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active pharmaceutical ingredients
(APIs) 172-173

advanced oxidation technologies
(AOTs) 216

aldehydes, condensation of 157-158

aldimine condensation 156

aldol additions 101-102

aldol condensation 157

alkenes cyclopropanation of, using silver
foil 171

2-alkynylanilines 10

amide formation, laser-driven 75

amines, condensation of 157-158

aminetransaminases (ATAs) 90

p-aminobenzoic acid 13

1-aminoethyl-3-vinylimidazolium
bromide 48

aminolysis 99

4-aminotoluene (4-toluidine)
condensation reaction of 157

aminotransferases or transaminases
90

ammonium metatungstate hydrate
27

aniline derivatives,
diazotization/heterogeneous
Heck—Matsuda cross-coupling
sequence 197

aqueous catalysis, functionalized ionic
liquids for 46-47

aromatic nitroarenes chemoselective
reduction of, P-Mg-Au(0)
catalyzed 70

artemisinin synthesis 146, 147
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aryl amines—methyl acrylate,
diazotization/heterogeneous
Heck—Matsuda cross-coupling
sequence of 196
aryl amines—methyl acrylate,
diazotization/homogeneous
Heck—Matsuda cross-coupling
sequence of 195
aryl boronic acid—ethyl acrylate,
oxidative Heck cross-coupling
sequence of 198
aryl boronic acids, lithiation/Murahashi
cross-coupling reaction of 201
aryl boronic acids, oxidative
Heck—Mizoroki cross-coupling
reaction of 198
aryl bromides
lithiation/borylation/Suzuki—Miyaura
cross-coupling sequence 187,
190
lithiation/Murahashi cross-coupling
sequence of 200
arylsulfides, Stadler—Ziegler synthesis of
144, 145
asymmetric aldol condensation 6
Atomic Absorption Spectroscopy (AAS)
19
AuCNT
catalyzed N-formylation 75
catalyzed oxidation 74
Au/MIL-101 catalyst 77,78
1-phenylethanol, oxidation of 77
Au/Pd alloy nanoclusters (NCs) 68
azoxybenzene 27-28

Sustainable Catalysis: Energy-Efficient Reactions and Applications,
First Edition. Edited by Rafael Luque and Frank Leung-Yuk Lam.
©2018 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2018 by Wiley-VCH Verlag GmbH & Co. KGaA.



274

Index

b

Baeyer—Villiger oxidation 13, 157
ball milling olefin metatheses by
169-170
benzhydrol nucleophilic substitution of
37
benzyl alcohol oxidation to
benzaldehyde, magnetic Pd
catalysts for 237-247
Pd/MagSBA catalyst 239-246
biaryl derivatives synthesis, lithia-
tion/borylation/Suzuki—Miyaura
cross-coupling sequence for
186
in microflow system 186
biaryl derivatives synthesis,
lithiation/Murahashi
cross-coupling sequence of 200
bio-catalysis 233, 234
biocatalysis at room temperature
89-125
cutinases 107
enzymes in ionic liquids
hydrolases 98-107
laccases 108-115
transaminases 90-98
biomass to furan compounds
conversion, hydrothermally
stable functional materials
synthesis for 268
metal-organic frameworks, as catalyst
for biomass valorization 254
xylose dehydration to furfural using
MIL-101 255-267
biomass valorization, metal-organic
frameworks as catalyst for

115-125

254

2,2’ -bipyridine-5,5’-dicarboxylic acid
82

bisphenol A (BPA) 110

Brensted acid 232
role in xylose dehydration 253
Brensted acid ionic liquids (BAIL)
3-5, 36, 38, 39, 46
esterification of citric acid with
n-butanol over 40
structural designability of 40

bromides/triflate, lithia-
tion/borylation/Suzuki—Miyaura
cross-coupling sequence of 190

bromination mechanochemical
162-163

C

Candida antarctica lipases

Candida boidinii formate
dehydrogenase (CB-FDH)

