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M GRELLIER, Université Paul Sabatier, Toulouse, France

7.02 Rhodium Organometallics 121
E PERIS, Universitat Jaume I, Castellón, Spain, and
P LAHUERTA, Universitat de Valencia, Burjassot, Spain

7.03 Application of Rhodium Complexes in Homogeneous Catalysis with
Carbon Monoxide 237
P W N M VAN LEEUWEN and Z FREIXA, Institut Català d’Investigació
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M PFEFFER, Université Louis Pasteur, Strasbourg, France, and
J SPENCER, James Black Foundation, London, UK

10.04 Synthetic Reactions via C–H Bond Activation: Carbene and Nitrene C–H Insertion 167
HUW M L DAVIES and X DAI, University at Buffalo, Buffalo, NY, USA

10.05 Synthetic Reactions via C–H Bond Activation: Oxidation of C–H Bonds 213
T KITAMURA, Saga University, Saga, Japan, and
Y FUJIWARA, Kyushu University, Fukuoka, Japan

C–C Bond Formation (Part 1) by Addition Reactions
10.06 C–C Bond Formation (Part 1) by Addition Reactions: through

Carbometallation Mediated by Group 4–7 Metals 251
E NEGISHI and T NOVAK, Purdue University, West Lafayette, IN, USA

10.07 C–C Bond Formation (Part 1) by Addition Reactions: through
Carbometallation Catalyzed by Group 8–11 Metals 299
L FENSTERBANK, J-P GODDARD, and M MALACRIA,
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Université Pierre et Marie Curie, Paris, France

J-P Finet

CNRS-Universités d’Aix-Marseille 1 et 3, Marseille, France

F R Flores

Federal University of Rio Grande do Sul, Porto Alegre, Brazil

K R Flower

University of Manchester, Manchester, UK

D E Fogg

University of Ottawa, Ottawa, ON, Canada

J Forniés

Universidad de Zaragoza-Consejo Superior de Investigaciones Cientı́ficas, Zaragoza, Spain

J Fossey

The University of Tokyo, Tokyo, Japan

H M Foucault

University of Ottawa, Ottawa, ON, Canada

D Fox

University of Rochester, Rochester, NY, USA

M A Fox

University of Durham, Durham, UK

K A Francesconi

Karl-Franzens University Graz (Uni-Graz), Graz, Austria

Z Freixa
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Università degli Studi di Bologna, Bologna, Italy

R N Grimes

University of Virginia, Charlottesville, VA, USA

R H Grubbs

California Institute of Technology, Pasadena, CA, USA

D Guillon

Institut de Physique et Chimie des Matériaux de Strasbourg, Strasbourg, France

P J Guiry

University College London, Dublin, Republic of Ireland

T P Hanusa

Vanderbilt University, Nashville, TN, USA

F Hapiot
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Universidad de Huelva, Huelva, Spain

E Peris

Universitat Jaume I, Castellón, Spain

S Perrone

Ludwig-Maximilians-Universität, Munich, Germany

R N Perutz

University of York, York, UK

Contributors to All Volumes xxxv



M Peruzzini

Istituto di Chimica dei Composti Organometallici, Florence, Italy

J Peters

Caltech Chemistry, Pasadena, CA, USA

M Pfeffer
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stereoisomerization, and zirconacycles, 10, 281
substituted trirutheniums and triosmiums, 6, 770
tellurium tetrachloride addition, 9, 594
titanacyclopropane and titanacylcopropene reactions,

10, 260
transition metal-catalyzed hydrosilylation, 10, 815
transition metal complexes, NMR carbon-shielding tensors,

1, 472
in two-fold Heck couplings, 11, 317
unactivated, allylation, 9, 318
uncatalyzed hydroboration, 9, 149
in Wacker processes and p-allyl intermediates, 10, 682
in Wacker processes with carbonylation, 10, 681
Zr-catalyzed asymmetric carboalumination, 10, 272

�2-Alkenes
intermediates in catalytic polymerization, 6, 134
with nickel

characteristics, 8, 134
synthetic and reactivity studies, 8, 135
theoretical and physical studies, 8, 134

1-Alkenes, Rh-catalyzed hydroformylations, 7, 247
2-Alkenes, Rh-catalyzed hydroformylations, 7, 249
Alkene–vinylcyclobutanone, in [6+2]-cycloadditions, 10, 624
Alkene–vinylcyclopropanes, metal-catalyzed [5+2]-

cycloadditions, 10, 609
Alkenyl alcohols, into �3-allyl palladium complexes, 8, 365
!-Alkenyl-aldehydes, in Ti-promoted Pauson–Khand

reactions, 4, 270
Alkenyl(alkoxy)–allenylidenes, in Ru and Os half-sandwich

�6-arenes, 6, 619
Alkenylation

C–H bonds, 10, 221
Ge–H bonds, 3, 726
via lead triacetates, 9, 400
silyl enolates, 9, 328

�-Alkenylation, with bimuthonium salts, 9, 447
ortho-Alkenylation

anilides, 10, 144
applications, 10, 242–243

Alkenyl aziridines, for C–N bonds via amination, 10, 704
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allenyl and propargyl tins, 9, 358
with allylic tins, 9, 357
with antimony(III) compounds, 9, 426
with bismuth(III) compounds, 9, 433
with cerium reagents, 10, 409
with indium compounds, 9, 685

iron-promoted reactions, 10, 439
with samarium reagents, 10, 410
with zinc reagents, 9, 123

Bare metal ions, ion production, 1, 804
Barium compounds

additions with unsaturated organic molecules, 2, 137
dialkyl and diaryl compounds, 2, 118
dibenzyl, dialkynyl, dialkenyl compounds, 2, 120
heterobimetallic compounds, 2, 145
metal amides, 2, 140
metal halide aryl derivatives, 2, 114
metal halide monocyclopentadienyl derivatives, 2, 115
metallocene applications, 2, 134
metallocenes, 2, 126
metal oxides, 2, 139
monocyclopentadienyls, 2, 133

Base abstraction, in mononuclear ruthenium and osmium
alkynyl formations, 6, 408

Base-catalyzed reactions, with lead triacetates
alkenylation reactions, 9, 400
alkynylation reactions, 9, 402
aniline and nitrogen compound arylations, 9, 399
dicarbony arylation, 9, 382
ketone arylations, 9, 392
phenol arylations, 9, 395

Basis sets, in computational chemistry, 1, 659
Basset’s catalysts, for intermolecular metathesis, 9, 416
9-BBN, for alkene hydroboration, 9, 150
BDEs, see Bond dissociation energies
Benimidazolin-2-ylidenes, in palladium complexes, 8, 222
Benzalimines, reductive coupling, 11, 66
Benzamidinato ligands

in Ti(IV) complexes, 4, 343
in Ti(IV) trialkyl complexes, 4, 361

Benzannulations, chromium carbonyl carbene complexes,
5, 268

Benzene
monometallation, 9, 15
with nickel, 8, 187

Benzene–dienes, with pentarutheniums, 6, 986
Benzen[e]indenyl–amido complexes, with Ti(IV), 4, 438
�4-Benzenes

with iridium, 7, 328
rhodium, 7, 181

Benzenethiolato complexes, with bis-Cp Ti(IV), 4, 598
Benzimidazoles

in C–H bond alkylation, 10, 218
C–H functionalizations, 10, 137

(Benzimidazol-2-ylidene)gold(I) complexes, preparation,
2, 289

Benziporphyrins, with iron, 6, 107
Benzoic acids, and Grignard reagent reactivity, 9, 48
Benzophenone imine, with trinuclear Ru and Os clusters,

6, 731
p-Benzoquinone, bis-silylation, 10, 745
Benzoquinones, in �3-allyl Pd complex reductive elimination,

8, 380
Benzothiazolin-2-ylidenes, in palladium complexes,

8, 233–234
Benzothiophenes

with �6-bonded metals, hydrodesulfurization models, 1, 769
hydrogenation

HDS-relevant aromatic compounds, 1, 771
pretreatment catalysts, 1, 772

manganese carbonyl reactions, 5, 795
with trinuclear Ru and Os clusters, 6, 745–746

Benzo[b]thiophenes, 2,3-disubstituted, via zinc reagents,
9, 121

Benzotriazole, and Grignard reagent reactivity, 9, 46
Benzoylation, via bismuth(III) compounds, 9, 440
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Benzylamines, in platinum(II) complexes, 8, 510
Benzyl cations, chromium-stabilized, 5, 245
Benzylcobaloximes, preparation, 7, 35
Benzyl complexes

alkali compounds, 2, 4
with chromium, 5, 319
with iron, 6, 89–90
with Ti(IV), 4, 452

Benzyl esters, cyclization–hydrosilylation, 11, 386–387
Benzyl ethers, cyclization–hydrosilylation, 11, 386–387
Benzyl groups, C–H bond silylation, 10, 240
Benzylic alcohols, catalytic alkylation, 11, 146
Benzylic carbon–hydrogen bonds

borylation, 9, 174
intermolecular functionalization, 10, 112
intramolecular functionalization, 10, 114

Benzylic halides, into zinc reagents, 9, 86
Benzylic zinc reagents

in addition reactions, 9, 108
with ferrocenyl catalysts, 9, 122–123

N-Benzylideneaniline, into mono-Cp Ti(IV) complex, 4, 426
Benzylidenes

with bis-Cp Ti(IV), 4, 560
in ROMP initiation, 11, 631–632
with tantalum, 5, 147–148

O-Benzyllactaldehyde dimethylhydrazone, Grignard additions
to, 9, 67

Benzyl(trifluoroacetato) complexes, with platinum(II), 8, 470
Benzylzinc halides, with polymer-supported imines, 2, 398
Benzynes

bis-silylation, 10, 738
distannation, 10, 748
fluorinated, in Ir complexes, 7, 389–390
in nickel complexes, 8, 147–148
nickel-mediated reactions, 10, 548
in palladium(0) p-complexes, 8, 355
with tantalum, 5, 161
zirconium(II) complexes, 4, 723

Beryllium compounds
with alkyls and aryls, 2, 70
Be mono-Cp, 2, 74
cyclopentadienylberyllium, 2, 72
with dicyclopentadienyls, 2, 72
Group 15 and 16 derivatives, 2, 71
hydrides, 2, 77
miscellaneous reactions, 2, 77

Beryllium hydrides
properties, 2, 77

Beryllium monocyclopentadienyls, characteristics, 2, 74
Beryllocene, characteristics, 2, 72
�-donor–acceptor complexes, intramolecular complexes,

3, 498
Biaryl bisphosphines, atropisomeric, in hydrogenation, 10, 2
Biaryl-bridged bis(iminooxazolidine) complexes, with Zr(IV)

and Hf(IV), 4, 811–812
Biaryl compounds, directed synthesis, 10, 145
Bicyclic arenes, in hexaruthenium carbido clusters,

6, 1007–1008
Bicyclic cyclotrigermanes, thermolysis, 3, 793
Bicyclic imidazoles, via intramolecular C–H

functionalizations, 10, 138
Bicyclic siloxanes, rational synthesis, 3, 655
Bicycloctasilane dianion, preparation, 3, 466–468
Bicyclo[5.3.0]decadiene, via [5+2]-cycloadditions, 10, 613
Bicyclo[5,3,0]-decanes, via Pauson–Khand reaction, 11, 361
Bicyclononasilane anions, preparation, 3, 466–468
Bicyclo[3.3.0]-octanones, via carbonylative carbocyclization,

11, 427
Bicyclo[3.3.0]octenones

via [5+2+1]-cycloadditions, 10, 631–632

via diyne cyclization–silylation–carbonylation, 11, 392–393
Bicyclopropylidene

bis-silylation, 10, 739, 10, 746–747
silaboration, 10, 765
silastannation, 10, 775–776

Bicyclotetraphosphines, with chromium carbonyls, 5, 221–222
Bidentate amidinates, in Zr(IV) mono-Cp complexes, 4, 827
Bidentate donor ligands, on diorganozinc compounds, 2, 333
Bidentate guanidinates, in Zr(IV) mono-Cp complexes, 4, 827
Bidentate ligands

in molybdenum carbonyls
with As, Sb, Bi donors, 5, 424
with Se and Te donors, 5, 431

polymer-supported, preparation, 12, 690–691
in Zr(IV) mono-Cp complexes, 4, 831

Bidentate nitrogen-donor ligands
in Pd(IV) complexes, 8, 299
in rhodium carbonyls, 7, 125
in Ru and Os half-sandwich �6-arenes, 6, 520
in Ru and Os half-sandwich complexes, �5-Cp and �5-

indenyl compounds, 6, 479
Bidentate [NO] ligands, chromium complexes, 5, 353
Bidentate [O2] compounds, chromium complexes, 5, 351
Bidentate phosphines, Ru and Os compounds, 6, 426
Bidentate phosphorus complexes, with palladium(II), 8, 291
Bidentate phosphorus-containing ligands, polymer-supported,

synthesis, 12, 691
Bidentate phosphorus–nitrogen ligands, in rhodium carbonyl

complexes, 7, 132
Bidentate phosphorus–oxygen ligands, in rhodium carbonyl

complexes, 7, 132
Bidentate phosphorus–phosphorus ligands, in Rh carbonyl

complexes, 7, 129
Bidentate phosphorus–sulfur ligands, in rhodium carbonyl

complexes, 7, 132
Bifunctional C5-isoprenoid allylamines, isomerization, 10, 72
Bifunctional ligand hydrogenation catalysts, in organometallic

synthesis, 1, 79
Bimetallic alkenes, with platinum

heterobimetallic complexes, 8, 637
homobimetallic complexes, 8, 635

Bimetallic complexes
molybdenum alkynes, 5, 551
nanoparticles via thermolysis, 12, 74
platinum–carbon p-bonded complexes, 8, 658

Bimetallic ansa-indenyl–silylamido complexes, with Zr(IV),
4, 863

Bimetallic metal–chromium(III) oxalates, in magnet
construction, 12, 427

Bimetallic metal(III)–iron(III) oxalates, in magnet
construction, 12, 432

Bimetallic metal nanoparticles, preparation, 12, 89–90
Bimetallic metal(III)–ruthenium(III) oxalates, in magnet

construction, 12, 435
Bimetallic nanoparticles, as heterogeneous catalyst precursors,

12, 768
Bimetallic oxalates, in magnet construction, 12, 425
Bimetallic systems, mechanisms, 1, 103
Bimetallic zinc reagents, preparation and reactivity, 9, 132
BINAPHOS

polymer-supported, 12, 707
in polymer-supported hydroformylations, 11, 451–452

Binaphthol, in crystal engineering, 12, 563
BINAP–silver complex, in aldol reactions, 9, 555
Binary ceramics

metal chalcogenides, nitrides, pnictides, 12, 53
metal oxides, 12, 51
silicon and boron nitrides and carbides, 12, 56

Binary halocarbonyl complexes, with rhodium, 7, 122
Binary hydridecarbonyl complexes, with rhodium, 7, 122
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Binary metal carbonyl complexes, with technetium, 5, 835
Binary technetium isocyanides, preparation and properties,

5, 842
Binding energy, pentacarbonyliron, 6, 3
Binuclear complexes

bis-Cp titanium halides, 4, 522
with Ni–M and Ni–C �-bonds

heterometallic clusters, 8, 115
homometallic clusters, 8, 111

Binuclear dicarbonyl(cyclopentadienyl)hydridoiron
complexes, with �1- and C5 ligands, 6, 178

Binuclear iridium hydrides, characteristics, 7, 410
Binuclear monoindenyl complexes, with Ti(IV), 4, 397
Binuclear nickel(I) carbonyl complexes, characteristics, 8, 13
Binuclear osmium compounds, with hydrocarbon bridges

without M–M bonds, 6, 619
Binuclear ruthenium compounds, with hydrocarbon bridges

without M–M bonds, 6, 619
Binuclear silver(I) complexes, with pyridyl-substituted alkyls,

2, 199
Bioaccumulation

methylmercury, 12, 629
tin, 12, 633

Bioactivation, hydrogen in metalloenzymes, 1, 683
Bioactivity, polymers, 12, 299
Biological alkylation, organometallics stability, 12, 607
Biological effects, Ti(IV) complexes, 4, 662
Biologically active substances, via enyne metathesis, 11, 295
Biologically relevant compounds, via Alder-ene reactions,

10, 592
Biological properties, organometallic compounds, overview,

12, 603–661
Biological studies, with organometallic compounds, 1, 897
Biomaterials, silicones, 3, 680
Biomedical applications

arene chromium carbonyls, 5, 260
ferrocene-containing polymers, 12, 307

Biomedical imaging, metal cluster applications, 12, 770
Biomethylation

antimony, 12, 647
inorganic antimony, 12, 644
mechanisms, 12, 609
organometallics stability, 12, 608
tin, 12, 634

Biomimetic models, for iron-only hydrogenase, dithiolate-
bridged compounds, 6, 239

Biomolecule–ferrocene conjugates, in biosensing
composite materials with ferrocenes, 12, 598
nucleic acid conjugates, 12, 597
protein conjugates, 12, 595
small-molecule conjugates, 12, 597

Bioorganometallic chemistry studies
acetyl coenzyme A synthase, 1, 889
amino acids, peptides, protein derivatives, 1, 897
antibacterial agents, 1, 894
anticancer agents, 1, 891
antimalerial agents, 1, 895
biological studies, 1, 897
biosensors, 1, 909
carbon monoxide dehydrogenase, 1, 889
cobalamins, 1, 884
colorimetric assays, 1, 912
DNA, RNA, PNA derivatives, 1, 902
DNA sensors, 1, 909
fac-[Re(CO)3] fragment, 5, 886
heavy metal probes, 1, 913
hydrogenases, 1, 887
lipids, 1, 904
luminescent probes, 1, 912
medicinal organometallic chemistry, 1, 891

metallo-immuno assays, 1, 911
methyl coenzyme M reductase, 1, 890
molybdenocene dichloride, 5, 573
naturally occuring organometallics, 1, 884
No–Co drugs, 1, 895
overview, 1, 883–920
peptide synthesis, 1, 908
protein-based redox probes, 1, 909
radiopharmaceuticals, 1, 896
receptor ligands, 1, 906
sugar derivatives, 1, 904
toxicology and environment, 1, 896

Bioorganometallic hosts
inclusion chemistry, 12, 806
for polypeptides, 12, 806
proteins as, 12, 806

Biosensors
basic principles, 12, 589
biomolecule–ferrocene conjugates

nucleic acid conjugates, 12, 597
protein conjugates, 12, 595
small-molecule conjugates, 12, 597

electrochemical sensors, 12, 590
composite materials with ferrocenes, 12, 598
ferrocene-based redox mediation, 12, 591
polymeric and surface-confined ferrocene mediators,

12, 594
screen-printed ferrocene-based sensors, 12, 594

optical sensors, 12, 591
organometallic-based sensors, 1, 909
overview, 12, 589–602

Biotransformation
oxo-arsenosugars and arsine oxides, 12, 641
tin, 12, 633

Biphase systems
for hydrogenation with water solvent, 12, 839
media, 1, 823
olefin green hydroformylation in, aqueous media, 12, 854

Biphenyl bridges, in ansa-titanocenes, 4, 614
Biphenyl-4,49-diyldiboronic acid reagent, cross-coupling

polycondensation, 11, 668
Biphenylenes

manganese carbonyl reactions, 5, 794–795
in platinum(II) complexes, 8, 492

Biphenylisonitriles, liquid crystals, 12, 277
Biphenyl ligands, on bis-Cp titanium halides, 4, 513
Biphosphines, with subvalent zirconiums, 4, 698
Bipyridines

liquid crystals, 12, 215
in Mo-carbonyls with nitrogen ligands, 5, 415
with platinum(II), 8, 460
with subvalent zirconiums, 4, 698

Biruthenocenes, mixed valence, 6, 642
Bis(acyl)-bridged compounds, dinuclear iron compounds,

6, 243
Bis(adamantylimido) compounds, with monomeric

chromium(VI) complexes, 5, 348
Bis(alkene) complexes

conjugated, Rh complexes, 7, 214
mononuclear Ru and Os compounds, 6, 401–402
in Ru and Os half-sandwich �6-arenes, 6, 538
with tungsten carbonyls and isocyanides, 5, 685

Bis(!-alkenylcyclopentadienyl) complexes, with Ti(II), 4, 254
Bis(alkoxide) nitrogen-donor complexes, with Zr(IV), 4, 805
Bis(alkoxide) titanium alkynes, in cross-coupling, 4, 276
Bis(alkoxo) complexes, with bis-Cp Ti(IV), 4, 588
Bis[alkoxy(alkylamino)carbene]gold complexes, preparation,

2, 288
N,N9-Bis(40-(49-alkoxybenzoyloxy)phenyl)-1,4-diaza-1,3-

butadienes, liquid crystals, 12, 216
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Bis(alkyl) complexes, with mercury, preparation, 2, 428
Bis(alkylidene)s, in Ru and Os half-sandwiches, 6, 583
Bis(alkylimido) complexes, with chromium(VI), 5, 346
Bis(�2-alkyne)platinum(0) complexes, preparation, 8, 640
Bis(alkynyl) complexes

in [5+2+1+1]-cycloadditions, 10, 643
with manganese, 5, 819
with mercury, preparation, 2, 426
mononuclear Ru and Os compounds, 6, 409
with platinum, 12, 125
with platinum(II), 8, 539
with titanium(IV), 4, 643
with zirconium, 4, 722

Bis(1-alkynyl) derivatives, Ti(IV) complexes, 4, 342
Bis(allene)s, distannations, 10, 750–751
Bis(allyl) complexes

with Ni and Pd, 1, 392
with Ru and Os

parent complexes, 6, 452
substituted complexes, 6, 453–454

with Ta(III), 5, 172–173
with Ti(IV), 4, 329–330, 4, 341

ansa-Bis(allyl) complexes, with Zr(IV) and Hf(IV), 4, 982
Bis(allyl) platinum, photoelectron spectroscopy, 1, 392
Bis(allyl)zirconium pre-catalysts, preparation, 4, 742
Bis(amido)alkyl ether complexes, with Zr(IV) and Hf(IV),

4, 797
Bis(amido)alkyl silylether complexes, with Zr(IV) and Hf(IV),

4, 797
Bis(amido)alkyl thioether complexes, with Zr(IV) and Hf(IV),

4, 797
Bis(amido)amines, with Zr(IV) and Hf(IV), 4, 790
Bis(amido)aryl ether complexes, with Zr(IV) and Hf(IV),

4, 795
Bis(amido) carbene-donor complexes, with Zr(IV), 4, 798
Bis(amido) complexes

with Ti(IV), 4, 330, 4, 348
with Zr(IV), 4, 767
with Zr(IV) and Hf(IV), 4, 793

Bis(amido) nitrogen-donor complexes, with Zr(IV) and Hf(IV),
4, 790

Bis(amido) oxygen-donor complexes, with Zr(IV) and Hf(IV),
4, 795

Bis(amido) phosphine-donor complexes, with Zr(IV), 4, 816
Bis(amido) pyridines, with Zr(IV) and Hf(IV), 4, 790
Bis(aminoalkylidyne) complexes, diiron carbonyl complexes

with cyclopentadienyl ligands, 6, 248–251
Bisaminosilylenes, in molybdenum carbonyls, 5, 406
Bis(�-arc nc) complexes, as metal vapor synthesis milestone,

1, 236
Bis(arene)chromium complexes

applications, 5, 345
in engineered materials, 5, 344

Bis(arene) complexes
in hexaruthenium carbido clusters, 6, 1010–1011
molybdenum complexes, 5, 577
surface chemistry on oxides, 12, 512
with Ti(IV), 4, 654

Bis(�6-arene) complexes, with chromium
hydrocarbon-substituted arenes, 5, 338
with peripheral heteroatoms, 5, 340
with ring integral heteroatoms, 5, 339
theoretical considerations, 5, 338

Bis(1,2-arenedithiolato) compounds, in mono-Cp Ti(IV)
complexes, 4, 503–504

Bis(arene)hafnium complexes, characteristics, 4, 697
Bis(arene)iron dications, characteristics, 6, 173
Bis(arene)niobium complexes, characteristics, 5, 95
Bis(arene)titanium(0) complexes, characteristics, 4, 243–244
Bis(arene)tricarbonylchromium complex, synthesis, 5, 258

Bis(�6-arene)vanadium complexes
applications, 5, 47
physical properties, 5, 47
reactivity, 5, 46
synthesis, 5, 45

Bis(arene)zirconium complexes, characteristics, 4, 697
Bis(arylamido)pyridines, with Hf(IV), 4, 792
Bis(aryl) bridges, in ansa-titanocenes, 4, 614
Bis(aryl) complexes, with platinum(II), 8, 491
Bis(arylimido) complexes

with chromium(VI), 5, 346
halogenated, with monomeric chromium(VI) complexes,

5, 348
9,10-Bis(arylmethylene)dihydroanthracenes, via Heck

couplings, 11, 320
Bis(aryloxo) complexes, with mono-Cp Ti(IV), 4, 474
Bis(aryloxo) titanacyclopent-2-ene, synthesis, 4, 358
Bis(N7-azaindolyl)methane-coordinated complexes, with

platinum(II), 8, 475
Bis(benzamidinate) ligands, in ethylene polymerization,

4, 1139–1141
Bis(benzamidinate)titanium(II) complexes, preparation and

reactivity, 4, 267
Bis(benzamidinate)zirconium catalysts, for stereoselective

propylene polymerization, 11, 708
Bis(�-benzene)tungsten, as metal vapor synthesis milestone,

1, 236
BISBI, and hydroformylations, 11, 442–443
Bis(boratabenzene) complexes, synthesis, 3, 34–35
Bis(borylamido) ligands

in Ti(IV) complexes, 4, 347
with Zr(IV), 4, 772

Bis(borylphosphino)germanes
preparation, 3, 733–734
reactions, 3, 736–738

Bis(butadiene) complexes, with tantalum, 5, 173
Bis(t-butanethiolato) complexes, with bis-Cp Ti(IV), 4, 601
Bis(calixarene) complexes, as organic molecule hosts, 12, 799
Bis(carbene) complexes

with gold(I), 2, 287–288
with manganese, 5, 780, 5, 826
with mercury, 2, 429
with palladium, 8, 230
with silver(I), 2, 206

Bis(carbene)–palladium pincer complex, on polymer support,
12, 741–742

Bis(carbodiimido) complexes, with bis-Cp Ti(IV), 4, 583
Bis(catecholato)diboron, alkyne additions, 10, 727–728
Biscorroles, in organometallic synthesis, 1, 71–72
Bis(cyclodiyne) clusters, trirutheniums and triosmiums, 6, 772
Bis(cyclooctadienyl) chromium complexes, characteristics,

5, 337
Bis(cyclooctatetraene)ruthenium complexes, characteristics,

6, 460
Bis(cyclooctatetraenyl) actinide(IV) compounds, preparation,

4, 231
Bis(cyclooctatetraenyl) cerium compounds, synthesis and

characteristics, 4, 130
Bis(cyclooctatetraenyl) lanthanide(III) compounds, synthesis

and characteristics, 4, 129
Bis(cyclooctene)–iridium(I) complexes, preparation, 7, 316
Bis(cyclopentadienyl) alkenes, with tantalum, 5, 157
Bis(cyclopentadienyl) alkyne niobium complexes,

characteristics, 5, 81
Bis(cyclopentadienyl)-bridged iridium complexes, synthesis,

7, 371
Bis(�5-cyclopentadienyl)chromium complexes

with bulky alky substituents, 5, 330
chromocenes with substituted cyclopentadienyl rings,

5, 329
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with heteroatom substitutions, 5, 330
with pentalene ligands, 5, 331

ansa-Bis(cyclopentadienyl)chromium complexes
bis(indenyl)chromium complexes, 5, 334
Cr(III) and Cr(IV) derivatives, 5, 333
�-donor reactions, 5, 332
theoretical considerations, 5, 332

Bis(cyclopentadienyl) complexes, with dinuclear Ru–Os,
6, 1050

Bis(�5-cyclopentadienyl) complexes, vanadocenes, 5, 36
Bis(cyclopentadienyl) hafnium(II) complexes, with

dinitrogen, 4, 731
Bis(cyclopentadienyl) niobium complexes

halides, 5, 90
N-donor ligands, 5, 94
O- and S-donor ligands, 5, 93
P-donor ligands, 5, 94

Bis(cyclopentadienyl) tantalum complexes, characteristics,
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Bis(cyclopentadienyl) titanium complexes
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with indenyls, 4, 428

Bis(cyclopentadienyl)titanium(II) complexes
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with boranes, 4, 254
preparation and reactivity, 4, 249
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Bis(cyclopentadienyl)titanium(III) complexes
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with allyl and propargyl ligands, 4, 305
cationic compounds, 4, 293
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with fluoride ligands, 4, 296
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with iodide ligands, 4, 299
mixed metal compounds, 4, 314
with phosphide, sulfide, telluride ligands, 4, 312
with Ti–N bonds, 4, 308
with Ti–O bonds, 4, 310
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characteristics, 4, 509
metallacycles, 4, 563
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with Ti–H and Ti–B bonds, 4, 602
Ti–N bonds, 4, 578
with Ti–Si bonds, 4, 596
Ti–Sn bonds, 4, 578
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Bis(cyclopentadienyl)titanium(II) diazoalkanes, preparation
and reactivity, 4, 263

Bis(cyclopentadienyl)titanium(II) dicarbonyl complexes,
preparation and reactivity, 4, 250

