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Preface

Although the discovery of the platinum complex that we now know to be the first w-alkene
complex, K[PtCl3(C,Hy)], by Zeise in 1827 preceded Frankland’s discovery (1849) of diethylzinc,
it was the latter that initiated the rapidly developing interest during the latter half of the nineteenth
century in compounds with organic groups bound to the elements. This era may be considered
to have reached its apex in the discovery by Grignard of the magnesium reagents which occupy
a special place because of their ease of synthesis and reactivity. With the exception of trimethyl-
platinum chloride discovered by Pope, Peachy and Gibson in 1907 by use of the Grignard reagent,
attempts to make stable transition metal alkyls and aryls corresponding to those of main group
clements met with little success, although it is worth recalling that even in 1919 Hein and his
co-workers were describing the ‘polyphenylchromium’ compounds now known to be arene com-
plexes.

The other major arca of organometallic compounds, namely metal compounds of carbon
monoxide, originated in the work starting in 1868 of Schiitzenberger and later of Mond and his
co-workers and was subsequently developed especially by Hieber and his students. During the
first half of this century, aided by the use of magnesium and, later, lithium reagents the devel-
opment of main group organo chemistry was quite rapid, while from about 1920 metal carbonyl
chemistry and catalytic reactions of carbon monoxide began to assume importance.

In 1937 Krause and von Grosse published their classic book ‘Die Chemie der Metallorganischen
Verbindungen’. Almost 1000 pages in length, it listed scores of compounds, mostly involving metals
of the main groups of the periodic table. Compounds of the transition elements could be dismissed
in 40 pages. Indeed, even in 1956 the stimulating 197-page monograph ‘Organometallic Com-
pounds’ by Coates adequately reviewed organo transition metal complexes within 27 pages.

Although exceedingly important industrial processes in which transition metals were used for
catalysis of organic reactions were developed in the 1930s, mainly in Germany by Reppe, Koch,
Roelen, Fischer and Tropsch and others, the most dramatic growth in our knowledge of organo-
metallic chemistry, particularly of transition metals, has stemmed from discoveries made in the
middle years of this century. The introduction in the same period of physical methods of structure
determination (infrared, nuclear magnetic resonance, and especially single-crystal X-ray dif-
fraction) as routine techniques to be used by preparative chemists allowed increasingly sophisti-
cated exploitation of discoveries. Following the recognition of the structure of ferrocene, other
major advances quickly followed, including the isolation of a host of related w-complexes, the
synthesis of a plethora of organometallic compounds containing metal-metal bonds, the char-
acterization of low-valent metal species in which hydrocarbons are the only ligands, and the
recognition from dynamic NMR spectra that ligand site exchange and tautomerism were common
features in organometallic and metal carbonyl chemistry. The discovery of alkene polymerization
using aluminium alkyl-titanium chloride systems by Ziegler and Natta and of the Wacker pal-
ladium-copper catalysed ethylene oxidation led to enormous developments in these areas.

In the last two decades, organometallic chemistry has grown more rapidly in scope than have
the classical divisions of chemistry, leading to publications in journals of all national chemical
societies, the appearance of primary journals specifically concerned with the topic, and the growth
of annual review volumes designed to assist researchers to keep abreast of accelerating develop-
ments.

Organometallic chemistry has become a mature area of science which will obviously continue
to grow. We believe that this is an appropriate time to produce a comprehensive review of the
subject, treating organo derivatives in the widest sense of both main group and transition elements.
Although advances in transition metal chemistry have appeared to dominate progress in recent
years, spectacular progress has, nevertheless, also been made in our knowledge of organo com-
pounds of main group clements such as aluminium, boron, lithium and silicon.

