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Lewis acid catalysts for, 245-246
using 3-chloroisoxazolium salts, 247
using 2-chloropyridinium salts, 247
using DCCI, 247

alkenes, 881-883
intramolecular, 882-883
amines, 252-257
carbon nucleophiles, 148-149
enolates, 150-157
ester condensation, 149—-157
malonate magnesium salts, 152
silanes, ketones from, 828-829
Acylium ions
in Friedel-Crafts reaction, 1019
reaction with alkenes, 881-883
Acyloin condensation, 450
mechanism, 450
Alcohols
acylation of, 243-252
by acyl halides, 246
by acyl imidazolides, 246-247
by Fischer esterification, 252
by pyridine-2-thiol estes, 248
catalysis by DMAP, 244
Lewis acid catalysts for, 242
using 3-chloroisoxazolium salts, 247
using 2-chloropyridinium salts, 247
using DCCI, 247
allylic
epoxidation of, 1082—1088
synthesis
from aldehydes and allylic boron
compounds, 797-809
from aldehydes and allylic silanes, 815-830
from alkenes and selenium dioixide,
1124-1126
from alkenes and singlet oxygen,
1117-1124
from epoxides by base-catalyzed ring
opening, 1114-1116
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1298 Alcohols (Cont.) alkenes by oxymercuration-reduction,

from sulfoxides by [2,3]-sigmatropic 294-298
Index rearrangement, 581 boranes by carbonylation, 786-787
by wittig reaction, 162 epoxides by reduction, 1109-1110
[-amino, from epoxides, 1107 esters and organomagnesium compounds, 637
-azido, from epoxides, 1107 ketones and organometallic reagents, 638
conversion to halides, 217-223 ketones by reduction, 407422
examples, 221 unsaturated
triphenylphosphine as co-reagent in, halocyclization of, 317-318
219-221 Aldehydes
conversion to ethers, 227 aldol reactions of, 65-78
converson to sulfonate esters, 216 aromatic
B-cyano, from epoxides, 1106-1107 reduction by silanes, 425
enantioselective synthesis synthesis by formylation, 1024
by hydroboration-oxidation, 351 enolates, alkylation of, 31
by reduction of ketones, 415-422 oxidation

manganese dioxide, 1132

inversion of configuration by Mitsunobu
reactions with

reaction, 228

oxidation 1063-1074 alkynyl boranes, 805
chromium dioxide. 1068 allylic boron compounds, 797-809
chromium (VI) reagents, 1063-1069 allylic silanes, 815-827
Dess-Martin reagent, 1072—-1073 allenyl tin compounds, 850-851
dimethyl sulfoxide, 1070-1072 allylic tin compounds, 834-849
manganese dioxide, 1067-1068, 1069 organomagnesium compounds, 638

organozinc reagents, 653-654
silanes from, 836
stereoselectivity of, in aldol reactions, 86—101
synthesis from
alcohols by oxidation, 1063—-1073
alkenes by hydroformylation, 759-760
boranes by carbonylation, 786-787
formamides and organomagnesium
reagents, 638
nitriles by partial reduction, 402403
esters, by partial reduction, 401403
. . N-methoxy-N-methylamides, 402
2,4-dimethoxytriphenylmethyl, 262 triethyl orthoformate and organomagnesium
ethers as, 262-264 reagents, 638-639
1-ethoxyethyl, 260 Alder rule, 478
2-methoxyethoxymethyl, 260
2-methoxypropyl, 259-260
methoxymethyl, 260

oxoammonium ions, 1074
potassium ferrate, 1068
Swern, 1070

protective groups for, 258-267
acetals as, 258-262
allyl, 264
allyloxycarbonyl, 267
benzyl, 262-263
t-butyl, 262
t-butyldimethylsilyl, 264
dimethoxybenzyl, 263

Aldol reaction
of N-acylthiazoline-2-thiones, 81
boron enolates in, 71-73

p-methoxyphenyl, 263 chiral, 117-119
p-methoxytrimphenylmethyl, 262 chiral auxiliaries for, 114—119
methylthiomethyl, 260 chiral catalysts for, 125-133
table of, 267 cyclic transition structure for, 67-68
tetrahydropyranyl, 260 directed 65-67
trichloroethyloxycarbonyl, 265 examples, 66
triisopropylsilyl, 264-265 double stereodifferentiation in, 108—114
trimethylsilyl, 264 examples, 111-114
2-trimethylsilylethoxymethyl, 261 enantioselective catalysts for, 125-133
triphenylmethyl, 262 examples, 133
triphenylsilyl, 265 enolate equivalents in, 65, 82-86
reductive deoxygenation via thiono esters, 433 ester enolates in, 78-81
examples, 434 generalized 64-65
synthesis from intramolecular, 134—-139
aldehydes and organometallic reagents, 638 examples, 135-136
alkenes by hydroboration-oxidation, in longifolene sysnthesis, 1189

344-347, 351 Robinson annulation as, 134-139



ketone enolates in 67-69
stereoselectivity of, 68—69
kinetic versus thermodynamic control, 64—65, 71
macrocyclization by in epothilone A
synthesis, 1224
mechanism, 64-65
Mukaiyama aldol reaction, 82-86
stereoselectivity of, 65-78, 93-101
polar substituent effects in, 97, 105
stereoselectivity of, 86—-134
chelation effects in, 92-96, 102—-105
control by aldehyde, 87-101
control by enolate, 101-108
Felkin model for, 90
Alkenes
addition of trifluoroacetic acid, 294
addition reactions with hydrogen halides,
290-293
carbocation rearrangements during, 291
stereochemistry of, 291-293
allylic oxidation, 1116-1126
chromium reagents, 1116-1117
arylation
Meerwein arylation, 1035
palladium-catalyzed, 715-720
aziridination of, 947
carboalumination, 354-355
[2+2]cycloaddition
examples, 543
intramolecular, 540-541
photocycloadditions, 544-548
with carbonyl compounds, 548-551
with ketenes, 539-542
dihydroxylation, 1074-1081
computational model for, 1078-1079
co-oxidants for, 1076
enantioselective, 1076-1078
examples, 1080
diimide, reduction by, 388-390
examples, 389-390
electrophilic cyclization of, 310-328
epoxidation, 1091-1103
computational model, 1092
by dioxiranes, 1097-1103
enantioselective by manganese diimines, 1088
by hydrogen peroxide, 1097
hydroxy directing effect, 1093, 1095
by peroxycarboxylic acids, 1091-1096
by peroxyimidic acids, 1095-1097
torsional effect on, 1093
fluorination of, 303-304
halogenation of, 298-301
hydration of, 293
hydroalumination, 353-355
hydroboration, 337-344
enantioselective, 347-351
by halo boranes, 330
metal catalyzed, 341-342
regioselectivity of, 337-338

stereochemistry of, 339 1299
thermal reversibility of, 342-344
hydrocarbonylation Index

palladium-catalyzed, 749-750
hydroformylation, 368-387
hydrogenation, 759-760
metathesis reactions, 761-766

catalysts for, 762

examples, 766

mechanism, 764
oxidation

allylic, 1116-1117

dihydroxylation, 1074—-1081

palladium-catalyzed, 709-712

singlet oxygen, 1117-1124

selenium dioxide, 1124-1126
oxymercuration, 294-298
ozonolysis, 1129-1131

examples, 1130
palladium-catalyzed arylation, 715-724
radicals addition, 959-966

allylic stannanes, 965

allylic silanes, 965

examples, 964-965

mechanism, 960

substituent effects, 960
reactions with

acylium ions, 881-883

carbenes, 906-908, 916-934
selenenylation of, 308-310
sulfenylation of, 307-310
synthesis from

alkynes by addition of organocopper

reagents, 697
alkynes by partial hydrogenation, 387
amine oxides by thermal elimination, 597-598
borane derivatives, stereoselective, 795-797
carbonyl compounds by olefination reactions,
157-176, 750

carbonyl compounds by reductive coupling,
444-452

vic-diols by reductive elimination, 458—460

a-halo sulfones by Ramberg-Backlund
reaction, 895-897

ketones by Shapiro reaction, 454-456

a-silyl carbanions by peterson reaction,
171-174

sulfones by Julia reaction, 174-176

Wittig reaction, 157-164

xanthates by thermal elimination, 603

Alkylation
of carbon nucleophiles, 21-31

enamines, 4648

enantioselective, 4145

imine anions, 48-54

intramolecular, 3640

hydrazones, 53-55

stereoselectivity, of, 24-29, 32-33

tanderm with birch reduction, 437



Alkylation (Contd.)
tandem with conjugate addition, 189-190
torsional effect in, 27-28
Friedel-Crafts, 1014-1016
Alkoxyphosphonium ions
as intermediates in nucleophilic substitution,
219-221
Alkynes
alkenyl
synthesis by cross-coupling, 734-735
chlorination, 335-336
hydroalumination, 357
hydroboration, 352
hydrogen halide addition, 334-335
hydrogenation, partial, 387
hydrozirconation, 356-357
mercury-catalyzed hydration, 335-336
metathesis reaction with alkenes,
764-765
in epothilone a synthesis, 1225
oxidation
potassium permanganate, 1074
ruthenium dioxide, 1075
palladium-catalyzed coupling, 726-728
reactions with
organocopper-magnesium organometallic
reagents, 695-697
organotin hydrides, 833-834
reduction by
dissolving metals, 439
LiALH,, 423-425
synthesis from
boranes by homologation, 796797
Allene
addition reactions, 333-334
protonation, 333-334
synthesis
from cyclopropylidenes, 941
Allylboration, 799-809; see also Aldehydes,
reaction with, allylic boranes
computational model for, 801-802
enantioselective, 799, 804-805
examples, 806-807
Lewis acid catalysis of, 802
stereoselectivity, 798-799, 805
Allyloxycarbonyl
amine protecting group, 268-269
Alpine-Hydride®, see lithium
B-isopinocampheyl-9-
borabicyclo[3.3.1]nonane hydride
Amides
N-alkylation of, 230
N-allyl enolates
[3,3]-sigmatropic rearrangement of, 578
O-alkylation of, 230
N-bromo, rearrangement of,
949-950
N-iodo, radical reaction of, 990
lithiation of, 631

N-methoxy-n-methyl
acylation of enolates by, 154
ketones from, 645
reduction of, 401
primary, from nitriles, 256
partial reduction by DiBAIH, 264
protective groups for
dimethoxyphenyl, 271
4-methoxyphenyl, 271
oxidative rearrangement of, 949, 952
reactions with
organocerium compounds, 666
reduction by
alane, 405
borane, 400, 404—-405
lithium aluminum hydride, 398
synthesis of, 252-257
coupling reagents for, 253-254, 1248-1249
from ketones by schmidt reaction, 950-951
oximes by Beckmann rearrangement, 951
Schotten-Bauman conditions for, 252
thiono
reduction of, 405
[3,3]-sigmatropic rearrangement of, 579
o,B-unsaturated
conjugate addition reactions of, 197
v.9-unsaturated from O-allyl ketene aminals,
576-577
unsaturated
halocyclization of, 320
mercurocyclization, 326
Amine oxides

