
343

Index

a
α-acetylated acetophenone derivatives,

LUMO lowering effect for 320
ADH-catalyzed ketone reduction 51
Ag-catalyzed A3-coupling in water 86
Ag-catalyzed alkynylation of ketones in

water 87
Ag-catalyzed synthesis of dihydrobenzo-

furan derivatives 88
Ag-NHC catalyzed alkynylation of isatins

88
alcohol oxidation

to aldehydes/ketones 181–183
to carboxylic acids 183–185

alcohols
oxidative esterification of 330–331
radical deoxygenation 204

aldehyde oxidation, to carboxylic acids
183–185

aldehydes, asymmetric three-component
alkynylation of 254–255

aldimine reaction, with n-BuLi 17
aldol reaction 232, 238–240, 256,

258–259, 284–285, 288
of isatin with β-ketoacid 239

alginate-based olefin metathesis catalyst
systems 175

aliphatic primary alcohols, oxidative
esterification of 330

alizarin red S 315
alkene epoxidation, in water 180
alkenes

amphiphilic iridium catalyst mediated
difunctionalization 215

visible light-induced iodosulfonyl
reaction of 215

visible light induced Meerwein
hydration reaction of 216

3-alkyl-3-aryl piperidine 53
N-alkylated imidazoles,

C2-functionalization of 226
N-alkylated lipopeptides 235
N-alkylation of indoles 238
3-alkyl-3-azabicyclo[3.2.0]hept-1(5)-enes

154
alkyl OBBD (B-alkyl-9-oxa-10-bora-

bicyclo[3.3.2]decane) reagents
35

alkynes, visible light-induced radical
addition 213

alkynylation of cyclic ketones 88
allylic alcohols, asymmetric vanadium

(V)-catalyzed epoxidation of
253

allyl iodoacetate, solvent effect on radical
cyclization 205, 206

Amberlite IR-120 304
amide coupling reactions 47

aqueous micelles of PS-750-M micelles
50

aqueous nanomicelles of TPGS-750-M
47

DNA-encoded libraries
functionalization 50

amino alkylation reaction 236
2-amino-4-aryl-4H-chromenes

4-dimethylaminopyridine-
catalyzed synthesis of, 276

2-aminobenzothiazolomethyl naphthols
Mandelic acid/itaconic acid-catalyzed

synthesis of 283
L-valine-catalyzed synthesis of 282
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amino carbonyl compound 236
β-amino carbonyl compounds 237
2-amino-3-cyano-4-aryltetrahydro-

benzo[b]pyrans 275–277
SDS-catalyzed synthesis 275, 277

7-amino-6-cyano-1,5-dihydro-1H-
pyrano[2,3-d]pyrimidine-
2,4(3H)-diones 123

aminocyanopyridines 130, 270–271
2-amino-3-cyano-4-substitued-4H-

chromenes, SDS-catalyzed
synthesis of 277

2-amino-4H-benzo[b]pyran 125
2-amino-4H-benzo[h]chromene-3-

carbonitrile 126
5-aminopyrazole-4-carbonitrile 121
2-amino-4-substituted-6-phenylnicotin-

onitrile, DCGS-catalyzed one-pot
four-component synthesis of
271

amorphous RuO2 299
amphiphiles 30, 172
amphiphilic block polymers 171
amphiphilic molecules 8, 30
anionic surfactant 7, 17, 30, 172, 236,

237, 317
anodic oxidation, of primary amine to

nitrile 305
anti-hydrophobic agents 145, 149
Aquamet 176
aqueous Claisen rearrangement of

chorismate 156
aqueous olefin metathesis 165, 168, 173,

176
ionic and non-ionic surfactants for

173
supramolecular additives 172
surfactant-like non-ionic polymers use

168
aqueous S-benzylation 243

of benzhydryl alcohols 243
aromatic boronic acids, oxidative

hydroxylation of 7
artificial enzymes 313
N-aryl acrylamides, copper(II)-catalyzed

trifluoromethylation of 200
2-arylbenzoimidazoles

with unactivated alkanes, radical
cyclization of 208–209

aryl carboxylic acid, homo-coupling of
94

arylethynylene polymer synthesis
Sonogashira coupling in aqueous

medium 84
aryl hydrazines, oxidative radical addition

of 198
α-aryl-α-hydroxy-δ-lactam derivatives

52
2-arylimidazo[1,2-a]pyridines 273
2-aryl-3-nitro-2H-chromene derivatives,

L-prolinamide-catalyzed synthesis
of 276

β-aryl ethenesulfonyl fluorides,
NHC-catalyzed aza-Michael
addition reaction 227

(E)-3-(arylimino)indolin-2-ones 283
aryl-substituted 1,4-benzoquinone

synthesis 90
ascorbic acid-catalyzed synthesis, of

2-substituted-2,3-dihydroquina-
zolin-4(1H)-one 272

asymmetric aldol catalysed Lewis acid-
surfactant (LASC) reaction 17

asymmetric aldol reaction
D-glucosamine-based β-CD inclusion

complex-catalyzed 284
using isothiouronium salt-based chiral

proline-functionalized amide
catalyst 285

of ketones with isatins 240
proline-based amide-catalyzed

285
asymmetric boron conjugate additions

257
asymmetric Brønsted acid organocatalysis

in water
asymmetric transfer hydrogenation

using chiral phosphoric acid catalyst
261–262

asymmetric Brønsted base organocatalysis
in water

asymmetric Mannich reaction
using cinchona-based squaramide

catalyst 263
using hydrophobic cinchona

alkaloids 264
asymmetric Michael addition

using cinchona-based squaramide
catalyst 262–263

asymmetric protonation
using tert-amine thiourea catalyst

264–265
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asymmetric thiolation
using tert-amine squaramide catalyst

264
asymmetric exo-selective Diels–Alder

reaction 283–284
asymmetric α-hydroxylation, of

α-aryl-δ-lactams 52
asymmetric Lewis base organocatalysis in

water
asymmetric aldol reaction

using hydrophobic diamine catalyst
258

using polymer-supported proline
catalyst 258–259

asymmetric Diels–Alder reaction
using diarylprolinol silyl ether

catalyst 260–261
using imidazolidinone catalyst 260

asymmetric Michael reaction
using hydrophobic diamine catalyst

259
using superparamagnetic nano-

particle-supported diarylprolinol
silyl ether catalyst 259–260

asymmetric Mannich reaction, of
malonates 264

asymmetric metal (Lewis acid) catalysis in
water

asymmetric carbon-carbon bond
formation

aldol-type reaction 255–256
alkynylation 254–255
allylation 254
Friedel–Crafts reaction 255

asymmetric carbon-heteroatom bond
formation

C–B bond formation 256–257
C–N bond formation 256
C–S bond formation 256, 257
C–Si bond formation 257–258

carbonyl (C=O bond) reduction 252
epoxidation 253
imine (C=N bond) reduction 252–253
sulfoxidation 253–254

