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1 INTRODUCTION 

This survey details the accounts of organometallic chemistry of nickel, 

palladium and platinum published in 1984 and 1985. Material from the patent 

literature which was reported in Chemical Abstracts in 1984 and 1985 is also 

Included, and the organisation remains broadly similar to that in past 

surveys. The author is taking the unusual step of combining the material from 

two years in an attempt to speed up production, and get the coverage of the 

survey closer to the present day. In order to keep the length manageable, some 

abbreviation is essential, and she apologises in advance to any author who 

feels that their contribution has received less space than it should, 

A number of reviews of general interest have appeared, including a 

discussion of metal-llgand bond energies in organometallic compounds Ill, a 

consideration of the application of the HSAB approach to chemoselectivity in 

organometallic reactions [21, and an account of the coordination chemistry of 

secondary phosphorus chalcogenides and their conjugate bases 131. In reviews 

specifically of the chemistry of derivatives of the nickel triad, topics 

covered include the chemistry and spectroscopy of mixed-valence complexes [41, 

the thermodynamics of oxygen bindlng in natural and synthetic dloxygen 

complexes [5], hydroxyoxhne complexes [61, the chelate effect In square planar 

complexes with particular reference to bidentate phosphines and arsines 171, 

monothio and monoseleno-carbamate complexes [81, and the electrochemistry and 

redox behaviour of dithiocarbamates [9]. The annual survey of the inorganic 

chemistry of the platinum group metals has been published [lo], as have annual 

surveys of transition metals in organic synthesis covering hydroformylation, 

reduction and oxidation [ill, and other reactions [121. Advances in the 

chemistry of complexes containing heteronuclear metal-metal bonds (other than 

metal clusters) in 1982-1983 have been detailed 1131. 

General reviews of nickel chemistry have included discussion of 

carcinogeniclty and mutagenicity of nickel and its complexes [141, complexes 

of nickel(II1) and nickel(IV) [151, and matrix isolation of nickel complexes 

1161. The angular overlap model for the description of the paramagnetic 

properties of transition metal complexes, including nickel, has been reviewed 

1171, as have crystal field aspects of their vibrational spectra 1181, 

Arbuzov-like dealkylation reactions of nickel phosphite complexes [191, and 

geometric and electronic factors relating to NP activation on nickel complexes 

r201. 
A book has been published concerning the uses of palladium reagents In 

organic synthesls [21]. The electronic structure and reactivity of palladium 

complexes, especially those of palladium(II1 and palladium(O) has been 
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reviewed [22]. 

The industrial toxicology of palladium and platinum derivatives has been 

reviewed 1231. In a discussion of palladiumligand and platinum-ligand bond 

energies, both coordination and organometallic complexes were considered [24]. 

"Odd" oxidation states (I and III) of platinum and palladlum have been 

detailed, with particular reference to bimetallic compounds, carbonyl 

clusters, A-frames and isocyanide complexes [25]. An annual survey reviews 

X-ray data on clusters, carbonyl complexes, and complex reactivity [26]. 

A discussion of the history of organometalllc chemistry begins with a 

consideration of Zeise's salt [271, and the molecular tectonics of platinum 

clusters have been reviewed [28]. 

2 METAL CARSON o-BONDED COMPLEXES 

There have been review articles on complexes containing metal-carbon 

o-bonds [29], and of ~_(a,w)alkanediyl derivatives of transition metals [30]. 

Hethylation and dealkylation reactions of platinum(I1) and platinum(IV) with 

alkyl cobalamins have been discussed 1311. In a review of alkoxo complexes of 

palladium and platinum, a number of derivatives in which there is also a metal 

alkyl or metal ally1 are discussed [32]. 

2.1 Meta 1 A lkyl Complexes 

Thermolytic decomposition of the complexes [HRsXs] (H = NI, Pd or Pt) has 

been reviewed. Possible 3-, 4- or 5-coordinated intermediates are discussed, 

as is the relatlve importance of reductive elimination and R-hydride 

elimination pathways [333. The reductive elimination of methane from 

[PtH04e1(PPh,)zl is easy at -25 oC, but IPtHes(PPhs)J is stable up to 237 oc. 

Activation seems to be extremely sensitive to the nature of the bond being 

formed, and calculations were undertaken which provided an explanation for the 

trends observed [34]. There has also been a theoretical study of the mechanism 

of the reaction between molecular hydrogen and {Pt(PHs)s}, and of the 

decomposition of [PtH0ie)(PH&l. In the oxidative additon of hydrogen, an 

early transition state is on an approach to a cfs-product, but phosphine 

repulsions intervene to ensure formation of the trans-derivative. The large 

deuterium isotope effect found experimentally in the reductive elimination of 

CHsD was accounted for by the calculated reaction path 1351. There have also 

been calculations on the {Ni(CHs)H) system [361. 

Addition of a llgand, L', promotes the elimination of ethane from 

cis-[NiL,Hez]. A molecular orbltal analysis of the problem indicated that 

References p. 767 
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elimination is easy from a cis-dialkyl square pyramidal complex, or from an 

intermediate with trigonal blpyramidal geometry, but not frcnn other possible 

intermediates 1371. Reaction of CDsLi or CDsMgBr with NiCls or PdCl, has been 

studied. Metal carbene as well as metal alkyl intermediates were proposed 

[381. In the thermolysis of [Ni(CH,=cHCH,)(cp)(R)l, (R = CHs or cD3), H/D 

exchange was noted between the complexed propene and the alkyl group, prior to 

decomposition to methane and ethane. For the complexes In which R = Et or Pr, 

g-hydride elimination was the major decomposition pathway 1391. 

Thermolysis of [Pd(PEts),(R)X] (R = CHs or CD,; X = Br, I or CN) in the 

temperature range 120-180 oC gave methane, ethane, and ethene in ratios which 

were a function of temperature. Deuterlum labelllng studies suggested that the 

methane was formed through intramolecular hydrogen abstraction from the 

phosphine ligands, rather than fission of the palladium-carbon o-bond. At 

higher temperatures the Pethyl bonds were also cleaved to give ethene and 

ethane. The reaction proceeded faster in the presence of molecular oxygen, 

with a change in mechanism to a radical process [401. Reaction of 

trans-[PdHez(PEtzPh),l with HesMg or HeHgBr resulted in equilibration with the 

cis-isomer, followed by rapid reductive elimination. 1 was proposed as a 

likely reaction Intermediate, in accord with deuterium labelling studies [41]. 

The electrochemistry of [Nl(phen)sl *+ has been studied in some detail. If 

reduction is carried out in the presence of an alkyl bromide, RBr, 

[Nl(phen)Ral is formed, and further reduction brings about catalytic reductive 

coupling of the alkyl bromide in solution 1421. 

An ab fnftfo calculation on the optimum geometry for [Pd(Et)(H)(PHs)l 

revealed that the g-hydrogen of the ethyl group has an agostic interaction 

with the palladium. The path to g-hydride elimlnation to give 

cfs[Pd(CsH,)Hs(PHs)J is a smooth continuation of the agostlc interaction, and 

has a low activation energy. The transltion state Is both tight and late. 

R-Hydride elimination is predicted to be supressed in the related {PdCHsCHFs} 

derivative; in this case the g-hydride is insufficiently donating for an 

agostic interaction 143,441. 

The preparation and thermolysis of [Pd(blpy)Eta] has been described. The 

products of thermolysls are almost entirely ethane and ethene, In contrast to 

the observation on the related nickel complex, which gives 50 X butane. The 
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formation of butane from the palladium complex is achieved in the presence of 

n-acceptor ligands such as methyl propenoate 1451. By contrast, with 

cis-[PdEt,L,] (L = PMe,Ph, dppe, dppp or dppb), butane Is the major product, 

and ethane and ethene are obtained only on addition of an additional ligand. 

The mechanism of the reaction in this case was entirely different, as was 

revealed by a deuterium labelling experiment, and involved orthometallation of 

the ligand [46]. Reactlon of [PdCl,Lsl with MesCCHeHgBr or MesCCH,L1 gave 

[Pd(CH,CMes)sL,l, probably with ciegeometry. Thermolysis yielded only 

2,2,5,5_tetramethylhexane, and no products of disporoprtlonation or Y-hydrogen 

elination, in contrast to the platinum analogues. Carbonylation resulted in 

the insertion of CO between the two alkyl groups to give the symmetric ketone. 

When [PdCl,(dppe)l was reacted with LiCH,CHe,CHe2CH2Li the isolable 

metallocyclopentane, 2, was formed. This Is the first metallocyclopentane to 

be isolated in which both of the a-carbon atoms are of the neopentyl type. At 

temperatures above 200 oC, 1,1,2,2,-tetramethylcyclobutane is formed [47]. 

(dppe)Pd 

3 

2 

Enthalpies and activation energies for g-hydride elimination from cfs- and 

trans-[PtCl(PEts)eRl (R = Et, Pr or Bu) were obtained from DSC [481. The 

thermolys+s reactions of [Pt(CDeCHs),(cod)l and [Pt(CD2CH3)(cod)Xl (X = Cl or 

I) were investlgated. The data were fitted to an appropriate kinetic model 

[491. The mechanism of decomposition of trsns-[PtC1(Et)(PEts)2] in cyclohexane 

at 158 oC was investigated by means of a careful kinetic study 1501. 

The reaction of MesCCHeHgBr with "PtC14" has been investigated [513. 

Hydrogenation of cfs-[Pt(CHZCCte,),(PEt3)21 gave Me& and trans-[PtH,(PEt,),]. 

The mechanism proposed for the reaction is shown In Scheme 1. If the 

concentration of added llgand Is zero, ligand dissociation is the rate 

controlling step, and there is no HJDs Isotope effect. When the concentration 

of added ligand is > O.lH, phosphine loss Is reversible, and elther He 

addition or 2,2-dimethylpropane loss is rate-limtting, wlth KH/KD = 1.9 [52]. 

Thermolysis of 3 gave 2,2,3,3_tetramethylbutane vfa heterogeneous processes 

catalysed by platlnum metal, and 1-methyl-1-(l,l-dlmethylethyl)cyclopropane 

under strictly homogeneous condltlons [531. 

References D. 767 
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A species described as {HesNiLi) reacted with cyclohexenone to give 

3-methylcyclohexanone in 2 X yield and 1-methyl-2-cyclohexene-l-01 In 14 X 

yield [541. The principle of structural correlation was applied to 78 

B-coordinate nickel complexes to give a map of the reaction coordinate for 

association at square planar 4-coordinate nickel centres. INi04e)(PMe,),l was 

the only organometallic complex considered [55]. Reaction of HeLi with 

[Ni(C2H4)31 in the presence of pmdta gave 4, characterised by an X-ray 

diffraction study. Related species were produced from [Ni(CO),] and [Ni(cdt)l. 

Chemical properties and spectroscopic data indicated that the He-Ni bond was 

essentially covalent in the carbonyl derivative, but was more polar in 

character in the cdt and ethene complexes [SS]. Treatment of [MC13L3] (H = Ni 

or Pt; L = PPh3 or L3 = dppe) with [NH,12[RSiFs] (R = Me or Ph] gave a mixture 

of [MClL2Rl and [ML,R,l 1571. 

The gas phase reaction of Pdt with H2 and C2Hs has been studied in an ion 

beam apparatus as a function of relative kinetic energy. The bond dissociation 

energy for Pd+-He was shown to be 247t21 kJ mol-l and the bond was largely 

covalent in character 1581. Theoretical calculations have been performed for 

the migration process shown in reaction (1). These suggested that the starting 

material was initially deformed at the phosphorus centre. In a comparable 



process, [Pt(NH,)a(Ph)l' reacted with Me1 to give 6, via a migration process 

in the initial oxidative addition product, 5 [59]. 
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4 (Reproduced with permission from 1561) 

The canplexes cis and Vans-[Pd(PMe,),R,l and cfs-[Pd(dmpe)R,l (R = Me, 

CHaPh, CH2CMe2Ph, or CHsSiMea) were prepared from Pd(OCOMe12, and the relevant 

Grignard reagent, in the presence of phosphine 1601. Treatment of 

[PdC12(SNe2)sl with halide free methyl lithium, In the presence of a ligand, 

L, gave [PdLMe,l (L are poly-(pyrazol-1-yljmethane ligand) [611. 

Reaction of [Pd,C1,(I.r-dppm)21 with HesAl gave [Pd,Cl(kdppm),Mel, which 

could be characterlsed, but was not very stable. Thermolysis yielded 

[W$12(~dppm)2Me21, whereas treatment with ethanol gave 

References p. 767 
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[Pd,(rr-Cl)(Lt-dppn)z(H)(He)l+. This complex was in equilibrium with an isomer 

in which the hydride was bridglng and the chloride ligand terminal [62,63]. 

ReaCtiOn of [Pt(AsPha>(Me),(PEts)1 with one molar equivalent of HCl gave 

trans-[Pt(AsPh,)Cl(He)(PEts)l, characterfsed by an X-ray diffraction study 

1641. The ligand PhsPCHsP(Ph)CHsPPhs, dpmp, forms chelate complexes such as 

[Pt(dp+nplMesl, in which only the terminal phosphines are metal-coordinated. 

The "internal" phosphine Is thus free for coordination to other metal centres, 

forming species such as trans-[RhC1(CO){(~dpnrp)PtClez}zl, and 

cis-IPtC1,{(rr-dpmp)PtMez}zl In which the metal centres are remote from each 

other 1651. The preparations of [Pt(dppm-P,P)R,] (R = Me, Et, CH,Ph, CH,CHe,, 

or AI-1 from RMgBr and [PtCl,(dppm-P,P)] have been described. Reaction of the 

chelating complexes with an excess of dppm resulted In an equilibrium with 

[Pt(dppm-P),R,l. The rate at which the equilibrium was established depended on 

the steric hindrance provided by the R groups. For hlndered R groups selective 

protolysis was possible with HCl to yield [PtCl(dpc#n-P,P)Rl. Oxldative 

addition of Me1 gave the trans-platinum(IV) ccmplex in most cases, but for 

R= 2-MeOCsH, the final product was [Pt(dppm-P,f)I(R)] [66]. Treatment of 

[Pt(cod)Mes] with dpam gave cfs-[PtU-dpam)zMe2], since the arslne is a less 

successful chelate than dppm. Addition of an excess of dpam yielded 

[Pt(dpam-As)zMe,l. tran*[PdCl,(dpam-As),] was also prepared and its reactions 

with other metals studied [67]. 

The reactivity of trans-[PtClLs(R)] (R = Me, L = PPhs, or R = Ph, 

L = PEts) has been studied. Treatment with Na[OMel/MeOH followed by 

Na[BH,]/HeOH gave trans-[Pt(H)Ls(R)l. The same complex was obtained from 

trans-[PtLs(R)(solvent)][BF,] or tran~[PtLs(NHCOCH,)(R)l. The intermediate 

trans[PtLs(OMe)(R)] was isolated in an impure form and could be characterised 

spectroscoplcally. Reductive elimination of RH occurred only at high 

temperatures. Loss of benzene was facilitated In an atmosphere of CO, which 

catalyses cfs % trans-isomerisation, and inhiblted by EtsP, suggesting that 

the mechanism requires phosphine dissociation 1661. Reaction of 

tran~[{Pt(C2H4)(Me)}(ItC1)Z{Pt(CZH4)Me}] with the bis N,IY-dimethylhydrazone 

of butane-2,3-dione gave a 5-coordinate complex in with the methyl and chloro 

llgands occupied the axial posltions. The use of a chiral chelating llgand 

gave two diastereomerlc complexes wlth dlfferlng chirality at the platinum 

centre. Recrystallisation gave a single diastereolsomer, via a second order 

asymmetric transformation 1691. The llgand (Ph,P),C=CH, is very reactive 

towards Michael addlton reactions when it Is complexed to platinum. A range of 

such reactions for [PtMe,{(Ph,P),C=CH,}l with amlnes and hydrazines have been 

described. Oxidative addlton of Me1 to give fa~_[PtI(Me),((Ph,P),C=CH2}l 

allowed the study of similar reactions in the platlnum(IV) series. The 
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products in these cases, such as 7, rearranged to give P,iV-chelates, which 

were somewhat less strained 1701. 

I Phz PPhz 
““\I ,P 

/pt\ 
HPh - 

Mel P 
Me Phn 

7 

Oxidative addition reactions have been studied for a number of {PtHea) 

derivatives. Reaction of RX with [MeaPt (LL = bipy or phen) gave 

IPt(LL)04e)2(R)Xl (R = Me, Et, Pr or Bu) by an SNa mechanjsm. By contrast a 

radical mechanism was Involved in the reaction with CHsX2 to give 

[Pt(CH,X)(LL)(He)aXl 1711. Reacttons of a,wdihalides were also studied 1721. 

The complex cfs-[PtMe2(py)sl was extremely reactive towards oxidative 

addition, reacting rapidly with CF,I or ROH. By contrast, oxidative addition 

of CF3I to cf~_[Pt(CFs)2(py)71 required more forcing conditions [731. The 

photochemically initiated oxidative addition of P-iodopropane to [PtMe,(phen)l 

has been studied. Irradlation of the lowest energy HLCT band of the complex 

leads to Iodine atom abstraction from the substrate. The MLCT excited state of 

the complex was shown to have triplet character using a triplet sensltiser 

(PhaCO) and a triplet quencher (pyrene). This is followed by free radical 

addition, with the P-propyl radicals, these being the chain carriers. 

Termination occurs by radical attack at the methyl or phen ligands rather than 

recombination or dlsproportionation [74]. Further insight into the reaction 

was obtained when it was carried out in oxygen. In this case one of the 

products obtained was cfs-[pt(LL)I~He2)(oOCHc(e2>l, formed by reaction of 

oxygen with the P-propyl radicals 1751. Treatment of [PtaHe,(~SMe2)zl with 

blpym gave the mononuclear species [Pt(bipym)Mea], the oxfdative additlon 

reactions of which were studied in sane detail. Reaction with alkyl iodides, 

RI, yielded [Pt(blpym)I(Me)2(R)1, and with I(CH,),,I (n = 3, 4 or 51, 

[Pt(blpym)~(CHB)~~I(Me)21 and [~Pt(blpym)I(Hez)~~C1-(CH,),~~Pt(blp~m)I(Me)2~l. 

Reactions of the mononuclear complexes with further [Pt,Me,(&kSMe,),l to give 
binuclear species such as [(pt{(CH2)~}I(Me)2)(~bipym){PtMe,}l were also 

investigated [76]. 

Reaction of iodomethane with [PtCl,l*- In aqueous solution gave 

[PtC1,(Me)(OH2)l- and iodide ion as the .inltial products. This complex was 

hydrolysed to give methanol, and reacted with halide to glve chloromethane, 

both pathways operating simultaneously In aqueous solution [773. The species 
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[PtC1s04e]12- lost chloromethane in an intramolecular elimination, and also 

reacted with external halide [78]. Photolysis of [PtCle12- with Ne,Sn gave 

[PtCls(Me]lz- which decomposed slowly to chloromethane and [PtC1,12-. With 

Me2Et2Sn or Me2Et2Ge, [PtCls(Me)12- was again formed, but this was accompanied 

by formation of [{Pt(C2H,]C12}21, vfa [PtCls(Et)12-. In all cases an electron 

transfer mechanism was proposed for the reaction [79]. The electrophilic 

assistance of Hg(I1) in the reaction of iodomethane wlth [PtCl,12- was cited 

as evidence for an SN2 mechanism in oxidative addltion [80]. The facile methyl 

transfer reaction of methyl aquo(3,5,6-trimethylbenzimidazolyl)cobamide 

requires the presence of platinum in both platinum(I1) and platinum(IV) 

oxidation states. It is proposed that IPtC1412- complexes to the methyl 

corrinoid prior to the rate controlling methyl transfer step. The reaction 

mechanism is discussed in detail [El]. The interactions of methylcobalamin 

with [PtC1,]2-, [Pt(CN),12- or [Pt(SCN),12- in aqueous solution have been 

studied. There are at least three platinum binding sites. One site is located 

on the Co-Me side of the macrocycle, and is involved in methyl transfer in the 

presence of platinum(IV]. For [Pt(SCN),12- an additional site is provided by 

N(3) of the benzlmidazole [82]. 

The structure of [{MesPt(SHe]},l, 8, has been determined in an X-ray 

diffraction study. There are three independent, but essentially isostructural, 

tetramers in the asymmetric unit. In each tetramer the four metal atoms are 

linked together by bridging {SHe} groups, with three methyl llgands completing 

the octahedral coordination 1831. A series of complexes has been prepared of 

the type [PtMea(NN)X] (NN = pz CH 2 2, (Me2pz]2CH, or py2CH2], by reaction of the 

heterocyclic ligand with [{PtMesX},]. The structure of 9, the derivative of 

(Me2pz)2CH,, was determined in an X-ray diffraction study [84]. 

Treatment of [{PtIMes},] with Ag[SeCN] resulted in the formation of 

[{PtMe&eCN)1,1. Pyridine derivatives, including [PtMes(py]2(SeCN]1 and 

[{PtHej(py](SeCN]}21 were also prepared, and structures proposed 1851. 

Reaction of alcohols, ROH, wlth [PtMe2(NN>I (NN = bipy or phen] resulted in 

oxidative addition to yield [PtMe2(NN](OR](OH2]l[OHl. The complexes were fully 

characterised, and could be converted to [PFsl, [BFJ or [ClO,l salts. The 

platinum(IV)-alkoxide bond was unusually stable towards solvolysis [86]. The 

complex cis-[PtMe2(SMe2]21 reacted with Me1 to give fac-[PtIMes(SMe2]21. When 

the reaction was carried out in C&&N the intermediate 

fa~_[Pt(CDsCN)(He),(SMe,),]I was observed. When the bridged complex 

[Pt2Me4(CcSHe2]21 was used as the substrate, fac-[PtIMea(SHe2]21 and 

[{PtIMes},] were produced. Both complexes undergo oxldatlve addition via an 

SN2 mechanism, but the monomer reacted an order of magnitude more rapidly. 

Both monomer and dimer also react with bis-l,P-(bromomethyl)benzene to give 
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10, but in this case it is the dimer which reacts the more rapidly 1871. 

Reaction of [PtMe,(NN)] (NN = bipy or phen) with HX yielded fat-[PtHes(NN]Xl 

(X = Cl, OPh, SPh, OMe, [CF&O,l or [MeCO,l). Reactions of other electrophiles 

were also studied, and it was concluded that they involved initial 

electrophilic attack on one of the mutually Vans methyl-platinum bonds (HX or 

SO,) or electron transfer from a platinum-carbon c-bond to the reagent (C,F, 

or C2(CN),) [SS]. Reaction of [MesSiCsH41- with [{PtIHes)+J gave 

[Pt(~5-CsH,SiMes)Hes], which was used as a hydrosilylation catalyst 1891. 

8 Molecular configuration and atom naming scheme for [{PtMe,(SUe)l,l viewed 

down the pseudothree fold axis. (Reproduced with permission from [831) 

There have been further reports from Abel's group on the dynamic 

stereochemistry of complexes of the type IPt(LL)MeaXl. Multinuclear nmr 

spectroscopy was used to characterise the invertorners in [PtHes(MeECH=CHEMe)X] 

(E = S or Se; X = Cl, Br or I]. The structure of [PtCl(He)s(MeSeCH=CHSeNe)l 

was described as meso- in type, 11, with the two Skmethyl groups on the same 

side as the chloride ligand. By contrast, the iodo analogue was of the meso- 

type, 12, with the two methyls on the opposite side to the iodlde. The major 

invertomers in solution were the same as those found in the solid state. 

Barriers to inversion were determined 1901. The complex 

[{MesPtX}s(tetrathia-8-C-411, 13 (X = Cl) was also characterised in a 

References p. 767 



diffraction study. The platinum atoms are each coordinated to two adjacent 

sulphur centres, and the ligand has a chair conformation. Two fluxional 

processes observed (pivoting at the metal and Pt-Me intramolecular 

rearrangements) are considered to be different manifestations of one 

transition state rather than independent rearrangements 1911. The preparation 

of [{PtHesX},(HesCCH,EECH2)1 (E = S or Se; X = Cl, Br or I> has been 

described, and the structure of 14 was determined In a diffraction study. Nmr 

spectroscopic studies in solutlon revealed that the two selenium centres 

invert synchronously, the first authenticated case of this phenomenon 1921. 

9 A stereoview of the [PtMea{Olezpzl&Hz}l complex with the crystallographic 

numbering scheme. (Reproduced with permission from [84]) 

Me Me 
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Me(13) 

Me(22) 

d 
Me(21) 

Met231 

13 A PLUTO perspecttve drawing of the molecular structure of 

[(PtC1Me&(SCH,SCH2SCH~SCH,)I showing the numbering scheme. (Reproduced with 

permission from 1911) 

14 (Reproduced with permission from [921) 

The thermal decomposition of E{Pt1Me~~},l in the presence of an alkene and 

RsSlH gave a catalyst for alkene hydrosllylation. Two complexes could be 

identified in the reactlon mixture, [PtIWRCH=CH,),l and [Pt)4e2(RCH=CH&l 

References p. 161 



and both seemed to be effective catalysts 1931. 

Various binuclear complexes containing palladium-methyl or 

platinum-methyl units have been studied. The complex [Pts(dppm)),l reacted 

with iodomethane to yield succesively [Pt,(~l-dppor)(Lt-dppm),Me][PFs] and 

tPtz(~dppm)2(~I)Mez][PFsl. Treatment of IPtzH(~H)(~dppm),~el[SbFs] with an 

added phosphine ligand, L, gave [Pt,~~dppn~,~L)He,lISbFsl. The likely 

intermediate is [{PtH(L)}(~dppm)z(ItH)PtHe], but the mechanism was not proven 

unequivocally 1941. Photolysis of [{PtMe}(~H)(Cr-dppm)2(PtH)l in the presence 

of a solvent, S, (S q py, MeCN or Mea01 yielded [{PtMe}(~dppm),{PtS}l+ and 

molecular hydrogen. The same organometallic product, together with methane, 

was obtained from [Pt2(U-dppm)2(U-H)Me2]t. Ethane was eliminated from 

D4esPt2(~dppm)21t. Both methane and ethane elimination reactions were mostly 

intramolecular (as established by labelling studies). The rates of the thermal 

reactions depended strongly on the complex involved, but related photochemical 

reactions all proceded at approximately the same rate [95]. 

The reactions of [Pt(R2PCH2PRZ)C12] wlth MeLi were studled. When 

R q Me$H, only a mononuclear species, [PtMe,(R2PCH2PR2)1, was isolated. When 

R = Me or Et, only [Pt,Me*(ctR,PCH,PR,)21 was formed, but with R = Ph, both 

mono and dinuclear complexes could be isolated. When [PtaHe,(~SMea)a] was 

reacted with RzPCHzPRz mononuclear species were isolated only when R = CHMes, 

with the other phosphines giving binuclear products. Mono and dinuclear 

species did not interconvert thermally, but in the presence of an added ligand 

such as Mess or dppm, interconversion did occur slowly at 60 oC. The 

structures of the dimerlc complexes were determined for R = Me or Ph; there 

was no metal-metal bonding. The dimer derived from dmpm reacted readily with 

1s or MeI, in oxidative addition reactions, but the dppm derived analogue was 

more crowded, and hence reactlon with Me1 or I, resulted in electrophilc 

cleavage reactions [96]. The structure of 

[{PtL}(~I)(~MezPCH,PMe2)20tMes}]I~ has been determined in an X-ray 

diffraction study (L = 0.45 I, 0.55 Me). Iodination of [Pt,(~dmpm),Me,l 

involves both oxidatlve addition and methyl transfer [97]. 

Oxidative addition and methyl group transfer was studied in more detail 

for the reactions of [Pt,(cl-dmpm),Me,] with X2, (X = Cl, Br or I) giving 

[{PtMe3}(LI-X)(~dmpm)2{PtMe}]X. The species 15 was characterised in an X-ray 

diffraction study, and a mechanism for the reaction was proposed [96]. The 

outcome of reactlons of [Pt,Me,(LtRzPCH1PRz)2] wlth iodomethane depended on 

the bulk of R. When R=Me, the reaction ylelded succesively 

[(Pt(I)He,}(U-dmpm)p{PtMe,}] and [Pt,(~dmpm),(~I)Mealt, but when R q Ph. 

there was no reaction. When R = Et, the reactjon was still reversible, but 

very much slower, and the intermediacy of [(PtMe,}(~I)(~depm),(PtMe,}lI, 10, 
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was established. The oxidative addition of CDs1 was shown not to be 

stereospecific [991. 

15 Stereoview of the [{PtMes}(~-dmpn),(yI){PtMe}]+ cation showing the atom 

numbering scheme. (Reproduced with permission from [gal) 

15 A perspective view of the structure of I{PtMe,}(ltdmpm),(~I){PtMes}l+ 

showing 50 X probability of vibrational ellipsoids. (Reproduced with 

permission from [991) 

Reaction of [PtC12(SMe,),l with an excess of HeLi, followed by an excess 

of He1 yielded [Pt,Hee(ll-SMe2121, the first binuclear octamethyl complex of 

this type. Addition of a llgand, L, caused bridge splitting to give 

cfs-[PtL,Me,]. Reaction of the dlmer with HX (X = Cl or OH) yielded 

[VtXMesl+l 11001. 

Treatment of [Pt(cod1R21 or [Pt(dmso)2R21 with bipym gave mono or 

References p. 767 
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binuclear complexes, according to the stoicheiometry of the added ligands 

11011. The complexes [Pt(Me)(Me,MPz)Ll (L = CO, PPhs, PhClCPh; M = B or Gal 

were prepared, and their fluxional behaviour on the nmr spectroscopic 

timescale investigated [1021. Reaction of 17 with a base such as NaH, in the 

presence of [HClLaX] yieled 18 (Y = 2 q Me; H = Pt.; L = PMes) [1031. The 

preparation of 19 fram [PtMe,(SO,)l and the 

reported 11041. 

H H 

x cp2 Zr,- 0 
NaH/[PtCl(Me)(PMes)z~ 

Me 

17 

potassium salt of the ligand was 

I A 
/O Pt( PMes 12 

CPZ Zr 
\Me Ae 

18 

An EHMC calculation has assessed the ability of trans-[PtH(PPh,),Xl 

(X = Cl, Br or I) to add oxidatively a C-H bond of pentane. The calculations 

indicated that the rate of the reaction is related to the difference in energy 

levels and the overlap integral between the HGMC of the complex, and the LUMC 

of pentane, as well as the stability of the transition state. The results were 

consistent with the experimentally determined ease of reaction, Cl- > Br- 1 I- 

[1051. . 

isspt, llsSn and 31P nmr spectroscopic experiments have been used in the 

study of trans-[Pt(PEts)2(R)(SnC1,)l (R = Me, CH,Ph, COPh, CsCls or CaH4Y). 

Most of the data could be correlated with electronic effects. The structure of 

the complex for which R q COPh was established in an X-ray diffraction study; 

the longest Pt-Sn bond observed in complexes of this type (2.634 A) was 

related to the strong trans-influence of the benzoyl group 11061. An 

electrochemical study of the reaction between Nix2 (X = Cl or acac), PRs or 

P(CRl, and R'sAl suggested the presence of o-alkylnickel ccmplexes as 

intermediates [1071. In a related study, UV spectrsocopy indicated the 

intermediacy of {RNi(acac)l and {R2Ni), and suggested that the reactlons of 

the analogous palladium complexes followed a similar course [1081. 
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Reaction of [{Pt(Ge{CFs)s)(PPhs),),Hgl with R,Hg (R = Et, Cl or GeR',) 

gave [RHgPt(PPhs12Rl, as the initial product 11091. With RHgR' and [Pt(PPhs)sl 

[Pt(PPhs)s(R)HgR'l was obtained (R = We or Et, R" = chloroaryl). Gemercuration 

to give [Pt(PPhs)sRR'l was frequently very rapid 11101. 

Treatment of [NiCl,(PneslJ with WesCCH2MgC1 gave 

tran~[Ni(CH~Cnes)Cl(~s)~l, which readily inserted carbon monoxide into the 

nickel-carbon bond. Related species, inculdlng [Ni(NCS)(PWe,),Rl (R = CH,CHe,) 

and [Nl(Cp)(L)(R)] (L = Pt4es or PPh,) were also studied, and the structure of 

trens[Ni(CH2CHes)2(PFle,),l was established in an X-ray diffraction study 

11111. Wlth the mercury compound, MesCCHsHgCl, and palladium(I1) in the 

presence of copper( the wetal alkyl complexes were unstable, and gave 

rearrangement products, Via carbocatlons. The reactions of 20 were 

Investigated in detail (Scheme 21 11121. Reaction of 21 (sfc) with 

[W(bipy)Clzl 04 q Nl or Pd) gave the dialkyl complex 11131. 

,PdCl 

igh CC 

Cl 

6 
via 

A 1 

PdCl Cl 

ll- 
major product 

Cl 

Scheme 2 Reactlons of cyclohexylnmthyl palladlun chloride 11121 
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A kinetic analysis was performed on the decomposition reactions of 

cis-[PtC1(PEt,)z(R)l (R = Pr or Bu). With added lithium chloride the main 

products are alkenes, formed by g-hydride elimination, but when EtaP is added 

isomerisation to the stable trans-complex is catalysed, and is much faster 

than elimination [114]. The mechanism of electrophilic cleavage of the 

platinum-carbon bond in tfans[Pt(PEts)2(R)Xl (R = Me, Et, Pr, Bu or PhCH,; 

X = Cl or Br) or cis[Pt(PEtPhp12Ph21 by Ht in the presence of X-/MeOH has 

been studied. The mechanism shown in Scheme 3 was proposed, and explains all 

the previously observed results [115]. 

y- 
fast, Cl- 

-+R + ’ -+-R 

1 

+ H+ 
-RH, slow 

1 

+ H+ 
kn -RH, slow 

ka 

-#- 
Cl-, fast 

Scheme 3 Mechanism of electrophilic cleavage of platinum-alkyl bond 11151. 

The complex [Pt,U-dppm)sl reacted with alkyl iodides, RI, in the presence 

of [PFsl_ to give 22 (R q Me, Et, Pr, Bu, H or CHsCDs). Thermolysis or 

photolysis of the ethyl derivative gave ethene and ethane as the main products 

in the ratio 2:l. The reaction is quite slow, suggesting that the 

platinum-platinum bond does not activate the alkyl group towards 

g-elimination. With the deuterated analogue there was no scrambling (implying 

that the g-elimination reaction is irreversible), and no kinetic isotope 

effect. Two mechanisms could be proposed for the reaction, one involving 

initial splitting of the metal-metal bond, and the other dissociation of one 

of the kdppm ligands [1161. Reaction of [PtL4] with BrCH,CH,OPh gave 

trans[PtBr(CHsCHsOPh)Ls]. Thermolysis of this complex at 100 oC gave ethene 

and phenylethenyl ether in the ratio 1:2, consistent with competitive 
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&elimination of hydride and phenoxyl. The effect of varying the ligand on the 

outcome was studied. A dissociative mechanism was proposed for R-hydride 

elimination, and an associative one for phenoxy ellmination. In 23, the 

proposed transition state, the electrophllicity of the platinum centre 

increases with the a-acceptor character of L' [117]. 

Ph 

22 23 

There have been a range of reports In which the alkyl ligand is a 

carbon-bonded &diketonate or a &diester. When palladium 

his@-diketonato-0,U) complexes, [PdLa], were treated with pyridlne and a 

trifluorcmethyl containing 7%diketone, L' (L' = CF,COCHBCOR, R = CHe, CFa, 

CMe, or 2-thienyl), complexes of the type [PdL(L'-Ce>py] were formed [118]. 

Similarly tfacacH and hfacacH readily replaced the C-bonded acac ligand in 

[PtLacac-O,O)(acac-C)(py)l [1191. 

Reaction of thallium Bdiketonates wlth cfs- or tran*[PtCle(Et,S),] gave 

products in which the &diketonate ligand was bonded to the platinum through 

carbon. With an excess of added g-diketonate, the second hallde and one of the 

sulphide ligands was displaced to give [Pt@-dik-C)(B-dik-O,O)(SEt,)l 11201. 

Halides could also be displaced from [PdCla(NN)I (NN = bidentate nitrogen 

ligand) by K[CH(CODR),l. That the propanedioates were &bonded was confirmed 

by spectrsocopic studies, and by an X-ray diffraction study of 24 [1211. 

Reaction of diethyl propanedioate with Nas[PdCl,l in the presence of K[OHl 

gave IPd7{CH(CooEt),},(~Cl),12- and [Pd2{CH(COOEt)2},(rC20,)l'-. The 

bridging oxalato ligand is considered to be formed from metal catalysed 

reactions of diethyl propanedioate 11221. 

Dimethyl-3-oxo-pentanedioate reacted with [Pt(PPhaj41 at room temperature, 

to give 25. This may be characterlsed as a highly puckered 

platinacyclobutan-3-one ring with a weak transannular platinum-carbon bond, or 

as a slipped +oxodhnethylenemethane compound. Nmr spectroscopic data showed 

that the ring was invertlng, via a planar transition state [123]. In a related 

process, heptane-2,4-8-trione reacted with [Pt(CO,)L,l to give 26, which had 

very similar Properties [1241. Reaction of [Pd2(dba)sl with R02CCHsCOCH2COOR 

in the presence of a ligand, L, gave 27 (L = PPha. AsPhs, blpy, PMe2Ph, PMePh, 
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or PEt,; R = Me, Et or Prl. A diffraction study established the structures of 

the complexes with R = Me, L = AsPhs or PPhs or Lz = bipy. They were best 

formulated as slipped n3-oxodlmethylenemethane derivatives 11251. 

24 ORTEP drawing of 

bis(diethylpropanedioat~C){2,2-bis(2-pyrldyl~-1,3-dioxolane} palladium(II1. 

Some of the hydrogen atoms have been omitted for clarity, and the ethyl 

carbon atoms are represented by circles of arbitrary radius. (Reproduced with 

permission from 11211) 

Reaction of [Ni(CzH,l(PPhs)21 with 1,2-bis(bromcmethyl)benzene gave 

dlbenzocyclooctadiene and DJiBr2(PPhs121, but when the substrate was 

[Ni(cod)(PCysll the oxidative addition product, 28, was isolated in good yield 

[126]. When the reaction between [Nl(CzH4)(PPhs)2] and 4-RCeH,CH,Cl was 

carried out at -20 oC, the intermediate [Ni(CH,Ar1Cl(PPhs1,1 could be 

observed. Carboxylation using C02, followed by an aqueous work-up, gave 

ArCH,COOH. Treatement of the o-benzyl derivative with butadlene resulted in 

insertion to yield an ally1 complex 11271. A range of oxidative addition 

products, including cyclophanes, were reported from the reaction of 

[Ni(CsH,)(PPhs)sl with CsHx(CHsX)s_x (x = 0, 1, 2, or 3; X = Cl or Br) 11261. 

Both o-benzyl and n-benzyl nickel complexes have also been prepared by a 

contrasting route, from [NiC1,(PMee)2] and P-MeCsH,CH,HgCl. The presence of a 

small amount of adventitious water in the reaction mixture led to the 

isolation of the cluster 29, characterised in an X-ray diffraction study 

[129]. Reaction of ArCH2X with nickel(O) and PhCOX gave ArCH&OPh; a number of 
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similar couplings were also promoted [130]. 

25 Molecular structure showing the atom numbering scheme. Atoms are drawn as 

circles with arbitrary radii. Phenyl and methyl hydrogen atoms have been 

excluded. (Reproduced with permission from 11231) 

26 Atoms are drawn as circles with arbitrary radii. Phenyl and methyl 

hydrogen atoms have been excluded. (Reproduced with permission frun [1241) 

References p. 161 
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Ni(PCys )Br 

Ni(PCys)Br 

28 

c43 

29 The CsH,-He labels have been omitted'for clarity. (Reproduced with 

permission from [129]) 

Photolysis of propanone in the presence of [PtCls12- resulted in the 

initial formation of the relatively stable species [CHsCOCH2PtCls12-. More 

prolonged photolysis gave CHBCOCH2Cl and [PtC1412-, whereas treatment with 

ammonia and silica yielded [NH,][Pt(CH,COCH,)Cl,(NHs)]. EPR spectroscopy in a 

frozen matrix indicated that platinum(I1) and CHsCOCH2. radicals were involved 

in the photolytic reaction 11311. The same type of product was formed 

thermally from K2[PtC14] and iodopropanone 11321. 
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Reaction of [Pt,L,(cl-S),] (L = PPh,) with CH,I, afforded [Pt(CH,I),I,L,l 

in ethanol and [PtL2(CH21)Il in ether solution. Other alkyl halides react at 

sulphur 11331. Treatment of [Pt(C,H,)(PPhs)a] with CH2XX' gave cis- and 

tran~[Pt(CH,X')(PPh,),X] (X = X' = I, X = Br, X" = Cl or X = I, X' = Cl). 

Treatement with Ag[BF41 in the presence of an excess of phosphine yielded 30 

[134]. Oxidative addition of CHaXX' to a platinum ally1 complex was also 

studied [1351. 

cBF4’ 

30 

The reactions of trans[Pd(CH,CN)C1(L)z] (L = PPhs) have been 

investigated; ligand replacement occurs relatively readily. When the 

derivative of a chelating ligand, LL, [Pd(CH2CN)Cl(LLlI was treated with AgX 

the dimeric species 31 was formed 11361. Treatment of [NiClaLal with LiCH#Me2 

gave 32, in which {CH#Wes} acts as an n*-ligand 11371. Nickel(I1) bromide 

reacted with LiCH,SPh to give a species of stoicheianetry {Ni(CH2SPh),} which 

decomposed to [Ni(SPh),l, together with ethene and propene [1381. The complex 

[Ni(CH2SMe)(Cp)(PPh,)1 has been prepared by several different routes, 

including oxidative additb of CHsSCH2Cl to [Ni(C,H,)(PPhs),] and reaction of 

[Ni(Cp)(PPhs>Xl with LiCH,SMe. In the latter case the yllde We2S+CH2- has also 

been used as the nucleophile, giving 33 and 34, [N12{u-CH2S(He)CH2)(PPh,),]+ 

11391. 

31 32 33 

The treatment of trans-[Pd(CH2SR')(PRPh2)Xl with an excess of HX' (R = Me 

or Ph; X = Cl, Br, I or [SCNI; R' = We or Ph: X' = Cl or [OCOCF,]) gave MeSR' 

and trans[Pd(PPh,R),XX'l. With [Pd(n*-CH,SMe)(PPha)Xl, HX' reacted more 

slowly to give tranP[Pd2(PPh,)2X'2(VX)21 C1401. Attempted alkylation of 

trans-[Pd(CH2SR')(PPh2R)2Xl with R"X' resulted only in halide exchange. With 

References p. 767 
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the n7-{CH,SMe} derivative, halide exchange also occurred, but was very slow 

[1411. 

34 ORTEP drawing of the cation [Ni,{lL-CH,S(Me)CH,}(Cp)z(PPhs)p]t. Hydrogen 

atoms are not shown. Probability ellipsoids are at the 50 X level. 

(Reproduced with permission from 11391) 

1°sPt nmr spectrsocopy has been used to distinguish between platinum(O) 

and platinum(II] in alkene and diene complexes; 35 and 36 were distinguished 

in this way [142]. It had previously been reported that metallocyclopentane 

ions had been synthesised in the gas phase by the decarbonylation of 

cyclopentanone by Nit. A study of the reaction with cyclobutanone now shows 

that a similar course, leading to a nickelacyclobutane, is followed. However, 

the product is unstable with respect towards g-hydride transfer, to give 

propene complexes. The reaction of Nit with cyclopentane and cyclohexane was 

also studied; carbon-carbon bond cleavage occurred, and alkenes and dienes 

were the main products 11431. 

\I1 
/Pt aI >,LI 

\ I 
35 36 

Reaction of [PtCl,(dppm-P,P)] with 1,4-dilithiobutane gave 31 which 

reacted wl th an excess of dppm to give 38, readily isolated as a pure 

compound. The complex 38 reacted with other mats1 derivatives, to give a range 

of binuclear complexes, including 39 11441. Trityl cation has been widely used 

as a hydride abstraction agent, and reacts with [Pd(CH2]4Lsl to give 

[Pd(n3-CHsCHCHCHs]La]+. That the initial abstraction is of a g-hydride was 

shown by a deuterium labelling study, and the first intermediate was a 
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o-3-butenyl complex 11451. 

Phs 

cP+ 4 
dppm Pt’ 

PAP 

‘P 
Phn VP 

37 38 

[ 

c ,O 
Pt -Pt - Me 

‘P 
VP 

Cl 

39 

A range of complexes trsn~[PtCl(PRes)~Rl have been prepared. Pyrolysis of 

the complex for which R = (CH2CMe)CHsCH&H2) gave tra~~[PtClH(PMes),l and 

P-methyl-1,4-pentadlene. The thermolysls was inhibited by the presence of free 

PUes, and the related cf*complex [PtCl(&npe)Rl also reacted much more slowly. 

Some further reactions are shown in Scheme 4 [1461. 

Cl _&-CDs4 “D Oc, C,-%,_, + “\r”” 

I 1 h 
I 
P D 

Scheme 4 React Ions of [PtClO’Me&Rl 11481 

The structure of 49 was established in an X-ray diffraction study; the 
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conformation of the ring was best compared with the all cis boat conformer of 

1,3,5,7-cyclononatetraene, and the cyclopropane rings adopted an 
anti,syn,antf,syn-arrangement 11471. Reaction of 3,3-dimethylcyclopropene with 

[Ni(PPhs]sl gave 41, which could be oxidised in air to 42 11481. 

C8 

40 (Reproduced with permission from 11471) 

41 . 42 

The protolysis of 43 has been studied; with Del, 44 was the sole ProdUCt, 

and KH/Kp = 4. This suggests a three-centre transition state and an SE2 

mechanism [14g]. Reaction of [Pd(PPhs),] with 45 (H = Pd or Pt; X = 0 or NR] 

in toluene gave 46 [150,1511. 

43 U 
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The complexes 47 and 48, prepared vfa organomercury compounds, proved to 

be surprisingly stable towards F-hydride elimination, presumably because there 

are conformational barriers to the proper alignment of the palladium for 

elimination [1521. The structure of 49, prepared from sodium ascorbate and 

cis-[Pt(dach)(HzO)J[N0312, has been established. This is the first example of 

an ascorbate ligand which is metal bound at C(2) and O(5) 11531. Reaction of 

50 with [Pt(CzH,)(PPhs)21 resulted in oxidative addition to yield a tram 

platinum alkyl complex, vfa a radical process [1541. 

47 48 

49 

the 

ORTEP illustration of the structure of [Pt(cf*dach)(ascorbate)l showing 

40 X probability ellipsoids for all non-hydrogen atoms. (Reproduced with 

permisslon from 11531) 
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2.2 Metal aryl cmplexes 

Advances in the synthesis and polymerisation of metal-containing moncmers, 

including trans-[H(Ar)Cl(PRs)zl (M = Ni, Pd or Pt) and metal alkynyl 

derivatives have been reviewed 11551. 

The complexes [PtArz(cod)l, cis- and trans[PtAr,(PBus)z] have been 

studied by 'H, 13C and 31P nmr spectroscopy. The coupling constants, 'J(PPt), 

'J(PtC), 3J(PtH) and *J(PC) show a clear correlation with the ligand 

configuration at platinum, and may be used for configuration determination 

11561. Spectroscopic data have also been reported for 

trans-[Pt(CsH,Y)(PEt3)2X] and IPt(CsH,Y>(PEt3)31[BF,l. Good correlations were 

obtained between a range of spectroscopic parameters and the electronic and 

steric parameters for Y [1571. 

A number of structural studies on o-aryl complexes have been reported. The 

complex tran~[NiBr(CsBrs)(PMePh2)2] showed slightly distorted square Planar 

coordination [158], and in tranp[PtCl(Ph)(PPh,),] the platinum-carbon bond 

was shortened in comparison with platinum-alkyl complexes 11591. The 

structures of [NiAr2(nbd)l and [NiAr,(cod)l (Ar q CsFs) have been established, 

and the bonding in the complexes was discussed in detail 11601. Reaction of 

[Bu,N12[Pt(CsC1s),l with either X2 or TlCl, gave the blue paramagnetic 

platinum(II1) derivative, [B~,Nl1Pt(CsCls),l, the first fully authenticated 

monomeric platinum(II1) complex to be structurally characterised. Diffraction 

studies, of both starting materials and products, showed that the structure of 

the anions was essentially identical 11611. 

Reaction of platinum atoms with CsFsBr yielded {PtBr(CsFs)l, which 

disproportionated at room temperature in propanone to give [Pt(C6Fs)2(Me2C0)21 

and PtBr,. The solvate reacted with ligands such as PEt3 to yield 

trans-[Pt(CsFs)2(PEt3)21. The comparable reaction with PhBr was less 

favourable, but PhCH2Cl gave what appeared to be an n3-benzyl derivative, 

which reacted readily with phosphite ligands [1621. 
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A number of preparations of a-aryl derivatives have resulted from 

oxidative addition reactions. For example, [Pd(PPhs),] was reacted with 18 

haloarenes, RX (R = chloroaryl; X = Cl, Br or I] to give 

tranPIPd(PPhs)z(R)X1. The products for which X = I reacted with lodlne to 

yield [PdI,(PPh,),(R)I; the protolysls and decomposition of these ComPleXeS 

was discussed 11631. Reaction of ArX (Ar = dichlorophenyl, X = 11 with 

[NiBr(PPh,)s] yielded [NiAr(PPhs)sXl. Various mechanisms were proposed for the 

reaction 11841. Oxidative addition to [Pd(PPh,],l also occurred with 3- or 

4-brcmopyridlnes, to gjve tran*[PtBr(het)(PPh,),l, the reactions of which 

were explored in detail. When the substrate was 2,8-dichloropyrldine, a single 

oxidative addition occurred [165]. Reaction of the product, 51, with HesSO, 

resulted in bmethylatlon; spectroscopic data indicated that there was partial 

double bond character and restricted rotation about the metal-carbon bond 

11661. Photochemically induced oxidative addition of chlorobenrene to 

[Pd(PPhs),l gave a low yield of trans-[PdCl(Ph](PPhs]sl [1671. Reaction of 

[Nl(depb),l (depb = EtsP(CHs),PEts] with PhCN gave an equilibrium mixture of 

trans[Ni(CN)(dep&P),(Ph)l and tran~[Niz(CN],(~depb),(Ph),l. Rate and 

equilibrium constants for all the processes involved were established, and 

radical processes discounted on the basis of a lack of EPR or CIDNP signals 

11681. 

51 

Substitution reactions using organolithium and organomagnesium canpounds 

have baen well represented In syntheses reported in this period. Reaction of 

cf~[PtC12(PBu3)21 wlth LiCsH,X gave cfs-[PtAr,(PBu,),l. Protolysis with one 

molar equivalent of HCl ylelded trans-[Pt(Ar)Cl(PBus)2], which could be 

further substltuted by Ar'Li, giving tfans-[PtArAr'(PBus]al [1691. The complex 

cf~[Pt(PBu3)2(Ph]21 could be lithiated at the 4-position of the aryl rings 

using WesCLi, and the dilithio derivative reacted readily wlth a range of 

electrophiles [170]. Other mixed biaryl complexes have been prepared for study 

of their thermolysis [171]. 

Reaction of CeBrsMgBr with [NiCls(PRPha]sl gave INlBr(C,Bra](PRPhs]sl. The 

bromide could then be substituted by a range of other anions including [l&l', 

cl-, I-, [NO,]' or [SCM]-, but the rate of the reactlon was slower than for 

the {CeCls] derlvatlve [1721. The species [Ni(CsCls]C1(PRPhs)al was prepared 
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in the same way; in this case the chloride ligand could also be substituted by 

a range of aryl and alkynyl nucleophiles 11731. 

Treatment of cfs-[PtClz(PPhs),] with 2-X-CsH4Li gave the 

cis-[PtAr,(PPh,].J derivative, for X = CF,, NHes or WeO, but the reaction 

failed for X = NOz, F or Me. However, when the other ligands at platinum were 

tmeda or cod, the less reactive lithioarenes gave successful reactions [174]. 

The reaction was more generally tested later, and a wide range of cunplexes of 

the types [Pt(CsH,-2-X]s(PPha],l and cfs-[Pt(CsH,-2-X)(CsH+Y)(PPh,),l were 

prepared 11751. When the lithioarene was 2,6-(MeO]$sHsLi, only a 

monosubstituted product was obtained from [Pt(PPhs)sXzl, but [PtArzLZ] was 

formed from [PtCl,(tmeda]] 11761. 

Whilst it had been known that reaction of RsHg with cis-[PtCl,(CO)L] gave 

a single isomer of [PtCl(CO](L](R]I (R and L tfans), when R is a 2-substituted 

aryl group, the reaction is very slow, and for R = 2,4,6-He&Hz, both 

possible stereoisomers are obtained in approximately equal amounts. The isomer 

with R and L tfans was considered to have been produced by an SE2 cyclic 

mechanism via 52, with the other isomer formed by a non-cyclic process 11773. 

Treatment of [PtCl,L,l (L = py or La = bipy or phen] with BaIOaSRl, (R = CsFs 

or 4-HCsF,) gave [R,PtLsl, BaCl, and SOz. Partial substitution to yield 

[Pt(Ar]ClL21 was also possible by careful control of the ratio of the 

reactants. {RSO,} derivatives were thought to be intermediates in the reaction 

11781. 

,.cp1. 
L-PPt':-: “Hg-R 
OC' --_R'-- 

52 

Various new at-y1 complexes have been prepared by ligand exchange reactions 

on existing aryl complexes. Thus [Ni(C&ls]{P(CH,Ph>&X] (X = Cl, Br, I, 

[KS3 or [ACOI] were prepared 11791. Nucleophilic substitution of 

[Ni(CsCls)(PPhaR]sXl (R = Me, Et or Pr; X = Cl, Br or I) with methanol, 

ethanol, Na[NOal or K[CNSl has been noted [1801. The kinetics of the 

substitution reaction of tran~~NiCl~CaCl,~~PPh,He],l, with substituted 

pyridines have been investigated. The rate constants were found to be 

controlled by steric effects rather than amine basicity [181]. Reaction of 

[Ni(bipy]Br(CsH,-2,4,6-Me,]1 with RLi (R - 2,4,6+e&& or We) gave 

INi(biPY)(CaH,-2,4,6-Me~)(R)l. The latter reacted with iodine to give 

[Ni(bipy]I,] and RCeHa-2,4,6+es [182]. 

Ligand exchange reactions of trans-[Pd(CsFs)S(dioxan),] gave 
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tran+[Pd(CsFs)aLZl (L = ketone)] [1831. A larger range of ligands, both mono 

and bidentate, was used for reaction with cfP[PU(CsFs),(dioxan),l [1841. Wlth 

cfs-[Pd(CsFs),(thf)al as ths substrate, and CO as the incoming ligand, 

cf~[Pd(C&),(CO),l was the product. The stretching frequency, 

wco = 2186 cm-', indicated that back-bonding to the metal was negligible 

11851. 

The complex [Bu,NI[M(CsFs),(CNR)l 04 = Pd or Pt; R = Me, CY, He& or 

4-Me&H,) was prepared from [Bu*Nl[H(CsFs)s(tht)l and RNC. These 

triaryl complexes were unreactive towards amines, but trans-[Pd(CsFs)2(CNR)21 

reacted slowly with PhCHsNHs to give the carbene complex 

trans[Pd(C,Fs),{C(NHR)NHCH2Ph)+l. The bls(aryl)platinum complexes were less 

reactive [1861. A range of reactions of [Pd(iecdik)(PPh,)(R)l (R = 2-, 3-, or 

4-pyridyl) with nucleophjles has been studied, as have the reactions of 

trens-[RPd(PEts)sXl with Tl[g-dlkl. The nmr spectra and fluxional behaviour in 

the products were discussed [187]. 

Llgand exchange reactions of tran~[Pt(CsFs),(dloxan)tl, leading to 

trans-[Pt(CsF,)zL,l (L = E&NH, PhNHs or plperidlne) have been studied 11881. 

Both cis- and tfan~[Pt(CsC1s)(OCHo)(PEtJ)zl were readily decarboxylated to 

give the related hydrides. The cunplex [Pt(CsCls)Cl(PEts)sl reacted with 

Ag[BF,l to give [Pt(CsCls)(PEt3)2(solvent)l[Bf41, and further reactions of 

these and related species were studied 11891. 

The normal mode of substitution of cfs-[Pt(dmso+&(Ph),l is associative. 

However, with chelating llgands, L-L, both dissociative and bimolecular 

processes were observed. The strong trans-Influence of the phenyl ligand is 

necessary to weaken and lengthen the platinum-sulphur bond sufficiently that 

dissociatjon to [Pt(n2-dmso)(Ph)21 occurs 11901. 

Reaction of [Pt(dpprrP)s(Np)sl with [Rh2C12(CO),l gave 

[{PtNp2}(~dppm)2{RhCl(CO)}]. A number of related complexes were also studied 

11911. Treatment of [Pt(PPh2C=CR')2R21 (R = 2-MeCeH,, CsFs or CFs; R' = Ph, Cy 

or SiMes) with [Fe2(CO),] gave 53, together with scme of the complex which 

has lost the {Fe(CO),} unit; the structure of the iron-free complex 

for which R = CsFs, R' = Ph .was established in an X-ray diffraction 

study 11921. Reaction of trans-[Pt(PCH2Ph)2(Ph)2] with CO2 gave 

trans-I~Pt(P~CH2Ph~,)2(Ph)~2~~COs~l, 54, the structure of which was 

established In an X-ray diffraction study. The reaction was considered to 

proceed in a stepwlse manner via hydrogen carbonate intermedlates 11931. 

Various aryl derivatives of platinum(IV) have been reported. Complexes of 

the type tPt(Ar)Cl,l~ were prepared from ArI and K2[PtC1,] In H,O/tfaH 11941. 

Arenes reacted with [PtC1s12- under lrradlation, to give aryl platinunr(IV) 

complexes, which were isolated as the anrnonia adducts [NH41tPt(Ar)C14(NH),l 

References p. 767 
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11951. In a thermal reaction, H,[PtClsl reacted with toluene to give 

[Pt(Ar)Cls]z-. The kinetics of complex formation as well as of interconversion 

of the 3- and 4-substltuted lscisers were studied. These suggested the 

formation of Uheland intermediates, which were able to interconvert In 

solution C1961. More detailed studies suggested that in the thermal reaction 

the initially formed intermediate was a n-bonded arene canplex, but in the 

photochemical reaction, an electron transfer pathway was dominant 11971. 

Phz R’ 

Phz R’ 

53 

F? P oc 

54 A sketch of the dlmer with some bond lengths and angles of interest. 

E.s.d.‘s are 0.004 for Pt-P, 0.007 for Pt.-O, and 0.01-0.02 for the other bond 

lengths. Only the donor atoms of the phosphlnes are shown. (Reproduced with 

permission from [1931) 

Reaction of [PtCls12- with ethenylbenzene gave a platinum(I1) 

ethenylbenzene complex. Irradiation of [PtClsl 2- in the presence of hexane 

yielded a platlnun(I1) complex of 1-hexene. With PhOM a 4-platinated at-y1 

complex was the sole isolated product. Again the kinetics of the reaction have 

been studied in detail, and competition between electron transfer pathways and 

electrophilic substltutlon reactions considered 11981. Treatment of [PtC1~12- 

with ArHgX, followed by reaction with NH&& gave IPt(Ar)C14(NHs)I-. This is 

a convenfent reaction for the specjfic preparation of 3- or 4-substituted 

species, since mixtures are generally obtained in reactions wlth arenes. Ph,Sn 

and Ph,Pb give lower yields in this reaction 11991. 

The lssPt tnnr spectra of [ArPt(NHs)Cl,]’ have been reported, and the data 

correlated with the substltuents on the aryl ring [200]. The thermal behaviour 
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of [Arl,[PtC1,l (Ar = Walkyl-pyl has been investigated. Initially on heating 

HCl is lost to give, for example, [N-Repyl[F+tCls(bRepy-HII, in which one of 

the heterocyclic rings has been metallated 12011. 

Kinetic data for oxidative addition reactions of Ni(0) with ArX have been 

published. The arylnickel complexes produced readily inserted alkenes, to give 

arylated alkenes and #Nix} 12021. Reaction of [Ni(C,Fs>,(+CsHsRe)l with 

TlCp followed by [Et+N]I gave the new class of compounds [Et,N)[Ni(CaFs)&p]. 

In the structure of 55 there Is a non-planar deformation of the Cp ligand, and 

this is the first example of the direct replacment of an arene ligand by [Cp]- 

12031. Reaction of [Ni(~od)~l with PPh, and PhsPCHCCPh gave 56, the structure 

of which was established in a diffraction study [204]. 

55 Computer drawing of the [Ni(CaFs)2(r15-C5H5)]- ion as it exists in crystals 

of the [(C,H,),Nl+ salt. Anisotropic ellipsoids are represented at 50 X 

probability and hydrogen atoms have been reduced in size for clarity. 

(Reproduced with permission fran 120311 

Pha 

56 
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The electrochemical reduction of cis[NlBr(CsH,-4-Br)Ni(PPh,),l in MeCN 

gave a polymer coating of nickel containing poly parbphenylene. The coating, 

which contains nickel-aryl units, undergoes a two-electron reversible 

reduction, and a one-electron reversible oxidation. There is thus a large 

Potential window in which the polymer is not destroyed 12051. Poly-2,5- and 

poly-2,6-pyridlne coatings were produced on glassy carbon electrodes by the 

nickel catalysed reduction of dibromopyridines in MeCN. The complexes 

trans-[NiBr(PPh&,(2-pyridyl-5-Br]l and tran*[NiBr(PPhs),(3-pyridyl-6-Br)l, 

formed by the addition of the dibromopyridines to [Ni(PPhs),l, were used as 

the starting materials [2061. The photolysis reactions of 57 (L q PMe, or 

PMesPh; X1 = H or Br, X2 = H or Br] have been investigated [2071. Reduction of 

[Ni(CsFs)(PPhs)2Xl (X = (CsFs) or Br) with [BH,l- gave an unstable species 

[Ni(Ar](PPhs)sl-, which was not fully characterised. In the presence of CO, 

the reaction yielded [Ni(Ar](CO]2(PPhs)21. Some related alkynyl complexes were 

also studied [2081. Reaction of NiCl, with NaH, [ROlNa and bipy in the ratios 

4:2:1:2 gave an incompletely characterised nickel(O) complex, which catalysed 

homocoupling of aryl haides, and haloalkenes [2091. 

57 

Reaction of palladium ethanoate with PPhs gives [{Pd(OCOMe),(PPh,)},] or 

[Pd(OCOMe)2(PPhs]21 depending on the reaction stoichelometry. Thermolysis of 

the products gave biphenyl and phenyl ethanoate, possibly via the initial 

sequence of reaction (2) 12101. When trans-[Pd(Ar]I(PPhss)l is treated with 

RSnMes (R = Ph or 4-NeCaH,] cross-coupling to yield RAr occurred. The reaction 

mechanism was discussed In terms of initial halide substitution followed by 

lsomerisation and reductive elimination [2ll]. 

The complex trans-~H~CsFs~~OC10s)~PR3~21 reacted with [R'sPCS21 to give 

tfans-~M~CsFs~~PRs~2~R'3PCS2~l~C10,1 04 = Pd, R = R' = Et or Bu, 

R3 = R'3 = Et2Ph, R = Bu, R' = Cy, or R = Ph, R' = Et or Bu; M = Pt, 

R=R'= Et or Bu]. The same type of complex was also obtained by reacting CS, 

wlth [Pd(CsFs)(PEt3]sl~C1041. The structure of 58 was established in an X-ray 

diffraction study; the {Et3PCS2] moiety acts as a unldentate ligand, bound at 

sulphur [2121. 
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C(131) 

58 Perspective view of the catlon trun~[W(CeFs)(PEts)t(S2CPEts)]t with 

thermal ellipsoids constructed at the 30 X electron probability level. 

(Reproduced with permission from [2121) 

The reductive elimination of blaryls from cis-[Pt(Ar),(PPhs)zl has been 

studied. The influence of the substituents on the aryl ring on the rate of the 

reactlon was conslderable, and AH+ was linearly correlated with the 

substituent constants and with lJ(PPt) [2131. A further range of complexes of 

the types cis-[Pt(Ar)(CeH,-4-Me)(PPh3)71 and cls-[Pt(Ar)(CeH,-4-OHe)(PPhs),l 

were slmllarly investigated 12141. 

The kinetics of dmso exchange in the complex cis-[Pt(dmso)s(Ph)a] were 

investigated by stopped-flow techniques. Ligand replacement reactions with 

bipy, dppe or phen were also studied, and it was concluded that the reaction 

proceeded by a dissociative mechanism [2151. Isomerisatlon, solvolysis and 

thlourea substitution of cf.+[Pt(C,H,-4-F)Cl(PEts)sl have been reported. The 

data were consistent with a dissociative mechanism, and the reactivity tended 

References p. 767 



422 

to be dominated by the solvation of the departing hallde 12161. 

The complex trsns-[Pt(Ar)(H)L,l could be prepared by reaction of 

trans-[Pt(Ar)(OH)L,l with methanol, trans-[Pt(Ar)L,Xl (X = Cl or NHCOMe) with 

[MeOl-/MeOH or Na[BH,l/WeOH or tranP[Pt(Ar)L,(solvent)l[BF,l with [l&O]-/HeOH 

or Na[BH,l/MeOH. Reductive elimination from the products occurred only at high 

temperatures, and thelr stability Increased with an increase in the bulk of 

the phosphine llgand, L. Loss of benzene from tran~[Pt(H)(PEts)*(Ph)l was 

accelerated by CO, and inhibited by PEts 12171. Protonation of 

[Bu4NI[Pt(C,Fs),l with one molar equivalent of HCl gave [Bu,NI[Pt(CsFs),Cll, 

whereas with two molar equivalents the product was [B~,N]~[Pt~(~e~s)~(lt-~1)~1. 

