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Index

a
α-acetamidocinnamic acid 176
4-acetylbenzaldehyde 201
4-acetylphenylethanol 201
acid chlorides, reaction with 89
AcOH/H2O medium 49
acrylonitrile 293
acyclic amines 101
acyclic diene metathesis (ADMET) process

291
acyclic methylene compounds 266
aerobic Cu/TEMPO-catalyzed oxidation of

alcohols 161–162
aerobic oxidation of water-soluble alcohols

140
Ag(I)–phosphine complex 91
alcohol oxidations 151–153
– aerobic Cu/TEMPO-catalyzed oxidation

160–161
– enzymatic 161
aliphatic aldehydes 100
alkene–alkyne metathesis 329
alkenylation
– of arenes 65–68
– of arenes and heteroarenes with

palladium catalyst 65–68
– of arenes and heteroarenes with

ruthenium(II) catalysts 6973
– of heterocycles using In(OTf)3

catalyst 68–69
– with ruthenium(II) catalysts

69–73
alkenyl iodonium salts 52
2-alkylated quinoxalines 203
alkyl Grignard reagents 87
alkyl lithium reagents 87
alkyne hydroamination 256
alkynyl metal species 48

allylation reactions
– of active methylene compounds by allyl

acetate 362
– of aldehydes by allenes 276
– of aldehydes under homogeneous or

biphasic aqueous conditions 276
– in aqueous media 278–279
– Barbier-Grignard-type 273
– of C=O and C=N bonds 273–278
– CuCl2-catalyzed SnCl2-mediated 278
– of dihydropyrans and dihydrofurans in

water 278
– of electrophiles 264
– Ir-based processes 272
– Lewis-acid-catalyzed 274, 275
– metal-catalyzed substitution 272–273
– O-allylation of phenols with allylic acetates

362
– Pd-catalyzed allylation by allylic alcohols

361
– Pd-catalyzed SnCl2-mediated 277
– PdCl2-catalyzed 279
– TiCl3-catalyzed 277
– Tsuji–Trost 265–272
– using transition-metal complexes

272–273
allyloxycarbonyl (Alloc) protecting groups

267
amine-functionalized triarylphosphine 6
2-aminophenyl diphenylphosphinite 19
ammonium-substituted ligands 7–8
amphiphilic polystyrene-(poly) ethylene

glycol resin 157
tert-amyl alcohol 147
anionic surfactants 22
aqueous nanogold catalysis 362
aqueous–organic biphasic

system 2

Metal-Catalyzed Reactions in Water, First Edition. Edited by Pierre H. Dixneuf and Victorio Cadierno.
© 2013 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2013 by Wiley-VCH Verlag GmbH & Co. KGaA.



396 Index

aqueous-phase cross-coupling reactions
– 2-benzofuranylphosphines 5
– diarylphosphinoalkyl sulfonates 5
– hydrophilic trialkyl and

dialkylbiarylphosphines 7–10
– hydrophilic triarylphosphines and

diarylalkylphospines 3–7
– microwave heating 35
– N-heterocyclic carbenes (NHCs) ligands

10–13
– Ni/m-TPPTS system 4
– nitrogen ligands 13–15
– palladacyclic complexes 15–16
– Pd(m-TPPMS)3 3
– Pd(OAc)2/m-TPPTS system 4
– sterically demanding substituents 7–10
– sulfonated triphenylphosphines 3
– thermomorphic reaction controls 36
– tri(2,4-dimethyl-5-sulfonatophenyl)

phosphine (TXPTS) 5
– ultrasound-promoted reactions 36
– using hydrophilic catalyst 3
arenes, dehydrogenative homocoupling of

55
aromatic aldehydes 100
artificial metalloenzymes 307–308, 324
– Ru-containing 324
arylation
– C3 61–62
– of 2H-indazoles with both aryl iodides and

bromides 59
– of (NH)-indoles in water 61
– on water 57
aryl dithiocarbamate, synthesis with Cu NPs

374–375
1-(arylethynyl)-1,2-dihydroisoquinolines 99
2-aryloxazoles 57
Ascophyllum nodosum 164
Aspergillus melleus (AM) 193
asymmetric hydrogenation 191–197
– of carbonyl and related compounds

194–196
– of imines 196–197
– of olefins 191–194
asymmetric transfer hydrogenation

204–228
– of acetophenone 208
– of acetophenone (acp) with supported

catalysts 226–227
– with biomimetic catalysts 219–222
– of C=C double bonds 204
– chemoenzymatic 223
– of dihydroisoquinolines and

dihydro-β-carbolines 216–218

– of 6,7-dimethoxy-1-methyl-3,4-
dihydroisoquinoline 214

– of functionalized ketones 209–213
– of imines 213–219
– with immobilized catalysts 222–228
– of keto esters with a Ru(II) catalyst 212
– of ketones with alcohol dehydrogenases

221
– of nitroalkenes with Rh-76 205
– of quinolines 215, 220
– Ru(II)-catalyzed 225
– of simple ketones 204–209
– of α-substituted aryl ketones with

HCOOH 213
– tethered Rh(III)–diamine catalyzed 225
aurones 93
avidin 219

b
Baeyer–Villiger monoxygenases (BVMOs)

165
benzamides, cross-dehydrogenative

alkenylation of 72–73
2-benzofuranylphosphines 5
benzoquinoline 63
bidentate BINAS sulfonated ligands 130
biomimetic oxidations 142–143
biomolecules, aqueous-phase modification

of
– amino acids and proteins 37–38
– nucleosides and nucleotides 38–39
biotin 219
2-biphenylphosphines 9
BISBIS-Na 114
bis(indolyl)-1,4-benzoquinones 69
bisquaternary phosphonium pertungstates

151
BOC(N-tert-butoxycarbonyl)-protected amino

acids 145
Brij 35 (polyoxoethylene (23) lauryl ether)

