Index

a
acceptorless dehydrogenation
180-181
acetal pool 279
aceto-and benzophenones 81
acetophenone 122
derivatives 80
acrylates 78,179, 208, 210
active monomeric species 122
acyclic enamines 118
adenosine monophosphate (AMP) 249
adenosine triphosphate (ATP) 249
Ae amide catalyst 152
Ae catalyzed hydrogenation 153
AeN”, catalysts 154, 161, 162
air-stable FLPs 184-186
Al-based complex 71
alcohol dehydrogenases
in multicatalytic processes 232-236
in non-conventional media 229-230
aldehydes and ketones 29-31, 186,
199, 270
aldimines 29, 32, 33, 153, 154, 161,
170, 187-193, 235
aliphatic imine 269
aliphatic PNP-pincer ligand-based
cationic and neutral nickel(II)
complexes 68
alkenes 7,9, 23, 26, 30, 40, 45, 47, 48,
52-54, 57, 65-78, 82, 83, 89,
95-98, 100-102, 105, 112, 114,
115, 118-120, 134, 135, 137, 143,
145, 147-150, 152, 153, 160, 161,
215
alkoxide intermediate 121

alkoxide species 122

alkyl amines 181

alkyl-and aryl-substituted alkenes
65-76

3-alkyl-3-hydroxyisoindolin-1-ones
270, 271

alkylidene malonates 207-211

alkyl-substituted ketones 81

alkynes 6,7, 10, 13, 23, 24, 26-28, 52,
54, 55, 78-79, 98-106, 114, 119,
120, 137, 184, 215, 216

allylbenzene 68, 69, 71

allylic substitutions with a hydride
nucleophile generated from H,

95-98
allyl N-(1-methyl-4-oxocyclohexyl)-
carbamate 239

a-alkyl p-keto esters 231

a-alkyl esters 130

a-amino acid esters 130

a-amino-p-ketoester hydrochlorides
80

a-amino-y-butyrolactones 235

a-and/or B-substituted aldehydes,
ketones or esters 76

a-branched aldehydes 270

a-diimine ligand 74

a-fluoroketones 236

a-halogenated-o,f-unsaturated chiral
alcohol key intermediate 237

a-halohydrins 234, 236

a-haloketones 234

o-imino esters 268

a-methyl styrene 152

Homogeneous Hydrogenation with Non-Precious Catalysts, First Edition. Edited by Johannes F. Teichert.

© 2020 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2020 by Wiley-VCH Verlag GmbH & Co. KGaA.

285



286

Index

a-mono-or p-disubstituted
o,p-unsaturated carbonyl
compounds 76

a-tocopherol 263

o,p-disubstituted p-trifluoromethyl

nitroalkenes 266
a-or B-substituted hydrocinnamates
76

o,B-unsaturated acids 134
o,p-unsaturated aldehydes 262, 264
o,p-unsaturated carbonyl and carboxyl
compounds 105
ao,f-unsaturated ketones and
aldehydes 91-92
conjugate reduction  88-91
simple (non-conjugated) ketones and
aldehydes 92-93

o,p-unsaturated carboxylic acids 242
o,p-unsaturated (di)esters 242
o,p-unsaturated ester precursors 242

o,B-unsaturated esters 77, 249

o,p-unsaturated ketones and aldehydes
91-92

o,B-unsaturated lactones

o,p-unsaturated nitriles

Ambrox® 130

amides 32, 132, 149-154, 156, 157,

161, 266

30, 32, 33, 45, 46, 48, 50, 51,

100, 153, 154, 170, 176-181, 187,

188, 193, 200, 228, 245, 248-250,

261, 266, 269, 270

amine-tethered cyclopentadienyl ligand
118

4-amino-1-phenylpentan-2-ol 234

ammonia borane 104-105, 191, 205

(-)-angustureine 274

aniline 105, 180, 251

aniline-derived aminoboranes

ansa-aminoborane 192

ansa-ammonium borates 191

ansa (bridged) cyclopentadienyl ligands
113

anthracene 55

anti-aminoalcohols 80

anti-cancer agent 10, 51, 52

arene cobalt complexes 53

242
242

amines

182

aromatic benzothiazole 261, 268
[Ar;P-H][H-B(C(F5);] 213
3-arylalkan-2-ones 232
aryl-bridged phosphonium-borate
aryl ketones 92, 93
aryl-linked phosphonium-borate FLP
system 187
(S)-2-arylpropanols 230
2-arylpropionic acids 242
3-arylquinoxalines 205
aryl substituted Z-allylic chlorides 96
asymmetric counteranion directed
catalysis (ACDC) 264
asymmetric FLP-catalyzed
hydrogenation 189, 205
asymmetric transfer hydrogenation
C=Cbonds 262-266
C=Nbonds 266-273
C=Obonds 273-274
heteroaromatics 274-279
atorvastatin 238, 240
axially chiral biaryls scaffolds 278
axially chiral 1,1’-binaphthyl-2,2’-
diamine (BINAM) 273
axially chiral 5-/8-substituted quinolines
278
aza-o-xylylene and o-quinone methide
imine (AOX) 272
azepanes 248

