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achiral iron porphyrin catalysts,
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aerobic dehydrogenative coupling
reaction, 74
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energetic application, 469470
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alkane hydroxylation, 381

alkene cyclopropanation mechanism,
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alkyl-alkyl cross-coupling, 279
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anti-Markovnikov addition, 392
anti-Markovnikov hydrosilylation
reaction, 151-154, 157, 159
aromatic hydroxylation method, 382
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asymmetric borohydride reduction
cobalt catalysts, 226-227
nickel catalysts, 230
asymmetric conjugate addition (ACA)
reactions, 192, 195, 198
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hydrogenation (ATH)
1,2-azido alcohols, 139
azines, 73

b

Baran hydroamination reaction, 138
base metal cooperative catalysis, 18—-21
B-diketiminate ligand, 554
B-diketiminatocopper(II) complexes,
383
Bell-Evans—Polanyi (BEP) principle, 34,
35
bent tri-iron complexes, 500
benzamide substrates, 396
B-hydride elimination, 465
1,1’-bibenzimidazole, 72
bidentate bis(phosphine)cobalt
catalysts, 117
bidentate dimethylglyoxime ligands, 541
bidentate diphosphine nickel(II)
complex, 121, 122
bimetallic cobalt(II) diacetato
complexes, 542
bimetallic reaction catalysis
alkyne cycloadditions, 58—59
binding and activation, 50-51
C=0 cleavage products, 57
C—X activation reactions, 56
E—H addition and elimination
reactions, 54—55
oxidative addition and reductive
elimination reactions, 54
bioinspired Cul'—thiophenol catalytic
system, 17
bipyrrolidine ligand, 378
bis(amino)amido pincer-ligated Ni'"
catalyst, 154, 155
bis(arylimidazol-2-ylidene)pyridine
cobalt methyl, 112
bis(2-dimethylaminoethyl)ether
(BDMAE), 408
bis(imino)pyridine (BIP) ligand, 8—14
bis(phosphino)boranecobalt(I) complex,
114

Born—Oppenheimer (BO)
approximation, 34

borohydridonickel(II) hydride, 120-121

boronates, 332

boronic acids, 332

C
carbene radicals, 22-24
carbene transfer reactions, 164, 172, 186
carbon dioxide (CO,)
Cu-catalyzed homogeneous
hydrogenation, 84—86
hydroboration, 259-260
hydrosilylation, 258—259
catalytic ammonia formation
cyclic aminocarbene iron system,
567-568
diphosphine iron system, 568—569
iron and cobalt PNP systems, 566567
tripodal systems, 560-566
catalytic hydride reduction, 83
catalytic hydrogenation, 83
catalytic transfer hydrocyanation
reaction, 148, 150
catechol-derived redox non-innocent
ligands, 14-15
C=C bond catalytic oxygenation
cobalt, nickel, and copper catalysts,
372-375
iron catalysts, 363—-372
manganese catalysts, 356—363
C=C hydrogenations
cobalt catalysts, 107-118
iron catalysts, 99-107
nickel catalysts, 118—122
Chalk—Harrod mechanism, 151, 153
C—H amination
activated amine sources, 409—-412
with unactivated amines, 409
C—H bond oxidation
cobalt catalysts, 380—381
copper catalysts, 383—384
iron catalysts, 377-380
manganese catalysts, 376-377
nickel catalysts, 381-383



