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biphasic mixtures 24
biphasic reaction systems 26
Bohlmann–Rahtz synthesis 144
borneol 220
– oxidation 220
boronic acids 135
Brownian motion 12
Buchwald–Hartwig reaction 140
built-in magnetic stirrers 4, 45, 53
built-in ventilation system 184

c
carbon-doped Teflon (Weflon) 124
carbon monoxide 101, 275
carboxylic acids 92, 146
– o-alkylation 92
catalyst-free transesterifications 105
catalyst/ligand systems 181
catalysts 181
– decomposition of 181
– solvent system 176
catalytic transfer hydrogenation

conditions 101, 102
catalytic transfer hydrogenations 190
cation-complexing agents 91
CCD camera 57
CEM corporation 56, 68
– Discover systems 56–58, 61
– Explorer systems 58
– Voyager systems 58–60
– Liberty peptide synthesizer 59, 60
– MARS S 68
CF organic microwave synthesis 143
CF techniques 143
Chemspeed SWAVE 55
chiral ionic liquids 108
chloroacetic ethyl ester reaction 92
p-chloroaniline 228
– N-acetylation 228
circular wave guide 50
Claisen–Schmidt condensation 130
Claisen rearrangements 41, 111, 114
closed-vessel conditions 96, 107
closed-vessel microwave system 97
cold spots 46
Combichem rotor 64, 66
CombiCHEM system 77
computer-aided method programming 48
continuous-flow conditions 184

continuous-flow protocol 152, 271
copper-catalyzed N-arylation 169
corrosive reactions 190
corrosive reagents 190
custom-built microreactor device 145, 150
custom-built parallel reactor 120
– construction of 120
cyanuric acid 33
cycloaddition process 38
cycloaddition product 99

d
design of experiment (DoE) 175, 241
DHPM 116, 118, 136
– N3-acylation 136
DHPM derivative 117, 268
DHPM library 268
DHPM scaffolds 136, 253
dielectric constant 15, 16
dielectric heating 14, 88
– mechanisms 16
dielectric loss 14, 17
dielectric materials 18
dielectric properties 15
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heterogeneous gas-phase catalytic reactions

98
heterogeneous gas phase catalysis 33
heterogeneous liquid/liquid systems 36
heterogeneous metal catalysts, see palladium
heterogeneous reactions 24
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IntelliVent pressure control system 57, 180
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– S-Class 57
invasive methods 112
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– effects 14
– graphical presentation 13
– mechanism 14
ionic liquid/hexane mixture 36
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IR camera 46
IR probes 24, 177
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77, 85, 111, 121, 177, 178, 184, 199
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reactors 152
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149
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Liberty system 61
library synthesis 116
liquid-gas interfaces 31
liquid-liquid extraction 55
liquid by-products 97
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143
low-absorbing materials 18, 188
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low absorbing solvents 166
– dichloromethane 166, 227
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– toluene 166, 227
low-boiling solvents 166

m
macroscopic temperature effect 20
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magnetic field interactions 13
magnetic stirring 74
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– output power modulation 22
maleic anhydride 224
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mapping experiments 46
MARS scale-up system accessories 69
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– Flow Cell Accessory Kit 70–71
MARS parallel system accessories 70
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– MARSXpress rotor 71
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metal/ligand complexes 191
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– device 151
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– heterogeneous catalysts 37, 191
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systems 62
microwave-assisted catalytic transfer
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95, 109, 137, 141, 152, 190
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– scale-up of 81, 141
– transformations 31, 34
– transition metal-catalyzed reactions 191
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–ACS guidelines 178
–flow-chart 166
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–temperature sensors 23
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– advantages 192
– application 104
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approach 40
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197
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microwave interactions 11
microwave irradiation 2, 14, 15, 17, 18, 19, 22,
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150, 176, 189, 237, 280
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– process 22
– use 11
microwave magnetron power 30, 53
microwave-matter interaction 11, 20
– characteristics 20
– principles 11
microwave-mediated reaction 168, 169
– Suzuki reaction 174
– Suzuki coupling protocol 265
– transformations 167
microwave oscillation 49
microwave ovens 16, 45, 122, 162
microwave power 39, 167
– source 48
microwave processing techniques 87
microwave protocols 203
microwave radiation 11, 16–18, 103
– absorption 16
microwave reaction 89
– vessels 186
microwaves interaction 18
microwave superheating effect 32
microwaves volumetric heating 33
microwave synthesis 1, 2, 25, 41, 87, 110, 139,