N-allyl, [3,3]-sigmatropic rearrangement of, 582

thermal elimination reactions of, 597-598, 602
Amines
acylation of, 252-258, 1248-1249
arylation
copper-catalyzed, 1043-1044
palladium-catalyzed, 1047
catalysts for Knoevenagel reactions, 147-148
N-chloro, radical reaction of, 990
enantioselective synthesis
by hydroboration-amination, 351
protective groups for, 267-272
allyloxycarbonyl, 268-269
benzyl, 269
benzyloxycarbonyl, 268, 396
fluorenylmethoxycarbonyl 1247
2-nitrobenzyl, 269
4-pentenoyl, 271
phthalimides, 270
t-butoxycarbonyl, 268, 1246
sulfonamides, 271
trichloroethoxycarbonyl, 268
trifluoroacetyl, 270
table of, 272
synthesis by
Curtius rearrangement, 947-948
Gabriel method, 229-230



Hofmann rearrangement, 949
hydroboration-amination, 346, 351
organocerium addition to hydrazones, 666
reduction of amides, 398, 400, 404405
reductive amination, 403—-404
Amino acids
synthesis by
amidocarbonylation of aldehydes, 754
enantioselective hydrogenation, 380, 384
(R)-N-amino2-methoxymethylpyrrolidine
(RAMP), 53
(S)-N-amino2-methoxymethylpyrrolidine
(SAMP), 53
Ammonium ylides
N-allyl, [2,3]-sigmatropic rearrangement of,
584-585
examples, 586
formation using diazo compounds, 584-585
Antisynthetic transforms, 1164
Aromatic compounds
biaryls, synthesis of
copper-catalyzed, 703-705
nickel-catalyzed, 755-756, 758-759
chromium tricarbonyl complexes, 769-770
Aromatic substitution, see also halogenation,
Nitration aromatic
Birch reduction, 436438
chloromethylation, 1023
diazonium ion intermediates for, 1003,
1027-1035
electrophilic, 1003, 1004-1027
formylation, 1024
Friedel-Crafts acylation, 1017-1023
Friedel-Crafts alkylation, 1014-1017
halogenation, 1008-1014
mercuration, 1026
metal-catalyzed, 1004, 1042-1052
nitration, 1004—1008
nucleophilic, 1004, 1027
addition-elimination mechanism,
1035-1037
elimination-addition mechanism,
1039-1042
metal-catalyzed, 1042—1052
radical, 1052-1053
side-chain oxidation, 1148-1149
Szx 1 mechanism for, 1053-1055
thallation, 1026
Vilsmeier-Haack reaction, 1024
Azetidinones
reduction of, 405
Azides
acyl, isocyanates from, 947-948
alkyl, by nucleophilic substitution, 231-232
aryl, from aryl diazonium ions, 1032
nitrenes from, 944, 946
reactions with
boranes, amines from, 344
ketones, lactams from, 953

Aziridines
azomethine ylides from, 531
from alkenes, 947
Azo compounds
thermal elimination reactions, 593-596

Baccatin III, multistep synthesis, 1210-1220
acyclic precursors for, 1216
fragmentation reaction in, 1210, 1215
Mukaiyama reaction in, 1218
Pyrone diels-alder reaction in, 1212

Baeyer-Villiger oxidation, 1134-1138

Baldwin’s rules, 310-311

Barbier reaction, 644

Barton deoxygenation, 460-461, 961

9-BBN, see 9-borabicyclo[3.3.1]nonane

Benzothiazoles
sulfones of in Julia reaction, 175

Benzoxazolium salts
2-choloro in conversion of alcohols

to chlorides, 221

Benzyloxycarbonyl
amine protective group 268

Benzyne
as intermediate in nucleophilic aromatic

substitution, 1039-1042
cycloaddition reactions of, 1041-1042
ene reaction of, 1041
generation, 1039-1040

BINAP, see Bis-(2,2’-diphenylphosphinyl)-1,

1’-binaphthyl 1,1’-binaphthalene-2,2’-diol,
complexes as enantioselective catalysts for
Diels-Alder reaction, 510-512

BINOL, see 1,1’-binaphthalene-2,2’-diol,

complexes as enantioselective catalysts for

Biomimetic synthesis, 142

Bis-(4-bromo-2,6-di-7-butylphenoxy)

methylaluminum (MABR)
catalyst for Mukaiyama aldol reaction, 84
catalyst for Diels-Alder reaction, 500

Birch reduction, 436439
examples, 438

9-borabicyclo[3.3.1]nonane, 338-339

Borane, derivatives
alkenyl

in alkene synthesis, 797-798

palladium-catalyzed coupling, 740-741
alkynyl, addition to aldehydes, 805
allylic, 784

addition reactions with aldehydes, 797-809
t-butyl (isopinocampheyl) chloro

as reducing agent, 415-416
bis-(1,2-dimethylpropyl), 338
bis-(iso-2-ethylapopinocampheyl) chloro

as reducing agent, 416
bis-(isopinocampheyl)

addition reaction of b-allyl, 799

hydroboration by, 349-350
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Borane, derivatives (Cont.)
borane, bis-(isopinocampheyl) chloro
as reducing agent, 415-416
carbonylation of, 786-792
catechol
hydroboration by, 340-341
halo
hydroboration by, 340
homologation of using a-halo enolates, 792-793
isopinocampheyl
enantioselective ketone synthesis using,
791-792
hydroboration by, 350
pinacol
hydroboration by, 340-341
radicals from, 958-959
reactions of, 344-347
amination, 347
fragmentation, 899
halogenation, 346
oxidation, 344-345, 958-959
palladium catalyzed cross-coupling, 739-746
stereoselective synthesis of alkenes using,
793-797
synthesis from
boron halides and organometallic reagents,
784-785
cuprates, 585
thermal isomerization, 342-344
1,1,2-trimethylpropyl, 338-339
Borinate esters, 785
Borinic acids, 785
Borohydrides, alkyl
as reducing agents, 399-400, 409411, 413,
415, 1110
Boron enolates
aldol reactions of, 71-73, 117-119
chiral, 117-119
in discodermolide synthesis, 1036
Boronate esters, 785
alkenyl, stereospecific synthesis of alkenes
using, 797
f-allyl, enantioselective addition reactions of,
799-801
palladium-catalyzed cross-coupling, 740-743
vinyl, as dienophiles, 526
Boronic acids, 785
alkenyl
intramolecular Diels-Alder reactions, 526
palladium-catalyzed cross-coupling, 740-742
aryl
nickel-catalyzed cross-coupling, 758
Boron tribromide
ether cleavage by, 239
Boron trifluoride
ether cleavage by, 239
T-BOC, see t-butoxycarbonyl
BOP-Cl, see Bis-(2-oxo-3-oxazoldinyl) phosphinic
chloride

BOX-catalysts, see Copper bis-oxazolines
Bromides
alkenyl
synthesis by hydroboration-halogenation, 352
synthesis by
hydrozirconation-bromination, 357
alkyl, synthesis by
hydroboration-bromination, 347
oxidative decarboxylation, 1147
Bromination
alkenes, 298, 300
aromatic, 1009
Bromine azide, 306
Bromohydrins
synthesis of, 301-303
Bromonium ions
intermediates in alkene bromination, 298-300
1,3-butadiene
1-methoxy-3-trimethylsiloxy-, as diene, 487-488
t-butoxycarbonyl
amine protective group, 268
t-butyldimethylsilyl
as hydroxy protective group, 264

Cadmium, organo- compounds, 661-662
reactions with acyl chlorides, 661-662
Calcium borohydride
reducing agents, 399
Camphorsulfonamides as chiral auxiliaries for
aldol reaction, 123
Diels-Alder reactions, 502
Carbamates
lithiation of, 630
nickel-catalyzed coupling of, 757
Carbanions, see also Enolates
nitrile, 34, 770, 1167
phosphonate, 164—-169
a-silyl
olefination reactions of, 171-174
stabilization by functional groups, 2—4
Carbenes, as reaction intermediates, 903-941
alkenyl, cyclopropenes from, 941
cyclopropylidene, opening to allenes, 941
generation of
from diaziridines, 913
from diazo compounds, 909-913
organomercury compounds, 915-916
polyhalo methanes, 914-915
sulfonyl hydrazones, 913
insertion reactions, 934-938
examples, 939-940
intramolecular, 938
selectivity of catalyst for, 936-937
metallo-, 905, 926-929
reaction with
alkenes, 905-908, 916-934
phenyl
generation, 914-915



singlet, 903, 906, 916
substituent effects on, 904, 909
triplet, 903, 906, 916
ylides, generation by, 938, 940
Carboalumination
alkenes, 354-355
alkynes, 356-357
examples, 357
Carbocations
alkylation by, 862-863
Friedel-Crafts reaction, 1014—1017
as intermediates, 862—-892
fragmentation reactions of, 897-900
polyene cyclization, 864—869
rearrangement of, 883-892
pinacol, 883-889
reduction by silanes, 425428
Carbocation rearrangements
during alkene chlorination, 301
during reaction of alkenes with hydrogen
halides, 291
Carbometallation reactions by
alkylaluminum compounds, 353-357
copper-magnesium reagents, 695-697
zirconium compounds, 356-357
Carbonate esters
iodocyclization, 314, 317
protecting group for diols, 267
Carbonyl compounds, see also Aldehydes; Esters;
Ketones
a-halogenation, 328-331
[2+2]-photocycloaddition with alkenes,
548-551
reaction with
allylic silanes, 815-827
allylic tin compounds, 836-850
organomagnesium compounds, 637-644
phosphonium ylides, 157-164
phosphonate anions, 164-170
a-silyl carbanions, 171-174
sulfones anions, 174-176
reductive coupling of 444-452
examples, 451
mechanism, 447448
reductive deoxygenation, 452-457
Clemmensen reduction, 452453
via dithiolanes, 453-454
via N-sulfonyl hydrazones, 453
Wolff-Kishner reduction, 453
a-selenylation, 331-333
a-sulfenylation, 331-333
synthesis from
alkenes by hydroboration-oxidation, 345
v,0-unsaturated
from Claisen rearrangement, 561-564
from Ireland-Claisen rearrangement, 567-576
Carbonylation reactions
boranes, 786-787
hydroformylation, 759-760

Fischer-Tropsch process, 760
palladium-catalyzed, 748-754
Carbonyl-ene reaction, 869—-881
computational model for, 872-873
enantioselective catalysts for, 874-875
examples, 878-879
intramolecular, 875-877
Lewis acid catalysts for, 870, 874
mechanism, 870-871
stereoselectivity of, 871, 873
tandem with
Mukaiyama reaction, 876
pinacol rearrangement, 886—888
Sakurai reaction, 877
Carboxylic acid derivatives
acyl chlorides, synthesis of, 243-244
partial reduction of, 401-403
substitution reactions of, 242-256
Carboxylic acids
aromatic
dissolving metal reduction, 439
synthesis by oxidation, 1148-1149
conversion to esters
using cesium salts, 227-228
dianions
alkylation of, 33-34
esterification of
by nucleophilic substitution, 227-228
diazo compounds, 227
fischer, 252
B-keto, decarboxylation of, 23-24
oxidative decarboxylation, 1145-1148
protective groups for
orthoesters, 275-276
oxazolines, 275
reactions with
diazomethane, 227
trimethysilyldiazomethane, 227
reduction by
diborane, 400
synthesis from
alkenes by hydrocarbonylation, 749-750
boronic acids, 345
malonate esters by alkylation, 22-23
methyl ketones by oxidation by
hypochlorite, 329
organomagnesium compounds by
carbonation, 638
unsaturated
enantioselective hydrogenation of, 378-379
iodolactonization of, 312-316
o,3-unsaturated
from amine-catalyzed condensation reactions,
147-148
y,0-unsaturated
synthesis by orthoester Claisen rearrangement,
564-567
Catechol borane, see Borane, derivatives, catechol
Cbz, see benzyloxycarbonyl

