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Index

a
aberration-corrected high-resolution

transmission electron microscope
(AC-HRTEM) 867

able (4 cycles) heterogeneous catalyst
1403

abnormal N-heterocyclic carbene (aNHC)
catalyst 1227

acetanilide 1632
acetic acid (AA) 11, 764, 891, 899, 1487

cobalt-based BASF process 131–132
H2SO4 oxidant-based systems 15–17
iridium-based cativa process, BP

chemicals 135–136
K2S2O8 oxidant-based systems 12–14
methane 13
nickel-complex catalyst 137
O2 oxidant-based systems 14–15
oxidant-based systems 17
rhodium-catalyst based monsanto

carbonylation process 132–134
acetic anhydride (Ac2O) 1490
acetone cyanohydrin 1368, 1382, 1383
acetophenone(s) 1653, 1656, 1660
acetoxybenziodoxole 1500
acetoxystyrene 1370
acid chloride (COgen)

alkoxycarbonylation 1048
carboxamides 1046
13C-labeled COgen 1056
CO scrambling experiment 1055
Ir-complex 1052

Pd-catalyzed decarbonylation
1044–1045

pharmaceutically relevant compounds
1046

synthesis 1042
tablets 1048
thiocarbonylation 1048

acid mediated carbonylative C—H
functionalization

alkanes carbonylation 537–541
arenes carbonylation 534–537

acid-catalyzed benzaldehyde dimethyl
acetal hydrolysis 1400

acidic HZSM-5 zeolite 1161
acidic Wheland intermediate 1375
acridine 1647
acrylate esters 380
acrylic esters 308
activated alkali-treated oxide mixture

1420
activated alkenes 1467
active pharmaceutical ingredients (APIs)

641
acyclic trifluoromethyl-substituted

ketimines 1426
acyl azides 1545
acyl radicals 596
2-acyl imidazoles 1619
2-acylpyridine N-oxides 1420
2-acylpyridines 1420
2-alkynylbenzonitriles 1426
2-allylanilines 1629
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2-amidoalkylated benzothiazole
derivatives 1470

2-amino-2′-hydroxy-1,1′-binaphthyl 617
2-amino-3-nitrile-4H-chromenes 1430
2-aminoazole derivatives 1459
2-aminobenzo[b]thiophenes 1461
2-aminobenzoxazole derivatives 1460
2-aminopyridines 1458
2-aminothiazole derivatives 1620
acyloin condensation 343
1-(1-adamantyl)-2-nitroethylene 1421
adipaldehyde 350
adiponitrile 1367
adjacent carbonyl groups 439
AFN topology 76
Ag-Cu alloy 1110
[Ag(I)(Pc-L)] complexes 1419
AgSCF3 1442
air-stable Ni(acac)2 1383
Ag/TiO2-catalyzed N-methylation 44
Al(III) aminotriphenolates 976
AlCl3 Alkane carbonylation 537
alcohols with methanol,

Manganese-catalyzed
β-methylation 41

aldehyde(s) 315
aldehyde-derived hydrazones 1588
aldehyde photocatalysts 560
Aldol reactions 192
Aldol-type cyclization 1654
aldoximes 1545
aliphatic β-ketonitrile 1052
aliphatic 1,3-dienes 1388
aliphatic alkyl compounds, carbonylation

aliphatic alkyl halides 496–503
aliphatic C—H bonds 510–515
alkyl metallic reagents 495–496
heterocycles 503–510

aliphatic alkyl halides 496–503
aliphatic amines 21, 1454
aliphatic C—H bonds 510–515
aliphatic N-tosylaldimine 1423
aliphatic nitriles 1370
aliphatic sulfonamide 1539
alkali metal promoters 1137

alkaline water electrolysis 1076
alkaloids 1294
alkane carbonylation 555–556
alkanes carbonylation 537–541
alkene trifluoromethylation 1630
alkenes

hydroformylation/cascade reductive
reaction of 1220–1222

oxidative cyclization 923–927, 929
alkenes and alkynes carbonylation 220
alkenes reacdtion 254

carboxyl moiety 260
alkenyl nickel species 1385
alkenyl nitriles 1382, 1387
alkenyl radical carbonylation 580
alkoxycarbonylation reaction 309, 611,

1034
alkyl aldehyde 1596
alkyl ethers 1439
alkyl halides 947–949

benzyl halide 946–947
alkyl metallic reagents 495–496
1,2-alkynyl migration 1628
alkyl radical carbonylation

group-and atom-transfer carbonylation
572–574

non-chain radical carbonylation 572
one-electron-oxidation triggered system

602–604
one-electron-reduction triggered

system 598–602
RADICAL carbonylation of C(sp3)-H

bonds 578–580
tin-free radical carbonylation 574–578
tin-radical mediated radical

carbonylation 571–572
alkyl substituted β-nitrohydrazides 1423
alkyl substituted pyrrolidine-3-carboxylic

acids 1427
alkylboron reagents 1503
alkylfuran 1444
alkylidenecyclopropanes 574, 575
alkylthiophene 1444
alkylzinc reagents 914
alkyne/CO copolymerization 849
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alkynes
addition 912–914
alkynyl metal species 910–912
hydrocarboxylation 912
oxidative cyclization 914–920

alkynes aminocarbonylation 581
alkynes reacdtion 254, 1288

carboxyl moiety 260
alkynes synthesis 745
alkynyl aziridines 1617
alkynyl metal species 910
alkynyl sulfones 1613
alkynyl-containing aldehydes 1617
allenes 1385, 1632

reaction with 1289
allyl alcohols 473–477, 951

hydroxymethylation 206
allyl amines 477
allyl and benzyl amines synthesis 172
allyl compounds, carbonylation

allyl alcohols 473–477
allyl amines 477
allyl esters 466–472
allyl halides 464–466
allyl metallic reagents 460–464

allyl cyanide 615
allyl esters 466–472
allyl halides 464–466
allyl metallic reagents 460–464
allyl nitrile 1388
allylated N-allylanilines 1629
allylbenzene, bobphos L10 649
allylic alcohols 950, 951, 1614, 1615
allylic amines synthesis 742
allylic and benzylic positions 182
allylic nitriles 1389
allylic trifluoromethylated products

1627
4-alkyl-substituted-4-oxo-2-enoates 1427
α-acyloxy ethers 1469
α-alkenoylketene dithioacetals 1427
α-amino carbonyl derivatives 1397
α-amino radical 1490
α-amino-β-trifluoromethyl radical

intermediate 1619

α-aminooxylation–Henry reaction 1404
α-chloro-β-methylation 1649
α-chloro-β-methylation reaction 1649
α-dimethylation 36
α,β-enones 1602
α,β-unsaturated acids 1497
α,β-unsaturated acyl ammonium catalysis

1427
α,β-unsaturated aldehydes 1426
α,β-unsaturated 2-acyl imidazoles 1429
α,β-unsaturated aldehydes 183
α,β-unsaturated carbonyl compounds

1450
α,β-unsaturated enones 1427
α,β-unsaturated esters 1441
α,β-unsaturated ketones 1427
α,β-unstaurated olefinic products 1399
α,β-unsaturated p-nitrophenyl ester

1427
α-borylcarbanion intermediate 1505
α-branched α-methylated methyl ketones

1483
α-branched methylated ketones 1483
α-bromo acids 1477
α-carbonylation

ethyl diazoacetate 494
α-halide carbonyl derivatives 493
α-H carbonyl derivatives 494

α-CF3-β-nitroamines 1425
α-formylated pyrrole derivatives 1662
α-halide carbonyl derivatives 493
α-H carbonyl derivatives 494
α-helical peptide foldamer catalysts

1428
α-hydroxy arones 1443
α-hydroxymethylation 51
α-keto amides 594
α-keto esters 1420
α-keto esters synthesis 440
α-methylene carbonyls 184
α-methylated product 1480
α-methylation of ketones 34
α-methylenynations of carbonyls 184
α-methylstyrene, yanphos L4-Bn 651
α-monomethylated products 1528
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α-oxo carboxylic acids 713
α-pinene-based chiral 1,2-diamino

alcohols 1410
α-stannyl benzyl phenyl sulfide 1268
α-substituted styrenes 1375
α-sulfonyl-N-tosyl- and Boc-amines

1602
α-trichloromethyl amines 1594, 1595
α-trifluoromethyl aldehydes 1619
α-trifluoromethyl alkenes 1627
α-trifluoromethyl enones 1632
α-trifluoromethyl ketones 1632
α-trifluoromethylated ethanone oximes

1626
α-trifluoromethylated ketones 1627
aluminum Lewis acids 203
Ambersep 900 OH 1398
amidines 1447
amine-catalyzed Henry reaction 1399
amines 1581, 1611

N-formylation reaction of 1223
oxidative carbonylation reactions 687

amines mono-oxidative carbonylation
687–706

amines reactions 256
amines with methanol

Ag/TiO2-catalyzed N-methylation 44
cobalt-catalyzed methylation 45
Cp*Ir complex-catalyzed N-methylation

45
iron-catalyzed N-methylation 47
ruthenium-catalyzed N-methylation

43
amino acid or amine-derived isocyanides

1454
amino alcohols 711
amino-azoles 1538
amino-functionalized microporous

organic nanotube networks
(NH2-MONNs) 1402

amino-functionalized silicagel packed
column reactor 1399

3-(2-aminoethylamino)-propyl)-
trimethoxysilane organobase
1405

amino-grafted mesoporous
polymer-SBA-15 nanocomposites
1398

aminoalkanes 1397
aminocarbonyl compounds 1397
aminocarbonylation of alkynes 581
aminoinositols 1443
3-(aminomethyl)isoquinoline-fused rings

171
3-(aminomethyl)isoquinolones 171
aminopropyl-functionalized mesoporous

silica nanoparticles (AP-MSN)
1399

8-aminoquinoline (AQ) 253, 1512, 1514,
1521, 1534, 1591,

8-aminoquinoline amides 1634
9-amino(9-deoxy)-epi-quinine 1427
9-anthracenecarbaldehyde 1417
ammonia borane (BH3NH3) 1234
ammonium iodide-promoted cyclization

1654
3-aminopropyl-triethoxysilane

1405
4-aminophenyl coumarin 1659
Anderson-Schulz-Flory (ASF) distribution

872
aniline 733
aniline-Pd-NHC complex 692
anionic macromolecular ion-exchange

resin 1398
anisole 1444
anlines 1624
anthranils 1657
ae-ZnO-ZrO2 catalyst 1165
anti-β-nitroalcohols 1410
anti- and syn-β,γ-dihydroxynitroalkanes

1404
anti-Markovnikov regioselectivity 1370,

1382
anti-Markovnikov selectivity

1372, 1383
anti-pyretic alkaloid galipinine 1651
aprotic organic solvents (AcOEt) 1410
aqueous solution of formaldehyde (AFA)

asymmetric Mannich reaction 170
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Pictet–Spengler isoquinoline synthesis
176

three-component reaction 173
arene carbonylation 536
arene formylation reaction 1661
arenes carbonylation 534
arenes reaction 258
aromatic (aliphatic) β-nitroalcohols

1399
aromatic 1,3-dinitroalkanes 1399
aromatic α,β-unsaturated ketones

1631
aromatic aldehydes 253, 1222, 1398,

1399
aromatic amines 275, 1634
aromatic boronic acids 1446
aromatic bromides 1452
aromatic carboxylic acids 583
aromatic methyl esters 1452
aromatic N-benzenesulfonamide

aldimine 1423
aromatic nitrile(s) 1444
aromatic nitrile compounds 1663
aromatic nitroalkenes 1399
aromatic primary amines,

iridium-catalyzed
N-monomethylation 43

aromatic-based cycle 95
aromatics synthesis 888–890
aroylhydrazone Schiff bases 1420
artificial enzyme RA95.5-8 1420
2-aryl propionic acids 639
2-aryl proprionitriles 1478
2-aryl-1,2,3,4-tetrahydroisoquinolines

1424
2-aryl-1,2,3-triazoles, methanol 57
2-aryl-4-aminoquinolines synthesis 437
2-aryl-heterocycles with alcohols 544
2-arylacetonitrile 1527
2-arylethanols 1487
2-(arylamino)arylimino-phosphoranes

1447
2-(aryldiazenyl)anilines 1660
aryl acid methyl esters 1489
aryl alkynoates 1636

aryl α-ketoester-derived N-Ts ketimines
1422

aryl and alkyl ketones 1450
1-arylbenzimidazoles 1447
1-aryl-bis(trifluoromethyl)-2-ethanol

fragments 984
aryl boronic acid 1577, 1578
aryl bromides 1346, 1464
aryl C—H carboxylic esterification 1591
aryl C-I bond 1578
aryl C(sp2)-H bonds 1467
aryl cyanides 1501
aryl diazonium salts 586, 591
aryl fluorides 1501
aryl halide palladacycle, cyanation of

1348
aryl halides 942

carbonylation 217
cyanation of 1352
formylation of 1222
palladium/rhodium-catalyzed

formylation of 1222
radical carbonylation 582
reaction 250, 257

aryl iodides 1338
aryl isocyanides 1648
aryl nitriles (cyanoarenes) 1337
aryl nucleophiles 1581
aryl pivalates 1501
aryl radical carbonylation

aryl diazonium salts by redox catalyst
586–590

aryl halides 582–586
aryl thiols 1468
aryl/vinyl halides 416
aryl/vinyl pseudohalides 417
arylamines 1538
arylboronic acids 1453, 1620
arylhydrazine hydrochlorides 1659
aryllithiums 1444
3-arylquinazolin-4(3H)ones 1531
4-aryl quinolines 1655, 1657
arylsulfonamides 1538
aryltrifluoromethylation 1628
aryltrimethylammonium salts 1511



1672 Index

ascorbic acid/TBAI catalyst 984
asymmetric aza-Henry reaction 1421
asymmetric carbonylation 442
asymmetric Cu(OAc)2-catalysed Henry

reaction 1412
asymmetric Henry reaction 1397, 1400
asymmetric hydroformylation (AHF)

301, 612
chiral molecules, organic synthesis

639–641
1,1′-disubstituted olefins 636–638
1,2-disubstituted olefins 630–633
endocyclic olefins 633–636
hybrid bidentate ligands 616–619
monodentate ligands 625
non-hybrid bidentate ligands 619–625
reaction in flow 641
rhodium catalyzed mechanism

641–644
binaphos L1 644–646
bisdiazaphospholane L21 646–649
bobphos L10 649–651
yanphos L4-Bn 651–653

supramolecular ligands 625–628
unfunctionalized terminal olefins 629

asymmetric hydrogenation catalysis 307
asymmetric Mannich reaction 170
asymmetric Markovnikov

hydroaminocarbonylation of
alkenes 387

asymmetric transfer hydrogenation (ATH)
269, 1441

atom transfer carbonylation (ATC) 573
atom transfer radical addition (ATRA)

1611
atom-transfer carbonylation 567, 572
Au/Ag-based catalysts 1108
Au@CCOF-CuTPP 1418
Au/CeOx/TiO2 surface 1108
AuNPore-catalyzed N-formylation 52
axil-chiral diphosphite ligand 1375
aza-Henry (nitro-Mannich) reaction

1397, 1404, 1426
metal-based catalysts 1423–1424
organocatalyst for 1421–1423

photocatalytic 1424–1425
types of 1425–1426

aza-Henry/cyclization domino sequence
1426

azabis(oxazoline) motifs 1408
azidotrifluoromethylation of alkenes

1613
aziridine scaffolds 1597
aziridine/CO copolymerization 850, 851
aziridines 1320, 1615
azobisisobutyronitrile (AIBN) 290
azole nucleophiles 1581
azomethine compounds 1618

b
Badische Anilin and Soda-Fabrik (BASF)

862
Baeyer diarylmethane synthesis 159, 160
Baeyer synthesis 161
Baeyer-Villiger oxidation 797
Barton-McCombie deoxygenation 272
base-catalyzed Henry reaction 1400
base chemicals synthesis

aromatic nitro compounds 723, 724
bimetallic catalytic systems 724–725
palladium catalyst

palladium-based systems 730–731
phenanthroline ligands 726–729
phosphine ligands 729–730

rhodium catalyst 731
ruthenium catalyst 732–733
selenium catalyst 733–734

base-free formic acid 1005
BASF process 129, 131
Baylis–Hillman acetates 1627
BCF/Cs2CO3 mediated catalytic process

1014
bench-stable HCN source 1374
benzaldehyde dimethyl acetal 1420
benzene-1,3.5-triyl triformate 749
benzene-linked 1,6-enynes 1630
benzimidazolate 980
benzimidazoles 1660, 1661

Cu-PMOs-promoted synthesis 62
benzimidazolones 749
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benzisoxazole 1647
3,4-benzomorphan derivatives 1429
benzo[d]imidazo [2,1-b]thiazoles 1423
benzo[j]phenanthridin-6(5H)-ones 1579
benzoate ester 1514
benzofuran 1444, 1591
benzofuran-2-carbaldehydes 1414
benzoic amides 1501
benzoic esters 1501
benzonitrile, cyanide-free synthesis of

1350
benzoquinone (BQ) 670
(benzo)thiophene 1591
benzothiazole 1465
benzothiazolethiones 1661
benzothiophene 1444
benzoxazoles 1459
benzyl alcohol 487–490
benzyl amines 490–491
benzyl free radical intermediate 1598
benzyl-H 491–492
benzyl halide(s) 477–487, 946
benzylic compounds, carbonylation

benzyl alcohol 487–490
benzyl amines 490–491
benzyl halides 477–487
benzyl-H 491–492

benzylic nitrile 1380
benzylic sulfonamide 1539
benzylmethylamine 1560
benzylpyridines 1448
benzynes 1595
Bestmann-Ohira homologation 803
β-amino alcohols 712, 714
β-amino ketones 1652
β-cyclodextrin 1427
β-diiminates (BDI) 1312
β-hydroxy nitroalkanes 1420
β,γ-unsaturated α-ketoesters 1413
β-ketonitriles 1052
β-naphthol 1622
β-naphthol–trifluoromethyl iodide EDA

complex 1622
β-nitro alcohol(s) 1403, 1415
β-nitro-α-amino carboxylic acids 1426

β-nitro-α-hydroxy esters 1420
β-nitro-N-tosylaldamines 1423
β-nitroalcohol(s) 1398, 1404, 1405, 1406,

1410, 1414
β-nitroamine 1397
β-nitrostyrene(s) 749, 1399, 1401, 1405
β-nitro alcohol 1401, 1404, 1418
β-tribromomethyl functionalized ketones

1602
β-tribromomethyl ketones 1603
β-trifluoromethyl alkyl radical 1613
β-trifluoromethyl enamines 1632
β-trifluoromethyl hydrazines 1625
β-trifluoromethyl oxygen-containing

compounds 1627
β-trifluoromethyl styrenes 1631
β-trifluoromethyl-α-substituted carbonyl

compounds 1628
β-trifluoromethylated alkynes 1613
β-trifluoromethylated cyclic ketones

1629
BF3-catalyzed synthesis 176
bianthrylbis(thiourea) 1400
bicyclic carbonate products 987
bidentate ligand dppf 1383
bidentate phosphine-phosphite ligands