asymmetric Michael addition
between phenylmaleimide derivatives

and isobutyraldehyde 286–287
between trans-β-nitrostyrene and

isobutyraldehyde 287
of dithiomalonates 263
of malonates 262

using proline-derived bifunctional
organocatalyst 287

using proline-derived hydrophobic
organocatalyst 286

using pyrrolidine-based triazolo-
functionalized chiral porous
polymers 286

asymmetric nucleophilic aromatic
substitution, of α-amino acid
derivatives 52–53

asymmetric transfer hydrogenation
of ketones 193
of quinolines and N-heteroaryl

compounds 187
of quinolone derivatives 187
of α,β-unsaturated ketones 189–190

asymmetric vanadium (V)-catalyzed
epoxidation, of allylic alcohols
253

Ataluren analogues 244
atom transfer radical cyclization of

2-iodoacetamide 203
Au-catalyzed cascade reaction, of terminal

alkyne with ortho-alkynylaryl
aldehyde 86–87

Au(III)/sodium diphenylphosphino-
benzene-3-sulfonate (TPPMS)-
catalyzed dehydrative amination
243–245

aza-Claisen rearrangement in-water 156
aza-Michael reaction 236
azide–alkyne cycloaddition reaction 23

b
base-catalyzed Knoevenagel/Michael

addition/cyclization mechanism
124

benzo[d]pyrazolo[5,1-b][1,3]iodazol-4-
ium salt-catalyzed synthesis, of
bis(indole-3-yl)aryl/alkylmethanes
281, 282

benzo[d]thiazol-2(3H)-ylidene benzamide
241

benzoic acids, oxidation of methylarenes
to 331–332

benzoquinone/Pd-catalyzed electro-
chemical homocoupling of aryl
boron compounds 301, 302

1,2-benzothiazines synthesis 97
benzothiazoles, iodine-catalyzed

amination of 212
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benzylic/secondary alcohols, oxidation of
334–336

benzylic sp3 C–H bond, copper-catalyzed
ligand-free oxidation of 198

biaryl acids, regioselective synthesis of
94

bifunctional cyclopentadienone iron
tricarbonyl complex 191

bimetal-catalyzed reduction 192–193
biocatalysis 32, 50–51, 241, 322
biomass-derived polymeric surface-active

additive HPMC directed aromatic
nucleophilic substitution reactions
242

biomimetic Brønsted acid-catalyzed
transfer hydrogenation process
261

bis(coumarin-3-yl)arylmethanes 282
bis(indole-3-yl)aryl/alkylmethanes 281,

282
bis(indolyl)methanes 207
bis(pyrazol-4-yl)arylmethanes, Guanidine

hydrochloride-catalyzed synthesis
of 281

1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-
phenyl((S)-pyrrolidin-2-yl)methyl)-
urea (PHU) 235, 236

4,5-bisubstituted cyclopentenone 155
blue light-promoted cyclopropenizations

225
Brij S-100 amphiphilic surfactant 7
bromide/bromate regeneration 332
bromohydrins

HBr-H2O2 regioselective synthesis of
334–335

oxidative electrochemical synthesis of
306–307

α-bromoketones
HBr-H2O2 regioselective synthesis of

334, 335
bromoxynil synthesis 332
Bu4NHSO4-catalyzed pyrazole

N-allylation, in an aqueous
medium 245

but-3-yn-1-ol, indium-mediated radical
iodoperfluorobutylation of 201

c
C-glycosides 6
C–H bond activation 83–101
C–H bond activation reactions

in aqueous medium
sp C–H bond activation 84–90
sp2 C–H bond activation 90–97
sp3 C–H bond activation 97–100

C–N cross-couplings 37–39
calix[4]arene tetracarboxylic acid

(C4A4)-catalyzed one-pot
synthetic methodology 236

carbene reactions in pure water 224
cyclopropanation 224–225
cyclopropenization 224–225
organocatalytic NHC reactions

226–228
X–H insertion reactions 225

carbon black intercalated compounds
246

carbon–boron (C–B) bond formation
256–257

carbon–nitrogen (C–N) bond formation
256

carbon–silicon (C–Si) bond formation
257–258

carbon–sulfur (C–S) bond formation
256, 257

carbonyl (C=O bond) reduction 252
carbonyl-ynamides 238
catalyst-free C–H sulfenylation of

imidazo[1,2-a]pyridines 338
catalyst-free fluorination, of sulfonyl

hydrazides 212
catalytic asymmetric alkylation, of

3-arylpiperidin-2-ones 53
cationic palladium(II) additive-free

catalytic system 243
cationic surfactant 30, 32, 174, 205, 215
cBRIDP catalyzed Sonogashira couplings

40
cBRIDP ligand 38
CdS/NiAl-LDH photocatalyst 183
β-C glycosidic ketone 6
chaotropic agents 318
chelating ortho-isopropoxybenzylidene

group modification 167
chemoselective reduction, of

α,β-unsaturated aldehydes 186
chemzymes 313
chiral β-amino alcohols 256
chiral organocatalysts 251, 286
o-chlorobenzamides 317
chloronaphthylether 157
chromenes 86, 122, 123, 276
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compounds 124
synthesis 276–277

chromeno[4,3-b]pyrano[3,4-e]pyridines,
L-proline-catalyzed synthesis of
279

chromeno[4,3-d]pyrimidines, L-proline-
catalyzed synthesis of 278

citric acid catalyzed one-pot pseudo
five-component synthesis, of 1,2,6-
triaryl-4-arylamino-piperidine-
3-ene-3-carboxylates 272

Cl–ion-catalyzed alcohol oxidation, to
carboxylic acids 184

cobalt bis(dicarbollide) complex 180
Co-catalyzed C-H/N-H annulation 301,

302
Co nanocluster-catalyzed hydrogenation,

of furfural 192
(CoOx@NC-800) catalyst 239
cobalt-based phthalocyanine photoredox

catalyst [CpPc-(SO3Na)4] 316
cobalt-catalyzed peroxidation, of

2-oxindoles 198, 199
cobalt-catalyzed reduction 191–192
cobalt(II)/TPPMS catalytic system 244
cohesive energy density 106, 108
complex phase behaviors 64–66
copper-catalyzed alkene

difunctionalization 202
copper-catalyzed ligand-free oxidation, of

benzylic sp3 C–H bond 198
copper-catalyzed reduction 192
copper-catalyzed S-methylation, of

sulfonyl hydrazides 202
copper(II)-catalyzed trifluoromethylation

of N-aryl acrylamides 200
3-CR

7-amino-6-cyano-1,5-dihydro-1H-
pyrano[2,3-d]pyrimidine-2,4(3H)-
diones 122–123

5-aminopyrazole-4-carbonitrile 120,
121

chromene derivatives 126
dihydroquinoxalin-2-amine derivatives

preparation 117
furo[2,3-d]pyrimidines preparation

111–112
fused pyrimidines 130–131
isoxazoles preparation 121–122
pyrancoumarin derivatives preparation