187

b
B(2,4,6-F;—C4H,),
B(2,6-F,—CH,),
210
B(C,Fy); 144,170,172, 173, 185,
193-195, 198
B(C4F;)4-activated nitriles 187
Baeyer—Villiger monooxygenase
(BVMO) 246
base and bulk chemicals 1
base-catalyzed hydrogenation of ketones
160
6H-benzochromenes
benzodiazepinones 268
(benzo)quinolines 205
1,4-benzoquinone 87
benzothiazines 248, 268

175, 181, 208
175, 185, 200, 209,

279



benzothiazoline 261, 268, 269, 271
benzoxazines 268
benzoxazinones 268
benzyl complexes (DMAT),Ca-(THF),
145
benzyl cyclohexane carboxylate 44
B-activated vinylphosphonates 242
B-acylamino-substituted nitroolefins
78
f3,p-disubstituted nitroolefins
B-cyanoacrylate esters 243
B-cyano-a,B-unsaturated esters
B,y-alkynyl-a-imino esters 268
B-hydroxy acids 233
B-hydroxy nitriles 233
B-hydroxytriazoles 234
B-keto nitriles 233
B-nitroacrylates 265
B-tetrahydrocarbolines 248
bidentate bis(silylene)xanthene ligand
72
bidentate phosphine ligand 48, 65, 77,
79
binaphthophosphepine (S) 92
1,1’-binaphthyl system 191
((S)-Binapine) 78
biocatalysis 3, 227, 236, 251
biocatalysts 4, 227, 228, 232, 234, 248,
249, 252
biocatalytic (hydrogen transfer)
reductions
carboxylic acid reductases
ene-reductases 241-247
imine reductases 248-249
ketoreductases 228-241
nicotinamide cofactor 227
biologically active 5-dihydrosteroids
265
biphenyl-bridged titanocene catalyst
118
bisiminopyridine complex 28
bisligated iron(0) complexes 24
1,1’-bisnaphthyl-derived aminoborane
191
bis(N-heterocyclic silylene) ligand 73
bis(pentafluorophenyl)boron chloride
((CgF5),BCl) 182

265

242

249-250

Index

bis(pentafluorophenyl)-pentachloro-
phenyl borane (C4F),B(C,Cl;)
185
bisphosphines 170, 195, 200
bis(4-toloyl)silyl amine 217
1-(3,5-bis(trifluoromethyl) phenyl)
ethanol 239
BoPhoz ligand (R,S) 92
borane-based FLPs 172, 185
borane-based strong Lewis acid 167
boranes 55, 81, 82,170, 172, 184-187,
190-192, 198, 199, 202, 213, 215,
217,236
borohydrides
213
2-bromoacetophenone 49
3-bromoacetophenone 50
(S)-bromo-2-cyclohexen-1-ol 237
bromo substituted styrene 101
Bronsted acid 121, 170, 172, 179, 181,
266, 274
(R)-butane-1,3-diol
2-butanone 122

167, 170, 176, 179, 200,

238

C

camphor-derived borane structures
189

Candida krusei ZJB-09162 238

Candida parapsilosis carbonyl
reductase (CPCR) 230

carbapenem antibiotics 231

carbon dioxide 20, 22, 25, 40, 41, 63,
81-83, 93, 132-134

carboxylic acid reductases
249-250

carboxylic acids 40-46, 48, 57, 228,
242, 243, 246, 249-250

carboxylic esters  40-48

and acids 44

(-)-carnegine 278

(S)-carvone 207,210

cascade reactions 54, 234, 262

catalyst choice 4

catalyst productivity 4

catalytically active [Cul(dbu),] 21, 22,
24, 66, 94, 95, 113, 115, 116, 142,
155, 185

228,

287



288

Index

catalytically active hydride species 128

catalytically inactive complex
[(x*-PNNP)Fe(CO)] 21

catalytic hydrogenation 1, 18, 20, 28,
32,69,72,111, 112,127, 141,
142, 146, 148, 151, 153, 154,
156-160, 172, 176, 195, 217

