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– Petasis borono-Mannich reaction 443
13C NMR alpha effect of boronate group 6
cobaloximes 644
– serve as Lewis basic moieties 644
cod containing rhodium precursor 269
COF 108, 662
– based on boronate linkages 660
– based on boronate linkages arose from 660
– based on phthalocyanine tetra

(acetonide) 667
– COF-5, first reported 660
– COF materials 108, 659
– crystalline porous solid COF-1 108
– 3D COFs based on triangular and tetrahedral

units 666
– 2D COFs with boroxine ring 664
– first photoconductive COF 665
– incorporating alkyl chains 663
– with luminescent, and semiconducting

properties 664
– for multilayer LED devices 667
– PPy-COF 664
combinatorial transition metal catalysis 273
complex hybrid structures 655–658
compounds, based on boroxine rings 657
condensation catalysts 552
controlled pore glass (CPG) 609
coordinative interactions 622, 624
– boronate polymers incorporate 630
copper-based couplings 455
copper–boron transmetalation 58
copper catalyst 71, 344
copper-catalyzed coupling 94
copper-catalyzed oxidative addition 465–467
copper-catalyzed stereospecific couplings 90
copper-catalyzed variants 43
copper(I)-centered compounds
– coordinated by four boronic acids 648
copper(I) 3-methylsalicylate (CuMeSal) 368
copper(I) thiophene-2-carboxylate

(CuTC) 368, 375
copper-mediated C–C coupling reactions 357
copper-promoted coupling process 522
Corey–Bakshi–Shibata (CBS) reduction
– for carbonyl and imine reductions 587
– of prochiral ketones 567
Corey–Fuchs reaction 438
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coumarin-based probe 601
coupling reaction of B–B or B–H

compounds 135
covalent bonding 622, 624
covalent bonding boronate assemblies

637–653, 659–667
covalently bonded boronate assemblies

624–628
covalent organic frameworks 108, 624
cross-coupling reactions 85, 526–534
– Heck transformations 60, 90, 526
– of potassium aryl/

heteroaryltrifluoroborates 527, 528
– Suzuki–Miyaura transformations 85, 526
cross-coupling reagents 30
cross-metathesis 58, 70
crotylboronates 397, 401, 404, 415, 420,

481, 483
– synthesis and aldehyde addition

reaction 483
E-crotyl pinacolboronate
– Sc(OTf)3-catalyzed addition 398
C–S and C–Se/C–Te cross-coupling 346–348
C–S cross-coupling chemistry 347
C2-symmetric cationic N-heterocyclic carbene

Pd(II) diaquo complex 464
CuBr/t-BuOOH system 466
Cu-catalyzed aerobic coupling 382
Cu-catalyzed cross-couplings
– under anaerobic conditions 385
Cu-catalyzed desulfitative coupling
– under anaerobic conditions 386
Cu-catalyzed methoxylation, of tolylboronic

ester 353
Cu-catalyzed N/O-arylation 352
Cu-catalyzed oxidative N/O-arylation

reactions 349
Cu-catalyzed thiol ester/boronic acid cross-

coupling 384
CuF-catalyzed ketimine allylboration reaction
– catalytic cycle 421
CuF–DuPHOS system 419
CuI carboxylate 380
Cu(I) carboxylate cofactor 368
CuI-dioxygen reactions 384
CuI diphenylphosphinate 367, 380
Cu(I)-phenanthroline metal–ligand

interactions 646
Cu(I) thiolate 385
Cu-mediated desulfitative couplings 379
CuTC cofactor 371
Cu-templated coupling reaction 384
cyanobenzoic acids 553
cyanoboration 203, 204