115–116

pyran derivatives preparation 115–116
pyrano[3,2-c]chromene derivatives

124
pyrazine derivatives preparation 116

using Meldrum’s acid 116–117
tetrahydrobenzo[b]pyran derivatives

125
thioimidazolidinones preparation

112, 113
thiophene derivatives preparation

115
trans-2,3-substituted dihydrofurans

preparation 120, 121
4-CR

diazepine derivatives preparation 118
pyrimidoisoquinoline preparation 117

5-CR
spiropyrrolopyrrolizines 113–114

6-CR
spiropyridoindolepyrrolidines 133
spiropyridoindoles 134
spiro-1,2,4-triazine derivatives

134–135
tetrahydrodipyrazolopyridines 133

cross-dehydrogenative coupling, of N-aryl
tetrahydroisoquinolines 216,
218

Csp3–Csp3 bond formation through
palladium and PTC synergistic
effect 53–54

β-C(sp3)–H bond hydroxylation of amides
98–99

C(sp3)–H functionalization, of inert
alkanes 208

C(sp3)–H hydroxylation, of 2-oxindoles
209

C(sp2)-Y bonds, cross-coupling cleavage of
321

C2-symmetric tertiary amine-squaramide-
catalyzed asymmetric Michael
addition 285

[Cu] catalyst
asymmetric boron conjugate additions

257
asymmetric silyl conjugate additions

257
Cu-catalyzed asymmetric addition of

phenylacetylene 86
Cu-catalyzed C–N coupling reaction

5-nitroindole and iodobenzene, 73,
75
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Cu-catalyzed CDC reactions
between N-aryl tetrahydroisoquinolines

and 3,5-dialkyl-4-nitroisoxazoles in
water 98

of tertiary amines with nitroalkanes
and malonates 98

Cu-catalyzed conjugate addition of
terminal alkyne and alkylidene
Meldrum’s acid 89

Cu-catalyzed functionalization of amino
acids and peptides 86

Cu-catalyzed Michael addition reaction,
in aqueous media 235

Cu-mediated coupling of alkynes with
N-acylimines and N-acyliminium
ions 87

CuNPs 236
Cu/Pd-catalyzed allylic alkylations 301,

302
Cu-Pd catalyzed nucleophilic addition of

terminal alkyne 89
cyclic alcohols 1,3-rearrangement of, 5
cycloaddition reaction 141

in aqueous medium 143–150
[4π +2π] cycloaddition reaction

143–148
of quadricyclane with DEAD 70

[2+2] cycloaddition, of coumarin in-water
154

[2+2+2] cycloaddition reaction 152
[3+2] cycloaddition reactions, in-water

norbornene and phenyl azide 151
[4+2] cycloaddition reactions

endo-exo-stereoselectivity, water effect
on 148

in-water 143–148
on-water reactions 150

[4+3] cycloaddition reactions, in-water
153

[5+2] cycloaddition reactions, in-water
153

β-cyclodextrin 175
cytochromes P450 323, 324

d
DBU-catalyzed 4H-pyrimido[2,1-b]-

benzothiazole derivatives 280
deboronative cyanation reaction 319
decahydroacridine-1,8-diones 270
decoupled water electrolysis 295,

296

DEPO-mediated arylation of lactams
204

dextrin-based olefin metathesis catalyst
systems 175

DFT studies, of water-accelerated
reactions 75, 76

4,5-diaminocyclopent-2-enones 155
diaryl ethers 6
dibromofluoromethylated adducts,

chemoselective synthesis of 320,
321

2,6-dibromo-4-nitroaniline (DBPNA)
synthesis 333, 334, 338

dicationic ionic liquids (DCILs) 55
dicataonic PEG ionic liquid-associated

MnCl4
2-(PEG-DIL-MnCl4) catalyst

244
D-glucosamine-based β-CD inclusion

complex-catalyzed asymmetric
Aldol reaction 284

Diels–Alder 4+2 cycloaddition
of cyclopentadiene and dimethyl

fumarate 15
of cyclopentadiene with methyl acrylate

and methyl vinyl ketone 12
reaction rates of cyclopentadiene with

methyl vinyl ketone and
acrylonitrile 12

Diels–Alder (D–A) reaction 143
cyclopentadiene and butanone, rate

constants for 67
cyclopentadiene and methyl vinyl

ketone 64
of cyclopentadiene in organic solvents

and water, endo/exo-product ratios
149

of cyclopentadiene with dienophiles,
solvent-dependent rate constants
for 145

intermolecular 146
intramolecular 149–150
2-PyMe2Si-substituted 1,3-dienes with

p-benzoquinone 146, 147
rate constants and Gibbs energies of

activation 148
diester cationic gemini surfactant (DCGS)

270, 271
microwave-assisted synthesis 271

diester-substituted ROMP polymers 171
diethyl 6-amino-5-cyano-4-aryl-4H-pyran-

2,3-dicarboxylates, ultrasound-



Index 349

assisted, triethylamine-catalyzed
synthesis of 274

α-difluoroarylacetic acids, silver-catalyzed
decarboxylative allylation of 200

difluoromethylation, of alcohols with
TMSCF2Br 226

2,3-dihydro-1H-perimidines 7, 273
1,4-dihydropyrano[2,3-c]pyrazole

derivatives
ultrasound-assisted 4-CR 129

1,4-dihydropyridines 131, 132, 316
dihydropyrido[2,3-d 6,5-d’]dipyrimidine

derivatives, 270
1,2-(dihydroquinazolin-3(4H)-isonicotin-

amides 272
3,4-dihydro-2-quinolones 238
4-dimethylaminopyridine-catalyzed

synthesis of 2-amino-4-aryl-
4H-chromenes 276

1,3-diones, visible light induced dehydro-
genative aza-coupling of 216

(E)-1,3-diphenylallyl acetate 244
(R,R)-1,2-diphenylethylenediamine

(DPEN)-based thiourea
organocatalyst 287

1,3-dipolar cycloaddition reactions
in aqueous medium

5-azidovalerate with alkynes 151
phenyl azide derivatives with methyl

propiolate 151
of pthalazinium-2-dicyanomethanide

72
of phthalazinium-2-dicyanomethanide

1,3-dipole 14
2,6-disopropylphenyl groups 168
1,4-disubstituted 1,2,3-triazoles

on-water chemoselective reaction
switch 18

dioxo MoVI complex 180
direct vs. mediated reductive oxidation

292, 293
3,4-disubstituted isoxazol-5(4H)-ones,

succinic acid-catalyzed synthesis
of 279

3,5-disubstituted 1,2,4-oxadiazoles 244
dithiomalonates (DTMs) 263

asymmetric Mannich reaction of
263–264

asymmetric Michael addition of 263
DNA-encoded libraries (DELs) 35, 39,

50

DNA photolyase 322
dynamic kinetic resolution, of amines

324

e
EDA complex formation 318, 321
EHS assessment approach 5
electrocatalysis 291–310
electrocatalyst 193, 294, 295, 299, 310
electrocatalytic decarboxylation, of

hexanoic acid 299
electrocatalytic hydrogenation (ECH)