Bis(cyclopentadienyl)titanium(II) dinitrogen complexes,
preparation and reactivity, 4, 250

Bis(cyclopentadienyl)titanium halides
ligand metathesis reactions, 4, 537
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organic reactions, 4, 540
properties, 4, 530
reductions, 4, 532
synthesis, 4, 510

Bis(cyclopentadienyl)titanium hydrocarbyl
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reactions, 4, 551

structure and properties, 4, 551
synthesis, 4, 542
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reactivity, 4, 250
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ansa-Bis(cyclopentadienyl) vanadium compounds, synthesis,
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Bis(cyclopentadienyl)vanadium(II) complexes
applications, 5, 39
coordination compounds, 5, 37
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Bis(cyclopentadienyl)vanadium(III) complexes
applications, 5, 44
halide, CO, isonitrile coordination chemistry, 5, 41
halides, 5, 40
O-donor ligands, 5, 42
pseudohalides, 5, 40
S-, Se-, P-donor ligands, 5, 42
�-bonded alkyl and aryl derivatives, 5, 43
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Bis(cyclopentadienyl)zirconium(III) complexes
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dinitrogen complexes, 4, 747
electrochemical reduction, 4, 745
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electrochemical reduction, 4, 745
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Carboranes
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with Zr(IV), 4, 819

Carbosilanes
on dendrimers, 12, 738
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Carboxylates
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Carboxylation
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Carboxylic acids
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Carbozirconation, via zirconacycles, 10, 278
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formation, 6, 420
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with Ru–Os mixed-metals, 6, 1082

�-Carbynes, in heterodinuclear iron compounds, 6, 117
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Cascade reactions
via hydroformylations, 11, 462
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Catalysis studies
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in aqueous media, 1, 831
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tin hydride applications, 9, 345
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computational studies and spectroscopy, 5, 203
experimentally determined structures, 5, 204
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Cation reactions
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cyclopentadienyl complexes, 4, 967
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Ceramics
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silicones, 3, 679

(+)-Ceratopicanol, via Pauson–Khand reaction, 11, 359
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addition to C–N double bonds, 10, 409
addition to C–O double bonds, 10, 406
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Cp3Ln compounds, 4, 59–60
Cp3LnX compounds, 4, 61
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metal–metal bonded compounds, 4, 131
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Chain-release reactions, in olefin polymerization, 4, 1023
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capping, triiron complexes containing, 6, 311
triruthenium complexes with, 6, 844

Chalk–Harrod mechanisms
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in structure determination, 1, 590
unsupported metal–metal bonds, 1, 592
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Chelating �-ketoiminato ligands, with Zr(IV), 4, 816
C,C-Chelating ligands, palladacycles with, 8, 291
Chelating thiolates, with Zr(IV), 4, 784
Chemical composition, functional ceramics, 12, 41
Chemical ionization, neutral organometallics, 1, 805
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Chokol C, via Alder-ene reactions, 10, 597
Cholesteric liquid crystallinity, helical rod polysilane, 3, 629
Chromaticity, OLEDs, 12, 139
Chromatography

arene chromium carbonyls, 5, 239
experimental methods overview, 1, 209

Chromium
addition to CTN, 10, 432
addition to CTO, 10, 431
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chalcogenide complexes, cubane clusters, 5, 308
with CO and isocyanides, overview, 5, 201–289, 5, 291–390
in [6+3]-cycloadditions, 10, 624
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with phosphine-based supporting ligands, 5, 365
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via cobalt(III) complexes, 7, 43
conjugate additions, 10, 383
diastereoselective cuprate additions, 9, 515
diethylzinc-mediated radical additions, 2, 392
nucleophilic alkylation, 9, 192
polyfunctional, via zinc reagents, 9, 121–122
in tin enolate generation, 9, 363
zinc nucleophilic additions, 2, 390

�,�-Enones, via propargylic alcohol isomerization, 10, 96
Entrapment, polymer-supported metal phosphine complexes,

12, 711
Environmental studies

antimony, 12, 644
bioorganometallic issues, 1, 896
glovebox techniques, 1, 215
high-molecular weight silicons, 12, 650
lead methylation and demethylation, 12, 629
lead presence, 12, 630
mercury methylation and demethylation, 12, 627
methylmercury bioaccumulation, 12, 629
methylmercury species cycling, 12, 628
organometallic compounds, overview, 12, 603–661
organometallic compound stability, 12, 605
selenium, overview, 12, 652
silanols, 12, 651
silicones, 3, 682
stability to atmospheric oxidation, 12, 606
stability to light, 12, 607
stability within organisms, 12, 607
tin behavior, 12, 632
tin compounds, 12, 630
tin distribution, 12, 633
tin speciation analysis

analytical techniques, 12, 635
detection methods, 12, 636
gas chromatography, 12, 635
HPLC, 12, 635
sample preparation, 12, 634

tin stability and degradation, 12, 633
volatile methylsiloxanes, 12, 648

Enyl complexes
with �3-allyl palladium

via alkenyl alcohols, 8, 365
via alkoxides, 8, 365
via alkynes, 8, 364
via allenes, 8, 364
allyl reactivity, 8, 381
via carbene insertions, 8, 367
via carbonyls, 8, 364
CO reactions, 8, 374
via cycloalkene ring opening, 8, 363
via diene reactions, 8, 362
fluxional behaviour, 8, 371
via isonitriles, 8, 364
via ketones, 8, 365
via ligand substitution and metathesis, 8, 358
via monoene reactions, 8, 361
nucleophilic attack, 8, 375
via O-substituted unsaturated substrates, 8, 365
via oxidative addition, 8, 366
Pd(I) allyls, 8, 368
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Enyl complexes (continued )
reactivity, 8, 373
reductive elimination, 8, 380
structure and bonding, 8, 368
thermal decomposition, 8, 374
via transmetallation, 8, 367
transmetallation to metals, 8, 374

with niobium, 5, 87
with Pd p-complexes

cyclopentadienyl complexes, 8, 389
oxadimethylenemethane, 8, 382
�3-propargyl and allenyl complexes, 8, 383
properties, 8, 358
trimethylenemethane, 8, 382

�,�2-Enyl complexes, in Pd p-complexes
via alkyne insertions, 8, 384
cyclization processes, 8, 389
via dienes, 8, 385
isomerization reactions, 8, 387

�3-Enyl ligands, hydrocarbon bridging ligands, 6, 698
1,6-Enyne, asymmetric cyclization–hydrosilylation, 10, 835
Enynes

carbometallation, for C–C bond formation
p-allyl pathway, 10, 328
characteristics, 10, 322
hydrometallation, 10, 331
hydrosilylation, 10, 334
hydrostannylation, 10, 333
metallacyclopentene pathway, 10, 324
vinylmetal pathway, 10, 329

copper conjugate addition reactions, 9, 511
cyclization–hydrosilylation

lanthanide catalysts, 11, 377
palladium catalysts, 11, 370
rhodium catalysts, 11, 374

cyclization–silylformylation, 11, 394
intramolecular cyclic carbozirconation, 10, 278
metathesis reactions, 1, 184
with Ru and Os half-sandwiches, 6, 567
skeletal rearrangements, 10, 336
stannaboration, 10, 768
with titantium(IV), 4, 361

1,3-Enynes, into allenyltrichlorosilanes, 9, 309
1,5-Enynes, reductive cyclizations

with early transition metal, Group III, lanthanide catalysts,
10, 504

with late transition metal catalysts, 10, 506
1,6-Enynes

cyclization–hydrosilylation, rhodium catalysts, 11, 376
cyclization–stannylsilylation, 11, 402–403
reductive cyclizations with early transition

metals, 10, 504
reductive cyclizations with late transition metals, 10, 506
silylcarbonylation, 11, 502

1,7-Enynes, reductive cyclizations
with early transition metals, 10, 504
with late transition metals, 10, 506

4-En-2-ynyl carbonates, carbonylative carbocyclization,
11, 428

Enzymes
bioorganometallic ligands as, 12, 807
catalysis and related reactions, 1, 301
sensors using soluble ferrocenes, 12, 591–592
with Ti(IV), 4, 374
zinc compound models, 2, 376

(�)-Ephedradine, via intramolecular carbene C–H insertion,
10, 195

Ephosiums, with iron carbonyls, 6, 41
Epichlorohydrin, via epoxide homopolymerization, 11, 597
Epimerization, metallocenes, 11, 705

15-Epiprostagrandin E2–1,15-lactone, via alkyne metathesis,
11, 306

Epo B, via ring-closing diene metathesis, 11, 238
Epothilone

via metathesis on solid supports, 11, 263
via ring-closing metathesis, 11, 248

Epoxidation
alkenes, 1, 866
alkenyl- and alkynylboron compounds, 9, 182
via Ti(IV) complexes, 4, 658–659

Epoxides
CO2 alternating co-polymerization

aluminum catalyst system, 11, 617
asymmetric co-polyermization, 11, 618
chromium catalyst system, 11, 615
cobalt catalyst system, 11, 614
diphenoxyzinc complex, 11, 610
manganese catalyst system, 11, 617
mechanisms, 11, 609
supercritical CO2, 11, 618
zinc–�-diiminate complex, 11, 611

CO alternating co-polymerization catalysts, 11, 606
CO alternating co-polymerization mechanisms, 11, 608
homopolymerization, 11, 597

aluminate–Lewis acid catalyst system, 11, 602
via aluminum–porphyrin–Lewis acid catalysts, 11, 599
aluminum–tetradentate ligand catalyst system, 11, 601
anionic polymerization, 11, 598
cationic aluminum catalyst system, 11, 603
cationic polymerization, 11, 598
zinc-based catalyst system, 11, 605

nucleophilic tellurium reactions, 9, 599
polymerization with transition metal catalysts

overview, 11, 595–621
regio- and stereoregularities, 11, 596

ring openings via nucleophilic telluriums, 9, 599
silylformylation, 11, 488
in zinc reagent additions, 9, 110

�,�-Epoxysilanes, nucleophilic substitutions, 9, 324
Equilibrium isotope effects

C–H bond coordination, 1, 549
dihydrogen coordination, 1, 561

Equivalent neutral classification, organotransition metal CBC,
1, 27

Erbium complexes
in acrylic monomer polymerization, 4, 151–152
with arenes, 4, 119
in Cp-like compounds with carboranyl ligands, 4, 111
Cp3Ln compounds, 4, 59–60
Cp3LnL and Cp3LnL2 compounds, 4, 60
in Cp2LnX compounds, 4, 52
cyclopentadienyl halides, 4, 44
indenyl and fluorenyl compounds, 4, 96, 4, 97
ansa-indenyl and fluorenyl compounds, 4, 101–102
metal–metal bonded compounds, 4, 131
mono(cyclooctatetraenyl) lanthanide(III) compounds,

4, 127
oligomerization catalysis, 4, 137–138
with ring-bridged cyclopentadienyl ligands, 4, 85
in various reactions, 4, 161–162

Erinacine A, via Alder-ene reactions, 10, 592
Erythrocarine, via enyne metathesis, 11, 296
ESI–MS studies

advantages, 1, 807
basic concepts, 1, 806
carbene complexes, 1, 814
olefin metathesis, 1, 812
overview, 1, 809
practical issues, 1, 808
Ziegler–Natta-type olefin polymerization, 1, 811
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ESR studies, see Electron spin resonance studies
Esterification

and tin alkoxides, 9, 367–368
and tin amides, 9, 370

Esters
asymmetric hydrogenation, 10, 35
via bismuth(III) compounds, 9, 444
boron nucleophile additions, 10, 386
in C–H bond alkylation, 10, 217
copper conjugate addition reactions, 9, 511
diboration, 10, 732–733
enantioselective conjugate additions, 10, 379
isomerization, 10, 93
titanacyclopropane and titanacylcopropene reactions,

10, 260
Estra-1,3,5(10),6-tetraenes, chromium tricarbonyl complexes,

5, 246
Estrogens, and SERMs, 12, 446
Estrones, via Heck couplings, 11, 320–322
ETE method, see Electron-transfer equilibirum method
1,2-Ethanedithiol, with trinuclear Ru clusters, 6, 745
Ethane-1,2-dithiolato compounds, in mono-Cp Ti(IV)

complexes, 4, 503
Ethenolysis, and cross metathesis, 11, 198
Ether–amide shell, around ferrocene, 6, 195
Etherification

via alkyne hydration, 10, 678
via C–H bond functionalization, 10, 685
cycloetherification, 10, 673
via epoxide ring opening, 10, 669
via hydro- and alkylative alkoxylation, 10, 683
via inter- and intramolecular hydroalkoxylation, 10, 672
via metal vinylidenes, 10, 676
propargylic, 10, 665

via transition metals, 10, 666
via SN1 and SN2 processes, 10, 684
via transition metal p-arene complexes, 10, 685
transition metal-mediated, for C–O bond formation

allylic etherification, 10, 657
aryl and alkenyl ethers, 10, 650
overview, 10, 649

via alkoxylation via Wacker-type reactions, 10, 679
via Wacker processes and p-allyl intermediates, 10, 682
via Wacker processes with carbonylation, 10, 681

Ethers
activation by iridium complexes, 10, 111
�,�-unsaturated, isomerization, 10, 88

Ethoxyboratabenzenes, with Zr(IV), 4, 979–980
Ethyl complexes

with iron, 6, 89–90
mononuclear ruthenium compounds, 6, 391

Ethylene-diaminetetraacetic acid, for water-solubilization,
1, 827

Ethylene–higher-�-olefin co-polymers, via post-metallocene
catalysts, 4, 1144

Ethylene polymerization
chain-release and isomerization reactions, 4, 1024
CO co-polymerization, 8, 242
control, branched structure, 11, 701
via �5-Cp cobalt complexes, 7, 81
high-throughput synthesis, 1, 354
with imino–pyrrolate systems, 4, 1138–1139
internal alkene co-polymers, 4, 1145
with metallocene catalysts

and cycloolefin co-polymers, 4, 1047
and �,�9-disubstituted and internal olefins, 4, 1047
and ethylene–�-olefin co-polymers, 4, 1043
and ethylene–propylene co-polymers, 4, 1045
and polyethylene, 4, 1041
and styrene co-polymers, 4, 1049

monomers, 11, 709
with phenoxy-ether complexes, 4, 1095
semicrystalline, with propylene co-polymers, 4, 1073
with single-center catalysts, 4, 1086
stereoregularity, 11, 703

Ethylene–propylene co-polymers, via post-metallocene
catalysts, 4, 1143

Ethylenes
bridges in ansa-titanocenes, 4, 606–607
in copper complexes, 2, 175–176
hydrogermylation, 3, 729–731
with nickel, 8, 135
oligomerization behavior, chromium(III) complexes,

5, 366
oligomerization via Ni complexes, 8, 86–87
in Pauson–Khand reaction, 11, 351
trimerization via tantalum complexes, 5, 193
in two-fold Heck couplings, 11, 317

Ethylene–styrene co-polymers, via post-metallocenes, 4, 1146
Ethyl trichloro complexes, with Ti(IV), 4, 368
Ethynylferrocene, synthesis, 6, 191
2-(6-Ethynylpyridyl)ethynyl ligands, in hydridoplatinum(II)

complexes, 8, 546
Ethynylruthenocene acetylides, preparation, 6, 642
ETL, see Electron-transporting layer
ET reactions, see Electron-transfer reactions
Europium complexes

with arenes, 4, 118–119
Cp2Ln compounds, 4, 27
CpLnX2 compounds, 4, 29–30
Cp*

2M compounds, 4, 63
cyclooctatetraenyl compounds, 4, 122–123
heterobimetallic compounds without direct M–M bonds,

4, 131
M–M bonded compounds, 4, 131
in monoolefin polymerization, 4, 141

Europium(II) complexes, alkyl compounds, 4, 4
Europocenes, characteristics, 4, 27
Evaporation rates, in metal vapor synthesis, 1, 225
Ewen’s symmetry rules, for olefin polymerization

stereocontrol, 4, 1023
Exchange reactions

alkyl, cobalt(II) complexes, 7, 29
boron–zinc, 9, 89
for Grignard reagent preparation, 9, 35
lithium–zinc, 9, 87
magnesium–zinc, 9, 93
and platinum homometallic alkenes, 8, 638
tellurium–copper, 9, 633
tellurium–lithium, 9, 625
tellurium–metal, 9, 623
tellurium–sodium, -calcium, -magnesium, -aluminum,

9, 631
tellurium–zinc exchange, 9, 631
tin–zinc, 9, 94
for zinc reagents, 9, 85
zirconium–zinc, 9, 93

Excited state reactions
adaptive quantum control, 1, 247
in OLED cyclometalled complexes, 12, 147, 12, 155
oxidative additions, 1, 246

Excitons, in phosphor-doped OLEDs, 12, 142
Exo-endo isomerization, molybdenum carbonyls with allyls,

5, 441
Exogenous �-donors, and monomeric Cr(III) derivatives,

5, 321
Experimental methods overview

additions and cannula transfers, 1, 205
chromatography, 1, 209
crystallization, 1, 207
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Experimental methods overview (continued )
crystal selection and mounting, 1, 209
filtering and washing, 1, 206
glassware and preparations, 1, 204
glovebag techniques, 1, 214
glovebox techniques, 1, 214
high vacuum line, 1, 198
methodological overview, 1, 197
NMR of air-sensitive compounds, 1, 210
Schlenk lines, 1, 204
slow cooling, 1, 209

Extended conjugated alkenes, with Pd p-complexes, 8, 334
Extended Hückel theory, in semi-empirical quantum

mechanics, 1, 655
Extraction, co-condensates in metal vapor synthesis, 1, 230

F

Face-capping arene compounds, in Ru–Os clusters
bonding, 6, 827
polyaromatic systems, 6, 827
properties, 6, 825
with unsaturated appendages, 6, 827

Face-capping C5 cycle, in triruthenium clusters, 6, 817
Face-capping cyclopolyenes, in trinuclear cobalt clusters, 7, 98
Face-to-face polymetallocenes, via condensations, 12, 346
Farnestane [5,5,5,5]-ring system, via Pauson–Khand reaction,

11, 361
Fast time-resolved infrared spectroscopy, for organometallic

complexes, 1, 265
FA techniques, see Flowing afterglow techniques
f-block metallaboranes

future research, 3, 257
overview, 3, 133–174

f-block metallacarboranes
characteristics, 3, 246
overview, 3, 175–264

FBS, see Fluorous biphasic system
[5,5,5,5]-Fenestranes, via carbonylative carbocyclization,

11, 426–427
Ferracyclic carbenes, with alkenes, 6, 133
Ferracyclopentendiones, preparation, 6, 82–83
Ferraoxetene, synthesis, 6, 82
Ferricenium, characteristics, 12, 449
Ferrocene–acetylene polymers, with metallocene units,

12, 322
Ferrocene-based bisphosphanes, in hydrogenations, 10, 10
Ferrocene-based receptors

anion receptors, 12, 476
cation receptors, 12, 466
for neutral guest species, 12, 483

Ferrocene-based sensors, screen-printed, in biosensing,
12, 594

Ferrocene-1,19-bis-carboxamides, via aminocarbonylation,
11, 528

Ferrocene-containing arylidene polyesters, preparation,
12, 349

Ferrocene-containing co-polyesters, preparation, 12, 350
Ferrocene-containing liquid crystals

dendrimers, 12, 235
disubstituted ferrocenes, 12, 227
hydrogen-bonded ferrocene derivatives, 12, 234
monosubstituted ferrocenes, 12, 222
polycatenar ferrocenes, 12, 234
properties, 12, 221
and thermal and mesomorphic properties, 12, 231
1,19,3-trisubstituted ferrocene derivatives, 12, 233

Ferrocene-containing polycarbosilanes, preparation, 12, 353
Ferrocene–fluconazole analogs, for fungus and molds, 12, 458
Ferrocene ion-pair receptor, characteristics, 12, 489

Ferrocene mediators, in biosensing, 12, 594
Ferrocene polyaromatic dyads, preparation, 6, 189–190
Ferrocene polymer compounds, characteristics, 12, 449
Ferrocene–ruthenocene compounds, preparation, 6, 635
Ferrocenes

alkyls, acyls, iminoacyls, carbamoyls, 6, 78
with �-alkynyls, 6, 108
�-allyls and �-vinyls, 6, 98
�-aryls, 6, 101
with benzylic zinc reagents, 9, 122–123
bioorganometallic studies, 1, 902
in biosensing, composite materials with, 12, 598
carbonyls without hydrocarbon ligands, overview, 6, 1–75
chiral phosphines, 6, 201
with Cp–amido titanium complexes, 4, 462
and crystal engineering, 12, 566
in crystal engineering coordination networks, 12,

574–575
and cyclodextrins, 12, 784
decamercuration, 2, 434
dendrimers, 6, 192
on dendrimers, 12, 736–737
against fungus and molds, 12, 458
for fungus and molds, 12, 458
gas phase and matrix studies, 6, 117
with �1-hydrocarbon ligands, overview, 6, 77–125
inside metallodendrimers, 12, 398
ligands based on, 6, 197
materials applications, 6, 191
medical applications, 6, 192
mercuration, 2, 433
mercurial-mediated supramolecular self-assembly, 2, 462
via mercury-based ligand exchange, 2, 443
metallation reactions, 6, 185
on metallodendrimer surfaces, 12, 391
miscellaneous syntheses, 6, 191
NLO properties, 12, 108
overview, 6, 185–220
in palladacycles, 8, 292
in platinum(II) complexes, 8, 509
as polymer side groups, 12, 304
as polyphosphazene side-group, 12, 308
resorcinarenes as second-sphere, 12, 800
with simple carbenes and carbynes, 6, 114
soluble, in electrochemical sensing, 12, 591
synthesis, 6, 187
synthesis mechanisms, 6, 190
third-sphere ligands, dendrimers as, 12, 805
with vinylidenes and allenylidenes, 6, 111
via zinc substitution reactions, 9, 100

Ferrocenophanes
polymer applications, 6, 207
silicon-bridged, 6, 205
synthesis, 6, 204

[1]Ferrocenophanes, germanium-bridged, 3, 768
[3]-Ferrocenophanes, liquid crystals, 12, 231
Ferrocenyl alkynes

in dinuclear platinum(I) complexes, 8, 446–447
synthesis, 6, 190

Ferrocenyl amido complexes, with Zr(IV), 4, 773
Ferrocenyl amino alcohols, synthesis, 6, 202
Ferrocenylated ODN, characteristics, 1, 909–910
Ferrocenyl diols, chiral, synthesis, 6, 204
Ferrocenyldiphenylphosphines, preparation, 6, 202
Ferrocenylimines

mercuration, 2, 433
into platinacycles, 8, 511

Ferrocenyl-iminophosphines, chiral, synthesis, 6, 204
1-(Ferrocenyl)indenyl ligands, in Ir complexes, 7, 386
Ferrocenylketimines, cyclopalladated, synthesis, 8, 286
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Ferrocenyl ligands, via zinc reagents, 9, 120
Ferrocenylmethyl phosphonium salts, with gold(I), 2, 274
Ferrocenylmonophosphine, in styrene asymmetric

hydrosilylation, 10, 817
Ferrocenyl oxazolines, synthesis, 6, 202
Ferrocenylphosphines

with chromium carbonyls, 5, 219
in 1,3-diene asymmetric hydrosilylation, 10, 824–826
preparation, 6, 197
various complexes, 6, 201

Ferrocenylselenolates, preparation, 6, 188
Ferrocenyl-substituted anthracenes, preparation, 6, 189
Ferrocenyl terpyridyl compounds, phenyl-spaced, preparation,

6, 188
Ferrocifens

as anticancer agents, 1, 892
characteristics, 12, 448–449

Ferroles, preparation, 6, 225
Ferroquine, for parasites, 12, 459
Ferrotrihydridosilanes, preparation, 6, 163
Filtering, experimental methods overview, 1, 206
First-spheres

and calixarenes, 12, 795
cyclodextrins, 12, 791

Fischer carbenes
with chromium, in polymer supports, 12, 685
in [6+3]-cycloadditions, 10, 625
with gold(I), 2, 287
with iridium, 7, 345
and molybdenum carbonyls, 5, 457
and molybdenum complexes, 5, 398–399
NLO properties, 12, 121
with palladium, 8, 218
and Ru and Os half-sandwich �6-arenes, 6, 611–612
and Ru and Os half-sandwiches, 6, 575
from technetium carbonyls, 5, 848
via zinc reagent additions, 9, 107

Five-membered rings
with G–C bonds, 3, 703
monomers into polysilane high polymers, 3, 567
via ring-closing diene metathesis, 11, 208

Five-vertex carboranes, synthesis, 3, 55
Flash photolysis studies, alkane �-complexes, 1, 703
Flavanones, arylation with lead triacetates, 9, 393
Flexible isotactic polypropylene, polymerization, 4, 1064
Flowing afterglow techniques, in thermochemistry, 1, 616
Fluids, silicones, 3, 673
Fluorenide derivatives, alkali compounds, 2, 13
Fluorenyl–amido complexes

with Ti(IV), 4, 438, 4, 455
with Zr(IV), 4, 788

Fluorenyl complexes
C1-bridged, with Zr(IV) and Hf(IV), 4, 963
with lanthanide(II), 4, 91
with lanthanide(III), 4, 95
Si-bridged, with Zr(IV), 4, 958

�1-Fluorenyl compounds, with Ti(IV), 4, 327
ansa-Fluorenyl compounds

lanthanides, 4, 100
with Zr(IV), 4, 942

ansa-(1-Fluorenyl-2-cyclopentadienylethane)zirconocene
dichlorides, synthesis, 4, 943

Fluorenylethynylene germylenes, synthesis,
3, 766–768

�5-Fluorenyl-�1-fluorenyl complexes, with Ti(IV), 4, 406
Fluorenyl hafnocene dichlorides, synthesis, 4, 943
Fluorenyl zirconocene dichlorides, synthesis, 4, 943
Fluorescence resonance energy transfer, in high-throughput

catalyst discovery, 1, 358
Fluorescent sensors, Pt acetylenes as, 12, 472

Fluoride abstraction
by Lewis or Br�nsted acid, 1, 735
in mononuclear Ru and Os carbene formation, 6, 421
with [1,2]-shift of H or CH3, 1, 736

Fluorides
with aluminum, 3, 278
in bis-Cp Ti(III) complexes, 4, 296
with iron carbonyls, 6, 71
in mono-Cp Ti(III) compounds, 4, 289
with nickel, 8, 73–74
on Ti(IV) mono-Cp complexes, 4, 386–387

Fluorinated alkanes, intermolecular activation examples,
1, 733

Fluorinated alkenes, intermolecular activation examples,
1, 732

Fluorinated aromatics, intermolecular activation examples,
1, 730

Fluorinated aryl borates, in organometallic synthesis, 1, 72
Fluorinated heteroaromatics, fast oxidative addition,

1, 741–742
Fluorinated ionic liquids, characteristics, 1, 854
Fluorinated molecules, coordination, 1, 727
Fluorinated thiols, in nanoparticle preparation, 12, 80
Fluorination, and iridium carbonyl cluster complexes, 7, 299
[1,2]-Fluorine-to-metal shift, in metal–fluoride bond

�-activation, 1, 735
[1,3]-Fluorine-to-metal shift, in metal–fluoride bond

�-activation, 1, 735
Fluoroacyl complexes

mononuclear Ru and Os compounds, 6, 400
Ru–Os divalent monodentate phosphine carbonyls, 6, 370

Fluoroalkenes, vinylic C–F bond activation, 1, 753
Fluoroalkyl groups

with cadmium, 2, 464
�-C–F and �-C–F activation, 1, 749
with metals, �-activation, 1, 735

Fluoroalkyl iridium complexes, preparation, 7, 317–318
Fluoroalkyl phosphine(hydrido)cobalt complex, synthesis, 7, 4
Fluoroaryl groups, with metals, �-activation, 1, 735
Fluorobenzene, in Ti(III) complexes, 4, 294
Fluorobenzene–chromium complex, on polymer supports,

12, 743
Fluoromethylbenzoic acids, metallation, 9, 26–27
Fluoro(phenyl) complexes, with platinum(II), 8, 482
Fluorosilanes, elimination

in fluorinated alkene activation, 1, 732
in fluorinated aromatic activation, 1, 731
and hydrodefluorination, 1, 748

Fluorosilicate anions, hypercoordinated anions, 3, 484
Fluorotoluenes, metallation, 9, 21
Fluorous alkylstannanes, preparation, 3, 820
Fluorous biphasic system, as green solvent, 12, 844
Fluorous ligands, with supercritical carbon dioxide, 1, 82
Fluorous media

for green olefin hydroformylation, 12, 854
for green olefin polymerizations, 12, 858
as green solvent, 12, 844

