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Index

a
achiral N-heterocyclic carbene catalyst

299
achiral tricarbonyl compounds 303
activated chain-end mechanism 313
acyclic dienones 111, 112
acyl anion equivalent 1, 59, 83, 97, 345,

351, 357, 358, 367, 379, 384
acyl azolium 118, 288

dienolate 177–181
species 266

acyl azolium intermediate 145, 148,
152, 157, 162, 168, 170, 188, 189,
191–195, 200, 201, 207, 208, 217,
267, 288, 295, 299

acylphosphonates 105
cycloaddition 106

acylsilanes 52, 76, 358
acylsubstituted β-lactones 225
alcohols 8, 40, 76, 118, 129, 159, 160,

176, 190, 214, 222, 228, 263–268,
273, 287, 288, 290–295, 310, 317,
319, 334, 335, 376, 378, 385

aldehyde 1, 27, 28, 37, 39, 41, 44, 48,
65, 69, 75, 81, 87, 98, 99, 157, 180,
201, 271, 290, 292, 295, 299, 328,
346, 351, 358, 360, 377, 380

Alexakis’ intercepted (3 + 3)-annulation
164

aliphatic alcohols 290–294
aliphatic and aromatic polyesters 337
aliphatic anhydrides 126, 127, 196
aliphatic polycarbonates 337
2-alkyl-N-p-toluenesulfonyl aziridines

319

α-amino aldehydes 50
α-aroyloxyaldehydes 221
α-aryloxyacetaldehyde 217
α-bromo-β-methyl enals 178
α-bromoenals 147, 157, 166, 167, 170
α,β-unsaturated acid fluorides 145
α,β-unsaturated acyl azolium 157–159

annulations with ketones and imines
177

esterification 159–160
(4 + 2) annulations, with

electron-poor olefins 180–181
generation 157–159
other reactions 181–182
(3 + n) annulations

annulation with enamines
165–168

with enolates 161–164
with, other nucleophiles 168–170

(2 + n) annulations
(2 + 1) annulations 176–177
(2 + 3) annulations terminating,
β-lactonization 174–176

(2 + 4) annulations terminating,
β-lactonization 170–174

(2 + 4) annulations terminating,
δ-lactonization 174

α,β-unsaturated acyl azolium
intermediates 148, 152, 162,
191

α,β-unsaturated acyl azolium precursor
164

α,β-unsaturated acyl fluorides 170
α,β-unsaturated aldehydes 98, 118,

136, 204, 288, 290, 369
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α,β-unsaturated carbonyl system 95
α,β-unsaturated esters 334
α,β-unsaturated O-phenyl esters 281
α-carbon 118
α-carbon activation, of saturated

carboxylic esters 188–191
α-chloroaldehydes 218, 219

with azomethine imines 223
bisulfite salts 218

α-fluoro carboxylic acids 216
α-functionalized aldehydes

carboxylic compounds, synthesis of
α-fluoro carboxylic acids 216
chiral formylcyclopropanes 215
NHC-catalyzed Mannich reaction

217
formal [2+2] cycloaddition 222
formal [2+3] cycloaddition 222–223
formal [2+4] cycloaddition
α,β-disubstituted enones 218
4-arylidenylpyrazolones 219
2-chloropropanal 218
hetero-Diels–Alder reactions,

formylcyclopropanes 221
trifluoromethyl N-Boc azadienes

219
α′-hydroxyenones 114, 126, 128, 129
α-ketoesters 47, 48, 74, 302, 374
α-spirolactone 270
α-substituted β-keto esters 303
α-sulfanylsubstituted amide 229
amines and sulfoximines 297–299
2-aminobenzenethiol 275
aminoindan-2-ol 216, 228
aminoindanol-derived triazolium 273,

278, 282, 301
aminoindanol-triazolium catalyst 115
amino phenols 295, 296
anhydride hardened epoxy resins 339
annulation reactions

hirsutic acid C 358
platensimycin 358–360
via azolium enolate addition

303–305
via azolium homoenolate addition

305
via γ-addition 305–306

aromatic aldehydes 39, 40, 44–48, 51,
61, 68, 81, 85, 142

8-(aroylmethyl)-3-arylindeno
[1,2-ci]furan-1-ones 142

aroylvinylcinnamaldehydes 142
3-(arylcarbonyl)coumarins 234
asymmetric aza-Michael addition of

aliphatic amines 283
asymmetric metallation 96
asymmetric spirolactone synthesis 102
asymmetric synthesis, of γ-lactams

