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Metal carbon o-bonded compounds 

Although methyltetracarhonylcobalt, CoMe(CO)4, has been known for more than two 

decades little information concerning its chemical and physical behaviour has 

been reported. IR spectroscopic results ere consistent rzith a trigonal bipyramidal 

structure *:ith the methyl group in an axial position and a complete Wolfsberg- 

Helmholtz (Extended H:ckel) MO analysis of CoMe(CO)q has now been reported. The 

parameters of this study have been fitted to the W absorption bands and the data 

predict the methyl group as the site of electrophilic attack and the equatorial 

CO groups as the site of nucleophilic attack (ref. 1). An unstable rhodium 

analogue, RhEt(CO)4, has been detected in the hydroformylation of ethylene catalyzed 

by a range of rhodium(I) carbonyl derivatives, &eluding Rh2C1z(CO)s. RhCl(CO),py, 

Rh2(0Ac)2(CO)4 and Rh(acac)(C0)2 under mild conditions, e.g. 35'C and 20 - 100 

atm total pressure (ref. 2). 

A convenient route to acylcobalt carbonyl complexes has been developed using 

the tetracarbonylcobalt anion, free from NaOH, in a two phase or three phase 

system, equation (1). The absence of NaOH is important since this reagent cleaves 

RCH2X + NaCo(C0) 
CH2C12 

4-----+ 00(c0cH2R)(c0)4 

R@l- 

?z" 
CO (1 atm), 1100 r.p.m. 20°C 

(1) 

the cobalt carbon bond of acyls of the type Co(COR)(CO),. The complexes 

CO(COCH~R)(CO)~ formed in equation (1) are isolated as their more stable triphenyl- 

phosphine derivatives Co(COCH2R)(CO)3(PPh3) (ref. 3). The reactions of imidoyl 

chlorides uith tricarbonyltriphenylphosphinecobalt-or the tetracarbonylcobalt anion 

in the p=sence of triphenylphosphine affords iminoacylcobalt carbonyl complexes in 

19 - 85% yields, equation (2) (ref. 4). 

NaCo(CO)4 t PPh _ 
RClC=NR 3 

) CO(CR=NR)(CO)~PP~~ 

NaCo(Eg)3PPh3 

(2) 

Some ortho-substituted aryliridium(1) complexes Ir(C6~_nRn)(CO)L2 (C6H5_nRn= 

2-EtC6H4, 2, 6-Ht2C&, 2-Et-6-MeC&; L = PPh3, PMePh2) have been prepared from 

the appropriate aryllithium reagent and trans-IrC1(CO)I,22. These compounds, uith 

the exception of trans-Ir(2-EtC6H4)(CO)(PPh3)2 exhibit cis-trans isomerism (ref.5). -- 

A similar reaction of l,l'-dichloro-2-lithioferrocene with aLIrC1(CO)(PPh3)2 

affords Ir(FcC12)(CO)(PPh3)_o (FcC12 = C1C5H4FeC5H3C1) (ref.-S). Some thio- 

carbonyl derivatives MR(CS)(PPh3)2 (M = Rh, R = C6F5 or C6C15; M = Ir, R = CgF5 

or 0 Cl 
6 5 

) have also been prepared by the action of aryilithium reagents or aryl- 

magnssium- 





IL= PMe,) 

(21 

since the methoxyl group probably coordinates to the rhodium as in (2) (ref. 11). 

The dinitrogen cobaltatea, Mg(THE')4(CoN2L3) and KCoN2% (L = FMe > react with 

CoClL? or NiCl,L, to give the novel binuclesr complex (3). This c?mplex reacts 

Me, 

L ct/~ 
2\ ,c"L, 

lic-%e 2 2 

tL =PMe,) 

with carbon monoxide to give L(C0)2Co(CH PMe 
2 2 

)&Me )Co(CO) L but there is no 
2 -2 

insertion into the cobalt-carbon bond. A cleavage reaction by trimethylphosphite 

(Ll) affords CoP(0)(OMe)2L2L12 (ref. 12). The reaction of Ir2C12(cod)2 with 

MeEut2PCH2 gives the mononuclear glide chelate Ir(CE2)2PByt2(~od) (ref. 13) and 

an analogous complex Ir(CE2>2PMe2(cod) can be obtained from Ir2C12(cod)2 and 

Me2P(CQ2Li (ref. 14). 

Ir(CH2>2FMe2(CH2pMe3>2 

Treatment of Ir2C12(c0d)~ with Me$CH2 sffords 

and k&s - 

and the reactions of Me$kPMe2CH2 with Ir2C12(CBH14)4 

&C1(CO)(PP~)2 gives WXQ?Me$PMe2C?I$(cod) and ZrCH2~_e2NPMe,$E$(Co) 

(PP%)2 respectiv& (ref. 14). NMH measurements on the rhodium glide chelate _ 

complex fLh(CH,),pMe,(CO), indicate the presence od the. monormcleer~sp&s (4) 

end the dinuclear species (5) in a toluenedi' soldzion (fef, 15)-l 1.:~ .- _~ 
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H 
d 

IOC),Rh<L>FWe2 
c 
H3 

L. 

(4) 

H, (CO), H, 

Me,P 
,C-Rh-C 

'PMe2 
\C--h-C' 

H2 (CO12 H2 

(5) 

Relatively few al&nyl complexes of cobalt(I1) are known. However, some 

cyclohexglethynyl complexes of cobalt(II), which are sufficiently stable for 

chemical analyeis and spectroscopic measurements, have been reported. Thus 

Co(NCS)2.2NHg reacts with KC2Cy in liquid ammonia to give K4[Co(C2Cy)6].2NH3 

and K,tc0(C,Cy)~(Nl#)21. The four coordinate square planar complex, 

Co(C2Cs)2(PPh3)2, has also been claimed. All these complexes of cobalt(I2) are 

low spin and the magnetic momenta of the octahedral cobalt(i1) complexes, 

measured at various temperatures, are intermediate between low- and high-spin 

values (ref. 16). 

The cobalt(II1) alkyl, CoMeg(PMs2Ph)? has been prepared by the reaction of 

CoMe2(acac)(PMeZPh)2 with MeLi in the presence of one equivalent of PMe2Ph. 

The reaction of CoMej(PMe2Ph)3 with acacH affords methane a-cording to the 

equation (3) (ref. 17). TWO types of dialkylcobalt(III) complexes containing 

mer - - CoMegL3 + acacH ------+ CoMe2(acac)L2 + CR4 + L (3) 

(L = PMe2Ph) 

bipy have been isolated from reactions of Co(acac)3, bipy, and aluminium alkyls 

in diethyl ether, With Al:Co ratios greater thall 7 the ionic complexes 

[CoR2(biW)2]A1R4 (R = Me, Et) are obtained. However, at lower Al:Co ratios of 

1.5 - 2.0 the neutral complexes CoR2(acac)(bipy) (R = Me, Et, Pr", Pr') are 

fC)"lWGi _..._S. Interestingly the cationic complexes are stable at room temperature 

under nitrogen and in dry air and their inertness towards water ia also 

surprising. Strong acids such as concentrated sulphuric acid cleave both the 

alkyl-cobalt and -aluminium bonds but dry hydrogen chloride reacts only with 
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the a-lu&n2te anion, equai5on (4). 

[CoR2(bipy)&lR~ •t HCl+ [CoR2(bipy)21jC1 + 4R.E (4) 

excese 

A dark-blue compound, presumably CoNe(bipy)2, is formed by dissolving 

[CoIiIe,(bipy)2&8We4 in tetrahydrofuran and CoEt(bipg)2 can similarly be obtained 

from [CoEt2(bipy)2~AlEt4. These dark-blue cobalt(I) alkyls have previously 

been erroneously formulated 2~ cobalt(I1) alI5rl.3. CoR2(bipy)2 (ref. 18). 

The addition of PEt3 to solutions of '&h(mnt)(CO)2]- gives [Rh(mnt)(CO)(PEt3)]- 

which reaaily reacts with a vaiety or^ alkyl iodides ana bromides to F~rm!acyl 

complexes which are isolatea as neutral bis(phosphine) complexes of formula 

Rh(COR)(md(PEt-3& (mnt = maleonitriledithiolate, R = Me, Et, Pr n. Prl, Bun, 

Fz 3 "CloR2,, Bz, allyl, propargyl). These rhodium(III) acyl complexes, 

Rh(COR)(mnt)(PEt ) 3 2, possess a so_uare pyramidal geometry with the acyl group 

in the apical position. The ation [Rh(mnt)(CO)(PEt3)1-, in the presence of 

excess PEt3, can also be protonated by perchloric acid to give the rhodium(II1) 

hydride, RhH(mnt)(CO)(PEt3)2. However, the addition of acid to the rhodium(I) 

complex anion in methyl cyanide 5_n the presence of ethylene slowly leads to the 

formation of an acyl complex which can be isolated as Rh(COEt)(mnt)(PEt3)p 

upon addition of excess PE% 
3' 

This propionyl complex is formed through 2 

sequence of olefin coordination, insertion into an N-H bond, and migratory 

insertion of CO (ref. 19). The action of heat upon neutral acyl complexes of 

the type Rh(COR)(mnt)LIi (L = PEt3 and N = py, C6H11FiH2) in certain cases leads to the 

S-alkylated complexes Rh(R-mnt)(CO)(PP$), alkyl group migration occurring by 

a succession or two 1,2 shSts with a rhodium(II1) alkyl carbonyl dithiolate 

(6) as an intermeaiate (ref. 20). 

0 \\/ CR 7 
C ;>Rk(:)(t; -y , ON ’ Rh 

+ )( 
CN 

L' ‘s CN 

P 
CN 

CN 

- 
- 
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The oxidative addition of MeCH(NO2)Cl to ta - IrC1(CO)(PMe2Ph)2 followed 

by treatment of the initial product with pyridine affords the iridium(II1) acyl 

(7), the reaction occurring via a radical-chain process. 

(L = PMe,Ph 1 

The reaction of MeCH(N02)Br with f;rans - IrBr(CO)(PMe2Ph)2 yield two isomers of 

IrRHr2(CO)(PMe2Ph)2, R = CH(N02)Me, which do not react with pyridine (ref. 21). 

The reaction of ClCH2COCl with t&&&! - IrC1(CO)(PPh3)2 afford9 TrClj(CO)(PPh3)2 

quantitatively rather than an iridium acyl complex (ref. 22). The crystal 

structure determination of Rh(COPh)C12P2 (P2 = Ph2PCH2CH2CYZPPh2), which ia 

obtained by the reaction of PhCOCl with bis(l,y-diphenylphosphinopropane)rhodium(I) 

chloride, reveals a square-pyramidal geometry about the rhodium with the benzoyl 

group occupying the apical position (ref. 23). Various metallacylic complexes 

have also been obtained by oxidative-addition type reactions- Thus the Vaska 

complexes &fzana - RhC1(CO)(PR3)2 (R3 = Me3, Me2Ph, MePh2) rsact with 

triphenylcyclopropenium salts to generate blue-green rhodiacyclic complexes, 

tigPh$12(PR3)2 via oxidative-cleavage of a C-C bond (ref. 24). A metallo- 

cyclic intermediate has also been isolated in the Ir2C12(CO:5 catalyzed 

rearrangement of l,J-bishomocubane (ref. 25). 

The compoun Rh"eC12(CO)(PPh3)2 has been ahown to reductive15 eliminate methyl 

chloride by a first oxder, intramolecular process with an activation energy of 

95.0 BJ mol-'. Interestingly in the presence of free tripher.ylphosphine, SN2 

attack on the methyl group by the phosphine occurs to give PL3PMefC1- and 

m - RhCl(CO)(PPkj)2 (ref. 26). A study of the -reactions of various cobalt(lI) 

compounds e.g. CoBr2, COB~~(PP~)~, CoC12 + CO, CoCl2 + ethylene with PhMepCCH MgX 

under varying conditions gives mainly PhMe2CCH2CH2i%e2Ph or PhMe2CH2C6H4-2-k 
t2 

(ref. 27) and a general symmetry analysis of reductive elimination from transition 

metal alkyls has been carried out (ref. 28). 

Several metallation reactions involving rhodium and iridium complexes, including 

a review on organometallic intramoisculerLcoordination containin a nitrogen 

donor ligand (ref. 29), have appeared during the year. Thus, although 

Hut2PCH(Me)OMe does not yield a platinum(II) metallated derivative, Ir2C12(CSH,4)4 
L + 1 . 

(ireacts at 25°C with both 13uU2PCH20Me and Hu"2PCH(Me)OMe to give iridium(III) 

’ matallated complexes by oxidative addition to the methyl C-H bond, the coordinatively 









HISIP + IICO2H-+ ph(HC02)P3 

(P=PP%) 

+ H2 
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(9) 

An effective new approach has been described for the determination of some 

transition metal-alkyl bond dissociation energies and it has been applied to 

determine the first direct estimation of cobalt-carbon bond dissociation energies 

in some organocobalt compounds. Thus determination of AHo for the reaction 

described in equation (10) in combination with available data for the heats of 

Co(CHMePh)(dmgH)2py + Co(dmgH)2py -I- PhCH = CH2 + &I2 (10) 

formation of styrene and of the PhCHMe radical gives a value of 19-9 kcal/mol 

for the cobalt-carbon bond dissociation energy of py(dmgH)2Co-CEMePh using the 

thermochemical cycle: 

AH" 

py(dmgH)2CoCHMePh s py(dmgH)2Co + PhCH = CH2 + &I2 

_ 

22.1 

PhCH = CH2 + & e PhCHMe -2.2 

. 
py(dmgH)2CoCHMePh e ~g(dmgH)~Co + PhCEDIe 19.9 

The reaction in equation (IO) probably proceeds via rate-determining homolgtic 

cleavage of the cobalt-carbon bond and since the reverse of this reaction proceeds 

with very small activation barriers, the activation enthalpy for equation (10) 

should be close to the cobalt-carbon bond dissociation energy, Studies of this 

type suggest that the cobalt-carbon bonldissociation energies'in organocobaloximes 

are higher than those in correspond- organocobalamins and that the cobalt- 

carbon bond dissociation energies of alkylcobalamins do not exceed the range 

20-30 kcal/mol (ref. 39). Steric effects of the corrin ring are considered to 

be important in promoting homolgtic cleavage of the cobalt-carbon bond of 

organocobalamins and the unusually long cebalt-carbon bond found in CoPri(dmgH),ps 

together with other data show that there ie a clear relationship between cobalt- 

carbon bond length and the number of substituenix joined to the carbon (ref. 40). 

X-ray studies on the complex CoNe(dmgH)$P~ together with other data also show 

that ligand steric size is an important factor in determining the degree of 

bending of. the &n&I ligand (ref. 41), and the coordination of the axial 5,6- 

dimethylbenzimidazole ligand of aDylcobalnminn is dependent on the size of the 

a-1 group,-most secondary allrglcobalamins existing mainly in the "base-off" 
form in neutral solution (ref, 42). 



