
SUBJECT INDEX

Acetalization:
(2-hydroxy-5-methoxyphenyl)-diphenyl-

methanol, 248
indium(III) triflate, 258

Acetals, 197
Acetic anhydride, 1
Acetylacetonato(1,5-cyclooctadiene)rhodium(I),

1
Acetylacetonato(dicarbonyl)rhodium(I), 1–2
Acetyl chloride, 2
Acyl bromides, 205
Acylation:

Friedel–Crafts, 6, 81
molybdenum hexacarbonyl, 290
pentafluoroanilinium triflate, 351
zinc oxide, 484

C-Acylation:
magnesium bromide etherate, 283
samarium(III) chloride, 403

Acyloin condensation, 8–9
a-Acyloxylation, 369–370
Addition reactions:

anti-Markovnikov, 191–192, 312
1,10-binaphthalene-2,20-diol and

analogues, 19
1,10-binaphthalene-2,20-diol – titanium

complexes, 20–21
1,10-binaphthalene-2,20-diyl phosphates and

3,30-diaryl analogues, 30–31
bis(1,5-cyclooctadiene)rhodium(I) salts, 58
bis[(1,5-cyclooctadiene)hydroxyrhodium],

49–50
bis[chloro(1,5-cyclooctadiene)iridium(I)],

40–41
bis[chloro(1,5-cyclooctadiene)rhodium(I)], 43
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – copper complexes, 66
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – rhodium complexes,
68–69

bis(h3-allyl)dichloropalladium, 37
bis(naphtho[2,1-c])azepines, 76–77
bismuth(III) triflate, 74
boron trifluoride etherate, 80
butyllithium, 89
cerium(IV) ammonium nitrate, 98
chromium(II) chloride, 169
cichona alkaloid derivatives, 171–172
copper(I) chloride, 180
copper(I) complexes, 25
copper(I) iodide, 186
copper(I) triflate, 188–189
copper(II) triflate, 190–191
dilauroyl peroxide, 201
gold(I) chloride-1,3-bis(2,6-diisopropylphenyl)

imidazol-2-ylidene/silver salts, 212
indium(III) bromide, 255
Grignard reagents, 228–230
Grignard reagents/chromium(II) salts, 232
Grignard reagents/copper salts, 233–234
Grignard reagents/iron salts, 235
hydrosilanes, 247
indium, 252–253
iridium complexes, 264–265
iron(III) chloride, 269
nickel(II) acetylacetonate, 294
organoaluminum reagents, 299
organocopper reagents, 301–302
organolithium reagents, 305
organozinc reagents, 308
oxygen, 312
palladium(II) acetate – tertiary phosphine, 337
phenyliodine(III) bis(trifluoroacetate),

352–353
platinum and complexes, 359
platinum(II) acetylacetonate, 360
platinum(II) chloride, 360–361
platinum(II) chloride – silver salts, 365
(S)-proline derivatives, 378
samarium(II) iodide, 403
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Addition reactions (Continued)
tetrakis(triphenylphosphine)platinum(0), 434
trifluoromethanesulfonic anhydride, 450
tris(dibenzylideneacetone)dipalladium, 466
zirconocene dichloride, 488–489

Additive aldol reaction, 283–284
Alcoholysis:

mandelic acid, 285
samarium(II) iodide, 403

Aldehydes, 22–23
Aldol reactions:

aminocarbenes, 8
barium alkoxides, 13
1,10-binaphthalene-2,20-diamine

derivatives, 14–15
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – platinum
complexes, 68

bis(naphtho[2,1-c])azepines, 75
cobalt(II) acetylacetonate, 174
1,8-diazabicyclo[5.4.0]undec-7-ene, 193
hydrosilanes, 247
potassium t-butoxide, 367–368
(S)-proline, 370–372
(S)-proline amides, 373–374
(S)-proline derivatives, 375–376
(S)-(2-pyrrolidinyl)methylamines, 381
titanocene dichloride–manganese, 441
trifluoromethanesulfonic imide, 452

Alkenylation:
Friedel–Crafts, 207, 254
indium(III) triflate, 258–259
lithium hexamethyldisilazide, 279
palladium(II) acetate – tertiary phosphine,

333–334
tris(dibenzylideneacetone)dipalladium,

463–464
Alkenylsilanes:

organolithium reagents, 303
tris(trimethylsilyl)silane, 469

Alkenylzinc reagents, 307–308
Alkylaluminum chlorides, 3
Alkylation:

2,20-bis(diphenylphosphino)-1,10-binaphthyl
and analogues – palladium
complexes, 67

Friedel–Crafts, 256, 268
indium(III) bromide, 254
palladium(II) chloride, 342
phase-transfer catalysts, 352

ruthenium(III) chloride, 401
tetrabutylammonium fluoride, 422
trifluoromethanesulfonic acid, 450

Alkyl azides, 442
Alkylidenation, 284
S-Alkylisothiouronium salts, 3
Alkyne metathesis, 470
Alkynylation:

acetalacetonato(dicarbonyl)rhodium(I), 1
silver fluoride, 411

Allenylidenecyclopropanes, 276
Allylation:
h3-allyl(1,5-cyclooctadiene)palladium

tetrafluoroborate, 3–4
1,10-binaphthalene-2,20-diol – iridium

complexes, 20
indium(III) bromide, 254
indium(I) iodide, 257–258
indium(III) triflate, 258–259
iron(III) tosylate, 270
palladacycles, 315–316
palladium complexes, 28
platinum and complexes, 359
triruthenium dodecacarbonyl, 460
tris(dibenzylideneacetone)dipalladium,

465–466
ytterbium(III) triflate, 477
zirconyl chloride, 490

h3-Allyl(1,5-cyclooctadiene)palladium
tetrafluoroborate, 3–4

h3-Allyl(cyclopentadienyl)palladium, 4
h3-Allyldichloro(triphenylphosphine)-

palladium, 5
Allylic amination, 324–325
Allylic oxidation, 310
Allylic substitutions:

chiral auxiliaries and catalysts, 108–112
iridium complexes, 25–26
organozinc reagents, 308
palladium(II) acetate – tertiary phosphine,

335–336
tetrabutylammonium tricarbonyl(nitroso)-

ferrate, 423
titanocene dichloride–zinc, 441
tris(dibenzylideneacetone)dipalladium–

chloroform, 467
Allystannanes, 5–6
Aluminum bromide, 6
Aluminum chloride, 6–7
Aluminum dimethylamide, 7
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Aluminum iminoxides, 299
Aluminum iodide, 7
Aluminum triflate, 8
Aluminum tris(2,6-diphenylphenoxide), 7–8
Amidation, 79
Amide formation:

arylboronic acids, 11
benzensulfonic anhydride, 13
fluorous reagents and ligands, 207
lithium aluminum hydride – selenium, 274
rhodium hydroxide/alumina, 390
tetrabenzyl pyrophosphate, 421

Amides:
potassium monoperoxysulfate, 368
titanium(IV) chloride–magnesium, 438–439
p-toluenesulfonyl isocyanate, 442

Amide synthesis:
borane sulfides, 79
3-pyridinecarboxylic anhydride, 380
3-pyridinesulfonyl chloride, 380

Amidine synthesis, 185
Amido carbenoids, 482
b-Amido ketones, 483
Amination, 85, 264
Amines:

alcohols, butyllithium – (2)-sparteine, 89–90
oxidation of, 357

b-Amino alcohols:
erbium(III) triflate, 205
indium(III) triflate, 258

I-Amino-2-alkanols, methanesulfonic acid, 288
Aminoalkylation:

barium alkoxides, 13
tantalum(V) diemthylamide, 421

Aminocarbenes, 8–10
Aminocarbonylation:

nickel(II) acetate, 293
tetrakis(triphenylphosphine)palladium(0), 433

Amino group protection, 203
Aminohydroxylation:

1,10-binaphthalene-2,20-diyl phosphites, 33
potassium osmate, 369

I-Aminoindolizines, 418–419
Aminolysis:

1,10-binaphthalene-2,20-diol – niobium
complexes, 20

lithium triflimide, 281
Annulation:

bis[(1,5-cyclooctadiene)hydroxyiridium],
48–49

bis[dichloro(pentamethylcyclopentadienyl)-
iridium(II)], 65

bis[dichloro(pentamethylcyclopentadienyl)-
rhodium(II)], 66

Antimony(V) chloride, 10
Aromatization:

aluminum chloride, 7
tin(IV) chloride, 436

Arylation:
bis(h6-arene)dichlororuthenium(II), 39
bis[chloro(1,5-cyclooctadiene)rhodium(I)], 45
bis(dibenzylideneacetone)palladium(0), 60
iron(III) chloride, 267
palladium(II) acetate – tertiary phosphine,

333–334
palladium(II) chloride – tertiary phosphine,

346–347
tris(dibenzylideneacetone)dipalladium, 463–464

Arylboronic acids, 11
2-Arylethanols, 303
Aryl ketones and esters, 322
Aryl sulfides, 176
Aryl tetraflates, 425
Aryltrialkoxysilanes, 1
Aryne generation, 100–101
Asymmetric hydrogenation, 71–72
Asymmetric Michael reactions, 371
Aza-Baylis-Hillman reaction, chiral auxillaries

and catalysts, 129
Aza-Claisen rearrangement, gold(I) triflimide-

triarylphosphine complex, 227
Aza-Henry reaction, cinchona alkaloid

derivatives, 170
Aza-Nazarov coupling, trifluoromethanesulfonic

acid (triflic acid), 449
Aza-transfer, 84
Aza-Wittig reaction triphenylphosphine, 458
Azides:

bis(2-methoxyethyl)aminosulfur trifluoride,
Deoxo-Fluor, 73–74

trimethylsilyl azide, 452–453
Aziridination:

difluoro(4-trifluoromethylphenyl)bromane, 199
S,S-diphenyl-N-(o-nitrobenzenesulfenyl)-