Candida rugosa lipase (CRL) 105

carboranes synthesis 10

carbon catalysts, functionalized ionic
liquid-based 49-54

carbon material based metal

72-75

107,119

121

nanoparticles
catalysis
graphitic carbon nitride composites,
environmental applications of
222-223
graphitic carbon nitride,
environmental applications of
222-223
catalytic oxidative pathways
215-216
catalytic reductive pathways
217-218
cation and anion synergistic analysis, in
ionic liquids 45-46
cetyltrimethyl ammonium bromide
(CTAB) 27,76
C-H bond activation
mechanochemical 170-171
and visible-light photoredox catalysis
142
C-heteroatom 103
chiral amines 90-92
chlorinated hydroxyl biphenyl
chlorophenol 110
cinnamaldehyde (CAL) 82
chemo-selective hydrogenation of
82
hydrogenation of, reaction pathways
in 82
cinnamyl alcohol, oxidation by
Pd/MIL-101 78
Claisen—Schmidt condensation 48

110



cooperative nucleophilic-electrophilic
organocatalysis, by ionic liquid
46

copper-catalyzed [2+3] cycloaddition
168-169

copper manganese oxide 83

cross metathesis (CM) reactions 169

Cu/AlO(OH)-H5I06 catalytic system

24, 25
CuNPs@SCEF catalyst 25
cutinases 100-107
4-cyanopyridinium hydrogensulfate
51

cyclopentanone 13
cyclopropanation of alkenes using silver
foil 171

d

deposition-precipitation with sodium
hydroxide (DPSH) 77

2,4-diamino-6-nitrotoluene (2,4-DANT)
110

diazotization/homogeneous
Heck—Matsuda cross-coupling
sequence starting from aniline
derivatives 196

diazotization/palladium-catalyzed
Heck—Matsuda coupling

sequence 194
2,4-dichlorophenol 111
dicyanoanthracene 146

Diels—Alder cycloaddition 139

Diels—Alder reaction 5, 6, 165-167

diflunisal, lithia-
tion/borylation/Suzuki—Miyaura
cross-coupling sequence of 189

dimethylformamide 9

divinylbenzene (DVB) 47-49

droplet microfluidics, and
photoinitiation 147-148

e

electrocyclic reactions 165-168

end group modification, photography
for 147

endocrine disrupting chemicals (EDCs)
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degradation by ferrate oxidation

208-209
environmental applications of catalysis

207-224

ferrate, for water treatment
208-209

graphene and graphene composites
219-221

graphitic carbon nitride and graphitic
carbon nitride composites

222-223
perovskites and perovskite
composites 221-222

remediation of contaminated
groundwater and soil 215-218
titanium dioxide 212-215
enzymes in ionic liquids 125
applications at high temperature
115
general features of 115-125
eosin-Y with heteroarenes,
photocatalytic C—H arylation of
141
epoxidation 103-104
esculin esterification reaction of 124
esterases 100
esterification 99
ethanolammonium nitrate 2
ethylammonium nitrate 3
ethylenediamine-functionalized
nanocellulose (EDANC)
1-ethyl-3-methylimidazolium
dicyanamide 51

11-12

f

Fenton process 216
ferrate, for water treatment 208-209
ferrite, for water treatment
magnetically separable
photocatalyst 212
first-row transition metals (FRTM) 72
fluorinated ethylene propylene (FEP)
144
fly-ash/MIL-101 composite catalyzed
xylose to furfural transformation
258-262
Forbes’s ionic liquid 36-38, 43