1303

Index



1304

Index

Cerium, organo- compounds
reactions with
amides, 666
carboxylate salts, 666
ketones, 664-666
Chelation effects in
aldol addition reactions, 109
allyl silane addition reactions, 818-819
allyl tin addition reactions, 838, 840
enolate alkylation, 28-29
enolate formation, 11-12
ester enolates, 80, 571
imine anions, 51-52
ketone-organomagnesium reactions, 649
Mukaiyama aldol reaction, 98
Cheletropic elimination, 591-593
bicyclo[2.2.1]heta-2,5-dien-7-ones, 593
sulfolene dioxides, 591-592
Chiral auxiliaries
for aldol reactions, 114—121
examples, 120
oxazolidinones as, 114-116
oxazolidinone-2-thiones, 114-125
thiazolidine-2-thiones, 119
for Diels-Alder reaction, 499-504
camphorsulfonamides as, 502
examples, 503
lactate esters as, 499-501
mandelate esters as, 501
oxazolidinones as, 501-502
pantolactone as, 500-501
8-phenylmenthol as, 500
for enolate alkylation, 41-45
examples, 43-44
in discodermolide synthesis, 1236
in Prelog-Djerassi lactone synthesis, 1205-1208
Chlorination
alkynes, 335-336
aromatic, 1008-1014
alkenes, 300-301
Chloromethylation
aromatic, 1023
Chromium, organo-compounds
aromatic compound, tricarbonyl complexes,
768-770
reactions with carbanions, 770
Chromium oxidants
alcohols, 114
alkenes
allylic oxidation, 1116-117
Claisen condensation, 149157
Claisen rearrangement, 560-564
catalysis by
Lewis acids, 562
Pd (II) salts, 562
examples, 563
Clark-Eschweiler reaction, 430-431
Clemmensen reduction, 452-453
Collins reagent, 1053

Combinatorial synthesis, 1252-1259
epothilone analogs by, 1257-1259
sample splitting method for, 1253-1254
spirooxindoles by, 1256-1257
structural diversity from, 1253
tagging protocol for, 1254-1255
Ugi multicomponent reactin in, 1256
Concerted pericyclic reactions, definition, 473
Conjugate addition
allylic silanes, 830-833
by carbon nucleophiles, 183-199
examples, 185

competition with 1,2-addition, 184, 189

cyanide ion in, 198-199

definition, 64

enamines, 193

enantioselective catalysts for, 195-196

enolate equivalents for, 190-193
examples, 194

kinetic control of 186

of nitroalkenes, 188, 192, 198

organocopper compounds in, 686694
enatioselective, 702-703

organocopper-zinc reagents, 694—-697
enantioselective, 703

of organometallic reagents, 197-198,

686-695

stereoselectivity, 188, 193-197

sulfur ylides and enones, 178

with tandem alkylation, 189-190, 690-691

Convergent steps in multistep synthesis, 1163

Cope elimination, see amine oxides, thermal

elimination

Cope rearrangement, 552-560
boat versus chair transition structure for,

554-555, 557
catalysis by Pd (I) salts, 555
examples, 558-559
oxy-Cope rearrangement, 556-557
examples, 559-560
siloxy-Cope rearrangement, 556-557
stereochemistry of, 552-554

Copper salts as catalysts for
alkene photoaddition, 544-545
aromatic substitution, 1030, 1042-1045
aryl halide coupling, 703-705
carbene addition, 921-922

Copper, organo compounds, 675-706
boranes from, 585
catalysis in

conjugate addition, 690-694

cyclopropanation by diazo compounds,

924-925

aromatic substitution, 1042—1045
conjugate addition reactions of, 686—695

enantioselective, 702-703

examples, 688—-689

mechanism, 687, 700-702

tandem alkylation, 690



cuprates, 676
alkenyl, 679
cyano, 677, 679-680
mixed, 677-680
stannyl, addition to alkynes, 834
magnesium, mixed organometallic reagents,
695-697
mechanisms
computational interpretation of, 697-702
preparation of, 675-680
reactions with
allylic acetates, 682—683
epoxides, 685-686
halides and sulfonates, 680-685
unsaturated ketones and esters, 686—-694
reactivity, summary, 705-706
structure of, 675-677
zinc, mixed organometallic reagent, 694—695
conjugate addition of, 694-696
Copper bis-oxazolines
as chiral catalysts for
aldol reaction, 128
conjugate addition, 195-196
Diels-Alder reactions, 507
Mannich reactions, 143
Crabtree catalyst
homogenous hydrogenation, 375-376
Crown ethers
catalysis of nucleophilic substitution by, 224-225
enolate reactivity, effect on, 20
Cuprates, see Copper, organo- compounds
Curtius rearrangement, 947-950
isocyanates from, 947-949
diphenylphosphoryl azide as reagent, 948
macrolactonization by, 948
Cyanide ion
conjugate addition by, 198-199
Cyanoethyl as protecting group, 1251
Cyclization
electrophilic of alkenes, 310-328
radical, 967-973
in reductive by SMI,, 448-449
Cycloaddition reactions
1,3-dipolar, 526-538
examples, 535
ylides gernerated from carbenes, 938, 940
[2+42], 538-543
alkenes and carbonyl compounds, 548-551
alkenes and enones, 545-548
alkenes and ketenes, 539-541, 543
photocycloadditions of enones, 545-548, 1092
zwitterionic intermediates in, 542
Cyclobutadiene
iron tricarbonyl complex, 768
Cyclobutanes
syntesis by [2+2] cycloaddition, 538-543
Cyclobutanones
by ketene cycloadditions, 539-543
Cyclohexanones

aldol reactions, 69, 73, 76-77
alkylation, 25-26
reduction, 407-409
Cyclopropanes
enantioslective synthesis by cyclopropanation,
931-934
catalysts for, 931, 933
examples, 935
Simmons-Smith reagent for, 916-917, 919-923
computational model of, 922-923
enantioselective, 920
examples, 916-917
hydroxyl group directing effect in, 921-922
Lewis acid catalysis of, 917
synthesis using sulfur ylides, 177
synthesis by carbene addition reactions, 916-934
examples, 931-932
synthesis by metallocarbenes, 921-927
copper catalysts for, 924-925
examples, 931-932
rhodium catalysts for, 931-932
Cyclopropanones, as intermediates in Favorskii
reaction, 893-895
Cyclopropenes
from alkenyl carbenes, 941
Cyclopropylidene, ring-opening to allenes, 941

Danishefsky diene, see 1,3-butadiene,
1-methoxy-3-trimethylsiloxy-
Darzens reaction, 182
Decalones, alkylation 26-27
Decarbonylation
acyl halides, 760-761
aldehydes, 760
bicycle[2.2.1]heptadien-7-ones, 593
Decarboxylation
in acylation of malonate enolates, 152
in amine-catalyzed condesnsation reactions,
147-148
of B-keto acids, 23-24
of malonic acids, 23-24
oxidative by
bromine/iodosobenzene diacetate, 1147
bromine/mercuric oxide, 1147
lead tetraacetate, 1145-1147
via radical intermediates, 957, 986
Dess-Martin reagent, 1072-1073
Dianions
of dicarbonyl compounds
alkylation, 36-37
generation, 36
DCCI, see Dicyclohexylcarbodiimide
Diazaborolidines
boron enolates from, 118-119
Diaziridines
carbenes from, 913
Diazo compounds
acyl, 910-911
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Diazo compounds (Cont.)
carbenes from, 909-913
esterification by, 227
in formation of sulfonium ylides, 583-584
ring expansion reaction with cyclic ketones,
891-892
synthesis of, 909-911
Diazo transfer reaction, 911-912
Diazonium ions, alkyl
rearrangement of, 890-892
Diazonium ions, aromatic
phenyl cations from, 1028
substitution reactions of, 1027-1035
copper-catalyzed, 1032
mechanism of formation, 1028
reductive, 1029-1030
synthesis of using
azides, 1032
fluorides, 1031
halides, 1030-1032
iodides, 1031-1032
phenols, 1030
DEAD, see Diethyl azodicarboxylate
Dehalogenation
reductive, 458
Dehydrobenzene, see Benzyne
Diamines
chiral, as ligands in alkene
dihydroxylation, 1081
DiBAIH, see Disobutylaluminum hydride
Diborane, see also hydroboration
as reducing agent, 400, 404—405
Dicyclohexylcarbodiimide (DCCI)
acylation of alcohols, 247
acylation of amines, 253
co-reagent in dmso oxidation, 1070
macrolactonization, 249
polypeptide synthesis, 1247
Dieckmann condensation, 150
Diels-Alder reaction, 474-526
alder rule, 478-480
chiral auxiliaries for, 499-504
enantioselective catalysts for, 505-518
examples, 495, 497-498, 502, 514,
521-522
FMO interpretation, 474-477
intramolecular, 518-526
bifunctional Lewis acid catalysis of, 520
copper BOX complexes in, 514
examples, 523-524
Lewis acid catalysis of, 519-520, 526
tethers for, 525-526
vinyl boronates in, 526
inverse electron demand, definition, 475
Lewis acid catalysis of, 481-487
bifunctional, 494, 519
computational model of, 482-484
copper BOX complexes, 508-510, 514
diethylaluminum chloride as, 517

examples, 496498
LiClIO, as, 485
MABR as, 500
Sc (05SCF;); as, 486
N-trimethylsilyl-bis-
trifluoromethanesulfonamide
as, 486
masked functionality in, 491-493
regioselectivity, 475-476
secondary orbital interactions in, 478
stereochemistry of, 474-478
steric effects in, 479-480
substituent effects on, 475-481
synthetic applications, 487-499
synthetic equivalents in, 491-493
transition structures for, 482484
electron transfer in, 483-484
1,5-dienes
hydroboration in multistep synthesis, 1198
[3,3]-sigmtropic rearrangement of, 552-560
Dienes
in Diels Alder reactions
pyridazines as, 595
pyrones as, 490-491
quinodimethanes as, 489-490, 592
1,2,4,5-tetrazines as, 595-596
1,2,4-triazines as, 595
reaction with singlet oxygen, 1124
synthesis from
alkene-alkyne metathesis, 764-765
sulfolene dioxides, 591-592
Dienophiles in Diels-Alder reactions
benzyne, 1041
nitroalkenes, 492
quinones, 494, 506-507, 512, 517
vinyl boronates, 526
vinyl dioxolanes, 493
vinyl phosphonium ions, 493
vinyl sulfones, 492
Diethyl azodicarboxylate (DEAD)
in Mitsunobu reaction, 221
Diimide
alkenes, reduction by, 388-390
examples, 389
DiPClI, see Diisopropylcarbodiimide
Disobutylaluminum hydride
reduction of
amides, 270
esters, 401-402
nitriles, 402-403
enones, 407
Diisopropylcarbodiimide
in acylation of alcohols, 245
N, N-dimethylaminopyridine (DMAP)
as catalyst for alcohol acylation, 244
in macrolactonization, 249
N, N—dimethylformamide (DMF)
hydrogen atom donor in dediazonization,
1029-1030



