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Index

a
2-acetamido-N-(2-ethynyl)-aryl)

acetamides 332
acetylenedicarboxylates 204, 325
α,β-acetylenic esters 154, 156, 169
3-acetyl indoles 192
N-acetyl pyrroles 289
acid/base-or redox-sensitive functional

groups 366
acid or base-catalyzed process 121
actinide amides 7
activated alkynes 19, 20, 25, 82, 157
active cyclopropylstannanes 113
acyclic 1,3-dicarbonyl compounds 268
3-acyl-4-arylcoumarins 340
addition reactions of, element-element

bonds 164
addition reactions, to alkenes 172–174
cis-addition reactions, to alkynes

165–169
trans-addition reactions, to alkynes

169–172
aerobic cyclocondensation of

2-(1-alkynyl)-benzaldehydes 334
air-and moisture-stable inorganic salt

129
air-sensitive compounds 157
air-stable primary phosphine 122
aldehyde (anti-Markovnikov-type

hydration) 365
aliphatic aldehydes 33, 369
aliphatic/aromatic hydroxyalkenes 129
alkene hydroalumination 104

alkene isomerization 380
alkenyl aryl tetrafluoro-λ6-sulfanes 171
alkenylboron compounds 47
(Z)-alkenylboron compounds 49
alkenylidenecyclopropanes (ACPs) 267,

411
(Z)-alkenylphosphine-boranes 70
(Z)-alkenylphosphines 71
(E)-alkenyl phosphonates 73
(Z)-β-alkenylsilanes 54
alkoxide-catalyzed diboration, of alkenyl

alcohols 150
N-alkyl amides 114
alkylboron compounds 103
alkyl cyanides 218, 221
alkyldiarylphosphines 122
α-alkylidene-β-lactam 202
α-alkylidene-δ-lactam 202
α-alkylidene-γ-lactams 377
alkylidenecyclobutanes, synthesis of 241
5-alkylidenefuran-2(5H)-ones 389
α-alkylidene lactam 219
3-alkylideneoxindoles 377
(Z)-4-alkylthio-4-aryl-3-

arylethynyl-3-buten-1-ynes 201
alkyne-allenylcyclopropanes 267
alkyne aminoacylation 193
alkyne dimerization 1, 250
1,4-alkynediols 295
ε-alkyne 407
alkyne hydrosilylation 107
alkynes yielding pyrroles 289
α,β-alkynic hydrazones 309
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2-alkynyl-1-acetylbenzenes 263
o-alkynylaldehydes 369
alkynyl amides 192, 243
3-alkynyl amines 290
2-alkynylanilines 300–302, 305, 306
2-(1-alkynyl)arylaldimines 327, 328, 330
alkynylarylsilanes 188
β-alkynylated thioamides 38
δ-alkynyl-β-ketoesters 248
γ,δ-alkynyl carbonyl compounds 33
alkynyl esters 20, 24, 59, 152, 236, 242,

243
2-alkynyl-1-(1-ethoxyethoxy)benzenes

307
γ,δ-alkynyl ketones 37
alkynyl ketones/sulfones 206
7-alkynyl norbornanes 214
2-alkynylphenylcarbamates 306
alkynylphosphonates, hydration of

368
2-alkynyltrifluoroacetanilides 306
2-alkynyltrifluoro-acetanilides 306
allenyl moiety 128
1,4-allenyne 392
N-allylamines provided 3-bromopyrroles

290
allyl cyanides 218, 221
allylic H-phosphinates 124
allylic sulfides 126, 127
π-allyl nickel intermediate 199
2-(allyloxy)benzaldehydes 375
allylsilanes 107, 238
allylstannanes 112, 113, 190
α-substituted acroleins 242
δ-amido esters 380
β-amino-α,β-unsaturated aldehydes 372
α-and β-aminoboronic esters 106
4-amino-3-[2-(2-ethynylphenyl)ethoxy]

benzoic acid methyl ester 393
2-amino-3-(3-hydroxy-5-methyl-4-

isoxazolyl)propionic acid (AMPA)
315

2-aminopyridines 320
amino-substituted cyclobutenes 56, 184,

236

amphiphilic polystyrene-polyethylene
glycol 208

t-amyl alcohol 168
[2+3] annulation of terminal alkynes

288
anti-carboboration of, alkynes 184
anti-Markovnikov (E)-1-alkenyl sulfides

76
anti-Markovnikov cis-hydrosilylation of

terminal alkynes 52
anti-Markovnikov (head-to-head)

dimerization, of terminal alkynes
7–13

anti-selective vicinal silylboration 169
anti-stereoselectivity 56, 184, 218
ArN2BF4 (arenediazonium) 306
aromatic alkynes 1, 308, 327
aroyl/heteroaroyl acid anhydrides 196
aryl alkyl internal alkynes 369
aryl alkynoates 340, 341
(4-aryl-1,3-butadienylidene)

bis(phosphonates) 125
N-arylcarbamoyl chlorides 210
aryldialkylphosphines 122
1-aryl-1,3-dienes 127
N-aryl enaminoesters 304
N-aryl-N ′-acylhydrazines 193
N-aryl-N ′-(2-acylvinyl)hydrazines 193
β-arylseleno-α,β-unsaturated lactones

