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a
α,β-unsaturated γ-lactams 227

via a one-pot Ugi 4-MCR 226
Achmatowicz rearrangement, of furfuryl

alcohols 360, 361
3-acyl/alkylspiro[4.5]trienones 47
Agrocybe aegerita (AaeUPO) 166
AIST’s Spectral Database for Organic

Compounds 457
α-Lactams (aziridinones) 219
aldohexoses spectra 483
2-alkylamino substituted heterocycles

324
alkylidene-furan-3-(2H)-ones

multicomponent synthesis
136–137

3-allylbenzofurans 137
α,β-epoxydiazomethyl ketones 462
alpidem 379
Amberlist 15-catalyzed synthesis,

of functionalized pyrrole
323–325

a 3-MC 1,3-dipolar cycloaddition reaction
229

3-amido-2H-pyran-2-one derivatives 485
2-aminocyclopropane-1,1-dicarboxylates

31
4-aminoethylpyridines, intramolecular

spirocyclization of 48
5-amino-2H-tetrazole, UV-induced

photochemistry of 420

2-amino-4-(2-oxo-2H-chromen-4-yl)-
6-arylpyridine-3-carbonitrile
derivatives 238

(-)-amphidinolide E synthesis 62, 63
amphiphilic porphyrin-cardanol

derivatives 288
anacardic acid 277
anthocyanidin 502
α-Pyrone photochemical reaction

pathways 402
aromatic heterocycles 178–181
aromatic pyrazolones, mechanochemical

in situ generation of 349
artemisin synthesis 387, 389
3-arylquinazolin-4-one, one-pot

microwave-promoted synthesis of
322

4-arylselanyl-substituted pyrazole
synthesis 304

asymmetric borylative intramolecular
cyclization 118

asymmetric [3+2] cycloaddition, of
2-nitrobenzofurans 33

asymmetric dearomative [3+2] cyclization
of indoles 31

asymmetric photochemical reactions, in
crystals 9–11

asymmetric synthesis, of (-)forveoglin A
4, 5

atroposelective synthesis, of fused
pyridine derivatives 96, 97
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auxin mimic-based herbicide synthesis
377, 378

aza-β-lactams 222
aza-Heck cyclization 135
aza-o-xylylenes, photoinduced

intramolecular cycloaddition of
41

aziridines 216
2-(trimethylsilyl)aryl triflate derivatives

218

b
Bacillus megaterium 177
Baeyer-Villiger monooxygenases

(BVMOs) 184
Baldwin rearrangement 218
ball milling synthesis, of benzimidazoles

346, 347
β-anomers 484
Bayer-Villiger monoxygenase (BVMO) 7
𝛽-D-arabinopyranose 483
𝛽-D-fructopyranose 484
𝛽-D-glucopyranose 483
benzazirine

electrocyclic ring-expansion of
434

tunneling ring-open vs. ring-expansion
of 441

benzene-fused pyrrole derivatives 344
benzimidazole 306, 320
benzimidazole-fused 1,4-diazepine-5-ones

249
1,2-benzisoxazoles, photochemistry of

436
benzoazoles, asymmetric [3+2]

cycloaddition of 32
1,4-benzodiazepine-3,5-diones 250
benzo[d]imidazo[2,1-b]

[1,3,4]thiadiazoles 233
benzo-1,4-dioxane 491
1,5-benzodizepines 106
benzofurans 471

preparation 356
benzofuro[2,3-b]indoline derivatives 31
benzofuroindolines synthesis 31

benzo-fused tetrahydroindolizine
derivatives 32

benzo[h]pyrazolo[3,4-b]quinoline-
5,6(10H)-diones, L-proline
catalyzed four-component
synthesis of 108

benzopyran 494
benzothiazole synthesis 319
benzothiazole-2-thiol synthesis 307
benzoxanthenes, organocatalytic

synthesis of 103
benzoxazines 281–283
benzoxazole synthesis 319
2-benzoyl-2-halo-2H-azirine-3-

carboxylates 406
thermolysis of 405

2-benzyl 2-methoxy, and 2-(chloromethyl)
475

1-benzyl-2-methyl-5-phenyl-1H-
pyrrole-3-carboxylic acid
synthesis 375

3-benzyl-1,2,4-trioxolane 476
Betti reaction 312
bicatalytic enantioselective synthesis, of

1,4-DHPs 96
bicyclic-fused ketone

cis-bicyclo[3.2.0]hept-2-en-6-one
185

Biginelli reaction 101, 102
bio-based

epoxy foams 280
feedstock 277
γ-valerolactone preparation 318
media, for organic synthesis 302
2-methyltetrahydrofuran preparation

323
solvents 301

bis(benzoxaboroles) 358
2,2′-bis-1,3-dioxolane 475
bis-γ-lactams, Ugi 4-MCR 227
1,1-bis(methylthio)-2-nitroethylene 232
bisphenol A (BPA) 279
β-lactams (azetidinones) 222
β-lactam synthesis

intermediate, flow preparation of 374
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by irradiation of crystalline chiral
ammonium salts 11

using absolute asymmetric synthesis
with homochiral crystals 10

𝛽-L-lyxopyranose 483
Boc-protected hydrazine, glyoxylic acid

222
borasiloxanes 363
BOROX catalyst 216
Buchwald-Hartwig coupling, in

eucalyptol 329

c
Caldariomyces fumago (CfuCPO) 166
Candida antarctica lipase type B (CAL-B)