Fluorous organometallic chemistry, examples, 1, 842
Fluorous solubles, in organometallic synthesis, 1, 81
Fluorous solvents, for hydroformylations, 11, 450
Fluorous tin hydrides, preparation and applications, 9, 346
Fluorovinyl groups, vinylic C–F bond activation, 1, 753
Fluoro vinyltitanocenes, synthesis, 4, 546
gem-Fluorovinyltributylstannane, in carbonylative

cross-coupling, 11, 413
Fluoxetine hydrochloride, via Alder-ene reactions,

10, 592–593
Fluxional behaviour, �3-allyl palladium complexes, 8, 371
Formamidinates, in chromium complexes, 5, 355
Formates, with Ru and Os half-sandwiches, 6, 483
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Formylation, via bismuth(III) compounds, 9, 440
Formyl complexes

with rhenium, C–H BDEs, 1, 300
with tantalum, 5, 162

2-Formyl-3,4-dimethylphosphaferrocene, preparation,
6, 211

4-Formylpyrrolinones, via cyclohydrocarbonylation,
11, 524–525

Formylruthenocenes, preparation, 6, 630
Formylstannanes, preparation, 3, 822
Four-center concerted reactions, characteristics, 1, 123
Four-coordinate borates, NLO properties, 12, 130
Fourier-transform ion cyclotron resonance, in

thermochemistry, 1, 615
Four-membered cycloalkenes, into �3-allyl palladium

complexes, 8, 363
Four-membered rings

with G–C bonds, 3, 703
monomers into polysilane high polymers, 3, 565

Fourteen-vertex carboranes, preparation, 3, 100
Four-vertex carboranes, synthesis, 3, 55
Fragmentation, for allylic zinc compound preparation, 9, 94
Free carbenes

in carbene complex synthesis, 2, 204
for palladium N-heterocyclic carbene complexes, 8, 220
in Pt NHC complexes, 8, 436

Free energies, for ionization and electron attachment, 1, 817
Free radical species

tellurium, 9, 618
for tellurium removals, 9, 640

Frequency doubling, and second-order non-linear polarization,
12, 103

FRET, see Fluorescence resonance energy transfer
Friedel–Crafts acylation

with antimony(V) compounds, 9, 433
via bismuth(III) compounds, 9, 437

Friedel–Crafts sulfonylation, via bismuth(III) compounds,
9, 442

FT-ICR, see Fourier-transform ion cyclotron resonance
Fullerene[60], germanium–germanium addition, 10, 748
Fullerenes

with cobalt, 7, 51
on cobalt Cp rings, 7, 73
inside metallodendrimers, 12, 401
microwave applications, 1, 334
Pd p-complexes, 8, 348
Ru–Os complexes, 6, 830
with tungsten carbonyls, 5, 687

�2-Fullerenes, with platinum, 8, 634
Fulvalene actinide complex, synthesis, 4, 232
Fulvalene chromium carbonyls, synthesis and characteristics,

5, 264
Fulvalenes, with bis-Cp Ti(IV), 4, 587
Fulvalene thiolates, in tungsten carbonyl and isocyanide

complexes, 5, 644
Fulvalene zirconium(III) compounds, reactions, 4, 751
Fulvene chromium carbonyls, synthesis and characteristics,

5, 264
Fulvenes

annulated, preparation, 10, 148
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manganese, 1, 519
metal dichalcogenide hosts, 12, 819
in metal vapor synthesis, 1, 220
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in molybdenum carbonyls, 5, 459
monoalkyls, 4, 8
mono(Cp*)Ln(III), 4, 66
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2Ln with pnictide bonds, 4, 73

Cp*
2Ln with silicon bonds, 4, 79

with indenyls and fluorenyls, 4, 95
with ring-bridged Cp ligands, 4, 84
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Late transition metals
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(+)-Laurallene, via ring-closing diene metathesis, 11, 234
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Layered clay minerals

host structures, 12, 826
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Layered double hydroxides, intercalation in, 12, 828
LCBs, see Long chain branches
LC compounds, see Liquid crystalline silicones
LCST, see Lower critical solution temperatures
LDHs, see Layered double hydroxides
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Lead complexes
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chromium carbonyl complexes, 5, 208
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in CpMoCO compounds, 5, 463
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propylene co-polymerization, 4, 1077
and silicones, 3, 657

Macropolyhedral azaboranes, preparation, 3, 121
Macropolyhedral carboranes, synthesis and characteristics,

3, 101
Macropolyhedral metallaboranes, synthesis and

characteristics, 3, 168
Macropolyhedral thiaboranes, preparation, 3, 127
Macroporous polystyrene resins, for metal complex

immobilization, 12, 665–666
Macroscale combustion calorimetry, limitations, 1,

611–612
Macrosphelide A, via ring-closing metathesis, 11, 243
Macrosphelide B, via ring-closing metathesis, 11, 243
MAD, and Al(III) alkyl reactions, 9, 271
Madindoline, via ring-closing diene metathesis, 11, 208
Magnesate compounds, ESI–MS studies, 1, 815
Magnesium amides

-diketiminate complexes, 2, 108
inverse crowns, 2, 109
metallation reactions, for Grignard reagents, 9, 33
reactions, 2, 106

Magnesium aryloxides, preparation and reactions, 2, 112
Magnesium compounds

additions with unsaturated organic molecules, 2, 105
with dicyclopentadienyls, CVD applications, 2, 96
diorganylmagnesium compounds with -bonded ligands,

2, 88
Grignard reagent preparation

direct Mg oxidation to organic halides, 9, 31
electrophilic reactions, 9, 70
by halogen–Mg exchange, 9, 35
metallation with magnesium amides, 9, 33
olefin and acetylene hydromagnesiation, 9, 34
preparation methods, 9, 43
substitution reactions, 9, 44

Grignard reagent reactivity
carbon–oxygene double bond additions, 9, 63
C–C multiple bond additions, 9, 55
chiral sulfoxide synthesis, 9, 72
C–N multiple bond additions, 9, 64
cyclopropane synthesis, 9, 71
reaction examples, 9, 72
scope and classification, 9, 43
sp center substitution, 9, 55

halide preparation, 2, 78
in Kumada–Tamao–Corriu reaction

Fe-based systems, 11, 21

Ni-based systems, 11, 20
Pd-based systems, 11, 22

overview, 9, 31–79
with phosphorus-bonded ligands, 2, 110
in Sonogashira coupling, 11, 18
transmetallation, in indium compound preparation,

9, 651
Magnesium cuprates, in Sn29-substitution reactions,

9, 525–526
Magnesium cyclopropylidenes, generation, 9, 40
Magnesium halides

in aqueous media, 2, 80
characteristics, 2, 78
chiral Grignard reagents, 2, 83
indirect syntheses, 2, 81
miscellaneous reactions, 2, 87
in organic solutions, 2, 79
in solid state, 2, 81
structures and physical properties, 2, 84

Magnesium monocyclopentadienyl complexes
with carbocyclic rings, 2, 99
heterocyclic derivatives, 2, 104

Magnesium nucleophiles, in conjugate additions, 10, 371
Magnesium triarylzincates, reactivity, 9, 131
Magnesium–zinc exchange, for organozinc halide preparation,

9, 93
Magnesium–zinc reagents, synthesis, 9, 132–133
Magnesocene

preparation and characteristics, 2, 95
substituted compounds, 2, 96

Magnetic charge-transfer salts, metallocene-based
DCNQ-based magnets, 12, 421
and inorganic polyoxometalate-based salts, 12, 423
ordered [MCp*

2][acceptor], 12, 415
order-stabilizing electron acceptors, 12, 419
properties, 12, 414
TCNE-based magnets, 12, 421
TCNQ-based magnets, 12, 417

Magnetic field effects, on polysilane UV properties, 3, 610
Magnetic materials

bimetallic M(II)–Cr(II) oxalates, 12, 427
bimetallic M(III)–Fe(III) oxalates, 12, 432
bimetallic M(III)–Ru(III) oxalates, 12, 435
DCNQ-based, 12, 421
hybrid magnet materials, 12, 437
hybrid magnet properties, 12, 425
magnetically ordered [MCp*

2][acceptor], 12, 415
magnetic ordering-stabilizing electron acceptors, 12, 419
metallocene-based charge transfer salts, 12, 414
metallocene-based polynuclear magnetic molecules,

12, 438
metallocene- and polyoxometalate-based salts, 12, 423
overview, 12, 413–443
TCNQ-based, 12, 417
TCNQ-based magnets, 12, 417
tetracyanoethylene-based, 12, 421
trimetallic oxalates, 12, 436

Magnetic metal nanoparticles
via ligand stabilization, 12, 87
via polymer stabilization, 12, 87

Magnetic order
associated compound structures, 12, 415
stabilization by electron acceptors, 12, 419

Magnetic properties
metal phosphorus trisulfides, 12, 823
polymers, 12, 299

Magnetic susceptibility, nickel �5-ligands, 8, 159–160
Magnetization, in dynamic NMR, 1, 409
Main-chain metallopolymers, with p-coordinated metals and

long spacers, characteristics, 12, 347

100 Cumulative Subject Index



Main-chain polymetallocenes, with short spacers
characteristics, 12, 316
via condensations, 12, 317

�4-Main Group element ligands, in tetraruthenium clusters,
with �2-C2 ligands, 6, 935

Main group elements
liquid crystals, 12, 212
metallaborane complexes, 3, 139
in molybdenum alkylidynes, 5, 535
SiMe3 complexes, 3, 389
surface chemistry on oxides

Group 13, 12, 502
Group 14, 12, 503
Groups 1 and 2, 12, 501

Main group metal–carbon bonds
diffraction studies, 1, 582
powder diffraction studies, 1, 590

Maleonitriledithiolate, in rhodium complexes, 7, 148
(�)-Malyngolide, via ring-closing diene metathesis, 11, 218
Manganese alkyl complexes, preparation and characteristics,

5, 815
Manganese alkynyl complexes, preparation and

characteristics, 5, 819
Manganese allyl complexes, preparation, 5, 826
Manganese arenes, preparation and characteristics, 5, 830
Manganese aryl complexes, preparation and characteristics,

5, 815
Manganese carbenes, preparation, 5, 825
Manganese carbonyl complexes

with �6-arene complexes, 5, 787
cyclopentadienyl complexes, 5, 783
with hydrocarbon ligands, �1–�4 complexes, 5, 776
synthesis and characteristics, 5, 761

Manganese carbonyl halides, applications and reactivity,
5, 763

Manganese catalysts
for alternating epoxide–CO2 co-polymerization, 11, 617
in carbometallations, 10, 289

Manganese complexes
addition to CTO, 10, 436
with carboranes, 3, 218
with CO ligands, overview, 5, 761–813
and cyclodextrins, 12, 789
kinetic studies, 1, 519
and metal–organometallic coordination networks, 5, 803
nitrene C–H insertion catalysis, 10, 197
in Ru–Os heterodinuclear compounds, 6, 1054
with silicon, 3, 524
in stoichiometric carbomanganations, 10, 286
surface chemistry on oxides, 12, 531
with Ti(IV), 4, 626
without Co and isocyanides, overview, 5, 815–831

Manganese cyanide complex, as organometalloligand, 5, 764
Manganese cyclopentadienyl complexes, non-manganocene,

5, 826
Manganese–gallium bonds, formation, 5, 764–765
Manganese isonitriles, synthesis and characteristics, 5, 773
Manganese–nitrogen bonds, in Mn carbonyls, 5, 766
Manganese nitrosyl complexes, synthesis and characteristics,

5, 773
Manganese–oxygen bonds, in Mn carbonyls, 5, 765
Manganese–phosphorus bonds, in Mg carbonyls, 5, 768
Manganese–porphyrin complexes, for alternating

epoxide–CO2 co-polymerization, 11, 617
Manganese–selenium bonds, in Mg carbonyls, 5, 770–771
Manganese �2-sigma complexes, synthesis and characteristics,

5, 774
Manganese–sulfur bonds, in Mg carbonyls, 5, 770–771
Manganese–tellurium bonds, in Mg carbonyls, 5,

770–771

Manganese tricarbonyl transfer reagents, in crystal
engineering, 12, 572

Manganese vinylidenes
synthesis, 5, 780
synthesis and characteristics, 5, 824

Manganocenes, preparation and characteristics, 5, 829
Mannich reactions

boron compounds, 9, 190
and carbene C–H insertion, 10, 174
for C–H activation, 10, 116–117
via silver catalysts, 9, 556–557

Markovnikov hydration, and iridium alkynyl complexes,
7, 330

MAS, half-integer spin quadrupolar nuclei central transition
NMR studies, 1, 466

Masked disilenes, into polysilane high polymers, 3, 561
Mass spectrometry

(arene)chromium carbonyls, 5, 256
arsenical biotransformations, 12, 641
gas-phase organometallic ion chemistry, 1, 802
ionization energies and electron affinities from, 1, 817
in thermochemistry, 1, 616
tin compounds, 3, 811

Materials science
ferrocene applications, 6, 191
lanthanide applications, 4, 173

Material synthesis
metal–organic routes, 12, 37
molecular precursor transformation methods

co-precipitation, 12, 43
micro-emulsion techniques, 12, 46
sol–gel process, 12, 44

top-down vs. bottom-up approaches, 12, 37
Matrix studies

infrared spectroscopy, 1, 263
mononuclear iron compounds, 6, 117

MBE, see Molecular-beam epitaxy
MC, see N-Methylcobalamine
McMurry coupling

characteristics, 11, 40
reductive cyclization aspects, 10, 529

MC techniques, see Multiconfiguration techniques
Medical applications, silicones, 12, 651
Medicinal applications

antibacterial agents, 1, 894
anticancer agents, 1, 891, 12, 445
antimalerial agents, 1, 895
antimicrobials overview, 12, 456
bacterial antimicrobials, 12, 456
ferricenium, 12, 449
ferrocene polymer compounds, 12, 449
ferrocenes, 6, 192
fungus and molds, 12, 458
hypertensive, inflammation, vasodilation, 12, 460
molybdenocenes, 12, 450
No–Co drugs, 1, 895
organometallic complexes, 12, 453, 12, 461
osmium arene compounds, 12, 451
overview, 12, 445–464
parasites, 12, 458
polynuclear complexes, 12, 453
radiopharmaceuticals, 1, 896
ruthenium arene compounds, 12, 451
selective estrogen receptor modulators, 12, 446
titanocenes, 12, 450
viral antimicrobials, 12, 457

Membranes
for green catalysis and separation, 12, 850
silicone applications, 3, 678

Menthylgermanium hydride, radical reactions, 3, 732

Cumulative Subject Index 101



2-Mercaptobenzoic acid, with trinuclear Os clusters, 6, 747
3-Mercaptopropanoic acid, with trinuclear Os clusters, 6, 747
2-Mercaptopyridine, with trinuclear Os clusters, 6, 746
Mercaptopyrimidine, Rh complexes, 7, 127
Mercuracarborands

as Lewis acids, 2, 452
neutral derivative complexation, 2, 458

Mercuracarboranes, synthesis, 3, 245
Mercuration

aromatic substrates, 2, 430
aryltrimethylsilylalkynes, 2, 439
metallocenes and sandwich complexes, 2, 433
organic substrates with acidic C–H, 2, 428

ortho-Mercurations, arene chromium tricarbonyls, 5, 240
Mercurocenes, characteristics, 2, 421–422
Mercury–carbon bond formation

alkene intermolecular solvomercuration, 2, 435
alkene intramolecular solvomercuration, 2, 436
alkyne intermolecular solvomercuration, 2, 437
alkyne intramolecular solvomercuration, 2, 439
aromatic substrate mercuration, 2, 430
cyclopropane ring-opening solvomercuration, 2, 440
metallocene mercuration, 2, 433
via metathesis, 2, 420
organic substrates with acidic C–H, 2, 428
sandwich complex mercuration, 2, 433

Mercury complexes
with alkyls, via metathesis, 2, 420
with aryls, 2, 430–431, 2, 444
with bis(alkyl)s, preparation, 2, 428
with bis(alkynyl)s, preparation, 2, 426
with bis(carbene)s, preparation, 2, 429
with bis(thiomethyl)s, preparation, 2, 422
with carbenes and carbonyls, 2, 446
carborane derivatives, 2, 427
in C–H activation, 2, 442
with diaryls, 2, 423–424
and II–VI semiconductor growth, 12, 24
as Lewis acids

anion complexation, 2, 450
neutral derivative complexation, 2, 454

in ligand-exchange reactions, 2, 442
and metal complex–metal surface reactivity, 12, 543
via metathesis

alkenylmercury compounds, 2, 425
alkyl compounds, 2, 420
alkynylmercury derivatives, 2, 426
arylmercury compounds, 2, 422
carborane–mercury derivatives, 2, 427

overview, 2, 419–474
with ortho-phenylene, 2, 455
preparation, 2, 421–422
and Ru–Os mixed-metal, 6, 1107
in supramolecular self-assembly, 2, 460
toxicology and environment, 1, 897
in tranmetallations, 2, 444
transmetallation, in indium compound preparation, 9, 651

Mercury(II) complexes, diacetylides, liquid crystals, 12, 286
Mercury compounds, environmental issues

methylation and demethylation, 12, 627
methylmercury bioaccumulation, 12, 629
methylmercury species cycling, 12, 628

Mercury p-complexes
with alkenes and alkynes, 2, 447
with aromatic ligands, 2, 449

Merrilactone A, via ring-closing diene metathesis, 11, 210
Mesitylato complex, with Pd, 8, 347
Mesitylbismuth dibromide, synthesis, 3, 916
Mesitylbismuth dichloride, synthesis, 3, 916
Mesitylcopper complex, characteristics, 2, 157

Mesomorphic properties, and ferrocenes, 12, 231
Mesophases

calamitic mesogens
chiral nematic phase, 12, 200
crystal smectic phases, 12, 201
nematic phase, 12, 199
polymorphism, 12, 201
true smectic phases, 12, 200

discotic mesogens, properties, 12, 202
metallomesogens

differential scanning calorimetry, 12, 209
polarized optical microscopy studies, 12, 208
small-angle X-ray diffraction, 12, 210

Mesoporous metal oxides, sonochemical synthesis, 1, 312
Meta carbenes, for acetylene living polymerization,

11, 576
Metal activation, and sonochemistry, 1, 314
Metal alkoxides, synthesis, 12, 51
Metal-to-alkyne ligand charge-transfer transitions,

rigid-rod transition metal–acetylide polymers,
12, 373–374

Metal amides, Ca, Sr, Ba, 2, 140
Metal anion receptors

cobaltocenium-based, 12, 474
ferrocene-based, 12, 476
metallocene-based, 12, 480
rhenium(I) tricarbonyl chloride-based, 12, 481

Metal anions, EX3, with transition metal complexes, 3, 345
Metal atoms, in metal vapor synthesis

electric arcs, 1, 224
electron beam vaporization, 1, 224
evaporation rates, 1, 225
laser beam heating, 1, 224
as research milestone, 1, 236
resistance heating, 1, 221
sputtering, 1, 224
techniques, 1, 220–221

Metal borohydrides, in hydroborations, 9, 158
Metal–borole sandwich compounds, preparation, 3, 3–5
Metal–borollide sandwich compounds, preparation, 3, 3–5
Metal carbenes

for acetylene polymerization, 11, 571
nitrogen ylide formation

azomethine ylides, 11, 171
and [2,3]-sigmatropic rearrangements, 11, 168
via Stevens rearrangement, 11, 169

in oxygen ylide formation
and asymmetric-catalyzed 1,3-dipolar cycloaddition,

11, 162
and 1,3-dipolar cycloaddition, 11, 159
overview, 11, 152
[2,3]-sigmatropic rearrangement, 11, 153
via Stevens rearrangement, 11, 157

sugar derivatives, 1, 904
sulfur ylide formation

and addition reactions, 11, 166
mechanisms, 11, 164
and [2,3]-sigmatropic rearrangements, 11, 165
and Stevens rearrangement, 11, 166

thiocarbonyl ylide formation, 11, 167
Metal carbides, sonochemical formation, 1, 311
Metal–carbon bonds

CO insertion, Ru and Os clusters, 6, 840
dynamic NMR studies, 1, 421
in fluorinated alkene activation, 1, 732
and fluorinated aromatic activation, 1, 731
to heteroatom ligands, Ru and Os trinuclear clusters,

6, 835–871
homolysis, 1, 258
main group, diffraction studies, 1, 582

102 Cumulative Subject Index



in olefin polymerization
monomer coordination and insertion reactions, 4, 1010
as propagating species, 4, 1008

strength in C–H activation, 1, 700
�1-Metal–carbon bonds, in Ru and Os half-sandwiches, 6, 558,

6, 602
Metal–carbon �-bonds, polymers

characteristics, 12, 364
examples, 12, 378
rigid-rod transition metal–acetylide polymers, 12, 364
skeletal metallocyclopentadiene units, 12, 377

Metal–carbon double bonds, synthetic reaction overview,
11, 151–178

Metal–carbon multiple bonds, arsenic, antimony, bismuth,
3, 905

Metal–carbon sp bonds, in Zr(IV) bis-Cp complexes,
4, 895

Metal–carbon sp2-bonds, in Zr(IV) bis-Cp complexes, 4, 887
Metal–carbon sp3-bonds, in Zr(IV) bis-Cp complexes, 4, 884
Metal–carbonyl compounds

in acetylene polymerization, 11, 570
as anticancer agents, 1, 894
into HDS catalysts, 1, 311
microwave studies, 1, 328
mixed, sonochemical decomposition, 1, 310
photoelectron spectroscopy, 1, 387
sonoluminescence, 1, 312
tantalum carbene reactions, 5, 149
as therapeutics, 12, 460–461
ultrasound-induced pyrolysis, 1, 309

Metal carbonyl dianions, with trivalent Group 13 element
halides, 3, 359

Metal carbonyl halides, as metal vapor synthesis milestone,
1, 236

Metal carbonyl monoanions, with trivalent Group 13 element
halides, 3, 347, 3, 357

Metal carbynes, Fe-containing, 6, 325
Metal-catalyzed cycloadditions, alkenyl- and alkynylboron

compounds, 9, 180
Metal cation receptors

characteristics, 12, 466
ferrocene-based, 12, 466
Pt- and Au-based receptors, 12, 471
types, 12, 473

Metal chalcogenides
in nanoparticle preparation, 12, 93
preparation, 3, 918
synthesis, 12, 53

Metal-chromium phosphido-bridged complexes, with
carbonyls, 5, 217

Metal cluster hydrides, diffraction methods, 1, 579
Metal clusters

applications, 12, 776
gas-phase study applications, 1, 804
as heterogeneous catalyst precursors

Group 8 clusters, 12, 764
Group 9 clusters, 12, 765
Group 10 clusters, 12, 767
heterometallic clusters, 12, 767

in homogeneous catalysis
with Co, Rh, Ir clusters, 12, 760
Fe, Ru, Os clusters, 12, 756
Groups 6 and 7, 12, 756
with Pd and Pt clusters, 12, 761
wiith heterometallic clusters, 12, 761

in imaging and pharmaceuticals, 12, 770
as metal surface models, 12, 762
as nanoscale material precursors, characteristics, 12, 769
optical properties

luminescent clusters, 12, 773

NLO properties, 12, 771
overview, 12, 755–780
in polymer main chain, 12, 388
from trivalent Group 13 element halides, 3, 357

Metal complexes
with alkenes, charge density studies, 1, 597
with alkyls

diffraction studies, 1, 582
insertion thermodynamics, 1, 629

with arenes, diffraction studies, 1, 582
with cycloalkenyl rings, 1, 414
dihydrogen sulfide reactions, 1, 785
in enyne skeletal reorganization, 11, 289
with fluoroalkyls, �-activation, 1, 735
with fluoroaryls, �-activation, 1, 735
in homogeneous hydrogenation, 1, 770
immobilization, polymer supports

characteristics, 12, 664
dendrimer supports, 12, 667
via microencapsulation, 12, 669
polystyrene hybrid supports, 12, 666
polystyrene supports, 12, 665
ROM polymerization-derived supports, 12, 668
soluble supports, 12, 666

intramolecular nitrene C–H insertion catalysis, 10, 204
nitrenes, in ylide generation, 11, 173
for Pauson–Khand reaction with allenes, 11, 352
and polymer supports

chromium isocyanides, 12, 743
NHC ligands, 12, 740
palladacyclic complexes, 12, 744

in reagent-controlled asymmetric Pauson–Khand reaction,
11, 348

with thallium(I) cap, 3, 397
and thiophene reactions, 1, 773

Metal-containing polymers
with p-alkyne ligands, 12, 364
with p-arene ligands, 12, 362
with p-cyclobutadiene ligands, 12, 358
with p-cyclopentadienyl ligands, 12, 361

Metal-coupled promoters, in Pauson–Khand reaction with
dicobalt octacarbonyl, 11, 339

Metal–cyclopentadienyl complexes, on dendrimers,
12, 736–737

Metal dichalcogenide hosts
electronic properties, 12, 819
host structures, 12, 816
kinetics and mechanisms, 12, 819
synthesis and structure, 12, 817

Metal exchange reactions
for alkynyllead triacetate preparation, 9, 402–403
for Ru–Os mixed-metal clusters, 6, 1075

Metal–fluorine bonds
in fluorinated alkane activation, 1, 733
in fluorinated alkene activation, 1, 731, 1, 732

Metal fragments
condensation, iron complexes from, 6, 313
in dinuclear Ru complexes, 6, 691
for palladium N-heterocyclic carbene complexes, 8, 221

Metal functionalization, polysilane high polymers, 3, 580
Metal halides

and acetylene living polymerization, 11, 576
in acetylene polymerization, 11, 569
calcium, strontium, barium aryls, 2, 114
calcium, strontium, barium monocyclopentadienyls, 2, 115

Metal–halogen bond energies, one-electron oxidation effects,
1, 294

Metal hydrides
arsenic, antimony, bismuth, 3, 910
charge density studies, 1, 593

Cumulative Subject Index 103



Metal hydrides (continued )
M–H bond dissociation energies, 1, 287
photochemistry, 1, 251
single crystal neutron diffraction, 1, 578
stability toward disproportionation, 1, 301

Metal–hydrogen bonds
bond dissociation energy

in 1,2-dichloroethane, 1, 289
stable metal hydrides in acetonitrile, 1, 287
thermochemical cycle, 1, 286
in THF and dichloromethane, 1, 289

olefin insertion thermodynamics, 1, 629
in Zr(IV) bis-Cp complexes, 4, 878

Metal–hydrogen hydricity
data, 1, 292
thermochemical cycles, 1, 291

Metal insertion reactions, and sonochemistry
C–C bond formation, 1, 315
characteristics, 1, 313
metal activation, 1, 314
in organometallic synthesis, 1, 319

Metal ions, in C–H bond electrophilic activation studies,
1, 710

Metallabenzenes
iridium complexes, 7, 286
iron-containing compounds, 6, 327

Metallaboranes
characteristics, 3, 146
and chromium clusters, 5, 313
Group 4 and 5 complexes, 3, 141, 3, 150
Group 6 complexes, 3, 151
Group 7 complexes, 3, 155
Group 8 and 9 complexes

characteristics, 3, 143
MxB2, 3, 157
MxB3, 3, 158
MxB4, 3, 163
MxB5, 3, 164
MxB7, MxB9, MxB10, 3, 165

Group 10 complexes, 3, 167
lanthanide and actinide complexes, 3, 137
macropolyhedral metallaboranes, 3, 168
main group complexes, 3, 139
main group and lanthanide metal complexes, 3, 139
monoboron clusters, 3, 146

d-Metallaboranes, and f-Block metallaboranes, overview,
3, 133–174

Metallacarboranes
d-block metal characteristics, 3, 200
d-block metal overview, 3, 175–264
early transition elements, 3, 201
f-block metal characteristics, 3, 246
f-block metal overview, 3, 175–264
late transition elements, 3, 221
linked cage and multi-decker complexes, 3, 245
mid-transition elements, 3, 214

Metallacarbynes, molybdenum, and palladium complexes,
8, 211

Metallacumulenes
with alkylidynes, 5, 458–459
in molybdenum carbonyl complexes, 5, 401

Metallacycles
with bis-Cp Ti(IV), 4, 563
with nickel

characteristics and examples, 8, 89
reactivity, 8, 99
synthesis, 8, 93

with niobium
five-membered cycles, 5, 86
four-membered cycles, 5, 84

with rhodium, 7, 180
with tantalum

five-membered cycles, 5, 169
four-membered cycles, 5, 168
six-membered and higher metallacycles, 5, 171

Metallacyclic receptors, characteristics, 12, 479
Metallacyclopentatrienes, in Ru and Os half-sandwiches,

6, 583
Metallacyclopentenes, in enyne carbometallation, 10, 324
Metallacyclopropanes, with Ti(IV), 4, 359
Metalladiboranes, with Groups 8 and 9, 3, 157–158
2-Metalla-1,3-dichalcogena-[3]ferrocennophanes, Rh

complexes, electrochemistry, 7, 149
Metallaoxiranes, preparation, 4, 917
Metallasilazanes, preparation and characteristics, 3, 450
Metallasiloxanes, preparation and characteristics, 3, 458
Metallate(III) compounds, isolated, preparation, 4, 751
ortho-Metallated complexes

Group 12 element liquid crystals, 12, 286
liquid crystals, 12, 217
Pd(II) and Pt(II), liquid crystals

azo complexes, 12, 248
azoxy complexes, 12, 253

Metallated complexes, mononuclear Ru and Os compounds,
6, 393

Metallation reactions
alkenes, dienes, polyenes, at allylic position, 9, 6
alkenes in vinylic position, with superbases, 9, 4
alkylarenes and alkyl-hetarenes, 9, 24
arenes, 9, 15
dienes and polyenes, 9, 14
ferrocenes, 6, 185
hetarenes, 9, 22
heterosubstituted arenes, 9, 17
with magnesium amides, for Grignard reagents, 9, 33
rhodium complex C–H bonds, 7, 171
rhodium complex C–X bonds, 7, 164
ruthenocenes and osmocenes, 6, 630

Metallic halides, synthesis and structure, 3, 294
Metallic reagents, for alkenyl- and alkynylboron compound,