The related salts of I(PhsP)sNl, PPN, were also studied with particular 

reference to replacement of the halide ligand by dppm. Mixed metal dimers and 

trlmers were prepared, Including I(PtArs)(Ydppn){Pd(Ar)(PPhs)2}l and 

[Bu,Nl[AgIPtAr,(~dppm)}21 12181. 

A detailed paper has been published regarding the reactlons of complexes 

of the type [PtCl(CO)L(Ph)l with organomercury compounds. For the reaction 

between PhsHg and 59, the group trans to the phosphlne is replaced in both 

forward and reverse reactions, because PRs has a stronger trans-influence than 

CO. The mechanism probably involves an SE2 cyclic pathway, with a transition 

state 60 [2191. 

L 
'pt' 

Ph 
PhzHg 

L 

'pt' 

Ph 

oc' 'Cl + HgCls OC' 'Ph 

59 

,L _ x-. 
L-pt::-- =Hg-R 

p -“.R_‘* 

60 

Various blnuclear u-at-y1 complexes have been noted. Reaction of 

[Pd(CaFs)L2Xl with IPd(C.Fs)Ls@ClOa)l gave the dimer 

tfans,trans-~IPd~Ar~L,~,~~X~l~C10,l (X = [CNI, [SCNI or [NJ, L q PPhe). 

However, the scope of reaction of the bipy complexes Is greater, and the 

bridging group may also be chloride or bromide. Some complexes of higher 

nuclearlty were also prepared 12201. When the perchlorate derivative was 

reacted wlth T12[CSel the product was 61. With [Pd(n2-CSs)(PRs)sl, the related 

species [L,Pd(&+&S)Pd(Ar)L,l[C104l was formed [2211. 
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61 

A series of binuclear complexes were prepared by the reaction of 

[Pd(nl-dppm)sRR'l (R = R' = C&l, or CsFs or R = CeFs, R' = Cl) with various 

gold complexes, bearing ligands which could be easily displaced. Examples 

included [(PdRR')(~dptxn),AuCll, [(PdRR')(~dppm)z{Au(CsXs)}l (X = Cl or F) 

and [RR'Pd{(~dppm)AuCl},] The structure of 62 was established in a 

diffraction study [222]. Oxidative addition of 63 (X or Y = N) to [Pd(PPhs),l 

gave a mixture of tranp[Pd(Ar)C1(PPhs)21 and the binuclear complex, 64. The 

proportion of the binuclear complex could be increased by addition of HsOs, 

which removed free phosphine by oxidation. Nmr spectroscopic data indicated 

that there was restricted rotation about the C-Pd bond in the mononuclear 

species, suggesting that den* back bonding was important [223]. 

62 (Reproduced with permission from [222l) 

The complexes [{M(PRs)}(~H){Pt(CsCls)(PEts~~}l+ (M q Ag or Au, R = Et or 

Ph) were prepared from tru~~[Pt(CeC1s)(H)(PEts)21 and [ML(PRs)l+ [2241. 

Reaction of [Su~Nl[~(CsFs)s(SC,~)I with [AgWlOs)WQ)I gave 

[PtAg(CsFs)s(PPhs)(SC4Hs)l characterised in a diffractlon study. At 2.637(l) A 
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this possesses the shortest known Pt-Ag bond [225].The tetranuclear cunplex 

[gu~Nl~[Pt~Ag,(CsF,),C141, 65, was formed by treatment of 

~Bu~Nl~~Pt~CsFs~~C1~l with Ag[NOsl and was characterised in a diffraction 

study. The bonds between the two silver atoms and between platinum and silver 

are quite strong, and there is a weak interactlon between the platinum atoms. 

The P-fluorine substltuents on the aryl rings are quite close to the silver 

atoms 12261. Addition of PPhs allows replacement of a chloride ligand, and 

Splitting to give the dimer [Bu~N][PtAg(CsF,)zC1(~C1)(PPhs)l, 66. By 

contrast, reaction with AsPhs or SbPh, gave tram-[PtArzLzl and 

tram-[Bu,Nl,tPtAr$l~l 12271. 

X-Y 
Cl ' ' -cd 

63 64 

65 ORTEP drawing of the [PtsAgs(CsFs)4C1412- ion. (Reproduced with permission 

from 12261) 

Photochemically induced oxldatlve addition of at-y1 bromides or lodldes to 

[~s(~PsOeHs)41 *- gave [Pt2(VP20sH2),ArX14-. The chloride could be prepared 

by halide exchange, though not by direct oxldatlve addition. The mechanism of 

the addition Involves double activation induced by single electron transfer 
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12281. 

FUO 

F 

88 ORTEP drawing of the complex anion [PtAg(CeFs)sCls(PPha)]- showing the 

atom labelling scheme. Carbon and fluorine atoms are shown as small circles, 

for clarity. Pt, Ag, C and P atans are represented by their 40 % probability 

ellipsoids. (Reproduced with permission from [227]) 

2.3 Metal awl complexes 

Many metal acyl complexes result from insertion of carbon monoxide into a 

metal-carbon bond, and will be considered in the next section. Treatment of 

[Ni (CO)(np3)l IBPh41 (nps = N(CHsCHsPPhs)s) with ethoxlde ion gave 

[Ni(CCOEt)(np,)][BPh,]. This reacted with BHs.thf to give the four-coordinate 

caplex [Ni(CO)(Hnp,)][BPh,] and INiH(np,)]IBPh,], which is five-coordinate. 

The intermediate is assumed to be [Ni(CHO)(nps)l+ or [Ni(CO)(H)(npe)l+, which 

may lose CO or H+ 12291. Reaction of benzene-1,2-dicarboxylic acid 

dichloride with [Ni(CO),l was reported to give 87, but the species was not 

fully characterised. An analogous species was obtained from 

1,2_dilodobenzene, in which the carbonyl units of the metal acyl are assumed 

to have been derived from the nickel carbonyl. A related reaction is described 

for [Pd(PPhs),l 12301. The acylnickel complex [Ni(CO),(COR)]- was prepared 

from RLi and [Ni(C0)41, and reacted readlly with unhindered enones (reactlon 

(3)) 12811. 
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NiClz 

67 

MeO, ,OMe MeO, ,OMe 
0 COPr 

+ [Pt-ENi( l- - (3) 

0 0 

n 

The structure of trans-[PtCl(~)(PPhs),l, 68, has been detenslned 

[2321. Reaction of trsnP[PtCl(COhexyl)(PPhs),J with SnCls has been studled by 

31P nmr spectrsocopy. The species tran~[Pt(COhexyl)(PPhs),(SnCls)I was 

formed, together w+th a species which was not fully characterised, but samad 

to contain a chloride llgand bridging the platinum and tin centres. The 

complexes were d I scussed as models for intermadlates 1n catalytic 

hydrofonsylation 12331. 

68 (Reproduced with permission frcnn 12321) 

3 METAL COUPLEXES FORRED BY INSERTION AND RELATED REACTIONS 

The carbon!!1 insertion reactions of square planar complexes have bean 

reviewed; tha reactions of platinum and palladlum complexes have particular 

relevance to the mechanisms of carbonylatlon reactions 12341. Calculations 
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have been performed to optimise the transition state for the insertion 

reaction of [Pd(CO)(HMee(PHs)l to give [Pd(CCMe)HWHs)l. The reaction takes 

place by methyl mlgratlon with a low actlvatlon energy, and provides an model 

for the carbonylation of trans-[PdMea(PRs)21 12351. 

Carbonylation of [N1{N(SiMe2CH2PPh2)2}Rl gave a compound, originally 

thought to be 69, in a rapld reaction. However, for R q CH=CHs small amounts 

of material characterised as 70 were also formed, and “89” (R = CH=CH2) lost 

CO slowly to give this compound. Thus It Is clear that the originally formed 

69 underwent a novel rearrangement to give 71. All the complexes showed 

enhanced intramolecular silyl group exchange between oxygen and nitrogen, due 

to the proxlmlty of the nltrogen lone pair of the {C=NSI} group to the 

transannular {0-Si) moiety [236]. The complexes [PtCl(Ph)(PY)I (PY = dppp, 

Ph2PCH2CH2SMe or Ph,PCH2CH2NNe2) underwent CO insertion to give 

[PtCl(COPh)(PY)l, but the derivatives of dppe and Ph2PCH,CH,AsPh, were 

unreactive. It was concluded that dissociation of (PY) was essential for 

coordination of CO prior to insertion 12371. 

Me2 Ph2 

Me2 

09 

Pho Me2 Ph2 

71 

70 ORTEP diagram and numbering scheme for the complex 

[Ni(C0){(~2-C,Hs)bN(SI~~CHIPPh~)~i~~CH~PPh~}l. The unshaded thermal 

elllpsoids represent the disorder In the backbone. (Reproduced with 

permlsslon from 12363) 
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There have been a number of reports of insertion of CO into 

metal-heteroatom bonds. Reaction of [PtCl(dppe)(Me)l with Na[OMe] resulted in 

substitution to yield [Pt(dppe)(Me)@Me)l Carbonylatlon gave 

[Pt(COOMe)(dppe)Hel, whilst reactlon with c2F4 yielded 

[[Pt(CF,CF,OMe>(dppe)Hel. In neither case was any Insertion into the 

platinum-carbon bond noted. Labelling studies suggested the intermediacy of a 

five-coordinate complex. Alkenes bearing electron withdrawing groups, such as 

CH2=CHCN or CH,=CHCOOMe, gave less than 10 X yield of insertion products 

[238,239]. The thermally unstable species [Pt(dppe)(OMe),l was prepared 

similarly, and could be mono and dicarbonylated. The dicarbonylation product, 

72, was characterised In an X-ray diffractlon study. At 80 oC it decomposed to 

give a mixture of CO, methanol, methanal and oligomers. Oxidation with a range 

of oxldlsing agents gave dimethyl oxalate, dimethyl carbonate, methyl 

methanoate, CO, CO, and methanol [240]. However, reaction of [ML2Me21 (H = Pd 

or Ni, L2 = bipy or (PEtsj2) with ArOH gave [ML,(Me)(OAr)l which was 

carbonylated to [M(COMe)L2(OAr)l. Thermolysis of the acyl palladium complex 

gave HeCOOAr, but heating the nickel complex resulted in deinsertion of CO. 

The reaction mechansims were discussed [241]. 

. 

72 Perspective drawing of the coordination sphere in [F%(COOUe)2(dppe)l. Only 

the fpso-phenyl carbon atoms are indicated and the hydrogen atcnns are omltted 

for clarity. Thermal ellipsoids are drawn at the 50 X probablllty level. 

(Reproduced with permission frun 12401) 

Addition of water to [Pt(cyclohexyne)(PP)l ((PP) = dppe, dppp, dppb or 

vdpp) gave 73, which inserted CO first into the platinum-oxygen bond. When 

(PP) was dppp, a second, slower insertion into the platinum alkenyl bond 

occurred. The platinum carboxyllc acids were relatively stable and did not 

readily decarboxylate. They could be converted to esters and amides. Labelling 



studies suggested that [Pt(CO)(PP)Rl[OHl was an 

carbonylation [242]. Reaction of [MC12(m)l 

pw = 2,6-bis(diphenylphosphincmethyl)pyridine) with CO 

[H(COOR)(pnp)lCl, and amides could be prepared similarly 
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intermediate In the 

(M = Pd or Pt; 

and alkoxide ion gave 

[243]. 

Phn 

73 

Carbonylation of [Ni12(NHEt2)al in the presence of free EtsNH gave 

[Ni(CONEt,)I(NHEt,),l. This underwent substitution of the amine ligands with 

EtsP and insertlon of PhC=CPh to give [Ni{C(Ph)=C(Ph)CONEt,}I(NHEt,),l [2441. 

These carbamoyl complexes could also be prepared directly from NiI,, CO and 

Et,NH. When the carbamoyl complex Is reacted with [NI12(NHEta)2] a trinuclear 

cluster, 74, is formed, and was characterised in a diffractlon study. Addition 

of PEts gave a monunuclear species, 76 [2461. 
C(21) cl23 

C(8) C(14) 

74 (Reproduced with permlsslon from 12451) 
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75 (Reproduced with permission from [2451) 

Reaction of [NiCl,(pnp)l wlth CO and RNHs gave {NiCl(CONHR)(pnp)l}, the 

structure of the complex not being described. If the pK, of the amine is 

greater than 4.0, no additional base Is needed, but for less basic amlnes, 

addition of Nas[COsl or EtsN was necessary. Base treatment of the carbamoyl 

complex resulted in deprotonatlon to give an isocyanate derlvatlve, which 

reacted with an excess of the amine to give a urea [2461. The halide ligand in 

the complex [PtClLsRl (Ls = dppe, R = Me, Ph or PhCHs; L2 = dmpe, R = Me) 

could be substltuted by LlNHCHsPh to give a relatively unstable product. 

Carbonylation then gave the Isolable species [Pt(CONHCHaPh)(dppe)Mel, and 

there was no insertion into the platinum-alkyl bond 12471. 

Insertion of 4-ClCsH,NC into [Pt(dmpe)H(He)l occurred exclusively at the 

platinum-hydride bond to give 76 as a single isomer. This implies that hydride 

migration is stereoelectronically controlled with the new C-H bond Vans to 

the developing lone pair on nitrogen. Reaction of the aryl isocyanide with 

[Pt(dmpe)Ue,l in methanol gave 77, agaln as a single isomer, characterised by 

a diffraction study. Above -30 oC the Z- and E-isomers equilibrate. The 

mechanism of the reactlon is thought to involve methanol attack on a 

coordinated isonitrile, followed by protonatlon at platinum and methane 

eliminatlon. If the reaction Is conducted in toluene, insertion of the 

isocyanide into the platinum-methyl bond does occur, but the reaction is some 

10s times slower than that of the methyl hydride complex, and is nejther clean 

nor stereospecific [248]. 



431 

Me2 Me2 

Me2 OMe 

77 

There has been a kinetic study of the insertion of lsocyanides into the 

palladium-aryl bond of 78 [249]. The steps proposed for the the reaction of 

related complexes of non-chelating phosphines were similar and various 

substitution reactlons on the product were described 12501. 

78 

Reactlon of [Pd(PPhs)J with chloropropanone gave 

trans-[Pd(CHzCOCHs)Cl(PPha)21, which readily inserted RNC (R = Me or 

4-MeCCeH4) to give 79 [2511. The bis(lsocyanlde), 1,4-CNCeH*NC, reacted with 

IPdaWdppm)aXal (X = Cl, Br, I, [NC01 or [SCNI) by a double Insertlon 

reactjon to give the A-frame complex 80 12521. 

cl--6d---I[, fl 
‘d 

6Phs , 

There have been a number of reactions reported which may be considered to 

be Insertions of CCe, though in most cases the mechanisms were not de1 ineated 

In detail. Thus 81 was prepared from [Ni(cod)J, NesNCHaCH#le2, PhCH=NPh and 

R 

79 

We [253]. A similar process allowed the synthesis of 82 by carboxylation of 

[NiL(RC=CR)I, or from Ni(O), RClCR, L and CC& Carbonylatlon of 82 gave the 

anhydride, and alkynes could also be inserted into the nickel-carbon bond. A 

similar process was reported using alkenes, to give 83. In the case in which a 
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non-synwnetrical alkene, RCH=CHs, is used as the substrate, two insertion 

products, 84a and 846 were formed, their proportions defmndlng on the 

temperature at which the reaction was carried out 12541. With allene as the 

substrate and a basic ligand, L, such as bipy or dcpe, the product was 85. 

Reactions with substituted allenes were regioselective (reaction (4)) [2551. 

With butadlene the three products obtained, 88a, Mb, and 86c, were In 

equilibrium. Carboxylatlon of the mixture gave 87 which could be readily 

opened with methanol C2561. 

3 1 
j&m-- c 

I / 

80 (Reproduced with permission from 12521) 

846 84b 85 

?_.= + LNi(0) + CO2 - LNi, (4) 

COOY 
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0 

88a 

G I ?o 
0 

88b 

0 

0 c I ‘NiL - 
MeOH 

0’ 
MeOOC 

0 

r--\_ CooMe 

I “x, L/N’\0 

88c 

87 

Quadricyclane reacted with [Ni(blpy)(cod)] and CO by insertion into one of 

the strained three membered rings. Carboxylation then gave 88, which could be 

protonated to 89. A number of related reactions with strained double bonds 

were also described [257]. Reaction of dlcyclopentadiene with {Ni(O)(bipy)} 

and COP gave 90, In a stereoselective reactlon [258]. The insertion product 91 

was readily isomerised to 92. Although the diasterecmeric excess was initially 

small, It rose to 54 X 8 after 10 h at 24 oC [2593. 

88 89 

The insertion of isocyanates into nickel complexes is closely related to 

the insertion of COa, and several new reactions have been reported. Reaction 

between l,l-dlmethylallene, [Ni(cdt)l, RCNO and an appropriate ligand, L, gave 

93, as the major product. A range of reactions was discussed 12801. Oxldation 

resulted in bimolecular coupling to give 94 [2611. Under the same conditions 

RCHO yielded 95 12621. With ethene, and a reaction at low temperature, 96 was 

formed; thermolysis yielded CHa=CHCONHR, rather than a i3-lactam 12631. The 

ccnnplex 98 may react with further ethene to give an expanded ring, prior to 

g-elimination [2641. In the absence of addend, the isocyanates are coupled to 

give 97 and/or 98, but all the yields were low 12651. 
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90 ufeDroduced with WmfSSion from [258]) 

95 

RNH WNHR 

94 

98 
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The insertion of alkenes into metal hydride bonds is a fundamsntal step in 

most hydrogenations catalysed by transitlon metal complexes. Ths mechanism of 

alkene hydrogenation and Isomerisation in the presence of platinum complexes 

has been reviewed. The alkene jnsertion into the platlnm hydrjde bond in 

tran~[PtH(PRs)2(SnXs)1 was followed by multinuclear nmr spectroscopy. 

Insertion was faster for the tram than for the cfs-complex 12661. The complex 

IPd(DCDCF&(PPh,)sl, In the presence of tfaH, catal ysed 1 sotops exchange 

between Ha and HsO, vfa [PdH(PPh,)sl[Xl. Addltion of ethene lowered the rate 

of reaction, and a mixture of CD and ethene inhiblted it completely. Under 

these conditions [PdH(PPhs)sl+ reacted with ethene to give [Pd(Et)(PPhs1,,Xl, 

which further Inserted CO to yield [Pd(CDEt)(PPh,)s,Xl. Insertion of more 

ethene and protolysis gave EtCDEt 12671. 

The facile insertion of perhaloalkenes has been again demonstrated by the 

reaction of [Pt(dppe)Me(DRe)] wlth CsF, to give [Pt(CF&F,DMe)(dppe)Me] 12681. 

Insertlon of CHs=CHCDDNe 1 nto the unstable species 

tranP[PtCl(H){P(~)s}~l gave only cf~[Pt{CH(~4e)C~e}Cl{(P(OC(e)s},l. The 

fact that only the branched product is formed Is quite distinct frun the the 

reactions of the related PEts derlvatives [269]. Reaction of a zinc porphyrin 

derivative, bearing peripheral organomsrcury functionality, with CH,=CHCDORe 

in the presence of Li[PdClsl gave the corresponding porphyrin bearing 

{CH=CHCDDMel units, but sues complications did occur due to overmercuration 

12701. 

In a heterogeneous reaction, under an anrnonia atmosphere, 

[Pt(CsH41Cls(NHs)I yielded [Pt(CHpCHpNHp.HC1)(NHs)slC1 [2711. The complex 99 

was In equlllbrium with its isotopomer vfa the Insertion product, 100 [272]. 

1 (dmpe)+Pt 
D 

--Q 

D 1 

Slmtlarly, insertlon of alkynes into metal hydride and metal-carbon 
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bonds are key processes in their hydrogenation and oligomerisatlon 

respectively. Reactlon of PhC=CH with tranPjNiC1(COR)(Pnes)21 gave 101, in 

which the nickel atom Is L-coordinate, and has dlstorted square pyramidal 

geometry. For the complex in which R = CH,CMe,Ph the square pyramldal species 

was in equilibrium with the novel ylide complex 102 12731. Cyclolnsertion of 

103 and related species was studied. As predlcted by the work of Thorn and 

Hoffman, kinetic studies show that the insertion step involves a 4- rather 

than a B-coordinate Intermediate 12741. 

c.?3 

101 (Reproduced with permission from [273]) 

Insertion of dmad into 104 involved reaction of the platinum-chlorine 

bond. The reaction did not occur In systems with less bulky phosphlne ligands, 

suggesting that 5-coordinate intermediates were not likely dn this case [2751. 

Reaction of [Pt(n*-PhNO)(PPh,),] with dmad gave 105, via insertlon of the 

alkyne Into the Pt-N bond of the n*-bonded ArNO llgand. Insertion of alkenes 

bearing electron withdrawing groups was also studled 12761. Reactlon of the 

amino carborane, 106, with PhCeCPh, gave 107 12771. Treatment of 

sym,tfans-[Pt2(~C1)2(PEt3)1(SnCls)21 with two molar equivalents of CFaC=CCFs 

resulted in Insertjon into both the Pt-Sn bonds, to give 108 as the major 

product, In equllfbrlum with Its cfpisomer. One plausible mechanlam advanced 

for the reaction involved formation of catjonic platinum alkyne complexes by 

substitution, followed by attack of [SnClal' at the alkyne [278]. 
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--_ 
c21 Cl5 

102 (Reproduced with permission from 12731) 

RsP-6d-PRs 

A1 

) 0-k 
RsP-Pd-PRs 

103 

R2 R2 C,oOMe ,Cl 
Cl 

PRs 

dmad 

R= CMes 

104 

105 
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106 (Reproduced with permission from [2771] 

107 (Reproduced with permission from 12771) 

108 Line drawing of the dimeric double insertion product. (Reproduced with 

permission from [278]) 

Reaction of log with CHaNa gave 110, by insertion of {CHa} into a 

metal-chloride bond [27g]. Insertion of methylene also occurred wdth 

[Pt(cod)Xa] (X q Cl or I) to give the stable complex [Pt(CHzX)z(cod)l [2801. 

Reaction of cyclooctene with PhNa in the presence of PdClz gave 111, 

characterised by a dlffraction study. By-products included CyclooCtanOne, 

phenylimlne, and a bis(azlridlne) palladium complex. The azirldine conrplex was 

formed in larger quantities from [PdClz(coe)zl and phenyl azide. The initial 
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step in both processes is probably insertion of PhNs into a metal alkene bond 

[281]. 

111 ORTEP view of 

trans-dichlorobis(ll-phenyl-9,l0,ll-triazabicyclo[6.3.0]undec-9-ene~ 

palladium(II)-chloroform (l/2). Thermal ellipsoids are drawn at 30 X 

probability. (Reproduced with permission from [2811). 

Insertion of CFsC=CCFs into 112 (CN = 2-dimethylamlnomethylphenyl) gave a 

double insertion product, 113. A ccmplex mechanism was proposed 12821. 

Sit&a 

Me2 

112 
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113 Molecular structure of the double insertion product. The fluorine and 

hydrogen atoms are omitted for clarity. (Reproduced with permission from 

[2821) 

A number of insertion reactions have the opposite sense, that is they are 

the insertions of metal complexes into organic molecules. Thus in the reaction 

of [Pt(PPhs),] with RN=C(Cl)-C(He)=O the products are 114a and 114b, in the 

ratio 9:l. Reaction of the mixture with MeNH, gave mainly 115. A range of 

reactions of 115 with other metal complexes was reported [283]. 

114a 114b 

Me 

Phs P 
N’ 

Cl --A 
2 

Me 

6Phs 
\N 

; 

115 
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The activation of methane by tran~[Pt(H,O),Cl,l has been studled from a 

theoretical perspective. As the reactants approach, the repulsion energy 

decreases initially as a result of distortion of the metal complex, but at a 

later stage as a result of deformatlon and stretching of the C-H bonds In 

methane [2841. Reaction of [Pt(C2H4)3(PCys)l with 116 resulted in insertion of 

the metal complex into the C-H bond of the aldehyde. Related reactions were 

also consldered 12851. 

CHO 

116 

Reaction of [Pt(PPh3)31 with R3Hg (R = 2,4,6-Cl&H3 or 2,3,5,&Cl,CsH) 

gave [Pt(HgR)(PPhs13(R)l, by insertion of the platinum into the alkyl-mercury 

bond. Further reaction with [Pt(C3H4)(PPh3)31 gave the trimetalllc species 

[Hg(Pt(PPhs)3(R)121, lndlcatlng that the second alkyl-mercury bond Is not 

deactivated towards insertion by the reactlon of the first 12861. When 

[Pt(PPh,l,l reacted with 4-FCsH,HgCl, the product was [Pt(CsH,-4-F)Cl(PPh,),l; 

Insertion had occurred into the Ar-Hg bond, followed by ellmination of 

mercury. With PhHgSCsH,-4-F, insertlon of platlnum into both the Ar-Hg 

and the S-Hg bonds took place, to yield, after mercury elimination, 

[Pt(Ph)(PPh,),(SAr)l and [Pt(Ar)(PPh,),(SPh)l 12871. 

Insertion of nickel(O) into butane-1,4-dioic acid anhydride gave 

intitially 117 (Ln = bipy or dppe), which was not isolated, but lost CO in a 

reversible reaction, to give 118. When the reaction was carried out using a 

substituted, non-symnetr$cal, anhydride, regloselectivity was generally low 

and depended on the ligand [2881. A similar reaction was reported for 

[Ni(CzH4)(PPhs)31 with benzene-l,P-dicarboxylic acid anhydride [289]. 

117 118 

Insertion of [Ni(C0)41 into the strained ring of 119 gave three 
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products; their relative proportions indicated that the major opening 

was of the less hindered bond, with retention of configuration. The 

related substrate bearing four methyl groups on the cycloproparte ring 

was unreactive t2gOl. Insertion of {L,jJi} into the strained ring of 

biphenylene depended on the nature of L, with the reactivity order 

ENi(bipyl(codl1 < INi(PPhs141 < CNi(C2H41(PPhslsl < [Ni(Et3P1411 being 

established. The reactions of 120 were investigated (Scheme 5) [291]. 

Biphenylene end-capped polyquinoline and polyimide prepolymers were melt 

processed in the presence of [Ni(C0]s(PPhs)21 at 325-340 oC and 500 psi to 

give high quality transparent films. The curing involves insertion of Ni(0) 

into the four-membered ring of the biphenylene, followed by dimerisation 

[292,293]. 

Insertion of platinum(II] from Zeise's dimer into 121 gave two 

platinacyclobutanes in the ratio 2.3:1. Protection of the ketone as an acetal, 

in 122, resulted in different regioselectivity, and an accelerated reaction 

12941. The reactions of 123 and 124 proceeded similarly, but the products of 

their decomposition depended strongly on the nature of L (Scheme 6) 12951. 
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Scheme 6 Formation and decomposition of platlnacyclobutahes [295]. 

4 METAL CARBENE, CARBYNE AND YLIDE COWPLEXES 

Revlews have discussed the structural consequences of bonding in 

transltion metal carbene casplexes [2961, and the reactlons of such complexes 

with unsaturated hydrocarbons [297]. 

Reactlon of [NI(CO),l with LiN(CHMea)a followed by [EtsOl[BF,l gave the 

carbene complex [NI(CO]s{C(OEt)N(C~,)1)1. Replacement of one of the cat-bony1 

llgands by PPhs gave a more stable complex, which was reacted with BCls to 

yield 125 as the final product [29Bl. When [Ni(cdt)l was treated with 

HesP=CHa, iNi(cdt](CHaPWes)l was formed. Thls, and the related species 
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[Ni(C,H,),(CH2PMe,)], decomposed at room temperature to give, respectively, 

[Ni(cdt)(PMes)] and [Ni(C2H,)2(PHes)I. In the presence of ethene, cyclopropane 

was formed, suggesting a strong carbene character for the complexes [299]. The 

structure of the previously reported complex, 126, has been determined in an 

X-ray diffraction study. The nickel adopts square planar geometry, and the 

short nickel-carbon bond length suggests that n-back-bonding is very important 

[3001. 

PPhs 

[oc-llri Z-C-N(CHMe2)2][BCl4] 

A0 

125 

23) 
c (22) 

126 Atoms are represented by thermal ellipsoids at 30 X prot 

16) 

lbil ity levels. 

Hydrogen atoms are omitted for clarity. (Reproduced with pefmissiOn from 
[3003) 
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Reaction of either MX, or D4L,X21 04 = Ni, Pd or Pt; L = MeCN, PhCN or 

PPhs) with HOCH(R)CH(R')NC (R = R' = H, R' = Et, R = H or R' = H, R = He) gave 

tetraoxazolinium metal ccmplexes such as 127. The four five-membered rings are 

approximately perpendicular to the coordination plane, and the structure is 

stabilised by extensive hydrogen bonding. The related complexes containing 

six-membered rings could also be synthesised, and in some cases intermediates 

with some of the ligands cyclised and the others not could be observed I3011. 

HZLB 

127 (Reproduced with permission from [301]) 

The conversion of quadricyclane to norbornadiene has been catalysed by 128 

(X = halogen, R = H, alkyl or CN) 13021. The reactions of a-heteroaryl 

complexes such as 129 (L = PMesPh) have been extended. This complex may be 

considered to be carbene like in character, and O-methylation with HesSO, was 

readily accomplished. Reaction with RNC gave 130, but carbon monoxide could 

not be inserted [303]. 

128 129a 129b 
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0 

130 

The complex tran~[Pt(CFs)(H)(PPhs)2] reacted with alcohols or thiols in 

the presence of H[BF+] to give carbene complexes such as 131. Similar 

reactions were noted for tran~[(CFs)Pt(PHezPh),C1l [3041. Treatment of 

He[Pt(CN),l with an propene oxide resulted in the formation of 132. The 

opposite regiochemistry was noted, but not explained, for ethenylbenzene oxide 

[3051. Reaction of the isocyanide complex, 133, with base gave an ylid which 

cyclised to the carbene complex 134 0l = cf* or tran+{PtClz(PR'a)}) [3061. 

PPhs OR 
/ 

H-6t=c, 

;Ph!, 
OR 

131 132 

133 

There have been a number of reports concerning bridging carbene complexes. 

Reaction of diaromethane with [Pt,Cl,(kdppm),l gave [Pt,(~CH,)Cl,(lr-dppm),l 

[307]. A similar insertion into the platinum-platinum bond was reported for 

[pta(*dppm),(H)Ll (L = PPhs), but in this case insertion also occurred into 

the Pt-L and Pt-H bonds to yield [(Pt(~)}(~CH,)(~dppm),{Pt(CH,L)}]+. When 

the ligand, L, was CO or PMeePh, insertion into the R-L bond was suppressed. 

The structures of [Pt,(CHsL)C1(kdppm),lt and [Pt,(uCH,)Cl,(~dpprn),l, 135, 

were established in diffraction studies. When [Pt,(~CH,)(CO)(~dp~)~(~)l 

was reacted with NatBD,l, CH, and CO were evolved, and extensive deuteration 

was noted in the product, [{Pt(CH,D))(yD)(yPh,PCD2pph,),(pt(CH,o)}l 13081. 

Rcfemlees p. 167 
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135 Molecular structure of [Pt,Cl,(yCH,)(L1-dppm),l viewed approximately 

along the crystallographic diad axis passing through C(1). Hydrogen atoms are 

omitted. (Reproduced with permission from [308]) 

As ever, much new work has emerged from Stone's group, concerning bridging 

carbene and carbyne complexes. The reaction of [PtW(CO),(Cp)(~CR)(PHe,),] 

with [Cu(Cp*)(thf)l gave [CuPtW(CO),(CP)(CP*)(~,-CR)(PHes),l, 136, 

characterised in a diffraction study. The four atoms, {CCuPtW}, adopt a 

butterfly configuration with platinum and copper at the wingtlps, no Cu-Pt 

bond, and one of the carbonyls semi-bridging between platinum and tungsten. 

Complexes with bridging alkynes were also described [309]. Protonation of 

[PtW(C0)2(Cp>(~CR)(PR's),l (R = HeCsH,-4-He; PR's = PMe,, PMeaPh or 

PHePh,) gave ~PtW~cl-o:r\3-CH~CsH,-4-Me~](CO),(Cp)(PR,),l[BF,l, 137, in 

which two carbon atoms of the aryl ring have an n2-attachment to 

tungsten, and one of the CO ligands is semibridglng [3101. 137 

reacted with CO to give [PtW(rr-CHR)(C0)s(Cp)(PRs)21[BF,l, or RsP to yield 

IPtW(~CHR)(CO)~(Cp)(PRs)sl[BF,]. Reduction of 137 using K[BH(CHKeEt),] gave 

[PtW(C0)z(C~)(~CR)(~H)(PRs)2], which existed as a mixture of 

diastereolscmers in solution. The structure of 138 was established; a single 

diastereoiscmer was Isolated in the solid state [311]. 137 reacted slowly with 

2-butyne, in contrast to the {COW} analogue, for which the reaction is much 

faster. In the product, 139, the carbene forms a sytmeetric bridge, with the CO 

ligand semi-bridging 13121. The species [PtW(CO),(Cp)(~CR)(PHes)21 reacted 

with [CP~Tl(~CH,)(~C1)A1Me21 to glve 140. The spectroscopic properties of 

the product were discussed, and mechanisms for the reactions proposed [313]. 
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Cl231 C;T;AI 

136 (Reproduced with permission fran [3091) 

137 Molecular structure of the catlon of 

[PtW{~:r\a-CH(C,H,-4-lle))oz(PFle,CsHs)ltBF,l. (Reproduced with 

permission fran [3101) 
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138 (Reproduced with permission from [3111) 

Reaction of 

which could 

139 (Reproduced with permlssion from [3121) 

[~u{wclcR~co~,~c~~1,I[PFsl with Wt(C~H4)WesM gave 141, 

also be prepared from IAuWNes)(thf)liPFa1 and 

IPtW(CO)z(CP)(Ir_CR)(Pnes)21 13141. The tetranuclear cluster, 

Io~sPt(~-C)(Co),o(uH)~(PCy,)l, 142, and tha pentanuclear species, 

[OS,P~,(~~-C)(L~~~)(C~)~(L~H),(PCY,),~, 143, were prepared frm 

[Os&t&HH)U20)i,(~H)l and Wt(C2H,)2WCy,)I at 80 oC in toluene. In 142 the 

carblde is irregularly bonded to all four metal atoms. Each osmlrna bears three 
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CO ligends, and platinum is ligated by CO and PCy,. In 143 four metal atoms, 

{OssPts} form an approximate square plane, with OS(~) bridging the OS-OS edge. 

The carbide is approximately equidistant from all five metal atoms, and the 

hydride ligands bridge the OS(~)-OS(~) and OS(~)-OS(~) bonds. When 

[Pt(C2H,)2(PCys)l was reacted with [Os,(UH)(~COHe)(CO),,l, the major product 

was [OssPt,(~H)(us-C)(L1-One)(LC-CO)(CO)s(PCy,),l, 144. Two platinum and two 

osmium atoms are arranged in a buckled square plane, with OS(~) bonded only to 

OS(~). All the metal carbide bonds are approximately equal in length, and the 

hydride bridges the shorter of the two Pt-0s edges. Nmr spectroscopic data 

were consistent with the solid state structure, but there was some dynamic 

behaviour. This paper represents a rather uncumnon report of the generation of 

carbide complexes from non-carbide precursors 13151. 

Cl 

Cl 

CT361 

140 The hydrogen atoms on C(4) are shown at calculated positions. (Reproduced 

with permission from 13131) 

The bridging carbene complex [PtW(~CHAr)(LtCO)(CO)(Cp)(PEts)21[~~,l 

(Ar = 4+eCsH,) has been prepared in a single step from 

[Pt(H)(PEts),(propanone)l[BF,l and [W(CAr)(CO),(Cp)l, this preparation being 

appreciably more convenient than the two-step process previously reported by 

Stone for the PMe, derivative 13161. When [PtH(PEts),(propanone)l is reacted 

with trans-[Pt(C=CPh),(PEt,),l, 145 is obtained, by &s-addition of the 

platinum hydride across one of the carbon-carbon triple bonds [317]. 
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WI&p, OMet6’ ‘91 

,YJ s-’ 
Me(?) 

141 (Reproduced with permission from 13141) 

142 (Reproduced with permission from t3151) 
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b WO) 

143 (Reproduced with permission from [3151) 

144 Cyclohexyl groups have been cmltted for clarity. (Reproduced with 

permission from [3151) 
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145 ORTEP view (thermal ellipsoids at 15 X probability) of the cation 

[Pt,U-C=CHPh)(C=CPh)(PEt3)41[8F,l. (Reproduced with permission from [317]) 

Reaction of the manganese alkylidene carbene, [Mn(=C=CHPh)(CO),(Cp)] with 

[PtL,l or [PtL,(trans-stilbene)] gave 146, fully characterised 

spectroscopically 13181. Some reactions of the complex with nucleophiles were 

studied, and the PPhs ligand truns to the D-carbene could be readily replaced 

by CO [31gl. When the complex was reacted with [Fe,(CO)sl, {Fe(CO),} adducts 

were obtained, but the structures were not described in detail [3201. 

Ph 

146 

When [{PtH(PP))(It-H)2{Pt(PP)}l (PP = dppe) is treated with styrene in the 

presence of molecular hydrogen, the stable complex [Pt2(~CHCH,Ph)(~H)(PP)2], 

147, was obtained, and characterised in a diffraction study. The Lt-alkylidene 

is symnetrically bound, and the hydride, although not located, is probably not 

symnetrically ligated 13211. 

A range of metal complexes have been reacted with the metallocyclobutane 

[Ti(CH,CRR'CH,)(Cp),l to give [{Ti(~CH2)(Cp),)(~X)WL,l and RR'C=CH,. Among 

the complexes studied were [PtC1(He)(PWes)nl (n = 1 or 2) and 
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[{Pd(r\3-C,H,)(~Cl)),l [3221. 

147 ORTEP view of the structure of the cation in the crystal of 

[Pt,(lt-CHCHzPh)(dppe)z(~H)l[BF41. The bridging hydride was not located and 

only one carbon of each Pphenyl group is shown. (Reproduced with permission 

from [3211) 

Reaction of [W,(OCMe,),l with trays-[Pt(C=CH),(PHe,Ph),] gave 

tranp[Pt(C=CH){C,W,(OCMe,)s}(~e*Ph)z], which, over a period of 4-5 days was 

converted to tran~[Pt{CzW,(OCHe,)s}~(PMe,Ph),l, 148, characterised in a 

diffraction study. The {PtP,C,} unit is planar, with the platinum formally in 

the +2 oxidation state. The (C,} unit is coordinated as [C,14-, and this is 

the first caaplex of thls type to be characterised. The bonding resembles that 

of a /+,n*-alkyne, but the carbon carbon bond is substantially longer 13231. 

Reports on ylids have, as usual, been very diverse. There have been 

further reports on complexes of the type 149, used as catalysts for ethene 

oligomerisation 13241. Reaction of [Ni(~od)~l with PhsP=CHCOPh and HesP=CH2 

gave a complex formulated as 150 (sfc) 13251, used for ethene oligomerisation 

and polymerisation [326], and polymerisation of ethyne to give a predominently 

transproduct 13271. The product of reaction of [Ni(cod),] with PhsP=CHCOPh 

and MeaSiN=PPh,, also proved to be a useful catalyst for ethene polymerisation 

[328]. Reaction of Me2%HCOAr with NIX, gave [Ni2X~(ylide)21. The structure is 

probably dimeric with bridging halides [32g]. A similar reaction was reported 

for PdC12 13301. 
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P(6') 

148 A ball and stick view of the central trans-{PtPz(c2wzos)z} moiety of the 

centrosyrnrnetric trans-[Pt{C7Wp(OCMes)s}~(PMe~Ph)zl molecule looking nearly 

down the PPtP axis, showing the PtC2W2 unit. [Reproduced wlth permission from 

13231) 

Ph 

Reaction of the bistylide), PhsP=CRCOCOCR=PPhs, wlth [Pd(PhCN)&l, gave 

151, characterised spectroscopically. The halides could be replaced by (en) 

13311. Similar canplexes were prepared of the monodentate ylid PhsP=CHCOOR. 



Solid state IR spectroscopic data implied that the product was 

trans+[PdClPL21, but solution data indicated that the cis-form is also 

important. Both meso and dFisciners were obtained 13321. 

When PdCl, was treated with two molar equivalents of (HesN)oP=CHa, 

{PdL$ls) was obtained. A similar reaction converted PM4 to {PtI,L,). The 

products were unstable in chlorinated solvents at room temperature, and their 

structures were not conclusively established 13331. [Pd(PPhs)+l reacted with 

E-XCH=CHCOOR by oxidative addition to give trans-[Pd(CH=CHCWR)(PPh3)2X] as 

the initial product, but this was rapidly converted to 152, characterised in a 

diffraction study [3341. 

Treatment of [Pd(CsFs)L2(0C10,11 with PhsP-CHCOMe, appy, gave 

[Pd(appy)(Ar)Lal [ClOJ. In this complex appy was &coordinated, which was 

unprecedented for keto stabilised ylid complexes of palladium. In 

[Pd(appY)(Ar)Cl(tht)l, prepared from appy and [PdzAr,(Cr-Cl),(tht),l, the 

normal C-coordination obtained 13351. 

The electrochemistry of 153 has been investigated [336]. Studies of the 

formation and decomposition of a range of platinum ylid complexes have again ’ 
been reported by Puddephatt's group (Schemes 7 and 8) [337]. 

Reaction of [PdC12(HeCN)s] with R,N gave complexes of the type 154, the 

first characterised enamine palladium complexes. For example, the use of 

EtN(CHHe2)s gave 154a (R1, R2 = CHHe2, R3, R4 = H) in 17 X yield, and 154b 

(R1 = Et, R2 = CHMe2, R3 = Me, R4 = H) in 38 X yield [338]. 

5 METAL COMPLEXES FORMED BY INTERNAL METALLATION AND RELATED REACTIONS 

There has been a useful review of the uses of cyclometallated complexes in 

synthesis 13391, and a most comprehensive account of applications involving 

cyclopalladated species 13401. The Ometallation of phosphine complexes has 

been discussed 13411. 

There continue to be many reports of the preparations and. reactions of 

cyclcnnetallated complexes of benzylamine derivatives. The reaction of 

trans-[Pt12L2] with successively PhCH2NH2, Ag[BF,l/propanone and KI, to give 

155 has been shown to be strongly solvent dependent [342]. Reaction of 
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[PdC1,12- with PhCH,NHR (R = H or Re) gave [PdClsL,], but with PhCH2NRe2, 

cyclometallation occurred rapidly. Similar reactions were noted for palladium 

ethanoate. In the reaction of [{PdL~OCORe)W-0CWe)121 with PhCHsNMe2 nmr 

spectroscopic studies were used to show that interaction between the metal and 

the aryl ring protons preceded cyclometallation 13431. The oxidative addition 

reactlon, (5), allowed a more general synthesis of cyclometallated complexes 

of primary and secondary benzylamines, and the products of bridge spl 

such as 156 and 157 were characterlsed fully for the first time [3441. 

152 (Reproduced with permission fran [334]) 

Itiing, 
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Scheme 7 Formation of ylids from cyclanetallated platinum complexes [3371 
X L’ 
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[Pdtdbalz 1 + 

There have been more reports of the preparation of cyclometallated 

derivatives of N,llCdimethylbenzylamines. A kinetic study using palladium 

ethanoate indicated that ligand coordination was rate controlling, and 

palladation to give the five-membered ring was then rapid. The kinetic isotope 

effect was negligible, and the reaction rate was not very sensitive to 

substituents on the aromatic ring [3451. A more detailed full paper considered 

the reaction in terms of the palladium ethanoate oligomers [346]. Reaction of 

palladium ethanoate with PhCH(CCCEt)NMe, gave 158, and the usual exchange and 

bridge splitting reactions were reported 13471. A chloro bridged dimer was 

obtained with Li,IPdCl,l. The corresponding acid, PhCH(CCOH)NUe2, gave 

N,@chelate complexes 13481. 

Eto2 “t2hle 

158 

The structures of the three isomers of 159 were established in X-ray 

diffraction studies; all adopted tran~geometry in the solid state 13491. 13C 

nmr spectroscopic data have been reported for the range of complexes 160 and 

161. No quadrupolar broadening due to coupling to losPd was noted 13501. The 



structure of the bis(cyclmetallated) complex, 162, 

palladium atom adopts slightly distorted square planar 

lengths are in accord with tram-effect considerations 

461 

was established: the 

geometry, and the bond 

[aall. 

Pd 

161 162 

Carbonylation of 163 gave the insertion product, 164, whereas R2NC yielded 

initially only the bridge split derivative. Insertion occurred on subsequent 

heating [3521. Reaction of 165 with LiCl/CHsCOOH at room temperature resulted 

in cleavage of the Pd-N bond. Heating the product, 166, in ethanolc acid at 

60 oC yielded PhCHsNE& and [{Pd(PPh,)(yCl)Cl)s] [353]. Reaction of 167 with 

Nab41 (Ml q [Co(CO),l, [Haul or [Fe(CO),(NO)Il gave 166, and related 

reactions were noted for derlvatlves of 6-methylqulnoline or 

2,N,~trimethylanlline. One brldglng metal could be replaced by another, and 

the fluxional behaviour of the complexes was probed by nmr spectroscopy 13541. 

x- 
l 

cc 

) 

0 

' Y' 

/ 

OY! 

I 
I 

NHR 
\ 

/ N\R 

163 164 

An interesting bridge splitilng reaction for 167 wlth 169 was reported 

r3551. 

Soviet workers have reported new syntheses of cyclometallated complexes by 

exchange of the cyclometallated ligands (reactlon (6)). The reaction mechanism 
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was shown to involve bridge splitting followed by protolysis of a 

palladium-carbon bond, the presence of ethanoic acfd as a cosolvent being 

essential. The final rapid step is palladation of the incoming ligand. The 

reaction is useful not only as an example of ligand exchange, but also as a 

method for the palladation of relatively unreactive substrates [356-3581. 

PPhs 

T&-Cl 

I 
NRz 

165 \ 
I v / pd/c’\ 

/’ 2 1 
N 

Me’ be 

\ \ 
I I CI 9 / 

P&Pd ' 

/ 'C$ \ 

Me/N\Me Me/N\Me 

167 168 

189 

(QPQ + (f-” _ (>PcI<> +(;-" (6) 

Cyclometallation reactions of a-substituted, chiral benzylamines have 

received much attentlon. The preparation of 170 was reported [3591. With 

PhCH(R1)NHR2 and Li,[PdCl+l a mixture of [PdC12L21 and the cyclontetallated 

species was obtalned, their relative proportions depending on the 

substltuents. The usual bridge splfttlng resctions were reported 13601. When 

PdC12 was reacted with S-PhCH(He)NH, In the presence of molecular hydrogen, a 

dark brown solution was obtained. Whllst these complexes were poorly defined, 

the derivatfves of the N,N-dlmethyl analogue were more easily characterised, 



and acted as precursors to enantioselective 

azlactones. The true catalysts are thought 

species [3611. 
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catalysts for the reduction of 

to be oligomeric palladium(O) 

E cc N’ 
Me 

\ 
I \ 

/ CHMe2 
Pd 

L 
‘Cl 

2 

170 

When a chiral bidentate phosphine is used to split an optically actice 

chloro bridged dimer, species such as 171 are obtained, and were used as a 

check on the optical purity of the phosphine [3621. A similar strategy was 

used for the resolution of asynmretric bidentate aminophosphines and 

aminoarsines, 172 (E = P or As), involving fractional crystallisation of 173 

[3631. The ligands PhAs(Me)CH2CH2NH2 and PhAs(Bu)CH2CH2NH2 were resolved 

similarly 13641. When the nitrogen atom is substituted by two different 

groups, as in 174, two diastereoisomers are obtained on cyclometallation. One 

diastereomer generally predominates, to an extent which depends on the size of 

the substituents at nitrogen. The complex 175, with an B-configuration at 

carbon and R-stereochemistry at nitrogen, was characterised in a diffraction 

study 13651. 

Cl- 

171 
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172 
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175 (Reproduced with permission from [3651) 

The cyclometallation of FcCHaNt4e2 with [PdC1412- has been studied, and a 

range of bridge splitting reactions discussed [3661. Protolysis of 176 gave 

the amine and transL[Pd2C12(rr-C112(PPh,121 [3671. The cyclometallated 

derivative of the chiral substrate, 177, was used in a prostaglandin synthesis 

[366]. 

NMez 

FeCp k&p 

176 177 

Carbonylation of 178 in the presence of the prochiral species 

HOCH2CH(OBn)CCH20H gave HOCH2CH(OBn)CH20COFc with 36 % asynmnetric induction 

[369,370]. 

Oxidative addition of 2,6-bis(dimethylaminomethyl)bromobenrene to 

[Ni(cod),l gave 179 04 q Ni, X = Br). The bromide could be readily substituted 

by a sequence involving reaction with Ag[BF,] to give the aquo derivative, 

followed by substitution by X- (X- = Cl-, BT, I-, [M21-, [NOa-Ol', [HOI-, 

[02CRl- or [CFsSOsl-1. Somewhat surprisingly, the methanoate salt, 180, was 
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stable at 80 Oc in benzene [3711. The platinum complex, 179, (M = Pt, 

X = OCOH) lost COs readily at 50 Oc in benzene 13721. The reaction of this 

platinum aquo complex with iodomethane had been noted previously, and a full 

paper has now discussed this reaction in more detail 13731. 

Fecp 

178 

NMez 
I 
M-X 

I 
NMe2 

179 

C(6j“ v\ .I 

lx121 

-9 

180 (Reproduced with permission from [3711) 

There have been isolated reports of cyclometallated derivatives of simple 

amines. One is discussed in a review of organometalllc chelates of the n-n and 

/Yn types 13741. When palladium ethanaote reacted with Me2NCH$Mes, the 
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product was 181, which underwent the usual bridge splitting 

Reaction of 182 with [Pds(dba)sl gave 183, with retention of 

the chiral centre. In the presence of pyridlne, the monomer, 

13761. 

Me, ,M” . I N 

4-J 
OCOM9, 

‘P< 
2 

181 

reactions [3751. 

configuration at 

184. was formed 

* YY 
BrHg NMe2 

182 

Rr-Pd-NNHez PY-Pd- NMe2 

183 184 

The amine (MeOzC)7CHCH2CH2CH=CHCH,~2 reacted with Li2[PdC1,1 to give 185 

(X = Nt4es1, which could be reduced with Na[BH,l to 186. Related reactions of 

allylthloethers were also reported [377]. The complex 187 (X = Cl) reacted 

with diazcnnethane to give palladium(O) and insertion products (187, X = CHsC.1, 

CH, and/or CH,OEt depending on the reaction conditions) [378]. 

185 186 187 

Reaction of P-dimethylamino benzyl lithium wlth [NiCl,(PRs)s] gave 188. A 

similar reaction was noted with the a-trhnethylsilylated analogue. Insertion 

of CFsC=CCFs into the nickel carbon bond occurred cleanly for R = Me, but with 

the complex of the bulkier PEts llgand, 189 was obtained 13791. When 190 

was reacted wlth Ag[OCOnel, the ethanoate bridged species was 

obtained, and was shown to be non-rigid in solution. However, when 

palladium ethanoate was reacted with 2,N,N-trimethylanlline, a trlmer, 

[(C-N)Pd(uoCone),Pd(rr-OCOMe),Pd(C-N)] ((C-N) is the cyclometallated aniline) 

was formed [3801. 
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188 189 

190 

Several cyclometallated complexes of imines have been reported. Reaction 

of 191 with palladium ethanoate gave 192, which could be carbonylated in 

methanol to 193. The rate of the reaction depended on tk nature of Y; 

electron withdrawing groups retarded the reaction, and rates could be 

correlated with 13C nmr spectroscopic parameters [3811. The related ccmplex 

194 was characterised in an X-ray diffraction study. If the analogue of 194 

with halo bridges was subjected to carbonylation condltlons the sole product 

was 195, and 194 reacted with CC in the presence of PPhs/methanol to give 198. 

Related reactions of lsocyanides were also studied t3821. 

191 192 193 

Reaction of 197 with [Pd(dbal,l led to a useful preparation of 

cyclopalladated benralimlnes; the usual brld9e splittlng reactions on the 

products were demonstrated t3831. The metallatlon of PhCH=N(Ceti,-2-&i) has 

been noted I3841. Reaction of 198 with PdX, (X = Cl or WXlNe)} gave only 199 
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13851. Cyclcnnetal lation reactlons of 200 have been reported 13861. 

194 (Reproduced with penisslon from [3821) 

0 

195 196 

R' 

R2 

197 

R \ I Q / 47 
198 
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\ 
Ph 

199 200 

In 201, spectroscopic data make it clear that the alkene is not metal 

coordinated. However, the pendant alkene may be coordinated by palladium by 

addition of [Pd(HeCN)sClsl, and the alkene complex reacted with water to give 

202. E-Hydride elimination resulted in a coordinated enol, and in the final 

product, both of the pendant alkenes had been oxidised to methyl ketones 

13871. Bridge splitting reactions on the polymeric species, 203 (Ar = CsFs), 

using PhsPH, have been investigated. In benzene solution, the dimer, 204, was 

formed, but in the presence of K[OH], the product was 205, in which a C-P bond 

has been formed at the expense of a C-F bond 13881. 

203 204 



205 (Reproduced with permission from [388]) 

Further cyclometallated azoarene complexes have been prepared. For 

example, 4-HeCC,H,-N=N-CsH,-4-One reacted with Kz[PdCl,] to give a metallated 

halo bridged dimer, which was treated with 8-hydroxyquinoline to yield 208. 

The metallated complexes, unlike the ligand itself, lacked thermotropic 

mesophases 13891. The complexes 207 (X = Cl, 8r or I) underwent the usual 

bridge splitting reactions with pyridine, quinoline or PhNHz. When X =Cl, 207 

showed a strongly birefringent and fluid nematic mesophase at temperatures 

between 190 and 205 oC. The mononuclear derivatives of pyridine and quinoline 

were also liquid crystalline, and a layered smectic phase was present 13901. 

Metallation of non-symmetrical azoarenes was shown to be regioselective, 

when the electronic character of the substituents on the rings was highly 

dissimilar. Thus 4-He2NCsH,-N=N-C,H,-4-NOz was metallated only in the electron 

rich aromatic ring, but both possible products were obtained from 

4-Her&H,-N=N-Ph. A range of complexes were prepared, and their electronic 

spectra described. Whilst the free ligands do not luminesce, intraligand 

fluorescence was noted for the metallated species [391]. Metallation of 208 

with [PdC1,12- occurred initially to give 209. However, if the naphthalene 

periposition was blocked, as in 210, metallation occurred at the exocyclic 



position, to give 211 as the final product [3921. 

206 (Reproduced with permissjon from [3891 
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OH 

[PdCld 12- 

210 

Ar Ar 

211 

The azo compound Ph-N=N-CH(COMe), does not react with PdCl,, but with the 

copper complex, 212 was formed [393]. Bridged palladated complexes of 

azobenzene have been used as catalysts for the hydrogenation of nitrobenzene 

or benzaldehyde [394]. 

Oxidation of 213 with 3-ClCsH,COsH gave 214 by apparent insertion of 

oxygen into the metal-carbon bond. Various transformations of the product were 

discussed [3951. 

Bridge splltting reactions of the cyclometallated benzalazine polymer, 

215, have been studied [396]. The ease of cycloplatination of (4-RCsH,C=N)z 

depended on the nature of R; no cyclometallation occurred for R = NOz, H or 

NRe, , but the reaction was facile for R = Cl [397]. Monocyclopalladation of 

benzalazines gave the dimer, 216, and this could be further reacted with 
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Ks[PtCl,] to give an oligcemr. Bridge splitting of the oligomer with PEt, gave 

217, the first mixed metal complex of this type to be characterised [398]. 

213 214 

R 

R R 

R 

R 

215 218 217 

Hetallation of the oxime of lanost-8-ene-3-one with Naa[PdCl,l has been 

reported. Various reactions of the metallated oxlma were reported [3QQl. It 

had been previously reported that palladation of MesCC(Me)=NCH yielded 218. 

Reaction of 218 with successively pyridine, Pb@COMe), and Na[BH,l gave the 

functionalised caspound NeC(=NOH)CMeaCHaOCOMe. The latter was also readily 

metallated to give 219, which was simflarly functionalised to 

MeC(=NOH)(CH,OCOMe), [4001. Other reactions of 218 to give chlorinated and 

reduced derivatives were also reported [4011. 

Reaction of BusSnCHaCHaCo4e)C=N (R = H or OCOMe) with [PdCls(PhCN)al 

gave 220. Related reactions leading to casplexes containing six-membered rings 

were also reported [402]. 
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Netallatlon of the hydtazone derivative, Ph,C=NNHPh, with Lia[PdCl,l gave 

221) characterised in a diffraction study. The dimer adopts 

trum-stereochemistry [4031. Reaction of MesCC(Ne)=NNMePh with PdXs gave 222 

and 223. The temperature dependence of the nmr spectrwa of 222 was interpreted 

on the basis of cfs+trans isomerism and hindered rotation about the N-N bond 

14043. 

RHPh 

221 

The reactions of 224 with HX had been previously described. There has now 

been a kinetic study of ths reaction with aniline, indicating that the first 

step in the reaction is the displacement of the cyanlde ligahd by the aniline. 

In a second step the aniline attacks the nitrile, with assistance from the 

metal, to give 225 f4051. Both primary and secondary aaines follow a similar 

pathway, unlike the related reactions in the platinum series, and the 

nucleophilicity of the maina enhances the rate of the secortd step in the 

reaction [406]. 224 was asmg a ranga of complexes reviewed as catalysts for 

nitrile hydratlon 14071. 
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b 
H(iZ) H(11) 

H(51) 

222 (Reproduced with permission from [4041) 

There have been further reports of the metallation of pyridine 

derivatives. The structure of 228 was established in a diffraction study; the 

central six-membered ring adopts a boat conformation, with a Pd-Pd 

distance of 3.165 i 14081. Reaction of [PdClz(py-4-Me)zl with 227 gave 

trans-l,~[{PdCl(Lc-pyCHPh-N,C)(py-4-Me)},], 228, characterised in a 

diffraction study [4091. Reaction of polyethene bearing pyridine side-chains 

with Nas[PdCl,] in the presence of 2,6-bis{CH~CH(C0OMe),lpyridine gave 229. 

The polymer bound palladium complex showed significant activity in catalysis 

of hydrogenation of PhCH=CHCOCH [4101. 
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223 (Reproduced with permission from [404]) 
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Ph 

Li 

228 ORTEP drawIn of tfans-lll,N-[(PdCl(YpyCHPh-IV,CH)(py-4-He)},]. (Reproduced 

with permission from 14091) 

-CH-CHz - 

R 

229 (R = COOMe) 

Reaction of 2,4’-bipy with Pd(OCOMe)2 gave [{Pd(C10H7N7)(VOCOne)17i which 
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was converted to the chloro bridged dimer with LiCl. Various bridge split 

products, including 230, were characterised, and it seems likely that 

metallation of bipy is more cormron than has generally been believed [4111. 

Thermolysis of [PtAr,(bipy)l (Ar = CsH,-4-X; X = H, CMe, or CFs) resulted in 

the loss of one mole of the arene, and metallation of bipy to give an unstable 

species, [PtAr(C,oH7N,)I, which was trapped by Py-4-CMes to give 231 14121. 

230 

231 Molecular structure of [{Pt(Ph)(py-4-CMes)ls(ubipy-PHI]. The main 

distortion in the square planar metal coordination is the N-Pt-C chelate 

angle of 81.7(4) O. (Reproduced with permission from 14121) 

When [PdC1,12- is treated with [N-Hebipyl+ the initial product is 

[Pdcbipy-M4e)Clsl. Thermolysis results in ligand metallation to give the 

unusual monomeric 232; the halides may be substituted with a range of ligands 

including py or bipy. Related reactions were reported for the platinum 

analogues [413,4141. 
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The complex cie[Pt(2-Phpy-H),), 233, was prepared from 

trans-[PtCl,(SEts)a] and 2-(2-1ithiophenyl)pyridine. An X-ray diffraction 

study showed bow-like distortions of the ligands. Cyclic voltannnetry showed 

that the complex underwent an irreversible one electron oxidation and an 

almost reversible one electron reduction. Reactlon with bromine gave 

tPtBr,(Z-Phpy)sl 14151. Absorption spectra, emission spectra and emlsslon 

lifetimes were established for this and several related species. Low energy 

absorption bands in the near UV and visible reglons were assjgned to HLCT 

transitions. Strong and structured luminescence emissions observed in the 

500-800 nm region (lifetimes in the microsecond range at 77 K) were assigned 

to MLCT excited states [416]. 

233 ORTEP plot of the [Pt(Phpy),l dimer. (Reproduced with permission from 

[4151) 

Berivatlves of the type 234 of 8-methylqulnoline or 

N,N-dimethylbenzylamine have been prepared and characterlsed, In which X was a 

halide and Y = {PhaPCHCCOEt), {PhaPCHCN}, Wo(cO)s(C~)l, {Co(CO)41 or 

{Fe(CO),(NC)}. Reaction of the complex in which the bridge is Mo(CO)s) wjth 
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Ag[BF,l gave [{Pd~8-mq~~,~~-Ho~CO~,(CP~~~LIs-C1~l~BF~l, 235. The molybdenum 

and all three cat-bony1 groups are metal bonded, an unprecedentated arrangement 

14171. Reaction of 236 (R = H or Me) with IPdL,l gave 237. The authors 

favoured a radical mechanism for the reaction [418,4191. Chlral 237 (R = He) 

was similarly prepared and structurally characterlsed 14201. 

C \,d/y\pd/c 
N’ ‘X’ 'N 

234 

235 (Reproduced with Permission from [4171) 

236 237 

Reaction of 238 (R = COOEt) with Lil[PdC1,l gave the N,IY-bipy canplex as 

the initial product. Treatment with Ka[COsl or KzICOsI/Ag[NOsl resulted in 

successive cyclcmetallations to yield 239 [421,4221. IPdC1412- reacted with 

240 to give 241 14231. When palladium ethanoate was treated with 

1,3-bis(2_pyridyl)propane, metallation occurred at the central carbon atom of 

the aliphatic chain to give 242; this Is the first example of insertion into a 
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CH, group to give a doubly chelated compound 14241. 

238 

NH 

240 241 

242 

The bridge splitting reaction of trans-[PtzC12(cr-C1)~(PEts)21 with 243 

gave 244 at room temperature. A diffractlon study showed that the non-bonded 

H . . .Pt distance was 2.3 A, suggesting that platinum activated’the C-H bond in 

the conversion, on heating, to 245 14253. 

The ligand 2-(1-pyrrolyl)pyridlne was metallated in the pyrrole ring on 

reaction with LIsCPdC141 to give 246 [4261. 

Two groups gave reported complexes of the type 247 In which the X-Y bridge 

ts a carbon-metallated heterocyclic moiety 1427,4281. 

Various Internal metallations of phosphloes have been descr’lbed. 

Thermolysis of [Pd12{P(CeH*-2-lle)s}~l gave 245, in which the lnetallatlOn has 
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been facilitated by 

early stages in the 

on heating [4291. 

CHO 

steric congestion. This lnetallated complex is formed at 

Reck reaction, is catalytically inactive, and redissolves 

243 245 

244 (Reproduced with permission frm 14171) \ Q I 
’ \pd/cl\ 

N o/ '2 / I I 

248 

The reaction of 249 (X = Cl) with dpprn has been investigated. Addition of 

2 molar equivalents of dppm gave a {udppm)-complex. Reactions with diarsines, 

and arsipophosphines were also studied [4301. Bridge replacement was also 

accomplished from the whale to the I+-SR derivative [4311, and with pyraroles, 

to give species such as 250 14321. 

Reaction of tram-[PtCl(L)(P-C)l ((P-C) = CH&MeaP(CMes)s); L = Ph&s, 

PhsSb, '30, PCY, or PPhsMe) with SnCl, gave trsnPtPtL(~C)(SnCls)l. Many 

spectroscopfc data were reported 14331. The d-position of [PtIi(L)(P-Cl1 
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(L = PPhs) in solution has been studied [434]. 

X-Y = eg 
\ u /” l.l 

247 

248 Molecular structure and labelling scheme for 
r , 

[{(yI)(PdP{CaH4-2-He}z{CeH,-2-CHz})}z]. Hydrogen atoms have been deleted to 

improve clarity. A crystallographic inversion centre is located in the centre 

of the {Pd&} rhcxnbus. (Reproduced with permission from j4291) 

Me3 C, ,CMes 

*pa 
249 

Thermolysls of 251 In NeCN, benzene or trichloromethane, gave 252, via 

253. The complex 253 was formed by C-H inetallation, and the final product by 

N-H reductive elimination 14351. 



p2 

250 ORTEP drawings of the complex [Pt,(CsH,N2)2{CH2CMe2P(CMes)~}*]. The 

methyl groups of the non-metallated -Cue, groups are omitted 

(Reproduced with permission from [4321) 

for clarity. 

251 252 

The bis(cyclometallated) complex, 254, reacted with Ag[CFaSOsl/propanone 

to give the Propanone solvate. The solvate could be substituted by Na[HCOOl to 

give 255 as the final Product, this complex being surprisingly stable [4361. 
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253 

254 255 

Reaction of P-lithiated dialkylarsinunethylbenzene with [MCl,(SEta),l gave 

258 (M = Pt, R = Me or M = Pd, R = Ph). Bridge splitting of 257 with the same 

lithio complex gave mixed bis(metallated) complexes [437,4381. 

257 

Thermolysis or photolysis of 258 gave 259. A number of related species 

including 260 were also characterised 14391. Metallation of PhNHCCMe with 

Pd(OCCMe), gave the isolable complex 261. This underwent oxidative addition 

with iodunethane to give 2-MeCaH4NHCCMe as the final product. The reaction 

could be made barely catalytic [440]. 

