
389

Index

a
acetanilides, reductive Heck reaction of

341
acetophenone derivatives 69
acid-mediated arene alkylation 84
Ackermann group 61, 63, 64, 66, 69
acrylonitrile, dimerization of 59
active aryl bromides 351
additives 32
aldehydes 54, 55
aldimines 58
alkene hydroarylation

1,3-bis(trifluoromethyl) benzene
184

catalytic cycle 193, 194
C–C bond forming reductive

elimination 184, 185
Lewis acidic iron catalysts 208–209
low-valent cobalt catalysts 194
low-valent iron catalysts 208, 209
ruthenium–triphenyl phosphite

complex 193, 194
synthetic applications of

bioactive compounds and natural
products via 348

using low-valent cobalt catalysts
194–199, 207

2-vinylnaphthalene 184
alkene hydroheteroarylation

azine-N-oxides 182
azines 182, 188, 189
5-membered heteroarenes 179–182,

185, 188
alkenes

catalytic hydroarylation 361

hydroarylation of 18, 20, 24, 25,
27–29, 35

alkenylated reaction products 50
alkenylation of aromatic compounds

305
alkoxy benzenes

electron-rich arenes 382
Pd(II)/Brønsted acid-catalyzed 383
phenols, platinum(II)-catalyzed

intermolecular hydroarylation
381, 382

alkyl arenes, using Friedel-Crafts
catalysis 83

alkylated arenes 107
alkylation, by ruthenium(II) catalysts via

carboxylate assisted C–H
activation 63–70

alkyl benzenes 383
alkylidene moieties 333
alkyne-activation pathways 9
alkyne hydroarylations 306

via carbometallation/protonation
305, 306

catalytic cycle 193, 194
fluoroarenes 175, 177
low-valent cobalt catalysts 199–206
low-valent iron catalysts 209
low-valent manganese catalyst

209–211
metal-supported catalysts 284, 287
nickel-catalyzed hydroarylation 177,

178
pentafluorobenzene 175, 176
synthetic applications of 336
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alkyne hydroarylations (contd.)
bioactive compounds and natural

products via 348–352
carbocycles 346–348
nitrogen and phosphorous

heterocycles 341–346
oxygen heterocycles 336–341

total synthesis 288, 291
alkyne hydroheteroarylation

azine-N-oxides 182
azines 183
5-membered heteroarenes 181

alkynes
cobalt-catalyzed hydroarylation of

37
hydroarylation of 7, 8, 20, 22–25, 27
Ni-catalyzed hydroarylation of 12
nickel-catalyzed hydroarylation of

38
alkynoate esters 13
alkynoates, intramolecular

hydroarylation of 13
alkynol,cyclization of 26
allenes, catalytic hydroarylation 385
allenol indole 30
allylbenzene 36
AlMe3 35, 36
𝛼, 𝛽-unsaturated esters 52, 54
𝛼, 𝛽-unsaturated ketones 54, 64, 66
𝛼-methyl, hydroarylation of 16
𝛼-tetralones, synthesis of 347
amides 25
angelicin 14
aniline derivatives

alkylation of 60
alkyne addition/amination/allene

hydroarylation pathway 220
N-aminophenyl propargyl malonates

224
N-butynyl anilines 222
carbophilic 𝜋-Lewis acid catalysis

219
dihydroquinolines and quinolones

218–220
3-iododihydroquinoline 224
N-propargyl aminoquinoxalines

221

propargylated 2-aminopyridines
222

propargylic anilines, hydroarylation
of 221

pyrroloquinolines, synthesis of 225
anionic bidentate (NN) ligands

cyclohexene and cyclopentene 111
hydroarylation of ethylene with

benzene 113
hydroarylation of norbornene with

benzene 110
Prins cyclization cascade 225
PyInd ligands 109
pyridyl-pyrrole (PyPyr) ligand 111,

112
anti stereoselectivity 320
anti-Markovnikov products 87
anti-selective hydroarylation 319
arene C–H bonds 305
arenediazonium compounds

catalyzed alkyne hydroarylations
using, see Catalyzed alkyne
hydroarylations 326

arene ligand 69
arenes, arenes

alkylation of 49
alkyne hydroarylation 231, 238
aromatic C–H bond
o-alkynylbiaryls, cycloisomerization

of 232
alkynyl halides 235
anthracene derivatives 233
aryl-substituted phenanthrenes 232,

233
benzonorcaradiene skeleton 237
1,2-bis(2-haloethynyl)benzenes 278,

279
1,1-diarylethylene derivatives 277,

278
dibenzazepine derivatives, synthesis

of 234
dibenzocycloheptatrienes, synthesis

of 234
fluoranthenes, synthesis of 234
gold(III)-derived catalytic system

278
gold-mediated benzannulation 237
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halide migration 235, 236
ortho-alkynylaryl ferrocenes 233

phenanthrenes, synthesis of 234
aromatic C–H bond, electrophilic

metalation of 9
aromatic compounds

alkenylation of 305
arylated vinyl ethers 318
3-arylbutenolides 338
4-arylbutenolides 338
4-arylcoumarins 339, 352
aryl halides

catalyzed alkyne hydroarylations
using, see catalyzed alkyne
hydroarylations 326

synthetic applications of alkyne
hyaroarylations using, see Alkyne
hyaroarylations, synthetic
applications of 336