209-212
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formaldehyde 71
Fourier-transform infrared attenuated
total reflectance spectroscopy
(FTIR-ATR) 158
fructose into 5-alkoxymethylfurfural
ethers, conversion of 42
functionalized ionic liquid-based
catalytic system 35-54
aqueous catalysis 46-47
carbon catalysts 49-54
catalysis by porous poly ionic liquids
47-49
catalyst recycling and product
isolation, facilitating 4043
cation and anion synergistic analysis
45-46
enhancement of catalytic activity
36-38
reaction selectivity, improvement of
38-39
relay catalysis 43—-44
furan derivatives, lithia-
tion/borylation/Suzuki—Miyaura
cross-coupling sequence of
188
furfural
applications of 251
xylose dehydration, using MIL-101
255-267
yield of 254
furfuralacetone (FFA) 44

9

glucose, colloidal deposition with 77

gold catalysis, and visible-light
photoredox catalysis 143

gold nanoparticles in SiO2 systems,
laser-driven heterogeneous
catalysis using 28

grafted metal ions based nanomaterials
65-66

graphene composites, environmental
applications of 219-221

graphene environmental applications of
219,221

green chemistry 2,46

Grignard reagent 13,15

grinding, photochemical [2+4]
cycloaddition during 167-168

group 9-based heterogeneous catalysts
11-13

group 9-based homogenous catalysts
6-7

group 10-based heterogeneous catalysts
13-23

group 10-based homogenous catalysts
7-10

group 11-based heterogeneous catalysts
23-29

group 11-based homogenous catalysts
10

h
haloacetic acids
Ha number 146
Heck—Matsuda cross-coupling 194
Heck—Mizoroki cross-coupling reaction
192-198
hemicelluloses to furfural conversion
47
heteroarenes—aryl halides, lithia-
tion/borylation/Suzuki—Miyaura

208

cross-coupling sequence of 188
heteroarenes with eosin-Y,
photocatalytic C—H arylation of
141
heteroatom—heteroatom bond
formation 103
heterocycle synthesis 104
heterogeneous room temperature
catalysis 59-83
grafted metal ions based
nanomaterials 65-66
metal nanoparticles based
nanomaterials 67-82
carbon material based metal
nanoparticles 72-75
metal oxide nanoparticle based
nanomaterials 70-71
metal-organic frameworks 77-82
polymer-metal nanocomposites

68-70
siliceous base support metal
nanoparticles 74-77



stabilized by ligands 67-68
metal oxide nanoparticles based
nanomaterials 82-83

solid acid based nanomaterials
60—-65
High Gradient Magnetic Separators
(HGMS) 211
Huisgen coupling 168-169
Huisgen [3+2] cycloaddition reaction

23, 24
hydrocinnamaldehyde (HCAL) 82
hydrolases 98-107

applications at room temperature
107-100

general features of 98-100
subdivisions of 98
hydroxy-aromatic derivatives,
hydrogenation of 79
4-hydroxybenzaldehyde condensation
reaction of 157
4-hydroxy-3-methoxybenzylamine
111
4-hydroxy-3-methoxybenzylurea
111
4-hydroxyphenylacetic acid 111
3-hydroxytyramine 111

)

ICP-AES analysis 26

impregnation (IMP) 77

indole with cyclic ketones, reductive
alkylation of 38

intermolecular [2+2]

photocycloadditions 139
intramolecular [5+2]
photocycloadditions 145

ionic liquids  231-232
based catalytic systems, at room
temperature 2-6
enzymesin 115-125
iridium nanoparticles 12-13

k

Kabachnik—Fields reaction 3

2-ketoglutaric acid 90

kinetic resolution of hydrolases, at high
temperature 105-107
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Knoevenagel condensation 6, 48
Kumada cross-coupling reaction 199

/

laccase(s)
applications of 110-115
general features of 108-109
mediated coupling 114
Lactobacillus brevis alcohol
dehydrogenase (LB-ADH) 121
lactonization 99
Lewis acids 3,5, 6,19
catalysts 60
role in xylose dehydration 253
ligands metal nanoparticles based
nanomaterials, stabilization of