Metallation of 4-MeCsH,CH2SCH2CsH4-4-Me with palladium ethanoate gave 262, 

vis metallation only at the more electron rich P-position [4411. Reaction of 

I{Pt(tmtu)Br,},l with an excess of tmtu gave 263, wlth close to perfect 

octahedral coordination. Nmr spectroscopic data indicated that there was 

considerable delocalisation of electron density between the nitrogen and 
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sulphur atoms. The reaction is unusual in that the metal Is oxldised 

loss of molecular hydrogen 14421. 

(PhsP)zPt 

258 259 

280 (Reproduced with permission from [4391) 

281 

The outcome of the reactlon of PhC(=S)N(C&)+ with WClz depends 
on the 

with the 

solvent. In hnpt the C,S coordinated complex, 264, was obtained, but in 

methanol, 2bS, metallated In the arene ring, was formed [443,444]. 



262 (Reproduced with permission from 14411) 

263 ORTEP illustration of the structure of the cyclametallated 

[PtBr,(tmtu*),] complex; tmtu* denotes the deprotonated form of tmtu. 

(Reproduced with permission from [4421) 

264 266 
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6 METAL CARBONYL, THIOCARBONYL 

Cat-bony1 phosphine clusters 

r4451, as have the uses of 

AND RELATED COMPLEXES 

of palladium and platinum have been reviewed 

platinum carbonyl complexes in homogeneous 

catalysis 14461. A review of three-membered ring metallocycles included a 

number of species with {NisCo}, {Nl,Fe} and {PtWFe} cores 14471. 

6.1 Mononuclear carbonyl cmplexes 

The mechanism of catalytic methanation of COa over nickel catalysts 

involves {Ni(CO)} Intermedlates [448]. 

Reviews have been publlshed concerning the environmental effects of 

[Ni(CO),l [449], and its safe storage, toxicity and handling [450]. Biological 

monitoring of nickel complexes In general and [NI(CO),] In particular have 

also been discussed [4511. In poisoning of rats by [Ni(CO),] the antldotal 

action of tetraethylpentamine was tested. This was as good an antidote as 

dlethyl dlthiocarbamate, and the two may act synergistically 14521. 

Diethyldithiocarbamate has been shown to affect the distribution of 63Ni in 

mice exposed to [63Ni(CO),]. 63N1 concentrations in lung tissue were 

depressed, but there was some increase in the concentrations in brain tissue 

[4531. 

Potentlal energy curves for the 3A and lC+ states of {Ni(CO)} have been 

calculated by an ab fnftfo CI method employing a large basis set. It was 

concluded that the ground state of INi( is lZ+. Some molecular properties 

of the two states were computed and compared [454]. The theoretical background 

of the model potential method was reviewed, with the emphasis on practical 

aspects of preparation of atomic model potentials. The newly constucted basis 

sets and model parameters were used in calculations on a number of species, 

including {Ni(CO)) and [Ni(CO),] [455]. The interaction of nickel with CO, Ha0 

or R3P was studied at the CASSCF and contracted CI level. The effects of 

adding one, two or four CO ligands were discussed in detail [4561. Effective 

core potentials were used to calculate SCF equilibrium geometries and 

properties of mono and tetracarbonyls of nickel, palladium and platinum [4571. 

Calculations on the electronic structure of [Ni(CO),l by the method of 

SCF X, wave scattering have been undertaken. The results of the calculations 

were compared with experimental data from X-ray emlsslon, X-ray absorption and 

PES [4581. The gecmetry of [Nl(CO),l was optimised with basis sets of varying 

size, the larger ones being of near Hartree-Fock quality. The best basis sets 

give a metal-ligand bond distance 0.097 A longer than that determined 

experimentally. Relativistic corrections were obtained at the level of 



first-order perturbation theory, and yield a nickel-carbon bond contraction of 

0.026 A 14591. Assuming tetrahedral sysmnetry, an optimisation of the geometry 

of tNi(CO),l was performed usjng the LCGTO X, method. The results obtained for 

the metal-carbon bond length, the dissociation energy and the stretching 

frequency were compared with experiment: the calculation leads to an 

overestimate of the metal-carbon bond strength [4601. 

Calculations of the X-ray absorption spectra and diffuse LEED intensity 

patterns were used to illjustrate the extraction of local structural 

parameters for atomic and molecular adsorbates on clean surfaces. Among the 

sytems considered was [Ni(CO),] on Ni<lll> 14611. The results for the first 

overlapping sphere &-SW chemical shift calculation proved useful in 

reproducing 13C nmr spectroscopic data for [Ni(CO),l 14621. 

The concept of absolute electronegativity was used to show that the 

transftlon metal acts as a Lewis base and carbon monoxide as a Lewis acid in 

the neutral metal carbonyls of nickel, palladium and platinum. n-Bonding is 

dominant, and estimates of the mean bond strength could be made [463]. 

Hartree-Fock-Slater calculations were reported on protonation energies for 

nickel, palladium and platinum tetracarbonyls [464]. 

There have been a number of reports of the use of [Ni(CO),l as a precursor 

of the metal, in the form of films or coatings 14651. One interesting patent 

abstract described the formation of a nickel coating from [Ni(CO)sl! [4661. 

Passivation coatings for surfaces of iron recording powders with thicknesses 

of 2.5-30 A were prepared by contacting the iron powder with [Nl(CO),l and 

decomposing the carbonyl [467,4681. Alumlnium powder of 50-100 un was coated 

with nickel by dissociation of [Ni(CO),l vapour, and the procedure was 

recommended for gas-spray coating of protective layers [4691. Plasma 

decomposition of [NI(CO),l/PHs in argon or hydrogen as the carrier gas gave 

black or silver films respectively. The fllms formed in the hydrogen 

atmosphere were three times as conductive, but both were phosphorus enriched, 

and contained chemlsorbed carbon monoxide [470]. 

In the decomposition of INi(C adsorbed on the surface of activated 

X-ray amorphous lamellar silica, the structure crystallises. When the nickel 

Is then selectively removed from the silica matrix, the skelton of the newly 

formed structure does not change 14711. Quartx optical flbres were coated with 

nickel from [NI(CO),l to Improve tensile strength 14721. Cu/NI methanation 

catalysts were prepared by a two step method involving precipitation of copper 

on silica, followed by deposltion of nickel by decomposition of [Ni(CO),] 

14731. 

A dispersion of PTFE was added to a mlxture of [Ni(CO),] powder and water, 

and blended to make a paste, to which ethanol was added to give a grnn-like 
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aggregate useful ,for thin water repellant films for electrodes [4741. 

A chromatographic method has been used to determine [Fe(CO)sl and 

[Nl(CO),l In fluid streams, using 10 X squalene on Chrcisosorb W 14751. 

Zeolite X shows a high capacity, up to 25 X by weight, for [Ni(CO),l. Some 

decoposition occurs at room temperature under nitrogen to give an orange 

species which is very reactive, and which has spectroscopic properties 

consistent with the unsaturated {Ni(CO)s}. Thermolysis gave black material 

with an undefined metal phase [476]. The influence of composition and 

distillate formation rate on the temperature of condensation of a gaseous 

mixture of [Ni(CO),l and [Fe(CO)sl has been studled experimentally and 

predicted theoretically [4771. 

A review of the chemfluminescence of organometallics included discussion 

of [Ni(CO),l 14781. A portable chemiluminescent detector for [Ni(C0)41 has 

been improved [479]. 

Laser induced vibrational energy transfer In [Fe(CO),l has been studied. 

The deactivation of excited species by collision wlth [Ni(CO),] was measured 

14801. A frequency doubled COs laser of modest output energy has been used to 

study, for the first time, the IR multiphoton absorbtion by, and dissociation 

of [Ni(CO),]. The multiphoton cross sectlon was measured, and shown to be hlgh 

(o approx. 2 x 10-l'). Pressure measurements showed that the final products 

were Ni and CO, and the extensive decarbonylation along the ground state 

surface is consistent with recent studies of the photochemistry of the 

molecules from excited electronic states 14811. 

A number of coupling reactions requiring stolchelometric [Ni(CO),l have 

been reported (reactions (7-11)) [482-4881. 

R2. _CHsOH R2 h 

[Ni(C0)4 1, 
Rpqo (7) 

0 Ph Ph 

+ RNCS 
[Ni(Co)rl, - 

Wh 
+ 

Ph 0 N S 

R 
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R3 
R' Br 

R* Br 

1; [Ni(CO)rl/dmf, ;;&Ox + Uessix 2 H20 

Br 

X 
+ RQx [Ni(CO)41, w 

COQR 

x= Cl or Ok 
Q q 0, NH or NR' 

C~(CH~)IICO~CH~CH~CH=CHCH~B~ 

n = 5,6,7,8 or 9 

&OH+ /"Cl [NWW, 
R' 

COOMe 
R* 

(9) 

(10) 

(11) 

(12) 

(13) 

R' = Me, R* = CH2OH 80 X 
R' = CH30H, R* = He 20 X 

Honosubstltution of [Ni(CO),] to give [Ni(CO)sL] has been noted using 

L = MezNPF2 and related compounds [4891, 266 I4901 267 14911 268 14921 or 289 

14931. When We2PCHzP04e)CH2PUep was used as the ligand, the initial product 

was [{Ni(CO)3),Ll, but this lost [Nl(CO),l to give the &elate 270 I4941 
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oc/N1\co 

279 

Double substitution of [Ni(CO),l with biphosphines [4951 or dmpm 14961 

gave complexes of the type [Ni(C0]3(LL]]. When the added ligand was 

P(OCH$X,),, [Ni(CO)L31 or ENi(CO),L,l were formed, their proportions 

depending on the reaction stoicheiometry [497]. With g2H+.2PMe3 the species 

271 was formed in an equilibrium reaction [498]. 

oc, /co 

"/R'\R 

I I 
MesP-B-B-PPMes 

A A 

271 

The complexes DifCp2(PEt2)21 and [ThCp*2(PPh2)21 both reacted with 

[Ni(CO),l to give ~IHCp3](LtPPh2)n~Ni(C0)2]1. The structure of 272 was 

established in a diffraction study; the metal-metal distance is rather short 
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[499,5001. 

272a Overall geometry of the [{ThCp*2}(U-PPh,),{Ni(CO),}] molecule (ORTEP II 

diagram, 30 X thermal ellipsoids). (Reproduced with permission from [500]) 

CP 

I p2 

272b geometry of the {Th(LcP),Ni} core wlth distances shwon in Angstroms and 

angles in degrees. (Reproduced with permission from [5001) 

A number of syntheses of nickel cat-bony1 complexes Involve carbonylation 

reactions. For example, reaction of [Ni(~6-CsHs)(SIC13)21 with carbon monoxide 

gave [Ni(CO)s(SiCls)~]. The structure of this pentacoordinate complex was 

established. In a diffraction study; the nickel adopts trigonal bipyramldal 

geometry with the silicon ligands axial 15011. The complex INi(cdt)(CO)l could 

be produced by low temperature carbonylation of either [Nl(cdt)(PPhs)] or 

[Ni(cdt)]. A range of reactions of the product were studied -[5021. 

Carbonylation of [NiH(nps)l tBPh,l (nh = N(CHsCH,PPhs)s) gave 

[Nl(CO)(Hnps)l[BPh+l, 273. The coodination of nickel was shown to be 

tetrahedral, but there Is a significant interaction between the metal and the 
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proton on the nitrogen atom r5031. Carbonylatlon of 

[(ZrCP*)(U-0CH2PPh,),{Ni(PPh,CH,0H))] gave [(ZrCP*)(~OCHaPPh,),{Ni(CO)}], 

characterlsed in a diffraction study [504]. 

273 Perspective view of the complex cation [Ni(CO)(Hnpe)l+; ORTEP drawing 

with 30 X thermal ellipsoids. (Reproduced with permission from [503]1 

The electrochemical synthesls of [Ni(PPhs),l frcmn [Ni(acac),l has been 

described. If the reaction was carried' out under carbonylation conditions a 

mixture of [Ni(CO)s(PPhs)l and [Ni(CO)e(PPhs)al was obtained: carbonylation 

occurs after reduction [5051. Carbonylation of a mixture of 

[Ni(NHAr)X(PPhs),l, x = 1 or 2, gave a mixture of [Ni(CO)e(PPhs),l and 

cfs-[Ni(CO),(NHAr),l [5061. 

Carbonylation of Ni(CNj2 gave INi(CO)e(CN)+l, which reacted with lR,NllOHl 

to yield [R,Nl[Ni{C(=N)OH)(CN)(CO)zl. Proton transfer and loss of {HNCO} 

yielded [R,NI[Ni(CN)(CO)sl, which was able to undergo oxldatlve addition of 

ally1 halides, giving [NI(n'-CH,CH=CH,)(CN)(CO)zl. Overall, catalytic 

carboxylatlon of the organic halide was accompllshed 15071. 

Electrochemical reduction of nickel perchlorate In the presence of CO and 

phosphines gave only nickel(O) carbonyl phosphine complexes, with no evidence 

for nickel(l) or nickel(II) carbonyl intermediates t5081. Reactlon of 

[Ni(PCys)21 with C302 gave successively [Ni(C0)a(PC~s),l and [Ni(CO)s(PCysll. 

When the reaction was followed by IR spectrsocopy a band at 2080 cm-l appeared 

rapidly, and decayed gradually. This was atrributed to a ketene type 

intermediate 15091. 

The complex [Ni(nps)l reacted with methanal to give a paramagnetic 

nickel(I) complex, [Ni(nps)(CHO)l which was more slowly transformed to 

INi(CO)(np,)l [5101. Reactlon of MeC(CHaX)a (X = Br or I) with INi(C 

gave [{Ni(CO)(Cp)}sl, [Nls(CO)e(C~)el and [N~(C~H~)@O)(CP)~. in which U&H.1 



was 1-methylcyclopropylmethyl. A mechanism for the reaction, and for the 

formation of the small amounts or ring-opened product seen, was proposed 

t5111. 

The structure of [Ni(bipy-2,4+4e,)(CO),l was established in an X-ray 

diffraction study; the torsion angle between the rings of the bipy ligand was 

4.3 o [512]. 

Geometry optimisation within the CNIXI verslon of the MO-LCAO-SCF approach 

for complexes [NiLsX]Q (L = Cl or NHs; X includes CO) has been described 

[513]. The He(I) and He(I1) PES for [Ni(C0)20ie,CN=CH-CH=NCMes)l have been 

analysed t5141. EPR spectroscopic data were obtained for [Ni(CO)s(PPhs)sl 

grafted onto Y-AlsO or SiOs and reacted with EtAlCls; these showed the 

presence of nickel(I) derivatives [515]. A study of the complexes 

[Ni(CO),(PRs)I was used to determine the x values for 157 phosphine ligands. 

The deviations from Tolman's addltivity rule followed a predictable Pattern 

15151. 

Reaction of [N1(CO)s(PPhs)21 with cyanogen gave [Ni(CN)s(PPhs)21.CsNs. A 

diffraction study showed that the cyanogen was trapped in the solid matrix, 

but not nickel bonded [517,5lS]. 

In the previously described complex [N1(CO)12(f34e,),l the nickel carbon 

bond was the shortest recorded. The chloride complex, 274, has now been shown 

to be isomorphous, with a similar nickel-carbon bond length [519]. 

Reaction of [NI(CO),] with PhsPLi gave Li[(OC),Ni(~PPh,]Ni(CO)s], which 

could be converted to the [PhsP-N=PPhs]+ salt. In trichloromethane coupling of 

the nickel centres occurred, giving [NiI(CO],(Cr-PPh2]21 with a nickel-nickel 

bond [ 5201. 

The electronic strudture of {Pd(CO)] was studied by means of effective 

core potential calculations, including configuration interaction. A study of 

the %+ and lEt states showed that the low spin states are bound, and the high 

spin states repulsive. The bonding energy was estimated as 30.1 kJ mol-1 and 

the equilibrlum bond length as 4.03 au 15211. 

The concept of absolute electronegativity has been used to show that 

transitlon metals act as Lewis bases and carbon monoxide as a Lewis acid in 

neutral metal carbonyls. This implies that n-bonding is dominant, with some 

o-bonding being induced. Values of absolute electronegativlty and absolute 

hardness were calculated for the metals in low spin valence states. Thus the 

instabilities of [Pd(CO),] and [Pt(CO),] were correctly predicted [522]. 

Equilibrlum geometries and harmonlc frequencies of {PtXY} (XV = CO, Ns [CNI- 

or [NO]+) in the Qt states were calculated by the a6 fnftfo SCF method with 

gradients using appropriate effective core potentials. The calculated results 

for {Pt(CO)} and {Pt(Ns)) were compared with IR spectroscopic data for the 
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matrix isolated species [5231. The electronic properties of [PtLCl,Jn 

(L = [CN]-, CO, [NO]+ or Ns) were calculated by the linear combination of 

fragnrent HOs within the CNDO approximation. The donor properties of the 

ligands were discussed In terms of MO populations [5241. 

274 ORTEP drawing of [N1Cl,(CO)(PHes),l. (Reproduced with permission from 

[5191) 

Cocondensation of platinum atoms with oxalyl chloride gave 

cfs-[PtCls(CO)~l as COlOUrleSS crystals [5251. It has been reported that this 

complex may exist in tetrahedral or cfs-planar forms, depending on the 

aggregate State and the solvent [526,5271. The structures and properties of 

Platinum films obtained from [Pt(CO),Cl,l in ReCN by thermal dissociation on 

amorphous alumina, single crystal KC1 or glass ceramics, have been studied 

15281. 

Reaction of [PdX412- (X = Br, (OCOMel, or X2 = (8041) with co gave 

[Pd(CO)Xsl- in a reversible reaction. Hydrolysis of the product ylelded CO, 

and palladium(O), and the reaction was accelerated in the presence of oxygen. 

Carbonylation of Wt(CHaCN)C1(PPhs)21+ gave [PtCl(CO)(PPhs121X (x = [PFSJ-, 

[ClOJ or LOTsI-1 15301. 

Reaction of [Pt(PPha)2(0211 with [PtC1(COl(PPhs)21+ gave 275, which could 
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be subst i tuted with PPh a to y te ld  276 [531]. When cis-[Pt{As(CNes)a}Clz(CO)] 

reacted with PR a, the arsine was the 11gand replaced, g iv ing the cis-product 

[532]. Reaction of [PtC]2(/J-C])z(CO) z] with CO gave trans-[PtC12(CO) z] as the 

k ine t ic  product, which was converted to the c/s-tsonmr as the thermodynamic 

product. The same reaction is not possible in the pa]ladium series, because of 

the ]ower Pd-CO bond strength [533]. 

 0--0 ]+ I 1 , , . / P t L  -- Pt  -- C ] ( Pha P ) a Pt Pt - C ] 
r'ns r' u I I 

PPh3 PPh3 

275 276 

6.2 Blnuclear carbonyl complexes 

y - I r r ad ia t i on  of [Ni(CO),] In a krypton matrix at 77 K gave three 

binuclear nicke] carbony] radicals,  detected by EPR spectrsocopy. The species 

[Ni2(CO)e] + and [Ni2(CO)s] + each had two bridging carbony] 11gands, whl]st  

[Nt~(C0)7]- had a single csrbonyl bridge [534]. The photochemical 

dtsproport ionat lon of metal-metal bonded carbonyl dlmers, Including 

[{Nt(CO)(CP}2] has been reviewed [535]. 

Reaction of  the ]tgand (NeNPPh), wtth [Ni(CO),] gave [LNi2(CO)s], 277. 

Thts could be oxidtsed to {NeNP(=O)Ne}4 [536]. Two isomers of 
[Ntz(CO),{,-P3(CHHe2)a} 2] were formed from the reaction of  the l lgand with 
[Nt(CO),]. They were characterised by nmr spectroscopy [537]. 

oc~ ..co ~co 
Ni / ~Ni  

~ n ~ / \  Me / \ Ph / / / J  

Ph / ~N / ~Ph Me 
/ 
Me 

277 

When [NIC]2(PPh3) ~] was treated with Na[N(CO)3Cp] (H = Ho or W), 278, wtth 
two semlbrldglng carbonyl groups, was formed. Calculat ions suggested that  the 
meta l -mta]  tn tera t lon was not very strong. CV studies Indicated a reversib le 

Refe~n~sp. ~ 7  
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one-electron oxidation to [NiW(CO),(Cp)(PPhs)2J+ 15381. 

278 X-ray crystal structure of [NiW(~s(PPh,),(~-C,H5)3. Apart from the 

carbon atoms bonded to phosphorus, the reaalnlng phenyl group carbon atoms 

have been omitted for clarity. (Reproduced with permission frm 15381) 

The preparation of [PdsCl,(CO)sl from PdCls and CO in SOCls was 

studied as a function of temperature and CO pressure. The data 

obtained were used to deduce a value of 100 kJ oral-l for the 

palladium-carbon bond energy. Reaction of the dimer with CO In ethanojc 

anhydrlde gave the polymer [{PdCl(COll,l [5393. Carbonylation of [PdH(PP&)el+ 

gave [~Pd(PPh,)2)(UCO)(rr-H)~Pd(PPho)~}l, vfs reactlon of [PdH(PPhs)sl+ with 

[Pd(CO)(PPhs)21 15401. 

Carbonylation of IPd$lz(~dmpm)sl save the A-frame complex, 279, 

characterised in a diffraction study. The related reaction with 

[Pd,(U-dmpm)z(OH)zl was reversible, and with the {OPh} derivative, Insertion 

into both the Pd-Pd and the Pd-0 bonds occurred 15411. The kinetics of the 

carbonylation of [Pd,(M-dppm)sXsl to give [Pds(U-CO)(~dppm),X,l (X q Cl, Br 

or [NCO]) were studied. Insertion of CO is very selective over reaction with 

Os, COP, Hz, CsH, or CsH, [5421. 

When [Pd(dba)sl was treated with IMn(CO),xl in the presence of dppm, the 

complex [HnPd(CO)g(udppm)2Xl was produced (X = Cl, Br or I). The bromo 

complex, 280, was structurally characterised, and two of the CO ligands were 

semi-bridging [5431. 

Carbonylation of head-to_tsiI-[Pt,Cl,(rr-Ph,PCH,sMe)21 gave 

[Pt2C12(C0)2(Ph2PCH7SWe-P)21, in which there was an unsupported metal-metal 

bond [5443. 



279 DrawIn of ~Pd~Cl~~I+-CO~~~dmpm~,ll showing all non-hydrogen atoms. 

(Reproduced with permission from [541]) 

Ring 7 

280 (Reproduced with permission from [5431) 

Reaction of Ph2AsCH7PPh, (daum) 
[Pt(dapm)X21 or cf*Wt(dam-P),X,l, 
stoicheiometry. The latter species 

aefercllca p. 767 

with m.bJd)X,l gave either 
depending on the react ion 

(X = Cl) reacted with [Pt(dba),] to 
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give [Pt,Cl,(~dapm)sl, which could be carbonylated to [Pt,Cl,(~CO)(kdapnn),] 

as a mixture of hesd-to-head and head-to-tail iscmers 15453. The complex 

cis,nrer-[MnCl(CO)z(dppm-P,P')(dppn_P)l reacted wlth [Pt(PPhs)41/C0 to give 

[MnPtCl(CO)s(lL-dppm),l, In which two of the carbonyl groups were semi-bridging 

15461. 

Treatment of [t@(CO)(PPhs)s] with [M2(PhCN)2C12] (Ml, M2 = Pd or Pt.) gave 

281. If the asymnetric cat-bony1 ligand is formally assigned to Mir both metals 

may be considered to be 16e centres [5471. The kphosphido metal hydride 

complex 282 (M q Cr, W or MO) was formed by oxidative addition of a 

phosphorus-hydrogen bond to platinum(O). Insertion of cod into the metal 

hydride yielded 283, and further reactions were studied (Scheme 9) 15481. A 

similar reaction was noted for [Re(CO)(Cpl(NO)(PCy2H)1+ and [Pt(C2H,)(PPhs12] 

(Scheme 10) [549], and some further reactions of molybdenum and tungsten 

complexes were noted (Scheme 11). In this case there were differences between 

the molybdenum and tungsten series, related to the greater ease of 

of tungsten, and the greater bond strengths af third versus second 

hydride bonds 15501. 

oxidation 

row metal 

PhsP 

281 

The structure of 284 has been established in a dlffraction study. 

Fluxlonal behavlour was noted in the lH nmr spectroscopic timescale, 

attributed to a unique rotation of the {PtL2] unit about the Mn-H bond [5511. 

6.3 Trfnuc lear carbonyl cusp lexes 

The cluster [(rr,-HesCP){Co(C0)31{Fe(C0)3}{Ni(C0)2(Cp)}l has been 

investigated electrochemically. The radical anlon, generated In this way, 

undergoes fragmentation under all conditions [5523. 

Carbonylatlon of [Pd(dppm](OCOMe],l in the presence of an excess of 

trlfluoroethanoic acid gave [Pds(y-CO](CL-dp~)s12+, vfa binuclear 

derivatlves. Spectroscopic evidence was presented for some of the 

intermediates in the reaction [5531. The trimeric complex reacted reversibly 

with anions, X-, (X = Cl, Br, I or [CF,C021-1, to give 

[PdJ(cr,-W)(~d-dppm),(~-X)1+. The equilibrium constants were in the order 

I- > Bf > Cl- > [CFsC021-, as might have been expected for covalent 
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interaction with the soft palladium centre. The structure of the chloro 

derivative was established in a diffraction study; the Pd-Cl distances at 

2.741-3.161 A are too long for ordinary covalent bondlng [554]. 

Phz Phn 
P 

(OCkM’ ‘Pt(cod) 
H’ 

- 

282 0 0 

283 
1 

PRs 

Phn Phz 

(OC)sM/ 
p\ 

H’ 
Pt(PRs 12 (oc)4dLPt/H 

co Tl PRs 

Phz 

(OC)4M/- Pt(PRs 
p\ 

\H’ 

\ 

\H ’ ‘PRs 

I 
co 

Ph2 
co 

12 
+ PRa 
- co 

(OC)4& 
\H PR3 

Scheme 9 Reactions of platinum carbonyl vphosphido complexes [5481 

CY2 CY2 

CP’Rej5pt’H , o;5Re/p\pt? W 

--I I 
ho C< ‘PPha ON’ )( ‘PPhs 

0 

1 fast 

CY2 CY2 

;pJR,/PJpt/cO 81ow CP 

. 
\R*/PJpt/CO 

A0 LPhr 
ON’ \H’ ‘PPhs 
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When [Pd2C12(kdppm)21 was reacted wlth Na,[Fe(CO),l the product was 

[Pd2Fe(C014@-dppm)21, 285, which catalysed reaction (14). When the substrate 

was the mixed palladium platinum dimer both possible product isomers were 

obtained, and could not be separated 15551. Comparable reactions were noted 

between [PdPtC12(L1-dppm)21 and Na[Co(CO),l or NalUn(CO),l, except that in 

these cases. the trinuclear core was attached to a further {Co(CO),) or 

{Mn(CO)5} unit as in 286. In these cases a palladimphosphorus bond was 

opened regioselectively 15561. 



502 

[M(Co)s(cp)(PPhzH)ICPFsl + 2CPt(CzH4)(PPhs)zl - 

Phz 

[PtH(PPhs )s ,++ 
CP 

OC-VLPt’ 
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Scheme 11 Reactions of platinum carbonyl wphosphldo complexes [550]. 
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K&al-metal bonding and antibonding orbltals were considered for 

triangular complexes of the type [H,Lsl; [Pts(CO)s]2- was taken as a classic 
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example of a 446 unsupported structure with three terminal and three bridglng 

ligands [5571. 

The structure of [PtaWCO)s(PPhs)sl was established in a diffraction 

study 15581. Reaction of [Pt3(uX)3(PCy3)31 (X = CO or SO,) with dppp gave 

[PtB(dPPP)(PCY0)7(ItX)31. The structure of the SOs bridged complex was 

established in a diffraction study, and that of the CO bridged species was 

comparable. The chelating biphosphlne adopted a low synmnetry conformation with 

respect to the {Pt3} plane, so that the other two phosphine ligands were 

inequivalent on the nmr spectroscopic timescale at low temperature [559]. 

Phosphine exchange in the complexes [PtsW-COIaLsl (L = P(CHes)s, 

P(CHe,),Ph or PCy,) with added phosphine L' (L' = P(CHes)sPh, P(CMes)Ph,, PCys 

or P(CHHe,),) has been studied. The process was shown to be an associative 

one, with the {Pta} unit remaining intact. 13C0 was scrambled between clusters 

in a much slower reaction. Reactions of the clusters with CSs COS or SO, to 

give dimers was discussed 15601. Skeletal rearrangements of methylcyclopentane 

were reported to be catalysed by [Pts(CO),L,l (L = phosphine ligand) on 

alumina, but it was not clear what was the catalytically active species 

15611. 

Reduction of [Pt3(L13-CO)(Ydppm)s12+ with Na[BH,l gave 

[PtB(CIO-CO)(YdpPm)s(L13-H)]+. This lost CO to give [Pt3(~dpp+n)s(~-H)lt, 

which was also obtained directly by sodium amalgam treatment of 

[Pt,(~-CO)U-dppn),12+ 15621. 

The preparation and characterisation of [{M(~2-M'(NR2}2)(CO)),l (M = Pd or 

Pt M' q Ge or Sn, f R q SiMes) has been reported. The complexes undergo 

reversible one electron reduction in thf at -1.2 V to give radical anions 

characterised by EPR spectrsocopy. The structure of 287 was established in a 

diffractions study [563]. 

Reaction of [Pt(cod)Me21 with an excess of [HM(CO)sl, under an atmosphere 

of co, gave [PtM2(C0),21 (M = Re or Mn). the presence of [M2(CO),ol as a 

by-product of the reaction suggests that it proceeds through a radical 

pathway. In 288 the platinum adopts square planar geometry [564,5651. The 

structure of the manganese derivative has also been established [566]. 

Reaction of [MoRh(cl-CO)2(CO)(Cp)(PPhs)l with [Pt(C2H,)(PPhs),l gave 

INoPt(C0)2(Cp)(PPh,)2@-PPh2)l and the trinuclear species, 

[MoRhPt(rr-l~:1-2-r\-C,Hs)(~C0)2(Cp)(PPhs)2(VPPh2)], 289, the structure of 

which was established in a diffraction study. The Ho-Rh bond is 

bridged by two CO ligands and the Mo-Pt bond by (PPh2}. The Rh-Pt 

bond is bridged by a phenyl group; one carbon atcmn is o-bonded to platinum 

and the adjacent n-bond is rt2-ligated to rhodium [5671. Thermolysis of the 

known butterfly cluster [Co2Pt2(CO)e(PPhs),l in the solid state gave 

References p. 767 
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[CoPt,W-CO),(CO)(PPhs)s~~rrn,)l. The platinum-platinum distance falls in the 

appropriate range for {Pt(I)-Pt(I)}, and a formal description of the structure 

would therefore be that it is bridged by {cr-PPh,}- and {rr-Co(CO),(PPh,)}-, 

both acting as 4e donors [568]. 

287 The molecular structure and atom numbering scheme for 

[{M(rrz-Sn{NRz}z)(CO)}s], H = Pd or Pt. The {HsSns} units are nearly coplanar. 

(Reproduced with permission from [5631) 

288 ORTEP diagram of the molecular structure of [RezPt(CO)izl. The 

platinum-rhenium bond length is 2.8309(5) A and the carbonyl groups on 

rhenium are eclipsed. (Reproduced with permission from [5641) 
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289 The molecular structure of 

[HoRhPt(~CsHs)(~l-o:1-2-n-CsHs~(~-C0~~~PPh~~~~uPPh~~l showing the 

crystallographic numbering scheme. (Reproduced with permission from [5671) 

6.4 Tetranuclear meta 1 carbonyl clusters 

MO LCAO INDO theory has been applied to {Ni4} and higher nuclearity nickel 

clusters. The main contributor to bonding is the nickel-ligand interaction, 

but there are also significant contributions frun metal-metal bonding. Among 

the species considered were [Ni4(CO)s(~~-CO1sl*- and [N~4(CO)s(y-CO)3Hl- 
[5691. 

When [Ni(CO),] is reacted with [Fes(CO)1112-, the product is 

[Fe3Ni(CO),212', which may be protonated to give [FesNi(COlL2H]-. Salts of 

both anions could be isolated, and the structure of the 

benzyltrimethylanmionium salt of the hydride, 290, was established in a 

diffraction study. The metal atoms form a tetrahedron with eight terminal and 

four edge-bridging carbonyl groups. The hydride is located over the centre of 

an {Fe2Ni) face at a distance of 0.60(S) i, from the trimetal plane 15701. 

It has been noted that IOS~(CO),~H~I reacts with [{Ni(CO)(Cp)121 under a 

hydrogen atmosphere to give [NiO~s(CO)s(CplHsl 15711. Reaction between 

[Oss(CO),oH2] and [NiC1(H)(PCys)2] gave INi0s,(C0),,(H),(PCys~]. The structure 

of the product was assigned on the basis of spectroscopic data, and comparison 

with the platinum analogue. The metal atoms form a tetrahedron with each 

osmium atom ligated by three terminal cat-bony1 ligends, and the nickel atom by 

PCy,. One OS-OS and one Ni-0s bond are bridged by hydride ligands, and one 
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cat-bony1 ligand bridges an OS-Ni bond 15721. Treatment of 

[N~OS~(CO),(CP)(L~-H)BI with NaH resulted in hydride abstraction to yield 

[N~OS~(CO),(CP)(~H)~I-. This product reacted with [Ncl(PPhs)] (n = AU or CU) 

to We ~NiOss(CO)s(Cp)(~H)2(CI_n(PPhs)]l; the gold complex, 291, was 

characterised in a diffraction study. The {NiOss} unit is a tetrahedron, with 

an OS-OS bond bridged by a gold atom 15731. The complex [NiOss(CO)s(Cp)(Il-H),] 

has been shown to be an active catalyst for the hydrogenation of alkenes, 

alkynes and dimes [5741. 

290 Perspective view of the [Fe3Ni(CO)IsHl- anion with thermal ellipsoids 

drawn to enclose 20 X probability. (Reproduced with permission from 15701) 

Carbonylation of [PdLs(NOs)sl (L = PPhs, PMePh,, PNezPh or PEta) gave 

[Pd,(CO)sL,l. The structure of the complex for which L = PPhs, 292, was 

established in a diffraction study; the palladia atoms are at the corners of 

a distorted tetrahedron in which five of the six edges are bridged by CO. 

Dimeric products were obtained from PEt*Ph derivatives 15751. 

The complexes [Pt,(Ms-CO)sL,l (L = PEts, PEt2(CMes) or PRePha) were 

prepared from [Pt(cod)sl, L, C2H, and CO. The structure of the purple 

modification of the P14e5Ph complex, 293, was detemined in a diffraction 

study. The {Pt4} unit is a distorted edge-opened tetrahedron wii& five 

edge-bridging carbonyls and four teminal phosphine ligands 15791. The PEtB 

derivative was also reported to have been prepared from 

iPt(cod)zl/PEts/CO/ne7CO/NHs [5771, and its structure was established 15781. 
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291 View of the molecule [NlOss{~Au(PPh,)}(~-CsHs~(CO~s~~H~~l showing the 

atom numbering scheme. The hydride ligands, which bridge the OS(~)-OS(~) and 

09(l)-OS(~) bonds, are not represented. (Reproduced with permission from 

15731) 

Reports of osmium-platinum clusters have been numerous. A number were 

discussed in a revlew of the synthesis, reactivity, structure and bonding of 

such species [5791. When [Oss(CO),o(kfs-S)l was reacted with [Pt(PWe,Ph),l, the 

products were ~Osspt~CO~io~pHepPh~~~~s-S~l, 294, ~OssPt(CO)s(pWe,Ph),(cg-S)1, 

295, [Osspt(CO)s(Pne,ph),(~-S)l, and [Osspt(W)e(Pne,Ph)s(L5-S)], 296. The 

complexes 294 and 295 both possess approximately planar arrays of one platinum 

and three osmium atoms, with sulphur bridglng a {PtOsa} face. Photolysls of 

295 gave 296 and [OssPt(CO),(H)(Rle2Ph),(Pne,Ce~4)(t5-S)l, 297. This latter 

has a tetrahedral array of metal atoms with the sulphur bridglng the (0~s) 

face [580-5821. 
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292 MOleCUlar structure and numbering scheme for [Pd4(CO)s(PPhs),]. The 

hydrogen atoms are omitted for clarity. (Reproduced with permission from 

15751) 

cw 

293 Perspective view and atomic numbering scheme for tPt,(rr-CO)s(PMe,Ph),l. 

Thermal ellipsolds are constructed at the 30 X electron probability level 

except for hydrogen atoms which have an artificial radius of 0.1 i for 

clarity. (Reproduced with permssion from [5761) 
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294 ORTEP diagram of IOsspt(CO),o(p14e,Ph),(rr,-S)] showing 50 x probability 

ellipsoids. (Reproduced with permission from [580]) 

295 ORTEP diagram of one of the two crystallographically independent 

molecules of [OssPt(CO)s(PMe,Ph)s(~s-S)l showing 50 X probability ellipsoids. 

(Reproduced with permission from [5801) 
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296 ORTEP diagram of [Os,Pt(CO)e(~,Ph),(LS-S)] showing 50 X probabi 

ellipsoids. (Reproduced with permission from [5SO]) 

1ity 

297 ORTEP diagram of [OssPt(C0)7(H)(PMB2CsH,)(PM82Ph)z(LS-S)l showing 50 X 

probability ellipsoids. (Reproduced with permission from [5801) 

Reaction of [Oss(CO)s(~s-S)sl with [Pt(CzH4)(PPhs)sl under a nitrogen 

atmosphere gave 34 X of [PtOs,(CO),o(PPhs)(rg-S),l, 298, and 24 X of 

[PtOss(CO),(PPhs),(~s-S)*l, 299. When the reaction was carried out under an 

atmosphere of CO, the decacarbonyl was essentially the sole product. Both 
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products were characterised by diffraction studies, and consisted of 

triangular {PtOss} clusters with the third osmium atom linked to one of the 

others via a metal-metal bond and a bridglng sulphide. The clusters are formed 

by insertion of {PtLs} into an osmium sulphur bond, followed by rearrangement 

[583]. 

298 ORTEP diagram of [Osspt(CO),o~PPh,~~~r,-S~zl showing 50 Y probability 

ellipsoids. (Reproduced with permission from 15831) 

Oxidation of [OS,P~(CO),,(PP~,)(~~-S)~I wlth MesRO resulted in 

decarbonylation to give a dimer, [{Os,Pt(CO)e(H)(PPh,CeH,)(~s-S)(L1,-S)~21, 

300. The hydride lgands are belleved to bridge the elongated osmium-osmium 

bonds [5841. 

Reactions of the unsaturated cluster ~OssPt~CO~,o~~H~,~PCys~l have been 

studled. Carbonylatlon gave the known species [OssPt(CO),,(~H)p(PCys)l, 301, 

now characterised in a diffraction study for the first time. The m&al atoms 

adopt a butterfly arrangement with the platinum at the wingtip. One hydride 

bridges the OS-OS vector of the “body” and one an OS-Pt bond. The platinum 

atom is 1 igated by PCys and one car-bony1 , the wlngtlp osmium bears four 

carbonyls and the others three each. Hydrogenation of the unsaturated cluster 

gave [Os,pt(CO),o(~H),(PCys)l, 302, in a reverslble reaction. In this case 

the metal atoms adopt a close-tetrahedral arrangement, and the 
hydrldes occupy edge brldglng sites on two Os-Pt and two OS-OS bonds. The {R,) 

unit has ppd symmetry with two short unbridged edges and four longer bridged 

ones. React ion of ~O~,~~CO~,,~~H~,~PCY,~I with diazomethane gave 
[OS~P~(LI-CH~)(CO)~~(~H)~(PC~~)I as an equilibrium mixture of two isomers. In 
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the orange-yellow form, 303, the {CH,} bridges the OS-OS edge cisoid to the 

phosphine at platinum, whilst in the red form, 304, It bridges the edge 

transoid to Pcys. In the orange form, hydrides bridge the other two OS-OS 

edges, whereas in the red form they are thought to bridge one OS-OS and one 

Os-Pt edge. Nmr spectroscopic studies Indicated that these structures were 

maintained in solution and equilibrated only slowly [585]. 

299 ORTEP diagram of [Os,Pt(CO)s(PPh,),(r-S)z] showing 50 X probability 

ellipsoids. (Reproduced with permission from [583]) 
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300 ORTEP diagram of [IOssPt(CO)e(H)(Ph,PCsH,)(rS-S)(~,-S)],l showing 50 x 

probability ellipsoids. (Reproduced with permission from [584]) 

301 (Reproduced wlth permissIon from 15851) 



302 Molecular structure of the complex [OssPt(CO)io(uH),(PCy,)l show 

two crystallographically independent molecules and the atom numbering 

(Reproduced with pemission from [585]) 

ing the 

SCIWISS. 
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303 Molecular structure of the complex [OssPt(~CHz)(CO)lo(~H)(PCys)l 

(yellow-orange isomer) showing the crystallographic numbering scheme. 

(Reproduced with permission from [5851) 

When [PtsUs-CO)s(PCys)sl was treated with [Au(PCys)Cll, the product was 

[Pt,Au(~,-CO),(PCy,)l+, isolated as the [PFsl- salt, 305. The {Au(PCys)l 

fragment occupies an apical site above the {Pt,) triangle, and the phosphines 

bend 17 O out of plane to minimise steric repulsion and maximise bonding 

15881. Breakup of the high nuclearity cluster resulted from the reaction of 

[Pti2(Cf&,12- with [IrCl(CO)(PPhs),l to give the butterfly cluster 

[Ir2Pt2(C0),(PPhs)21, 308, which was shown to be a catalyst for alkene 

hydrogenation [5871. 

Strategies for the preparation of mixed metal clusters, {H2Pt2}, where H 

is Cr, Mo or W have been discussed. It was noted that the reaction of 

[Ptc12L21 with Nab41 ([Ml- = [(Cp)M(CO)sl' or [Mn(CO)sl- and L = RNC or PhCN) 

gave complexes of the type tF8nS-[PtL2M2]. However, when L = PR,, the desired 

species, such as [M2Pt2(CO)s(Cp)2(PRs)21, were formed. The preparation and 

characterlsation of a wide range of new complexes was described. All the 

structures were based on a planar triangulated parallelogram framework for the 

metal core, as in 307 [588]. The electrochemistry of the clusters has been 

studied, and a two-electron reduction and two distinct one-electron oxidations 
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noted. Both reduction and the second oxidation led to decomposition [589]. 

304 

the 

Structure of one of the two crystallographically independent molecules 

crystal of [OssPt(~CH,)(CO),o(Ct-H)(PCys)l (red isomer). (Reproduced wi 

permission from [5851) 

in 

th 

6.5 High nuclearity metal cat-bony1 clusters 

The structures of metal clusters, including those of nickel, palladium and 

platinum, have been reviewed 15901. A review of the polyhedral skeletal 

electron pair approach included extensive discussion of carbonyl nickel and 

platinum clusters 15911. 

A new topological electron counting theory, based on Euler's theorem and 

the effective atomic number rule, has been developed to predict the electron 

counts of a large number of polyhedral metal clusters, including hcmo and 

heteronuclear species from the nickel triad 1592,593l. Stone's Tensor Surface 

Harmonic Theory has been successfully applied to three connected polyhedral 

molecules of main group and transition elements, including [Nie(PPh)e(CO)el 

15941. 



517 

P(4) -I- 

305 Structure of the [AuPt,(CO)s(PCys),]+ cation. For reasons of clarity, the 

cyclohexyl rings have been omitted except for the fpsecarbon atoms. 

(Reproduced with permission from [SSSI) 

The reaction of NiCl, with PPhs and 04esSi)sPPh did not proceed to 

completion, but the brown material obtained could ba converted by CHsCOCl to a 

mixture of [NisCl,(Lf,-PPh)s(PPhs),l and [Nie(Co),(LI,-PPh)s(PPhs),l, 308. The 

structures of both products were detetmi ned, and methods for their 

interconversion described. Both are based on a cubic array of eight nickel 

atoms with each face coordinated by a (u4-PPh) ligand [595]. The cluster 

[NieC1~(~-PPh)B(PPhs)41 could be reduced with Na/Hg in the presence of CC to 

give 308, and [Nie(&-PPh)s(PPhs),] reacted directly with CO to give the sama 

product. Isocyanide complexes were prepared similarly [SQS]. In a related 

reaction [NieC12(PPhs)sSsl was reduced by Na/Hg under a CO atmosphere to give 

[Ni~(CO),(PPh3),Ssl 15971. 
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‘C(322) 

\ 

306 (Reproduced with permission from [5871) 

Ultrasound treatment of Nix2 under an atmosphere of CO gave [Nis(CO),,12-, 

but in low yield 15981. The cunplex [NisC1(CO)s{04esSi)2CHP=PCH(SiMes)2)21, 

309, was prepared by reaction of (HesSi)2CHPC12 with Na2[Nis(C0)121, and its 

structure determined. Four of the five nickel atoms adopt a butterfly 

configuration, and the phosphine acts as a o-donor to nickel [599]. 

A number of papers have reported nickel carbonyl carbide clusters. For 

example, reaction of [Nl~(CO),,l 
2- with tetrachloromethane gave 

[NiiOC(C0)1e]2-, [NisC(C0)17]2- and [NieC(CO)isl'-. The {NiLO) species is 

succesively carbonylated to give the other two clusters, the structures of 

which were established in diffraction studies [600]. When the chlorocarbon 

added contained two carbon atoms, as in tetrachloroethene or hexachloroethane, 

the product was [NisC2(CO)ls12-, which was isolated and characterised as the 

tetraphenylarsonium salt, 310 16013. When the related species INilo(CO),eC212- 

was reacted with PPhs, cluster condensation occurred, giving [Nils(CO)2&4]4-, 

311. This is a unique hexadecanuclear truncated v,-octahedron caging two 

interstitial {C,) moieties with a very short interatcnsic separation of 1.38 A* 

It was envisaged that the new cluster could be formed by the fusion of two 

{Ni,,} units with the loss of a unique interstitial nickel atom 16021. 
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307 ORTEP diagram of the molecular structure of the 

[Cr,Ptz(~CO),(~,-CO),(Cp),(PEt,),l cluster. Thermal ellipsoids enclose 50 X 

of the electron density. (Reproduced with permission from 15781) 

Reaction between [Ni,(CO),al*- and [CosCCl(CO)sl gave a complex mixture of 

clusters from which [C0sNisC(C0)~~1~- could be isolated pure, and its 

structure determined. It has an unprecedented metal framework with a square 

antiprism of metal atoms tetracapped on two alternative pairs of triangular 

faces [6031. When the added nickel complex was 2- DJisC(CO)171 , 
[CosNi7C2(CO)~el 2- was formed, and the structure of its tetraphenylphosphonium 

salt, 312, determined. The anion has a metal framework based on a 3,4,3-C2h 

stack, and may be regarded as resulting from the condensation of two octahedra 

or two trigonal prismatic moieties. Cobalt and nickel sites were not 

distinguished, and the metals are probably randomly distributed. The {C,l unit 

inside the cluster has a carbon-carbon bond length of 1.48 i [604]. The 

ketenylidene cluster [Fea(CCO)(CO)s12- reacted with either [Ni(CO),] or 

[{Ni(C0l(C~))~l to give [FeaNiaC(CO)Is12- 16051. 
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308 Molecular structure of [Nie(CO),(U,-PPh)a(PPhs)hl (without phenyl 

groups), p(l), P(3), P(6), P(7) and P(41)-P(46) represent resPectivelY the 

p-atoms Of the pphJ and PPh ligands. (Reproduced with PerIIIiSSiOn from [6961) 

309 The SiMes groups are omitted for clarity. (Reproduced with permission 
from [SSSI) 



310 (Reproduced with permission from [Sol]) 

The complexes [Ni3ePt6(C0)+eH6_nl (n = 3,4,5 or 6) were prepared from 

[Nia(CO)1212- and PtC12 or K2[PtCl,l under varying conditions, and could be 

interconverted by protonation/deprotonation. The structures of 

[Ph,As12[NisePta(CO),sti21 and [Ph,As12[Bu,Nls[NisePta(CO),eHl were established 

in diffraction studies. The metal frameworks consist of an inner octahedron of 

six platinum atoms fully encapsulated by a Us octahedron of thirty-eight 

nickel atoms. The metal cluster has the same structure as a fragment of a ccp 

metal lattice. Preliminary measurements suggested unusual magnetic behaviour 

[SOS]. 
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311 ORTEP drawing of the structure of the ~N~~s~C~~~~CO~~~~~CO~~O~L~-CO~~~~ 

tetraanion. (Reproduced with permission from [6021) 

Palladium and platinum phosphine carbonyl clusters have been reviewed 

16071. In the palladium ethanoate catalysed reduction of H[C1041 by CO, the 

only palladium compound which could be separated from the reaction mixture was 

the polymer [{PdCl(CO)},,l. This does not seem to be the active catalyst, but 

rather a deactivation product. The tetranuclear species [Pd,(C0),(0COMe),] was 

isolated from the related reduction of HROs, but again this is not the active 

catalyst 16081. [{PdCl(CO)},l was used as a source of palladium in the 

preparation of [Pd,Cl,(~dmpm),l [6Ogl. 

The clusters [Pdlo(CO),,(PR,141, [Pds(CO)s(PRs)41 and [Pd,(CO)s(PRs),l 

were prepared from palladium ethanoate, CO and PRs, under a variety of 

conditions [BiDI. Oxidatlve carbonylation of [Pd4(CO)s(PPhs)41 or [Pd(PPhs141 

gave [Pdio(CO)iz(PPhs)sl; the oxidant acts to increase the cluster nuclearity 

by removing phosphine ligands as phosphine oxide 16111. 

The mixed carbide cluster [CoFe4C(CO),,l- reacted with [{Pd(&C,HsN1),l 

to give [CoFe,PdC(CO),s]-, which has not yet been fully structurally 

characterised 18121. 
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312 (Reproduced with permission from [SOS]) 

An excellent review has been published on homonuclear platinum clusters 

16131. The uses of platinum carbonyl clusters in catalysis has also been 

reviewed, including both homo and heteronuclear clusters [614]. The new 

topological electron counting theory based on Euler’s theorem and the 

effective atomic nunrber rule has been used to predict electron counts of a 

large number of polyhedral electron clusters including [{Pts(CO)s},J2- [615]. 

Th theory permits a better understanding of .the interrelationships between 

cluster geometries 1616-6181. 

Electronic structure calculations for [t$(CO),]2,- (I4 q Ni or Pt., n = 1,2 

or 3) show that the highest occupied state in these diamagnetic dianions is a 

low lying molecular orbital from the 2rr, CO system, and that the unoccupied 

molecular orbitals of 2nz origin are at least 0.7 eV higher in energy. The 

data are used to discuss the different configurations of the nickel and 
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platinum complexes, and the absence of a palladium series [619]. The 

structures of [{Pt3(CO)s}n] 2- (n = 2,3,4,5,6 or 10) have been considered. For 

n = 2 there is some departure from ideal i ty,  in that there is a lateral s l ip 
of one {Pt3} triangle relative to the other. In the trimer there is a helical 

twist of 13 0 from one unit to the next, and in the pentamer the angular 

distortion is confined to the middle three {Pt3} units [620]. 

Bonding in high nuclearity clusters with close packed arrangements of 

metal atoms is dependent primarily on radial interactions between the surface 

and in te rs t i t i a l  atoms. Radial bonding interactions were shown to predominate 

in [Ptts(CO)22] 4- and [Pt2s(CO)32] z-, but in [Ptz4(CO)eo] 2- tangential bonding 
interactions also make a part ial contribution [621]. 

There have been several reports of the uses of platinum carbonyl clusters 

in catalytic reactions. For example, chlorided y-alumina impregnated with 

[Et4N]2[Ptzs(CO)3o] and [Re2(CO)zo], fol10wed by reduction and sulphidation, 
gave a catalyst for reformation of n-heptane [622]. Isocyanates were produced 

from ArN02/CO in the presence of [Ptls(CO)~o] 2- [623]. Rate parameters were 

established for generation of oxygen from water by a redox reaction with 

hydroquinone in the presence of [Ptt2(CO)24] 2- [624]. Layered compounds with 

the formula Ax2+By3+(OH)2x+~-nzO3n-.tH20 (D is a polyanion including 

[Ptle(CO)3s] 2- and [Ni3Cr(CO)Is]z-; x,y,z,t > O, n = 1-10, 0.5 ~ x/y < 10) are 
sui table as ion exchangers and exhaust gas and hydrocarbon conversion 

catalysts [625]. 
The amberl i te anion exchange resin, IRA 401, has been used as a support 

fo r  [Pt15(C0)3o] 2- and [PtRhs(CO)ls]-. XPES revealed the presence of 
platinum(IV) impuri t ies. On the surface the homonuclear complex may be 

decarbonylated, but the reaction is not reversib le,  and recarbonylation leads 

to a d i f f e ren t  complex. Both supported complexes are act ive catalysts for  the 

hydrogenation of benzaldehyde, and the heteronuclear species also catalyses 

the reduction of certain arena rings [626]. 

Thermolysis of [Ptts(CO)3o] 2- under a nitrogen atmosphere, gave 
[Ptz4(CO)3o] z-. An X-ray dif fract ion study revealed that the metal framework 

resembled a fragment of a cubic close packed structure. Hydrogenation and 

substitution reactions were studied [627]. 
Reaction of [Pt(cod) z] with [Oss(CO)zo] gave the 110 electron cluster 

[OssPtz(CO)zT(cod)z] , 313, characterised by a di f fract ion study [628]. 

Similarly, [Os6(CO)16(NeCN)2] gave [OssPt2(CO)zs(cod)2], 314, in which a 
regular octahedron of  osmium atoms is face-capped by two {Pt(cod)} units 

[629]. 
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313 (Reproduced with permission from 16281 1 

314 (Reproduced with permission fran [629]) 

Thermolysis of the mixed cluster [PtRhs(COlisl- gave [Pt2R~(CO)z+13-, 

315, which was isolated and characterised in an X-ray diffraction study. The 

metal skeleton has ideal D3h s-try and is composed of three face-to-face 

condensed octahedra. The platinum atoms lie on the three fold axis in the 
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positions of maximum connectivity [6301. Reaction of Na,[PtCl,J with 

RhCla.,?iisO under an atmosphere of CO gave a mixture of [PtR~(CO)isl- and 

[PtRh,(CO)i,l-. The latter species was isolated, and could be converted 

reversibly to [PtRh,(CO]rs]2-, by carbonylation/decarbonylation. This is the 

first example of a facile interconversion of two trigonal bipyramidal clusters 

with 76 and 72 CVE's, but It is noteable that the site of the platinum changes 

in the interconversion, which may be mechanlstically complex. A scheme was 

proposed for the interconversion of the complexes [6311. 

315 (Reproduced with permission from [630]) 

Treatment Of [Ir(C0]2Cp*] with [Pt(C2H,)s] In ether at 0 oC, gave 

[Ir3Pt3(Lt.Co),(Co),(cp*)31, 316. The central triangle of platinum atoms has 

each edge bridged by an {Ir(Cp*](CC],] unit, and the cunplex undergoes dynamic 

behaviour on the nmr spectroscopic timescale [632]. 
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hKr/co wr/co 
[PtClJ” - ptcl~(co)]- - IuwCO)~~~l 2- n = 4,5 or 6 

RhCl [Ho1-'co s - [RhC12(CO),l- 

WI-/Co 
[RhC12(C0)21- + [{Pts(CO),)~2- - [PtRhs(CO)isl- t A [Hoi-/co 

m= 4or5 [PtRh,(CO)i,]2- + 6 

By-products A are [Rh,,(C0)s012-, [Rhs(CO),s)- if Pt:Rh ( 1:S 

r~Pts(Co),)~s- (p = 3 or 4) if Pt:Rh > 1:5 

By-products B are [Rhs(CO),s12- and [Rh7(CO),s13- if Pt:Rh < 1:4 

[ms(Co)s)sl 2- if Pt:Rh > l:4 

[PtRh&0)1*12- 
N2 or vacuum 

WtRhs(CO)is)- + IRhs(CO),sl- 

[PtRhS(CO)isl- + CO 

Scheme 12 Interconversions of platinum rhodium carbonyl cusplexes 16311 

316 The molecular structures of the two crystallographically independent 

molecules of [Ir,Pt,(r\-C,lle,)3(co),031 showing the atom numberfng 

scheme. (Reproduced with permission from 16321) 
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Reaction of [Fe,C(CO),,12- with IPt(PPhs)+l gave [FesPtC(COf,,(PPhs)12-, 

but the structure of the product was not given I6331. When the trimer 

[Ptj(CO),(P(CHMe2)s}s] reacted wlth Ag[CFsSOsl two {Pts} units were coupled by 

silver in [Ag~Pts(~-Co),(P{CHH62)3)3)2l[CFsS0sl, 317. The silver ion links 

two staggered {Pts) triangles, which rotate on the mm- spectroscoPic timescale 

[634]. 

317 ORTEP diagram of the [Ag{Pt(~-Co)siP{CH*}s)s}21 cation in the 

fAg{Pt(rtz-CO),(P{CHFte2)3)3)2l[CFsSOsI crystal. Only the phosphorus atoms of 

the phosphine ligands are shown. (Reproduced with permission Prom ($343) 

6.6 Cmplexes of CO,, end re lsted species 

Calculations have been performed on [NI(C02)(PHs)2] and [Ni(CS2)fPtls)2], 

with particular reference to modes of binding and fluxional behaviour t6351. 

Reaction of CNf(cdtIl with CO, in the presence of a phosphine ligand, L, gave 

[Ni(n2-C02)L2]. The toluene solvate of the ccmplex with L = PCys, 318, was 

structurally characterised [8301. Reaction of CO2 with lN~(~2-~2~(trip~s)l 

gave [Ni(C02)x(trlphos)l as the inltial product. This could also be obtained 

by carboxylation of [Nf(CO)(triphos)~. Decomposition of the CO2 derivatlve 

gave [NI(CO)(triphos)l and [Ni(triphosO)l. Further carboxylation of the 

phosphine oxide complex yielded ~Ni(~Os){Ph2P(=O)CH2C(~s)(CH2PPh2)2}l as the 

final product 16371. 
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C23 

318 (Reproduced with petmission from t6361) 

Reaction of [Pt(O,)(PPhs)el with CsOe gave a species of stoicheiometry 

[Pt(CsO,)(PPhs)J, with the postulated structure 319. Good crystals could not 

be obtained in this case, but the structure of the benzylamine adduct, 320, 

was unequivocally established 16381. Reaction of 319 with PPhs gave 321; a 

mechanism was proposed but not proven’ for this reaction [639]. Reaction of 

CsOz with [Pt(CzH4)(PPhs)el at 0 OC under COs gave 322 or 323 depending on the 

stoicheiometry. Further reactions of the complexes were discussed [6401. 

H 0 

PhCHnI:--E\ ,h ,O 
PhsP C-C’ 

‘pt’ 1 
PhsP’ ‘0-o 

PhsP, ,o, 

Phs P’ ptYc=o 
COOH 

319 
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PhaP, ,0 

Pt. I 
PhsP’ ‘c 

II 
C, ,PPhs 

O/pt\PPhii 
I 

322 323 

6.7 Thfocarbonyl, carbon dkwlphlde and carbonyl sulphida cawlexes 

Transition metal thiocarbonyl 16411 and carbonyl sulphide 16421 complexes 

have been reviewed. 

Reaction of [Ni(np,]l (rips = N(CH&H,PPh,]s] with CS, gave the simple 

n2-adduct, [Ni(CS,)(np,)]. This was treated successively with MeOS02F and 

Na[BPhJ to give 324, characterised in a diffraction study. This was thought 

to be formed by phosphine attack on an n2-dithiomethyl ester formed fn situ. 

The reaction of [Nitnpj)] with PhNCS also gave an n2-C,Sadduct, the structure 

being assigned on the basis of the comparison of the IR spectroscopic data 

with the related trlphos complex. The reaction with COS gave only 

[Ni(CO)(nps)], the n2-CO.9 adduct being too labile for isolation 16431. The 

structures of [Nl(n2-CS2)(triphos)] and [NI(n2-PhNCS-S,C](triphos)l have been 

established in diffraction studies, and the data evaluated in theoretical 

terms [6441. Protonatlon of INl(triphos)(CS2)l with HIBF,] gave 

[{Nl(triphos)}2Sl[BF412r whilst methylation with MeOS02F yielded 325. 

Oxidation with molecular oxygen resulted in oxidation of one of the phosphine 

centres and of the CS2 ligand to give 326 [645]. Reaction with CFsC=CCFs gave 

the carbene complex, 327, the further reactions of which were studied 16461. 

The reactions of palladium(O) phosphine ccnnplexes with CS2 have been 

studled; the steric bulk of the phosphine controls the nature of the complex 

precipitated, either [Pd(n2-CS2]L21 or [Pd2U-CS2),L21. Dimers were also 

obtalned frcnn reactions of [Pds(CO)sLs] [647]. When [Pd(n2-CS2)(PCys]2] was 

reacted with an excess of CS2, [Pd(CS,)(PCys)l and Cy,P+CS2- were obtained. IR 

spectroscopic data indicated that the complexes formed were probably POlmrlC 

[646]. The same polymers were obtained from a reaction between [Pd(n2-CS2]L21 

and [Pd(bipy](CeFs]@COt4e]l 16491. 



324 CRTEP drawing of the complex cation with 30 X probability ellipsoids. 

(Reproduced with permission from I6431) 

Phz P=O 
Phz 

Phz 

326 

Phn 

327 

The reactions of [M3(CO)~Lgl 04 = Pd or Pt) with CSa were compared. With 

bulky ligands such as P(CMes)aPh or P(CRe ) s e, the dlmers II&(ANX,)~L~I were 

obtained; SpeCtrOScoplC monltorlng of the reactlon mixture Indicated that the 

mechanism involves monomeric species 16501. Treatmerit of [Pd(PPh,),l, 

[Pt(PPhs)J or [Pt{P(CHMe&121 with CEE’ (E = E’ = S or Se, or E = s, 
E’ = Se) gave IM(n2-CEE’)(PR,)21. When n = Pd, an excess of CSe2 yielded 328. 

Reaction of [Pd(n2-CSe2)(PPh3)21 with a small phosphlne such as PUe, or PMe2Ph 
gave 329 [6511. When [M(r\*-CES-C, fl (PP)] ((PP) = dppe or 
1,2-bis(diphenylphosphlno)benzene; E = S or Se) was treated with 
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[Pt(C,H,l(PPhs]sl 330 was obtalned; the structure of the complex for which 

M = Pt and E = Se was established in a diffraction study 16521. 

Se 

PhsP ! -se 

'Pd' I 

PhsP' 'se-c 
\Se 

328 329 

P 
\,t,&pt/ 

PPhs 

P' 'cs 

330 

A full paper has been published detailing an extremely thorough study of 

the reactions of [Pt(n2-CS2](PPhs]21 (Scheme 131 16631. 

In a review of CS2 chemistry, the displacement of 

1,1,1,4,4,4-hexafluoro-2-butyne, hfb, from D't(hfb](PPhs]sl to give 

[Pt(n*-CS2)(PPh,),] was noted [664]. The complex 331 was mentloned In a review 

of stannanedithiocarboxylate ligands [6651. 

There have been effective core potential calculations on {NI(OCSl} and 

(Pt(OCSl1. With the nickel species bonding may be to carbon or to sulphur, or 

to both, in the closed shell configuratlon. All electron calculations using 

Gaussian 60 indicated approximately R*-C,S-ligation. For the platinum 

analogue, in the closed shell conflguratlon, there is a preference for bonding 

to oxygen [6561. 

6.8 Other related canplexes 

The coordination of Et02CCOC02Et to an {H(PCY,]~} fragment (N = Pd or Pt.] 

has been described. Oxldatlon of 332 gave 333 16671. In a study of the 

reaction between [Pt(C2H4](PPhs]21 and R2P(=S]C(=SlSR' the data were 

consistent with the displacement of ethene and R*-coordination of the llgand 

through the carbon-sulphur double bond. PhNHC(=S)PR2 gave a similar adduct 

initially, and further reactions of these complexes were discussed [65Bl. 

Carbonylation of 334, reaction of [N1(PPhs141 with ketene, or treatment of 

[NI(PPhs)4] with CH2Br2/Zn followed by CO, gave the ketene COmPleX 336. 

Thermolysis resulted in the loss of ethene, and the formation of the polymeric 

species [{Ni(CO)(PPhs)}nl t6591. Reactlon of [Ni(cod121 wlth [R2N=CH21X 

(R = Ne or PhCH2] in thf gave a red insoluble product, characterlsed with 

difficulty as [R2N=CH21[NI(riL-CH2=NR2]X2]. Thermolysls gave 

[Ni(R2NCH2CH2NR2]X21 16601. 
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I 

[(Ph,PJ2Pt(bCS,)Pt(PPh,),l [(Ph,P)PtI(kSHe)(u-CSHe)PtI(PPh,)l 
4 r 

A 

[Pt(C2H,)(PPhs)21 
/ 

D 

[Pt(C,H,)(PPh3)21 

I Me1 / WI/A 
[Pt(+cs2)(PPh3)21 - [PtIc(sMe)211(PPhAJI - [Pt{C(SMe)2112(PPh~)l 

I dppe dppe 

Me1 I 
[Pt(n2-cs,) (dwe) 1 - [PtEC(SMe),l(dppe)IlI 

I 

[Pt(c2H,)(PPh,)21 

1 

[Pt(c,H,)(PPh,),l 

Me1 
[(dppe)Pt(kS)Pt(CS)(PPh,)l -- -+ [(dppe)Pt(u-CSMe)(u-SMe)PtI(PPh,)lI 
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‘pt’ 
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Scheme 13 Reactions of [Ft(n2-CS2)(PPhs)21 16531. 
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COzEt 

EtOsC 

332 

(PhsP)zNi 
3< 

334 

CH2 
(PhsP)tNi’l 

‘C 

\O 
335 

7 METAL ISDCYANIDE CDMPLEXES 

The interaction of nickel atoms with MeNC in an argon matrix gave 

mononuclear species [N104eNC1,J at low nickel concentrations, and polynuclear 

species with bridging isocyanides at higher nickel concentrations [Ml]. The 

reaction of [Ni(CO),] with CFSNC gave [NI(CNCFs),], which was treated with 

[Nicp,] to yield [N~,(u-CNCF,)~(C~~~I [662,6631. [NiCp21 reacted directly wlth 

isocyanldes, RNC, (R = Cy or He&) to give [NI(CNR1a(Cp1lCl. With 

[NiC12(CNR)21 (R = Cy) the product was [NiCl(CNR)(Cp)l 16641. The synthesis of 

CN(CHs),$IH has been described. The llgand was stabllised in an open-chain form 

in complexes such as [NI(CNCH&Ha0H1,(PPhs1sl[PFs12 and [Pd{CN(CHa1flH1aIal 

(n = 3 or 5) 16551. 