161
2-aryl substituted benzo[b]furans 308
assembled Ni(II)-carboxylate MOFs

108
asymmetric [2+2] cycloaddition reactions

242
asymmetric hydroalkynylation

of diarylphosphinylallenes 38
of α,β-unsaturated compounds 38

asymmetric hydroboration/cyclization
51

asymmetric hydroformylation, of alkenes
371

asymmetric induction 236, 237
asymmetric sequential double hydro-

functionalization, of alkynes 47
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asymmetric total synthesis, of
(+)-inthomycin C 60

atom-economic methods 217
atom-economic process 320, 376, 383
axially chiral 2-arylpyridines 320
azabenzonorbornadiene 236
4-azahepta-1,6-diynes 298
azobis(isobutyronitri1e) 157

b
basidiomycete Clitocybe illudens 411
2-(benzimidazolyl)-6-(1-(arylimino)

ethyl)pyridine 253
benzoannulated medium-ring carbocycles

223
benzo[b]thiophenes 300–308
benzofuran/indole-derived

α,β-unsaturated imines 345
benzofurans 129, 166, 197, 300, 305–308,

345
p-benzoquinones 387, 388
benzoxazinones 195, 196
1,3-benzoxazin-4(4H)-ones 345, 346
bicyclic alkenes 235, 236, 374
bicyclic dienones 392
bicyclic pyridines 320–323
bifunctional character 33
2,2′-biindoles 301
bis(trimethylsilyl)acetylene 152
(Z)-1,2-bis(arylthio)alkene derivatives

161
(Z)-2,3-bis(trimethylstannyl)alk-2-enoates

154
1,4-bis[2-(2′-aminophenyl)ethynyl]

benzene 301
1,4-bis(diphenylphosphinyl)buta-1,3-

dienes 71
1,4-bis(2′-aminopheny)-1,3-butadiyne

301
bis(pinacolato)diboron 49
1,3-bis(2,6-diisopropylphenyl)imidazol-

2-ylidene (IPr) 237
bis(triphenylphosphine) iminium

chloride ([PPN]Cl) 24
3,4-bisindolylmaleimide 69

bis-N-heterocyclic carbene palladium
complex 8

1,2-bisphosphorylethanes 75, 123
bis(imino)pyridine iron dinitrogen

complexes 104
2,5-bis(tosylamido)thiophenes 298
Bohlmann-Rahtz pyridine synthesis 325
boron Lewis acid-catalyzed regioselective

hydrothiolation 127
boron-substituted enynes 50
3-borylated benzofurans 166
β-boryl-α-silyl acrylate 169
1-(borylmethylidene)-2-(stannyl-

methylidene) cycloalkane
derivatives 166

borylsilylation 166
terminal allenes 173

borylsilylative carbocyclization, of diynes
166

branched α,β-unsaturated ester 381
(Z)-β-bromoacrylonitriles 215
(E)-β-bromo-α-cyanoenamines 215
(Z)-β-bromo-α-cyanoenamines 215
4-bromo-2,3-disubstituted

isoquinolinones 334
(E)-3-(2-bromophenyl) acrylaldehyde

247
2-bromophenylboronic acids 387
Brønsted acid catalyst 366
(Z)-β-stannyl-α,β-unsaturated amides

190
bulky silylacetylenes 242
1,3-butadiynes 50, 71, 201, 257, 261, 262,

290, 297–299, 319, 341
butatriene 1
t-butyldimethylsilylacetylene 243
t-butyldiphenylsilylacetylene 243
t-butyl isocyanide 200

c
carbamoylstannation of, terminal alkynes

190
carbon—carbon single bonds, addition

reactions 216
carbon—carbon bond cleavage

222–224



418 Index

carbon—carbon single bonds, addition
reactions (contd.)

C—CN bonds 218–222
strained C—C bonds 216–218

carbon—carbon triple bond 154
with N—H bond 290

carbon—carbon triple bond 47
carbon—group 13 bonds, addition

reactions of 183–185
carbon—group 14 bonds, addition

reactions of
carbon—germanium bonds 188–189
carbon—silicon bonds 185–188
carbon—tin bonds 189–191

carbon—group 15 bonds, addition
reactions of 191–195

carbon—group 16 bonds, addition
reactions of 195

carbon—oxygen bonds 195–198
carbon—selenium bonds 202–204
carbon—sulfur bonds 198–201

carbon—halogen bonds (C—X) 204
to alkynes 204

C(sp3)–X activation 205–208
C(sp)–X activation and addition

reactions 213–215
C(sp2)–X activation and addition

reactions 208–213
carbon–silicon activation 185
carbon—sulfur (C—S) bond activation

198
β-carbonyl aldehydes 372
carbonylation of

alkenes 384
alkynes 381–383
alkynes and alkenes 380, 384–393

carbonylative Heck coupling reactions
384

carbonyl compounds 33–36, 124, 190,
223, 300, 322, 365

carbonyl—cyanomethyl σ-bond 223
carboxylate-assisted reaction 8
cascade reactions, of nitrones 307
catalyst-free hydrophosphination, of

alkenes 122

catalytic carboboration, of alkynes 183
catalytic C(sp)–H carboxylation, of

terminal alkynes 35
catalytic dimerization, of vinylarenes 1,

14
catalytic hydroamination of, alkynes

116, 407
cationic aluminum 107
C3-borylated benzothiophenes 308
C—H activation/hydrocobaltation

pathway 12
chemoselectivive cross-dimerization 19
chiral acyl camphorsultam-functionalized

alkynes 236
chiral aldehydes 371, 372
chiral alkynylated products 33
chiral β-alkynylated carbonyl compounds

38
chiral boronic esters 106
chiral cyclic ynamides 236
chiral γ-lactams 377
chiral 2-methylpyrrolidines 118
chiral organocatalyst 39
β-chiral phosphines 124
chiral propargyl amines 39
(Z)-β-chloro-α,β-unsaturated ketones