1368
bidentate triarylphosphine ligands 1278
bifunctional o-hydroxy-

triarylalkylphosphonium bromide
salt 984

bifunctional Al(salen) complexes 977
bifunctional carbocatalyst 1402
bifunctional catalysis

aromatics synthesis 888–890
diesel-range hydrocarbons 885–886
gasoline-range hydrocarbons 883–885
highly active 978
lower olefins 886–888
rise of 882–883

bifunctional catalyst 883, 1314
bifunctional Cinchona alkaloid thioureas

1421
bifunctional donor–donor 3C synthon

1428
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bifunctional hydrogen-bond donor
organocatalysts 1406

bifunctional lanthanum–lithium chiral
binaphthoxide complex 1397

bifunctional thiourea-tertiary amine
catalyst 1422

biginelli compounds 1506
bimetallic catalysts 724, 1109
bimetallic mechanism 1311
bimetallic salen complexes 1314
bimetallic thioether-triphenolate iron(III)

complex 977
bimetallic-carboxylate-functionalized

tridentate Schiff base ligand based
MOF 1418

binaphos L1, styrene 644
binuclear copper(II) helicates 1414
bioactive (S)-benzofuryl β-amino alcohols

1414
biphenyl-based diamine-tethered

bis(thiourea) organocatalysts
1400

2,2′-bipyridine N-oxide 1505
2,2′-bipyrimidine (bpym) 4
bis-alkoxycarbonylation of alkynes 391
bis-allenes 1392
bis(arylimino)acenaphthene 742
bis(arylimino)acenaphthene copper

photosensitizer (Cu-Cat.) 1583
bis(catecholato)diboron 1613
bisdehydrostemoninine 815
bisdiazaphospholane L21, styrene 646
bis(diphenylphosphino)methane (dppm)

670, 671, 925
1,2-bis(diphenylphosphino)benzene

(dppbz) 950, 1368
1,4-bis(diphenylphosphino)butane

(DPPB) 729
1,1′-bis(diphenylphosphino)ferrocene

(DPPF) 49
1,3-bis(diphenylphosphino)propane

(DPPP) 254, 419, 477, 729, 828
1,3-bis-(diisobutylphosphino)propane

(DIBPP) 419
2-bis-di(phenylphosphanyl)ethane 830

bis(2-ethylhexyl) phthalate (DEHP) 293
3,3′-Bisindolylmethanes 62
3,3′-bisimidazopyridinylmethanes 1652
3,3′-bisindolylmethanes (3,3′-BIMs) 62
bis(imidazo[1,2-a]pyridin-3-yl)methanes

1449
bis(imidazolium-3-yl)alkane dichlorides

1581
1,1-bis(methylthio)-6-nitro-5-arylhex-

1-en-3-one 1427
1,1′-bi-2-naphthol 617
bis(oxazoline) motif 1408
bisphenol A (BPA) 667

Pd/C-catalyzed oxidative carbonylation
674

bis-phenoxides 1312
bis(silyl)acetals 1247
bisthiourea molecular motor-based

catalysts 1401
bis(thiourea) organocatalyst 1400

Pd-catalyzed oxidative carbonylation of
phenol 672

polycondensation reaction 683
Blanc chloromethylation 179
blue-emissive cobalt(III) complexes

1637
B/N-based FLP 1013
bobphos L10, allylbenzene 649
B(OCH2CF3)3 1455
Boc-N-Cys-Ala-OMe 1048
bond dissociation energy (BDE) 1
9-borabicyclo[3.3.1]nonane (9-BBN-H)

937
boranes 1218
borate salts 1446
borohydride derivatives 1233
borohydride reagents 575
boronate esters 1446
boronic acids 1616
borrowing hydrogen (BH) 32
borrowing hydrogen strategy 1538
borylation product 19
B2pin2 598
(bpym)PtCl2 catalyst 5
Brønsted acid ionic liquid 384
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Brønsted acid site 200, 776–777, 888
bromides 1338
brominated and fluorinated

benzaldehydes 1412
brominated cyclopropanes 1604
bromoanisole 1444
bromobiphenyl 1444
bromocyclopropane derivatives 1605
bromodimethoxybenzenes 1444
bromodimethylbenzenes 1444
1,3-bromoetherification 60
bromoform 1600
bromofurans 1603
2-(2-bromophenyl)-1,3-dioxolane 1405
bromonaphthalenes 1444
1-bromo-2-(2-nitrovinyl)benzene 1405
bromopride 1046
bromothiophene 1444
bromotoluenes 1444
bromotrifluoromethane (CF3Br) 1609
bromotrifluoromethylated heterocycles

1629
bromotrimethoxy-benzene 1444
bromotrimethylbenzene 1444
Buchwald-Hartwig amination 793
1-butyl-3-methylimidazolium chloride

(BMIMCl) 220, 691
1-butyl-3-methylimidazolium

hexafluorophosphate
([Bmim]PF6)/AcN/H2O electrolyte
1020

1-butyl-3-methylimidazolium hydroxide
([Bmim]OH) 1403

1,3-butadiene 1383, 1617
butadiene hydroformylation 352
butenes hydroformylation 293
butyronitrile 1370

c
C-5 carbon methylation 1648
2-carbonyl functionality 1467
C-C bond formation 773
=CH- source 1654–1661
CH2- source 1652–1654
C—H bond oxidative addition 541, 549

C—H bonds, functionalization of 1292
2-chloro substituted pyridines 1458
2-chlorobenzothiazole 1456
2-chloropyrimidine 1458
2-chloroquinoline 1458
C—H oxidation reactions, N-methoxy

amide group (CONHOMe) 55
C—H trifluoromethylation protocol

1618
C—H trifluoromethylation reaction

1620
C-methylation 32
C-NMe2 unit source 1461
C-X bonds

alkyl halides 947–949
allylic alcohols 950–953
aryl halides 942–944
benzyl halide 946–947
pseud aryl halides and esters 944–945
pseudo alkyl halides 949
substrates 953

C1-synthon 1590
C16-methylated estrone 3-methyl ether

1482
C4-trifluoromethylated product 1633
C5-trifluoromethylated products 1634
C—H bonds

C(sp2)–H bonds 953
C(sp3) –H bonds 957

C—H borylation of methane 20
C—H carboxylation reaction 957
callipeltosides A-C 805
callyspongiolide 817
camphor-1,3-diamine-derived squaramide

organocatalyst 1427
carbamates 1283, 1465, 1466, 1592
carbenes 1192
carbon-carbon σ-bond transfer

hydrogenation 1443
carbon-carbon double bond 611

direct bonding 846
spacer copolymerization 845

carbon-carbon (C-C) multiple bonds
909

carbon-carbon multiple bonds 929
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carbon dioxide (CO2) 1217, 1305
catalytic system 1218
–CH– sources 1218, 1219

hydroformylation/cascade reductive
reaction 1220

N-formylation reaction 1223
palladium/rhodium-catalyzed

formylation 1222
reductive cyclization reaction 1239

–CH2– sources 1218
afford aminals/dialkoxymethanes/

dithioacetals 1247
domino C-C/C-N bonds formation

1251
reductive deoxygenative olefination

1247
reductive hydroxymethylation

reaction and deoxygenative
olefination 1246

copolymerization
aziridines 1320
catalysts 1307–1309
diamines 1321
epoxides 1305–1306
general information 1306–1307
oxetane 1319

multi-component polymerization
1321

non-polar chemical structure 1217
oxidation state 1217
polymerization 1323

cyclic carbonates 1323–1327
cyclic lactones 1328–1328

reductive functionalization 1218
terpolymerization 1317

Carbon Dioxide Capture and Storage
(CCS) 1217

Carbon Dioxide Capture and Utilization
(CCU) 1217

carbon microspheres 1405
carbon monoxide (CO) 127, 415, 567,

611, 687, 721, 1027
monomer 828
surrogates 680

carbon synthon 1659

carbonato-bridged di-Al(III)salen
complex 981

carbonyl C(sp2)-H bonds 1467
carbonyl compounds 1624
carbonyl moiety

alkenes or alkynes 254
amines 256
aryl halides or triflates 250

Carbonyl-ene reaction 201
Carbonyl-Ene reactions 202
carbonyl-ene reactions 199
carbonylation

aminophenols with iodoarenes 419
arenediazonium salts 424
aryl chlorides 417
bromoaryl triflates 420
Fe, Co, Ni, Cu and Mn 421
pseudohalides 417
Rh catalysts 419

carbonylation of methanol
acetic acid

cobalt-based BASF process 131
iridium-based cativa process, BP

chemicals 135
nickel-complex catalyst 137
rhodium-catalyst based monsanto

carbonylation process 132
heterogeneous catalysts 149
ligand based metal-complex catalysts

138
nitrogen and nitrogen-oxygen based

ligands complexes 144
phosphine-based ligands promoters

138
carbonylation reaction

alkenes and alkynes 220
aryl halides 217
methanol 140

carbonylation reactions 127, 611
carbonylation-based mechanism 79
carbonylation-cyclization method 1452
carbonylations 415
Carbonylative Heck reaction 596
carbonylative ketone synthesis 544, 554
Carbonylative Sonogashira reaction 595
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carbonylative Suzuki coupling 1036
carbonyls via Wittig reaction 183
carbotrifluoromethylation 1614
carboxy-trifluoromethylated benzofurans

1630
carboxyl moiety

alkenes or alkynes 260
arenes 258
aryl halides 257

carboxylates 1590
carboxylation

C-X bonds
alkyl halides 946, 947
allylic alcohols 950, 951
aryl halides 942
Pseud aryl halides and esters 944
pseudo alkyl halides 949
substrates 953

C—H bonds
C(sp2)–H bonds 953
C(sp3)–H bonds 957

organometallic reagents
organoboron compounds 935
organozinc compounds 938

transition-metal catalysts 957
unsaturated hydrocarbons

2-dienes 927
3-dienes 931
alkenes 920
alkynes 910

carboxylic acid 1590
carboxylic acid synthesis 373, 1592
carilite oligomers 848
Cascade Heck–Aldol–Heck reaction 168
cascade hydrocyanation 1389
catalysis cycle, reaction mechanism 771
catalyst MIL-101(Cr)-NH2-SF 1418
catalyst-free hydroxytrifluoromethylation

1613
catalytic alkyl radical carbonylation

alkyl radical carbonylation 598
hybrid Cu/radical carbonylation 596
hybrid Pd/radical carbonylation 591

catalytic arene carboxylation 552
catalytic asymmetric nitroaldol 1410

catalytic copolymerization reactions 831
catalytic hydrocarbonylative C-N coupling

of alkenes 377
catalytic hydroesterificative

copolymerization, of vinyl benzyl
alcohol with CO 379

catalytic reactions
aldehydes 315
alkoxycarbonylation 308
asymmetric hydrogenation 307
CO2 and epoxides 315
hydrogenation 313
oxidative heck reaction 312
Suzuki-Miyaura reaction 311

catalytic regioselective
aminocarbonylation, of alkenes
376

catalytic system 726
Catellani reaction 1514
cationic hydridonickel(II) complexes

1441
Cativa process 130, 1029
cativa process, BP chemicals 135
cavitand-based polyphenols 978
CBr3-functinalized alcohols 1600
CBr3-functinalized amines 1602
CBr3MgBr species 1602
CBr4-based meta-C—H carboxylation

1591
CBr4-participated synthesis 1593
C=CH2 source 1653
CCl3-fuctionalized amines 1595
CCl3-functionalized

dihydro(iso)quinoline derivatives
1597

CCl4 1577
CCl4/CBr4 1581
9-CCl3 phenanthrene 1588
CD3-containg HCN source 1374
CeCO3OH 1419
cedrene 1370
cellular membrane permeability 1609
cephanolide synthesis 800
ceric ammonium nitrate (CAN) 1629
cerium-catalyzed amination 22
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cetyltrimethylammonium
bromide(CTAB) 473

CF3-containing
3,4-dihydroquinolin-2(1H)-ones
1631

CF3-containing compounds 1609, 1617,
1621

CF3-containing cyclic ketones 1631
CF3-containing epoxides 1615
CF3-containing five-membered

heterocycles 1631
CF3-containing heterocycles 1615
CF3-containing indolines 1616
CF3-containing morpholines derivatives

1631
CF3-containing oxazolines 1629
CF3-containing oxindoles 1615, 1629
CF3-containing phenanthrene derivatives

1631
CF3-containing phenanthridine

derivatives 1637
CF3-containing trisubstituted alkenes

1616
CF3-I bond homolysis 1613
CF3-substitued

dihydroquinolin-2(1H)-one
derivatives 1631

CF3-substituted 1,1-diarylalkane
derivatives 1625

CF3-substituted alcohols 1624
CF3-substituted ketimines 1425
CF3-substituted linear alkynyl ketones

1629
CF3-substituted oxygen-containing

compounds 1626
CF3Br 1610
CF3Br, trifluoromethylation with

1623
CF3CH2-substitued indolines 1629
CF3H, trifluoromethylation with 1638
CF3I 1615
CF3I afforded hydrotrifluoromethylated

products 1612
CF3I, trifluoromethylation with 1611
CF3SO2Cl 1610

CF3SO2Cl, trifluoromethylation with
1635

CF3SO2Na 1609, 1610, 1625--1627, 1629,
1632

CF3SO2Na, trifluoromethylation with
1625

CF3SO2Na/Mn(OAc)3 1634
CFA

bromomethylation with HBr 180
diarylmethanes 162

CH2Cl2 1578
CH3 source 1647
CH3MgBr 1609
CH3SO3H-promoted synthesis 1656
CHA

SAPO-34 73
structure 75

Chan-Lam reaction 1500
CHBr2-functionalized alcohols 1600
CHBr3 1577, 1600
CHCl2-functionalized molecules 1597
CHCl3 1577, 1594
chelation assisted carbonylative C—H

functionalization 541
C—H bond oxidative addition 541
electrophilic C—H activation 543

chemically stable acid-base bifuctional
hyper-crosslinked polymer 1405

chemoselective decarbonylation of
aldehydes 315

chemoselectivity 613
chiral β-amino alcohol 1414
chiral β-nitro alcohol 1418
chiral β-nitroalcohols 1413
chiral (salen)Co(II) complexes 1273
chiral 1,2-diamine ligands 1417
chiral 1,3-dinitriles 1388
chiral 3-substituted 3-hydroxyoxindoles

1404
chiral α-alkoxy acids derivatives 1267
chiral β-nitro alcohols 1412
chiral acid-base bifunctional Cinchona

alkaloid/squaramide
organocatalysts 1422

chiral amine 1619
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chiral aminoalcohol ligands 1410
chiral bidentate phosphite 1388
chiral bifunctional thioureas 1421
chiral binaphthyl-based

diphenylethylenediamine ligands
1411

chiral bisoxazoline (unbridged)–Cu(II)
complex 1412

chiral camphor-derived Schiff base 1416
chiral cinnamic acid derivatives 1293
chiral Cr(III)-salen complex 1420
chiral cyclopropanes 1604
chiral dioxaborolane 1604
chiral fluoroalkylated β-nitro-

α-aminophosphonates 1426
chiral fluoromethylated β-nitroamines

1422
chiral guanidine-amide organocatalyst

1422
chiral homobenzylic alcohols 1279
chiral indolizidine alkaloid 1411
chiral ligands 612, 614
chiral molecules, organic synthesis 639
chiral N,N′-dioxide ligands 1415
chiral nitriles 1368
chiral PGD2 receptor antagonist 1378
chiral spiro-pyrrolidine silyl ether catalyst

1426
chirally modified Cu2+-exchanged

zeolite-Y 1407
chloride ions 1611
chloride-substituted aminotriphenolate

complex variant 976
chlorinated methanes 1590
chlorocarbonylation

aryl halides 433
chloroform 1579, 1595
4-chloroaniline 1508
4-chloropiperidines 1653
chloromethane 1577
chloromethyl functionalized amines

1596
chloromethyl radical species 1579
5-chloro-3-(phenylsulfanyl)pyrazin-

2(1H)-ones 1460

chlorotrifluoromethylated cyclic
compounds 1635

chlorotrifluoromethylated pyrrolidines
1630

CHNMe2 unit source 1463
CHO Source 1661
chromene-fused quinolinones 1659
chromium-catalyzed N-formylation 54
CHX2 substituted nitroporphyrins 1604
CHX2-functionalized nitroporphyrins

1604
Cinchona alkaloid-based thiourea catalyst

1422
Cinchona-alkaloid-based thiourea

bifunctional organocatalyst 1423
Cinchona alkaloid/squaramide

organocatalysts 1422
cinchona alkaloids 1403
cinchona-derived bifunctional thiourea

1422
cinnamaldehyde 1402
cinnamic acid derivatives 1625
cis-alkenes 1441
2,4-cis-disubstituted amino azetidines

1414
Citalopram 1337
citalopram synthesis 1352
Clauson-Kaas reaction 815
Clemmensen reductions 272
C-methylation 1209

Sp2 1209
Sp3 1210

CN source 1663
CNMs 511
CO hydrogenation 861

active phase 878
bifunctional catalysis

aromatics synthesis 888–890
diesel-range hydrocarbons 885–886
gasoline-range hydrocarbons

883–885
lower olefins 886–888
rise of 882–883

Co particle size 880
cobalt crystallography 881
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CO hydrogenation (contd.)
cobalt-based catalysts 878
equilibrium conversion 864
Fischer-Tropsch synthesis

active metals and reaction
mechanisms 871

history of 870
higher alcohols synthesis

HA synthesis, relay catalysis 898
modified Fischer-Tropsch catalysts

895
modified methanol synthesis

catalysts 896
molybdenum-based catalysts

893
rhodium-based catalysts 891

iron carbides role 875
iron-based catalysts 873
methanol synthesis 862

Cu/ZnO-based catalysts 865
historical development 863
ZnCrOx catalysts 864

methylenecyclopropanes 844
CO hydrogenation to gasoline 885
CO insertion reactions 844
13CO-labelled DMF control experiment

1452
CO molecule 128
Co particle size 880
(-)-corynantheidine synthesis 919
CO source

aromatic halides, carbamoylsilane
429

carbonylation reaction
alkenes and alkynes 220
aryl halides 217

hydroformylations reactions 223
ketone synthesis 227

isocyanides 430
CO source

formic acid 426
metal carbonyl complex 426
Pd-catalyzed hydroxycarbonylation

429
two-chamber system 431

CO surrogates 130, 746
formate esters compounds 747
Mo(CO)6 750

CO2

C-methylation 1209
Sp2 1209
Sp3 1210

N-methylation 1186
heterogeneous catalysts 1199
homogeneous catalysts 1186

S-methylation 1210
activation approaches 1265
asymmetric catalytic incorporation

1266
electrocatalytic asymmetric

transformation of 1292
reductive functionalization 1185
transformation 1265, 1267

CO2

asymmetric electrochemical
carboxylation 1293

CO2 emissions 1073
CO2 hydrogenation 1074
CO2 hydrogenation

lower olefin synthesis 1134, 1135
direct CO2 hydrogenation 1134
from CO-mediated pathway 1137
methanol-mediated pathway 1146

methanol synthesis from 1074
to aromatics 1155
to methanol 1077

bimetallic catalysts 1109
Six catalysts 1132, 1133
Cu-based catalysts 1089
In2O3-based catalysts 1120
mixed MnOx/m-Co3O4 catalyst

1131
noble metal-based catalysts 1101
Pt-based catalysts 1106
representative catalysts for 1078
Rh75W25 nanosheets 1132
solid solution catalysts 1115

CO2 insertion pathway 1006
CO2 molecule, property of 1075
CO2 utilization, issues for 1073
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CO2 valorization 1027
CO2-based heterocycles 981
CO2-induced switchable quinine-based

organocatalysts 1403
CO-4-tert-butylstyrene (TBS) 840
Co-based catalysts 878
Co-catalyzed carboxyzincation

zinc powder 921
Co-Fe bimetallic catalysts 1139
CO-free aminocarbonylation 1462
Co-Salen-COF 1418
Co-supported In2O3−x films 1131
CO2 to CO reduction

acid chloride (COgen) 1042
electrocatalytic and photocatalytic

reduction of 1035
element reduction of 1037
N-Formylsaccharin 1063--1065
selective catalytic hydrogenation of