In these Volumes we have assembled a compendium of knowledge covering contemporary or-
ganometallic and carbon monoxide chemistry. In addition to reviewing the chemistry of the cle-
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viii Preface

ments individually, two Volumes survey the use of organometallic species in organic synthesis
and in catalysis, especially of industrial utility. Within the other Volumes are sections devoted
to such diverse topics as the nature of carbon-metal bonds, the dynamic behaviour of organo-
metallic compounds in solution, heteronuclear metal-metal bonded compounds, and the impact
of organometallic compounds on the environment. The Volumes provide a unique record, especially
of the intensive studies conducted during the past 25 years. The last Volume of indexes of various
kinds will assist readers seeking information on the properties and synthesis of compounds and
on earlier reviews.

As Editors, we are deeply indebted to all those who have given their time and effort to this
project. Our Contributors are among the most active research workers in those areas of the subject
that they have reviewed and they have well justified international reputations for their scholarship.
We thank them sincerely for their cooperation.

Finally, we believe that ‘Comprehensive Organometallic Chemistry’, as well as providing a
lasting source of information, will provide the stimulus for many new discoveries since we do not
believe it possible to read any of the articles without generating ideas for further research.

E. W. ABEL F.G. A. STONE
Exeter Bristol

G. WILKINSON
London
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Subject Index

J. NEWTON
David John (Services), Maidenhead

This Subject Index contains over 30 000 individual entries to the 7800 text pages of Volumes
1-8. The index covers general types of organometallic compound, specific organometallic com-
pounds, general and specific organic compounds where their synthesis or use involves organo-
metallic compounds, types of reaction (insertion, oxidative addition, etc.), spectroscopic techniques
(NMR, IR, etc.), and topics involving organometallic compounds.

Because authors may have approached similar topics from different viewpoints, index entries
to those topics may not always appear under the same headings. Both synonyms and alternatives
should therefore be considered to obtain all the entries on a particular topic. Commonly used
synonyms include alkene/olefin, alkyne/acetylene, compound/complex, preparation/synthesis,
etc. Entries where the oxidative state of a metal has been specified occur after all the entries for
the unspecified oxidation state, and the same or similar compounds may occur under both types
of heading. Thus Cr(CgHg), occurs under Chromium, bis(n-benzene) and again under Chro-
mium(0), bis(n-benzene). Similar ligands may also occur in different entries. Thus a carbene-
metal complex may occur under Carbene complexes, Carbene ligands, or Carbenes, as well as
under the specific metal. Individual organometallic compounds may also be listed in the Formula
Index.




A

Abietic acid
arylation, 8, 858
Aceheptylene, 3,5-dimethyl-
reaction with iron carbonyls, 4, 623
Aceheptylene ligands
manganese complexes, 4, 123
Acenaphthylene
dianion alkali metal compounds
structure, 1, 113
platinum(0) complexes, 6, 619
reaction with calcium, 1, 236
Acenaphthylene bridges
dinuclear carbonyliron complexes, 4, 581
n%-Acenaphthylene ligands
iron complexes, 4, 394
Acetaldehyde
anion equivalents, 7, 36
hydrogenation
pentacarbonylmethylmanganese and, 4, 75
lithium enolate
structure, 1, 81
polymerization
organoaluminum compounds and, 7, 438
tetracthyldialuminoxane in, 1, 667
reaction with organoaluminum compounds, 7,
413
telomerization with allene
nickel catalysed, 8, 667
telomerization with isoprene, 8, 447
Acetaldehyde, (chloromercury)-
structure, 2, 921
Acetalization
supported catalysts in, 8, 602
Acetals
germyl
stability, 2, 440
Grignard reagents from, 1, 177
hydroboration, 7, 231
hydroformylation, 8, 137
reaction with organometallic compounds, 7, 47
reduction by diisobutylaluminum hydride, 1,
652
synthesis, 7, 48
unsaturated
hydroformylation, 8, 134
af3-unsaturated
reaction with Grignard reagents, 7, 721
Acetamide
bis-silyl
spectra, 2, 123
reaction with hexakis(methyl isocyanide)ruthe-
nium cations, 4, 683
Acetamide, N-acetyl-
reaction with trimethylgallium, 1, 717
Acetamide, bis(trimethylsilyl)-
reaction with (chloromethyl)dimethylchlorosi-
lane, 2, 123