N0-tosylsulfodiimide, 204
hydroxylamine diphenylphosphinate, 247

Azobisisobutyronitrile, 11

Baeyer–Villiger oxidation, 183
Barbier reaction, 251–252
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Barium alkoxides, 13
Barium hydride, 13
Bayliss–Hillman reaction:

aluminum iodide, 7
aminocarbenes, 8
1,10-binaphthalene-2-amine-20-

phosphines, 14
bismuth(III) triflate, 74
cerium(IV) ammonium nitrate, 98
Grignard reagents/copper salts, 233
palladium(II) acetate-phase-transfer

catalyst, 327
titanocene dichloride-zinc, 441

Beckmann rearrangement:
triphosphazene, 460
zinc chloride, 483

Benzenesulfonic anhydride, 14
1-Benzhydrylamino-2-alkenes, 32

Benzhydryl ethers:
diphenyldiazomethane, 203
palladium(II) chloride, 342

Benzothiazoles, 74
O-Benzylation, 13
Benzyl N-phenyl-2,2,2-trifluoroacetimidate, 13
Benzyne generation, 424
Biaryls:

cobalt(II) bromide, 175
tetrachloroauric acid, 425

Bicyclization, 388
Biginelli reactions, (S)-proline amides, 374
BINAMINE, 15–17
BINAP:

2,20-bis(diphenylphosphino)-1,10-binaphthyl
and analogues – gold complexes, 66

2,20-bis(diphenylphosphino)-1,10-binaphthyl
and analogues – iridium complexes, 67

2,20-bis(diphenylphosphino)-1,10-binaphthyl
and analogues – rhodium complexes,
68–69

2,20-bis(diphenylphosphino)-1,10-binaphthyl
and analogues – ruthenium
complexes, 71

2,20-bis(diphenylphosphino)-1,10-binaphthyl
and analogues – silver
complexes, 72

bis(naphtho[1,2-c])azepine, 76
1,10-Binaphthalene-2-amine-20-phosphines, 13
1,10-Binaphthalene-2-diarylphosphines, 34
1,10-Binaphthalene-2,20-bis( p-toluene

sulfoxide), 14

1,10-Binaphthalene-2,20-diamine derivatives,
14–15

1,10-Binaphthalene-2,20-dicarboxylic acids, 18
1,10-Binaphthalene-2,20-diol complexes:

copper, 19
iridium, 20
magnesium, 20
niobium, 20
titanium, 20–21
vanadium, 20–21

1,10-Binaphthalene-2,20-diol ethers, 23
1,10-Binaphthalene-2,20-diol (modified)

complexes:
hafnium, 19
zirconium, 23
zinc, 22–23

1,10-Binaphthalene-2,20-diyl
N-alkylaminophosphites, 24

1,10-Binaphthalene-2,20-diyl phosphates and
3,30-diaryl analogues, 29–32

1,10-Binaphthalene-2,20-diyl phosphites, 33
BINOL, 18–22, 27–30, 33, 132
Bis(acetonitrile)dichloropalladium(II),

34–36
Bis(h3-allyl)dichloropalladium, 37–38
Bis(h6-arene)dichlororuthenium(II), 39
Bis(benzonitrile)dichloropalladium(II),

39–40
Bis[bromotricarbonyl(tetrahydrofuran)rhenium],

40
Bis[chloro(1,5-cyclooctadiene)iridium(I)],

40–42
Bis[chloro(1,5-cyclooctadiene)rhodium(I)],

43–45
Bis[chloro(dicyclooctene)rhodium(I)], 46–47
Bis[chloro(diethene)rhodium(I)], 47
Bis[chloro(norbornadiene)rhodium(I)], 47–48
Bis[chloro(pentamethylcyclopentadienenyl)-

methylthioruthenium] triflate, 48
Bis[(1,5-cyclooctadiene)hydroxyiridium],

48–49
Bis[(1,5-cyclooctadiene)hydroxyrhodium],

49–50
Bis[(1,5-cyclooctadiene)methoxyiridium(I)], 51
Bis(1,5-cyclooctadiene)nickel(0), 51–57
Bis(1,5-cyclooctadiene)rhodium(I)

salts, 57–59
Bis(dibenzylideneacetone)palladium(0), 60–61
Bis[dicarbonylchlororhodium(I)], 61–64
Bis[dicarbonyl(cyclopentadienyl)iron], 64
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Bis[dichloro(1,5-cyclooctadiene)
hydridoiridium(II)], 64

Bis[dichloro( p-cymene)ruthenium(II)], 64
Bis[dichloro(pentamethylcyclopentadienyl)-

iridium(II)], 64–65
Bis[dichloro(pentamethylcyclopentadienyl)-

rhodium(II)], 66
[Bis(o-diphenylphosphinobenzylidene)-

ethanediamine]dichlororuthenium(II),
72–73

2,20-Bis(diphenylphosphino)-1,10-binaphthyl
and analogues:

copper complexes, 66
gold complexes, 66–67
iridium complexes, 67
palladium complexes, 67–68
platinum complexes, 68
rhodium complexes, 68–70
ruthenium complexes, 71–72
silver complexes, 72

Bis(ethene)trispyrazolylboratoruthenium, 73
Bis(iodozincio)methane, 73
Bis(2-methoxyethyl)aminosulfur trifluoride,

73–74
Bis(4-methoxyphenyl)-1,3-dithia-2,4-dipho-

sphetane-2,4-disulfide, 74
Bismuth(III) sulfate, 74
Bismuth(III) triflate, 74–75
Bis(naphtho[2,1-c])azepines, 75–77
Bis(naphtho[2,1-c])phosphepins, 77
Bis(pentafluorophenyl)[43-dimesitylphosphino-

2,3,5,6-tetrafluorophenyl]borane, 78
1,10;3,30-Bispropanediyl-2,20-diimidazolylidene,

78
Bis(trialkyphosphine)palladium, 78–79
Bond insertion, rhodium(II) carboxylates,

386–388
Borane sulfides, 79
Boric acid, 79
Boron tribromide, 79
Boron trifluoride etherate, 80–83
Borylation:
h3-allyldichloro(triphenylphosphine)-

palladium, 5
bis[chloro(1,5-cyclooctadiene)iridium(I)],

41–42
bis[(1,5-cyclooctadiene) methoxyiridium(I)], 51

BOX ligands, 119–120, 127, 131, 140, 154,
156, 159

N-bromosuccinimide, NBS, 85

Bromination, 485
Bromine, 84
Bromodesilylation, 85
Bromopentacarbonylmanganese, 84
Brook rearrangement, 89, 275, 278, 305, 456
Burgess reagent, 205
t-Butanesulfinamide, 85
t-Butyl carbamates, 419
t-Butyl hydroperoxide, 86
t-Butyl hydroperoxide – metal salts,

86–87
Butyllithium, 88–89
Butyllithium – (2)-sparteine, 89–90
s-Butyllithium, 90–91
t-Butyllithium, 91–92

Calcium bis(hexamethyldisilazide), 95
Carbamates:

di-t-butyl dicarbonate, 194
potassium fluoride, 368

Carbamoylation:
cobalt–rhodium, 174
trialkylboranes, 443

Carbamoyl azides, 204
Carbenoid insertion, 39
Carbimination, 7
Carboboration, 4
Carbocyclization, 254–255
Carbodiimide formation, 64
Carbonvcarbon bond:

cleavage, 262
reduction, 146–149

Carbonvhydrogen bond:
functionalization, phenyliodine(III)

diacetate–copper salts, 356–357
insertion, 358

Carbonvnitrogen bond:
addition, 123–129
bond reduction, 153

Carbonvoxygen bond:
addition, 112–123, 256
bis(1,5-cyclooctadiene)nickel(0), 51–52
cleavage, 429–430
reduction, 150–152

Carbonylation:
bis[chloro(1,5-cyclooctadiene)rhodium(I)],

44–45
palladium(II) acetate – tertiary phosphine –

carbon monoxide, 338–339
tetrachloroauric acid, 425
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Carbonylation (Continued)
meso-tetrakis(4-chlorophenylporphyrinato)-

aluminum tetracarbonylcobaltate,
425–426

tributyltin hydride-2,20-azobis
(isobutyronitrile), 446

triphenylsilyl tetracarbonylcobaltate, 460
tris(dibenzylideneacetone)dipalladium, 466

Carbonylative coupling, 418
Carbonyl(chloro)hydridobis(tricyclohexylphosp-

hine) ruthenium, 95
Carbonyl(chloro)hydridotris(triphenylphosphine)

rhodium, 95–96
Carbonyldihydridotris(triphenylphosphine)-

ruthenium, 96
Carboxamides:

t-butyl hydroperoxide, 86
lanthanum tris(hexamethyldisilazide), 271

Carboxylation, 339
Carboxyl protection, 297
Catalysis, 120
Cerium(III) chloride, 99
Cerium(IV) ammonium nitrate, 96–99
Cesium fluoride, 99–101
Chiral auxiliaries and catalysts:

allylic substitutions, 108–112
CvC bond reduction, 146–149
CvN bond addition, 123–129
CvN bond reduction, 153
CvO bond addition, 112–123
CvO bond reduction, 150–152
conjugate additions, 130–134
coupling reactions, 157–160
cycloadditions, 135–143
desymmetrization, 102–105, 154
electrophilic substitution, 105–108
epoxidation, 144–146
hydrogenation, 146–153
insertion reactions, 155–157
isomerization, 154–155
kinetic resolution, 101–102
oxidation reactions, 144–146
rearrangements, 154–155

o-Chloranil, 160–161
Chlorination, 163
(Z)-Chloroalkenes, 407–408
1-Chlorobenzotriazole, 161
Chloro(1,5-cyclooctadiene)-penta-

methylcyclopentadienylruthenium-(I),
161–162

Chloro(cyclopentadienyl)bis-
(triphenylphosphine)ruthenium(I), 162

b-Chlorohydrins, 163
1-Chloromethyl-4-fluoro-1,4-diazoniabicyclo

[2.2.2]octane bis(tetrafluoroborate), 162
m-Chloroperoxybenzoic acid, 163
Chlorotris(triphenylphosphine)cobalt(I), 163
Chlorotris(triphenylphosphine)rhodium(I),

