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– – amine-derived nucleopalladation 1266,
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1271, 1272–1277
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1259–1260
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alkenyl–alkenyl coupling (contd.)

– conjugated trienes, enynes, and oligomeric
homologs containing alkenyl groups
169–171

– critical comparison of Negishi and Suzuki
versions 163–169

– highly selective and efficient syntheses of
dienes, enynes, and oligomeric homologs
159, 160–163

– synthetic scope and utility 191–193
– tetrasubstituted alkenes via IX and X types

alkenyl reagents 185, 187–190
alkenyl derivatives
– Type V 175–176
– Type VI 176–177
– Type VII 177–179
– Type VIII 180
alkenyl halides and alkenylmetal reagents, and

direct C–H bond alkenylation 1413–1415
alkenylzinc reagents cross-coupling 306–310
alkyl–alkyl coupling (Pd-catalyzed) 219–221
alkylcupration 174
alkylidenecyclopropane derivatives 83

preparation procedure 867
alkylmetal reagents
– cobalt-catalyzed C–H alkylation

1455–1456
– palladium-catalyzed C–H alkylation

1451–1455
alkylmetals and alkyl electrophiles

cross-coupling (other than those containing
allyl, benzyl and propargyl groups) 216,
218–219

alkyne hydroamination catalysts 1139–1145
alkyne hydroamination with Au-CAAC

complex 1248
alkyne substrate catalysts 1171, 1172,

1173–1182
alkynes and C–H bond addition 1415–1422
alkyne carbometallations
– intermolecular reactions 816–858
– intramolecular reactions 858, 860–864
alkynylaluminium reagents 739–741
alkynylation (Pd-catalyzed) 191, 193–197
alkynylboron coupling partners 725–730
alkynylcopper reagents
– Cadiot–Chodkiewicz coupling 702–706
– Sonogashira reaction 668–702
– Stephens–Castro reaction 666–667
alkynylgermanium, alkynylsilver, and

alkynylmanganese reagents 743–745
alkynylindium reagents 741–743
alkynylmagnesium reagents 736–739
alkynylsilicon reagents

– alkynylsilane cross-coupling 731–735
– one-pot twofold cross-couplings 735–736
alkynylstannanes 713
alkynyltins 456–457, 462–463
– Stille coupling 706–708
– – applications 716–717
– – organotriflates 708, 712–713
– – recent advances 713–716
alkynylzinc reagents
– C(sp2)-electrophiles cross-coupling

318–320
– C(sp3)-electrophiles cross-coupling

320–321
– Negishi protocol 717–721
– – applications 721–724
allene 917–918
– carbometallation 864–866
– hydroamination
– – catalysts 1145–1146
– – with (dppf)PtCl2 1246
– – with zirconium ureate complex 1246
– substrates catalysts 1183–1189
allenylzinc reagents cross-coupling reactions

311
(2Z)-2-allyl-3,7-dimethylocta-2,6-dien-1-ol

260–261
allylbenzene derivatives via Pd-catalyzed

alkenyl–benzyl coupling and aryl–allyl and
allyl–aryl coupling 204

allyl enol carbonates palladium-catalyzed
asymmetric Tsuji allylation 983

π-allylmetal intermediates 925–926
– allylic alkylations with transition metals

959
– – iridium 959–964
– – iron 964–966
– – molybdenum 966–969
– – nickel 969–971
– – platinum 971–972
– – rhodium 972–977
– – ruthenium 977–981
– – tungsten 981–982
– experimental procedures 983–984
– palladium-catalyzed allylic alkylations
– – allylic alkylations 942–954
– – carbonylations 954–955
– – formation and reaction of π-allylpalladium

complexes 926–927
– – isomerizations of π-allylpalladium

complexes 927–929
– – regioselectivity 929–932
– – stereochemical aspects 932–942
– – umpolung of π-allylpalladium complexes

955–959
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allylic alkylations 942
– basic conditions
– – allylic esters 942, 943–944
– – allylic halides 944–945
– – allylic phosphates 944
– neutral conditions 945
– – allylic carbonates and carbamates

945–946
– – vinylepoxides 946
– nucelophiles
– – reactions with enolates and derivatives

948–953
– – reactions with hard nucleophiles

953–954
– – reactions with stabilized and soft

nucleophiles 946–948
– palladium-catalyzed
– – carbonylations 954–955
– – formation and reaction of π-allylpalladium

complexes 926–927
– – isomerizations of π-allylpalladium

complexes 927–929
– – regioselectivity 929–932
– – stereochemical aspects 932–942
– – umpolung of π-allylpalladium complexes

955–959
– with transition metals 959
– – iridium 959–964
– – iron 964–966
– – molybdenum 966–969
– – nickel 969–971
– – platinum 971–972
– – rhodium 972–977
– – ruthenium 977–981
– – tungsten 981–982
allylic carbonates and carbamates 945–946
allylic esters 942, 943–944
allylic halides 944–945
allylic phosphates 944
allylsilane 916–917
π-allylpalladium complexes umpolung

955–959
allyl-substrate-controlled stereoselective

reactions 932–934
amide, urethane, urea, and sulfonic acid

amide derivatives arylation 1037–1043
amide arylations 1059
amine bases 684–686
amine-derived nucleopalladation 1266,

1267–1271
amine arylations
– acyclic secondary aliphatic amines

1025–1030
– ammonia equivalents 1005–1012

– aniline derivatives arylation 1030–1036
– cyclic secondary aliphatic amines

1020–1025
– primary aliphatic amines 1012–1020
aminofluorination 1305
aminohalogenation 1289–1291
aminooxygenation 1291–1295, 1304–1305
ammonia hydroamination 1169, 1170–1171,

1248
aniline syntheses, from aryl halides and

ammonia 1056
anion capture 570
arenes 1323, 1325–1327, 1362–1363, 1365,

1366, 1367–2425. See also individual entries
Ar–X–Ar′ (X=O, N, S) synthesis, under

modified Ullmann reaction conditions
1124

aryl bromides Heck reactions with ethene
629–630

aryl–alkenyl and alkenyl–aryl couplings
158–159

aryl- and heterozrylzinc reagents
cross-coupling reactions 298–306

aryl- aryl coupling 156–158
aryltins 454–455, 462
Ar–Z–Ar system methodology 1098–1100
– DreM connection 1100–1101
asymmetric hydroamination
– alkene catalysts 1156–1159
– with chiral Rh complexes 1247
– with chiral zwitterionic Zr complex

