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Index

a
acrylonitrile butadiene styrene (ABS)

374
active pharmaceutical ingredients

(APIs) 2, 258
acyl hypobromite 80
additive manufacturing 285, 371, 372
aerobic oxidation of alcohols 276, 326,

338–343
affinity-based enzyme immobilisation

416
agarose 411, 415, 416, 420–422, 425,

449
alcohol dehydrogenase (ADH) enzyme

447
alcohols dehydrogenation 101
alcohols oxidation 79, 80, 102, 109
aldehyde 44, 64, 92, 141, 148, 161, 164,

205, 208, 224, 234, 348, 420
aldehydes/ketones 107
Alder-ene cycloisomerization 173
aldimines 161
aliphatic aldehydes 33, 35, 193, 351
alkenes/nitroarenes hydrogenation

102
alkoxysilane monomers 5
alkyl amine-functionalized MOFs 169
alkylidene malonates 196
all-inclusive catalysts 447
allylboration of aldehydes 53, 243
allylic alcohols, isomerization of 206
amides, Lewis base catalysts 247
amino acids 33–35, 143, 231, 416, 426
aminobenzimidazole organocatalyzed

addition 211

amino-functionalized ionic liquid 167,
175

6-aminopenicillanic acid (6-APA) 443
amphiphilic resin-dispersed iron

nanoparticles (ARP-Fe)
352–356

amphiphilic resin-dispersed particles of
platinum (ARP-Pt) 342–349

aqueous aerobic flow oxidation of
alcohols 343, 346, 347

chemoselective catalytic
hydrogenation 354

flow hydrogenation
of aldehydes 349–352
long-term 352
of nitrobenzenes 349–352
of olefins 349–352

amphiphilic resin-supported chiral
diene–rhodium complex
359–363

amphiphilic resin-supported
triazine-based
polyethyleneamine
dendrimer–copper catalyst
356–359

Anelli‘s conditions 79
anti-selective Mannich reaction,

immobilized pyrrolidine for
222

aqueous asymmetric rhodium-catalyzed
1,4-addition 359–363

aromatic aldehydes catalyzed 140, 208
aryl halides 98, 107, 108, 174, 207,

333–335
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3-arylpropanoic acid, one-pot synthesis
of 337–338

asymmetric aldol reaction 81
immobilized proline-derived catalysts

for 219
supported primary amine catalysts for

230, 231
asymmetric alkylation reactions 229,

230
asymmetric hydrosilylation of

acetophenone 147, 148
asymmetric Michael additions 143,

163
polystyrene-bound thiourea 235
reactions 25

asymmetric Michael reaction
PMHS-grafted urea for 237
silica-supported catalyst for 222
supported peptides for 234

atom-transfer radical polymerization
(ATRP) 133, 153, 285, 386, 388

aza-Friedel–Crafts reaction, second
generation MacMillan catalysts
in 230

aza-Henry reaction, immobilized
phosphazene for 249

b
benzaldehyde 82, 141, 164–168, 170,

173, 175, 177, 196, 348, 352, 354,
426

benzaldehyde catalyzed 141
benzo[b]furans 326, 335–337
benzoin condensation 141
benzoylformate decarboxylase 119
β-ketoesters, asymmetric amination of

236
β-nitrostyrene 35, 40, 51, 80, 82, 210,

354
bifunctional ionic liquid 196
bifunctional squaramide organocatalyst

39
BINAP 119, 120, 147
biocatalysis 233, 313, 396, 400, 416,

418, 442, 451, 458, 459
biocatalyzed transformation 208, 209
biodiesel transesterification 316–320

biomass 188, 199, 201, 426
bisacetoxyiodobenzene (BAIB) 78, 80
bis-3,4-diazaphospholanes (BDPs) 67
[bmim][Fe2Cl7] Lewis acid catalyst

276
borasiloxanes 161
bromide ions 80, 81
Brønsted acids 169, 199, 241, 244
Brønsted base catalysts 247
Buchwald–Hartwig amination reaction

108

c
calixarene 139
calix[4]arene 140, 151, 152
(1S)-10-camphorsulfonic acid (CSA)

