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Index

Index notes:Bold headings indicate main reagent titles, see indicates alternative names and acronyms, see also indicates related reagents
and concepts.

Acenes, cycloadditions, [60]fullerenes, 2,3-dichloro-5,
6-dicyano-1,4-benzoquinone 176

Acetalations, trifluoromethanesulfonic anhydride 624–625
Acetaldehyde
synthesis, acetaldoxime 5–6
see also Acetaldoxime 1–7

Acetaldehyde N-t-butylimine, see also Acetaldoxime 1–7
Acetaldehyde oxime see Acetaldoxime
Acetaldoxime 1–7
see also Acetonitrile 11–17
see also Acetonitrile N-oxide 18
see also Hydroxylamine 335–342

Acetalizations, indium tribromide 343
Acetals
hydrolysis reactions, dichloro bis(acetonitrile)

palladium 146
synthesis, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]diiridium 170
Acetamide
synthesis

ammonium acetate 29
by rearrangement, acetaldoxime 1, 5

Acetate migrations, triphenylphosphinegold(I) chloride 640
Acetic acid, see also Pivalic acid 490–497
Acetic acid ammonium salt see Ammonium acetate
Acetoacetic acid, see also Acetone hydrazone 7–11
Acetoacetic acid, 2-diazo-4,4,4-trifluoro-, ethyl ester see Ethyl

2-diazo-4,4,4-trifluoro-3-oxobutanoate
Acetone, see also Acetone hydrazone 7–11
Acetone cyclohexylimine, see also Acetone hydrazone 7–11
Acetone hydrazone 7–11
see also Phenylhydrazine 468–472

Acetone–Oxone® reagent
epoxidations, potassium monoperoxysulfate 513
nitrogen compound reactions, potassium

monoperoxysulfate 514
Acetone phenylhydrazone, see also Acetone hydrazone 7–11
Acetonitrile 11–17
synthesis, acetaldoxime 5–6
see also Acetaldoxime 1–7

Acetonitrile N-oxide 18
see also Acetaldoxime 1–7

Acetonylacetone see 2,5-Hexanedione
Acetonylations
carbon nucleophiles, bromoacetone 48–49

oxygen nucleophiles, bromoacetone 47
sulfur nucleophiles, bromoacetone 47–48

Acetoxime O-(2,4,6-trimethylphenyl)sulfonate, see also
S-Methylisothiourea 395–396

Acetoxylations, oxo(trimanganese) heptaacetate 402
Acetylacetone, see also 1,3-Diisopropyl-1,

3-propanedione 200–203
Acetylations, arenes, via diazonium salts, acetaldoxime 1, 3
Acetylenes, hydrochlorinations, sodium tetrachloroaurate(III) 574
Acid catalysts, pivalic acid 490–497
Acid derivative reactions, hydroxylamine 336–337, 339
Acrolein, see also α-Methacrolein N-tert-butylimine 389–390
Activated carbon reactions, selenium(IV) oxide 531–532
Activated methylenes

additions, N-[bis(methylthio)methylene]-p-
toluenesulfonamide 43–45

reactions, copper(II) chloride 76
Activating groups

diazo ketone synthesis, diethyl oxalate 194–195
regioselective alkylations, diethyl oxalate 194
α,β-unsaturated ketone synthesis, diethyl oxalate 194

Acyclic derivatives, 2,5-dimethoxytetrahydrofuran 204
Acyclic sulfides, synthesis, sodium sulfide 562, 565
Acylations

catalysts, copper(II) chloride 78
2-chloro-1,3-dimethylimidazolinium chloride 57
dichlorobis(triphenylphosphine)palladium(II) 156
1,3-diisopropyl-1,3-propanedione 201
N,N-Dimethylacetamide dimethyl acetal 213–214
electrophilic, diethyl oxalate 193–194
Friedel–Crafts, copper(II) trifluoromethanesulfonate 106
indoles, direct functionalization, palladium(II)

acetate 439
malonyl chloride 387
3-thiapentanedioic acid 594–595
2-(trimethylsilyl)phenyl triflate 636

3-Acylisoxazoline, synthesis, (diethoxyphosphoryl)acetonitrile
oxide 192

Acyl migrations, gold(III) chloride 304
N-Acylnitrenium ions, heterocycle synthesis intermediate,

phenyliodine(III) bis(trifluoroacetate) 474–476
Acylpalladations, dichlorobis(triphenylphosphine)palladium

(II) 159–163
Acylsilanes, synthesis, diazo(trimethylsilyl)methyllithium 130
1,2 Additions, alkenes, dimethyl diazomalonate 229
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1,4 Additions, alkenes, 2,2-difluoroethylamine 196–197
Additions

acetonitrile 12
across carbon=carbon double bonds of alkenes, dichloro bis

(acetonitrile) palladium 137–142
across the carbon=nitrogen double bond, acetaldoxime

2, 5–6
across carbon=sulfur double bonds,

trifluoroethanamine 613
across the carbonyl group, bromoacetone 49
activated methylenes, N-[bis(methylthio)methylene]-p-

toluenesulfonamide 43–45
alkenes

2,2-difluoroethylamine 196–197
dimethyl diazomalonate 229
gold(III) chloride 302–303
iodine 359–360, 363–364, 368
to carboxylic acids, oxo(trimanganese) heptaacetate 401
to 1,3-diketones, gold(III) chloride 305

alkynes
gold(III) chloride 302–303
iodine 360, 363–364, 368
to heteronucleophiles, triphenylphosphinegold(I)

chloride 638–639
allenes, dichloro bis(acetonitrile) palladium 142–143
amines, N-[bis(methylthio)methylene]-p-

toluenesulfonamide 38–40, 42
carbonyl compounds

bromoacetone 49
trifluoroethanamine 613

carboxylic acids, to alkenes, oxo(trimanganese)
heptaacetate 401

2,3-dichloro-5,6-dicyano-1,4-benzoquinone 181
1,3-diketones, to alkenes, gold(III) chloride 305
dimethyl 2,3-pentadienedioate 234–235
gold(III) chloride 312–313
imines, gold(III) chloride 303
ketenes, trifluoroethanamine 613
neutral nucleophiles, N-[bis(methylthio)methylene]-p-

toluenesulfonamide 42–45
palladium(II) acetate 426–427
sulfonyl chloride, to unsaturated bonds, copper(II)

chloride 77–78
tandem conjugate addition–cyclization reactions,

heterocycle synthesis, dimethyl 2,
3-pentadienedioate 231–232, 235

1,1,1-trifluoro-N-phenylmethanesulfenamide 633
ylides, N-[bis(methylthio)methylene]-p-

toluenesulfonamide 42–43
see also Conjugate additions; Cycloadditions; 1,3-Dipolar

cycloadditions; Hydrofunctionalizations;
Markovnikov additions; Michael additions;
Nucleophilic additions

Aerobic oxidations
alcohols

dichloro bis(acetonitrile) palladium 146
di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 166–167

metal-free, oxygen 411–412
see also Oxygen

Alcohols
alkylations, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 168–169

amidations, ammonium bicarbonate 30–31
dehydrations

copper(II) trifluoromethanesulfonate 106
phosphorus oxychloride 484–485

halogenation, phosphorus oxychloride 483
intramolecular reactions, with alkynes, palladium(II)

chloride 455–456
iodides conversions, iodine 360
as nucleophiles, cyclizations, gold(III) chloride 301–302
oxidations

aerobic
dichloro bis(acetonitrile) palladium 146

di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,
5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 166–167

catalytic reactions with molecular oxygen, copper(II)
chloride 78–79

2,3-dichloro-5,6-dicyano-1,4-benzoquinone 173–174
enantioselective, palladium(II) chloride 464
metal-catalyzed, oxygen 409
Oppenauer-type/hydrogen transfer, di-μ-chlorodichlorobis

[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-2,
4-cyclopentadien-1-yl]diiridium 165

potassium monoperoxysulfate 516, 523
to aldehydes and ketones, palladium(II) acetate 423, 433

oxidative carbonylations, palladium(II) chloride 453
phosphorylations, with N-phosphoryloxazolidinones, copper

(II) trifluoromethanesulfonate 109–110
reactions

dichlorotris(triphenylphosphine)ruthenium(II) 189
iodine 365–366
palladium(II) chloride 450–451
trifluoromethanesulfonic anhydride 616–617, 621–622,

627–628
trimethylsilylations, indium tribromide 357
see also Allylic alcohols

Alcoholysis, ester synthesis, dichlorobis(triphenylphosphine)
palladium(II) 159–160

Aldazines, oxidations, (diacetoxyiodo)benzene 122
Aldehydes
amidations, ammonium bicarbonate 30–31
condensations

2,4-dinitrophenylhydrazine 245
indium tribromide 346

nitrile formation, hydroxylamine 336, 338
oxidations

palladium(II) acetate 423
potassium monoperoxysulfate 512–513, 516, 523

oxime formation, hydroxylamine 336, 338
reactions

diazo(trimethylsilyl)methyllithium 130
2,4-dinitrophenylhydrazine 244–245
hydroxylamine 337, 339–340
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Aldehydes (Continued )
iodine 360–361
trifluoromethanesulfonic anhydride 619

reductive cyanations, p-tolylsulfonylmethyl isocyanide 599,
600

semicarbazone synthesis, semicarbazide 542
synthesis

alcohol oxidations, palladium(II) acetate 423, 433
allylic alcohol couplings, palladium(II) acetate 419–420,

429
dichlorobis(triphenylphosphine)palladium(II) 161

Aldol reactions
asymmetric, gold(I) chloride 297
bromoacetone 49–50
indium tribromide 354
reductive, indium tribromide 354

Aldols, oxygenations, copper(II)
trifluoromethanesulfonate 110

Alkanes, reactions, potassium monoperoxysulfate 513,
516–518, 524–527

Alkenations, dimethyl diazomalonate 217
Alkenes
activation, gold(I) chloride 296
additions

dichloro bis(acetonitrile) palladium 137–142
2,2-difluoroethylamine 196–197
dimethyl diazomalonate 229
gold(III) chloride 302–303
iodine 359–360, 363–364, 368
palladium(II) chloride 449–450
to carboxylic acids, oxo(trimanganese) heptaacetate 401
to 1,3-diketones, gold(III) chloride 305
trifluoroethanamine 614
triphenylphosphinegold(I) chloride 640–641

arylations, by coupling and cross-coupling, palladium(II)
acetate 427–428

autooxidations, dirhodium(II) tetraacetate 253
aziridinations, (diacetoxyiodo)benzene 124–125
carbopalladations, dichlorobis(triphenylphosphine)

palladium(II) 157–159
catalytic hydroboration, dirhodium(II) tetraacetate 252
conjugate additions to activated alkenes

2,2-difluoroethylamine 196–197
trifluoroethanamine 614

cyclizations, iron(III) bromide 377
cycloadditions, diiminosuccinonitrile 200
cyclopropanations, (diacetoxyiodo)benzene 125
electron-rich, cycloadditions, diiminosuccinonitrile 200
electrophilic addition across carbon–carbon double bond,

dichloro bis(acetonitrile) palladium 137–142
epoxidations, (diacetoxyiodo)benzene 124
formylations, phosphorus oxychloride 482
functionalization

gold(III) chloride 312
oxidative with heteroatom nucleophiles, palladium(II)

acetate 415–417
palladium(II) acetate 425–427
palladium-activated carbon nucleophiles, palladium(II)

acetate 417–418

hydroboration, dirhodium(II) tetraacetate 252
hydrofunctionalization, gold(III) chloride 312
nucleophile additions, triphenylphosphinegold(I)

chloride 640–641
oxidations, to methyl ketones, palladium(II) acetate

415–416, 425
oxidative additions, palladium(II) chloride 449–450
oxidative carbonylations, palladium(II) chloride 452–453
oxidative functionalization, with heteroatom nucleophiles,

palladium(II) acetate 415–417
oxidative substitutions, palladium(II) chloride 449–454
palladations, dichloro bis(acetonitrile) palladium 137–142
reactions

(diacetoxyiodo)benzene 119, 123, 124–125
potassium monoperoxysulfate 513, 516–518, 524–527

Alkenyl–alkenyl cross-coupling, dichlorobis
(triphenylphosphine)palladium(II) 154–155

Alkenyl–aryl cross-coupling, dichlorobis(triphenylphosphine)
palladium(II) 154

Alkenylations
dichlorobis(triphenylphosphine)palladium(II) 155–156
dimethyl diazomalonate 220, 222, 227
heteroarenes, pivalic acid 495–496
ketones, copper(II) trifluoromethanesulfonate 110–111
metal-catalyzed bond functionalization, oxygen 410
palladium(II) acetate 442

Alkenyl iodides, amino carbonylations, phosphorus
oxychloride 485

Alkenyl silyl enol ethers, cyclizations, palladium(II)
acetate 421–422, 432

Alkoxy aromatic reactions, copper(II) chloride 76
Alkylating agents, reactions, hydroxylamine 336, 338–339
Alkylations

acetaldoxime 3
acetone hydrazone 9
alcohols, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 168–169

enantioselective, copper(II) trifluoromethanesulfonate
106–107, 113

Friedel–Crafts, copper(II) trifluoromethanesulfonate
106–107

gold(III) chloride 312
indoles, direct functionalization, palladium(II) acetate

438–439
N versus O selectivity, hydroxylamine 336, 338–339
regioselective, activating groups, diethyl oxalate 194
trifluoroethanamine 613–614

α-Alkylations, acetaldoxime 1
C-Alkylations, pyrroles and indoles, copper(II)

trifluoromethanesulfonate 109
N-Alkylations, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 167–168

Alkylation–SN2 reactions, 2,2-difluoroethylamine 196
Alkyl halides

nitro compound/nitro ester formation, sodium nitrate 553
reactions, potassium ethyl xanthate 503

Alkylhydrazones, oxidations, (diacetoxyiodo)benzene 122
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Alkylidene carbenes
Colvin rearrangement, diazo(trimethylsilyl)

methyllithium 131
insertion reactions, diazo(trimethylsilyl)methyllithium

132–133
synthesis, diazo(trimethylsilyl)methyllithium 130, 131

Alkyl radicals
oxidations, copper(II) trifluoromethanesulfonate 106
potassium ethyl xanthate 505

Alkynes
activation

gold(I) chloride 291–295
sodium tetrachloroaurate(III) 576

additions
gold(III) chloride 302–303
iodine 360, 363–364, 368
to heteronucleophiles, triphenylphosphinegold(I)

chloride 638–639
carbopalladations, dichlorobis(triphenylphosphine)

palladium(II) 157–159
cyclizations, iron(III) bromide 377
hydrations, sodium tetrachloroaurate(III) 575
hydroaminations, gold(III) chloride 304
hydroboration, dirhodium(II) tetraacetate 252
hydrofunctionalizations, gold(III) chloride 312–313
intramolecular reactions, with carboxylic acids/alcohols/

amines, palladium(II) chloride 455–456
Markovnikov additions, indium tribromide 353
metal-catalyzed oxidations, oxygen 408
oxidations, potassium monoperoxysulfate 516–518
oxidation to α,β-acetylenic ketones, catalytic reactions with

tert-butyl hydroperoxide, copper(II) chloride 79–81
oxidative carbonylations, palladium(II) chloride 453
palladations, dichloro bis(acetonitrile) palladium 143–144
reductions, palladium(II) acetate 425, 434

Alkynylations
indium tribromide 344–346
metal-catalyzed bond functionalization, oxygen 410–411

Alkynyl esters, synthesis, 5-substituted pyrazol-3(2H)-one
oxidation, (diacetoxyiodo)benzene 122

ω-Alkynyl furans, cycloisomerizations, gold(III) chloride 299
Alkynyl sulfones, reductions, copper(II)

trifluoromethanesulfonate 106
Allenes

activation, gold(I) chloride 295–296
additions, dichloro bis(acetonitrile) palladium 142–143
hydroaminations, gold(III) chloride 304
hydrofunctionalizations, gold(III) chloride 313
nucleophile additions, triphenylphosphinegold(I)

chloride 640–641
Allenyl ketones, cyclizations, gold(III) chloride 298–299
Allenynes

cycloisomerizations
gold(III) chloride 300
triphenylphosphinegold(I) chloride 640

Allylations, indium tribromide 343–344
Allyl compounds, cyclopalladations, palladium(II)

chloride 452
Allyl group introduction, potassium ethyl xanthate 507–508

Allylic acetoxylations, oxo(trimanganese) heptaacetate 402
Allylic alcohols
aminations, gold(III) chloride 305
couplings, palladium(II) acetate 419–420, 429
synthesis, from vinyl epoxides/oxetanes, palladium(II)

acetate 420
Allylic carbon–hydrogen bonds
activation

oxidations, palladium(II) acetate 425–426
palladium(II) acetate 416

Allylic dienols
synthesis

allylic alcohol coupling, palladium(II) acetate 419–420
allylic alcohol couplings, palladium(II) acetate 429

Allylic esters, sigmatropic rearrangements, dichloro bis
(acetonitrile) palladium 145

Allylic heterosubstituents, hydrogenolysis, palladium(II)
acetate 425

Allylic hydroxylations, selenium(IV) oxide 531
Allylic oxidations
carbon–hydrogen bond activation, palladium(II)

acetate 425–426
catalytic reactions with tert-butyl hydroperoxide, copper(II)

chloride 79
oxo(trimanganese) heptaacetate 402
selenium(IV) oxide 533–534, 535–536

Allylic substitutions, enantioselective, copper(II)
trifluoromethanesulfonate 111

Allyloxycarbonyl (Aloc) protecting group removal, tetrakis
(triphenylphosphine)palladium(0) 589–590

π-Allylpalladium
complex formation, palladium(II) chloride 451–452
intermediates in carbocycle formation, palladium(II)

acetate 421
Allyl protecting group removal, tetrakis(triphenylphosphine)

palladium(0) 589–590
Alumina–Oxone® reagent, oxidations, potassium

monoperoxysulfate 512
Amidations
alcohols, ammonium bicarbonate 30–31
aldehydes, ammonium bicarbonate 30–31
carboxylic acids

ammonium bicarbonate 30
2,2-difluoroethylamine 197
trifluoroethanamine 614–615

carboxylic esters, trifluoroethanamine 615
copper(II) trifluoromethanesulfonate 114
2,2-difluoroethylamine 197–198
esters/ester analogs, 2,2-difluoroethylamine 197
oxidative, selenium(IV) oxide 538–539
trifluoroethanamine 615

Amide acetal reagents, N,N-Dimethylacetamide dimethyl
acetal 208–215

Amides
dehydrations, phosphorus oxychloride 484
reactions

palladium(II) chloride 451
trifluoromethanesulfonic anhydride 620, 623, 628

synthesis
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aminolysis, dichlorobis(triphenylphosphine)
palladium(II) 160–161

Beckmann rearrangements, hydroxylamine 339–340
from aldehydes, hydroxylamine 339–340
from ketones, hydroxylamine 339–340

Aminals, reactions, trifluoromethanesulfonic anhydride
625–626

Aminations
allylic alcohols, gold(III) chloride 305
anomeric, of sugars, ammonium bicarbonate 31
aryl chlorides, palladacycle catalyzed reactions, palladium(II)

chloride 462, 464
carbon–hydrogen bonds, (diacetoxyiodo)benzene

125
ethyl 2-diazo-3-oxo-3-phenylpropanoate 274
intermolecular oxidative, pivalic acid 496
reductive

2,2-difluoroethylamine 198
trifluoroethanamine 614

Amines
additions, N-[bis(methylthio)methylene]-p-

toluenesulfonamide 38–40, 42
N-tert-butoxycarbonylations, indium tribromide 357
condensations, indium tribromide 346
diazotization, sodium nitrate 551–552, 553–554
guanidine derivatives from two different amines, N-[bis

