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366, 437
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alkylidene nonacarbonyltricobalt

clusters 273
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allyl α-diazoacetates 376
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α-acceptor-substituted allylic

diazoacetates 376
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azodicarboxylates 382, 383
azole derivatives 149, 432

b
background steric factor (BSF) 224,

225
Baeyer–Villiger reaction 390
benzannulation reaction 249–250, 254
benzofuran 106, 130, 426
benzopyrans 212–213
benzylic compounds 196–197
β-alkyl-styrenes 361
β-deprotonation 211–213, 228
β-desilylation 213, 214
β-enamino esters 352
β-ketoesters 210, 340, 341, 347, 366,

367
bicyclic alkene 136
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bis-benzochromene 296, 297
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bis-propargyl radicals 218
bistrimethylsilylacetylen 297
borohydride reductions 346, 347
boronic esters 189, 191, 239, 243, 245
borylation 105, 106, 148, 188
bridging vs. chelating modes of

diphosphine complexation 272
4-bromophenyl acetylene 246
Brookhart’s system 69

c
Cahiez’s catalytic system 171
carbanions 207
carbocations 207, 227
C–C bond formations, cobalt-catalysed

hydrofunctionalisations
hydroacylation 68–73
hydroalkylation 78–80
hydrocyanation 80
hydroformylation 67–68
hydrovinylation 74–78

chiral bis(oxazolinylphenyl)amine
ligands 351

chiral cobalt-salen complexes 343,
348, 354, 355, 366

chiral cobalt-acetylen complex 270
chiral 2,3-disubstituted indanones

392
chiral ditopic azabis(oxazoline) 351
chiral diyne 300, 313, 320, 321
chiral indanones 104, 392
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343
chiral 1-naphthyltetra-

hydroisoquinolines 316
chiral 3-oxobutylideneaminatocobalt(II)
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270
chiral phosphoramidite cobalt

complexes 368
6-chloro-[1,2,4]triazolo[4,3-b]pyridazine

375
1-chlorovinyl axial ligand 338
cis-cyclopropanes 372
cobalamines 2, 12
cobalt (Co)

bioorganometallic compounds
10–12

C–H functionalisation reactions 2
Co(-I) compound 9–10
Co(0) compound 8–9
Co(I) compounds 7–8
Co(II) compounds 5–7
Co(III) compounds 5, 6
heterogeneously catalysed

processes 4
homogeneous organometallic

catalysis 2
organic synthesis and catalytic

transformations 12–19
rhodium 2
stoichiometric/catalytic reactions 4

cobalt–alkyne complexes
electrophilic reactions

bicyclic ring systems 212
enediynes 213
heterocyclic ring systems

212–213
intramolecular Diels–Alder

reactions 210–211
intramolecular reactions 210
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ligand substitution reactions 210
natural carbon skeletons 215–217
strained ring system 213–215
tricyclic ring systems 211–212

radical reactions 217–226
cobalt-alkyne moiety 210
cobalt-alkyne QuinoxP* complexes

272
cobalt-catalysed C–H functionalisation

in alkaloid synthesis 116
alkynes, alkenes, and allenes

111–121
with alkynes reaction

indole synthesis 115
isoquinoline synthesis 113
N-carbamoylindole 112
quinoline synthesis 114

with anilides reaction
quinoline synthesis 114

aniline derivatives
indole synthesis 115

annulative hetero- and carbocycle
synthesis 116

azole derivatives 149
bidentate chelating functional

groups 130
carbonylation and related

transformations 143
challenges 150
cobalt-mediated cyclometalation

90
1,4-cobalt migration 103, 104
Cp*CoIII catalysts 106–108
dehydrogenative cross-coupling

reactions
with electrophiles 139–143

allylic C(sp3)–H carboxylation
102

aryl imines with alkyl halides 101
Co–NHC catalysis 99
imine-directed C–H alkylation

102
N-aryl ketimines 100

E–X type electrophiles 126–128
formal nitrene/carbene precursors

121
hydroacylation 103–105

hydroarylation, of alkynes and alkenes
alkyl-substituted olefins and

vinylsilane 96
3-iminoindoles 97
in situ-generated low-valent cobalt

catalysts 92
ketimine-directed alkyne

hydroarylation 93
N-pyrimidylindole 93
regiodivergent styrene

hydroarylation 96
styrenes 95

hydroarylation, of alkynes and alkenes
Co(PMe3)4 94

indazole and furan 110
organometallic reagents 103
of 2-phenylpyridine, aldimine 110
with pincer-type ligands 105–106
polar C=X bonds 108–111

cobalt-catalysed cross-coupling
reactions

C–B bond formation 188
C–N bond-forming reactions

187–188
copper reagents 192–193
with Grignard reagents

Csp–Csp2 bond formation 173
Csp2 –Csp2 bond formation

164–168
Csp2 –Csp2 bond formation

168–173
Csp–Csp3 bond formation

173–175
Csp3 –Csp3 bond formation

175–178
organoboron reagents 188–192
organomanganese reagents 192
organozinc reagents