187
caprolactam 249
carbapenam synthetase (CarA) 169
carboxyl functional cardanol (CFC) 280
carboxymethyl synthases (CMPSs) 171
cardanol 277
cardanol-based amphiphilic heterocycles

284–285
cardanol-based 1,3-dioxolan-4-one (DOX)

284
cardanol-based epoxides 280
cardanol-based lactones 284
cardanol-derived porphyrins (Pps)

corrosion protection 289
Fe3O4 and phthalocyanines 292–293
Langmuir-Blodgett films 288–289
OLEDs devices 289–290
photodynamic therapy 290
photo-ignition process 291
sensitizer 290–291
superparamagnetic fluorescent

nanosystems 289–290
syntheses of 286–288
vesicular nanosystems 292

cardanol-fulleropyrrolidine hybrids
286

cascade oxa-Michael-Henry reaction, of
salicylaldehyde derivatives 360

Cashew Nut Shell Liquid (CNSL)
anacardic acid 277

Fe3O4 and phthalocyanines 292–293
2-methylcardol 277
natural 277
technical 278
three-, five-, six- and seven-membered

ring heterocycles
benzoxazines 281–283
fulleropyrolidines 285–286
oxiranes (epoxides) 278–281
triazoles and pyrimidine hybrids

286
catch-react-release methodology 385
cathepsin L 218
chiral

BINOL-derived phosphoric acid
catalysts 93

cyclic isothiourea catalyzed
2-substituted 1,5-benzothiazepines
synthesis 107

fluorinated oxindoles 132, 133
γ-amino acid derivatives, flow

sequential synthesis of 379
intramolecular borylative cyclization

119
N-heterocyclic carbene catalyzed

synthesis 97
oxindoles synthesis 119, 120
phosphoric acid catalyzed

enantioselective dihydropyridine
synthesis 94

phosphoric acid catalyzed Povarov
reaction 99

2-pyridones 98
pyrrolidines 135
spiro pyrazolone-

tetrahydroquinolines 108
tetrahydrofuran synthesis 138
tetrahydroindoles 134
thiourea-catalyzed Hantzsch reaction

96
tiourea-Brønsted acid catalyzed

Povarov reactions 100
tiourea-promoted Povarov reaction

100
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chitosan-catalyzed Guareschi-Thorpe
pyridine synthesis 92

3-chlorocoumarin 496
5-chloro-2H-pyran-2-one 485
(2R,4S)-2-(4-chlorophenyl)-4-hydroxy

479
(2S,4S)-2-(4-chlorophenyl)-4-hydroxy

479
chromene 494–505
chromenium 494
chromones 499
cis-disubstituted chiral indolines 118
cis-3-methoxy-5-methyl-1,2,4-trioxolane

476
cocamidopropyl betaine (CAPB) 234
continuous flow systems 372
copper catalyzed heterocycle synthesis

118
5- and 6-membered N- and

N,N-heterocycles 120–126
5- and 6-membered N,O-heterocycles

126–127
fused heterocyclic compounds

118–120
intramolecular borylative cyclization, of

vinylarenes 118
synthetic procedures, for nitrogen-

based fused heterocycles 121
corrosion protection 289
COSY (COrrelated SpectroscopY) 454
coumarins 496
CR of Candida parapsilosis (CP-CR) 188
crown ether synthesis 71
crystalline inclusion complexes 12–13
Cu/Al2O3-catalyzed mechanosynthesis of

triazoles 350
CuCl-mediated spirocyclization, of

N-benzyl trichloroacetamides 49
CuI/Zn(OAc)2-catalyzed

mechanosynthesis, of
chromeno[3,4-b]pyridines 351

cutaneous leishmaniasis (CL) 290
2-cyanophenol, conformational

isomerization tunneling 437

cyclic tetrapeptides, templated synthesis
of 71

[4+2] cycloaddition 36
of aza-o-quinone methides 40
of 3-nitroindoles, with ethynyl

benzoxazinanones 38
[3+2] cycloaddition, of N-alkyl

azomethine ylides to nitroarenes
35

cyclodextrins
inclusion complexes 13
mechanochemical epoxidation of 356

1,4-cyclohexadiene fused sultams 44
cyclohexanone monooxygenase (CHMO)

185
2-cyclohexyloxetan-3-one 222
cyclopenta[b]benzofurans 90, 91
Cyrene 327
cytosine 418

imino–oxo isomers identification of
418

photoreactivity of 415
tautomer phototransformation of 417

d
dearomative annulation

of lactones to indoles and benzofurans
43

of pyridazine ring to indoles 39
dearomative arylation/annulation, of

pyrrolidine ring to 4-substituted
1-naphthol 44

dearomative [3+2] cycloaddition
reactions

of 2-nitrobenzofurans 33
of 1,2-diaza-1,3-dienes 39

dearomative cycloadditions of
1,2-diaza-1,3-dienes 39

dearomative spirocyclizations 45–51
dearomatization 27
Debus-Radziszewski synthesis of

imidazole 314
dehaloperoxidases (DHP) 176
deuterated trifluoroacetic acid 488
diaryl-2H-azirines preparation 373
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diarylprolinol silyl ether organocatalyst
218

diarylprolinol TMS ether-catalyzed
enantioselective dihydropyridine
synthesis 95

1,5-diarylpyrroles, organocatalytic
atroposelective synthesis of 88

1,2-diaza-1,3-dienes, formal dearomative
cycloadditions of 39

diazapines, divergent synthesis of 104
diazepam 390
1,4-diazepin-5-ones via Ugi 3- or 4-MCR