Acetamide, N,N-dimethyl-
reaction with tetraphenylporphyrin hydride rho-
dium complexes, 5, 388
reaction with trimethylgallium or trimethylin-
dium, 1, 715
Acetamide, N-methyl-
reaction with trimethylgallium or trimethylin-
dium, 1, 715
Acetamidinato ligands
pentamethylcyclopentadienyl rhodium com-
plexes, 5, 368
Acetates
palladium complexes, 6, 329
reaction with n3-allyl palladium complexes, 6,
420
reaction with chloro(diene)rhodium dimers, 5,
463
reaction with palladium(II) olefin complexes, 6,
358
Acetic acid
end uses, 8, 79
heterogeneous synthesis from methanol, 8, 78
homologation
homogeneous catalysed, 8, 79
industrial synthesis, 8, 73-79
preparation from methanol
rhodium complexes as catalyst, 5, 386
reaction with butadiene
catalyst leaching in, 8, 590
synthesis
cobalt catalysts, 8, 75
organoaluminum reagents in, 1, 559
synthesis from methanol
anionic halocarbon rhodium catalysis, 5, 281
telomerization with butadiene, 8, 433
telomerization with isoprene, 8, 446
Acetic acid, acetyl-
ethyl ester
reaction with palladium(II) isocyanides, 6,
292
Acetic acid, a-alkylaryl-
methyl ester
preparation from aralkyl ketones, 7, 482
Acetic acid, aryl-
preparation from styrenes, 7, 471
Acetic acid, chloro-
esters
reductive silylation, 2, 22
industrial synthesis, 8, 79
Acetic acid, cyano-
methyl ester
reaction with palladium(II) isocyanides, 6,
292
Acetic acid, diazo-
ethyl ester
alkynylboranes, 7, 339
Acetic acid, germyl-
synthesis, 2, 411
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Acetic acid, mercapto-
reaction with dodecacarbonyltriruthenium, 4,
882
Acetic acid, a-methoxyaryl-
methyl ester
preparation from acetophenones, 7, 482
Acetic acid, 4-methoxyphenyl-
methyl ester
preparation, 7, 488
Acetic acid, a-methylaryl-
preparation, 7, 488
Acetic acid, a-phenoxy-
reaction with organoboranes, 7, 279
Acetic acid, phenyl-
methyl ester
preparation from a-hydroxystyrene, 7, 480
thallation/iodination, 7, 501
Acetic acid, trifluoro-
organoboranes, 1, 288
reaction with n3-allylnickel complexes, 6, 161
reaction with n'-organoiron complexes, 4, 352
reaction with tetraorganotin compounds, 2, 537
Acetic acid, vinyl-
reaction with allyl halides and carbon monoxide
nickel catalysed, 8, 782
Acetic anhydride
industrial synthesis
carbonylation of methyl acetate, 8, 79
reaction with hydrated ruthenium trichloride, 4,
678
reaction with triethylaluminum, 7, 407
Acetidine
telomerization with butadiene, 8, 435
Acetimidoyl ligands
trinuclear iron complexes, 4, 626
Acetoacetates
reaction with (cycloocta-1,5-diene)palladium
halide complexes, 6, 379
Acetoacetic acid
ethyl ester
reaction with bis(7r-allylpalladium chloride),
8,814
telomerization with butadiene, 8, 436
telomerization with 2,3-dimethyl-1,3-butadi-
ene, 8, 450
telomerization with isoprene, 8, 447
Acetone
aromatic, 2, 24
cationic cyclopentadienylruthenium complexes,
4,791
dicyclopentadienylvanadium complexes, 3, 681
palladium complexes
oxidation, 6, 257
reaction with carbonyl(n-
alkylcyclopentadienyl)iodonitrosylmanganese,
4,134
reaction with myrcene
nickel catalysed, 8, 697
reaction with organoberyllium halides, 1, 138
telomerization with butadiene, 8, 442
telomerization with isoprene, 8, 447
Acetone, acetyl-
reaction with dodecacarbonyltriruthenium, 4,
881
Acetone, benzylidene-
iron complexes, 4, 428, 442
Wittig reaction, 4, 429
reaction with tricarbonyl(n*-cyclooctadiene)-
ruthenium, 4, 837