107
atorvastatin calcium 360
atroviridin 375–376
axially chiral bis-phenols 296
aza-Benzoin reactions

aldehydes with imines 53
of aldimines 51–53
dual photoredox 53
formiminium ions 51
imine-sulfonic acid adducts 52
ketimines 53–54

azalactone 125, 126
aza-Michael addition reactions 275,

282
aziridines 309, 319, 340
azodicarboxylates/

3-alkylideneoxindoles 250
azolium dienolate
α,β-unsaturated esters 254
β,γ-unsaturated a-fluoroesters 250
NHC-enolate 249
trihalomethyl radicals 251

azolium enolate
from acids 247–249
from activated esters 244–246
addition 303–305
from aldehydes with oxidant

242–244
α-functionalized aldehydes

carboxylic compounds, synthesis of
213–217

formal [2+2] cycloaddition 222
formal [2+3] cycloaddition

222–223
formal [2+4] cycloaddition

217–222
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from enals 237–242
from ketenes

asymmetric formal [2+3]
cycloaddition 231–232

asymmetric formal [2+4]
cycloaddition 232–235

asymmetric protonation 236
formal [2+2] cycloaddition

224–231
halogenation 236–237

azolium homoenolate addition 305
azolium intermediate 114, 145, 148,

152, 157, 162, 168, 170, 180,
189–195, 201, 207, 214, 217, 265,
267, 295, 299

azomethine imines 122, 123, 180, 223,
241, 253, 256, 305

b
(S)-baclofen 374
bakkenolides 120, 239, 367–369
base-catalyzed racemisation, of

(+)-camphenilone 95, 96
benzimidazolylidenes 2, 22, 24, 26
benzodienones 138
benzofuran-2,3-dione 105
benzofurandiones 105
Benzoin and Stetter reactions

Benzoin condensation 302–303
desymmetrization of achiral

substrates 301–302
Benzoin condensation 1, 59, 97, 187,

208, 279, 302–303, 328, 337,
345–357, 361, 377

2-benzoxepinones 116
β-alkoxy ketone 273
β-alkylidenyl-β-lactones 228
β-alkyl nitroolefins 278
β-bromoenals 158
β-carbon activation, α,β-unsaturated

carboxylic compounds 191
β-carbonyl substitution 47
β-disubstituted enals and isatins 102
β,γ-unsaturated a-fluoroesters 250
β,γ-unsaturated α-ketocarboxylic esters

234
β,γ-unsaturated α-ketoesters 74
β-halo α-keto esters 305

β-hydroxycyclopentane carboxylate
112

β-hydroxyesters 213
β-ketoesters 121, 279, 302
β-lactam 299
β-lactones 305

enals and ketones 118
β-protonation 118

of homoenolates
α-carbon 118
enolate equivalents 119
NHC-enolates 120

β-sulfanyl-substituted amine 229
β-Sultams 228
bicyclic ketones 301
bicyclic tertiary alcohols 301
bidentate P-based Lewis base 295
bioactive α-hydrazino esters 222
bioactive indenopyrones 219
bioactive multi-substituted benzenes

253
1,3-bis(2,4,6-trimethylphenyl)

imidazol-2-ylidene 322
1,3-bis(isopropyl)-4,5(dimethyl)

imidazol-2-ylidene (5Me-iPr)
319

bisphenol A diglycidyl ether (BADGE)
339

bisphenol substrates 295
bis(2-hydroxyethyl)terephtalate (BHET)

337
Bode’s enantioselective (3 +

3)-annulations 163
bond disruption enthalpies (BDEs) 10
bond strength order (BSO) 26
Breslow intermediate (BI) 1, 10,

37–39, 50, 52, 60, 63, 68, 70, 74,
76–78, 80, 85, 86, 89, 97, 98, 100,
101, 117, 121, 122, 189, 200–202,
208, 209, 271, 272, 276

Brønsted acid 72, 102, 103, 105, 107,
263, 282, 283, 292

bryostatin 7, 381–384
bulky aldehyde 292, 295
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c
carbene relative energy of formation

(CREF) 26
carbohydrate-derived cyclic nitrones

107, 108
carbonyl carbons 37, 59, 266, 384
carbonyl chemistry 95
carboxylic anhydrides 126, 196, 246
carboxylic compounds, synthesis of

213–217
carboxylic esters 59, 126, 153,

188–192, 194–198, 205, 234, 235,
294

Cassialoin 348–349
catalytic reactivity 200, 330, 332–334
Chemoselective cross-benzoin reactions

48, 50
chiral α,δ-diketoester 74
chiral 3,4-diaryl cyclopentanones

205
chiral phosphinates 295
3-chloroperoxybenzoic acid 229
chloro-substituted 1,3-propanediols

292
cinnamaldehyde 98, 114, 122, 162,

205, 237, 292, 369, 370
cinnamaldehyde-derived imines 237
cis-cyclopentene derivatives 110–112
cis-diastereomers 136
cis-jasmon 360
Claisen condensation 269
clausenamide 369–371
clavosolide A 380–381
computed ligand electronic parameters