250
dibenzo[af]quinolizines, organocatalytic

enantioselective synthesis of
100–101

dibenzofuran 471
dibenzoxanthene synthesis 310
2,3-dichloro derivative 491
(2S,3S)-2,3-dichlorooxolane 466
Diels-Alder reactions 36, 37
diethyl acetylene dicarboxylate 224
difluorinated pyrazolones 348
1,6-difunctionalized pyridines 124
diglycidyl ether of bisphenol-A (DGEBA)

279
dihydroazepinone, photocyclization of

13
dihydrobenzofurans synthesis

135, 136
dihydrofurans, manganese (III)-promoted

synthesis of 356
1,4-dihydro-5-hydroxy-2-methyl-N,

4-diphenylquinoline-3-
carboxamide derivatives 241

3,5-dihydroisochromene[3,4-c]pyrazoles
one-pot synthesis 140

1,2-dihydrooxazines synthesis 141
dihydropyridazine-3-carboxylic acid

derivatives 386
dihydropyridines, organocatalytic

synthesis 91
dihydropyrimidinone (DHPM) 244
dihydropyrimidinone synthesis 317
2,3-dihydropyrroles 342–344

dihydroxyacetone phosphate (DHAP)
194

diisononyl phthalate (DINP) 281
dimethyl 4-(chloromethyl)-4-phenyl-2H

oxete-2,3 dicarboxylate 464
2,3-dimethylfuran synthesis 304
3,5-dimethylisoxazole, photochemistry of

424
4,6-dinitrobenzofuroxan 37
1,4-dioxane 491
dioxanes 489
1,3-dioxanes 490
1,6-dioxaspiro[4.4]non-3-enes 48
1,2-dioxetanedione 464
1,3-dioxetanes 464
dioxirane 454
1,3-dioxolane 474
1,2-dioxolanes 473
2,3-diphenylquinoxaline synthesis 312
di(2-ethylhexyl)phthalate (DEHP) 281
1,3-dipolar cycloaddition 28, 228, 230,

357
1,4-disubstituted benzenes, dearomative

domino double spirocyclization of
50, 51

3,3-disubstituted oxetanes 222
2D-NOESY experiments 221
dodecylbenzene-sulfonate sodium (SDBS)

285
dodecylbenzenesulphonic acid 235
double [3+2] cycloaddition of N -alkyl

azomethine ylides
to nitroarenes 35
to nitropyridines 34

dynamically mixed tubular (DMT)
reactors 386

e
ε-Lactams 252
electrochemical annulation, of saturated

O-and S-heterocycles 44
enamine organocatalysis 86
enantiopure compounds 2
enantioselective synthesis

dihydropyridine synthesis 95
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enantioselective synthesis (contd.)
Hantzsch dihydropyridine synthesis

93, 94
of piperidines 98, 99
of spirocyclic indolizidine compound

2
of spiro pyrazolone-

tetrahydroquinolines 110
of 2-substituted 1,5-benzothiazepines

107
5-endo-dig-carbocyclization 226
enzyme catalyzed enantioselective

Baeyer-Villiger reaction, for
lactone synthesis 8, 9

epichlorohydrin 373
epoxipeptidomimetics 218
epoxy-α-acyloxycarboxamides 218
7-ethyltryptophol 377
Eucalyptol 328
excited state intramolecular proton

transfer (ESIPT) 5

f
FAD-dependent monooxygenases

162–164
Fe(II)-2-phenylazo-(1,10-phenanthroline)

complex 243
Fischer indole synthesis 376, 377
flavan-3-ol 501
flavanones 500
flavin adenine dinucleotide (E-FADred)

unit 7
flavone (2-phenylchromone) 501
flavonols 502
flow chemistry 371

cyclic peptoids synthesis 381
flow multi-step synthesis 379, of GABAA

agonists with imidazopyridine
scaffold.

flow sequential synthesis, of chiral
γ-amino acid derivatives 379

flow synthesis
of 2-aminopyrimidine derivatives 385,

386
of benzoxazinone herbicide 389

of diazepam 390
of dihydropyridinone derivative 384,

385
of olanzapine 390
of pyranonaphtoquinone derivatives

387, 388
of quinoxaline derivatives 385, 386
of thioquinazolinone derivatives 387,

388
3-fluoroalkyl indolines synthesis 119
(-)-flustramine B, enantioselective

organocatalytic synthesis of 88,
89

flustramine precursor formation 89
formal [4+2] cycloaddition of

3-nitroindoles 38, 39
fossil-based products 277
Friedel-Crafts adducts 227
Friedländer quinoline synthesis 316
fulleropyrolidines 285–286
functionalized benzimidazole, in