Acetonitrile

Acetone, (bromomercury)-
structure, 2, 921
Acetone, dibenzylidene-
palladium complexes, 6, 351, 364, 370
reaction with acetylenes, 6, 465
palladium(0) complexes, 6, 247, 259
oxidative additions, 6, 312
palladium(I) complexes, 6, 273
platinum complexes
platinum(0) acetylene complex preparation
from, 6, 695
platinum(0) complexes, 6, 622
reaction with dichloro(n-pentamethylcyclopen-
tadienyl)rhodium dimer, 5, 481
Acetone, dichlorotetrafluoro-
platinum complexes, 6, 686
Acetone, geranyl-
isomerization
catalysis by ruthenium complexes, 4, 942
Acetone, hexafluoro-
cyclodimerization
rhodium complexes in, 5, 411
osmium complexes, 4, 999
oxidative-addition reactions
to platinum(0) complexes, 6, 522
platinum complexes, 6, 686
reaction with (acetylacetone)bis(methyldiphen-
ylphosphine)rhodium, 5, 401
reaction with bis(cyclooctadiene)platinum, 6,
687
reaction with cyclopentadienylhydridoruthen-
ium complexes, 4, 786
reaction with methylgold(I), 2, 812
reaction with platinum(II) o-acetylide com-
plexes, 6, 572
reaction with tricarbonyl(n-/N-methoxycar-
bonyl-1H-azepine)ruthenium, 4, 754
Acetone, hexafluorothio-
platinum complexes, 6, 689
Acetone, perfluoro-
reaction with carbonylhalo(dioxygen)bis(tri-
phenylphosphine)iridium, 5, 544
reaction with tricarbonyl(cyclobutadiene)iron,
4, 409
telomerization with butadiene, 8, 442
Acetone, p,p’-diisopropyldibenzylidene-
platinum(0) complex, 6, 622
Acetone, trifluoro-
reaction with platinum(Il) o-acetylide com-
plexes, 6, 572
Acetone-dg
reaction with indanylaluminum etherate, 1, 572
Acetone imine, hexafluoro-
reaction with (acetylacetone)bis(methyldiphen-
ylphosphine)rhodium, §, 401
Acetonitrile
cationic cyclopentadienylruthenium complexes,
4,791
hydration
platinum(0) cyclohexyne complex in, 6, 703
manufacture from carbon monoxide, 8, 43
palladium chloride complex, 6, 238
reaction with acetylene, 8, 417
reaction with halopentacarbonylmanganese, 4,
30
reaction with iridium complexes and carbon
dioxide, 8, 256
reaction with palladium chloride, 6, 237
reaction with pentacarbonylhalomanganese, 4,
36



Acetonitrile

reaction with trimethylsilyl radicals, 2, 91
ruthenium complexes, 4, 808
triethylgallium adduct, 1, 701
trimethylgallium adduct, 1, 701
Acetonitrile, chloro-
reaction with carbonyl(n-cyclopentadienyl)(tri-
phenylphosphine), 5, 385
Acetonitrile, diazo-
insertion reactions with palladium-carbon
bonds, 6, 326
Acetonitrile, a-diazo-
reaction with organoboranes, 7, 279
Acetonitrile, lithio-
structure, 1, 81
Acetonitrile, -lithioaryl-
reaction with organometallic compounds, 7, 28,
29