59
4-bromoanisole 18
Buchwald–Hartwig amination of aryl

halides 26
Buchwald–Hartwig C–N bond-forming

reaction 24
t-Bu-Amphos ligand 8, 50
t-BuOOH 75
tert-butyl alcohol 149

c
Caldariomyces fumago 164
calix[n]arenes 305
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carbohydrate-modified triphenylphosphine
analog 6

carbonyl derivatives, relative reactivities of
88

4-carboxybenzaldehyde 201
carboxylate 139
carboxy starch 161
carvone 145
C3-arylindoles 61
cascade reactions 130–132
catalytic cycloisomerization 256–257
catalytic formation
– activation of sp3C–H bonds 73–80
– after boronic acid addition 55
– catalytic dimerization of terminal alkynes

into Z-enynes 49
– catalyzed sp2C–H bond functionalization

53–55
– from nucleophilic additions of alkynes in

water 48
– Sonogashira reaction in water

49–53
catalytic nucleophilic additions
– acid chlorides, reaction with 89
– acylimine and acyliminium ions, reaction

with 102–103
– aldehydes, reaction with 89–95
– alkyne-imine additions 102–103
– amine-aldehyde-alkyne additions 102,

105
– cascade addition/cyclization of terminal

alkynes 94
– in chelating model 94
– copper-catalyzed A3 addition 98–99
– A3 coupling reaction 101–102
– direct conjugate addition of terminal

alkynes 103–105
– gold-catalyzed addition 94,

99–101
– imines, reaction with 97–99
– iminium ions, reaction with 99–102
– of 1-phenylpropyne to valeraldehyde

catalyzed by indium triflate 94
– and reactivity of unsaturated carbonyl

compounds toward alkyne 103
– silver(I)-catalyzed nucleophilic additions

93
– of terminal alkynes with carbonyl

derivatives 88–96
– of terminal alkyne to imine, tosylimine,

iminium ion, and acyl iminium ion
96–103

– Zn(OTf)2-promoted addition of terminal
alkynes 94

catalytic rearrangements in water
– of allylic trichloroacetimidates (Overman

rearrangement) 263–264
– Claisen rearrangement 262–264
– cycloisomerizations and related cyclization

processes 256–261
– isomerization of olefinic substrates

244–256
– Meyer–Schuster rearrangement of

propargylic alcohols 261–262
– of nonfluorescent heterocycle 44, 263
– redox isomerization of allylic alcohols

244–256
cationic surfactants 21, 22
catMETium� 293
CELITE� 302
cerium(IV) ammonium nitrate (CAN) 55
cetylpyridinium heteropolytungstate

[C5H5NC16H33]3PO4[WO4]3 145
cetyltrimethylammonium bromide (CTAB)

22
– surfactant 50, 131
cetyltrimethylammonium chloride (CTAC)

118
cetyltrimethylammonium hydrogen sulfate

(CTAHSO4), BRIJ� 301
C–H bond deprotonation 47, 49, 67
C–H bond functionalizations 47–48
– with carbon nucleophiles 64–65
C–H bond of terminal alkynes 90
C–H cross-coupling reaction on water 57
chloride solvent-free alcohol oxidation 152
chloroauric acid (HAuCl4) 260
m-chloroperbenzoic acid 158
chloroperoxidase (CPO)-catalyzed oxidation

of prochiral thioethers 164
cis-hydroxylation of olefins 145–146
citral 145
Claisen rearrangement 262
– of fluorogenic probe 44, 263
– gold(I)-catalyzed aza 263–264
click chemistry 375–376
cobalt-catalyzed hydroformylation reaction

109
– of propene 110
cobalt/TPPTS systems 116
colloidal M-NPs 343
copper-catalyzed Sonogashira-type reactions

21
copper-dependent oxidases 142
copper(I)-complex-catalyzed reaction 98
copper(I)–pybox complex 99
copper-promoted C–C and C–heteroatom

bond formations 1
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copper/rhodium catalyst 98
core–shell γ -Fe2O3/polymer-supported

dendritic diphosphine palladium complex
28

Cp*RhTsDPEN-NMPs 384
CpRuH(PTA)2 180
[CpRu(MeCN)(PTA)2][PF6] 180
cross-coupling reactions 1
– aldehyde-alkyne-amine coupling 97
– of alkynes with arylhalides 51
– of alkynes with o-iodophenol 51
– between allylic alcohols and aldehydes or

imines 252
– of anilides in organic solvents 60
– in aqueous media using hydrophobic

ligands 17–24
– in aqueous solvents 2
– between aryl halides and heteroarenes via

C–H bond functionalization 56–62
– between aryl halides and ruthenium

catalysts 62–64
– of arylsiloxanes with aryl bromides

catalyzed by palladium nanoparticle
361

– of arylsiloxanes with aryl halides catalyzed
by palladium nanoparticle 361

– based on Grignard reagents 20
– cross-dehydrogenative C–H bond

coupling 70
– cross-dehydrogenative coupling (CDC)

48
– dehydrogenative 69
– homocoupling of arylboronic acid

365–366
– between molecules of N-para-tolylamide

80
– on-water coupling of aryl and vinyl halides

20
– oxidative, of sp2C–H bonds in water

65–73
– palladium-catalyzed 21, 23
– Pd/Cu cocatalyzed 354
– of sp2C–H bonds with carbon

nucleophiles in water 64–65
– surfactant-free reactions 17–20
– surfactant-promoted reactions 20–24
– Suzuki–Miyaura 362–364
– of terminal alkynes with acylchlorides 52
– of trichloro(phenyl)tin with aryl iodides

360
– Ullmann-type 78
cross-linked enzyme aggregate (CLEA) 161
cross-linked peptides 37

cross-linked polyacrylamide-co-polyacrylic
acid 32

cross metathesis (CM) 291, 304–305,
315–318

– of allyl alcohol 317
– with electron-deficient olefins 331
– with electron-deficient partners 328–330
– heteroatom effect in aqueous 320
– with relatively simple allylsulfides 318
– of S-allylcysteine (Sac) 316
– on SBL protein with modified surface

