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Organometallic chemistry reported in 2003 again demonstrated the breadth of
interest and application of this core chemical field. Significant discoveries and
developments were reported particularly in the application and understanding of
organometallic compounds in catalysis. Highlights include the continued develop-
ment of catalytic reactions incorporating C—H activation processes, the demonstra-
tion of inverted electronic dependence in ligand substitution of palladium(o),' and
the synthesis of the first early-transition metal perfluoroalkyl complexes.>

1 Introduction

A number of relevant reviews and collections of research papers spanning the
transition metal series were published in 2003. The 50th anniversary of Ziegler
catalysis was commemorated®* and a survey of metal mediated polymerisation using
non-metallocene catalysts surveyed.’ Journal issues dedicated to selected topics
included metal-carbon multiple bonds and related organometallics,® developments in
the reactivity of metal allyl and alkyl complexes,” metal alkynyls,® and carbon rich
organometallic compounds including 1.°

Reviews of catalytic reactions using well-defined precatalyst complexes include
alkene ring-closing and opening methathesis using molybdenum and tungsten imido
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alkylidene precatalysts,'® chiral organometallic half-sandwich complexes with defined
metal configuration,!! rhodium-catalysed carbon—carbon bond forming reactions of
organometallic compounds,'? advances in functional group tolerant alkyl-alkyl
cross-coupling reactions,'® asymmetric catalytic hydrogenation,'* and ring-opening
reactions of oxabicyclic alkenes.'®> The relative importance of steric and electronic
effects of chelating diphosphines on catalytic hydroformylation'® and cyclometalated
phosphine-based pincer complexes derived from 2 and 3 were reviewed.'” A collection
of papers'® describing various facets of modern homogenous catalysis and organo-
metallic chemistry includes the use of diffusion and NOE NMR spectroscopy for the
study of ion interactions in solution,'® and picosecond time-resolved infrared spectro-

scopy for the study of excited states and reaction intermediates in inorganic systems.>°
PR, PR,
R = alkyl, aryl
PR, PR>
2 3

In the field of C-H activation an account of the intricacies of kinetic and
equilibrium isotope effects in several C—H activation processes®' and a study of the
temperature dependence of isotope effects were published.”” C—H activation and
functionalisation with platinum complexes,* transition-metal catalysed borylation of
alkanes and arenes via C—H activation,>* and thermal activation of C—H bonds by
molybdenum and tungsten nitrosyl complexes were also reviewed.>> High-resolution
X-ray diffraction and DFT calculations were employed to study agostic bonding in d°
metal alkyl complexes,”® and using experimental gas phase reactions coupled with
theoretical treatments the competition between transition metal C-C and C-H
activation of cyclopropane investigated.?’

Reviews of particular organometallic ligand sets include N-confused porphyrins,
cyclopentadienyl-carboranyl hybrids,?® chiral mono- and bidentate ligands derived
from chromium arene complexes,*® and metal alkynyl o-complexes.®!

Theoretical studies include de novo design of ligands suitable for stabilising
iridium(v),>? an investigation into the structure and neutral homoaromaticity of
metallocyclopentene, -pentadiene, -pentyne, and -pentatriene complexes,* and the
relative stability of metallobenzene versus metal cyclopentadienyl complexes.** The
properties of organometallic complexes predicted using an effective group potential
methodology was developed®® and spin forbidden chemical reactions of transition
metals reviewed.*®

Apropos the organometallic chemistry of transition metals a simple one-pot
synthesis of sodium and potassium cyclopentadienides was developed.®”

2 Titanium, zirconium, hafnium

The study and application of group 4 metallocene complexes to alkene oligomerisa-
tion and polymerisation catalysis was intensively investigated in 2003. For example, a
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fully-integrated high-throughput screening methodology for the discovery of new
alkene copolymerisation catalysts was successfully applied to the copolymerisation of
ethene and 1-octene.®® Other copolymerisation studies using well-defined group 4
organometallics include dual-site alternating copolymerisation of 1,3-butadiene and
ethene,® and stereoselective copolymerisations of styrene and methyl methacrylate,*
and cyclopentene and ethene.*' Degenerative transfer living polymerisation has also
been applied to the synthesis of monomodal stereoblock polyolefins*? and reactions
between vinyl chloride and various alkene polymerisation catalysts investigated.**