(methylthio)methylene]-p-toluenesulfonamide
38–40

intramolecular reactions with alkynes, palladium(II)
chloride 455–456

oxidations, (diacetoxyiodo)benzene 121–122
reactions

iodine 360
palladium(II) chloride 451
sodium nitrate 551–552, 553–554, 556–557
trifluoromethanesulfonic anhydride 617, 622, 629

synthesis
guanidine 324
phenylhydrazine 470–471

Amino acids
chiral precursors, methyl glycine 391
complexations, copper(II) sulfate 98

1,2-Amino alcohols, oxirane conversion, methyl
isocyanate 393

Amino carbonylations
alkenyl iodides, phosphorus oxychloride 485
aryl iodides, phosphorus oxychloride 485

N-Amino heterocycles, synthesis, 1-tert-butyloxycarbonyl-
1-methylhydrazine 53–54, 55

Aminoiminomethanesulfonic acid
see also Diphenyl cyanocarbonimidate 247–248
see also Guanidine 322–325

Aminolysis, amide synthesis, dichlorobis(triphenylphosphine)
palladium(II) 160–161

Aminopalladations, dichloro bis(acetonitrile) palladium
140–141

N-Aminophthalimide 19–23
N-(Z-Amino)phthalimide, see also N-Aminophthalimide

19–23

1-Aminopyridinium chloride see also 1-Amino-pyridinium
iodide 24–27

1-Aminopyridinium inner salt (ylide) see also 1-Amino-
pyridinium iodide 24–27

1-Amino-pyridinium iodide 24–27
1-Aminopyridinium perchlorate see also 1-Amino-pyridinium

iodide 24–27
1-Aminopyridinium 2,4,6-trimethylbenzene sulfonate see also

1-Amino-pyridinium iodide 24–27
1-Amino-pyridinium ylide, see also 1-amino-pyridinium

iodide 24–26
1-Aminopyridinium see also 1-Amino-pyridinium iodide

24–27
Aminothiazoles, synthesis, thiourea 596
2-Amino-1,1,1-trifluoroethane see Trifluoroethylamine
Ammonium acetate 29–30
Ammonium bicarbonate 30–32
Ammonium ethanoate see Ammonium acetate
Ammonium formate, see also Formamidine acetate 289–290
Ammonium nitrate 27–28
Anion equivalents, metalated dimethylhydrazones, acetone

hydrazone 7, 9–10
Anion formation

acetone hydrazone 9
acetonitrile 12

Anisoles, see also Iodine 358–374
Annulations

cascade reactions, phenyliodine(III) bis
(trifluoroacetate) 479–480

2,5-dimethoxytetrahydrofuran 207
gold(III) chloride 311–312

Anomeric aminations, sugars, ammonium bicarbonate 31
Antimony, organoantimony compound oxidations,

(diacetoxyiodo)benzene 126
Antimony(V) chloride, see also Silver(I)

hexafluoroantimonate 547–550
Antimony(V) fluoride, see also Silver(I)

hexafluoroantimonate 547–550
Aqueous acetone–Oxone® reagent, epoxidations, potassium

monoperoxysulfate 513
Arenes/aromatic compounds

acetylations, via diazonium salts, acetaldoxime 1, 3
chlorinations, copper(II) chloride 75–76
cyclizations, gold(III) chloride 298–299
iodinations, iodine 361–362, 368–369
ortho-palladations, palladium(II) chloride 452
oxidations, palladium(II) acetate 424–425
reactions

iodine 364–365
potassium monoperoxysulfate 513, 516–518, 524–527

N-Aromatic amides, reactions, sodium nitrate 554
Aromatic amines, reactions, sodium nitrate 551–552
Aromatic carbon–hydrogen bonds

activation, dichlorotris(triphenylphosphine)ruthenium(II) 189
direct oxidation, gold(III) chloride 309–310

Aromatic halides
substitutions

2,2-difluoroethylamine 195–196
trifluoroethanamine 612

INDEX 659



BINDSUB 04/07/2017 15:37:0 Page 660

Aromatic nitriles, synthesis, tetrakis(triphenylphosphine)
palladium(0) 587–588

Aromatic nitrogen heterocycles, synthesis, sodium
tetrachloroaurate(III) 575

Aromatic nitro groups, reduction to amino groups, sodium
sulfide 564, 566

Aromatic rings
formation, polyphosphoric acid 498
formylations, phosphorus oxychloride 482

Aromatic substitutions, hydroxylamine 338, 340
Aromatization, enamines, dichloro bis(acetonitrile)

palladium 146
Aryl alcohols, carbon–carbon couplings, p-tolylsulfonylmethyl

isocyanide 606
Arylalkenes, cis/trans isomerizations, dichloro bis(acetonitrile)

palladium 146–147
Aryl–alkenyl cross-coupling, dichlorobis(triphenylphosphine)

palladium(II) 154
Arylamines, reactions, sodium nitrate 553
Aryl–aryl cross-coupling, dichlorobis(triphenylphosphine)

palladium(II) 154
Arylations

alkenes, by coupling and cross-coupling, palladium(II)
acetate 427–428

copper(II) sulfate 99–100
direct, selenophene, pivalic acid 494–495
direct functionalization reactions, palladium(II)

acetate 436–438, 439–441, 442–443
five-membered heterocycles, direct functionalization,

palladium(II) acetate 439–441
heterocycles, pivalic acid 494
imidazo[1,2-a]pyrazines, direct functionalization,

palladium(II) acetate 442
imidazo[1,2-b]pyrazole direct functionalization, palladium(II)

acetate 443
imidazo[1,2-b][1,2,4,5]tetrazines, direct functionalization,

palladium(II) acetate 442–443
indoles, direct functionalization, palladium(II) acetate

437–438
intermolecular direct, heterocycles, pivalic acid 494
pyridine derivatives, direct functionalization, palladium(II)

acetate 436–437
selenophene, pivalic acid 494–495
2-(trimethylsilyl)phenyl triflate 636–637

Aryl boronic acids, couplings, dimethyl diazomalonate
226–227

Aryl chlorides, aminations, palladacycle catalyzed reactions,
palladium(II) chloride 462, 464

Aryl iodides, amino carbonylations, phosphorus
oxychloride 485

Arylselenations, conjugated dienes, phosphorus
oxychloride 486–487

Arylsiloxanes, couplings, dimethyl diazomalonate 226
Aryl sulfides, synthesis, sodium sulfide 563
Aryne precursors, 2-(trimethylsilyl)phenyl triflate

635–636
Asymmetric . . . see Enantioselective . . .
Asymmetric aldol reactions, gold(I) chloride 297
Asymmetric catalysis, gold(I) chloride 297

Asymmetric conjugate additions, copper(II)
trifluoromethanesulfonate 110, 114

Asymmetric cyclopropanation, styrene, copper(II)
trifluoromethanesulfonate 108

Asymmetric hetero-Diels-Alder reactions, copper(II)
trifluoromethanesulfonate 108

Asymmetric Passerini reaction, p-tolylsulfonylmethyl
isocyanide 606

Asymmetric reductions, pivalic acid 490
Asymmetric synthesis
chiral palladium complexes, dichlorobis(triphenylphosphine)

palladium(II) 153
chiral reagents, Benzotriazole methodology, 2,

5-dimethoxytetrahydrofuran 205–206
heterocycles, benzonitrile N-oxide 33–35
ionic liquids, N,N-Dimethylacetamide dimethyl acetal 212
stereodirecting solvents, glycosylations, acetonitrile 13–17

Autooxidation, alkenes, dirhodium(II) tetraacetate 253
Aza-Claisen rearrangements, dichloro bis(acetonitrile)

palladium 144–145
1-Aza-1,3-dienes, cycloadditions, α-methacrolein N-tert-

butylimine 390
1-Azadienes, intramolecular Diels-Alder reactions, copper(II)

trifluoromethanesulfonate 107
Aza-Friedel–Crafts cyclizations, copper(II)

trifluoromethanesulfonate 111
Azepines, β-cyclodextrin-mediated synthesis, 2,

5-dimethoxytetrahydrofuran 207
Azidotrimethylsilane (TMSN3), carbon–carbon bond cleavage,

(diacetoxyiodo)benzene 120
Aziridinations
alkenes, (diacetoxyiodo)benzene 124–125
trifluomethyldiazomethane 609

Aziridines
ring opening, trifluoroethanamine 614
synthesis, N-aminophthalimide 20–21

Azirines, ring opening, dimethyl diazomalonate 227–228
Azobenzene, synthesis, 2,4-dinitrophenylhydrazine 246
Azoles, synthesis, p-tolylsulfonylmethyl isocyanide 599–600,

601–603, 604–605
Azomethines, o-Tolyl isocyanide 598

Baeyer–Villiger oxidation, ketones, potassium
monoperoxysulfate 512, 515

Bart reaction, copper(I) chloride 61
Base-mediated condensations, ethyl 2-diazo-

3-oxybutyrate 280
Beckmann rearrangements
amide synthesis, hydroxylamine 339–340
2-chloro-1,3-dimethylimidazolinium chloride 60
phosphorus oxychloride 485

Benzannulated systems
synthesis

2,5-hexanedione 328–329
2-(trimethylsilyl)phenyl triflate 636

Benzenes, polysubstituted unsymmetrical synthesis,
cyclopentadienylbis(triphenylphosphine)cobalt
(I) 116–117

Benzisoxazoles, see also Iodine 358–374
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2,3-Benzodiazepines, synthesis, from benzocyclobutenones,
diazo(trimethylsilyl)methyllithium 133–134

Benzoic acid, oxidative coupling, di-μ-chlorodichlorobis
[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-2,
4-cyclopentadien-1-yl]diiridium 170–171

Benzonitrile N-oxide 33–35
see also Methyl isocyanate 393–395

Benzotriazole methodology, enantiometrically pure pyrrolidine
derivative synthesis, 2,
5-dimethoxytetrahydrofuran 205–206

Benzotriazol-1-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (BOP), see also 2-Chloro-1,
3-dimethylimidazolinium chloride 57–60

O-(Benzotriazol-1-yl)N,N,N´,N´-tetramethyluronium
hexafluorophosphate (HBTU), see also 2-Chloro-1,
3-dimethylimidazolinium chloride 57–60

Benzoyl isothiocyanate 36–37
Benzyl carbon–hydrogen bond activation, palladium(II)

acetate 424–425
Benzylic oxidations, 2,3-dichloro-5,6-dicyano-1,

4-benzoquinone 175, 177–178
Biaryl couplings
metal-catalyzed bond functionalization, oxygen 410
oxidative, phenyliodine(III) bis(trifluoroacetate) 477–478

9,9´-Bifluorenylidene derivatives, synthesis via dual carbon–
hydrogen bond activation, pivalic acid 496

Biginelli-type reactions
indium tribromide 346
thiourea 596–597

Biological chemistry, semicarbazide 543
Biologically significant heterocycles, synthesis, N,

N-Dimethylacetamide dimethyl acetal 212–213
Bis(acetato)palladium see Palladium(II) acetate
Bisalkoxy silanes, unsymmetrical synthesis, dirhodium(II)

tetraacetate 257
Bis(benzonitrile)dichloropalladium(II), see also Palladium(II)

chloride 449–467
Bischler–Napieralski reaction, phosphorus oxychloride

482–483
Bis(methoxycarbonyl)-s-tetrazine see Dimethyl 1,2,4,

5-tetrazine-3,6-dicarboxylate
N-[Bis(methylthio)methylene]-p-toluenesulfonamide

37–47
Bis(trichloromethyl) carbonate, see also Phosphorus

oxychloride 481–489
Bis(2,4,6-trichlorophenyl) malonate, see also Malonyl

chloride 387–389
Bis(trifluoroacetoxyiodo)benzene see Phenyliodine(III) bis

(trifluoroacetate)
Blaise reactions, decarboxylative, indium tribromide 351
N-(Boc-amino) phthalimide, see also

N-Aminophthalimide 19–23
1-Boc-1-methylhydrazine see 1-tert-Butyloxycarbonyl-

1-methylhydrazine
Bond cleavage see Cleavage reactions
BOP seeBenzotriazol-1-yloxytris(dimethylamino)phosphonium

hexafluorophosphate
Boron compounds, reactions, potassium

monoperoxysulfate 521

Boron halides, reactions, diazo(trimethylsilyl)
methyllithium 134

Boron–hydrogen bonds, insertions, dimethyl
diazomalonate 226

Bridghead N-atom containing heterocycles, direct
functionalization, palladium(II) acetate 442–443

Brominations
iron(III) bromide 375–376
N,N,N´,N´-tetrabromobenzene-1,3-disulfonamide 583–584

Bromoacetone 47–52
2-Bromo-1,3-dimethylimidazolinium bromide, see also

2-Chloro-1,3-dimethylimidazoliniumchloride 57–60
3-Bromoisoxazoles, synthesis, dibromoformaldehyde

oxime 136
3-Bromoisoxazolines, synthesis, dibromoformaldehyde

oxime 135–136
1-Bromo-2-propanone see Bromoacetone
Brønsted acids, pivalic acid 490–497
BTI see Phenyliodine(III) bis(trifluoroacetate)
Buchner reactions, N,N-dibenzyl diazomalonamide, dirhodium

tetrakis-(heptafluorobutyramide) 266
Buchwald–Hartwig aminations

2,2-difluoroethylamine 196
palladium(II) acetate 434–435
trifluoroethanamine 612–613

1,4-Butanedial (succindialdehyde) equivalents, 2,
5-dimethoxytetrahydrofuran 203–208

tert-Butoxybis(dimethylamino)methane, see also Formamidine
acetate 289–290

N-tert-Butoxycarbonylations, amines, indium tribromide 357
tert-Butyl azaalanine see 1-tert-Butyloxycarbonyl-

1-methylhydrazine
tert-Butyl hydroperoxide (t-BuOOH), catalytic oxidations,

copper(II) chloride 79–81
tert-Butyl isocyanide

see also Phenyl isocyanide 467–468
see also o-Tolyl isocyanide 598–599

tert-Butyl 1-methylhydrazinecarboxylate see 1-tert-
Butyloxycarbonyl-1-methylhydrazine

N´-tert-Butyl-N-methyl-N-trimethylsilylmethylformamidine, see
also Formamidine acetate 289–290

1-tert-Butyloxycarbonyl-1-methylhydrazine 52–56
2-tert-Butylpyrimidines, synthesis, pivalic acid 491
tert-Butyl radicals, synthesis, via oxidative decarboxylation,

pivalic acid 491

C2sp–C2sp coupling, dichlorobis(triphenylphosphine)palladium
(II) 154–156

C3sp–C2sp coupling, dichlorobis(triphenylphosphine)palladium
(II) 154–156

N-Carbamylamino alcohols, reactions, sodium nitrate 554
Carbanions, oxygenations, oxygen 403–404, 406
Carbazoles, synthesis, 2,5-dimethoxytetrahydrofuran 203, 204
Carbenes

precursors, ethyl 2-diazo-3-oxo-3-phenylpropanoate
273–275

synthesis, from diazo compounds, palladium(II)
chloride 456

transfer reactions, gold(I) chloride 297
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Carbenoid species, preparation, copper(I) chloride 67
Carbocation salts, synthesis, silver(I)

hexafluoroantimonate 547–548
Carbocycles

synthesis
indium tribromide 349–351
palladation of alkynes, dichloro bis(acetonitrile)

palladium 143–144
palladium(II) acetate 421–423, 431–433

Carbocylizations, dichlorotris(triphenylphosphine)
ruthenium(II) 186

Carbohydrate chemistry, trifluoromethanesulfonic
anhydride 616, 625

Carbon arylations, 2-(trimethylsilyl)phenyl triflate 636–637
Carbon–carbon bonds

cleavage
(diacetoxyiodo)benzene 120
phosphorus oxychloride 487

formation
aryl alcohol coupling, p-tolylsulfonylmethyl

isocyanide 606
carbonylative, tetrakis(triphenylphosphine)palladium

(0) 587
coupling, copper(II) trifluoromethanesulfonate 111
cross-couplings, dichloro bis(acetonitrile)

palladium 148–149
di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]diiridium 166
dichlorotris(triphenylphosphine)ruthenium(II) 188
direct, tetrakis(triphenylphosphine)palladium(0)

585–587, 591
palladacycle catalyzed reactions, palladium(II)

chloride 461–462
selenium(IV) oxide 538
via olefin cross-couplings, 1,3-diisopropyl-1,

3-propanedione 200
Carbon=carbon double bonds

electrophilic additions to alkenes, dichloro bis(acetonitrile)
palladium 137–142

hydrogenations, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,
2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 166

Carbon dioxide, see also Diethyl oxalate 192–195
Carbon disulfide, see also Potassium ethyl xanthate 503–512
Carbon–fluorine bonds, formation, di-μ-chlorodichlorobis

[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-2,
4-cyclopentadien-1-yl]diiridium 168

Carbon–heteroatom bonds
formation

copper(I) iodide 86–87
cross-couplings, dichloro bis(acetonitrile)

palladium 148–149
palladacycle catalyzed reactions, palladium(II)

chloride 461–462
tetrakis(triphenylphosphine)palladium(0) 588–589,

591–592
Carbon–hydrogen bonds

activation
allylic oxidations, palladium(II) acetate 425–426

9,9´-bifluorenylidenederivativessynthesis,pivalicacid 496
cyclizations, ethyl 2-diazo-3-oxybutyrate 275–277
oxidations, palladium(II) acetate 424–426
palladium(II) acetate 416, 424–426, 433–434

allylic, activation, palladium(II) acetate 416, 425–426
aminations, (diacetoxyiodo)benzene 125
aromatic

activation, dichlorotris(triphenylphosphine)ruthenium
(II) 189

oxidations, palladium(II) acetate 424–425
dual activation, 9,9´-bifluorenylidene derivatives synthesis,

pivalic acid 496
functionalization, of carbon bearing non-allylic bonds,

palladium(II) acetate 433–434
insertions

dimethyl diazomalonate 219, 223–225
direct oxidation of aromatic compounds, gold(III)

chloride 309–310
dirhodium tetrakis-(heptafluorobutyramide) 265
ethyl 2-diazo-3-oxybutyrate 277
metal carbene transformations, dirhodium(II)

tetraacetate 249–250, 253, 258
nitrenes, dirhodium(II) tetraacetate 256

metal-catalyzed functionalization, oxygen 409–411
non-allylic, activation, palladium(II) acetate 433–434
oxygenations, (diacetoxyiodo)benzene 125–126

Carbon monoxide
carbonyl sulfide in situ synthesis, sulfur 579
double insertions, cyclization cascades, palladium(II)

chloride 461
Carbon–nitrogen bonds
formation

copper(I) iodide 86–87
di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 165–166

palladacycle catalyzed reactions, palladium(II)
chloride 462

insertions, dimethyl diazomalonate 219–220
Carbon=nitrogen double bonds, additions, acetaldoxime 2
Carbon nucleophiles
acetonylation, bromoacetone 48–49
functionalization of alkenes and other π-systems, palladium

(II) acetate 427–431
reactions, palladium(II) chloride 451

Carbonodithioic acid O-ethyl ester potassium salt see Potassium
ethyl xanthate

Carbon–oxygen bonds, formation, copper(I) iodide 87
Carbon radicals, oxygenations, oxygen 404, 406
Carbon suboxide, see also Malonyl chloride 387–389
Carbon–sulfur bonds, insertions, dimethyl

diazomalonate 225–226
Carbon=sulfur double bonds, additions,

trifluoroethanamine 613
Carbonylations
dichlorobis(triphenylphosphine)palladium(II) 159–163
palladium(II) acetate 420–421, 429
palladium(II) chloride 452–453, 460–461
phosphorus oxychloride 485
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Carbonyl compounds
additions, trifluoroethanamine 613
chlorinations, copper(II) chloride 75
chloroaldehyde synthesis, phosphorus oxychloride 483
condensations, 2,2-difluoroethylamine 198
dehydrogenations, 2,3-dichloro-5,6-dicyano-1,

4-benzoquinone 173
deoxygenations, palladium(II) acetate 425
iodinations, iodine 366
as nucleophiles, cyclizations, gold(III) chloride 300–301
oxazole synthesis, p-tolylsulfonylmethyl isocyanide

604–605
oxazoline synthesis, p-tolylsulfonylmethyl

isocyanide 604–605
oxidations, phenyliodine(III) bis(trifluoroacetate) 474
reactions

diazo(trimethylsilyl)methyllithium 130–133
trifluoromethanesulfonic anhydride 617–619, 622–623,

629
regenerations, 2,4-dinitrophenylhydrazine 245
semicarbazone synthesis, semicarbazide 542
synthesis, alcohol oxidations, palladium(II) acetate 423, 433

Carbonyl groups
additions, bromoacetone 49
oxidations, oxo(trimanganese) heptaacetate 402

Carbonyl sulfides (carbon oxysulfides), in situ synthesis from
carbon monoxide, sulfur 579

Carbopalladations
alkenes, dichlorobis(triphenylphosphine)palladium

(II) 157–159
alkynes, dichlorobis(triphenylphosphine)palladium

(II) 157–159
dichloro bis(acetonitrile) palladium 141–142
nucleophilic trapping, dichlorobis(triphenylphosphine)

palladium(II) 158–163
Carboxylic acids
additions, alkenes, oxo(trimanganese) heptaacetate 401
amidations

ammonium bicarbonate 30
2,2-difluoroethylamine 197
trifluoroethanamine 614–615

intramolecular reactions, with alkynes, palladium(II)
chloride 455–456

reactions
di-p-tolylcarbodiimide 268
iodine 360–361
trifluoromethanesulfonic anhydride 619–620, 629–630

Carboxylic esters
amidations, trifluoroethanamine 615
reactions, trifluoromethanesulfonic anhydride 619–620

Cascade reactions
annulations, phenyliodine(III) bis(trifluoroacetate) 479–480
gold(III) chloride 314–315
palladium(II) chloride 457–464

Castagnoli–Cushman three-component reaction,
3-thiapentanedioic acid 595

Catalyst selection criteria, dichlorobis(triphenylphosphine)
palladium(II) 153–154

Catalytic reactions

hydroboration, alkenes/alkynes, dirhodium(II)
tetraacetate 252

iodine 368–371
iron(III) chloride 380–381
Lewis acids

copper(II) sulfate 94, 95–97, 102
iron(III) chloride 380, 384

racemization, dirhodium(II) tetraacetate 256–257
redox, copper(II) sulfate 94–95

Cationic forms, activation of metal catalysts, silver(I)
hexafluoroantimonate 549–550

Chiral amino acid precursors, methyl glycine 391
Chiral auxiliary precursors, methyl glycine 391
Chirality

dimethyl 2,3-pentadienedioate 232
see also Enentioselective . . .