305–306
electrocatalytic nitrite reduction 191
electrochemical Birch reduction, on

aqueous media 304
electrochemical cathodic dimerization, of

aldehydes 305
electrochemical C–H amination

306–307
electrochemical conversion, benefits of

309
electrochemical deoxygenation of

epoxides 300
electrochemical deposition techniques

300
electrochemical epoxidation, in aqueous

media 301
electrochemical oxidation of benzylic

C–H 301, 303
electrochemical polymerization, in

aqueous media 304–305
electrochemical reactions 21–22, 291,

294, 295, 309
electrochemical reduction, in aqueous

media 304
electrochemical technique 291, 306
electrocyclic reactions 141, 143,

154–156, 158
4π-electrocyclization reactions 154–155
6π-electrocyclization reactions 155–156
electrocyclization reactions, in water

medium 154
4π-electrocyclization reactions

154–155
6π-electrocyclization reactions

155–156
electrolysis 294–301, 306
electrolytic conductivities

of aqueous electrolyte solutions
292
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electroorganic processes 291, 292
electroorganic synthesis, of oil-in-water

nanoemulsion TEMPO mediated
electrooxidation of amphiphilic
alcohols 21, 22

electrosynthesis 197, 218, 292, 301, 309,
310

emulsion-based ruthenium catalytic
systems 176

emulsion electrooxidation, in aqueous
media 304

enals
NHC-catalyzed reactions 227–228
reaction with isatins 228

enantioselective α-benzoxylation 54
enantioselective copper (Cu)-catalyzed

three-component alkynylation
254

endo-/exo-stereoselectivity, in [4+2]
cycloaddition reaction 148–149

ene reaction 70, 142, 157, 158
ene-reductase (ERED) reduction, of

α,β-unsaturated compounds
51

1,6-enynes, radical cyclization reaction of
207, 208

enzyme-supported metathesis catalyst
systems 176

epoxidation of cyclooctene 180
epoxides, electrochemical deoxygenation

of 300
ethyl ammonium nitrate (EAN) 55
1-ethyl-3-(3-(dimethylamino)propyl)

carbodiimide (EDC) coupling
reagent 50

f
fatty acid photodecarboxylase (FAP) 322
Fe/ppm Pd NPs catalyzed Heck–Mizoroki

couplings 44
Fe/ppm Pd NPs catalyzed Negishi

couplings 44
Fe/ppm Pd NPs catalyzed Sonogashira

couplings 42
Fe/ppm Pd NPs catalyzed Suzuki–

Miyaura couplings 42, 43
five-membered lactams preparation

via an Ugi reaction in water 113
flash photolysis, of benzocyclobutenone

154
flavin-dependent enzymes 323

flow chemistry 22–24, 42, 231, 240,
246

fluoro group functionalized poly(2-
oxazoline) derivatives 171

1-(4-((4-fluorophenyl)amino)phenyl)-
ethan-1-one 38

formaldehyde, asymmetric aldol reaction
of 255–256

Friedel–Crafts-type alkylation of indoles
255

functionalized pyridines synthesis 152
furan derivative preparation

using different cyclic diketones in water
111

via Knoevenagel/Michael addition/
cyclization reaction in water 111

furan derivatives 110, 111
furo-[2,3-d]pyrimidines preparation

111–112
fused pyranopyrimidines 122, 123

g
G2-catalyzed cross-metathesis of allyl

benzene 174
G1-catalyzed RCM of diethyl

diallylmalonate 174
Go/Fe3O4/HybPOM/HPW12 catalyst 237
gold-catalyzed A3-coupling 85
green chemistry 3

principles 3, 29
atom economy 4
catalysis 6
design for degradation 7–8
design for energy efficiency 7
diagrammatic representation 3–4
inherently safer chemistry for

accident prevention 8
less hazardous chemical synthesis 5
prevention 3–4
real-time analysis, for pollution

prevention 8
reducing derivatives 6
safer chemicals design 7
safer solvents and auxiliaries 5
use of renewable feedstock 7

green oxidation, of methylarenes
331–332

green solvent 3, 5, 135, 184, 188, 197,
223, 231

group transfer reactions 141–143, 158
Grubbs catalyst 171
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immobilized on amphiphilic polymers
171

Grubbs/Hoveyda–Grubbs catalyst
hydrophobic nature of 165

h
HandaPhos ligand 33, 35, 39
Henry reaction 65, 68, 69, 71, 74, 76, 78,

239, 276
heterocyclic bioactive scaffolds 108
N-heterocyclic carbene-catalyzed

asymmetric benzoin reaction 227
heterocyclic chromeno[2,3-c]pyrazol-

4(1H)-ones 209
heterogeneous nanocatalysis, for micellar

C-N couplings 39, 125
hexa-EG-DHIM catalyst 55
1,1,1,3,3,3-hexafluoroisopropanol (HFIP)

147, 319
Hoveyda–Grubbs catalysts 165, 167, 168,

170–172, 175, 176
bearing quaternary ammonium groups

167
immobilized on amphiphilic polymers

171
Hoveyda–Grubbs second-generation

catalyst
supported on poly(4-oxaline)-based

amphiphilic polymers 172
HQN-SQA 73, 79
HybPOM/HPW12 catalyst 237
hybrid water electrolysis 295, 296
hydrogenation, of olefins 188
hydrophilic PEG group 168
hydrosilylation, of triple-bonded

substrates 210–211
hydrotropic NaOT solution 244
4-hydroxy-4H-chromene barbiturates

239, 240
4-hydroxy-4H-chromene-functionalized

pyrazoles and barbiturates,
L-proline-catalyzed synthesis of
283, 284

4-hydroxy-4H-chromene-pyrazoles 240
α-hydroxy-α-nitromethylamides 239
3-hydroxy oxindole 239
3-hydroxy-2-oxindoles 209, 240

i
I-MCRs

common members 108

five-membered ring heterocycles
nitrogen heterocycles 112–114
oxygen heterocycles 110–112
sulfur heterocycles 115

four-membered ring heterocycles
109–110

isocyanide functionality 108
six-membered heterocycles

nitrogen heterocycles 116–118
oxygen heterocycles 115–116

imidazo[1,2-a]-pyridine-3-carbaldehydes
Ag-catalyzed intramolecular

aminooxygenation for 336
imidazo[1,2-a]pyridine-fused

quinoline-2-thiones 155
imidazo[1,2-a]pyridines

sulfenylation of 337, 338
water-accelerated synthesis of 65–66
water-mediated synthesis of 336–337