cationic Me; TACD-stabilized calcium
hydride complex 147

C=C double bonds 43, 47, 92, 97,
144-151

chemoenzymatic oxidative system 246

chemoselective hydrogenation 1, 5,47

chiral alcohol (S) 241

chiral alkylboranes 54

chiral amine 33, 188, 244, 265-267,
269, 270

chiral amino acids 49

chiral 1,3-amino alcohols 234

chiral anti-cancer agent 52

chiral 2-(1-arylethyl)phenols

chiral azadecalinones 277

chiral benzyl-substituted silanes 54

chiral binaphthol-derived phosphoric
acids 264

chiral 1,1’-binaphthyl derivative

chiral bis-boranes 191

chiral catalyst 3, 83, 125, 191, 272, 278

chiral 3,4-dialkyl-3,4-dihydroiso-
coumarins 231

chiral diphosphine ligand
(R)-DTBM-Segphos 89

chiral 4H-chromene derivatives
279

chiral indolines

266

183

278,

191

chiral intramolecular frustrated Lewis
pairs 184, 190, 191

chiral (1R,2R)-N,N'-dimethyl-1,2-
diphenylethane-1,2-diamine
127

chiral N-protected dihydroquinolines
278

chiral partially oxidised tetradentate
PNNO ligand 49

chiral phosphoric acids (CPA)
262, 266, 275, 276, 280

chiral pincer-type ligand 51

261,

chiral tert-butylsulfinimide 191

chiral thiourea catalysts 266

chiral thioureas 265, 269

2-chloro-1-(3,4-diflurophenyl)acetone
240

chloroiminium chlorides 200
2-chloropyridines 188
4H-chromene derivatives 279

—CH,PPh, ligand 114

chromium 121-122

cinnamyl alcohol 249

(15,2S)-cis-alcohol 233

cis-allyl N-(4-hydroxy-1-methyl-
cyclohexyl)-carbamate 240

cis-and trans-4-substituted-4-amino-
cyclohexanols 239

cis-cyclooctene 71

cis-2,6-substituted piperidines

cis-4-tert-butylcyclohexanol

(R)-citronellal 264

C=N double bonds 47, 143, 153-158

cobalt-catalyzed Diels—Alder reactions
45

cobalt-catalyzed hydrogenations

carbon dioxide 40

204
238

carboxylic acids 40-46

carboxylic esters 4046

C=C 46-57

C=C 46

C=N 46-57

C=0 46-57

dihydrogen-complexes vs. dihydride
complexes 39-40

(hetero)arenes 46-57

nitriles 40-46

cobalt complex 53
Co(dppe)(CH,SiMe;), 48
CoH(N,)(PPhy), 46

cobalt dihydride species 41, 42

cobalt-hydride complexes 40, 52

cobalt monohydride species 41

cobalt-phosphine type complexes 42

cobalt(I) species 44

Co catalyzed hydroboration/

hydrogenation sequence 10, 13
Codexis 5,239
C=0 double bonds 106, 157-160



cofactors/coenzymes 227

commercially available diphosphine
(S,S) 92

commercially available perfluorated
borane B(CiF;); 172

conjugate Bronsted acids 172, 176

cooperative ligands 18, 23, 25, 26, 29,
34

copper(I) acetate (CuOAc) 87

copper-catalyzed hydrogenations

allylic substitutions with a hydride

nucleophile generated from H,

95-98
o,p-unsaturated ketones and
aldehydes 91-92

ammonia borane 104-105
conjugate reduction 88-91
dihydrogen mediated cross-coupling
of internal alkynes and aryl
iodides 105-106
early studieson 87-88
reduction of CO, to formate 93-95
simple (non-conjugated) ketones and
aldehydes 92-93
Z-selective alkyne semihydrogenation
98-104
copper hydride monomer triphos/CuH
95
copper(II) salts 87, 88,93
Co(BE,),/triphos system 43
CPA-catalyzed asymmetric transfer
hydrogenation 267, 268, 274
[Cp,Mo(p-OH),MoCp,](OTs), 122
[Cp,ZrH(CH,PPh,)], 114,119
Cu carbene catalyst 9
Cu catalyzed deuteride transfer 11
Cu/NHC complex [SIMesCuCl] 91
[Cu(NO,)(PPh;),] 89
(+)-cuspareine 274

7-cyano-7-deazaguanine 250
cyclic and linear enones 264
cyclic benzylic ethers(+) 279

cyclic enones 89, 242, 264, 265
cyclic imines 115-118, 248, 250, 268
cyclohexane 44, 120, 132, 152, 233
cyclohexenyl phosphines 182

Index

cyclohexyl and cycloheptyl keto nitriles
233

cyclohexyl-substituted ligands 66

cyclooctene 54, 66,71,73,113

cyclopentadienyl cobalt complexes 42

d

deep-eutectic solvents (DES) 229

dehydro amino acid derivatives 8

dehydrogenative coupling 179-180

d-keto acids 249

5-keto aldehydes 249

(5,8)-3-dialkyl-3,4-dihydroisocoumarins
232

2,3-dialkylquinoxalines 206

dialkyl-substituted 1,3-diynes 98, 102

diamagnetic and trigonal bipyramidal
complex 19

di-and trisubstituted E-o,-unsaturated

esters 105
di-and trisubstituted quinolones 205
diaryl-substituted 1,3-diynes 102

dibenz[c,e]azepines 248
dibenzylamine by-products 46
dibenzyl amine-type side-products 46
dicationic dimeric complex
[(Me, TACD),Ca,H,]**
dichloride complex 44
dicopper hydride complex 95
dideuterated Z-allylic chloride 97
diethyl ether 170,213
2,3-dihydrocarvone 47
(R)-dihydrofarnesal 264
dihydrogen mediated cross-coupling of
internal alkynes and aryl iodides