Oxidation of [Nl(CNCMes1,1 gave [Ni(CNCMes),(O,)l. In combination wlth 

DloBrzOZ(PhsPO1zl, this effected the oxtdation of cyclohexene to 

1,2_dibromohexane. When the two canplexes were mixed at -40 OC a Yellow Paste 

and a red solution were obtalned. The yellow paste was a molybdenum CoSVJleX 

which was poorly characterised, but which appeared to be a peroxlde. From the 

red solution needle-like crystals of cfs,cfs,trun~[NiBr,(CNR1,(PhsP0121 were 

isolated [666,667]. The isonitrile 336 was polymerised In the Presence of 

Ni'+, vfa [Ni (CNR1,12+ 16661. 

.,Nc 

NC 

\t/ NBn 

Br- 

336 

Reaction between the nlckel(II1 complex, [NI(CNMel,l[PFel,, and the 

nickel(O) species, [NI(CNMe),l, gave the diamagnetic nlckel(I1 dimer 
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INi,(CNHe)e12+. With the addltion of dppm this yielded 337, characterised in a 

diffraction study. The complex Is extremely non-syresetrlcal, with one nickel 

atom adopting square pyramidal coordination, and the other belng a distorted 

tr'igonal bypyramid. The complex showed fluxional behaviour on the nmr 

spectroscopic tlmescale [6691. The cluster [Ni4(CNCHe3),l reacted with 

R2N-P=NR to give [Ni,(CNCHea),&-r\2-CNCMes)(Us-n2-R2NP=NR)21, 338 [6701. 

337 ORTEP drawing of the [Ni2(CNMe)s(~CNMe)(Ir-dppm)212t dication wlth all 

the non-hydrogen atoms. (Reproduced with permission frcm t6691) 

The complex [PdCls(CNCH,PPhs)l was prepared from [PhsPCH,NClX. The related 

phosphine complex, 339, reacted with fluorenone to give the Wittlg product, 

340, (sfc) [6711. Derivatives of L, 341, [PdL2X21 have been noted [6721, as 

have a range of complexes of 342 [673]. 

Condensation between [Pt(CNH)2(PPhs)212t and 4-methyl-3-pentene-e-one gave 

[Pt(CNCMe&H2COCH,)2(PPhs1212t 16741. Reactions of 2-chlorcmethylbenzene 

isocyanide with a range of complexes have been studied (Scheme 14) [675]. 

Potentiostatic reduction of cfs-[PtC12(CNR121 at a mercury pool electrode 

resulted in one-electron reduction to give [{PtC1(CNR)2}21, 343, characterised 

in a diffraction study. Two electron reduction yielded [Hg{Pt,(CNR),),l for 

R q 2,4,6-(He&)&H2 [6761. The related palladium complex, prepared from 

[Pd,(dba)sl.CHCl, and RNC, was also structurally characterlsed [6771. The 

photolysis of the complexes was investigated. Irradlation resulted in the 

breaking of the metal-metal bond to give the 15e species [M(CNR),l*. In the 
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presence of CX,, the sole photoproduct was [M(CNR),X]+ [678]. 

338 Structure of [Ni,(CNCMes),(/.+,-r2-CNCMes)(113-T\Z-R2N-P=NR~~~. methyl groups 

have been omltted for clarity. (Reproduced with permission from 16701) 
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cis-[PtCln (CNAr)z 1 tie-[MCln (CNAr)(PRs )I (M = Pd or Pt) 

[Ptc12 (cod)1 

\ / 

[{MC12 (PR3 )}2 1 

\ 
I I 

\ 
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$ 
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X x=1 Lt. - PPhs 
I 

/ [Pt(C2H4 l(PPh2 12 
NC E? 

PhsP-;t 
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trane-[PtCl(Hl(PPhs 121 
: 

\ 

X = Cl I 
H ‘0 / 

trans-(Ph2P12ClPt-C< 

\“\\ 

CPdCl2 (MeCNJ2 I 
N 

Cl 
cis-[PdClo (CNArJ2 I 

Scheme 14 Reactions of 2-chloromethylbenzene isocyanide with palladium and 

platinum complexes [675]. 

343 (Reproduced with permission from [676]) 

The structure of [Pd,Cl,(rr_CNPh)(udppm)2], 344 was established In a 

diffraction study. The structure consists of discrete molecules packed In a 
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spiral fashion along the 4%-axis, with an unusually large channel though the 

structure, almost 10 A In diameter. The ccmplex was photosensitive, giving, 

on irradiation, [PdCl,(dppm)l amongst other products [6791. The structure of 

the related derivattve of 345 was also established. However, there were some 

problems in the structure determination fn that the {CooWe} group extends into 

a channel in the structure, has very high thermal motion, and could not be 

located 16801. 

344 Selected bond lengths and atomic numbering scheme for 

[Pd,Cl,(~CNPh)(~dppn)pl. (Reproduced with permission from [6791) 

Me02 CCH2 

NC 

345 

Reaction of [PtCl,(dppis)l with Me&NC gave [Pt2(CNCCtes),(~dppn)214+, 

whereas tM(dppm)s3C12 yielded [M(CNR)2(dppm-P)21 (H = Pd or Pt). Mixed metal 

complexes were obtained from the latter by reaction with silver, gold or 

rhodium complexes; thus [M(dppn),lC1, reacted with [AgCl(CNR)l to give 

[{AgCl(CNR)l(ct-dp#n)2{AgCl11+ [6811. 
The structure of [Pd2(CNC(e)&l, prepared from [Pd(CNMe),] and 

[Pd(CNM,lI,, was established In a diffractlon study. Although IR 

spectroscopic date had ImplIed that the iodo ligands were bridging, the solid 

state structure is an example of a rare unbridged structure, in accord with 

theoretical expectations. The W-W distance, at 2.533 A, is similar to other 

Pd(I)-Pd(1) bonds, and the W-1 distances (2.697 and 2.699 A> are long, 
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reflecting the high Vaneeffect of the metal-metal bond [6821. The structure 

of [Pd,U-SPPh,),(CNWe),l has been reported 16831. 

Reaction of the ligand dmb, 346, with Pd2+, in an aprotic medium, gave 

[Pd2(dmb),14+, which reacted further with X- to encapsulate the anion between 

the metal atoms in [Pd2(dmb),X13+ 16841. 

w C 

NC 

346 

The bridged complex 347 (Ar = CsFs) reacted with R2NC to give 348, 

characterised for R2 = R1 = Me in a diffraction study [6851. 

Cl 

CNR' 

Ar 

>x 

e 

R'NC 

'Pd 
Cl' 'CNRs 

347 348 

Reaction of 349 with trans-[PtC1(H)(PPhs)21 gave 350. Simple 

cfs-diisocyanide derivatives were prepared from [PtC12(cod)l or [PdC12(MeCN),l 

[6861. 
Ph3 P 

H 

c&-c' 

W(CO)SCP Ptl36 
“N 

NC (CO)3CP 

349 350 

Few palladium isonitrile clusters have been defined. When palladium vapour 

was allowed to react with CyNC, the sole product was IPds(CNCy)sl, the 

structure of which was very similar to that of [Pta(CNCNes)sl 16871. Reaction 

of [PtL31 (L = R1R2N-P=NR3) with Me&NC gave the trimeric complex 

[Pts(CNClej),(uCNCs)(YL),I, 351, which could also be obtained from the 

reaction of [Pts(CNC~s)s(~CNCFles)sl with L [6881. When [Pt,(~cO),(PCy,),l 

was reacted with three molar equivalents of 2.6-dimethylphenylisocyanide 

(CNAr), the product was [pt3(CNAr)(LI-CNAr)2(LtcO)(pcy~)21. When five molar 

equivalents of the isonitrile were used, [Pts(CNAr)2(uCNAr)2(PCys)l was the 
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main product. Structural studies showed that the bridging isocyanides were 

severely bent about nitrogen, and their steric requirements are incompatible 

with the presence of bulky PCy, ligands on both the adjacent metal atoms. Thus 

replacement of the bridging CO by ArNC labilises the adjacent terminal PCys to 

substitution [SSSI. 

351 (Reproduced with permission from [688]) 

Reaction of [Pt(CzH,)(PPhs)zl with [Au(CNCsHs-2,&Mez)zl+ gave the 

tetrameric cluster [AuzPtz(CNArl,lZ+, 352, isolated as the [PFsl- salt. The 

metal atoms define a flattened butterfly, with the gold atoms at the higher 

connectivity sites [690]. Reaction of either [Pd(n3-CsHs)(Cp)] or [Pt(cod)zl 

with 353 gave an oligomeric species [{H(L)x}nl, in which x = 1.82iO.12 for 

H = Pd and x = 1.25iO.2 for M = Pt. The complexes were used as catalysts for 

the heterogeneous hydrogenation of alkenes or alkynes 16911. 

8 METAL ALKENE AND ALKENYL CDNPLEXES 

A number of reviews have been published in this area, including 

discussions of organic reactions of n-complexes [6921, nucleophllic additlon 

to coordinated cyclic n-hydrocarbons 16931, the thermodynamics of complexatlon 

of unsaturated hydrocarbons with silver, nickel or zinc [6941, palladium(I1) 

assisted reactions of alkenes 16951 and crystal structural analyses of 

platinum alkene ccmplexes 16961. 
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352 Molecular structure of the [Au,Pt,(CNCsH,-2,6-He2)4(PPhs),12+ dication. 

For reasons of clarity the phenyl groups have been omitted. (Reproduced with 

permission from [SSO]) 

363 

Hatree Fock Slater calculations have been undertaken to determine bonding 

energies in ethene, ethyne and dioxygen complexes of {M(PH,),} (M = Ni, Pd or 

Pt). Back donation of charge from the metal was shown to be more important 

than donation from ligands to metal, and the bonding energies were in the 

order Ni ) Pt > Pd [697]. Complete active space SCF and contracted CI 

calculations were performed on the lowest singlet and triplet potential 

surfaces for {Ni(C2H,)}. The ground state was shown to be IAl with an energy 

minimum corresponding to a distorted ethene moiety with a carbon-carbon bond 

length of 1.45 A and the hydrogen atoms tilted 21 o away from the C-C axis. 

The triplet 3A1 state is essentially unbound, which is not in agreement with 

previous calculations 16981. Calculations were used to predict 13C chemical 

shifts for nickel ethene and ethyne complexes [699]. 

The reaction between [Ni(CaH,),l, dmpe and RsP at -20 OC gave 

[Ni(C,H+)(dmpe)(PR,)], the complex for which R = Ph, 354, being characterised 

in a diffraction study. Various intermediates were observed [700]. In the 

absence of added RaP, [Ni2(C2H,),(dmpe)l, [Ni2(C2H4)7(dmw)21 and 

[Ni2(C2H,),(dmpe),] were formed, their proportions depending on the reaction 
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stoicheiometry. The structures, 355, 356 

spectroscopy [7011. 

354 (Reproduced with permission from [7001) 

% 
Me2 

\’ Ni -p@p_Ni,N 
Me2 ‘4 

Men 

C P,Y Men 

P’ 
Ni -Pap_Ni/\ 

Men 
\ 

Me2 / 

355 356 

Me2 

C 

P,T Me2 Me2 

P’ Ni-pGP_,i<] 

Me2 Me2 P 
= Me2 

357 

The complex [Ni(C2H,)(CHa)LXl (L = PHa, X = Cl) was considered as a model 

for a polymerisation catalyst using the Cossee mechansim. From MO symmetry 

considerations a rearrangement requiring rotation of the alkene around the 

metal-alkene bond is necessary before reaction occurs. The barrier to rotation 

is a function of the Vans-effect of the ligand and the steric interactions 

17021. Reaction of [NiCp,] with RLi or RHgX in the presence of ethene gave 

IN~(C~H,)(CP)RI, the alkene being necessary to stabilise the metal alkyl 
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[703]. 

Reaction of [Ni(CZH&l with M[RaM'H] (M = Li or Na; H' = Al or Ga; 

R= Me, Et or HeaCHCH,) at temperatures below -70 oC in Eta0 or EtaO/thf, gave 

[M(solvent),l[Ni(C,H,),(H)(M'R,)I. The complex was rather unstable, and was 

readily converted to carbonyl derivatives 17041. Treatment of [Ni(C,H,)Lel 

with ethene and HCN gave 358, from which slow reductive elimination in the 

presence of L gave EtCN. Kinetic data, however, suggest that the processes 

involved in catalytic hydrocyantion of ethene are more complex [705]. 

L-ii-Et 
I - 

358 

Ab initio calculations on the reactions of {Pd(C,H,l] with different 

coordinated nucleophiles (including H, Me-, [HO]- or F-1 have been 

undertaken. They show weak n*+dyz back donation in all cases. Analysis of the 

reactivity of the coordinated nucleophiles towards migration to the alkene 

involved estimating the bond strength and energy of the orbital describing the 

Pd-Nu bond. It was concluded that frontier orbital controlled ciemigration is 

possible only for H and CHe-, with F and [HGI- being too unreactive 

[706,7071. 

Adsorption of ethene on the <llO> surface of palladium at 110 K gave rise 

to two related but distinguishable electron energy loss spectra corresponding 

to low and high ethene coverage. Host of the spectroscopic features suggest 

n-complexation of the ethene, but at very high coverage there are some 

features which suggest that there are a small number of doubly o-bonded 

complexes, involving pairs of palladium atoms 17081. 

Applications of a closed flow thermostable titration vessel to a study of 

the reaction of sym,trans-[Pdz(CzH,)2Clz(Il-C1)z] with secondary amines have 

been discussed [709]. The complexes [M(C,H,)(PPh,),] (M = Pd or Pt) reacted 

with S,N, to give [HZ(PPhs)2(~SZN2.21 17101. 

Calculations on the platinum atom with variation of the number of 

electrons in the 5da/a, 5dsj2 and 6s,/a levels indicated that the energy of 

the 4f,/s electrons depends on the ratio between the number of upper d- and 

s-electrons. On the basis of semi-empirical calculations on the {Pt(C2H4>} 

complex, the interaction of the platinum atom with the ligand leads to an 

increase in the population of the 6s atomic orbital. The bonding of the ethene 

was discussed [711]. An ab fnitfo MG study on [Pt(CaH4)Cls]- indicated that 

both donation and back donation contributed comparably to the stability of the 
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complex [7121. 

The complex IPt(CsH,)(PPha)J has again been widely used as a source of 

the {Pt(PPhs)s} fragment, since the ethene Is readily displaced. Among the 

added ligands which were used to replace ethene were ArP=C=PAr [713]. In other 

cases oxidative addition to the {Pt(PPhs)s} fragment occurred (reactions (15) 

[7141, (16) [7151, (17) 17161, (181 17171 and (19) [7181. Additionally, 

[Pt(CzH,)(PPhs121 reacted with [Co(E,S)(triphos)][SF,] to give 

[(triphos)Co(E,S)Pt(PPh,)zl[BPh,], (S = P or As) in which platinum may be 

described as either having bridged, or inserted into the S-E bond of the S,E 

ring [7191. 

CN iCN 
PhsP, ,N=C, 

[Pt(CsH4l(PPhs)2 1 + 
- ph3 dPtis - c/ 

N (15) 

NC \ 
CN 

X 

[Pt(CzH4)(PPhs)sl + RR'N-P< 

PhsP, ,X 

- Pt I 
NR PhsP’ 'F=NR 

(16) 

~!JRR' 

R= MesC, R' = SiMes; X = S or Se 

[Pt(CsH,)(PPh,),l + RHgCl ---+ [PtCl(HgR)(PPh,),l (171 

R q CsCls, 1,3,4,6-Cl&H, 2,3,5,6-Cl,CsH or 2,4,6-ClsCsH, 

[Pt(CzH4)(PPhs121 t (HesSiNlsS ---+ cfs[Pt(NSNSiMes),(PPh,),l (18) 

The FAB mass spectra of [Pt(C,H,)(PPhs),l and related metal cumulene 

complexes have been reported. Loss of ethene is the principal framntation, 

but a loss of 14 mass units suggests the formation of a Platinum carbene 

complex [7201. 

The reaction of [Pt(CsH,)s] with molecular oxygen at -46 oC gave 

[Pt(Os)(PPhs)J, but the complex decomposes at -20 oC to give ethene and 

oxygen. In the reaction with the complex in the solid state, some ethene oxide 

was formed [721]. Reaction of the biphosphine, 359, with [Pt(C,H,),l gave 

[IPt1CzH4)Llnl (n = 1 or 2). The ethene could be displaced by other alkenes 

(such as methyl propenoate), alkynes, CO, or phosphines to give monomeric 

species 17221. 
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[Pt(C2H, )(PPhs 12 I + 

Q 0 

cH2 PPh2 

CH2 PPh2 

359 

The complex [Pt(C,H,){PPh(CH~,),)21 acted as a catalyst for the reaction 

of [H,Re(PRs]sl with ethene to give [Re(C2H&Hs(PR&l 17231. 

Single crystal polarised electronic absorption spectra of 

K[Pt(C2H~)C1sl.Hz0 have been recorded at 10 K. Ligand fjeld and CT transitions 

were assigned, vibronic structure assigned, and excited state absorptions 

interpreted. Somewhat surprisingly, the ethene was shown to be an excellent 

a-donor (better than ammonia) and a very weak n-acceptor. The relevance of the 

excited state assignments to the photochemical reactivity of the salt were 

discussed [724]. The neutron inelastic scattering spectrum of the salt was 

also recorded in the range 300-1700 cm-‘. The vibrational modes of the ethene 

were assigned [725]. 

The structure of 360 has been established. The complex is not very 

symetric, in accord with ‘H nmr spectroscopic studies which suggest that 

References P. 161 
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there is an equilibrium between 4- and 5-coordination in solution 17261. 'H 

nmr, it and electronic spectra have been reported for 16 complexes of the type 

tf8n~[Pt(ArNHz)Brz(CzH,)l. The chemical shift of the ethene protons was not 

affected by the electronic character of At-, but both v(Pt-Cz) and v(Pt-NJ 

increased with electron releasing aryl groups. The n-m* transition was also 

very sensitive to the electronic character of the aryl ring 17271. lH and 13C 

nmr spectroscopic data were reported for complexes trans[Pt(amine)(CzH4)C121, 

in which the amine was a pyrazine, phenazine, quinoxaline or phenazine 

EY-oxide. The orientation of the plane of the heterocyclic ligand with respect 

to the coordination plane was variable, and sensitive to sterlc effects [728]. 

. 

360 Perspective view of the molecule down the <121> direction with 

coordination distances (AI. (Reproduced with permission from 17261) 

The barrier to alkene rotation In [Pt(C2H,)(~3-CH2C~CH,)(PP~)I[PFsl was 

shown to be very low in comparison with those in other platinum(I1) ethene 
ccnnplexes, presumably due to a lack of steric hindrance. However, the barrier 

in [Pt(C2H4)(Cp)(PPhs)l is higher, although it would seem that the steric 

constraints should Qe similar. Nmr spectroscopic data suggest that 

{Pt(Cp)(PPh,)} is a better n-donor to the alkene than is the ally1 containing 

fragement [7291. 

Reaction of 381 with K[Pt(CsH4)C1s] gave tfans-[Pt(CpH,)C1,(imine)l, in 

which the imlne acted as a unldentate IY-coordinated ligand. The imine complex 

underwent ready amine/imine exchange [730]. The preparation of 362 has been 

described [7311. When sym,trans-[Ptz(C2H4)2C12(lt-Cl)pl was treated with 

[Pt#e+(~SRez),l, sym,trsns-[Pt,Cl,(lt-Cl),Me,l was obtained. The ethene does 

not rotate or dissociate readily on the nmr spectroscopic timescale. A wide 

range of further reactions of the complex were discussed [732]. 



547 

/N ~R 

361 

I I 
C1 -- P t - -  Cl C1 -- P t - -  Cl 

I I 
M e 2 N - - ~ N - -  NMez 

362  

Low temperature photolysis of [Pt(C2H4)CIzL] (L = substituted pyrldine) in 

a coordinating solvent, S, gave [PtCI2LS], which was converted to a mixture of 

cls- and trans-[PtCl~L 2] at room temperature [733]. Reaction of the complex 

with [Ru(bipy)2(CN)2] gave [Ru(blpy)2(/J-CN)2{Pt(CzH4)CI2} 2] [734]. 

In the complexes [Pt(C2H4)C1(dlamine)] + the nature of the amine was shown 

to be c r i t i ca l  in the stabi l isat ion of the complex. In general i t  was found 

that 5-membered rings were more stable than six-membered ones, and the 

Thorpe-Ingold affect was also important [735]. Reaction of cls-[Pt(C2H4)CI2Y] 

with an excess of amine gave c/s-[Pt(CHzCH2am)Cl2Y] (Y = dmso or PPh3). 

Further reactions replaced one of the chloro ligands by an amine, and for 

Y = PPh a, dmso or Me2NH, cyclic compounds were the eventual products [?36]. 

The kinetics of the reactions for trans-[Pt(amine)Cl2L] (L = C2H 4, CO or PPh3) 

with Cl- to give [PtCI3L]- have been studied. Only in the case of the ethane 

complex was there a dependance on [Cl- ] ,  and th is was reduced when the amine 

was bulky. The data could be par t ia l l y  explained in terms of the trans-effect 
and the trans-influence, but steric effects in the transi t ion state were also 

very important [737]. 

Nickel, fluoroethene and PF 3 vapours were cocondensed and reacted at a 

temperature between -90 oc and -120 oc. The reaction product, presumed to be 

an alkene complex, was d i s t i l l ed  of f  and condensed on a substrate where i t  

decomposed to a nickel coating, fluoroethene and [Ni(PF3) 4] [738]. 

Complexes of the type [Ni(alkene)L2] have been prepared from [Ni(cod)z], 

alkene and two molar equivalents of L. The relationship between v(C=C) and the 

size and electronic character of L was investigated, and a number of reactions 

of the complexes described [739]. A related reaction with methylene 

cyclopropane has also been described [740]. [Ni(cod) z ] reacted with 

trans-PhSO2CH=CHCOOMe (sma) to give [Ni(cod)(sma)], the second cod ligand not 

being replaced even in the presence of a large excess of sma. An X-ray 
st ructure determination revealed that  the the carbon-carbon double bond in sma 

R e ~ n ~ s p .  ~ 7  
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prefers an in-plane conformation, as predicted 

[Ni(cdt)l with sma did give small amounts of 

[Ni(cod)(sma)l with phosphorus or nitrogen donor 

replacement of cod, whilst maleic anhydride replaced 

The electrochemistry of the Ni(I1) complex 

by theory. Reaction of 

[Ni(sma)z]. Reactions of 

ligands resulted in the 

sma [74il. 

[Ni(NCMe)e12+ has been 

investigated. Ni(I) species were stabilised by the addition of alkenes bearing 

electron withdrawing groups, including acrylonitrile, fumaronitrile, and 

diethylmaleate [742]. The structure of 1Ni(bipy){CH,CH,CH=C(CHs)CHO)].H,0, 

363, was established in a diffraction study. As well as coordination of the 

carbon-carbon double bond, there is a significant interaction with the 

neighbouring carbonyl group, so that the structure is intermediate between an 

alkene and an ally1 complex [743]. 

363 Molecular structure of [Ni(bipy){CHsCH,CH=C(CH,)CHO}l. (Reproduced with 

permission from [743]) 

The role of mono and diazadiene complexes in catalytic reactions has been 

reviewed. In [Ni(PhCH=CH-CH=NPh)(PPh,)2] a diffraction study shows that only 

the carbon-carbon bond is metal coordinated, but in 

[Ni2(CH2=CH-CH=NHe)2(PPhs)2], 364, the S-Vans-ligand interacts at nitrogen 

with another metal centre [7441. 

The preparations of the ligands (CH2=CHCH2CH2),,4s(CH2CH2CH2AsMe2),_n 

(n = 1, tasol, n = 2 dasdol) have been described. The reaction of tasol with 

Ni(I1) gave [Ni(tasol)X]+ for X = Cl or Br, the complexes having trigonal 

bipyramidal geometry with the halide axial, and the alkene coordinated in the 

equatorial plane. However, [Ni(tasol)I,l adopted square pyramidal geometry, 

with iodide at the apex and the alkene uncoordinated. Reaction of 

[NiCl(tasol)l[C10,l with water resulted in displacement of the alkene from the 
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coordination sphere to give [NiC1(H,O)(tasol)l[ClO,l in which the cation had 

a square pyramidal coordination sphere. No dasdol complexes with coordinated 

alkene were prepared [745]. Reaction of 2-ethenylp~nyldiphenylphosphine (SP) 

with [M(C2H4)(PPh,),] (H = Ni, Pd or Pt) gave [M(PPhs),(SP)I. The complexes 

all disproportionated in solution. In the solid state the nickel and platinum 

complexes adopted tetrahedral geometry with SP acting as a bidentate ligand, 

but the alkenyl group was uncoordinated in the palladlum complex. Exchange 

reactions and dynamic behaviour In the complexes were investigated by nmr 

spectroscopy [746]. 

364 

Reaction of either [Ni(CsH,)(PPhs)s] or [N1{(CH,),}(PPhs)2] with an 

alkene, XCH=CHs, gave [Ni(CHs=CHX),(PPha)s] (X = CN or COOMe), which was in 

equilibrium with 365. Reductive elimination gave the trans-substituted 

cyclobutane 17471. 

365 

Photolysis of [M(CsO,)L,l 04 = Pd or Pt; L = RsP or EtsS) gave CO, and 

{MLs}, the latter reacting readily with L' to give [HLsL'l, with L' = alkene, 

alkyne or RsP. Oxldative addition reactions of {NiL,l with alkyl, aryl and 

ally1 halides were also described [748]. Reaction of [Pd(s3-CsHs)(~s-HeCsH,)l 

with PCy, gave the fulvene complex 366. The metal fulvene bond is strong, and 

the ligand is not easily liberated 17491. When Pd(OCOMe)e was treated with a 

stoichelometric amount of acrylonltrlle the products were MeCOeCH=CHCN and 

palladlum metal, but with an excess of the alkene, a species of composition 

{Pd(CH,=CHCN)(OCOMe)e} was isolated and characterlsed. A dlffractlon study of 

367 showed that the complex has a tetramerlc structure, with a 

cyanoethylethanoate acting as a bridging ligand between two metals of 

References p. 767 
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different dimeric units. The palladium atoms of the dimers are joined by 

double ethanoate bridges arranged around the crystallographic 4, axis [750]. 

OL4) 

367 A view of two dimeric units of "Pd(CH2=CHCN)(OCCWe12" along the 

crystallographic 4, axis with the numbering scheme of the independent atoms 

shown. Pd-Pd distance in A. (Reproduced with permission from [75011 

When tasol was reacted with [PdX,]*- the species {Pd(tasol)X,} (X = Cl, Br 

or I) were produced. In solution these were four coordinate species of the 
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type [Pd(tasol)X]X, and the alkene was not metal bound. Similar results were 

noted for the platinum series. In the solid state both the palladium and the 

platinum complexes were 5-coordinate, with the palladium series having an 

{AsaX2) coordination sphere, and the platinum having {As,(alkene)X] ligation 

[751]. In complexes of 368, such as [HLCl,], the ligand was bidentate with 

phosphine and alkene both metal coordinated [752]. 

PPh2 

368 

Some reactions of [{Pd(a-pinene)Cl2]21 have been reported 17531. 

Voltammetric studies of palladium and platinum complexes containing diimine 

and alkene ligands indicated that the LUHO of the complexes was daninated by 

the diimine n* orbital 17541. 

The reactions of palladium coordinated alkenes with amines continue to be 

investigated. Conversion of 369 to the characterisable product 370 proves that 

amine addition is stereospecifically trans [755]. Addition of diethylamine to 

PhOCH2CH=CH, in the presence of palladium ethanoate, followed by oxidation, 

gave only PhOCH,CH(OCOMe)CH2NEt2. However, when the attacking amine was 

PhCH(He)NMe, and the reaction time was short, both regioisomeric products were 

produced. This suggests that the aminopalladation step is reversible, and that 

the anti-Markownikoff product may be formed under conditions of kinetic 

control, possibly for steric reasons [756]. 

H 

369 
370 

The structure of 371 was established in an X-ray diffraction study. The 

complex was prepared from cis-[Pt(C2H,)C12{S-PhCH(NH2)CH,)] and the racemic 

al kene, followed by fractional crystallisation of the diastereoisomers. 

Hydrogen bonding is important in determining the arrangement of the 
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coordinated ligands [757]. 

Cl Cl 
‘pt( 

gt / 
OJH Me 

‘;u 

.,,,;h 

H 

371 

The ir spectrum of K[Pt(CDsCD=CD,lCls] was recorded and assigned [758]. 

Alkene rotation in cis[PtC1,(4-MeCsH,NHs)(RCH=CH,)I (R = H or OEt) was 

studied by IH nmr spectroscopy. In the ethene complex, both the amine and the 

alkene rotate fairly freely at temperatures above -25 oC. Howver, in the 

complex of ethyl vinyl ether, neither the amine nor the alkene rotate; a 

strong hydrogen bond stabilises one rotamer [7591. XPES of seven 

five-coordinate complexes of the type EPt(alkene)Cl,(NN]l (NN = diimine or 

diamine chelating ligand) reveal differences from the related four-coordinate 

platinum(I1) derivatives. The platinum 4f and nitrogen 1s signals gave 

evidence for n-back-donation from platinum both to the alkene and the 

chelating nitrogen ligands. The w-back donation is more significant, and the 

platinum atoms more positive, in the five- than in the four-coordinate 

complexes. These results are in keeping with the decrease in reactivity with 

nucleophiles for the alkenes in the five-coordinate complexes [7601. 

A general synthesis of platinum(II) alkene complexes has been reported 

(reactions (20) and (21); yields were moderate to excellent. The thermal 

reaction is thought to proceed via [PtClsl-, to give [RCH+-CHR'-PtCls-I, 

whereas in the photochemical process, electron transfer gives rise to 

[RCH=CHR']+* and [Pt(III)C1,l2- [761]. A range of ccmplexes 

cis-[Pt(CHsCH=CH21C1z(PRs)l was prepared by reaction of [Pt($-CsHs)Cl(PRsll 

with HCl [762]. 

A or hv 
[ptclsls- t RCH=CHR' -----* [{PtC12(RCH=CHR'l]2] : [PtCl,(py](RCH=CHR')] (201 

PY 

/ 

[PtCls12- t RCH2CHR'OX -", [{PtC12(RCH=CHR')],] (211 

X = H or COMe 



553 

Reaction of K,[PtCl,] with morphine hydrochloride gave the 

zwitterion [Pt(morphinium)Cl,], 372, characterised in a diffraction 

study. The {PtCl,} unit is n-bonded to the C(7)-C(8) double bond [763]. When 

373 was treated with K[Pt(C,H,)Cl,] the products were cyclopentene and 

t{PtCl(rr-C1l(cyclopentene)},l. Related reactions were also discussed 17641. 

When 374 was generated in the presence of [Pt(CzH4)Clz(py)], the product was 

the stable species 375. An anomalously large change in 6 on ccmplexation for 

Cl, as well as enhanced values of lJ(PtC) suggest that this complex has strong 

metallocyclopropane character. The related reaction in the palladium series 

was much more complex, resulting in isomerisation of the anti-Bredt alkene 

[765]. The initial reaction of 376 with platinum(I1) gave an alkene n-complex. 

When this was reacted with [{Pt(CzH,)C1(~C1))z], the product was the most 

unusual platinum(N) alkene complex, 377, characterised in a diffraction study 

[766]. 

372 ORTEP drawing of the [(morphinium)PtClsl zwitterion. The ellipsoids 

correspond to 50 x probability. (Reproduced with permission from [7631) 

CD 
8 

373 
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8 

Cl 

-PLpy 

Ll 0 I 

379 

377 (Reproduced with permission frcm [766]) 

Complexes of {Pt(PPha)s} with cycloalkynes have previously been prepared 

by sodium amalgam reduction of 1,2-dlbrcmocycloalkenes in the presence of 

[Pt(PPhs),]. However, 378 gave only the alkene complex, whether Na/Hg was 

added or not. The groups X and Y must be electron withdrawing for the reaction 

to be successful. Thermolysis of 379 resulted in insertion into the 
carbon-bromlne bond to give 380, characterised in a diffractton study [7671. 

A5 X 
Y A6 Br 

. Rr 
\_ 

Pt( PPhs 12 

378 379 
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380 (Reproduced with permlsslon from [767]) 

Transitjon metals are known to yield more stable complexes of Z- rather 

than E-alkenes. A study of the complexes [Pt(~3-CH,C~CH,)L(PPhs~ltPFsl, in 

which L may be a range of alkenes, provides the first contrary example. 

Complexes of E-HeCH=CHMe, E-NeCH=CHEt or E-MeCH=CHPh were more stable than 

those of their Z-isomers. Some insight into this was provided by structural 

sudles on the complexes of Z- and E-MeCH=CHHe. For the complex of the Z-isomer 

the carbon-carbon bond lay in the coordination plane, whereas in the E-isomer 

it was at 67.1 o to the plane 17681. 

'H nmr spectroscopy of cis-[Pt(alkene)C1,(4-HeCsH,NH,)l 

(alkene = 1-butene, 4,4-dimethyl-1-pentene, Z-CHaCH=CHOEt, HeOCH&H=CH, or 

Me,COCH=CHs) indicated that the coordjnatlon of the alkene was 

stereoselective, with a single isomer in solution 17691. Alkene exchange 

reactions of 381 have been studied. Exchange was hindered by substituents at 

the 2- and 6-posltions of the pyridine ring, but the -OH group provided an 

intramolecular catalyst, vfa 382 [760]. 

The complex (+)-tran~[PtC1,(E-HeCH=CHne){MeC(=NN~e,)C(=NNMe,)Me]l was 

prepared from resolved Vans-[PtCl,(E-MeCH=CHMeI{S-PhCH(Me]NH,]I, and the 

bls(hydrazone]. The structure of the product was established in a diffraction 

study, and it was shown that the absolute conflguration of the alkene was 

unchanged [771J. The reaction of 383 with 1-alkenes gave a mixture of 
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diastereoisomers which could be separated on a Preparative scale by' liquid 

chromatography. Addition of a chiral alkene gave four separable 

diastereoisomers, and 384 was thus resolved [7721. 

Cl \ 

382 

383 384 

The reaction between 385 and PhCOCH2CH2NHez to give 388, and the 

subsequent cycloelimination to give 387 were followed by lssPt and 31P nmr 

spectroscopy [773]. The partition of 388 between 389 and 390 was investigated. 

Cyclic products were more likely when the amine is secondary and the alkene is 

substituted. Complexes of the type 390 were isolated in a number of cases 

17741. 

Me 

Cl 

PhCOCHsCH2iCH2CH2 

Me/ 'Me 
-&-Cl 

: 

385 386 387 

When SnCls was reacted with [Pt(alkene)Cls]- the initial product was 

cis-[Pt(alkene)Cla(SnCls)]-. Further addition of SnCla resulted in alkene loss 

for the ethene complex, but when [PtCls(cod)l was treated with SnCl, and 

[SnClsl-, the five-coordinate complex, [Pt(cod)(SnCl,),]-, was the final 

product [7751. Photolysis of hexane in the presence of [PtClal"- and pyridine 

gave a low yield of [PtCla.l-hexens)(p An electron transfer mechanism was 

proposed for the reaction [776]. Platinum alkene complexes were implicated in 

the decomposition of 2,2,6,6,-tetramethylcyclohexane carboxylic acid on 

platinum films 17771. 
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The reactions between [Ni(PPhs)al and allenes have been studied. 

HeCH=C=CH,, MesCH=C=CHa or HesC=C=CHs reacted reversibly to form mono and 

bis(allene) complexes at teperatures below -70 oC. In all cases n-complex 

formation involved the less substituted double bond. PhCH=C=CH, and CH,=C=CHCN 

reacted rapidly and irreversibly at this temperature. The stability of the 

complexes formed was discussed in terms of both steric and electronic effects, 

and carbonylation reactions were also described 17781. Oligunerisatlon of 

l,l-dimethyl allene in the presence of [Ni(PPhslsl gave 391 as the major 

product, together with smaller amounts of other dimers and trimers. The 

mechanism of the reaction was discussed in considerable detail 17791. 

I 
/ 

ti / 

391 

The ethene ligand in [Pt(CsH,)(OIOP)I was readily substituted by allene to 

give an n2-complex, or by CO [7801. Base catalysed elimination of H8r from 

1-bromo-1,3,5-cycloheptatriene gave the cycloallene 392, which reacted with 

tPt(PPhs)sl to give successively [Pt(392)(PPhs>21 and [Pt(392)2(PPh,)21. The 

latter underwent ligand dimerisation, in what appeared to be a radical 

reaction, to yield 393, characterised in a diffraction study 17811. The 

reaction of the benzannelated complex was similar [7821. Treatment of [PtL,] 

with CH28r2, CO and zinc metal gave [Pt(CH,=C=O)L,l, the same complex being 

derived from the reaction of [PtL,J and ketene. Spectroscopic data for the 

complex were consistent with n2-coordination of the carbon-carbon double bond. 
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Deuterlum labelling studles of the decomposition of the complex were 

consistent with a mechanism invovlng a carbene complex [7831. 

’ \ 0 \ / 

392 

Reaction of [Nl(C~H,)31 with butadiene and bipy gave 

~Ni~bipy~~~Z-C,He~~~~4-C4Hs~Ni~~*-C4He~~blpy~l, 394, characterised in a 

diffraction study. The relevance of this structure to the catalytic 

oligomerisatlon of butadlene has been discussed 17841. Low temperature 

matrixes of butadiene containing nickel or platinum atoms were prepared by 

codeposition at -190 oC. With nickel, the charge transfer complex {Ni(C'Hs)} 

was formed initially, giving yellow [Ni(C,Hs),l on warmlng to -130 oC. At 

higher temperatures the red polymer [{Ni(C4He)},,l was formed, but decomposed 

at temperatures above -80 oC 17851. 

Various nickel cyclooctadlene complexes have been used as precursors for 

organometallic or coordination complexes, since cod Is relatively easily 

displaced (reactions (221, n = 2 or 3; m = 1 or 2; L = PPhs, CysPH or CysP, or 

L, = tmeda, bipy, phen or dppe) [788], (23) [787] and (24) (7881. Oxidatlve 

addltion with replacement of cod has also been noted (reactions (25) (L = PEt, 

or Ls = bipy) [789], and (26) [790]). 

[Ni (cod),] + 

[Ni(codl,l + 

[Ni(cod)sl + 

[Ni(cod)sl + 

[Ni(cod)sl + 

nL + nso, -----) [Ni(SO,),,,Lnl (22) 

[Zr(CH,PWe,1s(Cp),l ---+ [(Cp,Zr(CH,PHe,),),Nil (231 

HesSi-C=C-SOsPh ---+ [Ni(cod)(Me,Si-C=C-SOsPh)] (24) 

ArSSAr + 2L ---+ [Ni(SAr)sLs] (25) 

PPhs + I2 ---+ INi(cod)(PPh,)Il (26) 
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CB 

C 

c 

C0 

394 (Reproduced with PetmiSSiOn from [784]] 

The complex [Ni(cod),] proved to be the best doping agent for WgHz or 

Hg/Hs as a system for hydrogen storage [791]. Desulphurisation of 395 was 

reported in the presence of [Ni(bipy)(cod)J, but the reaction mechanism was 

not discussed [792]. 

Reaction of [Ni(cdt)] with H[AlR,H] in Eta0 or thf at temperatures below 

-50 oC gave [n(solvent),]+[RsAl-H...Ni(cdt>l- (I4 = Li or Na, R = He, Et or 

CHsCHHes], in which there is a three-centre Al-H-Ni bond [793]. Electron 

transfer between [Ni(bipy)(cod)] and phthallmide gave a nickel radical cation, 
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and a phthalimide radical anion as the inltlal products. Further reactions in 

this system involved partial decarbonylation, and insertlon of the metal into 

the N-H bond [7941. 

The catalyst derived from [Nl(~od)~l and bipy ruptures carbon-sulphur 

bonds in ArSAr at temperatures below 100 OC and in the absence of molecular 

hydrogen. The desulphurlsation is enhanced by the presence of main group 

hydrides such as Ll[AlH,l 17951. Reaction of [Ni(~od)~l with Cp*,Zn gave 

[{Ni(Cp*),},(C,sH,,)l via 396, 397 and 398, followed by radical dlmerisation 

17961. In the reaction of benzoqulnone with [Ni(CzH,l(PCya),l electron 

transfer gave initially 399. The reactions of naphthaquinones 

discussed 17971. 

were also 

396 397 

- PCYJ v 
T o- 

[Nj(n2-cod)(Cp*)]* 

N-i 
I OH 

cysp- 9 - 
O- 

398 399 

Reaction of Na2[PdC1,1 with 1-trimethylsilyl-2,4-pentadiene gave the 

[PdCl,(diene)l complex. The preparations of clusters of unknown structure, 

[Pds(CH2=CH-CH=CHCH2X)C1s(OMe)] (X = SPh, SePh or PPh,) were also described 

[7981. The synthesis of [Pd(cod)L] 2t (L = 400) was noted 17991. Two stages 

were discerned in the reaction of [PdCls(OH,)l- with dlenes. In the first 

rapid step [PdCla(n2-dienell- was formed, and this was more slowly converted 

to [PdCl,(n*-dienell. As the water content of the reaction solvent was 

increased, the formation of some colloidal palladium was noted, fndicative of 

hydroxypalladation of the dlene. This seems to take place frun the n2- not the 

n*-complex [800]. The synthesis of [PdC1,(3-methylcycloocta-1,4-diene)], 401, 

was reported. The methyl group perturbs the conformational energies of the 
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1,4-diene so that the only conformation observed in the complexed state is the 

boat-chair. The rearrangement of this complex to [PdCla(3-He-1,5-cod11 

involved a o-ally1 intermediate. Hethoxypalladation of the complexes was 

discussed [8011. 

400 

401 Stereopair drawing of the molecular structure of 

[PdC1,(3-He-1,4-cycloooctadiene)]. (Reproduced with permission from 18011) 

Microcalorimetric measurements of enthalpies of thermal decomposition of 

palladium and platinum complexes have been made. The species discussed 

included [HC12(cod)l [802]. 

Cyclooctadiene was displaced from [M(cod)C121 (M = Pd or Ptl by HacacP, 

402, to give [HC12(HacacP-P),] 18031. The homoleptic metal dl" complexes 

[M{M'(NRz)2)31 (M = Pd or Pt; M' = Sn or Ge; R = SiMea) were prepared from 

[Pd(cod)C12] and five molar equivalents of M'(NR2)e or [Pt(cod),] and four 

equivalents of M'(NR,), [804]. Reaction of [Pt(cod)121 with [IrL(NOl(PPh,),l 

(L = 403) gave [IrL(NO)(PPh,PtI,]+ supposed to contain a bridging nitrosyl 

group. However, with PtC12(cod)], the product was [IrC12L(PPh3),lt 18051. 
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The well known reaction of [Pd(cod)Clal with methoxide ion to give 404 has 

been adapted for use as an undergraduate experiment [8061. The complex 404 

reacted with thallium catechol salts to give species such as 405, for which 

EPR spectroscopic data were reported [8071. Reaction of [PdCl,(nbd)] with 

methanol gave 406, and a number of further transformations of this complex 

were discussed [SOS]. The mechanism of reaction (27) is not known, but may be 

assumed to involve a palladium alkene complex [8091. 

oMe 

404 405 

A low temperature X-ray study of [PtCl,(cod)] failed to confirm the 

earlier reported roan temperature study, which suggested non-synmnetric metal 

alkene bonding. This had been thought to be responsible for the activation of 

the diene towards nucleophilic attack [8101. The structure of 

[Pt(acac)(cod)l[BF,l has been published twice. The cod ligand adopts a tub 

conformation [811,812]. 

Displacement of cod from [PtCl,(cod)l has been noted using dapm [8131 or 

crown ether analogues 18141 as the incoming ligands. [Pt(cod)sl was used as a 

precursor for [PtLs] and/or [PtL,] (L = P(OBu)e, AsBue or SbBue). In a 

reaction in which there was insufficient of the added ligand, complexes of the 

solvent, toluene, were also formed [815]. Reaction of 407 with [PtCls(cod)l 

gave a polymeric yellow solid, which did not contain cod, but the material was 



563 

too insoluble for the structure to be detemined [6161. 

COOMe 

0 

Q I I CPd(PPhs )‘I ) D I 0 

Cl - 

CCls 

4 0 
S- 

Fe 

d 6 
/Ph 

407 

(27) 
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When [Pt(cod)Xs] was reacted with 1-lithio-1'2-dichloroferrocene, the 

product was 408, characterised in a diffraction study. The ferrocenyl groups 

adopt a Dh arrangment, with a single crystal consisting of molecules of only 

one enantiomer [8171. 

408 A molecule of [Pt(cod){Fe(CsH,C1)(CsHBCl)]Zl showing the numbering scheme 

used in the crystallographic results. (Reproduced with permission from 18171) 

Reaction of [PtCla(cod)] with silver ethanoate gave successively 

[Pt2(CeH1s0COMe)&1,1 and [Pt7(CeHIIOCOP(e)7(0COne)zl. The latter species could 

also be conveniently prepared by treatment of [Pt2(CeH1#4e)2(DMe)21 with an 

excess of ethanoic acid [818]. Treatment of [PtCla(cod)] with H'(NRa)a 

(H' = Sn or Pb; R = SiHes) gave ci~[Pt(cod){M'Cl(NR,)2)2], which decomposed 

at temperatures above 0 oC 18191. 



565 

A number of papers have reported ccnnplexes of phosphaalkenes. Reaction of 

[Ni(CO),] with ClP=C(SiNes)2 gave [Ni{r\2-C1P=C(SlMes)212(CO~l. When the added 

ligand was Ph,PP=C(SiHes)R (R = SiHes or Ph), the initial product was an 

r\'-complex, coordinated to {Ni(CO),} at the diphenylphosphine group. 

Thermolysis yielded 409 18201. The reaction between [NiC12(PHes)21 and 

[{(MesSi)2CH]2PlNa gave [Ni{n2-(MesSi)2C=PCH(SiNes)2](PNe3)21, 410. The 

mechanism of the reaction was discussed 18211. 

M0s 

co 
I 

Ph2 ,A, dS 
\R 

.R\,b, ,k'Phn 
C-N1 

Si' A0 

409 

iMes 

410 ORTEP view of [Ni{(HesSI),C=PC(H)(SiHes)2}(PHe,)2]. (Reproduced with 

permisslon from [821]) 

The equilibration of nl- and n*-MesP=CPh, in complexation with {Pt(PPhs)z] 

has been studied. In the solid state, a diffractlon study proved the presence 

of an r+complex, but the theoretlcally favoured n*-casplex was observed In 

solution 18221. Solid state 31P nmr spectroscopic data indicate that the 
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coordination is ni in the solid, but solution data were quite different, 

suggesting a predominence of the n2-form 18231. 

When Vans-[Ni(Ar]{C(Cl]=CCl,](PMes],l was thermolysed, the main product 

was tf8ns[Ni~C(C1]=C(Cl]Ar]C1(PHes)21, but the configuration of the double 

bond was not determined. The stability and reactions of various aryl complexes 

was discussed [8241. Treatment of INi(PPhs],l with RCl (R = CCl=CCl,, CH=CCl,, 

C(C1)=CH2 or CH=CHCl) gave tran9[NiC1(PPhs)2(R]l. Further reactions of the 

complexes were studied in detail [825]. The preparation of [NiL,RR'] for which 

L = PMe,Ph, R q C,Cl, and R' = Ar was described for a wide range of complexes. 

The structure of trans-[Pt{2,4,6-He,CsH2C(Cl)=CC12}(PMe2Ph)2], 411, was 

established in a diffraction study [826]. 

C(26) 

8) 

C(16) 

411 (Reproduced with permisssion from [826]) 

Reaction of HesCC=CCHes with [Ni(CO),l and HCl gave a species of 

stoicheiometry [Ni,C1,(cO),{C(CHe,)=CH(CHe,))]. IR, 'H and 1% nmr 

spectroscopy indicated that the halides were bridging, but an X-ray structure 

determination revealed that the structure was actually 412. Further reactions 

of the complex were discussed 18271. The treatment of [NICRI with ethenyl 

lithium gave 413, which was converted to 414. In the presence of ethene, 
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[N~(C,H,)(CH=CH,)(Cp)l was formed, and underwent a variety of insertion 

reactions 18281. 

412 (Reproduced with permission from [8271) 

CpNi A.NiCp 
“=/ 

413 

9 METAL ALLYL AND RELATED CCRPLEXES 

Reviews have been published concerning the use of m-ally1 nickel halldes 

as selective reagents In organic synthesis 18291, and more speciflcally in 

carbon-carbon bond forming reactions [8303. A more general review of the 
chemistry of such complexes has also appeared 18311. 

Ab fnftfo SCF calculations at the double C-level have shown that the total 

energy of bis(allyl) nickel Is lowered by 187 kJ mol-1 when the hydrogen atoms 

are allowed to move out of the plane. The most stable geometry involves the 

SYIV and mm-hydrogen atoms being bent by 6.7 o and 13.4 o respectively 
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towards the metal, with the anti-hydrogen atoms being bent 31.4 o away. The 

calculations were confirmed by a neutron diffraction study at 100 K, the 

experimentally determined angles being 8.9 o, 15.8 o and 29.4 o respectively. 

The change in the total energy is derived fran three effects, the reduction in 

the repulsion between the nickel and the anti-hydrogens, destabilisation of 

the ally1 ligands, and enhancement of metal ally1 bonding by rehybridisation 

18321. 

Correlation effects in the ground and ionic states of bis(ally1) nickel 

were investigated by the use of large-scale configuration interaction 

calculations. In the lAg molecular ground state the dominant correlation 

involves the bg metal-ligand bonding electrons, and results in an increase in 

the metal 3d electron density compared to that found at the RHF level of 

approximation. Calculations on the ionic states reveal differential electron 

correlation for the metal and ligand ionised states, which must be considered 

for an interpretation of the PES of the molecule. Calculation of the 

ionisation energies of the complex by the ab inftfo Green's function method 

leads to a satisafactory assignment of the PES, in contrast to the results of 

SCF calculations [833,8341. 

Theoretical studies of transition metal n-ally1 complexes have been 

undertaken using a pseudopotential ab fnftio MO method, with Particular 

reference to intermediates in the oxidation of propene to propenal. In the 
cases in which there is a large charge transfer from the ally1 anion bonding 

orbital to an s metal orbital and/or an important backbonding interaction, the 

result is complete oxidation (Co(II), Fe((II), Hn(I1) or Cr(II)). In other 

cases, including Ni(II), the reaction is more selective 18351. 

The EI mass spectra of [{Ni(r?-C,Hs)X},l (X = Cl, Br or I) have been 

recorded. The main fragmentation involves the loss of CsHsX, and the dimer was 

cleaved only for X = I [836]. The spectra of nine complexes of the type 

[NiBr($-CsHs)L] were also recorded. The main process noted was the reversal 

of the reaction by which the complexes were made, leading to L and 

[{NiBr($-CaHs)},]. The relative strengths of the nickel-ligand bonds, derived 

from the mass spectrometric data, were compared with their influence on the 

selectivity of [Ni(@-C3H,)Lzl[PFsl as a catalyst for the 1,4-polymerisation 

of butadiene 18371. 

In [Ni(n3-C3Hs)LXl, where L is a chiral phosphine, there are chiral 

centres at both phosphorus and carbon, as well as the possibility of several 

accessible rotamers. The structure of [Ni(n3-C3HS)C1~PHe(CMe3)Usenthyl)ll, 

415, was established in a diffraction study, and its relevance to the 
enantioselective codimerisation of alkenes discussed [8381. 
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C8 

Cl7 

415 The molecular structure of [Ni(n*-CsHs)Cl{Pmenthyl(Me)CMes}] showing the 

arbitrary numbering scheme. The meso-carbon of the +-ally1 group is 

disordered at C21 and C22. (Reproduced with permission from 18381) 

The preparations and properties of a range of complexes 

[Ni(+CsHs)L,],[PFa] (L = P(OR)s; R = Et, CHMes, Ph. 2-He&H, or 2-PhCsH,) 

have been described. The electronic and steric effects of the ligands control 

both activity and selectivity in butadiene polymsrisation, although solvent 

effects are also important 18391. The species [Ni(Cp)Hl was generated by the 

reaction of MesCHHgCl with [NiCp,], followed by loss of propene from 

[Ni(CHMe,)Cpl. It reacted with cyclic 1,3-dienes to give ally1 complexes such 

as 418 [8401. 
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a ( \ 
Nkp 

416 

w-Ally1 nickel halide dimers supported on AlsO3 and activated by Lewis 

acids, preferably aluminium halides, are good catalysts for propene 

dimerisation. Wethylpentenes and hexene were obtained In a 3:l ratio. The 

supported system was both more active and more stable than the related 

homogeneous catalyst 18411. Other l-alkenes could also be dimerised [8421. 

Electrochemical reductive coupling of ally1 derivatives in the presence of 

[Ni(PPhs)J gave 1,5-hexadiene. A study of the reaction has revealed that the 

key Intermediate is a bis(ally1) nickel(I) complex, which is reduced 

electrochemlcally 18431. 

The complexes [N~(I?-C~H~)LJ[PF~I (L = PPhs, AsPhs, SbPhs, MeCN, We&NC 

or cod) are catalysts for the stereoselective 1,4polymerisation of butadlene. 

As the strength of the metal ligand bond was decreased, both activjty and 

cis-selectivity increased, due to a predominence of 411 over 418, the former 

leading to cfe and the latter to tram-products 18441. The complex 

[{NI(T\~-C~H~)(OOCCF~)}~I has also been used as a living coordination initiator 

for the polymerisation. The stereoselection could be djrected up to 99 X to 

glve either cis- or tram-product, by choice of additives and conditions 

[845]. 

417 418 

Reaction of [Ni(r+CH$MeCHs)al with HSiCle In toluene gave 2 moles of 

P-methylpropene and [Ni(SiCls)2(~6-C,~,~)l, providing an alternatlve 

synthesis to the metal atom reactions 18463. When [Ni(r\3-C3Hs)(PRR’2)Xl was 

reacted with [Ni(cdt)l and PRR’s, the product was 419. This could also be 

obtained, though In lawer yield, from reaction with [Nl(cod)sl or from 

t~Nl(n3-C3HI)Xl,l and [NI(C2H4)(PRR’,),I [8471. 
The reaction of 420 with 1-alkenes resulted In the displacement of ethene 

and the formation of the I-alkene complex. The nmr spectra of the propene and 

1-octene complexes were temperature dependent because of the valence 
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isomerisation in the phosphorus ligand, and alkene roation. Other ligands also 

displaced ethene. Reaction with a diene, CHs=C(R)-CH=CHs, resulted in 

Insertion into the nickel ally1 bond to give 421, characterised in a 

diffraction study [848]. 

A 
R'zRP-Ni,X/.i-PRR's 

419 

420 

421 (Reproduced with permission from 18481) 

A number of stoicheiometric reactions of nickel ally1 caAplexes have been 

used in organic syntheses. The coupling with an aryl iodide (reaction (28)) 

was used in the synthesis of the antheridium inducing factor of the fern 

Anemfs phy7lftidfs 18491, whilst reaction (29) was used in a synthesis of 

caryopterone [8501. The ally1 bromide 422 was converted to 423 by either 

INi( or [Ni(~od)~l, and reacted with 3-branomethylfuran to give a complex 

mixture of homo and cross-coupled products used in pheromone synthesis 18511. 
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0 

Mei!0 0 

0 

Mego 0 
OMe 

thf 
-15 (29) 

WBr 

422 

Nickel ally1 complexes 

423 

are Intermediates in a wide range of 

oligomerlsatlons, cooligonerisations and telomerisations, and some of the 

chemistry associated with these reactlons has again been investigated. 

Reaction of [NIL,1 with butadlene and CO, gave nickelacarboxylates, and the 

Influence of the llgands on the regfoselectivity was investigated [8521. 

Reaction of 424 wlth R,P resulted in the displacement of the tmeda ligand. 

Addition of 1,4-diazadlenes gave bls(dlazadiene) nickel complexes [853]. 

Reaction of [Ni(bipy)(cod)] with CO* and PhN=CH-CH=CHPh gave an equilibrium 

mixture of 425 and 426 [8541. The complex 427 was prepared by oxidative 

coupling of 2,3_dimethylbutadlene with COs and {L#l(O)}. The structure of 428 

was established in a diffraction study 18551. 

Reaction of either [Ni(cdt)(PRs)l or [Ni(cod)zl/PR, (R = Cy, CHMe, or 

OCsH,-2-Ph)) with two molar equivalents of butadiene gave 429, but with 

R= Ph, the main product was 430 at temperatures above -10 oC. Reactlon of 429 

(R = Cy) wfth CO or cod gave 4-ethenylcyclobexene, whereas addition of PPha 

caused decomposition to butadlene. Insertion reactions of alkynes were 

discussed 18561. 
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424 

426 

Ph 

(bipy)Ni A ‘0 0 

425 

427 

428 (Reproduced with permission from [8551) 



574 

429 430 

The mechanism of the reaction between [(NI(I?~-C~H~)X]~I and RX to give 

RCH,CH=CH* and NiXs has been studied. The reactlon appears to be very complex 

with competing pathways, but the first step is clearly an electron transfer 

reaction to give [RX]-* and tNi(III)(~3-CsH,)Xl+~ 18571. Reaction of 431 wlth 

RaP and CO gave 432. If the added phosphlne was chiral, then 432 was formed 

with a fair optical yield. The extent and direction of the optical yield 

depended on the concentration and nature of the chiral phosphine L8581. 

? (-Ni{Me\/ L * \ 
431 427 

A wide ranging review of palladium ally1 complexes, with particular 

relevance to their rOle in catalytic reactions has been publlshed [859]. The 

reader Is referred also to the section of this revlen which discusses the 

substitution of ally1 derivatives catalysed by palladium complexes. 

The structure of the cluster complex [PdzRhz('13-CeHs)2C1,(CO),(Y-tz)], 

433, ct.2 = 1,2,4-triazole), prepared from [Pdz(r+C,Hs)OCIZI, Htz and 

[Rh(acac)(C0)2], was established in a diffraction study 18601. 

There has been a stereochemical study of the formation of palladium ally1 

halide ccinplexes from alkenes, using CH2=CH-CHDR. The ratio of deuterium to 

protium loss was dictated by the. kinetic isotope effect, the data being 

consistent only with a stereospeclflc process. The hydrogen syn to the metal 

is lost from the alkene, with rate controlllng Insertlon of the palladlum into 

the C-H bond [861]. The effects of the sterlc bulk of the substituents on the 

formation of ally1 complexes from trisubstituted alkenes has also been 

examined 18621. The preparation of 435 from 434 (X = I or Br) was accomplished 

by treatment with palladlum black under ultrasonic irradiation 18631. 
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433 (Reproduced with permission from [SSOI) 

R’J/ X Ra 
d -PdX)z 

434 436 

Reaction of 436 with Li-LIPdC1+l gave 437, which could be reacted with 

Na[CHXYl (X = Y = CCCEt or CCMe or X = CCCEt, Y = COMe) to give 438 with good 

regio and stereoselectivity [884]. The reaction of 439 with PdCl, gave 140 

stereospecifically. Thermolysls of 440 gave 441, and mechanisms for the 

reactlons were proposed. Reactions with nucleophlles and phosphines were also 

investlgated (Scheme 15), and the structure of 442 deflned In a diffraction 

study 18651. 

MesSi-SiHes 

PdCl)s 

MeaS& 
Me2 Sivx 

Y 

436 437 438 

The cyclohexenes u3 [ass] and 444 18671 were converted to thefr palladium 

ally1 complexes, and reactions with nucleophiles studied. 
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PdCl 

Me3SiA PdC13, Cl,,,), -Me3SiCl MesSi A 

439 
SiMes - APdC1 - 

SiMe3 

PdCl 

SiMes 

PdCl 

, 

PdCl)n 
PdC1)2 

440 441 

440 PPhs 

Ph3p/Pd\Cl PdCl)2 

+ PPh3 
Ph3P'Pd\c1 

442 

440 PPhs/NaCCH(COOEt)zl (EtOnCIzCH SiMes 
thf 

44, PPhs/NaCCH(COOEt)zl (Et03CI3CH 
thf 

SiMe3 

Scheme 15 Mechanism of formatlon and reactions of some trimethylsllyl 

substituted palladium ally1 complexes 18681. 

Reaction of 445 with either PdCl3/Na[OCCtMel, or better with Li3[PdCl+], 

gave the dimeric palladium phenalenyl complex. This was converted to the 

monomer 446 using Tl[acac]. This a rare example of a palladium ally1 Co3WleX 

of a polycyllc aromatic hydrocarbon, and there Is no evidence for any dynamic 

behaviour I8581. 
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442 Non-hydrogen atoms are represented by thermal ellipsoids at 30 X 

probability, whereas temperature factors of hydrogen atoms are rrbltrarily 

reduced for clarity. (Reproduced with permission from [SSSI) 

A, MeOC0 
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There have been a number of reports of the preparation of palladium ally1 

complexes from dienes. For example, 1,4-disubstltuted 1,3-cyclohexadienes such 

as 447 gave a single Isaner of the ally1 complex on reaction with [PdCl,12-. 

However, other substitution patterns gave mixtures of isomers 18691. 

1,2-Dimethyl-1,4-cyclohexadiene reacted with [Pd(HeCN)2C121/MeDH/K[HC0sl to 

give 440. Under conditions of kinetic control, in the presence of base and at 

low temperature, 1,4-dimethyl-1,4-cyclohexadiene gave 449 as the major 

product, via 450. If the base is omitted, 460 undergoes acid catalysed 

isomerisation to the less hindered 451, which gives the thermodynamic product 

452. The authors concluded that the primary process was distal addition of 

palladium and methanol, followed by palladium migration with retention of 

stereochemistry 18701. 

+dC1)2 

447 

448 

0Me 

449 450 

Geranyl chloride reacted with palladium(O) to give an equilibrium (l.l:l) 

mixture of 453 and 454. When the mixture was treated with [Ag(MeCN)+]+ an 

equilibrating mixture of 465, 450 and 467 was obtained. Addition of ligands 

such as PPhe, bipy or tmeda allowed complexes of good isomeric purity to be 

obtained, and the donor/acceptor properties of the ligands influenced the 
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regiochemistry of a subsequent amination reaction 18711. 

451 452 

453 

% 
7 \ 

c,/pd\ 
J ’ 2 

454 

+Pd(MeCN)z 

456 457 

Complexes such as 458 were prepared by heating substituted butadienes in 

water with Li2[PdC1,1 [8721. In the reaction of B-myrcene, 459, with [PdClaLal 

in the presence of an alcohol and other solvent, the chemical and 

reglochemical outcome of the reaction was determined by the solvent mixture. 

In H,O/hmpa, 460 (R = H) was the major product, whilst 461 was .favoured by 

HaO/propanone. In pure methanol 462 was the main product. The reaction 

mechanism was discussed in detail 18731. 

OH 

+ 
R 

R’ 
PdCll2 

458 459 460 



(hCl)z 4 OMe 

Reaction of 463 with [PdC1412- In methanol gave 464 (X=Cl) 

stereospecifically. The related 464 (X = OCOMe) could be used as a catalyst 

for the enantloselective cyclisation of 465 [674]. 

463 464 

465 

The reaction of RlHgCl with the 1,4-diene 466 in the presence of 

LIz[PdC1,l gave 467 by the mechanism of Scheme 16. A slmllar reaction was 

noted for 1,5- and 1,6-dlenes, but 1,Foctadiene gave a mixture [675]. 

1,2,6_Heptatriene reacted with [PdCl,(ReCN),] to give an inseparable mixture 

of 466 and 469, the ratio between the complexes depending on the temparature 

of the reaction. A mechanism for the reaction was proposed (Scheme 17). 

1,2,6_Nonatriene gave no cyclised product, since it is unable to act as a 

chelating ligand [676]. 

The reaction of diketene with [PdCl,(PhCN),] was reported to yield 470, 

identified by ir and nmr spectrsocopy [877]. In the presence of ilater, 

palladium (II) catalysed diketene hydrolysis, the effecive catalyst Mng the 

initially formed 471 [878]. 
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Scheme 18 Formation of palladium ally1 complexes from 1,4-dienes [875]. 
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Scheme 17 Mechanism of reaction of palladium(I1) with 1,2,&heptatrlene [8821. 
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470 471 

The reaction of 472 with [PdCl,Lal In dichloromethane gave a mixture of 

473 and 474, 474 being the thermodynamic product. The complex 474 does not 

react with methanol, but if the ring opening is carried out in the presence of 

methanol, 473, 474 and 475 are obtained. This suggests that the product of the 

intital ring opening has carbocatlon character (perhaps 4761, and may be 

captured by solvent as well as halide [8791. The stereochemistry of the ring 

opening of 477 to 478 was studied 18801. In non-nucleophilic solvents 479 

reacted with [PdCl,(MeCN),] to give 480 and 481, the ratio between the 

products depending on the solvent. In alcohols, the products were 480 and 482. 

The stereochemistry of the reaction was studied in detail [881]. 