1246–1247
asymmetric induction
– on nucleophile 941–942
– on prochiral and racemic allylic substrates

937–938
atropisomer syntheses (enantiomerically

enriched) 101–103
autoretardation 23
azines and related electron-deficient

heteroarenes 1346–1348
azoles 1340–1345
– and azines 1348
1,3-azoles and derivatives 1340–1346

b
Bartoli reaction 623, 624
10,11-benzo-13-oxatricyclo[7.4.1.01,6]tetradeca-

3,7-diene-6-carbonitrile 633–634
benzo[c][2,7]naphthyridinone preparation and

DoM–Suzuki–Miyaura cross-coupling
1121–1122
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benzyl 2-(4,4-dimethyl-5-oxo-1-
(perfluorophenyl)pyrrolidin-2-yl)acetate
1422–1423

benzyl–aryl and aryl–benzyl coupling 203
benzylated alkynes via Pd-catalyzed

alkynyl–benzyl coupling and
aryl–propargyl and propargyl–aryl
coupling 204, 206–207

biaryl synthesis, through metal-catalyzed C–H
arylation 1315–1316

– C–H/C–H coupling
– – cross-coupling 1365
– – homocoupling 1362–1365
– C–H/C–M coupling
– – with directing groups 1356–1359
– – no directing groups 1359–1362
– C–H/C–X coupling
– – early contributions 1316–1317
– – of heteroarenes and aryl halides

1329–1348
– – with directing groups 1318–1323
– – without directing groups 1323–1329
– enantioselective C–H coupling

1373–1374
– experimental procedures 1374–1377
– phenol derivatives and arylcarbonyl

compounds
– – C–H/C–O coupling 1348, 1351–1353
– – decarboxylative/decarbonylative C–H

coupling 1353–1355
biaryls and heterobiaryls 1070–1095
Biellmann coupling 210, 212
bimetallic cyclic mechanism, for

carbozirconation 248
bioactive molecules synthesis
– DoM–cross-coupling tactics
– – involving Ar–Ar bond formation

1101–1106
– – involving Ar–Z–Ar bond formation

1106
4,4′-bis[5-ethynyl(5′-methyl-2,2′-bipyridyl)]

-1,1′-biphenyl 464–465
bisallylpalladium intermediates 438–441
boronic acids. See Suzuki–Miyaura coupling
boronic esters 72, 73, 84, 93, 97, 112, 114,
boron–zinc exchange reactions 285–287
(2-bromocyclopent-1-en-1-yl)(cyclohexyl)

methanol 412
bulky phosphines 6–12
butyl (E)-3-(1-methylindol-2-yl)-2-propenoate

1423
butyl 5,6-dihydro-5-(4′-chlorophenylsulfonyl)

phenanthridine-6-acetate 1422

c
1,4-carboamination 883–884
1,4-carbosilylation 888–889
C-2-arylated 1,3-azoles 1340–1343
C-5-arylated 1,3-azoles 1343–1345
C-11-labeled molecules synthesis 438
Cadiot–Chodkiewicz active template synthesis

of a [2]rotaxane 747
Cadiot–Chodkiewicz coupling 702–706
carbanions 918–919
4-carbethoxy-4-methoxybiphenyl 526
6-carboethoxy-3,5-dimethylpyrimidinyl-5-zinc

chloride 346
carbolithiation. See carbometallation reactions
carbometallation reactions 763–764
– alkenes
– – intermolecular reactions 764–798
– – intramolecular reactions 798–816
– alkynes
– – intermolecular reactions 816–858
– – intramolecular reactions 858, 860–864
– allenes 864–866
– experimental procedures 867–869
carbon–carbon bond forming reactions

mediated by organozinc reagents 279–280
– copper-catalyzed cross-coupling reactions, of

organozinc reagents 293
– – cross-coupling reactions with

C(sp3)-electrophiles 295–296
– – cross-coupling with C(sp)-and

C(sp2)-electrophiles 293–295
– experimental procedures 345–354
– transition-metal-catalyzed cross-coupling

reactions of organozinc reagents
296–297

– – alkynylzinc reagents cross-coupling
reactions 318–321

– – C(sp2)-organozinc reagents cross-coupling
reactions 297–318

– – C(sp3)-organozinc reagents cross-coupling
reactions 321–345

– uncatalyzed cross-coupling reactions
291–293

– zinc organometallics
– – direct zincation reactions 287–288
– – halogen–zinc exchange reactions

288–290
– – hydro- and carbozincation reactions

290–291
– – transmetallation reactions 282–287
– – Zn(0) direct insertion into organohalides

280–282
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carbon–carbon-bond-forming reactions,
mediated by organomagnesium reagents
365

– experimental procedures 411–416
– magnesium organometallics preparation

methods 366
– – direct magnesiation reactions 368,

369–370
– – halogen–magnesium exchange reactions

366, 367–368
– – magnesium direct insertion 366
– transition-metal-catalyzed cross-coupling

reactions 370–371
– – C(sp)-organomagnesium reagents

cross-coupling reactions 384–390
– – C(sp2)-organomagnesium reagents

cross-coupling 372–384
– – C(sp3)-organomagnesium reagents

cross-coupling reactions 390–411
carbon monoxide incorporation and Heck

reactions 590–591
carbopalladation reactions in solid-phase

syntheses 620–627
cascade processes 437–438
Castro–Stephens reductive Ene–Yne

macrocyclization 746
catalyst system 424–58. See also individual

entries
catalytic asymmetric cross-coupling reactions

with secondary alkyl halides 223, 225–227
C–C bond formation
– with use of allene 917–918
– with use of allylsilane 916–917
– with use of stabilized carbanions 918–919
– via vinyl palladation 915–916
C–C cross-coupling reactions comparison, in

DOM context 1095–1098
C–H activation and Heck-type processes

579–587
C–H arylation. See biaryl synthesis, through

metal-catalyzed C–H arylation
C–H bond activation amination 1051–1054,

1060
C–H bond alkenylation 1389–1390
– C–H bond addition across alkynes

1415–1422
– direct C–H bond alkenylation with alkenyl

halides and alkenylmetal reagents
1413–1415

– experimental procedures 1422–1423
– oxidative alkenylation with alkenes
– – chelate-directed alkenylation (ortho

alkenylation) 1392–1403

– – Fujiwara–Moritani-type reaction
1390–1392

– – heteroarene regioselective alkenylation
1403–1413

C–H bond alkylation 1427–1428
– alkene hydroarylation and hydroalkenylation
– – pioneering studies 1456–1458
– – rhodium-catalyzed reactions 1467–1479
– – ruthenium-catalyzed (Murai’s) reactions