Acetonitrile, phenyl-
coordination with organoaluminum compounds,
1,592
reaction with organoaluminum compounds, 7,
432
Acetonitrile, trifluoro-
reaction with (n-cyclopentadienyl)chlorobis(tri-
phenylphosphine)ruthenium, 4, 784
Acetophenone
asymmetric hydrogenation, 8, 477
asymmetric hydrosilylation, 8, 481
benzylimine
reaction with thallium trinitrate, 7, 484
carboxylation, 8, 228
iron alkoxides in, 8, 259
reaction with butadiene
nickel catalysed, 8, 692, 696
reaction with trimethylaluminum, 7, 415
transfer hydrogenation
catalysis by ruthenium complexes, 4, 951
Acetophenone, w-methoxy-
methyl ester
preparation from a-hydroxystyrene, 7, 480
Acetophenones
oxidation with thallium trinitrate, 7, 480
Acetoxy groups
as endblocks in polysiloxanes, 2, 327
Acetoxylation
-oligomerization-hydrogenation
butadiene, 8, 588
supported catalysts in, 8, 602
Acetoxymercuration, 8, 885
alkynes, 7, 676
1-aryl-1-propynes, 2, 886
(n-cyclobutadiene)cyclopentadienyl cobalt, 5,
242

cyclobutadiene iron complexes, 4, 447
phenylacetylenes, 2, 885
selective
sodium dicarbonyl-n5-cyclopentadienylfer-
rate in, 8, 968
Acetoxypalladation, 8, 890
Acetylacetonates
palladium complexes, 6, 329
platinum complexes
IR spectroscopy, 6, 546
platinum(II) olefin complexes
photochemistry, 6, 680
reaction with (cycloocta-1,5-diene)palladium
halide complexes, 6, 379
rhenium complexes, 4, 193
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Acetylacetone

allylic palladium complex preparation from, 6,
403

in ammonia synthesis from dinitrogen and dihy-
drogen, 8, 1081

exchange reactions with (n3-allyl)halopallad-
ium complexes, 6, 421

platinum(IT) complexes, 6, 527

reaction with cobalt(II) complexes, 5, 78

reaction with dicarbonyl(n-cyclopentadienyl)-
[dichloro(phenyl)phosphine]manganese, 4,
128

reaction with organic halides
nickel catalysed, 8, 737
telomerization with isoprene, 8, 447
Acetylation
cycloheptatrienetricarbonyliron complex, 8, 972