New polymerisation catalyst systems include those derived from reaction between
butadiene complexes**** or bis(trimethylsilyl)acetylene complexes*® and B(CgFs),
and C-H activation of the trimethylsilyl substituents of a zirconocene complexes
using B(Cg¢Fs);*" or magnesium.*® Titanium alkyne complexes* prepared via transfer
epimetalation of alkenes and alkynes also exhibit stereoselective polymerisation.>

Several theoretical studies have been reported including the origin of polymerisa-
tion activity with chloride and alkoxy ligands,> regiochemistry of propene
insertion,>” ethene trimerisation catalysed by titanium complexes,” and the effect
of borate counterion on the kinetics and mechanism of styrene polymerisation.>*
Experimental mechanistic work has been performed using quench-flow kinetics for
zirconocene propene polymerisation,” ion pair aggregation investigated using
cryoscopy and pulsed field gradient spin-echo NMR diffusion experiments,*® and by
modelling polymer microstructure.”” NMR spectroscopy has also been employed to
probe oscillating conformations that affect stereoselectivity of zirconocene cata-
lysts,”® and insertion of o-olefins using a zirconocene catalyst has been observed
directly by NMR spectroscopy.>® The electron density distribution of a zirconocene
precatalyst derived from synchrotron X-ray diffraction indicates that potential
agostic interactions are not present.*

Several reports investigating coupling reactions include stereoselective tricyclisa-
tion of a dienyne,®' regioselective coupling of C4¢Fs substituted alkynes,** and cross-
coupling of titanium alkyne complexes with aryl halides.®

Novel complexes include the first example of an early transition metal
perfluoroalkyl 4, synthesised using Me;SiCF; as the fluoroalkyl transfer agent,” a
zwitterionic zirconium sandwich complex 5 incorporating n’- and n°-indenyl
ligands,®* and a rare example of a fully characterised titanium N-heterocyclic
carbene complex.®> Boron containing ligands such as boratocyclooctatetracnes
that are isoelectronic with dianionic cyclooctatetraene have been coordinated to
titanium,®® and a zirconium complex 6 of an allyl-like zwitterionic ligand has been
reported.®” The first example of a four coordinate titanium alkylidene complex was
also prepared.®®

O Ph
i + = +
@\ WF ;QI SMes  bhp., B .PPhs

. Me;Si 7 H/{ §\H
“ ~NcF, (b SiMes 75,
NS Qg cr=/\ "l
MesSi c’ t
4 5 6

Annu. Rep. Prog. Chem., Sect. A, 2004, 100, 385-406 387



Reactivity studies include double C—C bond cleavage of a cyclopentadienyl ligand
in reaction between 7 and PhCN,* a survey of C—F activation using zirconocenes,”®
allene stereoinversion by zirconium imido complexes,’! cyclopentadienyl substituent
effects on reductive elimination of alkyl hydrides from zirconocenes’>”* and Si-C and
Si-H activation by hafnocene complexes.”*”>
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3 Vanadium, niobium, tantalum

The challenges, problems and promise of vanadium based Ziegler—Natta catalysis has
been reviewed.”® Dynamic NMR methods and DFT calculations have been used to
study hydrogen exchange in ansa-niobocene and tantalocene ethene hydride
complexes,”” and in substituted derivatives the preferred stereochemistry for propene
and styrene insertion.”® Of relevance to alkene polymerisation a DFT study of the
stereochemistry of alkene insertion and B-X elimination from reaction between
Ta(H),(OH); and B-substituted alkenes was published,” and of the origin of selective
trimerisation of ethene catalysed by [TaCls(CH3),].%°

A convenient single step synthesis of [Ta(CH,Ph)s] and an X-ray structure
determination showed that [Ta(CH,Ph)s] exhibits distorted square-pyramidal
geometry.®! The reactivity of a (Cp*)Ta benzylidene complex to small unsaturated
hydrocarbon molecules gives a range of organometallic products.®?> Complexes result-
ing from substitution chemistry of tantalum alkynes of the type [TaCl3(RCCR)L,]
(e.g. R = Me, Et, Ph; L, = bipy, tmen) have been applied to the isomerisation of
3-phenylpropanal to the corresponding allylic alcohol.®® The synthesis and charac-
terisation of paramagnetic open vanadocenes has also been investigated.®*