12 

various secondsry allqyl- and cycloaUqrlcobalsmi.ns have been prepared by 

reactions of olefins, alkyl iodides and bromides with hgdridocobalamin- The 

secondary and higher pr%ssry alkylccbaa uudergo sterically ind-aced spontaneous 

dealkylation via syn beta-eliminatZoon. In general they are more stable in acidic 

med?a while in neutral or alkaline solution the axial base is coordinated and 

resulting conformational changes of the corrin ligand accelerates cobalt-carbon 

bond cleavage (ref. 42). Organocobalamins have also been obtained by oxidation 

of straight-chain aliphatic carboxylic acids and certain dicarboxglic as well 

as branched carboxylic acids to organic radicals in the presence of vitamin 

a 12r* 
Aa a consequence of steric effects and the LnstabiEty of secondary and 

tertiary al.Qlcobalamins, vita B,2r acts as a selective scavenger of primary 

a-1 and omega-carboxgal?qrl radicals (ref. 43). Fluoroalkylcobalamins have 

been prepared by the al?qylation of cobalamin with CF31, CRF2Cl or related 

compounds and cobalamin reacts with trifluoromethylcobalamin to give success- 

Wely the CEIF2, CEI2F and Ne cobakmins (ref. 44)- 

The cobalt(I)-pkthelocyanine anion has been shourn to be different from 

cob(I)alamin and other strong nucleophiles by not undergoing nucleophilic 

additions. Instead the cobalt(I)-phthalocyanine anion only reacts via nucleo- 

philic substitution, resembling I- in its selective behaviour and is thus to be 

regarded as a very strong soft nucleophile (ref. 45). Prolonged reaction of 

methyl-pbromobenzoate with cob(I)inamide has been shown to give a low yield 

of the methyl ester of pcarboxyphenylcobinamide (ref. 46). Reduction of 

Co(salen) uith lithium and sodium metals in THF affords the bimetallic systems 

Co(salen)Na(THE') and Co(salen)Li(TEF)l 
S 
5 which are active in carbon.dioxide 

fixation (ref. 47). 

An organocobaloxime has been used to obtain isotopically labelled amino 

acids, equations (if) and (12) (ref. 48). 

R&2~02H 

* * N2H4 ** 
RCH2C02H ) H2NCH2C02H 

(1y2~ = dithioerythgritol, R = phthalimiao) 

(11) 

(12) 

A novel cycloaddition reaction of acekylene with cobalt(II1) complexes of a _ 

tetraaaa[14]annulene complex was mentioned in the Annual Survey for 197.6 and 

the full paper on the synthesis and X-ray structure of the product, equation 

(13) has now appeared (ref. 49)- . - 



-I- csc (13) 

(ES ie acetylene} 

The reactions of radicals with cobalt(I1) complexes can provide a Xoute to 

organooobalt(III) complexes and a study has been made of the reactions of cobalt(I1) 

tetraphenylporphyrin and (~,2R)-N,N1-disalicylidene-l,2~cyclohelsanediaminato-c0balt 

(II) using (S,S)-(-)-,R,R)-(+)-, and M-l,l’-diphenylazoethane, PhNeCHN=NCHMePh, 

as a radical sourca. It appears that the PhCRMe radical is stereoselectively 

stabilized by the cobalt(II) complexes (ref. 50). The reaction of Co(dmgH),py 

with reactive al&y1 halides e.g. alpha-halogenoesters and related compounds in 

the presence of zinc in a non-aqueous solvent gives a&ylcoba!7ximimes in yields 

which are generally superior to those of conventional synthesis. The proposed 

mechanism of the reaction is outlined in equations (14) - (16) (ref. 51). 

, CO(~~~;H)~PY~ + RX---_) CoX(dmgH)2~ + B + py 
I 

(14) 

R + C~(~JWH)~PY~------~ CoR(dmgR)21ry + PY (151 

i 2CoX(dmgH)2py + zn--+ 2Co(dmg;I)2py + 2x- + zn2+ (16) 

The negative ion mass spectra of the cobalt complexes Co(osben), Co(salen) 

and Co(salophen) in the presence of methane leads to incorporation of a methyl 

group into the cobelt(I1) compounds, e.g. equations (17) - (IS) (ref. 52). 

Co(ealen) + G----j Co(salen)* 

j Co(salen)- + CH4---+CoH(Me)(salen)- 

(17) 

(18) 

CoH(Me) (salen)---3-j H + CoMe(salen)- (19) 

Pseudohalides have been shown to react with al.kylcobalo+imes to give labile 

: congd.exee CoR(CNX)(dmgH)2 (X = &&Se), the lage isomera preference being 

1 d6pendant upoii X, the aikyi group R, and the solvent. The inert pseudo halide 

I 

complexes Co(CNS)(dmgH)2N (N = nitro$en donor ligand) and Co(SeCN)(dmgH)2N 

react with alkylcobaloximes CoR(dmgH)2(R2O) and CoR(dmgR)2 to form neutral 
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pseudohalide-bridged dicobaloximes (dmgH)2RC0-(CNS)-C0(dmgE)2N and 

(dmgH)2RCo-(NCSe)-Co(dmgH)2N, both linkage isomers of the thiocyanato-bridged 

system existing. The ligand bridged dicobaloximes partially dissociate in 

chloroform solution, the degree of dissociation being dependent upon R, CNX, 

and N, more stable diners being formed when R = CF 
3 

rather than Me and N = 

pyridine rather than piperidine. Oligomers of the Gape (14) are formed by the 

reaction of Co(CNS)(dmgH)2N or Co(SeCN)(dmgE>,N with CoR(dmgH)2 in the presence 

(dmgH)2RCo:-(CNX)Co(dmgE)2-]n(CNX)Co(dmgE)2N (14) 

(n = 2,s; X = S, Se) 

of trace quantities of cobalt(n) (ref. 53). Chelate cobalt(III) complexes 

contadning the pseudohalides, CSR, C(CN) J, CH2N02 have also been reported 

( ref. 54) and aaidochelate cobalt(II1) complexes CoN3(M-N)PP%, N-N = dianion 

of N.~r'T1phenglenebis(salicglidenimine), have been shown to react with 

isocyanides to give cobalt-carbon bonded tetrazolate complexes e.g. (15). !The 

compound 2-isocyanoethanol affords tetrazolato or aaidooxazolidin-2-ylidene 

CoC-by(N-N) (CNCy) (15) 

complexes (16), dependiug on the nature of the chelate ligand, the solvent and 

the trans - basal ligand (ref. 55). 

CoCk&&$($)(chelate) (16) 

Organocobalt(II1) complexes can undergo cobalt-carbon bond cleavage by any 

of the three reaction *es illustrated in equations (20) - (22). Results of a 

CoR(chelate)-} R+ + Co(I)(chelate) (20) 

CoR(chelate).-> R + Co(II)(chelate) (21) 

CoR(chelate)----_) R- t Co(III)(chelate) (22) 

stwiy on the mechanism of the base-catalyzed methane formation from methyl(aquo)- 

cobaloxime have shown that all simple alkyl(aquo)cobaloximes undergo cobalt- 

carbon bond cleavage in aqueous base with generation of cobalt(II1) complex 
I \refr 5). 

HomoQ+cic cleavage~of a cobalt-carbon bond, eqation (21), upon photolysis of 
an orgsnocobalt complex is a well documented process but_much rema5n.s to be 
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clarified concerning the nature and the fste of the radical pair initially 

formed and the effects of equatorial and axial ligands, Photolyaie of al.kylated 

cobalt complexes of 1,19-dfmethyl~ad-bi~de~~~corrina’to, CoR(BDHC), results in 

an apparent hsterolytic cleavage of the cobalt-carbon bona, thr radical pair 

generated upon photolyais undergoing electron transfer to give the cobalt(II1) 

complex and a oaxbanionic intermediate which is readily protonsted, equations 

(231 (refr 57)+ 

H2° 
Bca(fTI) $ B*Co(II)--+ n”co(IrI) ---+RH +t Co(III) (23) 

The photolysis of several allsylcobaloxime;4, cobalamins, methyl salens an?. 

coenzyme B,2 in protic solvents has been studied by ESR and spill-trappjng 

techdquea and it is apparent that during photolysis hydrogen atoms are probably 

abstractesd fxom the C(10) position of the corrfn equatorial U&and in the caIje 

of caenzyme B,2 and cobalamin derivativee (ref. 58). Photohomal: aia atuaies of 

alkylcobalamina show that there are no long-lived homolyois precursors in either 

methyl- ox adenosylcobalamin and previously observed varittiona in the cobalt(I1) 

ZPR signal are a coneequence of secondary radical reaction <rid, 59). 

Wheseas (hy&roxyaUryJ)cobaloximes are stable in both amidic and basic meaia 

(B-~~o~ethyl)cobaloxlrme readily decomposes under these conditions, equationa 

(24) and (25), Ki ne XC &udfes have been carrl.ed out on the cl.eaT-age and t’ 

R’ 
Co(C~2C~20H)(~%H)2(H20) II) C&WH)~(H~O)~+ -I+ c2H4 (24) 

OH- 
Co(CH2CH2OH)(dmgH)2(H2O)----_j C0(4mgH)~” + MeCHO f 2H20 (25) 

rearrangement reactiona of (B-hydroxyalkyl)cobaloximes in acid solution and it 

is apparent that although B-hyaroxyethyl derivatives evolve eth;ylene, 

B-hydxoxy-n*propyl and B-hydroxyilslopropyl derivatives undergo reversible 

isomeriz;ation prior to olefin release by a mechanism in which the olefin is 

n-bonded to the cobalt complex. Cleavage reactions of the 3F2~~ubstituted 

macracycle axe much slower than for the bis(dimethylgLyoxiclato! complexes 

(ref. 60). 

The hemiacetal of formylmethylcobalamin, ethoxy-2dydroxyethylcobalamin (17) 

hea been ahown to be fomnea from both the deacetalization of the 2,2-diethoxy- 

ethylcobalamin (18) and from the catalyzed acetalization of (19) in alcoholic 

soluCions containing Et N* Formylmethylcobalamin (19) can alao be fosmed from 

the alkaline deaoetali8~tion of (17) and (18) (ref. 61)* 

(17) 
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[COJCH~CH(OR)~ (18) 

(19) 

The electrochemical reduction at mercury and platinum electrodes of a number 

of perfluoroa-1 (R,) 2nd 2Dyl (ELh) cobalt(II1) complexes containing quad- 

ridentate salicylaldimines CoR(salen) h2ve been studied. Each class of complex 

mdergoes reductkm as indicated in equation (26), the perfluoroalhyl complexes 

Co(III)R(salen)~Co(II)R(salen)-~~Co(I)R(s21en)z~ (26) 

being reduced most readily. The CoRf(s21en)- species are more stable than the 

a-1 complexes but tber do decompose-to perfluorocarbanZon2 2x-d Co(salen). 

The am1 anions Cos(salen)- rapidly give Co(ealen)- and the 2-1 radical_ 

The dianions CoRf(salen)*' and CoRl(s21en)*- are exceedingly unstzble and 

decompose rapidly to Co(salen)- (ref. 62). 

Oxidative cleavage of the cobalt-carbon bond of organocobaloximes occurs tith 

inversion at the alph2-oarbon. The mechanism of this reaction occurs via one- 

electron oxidation of the organocobaloxime followed by nucleophilic attack at 

the alpha-carbon resulting in the obsemed inversion of configuration, equation 

(27). The radical cations CoR(dmgH),Lf have been generated by chemical 

oxidation e.g. with Er *, Pb02, 2nd Ce(IV) or electrochemical oxidation of the 

COR(~~~H)~(H~O) .-~COR(~~~~H)~(H~O)+K~CO(II) + RX 
=2 

(27) 

cobalt(Ii1) complexes c~R(dmgH)~L 2nd EPR studies of the radical cations 

CoR(dmgH),L+ support their formulation 2s orgznocobalt(IV) complexes (ref. 63). 

A s/c&y of the cleavage reaction of organocobaloximes with iodine in chloroform 

C&wd2(H20) f 12/RI + CoIbd2(H20) 

(II = Me, Et, Pm, Pri, CH2Cl) 

(28) 

2nd meth2no1, equztioon (28), reveals th2t the mechanism Proceeds via a pre- 

eqtilibrium involving the formation of-2 I:1 adduct, equation (29); the rate 

determining step probably consisting of an intramolecular tran&lAylation 

1’ <XT&. se:, 



Allyl- and allanyl~cobaloximes have bean shoun to %wd with CBxC15 to give 

4,4+trichSoxabutene and 4r4,4-trichlorobutynes respectively as indicated 

below. 
R’ 

R’ 2% = CR’CH2Co (am@) 2pY 

ccl. C02M0 

* 

Br,CBCH,CSC!H 

Other polyhalogenomethanes behave similarly, The reactions axe believed to 

involve novel chain processes (ref. 65) and eLkylcobaloximes CoR(dmgH)2py have 

been shown to react with other organic compounds which cre considered to be good 

radical precursors egg, Ph2S2 , Ph2Se2 and aUsyl.sulphonyl chlorides to give the 

Produots R-f%%, R-Seph and RGO2-R’ (ref. 66). &l.lgloobaXoxines have also been 
shown to react with ethylbromomalonate under very mild conditionn to yield 

CRB~CN 

B~~CCH~C =CH 
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allyl-substituted ethylmalonates in good yield. Propargyl- and allenylcobaloximes 

react with BrC!H(C!O2E-k)2 to give allenyl- and propargyl-malonic ester respectively. 

Similar rearrangements are observed in reactions of crotyl-, 3,3-dimethylallyl-, 

and cinuamyl-cobaloximes, the substitution occurring with total rearrangement 

of the ally1 groups (ref. 66). Methylcobalamin has also been shown to react 

with various methyl derivatives of heavier metals e.g. Hg, Tl, Pb, Sn, Te, P, 

As, Sb, equation (30) (ref. 67). 

RnM(OH2)' + MeCo+RnMMe t HRO-Cot (JO) 

The base catalyses hydrolysis of disulphides, equation (31), has been found 

to be accelerated by CoMe(dmgH)2(E20) and lead to the formation of CoMe(dmgH)2(SR)' 

RSSR t OH?->Rs- t RSOH~~>stable products (31) 

This acceleration is prevented by a large excess of pgridine suggesting that 

disulphides coordinate to CoMe(dmgH)2 at the axis1 ligand position although 

such interaction could not be aetecte& bg spectroscopic-techniclues (ref, 68)_ 

Metal carbene compounds 

Cobalt stabilized carbenes have been obtained by reactions of organolithium 

compounds as outlined in equation (32) and (33) (ref. 69). 

RLi 

COGoPh3(CO)4~ Co(RCOLi)(GePh3)(CO)3 (32) 

(33) 

(R = Me, Et, Pm, Ruu, Ph) 

A variety of complexes with bridging csrbene ligands have been reported 

during 1979. Thus ti-aa-hllent of the lactone complexes (20) with mono- or di- 

haloacetylenes affords examples of complexes (21) which contain two different 

carbene bridges (ref. 70). Hridging heteromethylenecobalt complexes have been 

prepared by photolysis of CONCH with diazo compounds. Thus diazoacetates 

and CO(CO)~CP afforti the brown bridged methylene complexes (22) along with the 

green complexes (23). The triply bridged complexes (23) undergo au irreversible 

rearrangement in solution to give the bridged methylene complexes (22) (ref. 71). 

Photolysis of N,$(COR)(COR') in the presence of Co(CO)2Cp affords the complexes 

(24) which on thermolysis with Co(CO),Cp give the complexes (25))(ref. -72). 

