacanthins. A 
synthesis platform using a microwave mediated ring closure was established to synthesize the top ranked candidates of the molecular 
modeling.

[2]
 As no X-ray structure of PDGF-R was available we generated a homology model based on highly related VEGF-R2. 

 

 
 

Figure 1. Docking pose of 2 in the ATP binding pocket of the PDGF-R protein kinase homology model domain (docking by Glide) and 
overlay of hydration sites (colored spheres) calculated by WaterMap. 
 

SAR for variable 3,5-aryl substitution patterns were investigated.
[3]

 The 3-arylic 3,4,5-trimethoxy system proved to be optimal. It is 
situated in the hydrophobic region II where the modeling correlated accurately with the biological data. However, the impact of the 
“hydrophobic effect” in the hydrophobic pocket I where the 5-aryl system is located was only reflected insufficiently. The 
thermodynamic contribution of dis-/replacing water molecules could be calculated by WaterMap. Herein, ligand affinity can be 
explained by the displacement of key hydration sites by the pyrazin-2(1H)-one core scaffold. Moreover, the replacement of a structural 
water molecule by the 4’-phenolic OH group of 2 in combination with the displacement of two further unstable hydration sites by the 
vicinal 3’-methoxy moiety contribute essentially to the ligand´s affinity. This resulted in a 25-fold increase of the IC50 value for 2 (PDGF-

R: IC50 = 0.02 µM) compared to our first hit compound 1 (PDGF-R: IC50 = 0.5 µM).
[4]

 However, in contrast to 1 the promising activity of 
2 in the kinase assay did not translate into potent efficacy in cellular assays. This may be due to the compound´s limited cellular 
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bioavailability or the susceptibility to metabolic degradation. Further hit-to-lead development of this compound series towards potent 

PDGF-R inhibitors is therefore essential. 
 

 
 
Figure 2. Molecular structures of marine prototype hamacanthin B and two optimized 3,5-diaryl-pyrazin-2(1H)-ones 1 and 2. 
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The androgen receptor (AR) is a steroid hormone receptor that plays crucial roles in the normal development of male reproductive 

tissues, and its high expression and/or relaxation of its regulation are strongly implicated in prostate cancer (PCa). Thus, inhibiting AR 
activity, using antiandrogens, is a major therapeutic approach for treating PCa. Several studies have suggested that cyclin-dependent 
kinases (CDKs) can mediate AR phosphorylation directly at multiple sites. Phosphorylation of S81(AR) was first associated with CDK1 by 
Chen et al., who also found that this phosphorylation does not affect either the transcriptional activity or stability of AR.

[1]
 In that study, 

the effect of CDK1 on AR phosphorylation was corroborated by demonstrations that roscovitine, which the authors believed to be CDK1-
specific, and two other CDK inhibitors (claimed to be CDK1/2- and CDK1/5-specific), reduced S81(AR) phosphorylation at micromolar 
concentrations. They also used two additional CDK1 inhibitors, CGP74514A and RO-3306, to corroborate interactions of CDK1 with AR in 
the later studies. Treatment with all of the applied inhibitors reduced levels of phospho S81(AR). However, roscovitine is now known to 
be a pan-selective CDK inhibitor, and the true CDK-specificities of the other inhibitors are highly uncertain. In another study, Gordon et 
al. found that CDK9 can mediate phosphorylation of AR at S81, as well as CDK1, but not another two AR sites (S16 and S94), while CDK5 
phosphorylates neither S81(AR) nor any other examined phospho-sites.

[2]
 These authors also verified the phosphorylation of S81(AR) 

pharmacologically, using two known CDK9 inhibitors, DRB and flavopiridol. However, although both of these inhibitors display some 
preference for CDK9, flavopiridol is a pan-selective CDK inhibitor (like roscovitine) and the activity of DRB towards other kinases is 
unknown. 

We tried to clarify putative preferential phosphorylations of AR by CDKs at phospho-sites that are suspected to be regulated by 
CDKs using a combination of molecular and chemical inhibition techniques. Published results have revealed a relationship between 
some AR phospho-sites and particular CDKs—most significantly between S81 and CDKs 1, 5 and 9—but most knock-down experiments 
involving RNA silencing of particular CDKs (or their combinations) have failed and observed effects have usually been pharmacologically 
corroborated using non-selective CDK inhibitors or CDK inhibitors with unknown selectivity. Therefore, we analyzed the role of most 
CDKs in AR phosphorylation using a combination of molecular and chemical inhibition techniques to clarify much more fully the 
interactions between AR and CDKs. We assess the therapeutic potential of CDK inhibitors, primarily for treating advanced PCa where 
androgen deprivation therapy has failed. 
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Protein tyrosine phosphatases (PTPs) are key players in the regulation and control of transient protein phosphorylation within and 
between cells, but more specifically they are responsible for the dephosphorylation of proteins. PTPs have only recently been validated 
as a therapeutic target; malfunction in their activity has been associated with human diseases, including and not limited to diabetes, 
obesity, cancer and neurodegenerative and autoimmune disorders, making this class of enzymes, once thought to be merely 
housekeeping enzymes, as highly attractive targets for medicinal chemistry research.

[1]
 Although there has been a tremendous amount 

of progress towards the development of PTP inhibitors, since the early discovery of the insulin-like activity of vanadate, vanadium salts 
have kept their rank among the highest inhibitory activities against PTP.

[2]
 More specifically, the insulin-like activities of a number of 

vanadium coordination compounds have been well documented by in vitro experiments, in vivo assays in rats, as well as in patients with 
diabetes mellitus.

[3]
 In addition, different research teams have developed new organic compounds of vanadium to improve drug 

properties, such as the bpV(phen) and VO-OH(pic) coordinated compounds, which have been established to bind to PTPs with a high 
degree of selectivity and potency in the low-nanomolar range.

[4]
 With these two well-known PTP inhibitors in mind, we rationalized to 

target PTPs by inhibiting their mobility in cells through a protein membrane anchorage approach.
[4]

 By furnishing these well-known 
inhibitors to cholesterol, a well-known membrane anchor, we speculate that this will effectively induce PTP cellular localization to the 
membrane, and effectively halt cellular motility and their actions in cellular signaling pathways in the cell. This novel approach in 
utilizing protein membrane anchorage holds immense potential as a therapeutically viable approach to targeting PTPs.  
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Anaplastic lymphoma kinase (ALK) was first identified in 1994 as a part of nucleophosmin NPM-ALK fusion gene in 60% of anaplastic 

large-cell lymphoma (ALCL),
[1]

 and in late 2007 EML4-ALK fusion gene was found in 3~7% of non-small cell lung cancer.
[2]

 Moreover 
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some kinds of ALK fusion genes are found one by one in various cancers such as DLBCL,
[3]

 inflammatory myofibroblastic tumor (IMT),
[4]

 
plasmacytoma,

[5]
 squamous cell carcinoma,

[6]
 esophageal cancer,

[6]
 renal cell carcinoma,

[7]
 breast cancer,

[8]
 colon cancer,

[8]
 and ovarian 

cancer.
[9]

 ALK has been elucidated as a potential target for various cancers due to its implications of tumorigenesis by ALK gene 
mutations, over expressions, and amplifications. Moreover mutated ALK is much implicated in neuroblastoma

[10]
 and thyroid 

carcinoma.
[11]

 Crizotinib (Xalkori) was the first small molecule inhibitor which was approved as a treatment of NSCLC including ALK 
fusion gene, EML4-ALK by FDA in 2011. Crizotinib, a potent inhibitor of both c-Met and ALK tyrosine kinases is a 3-benzyloxy-2-
aminopyridine derivative and surprisingly its overall clinical benefit was 87%.

[12]
 Although crizotinib was very effective for the treatment 

of ALK-positive NSCLC, acquired drug resistance caused by point mutations of ALK has been identified in patients treated with 
crizotinib.

[13]
 Many pharmaceutical companies have been looking forward to finding second-generation ALK inhibitors in order to 

overcome ALK mutations. Among them, CH5424802 by Chugai and LDK378 by Novartis/GNF are showing excellent progress. LDK378 is 
optimized from TAE684 which was a well-known ALK inhibitor but could not be developed by its forming reactive glutathione adducts.  

A new series of 2,4-dianilinopyrimidine derivatives were designed and synthesized and their ALK inhibitory activities were evaluated 
by biochemical and cell-based assays in order to discover a new ALK inhibitor. Most compounds synthesized showed sub-nanomolar 
inhibitory activities against ALK and single digit nanomolar cytotoxic activities in H3122 and H2228 cell lines. All compounds synthesized 
showed good activity against wild-type ALK along with crizotinib-resistant mutant ALK, and representative compounds showed excellent 
anti-tumor activities similar to those of LDK378 and CH5424802 in H3122 xenograft assays. 
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Development of new anticancer therapeutics with high efficiency and low toxicity continues to be the key object of antitumor 

pharmacological research. Lactaptin was isolated from human milk and identified as proteolytic fragment of kappa-casein, which 
induces death of various cultured cancer cells. Recombinant analog of lactaptin RL2 was constructed to expressing in E. coli and RL2 
effects in vivo and in vitro were examined.

[1]
 Cytotoxic effects of RL2 were different for various cancer cells.

[2]
 We demonstrated that the 

recombinant analogue of lactaptin significantly suppressed the growth of breast cancer cells in mouse xenografts.
[3]

 
To test RL2 potential against primary tumors we isolated cells from primary human endometrial tissue: three cancer and two normal 

cell lines. The established primary cultures were characterized by ERa, ERb, PR mRNA and protein expression as well as Cyp19, Ki-67 and 
calreticulin (CRT) expression. Apoptosis in RL2-treated cells was estimated by flow cytometry using annex V/PI staining. Doubling time, 
cell proliferation and cytotoxicity of lactaptin analog were assayed in real-time mode using impedance-based xCELLigence system. Real-
time curves of cell proliferation displayed decreasing cell index (CI) of endometrial cancer cells by 24 h of RL2 treatment. EC3 cancer 
cells (ERa

+
/ERb

+
/PR

+
/Cyp19

+
/Ki-67

–
/CRT

+
) were more sensitive for RL2. KE normal cells displaying low Cyp19 and Ki-67 mRNA level and 

high ERb and PR mRNA level were resistant to RL2 treatment. Our results indicate that lactaptin could be a new molecule for anticancer 
drugs development. 
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One approach currently being developed in anti-cancer drug discovery is to search for small compounds capable of occupying and 

blocking the hydrophobic pocket of anti-apoptotic Bcl-2 family members necessary for interacting with pro-apoptotic proteins. Such an 
approach led to the discovery of several compounds, such as ABT-737 that interacts with Bcl-2, Bcl-xl and Bcl-w or the latest one, ABT-
199, that selectively targets Bcl-2 protein. However efficacy of those compounds is limited by the expression of two other anti-apoptotic 
Bcl-2 members, Mcl-1 or Bfl-1. Based on the role of Bfl-1 in cancer, especially in chemoresistance associated with its over-expression in 
B cell malignancies, we searched for modulators of protein-protein interaction through a high-throughput screening of a designed 
chemical library with relaxed drug-like properties to identify small molecules targeting Bfl-1 anti-apoptotic protein. We found two 
compounds that display electrophilic functions, interact with Bfl-1, inhibit Bfl-1 protective activity and promote cell death of malignant B 
cells. Of particular interest, we observed a synergistic effect of those compounds with ABT-737 in Bfl-1 overexpressing lymphoma cell 
lines. Our results provide the basis for the development of Bfl-1 specific antagonists for anti-tumor therapies. 
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The vascular endothelial growth factor receptor 2 (VEGFR-2) is a tyrosine kinase receptor, expressed primarily in endothelial cells, 

and is activated by the specific binding of VEGF to the VEGFR-2 extracellular regulatory domain. Once activated, VEGFR-2 undergoes 
autophosphorylation, triggering signaling pathways leading to endothelial cell proliferation and subsequent angiogenesis.

[1]
 Small 

molecules may act as inhibitors by competing for the ATP-binding site of the VEGFR-2 intracellular tyrosine kinase domain, thereby 
preventing the intracellular signaling that leads to angiogenesis.

[2]
 

Here, we present the synthesis of new 1-aryl-3-[3-(thieno[3,2-b]pyridin-7-ylthio)phenyl]ureas 1a–c, as potent type II VEGFR-2 
inhibitors based on molecular docking (Figure A) and biological evaluation including enzymatic assays using the VEGFR-2 tyrosine kinase 
domain (IC50=10–28 nM) and studies in human umbilical vein endothelial cells (HUVECs). The latter included cell viability (MTS), 
proliferation (BrdU) and Western blot for total and phosphorylated VEGFR-2 (Figure B). 

The predicted docked poses were analyzed in detail and a plausible explanation for compounds 1 potency was obtained based on 
the simultaneous presence of a S-linker and the arylurea moiety in the meta position as a new substitution pattern for the type II 
VEGFR-2 inhibitors. These chemical features place the thieno[3,2-b]pyridine and the terminal aryl ring in close superimposition to a 
pyrrolo[3,2-d]pyrimidine derivative. The presence of hydrofobic substituents (F and Me) in the terminal aryl ring is also important. For 
these compounds a significant inhibition in HUVECs proliferation upon VEGF stimulation was observed at low concentrations (0.5–1.0 
µM) without affecting 
cell viability. Western-
blot analysis 
demonstrated that 
compounds 1 
significantly inhibited 
the VEGFR-2 
phosphorylation at 
1.0 µM, thus confirming 
their anti-angiogenic 
potential. 
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Mammalian target of rapamycin (mTOR), a 289 kDa serine/threonine kinase of the phosphoinositide 3-kinase-like kinase family, is a 

central regulator of cell growth and proliferation. Mutations and dysregulation of the PI3K/mTOR pathway (amplification of RTKs, loss of 
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PTEN, PI3K activating mutations) play a major role in tumorigenesis and metastasis. Besides cancer, mTOR may find applications as a 
therapeutic target in many other pathologies. The objective of this project was to identify selective inhibitors of the mTOR kinase site, 
which, unlike rapalogs, inhibit the mTORC1 and mTORC2 complexes, both being linked to oncogenic signaling. Phenotypic screening 
followed by re-scaffolding and chemical optimization led to the discovery of a novel pyrimido-oxazepinone series as potent and 
selective ATP competitive mTOR inhibitors. SAR analysis confirmed the correlation between mTOR kinase inhibition and the anti-
proliferative effect on tumor cell lines. The advanced lead compound 1 (mTOR IC50 = 22 nM) displayed excellent selectivity versus other 
lipid and protein kinases and inhibited mTORC1 and mTORC2 substrate phosphorylation in U87 tumor cells. The compound efficiently 
blocked proliferation of tumor cell lines with mutations in the PI3K signaling pathway (MCF7, IC50 = 29 nM; PC3, IC50 = 60 nM; U87, IC50 = 
142 nM) and induced apoptosis in the MCF7 breast cancer cell line. In a PK/PD study in U87 tumor bearing mice, 1 displayed good 
exposure in plasma and tumor, when given orally at 25 mg/kg and 50 mg/kg, with compound concentrations equal to or above 10 times 
the IC50 values for biomarker inhibition in cells for at least 8 hours. A good correlation was observed between compound exposure and 
the inhibition of Akt-S473 phosphorylation in tumor tissue. Consistent with these data, we observed clear inhibition of tumor growth in 
the U87 efficacy model at 25 or 50 mg/kg given orally once a day with 70 and 74 % tumor reduction, respectively, after 7 days of 
treatment. 
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Extracellular signal-regulated kinase 5 (ERK5) is a member of the protein kinase superfamily, which plays an essential role in the 

transduction of extracellular signals to intracellular effectors. Activation of the ERK5 signalling pathway is associated with cell survival, 
proliferation, and differentiation, and thus ERK5 overexpression may have implications in carcinogenesis.

[1]
 High levels of ERK5 are 

associated with poor patient prognosis and the presence of bony metastases in advanced prostate cancer.
[2]

 It has recently been 
discovered that ERK5 is also involved in the 
development and progression of hepatocellular 
carcinoma (HCC).

[3]
 Therefore, the discovery and 

development of small-molecule inhibitors of 
ERK5 is a desirable therapeutic area. 

Two potent inhibitors (1
[4]

 and 2
[5]

) have 
been described in the literature and provide 
insight into the therapeutic effect caused by 
ERK5 inhibition and further guide our structure–
activity relationship studies. High-throughput 

screening of chemical libraries conducted by Cancer Research Technology identified a number of hit compounds showing good-to-
moderate activity. Benzo[d]thiazole (3) and 3-cyanopyridine (4)-based inhibitors were chosen for validation by resynthesis. The 
syntheses of these small libraries will be discussed. 
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Indoleamine-2,3-dioxygenase (IDO) is considered a promising therapeutic target for immunological cancer treatment. We found 

that the antihypertensive agent candesartan cilexetil inhibits IDO. In this symposium, we will present the discovery of candesartan 
cilexetil as a novel IDO inhibitor and structure–activity relationship (SAR), including the successful replacement of the metabolically 
unstable cilexetil moiety with >10-fold potency (such as cpd 1). Also, a proposed binding mode by docking study, kinetic study of 
inhibition and cellular IDO inhibition of the candesartan derivatives will be presented. 
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Signal transducers and activators of transcription 3 (STAT3) is a cytoplasmic protein that mediates intracellular signaling commonly 

generated at cell surface receptors and transmits it to the nucleus, regulating cell growth and survival.
[1]

 Constitutive activation of STAT3 
is found in a wide variety of human solid and blood tumors and suppression of deregulated STAT3 activation leads to cancer cell 
apoptosis with tumor regression, slightly affecting normal cells.

[2]
 

In our previous research focused on the discovery of new inhibitors 
targeting aberrant STAT3 signaling, we evidenced that AVS-0288 (a ureidic 
oxadiazole small molecule, known as an herbicidal agent)

[3]
 and several 

pyridazinone derivatives
[4]

 were able to interfere with STAT3 activity in a 
different manner within the STAT3 pathway. 

Starting from theoretical and crystallographic results, we designed new 
chimera derivatives in order to test a dual pharmacophore. The synthesis 
and the biological evaluation of the novel compounds will be reported. 
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A novel approach to the construction of polyfunctional agents which combine both the cytotoxic Sn atom and biomimetic of the 

natural antioxidant -tocopherol has been proposed for design of antitumor substances. 
A series of organotin complexes with Sn–C,S,N bonds of formulae RnSnLm containing the antioxidant moiety R, RS (R = 3,5-di-tert-

butyl-4-hydroxyphenyl, RS = 2,6-di-tert-butyl-4-mercaptophenol) and either heterocyclic thioamides (2-mercaptopyrimidine, 2-
mercapto-4-methylpyrimidine, 2-mercaptopyridine and 2-
mercaptobenzothiazole) have been synthesized and characterized by 
elemental analysis, 

1
H, 

13
C, 

119
Sn NMR, EPR, FT-IR, Raman and Mössbauer 

spectroscopic techniques. The crystal and molecular structures of 
compounds have been determined by X-ray diffraction. 

The high radical scavenging activity of the complexes was confirmed 
spectrophotometrically in a DPPH-test. Thus, the high antiradical activity 
of Sn complexes with 2,6-di-tert-butylphenol pendants is related to 
phenoxyl radical formation and possible homolytic cleavage of C–Sn 
bonds followed by the secondary reactions of the radicals formed that 
was proved by ESR method. The binding affinity of organotins towards 
tubulin through their interaction with SH groups of a protein was studied. 
It was found that the hindered organotin complexes could interact with 
the colchicine site of tubulin, which makes them promising antimitotic drugs. The compounds were tested for their in vitro cytotoxicity 
against human breast (MCF-7), human cervix (HeLa) adenocarcinoma cells and normal human fetal lung fibroblast cells (MRC-5). The 
lipophilic organotin compounds show higher activity than the known anticancer agent cisplatin, while the more hydrophilic compounds 
show lower activity in comparison with cisplatin. 

Tin complexes of 2,6-di-tert-butyl-4-mercaptophenol exhibit significantly lower cytotoxic activity against normal MRC-5 cell line 
compared to the tumor cell lines MCF-7 and HeLa used. The IC50 against normal cell line MRC-5 is twofold higher than that toward 
tumor cell lines. This result opens up the possibility of designing novel anticancer drugs that might possess lower undesirable toxicity 
against normal cells. 
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PIM3 is a member of PIM family, which is comprised of three serine/threonine kinases. PIM kinases are constitutively active, and 

enforced expression of PIM inhibits apoptosis and enhances cell proliferation. The expression of PIM3 is increased in endoderm-derived 
organ cancer,

[1]
 whereas the expression of other PIM family members, PIM1 and PIM2, is increased mainly in hematopoietic cancer. 

Because mice deficient for all three PIM kinases do not display any overt abnormalities, potent inhibition of PIM kinases is less likely to 
cause serious health problems. Therefore, PIM3 inhibition is expected to be a novel therapeutic option for endoderm-derived organ 
cancer, including pancreatic cancer which remains exceptionally lethal compared with other types of cancer. In our continuous effort to 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

272



develop inhibitors of PIM kinases, we have chemically modified our previous PIM1 inhibitor
[2]

 into a potent and in vivo efficacious PIM3 
inhibitor as a promising lead compound for pancreatic cancer therapy. Results of structure–activity relationship (SAR) studies, in vitro 
ADMET studies, and in vivo efficacy studies will be discussed in the poster presentation. 

 
Keywords: PIM3, kinase inhibitor, drug design, pancreatic cancer 
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Based on the aminopyrazole scaffold, we designed and synthesized a series of novel compounds as potential antitumor drugs 

targeting the cyclin-dependent kinases. The structure of the new substances was demonstrated by IR and NMR spectra and elemental 
analysis. The compounds were evaluated against CDK2/cyclin E and on CRK3 and presented medium inhibitory effects. For all the 
compounds the inhibitory potential was hindered by the low solubility making the optimization of the dissolution profile a priority for 
the development of this aminopyrazole series. 
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Although platinum-based drugs have been clinically used with much success, especially against testicular, ovarian and head and 

neck cancers, their toxicity, limited efficacy in other tumours and potential for acquired and intrinsic resistance of these DNA alkylators 
are a cause of concern.

[1]
 Research into improved bioinorganic agents has yielded numerous fruitful discoveries. Cisplatin bound to lipids 

(lipoplatin) has lower toxicity in the clinic and has a broader therapeutic range than cisplatin and related complexes.
[2]

 A non-covalent 
trinuclear Pt

II
 complex (triplatin-NCA) exploits a polycation transporter to enter cells and has excellent results in vitro.

[3]
 An approach by 

Marmion et al. to create a dual drug based on cisplatin tethered via a linker to a histone deacetylase inhibitor also displayed 
encouraging results.

[4]
 Utilising a similar strategy, we are aiming to prepared Pt complexes of guanidine-based derivatives that bind into 

the DNA minor-groove; thus, these complexes will be able to exert their cytotoxic effect by attacking DNA in a dual manner: using the 
minor-groove binder as a carrier they will bring the platinum moiety near to DNA for a more effective attack. In the past 10 years, we 
have developed several diaromatic, guanidine-based DNA minor groove binders with very good affinity towards DNA. This was assessed 

by means of different biophysical techniques such 
as DNA thermal denaturation, circular and linear 
dichroism or UV titrations (Figure 1). Now, we 
have designed a novel library of DNA minor 
groove binders with improved lipophilicity 
(Figure 1), based on the good DNA binding 
observed in diaromatic bis-guanidinium-like DNA 
minor-groove binders (MGBs) previously 
synthesised in our laboratory

[5]
 as vehicles to 

carry Pt
II
 to the minor groove of DNA. Their 

synthesis (by means of innovative new 
approaches) and biophysical testing will be 
presented. 
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Activating mutations in Ras proteins have been found in almost 30% of all cancers, including 50% of colon and up to 90% of 

pancreatic tumors. In the absence of post-translational modifications, Ras loses its ability to induce tumor transformation. Therefore, 
the blockade of the enzymes involved in these modifications represents an attractive strategy to inhibit Ras activity. Among them, 
isoprenylcysteine carboxyl methyltransferase (ICMT), which catalyzes the last step of post-translational modifications of Ras, is receiving 
increasing attention as a new therapeutic target in oncology.

[1]
 To date, very few structurally distinct inhibitors have been disclosed, and 

only one molecule (cysmethynil) has been characterized as an ICMT inhibitor not only in vitro but also in cellular systems.
[2]

 These 
findings provide a compelling rationale for the development of ICMT inhibitors as another approach to anticancer drug development. 

Towards this aim, we performed an in-house screening, in which we identified the initial hit UCM-1301, which blocks 34% of ICMT 
activity at 50 μM. Extensive structural modifications on this compound revealed a quite flat structure–activity relationship (SAR), so to 
aid the design, we built a 3D model based on the crystal structure of a prokaryotic ICMT ortholog.

[3]
 This model suggested the need of a 

long lipophilic chain that fitted in the hydrophobic pocket formed by lipophilic amino acids such as leucines 125 and 126. Hence, 
compound UCM-1336 was synthesized and showed 93% inhibition of ICMT activity at 50 μM. Several modifications in this hit have 
allowed us to identify a series of compounds with excellent inhibition values that also show good pharmacokinetic properties.

[4]
 These 

results, together with the ongoing research aimed at the cellular validation of the compounds will be presented. 
 

 
 
Acknowledgements: 

 
This work has been supported by grants from the Spanish Ministerio de Economía y Competitividad (MINECO, SAF2010-22198) and Comunidad de 
Madrid (SAL-2010/BMD2353). The authors thank MINECO for predoctoral FPI fellowships to M.B. and F.J.O. and to CEI Campus Moncloa UCM-UPM for a 
PICATA program predoctoral fellowship to N.M.-R. 

 
References: 

 
[1] (a) N. Berndt et al., Nat. Rev. Cancer 2011, 11, 775; (b) Y. Wang et al., J. Med. Chem. 2013, 56, 5219. 
[2] L.P. Wright et al., Mol. Cell Biol. 2009, 7, 1826. 
[3] J. Yang et al., Mol. Cell 2011, 44, 997. 
[4] M.L. López-Rodríguez et al., Patent P201330129, 2013 and PCT Int. Appl. ES2014/070071, 2014. 

 
 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

274



R037 | Synthesis and Evaluation of Novel Alkylsulfanyl-1,2,4-triazoles, a Class of Potent Allosteric VCP Inhibitors 
 
Paolo Polucci,

(1)
 Paola Magnaghi,

(1)
 Mauro Angiolini,

(2)
 Daniela Asa,

(1)
 Nilla Avanzi,

(1)
 Alessandra Badari,

(1)
 Silvia Cauteruccio,

(3)
 Giovanni 

Cervi,
(1)

 Alessandra Cirla,
(1)

 Liviana Cozzi,
(1)

 Arturo Galvani,
(1)

 Peter K. Jackson,
(4)

 Steven Magnuson,
(5)

 Beatrice Malgesini,
(1)

 Simona 
Rizzi,

(1)
 Tom O'Brien,

(5)
 Antonella Isacchi,

(1)
 Daniele Donati,

(1)
 Roberto D'Alessio

(1)
 

 
1) Nerviano Medical Sciences S.r.l., Oncology, Viale Pasteur 10, 20014 Nerviano (MI), Italy 
2) Eudendron s.r.l., Via Ribes 5, 10010 Colleretto giacosa (TO), Italy 
3) Milan University, Department of Chemistry, Via golgi 19, 20133 Milan, Italy 
4) Stanford University, Microbiology and Immunology - Baxter Labs, 269 Campus Drive, Stanford, California 94305-5175, USA 
5) Genentech Inc., 1 DNA Way, South San Francisco, California 94080, USA 

 
Valosine containing protein (VCP), also known as p97, is a member of AAA ATPase family that is involved in several biological 

processes and plays a central role in the ubiquitin-mediated degradation of misfolded proteins. VCP is a ubiquitously expressed, highly 
abundant protein and has been found overexpressed in many tumor types, sometimes associated with poor prognosis. In this respect, 
VCP has recently received a great deal of attention as a potential new target for cancer therapy. We have recently published the 
discovery and structure−activity relationships of alkylsulfanyl-1,2,4-triazoles, a new class of potent, allosteric VCP inhibitors.

[1]
 Chemical 

expansion of this allosteric class identified NMS-873, the most potent and specific VCP inhibitor described to date, which activated the 
unfolded protein response, interfered with autophagy and induced cancer cell death.

[2]
 Further lead optimization efforts on the NMS-

873 molecule, in order to optimize potency, ADME and PK characteristic, led to an extensive exploration of the scaffold at different 
positions as well as the identification of new subset of compounds. Chemistry, biochemical and cellular activity, mechanism of action 
and pharmacokinetic data of some selected compounds will be presented. 
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It is thought that 30 % of all human tumours are caused by a mutated rat 

sarcoma (RAS) oncogene that causes uncontrolled cell division. Further 
downstream, other proteins can be found such as the rapidly accelerated 
fibrosarcoma (RAF), mitogen-activated protein kinase/extracellular signal-
regulated kinases (MEK) and extracellular signal-regulated kinases (ERK).

[1]
 

Therefore, inhibiting the RAS/RAF/MEK/ERK pathway is an attractive 
prospect for targeted chemotherapeutic agents. 

Considering the unknown target of previous cytotoxic and pro-apoptotic 
compounds prepared in our laboratory and taking into account their 
similarities with known kinase inhibitors (PKI), such as sorafenib, new 
families of compounds were synthesised during the last five years. These 
guanidine based compounds (for examples, see Figure 1) inhibit the 
RAF/MEK pathway in 96–99 %, acting as type III (allosteric) MEK inhibitors.

[2–

5]
 We identified that the presence of the (4-Cl-3-CF3)-Ph substituent is crucial 
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to increase the binding to the targeted protein kinases as selective allosteric inhibitors. Three different moieties (see Figure 1) were 
identified: 1) a polar moiety, responsible of forming ionic interactions with ATP; 2) a hydrophobic moiety, that interacts with a 
hydrophobic pocket of the kinases; and 3) an articulation X, responsible of the curvature of the ligand making the molecule fit very 
nicely in the allosteric site orientating the polar and hydrophobic moieties. Considering these three moieties we propose novel 
compounds with several structural modifications in mind (relative orientation, polar moiety, hydrophobic moiety, length of the 
molecule and nature of the aromatic rings) to confirm their mechanism of action as type III PKIs non-ATP competitive that bind to 
allosteric sites of MEK. 
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The thienopyridine skeleton has been reported as having interesting biological activities namely antitumor

[1,2]
 and 

antiangiogenic.
[3,4]

 New fluorinated and methoxylated di(hetero)arylethers and di(hetero)arylamines were prepared functionalizing the 
7-position of the thieno[3,2-b]pyridine, using copper (C–O) or palladium (C–N) catalyzed couplings, respectively, of the 7-bromo-
thieno[3,2-b]pyridine (1) with ortho, meta and para fluoro or methoxy phenols and anilines (see Scheme). 

The compounds obtained were evaluated for their growth inhibitory activity against the human tumor cell lines MCF-7 (breast 
adenocarcinoma), NCI-H460 (non-small-cell lung cancer), HCT15 (colon carcinoma), HepG2 (hepatocellular carcinoma) and HeLa 
(cervical carcinoma). The most active compounds, a di(hetero)arylether with a methoxy group in the meta position relative to the ether 
function (2e) and two di(hetero)arylamines with a methoxy group either in the ortho or in the meta position relative to the NH (3d and 
3e, respectively), were further tested at their GI50 concentrations on NCI-H460 cells causing pronounced alterations in the cell-cycle 
profile and a strong and significant increase in the apoptosis of these cells (see Figure) after 48 h. The fluorinated and the other 
methoxylated compounds did not show important activity, presenting high GI50 values in all the cell lines tested. Furthermore, the 
toxicity of the compounds was assessed using porcine liver primary cells (PLP2), established by some of us. Results showed that one of 
the most active compounds was not toxic to the non-tumor cells at their GI50 concentrations showing to be the most promising to be 
used as antitumor agents. 
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Two series of inhibitors of type III phosphatidylinositol-4-kinase were identified by high-throughput screening and optimised to 

derive probe compounds that independently and selectively inhibit the - and -isoforms with no significant activity towards related 

kinases in the pathway. In a cellular environment, inhibition of the - but not the -subtype led to a reduction in phosphaditdylinositol-
4-phosphate and phosphaditdylinositol-4,5-phosphate concentration, causing inhibition of inositol-1-phosphate formation and 
inhibition of proliferation in a panel of cancer cell lines. 
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Reported here are novel series of PI3K inhibitors with restricted conformation. We decided to explore the chemical space using a 

thienopyrimidine core to attach the key groups: morpholine and 2-aminopyrimidine respectively at C-4 and C-2 of the pyrimidine 
nucleus. With a pendant chain, containing polar atoms, we have explored the solvent region in order to modulate the inhibitory activity. 
A key feature of the novel series reported here is that the conformation of such polar chain is entirely controlled since it forms a third 
ring which is attached to the thienopyrimidine. Metabolic stability was also evaluated and mouse PK of one of the most potent analogs 
was done, showing moderate clearance and very good oral bioavailability. 
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Alteration in glucose metabolism is the best-known example of metabolic reprogramming in cancer cells.

[1]
 Anaerobic glycolysis is 

drastically increased in tumors and it is the main route to energy production with a minor use of oxidative phosphorylation (Warburg 
effect).

[2]
 Among the key enzymes in the glycolytic process, LDH is emerging as one of the most interesting targets for the development 

of new inhibitors. The isoform LDH-A catalyzes the interconversion of pyruvate to lactate using NADH as a co-factor. This last step of the 
glycolysis is not active in healthy cells, in conditions of normal functional activity and sufficient oxygen supply. Anticancer effects 
obtained through LDH-A inhibition are thus under active investigation. In this context, in continuation of our research on innovative 
anticancer lead candidates, we carried out a virtual screening procedure followed by a biological evaluation that permitted to define 
four active compounds which were able to inhibit LDH-A at micromolar concentration. The biological profile of these compounds was 
optimized through chemical modifications of the structures according to a “hit-to-lead” process. The effects of the new molecules were 
preliminary probed against purified human LDH-A. The compounds found to be active at low-micromolar level, by using Raji human cell 
line were additionally characterized for their activity on some cellular metabolic processes (lactate production, respiration, ATP 
synthesis). 
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The tumor suppressor protein p53 is a transcription factor which regulates cellular response to diverse forms of stress. In wild-type 

p53 tumors, increased levels of p53 negative regulators (e.g., MDM2 and MDMX) are a frequent event implicated in the control of p53 
function. Therefore, restoring p53 levels by reactivating p53 activity through inhibition of MDM2 is a valuable approach in fighting 
cancer. The design and identification of potent p53−MDM2 inhibitors has been avidly pursued in the past 10 years. Among them, the 
most potent non-peptide small p53–MDM2 inhibitors are the nutlins (e.g., nutlin-3a), benzodiazepines (e.g., TDP665759), piperidinones 
(e.g., AM-8553), and spirooxindole-3,3’-pyrrolidines (e.g., MI-888). However, although the potential benefits for the inhibition of the 
p53–MDM2 interaction have been recognized for nearly 20 years, there are still limited classes of highly potent small molecule 
inhibitors that show potent antitumor efficacy, with only 6 candidates entering clinical trials.

[1]
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In recent years our research group has been involved in the design and synthesis of novel chemical families of p53 modulators 
(Figure 1).

[2]
 In this communication, we will disclose our recent results on the identification of a novel class of p53–MDM2 interaction 

inhibitors from screening of our chemical libraries
[3]

 using a yeast 
based assay (developed in Saraiva’s research group).

[4]
 The molecular 

mechanism of these compounds were validated in human colon 
adenocarcinoma HCT116 p53

+/+
 and HCT116 p53

–/–
 cells. One 

compound selectively inhibited the HCT116 p53
+/+

 tumor cell growth 
through induction of cell cycle arrest and apoptosis. Moreover, it led to 
p53 protein stabilization and to an increase of the expression levels of 
several p53 target genes. Finally, the interactions between the 
synthesized compounds and MDM2 were characterized by molecular 
docking analysis. 
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The role of the receptor tyrosine kinase c-Met in tumor progression, metastasis and aggressiveness has convincingly been 

demonstrated in preclinical settings. Several compounds inhibiting c-Met with different selectivity profiles are currently under 
preclinical/clinical investigation and might emerge as valuable cancer therapeutics in the future. N-(3-(3,6-Dihydro-5-(3,4-
dimethoxyphenyl)-2-oxo-2H-1,3,4-thiadiazin-3-ylmethyl)-phenyl)-carbaminic acid-(3-(N,N-diethylamino)-propylester) (1) was identified 
in a high-throughput screening (HTS) campaign as a valid starting point and chosen for further optimization. This compound already 
showed an initial enzymatic c-Met IC50 value of 30 nM and an IC50 value for cellular c-Met dephosphorylation of 800 nM measured in 
A549 cells. The available c-Met co-crystal structure of the initial HTS hit revealed the crucial ligand–receptor interactions and guided the 
whole optimization process from the beginning. The ATP competitive ligand (1) forms two specific hydrogen bonds, namely to the main 
chain nitrogen atom of Met1160 within the hinge region and to the main chain nitrogen of Asp1222 of the DFG motif. After subsequent 
optimization of all relevant structural units of 1, the thiadiazinone core structure was replaced by the bioisosteric pyridazinone moiety. 
Although the SAR for both series is comparable, reasonable fine tuning efforts yielded compounds with improved in vitro potency and 
PK properties. Selected pyridazinones were screened for inhibition of a broad panel of kinases and off-targets, and they turned out to be 
exquisitely c-Met selective. Several suitable pyridazinones were tested in in vivo tumor xenograft models, showing dose-dependent 
efficacy. Depending on the sensitivity of the particular model, complete regression and tumor-free survival was observed with doses as 
low as 6 mg/kg/d administered per os. MSC2156119 (EMD1214063) was identified as a clinical candidate for further development and is 
currently being investigated in clinical trials. The overall profile of MSC2156119 and exemplified pyridazinones including synthesis, SAR, 
X-ray structure, in vitro potency, selectivity profile, DMPK and in vivo data will be discussed. 
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Immune dysregulation is one of the hallmarks of tumor development and progression. It is a key event that allows tumor evasion 

from the host immune system. One mechanism manipulated by tumors during their growth is the upregulation of the 
immunoregulatory enzyme indoleamine-2,3-dioxygenase (IDO). Indeed, this enzyme plays a dual role in tumorigenesis by restricting the 
development of cancers that are driven by chronic inflammation, such as colon cancer,

[1]
 while promoting the development of tumors 

that are controlled by inflammation, such as certain types of skin tumors.
[2]

 
IDO is an extrahepatic cytosolic heme-containing dioxygenase that catalyses the metabolism of L-tryptophan (L-Trp) along the 

kynurenine pathway (KP). Through the production of kynurenine and other downstream metabolites, IDO can thus regulate immune 
responses. Indeed IDO promotes tumoral immune tolerance notably by blocking the activation of effector T cells. Interestingly, since 
IDO expression is also strongly induced by interferon-gamma (IFN),

[3]
 even tumors that do not constitutively express IDO may do so 

when exposed to inflammatory conditions. Given the IDO-mediated immune tolerance in cancer and other diseases there was a boost in 
the design of IDO inhibitors as anticancer agents during the last 
decade.

[4,5]
 

In the present work, we investigated a series of 
thiosemicarbazide compounds that were designed by modification 
of the benzo[d]thiazol-2(3H)-thione (BTT), a known IDO inhibitor 
(Figure 1) with a thiosemi-carbazide motif. Interestingly, the 
resulting phenylthiosemicarbazide series proved to be very active 
on IDO with inhibitory potency in the low-micromolar range. 
 
Figure 1. Structures of benzo[d]thiazole-2(3H)-thione (BTT) a 
known fragment endowed with IDO inhibition properties and the 
most active phenylthiosemicarbazide compound (14) from our 
series.  
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Although the discovery of new therapeutic treatments, glioma still remains the most deadly cancer types. In the last years, the 

research of new therapies focusing on molecularly targeted treatments led to the identification of selective drugs against the cancer 
cells, which are, however, frequently accompanied by serious side effects and high toxicity. Then newfangled approaches are needed to 
significantly improve patient outcome in this aggressive disease. 

The PI3K-PDK1-Akt signalling pathway plays a key role in cancer cell growth, invasion, and survival. This pathway has been identified 
as important oncogenic pathway in glioma (GBM).

[1] 
This study starts from 2-oxindole derivatives (OXIDs) already published

[2]
 in which 

the 5-position was substituted by aromatic moieties anchored to the 2-oxindole nucleus through an amidoalkyl chain, whereas in 3-
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position are present different heterocyclic substituents. Then a medicinal chemistry optimization was carried out and new compounds 
were synthesised in which the amidoalkyl chain was replaced by different benzylureido moieties to study the effects on the activity of 
this kind of chemical manipulation on GBM. These compounds were preliminary tested (a) on ASPC1 cell, characterized by activation of 
PI3K-PDK1-Akt pathway, and (b) towards recombinant Akt and PDK1 proteins to evaluate the affinity towards both enzymes. G51 
showed to be the most active compound, with an inhibition of ASPC1 cell growth around 30 % (at 10 µM) and an IC50 of 0.98 µM on 
PDK1. These data prompted us to select G51 as the appropriate candidate for further study; indeed cytotoxic activity on three different 
human glioma cells lines was evaluated. Moreover a proteomics analysis of U87 was accomplished to relate the cytotoxic activity with 
the proteins network. 
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Gemcitabine (dFdC), a nucleoside analogue commonly used in cancer therapy, faces numerous inherent and acquired cancer 

resistance mechanisms that dramatically limit its effectiveness. At the cellular level, resistance to gemcitabine has been associated with: 
(i) reduced expression of nucleoside transporter (hENT1) proteins required for uptake by cancer cells;

[1]
 (ii) down-regulation of 

deoxycytidine kinase (dCK) essential to the conversion of gemcitabine into its active forms;
[2]

 and (iii) up-regulation of deactivating 
enzyme cytidine deaminase (CDA) that breaks down gemcitabine into inactive toxic by-products.

[3]
 The phosphoramidate (ProTide) 

approach
[4]

 has been specifically designed to overcome these critical cancer resistance mechanisms, transforming nucleoside analogues 
into better and safer medicines. We herein report the design, synthesis and biological testing of a series of gemcitabine ProTides.

[5]
 This 

work identified the ProTide NUC-1031 (Acelarin™) as being significantly more active than gemcitabine in vitro. Importantly, NUC-1031 
retained strong cytotoxic activity in competition assays mimicking cancer resistance conditions whereby hENT1 and dCK were down-
regulated. Moreover, the ProTide, unlike gemcitabine, was resistant to cytidine deaminase-mediated degradation. Finally, in vivo mouse 
xenograft studies showed a statistically significant reduction in pancreatic tumour volume (MiaPaCa-2) treated with NUC-1031 
compared with gemcitabine. These results identified NUC-1031 as the lead compound for clinical development. This ProTide is currently 
completing a Phase I study (ProGem1) in patients with advanced, rapidly progressing tumours and achieving high levels of disease 
control.

[6]
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ATR is a key regulator of the cell response to replication stress, a potentially lethal form of DNA damage that arises when cells 

attempt to replicate damaged DNA. Drugs that induce such DNA damage have been the cornerstone for cancer therapy for decades. 
However, clinical benefit from these agents is limited by poor differentiation of cell toxicity between cancer and normal cells, and 
because most cells are capable of repairing the damaged DNA. Recently, it has been shown that many cancer cells are more reliant on 
ATR for survival from DNA damage than normal cells and thus inhibitors of ATR could improve the efficacy of DNA damaging agents. 

Herein, we describe the discovery of the first series of selective ATR inhibitors that are based on an amino pyrimide central core. 
Structure activity relationships that inform both potency and selectivity will be presented. The culmination of this effort was VX-970 (VE-
822) and the pre-clinical profile of this molecule will be described. VX-970 inhibits ATR with an ATP competitive mechanism of action; 
the Ki value is below 0.3 nM. It markedly enhances the cytotoxic activity of DNA-damaging drugs in many cancer cells but is well 
tolerated by normal cells. In a panel of patient-derived mouse xenograft models, administration of VX-970 dramatically improved 
cisplatin efficacy without increasing toxicity. The pre-clinical profile for this series of compounds highlights the exciting potential ATR 
inhibitors have as novel agents to improve the clinical benefit of a range of established DNA damaging drugs. 
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Myeloid cell leukemia 1 (Mcl-1) is a member of the pro-survival proteins in the Bcl-2 protein family that is responsible for the 

regulation of apoptosis in cells. It is overexpressed by various cancer cells to impede apoptosis and promote resistance towards 
standard chemotherapy.

[1]
 Therefore, Mcl-1 has emerged as a prominent target to combat cancer. Following the report of the selective 

Mcl-1 inhibitor rhodanine 1 by Bernardo et al.,
[2]

 we examined the feasibility of heterocycle replacement-scaffold hopping strategy in 
generating structurally novel Mcl-1 inhibitors. The heterocycles employed in the study are five-membered multiheterocyclic (FMMH) 
rings known to be structurally related to the rhodanine 
scaffold, which include the 2-thiohydantoin, 2,4-
thiazolidinedione and hydantoin scaffolds. In this presentation, 
the synthesis and inhibitory activities of these FMMH 
compounds against Mcl-1 are described. Contrary to previous 
reports,

[2–3]
 our observations suggest that the heterocyclic rings 

have important interactions with the binding sites of the 
protein. A decrease in inhibitory activities against Mcl-1 is 
observed when the FMMH ring is changed from the rhodanines 
to the 2-thiohydantoins and 2,4-thiazolidinediones, with 
hydantoins exhibiting no inhibitory activity towards Mcl-1. In 
order to elucidate the binding mechanism of FMMH 
compounds with Mcl-1, molecular dynamics studies were also 
carried out. It is hoped that the information gained from these 
studies will provide insight to the binding interactions of small 
molecules with Mcl-1. This in turn will enable the design of 
novel Mcl-1 inhibitors. 
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Frequent up-regulation of CDK8 has recently been described for colon cancer, gastric cancer, and melanoma, rendering CDK8 an 

attractive target for the development of selective and efficacious inhibitors as antitumor agents. This notion is strongly supported by the 
observation that inhibition of CDK8 by RNA-interference results in profound inhibition of in vivo tumor growth. 

Based on the recent findings that, in contrast to all other CDK family members, CDK8 is amenable to a type II inhibition mode, we set 
out to design selective CDK8 inhibitors pursuing a privileged structure-based target family-centric library approach. The employed 
privileged structures are tailor-made for disrupting the hydrophobic R spine within the N-terminal lobe of a kinase, thereby leading to 
an induced-fit mechanism of derived inhibitors that will exhibit a pre-engineered binding kinetic signature. This “retro-design” approach 
allows keeping the molecular complexity of emerging inhibitors at a minimum level since the seed scaffold is targeted towards the deep 
pocket of the conformationally rearranged binding site of the enzyme. 

Here, we report the discovery and optimization of a new class of CDK8 inhibitors based on an IP-free scaffold. Frontrunner 
compounds exhibit excellent biochemical inhibition data on CDK8 and a high cellular efficacy in a variety of mechanism-of-action models 
as well as phenotypic models such as inhibition of anchorage-independent cell growth. The most advanced compound, MC085, shows 

superior selectivity over a huge panel of 
kinases when compared with market 
approved drugs such as Sorafenib or 
Lapatinib. This selectivity is attributed to 
the distinct inhibition mechanism that is 
corroborated by detailed binding kinetic 
studies, which reveal residence times for 
MC085 in the range of several hours. 

 
 

Figure 1. Schematic presentation of the 
"retro-design" approach (left), biochemical 
and cellular activity for the frontrunners 
(right). 
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The cellular cycle is one of the most important targets in the anti-cancer treatment and the cyclin-dependant kinases (CDKs) play 

key roles in its regulation. It is known that CDKs are deregulated in many primary tumors. Many CKIs have been developed but none of 
them have been approved. Though, it is essential to find new molecules, mimics of the CDK natural inhibitors (CKIs), able to selectively 
inhibit one of the actors of the cellular cycle, here CDK2, in order to develop new anti-carcinogen agents.

[1]
 We present here the 
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synthesis and the biological activity of a new series of 7-azaindole scaffolds connected by a triazol type linker. The key step of the 
synthesis is a Huisgen [3+2] cycloaddition of an azide- and an alkyne-substituted, respectively, on 7-azaindole type heterocyclic 
derivatives.

[2]
 Encouragingly, in our first series, some of our compounds show mid-micromolar CDK2 inhibition and antiproliferative 

activity. 
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STAT3 has been found to participate in cell signaling events leading to 

oncogenic transformation. Furthermore, blocking constitutively activated STAT3 
signaling leads to tumor cell apoptosis, with minimal effect on normal cells.

[3]
 

Previous studies on STAT3 inhibitors, carried out by our research group, led to 
the discovery of MD77 as a promising compound, able to disrupt STAT3 
dimerization by a direct mechanism through binding to its SH2 domain.

[4]
 

In the light of these results, we have designed and synthesized a new series 
of MD77 derivatives (I) with the aim to improve the activity and selectivity. The 
synthesis and biological evaluation of the novel compounds will be reported. 
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Tumor tissues comprised not only tumor cells but also 

surrounding stroma. Stromal cells regulate the growth of 
adjacent tumor cells positively or negatively via direct or indirect 
communications influenced by cell adhesion or secreted factors; 
this type of communication is a promising target of screening for 
antitumor agents. We discovered intervenolin,

[1]
 a natural 

quinolone of microbial origin, by screening for selective growth 
inhibitors of cancer cells co-cultured with stromal cells over 
mono-cultured cells. 

In this presentation, our synthesis of intervenolin
[2]

 is 
disclosed, which utilizes thiocyanate–isothiocyanate 
rearrangement and Suzuki–Miyaura coupling to furnish the characteristic substructures, iminodithiocarbonate moiety and geranyl side 
chain, respectively. The route was used for structure–activity relationship (SAR) study of the related compounds. Suitable substituents 
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on the nitrogen decreased the acute toxicity, whereas higher selectivity against tumor cells co-cultured with stromal cells was observed 
for a variety of 1-unsubstituted intervenolin analogues.

[3]
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Multispecific drug efflux pumps have been recognized as one major cause for resistance to anticancer treatment by effluxing 

cytotoxins before they are able to reach their intracellular target structures. Among others, P-glycoprotein and BCRP have been shown 
to be overexpressed in a large number of human tumors. Inhibition of these transport proteins has been advocated as a concept for 
restoration of drug sensitivity. Apart from their importance in cancer, ABC transporters have also been recognized to play a vital role in 
tissue protection, which is shown by their expression in barrier tissues like for example the blood-brain barrier.

[1]
 Although being both 

polyspecific in their ligand interaction profiles, the two transporter show distinct, but overlapping substrates and inhibitor patterns.
[2]

 
To gain further insight into the molecular basis of transporter selectivity, we picked two compounds that are selective inhibitors for 

P-glycoprotein (propafenone analogue GPV005) or BCRP (fumitremorgin C, FTC), respectively. By chemically morphing one scaffold to 
the other, we synthesized six target structures that possess structural features of both of them, but are stepwise made more similar to 
FTC. Applying our in-house classification model for BCRP, the probability of the compounds to inhibit BCRP increases with increasing 
similarity to FTC. Biological testing is currently performed, and inhibitory activity for at least one compound was already confirmed. 
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The 6-methoxy-1,2,3,4-tetrahydroquinoline moiety in prior leads 2-chloro- and 2-methyl- 4-(6-methoxy-3,4-dihydroquinolin-1(2H)-

yl)quinazoline (1a and 1b) was modified to produce 4-(N-cycloamino)quinazolines (4a–c and 5a–m). The new compounds were 
evaluated in cytotoxicity and tubulin inhibition assays, resulting in the discovery of new tubulin polymerization inhibitors. 7-Methoxy-4-
(2-methylquinazolin-4-yl)-3,4-dihydroquinoxalin-2(1H)-one (5f), the most potent compound, exhibited high in vitro cytotoxic activity 
(GI50 1.9–3.2 nM), significant potency against tubulin assembly (IC50 0.77 μM), and substantial inhibition of colchicine binding (99 % at 5 
μM). In mechanism studies, 5f caused cell arrest in G2/M phase, disrupted microtubule formation, and competed mostly at the 
colchicine site on tubulin. Compound 5f and N-methylated analogue 5g were evaluated in nude mouse MCF7 xenograft models to 
validate their antitumor activity. Compound 5g displayed significant in vivo activity (tumor inhibitory rate 51 %) at a dose of 
4 mg/kg without obvious toxicity, while 5f unexpectedly resulted in toxicity and death at the same dose. Further structural 
optimizations and development are ongoing. 
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Epigenetic modifications, such as DNA methylation, play an important role in the modulation of gene expression. DNA methylation 

occurs by transfer of a methyl group from S-adenosyl-l-methionine (AdoMet) to the C5-position of cytosine predominantly in the CpG 
dinucleotides (CpG islands) and is catalyzed by three DNA methyltransferases (DNMTs), DNMT1, DNMT3A and DNMT3B.

[1]
 DNA 

methylation is essential for embryonic development or differentiation and is involved in various pathologies included cancer.
[2]

 
Disruption of DNMT1 can stop tumor growth and reverse the nondifferentiation state,

[3]
 and the use of specific inhibitors of DNMTs 

(DNMTi) can reactivate silenced tumor suppressor genes (TSGs) and induce the reprogramming of cancer cells, leading to their 
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proliferation arrest and death.
[4]

 To date only a small number of DNMT inhibitors (DNMTi) has been reported. These are mainly 
nucleoside inhibitors which exert their effects by incorporation into DNA showing great toxicity and other side effects. Thus, the 
discovery of new chemical entities able to negatively modulate the activity of these enzymes possibly without negative effects is of 
great interest.

[5]
 Among the non-

nucleoside DNMTi, SGI1027 was 
described able to reactivate TSGs 
in cancer cells.

[5]
 Recently we 

described MC3343 as a 
regioisomer of SGI1027 with 
increased inhibitory potency 
against DNMTs and more 
specificity for DNMTs respect to 
other AdoMet-dependent 
methyltransferases. When tested in cancer context, MC3343 exhibited a high antiproliferative effect and a deep cell death induction in 
cancer as well as cancer stem cells.

[6]
 After this first successful optimization, we will report further quinoline- and/or pyrimidine-

containing analogues as novel DNMTi. Such compounds will be tested for their demethylating activity in a luciferase reporter system in 
cells, and for their antiproliferative effects in a panel of cancer cells.  
 
References: 

 
[1] Ng, H. H. et al. Curr. Opin. Genet. Dev. 1999, 9, 158–163. 
[2] Jones, P. A. et al. Cell 2007, 128, 683–692. 
[3] Chik, F. et al. Carcinogenesis 2011, 32, 224–232. 
[4] Gore, S. D. et al. Cancer Res. 2006, 66, 6361–6369. 
[5] Datta, J. et al. Cancer Res. 2009, 69, 4277–4285. 
[6] Valente, S. et al. J. Med. Chem. 2014, 57, 701–713. 

 
 

R057 | Discovery of the Clinical Candidate AZD9291: A Potent and Selective, Third-Generation EGFR Inhibitor of both 
Activating and T790M Resistant Mutations that Spares the Wild-Type Form of the Receptor 
 
Michael J. Waring, Mark Anderton, Susan Ashton, Peter Ballard, Rob Bradbury, Sam Butterworth, Nicola Colclough, Darren Cross, 
M. Raymond V. Finlay, Heather McFarland, Martine Mellor, Richard A. Ward 
 
AstraZeneca Oncology Innovative Medicines, Mereside, Alderley Park, Macclesfield, Cheshire, SK10 4TG, UK 

 
Small-molecule inhibitors of the epidermal growth factor receptor (EGFR) tyrosine kinase, such as gefitinib and erlotinib, have been 

employed successfully in the treatment of non-small-cell lung cancer (NSCLC) patients harbouring an activating mutation (EGFRm+). 
However, resistance to these inhibitors in the form of additional mutations in the kinase domain, such as T790M, is emerging as a 
growing clinical issue. This presentation will describe the discovery of AZD9291, an orally bioavailable, irreversible EGFR inhibitor of both 
the resistance (NCI-H1975, cell phosphorylation IC50 <0.025 μM) and activating (PC9, cell phosphorylation IC50 <0.025 μM) mutations that 
also spares inhibition of the wild-type form of the receptor (A431, cell phosphorylation IC50 >0.5 μM). Wild-type EGFR inhibition is 
believed to drive the observed dose-limiting toxicities (such as skin rash and diarrhoea) for these first-generation therapies in the clinic. 
This presentation will disclose the medicinal chemistry program that led to the identification of AZD9291 and details of significant in 
vivo oral activity in preclinical xenograft models (including tumour regression in the L858R/T790M double-mutant setting at a dose of 
5 mpk). The preclinical findings from this work strongly supported selection of AZD9291 as a clinical candidate, and first dose in man 
was achieved with AZD9291 in March 2013. 