1028--1035
SilaCOgen 1058

cobalt catalysis
non-noble metal catalysts 698

cobalt catalyst 130
cobalt catalyzed cyclocarbonylation 542
cobalt crystallography 881
cobalt porphyrin 1443
cobalt-based BASF process 131
cobalt-based catalysts 878
cobalt-catalyzed α-methoxymethylation

64
cobalt-catalyzed hydroformylation 328
cobalt-catalyzed methylation 35, 45
cobalt-manganese composite oxide 880
COFs 1417
coinage metals 1207
colloidal Pd2Ga-based catalysts 1111
composite CO2 capture and utilization

(CCU) technique 1009
concerted-metalation-deprotonation

(CMD) 544
confocal fluorescence microscopy (CFM)

109
conjugated alkenes 1377
conjugated en-ynones 1428

continuous gas-phase ethylene
carbonylation 384

continuous-flow approach 1018
cooperative palladium/Lewis

acid-catalyzed transfer
hydrocyanation 1371

coordination polymers (CPs) 1417
copolymer termination reactions 832
copper (II) 1,3,5-benzenetricarboxylate

1417
copper (II)-asymmetric Henry reaction

1417
copper catalysis

non-noble metal catalysts 702
copper catalyzed cyanation

of aryl bromide 1353
copper complexes 1189
copper mediated carboxylation 558
copper-catalyzed N-formylation 54
copper-catalyzed asymmetric Henry

reaction 1411
copper-catalyzed cross-coupling reactions

1352
copper-catalyzed cyanation

in aqueous medium 1354
of aryl bromides 1353
of aryl halides 1354
of aryl iodides 1355
of arylboronic reagent 1357
of secondary alkyl chloride 1356
tertiary alkylative cyanation 1358

copper-catalyzed cyanation methodology
1663

copper-catalyzed
cyanation/trifluoromethylation
1618

copper-catalyzed
cyanotrifluoromethylation
1625

copper-catalyzed dimerization 1449
copper-catalyzed direct C—H amination

of azoles 1459
copper-catalyzed direct oxidative

C(sp3)-H methylenation 1449
copper-catalyzed methoxaylation 57
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copper-catalyzed oxidative C-O coupling
1466

copper-catalyzed oxidative C—H/N—H
cross-coupling 1467

copper-catalyzed radical C—H
trifluoromethylation 1632

copper-catalyzed radical C—H
trifluoromethylation of alkenes
1611

copper-catalyzed reaction 180
copper-catalyzed

trifluoromethyl-arylation of
styrenes 1625

copper-catalyzed trifluoromethylation
1620

copper-mediated chemoselective
1,2-bis(trifluoromethylation)
1625

copper-mediated cyanation 1445
copper-mediated Sandmeyer-type

trifluoromethylation 1634
copper-mediated trifluoromethylation

1634
copper-promoted intramolecular

aminotrifluoromethylation 1629
core-shell structured bifunctional catalyst

884
Corey-Chaykovsky reaction 1652
Corey-Chaykovsky reagent 1510
covalent organic frameworks (COFs)

1201
covalent trazine frameworks (CTF) 1018
covalent triazine frameworks (CTFs)

1418
COware technology 1063
[(CO)2W-(NPh)I2]2 complex 703
[CpFe(CO)2(IMes)]I 1508
CPP-So2-PhIm-2F 1425
[Cp*Rh(m-Cl)3RuCl(PPh3)2] 1582
Cr2O3/H-ZSM-5 tandem catalyst 1165
Crinipellin A 802
Crotyl Rhodium complexes 346
Cs2CO3 1577
C(sp2)–H carboxylation 941
C(sp2)–H bonds 953

C(sp2)–X carbonylation
AIBN/Bu3SnH 425
aryl/vinyl halides 416–417
aryl/vinyl pseudohalides 417–418
asymmetric carbonylations 442–445
γ-lactam derivatives 547
heterocycles synthesis 445–448
natural products drugs 448–452
noble metal catalysts 418–420
non-noble metal catalysts 420–421
nucleophiles 431–434
photoinitiated radical process

421–425
radical process 425

C(sp3)-H bonds 2, 957, 1469
C1 synthon 159
C3-symmetrical and C3-unsymmetrical

triarylbenzene compounds 1654
C2-symmetric 4,4′-imidazolium-tagged

bis(oxazoline) compounds 1411
C2-symmetric, P-chiral

bisdihydrobenzooxaphosphole
ligands (BIBOPs) 334

CuIII(CF3) 1620
Cu(I)-catalyzed asymmetric Henry

reactions 1407, 1410
Cu(II) acetate 1407
Cu(II) or Cu(I) based catalysts 1407
Cu(II)- biphenylazo complexes 1413
Cu(II)-C1-symmetric chiral diamine

1411
Cu(II)-catalysed enantioselective Henry

reaction 1413
Cu(II)-chelates 1414
Cu(OAc)2 1415
Cu(OAc)2•H2O 1416
Cu(OAc)2-catalyzed enantioselective

nitroaldol reaction 1410
Cu(OAc)2-catalyzed Henry reaction

1411
Cu(OAc)2-catalyzed methane oxidation

10
Cu(OAc)2.3H2O catalyst 1459
(CuOZnO)-kaolin/SAPO-34 bifunctional

catalyst 1146
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Cu-based catalysts, for methanol
synthesis 1089

Cu-based catalysts, for methanol synthesis
co-precipitation 1100
effects of promoters 1093
effects of promoters

Cu/ZnO catalysts 1094
Cu/ZnO/ZrO2 catalyst 1099

effects of supports 1089
carbon nanotubes 1091
Cu/CeO2 catalysts 1093
Cu/ZnO catalyst 1089
Cu/ZrO2 catalyst 1090, 1091
mesoporous oxides 1090
metal-organic frameworks 1092

preparation methods 1100, 1101
Cu-based macrocyclic Schiff base 1421
Cu-camphor Schiff base complexes 1412
Cu-catalyzed asymmetric Henry reaction

1411
Cu-catalyzed boracarboxylation 914
Cu-catalyzed carboxylation 911
Cu-catalyzed oxidative carbonylation

702
Cu-derived magnetic nanoparticles 981
Cu-dibenzo Schiff base complexes 1414
Cu-HMOR 777
Cu-mediated C—H bond cyanation

reaction 1451
Cu-Schiff base complex 1423
Cu-supported hierarchical

meso-macroporous alumina
catalyst (Cu/HAl) 1090

[CuII (TPMA)Cl][Cl] 1584
[Cu2(BDMAEE)(CH3COO)4]n 1415
[Cu2RCOO)4(Py)2] 1416
[Cu(RCOO)2(MIm)2] 1416
[Cu(dap)2]Cl 1635, 1636
Cu-Zn/graphene aerogel catalyst 1092
Cu-ZrO2-ZnO catalysts 1090
Cu-ZrO2/CNT-3 catalyst 1091
Cu/CeO2 catalysts 1093
Cu/CeOx system 1094
Cu/HMOR catalysts 778
Cu/ZnO catalyst 1089

Cu/ZnO catalysts 1094
Cu/ZnO-based catalysts 865
Cu/ZnO/Al2O3 catalyst 1097
Cu/ZnO/Al2O3 catalysts 1094
Cu/ZnO/ZrO2 catalyst 1099
Cu/Zr-UiO-66 system 1093
Cu/ZrO2 catalyst 1090
CuBr-catalyzed synthesis 181
CuCo-based catalysts 895
CuI-catalyzed synthesis 179
CuI/pyridine catalyst system 1447
cuprous thiocycante (CuSCN) 1350
CuSO4/bipy catalytic system 1429
UiO-bpy catalyst 1092
cyanide anion 1367
cyanide-free synthesis, of aryl nitriles

1351
cyanoborohydride-mediated radical

carbonylation 576
4-cyanopyridine 1613
4-cyanopyridine-boryl radical 1613
4-cyanotetrahydroquinolines 1378
cyanuric chloride 1417
cyclic β-ketoesters 1619
cyclic (alkyl)(amino)carbene ligands 695
cyclic addition reaction 315
cyclic carbamates 1282
cyclic carbonate formation

amino acid as catalyst 980
catalytic, steps in 975
metal-free synthesis 982
organocatalysts for 978
photochemical synthesis of 989
from terminal epoxides 977

cyclic carbonate synthesis 973
cyclic carbonates 1271, 1283, 1284, 1323
cyclic carbonates formation 974
cyclic carbonates formation

highly active catalysts for 976
hydrogen-bonding capacities 983
larger-ring 989

cyclic carbonates synthesis
using substrate assistance 986

cyclic ethers 1595
cyclic lactones 1328
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cyclic peptides 1562
cyclic urethanes 1327
cyclization reactions 739
[3+2] cycloaddition reaction 973
cycloalkanone-derived chalcones 1602
cyclobutyl boronic esters 1615
cyclohexa-1,4-diene-based hydrogen

cyanide surrogate 1374
cyclohexane formylation 559
cyclohexene 1029
cyclohexene oxide (CHO) 1306
cyclopent-1-ene-1-carbaldehyde 1427
6-cyclohexylmethoxypurines 1458
cyclopenta[c]quinolin-4(5H)-ones 1579
cyclopentadienes-based cycle 100, 101
cyclopentyl methyl ether (CPME) 1552
cyclopropane ring 1279
cyclopropanes 1597

d
D-Mannitol derived thiourea catalysts

1400
DABCO-catalyzed reaction 205
Dalian Institute of Chemical Physics

(DICP) 108
DBU 1612
DBU-mediated conversion of epoxy

alcohols 987
DCM 1577
1-decyl-3-methyl imidazolium bromide

691
dearomative 3,3-spirocyclization of

indoles 1629
deep eutectic solvents (DESs) 1404
defect-rich MgH2/CuxO hydrogen storage

composite 1134
9-demethylneopeltolide 817
4-dichloro-2-butene (DCB) 707
5,6-diphenyl-3-{3-[(4S/R)-4-R/

Ar-4,5-dihydro-1,3-oxazol-
2-yl]pyridin-2-yl}amino-
1,2,4-triazines 1414

density functional theory (DFT) 535, 864
deoxycytosine nucleotide 1648
2′-deoxycytidine (dC) 1491

2′-deoxyguanosine 1491, 1492
desired (R,R)- or D-erythro aldol 1404
Dess-Martin oxidation 803, 813
deuterated DMSO-d6 1493
deuterium oxide 1385
deuterium-labeled acetone cyanohydrin

1379
(2,3-dihydroxybenzylidene)-2-

hydroxybenzohydrazide 1420
1,2 : 5,6-di-O-isopropylidene- and 1,2 :

5,6-di-O-cyclohexylidene-α-D-
glucofuranose-derived ketones
1401

2,2-dichloro-1,3-diarylaziridines 1597,
1598

2,2-dichloroaziridines 1594, 1595
2,3-dichloro-5,6-dicyanobenzoquinone

(DDQ) 215
2,3-dichlorobutane (DCB) 1520
2,3-dihydro-1,4-phthalazinedione 1455
2,3-dihydrobenzothiazinones 1578
2,5-dichloropyridine 451
2,4-dihydronquinolin-2(1H)-ones 1616
2,4-disubstituted-1,3,5-triazines 1447
2,3-disubstituted quinazolin-4(3H)-ones

753
di(2-pyridyl)methylamine-based

palladium dichloride complex
1499

di- and trichloromethylated indolines
1579

di- and trisubstituted alkenes 1375
di-tert-butyl peroxide (DTBP) 1496
di-deuterated product 1528
dialkylacetyelenes 1441
diamino-functionalized periodic

mesoporous organosilicas
[BD-PMO(Et)] materials 1399

1,3-Dialkylimidazole-2-selone 706
1,4 : 3,6-dianhydro-2,5-dideoxy-

2,5-bi(diphenylphosphano)-
L-iditol) 846

Diao’s reaction 914
diaryl imines 1597
diaryl ketones 1453



Index 1685

diarylacetylenes 1441
1,1-diarylethylenes 1375
diarylmethane synthesis 163
diastereomeric biaryl diphosphite ligands

1378
diastereoselective electrochemical

carboxylation reaction 1294
diastereoselective transfer

hydrocyanations 1372
diazabicyclo[2,2,2]octane 585
1,4 diazabicyclo[2.2.2]octane (DABCO)

990, 1507
1,4-diazabicyclo[2.2.2]octane-

bis(sulfurdioxide) adduct (DABSO)
1623, 1657, 1660

1,5-diazabicyclo[4.3.0]non-5-ene (DBN )
441

1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)
441, 1508

1,3-diazepin-4(7H)-ones 58
1,3-dienes 931, 1388
1,6-dienes 1584
1,3-dicarbonyl compounds 1497
diazomethane (CH2N2) 1515
diazomethylation 1515
DIBAL-H reaction 801
dibenzo[b,f ][1,4]oxazepines 1422
dibromocyclopropane 1602
dibutylacetylene 1387
dicarbonyl compounds 1450
dichlorobutane (DCB) 1522, 1581
dichloromethane (DCM) 1577
dichloromethyl carbene

1590, 1597
dichloromethyl free radical 1598
dichloromethyl functionalized peroxides

1597
dichloromethylated indolines 1579
dichlorovinyl esters 1589
dichlorovinyl functionalized cyclic esters

1588
dichlorovinylation reactions 1588
dicumyl peroxide (DCP) 1496
dicyclohexylcarbodiimide (DCC) 254,

257

2-[2-(dicyclohexylphosphino)phenyl]-N-
methylindole (CMPhos) 1525

Diels-Alder reaction 166, 808
diene-allylic alcohols 1388
1,7-dien-6-one 580
diesel-range hydrocarbons 885
1,2-Dienes 927
2-dimethylamino-benzimidazole 1456
1,2-diamines 1397
1,2-diaminoinositols 1443
3,3-dibromo[3]dendralenes 1592
3-dienes

addition 931
oxidative cyclization 932

1,2-dihydroquinolines 1378
1,2-diketones 440
1,3-diethynylbenzene (DEB) 1519
3,4-dihydro-3-(2-hydroxyethyl)-

4-(nitromethyl)quinazolin-
2(1H)-one 1425

3,4-dihydroquinazolinones 1425
3,3′-diindolylmethane 1448
3,5-di(trifluoromethyl)-aniline 1427
1,3-dimethyl-2-imidazolidinone (DMI)

1517
1,3-dinitro-2-phenylpropane 1419
1,3-dioxanes 200
1,2-diphenylethylendiamine (TsDPEN)

269
1,2-diphenylphosphinoethane (DPPE)

733
1,1-and 1,2-disubstituted alkenes 629,

1369
1,2-disubstituted aromatic alkenes 1368
1,2-disubstituted cyclopentanes 1584
1,1′-disubstituted olefins 636
1,2-disubstituted olefins 630
Diffuse reflectance infrared Fourier

transform spectroscopy (DRIFTS)
111

difluoro-dioxalone polymer 1425
difluorocarbene 1609
difunctionalized allyl compounds 1625
dihydrocyanation 1389
dihydroisocoumarin 1452
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dihydroisoindone 1452
dihydrophthalazinedione 1455
dihydroquinoxalines 739
dihydroquinoxalinones 739
(2,3-dihydroxybenzylidene)-

2-hydroxybenzohydrazide 1420
4,7-dihydroxy-1,10-phenanthroline (dhpt)

ligands 1008
diisopropyl azodicarboxylate (DIAD)

580
diisopropylethylamine 667
dimerized polychlorinated/fluorinated

alkanes 1584
dimethoxybenzenes 1444
dimethoxymethanes (DMM) 1250
(dimethylcarbamoyl)lithium 1464
dimethyl carbonate (DMC) 1475, 1505
dimethyl ether (DME) 71, 711, 763, 888

HMOR
coke deposition 12-MR pore 779
selective removal of acid sites 780

methanol
heterogeneous catalysts 765
homogeneous catalysts 764
over zeolites 767

pore engineering
acid sites, population 782
pore diffusion limitation 784

reaction mechanism
C-C bond formation 773
catalysis cycle 771
MA formation 777
transition metals 777

syngas to ethanol 763
dimethyl oxonium methyl ylide (DOMY)

85
dimethyl phosphite 1552
dimethyl sulfate (DMS) 1514
dimethyl sulfoxide 1659
dimethyl sulfoxide (DMSO) 1, 1425,

1491
–C=CH2 source 1653
–CHO Source 1661
“=CH–” source 1654
“CH2–” source 1652

CH3 source 1647
CN source 1663

dimethyl toluendicarbamate 727
dimethylamine borane (DMAB) 1244
4-(Dimethylamino)pyridine (4-DMAP)

268, 703
dimethyldioxirane (DMDO) 803, 815
dimethyloxosulfonium methylide

(DIMSOY) 1510
dimethylphosphite 1516
dimethylsulfate 1477
dimsyl anion 1647
dinitriles 1388
dinuclear [Ru(CO)3Cl2]2 complex

1030
dipalladium-Phanephos chiral complexes

384
diphenyl carbonate (DPC) 667

classical conventional method 667
oxidative carbonylation

carbon monoxide surrogates 680
heterogeneous catalysts 673
homogeneous catalysis 667

diphenylureas 689
direct C(sp2)-H functionalization of

heteroarenes 1459
direct CO2 hydrogenation 1077
direct Fischer-Tropsch synthesis route

1155
distal 1,4-heteroaryl migration 1629
disubstituted methylenecyclopropanes

1389
dithioacetals 1251
divinyl ketones 1427
divinylbenzene (DVB) 316
DMAP-OED 943
DMC 1535
DME carbonylation, Rh/Cs2HPW12O40

766
DME/methanol-to-olefin (DMTO) 73

catalyst and technology development
74

DMF, Pd-catalyzed aminocarbonylation
427

DMSO 1657
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DMTO
DMTO-II technology 117
DMTO-III technology 118
industrial test 115
scale-up synthesis 115
technology commercialization 117

DMTO-II technology 117
DMTO-III technology 118
DNL-6 97
domino carbonylations

intermolecular domino carbonylations
436

intramolecular domino carbonylations
434

Domino
hydroformylation-enantioselective
anti-Mannich reaction 342

double carbonylations 706
adjacent carbonyl groups 439
nonadjacent carbonyl groups 441

1,4-double-carboxylation 933
double oxidative carbonylation of amines

PdCl2(MeCN)2 catalyse 707
Pd/C-catalyzed synthesis 709

double-helical, bimetallic chiral
Co(II)-salen complexes 1419

doubly quaternarised Cinchona
ammonium salts 1428

DPC
electrochemical carbonylation

679
electrochemical reoxidation 673
Pd(II)-catalyzed oxidative

carbonylation 672
phosgene-free synthetic approaches

668
DPEphos 1382
epi-stegobinone 1476
Dppf 1382
dual electrocatalysis 1377
dual-cycle mechanism 97
dual-function chiral Lewis

acid/photoredox catalyst
1619

Duff reaction 1661

DuPont’s commercial adiponitrile
production 1368

2D Zn(II)-coordination polymer based
recyclable 1418

e
(E)-2,3-diphenylacrylonitrile 1383
EDA 1398
electrochemical CO2 reduction

1020
electrochemical heterogeneous catalysis

679
electrochemical oxidative carbonylation

of amines 715
Pd catalysts 715
substrates scope 715

electrochemistry 1292
electrode surface 1035
electrogenerated base 1638
electron donor-acceptor (EDA) complexes