3-aryl-1,2-dihydroquinolines 343
synthesis, via Rh-catalyzed

hydroarylation 345
aryl halides 108
aryl imines 56

in C–H alkylation reaction 59
3-arylindole-2-carboxylates 345

via Cu-catalyzed hydroarylation of
(o-nitrophenyl)propiolate 346

aryl ketones 50, 52, 56
hydroarylation work using 53

aryl ortho-substitution 59
aryl phosphine 67
2-arylquinolines, via Ni-catalyzed

reductive Heck type reaction
351

aryl terminal groups 313, 314
aryl(trimethoxy)silanes 314
arylboronic acids 323
arylboron reagents 306

catalyzed alkyne hydroarylations
using, see Catalyzed alkyne
hydroarylations 307

synthetic applications of alkyne
hyaroarylations using, see Alkyne
hyaroarylations, synthetic
applications of 336

arylmetal reagents for carbometallation
305

aryloxyalkynes 318
arylsilicon reagents,catalyzed alkyne

hydroarylations using, see
catalyzed alkyne hydroarylations
307

aryltin and arylboronic ester substrates
aerobic alcohol oxidation 160, 162
hydroarylation of styrene derivatives

160, 163
hydroarylations with alkenyl alcohols

162
Me2CHOD solvent,

deuterium-labeling study 161,
165

substrate scope 161, 164
asymmetric hydroarylation, of vinyl

ethers 18
aza-heteroaryl groups function 310
aza-heteroaryl-substituted alkynes,

Rh-catalyzed hydroarylation of
310

azine-N-oxides 182
azines

2-alkenylazine products 182, 183
imidazo[1,5-a]pyridines 189
4-octyne, pyridine 183
pyridine 188, 189

azoles 31–39

b
benzamides, alkylation of 66
benzannulation 24, 30

of N-substituted pyrroles 22
3-benzazepine alkaloid

(-)-aphanorphine 351
benzene C–H activation 90
benzene vs. ethylbenzene, ethylation of

86
benzimidazole, intermolecular

hydroarylation of 32
benzofuran 12, 263

malonate derivative 15
benzonitriles 59, 61
benzoxepinones,synthesis of 342
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benzyloxycarbonyl group 320
𝛽-arylation products 331
𝛽-C–H bonds,alkylation of 54
𝛽-hydride elimination 50

pathway 58
bicycloalkenes, enantioselective

hydroarylation of 17
bidentate 8-aminoquinoline 66
bidentate directing group 65, 66
bimetallic catalysis 16
bipyridine Pt(II) complex 15
bis-alkylated products 66
bromobenzenes 334
4-bromoindole derivatives, 8-exo

cyclization of 336
brønsted acids 120
brønsted or Lewis acids 217
butenolides synthesis 338, 339

via Cu-catalyzed alkyne
hydroarylation 340

c
Cacchi group 328
carbazole 30
carbene 30
carbocycles, synthesis of 348–352
carbometallation 305

arylmetal reagents for 305
carboxylate-assisted alkylations 65
carboxylate assisted C–H activation 50

alkylation by Ruthenium(II) catalysts
via 63–70

carboxylate-assisted C–H bond
activation 64

carboxylate-assisted system 64
carboxylate-containing system 66
Castarlenas group 19
catalytic ruthenium-catalyzed C–H

alkylation reaction 50
catalytic system 8, 29
catalyzed alkyne hydroarylations

using aryl halides and
arenediazonium compounds
326–336

intermolecular reductive Heck
reactions 327–333

intramolecular reductive Heck
reactions 333–336

using arylboron and arylsilicon
reagents 307–315

palladium-catalyzed reactions
315–321

reactions catalyzed by first row
transition metals 321–325

rhodium-catalyzed reactions 30
C–C bond cleavage

3-allenyl indoles 258
1-bis(indolyl)-5-alkynes 257
complex rearrangement 257, 259
indole-3-carboxamides 256
tetrahydrocarbazoles, silver-catalyzed

synthesis 256, 257
C–C bond formation 361
C–C bond forming reaction 5
C–C multiple bonds

alkene hydroarylation 184–185
alkene hydroheteroarylation

185–190
alkyne hydroarylation 175–178
alkyne hydroheteroarylation

179–182
intermolecular hydroarylation of 6
nickel-catalyzed C–H

functionalization reactions
175, 176

C–C triple bond, trans insertion of 9
C–H activation 193, 211
C–H activation mode 21
C–H alkylation of acetophenones 70
C–H alkylation reaction 49, 68

aryl imines in 59
C–H alkylation substrates 55
Chang group 18
Chatani group 64
C–H bond

activation 361
stoichiometric transformation of 49
on thiophene ring 19

C(sp3)–H bonds, alkylation of 62, 63
chelation-assisted cyclometalation 49
chelation-assisted functionalization 7
chelation-controlled regioselectivity