(CEPs) 25
Cram-chelate-like selectivities 50
cross-benzoin reactions

intermolecular
aldehydes with α-ketoesters 48
catalyst-dependent

chemoselectivity 50
chemo-and diastereoselective

cross-benzoin reaction 50, 51
chemoselective 49
enantioselective 49
heteroaromatic aldehydes 47

intramolecular
aldehydes and aliphatic/aromatic

ketones 45
aromatic/aliphatic aldehydes 45
b/w aldehydes and ketones

42, 44
desymmetrization 46
dynamic kinetic resolution 47
enantioselective 45

Cyanolide A 380–381
cyclic amines 299, 300
cyclic (amino)(alkyl)carbenes

(CAACs) 2
cyclic (amino)(aryl)carbenes

(CAArCs) 2
cyclic diols/amino alcohols 293
cyclic esters 309, 314, 319, 327, 340
cyclic N-sulfonylimines 166
cyclic poly(β-butyrolactone) 325
cyclic poly(carbosiloxane) 323, 325
cyclic vs. linear polymers 321–328
[3+3] cyclocondensations 193
cyclohexadienone 66–68, 301
cyclopentannulation 110, 125
cyclopentene formation 110, 365
cyclopropenylidene compounds 4
6-Cy-CO2, 327, 331

d
(+)-Dactylolide 379–380
DA-cyclobutanes 173
D-arabino-phytosphingosine 50
(+)-davanone 376–377
dehydration process 137
density functional theory (DFT) 20,

61, 267
(–)-7-deoxyloganin 384
3-deshydroxy secu′amine A 374, 375
desymmetrization

of achiral substrates 301–302
of cyclohexadienones 67
of functionalized 1,4-dienes 68
spirocyclohexadienones 67
of spirocyclohexadienones 68

diarylalkanes 295, 298
diaryl 1,2-diones 77, 78
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diastereoselective formation,
cyclopentenes 109

dibenzylidine cyclohexanones 111
dibenzylidine cyclopentanones 111
dicarbonyl compound 65, 270, 362
Diels–Alder cycloaddition 118, 119,

173, 363
Diels–Alder reaction 119, 221, 238
dienolate-enolate intermediates

142–144
dihydrocoumarin derivatives 233, 247
dihydrocoumarin-fused

dihydropyranones 234
dihydrojasmon 360
1,2-dihydronaphthalenes 149, 172
dihydropyranone 119, 161–164, 167,

178, 179, 221, 232, 234, 235, 250,
384

3,4-dihydropyridinone 165
5,6-dihydropyridinone 165
dihydropyridinones 165, 166, 193, 232,

255
(+)-7,20-diisocyanoadociane 355–357
diketo aldehyde 301
1,3-diketones 120, 162, 272, 302, 368
dimethylacetylene dicarboxylate

(DMAD) 98
4-dimethylaminopyridine (DMAP) 24,

238, 380
diphenyl ethylene diamine (DPEN)

61
5-Dipp 317, 323
3,4-disubstituted adipic acid derivatives

112, 113
3,4-disubstituted-6-trifluoromethyl-

dihydropyridin-2(1H)-ones 219
δ-lactone, formation of 107
domino

Michael/Mannich/lactamization
sequence 141

domino reactions
dienolate-enolate intermediates

142–144
homoenolate-enolate intermediates

homo-aldol/Michael addition
sequence 142

Michael/aldol reaction sequence
134–140

Michael/Mannich reaction
sequence 140–142

Michael/Michael reaction sequence
138–140

unsaturated acyl azolium-enolate
intermediates

Michael/aldol sequence 145–149
Michael/Mannich reaction

sequence 152
Michael/Michael addition sequence

149–152
Michael/SN2 reaction sequence

153
donor-acceptor cyclopropanes 145,

146, 174
drastic reversal of selectivity 50
dynamic kinetic resolution (DKR) 46,

47, 103, 104, 120, 121, 190, 287,
377

e
eight-membered N-functionalized

cyclic carbonates (8CCs) 323
E-isomer 39
electron localization function (ELF) 83
electron paramagnetic resonance (EPR)

202, 208
electron withdrawing group (EWG)

40, 51, 238
enamine activation, of carbonyl

compounds 95
enantioenriched α,α-disubstituted

cyclopentenes 303
enantioenriched β-substituted esters

215
enantioenriched δ-lactones 305
enantioselective and divergent synthesis,

of cyclopentanols 115
enantioselective C-C bond formation

reaction 279
enantioselective Michael addition, of

homoenolates to nitroolefins
114

enantioselective SMA reactions 281
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(–)-englerin A 364–366
enone 77–80, 108, 111–114, 126, 135,