solvent, 18
in hydride reduction of halide, 422
in nucleophilic substitution, 224
N, N-dimethylpropyleneurea, as solvent, 18
enolate reactivity, effect on, 20
Dimethyl sulfoxide (DMSO)
as solvent in, 18
amine oxide elimination, 597
bromohydrin synthesis, 301-302
hydride reduction of halides, 422
nucleophilic substitution, 224
oxidation by, 1070-1072
Dimethylsulfonium methylide, 177
reaction with alkyl halides, 181
Dimethylsulfoxonium methylide, 177
Vic-diols
oxidative cleavage, 11261128, 1144-1145
periodate, 1144
lead tetraacetate, 1144—1145
pinacol rearrangement of, 883-890
reduction to alkenes, 450
synthesis by
dihydroxyation of alkenes, 1074—-1075
reductive coupling of carbonyl compounds,
444-447
Dioxaborolanes
as chiral catalyst for cyclopropanation, 933
Dioxaborolones
chiral catalyst for aldol reaction, 126—127
Dioxiranes, epoxidation of alkenes by,
1097-1103, 1113
enantioselective, 1102—-1103
substituent effects on, 1098—-1100
1,3-dioxolanes
directing effect in cyclopropanation, 920
as protecting groups, 266, 273
initiation of polyene cyclization by, 865, 867
vinyl, as dienophiles in Diels-Alder
reactions, 493
DIPAMP, see Bis-1,2-[(2-methoxyphenyl)
phenylphosphino]ethane
Bis-(2,2’-diphenylphosphinyl)-1,1’-binaphthyl
(BINAP)
ligand in homogenous hydrogenation,
377-378, 383
Diphenylphosporyl azide
as reagent for
amide formation, 254-255
curtius rearrangement, 948
synthesis of azides, 232
1,3-dipolar cycloadditions, 526-538
enantioselective catalysts for, 536-538
nickel-box complexes as, 537
TADDOL complexes as, 537
examples, 533-534
FMO analysis, 529
intramolecular, 532
Lewis acid catalysis of, 535-538
regioselectivity of, 528-531

stereochemistry of, 528

synthetic applications, 531-534
Dipolarophiles, 527
1,3-dipoles

azomethine ylides as, 532

examples, 528

nitrile oxides as, 532

nitrones as, 532, 535-536

oxazolium oxides as, 530

3-oxidopyridinium betaines as, 530
Discodermolide, multistep synthesis, 1231-1245

allenylstannanes in, 1235

allylsilanes in, 1239

boron enolates in, 1238

chiral auxiliaries in, 1236

scale-up of, 1243
Disiamylborane, see Borane, derivatives,

bis-(1,2-dimethylpropyl)

1,3-dithiolanes

as carbonyl protective groups, 274

reductive desulfurization of, 453-454
1,3-dithianes, 274

as carbonyl protective groups, 274

as nucleophilic acyl equivalents, 1168
DMAP, see N, N-dimethylaminopyridine
DMF, see N, N—dimethylformamide
DMPU, see N, N-dimethylpropyleneurea
DMSO, see Dimethyl sulfoxide
Double stereodifferentiation

in aldol reactions, 108-114

examples, 111-114

in allylboration, 804-805

in allylstannation, 843-847
DPPA, see Diphenylphosporyl azide

(Eap),CCl, see Bis-(iso-2-ethylapopinocamphyl)
chloro
EE, see 1-ethoxyethyl
Effective atomic number, 769
Elimination reactions
amine oxides, 345, 581, 598, 1088
cheletropic, 591-593
sulfolene dioxides, 591
esters, 600-601
examples of, 598, 601
B-hydroxyalkylsilanes, 171-172
reductive, 681, 687
selenoxides, 581-582, 598-599
sulfoxides, 598-599, 602
thermal, 590-604
xanthates, 601, 603-604
Enamines
alkylation of, 31, 47-48
examples, 54
conjugate addition reactions of, 193
[2 + 2] cycloaddition, 538, 542
formation of, 46
halogenation, 330
as nucleophiles, 1, 46
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Enantioselective catalysts for
aldol reaction, 125-133
dihydroxylation of alkenes, 1074—1081
1,3-dipolar cycloaddition, 536-538
epoxidation, 1081-1091, 1102-1103
homogeneous hydrogenation, 377-387
Mukaiyama aldol reaction, 125-133
Ene reaction, 869
of benzyne, 1041
Enolate equivalents
in aldol reaction
in conjugate addition reactions, 190-192
Enolates
acylation of, 150-157
examples, 151-152, 156
aldol reactions
boron enolates, 71-73
chelation effects in, 102—-105
control of stereoselectivity in, 101-108
lithium enolates, 67-71
tin enolates, 7378
titanium enolates, 73-78
zirconium enolates, 73-78
alkylation of, 21-31
enantioselective, 41-45
intramolecular, 36—40
stereoselectivity, of, 24-29, 31-33
torsional effect in, 27-28
allylation
palladium-catalyzed, 712-715
arylation
by chromium tricarbonyl complexes, 769-770
palladium-catalyzed, 728-730
boron
in aldol reactions, 71-73
chiral, 117-119
formation of, 72-73
stereochemistry of, 71-73
conjugate addition by, 183-189
composition of, table, 7-8, 12
formation of, 2—17
bases for, 4-5
chelation, affect of, 11
enantioselective, using a chiral base, 13-14
from enones by reduction, 16-17
from silyl enol ethers, 14-15, 138
kinetic versus thermodynamic control, 2—-10
regioselectivity of, 5-9
stereoselectivity of, 9-12, 69-70
lactam
stereoselective alkylation, 44-45
lithium
in aldol reactions, 67-71
as nucleophiles, 1
oxidation, 1134, 1138-1142
by oxaziridines, 1141-1142
reactivity
effect of polyamines on, 21
solvent effects on, 17-21

tin
aldol reactions of, 73-78
titanium
aldol reactions of, 73-78
preparation of, 74-75
of a,B-unsaturated, 12
x-ray crystal structures of
zirconium
aldol reactions of, 73-78
Enol ethers
as enolate equivalents, 82-83
a-lithio, as acyl anion equivalents, 1167
oxidation by singlet oxygen, 1123
preparation from
esters by lombardo’s reagent, 661
carbonyl compounds by wittig reaction,
162-163
Enones, see ketones, o,3-unstaturated
Ephedrine
chiral auxiliary in aldol reactions, 116-117
Epothilone a, multistep synthesis, 1220-1231
alkyne metathesis in, 1225
macrocyclization by aldol addition, 1224
macrolactonization in, 1221
nitrile oxide cycloaddition in, 1128
olefin metathesis in, 1222
Epoxidation, 1081-1103
alkenes
computational model, 1098
by dioxiranes, 1098—1103
enantioselective by manganese diimines,
1088-1089
by hydrogen peroxide, 1097
hydroxy directing effect, 1093, 1095, 1099
by peroxycarboxylic acids, 1091-1096
by peroxyimidic acids, 1095-1096
torsional effect on, 1093
allylic alcohols, 1082-1088
computational model, 1083—-1088
mechanism, 1082-1083
sharpless asymmetric, 1082
stereoselectivity, 1085-1086
tartrate ligands for, 1082
Epoxides
acetoxy, rearrangement to acetoxy ketones,
1112-1113
reactions
organocopper compounds, 685-686
rearrangement to carbonyl compounds,
1111-1112
catalysts for, 1111-1112
reduction by
diborane, 1110
DiBAIH, 1110
LiALH,, 424, 1109-1110
lithium triethylborohydride, 1110
ring opening, 1104-1109
base-catalyzed, 1114-1116
Lewis acid catalysts for, 1111



silyl, rearrangement, 1114
synthesis, see also Epoxidation
by Darzens reaction, 182
from ketones and sulfur ylides, 177-179
2-trimethylsilyl, synthesis, 182
Eschenmoser’s salt, 140
Esters
allylic
copper-catalyzed coupling
palladium catalyzed carbonylation, 751
reaction with carbocations, 863
allyloxycarbonyl, as protective groups for
alcohols, 266
benzoate
by oxidation of ethers, 1069
boron enolates of, 80-81
condensation reactions of, 149-150
dealkylation by trimethylsilyl iodide, 240
a-diazo
synthesis, 912
enolates of, 79, 568
chelation effects in, 571-572
conjugate addition reactions, 186—188, 190
intramolecular alkylation, 36
zinc, 657-659
as hydroxy protective groups
allyloxycarbonyl, 266
trichloroethoxycarbonyl, 265
lithium enolates of
aldol reactions of, 78-81
alkylation, 31-33
formation of, 78-81
chelation in, 32-33, 80
silyl ketene acetals from, 79
partial reduction of, 401-403
3-sulfonyl
palladium-catalyzed allylation of, 714
synthesis from
aldehydes, 1131
boranes by halo enolate homologation,
792-793
carboxylic acids, 227-228, 252
a-diazo ketones, by Wolff rearrangement,
941-946
ketones by Baeyer-Villiger oxidation,
1134-1139
thermal elimination reactions of, 601-603
o,f3-unsaturated
conjugate addition by organocopper
compounds, 686—695
synthesis by Wadsworth-Emmons reaction,

164-166
Ethers
allyl
[2,3]-sigmatropic rearrangement of anions,
587-588

allyl vinyl
Claisen rearrangement, 561-564
formation, 561-562

aromatic

dissolving metal reduction, 436
aryl vinyl

Claisen rearrangement of, 564
benzyl

hydrogenolysis, 394, 396
cleavage of, 239-240
cyclic
formation by oxymercuration, 325-326
halo, by halocyclization, 311, 317-318
oxidation
by ruthenium tetroxide, 1069
protective groups for alcohols
allyl, 264
benzyl, 262-263
t-butyl, 262
dimethoxybenzyl, 263
2,4-dimethoxytriphenylmethyl, 262
synthesis from
alcohols, 227
alkenes by addition of alcohols, 294
ketones and silyl ethers, 427-428
1-ethoxyethyl
as hydroxy protective group, 260

Favorskii rearrangement, 892-895
mechanism, 894-895
Felkin model
aldol reaction, 90-91
ketone reduction, 410—411
Ferrocene, 768
Fischer esterification, 252
Fischer-Tropsch process, 760
Fluoride ion
as base in conjugate addition, 184
in allyl silane additions, 826, 832-833
Fluorination
alkenes, 303-304
ketones, 331
Formamidines
lithiation of, 630
Formylation
aromatic, 1024
Fragmentation reactions
carbocations, 897-900
in Baccatin III synthesis, 1211-1219
in longifolene synthesis, 1191
radicals, 984-985
reductive, 461
Free radicals, see Radicals
Friedel-Crafts acylation, 1017-1023
catalyst for, 1017
examples, 1022-1023
intramolecular, 1016-1020
mechanism, 1019
Friedel-Crafts alkylation reaction, 1014-1017
by benzyl cations, 425
examples, 1017
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1310 Friedel-Crafts alkylation reaction (Cont.)
intramolecular, 1016-1017
Index Lewis acid catalysts for, 1008-1010
rearrangement during, 1014-1015
scandium triflate catalysis, 1017
Fries rearrangement, 1023