The mess spectra.of several bridged methylen e complexes have been reported 

(ref. 73) and the electronic energy levels'bf C$(OC)R~(I$!~)R~(CO)C~ have been -_ 



R' = H, R2 z &P&k? t n--penW1, Ph 

R3 = Cl, R4 5 Bun 

R3C2R4a C&i,, 25Y R3 = ET, R” = w, Bun, Ph 

R3 = 1, R4 z Ir Bun 

I211 

CO(C~)~CP + N$H(co2R) 

c6heq,/ k, THY, e-90°C 

cp(OC>Co(,--CHCo,R)Co(@Cp C~Co(,-c0)2(~-0cQCH)CoCp 

(22) (23) 

described by a correlation diagram of energy Levels of a CH2 group and 

1 Cp(OC)RhRh(CO)Cp (ref. 74). 

I 
“i cP(oc)cbococ(coR1 )co 

A 
4 

(24) 

CP(OC)C~]+(COR)(COR’ )I Co(cC)Cp 

(25) 

(R = MeO, EdO, NegCO) 

(R’ = MsO, EN, Me?CO,Me) 
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Netal Ysocyanide compounds 

(R' 

Reections of [Co(CNR)5&.xH20 (R = aryl; X = C104,BFL) with P(OR')g 

= a-1, aryl) and triarylphosphines have been investigated, reduction/ 

disubstitution is strongly favoured leading to products such as ~CO(CNR)~~P(OR')_&~]X 

( ref. 75). The arsine complex [Co(CNPh)5(AsPh3)2]C104 has been obtained in a 

similar way (ref. 76). Photolysis of Mn2(CO),o in the presence of [Co2(CRMe)10]4t 

does not give any detectable amount of the expected heterodinuclear species 

C(EeNC)5Co?ii(CO)5]2+ (ref. 77). 

The complexes [E(CM)4(TCNE)]X (M = Co(I), Rh(1); R = Me, But, 4-MeOC6H4; 

X = ClO,. PF6. BPh,: not all combinations) undergo TCNE rotation coupled with 

Eerry pseudorotation, activation parameters have been measured by line-shape 

analysis of 'H ?@IR spectra between -20 to 70°C. The E, values for cobalt complexes 

are larger than the very low values observed for [Co(CNR) 
5 
]ClO4 which undergo 

Berry pseudorotation alone, suggesting that TCEE rotation is a significant 

contribution to the rearrangement barrier in the TCNE complexes. The E and 
a 

AS* values of the [M(CNR)4(TCEE)]X complexes are almost independent of steric 

and electronic effects of the isocyanides, but are dependent on the bulkiness 

of the counteranion with E increasing in the order Cl04 -Z PF6 C BPh4 (ref. 78.). 

The reaction of CNBut wzth [RhC1(CO)2]2 in various solvents occurs in stepwise 

fashion according to Scheme 1, deduced by studying the evolution of CO and 

oc L 

(L = CNBL?) 

meesuring the conductances and IR spectra of the solutions_ The two intermediates 

were isolated as blue-black solids, there was no evidence for any species with 

composition between RhC1(CO)(CNBut), and [R~(CNEU~)~]C~ (ref. 79). Reaction 

of [RhCl(i,5-cod) I, with 2,6-disubstitnted phenyl isocyanides does allow isolation 

of the complexes (26), only (26 a) reacts with excess isocyanide to give the ionic 

Cl 

CXR 

I 
(26 a; R = 2,6-Ee2C6$) 

RNC-Rh-CIiR 

:Ez b; R = 2,4,6-Me_$!6H2) 

c: 

I 

R = 2,4,6-d C6H2) 

Cl 



complex CRh(cm)4]cl, 
with B+6H2Nc in the 

does not associ2te in 

!L%e crystal structure 
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which self-associates in solution. Complex (26 c) reacts 

presence of AgPF6 to give [Rh(CNR)4]PF6 (R=Bu>6H2) which 

solution due to the bulkiness of the isocyanide ligands. 

of (26 c) shows that the isocyanide phenyl rings are 

perpendicular to the RhC3Cl plane, and that steric interference between the But 

groups prevents association through Rh-Rh interaction (ref. 80). The crystal 

structures of complexes [Rh(CNR)4]X (R = 4-FC6H4, 4-N02C6H4; X = Cl, ClO4) show 

that the chlorides are metal-metal bonded dimers with Rh-Rh distances of 3.207 

and 3.25 2. The perchlorates are monomeric (ref. 81). Similar dimerisation 

is observed in the complexes [Rh(CNH)4]X (R = Ph, vinyl, Et,Me; X = Cl, PF6, 

BF4. C104) in solution. The crystal structures of the two complexes R = Et; 

X = Cl and R = vinyl, X = Cl04 confirm the presence of linear chains of Rh atoms 

(ref. 82). 

The photosensitive and deeply coloured complexes [Rh2(L-L)4]X IL-L = CN(CH2)nNC, 

n = 3-6, l,4-(CNCH2)2C6H10, 1-3-(CNCH2)2C6$; X = Cl, BF4, PF6 or BPh4{ are 

obtained by treatment of [RhCl(l,5-cod)], or [RhCl(CO)2]2 with the diisocyanide. 

L-L = CNKH,),NC 

h=3-6) 
(271 

/NC\ ;N;\CH ) 

KH,), Rh 

\NC’ \o/ 2* . 

Structure (27) is assumed from spectroscopic data , when n = 3 an eclipsed 

conformation is expected but with longer chain lengths a staggered conformation 

is possible__ In solution the dinuclear complezes aggregate to form oligomeric 

species, this tendency falls off w%th ticreasing chain length in the diisocyanide, 

When n = 8 the monomeric species (28) is obtained. Reaction of the rhodium 

diisocyanide complexes with DPM displaces two diisocyanide ligands to give 

tm - ~B~,(L-L),(DPM)~]*+, substitution reactions with otherkphosphines also 

occur ( ref, 83), 

The position of the lowest allowed eiectronic transition in [R~~(L-L)~]~+ 

(L-L = binucleating diisocyanide) varies with the rotameric configuration of the 

Eomplex:- 4-l- Reaction of these complexes with H2 in acid solution yields Rh4H2 , 

dhich is a possible intermediate in the H2-- producti photoreaction of 
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[Rh2(L-L_)4]2+ in aqueous HCl solution (ref. 84). The crystal structure of the 

complex [Rh2C12(LL) 
4 
]C12.8H20 isolated from aqueous HCl shows that it contains 

L-- J/L k 1 
2+ 

\ :-- \ ,.x’ 

Cl-Rb----- Rb---Cl 
(29) LL = CNKH,l,NC 

I1 I1 the linear ClF?_h Rh Cl 2t unit in the cation (29) (ref. 85). 

A convenient new route to the diphosphine-bridged diners [Rh2(CNR)4(dPPm)2]2' 

via direct reaction of the ligands with [FfhCl(l,5-cod)], has been reported. The 

dimers react with trifluoromethyl disulphide to give rhodium(I1) complexes (ZJO), 

whereas rhodium(II1) species (31) zre obtained with (PhS)2, (PhSe)* and (C6F5S)2- 

PPh, P?h, 

1 CNR 1 CNR 
FLS - Rd- Rh/--SCF, 

“RNCJI RNCI ~- 
Ph,P _PPh, 

(301 (R=Me, Bun1 31 

1 

CNR 

I 
4 

Pb I PIRhlX 
P’l lx 

(R= Bun; X=SPh, SePh,SC,F,) 

The corresponding diarsine-bridged dimers [Rh2(CNR)4(dpam)2]2+ are obtained 

by 2clding an isocyanide to Rh2C12(CO)2(dpam)2 and precipitation with Ns[BPh4]. 

They react with iodine to give rhodiuz(I1) dimers (32) (ref. 86). 

r -kPh Ph As 1 
2+ 

Disulphides and diselenides react with 

(X = SCFY, SPh, SCgF5 of SePh; B = Bun or 

(32) (R=BU,” cyj ’ 

F&(CNR)4+ affording trandF&(X),(Cy)4]+ 

C6H,i) (ref. 86). Iodine and bromine _ 
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are known to unaOsg0 simultaneous two-centre 0xi.aei-7f2 addition reactions to 

~h(cNR)4” forming [X(RNC)4RhRh( CNR)4X]2’, the first case of three-centre 

oxidativa addition has now been reported. Addition of 1 mol of iodine to 3 mol 

of [Rh(CNCI$Ph)41 ’ produces the cation (33) ill 85$ yield. The X-ray crystal 

structure of the Br 
3 

- salt Of (33) has been determined, the Rh3 :uQ.t is linear 

with Rh-Rh 2,796 1 and the four isocyanide ligands on adjacent rilodium atoms axe 

,dawxma by 38’. In solution the cation (33) dissociates into the smaller 

fragments [Rh212(CNR)B]2’, @hI,(CNR)41* and Rh(CN 

L ih,L z 1 
L L, 

I- - - RllLI 

L /I 
L 

L/Rh\L L'\ 
L 

4’ (ref. 87). 

+ 

(33) L=CNCH Ph 

Bia-substituted rhodium(I)polypyrazolylborates have been prepared and rhodium(II1) 

derivatives obtained by oxidative addition reactions r,s shu!!n in Scheme 2, 

(ref. 88). 

Zn IBEt,P2,3 

Rh,Cl,KO), - (OC),RhCBEt Pz,l 

1 
RNC 

9 
(RNCl,Rh[EW'ql q2 

(RNC),Rh[BEt,Pr& Met (RNC),Rh[BEt,F"z&lgCL, 

R=Bu+, 4-M&H,, 

or 4-MeC,H,SOJH, 

(RNCl,RhCBEt,Pz,l(Me)I 

SCHEME 2 

The kinetics of oxiaative addition reactions of iodine to C~(CNR)4JClO4 

(R 5 2,4,6-Me3CgH2 and s$ut) (ref. 89), and to ~(S2CNMe2)(2,4,‘i-Me3C6~2NC)2 

(ref. 90) have been studied, Both reactions proceed via a charge transfer 

complex between the reactants, 

Like 5.ts rhod%um analogue, the complex CIs(CNMe)41C1 oligomerizes In solution, 
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The oligomers are readily cleaved by visible or W irradiation, the monomers 

then readily add ligand or solvent to give 5-coordinate complexes (ref. 91). 

The X-ray crystal structure of 1r4(CO),,(CNBut) ha s shown the complex to be the 

first example of an Ir4(CO),2 derivative containing no bridging ligands. In 

solution " C IGIFt spectra establish that carbonyl scrambling OCCIJZS through a 

triply bridged intermediate (refs. 92, 93). 

Netal carbonyl and related compounds 

(a) Homonuclear carbonyl compounds 

I=~olecul.ar orbit21 techniques have been applied to various aspects of first 

row transition metal carbonyl chemistry. A modified extended H&kel approach 

has been used to predict the geometries of [Co(CO)4]n (n =-I,0 and +l), and the 

unbridged forms of COAX (ref. 94). Using the same approach, enthalpies of 

dissociation for Co2(CO)S and CoH(C0)4 have been calculated (ref. 95). The 

interaction of Co atoms with CO and PF 
3 

have been studied by ab initio methods -- 

(ref. 96). The electronic absorption spectra of the open shell molecules M(C0)4 

(14 = Co, Rh, Ir) have been measured and both Q + t2(d) and d + u* transitions 

observed (ref. 97). The 170 and I3 C RMR chemical shift parameters for a number 

of metal carbonyl compounds including Co2(CO)S, Co2(C0)6(PhC2Ph)2, PhCCo3(CO)9, 

CONCH and Rh,Cl,(CO)4 have been measured (ref. 98). 

Cocondensation reactions of Co atoms with CO/O2 mixtures at IO - 12K give the 

complete series of mixed carbonyl-dioxygen complexes Co(CO),(O2) (n = l-4), ae 

well as the parent molecules COG (n = 14) and COG (m = 1,2) (ref. 99). 

Substitution reactions of Co2(CO)S with a variety of phosphines have been 

studied. The complexes Go,(CO)~L, CL = P$, PHBnE, P(SiMe3)3, P(Cexe3)3, 

P(Snlqe3)3 and PBn~(SWe3)] have been obtained by direct reaction of L and Co2(CO)S 

(ref. 100). The amino(difluorophosphine) PhN(PF2)2 (pnpf2) reacts with COAX 

to give Co2(C0)2(pnpf2)3 (34; L = CO) and Co2(pnpf2)5 (34; L = monodentate pnpf2). 

With c04(cO),~ the complex Co4(C0)6(pnpf2)3 was isolated (ref. 101). The tetra- 

F bN’PF 
2 

I 

2 

I 

'7i-77' 

F,P F,P, PF, 

\,A,/ 

PF, 

Rl Ptl 

(34) 
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tertiary phoaphine C(CEzPPh2)4 (tdppm), which acts only as a tridentate ligand, 

undergoes a disproportionation reaction with Co2(CO)S to give the salt (35), the 

[Co(CO)4’J- anion can be exchanged for PF6- using NH PF 4 6’ 
Complex (35) reacts 

with NaBH 
4 

or NaBD 
4 

to give the hydridocarbonyl (36) (Scheme 3) OS its deuteride. 

Liquid NH3 gives the carbamoyl-carbonyl complex (3’7) or the hydride (38) depending 

on the reaction conditions (ref. 102). 

Ca,KOl,+ tdppm - NH”’ CCoKO),(tdppmll KoKO)~J - [Co KOI,! tdppm)] PG 

J (35) 1 

\ 

/ 

I NH&O0 

NaBH, 0:“’ 
\ 

OC/ 

W tdppm) 

NH,/60° 

\ (371 
H Ph2 
1 /P--C”** 

,CK”,PPh,6”~, 
Oc-_:o 1 P-C”, 

co Ph2 

I (36) 

Scheme 3 

H 
\ 

/ 
Co( tdppml 

oc- 
(383 

i The unusual paramagnetic complexes (39) are obtained by reacting COAX with 

1 2,3-bia(diphenyLphoaphine)malei.c anhydride and its derivatives (PP). Yorma1 

I 
electron counting would give0 cobalt one electron more than a closed shell in the 

x = 0,S,CH2 or NMe (39) 
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complexes (39), but ESR, IR and an X-ray crystal s'crucixme determinztion of (39) 

(X = 0) show that the unpaired electron is localized on the phosphine ligand. 

With iodine, complexes (39) 2re oxidised to the iodides [Co(CO) pP]I, 2nd neutral 

complexes Co(CO)(NO)(PP) are obtained by reacting Co(CO)3(NO) w?th PP (ref- 103)- 

The photocatalytic activity of the dilnrclear complexes COCKLE (L = PBuG, 

P(OPh) 
3 
) has been studied. Irradiation of Co2(CO)6L2 in the presence of 1-pentene 

results in little net reaction, but addition of SiBEt 
3 

dramatically enhences 

photocatalytic act%vity strongly suggesting i&d the active catalytic species 

for alkene isomerization 2re the hydrides CoH(CO)?L rather than the 17-electron 

radicals Co(CO)3L (ref. 104). Kinetic studies of CO substitution reactions in 

the clusters CO~(CO),~_~ [P(OMe)31n (n = 1,2) by P(OMe)3 show that p2rallel 

dissociative and ligand-dependent paths operzte for substitution in CO~(CO),~- 

C-P(O~k)31,, but for the n = I complex the reaction rate is strongly dependent on 

P(We), concentration (ref. 105). 

me [Co(CO),] - anion is rapidly aud cleauly obtained from Co (CO) by reduction 

with the readily available trialkylborohydrides LiBHEt 
g a 

3, LiBHBu3 2nd KBHB$ 

(ref. 106). NaIal?ganese metal. in THF reduces Co2(CO)6 to [Mx(THS'),][CO(CO)~] 

(ref. 107). Theoretic21 studies of the bonding in COG- and COG- show 

that back-donation is of a stiilar order in both complexes and increases in the 

series Ni< Co c Fe for the corresponding isoelectronic conplexes (ref. 108). 