209
chloro/bromo-substituted benzofulvenes

250
1-chloro-1,4-dienes 205
(Z)-γ-chloro-α-oxo-β,γ-alkenoates 211
(Z)-γ-chloro-α-oxo-β,γ-unsaturated

ketones 211
3-(chloromethylene)oxindoles 211
chlorotetrafluorosulfanyl arene 171
(E)-β-chlorovinylsulfones 170
(Z)-β-chlorovinyl sulfones 168
4-chromanones 375
chromones 195, 336, 341
chromones (γ-benzopyrone)-containing

natural products 341
cis-addition reactions, to alkynes 148,

149
cis-adducts (-isomers) 186
cis-1,2-bis(boryl)alkenes 150
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cis-boryl-(stannyl)palladium species 165
cis-distannation of, α, β-acetylenic esters

154
cis-hydrophosphination 75
cis-hydrosilylation of unsymmetrical

internal alkynes 55
Claisen rearrangement 293, 297, 301,

302
classic Friedel–Crafts methodologies

384
CO atmosphere 56, 80, 263, 378
cobalt-catalyzed Alder-ene reaction 25,

26
cobalt-catalyzed diborylation, of

1,1-disubstituted vinylarenes 107
CO2-promoted aminochlorination, of

alkenes 173
coumarins 320, 336, 340
Cp*Ru complexes 55
cross-coupling reaction of, alkylboron

compounds 103
cross-dehydrogenative coupling (CDC)

reactions 304
cross-dimerization, of alkynes 1
cryptoacetalide 411
CuI-mediated conditions 309
β-cyano-β-arylalkenylsilanes 186
α-cyanocarbonyl compounds 223
cyanoesterification of 1,2-dienes 220
cyanomethylacrylate esters 220
3-cyanomethylated coumarins 341
2-cyanopyridine 321
N-cyanopyrrolidine 320
cyanoselenation of 1-octyne 203
cyclic β-diketones 223
cyclic dienes 123
(E)-cyclic dienylsilanes 187
cyclic isoimidium salts 239
cyclic ketone intermediate 412
cyclic trimeric phosphazene superbase

65, 79
cyclic vinylic bromides 337
cyclization process 162, 285, 293, 297
cyclobutanes 218, 235, 240–242
cyclobutenes 235, 270, 286

cyclobutenyl bromide 214
cyclocarbonylation of, alkynes and

alkenes 384–393
cyclocarbonylation of, alkynols 390
[2 + 2 + 1] cyclocarbonylation of,

isocyanates 386
cyclocondensation of, benzylic alcohols

246
cyclodehydration 325
1,3-cyclohexadiene intermediate 270
cyclo-hydroamidation of 1,6-diynes 377
cycloisomerization methodology 409
cycloisomerization of, (Z)-enynols 296
cycloisomerization of,

N-propargylanilines 301
cycloisomerization of

4-oxahepta-1,6-diynes 298
cycloketone-fused skeleton 217
cyclopentenes 248–250
2-cyclopentenones 388, 389
cyclotrimerization of, phenyl acetylene

10
[2 + 2 + 2] cyclotrimerization reactions

410

d
deacetylative 5-exo-dig-thiocyclo-

isomerization 299
decarbonylative cis-thienylthiolation

200
deiters 411
density functional theory (DFT)

calculations 8, 55, 169, 193, 238,
271

desymmetrization of, diynes 407
N-(2,2-dialkoxyethyl)-benzamides 290
1,4-diamide 68, 69
1,4-diaryl/alkyl 1,3-butadiynes 297
(Z)-1,3-diaryl-2-arylethynyl-1,3-

butadienes 2
1,4-diaryl-3-butyn-2-ones 383
H-diarylphosphine oxides 123
1,3-diaryl-2-propen-1-ones 209
1,4-diazepine derivatives 344
diboration of, alkynes 148, 149
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diboron reagents 150, 152
α,β-diboryl acrylates 149
diborylated products 148
1,3-dicarbonyl compounds 253, 268,

294, 325, 332, 336
β-dicarbonyl compounds 248
1,5-dicarbonyls 369
1,4-dicarboxylate esters 381
dicationic bismuth(III) Lewis acid 107
(Z)-1,4-dichloro-3-buten-2-one derivatives

209
N,N-dichloro-p-toluenesulfonamide 173
dicyclohexyldiimine 252
Diels-Alder cycloadditions of 2-azadienes

332
1,3-dienes 1, 18, 23–26, 36, 39, 71, 74, 77,

81, 103, 106, 107, 110–111
3,3-diethoxypropionitrile 320
3-difluoroacetylated coumarins 340
3,4-difluoro-6-substituted-2-pyrones 337
digold hydroxide complex 85
dihydroazepine ring 344
1,2-dihydroisoquinolines 330
dihydrojasmone 205, 408, 409
1,2-dihydroquinolines 65, 343
dihydrosilanes 53, 111, 154
α-diimine ligands 105
1,1-diiodomethylene substituted indanes

251
β-diketiminato calcium complex 122
1,3-diketones 369, 372, 373
1,4-diketones 295
dimeric β-diketiminato magnesium

hydride 107
dimerization of, alkynes and alkenes

anti-Markovnikov (head-to-head)
dimerization, of terminal alkynes
7–14

cross-dimerization, of different alkynes
18–26

dimerization and cross-dimerization, of
terminal alkynes 14–18

Markovnikov dimerization of, terminal
alkynes 1–7

dimerization of, methacrylonitrile 13

dimerizative borylsilylation, of terminal
alkynes 166

2,5-dimethoxy-1-chlorobenzene 168
1,2-dimethoxyethane (DME) 253, 378
dimethyl acetylenedicarboxylate (DMAD)

20, 153, 157, 190, 253, 254, 257
N,N-dimethylacrylamide 15, 24
dimethyl aminopyridine (DMAP) 253
1,1-dimethyl-2,3-bis(methoxycarbonyl)-1-

silacyclohex-2-ene 185
3,3-dimethylbutyne 372, 378
dimethyl 2,2-di-but-2-ynylmalonate 322
dimethyl 2,2-diprop-2-ynylmalonate 320
N,N-dimethylformamide diethyl acetal