1611
electron rich aryl aldehydes 1596
electron-rich bromobenzyl alcohols

1452
electron transfer (ET) systems 572
electron-deficient aromatic aldehydes

1418
electron-deficient pyrroles 1507
electron-donating group 1528
electron-rich alkenes 1618, 1625
electron-rich and electron-deficient

aromatic bromides 1444
electron-rich arenes 1632
electron-rich aromatics 1444
electron-rich benzenes 1446
electron-transfer-based aryl radical

carbonylation 586
electron-withdrawing group 1528
electrophilic C—H activation 543

carbonylative ketone synthesis
544

nitrogen-directed C—H carbonylation
545

oxygen directed carbonylative C—H
functionalization 548
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electrophilic C—H functionalization
alkane carbonylation 555
arene carbonylation 551

elemental sulfur 1578
enamidines 1463
enamines 1618, 1632
enaminone 1480
enaminones 1480
enantio-rich allylic nitriles 1388
enantioenriched

α-tertiary-β-trifluoromethyl
pyrrolidines 1636

enantioenriched aldehydes, synthesis of
336

enantioenriched allylic nitriles 1387
enantioenriched bromocyclopropanes

1604
enantiomerically pure cyclic carbonates

1297
enantiopure 1,3-dinitriles 1388
enantiopure C2-symmetric bis(thiourea)

catalyst 1400
enantiopure L-proline derived chiral

tridentate ligands 1414
enantioselective α-trifluoromethylation

1619
enantioselective

cyanotrifluoromethylation 1613
enantioselective heck carbonylations

444
enantioselective hydrocarbonylation of

alkenes, Pd-catalyzed 383, 385
enantioselective reactions 1268
enantioselective synthesis 1271
enantioselectivities 1278
enantioselectivity 611, 612
endocyclic olefins 633
energy transfer (ET) 957
(E)-(2-nitrovinyl)benzene 1417
enol carbamates 1466
enol ethers 1625
enolates 1618
enolsilanes 1618
enones 1450
2-enoyl-pyridine N-oxides 1429

environmentally friendly
tetrabutylammonium
iodide/tert-butyl hydroperoxide
system 1460

enynes 1392
1,3-enynes 1387, 1389, 1617
1,6-enynes 1629, 1635
1,7-enynes 1635
Eosin Y 1618
eosin Y disodium-based visible light

catalysis 1592
Eosin-Y 1424
epimeric arylmethanamine

ligandcatalysts 1407
epimeric arylmethanamine ligands

1407
epoxide + CO2 coupling process 974
epoxide/CO copolymerization 851
epoxide/CO2 coupling reactions 977,

992
Al(III) aminotriphenolate complex

988
bimetallic thioether-triphenolate

iron(III) complex 977
Fe(III) aminotriphenolate complexes

976
limitation 986
organocatalytic 979

epoxide(s)
reaction with 1271

epoxy alcohol/CO2 substrate
combinations 986

epoxy alcohols/amine substrate 986
epoxy ethane 1595
Eschweiler–Clarke reactions 1494
estrone derivatives 1370
Et3N 1399
Ethanol 763
ethanolmnines 1458
ethene/CO copolymerization

catalysts 828
diphosphane-based ligands 829
mechanistic aspects 831
nitrogen-based ligands 830
P-O, P-N and N-O ligands 831
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P-O ligands 834
types of end-groups 832

ethyl 3-oxocarboxylates 1619
ethyl diazoacetate (EDA) 23
3-ethyl-3-methyloxindole derivatives

1649
ethyl propionate (EP) 305
ethylene, Fe-mediated dicarboxylation

924
ethylene glycol 710
ethylene hydroformylation 290
ethylenediamine 1398
EtZnBr2 Et2O 1604
extra-framework Al (EFAL) 83
EY-POP-1 catalyst 1424

f
face-centered cubic (FCC) 881
facile α-trifluoromethylation 1618
fac-Ir(ppy)3 catalyst 1583, 1586
Fadrozole 1337
[Fe(acac)3Cl]−[CCl3]+ species 1588
Fe0.30Co0.15Zr0.30K0.10O1.63 catalyst 1140
Fe5C2 NPs 876
Fe(acac)3 catalyst 1591
Fe(acac)3-catalyzed trichloromethylation

1588
Fe-based carbon coated core-shell

nanocatalyst 1141
Fe-based catalysts 878, 1142, 1144
Fe-based FT catalysts 889
Fe-catalyzed hydroxymethylation

193
Fe-Cu bimetallic catalysts 1137
FeCl3-catalyzed three component

Aza-Henry reaction 1423
FeCl3-promoted C(sp2)-H oxidative

annulation 1655
FeK/MWCNTs catalyst 1142
FeK/SWCNTs catalyst 1142
FeK1.5 supported on

honeycomb-structured graphene
(FeK1.5/HSG) 1157

Fenton reagent 1618
Fenton’s reagent 557

Fe3O4•SiO2–(COO)2CuL catalyst 1407
Fe3O4/SiO2/PPI-G3 1406
Fe3O(BDC)3 1469
Fe, oxidative carbonylation 691
FER 769, 772
FeSO4 1442
FeSO4/H2O2/DMSO 1620
FeZn-NC catalysts 1142
FeZnK-NC catalysts 1142
fiber supported acid-base bifunctional

catalysts (FABCs) 1404
fine chemicals synthesis

inter-molecular reactions of nitroarenes
742

allylic amines synthesis 742
nitroarenes and alkynes synthesis

745
oxazines and pyrroles synthesis 744

intra-molecular cyclization reactions,
nitroalkenes 739

intra-molecular cyclization reactions,
nitroarenes

5-membered heterocycles 738
6-membered heterocycles 739
indoles synthesis 737

overview 735
first visible-light-promoted dearomative

trifluoromethylation 1622
Fischer-Tropsch (FT) synthesis 127, 763,

861, 871, 1029
active metals and reaction mechanisms

871
history of 870

five-, six-, and seven-membered
β-substituted cyclic enones
1426

five-coordinate IrIII pincer dihydride
complex 1020

five-membered metallocyclic complex
1030

five-membered nitrogen heterocycle
synthesis 446

five-membered oxygen heterocycle
synthesis 447
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flexible pyridine/OMe functionalized
NHC ligand 1540

4-fluorobenzylamine 1559
fluoroform (CF3H) 1609
fluoroketones 1400
fluoromethyl imines 1422
1-fluoro-4-nitronaphthalene 1501
formaldehyde 157

Aldol reactions 192
commercial production 157
hydrogen donor and accepter 227
industrial production 158
ketone synthesis 227
Mannich reactions 169
methylenes (–CH2–)

linking two alkyl groups 165
linking two aryl groups 159

Morita–Baylis–Hillman reaction 205
nitrogen–phosphorous atom 189
organoboranes 212
organometallic chemistry 234
prins and carbonyl-ene reactions

199
two amino groups 187

formaldehyde (HCHO) 1494
formamides 1466, 1559
formanilide 1454
formate esters compounds 747
formic acid (FA) 1003, 1491, 1493, 1649

CO sources 426
Pd-catalyzed carbonylative synthesis

427
formic acid (HCO2H)

carbonyl moiety
alkenes or alkynes 254
amines 256
aryl halides or triflates 250

carboxyl moiety
alkenes or alkynes 260
arenes 258
aryl halides 257

chemical synthesis 250
hydrogen source

alkenes or alkynes 263
carbonyl groups 268

hydrogenolysis benzylic C—O bonds
272

nitro groups 275
unsaturated C—N bonds 278

formic acid/formates
CO2 hydrogenation

continuous 1018
with homogeneous catalysts 1006,

1008, 1010, 1012–1014
CO2 insertion pathway 1006
heterogeneously catalyzed 1014
reaction mechanism for

1006, 1013
with homogeneous catalysts 1006,

1008–1010, 1013
CO2 reduction 1003
CO2 transformation routes 1004
electrobiocatalytic CO2 reduction

1021
photocatalytic CO2 reduction 1021

formimidates 1556
formylamide 1559
formylation reagent 232

methylation reagent 230
3-formylimidazo[1,2-α]pyridine

derivatives 1662
four-membered heterocycles synthesis

445
free acid 1528
free aryl amine 1528
Friedel-Crafts acylation 800
Friedel-Crafts reaction 177, 534
Friedel-Crafts type reaction 160
Friedel–Crafts type reaction 160
Frustrated Lewis pair (FLP) catalysis

1013, 1242
FT catalyst 878, 883
FT reaction, selectivity control

871
fully substituted cyclohexene

β-aminoester 1429
fumaropimaric acid 1417
functionalized γ-lactones 1428
functionalized tetrasubstituted

α-aminophosphonates 1421



Index 1691

functionalized vinyl nitriles 1383
furfural 381, 1398
furfuryl alcohol (FFA) 315
fused imidazole 1591

g
GaCl3 mediated formylation 541
Gallic acid 602
γ lactam derivatives synthesis 547
γ-nitrobutyric acid 1428
γ-nitrocarbonyl compounds 1429
Ga2O3-In2O3 mixed metal oxides

1131
Ga-Pd bimetallic particles 1112
gasoline-range hydrocarbons synthesis

883
Gattermann-Koch reaction 534--536,

1661
Gattermann-Koch reactions 535
GC-MS chromatograms 106
gem-bis[(Pinacolato)boryl]methane

(BpinCH2Bpin) 1505
gem-dibrominated alkenes 1594
gem-dibromoalkenes 1592
gem-dibromoaziridines 1600
gem-dibromocyclopropanes 1602
gem-dichlorinated amino alkenes 1595,

1597
gem-dichloroaziridines 1588, 1597
gem-dichlorovinyl ethers 1588
gem-difluoroalkenes 363, 1625
gem-dihaloalkenes 1588
gem-diborylalkanes 1505
giant calixarenes 165
Gibbs free energy 652
Gibeon meteorite catalyst 1232
Giese reaction 575
glycine betaine (GB) 1228
gold catalysis 693
gold-catalyzed asymmetric Aldol reaction

193
gold-catalyzed photoredox C—H

trifluoromethylation 1618
graphene catalyst 877
graphene oxide (GO) 1402

green biodegradable biopolymer chitosan
1421

group-and atom-transfer carbonylation
572

h
H2 sources 1076
H2O2/DMSO-promoted regioselective

synthesis 1652
H5PMo10V2O40 (HPA)-catalyzed 15
6H-chromeno[4,3-b]quinolin-6-ones

1659
H-ZSM-5 90, 99, 888
H-ZSM-5 crystal 108
H2SO4 oxidant-based systems 15
H[Ni(II)]CN complex 1371
HA synthesis, relay catalysis 898
halide-free catalyst systems 979
halogenated azabutadienes 1588, 1589
halogenated methanes 1577, 1604
halogenation 1630
halohydrin esters synthesis 482
2-halopyridines 1458
hantzsch ester 1612
Hantzsch ester (HE) 599
Hantzsch ester (HEH) 958, 959
Harran’s callyspongiolide synthesis 819
HB-based catalysis 982
HCHO 1554
Heck cross-coupling reaction 596
Heck reactions 435
Heck-type reaction 601, 602
Heck-type reactions 601
Heck–Aldol–Heck tandem reaction 166
Hegedus synthesis 795
hemiaminal 1545
Henry reaction (Nitroaldol)

metal-based catalysts 1406
organocatalysts 1398
other prominent 1419

Henry/nitroaldol reaction 1397
heptamethylbenzenium cation

(heptaMB+) 93
heteroarenes 1625
heteroaromatic aldehydes 1398, 1399
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(hetero)arenes 1619, 1624, 1634
(hetero)arylacetylenes 1632
(hetero)aryl chlorides 1478
(hetero)aryltrifluoroborates 1634
heterocycle 503–510, 1528
heterocycles carbonylation 503
heterocycles synthesis 445
heterocyclic benzaldehydes 1402
heterocyclic olefins 633
heterogeneous carbonylation 303
heterogeneous catalysts 149, 673, 765,

880, 890
heterogeneous catalytic

hydrogenation-hydrogenolysis
strategy 1450

heterogeneous hydroformylation 290
asymmetric hydroformylation 301
butenes 293
ethylene 290
long-chain olefins 298
propene 292

heterogeneous palladium catalyst
676

heterogeneously catalyzed CO2
hydrogenation 1014

(Hetero)Michael reaction-intramolecular
nitrone cycloaddition 1427

heteropolyacids 766
heteroscorpionate lanthanum complex

977
hexafluoroacetone 1425
1,1,1,3,3,3-hexafluoropropan-2-ol (HFIP)

835
hexafluoroisopropanol 1560
hexagonal close-packed (HCP) 881
hexahydrophenanthridin-9(5H)-ones

1425
hexamethyldisilane (HMDS) 433
hexamethyleneimine (HMI) 783
hexamethylmethenecyclohexadiene

(HMMC) 96
5,6,11,12,17,18-hexaazatrinaphthylene

(HATN) ligand 1418
1,2, 3, 3, 4, 5-hexamethyl-6-methene-1,

4-cyclohexadiene (HMMC) 95

hexamethylphosphoric triamide (HMPA)
467

1,2-hexane-carbonate formation 978
1,6-hexanediamine 1367
HFER 767
hierarchical aluminum-rich faujasite

structure 1420
hierarchically porous metal-organic

frameworks (HP-MOFs) 1418
high-angle annular dark-field scanning

transmission electron microscopy
(HAADF-STEM) 292

higher alcohols (HA) 890
higher alcohols synthesis

HA synthesis, relay catalysis 898
modified Fischer-Tropsch catalysts

895
modified methanol synthesis catalysts

896
molybdenum-based catalysts 893
rhodium-based catalysts 891

hirsutene synthesis 798
HIV integrase inhibitor raltegravir

potassium 1514
HMOR 767

coke deposition 12-MR pore, 779
DME carbonylation 785, 770
selective removal of acid sites 780
SEM/TEM 786

hollow mesoporous silica nanosphere
1400

homo-allylic alcohols 988
homoallylic alcohols 1615
homoallylic alcohols substrates 1282
homoallylic amines 1653
homogeneous catalysis 667
homogeneous catalysts 137, 764
homogeneous methyl methacrylate

formation mechanism 388
homogeneously soluble organocatalysts

1403
homostyrenyl acetates 1297
Horner-Wadsworth-Emmons (HWE)

806
Hoveyda-Grubbs II (H-G II) catalyst 820
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HPMoV 553
1H-pyrrole(s) 1662
7H-pyrrolo[2,3-d]pyrimidines 1633
2-(1H-pyrrol-1-yl)anilines 1658
1H-pyrrole-2,3-diones 1401
11H-pyrido[2,1-b]quinazolin-11-ones

1452
hybrid bidentate ligands 616
hybrid CoPc/TiO2 photocatalyst 990
hybrid Cu/radical carbonylation 596
hybrid heterogeneous catalyst 1419
hybrid Pd/radical carbonylation 591
hybrid phosphine-phosphoramidite chiral

ligand 334
hybrid-type squaramide-fused amino

alcohol (SFAA) catalysts 1404
hydrazones 1618
hydroboranes 1223, 1233
hydrocarbon pool mechanism 91, 94
hydrocarbonylation

categories 325
of unsaturated bonds 326

hydrocarboxylation of cyclohexene 1032
hydrocarboxylation of olefins 1032
hydrocyanation

of nonpolar alkenes 1368
of nonpolar alkynes 1382
of nonpolar allenes and dienes 1387
of other unsaturated compound 1389

hydrodediazoniations 1442
hydroformylation 327, 343, 890

of 1-octene 359
of 3,3-dimethyl-1-butene 357

hydroformylation of olefins,
heterogeneous hydroformylation
290

asymmetric hydroformylation 301
butenes 293
ethylene 290
long-chain olefins 298
propene 292

hydroformylations reactions
CO source 223
ketone synthesis 227

hydrogel-assisted Henry reaction 1403

hydrogen 1197, 1201, 1237
donor and accepter 227

hydrogen atom transfer (HAT) 2, 61, 571
hydrogen cyanide (HCN) 1368
hydrogen source

alkenes or alkynes 263
carbonyl groups 268
hydrogenolysis benzylic C-O bonds

272
nitro groups 275
unsaturated C-N bonds 278

hydrogen-bond donating (HBD)
organocatalysts 1398

hydrogen-borrowing method 33
hydrogenation 313
hydrogenolysis benzylic C-O bonds 272
hydrogenolytic deprotection and

hydrogenation 1484
hydromethoxylation, organometallics

211
hydromethylation 213
5-Hydroxymethylfurfural 381
5-hydroxymethylfurfural (HMF) 489
hydroperoxide 1627
hydrophobic anchor-tagged asymmetric

recyclable thiourea catalyst 1421
hydrosilane 1186, 1199

metal catalysis 1230
organocatalysis 1225

hydrotrifluoromethylthiolation 1442
1,1-hydrotrifluoromethylation 1617
hydroxamic acid 1627
hydroxy-oxetanes substrate 986
hydroxydimethylcarboxamides 1464,

1465
hydroxyl functionalized internal alkyne

1588
2-hydroxy-(2-hydroxybenzylidene)

benzohydrazide 1420
hydroxyl radical 10
hydroxymethylation
α-substituted nitroacetates 198
1,3-butadienes 208, 209
EtOH/H2O 195
iridium-catalyzed 49, 50
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hydroxymethylation (contd.)
L-threonine-catalyzed 196
metal-containing ionic liquids 194
Na2S2O8-mediation 50
oxindoles by bifunctional thiourea

197
2-substituted dienes 50
TiCl3/TBHP-mediated radical 49
TiCl3/TBHP-mediated radical 49
water-compatible Lewis acid catalyst

195
hydroxymethylation reagent (–CH2OH)

alkenes and alkynes allenes 206
carbonyl substrates 192
Morita–Baylis–Hillman reaction 205
prins and carbonyl-ene reactions 199

hydroxymethylfurfural (HMF) 315
hydroxymethyl radical 1486
hydroxypyrimidinone 1514
hydroxytrifluoromethylation of alkenes

1626
3-hydroxy-2-phenyl-4H-chromen-4-one

1461
3-hydroxy-3-(nitroalkyl)indolin-2-ones

1403
3-hydroxy-3-nitromethyl-1H-pyrrol-

2(3H)-ones 1401, 1402
3-hydroxy-3-nitromethylindolin-2-ones

1419
3-hydroxyflavone 1461
4-hydroxycoumarins 1659
4-hydroxythiophenol 1612
HZSM-5 catalyst 89

i
imidazo[1,2- α]pyridines 1449
imidazo[1,2-α]pyridine moieties

1449
imidazo[1,2-α]pyridines 1662
imidazoheterocycles 1652
imidazole 1464
imidazole-substituted hemilabile

monophosphine ligand 1547
imidazole-substituted monodentate

phosphine ligands 355

imidazole-substituted monophosphine
ligands 353

imidazoles 1634
imidazolidine-4-one derivatives 1407
imidazolidine-4-thione catalysts 1413
imidazolyl activated carbon (AC-N)

1428
imidazopyridines 65
imine/CO copolymerization 850
imines/N-heteroaromatics 1586
imines/electron deficient

N-heteroaromatics 1586
iminium catalytic system 1427
(2-iminoaryl)-divinyl ketones 1425
iminosugar C-nitromethyl glycosides

1430
immobilized bisdiazaphospholane

catalysts 341
2-iminochromenes 1430
Imperial Chemical Industries (ICI) 862
In2O3 catalysts 1120
In2O3 nanocatalyst, for CO2

hydrogenation 1121
In2O3-based methanol synthesis catalysts

1120
In2O3/ZrO2 catalysts 1128, 1130
Inx/ZrO2 catalysts 1128
In(OTf)3 catalyzed mono N-methylation

of amines 1552
In-Pd/SiO2 catalysts 1126
in-situ formed NHC organocatalyst 340
indirect methanol synthesis routes 1161
indole 1591
indole carboxylates 1591
indoles 1445, 1624, 1630, 1633
3-indole C(sp2)-H bond of indoles 1663
indoles synthesis 737
indolinones 1585
indolizine derivatives 1660
inherently chiral calix[4]arenes 1405
inorganic bases 1477
InPd/SiO2 bimetallic catalysts 1124
inter-molecular reactions of nitroarenes