137, 138, 143, 180, 182, 217, 232,
242, 246, 248, 273

enzymatic intermolecular Stetter
reaction 79

epimeric cyclopentanol 115
epoxide/anhydride resins 339
ε-caprolactam 314, 327
ε-lactones 116
ethyl methylcarbamate 205
excipient alcohol initiator (ROH) 310

f
Felkin–Anh model 50
(–)-femoxetine 370–374
five-membered cyclic product 271
fluorinated chiral triazolium 72, 74
formal cycloaddition, of diazene with

homoenolate 123
fragment coupling

atorvastatin calcium 360
cis-jasmon 360
(–)-englerin A 364–366
haloperidol 363–364
(+)-monomorine I 363
piperodione 366
Roseophilin 361–362
trans-sabinene hydrate 362–363

functionalized 1,4-dienes 301
2-furaldehyde 47

g
γ-addition 305–306
γ-butyrolactone products 305
γ-carbon activation, of α, β-unsaturated

carboxylic esters 198
γ-dihalomethylenation, of enals 206
γ-hydroxy amino esters 107–108
γ-lactam derivatives 117
γ-lactones 99, 100, 108, 114, 115, 126
γ-lactonization 102, 358
gelsemoxonine 377
Glorius–Bode γ-lactone synthesis 99,

102, 108
group transfer polymerization (GTP)

309, 310, 312, 335

h
haloperidol 363–364
2H-chromene-3-carboxaldehyde 121
hemiacetals 292, 294, 297, 377
hetero-Michael addition 98
hirsutic acid C 358, 359
homo-benzoin reactions

aza-Benzoin reactions 51–54
background 37–39
cross-benzoin reactions

intermolecular 47–51
intramolecular 42–47

enantioselective 41–42
lowest energy transition state 39
mechanism 37–39
NHC-catalyzed 40
simplified models, enantioinduction

39
standard conditions 40–41
substrate scope 40–41

homodimerization α,β-unsaturated
aldehydes 108

homodimerization, of enals 107
homoenolate-dienone reactions,

plausible mechanistic pathways
112

homoenolate-enolate activation modes
140

homoenolate-enolate intermediates
homo-aldol/Michael addition

sequence 142
Michael/aldol reaction sequence

134–138
Michael/Mannich reaction sequence

140–142
Michael/Michael reaction sequence

138–140
homoenolate-enolate reaction 100,

101
homoenolates 54, 72, 95–129

annulation 103
annulation, seven-membered lactones

synthesis 116
β-nitrostyrenes 114
carbon-nitrogen bond formation,

with nitrone 123
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cyclic 1,2-diones 102
cycloaddition 106
cyclopentannulation 110
domino reactions of 124

coumarin formation,
intramolecular 125

cyclopentane fused coumarins
125

stereoselective domino cyclization
124

enantioselective β-lactam synthesis
110

enantioselective cyclopentene
synthesis 109

enantioselective spiroannulation, of
isatin-imines 104

formal [3+2] cycloaddition 123
formation 99
intramolecular nucleophilic addition

95
metal-homoenolate reagents 96
with nitrosobenzene 124
precursors 126

deprotonation 126
electrophiles 126

from saturated esters 127
Hoveyda-Grubbs’ catalyst 270
hydroacylation, of unactivated olefins

82, 84
1-hydroxy-7-azabenzotriazole 216
hydroxyl-functional acrylate monomers

335
hydroxymethylation 50
6-hydroxypyranone (hemiacetal) 292,

377
3-hydroxy-3-substituted oxindoles 291
4-hydroxy tetralone synthesis 81

i
IDipp catalysts 335
imidazolinium salt precursors 13, 14
imidazolium 263

derived-homoenolates 108
pre-catalyst 268

imidazolylidene-bearing palladium
species 7

imidazolylidenes 2, 4–6, 13, 19–21, 26,
265

indeno[2,1-c]pyran-1-one derivatives
140

infra-red (IR) spectrum 18
intermolecular Michael addition

reaction 272, 273
intermolecular Stetter reaction

asymmetric
aldehyde with chalcone 69
α,β-unsaturated aldehydes, with

modified chalcones 72
α,β-unsaturated aldehydes with

nitro olefins 73
glyoxamides with

alkylidenemalonates 69
heteroaromatic aldehydes,

nitroalkenes 72
asymmetric, n-butanal with chalcone

69
asymmetric,-unsaturated esters 71
enantioselective, N-acylamido

acrylates 71
mode of activation 73
synthetic utility, acetaldehyde 75
vinyl phosphonates 75
vinyl sulfones 75

intramolecular aldol cyclization 146,
303, 363

intramolecular cyclization 61, 64, 83,
272

intramolecular Michael spirocyclization
reaction 271

intramolecular Stetter reaction 61
activated alkynes 64
asymmetric, α,β-disubstituted