2-MeTHF 325
functionalized chromene synthesis

317
functionalized tetrahydrofurans,

organocatalytic synthesis of 90
functional superparamagnetic fluorescent

nanosystems 289
furan-2(5H)-imines 231
fused-aziridines 373
fused pyran derivatives, organocatalytic

synthesis of 102

g
galactose oxidases (GOase) 174
γ-valerolactone (GVL) 317–318

benzothiazole synthesis in 319
benzoxazole synthesis in 319
five-membered heterocycles synthesis

in 318–320
physical properties 318
ring-closure formylation of

o-phenylenediamine in 319
six-membered heterocycles in

320–322
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Glaser–Hay coupling macrocyclisation
65, 66

glucopyranoses 484
glucose dehydrogenase replacement 8
glucose-triazole-hydrogenated cardanol

conjugate 285
glycerol

benzimidazole synthesis in 306
benzothiazole-2-thiol synthesis in 307
dibenzoxanthene synthesis in 310
2,3-diphenylquinoxaline synthesis in

312
five-membered heterocycles synthesis

in 303
hexahydroquinoline-5-one synthesis in

309
octahydroacridines synthesis in 309
2-phenylbenzimidazole synthesis in

306
2-phenylbenzothiazole synthesis in

307
2-phenylbenzoxazole synthesis in 307
2-phenyl-2H-chromene synthesis in

309
2-phenyl-3-methylquinoxaline reaction

with 303
physical properties 303
seven-membered heterocycles synthesis

in 312
six-membered heterocycles synthesis in

308
tetrahydropyrano[2,3-c]pyrazole

synthesis in 305
glycidol synthesis 373
glycidoxypropyltrimethoxysilane

(GPTMS) 283
GVL. see γ-valerolactone (GVL)

h
halohydrin dehalogenases (HHDH) 160,

161–162
Hantzsch pyrrole synthesis 341, 342, 375
Hantzsch reaction 308
2H-azirines 405
2H-benzoxetes 464

2H-chromenes 359
heavy-atom tunneling cyclization, of

triplet nitrene 442, 443
heavy-atom tunneling ring-expansion, of

benzazirine derivatives 439, 440
Heck-Sonogashira strategy, for indolines

synthesis 131
heme-dependent monooxygenases

164–166
Herbaspirillum huttiense (HhMO) 162
heterocycles annulation

[3+2] cycloaddition 28–36
[4+2] cycloaddition 36–41

heterocyclic compounds
chromene and xanthene 494–505

heterocyclic macrocycle synthesis
high dilution/slow addition methods

61–65
phase separation 65–66
ring expansion methods 71–75
solid supported methods 65

heterocyclizations
in glycerol 302–313
in γ-valerolactone 317–322
in lactic acid 313–317
in 2-methyltetrahydrofuran 322–327
in miscellaneous unconventional

bio-based media 327–330
hexahydroquinoline-5-one synthesis

309
high-axial-ratio nanostructures (HARNs)

285
high dilution ring closing metathesis 63,

64
3-(1H-imidazol-2-yl)-2-(1H-indole-

3-carbonyl)acrylonitrile 230
2H-3-phenyloxete 463
4H-pyran-fused derivatives 311
2H-pyran-2-one 485
4H-pyran-4-one 487
Huisgen 1,3-dipolar cycloaddition

reaction 65, 350
hydrochloric acid-catalyzed Biginelli

reaction, solvent effects on 329,
330
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hydrogen-transfer palladium-catalyzed
synthesis, of 2-methylimidazole
320

3-hydroxy-1H-pyrrol-2(5H)-one 315
2-(hydroxymethyl)oxane 477
4-hydroxyoxane 479

i
I2-mediated oxidative annulation, of

ortho-enyne substituted anilines
352

imidazo[1,2-a]pyridines 349
imidazole-core diamine (IDA) 283
imidazole synthesis, via

Debus-Radziszewski reaction
315

imidazolidine-2,4-diones (hydantoins)
232

imidazolidines 232
imidazopyridines 378
iminium organocatalysis 86
imino-ketene 438, 439
2-imino-4-(trifluoromethyl)thiazolidin-

4-ol derivatives 234
indole-3-carboxamide, intramolecular

radical cyclization of 42
indoles

asymmetric dearomative [3+2]
cyclization of 31

in Cyrene vs. DMF 327
heterocyclic core construction

345
intramolecular dearomative cyclization

of 43
indolines synthesis, catalytic cycle for

132
indolyl radical, electronic structure of

415
intermolecular [3+2] cycloadditions,

chiral tetrahydrofurans synthesis
138

intramolecular C-H arylation, in GVL
318

intramolecular dearomative [3+2]
cycloaddition

of azomethine ylides with dinitroarenes
36

of nitrile N-oxides 36
intramolecular Pd-catalyzed

dearomatization of substituted
indoles 40

intramolecular phenol dearomatization
48

intramolecular [2+2] photocycloaddition
3

of dihydropyridinone derivative 4
intramolecular vibrational energy

redistribution (IVR) 429
iodine-catalyzed pyrrole synthesis 342,

343
iodo-functionalized quinolines 352
3-iodo-2H-pyran-2-one 485
ionic liquid 1-butyl-3-methylimidazolium

tetrafluoroborate ([bmim]BF4)
224

ionic liquid [Hbim]BF4 225
IR-induced conformational

isomerizations 429
IR-induced processes 429–435
isobenzofuran 471
isochromene 494, 502
isoflavones 502
isoquinoline-N-oxides, photoredox-