– alkynes 203, 204
– allenes 204
cyanoboronation, of homopropargylic

alkynes 59
cyclic a,b-unsaturated esters 279
cyclic N-acyliminium ions.
– diastereoselective control 451
cyclic (alkyl)(amino) carbenes (CAAC) 230
cyclic aryl triolborates 268, 341
cyclic boronic esters 637
cyclic dialkoxyboranes 25
cyclic esters 621
– formation 612
cyclic organoboroxine 266
cyclic thioamides
– C–C vs. C–S cross-coupling with boronic

acids 371
cyclic trialkoxyborate salts 31
cycloadditions 26
– of alkynylboronates 43, 60
– – followed by aromatization 32
– applications 573
– azide-alkyne 70
– of dibutylethylene boronate 7
– generation of silylene-palladium

species 188
– Huisgen dipolar cycloadditions 520
– product of cyclopentadiene and

acrolein 568
cycloalkenyl halides 143
cyclobutanones 90
cyclobutenediones 373
cyclodimerization, of D-glucosamine 97
1,3-cyclohexadienes 193
2-cyclohexenone 269
cyclohexylboronic acid 382
cyclopropanation 71
N-cyclopropanation reaction 344
– with cyclopropylboronic acid 343
– of indoles 343
– of NH-containing azoles, amides, and

sulfonamides 344
cyclopropylamides 343
N-cyclopropylation 344
cyclopropylboronates 72
cyclotricatechylene 639
cytosolic fluorescence 598
cytoxazone enantiomers synthesis 440

d
deaminoborylation, of aniline 43
Dean–Stark apparatus 25
decarbonylation vs. transmetalation 376
(�)-decarestrictine D synthesis 491
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– one-pot three-component coupling
reaction 492

p-deficient heteroaromatic thioethers 368
dehydrogenative coupling
– for preparation of alkenylboron

compounds 151
dendrimer 658
density functional theory (DFT) method 443
D-erythro sphingosine 377, 378
Dess–Martin oxidations 513
Dess–Martin periodinane 452
desulfitative couplings 88, 368–370
– Cu-mediated 379, 386
– first-generation 381
– second-generation 381
desulfitative functionalization 372
desulfitative thiol ester–boronic acid cross-

couplings
– under aerobic conditions catalyzed by Cu

only 381, 382
D-fructose 24, 97, 105, 631, 633, 634
DFT calculations 179, 292, 399, 417, 586
– for bonding 6
D-galactose 44
D-glucose 24, 97, 278, 648
diacylboronate 557
diacyloxyboronates 25
dialkoxyanthracene (DAA) 613
dialkoxyboranes 25, 26, 43
dialkoxynaphthalene (DAN) 613
ortho-dialkylaminomethyl group 11
N,N-dialkylated benzylamines 40
– ortho-lithiation 40
diamines, as protecting groups 99
1,8-diaminonaphthalene 256
1,8-diaminonaphthalene adducts 28
diaryl disulfides
– aryl- or alkylation of 387
diaryl-1H-indenol formation 469
diastereoisomer 246, 272, 273, 282, 293
diastereomeric 1,3,5-triols 203
diastereoselectivity 100
– Lewis acid-catalyzed allylboration/

lactonization 403
– Rh-catalyzed conjugate addition 282, 283
– – synthesis of axially chiral

arylsuccinimides 285
diazaborinanes 3
diazaboroles 28, 626
diazaborolidines 3
diazoacetates
– aziridination reaction 564
diazocyclopentadiene 96
diazoesters 90

diazomethanes 183
dibora species 524
diboration 59, 172
– alkenes 176–183
– alkylidene carbenoids 183
– alkynes 59, 173, 175, 176
– allenes 176–183
– catalytic
– – conjugate, of a,b-unsaturated carbonyl

compounds 181
– – of diazomethanes 183
– – of imines 182
– coupling of 1,3-dienes, with aldehydes 180
– 1,2-diboration of 1,3-pentadiene 179
– 1,3-dienes 176–183
– dimerization of isoprene 180
– enantioselective diboration

of 1,3-dienes 180
– methylenecyclopropanes 176–183
– products, synthetic applications 183–185
– reaction mechanism 176
– reagents 172, 173
– selected examples 174, 175
– stoichiometric reaction 176
diboronate receptors 12
diboronic acid 44, 107, 138, 145, 625, 626,

637, 669
diboronylation
– and silaboration of unsaturated

compounds 46
– of unsaturated compounds 59
diboronyl esters 26, 42, 43
diboronyl reagents 26
diborylation 59, 63, 135, 155
1,4-diboryl-2-butene 184
2,4-diboryl-1-butene 185
1,2-diborylhexane 184
1,2-diboryl-1-hexene 34, 183
2,3-diboryl-1-propene 184
1,3-dicarbonyl compounds 94
DICHED esters 21, 22
a,a-dichloroaldimines
– boron-based 543
dichloroboranes 28, 30
1,2-dichloroethane (DCE) 430
dichloromethane solvent 513
Diels–Alder adduct 566, 571
Diels–Alder reactions 97, 525, 526, 571, 574,