9, 183
Metal–ligand bonds

heterolysis, 1, 258
thermodynamics, cyclic voltammetry studies

chemical irreversibility, 1, 281
electrochemical cell assembly, 1, 283
electrochemical irreversibility, 1, 282
real-life complex voltammograms and digital simulations,

1, 282
reversible CV, 1, 280
uncompensated solution resistance, 1, 282

thermodynamics, electrode potential studies
and bonding energetics, 1, 285
characteristics, 1, 283
electrode potential references, 1, 284
solvent and electrolyte effects, 1, 284

thermodynamics, M–H bond dissociation energies
stable metal hydrides in acetonitrile, 1, 287
thermochemical cycle, 1, 286

thermodynamics overview, 1, 279–305
Metal-to-ligand charge transfer

excited states, 1, 242
fac-[Re(CO)3] fragment, 5, 886–887

Metal–ligand interactions, in lanthanide carbonyls, 4, 3–4
Metal–ligand multiple bonds, diffraction studies, 1, 582
Metalloboranes, with triruthenium cyclopentadienyl clusters,

6, 799–800
Metallocarbenoids, in addition reactions, for C–C bond

formation, characteristics, 10, 320
Metallocarboranes, with Zr(IV), 4, 982

104 Cumulative Subject Index



Metallocene halides, with Zr(IV)
non-functionalized compounds, 4, 870
ring-functionalized compounds, 4, 874

Metallocene receptors
cation receptors, 12, 473
characteristics, 12, 480

Metallocenes
as anticancer agents, 1, 891
in bioorganometallic chemistry, 1, 899–900
calcium, strontium, barium

applications, 2, 134
diorganyl compounds, 2, 126

diffraction studies, 1, 582
epimerization, 11, 705
hybrid magnets containing

bimetallic M(II)–Cr(II) oxalates, 12, 427
bimetallic M(III)–Fe(III) oxalates, 12, 432
bimetallic M(III)–Ru(III) oxalates, 12, 435
materials, 12, 437
properties, 12, 425
trimetallic oxalates, 12, 436

as inorganic polymer side-groups, 12, 308
with lead compounds, 9, 419
magnetic charge-transfer salts based on

DCNQ-based magnets, 12, 421
electron-transfer salts based on, 12, 423
and inorganic polyoxometalate-based salts, 12, 423
ordered [MCp*

2][acceptor], 12, 415
order-stabilizing electron acceptors, 12, 419
properties, 12, 414
TCNE-based magnets, 12, 421
TCNQ-based magnets, 12, 417

mercuration, 2, 433
for �-olefin monomer polymerization, 11, 711
photoelectron spectroscopy, 1, 389
as polycarbosilane side-groups, 12, 309
for polymerizations

amorphous polypropylene, 4, 1052
conjugated dienes, 4, 1084
cyclic olefin polymers, 4, 1084
cyclopolymers, 4, 1084
with �,�9-disubstituted and internal olefins, 4, 1047
ethylene–cycloolefin co-polymers, 4, 1047
ethylene–�-olefin co-polymers, 4, 1043
ethylene–propylene co-polymers, 4, 1045
flexible to elastomeric isotactic PP, 4, 1064
isotactic polypropylene, 4, 1056
polybutene, 4, 1078
polyethylene, 4, 1041
poly(�-olefins), 4, 1080
polystyrene, 4, 1081
propylene–butene co-polymers, 4, 1075
propylene–higher �-olefin co-polymers, 4, 1076
propylene–macromonomer co-polymerization, 4, 1077
propylene polymers, 4, 1051
semicrystalline propylene–ethylene co-polymers, 4, 1073
styrene co-polymers, 4, 1049
syndiotactic PP, 4, 1070

polymers with
characteristics, 12, 728
miscellaneous examples, 12, 303
poly(vinylferrocene), 12, 301

polynuclear magnetic molecules based on, 12, 438
as polysilane side-groups, 12, 309
as polysiloxane side-groups, 12, 309
powder diffraction studies, 1, 586
in silsesquioxanes, 4, 920
stereoregular polymerization, 11, 704
in styrene asymmetric hydrosilylation, 10, 821
with tantalum, 5, 188

ansa-Metallocenes, with Zr(IV) and Hf(IV)
ansa-bis(indenyl) complexes, 4, 935
bridged cyclopentadienyl complexes, 4, 967
bridged fluorenyl complexes, 4, 974
bridged indenyl complexes, 4, 972
C2-bridged complexes, 4, 934
C1-bridged cyclopentadienyl complexes, 4, 960
C1-bridged fluorenyl complexes, 4, 963
C1-bridged indenyl complexes, 4, 962
ansa-cyclopentadienyls, 4, 934
ansa-fluorenyl complexes, 4, 942
Si-bridged cyclopentadienyls, 4, 945
Si-bridged fluorenyls, 4, 958
Si-bridged indenyls, 4, 953
Si-bridged ansa-zirconocenes, 4, 944

Metallocenophanes
chalcogenido-bridged, atom-abstraction-induced ROP,

12, 345
transition metal-catalyzed ROMP, 12, 344
transition metal-catalyzed ROP, 12, 327

Metallocenylacetylides, with manganese, 5, 781
Metallocyclopentadienes, skeletal units, polymers with,

12, 377
Metallodendrimers

with alkynylpalladium complexes, 8, 275
characteristics, 12, 389
with interior metals, 12, 398
with surface metals, 12, 390

Metalloenzymes, hydrogen bioactivation, 1, 683
Metalloesters, with Re(I), 5, 920
Metallofullerenes, synthesis and characteristics, 4, 130
Metallo-immuno assays, with organometallic complexes,

1, 911
Metallomesogens

allylpalladium(II) complexes, 12, 276
Group 6 element liquid crystals, 12, 212
Group 7 element liquid crystals

bipyridine and phenanthroline complexes, 12, 215
diazabutadiene complexes, 12, 216

Group 9 element liquid crystals
acetylene complexes, 12, 242
�-diketonate complexes, 12, 238
salicylaldimine carbonyl complexes, 12, 242
stilbazole complexes, 12, 240

Group 10 element liquid crystals
acetylide complexes, 12, 246
carbene complexes, 12, 247
isonitrile ligand complexes, 12, 243
stilbazole complexes, 12, 248

Group 11 element liquid crystals
carbene complexes, 12, 285
ionic bis(isonitrile) complexes, 12, 280
isonitrile metal halide complexes, 12, 277
mixed isonitrile acetylide complexes, 12, 281
mixed isonitrile phenyl complexes, 12, 282

Group 12 element liquid crystals
diphenylmercury(II) complexes, 12, 286
mercury(II) diacetylide complexes, 12, 286
ortho-metallated complexes, 12, 286

liquid crystal properties, 12, 207
lyotropic liquid crystals, 12, 206
main group element liquid crystals, 12, 212
mesophase characterization

differential scanning calorimetry, 12, 209
polarized optic microscopy, 12, 208
small-angle X-ray diffraction, 12, 210

ortho-metallated Pd(II) and Pt(II) complex liquid crystals
azine complexes, 12, 268
azo complexes, 12, 248
azoxy complexes, 12, 253

Cumulative Subject Index 105



Metallomesogens (continued )
examples, 12, 273
imine complexes, 12, 254
pyrimidine complexes, 12, 270

overview, 12, 195–293
via palladacycles, 8, 288
thermotropic liquid crystals, 12, 197

Metalloorganic chemical-vapor deposition, for semiconductor
growth, 12, 8

Metalloorganic liquids, characteristics, 1, 853
Metallopolymers, with p-coordinated metals, 12, 311
Metallosilanes, preparation methods, 3, 521
Metallostannation, in tin–carbon bond formation, 3, 817
Metal–metal bonds

absence in binuclear Ru and Os complexes, 6, 619
charge density studies, 1, 592
diarsines, distibines, dibismuthines, 3, 908
in dinuclear Os compounds, overview, 6, 647–715
in dinuclear Ru compounds

amidinate bridging ligands, 6, 656
B and Ga ligands, 6, 647
bridging metal fragments, 6, 691
with bridging pyrazole ligands, 6, 654
diphosphazane ligands, 6, 674
diphosphine ligands, 6, 669
Ge and Sn ligands, 6, 653
hydrocarbon �6-arene ligands, 6, 709
hydrocarbon �-bonded ligands, 6, 693
hydrocarbon �4-diene ligands, 6, 700
hydrocarbon �5-dienyl ligands, 6, 704
hydrocarbon �3-enyl ligands, 6, 698
with nitrogen-based bridging ligands, 6, 659
overview, 6, 647–715
oxygen bridging ligands, 6, 680
phosphido ligands, 6, 664
phosphorus and arsenic ligands, 6, 679
S, Se, Te bridging ligands, 6, 682
Si ligands, 6, 650

energies, 1, 296
excited state transitions, 1, 243
Group 15 polymetals, 3, 909
hafnium(III) and (IV) complexes, 4, 755
in heterobimetallic actinide compounds, 4, 232
in high-molecular weight polystannanes, 12, 381
homolysis, 1, 258
lanthanide heterobimetallic compounds, 4, 131
lanthanide heterobimetallic compounds without, 4, 131
in oligostannanes, 12, 381
photoelectron spectroscopy studies, 1, 403
polymers with

properties, 12, 380
and transition elements, 12, 386

triruthenium cyclopentadienyl clusters without, 6, 817
in zinc compounds, 2, 381
in Zr(IV) and Hf(IV) complexes, 4, 983

Metal–metal double bonds
arsenic, antimony, bismuth, 3, 908
Group 15 elements, 3, 908

Metal–metalloid bonds, in Zr(IV) and Hf(IV) complexes,
4, 987

Metal migrations, around rings, dynamic NMR studies, 1, 411
Metal nitrides, synthesis, 12, 53
Metal–nitrogen bonds, in Zr(IV) bis-Cp compounds, 4, 910
Metal–nitrogen double bonds, synthetic reaction overview,

11, 151–178
Metal–organic materials, photophysical properties, 12, 133
Metal–organic precursors

to materials, 12, 37
overview, 12, 35–70
transformation to materials

chemical vapor deposition, 12, 48
colloidal and polymeric routes, 12, 47
co-precipitation methods, 12, 43
hydrothermal and solvothermal methods, 12, 47
micro-emulsion techniques, 12, 46
sol–gel process, 12, 44

Metal-organic reactions, with sonochemistry, 1, 313
Metal–organometallic coordination networks, and manganese

complexes, 5, 803
Metal oxide intercalation

into molybdenum trioxide, 12, 823
in vanadium pentoxide, 12, 824

Metal oxide particles, overview, 12, 71–99
Metal oxides

calcium, strontium, barium, 2, 139
host structures, 12, 823
in nanoparticle synthesis, 12, 92
sonochemical synthesis, 1, 312
synthesis, 12, 51

Metal–oxygen bonds, in Zr(IV) bis-Cp compounds, 4, 917
Metal oxyhalides

electronic structure, 12, 820
host structures, 12, 819
synthesis and structure, 12, 820

Metaloxyketene thorium complexes, preparation, 4, 211
Metal particles

characteristics, 12, 540
characterization, 12, 542
overview, 12, 71–99

Metal phosphates
intercalates, 12, 825
in syntheses, 3, 330–331

Metal phosphinates, in syntheses, 3, 330–331
Metal phosphines

polymer-supported
achiral phosphines, 12, 698
asymmetric phosphines, 12, 701
characteristics, 12, 670
encapsulation and entrapment, 12, 711
monodentate phosphines, 12, 688
polydentate phosphines, 12, 690

polymer-supported triphenylphosphine
Co complexes, 12, 681
Pd complexes, 12, 671
Ru complexes, 12, 687

Metal phosphonates, in syntheses, 3, 330–331
Metal–phosphorus bonds

dynamic NMR studies, 1, 421
in Zr(IV) bis-Cp compounds, 4, 927

Metal phosphorus trisulfides
electronic and magnetic properties, 12, 823
host structures, 12, 821
synthesis and structure, 12, 821

Metal pnictides, synthesis, 12, 53
Metal porphyrins, in nitrene C–H insertions, 10, 197
Metal powders, microwave applications, 1, 330
Metal–selenium bonds, in Zr(IV) bis-Cp complexes,

4, 930
Metal-shielding tensors, for quadrupolar nuclei, 1, 473
Metal–silicon bonds

in cyclopentadienyl actinides, 4, 205
in Zr(IV) bis-Cp compounds, 4, 925

Metal siloxanes, in syntheses, 3, 330
Metal studies

inside metallodendrimers, 12, 398
low-valent, carbonyl olefination, 11, 41
metal vapor synthesis, 1, 225
in nanoparticle synthesis, 12, 90

Metal �1-sulfur-bonded thiophenes, as dibenzothiophene
adsorbents, 1, 769

106 Cumulative Subject Index



Metal–sulfur bonds
isocyanide insertion, 8, 257–258
in Zr(IV) bis-Cp complexes, 4, 930

Metal surfaces
characteristics, 12, 537
clusters as models, 12, 762
general interaction pathway, 12, 542
Group 12 metals with Group VIII surfaces, 12, 543
Group 14 metals with Group VIII surfaces, 12, 543
Group 15 metals with Group VIII surfaces, 12, 548
Group 16 metals with Group VIII surfaces, 12, 548
on metallodendrimers, 12, 390
particle characteristics, 12, 540
surface and particle characterization, 12, 542

Metal–tellurium bonds, in Zr(IV) bis-Cp complexes, 4, 930
Metal vapor deposition, in Ni(0) complex stabilization, 8, 8
Metal vapor synthesis

co-condensate extraction, 1, 230
experimental requirements, 1, 220
involatile liquids, 1, 229
involatile solids, 1, 229
metal atom source

electric arcs, 1, 224
electron beam vaporization, 1, 224
evaporation rates, 1, 225
laser beam heating, 1, 224
resistance heating, 1, 221
sputtering, 1, 224

overview, 1, 219–238
reactor design, 1, 226
reactor systems, 1, 232
research milestones, 1, 235
thermodynamics and kinetics, 1, 220
unreacted ligand recovery, 1, 231
unreacted metal removal, 1, 231
vacuum system, 1, 226
volatile ligands, 1, 227

Metal vinylidenes, in etherification, 10, 676
Metathesis

alkanes, 1, 719
Metathesis reactions

alkene examples, 1, 168f
in alkene hydrosilylation mechanism, 10, 816
for alkenylmercury species, 2, 425
for alkylmercury compounds, 2, 420
alkynes, 1, 189
alkynes in molybdenum alkylidyne synthesis, 5, 532
for alkynylmercury derivatives, 2, 426
for �3-allyl palladium complexes, 8, 358
for arylmercury compounds, 2, 422
for bis-Cp titanium halides, 4, 510
for cadmium derivatives, 2, 467
for carborane–mercury derivatives, 2, 427
characteristics, 1, 135
co-catalyzed, with alkyllead, 9, 415
cross-metathesis, 1, 171
domino metathesis, 11, 260
enynes, 1, 184
for Group 10 metal–acetylide polymers, 12, 367–368
molybdenum Schrock-type alkylidene complexes, 5, 526
for mono-Cp Ti(IV) amido complexes, 4, 438
with mono-Cp Ti(IV) halides, 4, 400
in mononuclear ruthenium and osmium alkynyl formations,

6, 408
with nickel–indenyl complexes, 8, 178
olefin cross-metathesis (, see Olefin cross-metathesis)
for olefin methathesis support preparation, 12, 721–722
overview, 1, 167–195
rhodium complexes with monohapto ligands, 7, 162
ring-closing metathesis, 1, 176

ring-opening metathesis, 1, 173
on solid supports, 11, 262

Metathetical halide exchange, for mononuclear nickel
complexes, 8, 72

Methane, C–H activation, via palladium carbenes, 8, 243
Methanol carbonylations

to acetic acid, 1, 133
iridium-catalyzed

catalytic mechanism, 7, 438
[Ir(CO)2I3Me]� reactivity, 7, 434
[Ir(CO)2I2]� reactivity, 7, 431
Ir(III) methyl reactivity, 7, 434
process, 7, 428
structural studies, 7, 437

rhodium-catalyzed
with trans-diphosphines, 7, 261
ligands design, 7, 258
MeI oxidative addition, 7, 256
methods, 7, 254
and Rh-catalyzed methanol carbonylation, 7, 255

Methanol triiron complexes, properties, 6, 308
Methoprene, via allylamine isomerization, 10, 74
�-Methoxyallyl compounds, with indium, 9, 663
Methoxyaminoalkyl compounds, with mercury, 2, 420
Methoxy-carbenes, with Ru and Os half-sandwiches,

6, 612
4-(Methoxycarbonyl)chroman-3-one, arylation, 9, 394–395
Methoxycarbonyl groups, Ru and Os complexes, 6, 837
2-Methoxyestradiol, via iridium cyclopentadienyl complexes,

7, 384
Methoxy groups

in niobium complexes, C–H BDEs, 1, 300
on Ti(IV) indenyl complexes, 4, 396

Methyl acetylides, with iron, 6, 110
Methylalumination, alkynes, 10, 270
Methylaluminum cyanide, reactions, 3, 281
Methylamine compounds

C–H activations, 10, 112
Ge–C bond cleavage, 3, 709–710

4-Methylanilido ligands, in platinum(II) complexes, 8, 530
Methylarsenicals, bacterial demethylation, 12, 610
Methylation, environmental considerations

lead, 12, 629
mercury, 12, 627

Methyl[bis(imino)carbazolide] ligands, in cobalt(II)
complexes, 7, 18

C-Methylcalix[4]resorcinarene, as ferrocene second-sphere,
12, 800

Methyl(chloride) pincer iridium complex, protonation, 7, 313
N-Methylcobalamine, in metal biomethylation, 12, 609
Methyl coenzyme M reductase, characteristics and reactions,

1, 890
Methyl-S-co-enzyme M reductase, and nickel macrocycles,

8, 120–121
Methyl complexes

with palladium, 8, 227
with palladium, in alkyne reactions, 8, 357
with platinum(II), 8, 450, 8, 459
in Ru and Os half-sandwiches, 6, 600–601
with Ti(IV), 4, 362–363, 4, 368
titanium macrocycles, 4, 338

Methyl cucurbate, via Alder-ene reactions, 10, 596
4-Methyl-29-cyanobiphenyl, and Grignard reagents, 9, 48
Methyl derivatives, alkali compounds, 2, 4
Methyl(dihydrido) complexes, with platinum(IV), 8, 583
7-Methylenebicyclo[4.3.0]nonan-8-ones, via carbonylative

carbocyclization, 11, 427
(�-Methylene)bis(methylzirconocene), synthesis, 4, 887
�-Methylene-�-butyrolactones, via Alder-ene reactions,

10, 599

Cumulative Subject Index 107



Methylenecycloalkanes, monoborylation, 9, 161
Methylenecyclopropanes

bis-silylation, 10, 746
in [3+2+2]-cycloadditions, 10, 629–631
diboration, 10, 733
silaboration, 10, 764

3-Methylenedihydrobenzofuran complex, with Ti(IV),
4, 334

5-Methylene-1,3-dioxanes, desymmetrization, 10, 92
�-Methylenefuranones, via silver-catalyzed

cycloisomerizations, 9, 561
Methylene homologation, with zinc carbenoids, 9, 127
�-Methylene-�-lactone, via carbonylation, 11, 549
Methylenes

bond functionalization, 10, 112
bridges in bis(carbene) dinuclear silver(I) complexes, 2, 215
bridges in ansa-titanocenes, 4, 604–605
in Ru–Os heterodinuclear compounds, 6, 1058
with tungsten carbonyls, 5, 668–669

Methyl epijasmonate, via Alder-ene reactions, 10, 596
4-Methyl-3-heptanol, stereoselective preparation, 9, 12
Methylidyne cubane, via Ti(IV) complexes, 4, 407
�-Methyl-(�5-indenyl)chromium tricarbonyl, rearrangement,

5, 250
Methyl iodide

and [Ir(CO)2I2]� reactivity, 7, 432–433
in Rh-catalyzed methanol carbonylation, 7, 256

(+)-Methyl jasmonate, via Alder-ene reactions, 10, 596
Methylmercury

bacterial degradation, 12, 610
bioaccumulation, 12, 629
cycling in environment, 12, 628

Methyl migration, in Ir-catalyzed methanol carbonylation,
7, 435–436

Methyl–3-pentenoate, hydroformylation in ionic liquids,
1, 861

3-Methyl-1-pentyne, silylformylation, 11, 507
Methyl(propene) complexes, with platinum(II), 8, 462
1-Methylpyrrole, metallation, 9, 22
Methylsiloxanes, volatile, environmental considerations,

12, 648
Methylstilbenes, asymmetric hydrogenation, 10, 39–40
�-Methylstyrene, hydrocarbonylation, 11, 465
Methyl-substituted phenol, arylation with lead triacetates,

9, 396
Methyl substitution, and photoelectron spectroscopy, 1, 395
4-Methyl-1,4-thiaborin, preparation, 3, 45
2-(Methylthio)thiophene, with trinuclear Os clusters, 6, 744
Methyltin hydride, synthesis, 3, 844
Methyltitanation, alkynes, 10, 256
Methylzirconocene ester enolates, preparation, 4, 923
Methylzirconocene pyrazolyl compounds, preparation,

4, 913–914
(+)-Methynolide, via ring-closing diene metathesis, 11, 218
(S)-Metochlor, via iridium complexes, 7, 440
Micelles, and lyotropic liquid crystals, 12, 206
Michael addition reactions
p-allyls to alkynes, 10, 156
asymmetric, boron reagents, 10, 388
with bismuth(III) compounds, 9, 442
and copper catalysts, 9, 531–532
in copper reagent preparation, 9, 507
and copper reagent stereoselectivity, 9, 514
enantioselectivity, 9, 534, 9, 545
and Grignard reagents, 9, 56–57
and Grignards to �,�-unsaturated carbonyls, 9, 56
in intramolecular C–H functionalizations, 10, 133
via selenium nucleophiles, 9, 470
with tin enolates, 9, 363
with zinc reagents, 9, 110

Microbial biomethylation, antimony, 12, 644
Microbial dealkylation, examples, 12, 610
Microbial demethylation, examples, 12, 610
Micro-emulsion techniques, for molecular precursor

transformations, 12, 46
Microencapsulation

metal complexes on polymer supports, 12, 669
polymer-supported metal phosphine complexes, 12, 711

Microporous polystyrene resins, for metal complex
immobilization, 12, 665

Microreactors, in green chemistry, 12, 849
Microspheres, and polyferrocenylsilanes, 12, 336
Microwave dielectric heating

in carbon nanotube studies, 1, 334
cavities and containment, 1, 324
and conventional heating and ultrasound, 1, 326
and coordination compounds, 1, 333
energy ranges and frequencies, 1, 322
in fullerene studies, 1, 334
in heterogeneous catalytic processes, 1, 334
loss tangents, 1, 323
in metal powder reactions, 1, 330
in organic synthesis, 1, 332
with other energy sources, 1, 334
overview, 1, 307–339
physical basis, 1, 321
solvent relaxation times, 1, 323
synthetic applications, 1, 328
temperature considerations, 1, 324

Microwave irradiation
in carbonylations, 11, 551
in green chemistry, 12, 848

Mid-transition elements, metallacarboranes, 3, 214
Migita–Kosugi–Stille reaction

catalyst systems, 11, 15
coupling partners, 11, 12
palladacycle catalyst precursors, 11, 12
with Pd and N-heterocyclic carbenes, 11, 14
with Pd and phosphines, 11, 13
in sp2-hybridized carbon cross-coupling polymerization,

11, 656
Migrastatin, via ring-closing metathesis, 11, 240–242
Migration reactions

in Co-assisted alkylation of propargylic alcohols, 11, 133
in mononuclear Ru and Os carbene formation, 6, 421–422
prevention in olefin cross-metathesis, 11, 199

Migratory elimination reactions, characteristics, 1, 124
Migratory insertion reactions

in �3-allyl palladium complex preparation, 8, 367
carbonyls into Rh–X bonds, 7, 168
characteristics, 1, 124
dn-olefin-polymerization catalysis, 1, 146
d0-olefin-polymerization catalysis, 1, 143
general considerations, 1, 104
in imine hydrogenation, 7, 442
for Ni–C bond formation, 8, 75–76
olefin polymerization characteristics, 1, 142
and platinum �2-monoalkenes, 8, 623
and platinum �n-polyene unconjugated complexes, 8, 631
polar monomers, 1, 147

Mixed donor tridentate [NPS] ligated derivatives,
chromium(III) complexes, 5, 370

Mixed iridium carbonyl dimers, preparation, 7, 289
Mixed isonitrile acetylides, liquid crystals, 12, 281
Mixed isonitrile phenyl complexes, liquid crystals, 12, 282
Mixed ligand triangular Pt carbonyl clusters, characteristics,

8, 411
Mixed metal carbonyl complexes

sonochemical decomposition, 1, 310
with technetium, 5, 835

108 Cumulative Subject Index



Mixed-metal clusters, Ru–Os
with Group 4 elements, 6, 1064
with Group 5 elements, 6, 1065
with Group 6 elements, 6, 1066
with Group 7 elements, 6, 1082
with Group 8 elements, 6, 1083
with Group 9 elements, 6, 1085
with Group 10 elements, 6, 1092
with Group 11 elements, 6, 1099
with Group 12 elements, 6, 1107

Mixed-metal complexes
in bis-Cp Ti(III) complexes, 4, 314
Group 1, 2, 44
Group 1–Group 2, 2, 48
Group 1–Group 11, 2, 50
Group 1–Group 12, 2, 52
Group 1–Group 13, 2, 54
Group 1–Group 14, 2, 55
Group 1–Group 15, 2, 56
iron–metal complexes, 6, 324
in mono-Cp Ti(III) complexes, 4, 292
overview, 2, 44

Mixed-pnictogen compounds, for single-source
semiconductors, 12, 20–21

Mixed porphyrin–corroles, in organometallic synthesis,
1, 71–72

Mixed-sandwich complexes
with cyclodextrins, 12, 787
iridium cyclopentadienyl complexes, 7, 368
with nickel, synthesis and reactivity, 8, 160
with vanadium, 5, 47
V(II) and V(III) mono(�5-cyclopentadienyl) complexes,

5, 30
Mixed tridentate [NS2] ligands, in chromium complexes,

5, 365
Mixed-valence biruthenocenes, preparation and properties,

6, 642
Mixed-valence compounds, hafnium(III) and (IV) complexes,

4, 755
Mizoroki–Heck reaction, for cross-coupling polymerization,

11, 678–679
MLX plots, transition metal compound CBC

electron count trends, 1, 36
ligand bond number trends, 1, 42
overview, 1, 34
reactivity pattern trends, 1, 42
valence trends, 1, 40

MM, see Molecular mechanics
MMT, see Multistate magnetization transfer
MO, see Molecular orbitals
MOCVD, see Metalloorganic chemical-vapor deposition
Model systems

arene chromium tricarbonyls, 5, 255
carbon monoxide dehydrogenase–acetylCoA synthase,

8, 124
carbonyl dehydrogenase, 8, 4
chromium(III)

with amine–bis(amide) ligands, 5, 376
with cyclopentadienyl ligands, 5, 375
with diamido ligands, 5, 376
with diiminate ligands, 5, 375
with disiloxide ligands, 5, 376
with simple �-donors, 5, 374

in crystal engineering, 12, 558
hydrodenitrogenation and hydrodesulfurization, 1, 787
for iron-only hydrogenase, 6, 239
metal clusters as surfaces, 12, 762
olefin trimerization, chromium complexes as, 5, 378
oligosilanes as high polymers, 3, 552
platinum alkynes, 8, 648

polysilanes, 3, 589
powder diffraction studies, 1, 588
for rigid-rod transition metal–acetylide polymers, 12, 371
thiophene coordination, 1, 763
zinc compounds as enzymes, 2, 376

Molds, antimicrobials for, 12, 458
Molecular-beam epitaxy, for semiconductor growth, with

Group 3 nitrides, 12, 4–5
Molecular gyroscopes, via iron carbonyls, 6, 51
Molecular mass distributions, in olefin polymerization, 4, 1113
Molecular materials, and crystal engineering, 12, 555
Molecular mechanics

future directions, 1, 666
in hybrid computational chemistry, 1, 664
Rh-catalyzed hydroformylation, 7, 239

Molecular modeling, arene chromium tricarbonyls, 5, 255
Molecular orbitals, and photoelectron spectroscopy variations,

1, 384–385
Molecular recognition, in Rh Cp* complexes, 7, 155
Molecular weight, in alkene living polymerizations, 11, 715
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alkenyls and allenyls with �1-M–C bonds, 6, 558
alkenyl vinylidenes, 6, 593
alkyl, aryl, acyl complexes, 6, 552
with alkylidyne complexes, 6, 599
alkynyl and enynyl complexes, 6, 567
allenylidene and cumulenylidene complexes, 6, 596
B-, Al-, Ga-, Si-, Ge-, Sn-donor ligands, 6, 497
with bidentate and tridentate N-donor ligands, 6, 479
bis-alkylidenes, 6, 583
with carbonyl and isocyanide ligands, 6, 508
with CTS group ligands, 6, 492
cyclometallated complexes, 6, 555
with dithiocarbamate ligands, 6, 493
Fischer-type carbene complexes, 6, 575
with hydride and dihydrogen ligands, 6, 503
�1-, �2-, �3-, �4-, �5-ligands, 6, 508
with monodentate N-donor ligands, 6, 475
with monohapto alkylidenes, 6, 581
with N-heterocyclic carbenes, 6, 587
oxygen-donor ligands, 6, 481
with P-, As-, Sb-donor ligands, 6, 485
polyhapto alkylidenes, 6, 584
with polysulfide and polysulfanide ligands, 6, 496
with simple vinylidenes, 6, 588
with STO and S–STO group ligands, 6, 494
with thiolate, thiol, thioether ligands, 6, 489
�,�-unsaturated vinylidenes, 6, 593