Csp2 –CN bond formation 186
Csp2 –CO bond formation

186–187
Csp2 –Csp2 bond formation

181–183
Csp2 –Csp3 bond formation

183–186
Csp–Csp2 /Csp–Csp3 bond formation

179–181
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cobalt-catalysed cross-coupling
reactions (contd.)

reductive cross-coupling reactions
193

cobalt-catalysed cycloaddition reactions
four-membered carbocyclic ring

formation reactions 235
[2+2] cycloaddition of alkene and

alkyne 237–238
[2+2] cycloaddition of two alkenes

235–237
[2+2] cycloaddition of two alkynes

238–270
larger carbocyclic ring systems

[3+2+2] and [5+2] cycloaddition
reaction 250–251

[6+2] cycloaddition reaction
251–253

six-membered ring formation
reactions

cobalt-catalysed [2+2+2] cycloadditions
asymmetric syntheses 313
Co2(CO)8-mediated cyclisations of

carbocyclic compounds
302–304

CpCo(I)-precursor complexes
carbocyclic compounds 296–298
heterocyclic compounds 298–302

cyclotrimerisation reaction
of alkynes 290
chiral indenyl-co-precatalysts 295
cobalt-tetramethylcyclobutadiene

288
CpCo(I)-precatalysts 294
isocyanate and thioisocyanate

292
ligand dissociation and exchange

289
microwave irradiation, influence of

292
monoalkyne complexes 288
1,2-phenylene-bridged triyne

synthesis 289
reaction pathways 291

in situ-generated systems
in carbocyclisations of alkynes

304–309

cyclisation of alkynes to
heterocyclic compounds
309–313

natural product synthesis 317–322
novel development 322–325

cobalt-catalysed Kumada
cross-coupling 18, 365

cobalt-complexed 1,3-enynes 208, 226,
228, 229

cobalt-1,3-enyne complexes
electrophilic reactions 226–228
radical reactions 228

cobalt-pincer complex 58, 191
complanadine A 319
copper reagents 192, 193
CpCo(cyclobutadiene) complexes 239
CpCo(𝜂2-trifluoromethylpyridine)

complex 292
cross-coupling reactions 16, 363

dehydrogenative 139–143
Csp–Csp3 bond formation 173–175
cyanoformate 311
cyclic enones 363, 364
cycloaddition polymerisation process

312
cyclobutanones 73, 105, 390
1,5-cyclodecadiyne 219
1,4-cyclohexadiene derivatives 241
(S,S)-1,2-cyclohexyldiamine 375
cyclohexyne 214
cyclopropylacetylene and QuinoxP*

complex 273
cyclotrimerisation reactions 14,

287–289, 291, 292, 294, 295, 308,
326

d
Darzens reaction 394
decalines 212
dehydro-levetiracetam 33, 34
dialkyl malonates 338, 341, 342, 369
diaryl ketones 186, 187
diarylmanganese reagents 192
diarylmethanols 367
diarylzinc species 183, 185
diastereomeric atropisomers 313
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diastereomeric cobalt-alkyne complexes
271

diastereomeric mixture, cobalt-alkyne
complexes 271

diastereomeric pyridine atropisomers
313

diazoalkanes 371
diazoester 124, 125
diazosulfones 375
2,3-dichlorobutane (DCB) 103
dienamine 380
dieneyne 304
2,6-diformyl-4-tert-butylphenol 348
2,3-dihydrofuran 261, 262, 394
2-dihydroxy-3-O-iso-butyl-5,6-

dichlorobenzaldehyde 375
diimine-type ligand systems 242
2,2-dimethylmalonic acid 342
dimethyl phthalate 306, 307
dinickel naphthyridine-diimine complex

275
diphenylacetylene 89, 239, 288
diphenylphosphoryl azide 377
1,3-dipolar cycloaddition 380–383
disila-galaxolide derivatives 322
1,1-disubstituted aryl alkyl alkenes

361, 362
2,6-di-tert-butylpyridine (DTBP) 210
diynes 230, 248, 294, 298, 308, 315,