Chiral reagent synthesis, Benzotriazole methodology, 2,
5-dimethoxytetrahydrofuran 205–206

Chloramine, see also N-Aminophthalimide 19–23
Chlorinations

aromatics, copper(II) chloride 75–76
carbonyls, copper(II) chloride 75
2-chloro-1,3-dimethylimidazolinium chloride 59

α-Chlorinations
ammonium nitrate 27
O,O-dialkylchalcogenophosphonates, phosphorus

oxychloride 487
Chlorine, see also Copper(II) chloride 75–83
Chloroaldehydes, synthesis, from carbonyl compounds,

phosphorus oxychloride 483
Chloroauric acid see Hydrogen tetrachloroaurate
(Chlorocarbonyl)ethylketene, see also Malonyl

chloride 387–389
2H-4-Chlorochromenes, synthesis, phosphorus

oxychloride 486
2-Chloro-1,3-dimethylimidazolielium hexafluorophosphate

(CIP), see also 2-Chloro-1,3-dimethylimidazolinium
chloride 57–60

2-Chloro-1,3-dimethylimidazolinium chloride
(DMC) 57–60

2-Chloroethyl vinyl ether, see also Acetaldoxime 1–7
3-Chloroisoxazoles, synthesis, dichloroformaldehyde

oxime 185–186
3-Chloroisoxazolines, synthesis, dichloroformaldehyde

oxime 185
Chloromethyleneiminium ions, synthesis, phosphorus

oxychloride 482
Chloropalladations, dichloro bis(acetonitrile) palladium 141
5-Chloropyrrole carboxaldehydes, synthesis, phosphorus

oxychloride 486
4-Chloroquinoline derivatives, synthesis, phosphorus

oxychloride 487
N-Chlorosuccinimide, see also Copper(II) chloride 75–83
β-Chlorosulfides, synthesis, from olefins, phosphorus

oxychloride 485
CIP see 2-Chloro-1,3-dimethylimidazolielium

hexafluorophosphate
Cis/trans isomerizations, arylalkenes, dichloro bis(acetonitrile)

palladium 146–147
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Clauson–Kaas reactions, 2,
5-dimethoxytetrahydrofuran 204–205

Cleavage reactions
carbon–carbon bonds

(diacetoxyiodo)benzene 120
phosphorus oxychloride 487

cyclopropanes, iodine 360, 365
epoxides, iodine 365
oxidative

alkenes, oxygen 408–409
selenium(IV) oxide 532, 536–537

phenyliodine(III) bis(trifluoroacetate) 472
phosphorus oxychloride 487
photocleavage of protecting groups,

semicarbazide 545–546
Colvin rearrangement, alkylidene carbenes, diazo(trimethylsilyl)

methyllithium 131
Complexations, amino acids, copper(II) sulfate 98
Condensations

aldehydes
2,4-dinitrophenylhydrazine 245
indium tribromide 346

amines, indium tribromide 346
anions, acetone hydrazone 9–10
base-mediated, ethyl 2-diazo-3-oxybutyrate 280
carbonyl compounds, 2,2-difluoroethylamine 198
2-chloro-1,3-dimethylimidazolinium chloride 57
ketones, 2,4-dinitrophenylhydrazine 245
malonyl chloride 387–388
three-component reactions, copper(II)

trifluoromethanesulfonate 108–109
see also Knoevenagel condensations

Conjugate additions
asymmetric, copper(II) trifluoromethanesulfonate 110, 114
copper(II) chloride 76–77
with cyclizations, dimethyl 2,3-pentadienedioate 231–232,

235
indium tribromide 346–348
sodium tetrachloroaurate(III) 574
to activated alkenes

2,2-difluoroethylamine 196–197
trifluoroethanamine 614

Conjugated dienes
arylselenations, phosphorus oxychloride 486–487
functionalization, palladium(II) acetate 416–417, 426

Connective reagents, p-tolylsulfonylmethyl isocyanide 600,
603–604

Cope rearrangements, dichloro bis(acetonitrile) palladium 145
Copper–amine complexes, copper(I) chloride 63–64
Copper(I) bromide, see also Copper(I) iodide 83–93
Copper carbenoids, diazo compound decomposition to reactive

intermediates, copper(II) sulfate 94, 97
Copper(I) chloride 61–75

see also Copper(II) chloride 75–83
see also Copper(I) iodide 83–93

Copper(I) chloride combination reagents, see also Copper(I)
iodide 83–93

Copper(I) chloride–oxygen
see also Copper(I) chloride 61–75

see also Oxygen 402–414
Copper(I) chloride–sulfur dioxide
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83

Copper(I) chloride–tetrabutylammonium chloride
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83

Copper(I) chloride–oxygen, see also Copper(II)
chloride 75–83

Copper(II) chloride 75–83
see also Copper(I) chloride 61–75

Copper(II) chloride–copper(II) oxide
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83

Copper(I) cyanide, see also Copper(I) iodide 83–93
Copper hydride, synthesis, copper(I) chloride 70–71
Copper(I) iodide 83–93
see also Copper(I) chloride 61–75

Copper(II) sulfate 93–104
copper(II) trifluoromethanesulfonate 104–115

Copper(II) triflate see Copper(II) trifluoromethanesulfonate
Copper(I) trifluoromethanesulfonate
see also Copper(I) iodide 83–93
see also Copper(II) trifluoromethanesulfonate 104–115

Copper(II) trifluoromethanesulfonate 104–115
see also Copper(II) sulfate 93–104

Couplings
allylic alcohols, palladium(II) acetate 419–420
aryl alcohols, p-tolylsulfonylmethyl isocyanide 606
with aryl boronic acids, dimethyl diazomalonate 226–227
with arylsiloxanes, dimethyl diazomalonate 226
biaryl

metal-catalyzed bond functionalization, oxygen 410
oxidative, phenyliodine(III) bis

(trifluoroacetate) 477–478
carbon–carbon bond formation, copper(II)

trifluoromethanesulfonate 111
copper(I) chloride 65
dichloro bis(acetonitrile) palladium 147–148
diene formation, palladium(II) acetate 419
enyne formation, palladium(II) acetate 419
five-membered heterocycles, direct functionalization,

palladium(II) acetate 441
heteroaryllithiums, phosphorus oxychloride 485
imidazo[1,5-a]pyridines, direct functionalization,

palladium(II) acetate 443
indium tribromide 348
multicomponent, gold(III) chloride 306
oxidative

benzoic acid, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,
2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 170–171

biaryl, phenyliodine(III) bis(trifluoroacetate) 477–478
copper(II) trifluoromethanesulfonate 105
five-membered heterocycle direct functionalization,

palladium(II) acetate 441
Heck-type, oxygen 411
imidazo[1,5-a]pyridines, direct functionalization,

palladium(II) acetate 443
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selenium(IV) oxide 540
oxidized phenolic derivatives, copper(II) chloride 77
palladium(II) acetate 427–429
peptide bonds, racemization suppression, copper(II)

chloride 78
phenols/enolizable ketones, 2,3-dichloro-5,6-dicyano-1,

4-benzoquinone 175
reductive, oxygen 411
Sonogashira type, dichloro bis(acetonitrile) palladium 148
Stille type

copper(I) chloride 65
dichloro bis(acetonitrile) palladium 147–148

Cross-couplings
copper(I) chloride 70
copper(II) chloride 81
copper(I) iodide 88–89
Csp–Csp2, copper(I) iodide 89–90
dichloro bis(acetonitrile) palladium 147–149
dichlorobis(triphenylphosphine)palladium(II) 154–156
iron(III) chloride 380, 381
organometallics, carbon–carbon bond formation, tetrakis

(triphenylphosphine)palladium(0) 585–587
organosilanes, copper(I) iodide 89
organostannanes/organoboranes, copper(I) iodide 88–89
palladium(II) acetate 419, 427–429

Crystalline carbonyl derivatives, synthesis, semicarbazide 542
Csp–Csp bond formation, copper(I) iodide 89
Csp2Csp3 bond formation, copper(I) iodide 89
Csp–Csp2 cross-couplings, copper(I) iodide 89–90
Cu-HCC, synthesis, copper(I) chloride 70–71
Cupric chloride see Copper(II) chloride
Cuprous chloride see Copper(I) chloride
Cyanamide, see also Diphenyl cyanocarbonimidate 247–248
Cyanations
halogen exchange, copper(I) iodide 87
indium tribromide 348
reductive, p-tolylsulfonylmethyl isocyanide 599, 600–601
p-tolylsulfonylmethyl isocyanide 599, 600–601

Cyanide, in situ anion formation, ammonium
bicarbonate 31–32

Cyanogen bromide, see also S-Methylisothiourea 395–396
N-Cyanoguanidines, synthesis, diphenyl

cyanocarbonimidate 248
Cyanomethane see Acetonitrile
3-Cyanopyrroles, synthesis, p-tolylsulfonylmethyl

isocyanide 602–603
Cyanotrimethylsilane, additions across the carbon=nitrogen

double bond, acetaldoxime 2
Cyclic acylpalladation, type II, dichlorobis(triphenylphosphine)

palladium(II) 162
Cyclic sulfides, synthesis, sodium sulfide 562–563, 565–566,

568–569
Cyclization-anion-capture cascades, palladium(II)

chloride 460–461
Cyclizations
alkenes, iron(III) bromide 377
alkenyl silyl enol ethers

carbocycle formation, palladium(II) acetate 432
palladium(II) acetate 421–422

alkynes, iron(III) bromide 377
arenes, gold(III) chloride 298–299, 300
aromatic ring formation, polyphosphoric acid 498
Aza-Friedel–Crafts, copper(II)

trifluoromethanesulfonate 111
carbon–hydrogen bond activation, ethyl 2-diazo-

3-oxybutyrate 275–277
with conjugate addition, heterocycle synthesis, dimethyl 2,3-

pentadienedioate 231–232, 235
copper(I) chloride 62–63
copper(II) trifluoromethanesulfonate 113–114
β-diketones, phenyliodine(III) bis(trifluoroacetate) 474
dirhodium tetrakis-(heptafluorobutyramide) 266
gold(III) chloride 298–299, 300–302, 315–316
heterocycles, polyphosphoric acid 499–500
indium tribromide 349–351
intramolecular, oxygen 411
iron(III) bromide 376–377
Nazarov, copper(II) trifluoromethanesulfonate 109
non-aromatic moieties, polyphosphoric acid 498–499
phenolic compounds, 2,3-dichloro-5,6-dicyano-1,

4-benzoquinone 175, 178
polyphosphoric acid 498–499
Prins-type, iron(III) bromide 376–377
Pummerer-type, phenyliodine(III) bis(trifluoroacetate) 474
simple dienes, palladium(II) acetate 422
see also Oxidative cyclizations

1,2-Cycloadditions, 1-aza-1,3-dienes, α-methacrolein N-tert-
butylimine 390

1,4-Cycloadditions, 1-aza-1,3-dienes, α-methacrolein N-tert-
butylimine 390

[2+1] Cycloadditions
cascades, palladium(II) chloride 457–458
dimethyl diazomalonate 217–218

[2+2] Cycloadditions, cascades, palladium(II)
chloride 457–458

[3+2] Cycloadditions
N-[bis(methylthio)methylene]-p-toluenesulfonamide 45–46
cascades, palladium(II) chloride 458–459
diazo(trimethylsilyl)methyllithium 133
dimethyl 2,3-pentadienedioate 234
ethyl 2-diazo-3-oxybutyrate 278–279

[4+1] Cycloadditions
cascades, palladium(II) chloride 458
dimethyl diazomalonate 217–218, 226

[4+2] Cycloadditions, cascades, palladium(II)
chloride 459–460

[5+2] Cycloadditions, dimethyl 2,3-pentadienedioate 234
[3+2+1] Cycloadditions, cascades, palladium(II)

chloride 459–460
Cycloadditions

cascades, palladium(II) chloride 457–460
copper(II) trifluoromethanesulfonate 109, 112
2,3-dichloro-5,6-dicyano-1,4-benzoquinone 176, 180
dimethyl 1,2,4,5-tetrazine-3,6-dicarboxylate 237, 239–241
di-p-tolylcarbodiimide 271
formal 1,5-dipoles, ethyl 2-diazo-3-oxo-

3-phenylpropanoate 274
gold(III) chloride 306–307
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Cycloadditions (Continued )
α-methacrolein N-tert-butylimine 390
palladium(II) acetate 422
phenyliodine(III) bis(trifluoroacetate) 480
see also Diels–Alder cycloadditions; 1,3-Dipolar

cycloadditions
Cycloalkylamines, reactions, sodium nitrate 551
Cyclodehydrations, heterocycle synthesis, 2-chloro-1,

3-dimethylimidazolinium chloride 58–59
β-Cyclodextrin-mediated synthesis, N-substituted azepines, 2,

5-dimethoxytetrahydrofuran 207
1,3-Cyclohexadienes, synthesis, cyclopentadienylbis

(triphenylphosphine)cobalt(I) 116
Cyclohexene

see also Acetaldoxime 1–7
see also Iodine 358–374

N-Cyclohexyl-N´,N´-dimethylformamidine, see also
Formamidine acetate 289–290

Cyclohexyl isocyanide
see also Phenyl isocyanide 467–468
see also o-Tolyl isocyanide 598–599

Cycloisomerizations
enynes, palladium(II) acetate 422, 432
gold(III) chloride 299–300
triphenylphosphinegold(I) chloride 639–640

(1,5-Cyclooctadiene)(cyclopentadienyl)-cobalt(I), see also
Cyclopentadienylbis(triphenylphosphine)cobalt
(I) 115–117

Cyclopalladations, allyl/homoallyl compounds, palladium(II)
chloride 452

Cyclopentadienylbis(triphenylphosphine)cobalt(I)
115–117

Cyclopentadienyl(triphenylphosphine)cobaltacyclopentadiene
complexes, synthesis, cyclopentadienylbis
(triphenylphosphine)cobalt(I) 116

Cyclopropanations
alkenes, (diacetoxyiodo)benzene 125
asymmetric, styrene, copper(II)

trifluoromethanesulfonate 108
carbocycle formation, palladium(II) acetate 433
catalytic, copper(II) chloride–copper(II) acetate 78
dimethyl diazomalonate 215–216, 217–218, 220–222
intramolecular, iodonium ylides, (diacetoxyiodo)

benzene 120–121
metal carbene transformations, dirhodium(II)

tetraacetate 249, 253–254, 257–258
palladium(II) acetate 422–423
trifluomethyldiazomethane 607–608

Cyclopropane cleavage, iodine 360, 365
Cyclopropenations

dimethyl diazomalonate 222
metal carbene transformations, dirhodium(II)

tetraacetate 249, 257–258
trifluomethyldiazomethane 607–608

Cytosines, 1-substituted, synthesis, phosphorus
oxychloride 486

DAMN see Diaminomaleonitrile
DCC see Dicyclohexyl carbodiimide

DDQ see 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone
Deacetalizations, indium tribromide 343
Deacetylations, selective, guanidine 324
Decarboxylations, (diacetoxyiodo)benzene 124
Decarboxylative Blaise reactions, indium tribromide 351
Dehalogenative rearrangements, silver(I)

hexafluoroantimonate 548
Dehydrating properties, polyphosphoric acid 497–498, 499
Dehydrations
alcohols
copper(II) trifluoromethanesulfonate 106
phosphorus oxychloride 484–485

amides, phosphorus oxychloride 484
2-chloro-1,3-dimethylimidazolinium chloride 57–58
heterocycle synthesis, 2-chloro-1,3-dimethylimidazolinium

chloride 58–59
trifluoromethanesulfonic anhydride 621, 623, 625

Dehydrogenations
carbonyl compounds, 2,3-dichloro-5,6-dicyano-1,

4-benzoquinone 173, 176–177
hydrocarbons, 2,3-dichloro-5,6-dicyano-1,

4-benzoquinone 176
metal-catalyzed bond functionalization, oxygen 409–410
sulfur 578–579

Deoxygenations
carbonyls, palladium(II) acetate 425
epoxides, dimethyl diazomalonate 216–217, 219

Deprotection
2,3-dichloro-5,6-dicyano-1,4-benzoquinone 178–179
functional groups, iodine 367
palladium(II) acetate 435–436
photocleavage of protecting groups,

semicarbazide 545–546
potassium monoperoxysulfate 522
semicarbazones/silylated ethers, N,N,N´,

N´-tetrabromobenzene-1,3-disulfonamide 584
tetrakis(triphenylphosphine)palladium(0) 589–590