Bonding in group 5 organometallic complexes has shown some interesting
developments including unprecedented a-C—C agostic interactions in the cyclopropyl
complex [(Tp)NbCI(CH;),(MeCCMe)(c-C5Hs)*> and related compounds,®® the
usefulness of J(Si—-H) coupling constants in the search of nonclassical Si-H
interactions,®” and a highly stable N-heterocyclic carbene complex 8 that exhibits
evidence of Cl-carbene bonding.®®
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Diverse reactivity includes catalytic C=N bond metathesis of carbodiimides by
group 5 imido complexes,® and the niobaziridine-hydride 9 that exhibits both
insertion and atom transfer chemistry.”® Reaction between niobocene hydrides and
halogermanes leads to dehydrohalogenation to give rapid access to niobocene
germanes’' and cyclometallation of tantalum naphthyl and indenyl aryloxide ligands
gives complexes including 10.%%
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4 Chromium, molybdenum, tungsten

Intermolecular C-H activation chemistry includes thermal activation of SiMes,
mesitylene and benzene by tungsten®® and molybdenum®* allyl complexes. Normal
and inverse primary kinetic deuterium isotope effects in benzene reductive
elimination and oxidative addition to molybdocene and tungstenocene complexes,”
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and the temperature dependence of equilibrium isotope effects have been measured
and interpreted.?? Aromatic binding and C-H activation by a molybdenum n-base,’®
and experimental and computational studies on the mechanism of Cp molybdenum
and tungsten catalysed alkane borylation were also reported.’’

New precatalysts for alkene oligomerisation include chromium complexes
derived from a bis(tertiary phosphine)amine 11 for trimerisation of ethene,”® and a
bis(N-heterocyclic carbene)pyridine for oligomerisation of ethene.”® Of relevance to
radical chain polymerisation the kinetics and thermodynamics of H" transfer from
[CpCr(CO);H] to methyl methacrylate and styrene was investigated.'® An unusually
stable chromium(iv) alkyl complex 12,'°! and chromium(ir) alkyl hydride!°? were also
prepared.
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The bonding and synthesis of arenes and heteroatom derivatives was of interest in
2003 leading to some interesting conclusions. An energy portioning scheme resulting
from DFT calculations was used to determine the bonding in [Cr(n’-C¢Hg),] and
[Fe(n>-CsHs),] concluding that in [Cr(n®-C¢He),] the most important orbital
contribution to metal-ligand bonding is Cr-CgHg 6-back-donation whereas for
[Fe(n’-CsHs),] the dominant orbital contribution is CsHs—Fe n donation.'®® Laser
flash photolysis was also employed to estimate the bond dissociation enthalpy of
benzene in the complex [(CO)sCr(n*-C¢Hg)] (lower estimate 11.4(1.1) kcal mol™1).1%
The first stable germabenzenes have been stabilised by coordination to chromium as
shown in complex 13,'% and unusual n-coordination of 2,6-substituted aryl thiolates
to molybdenum observed for the first time.'°® n3>-Pyranyl and pyridinyl n-complexes
were used as chiral scaffolds for the first stereoselective and regioselective [5 + 3]
cycloaddition reactions.'”’”
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Alkyne and acetylide chemistry includes enediyne synthesis via sequential acetylide
reductive coupling and alkyne metathesis using a molybdenum amido complex,'®®
and insertion of alkynes into Fischer carbene complexes.!!1® Alkylidene and
alkylidyne chemistry include a new enantiomerically pure adamantylimido molyb-
denum alkylidene complex for enantioselective alkene metathesis,''! a DFT analysis
of the ligand influences on hydrogen migration of [WH(CH)(CO),(PH3),] to
[W(CH,)(CO)»(PH3),],''? and association of molybdenum and tungsten alkynyl-
carbyne complexes in solution prior to crystallisation.''

Unusual ligand sets include benzannulated N-heterocyclic carbene complexes of
chromium and tungsten that are synthesised at the metal atom via templating from an
isocyanide ligand,!'* and hemilabile behaviour of a C=C moiety in mesitylene
substituted N-heterocyclic carbene complexes such as 14.'"