202
carbon–carbon coupling reactions

defined 150–151
in water

dibenzyls and 3-arylpropanoic
acids, one-pot synthesis of
337–338

Hiyama coupling reaction
330–333

Suzuki coupling reaction 327
Ullmann coupling reaction

333–334
carbon nanoforms (CNFs) 77, 78, 89,

102, 109, 110
carbon nanotubes (CNTs) 87, 425

covalent functionalization 92–99
organocatalysis 92–93
supramolecular functionalization

88–92
carbonylation of aryl iodides 194
catalyst immobilization 23, 218, 250
catalyst leaching 136, 289
catalyst loading 11, 12, 16, 23, 36, 40,

78, 119, 135–136, 169, 195, 241,
281, 285, 446

catalyst racemization processes 128
catalysts 441

immobilization strategies 218
catalysts embedded thermoplastics

376–382
catalysts immobilization 4, 5
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catalysts structure 103, 386
catalytically active membrane reactor

311
carbon–carbon cross-coupling

reactions 312–313
hydrogenation reaction 311–312
schematic diagram 311

catalytic flow reactors (CFRs) 257
monolithic 282–283
packed-bed 281–282
structure and working principle 272
wall-coated 284–285

catalytic membranes (CMs) 288, 308,
311, 314, 316

catalytic transfer hydrogenation 163
catechol–Al catalyst 56, 57
C–C coupling reaction 86, 110, 150,

151, 337
cetyltrimethylammonium bromide

(CTAB) 7, 9
chain transfer agent 192
chemical enzyme immobilization 413

covalent bonding 418–426
hydrophobic adsorption 414–415
ionic exchange adsorption 415–418
non-covalent bonding 413–418
onto solid supports 413

chiral amines 39–41, 45, 141
chiral DMAP catalyst 41
chiral N-heterocyclic carbenes 55–56
chitosan 108, 122, 236, 316, 420, 425
choline chloride 199, 202, 204, 206
choline hydroxide 190
cinchona alkaloid derivatives 231, 233,

248
cinchona alkaloid-derived sulfonamide

catalyst 241
cinchona alkaloids 24–30, 230, 247
cinchona-based squaramide 28
cinchona-derived thiourea

immobilization 235
cinchonidine 26, 28, 30
cinnamyl acetate, gram-scale flow

hydrogenation of 356
cis-β-methylstyrene 149
citric acid 206
CO2 fixation 104

co-immobilization 415, 447, 456
continuous flow (CF)

membrane reactors 308–309
process 177
reactors 257

basic form 259
insoluble catalytic system

277–292
soluble catalytic systems 260–277

continuous stirred-tank reactor (CSTR)
259, 263, 267–269, 272, 273, 279

copolymer-based hollow microspheres
225

copper-catalyzed azide–alkyne
cycloaddition (CuAAC) 38, 52,
269, 356, 357

copper (I)-catalyzed Huisgen click
reactions (CuACC) 190, 205

copper-free Sonogashira coupling
reaction 335–336

copper (I) pybox catalyst 141, 142
Co(III)-salen complex 57–58, 122
covalent binding 6–7, 291, 419
covalent enzyme immobilization

419–421, 423, 425
covalent functionalization

carbon nanotubes 92–99
graphene 102–109

covalent immobilization 419
of esterase 423, 424
of horse liver alcohol dehydrogenase

423
of monomeric hemicellulase 420
of (S)-selective methylglyoxal

reductase 424
of sucrose synthase 421, 422
of ω-transaminase on silica monoliths

419
covalent immobilization of exoinulinase

420
covalent post-functionalization, of

robocasted printed parts 396,
397

cross-coupling reactions 12, 63, 98,
269, 289–290, 312

cross-flow mode, in membrane filtration
267
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cross-linked polymers 10, 12, 68, 69,
221

cross-linking membranes 309
cross-linking of enzyme aggregates

426
cyanohydrins 205, 426
cyclodextrin 139
cyclohexane diamines nanocatalysts

121
cyclohexanone 30, 33, 37, 38, 65, 108,

140, 141, 164, 168, 170, 195, 220,
361

cycloisomerization of γ-alkynoic acids
207, 208

cyclopentyl methyl ether 206
cyclopropanation reaction 224, 457

d
d-amino acid oxidase 418
deacetalization-nitroaldol reaction

165
dead-end modes, in membrane filtration

267
deep eutectic solvents (DES) 199, 201

aryl boronic acids and sodium
metabisulfite catalyzed 207

classification of 201
γ-alkynoic acids or alkynyl amines

208
imidazo[1,2-a]pyridines 206
multistep synthesis of isoxazoles

205
non-innocent 201–205
organocatalyzed reactions 208–211
transition metal-catalyzed processes