catalyzed reactions of 33
isoquinolines, Rh-catalyzed synthesis of

321
isoxazole 422–423

pulsed pyrolysis of 426–427
pyrolysate of 425
pyrolysis of 427

isoxazole derivatives, photochemical
study of 421

isoxazoles, flash vacuum pyrolysis (FVP)
425

isoxazolidines, solvent-free synthesis of
357
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2-isoxazoline N-oxides 127
isoxazolines

solvent-free synthesis of 357
synthesis 141

j
Julia–Kocienski olefination 61

k
Kemp acid derivatives 2, 3
Kita–Trost macrolactonisation 61

l
laboratory instrumentation, in

mechanochemistry research
340

laccase-like multicopper oxidase (LMCO)
gene 183

laccase/TEMPO-catalyzed aromatization
192

lactic acid
annulation of oxazole ring 315
five-membered heterocycle synthesis

313–315
physical properties 313
six-membered heterocycles synthesis

315–317
Lactobacillus brevis (LB-ADH)

188
lactones 9, 184–190
L-lyxopyranose 484
Lowest Unoccupied Molecular Orbital

(LUMO) 290
L-proline catalyzed four-component

synthesis, of
benzo[h]pyrazolo[3,4-b]quinoline-
5,6(10H)-diones 108

m
macrocycles 59, 60
macrocyclic peptide mimetics,

solid supported synthesis of
65, 66

macrocyclisation reactions 59
conformation on

importance of 67–69
structural features to bias 69–71
templated macrocyclisation 71

of linear peptides 69
macrolactonisation reactions, driven by

supramolecular interactions 70
maleic hydrazide

infrared spectrum of 407
IR spectrum of 409
relative energies of 408

Manganese(III) acetate-mediated radical
mechanosynthesis, of pyrrole
derivatives 344

matrix-isolated 5-aminotetrazole 419
matrix-isolated kojic acid 432
matrix-isolated 2-thiocytosine 432
matrix isolation infrared spectroscopy

407
structural characterization 403–412

matrix isolation IR spectroscopy, of
oxazole 407

matrix isolation method 401
m-chloroperbenzoic acid (mCPBA) 279
4-MC-Ugi/dehydrofluorination reaction

219
mechanochemical reactions 340

AlCl3-promoted synthesis of
polysubstituted 1,4-
dihydropyridines 351

Biginelli reaction 354
of boronate ester 3-D cages 362
feature of 339
cyclodehydration, of 1,3-propanediones

360
dihydropyridine synthesis 352
epoxidation, of cyclodextrins 356
of indoles 344–345
of isoxazoles 358–359
of meso-substituted porphyrins 355
of N,O,S-containing heterobicyclic

scaffold 361
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mechanochemical reactions (contd.)
of pyrazolidinones 348
of pyrazolines 347
setting up and analysis of 340
of thiophenes and 2-acetylthiazoles

357
mechanochemistry 339

laboratory instrumentation 340
mechanosynthesis

of boronic esters 357, 358
of flavones 360
manganese(III) acetate-mediated

radical, of pyrrole derivatives
344

of O-, S- and other heterocycles
355–363

of 4-oxo-tetrahydroindoles 346
of spiroimidazolines 349
of substituted pyrroles 341

medium-sized ring heterocycles 60
palladium-catalysed annulation

reactions 75
regiodivergent construction of 76
SnAP reagents 75

5-membered benzofused heterocycles 34
memory of chirality effect 14–15
metal-free click synthesis, of triazole

derivative 328
metal-free dearomatization, of substituted

furans 40
6-Methoxyindole 431, 432
5-methoxyindole, infrared spectrum of

410, 411
6-methoxyindole, infrared spectrum of

411, 412
2-methylcardol 277
3-methyleneindolines 133, 134
3-methylflavones 503
2-methylimidazole, hydrogen-transfer

palladium-catalyzed synthesis of
320

3-methyloxane 477, 480
2-methyloxetane 460
2-methyloxirane 457
(2R,3R)-3-methyl-2-phenyloxiranes 457

2-methyltetrahydrofuran (2-MeTHF)
physical properties 323

Michael addition cascade reaction 221
microfibrillated cellulose (MFC) 281
microwave-assisted ring-closing

metathesis, in glycerol 303
microwave-assisted Ugi 3-MC

diastereoselective reaction 253
monofluorinated α-lactam pseudopeptide

derivatives 219
monosaccharides 468
multicomponent microwave-promoted

synthesis, of
3-phenylquinazolin-4-one 321

multicomponent reactions (MCRs)
definition 215
1,6-difunctionalized pyridines through