192, 228
– scale-up of 139
microwave technology 2, 46, 151, 185
– use of 185
microwave theory 11
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166
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– High-Pressure rotor 78
– Large-Volume rotor 79
– features of parallel rotors 79
– Batch Scale-Up Pressure reactor 79
– scale-up at normal pressure 79
Milestone Multi-SYNTH 120
– accessories 75
– features 74
– system 62, 73, 74
molecular radiators 35
molecular sieves 197
molybdenum hexacarbonyl 278, 280
monastrol 241
– synthesis of 241
MonoPREP module 259
Montmorillonite K10 clay 89, 90, 94
– pyrrole derivatives synthesis 89
multicapillary reactor device 151
multimode aspirin synthesis 260
multimode instruments 23, 45, 46, 49, 51,

62, 120, 121, 139, 141, 142, 143, 183, 190,
203
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multiple heating steps 181
multistep benzimidazole synthesis 132
MultiSYNTH instrument 73
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near-critical water 103–105
– conditions 104
– Diels-Alder synthesis 105
– hydrolysis 105, 281
– phenol synthesis 105
neat reaction medium 184, 234
Niementowski-type reaction 91
2-nitroaniline 236
– N-formylation 236
non-absorbing components 33
nonapeptide 284
– synthesis of 284
non-equilibrium conditions 39
non-homogeneous reaction mixtures

36
non-polar microwave transparent materials

18
nonpolar organic solvents 24, 110
– dioxane 110
– hexane 110
– tetrahydrofuran 110
– toluene 110
non-thermalmicrowave effects 20–22, 38, 39,

42, 94
– athermal effects 37

Novartis high-throughputmicrowave synthesis
factory 117

nucleation points 31
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– pits 31
– scratches 31

o
oil-bath chemistry 195
oil-bath experiment(s) 3, 28, 32, 163
– reflux experiment 31, 163
oil-bath open-vessel conditions 200
one-pot protocol 89, 105, 108, 116
one variable at a time (OVAT) 204
– strategies 238
online chromatographic analysis 55
open vs. closed-vessel conditions 94–98
open-vessel microwave conditions 2, 87, 95,

97, 131, 141, 142, 167, 189, 203
open-vessel Suzuki reaction 263
organic solvents 2, 103, 190
oxidative aromatization 218

p
palladium 191
palladium catalyst/ligand system 149
palladium catalysts 134, 135
– immobilized 134, 135
palladium-catalyzed reactions 197
– aminocarbonylations 101
– Buchwald–Hartwig aminations 148
– carbon-carbon cross-coupling reactions

92
– carbonylation reactions 99
– deoxygenations 133
– Heck coupling reaction 217
– hydrogenation 34
– Suzuki couplings 141, 149, 261
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– Biginelli synthesis 254
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– advantages 127
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– definition 16
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perfluorinated (fluorous) chains 133
– C6F13 133
– C8F17 133
phase boundaries 36
phase reactions 89
phase-transfer catalysis 91, 92
– conditions 92
phase-transfer catalyst 92
– tetra butylammonium bromide (TBAB)

92
photochemistry 12
pneumatic sensor 76
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– alcohols 15
– ionic liquids 15
polar functional groups, see antenna groups
polar organic solvents 18, 88
– N,N-dimethylformamide 88
– water 88
polar reaction mechanisms 21, 37
polar reaction medium 33
polar reaction mixtures 53
polycyclic derivatives 90
– synthesis 90
polydispersity indices (PDI) 147
polyethylene glycol (PEG) 131
– bound products 131
– ionic liquid matrices 108
polymerase chain reaction (PCR) 33
– transformations 33
polymer-assisted solution phase synthesis

(PASP) 137, 197
– technique 134
polymer-bound substrates 133
polymerization reactions 147
polymer-supported reagents 134, 145
– Mukaiyama reagent 134
polymer-supported scavengers 136
polypropylene deep well plates 123
polypropylene vessel 61
polystyrene-based resins 137
power-controlled option 172
power-density single-mode instrument 170
– microwave reactors 179
PowerMax 39, 57
pre-pressurized reaction vessels 98
pressure-controlled method 172
pressure-management device 57
pre-stirring period 179
primary alkyl halides 109
– synthesis of 109
PTFE (Teflon) 122
– microtiter plates 122
– TFM liners 63, 64

– TFM vessel 78, 83
pulsed irradiation 46
pyranoquinoline synthesis 272
pyrazole 111, 114, 204, 225, 227
– N-alkylation 111, 114, 204, 225, 227
pyrex microwave vials 199
pyrex vessel 114
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QuadraPure scavengers 137
quantum mechanical methods 39
quantum mechanical resonance

phenomenon 14
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RADAR transmissions 11
Raman spectroscopy 182
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reaction control 53
reaction parameters 173
reaction temperature 22, 24, 27, 28, 31, 40,