Paramagnetic complex chemistry includes the electronic structure and spectrum of
[Mo(CN)g]*~, calculations on which substantiate the spin ground states of clusters
and networks that contain the [Mo(CN)g>~ moiety.''® Magnetic properties of
tungsten(1v) complexes of the type [(Cp*)W(bipy)Cl,]* that show different behaviour
in the solid state from solution is accounted for by ligand effects on a thermally
accessible excited triplet state.!'” The reactivity between the [(Cp*)Cr(CO),] radical
and N,S 2-pyridinethiones has been investigated,!'® and the ability of the cationic
complex [(Cp)W(CO);]* to reduce H, to dihydride is ascribed to a low lying triplet
state.!!®

Solvent free migratory insertion reactions of molybdenum and tungsten complexes
[(Cp)M(CO);Me] using tertiary phosphines have been shown to occur with similar
kinetic profiles to solution chemistry with diffusional effects detected at low
temperature. 120

5 Manganese, technetium, rhenium

The organometallic chemistry of oxo complexes includes the synthesis of cationic
technetium and rhenium N-heterocyclic carbenes such as 15,'?! the structures of
which indicate a lack of n-back donation to these ligands. Rhenium catalysed oxygen
atom transfer from epoxides to PPhj catalysed by [(Tp)Re(O)s] has been shown to
occur via a complex combination of mechanisms.'** C-O bond formation to give
propargyl ethers is catalysed by [(dppm)Re(O)Cls],!?* and the mechanism of aldehyde
olefination by [(2,2"-bipy)Re(O);]" has been investigated in the gas phase by mass
spectrometry.
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The formation constants of mono- and bidentate nitrogen donor adducts of
[Re(0);Me] have been determined'®® and new methyloxorhenium(v) compounds
derived from tridentate SSS, SOS, and ONO ligands synthesised and their oxidation
chemistry investigated.'?® DFT calculations and variable photon energy photoelec-
tron spectroscopy have also been used to elucidate the electronic structure of
[Re(0);Me] and allow comparison to [TiCl;Me].'?” Reactivity of the rhenium amido
complex [(2,2"-bipy)Re(CO)3(NH(p-CsH4Me))] toward organic electrophiles such as
thiocyanates gives insertion into Re-N and N-H bonds.'?® The rhenium amido
polyhydride 16 led to conversion of ethene to a hydrido ethylidyne 17,'* and in a
related study also gave cyclohexene isomerisation to a p-agostic carbene ligand.'°

,
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C-H and C-F activation using cyclopentadienyl carbonyl complexes of group 7
includes a comparative computational study of methane activation by [(Cp)Re(CO),]
and [(Tp)Re(CO),] complexes indicating significant differences occur mainly as
a consequence of steric factors.'>' ortho-C—F activation of arylfluorides has
been investigated experimentally and by DFT for [(Cp/Cp*)Re(CO),] derived
complexes showing that Re-C bond strengths play the dominant role in
thermodynamic and kinetic correlations.!3>!3 The reactivity of related fulvene
complexes [(n°-CsMesCH,)Re(CO),CoFs] has also been explored allowing access to
functionalised Cp derivatives.'**

Substituted Cp rhenium and technetium carbonyl complexes of the type
[(RC(O)Cp)M(CO);3] have also been developed for radiopharmaceutical applica-
tion.!*>1%¢ Time resolved infrared spectroscopy was used to probe the substitution
kinetics of [(Cp)Mn(CO),(cyclohexane)],'*” and a ring-slip mechanism for CO sub-
stitution for an alkyne in indenyl rhenium carbonyls such as [(1°-CoH;)Re(CO),-
(MeCCMe)] is promoted by the alkyne.'®

Unusual ligand sets include managanese N-confused porphyrins,'*® and a rhenium
complex 18 of a corannulene-based ligand.'*® Metal bound ligand transformations
include the synthesis of cyclic cis-enediynes from manganese carbyne complexes and
o,0-diynes,'*' borohydride reduction of a rhenium bound acetonitrile to give a
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192 rhenium catalysed coupling of propargyl alcohols and allyl

144

chelating iminoborane,
silanes,'** and stereoselective aldehyde addition to rhenium coordinated furans.