120
multicomponent synthesis

of functionalized pyrrole in lactic acid
314

of penta-substituted pyridine in
methanol and eucalyptol 329

of tetrahydropyrano[2,3-c]pyrazole in
glycerol 305

multicomponent Ugi reaction 380
multiconfigurational complete active

space self-consistent field
(CASSCF) methods 428

multifunctionalized
1-arylaziridine-2-carboxylates
217

multiple cycle nitrogen-heterocycles
construction 136

n
(-)-nakadomarin A synthesis 64
N-alkyl-2-(2-oxoazepan-1-yl)-2-

arylacetamide derivatives 252
naphtho[2,3-b]furan-4,9-diones 231
N-arylsulfonyl amides, photoredox-

catalyzed cyclization of 44
natural bond orbital (NBO) analysis

415
Natural CNSL 277
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Nayak’s group 228
N-benzyl azomethine ylide reaction with

nitrobenzene derivatives 35
NC-514 280
N-cyclohexyl-3-(aryl)-3-oxo-2-(3-oxo-

2-azaspiro[4,5]decan-2-
yl)propanamide derivatives 226

Neber reaction, of activated oximes 373
N-heterocyclic carbene catalysis 86

diazapines divergent synthesis 104
nickel-catalyzed synthesis

of 1-amino-3-phenylisoquinoline 325
of 3-phenylisoquinolin-1(2H)-one 326

N-iminoquinolinium ylides, Pd-catalyzed
dearomative [4+3] cycloaddition of
41

ninhydrin condensation 361
N-iodosuccinimide (NIS) 348
nitrile imines 419
nitrile ylide 424
nitroarenes 35
2-nitrobenzofurans reactions, with amino

ester-derived imines 30
3-nitrochromane fused pyrrolidine 228
3-nitroindoles reactions

with amino ester-derived imines 30
with N-alkyl azomethine ylides 31

2-nitroindoles reactions, with N-alkyl
azomethine ylides 31

3-nitroindole, thiourea-catalyzed
dearomatizing [4+2] cycloaddition
of 38

nitromethane 225
nitropyridines 34
n-member oxygen-heterocycles

construction 140
N,O-heterocycles construction 141
non-CF3-substituted o-iodoacrylanilides

132
non-covalent organocatalysis 86
normal-sized ring cyclisation vs.

macrocyclisation 60
nuclear magnetic resonance (NMR)

453
nuclear Overhauser effect (NOE) 454

o
O-carboxyanhydrides (OCA) 284
octahydroacridines synthesis 309
of imine reductases (IREDs) 197
O-heterocycles

FAD-dependent monooxygenases
162–164

five-membered ring heterocycles
181–193

heme-dependent monooxygenases
164–166

HHDH 161
peroxygenases 166–169
six-membered ring heterocycles 203

oleic acid (OA) 289
O-methyl siphonazole 383
one-pot Hantzsch

reaction-dehydrogenation 96
one-pot 3-MCR of

3-methyl-1-phenyl-5-pyrazolone/
4-hydroxycoumarin 242

one-pot Ugi, pseudo -Knoevenagel
reaction 217

o-phenylenediamine, ring-closure
formylation of 319

organic light emitting diodes (OLEDs
289

organocatalysis 85
organocatalytic atroposelective synthesis,

of 1,5-diarylpyrroles 88
organocatalytic aza Rauhut–Currier

reaction, pyridine synthesis 91
organocatalytic enantioselective

intramolecular aza-Michael
reaction 98

organocatalytic synthesis
of five-membered heterocycles

furan and benzofuran derivatives
89–90

pyrroles and pyrrolidines 87–89
of polyheterocyclic, bridged and spiro

compounds 107–110
of seven-membered heterocycles

diazepines and fused diazepines
104–106
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organocatalytic synthesis (contd.)
thiazepines and fused thiazepines

106–107
of six-membered heterocycles

fused pyridine derivatives 98–101
pyran and fused pyrans 101–104
pyridines, dihydropyridines and

piperidines 90–98
of six-membered heterocycles,

pyrimidines 101
1,2,4-oxadiazole derivatives 384
oxa-Diels-Alder reaction, of

α,β-unsaturated ketones 360
oxane 477, 480
1,4-Oxathiane 246
oxazole 383
oxazoline-containing products 383
oxazolo[5,4-b]quinoline-fused

spirooxindole derivatives 241
oxetane-containing peptides 70
oxidation states, of palladium 127
oxidative dearomatisation ring expansion

(ODRE) strategy 77
oxidative dearomatizing spirocyclization

of substituted phenols 45
oxindole-based β-lactams 220
oxiranes (epoxides) 278–281, 454
oxirene 454
oxolane 477
ozonides 475

p
Paal-Knorr synthesis of pyrrole 375, 376
palladium-catalyzed asymmetric

dearomative formal [3+2]
cycloaddition, of epoxybutenes
29

palladium(II)-catalyzed synthesis, of
2-aroylbenzofurans 324

parallel mechanosynthesis, of oxazines
359

Passerini 3-MCR 218, 222
Paternò-Büchi reaction 11
2,6-PDCA-catalyzed multicomponent

reaction 106

Pd-catalyzed alkene carboetherification
reactions 140

Pd-catalyzed dearomative [4+3]
cycloaddition of
N-iminoquinolinium ylides 41

Pd-catalyzed heterocycle synthesis
127–128

nitrogen heterocycles 128–135
oxygen-heterocycles 135–140

Pd-catalyzed, N,O-heterocycles 140
Pd-catalyzed stereoselective annulation,

of tetrahydrofuran ring 29
Pd(II) meso-tetra[4-(2-(3-n-pentadecy-

lphenoxy)ethoxy]phenylporphyrin
(PdPp) 290

peloruside A synthesis 63
Penicillium simplicissimum (PsVAO) 183
pentaerythritol 362
pericyclic ring expansion reactions 72,