Electrochemical synthesis of the zerovalent complexes CoL4, L = P(OPrl)3 

(ref. 109) and L = P(OPh) 
3 

(ref. 110) has been achieved, paramagnetic suscept- 

ibility seasuresents are consistent with the presence of one unpaired electron. 

An unstable diasagnetic salt Na[ColP(OPh)3{S] could be obtained by further 

electrolytic reduction, and the complex CoL 4, L = P(OPri)3 appears to form rr-bonaea 

organonitrile complexes CoL3(n-RCN) (R = Me, Ph) in solution. Cocondensation of 

Co vapour with aninodifluorophosphines give Co2[MeN(PF2)2-$ and Co2[Me2N(PF2)j,- 

[MeN(PF ) ] 
2 2 3' 

the latter being obtztied from a 4~1 &ixture of Me2N(PF2) and 

MeN(PF2)2 (ref. 111). The reaction between Co2(CO)S 2nd excess pyriaine-2,6 

dicarboxylic acid (dipicE2) produces the polymeric complex [Co(dipic)],. whereas 

witk pgrid&ze-2-c=boxylic acid (picH) tke salt [Co2(PicH)j(pic)g~Co(CO)4.~20 

is obtained (ref. 112). 

Cocondensation of Rh and Ir atoms with CO/inert gas mixtures allows the syn- 

thesis and chzracterizzt<on 03 the complete series of binam complexes M(CO), 

(N=Rh. Lr:n=l-4). A careful allalysis-of the IR 2nd W-visible spectroscopic 

data ushg isotopically substituted CO suggests tkab ; Rk(CO)4 md &(CO$ like 

co(CO)4, are not strictly tetrahedral (ref. 113). The~electronic spectrum of 

cryock&cally prepared Hk2(CO)S has beerr neasured and compared with that of 

Co2(CO)k. A Q + cr* transition is found to be blue-shifted from tk?at in Co2(CO)6, 

consistent with the increased bonding interactions of c(d) orbitals of Rh over 

Co (ref. 114). A reappraisal of the matrix syntkesis of Ir2(CO)S confirmsits 
: 
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existence in spite of an earlier error, unlike Rh2(CO)8 the iridium analogue 

exists as an unbsidged metal-metal bonded isomer. At 20OK Ir2(CO)8 decomposes 

to an undefined material whose IB spectrum resembles that of CO chemisorbed on 

supported Ir clusters (ref. 1151, It has been established by electrochemical 

and chemical techniques that the reduction of [Rh(diphos) 2 ]Cl occurs via a one- 

electron tsansfes step to give the highly reactive complex Rh(diphos)2, which is 

capable of abstracting a hydrogen atom from a variety of solvents giving 

RbR(diphos)2 (ref. 116). 

A new pentanuclear anion [Rh5(CO),4T.]2- (40) has been isolated from the 

reaction of Rh4(CO),2 with NEu41 or AsPh I 
4 

in I:2 molar ratio, and characterized 

by X-ray crystallography. The anion (40) is unstable and reacts with Rh4(CO)12 

/’ 0 = co 

Q40) 

to give the previously described [Rh6(CO),51]- and [Rh7(CO),6_]*- anions (ref. 

117). The bidentate ligands Ph2P(CH2),PPh2, n = 2 (dppe) and n = 4 (dppb), 

react with RYL~(CO),~ giving Rh6(CO), 2(dppb)2, Rh6(Co),5(dPPe) and Rh6(CO),g(d~pe)7. 

In the dppb complex both terminal and face-bridging carbonyls exchange readily 

with ” CO at 20°C, both P atoms of dppb axe believed to coordinate to adjacent 

Rh atoms. Under similar conditions 13 CO exchange reactions with the dppe complexes 

were very slow, the face-bridging carbonyls were not observed to exchange at all. 

In theae complexes dppe is only monodentate, the free PPh2 group is believed to 

be bound to a face-bridging carbonyl group (ref. 118). 

The cluster complexes Rh4(CO),2, Rh6(CO),6 and [Rh,2(CO)30?2- catt,lyse the 
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P-C bond cleavage reaction of PP 
% 

to give benzene and PhCIQOE, HCHO is necessary 

to obtain high yields of benzene (ref. 119). The behaviour of Rh6-CO)16 OIL the 

surface of alumina, MgO and silica-alumina has been found to be strollgly dependent 

on the mode of impregnation and the water content of the support. Surface OH 

groups cause oxidation to a F&(I) carbonyl species, from which Rh6(CO)6 can be 

regenerated by CO in the presence of excess water. In the absence of CO, 

reductiorr of the rhodim carbony species by hydrogen or excess water leads 

to metallic Rh, which can be reversed by-treatment with O2 followed by CO. 

Catalytic cycles are proposed which account for the water gas shift reaction 

carried out with FLh6(CO),6 supported on the various oxides (ref. 120). 

A complete assignment of the 13C NMR spectrum of [T(CO),6J3- has been 

achieved using specific '03Rh spin-decoupling. At room temperature 3 u2-carbonyls 

exchange rith 3 terminal carbonyls around the outside of the metal polyhedron, 

rather than by an internal rotation of the metal skeleton within the carbonyl 

polyhedron (ref. 121). The complex Ird(CO)lO(diars), (41), has been synthesized 

and its structure determined by X-ray diffraction. ho-w-temperature '3c ?W.R 

studies show that three separate carbonyl exchange processes occur over different 

temperature ranges. For the lowest energy process, a new type of mechanism is 

As-k= 1,2-(Me&),C,H, 

proposed Znvolvir?g movement of an edge-bridging carbonyl across a triangular 

(CO), 0 (411 

face to a neii edge, coupled with edge-terminal exchange of two other carbonyls 

(ref. 122). The reaction of LiPHEX with ti4(CO)12 at O°C results in formation 

of [I$CHO)(CO),,l - in solution, detected by IR and 'H NMR, which decomposes 

smoothly to [Ir4H(CO),$- on warming t0 409~ (ref. 123). 

(b) Heteronuclear metal-metal bonded carbonyl compounds 

Spectroscopic studies on solutions of TACOS in a varietg of solvents show 

that both dielectric constant and basici- of the solvent influence ion-pair 

formation. A direct cobalt to thallium charge-trsnsfer-band is observed in the 

visible region of the spectrum and IR spectra suggest that the ion-pair T~+RI(CO)~- 
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Me* Me2 Me2 
AS 

/- \ 

-co, ,A=, L, ,A=, 

Fe Co Fe co Fe COL 

(CO,, (CO), (CO), m, (CO94 (CO), 

443) 

Scheme 4 

ligands and for C II,_ >> NeC H > Cp (ref. 136). 

PtL2fiI2 (w = Co(CCT410r Co(CQPh5; L = RutNc 

Linear trimetallic complexes 

or CyIiC) have been prepared (ref. 

137)- 

Reaction of 1,1,2,2-tetramethyldisilane with COAX gives a cosplex mixture 

of products of which only (44) proved isolable, but a number of other products 

were identified spectroscopically includirg RSi2Me4[Co(CO)4]2 (ref. 138). The 

ftist example of 8 complex containing a diphosphide ligand symmetrically bonded 

to two metal atoms has been found in Co,(CO)5(PPh5)(~-P2) (45), revealed by an 

X-ray structure determination. The P-P bond length of 2.019(g)% is close to the 

estimated double bond iength (ref. 139). The mono- and bis(triphenylphosphine) 

(441 (451 

substituted derivatives of the related diarsenide complex CO,(CO)~(@S~) have 

also been characterized by X-ray methode (ref. 140). ESR spectroscopy has shown 

that the urqaired electron in the electrochemically generated radical anions 

X2C02(CC')6-* (X = P2, As2, RC,d)-and Rx~6_xC6C02(CC) -- 
4 

occupies a metal 

orbital which may be identified with the~orientation of the bonding interaction 

in the 'bent' Co-Co bond model for X~CO~(CO)~ molecules (ref.~141); 
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The room-temperature reaction of Co,(Co), with GeH4, or of NaCo(CO)4 with 

halogermanes , gives GeCCo2(CO)7~2, which loses CO at 50°C to form GeCo4(CO),3, 

(46) (ref. 142). The molecular structure of (46) has been established by X-ray 

co hoI 

I 

(oc) cAGel 
3 o~co~o(co~3 

wN3 

“\ /co(co)4 
(oc) I\ 

3 ok~“(co)3 
0 

(47) 

crystallography (ref. 143). The principal product of the reaction between MeGeH3 

or MEzG~H~CO(CO)~ and Co2(CO)8 is (47) (R = Me). NaCo(CO)4 reacts with MeGeX3 

(X = Cl, Br) forming MeGeX2Co(C0)4 and MeGeX[Co(C0)4]2 (ref. 144). GeBr4 and 

MeGel: also give (47) with NaCo(C0) under mild conditions. Thermolysis of 

(47) a: 80°C gives the germylidynetrkobalt nonacarbonyl cluster MeGeCo3(CO)9 

(ref. 145). 

kn analysis of the frontier orbitals in the tricobalt clusters YCCo3(CO)9 and 

rela.ted systems has been given (ref. 746). Formation of salts (48) of [COALS]-, 

the :psrent carbonyl of the tricobalt clusters, according to equilibrium (34) is 

found to be dependent on the cation M, cluster (48) is more stable for M = Li 

MCO(I:O)~ + COAX + M[CO~(CO),~] + 2C0 (34) 

(48) 

than Na (ref. 147). Reaction of (48) (M = Li) with dry HCl at -20°C in an inert 

atmoisphere gives HOCCo3(CO)9, which decomposes at room temperature &ccordin& to 

cqua.tion (35) (ref. 148). 

2 H13CCo3(C0)9- ~COH(CO)~ + Co4(CO)i2 (35) 

An fatermediate in this reaction has been isolated and characterize& by X-ray 

diffraction, IR and mass spectroscopy as the hydride cluster HCo3(CO)9. The 

molelcule has ?3h symmetry, the hydrogen is believed to triply-bridge the three 

coba:lt atoms; HCoj(CO)9 reacts with acetylene at room temperature to give 

CHj"':03(CO)9 (ref..l49). The X-ray crystal structure~determination of phC(0)CCo3(CO)9 

does not-reveal any unusual festures in the ground state geometry of the molecule 

whicll could explain t&ease of its thermal decarbonylation and the facile 

hydrogenation ofthe organic &-bond (ref. 150). The action.of strong acids 

: 
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such as H2SO,, HPF6 on RCH(OH)CCo_,(C0)9 results in formation,of stable carbonium 

ion salts sudh as [RCHCCO~(C~)~JPP~. It was concluded from NMR and IR studies 

and their reactivity towards nucleophilic reagents that the carbonium ion positive 

charge is delocalized onto the cobalt atoms (ref. 151). A large variety of si- 

lylmethylidynetricobalt nonacarbonyl complexes of the general type R Y n 3_nSiCCoj(CO)9, 

uhere R and Y are organic and inorganic substituents respectively, has been 

obtained by reacting a silicon hydride with SCCo3(CO)9. The range of compounds 

tax? be r'urther extended by Ifunctional group interconversions at silicon. The 

compounds X(RO)2SiCCo,(CO)9 (X = HO, Ne) have been incorporated into methyl- 

silicone polymers by cocondensation with polysiloxanes (ref. 152). Alkoxyalky- 

lidynetricobalt nonacarbonyl clusters (49) were obtained as unexpected products 

from the reaction between organic xanthates and Co2(CO)S, equation (36) (R = 

cholesteryl, (y or S-cholestanyl etc.; R' = le, benzyl etc.). The clusters (49) 

are active catalysts for hydroformylation of olefins, but without any asymmetric 

induction (ref. 153). 
/R 

? 

RO- C 

\ 

+ C02(CO)S 

SR' 

C 

(49) 
A detailed electrochemical study of Lewis base derivatives of tricobalt clusters 

YCCO~(CO)~_~L~ (n = l-3; L = PR3, P(OR)3 or RNC) has been made. Reduction 

becomes progressively more difficult, and oxidation easier, as CO is replaced 

by L (ref. 154). The preparation and properties of the phosphite (P(OMe)3 and 

P(OPh)3) derivatives for Y = Me, F; n = l-3 have been described. The X-ray 

crystal structure of MeCCo3(C0)6{P(OMe)S{3 reveals that the CO groups are all 

terminal and the three phosphite ligands occupy equatorial positions on the Co3 I 

triangle (ref. 155). A tin analogue of the methylidyne clusters, MeSnCo3(CO)g, 

has been obtained from the reaction of Mes"C12 with Co (CO) 
2 8 

(ref. 156). z 

In an attempt to extend the size of the RCCO~(CO)~ cluster by reaction with ! 1 

cFe(CO)L12-, the expected pentanuclear FeCo3C clusters were not obtained but 

instead-a new class of heterometal alkylidyne clusters RCFeCo2H(C0)g (R = Me, 
; 
1 

Et, Ph) were obtained. Spectroscopic evidence suggests that the clusters have 

structures similar to the parent RCCo (CO) clusters without bridging CO groups, 
3 9 

but the location of the hydride ligand-could not be deduced (ref; 157).. 

The reaction between CO(CO),(~~-C_&) 

[$-C.&j gave the complexes'(50). i5;) 

and Co(CO)2(NO)(P$e2H) or Co(CO),(PMe,H) c L 
and (52). investigated.by X-ray 

i- 2 
_ 

diffraction and NE2 spectroscopic_methods (ref. 158). The heteronuclear~cluster 
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/ 
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(CO), 
E-~CO 

(SO) 
(OC) I/ 
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IocIco-qc~cgco) 

/\I/ 
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E 

/-\ 
(OC ),Co - co(co), 

,I\/’ 
-co yE 

(CO), 

(52) 

E = PMe, 

(CO), 

(511 

(53) has been prepared by the reaction of (C0)4FePPhH2 and Co2(CO)S. Related 

clusters (54) and the chiral complex (PhP)CoFeMo(CO)8Cp have also been obtained 

Ph Ph 
P P 

(OC)3Fe /' 

1 

' co(c0) / 
\ 

- - 

\/ 3 

cc:), 

(oc)*~~,-c--o(cO)2cp 

Me2 
(cO)2 

(53) (54) 

(ref. 159). Comparison of the X-ray crystal structures of (53) and that of the 

analogous cluster (PhP)Co (CO) (which contains one more electron than is 
3 9 

required by the IS-electron rule), together with the ESR spectra of the latter 

cluster and of the anion of (53), shows that the LUMO of (53‘1 is almost 

exclusively made up of metal d-orbitals (ref. 160). 