578, 581
– of acetlyenic ketones 572
– 1- and 2-substituted cyclopentadienes

570
– broad spectrum 567
– catalyst system 573
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– catalyzed by Lewis acid-assisted Lewis
acid 569

– chiral Lewis acids effectively catalyze 567
– LLA catalyst for 569
– provide cycloadducts with dienes 7
– using SnCl4 568
diene ligands 274, 276
diethanolamine 22, 72, 96
diethanolamine boronates 27
N,N-diethanolaminomethyl polystyrene

75, 76
N,N-diethyl O-carbamates 41
diethylzinc 96
3,5-diformylphenylboronic acid 658
dihaloboranes 29
2,4-di(het)aryl-pyrido[3,2-d]pyrimidines 373,

374
9,9-dihexylfluorene-2,7-diboronic acid 627
dihydroalkylboranes 29
1,2-dihydroisoquinoline products 446
1,2-dihydroquinolines 448
dihydroxylations 100
(S)-4,5-dihydroxypentane-2,3-dione 592
2,3-dihydroxypyridine 658
3,4-dihydroxypyridine 658
(diisopropylamino)borane 142
2,6-diisopropylphenol 577
4,40-dimethylbiphenyl 351
dimethylphenylsilylpinacolatoboron 268
(R,R)-(þ)-1,2-di(1-naphthyl)-1,2-

ethanediol 410
dinuclear supramolecular macrocycles 646
diol–allylboronate complex 417
diol-based polyfluoroalkyl linkers 76
diol–boronic acid complexation 25
diol–Lewis acid complex 411
diols
– boronic acid supports for 101
– protecting groups 99
(E)-anti-1,4-diols synthesis 492
dioxaborinanes 3
dioxaborolanes 3
diphosphine ligand (DuPHOS) 264, 270,

284, 301, 413
diphosphines 217
2,20-dipyridinedicarboxylic acid

(DPDCA) 155
b,b-disubstituted a,b-unsaturated

ketones 268
2,2-disubstituted-1-alkenylboranes 60
N, N0-disubstituted imidazolylidines

217
3,5-di-t-butylphenol 335
1,3,2-dithiaborolane 26

diversity-oriented synthesis (DOS)
concept 434

(þ)-dodoneine synthesis 412
domino aza-Cope/Petasis-like reaction 450
Dötz cycloaddition 43
– Fisher chromium carbene complexes 43
double-allylation reagents 406
DPD–boric acid complex 592
DPD (S)-4,5-dihydroxypentane-2,3-

dione 593
drugs
– antifungal 104, 593
– boronic acid-based enzyme inhibitors 104
– feedback-controlled delivery systems

for 591
dynamic light scattering (DLS) 612

e
Egg PC–X 612
electron-deficient alkenes 461
electron-deficient amines. See 3-aminopyridine
electronic effects 160
electrophiles
– metal–halogen exchangen reactions

with 523
electrospray mass spectrometry 557
enantioselection 266, 413
– BINOL-based reactions 428
– conjugate addition
– – generalized model 267
– – stereocontrol model 267
– conjugate borylation
– – of a,b-unsaturated carbonyl

compounds 182
– diboration of 1,3-dienes 180
(E)-anti-2-ene-1,4-diols synthesis 491
enones
– 1,4-addition to 137
– arylations of 460
– asymmetric Mukaiyama–Michael

reaction 577
– b-substituted 264
– Diels–Alder reaction of acyclic enones 580
– enantioselective conjugate addition to 278
– nickel-catalyzed borylative coupling 59
– nucleophilic addition to 92
– Pd-catalyzed addition to 300
epoxidation
– of alkenylboronic esters 64
– of 1-alkenyltrifluoroborate salts 31
– synthesis of (E)-anti-2-ene-1,4-diols 491
esterification reactions 559, 560
– mechanistic pathway for 560
ester-linked polymers 626
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1,2-ethane dianion 525
2-ethoxy-1-ethoxycarbonyl-1,2-

dihydroquinoline (EEDQ) 453
ethylaquacobaloxime 644
ethylbenzene 150
ethyl benzoate 41
ethylboronic acid 1, 99
ethyl diazoacetate (EDA) 561
ethylene dichloride 74
5-ethyl-2-methylpyridine-borane