 

 
L858R/T790M double 
mutant (resistance) 

cell IC50 [μM] 

EGFRm+ single mutant 
(activating) cell 

IC50 [μM] 

EGFR wild type cell 
IC50 [μM] 

Aqueous solubility 
(in salt form, pH=6.8) 

[μg/mL] 

Double mutant efficacy 
(% TGI at 5mpk PO QD 

for 14 days) 

AZD9291 <0.025 <0.025 >0.5 >490 119 
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R058 | A Comprehensive Compound-Centric Approach for Discovering Kinase Inhibitors 
 
Haiching Ma 
 
Reaction Biology Corp., 1 Great Valley Pkwy, Suite 2, Malvern, PA 19355, USA 

 
Small-molecule protein kinase inhibitor development has been one of the most successful drug discovery areas, with about 26 FDA-

approved drugs. These compounds together with kinase inhibitors in the public domain are also important tools for elucidating cell 
functions. Reaction Biology Corp. (RBC) has ongoing efforts to profile these compounds against the largest kinase selections including 
both wild-type kinases and disease-associated mutant forms for understanding their specificities and selectivities. This presentation will 
discuss some of the key findings from these efforts and highlight the advantages of including such an approach early in inhibitor 
development. We will show examples of unexpected inhibitor–kinase interactions, some with a wide spectrum of promiscuity, with off-
target interactions occurring with seemingly unrelated kinases, which reveal how large-scale profiling can identify multi-targeted 
inhibitors of specific, diverse kinases. We will also show how the new data will help to identify new targets with existing compounds for 
drug repositioning activities. Our findings support an alternative approach to drug discovery in which chemical entities are subjected to 
unbiased selectivity profiling against a highly diverse kinase collection early in the discovery process (a compound-centric approach), 
rather than initially only screening compounds against a limited number of kinases of interest (a target-centric approach). These findings 
also indicate that to perform full spectrum of kinase targets early would reduce late-stage compound attrition due to unknown off-
target activities, facilitates the identification of multi-targeted inhibitors, and capture compounds that target specific conformational 
states of kinases. The wild-type kinases data presented here have been published;

[1]
 however, it will be the first time for us to reveal the 

large set mutant kinase data and the new findings. 
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The RAF serine-threonine kinases are key components of the mitogen-activated protein kinase (MAPK) signal transduction pathway, 

which regulates proliferation, differentiation, and apoptosis in mammalian cells. Activating mutations of BRAF, especially V600E BRAF, 
are found in multiple cancers, most notably in 
melanoma, where approximately 50 % of cases are 
BRAF-V600E positive. Selective RAF inhibitors have 
demonstrated significant efficacy in melanoma 
patients with tumors harboring the BRAF-V600E 
mutation. Presented is LGX818 (encorafenib), a 
selective small molecule mutant-BRAF kinase inhibitor 
that suppresses the RAF-MEK-ERK pathway in tumor 
cells expressing activating BRAF-V600 mutations. In 
rodent BRAF-V600 tumor xenograft models, LGX818 
induces sustained tumor regression at low doses and is 
well-tolerated. LGX818 has shown an excellent 
preclinical safety profile. Multiple clinical trials are 
underway with LGX818 in patients harboring mutant-
BRAF solid tumors. 
 
 

R060 | Synthesis of Polybrominated Benzimidazole Derivatives—Potential CK2 Inhibitors and Evaluation of their Cytotoxicity 
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Protein kinase CK2 represents an important pharmacological target. This enzyme catalyzes phosphorylation of hundreds proteins 

and is essential for cell viability. CK2 participates in cell cycle regulation, proliferation, differentiation, embryogenesis, apoptosis, and 
even oncogenesis.

[1–3]
 The overexpression of CK2 has been observed in many types of cancer including breast, leukemia, lung, kidneys, 

prostate and lymphoma. 
The increasing demand for a kinase CK2 inhibitors prompted us to expand the group of polybrominated benzimidazole derivatives 

by synthesis of new analogues substituted by various cyanoalkyl groups. Cyanoethyl derivatives were obtained by Michael type addition 
of 4,5,6,7-tetrabromo-1H-benzimidazole (TBBi) and 4,5,6,7-tetrabromo-2-methyl-1H-benzimidazole to acrylonitrile, whereas 
cyanomethyl, cyanopropyl and cyanobuthyl analogues by N alkylation of 4,5,6,7-tetrabromo-1H-benzimidazole and 4,5,6,7-tetrabromo-
2-methyl-1H-benzimidazole with appropriate cyanoalkyl halides. All compounds were obtained with satisfactory yields (60–84 %), and 
their activity against protein kinase CK2 and cytotoxicity against human leukemia (CCRF-CEM) and breast (MCF-7) cancer cells lines was 
evaluated. Some of the synthesized compounds showed inhibitory activity toward CK2 comparable with TBBi. Almost all compounds 
exhibited significant cytotoxicity against CCRF-CEM (cell viability % ± SD from 5±4 to 51±8) and moderate against MCF-7 (cell viability % 
± SD from 24±1 to 54±9) after 48 h treatment at 20 µM concentrations. The strongest cytotoxic effect showed polybrominated 
benzimidazoles substituted by cyanomethyl group. 
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Our aim is to develop novel selective inhibitors for the cancer-associated kinase aurora A. A 570-membered compound library was 

generated using a novel shape-similarity based virtual screening with existing aurora A inhibitors as reference compounds. Testing of 
the compounds in a biochemical TR-FRET assay revealed 18 hits, of which two compounds were chemically derivatized to improve the 
inhibitory potency. The most active compounds contain a 4-thiazo-lidinone core and have Kd values below 10 nM. A co-crystal structure 
of such a 4-thiazolidinone series member with aurora A revealed the binding mode in the ATP-pocket of the kinase. 
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Recent data in a number of tumor types have identified fibroblast growth factor signaling as being key to the molecular pathology of 

a number of cancers.
[1]

 This has stimulated the development of a number of agents that block this pathway, including FGFR kinase 
inhibitors with diverse inhibition and pharmacological profiles that are currently being evaluated in clinical studies. 

Using X-ray crystallography, we have been able to identify a 6-substituted-quinoxalinyl moiety as a new hinge binder for FGFR1 
catalytic site. We therefore ran a medicinal chemistry program which, after several iterations, led to the identification of quinoxaline-
based compounds with nanomolar affinity for FGFR1–4, potent activity in FGFR-driven cells, selectivity with respect to VEGFR-2 and 
favourable drug-like properties. This report will highlight some key structure–activity relationships generated from this novel 
quinoxaline series of FGFR inhibitors. Chemical access, ADME profiles and in vivo activities in FGFR-driven xenograft models of selected 
compounds will be presented and discussed. 
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Fibroblast growth factors (FGFs) and their receptors (FGFR1–4) are currently under intense scrutiny from the scientific community 

and increasing evidence reveals their implication in oncogenic signalling in many tumor types.
[1]

 This has stimulated the development of 
a number of FGFR inhibitors, with diverse kinase inhibition and pharmacological profiles that are currently being evaluated in clinical 
studies. We recently reported that a quinoxaline moiety can efficiently bind the hinge region of FGFR catalytic sites. In a continuation of 
our efforts to identify FGFR1-4 inhibitors we have discovered and optimized quinoline based molecules with favourable drug-like 
properties and antitumoral activity in FGFR xenograft models. This poster represents the first disclosure of the structure–activity 
relationships and chemical synthesis pathways of these novel quinoline inhibitors with nanomolar affinity on FGFR1-4. 
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Over the past several decades, significant changes in the epidemiology of fungal infections can be observed. The number and 

diversity of new threatening fungal infections increased dramatically during this time.
[1]

 There are some reasons of this phenomenon 
such as growing population of immunocompromised patients and appearing of new, drug resistant fungal strains. Fungal infections 
caused by common and unusual fungi pathogens are occurring with increasing frequency and result in both significant morbidity and 
mortality. The majority of these infections are caused by Candida spp., Aspergillus fumigatus and Cryptococcus neoformans. Less 
common (but emerging) pathogens include Zygomycetes, Fusarium spp, Trichosporon beigelii, Blastoschizomyces, Scedosporium, 
Acremonium and some dematiaceous fungi.

[2]
 Thus, searching for novel drugs remains to be one of the major challenge for modern 

science. In spite of, broad arsenal of drugs we have still an urgent need for new, more effective antifungal drugs with less side effects.
[3]

 
Quinoline family compounds possess a wide spectrum of biological activities such as antifungal, antineoplastic and herbicidal 

activity.
[4]

 For this reason quinoline moiety may be regarded as privileged structure—especially 
valuable for drug design.

[5]
 

We are exploring the styrylquinoline derivatives as possessing strong antifungal and antibacterial 
activity, especially derivatives containing 5,7-dichloro-8-hydroxyquinoline. Some of them have 
comparable or even order of magnitude better activity than the known fungicidal compound 
fluconazole.

[6,7]
 Additionally this compounds were tested for their in vitro antitumor activity. 
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Colorectal cancer (CRC) is the third most common cancer worldwide. CRC represents an increasing health risk with an estimated 

mortality rate of 600,000 in 2008, which is constantly rising.
[1]

 Current treatment for CRC is based on surgery, sometimes in combination 
with radiotherapy and/or chemotherapy. The high patient burden of current chemotherapies and the lack of effective targeted 
therapies are compelling reasons to search for new (targeted) drugs against CRC. 

Over the last few years, the interests of our organic chemistry group have been focused on the development of new eco-friendly 
synthetic methods for bioactive heterocyclic compounds, including the preparation of chromene derivatives. This scaffold is widely 
present in plants

[2]
 and is well recognized for the diverse pharmacological properties, including anticancer activity.

[3]
 

In the present work, novel chromene derivatives incorporating the imidazo[1,2-a]pyridine nucleus were prepared and tested for 
their anticancer activity in human colorectal HCT116 cancer cells (Figure 1). Two compounds showed significant growth inhibitory 
activity although through different 
anticancer mechanisms of action. These 
structurally similar chromene derivatives 
showed opposing effects on p53 levels 
and apoptosis mechanisms, which may 
be relevant for further development of 
drugs acting on distinct molecular targets 
useful in the treatment of cancers with 
different genetic profiles and for 
personalized medicine. 
 
 
 
 
 

Figure 1. Novel chromene-based compounds with anticancer activity. 
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Natural products (NPs) have been used to treat human diseases for thousands of years and play an increasingly important role in 

drug discovery.
[1–3]

 In fact, natural products-based drugs are still major entities among the FDA-approved drugs (57.7 % of all drugs).
[4]

 In 
the domain of cancer research, 48.6 % of antitumor compounds approved from 1940 to 2010 are either NPs or their semi-synthetic 
derivatives.

[5]
 Oleanolic acid is a naturally occurring pentacyclic triterpenoid present in a variety of plants, vegetables and fruits and has 
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been found to have abilities to suppress tumorigenesis,
[6]

 and to induce cytotoxicity in a variety of cancer cell lines.
[7]

 Heteroaryl groups 
are present in a variety of biologically active molecules, including in anticancer agents.

[8]
 This led us to develop a series of new oleanane 

imidazole carmabates, N-acylimidazoles or N-alkylimidazoles that were found to improve the antiproliferative activity in AsPC-1 
pancreatic cancer cells.

[9]
 These novel oleanane derivatives have potential to be developed as therapeutic agents especially for 

pancreatic cancer, which do not have effective treatment available. 
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Cerebral deposition of amyloid-peptide (A) is critical in Alzheimer's disease (AD) pathogenesis. Owing to its role in the generation 

of A, the BACE1 enzyme continues to be a prime target for designing drugs to prevent or treat AD; however, BACE1 has proven to be 
an exceedingly challenging target for drug discovery. 

In this poster, we report the synthesis and preparation of key fragment starting points to enable the preparation of new 
tetrahydropyrrolothiazine compounds with BACE1 inhibitory activity using chiral resolution crystallization techniques for racemate 
separation, combined with an improved methodology that allows the preparation of a key chiral amino alcohol precursor for chiral 
tetrahydropyrrolothiazine scaffold. The investigation demonstrates the reproducibility of this approach, which was extended to 
different substrates prepared by asymmetric synthesis using the chiral resolution crystallization technique. 
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Peptide hormones are involved in a broad range of biological roles and are implicated in a diverse number of pathological 

conditions, including asthma,
[1]

 arthritis
[2]

 and cancer.
[3]

 Over half of all bioactive peptides require C-terminal amidation to achieve full 

biological activity
[4]

 and this involves oxidative cleavage of a peptide terminal glycine by peptidylglycine -amidating monooxygenase 
(PAM). The importance of PAM and the products of PAM catalysis in pathological conditions have led to interest in the investigation of 
the enzyme. Previous results

[5]
 show that substitution of the C-terminal penultimate glycine and proline residues of prooxytocin and 

procalcitonin and their analogues with phenylalanine increases the enzyme binding affinity. This changes the binding mode from one 
that depends on peptide sequence recognition to another primarily determined by the phenylalanine moiety. The current study was 
carried out to examine the importance of other residues at the C terminus of human amidated peptide hormones. After statistical 
analysis, a consensus sequence was calculated, followed by investigating substrates binding affinity of PAM obtained directly from 
human disease state specimens (i.e., DMS53 small cell lung carcinoma cells). 
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-Hydroxybutyric acid (GHB) is a neuromodulator working in the brain alongside the main inhibitory neurotransmitter 

-aminobutyric acid (GABA). GHB is also a prescribed drug used in the treatment of excessive daytime sleepiness associated with 
narcolepsy (Xyrem™) and alcohol withdrawal (Alcover™). Unfortunately GHB is also a drug of abuse known as “date rape drug” or 
“Fantasy”. Even so, the exact biological role of GHB is still unknown. The neuropharmacology of GHB is complex and involves both low-
affinity and high-affinity binding sites. At physiological concentrations of GHB (µM range), the high-affinity sites participate in the 
therapeutic benefits of GHB. The GABA-B receptor, representing the low-affinity site, is well characterized for mediating several actions 

of GHB.
[1]

 Results indicate that an extrasynaptic subtype of the GABA-A receptors (41) is representing a high-affinity binding site. 
However, the detailed localization, architecture and function of the identified binding sites still have to be elucidated. 

We have previously reported on a series of conformationally restricted cyclic GHB analogues including 3-hydroxycyclopent-1-
enecarboxylic acid (HOCPCA), a selective ligand for the high-affinity binding site.

[2]
 In combination with the standard GHB antagonist 

NCS-382 and a series of high-affinity ligands, represented by BnOPhGHB,
[3]

 these ligands have so far constituted the pharmacological 
tools in the overall project. Given the close structural relationship to GHB and its relative small size, HOCPCA is an attractive template 
for structure activity studies (fragment growing). Using HOCPCA as the basic scaffold, the structural requirements of the identified high-
affinity GHB binding sites have been explored, focusing on the available space surrounding the structural scaffold, and the significance 
of the orientation and role of the functional groups in HOCPCA. All synthesized compounds were pharmacological characterized in a 
[

3
H]NCS-382 displacement assay using rat brain cortical membranes. 

Introduction of substituents into the 2-position (R2) of HOCPCA lead to loss of affinity for the high-affinity GHB binding sites, 
whereas larger aromatic substituents in the 3-position (R3) of HOCPCA provide moderate to high affinity. These data suggest a 
hydrophobic cavity associated to the binding site able to accommodate large substituents and support the observations seen for NCS-
382 and BnOPhGHB. A preliminary pharmacophore model, based on the synthesized compounds, emphasizes the importance of the 
orientation of the aromatic part of NCS-382, BnOPhGHB and the synthesized aromatic compounds. 
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Since Alois Alzheimer described amyloid plaques and neurofibrillary tangles as specific neuropathological markers of 

neurodegenerative diseases decades have passed before in the early 1970s intensive post mortem researches proved a cholinergic 
deficit in the brain of Alzheimer patients.

[1,2]
 The lowered level of ACh results in a decline of recognition and memory. Therapeutical 

targets for raising the ACh level are acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). Current agents like galantamine and 
rivastigmine inhibit both enzymes; the role of BChE remains unclear. Thus, the development of selective BChE inhibitors seems 
necessary to understand the role of BChE´s during AD. Our intention was to find selective BChE inhibitors derived from different 
triterpenes. Especially, amino derivatives were synthesized, and investigations were performed concerning their inhibitory strength, 
their mode of action and the AChE/BChE selectivity. 
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Tuberculosis is nowadays counted among the most dangerous and treacherous diseases despite the fact that absolute number is 

falling since 2006. It is caused by increase of drug resistant strains of Mycobacterium tuberculosis together with HIV co-infection. These 
circumstances lead to effort to find novel active compounds. Pyrazinamide (PZA) is counted among the first-line antituberculotic agents. 
One of its unique properties is the sterilising effect. It is based on the fact that it acts against dormant forms of Mycobacterium and in 
combination with other drugs can make the patient TBC negative. The small molecule of PZA is also very suitable for modifications and it 
can be a way how to find new effective compounds. 

This work deals with synthesis of 2 series of compounds based on microwave assisted reaction. The starting compounds 5-chloro-6-
methylpyrazine-2,3-dicarbonitrile and 3-chloropyrazine-2-carboxamide prepared according to proven method were treated with a 
group of aromatic amines and the conditions for microwave reaction were set experimentally. Every compound was purified and 
characterized by melting point, NMR 
and IR spectra, elemental analysis and 
lipophilic properties (calculated and 
experimental). In vitro biological 
screenings were performed as a next 
step. It consists antimycobacterial 
screening (various Mycobacterium 
species, pyrazinamide and isoniazide 
as standard) setting the minimal 
inhibition concentration (MIC), 
antibacterial and antifungal screening 
(8 bacterial and 8 fungal species, 
neomycin, bacitracin, penicillin G, 
ciprofloxacin, phenoxy-
methylpenicillin, amphotericin B, 
voriconazole, nystatin, and fluconazole as standards) using 80 % inhibition concentration and testing for herbicidal activity (inhibition of 
the photo-synthetic electron transport in spinach chloro-plasts with DCMU (Diurone®) as a standard) setting IC50. Some of prepared 
compounds have shown good antimycobacterial activity that was sometimes comparable to standard. Also a group of them has proven 
herbicidal activity, but it has not reached as good activity as standard. 
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Essential thrombocytosis is a chronic blood cancer characterized by the overproduction of platelets by megakaryocytes in the bone 

marrow. anagrelide (Agrylid/Xagrid)
[1]

 (a) was the first platelet-reducing agent that acts by retarding the maturation of megakaryocytes 
via the thrombopoietin receptor and reducing their chromosome number and cell diameter.

[2]
 It also inhibits platelet aggregation as a 

result of a potent inhibition of cyclic adenosine monophosphate (cAMP) phosphodiesterase III activity.
[3]

  
Our research was focused on preparing anagrelide-like compounds using a combinatorial chemistry approach. A solid-phase 

synthesis of 3,9-dihydro-2H-benzo[d]imidazo[1,2-a]imidazol-2-one derivatives (b) has been developed,
[4]

 employing standard building 
blocks such as Fmoc-α-amino acids and nitroaryl fluorides. The synthetic path starts with immobilization of the Fmoc-α-amino acids on 
Wang resin, previously equipped with piperazine carbamate linker, and further transformation to o-nitroanilines. After reduction of the 
nitro group, the 2-aminobenzimidazole scaffold is achieved by reaction either with cyanogen bromide or Fmoc-NCS. Cleavage from the 
polymer support and further cyclization leads to the target compounds. The developed methodology represents a versatile and simple 
approach for the preparation of various corresponding benzimidazo[1,2-a]imidazolones from a large number of commercially available 
building blocks. 
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Cells require a vast number of biomolecules in order to carry out their functions and develop properly, namely, proteins, peptides, 

vitamins, glycans, nucleic acids or lipids. Modification of such molecules allows the production of synthetically modified conjugates that 
confer previously absent properties.

[1]
 Among those essential biomolecules, folic acid can be used to actively target tumor cells, since 

their receptors are overexpressed in these cell’s surface.
[2]

 Upon internalization, folate conjugates can, therefore, be used for drug 
delivery or imaging purposes. Fluorescent conjugates confer the ability of tracking molecules within their natural environments, which 
has allowed the study several biomolecular processes. 

We have developed a new strategy to modify primary amine groups, based on the formation of stable iminoboronates in aqueous 
media.

[3]
 Moreover, derivatives of these modifying agents were synthesized in order to confer some biological properties that the 

biomolecules did not possess naturally, namely, fluorescence (Figure 1). Here, we present, for the first time, that B–N dative bond may 
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be used to synthesize conjugates that selectively target cancer cells, since folate conjugates were selectively recognized and internalized 
by cancer cells. The ability of these iminoboronates to undergo a receptor-mediated internalization, and their efficiency to promote the 

selective and reversible functionalization of biomolecules, 
highlights that these constructs have a promising future in 
the design of conjugates that selectively target and deliver 
cargo to cancer cells.

[4]
 

 
 
 
Figure 1: Generic folate iminoboronate fluorescent 
conjugate. 
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Hardly can one imagine modern organic chemistry 

without diazo compounds. Their found numerous 
applications not limiting only to cyclopropanation of 
alkenes, carbene insertions, [3+2] cycloadditions, 
Arndt-Eistert synthesis. By far N2CHCO2Et is probably 
the most popular diazo compound in chemistry.

[1]
 

Although some other conceptually attractive low-
molecular reagents exist, they still remain in shadow of 
this reagent. In this work, we studied the [2+1] and 
[3+2] cycloadditions of CF3CHN2 and previously 
unknown C2F5CHN2.

[2–7]
 These reagents proved to be 

efficient in synthesis of diverse fluorinated compounds 
not accessible by other methods. 
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Structural diversity of the known drug-like compounds is very low. Among all possible structures with less than 10 heavy atoms and 

containing N, C, O or F, less than 1% has been synthesized.
[1]

 The same is true for medicinal chemistry projects—only the common 
building blocks are used, while many others remain to be explored as novel structural motifs (see Figure). It is known that even tiny 
structural changes might lead to a drastic change in activity and selectivity.

[2]
 Therefore, medicinal chemists need a library of 

isomeric/homologous building blocks to efficiently fine-tune the “hit” structure. In this work, we synthesized several novel structural 
motifs—analogues of already established structures.

[3–8]
 Details of the design, synthesis and application of these molecules will be 

discussed. 
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Modern drug discovery is hard to imagine without fluorine; ca. 20% of all pharmaceuticals contain this element. To date, however, 

only a tiny part of the theoretically possible building block structures are synthesized. Many simple combinations of fluorine with carbon 
and nitrogen atoms are still unknown. Commercially accessible fluorinated alicyclic amines are mostly limited to pyrrolidines and 
piperidines. The latter are quite popular in medicinal chemistry (Figure a). In this work, we synthesized a library of novel aliphatic 
saturated amines (Figure b).

[1–5]
 Details of their design and synthesis will be reported. 
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Tuberculosis (TB) is a serious infectious disease, which has been one of the most common causes of death around the world for a 

long time. Despite WHO effort to find effective procedures for the treatment and continuous development of new potential drugs, TB is 
still a major global problem. The development and progress of the resistant forms of this disease and co-infection with HIV is the main 
cause. Pyrazinamide (PZA) is the first-line drug used in TB-therapy. One of the mechanisms of action is competitive inhibition of NADPH 
binding to Mycobacterium tuberculosis fatty acid synthase I (FAS I), which is an important enzyme in mycolic acid synthesis.

[1]
 Synthesis 

of novel PZA derivatives is one of the perspective ways for the new drugs development. 
A series of new pyrazinamide derivatives, i.e. N-alkyl-3-chloropyrazine-2-carboxamides (I) and N-alkyl-(3-alkylamino)pyrazine-2-

carboxamides (II), were prepared. These structures were designed based on the results of antimycobacterial evaluation of 5-
(alkylamino)-pyrazine-2-carboxamides and 6-(alkylamino)pyrazine-2-carboxamides reported previously.

[2]
 Compounds with long alkyl 

chains can facilitate penetration through mycobacteria outer shell and cell wall, reaching the intracellular compartments.
[2]

 The title 
compounds were characterized with analytical data and tested in vitro for their antimycobacterial, antibacterial and antifungal activity. 
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Iron, due to its unique biochemical and biophysical properties is present in the most important processes within human cells. The 

transportation of oxygen and its presence in complex proteins, such as transferrin and ferritin, can be used to highlight the role of iron. 
It is proven that most of cancer cells have a higher requirement for iron than normal cells as they rapidly proliferate. Hence, iron 
metabolism is altered within these cells. This fact is reflected by higher number of Tf receptors on their cell surface, mediating a high 
rate of iron uptake. Therefore, depleting iron from rapidly dividing cancer cells through the implementation of iron chelators deprives 
these cells of the DNA precursors necessary for replication.

[1]
 

In this study, a series of novel thiosemicarbazones were designed to contain an (hetero)aromatic scaffold in order to investigate 
their effect on iron uptake and anti-proliferative activity against tumor cell lines. Moreover we have designed and prepared 
thiosemicarbazones (TSC) with the highest cellular cytotoxicity among TSCs ever reported. One of our novel thiosemicarbazone exerts 
powerful PDT enhancement when used in combination with 5-aminolevulinic acid (ALA), a precursor of PpIX.

[2]
 All compounds were 

synthesized in microwave reactor (CEM-DISCOVERY®) and the purity of final products was determined by HPLC. The structures of final 
compounds were confirmed by NMR spectroscopy and HRMS spectroscopy. The cytotoxicity tests were performed using MTS assay with 
DFO and Dp44mT as the references. Iron (

59
Fe) mobilization and iron uptake experiments were carried out using neuroepithelioma cell 

lines SK-N-MC obtained from the American Type Culture Collection (ATCC; Vanassas, VA, USA). 
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Pyrrolidine is one of the most frequently used aliphatic amines in medicinal chemistry. Its residue can be found in at least ten FDA-

approved drugs. Therefore, elaboration of practical synthetic approaches to novel substituted pyrrolidines is important. In this work, we 
synthesized a library of novel unique pyrrolidine building blocks using [3+2] cycloaddition between electron-deficient alkenes and 

azomethine ylides.
[1–4]

 Some synthesized structures are mimics of morpholine, -proline derivatives, and fluorinated pyrrolidines. 
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Conformational restriction is an effective tool used in medicinal chemistry to improve/modify pharmacological profiles of lead 

compounds. Due to a fixation of the functional groups in a biologically active conformation, the sterically restricted compounds are 
often more efficient and selective ligands for 
various targets, thus displaying pronounced 
biological activity.

[1]
 In this work, we 

synthesized a library of novel conformationally 
restricted bicyclic scaffolds by Double-Mannich 
reaction of cyclic ketones. Details of the 
synthesis and application of the obtained 
compounds will be discussed. 
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A diversity-oriented synthesis is a technique for the efficient synthesis of structurally diverse and complex molecules.

[1]
 Although 

molecular shape diversity may be achieved in a number of ways, scaffold diversity plays a key role in determining the overall shape 
diversity of a compound set.

[2]
 Macrocycles are an important core scaffold found in numerous biologically active small molecules.

[3]
 

Despite their useful properties, macrocycles represent an underexplored structural class within drug discovery. This is often attributed 
to the lack of general synthetic methods for producing collections of macrocycles with high levels of structural diversity. In our synthesis 
toward a library of macrocyclic peptidomimetics, we employed the build/couple/pair strategy (B/C/P), a synthetic algorithm which has 
found extensive application in the field of DOS.

[1]
  

The build phase involved the synthesis of a range of alkyne-acid and azido-amine building blocks. These were coupled by means of 
an amide coupling reaction and then in the pair phase, subjected to an azide-alkyne Huisgen cycloaddition to afford the triazole-
containing macrocycles. The B/C/P strategy was extended to incorporate iterative couple steps (hence B/C/C/P or B/C/C/C/P) which 
would further diversify our library of molecules. Moreover, a diketopiperazine moiety, an important motif in drug discovery, was 
introduced in several cases and this served to increase the complexity of the molecules. Using this method, we were able to generate a 
library of over 200 macrocyclic peptidomimetic scaffolds from simple, commercially available starting materials. This represents an 
unprecedented level of scaffold diversity in a synthetically-derived library of compounds. The value of this library was exemplified using 
cheminformatic analysis, which illustrated that our macrocycles accessed underexploited regions of chemical space that are distinct 
from top-selling brand-name drugs and macrocyclic natural products. 
 

 
 
References: 

 
[1] T. E. Nielsen, S. L. Schreiber, Angew. Chem. Int. Ed. 2008, 47, 48–56. 
[2] W. R. J. D. Galloway, A. Isidro-Llobet, D. R. Spring, Nat. Commun. 2010, 1, 80. 
[3] E. M. Driggers, S. P. Hale, J. Lee, N. K. Terrett, Nat. Rev. Drug Discovery 2008, 7, 608–624. 

 
 

S019 | Fluorinated Curcuminoid Pyrazoles as Nitric Oxide Synthase (NOS) Inhibitors 
 
Carla I. Nieto,

(1)
 M. Pilar Cabildo,

(1)
 M. Pilar Cornago,

(1)
 Dionisia Sanz,

(1)
 Rosa M. Claramunt,

(1)
 Ana López,

(2)
 Darío Acuña-Castroviejo

(2)
 

 
1) Depto. Química Orgánica y Bio-Orgánica, Facultad de Ciencias, UNED, Paseo Senda del Rey, 9, 28040 Madrid, Spain 
2) Centro de Investigación Biomédica, Parque Tecnológico de Ciencias de la Salud, Universidad de Granada, Avda. del Conocimiento s/n, 18016 Armilla, 
Granada, Spain 

 
Two series of curcuminoid pyrazoles, 1 and 2, containing one or more fluorine atoms in order to improve their physicochemical and 

medicinal properties,
[1]

 have been synthesized starting from the corresponding -diketones.
[2,3]

 All compounds have been characterized 
by elemental analysis, DSC and NMR (

1
H, 

13
C,

19
 F, and 

15
N) spectroscopy in solution and in solid state. Results of the in vitro study of 

their inhibitory potency and selectivity on the activity of nNOS and eNOS (calcium-calmodulin dependent) as well as iNOS (calcium-
calmodulin independent) isoenzymes

[4]
 will be presented. 
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N,N’-Dihydroxybenzamidines are efficient prodrugs of benzamidines since they raise their bioavailability to a great extent.

[1,2]
 They 

exceed characteristics of benzamidoximes with only one hydroxyl group. In turn, in vivo reduction to the active agent amidine proceeds 
fast and complete by the newly discovered “mitochondrial amidoxime reducing component” (mARC).

[2,3]
 

In this work a method for the synthesis of a series of new para-substituted N,N’-dihydroxybenzamidines was established. 
Benzhydroxamic acid chlorides

[4]
 were reacted with hydroxylamine or substituted to a number of N,N’-dihydroxybenzamidines. O,O’-

dimethylated- and O,O’-dibenzylated N,N’-dihydroxybenzamidines represent the first O-substituted N,N’-dihydroxybenzamidines.
[5]

 The 
general synthesis strategy was not appropriate for para-amino-N,N’-dihydroxybenzamidine. Therefore a protecting group strategy with 
TBDMS was established and led to the para-amino derivative which is of special interest because it represents the most simple 
phenylogous N,N’-dihydroxyguanidine. The TBDMS protecting group strategy is also adaptable to other substituted N,N’-
dihydroxybenzamidines. NMR data of all synthesized N,N’-dihydroxybenzamidines were determined in dimethyl sulfoxide and indicate a 
significant relationship between 

15
N NMR chemical shift of the oxime type nitrogen atom and 

1
H NMR chemical shift of all 

dihydroxyamidine protons of the different para-substituted derivatives with π-electron density, indicated with Hammett σ values.
[5]

 
The stability in phosphate buffers pH 2–9 was reinvestigated for N,N’-dihydroxybenzamidine and bared not only the known 

degradation compounds
[6]

 but also a dimerization product, the 3,6-diphenyl[1,4,2,5]dioxadoazine formed via the intermediate 
benzonitrile oxide in a remarkable amount. In opposite to N,N’-dihydroxybenzamidines the O,O’-disubstituted compounds turned out to 
be stable not only in acidic buffers but also towards neutral and basic conditions while the solubility of these new derivatives is still 
sufficient. The metabolism through mARC, mitochondria and CYP 450 enzymes from microsomes was determined and compared with 
the well-known metabolism of benzamidoxime. 
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17-arylestradiols have been shown to possess interesting activities as estrogen receptor ligands. In last years, a series of 17-

arylestradiols were prepared in our laboratory using the catalytic [2+2+2] cyclotrimerization of 17-ethynylestradiol with various diynes 
in the presence of Rh or Co catalysts (see Scheme). The compounds were subjected to competitive binding assays, cell-based luciferase 

reporter assays, and proliferation assays. These experiments confirmed that different substitution in 17position promotes different 

affinities and potencies for ER/ER.
[1] 
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Cancer is a major health problem, one of the leading death causes worldwide. The lack of efficient chemotherapeutic agents is one 

of the reasons behind this fact. Our recent reports have demonstrated potent antitumor activity for several groups of selenium-
containing compounds such as selenocyanate, 
isoselenocyanate, diselenide, selenol or selenourea.  

Medicinal chemical hybridization concept was 
used to design the general structure of this new group 
of compounds integrating in one structure different 
moieties. Selenourea and diselenide moieties have 
proven antitumor activity on their own, and benzoyl 
moiety was introduced to modulate steric and 
electronic factors. 

Cytotoxicity of these structures was tested against 
a panel of three human cancer cell lines (CCRF-CEM, MCF-7 and PC-3) by the MTT assay. Tested compounds exhibited cytostatic and 
cytotoxic activity. Doxorubicin was used as reference drug, GI50 values for every tested product were the same order of magnitude or 
lower than doxorubicin. Products have shown marked activity in mammary adenocarcinoma cell line with GI50 values under the 
micromolar range. 
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Several selenoxo (C=Se) derivatives, including selenoureas, have shown potent cytotoxic activities in various cancer models acting 

through different mechanisms of action, such as superoxide anion scavenging and iNOS inhibition. We have now designed a series of 
seleno- and corresponding thio-urea derivatives of several biologically active heterocyclic scaffolds such as acridine, anthracene-9,10-
dione, benzo[d][1,3]dioxole, 5-nitrofuran, 2H-chromen-2-one, quinaxoline, pyrrole benzyl, isoxazol and 1,3-dioxoindoline. The in vitro 
effects on cell viability was assessed using a colorimetric MTT assay at 24, 48 and 72 h in several cancer cell lines, including pancreatic 
(Panc-1 and BxPC-3), melanoma (1205Lu) and colon (HCT116) cancer cell lines. Most of these derivatives reduced cell viability in a dose 
dependent manner; derivatives of 2H-chromen-2-one and anthracene-9,10-dione moieties were more effective, with EC50 values 
ranging from 5 to 25 μM in all of the cell lines tested at 72 h. Interestingly, while in most cases Se compounds were more effective than 
the corresponding sulfur analogs, in the case of anthracene-9,10-dione scaffold, thiourea analogue (8g) was more cytotoxic, particularly 
in pancreatic cancer cell lines tested (EC50 values of 6.6 and 7.6 μM versus 43.3 and 14.2 μM for the sulfur and Se analogs in BxPC-3 and 
Panc-1 cell lines, respectively, at 72 h treatment). Notably, 8g was very effective in BxPC-3 cells, which are resistant to current 
chemotherapy compounds and to other derivatives prepared here. Based on these studies we identified two selenourea derivatives and 
a thiourea derivative as the most potent compounds. These agents effectively induced caspase-mediated PARP cleavage. In addition, 
apoptotic effects of these compounds were also measured by live and dead assay. Taken together, these results suggest that the 
identified seleno- and thiourea derivatives may have the potential to be developed as chemotherapeutic drugs. Detailed results of these 
investigations will be presented. 
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Cancer caused 8.2 million deaths in 2012.

[1]
 Lack of efficient and selective chemotherapeutic agents is one of the reasons behind this 

discouraging data. Selenium (Se) is an essential trace element that has being widely studied as a chemopreventive agent. Experimental, 
clinical and epidemiological data confirm that Se and its metabolites have anticancer effects. Several mechanisms have been suggested 
to explain the anticancer action, being protection against oxidative stress, reduction of DNA damage, cell cycle arrest, angiogenesis 
inhibition and apoptosis induction the major ones.

[2–4]
 This study continues the work of the group in the field of selenocompounds 

design and synthesis. We present here two new series combining structures that showed good anticancer activities like carbamates, 
selenocyanates and diselenides (see Figure) and the 
evaluation of their in vitro antitumoral activity. 
Cytotoxicity of the series was tested against a panel of 
five human cancer cell lines (CCRF-CEM, HTB-54, HT-29, 
MCF-7 and PC-3) and two non-malignant cell lines (BEAS-
2B and 184B5) by the MTT assay. Tested compounds 
exhibited antiproliferative activities with GI50 values in 
the micromolar range. 
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Although the development of novel targeted antitumor drugs have obtained important progress in recent years, cancer remains the 

major leading cause of death in the world due to drug resistance or undesirable toxic effects. Quinazoline and pyrido[2,3-d]pyrimidine 
derivatives have been used extensively in medicine due to their anticancer or antiproliferative activities. Selenium (Se) is an essential 
trace element that has been identified 
as an anticarcinogenic agent, with 
supporting evidence from 
epidemiological studies, clinical 
intervention trials, preclinical 
intervention studies (animal cancer 
models) and cell culture studies. The 
observations outlined above, along 
with our experience in the synthesis 
and antitumoral studies related to 
quinazoline and pyrido[2,3-d]-
pyrimidines

[1–4]
 led us to the design of 

new 2,4-disubstituted quinazoline and 
pyrido[2,3-d]pyrimidine derivatives 
(see Figure). The linkages investigated 
were (–NH–), which was inserted in 
positions 2 and/or 4, and sulfur which 
was introduced in the position 2. 
Bonded to these linkages, aliphatic 
chains of variable length with aryl 
rings at the end of the chain were 
placed. In addition, different chemical 
functions such as methylthio, 
methylseleno or selenocyanate were 
introduced in the aryl rings in order to verify their possible influence on the biological activity. These chemical functions were proposed 
because of their presence in antineoplasic agents. Finally, some derivatives were formulated as hydroselenite salts to improve their low 
water solubility and bioavailability, a limit in their development. All the derivatives were screened by cell viability assays in human 
prostate cancer cell line (PC-3) and as antioxidants using the DPPH test. In order to gain preliminary insights related to the mechanism of 
action, some of the most promising compounds were also evaluated as caspase modulators and cell cycle regulators. 
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Iminosugars, which contain an endocyclic nitrogen, have been showed potential 

therapeutic for the treatment of several diseases due to the anti-glucosidase activity, as 
example, deoxynojirimycin (DNJ; 1) derivatives, which are therapeutically used for the 
treatment of diabetes (Glyset®; 2) and Gaucher disease (Zavesca®; 3).

[1]
 Furthermore, 

azepanes have also been reported as potential glycosidase inhibitor, such as compound 4.
[2]

 
Herein, we present a microwave-assisted synthesis of DNJ and azepane derivatives by 
aminocyclization of protected and nonprotected bis-epoxide compounds. Nonprotected bis-
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epoxide precursors 5 (route A) and corresponding protected 6 (route B), prepared from D-mannitol,
[3]

 were treated with different 
primary amines, such as benzylamine, propargylamine, butylamine and 2-ethanolamine, through microwave-assisted aminocyclization 

reaction. In all cases, this reaction resulted in 
a mixture of DNJ and azepane compounds. In 
particular, the crude mixture obtained from 5 
was per-O-acetylated (route A) before ready 
separation by chromatographic column 
(Scheme 1). Syntheses of DNJ (7a–14a) and 
azepane (7b–14b) derivatives were 
successfully performed using microwave 
irradiation, and these products are being 
submitted to enzymatic assays related to 
glucosidase inhibition and anti-HIV tests. 
 
 
 
 

Scheme 1. Synthesis of DNJ and azepane derivatives: (i) MeOH, MW, 90°C, primary amines; (ii) Ac2 O, py. 
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Clavams are molecules with a unit of -lactam fused to an oxazolidine ring. Discovered in Streptomyces clavuligerous strains, 

clavulanic acid is the most known clavam. In spite of its weak antimicrobial activity, clavulanic acid is used as a -lactamase enzyme 
inhibitor. Whenever clavulanic acid is 
manufactured biosynthetically, 
secondary metabolites are also 
produced, such as clavaminic acid, 2-
clavalanine, 2-clavaldehyde and clavam-
2-carboxylic acid; the latter is a cytotoxic 
metabolite and a required standard is 
applied in order to quantify the amount 
of clavam-2-carboxylic acid present in 
clavulanic acid batches. Because of this, 
it is important to have access to a 
synthetic route, which provides clavam-
2-carboxilic acid as standard. For this 
reason, our group has designed a novel 
synthetic route that has substituted 
oxazilines and oxazolidines as the key 
intermediaries. Our route should provide 
natural clavams and novel functionalized 
clavams. Synthesis begins with glycerol 
derivative 1 [(2,2-dimetyl-1,3-dioxolan-4-
yl)methanol], the primary alcohol is transformed to primary amine 2 through an azide derivative, with a global yield of 53%. The amine 
is then reacted with monoethylmalonic chloride to afford the amide derivative; the acetal present in the amide is hydrolyzed forming 
diol 3 in 56% yield. Then the primary alcohol group is protected with tert-buthyldiphenylsilane chloride (DPSCl); the secondary alcohol is 
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transformed to methansulfonyl ester 4 in a global yield of 47%. Oxazoline synthesis is carried out in chloroform at reflux and in the 
presence of triethylamine to provide 2,5-disubstituted oxazoline 5. Catalytic hydrogenation with palladium on carbon gave us access to 

the oxazolidine. This oxazolidine will provide us, after -lactam synthesis via 1,4-coupling between an amine and carboxylic acid, 
substituted clavams. In conclusion, we designed a synthetic route, which begins with a glycerine derivative, and it has oxazolines and 
oxazolidines as key intermediaries to produce clavam-2-carboxylic acid and other clavams. 
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Cutaneous mycoses are among the most common fungal infections and caused by dermatophytes.

[1]
 The introduction of new oral 

therapies has improved cure rates however approximately 20% of the patients with oncomycos are still failing on antifungal therapy.
[2]

 
Tuberculosis caused by Mycobacterium tuberculosis is the leading bacterial cause of death with approximately 2 million people dying 
every year.

[3]
 The increasing numbers of drug resistance represent a serious challenge for tuberculosis control. Also there is an 

increasing resistance and the lack of sufficient chemical diversity to existing azole antifungal. So, new antifungal and antitubercular 
drugs that are active against latent tuberculosis are urgently needed. Previously, some Mannich bases of 3-hydroxy-6-
chloromethyl/hydroxyl-methyl/methyl-2-substituted 4H-pyran-4-one derivatives were synthesized in our laboratory and examined for 
their various biological activities including anticonvulsant, antibacterial, antifungal and antiviral activities with cytotoxicity. These 
compounds exhibited significant activities.

[4–8]
 Hence, in the light of these findings, herein, we will present the results of a preliminary 

evaluation of cytotoxicity, antidermatophytic and antimycobacterial activities of nine new kojic acid derivatives. In vitro 
antidermatophytic activity of the derivatives against 
Microsporum gypseum, Trichophyton mentagrophytes 
var. erinacei and Epidermophyton floccosum were 
screened as broth microdilution method. Terbinafine, 
itraconazole, ketokonazole, flukonazole, and griseofulvin 
were used as control agents.

[9]
 Cytotoxicity was 

evaluated by the maximum nontoxic concentrations 
(MNTCs) of each sample, which was determined by the 
method described previously

[10]
 based on cellular 

morphologic alteration. As for antimycobacterial activity, 
the breakpoint concentrations (µg mL

–1
) of the compounds will be determined against standard strains of M. tuberculosis H37Rv and 

M. avium (ATCC 15769) clinical isolated strains by using the colorimetric resazurin microtiter assay (REMA). Isoniazid (INH) and 
ethambutol (EMB) will be used as control agents.

[11]
 

 
Acknowledgements:  

 
This study is supported by TÜBİTAK. Project No: SBAG-113S527. 

 
References: 

 
[1] N.T.A. Peres, F.C.A. Maranhao, N.M. Martinez-Rossi, An. Bras. Dermatol. 2010, 85(5), 657–67. 
[2] S. Harman, H.R. Ashbee, E.G.V. Evans, J. Dermatol. Treatment 2004, 15, 104–107. 
[3] F. Leite, R. Coelho, I. Honda, C. Cardoso, W. Leite, D.N. Sato, Quim. Nova 2009, 32(5), 1222. 
[4] M.D. Aytemir, Ü. Çalış, M. Özalp, Archiv. Pharm. Pharm. Med. Chem. 2004, 337, 281–288. 
[5] M.D. Aytemir, B. Özçelik, Eur. J. Med. Chem. 2010, 45, 4089–4095. 
[6] M.D. Aytemir, B. Özçelik, Med. Chem. Res. 2011, 20, 443–452. 
[7] G. Karakaya, M.D. Aytemir, B. Özçelik, Ü. Çalış, J. Enz. Inh. Med. Chem. 2013, 28(3), 627–638. 
[8] M.D. Aytemir, B. Özçelik, G. Karakaya, Bioorg. Med. Chem. Lett., 2013, 23, 3646–3649. 
[9] Clinical and Laboratory Standards Institute (CLSI; formerly NCCLS), 2nd Ed, CLSI Document M38-A2, Wayne, PA, USA, 2008. 
[10] B. Özçelik, I. Gürbüz, T. Karaoğlu, E. Yeşilada, Microbiol. Res. 2009, 164, 545–552. 
[11] S.G. Franzblau et al., J. Clin. Microbiol. 1998, 36(2), 362. 

 
 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

308



T008 | Arylpiperazine Derivatives of Bromopyridine: Synthesis, Binding to   -Adrenergic, Serotonergic (5-HT , 5-HT ,  1A 2A

5-HT ) and Dopaminergic D  Receptors, and Pharmacological Evaluation 7

 
Marzena Baran,

(1)
 Grzegorz Satała,

(2)
 Agata Siwek,

(3)
 Anna Wesołowska,

(4)
 Marek Bednarski,

(5)
 Andrzej J. Bojarski,

(2)
 Marek Cegła

(1)
 

 
1) Department of Organic Chemistry, Faculty of Pharmacy, Jagiellonian University Medical College, Medyczna 9, 30-688 Kraków, Poland 
2) Department of Medicinal Chemistry, Institute of Pharmacology, Polish Academy of Sciences, Smętna 12, 31-343 Kraków, Poland 
3) Department of Pharmacobiology, Faculty of Pharmacy, Jagiellonian University Medical College, Medyczna 9, 30-688 Kraków, Poland 
4) Department of Clinical Pharmacy, Faculty of Pharmacy, Jagiellonian University Medical College, Medyczna 9, 30-688 Kraków, Poland 
5) Department of Pharmacodynamics, Faculty of Pharmacy, Jagiellonian University Medical College, Medyczna 9, 30-688 Kraków, Poland 

 
Recently, arylpiperazine derivatives have been identified as an interesting chemical group that may interact with G-protein-coupled 

receptors, including -adrenergic (AR), serotonergic (5-HT) and/or dopaminergic (D) receptors. The application of these compounds 

depends on the biological target, for example, 1-AR antagonists are used in the treatment of cardiovascular diseases (hypertension, 
myocardial hypertrophy, cardiac arrhythmia), mixed 5-HT and D receptor ligands are potential antidepressant/anxiolytic and/or 
antipsychotic drugs.

[1,2]
  

We obtained a series of 1,4-substituted piperazine derivatives of bromopyridine, containing a phenyl-, 2-chlorophenyl-,  
2-fluorophenyl-, 2-methylphenyl-, 2-methoxyphenyl-, 2-ethoxyphenyl- or 3-trifluoromethylphenylpiperazine moiety. These compounds 

were prepared by reaction of 6-bromo-2-pyridone with various oxiranes.
[3,4]

 The synthesized compounds were tested for their 1-AR, 5-

HT1A, 5-HT2A, 5-HT7 and D2 receptor affinities in radioligand binding assays. Most of the compounds possess high affinity towards 1-AR 
with Ki values in the range of 27–69 nM. The 2-ethoxyphenylpiperazine derivative of bromopyridine displayed multireceptor 5-HT1A/ 

5-HT7/D2 profile. Hydrochlorides of selected compounds with the best 1-AR affinity were tested in vivo for their hypotensive activity. In 
these studies, 2-fluorophenylpiperazine derivative of bromopyridine showed the strongest hypotensive effect in normotensive rats, 
during 60 minutes. Moreover, the potential antidepressant and anxiolytic properties of the compounds binding to the 5-HT1A/5-HT7 
receptors will be evaluated in the forced swim and the four-plate tests, respectively, in mice. 
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Functionalized piperidines are important core structures in many biologically active natural products. These compounds exhibit 

diverse biological activities such as antimalarial, antibacterial, anticonvulsant and anti-inflammatory, in addition to their important roles 
in many processes of disease treatments. Therefore, the present work was intended for applying a facile and efficient one-pot 

multicomponent (five-component) reaction for synthesizing new 
functionalized piperidine derivatives with potential biological 
activity. Thus, the scope and limitations of this five-component 
reaction under optimized conditions were explored for 
synthesizing 1,2,5,6-tetrahydropyridine-3-carboxylate esters by 
allowing a variety of aromatic aldehydes to react with 

-ketoesters and substituted anilines catalyzed by silica sulfuric 
acid (SSA) under mild conditions. Reaction times and yields of the 

products were detected. Structures of the synthesized products were deduced on the basis of spectroscopic and elemental analysis. 
Virtual screening using molecular docking studies of the synthesized compounds was performed as well as antimicrobial activity 
evaluation. The antimicrobial activity profiles of the synthesized compounds against the tested organisms give a clear idea about the 
structure–activity correlations among compounds under study. 
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Virosine A is a tetracyclic alkaloid from the Securinega family. These alkaloids are isolated from several species of the Euphorbiaceae 

plant family
[1]

 and are known to act on the central nervous system as gamma-aminobutyric acid (GABA) receptor antagonists.
[2]

 Visorine 
A is a rare member of this family that bears an uncommon quinolizidine skeleton fused to an azabicyclo[2.2.2]octane subunit. It was 
isolated by Ye and co-workers in 2008

[3]
 and was synthesized for the first time by our group.

[4]
 We used a key Vilsmeier–Haack and 

Mannich cyclization sequence performed in one pot. In fact, classical syntheses of complex alkaloids are often long and involve a large 
number of steps principally due to a sequential preparation of each cycle of the molecule. It is well established that one-pot cascade, 
domino, or sequential processes provide undeniable advantages over stepwise processes, such as economy of time, resource, labor, and 
waste generation.

[5]
 Over the last years, we developed several highly efficient one-pot cascade and sequential reactions. One of them 

starts with a Vilsmeier–
Haack cyclization (amide 
activation and trapping with 
a nonaromatic carbon pi-
nucleophile)

[6,7]
 that is 

coupled to a Mannich 
reaction to form two C–C 
bonds and two cycles in a 
single transformation. The 
development of this 
cyclization sequence applied 
to the preparation of 
substituted quinolizidines 
will be presented (for 
selected example, see Scheme, upper part).

[8]
 We then turned to the application of this strategy for the nonracemic total synthesis of 

virosine A (see Scheme, lower part). The full account on this synthesis will also be presented.
[4,9]

 The tetracyclic natural product was 
obtained in only 13 steps, highlighting the efficiency of our cyclization cascade strategy. 
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For over four decades it was considered that both enantiomers of promethazine possess exactly the same therapeutic activities,

[1]
 

and thus it was administered in clinics as a racemate. However, recent findings have shown that the different physiological and 
pharmacological effects of promethazine enantiomers is a fact, what makes this drug returned to the laboratories. For example, it has 
been determined that (+)-promethazine reduced cytokine IL-6 production to 90 % of the histamine-stimulated cell while the 
(–)-promethazine induced only 50 % reduction in cytokine IL-6 production.

[2]
 Moreover, Boland and McDonought

[3,4]
 found that 

preferably the (+)-enantiomer of promethazine is particularly effective in inhibiting the formation of bone resorbing cells (osteoclasts) 
thus providing a new class of agents capable for preventing or even treating bone loss, mainly associated with periodontitis and 
osteoporosis. Moreover, resolution of the key intermediate 1-(10H-phenothiazin-10-yl)propan-2-ol enantiomers may simultaneously 
provide access to other valuable compound in enantioenriched form, that is: ethopropazine (profenamine). In turn, this anti-dyskinetic 
drug has been widely used in clinical practice for over 30 years in the treatment of Parkinson's disease, although there is no information 
available regarding its pharmacokinetic properties in humans. In order to find whether ethopropazine displays stereoselectivity in its 
pharmacokinetics and exhibit different biological profiles of its stereoisomers, obtaining both enantiomers in more than analytical 
quantities is particularly desirable. To the best of our knowledge, heretofore no references concerning preparative-scale synthesis of 
optically active promethazine and ethopropazine have been reported. Therefore, the aim of this study was to take advantage of the 
extraordinary properties of enzyme catalysis and develop new method based on lipase-mediated kinetic resolution of 1-(10H-
phenothiazin-10-yl)propan-2-ol enantiomers, which combined with convenient chemical reactions could provide simple and 
straightforward approach for the preparation of optically active promethazine and ethopropazine molecules. 
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Alzheimer's and Parkinson's diseases have become two of the most important diseases to be studied in recent years, as they 

represent a serious worldwide health threat. Rasagline (Parkinson's)
[1]

 and rivastigmine (Alzheimer's)
[2]

 are two important molecules 
that have been used to combat these diseases. In the case of the former, MAO-B is its biological target

[3]
 and in the case of the latter a 

potent acetylchlolinesterase (ACH) inhibitor.
[4]

 Given that these drugs show various limitations, including expensive manufacturing 
procedures, we have initiated a program that involves the synthesis of rasagline and rivastigmine analogues via sustainable catalytic 
asymmetric processes involving intramolecular arylation of ketone/aldehyde or imine substrates with transition metal based catalysts 
(Scheme 1).

[5]
 Our investigations, involve the interactions of a multi-disciplinary 

team that involves chemists, molecular modelers and biochemists. Key molecular 
docking studies of the interactions of these analogues with the active sites of both 
MAO-B and ACH together with bioassays with the target enzymes are crucial in 
refining/improving the structures of these analogues, increasing the potential for 
discovering potent MAO-B and ACH analogues. Our preliminary results on the 
discovery of some potential MAO-B and ACH inhibitors will be discussed. 
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Scheme 1. Synthetic route to our rasagline and rivastigmine analogues. 
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Recently reported by Jørgensen et al.,

[1]
 trienamine catalysis is emerging as a new activation mode as an extension of the well-

known enamine catalysis.
[2]

 To the best of our knowledge, linear trienamines are mainly limited to Diels–Alder reactions through 

,-functionalization. During our ongoing studies towards furanic modifications,
[3]

 we were pleased to discover an unprecedented 

exclusive -functionalization of 5-substituted furfurals. Very gratefully, this new family of compounds (see Figure) exhibited promising 
antiproliferative activity against specific cancer cell lines, showing remarkable biological selectivity. Herein, we present the results of the 
reaction conditions optimization, reaction scope, and the biological assays results.

[4]
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Plasmepsins I–IV are malarial aspartic proteases that are involved in the digestion of hemoglobin in an erythrocytic stage of the 

parasite. These enzymes have been proposed as biological targets for antimalarial drug development to address the urgent need for 
resistance free therapeutic agents with novel mechanisms of action. Most of the currently known plasmepsin inhibitors are based on 
amino alcohols, diamines or diols as transition state analogues. However, these inhibitors show poor selectivity over human aspartic 
proteases. Due to this, recent efforts have focused on the development of other chemotypes as plasmepsin inhibitors. In our poster, we 
present fragment based approach to discover plasmepsin II inhibitors based on a novel scaffold. 
 