205, 208
dehydroxylated silica-gel (DSG) 276
dendrimers 11, 98, 224, 268
DepolTM 333MDP 420
designer solvents 189
dialkylaminopyridines (DAAPs) 167
diarylprolinol derivatives

copolymer-based hollow
microspheres 225

in enantioselective Michael reaction
223

to silica-based matrix 225

supported diarylprolinols 227
dibenzothiophene (DBT) 161
dibenzyls, one-pot synthesis of

337–338
dicyclopentadiene 177
Diels–Alder reaction 42–44, 46–49,

60, 144, 145, 162, 203, 204, 225,
228, 229, 238, 375

diethylene glycol methyl ether
methacrylate (DEGMA) 42,
229

difluoromethylation reaction, Kappe’s
3D metal printed flow reactor for
400

dihydroquinazolinones 243
dimeric imidazolidinones 227
dimethylammonium dimethylcarbamate

194
dimethyl urea (DMU) 206
(1R,2S)-diol synthesis 448
direct HPLC separation 119, 122, 153,

154
direct ink writing 372, 388
DMAP embedded in 3D printed stirring

rod sleeve 382
dual amino-functionalized ionic liquid

175
dual solvent-catalysis 195
DVB crosslinked polystyrene 33, 38,

43, 44
dynamic light scattering (DLS) 126,

130, 136–137

e
egg-shell membrane reactors, for nitrite

hydrogenation 312
electron beam melting (EBM) 398
electron diffraction (ED) 130
electron microscopy (EM) 130
electron paramagnetic resonance (EPR)

15
electrostatic interactions 6, 7, 279
emulsion-solid transfer (EST) approach

9
enantioselective desymmetrization

reactions 26, 27
energy-efficient technologies 1
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enzyme immobilization strategies 409
carbon nanotubes 425
chemical immobilization 413–426
nanoparticles 425
physical immobilization 410–413
schematic classification 410

enzyme-magnetic nanocatalysts 139
enzymes 441

as catalysts 441
in chemical processes 443
cyclopropane-ring formation 443
rivastigmine synthesis 444
role in metabolic processes 441
specific solid support material 458
sugar nucleotides synthesis 449,

450
timeline 441

enzyme timeline 459
epichlorohydrin 153
epicinchonidine 125, 140, 141
ESCARGOT method 382
ester hydrolysis 139
ethyl cyanoacetate 82, 164, 177, 268
ethylene glycol dimethacrylate

(EGDMA) 33, 35

f
FeOx-binaphthylruthenium

nanocatalysts 146
FeOx-imidazolium carbene-binaphthyl

144
FeOx MNPs 116, 117, 123, 125, 126,

133, 140, 147
feruloyl esterases 415
flow hydrogenation

by ARP-Fe 352–356
by ARP-Pt 349–352

fluorinated solvents 188
flurbiprofen methyl ester 152
Fréchet-type monoliths preparation

282
Friedel–Crafts alkylation 44, 59, 138,

177, 178, 202, 233
Friedel–Crafts substitution 138
fullerene catalysts 78
functionalized organic linkers

grafting of active metal complexes on
170–173

Fuse Deposition Modeling (FDM)
printers 371, 372, 399

active mixing catalysts 378
catalysts embedded thermoplastics

376–382
gas tight spinner/NMR tube 378,

383
polyether ether ketone (PEEK) 381
polypropylene millifluidic device

374
polyvinylidene fluoride (PVDF) 381
working principle 373, 374

g
gas-liquid membrane reactor 312
glycidyl methacrylate 150, 221
graft-from/graft-to approach 125
grafting l-proline 140
graphene 77, 78, 99, 100, 102, 376, 388,

415
graphene oxide (GO) 100, 102–109,

388, 415
grazoprevir synthesis, enzyme-catalyzed

cyclopropanation 444
green chemistry 1, 2, 14, 312, 314,

316

h
Hajos–Parrish reaction 55, 221
halobenzenes 151
H-Cube Pro flow reactor 352
Heck reaction 86, 272, 326, 334–335,