161

105-106
3,4-dihydro-2H-1,4-benzothiazines
248
dihydronaphthalenes 51
1,4-dihydropyridine structure 261
1,2-dihydroquinoline 203, 271

1,4-dihydroquinoline 203, 276

2,6-di-iso-propylphenyl-substituted
bis(imino)pyridine (**PDI) 23

diketone 5-phenylpentan-2,4-dione
234

(dimeric) copper(I) complex 87

289



290

Index
dimethoxymethane (DMM) 42, 43
2,3-dimethyl-but-2-ene 214
3,3-dimethyl-1-butene 68, 71
(3R,5R)-diol 240
1,4-dioxane 79, 100, 125, 126, 128, 198
1,2-diphenylethane 54, 127
1,1-diphenylethylene 146-148, 152
1,2-diphenylethylene 152
diphosphane-borane ligand supported
nickel complex 70
diphosphine Xantphos 73
[(DippNacNac)CaH:(THF)],
[(DippNacNac)CaH-(THEF)],
(DIPPnacnac = HC[(CMe)
N(C¢H;-2,6-i|iPr)], 144
direct hydrogenation 26, 39
1,1-disubstituted alkenes 118
1,1-disubstituted a-methylstyrene 68
3,4-3,5-, and 4,5-disubstituted
y-butyrolactones 245
1,2-disubstituted indenes 75
2,9-disubstituted 1,10-phenanthrolines
276
2,3-disubstituted quinolines
277
2,4-disubstituted quinolines 205
2,3-disubstituted quinoxalines 205
1,4-disusbstituted cyclohexenes 75
1,3-diyne 98, 102-104
(DMAT),Ca-THF), 145,152, 154, 161
(DMAT),Sr-(THF), 145
1-dodecene 73
double axially chiral phosphoric acid
275
Dowex MWA-1 231
dynamic kinetic resolution (DKR) 80,
81, 230, 270
dynamic reductive kinetic resolutions
(DYRKRs) 230

145

205, 276,

e

E-and Z-o,p-unsaturated iminium ion
intermediates 263

E-and Z-isomers 27

Ebalzotan 245

E,E-1,3-dienes 102

electron deficient alkenes 76-78

electron deficient allenes 208, 211

electron-donating bisphosphine ligands
66

electron-donating fluorinated
phosphines 172

electron-donating Lewis bases
213

electronically modified moisture-
tolerant triaryl boranes 186

electrophilic phosphonium cations

172,

(EPC) 169,170, 215-217
elemental magnesium 112
enamides 49, 271
enamines 118, 137,182,183, 191,

193-198, 201
enantioenriched tetrahydro-f-

carbolines 271

enantiomerically pure mono-and
disubstituted piperidines and
pyrrolidines 249
enantiomerically pure (R)-profen
derivatives 242
enantiopure (R)-2-bromo-1-(4-
fluorophenyl)ethanol 236
enantiopure bromohydrin 237
enantiopure cis-(3S,5R)-amino lactone
235
enantiopure (S)-pentane-1,4-diol
enantioselective catalysts 4
enantioselective hydrogenation 5, 6,
8-10, 29-31, 33, 47, 51, 52, 78,
83,92, 124, 191, 193, 197, 207
encounter complex 169
ene-reductases
multicatalytic processes
substrates 242-244
enoates 91
89-91, 197, 207-211, 242, 264,
265
enzymes 5,15, 64, 142, 227-229, 232,
234, 235, 237, 239-241, 247-252,
261
E-selective hydrogenation of alkynes
6,7
E-selective semihydrogenation of
alkynes 79, 80

235

244-247

enones



6, 11, 31, 55, 80, 91, 98, 99, 101,
105, 113, 127, 128, 130, 132, 242,
245, 280

hydrogenation 6
and lactone hydrogenation 130
(R,R)-EtDuphos 49
ethylarenes 73
ethyl f-methylcinnamate 76
ethyl (S)-4-chloro-3-hydroxybutanoate

esters

[(S)-CHBE] 238
ethyl 4-chloro-3-oxobutanoate (COBE)
238

ethylene-bridged ligand complex 66
ethylene-bridged phosphino borane
182,193
(S)-ethyl-4-hydroxypentanoate
ethyl levulinate 232
Et,0/B(C4Fy); 214
extracellular-regulated kinase inhibitor
GDC-0994 240
E/Z-stilbene mixture 54