The reaction of & - PtC12(PEt3)2 with NaCo(CC)4 gave as a major product the 

mixed cluster Pt3C02(C0)4(p2-C0)5(PEt3)3, the X-ray crystal structure was 

determined (ref. 161). A single-crystal neutron diffraction siudy of [PNPI- 

[Co6H(CO),5] shows that the hydrogen atom is located at the centre of a Co6 

octahedron. The cluster has ten terminal, one symmetrical bridging and four 
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asykmetrically bridging CO groups. 'H NNR evidence suggests that the H atom 

msy easily enter and leave the Co 6 cage (ref. 162). An IR study of the cluster 

Co6C(CO),2S2 containing 9C$ 
13 C in the central cavity has allowed identification 

of the vibration modes involving the interstitial carbon atom (ref. 163). The 

first ex=Ple of interstitial nitrogenin a metal carbonyl cluster hss been 

foun& in the anions [1!6N(CO),5]- (W = Co, Rh). The anion is formed in the 

reactTon of K2[IJ6(CO),3] with NOBF4. or for I = FLh, by reacting $[~(CO),6] 

dth a I:1 mixture of CO ana NO. The crystal structure of PPN[Co6N(C!O),,-] 

shorfs that the N atom is at the centre of a trigonsl prism of cobalt atoms each with 

one terminal CO and all nine edges carry one bridging CO. (ref. 164). It appears 

that phosphorus is too large to fit inside a Co6 cavity, as the structure of the 

anion [CO~P(CO),~]- (55), prepared from NaCo(CO)$ and PC13 in THF, consists of 

an open array of linked cobalt atoos with the P atom occupying a 'semi-interstitial' 

ES) 

site (rec. 165)_ A single P atom is found encapsulated in the larger cavity 

provided by a n&e-atom rhodium cluster in the anion [Iu19P(CO)2,12-. The anion 

is isolated from the reaction of Rh(C0)2acac with PPh 
3 

in the presence of 

caesium benzoate, an X-ray structure determinstion reveals the P atom at the 

centre of a cubic antiprism. of oh atoms capped on one square face (ref. 166). 

The Cah,3H,(CO),I13- anion contains a polyhedron of Rh atoms forming part ofa 

hexagons1 close-pa&e& lzttice, the hydride atoms were assigned to two semi-- 

octahedral cavities of the cluster (ref. 167), A 13 C vsrisble-temperature NMR 

study of the rRh17S2(CO)32]~3- cluster has been reported and a mechan'ism for the 

carbonyl scrambling processes suggested (ref. 168). 
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structure determination (ref. 180). The hydride-bridged mixed metal complexes 

(59) (M = MO, W) h ave been prepared by reaction of MH2(Cp)2 with [RhH2(0CMe2)2- 

(PPhs)21+, the crystal structure of (59) (M = W) has been determ:‘ned and ‘H NMR 

spectra of (59) in (CD ) CO-D 0 32 2 
show that H/D exchange of bridging hydride and 

terminal Cp hydrogen atoms occurs under mild conditions (ref. 181). 

The complex (60) is an interesting hydrogenation catalyst since it effects 

(60) 
ph2p \;(5i;$ , - 

asymmetric reduction of o,3-unsaturated acids and of dehydroamino acids, 

particularly in the presence of NMe?. The mechanism of hydrogenation has been 

deduced from 31 P NMR studies (ref. 182). 

A study of the oxidative addition of H2 to (61) by IR and ‘H XMMF spectroscopy 

has been interpreted with the assumption that three stereochemical pathways 

exist for the addition of H2 to (62), Scheme 5. 

P I \I/” 
P’I’H 

p\i 
Ir-P 

P’I 
co 

-P 
* DYP + H 
4P PP ‘co * 

(61) (62) 

P=PPh, 

SCHEME 5 

P\I ,” 
0 Ir \ 

oc 1 P 

H 

H 

I p ‘-Ir 2 
oc’ 'P I 

H 
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The third pathway corresponds to the +irst example of trans-addition 

metal complex, if this the correct interpretation of the presence of 

of H 2 to a 

the bans 

dZhyydride in the equilibrium mixture (ref. 183). The thiolato-bridged complexes 

(63) (R = Ke, Ph, NNe2 or OMe) react irreversibly with H2 to yield 

CIr&d& (cO)(PR&, (6a) which can be protonated giving complexes 

rjrrE(,S~t)(CO)(PRJ))2Bl + in which the additional proton bridges the two Ir 

atoms. x-ray crystal structure determkztions ol^ (63) snd (64) (R = ONe) have 

(63) 
( 641 

established their geometries, the isomer of (64) examined proved to be cis-syn- 

endo although the trans-syn isomer is also produced in the addition (ref. 184). 

The crystal structure of the cycle-metalladisiloxane (65), which catalyses the 

disproportionation or zetramethyldisiloxane into higher polysiloxsnes. has been 

reported (ref. 185). New silylcobalt(III) complexes CoH2(Si%)LJ [$= F5, NeF2 

co “.e2 
Ph3P \ ri_ A0 

p /IH)\Si’ ph 
3 

Me* 

H 
EtsP\ I ,a 

,Ir, oc 1 PEt, 

SiH,Y 

co 
Et,P,I ,C( 

H 
9, 

I Et, 

GeH,Y 

(65) (66) (67) 

or (OEt)3; L = PPh$ have been obtained by react&g ST with'Co%Lg or CoH(N2)Lg, 

their reactions with N2, Hz, HCl and CCL4 are described. With CO the rive-coordinate 

complex CO(S~F~)(CO)~L~ is formed. The silylcobalt(II1) complexes act as catalysts 

for deuteriation, hydrosilylation end 0-silylation reactions (ref. 186). The 

oxidative addition products of a wide range of silyl and germyl halides and 

related molecules with IrX(CO)(PEt3)2 (X = Cl or I) have been- studied and their 

structures determined by 'H and " P NK& spectroscopy. With silyl halides the 

major product is an adduct of type (661, (Y = H, Cl, Br, I, Me, or ST), germyl 

halides give compounds of type (67) as mzjor products (Y = H, Cl, Br, or I)_ In 

the addition reaction of ST +Q (Q = Br or I) with IJJC!~(CO)(PE~~)~. the product 

(66) hss Br or I bound to Ir and Y = Cl (ref. 187). 

The I3 C NMR spectra of a wide range of rhodium carbonyl complexes have been 

measured, there is an approximate correlation of chemical diift with_v(CO), 



s (13C) tends to decrease with increasing Q(C0) (ref. 188). Force constant 

calculations for the planar complexes cis[MX2(CO)2]" (MX = RhCl, RhBr, IrCl, 

n = -1, and MX = PtCl, PtBr, n = 0) have been reported (ref. 189). Photoelectron 
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spectra of [RhCl(CO)2]2 suggest that there is oniy a small net transfer of 

electron density from Rh to Cl and CO (ref. 190). The complex (6P) obtained 

from reaction (41) (TTA =thenoyltrifluoroacetone) proved to be the isomer 

Rh(acac)(CO)(PPh3) + TTA - 
k'- 

HC : 'Rh' 
\'c‘__/ lWh, (4') 

CF, 168) 
predicted from trans effect considerations (ref. 191). 

An extensive study of some fifty species of the type RhX(C0)2(amine) (X = Cl 

or Br, amine = primary, secondary and heteroaromatic amines) by spectroscopic 

techniques has revealed that in the solid state two structural types occur. 

One form consists of a monomeric, square-planar entity, which i? the only form 

existing in solution. A second solid state form involves an intermolecular 

interaction through the Rh(I) atoms leading to a one-dimensional chair. structure 

(ref. 192). An anion-cation Rh-Rh interaction is also observed in the complexes 

[Rh(CO)3(L-L)][Rh2C12(C0)2] (L-L = 2,2'-bipyridine or 1 ,lO-5lenanthroline) 

(refs. 193, 194). New carbonyl complexes of the type RhX(CO)*(biq), RbX(CO)(biq), 

(X = Cl, Br, I; biq = biquinoline), and [Rh(CO)(biq)L2]C104 (L = PR3 or As %) 
have been prepared (ref. 195). Bifunctional amine ligands ouch as 1,8-naphthyridine 

pyrazine and 1,3-di-4-pyridylpropane give bridged complexes M2:12(70)4(amine) 

(M = Rh, Ir) (ref. 196). Complex (69) can be prepared by the in situ alcoholysis 

of Ph3P = NSiMe 3 in the presence of [Rh(CO)2C1]2 (ref. 197). 

Cl H 

\ 

N = PPh 
3 

(69) 

E E = NH2, PPh2, 

(70) 
or AaPh2 

The 8-substituted quinolinea (70) (E = PPh2, N-P and E = AaPh2, N.-As) react 

with [Rh(CO)2C121- affording the complexes [RhC12(CO)(N-P)& and the N-As 

analogue respectively. With (70) (E = NH2, N-N) the reaction follows a 
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com@icated sequence finally giving the rhodius(III) complex RhCl3(N-N)2.R20 

in which one N-N ligand is ooly monodentate (ref. 198)- A thermogravimetric 

study of the complex [RhCl(CO)L2] (L = Z-[2-(diPhenylPhosphino)ethyl]pyrid~e) 

has shown that oxidation of the phosphine L to its corresponding oxide occurs; 

followed by loss of CO from the complex (ref. 199). 

The enthalPies of oxidative addition reactions of I2, S02, C2(CN)4. o-02C6C14 

and Me02CC2C02Me to the Rh and Ir complexes NX(C!O)L2 (X = F. Cl, Br or I; 

L = tertfery phosphirre) have been measured.by titration calorimetry and correlated 

with phosphine steric and electronic parameters (ref. 200). 

Paramagnetic complexes Rh(CO)2L, Rh(CO)(PPh3)L and Rh(CO)(PPh3)2L have been 

obtaked by react&g r~~l(cO),]2 or Rhc1(co)(PPh3)2 with sodium 3,6-di-t-butyl- 

1,2-benzosemiquinolate (NaL) (ref. 201). Both 1:1 and 1:2 adducts are formed 

between (Ph3P)(ArNC)Pt[C(OMe)=NAr]2 (Ar = p-totyl) 2nd Rh(CO)2Cl, which suggests 

that the two -C(ONe)=NAr groups in the Pt(I1) bidentate ligand have different 

donor abilities (ref. 202). 

A correlation is observed between the binding energies of N and P atoms in 

the complexes _RhCl(CO)L2 [L = aminophosph%nes Ph3nP(NRR1)n (n = l-3)], as 

measured by XPS, and the selectivity for normal to branched chain aldehydes 

during catalyzed hydrofoimylation of 1-hexene (ref. 205). This same reaction 

has also been used to test the-catalytic activity of the complexes &X<CO)(Ph2PR)2 

(R = CE12SiKe3, (CE2)3Sti~e3 or CH2(Ms)Si(OSLITe2)30: X = Cl or I). The activity 

of the iodo derivatives varied considerably with the R = CH2SiMe3 complex 

producing an unexpectedly low linear/branched aldehyde product ratio (ref. 204). 

The catalytic activity of phosphtiated silicone polymer supported chlorocarbonyl- 

rhodium(I) comPlexes has also been investigated (ref. 205). 

Carbonylation reactions carried out in the presence of rhodium or iridium 

compomds have attracted interest. 2-Arylazirines react with CO and [RhC1(CO)2]2 

mder mild conditions to give the highly reactive vinyl isocyanates (71), 

equation (42), in good yields (ref. 206). Garbo& monoxide reacts with trans- 

a(N )(Cs)(PPh ) (M = Rh, Ir) to give trans - H(NCS)(CO)(PPh ) 
3 32 

R1s 2 

rather than 

o\ 
0 c/ N==c=cl 

R' f co + [RhCl(CO) ] .-+I 
22 II (42) 

f">2 

(i) C6H6, 1 atm CO, 5-20°C (71) 
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the thiocarbonyl isocyanate complex (ref. 207). A detailed mec,lanistic study 

of the carbonylation of methanol in the presence of iridium halides as catalyst 

precursor and methyl iodide as promoter has been made. Two principal catalytic 

cycles were identified, the kinetic dependencies for the reactions depend 

dramatically on such factors as iodide, water, methanol and MeT concentrations 

(ref. 208). 

Complexes RhCl(PMe3)3 and [Rh(PMe3)4]C1 have been obtained from RhCl(PPh3)3 

by phosphine exchange and their X-ray crystal structures determined. Wilh H2 

either complex gives [RhH,(PMe3),]+ and with sodium amalgam an air-sensitive 

cluster CHg6Rh4(PMe3),2 was obtained (ref. 209). An extended series of 

[RhX(ttP)F+ complexes (72) (n = 0 for X = CH, Cl, N3, NCS, CN, Me; n = 1 for 

X = MeCN, py, CO, PEt P(OMe)3) has been synthesized and the 
31 

3, r' NMR spectra 

examined. Prom J(Rh-P) coupling constants a trans influence series emerges 

which is considerably different to that based on J(Pt-P) :'~r platinum complexes. 

(72) 

The crystal structures for X = py and PEt3 were determined, the Rh-P bond length 

trans to X increases smoothly in the series Cl < py < EPt3, in agreement with 

J(Rh-P) trends (ref. 210). The crystal structure of RhCl;N2)(PPr;)2 has been 

redetermined at -16O'C and in contrast to an earlier report, it is concluded 

that the N2 ligand is bound end-on in both the solid state ald in solution 

(ref. 211). The compounds MC1(PR3)2(ArNSO) (M = Rh, Ir; R = Pri, Cy; Ar = Ph, 

4-MeC6H4, 4-C1C6H4,2,4,6-Me3C6H2) appear to exist in two i,Jomeric forms (73a) 

and (73b), in solution and in the solid state. The structure of isomer (73a) 

ma ma 

I 
N -Ar 

/ I N-Ar 
CL-M-S e== Cl-M 

I I 0 
PR, PR3 

(73a) (73b) 



42 

(N = Rh, R = Pr', Ar = 4-MeC6H4) was established by an X-ray structure determination, 

and the structure of the second isomer w.zs deduced from IR, 31 P and 15N NMR 

spectroscopic data. The ratio of the two isomers decreases in the order Ar = 

4-Cl C6R4 > Ph > 4-ReC6H4; R = Pri > Cy and >I = Rh > Ir, interconversion is 

intremolecular. Cyclometallation is observed via the ortho-carbon atom of the 

sulphinylaniline in (73) (I>? = Ir, R = Pri. Ar = 4-NeC6H4), but via PPrG when 

the ortho-aryl positions are blocked (ref. 212). &Further evidence suggests that 

rhodium catalysed co-oxidation of terminal olefins 21x3 phosphines proceeds via 

direct oxygen trensfe- 7 as in Scheme 6 (ref. 213). 