742
allylic amines synthesis 742
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nitroarenes and alkynes synthesis 745
oxazines and pyrroles synthesis 744

intermetallic compounds catalysts 1111
intermolecular domino carbonylations

436
intermolecular oxidative C(sp2)-H bond

activation 1652
internal alkenes 1372, 1378
internal arylalkynes 1635
intra-molecular cyclization reactions,

nitroalkenes 739
intra-molecular cyclization reactions,

nitroarenes
indoles synthesis 737
5-membered heterocycles 738
6-membered heterocycles 739

intramolecular C-C bond formation
reactions 1447

intramolecular domino carbonylations
434

intramolecular Heck reaction 800
intramolecular oxidative carbonylation of

amines, oxazolidinones 711
intrinsic reaction coordinate (IRC) 651
iodine-catalyzed synthesis 175
iodobenzene diacetate 1449
iodobenzoic acids 1577
ionic compounds 1309
ionic liquid, reaction steps in CO2

hydrogenation 1017
ionic liquid gel 1403
ionic liquid/water biphasic systems 1009
ionic liquids (ILs) 1193, 1227
i-PrOH/H2O 1554
(i-PrO)3P 1592
iso-butanol, syngas 898
2-isocyanobiphenyls 1616, 1631
3-isorauniticine synthesis 797
Ir(I)-complex catalyzed

hydroaminomethylation, of olefins
360

Ir-based photosensitizer
[Ir(ppy)2(bpy)]PF6 1021

IrCl3⋅3H2O-catalyzed hydroformylation-
acetalization 359

IrH3(CO)(dppe) 550
iridium catalyst 130, 135
iridium-based cativa process, BP

chemicals 135
iridium-catalyzed α-methylation 34
iridium-catalyzed α-methylation of α-aryl

esters 1486
iridium-catalyzed N-monomethylation

43
iridium-catalyzed borylation of methane

21
iridium-catalyzed hydroformylation, of

olefins 358
iridium-catalyzed hydroxymethylation

49
Iridium-catalyzed methylation 34
iron carbides role, CO hydrogenation

875
iron catalyst Fe(acac)3 1583
iron catalysts 1231
iron catalyzed hydroformylation of

alkenes 358
iron oxohydroxides (FeOOH) 1419
iron tetraphenylporphyrin (FeTPP) 1035
ironII catalyst 1493
iron-based catalysts 873
iron-based catalysts, with

honeycomb-structured graphene
1142

iron-catalyzed β-C(sp3)-methylation of
2-arylethanols 1487

iron-catalyzed 1,2-addition 1611
iron-catalyzed α-methylenation of ketones

1450
iron-catalyzed N-methylation 47
iron-catalyzed benzylic vinylation 1448
iron-catalyzed C(sp3)-H functionalization

1448
iron-catalyzed C5-carboxylation 1591
iron-catalyzed methylation 37
iron-catalyzed tandem

oxidation/formylation reaction
1662

iron-promoted radical cascade
methylation 1649
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iron/PPh3-catalyzed hydroformylation, of
olefins 357

Ir-photoredox catalyst 600
[Ir(ppy)2dtbbpy]PF6 photocatalyst

1578
isatin-derived ketimines 1421
isobutyl cyanide 1370
1-(4-isobutylphenyl) ethanol 490
isocyanoborate [(CN)BCl3]- 1375
isopropyl benzene formylation 534
isoquinoline 1597, 1647, 1648
isoquinoline N-oxides 1647
isorauniticine 795
isotactic styrene/CO copolymers 839
isoxazole 1480

j
Jørgensen-Hayashi catalyst 1427
Jatrophone 793

k
K+-modified Fe/ZrO2 catalyst 1138
K2CO3-promoted intramolecular Michael

cyclization 1429
K2S2O8 1442
K2S2O8 oxidant-based systems 12
Karstedt’s catalyst 282
Katritzky salts 599, 601
ketone silyl enol ethers 1618
Ketone synthesis via acyl triflate

electrophiles 556
ketone synthesis via carbonylative C—H

functionalization 555
ketones 1611

double alkylation 34
ruthenium-catalyzed methylation 35
trideuteromethylation 36
cross methyl alkylation 37
ruthenium-catalyzed α-methylation

34
ketones with methanol

α-methylation 34
cobalt-catalyzed methylation 35
iridium-catalyzed α-methylation 34
iron-catalyzed methylation 37

manganese-catalyzed α-methylation of
36

rhodium-catalyzed methylation 33
α-dimethylation 36
Ni/SiO2-Al2O3 catalyzed methylation

37
Kharasch difunctionalization reaction

1582
KI loaded Fe3O4 nanoparticles 1420
kinetic isotope effect 1443
kinetic isotope effect (KIE) 1423, 1453
kinetic isotopic effect (KIE) 1010
KIT-6 supported Cu/ZnO/MnO catalyst

1091
Kornblum oxidation 1592
Kulinkovich reaction 816

l
La-promoted In2O3/ZrO2 catalysts 1130
labelled aromatic heterocycles 1648
Langlois reagent 1609
larger heterocycle synthesis 450
layered double hydroxides (LDHs) 675
LCuBpin 1039
[LnCuINu]* 1613
Letrozole 1337
leucascandrolide A 803
Lewis acid 1603
lewis acid 725
Lewis acid-mediated Friedel-Crafts

acylation 364
Lewis acidic metal center 1306
Lewis acids 202
L-Fuculose-1-phosphate aldolase (FucA)

1404
ligand based metal-complex catalysts

138
ligand-installed catalyst 1538, 1539
ligand-to-metal charge transfer (LMCT)

22
light olefins 71
linear nitriles 1372
liquid-liquid phase process 1019
lithium enolates 1618
lithium methyltriolborate (LMTB) 1503
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long-chain olefins hydroformylation 298
Lovastatin 1475
lower olefin synthesis 886

from direct CO2 hydrogenation 1134
from CO-mediated pathway 1137

effect of promoters 1137
effects of supports 1141

methanol-mediated pathway 1146
L-phenylalanine-derived 1,2-diamine

benzyl-imidazolines 1407
L-Rhamnulose-1-phosphate aldolase

1404
Luche reduction 815
lyotropic liquid crystal (LLC) monomers

1400

m
MA formation, reaction mechanism 777
“magic” methyl concept 1475
“magic“ methylated products 1476
magnesium bromofluoride 1609
magnetically stabilized bed reactors

(MSBR) 679
magnetite cored- poly(propyleneimine)

dendrimer (PPI) core shell
nanohybrid material 1406

manganese pincer complexes 1547
manganese-catalyzed α-methylation 36
manganese-catalyzed N-formylation 53
manganese-catalyzed N-methylation 44,

45
manganese-catalyzed aminomethylation

64
manganese-catalyzed methylation 36
Mannich reaction 167, 169, 170

propargyl amine synthesis 171
Markovnikov selectivity 1375
matrix-assisted laser

desorption/ionization
Fourier-transform ion cyclotron
resonance mass spectrometry
(MALDI FT-ICR MS) 112

MDI, oxidative carbonylation process
688

[2-(Me2NCH2)C6H4]2SbL 1421

Me2N(CH2)2NH2 1399
Me2Zn 1525
Me3Al 1520
Me3N-BH3/DMF system 1556
Me3SiCN 1368
Me4Sn 1519
MeB(OH)2 1535
MeI 1537
MeLi 1518
6-membered heterocycles 739
8-member ring (MR) 767
MeMgBr 1523
MeMgCl 1523
MeMgI 1523
2-(Me2NCH2)C6H4 1421
MeNO2 1555
MeOH 1538
MerrifieldTM resin 1413
mesoporous [Ru(bpy)3]2+ Ru-POP 1425
mesoporous H-ZSM-5 (meso-ZSM-5)

884
mesoporous SAPO-34 (MSAPO) 887
mesoporous SBA-15 1399
mesoporous silica 1398
mesoporous silica SBA-15 1399
mesoporous silica-tethered Ir-complex

1017
metaclopramide 1046
metal alloy catalysts 1110
metal based catalyst for Michael reactions

1429
metal carbonyl complex 426
metal modified In2O3 catalysts 1122
metal Organic Frameworks (MOFs)

1200
metal salen 1315
metal-based catalysts 981, 1406
metal-based catalysts, aza-Henry

reactions 1423
metal-binded proteins 1413
metal-catalyst-free carbonylation

reactions 585
metal-CO bonding 128
metal-complex catalysts 1309
metal-cyano intermediate 1371
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metal-driven photoredox catalysis 990
metal-free catalyst 1013
metal-free hydroformylation 360
metal-free photo-induced reactions

1484
metal-free, base-promoted formal

[4+1+1] annulation of aryl
aldehydes 1658

metal-halide-catalyzed carbamate
synthesis 689

metal–formaldehyde (M-CH2O)
complex 234

metallic nanoparticles loaded homochiral
COF 1418

metalloporphyrin complexes 1311
methane 1

acetic acid
K2S2O8 13
O2 oxidant 15
Yb(OAc)3-catalyzed carboxylation

18
alkylated products 23
alkylation of 25
aminated products 21
borylation product 19
C(sp3)–H bond 2
catalytic oxidation of 9
cerium-catalyzed amination 22
homogeneous oxidation

methyl bisulfate 8
methyl trifluoroacetate by Pd(II)

8
Pt catalysts 7

iodate/chloride system 11
iridium-catalyzed borylation 21
K2S2O8 9
methanesulfonic acid (MSA) 17
radical formation and carboxylation

14
Shilov reaction 4

methane monooxygenases (MMO) 11
methane via homogeneous processes 2,

3
methane-formaldehyde mechanism 81
methanesulfonic acid (MSA) 17

methanol 31, 1209
borrowing hydrogen 32
borrowing hydrogen strategy 1482
C-OCH3 activation process 84
C1 source 62
electrophilic activation 2
hydrogenolytic deprotection and

hydrogenation 1484
hydroxymethylation 49
iridium-catalyzed α-methylation of

α-aryl esters 1486
iron-catalyzed β-C(sp3)-methylation of

2-arylethanols 1487
metal-free photo-induced reactions

1484
methoxylation 54
methylation

C-methylation 32
N-methylation 42

N-formylation 51
organic synthesis 32
radical-mediated activation 9
2-arylethanols 38
Pd/C-catalyzed benzylic methoxylation

59
ssNMR spectra 87

methanol carbonylation 891
heterogeneous catalysts 765
homogeneous catalysts 764
over zeolites 767

methanol formation, PdIn(310) surface
1123

methanol synthesis 861, 862
Cu/ZnO-based catalysts 865
ZnCrOx catalysts 864

methanol to gasoline (MTG) reaction
766

methanol-to-aromatics (MTA) 888
methanol-to-lower olefins (MTO) 886
methanol-to-olefins (MTO) 71

8-MR pore opening and cavity structure
76

autocatalysis character of 88
carbonylation-based mechanism 79
catalytic cycles 98
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dimethyl ether 79
dimethyl ether 71
DMTO

DMTO-II technology 117
DMTO-III technology 118
industrial test 115
scale-up synthesis 115
technology commercialization 117

extra-framework Al 83
indirect mechanism

active intermediates reaction 95
cyclopentadienes-based cycle 100
direct mechanism to 102
dual-cycle mechanism 97
hydrocarbon pool mechanism 91
polymethylbenzene 92
polymethylbenzenium cation 93
polymethylcyclopentenyl cation 93

initial C-C bond formation 83
methane-formaldehyde mechanism

81
methanol conversion 78
methoxymethyl carbocation

mechanism 81
oxonium ion-ylide mechanism 85
reaction course of 77
reaction network of 105
SAPO-34

cage-passing growth deactivating
model 112

high-temperature deactivation
mechanism 109

low-temperature deactivation
mechanism 108

SAPO-34, CHA topology structure 73
SMS, TMO and DME/methanol 88
technology development 72
ZSM-5, MFI topology structure 73

methaqualone 1659
methenynation reactions (=CH2)

α-methylenynations of carbonyls 184
allylic and benzylic positions 182
carbonyls via Wittig reaction 183
terminal allenes formation 180
two heteroatoms 185

methoxylation, Pd(OAc)2-catalyzed C—H
bond 54

methoxymethyl carbocation mechanism
81

methyl (2-formylphenyl)carbamate 1425
methyl (4-methoxybenzyl)carbamate

1558
methyl p-nitrobenzenesulfonate (MeONs)

1511
methyl acetate (MA) 764, 899
methyl boronic acid (MBA) 1498
methyl bride N-nucleophiles 1581
methyl formate (MF) 682

decarbonylation 682
methyl iodide 1477, 1510, 1530
2-methyl azaarene(s) 1448
2-methylated pyridine(s) 1496
2-methylated pyridine oxide(s) 1496
2-methylimidazole 1428
2-methylnicotine 1518
2-methylquinolines 1448
methyl nona-fluorobutyl-1-sulfonate

(MeONf) 1511
methyl organometals 1517
methyl oxo(phenyl)acetate 1414
methyl phenyl carbonate (MPC) 682
methyl sulfonates 1511
methyl sulfoxides 1651
methyl tosylate (MeOTs) 1511
methyl triflate (MeOTf) 1511, 1560
methyl trifluoroacetate (MTFA) 1529
methyl-acetate-to-hydrocarbon (MATH)

104
methylated pyridinones 1496
methylation 31

N,N-dimethylacetamide dimethyl
acetal (DMA-DMA) 1478

N,N-dimethylformamide 1481
C-methylation 32
N-dimethyl-formamide dimethyl acetal

1478
N-methylation 42
trimethyl ortho-acetate 1478
trimethyl orthoformate 1478

methylation reagent 230
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methylene-bridged bis-biaryl carboxylates
1577

methylenebenzofuranone 1428
methylenebisamide formation 1653
methylenecyclopropanes 844, 1389
methylenediphenyl diisocyanate (MDI)

687
methyleneindolinone 1428
methylenen linking two heteroatoms

185
1-methyl-3-methylimidazolium iodide

691
1-methylcyclohexa-2,5-diene-1-

carbonitrile 1372
methylenes

linking carbon and halogens 179
linking carbon and nitrogen

allyl and benzyl amines 172
Mannich-type reactions 167
propargyl amines 167

linking carbon and oxygen
Oxa-Pictet–Spengler reaction 176
propargyl alcohols 178

linking two alkyl groups 165
linking two aryl groups 159

3-methoxybenzaldehyde 1412
4-methoxyaniline 1422
4-methoxylbenzylmethyl amine 1558
4-methylnicotine 1518
3-methyl-4-nitro-5-(3-nitro-2-

arylpropyl)isoxazoles 1427
3-methyl-4-nitro-5-alkylethenyl isoxazoles

1428
3-methylene indoles 1584
3-methylsalicylaldehyde-derived Schiff

base 1412
8-methyl-2′-deoxyguanosine (Me8$dG)

1491
4,4′-methylenediphenyldiisocyanate

(MDI) 723
7-methyl-1,5,7-triazabicyclo-[4.4.0]dec-

5-ene (MTBD) 924
6-methylnicotine 1518
8-methylquinolines 1503
5-membered heterocycles 738

5-methyl pyrimidine derivatives 1658
5-methyl-2′-deoxycytidine (m5dC) 1491
Mevastatin 1475
MeZnBr/MeZnBr.LiCl 1526
MFI

framework, pore structures 75
ZSM-5 73

Mg(OH)2 1419
Mg–Al LDH nanosheets 1420
MgAl-HT-RH 1420
MgCe-HDC 1419
Michael reaction 1397

metal based catalyst 1429
organocatalyst for 1426

microwave assisted cyanation 1346
microwave-assisted cyanation 1355
microwave-assisted,

imine/cyclization/aza-Henry
reaction 1425

Minisci type C—H methylation 1500
Minisci-type methylation 1489
Mitsunobu conditions 43
Mitsunobu reaction 1477
mixed MnOx/m-Co3O4 catalyst 1131
Mizoroki–Heck reaction 312
Mo(CO)6 750
modified Fischer-Tropsch catalysts 895
modified methanol synthesis catalysts

896
MOF-808(Zr) 1208
MOFs 1417
molybdenum-based catalysts 893
mond process 127
mono C-methylation 1534
mono deuterated product 1528
mono N-methylation 1535
mono N-methylation of anilines with

HOAc 1558
mono-N-methyl anilines 1556
mono-oxidative carbonylation 687
mono-oxidative carbonylation of amines

noble metal catalysts
gold catalysis 693
palladium catalysis 688
rhodium catalysis 697
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non-metal catalysts
selenium catalysts 704
sulphur catalysts 703

non-noble metal catalysts
cobalt catalysis 698
copper catalysis 702
tungsten catalysis 703

monoborylated-to-diborylated methane
20

monodentate ligands 625
monodeprotonated bis-pyridyl

hydrazine-based ligands 1418
monoethanolamine (MEA) 1009
monomethylation

mono C-methylation 1534
mono N-methylation 1535

Monsanto process 133, 135, 149, 891
MOR 769
Morita-Baylis-Hillman (MBH) reaction

205
Morita–Baylis–Hillman reaction 206
morpholine-2,3-diones 712, 713
12-MR pore

selective removal of acid sites 780
of HMOR 780
coke deposition 779

8-MR pore opening and cavity structure
76

MSA, sulfonation of methane 19
Mukaiyama aldol reaction 813
multi-substituted allenes 1618
multi-substituted urea 1467
multicomponent domino reaction (MCR)

166
multifluorinated alkenes 1627
multifunctional Ni-pyrazolate MOF

catalysts 1417
multisubstituted acrylamidines 1653
Musa acuminata banana peel ash 1405

n
N-acrylamides 1616
N-acyl-5-oxazolidones synthesis 188
N-acylated 8-aminoquinolines 1591
N-acyloxymethylamides 1469

N-alkyl-substituted-2-pyrrolidones 465
N-alkylated isatins 1403
N-allylamides 1629
1-naphthylamide 1633
1,8-naphthyridine derivatives 1648
N-aryl-1H-benzo[d]imidazol-1-amines

1660
N-arylacrylamides 1615, 1629, 1649
N-arylcinnamamides 1631
N-aryltetrahydroisoquinolines (THIQ)

1424
[N-(acyloxy)phthalimides] 1489, 1522
n-alkanes selective conversion to

n-alcohols 345
N-alkyl-S-methyl-trifluoromethyl-

sulfoximines 1518
N𝛼-Fmoc lysine 1561
N-aryl diamine 1414
N-arylsulfonyl-N-methyl (S)-analine

methyl esters 1516
N-aryltetrahydroisoquinoline derivatives

1426
N-benzoylsaccharin 1064
N-benzyl amidines 1658
N-benzylformamide 1459
N-centered radicals 601
N-Boc ketimines 1423
N-Boc-α-amido stannanes 942
N-Boc imines 1423
n-C6H13NH2 1399
N-cetyl-N,N,N-trimethyl ammonium

bromide (CTAB) 1597
N-contained carbonyl compounds 687
N-dimethyl-formamide dimethyl acetal

(DMF-DMA) 1478
N-doped defective graphene [(N)G] 1402
N-Fmoc-N-methyl amino acids 1494
N-formylated product 1191
N-formylation reaction 232
N-formylations 51
N-formylsaccharin (NFS) 427, 1045
N-heteroaryl functionalized benzenes