chelation-assisted C—H
functionalization
alkylation, 407-409
alkynylations, 403
C—C bond formation via C—H
activation, 392-409
C—C multiple bonds, 392-393
C—H allylation, 397
C—halogen formation, 412-415
C—H arylation, 404—406
C—H cyanation routes, 404
C—heteroatom formation, 409-415
chemoselective iron-catalyzed
hydrosilylation
of carboxamides, 252253
of carboxylic acids, 257-258
of carboxylic esters, 254, 256
of primary amides, 253—-254
of ureas, 253-255
C—heteroatom multiple bonds,
393-396
aldehydes, addition to, 394—396
imines, addition to, 393-394
isocyanates, addition to, 396
C—H functionalization, 299-308,
312-319
chiral [3.1.0]bicycloalkane lactones,
182-183
chiral bis(imino)pyridine methyl cobalt,
109, 110
chiral iron porphyrin catalysts, 172—176
chiral spiro-bisoxazoline ligands, 181,
183
cis-p-methylstyrene, 367
cis-3,4-dihydroisoquinolines, 400
cis-1,2-dimethylcyclohexane, 377
cobalt catalysts
C=C bond catalytic oxygenation,
372-375
C—H bond oxidation, 380-381
coupling reactions, of CO,
aminophenoxide-based Co
complexes, 542544
cobalt—salen complexes, 530—-537
Co-porphyrins, 537-540
N, ligands, 540-541
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cross-couplings
C—H functionalization, 299-308,
312-319
preactivated substrate approach,
308-312, 320-322
hydroazidation reaction, 130—132
hydrochlorination reaction, 133—-134
hydrocyanation reaction, 133
hydrohydrazination reaction,
128-129
hydrosilylations, of aldehydes and
ketones, 247-248
Markovnikov hydroalkoxylation
reaction, 135-136
radical hydrofluorination reaction,
135
silylamines, reduction of N,, 572-575
cobalt—salen complexes, 530-537
cobalt water oxidation catalysts,
440-443
CO, hydrogenation
DLPNO-CCSD(T) free energy profile,
40-42
hydricity vs. reactivity, 43—45
mechanistic studies, 38—39
motivation behind studying, 35
precious metal catalysts, 38
reaction equations, 37
computational chemistry, 33
controlled catalytic radical-type
reactions, 27
cooperative catalysis, 15-21, 26-27
Co—porphyrins, 537-540
copper—boxmi complex, 346
copper catalysts
conjugate addition reactions
alkenyl-heteroarenes, 196-205
a-substituted o,p-unsaturated
carbonyl compounds, 192—-196
homogeneous hydrogenation
carbonyl compounds, 86—-89
catalytic cycle, 83
CO,, 84-86
vs. heterogeneous catalysts, 82
olefins and alkynes, 89-91
hydroamination reaction, 143—147
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copper water oxidation catalysts,
445-446
CO, reduction challenges, 35-37
[Cp(CO),Fe!'(THF)]BF, catalyst
(Cp=cyclopentadienyl;
THF=tetrahydrofuran), 184-186
cross-coupling reactions, 297
C-silyl cyclopropanes, 177, 178
C,-symmetrical iron(III) chiral
porphyrins, 176, 177
Cu-promoted N—N bond formations
cyclizations, 74—82
double bond, 72-74
single bond, 71-72
cyclic(alkyl)(amino)carbene (CAAC),
480
cyclic aminocarbene iron system,
567-568
cyclohexane, 381
cyclopentadienyl compounds, 498
cyclopentadienyl iron
complexes, 107

d

dehydrogenation, from ammonia
borane and amine boranes,
474-480

dehydrogenative cyclizations (DCs), 75,
77,79-80

density functional theory (DFT)
methods, 34, 426, 459, 532

1,2-diamino-cyclohexane fragment, 532

2,6-dichloroanilinium tetrafluoroborate,
510

dichloroisobutane (DCIB), 404

dicobalt(II) macrocycles, 510

diethylene glycol dimethyl ether, 466

1,3-diketone-type ligands, 374

dimethoxyethyl ether (DME), 572

dimethylaminoborane (DMAB), 476

dimethylformamide (DMF), 461

N, N’-dimethylpropyleneurea (DMPU),
194

dinitrogen reduction

ammonia, 551-555
N, activation, 500-551

nitrogenase-inspired systems,
555-556
silylamines, 569-575
1,4-dioxane, 466
3,5-diphenyl-1,2,4-triazole, 75, 76
direct hydrogenation (AH)
cobalt catalysts, 223-224
copper catalysts, 231-232
iron catalysts, 218-220
Mn(I) catalysts, 211-212
nickel catalysts, 228
directing groups (DGs), 391
direct reductive amination (DRA),
251-252
D,-symmetrical iron(III) chiral
porphyrin, 175
dual-catalytic Markovnikov
hydroarylation, 139, 140
DuBois system, 20-21

e

eco-friendly catalytic procedures, 163

electrochemical water oxidation studies,
429

eliminative cyclizations
(ECs), 75, 80-81

eliminative dehydrogenative cyclization
(EDC), 75, 81-82

enamines, electrophilic
trifluoromethylation of, 335

enantioselective cobalt-catalyzed
hydrogenation, 117

extended X-ray absorption fine
spectroscopy (EXAFS), 426

f

Fe(F,,TPP)(CPh,), 167

Fe and Co pivalate isocyanide-ligated
catalyst systems, 157-159

Fe'l(TTP)-catalyzed alkene
cyclopropanation (TTP=dianion
of meso-tetrakis-(4-tolyl)
porphyrin), 165

ferrocene, 492

fluorinated diglyoxime complexes, 498

fluorine, 413



formic acid, hydrogen generation from
aluminum, 467
iron, 461-466
nickel, 466-467