325
2,2-dimethyl-2H-chromenes 342, 343
N,N-dimethyl α,β-acetylenic amides 154
1,1-dimethyl-1-silacyclobutane 185
dimethyl vinylphosphonate 124
dimethylvinylsilyl group (DMVS) 54
1,3-dinitrogen five-membered

heterocyclic compounds 312
1,3-diorganylimidazolium chloride 9
1,4-dioxane 118, 155, 158, 320
(Z)-1,2-diphenyl-1-decene 148
3,4-diphenylisocoumarin 338
diphenyl[(triisopropylsilyl)ethynyl]

methanol 34
diphosphane monosulfide 159
(Z)-1,2-diphosphino-1-alkenes 71
(Z)-2,3-dipropylhexa-2,5-dienenitrile

221
(Z)-distannylalkenes 155
1,4-disubsituted-1,3-butadiynes 297
2,3-disubstituted benzo[b]furans 307
1,4-disubstituted-1,3-butadiynes 297,

309
1,4-disubstituted-1,3-diynes 253
2,4-disubstituted enyne 1
2,3-disubstituted indoles 302, 304–307
3,5-disubstituted indolizidine 407
3,4-disubstituted isocoumarins 337
3,4-disubstituted isomer 313
3,5-disubstituted isoxazoles 313, 314
3,3-disubstituted lactam 219
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2,5-disubstituted oxazoles 316–318
4,6-disubstituted 2-pyrones 338
2,3-disubstituted pyrroles 288
disulfide-diselenide mixed system 164,

172
1,3-divinylcyclobutenes 237
1,6-diynes 188, 255–257, 298, 321, 377,

411
double hydroborylation 152

e
eight-membered carbocycles 268–272
E-isomer 75, 160, 164, 188
electron-deficient alkynes 19, 54, 238,

243, 244, 265, 291–293
electron deficient dienes 125
electron-donating N-heterocyclic carbene

ligands (NHC) 322
16-electron half-sandwich ruthenium

complexes 9
electron-rich alkynes 24
electron-rich and-poor arylalkenes

121
electron-withdrawing group (EWG) 206,

235, 246, 248, 291, 368
electrophilic cyclization of,

ortho-alkynylanilines 307
electrophilic heteroatom cyclization, of

alkenes 286
element-cyano bonds 185
element-element bonds 147–174
enamines 288, 304, 325, 372
β-enamino ketones 289
β-enaminones 291
enantioselective alkynylation of, aromatic

aldehydes 33
enantioselective allenoate-alkene [2+2]

cycloaddition 241
(Z)-2-en-4-yne-1-thiols 299
β-ester functionality 337
2-ethoxybenzoxazinones 196
2-ethynylanilines 301
2-(2-ethynylbenzyl)malonates 251
5-exo-dig carboannulation 299
7-exo-dig cyclization 346

5-exo/6-exo 1,4-addition cyclic ether
products 129

exo-trans-2-norbornylacrylates 16
E/Z isomerization 325

f
facile method 392
field-effect transistors (FETs) 263
Fischer indole synthesis 300
five-membered carbocycles 242

by [2+2+1] cycloaddition 242–243
by [3+2] cycloaddition 243–248
intramolecular cycloaddition of, active

sp3 C—H 248–250
intramolecular cycloaddition of,

unsaturated bonds 250–251
five-membered heterocycles 286

indoles 300–308
pyroles, furans and thiophenes

synthesis 287–299
five-membered rings, with two

heteroatoms 308–319
fluorodisilanes 153
3-formyl indoles 192
four-membered carbocycles

cyclobutanes, construction of 240–242
cyclobutenes, construction of 235–240

four-membered heterocycles 285–286
four-membered phosphametall-

acyclobutene complexes 286
functionalized alkenes

aminocarbonylation of alkynes 67–69
cyclohydroamination of alkynes

65–67
with secondary amines 66

hydroamination of alkynes 61
with primary amines 61–63
with secondary amines 63–65

hydroborations of alkynes 47–52
hydrophosphination of, alkynes and

related H-P(O) addition 69
hydrophosphination of, alkynes

70–72
PV(O)—H bond, to alkynes 72–76

hydrosilylation of alkynes 52–57
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functionalized alkenes (contd.)
hydrostannation of alkynes 57–60
hydrothiolation of, alkynes 76

anti-Markovnikov 78–81
Markovnikov 77

O-nucleophiles addition of, to alkynes
81

addition of acids, to alkynes 84–85
alcohols and phenols addition, to

alkynes 81–84
furan-2(5H)-one ring 391
furan-2(3H)-ones 391
fused cyclobutanes 240

g
gem-bis(boryl)alkanes 106, 107
gem-diboryl compounds 151
gem-dihalogenated enynes 5
gem-enynes 1, 5, 7, 9, 12
Gliocladium virens 410
gold-catalyzed anti-Markovnikov

hydroamination 64
gold-catalyzed cycloisomerizations 247
gold complexes 237, 367
Gold(0) nanoparticles 150, 151
graphene-supported platinum 108
group 13 element-element bonds,

addition reaction of
addition reactions, to alkenes 150–151
cis-addition reactions, to alkynes 148,

149
1,1-diborylalkanes/alkenes 151–153
trans-addition reactions, to alkynes

149–150
group 14 element-element bonds,

addition reaction of 153–156
group 15 element-element bonds,

addition reaction of 156–159
group 16 element-element bonds,

addition reaction of 159–160
addition reactions, to alkenes 163–164
cis-addition reactions, to alkynes