 
 

Commercially available library of 1000 structurally different fragment-like compounds was screened for binding with plasmepsin II 
using NMR spectroscopy as a biophysical method that is well suited for detection of relatively weak binding. To decrease the possibility 
of false positives three different NMR experiments (T1ρ, WaterLOGSY and STD) were used. All hits were tested in competition 
experiments with a known plasmepsin II inhibitor – pepstatin A to verify the specific binding to the active site of the enzyme. The 
screening led to identification of several fragment hits which were further evaluated by surface plasmon resonance (SPR) and enzymatic 
bioassay. From these studies fragment 1 based on 2-aminoquinazolin-4-one scaffold was selected for further development. Several 
iterative cycles of optimization that involved molecular docking, chemical modifications and analysis of structure-activity relationships 
(SAR) provided a series of 2-aminoquinazolin-4-one derivatives 2 with improved potency. Among them, the most active inhibitor 
showed 200 nM inhibitory activity against plasmepsin II. 
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Melanin is one of the most widely distributed pigments and is found in bacteria, fungi, plants and insects. It is a heterogeneous 
polyphenol-like biopolymer with a complex structure. The role of melanin is to protect the skin from ultraviolet (UV) damage by 
absorbing UV sunlight. Tyrosinase (polyphenol oxidase, E.C. 1.14.18.1) and laccase (phenol oxidase, E.C. 1.10.3.2) are the keys enzymes 
in melanin biosynthesis, melanisation in animals and browning in plants. Tyrosinase inhibitors can therefore be clinically useful for 
treatment of some dermatological disorders associated with melanin hyperpigmentation; these inhibitors are also known to be useful in 

cosmetics as whitening agents.
[1]

 The involvement of laccase in cuticle sclerotization or tanning is essential to insect survival.
[2]

 Among 
the compounds recently studied, the 4,4’-dihydroxybiphenyl 1 has been shown to be a potent inhibitor of tyrosinase.

[3]
 Hydroxylated 
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biphenyls with a C2-symmetry axis have attracted considerable interest because of biological activity of a number of natural products 
containing this moiety.

[4]
 Our study is aimed to prepare new biphenol derivatives as potential inhibitors of melanin production starting 

from compound 1. In the Figure are reported some of the new synthesized biphenyls in which, with the aim to improve water solubility, 
one hydroxy is substituted by an amino acid (2), gallic acid (3) and sugar (4 and 5) unit, respectively. Compunds 6–8 belong to the class 
of C-prenylated biphenyls. Biological evaluation in PC12 cells, phytoiatric tests and docking studies of the new derivatives were carried 
out. 
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Acetylated adenosinesiphosphoribose (OAADPR) is, as a product of histone deacetylation catalyzed by sirtuins (SIR), implicated in 

several crucial biological processes, such as gene transcription, apoptosis and lifespan extension.
[1]

 SIR couple deacetylation of proteins 
to a stoichiometric NAD

+
 consumption,

[1]
 which makes them unique among histone deacetylases. Derivatives of products of SIR 

deacetylation such as of OAADPR may serve as SIR competitive inhibitors. Therefore, a series of OAADPR analogues I–V in which the 
acetate moiety was 
replaced with carbonate 
functionality has been 
synthesized. The analogues 
were prepared by the 
reaction of appropriately 
modified 5-mono-
phosphoribofuranosides 
with AMP morpholidate 
using a ball mill 
procedure.

[2]
 This thermo-

mechanical procedure 
proved to be efficient and 
high yielding. The inhibitory 
activity of synthesized 
OAADPR analogues have 
been tested on human 
sirtuin homologues SIRT1 
and SIRT3. 
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Four adenosine receptor (AR) subtypes are known to exist, designated A1, A2A, A2B and A3. The A1 and A3 subtypes are Gi-coupled 

receptors, activation of which leads to inhibition of adenylate cyclase, while activation of A2A and A2B receptors results in an activation of 
adenylate cyclase through Gs protein.

[1]
 In order to study the (patho)physiological roles of the individual AR subtypes, agonists with high 

selectivity for each subtype are required. Moreover, due to the wide distribution of ARs, selective AR agonists are needed for the 
treatment of a variety of pathological conditions.

[1–3]
 However, truly selective adenosine-derived A2B AR agonists have not been 

developed so far. The non-nucleosidic A2B AR agonist BAY-60–6583 shows high selectivity, at least in humans, however, we recently 
found that BAY-60–6583 exhibits only partial agonistic activity and acts as an antagonist in the presence of high concentrations of 

adenosine. In the present study, we selected (1-deoxy-1-{6-[N′-(furan-2-carbonyl)hydrazino]-9H-purin-9-yl}-N-ethyl--D-ribofuran-
uronamide (I) as a lead structure, which had been described as a relatively potent A2B AR agonist.

[4]
 We synthesized series of novel 

adenosine derivatives (structures II and III) substituted in the 2- or 6-position, or in both positions, to study their structure–activity 
relationships (SAR), and to optimize them with regard to high affinity and AR-subtype selectivity. The synthesized adenosine derivatives 
did not bind to the A2B AR. However, many of the new nucleoside derivatives showed high A1 and/or A3 affinity and some of them were 
subtype-selective. Further optimizations are underway to obtain A2B AR agonists, e.g. by introducing an N-ethylcarboxamide moiety at 
the 5´-position of the ribose in structures II and III. 
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In our laboratory, we have been actively engaged in the synthesis and biological evaluation of hydroxylated natural-like biphenyls. 

The biphenyl unit is embedded in many structures of bioactive natural products, and some of them are present in compounds of high 
biological relevance like vancomicin and biphenomicins. Hydroxylated biphenyls generally manifest higher antioxidant activity and less 
toxicity than the corresponding monomers.

[1a–c]
 The synthesis of symmetrical biaryl compounds is a challenging field in organic 

chemistry. Currently, there are several methods available for the synthesis of C2 symmetric dimers.
[2]

 In order to develop more bioactive 
biphenilic species (i.e., as inhibitors of fungal growth and mycotoxigenic capacity) with enhanced hydrophilic characteristic and 
interactions with the protein target, we have prepared new compounds (2–4) structurally related to 4,4’-dihydroxy-1,1′-biphenyl 1, a 
known tyrosinase inhibitor

[3a]
 and a promising agent to control pathogens and malignant melanoma.

[4d, 3b]
 In this communication, we 

report also the dimerization of various natural phenols achieved in good yields using exclusively water as solvent under microwave-
assisted oxidative coupling conditions. These dimeric compounds 5–9 are the precursors of many hydroxylated biphenyls currently 
under evaluation in our laboratories as inhibitors of malignant melanoma cancer,

[4a]
 protein aggregation,

[4b]
 mycotoxin production and 

fungal growth,
[4c]

 and modulators of GABAA receptors.
[4d]
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The development of organometallic drugs with high antitumor activity, low toxicity and a pharmacological outline different from 

platinum compounds is a challenge in drug design. Ruthenium complexes have shown very promising results in preclinical and clinical 
studies, and attracted attention in cancer research due to their high antitumor activities, selectivity for cancer cells over normal cells 
and low general cytotoxicity.

[1]
 

As part of our on-going effort to produce a library of ruthenium(II) complexes bearing bioactive moieties,
[2]

 we here report the 
synthesis of a variety of ruthenium(II) compounds bearing carbohydrate and/or nucleoside derivative ligands. The cytotoxicity of the 
new compounds was evaluated on HCT 116 colorectal cancer cells, revealing IC50 values in the low-micromolar range, and selected 
compounds were further investigated to unveil the mechanism(s) by which the different anticancer drugs operate. 
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The ferrocene attached to carbohydrates are used as hematinic and anticancer agents in clinical therapy. This renders the ferrocene 

tethered C-glycosyl heterocycles more attractive in both chemistry and biological chemistry.
[1]

 Enaminones, enamines of β-dicarbonyl 
compounds are compounds that demonstrated a potential as multipurpose synthetic intermediates in organic synthesis, in 
pharmaceutical development, and in heterocyclic synthesis.

[2]
 Water-soluble 

ferrocenes are particularly of interest as their reversible and tunable redox 
properties could have biological applications, for example, in the development of 
biosensors.

[3]
 In this work we present the preparation of enaminones with ferrocene 

and sugar moieties starting from α,β-unsaturated ketone derivatives, which react 
with azide derivatives to form the corresponding enaminone ferrocene sugar 
compound (see Scheme). Spectroscopic methods confirm the final structure and 
biological tests are in progress. 
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Bengamides, a wide family of natural products isolated by Crews and co-workers

[1]
 exhibit a promising cytotoxic profile as antibiotic, 

anthelmintic and antitumoral.
[2]

 The role of bengamides in the cell cycle of endothelial cells and angiogenesis,
[3]

 in particular methionine 
aminopeptidases (MetAp1, MetAp2),

[4]
 have prompted intense research in the chemical and biological fields. In accordance with our 

previous contribution to the synthesis of bengamides and analogues, that allowed the identification of more potent derivatives,
[5]

 we 
would like to report the synthesis of a new library by using a recent methodology of epoxidation based on chiral sulfur ylides,

[6]
 which 

might contribute to establish a better structure–activity relationship and led to the formulation of more potent bengamide derivatives. 
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The naturally-occurring macrocycle telomestatin is considered as one of the strongest and most selective binders for the cancer-

relevant G-quadruplex DNA structure from the human telomeric sequence (H-telo).
[1]

 Previous synthetic efforts have explored cyclic 
telomestatin analogues to identify new compounds of anti-cancer potential, while more recent studies have investigated acyclic 
counterparts that combine the oxazole building block of telomestatin with the pyridine motif. Compounds identified from this second 
category have been reported to exhibit remarkable discriminatory ability for diverse G-Quadruplex topologies, showing that the 
presence of a macrocyclic system is not mandatory for recognition.

[2]
 We are describing a new synthetic effort to generate an extended 

series of acyclic oxazole/pyridine molecules. Our chemistry manipulates different ways to join the two heterocyclic units and create 
larger structures, in order to obtain access to different orientations of the heteroatoms in the 3D space of the (highly dynamic) G-
quadruplex loops and grooves. This series of compounds is expected to be crucial in exploiting diverse binding loci for small molecules in 
selected G-quadruplexes. 
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The quest for functionally diverse compound collections is emerging as a powerful method for identifying chemical probes that may 

more efficiently interact with biological macromolecules. It is now accepted that small molecules displaying more complex architectures 
enriched with oxygen and hydrogen-bond donors and acceptors 
embedded in cyclic systems comprising multiple sp

3
-hybridized carbons 

and stereogenic centers are privileged candidates for these campaigns. 
To prepare such compounds, medicinal chemists rely on labor-intensive 
synthetic strategies that combine a plethora of complex methodologies 
frequently used in a multistep sequence that often yield the target 
compounds in low yields determining the need for extensive purification 
steps. Therefore, based on the recent interest of medicinal chemistry for 
boron-containing compounds, we conceived that small drug-like 
molecules could be easily created by assembly of simple building blocks 
promoted by a boron tether. This innovative strategy would enable the 
straightforward generation of discrete molecular surfaces with distinct 
pharmacophores that may be readily tuned for optimal interaction with 
the biological macromolecule. In this communication will be presented the development of this strategy and its use in the asymmetric 
four-component assembly of boron heterocycles with a natural-product-like structure akin to the 5-oxofuro[2,3-b]furan motif,

[1]
 the 

three-component assembly of potent new inhibitors of human neutrophil elastase,
[2]

 and the use of this approach to selectively modify 
exposed lysine residues within proteins via the formation of stable imines in water.

[3]
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Guanine-rich sequences with four or more tandem guanine tracts can fold into a four-stranded secondary structure called G-

quadruplex.
[1,2]

 Such sequences are significantly present in the telomeres, immunoglobulin switch regions and in some gene promoters, 
such as, c-myc, c-kit.

[3]
 The induction or stabilization of G-quadruplexes by small ligands seems to display antiproliferative activities due 

to inhibition of proto-oncogene expression and telomerase activity.
[4]

 For this purpose, macrocyclic compounds, specifically calixarene- 
and steroid-based derivatives, are being developed by our group. These scaffolds were chosen due to the fact that functionalized 
calixarenes are pre-organized covalent ionophores containing binding sites that can self-associate with guanosine moieties to form 
nanotubes and steroid derivatives are nonplanar and nonaromatic structures that are potential antitumor drugs. The calixarene 
derivatives are prepared by using phthalamide protected amines, addition of the p-tert-butylcalix[4]arene in presence of hydrazine and 
then macrocyclization with di-acyl chloride. The steroid macrocycles are prepared starting from the reduction of lithocholic acid to the 
primary alcohol by in situ generated diborane, followed by into a 3,24-bis(halogenated aryloxy)cholane using Mitsunobu reaction and 
finally a Pd-catalyzed amination of the halogenated cholane derivatives with linear polyamines. The binding ability of these compounds 
to G-quadruplexes is evaluated by SPR biosensor, STD-NMR and DSF experiments. The ligands effects on the proliferation of several 
tumoral cell lines and their cellular localization are evaluated using MTT assay, flow cytometry and confocal fluorescence microscopy. 
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Bis(indolyl)methanes (BIMs) isolated from marine or terrestrial matrices exhibit a wide range of biological activities including 

anticancer activity against various types of tumor cells.
[1]

 Naturally occurring bis(indolyl)methanes such as Vibrindole are used with 
success in the treatment of fibromyalgia, chronic fatigue, and irritable bowel syndrome.

[2]
 Furthermore, several studies have 

demonstrated that 3,3´-diindolylmethane (DIM) shows protective cancer activity, in particular against mammary and prostate tumor 
cells.

[3]
 Additionally DIM inhibits mammary tumor growth in rodents

[4]
 and also exhibits potent antiproliferative and antiandrogenic 

properties in androgen-dependent human prostate cancer cells.
[5] 

The relevance of this class of compounds led us to develop an 
unprecedented approach to bis(indolyl)methanes via bis-hetero-Diels-Alder reaction of nitro-soalkenes with indoles. The methodology 
proved to be versatile and with broad 
scope, leading to a library of new 
bis(indolyl)methanes oximes. 

Biological evaluation of the new 
BIMs as anticancer agents against 
human hepato-cellular carcinoma 
(HepG2), human mammary carcinoma 
(MDA-MB-468), human 
neuroblastoma (SH-SY5Y), murine 
Abelson virus induced leukemia (RAW 
264.7), human acute monocytic 
leukemia (THP1), human histiocytic 
lymphoma (U937) and murine T-
lymphoma (thymoma) (EL4) cells was 
carried out. Particularly interesting results were obtained regarding the cytotoxicity of the studied compounds for the last three tumoral 
cell lines, corresponding to non-adherent tumors, with IC50 values in the range 1.62–1.65 μM. The selectivity of the compound was 
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established by comparing the IC50 values for tumoral cells to the cytotoxicity of the compound for two non-tumoral cell lines (S17 and 
N9). The high selectivity for non-adherent tumors, specifically against leukemia and lymphoma cells (Selectivity index: 13.94–14.20) 
makes bis(indolyl)methanes oximes promising candidates for use in cancer treatment.

[6] 
Further details of this study will be disclosed, 

namely the variations in IC50 values upon introduction of different substituents on the indole and/or oxime moiety. 
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Peptides with their important modularity and diversity are an attractive class of compounds to address difficult targets. They tend to 

have strong affinity for a broad range of biological targets. Despite promising applications, peptides have been underexploited, this 
could be rationalized by their poor bioavailability, lack of 
permeability and metabolic stability. Multiples factors are 
known to improve the pharmacological properties of peptidic 
drugs. A major strategy is the cyclization of peptides, and as a 
state-of-the-art option, cyclic peptidomimetics represent a 
powerful combination to access highly potent compounds 
with improved pharmacokinetic properties. 

During our research to access diverse peptidic and 
pseudopeptidic macrocycles, we have developed a novel and 
highly efficient cyclization method to access a new class of 
cyclic carbo-isosteric depsipeptides and carbo-isosteric peptides. Our strategy requires easily accessible C-terminal methyl ketone ester 
or amide-functionalized linear precursors as starting material. The well-known reductive amination has then been used to afford cyclic 
penta- to octa-pseudopeptides via selective intramolecular formation of a glycine peptidomimetic unit under moderate dilution.

[1]
 

Highly constrained cyclic carbo-isosteric tetra-depsipeptides were also successfully cyclized at high concentrations in respect to peptide 
standards. The flexibility of our novel method was confirmed by additional investigations that allowed access to various cyclic 
peptidomimetics containing a wide range of acid, nucleophilic, hydrophobic and aromatic backbone amino acids. 

From a structural aspect, X-ray structures of one carbo-isosteric depsipeptide and one carbo-isosteric peptide were successfully 
obtained. Complementary NMR conformational studies are currently under investigation to understand the impact of our motif on the 
3D structure in comparison to the native peptide. Finally, promising results have been obtained regarding the potential biological 
applications of the developed glycine peptidomimetic unit. 
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Campylobacter jejuni infection is a leading cause of gastroenteritis in developed countries, placing a large financial burden on health 

systems. The bacteria express both capsular polysaccharides (CPs) and lipopolysaccharides (LPs) at the cell surface, the latter of which 
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has been associated with development of the autoimmune disease Guillain-Barré Syndrome (GBS). GBS results from molecular mimicry 
caused by structural similarities between the LPs and human gangliosides expressed on nerve tissue. 

In an effort to study the hypothesis that re-directing the immune response towards C. jejuni CPs could decrease the risk of eliciting 
GBS, a repeating disaccharide CP component of C. jejuni strain CG8486 was selected as a target for a glycoconjugate vaccine. The 

disaccharide contains an unusual 6-deoxy-D-ido-heptopyranose unit that is -linked to the O-4 position of N-acetyl-D-glucosamine.
[1]

 
Idopyranosides are unusual sugars with enhanced conformational flexibility, as the chair conformer typically observed with other 
hexopyranosides forces the C-2, C-3, and C-4 substituents of idopyranosides into an axial orientation. We have recently reported a facile 

method to obtain -D-idopyranosides from 2,3-di-O-sulfonyl--D-galactopyranosides,
[2–4]

 which enables subsequent orthogonal 

protection and is the first reported method able to install the challenging -1,2-cis glycosidic linkage. The method relies on a regio- and 
stereoselective double inversion of 

the C-2 and C-3 positions of -D-
galactoside via a 2,3-anhydro-
talopyranoside intermediate, 
which affords the desired 
idopyranoside as the exclusive 
product. The di-inversion proceeds 
via nucleophilic attack on the S 
atom of the 3-O-sul-fonate ester, 
and is facilitated by intra-molecular 
coordination of the counter-
cation.

[3]
 We will present a summary of our efforts at elucidating this unique mechanism, and subsequent use of the synthetic method 

to generate potential antigens for use in a conjugate vaccine against C. jejuni, which aims to target the unique 6-deoxy--D-ido-hepto-
pyranose repeating unit. 
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The first total synthesis of terihanine (1) and isoterihanine (2) as biogenetic precursors of the oxy-quaternary base was achieved by 

Ishikawa group in 1987.
[1]

 In 2000, terihanine was isolated from the Zanthoxylum nitidum for the first time by the same group. We 
achieved a new total synthesis of terihanine 
(1), isoterihanine (2) through nor-
benzo[c]phenanthridines 5 by a new bond 
formation between the C4b and N5 positions 
of the tetracyclic ring based on the microwave-
assisted thermal aza-electrocyclic reaction 
(aza-ER) of 2-cycloalkenylaldoximes 4 as an aza 
6 pi-electron system. In addition, the 
antitumor activity of these synthesized 
compounds, including nitidine (3) and 
nornitidine (5c) was evaluated in HCT-116 
cells.

[2]
 Results will be presented. 
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Our laboratory is interested in the synthesis of 

biologically active alkaloids as galanthamine, used in 
the treatment of Alzheimer's disease. To study the 
structure–activity relationships, we proposed to 
synthesize 5-azagalanthamine (2) from the 
spirodienone 3, which could be obtained from phenol 4 
by hypervalent iodine-mediated oxidative coupling.

[1]
  

We found that the oxidation of 5 did not afford the 
expected spirodienone 3 but the original 1,2-
dispirodienone 6 resulting from a 5-exo cyclisation. 
Intrigued by the structure of 1,2-dispirodienones 6 and 
the unexpected reactivity of anilides 5 in this phenolic 
oxidation, we decided to study the scope of the 
reaction on a range of substituted anilides. Mechanistic 
study will also be presented.

[2]
 

 
 
References: 

 
[1] (a) V. V. Zhdankin, P. J. Stang, Chem. Rev. 2008, 108, 5299–5358; (b) L. Pouységu, D. Deffieux, S. Quideau, Tetrahedron 2010, 66, 2235–2261. 
[2] L. Chabaud, T. Hromjakova, M. Rambla, P. Retailleau, C. Guillou, Chem. Commun. 2013, 49, 11542–11544. 

 
 

T030 | Synthesis and Antimicrobial Effects of Some New Benzothiazole Derivatives 
 
İlhan Işıkdağ,

(1)
 Yusuf Özkay,

(1)
 Ümit Uçucu,

(1)
 Hülya Karaca,

(2)
 Zerrin Cantürk,

(2)
 Yağmur Tunalı

(2)
 

 
1) Anadolu University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry,26470,Eskişehir,Turkey 
2) Anadolu University, Faculty of Pharmacy, Department of Pharmaceutical Microbiology, 26470, Eskişehir, Turkey 

 
Compounds containing the benzothiazoles nucleus exhibit a broad spectrum of biological activity such as antibacterial,

[1–3]
 

antifungal.
[4, 5]

 Microbiological importance of benzothiazoles prompted our research group to synthesize a new series of benzothiazoles 
derivatives and to investigate their antimicrobial activities. Various benzothiazole-2-
amines 1a were acetylated by chloroacetyl chloride to obtain N-substituted 
benzothiazole-2-chloro-acetamide derivatives 2a. Ring closure of ethyl glyoxylate with o-
phenylenediamine under microwave irradiation gave quinoxaline-2-one 1b, which was 
reacted with phosphorus pentasulfide under microwave irradiation to afford quinoxalin-
2-thiol 2b. In the final reaction step, the compounds 2a and 2b were reacted to obtain 
N-substituted benzothiazole-2-[(quinoxalin-2-yl)sulfanyl]acetamide derivatives 3a. 
Structures of the target compounds were confirmed by spectroscopic methods. Final 
compounds were tested for antibacterial and antifungal activity. Antifungal activities of 
the synthesized compounds were better than their antibacterial activities. 
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Paraxanthine, the main metabolite of caffeine in humans, displays a number of pharmacological activities. Like caffeine, it acts as a 

central nervous stimulant
[1]

and increases lipolysis.
[2]

 Furthermore, paraxanthine has been found to protect from dopaminergic cell 
death.

[3]
 Paraxanthine acts as an adenosine receptor antagonist, but with higher potency at the A2B receptor than caffeine,

[4]
 while 

exhibiting lower toxicity and less anxiogenic effects. The compound induces higher locomotor activation than caffeine in mice, which is 
most likely due to the blockade of cGMP-preferring PDEs.

[5]
 This profile makes paraxanthine an interesting candidate for treatment of 

neurological conditions like Parkinson’s disease and narcolepsy. Clinical studies are warranted to further investigate the therapeutic 
potential of paraxanthine. Previously reported syntheses of paraxanthine are not well suitable for up scaling due to low yields and the 
requirement for time-consuming purification procedures. We have now developed a straightforward synthetic procedure for 
paraxanthine which allows the preparation of large quantities required for extended preclinical or clinical studies. 2,4-Dimethoxybenzyl 
was used as a protecting group for the unsubstituted nitrogen atom N3, which was cleaved off by trifluoroacetic acid in the last step. 
The individual steps were carried out in good to high yields and required little effort for purification. Future efforts will be directed 
towards further improving the total yield by optimization of the reaction conditions and adapting them to an environment-friendly 
industrially applicable process. 
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Aminopeptidases of the oxytocinase subfamily of M1 aminopeptidases, namely ERAP1, ERAP2 and IRAP, play key roles in the 

generation of correct length antigenic peptides for binding and presentation by MHC class I molecules.
[1–3]

 Their dual role of both 
generating and destroying antigenic peptide epitopes allows them to exert both editing and regulatory roles in antigen presentation. 
Recently, we have demonstrated that phosphinic pseudopeptides can act as transition-state analogue inhibitors of ERAP1 and ERAP2 
exhibiting nanomolar affinity.

[4,5]
 Antigen processing and presentation assays in cancer cells showed that these inhibitors induce 

increased cell-surface antigen presentation of transfected and endogenous antigens and enhance cytotoxic T-cell responses which 
implies that such molecules may constitute a promising tool for controlling the cellular adaptive immune response in humans with 
multiple therapeutic applications from the regulation of autoimmunity to cancer immunotherapy.

[5]
 Driven by this challenging 

opportunity, we have focused our efforts to the fine tuning of inhibitor structural characteristics in order to control their selectivity 
between the members of M1 aminopeptidases but also toward other Zn-proteases. To this end, an extensive SAR study was conducted 
on phosphinic pseudotripeptides in order to comprehend the structural determinants that may lead to efficient inhibitor selectivity. 
Synthetic issues relevant to the production of stereochemically defined pseudopeptides corresponding to the stereochemical pattern of 
natural substrates were successfully addressed. The results of this study are reported herein. 
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Sulfonyl chlorides are an important class of building blocks which are widely used in medicinal and combinatorial chemistry, mostly 

for the preparation sulfonamides—compounds exhibiting a broad spectrum of biological activities.
[1]

 The significant number of the 
marketed sulfonamide drugs is prepared from heteroaromatic sulfonyl chlorides. These building blocks are widely used in drug 
discovery therefore easy access to diverse 
heteroaromatic sulfonyl chlorides is very important for 
modern medicinal chemistry. A nowadays synthetic 
approach to plenty of hetaryl sulfonyl chlorides is 
described in the literature. However often the described 
methods require comparatively forced conditions and 
cannot be considered as convenient and effective 
synthetic methods to some heterocyclic sulfonyl 
chlorides. We developed a novel synthetic approach 
starting from 2-benzylthio malonaldehyde, which can be 
used for the multigram-scale synthesis of diverse 
heteroaromatic sulfonyl chlorides (see Scheme). Lots of 
obtained compounds scarcely can be obtained by other 
methods. Synthetic approaches will be presented in 
detail. 
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Influenza (flu) causes serious public health and economic problems. A worldwide resistance toward adamantane-type M2 ion 

channel blockers and an emerged resistance toward recently launched NA-inhibitors highlight an urgent need in novel antiviral agents 
to supplement the existing anti-influenza drugs. In our 
search of potent antiviral agents, a set of 2-substituted 
1,3-diphenyl-4-anilinoimidazolium chlorides 2 was 

synthesized by reaction of the known -aminoamidine 
1 with aliphatic acyl chlorides. Aqueous basification of 
imidazolium chlorides 2 led to a hydrolytic ring cleavage 

to give N-phenyl-substituted -amidoamidines, which 
were easily converted to the corresponding amidinium 
fumarates 3 (Scheme 1). Racemic N-phenyl-substituted 

-aminoamidinium chloride 5 was prepared by conversion of methacryloyl anilide 4 to unsaturated imidoyl chloride followed by 

treatment of the latter with two equivalents of aniline. -Aminoamidinium salt 5 was basified with isolation of the free base, which was 

acylated with various acyl chlorides to give a set of -amidoamidinium chlorides 6 (Scheme 2). The unified mechanism, which could 
rationalize a formation of the imidazolium derivatives 2 and acylation of aminoamidines 1 and 5 at the less nucleophilic reaction center 

to give amidoamidines 3 and 6, will be discussed. In vitro evaluation of imidazolium chlorides 2, -3 and -amidoamidinium salts 6 
against influenza A virus strain St. Petersburg/34/72 
(H3N2) revealed significant antiviral activity (EC50 0.6–8.5 
µM) and low cytotoxicity (CC50 220–960 µM) of the 
bearing long linear alkyl substituents R (from n-C8H17 to 
n-C12H25) compounds of all three types. In contrast to 
that, starting aminoamidines 1 and 5, and the bearing 
small alkyl substituents (R from Me to n-Pr) compounds 

2, 3, 6 were found to be essentially less active and more cytotoxic. Being practically non-toxic (LD50 1500–4000 mg/kg), the long alkyl 

chain imidazolium chlorides 2 as well as -3 and -amidoamidinium salts 6 exhibited considerable protective effect in influenza 
A/Aichi/2/68 (H3N2) infected mice. 
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The ‘click chemistry’ is a very practical and reliable methodology used in the drug discovery process. The use of these methodology 

succeed in the preparation of 1,2,3-tiazole derivative of iminosugars. (Scheme 1).
[1]

 Herein is presented the synthesis of novel 
iminosugar, 1,2,3-triazole-indolizidine conjugate 6 (Scheme 2). 
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1,4,7,10-Tetraazacyclododecan-1,4,7,10-tetraacetic acid (DOTA) is a macrocyclic chelator for a range of biomedical applications.

[1]
 

Several DOTA derivatives are in clinical use (e.g., Gd-DOTA, Dotarem)
[2]

 or are promising candidates for application in MRI,
[3]

 SPECT
[4]

 
and PET

[5]
 imaging. Complexes of many 

divalent and trivalent metal cations with 
DOTA possess a remarkably high 
thermodynamic and kinetic stability.

[6]
 

To make full use of the DOTA scaffold, 
we designed and synthesized modular 
DOTA derivatives 1 and 2 (hereafter 
termed DOTAZA derivatives). Both 
structures allow the conjugation of 
multiple targeting vectors and/or other 
effector molecules via Cu-catalyzed 
cycloaddition of the azide functionality 
and can thus be tuned for various 
imaging applications. We demonstrate 
the potential of DOTAZA as an attractive 
scaffold for the assembly of multivalent 
imaging agents

[7]
 or tailored MRI 

agents
[8]

 by representative conjugations 
of effector molecules via click chemistry. 
In addition, we report the synthesis of 
several DOTAZA metal chelates of 
relevance for imaging applications. 
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Multicomponent reactions (MCRs) are powerful tools for the rapid and innovative construction of molecules not easily accessible via 

the classical two-component chemistry. Furthermore, the large number of starting materials available as well as the breadth of 
transformations discovered has permitted the easy access to a plethora of different structures. In order to identify novel MCRs, we 
evaluated three different approaches: 1) the introduction of the concept of sacrificial Mumm rearrangement in order to prepare 

symmetric and unsymmetric bis-(-aminoamides) via the Ugi reaction;
[1]

 2) the use of the isocyanide Nef-reaction as starting point for 
the discovery of a three component reaction using silver salts of carboxylic acids;

[2,3]
 3) the use of indole-2-methanamine as amino 

component able to trigger an interrupted Ugi reaction.
[4]

 

In the first project; we discovered a new way of access to symmetric and unsymmetric bis-(-aminoamides), via an Ugi reaction 
among a secondary diamine, paraformaldehyde, isocyanide and 2-(hydroxymethyl)benzoic acid. With one step we could achieve 

symmetrical bis-(-aminoamides) with yields ranging from 36 to 82 %, while unsymmetrical ones could be synthesized with two step, 
with total yields from 25 to 32%. For the second project we decided to treat the Nef adduct obtained from an isocyanide and an acyl 
chloride with a silver salt of a carboxylic acid: this allowed the formation of an unstable imino-anhydride, that rearranged quickly to a 
ketoimide. Functionalizing the acyl chloride or the silver salt of the carboxylic acid with an azide could afford respectively indolinones 
and 2-acylquinazolinones via an aza-Wittig reaction. Finally, our last discovery involves the use of a secondary indole-2-methanamine, 
an isocyanide and an aldheyde for an interrupted Ugi reaction that gives access to a new scaffold in which a stable vinylogous amidine is 
present. Also reaction on other electron rich heterocycles will be investigated. The peculiar reactivity of isocyanide along with 
innovative synthetic strategies allowed us to access to different molecular scaffolds in a few steps with good yields. In particular we 
discovered new MCRs that afforded 2-acylquinazolinones, keto-imides, indo-linones, vinylogous 1 H-indole-3-carbox-amidines, 

symmetric and unsymmetric bis-(-aminoamides), in maximum three synthetic steps. 
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One of the most serious problems of modern civilization is cancer diseases. Despite of the huge progress in the field of anticancer 

drugs, in several cases medicine is powerless. According to the World Cancer Report 2008, over 12 million new cases of cancer were 
diagnosed and 7 million of patients died from cancer.

[1]
 The number of persons suffering from cancer in 2008 was estimated as 25 

million.
[1]

 Significant place in the anticancer drug development and therapy belongs to DNA alkylating agents,
[2]

 with the important 
group of nitrogen mustards. Nitrogen mustards are well known to react easily with nucleophilic fragments of DNA molecules, and in 
some cases also with proteins and small sulfur-containing molecules present in the cells. Because the structure of nitrogen mustard is 
not ideal for a candidate drug, researchers used nitrogen mustard derivatives and DNA binding molecules, such as acridines, 9-
anilinoquinolines and 9-anilinoacridines to improve therapeutic efficacy and specificity of the drugs. 

Another group of very important pharmacophores are thiazol-2-yl-hydrazines and their derivatives, which have been widely studied 
in medicinal chemistry because of their varied biological activities such as antimicrobial, anticancer and antiproliferative activities. In 
order to discover new DNA-directed alkylating agents, and continuing our previous investigation on the synthesis and molecular 
interaction of biologically active 2,4-disubstituted thiazoles,

[3–5]
 we therefore connected the phenyl nitrogen mustard to thiazol-2-yl-

hydrazine pharmacophore as new DNA binding molecules. Consequently, we prepared eight novel thiazole-based nitrogen mustards 
and evaluated their antiproliferative activity against a human cancer cells lines (MV4-11, A549, HCT116 and MCF-7) and normal mouse 
fibroblast (BALB/3T3). 

Activity of the obtained products is similar to the activity of cisplatin, which is clinically used as anticancer drug in the treatment of 
human solid tumors. To better understand the interaction between novel mustard drugs and nucleobases, we performed quantum 
chemical calculation of interaction and binding energies in complexes of model systems containing thiazole moiety and DNA bases. 
Interaction of the experimentally most active product with guanine is the strongest among all investigated complexes. Results of this 
study will hopefully help to improve rational design of anticancer drugs that interact stronger with DNA bases. 
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Palladium catalyzed reactions are a powerful tool to form carbon-carbon bonds.

[1]
 In this context, the Heck–Matsuda reaction 

(coupling of arenediazonium salts to olefins) has attracted considerable interest as a viable alternative to conventional Heck protocols.
[2]

 
This methodology was used for the synthesis of a range of building blocks like bis-arylated maleic anhydrides. This class of compounds 
shows fluorescent properties

[3]
 and can easily be converted into new fluorescent probes wherein N-substituted maleimides contain 

linkers in their side chains. These compounds show suitable photophysical properties for application in fluorescence microscopy, good 
potential for polymer nanoparticle attachment, and as small fluorescent probes for biomolecules. Due to their structural similarity with 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

328



topoisomerase-I inhibitors, the maleic anhydrides were also analyzed for cytotoxic and growth inhibitory activities in Saccharomyces 
cerevisiae and for the identification of molecular targets related to the resistance to anticancer rebeccamycin analogues. 
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In the past decades aziridines have played a role of versatile intermediates and important precursors for the synthesis of nitrogen-

containing biologically active compounds.
[1]

 Modification of aziridine cycle leads to formation of agents of different classes, such as 
heterocycles,

[2]
 alkaloids

[3]
 and non-natural amino acids.

[4]
 Because of the ring strain, the most common transformations of aziridine 

cycle are the nucleophilic ring-opening reactions (NROR). The efficiency of NROR of aziridines is strongly dependent from the nature of 
substituent on nitrogen atom (activated/non activated aziridine), the nucleophile type and the reaction condition. NROR has been 
exhaustively described in excellent reviews.

[5]
 NROR and subsequent deprotection of aziridine leads to formation of haloamines that are 

useful intermediates in physiologically active unnatural amino acids and bioactive peptides synthesis.
[6]

 
Here, we present a new synthetic process of aziridine 1 opening with metal halides and other nucleophiles as a solvent using liquid 

sulfur dioxide. Reactions were carried out in three temperatures modes: 1) low temperature (–70…–10°C); 2) ambient temperature 
(20°C) and 3) high temperature (60°C). The efficiency of each 
aziridine ring opening reaction was monitored in several 
solvents in parallel eksperiments: SO2(liq.), DMSO, MeCN, TFE. 
We used I and II group metal halides as a nucleophile source. 
Results showed that aziridine ring opening in liquid sulfur 
dioxide occurs noticeably faster and cleaner than in other 
solvents. For example, NaCl required only 12 h at room 
temperature in liquid sulfur dioxide to form expected product 

2a (X = Cl, R
1
 = H, R

2
 = CONH2, PG = Cbz) in almost quantitative yield (see Scheme). In summary, we have discovered an effective 

synthetic approach for aziridine ring opening with metal halides in liquid sulfur dioxide. The results on the scope and limitations of the 
method using variously substituted aziridines and various nucleophiles will be discussed. 
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Among natural products, polypropionates represent an important class that can be found as common products of metabolism in 

plants, bacteria, insects, fungi and marine organisms. The group includes plant flavonoids, fungal aflatoxins, as well as many compounds 
that can inhibit the growth of bacteria, viruses, fungi, parasites or human tumor cells.

[1]
 Indeed, at least a hundred compounds from 

approximately 10000 known polypropionate natural products possess drug activity.
[2]

 
A strain of Streptomyces milbemycinius is known for production of several antibacterial and antiparasitic substances or their 

precursors. We succeeded in isolation and purification of single crystals of solid solution of milbemycins A3 and A4 (1a and 1b) and their 
structure determination by X-ray diffraction analysis. The latter are active substances of well-known miticide Milbeknock and the key 
starting materials for the semi-synthesis of milbemycin oxime, a prominent antihelminthic drug. Good quality trigonal crystals of solid 
solution, which revealed the ratio 
of milbemycins A4 and A3 (72/28), 
have been obtained. After 
structure solution and 
refinement, the R-factor value of 
0.0595 has been reached.

[3]
 We 

succeeded also to isolate single 
crystals of milbemycins A4 and A3 
separately. For the first time, 
these important natural products 
are fully characterized by direct 
X-ray diffraction analysis. 

Subsequently, milbemycins 
A3 and A4 were used as starting 
materials for further synthetic 
modifications at HO-C(5). Derivatives 2a–b and 3a–b were prepared in two different sequences of linear transformations from 
milbemycins 1a–b. Thus, milbemycins containing long chain linkers 2a–b and 3a–b suitable for further applications in biological 
chemistry will be discussed. 
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Quinoline skeleton can be seen in many natural products and drugs, which have useful bioactivities such as antibacterial, anticancer 

and so on. A number of quinoline syntheses have been reported, and various substrates were employed for the precursor of quinolines. 
There are two reports to synthesize quinolines from 2-aminochalcone.

[1,2]
 Both methods used non-protected 2-aminochalcone as a 

substrate and it is necessary to isomerize olefin geometry from E to Z for the reaction progress. The reaction conditions such as hv
[1]

 or 
NIS,

[2]
 therefore, were employed enabling not only 

cyclization but also isomerization of the olefin in situ. 
We have been studied the reactivity of 2-amino-

chalcones, and we found that the treatment of N-Cbz-2-
aminochalcones with BF3·Et2O in MeOH afforded the 
corresponding quinoline in good yields. Electron-donating 
or -withdrawing substituents on aromatic ring are 
available under the conditions. We next applied our 
method to the synthesis of dubamine, which was isolated 
from plant and has antibacterial activity. The reaction of 
N-Cbz-protected benzaldehyde with acetophenone 
derivative afforded the corresponding 2-aminochalcone. 
Subsequent acid-mediated ring closure reaction 
proceeded to give dubamine in 80 %. 
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Iminosugars as sugar mimics are potent glucosidases 

inhibitors.
[1]

 Due to the fact that these enzymes are crucial in 
the biosynthesis and processing of glycoproteins in living 
systems, azasugars exhibit wide potential for therapeutic 
application

[2]
 including antiviral, anticancer and antidiabetic 

activities.
[3]

 The widely investigated group of iminosugars are 
polyhydroxylated bicyclic compounds with an indolizidine core 
such as natural occurring steviamine, lentiginosine or 
swainsonine. Therefore the synthesis of novel indolizidine 
derivatives is being evaluated in many recent studies.

[4]
 In this 

work the usage of 2,3-O-isopropylidene-D-ribose in synthesis of 
novel bicyclic polyhydroxylated iminosugars is being presented 
(see Scheme). 
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The report focuses on the synthesis of pharmaceutically interesting heteroaryl-benzimidazole derivatives via a new rearrangement 

of 3-substituted quinoxalinones when exposed to the N-nucleophiles. Depending on the nature of the substituent at the position 3 and 
the nature of the nucleophilic reagent the investigated rearrangement makes it possible to introduce any given heterocyclic moiety in 
the position 2 of the benzimidazole system.

[1,2]
 If CN-nucleophiles, namely, the commercially available enamines (methyl and ethyl 3-

aminocrotopnates) are used instead of N-nucleophiles the reaction proceeds with the formation of regioisomeric 
pyrrolylbenzimidazolones in overall high yields.

[3]
 The mechanism of the rearrangements will be discussed as well. 
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Esters are one of the most important functional groups in organic chemistry, and are present in several organic compounds such as 

biologically active molecules and compounds relevant to materials chemistry. For ester synthesis, condensation reactions have mainly 
been employed, in which carboxylic acids and alcohols are combined in the presence of acid catalysts such as Brønsted acids. In 
addition, efficient esterification methods have been developed using orthoesters, condensation reagents such as N,N'-
dicyclohexylcarbodiimide, N,N’-diisopropylcarbodiimide, and diazomethane.

[1] 
A more straightforward method involving the reaction of 

carboxylate ions and alkyl halides via an SN2 mechanism seems to be an attractive procedure for constructing ester groups.
[2]

 Herein, we 
demonstrate that a stoichiometric amount of Bu4NF serves as a useful base in the deprotonation of the carboxylic acids, and the 
ammonium carboxylates thus generated can react with alkyl halides to afford the corresponding esters in good yields (Scheme 1).

[3]
 This 

procedure shortens the reaction time required, and simplifies and facilitates the synthesis of various esters. In preliminary studies, we 
examined the reaction of benzoic acid (R=Ph) with 1.5 equivalents of n-butyl iodide (n-BuI) in DMF using 1.2 equivalents of Bu4NF (1.0 M 
in THF). The usual workup procedure and flash column 
chromatography afforded the corresponding ester (n-butyl benzoate) 
in 56 % yield. In contrast, in the absence of Bu4NF, no product was 
obtained from the reaction of benzoic acid and n-BuI, indicating that 
Bu4NF is essential for the esterification of carboxylic acids with alkyl 
halides. The presentation will include the details of the scope, the 
limitation of carboxylic acids and alkyl halides, and the application. 
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OSW-1, a steroidal saponin isolated from Ornithogalum saundersiae by Sashida and co-workers,

[1]
 was reported to exhibit extremely 

potent cytotoxicity against wide range of malignant tumor cells, over the efficacies of the clinically used anticancer agents such as 
cisplatin, adriamycin, and so on. Therefore OSW-1 has attracted many synthetic and medicinal chemists, aiming at developing a novel 
anticancer drug. As a part of our ongoing studies on novel anticancer drug discovery, design and synthesis of simplified aglycone of 
OSW-1 has been undertaken for past years. Among them, the des-AB-type aglycone is considered as an important synthetic target. 
Herein, a concise synthesis of des-AB-type 
aglycone of OSW-1 starting from readily available 
Hajos ketone is presented. This aglycone was 
transformed into the des-AB-OSW-1 analogue by 
the installation of the disaccharide moiety, and its 
antitumor activity was also evaluated. The results 
indicated that a truncated aglycone drug design 
strategy based on OSW-1 would be a promising 
approach for the development of novel antitumor 
agents.

[2]
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Glycosidases are enzymes involved in a wide range of biological processes. Inhibitors of these enzymes are considered as potential 
therapeutics in many diseases such as viral infection, cancer, diabetes and lysosomal storage disorders. Iminosugars, polyhydroxy-lated 
alkaloids, frequently display glycosidase inhibitory activity. Glucosidase inhibitors (such as, deoxynojirimicin, N-butyl-deoxynojirimicin, 
castanospermine or 3,4,5,6-tetrahydroxy-perhydroazepane) were reported to possessed a therapeutical potential. N-Butyl-deoxy-
nojirimicin (Zavesca®) has been approved for the oral treatment therapy in type-1 Gaucher disease (see Figure above). Herein is 
presented the synthesis of novel perhydropyrido[1,2-a]azepine 2 from the bicyclic derivative of isoxazolidine 1 (see Scheme below). 
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The dibenz[b,f]oxepin system is the basic skeleton of a number of biological active natural and synthetic products with relevant 

biological properties.
[1]

 Recently, novel dihydrodibenz[b,f]oxepins isolated from Bauhinia purpurea exhibiting antimalarial, antibacterial, 
antifungal and cytotoxic activities were reported.

[2]
 Following our studies on the preparation of bioactive heterocyclic quinones,

[3]
 

herein we describe the results on the synthesis of dibenz[b,f]oxepins (4) and structural analogues. 
 

 
 

The key strategy to obtain 4 was an intra-molecular McMurry reaction of the corresponding diarylethers 3. Diarylethers were 
obtained by micro-wave-induced SNAr reaction of 2fluorobenzalde-hydes (1) with salicylaldehydes (2).

[4]
 On the other hand, dihydro-

dibenz[b,f]oxepins 8 were obtained in three steps starting from bromo-naphtoquinones and bromoquinoline-quinones (5) following the 
next sequence. All these synthetized compounds are under evaluation for their antiproliferative and lipoxygenase activity. 
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Cassia siamea is widely used in traditional medicine in Indonesia. Cassiarines A (1) and B (2), possessing antiplas-modial activity, 

were isolated from the leaves of Cassia siamea by Morita group in 2007. Three new closely related alkaloid, cassiarin C (3) together with 
D and E were recently isolated from the flower of Cassia siamea by the same group.

[1]
 We achieved the first total synthesis of 

(±)-casssiarin C (3) by constructing a pyrano[2.3-4-ij]isoqui-noline ring 6 with a microwave-assisted electrocyclic reaction of aza 6p-
electron system 5 as the key reaction. The target compound 3 was obtained in six steps in 60 % overall yield from the known chroman-
4-one 4.

[2]
 An asymmetric synthesis of (–)-3 is now in progress. 
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Salicylaldehyde benzoylhydrazone (SBH) belongs to a series of tridentate iron chelators effective in chemotherapy of Fe overload 

diseases such as -thalassemia. This compound is a potent inhibitor of DNA synthesis and cell growth in a number of human and rodent 
cell lines. Iron chelators may be useful for the treatment of cancer because Fe is critical for cellular growth and proliferation. Recently, 
we have synthesised some new 3-methoxy derivatives and evaluated their antiproliferative effect on a wide scale of human tumour cell 
lines. 

In the present work, we perform the synthesis of new gallium(III) complexes [Ga(3mSBH)2]NO3 and [Ga(3mSIH)2]NO3 of 3-
methoxysalicylaldehyde benzoylhydrazone (3mSBH) and its derivative 3-methoxysalicylaldehyde isonicotinoylhydrazone (3mSIH) in view 
of their application as cytotoxic agents. The structures of the new compounds were confirmed by elemental analyses, IR, 

1
H and 

13
C NMR spectroscopy. The spectra of the 

complexes were interpreted on the basis of 
comparison with the spectra of the free ligands. 
Geometry optimization of the chelators and new 
Ga complexes were carried out using Density 
functional theory with Becke’s 3-parameter 
hybrid functional, combined with the Lee–Yang–
Parr correlation functional, B3LYP with 6-31+G 
(d,p) basis set. 

The evaluation of the cytotoxic activity of the 
gallium(III) complexes on K-562 chronic myeloid 
leukaemia cell line revealed that they are potent 
cytotoxic agents. The new compounds exhibited excellent cytotoxic effect with low micromolar IC50 values. Based on the results of the 
MTT-dye reduction assay the gallium(III) complexes deserve more detailed toxicological and pharmacological investigation for the 
development of new anticancer drugs. 
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The interaction between Bcl-2, a pro-apoptotic member of the Bcl-2 protein family, and the inositol 1,4,5-trisphosphate receptor 

(IP3R) on the endoplasmic reticulum has recently been linked to cell survival.
[1]

 This protein–protein interaction can be reduced to the 
interaction between the Bcl-2 homology domain 4 (Bcl-2-BH4) of Bcl-2 and a 20-amino-acid stretch in the modulatory domain of IP3R 
(IDP).

[2]
 Delivering isolated IDP to intact cells disrupts the Bcl-2–IP3R interaction and reverses the anti-apoptotic effect of Bcl-2.

[2]
 It 

would thus be interesting to produce smaller compounds with similar or increased activity to disrupt the Bcl-2–IP3R interaction and 
induce apoptosis. 

Via molecular modelling and circular dichroism spectroscopy, it is inferred that the first 12 amino acids of IDP form an -helical 
secondary structure. To determine if both these residues and the secondary structure are responsible for the activity of IDP, truncated 
peptides are synthesized with the incorporation of two modified amino acids, Fmoc-Aha-OH and Fmoc-Ser(Prp-OH), on the i

th
 and i+4

th
 

position. The side chains of these amino acids are bonded together via Cu-catalyzed "click" chemistry to form short, stabilized analogues 
of IDP. The activity of these peptides is tested via different assays. 
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Figure 1. A) Fmoc-Aha-OH; B) Fmoc-Ser(Prp)-OH; C) By 
incorporation of Fmoc-Aha-OH and Fmoc-Ser(Prp)-OH on the 
i
th

 and i+4
th

 position, respectively, followed by Cu-catalyzed 

"click" chemistry, an -helix can be induced in the peptides. 
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C-Arylglycosides are an interesting and important class of natural compounds possessing appealing biological properties that may 

have potential application in many areas of medicinal chemistry.
[1]

 The saccharide moiety of such compounds is usually composed of 
D-glucose or D-galactose scaffold

[1]
 but other scaffolds

[2]
 also exist. Despite the fact that numerous synthetic procedures based on a 

range of methodologies have been described, the development of new and more synthetically robust procedures is still desirable. 
Herein, we report a convenient synthetic 
pathway

[3]
 enabling D-glucal and D-galactal 

pinacol boronates 1 to be prepared in 
good isolated yields. Both pinacol 
boronates were tested in a series of cross-
coupling reactions under Suzuki–Miyaura 
cross-coupling conditions to obtain the 
corresponding aryl, heteroaryl, and alkenyl 
derivatives 2 in high isolated yields. This 
methodology was applied to the formal 
synthesis of the glucopyranoside moiety of 
papulacandin D 3 and the first total 
synthesis of bergenin 4. 
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Alzheimer’s disease (AD) is the most prevalent neurodegenerative disorder. Currently the major strategy to treat AD is to inhibit the 

acetylcholinesterase (AChE) in order to increase the concentration of acetylcholine in synaptic cleft. Recently, evidence indicates that 

AChE interact with A protein, giving arise to stable complexes of AChE–A, which cause an increase in the neurotoxicity of Ab fibrils. It 

is knows that AChE has two binding site, being the peripheral site, responsible by interactions with A, and catalytic site, related with 
acetylcholine hydrolysis.

[1,2]
 In this work, we reported the synthesis and biological evaluation of a new tacrine-donepezil hybrid (both 

acetylcholinesterase inhibitors drugs), as a potential dual binding site AChE inhibitor (1), containing a triazole ring. The synthesis of 
hybrid 1 has being performed by 1,3-dipolar cycloaddition, CuAAC (copper(I)-catalyzed azide–alkyne cycloaddition reaction),

[3]
 between 

azide 2, prepared through the replacement of quinoline chlorine by azide group, and commercial alkyne 3, affording alcohol derivative 4 
(see Scheme 1). Aldehyde 5 was obtained from oxidation reaction of 4 using PCC. Thus, the condensation reaction between indanone 
enolate 6 (commercial), formed in the presence of KOH in EtOH, and aldehyde 5, followed by dehydration, produced intermediate 7. 
The last step involves the catalytic hydrogenation reaction of 7 to obtain hybrid 1. Therefore, intermediate 7 was submitted to 
preliminary acetylcholinesterase inhibition assay related to human AChE, which showed 40% enzyme inhibition at 100 μM, once 
performed in immobilized capillary enzyme reactors.

[4]
 

 

 
 

Scheme 1. Synthetic route to obtain the potential dual binding site AChE inhibitor 1. 
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6-Substituted-quinoxalines 1–5 and pyrido[2,3b]pyrazines 6–8 were prepared using microwave irradiation as the activation mode in 

the absence of solvent following a green chemistry protocol. The compounds were obtained in good yield and short reaction times. The 
structure of each compound was established by using spectroscopic data given by IR, MS and 1D/2D 

1
H and 

13
C NMR. Five quinoxalines 

and four pyrido[2,3b)pyrazines were tested against Candida albicans, Candida glabrata, Candida tropicalis, Candida parapsilosis and 
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Candida krusei using fluconazole as a positive control. Experimental minimum inhibitory concentration (MIC) values revealed good 
activity of quinoxalines against C. tropicalis, C. glabrata, C. albicans and C. parapsilosis. Pyrido[2,3b]pyrazines inhibited C. tropicalis. 
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Alzheimer’s disease is the more common type of dementia. In the brain of the patients is found -amyloid plaques, neurofibrillary 
tangles and also impairment of cholinergic neurotransmission. The available drug therapies are based on inhibition of 
acetylcholinesterase (AChE) to increase the levels of acetylcholine in the synapse neurotransmission. AChE presents two binding site, 
the active site responsible by acetylcholine hydrolysis and a peripheral site recently related to the aggregation and deposition of the 

neurotoxic -amyloid peptide (A).
[1]

 Nowadays, novels AChE inhibitors are being designed to interact with both binding sites of AChE 
and then achieve two main hallmarks of AD. In this work, we reported the synthesis and biological evaluation of a new tacrine–
donepezil hybrid 1 as a potential AChE dual binding site inhibitor. Preliminary docking studies have shown that hybrid 1 occupies the 
entire binding site and has enhanced binding affinity than others known inhibitors. The synthesis of hybrid 1 (Scheme 1) was performed 
from the treatment of antranilic acid (2) with POCl3 and acetone, which afforded chloride derivative 3 (40 % yield).

[3]
 The methyl group 

in quinoline precursor 3 was oxidized with SeO2 and tert-butylhidroperoxide (TBHP) to 4-chloro-quinolinyl-2-carbaldehyde (4) (62 %).
[4]

 
Thus, compound 6 was obtained by a reductive amination between aldehyde derivative 4 and amine 5 in the presence of sodium 
triacetoxyborohydride (NaBH(OAc)3) (65 %),

[5]
 and then oxidized with Dess–Martin reagent (DMP) to aldehyde 7 (36 %),

[6]
 which was 

condensed with 5,6-dimethoxy-indanone (8) to give 9 (86 %).
[7]

 The double bond of 9 was reduced in the presence of NaBH4 in pyridine, 
yielding product 10 (57 %). The last step involves the substitution reaction of chlorine group to amine in order to obtain hybrid 1. 
Preliminary acetylcholinesterase inhibition assays were performed with intermediate 9 and 10 by modified Ellman’s method involving 
human AChE, which showed 55 and 54 % enzyme inhibition at 100 μM, respectively. 
 

 
 

Scheme 1. Synthetic route to obtain the potential dual binding site AChE inhibitor 1. 
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Peptide synthesis still remains a challenge for organic chemists, both for the tremendous applications of peptides in the 

pharmaceutical field, and for the sophisticated methods that are needed to solve numerous issues such as the synthetic performance, 
the control of chain elongation, the limitation of racemization, and the applicability to unnatural amino acids (such as D enantiomers or 
examples bearing quaternary stereogenic centres). 