232

f

ferrate complex 24

ferrocenophane-derived dienamine
194

flexible ethylidene-bridged
phosphinoborane 167

FLP-catalyzed hydrogenations 170,
171, 185, 194, 196, 198, 201, 204,
207

fluorinated phosphines 172,213

2-fluorobenzyl zinc chloride 49

(S)-5-fluoro-3-methylisobenzofuran-1
(3H)-one 240

(R)-flurbiprofen 243

formamides 32, 56, 133

frustrated Lewis pair (FLP) 2, 143

acceptorless dehydrogenation

180-181

air-stable FLPs 184-186
alkylidene malonates 207
choice of Lewis acids 171-173

dehydrogenative coupling 179-180
electrophilic phosphonium cations

(EPC) 215-217
hydrogenation of

Index
aldimines and ketimines 187-193
enamines 193-198
enones 207-211
heterocycles 201-207
ketones 198
olefins 178-179
polycyclic aromatic hydrocarbons
211-215
silylenol ethers 193-197
unpolarized olefins 211-215
intramolecular 181-184
Lewis acid and Lewis base 171-173
Lewis acidity vs. Lewis basicity
173-186
mechanistic considerations
168-171
nitroolefins 207-201
reductive deoxygenations
Stephan’s intramolecular
furyl imidazolidinone 264
fused piperidine 270

198-201
167

9

(+)-galipinine 274

y-aminobutyric acid analogs 243

y-deuterated terminal alkenes 96

y-valerolactones 235

geminal FLPs 183

genetically engineer enzymes 5

greenhouse gas and waste product CO,
81

Grignard reagents 49, 144, 186

Guerbet alcohols 246, 247

h

hafnium 112-119

4-halobut-2-enals 247

Hammett substituent constant 176

Hantzsch esters (HEHs) 3, 11, 261,
268, 269, 280

Helional™ 242

hemiaminals 270

(hetero)arenes 46-57

heteroaromatic compounds 6, 8, 10

heteroaromatics 99, 261, 274—-280

heteroatom-based ether 88

heterobimetallic complexes 162

291



292

Index

heterocycles 48, 54-56, 170, 201-206,
212,270, 274
heterogeneous catalysts
45,47, 55, 68, 141
heterogeneous Pd, Pt, Rh, Ru and Ni
catalysts 5
heteroleptic boranes 186
heterolytic dihydrogen activation 88,
89, 95
hexamethylphosphoramide (HMPA)
146
hexan-1-ol
1-hexene
161
2-hexene 113, 150, 152
H,-mediated formal alkyne
semihydrogenation 98
homogeneous nickel catalyzed
hydrogenations
alkenes 65-76
alkynes 78-79
carbon dioxide 81-83
ketones 79-81
homogeneous non-noble catalysts 6
homogeneous transition metal
hydrogenation catalysts
homogenous catalyzed olefin
hydrogenation 113
homoleptic dibenzyl calcium complex
(DMAT),Ca-(THF), 146
HOMO-LUMO combinations 16,
141, 142
homolytic dihydrogen activation 88
horse liver alcohol dehydrogenase
(HLDH) 230
hydricity 20, 28, 82
hydrogenases 15, 142, 228
hydrogenated quinolines 11
hydrogenation
aldehydes and ketones 29-31
aldimines and ketimines 187-193
alkylidene malonates 207-211
alkynes 27-28
amides 32
C=C double bonds
chemoselective 6-8
C=N double bonds

1-3, 5-8, 26,

246, 247
113, 134, 147-149, 152, 153,

142

144-153

153-157

C=0 double bonds 157-160
of enamines 193-196
enantioselective 8-9
enones 207-211

esters 31-32

heterocycles 201-206
ketones 198

nitroolefins 207-211
olefins 26-27,178-179

polycyclic aromatic hydrocarbons
211-215
reductive deoxygenations
silylenol ethers  193-198
unpolarized olefins 211-215
hydrogen—dihydrogen complexes vs.
dihydride complexes 39-40
hydrogenolysis 5, 66, 88, 114, 270, 272
hydrogen source 19, 53, 55, 104, 135,
191, 261, 262, 266, 268, 269, 274
hydrometalation 39, 78, 142
hydrosilanes 81, 82, 87, 88, 95, 106,
112,122, 180, 198
1,4-hydrosilylation 195
hydroxyaniline 273
2-hydroxycyclopentanecarbonitrile
233
hydroxyethylamine moieties
hydroxyethylene 237
2-hydroxylchalcones 278
(R)-3-hydroxy-2-methylpropanoate
242
4-hydroxy-5-phenylpentan-2-one
hydroxy-substituted quinoline 56

198-201

237

234

1
imido complex 128
imine-based iron pincer complex 30
imine reductases 228, 248-249

8,29, 30, 33, 34, 48,57,
115-117, 122, 125, 135, 136, 144,
153, 156, 170, 171, 176, 183, 187,
189, 193, 201, 212, 228, 248-249,
267-270
indenes 51, 52,75
3H-indoles 268
indole-substituted 1,1-diaryl ethylenes