Gabriel amine synthesis, 229-230
Gif oxidation, 1150
Glycols, see Vic-diols
Glycosylation

Mitsunobu reaction in, 231
Grignard reagents, see Magnesium,

organo- compounds

Grob fragmentation, 461, 897, 899

Halides
alkenyl
coupling by nickel compounds, 754
cross-coupling, Pd-catalyzed, 723-730
from alkynes, 352-3
alkyl
from alcohols, 217-223
reduction by hydride reagents, 422-424
reduction by hydrogen atom donors,
431-434
aryl
coupling by copper, 703-705
coupling by nickel compounds, 756
cross-coupling, pd-catalyzed, 723-730
from diazonium ions, 1030-1032
from aromatic halogenation, 1008-1014
reactions with
lithium, 624
magnesium, 621-622
organocopper compounds, 675,
695-697
reductive dehalogenation, 431432, 439
examples, 431, 442
Halogenation
acyl chlorides, 331
alkenes, 298-301
reagents for, 305
alkynes, 333-336
aromatic, 1008-1014
ketones, 328-330
reagents for, 305
Heck reaction, 715-723
examples, 721-722
intramolecular
in Baccatin IIT synthesis, 1215
mechanism, 716717
regiochemistry of, 719-720
substituent effects in, 719-720
Hexamethylphosphoric triamide (HMPA)
as solvent, 18
enolate reactivity, effect on 20
enolate stereochemistry, effect on, 568

in nucleophilic substitution, 223
in hydride reduction of halides, 422
HMPA, see Hexamethylphosphoric triamide
Hofmann-Loeffler-Freytag reaction, 990
Hofmann rearrangement, 949-950, 955
Hydration
alkenes by oxymercuration, 294-298
alkenes by strong acid, 293-294
alkynes, 335
Hydrazones, chiral
anions, alkylation of, 52-54
auxiliaries for alkylation, 532
organocerium addition to, 666
Hydrazones, N-sulfonyl
alkenes from, 454
carbenes from, 913
organolithium reagents from, 454-456, 631
reduction of, 453
Hydrosilation, 809-814
catalysts for, 810-812
N-hydroxybenzotriazole
as co-reagent in amide synthesis, 253
N-hydroxysuccinimide
as co-reagent in amide synthesis, 253-254
Hydride donor reagents
table of, 397
Hydroalumination, 353-357
Hydroboration
alkenes, 337-344
by catechol borane, 340
enantioselective, 347-351
by halo boranes, 340
metal-catalyzed, 341-344
by pinacol borane, 340
regioselectivity of, 337-338
stereochemistry of, 344
thermal reversibility, 342-344
alkynes, 353
Hydroformylation, 759-760
Hydrogen atom donors
in reductions, 431-434
tri-n-butylstannane as, 431-433
Hydrogenation, 368-387
of functional groups, table, 390
heterogeneous catalysis of, 369-374
alkynes, partial, 387
mechanism of, 369-370
substituent directive effects in, 373
stereoselectivity of, 370-372
homogeneous catalysis of, 374-376
a-amido acrylic acids, 380, 384
computational model for, 380-382
Crabtree catalyst in, 375-377
enantioselective, 376-387
examples, 376, 384-385
styrene derivatives, 386-387
Wilkinson’s catalyst in, 374
ketones
enantioselective, 391-395



Hydrogen halides

addition to alkenes, 290-293

addition to alkynes, 333-337
Hydrogenolysis

benzyl ethers, 394, 396
N-hydroxysuccinimide in amide synthesis,

253-254, 1248

Hydrozirconation, 356-358
Hypophosphorous acid

as hydrogen atom donor in reduction, 432, 460

in reductive dediazonization, 1029

Imidazole
N-acyl
acylation of alcohols by, 246-247, 265
enolate acylation, 154
Imidazolidines
catalysts for
enolate arylation, 730
olefin metathesis, 761
Imidazolyl disulfide
macrolactonization by, 249
Imides
N-acyliminium ions from, 145
Imine anions, 48-52
alkylation of, 50-52
enantioselective, 51-52
as nucleophiles, 1
Imines, reactions with
silyl enol ethers, 142-143
silyl ketene acetals, 145
zincate reagents, 659
Iminium ions
n-acyl
addition reactions of, 195-196, 828
formation of, 195-196
intermediates in
Mannich reactions, 140-143
Knoevenagel reactions, 147-148
reactions with
allylic silanes, 828-829
organozinc compounds, 652
Indium, organo- compounds
from allylic halides, 663—-664
Indium trichloride
catalyst for Mukaiyama aldol reaction, 84
Indole
palladium-catalyzed arylation, 1045
Todination, aromatic, 1013
Todine azide, 305
Todine atom transfer, 970, 972
Todine isocyanate, 305
Todine nitrate, 305
Todine thiocyanate, 305
Todobenzene diacetate, oxidation of amides, 950
Todolactonization, 312-316
examples, 315-316

(Ipc),BCl, see Borane, bis-(isopinocampheyl)
chloro
IpcBH,, see Borane, isopinocampheyl
(Ipc),BH, see Borane, bis-(isopinocampheyl)
Ireland-Claisen rearrangement, 567-576
boat versus chair transition structure, 569-570
chelation effects in, 571-572
enantioselective catalysts for, 572-573
examples, 574-575
Lewis acid catalysis, 572
stereochemistry of, 567-571
Iron, organo- compounds
cyclobutadiene tricarbonyl complex, 769
ferrocene, 768
Isocyanates, synthesis from
acyl azides, 947-948
N-bromo amides, 949

Jones reagent, 1065

Julia olefination reaction, 174-176
examples, 176
Julia-Kocienski reaction, 174
Julia-Lythgoe reaction, 174

Juvabione, multistep syntheses of, 11741186
diastereoselective from cyclohexenone,

1179-1180

enantioselective, 11821185
from aromatic starting materials, 1175-1176
from terpene starting materials, 1176-1181
[2,3]-sigmatropic rearrangement in, 1183
stereocontrolled, 1180-1181

Ketenes
[242]cycloaddition reactions with alkenes,
539-541
examples, 543
intramolecular, 540-541
intermediates in Wolff rearrangement, 941-943
B-ketoesters
alkylation of, 22-24
Ketones
a-acetoxy
from acetoxy epoxides, 11121113
from enol ethers, 1133
from silyl enol ethers, 1133-1134
reduction of, 441-442
aldol reactions of, 65-78
a-alkoxy
aldol reactions of, 92, 109
reactions with organometallic compounds, 650
reduction by hydride donors, 411, 413
B-alkoxy from Mukaiyama reactions, 86—87
examples, 88
alkylation of, 24-31
examples, 29-30
-amino
preparation by Mannich reaction, 140-141
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Ketones (Cont.)
aryl
reduction by silanes, 427
synthesis by Friedel-Crafts acylation,
1017-1023
carboxylation of, 154
cyclic
ring expansion with diazo compounds,
891-893
stereoselective reduction of, 407410
synthesis by hydrocarbonylation, 749
a-diazo
esters from by Wolff rearrangement, 941-944
metal carbenes from, 926-930
synthesis, 910-912
enolates
acylation of, 155-156
aldol reactions, 67-71
alkylation of, 24-31
oxidation by oxaziridines, 1141
fluorination, 331
a-halo
Favorskii rearrangement of, 892-895
reactions with organoboranes, 792
a-halogenation, 328-331
hydrogenation
enantioselective, 391-395
a-hydroxymethylene derivatives, 155
methyl
oxidation by hypochlorite, 329
Q-0Xy
reductive deoxygenation, 441443
organocerium compounds, reaction with,
665-666
organomagnesium compounds, reactions with
alcohols from, 637-638
chelation effect in, 649
enantioselective catalyst for, 649
enolization during, 642
reduction during, 642
stereochemistry of, 648
oxidation, 1131-1143
Baeyer-Villiger, 1134-1138
dicarboxylic acids from cyclic, 1131
oxaziridines, 1141
selenium dioxide, 1143
reaction with
azides, lactams from, 951
hydrazoic acid, amides from, 950
reduction of, 407-415
enantioselective, 415-421
chelation control in, 411-415
synthesis from
acyl chlorides, 637, 657, 662-663, 739-743
alcohols by oxidation, 1063—-1074
alkenes by hydroboration-oxidation, 345
alkenes by Pd-catalyzed oxidation, 709-712
alkynes by mercury-catalyzed hydration,
335-6

boranes, 787-792
carboxylate salts and organolithium
compounds, 644—645
carboxylic acid derivatives by Pd-catalyzed
coupling, 736, 743, 747-748
epoxides by rearrangement, 1111-1114
hydrazones by alkylation, 52-53
imines by alkylation, 51-54
B-keto esters by alkylation, 23-24
N-methoxy-N-methyl carboxamides and
organolithium compounds, 638
nitriles and organomagnesium compounds,
637
organotin compounds by Pd-catalyzed
carbonylation, 752
pyridine-2-thiol esters and organomagnesium
compounds, 638
o,3-unsaturated
conjugate addition reactions of, 184, 189,
686-696, 830-833
enolates of, 12, 30-31
from Mannich bases, 140-142
organocopper addition, 686-696
photocycloaddition reactions, 544-549
reduction by lithium metal, 436
synthesis from
alkenyl mercury compounds, 663
silanes, 828-829
stannanes, 754
1,2- versus 1,4-reduction, 406—407, 419
{3, y-unsaturated
from acylation of allyl silanes, 829
,0-unsaturated
from Claisen rearrangement, 561-564
zinc enolates, reaction with, 657-660
Khmds, see Potassium hexamethyldisilazide
Knoevenagel reactions, 147-148
decarboxylation during, 147
examples, 148
K-Selectride®, see potassium tris-(1-methylpropyl)
borohydride

Lactate esters as chiral auxiliaries for
Diels-Alder reaction, 499-501
Lactones
dithiolane derivatives of, 276
iodo, by iodolactonization, 312-316
a-methylene, synthesis of, 142
partial reduction by DiBAIH, 401
synthesis
from ethers by oxidation, 1069
macrocyclic, 248-249
Lanthanide, organo- compounds, 664—666
Lanthanide salts
alkoxides, as hydride transfer catalysts, 429
as catalysts for
aromatic nitration, 1004
carbonyl ene reaction, 874-875



Fries rearrangement, 1023
Mukaiyama aldol reaction, 82
LDA, see lithium di-isopropylamide
Lead tetraacetate as oxidant
amide oxidation, 949
diol cleavage, 11441145
oxidative decarboxylation, 1145-1148
Lewis acid catalysis in
alcohol acylation, 245-246
carbonyl ene reaction, 869, 8§74
Claisen rearrangement, 562
conjugate addition of allylic silanes, 830-831
control of stereochemistry in aldol reaction,
119-125
Diels-Alder reactions, 481-487
1,3-dipolar cycloaddition, 535-538
epoxide ring opening, 1106
Friedel-Crafts acylation, 1017
Friedel-Crafts alkylation, 1014-1017
hydrosilation, 809-811
Mukaiyama aldol reaction, 82-88, 93-95
organocopper reactions, 702
organotin reactions with carbonyl compounds,
837-838
rearrangement of epoxides to carbonyl
compounds, 1111-1112
Linear sequence in multistep syntheses, 1163
Lithium aluminum hydride
as reducing agent, 396-399
for alkyl halides, 425
for epoxides, 424
Lithium borohydride
as reducing agent, 399
Lithium di-isopropylamide
base for enolate formation, 5, 31
Lithium hexamethyldisilazide (LIHMDS)
base for enolate formation, 5
Lithium tetramethylpiperidide (LiTMP)
base for enolate formation, 4, 69-70
Lithium b-isopinocampheyl-9-borabicyclo[3.3.1]
nonane hydride
as enantioselective reducing agent, 415
Lithium, organo- compounds
alkenyl, from sulfonylhydrazones, 454-456
preparation of, 624—-634
by halogen-metal exchange, 632—633
by lithiation, 627-633
from sulfides, 625
reactions with
carbonyl compounds, 637-645
carboxylate salts, 648
halides, 634-637
N-methoxy-N-methyl carboxamides, 638
a,B-unsaturated ketones, 644
structure of, 626
synthesis using, 619-620, 644-648
examples, 646-647