337
heterogeneous catalysts 2, 115, 159,

307
characterization of 15–16

heterogenization of homogeneous
catalysts 3–4

H2 heterogeneous hydrogenation
reactions 311

Hiyama coupling reaction 326,
330–333

homemade composite material printing
376
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homogeneous catalysis 2, 3, 115, 153,
159, 189, 259, 290, 440

homogeneous catalysts 307
homogeneous metal catalysts

recycling in continuous flow systems
276

horse liver alcohol dehydrogenase
(HLADH) 423

Huisgen cycloaddition 221, 231, 232,
248, 363

hydroamination of β-farnesene 194
hydroformylation processes 192, 193
hydrogenation reactions 9, 11, 12, 110,

285, 288, 311–312, 349, 398
hydrogen bond acceptor 199
hydrogen bond donor 104, 105, 199
hydrogen-transfer reduction 340–341
hydrophilic amine-functionalized

multi-walled carbon nanotubes
(NH2-MWCNTs) 310

hydrophobic adsorption 414–415
HyperBTM 246
hypercrosslinked polymers (HCP) 68

i
imidazolidinones 227–230
iminophosphoranes 50, 249
immobilised chiral aminocatalysts

diarylprolinol derivatives 223–227
imidazolidinones 227–230
peptide catalysts 233–234
primary amine organocatalysts

230–233
proline derivatives 219–223

immobilised chiral H-bond donors
amides and sulfanoamides 240–241
squaramides 238–240
ureas and thioureas 235–238

immobilized catalysts 23, 71, 233, 251,
293, 320, 447

immobilized chiral phosphoric acids
243

BINOL-derived phosphoric acids
243

metal-free reduction of heterocycles
242

immobilized dipeptide-promoted
aldehyde amination 234

immobilized dual-enzyme system 417
immobilized ionic liquids 189
immobilized racemization/enzyme

catalysts 446
immobilized transition-metal catalysts

325, 326
immobilized TRIP 233, 243
indium-based MOFs 161
inductively coupled plasma-atomic

emission spectroscopy
(ICP-AES) 16

inert membrane reactor with catalyst on
the feed side (IMRCF) 308

infrared (IR) spectroscopy 132
inkjet 3D printers 373
inorganic membranes 267, 308, 311
inorganic nanoparticles 116, 310
insoluble catalytic systems, in CF

reactors 277
cross-coupling reactions 289–290
metal-free catalysts 290–292
reduction reactions 285–289

insoluble polymers 10
ionic exchange adsorption 415–418
ionic liquids (IL)

heterocyclic compounds using 197
immobilized 103
organocatalyzed reactions in 200
organocatalyzed transformations

using 195–199
Rh-catalyzed hydroformylation

process in 193
ROMP catalyzed by ruthenium

complexes 192
as solvents for catalytic organic

reactions 189
transition metal promoted reaction in

189–195
iridium catalyst 58–60, 195
iridium photosensitizer 195
IR spectroscopy 132, 134
isobutyraldehyde 171, 210
isocyanoacetate 82
isoprene 162
isothiourea catalysts 244, 246, 291



Index 471

j
Jørgensen–Hayashi catalysts 35, 36,

223, 224, 227

k
ketene dimerization, Cinchona alkaloid

dimer for 248
ketopantolactone 147
ketoreductase enzyme 415
Knoevenagel condensation 9, 103, 141,

163, 164, 166–169, 175, 177, 202
Knoevenagel–Michel and Diels–Alder

reaction 203, 204

l
Lewis and Brønsted base

organocatalysts 244–249
amides 247
isothioureas 245–246
NHC catalysts 245

linear polymers 10, 11, 221, 261, 277
linear-polystyrene-stabilized

palladium(II) oxide nanoparticles
Heck reaction 334–335
Hiyama coupling reaction 332
Suzuki coupling reaction 327–330
Ullmann coupling reaction 333–334

linear-polystyrene-stabilized platinum
nanoparticles 339

aerobic oxidation of alcohols
338–340

hydrogen-transfer reduction
340–341

liquid-liquid biphasic catalysis 189
liquid-liquid biphasic media (LLBM)