Owing to their unique properties, ionic liquids (ILs) are accepted as eco-compatible solvents for organic synthesis. In recent years, 
many applications using the specific behaviour of ILs have been reported in various fields. Some years ago, we disclosed the first 
approach dealing with peptide synthesis in ILs, demonstrating that these unconventional solvents were convenient for this process that 
we call PepSIL (Peptide Synthesis in Ionic Liquids). We 
thus obtained high conversions for the coupling of 
hindered amino acids, as well as easy purification. 
Herein we disclose our most recent findings, which 
deeply improve our previous results and open the 
route for new developments in peptide couplings: 
the method uses an ionic coupling reagent in such a 
way that the only by-products are carbon dioxide and 
ethylimidazolium triflate, which is an ionic liquid 
playing the role of the solvent! In other words, this 
process can be considered as a waste-free peptide 
synthesis. Such an approach is of real interest in the 
context of sustainable chemistry, since classical 
peptide couplings require highly expensive protecting 
groups and coupling reagents. 

We are currently applying the PepSIL method to 
complex peptides with biological and pharmaceutical 
properties. Our main targets are cyclopeptides bearing biaryl or biaryl ether moieties, which come from the side chains of tyrosine and 
hydroxyphenylglycine. We thus are testing the PepSIL method for the coupling of these amino acids, and are investigating the sequential 
construction of the macrocyclic ring by biaryl and biaryl ether couplings, also in ILs. 
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Glycoconjugates are compounds having carbohydrate moiety attached to an aglycone core. These types of molecules are widely 

spread in nature and also often possess interesting bioactivities.
[1]

 In our ongoing research we focused on the synthesis of several series 
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of glycosides having various aglycones. The resulting glycoconjugates were subsequently assessed for: a) Antimicrobial activity. 
Glycolipides were tested against the fungi and Gram-positive and Gram-negative bacterial collection strains as well as Gram-positive 
and Gram-negative strains isolated from hospital patients. Some of the tested compounds showed to be very efficient, particularly 
against Staphylococcus aureus and Candida albicans. b) Cytotoxic activity. The glycoconjugates were tested in the in vitro MTT assay 
against seven cancer cell lines with/without multidrug resistance phenotype as well as non-tumor MRC-5 and BJ fibroblasts. Potency of 

the glycoconjugates was affected by aglycone structure and its chain length. c) Inhibitory activity against‑mannosidases from 

glycoside hydrolase families GH38 (human Golgi -mannosidase II and lysosomal -mannosidase) and GH47 (endoplasmic reticulum 

-mannosidase I) by using in vitro assay. For mannose based conjugates we observed an influence of aglycone structure on inhibitory 
activity and selectivity. One group of compounds was selective against hydrolases from the family GH38 while another acted on 

-mannosidases from the family GH47. These results correlate with the data from molecular modeling. Many of tested compounds 
exhibited promising biological activity which will be discussed. 
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In the literature one can find synthesis of variously substituted dihydropyrrolo[1,2-b]pyrazo- les they are characterized by 

interesting biological properties. They showed activity mostly like inhibitors of cytokinins controlling a number of processes like growth 
and differentiation of cells.

[1–2]
 

 

 
 

Our method of synthesis is based upon application in our laboratory proved synthon-substituted homoallenyl aldehyde. We found 
that when prepared non-symmetrical allenyl alkyl azine was heated in boiling xylene, corresponding dihydropyrrolo[1,2-b]pyrazole 
skeleton was formed.

[3]
 This way and by application of further modern methods including coupling reactions, we prepared a number of 

new skeletons shown at Scheme they were due to the structural similarity of prepared compounds to ALK5 inhibitor LY2109761 
subjected in vitro testing to their anticancer activity against human cancer cell lines. Furthermore, inhibition of protein kinases ALK5, 
ABL and CDK2 will be discussed. 
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Polyhydroxylated pyrrolidines, piperidines, pyrrolizidines and indolizidines natural and synthetic, due to their similarity to natural 

sugars named as iminosugars, are powerful glycosidase inhibitors and potential therapeutics for treatment many diseases, such as 
diabetes, cancer, bacterial and viral infections, e.g., piperidine derivatives 1–3.

[1]
 Consequently, these compounds are targets of 

intensive synthetic studies. That is also known that analogues of nucleosides with 1,2,3-triazole linker between nucleobase and sugar 
(e.g., compound 4, this type of nucleosides are also named as ‘fleximers’)

[2]
 disclosed anticancer or anti-HIV activity.

[3,4]
 In this poster we 

present our preliminary studies on the synthesis of novel hybrid iminosugar-nulcleobase with 4,5-disubstituted-1,2,3-triazole linker 
(Scheme 1). The key step in the synthesis of title hybrids is Bannert cascade

[5]
 of iminosugars 5 and pyrimidine derivatives 6. 

 

 
 

Scheme 1. Methodology for the synthesis of nucleoside analogues 4,5-disubstituted-1,2,3-triazoles 7. 
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In order to synthesize more potent analogs of a natural sesquiterpenoid compounds with pro-apoptotic properties isolated in our 

team,
[1,2]

 we have various original chlorinated trienes in a straightforward manner. The reactivity of these compounds was evaluated on 
intermolecular Diels-Alder cycloaddition reaction with different chiral dienophiles. The synthesis of these highly reactive trienes as well 
as their reactivity will be presented. Their biological activity on target proteins will be also presented. 
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Fatty Acid Amide Hydrolase (FAAH) is an intracellular serine hydrolase which is responsible of the potent CB1 agonist degradation 

called anandamide. This endogenous ligand is released in the postsynaptic terminals. Inhibition of this enzyme leads relief of pain, 
inflammation, depression, anxiety disorders, etc. Therefore, it is clearly a good therapeutic strategy.

[1,2] 
Based on this, isosteric changes 

to well-known FAAH cognate inhibitors containing a bioactive benzisoxazole ring core was proposed. The aim of our research consists in 
the design and synthesis of a new series of non-competitive benzimidazole FAAH inhibitors. Furthermore, inhibition assays in the 
enzyme will be developed soon. 
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2-Nitrobenzensulfonyl (2-Nos) and 4-Nos were introduced as effective protecting/activating group for Mitsunobu type of 

regioselective N-monoalkylation of primary amines by Fukuyama.
[1]

 2-Nos can serve also as advantageous building blocks that can be 
effectively involved in the synthesis of heterocyclic compounds. 

While developing combinatorial libraries of drug-like heterocyclic compounds our group
[2]

 found unprecedented difference in 
reactivity of 2- and 4-Nos derivatives. Whereas 4-Nos was cleaved by treatment with conventional cleavage cocktail 
mercaptoethanol/DBU, 2-Nos derivatives underwent internal C-arylation followed by N–N bond formation resulting in indazole oxides

[2]
 

and derivatives.
[3]

 The original tandem reaction was further expanded, when we discovered a new ring-expansion reaction leading to 
quinazolines.

[4]
 Here we report the application of C-arylation chemistry for the synthesis of another class of heterocycles – indoles. 
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Boron neutron capture therapy (BNCT) is a two-step chemo-radiotherapeutic technique based on the selective accumulation of 

boron-rich compounds in tumors and their subsequent irradiation with thermal neutrons. The resulting short-range, high LET radiation 
produced offers a targeted irradiation of tumor cells whilst sparing surrounding normal tissues. High boron uptake and low cytotoxicity 
of the compounds are important criteria to the successful outcome of this therapeutic modality.

[1]
 Attach boron fragment with different 
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tumor-specific targeting molecules could lead to good and effective boron delivery agents for BNCT.
[2]

 DNA intercalators such as 
acridine and acridone are excellent candidates since they target the DNA and, simultaneously, act as fluorescent probes to follow their 
trafficking into the cells.

[3]
 Due to our interest in the search for novel antitumour 

agents, herein we present the synthesis of acridones bearing carboranyl moieties 
and test their biological effectiveness as BNCT agents in U87 human glioblastoma 
cells. The cellular uptake of these novel compounds was evaluated, as well as the 
cytotoxic activity and cellular morphological alterations after neutron irradiation. 
The compounds enter the U87 cells exhibiting a similar profile and high cytotoxic 
activity after neutron irradiation. The obtained results provide a strong rationale for 
considering these compounds as candidates for a new generation of BNCT agents. 
Experimental procedures and biological data of the synthesized 
carboranylmethylacridones will be presented and discussed. 
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Inspired by Pitt and colleagues’ Heteroaromatic Rings of the Future,

[1]
 which presented under-represented heterocyclic scaffolds 

with drug discovery potential, the present work aimed to improve drug discovery libraries by conducting a synthetic and computational 
study of three heteroaromatic systems: 2,6-naphthyiridin-3(2H)-one (1), 1,6-dihydro-5H-pyrazolo[3,4-c]pyridin-5-one (2), and 3,4-di-
hydropyrrolo[1,2-a]pyrazin-1(2H)-one (3). Once the desired structures were obtained by different approaches,

[2–4]
 we conducted a 
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similarity study (shape and colour/pharmacophore) of 1, 2, and 3, over decomposed cyclic fragments from the top 100 pharmaceuticals 
(by sales) in the US in 2013, and calculated their relevant molecular properties. Statistical analyses of the calculated similarities indices 
indicated that 1, 2, and 3 possessed more shape similarity (32–99 %) than colour similarity (17–58 %). Furthermore, the heterocycles 
possess adequate drug-like properties. In conclusion, we described straightforward synthesis of 1, 2 and 3 and demonstrated their 
potential for drug discovery in the replacement of drug fragments. 
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A series of dihydroartemisinyl-chalcone esters were synthesized through esterification of chalcones with dihydroartemisinin (DHA). 

The hybrids were screened against chloroquine (CQ)-sensitive (3D7) and CQ-resistant (W2) strains of intraerythrocytic Plasmodium 
falciparum parasites and were all found to be active, with IC50 values ranging between 1.5 and 11 nM against both strains. The esters 
featuring oxygenated aryl rings (7, 10 and 11), were found to be equipotent to DHA, but were 3 to 4 times more active than artesunate 
against the 3D7 and W2 strains of 
the malaria parasites. They were 
also screened in vitro against a 
panel of three cancer cell lines 
consisting of TK-10, UACC-62 and 
MCF-7. Compound 7, bearing a 
furan ring, displayed the most 
potent overall antitumor activity 
against all three cancer cell lines. 
During this study, ester 7 was 
identified as the best candidate 
for further investigation as a 
potential drug in search for new, 
safe and effective antimalarial 
agents. 
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The importance of phosphinic peptides in medicinal chemistry has been highlighted in many recent studies dealing with the efficient 

and targeted inhibition of certain members of the Zn-metalloproteases family.
[1,2]

 The introduction of structural elements that confer 
conformational restriction in the mobility of bioactive peptides and pseudopeptides can stabililize specific conformations in the 
molecule which adapt ideally into the complementary active site of an enzyme.

[3]
 Given the importance of P1´ side chains in the 

specificity of phosphinic inhibitors for various Zn-metalloproteases (e.g., MMPs, ACE, ECE), the development of a general methodology 
for this purpose could lead to bioactive structures with interesting properties. In this work, we describe the design and synthesis of 
conformationally restricted phosphinic peptides bearing substituted pseudoproline residues in their P1’ position. In particular, the 
rigidification of a phosphinic peptide scaffold with the merging of a cyclopentyl ring leads to substituted pseudoproline derivatives with 
substituents able to interact with the S1’ cavity of Zn-proteases in a conformationally controlled manner. The synthetic approach that 
was developed is versatile and it is based on conjugate addition reactions to “pseudo-dehydroproline” derivatives synthesized by 
phosphinylation of cyclopentenyl acetates. Issues of stereoselectivity in the developed approach have been examined in detail leading 
to the target compounds with high stereochemical purity. The final protocol was applied to the synthesis of an “hybrid” inhibitor that 
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combines structural features from a recently described mixed inhibitor of ACE/ECE and a C-selective inhibitor of ACE named 
RXPA380.

[4,5]
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Since the first report on their synthesis in 1903, tetrahydroindazoles (THIs) as a subclass of pyrazoles have caught the interest of 

organic and medicinal chemists. Indeed, the molecular scaffold of THIs consists of both, the planar pyrazole unit and C4 -tether which is 
built of tetrahedral carbons. Such a skeleton helps to diversify vectors of pharmacophore orientation in the 3D space. As a consequence, 
tetrahydroindazole core can be found in many biologically active compounds. By modifying the substituents the applications of THIs can 
range from novel antituberculosis agents

[1]
 to corticotropin releasing factor (CRF) receptor 

antagonists.
[2]

 We have recently reported several synthetic methods towards various derivatives of 
THI.

[3]
 Hence, we would like to report here synthesis and X-ray studies of enantiomerically enriched 

4- and 7-amino derivatives of 4,5,6,7-tetrahydroindazoles 1 and 2. Rich chemistry of amines allows 
one to transform these compounds into series of valuable products. Thus, approaches toward 
enantiopure 4- and 7-azido-THIs and corresponding triazoles will be discussed among others. 
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Polyamines (PAs) are low-molecular-weight compounds that consist of two or more amino groups. Naturally occurring PAs are 

asymmetrical triamine spermidine (Spd), symmetrical tetramine spermine (Spm), and their diamine precursor putrescine (Put). They are 
highly charged and present in all living cells. Additionally, they are essential for normal cellular functions and growth. In biological 
systems, homeostasis of PAs is maintained via acetylation of Spd and Spm by PA catabolic enzyme spermidine/spermine N

1
-

acetyltransferase (SSAT). It would be beneficial to prepare this kind of products in a single synthetic step. In our previous research, we 
found that phenyl acetate is the most versatile reagent for selective N-acetylation of 
primary amino groups in the presence of primary hydroxy and secondary amino groups. 
It is a useful reagent for the synthesis of N,N'-diacetylated Spd and Spm, which have 
been described as promising metabolites for the detection of different cancers. 
Interestingly, simple synthetic methods for these compounds are presently lacking from 
the literature. Therefore, we demonstrated the feasibility of phenyl acetate for selective 
acetylation by synthesizing N

1
,N

8
-Ac2-Spd and N

1
,N

12
-Ac2-Spm as hydrochlorides in one-

pot reaction. In addition, the method can be applied to the synthesis of other similar 
diacetylated PAs. The hydrochloride salts of N,N'-diacetylated PAs were obtained with a 
purity of over 95%. 
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The imidazole core is a common moiety in a large number of natural products and pharmacologically active compounds. Imidazoles 

are known to possess antibacterial and antifungal.
[1]

 We previously synthesized some 1,2,4,5-tetrasubstituted imidazole derivatives by 
modified Radzewsky reaction and investigated their biological effects.

[2,3]
 In the present study, new 

imidazole derivatives (see Figure) were prepared by using same reaction conditions under 
microwave irradiation. For this purpose, 4,4’-dichlorobenzil was reacted with corresponding 
chlorinated benzaldehydes under microwave irradiation in the presence of ammonium acetate to 
give 2-substituted-4,5-bis-(4-chlorophenyl)-1H-imidazoles (1a–1d). In the second reaction step 2-
chloro, 4-chloro or 2,4-dichloro benzyl halides (2a–2d) were reacted with the compounds 1a–1e 
under microwave irradiation by using sodium hydride as a catalyst. Structures of obtained imidazole 
derivatives (3a–3p) were elucidated by spectral data. Antimicrobial activity of the target compounds 
were determined by microbiological studies. 2,4-Dichlorobenzyl substituted compounds showed 
better antimicrobial activity than other derivatives in the series. 
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It is well known that the daily intake of just one cup of coffee reduces the likelihood of development of socially significant 

Parkinson's disease by five times.
[1]

 This effect is due to the action of caffeine on adenosine receptors that regulate a variety of 
physiological processes, including those responsible for the regulation of normal and cancer cell 
growth, nervous system activity, as well as inflammatory processes.

[2]
 Thus, many recent 

studies have focused on the search for new antagonists of adenosine receptors. One of the 
leader compounds exhibited high affinity for the receptors with satisfactory biological activity 
was triazolotriazine ZM 241385 (1).

[3]
 

The structure of 1 has two main features: a triazolotriazine skeleton, which provides 
receptor affinity, and a phenolic moiety, which plays the role of a linker providing high 
biological activity. The main disadvantage of 1 is low oral bioavailability, which limits its 
applicability for pharmacological purposes.

[4]
 Thus, the development of adenosine receptor inhibitors with high activity and the ability to 

overcome the hemato-encephalic barrier is a current aim. We have proposed a series of structural analogs of compound 1, 6-nitro-7-
aminotriazolo[1,5-a]pyrimidines (4), and 
methods for their synthesis. In this case, the 
nitro group in the 6-position of the heterocyclic 
skeleton models the electron-seeking nitrogen 
atom in the structure of the triazine compound 
(1), and our synthetic scheme offers wide 
possibilities for structural modeling molecular 
fragments for regulating the biological activity, 
while maintaining high receptor affinity. Our 
method involves obtaining the final products (4) through respective chloroderivatives (3); the latter are synthesized from readily 
available triazolopyrimidones (2). Thus, we have developed methods for the synthesis of structural analogues of adenosine receptor 
antagonists—structural analogues ZM 241385. 
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Nuclear receptors (NRs) represent a class of proteins that are widely studied in medicinal chemistry because of their role as 

transcription factors modulated by ligands. Peroxisome proliferator-activated receptors (PPARs) are a sub-family of NRs with a broad 

spectrum of roles in metabolism and catabolism, occurring in three isoforms: PPAR, PPAR and PPAR. PPAR is involved in the 
expression of genes related to important physiologic pathways, such as the glucose and the fatty acid metabolism, thus being an 
interesting target for metabolic syndrome and type 2 diabetes mellitus therapies. Recent investigations showed that full agonists (e.g., 

rosiglitazone) of the PPARare related to the incidence of myocardial infarction, weight gain and fluid retention, whilst partial ligands 
can selectively induce the beneficial effects associated with the receptor activation.

[1]
 

In this work we report the studies involved in the design and synthesis of new PPAR ligands. Initially the main amino acids involved 
in the ligand binding domain were identified by molecular dynamic simulations, finding the residues H323, H449, Y327, Y473, K367 and 
S289 as key structural elements for the molecular recognition. Then, a structure-based approach was used to screen the subset ‘Drugs-

Now’ of ZINC database, searching for molecules with a submaximal activation of the PPAR. Docking computations were performed 

with the PPARcrystal structure 1FM6, and among these results, one of the most promising molecules is a tetrazole (1). 

With the interest to evaluate the interaction of the PPARwith ligand 1 and analogues (1a and 1b), we decided to develop an 
efficient procedure for obtaining these compounds, since no method of preparation can be found in the literature. The preparation of 

the ligands of PPARalso allows 
performing biological assays in vitro 
and in vivo later. According to the 
Scheme 1, the proposed synthetic 
route involves formation of 
intermediate ether (4–4b), followed 
by reductive amination performed 
without a solvent and finally the 
tetrazole ring formation in the 
presence of a Lewis acid. Just one 
purification procedure is performed 
in the last reaction step of the route. 
The molecules were successfully 
obtained with overall yields ranging 
between 35–43% and their 
structures were confirmed by mass 
spectrometry and nuclear magnetic 
resonance (

1
H,

13
C, HMQC and 

HMBC) experiments. In addition to the molecules shown (see Scheme), other analogues with different structural modifications can be 
prepared and then will be submitted to the studies of structural biology, which will be realized through X-ray crystallography of crystals 

formed by PPARreceptor associated to specific ligands. 
 
References: 

 
[1] A. S. Nascimento et. al., Bioorg. Med. Chem. Lett. 2013, 23, 5795–5802. 

 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

349



T072 | The Studies on Enzymatic Kinetic Resolution of trans-2-Phenyl-cycloprpane-1-carboxylic Acid Derivatives 
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Enantiomerically pure trans-2-phenyl-cyclopropane-1-carboxylic acid derivatives are an important family of chemical compounds 

that plays a prominent role in organic chemistry and are endowed with a wide spectrum of biological properties.
[1]

 Reported biological 
activities include enzyme inhibition, antimicrobial, antibiotic, antitumor and antiviral activities.

[2]
 Great efforts have been made to 

develop efficient stereoselective methods for the synthesis of enantiomerically pure target acid. The most commonly used method for 
preparation of enantiomerically pure derivatives of trans-2-phenyl-cyclopropane-1-carboxylic acid is asymmetric cyclopropanation, 
reaction between olefins and diazoacetates with different types of chiral auxiliaries.

[2]
 The huge inconvenience of this method is that 

substrate for reaction containing diazo group are explosive, unstable and highly toxic what limits its application. We turn our attention 
to enzymatic kinetic resolution, since it allows obtaining pure products with high yields and enantioselectivity and is accepted as a green 
method. In this work two different approaches will be presented: 
stereoselective enzyme catalyzed esterification of racemic 
carboxylic acid 1 (method A) or enzymatic hydrolysis of racemic 
ester 2 (method B). The influence of enzyme type, ethoxy group, 
and solvent on the conversion and enantioselectivity will be 
discussed. 
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Eicosanoids are important lipid mediators that play a crucial role in the inflammation process. These mediators regulate 

fundamental physiological processes and play a key role in the pathogenesis of pain as well as in acute and various chronic diseases, 
such as rheumatoid arthritis, asthma, allergic rhinitis, cardiovascular disease and certain types of cancer.

[1]
 Leukotrienes and 

prostaglandins, representing subtypes of these inflammatory mediators, are products of the arachidonic acid (AA) cascade and 
biosynthesized by the lipoxygenase (5-LO) and cyclooxygenase enzymes (COX-1 and -2).

[2]
 Classical NSAIDs used in the treatment of 

inflammatory processes and pain have a limited scope because of their nonselective inhibition of the COX enzyme. Most COX-2-
selective inhibitors are withdrawn from the market because of their adverse cardiovascular effects.

[3]
 The only approved direct 5-LO 

inhibitor, Zileuton, exhibits a nonoptimal pharmacodynamic and pharmacokinetic profile.  
With these aspects in mind, a promising approach for an effective anti-inflammatory therapy is the 

development of inhibitors targeting both enzymes of the AA cascade. This strategy opens possibilities 
to a safer treatment of pain and inflammation without concerns of drug–drug interactions compared 
to a drug cocktail. Recently, distinct reports of COX and 5-LO inhibitors both with an thiazole-2-amine 
core structure as common element arose our interest.

[4,5]
 Therefore, within this study, N,4-diaryl-1,3-

thiazol-2-amine-based compounds were investigated and optimized toward their activity and 
selectivity of five key enzymes involved in eicosanoid metabolism, namely 5-, 12- and 15-lipoxygenase (LO) as well as COX-1/2. With 
compound ST-1705, (2-(4-(4-chlorophenyl)thiazol-2-ylamino)phenol), we present a potent and selective dual 5-LO and COX-2 inhibitor 
with an IC50 value of 0.9±0.2 µM (5-LO) and a residual activity of 9.1±1.1% at 10 µM (COX-2 product formation), with only weak inhibition 
of the other three enzymes. 
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Substituted -lactams are important heterocyclic motifs found in various biologically active compounds and marketed drugs, such as 

glimepiride, doxapram, and levetiracetam. Among available methods for the synthesis of substituted -lactams, the addition of 
nucleophiles to N-acyliminium ions remains the most widely utilized approach. Even though hydroxylactams are important precursors of 
cyclic N-acyliminium ions, few approaches for their synthesis have been reported so far. By implementing a reductive cyclization 
reaction, linear L-malic acid derivatives were rapidly converted into cyclic N-acyliminium ions. Under the optimized conditions, entailing 
the use of HFIP as solvent, both electron-rich and electron-deficient boronic acids were successfully added to a range of cyclic 

N-acyliminium ions, thereby obtaining a collection of pharmaceutically relevant substituted -lactams. 
 
 

T075 | A Facile and Versatile Synthetic Route to Natural Product-Inspired N-Containing Heterocycles with Antitumor 
Properties 
 
Tamara N. Steinhauer, Christopher Meier, Daniel S. Längle, Ilka Kock, Ulrich Girreser, Bernd Clement 
 
Department of Pharmaceutical and Medicinal Chemistry, Christian-Albrechts-University of Kiel, Gutenbergstrasse 76, 24118 Kiel, Germany 

 
In the year 2012, cancer was a leading cause of death with 14.1 million new cases and a mortality of 8.2 million people worldwide.

[1]
 

This fact and the currently limited therapeutic regimen shows up the necessity to find novel substances for cancer treatment.
[2,3]

 Some 
naturally occurring benzo[c]phenanthridines were found to possess promising cytotoxic properties,

[4]
 initiating the development of 

synthetic derivatives of this class. Since all common routes to gain these heterocycles were complex and multistep, it was necessary to 
establish a new efficient synthetic procedure. 

We herein report a facile and efficient synthetic access to 11-substituted benzo[c]phenanthridines and structurally related 
substance classes.

[5]
 The high variability of the reaction is not limited to the diversity of the substitution pattern in position 11, it is 

further possible to vary the quantity and position of nitrogen atoms by utilizing differently substituted o-methyl-heteroarylnitrile 
derivatives. With this simple base-catalyzed one-pot reaction followed by an optional dehydrogenation (Scheme 1) we were able to 
build up a large library of 11-substituted heterocyclic scaffolds, mainly unknown to literature.

[5,6]
 Depending on the electronic structure 

of the used nitrile building block, either the 6-amino-dihydropyridophenanthrolines or the dihydro-11H-pyrido-azacarbazoles can be 
observed as main products. In the NCI-60 DTP Human Tumor Cell Line Screen (National Cancer Institute, Maryland, USA) various 
derivatives exhibited high antitumor activities.

[7]
 Moreover studies regarding physicochemical properties revealed an improved water 

solubility at physiological pH value and a reduced lipophilicity in comparison to the closely related carbon-analogous 
benzo[c]phenanthridines.

[6]
 

The great number of derivatives of these new substance classes and a facile possibility for functionalization in connection with 
strong cytotoxic properties emphasize the broad range of applicability and the importance of this synthetic procedure. 
 

 
 
Scheme 1. Schematically illustrates synthetic route to 6-amino-pyridophenanthrolines and 11H-pyridoazacarbazoles with different 
quantity and position of nitrogen atoms. 
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Macrolides have common metabolic pathway mediated by human cytochrome P450 enzymes, resulting in the N-demethylation of 

the desosamine group. With aim of properly characterizing the activity/toxicity profiles of such metabolic derivatives, an efficient 
chemical synthesis of N-desmethyl macrolide compounds became essential. A modified 
Polonovski reaction

1,2
 has been employed to N-demethylate azithromycin (1) in high yield. 

This method provides an alternative to traditional N-demethylation procedures which utilize 
toxic reagents such as cyanogen bromide or expensive reagents such as benzoyl chloroformate. 
The synthesis described here involves N-oxide formation, isolation of the corresponding N-oxide 
hydrochloride, and FeSO4·7H2O mediated Polonovski reaction to afford the desired secondary 
amine 2. 
 
References: 

 
[1] H. Morita, J. Kobayashi, J. Org. Chem. 2002, 67, 5378–5381. 
[2] G. Singh, T. Koerner, S. B. Godefroy, C. Armand, Bioorg. Med. Chem. Lett. 2012, 22 (6), 2160–2162. 

 
 

T077 | Synthesis and Structure–Activity Relationship Study of Psammaplin A 
 
Hyeung-geun Park, Doyoung Kim, Suckchang Hong, Myunggi Jung, Min Woo Ha 
 
Research Institute of Pharmaceutical Sciences and College of Pharmacy, Seoul National University, Seoul 151-742, Korea 

 
Psammaplin A has a unique symmetrical structure of bromotyrosine-derived disulfide dimmer. Biological activity studies revealed 

that psammaplin A has various bioactivities. Recently, the psammaplin A was also isolated from an unidentified sponge collected from 
the south region of Korea, and confirmed significant cytotoxicity against the leukemia cell line. As one of our research programs for the 
development of new therapeutics for the treatment of cancer, we needed to develop very concise and efficient synthetic methods of 
psammaplin A and its analogues. Nicolaou group reported an efficient combinatorial synthetic method of psammaplin A and its 
analogues for systematic SAR study as antibacterial agents. But, the synthesis starts from or via amino acids that are somewhat limited 
in diversity because of the limitation of their commercial availability. In this poster, we present a new efficient and concise synthetic 
method of psammaplin A developed via Knovenagel condensation and direct nitrosation as key steps (42% overall yield in 5 steps).

[4]
 

According to the newly established synthetic method, a diverse library of psammaplin A analogues was constructed and its systematic 
SAR study on cytotoxicity was investigated. 
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HIV virus infection is usually treated using various combinations 

of enzyme inhibitors (protease, rev. transcriptase, integrase) and cell 
entry inhibitors these days. Our work explores class of compounds 
with different mode of action which can enhance therapeutic 
possibilities. Our compounds are derived from quinazoline, and they 
act as viral capsid assembly inhibitors (CAIs). 

From the screening of a wide series of such quinazoline 
derivatives and their SAR studies resulted possible pharmacophore 
motive (see Figure), and a few promising compounds with low-micromolar activity were prepared. Among the most active quinazoline 
derivatives belong those bearing halogen-substituted aniline moiety on carbon C4. Synthesis and SAR of such compounds will be 
discussed. 
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Green chemical method to synthesize chromeno-pyrazolo[1,2-b]phthalazine-6,8,13(15H)-triones, was achieved by using [Bmim]BF4 

Ionic liquid. The title compounds were synthesized by a one pot multi component condensation of 4-hydroxy coumarin, phthalhydrazide 
with various hetero/aromatic aldehydes

[1,2]
 in the presence of [Bmim]BF4. Excellent yields, short reaction time, simple work-up, and 

reusability of Ionic liquids are advantages of this procedure.
[3–5]

 All of these derivatives, 4a-j were screened in vitro for antimicrobial 
activity against various bacterial and fungal species.

[6]
 The compounds 4b, 4d, 4g, 4i and 4j exhibited very good activities against all of 

the tested microbial strains. 
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Novel compounds termed lipophosphonoxins (LPPO) exhibiting significant antibacterial activity has been reported recently.

[1]
 The 

general structure of lipophosphonoxins consists of four modules: (i) a nucleoside module, (ii) an iminosugar module, (iii) a hydrophobic 
module (lipophilic alkyl chain), and (iv) a phosphonate linker module that holds together modules (i)–(iii). LPPOs are bactericidal against 
various Gram-positive species, including multiresistant strains. The minimum inhibitory concentration (MIC) values of the best inhibitors 
were in the 1–12 µg/mL range, while their cytotoxic concentrations against human cell lines were significantly above this range. First, a 
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structure–activity relationship (SAR) study based on the modular nature of LPPO will be presented. The influence of modification of 
particular LPPO module on antibacterial and cytotoxic properties was studied. Second, two selected LPPO (DR-5047 and DR-5026) were 
used for a study of the mechanism of antibacterial action of LPPO. Bacillus subtilis 
was chosen as a model microorganism. Influence of LPPO on fundamental cellular 
processes (e.g., DNA, RNA, proteins or lipid synthesis) was measured. Localization of 
LPPO in bacterial cell was also evaluated. Transmission electron microscopy revealed 
morphological changes of bacterial cells upon LPPO treatment. Selective pressure of 
increasing concentration of DR-5047 caused selection of resistant strain of B. subtilis. 
Attempts to select strain resistant to DR-5026 were unsuccessful. 
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Violations of the hemostatic system play a key role in cardiovascular disease. Development of novel physiologically active 

compounds that combine biological activity and safety is of the great importance. We have previously shown that 4-(2,3,4,5-
tetraalkoxybenzoyl)piperazine-1-carboximidamides (9) combine antiplatelet, antihypoxic and vasodilation activities as well as low 
toxicity.

[1]
 Modern physiological active substances for medicine must contain at least 99% of the main compound and not more than 

0.1% of any individual impurity.
[2]

 In the development of the method for synthesis of 4-(2,3,4,5-tetraalkoxybenzoyl)piperazine-1-
carboximidamides (9), we have discovered that the purity of the final product is determined by the stage of synthesis of 2,3,4,5-

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

354



tetraalkoxybenzoic acid (5). The direct alkoxylation of 2-bromo-3,4,5-trialkoxybenzoic acid (2) by sodium alkoxides in the presence of 
copper(I) or (II) salts is accompanied by the formation of 3,4,5-trialkoxybenzoic acid (1) due to the reduction of 2-bromo-3,4,5-
trialkoxybenzoic acid (2). Purification of the 2,3,4,5-tetraalkoxybenzoic acid (5) from the reduction compound, namely 3,4,5-
trialkoxybenzoic acid (1), using standard method, is difficult and inefficient. We have developed the method for the synthesis of highly 
pure 2,3,4,5-tetraalkoxybenzoic acid (5) by using of 2-hydroxy-3,4,5-trialkoxybenzoic acid (4). 2-Hydroxy-3,4,5-trialkoxybenzoic acids (4) 
were obtained by substitution of the bromine group in the 2-bromo-3,4,5-trialkoxybenzoic acid (2) in an alkaline medium in the 
presence of catalytic amounts of copper(I) or (II) salts. The admixture of 3,4,5-trialkoxybenzoic acid (1) formed in the reaction. However, 
the removal of 3,4,5-trialkoxybenzoic acid (1) can be efficiently performed based on the differences in the solubility of the complexes of 
the copper(II) with 3,4,5-trialkoxybenzoic acid (1) and 2-hydroxy-3,4,5-trialkoxybenzoic acid (4) in an alkaline solution. Purity of 2,3,4,5-
tetraalkoxybenzoic acid (5) determines purity of 4-(2,3,4,5-tetraalkoxybenzoyl)piperazine-1-carboximidamides (9). In conclusion, the 
developed method allows to obtain 4-(2,3,4,5-tetraalkoxybenzoyl)piperazine-1-carboximidamides (9) with a sufficiently high yield and, 
required for new pharmaceutical substances, high purity. 
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The work deals with the preparation and testing of cationic surfactant type compounds, such as disinfection and decontamination 

agents. Since the quaternary cationic surfactants are substances widely used in many applications (pharmaceuticals, chemical industry, 
food industry, etc.), they are still of great interest. More than 40 surfactants based on quaternary nitrogen were designed and prepared. 
Substances were derived from commonly used structures (e.g., benzalkonium, cetylpyridinium or cetyltrimethylammonium). We have 
prepared several sets of surfactants (with different hydrophilic part). Each set contains five homologues, differing in two methylene 
units (C10–C18). Prepared structures were confirmed by NMR spectroscopy, mass spectrometry and elemental analysis. Furthermore, an 
HPLC method was developed to distinguish the individual homologues in the mixture. For most compounds, the critical micelle 
concentration was measured as a fundamental characteristic of surfactants. The relationship between the CMC value and the lipophilic 
chain length in the molecule was confirmed. A few compounds were tested as micellar catalysts for a model organophosphorus 
compounds or pesticides. Several compounds were then evaluated for their antimicrobial activity. Some compounds significantly 
influenced the growth of several strains of bacteria or fungi. 
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Hepatitis C virus (HCV) is a major cause of end-stage liver diseases. 

Current therapy relies upon a combination of direct acting antiviral (DAA) 
with IFN-a and ribavirin, but is associated with increased drug resistance 
and toxicity. The development of host-targeted antiviral agents has 
predominantly focused on the CypA inhibitors. Despite the successes, the 
improved CypA inhibitor is still needed to overcome the side effects of 
CsA-based inhibitors. We performed receptor-based virtual screening (VS) 
to identify a totally new chemical scaffold, WJCPA-126. Here, we report 
that WJCPA-126 is a novel CypA inhibitor devoid of immunosuppresive 
effect. Contrary to CsA and its analogues, the compound showed specific 
and high binding affinity to CypA and effectively inhibited HCV replication 

with no acute toxicity in vitro and in vivo. Also, it restored interferon- 

(IFN-) signaling pathway and suppressed interleukin-8 (IL-8) production. 
Therefore, WJCPA-126 represents a novel CypA inhibitor that has 
significant potential to extend the therapeutic reach against HCV. 
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Immunocompromised patients are the most vulnerable targets of systemic fungal infections caused by opportunistic pathogens 

such as Candida albicans and Cryptococcus neoformans, among others.
[1,2]

 Amphotericin B is the most effective agent against a wide 
variety of systemic fungal infections; nevertheless, it presents serious side effects: nephrotoxicity, anemia and arrhythmia. The 
mechanism of its antifungal activity is not entirely clear yet, but there is a proven relationship between the binding of the drug with 
membrane sterols (cholesterol for mammals and ergosterol for fungi) and its efficiency.

[3]
 Many amphotericin B pharmaceutic 

formulations are available now to improve its toxicological profile, and there have been great advances in the design of synthetic 
derivatives with the same purpose.

[4,5]
 

In this work, we present the synthesis and biological activity of new amphotericin B amide analogues and a novel and safer 
derivative called A21 (Scheme 1), which has a better response in toxicity over renal (Figure 1) and hemolytic cells, preserving 
amphotericin’s antimycotic efficiency. 
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Hepatitis B virus (HBV) infections are a major 

global health problem despite the availability of an 
effective vaccine. Over two billion people are 
infected at present and about 400 million are 
chronically infected carriers of this virus. Paeonol, 2-
hydroxy-4-methoxy acetophenone, a major 
composition of the Traditional Chinese medicine, 
peony had been used for more than a thousand 
years. Paeonol exhibit many interested biological 
activity had been applied to anti-inflammatory, 
analgesic effects, antioxidant, anti-diabetic, and 
acaricidal activity. Herein, we report a new series of 
paeonol derivatives including the design, synthesis, 
and bioevaluation. The paeonol core was kept, and we conjugated a new sulfone side chain in the phenol group. This new series of 
paeonol derivatives was found to have potential anti-HBV effects in HepG2 2.2.15 cells. Among them, compound XX had the most 
potent inhibition activity with an IC50 value of 16.38 mg/mL and a high selectivity index, SI (TC50/IC50) 10.64. The newly synthesized 
compounds can be a structural template for designing and developing novel anti-HBV agents.  
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We have engaged in the design, synthesis and biological evaluation of agonists and inhibitors of NOD1 as potential 

immunomodulatory agents. In particular, we have sought for new ligands by mimicking natural ligands of the NOD1, namely the 
dipeptide D-Glu-meso-DAP. To gain additional insight into the structure–activity relationships of NOD1 agonistic compounds, a series of 

novel, conformationally constrained -D-glutamyl-meso-diaminopimelic acid (iE-DAP) analogues have been designed and synthesized. 
The synthesized iE-DAP analogues were shown to possess immuno-enhancing properties as a result of their potent and specific NOD1-
agonistic effect. The activity of the compound exhibiting the greatest capacity to induce pro-inflammatory cytokine release from PBMC 

surpassed that of lauroyl--D-glutamyl-mesodiaminopimelic acid (C12-iE-DAP). 
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Modified nucleosides (zidovudine, lamivudine, ribavirin, etc.) belong to the family of the most active antiviral agents. One of the 

promising group in the series of those compounds is halogen-containing benzimidazole nucleosides, which proved to be potent 
inhibitors of replication of human cytomegalovirus (HCMV) and two types of herpes simplex virus (HSV-1 and HSV-2). Currently, one of 
the most investigated compound is 2-isopropyl-5,6-dichloro-1-(beta-L-ribofuranosyl)-benzimidazole (maribavir). 

We have synthesized a number of new modified nucleosides based on fluorinated benzimidazoles: 4,6-difluorobenzimidazole (1a) 
and 4,6-difluorobenzimidazoles bearing substituent (fluorine and others) in position 5 of the benzene ring (1b–f). Starting materials 
(1a–f) were obtained from 6-nitro-2,3,4-trifluoroaniline through nucleophilic substitution of fluorine, followed by catalytic reduction of 
the nitro group and closing of the imidazole 
ring. 4,6-Difluoro-1-beta-D-ribofuranosyl-
benzimidazoles with various substituents in 
the position 5 (2a–f), as well as 2’-deoxy-
ribofuranosyl-benzimidazoles (3a-f) were 
synthesized by means of the trans-
glycosylation reaction using nucleoside 
phosphorylases (NPs). Unfortunately, we 
have failed to obtain arabinosides by using 
this enzymatic reaction. However, 4,6-di-
fluoro-5-methoxy-1-(2’-deoxy-2’-fluoro-
beta-D-arabinofuranosyl)-benzimidazole 
(4a) and 5-methoxy-6-fluoro-1-(2’-deoxy-2’-
fluoro-beta-D-arabinofuranosyl)-benzimid-
azole (4b) were successfully prepared. 
2-Deoxy-2-fluoro-alpha-D-arabinofuranose-
1-phosphate was used as a donor of the 
sugar moiety for the synthesis of 
substituted beta-D-arabinofuranosyl-benzimidazoles. The new series of benzimidazole nucleosides possessed low cytotoxicity against 
Vero E6 cell culture. Compound 3c exhibited a reliable selective antivirus effect, while 2b and 4b proved to be the most active inhibitors 
of HSV-1 replication. 
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Chikungunya fever (CHIKF) is an arboviral disease that typically consists of an acute illness with fever, skin rash, and incapacitating 

arthralgia.
[1]

 The causative agent of CHIKF is Chikungunya virus (CHIKV), an alphavirus that is transmitted by the Aedes mosquitoes. 
Despite the re-emergence of CHIKV as an 
epidemic threat, there is no approved effective 
anti-viral treatment currently available for CHIKV. 
In this study, we aim to identify small molecule 
hit compounds that can be further developed for 
the treatment of CHIKF and related alphaviruses. 
A two-pronged strategy for hit identification was 
employed. The first approach investigated 
selected small molecule inhibitors of arboviruses 
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related to CHIKV and this approach has led us to identify and synthesize a series of compounds with thieno[3,2-b]pyrrole, pyrazoline and 
pyrimidinone scaffolds for biological assessment.

[2–4]
 These compounds were screened for their cytotoxicity effects and anti-viral 

activities against CHIKV using a luminescence-labeled CHIKV infectious clone. In the second approach, virtual libraries with thieno[3,2-
b]pyrrole, pyrazoline and pyrimidinone scaffolds were generated and evaluated by virtual screening.

[5,6]
 A virtual library of 4090 

pyrazolines, 450 thieno[3,2-b]pyrroles and 246 pyrimidinones were generated. From the in silico screening studies, a few promising 
candidates were identified. The synthesis, biological activity and in silico screening will be presented and discussed in detail. 
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Highly pathogenic influenza viruses pose a serious public health threat to humans. Although vaccines are available, antivirals are 

needed to efficiently control disease progression and virus transmission due to the emergence of drug-resistant viral strains. In this 

study, by directed modification of A, C and E rings of glycyrrhetic acid, we synthesized the methyl 2-cyano-3,12-dioxo-11-deoxo-18H-
glycyrrhet-1(2),9(11)-dienoate derivative (Soloxolone methyl, SM). We investigated the mechanism by which SM protects cells from 
infection with influenza A virus (IAV). We found that SM treatment leads to a reduction in the number of IAV-infected MDCK and human 
lung cells, causing a tenfold decrease of virus titer relative to control. Analysis of different SM treatment protocols suggested that the 
antiviral effect of SM is limited to an early step in the virus replication cycle. Time-of-addition studies demonstrated that SM is likely to 
affect virus penetration into the cell and the early stages of virus replication. It was shown that incubation of infected cells with SM 
leads to significant reduction of M2 and NP viral proteins. But at the same time, we showed that SM blocks neither viral hemagglutinin 
nor neuraminidase activity. It was shown that SM exhibits anti-inflammatory activity, reducing the IL-6 level upon viral infection. These 
results lead to the conclusion that SM interferes with an early step in the viral reproductive cycle, such as binding of the virus to its 
receptor, virus uptake by endocytosis, or uncoating of the virus within the cytoplasm. 
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Oxazoline and thiazoline-containing compounds have 

attracted the attention of many researchers due to their 
chemistry and wide range of pharmaceutical properties. In 
addition, researchers have prepared and characterized 
transition-metal complexes containing heterocyclic ligands. 
Recently a few references appeared in the literature showing 
the importance of mixed-ligand complexes in the field of 
medicinal, analytical, industrial, and biological processes. 
However, a survey of the literature revealed that no work has 
been reported on mixed-ligand complexes containing chloro-oxazole as the primary ligand and pyridine as the co-ligand. Here, the 
preparation, characterization, and fungicidal study of copper(II), nickel(II) and manganese(II) complexes with 2-amino-4-(para-
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chlorophenyl)-5-chloro-oxazole as the primary ligand and pyridine as the co-ligand. Metal complexes of the type [ML2Py2]X, where 

M=Cu
II
, Ni

II
 and Mn

II
, L=2-amino-4-(para-chlorophenyl)-5-chloro-oxazole, Py=pyridine and X=Cl, CH3COO or NO3

, were prepared and 
characterized by elemental analysis, IR spectroscopy, electronic and magnetic studies. These studies confirmed the coordination of 
amino, nitrogen and ring oxygen with the metal ion. Moreover, magnetic and electronic spectral studies 
showed that all of the complexes are octahedral, except chloro and nitrato complexes of CO

II
, which are 

tetrahedral, and Cu
II
 complexes, which are square planar. The activity were determined against various 

fungi, i.e., Drechslera tretramera, Fusarium oxysporum, Macrophomera phaseoli, at different 
temperatures. Evaluation of the fungicidal activity revealed that the ligands are more toxic than the 
corresponding complexes, and that the activity is dose-dependent. One reason for the less reactivity of 
metal complexes might be that in the free ligand the functional group and the atoms which are 
responsible for the reactivity are free but in complexes they are coordinated to metal so they are not free. 
This is the reason that metal complexes are less toxic than ligand. A correlation between the toxicity of 
the metal and their ability to form stable metal chelates revealed the following order: Cu

II
>Ni

II
>Co

II
>Mn

II
. 

It is evident from the data that Cu
II
 complexes possess maximum fungi toxicity. The fungicidal activity of 

organic molecules increases with the addition of chlorine. From the elemental analysis, it is clear that stoichiometric composition in all 
complexes was 1:2:2 (metal/primary ligand/secondary ligand) except in the case of Cu

II
, where it was found to be 1:1:2. Magnetic 

susceptibility measurement was done by using Guoy’s technique. The determination of water of crystallization is made by heating the 
complex up to 120°in a crucible. The loss in weight corresponds to the number of water molecules present in the complex. 
 
Keywords: coordination compounds; oxazole derivatives; medicinal chemistry; elements; heterocyclic ligands; IR. 
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Within a multidisciplinary research program, the work was directed to investigate eco-friendly pesticides based on local botanical 

resources against some pests of disease vectors. The targeted pests included mosquitoes (e.g., Culex pipiens and Anopheles pharoensis), 
house flies (e.g., Musca domestica), and the snail Biomphalaria alexandrina (the intermediate host of Schistosomiasis disease). The 
plants used included herbs and spices of medicinal importance, plants of nutritional value, as well as weeds and agricultural wastes. The 
plant materials were used in different forms, according to proprietary, such as water and organic solvent extracts, dried powders, 
essential volatile oils, and pure isolated phytochemicals. The protocol of assessment was carried out according to a "bioassay-guided 
fractionation system", using standard test methods, and comparing efficacy with conventional chemical pesticides. In this respect, we 
can give a brief account on selected research findings just as examples. 

Of special concern to the mosquitocidal activity of the thyme plant (Thymus capitatus), the volatile oil and certain compounds 

isolated from the unsaponifiable fraction (e.g., thymol, -amyrin, carvacrol+-caryophyllene) showed high larvicidal and adulticidal 

potency. Sterols, hydrocarbons and -amyrin isolated from Nigella sativa seeds, induced potentiation with the insecticide Malathion 
against the Culex pipiens larvae. The potency of the herb, Conyza aegyptiaca—an essential oil against Musca domestica and Anopheles 
pharoensis, was mainly referred to the presence of limonene.  

Successive TLC fractionation of the chloroformic extract of the chicory plant (Cichorium intybus) resulted in isolation and 
identification of two biologically active compounds: lactucopicrin-15-oxalate (compound I) and chicoralexin (compound II); both showed 
high toxicity towards mosquitoes and house flies. Compound II was more toxic than compound I to the mosquito larvae, while the 
opposite was obtained for the housefly larvae. The two compounds possessed equitoxic values against the adult stages of both insects. 
Interestingly, volatile essential oils extracted from different plants synergized the potency of the bacterial endotoxins of Bacillus 
thuringiensis (Bti) and Bacillus sphaericus (Bs) against Culex pipiens mosquitoes and Musca domestica. Some plant extracts including 
T. capitatus, N. sativa, Syzygium aromaticum and Ammi majus showed moderate therapeutic effects against Schistosoma mansoni 
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infection in mice, compared with Praziquantel as a specific antischistosomal drug. The volatile oil of S. aromaticum fruits as well as 
coumarins (e.g. isopimpinellin, xanthotoxin and bergapten) isolated from A. majus fruits possessed superior toxicity against 
B. alexandrina snails and S. mansoni cercariae and miracidia. 
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The use of specific scaffolds derived from natural products, which have been selected by evolution, to produce biologically active 

semi-synthetic derivatives, is an indisputably successful strategy in drug discovery. Approximately 40 % of the drugs in use today are 
derived from natural plant, animal or microbial sources, with the anti-infective area remaining remarkably dependent on natural 
products and their structures. Abietic and dehydroabietic acids (resin acids) are naturally occurring diterpenoids of the rosin of 
coniferous trees, widely abundant in Finnish forests. The chemistry and availability of the resin acids is now well-established as well as 
the promiscuous biological activity that they possess. One aspect of our current research is the production of potent and selective semi-
synthetic derivatives from naturally abundant raw materials with targeted biological activities.

[1–6]
 

We have very recently identified dehydroabietic acid, known to have weak antimicrobial activity, as an inhibitor of Staphylococcus 
aureus biofilms in vitro.

[7]
 Among several abietane-type diterpenoids, nordehydroabietylamine, dehydroabietic acid and 

dehydroabietylamine prevented S. aureus biofilm formation in the low micromolar range, and only 2 to 4-fold higher concentrations 
were needed to significantly reduce viability and biomass of existing biofilms. Dehydroabietic acid was the most selective, it achieved 
high killing efficacy and was the best tolerated compound by three different mammalian cell lines.

[7]
 In addition, targeted chemical 

modifications of these parent structures have afforded novel potent derivatives with high killing efficacy when compared to traditional 
antibiotics. Overall, our work can greatly contribute towards the development of novel antimicrobial and anti-biofilm compounds that 
can act as drug leads or molecular probes for biological studies. 
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Viral diseases transmitted by arthropod vectors threaten human health and quality of life throughout the world. Most important 

and numerous of them are caused by Flavivirus genus members, including mosquito-borne viruses (Dengue virus [DENV], West Nile 
virus [WNV], Japanese encephalitis virus [JEV], Yellow fever virus [YFV], etc.) and tick-borne viruses (Tick-borne encephalitis virus [TBEV], 
Omsk Haemorrhagic fever virus [OHFV], Powassan virus [POWV], etc.). No effective treatment or at least universally applicable 
vaccination schemes are available for most of them, bringing out the urgent need for antiflaviviral drug development. Envelope proteins 
E, along with entirely hidden underneath membrane proteins M, form the outer shell of flaviviral particles and play a crucial role in 
receptor-mediated pH-driven virion and endosomal membrane fusion during endocytosis, being the initial stages of viral life cycle. 
Inhibition of these processes is a viable strategy of viral load decrease, allowing the host immune system to gain some time in its 
struggle against the pathogen. Different aspects of E protein interaction with small molecules and peptides are dealt with in our 
antiflaviviral research efforts. 

Using docking-based virtual screening strategy against detergent binding pocket in the homology model of POWV E protein, we 
identified compounds showing IC50 values of 0.07 μM against TBEV and 1.3 μM against POWV in plaque reduction assay.

[1]
 Such activity 

values are the highest ones reported to date against these viruses. The compounds identified showed acceptable cytotoxicity profile 
and are subject of ongoing studies. High activity of the found compounds impelled us to use them as templates for ligand-based virtual 
screening and scaffold hopping. Aiming to find a reasonable template conformation in a rather large conformational space, implicit 
solvent molecular dynamics simulations were performed for different protonation states of the E proteins. The most populated clusters 
of conformations were employed for extensive ligand-based virtual screening studies. Recent advances in structural studies for 
mosquito-borne flaviviruses allowed us to construct all-atom homology models for TBEV, DENV, and WNV envelope building blocks, 
consisting of 2 E and 2 M proteins with transmembrane parts included. Extended (500 ns) molecular dynamics simulations of these 
building blocks in the explicit water and membrane, mimicking different protonation states, allowed us to gain insight into the structural 
peculiarities that can accompany the early stages of flaviviral fusion and may be arrested to prevent the fusion. Alternative strategy of 
dealing with flaviviral replication is the use of inhibitory peptides derived from the stem region of E protein. On the basis of peptide–
protein docking we have developed a semiquantitative scheme allowing the discrimination between the active and inactive peptides. 
With the help of this scheme novel anti-TBEV peptides were suggested. 
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The increasing development of antimicrobial resistance has become a growing and concerning global health problem. New 

antibiotics are needed to counter this evolution and avoid being left with no adequate treatment options for a number of infections. 
DNA gyrase and topoisomerase IV are validated antibacterial targets successfully exploited by the fluoroquinolone

[1]
 and novobiocin 

antibiotics.
[2]

 While fluoroquinolones are 
still an antibiotic class of choice in the 
clinic, novobiocin has been withdrawn 
from the market. Therefore, designing 
new chemical classes targeting the ATP-
binding site like novobiocin provides an 
opportunity to identify new antimicrobial 
agents devoid of pre-existing cross-
resistance. Amongst published 
compounds targeting the ATP-binding site 
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of DNA topoisomerases,
[3,4]

 the ethyl urea moiety appeared as a particularly interesting motif owing to the presence of two hydrogen 
bond donors able to interact with a conserved Asp residue. As only a limited number of 1-ethyl-2-heteroaryl ureas of type 1 are 
commercially available, an efficient screening procedure was developed to generate such derivatives and to evaluate their biological 
activity while avoiding extensive purification. Out of the variety of scaffolds tested, isoquinoline 2 was selected as starting point for 
structure-guided optimization. SAR investigations, focusing first on enzyme inhibition and antibacterial activity, resulted in the 
identification of lead compound 3, which showed good in vitro activity against Gram-positive bacteria with MIC values < 1 mg/L as well 
as efficacy in the neutropenic murine thigh infection model after oral administration. In the course of further profiling, hERG block was 
identified as the main issue to be solved. Elaboration of correlations between hERG block, gyrase inhibition, antibacterial activity and 
lipophilicity will be discussed in the frame of our optimization efforts in this chemical series. 
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The NS5A protein, a clinically-validated target, is involved in replication and maturation of the hepatitis C virus (HCV). We identified 

a number of NS5A-targeted inhibitors from structurally distinct series that inhibit the replication of multiple HCV genotypes with 
picomolar (pM) potencies. This study evaluates the in vitro activity and selectivity along with early in vivo ADME profile of a novel series 
of quinoline NS5A inhibitors. 

A convergent synthetic methodology was developed based on Suzuki’s and peptide’s couplings to allow rapid analoging and 
diversity generation. Compounds were initially evaluated using a standard luciferase-tagged genotype 1b replicon. Active compounds 
were then tested in a genotype 1a replicon assay. Intergenotypic replicons were generated by introducing the NS5A protein sequence 
from HCV of genotypes 1a, 2a, 3a and 4a into a genotype 1b backbone. Compounds with potent activity against the NS5A genotype 1a 
and 1b replicons were further evaluated against the intergenotypic replicons and early ADMET parameters such as rat liver microsomes 
clearance, Caco-2 cell permeability and in vivo rat PK were measured. Potent compounds against genotype 1b HCV replicon were 
identified from several distinct molecular scaffolds. Quinoline, isoquinoline, quinazoline and naphthyridine central core scaffold 
modifications were investigated and based on genotype 1b, sub-nanomolar EC50 values, the quinoline was selected. The original pseudo 
symmetrical lead structure was divided in several distinct motifs and optimized sequentially. The in vitro activities against genotypes 1–
5 of the lead candidate compared favorably to those of BMS-790052 (daclatasvir). CC50 values >100 μM and EC50 values <50 pM provided 
selectivity indices greater than 2 million. Fold change and absolute EC50 values compared favorably to those of BMS-790052 for all 
mutants. The quinoline NS5A class of compounds shows low-fold shifts (<10-fold) when tested against genotype 1b replicons in 40–45 % 
human serum with good Caco-2 permeability (>5x10

–6
 cm s

–1
). The best compounds were further evaluated in vivo. Rat PK studies i.v. 

and p.o. were carried out and compared with the BMS-790052 (daclatasvir) inhibitor. 
In summary, a novel series of quinolone-based small-molecule inhibitors of the hepatitis C virus-encoded NS5A protein was 

developed resulting in pan-genotypic activity that compared favorably with BMS-790052 (daclatasvir). 
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Over 30 % of the world population suffers from periodontitis, a bacterial caused inflammatory disorder of the gingiva. Clinical and 

epidemiological data clearly suggest a link between this chronic inflammation and different other inflammatory diseases, e.g. 
cardiovascular disease, rheumatoid arthritis, COPD or Alzheimer´s disease. Thus, there is an enormous potential in the treatment of 
periodontitis as a trigger of such systemic diseases. 