Michael acceptor 63
asymmetric, β,β-disubstituted

Michael acceptors 65
asymmetric, vinylphosphonates 63
catalysts 62
desymmetrization

of cyclohexadienones 66
of spirocyclohexadienones 68

imidazolium salt 64
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intramolecular Stetter reaction (contd.)
isolation, aldehydes-NHC adducts

65
spiro-bicyclic 66
vinylogous Michael acceptor 64

5-iPr-CO2, 320
isatin-derivated unsatrurated ester 232
isatin-derived ketimines 225
1-isopropyl-3-benzylimidazol-2-ylidene

322
isothiourea 256

k
ketoaldehyde 346, 348, 351, 359
1,3-ketoester 270, 272
Kharasch oxidant 158, 160
kinamycins 349–351
kojic acid 162

l
lactamization 113, 137, 141, 152, 165
lactide 264, 309, 310, 313, 314, 317,

322, 340
monomer 264, 322

lactone 99, 125, 135, 146, 163, 192,
195, 199, 303, 346, 368, 374, 380

laurolactam 314, 327
lever electronic parameter (LEP) 24
Lewis acid 103, 104, 107, 111, 116, 135,

254, 273, 274, 278, 292, 335–336
Lewis basicity 24
lomaiviticin aglycon 349
l-phenylalanine 163
l-pyroglutamic acid 228

m
macrocyclization, of chalcones 110
maremycin B 102, 369, 370
masked NHCs 320
5-Me-CO2 320
medium-sized lactone products 292
5Me-iPr 331
mercaptoacetaldehyde 276
5-Mes 317
mesitylene-derived NHC 282
metal-homoenolate reagents 96

metal-ligand electronic parameter
(MLEP) 26

metal-organic frameworks (MOFs) 8
(meth)acrylic monomers 310, 322, 340
methyl benzoates 265
methyl cation affinities (MCAs) 24
methyl esters 265, 384
methyl-3-menthoxymethyl

imidazol-2-ylidene 322
methyl 2-mercaptoacetate 276
methyl methacrylate 312
methyl substituted NHC 26, 265
Michael acceptors 59–61, 63–65,

68–71, 74, 76, 80, 82, 108–122
Michael-aldol condensation cascade

81, 82
Michael/aldol/lactamization cascade

reaction 113
Michael/aldol/lactonization reaction

136, 145
Michael/aldol sequence 145–149
Michael/aza-Dieckmann type

cyclization sequence 142
Michael-type spirocyclization 270
(+)-monomorine I 363, 364

n
Nair’s interception, of Breslow

intermediate 98
N-aryl-N-aroyldiazenes 222
natural inositols 355
N-C6F5 catalyst 282
N-cyclohexyl substituted catalyst 265
NHC/Al(C6F5)3 Lewis pair 336
NHC-amine complex 274
NHC-assisted desymmetrization,

bakkenolides 120
NHC-borane complex 261
NHC-bound heterocyclicortho-

quinodimethane 252
NHC–Brønsted acid cooperative

catalysis 103
NHC-catalyzed acylation

acyl azolium 288
alcohols 292–294
aldehyde as the reagent 290
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aliphatic alcohols 290–292
amines and sulfoximines 297–299
kinetic resolution of alcohols via acyl

transfer 289
phenols 294–297

NHC-catalyzed amidation 129, 267
NHC-catalyzed annulation, of enals

103
NHC-catalyzed aroylation reactions

374–376
NHC-catalyzed benzoin condensations

Cassialoin 348–349
(+)-7,20-diisocyanoadociane 357
kinamycins 349–351
lomaiviticin aglycon 349–351
natural inositols 355
pleospdione 354–355
(+)-sappanone B 346–348
(–)-seragakinone A 351–353
trans-resorcylide 346

NHC-catalyzed β-hydroxylation of
α,β-unsaturated aldehydes
204–205

NHC-catalyzed homodimerization of
enals 99

NHC-catalyzed hydroacylation
of allenyl aldehydes 86
Stetter cascade 87
of unactivated double bonds 83
of unactivated internal alkynes 87

NHC-catalyzed intermolecular dynamic
kinetic resolution 104

NHC-catalyzed intermolecular
hydroacylation

of arynes 88
of cyclopropenes 85
of styrenes 86

NHC-catalyzed intramolecular
acylation, of allyl electrophiles
86

NHC-catalyzed intramolecular
hydroacylation of enol ethers
83

NHC-catalyzed intramolecular
hydroacylation-Stetter reaction
cascade 89

NHC-catalyzed isomerisation
of a chromene aldehyde to coumarin

121
NHC-catalyzed Mannich reaction 217
NHC-catalyzed redox and oxidative

processes
bryostatin 7, 381–384
clavosolide A 381
Cyanolide A 380–381
(+)-dactylolide 379–380
(+)-davanone 377
(–)-7-deoxyloganin 384
gelsemoxonine 377–378
(1R)-suberosanone 385–386
(+)-tanikolide 378–379