(PEMB) 516
– chemical reactivity 516
5-exo-dig cyclization 471
E/Z selectivity 60

f
factor Xa inhibitors 326
(þ)-faranal synthesis 486
– one-pot quadruple homologation

sequence 487
Ferrier rearrangement mechanism 542
ferrocene-derived bifunctional aminoboronic

acid catalysts 557
field effect transistor (FET) 608
[18F]-labeled aryltrifluoroborate anion 606
Florio�s procedure 497
fluorescent bisboronic acid compound 616
fluorescent boronic acid-containing DNA

aptamers 614
fluorescent catechol derivatives 25
6-fluoropurine, 6-(3-methylbutyl)

sulfanylpurine 364
2-formylboronic acid 29
formyl-substituted organotrifluoroborates

reaction
– Horner–Wadsworth–Emmons

reaction 519
– with nonstabilized ylides 518
– with stabilized ylides 518
Föster resonance energy transfer (FRET) 598
FRET-based hydrogen peroxide reagent 600
Friedel–Crafts alkylation
– of benzylic alcohols 97
fucosylated antigens 608
fumarate 284
F-Vivol�SnCl4-catalyzed E-crotylboration 412

g
Gd-based MRI contrast agents 603
gelation tests 625
a-gem-difluoro ketones 529
genetically encoded boron-containing amino

acid 615–616
glucuronamide-based disaccharides 625

glycoproteins
– aptamers for 613, 614
– terminal glycosylation state, visual

detection 610
glyoxylate-derived N-tert-

butylsulfinylimine 463
gold-catalyzed oxidative couplings 90
grand canonical Monte Carlo (GCMC)

simulations 659
Grignard reagents 39, 264, 364
Grubbs� catalyst 441, 442, 453
Grubbs first-generation catalyst 65, 441
Grubbs� ring-closuremetathesis reaction 336

h
a-haloalkylboronic esters 68, 69
haloarenes 139, 141, 142
– borylation of 42, 137
– coupling at sterically hindered ortho-

positions 42, 143
– homocoupling products 138
– using PdCl2(dppf) andKOAc inDMSO 144
haloboronamide 254
halodeboronation
– alkenylboronic acids and esters 83–85
– arylboronic acids and esters 81–83
halogenation
– employing pinacol arylboronates 81
– with halosuccinimides 70
– reaction with CuBr2 81, 471
– and subsequent coupling using Pd(0) 537
– for various types of alkenylboronic acids 84
halomethyltrifluoroborates reaction 511
4-halo-n-butyl thiol esters 366
halosuccinimides 70
Hammett value 651
Hantzsch–Widman system 3
H-bonding 3, 622
heats of reaction 13
Heck couplings 60, 143
Heck-type reactions, with boronic acids 90
hemi-heterocyclic boronic ester

derivatives 29
hepatocellular carcinoma (HCC) 608
heteroarene organotin 365
heteroaromatic rings, functionalization

of 372, 373
heteroaromatic thioethers 368
N-heteroaromatic thioethers 371
heteroarylboronates 44, 157
heterocombination of ligands 274
N-heterocycles 344
heterocyclic aromatic boronic acids 44
heterocyclic boranes 25, 26
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N-heterocyclic carbene (NHC) 216, 219, 270,
278

heterocyclic derivatives, of boronic acids 27
heterocyclic frameworks synthesis
– sequential Petasis borono-Mannich aza-

Cope/Mannich route 437
heterocyclic thioamide fragments
– coupling with boronic acids 370
hetero Diels–Alder reaction 565, 567
hexafluoroisopropanol (HFIP) 543
1,1,1,3,3,3-hexafluoroisopropanol

(HFIP) 431
hexafluorophosphate (HBTU) reagent 437
2,3,6,7,10,11-hexahydroxytriphenylene