Dethioacetalization, phenyliodine(III) bis(trifluoroacetate)
474

Deuterium labeling, dichlorotris(triphenylphosphine)
ruthenium(II) 189

1,1-Diacetates, trans-dithioacetalization, phosphorus
oxychloride 485

Diacetatopalladium(II) see Palladium(II) acetate
Diacetonyl see 2,5-Hexanedione
(Diacetoxyiodo)benzene (DIB) 119–127
Diacetyl, see also 1,3-Diisopropyl-1,3-propanedione 200–203
1,2-Diacetylethane see 2,5-Hexanedione
O,O-Dialkylchalcogenophosphonates, α-chlorinations,

phosphorus oxychloride 487
7,9-Dialkylpurin-8-one analogs, synthesis, pivalic acid 496
3,4-Dialkylpyrroles, synthesis, p-tolylsulfonylmethyl

isocyanide 602–603
Diamines, synthesis of guanidine derivatives,N-[bis(methylthio)

methylene]-p-toluenesulfonamide 40–41
Diaminomaleonitrile (DAMN) 128–129
Diaryl alkenes, reactions, iodine 366
Diastereoselective Passerini reaction, p-tolylsulfonylmethyl

isocyanide 606
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1,2-Diaza-1,3-butadienes, polymer supported,
semicarbazide 545

3-Diazo-1-benzopyran-2,4-dione, see also Ethyl 2-diazo-3-oxo-
3-phenylpropanoate 273–275

α-Diazo carbonyl compounds, carbene precursors, ethyl 2-diazo-
3-oxo-3-phenylpropanoate 273–275

Diazo carbonyl compounds, catalytic dinitrogen extrusion,
dirhodium(II) tetraacetate 249–252, 253, 257–260

Diazo compounds
carbene synthesis, palladium(II) chloride 456
reactions, copper(II) trifluoromethanesulfonate 105–106
synthesis

2,2-difluoroethylamine 195
trifluoroethanamine 612

Diazo ketones
synthesis

activating groups, diethyl oxalate 194–195
diazo(trimethylsilyl)methyllithium 130, 134

2-Diazoniobenzenecarboxylate, see also 2-(Trimethylsilyl)
phenyl triflate 635–638

Diazonium salts
arene acetylations, acetaldoxime 1, 3
reactions, sodium nitrate 551–552

2-Diazo-3-oxobutanoic acid, ethyl ester see Ethyl 2-diazo-3-
oxybutyrate

2-Diazopropane, see also Acetone hydrazone 7–11
Diazotization, amines, sodium nitrate 551–552, 553–554,

556–557
2-Diazo-4,4,4-trifluoro-acetoacetic acid, ethyl ester see Ethyl

2-diazo-4,4,4-trifluoro-3-oxobutanoate
1-Diazo-2,2,2-trifluoroethane see Trifluomethyldiazomethane
2-Diazo-1,1,1-trifluoroethane see Trifluomethyldiazomethane
2-Diazo-4,4,4-trifluoro-3-oxobutanic, acid ethyl ester see Ethyl

2-diazo-4,4,4-trifluoro-3-oxobutanoate
Diazo(triisopropylsilyl)methyllithium, see also Diazo

(trimethylsilyl)methyllithium 129–135
2-Diazo-2-(trimethylsilyl)ethanols, utilization, diazo

(trimethylsilyl)methyllithium 130–131
Diazo(trimethylsilyl)methyllithium 129–135
DIB see (Diacetoxyiodo)benzene
Dibromoformaldehyde oxime 135–136
see also Dichloroformaldehyde oxime 184–186

DIC see N,N´-Diisopropyl carbodiimide
Dicarbonyl(cyclopentadienyl)cobalt(I), see also

Cyclopentadienylbis(triphenylphosphine)cobalt(I)
115–117

β-Dicarbonyl systems, iodonium ylide formation and
intramolecular cyclopropanation, (diacetoxyiodo)
benzene 120

Dicarboxydimethyl sulfide see 3-Thiapentanedioic acid
Dicarboyl compounds, reactions, trifluoromethanesulfonic

anhydride 619
Dichlorinations, dimethyl diazomalonate 229
Dichloro bis(acetonitrile) palladium 137–152
see also Palladium(II) chloride 449–467

Dichlorobis(triphenylphosphine)palladium(II) 152–164
see also Palladium(II) chloride 449–467

Di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-
2,4-cyclopentadien-1-yl]diiridium 164–172

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) 172–184

Dichloroformaldehyde oxime 184–186
see also Dibromoformaldehyde oxime 135–136

N-Dichloromethylene-N,N-dimethyliminium chloride, see also
Diphenyl cyanocarbonimidate 247–248

Dichloro palladium(II) complexes, synthesis, dichloro bis
(acetonitrile) palladium 149–150

Dichlorotris(triphenylphosphine)ruthenium(II) 186–191
Dicyanoisoimidazole synthesis, diiminosuccinonitrile 199–

200
Dicyanotetrahydropyrazines, synthesis,

diiminosuccinonitrile 199–200
Dicyclohexyl carbodiimide (DCC)

see also 2-Chloro-1,3-dimethylimidazolinium
chloride 57–60

see also Di-p-tolylcarbodiimide 267–272
Diels–Alder cycloadditions

copper(II) trifluoromethanesulfonate 107–108
diphenyl cyanocarbonimidate 248
homophthalate diester synthesis, dimethyl 2,3-

pentadienedioate 231, 232–233
homophthalate synthesis, dimethyl 2,3-

pentadienedioate 232–233
iron(III) bromide 378
pyrrole and furan, dimethyl 2,3-pentadienedioate 233–234
six-membered heterocycle synthesis, dimethyl 2,3-

pentadienedioate 231, 233
Dienes

cyclizations, palladium(II) acetate 422
synthesis, by coupling/cross-coupling, palladium(II)

acetate 419, 428–429
Dienols, synthesis, allylic alcohol couplings, palladium(II)

acetate 429
(Diethoxyphosphoryl)acetonitrile oxide 191–192
N,N-Diethylaminoacetonitrile, see also p-Tolylsulfonylmethyl

isocyanide 599–607
Diethyl carbonate, see also Diethyl oxalate 192–195
Diethyl ethoxymethylenemalonate, see also Ethyl

ethoxymethylenecyanoacetate 284–287
Diethyl isocyanomethylphosphonate, see also

p-Tolylsulfonylmethyl isocyanide 599–607
Diethyl oxalate 192–195
Diethylzinc–bromoform–oxygen, see also Oxygen 402–414
2,2-Difluoroethanamine see 2,2-Difluoroethylamine
2,2-Difluoroethan-1-amine see 2,2-Difluoroethylamine
2,2-Difluoroethylamine 195–199
2,5-Dihydro-2,5-dimethoxyfuran, see also 2,

5-Dimethoxytetrahydrofuran 203–208
Dihydrofurans, synthesis, dimethyl diazomalonate 228–229
Dihydropyridazines, synthesis, 2,

5-dimethoxytetrahydrofuran 203
1,4-Dihydropyridine, see also Iodine 358–374
cis-Dihydroxylations/oxidative cleavage sequence, alkenes,

oxygen 408–409
Diimides, synthesis from hydrazine, (diacetoxyiodo)

benzene 121
Diiminosuccinonitrile (DISN) 199–200
Diisobutyrylmethane see 1,3-Diisopropyl-1,3-propanedione
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N,N´-Diisopropyl carbodiimide (DIC), see also Di-
p-tolylcarbodiimide 267–272

1,3-Diisopropyl-1,3-propanedione 200–203
Diketene, see also N,N-Dimethylacetamide dimethyl

acetal 208–215
2,5-Diketohexane see 2,5-Hexanedione
1,3-Diketones, additions to alkenes, gold(III) chloride 305
β-Diketones, cyclizations, phenyliodine(III) bis

(trifluoroacetate) 474
Dimerizations

aryllithium, iron(III) chloride 379
indium tribromide 351

1,3-Dimethoxycarbonylallene see Dimethyl 2,
3-pentadienedioate

2,5-Dimethoxytetrahydrofuran (DMTHF) 203–208
N,N-Dimethylacetamide dimethyl acetal 208–215
N-(3-Dimethylaminopropyl)-N´-ethylcarbodiimide (EDCI)

hydrochloride, see also 2-Chloro-1,3-
dimethylimidazolinium chloride 57–60

(S)-N,N-Dimethyl-N´-(1-t-butoxy-3-methyl-2-butyl)-
formamidine, see also Formamidine
acetate 289–290

Dimethyl diazomalonate 215–230
Dimethyldioxirane, see also Potassium

monoperoxysulfate 512–530
2,6-Dimethyl-3,5-dioxoheptane see 1,3-Diisopropyl-1,

3-propanedione
N,N-Dimethylformamide diethyl acetal

see also N,N-Dimethylacetamide dimethyl acetal 208–215
see also Formamidine acetate 289–290

2,5-Dimethylfuran, synthesis, 2,5-hexanedione 328
2,6-Dimethylheptane-3,5-diketone see 1,3-Diisopropyl-1,

3-propanedione
2,6-Dimethyl-3,5-heptanedione see 1,3-Diisopropyl-1,

3-propanedione
2,6-Dimethylheptane-3,5-dione see 1,3-Diisopropyl-1,

3-propanedione
N,N-Dimethylhydrazine

see also Acetone hydrazone 7–11
see also 2,4-Dinitrophenylhydrazine 244–246
see also Phenylhydrazine 468–472
see also Semicarbazide 542–547

Dimethyl 2,3-pentadienedioate 230–236
2,2-Dimethylpropanoic acid see Pivalic acid
N,N-Dimethylpropionamide dimethyl acetal, see also N,

N-Dimethylacetamide dimethyl acetal 208–215
2,5-Dimethylpyrroles

primary amine protecting group, 2,5-hexanedione
327–328

synthesis, 2,5-hexanedione 327
Dimethyl sulfate, see also N,N-Dimethylacetamide dimethyl

acetal 208–215
Dimethyl sulfoxide–iodine, see also Iodine 358–374
Dimethyl 1,2,4,5-tetrazine-3,6-dicarboxylate 236–244
2,4-Dinitrophenylhydrazine (DNPH2) 244–246

see also Phenylhydrazine 468–472
O-(2,4-Dinitrophenyl)hydroxylamine (DnpONH2)

see also N-Aminophthalimide 19–23
see also 2,4-Dinitrophenylhydrazine 244–246

1,2-Dinucleophiles, five membered ring synthesis, ethyl
ethoxymethylenecyanoacetate 285

1,3-Dinucleophiles, six membered ring synthesis, ethyl
ethoxymethylenecyanoacetate 285

1,4-Dinucleophiles, N-heterocycle synthesis, ethyl
ethoxymethylenecyanoacetate 285–286

Diols, monoacylations, N,N-Dimethylacetamide dimethyl
acetal 210

1,2-Diones, dioxygenation, copper(II) chloride 77
Dioxiranes, synthesis, from ketones, potassium

monoperoxysulfate 512, 516
Dioxygenations, 1,2-diones, copper(II) chloride 77
Diphenoxymethylenecyanamide see Diphenyl

cyanocarbonimidate
Diphenyl cyanocarbonimidate (DPCC) 247–248
see also Guanidine 322–325
see also S-Methylisothiourea 395–396

Diphenyl N-cyanoimidocarbonate see Diphenyl
cyanocarbonimidate

O-(Diphenylphosphinyl) hydroxylamine (DppONH2), see also
N-Aminophthalimide 19–23

Diphenylsilane–tetrakis(triphenylphosphine)palladium(0)–zinc
chloride, see also Tetrakis(triphenylphosphine)
palladium(0) 585–594

1,3-Dipolar cycloadditions
acetaldoxime 2, 3
acetone hydrazone 8
acetonitrile N-oxide 18
1-amino-pyridinium iodide 24–26
benzonitrile N-oxide 33–35
dibromoformaldehyde oxime 135–136
dichloroformaldehyde oxime 184–186
2,2-difluoroethylamine 195
dimethyl 2,3-pentadienedioate 231
trifluomethyldiazomethane 609–610

1,5-Dipoles, formal, ethyl 2-diazo-3-oxo-
3-phenylpropanoate 274

Direct functionalization
bridghead N-atom containing heterocycles, palladium(II)

acetate 442–443
five-membered heterocycles, palladium(II) acetate 439–442
heteroarenes, using non-halide electrophiles, palladium(II)

acetate 443
indoles, palladium(II) acetate 437–439
pyridine derivatives, palladium(II) acetate 436–437, 443

Dirhodium(II) tetraacetate 249–264
Dirhodium tetrakis-(heptafluorobutyramide) 265–267
Dirhodium tetrakis(perfluorobutyramide) see Dirhodium

tetrakis-(heptafluorobutyramide)
DISN see Diiminosuccinonitrile
Disodium tetrachloropalladate(II), see also Palladium(II)

chloride 449–467
Disulfides
synthesis

hydrogen sulfide 332
sodium sulfide 563, 565

trans-Dithioacetalization, 1,1-diacetates, phosphorus
oxychloride 485

Di-p-tolylcarbodiimide 267–272

668 INDEX



BINDSUB 04/07/2017 15:37:5 Page 669

Divinyl ketone, see also Acetaldoxime 1–7
(Di)vinylpyrroles, synthesis, p-tolylsulfonylmethyl

isocyanide 602–603
Diyl trapping reactions, intramolecular, dimethyl 2,

3-pentadienedioate 235
Diynes, cycloisomerizations, triphenylphosphinegold(I)

chloride 639–640
DMC see 2-Chloro-1,3-dimethylimidazolinium chloride
DMTHF see 2,5-Dimethoxytetrahydrofuran
DNPH2 see 2,4-Dinitrophenylhydrazine
DnpONH2 see O-(2,4-Dinitrophenyl)hydroxylamine
Domino reactions
π-acids/Lewis acids, sodium tetrachloroaurate(III) 576
gold(III) chloride 314–315

Double carbon monoxide insertions, cyclization cascades,
palladium(II) chloride 461

DPCC see Diphenyl cyanocarbonimidate
DppONH2 see O-(Diphenylphosphinyl) hydroxylamine
Dual carbon–hydrogen bond activation, 9,9´-bifluorenylidene

derivatives synthesis, pivalic acid 496

EDCI see N-(3-Dimethylaminopropyl)-N´-ethylcarbodiimide
Electrophilic acetonylation, bromoacetone 47–49
Electrophilic additions
dichloro bis(acetonitrile) palladium 137–142
1,1,1-trifluoro-N-phenylmethanesulfenamide 633

Electrophilic iodinations, catalysts, sodium nitrate 559
Electrophilic–nucleophilic tandem ring closures, methyl

isocyanate 393–394
Electrophilic reactions
benzonitrile N-oxide 33
hydroxylamine 335–336, 337–338, 340

Electrophilic triflfluoromethylthiolations, 1,1,1-trifluoro-N-
phenylmethanesulfenamide 633–634

Eliminations
copper(II) trifluoromethanesulfonate 106
tetrakis(triphenylphosphine)palladium(0) 590

EMCA see Ethyl ethoxymethylenecyanoacetate
Enaminations, indium tribromide 351
Enamines, aromatization, dichloro bis(acetonitrile)

palladium 146
Enantioselective . . . , see also Chiral . . .
Enantioselective alkylations, copper(II)

trifluoromethanesulfonate 106–107, 113
Enantioselective allylic substitutions, copper(II)

trifluoromethanesulfonate 111
Enantioselective Friedel–Crafts alkylations, copper(II)

trifluoromethanesulfonate 106–107
Enantioselective oxidations, alcohols, palladium(II)

chloride 464
Enantioselective radical polymerizations, copper(II)

trifluoromethanesulfonate 109
Endoperoxides, reductions, thiourea 596
Ene reactions, Lewis acid catalysts, iron(III) chloride 380,

384
Enolates
oxidations, to α,β-unsaturated aldehydes and ketones,

palladium(II) acetate 423–424
regioselective protonation, pivalic acid 490

Enol ethers, hydrolysis reactions, dichloro bis(acetonitrile)
palladium 146

1,5-Enynes, cycloisomerizations, gold(III) chloride 299–300
Enynes

cycloisomerizations
carbocycle formation, palladium(II) acetate 432
palladium(II) acetate 422
triphenylphosphinegold(I) chloride 639

synthesis
by coupling/cross-coupling, palladium(II) acetate 419
by coupling and cross-coupling, palladium(II)

acetate 428–429
Episulfides, synthesis, thiourea 596
Epoxidations

alkenes, (diacetoxyiodo)benzene 124
phenyliodine(III) bis(trifluoroacetate) 476
potassium monoperoxysulfate 513–514, 517

Epoxides
cleavage reactions, iodine 365
deoxygenations, dimethyl diazomalonate 216–217, 219

Eschenmoser–Claisen rearrangements, N,N-Dimethylacetamide
dimethyl acetal 209–212

Ester analogs, amidations, 2,2-difluoroethylamine 197
Ester group modification/removal, dimethyl 1,2,4,5-tetrazine-

3,6-dicarboxylate 241
Esterifications

copper(II) trifluoromethanesulfonate 111–112
di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-

2,4-cyclopentadien-1-yl]diiridium 167
indium tribromide 353
potassium ethyl xanthate 510–511

Esters
amidations, 2,2-difluoroethylamine 197
oxalic acid, diethyl oxalate 192–195
synthesis, alcholysis, dichlorobis(triphenylphosphine)

palladium(II) 159–160
1,2- and 1,3-Ester shift reactions, gold(III) chloride 307–308
Ethane, 2-diazo-1,1,1-trifluoro- see Trifluomethyldiazomethane
Ethanenitrile see Acetonitrile
Etherifications, dimethyl diazomalonate 217, 220, 222–223
3-Ethoxyacrolein

see also Ethyl ethoxymethylenecyanoacetate 284–287
see also α-Methacrolein N-tert-butylimine 389–390

3-Ethoxyacrylonitrile, see also Ethyl
ethoxymethylenecyanoacetate 284–287

Ethoxycarbonyl isothiocyanate, see also Benzonitrile N-
oxide 33–35

Ethoxymethylenemalonitrile, see also Ethyl
ethoxymethylenecyanoacetate 284–287

Ethyl acetoacetate, see also Acetone hydrazone 7–11
Ethyl chloroformate, see also Formamidine acetate 289–290
Ethyl cyanoacetate, see also Ethyl

ethoxymethylenecyanoacetate 284–287
Ethyl 2-diazoacetoacetate see Ethyl 2-diazo-3-oxybutyrate
Ethyl α-diazobenzoylacetate see Ethyl 2-diazo-3-oxo-3-

phenylpropanoate
Ethyl diazolithioacetate, see also Diazo(trimethylsilyl)

methyllithium 129–135
Ethyl 2-diazo-3-oxobutanoate see Ethyl 2-diazo-3-oxybutyrate
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Ethyl 2-diazo-3-oxo-3-phenylpropanoate 273–275
Ethyl α-diazo-β-oxo-β-phenylpropionate see Ethyl 2-diazo-

3-oxo-3-phenylpropanoate
Ethyl 2-diazo-3-oxybutyrate 275–281
Ethyl 2-diazo-4,4,4-trifluoro-3-oxobutanoate 281–284
Ethyl 3,3-diethoxyacrylate, see also N,N-Dimethylacetamide

dimethyl acetal 208–215
Ethyl 3-ethoxyacrylate, see also Ethyl

ethoxymethylenecyanoacetate 284–287
Ethyl ethoxymethyleneacetoacetate, see also Ethyl

ethoxymethylenecyanoacetate 284–287
Ethyl ethoxymethylenecyanoacetate (EMCA) 284–287
Ethyl isocyanoacetate

see also Phenyl isocyanide 467–468
see also o-Tolyl isocyanide 598–599
see also p-Tolylsulfonylmethyl isocyanide 599–607