1458–1467
– – transition metal-catalyzed reactions

1480–1484
– alkylmetal reagents
– – cobalt-catalyzed C–H alkylation

1455–1456
– – palladium-catalyzed C–H alkylation

1451–1455
– with electrophilic reagents 1428
– – first-row transition metals catalysis

1447–1450
– – palladium-catalysis 1429–1445
– – ruthenium-catalysis 1445–1447
– experimental procedures 1484–1487
C–H bond functionalization and

nucleopalladation 1277, 1278–1286
C–H/C–H coupling
– 1-(5-methoxy-3-phenyl-1H-indol-1-yl)

ethanone 1375–1376
– cross-coupling 1365
– homocoupling 1362–1365
C–H/C–M coupling
– 10,21-di-tert-butylhexabenzo[a,c,fg,j,l,o,p]

tetracene 1375
– no directing groups 1359–1362
– with directing group 1356–1359
C–H/C–O coupling 1348, 1351–1353
– 2-(naphthalen-2-yl)benzoxazole

1374–1375
C–H/C–X coupling
– 4-phenyltoluene 1374
– early contributions 1316–1317
– with directing groups 1318–1323
– without directing group 1323–1329
– of heteroarenes and aryl halides

1329–1348
chelated enolates rhodium-catalyzed allylic

alkylation 983–984
chelate-directed alkenylation (ortho

alkenylation) 1392–1403
chlorides 75–79
chlorohydrin synthesis and vicinal

dibromination 1298, 1299–1301
cine substitution 425–426
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cis-tert-butyl 2-(4-cyanophenyl)-4-
phenylpiperidine-1-carboxylate 352

cobalt-catalyzed C–H alkylation 1455–1456
cobalt-catalyzed cross-coupling reactions

316–317, 343–336, 383, 386–388
– C(sp2)-electrophiles cross-coupling

408–409
– C(sp3)-electrophiles cross-coupling

409–410
– mechanistic considerations 410
complex-induced proximity effect (CIPE)

507, 1097
concerted metallation-deprotonation (CMD)

1325
copper effect 23–24
copper salts as additives 74–75
copper-assisted nucleophilic palladium

displacement 1288
copper-catalyzed cross-coupling reactions

406–408
– of organozinc reagents 293
– – with C(sp)- and C(sp2)-electrophiles

293–295
– – with C(sp3)-electrophiles 295–296
C(sp)- and C(sp2)-electrophiles cross-coupling

293–295
C(sp2)–C(sp2) bonds formation 75
– chlorides 75–79
– enantiomerically enriched atropisomers

synthesis 101–103
– fluorides 79–82
– organoboron cross-coupling partners

92–101
– pseudohalides 82–92
C(sp2)-organozinc reagents cross-coupling

reactions
– cobalt-catalyzed cross-coupling reactions

316–317
– iron-catalyzed cross-coupling reactions

317–318
– nickel-catalyzed cross-coupling reactions

311–312
– – C(sp2)-electrophiles cross-coupling

312–314
– – C(sp3)-electrophiles cross-coupling

314–315
– palladium-catalyzed cross-coupling

reactions 297–298
– – alkenylzinc reagents cross-coupling

306–310
– – allenylzinc reagents cross-coupling

reactions 311
– – aryl- and heteroarylzinc reagents

cross-coupling reactions 298–306

– rhodium-catalyzed cross-coupling reactions
315–316

C(sp3)–C(sp3) and C(sp3)–C(sp3) bonds
formation cross-coupling reactions
advances 103–104

– cross-coupling between sp3 carbon centers
with sp3 carbon centers 117–121

– cross-couplings between unsaturated
sp2 carbon centers and sp3 carbon centers
105–117

– stereochemistry 104–105
C(sp3)-electrophiles cross coupling reactions

295–296, 310
C(sp3)–H alkylation with boronic acids,

directed by O-methyl hydroxamic acids
1486

C(sp3)-organozinc reagents cross-coupling
reactions 321–322

– cobalt-catalyzed cross-coupling reactions
343–336

– iron-catalyzed cross-coupling reactions 343
– nickel-catalyzed cross-coupling reactions

332
– – cross-coupling with C(sp3)-electrophiles

335–340
– – C(sp2)-electrophiles cross-coupling

332–335
– – mechanistic aspects 340–342
– palladium-catalyzed cross-coupling

reactions 322–323
– – cross-coupling with C(sp)- and

C(sp2)-electrophiles 323–329
– – cross-coupling with C(sp3)-electrophiles

329–330
– – mechanistic insights 330–331
– – oxidative cross-coupling reactions

331–332
– platinum-catalyzed cross-coupling reactions

342–343
– rhodium-catalyzed cross-coupling reactions

344–345
Curtin–Hammett conditions 998
C-X (X = N, O, S) bonds formation in

metal-catalyzed reactions 36–39
– C–X bonds nickel- and copper-catalyzed

formation 44–46
– reductive elimination to generate C–N,

C–O, and C–S bonds from
organopalladium(II) complexes 39–43

cyanation (Pd-catalyzed) 232–233
(R)-2-cyclohexenyl-2,5-dihydrofuran (R)-406

632, 633
2-cyano-2′,4′,6′-triisopropylbiphenyl 348
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cyclic (alkyl)(amino)carbene (CAAC) ligands
1170

3-cycloheptyl-2-methylprop-2-ene 351
cyclohexylisopropylzinc 347

d
decarboxylative/decarbonylative C–H

coupling 1353–1355
desymmetrization 634, 935–937, 975
di-(5-bromo-2,4-di(carboethoxy)phenyl)zinc

347
di-(5-carboethoxy-5-hexenyl)zinc 346
1,4-diacyloxylation 891
– intermolecular reaction 891–897
– intramolecular reaction 897–898
– synthetic applications 898–902
5,5′-diallyl-2,2-bis(methoxymethoxy)biphenyl

preparation and DoM–Negishi
cross-coupling 1123

diamination, of alkenes 1295–1298, 1305,
1306–1309

diarylanilines coupling 1058–1059
diastereoselectivity 763, 764, 766, 767, 782,

783, 784, 785, 786, 787, 788, 790, 791, 792,
800, 803, 804, 846, 847, 848, 849, 850, 1183,
1184, 1189, 1212, 1234, 1237