< >

|
Q O [Re(CO)3(THF)Br], - Re"/CO
S %,

6 Iron, ruthenium, osmium

The organometallic chemistry of group 8 was again dominated by the application of
ruthenium complexes to catalytic and stoichiometric organic transformations.
Reviews include design of new chiral ruthenium catalysts for asymmetric hydro-
genation and their transition from laboratory to industrial applications,' the
catalytic applications of coordinatively unsaturated ruthenium amidinates,'** and the
reactivity and catalytic applications of [Ru(cod)(cot)].!*®

Alkene metathesis was again very prominent in 2003. DFT studies investigated the
mechanism of ruthenium catalysed metathesis'*’"'*® and several new precatalysts
were reported. These include the first highly active halide free example 19,'¥
ruthenium indenylidenes,'>® and N-heterocyclic carbene ligand derivatives of
Grubb’s type catalysts,'>"1>* including chiral derivatives.!>* The importance of
trace linear contaminants in ROMP catalysis was also highlighted for the synthesis
of cyclic polybutadiene.'>® Ring-closing metathesis and cycloisomerisation reactions
are catalysed by N-heterocyclic carbene complexes such as 20.'3® An experimental
and theoretical study examined the binding of N-heterocyclic carbenes to
{(Cp*)RuCl} in order to quantify and clarify the bonding of these ligands to
complexes relevant to alkene metathesis and other catalytic reactions.'>’

N < Ru..,
(/\N Ph &Z/ \C|CI

19 20

Atom transfer radical polymerisation of alkenes using ruthenium N-heterocyclic
carbene complexes,'*® iron salicylaldiminato ligands,'*® and indenylidene ruthenium
complexes'®® was also reported.

Other studies relevant to catalysis include chemoselective N-allyl bond cleavage
using Grubb’s type catalysts,'® a DFT study on the mechanism, regiochemistry and
stereochemistry of ruthenium catalysed hydrosilylation,'®! ruthenium silylenes for

Annu. Rep. Prog. Chem., Sect. A, 2004, 100, 385-406 393



hydrosilylation that provides evidence for a new hydrosilylation mechanism,'®

cleavage of a C—C triple bond to give an alkene and carbon monoxide,'®® and
asymmetric transfer hydrogenation.'®*

The moiety {(Cp/Cp*)RuCl} has been used to catalyse hydrophosphination of
propargyl alcohols,'® stereoselective synthesis of substituted 1,3-dienes,'®® intra-
molecular [2 + 2 + 2] alkyne cyclotrimerisations,'%” and has been the focus of DFT
studies for bis-Diels-Alder cycloaddition of 1,5-cyclooctadiene with alkynes,'®® and
cyclotrimerisation of alkynes.'® The complex [(Cp*)Ru(2,2-bipy)(MeCN)][PF4] was
used to catalyse regioselective allylic substitution,'” and aminocyclopentadienyl-
ruthenium complexes the catalytic dynamic resolution of (S)-secondary alcohols.!”!
PGSE and NOE NMR spectroscopy were employed to probe higher order
aggregation of some cationic ruthenium complexes relevant to catalysis in both
protic and aprotic sovents.'”

Other interesting catalytic reactions include the use of C-H activation products
for the arylation of aromatic compounds with arylboronates using [RuH,(CO)-
(PPh;)s],'® and the addition of arenes to ethylene and propene catalysed by
[(Tp)Ru(CO)Me(CNMe)].'”* A DFT study on the borylation of methane and
benzene by Cp iron and ruthenium complexes was also undertaken.'”®

The thermodynamics and kinetics of oxidation of aromatic C-H bonds by [Ru(2,2'-
bipy)(py)O]* was investigated showing that C—H activation occurs by hydrogen
abstraction,'’® and tandem C-H activation/Si-H elimination in a ruthenium
phosphine hydride leads to stabilisation of C-H activation products by an unusual
B-agostic Si-H interaction.'”’