67-68
light-enabled room temperature
catalysis 135-151

cross-coupling  141-143
photochemistry versus microreactor
technology 144-147
photography in material science, use
of 146-150
solar fuels 149-151
UV photochemistry 136-139
visible light photoredox catalysis
139-141
light-induced pericyclic ring closing
reactions, see photocyclization
lipase-catalyzed hydrolysis reaction 99
lipases 100
applications at room temperature
100-101
liquid-assisted grinding (LAG)
158-159

neatvs. 156-159

m

magnetic nanoparticles (MNPs)
209-211

magnetic recovery, of water treatment
materials 211, 212

malathion, structure of 107

malononitrile, Knoevenagel
condensation of 81

MANA-agarose 91

277



278

Index

Mannich reaction 102-103
material science, photography in, use of
146-150
MCM-48 17-18
mechanochemically-enhanced organic
transformations 155-176
active pharmaceutical ingredients
(APIs) 172-173
electrocyclic reactions 165-168
mechanochemically-enhanced/
facilitated reactivity 173-174
metal-catalyzed mechanochemical
reactions 168-171
neat vs. liquid-assisted grinding
156-159
organic substrates oxidation, using
oxone 160-162
oxone-aided mechanochemical
halogenations 162-163
reduction reactions 163, 165
unstable reaction intermediaries,
trapping 175-176
mechanochemistry 232, 233
mesitylene 13
mesoporous poly(ionic liquid)s (MPILs)

47-49
metal-catalyzed mechanochemical
reactions 168-171

C-H bond activation 170-171
copper-catalyzed [2+3] cycloaddition
168-169
olefin metatheses by ball milling
169-170
metal nanoparticles based
nanomaterials 67-82
carbon material based metal
nanoparticles 72-75
metal-organic frameworks 77-82
metal oxide nanoparticle based
nanomaterials 70-71
polymer-metal nanocomposites
68-70
siliceous base support metal
nanoparticles 74-77
stabilized by ligands 67-68
metal-organic frameworks (MOFs) 60,
232

as catalyst for biomass valorization
254
metal nanoparticles in 77-82
metal-organic nanotube (MONT) 66
metal oxide nanoparticle based

nanomaterials 70-71,
82-83

methacrylates, polymerization of 147,
148

4-methoxyphenyl boronic acid and ethyl
acrylate, oxidative Heck coupling
reaction between 197

4-methoxyphenyl boronic acid, lithia-
tion/borylation/Suzuki—Miyaura
cross-coupling sequence of
190

3-methyl-1-butyl pyridine dicyanamide
52

n
N-methylmorpholine—unfunctionalized
pyridazine coupling 140

methyl tert-butyl ether (MTBE) 97
Michael addition 102, 103
microreactor technology versus
photochemistry 144-147
MIL-101 19
organosilane coated, catalyzed xylose
dehydration 255-258
palladium-based 232
xylose dehydration to furfural using
255-267
mineral acids 3
MOFE-177 catalyzed 78
Mott—Schottky effect 21
MSC-30 72
Mucor miehei lipase (MML) 104
Murahashi cross-coupling reaction
199-201
nanomaterials, room-temperature
catalytic reactions 61
naphthols, oxidative coupling of 157
N-functionalized active carbon (NAC)
72-73
nickel catalysis and visible-light
photoredox catalysis, merging of
143



nitroarenes, imination of 71
4-nitrobenzaldehyde, Knoevenagel
condensation of 81

nitrobenzene hydrogenation of
80

4-nitrophenol, reduction of 77

Nomenclature Committee of the
International Union of
Biochemistry and Molecular
Biology (NC-IUBMB) 98

nonyl-phenol 110
Norrish type I cleavage 138, 150
Norrish type II cleavage 138

Norrish—Yang cyclization 137

o
olefin metatheses, by ball milling 169,
170
organic synthetic photochemistry,
Norrish reactions in 138, 139
organocatalysis, combined with visible
light photocatalysis 140, 141
organosilane coated MIL-101 catalyzed
xylose dehydration 255-258
oxone
aided mechanochemical
halogenations 162-163
organic substrates oxidation using
160-162
oxytocin production 146