322, 323, 325
1,3-diynes 115, 131, 242, 250, 252
d,l-diastereomers 217, 218
domino Aldol/cyclisation reaction

388, 389
domino 1,5-hydride transfer/cyclisation

reaction 387, 388

e
E-cyclooctene 268
electronically-dependent

regioselectivity 276
E-methylstilben 33
enantioselective cobalt-catalysed

reactions 395
2-benzyloxyacetaldehyde 385
cross-coupling reactions 363–366
cycloaddition of norbornadiene 384

[2+1] cycloadditions 370–379
(hetero)-Diels–Alder cycloadditions

379–380
1,3-dipolar cycloaddition 380–383
domino reactions 386–390
hydroboration 361–363
hydrovinylations 358–361
intramolecular Pauson–Khand

reaction 384
miscellaneous cyclisations 390–394
miscellaneous reactions 366–370
nitro-Aldol reaction 342
ring openings reaction 353
2-substituted buta-1,2-dienes 385
2-substituted 1-naphthonitriles

reaction 384
enediynes 213
enones 76, 109, 236, 341, 351
1,6-enynes 71, 118, 384, 389, 390
2-epi-α-cedrene-3-one 279–280

f
(S)-fenoprofen 365
Fischer–Tropsch process 4, 47
fluorinated alkenes 128
fluorinated arenes 106, 108
four-membered carbocyclic ring

formation reactions
[2+2] cycloaddition of alkene and

alkyne 237–238
[2+2] cycloaddition of two alkenes

235–237
[2+2] cycloaddition of two alkynes

238–240

g
gas-phase competition experiment

274
gem-bishydroxymethylcyclopentene

oxide 391
Grignard reagents 18

cobalt-catalysed cross-coupling
reactions

Csp–Csp2 bond formation 173
Csp3 –Csp3 bond formation

175–178
Csp2 –Csp2 bond formation 168–173
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Grignard reagents (contd.)
Csp2 –Csp2 bond formation 164–168

Grubbs enyne-metathesis reaction
246

h
Henry reaction

of aromatic and aliphatic aldehydes
343–345

heteroaromatic substrates 374–375
heteroaromatic thioethers 184
heterobicyclic alkenes 368
hexacarbonyl complex 264, 270,

274
1,3-hexadienes 249
Hieber base reaction 2
homogeneous cobalt-catalysed

hydrogenation reactions
alkene and arene cobaltate

complexes 29
α-alkylstyrenes 31
arylated alkenes 30
carboxylic acid derivatives

active cationic cobalt-Triphos
species 51

aliphatic and aromatic esters 41
cobalt mono- and dihydrogen

complexes 49
cobalt pincer complexes 45
CO2-to-formate hydrogenation

47
direct N-formylation of amines

49
isoindolines/γ-lactams 45
metal-ligand cooperation (MLC)

mechanism 45
methanol 51
monoreduction of cyclic imides

47
N-protected indole 39
sodium bicarbonate 49

challenges 59
chiral cobalt pincer catalysts 31
dehydro-levetiracetam 34
diimine pyridine complexes 27

1,2-disubstituted olefins and
endocyclic trisubstituted
alkenes 32

E-methylstilbene 33
high-throughput screening

approach 33
imine hydrogenation 55–56
ketones and aldehydes 34–39
low-valent cobalt species 28
N-heterocycles 56–58
N-heterocyclic carbenes 27
nitrile hydrogenation 52–55
olefin hydrogenation 27
olefin hydrogenation reaction 29
Pauson–Khand reactions 26
pincer ligands 27
π-allyl complexes 26
prochiral alkenes 30
Zn-MeOH reduction 34

6,5-hydrindane system 278
hydroacylation 103, 105

2-acylbenzaldehydes 72
aliphatic aldehydes and ligand

choice 70
Brookhart’s system 69
diarylphosphinopropane ligand

70
1,3-dienes 70
1,6-enynes, oxidative cyclisation

mechanism 71
mechanistic pathways 68
olefins and aldehydes 73
4-pentenal 69
strained cyclobutanones 73
2-vinylbenzaldehydes 72
vinyl silane, with benzaldehydes

69
hydroalkylation 78–80, 423
hydroarylative cyclisation 146, 148
hydroboration 337, 361–363, 389,

390
hydrocarboxylation

heterocycles 83
hydrofunctionalisation of olefins 81
internal alkyne and [2+2+2]

cycloaddition of terminal
alkyne 82



Index 459

hydrocyanation 80, 81, 424
hydroformylation process 2, 67
hydrogen atom transfer (HAT) 80,