164–166
Chromium – carbene complexes, 166–169
Chromium(II) chloride, 169
Cichona alkaloid derivatives, 169–173
Claisen condensation, 120
Claisen rearrangement:

bis(1,5-cyclooctadiene)rhodium(I) salts, 59
boron trifluoride etherate, 81
chiral auxillaries and catalysts, 154–155
tin(IV) chloride, 435

Cleavage:
alkenes, 313–314
multiple CC bonds, t-butyl hydroperoxide –

metal salts, 86
tetrakis(triphenylphosphine)palladium(0),

429–430
2,2,2-trichloroethyl esters, indium, 253

Click reactions, 381
Cobalt, 174
Cobalt(II) acetylacetonate, 174
Cobalt(II) bromide, 175
Cobalt(II) chloride, 175–176
Cobalt(II) iodide/phosphine – zinc, 176
Cobalt–rhodium, 174
Condensation:

1,10-binaphthalene-2,20-diyl phosphates and
3,30-diaryl analogues, 31–32

bis[(1,5-cyclooctadiene)-methoxyiridium(I)],
51

hexabutylditin, 241
lithium diisopropylamide, 275–276
organogallium reagents, 302–303
piperidine, 358–359
(S)-proline, 371–372
(S)-proline amides, 374
redox, 156
trimethylsilyl chloride, 453
ytterbium(III) triflate, 477, 479
zeolites, 481

Conjugate additions:
1,10-binaphthalene-2,20-diamine

derivatives, 15
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chiral auxiliaries and catalysts, 130–134
trifluoromethanesulfonic anhydride, 450

Copper, 176–177
Copper(I) bromide, 178–179
Copper(I) chloride, 180
Copper(I) cyanide, 181
Copper(I) iodide, 183–186
Copper(I) oxide, 187
Copper(I) 2-thienylcarboxynate, 188
Copper(I) triflate, 188–189
Copper(II) acetate, 177–178
Copper(II) bis(hexafluoroacetylacetonate), 178
Copper(II) bromide, 179
Copper(II) chloride, 181
Copper(II) 2-ethylhexanoate, 182
Copper(II) hexafluroacetylacetonate, 182
Copper(II) nitrate, 187
Copper(II) oxide, 187
Copper(II) triflate, 189–191
Copper(II) trifluoroacetate, 191
Corey–Chaykovsky reaction, diphenyliodonium

trifluoroacetate, 202–203
Coumarin synthesis, 350
Coupling reactions:

acetalacetonato(dicarbonyl)rhodium(I), 1–2
bis(acetonitrile)dichloropalladium(II), 34–35
bis(h3-allyl)dichloropalladium, 38
bis(benzonitrile)dichloropalladium(II), 39
bis[chloro(dicyclooctene)rhodium(I)], 46
bis[chloro(diethene)rhodium(I)], 47
bis[chloro(norbornadiene)rhodium(I)], 47
bis(1,5-cyclooctadiene)nickel(0), 54–56
bis(1,5-cyclooctadiene)rhodium(I) salts, 59
bis(dibenzylideneacetone)palladium(0),

60–61
bis[dicarbonylchlororhodium(I)], 61
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – iridium complexes, 67
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – rhodium complexes,
68–70

bis(trialkyphosphine)palladium, 78–79
bromopentacarbonylmanganese, 84
carbonyldihydridotris(triphenylphosphine)-

ruthenium, 96
chlorotris(triphenylphosphine)cobalt(I), 163
cobalt, 174
copper, 176–177
copper(I) chloride, 180
copper(I) iodide, 183–185

copper(I) 2-thienylcarboxynate, 188
copper(II) acetate, 177
N,N-diisopropylaminoborane, 200
Grignard reagents/cobalt(II) salts, 232
Grignard reagents/copper salts, 234
Grignard reagents/iron salts, 234–235
Grignard reagents/manganese salts, 236
Grignard reagents/palladium complexes, 237
Grignard reagents/silver salts, 238
nickel chloride, 295–296
nickel iodide, 296
nickel(II) acetylacetonate, 294
palladacycles, 315
palladium, 316–317
palladium carbene complexes, 342
palladium/carbon, 318
palladium(II) acetate, 318–320
palladium(II) acetate – copper salts, 323–324
palladium(II) acetate – imidazol-2-ylidene,322
palladium(II) acetate – phase-transfer

catalyst, 327
palladium(II) acetate – silver salts, 328
palladium(II) acetate – tertiary phosphine,

328–333
palladium(II) acetylacetonate, 339
palladium(II) bis(trifluoroacetate), 340–341
palladium(II) chloride, 342–343
palladium(II) chloride – metal salts, 344–345
palladium(II) chloride – tertiary phosphine,

347–348
palladium(II) iodide, 350
ruthenium(III) chloride, 401
samarium, 403
tetrakis(triphenylphosphine)nickel(0), 426
tetrakis(triphenylphosphine)palladium(0),

426–428
tris(dibenzylideneacetone)dipalladium, 464
tris(dibenzylideneacetone)dipalladium –

chloroform, 468
via C(sp3)-H activation, 334–335

C-radicals, 195, 447
Cross-coupling:

cobalt(II) chloride, 175–176
(1,3,5-cyclooctatriene)bis(dimethyl

fumarate)ruthenium, 192
Cross-metathesis reactions, 395–397
Cupration, 302
Curtius rearrangement, 319
Cyanation reactions, 454
Cyanomethylation, 452
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Cyanosilylation, 453
Cyclizations:

1,10-binaphthalene-2,20-diyl phosphates and
3,30-diaryl analogues, 30–31

bis(1,5-cyclooctadiene)rhodium(I) salts, 59
bis[dichloro(p-cymene)ruthenium(II)], 64
bismuth(III) triflate, 74–75
boron trifluoride etherate, 81
copper(II) 2-ethylhexanoate, 182
copper(II) hexafluroacetylacetonate, 182
dichloro(pyridin2–2-carboxylato)

gold(III), 197
fluorosulfuric acid – antimony(V)

fluoride, 207
gold(I) chloride – tertiary phosphine/silver
hexafluoroantimonate-acetonitrile

complex, 222
gold(III) chloride, 223
gold(III) chloride – silver triflate, 224–225
hydrogen fluoride – antimony(V)

fluoride, 243
hydroxy(tosyloxy)iodobenzene, 248
indium(III) triflimide, 260
iron(III) chloride, 268
lanthanum tris(hexamethyldisilazide), 272
methanesulfonic acid, 288
nickel(II) acetylacetonate–diorganozinc, 294
gold(I) chloride – tertiary phosphine/silver

salts, 213–220
organoindium reagents, 303
palladium(II) acetate, 321
palladium(II) acetate – copper salts, 322
platinum(II) chloride, 361–363
silver(I) oxide, 413–414
tetrakis(triphenylphosphine)palladium(0),

430–433
tin(IV) chloride, 436
titanium(IV) chloride, 437–438
titanium(IV) chloride–zinc, 439
titanocene dichloride–zinc, 441
tributyltin hydride-2,20-azobis-(isobutyroni-

trile), 445–446
tricarbonyl(cyclopentadienyl)-hydridochro-

mium, 447
trifluoromethanesulfonic acid, 449–450
triphenylphosphine, 457–458
tris(acetonitrile)cyclopentadienylruthenium(I)

hexafluorophosphate, 461
tungsten hexacarbonyl, 470–471
zinc iodide, 484

[2þ2þ2]Cycloaddition, 390
Cycloadditions:
h3-allyl(cyclopentadienyl)palladium, 4
1,10-binaphthalene-2,20-diol – titanium com-

plexes, 21
1,10-binaphthalene-2,20-diyl N-alkylamino-

phosphites, 24
bis[bromotricarbonyl(tetrahydrofuran)-

rhenium], 40
bis[chloro(norbornadiene)rhodium(I)], 48
bis(1,5-cyclooctadiene)nickel(0), 56–57
bis(1,5-cyclooctadiene)rhodium(I) salts, 59
bis[dicarbonylchlororhodium(I)], 62–63
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – rhodium
complexes, 69

bromopentacarbonylmanganese, 84
chiral auxiliaries and catalysts, 135–143
chloro(1,5-cyclooctadiene)

pentamethylcyclopentadienyl-
ruthenium(I), 161–162

chloro(cyclopentadienyl)bis-
(triphenylphosphine)ruthenium(I), 162

chlorotris(triphenylphosphine)
rhodium(I), 165

chromium – carbene complexes, 166–169
cichona alkaloid derivatives, 172–173
cobalt–rhodium, 174
cobalt(II) iodide/phosphine – zinc, 176
copper(I) chloride, 180
copper(I) cyanide, 181
copper(I) triflate, 188–189
copper(II) triflate, 190–191
copper(II) trifluoroacetate, 191
dichloro(diethene)rhodium, 196
dichloro(norbornadiene)bis(triphenylpho-

sphine) ruthenium(II), 197
gold(I) chloride-1,3-bis(2,6-diisopropylphe-

nyl) imidazol-2-ylidene/silver
salts, 212

gold(I) triflimide – azolecarbene, 226
iron(III) chloride, 269
nickel bromide–zinc, 295
nickel perchlorate, 296–297
organoaluminum reagents, 300
palladium complexes, 27
platinum(II) chloride, 364
(S)-proline derivatives, 378
rhodium(II) carboxamidates, 385
scandium(III) triflate, 409
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tetrakis[chloro(pentamethylcyclopentadienyl)
ruthenium(I)], 425

tetrakis(triphenylphosphine)palladium(0), 433
trialkylphosphines, 444
trifluoromethanesulfonic anhydride,