1591
N-heterocycle-fused quinoxalines 1658
N-heterocyclic arenes 1494
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N-heterocyclic carbene (NHC) 673, 911,
981, 1227

N-heterocyclic olefins 981
N-hydroxyl-N-alkylamines 1557
N-hydroxyphthalimido esters 949
[Ni(BDMAEE)Cl2] 1415
N2-methyl-dG 1491
N, N, N′, N′-tetraalkylurea 498
N,N′-diarylated diamine ligands 1414
N,N′-dialkylated derivatives 1414
N,N′-diisopropylethylamine 1416
N,N,N-trimethylbenzenaminium

trifluoromethanesulfonate
(PhNMe3OTf) 1533

N,N-di-methylated product 1549
N,N-dimethylacetamide (DMA) 467
N,N-dimethylated amines 1543
N,O-acetals 1618
N-(β-nitro)amides 1410
N,N-bis(silyl) enamines 1463
N,N-dimethyl moiety 1448
N,N-dimethylformamide (DMF) 1439

CHNMe2 unit source 1463
C-NMe2 unit source 1461
in different reactions 1440
functional groups 1439
NMe2 unit source 1456
O=C–NMe2 unit source 1464
OHC-NMeCH2 unit source 1469
source of CN unit 1451
source of oxygen and hydrogen units

1439, 1444, 1452
N ′,N-dimethyl-p-anisidine 1491
N,N-dimethyl acetamide (DMA) 911
N,N-dimethylacetamide dimethyl acetal

(DMA-DMA) 1478
N,N-dimethylated amines 1494
N,N-dimethylformamide (DMF) 1223,

1481
N,N ′-dioxide/Cu(I) complex 1410
N,N-ligand 547
N,N,N,N-tetramethylethylene diamine

(TMEDA) 911
N-(2-methylallyl)-N-phenylacetamides

1579

N,O-type enantiomers 1405
N-(o-ethynylaryl) acrylamides 1578
N-(2-pyrimidyl)indoles 1489
N ′-phenyl-N-benzyl L-prolinamide 1416
N-(p-tolylsulfonyl)-1,2-

diphenylethylenediamine-
(TsDPEN-) 270

N-(tert-butylsulfinyl) imines 1594
N-(pyridin-2-yl)amides 1467
N-ortho-anisyl-substituted 2-imidazole

dicyclohexylphosphine ligand
354

N-o-chlorophenyl functionalized
trichloromethyl amine 1586

N-p-NO2-benzoylacrylamides 1629
N-methyl-9-mesityl acridinium 1627
N-methylamine

homogeneous catalysis 1186–1199
hydrogen 1197–1198
hydrosilane,

polymethylhydrosiloxane 1186
sodium borohydride 1198–1199
hydrosilanes,

polymethylhydrosiloxane 1199
N-methylaniline 1493
N-methylated amines 46
N-methylated aryl anilines 1509
N-methylated products 1560
N-methylation 1186
N-methyldiethanolamine 1458
N-methylindole 1444
N-methylated drugs 1475
N-monobenzyl (S)-binaph-(R,R)-dpen

ligand 1411
N-monomethylation 44
N-phenyl acrylamides 1594
N-phenyl propenamides 1584
N-substituted formamides 1462
N-substituted imidazoles 1581
N-substituted-2-picolinamides 1467
N-sulfonyl formamidine 1463
N-sulfonylimines 1629
N-tethered alkenyl alcohols 1631
N-tosyl (2-bromobenzylamine) 217, 428
N-tosylhydrazone 60
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N-tosylindole 1444
N-trifluoroacetamide (Tfa) 42
N-trifluoromethylated hydroxylamines

1634
N-Formylsaccharin 1063–1065
N-heterocyclic carbene (NHC) ligands

312
N-heterocyclic carbene metal complexes

692
N-heterocyclic carbenes (NHCs) 6, 1200
N-Heterocyclic olefins (NHOs) 1234
N-heterocyclic-carbene-borane-mediated

hydroxymethylation 578
N-hydroxy indoles 745
N-hydroxyindoles 735, 745
N-hydroxyquinolones 735
N-methyl-N-benzyl formamide 1558
N-methylated amine 1558
N-methylated amino acids 1561
N-methylation 42
N-phenyltetrahydroisoquinoline 1425
N-substituted carbonylimidazolides

1558
N-substituted phthalimides synthesis

441
N-tosylimines 1425
N6-Cbz-lysine 1484
Na-modified spinel oxide ZnFeOx 1158
Na-promoted CoFe2O4 catalysts 1140
Na/Fe and HZSM-5 catalyst system 1155
NaBrO3 1629
nabumetone 1370
NaFe/ZSM-5 catalysts 1160
nano-Au/Al2O3-catalyzed reductive

N-methylation of amines 1495
nano-support immobilized ligands 1415
nanorod CeO2-supported catalyst 1093
naphtho-bis[1,3]oxazines synthesis 189
naphthol 1591
NaSO2CF3 1625
natural DNA 1398
natural gas 1
natural keratin 1404
natural products drugs 448
NbO type Cu-MOF 1418

NCH-Cu-I catalyst synthesis 703
near-infrared (NIR) fluorescence 109
Negishi coupling 793
neocuproine 1385
neutral hydridonickel(I) complexes 1441
NHC-catalyzed hydroxymethylation 198
Ni(II)–H intermediate 1385
Ni-catalyzed 1,3-butadiene

hydrocyanation 1368
Ni-catalyzed alkylative carboxylation ,

alkyl zinc reagents 920
Ni-catalyzed carboxylation 1,6-diynes,

919
Ni-catalyzed double carboxylation 920
Ni-catalyzed hydrocarboxylation

alkynes 917
terminal alkynes 917
ynamides 917

Ni-catalyzed synthesis
acylate 927
pyrones 918
pyrones via oxidative cyclization 915,

916
Ni-Ga IMCs 1113
Ni-In/SiO2 system 1124
Ni–PyBisulidine complex 1420
nickel π-alkyne complex 1386
nickel-catalyzed

arylation/trifluoromethylation
1617

nickel-catalyzed carboxylation, of diene
feedstocks with CO2 397

nickel-catalyzed cross-coupling reactions
1358

nickel-catalyzed cyanation
using butyronitrile 1359
using 4-cyanopyridine N-oxide 1360
of (hetero)aryl halides 1359

nickel-catalyzed hydrocarbonylation
395

of alkynes with formic acid 396
nickel-catalyzed hydroxymethylation

194
nickel-catalyzed Markovnikov

hydrocyanation 1375
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nickel-catalyzed regio- and stereoselective
hydrocarboxylation, of alkynes
396

nickel-catalyzed transfer hydrocyanation
reaction 1369

nickel-complex catalyst 137
nickel-mediated carbonylation reactions

1059
NiCl2⋅6H2O 1368
nitramine reaction 187
nitrile unit 1367
nitro-alcohols 1400
nitroalkenes, intra-molecular cyclization

reactions 740
nitroarenes 1501
nitroarenes, intra-molecular cyclization

reactions 724
alkynes synthesis 745
allylic amines synthesis 742
5-membered heterocycles 738
6-membered heterocycles 739
indoles synthesis 737
oxazines and pyrroles synthesis 744

nitroarenes synthesis 745
4-nitro-5-alkenyl-isoxazoles 1428
4-nitrobenzenethiol 1468
4-nitrobutanal 1404
nitro compound reactions 721
nitro groups, hydrogen source 275
3-C-nitromethyl-congeners 1401
(4-nitrophenyl)-2-nitroethanol 1399
2-(2-nitro-2-subst.ethyl)benzaldehydes

1421
nitro-substituted

2-phenyl-1,3,4-oxadiazole 1460
nitrogen and nitrogen-oxygen based

ligands complexes 144
nitrogen-directed C—H carbonylation

545
nitromethane 1399, 1400, 1407, 1416,

1417
nitronaphthylamines 1426
nitroporphyrins 1604
nitrosoarenes 1634
nitrosobenzene 1405

nitrostyrene 1402
2-nitro-1-(4-nitrophenyl)ethan-1-ol

1399
2-nitro-1-phenylethanol 1416
2-nitrobenzaldehyde 1399
2-nitroindan-1-ols 1421
2-nitrosodiarylamines 1447
1-nitro-4-(2- nitrovinyl)benzene 1399
NMe2 unit source 1456
NMe4SCF3 1613
noble metal catalysts 418

CO2 transformation to formic
acid/formates 1006

palladium catalysis 688
rhodium catalysis 697

noble metal-based catalysts, for methanol
synthesis 1101

Pd-based catalysts 1101
non-chain radical carbonylation 572
non-fluorinated alkyl groups 1609
non-hybrid bidentate ligands 619
non-metal catalysts

selenium catalysts 704
sulphur catalysts 703

non-noble metal catalysts 420
cobalt catalysis 698
for CO2 hydrogenation to formic acid

1011
copper catalysis 702
tungsten catalysis 703

nonadjacent carbonyl groups 441
nonconjugated dienes 1389
nonpolar (inactivated or non-activated)

unsaturated compounds 1367
nonpolar alkenes 1368
nonpolar alkynes 1382
nonpolar allenes and dienes 1387
nonpolar carbon-carbon unsaturated

bonds 1367
nonreductive CO2 transformations 973,

979
norbornadiene decorated with

bisoxazolines 1412
norborndiene (NBD) 1370
norbornene (NBE) 1370
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normal pressure and temperature (NPT)
704

nucleophiles 431
reductive cyclization reaction

homogeneous catalytic synthesis
1239

heterogeneous catalytic synthesis
1243

nucleophilic anilines 1456
nucleophilic TMSCN 1613
nucleophilic trapping 568
nucleophilic trifluoromethylating

reagents 1622, 1642
nucleophlic trifluoromethylation

reactions 1610
Nylon 6,6 1367

o
o-alkynyl aryl aldehydes 1586, 1587
o-aminophenols 1592
o-aminophenyl ethanols 1592
o-bromobenzaldehyde 60
o-carbamoyl aldehydes 1425
o-carbonylation of arenes 543
o-diisocyanoarenes 1616
o-iodoanilines 1661
o-iodobenzamides 1578
o-isocyano biaryls 1586
o-nitrobenzenesulfonamide (o-NBS) 43
O2 oxidant-based systems 14
O=C-NMe2 unit source 1464
oble metal catalysts, gold catalysis 693
1-octene, hydroformylation 356
OH-mediated ring-opening of cyclic

carbonate 987
OHC-NMeCH2 unit source 1469
Olaparib 1048
olefin cracking process (OCP) 73
olefin/CO copolymerization

carbon-carbon double bond
direct bonding 846
spacer copolymerization 845

polymerstructures 845
terpolymers 848

olefins, hydroformylation of 1220

olefins, reaction with 1283
O-methylated drugs 1475
one pot Henry reaction/Michael type

addition 1417
one-electron transfer 583
one-electron-oxidation triggered system

602
one-electron-reduction triggered system

598
one-pot deacetalization-Henry reactions

1419
one-pot DMSO-involved oxidation/[4+1]

annulation of sulfonium salts
1655

one-pot Henry-Michael reactions 1402
one-pot Sandmeyer trifluoromethylation

1634
Oppolzer synthesis 797, 798
organic catalysts, in cyclic carbonate

synthesis 980
organic nitro compounds 1494
organic solvent/water biphasic systems

1009
organic solvents 1577
organic synthesis 178, 188
organic transformations

CCl4/CBr4 1581
CHBr3 1600
CHCl3 1594
DCM 1577

organo silane {3-[2-(2-amino ethyl amino)
ethyl amino] propyl
trimethoxysilane} 1402

organo-photoredox-catalyzed
hydroformylation, of styrenes
360

organoboron compounds 935
organocatalys, for Michael reaction 1426
organocatalysis 978, 1225
organocatalyst for aza-Henry reactions

1421
organocatalysts 1318, 1397, 1398
organocatalytic Michael addition-

hemiacetalization cascade reaction
1411
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organocatalytic strategies 982
organolithium 212
organometallic photoredox catalysts

1619
organometallic reagents

organoboron compounds 935
organozinc compounds 938

organometallics 211
organozinc compounds 938
ortho-methylated amides 1497
ortho-substituted nitroarenes 739
ortho-trifluoromethyl iodoarenes 1622
ortho-trifluoromethylated products

1624
ortho-vinylanilines 1657
[Os4Au(m-H)3(CO)12(PPh3)] 695
osmium-catalyzed hydroformylation

reactions 358
Oxa-Pictet–Spengler reaction 176
oxamate-mediated synthesis 710
oxanickelacycle complex reactivity 916
oxazines synthesis 744
8-oxoadenosine 1478
7-oxabenzonorbornadienes 58
oxazolidinones 711
oxidant-based systems 17
oxidative carbonylation

advantages 694
diphenyl carbonate

carbon monoxide surrogates 680
heterogeneous catalysts 673
homogeneous catalysis 667

Ionic liquid-mediated Pd catalyst
system 691

Salen-modified complexes catalyzed
699

oxidative carbonylation of amines 694
Oxidative carbonylation of aniline

methyl formate, carbonyl source 693
Pd-phen-Im-NaY catalyzed 692

oxidative cyclization 914
alkenes 923

oxidative heck reaction 312
oxidative radical C—H carbonylation

557

oxidative trifluoromethyl-arylation 1625
oxide modified In2O3 catalysts 1128
oxide octahedral molecular sieves

(OMS-2) 677
oxo process 327, 611
oxo synthesis 611
oxo-porphyrinogens 1406
3-oxo-2-(trifluoromethyl)-carboxylates

1619
oxonium ion-ylide mechanism 85
2-oxo-4-trifluoromethyl-1,2-

dihydropyrimidine-5-carboxylates
1425

oxygen directed carbonylative C—H
functionalization 548

oxytrifluoromethylated products 1627

p
P(DVB-IL)-Pd catalyst synthesis 714
p-ethyltoluene isomerization 1157
p-type InP/Ru complex polymer hybrid

1022
p-xylene isomerization 1157
Paal-Knorr reaction 849
palladacycle A and B 1348
palladium 1265
palladim-catalysed hydrocarbonylation,

of alkenes 382
palladium acetate (Pd(OAc)2 309
palladium catalysis 688
palladium catalyst

palladium-based systems 730
phenanthroline ligands

mechanistic aspects 727
synthetic aspects 726

phosphine ligands 729
Palladium catalyzed carbonylation, allyl

alcohols 473
palladium nanoparticles (Pd NPs)

1417
palladium(II) complexes 26
palladium-based systems 730
palladium-catalysed alkoxycarbonylation

of secondary benzylic methyl
ethers 395
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palladium-catalysed Markovnikov
alkoxycarbonylation of alkenes
367

palladium-catalysed
methoxycarbonylation, of
tetramethylethylene 369

palladium-catalyzed N-methylation 47,
48

palladium-catalyzed alkoxycarbonylation
of 1-octene with 13C-PFA reaction 373
of alkenes 380
of alkynes promoted by H2O additive

393
palladium-catalyzed alkoxycarbonylation

of alkynes 392
palladium-catalyzed alkoxycarbonylation

of alkynols 394
palladium-catalyzed alkoxycarbonylation,

of bulk industrial olefins 370
palladium-catalyzed alkoxycarbonylation,

of conjugated dienes 363
palladium-catalyzed allene

alkoxycarbonylation 367
palladium-catalyzed amination of esters

1458
palladium-catalyzed aminocarbonylation

1464
palladium-catalyzed aminocarbonylation

of styrenes with aminophenols 375
with aliphatic amine salts 376

palladium-catalyzed
aryltrifluoromethylation 1616

palladium-catalyzed
bis-alkoxycarbonylation of alkynes
390

palladium-catalyzed
bis-alkoxycarbonylation, of
1,3-dienes 373

palladium-catalyzed carbobutoxylation,
Ph-I, Ph-Br 416

palladium-catalyzed carbonylation
mechanism of 416
of olefins to ketones 365

palladium-catalyzed carbonylation
reaction 611

palladium-catalyzed carbonylation, of
s-and t-alcohols 394

palladium-catalyzed carbonylations, high
energy light-induced 422

palladium-catalyzed carbonylative
cyclizations

bisdehydrostemoninine 815
callipeltosides A-C 805
callyspongiolide 817
cephanolide C 800
crinipellin A 802
hirsutene 798
isorauniticine 795
Jatrophone 793
leucascandrolide A 803
natural products 793
pallambins 809
perseanol 813
rhazinilam 822
schindilactone A 807
spinosyn A 820

palladium-catalyzed carbonylative
synthesis of 1,3-enynes 392

palladium-catalyzed coupling reactions
61

palladium-catalyzed cross-coupling
technology 1338

palladium-catalyzed cyanation
aryl bromides 1345
aryl chlorides 1345
aryl halides 1340, 1344, 1346
aryl iodides 1340
aryl iodides and bromides 1339
aryl mesylates 1348
DBU promoted cyanation 1349
of aryldiazonium salt 1351
organobromides 1341
using acetone cyanohydrin 1343
using CuSCN 1350
using cyanoethylzinc bromide 1349
with tert-butylisocyanide 1351
with cyanide trapping 1347

palladium-catalyzed enantioselective
hydroesterification of
alkenylphenols 385
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palladium-catalyzed enantioselective
hydrothiocarbonylation,
of styrenes 386

palladium-catalyzed Heck-type reaction
1612

palladium-catalyzed
hydroaminocarbonylation,
of alkynes 392

palladium-catalyzed hydrocarbonylation
of alkenes 361
of alkynes 386
of in-situ generated alkenes 393

palladium-catalyzed hydrocarbonylative
cyclization 378

palladium-catalyzed hydrocarboxylation
of alkynes 390
of olefins 381

palladium-catalyzed hydroesterification,
of olefins 383

palladium-catalyzed
hydroxycarbonylation,
of pentenoic acids 395

palladium-catalyzed intramolecular
aminocarbonylation reaction 376

palladium-catalyzed intramolecular
hydroaminocarbonylation,
of aminoalkynes 392

palladium-catalyzed
methoxycarbonylation of styrene
366

palladium-catalyzed olefin
methoxycarbonylation 371

palladium-catalyzed
oxidation-methoxylation 60

palladium-catalyzed reactions 793
palladium-catalyzed regio- and

enantioselective
hydroesterification, of aryl olefins
386

palladium-catalyzed regiodivergent
aminocarbonylation, of alkenes
377

palladium-catalyzed regioselective
alkoxycarbonylation, of 1-alkenes
374

palladium-catalyzed selective
alkoxycarbonylation, of alkynes
393

palladium-catalyzed selective
hydrocarbonylation, of
gem-difluoroalkenes 363

palladium-catalyzed Suzuki carbonylation
422

palladium-catalyzed synthesis 62
palladium-catalyzed three component

reaction 1616
palladium-catalyzed tunable selective

aminocarbonylation, of 1,3-dienes
with aniline 362

palladium-loaded titanium dioxide
(Pd/TiO2) 44

palladium-phosphine-catalyzed cascade
transformation of HMF 382

palladium-trisulfonated
triphenylphosphine complexes
[Pd(TPPTS)3] 489

palladium/norbornene (Pd/[NBE])
catalysis 1514

pallambins 809
[2.2]paracyclophane 1443
Paraformaldehyde, Prins reaction 200
paraformaldehyde (PFA) 158
paraformaldehyde reaction 187
Parikh-Doering oxidation 806
(+)-paroxetine 1389
particle methane monooxygense (pMMO)

11
Pauson-Khand reaction 221, 255, 802,

803, 807, 809
Pauson-Khand-type reaction 255
Payne rearrangement of epoxy alcohols