4,4-dicyano-2,7-dimethyl-5-phenylocta-1,7-diene
(R = Me) 464

1,4-dienes via Pd–catalyzed alkenyl-allyl and
allyl-alkenyl coupling and 1,4-enynes by
Pd-catalyzed alkynyl–allyl coupling 197,
198, 199–203

1,5-dienes and 1,5-enynes
– via Pd-catalyzed cross-coupling with allyl,

benzyl, propargyl electrophiles 210–212
– via Pd-catalyzed homoallyl–alkenyl coupling

and homopropargyl–alkenyl coupling
212–214

10,21-di-tert-butylhexabenzo[a,c,fg,j,l,o,p]
tetracene 1375

diethyl 4′-chloro-4′-methoxycarbonylspiro-
[cyclopropane-1,3′-bicyclo-[4.3.0]non-1′-
(6′)-ene]-8′,8′-dicarboxylate 632

6,6-diethoxy-2-phenyl-1-hexene 349
diethyl 4-bromo-6-iodoisophthalate 412–413
(2R,3S)-2-(3,4-dimethoxyphenyl)-8-mesityl-

5,7-dimethoxychroman-3-ol 348–349
1,2-difunctionalization 1288, 1300, 1301,
(S)-2,3-dimethyl-4-(2-methylnaphthalen-1-yl)

thiophene 1376–1377
1-(3,5-dimethoxyphenyl)-5-phenylpentan-3-one

(Ralkyl-BF3K = 197, R1 = CH2CH2Ph, R′ =
3,5-dimethoxybenzene) 122

2,6-dimethoxy-2′,6′-dimethylbiphenyl 121
3,3′′-dimethoxy-2,2′: 5′2′′-terthiophene

preparation and DoM–Migita–Stille
cross-coupling 1122–1123

dioxygenation 1301–1304
1,3-diketones ruthenium-catalyzed allylation

with allyl alcohol 983
1,3-diphenylpropyne 262
dipotassium

(E)-4,4′-diphenylstilbene-4′′,4′′′-disulfonate
(stilbene I) (12-SO3K) 629–630

directed ortho metallation (DOM)–cross
coupling nexus 1067–1070

– application in synthesis 1101
– – bioactive molecules synthesis

1101–1106
– – natural products synthesis 1106–1116
– – organic materials synthesis 1116–1119
– experimental procedures 1121–1124
– prognosis 1120–1121
– synthetic applications 1120
– synthetic methodology 1119
– synthetic methodology derivation
– – Ar–Z–Ar system methodology

1098–1101
– – for biaryls and heterobiaryls 1070–1095
– – named C–C cross-coupling reactions

comparison in DOM context
1095–1098

directed remote metallation (DreM)
connections 1097–1098, 1100–1101

1,4-diynes via alkynyl–propargyl coupling
207–208

1-(((E)-dodec-4-enyloxy)methyl)benzene 352
domino Heck–Diels–Alder reaction 632
Domino nucleopalladation/C–C coupling

1271, 1272–1277

e
((1E)-1-heptenylbenzene (E)-14) 525–526
(1E)-1-iodo-2-isopropyl-5-methyl-1,4-hexadiene

261–262
(E)-12-acetoxydodec-5-ene 415
(E)-1-chloro-4-phenyl-1-buten-3-yne 261
(E)-2-(4-octen-4-yl)-5-phenyl-1,3,4-oxadiazole

1423
(E)-3-methoxystilbene 1422
(E)-4-[2-(4-acetylphenyl)-1-butylethenyl]benzoic

acid ethyl ester 527
(E)-5-(4-methoxyphenyl)-4-penten-1-ol

526–527
electrospray ionization mass spectrometry

(ESI-MS) 25, 34
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6π-electrocyclization and Heck reaction
cascades 564–565, 567, 568, 585, 592, 593,
594,

elementometallation 142, 143, 148, 159, 174,
185

enantioselectivity 764, 766, 773, 792, 802,
803, 849, 867

– C–H coupling 1373–1374
– – (S)-2,3-dimethyl-4-(2-methylnaphthalen-1

-yl)thiophene 1376–1377
– hydroamination 1207–1216
endo-trig cyclization 556, 559
enolates 948
– Pd-catalyzed α-substitution and related

derivatives 233–235
– – direct α-arylation 236–237
– – Pd-catalyzed α-alkenylation of carbonyl

compounds 237–239
– – Pd-catalyzed α-alkylation, α-benzylation,

α-allylation, and α-propargylation
241–243

– – Pd-catalyzed α-alkynylation of carbonyl
compounds 239–241

– ester enolates 950–953
– ketone enolates 948–950
ester enolates 950–953
ethyl 2-(4-phenylbuta-1, 3.3-diynyl)benzoate

261
ethyl 3′-bromo-4′-[(tertbutoxycarbonyl)oxy]-

biphenyl-4-carboxylate 411–412
ethyl 4-(furan-2-yl)benzoate 350
ethyl 4-(phenylethynyl)benzoate 351
ethyl 4′-methoxy-biphenyl-3-carboxylate

349–350
ethyl 4-isopropylbenzoate 353–354
ethyl 6-phenylhex-5-ynoate 352–353
(2Z,4E,6E)-ethyl trideca-2,4,6-trienoate 260
ethylene hydroamination 1165–1169, 1247
exo-trig cyclization
5-exo-trig cyclization 798, 803
extended one pot (EOP) 717

f
first-generation catalysts 43
first-row transition metals catalysis

1447–1450
flash chemistry 773
fluorides 79–82
– activation 480, 490, 513, 520, 521, 523
fourth-generation catalysts 43
Fujiwara–Moritani-type reaction 1390–1392
fullerene derivative and Heck reaction

634–635

functionalization 1315, 1323, 1340, 1346,
1365, 1367

g
Grignard reagents. See also

carbon–carbon-bond-forming reactions,
mediated by organomagnesium reagents
15, 16, 776–780, 781, 782, 783, 790, 811,
812, 823, 825, 826, 828, 837, 839–843, 851,
862, 866

h
haloboration 174–175
1,4-haloacyloxylation 901
– intermolecular reactions 901–903
– intramolecular reactions 903–904
– synthetic applications 904–909
halogen–magnesium exchange reactions

366, 367–368
halogen–zinc exchange reactions 288–290
Hartwig–Buchwald amination 995–996
– arylation
– – amide, urethane, urea, and sulfonic acid

amide derivatives arylation 1037–1043
– – amines 1005–1036
– – C–H bond activation amination