imines, zinc-mediated electrochemical
allylation of 300

2-iodoacetamide, atom transfer radical
cyclization of 203

I2/NaOH/TBHP-catalyzed oxidation of
alcohols and aldehydes 184

indium-mediated radical iodoperfluoro-
butylation, of but-3-yn-1-ol 201

indoles
N-alkylation of 238
direct coupling with 1,4-benzoquinones

90
Friedel–Crafts-type alkylation of

255
inert alkanes, C(sp3)–H functionalization

of 208
In(OTf)3-catalyzed addition, of aromatic

C-nucleophiles 90
intramolecular Diels–Alder reactions, in

water medium 149–150
intramolecular hydroamination

methyl imidazo[1,2-a]pyridines
synthesis through 336

water-mediated mechanism 337
in-water reactions 2, 63–80, 108, 313,

314
addition of solubilizing agents

additives usage 318
photomicellar catalytic systems

316–317
classification 14–15
Passerini multicomponent reaction 24
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in-water reactions (contd.)
soluble photocatalysts 314–316
use of additives 313

iodine-catalyzed amination, of
benzothiazoles 212

iodine-catalyzed synthesis, of
2-arylimidazo[1,2-a}]pyridines
273

iodomalonate, tandem radical
annulation-azidation of 205

ionic group-tagged ruthenium-based
metathesis catalysts 166

ionic liquid promoted C–H bond
oxidant cross-coupling reaction
209–210

ionic liquids (ILs), in PTC 54–56
ioxynil synthesis 332
Ir-catalyzed partial oxidation, of aryl and

aliphatic alcohols 181–182
Iridium catalyzed carbene insertion, into

N–H bonds 226
iridium-catalyzed reduction 185–187

of ketones 185
iron-catalyzed cyclopropanation

of trifluoroethylamine hydrochloride
224

with in situ diazomethane generation
224

iron-catalyzed reduction 191
isoindolinones 237
isopropoxy styrene-modified block

poly(2-oxazoline) derivatives
171

isothiocyanates, Na2S2O8-mediated
efficient synthesis of 206

isoxazole derivatives 121, 122
isoxazole-5(4H)-one derivatives 122
I–/TBHP catalyzed oxidative amination

with benzophenone imine 210

k
β-ketoacid 239
ketones

asymmetric Barbier-type allylation of
254

asymmetric direct aldol reaction of
258, 259

asymmetric reduction of 252–253
KI/TBHP-catalyzed C(sp3)-H

functionalization/C–O/C–N bonds
formation 210

Knoevenagel condensation reaction
of aryl aldehydes with ethyl

cyanoacetate 233
Knoevenagel condensation-based MCRs

119
Knoevenagel reactions 232–234

of aryl aldehydes with ethyl
cyanoacetate 232

Knoevenagel-hetero-Diels-Alder MCRs
120

Knoevenagel-initiated MCRs 108,
119–135

five-membered heterocycles 120–122
nitrogen heterocycles 120–121
oxygen heterocycles 120, 121

six-membered heterocycles
nitrogen heterocycles 130–135
oxygen heterocycles 122–130

Kobayashi model 319
Kolbe electrolysis 297–299

of n-hexanoic acid 297–298
kosmotropic additives 318
K2S2O8-glucose mediated oxidative

coupling, of bis(indolyl)methanes
(BIMs) 207

l
lactams, DEPO-mediated arylation of

204
β-lactam synthesis 109, 110

Ugi four-center three-component
reaction 109, 110

lactones, electrochemical production of
301, 303

latent ruthenium metathesis catalysts, for
aqueous ROMP and RCM
reactions 169

levulenic acid, hydrodeoxygenation of
308, 309

ligand-free micellar nanocatalysis
proline-derived amphiphile PS-750-M

44
ligands/precatalysts, for micellar

Suzuki-Miyaura couplings 34
light-induced iodoperfluoroalkylation

reactions, of alkenes and alkynes
213

light mediated reaction
of indole and isoquinoline-1-

carbonitrile 20
lipase-mediated esterification 51
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lipophilic substituted 3-decyl-β-proline
235

Loureirin A 239

m
maleic ester, electro-reduction of 304
malonates

asymmetric Mannich reaction of 264
asymmetric Michael addition of 262

Mannich base 236
Mannich reaction 236–238, 263, 264
meglumine 318
Merck’s asymmetric alkylation 251
(Me3Si)3SiH mediated intermolecular

addition, of perfluoroalkyl radicals
211

2,4,6-mesitylene groups 168
meso-epoxides, asymmetric ring opening

of 256
mesoporous carbon supported

metal-based catalyst 182
mesoporous graphitic carbon nitride

(mpg-CN) 315
metal-catalyzed C–H bond

trifluoromethylation 200–201
metal-catalyzed electrosynthesis, in water

301
metal-free organocatalysis 269
metal-free oxidative coupling for

xanthone synthesis 94–95
metal-free Reformatsky reaction, of ethyl

2-bromo-2-methylpropanoate and
benzaldehyde 21–22

metallacarboranes systems 315
metallomicelles 234
metal-mediated allylation 300
metal-micelle cooperativity concept, in

copper catalysis 45
metal/PTC synergistic catalysis 54
methylarenes, green oxidation of

331–332
1-methylimidazole 168
2-methylindole reaction, with

benzoquinone 17
methyl sulfones 202, 209
methyl vinyl ketone (MVK) 144, 145,

147, 148
methyl vinyl sulfone (MVS) 147
micellar catalysis 35, 231

amide coupling reactions 47–50
biocatalysis 50–51

SN Ar reactions 46–47
micellar nanocatalysis in C-C couplings

42–46
micelle-enabled cross-coupling reactions

33
C–N cross-couplings 37–39
nanocatalysis in C-C couplings

42–46
palladium catalyzed α-arylation

reactions 41–42
Sonogashira couplings 39–41
Suzuki–Miyaura couplings 33–37

micelles 30, 31, 33, 37, 38, 41, 42, 44,
46, 47, 50, 51, 56, 275, 314, 317,
329

micellization 31
Michael addition reaction

of 2-enoylpyridine 1-oxides and indoles
234

microdroplet methodology 18, 19
microwave-assisted 3-CR

2-amino-4H-benzo[h]chromene-3-
carbonitrile 126

Mn-catalyzed partial oxidation, of aryl
and aliphatic alcohols 180

Mn-salen micellar nanoreactor 180
MoVI complex catalyzed epoxidation of

alkenes 180
molecular orbital (MO) theory 142
multicomponent reactions (MCRs) 105

advantage 105
MWCNTs MNCs 107, 108

multiwalled carbon nanotubes magnetic
nanocomposites (MWCNTs
MNCs) 106–108, 117, 124, 135

n
nanoemulsion TEMPO mediated

electrooxidation of amphiphilic
alcohols 21, 22

nano-Ni2P hydrogenation catalyst 190
nanostructures, in electrochemical

conversions 299–301
1-naphthoyl tetrahydroisoquinoline 91
1,6-naphthyridine-2,5-diones

via ultrasound-assisted synthesis in
water 131

Na2S2O8-mediated efficient synthesis, of
isothiocyanates 206

NHC-catalyzed reactions, of enals 227,
228
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NHC-catalyzed Stetter reaction, of
benzaldehyde with chalcone in
aqueous medium 227

nickel-catalyzed reduction 189–190
nicotinamide-dependent enzymes 323
(E)-nitroalkenes, L-proline-catalyzed

synthesis of 280–281
2-and 4-nitroanilines reduction 192
nitroarenes

chemoselective, DNA-supported nickel
nanoparticle-catalyzed
hydrogenation 190

reduction of 189
nitro-bearing pyrrolidines 234
[Nmm-PDO][OAc]-catalyzed reactions