NHC-catalyzed redox esterification of
enals 118

NHC-catalyzed sila-Stetter reaction 76
NHC-catalyzed sp3-CH activation 127
NHC-catalyzed Stetter–aldol–Michael

cascade reaction 80, 81
NHC-catalyzed Stetter–Michael

cascade, indane synthesis 80
NHC-catalyzed Stetter reaction 60, 81,

89, 358
NHC–CO2 adduct-catalyzed sulfa-and

phospha-Michael addition 276
NHC-derived homoenolates 98–100
NHC-homoenolate equivalents

(S)-baclofen 374
bakkenolides 368
clausenamide 369–370
3-deshydroxy secu′amine A 375
(–)-femoxetine 370–371
maremycin B 369
(–)-paroxetine 370–371
(S)-rolipram 374
Salinosporamide A 367

NHC-homoenolates
with chalcones 113
with cross-conjugated dienones 111
Michael acceptors

γ-lactones 108
Glorius–Bode γ-lactone synthesis

108
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NHC-homoenolates (contd.)
imidazolium derived-homoenolates

108
NHC–Lewis acid cooperative catalysis

103, 104, 110, 111
NHC-mediated polymerization

main NHCs and fundamental
mechanisms 310–314

reaction with alkyl (meth)acrylates
328

ring-opening polymerization 314
step-growth polymerization

336–340
NHC-OROP 314–321
N-heterocyclic carbenes (NHCs) 97

acyl anion 100, 101
acyl azolium species 266
aldehyde 271
α-spirolactone 270
2-aminobenzenethiol 275
aminoindanol-derived triazolium

273, 278
aromaticity 261
asymmetric aza-Michael addition of

aliphatic amines 282
asymmetric catalysis 263
aza-Michael addition reactions 275
azolium intermediate 267
β-alkoxy ketone 273
β-alkyl nitroolefins 278
β-ketoesters 279
Breslow intermediate 271
chemical reactivity of 261
Claisen condensation 269
conjugate additions 263
control experiments 280
DFT calculations 268
dicarbonyl compound 270
1,3-diketone 272
enantioselective C-C bond formation

reaction 279
enantioselective SMA reactions 281
enolate 100, 101
enone 273
first transesterification 265
homoenolate 100
homoenolate-enolate 100, 101

Hoveyda–Grubbs’ catalyst 270
imidazolium 263
imidazolium pre-catalyst 268
imidazolylidenes 265
intermolecular Michael addition

reaction 273
intramolecular cyclization 272
intramolecular Michael

spirocyclization reaction 271
1,3-ketoester 270, 272
kinetic acidities 263
kinetic resolution of secondary

alcohols 268
lactide monomer 264
5-membered cyclic product 271
mercaptoacetaldehyde 276
mesitylene-derived NHC 282
methyl benzoates 266
methyl 2-mercaptoacetate 276
Michael-type spirocyclization 270
mode of action 263
N-C6F5 catalyst 282
NHC-amine complex 274
NHC-catalyzed amidation 267
NHC-catalyzed synthesis, of

γ-lactones 99
NHC-CO2 adduct-catalyzed

sulfa-and phospha-Michael
addition 276

oxy-Michael addition reactions 274
partially aromatic structure 261
π-electrophilicity 261
poor asymmetric control 277
proposed mechanism 284
quantifying, electronic properties

16
computational methods 25–26
electrochemical methods 24–25
Lewis basicity 24
NMR measurements 21–23
nucleophilicity 24
pK a measurements, of azolium

salts 16, 17
quantifying, steric properties

percentage buried volume 27–29
steric maps 29–30
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rationale design 278
ring-opening polymerization 264
robust σ-donors 261
σ-donating ligands 7–10

nature of bonding 10
phosphine ligands 10–11

silyl transfer process 269
silyl transfer reaction 269
stable hydrogen bonding complex

269
structure

classes and stable carbenes 2–4
features 4–5
stabilization, carbene centre 5–6

sulfa-Michael addition 282
synthesis

free carbene 11–12
synthetic routes, azolium salt

12–15
terminal alcohol 274
tetrahedral zwitterion 267
tetrahydrothiophene 276
transesterification 265
transesterifications 263
triazolium 263
vinyl acetate 268
vinyl diphenylacetate 268

N-hydroxyphthalimide ester 166
4-nitrophenyl isothiocyanate 229
N-methylmorpholine (NMM) 238
N,N′-carbonyldiimidazole (CDI) 247
N,N′-disubstituted diimine 13
N,N′-tosyl-protected hydrazine 168
noncatalytic reactivity 332
N-p-toluenesulfonyl (N-tosyl=N-Ts)

aziridines 319
N-sulfonyl-α-aminoketones 168
N-sulfonylaziridines (2-methyl-and

2-benzyl-N-p-toluenesulfonyl
aziridines 319

N-sulfonyl ketimines 108
N-tosyl-β-aminoester 214
nucleophilic β-carbon activation 195
nucleophilic Breslow intermediate 60,