1051–1054
– – heterocycle arylation

1043–1047
– – intramolecular amination 1047–1050
– experimental procedures 1056–1060
– general considerations 1000
– – base choice 1004, 1005
– – ligand choice 1002–1003
– – precatalyst choice 1000–1002
– – solvent choice 1004
– – temperature choice 1005
– mechanistic considerations 996–1000
– troubleshooting 1054–1055
Hartwig–Buchwald–Heck cascade 591
Hauser bases 368
Heck alkenylation 165–166
Heck–aldol and Heck–Michael cascades

577–579
Heck–Cassar coupling 670
Heck–Diels–Alder cascades 562–564
Heck reaction 533–534
– alkenes 541–544
– carbopalladation reactions in solid-phase

syntheses 620–627
– cascade reactions and multiple couplings

557–558
– – Heck cascades involving C(sp2) centers

558–561
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– – Heck coupling in combination with other
reactions 591–592

– – Heck reaction cascades involving C(sp2)
and C(sp) centers 561–562

– – Heck reactions combined with other
cross-coupling processes 566–570

– – Heck reactions with carbon monoxide
incorporation 590–591

– – Heck-6π-electrocyclization cascades
564–565

– – Heck–aldol and Heck–Michael cascades
577–579

– – Heck–Diels–Alder cascades 562–564
– – Heck-type processes involving C–H

activation 579–587
– – hydroarylations and hydroalkenylations

587–589
– – multiple Heck coupling 592–597
– – palladium-catalyzed reactions involving

nucleophilic substrates 570–577
– catalysts 536–541
– effects of bases, ligands, and additives

544, 546–551
– enantioselective Heck-type reactions

601–607
– experimental procedures 629–635
– in fine chemical syntheses 627–628
– heterocycles, natural products, and

biologically active compounds applying
Heck reactions 607–620

– leaving groups 551, 552–556
– mechanism 534–536
– and palladacycles 14
– palladium-catalyzed reactions 597–601
– structural requirements in intramolecular

cyclizations 556–557
1-(1-heptynyl)-4-methoxybenzene 414
hetereoarenes
– C–H/C–H cross-coupling 1368,

1369–1371
– C–H/C–H homocoupling 1363,

1364–1365
– oxidative C–H/C–H cross-coupling

1371–1372
heteroarenes. See also individual entries
– intermolecular alkylations 1487
– regioselective alkenylations 1403–1413
heteroatom-substituted secondary phosphine

oxide (HASPO) ligands 373
– C(sp2)-electrophile cross-couplings

399–404
– C(sp3)-electrophile cross-couplings 404
heterocycles
– arylation 1043–1047

– natural products, and biologically active
compounds applying Heck reactions
607–620

– organotins 449, 455–456, 462
hexakismethanofullerene derivative

634–635
1-hexenylmethylzinc 346
Hiyama transmetallation reaction 28–29
Horner–Wadsworth–Emmons (HWE) and

Still–Gennari (SG) olefinations
166–169

hydroaminoalkylation reaction 1147
1,4-hydroamination 879
1,4-hydroboration 881–882
1,4-hydrocyanation 882
1,4-hydrosilylation 877–878
1,4-hydrostannation 878
1,4-hydrosulfenation and

1,4-hydrothiocarbonylation 881
1,4-hydrosulfonation 880–881
hydro- and carbozincation reactions

290–291
hydroarylations and hydroalkenylations

587–589
hypervalence 431, 434, 461

i
indoles 1230–1233
– and pyrroles 1329–1334
inorganic synthesis 461
– alkynyltins 462–463
– aryltins 462
– heterocyclic organotins 462
– vinyltins 461–462
inverse Sonogashira coupling 692
iodine atom transfer (IAT) 45
iridium 959–964
iridium-catalyzed asymmetric allylic alkylation

983
iron 964–966
iron-catalyzed alkylation of (hetero)arenes

1486
iron-catalyzed cross-coupling reactions

317–318, 343, 379–383, 398–399

k
ketone enolates 948–950
kinetic isotope effects (KIEs) 1436
Kumada couplings 11, 13, 30
Kumada–Corriu reaction 736–739,

1084–1090
Kumada–Tamao–Corriu cross-coupling

reactions 375
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l
late transition metal catalysts 1160–1161
– alkene substrates catalysts 1189, 1190,

1191–1207
– alkyne substrates catalysts 1171, 1172,

1173–1182
– allene substrates catalysts 1183–1189
– C–N bond formation insertion route 1163,

1164–1165
– enantioselective hydroamination

1207–1216
– ethylene hydroamination 1165–1169
– hydroamination with ammonia 1169,

1170–1171
– mechanistic investigations 1216–1222
– nucelophilic attack
– – on allylic complexes 1162–1163
– – on neutral π-complexes 1161–1162
Lewis acids as additives 72–73
Li, boron transmetallation 1071–1084
Li, magnesium transmetallation 1084–1090
Li, Sn transmetallation 1090, 1091–1093
Li, Zn transmetallation 1093–1095
Liebeskind conditions 713
ligand-controlled regioselectivity 931–932
ligand-controlled stereoselective reactions

935–942

m
magnesium organometallics preparation

methods 366
– direct magnesiation reactions 368,

369–370
– halogen–magnesium exchange reactions

366, 367–368
– magnesium direct insertion 366
manganese-catalyzed cross-coupling reactions

383, 388–389, 410
masked boron derivatives as cross-coupling

partners 70–72
Matsuda reaction 552
The Merck Index 136
meso-allyl substrates desymmetrization

935–937
metal-catalyzed C,C- and C,X-bond formation

reactions 1–2
– C-X (X = N, O, S) bonds formation in

metal-catalyzed reactions 36–39
– – reductive elimination to generate C–N,

C–O, and C–S bonds from
organopalladium(II) complexes
39–43

– – C–X bonds nickel- and copper-catalyzed
formation 44–46

– oxidative addition 3–4
– – alkene and anionic ligands 5–6
– – cis-complexes 4–5
– – cross-couplings in presence of bulky

phosphines 6–12
– – N-heterocyclic carbenes as ligands

12–13
– – palladacycles as catalysts 13–14
– – Pd(IV) in catalytic cycles 14–16
– – of Stannanes to Pd(0) 16
– palladium-catalyzed α-arylation of carbonyl

compounds and nitriles 35–36
– reductive elimination 33–35
– Stille reaction 2–3
– – copper effect 23–24
– – couplings catalyzed by copper and gold