g
galactose oxidase (GOase), 16—17

Grignard reagents, 192, 193, 205, 268,
285, 392
group 6 metals, 514-518

h
Haber—Bosch process, 549
Heck-type, cobalt-catalyzed
cross-coupling reaction, 310-311
heteroaromatics, 392
heterobimetallic catalysis, 60
heterobimetallic [NiFe] clusters, 505
heteroleptic arene/alkene cobaltate
complexes, 115, 116
hexamethylphosphoramide (HMPA),
193
high-valent cobalt catalysis, 302-308
hindered amine drug intermediates,
137-138
homogeneous CO, hydrogenation, 35,
37
hydrogen atom transfer (HAT), 128,
129,137,138
hydrogen generation
from alcohols, 469-473
carbon and boron nitrogen-based
substrates, 453—-458
from formic acid, 460-468
hydrogen storage, in liquid organic
hydrogen carriers, 473-474
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imines, 393-394

1H-indazoles, 317

indoles, 394

iridium complexes, 339

iron- and nickel-based catalysts

bioinspired di-iron molecules,

490-495
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bioinspired [NiFe] complexes and
[NiMn] analogs, 501-508
mono- and poly-iron complexes,
496-501
iron catalysts
aminohydroxylation, 141, 143-145
C=C bond catalytic oxygenation,
363-372
C—C cross-coupling
NHCs, 276-283
phosphines, 283-291
simple ferric salts, 266—273
TMEDA, 273-276
C—H bond oxidation, 377-380
hydromethylation reaction, 137
hydrosilylations, of aldehydes and
ketones, 242-247
silylamines, reduction of N,, 570-572
iron corroles, 179, 180
iron phthalocyanine complexes, 177
iron—pincer complex system, 19-20
iron polypyridyl monophenolate
complexes, 496
iron(II) tetraaza macrocyclic complexes,
180

k
kinetic isotope effect (KIE), 441

/

light-harvesting complex 1 (LH1), 426
light-responsive ligands, 7-8

local coupled-cluster (L-CC) method, 34
low-valent cobalt catalysis, 299-302

m
macrocyclic ligand, 543
maleonitrile dithiolate, 497
manganese catalysts
aerobic oxidative hydroxyazidation,
139-143
C=C bond catalytic oxygenation,
356-363
hydration reaction, 130, 131
hydrosilylations, of aldehydes and
ketones, 248—-250
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manganese water oxidation catalysts,
430-435
bioinspired Mn,O, models, 430-432
biomimetic models, Lewis acid,
432-433
Fe-TAML complexes, 436—440
Markovnikov hydroboration reaction,
157,159
Markovnikov hydrosilylation reaction,
155,157, 158
meta-chloroperoxybenzoic acid
(mCPBA), 367
metal-pendant nitrogen-based system,
20-21
methylamine borane (MAB), 478
Michael acceptors, 191, 192, 195, 196
molybdenum-—polypyridyl complexes,
516
monoanionic polyamine ligands, 437
Mukaiyama hydration, 128
multi-iron catalyst, 440
multimetallic cooperation catalysis,
64—-65

n
N, activation, 500-551
N-chloroamines, 412
N-halosuccinimides, 413
N-heterocyclic carbenes (NHCs),
276-283, 479
nickel catalysts
C=C bond catalytic oxygenation,
372-375
C—H bond oxidation, 381-383
Grignard addition, 203
Lewis-acid-assisted carbocyanation
reaction, 147-149
water oxidation catalysts, 443444
nitrene radicals, 25-26
nitride- and carbide-centered tetrairon
clusters, 501
nitrogenase-inspired systems, 555-556
N, ligands, 540—-541
noble metals, 2
non-innocent ligands, 1-2, 26
N-(trifluoromethylthio)phtalimide, 347

nucleophilic trifluoromethylthiolation
copper complexes, 342—344
nickel-based catalytic systems,
344-345