450–451
triphenylphosphine, 457–458
triphenylphosphine–dialkyl

azodicarboxylate, 459
tris(dibenzylideneacetone)dipalladium, 466

Cyclocarbonylation:
Dicobalt octacarbonyl, 198
tetracarbonylhydridocobalt, 424–425
silver acetate, 411

Cyclocondensation, 456
Cyclodehydation, 287
Cycloelimination, 211
Cycloisomerization:

aluminum triflate, 8
bis[chloro(1,5-cyclooctadiene)rhodium(I)],

43–44
bis[chloro(dicyclooctene)rhodium(I)], 46
bis[dicarbonylchlororhodium(I)], 63
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – gold complexes, 66
gold(I) chloride – tertiary phosphine, 211
gold(III) oxide, 225
indium(III) triflate, 259
lithium diisopropylamide, 276–277
scandium(III) triflate, 410

(1,3,5-Cyclooctatriene)bis(dimethyl fumarate)-
ruthenium, 192

(1,5-Cycloctadiene)bismethallylruthenium,
191–192

(1,5-Cyclooctadiene)platinum (II) triflate, 192
Cyclopentadienyl(h6-naphthalene)ruthenium

hexafluorophosphate, 192
Cyclopentadienylyttrium dihydride, 478
Cyclopentenones, 343
Cyclopropanation:

chromium(II) chloride, 169
cobalt(II) chloride, 175–176
lanthanum, 271
lithium hexamethyldisilazide, 280
samarium, 403
silver hexafluoroantimonate, 412

Cycloreversion, 81
Cyclotrimerization, 175
(p-Cymene)(N-tosyl-1,2-diphenylethylene-

diamine) ruthenium, 192

Deacetalization:
sodium tetrakis[3,5-bis(trifluoromethylphe-

nyl)]borate, 319
water, 475

Deacetylation, 267
Deallylation, 11
De-N-allylation, 390
Debenzylation, 85
Decarbonylation, 44–45
Decarboxylation:

copper(I) oxide, 187
palladium(II) bis(trifluoroacetate), 339

Decarboxylative coupling, 462
Deformylation, 368
Dehydration:

acetic anhydride, 1
trifluoroacetic acid, 448
triphenylphosphine–dialkyl

azodicarboxylate, 459
Dehydrochlorination, 351
Dehydrogenation:

N-(t-butyl)phenylsulfinimidoyl chloride,
92–93

copper(II) bromide, 179
oxygen, 310
palladium(II) bis(trifluoroacetate), 340
platinum and complexes, 359

De-N-methylation, 262
Deoximation, 195
Deoxygenation:

copper(I) iodide, 183
magnesium, 283

Deprotonation:
butyllithium, 88
lithium diisopropylamide, 277–278
organomagnesium reagents, 306

Derbium(III) triflate, 205
Desilylation, 193
Dess-Martin periodinane, 193
De-N-tosylation, 439
2,6-Diacetylpyridine bis-N-(2,6-diisopropylphe-

nyl) imine complex, 266
Dialkyl fluorophosphates, 368
1,4-Diazabicyclo[2.2.2]octane, 193
1,8-Diazabicyclo[5.4.0]undec-7-ene,

193–194
Diazo group transfer, 251
3,4-Dibromotetrahydropyrans, 254
Di-t-butyl dicarbonate, 194
Dibutyliodotin hydride, 195
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Dicarbonylhydrido-h5-[1,3-bis(trimethylsilyl)-2-
hydroxy-4,5,6,7-tetrahydroindenyl]-
iron, 195

Dichloramine T., 195
Dichlorobis(p-cymene)(triphenylphosphine)-

ruthenium (II), 196
2,3-Dichloro-5,6-dicyano-1,4-benzoquinone,

195–196
Dichloro(diethene)rhodium, 196
Dichloro(norbornadiene)bis-

(triphenylphosphine)ruthenium(II), 197
Dichloro(pyridine–2-carboxylato) gold(III), 197
Dichlorotris(triphenylphosphine)ruthenium(II),

197
Dicobalt octacarbonyl, 198
Dicyclohexylboron chloride, 198
Diels–Alder reactions:

aluminum chloride, 6
arylboronic acids, 11
chiral auxillaries and catalysts, 140–141
copper(I) 2-thienylcarboxynate, 188
dichlorob(norbornadiene)bis(triphenylphosph-

ine)ruthenium(III), 197
fluorous reagents and ligands, 208
gallium(III) chloride, 209
organoaluminum reagents, 300
(S)-proline, 372
(S)-prolinol derivatives, 378
rutheniuim-carbene complexes, 396
scandium(III) triflate, 409
tetrabutylammonium fluoride, 422
trifluoromethanesulfonic imide, 452

Di(ethene)trispyrazolylboratoruthenium, 197
Difluoro(4-trifluoromethylphenyl)bromane, 199
Dihydroisoquinolines, 415
Dihydrooxazines, 447
Dihydropyran formation, 470
Diiodine pentoxide, 199
(Z)-2,4-Diiodo-2-butenol, 453
1,3-Diiodo-5,5-dimethylhydantoin, 199
Diisobutylaluminum hydride, 199–200
N,N-Diisopropylaminoborane, 200
b-Diketone reactions, 179
Dilauroyl peroxide, 200–201
Dimanganese decacarbonyl, 201
4-Dimethylaminopyridine, 201
Dimethyldioxirane, 202
Dimethylsulfide – halogen, 202
Dimethylsulfoxonium methylide,

202–203

1,1-Dioxonaphtho[1,2-b]thiophene-2-methoxy-
carbonyl chloride, 203

Diphenyldiazomethane, 203
Diphenyliodonium trifluoroacetate, 203
S,S-Diphenyl-N-(o-nitrobenzenesulfenyl)-

N0-tosylsulfodiimide, 204
Diphenylphosphonyl azide, 204
Dipyridyliodonium tetrafluoroborate, 204
2,3-Disubstituted succinic esters, 307
Dithoacetal cleavage, 310
N,N0-Ditosylhydrazine, 204
1,4-Diynes, 300
Dötz reaction, chromium-carbene

complex, 167
Double Michael addition, 284
DuPHOS, 127

Elimination:
h3-allyl(cyclopentadienyl)palladium, 4
bis[chloro(1,5-cyclooctadiene)rhodium(I)], 44
butyllithium, 89
Grignard reagents/iron salts, 235
potassium t-butoxide, 367
samarium(II) iodide, 403–404
sodium borohydride–dimethyl

ditelluride, 416
tetrabutylammonium fluoride, 422
trifluoromethanesulfonic anhydride, 451

Ene reaction, 122, 461
Enolsilylation, 447
Enyne synthesis, 48
Epoxidation

1,10-binaphthalene-2,20-diyl phosphates and
3,30-diaryl analogues, 32

t-butyl hydroperoxide – metal salts, 86–87
chiral auxiliaries and catalysts, 144–146
dimethyldioxirane, 202
hydrogen peroxide, 244
hydrogen peroxide – metal catalysts, 245
iodosylbenzene, 262
manganese(II) triflate, 287
potassium monoperoxysulfate, 368
(S)-proline amides, 375

Epoxides:
degradation, sodium periodate, 417
triphenylphosphine–dialkyl

azodicarboxylate, 458–459
Esterification:

4-dimethylaminopyridine, 201
1-(p-toluenesufonyl)imidazole, 442
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Ether cleavage:
2,3-dichloro-5,6-dicyano-1,4-benzoquinone,

196
titanium tetraisopropoxide–magnesium, 440

Ethyl(carboxysulfamoyl)triethylammonium
hydroxide, 205

Ethyl tribomoacetate, 205

Ferrier rearangement, iron(III) sulfate, 270
Fesulphos ligands, 139
Fluoroboric acid, 207
Fluorohydroxylation, 162
Fluorosulfuric acid – antimony(V) fluoride, 207
Fluorous reagents and ligands, 207–208
Formaldehyde, 208
Formic acid, 208
Fragmentation:

hydrogen fluoride, 243
tributyltin hydride-2,20-azobis-(isobutyroni-

trile), 446
Fragmentative elimination, 451
Friedel–Crafts acylation:

aluminum chloride, 6
indium(III) chloride, 255–256

Friedel–Crafts alkylation:
hafnium(IV) chloride, 241
trifluoromethanesulfonic acid, 450
zirconium(IV) chloride, 486

Friedel–Crafts benzylation, 289
Friedel–Crafts reactions:

bismuth(III) sulfate, 74
cerium(IV) ammonium nitrate, 98
iodine, 260–261
iron(III) chloride, 267–268
samarium(III) triflate, 407
silica gel, 411