O-Ethyl S-potassium dithiocarbonate see Potassium ethyl
xanthate

Ethyl vinyl ether, see also N,N-Dimethylacetamide dimethyl
acetal 208–215

FA see Formamidine acetate
Fe(dibm)3 see Iron tris(diisobutyrylmethane)
Ferric bromide see Iron(III) bromide
Ferric chloride see Iron(III) chloride
Ferrier rearrangements, indium tribromide 351
Ferrier-type reactions, gold(III) chloride 306
Fischer indole synthesis, phenylhydrazine 469–470
Five-membered rings

construction by cyclodehydrations, 2-chloro-1,3-
dimethylimidazolinium chloride 58–59

direct functionalizations, palladium(II) acetate 439–442
synthesis
cycloaddition cascades, palladium(II) chloride 458–459
1,2-dinucleophile reactions, ethyl

ethoxymethylenecyanoacetate 285
dipolar cycloadditions, dimethyl 2,

3-pentadienedioate 231
guanidine 322–323
2,5-hexanedione 327
phenylhydrazine 470

Formal 1,5-dipoles, ethyl 2-diazo-3-oxo-
3-phenylpropanoate 274

Formaldoxime, see also Acetaldoxime 1–7
Formamidine acetate

see also Guanidine 322–325
see also S-Methylisothiourea 395–396

Formamidine acetate (FA) 289–290
Formamidine hydrochloride, comparison with formamidine

acetate 290
Formamidinesulfinic acid precursors, thiourea 596
Formic acid

one-carbon unit introduction in synthesis, dirhodium(II)
tetraacetate 257

see also Formamidine acetate 289–290
Formylations

alkenes, phosphorus oxychloride 482
aromatic rings, phosphorus oxychloride 482
heterocycles, phosphorus oxychloride 482

O-Formylations
sugars

phosphorus oxychloride 488
selective, phosphorus oxychloride 488

Four-membered heterocycles
synthesis

cycloaddition cascades, palladium(II) chloride 458
cyclodehydrations, 2-chloro-1,3-dimethylimidazolinium

chloride 58
Fragmentations, (diacetoxyiodo)benzene 120, 123
Fremy’s salt (potassium nitrosodisulfonate), synthesis, sodium

nitrate 553
Friedel–Crafts reactions
Aza-Friedel–Crafts cyclizations, copper(II)

trifluoromethanesulfonate 111
copper(II) trifluoromethanesulfonate 106–107
gold(III) chloride 302–303
indium tribromide 352
iron(III) bromide 378
trifluoromethanesulfonic anhydride 620

Friedländer reactions
2,5-hexanedione 329
quinoline synthesis, sodium tetrachloroaurate(III) 575

Fries rearrangements, phosphorus oxychloride 485–486
[60]Fullerenes, acene cycloadditions, 2,3-dichloro-5,6-dicyano-

1,4-benzoquinone 176
Functional group interchanges, methyl isocyanate 394
Functionalization
alkenes, palladium-activated carbon nucleophiles, palladium

(II) acetate 417–421
alkenes and other π-systems

with carbon nucleophiles, palladium(II) acetate 427–431
with heteroatom nucleophiles, palladium(II)

acetate 425–427
carbon bearing non-allylic bonds, palladium(II)

acetate 433–434
conjugated dienes, palladium(II) acetate 416–417, 426
heterocycles, pivalic acid 491–496
see also Direct functionalization; Oxidative functionalization

O-Functionalization, acetaldoxime 2–3, 4–5
Furanones, synthesis, (diethoxyphosphoryl)acetonitrile

oxide 192
Furans
synthesis

(diethoxyphosphoryl)acetonitrile oxide 192
2,5-dimethoxytetrahydrofuran 203–208
dimethyl diazomalonate 216, 228

see also 2,5-Dimethoxytetrahydrofuran 203–208
Furan–yne reactions, gold(III) chloride 317–318
Fused heterocycles, synthesis, 1-amino-pyridinium

iodide 24–26

German saltpeter see Ammonium nitrate
Glutaraldehyde, see also 2,5-

Dimethoxytetrahydrofuran 203–208
Glycine methyl ester see Methyl glycine
C-Glycosidations, dimethyl diazomalonate 217
Glycosylations
copper(II) trifluoromethanesulfonate 107
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gold(III) chloride 310–311
potassium ethyl xanthate 509–510
stereodirecting solvents, acetonitrile 13–17
trifluoromethanesulfonic anhydride 624–625

Gold–carbene complexe synthesis, gold(III) chloride 312
Gold(I) chloride 291–298
Gold(III) chloride 298–321
Gold compounds (AuCl3, NaAuCl4, HAuCl4 � x(H2O), (n-Bu)

4N+AuCl-4), see also Triphenylphosphinegold(I)
chloride 638–641

Gold(0)/gold(1) precursors, sodium tetrachloroaurate(III)
576

Grignard reagents, addition across carbonyl groups,
bromoacetone 49

Grubb’s reagent, synthesis, dichlorotris(triphenylphosphine)
ruthenium(II) 189–190

Guanidine 322–325
see also Diphenyl cyanocarbonimidate 247–248
see also S-Methylisothiourea 395–396

Guanidines/derivative synthesis
N-[bis(methylthio)methylene]-p-toluenesulfonamide 38–41
diphenyl cyanocarbonimidate 248

Guanylations, S-methylisothiourea 396

Halide reactions, potassium monoperoxysulfate 521–522
α-Halo-esters, reactions, hydroxylamine 336
Halogenations
alcohols, phosphorus oxychloride 483
copper(II) chloride 81
heterocycles, phosphorus oxychloride 483

Halogen exchange-cyanations, copper(I) iodide 87
Halogenolysis, dichlorobis(triphenylphosphine)palladium

(II) 159
α-Haloketones, bromoacetone 47–52
HBTU see O-(Benzotriazol-1-yl)N,N,N´,N´-tetramethyluronium

hexafluorophosphate
Heck couplings
alkene functionalization, palladium(II) acetate 417–419
carbocycle formation, palladium(II) acetate 421
dichlorobis(triphenylphosphine)palladium(II) 157–158
intramolecular, carbocycle formation, palladium(II)

acetate 431–432
oxygen 411
palladium(II) acetate 417–419, 421, 427–428, 431–432
palladium(II) chloride 462, 463

Heteroaromatic compounds (heteroarenes)
amines, reactions, sodium nitrate 552
azadienes, dimethyl 1,2,4,5-tetrazine-3,6-

dicarboxylate 236–244
direct alkenylations, pivalic acid 495–496
direct functionalization, using non-halide electrophiles,

palladium(II) acetate 443
iodinations, iodine 361–362, 368–369
synthesis, 2-(trimethylsilyl)phenyl triflate 636

Heteroarylations, triphenylphosphinegold(I) chloride 639
Heteroaryllithiums, couplings, phosphorus oxychloride 485
Heteroatom–hydrogen bonds
insertions

ethyl 2-diazo-3-oxo-3-phenylpropanoate 273

metal carbene transformations, dirhodium(II)
tetraacetate 250, 255–256

Heteroatom nucleophiles, functionalization of alkenes and other
π-systems, palladium(II) acetate 415–417, 425–427

Heterocumulenes, reactions, phenylhydrazine 470
Heterocycles

arylations, pivalic acid 494
bridghead N-atom containing, direct functionalization,

palladium(II) acetate 442–443
formylations, phosphorus oxychloride 482
functionalization, pivalic acid 491–496
halogenation, phosphorus oxychloride 483
intermolecular direct arylations, pivalic acid 491–494
oxidative aromatizations, N,N,N´,N´-tetrabromobenzene-1,3-

disulfonamide 583
synthesis

acetaldoxime 2, 3–4
acetone hydrazone 8
benzonitrile N-oxide 33–35
benzoyl isothiocyanate 36–37
bromoacetone 50
1-tert-butyloxycarbonyl-1-methylhydrazine 53–55
2-chloro-1,3-dimethylimidazolinium chloride 58–59
copper(I) iodide 87–88
copper(II) sulfate 100–102
cyclopentadienylbis(triphenylphosphine)cobalt

(I) 116–117
diaminomaleonitrile 128
diazo(trimethylsilyl)methyllithium 130
dichloro bis(acetonitrile) palladium 143–144

di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,
5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 169–170

dichlorotris(triphenylphosphine)ruthenium(II) 187
diethyl oxalate 194
2,2-difluoroethylamine 198
diiminosuccinonitrile 199–200
1,3-diisopropyl-1,3-propanedione 201–202
N,N-Dimethylacetamide dimethyl acetal 210, 212–213
dimethyl diazomalonate 218–219
dimethyl 2,3-pentadienedioate 231–235
2,4-dinitrophenylhydrazine 245–246
diphenyl cyanocarbonimidate 247–248
di-p-tolylcarbodiimide 267–268
ethyl 2-diazo-3-oxybutyrate 275–277
formamidine acetate 289–290
guanidine 322–324
2,5-hexanedione 327
hydrogen sulfide 333
indium tribromide 349–351
iron(III) bromide 377
malonyl chloride 387
α-methacrolein N-tert-butylimine 390
methyl glycine 391–392
methyl isocyanate 393–394
S-methylisothiourea 395–396
methyl thioglycolate 398
palladation of alkynes, dichloro bis(acetonitrile)

palladium 143–144
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Heterocycles (Continued )
palladium(II) acetate 421, 429–431
phenylhydrazine 469–470
phenyliodine(III) bis(trifluoroacetate) 474–476
phenyl isocyanide 467–468
polyphosphoric acid 499–500
potassium ethyl xanthate 503–505
selenium(IV) oxide 537
semicarbazide 542–543
sodium tetrachloroaurate(III) 575
tetrakis(triphenylphosphine)palladium(0) 591–592
thiourea 596–597
o-Tolyl isocyanide 598
1,1,1-trifluoro-N-phenylmethanesulfenamide 634
2-(trimethylsilyl)phenyl triflate 636
via N-acylnitrenium ions, phenyliodine(III) bis

(trifluoroacetate) 474–476
via intramolecular cyclization, di-μ-chlorodichlorobis

[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-2,
4-cyclopentadien-1-yl]diiridium 169–170

Hetero-Diels–Alder cycloadditions
copper(II) trifluoromethanesulfonate 107–108
six-membered heterocycle synthesis, dimethyl 2,

3-pentadienedioate 231, 233
Heterodienes, α-methacrolein N-tert-butylimine 389
Heteronucleophiles, additions to alkynes,

triphenylphosphinegold(I) chloride 638–639
2,5-Hexanedione 327–330
Hindered Brønsted acids, pivalic acid 490–497
Hoffmann-type rearrangements, (diacetoxyiodo)benzene 123
Homoallyl compounds, cyclopalladations, palladium(II)

chloride 452
Homoallylic alcohols, synthesis, from vinyl epoxides/oxetanes,

palladium(II) acetate 420
Homologations

ketones, diazo(trimethylsilyl)methyllithium 129–130
trifluomethyldiazomethane 610–611

Homophthalate diesters, synthesis, Diels–Alder cycloadditions,
dimethyl 2,3-pentadienedioate 231

Homophthalates, synthesis, Diels–Alder cycloadditions,
dimethyl 2,3-pentadienedioate 232–233

HONO see Nitrous acid
Horner–Wadsworth–Emmons reactions, 2,5-

dimethoxytetrahydrofuran 206
Hydrations, alkynes, sodium tetrachloroaurate(III) 575
Hydrazine

diimide synthesis, (diacetoxyiodo)benzene 121
see also Acetone hydrazone 7–11
see also N-Aminophthalimide 19–23
see also Semicarbazide 542–547

Hydrazine derivatives
nitrosation, sodium nitrate 552
synthesis, N-aminophthalimide 19–20

Hydrazoic acid, see also N-Aminophthalimide 19–23
Hydrazones

acetone hydrazone 7–11
oxidations

acetone hydrazone 8
(diacetoxyiodo)benzene 122

Hydroaminations
alkynes, gold(III) chloride 304
allenes, gold(III) chloride 304
gold(III) chloride 303–304
indium tribromide 352
sodium tetrachloroaurate(III) 574

Hydroborations
alkenes, dirhodium(II) tetraacetate 252
alkynes, dirhodium(II) tetraacetate 252
di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-

2,4-cyclopentadien-1-yl]diiridium 166, 171
Hydrocarbons
oxidations

catalytic reactions with tert-butyl hydroperoxide, copper(II)
chloride 79–81

catalytic reactions with molecular oxygen, copper(II)
chloride 78–79

Hydrochloric acid, see also Pivalic acid 490–497
Hydrochlorinations, acetylenes, sodium tetrachloroaurate(III)

574
Hydrofunctionalizations
alkene additions, gold(III) chloride 312
alkyne additions, gold(III) chloride 312–313
allene additions, gold(III) chloride 313
nucleophile/proton additions, gold(III) chloride 312–313

Hydrogenations
carbon=carbon double bonds, di-μ-chlorodichlorobis

[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-2,
4-cyclopentadien-1-yl]diiridium 166

1,3-diisopropyl-1,3-propanedione 200
gold(I) chloride 296–297
transfer-type, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 165, 171

Hydrogen atoms, donator/abstractor, methyl thioglycolate 398
Hydrogen fluoride–antimony(V) fluoride, see also Silver(I)

hexafluoroantimonate 547–550
Hydrogenolysis, allylic heterosubstituents, palladium(II)

acetate 425
Hydrogen peroxide and base reactions, acetonitrile 13
Hydrogen selenide, see also Sodium sulfide 561–573
Hydrogen sulfide 330–335
see also Sodium sulfide 561–573
see also Thiourea 596–597

Hydrogen telluride, see also Sodium sulfide 561–573
Hydrogen transfer reactions, di-μ-chlorodichlorobis[(1,2,3,4,

5-η)-1,2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 165–166

Hydrolysis
dichlorobis(triphenylphosphine)palladium(II) 159
silyl ethers/enol ethers/acetals, dichloro bis(acetonitrile)

palladium 146
Hydrosilylations, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,

2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 171

Hydrothiolations, indium tribromide 352–353
Hydrovinylations, indium tribromide 353
Hydroxamic acids, synthesis, hydroxylamine 336–337, 339
N-Hydroxy-α-amino acids, synthesis, hydroxylamine 336
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Hydroxy aromatics, reactions, copper(II) chloride 76
β-Hydroxy carbonyls, synthesis, from oxazolines,

p-tolylsulfonylmethyl isocyanide 604–605
α-Hydroxy dimethyl acetals, from ketone oxidations,

(diacetoxyiodo)benzene 119–120
α-Hydroxy-esters, reactions, hydroxylamine 336
Hydroxylamine 335–342
see also Acetaldoxime 1–7
see also Semicarbazide 542–547

Hydroxylations, allyl/propargyl groups, selenium(IV)
oxide 531

β-Hydroxy methylamines, synthesis, from oxazolines,
p-tolylsulfonylmethyl isocyanide 604–605

N-Hydroxyphthalimide-oxygen, see also Oxygen 402–414

IBD (iodobenzenediacetate) see (Diacetoxyiodo)benzene
Imidazoles
synthesis

ammonium bicarbonate 32
formamidine acetate 289–290
methyl glycine 391
p-tolylsulfonylmethyl isocyanide 605

Imidazo[1,2-a]pyrazines, arylations, direct functionalization,
palladium(II) acetate 442

Imidazo[1,2-b]pyrazoles, arylations, direct functionalization,
palladium(II) acetate 443

Imidazo[1,5-a]pyridines
oxidative couplings, direct functionalization, palladium(II)

acetate 443
see also Iodine 358–374

Imidazo[1,2-b][1,2,4,5]tetrazines, arylations, direct
functionalization, palladium(II) acetate 442–443

Imines
additions, gold(III) chloride 303
α-methacrolein N-tert-butylimine 389
as nucleophiles, cyclizations, gold(III) chloride 302
synthesis, dimethyl diazomalonate 227

Indane-type compounds, synthesis, 2,5-hexanedione 328–329
2H-Indazoles, see also Iodine 358–374
Indium(III) chloride, see also Indium tribromide 343–358
Indium(III) fluoride, see also Indium tribromide 343–358
Indium(III) iodide, see also Indium tribromide 343–358
Indium tribromide 343–358
Indium(III) trifluoromethanesulfonate, see also Indium

tribromide 343–358
Indoles
acylations, palladium(II) acetate 439
C-alkylations, copper(II) trifluoromethanesulfonate 109
alkylations, palladium(II) acetate 438–439
arylations, palladium(II) acetate 437–438
direct functionalization, palladium(II) acetate 437–439
reactions, 1,1,1-trifluoro-N-

phenylmethanesulfenamide 633–634
synthesis

2,5-dimethoxytetrahydrofuran 204
Fischer’s reaction, phenylhydrazine 469–470
o-Tolyl isocyanide 598
p-tolylsulfonylmethyl isocyanide 602–603

vinylations, palladium(II) acetate 438–439

Indoline, synthesis, dimethyl 1,2,4,5-tetrazine-3,
6-dicarboxylate 238

Inorganic–organic reactions, acetonitrile solvent 12–13
In situ formation

carbonyl sulfides from carbon monoxide, sulfur 579
cyanide anions, ammonium bicarbonate 31–32
nitrous acid, sodium nitrate 550

Intermolecular acylations, polyphosphoric acid 501
Intermolecular hydroaminations, alkynes, gold(III)

chloride 304
Intermolecular oxidative aminations, pivalic acid 496
Intramolecular cyclizations

di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-
2,4-cyclopentadien-1-yl]diiridium 169–170

oxygen 411
Intramolecular cyclopropanation, iodonium ylides,

(diacetoxyiodo)benzene 120–121
Intramolecular Diels-Alder reactions

1-azadienes, copper(II) trifluoromethanesulfonate 107
oxazoles, copper(II) trifluoromethanesulfonate 108

Intramolecular diyl trapping, dimethyl 2,3-
pentadienedioate 235

Intramolecular Heck coupling, carbocycle formation, palladium
(II) acetate 431–432

Intramolecular hydroaminations
alkynes, gold(III) chloride 304
allenes, gold(III) chloride 304

Intramolecular oxidative cyclization, phenyliodine(III) bis
(trifluoroacetate) 473–474

Intramolecular reactions, alkynes with carboxylic acids/alcohols/
amines, palladium(II) chloride 455–456

Iodides
alcohol conversions, iodine 360
organoborane conversions, iodine 362

Iodinations
alkanes, iodine 368
aromatic compounds, iodine 361–362, 368–369
carbonyl compounds, iodine 366

Iodine 358–374
Iodine–aluminum(III) chloride–copper(II) chloride

see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83
see also Iodine 358–374

Iodine–cerium(IV) ammonium nitrate, see also
Iodine 358–374

Iodine–copper(II) acetate, see also Iodine 358–374
Iodine–copper(I) chloride–copper(II) chloride

see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83
see also Iodine 358–374

Iodine–copper(II) chloride
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83
see also Iodine 358–374

Iodine–nitrogen tetroxide, see also Iodine 358–374
Iodine–potassium iodate, see also Iodine 358–374
Iodine reagents, synthesis, iodine 368
Iodine–silver acetate, see also Iodine 358–374
Iodine–silver benzoate, see also Iodine 358–374
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Iodine–silver(I) fluoride, see also Iodine 358–374
Iodine–silver trifluoroacetate, see also Iodine 358–374
Iodoarenes, see also Iodine 358–374
Iodobenzene bis(trifluoroacetate) see Phenyliodine(III) bis

(trifluoroacetate)
Iodobenzenediacetate (IBD) see (Diacetoxyiodo)benzene
Iodonium salt reactions, copper(I) chloride 69
Iodonium ylides

intramolecular cyclopropanations, (diacetoxyiodo)
benzene 120–121

synthesis, (diacetoxyiodo)benzene 120–121
Ionic liquids, synthesis, N,N-Dimethylacetamide dimethyl

acetal 212
Iridium catalysts, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,