-L 

L3RhC' i- RCH = CH2 -I- 0 
2 

_j L2RhCl(RCH = CH2)(02) 

A -Lo 

-k2L 
-ReC(O)R L = PPh 3, AsPh 

3 

SGHWE 6 

Rhodium(I) and iridium(I) complexes have proved to 

reagents from organic acyl halides and aldehydes, and 

carbonyl ComPlexes. A study of the synthetic utility 

be useful decarbonylating 

from transition metai 

of RhCl(PPh ) for the 
33 

abstraction of CO and CS from some cyclopentadienyl iron carbonyl complexes has 

been made, terminal ligands are found to be preferentially removed. A compzrison 

of the decarbonylation of organic compounds by RhC1(PPh3)? with that of metal 

carbonyls hzs also been made (ref. 214). There is evidence that the active 

decarbonylating agent is '%hCl(PPh3)2 'I formed by dissociation of a PPh 
3 

ligand, 

and the use of [RhCl(PPh > ] in ReCN has proved.to be synthetically useful in 
322 

the preparation of the z-%kyl conpound FeR(C0)2Cp without complication of PPhj 

substitution. The complex IrCl(PPh3>3 will also effect decarbonylation but at 

2 much slower rate (ref. 215). Partial decarbonylation of Ko(CO)~ and Fe(C0)5 

by rhodium(I) complexes gives Wo(CO)4(PPh3)2, I?o(C0)3(arene), Fe(C0)5_n(PPh3)n 

(n = 1,2), Fe(C0) 
3 
(Gene). In the absence of suitable stabilizing ligands, 

decarbonylation goes to completion (ref. 216). 

Several bis(ditertiaryphosphine) complexes of rhodium(I) hzve been prepared 

urd investigat-ed for catalytic hydrogenation activity. The complexes RhCl(PP)2 

(PP = Ph2P(CH2)nPPh2, n = 14, or (+)-diop) are prepared by reacting PP with 

[RhCl(cyclooctene)2]2, they are five coordinate with the exception of the n= 2 

and 3 species which nre ionic [Rh(PP)2]Cl. Cationic species [Rh(PP)2]X (X = SbF6, 

PF6. BF4> are prepared using AgX, and the hydrides RhHL2 are obtained using 
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borohydride. Activity for catalytic hydrogenation of methylenesuocinic acid 

increases with increasing phosphine chain length, Lhe chloro complexes are less 

active than the cationic or hydrido species (ref. 217). Reduction of the 

dicxygen species [RhC1(02)(PPh3)2]2 in-the presence of another phosphine gives 

catalytically active'mixtures for hydrogenation of olefins (ref. 218). There 

is considerable interest in attaching transition-metal homogeneou? catalysts to 

insoluble supports. An XPS study of the Hh d-electron binding energies of l&Cl? 

and Rh6(CO),6 attached to phosphine-modified silica supports has been made to 

determine the metal oxidation state in the catalyst. The RhCl5 systems gave 

non-uniform catalysts of low activity, but Rh6(CO),6 gave complexes of general 

form L,Rh'(CO)2 which are active catalysts (ref. 219). A number of poly(siloxy- 

phosphine)-rhodium(I) species have been obtained by polymerizing the soluble 

(chlorosilyl)phosphine complexes L$hCl(CO), L_+?hCl, L4Rh2C12 (L = C?5Si(CH2)2PPh2) 

and ~C15Si(CI-I,),PPh2~++hC1. Other soluble siloxyphosphine complexes have been 

prepared as model systems for their polymeric counterparts (ref. 220). The rate 

of homogeneous hydrogenation of ethyl acrylate with the catalyst TrC1(CO)(PPri)2 

is much enhanced by irradiation with monochromatic light (1 < 4G7 nm), it is the 

hydrido-complex which is photochemically activated (ref. 221). 

The full details of the preparation , crystal structures ard reactions of the 

"A-frameqV complex (74a) and the open-site complex (74b) former by reversible loss 

of CO, described in preliminary form last year, have now appeared (ref. 222 - 224). 

The corresponding Ir complex to (74a) reacts with CO and NaBPh4 to give 

Ph2P PPh2 

! 

I (74a) (74b) 

[Ir2(CO)2(@O)2Cl(dppm)23+~ The complex (74b) as its [RhC12fCO)2]- salt is 

also obtained by the reaction of 4 moles of dppm with 3 moles of Rh2C12(CO)4, 

the product was originally incorrectly formulated as dppmrRh(CC)2C1]2. The 

, arsenic analogue dpam reacts similarly, the reaction of Rh2C12(C0)2(dpam)2 with 

1 Rh2C12(CO)4 proceeds by halide abstraction to give [Rh2(~-C1)(C0)2(dam)2]+ 

1 rRhC12(C0)2]-(ref. 225). The complexes (75) are obtained by reacting Rh2(p-Cl)2- 

' (C0)2(PBu;j2 with 

i 

dirhodium complex 

EBuE(SiMe5) (E =P or As) (ref. 226). The mixed valence 

(76) has been isolated from the reaction between (Ph0)2PN(Et)P(OPh)2 
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E = P or As 

(PhCl) ti 2 ,N,P(q~)2 

Et 

(75) (76) 

and Rl12Cl,(C0)~. and characterized by an X-ray crystal structure determimtion, 

the distance between the F&(11) and Rh(0) atoms is 2.66 4 (ref- 227). The 

crystal structure of the gold-coloured complex (77) obtained from the reaction 

of Rh2c12(co)4 with 2,4-pentanediiminium tetrafluoroborate shows that the 

r=(c5",o"2)W23 + cations I'orm k-ezk diners (Rh-Rh = 3.271 2) which .ere stzcked 

to form a linear Rh-Rh chain (-h-F& between diners = 3.418 %) (ref. 228). 

Rh 
YCO 
'CO 

The reaction beixeen IrCl(CO)3 and PBu~ gives either cis-IrC1(CO)2(PEx$ or 

traDs-IrCl(CO)(PBut) depending on the proportions of ligand to metal complex, 
72 

the crystal structure of the cis dicarbonyl was determined (ref. 229). The 

optically active bisphosphine Ph2PCH2CH(OCKe20)CHCH2PPh2 (diop) reacts with 

Ir2C12(1,5-cod)2 in the preserzce of CO to give [Ir2(CO)2(diog)g]2i, 

[Ir2(C0)4(diop)3j2c, [IrCl(CO)(diop)]2 or IrCl(CO)(diop)2 ‘(ref. 230). Enthalpies 

of adduct formation between the metal lone pair in IrCl(CO)(PP%)2 with S02, 

aoa of the hydrogen-bonding interaction of CF CH OH and the iridium complex, 
3 2 

fiave been measured (ref. 231). The coordmtion behaviour of CO2 towards a 

number of four- and five-coordinate Ir(1) and Ir(I'II) complexes has been 

investigated. Only the four-coordipade complexes Ir(OH)(CO)(PP%_)2. IrC1(PMe3)3- 

(cyclooctene) end IYC~(L-L)~ (L-L = dmpe or depe) gave CO2 complexes (ref.. 232). 

The influence of ancillary ligands on the stability of irihium-dinitrog& 

ccmplexes prepared by reaction (43) has been examined for-a wide -range of anions_- 



IrX(CO)(PR3)2 + R'N3 jIrX(N2)(PR3)2 + R’NCO 

&3> 
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(43) 

X and- tertiary phosphfnes, some AsPin compiexes were also incIuded. New 

complexes (78) isolated included R = Ph, X = F and NCO, and the first arsine- 

nitrogen complex Ir(NCO){N2)(AsPh3)2, the cyanate ion appeared to give the most 

stable dinitrogen complexes (ref. 233). The complexes (79) are obtained by the 

reaction between IrC1(CO)(PPh3)2 and [M(RNC(H)NR')]n, corresponding rhodium 

Cl R' 

\ / 
M -N 

I 

. \ 
\ I 
I CH 

M = Cu, Ag 

R = Me, Et, Fr’, But, Cy 

I 

oc - I jPPhi/ / 

Ir- 

/ 
Ph3P B 

R' = p-tclyl 

(79) 

complexes could not be isolated. Reaction of (79) (M = Ag) with CO gives 

products believed to contain an acylformamidino group (ref. 234) The crystal 

structure of the dimethylthiocarboxamido complex of iridium(III), 

[Ir(C(S)NMe2)(S2CNMe2)(CO)(PPh3)]PF6 has been reported (Je:. 235). 

The reaction of isothiocyanates with rhodium(I) complexes of the type 

RI-$X-C(Z)-Y!(PPh3)2 (X,Y,Z = N,P or S) leads to the formation of dithlocarbon- 

imidato complexes (80), a three-step mechanism is proposed (Scheme 7),Complexes 

(80) react with PPh3 resulting in Rh[X-C(Z)-Y](RNC)(PPh3) w'lich readily oxygenates 

to [Rh[X-C(Z)-YJ(RNC)(PPh3)(02) (ref. 236). Two new types of bridging CS2 

interaction have been found in the crystal structures of the triphos cobalt 

complex (81) (ref. 237) , and the dinuclear complex (82) (ref. 238). Although 

physicochemical properties of individual SO2 complexes have not been a reliable 

guide to the type of coordination geometry of the SO2 ligand, certain combinations 

of properties have been found to be diagnostic of specific geslmetries and the 

properties of two new complexes Ir(SPh)(CO)(PPh3)2(S02) and rRhC1(PPh3)2(S02)]2 

I have been related to tho nau criteria (ref. 239). The first di(k-S)-bridge 
between two metal atoms was discovered by crystal structure determination of 

complex (83) obtained by reacting the tetrathiolene C ,0H,4S4 with IrSr(CO)(PPh3)2 

(ref. 240). The reactions of the cyclic disulphides (84), (85) and hexachloro- 

naphthalene-1,8-disulphide with RhC1(PPh3)3 result in oxidative addition of the 
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+RNCS Z_C/X\Rh>NC=NR 
-p_ - 

b’ ‘P 

b z-c 
‘/I b c,, 

P NR 

(80) 
P=PPh,; R=Ph,Me; X,Y,Z = N,P or S 

SCHEME 7 

HC 
/s’crKo)5 

(triphod to, J 

S 

481) triphos = Me C 1 CH,PphJ, (82) 

(83) 

(841 

NMe, 
S-4 

} t&N_ 

s----‘k _( 
‘NMe, 

tm 
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-S-S- bond to the metal atom (ref. 241). 

The cyclotriphosphorus complex (86) possesses Lewis base properties due to 

+ 1 p\ /“\, 
di”“i7 

(86) 

the P atoms of the ~1 -P 
3 3 

unit , with Cr(C0)6 the complexes (triphos)Co(kq-P3)- 

[Cr(CO)5'], were obtained for n = 1 or 2 but not 3 (ref. 242). The corresponding 

Rh and Ir complexes to (86) have been obtained by reacting P4 with ~RhC1(C2H4)2]2 

or IrC1(CO)(PPh3)2 (ref. 243). The double sandwich complexes (87) are obtained 

(87) 

by reacting cobalt tetrafluoroborate with P4 or As4 in the presence of triphos. 

The corresponding Ni2 and mixed CoNi complexes were also prepared and their 

magnetic properties measured (ref. 244). The redox behaviour of the series 

of complexes (87) has also beer. reported (ref. 245). 

Metal nitrosyl and aryldiazo compounds 

A general review of the reactions of nitric oxide coordinated to transition 

metals has appeared (ref. 246). 

The complexes Co(S-S)(N-N)(NO) (S-S = maleonitriledithiol; N-N = azomethines 

of biacetyl with PhNR2, p-toluidine,p-anisidine and 4-ClC E 
64 

NR2) have been 

prepared and characterized by IR, ESR, ESCA and magnetic measurements (ref. 247). 

The crystal structure of the complex (88) contains a sulphur coordinated 

group and linear nitrosyl group (M-N-O angle is 169'), in contrast to the 

SO2 

rhodium analogue which contains an $-SO2 group and a bent nItrosy group (ref. 

248). The crystal structures of NO and NO2 complexes of partially Co(II)- 

exchanged zeolite A have been determined. The NO complex cortains strongly bent 

Co(III)-NO- units (angle = 1410), in the NO2 complex the Co(II)-NO2 moiety is 

planar (ref. 249). The molecular structure of (89) has been dfhtermined by 

X-ray crystallography as part of the series [L2MPPh212, (L2M = (N3J2Fe, (CO)(NC)Co 

and (C0)2Ni), the M-M bond lengths are 2.70, 2.60 and 2.51 % respectively (ref. 250) 
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0 
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N 

E 

0 
Jgppk 

b PPh, 

A method for predicting v(CO) in a wide range of M(CO)xIy and substituted 

systems, including derivatives of Co(CO),(NO), has been reported (ref. 251). 

In the isoelectronic series of nitrosyl carbonyl compounds M(CO)n(NO)4_n 

(M = Ni, Co, Fe, EL. Cr; n = 4,5.2,1,0), XPS measurements of core binding 

energies indicate that NO is a much stronger u-acceptor than CO (ref. 252). 

The complexes %i(XO)(PPh ) (W = Co, 
33 

Rh) readily undergo intermolecular 

transfer reactions 09 the nitrosyl ligand to other Co and Ni phosphiue halide 

complexes- Vith tritgl and silver perchlorates, the species [R.h(PPh3)5(Ee2CO)]+ 

and C~(NO)2(PPh3)pl f were obtained from Rh(NO)(PPh3)1 (ref. 253). Reaction 

(44) (saloph = N,N -bisalicylidene-o-phenylenediamino) represents the first 

Co(saloph)(py)(N02) t PPh5 _- 

Co(saloph)(NO) + Ph3P0 + py (44) 

example of an oxygen transfer reaction where the metal remains at a constant 

formal oxidation state (ref. 254)- Nitrosyl tribromide reacts with RhC1(CO)(EZPh5)2 

(E = P, As) to give RhE@2(CO)(NO)(EPh3)2, a number of reactions with other Rh(1) 

and Rh(II1) conpounds are also reported (ref. 255). 

The two isomers of the complex cation [Ir(N0)(T3-C3H5)(PPh5)2]f, (90) and 

(gl), have been isolated as their crystalline PF6- and BF - salts respectively, 
4 

Ph,P /‘I’-N,o + 

/ 
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Clear NNR evidence has been obtained for the direct formation of pi- complexes 

of maleates and fumarates with Co(CN)4'-. The observed isomerization of (94) 

R 
‘c-c /R 

H/ 'H \ 
CoKN]03- CoICN),3- 

(941 

c CN- 

R 
‘c=c /H 

R' ’ I R 

CO(CNI,~- 

(951 

to (95) is considered to occur via the cobalt-carbon bonded intermediate (96 ) 

(ref. 263). The interaction of styrene with CO(N~)(PP%)~, CoH(N2)(PPhg)j and 

coH3 
(PPh3)? yields mono and dinuclear complexes which have been identified by 

ESR spectroscopy. A paramagnetic complex Co(styrene)2(PPh3) is one of the 

intermediates in the catalytic hydrogenation of styrene (ref. 264) and n-olefin 

complexes of cobslt(I1) zre cl.&m.ed to be forned upon reection of Et NCH CMe 

= CHCH2N%H2)5 with CoC12 (ref. 265). 
2 2 

= 

CHCH2NEt2 o_ __ 2 7 me C 

The reaction of CS2 with cobalt(I1) tetrsfluoroborate, NaBPh 
4 

and triphos, 

where triphos is MeC(CH2PPh2)_, affords the dinuclear complex [(triphos)CoCSRCo 

(triphos)][BPh4]2. In the complex cation the CS2 molecule is m-bonded to one 

cobalt via a C=S bond and bonds to the other cobalt via its two sulphur atoms 

(ref. 266). 