232–233
non-ionic group-tagged ruthenium-based

metathesis catalysts 166–175
non-ionic surfactants 30
nucleophilic addition, of organolithium

reagents 17
nucleophilic addition reactions 232

aldol reaction 238
Knoevenagel reaction 232–234
Mannich reaction 236–238
Michael addition reaction 234–236

nucleophilic aromatic substitution
reactions (SNAr) 241

HMPC–water system 242
in micellar medium 241
perfluorobenzocycloalkenones 242
using TPGS-750-M and K3PO4 241

nucleophilic substitution reactions
applications 240
aqueous SN1 and SN2 reactions 243
of arylalkyl halides 245
classification 240
functionalized π-activated alcohols

245
of nitroimidazoles with enolizable

1,3-dicarbonyl compounds 242
nucleophilic aromatic substitution

reactions 241–242
vanadium-catalyzed S-and C-alkylation

in aqueous medium 246

o
olefinic substrates hydrophobic nature of

165
olefin metathesis 165–176

olefins, visible-light-driven epoxyacyl-
ation and hydroacylation of 214

on-water ene reaction of azodicarboxy-
lates and olefins 157–158

on-water protocol, reaction rate
acceleration by 2

on-water reactions 2, 11, 13, 63–80, 108,
313, 314, 318

catalytic roles of water 319
challenges 15
classification 14
[4+2] cycloaddition reactions 150
electrochemical reactions 21–22
flow chemistry 22–24
light mediated reactions 20–21
lipophilic hydrophobic additives and/or

reagents 320
mechanistic aspects 15
on-droplet effects 18–19

1,4-disubstituted 1,2,3-triazole
synthesis 18

quadricyclane and dimethyl
azodicarboxylate 19

Passerini multicomponent reaction 24
prebiotic chemistry 24–25
stirring rate influence 15

asymmetric aldol catalysed LASC
reaction 17

indoles with 1,4-benzoquinone 17
phthalazinium-2-dicyanomethanide

with p-chlorobenzylidineacetone
16

quadricyclane and DMAD 15
organocatalytic NHC reactions 226–228
organocatalyzed synthesis

of biologically promising
N-heterocycles 270–274

of biologically promising
N,O-heterocycles 278–279

of biologically promising N,
S-heterocycles 279–280

of biologically promising
O-heterocycles 274–277

organo-photocatalysts 183
ortho-phenylation 91
ortho-quinone methides (o-QMs). 264
overall water electrolysis 295, 296
oxazolopyrimidoazepines 118, 119
oxidation

of aldehydes to carboxylic acids 185
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of aryl ketones and benzyl nitrile
derivatives to carboxylic acids
185

of benzyl alcohol derivatives 182
of furfural to furancarboxylic acid 185

oxidation reactions 179–185
oxidation reactions, in water

alcohol oxidation
to aldehydes/ketones 181–183
to carboxylic acids 183–185

aldehyde oxidation
to carboxylic acids 183–185

alkene epoxidation 180–181
oxidative esterification of alcohols

330–331
oxidative radical addition, of aryl

hydrazines 198–199
oxidative reduction 292, 293
2-oxindoles, cobalt-catalyzed peroxidation

of 198, 199
2-oxindoles, C(sp3)–H hydroxylation of

209

p
palladium catalyzed α-arylation reactions

41–42
palladium-catalyzed ortho-acylation

reactions 94, 95
palladium-catalyzed cross-coupling

reaction 33
palladium-catalyzed C(sp2)–H bond

activation in water for carbazoles
synthesis 94–95

palladium-catalyzed nucleophilic
substitution, of alcohols and thiols
243

palladium(0)nanoparticle-catalyzed
reduction, of epoxides 189

Passerini multicomponent reaction 24,
25

Passerini reaction 24, 25, 63, 64, 75, 108
Pd-catalyzed chelation-assisted arylation

and methylation reactions 96
Pd-catalyzed conjugate addition of

terminal alkynes to acrolein in
water 89

Pd-catalyzed conjugate addition of
terminal alkynes with enones in
water 89

Pd-catalyzed coupling reactions of acid
chlorides with terminal alkynes

Pd-catalyzed ortho-arylation of
benzoic acid in water 93

Pd-catalyzed ortho-arylation of para-
substituted phenols in water 93

Pd-catalyzed para-selective arylation, of
phenols with aryl iodides in water
93

Pd-catalyzed synthesis of
tetrahydro-β-carbolines 96

Pd-NHC catalyzed alkynylation, of MBH
carbonates in water 88

Pd/UiO-66 188
PEG-substituted Grubbs catalyst 166,

170
PEG-substituted Hoveyda–Grubbs

second-generation catalysts 170
pericyclic reactions 141

cycloaddition reaction 141
electrocyclic reaction 141–142
group transfer reactions 142
sigmatropic rearrangement 142

pharmaceutically relevant cyano
compounds 233, 234

pharmaceutically relevant tetrahydro-
quinoline spiro motifs 241

phase transfer catalysis (PTC) 29–56,
115, 116, 243

alkylation of 3-arylpiperidin-2-ones
53

asymmetric hydroxylation 52
asymmetric SNAr reactions 52
Csp3–Csp3 bond formation through

synergistic effect of palladium and
53

enantioselective α-benzoxylation 54
ionic liquids 54–56

phase transfer catalyst 32, 52, 54, 55, 69,
115, 151, 179, 209, 240, 245, 246,
251

phosphonium-carbon-based phase
transfer catalyst, oCB/TPP
246

photobiocatalysis
defined 321
enzymatic reactions coupled to natural

photosynthesis 324–325
photoenzymatic catalysis 322–323
synergistic photoenzymatic catalysis

323
tandem photocatalyst/enzyme

reactions 323–324
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photocatalyst (Fe3O4-RB/LDH) catalyzed
CDC reaction 99

photocatalyst-free visible-light-driven
α-substitution of amines 245

photocatalytic oxidation
of 2-and 4-hydroxybenzyl alcohols

183
photocatalyzed alcohol oxidation

to aldehydes, ketones or acids 182
photochemical [2+2] cycloadditions

153
photoenzymatic catalysis 322–323
photoenzymes, classes of 323
photomicellar catalytic systems 316–317
photoredox catalysis 20, 313, 316
photoredox chemistry 197, 218
pH-sensitive second-generation

ruthenium catalyst systems 167
piperdin-2-yl-indoles 237
platinum-catalyzed reduction 190–191
polyacrylic acid (PAA) catalyzed

multicomponent Mannich
reaction 237

poly(N-(benzyl acrylamide))-ran-poly(N-
(2-hydroxypropyl)acrylamide)
(PBAM-ran-PHPAM) 236

poly(vinylimidazole)-supported G1
catalyst 168

polyether marine natural product
synthesis 5

polymer ionic liquid (PIL)-functionalized
ruthenium complex-catalyzed
asymmetric hydrogenation, of
aliphatic ketones 188

polyoxyethanyl α-tocopheryl sebacate
(PTS) 33, 38, 39, 172

ppm level C-N couplings 39
PQS-[Ir] photocatalyst 316
prebiotic chemistry 24–25
pro-hydrophobic agents 145
L-prolinamide-catalyzed synthesis, of