p

palladium-based heterogeneous catalyst
16-21
palladium-catalyzed cross-coupling, in
continuous flow at room and
mild temperature  183-202
Heck—Mizoroki cross-coupling
reaction 192-198
Murahashi cross-coupling reaction
199-201
Suzuki—Miyaura cross-coupling
reaction 184-192
palladium maghemite/silica
nanocomposite (Pd-MAGSNC)
75,76
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palladium nanoparticles, encapsulation
in UiO-67 80-81
Paterno—Buchi reaction 138, 139
Pd/MagSBA magnetic catalyst, for
benzyl alcohol oxidation to
benzaldehyde 239-246
characterization 239-240
Pd loading effect 241-246
reaction temperature effects
240-241
recycling effect 246
Pd/MIL-101 catalyst 78,79
cinnamyl alcohol, oxidation of 78
PEI-GO/Co nanoparticles 67, 68
perfluoroalkoxyalkane (PFA) 144
periodic mesoporous organosilicas
(PMOs) 75,76
perovskite composites, environmental
applications of 221-222
perovskites, environmental applications
of 221-222
pharmaceuticals, removal by ferrate
oxidation 209
phenanthrene, degradation of 216
phenyl boronic acid—aryl halides,
Suzuki—Miyaura cross-coupling
reaction of 191, 192
phenylacetylene, nucleophilic
substitution of 37
phenylboronic acid derivatives, lithia-
tion/borylation/Suzuki—Miyaura
cross-coupling sequence of 190
1-phenylethanol oxidation by
Au/MIL-101 77
1,3,5-triaza-7-phosphaadamantane
(PTA) 7
photochemical [2+4] cycloaddition,
during grinding  167-168
photochemical [2+4] cycloaddition
reaction, see Diels—Alder
reaction
photochemistry
compared with microreactor
technology 144-147
limitations of 136
UV 136-139
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photocyclizations 137
UV-induced, at room temperature

137,138

photography, material science, use of
146-150

photoinduced copper-catalyzed
Ullmann C-N coupling, at room
temperature 142

photoinitiation, droplet microfluidics
and 147-148

photon energy 235

phthalocyanine grafting, on crystalline
nanocellulose 25, 26

piperidine 26

poly(amidoamine) (PAMAM) 69

PolyDiMethylsiloxane (PDMS) 197

poly(ionic liquid), multi-layered
cross-linked 50

polymer-metal nanocomposites
68-70

polyols oxidation, PiAu-starch/HT
catalyzed 22,23

polyoxometalate (POM) 48, 49

polyoxometalate-based ionic liquids
40, 41

polystyrene—divinylbenzene
cross-linked Merrifield resin 13

polyvinylpolypyrrolidone (PVPP) 113
polyvinylpyrrolidone (PVP)

colloidal deposition with 77
porcine pancreatic lipase (PPL) 101

porous poly ionic liquids, catalysis by
47-49

porphyrin, biphasic synthesis of 39

Pseudomonas cepacia lipase 118

PTSA 38

PVP/KIT-5 composites 15

r

reaction selectivity improvement, by
functionalized ionic liquids
38-39

reduction reactions, by
mechanochemistry 163-165

regioselective acylation 99

remediation of contaminated

groundwater and soil 215-218

remediation of contaminated water and
soil
catalytic oxidative pathways
215-216
catalytic reductive pathways
217-218
prospects and limitations of 218
rhodium nanoparticles 12
ring closing metathesis (RCM) reactions