Lithium #ris-(1,2-dimethylpropyl) borohydride
as reducing agent, 399400
Lithium #ris-(1-methylpropyl) borohydride
as reducing agent, 399-400
Lombardo reagent, 661
Longifolene, multistep synthesis, 1186—-1196
carbocation cyclization in, 1193
enone photocycloaddition in, 1192
fragmentation reaction in, 1189
from Wieland-Miesher ketone, 1187-1190
L-Selectride®, see lithium tris-(1-methylpropyl)
borohydride
LS-Selectride®, see lithium
tris-(1,2-dimethylpropyl) borohydride
Luche reagent, 406, 410

MABR, see bis-(4-bromo-2,6-di-7-butylphenoxy)
methylaluminum
Macrocyclization by
aldol addition in epothilone a synthesis, 1224
alkene acylation, 881
Curtius Rearrangement, 948
Dieckmann condensation, 149
nickel-catalyzed coupling of allylic halides, 755
olefin metathesis, 761
palladium-catalyzed
alkylation, 713
cross-coupling of stannanes, 733-737
reductive coupling of carbonyl compounds, 444
Wadsworth-Emmons reaction, 166
Macrolactonization
by DCCI and DMAP, 249
by 2-imidazoly disulfide, 248
by 2-pyridyl disulfide, 248
by Yamaguchi method, 249
in epothilone A synthesis, 1121
Magnesium, organo- compounds
copper-catalyzed conjugate addition of, 690-694
examples, 693
mechanism, 693
cross-coupling
cobalt-catalyzed, 761
nickel-catalyzed, 756758
palladium-catalyzed, 724-728
preparation of, 620-623
reaction, 634-644
acyl chlorides, 637-638
carbon dioxide, 638
carbonyl compounds, 637-444
esters, 637
formamides, 638
halides, 636
ketones, chelation effects in, 649
ketones, enantioselective catalysts for, 649
ketones, reduction during, 642
ketones, stereochemistry of, 648
N-methoxy-N-methyl carboxamides, 638
nitriles, 637

1313

Index



1314

Index

Magnesium, organo- compounds (Cont.)
pyridine-2-thiol esters, 638
sulfonates, 636—637
triethyl orthoformate, 638

structure and composition, 623-624
synthesis using, 619-620, 634-644
examples, 638—-640
v,0-unsaturated, rearrangement of, 644
Malonate esters
allylation, Pd-catalyzed, 712-714
alkylation of, 22-24
magnesium enolates of
acylation, 152, 154
Malonic acids
amine-catalyzed condensation reactions or,
147-148
decarboxylation of, 23-24
Mandelate esters as chiral auxiliaries for
Diels-Alder reaction, 501
Manganese dioxide, as oxidant, 1068
Mannich reaction, 140-145
enantioselective, 143—-145
examples, 141

Markovnikov’s rule, 290

Meerwein-Pondorff-Verley reduction, 429

N-methylpyrrolidinone

as solvent, 18
Mem, see 2-methoxyethylmethyl
Mercuration
aromatic, 1026
electrophilic, cyclization by, 324-328
initiation of polyenes cyclization by, 865
Mercury, organo- compounds
carbenes from, 916, 930
cyclopropanation by, 930
preparation
from boranes, 652
by oxymercuration, 294-298
radicals from, 959
reaction with
acyl chlorides, 663
reduction by NaBH,, 295
reduction by Bu;SnH, 319
Metallocarbenes, see carbenes, metallo-
Methane
polyhalo
carbenes from, 914
2-methoxyethoxymethyl
hydroxy protective group, 260
Methoxymethy]
hydroxyl protective group, 260

Bis-1,2-[(2-methoxyphenyl)

phenylphosphino]ethane

ligand in enantioselective hydrogenation, 380

2-methoxypropyl

hydroxy protective group, 259-260
Methylthiomethyl

hydroxy protective group, 260-261
Michael reaction, see conjugate addition

Michaelis-Arbuzov reaction, 233
Mitsunobu reaction
conversion of alcohols to iodides, 220-221
glycosylation by, 231
inversion of alcohol configuration by, 228
phosphite esters, synthesis by, 228
sulfonamide, synthesis by, 230
sulfonate esters, synthesis by, 228
MOM, see methoxymethyl
MOP, see 2-methoxypropyl
MTM, see methylthiomethyl
Mukaiyama aldol reaction, 82-88
chelation effects in, 100-101
examples, 87-88
stereoselectivity, of, 96—-101
Mukaiyama-Michael reaction, 190-193
in Baccatin III synthesis, 1218
in juvabione synthesis, 1181
Multistep synthesis
Baccatin III, 1210-1220
control of stereochemistry in, 1171-1173
convergent steps in, 1163
epothilone a, 1220-1231
juvabione, 1174-1186
longifolene, 1186-1196
Prelog-Djerassi lactone, 1196-1209
protecting groups in, 1163
retrosynthetic analysis in, 1164—1166
synthetic equivalents in 1163, 1166-1171

NB-enantride, see borohydrides, alkyl
Nickel, organo- compounds, 754-759
allyl complexes, 754, 768
coupling of allylic halides, 754, 755
coupling of aryl halides, 756

cross-coupling of organometallic reagents, 758

Nitration, aromatic, 1004—1008
acetyl nitrate for, 1005
examples, 1006-1009
lanthanide catalysis of, 1005-1006
nitrogen dioxide and ozone for, 1006—1008
transfer, 1006-1008
trifluoroacetyl nitrate for, 1005
Nitrenes, 944-947
generation from azides, 944
reactions, 946-947
singlet, 944
triplet, 944
Nitrile oxides
dipolar cycloaddition, 535-538
in epothiolone a synthesis, 1229-1230
Nitriles
carbanions from, 65
a-alkoxy, as nucleophilic acyl
equivalents, 1168
alkylation, 34
reaction with chromium tricarbonyl
complexes, 769-770



conversion to primary amides, 256, 404
partial reduction by DiBAIH, 402—403
reaction with
organomagnesium compounds, 634
synthesis by
metal-catalyzed substitution, 52
nucleophilic substitution, 223-225
Nitrite esters, alkoxy radicals from, 991-992
Nitroalkanes
nucleophiles in amine-catalyzed
condensation, 147
Nitroalkenes
conjugate addition reactions of, 188, 193,
198-199
dienophiles in Diels-Alder reactions, 494
Nitrones, dipolar cycloaddition of, 535-538
N-nitroso anilides
aryl radicals from, 1053
Nitrosyl chloride, 306
Nitrosyl formate, 306
NMP, see n-methylpyrrolidinone
Normant reagents, see copper, organo-
N-Selectride®, see sodium fris-(1-methylpropyl)
borohydride
Nucleophilic aromatic substitution, 1027-1041
addition-elimination mechanism, 1035-1037
elimination-addition mechanism, 1039-1041
metal-catalyzed, 1042—1052
copper, 1042-1045
examples, 1052
palladium, 1045-1052
pyridine derivatives, 1037
Nucleophilic substitution at substituted carbon
catalysis by crown ethers, 224-227
phase transfer catalysis in, 224-225
solvent effects on, 224-225
synthetic applications, 215-233
azides, 231-232
esters, 226229
ethers, 226-227
examples of, 234-238
nitriles, 225-226
phosphite esters, 228, 233
phosphonate esters, 233
phosphonium salts, 225
sulfides, 233
sulfonate esters, 228

Olefination reactions
examples of generalized aldol reaction, 66, 155
Julia, 174-176
Peterson reaction, 171-174
Wadsworth-emmons reaction, 164—170
Wittig Reaction, 157-164
examples, 159-164
Olefin metathesis, 761-766
catalysts for, 762, 763, 765
examples, 765, 766

in epothilone A synthesis, 1222
in Prelog-Djerassi lactone synthesis, 847
mechanism, 764
Oligonucleotides, solid phase synthesis, 1245-1249
phosphoramidite method for, 1251
protecting groups in, 1251
Oppenauer oxidation, 429
Orthoester
carboxylic acid protecting group, 275-276
Claisen rearrangement, 564-567
reaction with organomagnesium compounds, 634
Osmium tetroxide
dihydroxylation of alkenes, 1074-1077, 1080
computational model for, 1078-1079
co-oxidants for, 1076
enantioselective, 1076—-1078
examples, 1079
Oxalate esters
acylation of enolates by, 150-155
Oxalyl chloride
Swern oxidation, 1070
synthesis of acyl chlorides, 243
Oxaphosphetane
intermediate in wittig reaction, 157-164
Oxazaborolidines
chiral catalysts for aldol reactions, 126—128
chiral catalysts for ketone reduction, 416418
computation model of, 418-419
Oxaziridines
oxidation of enolates by, 1138-1142
in synthesis of Baccatin III, 1211-1219
in synthesis of discodermolide, 1233,
1236, 1241
Oxazolidinones, as chiral auxiliaries for
aldol reactions, 114-116
Diels-Alder reaction, 499-505
enolate alkylation, 36-42
palladium-catalyzed enolate arylation, 728
reactions with n-acyliminium ions, 145, 146
Oxazolidine-2-thiones
chiral auxiliaries in aldol reactions, 126—128
Oxetanes
from [2+42]-photocycloaddition of alkenes and
carbonyl compounds, 544-548
Oxidation of
alcohols, 1063-1074
allylic alcohols, 10821088-1089
computational model 1083-1087
mechanism, 1082-1083
sharpless asymmetric, 1082
stereoselectivity, 1082, 1085, 1087
tartrate ligands for, 1082, 1084
alkenes
allylic, 1116-1119
dihydroxylation, 1074—1081
benzylic, 1148-1149
enolates, 1138—-1142
by oxaziridines, 1141-1142
hydrocarbons, 1148-1150
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Oxidation of (Cont.)
ketones, 1131-1143
Baeyer-Villiger, 1134-1139
Oxime ethers, in radical cyclizations, 973, 974,
979-981
Oximes
amides from, by Beckmann rearrangement,
951-955
fragmentation of, 952
Bis-(2-oxo0-3-oxazoldinyl) phosphinic chloride
Amide synthesis by, 253
Oxy-cope rearrangement, 553, 556-559
anionic, 556-559
in synthesis of juvabione, 1183
examples, 557-559
Oxygen, singlet
alkene oxidation by, 1117-1126
examples, 1121
in zeolite, 1120, 1121
mechanism, 1119, 1121
regioselectivity, 1126
generation, 1118
reaction with
enaminoketones, 1124
enol ethers, 1122
Oxymercuration, 293-298
alcohols from, 295-298
computation model of, 297-298
cyclization by, 324-327
ethers from, 297-298
examples, 298
stereochemistry of, 295-297
Ozonolysis
alkenes, 1129-1131
examples, 1131