2-aryl-3-nitro-2H-chromene
derivatives 276

proline-based amide-catalyzed
asymmetric Aldol reaction 285

proline-derived amphiphile PS-750-M
44

proline-derived PS-750-M amphiphile
50

N-(prop-2-yn-1-yl)pyridin-2-amines 336,
337

protein-supported metathesis catalyst
systems 176

protic ionic liquids (PILs) 55
protochlorophyllide reductase 322
P–S coupling via nucleophilic substitution

244
PS-750-M-based micellar strategy 35
PTC mediated SM couplings 56
PTS-based micellar system 172
Pt/SiC–C catalyst 190, 191
pyrancoumarin derivatives synthesis

116
pyran derivatives synthesis 115, 116
pyrano[3,2-b]pyran derivatives 125, 126
pyrano[3,2-c]chromene derivatives 124
pyranocoumarin derivatives synthesis

115
pyrano[3,2-c]quinolone derivatives,

Taurine-catalyzed synthesis of
278

pyranopyridocarbazole derivatives 126,
127

pyrazole derivatives
via Knoevenagel-initiated MCR 120

pyrazolopyranopyrimidines 129
pyrido[2,3-d]pyrimidines 130, 131

ultrasound-assisted synthesis in water
131

pyrimido[2,1-b]benzothiazolederivatives
279

pyrimidobenzazepines 118
pyrrole derivatives

via 4-C Knoevenagel/Michael addition/
cyclization reaction in water 112

q
QN-SQA 73
quaternary ammonium-tagged

Hoveyda–Grubbs catalysts 176

r
radical coupling reactions

of oxindoles with t-BuONO 211, 212
radical cyclization

of allyl iodoacetate, solvent effect on
205–206

of N-allyl-2-iodo amide 205
radical cyclization reaction of 1,6-enynes

207, 208
radical deoxygenation of alcohols 204
radical reactions 197
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transition metal catalyzed alkenes
difunctionalization 201–202

transition metal catalyzed fluorination
200–201

transition metal catalyzed oxidation
198–200

transition metal-free 203–212
RCM performance of amphiphilic

catalysts 171
2σ+2σ+2π reaction, of quadricyclane with

dimethyl azodicarboxylate
(DMAD) 3, 13–15, 19, 76, 77

reduction reactions 179–194
reduction reactions, in water

bimetal-catalyzed reduction 192–193
cobalt-catalyzed reduction 191–192
copper-catalyzed reduction 192
iridium-catalyzed reduction 185–187
iron-catalyzed reduction 191
nickel-catalyzed reduction 189–190
palladium-catalyzed reduction

188–189
platinum-catalyzed reduction

190–191
rhodium-catalyzed reduction 189, 190
ruthenium-catalyzed reduction

187–188
1,3-reductive de-acetylation reaction 304
regiospecific CDC coupling of aryl

carboxylic acids 94
retro-cycloaddition 141
reverse polarity principle 317
Rh(II)-catalyzed intramolecular C–H

insertion, of α-diazocarbonyl
compounds 225

Rh-catalyzed 2-phenylation, of indole
derivatives in water 94

Rh-catalyzed synthesis
of isoquinolie derivatives 95
of 3-substituted phthalides 91

rhodium-catalyzed cyclopropenation
of trifluoroethylamine hydrochloride

225
rhodium-catalyzed reduction 189
Rice cooking method 337–338
Rieske-type non-heme iron enzymes

323
ring-closing metathesis (RCM), of

hydrophilic dienes 165, 166
ROMP reactions

of cationic norbornene derivatives 166

of hydrophilic norbornene derivative
170

hydrophobic norbornene derivatives
165, 168

Ru-based MCAT-53 catalyst 92
Ru-catalyzed and pyridine-directed

C(sp2)–H bond activation 91
Ru-catalyzed arylation reactions

ligand effect 97
Ru-catalyzed C–H alkylation of aromatic

acids with maleimides in water
96

Ru-catalyzed direct arylation in water
with phenol 92

Ru-catalyzed in situ olefin migration
reaction 97

Ru-catalyzed oxidation, of aryl and
aliphatic primary alcohols 183,
184

Ru-catalyzed tandem cyclization, aniline
derivative and alkyne 92

Ru-Cu catalyzed A3 coupling, for
propargylamines synthesis 85

ruthenium based Grubbs type catalyst
165

ruthenium-based olefin metathesis
catalysts 166

ionic and non-ionic group-tagged
166

ruthenium-catalyzed reduction 187–188
ruthenium-catalyzed transfer

hydrogenation, of carbonyl
compounds 188

ruthenium indenylidene-based metathesis
catalyst 174

ruthenium indenylidene catalysts 168

s
[Sc] catalyst

formaldehyde, asymmetric aldol
reaction of 256

meso-epoxides, asymmetric ring
opening of 256

thiols, asymmetric thia-Michael/
protonation reactions of 257

selective cinnamaldehyde reduction
193

selenazolines synthesis
via I-MCR in water 113, 114

using 3-aminooxetanes 113–114
selenocyanates 245
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semi-heterogenous polydiacetylene-
proline (pDApro)-catalyzed aldol
reaction 238

sequential cross-metathesis/
hydrogenation, of 10-undecenal
with methyl acrylate 174

sigmatropic rearrangements 141–143,
156–158

sigmatropic rearrangements in-water
156–157

[2,3]-sigmatropic rearrangement, in-water
γ-hydroxyalkyl γ-alkoxyallylic

sulfoxides 157
sulfonium ylides in aqueous medium

157
[3,3]-sigmatropic rearrangements

156–157
silver-catalyzed decarboxylative allylation

200, 201
silver-catalyzed decarboxylative trifluoro-

methylthiolation 200–201
silver-promoted intramolecular addition,

NHC vs. unsaturated esters 227
single-pass Kolbe electrolysis 297
sodium dioctyl sulfosuccinate (SDOSS)