169
ring-opening metathesis polymerization
(ROMP) 23

room temperature catalysis
future development of 231-236
215 century challenges to  231-236
room-temperature catalytic reactions,
nanomaterials for 61
room temperature heterogeneous
catalysts 10-29
group 9-based heterogeneous
catalysts 11-13
group 10-based heterogeneous
catalysts 13-23
group 11-based heterogeneous
catalysts 23-29
room temperature homogenous
catalysts 2,10
ionic liquid based catalytic systems
2,6
transition metal homogenous
catalysts 6, 10
room-temperature ionic liquids (RTILs)
119,121, 124
ruthenium polypyridyl complexes 140
rutin, esterification reaction of 124

S

Salen-type Nickel (II) catalyst 13

semiconductor titanium dioxide (TiO,)
photocatalysis 82, 83

SilicaCat DPPP-Pd, lithia-
tion/borylation/Suzuki—Miyaura
cross-coupling sequence of 189

silica-3p-TPP 15

siliceous base support metal
nanoparticles 74-77



silver foil, cyclopropanation of alkenes
using 171
solar fuels 149-151
solid acid based nanomaterials 60-65
solid-state nuclear magnetic resonance
spectroscopy (ssNMR) 159
soybean peroxidase (SBP) 119
Stille reaction, dendrimer-encapsulated
Pd NPs catalyzed 70
Stober method 16, 18
Strecker reaction 11
styrene, hydrogenation of 80
sustainable catalysis 30
Suzuki—Miyaura coupling reactions
14, 15
in continuous flow 184-192
palladium-catalyzed 68

t

Tamao—Kumada—Corriu cross-coupling
reaction 13

terephthaldialdehyde 13

tetrahydrofurfurylacetone (THFA) 44

4-(2-tetrahydrofuryl)-2-butanol 44

tetraphenylethylene, hydrogenation of
80

textile dyes 112

thermomechanical pulp (TMP) 111

thermo-regulated phase separable
catalysis (TPSC)-based AGET
ATRP system 42

thiophene, lithiation/Murahashi
cross-coupling sequence of 201

three-dimensional graphene-based
frameworks (3DGFs) 73

titanium dioxide (TiO,)

photocatalysts, environmental

applications of 212,215

transaminases 90-98
applications at room temperature
90-98

general features of 90
transesterification 99
transition metal homogenous catalysts
6-10
group 9-based homogenous catalysts
6-7
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group 10-based homogenous catalysts
7-10
group 11-based homogenous catalysts
10
triacylglycerol (TAG) ester hydrolases
99
triclosan toxicity 208
triethanolammonium hydrogensulfate
4
trifluoromethanesulfonic acid 38
trihalomethanes 208
trimethoxy-3-aminopropylsilane
yielding aminopropyl silica
(AMPS) 13
2,4,6-trinitrotoluene (TNT) 110
triphenylethylene glycol, pinacol
rearrangements of 47
triphenylphosphine (TPP) 15, 16

u
UiO-67
encapsulation of palladium
nanoparticlesin  80-81
palladium-based 232
unstable reaction intermediaries,
trapping 175-176
UV-induced TiO? photocatalysis
212-213
UV photochemistry, room temperature
catalysis 136-139

v
valerolactone 13
visible-light activated TiO?

photocatalysis 213, 215
visible light photoredox catalysis 139,
141

volatile organic matter (VOM) 12

w
Water Extract of Rice Straw Ash
(WERSA) 7,9
water treatment
ferrite photocatalyst for 212
magnetic nanoparticles for
209-211
materials, magnetic recovery of
211-212
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water treatment, ferrate for 208-209
whole cells biotransformation
121-123

X
X-ray absorption near-edge structure
(XANES) 22
X-ray photoelectron spectroscopy (XPS)
22
xylose dehydration
acid sites, role of 264-267
to furfural, using MIL-101  255-267
hydrothermal stability of catalysts
264-267

Lewis and Brensted acids, role of
253

organosilane coated MIL-101
catalyzed 255-258

textural properties of catalysts
264-267

z

zerovalent iron (ZVI) 217,218
Ziegler catalysts 7

zwitterionic m-aminobenzoquinones,

mechanochemical synthesis of
159