2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 164–172

Iron(III) bromide 374–379
Iron(III) chloride 378–386
Iron(III) chloride–acetic anhydride, see also Iron(III)

chloride 378–386
Iron(III) chloride–alumina, see also Iron(III) chloride

378–386
Iron(III) chloride–dimethylformamide, see also Iron(III)

chloride 378–386
Iron(III) chloride–silica gel, see also Iron(III)

chloride 378–386
Iron(III) chloride–sodiumhydride, see also Iron(III)

chloride 378–386
Iron(II) sulfate–oxygen, see also Oxygen 402–414
Iron tris(diisobutyrylmethane) (Fe(dibm)3), see also 1,

3-Diisopropyl-1,3-propanedione 200–203
Isocyanomethyllithium

see also Phenyl isocyanide 467–468
see also o-Tolyl isocyanide 598–599
see also p-Tolylsulfonylmethyl isocyanide 599–607

Isomerizations
(E)/(Z)-, acetaldoxime 6
acetamide synthesis, acetaldoxime 1, 3
cis/trans arylalkenes, dichloro bis(acetonitrile)

palladium 146–147
dichlorotris(triphenylphosphine)ruthenium(II) 187, 188
palladium(II) acetate 427, 432
polyphosphoric acid 500–501
tetrakis(triphenylphosphine)palladium(0) 590
see also Cycloisomerizations

Isothiuronium salts, synthesis from alkyl halide or sulfonate,
thiourea 596

Isoxazoles
synthesis

hydroxylamine 338, 340
sodium tetrachloroaurate(III) 574

Isoxazolines
synthesis

acetonitrile N-oxide 18
hydroxylamine 338, 340

Ketals, synthesis, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,
2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 170

Ketenes
additions, trifluoroethanamine 613
reactions, ethyl 2-diazo-3-oxybutyrate 280–281

β-Keto esters
Markovnikov additions, to terminal alkynes, indium

tribromide 353
Michael additions, to unsaturated carbonyl compounds,

copper(II) trifluoromethanesulfonate 110
Ketones
condensations, 2,4-dinitrophenylhydrazine 245
homologations, diazo(trimethylsilyl)methyllithium 129
hydrocarbon oxidation, catalytic reactions, copper(II)

chloride 78–79
iodinations, iodine 366
oxazole synthesis, copper(II) trifluoromethanesulfonate 106
oxidations

phenyliodine(III) bis(trifluoroacetate) 474
potassium monoperoxysulfate 512, 515–516, 523
to α-hydroxy dimethyl acetals, (diacetoxyiodo)

benzene 119–120
oxime formation, hydroxylamine 336, 338
protection, semicarbazide 545
reactions

diazo(trimethylsilyl)methyllithium 130
2,4-dinitrophenylhydrazine 244–245
hydroxylamine 337, 339–340
iodine 360–361
trifluoromethanesulfonic anhydride 618

reductive cyanations, p-tolylsulfonylmethyl isocyanide 599,
600–601

semicarbazone synthesis, semicarbazide 542
synthesis

alcohol oxidations, palladium(II) acetate 423, 433
allylic alcohol couplings, palladium(II) acetate 419–420,

429
dichlorobis(triphenylphosphine)palladium(II) 161

Knoevenagel condensations
copper(II) chloride 76
indium tribromide 353
3-thiapentanedioic acid 595
p-tolylsulfonylmethyl isocyanide 600, 602–603

β-Lactams
synthesis

phenylhydrazine 470
phosphorus oxychloride 485

Lactols, fragmentation to unsaturated medium-ring lactones,
(diacetoxyiodo)benzene 120

Lactones
synthesis

(diacetoxyiodo)benzene 120
from alkenes, oxo(trimanganese) heptaacetate 401

γ-Lactones, synthesis, copper(II)
trifluoromethanesulfonate 110

Lead(IV) acetate–iodine, see also Iodine 358–374
Lewis acids
copper(I) chloride 67–69
copper(II) chloride 75
copper(II) sulfate 94, 95–97, 102
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gold(I) chloride 291–296
iron(III) bromide 376
iron(III) chloride 380–381
silver(I) hexafluoroantimonate 548, 549–550

Linear phosphoric acids, see also Polyphosphoric
acid 497–503

Linkers, symmetric compound synthesis, 2,
5-dimethoxytetrahydrofuran 205

Lithiated diazo compounds, diazo(trimethylsilyl)
methyllithium 129–135

2-Lithio-1,3-dithiane, see also p-Tolylsulfonylmethyl
isocyanide 599–607

Lithiotrimethylsilyldiazomethane see Diazo(trimethylsilyl)
methyllithium

Lossen-type rearrangements, 2-chloro-1,
3-dimethylimidazolinium chloride 60

Malonates, Markovnikov additions to terminal alkynes, indium
tribromide 353

Malonyl chloride 387–389
Manganese triacetate see Oxo(trimanganese) heptaacetate
Mannich-type reactions, copper(II)

trifluoromethanesulfonate 109
Markovnikov additions
dichloro bis(acetonitrile) palladium 140
indium tribromide 353
triphenylphosphinegold(I) chloride 638

Mercaptoacetic acid methyl ester see Methyl thioglycolate
Mercury(II) oxide–iodine, see also Iodine 358–374
O-Mesitoyl hydroxylamine (MtONH2), see also

N-Aminophthalimide 19–23
Mesitylcopper(I), synthesis, copper(I) chloride 62
O-Mesitylenesulfonyl hydroxylamine, see also

N-Aminophthalimide 19–23
Mesoionic carbene (MIC) complexes, gold–carbene complex

synthesis, gold(III) chloride 312
Metalated dimethylhydrazones, anion equivalents, acetone

hydrazone 7, 9–10
Metalations, anion formation, acetone hydrazone 9
Metal carbenes
synthesis

from diazo compounds, dirhodium(II) tetraacetate 249,
253, 257

from non-diazo precursors, dirhodium(II)
tetraacetate 260–261

transformations, dirhodium(II) tetraacetate 249–252, 253,
257–261

Metal catalysts
activation by forming cations, silver(I)

hexafluoroantimonate 549–550
carbon–hydrogen bond functionalization, oxygen 409–411
oxidations, oxygen 405, 408–409
oxygen 411

Metal-free aerobic oxidations, oxygen 411–412
Metathesis, silver(I) hexafluoroantimonate 547–548
α-Methacrolein N-tert-butylimine 389–390
Methacrolein dimethylhydrazone, see also α-Methacrolein N-

tert-butylimine 389–390
Methanethiol sources, S-methylisothiourea 396

Methoxyacetonitrile, see also p-Tolylsulfonylmethyl
isocyanide 599–607

2-Methoxy-1,3-butadiene, see also N,N-Dimethylacetamide
dimethyl acetal 208–215

Methyl 2-aminoacetate see Methyl glycine
Methylations, N,N-Dimethylacetamide dimethyl

acetal 213–214
N-Methylations, selenium(IV) oxide 537
N-Methylcarbamoylations, methyl isocyanate 393
Methyl chlorooxalate, see also Diethyl oxalate 192–195
Methyl cyanide see Acetonitrile
Methyl cyanoformate, see also Diethyl oxalate 192–195
Methyl 2-diazo-3-oxo-3-phenylpropanoate, see also Ethyl

2-diazo-3-oxo-3-phenylpropanoate 273–275
Methylene-containing compounds

activated, additions, N-[bis(methylthio)methylene]-
p-toluenesulfonamide 43–45

reactions, copper(II) chloride 76
4-Methylene-oxetan-2-one, see also Acetaldoxime 1–7
Methyl formate, see also Formamidine acetate 289–290
Methyl glycinate see Methyl glycine
Methyl glycine 390–393
Methylhydrazine derivatives (protected at the unsubstituted

nitrogen), synthesis, 1-tert-butyloxycarbonyl-
1-methylhydrazine 52–53

N´-Methyl hydrazines, N-substituted, synthesis, 1-tert-
butyloxycarbonyl-1-methylhydrazine 53

2-Methyl-3-hydroxy-substituted pyridines, synthesis,
4-methyloxazole 397

Methyl isocyanate (MIC) 393–395
see also Benzonitrile N-oxide 33–35

Methyl isocyanide
see also Phenyl isocyanide 467–468
see also o-Tolyl isocyanide 598–599
see also p-Tolylsulfonylmethyl isocyanide 599–607

Methyl isocyanide derivatives, p-tolylsulfonylmethyl
isocyanide 599–607

S-Methylisothiosemicarbazide, see also Diphenyl
cyanocarbonimidate 247–248

S-Methylisothiourea 395–396
see also Diphenyl cyanocarbonimidate 247–248
see also Guanidine 322–325

O-Methylisourea
see also Diphenyl cyanocarbonimidate 247–248
see also Guanidine 322–325
see also S-Methylisothiourea 395–396

Methyl ketones, synthesis, alkene oxidations, palladium(II)
acetate 415–416, 425

Methyl magnesium carbonate, see also Diethyl
oxalate 192–195

Methyl magnesium iodide–copper(I) chloride
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83

n-Methylmaleinimide, see also Acetaldoxime 1–7
Methyl 2-mercaptoacetate see Methyl thioglycolate
4-Methyloxazole 397–398
N-Methylpyrazoles, regioselective synthesis, 1-tert-

butyloxycarbonyl-1-methylhydrazine 54
Methyl reactions, acetonitrile 12
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Methyl thioglycolate (MTG) 398–399
Methylthiomethyl p-tolyl sulfone, see also p-

Tolylsulfonylmethyl isocyanide 599–607
Methyl N-(p-tolylsulfonylmethyl)thiobenzimidate, see also

p-Tolylsulfonylmethyl isocyanide 599–607
Methyl(trifuoromethyl)dioxirane, see also Potassium

monoperoxysulfate 512–530
Meyer–Schuster rearrangements, gold(III) chloride 304
MIC see Methyl isocyanate
Michael acceptors, reactions, hydroxylamine 336, 339
Michael additions

1,3-diisopropyl-1,3-propanedione 201
β-keto esters, to unsaturated carbonyl compounds, copper(II)

trifluoromethanesulfonate 110
trifluoroethanamine 614

1,2-Migrations
dirhodium(II) tetraacetate 258
gold(III) chloride 314

Migratory insertions, dichlorobis(triphenylphosphine)palladium
(II) 159–163

Mitsunobu-type reactions, 2,3-dichloro-5,6-dicyano-1,
4-benzoquinone 180–181

Modified Oxone® reagents, potassiummonoperoxysulfate 515
Molecular oxygen see Oxygen
Monoacylations, diols, N,N-Dimethylacetamide dimethyl

acetal 210
Morpholinone derivatives, synthesis, methyl glycine 392
MTG see Methyl thioglycolate
MtONH2 see O-Mesitoyl hydroxylamine
Mukaiyama Aldol reactions, copper(II)

trifluoromethanesulfonate 113
Multicomponent reactions

π-acids/Lewis acids, sodium tetrachloroaurate(III) 576
Castagnoli–Cushman three-component reaction, 3-

thiapentanedioic acid 395
dirhodium(II) tetraacetate 259
gold(III) chloride 306, 311
trifluomethyldiazomethane 611–612

N-amino heterocycles, oxidations, (diacetoxyiodo)
benzene 122

N-aminophthalimidates heterocycles, oxidations,
(diacetoxyiodo)benzene 122

Nazarov cyclizations
copper(II) trifluoromethanesulfonate 109
dichloro bis(acetonitrile) palladium 145–146
iron(III) chloride 380

NbzONH2 see O-(p-Nitrobenzoyl)hydroxylamine
Neutral nucleophiles, additions, N-[bis(methylthio)methylene]-

p-toluenesulfonamide 37–45
Nitrations

ammonium nitrate 27–28
sodium nitrate 557

Nitrenes
reactions, dirhodium(II) tetraacetate 256, 261
sources, N-aminophthalimide 19–23

Nitric acid ammonium salt see Ammonium nitrate
Nitrile oxides

reagents, (diethoxyphosphoryl)acetonitrile oxide 191–192

synthesis, sodium nitrate 556
Nitriles
hydrolysis, to amides, polyphosphoric acid 501
synthesis

ammonium bicarbonate 31
from aldehydes, hydroxylamine 337, 339

Nitrite esters, synthesis, sodium nitrate 553, 554–555
Nitroalkanes, synthesis, sodium nitrate 553
O-(p-Nitrobenzoyl)hydroxylamine (NbzONH2), see also

N-Aminophthalimide 19–23
2-Nitrocyclopentenol, synthesis, 2,5-

dimethoxytetrahydrofuran 206–207
Nitrogen compounds
reactions, potassium monoperoxysulfate 514, 518–520,

527
synthesis, sodium nitrate 553, 554–555

Nitrogen heterocycles
synthesis

copper(II) sulfate 100–102
2,2-difluoroethylamine 198
di-p-tolylcarbodiimide 267–268
ethyl 2-diazo-3-oxybutyrate 275–277
ethyl ethoxymethylenecyanoacetate 284–287
polyphosphoric acid 499–500
sodium tetrachloroaurate(III) 575

Nitrogen–hydrogen bonds, insertions, ethyl 2-diazo-
3-oxybutyrate 277–278

Nitrogen–oxygen bonds, insertions, dirhodium(II)
tetraacetate 258

2-(2-Nitrophenyl)propyloxycarbonyl (NPPOC), protecting
group photocleavage, semicarbazide 545–546

3-Nitropyrroles, synthesis, p-tolylsulfonylmethyl
isocyanide 602–603

Nitrosations
hydrazine derivatives, sodium nitrate 552
N,N,N´,N´-tetrabromobenzene-1,3-disulfonamide 584

C-Nitrosations, sodium nitrate 552–553, 554
N-Nitrosations, sodium nitrate 552, 554, 557
Nitrous acid (HONO), precursor for in situ generation, sodium

nitrate 550
O-Nitroveratryloxycarbonyl (NVOC), protecting group

photocleavage, semicarbazide 545–546
Non-halide electrophiles, direct functionalization of

heteroarenes, palladium(II) acetate 443
Nontraditional solvents, reactions, dirhodium(II)

tetraacetate 256
NPPOC see 2-(2-Nitrophenyl)propyloxycarbonyl groups
N-Nucleophiles, reactions, di-p-tolylcarbodiimide 269–270
O-Nucleophiles, reactions, di-p-tolylcarbodiimide 270–271
Nucleophilic additions
N-[bis(methylthio)methylene]-p-toluenesulfonamide 37–45
2,3-dichloro-5,6-dicyano-1,4-benzoquinone 181
dimethyl 2,3-pentadienedioate 234–235
palladium(II) acetate 415–417, 425–431
semicarbazide 542–547
sodium sulfide 561, 568, 569, 570
triphenylphosphinegold(I) chloride 640–641

Nucleophilic diazo species, diazo(trimethylsilyl)
methyllithium 129–135
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Nucleophilic reactions, hydroxylamine 335–336, 337–338,
340

O-Nucleophilic reactions, sodium nitrate 558–559
Nucleophilic substitutions
2,3-dichloro-5,6-dicyano-1,4-benzoquinone 181
phenyliodine(III) bis(trifluoroacetate) 476–477

Nucleophilic trapping, carbopalladation, dichlorobis
(triphenylphosphine)palladium(II) 158–163

Nucleosides, synthesis, diaminomaleonitrile 128–129
N versus O selectivity, alkylations, hydroxylamine 336,

338–339
NVOC see O-Nitroveratryloxycarbonyl groups

Olefinations, pyridine derivatives, direct functionalization,
palladium(II) acetate 437

Olefins
β-chlorosulfide synthesis, phosphorus oxychloride 485
cross-couplings, 1,3-diisopropyl-1,3-propanedione 200

Oppenauer-type oxidations, alcohols, di-μ-chlorodichlorobis
[(1,2,3,4,5-η)-1,2,-3,4,5-pentamethyl-2,4-
cyclopentadien-1-yl]diiridium 165

Organic halides, reactions, iodine 362
Organoantimony compounds, oxidations, (diacetoxyiodo)

benzene 126
Organobismuth compounds, oxidations, (diacetoxyiodo)

benzene 126
Organoboranes
conversion to iodides, iodine 362
organostannane cross-couplings, copper(I) iodide 88–89
oxidations, oxygen 404–405, 407

Organoboron compounds
reactions

diazo(trimethylsilyl)methyllithium 134
trifluomethyldiazomethane 611

Organocopper chemistry, copper(I) iodide 83–86
Organogold reagents, triphenylphosphinegold(I)

chloride 638–641
Organometallic compounds
iodinations, iodine 367
oxygenations, oxygen 403–404, 406
polyorganometallics, sulfur sulfide-derived reactions,

sulfur 579–580
reactions, sulfur 580–581
transmetalations

copper(I) chloride 65–67
palladium(II) chloride 453–454

Organophosphorus compounds, reactions, diazo(trimethylsilyl)
methyllithium 134

Organoselenides, synthesis, selenium(IV) oxide 534–535,
539–540

Organosilanes, cross-couplings, copper(I) iodide 89
Organostannanes/organoboranes, cross-couplings, copper(I)

iodide 88–89
Organosulfur compounds
oxidations, (diacetoxyiodo)benzene 126
reactions, diazo(trimethylsilyl)methyllithium 134

Organotin compounds
organostannane/organoborane cross-couplings, copper(I)

iodide 88–89

reactions, diazo(trimethylsilyl)methyllithium 134
Organozinc compounds, nucleophilic attack, o-Tolyl

isocyanide 598
Organozirconocene chlorides, cross-couplings, copper(I)

iodide 89
Ortho-palladations, aromatic compounds, palladium(II)

chloride 452
Orthophosphoric acid, see also Polyphosphoric acid 497–503
Osazones, synthesis, phenylhydrazine 471
Osmium tetraoxide–copper(I) chloride–oxygen, see also

Oxygen 402–414
Oxalic acid

esters, diethyl oxalate 192–195
see also Diethyl oxalate 192–195

Oxalyl chloride
reactions, diaminomaleonitrile 128
see also Diethyl oxalate 192–195

Oxalyl cyanide, synthesis, diiminosuccinonitrile 199
Oxaminations, copper(II) chloride 81
Oxazoles

intramolecular Diels-Alder reactions, copper(II)
trifluoromethanesulfonate 108

synthesis
dimethyl diazomalonate 216
from carbonyl compounds, p-tolylsulfonylmethyl

isocyanide 604–605
from ketones, copper(II) trifluoromethanesulfonate 106
methyl glycine 392
substituted, 4-methyloxazole 397

2-Oxazolidinones, oxirane conversion, methyl isocyanate 393
Oxazolines

synthesis from carbonyl compounds, p-tolylsulfonylmethyl
isocyanide 604–605

transformations
β-hydroxy carbonyls, p-tolylsulfonylmethyl

isocyanide 604–605
β-hydroxy methylamines, p-tolylsulfonylmethyl

isocyanide 604–605
Oxidations

acetone hydrazone 8
alcohols

(diacetoxyiodo)benzene 124
dichloro bis(acetonitrile) palladium 146

di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,
5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 165, 166–167

2,3-dichloro-5,6-dicyano-1,4-benzoquinone 173–174
enantioselective, palladium(II) chloride 464
palladium(II) acetate 423, 433
palladium(II) chloride 464

aldazines, (diacetoxyiodo)benzene 122
aldehydes, palladium(II) acetate 423
alkenes

autooxidation, dirhodium(II) tetraacetate 253
to methyl ketones, palladium(II) acetate 415–416, 425

alkylhydrazones, (diacetoxyiodo)benzene 122
alkyl radicals, copper(II) trifluoromethanesulfonate 106
alkynes

oxygen 408
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Oxidations (Continued )
to α,β-acetylenic ketones, catalytic reactions with tert-butyl

hydroperoxide, copper(II) chloride 79–81
allylic carbon–hydrogen bond activation, palladium(II)

acetate 425–426
allylic compounds, catalytic reactions with tert-butyl

hydroperoxide, copper(II) chloride 79
amines, (diacetoxyiodo)benzene 121–122
ammonium nitrate 28
aromatics

carbon–hydrogen bond direct oxidation, gold(III)
chloride 309–310

palladium(II) acetate 424–425
benzylic alkyl groups, 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone 175, 177–178
carbonyl compounds, phenyliodine(III) bis