266

imines



indolines 191, 248

1-H-indolinium 181

in situ product removal (ISPR) approach
238

intermediate copper-O-enolate 89

intermolecular “frustrated” Lewis pairs
167

internal alkynes and aryl iodides
105-106

intramolecular frustrated Lewis pair
(FLP) 168,181-184, 191

2/-iodo-[1,1’-binaphthalen]-2-amine
183

[IPrCuOH] 101, 102, 104

iron-catalyzed homogeneous
hydrogenation of C—C multiple

12,

bonds
alkynes 27-28
olefins 26-27

iron-catalyzed homogeneous
hydrogenation reactions
carbon dioxide 25
HOMO-LUMO-combinations 16
nitriles 26
noble vs. 3d metal complexes
non-polar substrates 22-24
polar substrates 24-25
iron-catalyzed hydrogenation of
C—N-multiple bonds 32-34
iron-catalyzed hydrogenation of
C—O-multiple bonds
aldehydes and ketones 29-31
amides 32
esters  31-32
iron(II) complex [(PP;)Fe(H)(H,)](BPh,)
23
iron pincer catalyst 26,28
(S,S)-isochroman 232
isochromanes 279
1H-isochromenes 279
isolable cationic triphos/copper(I)
complex 95
isolable copper hydride hexamer
[PPh;CuH], 88
isolated cationic dicopper hydride
complex 95
isolated copper(I) formate complex 95

17-22

Index

isophorone 89-91

isopropanol (IPA) 3,19, 43, 53, 122,
126-128, 132, 135, 136, 229, 261

isoquinolines 278

isosolenopsin A 204, 206

J
Josiphos-type ligand 80

k
Kempe catalyst 48
ketimines 33, 81, 154, 170, 187-193,
266—268
ketones 6-8, 19, 26, 29-31, 44, 45,
47-50, 79-81, 89, 91-93,
121-127, 136, 137, 159, 162, 198,
229, 230, 245, 246, 270
ketoreductases (KREDs)
alcohol dehydrogenases
in multicatalytic processes
232-236
in non-conventional media
229-230
coupled enzyme approach 229
coupled substrate approach 229
230-232
236

dynamic processes

valuable molecules
Knolker’s catalyst 30
Knolker’s complex 29

/
lactone-fused quinolines 276, 277
lanthanide catalyzed alkene
hydrogenation 143
levulinic acid 232, 233, 235
Lewis acidic ligands 64
Lewis acidity vs. Lewis basicity
173-186
Lewis acids 172-173
B(C,F,), 144
(HSiR;/B(C¢Fs5);) 134
and Lewis base 171-173

Lewis adduct 167-169, 172, 182

293



294

Index

Lewis base 143, 144, 167, 169174,
178-182, 187, 191, 198, 200, 201,
209, 213, 217
Lewis pair’s heteroatoms
Lilial™ 242
linear imines
lorlatinib 240
low-valent titanocene species
2,6-lutidine 168, 200, 201, 209

169
268

112

m
macrocyclic alkyne 79
malonates 179, 185, 207-211
manganese 121-136
marine macrolide (+)-neopeltolide
263
Me-DuPhos 76
Meerwein—Ponndorf-Verley reduction
mechanism 122
(+)-menthol 115
MesB(C(F,H), 202
mesitylcopper(I) and imidazolinium salt
99
Mes,P 170
(Me, TACD),Ca,H,* 148
Me, TACD-stabilized cationic calcium
hydride complex 148
Me, TACD-stabilized dicationic calcium
hydride complex 148
metal
abundance 2
catalyst separation and trace metal
removal 3
cost 2
different reactivity 3
toxicity 2
metal-free imine hydrogenation 143
metal-free syn-selective hydrogenation
of alkynes 182
metalloenzymes 15, 34
methyl aryl ketimines 189
methyl (25,3R)-2-benzamidomethyl-
3-hydroxybutyrate 231
methyl 2-benzamidomethyl-
3-oxobutanonate 231
methyl (S)-2-bromobutanoate 243
2-methylcyclohexanone 47

methylcyclohexene 74, 214
3-methylcyclohex-2-enone 241
2-methyl-6-fluoroquinoline 276
4-methylheptan-3-ol 245
2-methyl-3-substituted
tetrahydrofurans
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Michael-initiated ring closure (MIRC)
reaction 247
moisture-tolerant (C¢F;),BC(Cl;)/THF
system 186
moisture tolerant FLP-catalyst 185
molecular hydrogen 39-40, 153,
167-217
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Muguesia® 245
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N-Boc-pyrrolidinone 241
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(-)-neomenthol 115
neutral tetradentate ligand Me, TACD
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NHC/copper(I) complex 95
N-heterocyclic carbene 68
N-heterocyclic silylenes 71
[Ni(dppe),] 81
nickel ammonia complex 67
nickel-bis-silylene complex 74
nickel catalyzed olefin oligomerizations
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nickel, properties of 63
Ni(CO),-promoted
cyclooligomerizations 63
nicotinamide biomimetics (mNADHs)
242
nicotinamide cofactor
245, 249, 251
niobium 119-121
nitriles 40
reductases
nitroalkenes