Friedländer reaction, 371
Furans:

carbonyldihydridotris(triphenylphosphine)-
ruthenium, 96

zinc chloride, 483

Gallium(III) chloride, 209
Gem-bishydroperoxides, 99
Glaser coupling:

copper, 177
copper(II) acetate, 177

Glycosylation:
gold(III) bromide, 210
phenylselenium triflate, 358

Glycosyl fluorides, 204
Gold, 209–210
Gold(I) chloride:

1,3-bis(2,6-diisopropylphenyl)imidazol-2-
ylidene/silver salts, 212–213

gold(I) chloride – tertiary phosphine, 211
gold(I) chloride – tertiary phosphine/silver

hexafluoroantimonate-acetonitrile
complex, 222

gold(I) chloride – tertiary phosphine/silver
salts, 213–221

Gold(I) cyanide, 225
Gold(I) triflimide – azolecarbene, 225–226
Gold(I) triflimide – triarylphosphine

complex, 227
Gold(III) bromide, 210
Gold(III) chloride, 223–224
Gold(III) chloride – silver triflate, 224–225
Gold(III) oxide, 225
Graphite, 227
Grignard reagents:

addition reactions, 20
cerium(III) chloride, 231
chromium(II) salts, 232
cobalt(II) salts, 232
copper salts, 232–234
iron salts, 234–235
manganese salts, 236
nickel complexes, 236–237
palladium complexes, 237
silver salts, 238
titanium(IV) compounds, 238–239
zirconium compounds, 240

Hafnium(IV) chloride, 241
Halogenation:

palladium(II) acetate, 321
tetrabutylammmonium iodide, 423

Halogen/lithium exchange, 280
a-Haloketones, titanocene dichloride–

manganese, 441
Heck coupling, 317, 319
Heck reaction:

o-alkenoylaryl triflates, 157
2,20-Bis(diphenylphosphino)-1,10-binaphthyl

and analogues – palladium complexes,
67–68

bis(h3-allyl)dichlorodipalladium, 38
bis(benzonitrile)dichloropalladium(II), 39
bis(dibenzylideneacetone)palladium(0), 60
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Heck reaction (Continued)
cobalt, 174
2,3-dihydrofuran, 157
palladacycles, 315
palladium(II) acetate, 318–320
palladium(II) acetate – imidazol-2-ylidene, 322
palladium(II) acetate – oxidants, 325
palladium(II) acetate – tertiary phosphine,

329–330, 332
palladium(II) chloride, 343
palladium(II) chloride - tertiary

phosphine, 347
ruthenium–carbene complexes, 399
silica gel, 411
tetrakis(triphenylphosphine)palladium(0),

428, 432
tris(dibenzylideneacetone)dipalladium,

464–465
Henry reaction:

asymmetric, 121
copper(II) triflate, 190
palladium(II) hdyroxide/carbon, 349
sodium iodide, 417
triphenylphosphine, 458

Heter-Diels-Alder reaction:
1,10-binaphthalene-2,20-diol – magnesium

complexes, 20
tin(IV) chloride, 436

Hetero-Diels–Alder reaction:
1,1-binaphthalene-2,20-diol-titanium

complexes, 21
chiral auxillaries and catalysts, 140–142
cinchona alkaloid derivatives, 173

Heterocycle synthesis:
bis(acetonitrile)dichloropalladium(II), 35–36
tetrakis(triphenylphosphine)palladium(0),

428–429
zinc triflate, 485

Heterocyclization, 447–448
Hetero-Ullmann coupling, 183
Hexabutylditin, 241
Hexafluoroacetone, 242
Hexakis[hydrido(triphenylphosphine)copper],

242
Hexamethylenetetramine, 242
Hiyama coupling:

nickel bromide-zinc, 295
tris(trimethylsilyl)silane, 469

Hofmann–Löffler–Freytag reaction, 449
Hofmann rearrangement, 368

Homologation:
dicobalt octacarbonyl, 198
organozinc reagents, 308–309

Homopropargylic alcohols:
carbonyl(chloro)hydridotris(triphenylpho-

sphine) rhodium, 95
titanocene bis(triethyl phosphite), 441
zirconocene dichloride, 488

Hydration:
bis[(1,5-cyclooctadiene)methoxyiridium(I)],

51
cyclopentadienyl(h6-naphthalene)ruthenium

hexafluorophosphate, 192
elimination, 287

Hydrazine hydrate, 242
Hydroalkylation, 200
Hydroamination:

2,20-bis(diphenylphosphino)-1,10-binaphthyl
and analogues – gold complexes, 67

bis(ethene)trispyrazolylboratoruthenium, 73
(1,5-cycloctadiene)bismethallylruthenium,

191–192
(1,5-cyclooctadiene)platinum (II) triflate, 192
di(ethene)trispyrazolylboratoruthenium, 197
silver nitrate, 413
titanium tetrakis(diethylamide), 440
zirconium tetrakis(dimethylamide), 486

Hydroarylation, 344
Hydroboration:

borane sulfides, 79
rhodium complexes, 29

Hydrochlorination, 242
Hydrodefluorination, 274
Hydrodehalogenation:

iridium complexes, 265
palladium(II) chloride – tertiary

phosphine, 346
Hydroformylation, 1–2
Hydrogenation:

1,10-binaphthalene-2,20-diyl phosphites, 33
bis(1,5-cyclooctadiene)rhodium(I) salts, 57
2,20-bis(diphenylphosphino)-1,10-

binaphthyl and analogues – iridium
complexes, 67

bis[chloro(1,5-cyclooctadiene)rhodium(I)], 43
bis(naphtho[2,1-c])phosphepins, 77
bis(pentafluorophenyl)[43-dimesitylpho-

sphino-2,3,5,6-tetrafluorophenyl]-
borane, 78

chiral auxiliaries and catalysts, 146–153
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dicarbonylhydrido-h5-[1,3-bis(trimethylsilyl)-
2-hydroxy-4,5,6,7-tetrahydroindenyl]-
iron, 195

gold, 209–210
palladium, 316
palladium carbene complexes, 342
palladium/carbon, 317–338
palladium(II) hydroxide/carbon, 349
platinum and complexes, 359
rhodium/alumina, 385
rhodium complexes, 28
ruthenium(III) chloride, 401

Hydrogen fluoride, 243
Hydrogen fluoride – antimony(V) fluoride, 243
Hydrogen peroxide:

acidic, 244
metal catalysts, 244–245

Hydrogen transfer:
1,10-binaphthalene-2,20-diyl phosphates and

3,30-diaryl analogues, 29–30
pentamethylcyclopentadienylbis(vinyltrime-

thylsilane) cobalt, 351
Hydroiodination, 367
Hydrosilanes, 245–247
Hydrosilylation:

hydrosilanes, 247
iron(II) acetate, 266
palladium complexes, 26–27

Hydrostannylation:
trialkylboranes, 443
tributyltin hydride, 445

Hydrovinylation, 26
Hydroxyalkylation:

2,20-bis(diphenylphosphino)-1,10-
binaphthyl and analogues – silver
complexes, 72

dicyclohexylboron chloride, 198
a-Hydroxyalkyl-g-lactams, 409
Hydroxylamine diphenylphosphinate, 247
o-Hydroxybenzyl ketones, 434
b-Hydroxycarboxamides, 242
(2-Hydroxy-5-methoxyphenyl)diphenylmetha-

nol, 248
Hydroxymethylation:

iron(III) nitrate, 269–270
scandium(III) fluoride, 407

Hydroxy(tosyloxy)iodobenzene, 248
Hydrozirconation, 489–490
Hypervalent iodine reagents, 163
Hypofluorous acid – acetonitrile, 248–249

Imidazole-1-sulfonyl azide hydrochloride, 251
Imido transfer, 11
Imines:

1,10-binaphthalene-2,20-dicarboxylic
acids, 18

cichona alkaloid derivatives, 170–171
Indanones, 10
1-Indenols, palladium(II) triflate, 350
Indium:

1,10-binaphthalene-2,20-diol and analogues,
18–19

Indium(I) iodide, 257–258
Indium(III) acetate – phenylsilane, 253
Indium(III) bromide, 254
Indium(III) chloride, 255–257
Indium(III) chloride – aluminum, 257
Indium(III) triflate, 258–259
Indium(III) triflimide, 260
Indoles:

indium, 251
synthesis, 283

Indolizines, 366
Insertion:

chiral auxiliaries and catalysts, 155–157
by nitrene, gold(III) chloride, 223
pinacolatoboryl azide, 358
silver perchlorate, 414

Iodination:
hydrogen peroxide, acidic, 244
iodosuccinimide, 261–262
tetrabutylammonium dichloroiodate, 421

Iodine, 260–261
Iodosuccinimide, 261–262
Iodosylbenzene, 262
o-Iodoxybenzoic acid, 262–263
Ionic liquids, 264
Ireland–Claisen rearrangement, 307, 415
Iridium complexes:

1,10-binaphthalene-2,20-diyl N-alkylamino-
phosphites, 25–26

Iron(II) acetate, 266
Iron(II) bromide, 266
Iron(II) chloride, 267
Iron(II) triflate, 270
Iron(III) chloride, 267–269
Iron(III) nitrate, 269–270
Iron(III) perchlorate, 270
Iron(III) sulfate, 270
Iron(III) tosylate, 270
Isoflavanones, 225
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Isomerization:
bis(benzonitrile)dichloropalladium(II), 39–40
2,20-bis(diphenylphosphino)-1,10-

binaphthyl and analogues – rhodium
complexes, 68

chiral auxiliaries and catalysts, 154–155
copper(II) bis(hexafluoroacetylacetonate), 178
copper(II) triflate, 189–190
gold(I) chloride, 210–211
Grignard reagents/iron salts, 234
magnesium iodide, 284
methanesulfonic acid, 288
phase-transfer catalysts, 352
platinum(II) chloride, 364–365
rhodium(I) tetrafluoroborate, 391
rhodium(II) carboxylates, 389
ruthenium–carbene complexes, 400
silica gel, 410
silver mesylate, 412–413
tris(acetonitrile)cyclopentadienylruthenium(I)

hexafluorophosphate, 461
Isothiocyanates:

esters, di-t-butyl dicarbonate, 194
p-toluenesulfonyl chloride, 442
Isoxazolidines, 438

b-Keto esters, 289
g-Keto esters, 425

Ketones:
Grignard reagents/zirconium compounds, 240
strontium, 419
synthesis, organolithium reagents, 304–305
titanium(IV) chloride–magnesium, 438–439
a-tosyoxylation, 442
trifluoroacetic anhydride, 448