472 473 474 

PdC1)z 

PdC1)2 
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67 
(CHZ In-s PdCl)z 

479 480 

481 482 

Reaction of [PdCla(R)12-, prepared in sftu from RHgCl and [PdC1,12-, with 

ethenylcyclopropane resulted in initial addition across the double bond to 

yield 483. Ring opening of the cyclopropane gave 484, which was lsomerised in 

several steps to 485. Ethenyl and methylene cyclobutanes underwent related 

reactions [882]. 

PdClss- 
PdC1s2- 

PdC1)2 

483 484 485 

Ir spectroscopy and XPES were used to study palladium blacks prepared from 

ally1 palladium canplexes, [Pd(na-C,H,)L,l" (L = Cl, Cp or PPh,). The 

palladium oxidation state is close to zero, and the activity of the catalyst 

for the liquid phase hydrogenation of ethyne depended on the nature of the 

ligand in the starting complex [883]. The effect of the llgand on particle 
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size was also investigated 18841. The reduction of IPd(acac),l gave colloidal 

palladium particles which could be used as a catalyst for alkyne 

hydrogenation. It was noted that in anhydrous [Pd(acac)s] there is an 

interaction between the palladium and C(3) of an adjacent molecule [8853. A 

phosphor bronze sheet was immersed in xylene containing 

[{Pd(r?-CH,CMeCHs)Cl}s] at 120 oC to be coated with palladium 18861. 

The complex [{Pd($-CH,CMeCH,)Cl},] was mixed with Udel P-1700 and 

polysulphone polymer 5, and formed into a conducting film [8871. The complex 

also acted as a phase transfer agent to solubilse KOs in the reactlon which it 

promotes between oximes R1R2C=NOH and CH2C12 to give (R1R2C=N0)2CH2 [888]. 

The complex 486 was used as a paramagnetlc shift reagent analogue of a 

phosphlne ligand to elucidate the structure of palladium ally1 complexes. 

When the exchange reaction with the palladium ally1 halide dhner is rapid 

there are substantial shifts noted for both syn- and anti- protons [8891. The 

shift reagent data predicted that the terminal protons In 487 would be twisted 

out of the ally1 plane, a fact later confirmed by an X-ray diffraction study 

18901. 

A /i\ 
C1'pd\PPhs 

486 487 

The reaction of [{Pd(n3-CsHe)Cl}2] with a base, L, (L = lnosine, 

adenosine, guanoslne or cytosine) gave complexes of stoicheiometry 

[Pd(r?-C3Hs)ClL]. With adensoine, and an appropriate reactlon stoicheiometry, 

the brldged species 488 could also be obtatned 18911. When [Ni2(PNNP)212t 

(PNNPH = 489) was reacted with [{Pd(r+C,H,)Cl},l, 490 was obtlned in a metal 

transfer synthesis [892]. When the potentially N,Pbidentate ligand, 491, was 

added to [{Pd(n3-CH2CMeCH2)C1}2] the first product was the Pllgated species 

492, characterised in a diffraction study. The cationic P,IV-&elate complex 

was also prepared, and used as a catalyst for the oligomerisation of butadiene 

[893]. 

The chloro bridges in a range of palladium ally1 chloride dimers were 

replaced by [0212- In reactions with K02 18941. Reaction of [{Pd(n3-C3HelCl)21 

with less than one molar equivalent of SnCl, was reported to yield 

3-chloro-1-propene and a {Pd,Sn} cluster. With an excess of &Cl, and [Me,NlCl 

the product was reported to be D4e4Nl[Pd(~3-C3Hs)(SnC12)(SnC13)I (sic) [8951. 
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Restricted rotation and isoamrisation in 493 have been studied by 2H nmr 

spectroscopy 18961. The rotation of the R group in 494 was shown not to be 

free, for the side chains -CH,Cl, -CH20H, -CH,CMe or -CH$Ha, but this was not 

thought to be connected to any direct interaction between the metal and the 

side chain 18971. 2H nmr spectroscopic and PES data were reported for 495 

[SQS]. The preparation of 496 has been described, and spectroscopic data were 

reported I8991. 

, 

RJ./ CR2 R2 R’ 

/is 
PdCl)2 PdC1)2 

493 494 
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lH nmr spectroscopy at high pressure was used to study the reversible 

reaction between [{Pd(n3-CH2CHeCH,)C1),l and PPh, to give 

[Pd(n3-CH,CMeCH2)C1(PPh311. It was found that AV" at room temperature was 

close to zero, due to the cancelling of opposite volume contributions from 

partial bond cleavage in the dlmer, and association with the monomer. At 

higher temperatures the activation volume becomes slgniflcantly positive and 

brjdge cleavage is thought to be the dominant process under these condttions 

[9001. The exchange between the diastereoisomers 491 and 492, where PR, is a 

bulky phosphine, has been studled by 20 nmr spectroscopy. Two processes are 

occuring. The n3 + n1 -converslon may take place with only C-C bond rotation, 

or with both C-C and C-Pd rotation, both processes being slowed by the 

presence of a bulky phosphine 19011. 

PRs 

497 498 

Very detailed nmr spectroscopic studies have been undertaken on the 

reaction of 499, prepared from norcamphene, and PPh3. With 0.5 molar 

equivalents of PPh3, some starting material remained, and 500 and 601 were 

formed In the ratlo 1.3:1. With PPh3:Pd = 1, 500 and 501 were the exclusive 

products again In the ratio 1.3:1. When between 1 and 2 moles of PPh3 were 

added, fluxlonal nmr spectra were obtained at roan temperature. Cooling showed 

the presence of some 502, which was the exclusive product with a large excess 

of PPh3. However, there was also evidence for an equilibrium between 502 and 

503, which was strongly temperature dependent. The structure of the [PFal- 

salt, 504, was established in a diffraction study. The reaction of 

propanedioateanion proceeded with the same regiochemlstry for all the 

complexes, with attack at the less hindered exocyclic position, but attack of 



the harder nucleophile, PhLi, proceeded via the nmtal to give both possible 

regioisomers, in amounts which depended on the exact nature of the complex 

t9021. 

PdCl )z 

A+ 
499 

502 

PPha 

PPhs 

504 (Reproduced wfth permission from [9021) 

Treatment of SOS with Ag[BF4] In HeCN gave 506, characterlsed In a 

diffraction study. This revealed a remarkable coordination of the alkene, 

which forms an angle of 26 o to the coordination plane, and is thus much 

closer to the “In plane” geometry than the “upright” geometry. The ally1 group 

is tllted, both effects being due to the steric and geometric constraints of 
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chelation. Addition of strongly coordinating ligands displaces the alkene, and 

the system was considered as a model for butadiene ollgomerisation [903]. 

Reaction of [{Pd(n3-CsHs)Cl}sl with RsHH (R = Cl or Me; M = SI, Ge or Sn) 

resulted in initial oxidative addltion to give 507. Hydrogen transfer yielded 

508, which decomposed by a radical pathway 19041. 

505 508 

507 508 

Reductive ellmlnation from [Pd(Ar)(+CH2CRCH21Ll in the presence of an 

excess of L, gave CH,=C(R)CHaAr. A kinetic study showed that the rate of the 

reaction was independent of [Ll up to a concentration of 0.28 H, suggesting 

that the rate controlling step Is not dissoclatlon of L. The electron donor 

ability of L Is important, but insufficient, to explain the kinetic data 

19051. The reaction of EX with t(dppe)Pd(r+CH,CH=CHR)Arl gave CHa=CH(E)R and 

[PdMr)(dPwMl, whereas the reaction with the +complex, 

[Pd(Ar)(+CHaCHCHR)(PPhsll yielded ArE and [Pd(+CH&HCHR)(PPhslXl 

(EX = Brz, NBS, CaFsBr, or ally1 halides). The mechanisms of these processes 

were not well understood [908]. Additlon of PPhs to [Pd(ns-CHsCRCH,)(PPhs)R'l 

(R = H or Me, R' = Ph, R = H or Me, R' = CsHsCls-2,5) did not result in the 

formation of a new species, but the syn and anti-protons exchanged rapidly on 

the nmr spectroscopic timescale. This suggests that some 

cfs-[Pd{n'-CH,C(R)=CH2)(PPh,),(R')l may be formed, but it is probably not 

involved in catalysis Involving these complexes. However, when CHa=C(R"lCHPX 

iS added, CH2=C(R)CH2R' is rapidly formed, together with 

[Pd(+CH$R"CH,)(PPhs)Xl. The data presented were deemed to be consistent 

with the involvement of palladium(IV) intermedlates In palladium catalysed 

allylation reactlons 19071. 

Reaction of 509 with maleic anhydride in the presence of butadiene gave 

4-ethenyl cyclohexene and 1,3,6,11-dodecatriene. Reductive elimination from a 
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bls(ally1) palladium complex was thought to provlde the "naked" palladium 

species needed for butadiene ollgomerlsation 19081. When [{Pd(n3-C,tis)Cl},] 

was reacted with R3SnCH,CH=CH,, the product was a bls(ally1) palladium 

complex. Reductive ellmination to yield l,L-dienes was achieved only In the 

presence of malelc anhydride. The reaction could also be accomplished 

catalytically, but most yields were modest [909]. When Grlgnard reagents were 

substitututed for allyltin derivatives, yields were much improved, with 

head-to-head dimers predominating in most reactions of substituted allyls 

(reaction (30)) [910,911]. A study of the reductive elimination reactions of 

tPd(Ar](AsPh3)(n3-CsHs)l in the presence of alkenes, showed that the 

intermediate in the reaction was [Pd(alkene)(Ar)(d-C3Hs)l resulting from 

AsPh, displacement. The best rates were obtained with alkenes bearing electron 

withdrawing groups 19121. 

V 
c, -,*.w 

0 2) maleic anhydride 
"PdCl)z 

2.4 : 1 

The factors affecting the regiochemistry of the attack of 

palladium ally1 complexes have been investigated. The 3-methyl 

nucleophiles on 

butenyl complex 

reacts predominently with the anion of dlmethyl propanedloate at the more 

substituted site, but with the anion of diethyl propanedloate at the less 

substltuted position. The distribution of products in the stoicheiometric 

reaction Is similar to that in the related catalytic process. Both neutral and 

catlonic species were considered to be important, but r-?-complexes were not 

significant [913]. Reaction of 510 with 511 gave 512, as a mixture of 

stereoisomers [914]. 

Thermolysls of [Pd(~3-CsHs)(PPh3)P3+ gave [Pd(Ph)(PPh3)(PPh,CsH,)1+ vfs a 

carbon-phosphorus bond cleavage process [915]. 



510 511 512 

The general characteristics of asymmetric allylation using palladium ally1 

complexes have been investigated. snt+Disposed substituents on the 

inetermediate n-ally1 complex were the major source of the discrimination in 

the reaction [916]. The reactions of chiral complexes were studied in detail. 

Provided that the complexes 513 and 514 (PP = CHIRAPHOS) were in rapid 

equilibrium, successful asymmetric allylation could be achieved 19031. 

Reaction of 515 with Na[CH(CCCMe)2] gave 516 with inversion of 

stereochemistry, and good chirality transfer. The reaction of dimethylamine 

was similar, but with PhMgBr the reaction proceeded with lower specificity, 

but mainly retention of the configuration of the ally1 complex, this reaction 

proceeding vfa initial attack of the nucleophile at palladium 19181. 

513 514 

-“wPh 
PdC1)2 

Me*Ph 
&H(COOMe12 

515 516 

Reaction of [Pd(dba)al or [Pd(bipy)(dba)l with butadiene gave 517, which 

was unstable at temperatures above -20 oc in the absence of butadiene. 

Addition of dppe gave 518, the largest metallocycle thus far reported. 

Addition of DC1 to 518 gave 519, in contrast to the related nickel complexes, 



which cycllse readily [QlQl. The complex IPd(n3-CHaCMeCH2)21 

butadiene in the presence of PRs to give 520. The reactions of 

and their relationship to palladium catalysed oligomerisation 

dienes were noted [920]. The insertion reactions of 520 with 

studied [9211. 

591 

reacted with 

this complex, 

reactions of 

al kynes were 

,.,pe,Pda 

517 515 

D D 

519 520 

Reaction of the bis(ally1) complex, 521, with (He&H)sP gave 522. The 

latter reacted with CDs by insertion, and addition of HCl gave 523 19221. 

Under Pressure, 524 reacted with 2-methylpropene to give a mixture of 525 and 

526. Other insertion reactions were also discussed 19231. 

Pdchfacac) 

&+A+$ 
I 
Pdthfacac) 

(MenCH)sP, 
Pdthfacac-0,O) 

+Ad 
Pd(hfacac) 

521 522 

Ph PdCl)2 

523 524 

Complexes such as 527 could be opened to give palladium ally1 complexes, 
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at rates which depended on the nature of the substltuents on the azirine ring 

19241. 

+Y / 
525 

PdCl)z 

526 

R' 

527 

There has been contlnulng work on the reactions of palladium trimethylene 

methane wlth alkenes bearing electron withdrawing groups. Direct attack at the 

ally1 canplex occurred, in a distal manner [9251. The palladium complexes of 

trimethylene methane have been compared with those of other metals 19261. 

Reports on platinum ally1 complexes have, as always, been sparse. The lH 

nmr spectrum of tPtz(acac),(~1,~2-CsHs)21 was consistent with the structure 

established for the complex in the solid state. Data from a magnetisation 

tra$sfer experiment were consistent with palwise exchange of allyls 

(AC = 66 1 KJ mol-') m , consistent wdth the platinum atoms reversing their 

bonding to each ally1 group 19271. The complex E-[Pt(butenyl)(DIOP)I+ has been 

prepared from either [Pt(~3-CH2CHCHHe)(PPhs)2]+ or from [Pt(cod),l. The 

complex exists as an equilibrating mixture of diastereoisaners, the equilibria 

being followed by 31P nmr spectroscopy. Dlastereoiscmer exchange and E ti Z 

isunerlsatlon occurred vl'a o-ally1 complexes, and both processes were 

catalysed by PPh,. Dlastereoiscmer Interconversion was faster than 

isomerisation. The complex catalysed the reaction of E-CH3CH=CHCH,0COMe with 

Na[CH(COOMe),] to give a mixture of 528 (ee = 11 X) and 529 in the ratlo 4:l. 

Labelling experiments indicated that the ally1 was a true Intermediate in the 

reaction [9281. 

Reaction of tcne with P~OI~-C~H~)~I gave [Pt(CaHs)a(tcne)l, characterised 

by nmr spectroscopy at low temperature. Reactions of the complexes were 

studied and are shown In Scheme 18 [9291.. 
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CH(COOMe)z 

[Pt(CsHs 121 + tcne - 

I PPhs 
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\ 

+ tcne 

- NC 

Scheme 19 Reaction of bis ally1 platinum with tcne [929] 

10 METAL ALKYNE AND ALKYNYL CCMPLEXES 

The reactions of alkynes with metal atans including Ni, Pd and Pt, have 

been reviewed [930]. Catalytic and stoicheicmetric reactions of alkynes with 

nickel(I1) or palladium(I1) have been described L9311. 

The reaction of [Ni(CsH,)(PPhs)l with ethyne at temperatures between 

-78 oc and -60 oC gave [(C~H,)(PhsP)Ni(~CzHz)Ni(CzH,)(PPhs)l. At temperatures 

above -30 oc this decomposed to give [Ni(CsHs)(PPhs)al, 523, stable in the 

solid state 19321. 
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530 (Reproduced with permission from 19321) 

Displacement of ethene by alkynes from [Ni(C,H,)L,l was readily 

accomplished with a wide range of alkynes bearing CHsNRz substituents [9331. 

Reactions of alkynes with [Ni(C,H,)(PWe,),l or [Ni(C,H,)(dmpe)l were also 

studied, and [Ni(CpPh,)(dmpe)l was characterised in a diffraction study [9341. 

The cyclooctadiene ligand in [Ni(cod)(dad)] (dad = diatadiene) could be 

substituted by alkynes, and 531 was characterised in a diffraction study 

r9351. With appropriate alkynes diazadienes could be displaced from 

bistdiaradiene) complexes [936]. 

The complex K,[Ni(CN),] is extremely insoluble in solvents with which it 

does not react, but in the presence of PhC=CPh and 18-crown-6 the species 

[K(18C6)12[Ni(CNlz(PhCmCPh)l was formed, the first organometallic derivative 

from [Ni(CN),l'- to be isolated. 3-Hexyne gave a similar derivative, but in 

this case the product was unstable [9371. 

The dehydroannulene complex, 532, (prepared from [Ni(cod)s] and the 

dehydroannulene ligand) was shown in a diffraction study to stack in a manner 

reminiscent of TTF/TCNQ or undoped nickel phthalocyanine. It was noted that 

there was a very low distortion from linearity in the alkyne, possibly imposed 

by the rigid structure [938]. Reaction of 533 with sodium amalgam gave 

[Ni(benzyne)(dcpe)], 534, characterised in a diffraction study. The "alkyne" 

carbon-carbon bond is somewhat longer than in alkyne nickel(O) complexes. 

Reactions of the complex with a range of nucleophiles were discussed 19391. 
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Reaction of [NiBr(Cp)(PPh,)] with RC=CR' (R = Ph, R' = H or Ph) gave a species 

of stoicheiometry {(NiCp),(RC*CR')}. The structure of the product was not 

definitievely established, but it seems likely that the alkyne is bridging the 

two nickel centres 19401. 

531 SCHAKAL plot of the molecular structure of [(Ni(dad)(HOCH,C=CCH,OH)l. 

(Reproduced with permission from 19351) 

532 533 

There have been several reports of nickel alkyne cluster complexes. When 

[N~OS,!C~)~(CP)(~H),I reacted with PhaP-CM-CHHe, the product was 

[NiOss(CO)e(Cp)(u-H)s(PhzP-C=C-CHMeF(e2)l, 535, which reacted with [Co,(CO),l to 

give 536 19411. 

The complex [NiaCp,(CaPha)] reacted with [RUDER] under a hydrogen 

atmosphere to give [N1,Rus(CO)e(~C0)2(Cp)~~~,,~z-C,Ph,)l, 537, as well as 

other products. An X-ray diffraction study showed the complex to have a square 

pyramidal arrangement of the metal atoms, with Ph-CIC-Ph coordinated in a 

o-manner to a basal plane nickel, and m-bonded to ruthenium [942]. The 
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reaction of [NiRus(C(,,n2-C=CNCMea)(CO)e(Cp)(U-HI] with alkynes gave complex 

mixtures of organic products, including oligomers, products of carbon-carbon 

cleavage and hydrogenolysis, and metathesis products [9431. 

534 Molecular structure of [Ni(n2-C,H,)(Cy2PCH2CH2PCy2)]. Thermal ellipsoids 

depict 30 X probability surfaces. Methylene and methine hydrogen atoms of the 

phosphine ligand have been omitted for clarity. (Reproduced with permisslon 

from 19391) 

The structure of [Fe2Ni2(CO)s(Cp),(Cr,-n2-C2Ph2)] has been established in a 

diffraction study. The two iron and two nickel atoms adopt a slightly 

distorted square planar arrangement with the alkyne interacting with all four 

metals. Reactivity was discussed; Lewis acidity was associated with the 

unsaturated nature of the cluster, and cluster expansion was also investigated 

involving reactions which generated pentametallic complexes vfa completion of 

the pentagonal bipyramid 19441. 

Reaction of Li2[W(CO),(PPh2),l with [H(PPha)2X21 gave 

[(CO),W(U-PPh2)2H(PPh,)l (H = Ni, Pd or Pt). The platinum and palladium 

complexes (R = H or COORe) reacted with RCWCCOOMe to give 

[(OC),W(~PPh)2)2M(RCICCOOMe)], with 538 characterised in an X-ray diffraction 

study [945]. 
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535 (Reproduced with permission from [941]) 

Reaction of [Pt(cyclohexyne]Lal with chelating biphosphlnes (%e, dfvw or 
dppb] resulted In the displacement of L. When treated with HY, 539 was formed 

19461. In the polymer [{PtLXs}o] (L = 540) L was said to be coordinated to 

platinum at both the alkyne and alkene, but the evidence was weak [947]. 

The structures of [PtLa(RC=CR)l, IPt2L4(~RC~CR)I and related higher 

oligomers were investigated theoretically 19481. 

New routes have been developed for the preparation of o-alkynyl complexes 

of nickel. Reaction of [NICl(Cp)(PPhs)l with PhCWCH in the presence of CuI and 

EtsN gave [Ni(C=CPh)(Cp)(PPhs)] in good yield, the procedure being more 

convenient that that previously reported using a Grignard reagent [949]. 

The reaction of [PdCla(dppe]l with HeaSn(C=CR), gave [PdCl(dppe](SnMe,Cl)l 

and RC=C-C=CR. The palladium species could be converted to 

[Pd(C=CR)(dppe)(SnHe,Cl)] by a further molar equivalent of the tin reagent. 

The initial reaction is supposed to proceed via oxidative addition of a 

tin-carbon bond to palladium to give 541, which rearranged to 542, followed by 

reductive ellminatlon 19501. 
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6) 

536 (Reproduced with permlssion from [941]) 

WPES data have been presented for Vans-[M(PEts),X,] (M = Pd or Pt; 

x= C=CH or C=CHe), and compared wlth Hartree-Fock-Slater MO calculations. The 

upper valence bands were assigned In good agreement with the calculations. 

There was a strong n-interaction between the metal and the filled alkynyl 

orbitals both in and out of the plane, but no slgnlflcant metal to ligand back 

bonding 19511. 

Reactlon between [M(C&H)s(PRs)s] and [MCl,(PRs)sl In the presence of CuCl 

and E&NH gave [H(C=CH)Cl(PBus)s] for R = Bu, but with R = Me the dlmer, 543 

was formed, and further reactions inveslgated 19521. A new series of liquid 

crystalline materials containing metal atoms, such as 544 and 545 have been 

prepared. These form liquid crystals in concentrated trlchloroethene 

solutions, and 31P nmr spectrsocopic data suggested that the polymer molecules 

respond to the magnetic ffeld, and align perpendicular to the applied field 

19531. Optical transitions under high Pressure were recorded for 546 (I4 = Pd 
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or Pt) at room temperature and 77 K. There were three emission bands the 

highest energy one being due to the excitation of the MLCT in the UV region of 

the spectrum. This excitation energy could be transferred to the anthracene 

moiety, which then gave rlse to the other two bands [9541. 

537 Molecular structure of the complex [Ni,Ru3(CO)s(ctCO),(Cp),(~,-~2-C2Ph2)] 

showing approximately C, symmetry. (Reproduced with permission from [942]) 

A range of reactions have been used to prepare [Pt(C=CR12L2] from the 

alkynes. In general these have involved displacement of a hallde or other 

anions by the acetyllde anion. Conditions were found In which halides could be 

displaced by acetylenic alcohols, without dehydration. The structure of 547 

was established [955]. The oxalate anion could also be displaced from 

[Pt(C20,1(dppell by the anion of PhC=CH. In oxalic acid, [Pt(C=CPh),(dppm)l 

was rearranged to glve cis,cis[Pt2(C=CPh),(~dppm)21 [956]. 

The complex cfs-[Pt(C=CPh)2(PMePh2)2] could be prepared either from 

cis[PtC12(PMePh2)2], and phenylethyne in the presence of NaOEt, or by 

reaction of cfs[PtCl,(CO)Ll with (PhC=C12Hg to give cis-[Pt(C=CPh),(CO)Ll, 

followed by displacement of CO with L. [Au(C=CPh)(PPh,)] was also used as a 

transfer agent for phenylethyne r9571. It was established that 

Au(I) > Hg(II) > Pt(I1) in transferring alkynyl groups. The stereochemistry of 

several reactions of this type was studled in detail 19561. A single isomer of 
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the mixed complex [Pt(C=CR)(C=CR')(CO)Ll could be prepared by react 

with Hg(C=CR')2 19593. 

ion of 548 

, , 
535 An ORTEP drawing of [(C0)4W(kPPh,),Pt(MeO$X=CCO,Me)]. For clarity only 

the phenyl carbon atoms attached to phosphorus are shown. (Reproduced with 

permission from [945]) 
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The rearrangement of [Pt(C=CR),(dppm)l, (R q  H, Me, Ph or Me,) prepared 

from the chloride and Me2Sn(C=CR) *, to give trans,tr8ns[Ptz(C=CR),(Ltdppm),] 

was catalysed by phosphines [9601. In a more extensive study, Puddephatt 

showed that the outcome of such reactlons was crucially dependent on the 
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substituents on the bridging phosphine. When the alkyne was propyne, the dppm 

derivative gave only the trsns,trensccnnplex, but the dmpm complex gave only 

the cis,cis-isomer. The depm derivative gave a mixture of all the possible 

isomers 19611. 

The reaction of trens-[Pt(C=CR),(dppmP),l with transc[PtCl(H)(PPh,),] 

gave [Pt,(C.CR),(~dppm)~(~H)lCl in good yield. This could be deprotonated 

with an alkoxlde base to give [Pt,(CWCR),(~dppm),], and further reactions of 

this species with CSa, SOa or MeOeCC=CCO#te 'to give A-frame complexes were 

studied [962]. When [PtzM-dppmM4ezl[BF,l, was reacted with propyne in 

propanone, the product was 549, a rare example of a complex in which the 

alkyne is synmnetrically bonded in a u,+manner. Reaction of 

[Pt(dppm-P,P')zlCla with propyne and silver ethanoate gave 

[{Pt~C~CHe~C1l~~dppn)zAgC1l, which reacted with [Rh,Cla(CO),l to give 

[EPt(C~CHe)ClJ(~dppnr),Rh(CO)l+, the structure of the [PF,] salt, 550, being 

established in a diffraction study. In this case the alkyne is bonded in a 

o-fashion to platinum, and n-bonded to rhodium. The reason for the difference 

from 549 is thought to be electronic in origin, and the high transinfluence 

of the methyl groups weakens the o,n-bonding mode of the alkyne [963]. 

Fluxional behaviour of this and related rhodium carbonyl complexes was 

investigated. Reaction of [Pt(CWCR),(dppm-P),] with [Rh,Cl,(coe),l gave a 

complex formulated as [(RC=C)Pt@-dppm),(o,r\Z-C=CR)RhCl], but the complex 

could not be successfully purified. Rhodium also readily replaced silver or 

mercury from species such as [(RC*C)2Pt(~dppm)2HgC121 or 

[Cl(RC=C)Pt(~dppm),AgCl] 19641. 

Reaction of the complex tr8n~[Pt(C=CR)2(dppmP)zl with AgX gave 

[(RC=C>2Pt(~dppm)2AglIXl for X = [NO31 or [PFel, and [{(Ph,P)AgX),l could be 

used in the same way for X = Cl or I. Related reactions of copper and gold 

complexes were aslo studied [965]. Reaction with [W(CO),(NCMe),] gave 

[(RC~C)Pt(UCsCR)(~dppm)2W(CO),l, 551, and [Pt2(C=CR),(rr-dppm),l. The related 

molybdenum complex could be obtained from Dlo(CO),(cod)l or 

[Ho(CO)j(cycloheptatriene)], but yields were low. Better yields were obtained 

by a metal exchange reaction with [(RC=C),Pt(~dppm),AgXl, and by this route 

the chromium complex was also succesfully prepared. Protonation with CFsCOOH 

was reversible, giving [(RC=C)Pt(U-C=CHR)(~dppm)2W(CO)~lt. The structure of 

551 was established in a diffraction study. The triple bond was shown to be 

perpendicular to the (PtP4W) plane, with a short Pt-C distance and a longer 

W-C interaction 19661. 
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549 Molecular structure of the [Pt2(~n1-CICHe)(VdpPn)2Me21' cation in 

[Ptz(~-d-C=CMe)(L1-dppm)+HeZl[BF41. (Reproduced with per?niSSiOn from [9631) 

550 Molecular structure of a [ClPt(ya-rr-C=CC(e)(C1-dppm),Rh(CO)]+ cation In 

[CIPt(Va-rr-CtCFle)(~dppn)pRh(CO)JIPFs]. The asymmetrlc unit in the crystal 

structure comprises two vitoally ldentlcal catlons and two [PFs]' anions. 

(Reproduced with pennisslon from [963]) 

Rcfmmces p. 16’7 



551 (Reproduced with permission from [9661) 

When tran~[Pt(C=CH)z(PHezPh)zl was treated with fW2(OCMes)sl, 

2-methyl-2-propanol and trsn~~Pt(C=CH~{C~W~(OCMes)s}~PHe2Ph~21 were obtained. 

Further addition of [W,(OCMes)sl gave trans-[Pt~CzWz(OCMes)s~~~~e~Ph)zl, 552, 

characterised in a diffraction study. The CsWa unit is planar and roughly 

perpendicular to the PtPsCs plane. The Pt-C distances are consistent with 

single and the C-C and W-W distances with double bonds 19671. 

The reaction of tran~[Pt(C=CR)z(PEts)21 with R'Li (R q  Me, BU or Ph; 

R' = Bu, Ph or CMes) in hydrocarbon solvents, gave 

[pt,(C=CR),(PEt,),(R'),(~Li)z], 553. In the presence of better donors such as 

Et,0 or thf the product was tran~tPt(CiCR)z(PEts)R'l- t9681. 

Platinum complexes of phosphaalkynes have been reviewed [9691. RC-P may 

act as a 2,4 or 6-electron donor in its complexes with transition metals. The 

complex [Pt(dppe)(MesCC=P)l, in which the phosphalkyne is I-?-bonded, reacted 

with [Fes(CO)s] or [Fes(CO),al to give [PtFe,(dppe)(CO)s(MeaCC=PIl, 554. In 

this structure the phosphorus atom of the phosphalkyne is coordinated to all 

three metals, and the phosphorus-carbon bond length is typical of a doubly 

bonded species [970]. When [Pt(PPhs)s(MeeCC=P)l was reacted with tPd(PPhsI41 

the product was [Pd,Pt,(PPh,)s(MeaCC=PIsl, 555. The metals are arranged in a 



trigonal bipyramid with palladium axial and platinum equatorial, each metal 

bearing one PPha ligand. The phosphaalkynes are bridging, so that the 

structure has overall Cs symmetry, in accord with predictions made on the 

basis of the cluster condensation generalisation Lg711. 

P(6’) 

552 A ball and stick view of the central tr8ns-{PtP,(C2W20s)2} moiety of the 

centrosynmnetric trans-[Pt{C,Wz(OCHe,)s)z(PHe2Ph)21 molecule looking nearly 

down the P-Pt-P axis showlng the planar PtCaWa unit. (Reproduced with 

permission from Lg531) 

R R 

553 
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554 Molecular structure of [FezPt(CO)e(dPPe)(Me,CC=P)l. (Reproduced with 

permlsslon from [9701) 

555 (Reproduced with permission from [971]) 
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11 COMPLEXES OF DELOCALISED CARBOCYCLIC SYSTEMS 

The complex of stolcheiometry {Nl(CsPh,)(CO)Br) was orjglnally formulated 

as a dlmer, and later as a monomer. An X-ray diffraction study has now 

established its dimerdc structure, 556 19721. 

556 Perspective view of [{NiBr(CO)(CsPhs)),l: ORTEP drawing with 30 X 

probability ellipsoids. (Reproduced with perdSSiOn from [9721) 

There has been a theoretical study of the stereochemistry and reaCtiOn 

path for ring whizzing 4n cyclic die {ML,(polyene)} complexes. Extended Huckel 

calculations were performed for [Pt(CsH,)(PHs)sl+, [Ni(C,H,)(PHs)sl, and 

[Ni(C,H,)(CO)al [9731. The cation 557 (R = H) was readily lithiated using 

BuLi, and then reacted with trans[PtC1Z(PBu3)21 to give 558 [9741. 

Cl 
R 

p\ 

BuaP-6t40u3 
0 

N(CHMes)s p\ 
0 

(MesCHJsN 
(MesCH)sN N(CHMes)s 

557 558 

There has been a theoretlcal study of the rearrangenemt of {MLs) groups 

from one coordination site to another in {ML,(polyene)} complexes. Among the 

species considered were [NI(C4H4)WHs)sl, ~NI(c~H~)(co)~I and Pt(UNp(C~)l- 
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L9751. The electrochemical reduction of [Ni(r\4-C4R4)(nb-CsR's~l+ (R = Me or 

Ph; R' = H or He) was studied by CV, chronopotentiometry and 

chronoamperometry. A reversible l-electron reduction to give a 19-electron 

species was noted when R = Ph, R' = H or Me, but this was irreversible for 

R q  Me [9761. 

Reaction of the complex INiBr,(C4Ph4)l with successively Me&i 

and EtsP gave [N1(C4Ph4)(PEts)al, 559. Carbonylation of 559 gave 

octaphenylcyclooctatetraene, and reaction with alkynes gave arenes. The 

relationship of these Processes to the Reppe reaction was discussed 19771. The 

complex 560 was isolable in significant amounts from the cyclotrimerisation of 

3-hexyne in the presence of NiXs/Mg/thf [9781. 

559 (Reproduced with Permission from [9771) 

NiXz 

Reaction of with gave 



609 

~Pt~~~C1~s~C,He~Ph~~l~PtC1,~CO~l, characterised spectroscopically. When 

treated with [Et,N]Cl in MeCN, [Pt$1s(C4MeoPha)21 was formed. Monomeric 

species [PtClz(C4PhzMes)Ll could be obtained on addition of a suitable ligand, 

and 561 was characterised in a diffraction study. The geometry at platinum was 

distorted tetrahedral, and the four membered ring was not symmetrically 

coordinated in the solid state, though the solution structure seems to be more 

symmetric [9791. 

CtlPhP) 

561 View of the coordination around the platinum atom projected along a 

normal to the cb plane. The phenyl rings of the phosphlne are omitted for 

clarity. (Reproduced with permission from 19791). 

The photochemistry of metallocenes, including [NiCp,], has been reviewed 

19801. Hartree Fock calculations have been undertaken on selected sandwich and 

half sandwich ccmpounds, including [NiCpsl and [Ni(Cp)(NO)l. The errors in 

computed metal-ligand distances were compared to determine the type of 

correlation effects which are important In a discussion of bonding. It was 

concluded that charge transfer effects were much more important than ring-ring 

dlspersion forces [gal]. The far UV spectra of the metallocenes [MCp,] 

04 = Ni, Fe or Co) were recorded In the vapour phase. It was suggested that 

the Rydberg bands originating with the metal 3d and ligand n-orbitals made 

significant contributions to the spectra [982]. Orbital reorganlsation 

energies in the PE spectra of 15 transition metal complexes, including 

References P. 161 
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[Ni(Cp)(NG)l, were determined by means of the Green’s function formalism. The 

results were compared with experlmental data (9831. The band structures of 11 

one dimenslonal poly-decker sandwich compounds, including nickel complexes of 

Cp and/or n5-BsH5 were studled using the semlempirlcal crystal orbital 

procedure based on the IN00 approach 19841. 

Films of nickel suitable for soldering and <2-3 M thick were deposited by 

thermal dissociation of [NICp21 in a hydrogen containing atmosphere [9851. 

Joining of hcmnogeneous porous ceramics was accomplished by metalising the 

surfaces to be joined by pyrolysls of [Ni(arene)sl followed by welding in 

vacuum [9861. In a thermodynamic study of the thermal decomposition and 

hydrogenation of metallocenes, nickelocene was shown to be the least resistant 

to decomposition of the series 19871. There has been a gas chromatographic 

study of the products of hydrogenation of [N+Cpsl during nickel coating of 

quartz units [9881. Tetrakls(ally1) molybdenum in pentane was abosrbed onto 

alumina, the pentane removed and the material treated with hdrogen at 600 OC 

for 16 h. Further treatment with [NiCp,] led to the preparation of a mixed 

metal catalyst for hydrogenation [SSS]. 

The complexes [NiCp,] and [FeCpsl have pseudoisomorphous structures at 

room temperature, but only ferrocene undergoes a second order phase 

tranformation on cooling [SSOI. The structure of [NiCp(dppp)lz[B~zH171 has 

been established; the six-membered ring adopts a boat conformation [9911. 

Reaction of [NlCl(Cp)(PPhs)] with Cs[GeClsl gave [Ni(Cp)(GeCls)(PPhsll, 562. 

’ There was shown to be some indication of localised bonding in the Cp ligand, 

which deviates from planarity 19921. 

The standard heat of sublimation of [NICpsl was established as 

70.2 kJ mol-‘, and the entropy of sublimation as 144.4 J mol-’ [9931. 

lssHg nmr spectroscopic parameters were established for 

[HgI(~S-C~)(GePhs)NiHgOePhs)~l [9941. Spect roscoplc properties of 

[Ni(n5-RCsH,lsl (R = H, Me, Et, Bu or PhCHsl have been reported [9951. Two 

photon ionisatlon of saturated vapours of organic compounds Including [NiCpsl 

has been Investigated. This technique allows one greatly to decrease the 

radiation exposure and to obtain laser tracks with practically any 

distribution of energies 19961. 

The species [MgCpsl was prepared electroc~lcally in various SProtic 

solvents, and used in preparatlons of [NiCppl and [NiCpMO11 [9971. 

Electrolysis of a cyclopentadiene solution at a nickel anode, followed by 

treatment with NO gave [Ni(Cp)(NG)l in low yield 19981. Reaction of [H(SCSClzl 

(H = Fe, co or Ni) with Cp*Li gave [W(acac)Cp*] [QQQI. In the nickel series, a 

further reaction with CpNa gave [NICpCp*l, whilst treatment with MeMgI under 

an atmosphere of CO yielded [Ni(CO1(Cp*)(Me)l as an unstable Violet liquid 
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[lOOOl. The complex [Nit+-CsH&l),l was prepared frcm [NiBr,(dme)l and the 

thallium chlorocyclopentadienide [lOOll. With Cp*Li, at -10 oC, [Ni(dm)Xpl 

gave [{NiCp*X},] which could be further reacted with a range of donor ligands 

to give species such as [Ni(Cp*)(PPhs)Xl or [Ni(cod3(Cp*)l+ [10021. Treatment 

of [Ni(cod)sl with Cp,Zn in the presence of PPh, gave 

t(Cp2n),(L1-Cp)(CI-Ni(Cp)(PPhB)}I, 663, in which two (CpZn) units are bridged by 

the nickel of {Ni(Cp)(PPhs)) and a Cp. The mechanism for the reaction was 

discussed [1003]. 

562 Structure of [Ni(Cp)(GeCl,)(PPhs)l; hydrogen atoms and benzene of 

crystallisation have been anitted for clarity. (Reproduced with permission 

from [9771) 

A series of salts [NiCp(PPhs)nln[B,7Xml (X = H or Cl) were prepared by 

reaction of INiCl(Cp)(PPhs)l with [Et,NlX in the presence of PPhs at room 

temperature [10041. Related dppe derivatives wBre also prepared t10051. 

Reaction of tNiCp@Me,),l[BF,I with RpNCHzCHzNRz gave the stable species 

~CPN~(R,NCH,CH~NR,)I[BF,I, the chemical and spectroscopic properties of which 

were discussed 110061. The complex [NiCp(n'-cyclopentadiene)l[BF,l reacted 

with AsMes with the displacement of the diene to give [Ni(A~Fles)~(Cp)l[BF~l, 

which on treatment with halide, X-, yielded the neutral species 

[Ni(A~Cles)(Cp)Xl 110071. Reaction of [NiBr(Cp)(PPhs)l with T1[BF4] in the 

Presence of PCyB yielded [Ni(Cp)(PCys)(PPhs)l[BF41. Sodium amalgam reduction 

of such complexes gave the unstable INiI(Cp)L,l, whilst carbonylation yielded 
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[~Ni(CO)(Cp)121 [10081. Reaction of [UJpNi(CC)l,l with [Cp,FeXl in the 

Presence Of a ligand, L, gave [CpN1L21X [lOOQl. 

Cl 

C(63) C(51) C(52) 

563 PLUTO drawing of tCpsZn,Ni(Cp)(PPh,)l. (Reproduced with permisslon from 

[9873) 

Halide was displaced from [NiCl(Cp)(PPh,)l by PhSCH,Li to give 

[Ni(n'-CHeSPh)(Cp)(PPhsIl as green crystals. Protonation yielded PhSMe. With 

[NICpsl and PhSCHsLi fn the presence of PPh s, the same complex was obtained, 

together with small amounts of [NiCp(PPhs)(SPh)l and [{N1Cp(SPh)}2], this 

latter being the major product in the absence of PPhs [lOlO]. The synthesis of 

[NlCp{Me,P(S)P(S)Me,)1 and the related anion have been described. Reaction 

with [NisC~sl gave a weakly paramegnetic species, 564. A temperature dependent 

singlet-trlplet spin equilibrium was observed, essentially localised on the 

{N%pSs) unit [lOllI. 
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The 17-electron vanadium(O) complex, [V(CO),:, was oxidised to the 

18-electron vanadium(I) species, [V(CO),(Cp)l, by [NiCp,l, the other product 

being [Ni(CO),l [1012]. The reduction of [NiCpa] has been studied by CV. One 

l-electron irreversible reduction, and one reversible l-electron oxidation 

were noted at room temperature. A further l-electron oxidation was 

irreversible at room temperature, but reversible at low temperature. In the 

reduction process the inittal product is [NiCp,]-, which decomposes to give 

Cp- and {NiCp), the latter being stabllised by thf coordi,nation, or further 

reduced and trapped by CO to give [Ni(CO)(Cp)]-. High pressure of CO resulted 

In the formation of [Ni(CO),] [1013]. A species derived from [NiCp2] and 

Li[AlH,l was used to cleave carbon-sulphur bonds in thiols, sulphides and 

thioacetals, but the active species was not fully characterised [10141. 

The reactions of organometallics with XeFs In the presence and the absence 

of air has been studied. Amon9 the complexes investlgated were 

[Ni(ns-CsH,SiMes)21 and [Ni(CH2=CHSIMe,)(PPh,)2], both of which gave rise to 

low intensity chemlluminescence [1015]. 

The complexes [Ni(Cp>(L)(PRs)I[BF41 (L = SMes or HesP=S) were stabilised 

when the phosphine was bulky. A range of substitution reactlons was discussed 

[10151. There had been previously demonstrated a reversible reactlon between 

[NiCp,] and an appropriate ligand, L, in the presence of LiI to give 

[N+(+CP)(CP)LI, and a number of such species were characterlsed. Now 

reactions giving rlse directly to [NiCpI(L)] (L = PR,, AsRs or SbMes), or 

[Ni(Cp)(LL)II uslng a chelating llgand, LL, (LL = R2PCHsCH2PR2) are reported 

[10171. 

Reaction of [NiCp,] with tetracyclone at 170 oC In the melt gave 

bis(tetracyclonelnicke1 together with small amounts of 555 and 555. It is 

likely that 555 is an intermediate in the reduction of tetracyclone to 555, 

since either its reaction with [NlCp,l or thermolysis gave mainly 555 [10181. 

When [NiCp(nbd)l[BF,l was treated with MesP, the product was 

[Ni(C,HePMes)(Cp)l[BF,l, 557. This disproportlonated quite readily to give the 

starting material and [Ni(Cp)(PMes)21CBF41 [10191. 
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There have been many reports of the involvement of {NiCp} units in cluster 

ccanplexes. The complex [{Ni(Cp)(PH2)}sl crystallised in the rhomohedral space 

group R3. the six-membered (NisPs} ring adopted a chair conformation and the 

cyclopentadienyl ligands were disordered [1020]. Reaction of [NiCp,l with 

either [ReC1(CO)s] or [Mo(CO),04eCN),l resulted in the formation of 

[Nis(CO),(Cp),], characterised in a diffraction study. The nickel atoms form 

an equilateral triangle wlth Csk symmetry. The lntermedlate proposed In the 

rhenium series was [Ni(Cp)(~'li-Cp)(~C1)Re(CO)sl [10211. When [NiCp,l was 

treated wlth [RNOaH][BF,] in the presence of acid, the product was the 

triple-deacker sandwich, [Ni2Cp31 [BF,l. A mechanism was proposed for the 

reaction [1022]. 

A range of reactions between [HCpJ and H'L have been studied in the gas 

phase. With nickelocene the main processes were ligand displacement and metal 

switching. This allowed the determination of limits for the values of 

ionisatjon potentials, AH(formation) of complexes, and scnne bond energies. 

Secondary reactions were also discussed, including those of {CoNiCp,} and 

{FeNiCp,} [10231. 

The reaction of [Co3(CO)&Rl with [NiCp,l gave [N~CO,(CO)~(CP)(~~~-CR)I, 

which reacted further with [Fe2(CO),l to give [Co,FeNi(Cp)(CO)sCRl. 

Replacement of both cobalt atoms by nickel was achieved in 

[CoPMo(CO),(Cp)(~-CR)l using [NiCp21, but with [{Ni(CO)(Cp)121 only a single 

replacement was accoinpllshed [1024]. A metal exchange reaction was also 

reported for one of the cobalt atoms in [Co,(CO),,(GeR)21, to give 568 

characterised in a diffraction study [1025]. Reaction of 
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[Co,Mo(CO),(Cp)(~,-GeR)] with [{Ni(CO](Cp]],l resulted in the replacement of 

one of the cobalt atoms of the cluster [10261. When the phospaalkyne Me,CC=P 

was reacted with [{Ni(CO)(Cp)},] the product was the tetrahedral cluster 569. 

With [Coa(CO)s(MeaCC=P)] the product was the heteronuclear tetrahedral species 

570, which could also be obtained by reaction of [Co,(CO)e] with 

[{Ni(CO)(Cp)},] followed by treatment with the phosphaalkyne. The phospaalkyne 

could not, however, displace an alkyne from the related alkyne derivative 

[1027]. 

-I-- 

568 (Reproduced with Permission from [10251) 

7\ 
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Some similar reactions of [NiCp,] with iron clusters have also been noted. 

Reaction with 571 gave 572 and 573. The bridging hydride in 572 could be 

readily replaced by (Au(PPhs]] by reaction with kH followed by [AIJ(R,P]X] 

[10281. The reaction of [Ni$p,{HaCC(=CHs]CH3]l with [H3(CO)121 04 = Fe or Ru) 

under a hydrogen atmosphere gave [FeeNi&,HC(=CH,)CH,(CO)B(Cp),l, 574, 

characterised In a diffraction study. In thls complex, the alkyne interacts 

with all the metal centres through either Q- or n-bonds [1029]. 
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CP 

573 

C114) 

574 View of the molecular structure of [Fe,Ni,{C2(H>C(=CH,)CH,}(CO>G(CP),l 

showing the atomic numbering scheme. (Reproduced with permisslon from [lo1311 

When [Fes(CO)sl was allowed to react with [HM'(PhCWCOOCHMe2)l the square 

Pyramidal chira? cluster [FeMM'(CO),(PhC*CCOOCHMe2)] was formed (M = {NiCp}, 

H' = {Ho(CO)s(Cp)}, {Co(CO)s} or {NiCp)). The derivative for which H' = {NiCp} 

racemises on the nmr spectroscopic timescale, whilst in the other cases the 

diastereoisomers interconvert. The mechanisms of the rearrangement reactions 

were discussed in detail, and all the structures were established in 

diffraction studies rio301. The bridged alkyne complex 

[Fe,&-n2-C=CPh)(CO),(uPPh2)l reacted with [04i(‘33)(C~)1,1 to give 

[Fe2Ni2(u,-n2-C=CPh)(cO~a(Cp),l, 575, in good yield. The u,-alkyne is bonded 

to a spiked triangular metal skeleton with o-bonds to Fe(l) and Ni(1) in a 
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three centre interaction, and is $-bonded to Fe(2) and Ni(21, overall acting 

as a five electron donor [10311. The alkyne derivative 

[Fe2(CO>(~CO){~;~3-CO)(Cp),(RC=CR')] reacted with nickelocene to give the 

novel metallocycle analogue of ferrocene, [CpFe{D-o:n4(CpNiC4RzR',))1, 576. 

The iron atom is sandwiched between approximately parallel ns-Cp and 

a:n*-NiC4Ph4 ligands, and is displaced somewhat towards the nickel 110321. 

575 (Reproduced with permission from [1031]) 

Reaction of [Ni(codIzl with [Cp,Znl gave the very stable cluster 

[Ni,Zn,Cpsl. The metal atoms adopt an octahedral arrangement with the nickel 

atoms apical, and the zincs equatorial, and some compression along the Ni-Ni 

axis. The bonding in the cluster, and the mechanism of its formation were 

discussed [1033]. The triple-decker species [Ni,CpsI[BF41 reacted with 

[TICP(SR),I or [MoCP(SR)~I to give [CP$~(~SR>~NICP~[BF~~. The temperature 

dependence of the lH nmr spectrum was explained by inversion of the bridging 

sulphur atoms. However, 'H and 13C nmr parameters for the Cp ring coordinated 

to nickel in [Cp,Ho(~SCMe,),Ni(CsH4R)l+ were explained in terms of a 

temperature dependent equllibrium between diamagnetic low spin, and 

paramagnetic high spin isomers. MO calculations suggested that the spin 

crossover was a consequence of the flattening at the sulphur atoms caused by 

the bulky CHe, substituents. The structure of the complex for which R = H was 

established in a diffraction study, and the sulphur atoms are indeed less 

pyramidal than in related structures [1034]. 
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576 a Perspective drawing of [C~Fe{rr_a-~~-(CpNiC~Ph4))3 showlng the atom 

numbering scheme. b Drawing of [CpFe{U-o-n4-(CpNlC,Ph,)}] showing the 

sandwich structure. Atoms of the nickel bound cyclopentadienyl ring are 

omitted for clarity. (Reproduced with permission from [1016]) 

Boron containing analogues of the cyclopentadienyl ligand have been 

studied. For example, Li2[C4H4B-N(CH14e2)21 reacted with NlCls to give the 

metallocene analogue, and with [Ni(cod)(Cp)l[BF41 to glve 577, though in low 

yield 110351. A paramagnetic mixed metallocene, [Ni(Cp)(578)1 was prepared 

from [{Ni(CO)(Cp)}2] and 578. This disproportionated quite readily, and could 

not be stacked to give triple decker complexes [1036]. With 579 and 

[Ni(n3-CsHs)s], the mixed species, [Ni(n3-C,H,)(579)1 was thought to be the 

initial product, but 580 and some higher oligomers were isolated 110371. This 

could be stacked with further units by reaction with [Co(Cp)(579)], to give 

the flrst hexadecker ccmplex isolated [10381. 
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Examples of palladium or platinum metallocenes have, as always, been 

scattered. A method for estimating the contributions of different factors to 

13C nmr chemical shifts of a llgand has been proposed, based on elimination of 

the charge effect, and a determlnatlon of the combined effect of the remaining 

factors. A relatlonshlp was established between 13C nmr spectroscopic data, 

and chemical properties of a range of cyclopentadlenyl metal ccmplexes, 

including [Pd0-+C,Hs)(Cp)l f10391. Reactlon of CpTl with 

[Pdz(arylazooximate),Clzl gave the monomer 581. The starting material could be 

regenerated with HCl, and the redox properties of the ccmplex were lnvestgated 

by CV [10401. The preparation of 582 from [{PdC12(PREt2)121 and the thallium 

salt of the ligand has been reported [10411. 

Scxne reactions of 583 have been described; 584 was characterised in a 

diffraction study [10421. 
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584 Reproduced with permission from 110421) 

Reaction of 585 (HL) with MX2 (M = Pd or Pt 1 and NaCp gave the mixed 
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metallocene analogue 586. Low yields of [PtL*] were also obtained, and this 

reacted with potassium metal to give mono and dianlons [1043]. From this 3- 

and 4-decker complexes such as 587 could be obtalned by reaction with CpML, 

110441. 

a+ Y 7 

585 

/ MCP 

586 

C7b 

Cl00 

587 (Reproduced with permlssion from [lo4411 

The codeposltion of atomic nickel with benzene or toluene at -196 OC has 

been studied. IR spectroscopic data indicated that unstable bis(n-arene) 

nickel complexes were formed, frtnn a precursor with 1:l stoicheiometry [1045]. 

The reaction of nickel atoms with toluene was also studied by another group, 

and at -198 Oc was thought to lead to the formation of a labile species, 

{Ni(toluene)}. This reacted readily with bipy to give [Ni(blpy),] [1046]. 

Reaction of [Nl(n3-CHsCMeCH2)sl with RsSlH and toluene gave 

[Ni(toluene)SiR,] and P-methylpropene. Toluene also reacted wlth [NiBr(CeFs)I 
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to give tNi(CsFs)z(toluene)l, which was also obtained from tNi(C,F,),(OEt,)l 

and toluene in the presence of BFs 110471. 

The preparation and characterisatlon of [N1(CsHsBMe)(~CO)}z], a nickel 

complex of a borabenzene, has been reported [1048]. 

Proton resonance linewidths and proton spin lattice relaxation parameters 

have been measured as a function of temperature for crystalllne 

[(AlCls)(LI-Cl)Pd(Lr-CsHs),Pd(~Cl)(AlCl,)]. The benzene ligand performs a 

reorientational motion around a B-fold symmetry axis both at room temperature 

and at -196 oC, with E, = 5.9 kJ mol-1 [1049]. CNDCI calculations have been 

performed on the electronic structure of models for [Pd,(PPhs)s], for the 

purpose of studying the role of intramolecular Pd-arene coordination in 

stabilisatlon of the complex. It was concluded that the complex was stabilised 

by a donor-acceptor interaction of the weakly populated 5s and 5p atomic 

orbitals of the palladium with the filled orbitals of the aryl rings, 

suggesting a structure such as 588 [1050]. 

588 

There has been a study of the interaction of 54 aromatic and qulnonoid 

compounds with platinum thin layer electrodes, to establish the surface 

coordination chemistry of polycrystalline platinum with these compounds in 

aqueous solution. Both n- (for qulnones) and o-modes (for thlophenols, and 

heterocycltc amines) of coordination were noted [1051]. 

12 METAL CARBDRANE AND RELATED COMPLEXES 

Metallocarboranes, including nickel 

reviewed [10521. 

and platinum complexes, have been 

The reaction of nfdo-Na[EtzCzB,He] with [NlBrs(PPh,),] in thf at room 

temperature gave [l-Br-1,5-(PPhs)2-l,2,3-NlEt2CZB4H3], 589, characterised in a 

diffractlon study, and by mass spectrometry and high field nmr spectroscopy. 

The {NiCsB,] unit has regular c/oso-geometry, as expected for a 7-vertex 

l&skeletal electron structure 110531. 
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589 Stereoview of the molecular structure of 

[1,2,3-(Ph,P)(Br)Ni(Et2C2B4H,-5-PPhs~l. (Reproduced with permission from 

[10531) 

The structure of c70so-[6,7-(ns-Cp)z-6,7,1-N12CB~oHel has been established 

in a diffractlon study. The structure involves a distorted blcapped square 

antiprism, the vertices of which are occupied by 2 nickel, 1 carbon and 7 

boron atoms. The nickel atoms are bonded, and are located in a square face of 

the antiprism, with a boron over the centre. The carbon atom is located over 

the centre of the opposite face. The core of the complex contains one unpaired 

electron localised in one of the Ni-Ni antibonding orbitals [1054]. The 

structure of [Ni(8-MeC-C,BsHlo)s] was established In a diffraction study; the 

two dicarbollide ligands were coordinated by their n-pentagonal faces to 

nickel, to form a new staggered conformation, with the cages distorted at 

112 o to each other 110551. 

Electrolysis of KICsBsH1a] at a nickel anode in dmso gave [N1(CzBsH1l)s]- 

and [N~(C~B~H,,),I [10561. Complexes of the stoicheiometry 

{Cb,Ni(III)],{Ni(II~L,) (Cb = n-(3]-1,2-CzBsHII; Ls = bipy or L = py] have 

been studied. Thermolysis of the complex with bipy as the ligand gave 

3-blpy-3,1,2-nlckeladlcarbadodecaborane [10571. 

Reaction of [NICpsl with [B~,Nls[BsHsl gave the stable, isolable species 

[Bu~NI[CPNIB,H~I, formed in a new example of polyhedron expansion. The product 

adopts closegeometry in a pentagonal bipyramld wlth the nickel atoms in the 

equatorial position [1058]. With Na[4-CB8HIs] and [NiCpa] at 130-140 oC the 

initial product was the unstable [6-(ns-Cp)Nl(ns-1-CBeHs)], which was 

converted on standlng to [10-~s-(Cp)Nl-~4-l-CBeHs], which adopts a 

c&o-geometry [10591. 
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Thermolysis of [co-HCB,oHioCCOO),Ni(bipy)l gave t(o-HCB,oH,oC)zNi(bipy)l, 

which had previously been prepared. Further thermolysis gave 590 [1060]. 

590 (Reproduced with permission from [1060]. 

Reaction of [PdCl,(tmedall with T1[3,1,2-TIC,BsHil] gave 

[3-tmeda-3,1,2-PdC2BsH111, 591, shown in a diffraction study to have a slipped 

structure. The tmeda could be displaced by PMes to give 592, which was shown 

both In a diffraction study and by llB nmr spectroscopy, to have a more 

synmnetric structure. The distortions were thought to be caused by electronic 

effects [1061]. 

The anion [6,9-C2BeHio]Z- was allowed to react with each of [PtC1,L2] and 

[NiCls(dach)] to give nfde[u-6,9-ML,-6,9-CzBeHio], in which the metal bridges 

the carbon atoms. The data provided on the products were limited [1062]. The 

structures of [9-(Ph3P),Pt-6-CBeH12] and [9-(PPh3)$'t-6-SBeH,,] were 

elucidated 110631. Thermolysis of [9-(PhsP),Pt-6-CBeH12] was also studied, and 

the products characterlsed [1064]. The complex [3,3'-Pt(1,2-C2BSH,,),l, was 

characterised in an X-ray diffraction study, and has been used as a catalyst 

for alkene hydrosilylatlon [1065]. 

13 CATALYSIS BY METAL COMPLEXES 

There have been a number of reviews dealing with the uses of complexes of 

metals of the nickel triad in organic synthesis. These have included an 

account of carbon-carbon bond forming reactions and functional group 

preparations [1066], hydroformylation, hydrogenation and oxidation [1067], and 

applications in the chemical industry 110681. Catalysis by complexes 

containing a palladium-palladium bond has been discussed 110691, as have some 

uses of palladium and platlnum ccnnplexes of pyrldine monocarboxylic acids 

[1070]. A review of reactions of epoxldes has included a discussion of the 
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various ring opening reactions catalysed by palladium complexes [10711, and 

the preparation of oxygen and nitrogen containing heterocycles via palladium 

catalysed reactions of organomercury compounds has been discussed 110721. The 

HSAB theory has been applied to hanogeneous catalysis involving nickel, 

palladium and platinum complexes [1073]. 

WI) 

591 Molecular structure of [3-tmeda-3,1,2-PdCaBsHiil, hydrogen atoms being 

cnnitted. (Reproduced with permission from [106lJ) 

73.7 Hydrogenat fan and Hydrogen0 lys is 

Criteria have been developed for distinguishing homogeneous and 

heterogeneous catalysis based on the observation that whilst moncmers are 

generally reduced by either, polymers are reduced only by homogeneous 

catalysts. It was established that the catalyst produced from 

Ni(2-ethylhexanoate)n and Na[BH,] definitely contains dispersed metal, and is 

comparable with supported metal catalysts [1074]. In the catalyst derived from 

nickel napththenate and EtsAl the effect of dilution was to increase the rate, 

probably due to the deaggregation of less active polynuclear complexes [1075]. 
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592 Molecular structure of [3-(PMes),-3,1-2-PdC28oHli]r hydrogen atoms being 

omitted. (Reproduced with permission from flO§ll) 

The hydrogenation of dicyclopentadiene has been reported In the presence 

of a catalyst derived from NiCls and Na[BH,l [1076]. NiCls was chemically 

bonded to silica and then converted to NIH, to give a stable and finely 

divided catalyst. The catalytic activity for the reduction of linear and 

cyclic dienes was a maximum when the bound NiCIZ was reduced with two molar 

equivalents of Li[AlH,l 110771. The hydrogenation reactions of phenylethene, 

2-phenylpropene and 2-pentene were investigated in the presence of 

[MeC{Co(CO),}(NiCp){HoCp(CO~~]l, but activity was low 110781. 

The enantioselective hydrogenation of E-ethyl 2-ethyl-2-butenoate was 

achieved using the catalyst system [Ni(DIOP)Cls]/2EtsN, but optical yields 

were low [1079]. A copolymer containing 593 was treated with NfCls and used in 

the asymmetric hydro~natlon of acet~idocinn~ic acid [1080]. 

Changes in catalysts derived from nickel stearate during the hydrogenation 

of vegetable oil have been investigated [1081]. Hydro~natfon of a mixture of 

Z,E,E- and E,E,E-cdt over [NiI,(PPhs),] was more than 95 X selective for the 

monoene 110821. Hydrogenation of a block butadiene/styrene rubber was 

accomplished using [Ni(acac]zl as the catalyst [iO83]. 
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Cyclopentadiene was selectively reduced to cyclopentene in the presence of 

[Ni(a&ac~zl/EtsA~/py fiO841. Bispro~rtionation of 1,3-cyclohexadiene in the 

presence of [Ni(acac)zl/dibalH at 20 0~ gave a mixture of cyclohexene and 

benzene, but at 80 0~ gave benzene and cyclohexane [1085]. 

A supported catalyst derived from NiBrz on polyethyne was used for the 

hydrogenation of phenylethyne to phenyiethene and ethylbenzene. At low 

loading, selectivity for phenylethene was reasonable [lOSSI. The use of a 

range of nickel complexes as catalysts for the reduction of arenes and 

heteroarenes has been reviewed 110871. 

The use of palladium clusters In the catalysis of hydrogen transfer 

reactions has been reviewed [10883. Catalysts for the reduction of 1-hexene, 

phenylethyne or 1.3~pentadiene included I((PhP)zPdslnl. The effect of sulphur 

compounds on the reaction rate was studied [1089]. Reduction of the conjugated 

double bond in 5S4 was accomplished using BusSnH/CFsSOeSnBus/[PdClz(PPha)zl. A 

radical mechanism was proposed [10901. / 0 

P \ 
594 

A number of polymer supported palladium complexes have been used as 

catalysts for alkene reduction. Catalysts were prepared from reaction of PdClz 

wlth polyvinylpyrrolidone and EtaN [lo911 and PdCle with 595 [10921, but 

details of the reactions actually catalysed were limited. Selective alkene 

hydrogenation was reported with palladium complexes of polymeric bipyridines 

[1093], and Pd(OCOMe),, anchored to polystyryl blpyridine, catalysed alkene 

reduction under 1 ata of hydrogen, with little isomerisation. Treatment with 

L1[AlHJ gave a catalyst which caused extensive alkene isomerisation IlO941. 

The grafting of PdCla with a tertiary amine onto microporous zeolites, 

Referenas D. 767 
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macroporous zeolites and macroporous adsorbants has been studied. 

Preactivation of the grafted catalysts enhanced the rate of hydrocarbon 

reduction 110951. 

A 
J 'N 

lJ I’ 
% 

’ I 
\ 
/ 

J n 

595 

Reaction of [Pd(PPhs),] with chloromethylated crosslinked polystyrene gave 

a supported palladlum(I1) complex, which proved to be an active catalyst for 

hydrogenation of alkenes and alkynes [lOSSI. Catalysts of reduced and 

unreduced palladium chloride with hydrazlne hydrate deposited on 

polyaminochloroqulnones or polyaminochlorohydroquinones were prepared and used 

for reduction of phenylethene to ethyl benzene. IR spectroscopy of the 

catalyst indicated the presence of Pd-N and Pd-Cl bonds [10971. The polymer 

596 was prepared and reacted with Pd(OCOMe), to give a catalyst which was 

useful for the reduction of alkenes and alkynes. With 1-octene as the 

substrate there was also some competing alkene isomerisdtion. The observation 

that there was an induction period suggested that the palladium(I1) 

underwent reduction to palladium(O) prior to catalysis [10981. Catalysts 

prepared from reaction of palladium(II1 with poly-4-ethenylpyridine or 

poly-2-ethenylpyridine could be used in the presence or absence of Na[BH,l for 

the reduction of 2-propenyl-l-01 [1099,11001. 

596 

A catalyst system was prepared by impregnating 597 with Nae[PdCl,l, and 

reducing the product, to obtaln a material containing palladium clusters about 

35~10 A across. This was useful for reduction and iscmerisatlon of alkenes 

r11011. The hydrogenation and isomerlsation of I-phenyl-1-propene was 

investigated in the presence of a range of palladium complexes of amine 
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modified silicas [1102]. 

The catalyst system PdCl,/RNHa/+BuaAlH on a mineral support proved to be 

useful for the selective reduction of djenes or alkynes to alkenes [11031. A 

related homogeneous system was also investigated [11041. Crosslinked 

polystyrene functionalised with [Pd(bipy)Cl,] was used as a catalyst for the 

selective reduction of 1,5-cyclooctadiene 111051. 

The hydrogenation of soybean oil in the presence of [Pd(acac)sl at 

60-170 oC, and 150 psi of Ha, with l-60 ppm palladium has been studied. The 

best selectivity for linolenate was obtained in the temperature range 

80-120 oc. Addition of EtaAl allowed an increase of the rate at low 

temperature [1106]. In situ modification of lipids in a chloroplast membrane 

was accomplished using a homogeneous water soluble catalyst, [Pd(QS)s], in 

which QS is a sulphonated alizarine incorporated into the thykaloids of 

isolated chloroplasts. Polyunsaturated acids were reduced more rapidly than 

the monounsaturated compounds [1107]. Homogeneous and heterogeneous palladium 

catalysts for the reduction of methyl 2,4-pentadienoate have been compared. 

[Pd(acac),] is a better catalyst than Pd/C, and gives mainly methyl 

2-pentenoate [11081. 

Reduction of 1,4-cyclohexadiene in the presence of polyethyleneimine/PdC1, 

gave mainly cyclohexane together with some benzene [1109]. However, 

1,3-cyclohexadiene was a better substrate with this system [lllOl. 

Palladium complexes of primary amines were active catalysts for reduction 

of ethyne to ethene with 98-99 X selectivity. 1-Alkenes were isomerised to 

internal alkenes, which are not reduced. The nature of the starting palladium 

salt was not critical, and activity was largely governed by the reducing agent 

[llll]. Selective reduction of alkynes to cfs-alkenes was acccmplished in the 

presence of PdCl,/Na[BH,]/polyethylene glycol/CH,Cl, 111121. 