Palladacycle
as catalyst in Heck reaction, 715-723
Palladium, organo-, intermediates,
706-754
acylation of
organotin compounds, 833, 839
m-allyl, 369, 707, 712, 713, 751, 754
nucleophilic substitution of, 712-715
alkene oxidation, 709-712
mechanism, 709
alkene arylation, 715-719
mechanism, 716717
B-elimination reactions of, 707, 709, 712, 716,
717,723
carbonylation reactions of, 708, 748-752
catalysis of aromatic substitution, 1042-1052
mechanism, 1046-1047
cross-coupling reactions of, 708, 723-739
enol sulfonate esters, 730
boron compounds, 739-746

organometallic reagents, 723-728
organotin reagents, 731-738
Heck reaction, 715-723
hydrocarbonylation, 749-750
oxidative cyclization, 711-712
solvocarbonylation, 749-750
Pantolactone as chiral auxiliaries for
Diels-Alder reaction, 599-504
Paterno-buchi reaction, 548-552
PCC, see chromium oxidants
PDC, see chromium oxidants
Peroxycarboxylic acids
alkene epoxidation, 1091-1096
Baeyer-Villiger reaction, 1136-1138
Peterson reaction, 171-174
examples, 173-174
Phase transfer catalysis
in nucleophilic substitution, 224-226
Phosphate esters
allylic
palladium-catalyzed carbonylation, 753
reductive cleavage, 439-440
Phosphines
as ligands in
enantioselective hydrogenation, 376-384
enolate arylation, 728-730
Heck reaction, 715
palladium-catalyzed aromatic substitution,
1045-1046, 1048-1049
palladium-catalyzed cross-coupling, 739, 783
Phosphite esters
synthesis by Mitsunobu reaction, 228
Phosphonate esters
in wadsworth-emmons reaction, 164—170
Phosphonium ions
alkoxy, as intermediates in nucleophilic
substitution, 219-221
vinyl, as dienophiles in Diels-Alder reaction, 494
Phosphonium ylides
in wittig reaction, 157-164
stabilized, 159
Phosphorus tribromide
reaction with alcohols, 218-221
Photochemical cycloaddition reactions, 544-551
alkene photodimerization, 544545
copper triflate catalysis of, 544-545
enones, 545-549
in synthesis of longifolene, 1086
Phthalimides
as amine protective group, 269
in Gabriel amine synthesis, 229-230
Pinacol borane, see borane, pinacol
Pinacol rearrangement, 883-889
examples, 888
of epoxides, 886
stereochemistry of, 884-886
sulfonate esters in, 884—886
tandem with carbonyl-ene reaction, 886—887



pK values
table of, 3
Polar substituent effects
in aldol reactions, 96, 105-106
Polyamines
enolate reactivity, effect on, 20-21
Polyene cyclization, 864-869
examples, 868
of squalene in steroid biosynthesis, 867
Polyenes
preparation by Pd-catalyzed cross-coupling, 733
Polypeptide synthesis
cyclic, 1243-1245
solid phase, 1246-1250
coupling reagents for, 1248—1250
Fmoc protocol for, 1247-1248
linker groups for, 1248
t-Boc protocol for, 1246
Potassium hexamethyldisilazide (KHMDS)
base for enolate formation, 5
Potassium tris-(1-methylpropyl) borohydride
as reducing agent, 399400
Prelog-Djerassi lactone, multistep synthesis of,
1196-1209
chiral auxiliaries in, 1205-1207
1,5-diene hydroboration in, 1198
enzymatic desymmetrization in, 1200, 1202
from carbohydrates, 1202—1203
from meso-3,4-dimethylglutaric acid derivatives,
1199-1202
using enantioselective catalysis, 1207-1208
Proline
enantioselective catalysis of aldol reaction,
131-133
enantioselective catalysis of Mannich reaction,
142-143
enantioselective catalysis of robinson annulation,
138-139
Protective groups, 258-276, 1163, 1166
alcohols, 258-265
amides, 271
amines, 267-272
carbonyl compounds, 274-275
carboxylic acids, 274-275
Pseudoephedrine
chiral auxiliary in aldol reaction, 114-116
chiral auxiliary in enolate alkylation, 42
Pyridazines, as Diels-Alder, dienes, 595
Pyridine derivatives
nucleophilic aromatic substitution in, 1037
Pyridine-2-thiol esters
acylation of alcohols by, 243
2-pyridyl disulfide
macroloactonization by, 249
Pyrones
as dienes in Diels-Alder reactions,
490491, 1041
in synthesis of Baccatin III, 1212

Quinodimethanes
as dienes in Diels-Alder reaction, 489—490, 501
Quinones
as dienophiles in Diels-Alder reaction, 494,
506-507, 512, 517

Radicals
addition to alkenes, 956, 959-966
by allylic silanes, 961, 965-966
by allylic stannanes, 963, 964, 965-966
examples, 963-966
mechanism, 960-961
substituent effects, 960-962
addition to carbon-nitrogen double bonds, 973
alkoxyl, generation from nitrites, 990
aryl
addition to alkenes, 1035
aromatic substitution by, 1052
from N-nitroso anilides, 1053
as reaction intermediates, 956-992
cyclization of, 967-990
ring size effects, 967-969
tandem with alkylation, 979-981
1,4-di- as intermediates in
photocycloaddition, 548
fragmentation of, 984-988
alkoxyl, 988-986, 992
cyclopropylmethyl, 986, 987
generation from, 959, 961
boranes, 958-959
a-cyano acids, 962
N-hydroxypyridine-2-thiones, 957-958
B-keto acids, 962
malonic acids, 962
organomercury compounds, 959, 961-962
selenides, 958, 961, 963, 975
thiono esters, 961, 963, 978
xanthates, 965, 972
hexenyl, cyclization, 295,423,569, 621-622
hydrogen abstraction, 957, 960
intramolecular, 989-991
silanes, 961
stannanes, 961, 963
iodine atom transfer, 970, 972, 974
rearrangement of, 984, 985-986
substituent effects on, 960-962
Ramberg-Backlund reaction, 895-898
RAMP, see
(R)-N-amino2-methoxymethylpyrrolidine
Red-Al, see sodium bis-(2-methoxyethoxy)
aluminum hydride
Reduction
by diimide, 388-390
by dissolving metals, 434-444
by hydride donors, 396429
by hydrogenation, 368-387
by hydrogen atom donors, 431-434
Reductive amination, 403-404, 467
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Reformatsky reaction, 657-660
Resolution, in enantioselective synthesis, 1166,
1172-1173, 1183
Retrosynthetic analysis, 1163, 1164-1166
antisynthetic transforms, 1164
convergent steps, 1163
bond disconnections, 1164, 1174
Rhodium compounds, catalysis by
carbenoid cyclopropanation, 919, 920, 921,
923-929
computational model for, 925, 927-929
insertion reactions, 934-940
intramolecular, 938, 939
hydroformylation, 759-760
Robinson annulation reaction, 134-139, 143
enantioselective catalysis by praline, 133,
142, 512
examples, 137, 138
Ruthenium catalysts
olefin metathesis, 761-766
Ruthenium tetroxide
as oxidant, 1067, 1069, 1070

Sakurai reaction, 815-827
catalysts for, 815, 816
enatioselective, 821, 823, 825, 827
mechanism of 813, 816-817, 824
stereoselectivity of, 817-822
Samarium salts
reductive coupling, 446447
reductive elimination, 174-175
SAMP, see
(8)-N-amino2-methoxymethylpyrrolidine
Sandmeyer reaction, 1030
Scandium triflate as catalyst
carbonyl ene reaction, 869-879
Friedel-Crafts alkylation, 1014-1016, 1018, 1019
Schiemann reaction, 1031, 1032
Schlosser modification of Wittig reaction, 162
Selectrides, see borohydrides, alkyl
Selenenyl halides, 308-310, 333
Selenides
radicals from, 958
Selenoxides
allylic, [2,3]-sigmatropic rearrangement of,
581-589
thermal elimination reactions, 590, 591, 593,
595, 601
Selenium dioxide oxidation of
alkenes, 1124-1127
ketones, 1143, 1144
Selenylation
alkenes, 307, 308, 309, 310
allylic oxidation by, 1124-1126
reagents for, 308
carbonyl compounds, 331-333
Selenylcyclization, 320-322
examples, 321, 322-324

SEM, see 2-(trimethylsilyl) ethoxymethyl
Semibenzilic rearrangement, 894
Shapiro reaction, 454-456, 631
Sharpless epoxidation, 1085-1088
[2,3]-sigmatropic rearrangments, 581-590
N-allyl amine oxides, 582
allyl ether anions, 587-588
examples, 587, 589
in juvabione synthesis, 1182—1185
stereochemistry of, 587-588
allyl sulfoxides, 581-582
allyl selenoxides, 582
ammonium ylides, 583-586
examples, 587
sulfonium ylides, 581-586
examples, 586
[3,3]-sigmatropic rearrangements, 552-581
anionic oxy-cope, 556-557
N—allyl amide enolates, 577, 578
N-allyl amine oxides, 588
O-allyl ketene aminals, 576-579
Claisen, 560-564
Cope, 552-560
examples, 552
imidates, 577-578
Ireland-Claisen rearrangement, 567-576
ketene aminals, 576577
orthoester Claisen rearrangement, 564—567
Silanes
allylic, 784
acylation, 829-830
addition to carbonyl compounds, 815-828;
see also sakurai reaction
conjugate addition reactions, 830-833
fluoride induced reactions, 824
iminium ions, addition to, 825-829
in discodermolide synthesis, 1235, 1237,
1239, 1240
alkenyl
reactions
acylation, 826
polyene cyclization, 864—868
synthesis from
aldehydes by organometallic addition, 813
alkynes by carbometallation, 812-813
alkynes by hydrosilation, 810-813
alkynes using boranes, 797
as hydride donors, 425-429
halo, reactions with aldehydes, 821-825
reactions with
carbonyl compounds, 815-820
synthesis from, 809-813
alkenes by hydrosilation, 809, 8§10
silyl halides and organometallic reagents,
808-810, 812
Siloxy-Cope rearrangement, 556-557
Silyl enol ethers
alkylation, 863, 864



conjugate addition reactions, 188, 189,
190-192, 193
[2+42]-cycloaddition reactions of, 542
as enolate equivalents, 82-86, 125-132, 139
enolates from, 11-16, 73
epoxides of, 1107, 1111-1114
halogenation, 328-331
Mannich reactions of, 140, 142, 143
Mukaiyama aldol reactions of, 82-87
[2+42]-photocycloaddition with carbonyl
compounds, 551
oxidation, 1133-1134
photochemical cycloaddition, 544-545
preparation
from carbonyl compounds, 12—15
by conjugate reduction of enones, 16-18
using lombardo’s reagent, 661
reaction with
acyl iminum ions, 145, 146
carbocation, 862, 863, 864
imines, 142-145
Silyl ketene acetals, 78, 79
alkylation, 863, 864
formation from esters, 79, 567-569
Ireland-Claisen rearrangement of, 567-576
Mukaiyama aldol reactions of, 96
reaction with
carbocations, 861-863, 864
Silyl thioketene acetals
aldol reactions, 82
conjugate addition reactions, 191-192, 193
Mukaiyama reactions, 131, 133
Simmons-Smith reaction, 916, 917, 919
computational model of, 922, 925
examples, 930-933
hydroxy group directing effect in, 919, 920
Lewis acid catalysis of, 917
Sodium bis-(2-methoxyethoxy) aluminum hydride
partial reduction of esters by, 401
Sodium borohydride
as reducing agent, 396-399, 409, 411
Sodium hexamethyldisilazide
base for enolate formation, 5
Sodium triacetoxyborohydride
as reducing agent, 405, 406, 407, 411413
Sodium #ris-(1-methylpropyl) borohydride, as
reducing agent, 399-400
Solid phase synthesis, 1245-1252
oligonucleotides, 1250-1252
polypeptides, 1245-1250
Sonogashira reaction, 726
Squalene
polyene cyclization in steroid biosynthesis,
867-868
Sgy1 substitution, 1053-1055
mechanism, 1054
Stannanes, see tin, organo- compounds
Stannyl enol ethers
conjugate addition reactions, 193