227-229, 241,

250-251
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nitrobenzene 251
nitroolefins 78,79, 179, 185, 207-210,
212, 265, 266
4-(4-nitrophenyl)butan-2-one
nitroreductases 250-251
N-methylhexahydrocarbazole
181-182
noble vs. 3d metal complexes
catalytically inactive complex
[(x*-PNNP)Fe(CO)] 21
diamagnetic and trigonal bipyramidal
complex 19
hydricity 20
penta-coordinated iron(0) complexes
21
pincer-type complexes 21
potentially paramagnetic,
penta-coordinated intermediates
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ruthenium(II) complexes 18
Shannon radii 17
square planar and diamagnetic
Vaska’s complex 18
square pyramidal amido iron complex
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square pyramidal complex 19
two-electron-redox steps 18
non-functionalized olefins 8
non-innocent/redox-active ligands 23
non-noble metal catalysts 2-3
non-polar substrates 20, 22—24, 29, 34
non-traditional hydrogenation catalysts
2
norbornene 71,72,152,153, 161
Noyori’s Ru-catalyzed asymmetric
hydrogenation of ketones
N-protected chloroketones 237
N-tbutylimines 174, 176
N-terminal prolyl peptide 264
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l-octene 53,65-68,71, 112, 149
2-0i]iPr-5-tBu-C¢H;-derivative
olefins 26-27
hydrogenation 23, 24, 26-27, 113,
142, 153, 179-180, 215
oligomeric products 146
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optically active a-alkyl f-hydroxy esters
231
optically active 3-arylpropan-2-ols 232
optically active B-hydroxy ketone 236
o-quinone methide (0-QM)
intermediate 266
organocatalytic metal-free
hydrogenation 143
ortho hydroxyaryl ketimines 268
ortho-substituted aromatic ketones
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ortho-substituted aryl ketones 92
Osborn complex 88

o-Tol,P 173
oxalyl chloride 198-201
oxime ethers 195

2-(3-oxobutan-2-yl)benzonitrile 231
oxygen-trapping reagents 198

p
[2.2]paracyclophane

bisphosphine-derived FLP 195
para-hydrogen induced polarization of
NMR (PHIP) signals 40

p-chlorobenzaldehyde 236
pentacarbonyl metal acetate 121
pentacarbonyl metal hydride 121
penta-coordinated iron(0) complexes
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pent-4-yn-1-ol 235
1-phenyl-but-1-yne 55
1-phenyl-1-cyclohexene 75
S-1-phenylethanol 30, 31, 49
1-phenylethylene-bridged ammonium
borate 194
[PhMe,NH][B(C4F5),] 119
phosphine-derived Lewis base 167
phosphine-free imine hydrogenation
201
phosphine oxide
phosphinimines
phosphinoborane
phosphothreonine (pThr)
phthalic acid 43
Piers’ borane (HB(C4F;),)
204, 205, 214

199-200
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167,182
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pincer-type complexes 21, 26, 32, 44,
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pincer-type ligand design 42

piperidines 204, 248, 250, 270

planar chiral phosphoric acid 275

(-)-platensimycin 265

platinum black 141

p-methoxy styrene 152

polar silanes (R;SiH) 162

polar substrates 22, 24-25, 34

polycyclic aromatic hydrocarbons
211-215

polyleucine tether 264

potentially paramagnetic,
penta-coordinated intermediates
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[PPh,CuH], 87, 88

pregabalin [(S)-3-aminomethyl-
5-methylhexanoic acid]

prochiral aryl-alkyl ketones 49

prochiral 1,1-diarylethene derivatives
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prochiral ketimines 188

yields chiral secondary amines 33

prochiral ketone 30, 237-240

prodrug (S)-licarbazepine 239

prokaryotic [NiFe]-hydrogenases 64

propane-1,2-diol 249, 250

propargylic silyl ether 97

propylene-bridged ligand 66

protodemetalation 39, 103, 104

pyrene 55

pyridine-based iron pincer complex
29, 32

pyridines 3, 101, 124, 168, 204—206,
277

2-and 4-pyridyl substituted alkynes 79

pyrophosphate (PPi) 249

pyrrolidine heterocycles 270

pyrrolidines 118, 248, 249, 270
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quinazolines 193