322
– on SBL-156Sac (SBL protein) 321
– of substrate bearing charged group in

allylic position 318
Cu(III)(F)OH complex catalyst 80
Cu(I)/Pd(II) catalytic system 49
cyclization
– air-tolerant ruthenium-catalyzed 261
– of alkynoic acids 258
– of functionalized allenes catalyzed by

HAuCl4 261
– of o-alkynyl-benzoic acids 258
β-cyclodextrin (β-CD) 188, 221
cyclodextrins (CDs) 120, 188, 221
cyclohexene, oxidation of 144
cycloisomerization 256–261
– of alkynes, transition-metal-catalyzed

[2+2+2] 259
– catalytic 256–257
– of 1,n-enynes and diynes 258–259
cyclopentadienyl-ruthenium(II) derivative

[RuClCp(PMe3)2] 261
Cy3PAgCl catalyst 90

d
DAPPS(3-(di-1-adamantylphosphonium)

propane sulfonate) ligand 8
DDQ (2,3-dichloro-5,6-

dicyanobenzoquinone) 76
dehydrogenases 141
dendrimer 306
dialkylamines 99
dialkyl-(m-sulfonated-phenyl)

(mC6H4SO3Na) phosphanes 100
diarylation 62
diaryliodonium salts 50
diarylphosphinoalkyl sulfonates 5
2,6-dichlorobenzoic acid 145
dichloromethane 163
9-(dicyclohexylphosphino)fluorene 8
2,3-dihydrofurane 314
dimethoxyethane (DME)/H2O mixture 313
diodoarenes 50
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dioxygenases 142
diphenylphosphino-substituted PEG 36
diphosphine BISBIS ligands 131
disodium 2-amino-4,6-dihydroxypyrimidine

38
di-(tert-butyl)phosphinous acid 9
D-labeled benzoic acid 70
DM-β-CD 120, 122
dodecane 131
dodecyltrimethylammonium bromide

(DTAB) 300, 310
dodecyltrimethylammonium chloride

(DTAC) 303
DTBPPS(3-(di-tert-butylphosphonium)

propane sulfonate ligand 8
DuPhos ligands 191

e
emulsion polymerization 308–312
– synthesis of lattices 310
– synthesis of norbornene resin 310–311
– using 5-norborne-2-carboxylic acid 312
enabling techniques 300–302
enantioselective sulfoxidation of prochiral

thioethers 163–164
enyne cycloisomerization (alkene–alkyne

RCM) 292, 316, 328
enyne metathesis 297
enzymatic oxidations 140–142
enzyme promiscuity 147
epoxidation 143
– of propylene, TS-1-catalyzed 150,

369–370
– of styrene, by triazine-based polymer

network 150
epoxidation of propylene 369
esomeprazole 163
ethyl-bridged periodic mesoporous

organosilicas (PMOs) 89
4-ethyl carboxylate oxazole 58
2-ethylhexanol 109
2-ethylhex-2-enal 109

f
Fe(II) complex of PcS 143
Fibrecat TEMPO 160
Fisher–Tropsch transformation of the

CO/H2 couple 109
flavins as organocatalysts 165–166
Friedel/Crafts-type conjugate addition

reaction 69
fumaric acid 176
furan-1,4-dicarboxylic acid 157
furfural 157

g
galactose oxidase 142
Glaser-type homocoupling 354
D-glucono-1,5-lactone 6
glucose oxidase 142
gold-based catalysts 94, 99–101, 157
– Au-Fe3O4 nanocatalysts 367–368
– nano-Au catalysts 370–371
gold-catalyzed addition–cyclization of

terminal alkynes 257–258
green oxidants 139
Grignard-type reactions in water 87
Grubbs first-generation ruthenium catalyst

293
guanidinium moieties 6
guanidinium-substituted

phosphines 6

h
half-sandwich catalysts 180, 200, 223
HCOOH-NEt3 azeotropic

mixture 206
Heck coupling
– of allyl alcohols 33
– of aryl bromides 19, 27
– of aryl halides and alkenes 1
– of aryl iodides 6, 19, 27, 33
– of 5-iodo-2′-deoxyuridine 38–39
– Pd nanoparticles in 350–354
– of vic-diiodoalkene with alkene 354
hemiacetal

2-hydroxy-3-methyltetrahydropyran 116
Henry-type reaction 77
Hermann–Beller palladacycle (HBP) 58
heterocyclic molecules 378–381
heterogeneous catalysts in aqueous media
– for epoxidation and/or dihydroxylation

149–151
– nanoparticle-catalyzed coupling 29–35
– palladium complexes supported on

inorganic materials 27–29
– polymer-supported palladium complexes

25–27
Hiyama coupling reaction
– of aryl bromides and aryltrialkoxysilanes

34
– Pd nanoparticles in 360–361
Hiyama/Heck coupling of aryl halides and

vinyltriethoxysilane 31
H2O–AcOEt mixture 196
homocoupling of arylboronic acids

381–382
homogeneous-metal-catalyzed

reactions 1
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homometathesis
– of alcohols 330–332
– of alkenes 331–332
Hoveyda–Grubbs catalysts 293, 307, 308
2H-substituted indazoles 59
hydration of alkynes 371–372
hydroaminomethylation (HAM) 128
hydrogenation
– of 2-acetamidoacrylic acid 192
– acid–base equilibra 229–230
– of aliphatic and aromatic aldehydes

184–185
– of aromatic rings 185–187
– asymmetric 191–197
– of azides 373–374
– of benzene 366–367
– of benzonitrile 187
– of bicarbonate into formate 190
– of carbonyl compounds 183–185
– at C=C bond 182
– at C=C double bonds 179–180
– of CH2=CH(CnH2n+1) (n = 4–9) 183
– of chloronitrobenzenes 187
– of CO2 188–191
– coupled with enzymatic hydrolysis