The targeted bacteria belong to the so called “red complex” pathogens of gingivitis, including Porphyromonas gingivalis, Tannerella 
forsythia and Treponema denticola. All these pathogens express a mammalian-like form of the enzyme glutaminyl cyclase that is 
involved in the maturation of peptides and proteins, e.g. virulence factors. The enzyme catalyzes the N-terminal formation of 
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pyroglutamate residues, increasing the proteolytic stability of the respective peptides or proteins and has been shown to be crucial for 
the pathogens vitality. 

The aim of the EU-project TRIGGER (“King of hearts, joints and lungs; periodontal pathogens as etiologic factor in RA, CVD and COPD 
and their impact on treatment strategies”)

[1]
 is to elucidate the influence of an oral treatment of periodontitis on systemic diseases and 

the development of novel pathogen specific, bactericidal compounds. The first results of the structure-based development of targeted 
covalent inhibitors of Porphyromonas gingivalis glutaminyl cyclase will be presented.  
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It was reported in 2011 that malaria threatened the lives of almost half the world's population with more than 215 million identified 

cases leading to over 650,000 deaths, mostly on the African continent. This presentation outlines the in silico identification of a series of 
compounds that display high affinity for, and possible inhibition of, Plasmodium falciparum dihydroororate dehydrogenase (PfDHODH); 
a key enzyme on the pyrimidine pathway which is critical to the survival and replication of the Plasmodium falciparum organism. The 
2,3-dihydro-1,4-benzoxazepine scaffold-based compounds identified in this study represent a new chemotype in anti-malarial ligands. 
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The entry of human inmmunodeficiency virus (HIV) into target cells is a complex, multistep process involving attachment to host cell 

and CD4 binding, coreceptor binding and membrane fusion. This particular early event of the HIV replication represents one attractive 
target for the development of anti-HIV compounds.

[1]
 In fact, compounds that interfere with this event may represent an advantage 

over other existing therapeutic approaches that target the viral enzymes such as reverse transcriptase or protease, as they may prevent 
virus entry into target cells and subsequently reduce the number of latent reservoirs for HIV. 

HIV entry into host cells is mediated by the viral envelope glycoproteins gp120 and gp41, which interact with CD4 receptor of the T-
cell surface. Viral gp120 is of particular importance during viral fusion and entry as it serves as the first contact point with the host cell.

[2]
 

In the last years our research efforts have been focused in the discovery of synthetic molecules able to bind to the gp120 
glycoprotein. One of our hits, a molecule with a central core surrounded by six tryptophan residues, significantly inhibits HIV replication 
and binds gp120 in SPR (Surface Plasmon Resonance) experiments.

[3]
 Moreover, the results obtained so far indicate that multivalency is 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

364



crucial for both, anti-HIV activity and gp120 recognition. Based on these results novel derivatives with more than six tryptophan 
residues (9, 12 and 15) on the periphery, have been prepared. To connect the central scaffold with the periphery (tryptophans) special 
attention has been paid to multi-branched spacers. The synthesis, antiviral evaluation and SPR experiments of these compounds will be 
presented. 
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According to the WHO Global Tuberculosis Report 2013, there were an estimated 8.6 million new cases of tuberculosis (TB) and 1.3 

million deaths associated with TB (2
nd

 leading cause of death from an infectious disease worldwide) in 2012.
[1]

 The situation is 
worsening due to the co-infection with HIV and increasing number of resistant TB-forms.

[1,2]
 Pyrazinamide (PZA), an essential 

component of short-course anti-TB chemotherapy, is used as a model compound for substances referred in this research project. 6-
Chloropyrazine-2-carboxamide, 6-chloro-N-phenylpyrazine-2-carboxamide, 6-chloro-N-(2-chlorophenyl)pyrazine-2-carboxamide and N-
benzyl-6-chloro-pyrazine-2-carboxamide were treated with various non-aromatic amines and yielded series of 6-alkylamino derivatives, 
I–IV (see Figure).

[3]
 

 

 
 

Prepared compounds were characterized by analytical data and screened for in vitro antimycobacterial activity (against 
Mycobacterium tuberculosis H37Rv, M. kansasii and two different strains of M. avium) and also for their antibacterial and antifungal 
activity. Lipophilicity parameters logP/ClogP of the compounds were calculated using the program ChemBioDraw Ultra (ver. 12.0) and 
also measured by means of the RP-HPLC determination of capacity factors k with subsequent calculation of logk. Some of the 
compounds exerted antimycobacterial activity against M. tuberculosis H37Rv expressed as minimal inhibition concentration (MIC) in the 
range 1.56–6.25 µg/mL, which is an improvement compared to parental PZA (MIC = 6.25–12.5 µg/mL). Concerning hepatocytotoxicity, 
the best selectivity index (SI) was 26 (HepG2 cell line). 
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3-Hydroxy-4-pyridinone ligands (3,4-HPOs) form very stable complexes with iron(III), making them quite interesting iron-

sequestering agents with potential therapeutic application due to the role of iron in the reproductive cycle of many pathological 
microorganisms such as the opportunistic Mycobacterium 
avium, known to be responsible for several infections in 
individuals with compromised immune systems (due to HIV 
infections, among others). For that reason, the 
development of ligands that are able to target infection 
sites provides a better means of controlling several 
bacterial infections, in patients with limited immunologic 
response. Our research group has previously developed a 
series of fluorescent iron sequestering agents, which 
proved to be effective against Mycobacterium avium.

[1]
 The 

binding of a rhodamine fluorophore to the chelating unit 
proved to be crucial for the biological activity and 
moreover allows the use of the ligands as fluorescent 
probes. In order to change the lipophilicity of the previous 
compounds and to establish structure-activity 
relationships, two novel analogues were synthesized and 
their activity as antibacterial agents evaluated. More 
specifically, a bidentate ligand (MRB9) and a hexadentate 
ligand (MRH9) bearing another rhodamine fluorophore 
were developed (see Figure). 
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N-Substituted 4-(hetero)aryl-2-aminothiazole had been identified by high-throughput screening (HTS) as a potent antimycobacterial 

moiety. Although the molecular target of these compounds is unknown, there have been several studies on structure–activity 
relationships (SAR), which increased the activity of these disubstituted 
aminothiazoles to sub-micromolar range.

[1,2,3]
 Based on the SAR from these 

studies, we decided to probe the activity of compounds combining the 4-
fenyl- or 4-(2-pyridinyl)-2-aminothiazole with pyrazinamide, the first-line 
antitubercular agent or its chlorinated derivatives. The prepared compounds 
were screened for in vitro antimycobacterial activity using Microplate 
Alamar Blue Assay (MABA) against M. tuberculosis H37Rv, M. avium and 
M. kansasii. The results will be discussed. 
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The aim of this work was to develop lead compounds by investigating the structural and stereoelectronic requirements for optimal 

influenza virus PA endonuclease inhibition. Influenza is a highly contagious infectious disease that affects millions of people every year. 
In the twentieth century, influenza caused more fatalities in Europe than any other infectious disease. Current vaccines against influenza 
virus require annual updating due to continuous variation of the viral antigens. Thus, anti-influenza virus drugs are vital as a first line of 
defense. At present, two classes of antivirals are available: the neuraminidase inhibitors oseltamivir and zanamivir, and the M2 proton 
channel blockers amantadine and rimantadine. For both drug classes, viral resistance is an emerging concern and, hence, novel antiviral 
agents with an alternative mode of action and favorable resistance profile are urgently needed. A promising new target is the influenza 
virus PA endonuclease, which performs the ‘cap-snatching’ reaction during viral mRNA synthesis, and is essential for virus replication. 
The crystal structure of the N-terminal part of PA (PA-Nter) containing the catalytic endonuclease domain, was recently revealed, 
enabling structure-based development of PA inhibitors. In this study, we rationally designed, synthesized and evaluated several indole 
analogues of the natural compound Flutimide (a fungus-derived influenza virus endonuclease inhibitor with a 2,6-diketo-Δ3-piperazine 
motif). Using an enzymatic PA endonuclease activity assay, we show that these compounds block the enzymatic activity of PA-Nter. 
Theoretical calculations were also undertaken for providing a structural rationale for the interaction between the synthesized analogues 
and the viral protein and a number of molecular interactions contributing to binding affinity and specificity were elucidated. Theoretical 
results are supported by biochemical analyses of the enzymatic activity inhibition. Overall, data presented reveal exciting strategies for 
the design and optimization of novel influenza virus inhibitors that target the viral PA endonuclease. 
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Ribonuclease H (RNase H) activity of HIV-1 reverse transcriptase (RT) is an essential viral function that catalyzes highly specific 

hydrolytic events on the RNA strand of the RNA/DNA replication intermediate that are critical to the synthesis of integration-competent 
double-stranded proviral DNA from the RNA viral genome. Because of its essential role, RNase H is a promising target for drug 
development; however, to date, no RNase H inhibitor has been approved for treatment. One of the reasons for this is the difficulty to 
individuate a druggable pocket in the RNase H active site area given that it presents a morphology more open than the one of the, 
relatively similar, HIV-1 integrase (IN). Diketoacid derivatives (DKA) have been previously shown to inhibit the HIV-1 RNase H and IN 
activities by chelating the Mg

2+
 cofactors in the active site. The scaffold of the prototype DKA, RDS1643, has been further developed, 
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and a series of ester and acid derivatives has been synthesized as chemical tool to explore the RT region involved in DKAs binding and to 
demonstrate their mechanism of action in cell culture. Most of ester derivatives were selective for HIV-1 RNase H versus IN, while the 
acid counterparts inhibited both activities, being more potent on IN. Molecular 
modeling and site-directed mutagenesis studies on RNase H domain showed that 
ester and acid DKA derivatives have different orientation in the RNase H active site. 
The tested DKA were proved to interact with the conserved residues R448, N474, 
Q475, Y501 and R557, which are not involved in the catalytic motif. Noteworthy, 
Q475, N474 and Y501 are part of the RNase H primer grip and are highly conserved 
because of their functional role. In particular, ester derivative RDS1759 was shown to 
selectively inhibit RNase H activity and viral replication in the low micromolar range, 
interacting with amino acid residues Q475, N474 and Y501 located in the RNase H 
domain. Quantitative PCR studies and FACS analysis showed that RDS1759 selectively 
inhibits reverse transcription in cell-based assays. Overall, we provide the first 
demonstration that RNase H inhibition by DKAs is related not only to their chelating 
properties, but also to the specific interaction with highly conserved amino acid 
residues in the RNase H domain, corresponding to an effective target of HIV reverse 
transcription in cells, hence providing important insights for rational lead 
optimization of RNase H inhibitor. 
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The human Y1-receptor subtype is overexpressed in more than 90 % of breast cancer patients and in 100 % of breast cancer-derived 

metastases, whereas healthy breast tissue mainly expresses receptors of the Y2 type.
[1]

 This makes Y-receptors interesting targets in 
tumor diagnosis and therapy. Peptides which selectively bind to and activate receptors overexpressed in the membrane of cancer cells 
are a promising tool for tumor diagnosis and therapy. Neuropeptide Y (NPY) binds and activates four Y-receptors (Y1, Y2, Y4 and Y5), 
which belong to the family of rhodopsin-like G protein-coupled receptors (GPCRs). Binding of ligands to Y-receptors leads to receptor 
activation and subsequent ligand induced internalization of the receptor. [F

7
, P

34
]-NPY displays high affinity to the human Y1-receptor 

subtype, allowing selective targeting of one Y-receptor subtype while the others remain unaffected.
[2]

 Boron neutron capture therapy 
(BNCT) is a binary therapy approach making use of 

10
B, which is able to capture thermal neutrons. This reaction results in an excited 

state 
11

B, which decomposes to form cytotoxic 
4
He particles (alpha particles) and 

7
Li. Using these effects, BNCT can be applied in tumor 

therapy.
[3]

 In this work, we describe the combination of both therapeutic approaches. An ortho-carbaborane containing L-lysine or 
carboxylic acid derivatives of ortho-carbaborane were integrated into the peptide sequence of NPY-analogues, respectively. Binding 
studies and IP accumulation assays confirmed nanomolar affinity and activity of the modified analogues despite of the large 
carbaborane cluster. Internalization studies revealed excellent and receptor subtype-specific uptake of the conjugates into respective 
cells.

[4]
 Peptides containing three carbaborane clusters per molecule were subjected to boron uptake studies by inductively coupled 

plasma-mass spectrometry (ICP-MS). 
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Processes occurring in cells under irradiation are extremely complicated, since there are numerous because of their morphological 

and functional changes in tissues. Beginnings of these processes are the ionization and excitation of atoms and molecules that make up 
the cells of human organs, intracellular and intercellular fluid, blood, lymph. Some of the main techniques that are used by professionals 
to reduce the risk of damage to healthy tissue are proton therapy, the exact settlement, irradiation at different angles, etc. One of the 
conditions for the successful control of the disease over the entire period during which the patient receives a large amount of drugs, the 
basic amount of the buyout is administered intravenously. Most of medicines for intravenous administration diluted with saline, which 
is an aqueous solution of sodium chloride. Sodium chloride is contained in the blood plasma and tissue fluids (solution concentration of 
about 0.9 %), being the most important inorganic component that supports the appropriate osmotic pressure of blood plasma and 
extracellular fluid. 

Taking into account that several courses of therapy may be required, the need arises before the effect not only of radiation 
exposure to the damaged tissue, but also in the blood plasma and tissue fluids. Conducting research features of the influence of 
irradiation on the physical characteristics of blood plasma and interstitial fluid experimentally encounters significant difficulties related 
primarily to the fact that as a result of studies tend to get averaged macro-characteristics thermodynamic system (density, viscosity, 
dielectric constant, etc.), and they do not answer the main question, what radiation doses associated greatest changes micro-
characteristics blood plasma, tissue fluids, as well as how to minimize the effect of irradiation on blood plasma and tissue fluids. Make 
understanding in this matter allows the use of molecular modeling, which allows to analyses the interactions in plasma and tissue fluids, 
based on the analysis of changes in the model system water—NaCl at a concentration of 0.9%. Of course, the chosen model is far from 
perfect, but the study of the effect of irradiation on its structure and dynamic characteristics can provide the key to solving this 
problem. Therefore, the aim of this work is the study of the local structure, thermodynamics and dynamics properties of saline solutions 
under radiation (3–12 MeV) by molecular dynamics method. Molecular dynamics simulations were performed using an adaptation of 
the DL POLY_4.0 program with a time step of 2 fs. The long range electrostatics was treated by the Ewald summation. The temperature 
was maintained using a Berendsen thermostat with decay time of 100 fs. Calculations were carried out at T = 300 K. Model molecules 
have size and shapes determined from experiment and interact through attractive forces determined by electrostatics, dispersion and 
short range repulsive forces. Conducted calculations allowed us to obtain information on the structural characters of the saline solutions 
at T = 300 K. From radial distribution functions (RDF) the analysis of the local structure of saline-water at concentration 10% systems 
were done. The influence of radiation damage on the local structure, diffusion coefficients and energy characteristics of the system 
saline–water solution ware analyzed. The analysis was conducted according to mobility of water and water-ions systems on radiation 
damage doses. These data allow to determine the optimum dose of radiation damage at which are optimal for treatment. 
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Breast cancer is still the second most common type of cancer in the world and the fifth cause of death from cancer among women. 

It is frequently characterized as a heterogeneous disease as it can lead to the development of metastases within 3 to 10 years after 
diagnosis of the primary tumor and despite its total surgical extirpation.

[1]
 The combination of cisplatin (cDDP, cis-Pt(NH3)2Cl2) with 

docetaxcel (DOC) has been proved to be very effective as a first-line treatment in patients with metastatic breast cancer compared with 
either of the drugs in sole administration.

[2]
 Despite the lower toxicity of cDDP when in combination with DOC, there is still an urge for 

the development of novel cisplatin-like agents, namely Pd(II) analogues. Accordingly, third-generation polynuclear Pt(II) and Pd(II) 
complexes with linear polyamines as bridging ligands have been the target of intense research in the last decade.

[3]
 Their cytotoxic 

activity is based on a selective interaction with DNA, not available to conventional platinum drugs, strongly dependent on the 
conformational characteristics of the complexes.

[4,5]
 The dinuclear Pd(II) complex (Pd2-Spm) (Spm=spermine, 

H2N(CH2)3NH(CH2)4NH(CH2)3NH2), in particular, was found to exhibit a significant antineoplastic capacity (coupled to a lower toxicity) 
against a metastatic, estrogen-independent human breast cancer cell line (MDA-MB-231) when compared with cDDP.

[6]
 The quest for 

new anticancer agents towards breast cancer with a view to overcome metastasis requires in vivo assays in order to attain a credible 
model. As tumor growth is largely dependent on angiogenesis, the chick chorioallantoic membrane (CAM) is a reliable model to 
evaluate antiangiogenic capacity. The present work reports such an experiment, for the Pd2-Spm complex and DOC, either alone or in 
combination.

[7]
 Inoculation of the drugs was carried out in the CAM of fertilized embryos for 48 hours, and the results obtained by 

contrast-phase microscopy were analyzed using Fiji. The obtained results are considered relevant for the understanding of the 
antiangiogenic response of cisplatin-like compounds either alone or in combination with DOC. 
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Inadequately treated pain, particularly chronic pain, has important physiological and psychological consequences on individuals and 

massive social and economic costs to society. Thus, the development of novel analgesics is a strong medical need. In this field, a 
promising approach could be the simultaneous targeting of multiple opioid receptors.

[2]
 Grunenthal researchers investigated this 

strategy by performing a series of SAR studies aimed at developing a mixed agonist for the mu opioid peptide (MOP) and the 
nociceptin/orphanin FQ (N/OFQ) peptide (NOP) receptor. Cebranopadol has been identified as the best compound of this series, 
showing the desired pharmacodynamic properties (high potency and efficacy at both NOP and MOP receptors) associated with 
favorable pharmacokinetic features.

[3]
 In vivo in rodents, cebranopadol produced robust and dose-dependent antinociceptive effects in 

different analgesiometric assays with a better tolerability profile than morphine. 
Here, we will describe the synthesis of cebranopadol and its basic in vitro pharmacological profile. As described in the scheme 

below, starting from cyclohexanedione monoethylenacetale (1) via a Grignard reaction, the corresponding tertiary alcohol (2) has been 
obtained. Alcohol 2 undergoes nucleophylic substitution by trimethylsilyl azide after activation by indium tribromide as a Lewis acid to 
obtain intermediate 3. Lithium aluminum hydride reduction allowed us to obtain the corresponding primary amine that was subjected 
to reductive amination with formaldehyde to obtain compound 4. Acid-catalyzed deprotection of the ketal produced ketone 5 in good 
overall yield. Preparation of the fluoro silyl triptophol (6) was achieved by a domino Heck reaction.

[4]
 The final oxa-Pictet–Spengler spiro-

cyclization reaction was achieved by using a Zeolite catalyst to give the final compound, cebranopadol, as a single Z diastereomer as 
showed by NOESY NMR experiments. In conclusion, the synthesis of cebranopadol was achieved as a single diastereoisomer in good 
overall yield. The basic pharmacological profile of the molecule demonstrated that cebranopadol behaves as a mixed NOP/MOP 
receptor agonist. 
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Nowadays pharmacological potency and pharmacokinetic profiling are considered in parallel during the drug discovery and 

development phases in industrial practices to better select promising drugs.
[1]

 In this context, many efforts have been made in the 

development of low‑cost, accurate and high throughput screening (HTS) assays to predict crucial properties such as absorption, 

distribution, metabolism, elimination and toxicology (ADMET). PAMPA (Parallel Artificial Membrane Permeability assay) is a HTS method 
widely used to predict in vivo passive permeability through biological barriers, such as skin, blood brain barrier and gastro intestinal 
track.

[2]
 The PAMPA technique has also been used to predict dissociation constant (Kd) between a compound and human serum albumin 

(HSA) but disregarding passive permeability information. Furthermore this assay was based on two kinetic experiments with five-point 
each that increase analysis time.

[3]
 

In this study, we adapted the HDM (Hexadecane membrane)-PAMPA
[4]

 to be able to both maintain the prediction of passive gastro-
intestinal absorption via permeability coefficient log Pe value and also determine Kd. Two assay were performed, one with and one 
without HSA in the acceptor compartment. Without HSA; log Pe values can be determined after 4 hours incubation time as originally 
described but DMSO percentage and pH were changed to be compatible with the protein. In parallel a second PAMPA is performed in 
presence of HSA during 16 hours. By adding HSA, a variation in the amount of compound crossing the membrane was observed 
compared to the permeability measured in absence of HSA. The concentration of compound reaching the acceptor compartment in 
both cases is used to determine both parameters (log Pe and log Kd) by numerical simulations which characterize the originality of this 
method since they require only two end-point measurements instead of a complete kinetic study (Figure 1). It is noteworthy that 
compound reaching the acceptor compartment with HSA is modulates by complex dissociation in the receptor. Only compounds 
moderately bind to albumin (–3 < log Kd [M] < –6) could be measured by this method. Obviously, if compound permeability through 
artificial membrane is low without HSA, the impact of complex formation/dissociation cannot be detected and thus log Kd cannot be 
determined for this class of compounds. Thirteen compounds with known Kd were determined using this method. The obtained 
dissociation constants were in good agreement with Kd obtained mainly from the gold-standard equilibrium dialysis. A correlation of r

2
 

equal to 0.88 was obtained (Figure 2). This assay is fast (96-well plate), economic, easy to handle and the technique is already routinely 
in use in industrial companies for permeability measurements. Furthermore, the assay implies the protein freely in solution which is 
considered more relevant than embedded proteins on chromatographic systems for instance. Finally, this method could be adapted to 
numerous others proteins with high stability. 
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Although mu opioid (MOP) analgesics, such as morphine, are the preferred analgesics, they possess well characterised, unwanted 

effects such as respiratory depression and abuse potential. When a NOP (nociceptin receptor) agonist is co-administered with 
morphine, the combination synergises to produce enhanced analgesia.

[1]
 This suggests the possibility of obtaining strong analgesia with 

only low efficacy partial agonism at both MOP and NOP receptors. Buprenorphine possesses partial MOP agonist activity and, 
importantly, low efficacy, modest potency NOP partial agonism. However, one study has detected no NOP receptor involvement in 
buprenorphine-induced physiological responses in primates.

[2]
 In the light of this evidence, we were focused on designing a new ligand 

with lower efficacy partial agonism at MOP receptors than buprenorphine, but greater potency and efficacy at NOP receptors. 
Structure–activity relationship (SAR) studies have suggested that the region of space occupied by the tert-butyl group in 

buprenorphine is key to good NOP receptor activity.
[3]

 We discovered that this region can also be accessed by certain acyl and alkyl 
groups attached to the C14 oxygen of the MOP antagonist ligand naltrexone (naltrexone itself has no affinity for NOP receptors).Using 
this strategy, we designed and synthesised a number of compounds with different acyl groups at 14-OH position of naltrexone. Within 
this series, BU10038 shows fivefold higher affinity to NOP and twofold 
higher to MOP compared to buprenorphine, with the desired increase in 
efficacy at NOP in the [

35
S]GTPgammaS binding assays studies, coupled with 

low efficacy partial agonism at MOP receptors. In measures of hyperalgesia, 
both in rodents (rats) and non-human primates (rhesus monkey), BU10038 
was a potent, long-acting anti-hyperalgesic with both MOP and NOP 
components to its activity. Moreover, in a measure of inflammatory pain 
(rodent) and warm water nociception (rhesus monkey), administration of 
either naltrexone (MOP antagonist) or J113397 (NOP antagonist) 
attenuated the activity of BU10038, again confirming a contribution from 
both NOP and MOP activation to the in vivo profile. When administered alone in doses up to 0.01 mg/kg, BU10038 did not induce itch 
scratching whereas buprenorphine did induce an itch response. BU10038 therefore represents a potential analgesic agent, with low side 
effect profile. 
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Cancer is the second leading cause of death in the world and for this reason many research groups are working in the development 

of new methodologies for cancer diagnosis and treatment. Current treatments (surgery, chemotherapy and radiotherapy) cause serious 
physical and psychological damages; sometimes the disease is only put in a temporary state of latency.

[1]
 So it is crucial the development 

of therapeutic approaches that allow the eradication of cancer with minor damages to patients. Porphyrin derivatives, due to their 
photosensitizing properties, are special candidates for cancer photodynamic therapy (PDT).

[2]
 Several research groups are investigating 

the modification of the porphyrin core, looking for new compounds with better photophysical, hydrophobic/hydrophilic and tumor-cells 
specificity properties. These requirements can be met by porphyrins linked to biological molecules, e.g., carbohydrate units.

[3]
 The 
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conjugation of carbohydrates to porphyrin derivatives can improve their water solubility and can bring better hydrophilic/hydrophobic 
ratios, thus being very important for the biodistribution feature.

[4] 
In this communication we will report the results obtained in the 

studies of the photodynamic effect of several glycochlorins in human epithelial cells (HeLa), also showing their selectivity and efficiency 
by comparison with the results obtained with human normal skin keratinocytes cells (HaCaT). 
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The σ1 receptor (σ1R) is an intracellular chaperone protein, expressed in CNS regions important for pain control. Although it does not 

have homology to opioid receptors, it modulates opioid analgesia and studies in rodents show its clear role in pain control when central 
sensitization occurs.

[1]
 The recent progression of E-52862 (1),

[2]
 a selective σ1R antagonist, up to clinical trials for the treatment of 

different pain conditions will reveal how this relevant preclinical evidence translates into man. 
We report here the synthesis and SAR study of a series of 4-aminotriazoles (I)

[3]
 derived from a scaffold hopping approach over 1. 

The compounds were prepared in a four to five-step process, using as a key step a click chemistry reaction, involving a Huisgen’s [1,3]-
dipolar cycloaddition between 
protected diaminoalkynes and 
azides. The most active compounds 
of this family exhibited nanomolar 
potency for the σ1R and high 
selectivity over the σ2R, the 
additional sR subtype. Since the 
pharmacology of the two s receptors 
is clearly differentiated, selectivity 
between both of them and against 
other molecular targets is desired. 
The SAR study of this family showed 
that less basic amines provided superior selectivity for the σ1R versus the σ2R. It was also concluded that in order to achieve good σ1R 
potency a minimum lipophilicity was required, while in order to not to block the hERG channel, a well-known predictor of cardiac 
toxicity, a superior cLogP limit existed. This made the most interesting compounds in this series to be concentrated in a narrow margin 
of lipophilicity. Among them, compounds 2 and 3 exhibited the most potent in vivo anti-nociceptive properties in several pain models in 
mice, confirming their antagonistic character. 
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The σ receptor (σR) is a unique molecular chaperone, which modulates the function of different proteins when they become 

challenged by disease-related stress or mutations. The σR presents at least two different subtypes, σ1R and σ2R, which show distinct 
functions and are related to different potential therapeutic indications. Studies with the σ1R knock-out mouse and with several σ1R 
ligands have helped to establish the role of the σ1R in opioid analgesia modulation and in pain control when central sensitization 
occurs.

[1]
 Several σ1R antagonists have shown antinociceptive properties in preclinical pain models of different aetiologies and the 

recent progression of E-52862 (1),
[2]

 up to clinical trials for the treatment of different pain conditions will reveal how this relevant 
preclinical evidence translates into man. 

We report here the synthesis and SAR study of a series of pyrazolo[3,4-d]pyrimidines (I)
[3]

 that were designed according to 
Glennon’s σ1R pharmacophore

[4]
 that consists of a positive ionisable group and two opposite hydrophobic regions at 2.5–3.9 Å and 6–10 

Å distance. Compounds were prepared using a two to three step process starting from commercially available 1H-pyrazolo[3,4-
d]pyrimidin-4-amine. The most active compounds exhibited nanomolar potency for the σ1R and the SAR study showed that selectivity 
for the σ1R versus the σ2R was impaired on elongation of the distance between the basic nitrogen and the pyrazolopyrimidine central 
scaffold. Compound 2 was among the most interesting derivatives and exhibited antinociceptive properties in pain models in mice, 
indicative of its antagonistic behaviour. 
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Guanine-rich nucleic acid sequences have a high propensity to self-associate into planar guanine quartets (G-quartets) to give 

unusual structures called G-quadruplexes. These motifs are particularly found at key regulatory regions of the human genome, such as 
promoters, telomeric regions and untranslated regions. Therefore, stabilization of quadruplex structures within their genomic 
environments by the binding of small molecules can lead to a range of biological effects: inhibition of transcription, inhibition of 
translation or telomere maintenance, depending on their context within a genome.

[1]
 Herein, we describe the synthesis of small 

molecules (Figure 1) that incorporated some key features that a G-quadruplex ligand should have: (i) a planar aromatic core to maximize 

the – stacking and electrostatic interactions with the G-quartet but conceived to be sufficiently small to overcome some of the 
druggability problems associated with large polycyclic groups, and (ii) substituents with terminal basic groups to enhance electrostatic 
interactions with quadruplex grooves.

[2]
 The ability of these compounds to stabilize three different oligonucleotide sequences (F21T, 
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KRAS21R, T-Loop) was investigated using a fluorescence resonance energy transfer (FRET). Furthermore, the antiproliferative effect of 
the compounds was also studied in three different cell lines (MCF-7, HT-29, NCI-H460). 
 

 
 

Figure 1: Small molecules that were tested as putative G-quadruplex ligands. 
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A kinase anchoring proteins (AKAPs) are a family of approximately 50 anchoring proteins, which are characterised by their ability to 

directly interact with protein kinase A (PKA). In addition, AKAPs directly interact with other signaling proteins such as protein kinases, 
protein phosphatases and phosphodiesterases and thereby coordinate intracellular signaling processes spatially and temporally.

[1]
 

AKAP-Lbc is the only AKAP that possesses a guanine nucleotide exchange factor (GEF) activity. Its GEF activity stimulates the small GTP-
binding protein RhoA,

[2]
 which controls a plethora of cellular processes including gene expression, cellular growth and cytoskeletal 

dynamics. Pathological changes of its function are often responses to chronic stress signals. For example, persistent stress-induced 
activation of RhoA in cardiac myocytes plays a key role in the development of cardiac hypertrophy, an intermediate state en route to 
heart failure.

[3]
 In order to analyse the functional relevance of the AKAP-Lbc/RhoA complex in cellular signalling we developed small 

molecules inhibitors of AKAP-Lbc-induced RhoA activation. Initially, a library of about 18,000 small molecules was screened using a 
nucleotide exchange assay. Three compounds were found that inhibited the AKAP-Lbc-mediated RhoA activation; one of the molecules, 
Scaff10 also inhibited the AKAP-Lbc-mediated activation of RhoA in cultured cells. On this basis we established a synthesis concept that 
allowed the construction of derivatives of Scaff10 to optimize the compound with regard to affinity and to elucidate its structure–
activity relationship (SAR). The derivatives inhibit the AKAP-Lbc-mediated activation of RhoA in response to lysophatilic acid in HEK293 

cells and in response to 1-adrenoceptor stimulation in cardiac myocytes by disruption of the interaction between the two proteins. 
Thus the project may pave the way to a new concept for the treatment of heart failure where AKAP-Lbc-mediated RhoA activation is 
crucially involved.

[4]
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Tuberculosis (TB) is the leading cause of bacterial infectious disease mortality, and it is estimated that at least one third of the 

world’s population is infected. Emergence of multidrug-resistant (MDR and XDR-TB) and the lack of new antitubercular drugs make the 
development of new chemotherapeutics an urgent need. 

Due to the limited number of validated targets for TB, a whole cell HTS is an alternative that allows the identification of new 
chemical entities and new targets simultaneously. Non-human infective Mycobacterium bovis BCG is a good surrogate of infective 
Mycobacterium tuberculosis that permits to work with lower biosafety requirements. Whole cell HTS of 2M compounds afforded 15,000 
primary hits. After applying rigorous selection criteria such as >50 fold cytotoxicity window, H37Rv MIC <5 µM or activity against other 
Mtb strains, new seven chemical series and several singletons were identified as potential antitubercular compounds. 
Tetrahydropyrazolopyrimidines (THPP) was selected as one of the most promising families in terms of permeability, microsomal stability 
and intracellular activity. Details of biological behaviour, risk assessment, SAR and in vivo efficacy will be presented. 
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Malignant mesotheliomas (MM) are aggressive and lethal neoplasms arising from mesothelial cells lining the pleura, peritoneum, 

tunica vaginalis, testis or pericardium. The main cause of MM is asbestos, but in spite of the prohibition of its use in many countries, 
MM continues to spread as a result of environmental pollution, and the incidence of pleural MM is predicted to increase during the first 
half of this century.

[1]
 The standard therapeutic modalities for MM, including surgery, chemotherapy and radiation, have yielded 

unsatisfactory outcomes. The combination of cisplatin and pemetrexed has become standard first-line therapy worldwide for patients 
who are not suitable for aggressive surgery or in whom chemotherapy is recommended as part of a multimodality regimen with a mean 
survival of 12.1 and 18.34 months, respectively.

[2,3]
 Thus, in order to improve the clinical outcome in the pharmacological treatment of 

this refractory tumor, drugs aimed at targeting novel and/or characterized tumor-specific cellular targets are needed. Recent 
observations suggested that CYP19A1 plays a role in tumor progression in pleural.

[4,5]
 Exemestane, a CYP19A1 type 1 (steroidal 

inactivator), in vitro induces death in pleural MM cell lines. In mice pleural MM xenografts, exemestane causes a significant decrease in 
tumor size and the pemetrexed/exemestane association is more effective than the pemetrexed/cisplatin one. Therefore, exemestane 
might be beneficial in mesothelioma treatment.

[4,6]
 Recently, a small library of novel pyrroloquinolines equipped with an azolylmethyl 

group was designed and synthesized as nonsteroidal aromatase inhibitors. The results showed that some azolylmethyl derivatives 
exhibited an inhibitory potency on aromatase comparable to that of the reference compound (Figure 1).

[7]
 In view of the above finding, 

we evaluated the antiproliferative effects of seven pyrroloquinoline compounds (MGa–g) in both in vitro and in vivo experimental 
models of MM. At the applied concentrations, in vitro results showed a significant cellular growth inhibition. From this point of view, we 
designed experiments aimed at elucidating cellular mechanisms by cell-cycle analysis and apoptosis (FACS and Western blots). 
Preliminary data indicate that the association with CYP19A1 inhibitors might also be an alternative therapy in the treatment of pleural 
tumors. 

 

 
 
Figure 1. Structures and antiaromatase activity of compounds MGa–g using a CYP19 high-throughput screening kit. 
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Side effects and the appearance of drug resistance have limited the therapeutic usefulness of anti-HIV drugs, and new targets for 

anti-retrovirals are needed.
[1]

 Our attention has recently focused on the nucleocapsid protein NCp7 (NC). NC is a nucleic acid chaperone 
critically implied in several steps of the HIV-1 life cycle and represents a new attractive candidate for drug development. NC takes part 
in fundamental steps of the HIV-1 reverse transcription: destabilizing viral nucleic acid structures, it promotes the formation of the 
annealed substrates for HIV-1 reverse transcription elongation. Particularly, we focused on its activity during the minus strand transfer 
process, the first of two strand transfers that occur in reverse transcription. This event consists in the transfer and the annealing of the 
stem-loop structured trans activation responsive (TAR) element of the viral RNA to the newly synthetized complementary DNA 
sequence (cTAR).

[2]
 NC is required to chaperone TAR and cTAR; therefore, the interference with NC activity could decrease the efficiency 

of the strand transfer step and eventually the completion of reverse transcription. Drugs targeting NC protein are currently not 
available. With the aim to bring new insights into the development of compounds acting through NC inhibition, we optimized a simple 
and fast assay to test the inhibitory activity of a large number of molecules on the NC-mediated nucleic acid helix-destabilizing activity. 
We have recently proposed that molecules able to stabilize these nucleic acid structures would interfere with the protein functions and 
in the present work we show the screening of a series of positively charged substituted pyrrolo[3,2-f]quinoline derivatives.

[3]
 We 

identified active hits whose effective impairment of NC chaperone activity was verified by nucleocapsid annealing mediated 
electrophoresis (NAME) assay, evaluating the ability of compounds to inhibit the NC-mediated TAR/cTAR hybrid formation. The 
inhibition of NC-mediated annealing positively correlated with the stabilization by compounds of TAR and cTAR stem-bulge-loop 
structures, suggesting that the mechanism of action of these compounds relies in the stabilization of nucleic acids structure. 
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The ubiquitin–proteasome system (UPS) is responsible for the controlled degradation of a large number of proteins by their 

polyubiquitination and ultimately degradation by the proteasome.
[1]

 Some early successes with proteasome inhibitors chemically 
validated the UPS as a drug target, however, this approach has several limitations including offering no selectivity. In contrast, target E3 
ubiquitin ligases confer substrate specificity for ubiquitination and would potentially provide more attractive targets for therapeutic 
intervention.

[2]
 

In 2012, we described the first example of ligands targeting the von Hippel–Lindau protein (VHL), the substrate recognition subunit 

of an E3 ligase.
[3,4,5]

 Small-molecule inhibition of the VHL:HIF-1 interface, the natural substrate of VHL, would be expected to increase 
the expression of genes involved in the hypoxic response. One such example would be an increased production of endogenous EPO, 
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which could provide an attractive alternative to the current use of recombinant EPO for the treatment of chronic anemia associated 
with chronic kidney disease and cancer chemotherapy.

[6] 

 

 
 

Using a rational design and a peptidomimetic strategy, we have recently generated nanomolar inhibitors of the VHL:HIF-1 
interaction. X-ray crystal structures and isothermal titration calorimetry studies of these compounds reveal new interactions on the left-
hand side of the pocket and elucidate the structural and thermodynamic determinants of their binding. These compounds show huge 
potential to be developed into cell-penetrant chemical probes: cell-based assays using chemoproteomics demonstrate their ability to 
pull down selectively the native VHL–E3 ligase complex, retaining the nanomolar affinity against the native whole complex for displacing 

it against the 20-mer HIF-1 peptide. 
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Lysosomal diseases are rare and inherited metabolic disorders caused by mutations in one of the glycosidases involved in the 

catabolism of macromolecules such as glycolipids, glycoproteins, or mucopolysaccharides. The resulting dysfunction leads to the 
accumulation of these undegraded molecules in organs, which induces serious, often fatal symptoms. An innovative and very promising 
approach to the treatment of lysosomal diseases is the use of small molecules acting as pharmacological chaperones:

[1]
 such 

compounds, which are usually potent inhibitors of the involved glycosidases, help stabilize the mutant protein and save it from 
degradation; this results in an increased enzymatic activity in the lysosome and a concomitant decrease of the symptoms. 
 

 
 

We have explored the field of iminosugars carrying lipophilic substituents with the goal of finding new derivatives with biological 

activity towards various lysosomal glycosidases. Our investigations have shown that -1-C-alkyl and 2-O-alkyl iminosugars such as 1 and 

2 are potent inhibitors of -glucocerebrosidase (GCase), the enzyme involved in Gaucher disease, the most common lysosomal 
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disorders, and act as effective pharmacological chaperones for the N370S mutant form of GCase.
[2,3]

 We have also prepared new 
iminosugar derivatives in which the aglycone is a better mimic of the lipid moiety, such as compound 3. This compound and related 
diethers were found to be extremely potent inhibitors of GCase and compound 3 itself exhibited an unprecedented chaperone effect on 
L444P GCase, a mutation commonly associated with type 2 Gaucher disease, the most serious neurological form of the disease.

[4]
 Similar 

synthetic methodologies have been applied in galacto-like series to yield compounds such as 4 and 5 as potential inhibitors of the 

-galactosidases involved in neurological lysosomal disorders, such as Krabbe disease or GM1-gangliosidosis.
[5,6]

 The synthetic 
methodologies and the preliminary biological investigations will be described in this communication. These results pave the way to new 
therapeutic agents for these devastating diseases. 
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Parkinson’s disease (PD) is a neurodegenerative disorder that is characterized by the progressive loss of dopaminergic neurons in 

the substantia nigra of brain, in which neuroinflammation has been recognized to be involved as a primary mechanism in this 
pathogenesis. As the long-term administration of the current palliative treatment of PD, L-3,4-dihydroxyphenylalanine (L-dopa), causes 
complications such as dyskinesias,

[1]
 there is a need for developing new therapeutic agents for PD or new concomitant agents to avoid 

the high-dose administration of L-dopa.
[2]

 
A screening of our in-house chemical library on a well-established cellular model of PD was done followed by a detailed 

pharmacological analysis of the hits which allowed us to determine new targets for the treatment of this disease.
[3]

 Analyzing the cell 
protection produced by some small molecules, a phenylsulfide which was revealed to be a new PDE7 inhibitor was identify as a new hit, 
which allows us to confirm the utility of PDE7 inhibitors as a potential pharmacological treatment of PD. Based on this data, a diverse 
family of phenylsulfides has been developed and pharmacologically evaluated. Moreover, to gain insight into the safety of PDE7 
inhibitors, we evaluate the new compounds in a surrogate emesis model, showing non-emetic effects.

[4]
 We have showed that 

modulation of PDE7 is a good strategy to modulate cAMP with its beneficial effects avoiding gastrointestinal side effects such those 
produced by PDE4 inhibitors. 
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The biological importance of heterocyclic compounds with thiazole groups is well known.

[1–3]
 On the other hand, arene–ruthenium 

complexes are popular entities for designing metal-based drugs.
[4]

 Therefore, we have decided to coordinate thiazole derivatives with 
arene–ruthenium complexes and study their 
anticancer potential. First, a series of hydrazine-
thiazole compounds have been synthesized with 
good yields by Hanchtz condensation. The reaction 
of these ligands with the dinuclear arene ruthenium 
complex 
[(p-cymene)RuCl(µ-Cl)]2 gives a series of cationic 
arene ruthenium complexes (see Figure). All 
complexes were confirmed by NMR spectroscopy, 
ESI mass spectrometry and elemental analysis. The 
in vitro activity of these complexes has been evaluated by MTT methods. Some thiazole ruthenium complexes have selectivity and a 
better antiproliferative activity than the standard substances (cisplatin and oxaliplatin) and can be taken as starting points for 
developing more efficient new drugs with lower side effects. 
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Integrins are a family of adhesion molecules responsible for transmembrane signaling by undergoing conformational 

rearrangements. They are involved in a wide range of biological processes e.g. angiogenesis, inflammation, cancer and hemostasis and 

are therefore highly interesting drug targets. Integrins are pairs of non-covalently bound heterodimers, where 18 and 8 units are 

known to form 24/ combinations, making them a 
functionally and structurally diverse target class.

[1–4]
 We were 

particularly interested in the biological effects of blocking the 

integrin 21 as this can lead to several therapeutic effects 
e.g. antithrombotic

[5,6]
 or anti-angiogenetic.

[7]
 

This presentation describes the synthesis of a novel class 
of amino acid derived macrocycles as well as the SAR 
optimization and in vitro profiling. Macrocycle 38 was 
selected for in vivo PK-studies and the results are presented 
here as well. The 14–18-membered macrocycles have 

molecular weights down to 360 Da and are very potent Integrin 21 antagonists. Furthermore, the macrocycles fully complies with the 
Lipinski rule-of-five and thus represents the possibility for oral application that generally lacks for many macrocycles. 
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Monoacylglycerol lipase (MAGL) is a key player in endocannabinoid metabolism. It terminates the signaling function of the 

endocannabinoid 2-arachidonoylglycerol (2-AG), and it is implicated in pathological process such as neuroinflammation or tumor 
proliferation. Accordingly, MAGL inhibition is regarded as a new strategy for therapeutic purposes. However, the few efficient and 
selective MAGL inhibitors that have been described up to date block the enzyme irreversibly.

[1]
 This permanent MAGL inactivation 

triggers several side effects as CB1 desensitization. In this work, we aimed to develop new potent and selective compounds that inhibit 
MAGL activity, but in a reversible manner so that the undesirable effects are avoided. 

Based on the structure of the endogenous substrate 2-AG, and after an initial structure–activity relationship exploration,
[2]

 we 
carried out a hit to lead process to improve potency and selectivity vs other hydrolases. We identified a new lead compound UCM-
03025, which displays low or null cross-reactivity with other endocannabinoid targets as FAAH, ABHD6 and ABHD12 and has no affinity 
for the CB1 and CB2 cannabinoid receptors. Remarkably, UCM-03025 inhibits MAGL activity in vivo producing a two-fold increase of 2-AG 
levels in mouse spinal cord without inducing central CB1-mediated side effects. 

Multiple sclerosis (MS) is a chronic neurodegenerative disease that significantly impairs the life quality of the patients and for which 
effective treatments are very scarce. Taking into account the evidences that suggest that stimulation of the endogenous cannabinoid 
system by endocannabinoids ameliorates the disease, we aimed to validate MAGL as a new therapeutic target for the treatment of this 
disease. In vivo experiments using the experimental autoimmune encephalomyelitis (EAE) mouse model of MS showed that the 
treatment with UCM-03025 clearly improves the progression of the disease.

[3]
 All in sum, these results clearly support, for the first time, 

the validation of MAGL and the therapeutic potential of its inhibitors for the treatment of multiple sclerosis. 
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Multidrug resistance and tumor relapse are the major challenges in today’s cancer therapy. Mounting evidence is showing that a 

small subpopulation of cancer cells, so-called cancer stem cells (CSC), may play an important role in these events. These cells gained 
properties like tumor initiation and the possibility to invade into tissues and initiate metastasis. In 2009, the natural product Salinomycin 
(SAL), widely used as an anticoccidial drug in poultry farming, was found to 
selectively affect CSCs from breast cancer cell lines more effectively than commonly 
used chemotherapeutic agents, including Paclitaxel. More recently, additional 
phenotypes reliant on SAL treatment in various cancer cell lines have been 
reported, including the increase of oxidative stress by reactive oxygen species, the 
inhibition of the p-glycoprotein, Wnt-pathway and autophagic flux, as well as the 
induction of apoptosis. However, the explicit mechanism by which SAL primarily 
operates is still unknown. In order to address this point, we prepared several SAL 
analogues. These analogues performed in similar action with SAL on CSC 
population, but much more selective and at considerably lower concentration. We observe antiproliferative activity in non-adherent 
conditions (e.g., mammosphere assays) at 30 nM concentration. In-depth cellular assays revealed the primary cellular localization of SAL 
at a molecular level. Further biochemical investigations provide more insights into the mechanism how SAL actually eradicates cancer 
stem cells and links several observations of previous studies suggesting sharpened strategies for treating resistant cancers. 
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Platinum anti-cancer compounds (cisplatin, oxaliplatin and carboplatin), are used in 50–70 % of all chemotherapeutic regiments

[1]
 

highlighting their importance in the clinical treatment of cancer. However, development of drug resistance and severe side effects are a 
major drawback to the use of this class of compounds. O

6
-alkylguanine-DNA alkyltransferase (AGT) is an important DNA repair protein 

which dealkylates DNA at the O
6
 position of guanine residues. This protein is expressed in ovarian

[2]
 and lung

[3]
 cancers where platinum 

based anti-cancer regiments are first line treatments. It has been shown that presence of AGT enhances the toxicity of DNA damaging 
agents such as 1,2-dibromoethane.

[4]
 

Here, we describe the synthesis of platinum and ruthenium anti-cancer compounds coupled to O
6
-benylguanine (a potent inhibitor 

of AGT) as a strategy to enhance its efficacy and overcome drug resistance. The usefulness of these compounds as anti-cancer agents 
will be presented and compared with that of existing metal-based drugs. 
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Angiogenesis is essential for both tumor growth and metastatic processes, and controlling it could be a promising strategy to block 

the progression of cancer.
[1]

 However, the anti-angiogenic therapies have not proved successful in the long-term treatment because of 
the homeostatic mechanisms of the cell.

[2]
 Currently it is considered that the most effective way to stop this process would be through 

the simultaneous inhibition of various signaling pathways involved in the processes of tumor hypoxia and angiogenesis.
[3]

 Toward this 
objective, we have started a project aimed at the development of compounds that block simultaneously the cellular mechanisms of 
adaptation to hypoxia and the induction of pro-angiogenic growth factors such as vascular endothelial growth factor (VEGF) or 
fibroblast growth factor (FGF) as a potential effective way to block tumor growth and metastatic processes in the long term. 

Initially, we identified compound UCM-029 as a hit able to inhibit the cellular migration induced by FGF with an IC50 value of 47.6 
µM. In order to increase its potency as well as to improve the ADME properties, we designed and synthesized new compounds of series 
I. All the new derivatives were tested for inhibition of cell migration and among them, UCM-037 stands out.

[4]
 It inhibits the cellular 

migration and decreases from 40 % to 100 % the levels of proangiogenic factors FGF, VEGF and nitric oxide (NO), in several tumor cell 
lines (MDA-MB-231, MCF-7, and PC3) under hypoxic conditions. In addition, it blocks the activation of the mitogen-activated protein 
kinases (MAPKs) pathway under 
hypoxia, decreasing the 
phosphorylated forms of MEK 1/2, Erk 
1/2 and Akt; as well as those of the 
FGF and VEGF receptors. Finally, it also 
decreases the total levels of iNOS 
without affecting the levels of 

upstream Ras, HIF-1 and HIF-2 
proteins. In order to obtain deeper 
insights in the mechanism of action of 
UCM-037, we have carried out a 
massive RNA analysis using microarrays. Our results show that UCM-037 produces significant changes in the transcription of genes 
related with angiogenesis. All these promising results have led us to assess the in vivo efficacy of this compound in a breast cancer 
mouse model. 
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Under today’s competition in the pharmaceutical market the manufacturers do not only work to ensure its high-quality, effective, 

and safe medicines, but also to attract the consumer. Various excipients can be used to improve the consumer characteristics, for 
example, colorants. Synthetic azo dyes is the most widely used group of colorants in pharmaceutical manufacturing. A lot of research 
has been conducted for the last decade regarding allergic reactions that this group of substances can cause. 

According to the literature, the native synthetic azo dyes are barely absorbed from the gastrointestinal tract but can be recovered 
by intestinal microflora. Primary aromatic and heterocyclic amines, that are the products of recovery, are absorbed into a bloodstream 
and carried to the liver, where they are metabolized. Metabolites are excreted with urine and feces.

[1]
 Azo dyes are diazotized 

derivatives of sulfoanilines and sulfonaftilamines. It is known that the organic and sulfonic acids together with amines and quaternary 
ammonium bases are able to form the ion associates, that are soluble in organic solvents including non-polar, whereas the original 
compounds are water-soluble azo dyes.

[2]
 We found out that a synthetic alimentary azo dye carmoisine (E122) is capable of forming ion 

associates with lidocaine hydrochloride, ammonium sulfate, and chlorpheniramine maleate.
[3]

 The ion associate may be formed as a 
part of syrup "Gripout baby” together with chlorpheniramine maleate. We found out that this associate is able to dissolve in fats, in 
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particular in peach oil. This fact lets us assume that the food dyes in the form of the ion associates together with medicinal substances 
are able to enter the blood during the fat absorption as a part of lipophilic micelles. The dependence of the formation of associates on 
the pH and the stoichiometric ratio of the components was studied. The distribution ratio of water/chloroform was established and the 
technique of quantitative detection of E122 as part of a syrup was developed. The ion associate of carmoisine and lidocaine 
hydrochloride may be formed as part of spray "Strepsils plus." We plan to study the dependence of the associate formation on the pH, 
to measure the stoichiometric ratio of components and to determine the distribution coefficient. The study of the ion associate of 
carmoisine and ammonium salts showed that the change in color of the dye aqueous solution, shift of the absorption maximum, and 
the decrease of optical density are observed when increasing the amount of ammonium sulfate. We plan to study features and 
properties of the ion associates with lidocaine hydrochloride and ammonium sulfate further, as well as to explore the possible 
formation of the ion associates of carmoisine with other amines. 
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Luminescence polypyridyl complexes are very interesting class of compounds which 

by proper design can be applied both in cancer treatment and its visualization.
[1]

 2-
Nitroimidazoles are the group of bioreductive prodrugs, which were primary developed 
toward their application in diagnosis and therapy for hypoxic tissues.

[2]
 By attaching of 

the 2-nitroimidazole to the ruthenium polypyridyl unit a new theranostic agent 
[Ru(dip)2(bpy-NitroIm)]Cl2 with potential in cancer treatment as well as imaging was 
designed.

[1]
 

The cytotoxicity of the synthesized complex both under normoxic and hypoxic 
conditions against several cancer cell lines (A549, CT26) was evaluated. Ruthenium 
compound was found to be much more cytotoxic than commonly used cisplatin. While 
no strong effect of oxygen deprivation on cytotoxicity in vitro was observed, it has been 
noticed, that retention time of the complex in cancer cells incubated under hypoxic 
conditions was much higher than the parent complex without attached nitroimidazole 
moiety. Hypoxic-cell selectivity of [Ru(dip)2(bpy-NitroIm)]

2+
 was further confirmed by the 

comparing of the luminescence intensity expressed by A549 cells incubated for 24 h under normal and deprived oxygen level.
[1]

 This 
feature as well as high sensitivity of luminescence parameters of ruthenium complexes on molecular oxygen allows to speculate the 
possibility of using this kind of compounds for hypoxic tissues imaging.

[3]
 Further studies have shown that ruthenium complex can 

efficiently induce apoptosis in 4T1 cells and generate the reactive oxygen species (ROS).
[4]

 Cell cycle analysis have demonstrated that 
Ru(dip)2(bpy-NitroIm)]

2+
 exhibits effective cell growth inhibition by causing cell cycle arrest at the S-phase.

[4]
 

 
Acknowledgements: 

 
Financial support from the National Science Center (grant no. N N204 247340) is acknowledged. The research was carried out with equipment purchased 
with financial support from the European Regional Development Fund within the framework of the Polish Innovation Economy Operational Program 
(contract no. POIG.0 2.01.00-12-0 23/08). O.M. acknowledges the financial support from the project Interdisciplinary PhD Studies "Molecular sciences for 
medicine" (co-financed by the European Social Fund within the Human Capital Operational Programme).  

 
References: 

 
[1] O. Mazuryk, M. Maciuszek, G. Stochel, F. Suzenet, M. Brindell, J. Inorg. Biochem. 2014, 134, 83–91. 
[2] S. Kizaka-Kondoh, H. Konse-Nagasawa, Cancer Sci. 2009, 100, 1366–1373. 
[3] H. Komatsu, K. Yoshihara, H. Yamada, Y. Kimura, A. Son, S. Nishimoto, K. Tanabe, Chem. Eur. J. 2013, 19 1971–1977. 
[4] O. Mazuryk, F. Suzenet, C. Kieda, M. Brindell, 2014, in preparation. 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

384



V026 | miRNases—RNA-Cleaving Oligonucleotide–Peptide Conjugates Targeted to Oncogenic miRNAs 
 
Nadezhda Mironova, Olga Patutina, Dmytryi Pyshnyi, Marina Zenkova, Valentin Vlassov 
 
Institute of Chemical Biology & Fundamental Medicine SB RAS, Lavrentieva Ave. 8, Novosibirsk, 630090, Russian Federation 

 
Recent data on the involvement of miRNA in regulation of tumorigenesis showed a great prospect for these molecules as a novel 

class of therapeutic targets. Earlier, we have shown that the pancreatic RNase A is capable of inhibiting tumor and metastasis growth, 
and one of the mechanisms is associated with the change of miRNA profiles in the blood and tumor cells.

[1]
 Obtained data let us to 

evaluate a set of oncogenic miRNAs in tumor cell whose shutdown caused a change of tumor cell properties from malignant to normal. 
Here, we designed artificial miRNases: antisense oligodeoxyribonucleotides targeted to a set of oncogenic miRNAs and RNA-cleaving 

oligonucleotide–peptide conjugates. Recently, conjugates of short oligodeoxyribonucleotides (4–7 nt) and peptide (LeuArg)4-Gly-amide 
were demonstrated to be highly effective in RNA cleavage,

[2]
 and display GpX and PyrA specificity. Antisense oligonucleotides capable of 

forming simple long stems as well as hairpin structures after binding with the miRNA target were used as addressing components. 
miRNases were studied in terms of RNA cleaving activity, ability to affect certain miRNAs in tumor cells, as well as proliferation and 
invasion properties of tumor cells. 