Reaction of [Pd(dba),l with phenylethyne gave a complex [Pd,(PhC=CH),,l 

(n = 4 or 51, which catalysed the reduction of phenylethyne to phenylethene. 

Kinetic studies showed that the rate controlling step was the interaction of 

molecular hydrogen with the coordinated alkyne 111131. There has been a 

kinetic study on the reduction of phenylethyne in the presence of 
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[Pd(acac),l/PPhs, and a reaction mechanism was proposed [1114]. 

Catalysts prepared by supporting PdCla/R,N on an inorganic oxide have been 

used as catalysts for the selective reduction of alkynes to cfs-alkenes 

r11151. Substrates discussed in detail have included diary1 alkynes 

[1116,1117], dialkyl alkynes [1118] and 596 [1119]. Layered zirconium 

phosphates were derivatised with ally1 anthranillc acid and pyridine, and then 

treated with K2[PdC141 or [PdCl,(PhCN)al to give a catalyst which could be 

used for the selective reduction of alkynes to cfsalkenes, but also for 

reduction of arenes, alkenes, aryl nitro compounds and aryl nitriles. There is 

probably some reduction to metallic palladium with this system [1120]. The 

phosphlnated polysaccharide 599 was reacted with PdCl, to give a catalyst with 

high activity for reduction of conjugated alkenes and ally1 compounds. 

Phenylethyne was reduced to phenylethene with 95 X selectivity. The catalyst 

could be recycled twice with only 15 X loss of activity, and was also useful 

in promoting arene alkene coupling and butadiene telomerisation [11211. 

OH 

598 

There has been an XPES study of the platinum complex of silica supported 

poly(r-dlphenylphosphinopropylsiloxane), which is a hydrogenation catalyst. 

The catalytic properttes with repect to Irene hydrogenation were affected by 

the P:Pt ratio and the amount of HCl present 111221. This complex also 

catalysed the slow hydrogenolytic ring opening of the product cyclohexanes in 

some cases [1123]. The phosphinated polystyrene complex 600 was shown to 

catalyse the hydrogenation of benzene or toluene at 45 OC and 2 atm Ht. With 

D, the reaction was totally stereospecific, and It was shown that the metal 

was in the t2 oxldation state both before and after the reduction (11241. 

Hydrogenation of linear diene dlmers such as 601 and 602 in the presence of 

H,[PtClsl/SnCl, gave up to 75 X 4-methylnonadienes [11251. Several mixed metal 

complexes containing platinum, such as [Co,Pt(CO),(dppm)l could be used for 

hydrogenatlon of dlenes and alkynes. They were also reactive in 

oligomerisatlon, hydroformylation and isomerisatlon [1126]. 

599 
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The other main class of compound reduced in the Presence of palladium and 

platinum ccmplxes has been nitroarenes. Complete reduction results in the 

formatron of aniline derlvatlves, but In some cases the intermediates in the 

reaction may be readlly isolated. Amongst the catalyst systems which are 

useful for the reduction of nltrobenzene to aniline were 

polybenzlmidazole/Pd(OJ (25 OC, 3 atm) [1127,1128], trans[PdCl,Lel 

(L = qulnoline or isoquinollne [11291, or 3-aminocoumarln [11301) or SiO, 

supported polyvinylpyrrolldone palladium complexes 111311. Palladium(I1) on a 

polyethylene imlne composite was also useful In this context, methanoic acid 

being used as the hydrogen source 111321. Reduction of 4-chloronitrobentene 

proceeded without hydrogenolysis In the presence of a catalyst derlved from 

the Na[BH+l reduction of palladium complexes of polymers such as 

polyvinylimjdazole, polyvinylamine or polyacrylonitrile. Rates and yields were 

very much improved by the addition of a mole of anthroquinone per mole of 

palladium 111331. The complex [PdCls(PhCN)sl and a supenslon of polyethylene 

were grafted onto polyvlnylcarbazole, and the product was used as a catalyst 

for the reduction of 4-chloronltrobenzene 111341. The complexes 

trans-[Pd(py),X,l (X = Cl, Br or I) have been used for the reduction of 

nitroarenes to anilines. An intermediate of stoicheiometry 

[Pd&l,(EtOH),(PhNO,H),(py),l was characterised, and the structure 603 

proposed [1135]. Silica supported methacryllc acid palladlum and platinum 

complexes were used for reduction of nitroarenes, alkenes, aldehydes and 

ketones 111361. The supported complex 604 proved to be a very active catalyst 

with excellent lifetime and stability 111371. Reactlon of RCHC with PhNOa in 

the presence of molecular hydrogen and palladium(I1) supported on an anlon 

exchange resin gave PhNHCHeR, vfa reductive amination of the aldehyde by the 

initially formed aniline 111381. 
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Reduction of the nitro group of 605 to the corresponding amine was 

accomplished with a reported 11 X enantiomer excess In the presence of a 

palladium complex of S-1-phenylethylamine. Presumably, the proton which is a 

both to the cat-bony1 and the nitro group Is sufficiently labile that some 

kinetic resolution occurs [11371. Hydrogenation of 606 in the presence of 

PdClJRsN has been studied [11401. 

NH 
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Reactions which may formally be classed as hydrogenolyses have been very 

diverse In their nature and mechanistic type. The cleavage of the C-Br bond in 

607 was accomplished using sodium hydride, with Ni(OCOMe), as the catalyst 

[11411. 

Ni(OCOMe)z/thf 

NaH/MesCOH 

Br 

607 
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Hydrogenolyses of aryl halides In the presence of palladium complexes have 

also been reported. In the reaction of 608 the source of hydrogen is the 

hydride ion, and the product was used in a helicene synthesis [1142]. 

Hydrogenolysis of 2-halopyridines was accomplished in the presence of PdCl, 

immobilised on silica modified by Y-amlnopropyl groups. The reactions of the 

halopyridines were faster than those of related furan and thiophene 

derjvatives [1143]. Formally speaking, hydride Is the source of hydrogen in 

the hydrogenolysis of aryl halides by 609 in the presence of palladium 

ethanoate; carbonyl, nitro and alkene groups were unaffected [1144]. Transfer 

hydrogenolysis of aryl halides was accomplished using benzyl alcohol as the 

hydride source In the presence of [PdCl,(PPh,),]/phase transfer catalyst. The 

reaction mechansim was discussed in detail 111451. Hydrogenolysis of 

PhCO$H,Ph by EtsSiH in the presence of PdClJEtsN gave PhCOsH [1146]. 

Br 

608 

/voNH2 

Hydrogenolyses of ally1 derivatlves in the presence of palladium complexes 

have also been widely reported. An electrolytic reaction involved the initial 

formation of a cationic ally1 complex such as 610, which was reduced to 011, 

and reacted with electrophiles to give RCH=CHCHaE (E = H+ or HesSICl) 111471. 

The effect of the leaving group in the allyllc posltion in the reaction with 

Pd(O)/Na[BH,l has been dlscussed; the ethanoate group has many advantages 

[1148]. Na[BHaCNl was used as the source of hydride Ion in the reaction of 612 

[11491. 
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Hydrogenolysis of 613 was accomplished in the presence of EPdCls(dppp)l 

Li[HBEta]; the ratio of the products was determined by the substituents in 

starting material [11501. Li[HBEts] was also used as the hydride source in 

reaction of 614; stereoselection was good for the mesylate, but poor for 

phosphate [1151]. 

R’ Ts 

R2 tiR3 Li [BHEts 3, thf 
IPdCls (dppp)l , 0 OC’ ,,L \ major 

*a 
613 

H1 I 
Cr.Htr = -H -4 

OR 

614 

+ 
Rs 

+ 
R’ 

Li[BHEts 1 
Pd(C) 

b ,,,,,==;;sH,,’ CSHI~ ~c5H11 

Tributyltin hydride acted as the hydride source in the palladium catalysed 

reaction of 615. Thermolysis of the product was discussed [11521. Methanoate 

anion was used as the source of hydrogen in other hydrogenolyses of ally1 
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derivatives, yields being excellent when [Pd(PBu,l,l was used as the Catalyst 

[11531. 

0 0 0 0 

ON 
Bus SnH 

R’ CHz [PdC12 (PPhs 12 i 
R’ CH2 OSnBus 

615 

Hydrogenolysis of the enol triflate, 616, was accompli shed using 

HCOOH/BuaN in the presence of [Pd(OCOMe)2(PPha)21. The en01 triflate was 

prepared f ram the ketone, and it was noted that ethanoate esters, ketones and 

tertiary alcohols survived the procedure [1154]. Hydrogenolysis of 617 

involved molecular hydrogen in the presence of [PdC12(PPh212]/Et2N; a 

mechanism for the reaction involving oxidative addition of the carbon-chlorine 

bond to palladiuin(0) was proposed [11551. Reaction of Me2NCHO with HSiRJla-, 

(R = Me or Et; n = 1 or 3) in the presence of [N012[PtC1a] gave Me2N and 

Cl,_&,SiOSiR,,Cl,_, 111561. 

OTf 

616 

+ H2 [PdClz (Pphs 12 1, 
Et2 N 

617 

The complex [Pd(PR,),l (n = 3 or 4) has been shown to 

exchange between D20 and organic molecules, at rates which 

not simply, to their pKa values. A mechanism was proposed 

111571. 

catalyse the H/D 

are related, but 

for the reaction 

There has been a kinetic study of H/D exchange and oxidation of alkenes in 

the presence of platinum complexes [1!68]. The effect of halide ion 

concentration has been studied [1159]. Isotope exchange in ArCH2CH(NH2YXOH in 
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the presence of KZIPtC1,l/DsO has been studied, with the main exchange 

occurring in the aryl ring [1160]. Deuteratlon of the aryl ring was also noted 

for PhCH(NH2XOOH t11611. 

13.2 Oxidation 

There have been reviews of palladium catalysed oxidation of alkenes to 

ketones [11621, and of the uses of supported platinum complexes for the 

dehydrogenation of higher alkanes [1163]. Palladlum catalysed reactions were 

included In a general review of epoxldation methods [llSS]. 

Oxidation of ethene to ethanal has been accomplished using 

PdCl,/CuCl/HeCN/hmpt/O, [1165], and to a mixture of ethane l,P-diol mono and 

diethanoates using PdCls/CuC1z/Cu(OCOMe),.HeCOOH/LIC1/O, [1166,11671. The 

composition of the copper complexes involved in the catalytic cycle has been 

studied 111681. 

The oxldatlon of l-alkenes to methylketones, under a range of 

conditions, has again found wide use In synthesis. The patent literature 

has reported oxidation of 1-decene using O,/PdC1,/CuC1,/HsO/sulpho1ane 

[116gl, or 0s/PdC12/CuCls/tRNHeslC1/Hs0/CsHs [11701, 1-butene with 

0s/PdC1.JH[PMosVs0401/[RNMeslBr/HsO/decane [11711 or with added 

perfluorodecalln [1172]. A mixture of l- and P-butene was oxidised to give 

P-butanone as the major product [1173]. Pure E-P-butene yielded P-butanone In 

low conversion, but with excellent selectivity In the presence of 

O.JPdC1,/CuC1z/HsO/IICmethylpyrrolidone [11741. Propene or 1-hexene were 

oxidised using 02/PdC12/CuC1,/CuC1/MeCOOH/Zn(OCOMe),/Hs0 111751. In one case 
nltro compounds were used as the oxidant [1176]. A Wacker type catalyst 

contalnlng palladjum, a heteropolyacld and surfactant was recycled by removing 

the organic phase, and removlng water from the aqueous phase until a solid was 

obtained. Water was added to the solid, and the catalyst solution could then 

be reused 111771. 

A reliable procedure has been described for the oxidation of 1-decene to 

P-decanone in the presence of PdCla/CuCl [1178]. The presence of an ester 

group In CH~=CH(CH&XOCHes was tolerated in its oxidation to 

CHsCO(CH2)eCOOCMes [117g]. The use of PEB-400 as a phase transfer Catalyst In 

these reactions has been reported; the products were mostly 2-alkanones, but 

some others resulted from Isomerisation of the starting material followed by 

oxidation [1180]. An electrochemical reaction was reported in the presence of 

[PdCl,l*-; the reoxidation of the palladium is accomplished electrochemically 

using the Fe(III)/Fe(II) couple as a transfer agent [11811. The use of HPA's 

as oxidants In the Wacker system has been discussed. The system 
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Pd[SO+]/H,PWosW,O, was found to be the most useful for the oxidation of 

cycloalkenes, with the yield increasin$ with the size of the ring 111821. All 

the HPA's were effective for the palladium reoxidation, but varied in their 

ability to be reoxidised by molecular oxygen 111831. Oxidation of 1-butene to 

2-butanone, butane-2,3-dione and ethanal was achieved in the presence of 

PdSO,/VOSO,/H,O/C 111841. When PhOCH$H=CH, was reacted with HeOH/PdCl,/HeONO, 

the product was the acetal PhOCH2C@t4e)2CHa 111851. 

Three patents have reported the oxidation of cyclopentene to 

cyclopentanone, the systems used being 02/PdC12/He3COH 111881, 

02/[PdC12(MeCONR,)21/ROH/25 oC L11871 and 0,/PdC12/CuC12 111881. Oxidation of 

1-undecene+-one under the usual Wacker conditions gave 2,5-undecanedione, 

used in a jasmone synthesis 111891. The regiochemistry of the reaction with 

internal alkenes has been studied with a wide range of substrates [11901. 

Further applications of this reaction in steroid synthesis have been 

described L11911, including reaction (311 111921. Synthetic approaches using 

this route have been described for 4-oxopentanals and 5-oxohexanals 111931. 

Oxidation of 618 was the last step in a synthesis of brevicomin [11941. The 

oxidation of 819 was a key step in a recent synthesis of vetispirene [1195]. 

In the oxidation of 620 (R = SiMe2CMea), the oxidant, unusually, was an alkyl 

hydroperoxide [1196]. 

cuCl/PdClz/02 

dmf/HiO 
(31) 

618 

Three papers have discussed in detail the palladium catalysed oxidatlon of 

2-propene-l-01. A kinetic study in the presence of PdCls and Cu(OCOMe), showed 

a reaction first order in the alcohol, zero order In copper, and of order -1 

in [Cl-l [11971. In a study of the reaction of the 2,2-dideutero substituted 
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compound, a new and unexpected mode of hydroxypalladation was reported in 

solution. The two processes have different rate expressions, and in the new 

pathway external water attacks the coordinated alkene. The evidence is that 

this hydroxypalladation, and not the normal reaction, is the one leading to 

2-chloroethanol in the oxidation of ethene in the presence of CuCl, and a high 

chloride ion concentration [1198]. Detailed product studies were also 

undertaken, and routes for the formation of all the minor products proposed 

[11991. 

PdCla/CuC12/02 

dmf/HzO 

619 

’ COOMe r N 
0 'R 

620 

There have been a number of studies of oxidations in the presence of 

t&13 COOH/Naz CPdCl4 1 

MesCOH, 55 OC, 3 h 

COOMe 

palladium nitro complexes. In the presence of [PdCl(HeCN),(NO,)I, norbornene 

was oxidised by molecular oxygen to give the epoxide [12001. When terminal 

alkenes were reacted with [Pd(HeCN)2(N02)21 the major products were 

2-nitroalkenes. The reaction is limited to terminal alkenes, with internal 

alkenes giving ketonic products. Reactions with cyclic and strained alkenes 

were also studied [1201]. The reaction of ethene with cis-[PdCl(MeCN),(NO,)1 

gave 621 as the initial product. More slowly this was transformed to 622, 

which decomposed to give oxidised products and ((Pd(NO)Cl),}. The palladium 

complex is able to oxidise alkenes both stoicheiometrically and catalytically 

to give mixtures of ketones, epoxides and allylic alcohols. ieC-labelleing 

studies showed that the oxygen derived from the NO2 group, and not from added 

oxygen by Wacker chemistry. The most likely route was considered to be 

intramolecular attack of the nitro group on the coordinated alkene [12021. The 

related complex [{PdCl(cyclooctene)(NOz))rl was characterised, and the 

structure of 623 established in a diffraction study [12031. The mechanism of 

oxygen transfer from the nitro group was compared in reactions using palladium 
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complexes alone, and those with a blmetalllc cobalt/palladium catalyst system 

[1204]. 

623 (Reproduced with permission from 1120311 

It has been shown that strained alkenes are selectively epoxidised by 0s 

in the presence of [PdCl(RCNls(NO,lI. A mechanism was proposed for the 

reactlon, and side products were accounted for 112051. The reaction of 

norbornene was studied In detail. At low norbornene concentration the epoxide 

was formed wtth very high selectivity, but at hlgher substrate concentration 

the main product was 624. It was concluded that there were two competing 

catalytic cycles which had the cormnon intermediate 625 112061. There has been 

a study of the oxidation of 1-alkenes to 1,2-dlol monoethanoates using 

0J[PdClWeCN12(N0,)1/HeCWH. An leO labelllng study showed that there was 

transfer of oxygen from the NO2 only into the ethanoate. Hechanlsms were 

proposed for the formation of all the products, and the catalytic system was 

compared with the bimetallic Pd/Co system [1207]. 

Epoxidatlon of alkenes was catalysed by 626 using dilute H202 as the 

oxidant. Selectivity was excellent [1206,1209]. 

References p. 767 
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Oxidation of cyclohexene in the allylic position, giving 627, was 

accomplished in the presence of Pd(OCOMe)z/MnOJCHsCOOH/benzoquinone in 

excellent selectivity. Other cycloalkenes proved to be less useful substrates, 

and the reaction mechanism was not definitively established [1210]. Allyic 

oxidation of geranyl ethanoate, 628, in the presence of 

Pd(OCOCF,),/CH,COOH/MeOCsH,-2-COHe/benzoquinone gave 629 which was used in 

syntheses of helminthogemacrene and B-elemene [1211]. Allylic oxidation of 

cycloalkenes to cycloalkenols occurred in air in the presence of 

cis[PdCl(HeCN)z(NO),]. Other alkenes gave epoxides, ketones or enones, and 

the selectivity could be rationalised in terms of the ease of B-hydride 

elimination from the intermediates of type 622 [1212]. Allylic oxidation of 

a-pinene to give verbenone as the major product, together with some verbenol, 

was catalysed by PdCl,/CuCl,/LiCl/H+ 112131. 

A ,OCOMe 

627 628 629 

A number of other oxidations of alkenes have been reported. Oxidation of 

decene in the presence of {Pd(PPhs)z} (sfc), Pd(OCOMe)z or [Pd(CNS)2(PPha)21 

was reported to yield 1-decene-2-one as the major product, via a decene 

palladium complex [1214]. Treatment of 630 with O,/Pd(OCOCF,),/NezCO/hv gave 

631 which was also obtained by palladium catalysed iscanerisation of the 

Z-isomer. Reaction of 630 with PdClz/CuC1,/NaCl/Na[OCOMel gave 632. A 
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mechanism lnvolvlng a hydroperoxide intermediate was proposed [12151. 

*so2 to1 

030 

“JPS02 to’ 
0 

631 

/\/ 
so2 to1 

\ 

bt4e 

632 

Reaction of 633 with oxygen in the presence of palladium(II1 under 

photolytic condltlons gave 634. Yields were low when R1-R4 = H, but much 

better when R4 = OTs [1216]. Reaction of 635 with [Pd(PPhs),l/636 gave 637, 

generally with good regio and stereoselectivity [1217]. Arylalkenes could be 

oxidlsed to methyl ketones by 638 in the presence of palladium ethanoate. A 

hydroperoxide palladium alkene complex was invoked as an intermediate 112181. 

R3 R3 

R4 

Rs SiMe3 

633 634 

O- 
+/ >=N K+ \ 

O- 

R Iv / 

Cl 

635 836 637 

In the presence of palladium ethanoate supported on 

oligo-4-phenyleneterphthalamlde, Z-alkenes were converted to alkynes with 

excellent selectivity, when the reaction solvent was EtOH/HsO/HIC1041, but in 

dloxan the main products were ketones [12191. Reactlon of I-alkenes, RCH=CHa, 

with CO/02/HOCH2CHs0H In the presence of PdCL,/CuCl,/HCl/25 oC/l atm gave 

RCH01eX02(CH2)#H as the major product, as well as some Isomers [1220]. When 

1-hexene was treated with the species prepared from Pd(CCOWe), and MesCWH, 

the maln products were P-hexanone and P-ethanoael-hexene. The reactlon 
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mechanism was assumed to involve insertion of an alkene into {PdOOR} or 

{PdOCOMe} followed by a g-hydride shift, or g-hydride elimination [1221]. 

There have been a number of studies of the oxidation of alkylarenes. Using 

molecular oxygen as the oxidant and Ka[Pd(OCOMe),l as the catalyst, toluene 

was oxldised in RCOOH to PhCHsOCOR (12221. The same type of reactlon occurred 

using Pd(OCOMe),/Na[OCOMel/Cu(OCORe),/active carbon [1223]. A kinetic study of 

the reaction in the presence of Pd(OCOne),/Sn(OCOHe),/K[OCOHel showed that 

there were three distinct kinetic regions, wlth the deposition of palladium 

metal at the end of the second phase, wlth the metal also acting as a catalyst 

[1224]. 

The oxidation of toluene to biaryls and diarylmethanes, using 

palladlum(I1) In CFsCOOH, has been reinvestigated. There is evidence that the 

reaction proceeds via an SET pathway, rather than the traditionally Invoked 

two-electron route. Radical intermediates were detected by EPR spectroscopy 

[12251. In a study of the related reactions of xylenes, It was suggested that 

whllst the reaction of the 1,2-Isomer was essentially an electrophilic 

substitution, SET and radical intermediates were important for the reactions 

of 1,4-dimethylbenzene [12261. Oxidatlve coupling of PhR (R = H, Me, Et, Cl or 

OHe) was accomplished using stoicheicmetric Tl(OCOCFs)s, and Pd(OCOMe), as the 

catalyst [1227]. A low yield of 639 was obtained from oxidative coupling of 

dimethyl benzene 1,2_dicarboxylate using [Pd(N02)z(phen)I/Cu(OCOC(e)2/H,0/air 

[1228]. 

COOH0 

A/ COOMe \ 

1 I v / COOMe 

639 

P-Uethylnaphthalene was oxidised to 640 by hydrogen peroxide in the 

presence of palladium(I1) supported on a polystyrene sulphonic acid resin. The 

catalyst could be recovered and reused t12291. Dlphenyl ether was converted to 

dibentofuran by molecular oxygen in the presence of Pd(OCDMe)s/RCODH L12301. 

Catalytic oxidation of methane by molecular oxygen in solutions of 

platinum salts and heteropolyacids has been reported, but details were lacklng 

[1231]. Nickel(X) was bound to Amberlite 16 by ion exchange, and was used to 
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catalyse oxidation of 1-methylethyl benzene by molecular oxygen, initially to 

2-phenyl-2-propanol, which was further converted to phenol and propanone 

[12321. Chloroethane was oxldised by molecular oxygen in the presence of 

PdClJSiOz to give ethanoic acid, with excellent conversion 112331. 

0 

Oxidation of primary and secondary alcohols has been reported using 

PdC12/CC1,/K,~C0,1; the tetrachloromethane acts as the oxidant. Both aldehydes 

and esters were obtained from primary alcohols. Reactlons of allylic alcohols 

resulted both in oxidation of the alcohol and addition to the double bond. The 

reaction mechanism was discussed in detail 112341. Oxidation of secondary 

alcohols to ketones by molecular oxygen has been reported in the presence of 

Pd(OCOMe)z/NaIHCO,l/[Bu,NlC1/PhI/dmf 112351. 

The dehydrogenation of methanol to CO and Hz has been reported to occur In 

the presence of Hz[PtC1e1/Ce02/A1203/[NH4121Sz031 [12361. In the presence of 

[Pd,Cl,(dppm)zl a photochemlcal reactlon gave more mixed products, Including 

CH20, CH2(0MeJ2, HOCH2CH20H, He2CHOH, He2C(OH)CH20H and CHsCH(OH)CH(OH)CH, 

112371. 

Palladium induced dehydrogenatlons of cyclopentanones have been used in 

syntheses of corlolin [12381, hirsutlc acid C 112391 and related compounds 

[1240]. 

There have been a number of reports of palladium catalysed oxidations of 

carbon monoxlde. In the presence of aquo complexes of palladlum(II) and 

vanadium(V) or iron(III), and heteropolyacids, CO2 was formed. The reaction 

kinetics were investigated, and a mechanism proposed 11241-12431. Supported 

palladlum complexes have also been used as catalysts 112441. Cerium(IV) and 

chromlum(VI) have also been used as oxidants 112451, as have benzoqulnone 

112461, and [S20e12- 112471. In the reactlon in the presence of 

PdUI)/Fe(III)/Na[N021 together with chloride or bromide, the rate is better 

with brcmlde salts 112481. 

The oxidatjon of CO by 0, over [NiPc] has been studied. A dual site 

mechanism with a bridging {CO,}-(sfc) as the Intermediate has been proposed 

112491. A catalytic cycle has been proposed for the reaction in the presence 

of [NIL2X21 [12501. When PdC12/LiCl/benzoqulnone/ROH was used as the catalyst, 
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the product was that of oxidative coupling, ROOCCOOR. The reaction mechanism 

was discussed, and an alternative pathway discerned in the presence of 

palladium(I) [1251]. 

13.3 Reactions of Carbon Monoxide and Carbon Dioxide 

The use of transition metal complexes to catalyse hydrogenation of CO or 

CO, to hydrocarbons has been reviewed [12521. 

Several patents have reported catalysts for the hydrogenation of CO with 

molecular hydrogen to give alcohols. In the presence of 

[Ru,(CO),,]/K,[PtCl,]/SnCl~/[C,H~~PPh,lBr the main product was ethanol, with 

traces of methanol, propanol, ethanoic acid and ethanaote esters 112531, 

whilst with a polyethenylpyrrolidone platinum complex together with [Fe(TPP)] 

and 1,2-dimethylimidazole the main product was methanol, although conversion 

was low [1254]. Methanol and ethanol were obtained in comparable quantities in 

the presence of nickel complexes such as NiCl,, [NiCp,l or [Ni(acac),] 112551, 

but with the system RhC1,/NiC12/TiC1,, ethanol was the main product, with fair 

selectivity 112561. Preparation of higher alcohols from CO/Ha in the presence 

of silica supported palladium or nickel catalysts has been reviewed [1257]. 

The uses of the water gas shift reaction in tandem with platinum catalysed 

hydroformylation reactions have been reviewed [1258]. The complexes [NiC12LZ] 

were shown to catalyse the WGSR at temperatures above 90 oC [1259]. The 

catalysis of the WGSR by [Pd.$l,(~dmpm),l has been studied. The active 

species is the neutral dihydroxy species [Pds(cf-dmpm),(OH),]; this is 

carbonylated to a U-CO derivative, and then CO is inserted into the metal 

oxygen bonds. Some IR spectrsocopic data for the intermediates were presented 

112601. 

Reports of hydroformylation catalysts continue to be published. From the 

patent literature systems reported to be useful for the reaction of propene 

include [Pt(PPhsl,]/SnC1,/1,4-Me,CBH, [1261] and [Pt(acac),l/dppf/SnCla 

112621. Palladium exchanged silica catalysts showed excellent activity for the 

conversion of ethene to ethanal, at 1 atm pressure and room temperature 

[1263]. 

A number of patents have also reported enantioselective hydroformylations 

in the presence of chiral phosphines. For example, in the presence of 

[Pt(641)Cl,] propene was converted predominently to the linear product 

[1264,1265]. C,-Aldehydes were also obtained using [Pt(OIOP),I/PhSnCl,, again 

with good selectivity for linear products [1266]. The hydrofotmylation of a 

range of alkenes using [PtCl(DIOP)(SnCl,)] has been reinvestigated. Both 

isomerisation and hydrogenation were shown to be competing reactions, and 
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optical yield and regioselectivity were a function of conversion. The degree 

of asymmetric induction was shown to be determined before or during the 

formation of the metal alkyl intermediates 112671. Hydroformylation of styrene 

using [PtCl,(DBPDIOP)] gave a product with 78 X ee, considerably better than 

with DIOP [1268]. Polymer supported versions of DIOP [12691 or BPPM [I2701 

were used with results similar to their homogeneous analogues. With 

[Pt(CHIRAPHOS)Cl(SnCle)] as catalyst, and 1-butene as substrate, the best 

optical yield obtained was 40 XS, and most of the product was linear [1271]. 

641 

Hydrocarboxylations of alkenes have been 

of ethene with He/CO/H,0 in the presence 

gave propanoic acid in good yield 112721. 

widely reported. Reaction 

of WiI,/[Mo(CO)sl/LiI/EtI 

Production of octanoic acid 

with 85 X selectivity from I-heptene was accomplished in the presence of 

[PdClz(PPh,),l/SnC1,/dioxan/H,O/H,/CO [12731; the influence of solvent and 

added alkene has been investigated 112741. High selectivity for the linear 

product was observed using a similar system and 1-nonene, especially in the 

presence of a small excess of PPha [1275,1276]. Reaction of 642 in the 

presence of [PdCl,(PPhsl,]/3-ClC,H,COsH/CO/H,/HCl gave 643 in enhanced yield 

and selectivity, relative to the reaction in the absence of the peracid 

112771. Palladium salts supported on anion exchange resins have been used as 

catalysts for conversion of 1-hexene to carboxylic acids [12781. 

642 643 

Reaction of ethene with CO and I-butanol in the presence of 

[PdClz(PPh,),l/HSnC1s gave butyl propanoate. A reaction mechanism and kinetic 

scheme were proposed [12791. The rates of palladium catalysed 

carboxymethylatlon of ethene and higher alkenes increased when homogeneous or 
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heterogeneous perfluoroalkene sulphonic acids were used as cocatalysts [1280]. 

Various patents have reported hydrocarboxylatlon reactions of I-alkenes, with 

catalyst systems including PdCl,/CuCl,/HCl [12811, [Pd(PPh,),]/PPh,/CF,SOeH 

[12821 or [PdC1,(PPha)21/HC1 [12831. The reaction of 1-nonene in the presence 

of JPdC12(PPhs),1/ROH gave a mixture of linear and branched esters; the 

reaction yield increased with the size of R, but selectivities were unchanged. 

Some increase in selectivity could be obtalned by the addltion of propanone 

[1284]. Selectivity could also be increased by the addition of PPh, 112851. 

When the added alcohol was a diol, HO(CHZ),j3H, selective monoesterification 

and carbonylation of RCH=CH* gave RCH01e)(CH2)#H as the predominent 

reglolsomer [12861. 

The reactlon mechanism was probed by the preparation of 

trans-[PtCl(COCeH,,)(PPh,),], characterised in a diffractlon study. The 

palladium-chlorine bond is long, due to the trans-effect of the acyl ligand 

112871. 

The hydrocarboxylation of an E/Z mixture of MeSCH,CH=CHOCOHe In the 

presence of [PdCla(PPhe)el gave a mixture of MeSCH,CH&H(OCOMe)COOMe (29 X) 

and HeSCH,CH,CH(OCOHe)C(=S)OHe 112881. The hydrocarboxylation of 

CH2=CHCH2COOEt using CO/EtOH in the presence of [PdCl,(PPhs)e]/PPhs involves 

the ethanol acting as a hydrogen donor. More of the linear product was 

obtained in polar solvents or with extra PPh,. The effects of conditions and 

additives on yield and selectivity was thoroughly investigated [12891. 

The enantloselective hydrocarboxylation of ethenylbenzene and 

2-phenylpropene has been studied in the Presence of [PdC12(PhCN)21 and an 

added chlral ligand; dibenzophosphole derivatives generally gave the best 

enantiomer excesses, and addition of LiCl dramatically increased conversion 

wlthout loss of enantioselectivity [1290]. Hydrocarboxylation reactions of 844 

were also studied. Whilst regloselectivity was generally fair, 

enantloselectlvlties In the presence of DIOP and related chlral phosphines 

were low [12911. 

644 

Related intramolecular hydrocarboxylatlon reactions have also been noted. 

The formation of six-membered rings was favoured over that of seven-membered 
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ones, and the accessibility of five-membered rings was shown to depend on 

alkene geometry 112921. Lactones were formed in reactions (32) and (33) under 

very mild conditions [1293,1294]. 

OH + CO 
PdCla/CuCls 

HC1/02 bov+ov (32) 

33 : 67 

Reaction of 645 resulted in a double cyclisation to give 646 and 647 via 

an ally1 palladium complex intermediate [1295]. With 646 (x = H) a double 

CYCliSStiOn gave 650 vfa 649 in the presence of PdCl,/CHsCOCH/Na[OCOCHa], but 

for X = OCOHe, using [Pd(PPhs),]/EtsN/thf, palladium ally1 chemistry 

dominated, resulting In elimlnatlon to 652 via 651 112961. 

PdCla/CuCls 
NHCOOMe CO/MeOH 

645 646 647 

646 649 650 

651 652 

Hydrocarboxylation of phenyl ethyne in the presence of PdCl,/thiourea gave 

a mixture of mono and dlcarboxylated products, with t-PhC(CCKMe)=CHCWMe as 
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the major one. The best selectlvlty was acccmplished using PdClJ4tWZdba 

r12971. Ethyne was converted to E-BuOOCCH=CHCOOBu in the presence of 

PdC12/FeC1,/H,S0,/BuOH; the reaction was though to involve an unstable 

palladium cluster 112981. Reactions of 1-alkynes gave mixtures of E- and 

Z-RC(COOR')=CHCOOR', with the Z-isomer as the major product. Ylelds were 

generally good [12991. 

Reaction of allene with CODeOH in the presence of PdClJCuCl,/HCl/O, gave 

Me0CH2C(=CH,)COOMe. Reactions of l,l-disubstituted allenes, R2C=C=CH2 gave 

R,C(OHe)C(=CHa)COOHe, with good regioselection, but in poor yield [13001. 

Butadiene, reacted with CO/H,0 in the presence of PdCl,/[Bu4NlCl/HCl, gave 

mainly E-CHaCH=CHCH$OOH, together with small amounts of other addition 

products [13011. 

A number of patents, mostly from Nissan Chemical industries, report the 

double alkoxycarbonylation of 

PdCl,/CuCl,/HeOH [1302-13061. 

dlcyclopentadiene to give 853 in the presence of 

MOW &n \ MeOOC 

653 

A hydrocarboxylatlon reaction was combined with an intramolecular 

nucleophllic attack in the conversion of 654 to 655 using CO/HeOH In the 

presence of CuClz/[PdClz(MeCN)zl. The product was used in an approach to 

naphthaquinone antibiotics [1307]. A mixture of diastereolsomers was obtained 

on cyclisation of 658, but in both this and related cases one was generally 

strongly favoured [1308]. In the reaction of 857 the hydrocarboxylation is 

also an intramolcular reactlon 113091. 

OMe 0 Pr OMe 0 Pr 

\ 0 CO/Me0H/CuCls , (j$$, 
[PdClr(MeCN)21 ’ , ’ 

654 655 

Alkoxycarbonylation of bicycle-[2.2.1]-heptadiene under oxidative 

condltlons (CO/necnr/Na[ocone]/W(OC~)*/CuC12) has been studled, and shown to 

be a complex reaction. Hlxtures of 858, 859, 680 and 661 were obtained, their 



proportions depending on the exact reaction conditions. The major product was 

generally 658, but 859 was obtained in the absence of Na[OCOMel (13101. 

COOR COOR 

858 

Ph‘- ‘0’ 

657 

& OCOMe 

COOMe 

658 

OCOMe & 
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A radical reaction pathway was proposed for the reaction of I-alkenes, 

RCH=CH,, with CO and Ccl, in the presence of Pd(OCOWe),/PPh,, to give a 

mixture of RCH(COOR)CH,CCl, and RCHClCHsCCls. The proportion of the 

b OMe 

COOMe 

659 

COOMe At COOMe 

661 

carboxylated product increased with the pressure of CO [1311]. 

The reaction of t-butyne with CO/EtsNH in the presence of [Ni8r,(Et2NH),l 

at 70 oC and 15 atm CO gave CH,C(CONEte)=C(CONEts)CHs, but at higher 

temperature and lower CO pressure the main product was 662 [1312]. When 

1-alkynes were used as the substrates the products included RCWCCONEt,, 

RC(CONEt2)=CHCONEt2 and Et,NCOCONEt e, with the product selectivity being a 

function of temperature and the halide ion in the nickel catalyst. A mechanism 

was proposed for the reactions 113131. 
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When 1,1-dimethylallene was reacted with CO/E&NH in the presence of 

[Ni(Et#H)aIsl the main products were 663 and 664; the mechanfsm proposed was 

complex 113141. 

663 664 

There have been numerous reports of the carbonylation of aryl halides in 

the Presence of a range of additives. In the presence of a hydrogen donor, ArX 

may be carbonylated to ArCHO using [Pd(PPhs)J/(PhCH,)sN, with the reactivity 

in the order X = I > Br > Cl 113151. Poly(methylhydrosiloxane1 has been used 

as the hydrogen donor 113161. Using molecular hydrogen as the hydrogen source 

required the use of [PdCl~(PPhs)~l/RsN as the catalyst system [1317,13181. 

Carbonylation in the presence of alcohols generally leads to the formation 

of carboxylate esters. The reaction has been reported for brcunobenzene and 

phenol in the presence of [PdBrs(PPhs),l/PPh,/BusN 113191, and various 

heterocyclic halides in the presence of [PdCls(PPhs)el/RsN [1320-13221. In a 

two-phase system, bromobenzene was converted to fPhCOOlHa with excellent 

selectivity 113233. Reaction of iodobenzene with CH~CH*CH~CHs)CH~OH in the 

presence of [PdC1,(PPhs)21/EtaN/C0 gave CHsCH*CH(CH~)CH*OC~h with 77 X 

selectivity 113241. However, in some cases the outcome of the reaction has 

been shown to be strongly solvent dependent, giving rise to both mono and 

doubly carbonylated products, ArCOOR and ArCOCOOR 113251. Using [PdC12(PCys)21 

as the catalyst system, and iodobenrene as the substrate, monocarbonylation 

was favoured in CH~Cl~/DBU, and dicarbonylation in CeHa/EtsN E13261. Careful 

mechanistic studies suggest that the intermediates involved are [~(CO)(~R)Lnl 

and WC~NU)(COR)L,I, rather than IM(COCOR)L,l, since this latter 

spontaneously loses carbon monoxide at room temperature [1327-13291. B(OR'jo 

was used as an alkoxy group source in alkoxycarbonylation of both activated 

and unactivated halides in the presence of [Pd(PPhs),l/[{RhCl(nbd)1al [13301. 



In the presence of amines, carbonylation of halides leads to the synthesls 

of amides. In this area also studies of double carbonylation reactions have 

been widely reported [1331,13321. In the patent literature it has been noted 

that iodobenzene reacts with CO/EtsNH in the presence of PdCl, to give mainly 

PhCOCONEt2; using [PdI(Ph)(PPh,),] as the catalyst gave both mono and 

dlcarbonylated products 113331. Good selectivities towards dicarbonylated 

products were also reported for reactions involving t4esCNH2/PdC12/C0 [13341 

and Et2NH/PdC1,/CO/Cy2P(CH2),PCy2 113351. Aryl and alkenyl bromides and 

iodides have been reported to react simllarly [1336]. Using PhI/CyNH,/CO in 

the presence of PdCl,, the main product was PhC(=NCy)CONHCy, a condensation 

product of the initially formed dlcarbonyl derivative 113371. 

There have been a number of mechanistic studies of the reaction. As with 

the related ester formation, the exact nature of the catalyst and solvent are 

crucially important to selectivity. The catalytic cycles for mono and 

dicarbonylation are quite distinct, and the key intermediate is 

[Pd(COAr)(CONR's)L,] rather than [Pd(COCOAr)L,l [1336-13401. 

A number of other amidation reactions have been used In total syntheses. 

In reaction (34) an a-halo aniline is carbonylated to give a mixture of 7- and 

5-membered ring products, in an approach to benzodiazepine syntheses [1341]. A 

related process (reaction (35)) gave an intermediate for synthesis of 

quinazollne derivatives 113421. Carbonylation of 665 In the presence of 666 

and [PdCl,(PPh,),l gave the related amide [13431. In some instances the 

nucleophlle may be introduced by reaction with a tin derivative, ReSnNu 

(Nu = OHe or NEta) [13441. 

+ MeNHCHsCme 
Pd(OCOMe)s/CO, (34) 
K2[COsl/xYlene 

33 % 

NH, 
Pd(OCOMe)r/PPhs 

CO/K2[COsl 
(35) 

COOMe 

I: 
0 COOMe 
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Br 
OMe 

555 555 

A few other nucleophiles have proved useful. Reaction of ArI with 

PhCeCH/CO in the presence of [PdC12(PPhs)21/Zn/Cu/[Cp2TiC121 gave ArCOCH=CHPh 

as the major product in most cases. Traces of alkynyl ketones were formed 

(13451. Using (He2CHCH2)sA1 as the nucleophile in the presence of 

[PdCls(PPhs)s]/PPhs/dme yielded ArCH(OH)CH,CHMe,, in some cases in excellent 

yields. Aryl bromides were not good substrates [1345]. Ketones, ArCOR, were 

also the major products from ArX/RX/CO/(i atm)/[Pd(PPhs),l/Zn/Cu/thf 113471. 

Reaction of [At-*11X (X = Cl, Br, I or [BF,]) with CO in the presence of 

palladium(I1) gave Ar,CO and ArCOCOAr. An increased CO pressure resulted in 

higher proportions of ArCOCOAr [1348]. 

There have also been many reports of the carbonylation of vinyl halides 

and related compounds. Carboxylic acids were producea hy carbonylation of 

CHs=C(CFs)X (X = Cl or Br) using CO/H20 in the presence of 

[PdCl,(PPh,),]/KI,'Et,N [1349,13501. E-PhCH=CHBr was converted to 

E-PhCH=CHCOOBu in the presence of CO/[Ti(OBul,]/[Pd(PPh,),] 113511, and 

(MeO)sCO was used as the source of alkoxide in a reaction of P-bromopropene in 

the presence of [PdCl,(PPhs),l, to give methyl 2-methylpropenoate [1352]. 

[Al(OR)s] has also been used as an alkoxide source 113531. The treatment of 

557 with CO in the presence of [PdC1,(PPh,),1/K2[C0,1 resulted in an 

intramolecular reaction to give the lactone 558 [1354]. The reaction of 

Z-PhCH-CHTePh with CO/PdCl,/LiCl was studied in detail. At high Pressures of 

CO, the Z-product was the major one, but E-PhCH=CHCOOMe was formed exclusively 

in reactions from which the LiCl was omitted [1355]. Reaction of steroidal 

enol triflates with CO/HeOH in the presence of Pd(OCOHe]JPPhs/EtsN gave the 

corresponding unsaturated esters [1355]. 

2 
Cs F7 CH=C\ Cs F7 CH 

CHzCHzOH 0 

557 558 
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+Lactams have been formed in intramolecular amidocarbonylations of 

alkenyl halides such as reaction (36) (R = COOMe, Me or me) [1357-13601. 

Tin nucleophiles have also been used in conjunction with alkenyl halide 

carbonylation, to give dienones (reactions (37) and (38)) [1361,1362]. 

Ureidocarbonylation of CH,=C(CF,lBr by R1NHCONHR2 gave 669 in the presence of 

[PdC12(PPhs)21 113631. When there is an appropriately positioned double bond, 

as in 670, carbonylation may be followed by insertion, giving, ultimately, a 

r-ketoester (reaction (39)) 113641. 

0 
OTf 

+ “es& CO/LiC1/55 oc 

[Rd(PPhs lrl/th/ I 1 (38) 
Meat 

,o+ 

MesC 

f'd(O)/CO/Mew COOMe 
(39) 

R 

070 

A few carbonylations of other types of halides have been reported. Ally1 
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halides have been converted to the corresponding acids in the presence of 

CO/[Ni(CO)41/NaOH/H20/CsHa/[R,NlX [13651, and ally1 phosphonates such as 

CHsCH$H,CH=CHCH,OP(=O)(OEt)s reacted with CO/EtzNH/[Pd(PPhs),]/[Bu4NlC1 to 

give a mixture of CHsCH,CHsCH=CHCH,CONEta and CHsCH,CHaCH=CHCHzNEt, 113661. 

Benzylic halides reacted using [M(LL)Xal (M = Nl or Pd, LL = R,P(CH,)#R,, 

x ( 3) as the catalyst [13671. Reactions of ally1 halides with organotin 

compounds in the presence of CO and a palladium complex gave mixtures of 

products derived from simple coupling, and coupling with carbonyl insertion 

[1368,1369]. Carbonylation was also combined with coupling in reaction (40) 

ri3701. 
R 

/ 
+ RmRr + CO IPd(PPhs 141, q 

(40) 

The patent literature again affords many examples of catalytic 

systems for methanol carbonylatlon. Methyl ethanoate was the product 

in the presence of PtClz/Co(OCOMe),/LiI [1371], whilst a mixture of 

methyl ethanoate and ethanoic acid was obtained using 

[Ni(CO),(PPh,),l/[Mo(CO~,(PPhs~zl 113721. Catalyst systems yielding 

ethanoic acid as the main product included NlI,/[M(CO)s]/MeI/LiI (M = Cr, 

Ho or W) 113731 and Pd(OCOMe)z/NlCls/MeI/LiI/~methylpyrrolidone [1374]. 

Ethanol was obtained using N~C~,/~C~~~CO)~I/BU~P with [13761 or without Ph,N 

[13761, or PdCl,/[Cos(CO)sl/BusP [13771. There has been a thorough 

investigation of the reaction In the presence of cfs-[Pt(CO)a(PEt,),], which 

gives methyl methanoate and dimethyl oxalate 113781. Under oxidative 

conditions methanol Is carbonylated to give mixtures of dimethyl carbonate 

and dimethyl oxalate; catalysts have included PdI,/Cu(OCOMe), Li3791, 

[IPdC1(C0)},l/LiCl/benzoouinone [13801 or PdX,/CuClp/NasH2MoaV,0,0 113811. 

Oxalate syntheses in the presence of palladium(O) complexes have been reviewed 

113821. 

An interesting carbonylation of ROH (R = alkyl, cycloalkyl or arylalkyl) 

to give ROCOOR has been reported to occur in the presence of 

K,[PdC1,I/CuBr/K[OCOMel 113831. Dibutyl carbonate was obtained with excellent 

selectivity from BuONO and BuOH when treated with CO/O, in the presence of 

PdClz [13841. Reaction of 671 with CO, HCl and P-propanol In the presence of 

[PdCla(PPhs),l gave 672 [1386]. Reaction of allylic carbonates with CO in the 

presence of Pd(OCOMe)z/PPhs gave &Y-unsaturated esters, in an effective 

carbonylation of allylic alcohols. The reaction mechanism involves a palladium 

ally1 complex, and allylic transposition was important in many cases 
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[1388,1387]. 

OMe OMe 

871 672 

The patent literature also funishes a number of examples of the catalysed 

carbonylation of methyl ethanoate. Ethanal was the product of the reaction 

with CO/Hz In the presence of PdC12/RhC1s/K[OCOMel/MeI/active C 113881, and a 

mixture of ethanal and ethanoic acid when the active carbon was omitted 

[1389]. The conzsonest product was ethanoic anhydride, formed in the presence 

of [Ni(acac)+]/butyrolactone/A!-methylimidazol‘rum Iodide [13901, 

[Ni(acac~),]/HeI/butyrolactone/Ph,PNEt~ [1391], NiC12/HeI/PhsPO/[Bu,NlI [13921, 

NiIa/[M(CO1eI/LiI/MeI/CHsCWH (M = Cr, W or Mo) [1393,13941, 

[Ni(acac)21/[VO(OCHMe,)s]/MeI/[BusMeP]I [13951 or PdCl, 113961. Ejther 

methyl ethanoate or dimethyl ether were converted to ethanoic 

anhydride in the presence of tN1(acac),1/Me1/PPh,/Y-va1er01act0ne [1397], 

[Ni(C0),1/HeI/CHsCOOH/butyrolactone [13981, [Ni(C0),I/[Ti(OBu4)l/[Bu,MePlI/MeI 

113991 or [Ni(acac),1/He1/butyro1actone/[R,N1X [14001. Using 

[Ni(acac),l/MeI/Et,N/butyrolatone as the catalyst system, one Patent reports 

that both ethanoic anhydrlde and ethanoic acid were obtained [14011, and with 

PdC1,/VC1,/Me1/[Bu,MeP]C1, traces of CHsCH(OCOMe)z were also formed [1402]. 

The acetal type product could be made the major one in the presence of 

Pd(OCOMe)2/RhC1s/BusP/MeI [14031. A rather curious Patent reports the 

conversion of MesCOOCHes to MesCOOCCOOCMe, in the presence of 

[Pd(acac),l/CuCl/py/He,CO [14041. 

Carbonylatlon of ArNH2 under oxldative conditions and In the presence of 

an alcohol, ROH, gave ArNHCOOR when PdCl,/CuCl, was used as catalyst. The 

reaction could be carried out under unusually mild conditions, at room 

temperature and atmospheric pressure 114051. Palladium black could also be 

used as a catalyst for this reaction, wlth {RNHCOPd} invoked as a surface 

bound intermediate [1408]. 

Carbonylation of aromatic nltro compounds to yield isocyanates has again 

been widely reported. Catalyst systems have included [Bu,NlIPdCls(CO)l/VCls 
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[i407] and [Bu4Nl,[Pd2C1,(C0)2]/VOCls [1408], with the reaction rate 

increasing for nitroarenes bearing electron donating groups in the 4-position 

[1409]. Other catalysts giving mainly isocyanates were PdCl,/Fe(III)/py 

[i4iC], [Bu,Nl,[Pd$l,l [1411], [PdCls(py)sl 114121 and [PdCl,(isoquinoline),] 

[i4i3]. Using [Pt,s(COlso]2- as the catalyst gave a mixture of ArNCO, ArNH, 

and (ArNH),CO [1414], whereas mainly amines were obtained in the presence of 

[PtClsL,] (L = PhCN or PPhs) [1415]. Urethanes were the main product using 

PdCls/py/V,Os/EtOH [1416] or Pd/C, and in the latter case both selectivity and 

conversion were greatly improved by addition of 2,4,6-trimethyl benzoic acid 

[14171. Reaction of 2,4_dinitrotoluene with CO/EtOH in the presence of 

[PtC12(PPhs1,1/FeC1s/EtsN gave the bis(NHCOOEt) derivative 114181. 

Carbonylation of PhNO, in the presence of [PtCl,(PPh,),]/SnCl,/R'COOH gave 

mainly PhNHCOR'. Possible mechanisms were proposed which involved either the 

arylamine or any at-y1 isocyanate reaction with the carboxylic acid [1419]. 

The reaction of nitroarenes and anilines with CO in the presence of 

[PtCl,(PPhs),l/SnCl,/EtsN yielded ArNHCONHAr, but attempts to make mixed urea 

derivatives by this method were not very successful, leading to a complex 

mixture of products [1420]. Carbonylation of ArNO, in the presence of 

PdCl,/NaX/FeXs/HeOH gave ArNHCOOWe as the final product. The intermediacy of 

ArN(O)=NAr and ArN=NAr was said to be established on the basis 'that the same 

final product was obtained from azobenzene and azoxybenzene [1421]. However, 

other workers considered that azobenzene is not an intermediate, preferring a 

mechanism involving metal nitrene complexes 114221. Azo- and azoxy benzene 

were among the products formed from carbonylation of PhNO 114231. Some 

evidence for palladium(I) intermediates in the reaction was obtained from PES 

measurements [1424]. 

There have been a few reports of the carbonylation of organomercury 

compounds. Reaction of RHgX with CO and R'OH gave RCOOR' in the 

presence of [PdCl,Lsl (R = Ar, R'OH = H,O] or [PdL4] (R, R' = alkyl) 

[1425]. Similarly, 673 was converted to 674 using CO/HeOH in the presence of 

Lis[PdCl,l 114261. Under oxidative conditions, in the presence of a 

Pd(OCOMe]2/Hg(OCOMe)2/Na[OCOWe], PhHgOCOMe was converted to a mixture of 

PhCOOCOPh and PhCOOR. Yields were excellent and conditions mild [1427]. An 

attempt was made to achieve a cross-coupling of Ph,Hg and ArI in the presence 

of [PdI(Ph)(PPhs)2]/I-, but the main product was Ph,CO. Substantial amounts of 

PhAr and PhPh were also obtained, and the yield of PhCOAr was low [1428]. 

Various other carbonylation reactions have been noted. Reaction of 

methanal with CO and CH,(CH,),ONO in the presence of 

[PdBr2(PPhs)2]/SnC12/[Bu,N]Cl gave mainly CH2{COO(CH2),}, 114291. When 

4-hydroxybenzaldehyde was treated with CO/HCl/EtOH in the presence of 



[PdCls(PPh,),l the main product was reported to be ethyl 4-hydroxybenzoate, 

but there was no indication of the course of the reaction [14301. Patents 

reported the reaction of diketene with CO and WeONO In the presence of 

PdClJCuCls to give HeO$CHzCOCH,COOMe 11431,14321. 

673 

The substituted alkyne R1R2C(OH)C&H reacted with CO/MeOH/PdCl,/CuCl, to 

give R1R2C(OH)C~CCOOMe [14331. Reaction of l-alkynes with CO (20 atm), and 

organic halides, RX, in the presence of [PdCls(PP)I (PP q phosphine ligand(s)) 

gave ketones RCOC=CR'. Yields varied widely with the nature of PP, and were 

best using the dppf complex t14341. The a#-diyne, 675 fX = NH, R = Me, or 

X = CH2, R = HI reacted with CO in the presence of palladium(O) to give the 

dienone, 676, which was not isolated, but could be characterised as its Diels 

Alder dimerisation product [14351. In the Presence of [NiBr2(Et2NH121 

butadfene reacted with CO/Et2NH to give CH2=CH-CH=C~CONEt~in modest yields. A 

mechanism involving a n-ally1 nickel complex was proposed [14361. Reductive 

car~ny~ation of [ArN*l[BF*l with COIEtsSiH in the presence of Pd(OCO14e12 gave 

ArCHO together with a small amount of ArH. The reaction mechanism proposed is 

related to that for the carbonylation of aryl halides to aldehydes, but the 

reaction conditions needed are much milder [14371. 

RR 
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RR 
- 

X 

>s 

X 

D 

0 
- - - 

RR RR 

675 676 

Co~l~risation of ethene and CO was accomplished in the presence of 

Pd(OCOMe)2/dppp/TsOH/HeOH 114381. Dialkyl ketones have been prepared from 

1-alkenes, CO and HZ, with excellent selectivity under mild conditions, using 

IPdL2Xzl/CFsCOOH as the catalyst. A detailed reaction mechanism was proposed 

[1439]. Cleavage of a phosphorus-carbon bond in PPh, to give PhCOOH occurred 

Rcfercnees p. 161 
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using CO/NO in the presence of PdCl,. Some PhCOPh and anthroouinone were also 

obtained [14401. Reaction of 867 with CO, H, and [Co,(CO),l/[PdCl,(PPh,),l 

gave 678 (R, R1 = Me, R2, R3 = H) with good yield [1441]. 

Rs R2 NHCOR 

R' 

Rs RJ 

077 678 

The catalytic fixation of CO, by metal complexes has been reviewed [14421. 

In the presence of Pd(OCOMe)2, ArH was carboxylated to ArCOOH in low yield, 

and with modest regioselectivity. Addition of MesCOOH increased the yield, and 

substituent effects indicated that the reaction had the character of an 

electrophilic substitution [1443]. The reaction has also been reported to 

occur in the presence of Pd(NO,),/CCl, [14441, and the yield may be increased 

by the addition of Fe(NO& [14451. 

Carboxylation of aryl halides, bearing either electron acceptors or 

moderate electron donors, has been accomplished in an electrochemical reaction 

in the presence of [NiBr,L,], but conversions were low [1446]. Reaction of 

P-bromopropene with CO,/HeOH in the presence of [PdC12(PPhs)21/BuaN yielded 

methyl P-methylpropenoate [14471. 

Carboxylation of butadiene in the presence of [Pd(acac)21/P(CHMe2)a gave 

mainly 679, which was isomerised thermally in the presence of the palladium 

catalyst to 680 [1448]. Reactions of other dienes were also investigated 

114491. Using [Ni(bipy)(cod)] as the catalyst, and oxidative conditions, 081 

was converted to 682 [14501. 

579 680 

RCH=C( 
R' 

R2 
,C=CHRs 

881 682 
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The reactlons of CO, wdth alkynes in the presence of nickel catalysts have 

been reviewed [1451l. The apparent insertion of COs into the epoxide 683 to 

give 684, catalysed by [Pd(PPh,),l/PPhs, involved the intermediacy of the 

ally1 derivatives 685 and 886 [14523. Methylenecyclopropane was carboxylated 

to 667 in the presence of [Pd(r\“-CsH,)(Cp)l/PPhs C14531. 

663 664 

685 666 687 

13.4 Hydrosflylatfon and Related Reactfons 

Organochlorosilane chemistry, including hydrosilylatlon, has been reviewed 

r14541. Heterogenised platinum catalysts for hydrosilylation have been 

discussed 114551, as has the use of other platinum or rhodium complexes as 

catalysts [1456]. A report refers to hydrosilylation with homogeneous and 

heterogeneous silicon ion (sic) complexes of platinum 114571. 

There have been a number of reports of the hydrosllylation of l-al kenes In 

the presence of Hs[PtCls] [1458-14601, including a kinetic study 114611. There 

have been several reports of such hydrosilylations of r-alkenyl amlnes and 

amides leading to the preparation of chiral stationary phases for hplc 

[1462-14651. Monomers to be used in the preparations of polysiloxanes have 

also been synthesised [1466]. There have been two reports of the 

hydrosilylation of the strained double bond of a blcycloheptene derivative, 

using H2[PtC1sl as catalyst [1467,14681. 

A mechanism has been proposed for the hydrosilylation of I-octene by 

HeSIHCl, in the presence of [NlCl,(PBus)sl 1146gl. A kinetic study of the 

reaction revealed that the reaction rate depended on both the sterlc and the 

electronic character of the phosphine ligand 114703. NiCl, on silica supported 

Y-methyldiethyoxysllyl propyl dibutylphosphjne oxide has been used as a 

hydrosllylation catalyst 114711. 

There has been a range of reports of catalysts for the hydrosilylation of 
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phenylethene and its derivatives, including platinum salts on silica [14721 or 

an anion exchange resin [1473,1474] for reaction with MeSiHCl,. In a patent 

abstract it was stated that reaction of 4-Me&H,CH=CHa with He$iCl, in the 

presence of [PtC1,(PhCN)21 gave 4-He3CCaH,CHzCHaSiClMe~, but it seems llkely 

that the reagent was HSiMesCl [1475]. Dihydrofuranyl substituted silanes 

reacted with phenylethene in the presence of H2[PtC1sl 114761. 

The hydrosilylation of alkenyl silanes with HSiRB in the presence of 

H,[PtCl,] has been studied: variation of either the catalyst or the solvent 

may alter the a/x/B ratio. An alkenyl silane platinum complex was propsed as an 

intermediate [1477]. With R,SiCH=CH, and R'$iH there was also some exchange 

between the R and R' groups [1478]. Reactions in the presence of a range of 

palladium(I1) or palladium(O) complexes gave mainly R,SiCH&H,SiR',, except 

when both R and R' q Cl L14791. 

Reaction of CF,CH=CH, with MeSiHCl* in the presence of [PdC12(PhCN)a1/PPh3 

gave CF,CH(CH,)SiMeCla as the sole product, this being a potent new monomer 

for production of fluorosilicones. Reaction under photolytic conditions or in 

the presnce of Hz[PtFs] gave exclusively the Pproduct. Treatment with 

trichlorosilane gave the g-product under all conditions 114801. 

Hydrosilylation of 688 with HSiCla in the presence of H,[PtClsl gave only 689 

114811. 

d- EOCF3 & 
688 

Hydrosilylation of 

c13siv-- 0 Jx OSiCl3 

C' 
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3-amino-1-propene by (EtO)eSiH in the presence of 

Ha[PtClsl gave (Et0)3Si(CH2)9NH2 [1482]. With RR'NCH&H=CHe and HSiXaY, 

however, regiochemistry was strongly dependent on the nature of the 

substituents [14831. A linear product was formed from Me3SiNHCH2CH=CHZ and 

HMeSi(OSiMe3)2 [1484]. Hydrosilylation of the ally1 ether, PhOCH2CH=CH2, with 

HSiCl, in the presence of Hz[PtCls] gave exclusively PhO(CH2)3SiCla [14851. 

Linear products were also obtained from He3SiOCH2CH=CH2 and HSiHe2Ph using 

Ha[PtCl,l on ion exchange resin [14861, and CH+=CHCH20COC(CH,)=CH2 and 

HSiHe,Cl in the presence of [PtC1,(Et,S)2], [14871. 

The reaction of 3-chloro-1-propene with P-dichlorohydrosilylthiophene in 

the presence of H,[PtCls] gave propene and 2-trichlorosilylthiophene as well 



as the normal hydrosilylation products [1488]. Reaction of 3-chloro-1-propene 

with trichlorosilane in the presence of a polysiloxane supported platinum 

catalyst gave Cl(CH,l,SiCls with 77 X selectivity [14891. 

There have been further studies of the regiochemistry of 1-alkyne 

hydrosilylation in the presence of platinum or palladium complexes 114901. 

Using H,[PtCla] as the catalyst, 1-octyne reacted with R,SiH to give 

E-R,SiCH=CHC,H,, as the major product, together with a small amount of the 

Z-isomer, and a-addition product [14911. Using Ha[PtCl,l/Ia as the catalyst 

system, however, the major product was RC=CSiR',, with little competing 

hydrosilylation [1492]. Mixtures of substitution and addition products were 

obtained with H,[PtCla]/LiI [1493]. Addition of either EtaSiH or EtSiCl,H to 

I-alkynes, RC=CH, in the presence of platinum(I1) salts gave E-addition 

products stereospecifically, with the regiochemistry of the reaction dependent 

on R 114941. Additions to AdC=CH (Ad = adamantyl), using H,[PtCl,] as 

catalyst, gave only E-&products [14951. 

Hydrosilylation of phenylethyne may give mixtures of both possible 

regioisomeric products. It was shown that [PtC1,(1,2,4-triazole),] had very 

high catalytic activity for the reaction, but the the regiochemistry of the 

reaction was dependent primarily on the nature of the added silane [1496]. The 

regiochemistries of the reactions of a wide range of 1-alkyne substrates were 

tested [1497]. 

Hydrosilylation of HC=CCMe,OH with PhHeSiH, in the presence of Hc[PtCl,] 

gave a mixture of PhMeHSiOCMe,C=CH, PhMeSi(CH=CHCMe,OH), and 

PhMeHSiCH=CHCMe,OH, the last product predominating [1498,14991. With 

HC=CCMe(Bu)OH and PhMeSiH,, the major product was similarly 

PhMeHSiCH=CHCMe(Bu)OH. In neither case was the product stereochemistry 

specified, but it may be assumed that E-products predominate [1500]. 

Hydrosilylation of MezOCCHzCHzOCHzCtCH occurred with RR'SiH2 in the 

Presence of H,[PtClal, giving (MeO,CCH,CH,OCH,CH=CH)aSiRR' [1501,1502]. Both 

double and single hydrosilylation were reported for the related reaction of 

HC=CCH,OCOMe [1503]. The products of both (x- and /J-addition were observed for 

the reaction of HC=CCHaCl with RsSiH [1504]. 

Reaction of MeaSiC*C-C=CSiHea with RsSiH in the presence of a platinum 

complex gave a mixture of 890 and 891, with 890 being slowly converted to 891 

under the reaction conditions. Using [Pt(PPh,),l or H,[PtCl,] as the catalyst, 

the main product was 890, but the outcome of the reaction was also dependant 

on the nature of the phosphine 115051. The enyne, 692 (R = COOMe), reacted 

with BuMeSiH, in the presence of H,[PtCla] to give mainly 693, though no 

stereochemistry was specified [1506,1507]. 

Roferencss p. 767 
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There has been a kinetic study of the platinum catalysed hydrosilylation 

of PhC=CCRR'OH with Pr3SiH [15061. Addition of hydrosilanes or hydrogermanes 

to He3SiOCH,C=CCH,OSiHe, was also noted 115091. Reaction of ClCH,C=CCH,Cl with 

HSiCl3 in the presence of H,[PtCls] gave 694 in near quantitative yield 

[1510]. Reaction of Et3SiH with MesSiC=CCOR gave a 5:l mixture of 695 and 696 

[15111. 

Sic13 

/ 

c/ 

Cl 
MesSi COR 

Y 

Me3Si 

- 
Y 

COR 
- 

SiEt3 
Cl 

Et3Si 

694 695 696 

Enantioselective hydrosilylation of ArCH=CH-CH=CH, with HSiC13 in the 

presence of [PdCl,{(R)-(S)-PPFA)] gave, after work-up and reaction with HeLi, 

a mixture of 1,4- and 1,2-addition products, 697 and 698 with respectively 

29 X and 55 X enantiomer excess. A mechanism invovlng a n-ally1 intermediate 

was proposed [1512]. 

SiMe3 
H 

Me3Si+Qr 

There 

reactions 

have been 

presence 

697 698 

have been many reports of the use of hydrosilylation and related 

in polymer preparation and curing. Polysiloxane graft copolymers 

prepared by reaction of polysiloxanes with ally1 derivatives in the 

of H,[PtCls] [1513-15151. Reactions between vinyl terminated 
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siloxanes and Si-H terminated siloxanes have been noted [1516-15191, and the 

kinetics of the hydrosilylation of oligomeric butadlene rubber have been 

investigated L15201. Various other processes have been more or less clearly 

reported in the patent literature [1521-15301. 