261, 263, 269, 272, 276
lower critical solution temperature

(LCST) 30, 33, 42
l-proline 119, 125, 135, 139, 140,

143–145, 209

m
MacMillan catalysts 42–49, 228, 229
macroporous silica monoliths 283
magnetic nanomaterials 14
magnetic nanoparticles (MNPs) 116

alcohol dehydrogenase 127

and catalyst 118–119
degradation of 135
recovery 126–127
recycling 128–129
Ru catalyst on 124
Ru(II) complex 120
stereoselective catalysts 118
structures type I 119–121
structures type II 121–122
synthesis 123–125
synthesis of 133

magnetic recovery 116, 126–127, 131,
149

malononitrile 9, 141, 164, 166, 174,
203, 204

Mannich addition catalyzed 144
Mannich reactions 34–35, 38, 50, 161,

221, 222, 231, 236, 386, 387
Mannich-type reactions 142
M-CLEAs 426
McMillan imidazolinone 119
membrane module characterization

308
membrane reactors

in biodiesel transesterification
316–320

in chemical industry 317
with suspending catalyst in reaction

mixture 314–316
membrane separation processes 308
Merrifield resin-immobilized dimeric

quinidine 24
Merrifield resin-immobilized proline

33
metal chlorides 7
metal 3D printers 396, 398
metalloporphyrins 176
metal organic frameworks (MOFs) 13,

412
for heterogeneous catalysis 160
heterogeneous reactions 179
membranes for catalysis 177–181
metalloporphyrins 176
metal/metal-oxide nanoparticles on

173–175
mixed linkers 164–166
multifunctional 166
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metal organic frameworks (MOFs)
(contd.)

open metal sites 159–163
organic linkers 162–163
polyoxometalates (POM) 175–176
post-synthetic grafting of active guest

species 167
single-linkers 163–164

metal printers 373, 396
methacrylic acid 12, 33
7-methoxy-2-tetralone 127, 147
methyl benzoylformate 146, 147
methylene malononitrile 164
microcapsules 6, 8, 9, 12
microencapsulation 6–9, 12, 13
microreactors 9, 56, 279, 284
millifluidic and flow reactors 374–376
mixed linker MOFs 164–166
mixed matrix membrane (MMM) 177,

308, 310
Mizoroki–Heck polymerization 25, 26
Mizoroki–Heck reaction 25, 31, 63,

241, 261, 263, 276, 289, 290
MNP-immobilized MacMillan catalyst

229
MNP-supported quinidine

aminocatalyst 232
MNP-supported thiourea 238
mole hourly space velocity (MHSV)

260, 288, 291
molybdenum catalyst 60–61
monolithical polydimethylsiloxane

(PDMS) 382
monolithic CFRs 282–284, 288
monolithic inorganic materials 14, 15
monomeric hemicellulase, from

Trichoderma reesei 420
Morita–Baylis–Hillman reaction 169,

378
multicomponent reactions,

development of 190
multimeric enzymes 421, 423
multipoint covalent enzyme

immobilization 420
multi-purpose enantioselective catalysts

245, 246

multi-walled carbon nanotubes
(MWCNTs) 87, 89, 92, 310, 425

n
nanocarbon 77, 78
nanocatalysts

additions 141–146
carbon–carbon couplings 150–151
catalyst loading and leaching

135–136
of characterization 129–137
condensations 139–141
dynamic light scattering and

Z-potential 136–137
epoxidations and oxidations

148–150
hydrogenations and reductions

146–148
identification of supported species

132–135
magnetic nanoparticles 122
morphology and crystal structure

130–131
properties 131–132
racemic mixtures 151–154
recycles 128–129
stereoselective reactions 137
structure 118–123
substitutions 138–139

nanocomposite 3D printable plastics
378

nanocomposite OSN membrane 310
N-boc-phenylaldimine 161
neoteric solvents 188, 258, 269
N-heterocyclic carbene (NHC) 55–56,

60, 62, 101, 244, 263
Ni catalyst 61–62, 293
nitroalkenes 37, 39, 40, 61, 67, 137,

222, 223, 232, 235, 236, 238–241,
248

nitroaromatics, reduction of 288
4-nitrobenzaldehyde 144, 164, 166,

170, 174, 220, 221, 386
nitrone cycloaddition 144, 145
non-innocent DES 201–205
non-innocent ionic liquid 190
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non-solvent induced phase inversion
method 310

o
olefin epoxidation 190, 191
olefins hydrogenation 171
oligomerization processes 190
open metal sites 159–162, 182

grafting of active organic species on
167–168

organic catalysts 16, 119, 134–136,
402

organic linkers 162, 163
grafting of active functional groups on

168–170
organic membranes 267, 308, 311
organic monoliths synthesis 283
organic solvent nanofiltration (OSN)