 
Acknowledgements: 
 
This work was supported by a grant of the Russian Federation (RF) government to support scientific research projects implemented under the 
supervision of the world’s leading scientists, Agreement no. 14.B25.31.0028, RAS programs “Molecular and cellular biology” and “Sciences to medicine 
2012-24”, SS №1350.2014.4, RFBR 14-04-0107a and Fellowship 2307.2012.4. 

 
References: 

 
[1] MicroRNA drop in the bloodstream and microRNA boost in the tumor caused by treatment with ribonuclease A leads to an attenuation of tumor 
malignancy. N. Mironova, O. Patutina, E. Brenner, A. Kurilshikov, V. Vlassov, M. Zenkova, PLoS One 2013, 8(12), e83482. 
[2] RNase T1 mimicking artificial ribonuclease. N.L. Mironova, D.V. Pyshnyi, D.V. Shtadler, A.A. Fedorova, V.V. Vlassov, M.A. Zenkova, Nucleic Acids Res. 
2007, 35(7), 2356–2367. 

 
 

V027 | C7-Methyl Analogues of the Orvinols: Search for Single Chemical Entities with Potential Therapeutic Utility for 
Relapse Prevention and Poly-Drug Abuse 
 
Mehrnoosh Ostovar,

(1)
 Christopher Roche,

(1)
 Mary Clark,

(2)
 John Traynor,

(2)
 Stephen Husbands

(1)
 

 
1) Department of Pharmacy & Pharmacology, University of Bath, Bath, BA2 7AY, UK 
2) Department of Pharmacology, University of Michigan, Ann Arbor, MI, USA 

 
A combination of the opioid abuse treatment agent and analgesic, buprenorphine,

[1]
 plus the mu antagonist naltrexone (used for 

the treatment of alcohol abuse)
[2]

 appears effective in reducing relapse to both opioid and cocaine use.
[3]

 However, there are very real 
and practical problems in considering buprenorphine/naltrexone combination in treating poly-drug addiction.

[4]
 A ligand that could 

mimic this combination would be of significant interest as a drug abuse medication. This profile would be kappa/delta antagonism, NOP 
partial agonism with mu efficacy substantially lower than buprenorphine. We already have evidence that an analogue of 
buprenorphine, BU127 having an aryl ring in place of tert-butyl group of buprenorphine at C-20, is a mu and kappa opioid receptor 
antagonist in vitro with similar affinity for NOP receptors as buprenorphine. As a part of methyl scanning strategy, we found moving the 

C-20 methyl group to the C-7() position provides a series of compounds with the desired profile (Figure 1). Many of the ligands show 
higher efficacy and equivalent or better potency at NOP receptors compared to buprenorphine and importantly possess the desired low 
mu efficacy and kappa antagonist activity as measured by the [

35
S]GTPgammaS binding assay. Molecular modelling using crystal 

structure of the human kappa opioid receptor explains the very low efficacy of this series of compounds at this receptor. Preliminary in 
vivo evaluation of lead compounds confirms the in vitro profile, with mu and kappa antagonism and NOP partial agonism. Further in 
vivo evaluation including measures of relapse to drug taking will be presented. 
 

 
 

Figure 1. Structure of buprenorphine and C-7() methyl analogues. 
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B cell receptor (BCR) pathway is a critical signal transduction pathway for B cell development and normal functions, but could also 

be utilized by B cell linage tumor cells to maintain their viability. Blocking this pathway by targeted covalent drugs has shown great 
promises and thus recently attracted much attention. Through formation of covalent bonds with target proteins, covalent drugs can 
achieve high potency and selectivity, especially in the native biological environment. Bruton’s tyrosine kinase (Btk), an important knot in 
the BCR pathway, can be blocked by ibrutinib, a first-in-class Btk covalent inhibitor, which has demonstrated clear efficacy and relatively 
low toxicity in multiple clinical trials. In this presentation, we’ll describe a “selectivity through appropriate reactivity” design principle 
and a general procedure to construct targeted covalent drugs. We’ll also reveal a novel series of irreversible Btk inhibitors that exhibit a 
dual-action mode of inhibition for both the catalytic activity of Btk and its own activation, which counters the influence of the negative 
regulation loop of Btk. Significant improvements over the leading clinical candidate, ibrutinib, were achieved in both tumor cell viability 
assays and a xenograft mouse model. Our results indicate a new direction to develop drugs to modulate functions of Btk and BCR 
pathway. 
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Photodynamic therapy (PDT) is a promising methodology to improve the treatment of several tumor types, especially the ones 

occurring in cavities like the bladder.
[1]

 In PDT, the selective uptake of a photosensitizer by cancer cells followed by irradiation can result 
in reactive oxygen species (ROS) production. Due to their high ROS production and strong absorption in the wavelength range between 
650 and 850 nm, where tissue light penetration is rather high, phthalocyanines (Pcs) have been studied as photosensitizers of 
excellence. Recently, we have reported the synthesis of a new Pc decorated with sixteen molecules of galactose (in a dendritic manner, 
PcGal16

[2]
). PcGal16 demonstrated strong absorbance in the red spectral region (600–800 nm), fluorescence emission bands at 734 and 

805 nm, solubility in a phosphate-buffered saline (PBS) solution and interaction with human serum albumin.
[2]

 Additionally, PcGal16 
demonstrated photostability and ability to generate ROS after photoactivation. In this study, we aimed to investigate phototoxicity of 
PcGal16 in bladder cancer cell lines (UM-UC-3 and HT-1376).

[3]
 The purpose of this study was to explore the role of galactose-binding 

proteins in the uptake and phototoxicity of PcGal16. 
The uptake of PcGal16 in bladder cancer cells was both concentration- and time-dependent, and it was similar in the two cancer cell 

lines. The high intracellular uptake of PcGal16 was explained by the presence of galactose-binding proteins (galectin-1 and GLUT1) able 
to target the dendrimers of galactose around the phthalocyanine macrocycle. Knockdown of galectin-1 and GLUT1 in UM-UC-3 and HT-
1376 cells, respectively, induced a marked decrease in the uptake of PcGal16. The treatment of bladder cancer cells with PcGal16 in dark 
conditions demonstrated that it is a nontoxic compound per se. However, when cancer cells were incubated with PcGal16 and then 
irradiated, there was marked increase in cell death. The concentration of PcGal16 necessary to inhibit the metabolic activity of bladder 
cancer cells by 50% (IC50 value) was similar in these cell lines 72 h after PDT (≈2.5 µM). The immunofluorescence and Western blot 
studies demonstrated that, in spite of its non-dark toxicity, PcGal16 decreased the levels of galectin-1 and GLUT1 proteins. Thus, the 
changes observed in the levels of galectin-1 and GLUT1 could be induced directly by the binding of PcGal16 to the galactose-binding 
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proteins and/or indirectly by the generation of ROS after PDT with PcGal16. Data suggest that PcGal16 is a promising therapeutic agent 
for the treatment of bladder cancer, which is the fifth most common type of cancer with the highest rate of recurrence of any cancer. 
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Over the past few years substituted benzimidazoles, as very important and fundamental building skeletons of various essential 

synthetic and natural pharmacological compounds, have been one of the most extensively studied classes of heterocycles compounds 
due to their well-known biological activities. Because of the structural similarity with naturally occurring compounds such as purine, 
benzimidazole derivatives can easily interact with biomolecules of the living systems. High fluorescence intensity and possibility of 
interaction with important biomacromolecules of the living systems offer the potential use of azino fused benzimidazoles as fluorescent 
probes for detection of important molecules as DNA or different proteins in biomedical diagnostics. 

As a part of our continuing research in 
the field of medicinal chemistry, novel 2,5-
diamino substituted benzimidazo[1,2-a]-
quinolines were synthesized by uncatalyzed 
microwave-assisted amination. All 
compounds were characterized by 

1
H, 

13
C 

and NOESY NMR, UV/Vis and fluorometric 
spectroscopy and mass spectrometry. 
Antitumor activity in vitro of prepared 
compounds was tested on breast, colon and 
lung carcinoma cell lines. All compounds 
showed differential activity towards all tested cell lines without the selectivity toward any cell line. To shed more light on the 
mechanisms of biological action, additional experiments regarded to DNA binding properties of most active compounds were 
performed. 
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Primaquine (PQ), the 8-aminoquinoline derivative is an antimalarial drug active against various forms of Plasmodium species. Major 

drawbacks of primaquine are the high risk of methemoglobinemia, relatively low therapeutic index and rapid metabolisation to 
carboxyprimaquine, which is less active than the drug. Many attempts have been made to prepare primaquine derivatives in the search 
for compounds with higher bioavailability.

[1]
 Compounds with substituted terminal primary amine in primaquine have shown some new 

biological activity other than antimalarial.
[2–4]

 In our recent work we have shown that the compounds bearing benzhydryl and benzyl 
moieties at the position 4 of the 1,4-substituted primaquine semicarbazides showed significant cytostatic activity in low micromolar 
concentrations towards various carcinoma cell lines.

[3]
 Semicarbazides and semicarbazones are well-known class of compounds with 

different biological acitivities.
[5]

 The aim of our research was to prepare semicarbazide/semicarbazone/urea primaquine derivatives 
bearing various benzhydryl and phenyl moieties at the one and primaquine moiety at the other end. 
 

 
 

Compounds 3c and 6c were obtained in the reaction of primaquine or primaquine semicarbazide 5 and 4-chloro-3-
(fluoromethyl)phenyl isocyanate. Compounds 3a,b and 6a,b were obtained in the reaction of primaquine or primaquine semicarbazide 
5 and corresponding active ureas 2a,b. The starting compound benzotriazole carboxylic acid chloride (1) was used for the preparation of 
both active ureas 2a,b and benzotriazolide 4. Compound 4 with hydrazine hydrate gave primaquine semicarbazide 5. Structures of 
newly prepared primaquine derivatives were confirmed by IR, 

1
H and 

13
C NMR and MS. Evaluation of their biological activity is in 

progress. 
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Analogues of nucleosides are an important class of anti-tumor and anti-viral therapeutics. Recently, nanomolar cytostatic activity 

against a panel of cancer cell lines was shown in 7‑hetaryl-7-deazaadenosines.
[1]

 The aim of this project was further modification of the 
lead structure by replacement of the 6-amino group by other polar or nonpolar groups and synthesis of 2,6-disubstituted analogues. A 
series of eighty 7-(het)aryl- and 7-ethynyl-7-deazapurine ribonucleosides bearing a methoxy, methylsulfanyl, methylamino, 
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dimethylamino, methyl, or oxo group at position 6, or 2,6-disubstituted derivatives bearing a methyl or amino group at position 2, were 
prepared by Suzuki and Sonogashira cross-coupling reactions of corresponding halogenated nucleosides.

[2]
 The biological activity of the 

compounds was studied and compared with that of the parent 7-(het)aryl-7-deazaadenosine series. 6-Sub-stituted 7-deazapurine 
derivatives bearing a furyl or ethynyl group at position 7 showed low nanomolar cytotoxicity against a panel of cancer cell lines, whereas 
most of the compounds were much less potent or inactive. Promising activity was observed with some compounds against hepatitis C 
virus in a replicon assay. 
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Cytosolic 5’-nucleotidase II (cN-II) belongs to the haloacid dehalogenase (HAD) family that regulates the intracellular nucleotide 

pools by catalyzing the dephosphorylation of nucleoside 5’-monophosphates to the corresponding nucleosides and inorganic 
phosphate.

[1]
 These enzymes differ in substrate specificity, subcellular location and tissue-specific expression. Thus, intracellular 5’-

nucleotidases are likely to affect the phosphorylation level and the pharmacological activity of nucleoside analogues used in the 
treatment of cancers and viral diseases. In the literature, few studies have dealt with the possible role of cN-II in drug resistance 
mechanism

[2]
 and/or in cell death by itself.

[3]
 As cN-II possesses a pivotal role in purine cellular metabolism and may down regulate 

antitumoral and antiviral nucleoside analogues widely used in clinics, targeting this enzyme appears of potential therapeutic 
importance. 

During the last few years, we have developed a pluri-disciplinary program to identify and to characterize potential inhibitors of cN-II. 
In this respect, series of nucleosidic phosphonate analogues (incorporating a chemically and enzymatically stable P-C bond) were 

designed as mimics of nucleoside 5’-monophosphates, the natural substrate of cN-II. Over the course of our study, a -hydroxy-
phosphonate derivative has been identified as a lead compound. In silico docking, synthesis, biological evaluation and results from our 
structure–activity relationship (SAR) studies will be presented in detail.

[4]
 This study gives new structural insights for the development of 

both structure-based and pharmacophore-based inhibitors. 
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A new series of 1H-benzofuro[3,2-c]pyrazole-3-carboxamides was synthesized,

[1]
 as result of the replacement of the 1,4-

dihydroindeno[1,2-c]pyrazole scaffold of the lead compound 1
[2]

 with the benzofuro[3,2-c]pyrazole ring system (Figure 1). The novel 
compounds were evaluated for their affinity to CB2 and CB1 cannabinoid receptors. Mouse spleen and mouse brain were used as 
starting matrixes for CB2 and CB1 affinity tests, respectively. All the obtained derivatives showed high affinity for CB2 receptors. 
Moreover, significant selectivity for CB2 over CB1 receptors was highlighted. The best binding profiles were determined for homologues 
bearing monocyclic and bicyclic monoterpenic substituents at the carbamoyl group at the 3 position of the pyrazole ring (CB2 Ki<4 nM). 
In particular, the isopinocampheyl-substituted derivative exhibited the highest selectivity for CB2 receptors with Ki values of 3.7 and 
2398 nM for CB2 and CB1 receptors, respectively (Figure 1). 
 

 
 

Figure 1. Design of the new CB2 ligands with a benzofuro[3,2-c]-pyrazole scaffold and binding data of the isopinocampheyl-substituted 
derivative. 
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The biomedical application of mesoporous silica nanoparticles (MSNs) as efficient drug delivery carriers is of high interest to the 

pharmaceutical industry since MSNs influence release and/or dissolution of active pharmaceutical ingredients (APIs).
[1,2]

 These materials 
are promising vehicles for drug delivery applications because usually they are not cytotoxic 

[3–4]
 The influence of the mesoporous 

materials on permeation of acting substances is also in interest 
[5]

.The aim of our study was to assess the influence of surface 
modification of SBA-16 material with amino groups (SBA-16/NH2) and chitosan species with free amino groups (SBA-16/CHIT) on the 
cytotoxicity of examined materials in a human CaCo-2 cell culture model. Furthermore, we determined the transport of poorly soluble 
drugs: (i) ibuprofen (BCS class II), and (ii) furosemide (BCS class IV) that were loaded on hybrid and non-hybrid SBA-16-type materials 
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across CaCo-2 monolayers. To investigate the effects of these materials on cell viability, the CellTiter-Glo luminescent cell viability assay 
(G7571, Promega) was performed. For the transport assay, transparent membranes (PIHPO1250, Millipore) were used. Permeability of 
test compounds was measured in the apical-to-basolateral (A–B) and basolateral-to-apical (B–A) directions in iso-pH conditions. The 
tested material SBA-16 as well as its hybrids (SBA-16/NH2 and SBA-16/CHIT) did not exert cytotoxic effects against human colon cancer 
CaCo-2 cells with the exception of the highest concentration used 4 mg/mL. The surface modification of mesoporous SBA-16 material 
showed the influence on the permeability of ibuprofen and furosemide measured across CaCo-2 monolayers. 
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Small molecule activators that directly modulate the activity of an enzyme are uncommon entities that had not yet been identified 

for any 17-hydroxysteroid dehydrogenase (17-HSD). This family of steroidogenic enzymes is involved in the synthesis of key steroid 
hormones such as estradiol (estrogen) and testosterone (androgen). We hereby report the fortuitous discovery of a steroid derivative 

(compound A1) that causes an up to 3-fold increase in the activity of 17-HSD type 12. Compound A1 was synthesised using a seven-
step sequence from estrone: 1) protection of phenolic OH, 2) aldol 
condensation with a benzaldehyde derivative, 3) reduction of C17-
carbonyl, 4) epoxidation of a double bond, 5) epoxide opening by an 
amine, 6) cyclisation using triphosgene, and 7) hydrolysis of the MOM-
protecting group. The stimulation of the conversion of estrone to 
estradiol has been characterized in intact and homogenized stably 
transfected HEK-293 cells and has also been observed in T47D breast 
cancer cells. Structure-activity relationships closely linked to the nature 
of the substituent on the [1,3]oxazinan-2-one ring of an estradiol 
derivative have emerged from this study and may help in the 

identification of a previously unsuspected endogenous activation of 17-
HSD type 12. This activator (compound A1) will therefore be a useful 
tool to study this relatively unknown enzyme, as well as its possible 

activation of other 17-HSD family members. 
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Computer-assisted de novo design is currently seeing renewed interest in hit and lead finding programs as a complementary 

technology to mainstream approaches, e.g. high-throughput screening.
[1,2]

 Here, we present ligand-based de novo design studies aiming 
at the discovery of innovative lead molecules for high-value targets, using our state of the art software tools DOGS (Design of Genuine 
Structures)

[3]
 and MAntA (Molecular Ant Algorithm).

[4]
 We had previously reported on the discovery of new chemical entities (NCE) 

targeting aurora A kinase,
[5]

 human polo-like kinase-1,
[6]

 and the most selective vascular endothelium growth factor receptor 2 (VEGFR-
2) inhibitor known to date.

[7]
 We had also successfully repurposed de novo designed entities as G-protein-coupled receptor (GPCR) 
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ligands,
[8]

 and identified innovative scaffolds for adenosine and adrenergic receptors using an automated microfluidics-assisted 
synthesis platform.

[9]
 Furthermore, we designed new ligands for the dopamine D4 and sigma-1 receptors, presenting accurately 

predicted nanomolar Ki values against a target panel, through multiobjective optimization.
[4]

 Together with a brief overview of past 
efforts, we disclose the automated synthesis of innovative compounds with high lead-likeness and predictable drug target panel 
affinities. The impact of de novo NCE design for drug discovery, in particular assisted by microfluidics platforms, will be discussed. 
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In human prostate cancers two different histone lysine demethylases (KDM), LSD1/KDM1 and JMJD2/KDM4, are co-expressed and 

co-localize with the androgen receptor.
[1]

 Recently, KDM4A/C inhibitors were found not to inhibit prostate and colon cancer cell growth 
in isolation, but displayed anti-proliferative effects in combination with NCL-2, an LSD1 inhibitor, suggesting the potential for synergy in 
LSD and JmjC KDM inhibition.

[2]
 Building on KDM inhibitors work, we designed and synthesized hybrid LSD1/JmjC pan-KDM inhibitors 1–

6, by coupling the skeleton of tranylcypromine (7, TPCA), a known LSD1 inhibitor, with 4-carboxy-4'-carbomethoxy-2,2'-bipyridine 8 or 
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5-carboxy-8-hydroxyquinoline (9, IOX1), two 2-oxoglutarate (2OG) competitive templates developed for JmjC inhibition (see Figure).
[3] 

The new hybrid compounds 1–6 were able to simultaneously inhibit both KDM families with little or no effect against other 2OG 
enzymes lacking KDM activity. Among them, compounds 2 and 3 simultaneously increased H3K4me2/3 and H3K9me2/3 methylation 
levels and caused growth arrest and substantial apoptosis in LNCaP prostate and HCT116 colon cancer cells, whereas the related family-
specific single-target inhibitors 7–9 were inactive when tested alone and in combination. Moreover, compounds 2 and 3 displayed their 
effects in a cancer-specific fashion. To best of our knowledge, these are the first pan-KDM inhibitors described so far, and have a 
substantial potential both as functional probes and as leads for medicinal chemistry of cancer.

[4] 
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The endogenous cannabinoid system (ECS) is a complex system which regulates a broad number of (patho)physiological processes.

[1]
 

In spite of all the significant progress made on its study, many aspects remain elusive including the possible existence of new 
cannabinoid receptors (CBRs) different from the molecularly characterized CB1 and CB2 such as GPR55, which has been proposed as a 
potential CB3 receptor.

[2]
 In this context, the development of tagged small-molecule probes would greatly improve our understanding of 

the ECS, its physiology and its therapeutic potential. Therefore, we are carrying out a project aimed at the development of chemical 
probes bearing different tags that enable visualization, isolation, enrichment and/or identification of new cannabinoid targets. To date, 
we have synthesized several probes based on the structure of the main endocannabinoids anandamide (AEA) and 2-
arachidonoylglycerol (2-AG) as well as on the high-affinity synthetic ligands HU210 and HU308 (see Figure 1). Among the synthesized 
probes, those showing high affinity for the CBRs have been selected for in vitro and in vivo experiments of visualization in native 
systems as well as for the optimization of a proteomic platform aimed at the identification of new therapeutic targets.

[3]
 In addition, we 

are currently extending this approach to the natural product honokiol (see Figure 1). Structural analogs of this compound have been 
related to the orphan receptor GPR55

[4]
 as well as to the CB2R

[5]
 although their mechanisms of action remain unclear. Thereby, the 

development of chemical probes based on this scaffold should contribute to shed some light on the understanding of the 
(patho)physiological role of this CB-related orphan receptor by providing valuable information about its location or level of expression. 

 
 

Figure 1. Development of chemical probes for the study of the ECS. 
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Ruthenium complexes have been the most widely studied non-Platinum anticancer candidates. The search in this field both in 

coordination and organometallic chemistry has been certainly stimulated by the successful results already obtained with some 
ruthenium coordination compounds.

[1]
 During the recent years our group has been 

involved in the synthesis of new half sandwich “Ru(h
5
-C5H5)” derived compounds which 

cytotoxicity was found, in most of the cases, better than that of cisplatin against several 
cancer cell lines of typically low, medium and high resistance to metallodrugs, namely 
ovarian, breast, colon and prostate human tumors (A2780, MCF7, MDAMB231, HT29 and 
PC3 cell lines).

[2,3]
 The present communication reports our most recent results involving a 

new water-soluble organometallic “RuCp” compound (TM85). The activity of the 
synthesized complex towards a panel of human tumor cell lines of typically low, medium 
and high resistance to metallodrugs was investigated. We carried out extensive 
characterization of the interaction of this ruthenium compound with various proteins via 
several approaches, including fluorescence spectroscopy, cyclic voltammetry and mass 
spectrometry. Finally, studies concerning the analysis of cellular distribution and cell 
death mechanisms will be also presented in order to understand the involved 
mechanisms of action of this complex.  
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ATP-gated ion channel P2X4 receptor (P2X4R) is a therapeutic target for neuropathic 

pain. Under the neuropathic pain conditions, increasing P2X4Rs on activated microglia in 
spinal cord enhance neural conduction of pain signals.

[1]
. Derivatives with general 

structures I and II were synthesized and optimized with regard to their potency to inhibit 
ATP-induced intracellular calcium influx response in 1321N1 astrocytoma cells stably 
transfected with the human P2X4R.

[2,3]
 In addition, receptor subtype selectivity (vs 

P2X2,3,7) was evaluated. Diazepindione series with general structure I possess IC50 values 

in the 108
 M range in P2X4R-mediated Ca

2+
 influx response. Meanwhile, the diazepine 

series with general structure II possess IC50 values in the 107
 M range. In both series were 
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found new chemical entities with high in vitro selectivity for the P2X4R. In this presentation, we report their synthetic methods, 
structure–activity relationships and antiallodynic effects of typical compounds using an animal model of neuropathic pain. 
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Human serum amyloid A (SAA) is a small apolipoprotein (12 kDa) belonging to the evolutionarily conserved family of SAA proteins, 

within which six main isoforms exist. SAA is also a major serum acute-phase protein whose concentration increases greatly during 
inflammation process causing the protein aggregation. The amyloid A aggregates are the principal components of amyloid plaques that 
may be deposited in major organs as a consequence of chronic inflammatory disease, infectious and neoplastic diseases such as 
rheumatoid arthritis, inflammatory bowel disease, tuberculosis, and renal cell carcinoma.

[1,2]
 

Because of a high content of -helical structure in SAA1.1 isoform,
[2]

 a question arises if formation of amyloid by this protein 

proceeds via complete unfolding of -helices accompanied by a significant increase in a content of a -sheet structure, or, in the 
contrary, the aggregating species are mostly helical. To understand the mechanism of structural transition of SAA1.1 to amyloid we 
focused on application of mass spectrometric analysis combined with the hydrogen/deuterium exchange (HDX) and the tryptic digest. 
We utilized this methodology to study monomeric, oligomeric and fibrillized SAA1.1 protein as well as monomeric and oligomeric forms 
of SAA1.1 incubated with the short peptide 

1
RSFFS

5
 which was proved in our investigations as being able to inhibit SAA1.1 fibrillization 

process. The results of the HDX experiments helped us to draw conclusions about the regions of SAA1.1 protein directly involved in 
oligomerization and enhanced our understanding of the molecular events underlying the SAA1.1 aggregation process. 
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Intramembrane proteases control important biological processes by cleaving membrane proteins in their transmembrane helices.

[1]
 

Rhomboid proteases regulate intercellular signaling, mitochondrial dynamics, invasion of eukaryotic parasites and membrane protein 
quality control, and have emerging medical potential. Rhomboids have become the main model intramembrane proteases, and are 
currently the best understood family;

[2]
 they are serine proteases using a catalytic dyad of serine and histidine. The mechanisms of 

intramembrane proteases are incompletely understood due to the paucity of structural information about how they bind substrates. To 
gain insight into substrate binding to rhomboid proteases, we have synthesised a series of peptidyl chloromethylketone (CMK) 
inhibitors, and analysed their interactions with E. coli rhomboid GlpG enzymologically and structurally. The inhibitory properties of 
peptidyl CMKs depend on the length and sequence of their peptidyl part in a way that mimicks sequence preferences in substrates. The 
mechanism of action of tetrapeptidyl CMK inhibitors with GlpG is confirmed by X-ray structures of the enzyme-inhibitor complex, which 
reveal the substrate binding mode and the S1 to S4 subsites. Finally we demonstrate that potency of peptidyl CMKs can be tuned by 
changing the sequence of their peptidyl part and we address their selectivity for rhomboids. 
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Drug discovery efforts have identified selective androgen receptor modulators (SARMs) that exert strong anabolic effects on skeletal 

muscle and bone, but minimal androgenic effects on reproductive tissues such as prostate.
[1]

 To date, only oral SARMs have been 
developed, and their clinical efficacy is limited by adverse events such as induction of liver transaminases or interference with 
lipoprotein homeostasis.

[2,3]
 Such effects may be avoided by parenteral routes that minimize Cmax-driven liver exposure, providing more 

constant drug levels to the body. The present work describes the synthesis and characterization of 3-
alkoxy-pyrrolo[1,2-b]pyrazolines that possess adequate physicochemical properties for transdermal 
administration. Compound 1 binds to human androgen receptor (AR) with a Ki of 0.45 nM with great 
selectivity over other nuclear hormone receptors and potently activates AR in a C2C12 muscle cell 
reporter gene assay with an EC50 of 0.5 nM. It showed excellent aqueous solubility of 1.3 g/L at pH 7.4 
and an in silico model as well as a customized parallel artificial membrane permeability assay (PAMPA) 
indicated good skin permeation. Indeed, when measuring skin permeation through excised human 
skin an excellent flux of 2 µg/(cm

2
*h) was determined without any permeation enhancers. In a two-

week Hershberger model using castrated rats, 1 showed dose-dependent effects fully restoring levator ani muscle weight at 0.3 
mg/kg/day after subcutaneous administration with high selectivity over prostate stimulation. The structure–activity relationship of 1 
and its binding mode in the AR ligand binding domain will be discussed. 
 
References: 

 
[1] McEwan, I.J. Future Med. Chem. 2013, 5(10), 1109–1120. 
[2] Papanicolaou, D.A.; Ather, S.N.; Zhu, H.; Zhou, Y.; Lutkiewicz, J.; Scott, B.B.; Chandler, J.J. Nutrition, Health & Aging 2013, 17(6), 533–543. 
[3] Dalton, J.D.; Barnette, K.G.; Bohl, C.E.; Hancock, M.L.; Rodriguez, D.; Dodson, S.T.; Morton, R.A.; Steiner, M.S. J. Cachexia Sarcopenia Muscle 2011, 
2(3), 153–161. 

 
 

V045 | First Photoswitchable Inhibitor of Membrane-Bound Transporter – Light-Induced Control of GAT1 Activity in Mouse 
Brain 
 
Klaus Wanner,

(1)
 Gabriele Quandt,

(1)
 Georg Höfner,

(1)
 Julien Dine,

(2)
 Matthias Eder

(2)
 

 
1) Ludwig-Maximilians-Universität München, Department of Pharmacy-Center for Drug Research, Butenandtstr. 5-13, 81377 Munich, Germany 
2) Max Planck Institute of Psychiatry, Kraeplinstr. 2-10, 80804 Munich, Germany 

 
Soluble photoswitchable ligands offer the possibility to introduce light-sensitivity to biologically relevant targets, thereby allowing 

temporally and spatially precise control of neuronal activity with light.
[1–4]

 
We now report on the successful development of a photoswitchable inhibitor of the plasma membrane-bound GABA (g-amino 

butyric acid) transporter GAT1.
[5]

 This protein is considered an important drug target for the treatment of diseases associated with low 
GABA levels in brain such as epilepsy, neuropathic pain, depression, or anxiety. With tiagabine (1, Gabitril®), which is already used for 
the treatment of epilepsy, a GAT1 selective inhibitor has been brought to the market. That fact underlines the importance of this 
target.

[6] 
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With the nipecotic acid derivative (E)-2 containing a naphthylazobenzene chromophore, accessible via a synthetic route comprising 
a chelation controlled Heck reaction as a key step,

[7]
 we succeeded in developing a photoswitchable ligand for the light-induced control 

of the GABA uptake activity of GAT1. In addition to good subtype selectivity in favor of GAT1 over non-GAT1 transporters, compound 
(E)-2 is characterized by high 
inhibitory potency at GAT1 that is 
distinctly diminished when 
transformed from the E into the Z 
isomer upon light irradiation. This 
has been demonstrated in GABA 
uptake assays and in 
electrophysiological studies with 
brain slices from mice. With 
photoswitch (E)-2, which can be 
considered a valuable tool for further 
analysis of brain function of GAT1, 
the concept of photopharmacology 
with photo-switchable ligands has 
been extended for the first time to 
membrane-bound trans-porter 
proteins. 
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GPR4 is a G protein-coupled receptor (GPCR) which belongs to the recently discovered family of proton sensing receptors.

[1]
 GPR4 is 

activated in acidic microenvironment by protonation of histidines at the extracellular surface leading to cAMP formation via Gs 
signaling. Inhibition of GPR4 signaling, either pharmacologically or via gene knock-out, has analgesic, anti-inflammatory,

[2]
 and anti-

angiogenic
[3]

 effects and validates GPR4 as an attractive target for therapeutic intervention. In the search for orally active inhibitors of 
GPR4, we identified the imidazopyridine class of compounds,

[4]
 which showed the expected pharmacological effects in animal models of 

pain, inflammation and uveitis after oral application. Further optimization of this early lead series resulted in the discovery of 
development candidates from the pyrazolopyrimidine series

[5]
 with improved safety and selectivity profiles. This presentation discusses 

the challenges encountered during this drug discovery effort, the decision-making, as well as the SAR, and the pharmacological profile 
of advanced compounds. 
 
References: 

 
[1] M.-G. Ludwig, M. Vanek, D. Guerini, J. A. Gasser, C. E. Jones, U. Junker, H. Hofstetter, R. W. Wolf, K. Seuwen, Nature 2003, 425, 93–98. 
[2] L. Dong, Z. Li, N. R. Leffler, A. S. Asch, J.-T. Chi, L. V. Yang, PloS ONE 2013, 8, e61991. 
[3] L. Wyder, T. Suply, B. Ricoux, E. Billy, C. Schnell, B. U. Baumgarten, S.-M. Maira, C. Koelbing, M. Ferretti, B. Kinzel, M. Müller, K. Seuwen, M.-G. Ludwig, 
Angiogenesis 2011, 14, 533–544. 
[4] I. Cornella Taracido, E. M. Harrington, R. Hersperger, R. Lattmann, W. Miltz, K. Weigand, US 20090291942 A1. 
[5] Z. Du, R. R. Leleti, Y. Liu, W. Miltz, B. Oberhauser, A. Vaupel, J. Velcicky, K. Weigand, WO 2012131633 A1 

 
 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

397



V047 | Anti-mycobacterial Activity of a 4-Aminopyrimidines Series: Synthesis, Structure–Activity Relationships and ADMET 
Studies 
 
Colin Wilson,

(1)
 Richard Gessner,

(1)
 Leslie Street,

(1)
 Helena Boshoff,

(2)
 Atica Moosa,

(3)
 Ronnett Seldon,

(3)
 Dale Taylor,

(4)
 Efrem Abay,

(4)
 John 

Harris,
(5)

 Digby Warner,
(3)

 Cliffton Barry,
(2)

 Kelly Chibale
(1,3)

 
 
1) Department of Chemistry, University of Cape Town, Rondebosch 7701, South Africa 
2) Tuberculosis Research Section, Laboratory of Clinical Infectious Diseases, National Institute of Allergy & Infectious Diseases, National Institutes of 
Health, Bethesda, Maryland 20892, USA 
3) Institute of Infectious Disease & Molecular Medicine, University of Cape Town, Rondebosch 7701, South Africa 
4) Division of Clinical Pharmacology, Department of Medicine, University of Cape Town, Observatory, 7925 Cape Town, South Africa. 
5) BioFocus Founder and Scientific Advisor, Lydith, High Street, Eynsford, Kent, DA4 0AB, UK 

 
Screening of approximately 35,000 compounds from a BioFocus SoftFocus kinase library against Mycobacterium tuberculosis (Mtb) 

whole cells resulted in eight compound classes of interest, including the 4-aminopyrimidine class (SFK41) presented in this work. 
Consequently, approximately 200 compounds within the class have been 
synthesized and evaluated for their anti-Mtb activity, as well as ADMET 
properties. Compounds were screened in both GAST/Fe and 7H9-ADC 
media. In general, there was a good correlation of data between the two 
media types, with the most active compounds displaying MIC99 values 
between 0.1 and 10 µM. The original hit molecule is shown in the figure. 
Significant structure–activity relationship (SAR) exploration was conducted 
at positions R1, R2 and R3 with the results indicating that the methylated 
benzyl amine at position R3 is essential for activity, with various 
substitutions on the phenyl ring tolerated. At position R2, an unsubstituted 
pyrimidine core was best, while position R3 tolerated numerous substituted phenyl and heteroaromatic secondary amides. In general, 
the compounds were non-cytotoxic against Verda Reno (VERO) cell lines, with IC50 values >100 µM, displayed poor solubility (<5 µM) and 
moderate to poor PK properties. 
 
 

V048 | Aminopyrazolo[1,5-a]pyrimidines as Potential Inhibitors of Mycobacterium Tuberculosis: Structure–Activity 
Relationships and ADMET Characterization 
 
Candice Soares de Melo,

(1)
 Feng Tzu-Shean,

(1)
 Richard Gessner,

(1)
 Kelly Chibale,

(1,2)
 Leslie Street,

(1)
 Renier van der Westhuyzen,

(1)
 Garreth 

Morgans,
(3)

 Atica Moosa,
(2)

 Digby Warner,
(2)

 Helena Boshoff,
(4)

 Clifton Barry, 3rd,
(4)

 C. John Harris,
(5)

 Richard Gordon
(6)

 
 
1) Department of Chemistry, University of Cape Town, Rondebosch 7701, South Africa 
2) Institute of Infectious Disease and Molecular Medicine, University of Cape Town, Rondebosch 7701, South Africa 
3) iThemba Pharmaceuticals, Modderfontein 1609, South Africa 
4) Tuberculosis Research Section, Laboratory of Clinical Infectious Diseases, National Institute of Allergy and Infectious 
5) BioFocus Founder and Scientific Advisor, Lydith, High Street 
6) Strategic Health Innovation Partnerships (SHIP), South African Medical Research Council, Parow Valley, South Africa 

 
Tuberculosis (TB) is the second leading cause of death from a single infectious agent after HIV. According to the World Health 

Organization 2013 report, it is estimated that there were 8.6 million new TB cases and 1.3 million lives were lost to the disease in 
2012.

[1]
 There is no universally effective vaccine against infection by Mycobacterium tuberculosis (Mtb), the causative pathogen,

[2]
 and 

an estimated one-third of the world’s population already harbours latent TB, rendering eradication near impossible.
[3]

 First-line TB 
chemotherapy involves the use of four drugs (rifampicin, isoniazid, ethambutol, and pyrazinamide) administered over a 2 month 
intensive phase, followed by a further 4 month continuation phase using only rifampicin and isoniazid.

[4]
 Limitations to the current 

regimen due to a range of adverse side-effects and prolonged treatment time has led to non-compliance in patients, inevitably resulting 
in resistant forms of the disease and patient relapse. Therefore, there is an immediate need both for more effective and faster acting 
new therapies with novel mechanisms of action to simplify or replace the existing drug cocktails required for TB 
treatment. Aiding this goal is a shift in the paradigm of TB drug discovery with many pharmaceutical companies 
and academia exploring collaborative models by adopting an open source philosophy of conducting early-stage 
TB drug discovery research in order to address the need for new TB drugs.

[5]
  

With the intention of finding novel starting points for TB drug discovery, a BioFocus DPI SoftFocus library of 
35,000 compounds was subjected to whole cell based high-throughput screening against virulent Mtb H37Rv at 
the National Institute of Allergy and Infectious Disease (NIAID, Washington, USA). Whole-cell active compounds 
were selected from the screens using several criteria, including potency, intellectual property and chemical-
structural properties. One of the libraries identified was a novel aminopyrazolo[1,5-a]pyrimidine hit series (see 
Figure). Following triaging and hit validation, a hit-to-lead medicinal chemistry campaign was initiated. The 
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synthesis and structure activity relationship studies identified compounds with potent antimycobacterial activity. The series was also 
profiled for in vitro cytotoxicity and physicochemical properties. This poster will present data for H2L medicinal chemistry progression of 
the aminopyrazolo[1,5-a]pyrimidine hit series. 
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Cannabinoid receptor ligands are potential candidates for the therapy of chronic pain, neuroinflammatory diseases, cancer and 

obesity. In preceding studies the relevance and structure–activity relationships (SAR) of pyrazole derivatives have been consolidated and 
clarified, and in the process three series of tricyclic compounds as 1,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,2-c]pyrazoles, 4,5-dihydro-
1H-benzo[g]indazoles and 1,4-dihydroindeno[1,2-c]pyrazoles emerged as potent cannabinoid receptor ligands. In the present study five 
new series of 1,4-dihydroindeno[1,2-c]pyrazole and 1H-benzo[g]indazole carboxamides containing a cyclopropyl, cyclopentyl or 
cycloexyl substituent were designed and synthesized to evaluate their affinities towards CB1 and CB2 receptors. Among these 
derivatives, compound 38Am exhibits a high affinity for CB2 receptor (Ki = 4.48 nM) together with remarkable selectivity (KiCB1/KiCB1 = 
2232). It is interesting to note that compound 3Am shows antagonist activity in an in vitro neuroinflammatory test. Unexpectedly, 
compound 38Aa possesses an agonistic biological profile. 
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Neuronal nicotinic acetylcholine receptors (nAChRs), activated by the 

endogenous neurotransmitter acetylcholine and the natural alkaloid nicotine, 
emerged as important target in drug discovery. Among the plethora of 
different nAChR subtypes, the most abundant in the central nervous system 

(CNS) are the 42 and the 7 receptors.
[1]

 Since the different nAChRs possess 
distinctive biophysical, pharmacological and physiological properties, the 
selective modulation of each subtype represents an intriguing challenge for 
the development of new drugs for the treatment of different disorders of the 
CNS. The aim of this study was to prepare various 3,6-
diazabicyclo[3.1.1]heptanes related to I

[2]
 in which the pyridine ring has been 

modulated by the introduction of halogens (X) or aryl substituents in position 3 in order to investigate their effect on 42 and 7 nAChR 
affinity and selectivity. In the poster, we reported the synthesis and structure–activity relationship (SAR) studies of new 3,6-
diazabicyclo[3.1.1]heptane derivatives. 
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A series of tricyclic pyrazoles of general structure 1 was described as ligands for cannabinoid receptors. On the basis of preliminary 

SAR study, two derivatives (1Aa and 1Bb) were identified as leads.
[1]

 To further investigate the relevance of these tricyclic compounds in 
the development of novel CB2 ligands with improved pharmacological profiles, we have recently oriented our focus on the replacement 
of the benzene ring in the indenopyrazole-based compounds 1Aa and 1Bb with a ring-fused thiophene moiety to obtain a 
dihydrothienocyclopentapyrazole scaffold as illustrated in the figure. 

 

 
 

A novel series of tricyclic thieno-pyrazole-based derivatives was synthesized and evaluated for CB1/CB2 receptors affinity. The major 
term, the 6-methyl-1-(1,4-dichlorophenyl)-N-piperidinyl)-1,4-dihydrothieno[2’,3’-4,5]cyclopenta[1,2-c]pyrazole-3-carboxamide (2Aa), 
displayed a high affinity and good selectivity for CB2 receptors (Ki values of 2.30 nM and 440 nM for CB2 and CB1 receptors, 
respectively). Subsequent analogue preparation resulted in the identification of compounds that showed 1.3- to 485-fold CB2 selectivity 
with potencies in the 1.1–7.2 nM range. These compounds profiled as full agonists at CB2 receptor in an inhibition assay of pERK1/2 up 
regulation in HL-60 cells. Details of the syntheses and biological data will be shown during poster presentation. 
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The mitochondrial form of branched-chain aminotransferase (BCATm) is a key metabolic enzyme, which plays an important role in 

protein synthesis and protein degradation. Recently, BCATm has been linked to obesity in knock-out animals.
[1]

 To date, potent small-
molecule BCATm inhibitors have not been reported, although there are some reports of inhibitors of the related cytosolic form of the 
enzyme, BCATc.

[2]
 Thus, BCATm inhibitors represent a novel approach to understand the underlying pharmacology and its potential link 

with weight loss. Fragment screening of BCATm using a combination 
of biochemical and biophysical assays (Thermal melt, STD-NMR) 
successfully identified a diverse set of compounds displaying a range 
of binding modes. Based on this, several series were progressed for 
optimisation. This presentation will focus on the discovery and 
optimisation of one of these fragment hits into a novel series of 
potent BCATm inhibitors (2) with encouraging in vivo activity. 
Structure-based design combined with knowledge from an HTS 
series were used to rapidly optimise the initial hit (1). Focus on 
physicochemical properties delivered high-quality molecules with 
good DMPK profiles, which showed a positive effect on branched-
chain amino acid levels in acute in vivo studies. 
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One third of the world's population is infected with Mycobacterium tuberculosis (Mtb), the causative agent of tuberculosis. The 

development of new anti-TB therapeutics is urgently needed due to the emergence of multidrug-resistant strains (MDR & XDR-TB) as 
well as the co-infection with other pathogens (e.g., VIH). A whole cell HTS with GSK two million compound collection using 
Mycobacterium bovis BCG as a surrogate of Mycobacterium tuberculosis and subsequent confirmation of the obtained hits in H37Rv was 
performed. As a result, several families with interesting antitubercular features were identified. One of them evidencing a promising 
profile (dihydrospiropiperidinethienopyrans, abbreviated as Spiros) was prioritized. Details of the profile of the initial hit, preliminary 
SAR and medicinal chemistry activities in the Spiros series will be presented. 
 
 

W001 | Molecular Modeling Studies for Barbinervic Acid, a Triterpene Isolated from Eugenia punicifolia (Myrtaceae) 
 
Monique Araújo de Brito,

(1,2)
 Kátia Gomes de Lima-Araújo,

(1)
 Ricardo de Pascual,

(2)
 Cristobal de Los Rios,

(2)
 Luis Gandía,

(2)
 Wilson da Costa 

Santos
(1,2)

 
 
1) Programa de Pós Graduação em Ciências Aplicadas a Produtos Para Saúde, Faculdade de Farmácia, Universidade Federal Fluminense, Niterói, Rio de 
Janeiro, Brasil 
2) Instituto Teofilo Hernando, Departamento de Farmacología, Universidad Autónoma de Madrid, Spain 

 
Eugenia punicifolia (myrtaceae) is a plant widely distributed in the Amazon region of the Brasil. Its popular use refers to its 

therapeutic application in hyperglycemic disorders. Recently, our studies have shown that plant extracts present some pharmacological 
effects whose mechanisms of action involve cholinergic activation. In particular, drugs with potential modulating effects on cholinergic 
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neurotransmission have great therapeutic interest, since changes in this vital physiological event are key phenomena in 
neurodegenerative diseases. We have isolated and identified the triterpene barbinervic acid in the dichlorometanic fraction of the 
E. punicifolia.

[1]
 In preliminary experiments in isolated rat organs we found that this compound exerted a renal vasodilator action, and 

that the mechanism of action probably involves the participation of the nitrergic pathway. However, the nature of the possible 
interaction of the molecule with the activation of nitric oxide (NO) needs to be better understood. To get insights on chemical and 
pharmacokinetics characteristics of barbinervic acid and to gain knowledge on interactions with nNOS enzyme, we have applied 
molecular modeling methodologies. Preliminary molecular modeling studies were useful for understanding barbinervic acid reactivity 
and demonstrated its druglikeness properties as potential nNOS inhibitor. The docking results showed the possible interactions of the 
ligand on nNOS enzyme and will be important for future structural optimizing for the compound. 
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Amido- and amino-analogues of the marine isogranulatimide alkaloid designed from a molecular modelling study were prepared in 

three steps from 2-imidazol-1-yl-1H-indol-5-ylamine. Their in vitro antiproliferative activities toward six tumor cell lines (A549, LoVo, 
MCF7, Hs683, U373 and SKMEL28) and their capacity to inhibit the checkpoint kinase 1 (Chk1) are described. 
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In a short reaction sequence of 16 steps, the macrolactone natural product (+)-Brefeldin A (BFA; 1) has been synthesized. This 

natural product exhibits extraordinary biological properties, i.e., cytostatic activity against a number of human cancer cell lines.
[1]

 As the 
action of this natural product is very unique (it blocks the protein transport from the endoplasmatic reticulum into the golgi 
apparatus),

[2]
 it has found broad application in numerous biological studies. Despite these highly interesting properties, the application 

of BFA (1) suffers from its 
low bioavailability. The 
aforementioned facts have 
made BFA (1) a perfect 
target for natural product 
synthesis. However, since 
its first synthesis by 
Wollenberg and Corey,

[3]
 

none of the known routes 
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were able to supply reasonable quantities (>25 mg) of the natural product. Herein, we present a new approach, utilizing several 
methodologies developed in our laboratories, which provides an elegant and scalable access to significant quantities of BFA (1). A 
straightforward conversion of lactone intermediate 4 into corresponding alkynol 3 catalyzed by iron(III), the formation of the 
macrocycle via ring closing alkyne metathesis (RCAM) and subsequent semihydrogenation via a trans-selective ruthenium catalyst 
represent the key steps of our synthetic strategy. This sequence of reactions provides the shortest route to BFA (1) from cheap and 
commercially available bulk chemicals by now. 
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The natural polyether ionophore antibiotics, such as salinomycin and monensin, might be important chemotherapeutic agents for 

the treatment of cancer. The polyether ionophores and their derivatives have shown potent activity against the proliferation of various 
cancer cells, including those that display multidrug resistance (MDR) and cancer stem cells (CSC).

[1–5]
 Increasing evidence shows that the 

anticancer activity of polyether ionophores may be a consequence of the induction of apoptosis leading to apoptotic cell death, 
arresting cell-cycle progression, induction of the cell oxidative stress, loss of mitochondrial membrane potential, reversion of MDR, 
synergistic anticancer effect with other anticancer drugs, etc. 

The main purpose of our research was to design and synthesize derivatives of polyether ionophores showing considerable cytotoxic 
activity against human cancer cell lines. Therefore, a series of novel derivatives of salinomycin and monensin with Cinchona alkaloids 
were synthesized using a ‘click’ chemistry approach based on the Cu(I) catalyzed Huisgen azide–alkyne cycloaddition and evaluated for 
their in vitro cytotoxicity. The obtained bioconjugates show potent antiproliferative activity against human cancer cell lines and a good 
selectivity index for a cancer versus mammalian cells. These studies show that salinomycin and monensin bioconjugates are interesting 
scaffolds for the development of novel anticancer agents. 
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Cyanobacterias represent an important source of secondary metabolites with potential use in anti-cancer and anti-bacterial therapy. 

These secondary metabolites are mostly peptides or possess peptide substructure and are products of a non-ribosomal biosynthetic 
pathway. Cyanobacteria Nodularia spumigena produces a large number of different secondary metabolites among which the most 
known and investigated are spumigins and nodularins.

[1]
 Spumigins are linear tetrapeptides and so far 8 different spumigins were 

isolated and structurally characterized.
[2]

 Spumigins are structurally very similar to the well-known aeruginosins, which are products of 
different cyanobacteria and sponges strains.

[3]
 Spumigins as well as aeruginosins in their structures mimic D-Phe-Pro-Arg sequence, 

making both potential thrombin inhibitors. We prepared analogues of spumigins where L-proline is replaced with indoline ring by which 
also 2-carboxy-6-hydroxoctahydroindole core of aeruginosins can be mimicked (see Figure). We will present novel synthetic approach 
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for preparation of optically pure aeruginosin and spumigin analogues and their biological evaluation for inhibition of serine proteases 
(e.g., thrombin and others). 
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Isoquercitrin (quercetin-3-O--D-glucopyranoside) is, together with rutin (quercetin-3-O-rutinoside), one of the major glycosidic 
forms of the natural flavonol quercetin (3,5,7,3',4'-pentahydroxyflavone). Isoquercitrin is attracting the researcher's interest due to the 
growing array of its biological activity.

[1]
 Biological activity of the compound depends also on its solubility. Isoquercitrin is poorly soluble 

in water (95mg/L).
[2]

 One of the ways leading to better solubility in water is its conversion into the hemiesters formed from dicarboxylic 
acids, such as succinic acid. This methodology was already used in the preparation of intravenous formulas of some hardly soluble 
flavonoids (e.g., Legalon Sil

TM
, silibinin bishemisuccinate). Therefore, here we report the preparation of hemiesters of isoquercitrin, 

which can be prepared using 
either classical chemical synthesis 
or enzyme-catalyzed 
esterification. Contrary to the 
chemical synthesis requiring 
three steps: protection, Steglich 
esterification

[3]
 and deprotection, 

lipase-catalyzed (Novozyme 435) 
transesterification with activated 
acyldonors (vinyl- or 
divinylesters) were used to 
prepare the corresponding esters 
in a single step (Scheme 1). 
 
 
Scheme 1. Preparation of 
hemiesters of isoquercitrin. 
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Indole alkaloids are complex natural products with a wide range of chemical 

structures and biological activities, namely cytotoxic, and anti-inflammatory. 
Tabernaemontana species (Apocynaceae), found in tropical and subtropical regions of 
the world, are able to synthesize a high content and a wide variety of indole alkaloids, 
including monoterpene indole alkaloids of the iboga-type. Several plants of this this 
genus have been used in African traditional medicine to treat tumors and cancer. 
Previously, a significant apoptosis inducing activity was found for some indole 
alkaloids isolated from the African medicinal plant Tabernaemontana elegans Stapf.

[1]
 

Further study of this species gave rise to the isolation of two monoterpene indole 
alkaloids in larger amounts (1, 2). Therefore, in order to obtain a small library of 
bioactive compounds that will allow the optimization of these structures as leads, 
twenty derivatives were prepared from 1 and 2. The molecular derivatization of these monoterpene indole alkaloids included the 
preparation of an oxime, hydrazones, semicarbazones, through the manipulation of the ketone function, alcohols and some alkanoyl 
and aroyl esters. The chemical structures of the compounds were established based on their spectroscopic data namely 1D NMR (

1
H,

13
C, 

DEPT) and 2D NMR (COSY, HMBC, HMQC, NOESY). 
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Multidrug resistance (MDR) has been pointed as one of the main causes for the failure of chemotherapy. Circumventing MDR is a 

cornerstone to chemotherapy success and patient survival. One valuable strategy to do so can be the identification of compounds that 
selectively exert a more pronounced cytotoxicity on cells with MDR phenotype than in the parental nonresistant cells from which they 
are derived. On MDR phenotypes, resistance to one cytotoxic agent can, simultaneously, confer greater sensitivity to an alternate agent, 
being this effect higher than in the parental cell line (collateral sensitivity effect).

[1,2]
 

Macrocyclic diterpenes and ent-abietane lactones, isolated from Euphorbia species, were identified as having a collateral sensitivity 
effect on MDR cell variants with different MDR phenotypes.

[3]
 In a previous work, fractionation of the methanol extract of the aerial 

parts of Euphorbia piscatoria led to the isolation of jolkinol D in large amount that allowed to build a small library of macrocyclic 
lathyrane derivatives, which were evaluated as MDR reversers through P-glycoprotein modulation.

[4]
 Herein we present the evaluation 

of eleven of these compounds, for their potential collateral sensitivity effect on parental cancer cell lines (pancreatic, EPP85-181; 
gastric, EPG85-257 and colon, HT-29) and the derived MDR sublines (one resistant to mitoxantrone and one to daunorubicin). Most of 
the compounds exhibited selectivity towards the gastric subline resistant to mitoxantrone. In addition, one of the derivatives 
demonstrated ability to target different cellular contexts with concomitant high antiproliferative activity. 
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Peloruside (1) is a polyoxygenated 16-membered macrolactone,

[1]
 which was acknowledged as a novel microtubule stabilizing agent 

in 2002.
[2] 

The exact binding location has remained unknown until the beginning of this year,
[3]

 but its potential as chemotherapeutic 
agent

[4]
 or even as new Alzheimer treatment

[5]
 was proven in the meantime. 

Our research is situated at the interface between natural product synthesis and medicinal 
chemistry. The goal of this research (which started before the binding pocket was known) is to 
explore the pharmacophores of the pyranose ring of peloruside by synthesizing simplified ring 
analogues. To this end, the chiral pool approach as well as powerful stereoselective reactions are 
used. In particular, we implemented the Mukaiyama aldol-Prins (MAP) cascade reaction

[6]
 in our 

synthesis. This reaction makes use of an aldehyde and a bisnucleophile to form a tetrahydropyran 
ring and three stereogenic centers at the same time. In this poster, the progress concerning the 
synthesis of the analogues is presented. 
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Psychoactive mushrooms have been used by humans in religious ceremonies for thousands of years. Nowadays mushrooms of the 

genus Psilocybe have been consumed by many young people to induce the psychedelic effect because of possessing some tryptamine 
alkaloids like psilocybin and psilocin (isolated and identified by Hofmann in 1958).

[1]
 This two compounds are under restriction in many 

countries. However, some medicines include active pharmaceutical ingredients which contain tryptamine group derivatives. Psilocin is a 
serotonin agonist—psilocybin/psilocin caused effects are thought to be mediated mainly by activation of 5-HT2A receptor. Ligands for 
the 5-HT2A receptor may be extremely useful tools for future cognitive neuroscience research.

[2]
 

Alkaloids isolated from psylocybin mushrooms are tryptophan derivatives formed through decarboxylation, indole ring 
hydroxylation at position 4, and N-methylation through the activity of S-adenosylmethionine and O-phosphorylation.