160–161
heteroatom bond addition reactions

163

trans-addition reactions, to alkynes
161–163

h
hafnium carboranyl complex 7
1-haloalkynes to α-halomethyl ketones

366
4-haloisoxazoles 315
α-halomethyl ketones 366, 367
2-halophenols 308
4H-benzoquinolizin-4-ones 344
2H-chromenes (2H-1-benzopyran)

structures 342
head-to-head dimerization 2, 8–10, 13,

16, 17
head-to-tail dimerization 3–6, 8, 14, 15
Herrmann–Beller (H–B)

phosphapalladacycle catalyst 38
α-heteroalkynes 59
hetero-[4+4] annulation 345
heteroaromatic acyl cyanides 218
N-heteroaryl-substituted alkynes 239
N-heterocyclic carbenes 13, 79, 374
N-heterocyclic compounds 119, 120,

326, 330
heterocyclic compounds 52, 65, 81, 113,

119, 120, 156, 165, 193, 200, 201,
212, 285, 287, 288, 290, 295,
300

heterolytic cleavage of, B—H bond 105
hexabutylditin 154
hexafluoroglutaroyl dichloride 209
n-hexanol 168
hexa-substituted disilanes 154
n-hexyl isocyanate 331
H—heteroatom (E) bond 47, 103
homoallylic amines 117
homopropargyl alcohol formation 41
homopropargylic cyanoboryl ether 183
4H-quinolizin-4-ones 344
hydration of, alkynes 365–369
β-hydride elimination 25
hydridopalladium(II) species 117
hydroacylation of, alkynes and alkenes

372–376
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hydroamidation of, alkynes and alkenes
376–378

hydroamination of, carbon—carbon
double bonds 113

anti-Markovnikov hydroamination of,
alkenes 115–116

asymmetric hydroamination, of alkenes
118–119

hydroamination of, allenes and
1,3-dienes 116–118

Markovnikov hydroamination of,
alkenes 113–114

nitrogen-heterocycles 119–121
hydroaminocarbonylation, of terminal

alkenes 114
hydroboration of alkenes 103

allenes hydroboration and 1,3-dienes
105–106

anti-Markovnikov 104–105
asymmetric hydroboration, of alkenes

106–107
Markovnikov 104

hydrocarboxylation of, alkynes and
alkenes 378–379

hydroesterification of
alkynes and alkenes 379–380
unsaturated hydrocarbons 379

hydroformylation of
alkenes 370–372
alkynes 369–370

hydrofunctionalization of
alkenes 103
allene 103

β-hydrogen elimination 209
hydrogermylation 109, 341, 407
hydrohalide scavenger 314
hydrometalation of, alkynes 407
hydrophosphination of

activated alkenes 123
alkenes 121–125

asymmetric 121
hydrosilylation of

carbon-carbon double bonds 107
asymmetric hydrosilylation, of

alkenes 110–111

hydrosilylation, of allenes 109–110
hydrosilylation, of 1,3-dienes 110
Markovnikov and anti-Markovnikov

hydrosilylation, of alkenes
107–109

hydrosilylation of 1,3-diynes 56
hydrosilylation reactions 107, 110
hydrostannation of

allenes 112
carbon—carbon double bonds

111–113
monosubstituted allenes 113

hydrostannylating reagent 58
hydrothiolation of, carbon—carbon

double bonds 125–127
hydrovinylation 1, 16, 17, 19, 25
hydroximinoyl chlorides 314
γ-hydroxy-α,β-enones 292
4-hydroxybut-2-ynoate 411
hypervalent iodine(III) compound 316
hypophosphorous compounds 124

i
illudinine 411
imidazole 65, 287, 309, 312, 313,

380
iminophosphorane 307
indan-1-ones 388
indirect alkynylboration 185
indirect carboboration 183
indole ring 65, 300–302, 307
indole synthesis 300, 303–305
indolizidine (–)-209D 407, 408
inorganic base-catalyzed diborylation, of

alkynes 150
inter-element linkages 147
intermolecular cyclization of, aryl

aldimines 327
intermolecular hydroamination

of 1,3-dienes 117
of electron-poor alkynes 63

intermolecular hydrofunctionalization of
1,3-dienes 103

intermolecular tail-to-tail homo-
dimerization of styrenes 18



424 Index

[3+2+1] intermolecular three-component
coupling cyclization 325

internal N-vinylpyrrolidones 127
intramolecular acylcyanation, of alkenes

218
intramolecular alkoxyboration 166
intramolecular boron-heteroatom

addition reactions 165
intramolecular cyclic-dimerization of,

α,ω-diynes 5, 9
intramolecular cyclizations 80, 188, 212,

245, 246, 250, 254, 291, 295, 301,
321, 327

intramolecular double cyclization strategy
371

intramolecular 5-exo-dig cyclization 249
intramolecular hydroamination reaction

1, 407
of aminoalkynes 66
of aminoallenes 116
diamino-diyne 407

iodinating reagent 310
iodocyclization/etherification reaction

sequence 307
3-iodoindene derivatives 245
3-iodoselenophenes 342
iodo-substituted benzofulvenes 251
3-iodothiophenes 299
iridium-catalyzed asymmetric

hydroalkenylation, of norbornenes
18

iridium(III)-catalyzed hydroamination of
alkenes 114

iridium hydride complexes 301
iridium/8-oxidoquinoline-2-carboxylate

56
iridium(III) photosensitizer 304
iron-and cobalt-catalyzed hydroboration,

of alkenes 104
iron(II) β-diketiminate precatalyst 71
iron-catalyzed dihydrosilylation, of

terminal alkyne 57
isochromenylium 260, 263
isocoumarins 195, 320, 336–338, 340,

341

isocyanides 107, 154, 166, 200, 288, 318,
325

isolable cis-1,2-bis(dimethylsilyl)ethenes
154

isoquinoline 304, 320, 411
isothiocyanates 318, 319

k
α-keto acid chlorides 211
β-ketoamides 248
β-keto esters 222
β-ketophosphine oxides 123
β-ketophosphonates 368

l
ε-lactam frameworks 202, 203
γ-lactams 377
lactarane natural products 411
δ-lactones 195
lanthanide triflate ionic liquids 129
lanthanoid-catalyzed intramolecular

hydroamination, of 1,3-dienes
118

Lewis acids 105, 187, 188, 193, 194, 206,
210, 220, 238, 242, 256, 260

linear α,β-unsaturated ester 381
linear alkyl-substituted terminal alkynes

378
lithium diadamantylamide (LDAM) 168

m
manganese(II) bis(imino)-pyridine

compounds 103
Markonikov-type addition reactions 173
Markovnikov adducts 67, 70, 73, 76, 77,