3,1,2-(n-cyclopentadienyl)cobaltadicarbadodeca-

borane, 1, 520 ‘
dicarbonyl(cyclohexadiene)(triphenylphosphinc)-
iron, 8, 971
dienetricarbonyliron complexes, 8, 970
o-quinodimethane
iron tricarbonyl complexes and, 8, 980
tricarbonylcyclobutadieneiron, 8, 977
tricarbonyl(cycloheptatriene)iron, 4, 468
tricarbonyl(cyclohexadiene)iron, 4, 467
stereocontrolled, 8, 971
tricarbonyl(myrcene)iron, 8, 974
Acetyl chloride
oxidative addition to chlorotris(dimethylphenyl-
phosphine)rhodium, 5, 381
reaction with acetylene and carbon monoxide
nickel catalysed, 8, 787
Acetyl chloride, chlorodifluoro-
reaction with sodium tetracarbonylcobaltate, 5,
157
Acetylene
alkoxycarbonylation, 8, 201
BASF synthesis
carbon monoxide from, 8, 7
carboalumination, 7, 386
carbonylation
catalysis by ruthenium complexes, 4, 940
nickel catalysed, 8, 774, 784
ruthenium complexes and, 4, 859
catalyst poisoning by
in oxo process, 8, 127
codimerization with butadiene
nickel catalysts in, 1, 666
cooligomerization, 8, 417
with acrylonitrile, 8, 426
with alkynes, nickel catalysed, 8, 652
with allene, nickel catalysed, 8, 666
cotrimerization with butadiene
nickel catalysts in, 1, 666
cyclooligomerization
nickel catalysed, 8, 653
cyclotetramerization
nickel catalysed, 8, 650
cyclotrimerization, 8, 412
nickel catalysed, 8, 650
dimerization
palladium(II) compounds in, 6, 456
hydrogenation
supported catalysts in, 8, 567
insertion into organoaluminum compounds, 1,
638
insertion into palladium-palladium bonds, 6,
466
insertion into platinum(II)-halide bonds, 6, 525
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insertion into platinum(II)-methyl bonds, 6,
709
insertion into zirconium-carbon g-bonds, 3, 585
linear dimerization, 8, 410
metathesis, 8, 548
oligomerization
dodecacarbonyltriiron and, 4, 541
lanthanide complexes and, 3, 210
mechanism, 8, 410
nickel catalysed, 8, 650
palladium(0) compounds and, 6, 465
palladium complexes, 6, 353
palladium(0) complexes, 6, 352
palladium(II) complexes, 6, 351
physical data, 6, 355
platinum(0) complexes, 6, 691-696
physical properties, 6, 696
preparation, 6, 691-696
platinum(II) complexes, 6, 704-713
acetylene stretching frequency, 6, 708
X-ray diffraction, 6, 706
reaction with acyltetracarbonylcobalt, §, 221
reaction with 1-alkenyl(dialkyl)aluminum, 1,
639
reaction with cobalt(Il) complexes, 5, 91
reaction with decacarbonyldimanganese, 4, 123
reaction with diazabutadiene ruthenium com-
plexes, 4, 836
reaction with dicarbonyl(n-cyclopentadienyl)-
(tetrahydrofuran)manganese, 4, 131
reaction with 1,4-disila-1,3-butadiene, 2, 222
reaction with dodecacarbonyltetracobalt, 5, 201
reaction with iron pentacarbonyl, 8, 980
reaction with mercury(II) chloride, 2, 983
reaction with pentacarbonylmethylmanganese,
4,123
reaction with pentacyanocobaltates, 5, 92
reaction with platinum(0) acetylene complexes,
6, 701
reaction with rhenium complexes, 4, 213
reaction with triallylborane, 1, 278
reaction with tribenzylaluminum, 7, 387
reaction with trichlorosilane, 2, 310
platinum catalyzed, 2, 313
reaction with triethylgallium, 1, 639
reduction by nitrogenase, 8, 1074
reduction to ethylene, 8, 1086
ruthenium complexes, 4, 741
trimerization
palladium complexes in, 6, 456
palladium(I1) compounds and, 6, 461

Acetylene, bis(4-chlorophenyl)-

palladium(Il) complexes, 6, 368
reaction with dodecacarbonyltriruthenium, 4,
863

Acetylene, bis(diethylamino)-

reaction with dicarbonylcyclopentadienylcobalt,
5,167,207

reaction with dicarbonyl(n-cyclopentadienyl)-
rhodium, 5, 457

Acetylene, bis(4-methoxyphenyl)-, 6, 368
Acetylene, bis(pentafluorophenyl)-

reaction with dicarbonyl(n-cyclopentadienyl)-
rhodium, 5§, 457

Acetylene, 1-(bis(pentafluorophenyl)phosphino)-

2-phenyl-
reaction with nonacarbonyldiiron, 4, 571

Acetylene, bis(trimethylsilyl)-
cooligomerization with diynes, 8, 417
reaction with arylcarbenes, 2, 43
reaction with dicarbonylcyclopentadienylcobalt,
5,167, 206
reaction with dicarbonyl(n3-cyclopentadienyl-
)cobalt, 2, 44
reaction with nitrile oxides, 2, 42
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