312
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Cheng group 26
chiral rhodium catalysts 348
chromenes synthesis, via reductive heck

reaction 341
Claisen rearrangement 290

1-boc-3-iminoindoles 202, 203
N-pyrimidylindole 197
2-phenylpyridine 195, 199, 201
aryl aldimines and ketimines 201,

202
aryl ketimines 196–198, 203, 204
azobenzene derivative 195
benzamide derivatives 203
C–H activation/hydrogen transfer

mechanism 199
catalytic system 196, 198
cobalt–triarylphosphine catalysis

202
CoI complex 195
CoI complex 195
indole derivative 204, 205
pyridines and quinolones 206, 207
N-pyrimidylindole 197
oxazole and thiazole derivatives

199, 200
rhodium(I) catalysts 211
tandem alkene

isomerization–hydroarylation
reaction 206

vinylsilane and alkyl olefin 204
cobalt-catalyzed alkyne hydroarylation

323
cobalt-catalyzed hydroarylation, of

alkynes 37
cobalt complexes 37
Co-catalyzed hydroarylation 323
conventional heating 33
copper-catalyzed alkyne hydroarylation

352
dihydroquinolines, synthesis of 221
KA2-hydroarylation 220
N-propargylated

aminonaphthoquinones and
aminoquinoxalines 221, 222

ynamides, formation of 254
copper-catalyzed hydroarylation 324

of (o-nitrophenyl)propiolate 345

of propiolates 324
protocol 324

copper-catalyzed intramolecular
hydroarylation,𝛽-carboline
containing compounds 242

copper-catalyzed method 352
copper-mediated intramolecular alkyne

hydroarylation 217
coumarin synthesis, via Cu-catalyzed

alkyne hydroarylation, 340via
reductive Heck reaction 341

Cp*CoIII catalysts 206
Cu-catalyzed alkyne hydroarylation

natural neoflavones via 353
synthesis of butenolides,

pentenolides, and coumarins via
340

Cu-catalyzed hydroarylation, CC-5079
via 354

3-arylindole-2-carboxylates via 346
of (o-nitrophenyl)propiolate
of propiolates 325

cyclohexenones 347
cyclometalation, of thiophene ring 21
cyclooctadiene (cod) ligands 119
cyclopentenecarboxylates 52

d
Darses group 56, 66
deuterium labeling 52
DFT methods of reactions 32
3,3-diarylacrylamides 350
3,3-diarylacrylonitriles 324
diarylquinolines synthesis

via alkyne hydroarylation 344
via reductive Heck reaction 342

dibenzoazocinones 336
dibenzofurane alkynoates 13
dihydroquinazolines 33
dihydroquinolines (DHQs) 218
dioxolane-protected alkenones 62
diphenylacetylene 322
1,2-diphenylallylic alcohol 328
diphosphines 30
3,3-disubstituted 1-indanones 348
2,3-disubstituted quinolines 343
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2,4-disubstituted quinolines 343
synthesis, via Ni-catalyzed reductive

Heck reaction 345
diverse cinnamate derivatives 317
diverse N-heterocycles, synthesis of 31
donor–acceptor–donor (D–A–D)

molecules 249
double bond, heterocycle to 10

e
Echavarren group 14
E-isomer 12, 39
electron-deficient arenes 83
electron-deficient arylboronic acids

318
electron-deficient aryl iodides 332
electron-deficient aryl phosphines 56
electron-poor alkenes, enantioselective

hydroarylation of 37
electron-rich arenes, alkyne

hydroarylation
aniline derivatives 218, 226
phenols and phenol ether derivatives

225, 231
electron-rich aryl iodides 332
electron-rich internal alkynes 21
electron-rich p-anisyl-substituted

substrate 314
electron-withdrawing groups (EWGs)

308, 328
electron-withdrawing substituents 88
electrophilic metalation

of aromatic C–H bond 9
of indole 27

enantioselective hydroarylation
of bicycloalkenes 17
of electron-poor alkenes 37
intermolecular hydroarylation

384–385
intramolecular hydroarylation 384

endo-cyclization 13
5-endo hydroarylation

3-allenyl indoles 365, 366
gold vinyl complex 367

6-endo-hydroarylation
2-benzyl-2,3-butadienoates 374, 375

2-deuterio indole 365, 366
aryl allenes 374–376
benzene derivatives 374
N-allenyl indoles 365