192–193
– of 3,4-dihydroisoquinolines, asymmetric

197
– of 3,4-dihydroisoquinolines and

3,4-dihydro-β-carbolines, asymmetric
197

– and electron-rich nature of ligand
189–190

– electron-rich N-heterocyclic carbenes
(NHCs), role of 190

– of ethyl pyruvate in water 195
– of ethyl trifluoroacetoacetate 194
– of functionalized olefins 176
– ‘‘gasless’’ approach to 188
– in HCOONa solution 189
– H/D exchange 230–231
– hydrogen sources for 173–174
– of imines, asymmetric 196
– of indole 179
– of ketones 180, 194
– of methyl 2-acetamidoacrylate in water

191–192
– of 3-methylpent-3-en-2-one 184
– of methyl (Z)-α-acetamidocinnamate by a

rhodium catalyst 193
– of olefins 176–183
– of organic groups 187–188
– of p-chloronitrobenzene 187
– pH dependence in 183–184

– of phosphonates 193
– of polybutadiene-1,4-block-poly(ethylene

oxide) 182
– of Rh-EtDuPhos 194
– rhodium-catalyzed 195
– role of water 228–232
– Ru-catalyzed selective 182
– Ru-(R)-BINAP-catalyzed asymmetric 194
– of styrene in water/cyclohexane 180
– of α, β-unsaturated aldehydes 180
– of unsaturated carbonyls 182
– of unsaturated ketones 184
– of unsaturated polymers 182
– using Ru/C 195
– using water-soluble achiral ligands 175
– using water-soluble chiral ligands

175–176
– using water-soluble ligands 174–175
hydrogen peroxide 140
hydrophilic poly(N-vinyl-2-pyrrolidone)

157
hydrophilic structural elements 174–175
hydrophobic β-diketiminate palladium

complex 21
3-hydroxy-3-ethynylindolin-2-one 96
hydroxyl-bridged palladium(II) dimer 154
hydroxymethylfurfural 157
hypochlorite 139, 140

i
inisurfs 300, 302–305
in situ regioselective bromination 60
5-iodo-2′-deoxyuridine derivative 50
4-iodonitrobenzene 7
iodosyl benzene 161
Ir-21 catalyst 205
Ir–diamine complex 203
Ir(III)–NHC ([IrI2(AcO)(bis-NHC)])

complex 202
iron-based catalysts 145–148
isatins 95
isomerization of allylic alcohols 244–256
– of allylbenzene into a mixture of cis- and

trans-(1-propenyl) benzene 253–254
– of C=C bonds of unsaturated fatty acids

255
– of C=C monosubstituted and

disubstituted allylic alcohols 245
– of cyclopentadienyl-ruthenium(II)

derivatives 245–246
– of diethyl maleate into diethyl fumarate

255
– of estragole into trans-anethole 253
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– of eugenol, allylbenzene, and 1-butene
255

– of hex-1-en-3-ol into hexan-3-one 251
– of linear olefins and allylbenzene

derivatives 252–256
– of model compound oct-1-en-3-ol 247
– in monophasic water/organic solvent

mixtures 245
– with NHC-Ru(II) complexes 247
– and presence of hydroxyethoxy substituent

247
– of Ru(II)-N-heterocyclic carbene

complexes 246
– selective reduction 251
– using cationic ruthenium and rhodium

complexes 249–250
– using hexaaquaruthenium(II) complex

[Ru(H2O)6] [OTs]2 (OTs,
p-toluenesulfonates) 245

– using oxo-triruthenium cluster
[Ru3(μ3-O)(μ-OAc)6(H2O)3][OAc] 245

– using ruthenium(IV) derivatives 248
isomerization of (Z)-2-butene-1,4-diol

(Z)-(84) 315
itaconic acid 176

l
laccase 142
laccase/TEMPO system 161
– aerobic oxidations of alcohols 162
– application in pulp bleaching 161
Lactobacillus brevis 32
lanthanum sulfonate immobilized on

mesoporous silica 275
Lewis-acid-catalyzed hydration of

1-phenylpropyne 95
limonene 145
linalool 145
lipophilic olefins 146

m
manganese-based catalysts 145–148, 158
Meldrum’s acid 103, 104
3-mercaptopropyl-functionalized silica 27
Merrifield resin 26
mesoporous silica (Mobile crystalline

material (MCM)-41) 33, 347
mesoporous silica with chamber cavities 89
metal-catalyzed cross-coupling reactions 1
– classes of 2
metal nanoparticles-hybrid species 140
Methanocaldococcus jannaschii 308
methanol 149, 165
4-(4-methoxyphenyl)-butan-2-one 351

methyl acetamidoacrylate 176
methyl tert-butyl ether (MTBE) 114
methyltrioctylammonium bisulfate 151
methyltrioctylammonium chloride 145
Meyer–Schuster rearrangement
– gold-catalyzed 262
– InCl3-catalyzed 263
– of propargylic alcohols 261–262
micellar effect 300
Miyaura borylation of aryl bromides 24
Mn(III)2(μ-RCO2)2(tmtacn)2 species 145
[Mn(IV)2(μ-O)3(tmtacn)2](PF6)2 145
MnSO4/bicarbonate system 146–147
molybdocene monohydride 200
monooxygenases 141–142, 147
Montanari protocol 158

n
nanocatalysis 338–339
– applications of NPs 339–340
– for greener synthesis 341–342
– in research activity 339–340
N-aryl groups 59
Na12[(WZn3(H2O)2][(ZnW9O34)2] 151
N-benzyl imines, asymmetric hydrogenation

of 196
N-dodecyl-N, N-dimethyl-3-ammonio-1-

propanesulfonate (DDAPS) 301
Negishi coupling 23
neoglycopolymers 309
N-heterocyclic carbene (NHC)–Ag

complexes 96
N-heterocyclic carbene (NHC) ligand 297
N-hexadecyl-N, N-dimethyl-3-ammonio-1-