163–168, 177, 261, 309–311
organic transformations, reaction

conditions for 438
organocatalysis 217

carbon nanotubes 92–93
fullerene catalysts 78–82
graphene 102–105

organocatalytic cyclopropanation
reaction 224, 225

organocatalyzed reactions 188, 208,
211

organocatalyzed transformations
195–199

organometallic catalysis
carbon nanotubes 93–99
fullerene catalysts 82–87
graphene 105–109

oriented immobilization 416–418
oxidation processes 97, 190, 226, 393
2-oxopyridinium phase-transfer catalyst

250

p
packed-bed CFRs 258, 276, 281–282,

291
palladium catalyzed cross-coupling

reaction 313
palladium-loaded nanogel particles

316

paraldehyde, site isolation-enabled use
of 226

PASSflow devices 282
Penicillin G, enzymatic synthesis of

443
peptide catalysts 233–234, 291
periodic mesoporous organosilicas

(PMOs) 14
permanent magnet 116, 126, 131, 145,

276
phase transfer catalysts (PTCs) 109,

239, 249–250
phosphotungstic imidazolium 109
photocatalysis 78, 273, 313–315, 376,

378
photocatalytic membrane reactors

(PMR) 314, 315
physical entrapment 4, 6, 7
physical immobilization methods 411
physisorption 4
Pickering emulsions 269
platinum nanoparticle 64, 338–341,

343
plug-flow reactor (PFR) 260
p-nitrobenzaldehydes catalyzed 35, 37
poly(methylhydrosiloxane) (PMHS)

147, 148, 227, 236
polydisperse MNPs 131
polyether ether ketone (PEEK) 263,

267, 284, 381, 399
poly(norbornene)-immobilized proline

33
polylactic acid (PLA) 374
polymer-based alkaline composite

catalytic membrane (PACCM)
316

polymeric microcapsules 12–13
polymer/metal organic framework

membrane 309
polymer-supported proline derivatives

223
polymethylphenylsiloxane (PMPS) 177
polyoxometalates (POM) 173,

175–176, 374
polypropylene millifluidic device 374
polystyrene 51
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polystyrene-block-poly(ethylene
glycol)-supported
transition-metal catalysts

aqueous aerobic flow oxidation of
alcohols 342–349

flow hydrogenation 349–352
polystyrene-immobilized chiral

phosphoric acids 53, 55
polystyrene-immobilized squaramide

40, 41
polystyrene-stabilized PdO nanoparticle

preparation 328
polystyrene-supported prolinamides

in Robinson annulation 221
polystyrene-supported squaramides

239
polystyrene-supported transition-metal

nanoparticle catalysts
aqueous asymmetric

rhodium-catalyzed 1,4-addition
359–363

aqueous Huisgen 1,3-cycloaddition
356–359

linear-polystyrene-stabilized
palladium(II) oxide nanoparticles

copper-free Sonogashira coupling
reaction 335

dibenzyls and 3-arylpropanoic
acids, one-pot synthesis of
337–338

Heck reaction 334–335
Hiyama coupling reaction

330–333
Suzuki coupling reaction

327–330
Ullmann coupling reaction

333–334
linear-polystyrene-stabilized

platinum nanoparticles
338–341

PS-PEG copolymer resins 341–342
polyurea 12, 289
polyurea encapsulated Pd-EncatTM

system 289
polyvinylidene fluoride (PVDF) 381

porous carbon nanosheets
(PCN)-supported squaramide
240

porous membrane, immobilized catalyst
in 313

post-synthetic modification (PSM)
167

powder bed fusion printers 396–399
primary amine organocatalysts

230–233
proline derivatives 30, 219

polymer-supported 223
silica-supported 220

2-propanol 107, 108, 168
pyranonaphthoquinones 240
pyrrolidine derivatives 35–39

q
quaternization polymerization 28, 30

r
racemic mixtures 151–154
reactive oxygen species 161
reduced GO (rGO) 100–103
reduction reactions 285–289, 416
RepRap 371
resin printers 372, 399

vs. FDM printers 383, 385
functionalization methodology for

catalysis 386
microfluidic devices 385
monolithic catalyst 387
polyionic liquids 386
SLA and DLP 382
working principle 384

reversible addition–fragmentation chain
transfer (RAFT) polymerization
33, 42, 43, 220, 229