73
peroxygenases 166–169
Petasis borono-Mannich reaction 309
phase separation 65–66
phenacyl bromide 234
2-phenylbenzimidazole synthesis 306
2-phenylbenzofuran synthesis 328
2-phenylbenzothiazole synthesis 307
2-phenyl-3,1-benzoxazin-4-one synthesis

327
2-phenylbenzoxazole synthesis 307
2-phenyl-2H-chromene synthesis 309
2-phenylimidazo[1,2-a]pyridine synthesis

305, 306
3-phenylquinazolin-4-one 321
2-phenylquinazolin-4(3H)-one synthesis

326
3-phosphinomethyl 3,3-disubstituted

oxindoles 134
photochemical reactions 1
photo-Claisen rearrangement 11
photocyclization, of dihydroazepinone

13
photodynamic therapy (PDT) 290
photoinduced dissociation association

(PIDA) 415



Index 537

photoinduced intramolecular
cycloaddition, of aza-o-xylylenes
41

photoredox-catalyzed cyclization of
N-arylsulfonyl amides 44

phthalide synthesis 319
phthalocyanines (Pcs). see

cardanol-derived porphyrins (Pps)
piperidines 238

enantioselective synthesis of 98, 99
organocatalytic synthesis 91
spiroindanones 228

polycyclic spiroindolines synthesis 49,
50

polyfunctionalized piperidine derivatives
240

polysubstituted 2-amino-4H-
pyran-3-carbonitrile
derivatives 241

polyvinylchloride (PVC) 281
porphyrins 68, 354
prexasertib 380
proline-catalyzed Hantzsch synthesis, of

unsymmetrical fused
dihydropyridines 93

pseudo-Knoevenagel condensation 217
pyran-based scaffolds 241
pyran derivatives, organocatalytic

synthesis of 103
pyrano[4,3-b]pyrans 359
pyrano[2,3-c]pyrazole ring system 304,

305
pyranoses 480
pyrazine

infrared spectrum of 404
stretching vibrations 405
symmetry point groups 404

pyrazoles, divergent synthesis of 104
pyrazolines 347
pyrazolo-[3,4-b]-quinoline derivatives

241
pyrazoloisocoumarin derivative 305
pyridazine

infrared spectrum of 404
stretching vibrations 405

symmetry point groups 404
pyridine-core triamine (PYTA) 283
pyridine-fused coumarins 351
pyridines 5

direct dearomative [4+2] cycloaddition
of 40, 41

electrophilic activation and
dearomatization of 49

organocatalytic synthesis 91
photochemically promoted cobalt

catalyzed [2+2+2] cycloaddition
6

pyridinium 1,4-zwitterionic thiolates 41,
42

pyrido[2,3-a]carbazole derivatives 376
pyridocoumarin derivative, in 2-MeTHF

326
2-pyridones, enentioselective synthesis of

97
pyridones, photochemical transformation

of 14
pyridothiazepines synthesis 41
pyrimidine

infrared spectrum of 404
stretching vibrations 405
symmetry point groups 404

pyrimidine ring closure, in eucalyptol
329

pyrrole-3-carboxylic acids 375
pyrroles

from chalcones, acylsilanes and
primary amines 87

sila-Stetter/Paal-Knorr sequence 87,
88

pyrrolidine moiety, construction of 3
pyrrolidines

by aza-Heck cyclization 134
enentioselective synthesis of 105

pyrrolidin-2-one 378
pyrrolidinone derivatives 226
pyrrolo-1,4-benzodiazepine-2,5-diones

105
pyrrolo[3,4-b]indoles 42
pyrroloindolines synthesis 31
pyrylium structure 488
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q
Quadrapure-sulphonic acid resin 380
quantum mechanical tunneling (QMT)

401–403, 435
quercetin 502
quinazoline 245
quinazolinones synthesis 353
quinolines 240
quinolones 12
quinoxalines, solid-state synthesis of 353

r
rabbit muscle aldolase (RAMA) 194
racemic 3,2′-pyrrolinylspirooxindoles

345
reaction telescoping 372
reductive carbonylation reactions

mechanistic proposal 128, 131
substituted indoles through 128, 131

rhamnulose 1-phosphate aldolase (RhuA)
194

Rh-catalyzed synthesis of isoquinolines
321

Rhodoccocus ruber (RR-ADH) 188
ring expansion methods 71–75
2R,3S 457
Ru-catalyzed synthesis of N-aryl

spirolactams 46
rufinamide, continuous flow synthesis of

381, 382

s
secondary amine covalent organocatalysts

86
seeding crystallization 10
seven-membered ring heterocycles

249–253, 390–391
side chain insertion ring expansion

reactions 73, 74
side chain of cardanol glycidyl ether

(SCECGE) 279
silica-sulfuric acid heterogeneous catalyst

223
single-walled carbon nanotubes

(SWCNTs) 285

siphonazoles 383
six-membered heterocycles synthesis

in glycerol 308–312
lactic acid 315–317

solid-state mechanochemical milling
339

solvent-free approach, for porphyrins
synthesis 354

4-spiro-β-lactam-3-carbonitriles 45
spiro-cyclic fragments 227
spirocyclic indolizidine compound 2
spirocyclic oxindole derivatives,

organocatalytic synthesis of 110
spirocyclization

with tetrahydrofuran ring formation
45

of tyramine derivatives 48
spiro-cyclohexadienone isoxazoline

derivatives 47, 48
spiroepoxy oxindole derivatives 218
spiroindeno[1,2-b]quinoxaline-