5-ethoxycarbonylbenzofuran 14
ethylbenzene, conversion of 87

dissociation and coordination 89
formation 86
synthesis 83

ethylene,conversion of 87
ethylene hydrophenylation 88

cationic Ru(II) complexes 93–95
TpRu(L)(NCMe)Ph complexes

90–95
ethyl group 17
ethyl phenylpropiolate

hydroarylation of 12
with 2-methylfuran, hydroarylation of

9
ethylpropiolates

and furans, reactions between 10
and thiophenes, reactions between

11
2-(2-ethynylphenyl)thiophene,

intramolecular hydroarylation of
14

exo-cyclization 13
exo-epimer 17
5-exo-hydroarylation 363–364
6-exo hydroarylation

allenes 369
2-allenyl indole 362–364
chromanes, synthesis of 372, 373
furans 371, 372
platinum catalyzed 372, 373
silver/gold dimetallated vinyl complex

371
substituted arenes 369, 370

7-exo hydroarylation 368
7-exo radical cyclization 349

f
Fe(II) mediated benzene C–H activation

101
first row transition metals, reactions

catalyzed by 321, 325
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Fisher-indole reaction 109
fluorescent false neurotransmitter (FFN)

neuroimaging probes 229
fluorinated arenes

C–H bond activations 142
hydroarylation products 142, 143

formal alkyne hydroarylation 307
arylalkenes via 307
via carbometallation/protonation

306
formal hydroarylation

alkynes 156
chiral diphosphines 159, 161
dimeric complexes 157, 159
norbornadiene substrates 156, 157
norbornene derivatives 156
PdII hydroarylation 156, 158
fragmentation and migration 266

Friedel–Crafts alkylation 5, 6, 23,
193

Friedel–Crafts cyclization of
3-arylpropenyl alcohols 346

Friedel–Crafts mechanism 107, 123
Friedel–Crafts process,drawbacks 83
Friedel–Crafts–type hydroarylation

120
Friedel–Crafts-type reactions

𝛼-amidoalkylation/hydroarylation
sequence 249, 251

copper-catalyzed formation of
ynamides 253

diyne–enones with indoles 251, 252
gold-catalyzed oxidative cyclocon-

destation/hydroarylation cascade
252, 253

indoles with (Z)-enynols 250, 252
Michael addition/hydroarylation

cascade reaction of indoles
251, 252

phenanthrene, synthesis 271
silver-catalyzed hydroarylation 254
synthesis of (Z)-enones and –enals

269, 271
Fujiwara-Moritani oxidative coupling

7
furans 8–21

and ethylpropiolates

nucleophiles 379, 381
at 2-position 264, 265
at 3-position 265
reactions between 10

furan–yne cycloisomerization
alkyne hydroalkoxylation pathway

272
cascade transformations 274, 275
diastereo-and enantioselectivity 274
gold-catalyzed intramolecular

hydroarylation 271, 272
8-hydroxytetrahydroisoquinolines

275, 276
oxygen walk mechanism 272
phenol synthesis 273
platinum-catalyzed intramolecular

hydroarylation 272
polyarene, preparation of 274

furan-yne substrate, intramolecular
hydroarylation of 13

furylalkynes 14
furylalkynes catalyzed by PtCl2,

intramolecular reactions of 15

g
galactose diketal 52
gas chromatography (GC) 322
Genêt group 310
gold-catalyzed alkyne hydroarylation

218
3-allenyl indoles 258
amide-iminium cyclization 254,

255
N-aminophenyl propargyl malonates

223
aryl propiolates 289
benzofurans, synthesis of 266
complex rearrangement 259
C-2 tethered products 254
in C-3 tethered products 254, 255
cycloisomerization of furans 270
dihydroquinolines and quinolones,

synthesis of 219
enynyl furans, cycloisomerization of

268
furans 268–270
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gold-catalyzed alkyne hydroarylation
(contd.)

furan–ynes, cycloisomerization of
267

indole-2-(N-propargylcarboxamides)
242

Kopsia alkaloids, synthesis of 290,
291

natural compounds 288
propargylic anilines 221
N-propargyl-N´-arylhydrazines 224
pyranoquinolines 225, 226
pyrroloquinolines 225
silver-mediated hydroarylation 291
(±)-strictamine, synthesis of 289,

290
Ugi four-component, condensation

262–264
wailupemycin G, synthesis of 289,

290
gold-catalyzed intramolecular

hydroarylation
N-allenyl anilines 376, 377
anilines 222, 223
aryl-fused carbazoles 249, 250
azocinoindole derivatives 243, 244
carbazoles, synthesis of 242, 243
dihydrocarbazoles, formation of 241
dihydropyranyl and dihydrofuranyl

indolines 248
donor–acceptor–donor molecules

249, 251
9-endo hydroarylation 377, 378
7-exo hydroarylation 376, 377
fused and spirocyclic compounds

247
gold-catalyzed intramolecular

hydroarylation/iminium
trapping cascade 247

iminium trapping cascade 247
indole-ynamides 248, 249
polyaromatic compounds 249, 250
propargyl-𝛽-tetrahydrocarboline