quinoline-derivatives 202

quinolines 8, 87, 191, 203, 205, 209,
274-278

quinoxalines 205-207

r

rac-cuspareine 203

racemic 2H-chromenols 279

racemic 3-phenylbutan-2-one

Raney cobalt 46, 50

Raney Co 2724® 50

Raney nickel 50, 63, 141

reactive bisalkenyl derived bisborane
196

Red-Al ([LiH,Al(OCH,CH,0OCHj,),])
115

redox active bis(imino)pyridine ligand
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redox-active ligands 17, 23

reduction of CO, to formate 93-95

reductive aminases 249

reductive deoxygenations

RhCI(PPhy), 142

rhenium 122-136

rhodium complex [Rh(nbd)PPh,*]
[PF4~] (nbd = norbornadiene)
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(+)-ricciocarpin A 263

rigid tetrafluorophenylene bridged
phosphonium fluoroborate

Robalzotan 245

Roche ester 242

Rotigotine 245

ruthenium(II) complexes

232

198-201

167
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saturated alcohols 89

scandium 111-112, 137

Schlenk equilibrium 144

Schwartz’s reagent 114

selective C=0 reduction of unsaturated
carbonyl groups 6-8

semihydrogenation 7, 23, 27, 78-80,
97-105

Shannon radii 17

Shvo/Noyori catalysts 155

Shvo’s ruthenium catalyst

6-bond metathesis 89

mechanism 145

silylene-based ligands 73

silylenol ethers  193-196

simple enamines 182, 194
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simple (non-conjugated) ketones and
aldehydes 92

(+)-solifenacin 278

square pyramidal amido iron complex
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square-shaped tetrametallic Ni(I) cluster
68

stable and isolable secondary ketimines
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Stephan’s intramolecular frustrated
Lewis pair 167

stereodivergent catalyst system 52

sterically demanding p-diketiminate
ligand 144

sterically encumbered
mesityl-substituted borane

sterically hindered chiral phosphoric
acid 266

sterically hindered TRIP anion and
morpholinium ion 264

sterically hindered
triphenylsilyl-substituted chiral
phosphoric acid 270

sterically nonhindered a,f-unsaturated

184

aldehydes 264

stilbene 105

stronger/weaker Lewis-acidic boranes
172

strongly Brensted acidic 3-H-indolium
181

Stryker’s reagent 87, 88

styrene-butadiene-styrene (SBS)
copolymer 115

styrene-divinylbenzene co-polymers
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2-substituted acetophenone derivatives
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3-and 4-substituted aryl derivatives 49
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2-substituted quinolines 275-277
3-substituted quinolines 276
4-substituted quinolines 276
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2-substituted quinoxalines 276
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91

t
tantalum 119-121
(TBD)-protected propargylic alcohol
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terminal alkenes 9, 53, 95-98
tert-amyl alcohol 125

4-tert-butylcyclohexanone 238
tert-butyl-(5R)-6-cyano-5-hydroxy-
3-oxohexanoate 240
tertiary borane C,F,—CH,CH,—
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tetrasubstituted tetramethylethylene
73
3-thiazolidines 248
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101
thiophenyl-or furyl-substituted
nitroolefins 185

thiourea-based bifunctional
organo-catalyst 274
3d metals 15, 17-22, 34
three point interaction model
threo-or erythro-N-protected
chlorohydrins 237
Ticagrelor 240
titanium 112-119, 122
titanocene catalyst 115, 118, 143
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transfer hydrogenations (TH) (contd.)
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261-279
trans-2-octene 71
triarylboranes 185, 186

trichloroacetic acid (TCA) 262

tridentate NN,O-ligand 68

3-trifluoromethyl substituted quinolines
276

trimethylborane 168

trimethylcyclohexane 56

1,4,7-trimethyl-1,4,7,10-tetraaza-

cyclododecane 147
triphenylphosphine oxide (O=PPh,)
199

triphos/copper complex 94

triphos-type ligand 42, 57

trisubstituted alkenes 53, 74, 105,
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tri-substituted p-trifluoromethyl
nitroalkenes 266

trisubstituted methylcyclohexene
74

tungsten 121-122

u

unfunctionalized tetrasubstituted
olefins 119

unfunctionalized trisubstituted alkenes
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unpolarized olefins 211-215

unreactive dicarbonyl complex 44

unstabilized Meisenheimer anion
(CeH,) 161

unsymmetrically substituted ketimines
188
unsymmetrical PNN-Pincer ligand 46

v

valuable chiral cis-2-substituted
cyclohexylamines 270

valuable molecules 236

vanadium 119-121

Verkade’s base 41

very strong Lewis acid B(C¢F5),
175

vicinal B/N-based intramolecular
frustrated Lewis pairs 194

vicinal Lewis pairs 183

vinyl phenols 266

172,

w
water-tolerant borane-derived FLP
194

y
ynones 207,211

yttrium 111-112, 137
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Z-acrylate 98,102

Z-allyl amine 101

Z-allyl silylether 102

Z-enyne 103

zirconium 112-119, 168

Z-selective alkyne semihydrogenation
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