45, 46, 92, 186
reaction vessels 95
reaction volumes 62
reactive gases 181
– carbon monoxide 181
– hydrogen 181
reactor wall 22
real time spectroscopy 67
rectangular wave guide 50, 51
– applicator 50
– tube 52
reflux condenser 47, 98
reflux conditions 30
reflux temperature 21
Reseal™ design 52
ring-closing metathesis (RCM) 97
Rosemund-von Braun cyanation 137
rotational relaxation process 14
RotoSYNTH 84, 85, 97

s
sand-filled flow cell 145
– schematic diagram of 145
scale-up 138–141
– batch and parallel 141–143
– continuous flow 143–148
– stop-flow 148–150
sealed-vessel conditions 46, 138, 164, 169,

182
self-tuning circular wave guide 50
– technique 56
semiconductor band-gap technology 26
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silicon carbide (SiC) 14, 63, 113
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– microtiter plate 66, 126
simultaneous cooling 24, 25, 39, 40, 177, 178,

199
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reactors 146
single-mode instrument(s) 22, 39, 50, 51, 87,

98, 99, 104, 116, 120, 138, 143, 145, 147, 169,
173, 175, 196, 198

– Biotage Initiator 51, 173
– CEM Discover 56, 142, 173
six-member Hantzsch library 204
small-scale sealed-vessel microwave

processing 206
solid carbon monoxide source 102
solid hydrogen donor 102
solid-phase amination 142
solid-phase extraction (SPE) 55
solid-phase organic synthesis (SPOS) 63, 95,

106, 128, 131, 197
solid-phase peptide synthesis (SPPS) 51, 59,

128, 284
– approach 130
– cycle 129
solid-phase Sonogashira couplings 128
solid-state reactions 88
solid reagent, see molybdenum hexacarbonyl
soluble polymer-supported synthesis 131
solution-phase chemistry 59, 134
solvent-free/dry-media processing 39, 87, 88,

90, 92, 167, 234
solvent-free/solid reaction mixtures 167
solvent-reagent system 109
solvents/reaction mixtures 166
Sonogashira coupling 90
specific microwave effects 3, 19, 20, 22, 31,

33, 37, 94
– definition 31
SPOT-synthesis 130
Start SYNTH 80
– Teaching Lab Kit 81
– Research Lab Kit 81
state-of-the-art microwave reactor design 49
statistical methods (DoE) 241
– reaction optimization 175
– monastrol synthesis 241
stop flow techniques 148
– scale-up 148
sub-ambient temperatures 41
sub-zero cooling module 57
sulfuric acid 190
supercritical conditions 104
supercritical water 17

superheating effect 32, 37
surface temperature 25
Suzuki couplings 34, 134, 135, 136, 141, 142,

149, 170, 261, 263
Sweet-spot prediction plots 243
synergy software 57, 195
Synthos 3000multimode instrument 23, 104

t
task-specific ionic liquids (TSILs) 108
– synthesis of 108
teflon-coated silicon 53
teflon septum 52
teflon vessel 70
temperature control algorithm 30
temperature-controlled program 172
temperature-dependent kinetic profiles 31
temperature gradient 19
temperature-sensitive species 32
temperature sensors 22–23
– thermocouples 23
– IR sensors 23
– fiber-optic probes 23
– gas-baloon thermometers 23
tetrabutylammonium bromide (TBAB) 91,

92, 121
TFM reactor(s) 78, 81
thermal conductivity 19
thermal energy 14
thermal heating 20, 29
thermal/kinetic effects 20, 22, 28
thermocouples 26
thermovision camera 23, 93
toluene 141
toluene/aqueous hydrochloric acid system

36
transition metal-catalyzed reaction 41, 105,

186
transition state geometries 38

u
Ugi-type multicomponent reactions 118
UltraCLAVE 83
– batch reactor 83
ultra-low palladium catalyst 149, 217
urea decomposition 33

v
vaporization enthalpy 31
vapor-pressure calculator 166
Vigreux column 96
volatile reagents/products/solvents 178
volumetric in situ heating 16, 19, 33
volumetric microwave 33
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VoyagerCF reactor 59, 60, 143, 144, 147,
260

VoyagerSF system 58, 59, 148, 149

w
Wang resin 95
water/chloroform mixtures 36

water scavengers 197
wave-material interactions 13
web-based tool 54
weflon-based microtiter plate system

125
weflon-made wellplates 77
Williamson ether synthesis 211–212
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