Ethylene displaces methyl cyanide from the complex RhC1(MeCN)(PPhj)2 to give 

RhCl(CzH4)(PPhj)S snd the kinetics of this reaction have been studied (ref, 267)_ 

The reactions of the diquinoethylenes (dqe) (97) with RhCl(PPh3)S gives the 

(R = But, Pril 

0 1 97 -1~ 
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complexes tm - RhCl(dqe)(PPh ) 
32 

in which the central double bond of the 

cumulene system of (97) is coordinated to the rhodium. Treatment of Rh(acac)(C2H4)2 

rrith dqe gives the complexes Rh(acac)(C2H4)(dqe) (ref. 268). 

Treatment of RI-I~C~~(C~R~)~ with the thallium Schiff-base derivatives 

T10C6H4CH = RR (R = p-tol,#e) affords the salicylaldimino complexes (96). 

i I 
Rh(OC6H4CH = NR)(C2H4)2 (98) 

Reactions of these complexes with tertiary phosphines and arsines gives the 
I 1 

complexes Rh(OC6H4CH = NR)(C2H4)L, (L = PPh3, AsPh3; R = Re, D_tol) and 

RQOC~H~CR = Ik)L2, (L = PPh3, PRePh2: R = Me). Certain ditertiary-phosphines 
I 1 

and -arsines react with (98) to give Rh(OC6H4CH = NR)L2 (L2 = Ph2PCH2CH2PPh2? 

cis - Ph2AsCH = CH4sPh2, cis - Ph2PCH = CHPPh2; R = R-tol, Me). The complexes 
, 6 

&(OC6H4CH = kR)L2 react wi?;h methyl iodide to give Rh(OC6H4CH = NR)IReL2 

(R = Me: L = PPh-, PRePh2) and chloroform reacts with R&(OC6HSCH = NI*Ie)(PPhg)2 

to give ~Ie)C12(PPh3)2 (ref. 269). 

The bis(ethylene) cobalt complex Co(C2H4)2(etmcp), (etmcp is ethyltetramethyl- 

cyclopentadienyl) has been obtained by sodium-amalgam reduction of 

Co2C12(p-C1)2(etmcp)2 in the presence of ethylene. The complexes Co(butadiene) 

(etmcp) and Co(cod)(etmcp) have also been described (ref. 270). 

Electrochemical and NMR data have shown that cyclooctatetraene can bind to 

cobalt either as a 1,3-diene or l,5-diene in the compound Co(cot)Cp (cot = 

cyclooctatetraene) in an equilibrium mixture and that the thermodynamically 

favoured 1,5-complex rapidly and quantitatively isomerizes to the 1,3-complex 

upon one electron reduction. 

Co(l,S--cot)cp c Co(l,5-cot)cp 

11 e-(-1.8V) Jf e-(-2.OV) 

Co(l,3-cot)Cp- f-- Co(l,9-cot)cp 

This anpears to be first example of a reverscble electrochemical isonerization 

of a metal-hydrocarbon bond (ref- 271). Two new cyclononatetraene cobalt 

complexes Co(C H )Cp have been shown to contain 
9 10 

the cyclononatetraene ligand 

coordinated in a (3-6-d- and in a (l-2:5-6-+1) node. The (3:6-q)- complex 

rearranges at elevated temperatures to the (l-2:5-64- complex and this latter 

complex can be protonsted by strange acids and the uncomplexed double bonds can 

be hydrogenated (ref. 272). 

Ethylene is readily displaced from Rh(C2H4)2(indenyl) by carbon monoxide, 





[RhE(C,H4)(PMe3)Cp~BF4 + NaX -) RhEtX(PMe3)CP + 

(X = Cl, Br, I) 

Bh(c2HJ(pMe3)cP 

salt reacts with 

complexes of the 
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NaBF4 (52) 

+ HI? + NaBF4 (53) 

nucleophiles such aa tertiaitgt 

[Hh(C2Hq)(PMe3)2Cp]*+ + N + CRh(C2H4N)(PMeg)2CPI 
2+ 

(54) 

and [RhlCpH4P(0)(OMe)2 @Mej)2Cp?- Anionic nucleophiles e.g. KSW also attack 

the coordinated ethylene but the products are more labile. Thus KSCN and 

[Rh(C2H4)(PMe3)2Cp][BF4]2 give rHh(C2H4SCN)(PMe3),Cp]rBF4] 'ut on warming in 
1+ nitromethane the product slowly loses ethylene to give eithe- ;?.h?1CL(PMe3)2Cp_ 

or [HhSCN(PMe3)2Cp]'. In generalit appears that at low temperatures the 

preferred reaction is nucleophilic addition of the anion e.g. with SCN-, I-, 

but,at higher temperatures the cations [RhX(PMe3)2Cpl+ (X = SCN, T) are formed, 

either by direct displacement of ethylene or by a beta-eli%lnation route (ref. 

276). 

A stopped-flow investigation of the reversible addition of triphenylphosphine 

to the cation [co(C&,)Cp]+ has been reported. Comparison of this result with 

previous studies shows that the general reactivity of various cat.ons towards 

nucleophiles decreases in the order [Co(C7Hq)Cp]+ > [Fe(CO)3(C&)]' > 

[Fe(CO)3(2-MeOC6H6)]+ > [Cr(CO)3!C7H7)]+> [Co(C8H,,)Cp]+ > !Fe(CO)3(C7H9)]+ 

(ref. 277). Protonation of the hex-2,4-dien-l-01 iridium complex, Scheme 8, 

affords a novel open chain pentadienyl complex. This complex and the correspcnd:ng 

rhadium cation undergo nucleophilic attack by methoxide ion at the central 

Position of the die@ grmp to give ?&-diem complexes. In ~mrtadien~~- 

tricarbonyliron cations nucleophilic attack occurs at the terminal positions 

of the dienyl group (ref. 278). Complexes of the type IrH(1,5-cod)(diene) 

(diene = cyclohexa-1,34iene, 2-methylcyclohexa-1,3-diene, 5-ethylcyclohexa-1,3- 

diene, cyclohepta-1,3-diene) have been obtained by reaction of Ir2C12(l,5-cod)2 

with Pr%gHr in the presence of cyclic dienes. The cgclohexa-1,3-diene complex 

IrH(1,3-cha)2, equation (55), can similarly be prepared. 

PriMgBr 
IrC13 + 1,3-chd e IrH(1,3-chd)2 (55) 

t 
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M=Rh 

M=Ir 

CHO Naetk 
M 

aq.MeOH 

NaOMe 

/ 

Scheme 8 

At room temperature solutions of these hydride 

E-addition-elimination equilibria of the type: 

CP 

1 NaBH, 

Rh 
CP 

complexes exhibit dynamic 

IrE($-diene)(l,54od)ft Ir($-enyl)(l,+cod) 

the hydrogen atom at the iridium being transferred to the endo oositions of the -- 

diene ligands. The pure hydride complexes only exist in-solution at low 

teq&erature& <r-T?: ' L-z_ . 

The complex57 Eh,L'l;(dieneJ2 { zdiene = T,s-Cod, nbdj are kno&to readSi : 
L 

undergo bridge splitting reactions with donor.ligands. Thus withpyridine the 
: : 

complexes ~R.hCl_~p~jd~ene are formed <ref; 28Oj. It his also.weiT ~estabiis=hed 
.~ _. % 

that tertiary phosphines react in a similar manner. -Howetier, -in contrast. 

F<cPEL]~_~~ benzene solution has been shown to prefereptiaIIr displace-the diene 
-_ 

-. .- 
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soups to afford succes&vely Rh2X2L2(diene). Rh2X2L4 and RhXL3. L = P(OPh)g. 

7 has now been reported that the ditertiary phosphite (Ph0)2PN(Et)P(OPh)2, 

kdp, behaves similar$y.to triphenylphosphite. Carbon monoxide reacts reversibly 

Lth [F&(etdp)21t and [Rb(etdp)(l.5-cod)]+ to give [FUGO(etdp)21C and 

ihC0(etdp)(l,5-cod)]f respectively. The cation [Rh(etdp),-Ji oxidatively adds 

3r and Br2 although the product tm-[RhHBr(etdp)2]+ gives [Ph(etdp)2]f in 

alution (ref. 281). The reaction of trimethylphosphite with Rh2C12(1,5-cod)2 

1 benzene solution results in simultaneous bridge cleavage and olefin displace- 

?nt and the reaction has been studied quantitatively by spectroscopic titrations 

Id thermodynamic data for product formation have been determined. The reaction 

. P(OMe)3 with I012C12(C0)~ in benzene is different in that some carbon monoxide 

!msins coordinated to the rhodium giving Rh(CO)Lz where L is P(O&Ie)3 (ref. 282). 

te reactions of the triphenylphosphite complexes Rh2C12L2(diene), Hh2C12L4, 

td RhClL 3, where L is P(OPh)3, w:rith arenes yields the cztionic complexes 

IL2(arene)) and with nitrogen donor ligands, N, complexes of the type 12hNmLn+ 

I = PY, substituted pyridines, bipy, dinitriles, n = 3,2, m = 1,2) have been 

stained (ref. 283). 

When the reactions of tertiary phosphines with Rh2C12(diene)2 are carried 

tt in polar media the complexes RhCl(phosphine)(diene) react further with the 

tosphine to give the cations rRh(P 
$2 

) (diene)]+. It seems likely that these 

tactions proceed through five coordinate intermediates and such complexes 

X(PR3)2(nbd) ( R =pClC H ) have been isolated. 
64 

Similar five coordinate 

lmplexes using Rh2Cl2(1,5-cod)2 could not be isolated, the lower n-acidity of 

5-cod, as compared to nbd, decreasing the stability of the pentacoordinate 

lmplex. Molecular hydrogen reacts with HhX(PR_,)2(nbd) to give %IH~X(P%)~ and 

e hydride chloride complex shows catalytic activity in the hydrogenation of 

clic and terminal alkenes. The complexes RhX(PF$)2(nbd) react with carbon monoxide 

give RhX(CO)(PR3)2 (ref. 284). The complexes [RhN2(1,5-cod)]C104 (R = 

nodentate nitrile. N2 = bidentate nitrile) and [RhN(PR_,)(l,5-cod)]A (A = BF4, 

04, H =pFC6H4, Ph, E_M"C6H4, x-MeOC6H4) ha ve also been prepared and they 

act with molecular hydrogen to form species that act as hydrogenation catalysts 

,ef. 285). A variety of cationic complexes of the type [RhL2(diene)2]C104 

#-= Ph3As, Ph3Sb; diene = 1,5-cod. nbd) and [RhN2(nbd)]C104 (N = quinolina, 

opuinoline, py-ridine;2-ethylpyridine; N2 = tetramethylethylenediamine, 

2-diphenylethylenediamine, bipy. l,lO-phen) have been described (ref. 287) and 

me reactions.of these com@lexes are il%strated in equations (56) - (59)- 

e ability of some of these complexes--to act as hydrogenation catalysts has 

(56) 



56 

rRh(SbPhj)2(diene)]C104 i- 2C0 + diene t [Rh(CO),(SbPh3),]C104 (57) 

c~PY2(nbd)3c104 f EPPh5 + 2py f [Rh(PPh3)2(nbd)]C104 (58) 

CRby2(nbd)lC104 + PPh3 + PY + [Rh(PPh3)(pg)(nbd)lC10q (59) 

The rezxtion of Rh2C12(l.5--cod)2 with Pd(PPri3)2 has been shown to give 

RhCl(PPri3)(1. 5-cod) p ossibly via a bridged intermediate (ref. 288). 

The catalytic asymmetric hydrogenation of prochiral olefins by rhodium(I) 

complexes of chiral tertiary phosphines continues to be an active area of 

3X?.5eaJXh. Kigh optfcal yields have been attaked with fy-amidoc%nmxmic acid 

rierivatlves as substrates, e.g. methyZ(Z)~-acetamidocinnamate (HAC) with B(I) 

c;ttalysts contzWg chirzl diphosphines. wzd a crystal struc?xre of a hydro- 

genation intermediate [_Rh(diphos)(MAC)]i (103) has been reported. The substrate 

is bound through the amide oxygen in addition to the 9: C!=C bond, which is 

n 
Ph,P, Pl'h 

Rh’ * 

(103) 

considered to contribute to the stereoselectivity exhibited by the chiral 

catalysts (ref- 289)_ Studies of the catalytic asynmetric hydrogenation of 

itaco=ic acid and some of its derivatives and homolognes with a rhodinm(I) chiral 

diphosphine system have shown that the major limitation to efficient asymmetric 

hydrogenation is the ability of the substrate-to form a bfdentate complex in 

the transition state (ref. 293). 
31 P l@B studies have been used to deternine the natnre of the olefin 

hydrogenation catalyst species present iq solution~on~treating Rh&12(G2H4)4 

with chelating diphosphines and on treating the cdmp~exea.Rh(diPhoaphine)(nbd)~ 
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nPi% R = CHO 

BPPM, R = C02But 

PPPM, R=COBu 

Pm, R=H 

for the syntheses of chiral alpha-amino acids, salsolidine, alpha-hydroxy esters 

R-(-)-pantolactone, amino acids, alpha-methylsuccinic acid w-methyl- 

aspartic acid and substituted butyrolactone. 31P NMR studies of the 

complexes Rh(l,3-cod)L2+ (L2 = FTPM, BPPM, PPPM) have shown that they have 

planar four coordinate structures but that Rh(l,3-cod)(PPM)" has a trigonal 

bipyramidal five-coordinated structure (ref. 292) and 31 P NMR studies have 

provided evidence for the regioselective coordination of prochiral olefinic 

substrates with rhodium(I) complexes of pyrrolidinodiphosphines, and suggest 

a mechanism for chiral recognition of enantiofaces (ref. 293). Some aspects 

of the chemistry and catalytic properties of cationic rhodium phosphine complexes 

have been studied and it is clear that the chemistry of cationic complexes 

containing chelating diphosphine ligands is different from that of the corres- 

ponding complexes of monodentate phosphine ligands (ref. 294). 

Bis(2-diphenylphosphinoethyl)amine has been converted to a wide vsriety of 

water-soluble diphosphines and the catalytic activity of several rhodium 

complexes of these new ligands has been surveyed (ref. 295). 

Triphenylphosphine and the positively charged phosphonium phosphine ligand 

Ph2PCH2CH2P+BzPh2 react with Rh2C12(1,5-cod)2 to give mixed-ligand cationic 

analogues of Wilkinson-type complexes. The presence of the pofsitive charge on 

the phosphine ligand allows the complexes to be electrostatically bound between 

the negatively charged sheets of the swelling layer-lattice silicate mineral 

hectorite. The activity of the intercalated hydrogenation catalyst is about 

twice that of the homogenous catalyst in methanol. The complex 

[RhC1(Ph2PCH2CH2PBzPh2)(1,5-cod)]BF4 has also boen isolated (ref. 296). Other 

cationic complexes of the type [RhL (1,3-cod)]C104, L2 = &2CH(PPh2)CH2CkCH2Ph 

(ref. 292) and L2 = 0?!H(CH2PPh2)OCH(CH2PPh2)~H2 (ref. 297) have been described 

and their use as olefin hydrogenation catalysts examined. Some rhodium carboxylate 

complexes of the type Rh (OCOR) 
2 2 

(1,3-cod) 
2 
have also been prepared and have been 

treated with tertiary phosphines to give catalysts for olefin hydrogenation 

(ref. 298)'. The complexes [RhL,(diene)]+ (L = mono- or -b&dentate tertiary 

phosphine, diene = 1,3-cod, nba) have been shown to catalyze hydrogen trSnSfer 

from isopropanol to various ketones such as cyclohexanone, 4-t-but&yclohexanone 

ana aoatophanone (raf. 299). 
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Ketal-to-ligand chsrge transfer spectra of the complexes Rh2C12(CO)4, 

13p2(1,5-coa)2, Rh2C12bbd)2' and Ir2C12(1,5-cod)2 in dichloromethsne 

solution have been obtained (ref. 300). 