propanesulfonate 22
N-hexadecyl-N, N-dimethyl-3-ammonio-1-

propanesulfonate (HDAPS) 301
nicotinamide cofactor (NADPH) 165
nitrobenzene 187
nitrogen-containing ligands 175
nitro group reduction 367–368
N-methoxy benzamides 71
NMP (N-methyl pyrrolidone) 62
N, N-dihexyl-O-allylurethane 269
N, N′-dimethyl-N-cetyl-N-(2-hydroxyethyl)

ammonium bromide 185
noble metal nanoparticles as

quasi-homogeneous catalysts 156–158
nonionic surfactants 22–24
NORBOS-Na 114
N-oxy radical catalyzed oxidation of alcohols

with hypochlorite 159
N-para-tolylamides 80
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o
O-allylation of phenols 272
occluded catalysts 307
octylamine-epichlorohydrin cross-linking

reagent 152
olefin (alkene) metathesis
– with artificial metalloenzymes 307–308
– with calix[n]arenes as additives 305
– cross 315–318, 328–332
– in emulsion polymerization process

308–312
– in emulsions formed with inisurf

molecules 302–305
– in emulsions formed with surfactants as

additives 300–302
– general introduction 291–293
– modern catalysts for 292
– with occluded catalysts 307
– ring-closing 312–315, 318–328
– Ru-based 293
– using dendrimer 306
– variations 292
– of water-insoluble substrates 300–308,

318–328
– of water-soluble substrates 293–299,

312–318
olefins 55
– hydrogenation of 176–183
– oxidative cleavage of 143
onium-tagged catalysts 313
‘‘on-water’’ reactions 47
organic halide 1
organic solvent-free alcohol oxidation 152
organic solvents
– advantages 1–2
– disadvantages 2
organocatalysts 140, 158–161
– flavins as 165–166
organometallic carbon nucleophiles 1
Overman rearrangement 263
oxazoles 59
oxidation
– of alcohols 370–371
– benzylic and allylic C–H bonds 368–369
– of 2-hexanol 156
– of sparingly soluble substrates 140
– of thioethers 166
oxidative dehydrogenative process 69, 142
oxidoreductases 140, 142

p
palladium-catalyzed allylic substitution, see

Tsuji–Trost allylation reactions
palladium-catalyzed reactions 1

– alkenylation of arenes and heteroarenes
65–68

– with 2-amino-phenyl diphenylphosphinite
ligand 51

– palladium-free Sonogashira reaction 19
– palladium(II)-catalyzed aerobic oxidation

of alcohols 153–156
– Pd(II) neocuproin-catalyzed oxidations

156
– supported on polymers 51
palladium complex
– of an amino-NHC ligand 18
– diimine complex 17
– palladium(II)-exchanged Na–Y zeolite 35
– palladium–NHC complex 28
– Pd-bathophenanthroline system 155
– PdCl2(dppf)/PPh3 catalytic system 56
– PdCl2/M(OAc)n catalytic system 54
– PdCl2(PPh3)2/CuI catalyst 52
– Pd clusters 157
– Pd–Cu catalyst 89
– Pd(DPPF)Cl2 (1,1′-bis

(diphenylphosphino) ferrocene) 18
– Pd(II) bathophenthroline complex 156
– Pd(II)/Cu(I) cyclodextrin complex 52
– Pd(II) neocuproin complex 156, 157
– Pd/m-TPPTS 29
– Pd(m-TPPTS)3 38
– Pd(OAc)2/AgOAc/HBF4 60
– Pd(OAc)2 catalyst 50
– Pd(OAc)2/CuI catalyst 52
– Pd(OAc)2/H5[PMo10V2O40] redox system

54
– Pd(OAc)2/m-TPPTS 37–38
– Pd(OAc)2/PEG system 30
– Pd(OAc)2/TPPDG catalyst 37
– Pd(OAc)2/TPPTS

(tris(3-sulfonatophenyl)phosphine
sodium salt 50

– Pd(PPh3)4(0.2 mol%)/CuI/iPr2EtN
catalytic system 52

– Pd-Schiff base complex 51
– Pd/t-Bu-Amphos system 7–8
palladium(II)-catalyzed aerobic oxidation of

alcohols 153
P(3-C6H4CH2CH2C6F13)3 179
Pd-Cu-catalyzed coupling 352
Pd nanoparticles
– C–C coupling reaction 344–345
– characterization using TEM and XPS 351
– dendrimer-encapsulated 359–360
– in Heck coupling 350–354
– Hiyama coupling reaction 360–361
– from 2-hydroxypropyl-α-cyclodextrin 355
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– 2-hydroxypropyl-α-cyclodextrin (α-HPCD)
350

– one-pot indole synthesis 358–359
– in organic synthesis 344
– perfluoro-tagged 356
– phosphine-free perfluoro-tagged 351
– silica–starch substrate (PNP-SSS) 352
– stabilized by poly(N-vinyl-2-pyrrolidone)

(PVP) 345
– Stille cross-coupling reaction 359–360
– in Suzuki coupling 344–349
– synthesis, using Fischer carbene complex

of tungsten 360
– synthesis of (R)-(—)-rhododendrol 352
– as true heterogeneous catalysts 344
– in Tsuji–Trost allylation reactions

361–362
Pdnp-A/FSG 356–357
Pdnp-B 357–358
Pd(OAc)2/TPPTS catalytic system 267
PEG-400 23
PEG–chitosan catalyst 33
PEG–PS resin 26
PEG-tagged catalysts 312
– Hoveyda-type 297, 311
periodic acid (H5IO6) 158
periodic mesoporous organosilicas (PMOs)

89
peroxo complexes 162
peroxycarbonate species (HCO4) 151
persulfate 139, 140, 158
phase transfer agent 140, 143–144, 145,