11,30-pyrrolizines 228
spiroindole-thiazolidinone derivatives

235
spiroindolines synthesis 50
spiroisoxazolines, transition-metal-free

synthesis 47
spirolactams 46
spirooxazolidinones 127
spirooxazolines 45
spirooxindole-pyrazolines 232
spirooxindole pyrrolidines 229
spirooxindoles, iodine-catalyzed

ball-milling synthesis of 346
spiro pyrazolone-tetrahydroquinolines,

enantioselective synthesis of
110

Steglich and Mukaiyama–Corey–Nicolaou
esterifications 61

Streptococcus mutans (SmNOX) 176
StyABs 162
styrene monooxygenases (STO) 162
2-Styrylchromones 500
2-substituted 1,5-benzothiazepines,

enantioselective synthesis of 107
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substituted indoles, intramolecular
Pd-catalyzed dearomatization of
40

Successive Ring Expansion (SuRE) of
cyclic β-ketoesters and lactams
73, 75

t
TADDOL cocrystals

photocyclization in 12
X-ray structures 13

TADDOL compound 4
tandem aza-Michael addition/cyclization

346
technical CNSL 278
2,3,4,6-tetraarylpyridines 238
tetracyclic quinones 108
2,3,4,5-tetrahydro-1,5-benzothiazepines,

enantioselective synthesis of
107

tetrahydrocarbazole synthesis 376
tetrahydrofuran ring, stereoselective

annulation of 29
tetrahydro-1H-pyridazino[3,4-b]indoles

39
tetrahydroindolizines, Waser’s

diastereoselective synthesis of 32
tetrahydropyran (THP) 477
tetrahydropyran derivative,

three-component synthesis of
317

tetrahydropyrano[2,3-c]pyrazole ring
system 304

tetrahydropyrrolo[3,4-b]indolines 30
1,2,3,4-tetrahydroquinoline ring system

98
tetrahydroquinolines, solvent-free

synthesis of 352, 353
1,2,4,5-tetraoxanes 492
tetrasubstituted pyridines synthesis

125
tetrazole, photochemistry of 418, 419
Thales Nano H-cube® system 377
thermal reactivity, of heterocyclic

compound 424–429

thermolysis of 2-benzoyl-2-chloro-2H-
azirine-3-carboxylate 407

Thermothelomyces thermophilia
(TtLMCO) 183

1,3,4-thiadiazine 248
thiazo[2,3-α]isoquinolin-4-ium

derivatives 235
thiazole synthesis 308
thiazolidine 2,4-dione 251
thiophene 231
thiopyran heterocyclic units 242
thiosemicarbazide 234
thiotropolone, bidirectional

tautomerization of 435
thiourea-catalyzed dearomatizing [4+2]

cycloaddition of 3-nitroindole 38
three-component pyran ring annulation

321
three-component reaction

of 1,3-cyclohexandiones, formaldehyde,
and β-naphthol 310

of dimedone, benzaldehyde, and
malononitrile 311

of dimedone, formaldehyde, and
4-hydroxy-6-methyl-2-pyrone
310

of dimedone, formaldehyde, and
styrene 310

of sesamol, p-methylstyrene, and
formaldehyde 316

three-membered ring heterocycles
216–219, 372–374

O-heterocycles
FAD-dependent monooxygenases

162–164
heme-dependent monooxygenases

164–166
HHDH 161–162
peroxygenases 166–169

three-membered rings, dioxirane
derivatives 458

trans-configuration 457
triazoles 380
1,2,3-triazoles 286
triazoles and pyrimidine hybrids 286
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triazoles, Cu/Al2O3-catalyzed
mechanosynthesis of 350

1,2,3-triazoles synthesis 350
tricyclic 4-spiropyrano[2,3-c]pyrazoles

235
triglycidyl cardanol resin (TGC) 280
1,2,4-trioxanes 492
1,3,5-trioxanes 492
1,2,4-trioxolanes 475–477
2,4,6-trisubstituted pyrimidine

derivatives 244
tunneling 435–444
tunneling-driven reactions 402
tunneling ring-open, vs. ring-

expansion of benzazirine
441

turn-inducing elements 70

u
Ugi-4-component intermediate 217
Ugi 4-MC 221
Ugi 3-MCR 220
ultrasound-assisted synthesis, of

functionalized pyrrole 314
ultrasound-promoted Biginelli reaction

317
unidimensional NMR 453
UV-induced photoisomerization, of

pyrazine 405

v
vanillyl-alcohol oxidase (VAO) 183
2-vinylaziridine, diastereo- and

enentioselective cycloaddition of
29

visible light supported cobalt catalyzed
[2+2+2] cycloaddition 5

pyridine compound synthesis 6

w
Wentzel-Kramers-Brillouin (WKB)

approximation 438
Wolff-Staudinger cascade reaction 374

x
xanthene 494, 503

y
Yamaguchi lactonisation 63
Yamaguchi macrolactonisation 61, 62

z
(Z/E)-2-aryl-4-chloro-3-styryl-2H-

chromenes 503
zeolites, inclusions in 14
ZnBr2-promoted intramolecular

hydroamination, of
2-alkynylanilines 345

zolpidem 379


