30–32
– – couplings catalyzed by iron and cobalt

32–33
– – cyclic and open associative

transmetallation 19–23
– – dissociative mechanistic proposals

18–19
– – Hiyama reaction transmetallation

28–29
– – Negishi reaction transmetallation

27–28
– – Suzuki–Miyaura reaction transmetallation

24–27
– – transmetallation step isolation 16–18
1-(5-methoxy-3-phenyl-1H-indol-1-yl)ethanone

1375–1376
2-methyl-5-phenylpentyl benzyl(phenyl)

carbamate (Ralkyl = Me, X = Br, R′alkyl =
CH2CH2CH2Ph) 123–124

4-methoxybiphenyl 413
4-methoxybiphenyl (R = C(O)Net2, R′ = H, Ar

= 4-methoxyphenyl 121–122
4-[2-(4-methoxyphenyl)pyrimidin-4-yl]

benzonitrile 350–351
6-methoxy-1-(S)-ethenyl-1,2,3,4

-tetrahydronaphthalene 633
methyl 3-(E)-{2-[2-(E)-

methoxycarbonylethenyl]cyclopent-1-
enyl}acrylate 631

methylene compounds (active) 879–880
9-methylenepentadec-7-yne 414
methyliminodiacetic acid (MIDA) 71, 72
Migita–Stille cross-coupling 1090–1093,

1110–1115
Mizoroki–Heck reactions 1389, 1413
molybdenum 966–969
multicomponent reactions (MCRs) 624
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n
2-(naphthalen-2-yl)benzoxazole 1374–1375
naphthalene-1,8-diamido (dan) derivative

(Ar = Ph) 123
natural product synthesis 443–444,

1106–1116, 1235, 1240, 1241, 1242, 1244
– containing 1,4-diene and allylated arenes

208–209
– intermolecular couplings 446–450
– intramolecular couplings 444–446
Negishi coupling 8, 13, 14, 137, 139,

163–164, 288, 301–310, 312, 318, 319, 323,
325, 327, 329, 330, 1093–1095, 1115–1116

– bibenzyls, homoallylarenes, 1,5-dienes
homopropargylarenes, and 1,5-enynes
214–216

– transmetallation 27–28
Negishi protocol 717–721
– applications 721–724
N-heterocycle synthesis 1233–1195
N-heterocyclic carbene (NHC) 12–13,

69–70, 677–679, 1322, 1330, 1340, 1343,
Ni-catalyzed alkyl–alkyl coupling 221–223
nickel 969–971
nickel-catalyzed cross-coupling reactions

311–312, 332, 372–375, 389, 390
– C(sp2)-electrophiles cross-coupling

312–314, 332–335, 391–396
– C(sp3)-electrophiles cross-coupling

314–315, 335–340, 396–398
– mechanistic aspects 340–342
N-methyliminodiacetic acid (MIDA) boronates
– orthogonality 99
– reactivity in cross-coupling reactions

97–98
N,N-5-trimethylnaphthalen-1-amine 415
N,N-diethyl-2-trimethylsilyl-3-phenylbenz-

amide preparation and
DoM–Kumada–Corriu cross-coupling
1122

N,N-diethyldecanamide 415
N,N-diethyl-N-phenylanthranilamide

synthesis 1124
10-nitro-9-phenyldecyl acetate 347–348
non-fluoride-promoted coupling 488–494
norbornene shuttle 585
nucleophile-controlled stereoselective

reactions 934–935

o
one-pot procedure 496, 508
– and tandem catalysis 1222–1225
one-pot Sonogashira coupling through In situ

TMS deprotection 746–747

organic synthesis 450, 1116–1119
– alkynyltins 456–457
– aryltins 454–455
– heterocyclic organotins 455–456
– miscellaneous organotins 457
– vinyltins 451–454
– vinyl–vinyl couplings 450–451
organoboron compounds metal-catalyzed

cross-coupling reactions, with organic
electrophiles. See Suzuki–Miyaura coupling

organoboron cross-coupling partners 92–93,
99–101

– N-methyliminodiacetic acid (MIDA)
boronates 97–99

– nucleophilicity adjustment 73–74
– trifluoroborate salts 93–96
organopyridyl- and organothiophenylsilanes

506–511
organosilanols 482–494
organosiletanes 479–482
organosilicon compounds 475
– applications to total synthesis 524–525
– discovery and early development work

476–479
– experimental procedures 525–527
– modern organosilicon cross-coupling 479
– – organopyridyl- and

organothiophenylsilanes 506–511
– – organosilanols 482–494
– – organosiletanes 479–482
– – organosiloxanes 494–497
– – organosilyl ethers 497–506
– – organosilyl hydrides 511, 512–513
– silicon-based cross-coupling reactions

475–476
– – kinetic analysis and mechanistic

implications 519–523
– – mechanistic pathways convergence

517–519
– – pentacoordinate silicon 513–515
– – substituent steric effects 515–517
organosiloxanes 494–497
organosilyl ethers 497–506
organosilyl hydrides 511, 512–513
organotin reagents, in cross-coupling

reactions 423
– experimental procedures 464–465
– inorganic synthesis 461
– – alkynyltins 462–463
– – aryltins 462
– – heterocyclic organotins 462
– – vinyltins 461–462
– mechanism 424–428
– methodology 428
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organotin reagents, in cross-coupling
reactions (contd.)

– – advances 436–443
– – new ligands, catalysts, and additives

429–434
– – new organic and organotin coupling

partners 434–435
– – polymer-supported Stille chemistry

435–436
– – reaction medium 429
– natural product synthesis 443–444
– – intermolecular couplings 446–450
– – intramolecular couplings 444–446
– organic synthesis 450
– – alkynyltins 456–457
– – aryltins 454–455
– – heterocyclic organotins 455–456
– – miscellaneous organotins 457
– – vinyltins 451–454
– – vinyl–vinyl couplings 450–451
– polymer chemistry 457–458, 461
– – materials based on polythiophene (or

polyselenophene) backbones 458–459
– – materials based on pyrrole and furan 460
– – materials based on thiophene in

combination with other repeating units
459–460

– – polyphenylenevinylene and related
materials 460–461

organyl halides cross-coupling with alkenes.
See Heck reaction

ortho alkenylation 1392–1403
O-tert-butyldiphenylsilyl-protected (3S,5E)-

3,9-dimethyl-6-isopropyl-5,8-decadien-1-ol
262

oxidative cross-coupling reactions 306
8-oxo-8-phenyloctyl pivalate 353
oxygenation reactions involving Wacker-type