79, 81, 105
Markovnikov dimerization, of terminal

alkynes 1–7
Markovnikov-type adduct 47
Markovnikov-type

hydroaminocarbonylation, with
aliphatic amines 114

mesoporous organosilica microspheres
doped, with Pt nanoparticles 108

metal alkynylide nucleophiles 33, 40
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metal-free Markovnikov-type hydration
366

metal-vinylidene intermediates 49
methacrylamides 117
methacrylate esters 117
3-[(methoxycarbonyl)methyl]coumarins

385
methoxy C(sp3)—bonds of, anisoles 343
2-methoxy-1-chlorobenene 168
2-[2-(4-methoxylphenyl)-alkynyl]

acetophenones 263
(R)-[2′-methoxy(1,1′-binapthalen)-2-yl]

phosphine 122
1-methyl-1-alkynylcyclopropanes 38
methylalumoxane (MAO) 5
methyl (Z)-β-chlorocinnamate 382
methyl 2-benzylacetoacetate 337
α-methylbenzyl alcohol 128
2-methyl-3-butyn-2-ol 342
N-methylcyclopentanecarboxamide

376
2-methyl-5,5-di-substituted piperidines

120
2-methyl-4,4-di-substituted pyrrolidines

120
4-methylene-1-(phenylsulfonyl)-4,5-

dihydropyrazole 311
methyl ketone (Markovnikov-type

hydration) 365
methyl ketones, formation of 365
3-methyl-4-nitro-5-alkenylisoxazoles

125
N-methyl-N-vinylacetamide and ethyl

acrylate 17
methyl 2-phenylacrylate 381
methyl propiolate 65, 157, 332
Michael acceptor moieties 367
Michael addition 36, 37, 291, 293, 299,

346
microwave irradiation 41, 124, 301, 308,

320, 373, 411
mild thermal activation 121
monalkyl-substituted allenes 126
(E)-monoesters 380
monomorine 407–409

Monomorium pharaoins L. 407
multi-substituted pyridines 321
multi-substiuted 2,3-dihydropyrazoles

311

n
1,8-naphthalenediaminatoborane

(HB(dan)) 49
natural product synthesis

carbonylation of, alkynes 411–412
cycloaddition of, alkynes 408–411
double functionalization of, alkynes

408
hydrofunctionalization of, alkynes

407–408
N-heterocyclic carbine (NHC) 53, 110,

316, 369
N-heterocyclic carbine-gold (I) catalysts

369
Ni(cod)2-catalyzed carbostannylation

190
nickel-catalyzed alkynylcyanation, of

alkynes 221
nickel-catalyzed cyclotrimerization

reaction 411
nickel complexes 73, 108, 110, 121, 123,

124, 183, 195, 198, 204, 242, 252
Ni(cod)2/phosphine 73, 195, 339, 377
nitrogen-containing compounds 327
nitrogen-containing heterocycles 66,

116, 320
1,3-nitrogen/oxygen heteroatoms

316
N/O-heterocyclic boronic acid derivatives

167
non-conjugated alkyne nitriles 321
nonconjugated diynes 253, 254,

256, 321
norbornadienes 38, 112, 196, 197, 235
norbornenes 125, 208, 214, 216, 217,

219, 220, 235, 236
O-nucleophiles addition, to alkenes

128–129
nucleophilic alkynylation, of cyclopropyl

trifluoromethyl ketone 35
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o
one-pot synthesis 335

2,5-disubstituted furans 294
organic disulfides 161–163, 200
organic light-emitting diodes (OLEDs)

263
organobase-catalyzed cyclocondensation

of 2,3-butadienoate 325
organoboron compounds, synthesis of

147
organocatalysts 13, 124, 345, 376
organolanthanide complexes 103
organophosphine-catalyzed diboration of

alkynes 151
organoselenium compounds, synthesis of

342
organosulfide 151
ortho-alknylthioanisole, with alcohols

307
ortho-alkynylphenols 167
ortho-allenylaniline intermediate 302
ortho-bromo substituent 194
ortho-nitrophenyl propargyl alcohols

327
N-(ortho-alkenyl)aryl-cyanoformamides

219
N-(ortho-alkynylaryl)carbamoyl chlorides

211
ortho-vinylcinnamates mediated by, FeCl3

246
oxa-and azabicyclic alkenes 125
oxabenzonorbornadienes 236
1,3-oxazole ring 316
oxidative coupling of, diarylalkynes 287
α-oxo gold carbenes 285
Oxone*-mediated electrophilic cyclization

309
oxygen-selenium exchange reaction 318

p
palladium catalyst systems 378
palladium (II)-catalyzed asymmetric

hydrophosphination 125
palladium-catalyzed cross-coupling

reactions 190, 316

palladium-catalyzed hydrostannation
113

palladium-catalyzed reactions, of alkenes
151

palladium complexes 8, 22, 70, 73, 77,
80, 81, 110, 118, 124, 128, 165, 205,
218

palladium/imidazolium system 1
palladium-isonitrile catalyst 166
palladium(0)-t-alkyl isocyanide complex