987
3-(p-chlorophenyl)propenal

diphenylprolinol silyl ether 1427
PDEB 1519
POP-9 catalyst 313
Pd2-Sn heterotrinuclear complex 671
Pd(II)-based catalytic system 835
Pd(II)-catalyzed copolymerization

reactions 833
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Pd(OAc)2 1577
Pd(OAc)2-catalyzed aminocarbonylation

1464
Pd(OAc)2-catalyzed methoxaylation 57
Pd(OAc)2-catalyzed transfer

semihydrogenation 1441
Pd-based catalysts 1101
Pd-catalyzed asymmetric tandem heck

carbonylation 443
Pd-catalyzed carbonylations 418
Pd-catalyzed carbonylative

Hiyama-Denmark coupling 1060
Pd-catalyzed carbonylative

Mizoroki-Heck reaction 1052
Pd-catalyzed carbonylative synthesis,

pyrrolidin-2-one and imidazoles
253

Pd-catalyzed carbonylative synthesis
esters and amides 252
heterocycles 252
ketones, amides, and esters 256

Pd-catalyzed carboxylation reaction
1298

Pd-catalyzed carboxylative synthesis, aryl
and vinyl halides 258

Pd-catalyzed hydroaminocarbonylation
174

Pd-catalyzed hydroformylation, olefins
255

Pd-catalyzed methoxycarbonylation 59
Pd-catalyzed radical carbonylation 593
Pd-catalyzed reaction 929
Pd-catalyzed sp3-sp2 Suzuki-Miyaura

cross-coupling reaction 1504
Pd-Josiphos-catalyzed carbonylation,

aryl sulfonates 418
[Pd-NHC]2 Synthesis 692
Pd(OAc)2 553
Pd-P/In2O3 catalyst 1122, 1123
Pd-promoted Ga2O3 nano-catalysts 1101
Pd-Rh bimetallic approach 344
Pd/(2-Py)PPh2-catalyzed

branched-selective
methoxycarbonylation, of propyne
387

Pd/[NBE] catalysis 1530
Pd/C-catalyzed carbonylative C—H

activation of arenes 1453
Pd/C-catalyzed synthesis 709
Pd/carbon materials catalysts 1104
Pd/CeO2 catalyst 1102
Pd/Cu catalyzed alkane carbonylation

556
Pd/Ga2O3 catalysts 1101
Pd/silica material catalysts 1105
Pd/ZnO catalyst 1102
PdCu alloys 1110
PdGa IMC 1111
PdI2-catalyzed oxidative carbonylations

690
PEG-400 1531
penta-1,4-dien-3-ones 1592
pentamethyldiethylenetriamine

(PMDETA) 1611
pentenedinitriles 1389
periodic mesoporous organosilica (PMO)

1398
peroxides 1496, 1553
perseanol synthesis 813
petroleum-based polymers 1305
PFA

allenes from alkynes 182
bromomethylation with HBr 180
diarylmethanes 162
dibenzoylmethanes 165
Pd-catalyzed carbonylative synthesis

219
phenanthrene 1588
phenanthrene-based esters 1588
phenanthridine 1647, 1648
phenanthridine annulation reactions

1586
1,10-phenanthroline 947
phenanthroline ligands

mechanistic aspects 727–729
synthetic aspects 726–727

pheniramine 1370
1,10-phenanthroline 947
phenol ethers 1501
phenothiazines 1347
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phenpy-OMe preinstalled Ru catalyst
1541

phenyl acetylene 1382
1,4-phenylenediisocyanate 1406
phenyl glyoxylic acids 1469
phenyl trichloromethyl alkyl ethers 1595
phenyl-λ3-iodanediyl diacetate

(PhI(O2CMe)2) 1532
phenylacetonitriles 33
phenylacetylene derivatives 1382
phenyliodine(III) diacetate (PIDA) 572
3-phenylpropanal 1416, 1417
4-phenylphenol 1525
2-phenylpyridines 1445
4-phenylquinazolines 1531
PhI(OAc)2 1489, 1629
phloroglucinol 1406
phosphine ligands 729
phosphine-based ligands promoters 138
phosphines 1611
phosphorus ylides, reductive

deoxygenative olefination of
1247

phosphorus-based acids 726
phosphorylated ketimine derivatives

1421
photo-induced cobalt-catalyzed

carbonylations 422
photo-induced copper-catalyzed

trifluoromethylative
difunctionalization of alkenes
1613

photo-promoted tandem
trifluoromethylation/1,2-metalate
rearrangement 1614

photocatalysis, organic dyes 424
photocatalytic aza-Henry reactions 1424
photocatalytic CO2 reduction 1021
photochemical reduction of CO2 1036
photochemical synthesis, of cyclic

carbonates 989
photoelectrocatalytic (PEC) water

splitting 1077
photoinitiated radical process 421
photoredox catalysis 1627

photoredox organocatalysis 1619
phthalazines 1633
phthalides 1452
phthalimide 1452
p-hydroxynitrostyrene 1402
π-allyl-nicke1 1265
π-allyl palladium complex 388
π-allyltitanium complex 1266
picolinoylamide 1521
Pictet–Spengler isoquinoline synthesis

176
PIDA 1653
pincer nickel catalyst (Ni-cat.) 1590
pinene-based dinitrogen C1-symmetric

ligand 1410
piperidines 1389
pivalaldehyde 1407
platinum-catalysed alkoxycarbonylation

of alkenes 399
plausible mechanism 33
plausible model 1279
Plausible pathways 1356
Plausible reaction mechanism

166, 711
plausible reaction mechanism 39
p-methoxy-phenol 979
p-nitrobenzaldehyde 1402
p-nitrochlorobenzene 1458
poly(1-ethyl-3-vinylimidazolium

methylselenite) 704
poly(1-methyl-3-vinylimidazolium

methylselenite) 704
poly(3-hydroxybutyrate) 853
poly(chloromethylstyrene) ( PCMS)

1398
poly(ethylene terephtalate) (PET) 848
poly(ethylenimine) functionalized

magnetite particles 1421
poly(propylene carbonate) (PPC) 1275
poly-1,4-ketones 853
poly-substituted pyridines 1389
polyacrylonitrile fiber catalyst 1405
polyamides 1367
polycarbonates 1305, 1317

phosgene-free production 667
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polychlorinated dihydropyridine products
1586

polychlorinated or brominated nitrogen
heterocycles 1586

polycyclic aromatic hydrocarbons 1637
polycyclic aromatic hydrocarbons (PAHs)

112
polydispersity (PDI) 850
polyethylene glycols(PEG) 483
polyfunctional furan derivatives 1655
polymer organic frameworks (POFs)

1017
polymeric ionic liquid 1201
polymeric ionic liquids 1201
polymerization initiation and termination

reactions 833
polymerized ionic liquids-based hydrogels

1403
polymethylbenzene 92
polymethylbenzenium cation 93
polymethylcyclopentenyl cation 93
polymethylhydrosiloxane 1186, 1199
polymethylhydrosiloxane (PMHS) 596
polyphenol/TBAI catalyst 979
polyphosphate(PPE) 488
polystyrene-polyethylene glycol (PS-PEG)

1582
polytopic chiral ligands 1408
polyurethanes 1320
pore engineering

pore diffusion limitation 784–786
acid sites, population 782–784

porous ionic polymers (PIPs) 305
porous organic ligands (POLs) 303
porous organic polymers (POPs) 289,

1424
porphyrin aldehydes 1604
Positron Emission Tomography (PET)

1268
potassium alkynyltrifluoroborates 1632
potassium carbonate 1581
potassium methyltrifluoroborate

(MeBF3K) 1502
potassium persulfate 1470
potassium tert-butoxide 1464

primary amines 1586, 1587
Prins reaction 199
Proline-catalyzed formation 164
propargyl alcohols formation 178
propargyl amines, formation 167
propargylic alcohols 1283, 1285
propene hydroformylation 292
propene oxid/CO copolymerization

reactions 852
propene/CO copolymerization

catalysts 835–837
ligands 836
mechanistic aspects 837–383
spiroketal structure 838

propene/CO insertion reactions 837
propionic acid (PA) 305
propylene carbonate synthesis 977
propylene oxide (PO) 1306
propyne hydromethoxyoxcarbonylation

389
proton exchange membrane (PEM)

system 1076
proton-assisted multiple-electron transfer

1021
protonated heteroarene 1490
Pseud aryl halides and esters 944
pseudo alkyl halides 949
pseudohalides carbonylation 417
PSIL(IMD)-1 catalyst 317
(PS-PEG-PPh2-Cp*RuCl2) 1582
p-substituted electron-rich/electron -poor

groups 1469
Pt3Co nanocrystals 1110
Pt4Co NWs/C system 1107
Pt(3)/MoOx(30)/TiO2 catalyst 1108
Pt(II) catalyzed systems 6
Pt-loaded carbon (Pt/C) catalyst 1483,

1106
Pt/film/In2O3 catalyst 1106, 1107
Pt/In2O3 catalysts 1124, 1126
Pt/MoS2 catalysts 1107
Pt/Nb2O5 catalysts 1106
p-tolyl bromide 1464
Pt/Sn hydroformylation catalyst system

327
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PtW/SiO2 catalyst 1106
purified terephthalic acid (PTA) 129
pyrazine-2-carboxylic acid (PCA) 15
pyrazines 1633
pyrazole 1480
pyrazoles and isoxazoles synthesis 437
pyridine 789, 1624
2-(pyridine-2-yl)imidazolidine-4-thiones

1413
pyridine-2-thiol 1468
pyridine-based aldehydes 1406
pyridines 1531, 1633
pyridinone ligand-accelerated arene

carboxylation 553
pyridinones 1634
2-pyridinecarboxaldehyde 1398
2-pyridones 1490
2-pyridyl-diphenylphosphine

(2-PyPPh2),) 309
pyrido[1,2-a]indoles 1426
pyridyl arenes 1451
pyrimidine 1480, 1633
pyrimidinones 1496, 1634
pyrroles 1633
pyrroles synthesis 744
pyrrolidines 1397
pyrrolo[2,1-a]isoquinolines 1660

q
quaternary ammonium-based

polyacrylonitrile fibers 1405
quinazolines 1447
quinazolines, copper-catalyzed synthesis

63
quinazolinones 1659

iridium-catalyzed synthesis 63
quinine based organocatalysts 1403
quinoline 1465, 1647
quinoline-2-thiones 1651
quinolines 1531, 1655, 1656
3- and 4-quinolylmethyl acetates

1442
quinoxaline derivatives 1658
quinoxalines 1531, 1616, 1633
quinoxalin-2(1H)-ones 1498, 1613

r
racemic allenes 1387
radical carbonylation 567

aryl diazonium salts by redox catalyst
586–590

aryl halides 582–586
radical carbonylation map 569
RADICAL carbonylation of C(sp3)-H

bonds 578
radical ene-yne cyclization 1630
radical trifluoromethylating reagent

1625
radical-carbonylation, tin or silyl radical

570
radical-mediated activation, methanol 9
radical-rebound mechanism 11
radicals, metal catalyzed carbonylative

C—H functionalization 556
oxidative radical C—H carbonylation

557–559
UV light 559–560

ration of Cu/Fe 1140
(R)-baclofen 1427
(R)-β-hydroxy nitroalkanes 1412
(R)-4-(4-(1-carboxyethoxy)phenoxy)-

3-chlorine acid 1417
(R,R)-trans-N,N ′-bis-biphenyl-4-

ylmethyl-cyclohexane-1,2-diamine
1410

Rb+-modified catalyst 1138
reaction intermediate species 1153
reaction mechanism

C-C bond formation 773–777
catalysis cycle 771–773
MA formation 777
transition metals 777–779

reactive chelating-group-assisted
Pd-catalysed hydrocarbonylative
cycloaddition 379

recyclable magnetically separable
heterogeneous catalyst
Fe3O4•SiO2–(COO)2CuL 1407

recyclable Mn (II)-adenine CP 1420
redox-active esters (RAEs) 1522
reductive trifluoromethylation 1618
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regiodivergent nickel-catalyzed
hydrocyanation 1378

regioselective 1,2-carboboration of
alkenes 1613

regioselective alkoxycarbonylation , of
allyl phenyl ethers 376

regioselective Pd-catalyzed
methoxycarbonylation, of alkenes
371

regioselectivity 613
Reimer-Tiemann reaction 1661
Reisman synthesis 814
Reppe carbonylation 361
restricted transition-state selectivity

774
reverse water-gas shift reaction (RWGSR)

1028
reverse water-gas-shift-reaction (RWGS)

1220
[Rh4(CO)8Cl4(P′P3X4)] 143
[Rh(CO)2Cl(L)] 146
[Rh(CO)2I2]– 134
Rh doped In2O3 catalysts 1126
Rh75W25 nanosheets 1132
Rh(III) alkenyl hydride 1383
Rh(III) catalyzed arene carboxylation

553
Rh-based catalysts 892
Rh-catalyzed asymmetric

hydroformylation
of α-substituted acrylates/acrylamides

338
of 1,2-disubstituted alkenylsilanes

337
of 2,3-dihydrofuran 340
of functionalized terminal alkenes

335
of heterocyclic 1,1-disubstituted olefins

339
of styrene 337
of unfunctionalized 1,1-disubstituted

alkenes 337
of vinyl acetate and allylic substrates

336
of vinyl heteroarenes 336

with pyrrolyl-based phosphoramidite
336

with small bite-angle P-OP ligands
333

Rh-catalyzed carbonylative synthesis
256

Rh-catalyzed direct methylation of
ketones 1450

Rh-catalyzed hydroformylation, of
1,3-butadiene with bisphosphite
ligands 349

Rh-catalyzed hydroformylation-reductive
sulphonamidation 344

Rh-catalyzed Monsanto process 1029
Rh-catalyzed oxidative carbonylation of

amines 698
Rh-catalyzed synthesis, pyrones 918
Rh-dtbpx catalyst 342
Rh-In catalysts 1127
Rh-TPISP 306
Rh/6-diphenylphosphinopyridone

(6-DPPon) catalyst 340
Rh/CPOL-bp&P catalyst 294, 298
Rh/CPOL-BP&P(OPh)3 catalyst 296
Rh/DIOP-catalyzed 1,3-butadiene

hydroformylation products
352

rhazinilam synthesis 822
RhCl(CO)(P(CH3)3)2 550, 551
Rh/Cs2HPW12O40 766
rhodium-complex-catalyzed

hydroformylation of olefins with
CO2 and H2 352

rhodium catalysis 697
rhodium catalyst 130, 613, 731, 891
rhodium catalyzed asymmetric

hydroformylation
binaphos L1 644–646
bisdiazaphospholane L21 646–649
bobphos L10 649–651
yanphos L4-Bn 651–653

rhodium complexes 731
rhodium-based catalysts 891
rhodium-catalyst based monsanto

carbonylation process 132
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Rhodium-catalyzed carbonylative
coupling 503

rhodium-catalyzed cross-coupling
reactions 1361

rhodium-catalyzed cyanation 1361
Rhodium-catalyzed hydroformylation

of 1,3-butadiene in CO2-expanded
media 352

of 1,3-butadiene to adipic aldehyde
350

Rhodium-catalyzed low-pressure
hydroformylation, of 1,3-butadiene
346, 347

rhodium-catalyzed methylation 33
ring opening polymerization (ROP) 827
ring-fused bromofurans 1602
(R)-N,N ′-bis(1-naphthylmethyl)-1,2-

diaminobicyclo[2.2.2]octane
ligand 1415

(R,R)-N1,N2-bis((5-methylfuran-
2-yl)methyl)cyclohexane-
1,2-diamine 1409

(R,R)-N1,N2-bis((5-methylthiophen-
2-yl)methyl)cyclohexane-1,2-
diamine 1409

(1R,2R)-cyclohexane-1,2-diamine 1414
(1R,2S)-(-)-2-aminodiphenylethanol

1423
(1R,2S)-1-amino-2,3-dihydro-1H-

inden-2-ol 1423
(–)-(5R,6S)-6-acetoxyhexadecanolide

1405
(R,S)-Binaphos 332
[R2P-(X)-PR2]Rh-(hfacac) catalyst 1008
[Ru(bpy)3(PF6)2] catalyst 1591
Ru(bpy)2(F-phenanthroimidazole)-

complexes 1425
Ru(bpy)3Cl2 1424, 1591, 1592
Ru-based photocatalyst

(Ru(bpy)3Cl2.6H2O) 990
Ru-based Shvo’s catalyst, for the aldehyde

hydrogenation 344
Ru/bpyTN-30-CTF catalyst 1019
Ru-catalyzed N-formylation 52
Ru-catalyzed Kharasch reactions 1583

Ru-catalyzed reductive
hydroxymethylation 209

RuCl2(PR3)2} fragment 1582
[Ru]-featured NHC 1540
Ru3(CO)12/monophosphite-catalyzed

hydroformylative synthesis of
linear alcohols 355, 732

(Ru(phen)3Cl2) 1637
Ru PNP-pincer complex 1008
ruthenium catalyst 732
ruthenium-catalysed alkoxycarbonylation

of alkenes with CO2 397
ruthenium-catalysed hydroesterification

of alkenes 398
ruthenium-catalysed hydroesterification,

of alkenes 398
ruthenium-catalyzed α-methylation 34
ruthenium-catalyzed β-methylation 39
ruthenium-catalyzed N-methylation 48
Ruthenium-catalyzed N-methylation 43
ruthenium-catalyzed ortho-selective

trifluoromethylation 1624
ruthenium-catalyzed domino

hydroformylation-reduction, of
alkenes 354

ruthenium-catalyzed domino water-gas
shift-hydroaminomethylation
sequence 355

ruthenium-catalyzed
hydroaminomethylation, of olefins
354

ruthenium-catalyzed
isomerization-hydroformylation-
reduction, of alkenes 353

ruthenium-catalyzed
methoxycarbonylation reaction
398

ruthenium-catalyzed methylation
35, 38

ruthenium-catalyzed
RWGS-hydroformylation-
reduction, of olefins with CO2/H2
357

ruthenium-catalyzed synthesis 46, 354
ruthenium-catalyzed urea synthesis 53



Index 1715

s
“salen” 1312
(S)-2-amino-1,1-diphenylpropan-1-ol

1423
SN2 substitution 1477
S-(+)-2-methylpiperazine 1417
S-CF3 bond formation 1634
S-phenyl dialkyl thiocarbamate

compounds 1468
saccharin 1653
Salen-modified complexes 699–700
Salen-modified complexes catalyzed 699
salicylaldehydes 1466
SAPO-34 73

cage-passing growth deactivating
model 112–115

high-temperature deactivation
mechanism 109–112

low-temperature deactivation
mechanism 108–109

saturated aldehydes 1402
SBA-15 1123, 1398
SbF5-HSO3CF3 mediated adamantane

form 540
Schiff base-modified bimetallic UiO-66

frameworks 1119
Schiff-base-modified gold nanocatalyst

1016
schindilactone A 807
sclareol 1370
selected area electron diffraction (SAED)

786
selenium catalyst 733

non-metal catalysts 704
selenocarbamates 1468
selenorosamine 1424
self-prepared N-heterocyclic carbene

iridium (NHC-Ir) polymer
1540

self-prepared DMF-stabilized Ir
nanoclusters (Ir-NCs) 1539

Semmelhack reaction 805, 819
sensitive aldehyde groups 1466

Shilov reaction 4
methane 4
(bpym)PtCl2 complex 5

SilaCOgen
applications of 1058–1063
carbonylative Hiyama-Denmark

coupling 1063
hydroxycarbonylation of aryl halides

1058
mild aminocarbonylation of

heteroaromatic compounds 1058
silanes 1218
silicoaluminophosphate molecular sieves