Monoolefins, lanthanide-catalyzed polymerization, 4, 138
Monoorganometal(III) compounds, arsenic, antimony,

bismuth, 3, 916
Mono(organo)nickel compounds, via oxidative addition, 8, 44
Monoorganotin hydroxides, preparation, 3, 850
Monoorganotin oxides, preparation, 3, 850
Mono(pentamethylcyclopentadienyl) actinide(IV)

compounds, reactions, 4, 207
Mono(pentamethylcyclopentadienyl) lanthanide(III)

compounds, synthesis and characteristics, 4, 66
Mono(pentamethylcyclopentadienyl) uranium(IV) sulfido

complex, synthesis, 4, 207–208
Mono(phenoxy–aldehyde) trichlorides, with Zr(IV),

4, 787
Monophosphametallocenium cations, with cobalt, 7, 74
Monophosphines

in Rh-catalyzed hydroformylations, 7, 243, 7, 252
in styrene asymmetric hydrosilylation, 10, 817

Mono(�3-phosphinidene) clusters, preparation, 6, 266
Monosilyl complexes, with tantalum, 5, 113
Monostannylborane, preparation, 3, 860

Monosubstituted acetylenes, polymerization, 11, 559
Monosubstituted ferrocenes, properties, 12, 222
Monothiolato compounds, in mono-Cp Ti(IV) complexes,

4, 503
Mono(tricarbonylchromium) complexes, preparation,

5, 258–259
Monsanto process, and Rh-catalyzed methanol carbonylation,

7, 255
(�)-Montanine, via Alder-ene reactions, 10, 593
Montmorillonite, in dichalcogenide additions, 10, 756
Morpholine, in trinuclear Ru and Os clusters, 6, 728
Morphology studies

polyferrocenylsilanes, 12, 330
polymers, 12, 296

Mössbauer spectroscopy
bimetallic M(III)–Fe(III) oxalate-based magnets,

12, 433–435
bimetallic M(III)–Ru(III) oxalate-based magnets, 12, 435
metal oxyhalides, 12, 820–821

Motuporamide C, via alkyne metathesis, 11, 303
MTT, see Manganese tricarbonyl transfer reagents
(�)-Mucocin, via zinc reagent additions, 9, 114
Mukaiyama aldol reaction

via bismuth(III) compounds, 9, 435–436
with silver reagents, 9, 555
with tandem hydroformylation, 11, 462
and tin halides, 9, 370

Multicenter bonding, organotransition metal compound CBC,
1, 32

Multi-component oxide powders, synthetic routes, 12, 47
Multiconfiguration techniques, in computational chemistry,

1, 649
Multidecker complexes

face-to-face polymetallocenes, 12, 346
metallacarboranes, 3, 245
with vanadium, 5, 47

Multidentate ligands
anionic, in Ti(III) complexes, 4, 284
with monodentate N-heterocyclic carbenes, 1, 67
in monomeric Cr(III) derivatives, 5, 320
in Zr(IV) and Hf(IV) mono-Cp complexes

bidentate amidinate and guanidinate ligands, 4, 827
bidentate ligands, 4, 831
tri-, tetra-, and pentadentate ligands, 4, 835

Multi-enzymatic processes, with Pauson–Khand reaction,
11, 358

Multimetallic complexes, molybdenocene dihydrides, 5, 570
Multimetallic nickel–alkynes, synthesis and reactivity, 8, 145
Multinuclear chromium(II) complexes, with halides, alkyls,

aryls, 5, 315
Multinuclear (isocyanide)gold complexes, reactivity, 2, 287
Multi-phase organometallic catalysis, in ionic liquids, 1, 856
Multiple-quantum MAS, half-integer spin quadrupolar nuclei

central transition NMR studies, 1, 466
Multistate magnetization transfer, in dynamic NMR

magnetization, 1, 410
Multistep catalytic cycles

fundamental reactions, 1, 119
heterolytic cleavage, 1, 123
hydroformylation catalysis mechanisms, 1, 128
hydrogenation catalysis, 1, 126
hydrogenolysis, 1, 123
ligand dissociation–association, 1, 120
metathesis, 1, 135
methanol carbonylation to acetic acid, 1, 133
migratory insertions and eliminations, 1, 124
overview, 1, 119–140
oxidative addition reactions, 1, 121
Pd-catalyzed coupling reactions, 1, 134
polymerization, 1, 135
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Multistep catalytic cycles (continued )
reductive elimination reactions, 1, 121

Muon spin resonance, metallocene-based magnets,
12, 431

Murai reaction
for C–H activations, 10, 118
for intramolecular C–H functionalization, 10, 130
for lactone synthesis, 10, 159

MVD, see Metal vapor deposition
MVS, see Metal vapor synthesis
(�)-Mycalamide A, via Alder-ene reactions, 10, 594

N

Nakadomarin A, via ring-closing diene metathesis, 11, 230
Nano ceramics

heterometal chalcogenides, 12, 62
metal chalcogenides, nitrides, pnictides, 12, 53
metal oxides, 12, 51
oxides, 12, 59
properties, 12, 50
quaternary ceramics, 12, 64
silicon and boron nitrides and carbides, 12, 56
ternary non-oxide ceramics, 12, 63

Nanocomposite silicones, preparation, 3, 671
Nanocrystalline materials, sonochemical reactions, 1, 313
Nanocrystalline zinc silicate, synthesis, 12, 39–40
Nanodimensional materials

definition, 12, 42
via micro-emulsion techniques, 12, 46–47
transformational methods, 12, 43

Nanometric materials, ultrasound-induced pyrolysis, 1, 309
Nanoparticles

from arsenides, 12, 93
from carbonyl metal complexes, non-thermolytic methods,

12, 76
from carbonyl metal complexes, via thermolysis

bi- and trimetallic compounds, 12, 74
metal compounds, 12, 76
metal oxide compounds, 12, 76
monometallic compounds, 12, 72

with ferrocenes, 6, 195–196
from metal chalcogenides, 12, 93
from metal oxides, 12, 92
from metals, 12, 90
overview, 12, 71–99
from phosphides, 12, 93
quantum dots, 12, 93

Nanoscale materials
metal cluster precursors, characteristics, 12, 769
overview, 12, 35–70

Nanoscale receptors
dendrimers, 12, 491
functionalized nanoparticles, 12, 495
overview, 12, 490
self-assembled monolayers, 12, 493
thin polymer films, 12, 493

Nanoscopic metallic particles, preparation, 12, 541
Nanostructured magnetic ceramics, from

polyferrocenylsilanes, 12, 335
Nanostructured steel, somochemical formation, 1, 311
Nanotubes, microwave applications, 1, 334
Naphthalenes, with manganese carbonyls, 5, 797–798
N-arylations, via bismuth(V) compounds, 9, 449
Naturally occuring organometallics

acetyl coenzyme A synthase, 1, 889
carbon monoxide dehydrogenase, 1, 889
characteristics, 1, 884
cobalamins, 1, 884
hydrogenases, 1, 887

methyl coenzyme M reductase, 1, 890
Natural products synthesis

via allyllic substitution for amination, 10, 703
via C–H functionalization, 10, 159
via copper-catalyzed substitutions, 9, 523
via diastereoselective hydroformylation, 11, 458
via enyne metathesis, 11, 295
with Pauson–Khand reaction, 11, 359
via rhodium(II)-catalyzed intramolecular nitrene C–H

insertions, 10, 203
via ZACA reaction, 10, 275t

Nay zeolite, intercalation in, 12, 828–829
N-confused porphyrin system, and silver(III) complexes,

2, 242
Negishi coupling

with alkenylzinc reagents, 11, 29
alkylzinc reagents, 11, 29
arylzinc reagents, 11, 27
in sp2-hybridized carbon cross-coupling polymerization,

11, 653
with zinc reagents, 9, 117

Nematic phase
calamitic mesogens, 12, 199
chiral, calamitic mesogens, 12, 200

Neodymium complexes
in acrylic monomer polymerization, 4, 151–152
with arenes, 4, 118
bis(Cp*)lanthanide(III) compounds, 4, 73
bis(cyclooctatetraenyl) compounds, 4, 129
in Cp-like compounds with carboranyls, 4, 112–114
Cp3Ln compounds, 4, 58
Cp*

2Ln compounds with chalcogen bonds, 4, 71
Cp3LnL and Cp3LnL2 compounds, 4, 60
CpLnX2 compounds, 4, 35
Cp2LnX compounds, 4, 49, 4, 57
in diene polymerization, 4, 144–145
in hydroamination catalysis, 4, 155–156
indenyl and fluorenyl compounds, 4, 97–98
ansa-indenyl and fluorenyl compounds, 4, 101–102
metal–metal bonded compounds, 4, 131
mono(Cp*)lanthanide(III) compounds, 4, 66, 4, 68
mono(cyclooctatetraenyl) lanthanide(III) compounds,

4, 124
in monoolefin polymerization, 4, 141
oligomerization catalysis, 4, 137–138
with ring-bridged cyclopentadienyl ligands, 4, 84

Neodymium(III) complexes, allyl compounds, 4, 19
Neodymium metallocene catalysts, diene

cylization–hydrosilylation, 11, 379
(+)-Neomenthylcyclopentadienyl complexes, lanthanides,

4, 31–32
Neopentyl complexes

with bis-Cp Ti, 4, 567
with Ti(IV), 4, 363

Neopentylidenes, with titantium(IV), 4, 364
Neoplasia, Ti(IV) complex treatments, 4, 664
Nephrosteranic acid, via Ti(IV) complexes, 4, 406
Neutral alkyl-bridged compounds, transition metal–Group 13

alkyl combinations, 3, 271
Neutral bidentate [N2] supporting ligands, chromium

complexes, 5, 359
Neutral bidentate [P2] ligated derivatives

chromium(II) complexes, 5, 365
chromium(III) complex ethylene oligomerization, 5, 366

Neutral chromium carbonyl compounds
computational studies and spectroscopy, 5, 203
experimentally determined structures, 5, 204

Neutral guest species receptors
examples, 12, 487
ferrocene-based, 12, 483
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Neutral ligand method, for transition metal complex electron
counting, 1, 4

Neutral organometallics, electron and chemical ionization,
1, 805

Neutral pendant donors, in Zr(IV) mono-Cp complexes, 4, 846
Neutral tethered �-donors, in monomeric chromium(III)

derivatives, 5, 325
Neutral tridentate [NP2] ligated derivatives

chromium(II) complexes, 5, 368
chromium(III) complexes, 5, 370

Neutral tridentate [P3] ligated derivatives, chromium
complexes, 5, 368

Neutral tridentate [N3] supporting ligands, chromium
complexes, 5, 359

Neutron powder diffraction, tetrahedral cluster hydrides,
1, 589

Newkome-type dendrimers, as ferrocene third-sphere ligands,
12, 805

NHCs, see N-heterocyclic carbenes
N-heterocycles

via allylic amination, 10, 698–699
via amination, 10, 711
in HDN-related transition metal complexes, 1, 792
via palladacycles, 8, 287
and phosphine carbonyls with Ru and Os, 6, 359
ring expansion via rearrangement, 11, 541
via silver-catalyzed cycloisomerizations, 9, 562
in transition metal binding, 1, 787

N-heterocyclic carbene borates, in organometallic synthesis,
1, 68

N-heterocyclic carbenes
characteristics, 2, 338
in copper complexes, 2, 171–172
and Ir complexes, 7, 348
in Migita–Kosugi–Stille reaction, 11, 14
mononuclear Ru and Os compounds, 6, 422
and nickel complexes, 8, 9
on nickel mono-Cp complexes, 8, 165
with palladium

via azolium salts, 8, 221
catalytic applications, 8, 244
in C–H activation, 8, 243
characteristics, 8, 219
chiral carbenes, 8, 229
CO–ethylene co-polymerization, 8, 242
in cross-coupling, 8, 238
via free carbene, 8, 220
functionalized carbene catalysts, 8, 241
non-imidazole cores, 8, 232
preparation methods, 8, 224
properties and reactivity, 8, 234
telomerization, 8, 243
transfer reactions, 8, 223
in two-phase catalysis, 8, 245

with palladium isocyanides, 8, 258
polymer-supported, and Pd and Rh complexes, 12, 740
Pt complexes from free carbenes and imidazoles, 8, 436
Ru and Os compounds, 6, 426
in Ru and Os half-sandwich �6-arenes, 6, 615
in Ru and Os half-sandwiches, 6, 587
in Sonogashira coupling reaction, 11, 16
as spectator ligands, 1, 66
supported, in olefin metathesis, 12, 716
in Suzuki–Miyaura coupling, 11, 8
in Ti(IV) complexes, 4, 366
with vanadium compounds, 5, 10

N-heterocyclic silylenes, with palladium, 8, 224–225
Nicholas reaction

in Co-assisted alkylation of propargylic alcohols, 11, 133
with Pauson–Khand reaction, 11, 357

and propargylic etherification, 10, 665
Nickelacarboranes, structure and reactions, 3, 241
Nickelacyclopentanes, reactions, 8, 104–105
Nickel–alkynes
�3-allyl complexes

characteristics, 8, 150
synthesis and reactivity, 8, 151
theoretical and physical studies, 8, 151

characteristics, 8, 140
cycloalkynes, 8, 147
monometallic complexes, 8, 142
multimetallic complexes, 8, 145
synthesis and reactivity, 8, 142
theoretical and physical studies, 8, 141

Nickel–allenes, preparation and characterization, 8, 140
Nickel anionic polydentate ligand complexes, nickel

complexes
from �-organonickel precursor, 8, 52
without �-organonickel precursor, 8, 60

Nickel–carbon p-bonded complexes, overview, 8,
133–196

Nickel–carbon �-bonded complexes
with alkyls and aryls, 8, 117
�3-allyls, 8, 105
and COD–ACS models, 8, 120
via cyclometallation, 8, 63
�5-cyclopentadienyls, 8, 105
via electrophilic attack, 8, 50
heterometallic clusters, 8, 115
homometallic clusters, 8, 111
with �-indenyls, 8, 105
ligand-free and solvated, 8, 28
with macrocyclic ligands, 8, 120
metallacycle reactivity, 8, 99
metallacycles, 8, 89
metallacycle synthesis, 8, 93
with Ni–C bond displacement, 8, 79
with Ni–C bond formation, 8, 75
non-Ni–C bond reactions, 8, 70
in olefin polymerization and oligomerization, 8, 84
overview, 8, 27–132
via oxidative addition, 8, 44
simple Ni(R)XLn and NiR2Ln compounds, 8, 35
via transmetallation, 8, 40

Nickel–carbon bonds
activation by Ni(0), 8, 62
formation reactions, 8, 75

Nickel complexes
in acetylenic aldehydes reductive cyclization, 10, 524
in activated alkene reductive cyclizations, 10, 502
in acyclic enone conjugate additions, 10, 383
�2-alkene complexes

characteristics, 8, 134
synthetic and reactivity studies, 8, 135
theoretical and physical studies, 8, 134

in alkene polymerization, 11, 699
alkenyl-, aryl-, and alkynylsilanes, 9, 304
in alkynal reductive cyclizations, 10, 527
for allylic alcohol asymmetric alkylation, 11, 102
in allylic alcohol isomerization, 10, 77
p-arene complexes

characteristics, 8, 186
synthesis and reactivity, 8, 187
theoretical and physical studies, 8, 186

�3-1-azaallyl complexes, 8, 158
benzyne reactions, 10, 548
with bis-allyls, photoelectron spectroscopy, 1, 392
with carbenes

in catalytic C–halogen bond activation, 8, 24
cyclization reactions, 8, 21
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Nickel complexes (continued )
and hydrocarbation reactions, 8, 20
isomerization, polymerization, and coupling, 8, 23
organic reaction-mediated, 8, 20
theoretical and physical studies, 8, 20

with carbon dioxide ligands, 8, 5
with carbonyl, isocyanide, carbene ligands, overview,

8, 1–26
carbonyl bis-silylations, 10, 745
with carbonyl ligands, 8, 2, 8, 13
with carbonyls

organic reaction-mediated, 8, 20
theoretical and physical studies, 8, 20

with �5-carborane ligands, 8, 182
CTN additions, 10, 462
C–N triple bond additions, 10, 463
CTO additions, 10, 456
and COD–ACS models, 8, 124
in cyclization with Si–O bond formation, 11, 388
in [2+2+2+1]-cycloadditions, 10, 639
in [2+2+2+2]-cycloadditions, 10, 641
in [4+2+1]-cycloadditions, 10, 627–628
in [5+2]-cycloadditions, 10, 605
with �5-cyclohexadienyls, 8, 186
in cyclopropane silaborations, 10, 764
in 1,3-dienyl carbonyl compound reductive cyclization,

10, 522
in diyne cyclization–hydrosilylation, 11, 368
�5-ligands

cationic complexes, 8, 167
characteristics, 8, 158
Cp monometallic complexes, 8, 162
Cp polymetallic complexes, 8, 169
donor-functionalized Cp^L complexes, 8, 168
synthesis and reactivity, 8, 160
theoretical and physical studies, 8, 159

high-cluster
with carbene ligands, 8, 19
with carbonyl ligand clusters, 8, 17
with isocyanide ligands, 8, 18

HP-NMR and HP-IR studies, 1, 496
for hydrovinylation, 10, 320
in hydrozincation, 9, 95
in[4+4]-cycloadditions, 10, 618–619
with indenyls

characteristics, 8, 175
reactivities, 8, 180
structural features, 8, 179
synthesis and reactivity, 8, 177
theoretical and physical studies, 8, 177

in internal acetylene reactions, 10, 546
with isocyanides

characteristics, 8, 6, 8, 16
organic reaction-mediated, 8, 20
theoretical and physical studies, 8, 20

in Kumada–Tamao–Corriu reaction, 11, 20
with macrocyclic ligands, 8, 120
on metallodendrimer surfaces, 12, 390
in olefin polymerization, 1, 352
with palladium carbonyls, 8, 209, 8, 216
redox transmetallation, in indium compound preparation,

9, 651
in redox transmetallation for allylindiums, 9, 698
in Ru–Os heterodinuclear compounds, 6, 1060–1061
in Ru–Os mixed-metal clusters, 6, 1092–1093
with silicon, 3, 535
in silylborations, 9, 164
in sp2-hybridized carbon cross-coupling polymerization,

11, 655–656
tellurium couplings, 9, 640

in terminal acetylene reactions, 10, 543
with Ti(IV), 4, 643
in zinc reagent preparation, 9, 86

Nickel(0) complexes
in 1,3-diene silastannation, 10, 776
electrophilic attack, 8, 50
stabilization by carbene ligands, 8, 7

Nickel(I) complexes, with alkyls and aryls, 8, 117
Nickel(II) complexes, stabilization by carbene ligands,

8, 10
Nickel(III) complexes, with alkyls and aryls, 8, 117
Nickel(IV) complexes, with alkyls and aryls, 8, 117
Nickel coordination complexes, thallium(I) derivatives,

3, 395
Nickel–cycloalkynes, synthesis and reactivity, 8, 147
Nickel dimethyl complexes, for Ni(0) complex generation,

8, 83
Nickel–ethylenes, synthetic and reactivity studies, 8, 135
Nickel–ethynes, synthesis and reactivity, 8, 142
Nickel–iron nanoparticles

in polymers with main chain M–C �-bond, 12, 378
preparation, 12, 89–90

Nickel–metal bonds, binuclear and polynuclear complexes,
homometallic clusters, 8, 111

Nickel nanoparticles, preparation, 12, 87
Nickel–nitriles, synthesis and reactivity, 8, 150
Nickelocenes

with carbon dioxide ligands, 8, 5
with carbonyl ligands, 8, 2
with isocyanide ligands, 8, 6
mercurial-mediated supramolecular self-assembly,

2, 462
with metal and carbon �-bonds, 8, 115
via metathetical halide exchange, 8, 72
mixed-sandwich derivatives, 8, 160
on polymer supports, 12, 728
reaction products, 8, 169
theoretical and physical studies, 8, 159

Nickel pincer compounds
Ni(III) complexes, 8, 118–119
preparation, 8, 63
via transmetallation, 8, 69–70

Nickel-porphyrin complexes, with platinum(II), 8, 477
�-Nickel precursors

into anionic polydentate ligand complexes, 8, 52
nickel complexes without, 8, 60

Nickel salts, and Grignard additions, 9, 55–56
Nickel–trienes, synthesis and reactivity, 8, 138
Nickel–zinc catalysts, in activated alkene reductive

cyclizations, 10, 502–504
Nine-membered rings

via [5+2+1+1]-cycloadditions, 10, 641
via ring-closing diene metathesis, 11, 227

Nine-vertex carboranes, preparation, 3, 59
Niobium complexes

for acetylene polymerization, 11, 571
with alkenes

cyclopentadienyl complexes, 5, 76
without cyclopentadienyl ligands, 5, 75

alkylidene complexes, 5, 73
alkylidyne complexes, 5, 74
alkyls and aryls without Cp ligands, 5, 66
alkyne complexes

bis-cyclopentadienyl complexes, 5, 81
monocyclopentadienyl complexes, 5, 80
without cyclopentadienyl ligands, 5, 77

�6- and �7-complexes, 5, 94
with bis(cyclopentadienyl) alkynes, 5, 81
bis-cyclopentadienyl complexes

halides, 5, 90
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N-donor ligands, 5, 94
O- and S-donor ligands, 5, 93
P-donor ligands, 5, 94

�4-butadiene complexes, 5, 88
in carbometallations, 10, 284
carbonyl derivatives, 5, 63
carbonyls, 5, 64
C–H bond dissociation energies, 1, 298
C–N triple bond additions, 10, 427
CO2, ketene, ketenimine complexes, 5, 84
CO and CNR reductive coupling, 5, 66
cyclopentadienyl alkyl and aryls, 5, 66
cyclopentadienyl carbonyl complexes, 5, 64
cyclopentadienyl hydrides, 5, 69
cyclopentadienyl isocyanide complexes, 5, 65
�2-acyl and �2-iminoacyl complexes, 5, 82
�3-complexes, 5, 87
five-membered metallacyclic complexes, 5, 86
four-membered metallacyclic complexes, 5, 84
hydride complex characteristics, 5, 68
hydride complex without Cp, 5, 69
with hydrotellurides, 6, 749
isocyanides, 5, 65
for mixed-metal synthesis, 6, 324
with mono-Cp, 5, 90
with monohalide tricarbadecaboranyls, 3, 213–214
overview, 5, 61–100
in Ru–Os mixed-metal clusters, 6, 1065
in silicon compounds, 3, 517
in surface chemistry on oxides, 12, 518

Niobocene halides, characteristics, 5, 90
Niobocene hydrides

d2-hydride derivatives, 5, 71
�-bond activation, 5, 70

Niobocenes, with CO2, ketenes, ketenimines, 5, 84
Nitrenes

C–H insertion
characteristics, 10, 196
manganese catalysts, 10, 197
overview, 10, 167–212
precursors and catalysts, 10, 196
ruthenium catalysis, 10, 199

C–H intramolecular insertion
metal catalysis, 10, 204
rhodium(II) catalysis, 10, 201

with hexarutheniums, 6, 1025–1026
with Ru–Os mixed-metals, 6, 1089
in W–CO and W–CNR complexes, 5, 608, 5, 6125, 614
in ylide generation, 11, 173

Nitric oxide drugs, characteristics, 1, 895
Nitrides

on chromium complexes, 5, 350
with mono-Cp Ti(IV), 4, 434
with Ru–Os dinuclear complexes, 6, 1051
with Ru–Os mixed-metals, 6, 1089
for semiconductor growth, 12, 2
for semiconductor precursors, 12, 14
in V(IV) and V(V) mono(�5-cyclopentadienyl)s, 5, 35

Nitriles
Grignard additions, 9, 59, 9, 64
indium-mediated allylation, 9, 687
in nickel complexes, 8, 150
ruthenium carbonyl reactions, 7, 142
ruthenium half-sandwiches, 6, 478
and selenium electrophiles, 9, 461–462
in vanadocene reactions, 5, 39

Nitrites, with trinuclear Os clusters, 6, 733
Nitroalkenes, Grignard additions, 9, 59–60
Nitroarenes, and Grignard reactivity, 9, 70
Nitrobenzenes, reductive aminocarbonylation, 11, 543

Nitro chromium carbonyl compounds, preparation and
characteristics, 5, 205

Nitrogen-bridged complexes, with Zr(IV) and Hf(IV)
cyclopentadienyl complexes, 4, 967
fluorenyl complexes, 4, 974
indenyl complexes, 4, 972

Nitrogen-bridged iridium complexes, preparation and
characteristics, 7, 377

Nitrogen complexes
arylation with lead triacetates, 9, 399
in bis(�6-arene) chromiums, 5, 343
characteristics, 3, 318
in C–H bond alkylation, 10, 216
in CpMoCO compounds, 5, 465
cross metathesis, 11, 193
iron complexes bound through, 6, 312
in molybdenum monocyclopentadienyl complexes,

5, 556
in technetium carbonyls, 5, 840
tin derivatives, 3, 861

Nitrogen-containing rings, and boron-containing ring
complexes, 3, 43

Nitrogen ligands
in arylcopper complexes, 2, 159–160
on bis-Cp titanium halides, 4, 515
in Cp2LnX, 4, 52
in dinuclear iron compounds, 6, 228
in dinuclear Ru compounds, 6, 659
in hexaruthenium and hexaosmium clusters, 6, 1022
in hydridocobalt complexes, 7, 6
in iron carbonyls, 6, 31
in iron carbonyls with S-donor ligands, 6, 64
iron clusters with, 6, 264
macrocycles, in cobalt(III) complexes, 7, 28
mixed N,O-donors, in Ru and Os half-sandwich �6-arenes,

6, 524
in molybdenum carbonyl p-acceptors, 5, 412
in molybdenum carbonyl �-donors, 5, 412
in molybdenum dicyclopentadienyl complexes, 5, 575
with mono-Cp Ti(IV), 4, 434
niobocene complexes, 5, 94
in palladium(IV) complexes

bidentate ligands, 8, 299
tridentate ligands, 8, 301

in pentarutheniums and pentaosmiums, 6, 993
remote aromatic C–F bond activation, 1, 755
in rhodium carbonyls

bidentate ligands, 7, 125
monodentate, 7, 124
tridentate ligands, 7, 127

in rhodium isocyanide and diazoalkane complexes, 7, 137
in Ru and Os compounds, 6, 358
in Ru and Os half-sandwich �6-arenes

bidentate ligands, 6, 520
mixed P,N-donor ligands, 6, 530
monodentate ligands, 6, 518

in Ru and Os half-sandwich �5-Cp and �5-indenyl
compounds

bidentate and tridentate ligands, 6, 479
monodentate ligands, 6, 475

in Ru–Ru complexes
amidinates, 6, 656
examples, 6, 654
pyrazoles, 6, 654

in tetraosmium carbonyls, 6, 915
in tetraosmium carbonyls with bridging hydrides, 6, 906
in tetraruthenium carbonyls, 6, 882
in Ti(IV) monoalkyl complexes, 4, 330, 4, 333
on Ti(IV) mono-Cp complexes, 4, 388
in trinuclear Ru and Os clusters, 6, 722
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Nitrogen ligands (continued )
triruthenium and triosmium complexes with, 6, 849
in V(IV) and V(V) alkyl, alkylidene, alkylidyne complexes,

5, 20
for water-solubilization, 1, 827
in W–CO and W–CNR, p-acceptors

characteristics, 5, 607
reactions, 5, 612
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dispersion-enhanced vs. static hyperpolarizabilities, 12, 106
�2–�4 ligands, 12, 120
ferrocene-containing polymers with long spacers, 12, 350
four-coordinate borates, 12, 130
Group 6 alkylidenes, 12, 121
Group 8 alkylidenes, 12, 121
Group 8 �-alkynyl compounds, 12, 122
Group 10 �-alkynyl compounds, 12, 125
Group 11 �-alkynyl compounds, 12, 126
Group 12 �-alkynyl compounds, 12, 126
Group 6 carbonyl complexes, 12, 127
Group 9 carbonyl complexes, 12, 128
Group 8 metallocenes, 12, 108
Group 4 sandwich compounds, 12, 112
Group 6 sandwich compounds, 12, 113
Group 8 sandwich compounds, 12, 113
Group 9 sandwich compounds, 12, 113
Group 14 second-order materials, 12, 130
Group 13 species, 12, 128
�1-hydrocarbon compounds, 12, 126
hyperpolarizability conventions, 12, 108
hyperpolarizability measurement, 12, 107
linear and non-linear polarizations, 12, 102

120 Cumulative Subject Index



metal clusters, 12, 771
mononuclear ruthenium and osmium alkynyl applications,
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Octamethylcyclotetrasiloxane, in polymerization, 3, 654
Octamethyl[3]ruthenocenophane, preparation, 6, 637
Octaosmium clusters, preparation and properties, 6, 1033
Octaruthenium complexes, preparation and properties,

6, 1033
Oct-1-ene, with dendrimers, 12, 802
Octylthiolates, liquid crystals, 12, 262
7-Octynal, silylformylation, 11, 482
ODNs, characteristics, 1, 909–910
Okaramine N, synthesis, 10, 151–152
OLED, see Organic light-emitting diodes
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Olefinic carbonyl compounds

activated, reductive aldol cyclization, 10, 517
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tandem coupling with reactions, 11, 357
with titanium complexes, 4, 270