166
Pauson–Khand reaction 380
Pd(OAc)2-catalyzed reaction of,

β-iodoacrylate 337
Pd(dba)2/chiral ligand-catalyzed

cyanoamidation 219
pentasubstituted cyclopentadienols 243
pentasulfanylated ketones 368
perfluorinated acid chlorides 209
(Z)-1-perfluoroacyl-2-chloro-1-alkenes

209
phenalenyl-based nickel catalyst 104
1,10-phenanthroline hydrate (Phen.H2O)

193
phenyl acetylene 171, 286, 381, 382
phenyl alkyne 160, 378
phenyl chloroethynyl sulfide 239
2-(1-phenylethyl)-1-octene 18
2-(phenylthiocarbonyl)-1,3-dienes 81
2-phenyl-3-(trimethylgermyl)-2-

propenenitrile 188
phosphane sulfides 75
phosphine ligands 124, 127, 128, 220
N-phosphinoylimines 39
phosphorus compounds 121
phosphorus-heterocyclic complexes 286
photocatalyses 123
(Ph2P)2/(PhS)2 binary system 171
picolyl N-heterocyclic carbine (NHC)

ligands 12
pinacol borane 105

catalyzed by, copper hydride complexes
50

N-pivaloyloxyamides 317
platinum/aminocarbene 56
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polar halo-fluoroalkanes 207
polyaromatic hydrocarbon (PAHs) 251

ring formation 258–263
polyphenyl phosphonium salts 10
poly-(2-pyrones) 339
polystyrene-bound

triphenylphosphine-immobilized
palladium 73

polysubstituted maleimides 386
proparglic alcohols 80
propargyl alcohols 19, 33, 35, 41, 71
propargyl amines 20, 21, 38–40, 325, 335
propargylic alcohols 1, 21, 33, 54, 59, 60,

71, 80, 185, 285, 292, 293
N-propargylic β-enamino esters 291
N-propargylic β-enaminones 325
N-protected propargylamines 1
N-protonated oxazaborolidine 241
pyridine-fused cyclic compounds 320
pyridine N-oxide derivatives 285
pyridine ring 320–322, 325, 331, 369
pyridin-2-yl methanol 381
2-pyridone (2-pyridinone) moiety 330
(2-pyridyl)-1,6-diynes 321
2-pyridylmethyl formate 380
pyrovellerolactone 411

q
2-quinolones 210, 211, 385

r
radical initiators 59, 80, 121, 126, 160,

161, 375
radical thiophosphination 171
rare-earth metal diisopropylamides 120
E-regioisomer 19
regioselective 1,4-hydrophosphination

124
regioselective Markovnikov dimerization

1
regioselective Markovnikov

intermolecular hydroamination
113

RhCl(PPh)3-catalyzed cyclotrimerization
410

[RhCl(CO)2]2-catalyzed Pauson–
Khand-type reactions 387

rhodium-catalyzed anti-Markovnikov
hydroamination, of 1,3-dienes
117

rhodium-catalyzed aqueous biphasic
alkene hydroformylation 371

rhodium-catalyzed enantioselective [2+2]
cycloaddition 236

rhodium-catalyzed hydroformylation, of
alkynes 370

rhodium(I)-catalyzed oxidative
cross-coupling/cyclization 329

rhodium(I)-catalyzed reaction of
1,3-butadiynes 338

rhodium(I)-catalyzed regiodivergent
106

rhodium chloride 16
rhodium complexes 7, 17, 21, 35, 54, 56,

58, 64
ring-opening reactions, of epoxides 41
Ru3(CO)12-catalyzed cyclocarbonylation

of, allenyl alcohols 391
ruthenacyclopentane intermediates 18
ruthenium/carbene complexes 53
ruthenium-catalyzed aminothiolation,

with sulfonamides 168
ruthenium-catalyzed cycloisomerization

of 3-azadienynes 325
ruthenium vinylidene 367

s
σ-bond metathesis 104
(Z)-selective cross-dimerization 23
selenoarsenation in, benzene 172
selenoboranes 169
selenoesters 202, 204
seven-membered carbocycles 266–268
9-silafluorene 341
silicon-stereogenic silanes 111
silicon-tethered alkynyl vinylsilanes

187
simple copper-catalyzed one-pot

homo-cyclodimerization 263
single-atomic-site catalysts 149
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six-membered carbocycles 251
benzene ring formation 251–258
1,3-cyclohexadiene ring formation

263–266
naphthalene and PAH ring formation

258–263
six-membered heterocycles

benzopyridine derivatives 326–330
coumarins 340
isocoumarins 340
N-heterocycles, two nitrogen atoms

335
pyridine derivatives via cycloaddition

320–325
2-pyridone derivatives and

benzo-derivatives 330–334
2-pyrones 336–341

sodium hexachloroiridate 82
sole regioisomer 21
solid-supported formation 321
solvent-free conditions 21, 41, 64, 65, 85,

116, 156, 162, 199, 210, 268, 373
Sonogashira cross-coupling reaction 308
spiro-type 2,5-diarylsiloles 341
(Z)-(β-stannylalkenyl)boranes 165
(E)-α-stannyl-α,β-unsaturated esters 59
(E)-α-stannylated alkenoates 59
P-stereogenic alkenylphosphine-boranes

70
Stille cross-coupling reactions 57
strained bicyclic alkenes 235
β-S-substituted aldehydes 372
substituted cyclobutanes 240
substituted 1,4-disila-2,5-cyclohexadienes

154
2-substituted indole-1-carboxamides

301
2-substituted indoles 300, 301
N-substituted propargylamines 291
2-substituted pyridines 320
sulfenyl chlorides 167, 171
N-sulfonyl aldimines 39, 40
N-sulfonyl allenamide 311
N-sulfonyl imines 246
N-sulfonyl ketimines 325