(SAPO) 72
silver catalyst 1632
silver loaded titanium dioxide (Ag/TiO2)

1485
silver-catalyzed denitrative

trifluoromethylation 1631
silver-catalyzed tandem

trifluoromethylation/cyclization
1631

silver-catalyzed trifluoromethylation
1627

silyl enol ethers 1618
silylketene acetals 1618
single-electron transfer (SET) 943
six-membered nitrogen heterocycle

synthesis 447
six-membered oxa/thia heterocycle

synthesis 449
SMS-EFAL 83
S-methylation 1210
(S)-N ′-cyclohexyl-3,3-dimethylbutane-

1,2-diamine 1427
(S)-1-nitro-4-phenylbutan-2-ol 1416
(S)-1-nitro-4-phenylbutan-2-ol 1417
(S)-2-nitro-1-(4-nitrophenyl)ethanol

1415
sodium bis(trimethylsilyl)amide 1600
sodium borohydride (NaBH4) 1198,

1233
sodium cyanoborohydride 1477
sodium dodecylbenzenesulfate (SDBS)

193
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sodium hydride 1477
sodium methoxide 1454, 1463
sodium methylsulfinate (MeSO2Na)

1532
sodium triacetoxyborohydride 1477
sodium trifluoromethanesulfinate 1609
sol-gel method 676
solid oxide electrolysis (SOEC) water

electrolysis 1076
solid solution catalysts 1115
solid-base amino-modified silica aerogel

(SA-NH2) 1400
Solid-state nuclear magnetic resonance

(ssNMR) 93
solid-state nuclear magnetic resonance

(ssNMR) 92
solvation effect 775
Sonogashira coupling 793, 820
Sonogashira coupling reactions 251
source of CN unit 1451
source of oxygen and hydrogen units

1439, 1444, 1452
spatially resolved electron energy loss

spectroscopy (STEM-EELS) 879
spinosad 820
spinosyn A 820
spiroketal-based diphosphite ligands

334
squaramide based binary organocatalyst

985
squaramides 985
(1S,2R)-2-nitro-1-phenylpropan-1-ol

1401
stable NHO-CO2 zwitterionic adducts

981
steam methane reforming (SMR) 1076
stegobinone 1476
stereocontrol 827
stereoselective synthetic methods 931
sterically hindered benzaldehyde 1402
(S)-2-(tert-butyl)-6-((2-(((2-hydroxy-

3-methylbenzylidene)amino)
methyl)pyrrolidin-1-yl)methyl)
phenol 1415

Stille carbonylation 795

Stille coupling 793
Stille coupling reactions 463
Stille reactions 420
stochiometric arene carboxylation 552
strained olefin/CO copolymerization

842
strong base 1638
structure directing agents (SDAs) 782
styrene 615, 1370
styrene, binaphos L1 644
styrene, bisdiazaphospholane L21 647
styrene/CO copolymerization 839

bidentate P-N ligands 839
chelating N-N ligands 841

subsequent base-promoted
transmetalation 1620

substituted aryl alkenes 1368
3-substituted 3-amino-2-oxindoles 1422
5-substituted 1H-tetrazoles 1507
1-substitued isoquinoline derivatives

1648
3-substituted quinoline derivatives

1657
substrate-induced cyclic carbonate

formations 987, 988
sulfinamide-derived imines 1600
sulfonic acid functionalized SBA-15

material 1420
sulfonyl hydrazides 1498
sulfoximines 1497
sulphonamides synthesis 342
sulphur catalysts, non-metal catalysts

703
supramolecular ligands 625
surface methoxy species (SMS) 81
surface methoxy species(SMS) 79
Suzuki coupling reactions 251
Suzuki-Miyaura coupling 793, 1578
Suzuki-Miyaura cross-coupling 595
Suzuki-Miyaura reaction 311
Suzuki–Miyaura coupling 19
swellable pearl-like polystyrene

copolymer (PS) 1407
switchable-hydrophilicity solvents 1403
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symmetric internal 1,2-diphenylacetylene
1383

symmetrical 2,4-diaryl- and
unsymmetrical 2,4-diaryl
2-aryl-4-alkyl products, 1447

symmetrical and unsymmetrical ethers
1439

symmetrical carboxylic anhydrides 1441
symmetrical methylenebisamides 1653
symmetry-based rotational-echo

saturation-pulse double-resonance
(SRESPDOR) method 83

syn-β,γ-dihydroxynitrotridecane 1405
syngas

to ethanol 763–764
feedstock of 863

synthesis gas 127
synthesis gas (syngas) 861
synthetically modified UiO-66-NH-RNH2

1417

t
Törger’s synthesis 188
TADDOL-based diphosphate 1388
TAEA 1398
tandem α-aminooxylation-Henry reaction

1405
tandem C(sp3)-H olefination/C(sp2)-H

arylation reaction 1653
tandem radical

trifluoromethylation/cyclization
reactions 1629

Tandem reactions 640
tandem trifluoromethylation/1,2-aryl

migration process 1614
tandem trifluoromethyla-

tion/intramolecular migration
reactions 1628

TBAB co-catalyst 990, 991
TBHP (t-BuOOH) 1625
TBHP oxidation 1467
t-Boc protected imines 1422
t-BuONO 1626
t-butoxyl free radical 1594, 1598

t-butyl peroxide free radical 1598
tellurorosamine 1424
terephthalic acid synthesis 535
terminal alkenes 1375
terminal alkynes 910, 1616
terminal allenes formation 180
terminal aromatic alkenes 1448
terminal nitrile 1380
ternary plasmonic Ag/mesoporous

g-C3N4/binuclear Ru-(II) complex
1022

terpolymers 848, 849
4-(tert-butyl) benzaldehyde 1418
4-tert-butyl-2,6-diformylphenol 1423
tert-butylhydroperoxide (TBHP) 1466,

1496
tert-butyl peracetate 1496
tert-butyl peroxybenzoate (TBPB) 1496,

1594
5-tert-butyl-2-(pyridine-2-yl)

imidazolidine-4-one ligands 1410
tert-leucine-derived chiral diamine

catalyst 1427
tertiary benzyl amines 175
tertiary benzylic nitriles 1375, 1377
tertiary propargylic/allylic alcohols 1614
tetrabromomethane (TBM) 1581, 1590
tetrabutylammonium acetate (TBAOAc)

952
tetrabutylammonium bromide (TBAB)

1404, 1505
tetrachloromethane 1579
tetrachloromethane (TCM) 1581
tetraethyl orthosilicate (TEOS) 675
tetraethylammonium hydroxide (TEAOH)

783
tetrahydro-1H-pyrrolizin-3(2H)-ones

1427
tetrahydro-2H-pyran 1595
tetra-substituted carbon stereocenters

1413
1,2,3,4-tetrahydroisoquinoline (THIQ)

279, 1660
1,2,3,4-tetrahydropyrimidine-2-thione

1505
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1,2,3,4-tetrasubstituted arenes 1530
tetrahydroisoquinolines 1424
(tetrakis(tetrabutylammoium)

decatungstate (TBADT) 579
tetralin derivatives 1427
tetramethylammonium (TMA) 783
tetramethylammonium fluoride (TMAF)

1530
tetramethylammonium iodide 1530
tetramethylethyldienecyclopentene

(TMECP) 102
tetramethylethylenediamine (TMEDA)

1588
tetramethylmethenecyclopentene

(TMMCP) 101
tetramethylthiourea (TMTU) 812
2,2,6,6-tetramethyl-3,5-heptandionate

(TMHD) 670
2, 3, 4, 5-tetramethyl-1-

propylcyclopentenylcation 102
thermocatalytic CO2 reduction 1004

continuous CO2 hydrogenation
1018–1020

heterogeneously catalyzed CO2

hydrogenation 1014–1018
homogeneous catalysis 1006

metal-free catalysts 1013–1014
noble metal-based catalysts

1006–1010
non-noble metal catalysts

1010–1013
thermodynamic and kinetic challenges

1005
thermogravimetry analysis (TGA)

313
thiadiazoles 1633
thiazoline ligands 1409
thiocarbonyl compounds 1594
(thiomethyl)methyl carbenium ion

1653
thiophenes 1630
thiourea-ammonium salt 1422
Ti-precursor (TiCl4) 1420
tically active 2-nitromethyl indolines

1423

TiCl3/TBHP-mediated radical
hydroxymethylation 49

TiCl(OPr-i)3 1595
tin-free radical carbonylation 574
tin-mediated radical carbonylation 581
tin-radical mediated radical carbonylation

571
titanium ate enolates 1618
2,4-toluendiisocyanate (TDI) 723
TpRh(COD) 1382, 1383
TpRh(dppf) 1383
traditional micro-sized zeolites 784
trans-acrylonitriles 1382
trans-β-nitrostyrene 1419, 1420
trans-β-nitrostyrene derivatives 1427
trans-1-nitro-2-phenylethylene 1400
trans-nitrovinylphenol 1417
transition metal catalysed C-C coupling

reactions
copper-catalyzed cross-coupling

reactions 1352–1358
development 1337
nickel-catalyzed cross-coupling

reactions 1358–1360
palladium-catalyzed cross-coupling

technology 1338–1352
rhodium-catalyzed cross-coupling

reactions 1360–1361
transition metal catalysis 24
transition metal catalysts 418
transition metal catalyzed carbonylation

reactions 611
transition metal catalyzed carbonylative

C—H
chelation 541–549
radicals 556–560
undirected carbonylative 549–556

transition metal-catalyzed
hydrocarbonylation of unsaturated
bonds 325

transition metals, reaction mechanism
777

transition-metal catalysts 957
transition-metal-catalyzed carbonylation

585
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transition-metal-catalyzed
hydrocarbonylation

nickel 395–397
palladium-catalyzed

hydrocarbonylation 361
ruthenium and platinum 397–399

transition-metal-catalyzed
hydroformylation 327

transition-metal-catalyzed
hydroformylation

cobalt-catalyzed hydroformylation
328

iron-, osmium-, and iridium-catalyzed
hydroformylation 357

Rh-catalyzed hydroformylation 333
ruthenium-catalyzed hydroformylation

353
transition-metal-free amidoalkylation

reaction 1470
transition-metal-promoted

trifluoromethylation reactions
1620

transmission electron micrograph (TEM)
313

1,3,5-triarylbenzenes 1654
triazolate anions 980
tribromomethane 1600
tribromomethyl free radical 1591
tribromomethyl functionalized alcohols

1600
tribromomethyl functionalized indole

1591
tribromomethyl-functionalized alcohols

1601
trichloromethyl free radical 1588
trichloromethyl functionalized tertiary

alcohols 1595
trichloromethylated 2-oxindoles 1594,

1596
trichloromethylated indoline products

1579
6-trichloromethylphenanthridines 1586
tridentate-Schiff-base complex 1429
trideuteromethylated compounds 1648
triethylamine (TEA) 1491

(triethoxysilyl)-propyl-isocyanate (TEPIC)
279

triflates reaction 250
trifluoroacetic acid (TFA) 1486
trifluoroacetone 1425
6-trifluoromethylphenanthridines 1631
4-(trifluoromethyl) benzenethiol 1468
trifluoroacetophenones 1425
trifluoroethyl-substituted

phenanthridines 1636
2,4,6-triaryl pyrimidine derivatives 1658
2,2,2-trichloroethanol (TCE) 22
2,2,2-trifluoroethanol (TFE) 842
trifluoroiodomethane (CF3I) 1609
trifluoromethanesulfonyl chloride

(CF3SO2Cl) 1609
trifluoromethyl (CF3) group 1609
3-trifluoromethyl coumarins 1634
trifluoromethyl thioethers 1634
trifluoromethyl-substituted β-enamino

ketones 1628
trifluoromethylated (hetero)aromatic

compounds 1619
trifluoromethylated acetylenes 1632
trifluoromethylated alcohols 1622
trifluoromethylated alkenes 1611, 1612
trifluoromethylated alkyl and alkenyl

iodides 1611
trifluoromethylated alkynes 1616
trifluoromethylated all-carbon quaternary

stereocenter 1427
trifluoromethylated allenes 1617
trifluoromethylated aromatic alkenes

1625
trifluoromethylated aromatic compounds

1621
trifluoromethylated

azaspiro[4.5]decadientriones
1629

trifluoromethylated azaspirocyclic
cyclohexadienones 1616

trifluoromethylated bisborylalkanes
1614

trifluoromethylated chiral ketones 1615
trifluoromethylated coumarins 1636
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trifluoromethylated cyclic ketones 1617
trifluoromethylated phenanthridines

1616
trifluoromethylated sultones 1636
trifluoromethylating reagents 1610
trifluoromethylation

with CF3Br 1623
with CF3I 1611
with CF3H 1638
with CF3SO2Cl 1635
with CF3SO2Na 1625

trifluoromethylation reactions 1609
trifluoromethylation/1,2-metalate

rearrangement strategy 1615
trifluoromethylation/cyclization reactions

1615
trifluoromethylative difunctionalization

products 1628
trifluoromethylative difunctionalization

strategy 1615
trifluoromethylative pyridylation of

alkenes 1613
trifluoromethylchlorosulfonylated

products 1636
trifluoromethylindium complex 1622
trifluoromethylthiolated compounds

1622
trifluoromethylzinc complex 1622
trifunctional squaramide ligands 1404
trimethoxybenzenes 1444
2-(trimethylsilyl)aryltriflates 1622
3-(3-(trifluoromethyl)phenyl)

octahydropyrido[2,1-c][1,4]oxazine
from morpholine-2,3-diones 713

trimethyl ortho-acetate (TMOA) 1478
trimethyl orthoformate (TMOF) 1478
trimethyl oxonium cation (TMO+) 779
trimethyl oxonium ion (TMO) 85
trimethyl phosphate 1552
trimethylamine 667, 1649
trimethylboroxine (TMB) 1500
trimethyloxonium tetrafluoroborate

(Me3OBF4) 1515
trimethylphosphate (PO(OMe)3) 1514,

1517

trimethylphosphite 1516
2-(trimethylsilyl)phenyl 1595
trimethylsulfoxonium iodide (TMSO-I)

1510
tri-nuclear Ni(II) complexes 1420
trioxane 157
tris(1-pyrazolyl)borohydride) 1382
tris(2-aminoethyl)amine 1398
tri-substituted cyclic carbonates 987
1,2,4-trisubstituted imidazoles 1429
trisulfonated triphenylphosphine (TPPTS)

223
Tsuji–Trost reaction 950
TTMSS 577
tungsten catalysis, non-noble metal

catalysts 703
turnover determining transition state

(TDTS) 652
turnover frequencies (TOF) 483, 691,

881
turnover numbers (TON) 483, 926, 1032
two-chamber system 431, 1044
two-dimensional hierarchical In2S3/MoS2

composite 1424
tyrosine 1370

u
ultrasonic-assisted linker exchanged

porous MOF 1419
unactivated alkenes 1625, 1629
unactivated olefins 1616
unactivated terminal alkenes 1468
undirected carbonylative C—H

functionalization 549
C—H bond oxidative addition 549
electrophilic C—H functionalization

551
unfunctionalized terminal olefins 629
unimolecular chain transfer (UMCT)

571
unprecedented silver-catalyzed formal

insertion of arynes 1622
unrefined alkene isomers 1379
unsaturated β-nitro- α-hydroxy esters

1413
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2-unsubstituted benzothiazoles 1660
unsaturated hydrocarbons

alkenes
addition 920–923
oxidative cyclization 923–929

alkynes
addition 912–914
alkynyl metal species 910–912
oxidative cyclization 914–920

1, 2-dienes 927–931
1, 3-dienes

addition 931–932
oxidative cyclization 932–934

unsaturated nitriles 1392
unstable hemiaminal-like methyl thiol

ether 1493
unsymmetrical thioureas 1594
unsymmetrical urea derivatives

1467
unsymmetrically substituted

trans-1,2-diamines 1417
uracils 1633
urea-based Cu-MOF 1418
UV light, radical C—H carbonylation

559
UV-Light-Assisted Metal-Free

Aminocarbonylation 423

v
valuable scaffolds 1397
vanadium catalyzed alkane carboxylation

558
Verkade’s base additive 1012
vicinal diammines 1426
Vilsmeier reagent 1044
Vilsmeier-Haack reaction 817, 1661
Vilsmeier-type iminium intermediate

1441
Vilsmeier-type intermediate 1462
vinyl acetate 615
vinyl acetate monomer (VAM) 129
2-vinyl azaarenes 1448
vinyl azides 1627, 1636
vinyl boronate complexes 1614
vinyl carboxylic acids 1592

vinyl heteroarenes, asymmetric
hydroformylation of 337

vinyl monomer/CO copolymerization
847

vinyl nitrile 1385
vinyl trifluoromethyl thioethers 1442
vinylarenes 1368
vinylcyclopropanes 1627
vinylheteroarenes 1368
vinylidene 1383
vinylketones 1450
vinylpyridines 1450
2-vinylquinolines 1448
visible-light photoredox catalysis 1616,

1620
visible-light-activated enantioselective

radical trifluoromethylation 1619
visible-light-driven

chlorotrifluoromethylation 1635
visible-light-driven organocatalytic

enantioselective
trifluoromethylation 1619

visible-light-driven trifluoromethylation
1615

visible-light-induced ATRA reactions
1611

visible-light-induced
hydrotrifluoromethylation 1623

visible-light-initiated α-trifluoromethyl-β-
heteroarylation of alkenes 1613

visible-light-photoredox-catalyzed
trifluoromethylation/cyclization
1636

visible-light-promoted
trifluoromethylation 1618, 1620

VO(acac)2 1449

w
Wacker process 129
water-compatible spiropyrrolidine

triazole catalysts 1426
water electrolysis, for hydrogen

production 1076
Water Extract of Banana (WEB)

1405–1406
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water extract of rice straw ash (WERSA)
1406, 1428

water-soluble scorpionate coordination
compounds 1416

water-stable nonphospine Co complex
1012

Wilkinson’s catalyst 819
Wittig-type transformation 1588
Wolf-Kishner reductions 272

x
X-ray absorption fine structure (EXAFS)

674
X-ray absorption near edge structure

(XANES) 674
X-ray photoelectron spectroscopy (XPS)

679
xanthenes 1633
Xantphos ligand 362

Y
yanphos L4-Bn, α-methylstyrene 651
Yb(OAc)3-catalyzed carboxylation 18
Y-promoted In2O3/ZrO2 catalysts 1130
ynamides 1385

Z
zeolite bifunctional catalysts 888
zeolite-catalyzed DME carbonylation

787

zeolites 765, 767, 1158, 1160, 1161
zeolitic imidazolate framework family

1418
zeolitic imidazolate frameworks (ZIFs)

1142
Ziegler–Natta catalysts 1305
zigzag Pt-Co nanowires 1107
zinc powder 1368, 1624
zinc-based heterogeneous catalysts

1310
Z-isomer 1382
ZnAl2O4/SAPO-34 catalyst 1154
ZnCrOx-ZnZSM-5 composite catalysts

1165
ZnCrOx catalysts 864
ZnGa2O4/SAPO-34 catalyst 1154
ZnOx/ZrO2 solid solution catalysts 1120
ZnO-ZrO2 catalysts 1115–1117, 1150,

1152
ZnO-ZrO2 solid solution catalysts

1148
ZnO-ZrO2/SAPO tandem catalyst

1148
[Zn(OBA)(H2DPT)0.5]n.DMF (TMU-34)

1419
Zn-promoted hydroxymethylation 179
Z-scheme CO2 reduction 1022
ZSM-5 785, 1144
ZSM-5 zeolite 73
zwitterionic heterocycle 1586


