(o)
olefins
aerobic epoxidation of, 374
cis-dihydroxylation, 356
epoxidation, 359
stoichiometric cis-dihydroxylation of,
362
osotriazoles, 81
oxazoline iminopyridine cobalt
complex, 110, 111
oxidants, in water oxidation reactions,
428-429
oxidative addition (OA), 395
oxidative C—H olefination, 396-397
oxygen-evolving complex (OEC),
425-428

p
pair natural orbitals (PNOs), 34

BB, P nickel(I) hydride, 121
peracetic acid (PAA), 358
perfluoroalkylation reactions, 348—350
phenylated iron(II) ferrates, 269, 270
2-phenylpyridines, 406
phosphines, 283-291
pH-responsive ligands, 5-7
piano-stool cyclopentadienyl phosphine
iron complexes, 245, 246
BN, P-nickel(II) hydride, 120
BN, P nickel(II) methyl complex, 120,
121
polar double bond reduction
AH (see asymmetric hydrogenation
(AH))
AHS (see asymmetric hydrosilylation
(AHS))
ATH (see asymmetric transfer
hydrogenation (ATH))
polyethylene glycol (PEG), 395
polynuclear catalysis, 64—65
polypropylene carbonate (PPC), 530



polypyridyl ruthenium, 339

potassium bis(anthracene) cobaltate,
115

potassium bis(anthracene)ferrate, 106

potential energy surface (PES), 34

power-to-gas techniques, 453

preactivated substrate approach,
308-312, 320-322

propargylic hydrazines, 129, 130

proton-coupled electron transfer
(PCET) mechanism, 36-37, 314

proton exchange membrane (PEM), 453

pumiliotoxin C, 192

pyrazolines, 71

r

Raney-nickel catalysts, 118—119

rate-determining step (RDS), 34, 441

reactive bis(perfluoroalkyl)zinc
reagents, 348

redox-active ligands, 8-15, 26

redox-active phosphole ligand, 492

redox noninnocent ligands, 341

redox-responsive ligands, 3-5

regiodivergent hydrosilylation reaction,
155, 156

responsive ligands see
stimuli-responsive ligands

ring-opening cross-coupling, 346

rivastigmine, 146, 147

s
Sandmeyer trifluoromethylation, 330
Schiff bases (SB), 184
sequential asymmetric
conjugation—enolate trapping,
195, 196
silicon electrophiles, 563
silylamines, reduction of N,
cobalt, 572-575
iron, 570-572
silyl enol ethers, electrophilic
trifluoromethylation of, 335
simple iron salt catalysts, 266—273
single-electron transfer (SET)
mechanism, 298, 313
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single-site catalysis, 49—-50
binding and activation, 50-51
oxidative addition and reductive
elimination reactions, 54
Sonogashira—Hagihara coupling
reaction, 403
steroidal substrates, 380
stimuli-responsive ligands, 2-8, 26
stoichiometric hydrofunctionalization
reaction, 134
stoichiometric reaction pathways, 50
substrate radicals, 21-27
Suzuki—Miyaura coupling reaction, 291
synthetic models, for water oxidation,
428

t
tetra-anionic tetra-amido macrocyclic
ligands (TAML’s), 436—437
tetrabutyl ammonium bromide (TBAB),
531
tetrahydrofuran (THF), 560
tetrakis-Schiff base macrocycles, 511
tetrameric B-(cyclotriborazanyl)amine-
borane, 478
tetrameric cobalt(I) complex, 116
tetrameric nickel(I) complex, 122
N,N,N',N'-tetramethylethylenediamine
(TMEDA), 273-276
tetra-O-acetyl-pB-D-glucopyranoside,
495
Togni’s reagent II, 339
transition state theory (TST), 34
transmetalated iron(II) ferrates, 269, 270
1,5,7-triazabicyclo-[4,4,0]dec-5-ene
(TBD), 534
1,3,5-triaza-7-phosphaadamantane
(PTA), 492
2,2,2-trifluoroethanol (TFE), 395
trifluoromethylated heteroarenes, 332
trifluoromethylation reactions
CF,e radicals, using Langlois’ reagent,
332-333
copper and electrophilic CF;*
sources, 333—-341
electrophiles, reaction with, 330-331
oxidative coupling, 331-332
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trifluoromethylthiolation reactions
electrophilic reaction, 345—348
nucleophilic reaction, 342—345
tri-iron complexes, 500
trimeric B-(cyclodiborazanyl)amine-
borane, 478
tris(2-pyridylmethyl)amine (TPA)
ligand, 383, 442

u
Umemoto’s reagent, 334—336

"4
vinyl-heteroarenes, 200—202
vinyl-substituted cyclic carbonates, 544

w

water oxidation
cobalt catalysts, 440443
copper catalysts, 445-446

manganese catalysts, 430-435

molecular iron catalysts, 435-440

nickel catalysts, 443444

oxidants, 428-429

oxygen-evolving complex (OEC),
425-428

synthetic models, 428

X
X-ray crystallography, 426

z

Z-diastereoselective
bis-pentafluoroethylthiolation,
349

Ziegler-type Co/Al hydrogenation
catalysts, 107-108

Zn-Salen catalyst, 18