Rh catalyst 65–68, 193
rivastigmine synthesis 444

chemoenzymatic strategy and
polymer-bound Ru catalyst
446–447

by Dr. Reddy’s group 445
dynamic kinetic resolution of

precursor 446
by Novartis team 445
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Robinson annulation 221, 233
immobilized TRIP in 243

robocasting 372, 388–397
robocasting printers 400

Co- and Ni- MOFs 396
drawback 388, 390
vs. FDM printers 388
iron/nickel monolithical structure

fabrication 394
MFI and FAU zeolites 396
monolithic catalytic woodpile

structures 390, 391, 393
NiMo-oxide monolithical structure

391
working principle 391
ZSM-5 zeolites 395

Ru-catalysed olefin ring-closing
metathesis reaction 263

ruthenium-aqua complexes 149
ruthenium catalyst 12, 69, 191,

192

s
SBA-15 84, 231, 237
scanning electron microscopy (SEM)

130, 131
second generation MacMillan catalysts,

in aza-Friedel–Crafts reaction
230

silanes dehydrogenation 101
silica-binding module (SBM) 418
silica-gel (SG) 269, 276
silica immobilization 4, 6
silica microencapsulation 7–9
silica-supported catalyst, for

asymmetric Michael reaction
222

silica-supported proline derivative 220
single-linkers 163–164
sitagliptin synthesis 450–452
SketchUp 371
solid-phase synthesis techniques 220
soluble catalytic systems, in CF reactors

liquid-liquid biphasic media and
supercritical fluids 269–273

metal-free catalysts 276–277

organic solvent nanofiltration
263–268

supported liquid phase (SLP) systems
273–276

soluble polymers 10–11, 283
solvothermal method 123, 165, 168
Sonogashira coupling 58, 194, 326,

335–337, 381, 387
space-time yield (STY) 260, 269, 288,

416, 449
SpyCatcher 423, 424
SpyTag 423, 424
squaramide catalysts

disadvantage 238
drawbacks 240
onto imidazolium-based

organic-inorganic hybrid silica
(IBOIHS) 239

polystyrene-supported 239
porous carbon nanosheets-supported

squaramide 240
for pyranonaphthoquinones

preparation 240
triazole-based anchoring strategy

238
Stetter reaction 55, 56, 245
Strecker reaction 161, 235, 237
Strecker reaction of isatin imines

237
subtractive manufacturing 371, 372
sucrose synthase 421
sugar nucleotides, UDP-Gal synthesis

449, 450
sulfonamide catalyst, for

meso-anhydrides
desymmetrization 241

sulfoxidation 105, 176
superparamagnetic NPs 126
superparamagnetism 14, 117, 131
supported liquid phase (SLP) systems

263, 273
supramolecular functionalization

carbon nanotubes 87–92
graphene 99–100

Suzuki coupling reaction 86, 316,
327–331, 337
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Suzuki–Miyaura reaction 83, 263, 285,
290, 313

Suzuki reaction 83, 107, 396
single-wall carbon nanotubes 87, 89,

91–94, 96, 98, 99
synthetic polymers (polymersomes)

412

t
Takemoto-type thiourea immobilization

235
tandem 138, 173, 176, 182, 191, 223,

226, 289
tandem flow-reactor system, for catalyst

leaching 289
tandem oxidation-acetalization reaction

173
Taylor–Couette reactor (TCR) 273
Teflon amorphous fluoroplastic (AF)

membrane 312
telomerization reaction 193
tert-butyl hydroperoxide (TBHP) 161,

171, 175, 191
2,2,6,6-tetramethylpiperidine-1-oxyl

(TEMPO) 78, 80, 165, 205
thermodynamic phase 116
thermogravimetric analysis (TGA)

15
thermomorphic solvents 272
thin film composite polymer

membranes 310
thioanisole 60, 150, 176
thio(urea) catalysts 235
thioetherified cinchonidium 30
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