(trifluoroacetate) 474
carbonyl groups, oxo(trimanganese) heptaacetate 402
2-chloro-1,3-dimethylimidazolinium chloride 59–60
copper(I) chloride 63
copper(II) sulfate 94–95, 97–98
(diacetoxyiodo)benzene 126
dichlorotris(triphenylphosphine)ruthenium(II) 186–187
dioxygenations, 1,2-diones, copper(II) chloride 77
enolates, palladium(II) acetate 423–424
gold(I) chloride 296
gold(III) chloride 298, 305
heteroatoms

(diacetoxyiodo)benzene 126
oxygen 405, 407

hydrazones, (diacetoxyiodo)benzene 122
hydrocarbons

catalytic reactions with tert-butyl hydroperoxide, copper(II)
chloride 79–81

catalytic reactions with molecular oxygen, copper(II)
chloride 78–79

hydrogen transfer, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-
3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 165

iron(III) bromide 374–375
iron(III) chloride 379–380, 382
ketones

phenyliodine(III) bis(trifluoroacetate) 474
potassium monoperoxysulfate 512, 515
to α-hydroxy dimethyl acetals, (diacetoxyiodo)

benzene 119–120
metal catalyzed, oxygen 405, 408–409
metal-free, oxygen 411–412
α-methacrolein N-tert-butylimine 389
N-amino heterocycles, (diacetoxyiodo)benzene 122
N-aminophthalimidates heterocycles, (diacetoxyiodo)

benzene 122
Oppenauer-type, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-

3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 165

organoboranes, oxygen 404–405, 407
organosulfur compounds, (diacetoxyiodo)benzene

126
oxygen 405, 408–409, 411–412

palladium(II) acetate 423–426, 433–434
palladium(II) chloride 449–454, 464
phenolic compounds

copper(II) chloride 77
(diacetoxyiodo)benzene 120
phenyliodine(III) bis(trifluoroacetate) 472–474

phenyliodine(III) bis(trifluoroacetate) 472–474, 476
poly(methyl styrene), copper(II) chloride 81
porphyrins, gold(III) chloride 305
potassium monoperoxysulfate 512–518
selenium(IV) oxide 531–534
sodium nitrate 553, 555–556, 557–558
5-substituted pyrazol-3(2H)-ones, (diacetoxyiodo)

benzene 122
sulfides, sodium tetrachloroaurate(III) 574–575
terminal alkenes, to methyl ketones, palladium(II)

acetate 415–416, 425
N,N,N´,N´-tetrabromobenzene-1,3-disulfonamide 583
tetrakis(triphenylphosphine)palladium(0) 589
trifluoromethanesulfonic anhydride 623–624
triphenylphosphinegold(I) chloride 641
Wacker process

oxygen 408
palladium(II) chloride 450

Oxidative additions, alkenes, palladium(II) chloride
449–450

Oxidative amidations, selenium(IV) oxide 538–539
Oxidative aminations, intermolecular, pivalic acid 496
Oxidative aromatizations, heterocycles, N,N,N´,N´-

tetrabromobenzene-1,3-disulfonamide 583
Oxidative biaryl couplings, phenyliodine(III) bis

(trifluoroacetate) 477–478
Oxidative carbonylations, palladium(II) chloride 452–453
Oxidative cleavage
selenium(IV) oxide 532, 536–537
tandem cis-dihydroxylation sequence, alkenes,

oxygen 408–409
Oxidative couplings
benzoic acid, di-μ-chlorodichlorobis[(1,2,3,4,5-η)-1,2,-3,4,

5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 170–171

biaryl, phenyliodine(III) bis(trifluoroacetate) 477–478
copper(II) trifluoromethanesulfonate 105
five-membered heterocycles, direct functionalization,

palladium(II) acetate 441
Heck-type, oxygen 411
imidazo[1,5-a]pyridines, direct functionalization, palladium

(II) acetate 443
selenium(IV) oxide 540

Oxidative cyclizations
intramolecular, oxygen 411
phenyliodine(III) bis(trifluoroacetate) 473–474

Oxidative decarboxylation, tert-butyl radical synthesis, pivalic
acid 491

Oxidative esterifications, indium tribromide 353
Oxidative functionalization
alkenes, with heteroatom nucleophiles, palladium(II)

acetate 415–417
five-membered heterocycles, palladium(II) acetate 441
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Oxidative rearrangements, phenyliodine(III) bis
(trifluoroacetate) 479

Oxidative substitutions, alkenes, palladium(II)
chloride 449–450

Oxidizing agent comparison, palladium(II) chloride versus
palladium(II) acetate 449

Oximes
synthesis

from aldehydes, hydroxylamine 337, 339
from ketones, hydroxylamine 337, 339

Oxiranes
conversion to 1,2-amino alcohols, methyl isocyanate 393
conversion to 2-oxazolidinones, methyl isocyanate 393

Oxone® see Potassium monoperoxysulfate
Oxo(trimanganese) heptaacetate 401–402
Oxygen 402–414
Oxygenations
aldols, copper(II) trifluoromethanesulfonate 110
carbanions, oxygen 403–404, 406
carbon–hydrogen bonds, (diacetoxyiodo)benzene 125–126
carbon radicals, oxygen 404, 406
organometallic compounds, oxygen 403–404, 406

Oxygen heterocycles
synthesis

ethyl 2-diazo-3-oxybutyrate 277
polyphosphoric acid 499–500

Oxygen–hydrogen bonds
insertions

dimethyl diazomalonate 220
dirhodium tetrakis-(heptafluorobutyramide) 265

Oxygen nucleophiles, acetonylation, bromoacetone 47
Oxygen–platinum catalyst, see also Oxygen 402–414
Oxypalladations, dichloro bis(acetonitrile) palladium

138–140
Ozonides, reductions, thiourea 596

Paal–Knorr synthesis, 2,5-hexanedione 327
Palladacycle catalyzed reactions, palladium(II)

chloride 461–462
Palladations
alkenes, dichloro bis(acetonitrile) palladium 137–142
alkynes, dichloro bis(acetonitrile) palladium 143–144
dichlorobis(triphenylphosphine)palladium(II) 157–159

Palladium(II) acetate 415–449
Palladium catalysts
reoxidants, copper(II) chloride 78
selection criteria, dichlorobis(triphenylphosphine)palladium

(II) 153–154
Palladium(0) catalysts
dichloro bis(acetonitrile) palladium 147–149
palladium(II) chloride 449, 456–457

Palladium(II) catalysts
dichloro bis(acetonitrile) palladium 137–146
dichlorobis(triphenylphosphine)palladium(II) 152–164
palladium(II) chloride 449, 454–455
versus palladium(0) catalysts, dichlorobis

(triphenylphosphine)palladium(II) 153–154
Palladium(II) chloride 449–467
see also Dichloro bis(acetonitrile) palladium 137–152

see also Dichlorobis(triphenylphosphine)palladium
(II) 152–164

Palladium(II) chloride–copper(I) chloride
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83
see also Palladium(II) chloride 449–467

Palladium(II) chloride–copper(II) chloride
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83
see also Palladium(II) chloride 449–467

Palladium(II) chloride–silver(I) acetate, see also Palladium(II)
chloride 449–467

Palladium complexes, reactions, copper(II) chloride 78
Palladium diacetate see Palladium(II) acetate
(±)-Pallambins A and B, total synthesis, dibromoformaldehyde

oxime 136
Passerini reactions

diastereoselective, p-tolylsulfonylmethyl isocyanide 606
phenyl isocyanide 468

Peptides
chemistry, hydroxylamine 338
couplings, racemization suppression, copper(II) chloride 78
heteroatom oxidations, oxygen 405
modification, diphenyl cyanocarbonimidate 248
synthesis, methyl glycine 391

Peroxides, reductions, thiourea 596
Peroxy radicals, generation, copper(II)

trifluoromethanesulfonate 108
Phenol, see also Iodine 358–374
Phenolic compounds

couplings, copper(II) chloride 77
cyclizations, 2,3-dichloro-5,6-dicyano-1,

4-benzoquinone 175, 178
oxidations

copper(II) chloride 77
(diacetoxyiodo)benzene 120
phenyliodine(III) bis(trifluoroacetate) 472–474

reactions
palladium(II) chloride 450–451
trifluoromethanesulfonic anhydride 616–617, 621–622,

627–628
Phenyl group, carbon–hydrogen bond activation, palladium(II)

acetate 424–425
Phenylhydrazine 468–472
see also Acetone hydrazone 7–11
see also 2,4-Dinitrophenylhydrazine (DNPH2) 244–246
see also Semicarbazide 542–547

Phenyliodine(III) bis(trifluoroacetate) 472–481
Phenyliodine(III) diacetate see (Diacetoxyiodo)benzene
Phenyl isocyanate, see also Methyl isocyanate 393–395
Phenyl isocyanide 467–468

see also o-Tolyl isocyanide 598–599
Phenyl selenocyanate–copper(II) chloride

see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83

N-Phenyltrifluoromethanesulfenamide see 1,1,1-Trifluoro-N-
phenylmethanesulfenamide

(Phenyl)-[o-(trimethylsilyl)phenyl]iodonium triflate, see also
2-(Trimethylsilyl)phenyl triflate 635–638
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Phosphine oxide reactions, trifluoromethanesulfonic
anhydride 628–629

Phosphinylating agents, reactions, hydroxylamine 337
Phosphoric acid, see also Polyphosphoric acid 497–503
Phosphorus(III) chloride, reactions, diaminomaleonitrile 128
Phosphorus compounds

reactions
bromoacetone 49
potassium monoperoxysulfate 521

Phosphorus halides, reactions, diazo(trimethylsilyl)
methyllithium 134

Phosphorus(V) oxide, see also Phosphorus
oxychloride 481–489

Phosphorus oxychloride 481–489
Phosphorus oxychloride–Zinc(II) chloride, see also Phosphorus

oxychloride 481–489
Phosphorylations

alcohols, with N-phosphoryloxazolidinones, copper(II)
trifluoromethanesulfonate 109–110

iron(III) bromide 378
phosphorus oxychloride 483–484

Phosphoryl chloride see Phosphorus oxychloride
N-Phosphoryloxazolidinones, phosphorylation with alcohols,

copper(II) trifluoromethanesulfonate 109–110
Photocleavage, protecting groups, semicarbazide 545–546
π-Allylpalladium

complex formation, palladium(II) chloride 451–452
intermediates in carbocycle formation, palladium(II)

acetate 421
PIFA see Phenyliodine(III) bis(trifluoroacetate)
Piperidines, synthesis, phenylhydrazine 470
Pivalic acid 490–497
Polarity reversal catalysts (PRCs), methyl thioglycolate 398
Polycyclic arenes, synthesis, 2-(trimethylsilyl)phenyl

triflate 635–636
Polycyclic lactones, synthesis, from alkenes, oxo(trimanganese)

heptaacetate 401
Polyfunctionalized compounds, synthesis, benzonitrile N-

oxide 33–35
Polymerizations

dichlorotris(triphenylphosphine)ruthenium(II) 188, 190
enantioselective radical, copper(II)

trifluoromethanesulfonate 109
α-methacrolein N-tert-butylimine 389

Polymers, star polymer synthesis, dichlorotris
(triphenylphosphine)ruthenium(II) 190

Polymer-supported 1,2-diaza-1,3-butadienes,
semicarbazide 545

Polymer-supported reactions, dirhodium(II) tetraacetate 256
Polymer-supported synthesis, potassium ethyl xanthate 509
Poly(methyl styrene) (PMS), oxidations, copper(II)

chloride 81
Polyorganometallics, sulfur sulfide-derived reactions,

sulfur 579–580
Polyphosphoric acid (PPA) 497–503
Polysubstituted unsymmetrical benzene synthesis,

cyclopentadienylbis(triphenylphosphine)cobalt
(I) 116–117

Polysulfides, synthesis, sodium sulfide 563, 565

Porphyrins, oxidations, gold(III) chloride 305
Potassium caroate see Potassium monoperoxysulfate
Potassium ethyl xanthate 503–512
see also Sodium sulfide 561–573
see also Thiourea 596–597

Potassium hydrogenpersulfate see Potassium
monoperoxysulfate

Potassium hydrogen sulfide
synthesis, hydrogen sulfide 331
see also Sodium sulfide 561–573

Potassium monoperoxysulfate 512–530
Potassium nitrosodisulfonate (Fremy’s salt), synthesis, sodium

nitrate 553
Potassium permanganate–copper(II) sulfate, see also Copper(II)

sulfate 93–104
Potassium peroxymonosulfate see Potassium

monoperoxysulfate
Potassium sulfide, synthesis, hydrogen sulfide 331
Potassium tetrachloropalladate(II), see also Palladium(II)

chloride 449–467
Potassium xanthate see Potassium ethyl xanthate
Potassium xanthogenate see Potassium ethyl xanthate
Potassium O-xanthogenate see Potassium ethyl xanthate
PPA see Polyphosphoric acid
PRCs see Polarity reversal catalysts
Primary amines
protecting groups, 2,5-hexanedione 327–328
synthesis, guanidine 324

Prins-type cyclizations, iron(III) bromide 376–377
Propargyl alcohols, see also Acetaldoxime 1–7
Propargyl carbamate, see also Acetaldoxime 1–7
Propargyl chloride, see also Acetaldoxime 1–7
Propargyl groups, hydroxylations, selenium(IV) oxide 531
Propargyl ketones, cyclizations, gold(III) chloride 298–299
Propionaldehyde t-butylimine, see also α-Methacrolein

N-tert-butylimine 389–390
Propionic acid, see also Pivalic acid 490–497
Protecting group chemistry
functional groups, iodine 367
iron(III) chloride 381, 385
ketones, semicarbazide 545
primary amines, 2,5-hexanedione 327–328
see also Deprotection

Protonation, regioselective, enolates, pivalic acid 490
Pummerer-type cyclization, phenyliodine(III) bis

(trifluoroacetate) 474
Purine nucleosides, reactions, sodium nitrate 554
Purinoids, synthesis, phosphorus oxychloride 487
Push–pull alkenes, ethyl

ethoxymethylenecyanoacetate 284–287
1H-Pyrazole-1-carboxamidine hydrochloride
see also Diphenyl cyanocarbonimidate 247–248
see also Formamidine acetate 289–290
see also Guanidine 322–325
see also S-Methylisothiourea 395–396

Pyrazoles, synthesis, phenylhydrazine 470
Pyrazolines, synthesis, phenylhydrazine 470
Pyridazines, synthesis, dimethyl 1,2,4,5-tetrazine-3,

6-dicarboxylate 239–241
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Pyridine, see also Iodine 358–374
Pyridine derivatives
arylations, palladium(II) acetate 436–437
direct functionalization, palladium(II) acetate 436–437, 443
olefinations, palladium(II) acetate 437
synthesis, 1-amino-pyridinium iodide 24

Pyridines
reactions, trifluoromethanesulfonic anhydride 629
synthesis

dimethyl 1,2,4,5-tetrazine-3,6-dicarboxylate 238–239
hydroxylamine 338, 340
phosphorus oxychloride 487

Pyridin-2(1H)-ones, tetrasubstituted, synthesis, phosphorus
oxychloride 487–488

Pyridinopyrimidine, synthesis, methyl glycine 391–392
Pyrimidines
synthesis

formamidine acetate 289
thiourea 596

Pyrones, synthesis, phosphorus oxychloride 487
Pyrrolazepines, synthesis, 2,5-

dimethoxytetrahydrofuran 204–205
Pyrroles
C-alkylations, copper(II) trifluoromethanesulfonate 109
primary amine protecting groups, 2,5-hexanedione 327–328
synthesis

2,5-dimethoxytetrahydrofuran 203–204
dimethyl 1,2,4,5-tetrazine-3,6-dicarboxylate 238, 242
2,5-hexanedione 327
p-tolylsulfonylmethyl isocyanide 601–603, 605–606

tetrasubstituted, synthesis, phosphorus oxychloride 487
Pyrrolidines, synthesis, 2,5-dimethoxytetrahydrofuran 203,

204–205
Pyrrolizines, synthesis, 2,5-

dimethoxytetrahydrofuran 204–205

Quinazolines, synthesis, phenylhydrazine 471
Quinazolinones, synthesis, phosphorus oxychloride 486
Quinolines, synthesis, sodium tetrachloroaurate(III) 575
Quinolizine, synthesis, methyl glycine 391
Quinones
high oxidation potential, 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone 172–173
synthesis, phenolic oxidations, phenyliodine(III) bis

(trifluoroacetate) 472–473
Quinoxalines, unsymmetrical synthesis, phosphorus

oxychloride 486

Racemization suppression, peptide couplings, copper(II)
chloride 78

Radical additions, copper(I) chloride 62
Radical chain reactions, methyl thioglycolate 398–399
Radical polymerizations, copper(II)

trifluoromethanesulfonate 109
Radical reactions
copper(II) trifluoromethanesulfonate 106, 109
(diacetoxyiodo)benzene 124
oxygen 404, 406
potassium ethyl xanthate 505–509

Radziszewski reaction, acetonitrile 13
Rearrangements

2-chloro-1,3-dimethylimidazolinium chloride 60
(diacetoxyiodo)benzene 123
gold(III) chloride 304, 313–314
oxidative, phenyliodine(III) bis(trifluoroacetate) 479
palladium(II) chloride 454–455
phosphorus oxychloride 485–486
pivalic acid 490
polyphosphoric acid 500–501
ring-opening, copper(II) trifluoromethanesulfonate 113
sigmatropic, potassium ethyl xanthate 510–511
silver(I) hexafluoroantimonate 548
tetrakis(triphenylphosphine)palladium(0) 590
to acetamide, acetaldoxime 1, 5

Redox catalysts, copper(II) sulfate 94–95
Reductions

acetaldoxime 6
alkynes, palladium(II) acetate 425, 434
alkynyl sulfones, copper(II) trifluoromethanesulfonate 106
asymmetric, pivalic acid 490
2-chloro-1,3-dimethylimidazolinium chloride 60
copper(II) sulfate 98, 102
dichlorotris(triphenylphosphine)ruthenium(II) 186
2,4-dinitrophenylhydrazine 245
hydrogen sulfide 333
hydroxylamine 338
indium tribromide 353–354
α-methacrolein N-tert-butylimine 389–390
palladium(II) acetate 425, 434
peroxides, thiourea 596
sodium nitrate 555
sodium sulfide 563–564, 566–567
tetrakis(triphenylphosphine)palladium(0) 589
triphenylphosphinegold(I) chloride 641

Reductive aldol reactions, indium tribromide 354
Reductive aminations

2,2-difluoroethylamine 198
trifluoroethanamine 614

Reductive couplings, oxygen 411
Reductive cyanations, p-tolylsulfonylmethyl isocyanide 599,

600–601
Reformatsky-type reactions, indium tribromide 354
Regioselective alkylations, activating groups, diethyl

oxalate 194
Regioselective protonation, enolates, pivalic acid 490
Regioselective synthesis

heterocycles, benzonitrile N-oxide 33–35
N-Methylpyrazoles, 1-tert-butyloxycarbonyl-1-

methylhydrazine 54
Reoxidants, catalytic palladium reactions, copper(II)

chloride 78
Rhodium catalysts

dirhodium(II) tetraacetate 249–264
dirhodium tetrakis-(heptafluorobutyramide) 265–267

Ring closures
tandem electrophilic–nucleophilic, methyl

isocyanate 393–394
see also Aromatic ring formation; Cyclizations
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Ring expansions
copper(II) trifluoromethanesulfonate 107
dimethyl diazomalonate 216, 219, 222, 228

Ring opening
aziridines

phosphorus oxychloride 485
trifluoroethanamine 614

azirines, dimethyl diazomalonate 227–228
copper(II) trifluoromethanesulfonate 113
gold(III) chloride 308–309
indium tribromide 354–356
phenyliodine(III) bis(trifluoroacetate) 472

Ring transformations, dimethyl 1,2,4,5-tetrazine-3,
6-dicarboxylate 242–243

Ritter-type reactions, acetonitrile 12–13
Ruthenium(II) catalysts, dichlorotris(triphenylphosphine)

ruthenium(II) 186–191
Ruthenium complexes, synthesis, dichlorotris

(triphenylphosphine)ruthenium(II) 190
Ruthenium-hydrotalcite catalyst–oxygen, see also

Oxygen 402–414

Sandmeyer reaction, copper(I) chloride 61
Selective deacetylations, guanidine 324
SelectiveO-formylations, sugars, phosphorus oxychloride 488
Selectivity

metal carbene transformations, dirhodium(II)
tetraacetate 252

N versus O selective alkylations, hydroxylamine 336,
338–339

see also Asymmetric . . . ; Enantioselective . . . ;
Regioselective . . .