163, 254
phenylboronic acid 366
phenylphosphonic acid (PhPO3H2) 163
3-phenyl-1-propanol 159
2-phenyl pyridine 62
phenylselenylation of aryl iodides and vinyl

bromides 372–373
phenyltrimethylstannane 10
phosphines 355
phosphinite palladacycle catalysts 18
phosphorus-containing ligands 176
PhP(p-C6H4SO3K)2 (TPPDS) 55
pH-responsive catalysts 298
phthalocyanines 140, 143
pincer rhodium complexes 53
PIPO (polymer-immobilized piperidinyloxyl)

159
platinum-catalyzed asymmetric epoxidations

148–149
pluronic F86 30
P(m-C6H4SO3Na)3 (TPPTS) 55
polar quaternary ammonium groups 296

poly(amidoamine) dendrimer(D2) 346
poly(amidoamine) (PAMAM) dendrimers

31, 359
poly(2-aminothiophenol) (PATP) 363
poly(aryethynylene)s 50
polycyclic iminium salts 215
polydimethylsiloxane (PDMS) 307
poly(ethylene glycol) (PEG) 6
poly(ethylene glycol)-tagged NHC (PEG)

297
polymer-supported palladium complexes

25–27
poly(N-isopropyl)acryl amide 51
poly(N-isopropylacrylamide)

(PNIPAM)-based copolymer 152
poly(N-vinyl-2-pyrrolidone) (PVP) 345
polyols 6
polyorganophosphazenes (-[N=PR2]n- ) 184
polyoxometalate (POM) species 143, 152,

367
polyoxyethanyl β-tocopheryl sebacate (PTS)

23
polystyrene-co-poly[2-methacrylic acid

3-bis-(carboxymethylamino)
-2-hydroxypropyl ester] 32

polystyrene-stabilized PdO nanoparticles
(PS-PdONPs) 347

polyvinylpyrrolidinone (PVP) 31
porphyrins 140, 143
potassium aryltrifluoroborate (ArBF3K) salt

365
prochiral thioethers 161
– enantioselective oxidation of 161–162
propargylamine-modified artemisinin

derivatives 100
propyldiphenylphosphine 112
protonic acid 87
PS-PdONPs 355
PS–PEG-supported catalysts 26
PS–PEG-supported NHC ligand 26
PS–PEG-supported triphenylphosphine 26
PTS/water solvent system 23
PVP-stabilized colloidal gold (Au/PVP) 365
pyridine carboxylate-type ligands 140–141
pyridine 2,6-dicarboxylic acid (H2pydic)

147

r
RAME-β-CD 121, 122, 124
RC(C6H4-p-SO3Na) surfactants 117
RCH/RP oxo process 111
reaction-controlled phase transfer catalysis

145
(R)-1-(2-furyl)ethanol 207
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Rh(acac)(CO)2 catalyst 104
[RhCl(COD)]2 catalyst 55
RhCl(TPPTS)3 188, 259–260
Rh–diamine catalysts 207
[Rh(H)(CO)(PPh3)3] catalyst 111
[Rh(H)(CO)(TPPTS)3] complex 111–112,

131
Rh4(O2CPr)4Cl4(MeCN)4 180
rhodium catalysts
– SiO2-supported 186
– TiO2-supported Rh(0) nanoparticles 185
rhodium(I) complex

[Rh(nbd)(BDSPPB)][SbF6] 259
rhodium [Rh(H)(CO)(TPPTS)3] complex

116
Rhône–Poulenc process 3
[Rh2(μ-StBu)2(CO)2(TPPTS)2] complex 121
Rh-TPPTS-catalyzed process 182
Rh/TTPTS (trisodium

tri(3-sulfonatophenyl)phosphine) catalyst
system 3

ring-closing metathesis (RCM) 291,
312–315, 318–328

– of amide 326
– of amino acid derivative 315
– of diallylether 315
– of diene 312
– of diethyl allyl(metallyl)malonate 324
– of diethyl diallylmalonate 303, 323
– of lipophilic diethyl diallylmalonate 320
– of N, N-diallyl benzoylamine 326
– of N, N-diallyl tosylamine 325
– of N, N-diallyl trifluoroacetamide 327
– RCM/dehydrogenation reaction 304
– of a substrate bearing a quaternary

ammonium tag 313
– synthesis of seven-membered ring

329–330
– synthesis of six-membered rings 328
– synthesis of substituted six-membered

rings 329
– of tri- and tetrasubstituted analogs

325–326
– of water-insoluble substrates 304
ring-opening metathesis polymerization

(ROMP) reactions 291, 294, 297, 300,
302, 320

– of norbornene-type monomers 311–312
– of 7-oxanorbornene derivatives 309
ring-opening metathesis (ROM) 291
(R4N)3PO4[W(O)(O2)2]4 144
(R)-1-phenylethanol 206
R-sulfoxide 165

(R)-sulfoxide in tert-butyl alcohol/water (1 : 1)
mixtures 164

Ru-20 223
Ru-77 206, 223
[Ru(arene)(ethylene diamine)Cl][PF6] 228
Ru-based olefin metathesis 293
Ru–carbene complex 183
RuClH(PR3)3 182
RuCl3(hydrate) 294
RuCl2L(p-cymene) 183
[RuCl2(p-cymene)]2 72
[RuCl2(p-cymene)]2/4 KO2CR catalytic

system 62
[RuCl2(p-cymene)]/4 KPF6 70
RuCl3 precursor 89
[RuCl2(TPPMS)2]2 188
RuCl2(TPPTS)3 176
Ru(CO)3(TPPMS)2 176
RuH2(CO)(TPPMS)3 176
Ruhrchemie/Rhône-Poulenc (RCH/RP)

process 110, 113
RuH2(TPPMS)4 182
Ru(II)-catalyzed reaction 63–64
– alkenylation 69–73
– alkylation of 2-(p-MeOC6H4)pyridine with

hexylbromide 64
– of benzamides with alkynes 70
Ru(II)–cymene complexes 185
Ru(II)–phenanthroline complex 184
Ru/In in water, mechanism of alkynylation