Stille reaction, 731
Stryrene derivatives
enantioselective hydrogenation, 384-387
Sulfate esters
of vic-diols, reductive elimination, 452
Sulfenylation
alkenes, 307-309
reagents for, 307, 308
carbonyl compounds, 331-332
Sulfenylcyclization, 320-324
examples, 322-323
Sulfides, organolithium compounds from, 625, 636
Sulfonamides
protective groups for amines, 269
radical reaction of, 989-891
synthesis by Mitsunobu reaction, 228, 232
Sulfonate esters
diol
pinacol rearrangement, 883-886
enol
palladium-catalyzed cross-coupling, 728-729
reactions with
organocopper compounds, 675, 680
reduction, 422423
synthesis
by Mitsunobu reaction, 228, 232
from alcohols, 216
Sulfolene dioxide
cheletropic elimination of, 591-592
Sulfones
cyclohexyl 2-naphthyl as chiral auxiliary, 4243
a-halo
Ramberg-Backlund reaction of, 895-897
B-hydroxy
reductive elimination in Julia reaction,
174-176, 460
Julia olefination reactions of, 174-176
vinyl, as dienophiles in Diels-Alder reaction,
492-494
Sulfonium ylides, 177-179
allylic, [2,3]-sigmatropic rearrangement of, 581,
583-587
examples, 586
formation using diazo compounds, 583-584
Sulfoxides
acylation of, 155
allylic, [2,3]-sigmatropic rearrangement of,
581-583
B-keto, 154-156
Sulfoximines
as alkylidene transfer reagents, 270
Sulfur ylides
reactions with carbonyl compounds, 177-179
[2,3]-sigmatropic rearrangement, 583-585
Suzuki reaction, 739
Swern oxidation, 1070
Synthetic equivalents, 1166—1171
cyanide as nucleophilic carboxy equivalent, 1170
in Diels-Alder reaction, 491-493
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Synthetic equivalents (Cont.)
in enolate alkylation, 24
homoenolate equivalents, 11691170
in multistep synthesis, 1163
nucleophilic acyl equivalents, 1167-1169
umpolung concept in, 1166

Taddols, see
tetraaryl-1,3-dioxolane-4,5-dimethanols
Tartaric acid derivatives
boronate esters of in allylboration, 801-802
computational model for, 801-802
Taxol®, multistep synthesis, 1210-1220; see also
Baccatin III
Tetraaryl-1,3-dioxolane-4,5-dimethanols,
complexes as chiral catalyst for
conjugate addition reactions to nitroalkenes, 198
1,3-dipolar cycloaddition, 535
Diels-Alder reaction, 512-513
organomagesium addition to ketones, 649
organozinc addition to aldehydes, 650
Tetraenes, conjugated
synthesis from 2-en-1,4-diols by reductive
elimination, 461
Tetrahydropyranyl
protecting group for alcohols, 260
Tetrafuran derivatives
synthesis by halocyclization, 316, 317
N, N, N’ N'—tetramethylethylenediamine
organolithium reagents, effect on, 627, 630-632
solvation of enolates, 20-21
1,2,4,5-tetrazines
as Diels-Alder, dienes, 598
Tetrazole
sulfones in Julia reaction, 175
Thallium, organo- compounds
preparation by electrophilic thallation, 1026
Theyxlborane, see borane, 1,1,2-trimethylpropyl
THF, see Tetrahydrofuran
Thioamides
[3,3]-sigmatropic rearrangement of, 577, 578
THP, see Tetrahydropyranyl
1,3-thiazoline-2-thiones, as chiral auxiliaries
aldol reactions of, 82, 114
reactions with n-acyliminium ions, 145, 146
Thiocyanogen, 305
Thiono esters
in radical reactions, 961, 980
reductive deoxygenation of, 433-435
Thionyl chloride
reaction with alcohols, 217-218, 223
Tiffeneau-Demjanov reaction, 891
Tin
enolates in aldol reactions, 7678, 128-132
Tin, organo- compounds
allenyl
reactions with aldehydes, 850-852
in synthesis of discodermolide, 1233

allylic, 784
v-alkoxy, reactions with aldehydes, 842—845
d-alkoxy, addition reactions of, 843, 852
reactions with carbonyl compounds, 838-847
aryl, palladium-catalyzed cross-coupling of, 744
chiral, enantioselective addition reactions of,
843-846
halo, reactions with
carbonyl compounds, 838
organometallic compounds, 834
metal-metal exchange reactions of, 622
tri-N-butyl
as hydrogen atom donor, 431-433
in radical reactions, 956, 957-958, 961,
979-980
palladium catalyzed cross-coupling 728-737
examples, 736-738
mechanism, 731-732
synthesis of, 833-834, 838
alkenyl, from alkynes using boranes, 797
alkenyl from alkynes, 833-834
a-alkoxy, from aldehydes, 835
from aldehydes, 835
from organometallic reagents, 834
a-siloxy, from aldehydes 834
Titanium
alkoxides in sharpless epoxidation, 1085-1088
BINOLates
chiral catalysts for aldol reactions, 127-132
enolates in aldol reation, 76-78
low-valent, reductive coupling by, 444-447
TMEDA, see N,N,N’N’-tetramethylethylenediamine
TMSI, see trimethylsilyl iodide
Transmetallation
in allyl tin addition reactions, 843
in Pd-catalyzed cross-coupling, 728
1,2,4-triazines
as Diels-Alder, dienes, 591, 592
Trichloroethyloxycarbonyl
amine protective group, 266
Trifluoroacetic acid
addition to alkenes, 294
Trifluoromethane sulfonate esters
alkenyl
reductive deoxygenation, 441
palladium-catalyzed carbonylation, 753
palladium-catalyzed cross-coupling, 742,
743, 744
Triisopropylsilyl
as hydroxyl protective group, 264-266
Trimethylsilyl
as hydroxyl protective group, 264
Trimethylsilyl iodide (TMSI)
cleavage of ethers by, 240-241
dealkylation of estes, 240
2-(trimethylsilyl) ethoxymethyl (SEM)
Hydroxy protective group, 260, 262, 264
Troc, see trichloroethoxycarbonyl
Triphenylphosphine



as co-reagent in conversion of alcohols to
halides, 217-222
Triphenylsilyl
as hydroxyl protective group, 265, 266
Tris-(trimethylsilyl) silane, as hydrogen atom
donor, 431-433, 963
Tropinone, synthesis of, 142

Ugi reaction, 1256
Ullman coupling reaction, 703

Vanadium
catalysis of epoxidation, 1081, 1082
reductive coupling by, 450
Vicarious nucleophilic aromatic substitution, 1037
Vilsmeier-Haack reaction, 1024
Vinyl ethers, see enol ethers

Wacker oxidation, 710-711
Wadsworth-Emmons reaction, 164—170
computational modeling of, 166—170
examples, 167-168
intramolecular, 166
macrocyclization by, 166
stereoselectivity of, 165-166
Weinreb amides, see amides, n-methoxy-n-methyl
Wieland-Miescher ketone, 138
starting material for longifolene synthesis, 1188,
1189-1195
Wilkinson’s catalyst
homogeneous hydrogenation, 374
hydroboration, 341
hydrosilation, 809, 810
Wittig reaction, 157-164
application in synthesis, 163-164
as example of generalized aldol reaction, 65, 150
examples, 159
Schlosser modification, 162
stereoselectivity, 159
Wittig rearrangement, 587-589
examples, 590
stereochemistry, 587-588
Wolff-Kishner reduction, 453-454
Wolff rearrangement, 941, 943, 944, 945
mechanism, 941

Xanthates
in radical deoxygenation, 433
thermal elimination reactions of, 601-602
X-ray structure of
(BINOLate) Ti,(O-i-Pr)s, 129
(BINOLate) Tiz(O-i-Pr),,, 129
boron trifluoride complex of
2-methylpropenal, 482
a,a-diphenylprolinol oxazaborolidine catalyst,
418-420
ethylmagnesium bromide bis-diethyl ether
complex, 621, 623

ethylmagnesium bromide dimeric di-iso-propyl 1321
ether complex, 621, 623, 624
bis-iodomethylzinc complex with exo, Index

exo-dimethoxybornane, 919

lanthanum (R, R)-phenylpy BOX
trifluoromethanes sulfonate

tetrahydrate, 510

lithium enolate of methyl 7-butyl ketone, 11, 19

lithium salt of methyl 7-butyl ketone
N-phenylimine anion, 49

lithium salt of SAMP hydrazone of
2-acetylnaphthalene, 53, 55

monomeric and dimeric copper-carbene
complexes with diimine ligand, 921, 922

tetrakis-P,P,P’P’-(4-methylphenyl)-1,1’-
binaphthyldiphosphine-1,2-diphenyl-1,2-
ethaneamine ruthenium borohydride
catalyst, 393

phenyllithium tetrameric diethyl ether
complex, 626

scandium (S, S) phenylpyBOX
trifluoromethanesulfonate hydrate, 510

tin tetrachloride complex of
2-benzyloxy-3-pentanone, 93

titanium tetrachloride complex of O-acryloyl
ethyl lactate, 482

zinc enolate from #-butyl bromoacetate, 658

Yamaguchi method for macrolactonization, 249
Ylides
ammonium, [2,3]-sigmatropic rearrangement of,
583-585
carbonyl
from carbenes, 936-941
phosphonium in wittig reaction, 157-164
B-oxido in wittig reactions, 162
sulfur
reactions with carbonyl compounds, 177-180
[2,3]-sigmatropic rearrangement of, 581-598

Zinc, organo- reagents, 650-661
conjugate addition of, 198
cross-coupling

cobalt-catalyzed, 761
palladium-catalyzed, 723-729
zinc-catalyzed, 756-758
halomethyl, as carbene precursors, 916
preparation of, 650—-652
from boranes, 652
reactions with, 651-655
aldehydes, 653-656
zincate reagents, 659—660

Zinc borohydride
as reducing agent, 399
in reductive amination, 403, 404
in reduction of a-hydroxyketones, 412

Zirconium
enolates in aldol reactions, 76-78
hydrozirconation, 355-357