Kinetic resolution:
2,20-bis(diphenylphosphino)-1,10-binaphthyl

and analogues – rhodium
complexes, 68

chiral auxiliaries and catalysts, 101–102
Kulinkovich reaction:

cerium(IV) ammonium nitrate, 98
Grignard reagents/titanium(IV)compounds,

238
yttrium(III) chloride, 478

Kumada coupling, 236–237
b-Lactones, 380

Lanthanum:
chloride, 271

triflate, 272
tris(hexamethyldisilazide), 271–272

Lithiation:
s-butyllithium, 90
t-butyllithium, 91–92

Lithium aluminum hydride:
niobium(IV) chloride, 274
selenium, 274

Lithium borohydride, 274
Lithium chloride, 274
Lithium complexes, 273
Lithium diisopropylamide, 275–278
Lithium di-t-butylbiphenylide, 275
Lithium hexamethyldisilazide, 278–280
Lithium – liquid ammonia, 273
Lithium naphthalenide, 280
Lithium 2,2,6,6-tetramethylpiperidide,

280–281
Lithium triethylborohydride, 281
Lithium triflimide, 281

Macrolide synthesis, 7–8
Magnesiation, 284–285
Magnesium bromide etherate, 283–284
Magnesium iodide, 284
Magnesium perchloride, 284
Magnesium 2,2,6,6-tetramethylpiperidide,

284–285
Mandelic acid, 285
Manganese, 285
Manganese(II) triflate, 287
Manganese(III) acetate, 286–287
Mannich reactions:

1,10-binaphthalene-2,20-diyl phosphates
and 3,30-diaryl analogues, 30–31

1,10-binaphthalene-2,20-diol (modified) –
hafnium complexes, 19

bis[dichloro(1,5-cyclooctadiene)
hydridoiridium(II)], 64

chiral auxiliaries and catalysts, 126
lithium chloride, 274
(S)-proline, 371
(S)-proline amides, 374
(S)-proline derivatives, 378
(S)-(2-pyrrolidinyl)azoles, 383
scandium(III) triflate, 408
titanium(IV) chloride, 437
zirconia, 485

McMurry coupling:
Grignard reagents/iron salts, 235
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o-iodoxybenzoic acid, 263
titanium(IV) chloride–zinc, 439

Mercury(II) triflate, 287–288
Mesityltriphenylbismuthonium

tetrafluoroborate, 288
Metathesis:

alkynes, 470
ring closure, 397–399

Methanesulfonic acid, 288
b-Methoxyamino esters, 437
Methylaluminum bis(2,6-di-t-butyl-4-

methylphenoxide), 289
Methylenation:

dimethylsulfoxonium methylide, 202
trimethylsilyldiazomethane, 455
Wittig reagents, 475

Methylene insertion, 203
a-Methylene-g-lactones, indium(III) triflate, 258
Michael addition:

boron trifluoride etherate, 81
zinc triflate, 484

Michael–aldol reaction, (S)-prolinol
derivatives, 376

Michael–Baylis–Hillman tandem reaction,
(S )-prolinol derivatives, 376

Michael-Michael-aldol reaction, (S)-prolinol
derivatives, 376

Michael reactions:
asymmetric, 372
barium alkoxides, 13
barium hydride, 13
1,10-binaphthalene-2,20-bis(p-toluene

sulfoxide), 14
1,10-binaphthalene-2,20-diol (modified) –

zirconium complexes, 23
bis(1,5-cyclooctadiene)nickel(0), 53
bis(1,5-cycloocatdiene)rhodium(I) salts, 58
bis(naphth[2,1-c])azepines, 76
chiral auxillaries and catalysts, 133
cinchona alkaloid derivatives, 171–172
1,8-diazabicyclo[5.4.0]undec-7-ene, 193–194
fluoroboric acid, 207
hafnium(IV) chloride, 241
ionic liquids, 264
lithium diisopropylamide, 278
(S)-(2-pyrrolidinyl)azoles, 383
(S)-(2-pyrrolidinyl)methylamines, 381–382
(S)-proline, 372
(S)-proline amides, 374
(S)-proline derivatives, 377–378

scandium(III) triflate, 408–409
sodium tetramethoxyborate, 419
1,1,3,3-tetrakis(trifluoromethanesulfonyl)-

propane, 426
tributyltin hydride-2,2N-azobis(isobutyroni-

trile), 445
triphenylphosphine, 457
tris(dibenzylideneacetone)dipalladium, 464
zinc triflate, 484

Mitsunobu reactions:
o-(prenyloxymethyl)benzoic acid, 370
triphenylphosphine, 457
triphenylphosphine-dialkyl azodicarboxylate,

458–459
Mitsunobu reagent, 208
Modified Claisen condensation, 300
Molybdenum hexacarbonyl, 290–291
Molybdenum(VI) dichloride dioxide, 289
Mukaiyama aldol reaction, 8, 68, 119–120,

418, 452
Multiple bonds, 15–17, 53–54, 86

Nafion resin, 293
N-Alkenylation, 385
N-Alkoxycarbonylazoles, 2–3
N-Alkylation:

bis[dichloro(p-cymene)ruthenium(II)], 64
triphenylphosphine–dialkyl

azodicarboxylate, 459
N-Allylation, 368
N-Arylation:

1,10-binaphthalene-2,20-diol – copper
complexes, 19

copper(II) oxide, 187
nickel(II) acetylacetonate, 294
(S)-(2-pyrrolidinyl)methylamines, 382

N-Arylsulfinylimines, 11
Nazarov cyclization, 31, 82, 143, 189, 266
Nazarov–Friedel–Crafts reaction tandem, 414
N-Bromosuccinimide, 85
N-(t-Butyl)phenylsulfinimidoyl chloride, 92–93
N-Chlorosuccinimide, 163
Negishi coupling:

bis(benzonitrile)dichloropalladium II, 39
butyllithium, 89
nickel bromide-zinc, 295–296
organozinc reagents, 309

N-Heteroarylation, 443
Nickel, 293
Nickel bromide, 294–295
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Nickel bromide–zinc, 295
Nickel chloride, 295–296
Nickel iodide, 296
Nickel perchlorate, 296–297
Nickel(II) acetate, 293
Nickel(II) acetylacetonate, 294
Nickel(II) acetylacetonate–diorganozinc, 294
N-Methyl-2-benzyloxypyridinium triflate, 289
Nitration, 473
Nitriles:

bis(2-methoxyethyl)aminosulfur trifluoride,
Deoxo-Fluor, 73–74

t-butanesulfinamide, 85
1,3-diiodo-5,5-dimethylhydantoin, 199
synthesis, sodium dichloroiodate, 417

Nitroaldol reaction, 177–178
a-Nitrocinnamate esters, 99
2-Nitrophenyl isocyanide, 297
2-Nitro-5-piperidinylbenzyl alcohol, 297
N-Nitrosation, 460

Oppenauer oxidation, 449
Organoaluminum reagents, 299–300
Organocerium reagents, 300–301
Organocopper reagents, 301–302
Organogallium reagents, 302–303
Organoindium reagents, 303
Organolanthanum reagents, 271
Organolithium reagents, 303–305
Organomagnesium reagents, 306
Organozinc chlorides, 481
Organozincs:

additions, 20, 22
reagents, 306–309

Osmium tetroxide, 310
Osmylation, 310
Overman rearrangement, 154
Oxalic acid, 310
Oxidation:

t-butyl hydroperoxide – metal salts, 86
carbonyldihydridotris(triphenylphosphine)-

ruthenium, 96
cerium(IV) ammonium nitrate, 96–97
chiral auxiliaries and catalysts, 144–146
m-chloroperoxybenzoic acid, 163
Dess-Martin periodinane, 193
diiodine pentoxide, 199
hydrogen peroxide, 243–244
hypofluorous acid – acetonitrile,

248–249
o-iodoxybenzoic acid, 263

iron(III) nitrate, 270
manganese(III) acetate, 286
mesityltriphenylbismuthonium

tetrafluoroborate, 288
oxygen, 310–311
palladium(II) iodide, 350
phenyliodine(III) bis(trifluoroacetate), 353
phenyliodine(III) diacetate – iodine, 357
phenyliodine(III) dichloride, 358
rhodium(II) carboxamidates, 385
ruthenium carbonyl clusters, 402
silver(I) oxide, 413
2,2,6,6-tetramethyl-1-oxopiperidine

salts, 435
1,1,1-trifluoroacetone, 449
trimethylsilyl chloride, 453
urea – hydrogen peroxide, 473

Oxidative amination, 65
Oxidative cleavage:

copper(II) nitrate, 187
palladium (II) acetate – oxidants, 324
phenyliodine(III) bis(trifluoroacetate), 353

Oxidative condensation, 199
Oxidative coupling:

1,10-binaphthalene-2,20-diol – vanadium
complexes, 20–21

cerium(IV) ammonium nitrate, 98
copper(I) bromide, 178–179
oxygen, 311–312
rhodium(III) chloride, 390

Oxidative cyclization:
azobisisobutyronitrile, 11
2,3-dichloro-5,6-dicyano-1,4-benzoquinone,

195–196
manganese(III) acetate, 286
potassium osmate, 369

Oxidative decarboxylation, 413
Oximes:

reduction, 444
triphenylphosphine–dialkyl

azodicarboxylate, 459
1-Oxo-4-acetamino-2,2,6,6-tetramethylpiperidi-

nium tetrafluoroborate, 310
Oxonew, 368–369
Oxy-Cope rearrangement, 160
Oxygen, singlet, 312–313
Oxygenation

iron(II) triflate, 270
singlet oxygen, 312–313
tris(trimethylsilyl)silane, 469–470

Ozone, 313–314
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Palladacycles, 315–316
Palladium–calcium carbonate, 317
Palladium–carbon, 317–318
Palladium complexes:

alumina, 317
1,10-binaphthalene-2,20-diyl N-alkylamino-

phosphites, 26–27
Palladium(II) acetate:

copper salts, 322–324
imidazol-2-ylidene, 322
oxidants, 324–326
phase-transfer catalyst, 327
silver salts, 328
tertiary phosphine, 328–337
tertiary phosphine – carbon monoxide,

338–339
Palladium(II) acetylacetonate, 339
Palladium(II) bis(trifluoroacetate), 339–341
Palladium(II) chloride:

di-t-butylphosphinous acid, 344
metal salts, 344–346
tertiary phosphine, 346–349

Palladium(II) hydroxide/carbon, 349
Palladium(II) iodide, 350
Palladium(II) triflate, 350
Passerini reaction, 116
Pauson–Khand reaction:

bis[chloro(1,5-cyclooctadiene)rhodium(I), 45
bis[dicarbonylchlororhodium(I)], 62–63
chiral auxillaries and catalysts, 142
cobalt–rhodium, 174
dicobalt octacarbonyl, 198
molybdenum hexacarbonyl, 290
palladium(II) chloride – metal salts, 346
Payne rearrangement, 367
Pentafluoroanilinium triflate, 351

Pentamethylcyclopentadienylbis-
(vinyltrimethylsilane)cobalt, 351

Perfluorooctanesulfonic acid, 351
Peroxidation, 260
Perrhenic acid, 351
Peterson reaction, organolithium reagents, 303
Phase-transfer catalysts, 351–352
Ph-BOX ligand, 131
Phenyliodine(III) bis(trifluoroacetate), 352–353
Phenyliodine diacetate:

copper salts, 356–357
iodine, 357

Phenyliodine(III) dichloride, 358
Phenylphosphate, 358
Phenylselenium triflate, 358

4-Phenyl-1,2,4-triazoline-3,5-dione, 358
Phosphonation, 287
Phosphorylation, 351
Pictet–Spengler reaction:

1,10-binaphthalene-2,20-diyl phosphates
and 3,30-diaryl analogues, 31

iodine, 260
perfluorooctanesulfonic acid, 351

Pinacol coupling, indium(III) chloride –
aluminum, 257

Pinacolatoboryl azide, 358
Piperidine, 358–359
Platinum and complexes, 359
Platinum(II) acetylacetonate, 360
Platinum(II) chloride:

silver salts, 365–366
Platinum(II) iodide, 366
Poly(methylhydrosiloxane), 366–367
Polyene synthesis, 440
Polysilanes, 283
Porphyrins, 420
Potassium t-butoxide, 367–368
Potassium fluoride, 368
Potassium monoperoxysulfate, 368–369
Potassium osmate, 369
Potassium permanganate, 369–370
Potassium tetrachloroaurate, 370
o-(Prenyloxymethyl)benzoic acid, 370
Preparations:

tellerium chloride, 421
titanium(IV) chloride, 437

(S)-proline, 370–372
(S)-proline amides, 373–375
(S)-proline derivatives, 375–379
Pummerer rearrangement, 450, 484
PYBOX ligands, 127, 294
Pyrazoles:

Raney nickel, 293
silver hexafluoroantimonate, 412

3-Pyridinecarboxylic anhydride, 380
3-Pyridinesulfonyl chloride, 380
a-Pyrones, 402
Pyrroles, 96
(S)-(2-Pyrrolidinyl)azoles, 383
(S)-(2-Pyrrolidinyl)methylamines, 381–382
4-Pyrrolidinopyridine, 380

Quinoline synthesis:
gold(I) chloride-1,3-bis(2,6-diisopropylphe-

nyl) imidazol-2-ylidene/silver
salts, 212
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Quinoline synthesis (Continued)
gold(III) chloride, 224

Quinones, 369
o-Quinones, 263
Radical additions:

indium(III) acetate – phenylsilane, 253
magnesium bromide etherate, 284

Radical cyclizations:
dilauroyl peroxide, 200
1,10-binaphthalene-2,20-diol (modified) – zinc

complexes, 23
manganese(III) acetate, 286
tricarbonyl(cyclopentadienyl)-

hydridochromium, 447
Raney nickel, 293
RCM, 439
Rearrangements:

alkylaluminum chlorides, 3
bismuth(III) triflate, 74
boron tribromide, 79–80
boron trifluoride etherate, 82–83
s-butyllithium, 91
chiral auxiliaries and catalysts, 154–155
chlorotris(triphenylphosphine)rhodium(I),

165–166
copper(II) chloride, 181
1,4-diazabicyclo[2.2.2]octane, 193
diisobutylaluminum hydride, 199
4-dimethylaminopyridine, 201
gold(I) chloride-1,3-bis(2,6-diisopropylphe-

nyl) imidazol-2-ylidene/silver
salts, 212

gold(I) chloride – tertiary phosphine/silver
salts, 220–221

gold(I) triflimide – azolecarbene, 225–226
gold(I) triflimide – triarylphosphine

complex, 227
iridium complexes, 26
methylaluminum bis(2,6-di-t-butyl-4-methyl-

phenoxide), 289
phenyliodine(III) bis(trifluoroacetate), 353
titanium(IV) chloride, 437
tris(dibenzylideneacetone)-dipalladium, 466
tris(dibenzylideneacetone)dipalladium–

chloroform, 469
Redox cyclization, 41
Redox reactions:

1,10-binaphthalene-2,20-diamine derivatives, 17
calcium bis(hexamethyldisilazide), 95
iron(II) chloride, 267
(S)-proline derivatives, 378–379

Reductions:
acetalacetonato(dicarbonyl)rhodium(I), 2
bis[(1,5-cyclooctadiene)hydroxyrhodium], 49
[bis(o-diphenylphosphinobenzylidene)-

ethanediamine]dichlororuthenium(II),
72–73

1,10;3,30-bispropanediyl-2,20-diimidazolyli-
dene, 78

borane sulfides, 79
t-butyllithium, 92
cerium(III) chloride, 99
(p-cymene)(N-tosyl-1,2-diphenylethyl-

enediamine) ruthenium, 192
diisobutylaluminum hydride, 199
N,N-diisopropylaminoborane, 200
hydrosilanes, 245–246
indium(III) acetate – phenylsilane, 253
indium(III) chloride – aluminum, 257
lithium triethylborohydride, 281
nickel, 293
organoaluminum reagents, 300
palladium(II) acetate – tertiary phosphine,

336–337
samarium, 403
samarium(II) iodide, 404–406
sodium borohydride, 416
sodium iodide, 417
sulfur, 420
trialkylboranes, 443
trialkylphosphines, 444
trifluoromethanesulfonic anhydride, 450
zinc, 481–482

Reductive acylation:
chlorotris(triphenylphosphine)rhodium(I), 164
magnesium, 283

Reductive addition, 404
Reductive aldol reaction, 294
Reductive alkylation, 482
Reductive amination, 274
Reductive cleavage:

lithium – liquid ammonia, 273
molybdenum hexacarbonyl, 291

Reductive coupling:
Grignard reagents/titanium(IV) compounds,

238–239
lithium, 273
nickel bromide–zinc, 295
zirconocene, 487

Reductive cyclization, 441
Reductive lithiation, 275
Reductive phenylation, 6
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Reductive silylation:
chlorotris(triphenylphosphine)rhodium(I),

164–165
zinc chloride, 483

Reformatsky reaction:
chlorotris(triphenylphosphine)-rhodium(I), 164
1,10-binaphthalene-2,20-diol (modified) – zinc

complexes, 23
magnesium, 283
titanocene dichloride-manganese, 441

Retro-Claisen reaction, 259
Rhenium carbonyl clusters, 385
Rhodium complexes:

alumina, 385
1,10-binaphthalene-2,20-diyl N-alkylamino-

phosphites, 28–29
hydroxide/alumina, 390

Rhodium(I) tetrafluoroborate, 391
Rhodium(II) carboxamidates, 385
Rhodium(II) carboxylates, 386–389
Rhodium(III) chloride, 390
Rhodium(III) iodide, 391
Ring cleavage:

phenyliodine(III) diacetate – iodine, 357
scandium(III) triflate, 407

Ring contraction, 248
Ring expansion:

hexakis[hydrido(triphenylphosphine)-
copper], 242

methylaluminum bis(2,6-di-t-butyl-4-methyl-
phenoxide), 289

palladium(II) chloride-metal salts, 345
Ritter reaction, zinc chloride, 483
Ruthenium–carbene complexes,

391–400
Ruthenium carbonyl clusters, 402
Ruthenium oxide–sodium periodate, 402
Ruthenium(III) chloride, 401