245
pyran-and furan-fused indolines

248

synthesis of dihydronaphthofuran,
azepino-, oxepino-and
dihydrobenzoindoles 249, 250

tryptamine-derived propargylamides
240, 241

h
Hartwig group 17
Hayashi group 308
Heck-like mechanisms 155, 165
Heck-type coupling 108
heteroarenes

N-heterocycles 279, 282
O-heterocycles 282

heteroaromatic directing groups 60
heteroaryl C-H bonds 8
heteroatom-substituted alkynes 318
heterocycles 8–21

to double bond 10
Hiyama–Denmark cross coupling of

organosilanes 314
Hiyama group 12, 15, 35, 38
homoallyl-benzimidazoles,

intramolecular hydroarylation of
31

hydroalkoxylation/alkyne
hydroarylation cascade 265

hydroamination/alkyne hydroarylation
cascade transformations 249

hydroarylation 5, 10, 314
of alkenes 18
of alkynes 7, 8
of ethyl phenylpropiolate 12
of ethylphenylpropiolate with

2-methylfuran 9
of unactivated alkynes 13

hydroarylation products, vinylic protons
of 308

hydroarylation reaction 6
hydroxyl group 317
(o-hydroxyphenyl)propiolate 339
4-hydroxypropiolates

copper-catalyzed hydroarylation of
338

hydroarylation of 338
3-hydroxypropynyl phosphonate 345
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i
Iboga alkaloid benzofuran 17
Iboga alkaloids 16
imidazopyridines 21–31
imine 12
indium-catalyzed alkyne hydroarylation,

Ugi four-component 263
indol, electrophilic metallation 27
indoles 21

alkyne-gold complex 238, 239
propargylated

1,2-dimethyltryptamine 237,
238

indole, alkyne hydroarylation
at 2-position 239, 241
at 3-position 242, 245

indoles, nucleophiles
5-endo-hydroarylation 365, 367
5-exo-hydroarylation 363
6-endo-hydroarylation 364
6-exo-hydroarylation 362
monoaddition processes 378
ring closure, modes of 367
tandem addition processes 378, 380

in situ catalyst system 56
in situ generated catalyst 57
in situ-generated catalytic system 56
intermolecular alkylation 17
intermolecular alkyne hydroarylation

arenes 231, 277, 279
electron-rich arenes 218
furans and benzofurans 263
heteroarenes 278, 284
indoles 237
pyrroles 258
thiophenes and benzothiophenes 276

intermolecular couplings 5
intermolecular hydroarylation

alkoxy benzenes, nucleophiles 381,
383

alkyl benzenes, nucleophiles 383
furans, nucleophiles 379, 381
indoles, nucleophiles 378, 380

intermolecular reductive Heck reactions
327, 332

intramolecular alkene hydroarylation
34

intramolecular alkyne hydroarylation
arenes 238
electron-rich arenes 231
furans and benzofurans 276
indoles 259
pyrroles 264

intramolecular hydroarylation
of alkynoates 13
of 2-(2-ethynylphenyl)thiophene 14
of furan-yne substrate 13
indoles, nucleophiles 362, 368
nucleophiles 368, 378

intramolecular reactions, of furylalkynes
catalyzed by PtCl2 15

intramolecular reductive Heck reactions
333, 337

intramolecular stille coupling 349
2-iodoindole derivative, 7-exo

cyclization of 336
IPr.HCl 30
iPrOH 58
Ir-acac catalyst precursors 100
IrI complexes

alkyl-arene products 152
alkyl tethered diphospine ligands

148, 149
chiral phosphine ligands 145
cyclopentadienyl (Cp) ligands 145
dF ppb and dF ppe 148
Ir–hydride, insertion and reductive

elimination routes 150
IrI dimeric precatalyst 146, 147
norbornene with benzamide 145
ortho-hydroarylation of arenes 145
ortho-hydroarylation of vinyl ethers

151
ortho-hydroarylations of norbornene

146–148
sulfur-linked bis(phosphoramidite)

146, 148
iron catalysts, Fe0 and FeII complexes

208
imine-directed hydroarylation 208,

209
isohypsic C–H activation, ruthenium

(II)-catalyzed C–H alkylations
via 65
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j
JNK3 inhibitor 33

k
kinetic isotope effect (KIE) 89

l
Lewis acidic iron catalysts 208, 209
Lewis acids 32, 35, 38, 166
ligand-free reductive Heck reaction

341
linear C2-alkylated benzoxazoles 36
linear selective C–H alkylation 57

m
maleimides 69, 70
manganese catalyst 𝛼, 𝛽-unsaturated

carbonyl compounds 210, 211
catalytic hydroarylation reaction

210
cyclometalation of MnBr(CO)5 210

Markovnikov alkyl arene products 108
Meek group 28
metal-catalyzed alkyne hydroarylation

218
metal-catalyzed C–H functionalization

63
metal-supported catalysts

aryl propargyl ethers 285, 286
furan–yne cycloisomerization 285
phenol synthesis from alkynyl furans