(HHTP) 660
Hiyama coupling conditions 200
Hodgson protocol 496
(E)-anti-homoallylic alcohols 489
(E)-syn-homoallylic alcohols 488
(Z)-anti-homoallylic alcohols synthesis 487
homocombinations of ligands 274
homologation process 483, 489
– of boranes and boronic esters 485
Hoppe�s lithiated carbamates
– applications 479
Hoppe�s procedure 481
Horner-Wadsworth-Emmons reactions

517–520
Huisgen dipolar cycloaddition reaction
– Sharpless/Meldal �Click� modification 520
Huisgen dipolar cycloadditions 520–522
hydrazines 29, 332, 436, 437
b-hydride elimination 533
hydroboration reactions 55, 524, 525
hydrocinnamaldehyde 398
– methallylboration, Vivol vs. F-Vivol 411
hydrogen peroxide
– arylboronate probes reaction 601
– boronate-based hydrogen peroxide

probes 599
– FRET-based hydrogen peroxide

reagent 600
hydrolysis reactions 538, 539
hydrosilylation 171, 185, 191
a-hydroxyacids 103, 553
b-hydroxy allylsilanes 489, 491
(Z)-anti-b-hydroxy allylsilanes synthesis 491
o-hydroxybenzenecarbonyl systems 653
a-hydroxycarboxylic acids 103
– boric acid catalyzed by 560
– chemoselective esterification 559
– esterification 559
4-hydroxymethylbenzoic acid (HMBA)

resin 436

5-hydroxypiperidin-2-ones 450
4-hydroxypyrrolidin-2-ones 450
hydroxyrhodium 264

i
imine allylation reaction 93, 418
imine derivatives additions 93, 418–422
– diol-based catalysts 421, 422
– metal-based catalysts 419–421
imines 93, 182
iminium ion 430
iminiums 93
iminocyclitol 433
– formation 434
immunosuppressive agent, FTY720 438
– synthesis 440
indole substrates
– Petasis-like reaction 449
indolylboronic acid 44
p–p interactions 639
intermolecular alkylation 366
intermolecular transmetalative

carboboration 207
internal charge transfer (ICT) 602
intramolecular b-hydride elimination 234
iodides 222
iodine–magnesium exchange 71
iodoarenes 143
ortho-iodobenzeneboronic acid 97
3-iodo-2-methyl-2-cyclohexanone 195
2-iodoxybenzoic acid (IBX) oxidations 513
ionization constant (pKa) 10
ionization equilibrium 9, 11
IPr-based catalysts 232
Ir-complexes of bioxazoline (IBiox) 230
iridium catalyst system 416
iridium(I) complexes ([M]-halogen) 136
para-isomer 10
isomerization 55, 190, 469
– alkene 190
– of allylic boronate 409
– of corresponding allylboronate 55
– of p-allylpalladium intermediate 196
– of sec-alkylmetal intermediate 149
– stereochemical 143
isothioureas 369

j
JohnPhos 221, 222, 228

k
kanamycin (KA) 613
ketimines 420, 470, 581
– enantioselective allylation 421

690j Index



b-keto aryl and aliphatic ethers, reduction 584
a-keto esters 461
ketones
– access via rhodium-catalyzed oxidative

arylation 535
– addition of allylic boronates to 93, 412, 413,

415, 419
– addition reactions 412–417
– allylation reaction 414
– allylboration reactions, indium(0)

catalysis 415
– aromatic, catalyzed by spiroborate ester 583
– catalyzing addition, of allylboronates to 414
– chiral boronate in reduction 99
– crotylation reactions 413
– crotylboration reactions catalyzed by a

BINOL derivative 417
– in DMSO/TFA demonstrated to give 464
– E- and Z-crotylboronates copper-catalyzed

addition to 413
– as electrophiles 60
– embeddedwithin organoboron species 517
– enantioselective 413
– enantioselective reduction 28
– in good yields, and with high

enantioselectivity 286
– with high diastereoselectivity 268
– iridium-catalyzed ketone allylboration

reaction 416
– peptidyl 382, 383, 385
– prochiral, 1,2-reduction of 581
– to provide alkenylboronates 68
– S-Aryl-NHt-Bu thiosalicylamides, to

form 382
– unsaturated 300, 301, 305, 416
– use of cationic palladium catalyst led to 465
– using Shapiro reaction 45
– via C–H activation/functionalization 90
kinetic amine resolution
– asymmetric direct amide formation 558

l
b-lactamase inhibitors 104, 592
b-lactones synthesis 575, 576
Langmuir surface areas 660
Lewis acid–allylboronate complexes 398
Lewis acid-assisted Brønsted acid (LBA) 555
– Ritter reaction catalyzed by 556
Lewis acid-assisted Lewis acid (LLA) 567
Lewis acid catalysis 395–403
– benefits 405
– catalytic allylborations, discovery 93,