PAVs, via Mizoroki–Heck reaction, 11, 678–679
PCET, see Proton-coupled electron transfer
P-chiral bisphosphanes, in hydrogenations, 10, 11
PCP iridium pincer complexes, characteristics, 7, 311–313
PDHS, see Poly(di-n-hexylsilylene)
(�)-Peduncularine, via ring-closing metathesis, 11, 252
Pendant donors
�-alkyls and Cr(II) derivatives, 5, 294
on �-alkyls and Cr(III) derivatives, 5, 295
and ROMP polymers, 11, 642
in Zr(IV) mono-Cp complexes

nitrogen donors, 4, 847
oxygen donors, 4, 848
phosphorus donors, 4, 850
sulfur donors, 4, 848

Pendant metals
in block co-polymers, 12, 313
in polymers, 12, 313

Pentaalkyl ligands, on Ti(IV) mono-Cp complexes, 4,
384–385

1,2,3,4,5-Pentaalkynylferrocenes, preparation, 6, 190
Pentaarylantimonys, in C–C bond formation, 9, 430
Pentaarylcyclopentadienyl compounds, with iron, 6, 159
Pentacarbaboranes, metal complexes, 3, 230–233
Pentacarbonyl(3-aminoallenylidene)chromium complexes,

preparation, 5, 270
Pentacarbonylchromium, oxygen difluoride reaction, 5, 231
Pentacarbonyl[ethoxy(2-amnioethenyl)carbene]chromium

complexes, preparation, 5, 270
Pentacarbonyliron

photochemistry, 6, 2
reactions, 6, 6
redox reactions, 6, 5
structure, 6, 2

Pentacyano(iminiumacetyl)cobaltate(III) anion, formation,
7, 19

Pentadentate ligands, in mono-Cp* Zr(IV) and Hf(IV)
complexes, 4, 835

1,3-Pentadiene, diboration, 10, 731
1,4-Pentadiene, cyclohydrocarbonylation, 11, 522
Pentadienyl complexes

acyclic, preparation, 6, 153
with molybdenum carbonyls, 5, 478
with potassium, 9, 14
with Zr–Hf(II), 4, 734

�-Pentadienyl complexes, with rhodium, 7, 223
Penta-2,4-dienyl complexes, with Ti(IV), 4, 328
Pentafluorophenyl complexes

ortho-C–F bond activation, 1, 754
and platinum(II), 8, 550
with platinum(II), 8, 483

Pentafluoropyridine, with Ni(0) complexes, 8, 47–48
Pentagonal bipyramidal complexes, triiron complexes, 6, 310
Pentahapto germolyl complexes, with Hf(IV), 4, 987–989
Pentahapto siloyl complexes, with Hf(IV), 4, 987–989
Pentakis(acetoxymercurio)pentamethylruthenocene,

preparation, 6, 630
Pentalenediyl compounds, cyclopentadienyl actinide

complexes, 4, 221
Pentalenes

in chromocenes, 5, 331
preparation, 10, 148

9-epi-Pentalenic acid, via [6+2+2]-cycloadditions, 10, 637–638

Pentamethyl–amidoferrocene dendrimers, characteristics,
12, 491

Pentamethylcyclopentadienyl complexes
Cp*

3AnX, 4, 207
Cp*AnX2 and Cp*AnX, 4, 206
Cp*MX compounds, 4, 62
with iridium amidinates, 7, 366
mono(Cp*) actinide(IV) compounds, 4, 207
with Ni–C �-bonded ligands, 8, 108–109
with rhodium, 7, 152
with ruthenium, 6, 632
tris(Cp*) actinide(IV) compounds, 4, 219
with zirconium amidinates, 12, 730

19,29,39,49,59-Pentamethyl-1-formylruthenocene, preparation,
6, 643

Pentamethylpentahaloruthenocenes, preparation, 6, 630
2,4-Pentanedionates, with Ru and Os half-sandwiches, 6, 483
Pentanuclear silver(I)–rhenium(I) alkynyl rigid-rod complex,

preparation, 2, 229–230
Pentaorganometallic compounds, arsenic, antimony, bismuth,

3, 919
Pentaosmium clusters

with B, N, P, S, Se ligands, 6, 993
carbido clusters, 6, 984
carbonyls and carbonyl hydrides, 6, 977
with hydrocarbon ligands, 6, 990
phosphinoalkyne-derived clusters, 6, 996

Pentaphospharuthenocenes, preparation, 6, 641
Pentaruthenium clusters

with B, N, P, S, Se ligands, 6, 993
carbido clusters, 6, 984
carbonyls and carbonyl hydrides, 6, 977
with hydrocarbon ligands, 6, 990
phosphinoalkyne-derived clusters, 6, 996

Pentatetraenylidene complex, with iridium, 7, 358
(�)-Pentenomycin, via ring-closing diene metathesis,

11, 211–213
4-Pentyn-1-ols, aminocarbonylation, 11, 533
PEO, see Poly(ethylene oxide)
PEPICO, see Photoelectron photoion coincidence

spectroscopy
Peptides

as antibacterial agents, 1, 894–895
bioorganometallic studies, 1, 897, 1, 908
polymer-supported, attached achiral phosphines, 12, 698

Peralkylated ferrocenes, liquid crystals, 12, 225
Peralkyl complexes, with Pt(II), 8, 456
Peraryldigermene, preparation, 3, 796–797
Perchlorates, improved synthesis, 5, 782–783
Perchlorophenyl phosphines, with Ni(0) complexes, 8, 46
Perfluorinated bis(phenoxy–imine) complexes, with titanium,

4, 1144
Perfluoro-ortho-phenylene mercury, as anion acceptor, 2, 451
Perfluoro-ortho-phenylenes, with mercury, 2, 456–457
Perfluorophenyl groups, in �-organonickel complexes, 8, 33
Perfluorophenyl ligation, and monomeric Cr(III) derivatives,

5, 323
Perfluoro–triamido–amines, with tungsten, 5, 744
Perhalophenylgold(I) isocyanides, liquid crystals, 12, 282–283
Perhydrocarbyl complexes

Group 5, surface chemistry on oxides, 12, 517
molybdenum, surface chemistry on oxides, 12, 527
tungsten, surface chemistry on oxides, 12, 530

Perhydrohistrionicotoxin, via Alder-ene reactions, 10, 593
Periodic table considerations, zinc’s position, 2, 313
Permethyltantallocenes, with cyclopentadienyl ligands,

5, 135
Permethylyttrocene catalyst, in diene reductive cyclizations,

10, 498
Permethylzirconocene dicarbonyl complexes, reactivity, 4, 701
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Peroxides, alkylaluminum reactions, 3, 267
Peroxyseleninic acids, as catalysts, 9, 491
Perphenylated 1,1-dichloro silol, in silol derivative

preparation, 3, 435
Perturbation theory methods, in computational chemistry,

1, 646
Perylene, with tetrapalladium sandwich complex, 8, 345
PES, see Photoelectron spectroscopy
PE spectroscopy, see Photoelectron spectroscopy
Petroleum, and hydrodesulfurization and

hydrodenitrogenation, 1, 760
(�)-PF1163B, via ring-closing metathesis, 11, 243
PFSs, see Polyferrocenylsilanes
pH, role in aqueous media, 1, 828
Pharmaceuticals

via diastereoselective hydroformylation, 11, 458
metal cluster applications, 12, 770

Phase transition studies
in crystal engineering, 12, 579
dialkylpolysilanes, 3, 600
poly(di-n-hexylsilylene), 3, 603
polysilanes, 3, 599

Phenanthrolines, liquid crystals, 12, 215
4,7-Phen ligands, in arylplatinum(II) complexes, 8, 492–493
Phenols

arylation with lead triacetates, 9, 395
via bismuth(V)-mediated C-arylations, 9, 446
and Grignard reagent reactivity, 9, 48
O-allylation, 10, 657

Phenoxides, with Zr(IV), 4, 784
Phenoxy–ethers, in ethylene polymerization, 4, 1095
Phenoxy–imines

in isotactic polypropylene polymerization, 4, 1126
in polyethylene polymerizations, 4, 1096
in syndiotactic polypropylene polymerization, 4, 1115

Phenoxy–ketimines, for isotactic polypropylene
polymerization, 4, 1128

Phenylacetylenes
cyclohydrocarbonylation, 11, 522
germanium–germanium reactions, 10, 748
polymerization, 11, 559–565
silylformylation, 11, 475, 11, 485

1-Phenyl-2-arylethanols, via antimony(III) compounds, 9, 428
Phenylations, via Cu-catalyzed bismuth(III) reactions, 9, 443
2-Phenylazopyridines, with trinuclear Os clusters, 6, 731
Phenylbismuth amides, synthesis, 3, 918
9-Phenyl-9-borata-anthracenes, with Zr(IV), 4, 980
Phenylboronic acids, in carbonylative cross-coupling, 11, 416
4-Phenyl-3-buten-2-one, diboration, 10, 731–732
Phenyl complexes

with Pd(IV), 8, 300–301
in Ru and Os half-sandwich �6-arenes, 6, 601, 6, 602

�-Phenyl complexes, with iron, 6, 106–107
m-Phenylenedimethylene-bridged dinuclear silver(I)

complexes, preparation, 2, 215
o-Phenylenediphenylphosphine, polymer-supported,

synthesis, 12, 691
ortho-Phenylenes, with mercury, 2, 455
Phenyl hydrazones, aluminum complexes, 3, 282
2-Phenylimidazole, C–H functionalization, 10, 128
Phenylmethoxy carbonyl iridium complexes, synthesis and

characterization, 7, 280
2-Phenylpropene, asymmetric hydrosilylation, 10, 828
1-Phenylpyrazolato ligands, in cobalt(III) complexes, 7, 19
2-Phenylpyridinato ligands, in cobalt(III) complexes, 7, 19
Phenylpyrimidines, ortho-metallated, liquid crystals, 12, 270
2-Phenylpyrroline, via arylation, 10, 231–232
Phenyl selenides, in radical reactions, 9, 476
Phenylstannyl complexes, with iron, 6, 104
1-(Phenylthio)cyclobutene, with trinuclear Os clusters, 6, 743

Phenylthio ketones, asymmetric hydrogenation, 10, 47
Phenylthiourea, with trinuclear Os clusters, 6, 747
Phenyltris(tert-butylthio)methylborato ligands, in cobalt(II)

complexes, 7, 18
PHIP, see Parahydrogen-induced polarization
Phosphaalkenes

in carbene–tungsten carbonyl complexes, 5, 620
with platinum, 8, 633

Phosphaalkynes, in platinum complexes, 8, 645
Phosphaazallenes, with platinum, 8, 633
Phosphabenzenes, with chromium, 5, 339
Phosphaboranes

with eight-boron skeleton, 3, 122
with four-boron skeleton, 3, 122
with nine-boron skeleton, 3, 123
with seven-boron skeleton, 3, 122
with ten-boron skeleton, 3, 123
with three-boron skeleton, 3, 121

Phosphacarbaboranes
with eight-boron skeleton, 3, 122
with four-boron skeleton, 3, 122
with nine-boron skeleton, 3, 123
with seven-boron skeleton, 3, 122
with ten-boron skeleton, 3, 123
with three-boron skeleton, 3, 121

Phosphaferrocenes
with chromium carbonyls, 5, 219
preparation, 6, 209

Phosphagermetes, preparation, 3, 736–738
Phosphahafnocene, preparation, 4, 819–820
Phosphaketenes, with platinum, 8, 633
7-Phosphanorbornadienes, with tungsten carbonyls, 5, 623
Phosphanylalkyltetramethylcyclopentadienyl rhodium

complexes, preparation, 7, 143
Phosphanylaryltetramethylcyclopentadienyl rhodium

complexes, preparation, 7, 143
Phosphaplatinacycles, formation, 8, 519
Phosphaplatinacyclobutanes, formation, 8, 519–520
Phosphaplatinacyclopentanes, formation, 8, 520
Phospharuthenocenes, preparation and properties, 6, 641
�-Phospharyl-substituted 2-ethylphosphaferrocenes,

synthesis, 6, 211–212
Phosphates, in bis(cyclopentadienyl) V(III), V(IV), V(V)

complexes, 5, 42
rac-Phosphazirconocene, preparation, 4, 819–820
Phosphenes, with tungsten carbonyls and isocyanides,

5, 630
Phosphenium complexes, with tungsten carbonyls, 5, 624
Phosphides

in bis-Cp Ti(III) complexes, 4, 312
in CpMoCO compounds, 5, 465
in molybdenum carbonyls, 5, 416
in nanoparticle preparation, 12, 93
for semiconductor growth, 12, 8
for semiconductor precursors, 12, 20

Phosphido-bridged complexes
in diiron carbonyl complexes, 6, 229
dinuclear bis-Cp Zr(III) compounds, 4, 750

�-Phosphido complexes, with manganese, 5, 768–770
Phosphido ligands

bridged platinum carbonyl complexes, 8, 416
in dinuclear Ru complexes, 6, 664
in molybdenum monocyclopentadienyl complexes, 5, 562
in octaruthenium clusters, 6, 1033–1034
in tantallocenes, 5, 136
and tantalum carbonyl complexes, 5, 105
in transition metal complexes, NMR studies, 1, 472

Phosphido zirconocenes, reactivity, 4, 927
Phosphinato complexes, with Ti(IV), 4, 501
Phosphine alkylidine tungsten complexes, synthesis, 5, 734t
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Phosphine-based supporting ligands, in chromium complexes,
5, 365

Phosphine-bis(imido) tungsten complexes, associated
reactions, 5, 757

Phosphine carbonyl complexes
divalent bidentate Ru–Os complexes, 6, 374
divalent monodentate, Ru–Os compounds, 6, 363
Divalent multidentate Ru–Os complexes, 6, 376
N-heterocycle-based, with Ru and Os, 6, 359
Roper chemistry with Ru–Os, 6, 372
zerovalent Ru–Os complexes, 6, 360

Phosphine halides, in molybdenum monocyclopentadienyl
complexes, 5, 559

Phosphine hydrides
with iron carbonyls, 6, 55
in molybdenum monocyclopentadienyl complexes,

5, 558
Phosphine–imido tungsten complexes

structure and properties, 5, 754–755
synthesis, 5, 749

Phosphine–isocyanides, with technetium, 5, 843
Phosphine-ligated 15-electron complexes, with chromium,

5, 318
Phosphine oxides

and cross-metathesis methods, 11, 189
for rhodium carbonyls, 7, 123

Phosphine–phosphites, in rhodium carbonyls, 7, 131
Phosphine–phosphoramidites, ferrocene-based, 6, 201–202
Phosphines

achiral, on polymer-supported peptides, 12, 698
acylated, with iron carbonyls, 6, 39
in allylic ester alkylations, 11, 79–80
asymmetric, polymer-supported, 12, 701
with bis-Cp titanium halides, 4, 527
bulky, in organometallic synthesis, 1, 63
chiral, with ferrocene, 6, 201
chromium carbonyls, 5, 212
in copper-catalyzed enantioselective additions, 9, 546
with Cp–amido titanium, 4, 459–460
in cross-coupling polymerization, 11, 683
C–S bond activation, 1, 774
with dendrimers, 12, 802–803
ferrocenyl oxazolines, 6, 202
in heptarutheniums, 6, 1031–1032
in heteroleptic molybdenum complexes, 5, 517
in hydridocobalt complexes, 7, 4
in hydroformylations, 1, 131
and iridium carbonyl cluster complexes, 7, 298
and iridium complexes, 7, 310
iron-containing compounds, 6, 330
in Migita–Kosugi–Stille reaction, 11, 13
in molybdenum carbonyls, 5, 416
nickel–carbon �-bonded complexes, 8, 44
with nickelocene, 8, 166
in Ni(II) isocyanide complexes, 8, 6
in nonaruthenium clusters, 6, 1034
and Pd p-complexes, 8, 335–336
in Pd(IV) complexes, 8, 303
with platinum(II), 8, 451
in Rh carbonyl complexes, 7, 129
Ru and Os compounds, 6, 459
in Ru and Os half-sandwich complexes, 6, 485
in Ru and Os half-sandwich preparations, 6, 570
with Ru–Os dinuclear complexes, 6, 1052
in Ru–Os heterodinuclear compounds, 6, 1055
in Ru–Os mixed-metal clusters, 6, 1079
and silver(I) alkynyl complexes, 2, 227–228
in Sonogashira coupling reaction, 11, 17
in Suzuki–Miyaura coupling, 11, 7
tantallocenes, 5, 136

in trinuclear Ru and Os clusters, 6, 734–735
with trinuclear Ru clusters, 6, 731
for water-solubilization, 1, 831
with Zr–Hf(II), 4, 702

Phosphine selenides, with trinuclear Ru and Os clusters,
6, 747–748

Phosphine semiconductor materials, sonochemical synthesis,
1, 312

Phosphine sulfides, with trinuclear Ru clusters, 6, 748
Phosphinidene-bridged ditantalum(IV) complexes,

preparation, 5, 183
Phosphinidenes

chromium carbonyl complexes, DFT studies, 5, 228
iron clusters with, 6, 266
in molybdenum carbonyls, 5, 422
Rh Cp* complexes, 7, 158
in Ru and Os half-sandwich complexes, 6, 488–489
with tungsten carbonyls and isocyanides, 5, 630

�4-Phosphinidenes, in tetraruthenium carbonyl clusters, 6, 894
Phosphinidines, in hexaruthenium clusters, 6, 1026
Phosphinimides

with mono-Cp Ti(IV), 4, 426
with Zr(IV), 4, 767

Phosphinimido trichloro complexes, with Ti(IV), 4, 361
Phosphinimines, magnesium halide reactions, 2, 88
o-Phosphinoalkoxo ligands, on mono-Cp Ti(IV) complexes,

4, 487
Phosphinoalkynes, in pentarutheniums and pentaosmiums,

6, 996
Phosphinocarbenes, with tungsten carbonyls, 5, 678
Phosphino ligands, on Ti(IV) mono-Cp complexes, 4, 393
Phosphinomethanides, with Zr(IV), 4, 789
Phosphinooxazolines, in allylic ester alkylations, 11, 83–86
o-Phosphinophenoxo ligands, on mono-Cp Ti(IV) complexes,

4, 487
Phosphiranes, with iron carbonyls, 6, 40
Phosphirenes

with iron carbonyls, 6, 44
with tungsten carbonyls, 5, 623

Phosphites
in copper-catalyzed Michael additions, 9, 540
in Rh-catalyzed hydroformylations, 7, 241

Phospholes, in molybdenum carbonyls, 5, 421–422
Phospholyl–amido complexes, with Ti(IV), 4, 646
Phospholyl complexes, with Zr(IV) and Hf(IV), 4, 819
Phosphonates

and cross-metathesis methods, 11, 189
host structures, 12, 824
via indium compounds, 9, 685–686
with Ti(IV), 4, 501
on zinc compounds, 2, 368

Phosphonium derivatives, mercuration, 2, 428–429
Phosphonium–sulfonium ylides, with gold(I), 2, 273
Phosphonium ylides, with gold(I), 2, 272
Phosphoramidites

chelating, in hydrogenations, 10, 14
in copper-catalyzed Michael additions, 9, 538

Phosphoratabenzenes, preparation, 3, 43–44
Phosphor-doped organic light-emitting diodes, confining

carriers and triplet excitons, 12, 142
Phosphorescent materials, as OLED emitters, 12, 142

via organometallics, 12, 143
Phosphorus-bridged [1]ferrocenophanes

anionic ROP, 12, 326–327
polymerization, 6, 208

Phosphorus-bridging ligands
in dinuclear Ru complexes, 6, 664
in tetraosmium carbonyls, 6, 918
in ansa-titanocenes, 4, 625
with Zr(IV) and Hf(IV)

132 Cumulative Subject Index



cyclopentadienyl complexes, 4, 967
fluorenyl complexes, 4, 974
indenyl complexes, 4, 972

�-Phosphorus-bridging ligands, in tetraruthenium carbonyls,
6, 884

�3-Phosphorus-bridging ligands, in tetraruthenium carbonyls,
6, 886

�4-Phosphorus-bridging ligands, in tetraruthenium carbonyls,
6, 890

Phosphorus–carbon bond rotation, dynamic NMR studies,
1, 421

Phosphorus-containing alkyl groups, Cr(III) derivatives,
5, 295

Phosphorus dendrimers, with ferrocene, 6, 192–195
Phosphorus donors

bis(cyclopentadienyl) V(III), V(IV), V(V) complexes, 5, 42
in iron carbonyls, 6, 34
in iron carbonyls with S-donors, 6, 64
niobocene complexes, 5, 94
in rhodium carbonyls

bidentate P–O, P–S, P–N ligands, 7, 132
bidentate P–P ligands, 7, 129
monodentate ligands, 7, 128
tri- and tetradentate ligands, 7, 133

in Ru and Os half-sandwich �6-arenes, 6, 526
mixed P,O- and P,N-donor ligands, 6, 530

in Ru and Os half-sandwich complexes, �5-Cp and
�5-indenyl compounds, 6, 485

in trinuclear Ru and Os clusters, 6, 734
Phosphorus ligands

addition to triosmium complexes, 6, 863
in asymmetric hydrogenation

acyclic N-alkylimines, 10, 56
acyclic aromatic imines, 10, 56
(�-acylamino) acrylates, 10, 29
aliphatic ketones, 10, 53
alkoxy ketones, 10, 47
amino ketones, 10, 45
aromatic ketones, 10, 50
CTN–X substrates, 10, 59
cyclic imines, 10, 58
dehydroamino acid derivatives, 10, 19
diketones, 10, 48
enamides, 10, 26
enol esters, 10, 32
ortho-haloaryl ketones, 10, 47
hydroxyl ketones, 10, 47
itaconic acids, 10, 36
�-keto esters, 10, 40
�-keto esters, 10, 41
�-keto esters, 10, 45
keto phosphonates, 10, 49
phenylthio ketones, 10, 47
unfunctionalized olefins, 10, 39
unsaturated alcohols, 10, 37
�,�-unsaturated carboxylic acids, 10, 33
�,�-unsaturated esters, amides, lactones, ketones, 10, 35
unsaturated ketones, 10, 54

and bis(�6-arene) chromium, 5, 344
on bis-Cp titanium halides, 4, 520
and boron-containing rings, 3, 43
and bound triiron complexes, 6, 313
characteristics, 3, 318
and chromium carbonyls, 5, 212
Co catalysts for Pauson–Khand reaction, 11, 341
and Cp2LnX compounds, 4, 55
and CpMoCO compounds, 5, 465
and dendrimers, 12, 737
and dicarbonyl(cyclopentadienyl)hydridoiron–alkynyls,

6, 176–177

diiron carbonyl complexes with cyclopentadienyl ligands,
6, 251

and diiron carbonyls, 6, 235
in dinuclear Ru complexes, 6, 679
in hexaruthenium clusters, 6, 1026
in hydrogenation

atropisomeric biaryl bisphosphine ligands, 10, 2
bisphosphane ligands, 10, 7, 10, 13
bisphosphinite, bisphosphonite, bisphosphite ligands,

10, 14
chelating phosphines and phosphoramidites, 10, 14
with chiral N,P ligands, 10, 17
ferrocene-based bisphosphane ligands, 10, 10
monophosphorus ligands, 10, 16
P-chiral bisphosphane ligands, 10, 11

iron clusters with, 6, 269
and magnesium, 2, 110
in molybdenum alkyne complexes, 5, 547
in molybdenum carbonyls, 5, 416
in molybdenum dicyclopentadienyl complexes, 5, 576
in molybdenum monocyclopentadienyl complexes, 5, 558
in mononuclear Ru–Os compounds, phosphine carbonyl

complexes
divalent monodentate complexes, 6, 363
zerovalent complexes, 6, 360

in pentarutheniums and pentaosmiums, 6, 993
remote aromatic C–F bond activation, 1, 755
and Ru clusters, 6, 857
in styrene asymmetric hydrosilylation, 10, 820–821
and technetium carbonyls, 5, 840
in tetraosmium carbonyls with bridging hydrides, 6, 912
in Ti(IV) monoalkyl complexes, 4, 338
on Ti(IV) mono-Cp complexes, 4, 393
and tin derivatives, 3, 861
for water-solubilization, 1, 827
in W–CO and W–CNR

characteristics, 5, 615
phosphinidene and phosphene ligands, 5, 630
polydentate phosphines, 5, 626
reactions, 5, 622
rich and naked ligands, 5, 632
structure and properties, 5, 621
synthesis, 5, 616

Phosphorus magnetic shielding tensors, general phosphido
ligands in transition metal complexes, 1, 472

Phosphorus(III) mercury compounds, preparation, 2, 425–426
Phosphorus–metal complexes, characteristics, 2, 34
Phosphorus–nitrogen-containing rings, chromium carbonyl

link, 5, 225
Phosphorus–phosphorus bonds, addition, to alkynes, 10, 751
Phosphorus rings, chromium carbonyl link

arsenic rings, 5, 226
As, Sb, Se, Te, Sn rings, 5, 226
boron rings, 5, 222
carbon rings, 5, 224
characteristics, 5, 221
oxygen rings, 5, 227

Phosphorus–selenium bonds, alkyne additions, 10, 782
Phosphorus–sulfur bonds, alkyne additions, 10, 781
Phosphorus ylides

with gold(I), 2, 275
with trinuclear Os clusters, 6, 740

Phosphoylides, actinide complexes, 4, 203
Photoacoustic calorimetry, in thermochemistry, 1, 612–613
Photoactive molecular devices, and fac-[Re(CO)3] fragment,

5, 886
Photocalorimetry, in thermochemistry, 1, 612
Photocatalysis

fac-[Re(CO)3] fragment reduction, 5, 888
organometallic complexes in, overview, 1, 253
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Photochemical reactions
carbene complexes, 1, 252
carbyne complexes, 1, 253
coordinately unsaturated species, 1, 245
dimanganese decacarbonyl complexes, 5, 761–762
with Ge–Ge bonds, 3, 790
induced electron transfer, 1, 246
laser method applications, 1, 248
ligand field excited states, 1, 240
by ligand substitution, 1, 249
and linkage isomerism, 1, 245
metal hydrides, 1, 251
molybdenum hexacarbonyls, 5, 393
overview, 1, 239–262
and oxidative-addition reactions, 1, 245
with oxygen, 1, 251
pentacarbonyliron, 6, 2
and tantalum carbonyl complexes, 5, 104

Photochemical ring-opening polymerization, in polysilane
high polymer synthesis, 3, 565

Photochromic behavior, linkage isomerism for, 1, 245
Photoconductive properties, rigid-rod transition

metal–acetylide polymers, 12, 376
Photoelectronically functional polyacetylenes, polymerization,

11, 588
Photoelectron photoion coincidence spectroscopy, in

thermochemistry, 1, 615
Photoelectron spectroscopy

bis-allyl nickel, palladium, platinum, 1, 392
core level ligand field splittings, 1, 399
core–valence ionization correlations, 1, 394
and d-electron band ionization energy series, 1, 397
experimental considerations, 1, 382
intensity variations, 1, 384
lanthanide and actinide organometallics, 1, 400
ligand additivity effects, 1, 394
ligand field effects, 1, 394
metal carbonyls, 1, 387
metallocenes, 1, 389
metal–metal bonds, 1, 403
methyl substitution effects, 1, 395
overview, 1, 381–406
ring size effects, 1, 396
spectral features, 1, 382
in thermochemistry, 1, 614–615
vibrational structure studies, 1, 398

Photoemissive properties, in alkynylgold(I) compounds, 2, 259
Photoinitiators, organometallic molecules as, 1, 257
Photoionization mass spectrometry, in thermochemistry,

1, 614–615
Photolysis

pentacarbonyliron, 6, 3–4
Ru–Os complexes in Roper chemistry, 6, 374
tungsten hexacarbonyls, 5, 600

Photooxidation, for ruthenium carbonyls, 7, 135
Photophysical studies

fac-[Re(CO)3] fragment, 5, 886
organic and metal–organic materials, 12, 133
polymers, 12, 299

Photoreactions, pentacarbonyliron, 6, 3
Photoswitching, in hypercoordinated fluorosilicate anion

chemistry, 3, 486–488
Phthalic acid, with trinuclear Os clusters, 6, 743
p-acceptor carbon ligands, in molybdenum carbonyls, 5, 455
p-allyl complexes, with molybdenum

with cyclopentadienyl-supporting ligands, 5, 544
monomeric complexes, 5, 546
oxide surface binding, 5, 546

p-allylic substitution, with Pauson–Khand reaction, 11, 358
p-backbonding, organotransition metal CBC, 1, 29

Picket fence porphyrins, hydrogen bonding interactions, 1, 80
3-Picolin-2-yl group, for C–C bond formation, 10, 141
Picolyl-functionalized carbenes, with palladium, 8, 227–228
p-complexes

aromatic polyamides, 12, 362
with lead(II), 3, 893
MbCO with alkenes, 5, 433
MbCO with alkynes, 5, 435
MbCO with allenes, 5, 433
metal-mediated [5+2]-cycloadditions, 10, 614
tantalum with carbocyclic ligands, 5, 172
with technetium, 5, 848

p-coordinated ligands
C–H BDEs, 1, 297
diorganozinc characteristics, 2, 323
diorganozinc structural studies, 2, 327
main-chain metallopolymers with metals, 12, 347
metals in polymers, 12, 311
Ru and Os compounds, 6, 474