The first X-ray and theoretical study of n-alkyne, alkynyl hydride and vinylidene
isomers for the same transition metal fragment 21-23 was reported,'”® and related
isomerisations are observed in osmium hydrido-vinylidene-n-alkyne vs. hydride
osmacyclopropene,'” and the coupling of phenylacetylene with an osmium trihydride. %
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Carbene and cumulene studies include those of {Cp*Ru},'®! electronic structure

calculations of [RuCI(PH3),C,H,] (n = 1-8),'%? the osmium-carbene complex
[(Cp)Os(CHPh)CI(P'Pr3)] that exhibits Fischer-Schrock ambivalent behaviour,'®?
and ruthenium alkynyl complexes for nonlinear optical applications.'®* In a similar
vein new rigid rod-like structures were synthesised based on ruthenium acetylides, '3
and ferrocenyl-fluorenes. '

Chemistry directed toward medicinal applications of group 8 organometallics
includes the synthesis of water soluble ruthenium arene complexes and their screening
for antibiotic and antiviral activity,'®” and kinetics of aquation of ruthenium() arene
anticancer complexes.'®®

The first example of a structurally characterised octahedral Tp iron methyl
complex [(Tp)Fe(CO)(Me)(PMe;)] was reported,'®® and methane o-bond metathesis
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in related complexes was investigated by DFT.'*° Novel zerovalent ruthenium arene
complexes bearing two dimethylfumarate ligands that could potentially serve as
useful precursors to ruthenium complexes have been prepared from substitution of
[Ru(cot)(dimethyfumarate),]."*' Protonation and bromination of an osmabenzyne 24
was investigated,'®? and theoretical studies used to probe their stability.'®* The first
photochromic organometallic derivative of a diarylethene 25 was prepared and
photon induced valence isomerisation investigated.'®* The molecular turnstile 26,

that exhibits a ratchet motion, was also synthesised.
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7 Cobalt, rhodium, iridium

The ligand effects in rhodium-catalysed carbonylation of methanol were surveyed
and placed in the context of current industrial processes,'”® and iridium-catalysed
alkane dehydrogenation investigated by DFT was reviewed.'®’

Catalytic reactions performed employing well defined metal complexes
include asymmetric hydrogenation of aryl alkenes catalysed by N-heterocyclic

carbene-oxazoline hybrid ligand complexes of iridium,'® novel axially chiral
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rhodium-N-heterocyclic carbene complexes derived from BINAM for enantioselec-
tive hydrosilylation,'®® rhodium catalysed Mizoroki-Heck arylation between alkenes
and aroyl chlorides without the need for ligand or base,”*’ and coupling of internal
alkynes in {(Tp)IrMe,} derivatives.”®! Studies on the mechanism of cobalt catalysed
hydroformylation were reported,®>?°* and insights into rhodium catalysed hydro-
formylation were achieved using in situ high-pressure IR and polymer matrix
techniques.”**

Inter- and intramolecular C-H activation and its application to organic chemistry
were prevalent in 2003. Selective ortho-C—H activation of haloarenes by an iridium(r)
complex was achieved,?®® oxidative addition of benzene to [Rh(H)(PMes)s] under
photochemical conditions observed,?*® addition of ortho-C—H bonds of phenol across
norbornene catalysed by a chiral iridium(1) diphosphine complex,?*” and a DFT study
made of the direct conversion of methane into acetic acid by RhCl;.2%

Iridium complexes of N-donors were particularly prominent in C-H activation.
For example competitive o vs. B C-H activation of (Tp)iridium(i) alkyls relevant to
intermolecular C-H activation of ethers and amines,”® H/D exchange between
CH, and deuterated solvents including perdeutero-benzene, thf, diethyl ether and
1,4-dioxane catalysed by [(Tp)Ru(H)(PPh3)(CH;CN)],>!'® DFT analysis of room
temperature benzene activation using the iridium complex 27,>'' and room
temperature borylation of arenes and heteroarenes using a complex generated
from 4,4'-di-terz-butyl-2,2'-bipyridine and [Ir(OMe)(cod)],.>'>*!* Alkane C-H
activation using an O-donor ligand complex 28 was also reported for the first time.*'*
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Various phosphino pincer ligands have been investigated for C-H activation
including a mechanistic study of transfer dehydrogenation catalysed by an iridium
complex,?" rhodium catalysed H/D exchange between alkenes and methanol or
water,>'® synthesis of enamines by iridium-catalysed dehydrogenation of tertiary
amines,?!” and competitive intramolecular C-H vs. C-C activation vs. C-C agostic
interaction of a PCN pincer ligand coordinated to rhodium(r).2'%1°

C-F activation and hydrodefluorination of fluorinated alkenes at rhodium by
[Rh(H)(PEt;);] was investigated,?*® and intramolecular dehydrofluorinative coupling
of an asymmetric diphosphine and Cp* ligands in a rhodium complex observed.?*!