1-sulfonyl-1,2,3-triazoles 344
supramolecular organic capsule 366
symmetrical diynes 339

t
tandem allylic substitution 299
tandem intramolecular silylformylation-

allyl(crotyl)silylation 109
t-butyl peroxide (TBP) 324
terminal alkyne Markovnikov hydration

365
terminal alkynes addition

to alkenes 36–38
to carbonyl compounds 33–36
to imines 38–40
to other compounds 40–42

terminal vinylic sulfides 126
1,2,3,4-tetraboryl-2-butene 149
2,3,4,5-tetraethyl-6-phenylpyridine 322
tetrahydro-1,6-naphthyridine 320
tetraphenyldiphosphine 72, 157–159
tetrasubstituted aryl cyclobutenol 410
tetrasubstituted β-aminocarbonyl vinyl

sulfides 200
tetrasubstituted p-benzoquinones 387
tetrasubstituted 2-pyrones 337
1,2,3,4-tetrasubstituted pyrroles 290
1,2,3,5-tetrasubstituted pyrroles 290
thiocarbamoylation 202
thiochromones 195, 201
γ-thio-α,β-unsaturated ketones 199
δ-thiolactones 195
thiolate-bridged diruthenium complexes

9
thiosilylation of, terminal alkynes 167
thiosilylation reactions 167
TiO2-supported nanosize gold particles

369
N-tosylimines 343
N-tosylpyrazoles 309
trans-addition of, carboxylic acids 85
trans-addition reactions, to alkynes 149,

150
trans}-2-cyclopenten-1-ones 389
transition-metal catalysts 116, 121
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transition-metal-catalyzed activation, of
C—Sn bond 57

transition-metal-catalyzed addition
reactions 218

transition-metal-catalyzed alkynylation
40

transition-metal-catalyzed asymmetric
hydrovinylation 17

transition-metal-catalyzed
carboannulation 245

transition-metal-catalyzed
cyclotrimerization, of alkynes
410

transition-metal-catalyzed formation 1
transition-metals complexes 121
transmetalative carboborations 183
trialkyl phosphines 123
1,2,4-triaryl imidazole-5-carbaldehydes

312
1,1,2-triborylalkene 152
tricyclic aromatic compounds 256
trienes 123
triethylsilylacetylene 243
trifluoromethyl-substituted

cyclopentadienones 390
triisopropylsilylacetylene 38, 242, 243
trimethylsilylacetylene 12, 19, 378
trimethylsilyl cyanide 186, 187
2-(trimethylsilyl)phenyl

trifluoromethanesulfonate 223,
387

1-trimethylsilylpropargyl alcohol 19
(N,N-diisopropylcarbamoyl)

trimethylstannane 190
tri-n-butyl(1-propynyl)tin 190
triorganoboron additive 194
1,2,4-triphenyl benzene 252
triphenyl phosphite afforded formyl

dienes 370
1,2,5-trisubsituted pyrroles 290
2,3,5-trisubstituted furans 292, 296
2,4,5-trisubstituted furans 296
1,2,4-trisubstituted imidazoles 312
3,4,5-trisubstituted isoxazoles 313, 315,

316

2,4,5-trisubstituted oxazoles 316–318
two anti-Markovnikov-type adducts 47

u
unactivated alkenes 18, 25, 114, 120,

123, 126, 128, 129, 221
uncatalyzed hydrophosphinations of,

propargylic alcohols 71
α,β-unsaturated aldehydes 369, 370
α,β-unsaturated alkenes 24
α,β-unsaturated amides 68, 376
(E)-α,β-unsaturated amides 38, 67, 68,

118, 190, 376
α,β-unsaturated arylesters 381
α,β-unsaturated carbonyl compounds

40, 124, 151, 190
unsaturated compounds 190, 380, 384,

392
α,β-unsaturated hydrazones 311
unsaturated hydrocarbons 69, 147, 153,

156, 159, 208, 216, 266, 327, 393,
407

α,β-unsaturated ketones 242, 372, 383,
384

(Z)-unsaturated-keto sulfones 222
α,β-unsaturated N-benzyl aldimines

323
α,β-unsaturated oxime esters, with

alkenes 323
α,β-unsaturated oximes 323
unsymmetrical internal alkynes 50, 54,

55, 82, 200
unsymmetrical 2,4,6-triaryl pyridines

324
unsymmetrical 2-trifluoromethyl

aromatic alkynes 253

v
versatile intermediates 147, 287, 342,

366
versatile synthetic intermediates 1, 47
vic-diborylarenes 148
vicinal cis-diborated alkenes 150
vicinal diborated alkenes 147
1-vinyl-3-alkynylcyclobutenes 237
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N-vinylazoles 116
4-vinylbenzoic acids photocatalyzed by,

quantum dots 241
2-vinylbenzylamines 120, 121
1-vinylcyclobutenes 237
5-vinyl-2-methylpyridine 121
vinylphosphoryl compounds 123
N-vinyl product 17
vinylsilanes 15, 107, 109, 187
(E)-δ-vinylsilanes 188
(E)-β-vinylstannanes 58
viridin 410

w
water-mediated

metal/catalyst/reagent-free
hydration 366

water-methanol solution 366

water-soluble Co (III) porphyrin-catalyzed
hydration 365

wool-palladium complex 128

y
Ynamides 205, 235, 236, 239
yne-vinylcyclopropane intermediate 412

z
Z-1,4-disubstituted enynes 1
Z/E isomers, of alkenylstannane 59
zinc hydride complexes 51
zirconium-catalyzed fromation of,

1,1-diborylalkanes 105
zirconium-induced cyclodimerization

239
ZnI2/8-hydroxyquinoline 120
zwitterionic rhodium complex 370