63, 70, 74, 77, 80, 82, 83, 85, 133

nucleophilic heterocyclic carbenes
(NHCs) 96, 97

nucleophilicity 24, 262, 266, 269, 274,
281, 328

o
o-aminoarylideneaminomalonate

imines 152
o-chlorobenzoic acid 106
o-hydroxy chalcones 136
o-quinomethides 116, 117
organic oxidant 159, 291, 292, 376, 379
o-vinyl and methyl esters 265
1,3,4-oxadiazin-6-one 234
oxazolidinones 281
oxazolylidenes 2
oxidative esterification

bryostatin 7, 381–384
Cyanolide A 380–381
(+)-dactylolide 379–380

oxindole-containing spirocycle
construction 115

oxindole-derived tertiary alcohols 291
oxiranes 319
oxy-Michael addition reactions 274

p
para-toluenesulfonyl 21
(–)-paroxetine 370–371
P-containing bisphenols 297
peculiar cyclic monomers 323
pentafluorophenyl-substituted

derivative 23
phenolic esters 216, 371
phenols 163, 294–297
phosphorous esters 266
photoisomerization–Stetter reaction

66
phthalic acid anhydride (PhA) 339
π-allyl palladium complex 121, 122
piperodione 366
platensimycin 358–360
pleospdione 354–355
poly(ethyleneterephthalate) (PET) 337
poly(N-functionalized carbonate) 325
polyamide-6, 314, 327
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polyamide-12 (PA 12) 314, 315, 327
polyhalides oxidants 206–208
polysiloxanes 314, 337, 339
polyurethanes 313, 337
preanthraquinones 42, 44
precarbenic carbon 13, 16, 17
prochiral 1,3-propanediols 294
1,3-propanediols 292, 294, 382
propylene oxide 319, 321
pyrazolinone 169
pyrrolidinones 281

r
racemic α,α-disubstituted carboxylic

esters 294
racemic cyclic amines 299
radical reactions catalysis

nature 199–200
pioneering SET reactions 200–201
reductive β,β-couplings of

nitroalkenes 201–202
recent activation modes, NHC

organocatalysis
carboxylic acid derivatives activation
β-carbon activation of

α,β-unsaturated carboxylic
compounds 191–195

α-carbon activation, of saturated
carboxylic esters 188–191

γ-carbon activation of
α,β-unsaturated carboxylic esters
198–199

nucleophilic β-carbon activation
195–198

radical reactions catalysis
classical reactions, mechanisms

208–209
nature 199–200
pioneering SET reactions

200–201
reductive β,β-couplings of

nitroalkenes 201–202
redox esterification

(+)-davanone 377
gelsemoxonine 377
(+)-tanikolide 378–379

redox isomerization, of alkynal
aldehydes 159

resonance-stabilized hydroxyenamine
37

ring-opening polymerization
cyclic vs. linear polymers 321–328
NHC-OROP 314–321

(S)-rolipram 371–374
roseophilin 361–362

s
salinosporamide A 106, 367, 368
(+)-sappanone B 346–348
securinega alkaloid synthesis 104
sequential Stetter 82
(–)-seragakinone A 351–353
Setter reaction

atorvastatin calcium 360–361
cis-jasmon 360
dihydrojasmon 360
(–)-englerin A 364–366
haloperidol 363–364
hirsutic acid C 358
(+)-monomorine I 363
piperodione 366
platensimycin 358–360
roseophilin 361–362
trans-sabinene hydrate 362–363

Sheidt’s oxidative desymmetrization
159

σ-donating ligands
nature of bonding 10
phosphine ligands 10–11

sila-Stetter reaction mechanism 76
silyl ketene acetal (SKA) 310, 313, 334
silyl transfer process 269
silyl transfer reaction 270
single electron transferring (SET)

processes 187, 199
singlet carbenes 5, 6, 316
sp3-CH functionalization 126
spirocycle synthesis, from

NHC-homoenolates and enones
116

spirocyclic dihydropyranones 179
spirocyclicoxindoles 168
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spirocyclic oxindolo-dihydropyranones
250

spirocyclic oxindolodihydropyridinones
255

spirocyclopentane oxindole fused
β-lactams 141

spiro-cyclopentanones, from
azaaurones 116

stabilization, carbene centre 5–7
stable carbenes 2–4, 261, 314,

328–331, 340, 384
stable hydrogen bonding complex 269
step-growth polymerization 313, 314,

328, 336–340
stereoselective homodimerization 107

of enals 110
steric maps 29–30
Stetter reaction

aqueous medium 77
biacetyl, acyl anion generation 77
carbohydrates as formaldehyde 79
cascade processes