Stoichiometric C—C bond activation includes iridium assisted C-C alkyne cleavage
by water to give alkyl derivatives,*? and a mechanistic investigation into the C—-C
cleavage of aryl and alkyl cyanides using [(Cp*)Rh(PMes)(SiPhs)(CH,CL,)|[BAr'y]
(A1’ = 3,5-(CF5),C¢H3). 2%

New ligand sets include n°-corrannulene complexes of iridium 2 and
n’-corrannulene complexes of rhodium,”®’ asymmetrically substituted saturated
N-heterocyclic carbenes of rhodium,??® 6-membered N-heterocycles for carbene
complex formation,®*’ the first monophosphacobaltocene 30,®° TROPDAD a
tetradentate ligand based on cycloheptenyl and diazobutadiene moieties for the
stabilisation of paramagnetic rhodium and iridium complexes in water,”* and the
first example of a phosphinidene incorporating a N-heterocyclic carbene was also
prepared.>*® Of relevance to catalysis a DFT study compared the bonding in
rhodium() carbene and tertiary phosphine complexes.”*!

TS T,
Me _eMe @\tBu
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Unusual structures include rhodium(ir) and (1) two-legged piano-stool complexes
incorporating a bis-phosphine-n®-arene ligand,*** several examples of carbon rich
cyclyne complexes of cobalt,”*?** iridabenzene and naphthalene complexes
containing electron withdrawing substituents,>> and the chemistry of an iridium
benzyne.>3¢

8 Nickel, palladium, platinum

Reviews of group 10 organometallic chemistry include the catalytic design and
mechanistic aspects of alternating copolymerisation of ethene and carbon monoxide
using palladium catalysts,>>” the use of phosphapalladacycles and N-heterocyclic
carbene palladium complexes for C—C coupling reactions,?>® and C—H activation and
functionalisation with platinum.?*
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C-H activation has again been a focus of much effort in group 10. For example
arene C-H activation and arene oxidative coupling by cationic diimine palladium(ir)
complexes,?? palladium catalysed activation of benzylic gem-dialkyl groups,?** and
dehydrohalogenation of haloarenes by [(dcpe)Ni(n>-C,H,)] [depe = 1,2-bis(dicyclo-
hexylphosphino)ethane].>*! Several reports of C—H activation mediated by platinum
complexes of N-donor ligands were published including (-diiminate platinum
complexes for alkane activation,?*? alcoholysis of tetramethylsilane,?** the geometric
effects on the reactivity of unsymmetrical 2-(N-arylimino)pyrrolide platinum
complexes,244 mechanistic studies of reductive elimination/oxidative addition of
[(Tp)Pt(CH3),H],%** and synthesis and acid/base properties of [(2,2'-bipy)Pt(CHj),-
(OH),_(OCHj3),] (x = 0,1).2*¢ Reductive elimination from bis-phosphineplatinum
alkyl complexes,”*’ and zwitterionic complexes containing a bis-phosphine borate
for C-H activation of benzene were investigated.”*® In related studies a novel
T-shaped 14-electron platinum cation 31 stabilized by an agostic interaction was
synthesised.?*’

Hy

CTH —|+

'
!
v

Ph2P—F‘;t—PPh2

31

Group 10 mediated polymerisation and oligomerisation studies include new nickel
complexes incorporating ligand sets derived from arenes,> chiral anilines giving
C, symmetric complexes,”' sp®> hybridised bis-phosphines to give 32,%°* anilino-
perinaphthalenone,?>® and salicylaldiminato.?** Diimine palladium(i) complexes
for copolymerisation of ethene and norbornene were also reported.’> In related
studies mechanistic aspects of ethene polymerisation have been aided by the synthesis
of nickel(i) alkyl agostic cations and alkyl ethene complexes,”>® a DFT study of
ethene polymerisation and branching catalysed by a nickel anilinopropene
complex,?”” and the selective cyclotrimerisation of 1,3-butadiene using Ni(o)
complexes.>>®