90
RuI4(PTA-Me)2 180
[RuI2(PTA-Me)3(H2O)][I3] 180
Ru(OAc)(X)(arene) complex (X=Cl, OAc)

49
[Ru(OPiv)2(p-cymene)] complex 63
Ru(OTs)2(H2O)6 294, 309
[Ru(η6-p-cymene)(DHBP)Cl][Cl] 201
Ru-PVP catalysts 185
ruthenium catalysts
– immobilized by benzylidene ligand 299
– nanocatalysts 376–378
– PEG-tagged 298
– RuH(CH3CN)[N(CH2CH2PPh2)3]OTF

49
– Ru2(μ-OAc)3(μ-CO3) 158
– ruthenium-catalyzed epoxidations

148–149
– ruthenium-catalyzed homocoupling of

phenols 54
– ruthenium/copper cocatalyst system 97
– ruthenium(II) catalysts 62–64
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ruthenium-catalyzed
cycloisomerization–oxidation of
homopropargylic alcohols 257

s
Santa Barbara Amorphous (SBA) type silica

158, 347
Schiff-base palladacycle 26
Schrock-type molybdenum-based catalysts

293
silver nanoparticles (Ag NPs) 91
– mechanism of the alkynylation in water

92
– silver–phosphine complex 93
– silver–TiO2 surface 93
sodium dodecyl sulfate (SDS) 21, 193
sodium hypochlorite 158
sodium lauryl sulfate 52
sodium tungstate 163
Sonogashira coupling 89
– of aryl bromides 9, 21
– of arylhalides with alkynes 358
– of aryl halides with alkynes in water 355
– of aryl iodides 19, 21, 33
– catalyzed by

palladium/triphenylphosphine
complexes 19

– copper-catalyzed 35
– cross-coupling, with heteroarene halides

53
– Cu-free 357
– of 5-iodouridine triphosphate 38
– Pd nanoparticles in 354–359
– temperature effect 36
– of unprotected nucleosides 38
– using cetyltrimethylammonium bromide

surfactant 50
– in water for catalyst recycling 51
– in water without copper additive 51
spC–H bonds 47–48
sp3C–H bonds, activation of
– α-arylation 77
– arylation with aryl halides 79–80
– of 2-butanone by the cationic pincer

iridium complex 74
– at carbon adjacent to nitrogen of

alkylamines 75
– catalytic enantioselective alkynylation of

74–75
– corresponding to catalytic enolate carbon

coupling with (arene) C-X carbon
77–79

– coupling of N-benzene
tetrahydroisoquinoline with
phenylacetylene via 75

– cross-dehydrogenative coupling with
heteroatom 75–77

– direct formation of C–C bond via 74
– of ketone enolate with an sp2C-Br bond

77
– of ketones 73–74
– at β-position of the carbonyl 74, 79
– of tertiary amines and nitroalkanes 76
S-phos (2-(dicyclohexylphosphino)-2′,

6′-dimethoxylbiphenyl) 9
starch, laccase-catalyzed oxidation of 162
Stille cross-coupling reaction
– of 3-bromopyridine 10
– Pd nanoparticles in 359–360
streptavidin 219, 307–308, 324
sulfonated bathophenanthroline 153
sulfonated phosphine TPPMS

((3-sulfonatophenyl)diphenylphosphine
sodium salt) 245

sulfonated triarylphosphines 5
(3-sulfonatophenyl)diphenylphosphine

(TPPMS) 175
sulfoxidations in water 161–162
supported aqueous-phase catalysis (SAPC)

29, 125–128
‘‘supported aqueous phase’’ (SAP) method

270
Suzuki coupling 22
– of an iodophenyl-modified serine protease

enzyme 38
– of aryl and heteroaryl halides 23
– of aryl chlorides 9, 33
– of aryl iodides and bromides 31, 32
– of 4-bromotoluene 32
– catalyzed by CNT/PdNPs 349
– catalyzed by CNT/PdNPs in water 349
– catalyzed by MCM-41/PdNPs 348
– catalyzed by MCM-41/PdNPs in water

348
– catalyzed by palladium nanoparticles 30
– catalyzed by Pd/SBA-15 NPs 348
– of 4-chloroacetophenone 27
– of 4-chlorobenzoic acid 9
– microwave irradiation effects 35
– palladium on CeO2 catalyzed 34
– Pd/DABCO-catalyzed 23
– Pd(DPPF)Cl2-catalyzed 23
– Pd nanoparticles in 344–349
– Pd-NP-catalyzed 347
– of PEG-supported aryl bromides 35
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Suzuki coupling (contd.)
– of phenylboronic acid with deactivated aryl

chlorides 349
– Ps-PdONP-catalyzed 347
– reactions of aryl bromides 34
– ultrasound-promoted reactions 36
Suzuki coupling of aryl bromides 8, 17, 18,

21, 23, 28
– catalyzed by Pd(OAc)2 in water/PEG 33
– with PS-supported palladium salen

complex 25
– using PEG–chitosan catalyst 33
Suzuki–Miyaura reaction 56, 362–364
– of aryl chloride and phenylboronic acid

364
– of chlorobenzene and arylboronic acid

363

t
TEMPO (2,2,6,6-tetramethylpiperidinyloxy)

143, 158
– in aerobic oxidation of alcohols 160
– catalyzed oxidation of alcohols with NaOCl

159
– Fibrecat 160
– immobilization of 159–160
– ion-supported 160
tetraalkylammonium salts 30, 152
– tetraalkylammonium bisulfate 163
tetraamido macrocyclic ligand (TAML) 140
tetrabutylammonium chloride (TBAC) 21
1,2,4,5-tetrachlorobenzene 21
tetradentate nitrogen ligands 140
tetrasubstituted isoindolines 98
thermoregulated catalytic systems 128–129
thioxazoles 59
TiO2-supported Ag NPs (Ag/TiO2) 91
titanium silicalite (TS-1) 149
TMEDA-supported alkylzinc intermediate