98, 424
hydrovinylation

of 2,3-dimethyl-1,3-butadiene, with
alkenes 75

with enones 76
heterocycles 75
regioselective control of alkene

addition 76
with styrene 76
1-substituted-1,3-butadienes 77
substrate controlled switch,

reactivity 74
unsymmetrical 1,3-butadienes

77, 78
vinylcyclohexene by metal-choice

78
hydrovinylations 76, 358–361
hypothesised coordination 190

i
imine hydrogenation 55–56
3-iminoindoles 97, 98
indole synthesis 115, 124, 435
indolisoquinolines 297, 298
(+)-ingenol synthesis 276
internal alkynes 237, 275
intramolecular Diels–Alder

reactions 210–211
intramolecular reactions 105, 210,

217, 229, 260
isatins 367, 394
isoquinoline synthesis 113, 114
isoquinolones 115, 117, 132

k
Kumada cross-coupling reactions

17, 364, 365, 421

l
ligand substitution reactions 210
ligand-to-ligand hydrogen transfer

(LLHT) mechanism 94
liquid-liquid biphasic system 351
2,6-lutidine 106

m
macrocyclic ethers 304, 306
maleimide 111, 120, 264, 265, 323
malonates 338, 341, 342, 369, 381, 382
mechanistic and theoretical studies

273–276
meso-epoxides 354–357
meso-epoxy alcohols 391
metal-ligand cooperation (MLC)

mechanism 45
metal organic frameworks (MOFs) 322
1-methoxy-[3-(tert-butyldimethylsilyl)

oxy]-1,3-butadiene 380, 381
methylaluminoxane (MAO) 360
methyleneindolinones 382, 383
2-methyltetrahydrofuran (MeTHF)

171
Michael-acceptor 82
Michael reactions

of 2-acetyl azaarenes 342
(triisopropylsilyl)acetylene 339
𝛼,β-unsaturated carbonyl compounds

339
of amines 341
β-keto ester 341
β-ketoesters 340
bidentate diphenylphosphino(ethane)

ligand 339
dialkyl malonates 342
1,3-dicarbonyl compounds 338
nitroolefins 340
O-alkylhydroxylamines 341
of thiols 339

Michael-type cyclisation 135

n
n-aldehyde 3, 4
N-alkoxybenzamides 116
1-naphthyltetrahydroisoquinolines

315, 316
Nazarov reactions 390
N-benzylideneaniline N-oxide 381
N-benzylmaleimide 264
n-butyl-tethered diyne 312
N-carbamoylindoles 111, 112, 118
N-cyano-N-phenylbenzene-

sulfonamide 186
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N-cyano-N-phenyl-p-methylbenzene-
sulfonamide (NCTS) 186

N-cyanosuccinimide 126
N-cyclohexylmaleimide 264
N-diarylphosphinyl imines 347
N-diphenylphosphinyl imines 348
N-heteroaromatic halides 165
N-heteroaryl halides 167, 191
N-heterocycles 56–58, 181, 440
N-heterocyclic carbenes 27, 94, 295
Nicholas reaction 9, 368
nickel catalysis 17, 315
N-iodosuccinimide 120
nitrile-diyne polycycloaddition 313
nitrile hydrogenation 52–55
nitro-Aldol reaction 342, 343
nitroalkanes 341, 343, 344, 369, 370
nitrones 380–383
nitroolefins 340–342
nitrosulfonyl enyne 262
N-methylimidazole (NMI) 342, 371,

374
N-methyl-4-piperidone 36
norbornadiene 136, 270, 271, 273, 275,

383–385
norbornene 103, 136, 252, 260, 269,

274
N-phosphorylated aziridines 377
N-pyridylindoles 120–122, 128
N-pyrimidylindoles 91, 93, 108, 118,

121
N-(8-quinolinyl)benzamide 103, 131,

132, 135–137, 139, 140, 142–144
N-(8-quinolinyl)sulfonamide 132, 137
N-tosylpropargylamine 264

o
O-alkylhydroxylamines 341
1,7-octadiyne 308, 314, 384
Ohira–Bestmann alkynylation 322
o-iodobenzoates 391
olefin coordination 3, 16, 167
olefin hydrogenation 27, 29, 34
organoboron reagents 188–192
organomanganese reagents 192, 199
organometallic reagents 103, 163–192
organozinc reagents

cobalt-catalysed cross-coupling
reactions

Csp2 –CO bond formation
186–187

Csp2 –Csp2 bond formation
181–183

Csp2 –CN bond formation 186
Csp2 –Csp3 bond formation 183–186

ortho-quinodimethanes 247, 248
oxetanes 391, 392
oxo-process 19

p
Pauson–Khand reaction (PKR) 9, 26,

208, 215, 248, 384
astellatol synthesis 278–279
asymmetric PKR 269–271
of dieneyne 304
2,3-dihydrofuran 262
of enyne 263
2-epi-α-cedrene-3-one 279–280
ethylene glycol and molecular sieves