chemistry 1265–1266
– amine-derived nucleopalladation 1266,

1267–1271
– Domino nucleopalladation/C–C coupling

1271, 1272–1277
– nucleopalladation followed by C–H bond

functionalization 1277, 1278–1286
1,4-oxyamination and 1,4-chloroamination

913
– intramolecular reactions 913–914
– – with C–C bond formation 915–919
– synthetic applications 914

p
palladacycles 628
– as catalysts 13–14

– in Sonogashira reactions 680
palladium(IV) catalysis 14–16, 1288–1289
palladium-catalyzed 1,4-additions to

conjugated dienes 875–876
– 1,4-addition of two nucleophiles 890–917
– palladium(0)-catalyzed reactions 876
– – 1,4-coupling with carbanion equivalent

and nucleophile 882–889
– – H-Nu addition 876–882
palladium-catalyzed α-arylation of carbonyl

compounds and nitriles 35–36
palladium-catalyzed aromatic

carbon–nitrogen bond. See
Hartwig–Buchwald amination

palladium-catalyzed C–H alkylation
1451–1455

– alkylation by Catellani reaction 1432,
1433–1436

– directed alkylations 1429–1432
– intermolecular alkylation 1438, 1439–1445
– intramolecular alkylation 1436–1438
palladium-catalyzed cross-coupling reactions

297–298, 322–323, 375, 376–379, 385–386,
404–406

– alkenylzinc reagents cross-coupling
306–310

– allenylzinc reagents cross-coupling reactions
311

– aryl- and heterozrylzinc reagents
cross-coupling reactions 298–306

– cross-coupling with C(sp)- and
C(sp2)-electrophiles 323–329

– cross-coupling with C(sp3)-electrophiles
329–330

– mechanistic insights 330–331
– oxidative cross-coupling reactions 331–332
palladium-catalyzed cross-coupling with

organometals 133
– (1E)-1-iodo-2-isopropyl-5-methyl-1,4-

hexadiene 261–262
– (2Z)-2-allyl-3,7-dimethylocta-2,6-dien-1-ol

260–261
– (2Z,4E,6E)-ethyl trideca-2,4,6-trienoate 260
– (2Z,4S)-5-(tert-butyldimethylsilyloxy)-2-

phenyl-4-methyl-2-pentene 260
– (4S)-4-phenyl-1-pentene 263
– 1,3-diphenylpropyne 262
– alkenes and zirconium-catalyzed

asymmetric carboalumination 243–244
– – catalytic asymmetric carbometallation of

alkenes via Dzhemilev
ethylmagnesiation 246–249

– – historical and mechanistic background of
carbometallation of alkenes and alkynes
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with alkylzirconocene derivatives
244–246

– (E)-1-chloro-4-phenyl-1-buten-3-yne 261
– ethyl 2-(4-phenylbuta-1,3.3-diynyl)benzoate

261
– metals and transition metals 134–136
– O-tert-butyldiphenylsilyl-protected

(3S,5E)-3,9-dimethyl-6-isopropyl-5,8-
decadien-1-ol 262

– Pd- and Ni-catalyzed cross-coupling
reactions

– – current scope and applications to natural
products synthesis and complex organic
compounds 154–243

– – discovery 137–154
– (R)-2-phenylpropan-1-ol 263
– transition metal-catalyzed organometallic

reactions 136–137
– ZACA-lipase-catalyzed acetylation–Pd- and

Cu-catalyzed cross-coupling synergy to
chiral organic compounds 253–259

– ZACA-Pd-catalyzed cross-coupling
sequential processes for
deoxypolypropionates synthesis and
related compounds 249–253

palladium-catalyzed direct benzylation, of
heteroarenes 1485

palladium-catalyzed direct C-2 alkylation of
free N–H Indoles 1485

palladium-catalyzed nucleopalladation
1259–1260

palladium-catalyzed
ortho-rifluoromethylation, of arenes
1484–1485

palladium-catalyzed reactions 597–601
– involving nucleophilic substrates 570–577
palladium-free Stille coupling to enynes

747–748
palladium on charcoal (Pd/C) 679, 681–682
palladium-pincer-complex-catalyzed allylation

441–443
pentacarbonyl[1-dimethylamino-7-trimethyl

silyl-2,4,6-heptatriynylidene]tungsten 465
phenol derivatives and arylcarbonyl

compounds
– C–H/C–O coupling 1348, 1351–1353
– decarboxylative/decarbonylative C–H

coupling 1353–1355
(4S)-4-phenyl-1-pentene 263
(R)-2-phenylpropan-1-ol 263
1-phenyl,2.1-(4-acetylphenyl)ethane (Arl =

4-iodoacetophenone) 122–123
1-phenylnaphthalene (ROH = naphthol,

Ar = Ph) 122

2-phenyl-(2′-phenyl)-4-methylquinoline
413–414

4-phenyltoluene 1374
7-phenylheptanoic acid diethylamide 353
pincer ligands 628
platinum 342–343, 971–972
polymer chemistry 457–458, 461
– materials based on polythiophene (or

polyselenophene) backbones 458–459
– materials based on pyrrole and furan 460
– materials based on thiophene in

combination with other repeating units
459–460

– polyphenylenevinylene and related materials
460–461

polymerization 763, 764, 768, 794, 795, 797
polymer-supported Stille chemistry 435–436
polyphenylenevinylene and related materials

460–461
polythiophene (or polyselenophene) materials

458–459
primary aliphatic amines coupling

1056–1057
pseudohalides 82–92
pseudohalides 82
– amines and alcohols 89–92
– carbamates and sulfamates 86–89
– carboxylates 83–85
– ethers 85–86
Pyr–Ar systems and one-pot

DoM–Suzuki–Miyaura cross-couplings
1122

pyridine-enhanced precatalyst preparation,
stabilization, and initiation (PEPPSI) 77,
301, 307, 325, 330, 431, 432, 724, 1023

pyridines nickel-catalyzed C-4 alkylation
1487

pyrrole
– and furan materials 460
– synthesis 1225–1229

r
racemic substrate conversion via meso-

π-allylpalladium intermediates 938–941
reductive elimination 877, 878, 889
reductive Heck reactions. See hydroarylations

and hydroalkenylations
regioselectivity 763, 764, 766, 767, 768, 777,

778, 779, 783, 784, 790, 793, 794, 796, 807,
810, 811, 819, 822, 827, 829, 830, 832, 835,
837, 840, 841, 844, 845, 848, 851, 856, 867,
929–932, 1140, 1143, 1160, 1161, 1164,
1165, 1170, 1173, 1179–1184, 1186, 1189,
1192, 1205, 1222–1224, 1226, 1317, 1318,
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regioselectivity (contd.)
1319, 1322, 1323, 1325, 1330, 1332, 1334,
1338, 1346, 1349, 1362, 1363, 1365,
1368–1372, 1403–1088. See also individual
entries

reoxidation 1259, 1263, 1265, 1266, 1275,
1277, 1280, 1289, 1293, 1298

rhodium-catalyzed reactions 315–316,
344–345, 383, 384, 972–977, 1467

– directed alkylation 1467–1477
– nondirected alkylation 1477–1479
Rieke magnesium 366
ring-opening metathesis polymerization