20
toluene 69
4-tolylboronic acid 18
m-TPPDG
(di(3-guanidinophenyl)phenylphosphine
dichloride 6
m-TPPDS(disodium)
phenyldi(3-sulfonatophenyl)phosphine 6
p-TPPMP (disodium 4-(diphenylphosphino)

phenylphosphonate 4–5
m-TPPTC-derived catalyst 6
m-TPPTC/Pd catalyst 6
m-TPPTC(trisodium)
tri(3-carboxyphenyl)phosphine 6
m-TPPTS-derived catalysts 4–5

transfer hydrogenation in water
– of acetophenone by HCOONa 207–209
– achiral 198–203, 198–204
– of aldehydes 200–202
– of aromatic ketones 205
– asymmetric 204–228
– of C=C and C=O double bonds 198
– of chiral α-hydroxy esters 210–211
– of α-cyano aryl ketones 212
– of α-cyno aryl ketones 211
– of dihydroisoquinoline type substrates

215
– of 6,7-dimethoxy-1-methyl-3,4-

dihydroisoquinoline 214
– of 3-fluoroacetophenone 205
– of α-functionalized ketones 214
– by HCOONa 200–201
– in a HOAc/NaOAc buffer solution 203
– of keto esters with a Ru(II) catalyst 212
– of ketones 200, 204, 205
– of nitroalkenes with Rh-76 205
– of quinoxalines 203
– ruthenium-catalyzed 209
– of α-substituted aryl ketones with HCOOH

213
– of terpene-based amino alcohol–Cr(II)

complexes 207
– using cetyltrimethylammonium bromide

(CTAB) 213
– using HCOONa/HCOOH as reductant

204
– using NHC catalysts 202
– using Noyori-Ikariya-type catalysts 204
– using TsDPEN ligand 206
– water participating in transition states of

hydride transfer 231–232
transition-metal catalysis 337
– activation of alkynes and alkenes 256
transition-metal nanoparticles (NPs) 338
– catalytic applications 343–344
– cobalt 384–386
– copper 372–376
– gold 363–364
– immobilization of colloidal M-NPs on

solid support 343
– magnetic iron oxide 378–384, 382–384
– Pd nanoparticles in Suzuki reactions

344–349
– SiO2-coated Fe3O4 384
– stabilization of 341
– synthesis of 341
– synthesis of palladium (Pd) NPs 342
2,4,6-triallyloxy-1,3,5-triazine 27
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tridentate bis(oxazolinyl)pyridines (pybox)
with Cu(OTf) 98

tri(2,4-dimethyl-5-sulfonatophenyl)
phosphine (TXPTS) 5

trifluoroacetophenone 96
trifluoromethyl ketone 95
– copper-catalyzed enantioselective

alkynylation of 96
triphenylphosphines 118, 132
trisbenzoquinoline 63
tris-1,2,3-heteroarylbenzenes 63
tris(hydroxymethyl)phosphine 115
trisodium salt (TPPTS) 110, 131
trisoxazole derivatives 58
tris(ω-phenyl)alkylphosphines 118
tris(2-pyridyl)phosphine 118
trisulfonated phosphine ligand TXPTS

(trisodium
tri(2,4-dimethyl-5-sulfonatophenyl)
phosphine) 52

trisulfonated tris(biphenyl)phosphine ligand
(BiphTS) 124

tri-(tert-butyl)phosphine 8
Triton X100 148
triton X-405 28
TRITON� X-100 301
tropolone 30
TsDPEN (N-(p-toluenesulfonyl)-1,2-

diphenylethylenediamine) 176
Tsuji–Trost allylation reactions 265–272
– carboxylic-acid-assisted 268
– of deracemization of allylic carbonates in

aqueous medium 268
– examples of polymer-supported palladium

complexes 270
– immobilization of Pd(0) species 270
– of lactone in an aqueous–organic biphasic

system 267
– Pd/C-catalyzed 271
– Pd nanoparticles in 361–362
– polymer-supported chiral catalysts 271
– of sodium azide 266
– of uracils and thiouracils 266
tungsten-based catalysts 144–145
– oxidations 162–163
– sulfoxidations with H2O2 163
– thermoresponsive 153
– VI 151–152
TWEEN� 301

u
Ullmann-type cross-coupling reaction 78
Umicore™ 293

v
vanadium-catalyzed oxidations 162–163
vancomycin derivatives 300
– dimerization of 319
vicinal dihydroxylation 143
vinylidene moiety Ru=C=CHR 49
vitamin-E-based amphiphile polyoxyethanyl

α-tocopheryl sebacate (PTS) 302

w
water, as a solvent 2
water/acetone-mixed solvent system 29
water-immiscible alcohols 153
water-soluble achiral ligands 175
water-soluble chiral ligands 175–176
water-soluble hydroformylation catalysis
– of alkenes heavier than C5 115–128
– and amphiphilic ligands 116–120
– of but-1-ene 114
– calixarenes, role of 124–125
– calixarenes-based 120–124
– CD-based 120–124
– of dec-1-ene 122
– in homogeneous systems 124
– of light C2 –C5 alkenes in the RCH/RP

process 110–115
– of oct-1-ene 121, 131
– of pent-4-en-1-ol 116
– in petroleum industry 114
– of phosphine ligands 115
– of propene by [Rh(H)(CO)(TPPTS)3] 112
– of Rh(III)salts/TPPTS systems 118
– of TPPTS-containing ligand

[Rh2(μ-StBu)2(CO)2(TPPTS)2] complex
116–117

– using higher concentrations of rhodium
catalyst 113–114

water-soluble ligands 140–141, 174–175
water-soluble Na[Co(CO)4] species 110
water-soluble polyoxometalates 143
water-soluble Rh(III)–Schiff base complexes

205
wool-supported catalyst 32

z
zeolite-supported palladium catalysts

34–35
Z/E stereoselectivity 93
zinc-mediated reactions 20
zinc-substituted heteropolyoxotungstate

163