261
fused medium-sized ring products

265
(+)-ingenol synthesis 276–277
macrocyclic ether tethered

cobalt-enyne complex 267
maleimides 264
nitrobenzene and aniline promoters

263
nitrosulfonyl enyne 262
novel enyne substrates 265
novel substrates 264
N-oxide/ethylene glycol/4 Å MS

reaction conditions 262
phenylene-bridged macrocycle 267
retigeranic acid A 277–278
steric buttressing 266
stoichiometric and substoichiometric

reactions 281–282
TADA reaction 266

2-phenacylpyridine 347
phenylacetylene 241, 260, 264, 265,

268, 270, 323, 325
1,2-phenylene-bridged triyne 289
phenylmethoxycarbonylacetylene 288
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2-phenylpyridine 109, 110, 116, 118,
124, 125

4′-phenyl-2,2′;6′,2′′-terpyridine (TPy)
191

photochemical switch 238
phthalides 104
pincer-type ligands 105–106
platinum group metals (PGM) 2
P-ligands 27, 32
Povarov reaction 394
prochiral alkenes 30
propargyl acetal 212, 215, 221, 222
pyridazine 301, 302, 375
pyridones 117
pyrroles 115, 118, 438

r
reduction reaction

of alkenes 349–352
carbonyl compounds and derivatives

346–349
reductive cross-coupling reactions

with allylic acetates 197
with benzylic compounds 196–197
Csp2 –Csp2 bond formation 193–196
Csp3 –Csp3 carbon bond-forming

reactions 197–198
regioisomer 250, 275, 288, 311, 321,

322
retigeranic acid A 277–278
ring-opening reaction

of epoxides 353–355
of nucleophiles 356–358

(+)-rubriflordi-lactone A 320

s
(–)-(S)-3-butyn-2-ol 315
Schrock–Osborn mechanism 45
secondary alkyl iodides 192
six-membered ring formation reactions

benzannulation reaction 249–250
cobalt-catalysed [2+2+2]

cycloaddition reactions
248–249

cobalt-catalysed Diels–Alder
reactions

aliphatic and aromatic substituents
242

boronic ester-functionalised
1,3-dienes and alkynes 244

carbene insertion reaction, of
dihydroaromatic intermediates
246

1,4-cyclohexadiene derivatives
241

dibromo-functionalised
terphenylenes 247

diimine-type ligand systems 242
ipso-substitution of

trimethylsilyl-functionalised
arenes 246

mechanism 240
nitrogen-containing functional

groups 243
ortho-quinodimethanes 248
tetrahydronaphthalenes 245

6-8-membered carbocycles 214
Sonogashira coupling 322
steric buttressing concept 265, 266
strained tricyclic alkenes 237
styrenes 29, 76, 95, 146, 363, 373,

376
1-substituted-1,3-butadienes 76
3-substituted cyclobutanones 390
2-substituted 1-naphthonitriles 384
sulfonyl hydrazones 376, 377
Suzuki-Miyaura coupling reaction 17,

188, 190

t
tethered terminal alkenes 236
1,1,2,2-tetraalkynyl ethenes 221, 222
thermally activated delayed fluorescent

(TADF) emitters 181
three-component coupling (TCC) 110,

111, 120, 421
transannular Diels-Alder reaction

267
trans-selective cyclopropanation

reactions 371
trichloroethoxysulfonyl azide 378
triflic anhydride 213
trifluoromethylated arylalkynes 311



462 Index

trimethylsilylacetylene 261, 270, 271,
385

trimethylsilyl group (TMS) 217, 246,
275

1-(trimethylsilyl)tetradec-2-yne
275

triynes 14, 296, 309, 312, 317, 384

u
Ullmann coupling reaction 246
ultrafast time-resolved infrared

spectroscopy 289
5,6-unsaturated alkyl iodides 174
unsaturated hydrocarbons 105, 131,

137, 148
unsymmetrical 1,3-butadienes 77, 78

v
vinylarenes 360, 361
2-vinylbenzaldehydes 71, 72
vinyl boronic acids 367
1-vinylcycloalkenes 361

w
Wilkinson complex 7, 308
Wittig-type reactions 243
Woodward–Hoffmann rules 235

x
xylarinol B 320, 321

y
ynedinitrile 301