Picrotoxinin, via Alder-ene reactions, 10, 598–599
p-Dienyl complexes, with chromium, 5, 336
p-donor ligands

in chromium mononitrosyl complexes, 5, 301
and monomeric Cr(III) derivatives, 5, 321
in organotransition metal compound CBC, 1, 29

p-donor nitrogen ligands, in W–CO and W–CNR complexes
characteristics, 5, 607
reactions, 5, 612
structure and properties, 5, 611
synthesis, 5, 608

Piezochromism, polysilanes, 3, 609
PIMS, see Photoionization mass spectrometry
Pinacolboranes, cross-coupling reactions, 9, 170
Pinacolboronates, synthesis, 9, 167
Pinacol coupling

with chromium-based reagent systems, 11, 63
diastereoselectivity with samarium catalysts, 11, 57
reductive cyclization aspects, 10, 529
with samarium catalysts, 11, 53
with samarium(III) ketyl radical, 11, 55
samarium(II) reagent preparation, 11, 52
samarium(II) reagents and accelerators, 11, 54
via Ti(IV) complexes, 4, 662
with titanium reagents, 10, 418
with vanadium-based reagent systems, 11, 62

Pinacol-type coupling reactions
aliphatic aldehydes, 11, 47
aromatic aldehydes diastereoselectively, 11, 44
asymmetric coupling, 11, 48
characteristics, 11, 42
intramolecular, to cyclic 1,2-diols, 11, 51
with low-valent titanium, 11, 47
with titanium, 11, 43
titanium-based reagent systems, 11, 43

Pincer ligands
amines and phosphines in mononuclear Ru and Os

compounds, 6, 391
bis(carbene)–palladium pincer complex, 12, 741–742
methyl(chloride) pincer iridium complex, 7, 313
nickel complexes, 8, 63, 8, 118–119
PCP iridium complexes, 7, 311–313
in platinum(II) complexes, 8, 522
ruthenocenes, 6, 638–639

Pinene-fused cyclopentadienyl-containing phosphaferrocenes,
preparation, 6, 211

Pinolidoxin, via ring-closing diene metathesis, 11, 233–234
Piperidines

via cyclohydrocarbonylation, 11, 517
in Ti(IV) mono-Cp complexes, 4, 389–390

Piperidin-2-ones, via tin hydride-promoted cyclizations, 9, 344
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p-systems
alkali metal interaction, 2, 15
[6+2]- and [6+4]-cycloadditions, 10, 621
arene–cadmium, 2, 465–466
calcium, strontium, barium diorganyl compounds, 2, 123
[6+2]-cycloadditions, 10, 623
extended, in Ir cyclopentadienyl complexes

arene compounds, 7, 388
carborane Cp derivatives, 7, 380
general reactivity studies, 7, 362
indenyl compounds, 7, 385
ligand activation, 7, 382
ligand substitution, 7, 363
polymetallic Cp complexes and clusters, 7, 370

metal-catalyzed [5+2]-cycloadditions, 10, 605
p-Trienyl complexes, with chromium, 5, 336
Pivaloyl ethers, cyclization–hydrosilylation, 11, 386–387
PKR, see Pauson–Khand reaction
Platinabenzenes, synthetic route, 8, 661–662
Platinacycles

with Pt–C �-bond and Pt–C p-bonds, 8, 502
with Pt–C �-bond and Pt–N and Pt–N bonds, 8, 508
with Pt–C �-bond and Pt–O and Pt–S bonds, 8, 505
with two Pt–C �-bonds, 8, 498

Platinacyclobutanes, preparation, 8, 501
Platinacyclobutenes, preparation, 8, 501
Platinacyclopentadienes, preparation, 8, 500
Platinacyclopentanes, preparation, 8, 498
Platina–�-diketones, preparation, 8, 474
Platinaoxenates, in diplatinum complex, 8, 636–637
Platinocenium dications, preparation, 8, 662–663
Platinum-based receptors

characteristics, 12, 471
in polyynes, 12, 370

Platinum–cadmium clusters, luminescent properties, 12, 773
Platinum carbenes

heteroatom-stabilized carbenes, 8, 436
from isocyanides, alkynes, carbonyls, 8, 437
NHC complexes from free carbenes and imidazoles, 8,

436
properties and reactivity, 8, 440
without heteroatom stabilization, 8, 434

Platinum–carbon p-bonded complexes
�2-allene and cumulene derivatives, 8, 631
�3-allyl complexes

preparation, 8, 651
reactions, 8, 655
structural studies, 8, 654
theoretical studies, 8, 655

arene complexes, 8, 664
with �2-arynes and strained cyclic alkynes, 8, 644
bimetallic complexes, 8, 658
�3-butadienyl complexes, 8, 656
�3-cyclobutadienyl complexes, 8, 657
�4-cyclobutadienyl complexes, 8, 659
�5-cyclopentadienyl divalent derivatives, 8, 660
�5-cyclopentadienyl tetravalent derivatives, 8, 662
�4-1,3-diene complexes, 8, 659
�2-fullerene complexes, 8, 634
�6-heteroarene complexes, 8, 664
heterobimetallic alkene complexes, 8, 637
heterobimetallic alkyne complexes, 8, 647
�5-heterocyclopentadienyl complexes, 8, 663
heterometallic alkene complexes, 8, 639
heterometallic alkyne model complexes, 8, 650
homobimetallic alkene complexes, 8, 635
homobimetallic alkyne complexes, 8, 645
homometallic alkene complexes, 8, 638
homometallic alkyne model complexes, 8, 648
�2-monoalkene monodentate complexes

divalent derivatives, 8, 617
tetravalent derivatives, 8, 625
theoretical studies, 8, 625
zerovalent derivatives, 8, 612

�2-monoalkene polydentate complexes, characteristics,
8, 626

�2-monoalkyne complexes
divalent derivatives, 8, 642
theoretical studies, 8, 643
zerovalent derivatives, 8, 639

overview, 8, 611–673
with phosphaalkynes, 8, 645
platinacycles, and Pt–C �-bonds, 8, 502
�2-polyalkene conjugated complexes, 8, 633
�n-polyene unconjugated divalent derivatives, 8, 629
�n-polyene unconjugated zerovalent derivatives, 8, 628
polymetallic alkyne complexes, 8, 648
�3-propargyl–allenyl complexes, 8, 657
�3-trimethylenemethane complexes, 8, 658
�2-XTCR2 derivatives, 8, 632

Platinum–carbon �-bonded complexes
alkenylplatinum(II) complexes, 8, 471
alkylplatinum(II) complexes, 8, 447
overview, 8, 445–609
platinacycles and Pt–C p-bonds, 8, 502
platinacycles and Pt–O and Pt–S bonds, 8, 505
platinacycles with two bonds, 8, 498
with Pt(I), 8, 446

Platinum carbonyl complexes
characteristics, 8, 405
heterodinuclear clusters, 8, 415
high nuclearity clusters, 8, 421
homoleptic Pt carbonyl anions, 8, 410
mixed ligand triangular Pt carbonyl clusters, 8, 411
mononuclear Pt(0) carbonyls, 8, 406
mononuclear Pt(I) carbonyls, 8, 406
mononuclear Pt(II) carbonyls, 8, 406
mononuclear Pt(IV) carbonyls, 8, 409
triangular clusters, 8, 415
various clusters, 8, 414

Platinum catalysts
for aldehyde amidocarbonylation, 11, 513
in alkene bis-silylations, 10, 738
in alkyne hydroarylations, 10, 123
for allylic alcohol asymmetric alkylation, 11, 103
in boron–boron additions, to alkynes, 10, 727–728
carbonyl compound bis-silylations, 10, 745
for C–H bond activation, 10, 107
in cyclopropane silaborations, 10, 764–765
in diborations, 9, 162–163
in 1,3-diene silastannation, 10, 776
in diyne carbometallations, 10, 351
in diyne cyclization–hydrosilylation, 11, 370
in germanium–germanium bond additions, 10, 747
in hydrogenation, parahydrogen-induced polarization,

1, 443
in intromolecular hydrosilylations, 10, 805
for polycarbosilanes, 12, 353
in Se–Si and Se–Ge addition to alkynes, 10, 779
in silaborations, 10, 762
in silicon–sulfur addition to alkynes, 10, 779

Platinum clusters
as heterogeneous catalyst precursors, 12, 767
in homogeneous catalysis, 12, 761
luminescent properties, 12, 773
with palladium carbonyls, 8, 215

Platinum complexes
acetylides, liquid crystals, 12, 246–247
addition to CTO, 10, 470
with alkyls, cationic complexes, 8, 459
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Platinum complexes (continued )
with aryls, thallium adducts, 3, 399
with bis(alkynyl), NLO properties, 12, 125
with bisalkynyl copper complexes, 2, 182–186
with bis(3,5-dichloro–2,4,6-trifluorophenyl), 8, 483
and C–F bond activation, 1, 743
in C–H bond alkenylations, 10, 225
in C–H bond electrophilic activation studies, 1, 707
with chromium, 5, 312
with copper, 2, 168
cyclometallated, for OLEDs, 12, 145
in diyne carbometallations, 10, 351–352
in ene–yne metathesis, 11, 273
in enyne skeletal reorganization, 11, 289
heteronuclear Pt isocyanides, 8, 431
inside metallodendrimers, 12, 400
kinetic studies, 1, 531
on metallodendrimer surfaces, 12, 391
mononuclear Pt(II) isocyanides, 8, 428
mononuclear Pt(0) isocyanides, 8, 424
overview, 8, 405–444
d10–d8 oxidative addition, PHIP, 1, 436
polynuclear Pt isocyanides, 8, 431
polynuclear Pt(0) isocyanides, 8, 425
Pt(I) isocyanides, 8, 425
Pt(IV) isocyanides, 8, 430
in Ru–Os heterodinuclear compounds, 6, 1060–1061
in Ru–Os mixed-metal clusters, 6, 1096, 6, 1098
�-ruthenocenyl complexes, 6, 637
with silicon, 3, 538
for terminal alkyne hydrosilylation, 10, 794
thallium(I) derivatives, 3, 395
with Ti(IV), 4, 626
for white OLEDs, 12, 178–179

Platinum(0) complexes
and �3-allyl, 8, 654
into platinum �2-monoalkene complexes, 8, 613

Platinum(I) complexes, characteristics and reactivity,
8, 446

Platinum(II) complexes
with alkenyls, characteristics, 8, 471
with alkynyls, characteristics, 8, 538
into �3-allyl complexes, 8, 652
with arylenes, bisaryls, macrocycles, 8, 491
with aryls

preparation and structure, 8, 475
reactions, 8, 495

in enyne skeletal rearrangement, 10, 337–338
halogenoaryl complexes, 8, 483
ortho-metallated, liquid crystals

azo complexes, 12, 248
azoxy complexes, 12, 253
examples, 12, 273
imine complexes, 12, 254
pyrimidine complexes, 12, 270

with neutral alkyls
preparation and structure, 8, 447
reactions, 8, 456

platinacycles
with Pt–C �-bond and Pt–C p-bonds, 8, 502
with Pt–C �-bond and Pt–N and Pt–N bonds, 8, 508
with Pt–C �-bond and Pt–O and Pt–S bonds, 8, 505
with two Pt–C �-bonds, 8, 498

on solid supports, 12, 738–739
with tridentate ligands, 8, 522

Platinum(III) complexes, properties and preparation, 8, 568
Platinum(IV) complexes, properties and preparation, 8, 570
Platinum fragments, in dinuclear Ru complexes, 6, 693
Platinum–germanium bonds, in platinacycles, 8, 506
Platinum(IV) isocyanides, characteristics, 8, 430

Platinum–molybdenum carbonyl complexes, characteristics,
8, 415

Platinum nanoparticles, preparation, 12, 78
Platinum–nitrogen bonds, in platinacycles, 8, 508
Platinum–osmium carbonyl clusters, characteristics, 8, 420
Platinum–oxygen bonds, in platinacycles, 8, 505
Platinum particles, surface reactivity, 12, 542
Platinum–phosphorus bonds, in platinacycles, 8, 508
Platinum–rhenium carbonyl clusters, characteristics, 8, 420
Platinum(II)–ruthenium(II) binary complexes, preparation,

8, 554
Platinum–ruthenium carbonyl clusters, characteristics, 8, 419
Platinum–sulfur bonds, in platinacycles, 8, 505
Platinum–thallium carbonyl clusters, characteristics,

8, 417–418
Platinum–tungsten carbonyl complexes, characteristics,

8, 415
Platinum–tungsten clusters, as heterogeneous catalyst

precursors, 12, 769
Plumbacarbaboranes, preparation, 3, 118
Plumbanes, preparation and characteristics, 3, 885
Plumbocenes

formation and structures, 3, 890
Lewis acid–base adducts, 3, 891
theoretical calculations, 3, 892

Plumbylenes
dimer preparation, 3, 897
preparation, 3, 897

PMMA, see Poly(methyl methacrylate)
PNA, bioorganometallic studies, 1, 902
P2N2 dianionic macrocycle, in organometallic synthesis, 1, 69
P,N,P-tridentate ligands, in platinum(II) complexes, 8, 537
Pockels effect, and second-order non-linear polarization,

12, 104
Polarization, and NLO properties, 12, 102
Polarized optical microscopy, metallomesogen mesophase

characterization, 12, 208
Polar monomers, polymerization, 1, 147
Polar polyolefins, co-polymerizations, 11, 723
Polyacetylenes

gas-permeable, polymerization, 11, 581
photoelectronically functional, polymerization, 11, 588
polymerization, 11, 566

Poly(acrylamide) supports, for Pd complexes, 12, 676–678
Polyacrylates

with ferrocene side-groups, 12, 304
supports for Pd complexes, 12, 676–678

�2-Polyalkene conjugated complexes, with platinum, 8, 633
Polyalkenyl–allenylidenes, in Ru and Os half-sandwiches,

6, 598
Polyalkenyl vinylidenes, in Ru and Os half-sandwiches,

6, 595–596
Poly[(alkyl)alkoxyphenylsilylene]s, chiral aggregate studies,

3, 627
Polyalkylarylsilanes, solid-state studies, 3, 605
Poly[(alkyl)(aryl)silylene]s, preferential screw sense, 3, 616
Polyamides, aromatic, p-complexed, 12, 362
Polyamidoferrocenylalkylthiolate–gold nanoparticles,

synthesis, 6, 195–196
Polyaminoamide dendrimers, preparation as supports,

12, 694–695
Polyarenes, iron-containing compounds, 6, 326
Polyaromatic systems

face-capping, Ru–Os complexes, 6, 827
on nickel complexes, 8, 188

Polyarylbismuth(V) compounds, in C-arylations, 9, 444–445
Poly(arylene–ethynylene)s, via Sonogashira–Hagihara

coupling, 11, 670–671
Poly[1-aryl-2-p-(trimethylsilyl)phenylacetylene]s, gas-

permeable polymerization, 11, 582–583
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Poly(bis-alkoxysilylene)s, preferential screw sense, 3, 617
Polyboranes, in subicosahedral and icosahedral carborane

synthesis
with aldehydes, 3, 53
with alkynes, 3, 51
with carbenes, 3, 52

Polybutadiene rubber, via conjugated diene polymerization,
4, 1084–1085

Polybutadienes
via mono-Cp halide Ti(IV) complexes, 4, 403
polymer synthesis, 11, 720

Polybutenes, polymerization with metallocenes, 4, 1078
Poly(4-tert-butylstyrene) supports, phosphine-derived, for Pd

complexes, 12, 679
Polycarbonyl complexes, with iridium, 7, 302, 7, 294
Polycarbosilanes

with metallocene side-groups, 12, 309
via polyaddition reactions, 12, 353

Polycatenar ferrocenes, liquid crystals, 12, 234
Polycatenar liquid crystals, properties, 12, 203
Polycobaltacyclopentadienes, characteristics, 12, 378
Polycondensation

for Group 10 metal–acetylide polymers, 12, 366
for metallopolymers with long spacers, 12, 350–351
for polymetallocenylenes, 12, 320
in polysiloxane preparation, 3, 660

Polycyclic arenes, in Ru and Os compounds, 6, 466
Polycyclic aromatic hydrocarbons

chromium tricarbonyl complexes, 5, 246
with manganese tricarbonyl complexes, 5, 801

Polycyclic aromatics, chromium tricarbonyl complexes, 5, 246
Polydecker complexes, with cobalt, 7, 83
Polydentate alkoxo ligands, on mono-Cp Ti(IV) complexes,

4, 481
Polydentate ligands

boron, with W–CO, 5, 654
N,N-X ligands, in Ti(IV) dialkyl complexes, 4, 349
phosphorus, with W–CO and W–CNR

phosphinidene and phosphene ligands, 5, 630
reactions, 5, 630
structure and properties, 5, 629
synthesis, 5, 626

polymer-supported phosphines, and metal complexes,
12, 690

Poly(dialkylsilylene)s, PSS induction, 3, 613
Poly(diarylsilylene)s, PSS induction, 3, 616
Poly(di-n-hexylsilylene)

NMR studies, 3, 606–607
solid-state studies, 3, 603

Polyenes
carbometallation, 10, 346, 10, 350
metallation, 9, 14
metallation at allylic position, 9, 6
nucleophilic additions, 1, 109
in Pd p-complexes, 8, 340
with polypalladium chains, 8, 344–345

�n-Polyene unconjugated complexes, with platinum
divalent derivatives, 8, 629
zerovalent derivatives, 8, 628

Poly(ethylene oxide), via epoxide homopolymerization,
11, 597

Polyethylenes
polymerization with metallocene catalysts, 4, 1041
supports for Pd complexes, 12, 676

Poly(ethynylferrocene), synthesis, 12, 305
Polyferrocenes

with arene and thiophene spacers, 12, 357
via dehydrocoupling, 12, 354
with hexasilane spacers, 12, 356–357
via polycondensation, 12, 320

Poly(ferrocenylalkylsilanes), glass transitions, 12, 330
Poly(ferrocenylarylsilanes), glass transitions, 12, 330
Polyferrocenyl dendrimers, synthesis, 6, 195–196
Polyferrocenylenedivinylenes, synthesis, 12, 345
Poly(ferrocenylene persulfides), synthesis, 12, 345
Polyferrocenylenes, via condensation, 12, 317
Poly(ferrocenylene–vinylene)

via polycondensation, 12, 321–322
synthesis, 12, 344–345

Polyferrocenylethylenes, preparation, 12, 339
Polyferrocenylgermanes, properties, 12, 338
Polyferrocenylphenylphosphines, preparation, 12, 324
Polyferrocenylphosphine block co-polymers, synthesis,

12, 343
Polyferrocenylphosphines, via polycondensation, 12, 321
Polyferrocenylphosphine-sulfides, preparation, 12, 338–339
Polyferrocenylsilane block co-polymers

self-assembly, 12, 340
synthesis, 12, 339

Polyferrocenylsilane–co-polysilanes, preparation, 12, 326
Polyferrocenylsilanes

and early polymer development, 12, 300
electrochemical and electronic properties, 12, 332
and microspheres, 12, 336
into nanostructured magnetic ceramics, 12, 335
properties, 12, 329
redox-active gels, 12, 334
in solid state, 12, 330
in solution, 12, 329
thermal stability, 12, 335
water-soluble types, 12, 337

Polyferrocenylstannanes, preparation, 12, 338–339
Polyfluorinated aluminum alkoxides, in organometallic

synthesis, 1, 74
Polyfunctional alkynes, via zinc compound substitutions, 9, 99
Polyfunctional boranes, via mercury-based ligand exchange,

2, 442–443
Polyfunctional enones, via zinc reagents, 9, 121–122
Polyfunctional ferrocenes, 9, 100
Polyfunctional heterocycles, via zinc reagents, 9, 118–119
Polygermanes

electron-transfer reactions, 3, 795
properties, 12, 380
synthesis, 3, 783
third-order NLO properties, 12, 131

Polyhaloalkanes, carbonyl olefination, 11, 41
Polyhalogenated aromatic molecules, with Ni(0) complexes,

8, 46
Polyhalogenated pyridines, metallation, 9, 23–24
Polyhalogenophenyl ligands, in platinum(II) complexes,

8, 483
Polyhapto alkylidenes, in Ru and Os half-sandwiches, 6, 584
Polyhedral carboranes

ab initio calculations, 3, 50
meta-carboranes, 3, 74
ortho-carboranes, 3, 71
para-carboranes, 3, 74
Zypo-carborane synthesis, 3, 54
derivatization, 3, 67
eight-vertex carboranes, 3, 58
eleven-vertex carboranes, 3, 63, 3, 97
five-vertex carboranes, 3, 55
fourteen-vertex carboranes, 3, 100
four-vertex carboranes, 3, 55
icosahedral carbaboranes, 3, 67
icosahedral–supraicosahedral border, 3, 91
macropolyhedral carboranes, 3, 101
nine-vertex carboranes, 3, 59
overview, 3, 49–112
radical and cation preparation, 3, 55
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Polyhedral carboranes (continued )
seven-vertex carboranes, 3, 58
six-vertex carboranes, 3, 56
small carborane syntheses, 3, 54
subicosahedral carborane geometrical patterns, 3, 50
subicosahedral and icosahedral, 3, 51
supraicosahedral, characteristics, 3, 96
ten-vertex carboranes, 3, 60
thirteen-vertex carboranes, 3, 100
tricarbaborane synthesis, 3, 54
twelve-vertex carboranes, 3, 98

Polyhedral skeletal electron pair theory, Ru and Os
tetranuclear clusters, 6, 874–875

Poly(N-heterocyclic carbene) ligands
Lewis base-functionalized, in silver(I) complexes, 2, 217
in silver(I) complexes, 2, 214

Polyhydrides
pentarutheniums, 6, 992
with rhenium, 5, 948
in Ru and Os half-sandwich complexes, 6, 507–508
in Ru–Os heterodinuclear compounds, 6, 1053
trinuclear cobalt clusters, 7, 99

Polyiron complexes
with dinuclear fragments, 6, 287
and Fe4E4 cubane clusters, 6, 285
with mononuclear fragments, 6, 284, 6, 303
with twisted bow-tie Fe4(�4-E) core, 6, 278

Polymercuration, (cyclobutadiene)cyclopentadienylcobalt
complexes, 2, 435

Polymeric alkynylmercury derivatives, preparation, 2, 427
Polymeric ferrocene mediators, in biosensing, 12, 594
Polymeric (isocyanide)gold(I) aryl complexes, characteristics,

2, 283
Polymeric silver(I) diisocyanides, preparation, 2, 221
Polymeric techniques

for molecuarlar precursor transformation to materials, 12, 47
for silicon-based ceramics, 12, 58

Polymerization, see also Olefin polymerization
acetylenes

characteristics, 11, 559
Group 8–10 metal catalysts, 11, 574
by metal halide-based metathesis, 11, 576
Mo and W catalysts, 11, 569
Nb and Ta catalysts, 11, 571
overview, 11, 557–594
Rh catalysts, 11, 572
by Rh catalysts, 11, 577
by single-component metal carbene catalysts, 11, 576

acrylate with aluminum catalysts, 3, 280
actinide-catalyzed, 4, 235
with Al(III) alkyls, 9, 274
alkynes with Ti(III), 4, 317
alternating, epoxides with CO

catalyst system for, 11, 606
mechanisms, 11, 608

alternating, epoxides with CO2

aluminum catalyst system, 11, 617
asymmetric co-polymerization, 11, 618
chromium catalyst system, 11, 615
cobalt catalyst system, 11, 614
diphenoxyzinc complex, 11, 610
manganese catalyst system, 11, 617
mechanisms, 11, 609
supercritical CO2, 11, 618
zinc–�-diiminate complex, 11, 611

characteristics, 1, 135
and C–H bond activation, 10, 245
with Cp–amido titanium complexes, 4, 464
and cyclic siloxanes, 3, 654
disubstituted acetylenes, 11, 566

epoxide homopolymerization, 11, 597
epoxides with transition metal catalysts

overview, 11, 595–621
regio- and stereoregularities, 11, 596

functionalized polyolefins, synthesis methods, 11, 725
gas-permeable polyacetylenes, 11, 581
via Heck couplings, 11, 331
helical polyacetylenes, 11, 583
with �-indenylnickel compounds, 8, 110–111
in ionic liquids, 1, 868
isotope labels in, 1, 565
lanthanide-catalyzed

acrylic monomers, 4, 147
cyclic esters and amides, 4, 145
dienes, 4, 144
monoolefins, 4, 138

living (, see Living polymerization)
with magnesium monocyclopentadienyl complexes, 2, 103
masked disilenes, 3, 561
by migratory olefin insertion

characteristics, 1, 142
dn-olefin-polymerization catalysis, 1, 146
d0-olefin-polymerization catalysis, 1, 143
polar monomers, 1, 147

with mono-Cp Ti(III) compounds, 4, 293
with mono-Cp Ti(IV) complexes, 4, 411
with mono-Cp Ti(IV) halides, 4, 402
monosubstituted acetylenes, 11, 559
and nickel ally complexes, 8, 157
with nickel carbenes, 8, 23
organometallics for monitoring, 1, 259
photoelectronically functional polyacetylenes, 11, 588
polybutadiene, 11, 720
polyethylene with metallocene catalysts, 4, 1041
polysiloxanes, 3, 660
polystyrene, 11, 719
siloxane linear polymers and co-polymers, 3, 660
siloxanes

linear polymers and co-polymers, 3, 660
overview, 3, 663

stereoselective propylene polymerization, 11, 707
with Ti(IV) complexes, 4, 379
transition metal–Group 13 alkyl combinations, 3, 270

Polymer particles, growth in Ziegler–Natta polymerizations,
4, 1033

Polymers
with alkynylpalladium complexes, 8, 275
(arene)chromium carbonyls as main chain unit, 5, 251
via Basset’s catalysts, 9, 417
bound arene chromium carbonyl complexes, 5, 250
catalysis and bioactivity, 12, 299
ceramic precursors, 12, 298
conformational, mechanical, morphological characteristics,

12, 296
ferrocenophane applications, 6, 207
with germanium, 3, 766
and hierarchical structures, 12, 299
historical development, 12, 299
hydrogenation in ionic liquids, 1, 857
imprinted complexes on oxide surfaces, 12, 810
magnetic, redox, electronic, photophysical properties,

12, 299
in magnetic metal nanoparticle preparation, 12, 87
with main chain metal clusters, 12, 388
with main chain M–M bonds

high-molecular weight polystannanes, 12, 381
oligostannanes, 12, 381
properties, 12, 380
and transition elements, 12, 386

matrix complexes, 12, 808
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with M–C �-bonds in main chain
characteristics, 12, 364
examples, 12, 378
rigid-rod transition metal–acetylide polymers, 12, 364
with skeletal metallocyclopentadiene units, 12, 377

metal-containing
with p-alkyne ligands, 12, 364
with p-arene ligands, 12, 362
with p-cyclobutadiene ligands, 12, 358
with p-cyclopentadienyl ligands, 12, 361

with metallocene side-groups
miscellaneous examples, 12, 303
poly(vinylferrocene), 12, 301

in noble metal nanoparticle preparation, 12, 77
oligosilanes as models, 3, 552
with organometallic backbone, 1, 258
with pendant metal-containing units, 12, 313
photochemistry applications, 1, 257
with p-coordinated metals, 12, 311
powder diffraction studies, 1, 585
for ROMP

backbone CTC bonds, 11, 642
end group modification, 11, 642
molecular weight control, 11, 639
monomer characteristics, 11, 637
pendant group modification, 11, 642

Si-containing, NLO properties, 12, 132
Si-containing, with chromium carbonyls, 5, 252
stereoregular, structure, 4, 1016
structural types, 12, 297
as supramolecular hosts, 12, 808

Polymer supports
for asymmetric phosphines and metal complexes, 12, 701
for catalysts, overview, 12, 663–754
for chromium isocyanides, 12, 743
for chromium–phosphine complexes, 12, 683
for hydroformylations, 11, 451
for metal complex immobilization

characteristics, 12, 664
dendrimer supports, 12, 667
via microencapsulation, 12, 669
polystyrene hybrid supports, 12, 666
polystyrene supports, 12, 665
ROM polymerization-derived supports, 12, 668
soluble supports, 12, 666
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for polydentate phosphines and metal complexes, 12, 690
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Polymetallic alkenes, with platinum
heterometallic complexes, 8, 639
homometallic complexes, 8, 638
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high-order structure, 3, 612
ionochromism, 3, 609
ladders, 3, 639
with metallocene side-groups, 12, 309
NMR studies, 3, 606
nomenclature, 3, 551
oligosilane chirality, 3, 554
oligosilanes as high polymer models, 3, 552
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properties, 12, 380
PSS induction

by chiral solvation, 3, 622
by enantiopure chiral end groups, 3, 620
by enantiopure chiral side chains, 3, 613
and helicity effects, 3, 622
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Post-metallocene catalysts
for ethylene–higher-�-olefin co-polymers, 4, 1144
for ethylene–internal alkene co-polymers, 4, 1145
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superbase characteristics, 9, 3
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with Zr(IV) and Hf(IV), 4, 780

Pyrazole bridges
in dinuclear Ru compounds, 6, 654
iridium dimers, synthesis, 7, 289

Pyrazolin-3-ylidenes, in palladium complexes, 8, 234
Pyrazolylborane ancillary ligands, lanthanide complexes, 4, 15
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QM, see Quantum mechanical studies
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Quadrupolar nuclei

indirect determination, 1, 469
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Redox reactions (continued )
and vanadium hexacarbonyls, 5, 4