[3]
 Indoles are 

probably the most widely distributed heterocyclic compounds in nature having medicinal importance.
[4]

 The efficient methodologies 
resulting in polycyclic structures from biologically active heterocyclic templates are always of interest to both organic and medicinal 
chemists. For these reasons, we found it very interesting, to search for indole alkaloids as well as other bioactive compounds in 
mushrooms with hallucinogenic properties. 
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With the help of gas chromatography–mass spectrometry (GC–MS) and thin layer chromatography techniques (TLC), 30 species of 
basidiomycetous fungi from Poland belonging to 12 genera were analyzed for the hallucinogenic compounds. We found that Psilocybe 
semilanceata, Psilocybe subcubensis, Pholiotina cyanopus, Pluteus salicinus, Panaeolus cinctulus and Psilocybe serbica possess psilocin, 
by using GC–MS technique. The investigations with the help of liquid chromatography–mass spectrometry (LC–MS) revealed also the 
aeruginascin, in some of studied mushroom species, as well as bufotenin, baeocystin, norbaeocystin and bis-noryangonin. 
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The increased life expectancy has significantly raised morbidity and mortality due to post-menopausal endocrine-related diseases 

such as coronary heart disease (CHD) and osteoporosis. Osteoporosis results from an imbalance between bone formation and bone 
resorption. Hormone replacement therapy (HRT) with estrogen and selective estrogen receptor modulators (SERMs, e.g., raloxifene) are 
commonly used in the prevention and treatment of osteoporosis. However, exogenous estrogen treatment increases breast and uterine 
cancer risk, whereas raloxifene is proved to be less effective in preventing osteoporosis compared to HRT. The aim of this work is to 
develop new synthetic compounds effective in preventing osteoporosis with low breast and uterine cancer risk. Based on our previous 
research we designed and synthesized a series of flavonoid derivatives in order to evaluate them as potent SERMs. The series included 
12 prenylated analogues of deoxybenzoins and isoflavones, 20 chalcones and 16 diarylopropane derivatives. The aforementioned 
compounds were fully characterized by spectroscopic methods and evaluated in vitro with regard to: 1) their potential to promote 
differentiation of MC3T3-E1 cells to osteoblasts, 2) their estrogenic–antiestrogenic properties and 3) their potential to prevent oxidative 
stress-induced neuronal cell demise. The combined biological results obtained, indicated that several deoxybenzoin, isoflavone and 
chalcone derivatives could be considered as potentially effective in preventing and treating osteoporosis. 
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Tyrosinase is a multifunctional copper-containing enzyme, playing a key role in melanin biosynthesis catalyzing the oxidation of 

phenol to o-quinone in the early stage of melanisation in animals. Moreover, the presence of the oxidation products of L-tyrosine has 
been linked to the demise of neurons in Parkinson’s disease. Tyrosinase inhibitors can be useful for the treatment of some 
dermatological disorders associated with melanin hyperpigmentation whereas the study of tyrosinase activity is clearly important for 
the development of therapeutic agents concerning neurodegenerative disorders. The aim of this work was to develop lead compounds 
by investigating the structural requirements for optimal tyrosinase inhibition using molecular simulation studies. Previous in silico 
evaluation, using crystallographic structures of tyrosinase in complex with known inhibitors and compounds from our in-house library, 
combined with in vitro evaluation of tyrosinase inhibition using L-DOPA as a substrate, showed that dihydrostilbene analogues exhibited 
strong anti-tyrosinase activity.

[1]
 These results encouraged us to proceed to the design and synthesis of new analogues in order to get a 

better insight to the stereoelectronic features for optimal activity. Based on in silico studies, a number of stilbene acids, dihydrostilbene 
acids, chalcones and diarylopropanes were designed, synthesized and fully characterized by spectroscopic methods. In the case of 
diarylopropanes, the in vitro evaluation results were in accordance with the in silico prediction, as one of these analogues showed 
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higher activity than that of the known inhibitor kojic acid. Surprisingly, most of the stilbene and dihydrostilbene acids revealed strong 
tyrosinase enhancement rather than inhibition and since that tyrosinase is one of the essential enzymes to produce dopamine, the 
aforementioned compounds could be proved promising therapeutic agents for the treatment of Parkinson disease.

[2]
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Prodigiosins are a well-known group of alkaloids with important pharmacological properties isolated from terrestrial as well as 

marine sources, which display a common tripyrrolic skeleton responsible for their typical red colour.
[1]

 Among them streptorubin B (1), 
metacycloprodiginine (2), prodigiosin R1 (3) and the related roseophillin (4) have been extensively studied and most of their 
enantiosyntheses concluded in the XXI century (see Figure).

[2]
 Compound 1 presents a 7-membered ansa attached to pyrrole C, which 

leads to the presence of atropisomers (anti-1A and syn-1B) with a sizable energy for their interconversion (ca. 20.5 kcal mol
–1

) easily 
distinguished by their physical 
properties (

1
H NMR, 

13
C NMR, 

HPLC).
[3]

 For the other three 
alkaloids, 2,

[4]
 3

[5]
 and 4,

[6]
 with ansa 

rings with larger numbers of atoms 
and thus more flexible, this 
phenomena is not apparent. The 
physical data, especially the optical 
rotation (OR) and ECD on the 
alkaloids will be interpreted in 
terms of their 3D structures and 
absolute configuration by using OR 
and ECD computational simulations 
and structural modelling. The case 
of compound 1 will be discussed in 
terms of its atropisomerism and 
related chiroptical data

[7]
 and 

compared with data from 2 to 4. 
Indeed such computational 
spectroscopy has not hitherto been 
applied to the prodigiosin class. In 
particular, we wanted to establish 
the relative contributions to the chiroptical responses of the stereogenic centre and the atropisomer. In fact, the p-facial response of 
the atropisomers by far dominates the chiroptical effects (the atropisomer is defined by which face of the pyrrole ring is presented to 
the enforced proximity of the alkyl ring) and where atropisomerism is a dynamic phenomenon, with a non-equilibrium population of 
atropisomers, the chiroptical responses are likely to vary with time, concentration and temperature. 
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The serine/threonine kinase ROCK plays a key role in various cellular functions, via the phosphorylation of myosin light chain (MLC). 

Inhibition of ROCK induces several effects of pharmacological interest, such as relaxation of vascular smooth muscles or anti-
inflammatory effects. A well-known side-effect, resulting from systemic exposure to ROCK inhibitors, is a marked decrease in blood 
pressure, limiting their usefulness for the systemic treatment of non-cardiovascular indications. When used topically, for instance as eye 
drops, the most common side effect is hyperemia (redness of the eye). 

Recently, we reported the synthesis and in vivo proof of concept of soft ROCK inhibitors for the treatment of glaucoma. It involved 
the introduction of a functional group allowing rapid inactivation of the inhibitor upon leaving the target organ. This was achieved by 
introducing ester-containing side chains, which can be hydrolyzed by plasma/blood esterases, leading to predefined functionally 
inactive metabolites. 

As we felt there still was room for improvement, an optimization program was initiated, focusing on maximizing the potency, while 
maintaining the plasma instability (required for the compounds to be locally active). In this poster, we present the rational design, 
synthesis and biological evaluation of a third-generation of soft ROCK inhibitors (the 2nd generation is being discussed in an 
accompanying poster), which combine increased potency with plasma instability. A number of analogues have been synthesized by 
variations in the scaffold and/or ester side chain. 

All tested compounds show single-digit nanomolar ROCK activity, with the best candidates having sub-nanomolar IC50 values and 
EC50 values below 50 nM. The compounds’ stability was assessed in rabbit aqueous humor and in human plasma, to verify their 
‘softness’. 

In summary, we have successfully developed a 3rd generation series of locally acting ROCK inhibitors, exhibiting low nanomolar on-
target activity as well as single-digit functional activity. As the compounds possess the inherent property of rapid inactivation upon 
leaving the target organ, limited or no side effects are anticipated. 
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Based on previous topoisomerase II docking studies of naphthoquinone 

derivatives,
[1,2]

 a series of naphthoquinone–coumarin conjugates were designed 
and synthesized through a multicomponent reaction from aromatic aldehydes, 4-
hydroxycoumarin and 2-hydroxy-naphthoquinone. The hybrid structures were 

evaluated against the α isoform of human topoisomerase II (hTopoII).
[3]

 Molecular 

docking studies and hTopoII-dependent plasmid relaxation assays revealed which 
were the best naphthoquinone–coumarin conjugates and strongly pointed out that 

the catalytic mode of inhibition is related to the hTopoII ATP-binding site. 
Naphthoquinone–coumarin showed better interactions than our previous 
naphthoquinone in docking models; besides the p–cation interaction, it shows an 
additional hydrogen bonding interaction through the carbonyl of the coumarin 
nucleus and also hydrophobic interactions between the non-fused aromatic ring 
and several residues. 
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Crystal engineering, the rational design of functional molecular solids, may be defined as “the understanding of intermolecular 

interactions in the context of crystal packing and the use of such interactions in the design of new solids with the desired physical and 
chemical properties”. It is relevant in a very wide range of areas, and it has gained a particular interest in the pharmaceutical field where 
the development of new crystal forms of active pharmaceutical ingredients (API) has attracted much attention over the last years. The 
importance of developing new forms is directly related with their different physicochemical properties and performance. Crystalline 
APIs can exist in a variety of forms, including polymorphs, solvates, hydrates, salts, co-crystals and adducts. Each of these forms displays 
unique physicochemical properties that can deeply influence solubility, dissolution profile, bioavailability, manufacturability, 
purification, temperature and humidity stability, hygroscopicity, as well as other performance characteristics of the drug.

[1]
 We have 

successfully explored several API solving mainly stability and solubility issues, from which gabapentin
[2]

 and gabapentin-lactam
[3]

 as well 
as azelaic acid revealed the most promising results. 

Also relevant in the field are metallodrugs and metallopharmaceuticals from which are worth mentioning the silver nitrate and 
nickel chloride metal–organic derivatives with the antibiotic 4-aminosalicylic acid and the nootropic piracetam,

[4]
 and the gabapentin–

lanthanides coordination networks 
[5]

 prepared by us. But indeed our most relevant work in this area was the rapid, efficient, and 
selective synthesis by mechanochemistry of bismuth subsalicylate, and also of two other bismuth salicylates, directly from Bi2O3, 
revealing the first crystal structure of a bismuth salicylate without auxiliary ligands.

[6]
 

More recently, we are developing bio-inspired metal–organic frameworks for controlled drug release. Even though this type of 
compounds is usually synthesized by solvothermal methods, we are obtaining interesting results with mechanochemistry. Just as an 
example, we have synthesized a dapsone–nickel compound whose crystal structure solution from ESRF data is currently being 
attempted.  
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Benzodiazepines are frequently prescribed to treat symptoms of panic anxiety. Since there is no well established animal model of 

panic disorder, the anti-panic effect of benzodiazepines has essentially been seen in patients with panic disorder and also in healthy 
volunteers with experimental panic induced by systemic injections of cholecystokinin-tetrapeptide (CCK-4). We sought to develop a 
similar model in rats based on the injection of panicogenic drugs (CCK-4 and Yohimbine) and demonstrate the effect of a 
benzodiazepine (diazepam) at anxiolytic doses in preventing panic anxiety. 
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First, 1–3mg/kg diazepam were found to be anxiolytic in the mouse elevated plus maze (EPM) and mouse light–dark box tests. 
However, doses of diazepam greater than 1 mg/kg were associated with significant sedation in the mouse open-field test and the dose 
of 3 mg/kg affected motor coordination in the mouse rotarod test. In the rat EPM, diazepam showed an anxiolytic effect at 1 mg/kg but 
its effect was dramatically compromised at higher doses as a consequence of diazepam-induced sedation. This suggests that the 
therapeutic window of diazepam is very tight, especially in rat. Second, the panicogenic effect of CCK-4 (0.1–0.3 mg/kg) was shown in 
the rat EPM by a dramatic increase in the anxiety status beyond the level seen in naïve rats. CCK-4–induced panic anxiety behavior was 
fully reversed by an anxiolytic dose of diazepam (1 mg/kg). A similar pattern of results was observed when using Yohimbine as the 
panicogenic drug. 

The above results suggest that an anxiolytic dose of diazepam without sedative and proprioceptive side effects is effective against 
experimental panic induced in the rat by systemic injection of CCK-4 or Yohimbine; and these models are instrumental in the screening 
of potential drugs effective in the treatment of panic anxiety. 
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Cholinergic and glutamatergic systems have been implicated in cognitive dysfunction of psychiatric disorders such as Alzheimer’s 

disease and schizophrenia. In the present study, modulation of cognitive function and behavioral change induced by disruption of 
cholinergic and glutamatergic pathways were investigated in mice. Cognitive function was assessed by level of spontaneous alternation 
of mice in the T-maze. The effect of the cognitive enhancing drug, donepezil (Aricept®, an acetylcholinesterase inhibitor), was also 
assessed. 

Results showed that scopolamine (muscarinic receptor antagonist), methyllycaconitine (alpha 7 nicotinic receptor antagonist), MK-
801 and phencyclidine (non-competitive NMDA receptor antagonists) induce cognitive dysfunction in mice as shown by a decrease in 
their spontaneous alternation in the T-maze. In addition, all these disruptor agents produced significant decrease in the time taken to 
complete the T-maze task, which suggests hypermobility of mice. Donepezil treatment reversed the cognitive dysfunction without 
significant impact on the time to task completion. 

It is concluded that disruption of cholinergic and glutamatergic systems mediate cognitive dysfunction as well as hypermobility in 
mice. The fact that donepezil improves only the cognitive deficit suggests that cognitive impairment is not a consequence of 
drug−induced hypermobility. 
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Type 2 diabetes (T2DM), a non-insulin-dependent diabetes mellitus, is characterized by high blood glucose that caused by insulin 

resistance or insufficient insulin secretion. Glucose-dependent insulinotropic polypeptide (GIP) as glucagon-like peptide 1 (GLP-1) are 
incretin hormones, secreted from enteroendocrine cells in response to nutrients entering the gut, which contribute to the increase of 
insulin secretion. However, GLP-1 and GIP are rapidly truncated by dipeptidyl peptidase IV (DPP-IV) and lose their function. Thus, 
inhibition of DPP-IV could control glucose level and, as a result, DPP-IV inhibitors became a major therapeutic for T2D. Peptide GLP-1 
receptor agonists, as exenatide and liraglutide, are approved medicines for the treatment of T2DM. Their therapeutic success has led to 
efforts aimed at developing orally available small molecules. Little attention has been paid to the physiology and pharmacological 
potential of GIP as it has shown minimal effects in T2D. However, the lipogenic role of GIP in animal models suggests that using this 
peptide in the treatment of T2D may have the unwanted effect of increasing body weight gain as GIP also stimulate the synthesis and 
secretion of lipoprotein lipase. 

In that context, we focused our research on developing 
new GIP agonists or antagonist. In fact, GIP receptor 
agonists can be used to enhance insulin secretion whereas 
antagonists should permit a decrease in lipidic storage in 
obese subjects.

[1,2]
 On the basis of the structural model of 

GIPR/ ligand association,
[3]

 docking studies permitted to 
define scaffolds mimicking the peptidic fragment 
responsible for the receptor GIP activation. Among the 
different structures evaluated, the molecular scaffold 4-oxo-1,4-dihydro-quinolone seemed promising; it has also the advantage of rapid 
structural diversity in order to gain access to a focused and selected library of compounds. The synthetic routes to elaborate some of 
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the families of the dihydroquinolone derivatives conceived through docking studies will be presented as also the first biological results 
showing compounds with agonist or antagonist activities. 
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Autotaxin (ATX, NPP2), an ectonucleotide pyrophosphatase/phosphodiesterase family member, is a secreted enzyme that exhibits 

lysophospholipase D activity, converting lysophosphatidylcholine (LPC) into lysophosphatidic acid (LPA). The bioactive mediator LPA 
stimulates a number of cellular functions, such as proliferation, migration, invasion and survival, by activating G protein-coupled 
receptors located in the cell membrane. Increasing evidence suggests that ATX plays a major role in cancer pathogenesis and many 
inflammatory conditions, since an aberrant or high expression of ATX and LPA receptors has been found in diverse cancer cell types and 
inflamed tissues. On this basis, ATX is a very attractive drug target for cancer and various inflammatory diseases treatment.

[1,2]
 Potent 

and selective ATX inhibitors or LPA antagonists can suppress LPA generation; hence, they could prevent tumorigenesis and metastasis, 
and reduce inflammatory response. So far, various categories of structurally 
diverse molecules have been reported to inhibit ATX.

[1,2]
 Among them, the 

lipid-mimetic phosphonate compound S32826 is a potent inhibitor, with an 
IC50 value of 5.6 nM (LPC assay).

[3]
 Despite the high inhibition potency of this 

compound in cellular models as well, its poor in vivo stability and/or 
bioavailability did not permit further use in animal models. Herein, we 
report the design and synthesis of new lipid-mimetic analogues of general structure 1, bearing a phosphonate terminal group. Lipid 
amides 1 were tested for their inhibitory activity against ATX, and it was found that they exhibited considerable activity, with IC50 values 
ranging from 1–10 μM (LPC assay). 
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In order to investigate the effects microbial phytase in broilers fed diets containing different phosphorus levels on serum calcium 

(Ca) and phosphorus (P) levels and alkaline phosphatase (ALP) activities, a total of 144 one-day old chicks were used. The study was 
designed as a 3×2 factorial arrangement with three levels of nonphytate phosphorus (nPP) (0.18, 0.30 and 0.45 %), and two levels of 
phytase (0 and 600 U/kg diet). Blood samples were collected from 5 broilers in each group on day 21 and 42 and analyzed for serum Ca 
and Pi levels and ALP activities. Phytase supplementation increased serum Ca concentrations only between 0-21 days (<0.05), but there 
were no differences between groups for serum Ca concentrations for 22–42 days. Serum P concentrations were increased depending on 
dietary P levels. When it was compared to unsupplemented groups, phytase supplementation significantly increased serum P 
concentrations during the experiment. Serum ALP activities were significantly decreased by the increase in the dietary P levels. The 
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phytase supplementation decreased serum ALP activity and this decrease was greater in lowest P diet (<0.05). As aresult, the phytase 
addition increased serum P levels and decreased ALP activities in lower phosphorus levels. 
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There has been a shortage of high-affinity radioligands for the investigation of the human histamine H2 receptor (hH2R). With N-[6-

(3,4-dioxo-2-{3-[3-(piperidin-1-ylmethyl)phenoxy]-propylamino}cyclobut-1-enylamino)hexyl]-[2,3-
3
H2]propionamide ([

3
H]UR-DE257), 

which is chemically derived from BMY25368,
[1]

 we synthesized and characterized a conveniently accessible tritium-labeled radioligand 
for the hH2R. [

3
H]UR-DE257 is an hH2R antagonist (KB=38 nM) in the GTPase assay. [

3
H]UR-DE257 has a high specific activity (63 

Ci/mmol), binds with a KD value of 31 nM and 20 nM (determined from saturation binding and kinetic experiments, respectively) and 
shows high selectivity for hH2R over the other histamine receptor subtypes. Antagonist activities and selectivities of the unlabeled form, 
UR-DE257, were determined in binding (hH1R: Ki >10000 nM; hH2R: Ki =28 nM; hH3R: Ki =3800 nM: hH4R: Ki >10000 nM) and functional 

assays, e.g., in GTPase assays (hH1R: KB >10000 nM; hH3R: KB =848 nM; inverse agonism, α=0.46; hH4R: KB >5000 nM), using membrane 
preparations of Sf9 insect cells, expressing the respective hHxR subtype. 

In continuation of this work, we synthesized H2R antagonists based on UR-DE257, tiotidine, ICI 127032 and iodoaminopotentidine. 
Taking into account the characteristic structural features of H2R antagonists, the synthesized compounds were composed of an 
(hetero)aromatic portion (piperidinomethylphenoxy or guanidinothiazole moiety) linked to an urea equivalent (squaramide or 
cyanoguanidine) by a flexible chain or a rigid aromatic linker. In the design of these compounds, access to a tritium-labeled form was 
considered by analogy with the strategy used for the preparation of [

3
H]UR-DE257: acylation of an amine precursor with succinimidyl 

[2,3-
3
H2]propionate proved to be a convenient and affordable procedure.

[2,3]
 The unlabeled ligands as well as the amine precursors were 

investigated for antagonism in GTPγS assays using membranes of Sf9 cells expressing H2R-GsαS fusion proteins. In addition, radioligand 
binding assays were performed and receptor subtype selectivities were determined. 
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In this work the biological activity of some new benzimidazole-4,7-diones was evaluated. These new compounds were researched as 

potential bioreductive agents specific for hypoxic environment in tumor cells. The main aim was concerned with establishing their 
cytotoxic properties by using proliferation, apoptosis and DNA destruction tests into selected tumor cells. Additionally, a sensitive 
analytical method to study the stability of new series of tested heterocyclic compounds, the 
benzimidazole-4,7-diones and N-oxide benzimidazole-4,7-dione derivatives was established 
and validated. At this point we were concerned with establishing their stability in some specific 
environments for further biological tests. For that, we developed and validated an RP-UPLC 
method.

[1–4]
 

Isocratic system consisting of a mixture of acetonitrile and ammonium formate buffer 
30:70 v/v, pH 2.4 was used for study the stability of some benzimidazole-4,7-dione and 
N-oxide benzimidazole-4,7-dione derivatives in a few solvent environments. Their cytotoxic 
effect on the human lung adenocarcinoma A549 cells line was determined by WST-1 test. Next 
the cytotoxic way of tumor cells death has been determined by caspase 3/7 test. The last point 
referred to DNA destruction of A549 cells and test in situ DNA Assay Kit was applied. The 
established analytical method allowed us to study the stability of compounds in some specific 
environments. The compounds were stable in all the solvents, as shown by the high half-
lifetime. This information was very useful for our further biological studies with cancer cell 
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lines, in which potential bioreductive prodrugs (such as the ones developed in this research work) were tested. Three of the examined 
compounds (1a, 2c, 1c) show a very good antiproliferative effect and three of them are specific for hypoxia conditions (2b, 2a, 2d). 

The most cytotoxic feature possesses compound 2b. Its hypoxia/normoxia 
cytotoxic coefficient (4.31) is close to tirapazamine’s hypoxia/normoxia 
coefficient (4.61). The screening test of the caspase-dependent apoptosis 
proved that the exposure of benzimidazole-4,7-diones against A549 cells in 
hypoxia promotes apoptotic cell death. Additionally, the test of the DNA 
damage established that benzimidazole-4,7-diones can be potential hypoxia-
selective agents for tumor cells. 
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The serine/threonine protein kinase ROCK plays an important role in numerous cellular functions, 

including smooth muscle cell contraction, cell proliferation, adhesion and migration. Consequently, 
ROCK inhibitors are of potential interest for the treatment of multiple indications including 
cardiovascular diseases, inflammatory and autoimmune diseases or eye diseases. However, systemic 
inhibition of ROCK leads to strong biological effects, which are considered side effects for the 
treatment of most diseases. Therefore, the development of locally acting ROCK inhibitors, which are 
designed to be rapidly inactivated once they enter the systemic circulation, might represent an 
attractive therapeutic approach. 

We have recently reported a new series of soft ROCK inhibitors,
[1]

 structurally related to Y-27632, 
which contain ester functions allowing their rapid hydrolysis by esterases and resulting in a 
functionally inactive metabolite. A first in vivo proof of concept illustrating the potential of soft ROCK 
inhibitors as IOP-lowering agents with reduced hyperemia was also presented. 

In a continuing effort to further improve this compound series, docking studies showed that a 
magnesium-binding site and solvent-exposed cleft located nearby the glycine-rich loop in ROCK might 
provide good opportunities for additional interactions (H-bond, π–π). In order to verify this 
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assumption, over 100 compounds have been synthesized and evaluated. These compounds have been prepared in ca. 8–10 steps, 
starting from the commercially available 3-bromo-4-methylbenzoic acid. In this poster, we report both on-target activity against ROCK 
and functional activity in a (cellular) MLC phosphorylation assay for a selection of compounds. 
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The nuclear receptor REV-ERBplays an important role in modulation of circadian rhythms through transcriptional repression of 
target genes.

[1]
 It is known that inflammation is subject to circadian oscillations, and dysregulation in these pathways leads to 

inflammatory diseases. However, the development of synthetic ligands for therapeutic exploitation of REV-ERBin human 
inflammatory disease is still in its early stages. 

Synthetic ligand GSK4112 is a REV-ERBagonist found to suppress IL-6 production from human myelomonocytic cells (THP-1) 
following LPS stimulation,

[2]
 suggesting a possible mechanism by which the circadian clock regulates inflammatory response. In vivo 

studies with this compound had limited success due to poor pharmacokinetic properties. It also showed activity towards LXRwhich is 
also involved in regulation of inflammatory response. Due to these liabilities, which limited the validation of these compounds in vivo, 

we prepared a series of novel REV-ERBagonists based on GSK4112 optimised for potency, selectivity and bioavailability. 

This poster will describe the discovery of synthetic REV-ERBagonists GSK2945, GSK0999, GSK5072 and GSK2667, demonstrating 

their ability to repress BMAL and IL-6 expression from human THP-1 cells and showing excellent selectivity over LXRand improved 
DMPK properties.

[2]
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Systemic lupus erythematosus (SLE) is a systemic multi-organ autoimmune disorder characterized by chronic inflammation. The role 

of estrogens in the pathogenesis of SLE is based on several lines of evidence: 1) SLE occurs in women in 90 % of adult cases; 2) the 
incidence increases after puberty and diminishes after menopause, with the severity of the disease being dependent on the menstrual 
cycle or pregnancy; 3) in SLE patients the estrogen/androgen ratio is above normal levels; and 4) an abnormal metabolism of sex 
hormones was observed in SLE patients, with an increase in the production of 16-alpha-hydroxyestrone and decreased excretion of  
2-OH-estrogens.

[1]
 However, the mechanisms of estrogen-induced SLE are not clear and this uncertainty accounts for the lack of suitable 

biomarkers. 
Upon bioactivation, estrone is hydroxylated at position C-16, yielding 16-alpha-hydroxyestrone. This metabolite has been shown to 

react with lysine residues of albumin (via Heyns-type rearrangement), histones, and erythrocyte and lymphocyte membrane proteins, 
both in vitro and in SLE patients.

[3–5]
 Given the potential role of protein adducts as biomarkers of exposure, and with the ultimate goal of 

preparing reliable biomarker standards, we report herein the synthesis and structural characterization of covalent adducts formed with 
amino acids (e.g., lysine, ethyl valinate) and proteins (e.g., hemoglobin and histones) upon reaction with 16-alpha-hydroxyestrone (see 
Scheme). 
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The p53 tumor suppressor protein is one of the major regulators of cell proliferation and death. Therefore, p53 is considered a key 

protein in cancer development. The activity and stability of p53 are regulated by the endogenous negative regulator, MDM2. Hence the 
discovery of inhibitors of p53–MDM2 interaction is considered a promising strategy for cancer treatment.

[1]
 Chalcones represent an 

outstanding class of plant secondary metabolites, which have long been recognized for their pharmacological properties, being the 
antitumor activity one of the most extensively studied. Previous studies from our research group have shown potent growth inhibitory 
effects of several prenylchalcones against distinct human tumor cell lines.

[2]
 Taking this in consideration, and with the objective of 

obtaining chalcones with potential antitumor activity by interfering with the p53–MDM2 interaction, several prenylchalcones were 
synthesized using the chalcone as building block with prenyl bromide in presence of tetrabutylammonium hydroxide at room 
temperature. Structure elucidation was performed by NMR techniques (

1
H NMR, 

13
C NMR, HSQC and HMBC). The effect of the 

synthesized chalcones on the p53–MDM2 interaction was evaluated using a yeast-based assay, consisting of Saccharomyces cerevisae 
cells co-expressing human p53 and MDM2, as described previously.

[3]
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Hydrazone derivatives constitute a class of compounds intensively investigated as target for drug development. Experimental and 

preclinical models demonstrated that a number of these compounds elicited outstanding anticancer activity through a range of 
biological activities implicated with the development and maintenance of tumor cells. Recently, 
we have reported the synthesis and in vitro antitumor activity of various heterocyclic 
acylhydrazone derivatives. Several of tested compounds exhibited in vitro excellent 
antiproliferative effect against the NCI full panel cell lines, showing low micromolar to nanomolar 
GI50 inhibitory values, and no sign of acute toxicity in athymic nudes mice.

[1]
 In a previous study, 

we reported some arylidenehydrazinopyrimidines endowed with inhibitory effects on the growth 
of a wide range of cancer cell lines generally at 10

−5
 M to 10

−7
 M concentrations.

[2]
 Within the 

context of our research program, we designed new 2-(arylidenehydrazino)pyrrole derivatives in 
order to be evaluated as potential antitumor agents (see Figure). The synthesis of a series of 
these compounds, results of the in vitro antiproliferative activity, and initial SAR study are 
discussed. 
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Cancer is the second cause of death in USA and this term represents a group of diseases characterized by an untypical growth of 

cells in different tissues.
[1]

 The treatment is based on use of one or more drugs able to interfere at cell division cycle.
[2]

 Among these 
chemotherapies, those who interrupt the microtubules dynamic, like vincristine and paclitaxel, were demonstrated to have high efficacy 
in treatment of several tumors. Therefore, compounds able to inhibit tubulin polymerization are considered a promise cytotoxic agent 
with potential antitumor activity.

[3,4]
 

Based on combretastatin A4 (CA-4), a natural stilbene isolated from Combretum caffrum, that binds to the colchicine domain on  

-tubulin and acts as anti-microtubule agent, a congener series of N-acylhydrazone derivatives were designed as CA4 analogues. Herein, 
we describe the docking studies, the synthesis and the antiproliferative activity against different human tumor cell lines (HL-60, SF295, 
MDA-MB435, HCT-8, PC3M, OVCAR-8 and NCI-H358M) of these N-acylhydrazone derivatives. The main structural requirements 

essential to molecular recognition process by the colchicine binding site of -tubulin were recognized and several compounds with 
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moderate to high antiproliferative potency (IC50 values ≤ 25 mM and ≥ 4 nM) were identified. Among these active compounds, LASSBio-
1586 emerges as a simple antitumor drug candidate, capable of inhibiting microtubule polymerization, possessing broad in vitro and in 
vivo antiproliferative profile and better selectivity index than the prototype CA4.

[5]
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Glycogen synthase kinase-3beta (GSK-3) is a serine/threonine protein kinase implicated in multiple cellular processes and linked 
with the pathogenesis of several diseases.

[1]
 For these reasons it has been emerging as a key target in drug discovery. Preclinical studies 

have demonstrated that GSK-3 inhibitors could be useful tools in the treatment of conditions associated with elevated levels of 
enzyme activity, such as type 2 diabetes and neurological disorders (e.g., Alzheimer’s disease, mood disorder, multiple sclerosis).

[2]
 

The presentation will describe our approach to find novel GSK-3b inhibitors starting from an in silico screening procedure, exploiting 

our internal compound library, coupled with a functional human GSK-3 enzymatic assay. From the in vitro assay results, obtained from 

186 GSK-3 representative virtual hits, N-(piperidin-4-ylmethyl)-1H-indazole-3-carboxamide (1) 
emerged as a promising and tractable hit series core structure. Based on initial hits with IC50 values 
ranging from 0.6 to 11 μM, we performed a hit-to-lead program by a rational selection of R1 and R2 

groups, taking advantage from information obtained by the co-crystallized structure of GSK-3 with 
our internal hits. The structure–enzymatic activity relationship studies obtained modifying R1 and R2 
groups will be presented. The cell-based functional kinase activity (phosphorylation of substrate Tau 
protein in a transfected cell line) and the plasma stability of some promising compounds, carried out 
in order to best characterize the potential lead compounds, will also be discussed. 
 
References: 

 
[1] A. Martinez, A. Castro, M. Medina, Glycogen Synthase Kinase 3 (GSK-3) and its Inhibitors, part of the Drug Discovery and Development series (Ed.: B. 
Wang), Wiley, Hoboken, 2006. 
[2] GSK-3 Inhibitors: Preclinical and Clinical Focus on CNS. H. Eldar-Finkelman, A. Martinez, Front. Mol. Neurosci. 2011, 4, 32. 

 
 

Y019 | Structure-Based Design, Synthesis and Biological Evaluation of Symmetrical Bisbenzamidines as Inhibitors of 
Matriptase-2 
 
Norbert Furtmann,

(1,2)
 Daniela Häußler,

(1)
 Jürgen Bajorath,

(2)
 Michael Gütschow

(1)
 

 
1) Pharmaceutical Institute, Pharmaceutical Chemistry I, University of Bonn, An der Immenburg 4, 53121 Bonn, Germany 
2) Department of Life Science Informatics, B-IT, University of Bonn, Dahlmannstr. 2, 53113 Bonn, Germany 

 
Matriptase-2, a member of the type II transmembrane serine proteases, has attracted much attention due to the recent finding that 

it plays a major role in the regulation of human iron homeostasis.
[1]

 Selective inhibitors of matriptase-2 could be of great importance for 
the treatment of iron disorders, as well as pharmacological tools to further explore the exact physiological function of the enzyme. 

Bisbenzamidines have been shown to be promising candidates for the inhibition of matriptase-2.
[2]

 It is expected for one 
benzamidine group to interact with Asp756 at the bottom of the S1 pocket, whereas the second benzamidine group is assumed to be 
accommodated by the negatively charged environment of the S3/S4 pocket. A recently generated homology model of matriptase-2

[3]
 

was used for the in silico development of new symmetrical bisbenzamdines as inhibitors for matriptase-2. The two benzamidine 
subunits are connected to a malonic acid core using different linkers (Figure 1). 

Those unbranched symmetrical bisbenzamidines were synthesized and evaluated for their biological activity towards matriptase-2 
and related serine proteases. Potent representatives were further optimized in silico by introducing a variety of branching residues to 
the malonic acid central carbon. By the use of molecular docking approaches, promising branching residues were selected for synthesis. 
Herein, we present the development, preparation and kinetic characterization of unbranched symmetrical bisbenzamidines and the 
consequential design of branched malonate-derived inhibitors for matriptase-2. 
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Figure 1. Structures of unbranched symmetrical bisbenzamidines as inhibitors for matriptase-2. 
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Repression of basal or retinoid-induced retinoic acid receptor beta (RAR) transcription is a common event in a wide range of 

human tumor types, with numerous studies indicating that in specific circumstances RARacts as a tumor suppressor gene. However, 
development of the natural vitamin A derivatives as oral chemotherapeutic agents has been compromised by the severe adverse 
toxicities due to non-specific regulation of multiple retinoic acid receptor isotypes. The development of receptor-selective ligands will 
allow dissociation of desired effects and undesired side-effects of retinoids and are also believed to be more specific and less toxic for 
cancer treatment. 

To activate RARtranscription and overcome retinoid-resistance, we have used a structure based drug design to identify potential 

RAR-selective ligands. Based on the crystal structure of RAR, we have identified 26 novel candidate RARsmall-molecule ligands 

using in silico virtual screening. The effect of these small molecules compounds on the cell viability and RARgene expression in human 
neuroblastoma cells was determined. A structural analysis of the molecules that were most effective at reducing cell viability was then 
used as basis to determine appropriate starting molecules for synthesis of related analogues. 

Based on the structural analysis, we have synthesized a small library of atypical retinoids that contain the main structural features of 
the hit molecules identified in the virtual screening and biological assays. We have established an SAR in which a number of analogues 
display potent and selective cytotoxic effects towards neuroblastoma cells in comparison to normal cells. Most importantly, we have 

demonstrated that a number of analogues display higher cytotoxicity in RARoverexpressed neuroblastoma cells in comparison with 

empty vector control, which suggest that our novel compounds have specific selectivity to RAR. 
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Search for new biologically active molecules that can conduct to hits and leads identification for further development as medicine, is 

often slowed down by synthesis and biological tests at the entry of the pipeline. Recent approaches in automation and miniaturization 
gave the opportunity to medicinal chemists and biologists to increase the speed of hits identification. This is only possible by using 
organic synthesis and activity tests that can both give access to libraries of compounds and quick evaluation in a primary screen. Our 
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laboratory became interested in those approaches and devised new procedures to ease and speed-up small molecules preparation by 
the use of simpler synthetic and isolation procedures that were applied in automated and continuous flow methods for libraries 
preparation. Primary screens can then be run more efficiently by taking advantage of automation on cellular pathological models as well 
as using our Small Molecules Microarrays (SMM) platform, which use a specific biomolecular isolated target in relation with the 
pathology (protein–small molecule interactions, incubation of SMMs with the fluorescently tagged target protein). 
 

 
 

Figure 1. SMM spotter and reader. 
 

The laboratory's molecule collection, composed of structures prepared since its creation and to which were added compounds 
recently prepared, includes diversified molecular scaffolds and substitutions. All these molecules were tested without an "à priori" of a 
potentially active structure on a specific model. 
 

 
 

Figure 2. Typical results of a SMM screen (fluorescent spots = hits). 
 

We were able to identify hits active against resistant microorganisms, viruses, cancer cell lines, inherited genetic diseases, etc. This 
gave us the opportunity to propose new small molecular structures that can find an application in Human pathologies such as S. aureus 
(resistant strains) and HIV (Vpr protein) infections, some cancers (B16 melanoma and CT26 colorectal carcinoma models), Duchenne's 
muscular dystrophy, cystic fibrosis and other rare diseases (NMD inhibition). This communication will present our approaches towards 
synthesis and biological tests for the identification and further validation of the hits with biologists. 
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G-protein-coupled cannabinoid receptors, CB1 and CB2, have emerged as promising therapeutic targets. However, the undesired 

psychoactive effects of cannabinoids have limited their medical development. Consequently, it is important to discover new non-
psychoactive cannabinoids. Two strategies are currently ongoing. The first strategy involves cannabinoids acting on CB1 receptor that do 
not cross the blood–brain barrier. The second strategy concerns the discovery of selective CB2 receptor ligands. Following the first 
strategy, a series of chromenopyrazoles has been previously described by us as non-psychoactive and selective CB1 cannabinoid 
agonists with peripheral antinociceptive properties.

[1]
 In an attempt to target the CB2 type cannabinoid receptor, mainly located in the 
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immune and peripheral nervous system, we now report the results of different structural modifications of the chromenopyrazole 
scaffold:

[2]
 

1. Structural features required for CB2 affinity and selectivity were explored by molecular modelling. Based on these docking 
studies, a new library of chromenopyrazoles was synthesized, characterized, and tested at cannabinoid CB1 and CB2 receptors by 
radioligand binding and functional activity assays. The results showed that fine-tuning of affinity and selectivity could be achieved. 

2. Another structural modification of the chromenopyrazole scaffold has been oriented towards multitarget drugs for cancer 
therapy. Based on increasing evidence of cannabinoids antitumoral properties and the well-known antitumor properties of quinones, 
we designed compounds with a structure that include cannabinoid and quinone features. 

i) Some of these compounds were efficient against hepatocellular carcinoma HepG2 cells and two prostate cancer cell lines, LNCaP 

and PC-3. We showed that this antiproliferative activity involves oxidative stress, PPARreceptor and partially CB1 receptor. In vivo, one 
of the compounds totally blocked the growth of the aggressive androgen-sensitive prostate cancer tumor.

[3] 

ii) Another series of compounds were fully selective for the CB2 receptor allowing eliminating any side psychotropic effect derived 
from the activity at the CB1 receptor in the brain. They showed to be highly potent against the triple-negative breast cancer triggering 
apoptosis as assessed by Western blot analysis. This effect was mediated through activation of CB2 receptors and through induction of 
oxidative stress. An additional important fact is their lack of significant cytotoxicity against normal human mammary epithelial cells 
(HMEC). 
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Gene transfer involves the delivery of nucleic acids to targeted cells and their subsequent expression. The introduction of DNA or 

RNA sequences encoding a functional gene is being actively investigated for the treatment of many diseases. As naked nucleic acids 
alone do not promote sufficient levels of gene expression, the success of such a strategy requires the use of efficient gene delivery 
vectors. Viral vectors, although very efficient, have several limitations, including safety concerns and practical issues for large-scale 
production. Thus the development of synthetic, non-viral vectors is the focus of extensive research.

[1,2]
 Cationic lipids represent one 

class of very attractive non-viral vectors, because they offer the possibility to design and to synthesize a great variety of reagents with 
favorable features such as simplicity of use, biodegradability, transfection efficiency, etc. Cationic lipids used as vectors are amphiphilic 
molecules and are typically composed of three domains: 1) The hydrophilic head, bearing one or more cationic head groups that 
enables the condensation of nucleic acids by interaction with the negatively charged phosphate moieties of nucleic acid; 2) The 
hydrophobic tail, which usually consists of long alkyl chains (or a cholesterol unit) to favor interactions with the cell membrane; 3) The 
linker (spacer) that binds the head and the tail together. 

In-Cell-Art is a biopharmaceutical company located in Nantes, France, and is specializing in the preclinical and pharmaceutical 
development of non-viral nanocarriers named Nanotaxi®. Recently we developed at the biological interface a synthetic approach to 
prepare original compounds derived from natural products, able to self-assemble with macromolecular drugs for their safe and efficient 
intracellular delivery. Using this approach and the known proprietary compound DOST (head group = tobramycin, linker = succinyl, 
lipophilic part = dioleyl chains) as starting point, a series of DOST derivatives has been synthetized where the tobramycin head group 
was maintained but variations on the linker and lipophilic parts were successively performed. These DOST derivatives have then been 
analyzed for their ability to efficiently transfect DNA and RNA into different cell types, in comparison with the reference molecule DOST. 
Altogether the results showed that the two domains (linker and hydrophobic tail) have a significant impact on the nucleic acid 
transfection efficiency. 
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Although the use of clinically approved EGFR inhibitors, like Gefitinib, is an established therapy in some forms of cancer, their 

efficacy is limited by several factors, such as the emergence of resistance or the presence of cancers being originally insensitive to the 
EGFR inhibitors. Therefore, treatment with a single, specific agent does not seem particularly promising because of the multigenic 
alterations of tumors. Hence, the use of a combination therapy during cancer treatment could decrease the development of resistance 
and might enhance the tumor response in an additive or even synergistic manner. Accordingly, in this work we present new quinazoline 
derivatives which act as dual inhibitors towards the EGFR and the NF-κB activation pathway which are two complementary signaling 
pathways in cancer cells. This dual inhibitory activity proved to produce a synergistic inhibitory activity towards cells lines which are not 
very sensitive to Gefitinib. Starting from an identified hit compound, several modifications have been done resulting in highly potent 
compounds towards both targets. 
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Clathrin-mediated endocytosis (CME) regulates many key physiological processes such as the internalization of growth factors and 

receptors, entry of pathogens (e.g., HIV-1), and synaptic transmission by formation of so called clathrin-coated vesicles. This very 
complex and highly orchestrated event requires the interaction of at least 30 proteins under strict spatiotemporal control. Therefore, 
chemical tools are essential to unravel and elucidate the underlying biological mechanisms of CME. The inhibition of protein–protein 
interactions with small molecules still remains a challenge. We initiated an ELISA-based HTS using 17000 small molecules from the 
ChemBioNet library at the Screening Unit of the FMP. This resulted in the identification of two hit compounds inhibiting clathrin 
terminal domain (TD)–amphiphysin B/C complex formation. Starting from these hits, focused libraries were synthesized to evolve a 
structure–activity relationship (SAR) of Pitstop2. Cocrystallization of Pitstop2 with clathrin TD guided further design of Pitstop 
derivatives and confirmed the SAR of rhodanine-type clathrin inhibitors giving insight into key interactions between Pitstop2 and 
clathrin TD. 
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Most brain disorders and diseases lack effective drug therapies, mainly due to inability of drugs to cross the blood–brain barrier 

(BBB). L-type amino acid transporter (LAT1) is selectively expressed at the BBB carrying large, neutral amino acids as well as amino acid-
mimetic drugs and prodrugs into the brain. In the present study, six prodrugs of anti-convulsant valproic acid were designed, 
synthesized and evaluated as LAT1-targeted prodrugs to improve the transport of valproic acid into the brain. In these prodrugs non-
natural amino acids were attached as promoieties to the parent drug (valproic acid) via hydrolysable ester or amide bonds. Hydrolysis 
rates of the prodrugs were determined in rat and human liver S9 fractions and plasma as well as in 10 % rat brain homogenate. The 
affinity of prodrugs to bind to LAT1 was evaluated with the in situ rat brain perfusion technique as competitive binding of [

14
C]-L-leucine. 

Furthermore, the brain uptake of amide prodrugs was studied in vivo in rats after intravenous bolus injection (i.v.). The ester prodrugs 
were bioconverted to valproic acid more efficiently in rat-based media relative to humans, while the corresponding amide prodrugs 
showed remarkably higher stability. All prodrugs inhibited the brain uptake of [

14
C]-L-leucine by 60–95 %, which indicates that the 

prodrugs have high affinity for LAT1. Moreover, after i.v. administration, the amide prodrugs with highest LAT1 affinity were able to 
cross the BBB and remained for a longer period of time in the brain than valproic acid itself. Therefore, the brain/plasma ratios of these 
prodrugs were significantly higher (0.08–0.19) than with valproic acid (0.05). Despite the improved delivery, the rate of bioconversion of 
these amide prodrugs to valproic acid in the brain was too slow to outweigh the efficacy of valproic acid. However, the corresponding 
ester prodrugs, which were too unstable to be studied in rats, may have potential to deliver and release valproic acid in human brain as 
the esterase activity in humans is considerably slower relative to rats. 
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N

G
-Acylated hetarylpropylguanidines represent a class of potent histamine H2 receptor (H2R) agonists.

[1,2]
 A drastic increase in H2R 

agonistic potency was achieved by dimerization of the pharmacophoric groups
[3]

 by analogy with the “bivalent ligand approach” 
suggested by Portoghese for opioid receptors.

[4]
 Such H2R agonists were up to 5000 times more potent than the endogenous ligand and 

were by far superior to their monovalent congeners. So far, the 
binding mode of bivalent H2R agonists is not understood. Due to 
insufficient spacer length for interaction with the orthosteric binding 
pockets of two dimerising H2R protomers, the gain in potency 
probably results from the interaction with an additional binding site 
at the same receptor molecule rather than by bridging of a 
hypothetical receptor dimer. Appropriate pharmacological tools to 
study the binding mode are not available. This prompted us to 
synthesize a bivalent ligand with a branched linker which enabled 
radiolabeling. As acylguanidines are prone to hydrolysis upon 
storage in solution, a carbamoylguanidine-type compound was used 
as the precursor. The preparation and pharmacological 
characterization of the radioligand [

3
H]UR-NK79 is presented. 
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Repetitive DNA sequences can be encountered throughout the genome of most organisms and some of the most common are the 

guanine (G)-rich sequences, which can adopt a stable four-stranded structure called G-quadruplexes (G4). G4 structures were found 
mainly in telomere and promoter regions of numerous oncogenes, including KRAS, HRAS and c-MYC, suggesting an important role in 
gene expression and cell growth regulation. Their formation can effectively inhibit the activity of telomerase, a critical enzyme to the 
proliferation of cancer cells, as well as to inhibit the transcription of several oncogenes, thus 
leading to the development of novel strategies for improved anticancer therapy.

[1]
 In the last 

decade, an intensive search for small-molecules as G4 ligands, led to the development of a 
variety of chemical classes and many of these are selective for G4 structures over ds-DNA. 
Although, the design of inter-G4 selective ligands remains challenging.

[2]
 

The natural indoloquinoline alkaloids, in particular the indolo[3,2-b]quinolines, are a 
promising class of G4 binding molecules.

[3,4]
 Here, we present a novel series of mono- and di-

substituted indolo[3,2-c]quinolines as G4 binding molecules. We evaluated the induced 
stabilization of the G4 in the telomeric sequence (F21T), as well as of the G4 in the human 
KRAS proto-oncogene promoter region (KRas21R) and established some structure-activity relationships (SAR). Prompted by the good 
stabilization results, we have attempted to understand whether indolo[3,2-c]quinolines can selectively distinguish between G4 
sequences over ds-DNA, as well as their G4 binding properties. Spectroscopic studies revealed that G4 topology is induced by the 
indolo[3,2-c]quinolines in a complex stoichiometry of two ligands per G4 unit, binding in more than one equivalent and non-
independent cooperative sites. Further molecular modelling studies disclosed the ligands in a G-quartet stacking and groove binding to 
a G4 induced fit and stabilized by π–π and electrostatic interactions.  
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Epigenetic modifications play an essential role in the establishment and the regulation of genes expression in response to 

environmental factors. While these changes do not modify the DNA sequence, they regulate gene expression by altering the DNA 
methylation patterns of genes, the expression profiles of microRNAs, the modifications of histones and the nucleosome positioning.

[1,2]
  

In cancers, hypermethylation of tumor suppressor gene (TSG) promoters is associated with TSG silencing. In human DNA 
methylation is catalyzed by DNA methyltransferases (DNMTs). Among the growing number of molecules targeting epigenetic 
mechanisms that are developed to treat cancer,

[3]
 two DNMT inhibitors (5-azacytidine and 5-azadeoxycytidine) received FDA approval 

for the treatment of leukemia. Despite their high efficiency, their incorporation into DNA can lead to undesired side effects and their 
chemical instability limits their use. Therefore, in recent years, research efforts have been focused on the identification of selective non-
nucleoside DNMT inhibitors. Despite those efforts, to date, none non nucleoside DNMT inhibitor entered clinical trials. 

Our project focuses on the identification of potent non-nucleoside DNMT inhibitor and their use as chemical biology tool to better 
understand DNA methylation mechanism. The rationale behind this is to find molecules able to inhibit DNA methylation in the context 
of cancer cells, allowing the restoration of the TSG expression and thus stop tumor proliferation. Our efforts are directed toward the 
synthesis of novel flavanoid derivatives. We demonstrated the potency of several of flavanone molecules to inhibit DNMTs.

[4]
 We 

believe that the use of non-nucleoside molecules, which are not incorporated into DNA, can potentially have fewer side effects. In 
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parallel, we are using these flavanoid inhibitors to "fish" the DNMT partner proteins directly in cancer cells by using the activity-based 
protein profiling (ABPP) method.

[5]
 Our findings will highlight crucial information about the mechanisms involved in DNA methylation. 
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Recent literature has shown an increasing interest in fluorescently labelled G protein-coupled receptor (GPCR) ligands, from use as 

imaging agents to study receptor localisation and signalling,
[1]

 through to application in binding assays.
[2]

 Such probes offer several 
advantages over traditionally used radiolabelled ligands, including fewer safety and waste disposal issues, and the capacity for real-time, 
in situ measurements, even at the single-cell and subcellular level.

[3,4]
 Our work is centered on the design, synthesis and 

 
 

Figure 1. New fluorescently labelled buprenorphine derivatives developed in this study. 
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pharmacological evaluation of fluorescent probes for the opioid receptors, for which relatively few nonpeptidic fluorescent probes 
currently exist. Here, the known semi-synthetic partial agonist, buprenorphine,

[5]
 was structurally elaborated to include an amidoalkyl 

linker moiety, and a range of fluorophores then coupled via amide bond formation to produce a series of five new fluorescent probes 
(Figure 1). Using an Alphascreen ERK phosphorylation assay, it was found that all of the compounds bind as competitive antagonists and 
maintain a high affinity for the m-opioid receptor (MOR), with pA2 values ranging from 7.31 to 8.37. Confocal fluorescence microscopy 
carried out on HEK293 cells expressing the MOR tagged with a green fluorescent protein (GFP) showed that the probe incorporating a 
sulfonated Cy5 fluorophore is most appropriate for imaging studies, exhibiting bright fluorescence that co-localises strongly with 
fluorescence emitted from the GFP-MOR construct, and a very low degree of nonspecific binding. We now plan to employ this new 
probe to help study novel aspects of MOR receptor pharmacology. 
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Epilepsy is a chronic neurological disease that affects 50 million of people worldwide.

[1]
 Carbamazepine (CBZ, 1) is a drug used in the 

long-term treatment of epilepsy, and also in the treatment of chronic pain and bipolar disorders.
[2]

 Despite its widespread use, CBZ (1) is 
associated with hypersensitivity symptoms such as serious skin reactions and severe haematological disorders, which raise concerns 
about its chronic use. While the precise mechanisms of CBZ-induced toxic events are still unclear, the metabolic activation to reactive 
metabolites is thought to play a significant role in the toxic responses elicited by the drug.

[3]
 CBZ is extensively metabolized in the liver. 

In addition, a minor metabolic pathway was proposed to involve the formation of an aldehyde intermediate, 9-acridine carboxaldehyde 
(9-AC, 2), which was shown to be mediated in vitro by myeloperoxidase (MPO).

[4]
 When formed metabolically, aldehydes are frequently 

implicated in toxic responses induced by xenobiotics due to 
their ability to form covalent adducts with bionucleophiles. 
Therefore CBZ bioactivation to 9-AC (2) may have a role in 
the onset of the toxicity outcomes linked with the parent 
drug. 

With the ultimate goal of obtaining insight into the role 
of 9-AC (2) in the CBZ-induced toxic outcomes we 
synthesized this metabolite and investigated its reactivity 
towards nitrogen-based nucleophilic amino acids (e.g., N-
acetyl-L-lysine, ethyl L-valinate) and blood proteins (e.g., hemoglobin and human serum albumin). The covalent adducts identified 
support the role of CBZ bioactivation at the onset of the toxic effects elicited by this antiepileptic drug and suggest that covalent 
adducts formed with blood proteins can be used as biomarkers of CBZ toxicity. 
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Stimulation of the enzymatic activity of kallikrein-related peptidase 3 (KLK3, also known as prostate specific antigen, PSA) may be 

beneficial for patients with prostate cancer due to the antiangiogenic activity of KLK3.
[1,2]

 Only a few cyclic peptides have been reported 
to stimulate KLK3, one of the most potent is peptide C-4 with 50 % stimulation at a concentration of 0.57 μM.

[3]
 So far, no potent small 

molecules having the same activity have been discovered. 
Our initial approach for improving the bioavailability of the two most potent peptides known to stimulate KLK3, C-4 and B-2, was to 

replace the native disulphide bridges with hydrocarbon isosteres. Using a synthetic protocol we have published previously,
[4]

 we 
synthesised a series of building blocks to be introduced into the peptides through solid-phase peptide synthesis. Unfortunately, the 
incorporation of the building blocks into the C-4 peptide proved to be significantly more challenging than anticipated and an RCM-
reaction was utilised to produce a peptide containing an unsaturated linker that contains a mixture of the two possible double bond 
isomers.

[5]
 Pleasingly, the peptides showed a clear stimulating effect on KLK3. Incorporation of the building blocks into the B-2 peptide 

was more straightforward and a series of peptides was synthesised. The best of these peptides was nearly as potent as the parent 
peptide.

[6] 
 

As the C-4 peptide is the most potent known KLK3 stimulator, this was chosen as a starting point for designing a small molecular 
weight peptidomimetic. With the aid of molecular modelling, a peptidomimetic compound based on the 4-quinolone scaffold. After a 
suitable synthetic protocol had been developed, a series of 1,2,8-trisubstituted 4-quinolone were synthesised in order to verify the 
general applicability of the protocol for the synthesis of these types of compounds. The synthesis of the desired target compound has 
proven significantly more challenging that was originally anticipated so this work still continues. Unfortunately, no 4-quinolone-based 
compound that shows a stimulating effect on KLK3 has yet been found but as 4-quinolone is a privileged structure, other possible 
targets are also being investigated. 
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Inhibition of the dihydrofolate reductase (DHFR) enzyme has long been recognized as a useful strategy in the treatment of cancer. 

Methotrexate is a DHFR inhibitor with an established role in cancer chemotherapy, and is still used in the clinic today. More recently, 
multi-targeted antifolates such as pemetrexed have been developed. Such compounds are able to inhibit several enzymes in the folate 
pathway. These new developments have stimulated further research into antifolates, including DHFR inhibitors.  

Research into the design and synthesis of new DHFR inhibitors is still actively ongoing. Most commonly, DHFR inhibition is measured 
in an in vitro assay using purified bovine or recombinant human DHFR. Although this method is provides a rapid estimate of DHFR 
inhibitory activity, it does not account for potential variation in the uptake of different drugs by cancer cells. Also, binding of a drug to 
purified DHFR may not be a true representation of DHFR binding in the presence of other cellular proteins. Hence, we developed a cell-
based DHFR assay method which may provide a better estimate of DHFR inhibition at the cellular level. Using this method, HCT116 
colon carcinoma cells were first incubated with varying concentrations of drugs for 16 hours. The drug-treated cells were then collected 
and lysed, and the DHFR activity of the lysates were determined based on the adaptation of a previously established 
spectrophotometric assay at 340 nm in a 96-well plate format.