Selenadiazoles, synthesis and conversions, semicarbazide 542,
543–544

Selenides, synthesis, selenium(IV) oxide 534–535, 539–540
Selenium compounds, reactions, potassium

monoperoxysulfate 521
Selenium dioxide see Selenium(IV) oxide
Selenium(IV) oxide 531–542
Selenium(IV) oxide–t-butyl hydroperoxide, see also Selenium

(IV) oxide 531–542
Selenophene

synthesis, 2,5-hexanedione 328
see also Iodine 358–374

Semicarbazide 542–547
see also Hydroxylamine 335–342
see also Phenylhydrazine 468–472

Semicarbazones
deprotection, N,N,N´,N´-tetrabromobenzene-1,

3-disulfonamide 584
synthesis, semicarbazide 542–543, 545

Seven-membered rings, synthesis, 1,4-dinucleophile reactions,
ethyl ethoxymethylenecyanoacetate 285–286

Shift reactions, 1,2- and 1,3-ester shifts, gold(III)
chloride 307–308

Sigmatropic rearrangements
dichloro bis(acetonitrile) palladium 144–146
potassium ethyl xanthate 510–511

Silicon–silicon bonds, insertions, o-Tolyl isocyanide 598

Silver(I) acetate, see also Silver(I)
hexafluoroantimonate 547–550

Silver(I) hexafluoroantimonate 547–550
Silver(I) tetrafluoroborate, see also Silver(I)

hexafluoroantimonate 547–550
Silver(I) trifluoroacetate, see also Silver(I)

hexafluoroantimonate 547–550
Silylated ethers, deprotection, N,N,N´,N´-tetrabromobenzene-

1,3-disulfonamide 584
Silylating agents, reactions, hydroxylamine 336
Silylations,N,N,N´,N´-tetrabromobenzene-1,3-

disulfonamide 584
Silyl ethers, hydrolysis reactions, dichloro bis(acetonitrile)

palladium 146
Simple dienes, cyclizations, palladium(II) acetate 422
Singlet oxygen, see also Oxygen 402–414
Six-membered rings
synthesis

cycloaddition cascades, palladium(II) chloride 459–460
cyclodehydrations, 2-chloro-1,3-dimethylimidazolinium

chloride 59
1,3-dinucleophile reactions, ethyl

ethoxymethylenecyanoacetate 285
guanidine 323–324
hetero-Diels–Alder cycloadditions, dimethyl 2,

3-pentadienedioate 231, 233
SN1 alkylations/substitutions, trifluoroethanamine 613–614
SN2 alkylations, 2,2-difluoroethylamine 196
SN2 alkylations/substitutions, trifluoroethanamine 613–614
SnS (tin monosulfide), nanoparticle synthesis, sodium

sulfide 569
Sodium hydride–palladium(II) acetate–sodium t-pentoxide, see

also Palladium(II) acetate 415–449
Sodium hydrogen sulfide
synthesis, hydrogen sulfide 331
see also Potassium ethyl xanthate 503–512
see also Sodium sulfide 561–573

Sodium nitrate 550–561
Sodium sulfide 561–573
synthesis, hydrogen sulfide 331
see also Hydrogen sulfide 330–335
see also Potassium ethyl xanthate 503–512

Sodium tetrachloroaurate(III) 573–577
Soft Lewis acids, alkyne activation, gold(I) chloride

291–296
Solvents
nontraditional solvent reactions, dirhodium(II)

tetraacetate 256
stereodirecting, acetonitrile 11–17

Sonogashira couplings, dichloro bis(acetonitrile)
palladium 148

Stabilized carbenium ions, N,N-Dimethylacetamide dimethyl
acetal 208–209

Star polymers, synthesis, dichlorotris(triphenylphosphine)
ruthenium(II) 190

stereodirecting solvents, glycosylations, acetonitrile
13–17

Stereoselective . . . see Asymmetric . . . ;
Enantioselective . . .
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Stille couplings
copper(I) chloride 65
dichloro bis(acetonitrile) palladium 147–148

Styrene, asymmetric cyclopropanation, copper(II)
trifluoromethanesulfonate 108

Substituent modifications, dimethyl 1,2,4,5-tetrazine-3,6-
dicarboxylate 241

N-Substituted azepines, β-cyclodextrin-mediated synthesis, 2,5-
dimethoxytetrahydrofuran 207

1-Substituted cytosines, synthesis, phosphorus
oxychloride 486

Substituted 1,4-dicarbonyl compounds, see also 2,5-
Hexanedione 327–330

Substituted furans, synthesis, 2,5-
dimethoxytetrahydrofuran 203–208

Substituted hydrazines, synthesis, N-aminophthalimide 19–20
Substituted isoxazoles
synthesis

dibromoformaldehyde oxime 136
dichloroformaldehyde oxime 185–186

Substituted isoxazolines
synthesis

dibromoformaldehyde oxime 135–136
dichloroformaldehyde oxime 185

N-Substituted N´-methyl hydrazines, synthesis, 1-tert-
butyloxycarbonyl-1-methylhydrazine 53

Substituted oxazoles, synthesis, 4-methyloxazole 397
Substituted pyridines
synthesis

1-amino-pyridinium iodide 24
hydroxylamine 338, 340

Substituted pyrroles, synthesis, phosphorus oxychloride 487
2- or 2,5-Substituted tetrahydrofuran derivatives, synthesis, 2,5-

dimethoxytetrahydrofuran 203–208
Substitutions
aromatic, hydroxylamine 338, 340
aromatic halides, trifluoroethanamine 612
enantioselective allylic, copper(II)

trifluoromethanesulfonate 111
indium tribromide 356–357
nucleophilic, 2,3-dichloro-5,6-dicyano-1,4-

benzoquinone 181
palladium(II) acetate 434–435
polysubstituted unsymmetrical benzene synthesis,

cyclopentadienylbis(triphenylphosphine)cobalt
(I) 116–117

potassium ethyl xanthate 503–505
SN1/SN2 types, trifluoroethanamine 613–614
sodium tetrachloroaurate(III) 575–576

Succindialdehyde, see also 2,5-
Dimethoxytetrahydrofuran 203–208

Sugars, anomeric aminations, ammonium bicarbonate 31
Sulfide-derived reactions, sulfur 579–580
Sulfides
oxidations, sodium tetrachloroaurate(III) 574, 575
synthesis, potassium ethyl xanthate 503–505
see also Acyclic sulfides; Cyclic sulfides; Disulfides;

Polysulfides; Thioethers
Sulfonamides, synthesis, trifluoroethanamine 615

Sulfonium ylides, synthesis, dimethyl diazomalonate 227
Sulfonyl chloride, additions, to unsaturated bonds, copper(II)

chloride 77–78
O-Sulfonyl hydroxylamine, see also N-

Aminophthalimide 19–23
Sulfoxides, reactions, trifluoromethanesulfonic

anhydride 628–629
Sulfoximines, synthesis, N-aminophthalimide 21–22
Sulfur 577–582
Sulfur compounds, reactions, potassium

monoperoxysulfate 514–515, 520–521, 527–528
Sulfur halides, reactions, diazo(trimethylsilyl)

methyllithium 134
Sulfur heterocycles

synthesis
methyl thioglycolate 398
polyphosphoric acid 499–500

Sulfur nucleophiles, acetonylation, bromoacetone 47–48

Tandem electrophilic–nucleophilic ring closures, methyl
isocyanate 393–394

Tandem reactions
conjugate addition–cyclization, heterocycle synthesis,

dimethyl 2,3-pentadienedioate 231–232, 235
cis-dihydroxylations/oxidative cleavage, alkenes,

oxygen 408–409
gold(III) chloride 302–303, 314–315

TBBDS see N,N,N´,N´-Tetrabromobenzene-1,3-disulfonamide
T-BuOOH see tert-Butyl hydroperoxide
Telomerizations, conjugated dienes, palladium(II) acetate 416
Terminal alkenes, oxidations, to methyl ketones, palladium(II)

acetate 415–416, 425
Terminal alkynes, Markovnikov additions, to β-Keto esters and

malonates, indium tribromide 353
N,N,Nprime∗,Nprime∗-Tetrabromobenzene-1,

3-disulfonamide (TBBDS) 583–585
Tetrahydrofuran derivatives, synthesis, 2,5-

dimethoxytetrahydrofuran 203–208
Tetrakis(triphenylphosphine)palladium(0) 585–594
1,1,3,3-Tetramethylbutyl isocyanide

see also Phenyl isocyanide 467–468
see also o-Tolyl isocyanide 598–599
see also p-Tolylsulfonylmethyl isocyanide 599–607

N,N,N´,N´-Tetramethylchloroamidinium chloride, see also
2-Chloro-1,3-dimethylimidazoliniumchloride 57–60

2,2,6,6-Tetramethyl-piperidyl-1-oxo-oxygen, see also
Oxygen 402–414

Tetrasubstituted pyrroles, synthesis, phosphorus
oxychloride 487

Tf2O see Trifluoromethanesulfonic anhydride
Thallium(I) acetate–iodine, see also Iodine 358–374
Thallium(III) trifluoroacetate–palladium(II) acetate, see also

Palladium(II) acetate 415–449
3-Thiapentanedioic acid 594–595
Thiazoles

synthesis
thiourea 596
p-tolylsulfonylmethyl isocyanide 605

see also Iodine 358–374

INDEX 683



BINDSUB 04/07/2017 15:37:14 Page 684

Thioacetalizations, indium tribromide 343
Thioamides

synthesis
benzoyl isothiocyanate 36
phosphorus oxychloride 485

2,2´-Thio-bis(acetic acid) see 3-Thiapentanedioic acid
Thiocarbamates, synthesis using in situ generated carbonyl

sulfides, sulfur 579
Thiocarbonyl compounds

reactions, trifluoromethanesulfonic anhydride 622
synthesis

hydrogen sulfide 332–333
sodium sulfide 566, 569

2,2´-Thiodiacetic acid see 3-Thiapentanedioic acid
Thiodiglycolic acid see 3-Thiapentanedioic acid
Thioethers

synthesis
hydrogen sulfide 332
sodium sulfide 562–563, 565–566, 568–569

Thioglycolic acid methyl ester see Methyl thioglycolate
Thiolactams, synthesis, phosphorus oxychloride 485
Thiols

reactions, trifluoromethanesulfonic anhydride 621–622
synthesis

hydrogen sulfide 331–332
potassium ethyl xanthate 503–505
sodium sulfide 562, 564–565, 568

Thionyl chloride, see also Phosphorus oxychloride 481–489
Thiophenes

synthesis
2,5-hexanedione 328
sodium sulfide 565–566, 568, 569
3-thiapentanedioic acid 595

Thiophosgene, see also Potassium ethyl xanthate 503–512
Thiourea 596–597

synthesis, benzoyl isothiocyanate 36
see also Hydrogen sulfide 330–335
see also Potassium ethyl xanthate 503–512

Thiourea dioxide, synthesis, thiourea 596
Three-component condensations, copper(II)

trifluoromethanesulfonate 108–109
Three-component reactions, dimethyl diazomalonate 223,

228
Three-membered rings, synthesis, cycloaddition cascades,

palladium(II) chloride 457–458
Tiffeneau-Demjanov rearrangement (diazotization of cyclic

alkanolamines), sodium nitrate 553–554
Tin compounds, organostannanes/organoborane cross-

couplings, copper(I) iodide 88–89
Tin halides, reactions, diazo(trimethylsilyl)methyllithium

134
Tin monosulfide (SnS) nanoparticles, synthesis, sodium

sulfide 569
TMSN3 see Azidotrimethylsilane
O-(p-Toloylsulfonyl)hydroxylamine, see also N-

Aminophthalimide 19–23
p-Toluenesulfonic acid, see also Pivalic acid 490–497
p-Toluenesulfonyl isocyanate, see also Methyl

isocyanate 393–395

o-Tolyl isocyanide 598–599
see also Phenyl isocyanide 467–468

p-Tolylsulfonylmethyl isocyanide 599–607
p-Tolylthiomethyl isocyanide
see also Phenyl isocyanide 467–468
see also p-Tolylsulfonylmethyl isocyanide 599–607

p-Tolyl vinyl sulfoxide, see also Phosphorus
oxychloride 481–489

TosMIC see p-Tolylsulfonylmethyl isocyanide
Tosyl azide, see also N-Aminophthalimide 19–23
N-Tosylimino phenyl iodinane, see also N-

Aminophthalimide 19–23
Tosylmethyl isocyanide see p-Tolylsulfonylmethyl isocyanide
Total synthesis
dibromoformaldehyde oxime 136
gold(III) chloride 304–305, 318–319

Transfer hydrogenations, di-μ-chlorodichlorobis[(1,2,3,4,5-
η)-1,2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 171

Transfer reactions, carbenes, gold(I) chloride 297
Transmetalations
copper(I) chloride 65–67
organometallic compounds, palladium(II) chloride 453–454

Trapping
by nucleophiles, carbopalladation, dichlorobis

(triphenylphosphine)palladium(II) 158–163
intramolecular diyl reactions, intramolecular, dimethyl 2,3-

pentadienedioate 235
Triazoles, synthesis, N-[bis(methylthio)methylene]-p-

toluenesulfonamide 41–42
Triazolo compounds, synthesis, phenylhydrazine 471
Triazolones, synthesis, semicarbazide 543
Tributylstannylacetylene, see also Acetaldoxime 1–7
Trichloromethyl chloroformate, see also Phosphorus

oxychloride 481–489
Trichlorosilylations, copper(I) chloride 64
Triethyl orthoacetate, see also N,N-Dimethylacetamide dimethyl

acetal 208–215
Triethyl orthoformate, see also Formamidine acetate 289–290
Triflates
copper(II) trifluoromethanesulfonate 104–115
synthesis, trifluoromethanesulfonic anhydride 616–623,

627–628
2-(trimethylsilyl)phenyl triflate 635–638

Triflic anhydride see Trifluoromethanesulfonic anhydride
Trifluomethyldiazomethane 607–612
Trifluoroacetic acid, see also Pivalic acid 490–497
Trifluorocarbon groups, insertions, ethyl 2-diazo-4,4,4-trifluoro-

3-oxobutanoate 281–283
2,2,2-Trifluorodiazoethane see Trifluomethyldiazomethane
2,2,2-Trifluoroethanamine2 see Trifluoroethylamine
Trifluoroethylamine 612–616
Trifluoromethanesulfonic anhydride 616–633
Trifluoromethyl diazomethane see Trifluomethyldiazomethane
N-[(Trifluoromethyl)sulfanyl]aniline see 1,1,1-Trifluoro-N-

phenylmethanesulfenamide
1,1,1-Trifluoro-N-phenylmethanesulfenamide 633–635
Trimethylacetic acid see Pivalic acid
2,4,6-Trimethylbenzoic acid, see also Pivalic acid 490–497

684 INDEX



BINDSUB 04/07/2017 15:37:16 Page 685

2,2,6-Trimethyl-4H-1,3-dioxin-4-one, see also Acetone
hydrazone 7–11

(E)-Trimethylsilylalkenes (vinylsilanes), synthesis, diazo
(trimethylsilyl)methyllithium 130

Trimethylsilylations, alcohols, indium tribromide
357

Trimethylsilyldiazomethyllithium see Diazo(trimethylsilyl)
methyllithium

2-Trimethylsilyloxyfuran, see also 2,5-
Dimethoxytetrahydrofuran 203–208

2-(Trimethylsilyl)phenyl triflate 635–638
Trimethylsilyl polyphosphite, reagent system for organic

synthesis, selenium(IV) oxide 532
Triphenylacetonitrile N-oxide, see also Acetonitrile

N-oxide 18
Triphenylphosphinegold(I) chloride 638–641
Triphenylphosphine–iodine, see also Iodine 358–374
Tris-(dimethylamino)methane, see also Formamidine

acetate 289–290
Triselenium dicyanide (TSD), synthesis, selenium(IV)

oxide 535
Tris(formylamino)methane, see also Formamidine

acetate 289–290
Trivalent iridium complexes, di-μ-chlorodichlorobis[(1,2,3,4,5-

η)-1,2,-3,4,5-pentamethyl-2,4-cyclopentadien-1-yl]
diiridium 164–172

Tropinone, synthesis, 2,5-dimethoxytetrahydrofuran 205
TSD see Triselenium dicyanide
Tsuji–Trost-type reactions, palladium(II) acetate 435

α,β-Unsaturated aldehydes, synthesis, enolate oxidations,
palladium(II) acetate 423–424

Unsaturated bonds, sulfonyl chloride additions, copper(II)
chloride 77–78

Unsaturated carbonyl compounds, Michael additions, to β-keto
esters, copper(II) trifluoromethanesulfonate 110

α,β-Unsaturated ketones
synthesis

activating groups, diethyl oxalate 194
enolate oxidations, palladium(II) acetate 423–424

Unsaturated medium-ring lactones, lactol fragmentations,
(diacetoxyiodo)benzene 120

Unsymmetrical oximes, acetaldoxime 1–7

Unsymmetrical polysubstituted benzene synthesis,
cyclopentadienylbis(triphenylphosphine)cobalt
(I) 116–117

Unsymmetrical quinoxalines, synthesis, phosphorus
oxychloride 486

Vilsmeier–Haack reaction, phosphorus oxychloride 482
Vinylations, indoles, direct functionalization, palladium(II)

acetate 438–439
Vinyl epoxides, allylic/homoallylic alcohol formation,

palladium(II) acetate 420
Vinyl glycidyl ether, see also Acetaldoxime 1–7
Vinylmagnesium chloride–copper(I) chloride

see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83

Vinyl oxetanes, allylic/homoallylic alcohol formation, palladium
(II) acetate 420

Vinylsilanes ((E)-trimethylsilylalkenes), synthesis, diazo
(trimethylsilyl)methyllithium 130

Wacker process
oxygen 408
palladium(II) chloride 450

Water, role in oxidative reactions, palladium(II) chloride 450
Wet alumina–Oxone® reagent, oxidations, potassium

monoperoxysulfate 512
Willgerodt reaction, sulfur 577–578

Ylides
additions, N-[bis(methylthio)methylene]-p-

toluenesulfonamide 42–43
heterocycle synthesis, 1-amino-pyridinium iodide 24–26
reactions, ethyl 2-diazo-3-oxybutyrate 279–280
synthesis, from metal carbenes, dirhodium(II)

tetraacetate 250–252, 254–255
transformations, dirhodium(II) tetraacetate 250–251,

254–255, 258–259

Zinc–copper(I) chloride
see also Copper(I) chloride 61–75
see also Copper(II) chloride 75–83

Zirconated compounds, transmetalations, copper(I)
chloride 66–67
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