Enantioselective hydrosilylation of ketones has been studied in the 

presence of K[Pt(C,H,)Cl,] with an added ligand such as 699; most of the 

reported enantiomer excesses were modest [1531]. Hydrosilylation of the oxime, 

700, gave a mixture of 701, 702 and 703, with 703 as the major product, though 

overall yields were low [1532]. Hydrosilylation of enones by PheSiHs in the 

presence of [Pd(PPh,),] required the addition of ZnCle for success, giving the 

saturated carbonyl compound in good yield. With Ph$SiD* deuterium labelling 

was exclusively B to the carbonyl, whilst the use of D,O in the work-up 

resulted in a-labelling 115331. 

699 

Q NOH 

700 

a 
NH2 

+..y/NH2 a %, , 
“,, 

‘H 
701 702 703 

Addition of R,GeH to I-alkynes has been accomplished in the presence of 

Ha[PtCl,l, the major product being E-RCH=CHGeR,, but the outcome being 

somewhat dependent on the nature of R. When [PtC12(PPh,)2] was used as the 

catalyst considerable, and unexplained, isomerisation to the Z-addition 

product was noted [15341. Hydrogermylation of isoprene with HGeEt,Br has been 

studied in the presence of [Ni(acac)z]/PPh,. 1,4-Addition gave 704 as the main 

product [1535]. With butadiene and EtsGeH, the main products were 

Z-CH,CH=CHCH,GeHEt, and 705, from 1,4-cis-addition [1536]. Hydrogermylation of 

methyl propenoate by AdGeMeeH in the presence of H,[PtCle] gave exclusively 

AdGeHezCH,CH,CDDMe [1537]. 



I Et2 

bGeEt2 R 

Silylcyanation of ArC*CH wlth MeaSiCN in the presence of PdClJpy gave 706 

with high regio and stsreoselectlvity. The reaction was compatible with 

acetals, ethers, chlorides and fluorides, but aryl bromides were substituted 

by cyanide under the reactlon conditions [1538]. Reactlon of HesSiCN with 707 

in the presence of Pd(OCOMe), gave a mixture of 708 and 709, the ratio 

depending on the nature of Rf and R [1539]. 

Ar Rr 

NC SiMea 

706 

Rf% R 
\ 

NHMe 

Me 

707 

Rf 

- 

* 

R 
MeNH 

CN 

708 709 

Reaction of the disilane, 710, with RCWCH in the presence of 

[PdC12Wh3),l gave 711. With butadiene the products were 

disilacyclooligomers, and with propadiene, 712 was formed [1540]. The 

palladium catalysed reaction 

CH,=CH-C(R)=CH, (R = H or Me) 

main product. The product for 

in a short synthesis [1541]. 

ti -ST-i- 
I I 

710 

of disilanes Hes_nX,rSiSiXnt4es_n with dienes 

has been studied, and shown to give 713 as the 

which n = 0 and R = H was converted to muscone 

'Si' R 

XY I 

2% 

711 
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712 713 

Reaction of an ally1 ethanoate, 114, with MeaSISIHeB ln the presence of a 

palladium(O) complex gave a mixture of 715 and 716, the product ratios 

depending on the exact nature of the catalyst and the substltuents [1542]. 

Substitution of 717 

In the presence of 

RCOCOR 115431. 

Ra 

to give an acyl silane was accomplished using MesSlSlMes 

[{Pd(+C,Hs)Cl,I/P(OEt)s. By products included R2C0 and 

Ra 

R’w3 R’A7iMes 
714 715 

RJ/ , SiMes Ih I I 
X COCl 

716 717 

Sllylstannation of RClCH with MesSiSnHes was stereospecific and generally 

regiospeclflc in the presence of [Pd(PPh,),], giving 718. However, for the 

substrate with R = COOMe, equal amounts of the regiolsomers 710 and 719 were 

obtained. Reaction with 3-methyl-l,P-butadlene gave a 1:l mixture of 720 and 

721 115441. The reaction of HeaSnSlMe#4ea with RCICH in the presence of 

[Pd(PPh,)J gave only 722 115451. The dlstannatlon of 1-alkynes has been known 

for some time to give I-1,2_dlstannaalkenes. However, when propyne reacted 

with Me&a, the major product was 723, thought to be formed via an allene. 

The reactions of allenes were studled in some detail; both kinetic and 

thermodynamic products could be obtained under appropriate conditions, and the 

intermediacy of a palladium ally1 complex was proposed 115461. Reaction of 

MeaSna with ArCOCl resulted mainly in the formation of At-&O, when the 

catalyst was IPdI(Ph)(PPhs)al, but gave more of ArCOCOAr with 

[PdI(Ph){P(OEt)&l. A mechanism was proposed for the reaction [15471 
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Reaction of RCWCH with Phk&SiZnR',Li in the Presence of [Pd(PPh,],l gave 

a mixture of E-RCH=CHSiMe2Ph and RC(SiHe2Ph]=CH2. The regioselectivity was 

inferior to that in the reaction catalysed by CuCN 115481. Reaction of RCWCH 

with (Bu3Sn)2Zn gave a mixture of E-RCH=CHSnB& and RC(SnBu,)=CH2. For R = Ph, 

and using [PdC1,(PPh,)2] as catalyst, E-RCH=CHSnBu3 was the main product, but 

for R = C,oHzI using [Pd(PPh,),], RC(SnBu3]=CH2 was formed with >95 % 

selectivity [1549,15501. Cyclonona-l,P-diene reacted with (PhMe2Si12M (H = Zn 

or AlEt*) in the presence of [PdC12(PRJ12] (R = Bu or 2-NeCsH,) to give a 

mixture of 724 and 725, the ratio between the products depending on R and M 

[15511. 

724 725 

Trichlorosilane reacted with R2SiR'2 in the presence of H,[PtCl,] to give 

RSiHC12 and RR'eSiCl. Methyl groups migrated most easily, and selectivity was 

generally good [1552]. Reaction of RSiH3 with cis-cyclohexane-1,3,5-trio1 in 

the presence of either [PtCl,(PPh3)2] or H,[PtCl,] gave 726. However, 

[RhCl(PPha)a] was a more useful catalyst [1553]. When Et,SiH was reacted with 

H2NC(=S)NHR in the presence of H2[PtC1sl, the product was Et$iNHC(=S]NHR, 

which decomposed to give EtaSiNCS and RNH, [15541. The allylic Grignard 



reagent, 727, reacted with R,SiH using [NiCl,(dppf)] as the catalyst to give 

728 as the main product. Minor products were the Z-isomer and CHa=CHCH04e)SiR3 

[15551. 

Me*gBr 

726 727 728 

13.5 Other Additions to Carbon-Carbon Nultfple Bonds 

HekA2i R3 

The mechanism of hydrocyanation of alkenes In the presence of nickel 

complexes as catalysts has been investigated in detail. There are two 

catalytic loops, one involving the addition of HCN to [Ni(CzH,lLz], and the 

other ethene addition to [NI(CN)(H)La]. Steric crowding leads to a 

preponderance of linear products, but 91 x branched products were obtained 

from phenylethene, due to the intermediacy of a n-benzyl nickel complex. 

Addition of Lewis acids accelerates carbon-carbon bond formation, destabilises 

branched alkyl intermediates relative to linear ones, and increases catalyst 

lifetime 115561. Hydrocyanation of PhC6Z3iHe3 in the presence of 

[Ni{P(OPh)a},] gave mainly 729, but more of the other regioisomer was obtained 

when the substituents at silicon were larger [1557]. 

MesSi 

x 

Ph 

NC H 

729 

Addition of DCN to cyclohexa-1,3-diene in the presence of [Ni{(P(OPh)3},1 

gave both 730 and 731, in ccmparable amounts, thus establishing the 

intermediacy of a n-ally1 intermediate in the reaction pathway. It was 

proposed that cis-addition of [Ni(CN)(D)Lal gave 732, with cyanide then being 

transferred from the metal to either end of the ally1 unit [1558]. Addition of 

DCN and H13CN to pentenenitiles in the presence of [Ni{P(OCsH,-4-Xla},l/Lewis 

acid has been studied. H/D exchange occurred via orthometallation when 

X q MeO, but not when X = Me. It was shown that CHeCH(CN)CHaCH&N was derived 

mainly from 4-pentene nitrile and CH,CH,CH(CN)CHaCN from 3-pentene nitrile 
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[15591. Hydrocyanation of RCH=C=CHs using [Ni{P(OPh),),l as catalyst gave a 

mixture of products depending on R and the reaction conditions. Competing 

oligcmerisation and polymerisation lowered the yields [1560]. 

730 731 732 

Cyclopropanation of 3-methoxyphenylethene by N&HCOCH,CH,Br in the 

presence of a palladium salt gave 733 with a transrcis ratio of 7:l. The 

product was used in a steroid synthesis 115611. With phenylethene and 

NsCHCOOEt in the presence of [NiPc] the transrcis ratio was 2.2:1, and the 

yield 97 % [1562]. Reaction of norbornene with diazomethane in the presence of 

a range of palladium salts led to efficient cyclopropanation; it was 

considered that the active species was metallic palladium formed in situ. 

Selectivity was for the least hindered double bond; thus 4-ethenyl cyclohexene 

was converted mainly to 734 [1563]. In the presence of [PdC12(PhCN)2], 735 

reacted with PhsCNs to give 736. Using Rh,(OCOMe),, which does not coordinate 

alkenes readily, the main product was 737 [15641. A range of catalysts was 

compared for the reaction of ethyl diazoethanoate with substituted alkenes. 

The trans.-cis ratio was generally lower for [PdCls(PhCN)sl or Pd(OCOHe1, 

catalysed reactions than when rhodium or copper complexes were used [1565]. 

Reaction of norbornene with E-1-bromo-2-phenylethene and RsNH in the presence 

of [Pd(PPh,),] gave 738. The reaction mechanism involves oxidative addition of 

the haloalkene to palladium(O) followed by norbornene insertion and 

cyclisation [1566]. In an analogue of a Simmons Smith reaction, E-dialkyl 

butene-1,4-dioates were cyclopropanated by CH2Br2 in the presence of 

nickel(I1) and zinc metal. An enantiomer excess of up to 65 % was obtained 

using the menthyl esters [1567]. 

Me0 

CH20r o+ I 

733 734 
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Ph 

6w CH(Ph)NRz 
738 

Addition of water to propadiene in the presence of [Pd(dba),]/PPh,/CO, 

gave 739 selectively. The reaction with methanol or ethanol proceeded in the 

absence of CO, [1566]. Reaction of butadiene with ROH in the presence of 

PdClJCuCl, gave 740 and 741 115691. 

RO_OR 

/ 
RO x OR 

739 740 741 

Isoprene was reported to react with Na[OMel/MeOH in the presence of 

[{Pd(r?-CsHs)Cl},]/PBus to give 46 X methoxyalkenes, but details were sparse 

[1570]. Reaction of alcohols with BnOC(=CH,)CH,F using [PdCl,(cod)l as a 

catalyst gave BnOC(OR)(CHs)CH2F. This acetal was rather resistant to 

hydrolysis because of the electron withdrawing fluorine, but could be 

hydrogenolised to regenerate ROH 115711. 

Reaction of butadiene with Pd(OCOMe)z/MeCOOH/HnO,/benzoquinone gave 742, 

via a palladium ally1 complex. The reaction stereochemistry could be 

controlled by the conditions. Transfer of ethanoate from palladium in 743 gave 

744. This transfer could be blocked by addition of halide to give 745; then 

external attack of ethanoate gave 746. The process was used tu prepare a key 

intermediate for a synthesis of shikimic acid (15721. The reaction also works 

readily for acyclic stibstrates, and 747 was prepared with good selectivity 

i;5731. 
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There has been a careful study by nmr spectrsocopy, of the palladium 

promoted addition of amines to alkenes. The intermediates 748-752 were 

invoked; 752 could be isolated at low temperature and was converted to the 

addition product by hydrogenation or reaction with hydride [1574]. 

745 749 750 

tiHMe2 

751 752 

Cyclisation of 753 to give the benzofuran was accomplished under an 

oxidising atmosphere in the presence of PdClJCuCl [1575]. Using the chiral 

palladium complex 754 as catalyst, the major product of cyclisation of 755 was 

the ethenyl furan 756, but optical yields were generally low [ 15761. A 

mechanism was proposed for the palladium(I1) catalysed cyclisation of 757 to 

758 [1577]. The regiochemistry of cyclisation of substrates such as 759 and 
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760 was analysed in terms of Baldwin’s rules [15781. 
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/ xYxy 
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\ o %” 
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6-endo dig R 

759 

COOH 
Pd(II), EtsN 

5-exo dig 0 

760 

The presence of a palladium(II) catalyst facilitates the CYCliSation of 

761 to 762, but is not essential. 763, however, gave 764 and 705 via palladium 

catalysed alkene aminatton 115T91. The cycllsatlon of T66 to 167 has been 

described in detail [158Ol. A five-membered ring was also formed in the 

cyclisatlon of 768 [1581]. Reaction of 769 with [PdClS(PhCNlSl involves 

cfS-addition to give 770, which may be carbonylated to 771 or undergo 

ellmlnatlon to 772. The chloropalladlum 4ntermedlate 773 Is Isolable In the 
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tr-aneseties, since there is no facile cfs-elimination pathway, and may 

undergo carbonylation or hydrogenolysis 115821. In the reaction of 774, each 

of the adjacent nltrogen atoms may be involved in attack on the palladium 

coordinated alkyne [15831. 
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13.6 Iscmerfsat fon 

The catalytic lsomerisatlon of alkenes by palladium(I1) has been studied. 

It was concluded that the reaction does not involve oxidative addition or a 

Pd(IV) intermediate; basic phosphines attenuate activity, which is the 

opposite effect from the one expected for a mechanism involving Pd(IV1. 

Alkenyl, o-alkyl and n-ally1 complexes were invoked as intermediates 115841. 

Isomerisation of 775 In the presence of [PdCla(PhCNls] gave the conjugated 

product [1585], and reaction of 776 gave the endocyclic enone 115861. The 

isomerisation of 3-pentene nitrile by [Nl{P(OR)s],]/CFsSOsH was studied. There 

is a kinetic preference for the formation of 4-pentene nitrile, which is 

formed and hydrocyanated before any significant amount of the conjugated 

isomer is produced (see also section 13.5) [1587]. In the presence of 

PdClJCuCl, cfs, trans-1 ,&cyclododecadiene was converted to 

cfs,cis-1,6-cyclododecadiene [15881. [Pd(SnC1s),12- 

exchange resin has been shown to catalyse double 

115891. 

OH 

fixed on AV-17-8 anion 

bond migration in hexene 

775 776 

There continue to be examples of the reaWa1 of ally1 protecting groups by 

isomerisation and hydrolysis (see also section 73.7). Ally1 ethers of 

carbohydrates have been iscnnerised and cleaved in the Presence of 

trans-[PdC12(NHs)2] in excellent yield t15901, and alloxycarbonyl derivatives 

of sugars were deprotected in the presence of both ally1 ethers and 

prop-2-enylldene acetals using [Pd(PPha),] as the catalyst [1591]. Ally1 

esters were used as protecting groups in the synthesis of aspartyl peptides, 

and could be removed using [Pd(PPhs),l and dimedone or morpholine [15921. 

Deallylation of an ester using [W(PPh,),l/PFhs/[RCOOlNa was used in a 

synthesis of penem derivatives [15931, and a related process in an approach to 

the amaryllldacae alkaloids 115941. Ally1 groups have been removed in the 

presence of trityl and silyly groups [15951. Deallylation of ally1 phosphonate 

esters has been noted in the presence of [Pd(PPh,),] 115961. 

Various transposltons of ally1 esters have been noted (reaction 



675 

(41)) 115971, and reaction (42) was used in a synthesis of 

(+)-a-(methylenecyclopropyl)glycine [15981. Reaction of 777 with catalytic 

[Pd(PPhs),l gave 778 in good yield. With substrates of the type 779, the major 

product, 780 was formed by elimination from a n-ally1 palladium complex 

115991. In the conversion of reaction (431, product formation is supposed to 

be driven by the formation of an &&chelated nickel complex, but the reaction 

mechanism was not proven in detail [16001. 

R' 

OCORs 

R' 

[PdCls(MeCN)21, (41) 

[PdCls(MeCN)sl, 

OH 

Ts 

The sulphinate/sulphone rearranegrnent of reaction (44) proceeds with good 

778 

780 

PdClz 

MeJ 

RS&i, (43) 

R' R" 
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retention of stereochemistry in the presence of either [Pd(PPhs),l or 

[Pd(dppe),]; the reaction mechanism proposed involves .a n-ally1 intermediate 

[1601]. The regiochemical outcome of the reaction was studied with a range of 

substrates [?602]. 

Conversion of 781 to 782 in the presence of Pd(OCDMe)a/PPha was thought to 

involve a palladium ally1 intermediate 116031. 

781 782 

There has been a review of palladium catalysed Cope and Claisen 

rearrangements, and more generally, of 3,3-sigmatropic reactions [1604,1605]. 

Rearrangements of 783 have been carefully studied. In the presence of 

palladium(II), 784, the product of a 3,3-sigmatropic reaction is the exclusive 

outcome. When the catalyst is palladium(O), a mixture of 784 and 785 is 

formed. The palladium(I1) catalysed reaction involves an intermediate such as 

786, and the observed stereoselection depends on the chair topolgy of the 

six-membered ring intermediates. The palladium(O) reaction is not generally 

either regio or stereospecific. Deuterium labelling studies indicate a n-ally1 

palladium intermediate, which may be attacked at either end by [O=CH-NPh]- 

[1606]. Related reactions include (45) [1607], (46) [1608] and (47) L16091. 

Chirality transfer is generally good [16101. 

783 784 
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In the oalladium(I1) catalysed reaction of 787, comparable amounts of the 

E- and Z-isomers of 788 were formed [18111. For 789 (X q Me or NRe,) 790 is 

the main product, but some of the Z-isomer of the startlng material was also 

noted. This latter reacts very slowly [18121. In the rearrangement of 791 to 

792 and 793, the N(1) alkylated product, 792, generally predominates. but 
substitution at the 8-position (R2 # H) reverses this trend 116131. 794 was 

isomerlsed to 795 in the Presence of [PdC1,(MecN),] [1614]. 
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A facile synthesis of r,s-unsaturated esters (Scheme 19) involves a 

palladium catalysed rearrangement In the key step 116151. The alkoxyallylation 

of 796 (2 = electron withdrawing group) was accomplished using the 

rearrangement of 797 at 200 OC in the presence of [Ni(acac12] 116161. 

Conversion of 798 to 799 in the presence of Ni(0) involves a sigmatropic 

shift, and gives an epimer of the compound produced In the thermal reaction 

116171. 

There has been reported the first example of a 3,3-sigmatropic shift of a 

1,5-enyne in organophosphorus chemistry (reaction (48)) [1618,16191. 
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Scheme 19 Palladium catalysed synthesis of unsaturated esters 
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The rearrangement of quadricyclane to norbornadiene continues to be 

investigated. Photolysis in the presence of [PdCl,(nbd)l proceeds with a 

quantum yield greater than 10 * [1620]. Related reactions were also reported 

for substituted quadricyclanes [1621]. A kinetic study of the reaction in the 

presence of PdCl, suggested a palladium(IV) intermediate such as 600, formed 

reversibly [1622]. When [Pd(acac)z]/Et3A1/PRs was used as the catalyst system 

a complex range of norbornadiene oligomers was also obtained by reaction of 



the first formed product [16231. The substituted quadricyclane, 801, was 

isomerised to the related norbornadiene in the presence of [PdIz(Ph,Sb)zl, 

without damage to the allene unit [16241. 

800 801 

In the presence of [Ni(CO),(PPhs)21, 802 was converted successively to 803 

and 804, the reaction proceeding via the norbornadiene [1625]. The opening of 

three-membered rings in tri- and tetracyclic species in the presence of 

palladium complexes has also been noted [1626,1627]. 

& 
NMez 

802 

The rearrangement 

prepare a synthon for 

by [Pd(dba)sl, gave 

canthaxanthin 116291. 

via a palladium ally1 

azetidines 116301. 

w - 

803 804 

of the vinyl epoxide 805 gave 806, which was used to 

pentenomycin 116281. The ring opening of 807, catalysed 

808, used as an intermediate in the synthesis of 

Ring expansion of the aziridine 809 probably proceeds 

complex; six-membered rings were similarly obtained from 

CHO 

805 806 

0 Q / 
OH 

808 
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Isomerisation of methyl methanoate to ethanoic acid in the presence of 

CO/He1 was catalysed by a range of complexes, including [Pd(acac)sl 116311. 

Conversion of ethanal to ethyl ethanoate was catalysed by a giant cluster 

formulated as {Pdsal(phen)ao}{OCOMe),,, [16321. 

The isomerisation of 810, labelled with 170, has been studied in some 

detail. Reaction with palladium(I1) gave either 811 or 812. The thermodynamic 

product, 813, is the minor one, presumably because of the unfavourable steric 

interactions in 811 116331. 
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Ring enlargement of 815 to 816 was proposed to involve the mechanism of 

Scheme 20 116341. Iscmerisation of 817 to 818 probably involves a n-ally1 

intermediate, and D-elimination of PdH [1635]. 
,PdXLz 

815 

+ HPdLzX 

Scheme 20 Palladium catalysed ring expansion [1634]. 

R2 Rs 
R'CH=CH COOEt 

Pd(OCOMe)z 
, ,NHCHO 

PPh3 
, R'CH=CH-CC=C, 

'COOEt 

817 818 

13.7 Substitution of Ally7 Derfvatives and Related React ions 

There have been two reviews of syntheses 

complexes [1636,16371. 

involving palladium ally1 

Many more examples of substitution reactions of allylic ethanoates have 

been reported. Ally1 ethanoate itself has been substituted by [CplNa in the 

presence of [Pd(dba)zl/dppe [1638], ITsNHlNa in the presence of [Pd(PPhs),l 

116391, PhZnBr using [Pd(acac)z]/PPhs [1640] and MeeSnz using [Pd(PPh,>,l as 

the catalyst [1641]. In a new type of coupling ally1 ethanoate reacted with 

ArBr and BusSnz in the presence of [PdCl,(dppf)] to give ArCHzCH=CHz. The 

mechanism proposed involved two roles for the palladium complex. The initially 

formed rr-ally1 complex reacted with BusSn2 followed by {ArPdBr) to give 

{Pd($-CsHs)(Ar)}. This could also be obtained from ArSnBus and the ally1 

complex. Coupling then released the product 116421. Palladium complexes on 

alumina catalysed the reaction of ally1 ethanoate with species with pKa's 



between 5 and 13, without the necessity to preform the carbanions 

enolate of 2-methyl cyclopentane-1,3-dione was also a suitable 

[1644]. 

683 

116431. The 

nucleophile 

Treatment of 819 with BusSnOPh in the presence of [Pd(PPha)41 gave a 

mixture of 820 and 821. On thermolysis in the presence of palladium(O), 

elimination yielded 822. Synthetic applications of this reaction in 

carbohydrate chemistry were discussed 116451. Substitution of 823 by [ArSO,lNa 

in the presence of [Pd(PPh,),] gave only 824 [1646]. Palladium metal dispersed 

on graphite or alumina, with PPh, added, was used as a catalyst for the 

substitution of ally1 ethanoates, phosphates or cabonates by [PhSOzlNa. 

Without the added phosphlne there was considerable formatlon of the conjugated 

isomers of the type CHsCH=CHSOsPh. The use of palladium on graphite was 

compared with [Pd(PPha),]; using the heterogeneous catalyst resulted in the 

formation of more branched products [16471. New methodology for the use of 

alkoxide nucleophiles has been described 116481. 

Br 
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Br 
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SOzAr 
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823 824 

Reaction of 825 with 5 molar equivalents of Et,NH in the presence of 

[Pd(PPh,),] gave the cfs-product, 826, with more than 95 X stereospecificity. 

However, with the tram-lscrner of the starting material, the stereochemical 

results depended strongly on the exact reaction conditions; the isunerisatlon 
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of the starting material competes with the substitution reaction [1649]. 

Phthalimide reacted with ally1 ethanoate, but the conditions needed were 

realtively harsh, and yields were low. The best leaving group proved to be an 

isourea [;650]. 

MeCOO OMe 

w - 
825 

Diethyl propanedioate reacted with CH,=CHCMe,OCOMe in the presence of 

[Pd(PPh,),l/PPh, to give a mixture of the two possible regioisomers, in 

unspecified proportions 116511. Similarly, Na[ROOCCHN021 reacted smoothly with 

CH2=CHeCHsOCOHe, or the related carbonate or phenyl ether [1652]. The 

P-carbomethoxy cyclopentanone enolate, 827, reacted with 828 to give the less 

hindered of the two possible regioisomers, which was used in a steroid 

synthesis [1653]. Reactions of the stabilised anion formed from 829 also gave 

the less hindered regioisomer [1654]. The cyclopentanone enolate, 830, reacted 

with a range of ally1 ethanoates to give products such as 831, which was 

formed with good stereoselection, and was used in a prostaglandin synthesis 

[1655,1656]. The use of CHs.=CCICH,OCOHe as substrate gave a side chain which 

could be readily hydrolysed to -CH,COCH, [16571. The tin enolate of 

4-tert-butylcyclohexanone reacted successfully with Me,SiCH=CHCH,OCOMe to give 

both diastereoisomers of 832 116581. 

O- 
COOMe 

827 

02 

S \ Ctr I 
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831 832 

In an aim to establish a stereospecific Michael equivalent, 833 was 

reacted with a propanedioate ester in the presence of [Pd(dppe)al. The 

reaction was stereospecific, with retention of configuration, in contrast with 

the transstereochemistry obtained in the Michael reaction of 834 [16591. 

833 834 

There have been two reports of the use of allylic acetals such as 835 as 

substrates. With propanedioate nucleophiles, two products were formed, 836 and 

837. The intermediate 838 reacted with the stabilised anion at the acetyl 

group, to give RCH=CHCHO and CHsCOCtNCCQR),. The anion formed from the latter 

then reacted with the ally1 palladium complex in the more usual way to give 

the observed products 116601. Trost's group, however, obtained somewhat 

different results. 

obtained from 839 

R= H, elimination 

giving 843 fl6611. 

The expected substitution product, 841, was initially 

and 840, but its fate depended on the nature of R. When 

ylelded 842, but for R = CH(COCMea) cyclisatlon occurred 

OCOMe 

835 

The reaction of EteAlSnBu, 

gave RCH=CHCHaSnBu,, which is 

proved useful for reaction with 

Refennces D. 767 

836 831 

with RCH=CHCH~O~ in the Presence of Pd(O) 

a very soft source of the ally1 anion, and 

ally1 and aryl palladium(I1) complexes. It was 



686 

shown that substitution occurred with inversion of stereochemistry; the tin 

attacks first at palladium and is then transferred to the ally1 unit [1662]. 

Reaction of 844 wfth He&s in the presence of Pd(OCGHe)s/PPh:, gave 845 via 

846 and 847 [16631. 

0 

838 

R,COOMe 

Ph,+OCOMe RxcooMe 

OCOMe CoOMe 

839 840 

Ph 

OCOMe 

841 

844 

R' 

842 843 

845 

R' 

847 

Substltution of a range of ally1 derivatives by Grignard reagents has been 

noted in the presence of [MCl,L,] (H = Ni or Pd, Lz = dppe, dppf or dppf) The 

branched product, ArCH(He)CH=CH,, was the major regioisomer obtained from 
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ArHgBr and either CHeCH=CHCH,X or CH,=CHCH(CHs)X (X = OSiRa, OPh, Cl, OTHP or 

OH) [1664]. An enantioselective version of the reaction wss reported in the 

presence of [Ni(CHIRAPHOSlCl,l 116651. 

Intramolecular reactions ray lead to cyclic products. In the reaction of 

848 transicr of chirality was 75 X efficient for R = CCMe, but 100 X 

effiecisnt for R = CCOMe [1666]. Complete chirality transfer was also achieved 

in reaction (491, which was used in the first enantioselective synthesis of 

dictyopterene A [1667]. 

848 

CoOMe 

[Pd(dPPe)sl, Bu>c~bBu+~;” 

+PdLa 
(49) 

There have been several studies of the regiochemistry of the reaction. In 
general catalysis by palladium(O) complexes leads to the formation of the less 

hindered product, in contrast to tungsten catalysed reactions, for which 

regiochemistry is dominated by electronic factors. Thus 849 reacts with 

Na[CH(CCCMe)e] to give mainly 850, and 851 gives mainly 852 116681. Both 853 

and 854 react with [Pd(PPhe)+l to give 855, with substitution occurring at the 

terminal position. There is apparently no significant migration of the 

palladium along the chain [1669]. In a more general study, it was shown that 

amines, enolates and alkoxides react at the less hindered terminus of an 

allyl, but reaction with PhZnCl is selective for the more hindered site, even 

when the difference between the two sites Is small [1670]. 

0 

849 

Refcrenccs p. 767 
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855 

One mechanistic study has suggested that the Pd(II)/Pd(IV) rather than the 

Pd(O)/Pd(II) couple Is the important one in catalytic allylatjon. Addition of 

PPhs to 858 resulted in no significant change in the rate of reductive 

elimination, implying that there is little of any nl-ally1 palladlum(I1) 

intermediate. However, addition of CH,=CHCHsX resulted in a substantlal rate 

increase, and the added allylic substrate is tncorporated into the products. 

This observation is conslstent with the intermediacy of a palladium(N) 

complex, formed by oxidative addition of the allylic substrate [1671]. The 

mechanism of the coupling of PhZnCl with ally1 ethanoate has been studied in 

the presence of palladium(O) and chiral phosphines. A s-ally1 intermediate was 

proposed, and enantlomer excesses were low [1672]. 

856 

Trifluoroethanoate was used as the leaving group in reactjon (50); neither 

ethanoate nor phosphate derivatives gave useful results [1673]. 
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K(CH(COOMe)zl 

Halides have also been used as leaving groups; reaction (51) shows the 

synthesis of a-farnesene [1674] and reaction (52) the preparation of huinulene 

[16751. There has been a report of the reaction of [PhTi(OEt)sl with 

RCH=CHCH,X (x = Cl or Br) to give RCH=CHCH,Ph as the major product, together 

with a smaller amount of CH,=CHCHRPh. Biphenyl was a substantial by-product 

116761. 

KA1Me2+ $&l CPd(PPhs)rj, 'x-" (5t) 

Ally1 carbonates have also been popular substrates, and a number of Simple 

substitutions have been reported (reactions (53) [16771 and (54) [16781). 

Tsuji's group have noted reactions with a very wide range of nucleophiles 

116791, including trimethylsilyl ketene acetals (reaction (55)) [16801. 

Intramolecular reactions have also been successful. 857 reacted with good 

'chirality retention in the presence of NaH, since cyclisation was faster than 

ally1 racemisation, but without added base a racemic product was obtained 

[16811. 

0 0 

NO2 WmOsEt 

(53) 
[Pd(PPhs 141 
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COOMe 

A/oco2Me + 4l [Pdz (dbah 1 
PPhs 

0 

COOMe 

A/ty (54) 

0 

OTMS 

R,doR2 + ,~°C02R4[Pdn(dba)r~ R,w,Ra 
R3 dtwe CO2 R2 

(55) 
+ R’OTMS + CO2 

0 

NaH/[Pd(dppe)z 1 

857 

There have been a number of reports of reactions such as (56) 116821. The 

reaction mechanism involves the initial formation of an intermediate such as 

858, which is readily decarboxylated to an enolate equivalent [1683]. The 

enolate may then be protonated [1684-16871, or may react with the palladium 

ally1 complex to give an a-allylated ketone 11688,16891. The precise outcome 

of the reaction depends on the exact nature of the substrate and the reaction 

conditions. Reaction of either 859 or 860 with [PdL,], or RC(OSiMea)=CHCHsR', 

CH,=CHCH20C0,R3 and [PdL,], gave an equilbrating mixture of 861 and 862. Three 

possible fates were noted for this mixture. B-Elimination gives 863, 

protonation 864, and allylation 885. Addition of mono or bidentate phosphines 

promoted allylation, and a "ligand free" environment (MeCN solvent) gave 

mainly elimination [1690]. The Carroll rearrangement of alkenyl ally1 

carbonates proceeds thermally at 170-200 OC. However, the conversion of 866 or 

867 to 868 occurs under very mild conditions in the presence of transition 

metal complex catalysts. [Ni{P(OEt)e}+l was active in thf at reflux 

temperature; the mechanism is probably analogous to that previously reported 

for palladium complexes, but was not investigated in detail [1691]. 
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0 0 & ’ 00 pd(;T)2 * 14 , (50) 
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A nmber of papers have reported the use of ally1 nltro compounds as 

substrates. For example, 869 reacted wtth NafCH(COOWe)21 in the presence of 
Rcfcnnecs p. 767 
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[Pd(PPh,),l to give 870 (E:Z = 89:11), the product being used in terpene 

synthesis [1692]. Substitution of 871 by Na[SO,Phl gave a mixture of 

regiosiomers, with 872 predominent [16931. Nitroalkenes may be isomerised to 

ally1 nitro compounds in the presence of base, and then substituted by 

Na[SO,Phl in the presence 

successful results 116951. 

of [Pd(dppe),l [16941. Amine nucleophiles also gave 

Rl~O 
NO2 

869 

871 

)dO 
cH(CooMe)~ 

870 

872 

Reaction of RaAl with PhSO.,$H,CH=CH, in the presence of a catalyst gave 

RCH,CH=CH,. Low yields were obtained with either [Ni(acac)21 or [Pd(acac),], 

copper salts being much better catalysts [16961. Reaction of 873 with 

Na[CH(COOHe)21 gave 874, with 83 % stereospecificity, together with 875 

116971. 

ye 
(Me02C)zCH@$dCH=CH2 

H 

873 874 

MeCH=CHCHzCH(COOMe)2 

875 

The influence of leaving group on substitution regiochemistry has been 

studied for 876 and 877 (Z = OCOHe or SO&H,-4-Me). By judicious choice of 

catalyst and leaving group almost complete regioselection, for either product, 

was accomplished [1698]. 
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a76 a77 

Coupling of CpMgBr with diallyl ether gave a mixture of 878 and 879, in 

the presence of [Pd(acac),l/PPhs. Other leaving groups were equally effective 

[1699]. With PhSCH=CHCH20Me and RMgX in the presence of [Ni(dppe)Cl,l the 

product was PhSCH=CHCHsR, formed with good regioselectivity. Elaboration of 

the product was discussed 117001. Reaction of the enolate of R'COCH,Rs with 

N,N'-dicyclohexyl-&ally1 isourea using [Pd(dba)zJ/chelating phosphine as the 

catalyst system, gave a mixture of mono and diallylated products [1701]. The 

use of R1R2NC02CH2CH=CH2 as a reagent for allylation has also been considered 

[1702]. In reaction (57) the leaving group is an aluminlum alkoxide 117031. 

Attack on CH2=CHCH(OMe), by alkenyl alanes or organozinc halides in the 

presence of [Pd(PPh,),l was exclusively at the Y-position (for example, 

reaction (58)). Orthoesters were also useful substrates [1704]. / u- I I 

a78 

SiRs 
J 

1) ZnCl2 
2) [Pd(PPha 141 

. 

a79 

(57) 

R' 

F 
/ 

AlRs + / 
OMe 

R2 r\f 

1) [Pd(PPhs 141, 

2) H30+ 
R'+&HO (58) 

0Me 
R2 

The relative reactivities of organometallics and leaving groups were 

studied in the series CH2=CHCH2X (X = Br, OCOMe, OPh and NEtsI 117051. 

Biickvall's group has studied the reactions of compunds such as 880 prepared by 

palladium catalysed oxidation of dienes. The halide is preferentially 

substituted in a palladium catalysed reaction, and the ethanoate may then be 
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eliminated in a further palladlum catalysed process to yield a substituted 

diene [1706]. Alternatively the ethanoate may be substituted by a second, 

different nucleophile 117071. The diene oxldatlon may be controlled to give a 

diasteromerlcally pure product such as 681, which may then be substituted in a 

stereocontrolled manner. Thls process has been exploited in a synthesis of the 

pheromone of the carpenter bee 117081. 

MeCOo~C1 ~%%, 1’ MeCOo-S02 Ph 
880 
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EtsN 

[Pd(PPhs ,(I 

dppe 
75 -Jc 

Cl 

Ii / 
OCOMe 

Me 
9 

-H 
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801 

There have been reported several examples of the use of allyllc epoxides 

as substrates for substitution. The initial oxidative addition of palladium(O) 

generates an alkoxide, which may be used to deprotonated an appropriate 

incoming nucleophile (reaction (59)) 117091. This has been exploited In the 

regio and stereoselective introduction of the lW-hydroxy group and various 

side chains to steroid nuclei [1710], and a synthesis of digltoxigenin 117111. 

Reaction with CO2 has been studied (reaction (60)); in this case it is 

necessary to use a phosphine other than PPhs, since the latter is displaced 

from palladium by CC, [17121. 

HO oph 

a (59) 

PdLn 82 % 
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0 + co2 
[Pd{P(OCHMms)a)n\ 0 (60) 

There has been continued work on the mechanism of palladium catalysed 

enantioselective catalytic allylation. It was shown that n-ally1 intermediates 

epimerise lo-100 times faster than they are attacked by nucleophiles, so that 

nucleophllic attack is both turnover limiting and the step which determines 

enantioselection [1713]. The crystal structure and absolute configuration of 

the major diastereoisomer of a CHIRAPHOS complex has been establlshed in an 

X-ray diffraction study. In 882 the chelating biphosphine adopts a gauche 

conformation with a S-configuration, and the phenyl-bearing terminus of the 

ally1 is forced to adopt the R-configuration 117141. 

882a Structure of [Pd{rl3-C(CeH3-3,5-Me2)2cHCHPh}(S,S-CHIRAPHOS)l[8F,J showing 

the CHIRAPHOS ligand bonded to palladium. (Reproduced with permisslon from 

El71411 

The reactions of allenyl ethanoates and related compounds with 

nucleophiles in the presence of palladium complexes may appear to be similar 

to those of ally1 substrates. Thus 883 is converted to 884, which may be 

cyclised and alkylated in a further palladium catalysed process to give a 

mixture of 885 ad 888, the regloselectlvlty being controlled by the nature of 
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R 117151. However, it is not clear that the reaction mechanism is entirely 

analogous to that with ally1 substrates; in the substitution reaction of 887, 

the intermediates 888, 889 and 890 were all considered [1716]. Similar 

intermediates were proposed in related reactions where the leaving group was 

OR, OCOR or OSOaR [1717]. Reaction of 891 with an aryl halide in the presence 

of palladium(O) yielded an enone, via initial addition of RPdX to the allene 

[1718]. Addition of R2PdX to R%H=C=CH a proceeed similarly via addition at 

C(2) of the allene. The ally1 892 was reacted with RaNH to give 893, generally 

in good yield [1719]. Substitution of the propargyl halide 894 gave the allene 

895, though probably not via a palladium n-ally1 intermediate [1720,1721]. 

Reaction of HC=CCH,OCOOMe with a range of nucleophiles in the presence of 

[Pd,(dba)a]/dppe gave species of the type 896. Thus with dimethyl 

propanedioate a mixture of 897 and 898 was obtained, with 897 being isomerised 

to 898 on heating. A complete reaction mechanism was proposed, invoking both 

a- and U-bonded palladium intermediates [1722]. 

882b Structure of [Pd{~3-C(C,H,-3,5-Me2),CHCHPh}(S,S-CHIRAPHOS)l[BF,l showing 

the n3-ally1 ligand bonded to palladium. (Reproduced with permission from 

L17141) 
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Cyclopentannulation reactions in organic synthesis have been reviewed, 

with particular reference to the use of trimethylene methane (TM!41 palladium 

complexes [1723]. The reaction of the THH precursor, 899, with 900 in the 

presence of Pd(OCOHe],/P(OCHMe2), gave 901, a potential precursor of pentalene 

[1724]. The stereoselectivity of the reaction of 899 with 902 was shown to be 

strongly solvent dependent [17251. In the cyclopentannuletion of 

cyclopentenone with 903, better yields were obtained when the palladium(O) 

catalyst was generated In situ. The main by-products arose from isomerisation 

and protodesilylation, and the product, 904, was used in a synthesis of 

loganin aglucon [1726]. 

TMS 
I Jv 0cOMe (+f- O&c 

899 900 901 

C,02Me 

OC02Me 

Trost's group have reported the synthesis of a range of THH complex 
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precursors, and a wide-ranging study of their reactions [1727]. It has been 

shown that tin compounds such as 905 are also useful precursors of palladium 

TMH complexes; the reaction with aldehydes, RCHC, gave 906 [17281. 

R3 Sn&ocot4e 
R XA 

\ 

905 908 

THM complexes are also derived from the reactions of palladium(O) or 

nickel(O) with methylene cyclopropane complexes. Thus the reaction of 907 with 

908 in the presence of [Ni(cod)a]/P(OC,H,-2-Ph)s gave a mixture of 909, 910 

and 911, the amounts of the regioisomers depending on the substituents, 

although the reaction mechanism was not proven [1729]. Both TNH complexes and 

nickelacycle intermediates were invoked to explain reaction (81) [1730]. 

R"eSiMea 

908 

909 910 911 

Reaction of either 912 or 913 with Ph&=C=NPh in the presence of 

palladium(O) gave a mixture of 914 and 915, which were readily isomerised to 
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the related pyrroles [17311. Carboxylation of methylenecyclopropane in the 

presence of Pd(0) gave a very wide range of oligomeric products, but 916 could 

be obtained in up to 80 X yield by careful control of the reaction conditions 

[1732]. The more substituted carboxylation product 917, obtained similarlY, 

could also be used as a convenient precursor of the palladium THM complex 

(reaction (62)) 117331. 

912 913 

ew A 
(62) 

ew 

ewg 

Some reactions of alkenyl cyclopropanes have been studied. Thus 918 

(2 q  electron withdrawing group) reacts with [Pd(PPh,j4] to give the anion 

919. This may deprotonate a potential nucleophile, CH,ZZ', which then 

substitutes the ally1 complex to give 920. Yields depend on the ease of proton 

transfer [1734]. Intermediates such as 919 also react with CH2=CHZ' to give, 
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after cyclisation, 921 t-17351. 

13.8 Coupling of Orgamnetallics with Halides and Related Reactions 

The couplings of a wide range of nucleophiles with aryl, heteroaryl, 

vinyl, benzyl and other halides have continued to prove popular in synthesis, 

and a number of reviews have been published [1736-17391. 

The coupling of Grignard reagents with aryl chlorides in the presence of 

[NiCl,(dppe)] allowed the synthesis of 1,3,5trialkylbenzenes in good yields, 

with litlle contamination by mono and dialkylated species. Under the same 

conditions 1,2,3-trichloroarenes yielded dialkylated products [1740]. The 

reactions of a number of dichloroarenes with Grignards in the presence of 

[NiCl(triphos)l[PFel has been studied. The major product was the monoalkylated 

species, and the regiochemistry in more substituted dihaloarenes depended on 

the nature of the Grignard reagent 117411. The reaction of ethenylmagnesium 

bromide with 922 in the presence of [NiCla(dmpe)l gave the alkenylated 

product, which was hydrocyanated using [Ni{P(OC,H,-4+e)s],l as the catalyst, 

to give a naproxen precursor. Ibuprofen was synthesised similarly (17421. 

m Br 
/ \ 

I 

Me0 
\ / 

922 

The coupling of the 923 with 9-bromoanthracene has been reported to be 

catalysed by [Ni(acac)el 117431, whilst the best catalyst for the reaction of 

ArMgBr with 4-Br-2,2-paracyclophane was [NiCl,(PPh,),] [1744]. In the coupling 
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Of set-BuMgBr with bromobenzene, catalysts of the type 

[Pdtchelating biphosphine)Cl,l were surveyed. The succes of [PdCl,(dppf)l was 

ascribed to the large PPdP and the small ClPdCl angle, established in an X-ray 

diffraction study [1745]. 

OSiMes \ “0” / 
MgBr 

923 

Reaction of 2+eC,H,MgBr with 924 in the presence of [NiCIZ(PPh,),] gave 

925 by the preferential displacement of the halide. However, with 926 as the 

substrate, the sulphur containing ring was readily opened, yielding 927. A 

range of reactions with benzothiophene as the substrate was also reported 

117461. The methylthio group was displaced from 928 by MeHgBr in the presence 

of [NiClz(dppe)] 117471, and reactions of a range of aryl, heteroaryl and 

alkenyl thioethers in the presence of [NiCl,(PPh,),l have also been noted 

117481. Reaction (63) proceeds in the absence of a catalyst, but the yields 

are increased in the presence of [NiCl,(PPha),]. When the methyl group is 

replaced with a ‘chiral moiety, chiral biaryls are obtained 

uncatalysed, but not the catalysed coupling reaction, indicating 

proceed by different mechanisms 117491. 

from the 

that these 

924 925 926 

R 

/\ q$ 
\ 

I 6 / 
SMe 

927 928 
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CNiCls(PPhs 121 

There have been a number of reports of the use of sodium or potassium 

salts of stabilised carbanions as nucleophiles towards aryl halides. 

[Pd(PPh,),] was used as the catalyst in the reaction of sodio 

ethylcyanoethanoate with aryl bromides or iodides [1750], and the potassium 

derivative has been reported to react in the presence of [PdCl,(PPha)al, 

giving ArCH(CN)CCCR in moderate to excellent yields 117511. Na[CH(CN),] 

reacted with ArX in the presence of [Pd(PPhs),l or [PdClz(PPh,j2] [1752]. With 

1,4-diiodobenzene double substitution occurred, but with 1,4-dlbromobenzene, 

the initially formed 4-Br-CsH,CH(CN)2 was inert to further reaction [17531. 

l,l'-Dilithioferrocene reacted with 1-iodonaphthalene in the 

presence of [Pd(PPh,),l to glve a reasonable amount of a mono 

coupled product. Using [PdC12(dppf)l as the catalyst, and 

1,8-diiodonaphthalene as the substrate, bis alkylation predominated [17541. 

The homocoupling of 2,10-dibromo-l,8-methano-[l0lannu1ene in the presence of 

Zn/INiC1,(PPh,l,l/[Et,NlI has been studied; both the sykproduct, 929, and its 

anti-isomer were formed in the ratio 4:3 117551. A patent has reported the 

enantioselective coupling reaction of the lithium enolate of EtCOsCHes with 

930 in the presence of [NiCl,{PhsPCH(Ph)CH,PPha}], in the synthesis of 

naproxen [17581. 

929 930 

The use of organotin nucleophiles continues to prove popular, most 

particularly because of their tolerance of a wide range of functional groups. 

The field has been reviewed, with the inclusion of a wide range of halide 
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types as substrates, as well as consideration of similar reactions in the 

Presence of CO to give ketones [17571. Tin nucleophiles used have included 

RSnMe,, where R q  alkenyl, aryl or alkynyl [17583, and ArSnBus 117591. In both 

cases a wide range of aryl substrates, bearing either electron donors or 

electron withdrawers have been used. With Bu,SnCH,CN, aryl groups bearing 

strong electron withdrawers in the 4-position proved to be unsatisfactory 

substrates [1760]. 

There have been reports of the reactions of Bu,SnCH,OR (R q  H or Me) with 

aryl halides, in the presence of [PdC12(PPh,),1. Aryl halides bearing either 

electron-withdrawing or electron-donating groups in the 4-position proved to 

be satisfactory substrates when R = Me [17611, but with R = H poor results 

were obtained with substrates bearing strongly electron-withdrawing groups 

[17621. The use of BuaSnNEte or BusSnSPh as nucleophiles has also been 

reported [1763,17641. 

Tin enolates have also been used as nucleophiles, in the presence of a 

range of palladium derived catalysts; yields were moderate to good 

11765-17671. Soviet workers have employed R&i, as nucleophile, in the 

presence of ally1 palladium halide derived catalysts; good yields were 

obtained only with halides bearing strongly electron withdrawing groups 

[1768-17701. 

Reaction of CF,=CFZnCl with aryl iodides occurred in the presence of 

either [PdL4] or [PdC1L2Phl to give CF,=CFAr, though the reaction fails with 

some aryl groups which are substituted with strong electron acceptors 117711. 

Diarylzinc compounds reacted with aryl halides in the presence of 

[NiCl,(PPh,),] as, for example in reaction (64), which was used in a novel 

synthesis of P-hydroxy-s-lactone HMGCoA reductase inhibitor [17721. 

The catalyst [Ni(PRJj21, generated in situ from [NiC12L2], was used for 

the homocoupling of aryl, alkenyl or heteroaryl haildes in the presence of 

zinc metal [17731. Homocoupling of methano-[lo]-annulene halides was similarly 

accomplished [1774]. In the attempted homocoupling of 931 in the presence of 

[NiC1,(PPha)21/Zn, 41 % of the homocoupled product was obtained. A significant 

by-product was PhAr, derived from aryl transfer from PPhB [1775]. 
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931 

The organomercury compound, 932, reacted with a range of aryl iodides in 

the presence of [Pd(PPhs>,l to give 5-aryl substituted 2'-deoxyuridines 

[17761. A competition experiment has been undertaken in the reaction of 

(4+eC,H,),Al with a mixture of PhCOCl and 4-MeOCaHJ in the presence of 

[PdCl,(MeCN),]. The acyl halide proved to be the more reactive substrate, and 

related carbonylation/coupling reactions were also undertaken 117771. A series 

of experiments were undertaken to ascertain the relative reactivities of a 

range of metal complexes, including derivatives of zinc, cadmium, lithium, 

magnesium, copper, boron, aluminium, tin and titanium 117781. 

0 
HgCl 

932 

The preparation of (R1R2NCO12CuLi and its reaction with iodobenzene in the 

Presence of [PdC1,(PPh,),1/PPh,/d1ba1 has been shown to yield R1R2NCOPh in 

moderate to good yield 117791. Reaction of 933 with R3X CR3 = vinyl, phenyl or 

P-pyridyl) in the presence of [Pd(PPh,),l gave 934. The reaction yields were 

better in cases in which one equivalent of [Pd(PPh,)J was used to preform 

ArPdX 117801. Reaction of 935 with ArI using [PdI(Ph)(PPhaj2] as catalyst 

could be accomplished using aryl halldes bearing either electron donors or 

electron-withdrawing groups, but the reaction rate was much slower with 

substrates bearing donor groups [1781]. 
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R* R* 

933 934 935 

Whilst organoboranes are insufficiently nucleophilic to participate 

directly in substitution reactions of this type, they may be coverted by base 

to the more nucleophilic boronates. Thus 936 reacted with aryl bromides in the 

presence of Na,[CO,l/[Pd(PPh,),]/HzO/PhMe. Benzylic halides were also good 

substrates, but alkenyl or ally1 halides were unsuitable [17821. The reaction 

was also successful with 2,6-disubstituted aryl bromides [1783]. Similar 

reactions of 937 with aryl halides have been described [1784,!785]. 

(Me2CH)zN, /O 

BEtz 

936 937 

Alkynyl metal derivatives needed for coupling to aryl halides are USUally 

generated in situ from the alkyne, using CuI/R,N. A wide range of such 

reactions have again been described in this period. Coupling of phenyl ethyne 

with 1,4-dihaloarenes was used as a model for polymer synthesis [1786], 3nd 

reaction (651, used in the synthesis of a novel class of leucotriene 

antagonists, demonstrates that the process is compatible with the presence of 

an unprotected aldehyde group [1787]. The reactions of HCwCCHzOH with aryl and 

alkel,;l halides in the presence of [PdClz(PPha)2]/CuI/EtsN, have been studied; 

the products, ArC=CCH,OH could be converted to ArCWCH by reaction with 

MnOJKOH [1788-17901. The complex [PdI(Ph)(PPh,l,l could also be used as a 

catalyst in this reaction, and for aryl and alkyl substitued alkynes 117911. A 

similar process used HC=CCHeaOH as the substrate. After deprotection of the 

initial product, a second alkyne was coupled to give diary1 alkynes 117921. 

Vollhardt's group has made use of the reaction in the Coupling of 

1,2,4,5-tetraiodobenzene with He,CmCH to give 938 [1793,1794]. The 

substitution of the chromium chlorobenzene complex, 939, was achieved in the 
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Presence of [PdCl,L,l or [PdL,] [i795]. 

CHO 
[PdCls(PPhs 1s 1 

CuI/Ets N 
Br 

938 939 

Reaction of a nitrogen nucleophile with an aryl halide may be catalysed by 

[Pd(PPh,),]; reaction (66) was used in the synthesis of lavendamycin methyl 

ester [1796,1797]. 

0 
N 

'tu 
\ 

COOMe 

I &Y N \ COOMe 

I 

the 

941 

the 

the 

Carbon-phosphorus bond formation appears to follow a similar course, but 

mechanism has not been studied in detail. Thus reactions of 940 117981 and 

117991 have been reported by Chinese workers. An intramolecular version of 

reaction has also been noted [1800]. Reaction of 942 with HP(=O)(OEtl, in 

presence of [Pd(PPhs),] gave 943 in good yield, but pyridines were less 

satisfactory substrates [18011. Substitution of 944 by RsP was catalysed by 

NiBr, to give 945, and a mechanism was proposed for the reaction 118021. 

Reactions (67) [18031 and (68) 118041 were reported in the patent literature. 

References p. 161 
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944 945 

Br O=P(OSiMe3 12 

P(OSiMe3 13 [Ni (CO)2 {P(OSiMes 13 12 1 + 
160 OC 89 % 

(67) 

Br 

0 
II 

Ph-P-_-Et 

0 +Ph!(OEt)r =++ + (68) 

then NMe2 

The homocoupllng of halobenzenes or halopyridines has been reported to 

occur electrochemically in the presence of Pd(0) and/or Pd(II); excellent 
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yields of biaryls were obtained except for 2-methoxy and 2-dimethylethyl 

substituted compounds. In the latter cases the reduced arene was the main 

product [1805]. The well-known coupling of aryl halides by nickel complexes 

was used in reaction (89); yields were low, and Hg/CuCl, was a superior 

reagent for this purpose [1806]. In the reaction of 746 with 747 in the 

presence of [Ni(cod),], the two component have comparable reactivities, and a 

complex mixture of homo and hetero coupled products was obtained [1807]. 

946 941 

The reaction of Me,SiCH=CHe with iodoarenes to give ethenyl arenes bears a 

superficial resemblance to the other reactions in this section, but is 

probably mechanistically distinct. It is catalysed by a range of Pd(0) and 

Pd(I1) complexes [i8081. 

A similar range of reactions has been described for heteroaryl halides. 

Thus 948 was substituted by MeMgBr [1809], and 949 by various FMQBr [1810] in 

the presence of [NiClaLa]. The reaction of 3+eGCsH,HgBr with 3-bromopyridine 

in the presence of [NiCl,(PPhs)e] was used in a synthesis of 

(-)-3-(3-hydroxyphenyl)-N-propylpiperidine [1811], whilst its reaction with 

950 was used in a synthesis of a dopamine receptor agonist 118121. A double 

coupling of 4-WeGCH,CaH4HgBr with 951 in the presence of [NiCl,(PPhs)s] has 

been reported [1813]. A variety of Grignard reagents has also been coupled 

with 952 in the presence of [NiCla(dppp)] [1814]. 



948 

ocH2Ph 

f \ /cI I 
/N 

Br 

950 

SMe 

Ar Ar' 

St-LPQb r 

951 

We 

952 

The coupling of furan thioethers with Grignard reagents has been reported 

to occur in the presence of [NiCl,(dppp)l [1615]. 3-Bromothiophene and 

3,4_dibromothiophene were coupled with various Grignard reagents in the 

presence of [NiCla(dppp)l, to give monomers for the preparatlon of soluble 

conducting polythiophenes [1616]. Reactions of 2-halothiophenes have been 

directed towards the same ends [1617]. The heterocyclic thioether 953 could be 

coupled with RMgX in the presence of either [NiCla(dppe)] or [PdCl,(dppf)l, to 

give the 2-substituted oxazole t16161. 

Reaction of 954 with Reformatskii reagents was acomplished using either 

[Pd(PPhs),] or [PdCl,(PPh,)a] as the catalyst. Only iodides gave good yields, 

and the reaction seems to work well only when the halide is at an activated 

position of the pyrimidine. When the halide is P to nitrogen, some 
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homocoupled products, or unreacted starting material are obtained [1819]. 

Nucleosides substituted at C-5 by a carbocycle or heterocycle were obtained in 

low yields by coupling of RZnCl with 955 [1820]. Bipyridines were obtained 

from 2-halopyridines and Zn/NiCl,/PPh,/dmf, and all the bipyrimidine isomers 

could be similarly prepared 118211. 

Organozinc compounds were coupled with 3-bromothiophene in the presence of 

[PdCl,(PPhs),l, but yields were generally lower than those with the related 

Grignard reagents 118221. 3-Bromo-2-iodo-5-methylthiophene reacted selectively 

with RC=CZnCl using Pd(OCOMe)JPPhs as the catalyst system to give 956 [1823]. 

Various bithiophene isomers have been synthesised by reactions such as 

(70) 118241, and thiophene/pyridine coupling was accomplished in analogous 

reactions 118251. Whilst 957 and 958 could be coupled using copper metal, and 

a [PdL,] catalyst, a better yield was obtained from 958 and 3-O,NCeH,B(OH), in 

the presence of [PdL,J/base (18261. 

Trlmethylaluminium has been reacted with 959 in the presence of 

[Pd(PPhs),l to give the methyl substituted compound, and selective 

monosubstitution of dichloro derivatives has also been accomplished [1827]. 

Chloro substituted pyrazine N-oxides may also be successfully substituted, 
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without reduction of the Woxide functionality [1828,1829]. 

+ [Pd(PPha 141 (70) 

B(OH)n 
Naz [CO3 1 

Br CooMe \ W I 

d 

957 

NO, 

958 

R* 

R3 

959 

The coupling of alkynes with halogenated heterocyles has been widely 

reported again, with substrates including 960 118301, 961 [1831] and 962 

118321. In the reaction of 963 with HC=CCMe,OH, both mono and bis-substitution 

products were obtained [1833]. The product of the reaction of 964 (X = I or 

Br) with HC=CSiMea was used in a synthesis of azabiphenylene 118341. 

R N 

x 

\N 

I 
A 

N' Ph 

HO 

OH OH 

961 962 
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The reaction of 2,5-dibromothiophene with RZ,,P(OR1),-n in the presence of 

NiCl, gave 965. A reasonable mechanism was suggested, but it was not 

extensively tested [1835]. 

P(OR' )2-nR2n 

I: 6 

965 

Most of the reactions of alkenyl halides and other alkenyl derivatlves are 

closely related mechanistically to those of the aryl and heteroaryl compounds; 

the same range of organometallics and catalysts may generally be used. Some 

examples of simple couplings of Grignard reagents with vinyl halides are shown 

in reactions (71) to (73) 11836-18381. The product of reaction (74) was used 

in a study of regiospecific cycloadditions [1839], that of reaction (751 in a 

pheromone synthesis [1840] and that of reaction (76) in an approach to the 

hydrophenanthrene nucleus [18411. 

SiMes 

SiMea 

Ph(CH2 12CHCH2 

bEt 
l-Jer 

R 
RMgBr 

[Pd(PPhs 14 j 

Ph( CH2 )2 yHCH2 

OEt 
v (72) 

References p. 767 
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SiMe(OEt)z 

MgX 

SiMe(OEt)z 

(73) 
Ph 

R / Y + XCH=CHBr 
[NiClz(dtwp)l R / 

(74) 

MgBr X = H, OMe ‘Y 
or OEt > 

R q  SiMea X 

or CH2 SiMea 

R' R' 

(75) 

R3 

+ MeMgI 
[Pd(PPhs 14 1 

SO % 

There have ben a number of studies of the selective reactions of 

polyfunctionalised alkenes. For example, in 966 the initial substitution 

reaction is of the halide, but the thioether may also be displaced in a 

subsequent reaction. Both steps are sterospecific, and the products were used 

in pheromone syntheses [1842]. E-1,2-Dichloroethene reacts twice with most 

Grignards [1843,1844], but trichloroethene gave only 967 R = hexyl, octyl, Cy 

or dimethylcyclohexyl) with 98 X purity 118451. Reaction of 

l,&diiodocyclohepta-1,3,5-triene with RMgX in the presence of [Pd(PPhs),] or 

[NiCl,(dppp)] gave a mixture of mono and his-substituted products, their ratio 

depending on R and the the nature of the catalyst. Liz[CuC1,] proved to be a 
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more suitable catalyst [18481. 

988 

R 

Y 

Cl 

- 

Cl 

967 

Reaction of 988 with Grignard reagents in the presence of [Ni(aoac),] gave 

coupling with retention of stereochemistry, under carefully controlled 

conditions [18471. 

7 
R 

MesCS02 
\ 

R' 

968 

It has been shown that alkenyl ethers may be substituted by Grignard 

reagents in the presence of [NiC12(PPh2)2] (reaction (77)). This has now been 

applied to cyclic substrates such as 969; retention of sterochemistry 

predominates. Benzofurans such as 970 may also be opened, again with retention 

of stereochemistry. The process has been used in the synthesis of the termite 

trail pheromone and the Douglas fir beetle aggregation pheromone [1848,18491. 

Reaction of furans under these conditions leads to a double substitution, 

since the alkenyl ether initially produced reacts a second time with the 

Grignard reagent. The Z,Z-product generally predominates (reaction (78)) 

[1850]. 

OMe 

+ MeMgBr 
[NiC12(PPh2 121, 

(77) 



716 

+ MeMgBr [NiC12(PPh3 12 1 4, 

(MeC0)20 

-\ 
(CH2 13OCOMe 

E:Z q  3:l 

/ cn I I 
\ 

0 

970 

Ph 

+ PhMgBr 
[NiC12(PPh3)21, (78) 

Ph 

There have been further reports of enantioselective coupling of 

PhCH(Me)HgX with bromoethene in the presence of nickel(I1) complexes of chiral 

ligands such as 971 118511 and 972 [18521, but in neither case were good 

optical yields achieved. A wide range of chiral diamines, biphosphines and 

aminophosphines were studied by Brunner's group. The use of the diamines 

resulted in poor optical yields, whilst with 973 32 % ee was obtained [1853]. 

Aminophosphine ligands which also contain a thioether functionality have also 

been investigated; the ee was up to 65 X S using 974 118541. 

SCH2CHa 

SCH2CH3 

CH2PPh2 

Me2N 
+ 

H 

CHzCH2SMe 



Reactions of organozinc compounds with alkenyl halides have also been 

noted. The coupling of reaction (791 was used in a pheromone synthesis [17881, 

whilst that shown in reaction (80) led to a short synthesis of Tamoxifen 

[1856]. Excellent iscmeric purity was obtained in reaction (81) [1857]. 

Alkynyl zinc compounds have also successfully been used as reagents 118581. 

The preparation of RfZnX from RfX and zinc metal was accelerated by 

ultrasound, and the organometallic could then be coupled with alkenyl or 

allylic halides in the presence of palladium complexes [1859]. Homocoupling of 

2-bromotropone was achieved in good yield using Zn/[NiBr,(PPhs1,l/[Et,NlI 

[18601. 

CPd(PPhs 141 
90 % 

I C10H21 

94 % z 

ZnCl 

-ZnBr + 

I [Pd(PPhs)41 
(81) 

- 
THPOS 

- 

97 % E,Z 

Organoboron derivatives react readily with alkenyl derivatives in the 

presence of a base able to convert them to their ate complexes, as previously 

noted for aryl halides. Reaction (82) is a synthesis of bombykol [1861] and 

other regio and stereospecific reactlons have been reported and reviewed 

[1862,1863]. Heteroaryl substituted boranes have also proved to be useful 

reagents [1864,1865]. 
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HO(CH2 )9 c3H7WBrNa[oEtl 

B(OH)z 
[Pd(PPhs 141 

HO(CH2 19 (82) 

C3H7 

The coupling of E-RCH=CHAli-Bu, with E-1,2-dichloroethene gave 975 with 

> 99 x isomeric purity in the presence of either [NitPPh,),] or 

Pd(OCOMe),/PPh,. The product was further coupled with an alkyne under the 

influence of [Pd(PPhsl,]/CuI/BusN [lB661. Enol phosphates were substituted by 

a range of organoaluminium compounds, using [Pd(PPh,),] as the catalyst 

[1867]. 

975 

The coupling of alkenyltin compounds with alkenyl triflates has been 

catalysed by [Pd(PPh,),I/LiCl. The lithium chloride serves to covert the 

initially formed alkenylpalladium triflate to the more easily substituted 

chloride. Reaction (83) was used in a short synthesis of Pleraplysillin-1 

[1868]. N,IIF-Dimethylaniline is readily lithiated in the 2-position, and then 

reacts with Z-PhCH=CHBr in the presence of PdClJPPhs to give 976 [lB69]. 

Ph 
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Synthetic applications of the coupling of alkynes with alkenyl derivatives 

continue to be reported. Reaction (84) was used in a synthesis of a suicide 

inhibitor of serine protease [1870], and reactions (85) and (86) in the 

preparation of products of the enzymatic oxidation of arachidonic acid 

[1871-18731. Reaction of HCWCCH2CH2C02Et with Z-l,P-dichloroethene in the 

presence of [Pd(PPh,),l/CuI/BuNH, gave selectively a mono-coupling product, 

which was used in the synthesis of large ring lactone [1874]. A more extensive 

study from Vollhardt's group showed that bis-coupling could also be achieved 

using this catalyst system, the major by-product in their reactions being 

alkyne dimers and trimers [1875]. 