[1]
 This method was tested on three 4,6-diamino-1,2-dihydro-1,3,5-

triazine compounds which have previously been reported
[2]

 and on methotrexate. Compared to DHFR IC50 values obtained using purified 
bovine DHFR, the IC50 values obtained from the cell-based DHFR assay matched the GI50 values of the 4 compounds more closely. In this 
communication, the detailed assay method and our results will be presented.  
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Duocarmycin, a fiendishly cytotoxic natural product (IC50 =10 pM, L1210),

[1]
 exerts its potent cell killing effect through sequence 

selective bonding of an electrophilic cyclopropyl moiety to N3 of adenine in the minor groove of DNA. This molecule and its analogues 
have fascinated medicinal chemists for over two decades, both due to therapeutic potential, and due to interesting DNA alkylation 
kinetics. We herein report a novel imine analogue of duocarmycin along with full characterisation by solvolysis studies, spectroscopy, 
and computational modelling. Imino cyclopropanes are shown to be exclusive intermediates in the solvolysis of their seco precursors, 
and possess very similar structural features to their widely studied keto analogues. The pKa of the imino and keto cyclopropanes were 
measured and were both found to be unusually basic. In contrast to the keto, the imino cyclopropane is completely protonated at 
physiological pH. Transition state DFT 
calculations indicate that the protonated 
imine is much more reactive than its 
unprotonated oxo counterpart. Despite 
both calculated and experimental evidence 
suggesting that Kimine–H+ >> Koxo, the two 
seco analogues possess equipotent 
cytotoxicity when measured across several 
cell lines. Seco cytotoxins (X=NH, and O) 
will likely find use in prodrug therapies 
where extreme cytotoxicity is a sought-
after attribute. 
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Sea urchins are common marine organism and belong to the phylum Echinoderma. Echinoids have globular or flatted bodies 

covered by regularly arranged spines and delicate triple jawed pedicellariae. Approximately 200 species of echinoids are found in the 
coast of Japan. A dozen species of Japanese urchins serve as important source of food, while several species are dangerous to humans. 
Envenomations were caused by stings from either spines or pedicellariae. The toxopneustid sea urchins, Toxopneustes pileolus, 
Tripneustes gratilla and Lytechinus variegatus have extremely well-developed grobiferous pedicellariae with biologically active 
substances. Some of these active substances produce deleterious effects such as severe pain, syncope and respiratory distress. 

In our research on novel lectins as bioactive substances we have been investigating mitogenicity and/or chemotaxicity in the 
venoms of the toxopneustid sea urchin, T. pileolus. We have recently purified novel sea urchin lectin-I (SUL-I) and sea urchin lectin-II 
(SUL-II) from the large globiferous pedicellariae of T. pileolus. 

We attempted to a novel mitogenic factor from the pedicellarial venom of the toxopneustid sea urchin, Toxopneustes pileolus. A 
novel lectin from the large globiferous pedicellariae of the toxopneustid sea urchin, T. pileolus was isolated by a combination of gel 
permeation chromatography and affinity chromatography techniques. On SDS-PAGE, it showed a single band with relative molecular 
mass of 28 kDa and 170 kDa under reducing conditions and nonreducing conditions, respectively. The 170 kDa protein is named sea 
urchin lectin-III (SUL-III). The N-terminal partial amino acid sequence of intact 28 kDa subunit of SUL-III analyzed as follows: 
RCPQPAALPYRIAQIGNRFL. These results of this study suggest that the T. pileolus may be novel sources for biologically active substances, 
such as new lections or mitogenic factors, with interesting mechanisms of action. The author has no conflict of interest to disclose with 
respect to this presentation. 
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Fatty acid amide hydrolase (FAAH) is a serine hydrolase that catalyzes the deactivating hydrolysis of the fatty acid ethanolamide 

family of signaling lipids, which includes anandamide (AEA), an endogenous ligand for cannabinoid receptors. Endogenous FAAH 
substrates such as AEA serve key regulatory functions in the body and have been implicated in a variety of pathological conditions 
including pain, inflammation, sleep disorders, anxiety, depression, and vascular 
hypertension, and there has been an increasing interest in the development of 
inhibitors of this enzyme. Different structural classes of FAAH inhibitors have been 
reported including a-ketoheterocycles, (thio)hydantoins, piperidine/piperazine ureas, 
and carbamate derivatives. These compounds have been shown to be efficacious in 
models of inflammatory, visceral, and in some cases neuropathic pain without 
producing the central effects seen with directly acting cannabinoid receptor 
agonists.

[1–3]
 An intriguing aspect of FAAH inhibition is that some currently marketed 

nonsteroidal anti-inflammatory drugs (NSAIDs) have also been shown to be weak 
inhibitors of FAAH,

[4]
 but can be used as a template for the design of more potent compounds. The findings led us to design new series 

of FAAH inhibitors based on profen templates. In this communication, we report synthetic pathways, binding mode and FAAH inhibition 
profile studies on the new inhibitor series. 
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Uncontrolled use of antibiotics together with quickly proceeding changes in bacterial genome have caused the incidence of selection 

of antibiotic-resistant strains. The problem of drug resistance is considered by the World Health Organization (WHO) as one of the 
primary medical problems of the contemporary world. Despite the development of civilization, the range of drugs effectively treating 
bacterial infections has not become broader. Such a situation forces the search for new chemical substances with strong antibacterial 
activity. The hope to find such substances is strongly associated with the group of 1,4-disubstituted thiosemicarbazides, which are 
known to act preferentially against Gram-positive bacteria. This type of activity is characteristic mainly for 1-aroyl-4-substituted 
thiosemicarbazides. It seems that the interest in thiosemicarbazide derivatives will constantly grow, all the more that there are first 
reports on the molecular basis of their activity. It has been proven that they participate in at least two different mechanisms of 
antibacterial activity, and one of them is connected with the inhibition of bacterial topoisomerase IV.

[1–3]
 

The main purpose of our present investigations was to obtain derivatives of 1,4-dibenzoylthiosemicarbazides showing considerable 
antibacterial activity and to find the possible structure–activity relationships. With this in mind, we have synthesized a group of 1-(2-
chlorobenzoyl)-4-substituted thiosemicarbazide derivatives. Their antimicrobial activity was determined using both disc diffusion and 
broth microdilution techniques. Minimum inhibitory concentration (MIC) values for the mentioned compounds ranged between 2 and 
16 mg/L, which suggests that the obtained compounds were only slightly less active than reference antibiotic. 
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In this work, the potent and selective antitumor properties of a series of suitably substituted 2-(4'-aminophenyl)benzothiazole 

derivatives combine with the ideal -emitting nuclear properties of technetium-99m (
99m

Tc) in the development of stable complexes of 
the tricarbonyl 

99m
Tc(I)(CO)3

+
 core as target-specific antitumor agents. 

99m
Tc-labeling of the 2-(4'-aminophenyl)benzothiazole moiety 

takes place through conversion of the amine group to 3-isocyanopropanamide (isc), which is an excellent monodentate ligand for the 
99m

Tc(I)(CO)3
+
 core. The choice of the bidentate ligand necessary to complete the 

99m
Tc(I)(CO)3

+
 coordination sphere offers opportunities 

for the generation of molecular probes for multimodal imaging strategies that may combine optical and nuclear processes to enhance 
sensitivity. The strongly fluorescent natural dye curcumin has served as an example of an OO bidentate ligand leading to stable neutral 
complexes of the fac-[

99m
Tc(OO)(isc)(CO)3] type, but additional synthetic curcumin analogues that fluoresce at higher than curcumin 

wavelength are being developed for increased tissue penetration in vivo. When Re, the Group VIIB congener of Tc, is employed as the 
metal, the prospect for therapeutic antitumor applications of the 2-(4'-aminophenyl)benzothiazole complexes is also tangible through 

the use of -emitting isotopes 
186

Re and 
188

Re. The biological evaluation of the new potential anticancer agents includes uptake tests in 
cell lines sensitive to 2-(4'-aminophenyl)benzothiazole, like the breast cancer MCF-7, T47D and ovarian cancer IGROV-1 lines, MTT 
assays, and biodistribution experiments in healthy mice. Biodistribution experiments in tumor bearing mice will follow. 
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House dust mites (HDM; e.g., Dermatophagoides pteronyssinus, D. farinae and Euroglyphus maynei) are the major triggers of 

allergic asthma. They are the source of several allergens, of which the Group I allergens are of particular significance. These are a highly 
conserved subfamily of C1 cysteine peptidases, and their proteolytic activity appears to be central to both the initiation and 
maintenance of allergic sensitization. In the first approach to specifically targeting an asthma trigger, we sought to develop small-
molecule inhibitors of Group I HDM allergens as a novel approach to asthma therapy. 

We will describe the design and synthesis of potent and selective reversible inhibitors of Group I HDM peptidase allergens. The 
inhaled route of delivery provides a distinctive set of opportunities and constraints for the medicinal chemist—for example, we will 
describe how “anti-Lipinski” properties can be advantageous—and we will disclose how these factors, coupled to extensive in vivo 
pharmacology influenced our research programme. The careful optimisation of pharmacokinetic and pharmaceutical characteristics led 
to pre-clinical candidates designed for use in a dry powder inhaler or other delivery device, and suitable for human proof-of-mechanism 
studies to demonstrate the utility of this approach for the treatment of asthma and other allergic conditions. 
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Carbohydrates play important role in living organisms. They are involved in complex biological processes, such as catalysis and 

highly selective molecular recognition. Sugar amino acids (SAAs) are structurally diverse class of sugar-based molecular entities that can 
be utilized as a building block in design of new biologically active analogs of natural biopolymers.

[1]
 SAAs are spread in nature,

[2]
 and a 

well-known example is the sialic acid family found periphelically on glycoproteins. Oligomers of natural and synthetic SAAs can be used 
in foldamer design, since they frequently adopt secondary structures in relatively short sequences.

[3]
 Some of such sugar-based 

oligopeptides have already proven to mimic the structural characteristics of some well-known natural macromolecules.
[4,5]

 

We report here the synthetic strategy towards a novel ribose-derived -SAA 2. Commercially available diacetone--D-glucose 1 was 
used as a starting material in a multistep synthesis. Acquired SAA monomer 2 was further used in the synthesis of the corresponding 
homooligopeptides 3. 

1
H NMR-based solvent titration method was applied to analyze oligomers 3 and provided evidence for possible 

intramolecular hydrogen bonding. We assume that further elongation of latter oligosaccharides will lead to novel SAA derivatives that 
will form well-ordered secondary structures. 
 

 
 

Figure 1. Synthesis of SAA 2 and carbopeptoid 3. 
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Modulation of protein-protein interaction can be achieved either by its stimulation

[1]
 or by inhibition

[2]
 by both small and large 

molecules. In the case of the latter, it is important that the conformation of the macromolecule can be defined by synthetic building 
blocks. These building blocks can possess structural features with specific folding patterns or they can incorporate functions (amides, 
sulfides, alkenes

[2]
) that allow intramolecular stabilization of the active conformation by covalent or hydrogen bonds. Many molecular 

scaffolds were studied as the building blocks for the foldamers, including sugar amino acids (SAAs).
[3]

 Oligomeric carbopeptoids 
synthesized from them have exhibited stable secondary structures.

[4]
 

Herein, we present the synthesis and spectroscopic studies of the furanose-based amide- and triazole-linked carbopeptoids. 
Acetonide protected furanose rings are stereochemically defined molecular scaffolds that impose certain rigidity to the oligomeric 
structures made from them. Linking with an amide 
linkage provides open sites for the formation of 
intramolecular hydrogen bonds when incorporated in 
the larger molecules, while triazole linkers add 
conformational stability and rigidity. 

Molecular dynamics simulations showed that in 

both series of the oligosaccharides the -turn-type 

structures can be formed. The presence of -turns is 
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strongly supported by the corresponding NMR data in the case of all triazole-linked oligosaccharides. Due to the fact that the structures 

of amide- and triazole-linked oligosaccharides are more flexible, the presence of -turns in them is not unambiguously supported by 
their NMR data. 
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Epigenetic mechanisms determining the cellular phenotype are maintained by chemical modifications both to DNA as well as to the 

proteins around which it is wrapped, the histones. Iron(II)- and 2-oxoglutarate-dependent JumonjiC histone demethylases oxidatively 
remove methyl groups from lysine residues in the histone tails and are implicated in the reprogramming of cells and manifestation of 
numerous diseases, in particular cancers, making them viable drug targets. 

Some inhibitors have recently been reported, but many of them are not selective. We have adapted two orthogonal in vitro assay 
systems to screen for novel inhibitor lead structures and have discovered hydroxamic acids, R-C(O)-NH-OH, with a biphenylalanine 
backbone and alkyl chain spacer like 1 as a starting point. Partial structure–activity relationships have been established for this 
compound class. Some members of this structural class are, however, also known to inhibit zinc-dependent histone deacetylases 
(HDACs). Therefore, we profiled the selectivity of these compounds in a focused library screening, enabling the design of optimized 
derivatives. A synthetic strategy for inhibitors with selectivity towards JmjC demethylases over HDACs has been developed. 

Furthermore, we screened a series of aryl and heteroaryl hydrazides, discovering fragment-like lead structure 2 as a relatively 
potent inhibitor of demethylase JMJD2A (KDM4A). The acidic tetrazole is vital to its potency and likely constitutes an isosteric 
replacement of a carboxylic acid in the enzyme co-factor 2-oxoglutarate. Docking studies suggest binding of the hydrazide group to the 
central ferrous ion and an ionic interaction of the tetrazole moiety to a lysine residue in the co-substrate binding pocket. Compound 2 
exhibits a remarkable selectivity over the related subtype JMJD3. 
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Our recent efforts have been addressed to the design, synthesis and biological investigation of new σ1 receptor ligands based on 

arylalkenyl- and arylalkylaminic scaffolds (Figure 1).
[1,2] 

Among our compound library, the most promising molecule is 1-[3-(1,1’-biphen)-
4-yl]butyl-piperidine hydrochloride (RC-33·HCl, Figure 1), showing 1) excellent σ1 receptor affinity combined with high selectivity over σ2 
subtype, µ-, and κ-opioid receptors, and PCP binding site of the NMDA receptors, 2) agonistic profile at σ1 receptor and 3) high in vitro 
metabolic stability in several biological matrices (mouse and rat blood, and rat, dog and human plasma). According to these evidences, 
we identified RC-33 as a valuable candidate to be further investigated. 

Herein we describe the preparation of RC-33 pure enantiomers, the in silico study of their interaction with the target and their 
absolute configuration assignment, in order to address the role of chirality in their biological activity and metabolic processes. Overall, 
results presented in this contribution led us to select (R)-RC-33 as the optimal candidate for in vivo studies in animal model of 
amyotrophic lateral sclerosis. 
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Tofacitinib (CP-690,550) is one of the first new orally available Janus kinase (JAK) inhibitors for the treatment of moderate to severe 

rheumatoid arthritis.
[1]

 The Janus kinase family in mammals has four members: JAK1, JAK2, JAK3 and TYK2, and belongs to the non-
receptor tyrosine kinases.

[2,3]
 Tofacitinib inhibits JAK3 with a high potency. Unfortunately, it also inhibits JAK1 and—with a lower 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

433



potency—JAK2, too.
[4]

 Beyond cytokine activation, Janus kinases are involved in cell growth and differentiation and also in immune 
responses.

[3]
 Therefore, they play a huge role in inflammation processes. Inflammatory bowel disease (IBD), like ulcerative colitis and 

Cohn's disease, became more important in the last years.
[5]

 The factors causing IBD are a complex interaction of environmental, genetic, 
microbiology, and innate immunology.

[6,7]
 The current therapies for IBD are not sufficiently effective and have serious side effects.

[8]
 In 

our laboratory, we started investigations to prove that tofacitinib maybe a new additional treatment possibility. At the beginning of our 
animal study, an optimal dose for tofacitinib and a suitable analysis for the determination of tofacitinib in different organs and plasma 
have to be found. For analyzing tofacitinib, we developed a method using high-performance liquid chromatography and UV detection. 
For the validation of the system, we used nonhuman plasma. The method showed a good linearity, precision, and selectivity. The limit 
of detection and quantification is sufficient. We also checked the recovery rate, which is adequate for our studies. 
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The increase of lifestyle diseases is one result of modern living conditions and longer lifespans. Especially, the number of patients 

suffering from one of the types of dementia rises continuously and is expected to reach 80 million people until the middle of the 21st 
century. In this regard, the Alzheimer's disease (AD) is the predominent and most familiar type of dementia diseases. Several starting 
points for the treatment of AD are part of current investigations: controlling the level of the neurotransmitter acetylcholine (ACh) is one 
of them.

[1]
 Therefore, both enzymes, acetylcholinesterase (AChE) and butyrylcholinesterase (BChE), represent therapeutical targets for 

the upregulation of the ACh level, which is lowered during AD. Since common drugs, like galantamine or rivastigmine, inhibit both 
enzymes, selective inhibitors are required for a 
better treatment and understanding of AD's 
pathology.

[2]
 

In our study two classes of substances were 
investigated for their inhibitory action on AChE 
and BChE aiming mainly on selective inhibitors for 
BChE. The first class embodies 6-chloropurines 
being linked to several moieties of different 
origin, e.g. of monosaccharides. Derivatives of 
triterpenoic acids represent the second class of 
compounds. Overall, a library of over 100 
derivatives has already been accomplished and 
assayed for their inhibition, including inhibition 
strength, type and selectivity. Additionally, the 
cytotoxicity of the compounds was measured 
using murine embryonic fibroblasts as model cell line. Potent and BChE-selective substances could be obtained for both classes of 
compounds (for the first time for triterpenoic acid derivatives) possessing inhibition constants in micromolar and nanomolar range.

[3]
 

Docking studies, being performed on the active sites of AChE and BChE, revealed a first molecular insight of the mode of action. 
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Some 7-hetaryl-7-deazaadenosines showed cytostatic activity against multiple cell lines in nanomolar concentrations.

[1]
 Based on 

these results, the goal of this work was to synthesise a series of 4-amino-5(6)hetaryl and 4-substituted pyrimido[4,5-b]indole 
ribonucleosides to investigate their biological activities. Synthesis started from previously prepared benzoylated 4-chloro nucleosides,

[2]
 

which were converted to free 4‑aminopyrimido[4,5-b]indole nucleosides or directly to 4-substituted derivatives. Suzuki or Stille cross-
coupling reactions using X-Phos ligand were used for introduction of (hetero)aryl substituents into positions 5 or 6, 4-substituted 
nucleosides were prepared by nucleophilic substitution or Pd-catalyzed alkylation and following deprotection. Several derivatives 
showed anti-Dengue activity in micromolar concentrations, but with low selectivity index. 4-methyl nucleoside showed sub-micromolar 
activities in the HCV 1A and 1B replicon assays.

[3]
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Acyclic nucleoside phosphonates developed by Holý

[1]
 consist a group of potent antivirals and cytostatics including three approved 

drugs. Phosphonic group in their molecule is essential for the biological effect of these drugs, on the other hand, ionic character of the 
function limits the drug cell membrane permeability, oral bioavailibility and affects nephotoxicity. That is why the phosphonic group is a 
subject of several prodrug approaches.

[2]
 We have focused on phosphonate drug conjugates with amino acid as a non-toxic promoiety. 

In these prodrugs, amino acid (Ser, Thr, Tyr) masks a phosphonate function as a phosphonate ester promoiety via a side chain hydroxyl 
group. The influence of amino acid side chain and carboxyl group derivatization on prodrug stability was studied.

[3]
 It was found that 

prodrugs with tyrosine promoiety are significantly more chemically stable than serine and threonine counterparts. The stability of the 
tyrosine promoiety in enzymatic media was increased by replacement of the enzymatically labile carboxyl ester group with stable  
N-alkyl amide group. Modification of N-alkyl chain length affects antiviral activities of the prodrug: while tyrosinamide prodrug with 
short alkyl chain showed antiviral activities of the parent drug level, analogue with long alkyl chain exhibited antiviral potency several 
logs higher than the parent drug. 
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One enantiomer is pharmacotoxicologically preferred over its antipode and racemate.

[1]
 Besides channel and receptor proteins, 

membrane lipids are responsible for the structure-dependent effects of drugs to act on biological membranes.
[2,3]

 We compared the 
interactions of cardiotoxic local anesthetic stereoisomers with chiral lipid membranes for getting a clue to develop less toxic drugs. 

Fluorescent probe (1,6-diphenyl-1,3,5-hexatriene)-labeled biomimetic membranes were prepared with phospholipids and steroids 
of varying compositions.

[4]
 The membrane preparations were treated with bupivacaine and ropivacaine stereoisomers (S(–)-enantiomer, 

racemate and R(+)-enantiomer) of cardiotoxically-relevant concentrations at 37°C for 5 min, followed by measuring fluorescence 
polarization to determine the membrane interactivity of drugs.

[5]
 All the tested drugs acted on lipid bilayers and increased the 

membrane fluidity as one of cardiotoxic mechanisms. The membranes consisting of phospholipids alone did not discriminate between 
stereoisomers. In contrast, the membranes containing 40 mol% cholesterol with more chiral centers produced the interactions of 
bupivacaine and ropivacaine with the relative potency of being R(+)-enantiomer > racemate > S(–)-enantiomer, which agreed with their 

relative cardiotoxicity. 5-Cholestan-3-ol showed the same difference of membrane interaction, whereas 5-cholestan-3-ol, the 

reversed order to be S(–)- > racemic > R(+)-bupivacaine. Neither an equimolar composition of 5-cholestan-3-ol and 5-cholestan-3-
ol nor the absence of chiral steroids in membranes discriminated R(+)-enantiomers from S(–)-enantiomers. The membranes prepared 

with epicholesterol (3-cholest-5-en-3-ol or 3-cholesterol) instead of cholesterol (3-cholest-5-en-3-ol) provided the membrane 
interactivity different from cholesterol to be S(–)- > racemic > R(+)-bupivacaine, indicating that a 3-hydroxyl group of steroids is a 
determinant for the enantioselective drug and membrane interactions. 

The comparative membrane interactions of piperidine local anesthetics correlate to their stereostructure-dependent toxic effects, 
suggesting that the S(–)-enantiomers should be clinically used to reduce the cardiotoxicity. The membrane interactivity would be an 
experimental index for evaluating the relative activity or toxicity of stereoisomeric drugs. 
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The extensively used derivatization procedure to enhance the volatility and thermal stability of organic substances for their gas 

chromatographic analysis is silylation.
[1]

 This method is also good for thermal and gas chromatographic stability of polar and non-stable 
organic compounds. In 2002, Vogel et al. reported synthesis 
of trimethylsilyl 2-methylprop-2-ene-1-sulfinate in a Lewis 
acid catalyzed sila–ene reaction between methallylsilane 
and sulfur dioxide.

[2]
 Also simple isobutene reacts with SO2 

in the presence of BCl3 and provides the same target 
product.

[3]
 It was found that this reagent easily transfers 

the silyl group to alcohols.
[4]

The present work deals with 
the use of Vogel’s silyl sulfinate in qualitative and 
quantitative gas chromatographic analysis of organic 
substances. 

In our hands, the aforementioned reagent has been 
successfully applied in the user-friendly silylation procedure 
of alcohols, polyols, carboxylic and hydroxycarboxylic acids 
and mixtures of different polyhydroxy compounds (e.g., 
glycerol, resorcinol, tartaric acid, malic acid, D-ribose,  
D-mannose and D-glucose) and their subsequent gas chromatographic analysis. A typical experimental procedure involves simple mixing 
of the aforementioned reagent with the selected analyte in MeCN or THF directly before injection in a gas chromatograph. The 
elaborated analysis conditions are suitable for both qualitative and quantitative analysis. 
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It is widely recognized that the process of elaborating a fragment hit towards a lead is rendered much more efficient by the 

availability of structural information on the ligand–target interaction. Whereas X-ray crystallography indisputably provides the highest 
quality structural data, it may not always be successful for various reasons. ZoBio has integrated advanced and proprietary NMR 
techniques into its drug discovery pipeline to 
provide structural information for even the most 
intractable targets.

[1]
 

This poster will describe ZoBio’s technologies, 
including methods that require isotopically labeled 
protein or nonlabeled protein, and provide real life 
examples of how they have been used to provide 
ideal starting points for even the most challenging 
targets. These technologies have been applied to 
more than 60 different targets, including protein–
protein interactions and epigenetics targets to yield 
tractable, validated hits and provide valuable 
structural information to support hit-to-lead 
optimization efforts. ZoBio has combined the 
various NMR methods, used to obtain the different 
levels of structural resolution, and used this 
information in the design of the ZoBio NMR 
Pyramid. 
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We will demonstrate how NMR can be used to prioritize compounds for X-ray analysis, by HSQC analysis, to confirm binding and 
provide low-resolution structural information in a timely and cost effective manner. When X-ray crystallization is not feasible, high-
resolution NMR structures can be generated.

[2]
 An example, in which X-ray crystallography yielded two different orientations of one 

fragment bound to a protein, will be discussed where we were able to identify the physiologically relevant binding mode of the 
fragment by using high-resolution NMR techniques.

[3]
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Among the four histamine receptor subtypes (H1R, H2R, H3R, and H4R), the H1R is involved in type-I-allergic reactions, whereas the 

H4R is discussed to play a role in inflammatory processes.
[1]

 Experimental findings suggest a synergistic effect of H1R and H4R.
[1]

 Thus, it 
may be worthwhile to develop combined H1/H4 receptor ligands. Furthermore, such ligands could be used as tools to explore the 
ligand–receptor-interactions on the molecular level. Within a previous study by Smits et al.,

[2]
 quinazoline derivative 1 was 

demonstrated to possess affinity to both hH1R and hH4R. The aim of the present study was to synthesize bivalent derivatives of 1, 
connected by spacers of different type and length, and to study the effect on hH1R and hH4R affinity, compared to 1. The ligands derived 
from quinazoline 1

[2]
 were characterized by competition binding assays using membrane preparations of Sf9 insect cells, expressing the 

hH1R or the hH4R. The affinities of 3d (pKi=6.82), 4b (pKi=6.48) and 4c (pKi=6.55) at hH1R were increased compared to 1 (pKi=6.26
[3]

). 
These data suggest an additional binding site at the extracellular surface of the hH1R. To prove this hypothesis and to optimize the 
spacer length of the compounds, we performed molecular dynamic simulations. In contrast to the hH1R, the affinities of 3d (pKi=4.30), 
and 4b (pKi<4) at the hH4R were much lower compared to 1 (pKi=7.37

[3]
). In case of the hH4R, the results may be a hint that the position 

of the linker has to be optimized. Otherwise, the data do not support the hypothesis of an additional binding site at the extracellular 
surface of the hH4R. 
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S100A9 has roles in both inflammation

[1]
 and cancer

[2]
 and has been identified as a target for quinoline-3-carboxamides,

[3]
 including 

tasquinimod,
[4]

 which is in clinical development towards prostate cancer. To further investigate S100A9 as a drug target and to develop 
new inhibitors, we started an activity to explore other classes of compounds for inhibition of this target protein. We previously 
identified salicylic amides as efficient S100A9-RAGE inhibitors

[5,6]
 and in the same screening activity, N-acylated 4- or 5-substituted 

anthranilic acids also proved to be good starting points for the development of an independent class of S100A9-RAGE inhibitors. Several 
smaller libraries of compounds represented by the general formulae I were designed, synthesized and tested for inhibition of S100A9-
RAGE interactions using Alphascreen technology (Perkin Elmer). 

After several rounds of SAR-driven synthesis, structures with good activity towards the S100A9-RAGE interaction were identified. It 
was concluded that R

1
 preferably constitutes an aryl or cycloalkyl that can be further substituted with solubilizing groups. The most 

favorable X when it comes to S100A9 inhibition proved to be NHCH2 and for R
2
 and R

3
, these are optimally lipophilic substituents in 

ortho and para positions. Comparing matched pairs with linker attachment in the 4- or 5- position resulted in a slightly higher S100A9 
inhibition for the 4-substituted analogues at the cost of less metabolic stability. A first lead compound was identified (Formulae II, ABR-
236472) that integrated a number of desirable properties, but the class was eventually discontinued due to the identification of other 
more potent and promising compound classes. 
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An important chemotherapeutic target in the treatment of cancer is the ATP-dependent enzyme topoisomerase II (Topo II), which 

regulates the conformational changes in DNA topology necessary for transcription, replication, and chromosome condensation and 
segregation. Currently, six Topo II inhibitors are prescribed as highly antineoplastic drugs in clinical use. However, emerging tumor 
resistance and several side effects are associated with them. Therefore, efforts have been made by many research groups to find new 
chemicals with improved bioactivity. Recently, as part of a search for the molecular basis of antibacterial activity of thiosemicarbazide-
based compounds, we documented for the first time that one of the mechanisms of the bioactivity of these molecules is connected with 
inhibition of bacterial Topo IV.

[1–3]
 Since both bacterial and human topoisomerases share a unique structural ATP-binding motif, called 

the Bergerat fold,
[4]

 we decided to conduct enzymatic studies to determine the effect of thiosemicarbazide derivatives on human 
topoisomerases. We found that the title compound selectively inhibited Topo II activity almost completely at 15 μM concentration, 
proving more potent than etoposide under the same experimental conditions.

[5]
 To expand our initial findings with further details on 

the biological action pathways of 1, the compound was further assessed by preliminary cytotoxicity measurements. The details of our 
experiments will be presented on the poster. 
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This paper describes the modeling based on the idea of “dual action” with subsequent synthesis and biological testing. For the 

design of new neuroprotective compounds the molecular models have been built of all domains in closed and open forms of 
metabotropic (mGluR1-8) and ionotropic (NMDA, AMPA) glutamate receptors. The combined application of QSAR techniques, artificial 
neural networks and molecular modeling enabled the evaluation of ligand structural features important for high affinity to the 
receptors. Search for active compounds has been achieved using the idea of a specific blockade of calcium ion influx via activated NMDA 
receptor and a simultaneous slight potentiation of AMPA receptors. This hypothesis was successfully used in the design of new 
neuroprotectors with cognition enhancing properties. Hit compounds, in animal model of AD-type dementia simulated by cholinotoxin 
AF64A, revealed a significant improvement of memory in Morris water maze test while psychotomimetic side effects were absent. 
Secondly, on the basis of a 3D structure of the positive modulator binding site of AMPA receptor, a series of bivalent compounds based 
on new scaffolds has been designed using molecular docking techniques and the manual refinement of structures. Extraordinary high 
potency of the designed compounds starting from picomolar concentrations has been revealed, which corresponds to the highest 
values among all currently known positive AMPA receptor modulators. The pronounced cognitive enhancing properties have been 
demonstrated in a series of animal tests, while any noticeable toxicity was not evaluated for lead compounds during the preclinical 
studies. Third, we synthesized a hybrid molecule with colchicine linked to an adamantane based taxotere mimetic, which manifested a 
high cytotoxicity in vitro against A549 human lung carcinoma cells and dual mechanism of action. Later more cytotoxic analogues of this 
compound were synthesized including N-(7-adamant-2-yloxy-7-oxoheptanoyl)-N-deacetylcolchicine [EC50 (A549) ~ 6 nM], which was 
named tubuloclustin for its ability not only to cause disassembly of microtubules, but to promote the formation of stable tubulin 
clusters, morphologically distinct from microtubule bundles induced by taxol and tubulin paracrystals induced by vinblastine.

[1]
 This 

„dual“ activity was found to correlate with the increment of mitostatic activity. 
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Selenium (Se) is a trace mineral that is essential to good human and animal health mostly because of its antioxidant activity and the 

role in the balance of several hormones. Se is incorporated into proteins and various organoselenium compounds differing in their 
biological activity. The Czech Republic belongs to the areas with low content of selenium in soil resulting in Se deficiency in plants and 
subsequently in animal and human organisms. Oilseed rape (Brassica napus L.) is an important crop for biofuel production and extracted 
meal from the seeds can be used in animal diets, where it can replace imported soybean meal. The project follows in complex selenium 
uptake and speciation in whole plant and seed of oilseed rape after Se biofortification. Subsequently, uptake and transformations of Se 
compounds in rat organism were monitored. Selenium interaction with the transformations of iodine in rat organism was taken into 
account. Various biochemical and physiological properties of the animals were investigated to optimize Se uptake via the experimental 
diet. The content of selenium and selected heavy metals in liver was determined by atomic absorption spectrophotometry. The 
activities of selected antioxidative enzymes (glutathione reductase, glutathione peroxidase, glutathione S-transferase, thioredoxin 
reductase and catalase) were measured in plasma, liver extracts and erythrocyte lysates of rats that were fed with the diet containing 
different portions of oilseed meal. 
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Upon an inflammatory stimulus, a family of CAMs, namely the selectins are upregulated on endothelial cells. By interacting with 

their glycoprotein ligands located on the surface of leukocytes, they can mediate the rolling of these leukocytes on the endothelial 
surface. This first step of the inflammatory cascade is followed by firm adhesion and finally transmigration to the site of inflammation. 
The inflammatory cascade is forming a vital defense mechanism in the event of injuries or infections. However, when excessively used, 
it can turn deleterious in numerous diseases with an inflammatory component as e.g. stroke, psoriasis or asthma. Therefore, blocking 
selectins with selectin antagonists has been recognized as a promising therapeutic approach for the treatment of inflammatory 
diseases.

[1]
 

For the development of selectin antagonists, low binding affinity, high polarity and structural complexity of the natural selectin 
agonist sialyl Lewis

x
 (sLe

x
) are challenges to be accomplished. In the past, binding affinity of sLe

x
 mimetics, was improved by replacing 

hydrophilic parts not involved in binding with hydrophobic moieties (e.g., in antagonist 1)
[2]

 and stabilizing the core structure by an 
intramolecular non-conventional C–H···O hydrogen bond.

[3]
 As a result, the hydroxy pharmacophores are pre-organized in their 

bioactive conformation. However, according to molecular dynamic (MD) simulations and 2D-NOESY NMR experiments the acid 
pharmacophore is flexible in solution. For its pre-organization in the bioactive conformation, a series of macrocyclic selectin antagonists 
(e.g., antagonist 2) were synthesized by ring closing metathesis. Data on binding mode and affinity of these macrocycles will be 
presented. 
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Resiniferatoxin (RTX), an ultrapotent analog of capsaicin, and Kirkinine, a nanomolar active nerve growth factor (NGF)-like 

compound, are biologically active natural products, which belong to a kind of daphnane diterpene orthoesters (DDO). Although they are 
the same family of natural compounds, they show remarkably different pharmacological effects. In fact, resiniferatoxin produces a long-
term, reversible attenuation of nociceptive transmission and thus exhibit 
potential analgesic effects, while kirkinine promotes neuronal survival with 
potency comparable to that of NGF and hence it presents highly promising 
therapeutic opportunities against neurodegeneration involving Alzheimer’s 
disease, Parkinson’s disease and Huntington’s disease. Synthesis of DDOs is 
challenging as they consist of structurally complex, densely functionalized 
and highly strained skeleton with a number of asymmetric carbon centers. 
To date, RTX 1

[1]
 and Yuanhuapin 2

[2]
 are the only DDOs with completed 

total syntheses. Both of those syntheses are based on unusual 
oxidopyrylium [5+2] cycloaddition reactions of chiral substrates as key 
steps to arrive at crucial 8-oxabicyclo[3.2.1]octane intermediates although they were achieved in a number of steps, which render them 
inefficient and costly. Herein, we report our efforts towards establishing an efficient short synthesis of seven-membered ring system in 
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DDOs based on a [3+4] cycloaddition as a key transformation. In addition, our current elaboration of the key intermediate to the core 
tricyclic structure of the title compounds will be presented. 
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The great number of fundamental roles played by anions in biological and chemical processes has resulted in a demand for synthetic 

anion receptors, particularly in the fields of anion transport, extraction and sensing.
[1]

 Quaternary azolium salts and azoles have gained a 
place among the anion-binding functional groups and constitute attractive starting points for the design of a variety of host systems, 
ranging from synthetic anion 
receptors and sensors to 
transporters.

[2]
 In the search for more 

sensitive and selective analytical 
methods, electrospray mass 
spectrometry in the positive mode 
(ESI(+)-MS) has emerged as an 
alternative technique for anion 
detection.

[3]
  

We recently studied the anion-
binding behavior of [14]imid-
azoliophane 1·2X and [14]tri-
azoliophane 2·2X by 

1
H NMR 

spectroscopy, which revealed a particular preference for acetate.
[4]

 Here, we present the preliminary results of an ESI(+)-MS study of 
[14]azoliophanes 1·2X and 2·2X after the addition of some anions widespread in the natural world. 
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Acyclic nucleoside phosphonates

[1]
 (ANPs) are nucleotide analogues well known for the wide range of biological activities, especially 

antiviral,
[2]

 antiparasitic,
[3]

 and cytostatic.
[4]

 Recently, a novel type of ANPs derived from 2-(phosphonomethoxy)propanoic acid bearing 
various nucleobases has been reported,

[5]
 but no interesting biological properties were observed within this class of compounds. This 

might have been due to their high polarity at physiological pH and consequently their poor bioavailability. As majority of the 
therapeutically successful ANPs are used in the form of their prodrugs, various lipophilic prodrugs of the selected candidate, (S)-3-
(adenin-9-yl)-2-(phosphonomethoxy)propanoic acid, (S)-CPMEA, have been designed to mask the phosphonate and/or carboxylic 
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groups in the molecule.
[6]

 The compounds were shown to be only weak inhibitors of adenylate cyclase toxin from Bordetella pertussis 
(CyaA), but prodrugs 1 (bis-amidate) and 2 (ester mono-amidate) exhibited sub-micromolar anti-HCV activity. 
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The sigma receptor (σR) was proposed as a novel subtype of opioid receptors in 1976, and initially named σ-opioid receptor.

[1]
 

Further pharmacological studies revealed that the σR was a non-opioid, non-dopamine and non-phencyclidine receptor and the 
pharmacological profile of selected sigma ligands indicated the existence of at least two receptor subtypes: sigma-1 (σ1R) and sigma-2 
(σ2R).

[2]
 The σ1R is a ligand-regulated molecular chaperone protein widely distributed in the central nervous system (CNS) and peripheral 

tissues, and is involved in a variety of physiological responses. It is therefore considered an emerging target for the treatment of 
neurological disorders, including neuropathic pain, and cancer.

[3]
 

Our research on 1-type and 2-type indene-based scaffolds was originally part of a project aimed at the finding of (Z)-stilbenes with 
biological effects on the CNS.

[4]
 Continuing this research, 5-HT6 serotonin receptor ligands were converted into σ1R ligands by moving 

the position of the N-arylsulfonyl moiety present in indenylsulfonamides 1 and indanylsulfonamides 2 to afford their isomeric 
counterparts, 3 and 4. Inden-7-
ylsulfonamides 3 exhibited high 
σ1R binding affinities and excellent 
σ1R/σ2R selectivity, while the 
sulfonamide guanylhydrazones 4 
displayed a modest σ1R binding 
potency. In contrast with our 
previous multistep synthetic 
approaches to target compounds 
3,

[4a]
 we developed a short 

pathway that consists of only two 
steps from commercial 
nitroindanones. 
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Serotonin re-uptake inhibitors (SSRI) such as fluoxetine, citalopram, paroxetine and sertraline are the first drugs of choice for 

treatment of depression. Unfortunately, SSRIs have non-responders, and a variety of side effects including sexual dysfunction, sedation, 
sleeping problems, headache, anxiety and tremor. Furthermore, they have slow onset of action, probably due to a delayed increase in 
serotonin (5-HT) caused by complicated neurobiological adaptive mechanisms during chronic treatment. Thus a treatment which 
produced a quicker increase in 5-HT levels would be expected to have a faster onset of action. One approach to increase the levels of 
extracellular 5-HT is to combine SSRIs with 5-HT2C antagonists/inverse agonists.

[1,2]
 

We designed and synthesized novel compounds with dual activities for both the serotonin transporter (5-HTT) and the 5-HT2C 
receptor. Our initial approach was based upon fluoxetine and a series of GSK compounds selectively targeting the 5HT2C receptors (e.g., 
SB243213, an inverse agonist). Merging both fragments in one molecule successfully resulted in a novel multiple ligands having dual 
activity on both receptors. These initial hit molecules were tested in Cyp-450 enzymatic and liver microsomal stability assays, and 
physicochemical characteristics were calculated; satisfactory properties were obtained. In our subsequent hit-to-lead campaign we 
point-wise modified all parts of the molecule in order to increase potency/binding and selectivity while maintaining required 
physicochemical parameters and ADME properties. Within the series prepared AG-0387 proved to be highly interesting for further 
studies. It showed low-nanomolar interaction with both the 5-HTT transporter (8 nM) and the 5HT2C receptor (5 nM) and was highly 
selective towards other transporters (e.g., DAT 323 nM). Preliminary mechanistic in vivo models showed a greater acute elevation in 5-
HT levels than an SSRI (rat hippocampal microdialysis) suggestive of fast onset potential, and an anxiolytic-like effect in the rat light/dark 
box test. AG-0387 is a rationally designed, multiple target ligand that might overcome some of the drawbacks of SSRIs. Follow-up in vivo 
studies will evaluate if AG-0387 addresses some of the unmet needs for the treatment of depression and other affective disorders. 
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The limited bioavailability of nitric oxide (NO) is a well-recognized contributor to the pathology of endothelial dysfunction and 

atherosclerosis, and thus, the onset and progression of cardiovascular diseases.
[1] 

During the physiological formation of NO from L-arginine catalysed by nitric oxide synthases (NOSs) the intermediate N
ω

-hydroxy-L-
arginine (NOHA) is formed. Besides being the most potent known substrate for NOSs, NOHA releases NO only at that site where it is 
ultimately needed as opposed to other NO donors (e.g., nitrates). Furthermore, NOHA is a potent inhibitor of arginases whose 
overexpression and activity is closely linked to atherosclerotic changes. Therefore, NOHA is a promising NO modulator for the treatment 
of cardiovascular diseases.

[1]
 However, due to its poor chemical and metabolic stability, NOHA does not exhibit good drug candidate 

qualities. We have devised prodrug concepts for the problematic N-hydroxyguanidine moiety that successfully overcame these key 
liabilities.

[2]
 

The next step was to demonstrate efficient uptake and bioactivation of the new prodrugs in living cells. To address this question, we 
developed a cell-based assay that captures NO release by automated fluorescence microscopy. EA.hy926 cells were chosen as a 
permanent cell line because of reported similarities to human umbilical vein endothelial cells (HUVECs).

[3]
 The detection of intracellular 

NO was successfully implemented using a cell-permeable fluorescence probe, 4-amino-5-methylamino-2',7'-difluorofluorescein 
diacetate (DAF-FM-DA).

[4]
 This imaging assay allowed us to comprehensively profile a panel of new NOHA prodrugs for NO-releasing 

properties in a sensitive, quantifiable and automated fashion. 
 
References: 

 
[1] Modulating the NO-Generating System from a Medicinal Chemistry Perspective: Current Trends and Therapeutic Options, Schade, D.; Kotthaus, J.; 
Clement, B.; Pharmacology and Therapeutics 2010, 126, 279–300. 
[2] Prodrug design for the potent cardiovascular agent Nω-hydroxy-L-arginine: Synthetic approaches and physicochemical characterization, Schade, D.; 
Kotthaus, J.; Kotthaus, J.; Muschick, N.; Clement, B.; Organic and Biomolecular Chemistry 2011, 9(14), 5249–5259. 
[3] Application of 4,5-diaminofluorescein to reliably measure nitric oxide released from endothelial cells in vitro, Räthel, T. R.; Leikert, J. F.; Vollmar, A. M.; 
Dirsch, V.; Biological Procedures Online 2003, 5, 136–142. 
[4] Detection and imaging of nitric oxide with novel fluorescent indicators: diaminofluoresceins, Kojima, H.; Nakatsubo, N.; Kikuchi, K.; Kawahara, S.; 
Kirino, Y.; Nagoshi, H.; Hirata, Y.; Nagano, T.; Analytical Chemistry 1998, 70(13), 2446–-2453. 

 
 

Y063 | Design and Synthesis of Multiple Ligands for the Treatment of Motor and Cognitive Symptoms of Parkinson’s Disease 
 
Ton Vries,

(2)
 André Heeres,

(2)
 Melloney Droge,

(3)
 Andrew McCreary,

(4)
 Isaac Veinbergs,

(4)
 Sandra Hogg

(1)
 

 
1) Angita Pharmaceuticals, Kadijk 3, 9747 AT Groningen, The Netherlands 
2) Syncom, Kadijk 3, 9747 AT Groningen, The Netherlands 
3) ABL, W.A. Scholtenstraat 7, 9403 AJ Assen, The Netherlands 
4) Brains On-Line, P.O. Box 4030, 9701 EA Groningen, The Netherlands 

 
Parkinson's disease (PD) is a chronic neurological disorder that impacts nearly 5 million people across the globe and 1 in 100 people 

over the age of 60. It is widely accepted that PD is characterized by a progressive loss of the substantia nigra dopaminergic neurons that 
play a key role in orchestrating motor movement and coordination, disturbances of which are hallmark features of PD. In addition to 
these classical motor disturbances, there is a growing recognition of additional symptoms that negatively impact the lives of PD patients 
including impairment in cognition, ranging from a mild decline in memory and cognitive performance to dementia. PD-associated 
cognitive disruption is not effectively treated, thus treatment of the motor and cognitive impairments associated with this disorder is a 
clear unmet medical need. 

We are currently developing an innovative treatment strategy for PD. Our aim was to develop small molecules that simultaneously 
stimulate dopamine D2 receptors (to compensate for the PD-related loss of dopamine levels in the CNS) and histamine H3 receptors (to 
improve cognitive performance). A literature survey for D2 agonists and H3 antagonists in both the open and patent literature was the 
start of the design and synthesis of a small library of 20–25 compounds in which both pharmacophores were merged in a single 
molecule, a so-called multiple ligand. Hits obtained were optimized for efficacy on both targets, ADME properties and physicochemical 
properties, and we were able to prepare compounds having low-nanomolar activity on both targets. Preliminary in vivo studies of one 
of our candidates (AG-0029) showed reduced striatal dopamine (microdialysis), suggesting agonist actions at the D2 autoreceptor and 
augmented PFC HA, confirming antagonist activity at H3 autoreceptors (microdialysis). Furthermore, AG-0029 caused contralateral 
rotation in lesioned 6-OHDA-lesioned rats, suggesting anti-Parkinson action, as observed for L-DOPA. AG-0029 has also demonstrated a 
cognitive enhancing effect in the rat novel object recognition test. Taken together these data demonstrate that AG-0029 possesses D2 
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receptor agonist and H3 receptor antagonist effects both in vitro and in vivo. Indicating that this novel, multiple ligand approach has 
potential for the treatment of motor and cognitive symptoms of Parkinson’s disease. 
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Plasmodium falciparum, the most virulent of the human malaria parasites causes an estimated 225 million cases of malaria 

worldwide and more than one million deaths per year. This parasite is transmitted to humans by the bite of infected female Anopheles 
mosquito and undergoes several developmental stages within its human hosts. The rapid and cyclical multiplication of the parasite in 
the host red blood cells is responsible for the symptoms and mortality of malaria infection. This rate of production demands high 
metabolic activity particularly through the increased 
requirement for membrane formation. Membranes of this 
intracellular parasite are essentially composed of 
phospholipids. Indeed, infected erythrocytes show a 
marked increase in phospholipids by approximately 
sixfold. 

The field of plasmodium metabolomics is still in its 
infancy, and most studies so far focus on relative 
quantitation by comparing cells in two different metabolic 
states, rather than performing absolute quantitation. In 
this study, we are interested in the absolute quantitation, 
by liquid chromatography–tandem mass spectrometry 
(LC–MS/MS), of the metabolites involved in the different 
phospholipids biosynthesis pathways as well as several 
other metabolites that reflect the metabolic status of the 
parasite including amino acids, carboxylic acids, energy-
related carbohydrates and nucleotides. This metabolomic 
study offers the potential for discovering new drug targets, 
or to track the metabolic changes within the parasite 
caused by treatment with existing drug, with the aim of optimising treatments. For these aims, we developed and validated two liquid 
chromatography tandem-mass spectrometry (LC–MS/MS) methods for the quantification of water-soluble metabolites from P. 
falciparum parasites and their host cells. 

A total of 35 compounds were quantified. We have also studied the respective contribution of different phospholipids biosynthesis 
pathways in P. falciparum by experiments using culture medium supplemented with labelled precursors. Through these experiences, we 
try to elucidate the dynamics of each pathway (limiting and regulatory steps) and to investigate eventual cross-regulations between 
metabolic pathways. 
 
References: 

 
[1] S. Besteiro, S. Vo Duy, C. Perigaud, I. Lefebvre Tournier, H.J. Vial, Parasitology 2010, 137, 1343–1356. 
[2] S. Vo Duy, S. Besteiro, L. Berry, F. Bressolle, H.J. Vial, I. Lefebvre Tournier, Anal. Chim. Acta. 2012, 739, 47–55. 

 
 

 

 

Wiley Online Library www.chemmedchem.org EFMC-ISMC 2014 │  

 

EFMC 
International Symposium 
on Medicinal Chemistry MED

446



Y065 | Small Quaternary AChE Inhibitors with mAChR/nAChR Activity—Synthesis, In Vitro Screening and Molecular Modelling 
 
Alena Uhrikova,

(1)
 Michal Novotny,

(1)
 Karel Musil,

(1)
 Pavel Bucek,

(1)
 Vlastimil Dohnal,

(1)
 Anna Horova,

(2)
 Daniel Jun,

(2)
 Kamil Kuca,

(3)
 Kamil 

Musilek
(1)

 
 
1) University Hradec Kralove, Faculty of Science, Department of Chemistry, Rokitanskeho 62, 50003 Hradec Kralove, Czech Republic; E-mail: 
kamil.musilek@uhk.cz 
2) University of Defence, Faculty of Military Health Sciences, Department of Toxicology and Centre for Advanced Studies, Trebesska 1575, 500 01 Hradec 
Kralove, Czech Republic 
3) University Hospital, Biomedical Research Centre, Sokolska 581, 500 05 Hradec Kralove, Czech Republic 

 
Carbamate compounds (e.g., pyridostigmine bromide) are used as a pre-exposure treatment for the prevention of 

organophosphorus poisoning. They work by blocking acetylcholinesterase (AChE) native function and thus protect AChE against 
irreversible inhibition by organophosphorus compounds. However, carbamate inhibitors are known for many undesirable side-effects 
related to the carbamylation of AChE. 

In our work, analogues of SAD-128
[1–2]

 with tert-butyl or trifluoromethyl moiety were prepared and evaluated in vitro as 
cholinesterase inhibitors on human recombinant AChE.

[3–4]
 The screening results showed promising inhibitory ability of several 

compounds on the nanomolar scale that were further docked into the hAChE active site. The AChE inhibition was related to the 
receptor studies on muscarinic (mAChR) and nicotinic (nAChR) acetylcholine receptors. 
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Fatty acid amide hydrolase (FAAH, EC 3.5.1.99) is a mammalian intracellular enzyme member of the extensive family of serine 

hydrolases that catalyzes the degradation of a class of lipid signaling fatty acid amides. The fatty acid amide substrates hydrolyzed by 
FAAH fall into multiple structural classes that serve distinct regulatory functions in the body. A principal of class of endogenous FAAH 
substrates is the fatty acid ethanolamine family (N-acyl ethanolamines, NAEs) which includes ligands for cannabinoid receptors such as 
anandamide 1 (N-arachidonoyl ethanolamine).

[1]
 Since their discovery, a variety of biological properties having potential therapeutic 

relevance were reported for 
anandamide and other 
members of the cannabinoid 
family. Amongst these, were 
implications in the modulation 
of nociception, feeding, emesis, 
anxiety, cell proliferation, 
inflammation, memory, and 
neuroprotection after brain 
injury, endowing cannabinoids 
with clinical relevance for 
analgesia, anxiety, epilepsy, 
cachexia, cancer and 
Alzheimer’s disease as well as 
other neurodegenerative 
diseases.

[2]
 

First synthesized in 1899, 3-phenyl-5-methoxy-1,3,4-oxadiazol-2(3H)-one 2a and its derivatives attracted little attention until the 
1970´s, when analogues such as 2b and 2c were shown to possess anthelmintic properties. Latter, the 5-phenoxy derivatives 3a and 3b 
were demonstrated to have similar biological activity. More recently, 5-alkoxy derivatives (4, 5 and 6) were developed for the treatment 
of obesity and diabetes, based on their capacity to inhibit pancreatic lipase (PL) and hormone-sensitive lipase (HSL) two other members 
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of the serine hydrolase family.
[3]

 We envisaged then that the 3-phenyl-1,3,4-oxadiazol-2(3H)-one moiety could also serve as a useful 
template for the design of potent FAAH inhibitors. Thus, we herein report the synthesis and explore the structure-activity relationship 
(SAR) of a distinct series of 3,5-disubstituted 1,3,4-oxadiazol-2(3H)-ones.

[4]
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In recent years, boronic acids evolved from an important family of reagents for synthesis, into a very promising class of therapeutic 

agents, represented by one Food and Drug Administration approved drug, Bortezomib, and several others at various stages of clinical 
development.

[1]
 Despite their undeniable potential, boronic acids with cytotoxic properties often display unfavorable pharmacokinetics 

and off-target toxicity.
[2]

 Therefore, a system for selective delivery of cytotoxic boronic acids to tumor cells is highly desirable. Based in 
our recent finding that Schiff base boron complexes are able to selectively release the boron component in the presence of glutathione, 
which is present at higher levels (mM) in tumor cells than in the bloodstream (μM), herein it was addressed the selective delivery of 
cytotoxic boronic acids to tumor cells by designing an iminoboronate as protective/delivery group.

[3]
  

A library of iminoboronates was synthesized with the assembling of a chelating aldehyde/ketone, a bidentate amine and a boronic 
acid. The yields obtained, in almost of cases, were higher than 70 %. This group of iminoboronates was evaluated at different pH values 
(physiological and lysosomal) and in human plasma to assess their stability. Some iminoboronates revealed to have a great stability 
under these conditions with half-lives higher than 30 hours. 

The next step will consist in the evaluation of the best iminoboronates in the presence of glutathione in order to evaluate if 
glutathione will be a trigger mechanism for a faster release of the boronic acid moiety from these iminoboronates. 
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Currently, there is a large interest in macrocycles due to their structural uniqueness and high potential for difficult targets.

[1]
 In order 

to preserve favorable ADME properties of novel macrocyclic compounds,
[2]

 high-throughput chromatographic determination of 
lipophilicity and permeability parameters was used to monitor physchem properties. Standard computational tools for lipophilicity 
prediction are not applicable for 3D-enriched macrocyclic compounds, therefore measured physchem data were used to guide design of 
novel compounds. 

Chromatographic hydrophobicity index by gradient reverse-phase HPLC was used at different pH values. An LC-MS system was used 
due to significant number of compounds lacking chromophores. The advantage of high-throughput physchem determination is the small 
amount of sample needed, which is favorable for the early stage of drug discovery.

[2–4] 
 

Analysis of measured chromatographic parameters will be presented and their use in early ADME optimization for macrocyclic 
compounds will be discussed. 
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During the last two decades, medicinal chemistry research has produced quipazine derivatives, which show some activity in 

inhibiting the serotonin uptake; among them, 6-nitroquipazine and analogues displayed sub-nanomolar affinity for SERT. In our previous 
studies, the 6-nitroqupazine alkyl and buspirone analogues were synthesized and their affinities to SERT 
and the 5-HT1A receptor were determined.

[1,2]
 

In the present study, the synthesis and pharmacological evaluation of a series of long-chain 
arylpiperazine analogues as serotonin transporter ligands was performed. In addition, the influence of 
substituent R

1
 at the aromatic ring on ligand binding affinity to serotonin transported was analyzed. The 

ligands differed in R
2
 group. The derivatives with nitro group possess quite high binding affinities. In 

comparison the introduction of the methoxy or hydroxy substituent at C6 position of quinoline moiety 
gave relatively low binding affinities. 
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Necrosis is one of the most common processes associated with human diseases. It contributes significant pathology to many of the 

most widespread and lethal diseases, including persistent myocardial ischemia, acute myocardial infarction, ischemic brain injury, 
stroke, and Alzheimer's disease. In contrast to apoptosis, necrosis has long been considered as an uncontrolled mode of cell death. 
Consequently, currently applied clinical approaches are mainly focused on preventing the causes of necrosis and are very limited once 
the necrotic process is initiated. 

We identified an induction of specific proteolytic activity in response to treatment of cells with various necrosis inducers, partially 
purified and characterized this activity, and studied the effect of its inhibition on the necrotic process both in vitro and in vivo. These 
studies shed light on the early biochemical events leading to necrotic cell death. They may also lead to the development of novel anti-
necrotic drugs. 
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