(ROMP) 682, 683
ruthenium 977–981
ruthenium-catalyzed C–H alkylation

1445–1447
ruthenium-catalyzed (Murai’s) reactions
– mechanistic studies 1464, 1465–1467
– method development 1458–1464

s
scrambing, with phosphine 12
secondary aliphatic amines coupling
– acyclic 1058
– cyclic 1057
silacyclobutanes 480
silane-terminated intramolecular

enantioselective Heck reaction 633
sila–Sonogashira–Hagihara reaction

731–735
silicon-based cross-coupling reactions

475–476
– mechanistic studies
– – kinetic analysis and mechanistic

implications 519–523
– – mechanistic pathways convergence

517–519
– – pentacoordinate silicon 513–515
– – substituent steric effects 515–517
silver salt 604
silver-catalyzed cross-coupling reactions

410–411
single-electron transfer (SET) 44, 45
solution-phase combinatorial synthesis 436
solvents and additives 686–687
Sonogashira coupling 24, 30, 31
Sonogashira reaction 665, 668
– amine bases 684–686
– applications 699–702
– mechanism 668–671
– protecting groups and in situ

protodesilylation/alkynylation 687–689
– recent extensions

– – alkynylations catalyzed by transition
metals 694–697

– – electrophilic alkynylations 692–694
– – metal-free versions 697, 698–699
– – microwave-enhanced reactions 689–690
– – substrate scope and leaving group

developments 690–692
– solvents and additives 686–687
– Sonogashira catalysts 671–674
– – heterogeneous catalyst developments

679–684
– – homogeneous catalyst developments

674–679
– triphenylene derivative 747
sp carbon atoms 665
– alkynylaluminum reagents 739–741
– alkynylboron reagents
– – alkynylboron coupling partners 725–730
– – applications of Suzuki–Miyaura reaction

730–731
– – Suzuki–Miyaura coupling 724–725
– alkynylcopper reagents
– – Cadiot–Chodkiewicz coupling 702–706
– – Sonogashira reaction 668–702
– – Stephens–Castro reaction 666–667
– alkynylgermanium, alkynylsilver, and

alkynylmanganese reagents 743–745
– alkynylindium reagents 741–743
– alkynylmagnesium reagents 736–739
– alkynylsilicon reagents
– – alkynylsilane cross-coupling 731–735
– – one-pot twofold cross-couplings

735–736
– alkynyltin reagents
– – applications of Stille reaction 716–717
– – organotriflates in Stille couplings 708,

712–713
– – recent advances of Stille reactions

713–716
– – Stille coupling 706–708
– alkynylzinc reagents
– – applications of Negishi cross-couplings

721–724
– – Negishi protocol 717–721
– experimental procedures 746–748
sp3 alkyl boron derivatives and sp2 alkenyl and

aryl halides and cross-couplings between
them

– achiral cross-couplings 110–113
– stereoselective Suzuki–Miyaura

cross-couplings between alkenyl and aryl
halides with sp3 alkyl boron derivatives
113–117
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sp3 alkyl halides and sp2 alkenyl and aryl
boron derivatives and cross-couplings
between them

– achiral cross-couplings 105–108
– stereoselective Suzuki–Miyaura cross

couplings between sp3 alkyl halides sp2

with aryl and alkenyl boron derivatives
108–109

sp3 carbon centers and sp3 carbon centers and
cross-couplings between them

– achiral cross-couplings 117–118
– stereoselective Suzuki–Miyaura

cross-coupling reactions of sp3 alkyl
halides with sp3 alkyl boranes 118–121

spirocyclization 464
SPRIX ligands 1263,
Stannanes oxidative addition to Pd(0) 16
Stephens–Castro reaction 666–667
stereoisomerization (unexpected) and

prevention 180, 183–185
stereoselectivity. See also individual entries

1161, 1165, 1170, 1202, 1205, 1209
Stille chemistry 423
– polymer-supported Stille chemistry

435–436
Stille coupling 1, 8, 706–708
– applications 716–717
– organotriflates 708, 712–713
– recent advances 713–716
Stille reaction 2–3
– copper effect 23–24
– couplings catalyzed by copper and gold

30–32
– couplings catalyzed by iron and cobalt

32–33
– cyclic and open associative transmetallation

19–23
– dissociative mechanistic proposals 18–19
– Hiyama reaction transmetallation 28–29
– Negishi reaction transmetallation 27–28
– Suzuki–Miyaura reaction transmetallation

24–27
– transmetallation step isolation 16–18
strain-release Lewis acidity 480
styrenes coupling with bromo- and

chloroarenes 630–631
substrate-controlled hydroboration 286
substrate-controlled regioelectivity 929–931
Suzuki coupling 137, 139, 164–165
– to alkynylated

naphthalene–tricarbonylchromium
complexes 748

Suzuki–Miyaura coupling 1, 4, 7, 8, 10, 11,
14, 24, 65, 724–725, 1071–1084, 1106–1110

– applications 730–731
– catalytic cycle 66–69
– copper salts as additives 74–75
– C(sp2)–C(sp2) bonds formation 75
– – chlorides 75–79
– – enantiomerically enriched atropisomers

synthesis 101–103
– – fluorides 79–82
– – organoboron cross-coupling partners

92–101
– – pseudohalides 82–92
– C(sp3)–C(sp3) and C(sp3)–C(sp3) bonds

formation cross-coupling reactions
advances 103–104

– – cross-coupling between sp3 carbon centers
with sp3 carbon centers 117–121

– – cross-couplings between unsaturated
sp2 carbon centers and sp3 carbon
centers 105–117

– – stereochemistry 104–105
– experimental procedures
– – 1-(3,5-dimethoxyphenyl)-5-phenylpentan-

3-one (Ralkyl-BF3K = 197, R1 =
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