395–397
– chiral Lewis acids 400

– further developments 400–403
– mechanistic studies 397–400
Lewis acid-catalyzed additions, with chiral

allylboronates 403–407
– B-chiral allylic boronates 403, 404
– C-chiral allylic boronates 404–407
Lewis acid-catalyzed allylboration reaction
– diastereoselectivity 397
Lewis acidity 401
– of boron 8
Lewis acids 1, 9, 393
– acidity of boron in boronic acids 8
– activation
– – in allylboration reaction 93, 396
– – of allylic boronates 397
– – of thiol ester 384
– – transition states with 398
– – of valine-derived oxazaborolidine 568
– activator 303
– for allylboronate additions to

benzaldehyde 396
– behavior of boronic acids 23
– bis-Lewis Acid 584–586
– Brønsted acid-assisted Lewis acid 570
– with bulky chiral ligands 410
– capable of coordinating basic molecules 9
– as catalyst 394
– catalyzed
– – additions with chiral allylboronates 403,

404
– – allylboration reactions 93, 395
– – reactions 403
– chiral 28, 400
– coordinated to oxygen atom of

allyboronate 399, 400
– for cycloadditions 28
– diastereoselectivity 397, 401, 403
– diol–Lewis acid complex 411
– effect 401
– Felkin selectivity 578
– formal a-addition of allylic boronates to

aldehydes 402
– formation of intermediate carbocation 401
– to generate acyliminium ions 545
– Lewis acid-assisted Brønsted acid

(LBA) 410, 555, 556
– Lewis acid-assisted Lewis acid (LLA) 567,

569
– mono-Lewis acids 586
– multinuclear 628
– N-acyl groups using 450
– promoted
– – addition to aldehydes 407
– – conjugate addition of boronic esters to 92
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– – formation of reactive alkenyldifluoroborane
intermediate 448

– – reaction of alkynyltrifluoroborates with
fluoroaziridines 544

– – rearrangement of 2-fluoroaziridines 448
– reaction of 2-(1-alkynyl)arylaldimines and

stannylnucleophile 446
– reversible Lewis acid–base interaction 636
– uses 400
LFA-1 antagonist
– asymmetric synthesis 563
LiArB(OMe)3 reagent 279
Liebeskind–Srogl coupling 88, 369–371
Liebeskind–Srogl desulfitative C–C

cross-coupling reaction 88, 369
ligand/Pd combinations 228
ligand systems 269
– bidentate phosphorus ligands 270–272
– diene ligands 274, 275
– mixed ligands 276, 278
– monodentate ligands 270, 273, 274
Lindlar�s catalyst 60
linear boronate-linked materials 624
linear boronate polymers 626, 627
linear poly(boronate)s 627
linear polymers 658
– arising from transesterification 628
lipid mixing experiments 612
lipophilic trienylboronic acid 74
lithiated enantioenriched styrene oxide 497
lithium 2,2,6,6-tetramethylpiperazide

(LTMP) 60
lithium trimethylarylborate 268
LUMO energy 623

m
macrocycles 637
– based on salicylideneamino alcohols, and

arylboronic acids 651
– – subcomponent self-assembly 652
– formed by 2,6-pyridinedimethanol and aryl

boronic acid 650
macrocyclic boronic esters 24, 637
macrocyclic compounds 658
macrocyclic structures 649
magnesium bromide (MgBr2), addition 482
magnetic resonance imaging (MRI) 603
– low intrinsic sensitivity 603
MALDI mass spectrometry 628
maleimides 284
malononitrile-substituted

organotrifluoroborate.
– alkylation 511
Mannich reactions 543–546

Mannich-type reactions
– boron-based (See Petasis reactions)
mass spectrometry 77
Matteson asymmetric homologation 69
Matteson methodology 480
melting points 76
MeO-biphep 270
(S)-MeO-biphep 270
N-mercaptosuccinimides 387
Merck–Banyu�s endothelin receptor