R3 

R'wH/CuI,base (84) 

R’ [PdClz(PPh3)2] R’ 

R2 

COOMe - 
&SiMezCMes 

[Pd(PPh&l 

cu1, base 

bSiMe2CMes 

6SiMe2CMe3 

+ 
[Pd(PPhs ,4’I 

GUI, base 

SiMes 

(85) 

L61 

BSiMe2CMea 

Two possible substitutions could be envisaged for the substrate 977, since 

it might behave either as an alkenyl bromide or as an ally1 ethanoate. Using 

either palladium(O) or palladium(II) as the catalyst, and an alkyne as the 

nucleophile, only the bromide was substituted, though yields were low. When 

References p. 767 
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carbonate replaced the ethanoate as the leaving group, the main product was 

that of elimination [1876,1877]. 

ocohle 

b Br 

I 

977 

A number of reactions of allenyl halides have been reported. Reaction of 

978 with either Grignard reagents or organoaluminium compounds was catalysed 

by [Ni(mesal),], [NiClz(dppe)l or [NiCls(dppp)l. With chiral substrates the 

reaction proceded with inversion, the degree of stereoselection depending on 

the organometallic reagent 118781. Using Ph,Zn in the presence of [Pd(PPhsl,l 

the reaction went with inversion for bromides and chlorides, but with 

retention for allenyl iodides. The mechanism for the reaction with chlorides 

and bromides is shown in Scheme 21; the intermediate 979 was isolated. With 

the iodides it was proposed that the reaction involved atom transfer, with the 

radical, [PdIILJ as an intermediate [1879,1880]. 

R\ G=C=CHBr 
Me/ 

978 

R, H H 

"C=C=C' 
{PdLz} 1,3-shift ", 

H' 
\ 

, ‘c=c=c( ,L 
Br SN2' anti I R' 

inversion +PdLz L'Pd\Br 

% H H 
PhzZn 

- R' 

+c=c=c( ,L - 
H, 
"C=C=C' 

,Pd, R' 'Ph 

L' 'Ph 

Scheme 21 Mechamism of substitution of allenyl halides by organozinc compounds 

In the presence of palladium(O). 

Two papers have reported the homocoupling of benzylic halides in the 
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presence of nickel complexes and zinc metal. ArC%X, in the presence of 

Zn/[NiBr,(PPhs),]/[Et,N]I, gave ArCH#&Ar in good to excellent yields, with 

ArMe as the by-product fr88ll. The intr~~ecular coupling of 980, using 

Zn/[Ni(PPh,),]/[Et+N]I led to a synthesis of Riccardin B f1882l. 

980 

Simple alkyl halides are not generally good susbtrates for the coupling 

reaction, as the do not undergo rapid oxidative addition to Pd(0) or Ni(0). It 

has been reported that [Pd(PPh3),l catalyses the coupling of PhYbI with 

iodobutane, but yields are poor and a large amount of biphenyl is formed. 

Copper conplexes were more suitable catalysts for the cross-coup?ing reaction 

118831. An exception to the general rule is found for ac-halocarbonyl 

compounds. Thus the a-iodolactone 981 reacted readily with RSnR's in the 

presence of [PdCl*{PPh~)~~ 118841 Reactions with a-haloketones were found to 

be sensitive to steric hindrance f18851. Homocoupling of ArCOCH,Cl gave 

ArCOCH,CH+OAr in moderate to good yields in the presence of 

Zn/[NiCl,(PPhs),l/EEt,NlI 118861. 

0 pry I 

981 

There have been two reports of the use of ~PdCl~(PPhs)~J as a catalyst for 

the coupling of Grignard reagents with iodocarboranes [r887,r888]. 

In general acyl halides react readily with organometallics without the 

need for catalysis. However, there are exceptions, and a number of catalysed 

reactions have been reported. Grlgnard reagents reacted with PhSCOCl in the 

presence of [NiCl,(dppe)l to give RCOSPh, which was coupled with R'MgX in the 

Refennces P. 767 
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presence of Fe(III), thus effecting an overall synthesis of non-syrmnetric 

ketones in excellent yield [1889]. 

The reaction of RsZn with R'COCl was catalysed by either [PdCl,(dppf)] or 

[Pd(CH,Ph)Cl(PPh,)sl to give ketones in > 90 X yield [18901. With RZnI as the 

nucleophile. [Pd(PPhs),] was found to be a good catalyst [1891]. 

Perfluoroalkenylzinc reagents were coupled with acyl, alkenyl or aryl halides 

in the presence of [Pd(PPhs),] 118921. 

When Et&is was reacted with RCOCl in the presence of various palladium 

complexes, mixtures of products were obtained, including RCOCOR, R&O and RR, 

but not the unsymmetrical ketone 118931. Non-symmetrical a-diketones could be 

obtained by the reaction of RlCOSnBu, with R2COCl in the presence of 

[PdC12(PPh,),l [1894]. 

Non-symmetrical ketones have been prepared in good yields from R,Al and 

R'COCl in the presence of [Pd(PPh,),l [18951. Reaction of PhsHg with PhCOCl 

using [PdI(Ph)(PPi;,!,]/[Bu,N]I as the catalyst system gave mainly Ph$O with 

some biphenyl. Non-symmetrical ketones, including some derived from 

alkynylmercury compounds, were also prepared 118961. 

The reaction of 982 is assumed to proceed by a similar mechanism [1897:. 

R2 

+ RJSnRa 
[PdC12 (PPhs 12 1 

#JR2 

982 

13.9 Oligomerisation, Polymerisation and Telomerisation 

The dimerisation of ethene has been reported to occur in the presence of 

heterogeneous PdCl, based catalysts [18981. Using [Ni(cod)al/Cy,PH/TsOH as the 

catalyst system, the products contained 97.5 % butanes, with 98.7 % 

selectivity for l-butene [18991. Both l- and P-butenes were obtained using 

nickel naphthenate/Et*AlCl or nickel complexed to a polymeric carrier [19001. 

Electroreduction of Ni(I1) in the presence of PPhs and ethene, in propylene 

carbonate, gave a nickel(I) complex able to catalyse dimerisation of ethene to 

give mainly E-2-butene, although more 1-butene was observed in the early 

stages of the reaction 119011. 

Cationic ally1 nickel complexes catalyse the oligunerisation of ethene, 

giving mainly linear trimers [19021. In the presence of 

NiCl2/MeCONMe,/2-diphenylphosphlnophenol/Na[BH~], ethene was converted to 39 X 
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C,-C,, alkenes Il9031. Addition of the 2-diphenylphosphinophenol ligand to 

either ally1 or alkene complexes of nickel also gave catalysts for conversion 

of ethene to very linear alkene mixtures [1904]. The industrial production and 

use of a-alkenes prepared using catalysts such as 983 has been reviewed 

119051. Impregnation of 983 on silica or alumina gave good catalysts, but 

there was some enhancement of double bond migration [19061. 

983 

The dimerisation and oligomerisation of propene in the presence of 

[Ni(hfacac),l/i-BusAl or [Ni(cod),l/hfacac has been studied, and a reaction 

mechanism proposed [1907]. Other catalysts for this reaction include 

[Pd(acacl,l/R,P/BF,.Et,O [1908], and Pd(CN1, [1909]. In the presence of 

INiCl(PPha)(sacsac)l/EtaAlCl, the propene dimerisation products 

dimethylbutene, methylpentene and hexene were formed in the ratio 

10:74:16 [1910]. When [Ni(acac),l was loaded onto a cross-linked 

ethene/propene/dicyclopentadiene synthetic rubber functionalised with 

-P(=O)(OR), groups, and treated with EtAlCl,, a catalyst for propene 

dimerisation was obtained. As the reaction temperature was increased the 

yields of linear hexenes and 2-methyl-1-pentene increased, whilst that of 

4-methyl-1-pentene fell [iSll]. 

Gel-immobilised NiL,.&O, activated by water loss, and treated with 

R,,4lXa_,,, was used as a catalyst for alkene dimerisation. The nature of the 

active site was discussed [1912]. Butenes have been dimerised over 

nickel octanoate/EtAlCl, activated with Ha to give poctenes and branched 

species 119131. 

Propene oligomerisation has been shown to occur in the presence of 

fNi(hfacac),l/I-Bu,AlH, with the activity of the catalyst ?ncreasing with 

increasing temperature [1914]. In a study of [Ni(hfacac),l with a range of 

additives, catalytic activity was shown to increase with the Lewis acidity of 

the added aluminium compound 119151. NiO prepared by dehydration of nickel 

oxide and basic nickel carbonate, supported on a range of surfaces, was 

compared with [Ni(Cp),]/SiOe or homogeneous [Ni(acac),] [i916]. Nickel(I1) 

immobilised on polyvinylpyridine grafted ethene-ethylidenenorbornene-propene 

rubber was used for dimerisation and polymerisation of a range of alkenes 

119171. Oligomerisation of l-hexene using nickel methanoata/Et,Al gave 
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vinylene dimers and trimers [1918]. 

Oligomerisation and cooligomerisation reactions of ethenyl monomers 

containing functional groups have been reviewed [1919]. The reactions of 

propenoate esters have again been prominent in this area. The dimerisation of 

methyl propenoate to give a 7:l mixture of 984 and 985 was catalysed by 

[Pd(RCN),][BF,J, [1920]. The rate of reaction in the presence of 

[PdCl,(PhCN),] was enhanced by the addition of Lewis acids, and a palladium 

hydride complex was invoked as an intermediate [1921]. When the catalyst was 

[Pd{n3-CH,C(Me)CH,}(cod)][PF,]/BuJP, 984 was the main product [1922], but 

lower selectivities were obtained when the added phosphine was less basic 

[1923-J. Linear diesters were the main products of the reaction in the presence 

of [Ni(r\3-C,H,)z]/Me,P/H[BF,] [1924], but with [Ni(acac)2]/P(NEtz),/BuLi as 

the catalyst system, 986 was formed exclusively 119251. Dimerisation of methyl 

E-methylpropenoate in the presence of [PdCl,(RCN),]/Ag[BF4] gave mainly 987. 

Codimerisation experiments with methyl propenoate indicated that the latter 

was the more reactive [1926]. 

984 985 

I 

MeOOC fb COOMe i\/u \ 
COOMe 

986 987 

Catalysts for ethene polymerisation discussed during this period have 

included [Ni(cod]21/C,F,COOH/cysPH [1927], [Ni(cod)z]/PPhs/Ph,PO/benzoquinone 

[1928,1929] and ~Ni(acac)zl/Bu,Hg/Et3A1,C13/[Ti(OBu]~l [1930]. Active sites in 

Ziegler Natta catalysts have been studied, including some based on NiCl, 

[19311. 

Ha[PtCls] has been used as a catalyst for the polymerisation of methyl 

propenoate and methyl 2-methyl propenoate [1932]. The cationic species 

[Pd(HeCN),I[8F,12 has been shown to catalyse the polymerisation of 

phenylethene, norbornene or 1,3-cyclohexadiene [1933]. 

Codimerisation of ethene with phenylethene in the presence of 

[Ni(N,~diethyldithiocarbamate),]IEtAlCl, gave mainly 4-phenyl-1-butene. A 

kinetic study indicated that the addition of phosphine ligands lowered the 
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activation energy for alkene insertion, but increased the activation barrier 

to alkene coordination [1934]. Using NiX.JP(OPh),/EtaAl/BFa.Et,O as the 

catalyst system, the main product was 3-phenyl-l-butane, together with a 

little 2-phenyl-2-butene. Nickel hydride complexes were invoked as the 

intermediates in this case [1935]. Codimerisation of phenylethene with propene 

in the presence of [Ni(acac),]/R,P/Et,AlCl gave a mixture of 

4-phenyl-2-pentene, 4-phenyl-1-pentene and 2-methyl-3-phenyl-1-butene 119361. 

Enantioselective codimerisation of ethene with 1,3-cyclohexadiene In the 

presence of [Ni(cod),]/Et,AlCl/988 gave 989 in up to 93 % optical yield 

119371. 

MeN+OPPhz 

;Phz 

988 989 

The copolymerisation of phenylethene and methyl propenoate has been 

reported to occur in the presence of H,[PtClsl, which acts as a chain transfer 

agent [1938]. A similar function for the platinum salt was proposed in the 

copolymerisation of propene nitrile and 2-propene-l-01 119391. 

Anionic polymerisation of phenylethene was initiated by BuLi in 

cyclohexane, and then the reaction mixture was added to 1,3_butadiene/nickel 

naphthenate/BF,.Et,O to give a transparent copolymer with 90 % 

1,4-cis-stereochemistry in the polybutadiene block [1940]. 

Copolymerisation of ethene and carbon monoxide to give a high melting 

point solid was achieved in the presence of [Pd(PPh,)n(MeCN),_nl[BF,l, (n = 1, 

2 or 3). The mechanism proposed involved a single mode of chain growth with 

alternate insertions of CO and C,H, into a palladium alkyl bond [194!,1942]. 

An alternate copolymer of butadiene monoepoxide and CO2 was obtained on 

reaction with [Pt(C,H,)C?,(py)] [1943]. 

An important paper has been published concerning the mechanism of the 

cyclotetramerisation of ethyne to cot in the presence of nickel complex 

catalysts. Using 13C-labelled ethyne it was shown that the only reasonable 

mechanisms were either a stepwise or a concerted zipper type mechansim. 

Cyclobutadiene and benzenoid intermediates were ruled out, and there was no 

break up of individual ethyne units [19441. 

The electrochemical synthesis of [Ni(C0)2(PPh,),] has been described, and 

it was used in a one-pot trimerisation of ethyne to benzene 119451. 
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Cyclooligomerisation of phenylethyne in the presence of [Ni(CO),{P(OCHMe,),]] 

gave 1,2,4-triphenylbenzene with ) 95 X selectivity t19461. Cyclotrimerisation 

of HOCH$MCHtOH using [Ni(cod)(PR,),l gave C,(CH,OH), [19471. 

Dimerisation of buteneyne to give ethenylbenezene occurs thermally, but 

the reaction yield is increased in the presence of [Pd(acac),l/PPh,/Et3Al 

119481. Buteneyne also reacted with propynyl alcohcl in the presence of 

[Ni(CO),(PPh,),] to give a mixture of 990 and the alcohol cyclotrimer. Various 

other cotrimers were similarly prepared [19491. In the presence of 

diazabutadiene nickel complexes, RCWCCOOR' was cyclotrimerised to give mainly 

1,2,4-substituted benzenes [19501. Reaction of 991 with RC=CR' in the presence 

of [Ni{PPh(OCHMe,)2}.,] gave 2,3-isoindolines, 992 [1951]. Using [Ni(cod),] as 

the catalyst, 993 gave diyne oligomers; in the presence of RNCO no pyridones 

were formed, in contrast with the cobalt catalysed reaction. However, 

1-phenyl-1-butyne reacted with PhCH,CH,NCO to give 994 as the sole product 

[1952]. Cooligomerisation of ethyne and nitriles was reported to occur in the 

presence of [Ni{P(OCaH,-2-Me),],] [1953]. Reaction of I-alkynes with 995 in 

the presence of [PdCl,(PPh,),] gave 996 in good yield. Related 

cyclocooligomerisation of allenes and butadienes were also noted [1954]. 

990 

- 
f- 

- 
HN 

- 
+- 

- 

991 

993 994 

The first cyclotetramerisation of a propynyl ether has been described. 

Thus 997 reacted in the presence of 999 to give the highly symmetric 

1,4,5,8-tetrasubstituted cyclooctatetraene, a hitherto unknown pattern 119551. 

With related catalysts, HCWCCOOR gave mainly 1,3,6,8_substituted 

cyclooctatetraenes, together with some cyclotrlmer [1956]. The diyne, 999, 



727 

reacted in the presence of [Ni{PPh(OCHHe,),},l or [Ni(codlal/RaP to give 1000 

and some 1001 [19571. 

ti -Sl-i- 

I I 

995 

R'N 

1000 

Head-to-head coupling of 

some RW-C(=CHR)(C=CR)e) 

'Si' R 

XY 
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R R' R 

I I I 
_-C-N--C+ 

I I 
R R 
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R’N 

1001 

RC=CH to give RC=CC=CR (and for R = alkyl also 

was achieved in the presence of 

[Pd(PPha),l/CuI/Et,N, the process proving to be a useful alternative to the 

Glaser reaction [19581. Reaction of 1002 in the presence of [PdCl,(HeCN),l 

gave 1003 as the main product, but numerous isomerised and hydrolysed 

products were also obtained [19591. The related alcohol, 1004, gave mainly 

dimers in the presence of Pd(OCOMe)z/CuI/EtaN/L, but the products contained 

more trimers when the CuI was omitted from the mixtures. For L q  PPh(OCHMea)a 

conversion was 62 X, and selectivity towards the diner 90 X. In this case a 

single dime?-, 1005, was obtained. Various cross-dimerisatlons were also 

discussed 119601. 
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1002 1003 

The polymerisation of alkynes has been reviewed, with particular reference 

to the use of the Catalyst System [NiCl,(PRa),I/Na[BH,l 119611. Related 

systems detailed in patents included NiClJwhite phosphorus/H,0 [1962], 

NiCl,/H,PO,/H,O [i963], and NiCl,/Na[BH,l 119641. Polyacetylene was deposited 

on a platinum surface by electrochemical polymerisation of ethyne in a cell 

with a platinum strip as cathode, a nickel strip as anode, and NiBr, in MeCN 

as electrolyte. A mechanism for the reaction was proposed [1965]. 

Polyphenylethyne was obtained using [PdCl,(PPh,),]/PPh,/CuI/Et,N/PhMe as 

the catalyst system [1966]. The polymerisation of 1006 to give a fibre forming 

polymer was catalysed by [Ni(acacl,l/PPh,; the effect of changes in the 

reaction conditions was studied [1967,1968]. The same system was used to 

prepare polymers and copolymers of carborane substituted phenylethyne [1969]. 

1006 

Buteneyne was polymerised under the influence of PdCla or [Pd(acac),] 

selectively at the alkyne to give a transpolyene, but the chain lengths were 

fairly short [1970,1971]. In the presence of [Ni(PR,),X,] MeSC=CSMe was 

converted to a polymer useful for the preparation of conducting materials 

119721. 

Polymerisation of 1007 in the presence of PdCl, at 150-185 oC gave a 

soluble material, 1008, which became conducting on doping with Ia or TCNQ 

[1973,19741. 
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1007 1008 

Reaction of the cumulene 1009 with [Ni(bipy)(cod)l gave 1010, believed to 

be an intermediate in catalytic oligomerisation. Reactions of 1010 were 

studied [1975]. Oligomerisation of 1011 in the presence of [Ni(PPh,),] gave 

mainly 1012. Using [Ni(cod)21 a mixture of 1013 and 1014 was obtained, whilst 

[Ni(cod)(PPh,)l gave 1012 and 1013. The reaction mechanism was discussed in 

detail [1976]. The cumulene 1009 was prepared by dehalogenation of 

Me,C=C(X)C(X)=CMea (X q  Br or I) using Ni(0). The nickel(O) then catalysed 

cyclooligomerisation to 1015 and/or 1016 [1977]. 

\ ,c=c=c=c/ \ 
1009 
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Telomerisation of propadiene -with water in the presence of 

IPd(acac)zl/PPh3/C0, gave 1017 and iOl8 [19781. Reaction with PdCl, gave 

initially 1019 which reacted with CuClz to give the chlorinated diner 1020 in 

a catalytic reaction. Polyhalogenated dimers and trimers were prepared from 

more substituted allenes [19791. 

1017 1018 
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Rather clean linear dimerisation of butadiene to 1,3,6-octatriene 

was shown to have occurred in the Presence of [Ni(cod)zl/1021. After 

a longer time, the main product was 2,4,6-octatriene [1960]. Linear 

dimerisation of isoprene gave 1022 and 1023 in the presence of 

[Pd(r+CH,CMeCHz)(cod)l[PFal/RsP. The ratio of the products was dependent on 

the solvent and the phosphine, with up to 90 X selectivity for 1022 under 

appropriate conditions. The ratio of P:Pd at 1:l is critical, since the 2:1 

complex is inactive [1961]. 

m 
? 

\ 

OPPhz 

N \ 

l!l x \ 

1021 1022 1023 

A nickel catalyst anchored on polyethenylpyridine was used to 

cyclooligomerise butadiene to give cyclododecatrienes, mainly 1024 119821. A 

varient on an earlier reported procedure for the dimerisation to give 1026, 

involving [NiC1,(PEts)21/BuLi, has been described 119831. 

I 6 / 

\ 

I Lr 1. 

1024 1025 

Dimerisation of isoprene in the presence of [Ni(acac)21/EtsA1/R,NH was 

said to give 1026 119841. With 1027 as the substrate and [Ni(cod)a] in toluene 

as the catalyst, two dimers, 1028 and 1029, were obtained in a 9:l ratio. 1031 

was the main dimer from 1030, but the reaction was less selective. In contrast 

to the reaction of butadiene, addition of PR, had an inhibitory effect [1985]. 
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The nickel catalysed oligomerisation of functionallsed dienes including 

1032 has been studied, with particular reference to the effect of substituents 

on selectivity 119861. There has been an extenslve study of the reactions of 

1033. With [Ni(acac),l/PPhs/Et,AlOEt a mlxture of cyclic diesters was 

obtained, whilst using Pd(OCONe),/L, the main product was 1034. Nickel 

catalysed dimerisation of 1035 gave 1036 and 1037, with the product ratio 

depending on the exact nature of the catalyst, whilst the use of Pd(OCOMe),/L 

again gave linear dlmers. Codlmerisation reactions of both these ester 

substrates were also reported [1987,19881 

1032 1033 

MeOOC&)pmMe 

1034 

COOMe 

~COOMe 

1035 

- 
CY 
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Dimerisation of 1038, using [Ni(acaclzl/P(OAr)s/EtsAl in an aromatic 

solvent as the catalyst system, gave up to 90 X of 1039. Codimers were also 

studied [19891. Oligomerisation of cyclopentadiene in the presence of 

[Pd(acaclzl/PR, gave 1040 and 1041 [19901. 

1038 

Cooligomerisation of butadiene and ethene gave E,Z-cyclodeca-l,+diene 

using NiClJEtsN/EtsAl as the catalyst system 119911. Reaction of butadiene 

with CH,=CHCH,NMe, in the presence of Pd(II)/PPh,/Et,Al gave mixtures of 1042, 

1043 and 1044, the product ratios depending on the exact reaction conditions. 

1042 is formed by C-kcleavage followed by regioselective addition of the 

amine function to the l- and 6-positions of a butadiene dimer. The reaction 

resembles telomerisations of dienes with other nucleophiles, except that the 

ally1 group replaces a proton [1992]. Reaction of butadiene with 

tetraethenylsilane in the presence of Ni(O)/PPh, gave a mixture of 1045 and 

1046 [1993]. Reaction of butadiene with diazabutadienes in the presence of 

Ni(O)/L gave 1047 in yields up to 96 X, as well as butadiene oligomers. 

Reactions of hydrazones and imines have also been detailed [1994,1995]. 

Coollgomerisation of a range of ethenyl derivatives CHa=CHX (X = OR, SPh, CMe, 

or SiMes) with butadiene in the presence of Ni(0) catalysts has been studied. 

Only CH,=CHSiR, reacted by cooligomerisation, giving both linear and cyclic 

products in ratios which depended on both steric and electronic parameters of 

added phosphine ligands [1996]. 

‘YMe2 
1042 1043 

‘NMez 
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Organometallic catalysis of dlene and cycloalkene polymerisation has been 

reviewed, with specific reference to the mechanism of stereoregulation of 

butadiene polymerisation in the presence of nickel ally1 complexes [1997]. Two 

patents have reported catalyst systems for the production of predominently 

cispolybutadiene, viz. aged nickel naphthenate/BF,.EteO/AlEts 119981, and 

[Ni(C,H,)(PPhs),)/PhCHeCl/AlBra [1999). A 1:l mixture of cis-1,4- and 

1,2-poybutadiene was reported to have been obtained using nickel 

naphthenate/phen/i-BusAl, although the system was less active than those using 

other metal naphthenates [2000]. Conditions for obtaining cis, tram- or 

mixed cis/trans-polybutadiene in the presence of various nickel ally1 

complexes have been carefully established [20011. A 31P nmr spectroscopic 

study of the reaction of [Ni(n3-Cs,Hs){P(OAr)3)2)+ with butadiene has been used 

to propose an origin for the stereoselectivities observed in polymerisation 

r20021. 

Reaction of a 1O:l ratio of butadiene and ethene in the presence of nickel 

naphthenate/Et,AlCl/H,O gave a useful copolymer [2003). 

Telomerisation of isoprene with water in the presence of 

[Pd(acac)e]/PPhs/COe gave dimethyloctadieneols, as well as isoprene dimers 

[2004]. Using a polymer supported palladium catalyst gave 1048 as the main 

product, and the results were compared with the related homogeneous system 
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[2005]. 

OH 

1048 

Reaction of isoprene with methanol in the presence of [{PdCl(n3-CsHs)}s] 

gave dimethyloctadienol methylethers, as well as oligomers [2006]. In a 

reaction using [Pd(acac),l/PPh, as the catalyst system, the ratio of products 

was strongly dependent on the nature of the reacting alcohol [2007]. A patent 

has reported telomerisatlon of butadiene with 1,4-butane diol, to give 

products useful in the synthesis of surfactants [2008]. 

Both addition and telomerisation reactions occurred when E&NH was reacted 

with isoprene in the Presence of [Pd(dppe)(py)21[BF412. The tail-to-head and 

head-to-head telomers, 1049 and 1050, were the favoured products, and a 

palladium hydride complex was proposed as the active intermediate [2009]. 

Telomerisation of butadiene with substituted 2-aminopyridines gave both 

secondary and tertiary amines, in ratios which could be controlled by altering 

the butadiene concentration [2010]. 

1049 1050 

A mixture of linear and branched telomers was obtained from phthalimide 

and butadiene in the Presence of [Pd(acac)sl/PRs/Zn, the reaction providing an 

alternative to the Gabriel synthesis [20111. Reaction of butadiene with 

RSOaNHHe gave a mixture of 1051 and 1052, in good yields In most cases [20121. 

Both mono- and bis-octadienylated sulphonamides could be obtained from 

ArSOaNH, in the presence of {PdL,}; the ratio of products depended on L and 

the reaction solvent. Isoprene and 1,3-pentadiene gave both addition and 

telcmerisation products [2103]. 



1051 1052 

The octadienylamine 1053 reacted with butadiene in the presence of {PdL,,) 

to give 1054, with 1055 being obtained when CFsCDDH was added. It was assumed 

that the original allylamlnes was cleaved under the reaction conditions, and 

this view was supported by deuterium labelling studies [2014]. Reaction of 

methanamide with butadiene using [Pd(acac)zl/PPhs/Et,Al in CFsCWH gave both 

linear and branched A'-octadienyl amides. However, in dmso, the starting 

material was cleaved to give anmnonia, which reacted to give mainly 

trioctadienyl amine 120151. 

1053 

1055 

Reaction of butadiene with ethanol under CO pressure in the presence of 

Pd(OCDWe)a/PPh, gave 1056, used In a pheromone synthesis [2016]. There have 

been further reports of the reactions of COa with butadiene in the presence of 

palladium catalysts. The formation of 1057 was favoured by the use of PCya as 

the added llgand [2017], and conditions have been found which favour &,-acids 

[2018]. With the catalyst system [Pd(dba)zl/PPha/Na[OCOHel/DCC, the main 

product was the llcacyl urea of 1058 [2019]. Reaction of butadiene with ethene 

carbonate in the presence of [Nl(cod)s]/EtsP gave 1059, which underwent 

radical polymerisation to give a translucent homopolymer [20201. 
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Telomerlsation of butadiene with carbon acids, including cycloalkanones, 

has been reported to occur using [{Pd(OCOHe)(~3-CH,CMeCH,)),l/PPh, as the 

catalyst. The reaction mechanism was discussed in detail; the key species was 

[HPdLs][OH] which enolised the ketone for subsequent nucleophilic attack on 

the palladium ally1 complex [2021]. The reaction between isoprene and 

cyclopentanone under these conditions gave mainly the tail-to-tail coupled 

product 1060 120221. With cyclohexenone the product was 1061 formed by 

conjugation of the original telomer [2023]. 

1060 1061 

Polymerisation of a chit-al isocyanlde, RNC, using a nickel(II) catalyst 

gave atropoisomeric polymers with a rigld helical structure [20241. Isacyanlde 

terminated tripeptides have been converted to chlral polymers with NiCls 

[2025,2026]. The isocyanlde group of RR'C=CHNC Is readily polymerised by 

[Ni(acac),l to give polyvinyliminunethylenes, the pendant vinyl groups being 

identified by nmr spectroscopy [2027,20281. 

Polymerisation of 4-bramothlophenol by nucleophlllc susbtttution was 
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catalysed by [Pd(PPhs),l 120291 or [NiBrz(PPh,),l 120301. 

Polyphenyl was obtalned by electrochemical reductive polymerisation of 

1,4-dibromobenzene In the Presence of Nl(O), though the chain lengths obtained 

were relatively short [20311. Converslon of 1052 to Its magnesium derivative 

was followed by coupling catalysed by [Ni(bipy)Clzl to give a polymer with an 

average molecular weight of 3700 120321. Crystalline polythiophene was 

similarly prepared from 2,+dibromothiophene 120331, and the related zinc 

derivative was coupled using [NlClz(dppe)l t20341. Magnesium derivatives were 

used for the prepararatlon of polymers from 2,5-dibromo-3-methylthlophene 

120351 and other 3-alkyl-2,5-dibromothiophenes [20361. The monomer prepared 

from 4-chlorophenol and bis(4-chlorophenyl)sulphone was polymerised using 

Zn/NiCl,/PPh,/blpy/dma to give a thermoplastic with reduced viscosity [2037]. 

0CHMe2 

Br 

1062 

13.10 Hisce 1 laneous Coup 1 ing React ions 

Reaction of BusSnCH2CN wlth ArCHO was catalysed by EPdC12LZlr to give 

ArCH(OH)CHaCN. The reaction was restricted to aryl aldehydes bearing electron 

withdrawing groups. When L was a chiral phosphine, chit-al alcohols uere 

obtained in low optical yields [2038]. *Haloesters reacted with aryl 

aldehydes and ketones in the presence of SnC12/EtzAlCl/[Pd(PPhs),l to give 

Reformatsky products, the process presumably involving the fn sftu formatlon 

of an organotin intermedlate [20391. An organozlnc Intermedlate was invoked in 

a complex mechanism for the reaction of RfI, Zn and RCHO to give RfCH(Otl)R in 

the presence of [MCls(PPhs)zl 04 = Pd or Nl) 120401. 

There have been several reports of the conjugate addition of dlalkyl or 

dlarylzinc compounds to enals or enones in the presence of [Nl(acac),l 120411. 

The reaction of Zn(C,H,-4-t&), with 3,4,4-trimethylcyclopent-P-ene-l-one gave 

Bcuparenone, with essentially no competing 1,2-addition [2042]. The enolate 

produced in the inltial addltjon reaction may be captured by an appropriate 

electrophlle [20431. The reaction was also extended to RZnBr [20441. 

Reaction of I-alkynes with diphenylketene In the presence of [Pd(PPhs),l 

resulted in decarbonylation and coupling to give PhzCHCmCR 120451. PhCOCN 
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reacted with 6-diketones in the presence of [Ni(acac),l to give 1063. The key 

stage in the reaction involved coordination of the cyanide to nickel, 

favouring attack at that carbon atom [2046]. Ring opening of cyclohexene 

epoxide by ethenylmagnesium bromide was catalysed by [PdC12(UeCN)21 120471. 

0 

HzN E-R' 

x 
Ph-C C-R2 

1: a 

1063 

Applications of the Heck reaction in synthesis continue to be reported. 

Aryl halides have been added to enones in the presence of 

[Pd(OCOMe),(PPh,>2]/HCCCH/BusN [204B], enals 120491, unsaturated amides 120501 

or unsaturated esters using Pd(OCCMe)2/P(CaH,-2-Me~s/EtaN L20511. A highly 

efficient phosphinated polymer supported palladium catalyst was shown to 

involve metallic palladium 120521. The reaction of aryl iodides with CHz=CHCOR 

in the presence of [Pd(OCOMe)2(PPhs)21 gave initially ArCH=CHCOR, but this 

reacted further, by a second catalysed conjugate addition, to yield 

Ar,CHCH,COR, isolable in 50-70 X yield [2053]. The reaction of iodobenzene 

with methylpropenoate has been conducted under exceptionally mild conditions 

(at or near room temperature) using as the catalytic system 

Pd(OCCMe),/Na[HCO,]/[Bu,N]Cl under solid liquid phase transfer conditions 

[2054]. 

The reaction of aryl chlorides with propenenitrile was catalysed by 

Pd(OCOMe),/PR,/Na[OCOMel, but yields and stereoselectivities were low 

[2055,2056]. Reaction (67) shows an application involving an allylic alcohol 

120571. 

0 

OH 

Dialkenylated benzenes have been prepared by the sequence shown in Figure 

22. X and Y are electron-withdrawing groups, and the overall yields for the 

three step reaction are 30-50 %. 2-, 3- and 4-bromobenzoic acids all proved to 

be suitable substrates [20561. Heck reactions such as (88) were used in an 
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approach to the ergot alkalolds [20591. 

AX 
Pd ( OCOMe 12 

NaCOCOMel 
P(Cs H4 -2-Me 13 

4 
Pd ( OCOMe 12 

NaEOCOMel 
P(CsH4-2-MeIs 

+ X 
I 

COOH cot 1 \ 
I - (? soc12 

/ 

\ 

X 

6 PhCHs NMez 
P~(OCOMel2 

/ \ 2 I 
/ 

\ 

Y 

Figure 22 Synthesis of dialkenylated arenes [20581 

COOMe 

Br 

CPdL41 

There has been a detailed study of the reaction of bromobenzene with 

i soprene catal ysed by Pd(OCOHe)2/P(CsH4-2-Me)3/Et3N, which gave 

PhCH=CH-C(Me)=CHPh in low yield. Better yields were obtained with arenes 

bearing electron withdrawing substituents [20601. 

The Heck reaction of E-BuCH=CHI with methyl propenoate catalysed by 
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Pd(OCOMe),/Na[HCO,] under phase transfer conditions, gave 

E,E-BuCH=CHCH=CHCOOMe in 94 X yield. Stereoselectivity was poorer with the 

Z-substrate, but could be improved by the use of K2[C031 as the base 120611. 

The reaction of 1064 with methyl propenoate gave 1065 in the presence of 

[PdCla(PPha),l/EtaN, in a reaction which was relatively insensitive to air 

120621. 

1064 1065 

There have been a number of reports of the reactions of aryl halides with 

alkenes which do not bear electron withdrawing groups. The reaction of aryl 

iodides with ethenyltrimethyl silane in the presence of Pd(OCORelz/PPh,/Et,N 

was known to give ethenyl arenes. When Ag[WOsl was added to the reaction 

mixture the product was E-ArCH=CHSiRee 120631. When [ArNal[BF,l was used as 

substrate and palladium(O) as the catalyst, the main product was the 

ethenylarene at a 1:l ratio of reactants, and ArCH=CHSiMea with an excess of 

the ethenylsilane. A convincing reaction mechanism was proposed [2064]. 

There have been two reports of alkene arylation using, for the first time, 

unactivated aryl chlorides. Thus chlorobenzene reacted with phenylethene in 

the presence of Pd(OCCMe),/dppe/Na[OCOMel to give PhCH=CHPh with an E:Z ratio 

of 4:l. The nature of the base used proved to be very important, and the 

turnover was low, with quite rapid deactivation of the catalyst 120651. In 

another report, ethene reacted with chlorobenzene using 

Pd(OCOWe),/Cu(OCCMe),/MeCOOH as the catalyst system under oxidising conditions 

to give a chlorinated ethenylbenzene 120661. 

There has been a report of electroreductive coupling of aryl halides with 

alkenes or alkynes in the presence of Pd(O) to give ArCHaCHaR or ArCH=CHR. 

Yields were generally excellent 120671. 

Reaction of RCH(OH)(CHa),+H=CHs (n = 1, 2 or 3) with aryl halides in the 

presence of a palladium catalyst gave RCO(CH a ,,+lCHaAr as the major product. A ) 

deuterium labelling study suggested that a key step was a regioselective 

1,2-hydride shift in a Wacker type intermediate 120681. Coupling of 

ethenylbenzene with a range of aryl halides has been reported to occur in the 

presence of Na,[PdCl,l/proton sponge/dmf; iodides were better substrates than 

bromides 120691. Reaction (89) was used in the synthesis of a new class of 
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thromboxane Aa synthetase inhibitors [20701. 

A .Br A ,(CHz 1nCOOMe 

1) Pd(OCOMe)tr P@.W4-2-t’b)$ 
2) CHz=CH(CHz )n-2COOtb 

Chiusoli's group continues to pursue the study of addition of aryl halides 

to norbornene. Reaction with 4-nitrobromobenzene in the presence of 

[Pd(PPh,)J gave 1066, characterised in an X-ray diffraction study. The 

possibility of an aryne intermediate was discussed 120711. With 

1,4-dibromobenzene as the substrate, 1067 was formed, as well as 1066 and the 

analogue of 1066. It is clear that C-H activation in this system is subject to 

very subtle influences [2072]. The reaction mechanism has been discussed in 

detail, both in this case [2073], and for aryl halides with other substitution 

patterns [2074]. The influence of the nature of the base used has also been 

studied 120751. A full paper has now reported the details of reaction (90) 

(R = alkenyl), and the reaction mechanism was discussed [2076]. The related 

reactions of norbornene and norbornadiene with S-1-octyne-3-01 and 

3-C1CH2CsH,0CH2C0#e have also been studied 12077). Three types of product 

could be formed in reaction (91), the proportions of which depended to some 

extent on the nature of the added amine 120781. 

(89) 

NO2 

1066 1067 

Coupling of arenes with RCH=CHY, where Y is an electron-withdrawing group, 

catalysed by a palladium complex, gave ArRC=CHY [2079]. Indoles such as 1069 

reacted with propenoate esters at the 3-position to give 1070, catalysed by 

PdC12/Cu(OCOMe)z 120801. The N-substituted pyrrole, 1071, reacted at the 2- 

and 5-positions using Pd(OCOMe), as the catalyst 120811. N-Methyl-2-pyridone 

was substituted at the L-position, as was furfural 120821. 
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1068 

+RBr + R’(ECH 
[PdLn 1 
MeCOOH (90) 

+ ,,w”; R2NH EPd(PPhs 14 1 &Y Ph 

Na[OCOR] 
+ 

NRz 
(91) 

HPh + 

1069 1070 1071 

There has been a careful study of the conditions for the coupling of PhzHg 



144 

in the presence of [PdI(Ph)(PPh,),] to give biphenyl. Coupling of PhHgCl was 

also possible, but yields were low, and rhodium ccmplexes proved to be better 

catalysts [2083]. The organomercury compound 1072 could be coupled with ethene 

or methyl propenoate in the presence of Li,[PdCl,l. Other palladium mediated 

routes to the same products were also tested 120841. The coupling of 1073 with 

l,l,l-trifluoropropene was effected in the presence of Lia[PdCl,l; the 

reaction mechanism was explored in some detail 120851. The palladium mediated 

coupling of an aryl or heteroaryl mercury compound with a cyclic enol ether 

has been investigated, with the intermediates in the reaction being analysed 

by FAB mass spectrcmetry [20881. 

NHz 

SIC1 

R 

1072 

ClHg 

1073 

Thallation of benzoic acid with Tl(OCOCF,), gives a 2-substituted product, 

which could be reacted with 3,3-dimethyl-1-butene in the presence of 

PdClJLiCl to give the isocoumarin 1074. With propene or phenylethene as the 

substrate the amounts of isocoumarin obtained were smaller, and substantial 

amounts of 1075 were also formed [20871. Reaction of 1078 with PhMgBr gave 

1077 as the main product in the presence of PdCls, 

[NiCl,(PPhs),l. The reaction mechanism is clearly complex, and 

equilibration of intermediate ally1 Grignard reagents [20881. 

IPd(PPhs),l or 

may involve the 

03 I 
/ CH=CHR 

1074 1075 

OH 

VtV \ Br 

1078 1077 

Diaryliodonium salts, [Ar211Cl, may be coupled in the presence of zinc 



metal and palladium ethanoate to give biaryls 120891. With mlxed salts, 

[PhArIlX, hcnno and heterocoupled products were obtained 120901. The salts 

could be coupled to phenylethene to give 1,Pdiphenylethene in the presence of 

either Pd(0) or Pd(I1) and a base [20911. Coupling with CHs=C(MelCH,OH gave 

ArCH,CH(He)CHO, although Pd/C was an even better catalyst in this instance 

120921. 

Reactlon of arenes with palladium ethanoate gives {ArPd(OCCMe)}, which may 

be added across a double bond of a furan or thlophene derivative, 1078 (X = 0, 

R = CHC or X = S, R = CHC or COHe), to give 1079. B-Hydrlde ellm<natlon gave 

the substituted heterocycle, 1080. The use of unsubstituted substrates 

resulted in homocoupling [2093]. The process is also useful for 

2,3-disubstituted furans or thlophenes 120941. Similarly reactlon of 

{ArPd(OCOMe)} with the benzoquinone, 1081, gave 1082, which lost {HPd(OCOMe)) 

to give 1083 120951. {PhPd(OCOMe)} may also be readily generated from 

[PhN,I[OCOHel and [Pd(dba)sl, and was then reacted with Z-RCH=CHSiMes to give 

1084 stereospecifically, by syn-addition followed by syn-elimination 120961. 

1078 1079 1080 

0 

0 I I 
R 

0 

1081 1082 

1083 1084 

0 

SiMes 

Ph 

Reaction of 3,4-dimethyl-1-phenylphosphole with NiCl, gave R,R and 

S,S-1085, with no meso-dhner 120971. Coupling of diary1 ethers to give 

dlbenzofurans had previously been shown to occur in the presence of 
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stoicheiometric palladium(II1. Using 1086 as the substrate (Y = I or Brl, the 

reaction could be made catalytic 120981. 

\ Y \ 03 I I R -_ 
/ 

x ’ 

1085 1086 

Iodobenzene reacted with diphenylethyne in the presence of 

[Pd(OCOt4e1,(PPhsl,l/HCCCH/EtsCN/MeCN to give triphenylethene. The key step in 

the reaction was addition of [PdI(Phl(PPhs)zl across the triple bond 120991. 

With a non-symmetrlcal alkyne the reaction may be made regioselective if one 

end is substituted by a bulky group such as -CR1R20H [21001. 

Reaction of phenol with isoprene to give 1007 and 1088 was catalysed by 

[Pr,NI[PtC1s(C2H,)I; a mechanism for the reaction was proposed 121011. The 

reaction between 1089 and [PtC12(3,3-dimethylpropa-l,2-diene)(PPhsll gave 1090 

121021. 
\/ 

OH 

NHCOMe 

1089 1090 

Coupling of a monosubstituted allene with iodobenzene and diethyl 

propanedioate, catalysed by [Pd(PPhsl,l, gave 1091. Haloalkenes were also 

satisfactory substrates, and a palladium ally1 complex was invoked as an 



intermedlate [21031. Ethenylbenzene was coupled wlth the aryl group of 

ArN(NC)CCWe in the presence of [Pd(dba)al to give mainly E-ArCH=CHPh. When 

[PhNaI[BF,l had been used as the source of the arylpalladium intermediate, 

mixtures of products were obtained with elther l-octene or cycloheptene. With 

ArN(NO)COMe cycloheptene was converted exclusively to 3-phenyl-i-cycloheptene. 

The reaction mechanism was not fully elucidated 121041. Coupling of 1092 with 

indole using [Pd(PPhs),l/K[OCCWel or [PdCl,(PPh,),l/CuI/K,[COs] as the 

catalyst system gave the unusual P-coupled product, 1093 [2105]. 

Ph COOEt 

+ 

/ 
COOEt 

R' 

1091 1092 1093 

There have been a number of reports of coupling reactions between alkenes 

and organic halides. Thus treatment of 1094 with palladium(O) gave 1095 which 

was then added across the nearby double bond. The reaction was completed 

either by reductive elimination to give 1096 or dehydropalladation to give 

1097. Six-membered rings could also be prepared in this way (reaction (92)) 

[2106]. Reactions such as (93) of a-haloamides were also reported [2107,2108]. 

A related reaction of aryl halides in the presence of nickel complexes has 

been studied; in this instance the competing reactions were hydrogenolysis and 

reduction (reaction (94)) [2109,2110]. A slmllar process led to a useful 

indole synthesis (reaction (95)) [21111. 

1094 1095 

In the reaction of 1098 with a palladium catalyst two possible routes to 

cyclisation could be envisaged, viz. 5-exo-trfg to give 1099 and 6-endo-trfg 

to give 1100. The use of [Pd(PPha),l resulted in the formation of mainly the 

six-membered ring product, whereas the use of [RhCl(PPhslsl gave mostly 1099. 

It was proposed that the five-membered ring was the kinetic and the 



six-membered ring the thermodynamic product [21121. 

0 R4 

RIO’ 
t 

ti 

X 

N RJ 
I 
R2 

1090 

:: 

RIO’ 
C 

R4 

‘OoEt tPd(PPhj 14 1 (92) 

dOOPh 

Proton sponge 

OCOMe 
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Intra and intermolecular couplings of haloalkenes have been used to 

prepare 1,3-dienes for use as Diels Alder substrates (reactions (96) and (97)) 

[2113]. 

Pd(OCOMe)z, KzCCOs$ 

P(CEHI-4-0Me)s 
(96) 

Pd(OCOMe)z, Kz CCOs 1 

P(C6H4-&OMe)3 

Reaction of alkyl halides, RBr, with phenylethene occurred in the presence 

of Zn/py/[NiCl,(PPh,),], giving E-RCH=CHPh. The best substrates were those 

where R was secondary [2114]. Addition of RfI to alkenes has been catalysed by 

[Ni(CD)s(PPh,)a]; the reaction also succeeds with alkynes, and probably 

involves a radical chain process 121151. Reaction of I(CFs)sI with ethene 

using this catalyst gave I(CH2)2(CF2)s(CH2)21 [2116], and [Pd(PPh,),l has also 

been used as a catalyst [2117]. 

The cyclisation of 1101 in the presence of [PdCls(HeCN),l gave 1102 in 

moderate to excellent yield. The intermediate was suggested to be 1103, and a 

mechanism involving Pd(II) and Pd(IV) suggested [2116,21191. When the 

silylated alkyne 1104 was used as the substrate, the products were 1105 and 

1106 in the ratio 1.2:1. These were readily hydrolysed, and/or rearranged via 

hydride shifts, but could be trapped as Diels Alder adducts of 

Wphenylmaleimide [2120]. The alkene unit of the eneyne substrates could be 

replaced by a cyclopropane, as in 1107. The initial product was 1106, which 

could be trapped as a Diels Alder adduct, or hydrolysed to 1109 and 1110 
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SiMes 
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R2 
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/ 

1109 

R' OCOMe 

R2 

1106 
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Reaction (98) may be viewed as a nucleophilic attack of the enol ether on 

the palladium complexed alkene 121221. In the related reaction of 1111 

cyclisation predominates over Claisen rearrangement [21231. The effect of 

addltives on reaction (94) was studied; the ylelds were low under most 

conditions [21241. 

1111 
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(98) 

/ \ oJ3 I I 
\ / 

+ EtwocoMe PdC12 : 1 I ; (99) 

N oa N 

H 

The enyne 1112 was prepared by pal.ladium catalysed allylation of a 

stabilised carbanion. On reaction with palladium(I1) it was cyclised to give 

1113 (R, R' # H) in good yield, vie a carbometallation/cyclisation process 

involving 1114 as the key intermediate [2125,21261. The same product isomer 

was obtained in both reactions (100) and (101) [2127]. A similar process may 

be initiated by reaction of PhHgCl/CuCla/PdCls, when PhPdX adds across the 

triple bond of 1115 to give 1116, which subsequently cyclises [2128]. 

EtOsC 

EtCkC 

1112 

R' 

1113 
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Reaction of l,l,-dlbromo-2,2_diphenylethene with [Ni(PPhslal in thf gave a 

complex mixture of products including 1,2_diphenylethene, diphenylethyne, 

triphenylethene and 1,1,4,4-tetraphenyl-1,3-butadiene. However, the reaction 

in benzene yielded 1,1,4,4-tetraphenylbutatriene in 60 X yield. A number of 

related reactions were noted, and possible reaction mechanisms proposed 

121291. 

When 1,3-cyclohexadiene was reacted with organomercury compounds 

containing a protic functional group, in the presence of Li[PdCls], annulation 

resulted from addition followed by cyclisation onto an intermediate palladium 

ally1 complex (reaction (102)). Internal nucleophiles which gave successful 
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results included -COOH, -OH, NHCOMe and NHs 121301. Reaction of l,&pentadiene 

with PhN=C=O in the presence of Ni(0) gave initially the equilibrating mixture 

1117a and 1117b Protonation yielded 1118 and 1119, whilst low temperature 

extrusion of nickel yielded 1120 121311. 

ydC112 

ClHg 

1117a 1117b 

/ 
CONHPh 

d / A/APoNHPh 

1118 1119 

- -CONHPh 

1120 

Intramolecular oxidative coupling of alkenes occurred in air, catalysed by 

PdC12 or Pd(OCOMe), (reaction (103); X q  COMe). The presence of the carbonyl 

substituents is crucial to the success of the reaction. It may be assumed that 

the initial step in the reaction is coordination to the metal, and the related 

complex 1121 has been characterised in a diffraction study. The 1.6-diene is 

ccmplexed in a chair conformation. A complete mechanism was proposed for the 

reaction [2132]. 
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1121 (Reproduced with Permission from 121321) 

Oxidative dimerisation of 1122 was catalysed by Li,[PdCl,l, to give a 

mixture of E,Z and Z,Z-products 121331. Reaction of 1123 with stoicheiometric 

Lia1PdCl*J gave a mixture of homocoupled product (50 X) and 1124 (40 XI [2134, 

21351. Cyclopropylmercury chloride reacted with methyl propenoate in the 

presence of Li[PdCla(HeCN)I to give methyl hexa-2,4-dienoate. The reaction 

mechanism proposed involved transmetallation, followed by addition and ring 

opening. The mechanism was supported by deuterium labelling 

reactions with other alkenes were also described [21361. 

x+HgCl MecW\gCl "ecWb 
- 

1122 1123 1124 

studies, and 

Reaction of 1125 with zinc metal in the presence of [Pd(PPhs),l gave the 
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hcinocoupled product 1126 jn excellent yield. A radical mechanism was assumed 

for the process, but it was not studled in great detail 121371. A radical 

process also seems to be the most likely for the reaction of RCF,I with EtsN 

to give RCF,CH=CHNEta in the presence of [W(PPhs),l t21391. The reaction of 

N,llCdimethyl arylamalnes with thf to give 1127 as the main product Involves 

initial single electron transfer yielding 1128 [21391. 

Ph 

ph+Ph 

Ph Ph 

1125 1126 

Me 
I 

1127 1129 

Reaction of RWgX with 1129 to give 1130 in the Presence of nickel(O) was 

thought to Involve lnitlal addition of {RNIL,) across the triple bond 121401. 

1129 1130 

Photolysis of methanal in water gives rise to HCOCOH; PdCls accelerated 

the reaction and increased the yield E21411. Coupling of ketches such as 1131 

with ArCOCl to give 1132 was catalysed by [Pd(PPhs>,l; a palladia carbene 

complex was proposed as an Intermediate 121421. 

Ph 
'C=c=o 

R-J 

R 

# 
SiMes 

1131 1132 



Reaction of 1133 with PhCsCSiNes in the Presence of tNiCl,(PEts)21 gave a 

mixture of 1134 and 1135. The initial step in the mechanism proposed was 

insertion of nickel into the three-membered ring, and this was followed either 

by ring opening to give a species such as 1136 or ring expansion to 1137 

[2143]. 

Ph' 'SiMes 

1133 

MesSi 

>-s 

*,SiMes 

Ph I 
'\ 

SiMes 

NiLn 

1136 

Met Si 
SiMes 

1134 1135 

Ln 

1137 

Reaction of RCH=CH2 with CXYs (X,Y = halogen) In the presence of 

[Pd(PPhs),l/HesAl gave RCHYCHaCXs. The reaction does occur without the 

catalyst, but yields are low t21441. 

Reaction of 1138 with methyl propenoate in the presence of [Ni(cod),l gave 

1139, its cis-isaner and the dimer, 1140 121451. 

> / 
R' 

4 
COOMe 

h- 

Y 
R R' 

1138 1139 1140 

13.11 Other Catalytic React fans 

Transesterification of methyl propenoate by ROH was catalysed by 

[Nl(acac),]/BuLi. Propenoate dhners were a by-product 121461. Selectivity for 

transesterification with P-propanol was 72 X using [Ni(acac)al/BuLi/P(OPh)s 

[2147]. Preparation of alkenyl esters of carboxyllc acids was accomplished by 

their reaction with CH,=CHOCONe in the presence of 
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Pd(OCOMe),/K[OCOMel/Cu(OCOMe),/KBr 121481. WHydroxy compounds such as 1141 

also reacted with CHa=CHOCOMe in the presence of Lis[PdCl,l to give initially 

1142, which underwent a 3,3-sigmatropic rearrangement to 1143, which then 

cyclised to the indole derivative 1144 [2149,21501. Reaction of an alcohol, 

ROH, with CH,=C(OBn)CHs in the presence of [PdCls(cod]l gave the protected 

alcohol, HesC(OBn]OR. C&protection was accomplished by hydrogenolysis 121511. 

Hydrolysis of acetals has been reported to be catalysed by [PdC1201eCN),l; HEM 

ethers and Ph,(Me&)SiO-R groups were inert, but Mea(MeaC)SiO-R was cleaved 

under the reaction conditions [2152]. 

1141 1142 

1143 

/ 
x-- 1 OJ I 

\ 
N 

COR 

Ii44 

Reaction of aroyl chlorides, ArCOCl, with monosubstituted epoxides in the 

Presence of a range of transition metal complexes, gave a mixture of 1145 and 

1140, 1145 being the main product using [Pd(PPhs],l. 1146 was the main 

product using ruthenium complexes as catalysts, and was produced in greater 

yield when the aryl group was electron donating [2153]. Amberlite supported 

PdCls catalysed the reaction of 2,6-(MesC),CsHaOH with methanal and hydrogen 

to give 1147 with 93 X selectivity and 97.5 X conversion [2154]. Reaction of 

phosphine with methanal in the presenece of NiCl, gave P(CHsOH)s; a 

mathematical model was proposed to establish the best reaction conditions 

121551. The aldol condensation of propanal was catalysed by [Ni(bipy)Ets] 

121561. 

A range of elimination reactions have been reported to be catalysed by 

palladium complexes..Thus 1148 was heated in the presence of [Pd(PPh,),] to 

give 1149 in good isomeric purity 121571, and RCOzCH,CH&(Me>=CHCHzX (X = Cl, 

Br or OCOR) gave RCOsCHsCHaC(=CHs)CH=CHs using Pd(OCOMe],/PPha, [Pd(PPh,),l or 

[Ni(CO],(PPha)sl as the catalyst 121581. Behydrohalogenation of 
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ClCH,CHClCH=CH, to 2-chlorobutadlene was shown to be best catalysed by 

K[PdCl,(dmso)] 121591. Dehydrochlorlnation of 1150, In the presence of [PdL,] 

was thought to involve a palladium ally1 complex as Intermediate 121601. 

ArCOO Cl 

ArCOO 

Cl R 

1145 1146 1147 

R 
I 

+ 
0COMe 

1148 1149 

hod CPdLnl, 

1150 

Acyl halldes could be converted to stable acyl esters, 

RCOOCH3CH=CHCH2SiHe3, on reaction wlth HOCH3CH=CHCHZSlMe3. On reaction wlth 

[PdL,] the ally1 complex 1151 was formed, and was attacked by the liberated 

[RCOOI- to give butadlene and RCOOSiMe 3, which was readily hydrolysed under 

very mlld conditions. The overall yield for the deprotection step was 80-98 X 

[2161]. 

SiMesGG 

1151 

Thermolysis of 2-hydroxypropanoic acid in the presence of [PtH(PEt3)31+ 

gave a complex mixture of products, including those of double bond 

hydrogenation, alcohol dehydration, transfer hydrogenatlon, decarbonylatlon 

and the water gas shift [2162]. 
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The dehydrogenation of ketones in the presence of palladium chloride is 

not strictly a catalytic reaction, but is most conveniently considered here. 

It has been used in a synthetic approach to dodecahedrane 121631, and for 

reaction (104) [21641. When Famine ketones were used as the substrates, the 

reaction was extremely regioselective, to give enamines (reaction (105)) 

[2165]. In a related process, silyl enol ethers are converted to enones using 

Pd(OCOHe)a under oxidising conditions [2166-21661. 

R' NRaR' 
CPdCl&ieCN)sl, R, (,05) 

R2 R2 

Primary amines, RNHa, were converted to RaNH on thermolysis in the 

presence of [PtClz(PPh,)zl/SnClz, generally in good yield. The reaction was 

supposed to involve formation of the imine followed by attack of RNHa and 

elimination of ammonia 121691. At-y1 exchange occurred on reaction of Ar'sP 

with Ar2,P in the presence of a range of transition metal complexes. 

[Pd(PPh,j41 and [Ni(CO)2(PPha)21 were relatively poor catalysts, with rhodium 

complexes being much more successful [2170]. Both PPhs and SbPhs underwent P-C 

bond cleavage in the presence of palladium ethanoate, giving biphenyl as the 

main isolated product [2171]. 

The diazo compound 1152 was cleanly converted to 1153 in the presence of 

[{Pd(r?-C,He)Cl),] [2172]. A similar reaction was noted for the related 

sulphur containing heterocycle. The process involves a 1,2-hydride 

shift, and there was no competing carbon shift 121731. However, with 

1154, no hydride shift is possible, and ring expansion allows the synthesis 

of 1155 12174). A similar rearrangement must be invoked in reaction (106) 

12175). 

A range of nickel(O) complexes have been shown to catalyse the 

transalkylatlon of RaAl with R'CH=CH2; the mechanism involves o-alkyl and 

n-alkene complexes 121761. 

References p. 161 
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1154 1155 

COOEt 

COOEt [{Pd(CsHa)CTjzl 
(106) 

Reaction of 1156 with PdCl, gave the ally1 complex 1157 which reacted with 

either ethanoate or halide in the presence of an excess of Cut111 to give 1158 

(X = OCOHe or Cl). The reaction intermedlates need not be isolated 121773. 

R-SOnCsH4-4-Me 
R,+,SOaCsH4-4-Me 

PdC1)2 

1156 1157 

R 
\ 

p 

SO2CsH4-4-Me 

X 

1158 

Reaction of allylmagnesium bromide with 1159 in the presence of 
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[NiCl,(PPh3)23 resulted In formation of fl60 [21?81. When 1161 was treated 

with phenylethene in the presence of fPdCl,(PPh3)21, 1182 was formed in an 

exothermic reaction. The mechanism of the reaction is complex, and is 

described in detail, with the first step being pal'tadium insertion into the 

three membared ring 221793. Metallosilylcyclobutanes were afso key 
intermediates in reaction (107) [2180]. 

Ph 

Ph 

ii59 1160 

Me 
Ph-CEeC-S+Ie + Ph-C&Z-SiMes [NiClr(PEts 121 

SiMes 

Ph 

Ph 

A patent has described the reaction of 1163 with Me2CHNH2/fNtC12(PPhs)21 

to give the 'pyridine derivative 1164 [2Wl. The intended coupling of 116S 

References D. 767 
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with a propargyl alcohol in the presence of Pd(II)/Cu(II)/Et,N resulted in 

cyclisation to 1188. The other oxime stereoisomer underwent hydrogenolysis; 

presumably the propargyl alcohol acted as the reductant 121821. Two papers 

have described the reaction of 1187 with Zn/NiCl,/KI to give a mixture of 1188 

and 1189. The key step appears to be the selective demethylation, but the 

reaction mechanism was not elucidated [2183,21841. 

H 

CN 

1183 

/ O\ Cl 

I 

Cl @A \ \ 
I v 

1188 

R 

X \ OMe 

Me0 I 
\ OMe / e!? I I 
/ 

OMe 

1187 

1188 1189 

Dimerisation of l,g-CPBJH, was effected by Ptgr, to give 

2:2'[1,3-Csg,R,]s, the reaction mechansim being related to that for palladium 

promoted arene dimerisatlon [2185]. 

Reaction of RNCO with R'CHO and [Ni(O)L,] gave the 1170 isolable at low 

temperature. On heating [NIL,1 was regenerated, and CO2 evolved to yield 

R'CH=NR. The complex reaction mechanism was discussed in detail [2188]. 
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Reaction (108) proceeded slowly, but with excellent conversion. Its 

mechanism is not known [2187]. 
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ABBREVIATIONS 

A 
acacH 
Ad 
Ar 
bipy 
bipym 
Bn 
BPPM 

i-BU 
Bu 
CASSCF 
ccp 
cdt 
CI 
CIDNIP 
CHIRAPHOS 
CNDD 
cod 
toe 
cot 
CP 
Cp* 
cv 
CVE 
CY 
dach 
dad 
dapm 
dba 
DBPDIOP 

DCC 
dcpe 
depb 
deem 
dibalH 
DIOP 

dma 
dmad 
dmf 
dmpe 
dmpm 
dmso 
dpmp 
dppb 
dtwe 
dppf 
dppm 
dppp 
DSC 
EHHO 
EI 
EPR 
Et 
ewg 
Fc 

Angstrom 
pentane-2,4-dione 
adamantyl 
aryl 
2,2'-bipyridine 
2,2'-bipyrimidine 
benzyl 
2S,4S-~tert-butoxycarbony1-4-diphenylphosphino-2- 
diphenylphosphinomethylpyrrolidine 
iso-butyl 
butyl 
complete active space self consistent field 
cubic close-packed 
cyclododecatriene 
chemical ionisation 
chemically induced dynamic nuclear polarisation 
2S,3S-bis(diphenylphosphino)butane 
complete neglect of differential overlap 
1,5-cyclooctadiene 
cyclooctene 
cyclooctatetraene 
cyclopentadienyl 
pentamethylcyclopentadienyl 
cyclic voltammetry 
cluster valence electron 
cyclohexyl 
1,2-diaminocyclohexane 
diazadiene 
1-diphenylarsino-1-diphenylphosphinomethane 
E,E-i,4-diphenyl-1,4-pentadiene-3-one 
trens-4,5-bis(dibenzophospholomethyl)-2,2-dimethyl-1,3- 
dioxolan 
N,N'-dicyclohexylcarbodiimide 
1,2-bis(dicyclohexylphosphino)ethane 
1,4-bis(diethylphosphino)butane 
l,l-bis(diethylphosphino)methane 
diisobutyl aluminium hydride 
tran~4,5-bis(diphenylphosphinornethy1)-2,2-dimethyl-l,3- 
dioxolan 
N,/+dimethylethanamide 
dimethyl but-2-yne dioate 
N,N-dimethylmethanamide 
1,2-bis(dimethylphosphino)ethane 
bis(dimethylphosphino)methane 
dimethyl sulphoxide 
PhzPCH;P(Ph)CHzPPh 
1.4-bis(diphenvlphosphinolbutane 
1;2-bisidiphenylphosphinolethane 
l,l?-bis(diphenylphosphino)ferrocene 
bis(diphenylphosphino)methane 
1,3-bis(diphenylphosphino)propane 
differential scanning calorimetry 
extended Huckel molecular orbital 
electron impact 
electron paramagnetic resonance 
ethyl 
electron withdrawing group 
ferrocenyl 
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1,1,1,5,5,5-hexafluoropentane-2,4-dione 
hexamethylphsophoric triamide 
highest occupied molecular orbital 
heteropolyacid, H~+,,PMo~~_,,V,&~, n = 2-8 
high pressure liquid chromatography 
hard and soft acid and base 
intermediate neglect of differential overlap 
infra-red 
kilojoule 
2 electron donor ligand 
linear combination of atomic orbitals 
linear combination of Gaussian type orbitals 
low energy electron diffraction 
lowest unoccupied molecular orbital 
methyl 
E-methoxyethoxymethyl 
methane sulphonate 
metal to ligand charge transfer 
molecular orbjtal 
8-methylquinoline 
bicyclo[2.2.l]heptadiene 
N-bromosuccinimide 
nuclear magnetic resonance 
naphthyl 
N(CH,CH,PPh,), 
nucleophile 
phthalocyanine 
photoelectron spectroscopy 
phenyl 
l,lO-phenanthroline 
N,N,N',N",N"-pentamethyldiethylene triamine 
2,6-bis(diphenylphosphino)pyridine 
~R~-N,~dimethyl-l-{~S)-2-diphenylphosphinoferrocenyl)ethylamine 
propyl 
polytetrafluoroethene 
pyridine 
pyrazole 
alkyl 
perfluoroalkyl 
restricted Hartree Fock 
pentane-2,4-dithione 
self-consistent field 
single electron transfer 
tetracyanoethene 
7,7,8,8-tetracyanoquinodimethane 
tetrahydropyranyl 
trifluoromethane sulphonic acid 
l,l,l-trifluoropentane-2,4-dione 
trifluoroethanoic acid 
tetrahydrofuran 
N,N,N',N'-tetramethylethane-1,2-diamine 
trimethylene methane 
N,N,N'N'-tetramethylthiourea 
4-methylphenyl 
l,l,l-tris(diphenylphosphinomethyl)ethane 
4-toluene sulphonic acid 
tetrathiofulvalene 
thiourea 
ultra-violet 
ultraviolet photoelectron spectroscopy 

hfacaacH 
hmpt 
HOMO 
HPA 
hplc 
HSAB 
INDO 
IR 
kJ 
L 
LCAO 
LCGTO 
LEED 
LUMO 
Me 
MEM 
Mes 
MLCT 
MO 
8-mqH, 
nbd 
NBS 
nmr 
HP 
np3 
Nu 
PC 
PES 
Ph 
phen 
pmdta 
pnp 
R,S-PPFA 
Pr 
PTFE 
PY 
pzH 
R 

Rf 
RHF 
sacsacH 
SCF 
SET 
tcne 
TCNQ 
THP 
TfOH 
tfacacH 
tfaH 
thf 
tmeda 
TMM 
tmtu 
to1 
triphos 
TsOH 
TTF 
tu 
uv 
UVPES 
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vdw 
WGSR 
X 
XPES 
B-dik 

ethenyldiphenylphosphine 
water gas shift reaction 
one electron donor ligend, usually halide 
X-ray photoelectron spectroscopy 
Pdiketonato 
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