Sakurai reaction, hafnium(IV) chloride, 241
Samarium, 403
Samarium(II) iodide, 403–406
Samarium(III) chloride, 403
Samarium(III) triflate, 407
Sandmeyer reaction, 417
Scandium(III) fluoride, 407
Scandium(III) triflate, 407–410
Schiff reaction, copper(I) iodide, 185
Schmidt rearrangement, boron trifluoride

etherate, 81
SEGPHOS ligand, 127, 138, 350

Selectcfluorw, 162
Shapiro reaction, tris(dibenzylideneacetone)-

dipalladium, 464
Silica gel, 410–411
Silver acetate, 411
Silver fluoride, 411
Silver hexafluoroantimonate, 412
Silver mesylate, 412–413
Silver nitrate, 413
Silver perchlorate, 414
Silver tetrafluoroborate, 414
Silver triflate, 415
Silver(I) oxide, 413–414
Silylation, 484
O-Silylation:

bis[chloro(dicyclooctene)rhodium(I)], 47
triethylsilyl chloride, 448

Silylboration, 34
Silyl transfer, 415
Simmons-Smith reaction,

asymmetric, 135
Sn-W mixed hydroxide, 437
Sodium borohydride complexes, dimethyl

ditelluride, 416
Sodium dichloroiodate, 417
Sodium hydride, 417
Sodium iodide, 417
Sodium nitrite, 417
Sodium periodate, 417
Sodium phenoxide, 418
Sodium tetracarbonylferrate(II), 418
Sodium tetrachloroaurate, 418
Sodium tetrakis[3,5-bis(trifluoromethylphenyl)]-

borate, 319
Sodium tetramethoxyborate, 419
Sonogashira coupling:

copper, 176
fluorous reagents and ligands, 208
gold(I) chloride – tertiary phosphine, 211
palladium(II) acetate – tertiary phosphine, 329
palladium(II) chloride – metal salts, 344
palladium(II) chloride–tertiary

phosphine, 348
silica gel, 411
tetrakis(triphenylphosphine)palladium(0), 427

Staudinger reaction, triphenylphosphine, 457
Stille coupling:

bis(acetonitrile)dichloropalladium(II), 34
dibutyliodotin hydride, 195
nickel bromide–zinc, 295
palladium/calcium carbonate, 317

Subject Index 569



Strecker reaction:
cinchona alkaloid derivatives, 171
rhodium(III) iodide, 391
trimethylsilyl cyanide, 454

Strecker synthesis, 18
Strontium, 419
Sulfamic acid, 419
Sulfonyl azides, 161
Sulfur, 420
Sulfuric acid, 420
Suzuki coupling:

bis(acetonitrile)dichloropalladium(II), 34
bis(h3-allyl)dichlorodipalladium, 38
bis[(1,5-cycloocatdiene)hydroxyrhodium], 50
palladium/alumina, 317
palladium/carbon, 318
palladium(II) acetate, 318–319
palladium(II) acetate-imidazol-2-ylidene, 322
palladium(II) acetate – tertiary phosphine, 329
palladium carbene complexes, 342
palladium(II) chloride, 342–343
palladium(II) chloride – tertiary phosphine,

347 tetrakis(triphenylphosphine)palla-
dium(0), 426–427

tris(dibenzylideneacetone)dipalladium, 462–463
tris(dibenzylideneacetone)dipalladium-

chloroform, 467

TADDOL ligands, 102, 112, 119, 122, 159
Tandem cyclization, 279
Tandem reactions, 399–400
Tantalum(V) diemthylamide, 421
Tellerium chloride, 421
Tetrabenzyl pyrophosphate, 421
Tetrabutylammonium dichloroiodate, 421
Tetrabutylammonium fluoride, 422–423
Tetrabutylammmonium iodide, 423
Tetrabuytlammonium phenolate, 423
Tetrabutylammonium tricarbonyl(nitroso)ferrate,

423–424
Tetrabutylammonium triphenyldifluorosilicate,

424
Tetracarbonylhydridocobalt, 424–425
Tetrachloroauric acid, 425
1,1,2,2-Tetrafluoroethanesulfonyl chloride, 425
Tetrakis[chloro(pentamethylcyclopentadienyl)-

ruthenium(I)], 425
meso-Tetrakis(4-chlorophenylporphyrinato)-

aluminum tetracarbonylcobaltate, 425
Tetrakis(triethylphosphate)nickel(0), 426

1,1,3,3-Tetrakis(trifluoromethanesulfonyl)-
propane, 426

Tetrakis(triphenylphosphine)nickel(0), 426
Tetrakis(triphenylphosphine)palladium(0),

426–433
Tetrakis(triphenylphosphine)platinum(0), 434
Tetramethylammonium fluoride, 434
2,2,6,6-Tetramethyl-1-oxopiperidine salts, 435
Thiobenzylation, 160–161
Thionation, 435
Thiophosphoryl chloride, 435
Tin(IV) chloride, 435–437
Titanium tetraisopropoxide–magnesium, 440
Titanium tetrakis(diethylamide), 440
Titanium(III) chloride, 437
Titanium(IV) chloride complexes:

magnesium, 438–439
Mischmetal, 439
zinc, 439

Titanocene bis(triethyl phosphite), 440–441
Titanocene dichloride complexes:

manganese, 431
zinc, 441

p-Toluenesulfonic complexes:
anhydride, 442
chloride, 442
fluoride, 442
isocyanate, 442
isocyanate, N-tosyl amides, 442

1-(p-Toluenesulfonyl)imidazole, 442
O-(p-Toluenesulfonyl)-N-

methylhdyroxylamine, 442
Tosylation:

indium, 251
p-toluenesulfonyl chloride, 442

N-Tosylindolines, 287–288
Transacylation, 99
Transalkoxylation, 270
Transamination, 7
Transesterification:

hexamethylenetetramine, 242
4-pyrrolidinopyridine, 380
scandium(III) triflate, 410
tetrabutylammonium tricarbonyl(nitroso)-

ferrate, 424
Transfer hydrogenation, 284
Transylidation, 386
Trialkylboranes, 443
2,8,9-Trialkyl-1-phospha-2,5,8,9-

tetraazabicylco[3.3.3]undecanes, 443
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Trialkylphosphines, 444
1,2,3-Triazoles, 455
Triazole synthesis, 181
Tributyltin hydride, 445
Tributyltin hydride-2,20-azobis(isobutyronitrile),

445–446
Tricarbonyl(cyclopentadienyl)-

hydridochromium, 447
Trichloroacetonitrile, 447
Trichlorosilane, 447
Triethyl phosphite, 447–448
Triethylsilyl chloride, 448
Trifluoroacetic acid, 448
Trifluoroacetic anhydride, 448
1,1,1-Trifluoroacetone, 449
1,1,1-Trifluoroalkanes, 243
2,2,2-Trifluoroethyl isocyanate, 449
Trifluoromethanesulfonic acid, 449–450
Trifluoromethanesulfonic anhydride, 450–451
Trifluoromethanesulfonic imide, 452
Trifluoromethylation:

chlorotris(triphenylphosphine)-rhodium(I),64
Trifluoromethyl ketones, 448
Trifluoromethyltrimethylsilane, 452
Trimethylsilylacetonitrile, 452
Trimethylsilyl azide, 452–453
Trimethylsilyl chloride, 453
Trimethylsilyl cyanide, 454
Trimethylsilyldiazomethane, 455
Trimethylsilyl trifluoromethanesulfonate, 455–456
Triphenylphosphate–bromine, 460
Triphenylphosphine, 456–458
Triphenylphosphine–dialkyl azodicarboxylate,

458–459
Triphenylsilyl tetracarbonylcobaltate, 460
Triphosphazene, 460
Triruthenium dodecacarbonyl, 460
Tris(acetonitrile)cyclopentadienylruthenium(I)

hexafluorophosphate, 461
Tris(dibenzylideneacetone)dipalladium,

chloroform, 467–469
Tris(pentafluorophenyl)borane, 469
Tris(trimethylsilyl)silane, 469–470
Tritylation, 469
Tungsten carbene/carbyne complexes, 470
Tungsten hexacarbonyl, 470–471

Ugi reaction:
2-nitrophenyl isocyanide, 297
phenylphosphate, 358

Ullmann coupling:
copper(I) bromide, 179
copper(I) iodide, 183

Ullmann diaryl ether synthesis, 17, 183, 374
Urea – hydrogen peroxide, 473
Urea nitrate, 473

Vinylation, 367
Vinyl ethers and esters, 213
Von Braun degradation, 84

Wacker oxidation, 35, 312, 346
Wagner–Meerwein rearrangement, 466
Water, 475
Williamson synthesis, 417
Wittig reaction:

butyllithium, 88
dimethylsulfide – halogen, 202
trichlorosilane, 447

Wittig reagents, 67, 127, 475
Wittig rearrangement, 154, 182, 279
Wolff–Kishner reduction, 242

X/Li exchange:
butyllithium, 88
t-butyllithium, 91

X/magnesium exchange, 228

Ytterbium(III) triflate, 477
Yttrium(III) chloride, 478
Yttrium(III) triflate, 479

Zeolites, 481
Zinc, 481–483
Zincation, 306
Zinc bromide, 483
Zinc chloride, 483
Zinc iodide, 484
Zinc oxide, 484
Zinc triflate, 484–485
Zirconia, 485
Zirconium tetrakis(dimethylamide), 486
Zirconium(IV) bromide, 485
Zirconium(IV) t-butoxide, 486
Zirconium(IV) chloride, 486
Zirconocene, 487
Zirconocene dichloride, 488–489
Zirconocene hydrochloride, 489–490
Zirconyl chloride, 490
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