antagonist 281
mercury(II)-chloride 643
metalated boronate compounds
– with sugar motif 645
metalated boronate macrocycles
– based on dative bonds 645
metalation 78, 79
ortho-metalation 41
metal-based catalysts 419
metal–boron bond
– role in catalytic cycles 137
metal-catalyzed additions
– advances with organoboronic acids

derivatives 455–471
– copper-catalyzed oxidative addition

465–467
– metal-catalyzed boration 467, 468
– metal-catalyzed domino

transformations 468–471
– palladium-catalyzed additions 462–465
– rhodium-catalyzed additions 455–461
metal-catalyzed boration 467, 468
metal-catalyzed borylation
– of organic compounds 42, 43, 45, 135
metal-catalyzed domino reactions 455
metal-catalyzed domino

transformations 468–471
– addition reactions involving
– – imines 468–470
– – isocyanates 471
– – nitriles 470, 471
metal-catalyzed protodeboronation 78, 79
– silver nitrate-promoted 79
metal–halogen exchange, and

cross-coupling 522–524
metallic cyclic boronate compounds 643
– synthesis 644
metal–ligand interaction 644
methacrylic resin solid-supported copper

catalyst (MPI-Cu) 324
methanol 350
p-methoxybenzylation 256
3-methoxycarbonyl-5-nitrophenyl boronic

acid 10
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methoxylation of tolylboronic ester 352, 353
methoxymethoxybenzene 40
p-methoxyphenyl boronic acid 4, 5
p-methoxyphenyl (PMP) group 466, 467
ortho-methylamino-benzeneboronic acids 40
methylaquacobaloxime 644
N-methylated cationic oxazaborolidine

synthesis 574
methylboronic acid 13, 23, 222, 345
– oxidative cleavage 13
– use of methyl group 532
N-methyl-boronopyridinium iodide 559
6-(3-methylbutyl)ylsulfonylpurine 364
methylcobaloxime 656
N-methyldiaminoacetate 72
5,50-methylene-bis(2-hydroxybenzencarbonyl)

derivatives 652
methylenecyclopropanes (MCPs) 182, 197
N-methyliminodiacetic acid (MIDA) 25,

252, 509
methyl ketones
– cyanosilylation 574
2-methyl-2,4-pentanediol esters 60
N-methylpyrrolidinone (NMP) 553
a-methylstyrene 59
methyl thiopseudourea derivatives 368
MIDA adducts 25, 44
MIDA boronates 25, 72, 255
Mitsunobu reaction protocol 435
mixed ligands 276
monoalkylated cyclopentadienyl rhenium

complexes 96
monoalkylboranes 30
monoarylboronate complex 605
– structure 606
monoborylation 135, 155
monoboryl complex 136
monodentate ligands 270, 273
monohydroxyborate (ArBF2(OH)�)

268
monosaccharides 23, 105, 607, 616
Mukaiyama aldol reactions 578, 579
Mukaiyama–Michael reactions 575,

577, 581
– of silyl ketene acetals 575
multicomponent reaction (MCR) 93, 96,

427, 436

n
(S)-(�)-N-acetylcolchinol synthesis 484
natural products synthesis 437–442
N–B bond lengths 647
neomycin (NE) 613
neopentyl benzoate 41

neopentyl esters 41
networks 658–659
NHC-based catalysts 234
NHC ligands 155, 220
NHC–Pd precatalysts 233, 234
[Ni(acac)2] catalyst 364
nickel–carbene catalyst 90
nickel catalysts 91, 96, 141
– advantages 141
– boronic acid-thioorganic C–S desulfitative

cross-couplings 364
– desulfitative C–C cross-coupling reactions

with 364
– PCy3-based 204
– phosphine-free 190
– selectively afforded germaborative

dimerization product 208
– silaborative C–C bond cleavage

reaction 199
– with/without phosphorus ligands 203
nitriles 40, 81, 235, 455
– addition reactions involving 470
– arylation of 461
– a,b-unsaturated 180, 181
– Pd(II)-catalyzed arylation 464
ortho-nitrobenzeneboronic acid 10
nitrogen–oxygen heterocycles 3
NMR spectroscopy 77, 415, 420
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