Redox transmetallation
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Triosmium complexes
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alkene-substituted clusters, 6, 770
with alkyl, alkylidene, alkylidyne ligands, 6, 758
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Trioxo analogs, technetium, synthesis, 5, 847–848
Triphenoxo complexes, with mono-Cp Ti(IV), 4, 486
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formations, 9, 431
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Triphenylgermanium hydrides, preparation, 3, 724
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3, 718
Triphenylphosphines
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for palladium complexes, 12, 671
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in Rh-catalyzed hydroformylations, 7, 243–244
Triphenylstilbines, with manganese, 5, 770
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Triphosphabenzenes, in molybdenum carbonyls, 5, 422
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Tripodal triamido complexes, with Zr(IV), 4, 800
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TRIR, see Time-resolved infrared spectroscopy
Triruthenium complexes
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with alkyne ligands, 6, 766
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with face-capping C5 cycle, 6, 817
from functionalized alkynes, 6, 836
with hydrocarbon ligands, overview, 6, 757–796
hydrocarbyl ligand skeletal rearrangement, 6, 806
from orthometallation, 6, 858
with polyhydridos, 6, 798
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N,N9,N0-Tri(ruthenocenylmethyl)-1,4,7-triazacyclononane
perchlorate, preparation, 6, 636

Tris(alkenyl)chromium(III) complexes, preparation, 5, 299
Tris(alkoxo) compounds, with mono-Cp Ti(IV), 4, 479
Tris(alkoxy)silyl complexes, with iron carbonyls, 6, 23–28
Tris(p-allyl) complexes, with Cr(III), 5, 300
Trisamidoamines, in heteroleptic molybdenum complexes,
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Tris(amido)amine systems, synthetic applications, 1, 61
Tris(amido)phosphines, with iron carbonyls, 6, 39–40
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Tris(benzamidinate)s, with Zr(IV), 4, 775
Tris(butadiene)s
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Tris(pyrazolyl)borates
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in Ru and Os half-sandwiches, 6, 521–522
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Tris(pyrazolyl)methanes
in Pd(IV) complexes, 8, 301–302
in Ru and Os half-sandwiches, 6, 521–522
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Tristannoxanes, preparation, 3, 849
Tristannylamines, preparation, 3, 861
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1,19,3-Trisubstituted ferrocene derivatives, properties, 12, 233
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hydroformylations, 7, 243–244
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Trivalent Group 13 element halides
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Triynes
in Pd(0) p-complexes, 8, 354–355
silane-initiated cascade cyclization, 11, 399

1,6,11-Triynes, silane-initiated cascade cyclization, 11, 399
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Tungsten carbonyl complexes
�5-, �6-, �7-complexes, 5, 692
alkenes, 5, 685
alkynes, 5, 694
alkynide complexes, 5, 666
�2-allenes, 5, 688
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and As, Sb, Bi

reactions, 5, 636
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synthesis, 5, 632
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reactions, 5, 678
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and carbenes
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charged, characteristics, 5, 601
�3-complexes, 5, 688
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reactions, 5, 622
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reactions, 5, 673
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synthesis, 5, 671
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reactions, 5, 655
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and oxide surface chemistry
alkoxide complexes, 12, 531
hydride complexes, 12, 530
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in Ru–Os mixed-metal clusters, 6, 1075
in silicon compounds, 3, 522
with thiocarbonyls and selenocarbonyls, 5, 667
with Ti(IV), 4, 627
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Tungsten hexacarbonyl complexes
solid-support studies, 5, 601
theoretical and spectroscopic studies, 5, 600

Tungsten hydrides
with carbonyls

reactions, 5, 651
structure and properties, 5, 649
synthesis, 5, 649

surface chemistry on oxides, 12, 530
Tungsten neopentylidenes, for alkane C–H activation, 10, 103
Tungstenocenes, and chromium carbonyls, 5, 218–219
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Tuning emission energy, in OLED cyclometallated
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Ullmann ether synthesis, in high-throughput catalyst
discovery, 1, 361

Ullmann-type coupling reactions
for aryl and alkenyl ethers, 10, 650
with indium compounds, 9, 710
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Ullmann-type coupling reactions (continued )
and sonochemical metal insertions, 1, 317

Ultrasound
catalyst preparation, 1, 321
metal carbonyl pyrolysis, 1, 309
and microwave and conventional heating, 1, 326
organometallic compound interactions, 1, 308, 1, 320
polysilane effects, 3, 611
in solution, 1, 308
in Wurtz-type dihalosilane coupling, 3, 559

Ultraviolet photoelectron spectroscopy, (arene)chromium
carbonyls, 5, 257

Ultraviolet photolysis, manganese cyclopentadienyl
complexes, 5, 783

Ultraviolet studies
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polysilane aggregate chirality, 3, 625–626
polysilane magnetics, 3, 610
polysilane PSS induction, 3, 623
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nickel–indenyl complexes, 8, 177
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2,5-Undecadione, via isomerization, 10, 96
Unfunctionalized ketones, asymmetric hydrogenation, 10, 50
Unfunctionalized olefins

asymmetric hydrogenation, 10, 39
zinc-mediated cyclopropanations, 9, 125–126
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Unsaturated alcohols, asymmetric hydrogenation, 10, 37
�,�-Unsaturated amides

asymmetric hydrogenation, 10, 35
boron nucleophile additions, 10, 386
enantioselective conjugate additions, 10, 379

�,�-Unsaturated carbonyl compounds, 1,4-Grignard additions,
9, 56

�,�-Unsaturated carboxylic acids, asymmetric hydrogenation,
10, 33

�,�-Unsaturated esters
asymmetric hydrogenation, 10, 35
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diboration, 10, 732–733
enantioselective conjugate additions, 10, 379

Unsaturated hydrocarbons, with
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�,�-Unsaturated ketones
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Unsaturated organic molecules
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�,�-Unsaturated vinylidenes, in Ru and Os half-sandwiches,
6, 593

Unsupported metal–metal bonds, charge density studies,
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Unsymmetrical [1]ferrocenophanes, synthesis, 12, 328
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Uranium borohydrides, with mono-Cp, 4, 202
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Vacuum systems
high vacuum line overview, 1, 198
in metal vapor synthesis, 1, 226

Valence number
and covalent bond classification, 1, 33
organometallic compound dn configuration, 1, 18
transition metal compounds and MLX plots, 1, 40

Valence shell electrons, in transition metal complexes, 1, 2
Valerenic acid terpenoids, via Alder-ene reactions, 10, 597
	-Valerolactone, lanthanide-catalyzed ring-opening
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Vanadacycles, formation, 10, 283–284
Vanadium bis(cyclopentadienyl) complexes

applications, 5, 39, 5, 44
coordination compounds, 5, 37
halide, CO, isonitrile coordination chemistry, 5, 41
halides, 5, 40
O-donor ligands, 5, 42
pseudohalides, 5, 40
S-, Se-, P-donor ligands, 5, 42
�-bonded alkyl and aryl derivatives, 5, 43
vanadocenes, 5, 36

Vanadium complexes
addition to CTN, 10, 426
addition to C–N triple bonds, 10, 426
addition to CTO, 10, 425
for alkane carboxylation, 10, 107
alkane carboxylations, 10, 234
alkenyl complexes, 5, 6
alkyl complexes, 5, 6
allyl complexes, 5, 6
Arduego-type carbene complexes, 5, 10
with benzenes, 5, 48
with ansa-bis(cyclopentadienyl)s, 5, 41
in carbometallations, 10, 283
carbonyl complexes, 5, 7
carbonyl hydrides, 5, 6
carbonyl–nitrosyl derivatives, 5, 7
�7-cycloheptadienyl complexes, 5, 50
cyclooctadienyl complexes, 5, 49
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heteroleptic V(III) alkyl complexes, 5, 15
homoleptic V(III) alkyl complexes, 5, 12
isocyanide complexes, 5, 8
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Vanadium hexacarbonyl complexes
applications, 5, 5
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carbonyl substitution, 5, 4
redox reactions, 5, 4
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Vanadium(I) mono(�5-cyclopentadienyl) complexes
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metal center reactivity, 5, 25
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Vasodilation, drugs for, 12, 460
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Vinyl oxiranes, copper-mediated substitutions, 9, 550
Vinyl radicals, with tin hydrides, 9, 343
Vinylsamarium reagents, in C–C bond formation, 10, 414
Vinylsilanes

and cross-metathesis methods, 11, 188
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�-Vinylsilanes, via Ru and Fe catalysts, 10, 799
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2-Vinyltetrahydrothiophene, with trinuclear Os clusters, 6, 745
2-Vinylthiacyclohexane, with trinuclear Os clusters, 6, 745
2-Vinylthietane, with trinuclear Os clusters, 6, 745
Viridenomycin, via ring-closing diene metathesis, 11, 208
Viruses, antimicrobials for, 12, 457
Vitamin B12, environmental applications, 7, 46
VLPP, see Very low pressure pyrolysis
VMSs, see Volatile methylsiloxanes
Volatile ligands, in metal vapor synthesis, 1, 227
Volatile methylsiloxanes, environmental considerations,
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Wacker-type reactions
for alkoxylation, 10, 679
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Wacker-type reactions (continued )
and p-allyl intermediates, 10, 682
with carbonylation, 10, 681
via intramolecular C–H functionalizations, 10, 137
olefin metathesis, 1, 834

Washing methods, overview, 1, 206
Water–gas shift reaction

in aqueous media, 1, 832
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Water media
alkylaluminum reactions, 3, 268
as green solvent, 12, 839
for hydroformylations, 11, 449
ionic liquid compatibility, 1, 858
organometallics stability, 12, 606

Water-soluble compounds
nitrogen-containing ligands, 1, 827
phosphorus-containing ligands, 1, 827
sulfur-containing ligands, 1, 827

Water-soluble iridium hydrides, characteristics, 7, 398–399
Water-soluble iridium(I) alkyl complexes, preparation, 7, 313
Water-soluble polyferrocenylsilanes
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preparation, 12, 337
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Water-soluble tin hydrides, preparation and applications,
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Water substitution, in iridium cyclopentadienyl complexes,
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Weakly coordinating anions, in organometallic synthesis, 1, 72
Weakly coordinating neutral donor ligands, in organometallic

synthesis, 1, 74
White organic light-emitting diodes, applications, 12, 177
Wilkinson’s catalyst, in intramolecular C–H functionalizations,
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Wingtip-bridged butterfly complexes, pentarutheniums,

6, 985
Wittig-type olefinations, with selenocarbonyls, 9, 487–488
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Wurtz-type polymerization, dihalosilanes

mechanism and polymodality, 3, 557
overview, 3, 557
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ultrasonic activation, 3, 559

X

Xanthene, in organometallic synthesis, 1, 71
Xantphos

in polymer-supported hydroformylations, 11, 451–452
in normal-selective hydroformylation, 11, 441–442
in water hydroformylations, 11, 449

X-function ligands, covalent bond classification, 1, 22
X-ray powder diffraction studies

acetylides, 1, 586
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alkynes, 1, 586
aryl complexes, 1, 586
catalysts and related compounds, 1, 584
main group metal–carbon bonds, 1, 590
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reaction intermediate models, 1, 588

X-ray studies
alkali metal derivatives
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Group 15 complexes, 2, 25
Group 16 complexes, 2, 42
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mixed metal complexes, 2, 44
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Ca, Sr, B organometal halides, 2, 114
carbonyl iridium complexes, 7, 269
cobalt clusters with multiple Co atoms, 7, 104
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cobalt complexes with �2-ligands, 7, 51
copper complexes

with alkenes and arenes, 2, 174
with alkenyl and alkynyl ligands, 2, 160
with alkyl and aryl ligands, 2, 153
with alkynes, 2, 180
carbene complexes, 2, 169
with carbonyls, cyanocuprates, isocyanides, 2, 186

d- and f-block heterocarboranes, 3, 176t
diorganylmetal compounds, 2, 118
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ferrocenophanes, 6, 204
germanium pentametallic cluster, 3, 777f
germanium six-membered rings, 3, 705
germanium–tellurium bonded species, 3, 744f
germyllithium species, 3, 748f
germyne, 3, 798f
halo and hydrido technetium carbonyls, 5, 836
heterobimetallic compounds, 2, 145
homoleptic titanium compounds, 4, 282
hydroformylation, 11, 456
hypervalent germanium halides, 3, 719f
hypervalent germanium species, 3, 727f
iridium alkenyl complexes, 7, 319
iridium alkyl and aryl complexes, 7, 303
iridium alkynyl complexes, 7, 324
iridium arenes, 7, 388
iridium carbenes, 7, 344
iridium carbynes, 7, 361
iridium clusters with alkenyls and alkynyls, 7, 335
iridium cumulenylidene complexes, 7, 352
iridium cyclopentadienyl complexes, 7, 362
iridium fullerenes, 7, 391
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iridium hydrogen complexes, 7, 406
iridium in C–C bond-forming catalysis, 7, 335
iridium indenyl compounds, 7, 385
magnesium compounds
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diorganyls with �-bonded ligands, 2, 88
halides, 2, 84
monopentadienyls, 2, 99
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metal hydrides, oxides, amides, 2, 138
metallomesogen mesophases, 12, 210
phosphaferrocene, 6, 211
phospharuthenocenes, 6, 641
polynuclear iridium hydrides, 7, 409
polysilanes, 3, 599
rhodium alkenes, 7, 192
rhodium alkynes, 7, 200
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rhodium cyclopentadienyls, 7, 139
rhodium isocyanides and diazoalkanes, 7, 137
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Ru and Os M5 clusters, 6, 975t
Ru and Os M6 clusters, 6, 978t
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ruthenocenophanes, 6, 637
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silicon-bridged ferrocenophanes, 6, 205
silver(I) acetylenediide complexes, 2, 234t
technetium carbonyl with O and S, 5, 837
technetium cyclopentadienyl complexes, 5, 844
technetium with �1-carbon, 5, 849
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titanium(IV) dialkyls, 4, 339
titanium(IV) with �5-heteroligands, 4, 646
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titanium(IV) with �6-ligands, 4, 652
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titanium with mixed metals, 4, 292, 4, 314
titanium(IV) mono-Cp with amidos, 4, 413
titanium(IV) mono-Cp with chalcogens, 4, 503
titanium(IV) mono-Cp with Ti–H, 4, 507
titanium(IV) with O-based ligands, 4, 594
titanium(IV) oxo, 4, 465
titanium with P, S, Te, 4, 312
titanium(IV) phosphinimidos, 4, 426
titanium(IV) tetraalkyls, 4, 362
titanium with Ti–N bonds, 4, 308
titanium with Ti–O bonds, 4, 310
titanium with fluoride, 4, 289
triruthenium and osmium compounds with arenes, 6, 824t

o-Xylylene, niobium complexes, 5, 89

Y

Ylides
arsenic, antimony, bismuth, 3, 919
with gold(I), 2, 272
with gold(II), 2, 277
with gold(III), 2, 278
from Lewis base with nitrenes, 11, 173
with Ti(IV), 4, 328

Ynones, cyclohydrocarbonylation, 11, 523
Ytterbium complexes

in acrylic monomer polymerization, 4, 151–152
additions to CTO and CTN, 10, 416
alkyl compounds, 4, 4
with arenes, 4, 118–119
bis(pentamethylcyclopentadienyl)lanthanide(III)

compounds, 4, 74
with Cp-like compounds with carboranyl ligands, 4, 110
Cp*

2Ln carbenes, 4, 75
Cp2Ln compounds, 4, 26
Cp3Ln compounds, 4, 58
Cp*

2Ln halides and Cp*
2Ln+ salts, 4, 69–70

CpLnX2 compounds, 4, 34
Cp2LnX compounds, 4, 49
Cp2LnX compounds with chelating Cp ligands, 4, 47

Cp*
2M compounds, 4, 63

Cp*MX compounds, 4, 62–63
cyclopentadienyl compounds, 4, 21
cyclopentadienyl halides, 4, 42
fullerenes, 4, 130
with heteroatom 5-membered ring ligands, 4, 106
heterobimetallic compounds without direct metal–metal

bonds, 4, 131
in hydroamination catalysis, 4, 156
in hydrosilylation catalysis, 4, 153–154
indenyl and fluorenyl compounds, 4, 91
ansa-indenyl and fluorenyl compounds, 4, 100
oligomerization catalysis, 4, 137–138
with ring-bridged cyclopentadienyl ligands, 4, 83–84, 4, 84

Yttrium complexes
in acrylic monomer polymerization, 4, 151–152
addition to CTN, 10, 405
addition to C–N triple bonds, 10, 406
alkyl compounds, 4, 8
with arenes, 4, 119
bis(cyclooctatetraenyl) compounds, 4, 129
bis(pentamethylcyclopentadienyl)lanthanide(III)

compounds, 4, 73–74
in Cp-like compounds with carboranyl ligands, 4, 112–114
Cp*

2Ln hydrides and alkyls, 4, 75
CpLnX2 compounds, 4, 29–30
Cp2LnX compounds, 4, 52
Cp2LnX compounds with chelating Cp ligands, 4, 47
Cp2LnX with borohydride and hydride ligands, 4, 57–58
Cp2LnX with P ligands, 4, 55
cyclopentadienyl halides, 4, 44
enyne and eneallene cyclization–hydrosilylation, 11, 377
in hydroamination catalysis, 4, 156–158
hydrogenation catalysis, 4, 136–137
in hydrosilylation catalysis, 4, 153–154
indenyl and fluorenyl compounds, 4, 96
ansa-indenyl and fluorenyl compounds, 4, 100
for internal alkyne intermolecular hydrosilylation, 10, 801
mono(cyclooctatetraenyl) lanthanide(III) compounds,

4, 127
in monoolefin polymerization, 4, 139
mono(pentamethylcyclopentadienyl)lanthanide(III)

compounds, 4, 66
oligomerization catalysis, 4, 137–138
with ring-bridged cyclopentadienyl ligands, 4, 84
in silicon compounds, 3, 514
in various reactions, 4, 161–162

Yttrium metallocenes, diene cylization–hydrosilylation,
11, 380

Yttrocenes
in diene reductive cyclizations, 10, 498
in dieneyne cascade cyclization–hydrosilylation, 11, 397
in triene cascade cyclization–hydrosilylation, 11, 395

Z

ZACA reaction, overview, 10, 272
Zeise’s salt

and platinum homobimetallic alkene complexes, 8, 635–636
into platinum �2-monoalkene complexes, 8, 617

ZEKE photoelectron spectroscopy, see Zero kinetic energy
photoelectron spectroscopy

Zeolites, intercalation in, 12, 828
Zerner’s INDO method, in semi-empirical quantum

mechanics, 1, 657
Zero electron kinetic energy, in thermochemistry, 1, 614–615
Zero kinetic energy photoelectron spectroscopy, zinc species,

2, 316
Z-function ligand, organotransition metal compounds,

covalent bond classification, 1, 22
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Ziegler–Natta methods
with bis-Cp Ti(IV), 4, 577
and controlled monocarbometallation, 10, 256
ESI–MS studies, 1, 811
with hetereogeneous catalysts

active centers, 4, 1035
acyclic internal olefins, 4, 1040
catalyst structure and characterization, 4, 1031
donor effects, 4, 1035
hydrogen effects, 4, 1037
major industrial processes, 4, 1040
oxidation state, 4, 1034
polymer particle growth, 4, 1033
for polyolefins, 4, 1038
temperature effects, 4, 1038

and intercalation, 12, 827
for poly(vinylferrocene) preparation, 12, 302

Zinc alkoxides
with chelating mixed donor ligands, 2, 375
from diols and triols, 2, 369

Zinc amides, characteristics, 2, 351
Zinc amide ylides, characteristics, 2, 364
Zincates

carbonyl compound reactions, 2, 389
characteristics, 2, 344
computational studies, 2, 351
preparation and reactivity, 9, 131

Zinc–BDI complex, see Zinc–�-diiminate complex
Zinc borohydrides, characteristics, 2, 379
Zinc carbamates, characteristics, 2, 370
Zinc carbenes, spectroscopic studies, 2, 315
Zinc carbenoids

characteristics, 2, 337
in cyclopropanations, 9, 124
in methylene homologation, 9, 127

Zinc carboranes, synthesis, 3, 245
Zinc cations

characteristics, 2, 339
from protonolysis, 2, 340

Zinc–copper reagents, preparation, 9, 132
Zinc cuprates, preparation, 9, 526
Zinc–�-diiminate complex, for alternating epoxide–CO2 co-

polymerization, 11, 611
Zinc enamides, in addition reactions, 9, 108
Zinc halides

via boron–zinc exchange, 9, 89
characteristics, 2, 329
via lithium–zinc exchange, 9, 87
via magnesium–zinc exchange, 9, 93
neutral adducts, 2, 331
via oxidative addition, 2, 329
via tin–zinc exchange, 9, 94
by transition metal-catalyzed reactions, 2, 330
by transmetallations, 2, 330
via zirconium–zinc exchange, 9, 93

Zinc heterocarbenes, characteristics, 2, 337
Zinc homoenolates, in addition reactions, 9, 107–108
Zinc hydrides, characteristics, 2, 379
Zinc iminophosphoranes, characteristics, 2, 364
Zinc–metal bonds, in zinc compounds, 2, 382
Zinc metals, direct insertion in reagent preparation, 9, 81
Zinc nanoparticles, preparation, 12, 91
Zinc nucleophiles, in enantioselective conjugate additions

acyclic enones, 10, 379
to 2-cyclohexenones, 10, 375
to 2-cyclopentenone, 10, 378
mechanism, 10, 374
to nitroolefins, 10, 382

Zinc oxide nanoparticles, preparation, 12, 92
Zinc oxides, synthesis, 12, 52

Zinc phosphorus ylides, characteristics, 2, 364
Zinc–porphyrin complexes, and alkynylplatinum complexes,

8, 558
Zinc reagents

in acetylenic enone reductive cyclizations, 10, 510
in addition reactions, 9, 103
via alkene hydrozincation, 9, 95
alkoxide preparation, 2, 369
alkoxides with chelating mixed donor ligands, 2, 375
for alternating epoxide–CO2 co-polymerization, 11, 610
amide–phosphorus ylides, 2, 364
amides, 2, 351
with aminoalkoxides, 2, 371
with aryls

formation, 9, 83
in Negishi coupling, 11, 27

in asymmetric addition reactions, 9, 109
in asymmetric allylic alkylations, 2, 403
for asymmetric epoxide–CO2 co-polymerization, 11, 619
in asymmetric substitution reactions, 9, 99
atomic and chemical properties, 2, 314
in Barbier reaction, 9, 123
borohydrides, 2, 379
carbamates, 2, 370
in carbonylative cross-coupling, 11, 417
carbonyl reactions, 2, 389
as catalysts, 2, 411
catalytically active cationic zinc complexes, 2, 342
catalyzed reactions, 2, 393
cationic

catalytically active, 2, 342
characteristics, 2, 339
with macrocyclic ligands, 2, 343
from protonolysis, 2, 340

characteristics, 2, 344
with chelating amido–amino ligands, 2, 352
with chelating diiminates, 2, 357
with chelating diimines, 2, 356
computational studies, 2, 351
copper-catalyzed asymmetric allylic alkylations, 2, 403
in copper-catalyzed enantioselectivity, 9, 535
as copper reagent precursors, 9, 504
cross-coupling with alkyl halides, 2, 405
cross-coupling with aryl and vinyl halides, 2, 408
with 1,4-diazabutadienes, 2, 362
with diethyls, radical additions to enones, 2, 392
diethylzinc-mediated radical additions, 2, 392
with diisopropyls, autocatalystic additions, 2, 386
diisopropylzinc autocatalystic additions, 2, 386
diorganozincs

addition reactions, 2, 383
additions to imines, 2, 395
additions to ketones, 2, 387
addition to �-ketoesters, 2, 389
as alkylating agents, 2, 328
with bidentate donor ligands, 2, 333
characteristics, 2, 316
crown ether clathrates, 2, 335
ionic liquids in reactions, 2, 387
mixed reagents, 2, 385
neutral adducts, 2, 331
with p-bound ligands, 2, 327
with p-bound ligands, 2, 323
in polyolefin catalysis, 2, 328
properties, 2, 325
with �-bound ligands, 2, 326

element characteristics, 2, 313
enone reactions, 2, 390
in epoxide homopolymerization, 11, 605
by fragmentation, 9, 94
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by halide–zinc exchange reaction, 9, 85
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with heavier Group 15 donor ligands, 2, 365
with heavier Group 16 donor ligands

in catalysis, 2, 379
characteristics, 2, 376
as enzyme models, 2, 376
as material precursors, 2, 378

N-heterocyclic carbene adducts, 2, 338
heteroleptic diorganozinc compounds, 2, 322
heteroleptic tetrazincates, 2, 350
heteroleptic trizincates, 2, 348
homoleptic tetrazincates, 2, 346
homoleptic trizincates, 2, 345
homoleptiic dialkylzinc compounds, 2, 317
homoleptiic diarylzinc compounds, 2, 320
hydrides, characteristics, 2, 379
in II–VI semiconductor growth, 12, 22
with imines, 2, 398
iminophosphoranes, 2, 364
with metal–metal bonds, 2, 381
miscellaneous reactions, 2, 410
with monodentate amides, 2, 351
in Negishi cross-coupling, 9, 117, 11, 27
nitrone additions, 2, 398
nucleophilic addition to CTN bonds, 2, 400
in organic synthesis, 2, 383, 9, 81
overview, 2, 309–418, 9, 81–143
periodic table position, 2, 313
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in quantum dots, 12, 93–94
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with siloxides and phosphonates, 2, 368
with simple alkoxides, 2, 366
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spectroscopic and computational studies, 2, 315
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in substitution reactions, 9, 96
thiocarbamates, 2, 370
uncatalyzed reactions, 2, 394
by zinc direct insertion, 9, 81
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with Zn–metal bond, 2, 382
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Zinc–silicon reagents, reactivity, 9, 133
Zinc thiocarbamates, characteristics, 2, 370
Zinc–zinc bonds, in zincs, 2, 381
ZINDO, see Zerner’s INDO method
Zintl ions, stabilization by chromium carbonyls, 5, 211
Zircona[1]chromacyclophane, preparation, 5, 344
Zirconacycles

and alkene stereoisomerization, 10, 281
in carbozirconation, 10, 278
electrophile additions, 10, 281
formation and characterization, 10, 277
regioisomerization, 10, 280
skeletal rearrangements, 10, 279

Zirconacyclocumulenes, preparation and reactivity, 4, 725,
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Zirconacyclohexadienes, preparation, 4, 892–893
Zirconacyclopentadienes, preparation and reactivity, 4, 722
Zirconacyclopentanes

preparation, 4, 891
preparation and reactivity, 4, 714

Zirconacyclopentenes, preparation, 4, 894
Zirconacyclopropanes

carbometallation reactions, 10, 276

formation and characterization, 10, 277
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carbometallation reactions, 10, 276
formation and characterization, 10, 277

Zirconium complexes
in acetylene reactions, 10, 537
addition to C–N triple bonds, 10, 424
addition to CTO and CTN, 10, 422
in alkene asymmetric carboalumination, 10, 272
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with bis(cyclopentadienyl) halides, 4, 754
with bis(cyclopentadienyl)s

alkynyl-bridged complexes, 4, 749
with dinitrogen, 4, 731
dinitrogen complexes, 4, 747
electrochemical reduction, 4, 745
with M–C sp-bonds, 4, 895
with M–C sp2-bonds, 4, 887
with M–C sp3-bonds, 4, 884
with M–H bonds, 4, 878
with M–N bonds, 4, 910
with M–O bonds, 4, 917
with M–P bonds, 4, 927
with M–S bonds, 4, 930
with M–Si bonds, 4, 925
non-functionalized metallocene halides, 4, 870
phosphido-bridged complexes, 4, 750
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overview, 10, 255

for catalytic copper reagent preparation, 9, 532
cyclic carbometallation, 10, 276
in diene reactions, 10, 541
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examples, 4, 697
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kinetic studies, 1, 523
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oxo complexes, 4, 917
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reduction chemistry, 4, 736
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butadiene complexes, 4, 727
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pentadienyl complexes, 4, 734
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Zirconium(II) complexes (continued )
with phosphines, 4, 702

Zirconium(III) complexes
binuclear bis-Cp dinitrogen complexes, 4, 747
bis-Cp compounds, 4, 745
bis-Cp halides, 4, 754
dinuclear bis-Cp compounds, 4, 749
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with M–C sp2-bonds, 4, 887
with M–H bonds, 4, 878
with M–N bonds, 4, 910
with M–O bonds, 4, 917
with M–P bonds, 4, 927
with M–S bonds, 4, 930
with M–Si bonds, 4, 925
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C1-bridged indenyl complexes, 4, 962

with chelating bis(amido) phosphine-donor complexes,
4, 816

with chelating bis(phenoxy) amine-donor ligands, 4, 813
with chelating bis(phenoxy) imine-donor ligands, 4, 814
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ring-functionalized, 4, 874
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C2-hydrocarbyl-bridged, 4, 934
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Si-bridged, 4, 944
with Si-bridged fluorenyls, 4, 958

Zirconocene–silsesquoxanes, synthesis, 12, 354–355
Zirconocenium complexes, with tert-butoxides, 4, 939
Zwitterionic compounds
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Zwitterionic silicates, preparation, 3, 482
Zwitterion sandwich complexes, in crystal engineering,
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