‘Bu Bu
t / \ t
Bu P\®/P Bu
Ni
t | t f -
Bu Y Bu [BAr,]
R R =H, CO,Me
Ar' = 3,5-(CF5),CsH3

The mechanism and kinetics of solvolysis of a range of bis-phosphine
acylpalladium(i) complexes relevant to the copolymerisation of ethene and CO
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indicate that polymerisation is favoured by less bulky phosphines,*® and n'-allyl
complexes of palladium(i) have been prepared and insertion of CO observed to give
3-butenoyl derivatives.?®® Reaction between vinyl chloride and various late metal
alkene polymerisation catalysts has shown that B-Cl elimination to give a metal
chloride and propene is the main barrier to coordination polymerisation,?®' and the
formation of stable palladacycles prevents copolymerisation of vinyl chloride with
CO.262

Carbene complexes, particularly those of N-heterocyclic carbenes (NHC), and their
application to various catalytic reactions were very prominent. Catalytic reactions
include palladium NHC catalysed room temperature Suzuki coupling reactions of
aryl chlorides,?®* transfer hydrogenation of imines catalysed by nickel NHC,?%* chiral
palladium NHC complexes for Mizoroki-Heck®®® and asymmetric allylic alkyla-
tion,2® selective hydrosilylation of styrene,?®’ palladium catalysed CO/ethene
copolymerisation using a chelating NHC-tertiary phosphine,?*® and telomerisation
of amines and 1,3-butadiene.®’

Relevant work to catalysis using NHC complexes includes migratory insertion of a
methyl group in a palladium NHC complex shown in 33*"° experimental
determination of nickel-NHC bond enthalpies in Ni(NHC)(CO), complexes,>”!
and palladium—NHC bond enthalpies in [PA(NHC),(Ar)Cl],?”* effect of counteranion
on the mechanism of conformer interconversion in cationic chelating di-NHC
complexes,””® and fluxionality in palladium imino-NHC hybrid ligands.’”* C-H
activation of imidazolium salts by platinum(o)*”> and palladium(o)*”® gives NHC
complexes that may indicate that NHC complexes are active in reactions performed
in ionic liquids derived from imidazolium salts.

=

|
[ Ha% 1

r
33

Non-NHC carbenes include the synthesis of an acyclic aminocarbene 34 by
protonation of an isocyanide that catalyses the transfer hydrogenation of ketones,>”’
and inserts alkenes into the C-H bond of the carbene.?’® An unusual tris-carbene
pincer complex 35 containing a carbonyl and three bound carbene centres was also

prepared.>”

2+
PPh, PPh, N |
. HBF, .
Ph—P=Ni—C=N — Ph—P—r|\u«:<
PPh, PPh, M 2.BF,
34
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N _SiMe;
PhR” T

pPt—-CO

Ph,P =
2 \N/\O\
SiMe;

35
Other molecules of interest include a pseudo-tetrahedral bromotris(1-norbornyl)-

nickel(iv) complex,?® formation of a phosphirene 36 by phosphinidene group
transfer,?®! a nickel(im) complex of an N-confused porphyrin,2®? platinum acetylide

macrocycles,283 and the observation of five different fluxional process in
284
[(Tp)Pt(CsF's)a].
tBl\l /tBu Mes tBL\J /tBu ;Ph Mes
R H—=——~Ph R
Ni=P E— Ni P
4 P
/N 7\ B
Bu'Bu Més ‘Bu'Bu H Mes
36

Interesting electronic phenomena include the synthesis of an outer-sphere two-
electron platinum reagent 37,°% and ‘inverse electron demand’ that has been
determined from kinetic measurements in the ligand substitution chemistry of
palladium(o) alkene complexes. The kinetic data are interpreted in terms of a metal
‘electrophile’ and alkene ‘nucleophile’, an observation that could have important
ramifications for reactions catalysed by transition metal complexes.'
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