285
post-Ugi intramolecular

hydroarylation 287
propargylic anilines 286
silica-supported AgNO3 287

3-methyl-3,4-dihydroquinazoline 34
methylenecyclopropanes 62

hydroarylations of 67
methoxymethyl (MOM) group 339
Michael addition/hydroarylation

reaction 253
Miura group 67
Mizoroki–Heck reaction 217, 307,

326, 327

monoaddition processes 378, 379
Montgomery group 12
Murai group 50, 52, 54, 58–61

olefin hydroarylation by 51
Murai’s reaction system 52

n
N-containing heterocyclic substrates

26
N-heterocycles

bis(indolyl)alkanes, formation of
279

1,3-diynes 280, 281
electrophilic gold(I) complexes 279
hydroarylation of ynamides with

3-substituted indoles 280
indolizines, synthesis of 282
NH-carbazoles, synthesis of 282
with pyrroles 280, 281

N-heterocylic carbene (NHC) 33
N-methylaniline 60
nitrogen, synthesis of 341
N-propargyl-o-iodobenzamides, 6-exo

cyclization of 333
N-propargylpiperidine 333
neoflavones 352
neopentyl glycol ester 324
neutral bidentate (NN) ligands

C–H activation 114–116
ethylbenzene, TON for 114, 115
hydroarylation of ethylene 115
hydrophenylation of ethylene 115,

117–119
hydrophenylation of propylene 115,

117
ligand designs 118

NHC-Rh complex 20
Ni catalysts 17, 35, 36
Ni-catalyzed hydroarylation 322

of alkynes 12
Ni-catalyzed reductive Heck reaction

2-arylquinolines via 351
2,4-disubstituted quinolines synthesis

via 345
nickel catalysts, see also C–C multiple

bonds 175
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heteroarene–BF3 complexes,
alkylation of 176

hydroacylation of alkynes 176
hydroalkynylation of alkynes 176
imidazolium salts, alkylation of 176

nickel complexes 38
nickel-catalyzed hydroarylation 331

of alkynes 38
nickel-catalyzed intermolecular

reductive Heck reaction 331
nickel-catalyzed reductive Heck

reaction of o-iodoaniline 351
nickel-catalyzed reductive Heck type

reaction 343
Ni0 complexes

5-deuterio-1,3-bis(trifluoromethyl)
benzene 152, 153

electron deficient arenes 152, 153
hydroarylation of alkynes and olefins

154
NiII complexes 154

Nitrile group 60
nitrogen, synthesis of 346
nitrogen heterocycles 345
(o-nitrophenyl)propiolate

3-arylindole-2-carboxylates via
Cu-catalyzed hydroarylation of
346

copper-catalyzed hydroarylation of
345

non-activated terminal alkenes 52
non-nitrogen based ligands

acid-catalyzed pathway 120
bicyclic olefin 121, 122
mesitylene and benzene 119, 120
phosphino-quinolyl PN ligand 122
proton-transfer mechanism 120
protonation of cyclohexene 120, 121

Nozaki–Hiyama–Kishi coupling 334
nucleophiles

addition sequence, dihydropyranyl
and dihydrofuranyl indolines
248

6-endo-hydroarylation 373, 376
6-exo-hydroarylation 368, 373
indoles 362, 368
ring closure, modes of 376, 378

o
O-heterocycles

1,3-diphenylisobenzofuran 283, 284
1,3-diynes and 2,5-disubstituted

furans 283, 284
double hydroarylation of alkynes

283
phenols, synthesis of 283

o-iodoaniline,nickel-catalyzed reductive
Heck reaction of 351

o-iodobenzamides, 7-exo cyclization of
336

o-iodobenzylic alcohols 340
olefin 21
olefin hydroarylation

d8 catalysts
IrIcomplexes 152
IrI complexes 144
Ni0 complexes 152, 154
PdII catalysts 165
PdII catalysts 155
PtII catalyzed hydroarylation 124
PtII catalyzed hydroarylation 109
RhIcatalyzed hydroarylation 144
RhI catalyzed hydroarylation 124
facial coordination of scorpionate

ligand 85
iron catalysts 100
non-acid-based reaction 87
octahedral d6 transition metal

catalysts 95
using Ru-CO 85

Ir(III) complexes 95
by Murai group 51
octahedral d6 transition metal

catalysts 85
Ru(II) vs. Ir(III) catalysts 99

o-(𝜔-alkynyl)iodobenzenes,
Pd-catalyzed reductive Heck
cyclization of 333

organocopper reagents 305
ortho-alkylation of phenol 50
ortho-C–H alkylation reaction 52
ortho-methoxy acetophenones 52
ortho-selective branched-type alkylation

60
ortho-selective C–H activation 52
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ortho-substituted arenediazonium salts
(contd.)

ortho-substituted arenediazonium salts
331

Overman rearrangement 226
oxadiazole core 39
oxazolines 33
oxidative hydrogen migration (OHM)