236, 237
sodium dodecyl sulfate (SDS)

catalyst 125
micelles 317

solvents
quadricyclane with dimethyl azodi-

carboxylate, reactivity of 2–3
water as 1–3

Sonogashira couplings 39–41, 84
spiro[benzothiazolo[3,2-a]pyrimidine-

4,3′-indolines, L-proline-catalyzed
synthesis of 279–280

spiro[dihydropyridine-oxindoles] 236
spirooxindole derivatives

via NGO/PMA assisted one-pot
synthesis 127

via ultrasound-assisted 3-CR 128
spirooxindole synthesis

Michael/hemiketalization reaction
234

spiropyran derivatives
via SDS-catalyzed 3-CR 129

spiropyrans, SDS-catalyzed synthesis
275

spiropyridoindolepyrrolidines 133,
134

spiropyridoindoles 134
spiropyrrolooxindole preparation 128
spiropyrrolopyrrolizine derivatives 113
spiro-1,2,4-triazine derivatives 134, 135
squaric acid-catalyzed synthesis, of

2,3-dihydro-1H-perimidines 273
structurally diverse α,β-unsaturated

ketones, choline hydroxide-
catalyzed synthesis of 280

N-substituted 2-aminobiaryls,
intramolecular oxidative radical
cyclization 205, 206

2-substituted-2,3-dihydroquinazolin-
4(1H)-ones 271–272

substrate-dependent phase behaviors
64–66

sulfenylation of imidazo[1,2-a]pyridines
337, 338

sulfides, asymmetric sulfoxidation of
253–254

sulfonyl hydrazides
catalyst-free fluorination of 212
copper-catalyzed S-methylation, of

202
superparamagnetic nanoparticle-

supported Jørgensen–Hayashi
catalyst ((S)-diphenylprolinol
trimethylsilyl ether) 259–260

surfactants 30
categories 30
-like non-ionic polymers 168

sustainable chemistry 3, 231, 247, 251
sustainable organic transformations 269
Suzuki–Miyaura couplings 33–37
synergistic Brønsted acid-hydrogen

bonding donor catalyzed
multi-component allylation
reaction 265, 266

synergistic photoenzymatic catalysis
322, 323

synthetic chemistry 29, 56, 231

t
tandem aldehyde oxidation/Passerini

reaction 63, 64
tandem Knoevenagel–Michael addition/

cyclization reaction 120, 281
spirooxindoles snthesis 126

tandem photocatalyst/enzyme reactions
322–324

tandem water electrolysis 296, 297
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Taurine-catalyzed synthesis, of 1,2-
(dihydroquinazolin-3(4H)-
isonicotinamides 272

TEMPO-imidazolium salts 334
TEMPO (2,2,6,6-tetramethyl-1-

piperidinyloxy)-assisted
epoxidation pathway 181

tetrahydrobenzo[a]xanthene-11-ones,
Baker’s yeast-catalyzed synthesis
of 277

tetrahydrobenzo[b]pyran derivatives
125

tetrahydrobenzopyrans 122, 123
tetrahydrodipyrazolopyridines 133
tetrahydropyridines 236
1,2,3,5-tetrakis(carbazol-9-yl)-4,6-

dicyanobenzene (4CzIPN)-based
porous organic polymers 216

thermo-responsive catalytic nanoreactors
180

thiadiazoloquinazolinone-coumarin
hybrids 131, 132

thia-Michael reaction 236, 256, 257
thiamine hydrochloride-catalyzed

synthesis, of 1,2,4-triazolidine-
3-thione derivatives 274

thick Zn films electrochemical synthesis
300

thiocyanites 245
thioimidazolidinones 112, 113
thiols, asymmetric thia-Michael/

protonation reactions of 256
thiophene derivatives preparation 115
three-component reaction (3-CR)

106
for 1,3-oxazines synthesis 211

titanosilicate/H2O2 catalyzed epoxidation
of propylene 181

TPGS-750-M micelles 46, 47
traditional water electrolysis 295, 296
trans-2,3-dihydrofurans

via Knoevenagel-initiated MCR 120
transfer hydrogenation, of ketones 186
transition metal catalyzed fluorination

200–201
transition metal catalyzed oxidation

198–200
transition-metal-free aqueous C(sp3)–S

coupling 244
transition-metal-free coupling of alkynes

and alkyl idodies 90

transition metal-free I2/NaOH-catalyzed
oxidation, of alcohols and
aldehydes 184

transition metal-free radical reaction
203

azo-type initiators 203–205
O2 as oxidant 210–212
peroxides as oxidants 207–210
persulfate salts as oxidants 205–207
triethylborane as initiator 205, 206

trans-2,3-substituted dihydrofurans
120–121

1,2,6-triaryl-4-arylamino-piperidine-3-
ene-3-carboxylates

citric acid catalyzed one-pot pseudo
five-component synthesis of 271,
272

1,2,4-triazolidine-3-thione derivatives
273–274

2,2,2-trifluoroethanol (TFE) 147, 166
1,3,4-triphenylcyclopentene 228

u
Ugi four-center three-component reaction
β-lactam synthesis 109–110

Ugi reaction 108
five-membered lactam preparation

113
ultrasound-assisted 3-CR

pyranopyridocarbazole derivatives
126, 127

ultrasound-assisted synthetic protocol
for pyrano[3,2-c]chromene derivatives

124
UmicoreM1 174
β-unsaturated compounds, electro-

chemical difluoromethylation of
306–307

β-unsaturated systems, radical addition to
213–216

v
vanillin 308, 309
vinylcyclopropane, 1,5-trifluoro-

methylthio-sulfonylation of 214
vinylogous aldol reaction, of

α,α-dicyanoolefins with silyl
glyoxylates 239

visible light catalysis 313
visible light photoredox reactions

212
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visible light photoredox reactions (contd.)
cross-dehydrogenative coupling

216–218
α\β-unsaturated systems, radical

addition to 213–216
vortex fluidic devices (VFD) 22, 23

w
water

emergence as solvent 1–3
in organic synthesis 11, 143
physical and chemical properties 292,

294
as solvent and electrolyte 292–294

water-accelerated reactions 63
Diels–Alder reaction

cyclopentadiene and methyl vinyl
ketone 64

green processes based on 79–80
Henry reaction 65
mechanistic considerations 68–78
process mass intensity 79
rate determining steps 69

intrinsic chemical steps with water
molecules involvement 72–75

intrinsic chemical steps without
water molecules involvement
71–72

mass transfer of reactants to the
water–organic interface 69–71

salt additive effects 66–68
simplified phase complexity scenarios

65
space-time-yield 79

water electrolysis 295–297
water-mediated Michael reactions 234
water soluble first-generation Grubbs

catalyst derivatives 166
water-soluble Grubbs first-generation

analogs 165
water-soluble Hoveyda–Grubbs catalysts

separation problem of 175
water-soluble Ir-based photocatalysts

315
water-soluble iridium photoredox

catalysts 314
water-soluble ruthenium catalysts 176
WERSA-catalyzed aldol reaction 239
Williamson ether synthesis 32

z
zinc-mediated electrochemical allylation

of imines 300
zirconium(IV)oxychloride octahydrate

(ZrOCl2.8 H2O) catalyst 111
zwitterionic amphiphile 30