NHC-catalyzed 79
NHC-catalyzed

Stetter–aldol–Michael
cascade 80

NHC-catalyzed Stetter–Michael
cascade, indane synthesis 80

intermolecular 68
asymmetric, α,β-unsaturated

aldehydes with modified
chalcones 72

asymmetric, α,β-unsaturated
aldehydes with nitro olefins 73

asymmetric, α,β-unsaturated
esters 71

asymmetric, aldehyde with
chalcone 69

asymmetric, glyoxamides with
alkylidenemalonates 69

asymmetric, heteroaromatic
aldehydes with nitroalkenes 72

asymmetric, N-acylamido acrylates
70

asymmetric, n-butanal with
chalcone 69

asymmetric, of glyoxamides with
alkylidene ketoamides 70

diamino
cyclopropenylidene-catalyzed
79

enantioselective, N-acylamido
acrylates 71

mode of activation 73
synthetic utility, acetaldehyde 75
vinyl phosphonates 75
vinyl sulfones 75

intramolecular 61
activated alkynes 64
asymmetric, α,β-disubstituted

Michael acceptor 63
asymmetric, β,β-disubstituted

Michael acceptors 65
asymmetric, vinylphosphonates

63
catalysts 62
cyclohexadienones 67
desymmetrization, of

cyclohexadienones 67
desymmetrization, of

spirocyclohexadienones 67, 68
isolation, aldehydes-NHC adducts

65
spiro-bicyclic 66
vinylogous Michael acceptor 64

intramolecular, imidazolium salt 64
linear α-diketones 78
mechanism 60, 61
NHC-catalyzed C-glycosylation 74

(1R)-suberosanone 385–386
sulfamate-derived cyclic imine

substrates 193
sulfa-Michael addition 280, 282
sulfoximines 297–299, 301
symmetrical imidazolylidenes 13

t
(+)-tanikolide 378–379
tautomerization 144, 163, 165, 170,

180, 295
5-tBu 317
5-tBu-CO2, 320, 331
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terminal alcohol 274
tetrahedral intermediate 37, 60, 65, 72,

77, 83, 128, 268, 297, 384
tetrahedral zwitterion 262, 267
tetrahydrofuran (THF) 12, 40, 384
tetrahydropyrimidinium-based

(6-Cy-CO2) carbenes 327
tetrahydrothiophene 276
2,2,5,5-tetramethyl-2,5-disila-

1-oxacyclopentane 323
1,3,4,5-tetramethylimidazol-2-ylidene

322
thiazolium mediated benzoin

condensation 97
thiazolylidenes 2, 97

catalysts 41
thioesters 151, 152, 174, 175, 215
thiophene-2-carboxaldehyde 41, 47
(3 + n) annulation

annulation, with enolates
Bode’s enantioselective 163
Lupton’s (3 + 3) annulation 161
Lupton’s total synthesis, of (-)-7

deoxyloganin 161
oxidative (3 + 3) annulations 162

with enamines
alternate annulation, from

sulfonylimines 166
Bode’s (3 + 3) annulation, from

sulfonylimines 165, 166
Ender’s 167
Ye’s, from amidine 167

indolinone 164
with, other nucleophiles

Biju’s (3 + 3) annulation, with
dienolate 169

Huang’s (3 + 2) annulations, with
in-situ formed benzil 169

Ye’s (3 + 2) annulations, with
aminoketone 168

three-member-ring hetrocycles 319
Tolman electronic parameter (TEP)

17–21
trans-cyclopentenes 110
trans-disubstituted pyrroloindolones

222–223

transesterification 265
methyl benzoates 266
O-vinyl and methyl esters 265
phosphorous esters 266

transresorcylide 144, 263–269, 294,
314, 337, 384

trans-sabinene hydrate 362–363
triarylmethanes 295
triazolium 263

catalyst 114
salt p(re-catalysts) 44

triazolylidene-borane species 8
triethyl orthoformate (HC(OEt)3) 13
trifluoromethyl lactones 225
trifluoromethyl N-Boc azadienes 219
trimethyloxonium tetrafluoroborate

14
(2 + n) annulations

(2 + 1) annulations 176–177
(2 + 3) annulations, β-lactonization

174
(2 + 4) annulations, terminating,

β-lactonization 170–174

u
Umpolung triazolydene TPT catalyst

337
unsaturated acyl azolium-enolate

intermediates
Michael/aldol sequence 145–149
Michael/Mannich reaction sequence

152
Michael/Michael addition sequence

149–152
Michael/SN2 reaction sequence 153

v
vacuum-assisted resin infusion (VARI)

339
vinyl acetate 268
vinyl diphenylacetate 268

z
zwitterionic azolium carboxylate species

12
zwitterionic intermediate 224, 283,

310, 317, 327