90
oxidative-addition C–H activation 50

alkylation by Ruthenium(0) catalysts
via 50, 63

oxygen heterocycles, synthesis of 342
oxygen-based directing groups 58
oxygen walk mechanism 272

p
palladium-catalyzed alkyne

hydroarylations 319
palladium-catalyzed hydroarylation

343
palladium-catalyzed reactions 315,

321
palladium-catalyzed reductive Heck

reaction 340
palladium-catalyzed regioselective

hydroarylation of propiolates
316

Pd-catalyzed anti hydroarylation 321
Pd-catalyzed hydroarylation 320

of alkynyl alcohols and propargylic
amines 319

of propiolates and propiolamides
318

Pd-catalyzed hydroarylation of alkynes
316

Pd-catalyzed hydroarylation of terminal
alkynes 317

Pd-catalyzed reductive Heck cyclization
335, 350, 352

heterocyclic allylsilanes via 334
Pd-catalyzed reductive Heck cyclization

of o-(𝜔-alkynyl)iodobenzenes
333

Pd-catalyzed reductive Heck reaction
327, 329, 331

antirhinoviral agents via 351
Pd-catalyzed reductive Heck reaction of

alkynes 330
PdII catalyzed hydroarylation

anionic bidentate (NN) ligands 109
aryl C–H activation 163
aryltin and arylboronic ester

substrates 160, 165
C–X activation or arene

transmetallation 155
formate-assisted 155
neutral bidentate (NN) Ligands 114
non-nitrogen based ligands 119

pendant hydroxyl groups 317
pentenolides synthesis, via Cu-catalyzed

alkyne hydroarylation 340
phenanthroline derivative 29
phenol ethers and esters

alkyne-tethered phenols 230, 231
aryl alkynylphosphonates 229
aryl propargyl ethers 226
aryl propargyl ethers and aryl

propiolates 227
aryl propiolates 226
berkelic acid 229, 230
bi-dihydroquinoline 228
copper-based 𝜋-acids 228
electron-rich substrates 228
1,6-enyne cycloisomerization 227
iodoalkynes 228, 229
luminogens 230
polyalkoxyaryl propargyl ethers 226
spirocyclic lactones 230, 231

phenylalkynes 311
3-phenylpropynal 328
phosphine oxides 67
phosphorous heterocycles, synthesis of

341, 346
picolinamide 25
platinum-catalyzed alkyne

hydroarylation
Ugi four-component 262, 263

plausible catalytic cycle 316, 323
polymers, catalytic modification of 52
polystyrene 107



Index 401

post-Ugi alkyne hydroarylation
amide-iminium cyclization 254,

255
C-2 tethered products 253, 254
C-3 tethered products 254, 255
indole 4-position 255, 256
𝜋-acid-catalyzed 277
pyrrole 261, 264

potassium carbonate 67
potassium mesitylenecarboxylate 66
Prabhu group 69
Prins cyclization cascade 225, 226
propargylic alcohols, hydroarylation of

313
propiolamides, Pd-catalyzed

hydroarylation of 318
propiolates, Pd-catalyzed hydroarylation

of 318
protodemetalation 6
proton-transfer mechanism 120
PtII catalyzed hydroarylation

anionic bidentate (NN) ligands 113
aryl C–H activation 123
hydroarylation of ethylene 123
neutral bidentate (NN) Ligands 119
non-nitrogen based ligands 122

Pt–olefin complexes 109
pyridines 18, 21
pyridines via intramolecular

hydroarylation, cyclization of
26

4-pyridyl group 311
pyridyl-indole (PyInd) ligands

potassium salts 109
Pt complexes, olefin hydroarylation

110
synthesis of 109

N-pyrimidylindole 29
pyrroles 21–31
pyrophoric organometallic reagents

306

q
quinolines 218
quinolines synthesis

via reductive Heck reaction 343

r
Ramana group 67
reductive elimination 21
reductive Heck cyclization 334, 349
reductive Heck reaction 307, 329, 342

of acetanilides 341
of bromobenzene 340
diarylquinolines synthesis via 342
synthesis of coumarin and chromenes

via 341
synthesis of quinolines via 343

regioselective copolymerization 52
regiosiomers 316
Rh catalysis 8
Rh catalysts 31, 32, 34
RhIcatalyzed ortho-hydroyarlation

aldimine and ketimine substrates
131

arene and olefin substrates 128, 129
barbiturate derivative and

2,4,6-triaminopyrimidine 129
benzyl and phenyl imines 136
C–H activation 126, 134
chiral substrates 136, 137
deuterium labeling 138
hydroarylation and hydroacylation

127
hydroarylation of substrates 129
intermolecular ortho-hydroarylation

131, 132
intramolecular ortho-hydroarylation

130
ketimines and aldimines 136
ketones and aldimines 127

(+)-lithospermic acid 139
mescaline derivatives 139, 140
Michael acceptors 137
norbornene 140
phosphorous-containing ligands

135
phosphorous ligands 141
quinolylamide directing substrates

137
quinolylamide substrate 139, 140
Wilkinson’s catalyst 131

Rh-catalyzed functionalization of
2-(thiophen-2-yl) pyridine 19
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Rh-catalyzed hydroarylation
of alkynes 308, 309, 311
of aza-heteroaryl-substituted alkynes

310
C–H bond activation 124, 144
of propargylic alcohol, propargyl

sulfone, and ynamides 312
of propargylic alcohols and amines

313
unfunctionalized arenes 143
Wilkinson’s catalyst 144

RhI catalyzed hydroarylation
fluorinated arenes 142
ortho-hydroarylation 126, 141
styrene formation 126
unfunctionalized arenes 124, 126

Rhodium catalyst 312
Rhodium-catalyzed alkyne

hydroarylations 314, 319
Rhodium-catalyzed hydroarylation

312, 317, 319, 342
Rhodium-catalyzed reaction of internal

alkynes 347
Rhodium-catalyzed reactions 308–315
Rh/PCy3 system 34
[Ru(O2CMes)2 (p-cymene)] 66
[Rh(μ-Cl)(H)2 (IPr)]2 dimer 19
[RuCl2(p-cymene)]2 68
[RuCl2(p-cymene)]2-based system 56
[RuCl2(p-cymene)]2 catalyst 69
Ru3(CO)12-based catalytic system 59
Ru3(CO)12 catalyst 62
Ru-CO catalyst precursors 100
Ru3(CO)12 precatalyst 61
RuCl2(PPh3)3 67
RuCl2(PPh3)3/rac-BINAP catalytic

system 63
RuH2(CO)(PPh3)3 59
RuH2(CO)(PPh3)3-based catalytic

system 56
ruthenium-based catalysts 49
ruthenium catalyst, base architecture

85
ruthenium-catalyzed alkylation 49, 50
ruthenium-catalyzed alkylation of

C(sp3)–H bonds 63

ruthenium-catalyzed C–H alkylation
50, 57

of diterpene 8, 54
in polymer chemistry 53

ruthenium(0)-catalyzed C–H alkylation
with aniline 61

ruthenium(0)-catalyzed hydroarylation
60

ruthenium(0)-catalyzed hydroarylation
reaction 58

ruthenium(0)-mediated C–H activation
51

ruthenium(II) catalysts, via carboxylate
assisted C–H activation,
alkylation by 63–70

ruthenium(II)-catalyzed C–H
alkylations, via isohypsic C–H
activation 65

ruthenium(II)-catalyzed
carboxylate-assisted C–H
alkylation reaction 70

ruthenium(II)-mediated, catalytic cycle
via 64

ruthenium-catalyzed transformation
52

ruthenium-H2 precatalyst 51
ruthenium(0) species 64

s
Satoh group 67
Schmidbaur–Bayler salt 283
scorpionate supported Ru(II) catalysts

85–95
seminar hydroarylation reactions 7
silver-catalyzed alkyne hydroarylation

254
propargylated 2-aminopyridines

222
spirocyclization reactions of

indole–ynes 245
tetrahydrocarbazoles 257
Ugi four-component 263

SIMes.HCl 30
Site-selective C–H alkylations 59
Sonogashira cross-coupling reaction

249
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spirocycles, via sequential process,
synthesis of 349

spirocyclizations 244, 246
stable metal-olefin complex formation

85
stereospecific isomerization 37
Stille or Suzuki cross-coupling reactions

107
styrene 16

hydroarylation of 15

t
tandem addition processes 378–379
tandem isomerization-hydroarylation

36
terminal alkenes 50
terminal alkynes 19
terminal enynes catalyzed by PtCl4,

intramolecular hydroarylation of
14

tert-butyl terminal group 316
thiophene ring

C–H bond on 19
cyclometalation of 21

thiophene-and benzothiophene,
homopropargyl silanols 276,
277

thiophenes 8–21
2-(thiophen-2-yl)pyridine

Rh-catalyzed functionalization of 19
trans-cinnamaldehyde 328
trans-effect 19
trans insertion, of C–C triple bond 9
transition metal mediated C–H

activation, strategy for 85
transition-metal catalysts 306
triarylalkenes 314

3,4,5-trifluorobenzoic acid (TFBA) 62
trifluoromethylsulfonate (OTf) 119
triphenylphosphine ligand 68
triphenylphosphine oxide 67, 68
Trost group 52

u
unactivated alkynes, hydroarylation of

13
unactivated terminal alkenes 14

v
Van der Eycken group 23
vasicoline 34
vinyl arenes 85
vinyl ethers, asymmetric hydroarylation

of 18
vinyl silane coupling partners 52
vinyl silanes 50, 52

w
Wagner–Meerwein carbocation

rearrangement 121
Wilkinson’s catalyst 124, 126, 144

y
ynamides 318

regioselective hydroarylation of 312
Yoshikai group 12

z
zeolites 83
Z-heteroarylalkene 9
Z isomer 8, 10