The reaction of molecular hydrogen with the complexes [IrL2(1,5~cod)]PF6, 

rghere L is 8 tertiary phosphine, or the reaction of 1,5-cod with a hydride 

complex provides two isomeric series of dihydrido-diene complex cations a- 

and &, trans-[IrH2(1,5-cod)L2]PF6, equations (60) and (61). The complexes 

[IrL2(cod)lPF6 .A& CiS-i-Id& (Cd )lpFg (60) 

[IrE2(Ne2CO)2L2] + cod -+2, trans-rIrH2L2(cod)]PF6 (61) 

zce important titermediates in the catalytic hydrogenation of 1,5-cod by 

[IrL2(l,5-cod)]PF6. The &-isomers transfer hydrogen to the coordinated 

cyclo-octa-1.5~diene much more rapidly than the e, trans isomers, hydrogen 

trsnsfer to the olefin sppearing to require a coplanar Ir(C=C)H arrangement. 

Molecular hydrogen reacts with [Ir(l,5-cod)2]+ at -8OOC to give [IrH2(1.5-cod)2]* 

and it is apparent that electron-withdrawing substituents do not deactivate the 

iridium centre towards oxidative addition (ref. 301). The complexes 

~w$,5-cod)fP_r 6 (n = 2, L = Py, PbiePh2; II = 3. L = PMe2Pk also oxidatively 

add hydrogen halides to give [ IrHX(1,5-cod)L2]PF6 (L = PMe,Ph, PMePh2) or 

IrEM2(1,5-cod)(PPh-1. The iridium(I) intermediates, IrXL2(1,5-cod) (L = PMePh2, 

X = Br, I) can be isol.sted from the reaction mixtures at O°C and are also formed 

upon treatned 03 [IrL2(1,5-cod)PF6 with KX (L = PPk 
3' 

X = Cl; L = PNePh 
2' 

X = Cl, Br, I). Protonation of these imtermediates occurs as indicated in 

equations(62) urd (63). The hydride Irz12(PPh3)(l.5-coa) is also formed upon 

IrXL2(1.5-cod) + HPF6 4 [IrH;a2(1,5-cod)]PF6 (62) 

(L = PHePh 2, X = Cl, Br, I> 

-60'~ 
21rc1(P~h=_)2(1,5-cod) f HPF& -t IrHC12(PPhg) (1,5-cod) f [Ir(Pph$2(1 T5-c”a)lPF6 

-I-PP 
% (63) 
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by the tetrathiosquarate dianion has been reported. Thus treatment of 

M&1,5-c0d)~ (M = Rh, I r with C4S4K2.H20 affords the complexes (104) (ref. ) 

304). The organometallic alpha-diimines RN = CR'C(Me) = NR" , R' = trans -- 

PdCl(PPh3&, also react with Rh,$!12(1,5-cod)2, equation (64) to afford the 

binuclear complexes (105). The reactions of the alpha-diimines RN= CR'C(Me) = 

kod)M 
\ 

M 
/ 

(cod) 

(1041 

(64) 

NR", RI = PdCl(diphos) or Rh(S2CNMe2)(PPh3), with Rh2C12(1,5-zod) have also 

been reported. In all the binuclear complexes isolated the 1,5-cod ligands are 

readily displaced by carbon monoxide to give the corresponding dicarbonyl 

PRClPd-C(NR)(CMeNR) + Rh2C12(cod)2 

d 

1 
(P = PPh3) 

C12Pd-C(yR)(CMeNy(cod) + RhClP(cod) 

(105) 

complexes. The reactions of the diimines RN = C(Rl)C(Me) = NR", DAB, with Rh2C12(C0)4 

afford trinuclear complexes Rh2C12(CO)4(DAB) in which the diaza#mtadiene group 

acts as a bridging ligands (ref. 305). 

Several dinuclear arsenic bridged carbonyl complexes with Fe-Fe, Mn-Co, and 

Fe-Co bonds catalyze the dimerization of norbornadiene and the X-ray crystal 

structure of one of these (OC)4Fe-AsMe,-Co(C0)2(nbd) has been determined (ref. 

306). Studies on the dimerization of 7-methylnorbornadicne by Co2(C0)4(nbd)2- 

DF3.0Ht2 or Co2(CO)4(nbd)R-I2 catalyst systems suggest that a n-complex multi- 

centre process is not important and thata metal-catalyzed catianic polymerization 

of norbornadiene is involved the catalyst system having the ability to align 

two dimerizing nbd molecules to give Binor-S (ref. 30'7). 

Various rhodium catalyzed rearrangements of strained-ring organic compounds 

have been reported during the present year. 
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Thus Rh2(OAc)2(nbd)2, the crystal structure of which has been determined (ref. 

308), catalyses the isomerisation of quadricgclane to norbornadiene and t.ao 

endo bis(norbornadienes) (ref. 309). The rearrangement of bicgcl0[2_2_0j 

hexane to cyclohexane is catalyzed by FG1~C1~(1,5-cod)~. The stoicbiometric 

reaction of bicyclo[2.2.O)hexane with Rh2C12(CO) 
4 

yields an acgl oxidative 

addition product (106) which -upon treatment with triphenylphosphine yields 

I L 

RhC(0)CH2CH2CHCH2CH2(C1)(CO) (106) 
8 I 

3-cyclohexane-1-carboxaldehyde. No 7-norbornanone could be detected in the 

products and this contrasts with the corresponding reaction of the cubane 

adduct which yields homocubanone (ref. 310). 

The octamethylene chains in di-[81(1,4)-7-oxanorbornadienerhodium chloride 

have been shoun to exhibit dynamic processes which involve a swinging of the 

octane bridge over the ether-oxygen atom, a cotiormaticnal change within the 

octane bridge, a rotation of the 7-oxanorbornadiene ligands around the 

rhodium-oxyger? axes and an exchange of free and coordinated 'I-oxanorbornadiene 

(ref. 311). 

A series of papers on the preparations, X-ray structures 2nd 13C NMR spectra 

of rhodium(I) and -(III) and iridium(I) and -(III) complexes containing 

chelating unsaturated tertiary phosphines and arsines have appeared. Thus the 

olefin complexes RhC13(BDPH). RhClBr2(BDPH), IrC13(DDPH), IrClBr2(BDPH), 

IrMeClI(BDPH), IrHC12(BDPE) and IrHRr2(BDPH). where BDPH is Ph2PCH2CH2CH = 

CHCH2CsPPhz, have been obtained by oxidative-addition reactions of the 

complexes RhCl(BDPH) and IrCl(BDPH) (ref. 312). An X-ray study of IrCl(BDPH) 

shows that the complex is square planar with trans phosphorus atoms and with 

the coordinated C=C bond lying essentially perpendicular to the IrC1P2 plane. 

In IrH$Zl(BDPH) the geometry is octahedral with Cl and olefin ligands each 

trans to hydride ligands. The Ir-C distances &ire nuch longer than those in 

IrCl(BDPH) and the C=C bond length-in IrH2Cl(E3DPH) is approximately the same 

as 'c-hat in free ethylene. It would seem that there is little back-bonding in 

this iridium(III)-olefin bond (ref. 313) and a similar-result-is found for' 

IrC13(BDPH) (ref. 312). A l3 C NMR analysis of the square planar complexes 

RhX(BDPH). X = Cl or Br, RhOl(BDAH), where BDAH is Ph2AsCH2CH2CH = CHCH2CH2AsPh2, 

the trigonal-bipyramidal complexes RhX(DBP)2.- X = Cl-or Br, RhX(CO)(DBP);- ~ 
_- 

X = Cl, Br or I, IrX(CO)(DBP), X-7 Cl, Br, or I, where DBP is- ; ’ 

PhP(CR2CH2CH = CH2>2, RbX(TBP)i X-= Cl, Br, or I, IrCl(TDP), where-T3P is 

P(CH2CH2CH =-CH.&, and'the‘octahedral complexes.RhXYC!1(BDPH), XY = Cl .or Br2 .._2- 
and IrxyGl(BDPH), XI; C12, 'H2, or-H&have been-reported. _ Iri-general-i-t:& . . _.--- 

sp$?arf!nt t&a%.-&a % I?&% parameters -& the co~~~e=~~.ref~ectl~~-~~~a~~~e=~~- 
.- 

amount-of electron density at tne metal ce+re availabre-for-back-b6pding~(r_e_f.:314!_ 
_ :_ .- /_ I-- 

,- - _ 
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Metal alhyne compounds 
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The reaction of Co2(C0)6(PhCECPh) with l,l,l-tris(diphenylphoephinonethy1) 

ethane, triphos under W irradiation affords Co2(C0)4(triphos)(PhCZCPh). An 

X-ray structural study of this molecule shows that the triphos behaves as a 

bidentate ligand, displacing two carbonyl groups both on the same cobalt atom 

(ref. 315). 

The reaction of 15-PhCEC- substituted benzo-15-crown-5 ether, PhC=R with 

COAX gives Co2(C0)6(PhCzCR) and a complex of phenyl 3,4-dimethoxyphenyl- 

acetylene, Co2(C0)6PhECC63(OMe)2 has also been prepared. The former complex 

provides an example of an acetylene cobalt carbonyl complex containing a 

crown ether group which should combine the properties of a transit:on metal 

compound and a crown ether within the same molecule (ref. 316). The reaction 

of hex-3-yne with a mixture of Fe(C0)5 and Co 
2 
(CO)8 proceeds as outlined below 

Fe(CO)5 + COAX + EtC=CEt 

Jf 
Co2(CO)6(C2Et2) + Co4(CO),0(C2Et2) 

70% 5% 

+ Co2(CO)6/EtC~CH(OH)k~e~ + Co2(CO)6(EtWAC) 

7% 2% 

I 
t + FeCo2(C0)7(C2Et2)2 ? 

Activation of one of the 
i 
e observed in the reaction 

methylene groups alpha to 

of act-4-yne with Fe(CO)5 

It is known that acetylenes can be carbonylated 
E 

the triplt bond was also 

and CO~(C~~)~ (ref. 317). 

in the presence of catalytic 

1 :r amounts of co2(co)* 
B 

in polar solvents to give bifurandiones or with stoichio- 

1 metric amounts of COAX to give lactone complexes CO,(CO)~(C~O,R'R~) (107). 

(107 I 
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These lzctone complexes have now been obtained with internal acetylenes and it 

has been found that the reaction is regiospecific. Further it appears that in 

the products derived Zrom asymmetric internal acetylenes the 2-position of the 

la&one ring is occupied by the so carbon atom of the acetylene with the high- 

er value of the 13C XMR chemkal shift (ref. 318). 

The reaction of trans-Rh2(C0)2(CqF6)Cp2 (108) with Me3N0 results in decarb- 

onylation of the complex and conversion of a *do-electron into a four-electron 

__-- 

co 

CP Me,NO 

-CO 

tlO8, (109) 

donating acetylene ligand. The resulting complex (109) forms adducts tith CO, 

AsPh 3, P(CKe)3, PXePh2, Ph2PCH2CHRPPh2, S02. NeRSO and Bu%C and reactions of 

(109) with C2R2 (R = Me. CF , Ph) give the bridging metallodiene complexes 

Rh2&(CP3)2R2{CP2 and the kdging metallodienone complexes Rh2]C4(CF3)2R2C01Cp2 

as major products. Treatment of (109) with molecular hydrogen at 20°C and 1 atm 

gives a variety of products e.g. CF3CR#H2CF3, Rh3(CO)(CeF6)Cp3, y(CO)3Cp3, 

Rh4(CO)2Cps and multinculear hydride-rhodium species. It is also noteworthy 

that whereas trans-Rh2(C0)2(CqF6)Cp2 (108) is fluxional, the terminal %o 

ligands gdving equivalent coupling to both 103 Rh nuclei at room temperature but 

to only one at 40°C, the e-isomer is not fluxional (ref. 319). 

The complex (110) which is formed by the reaction of hexafluorobut-2-yne 

with Rh(Sal=N-p-tol)(Ph2AsCR2CR2AsPh2), where Sal = I?+-to_? is N-pto?ysalicyl- . 
aldimine, exhibits acetylene rotation at higher temperatures but at low temp- 

eratures the CF 3 groups are non-equivalent suggesting the structure (110) (ref. 

269)_ 

Studies on the reactions of al&r1 diaeoacetates. which-are-potential.carbene 

precursors, with Co(PPh3)(C2Pfi2)Cp, equation (65), reveal that tbe._addition of = 

alkoxycarbonylcarbenes to this cobalt:acetglene complex is analogous to that 

of isocyanides. The reactions are considered.to.proceed via-:an %tdr$ediate. 
I 1 

cobaltacyclobutene Co(CRRCPh=CPh)Cp (ref.. 32Oj:. --- -_- .~ .-. 
L -__.- 

, 
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Y- N 

0 \I 
Rh- 

AS 'I 

SR (R=CF,l 

cR 

L AS 

( llo 1 

Co(PPhj)(C2Ph2) + N2CHR 

1 

(R = CO2R') 

Co(CHR=CPhCPh=CHR)Cp + Co(CHR=CPhCPh=CHR)Cp 

(syn, E-isomer) (sJn, anti-isomer) 

+ CpCb(CHR-CPh-CPh-CPh-CPh-CHR)doCp 
, .~_._,.._ .._i_‘_. ( 

, __. _ _ 1 

+ CpCoCR-CPh-CPh-CPh=CPhCoCp (65 
I J 

The 170 and l3 C NMR spectra of the acetylene compounds, CO,(CO)~(C~R~) 

(R = CH20H, C02Ye) have been reported (ref. 321). 

The reaction of Me3SiC=_CSiMe3 with CONCH at 137'C affords a mixture of 

(Me3Si),C=C=C=C(SiMe3)2, ColC4(SiMe3)4/Cp, Co~C,(A.Me3)3(C2Si;e3)~Cp and the 

novel trinuclear transition metal cluster (111, R' = SiMe ?, R' = C2SiMe3) which 

is capped by two triply bridging carbyne ligands (ref. 322). Thermolysis of 

R’ = Me Si, 
R1 23 

R2 = Me3SiC3C 

,R =Ph 

R' = Ph, R2 = C02Me 

(1111 R' = Me, R2 = CN 
R' = Me, R2 = Co2Me 
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acetylenecobalt complexes of the type Co(PP 
h3 

)(R1C=CR2)Cp also give complexes 

of the type (111) (ref. 323). 

Other reactions of acetylenes with cyclopentadienyl complexes of the type 

KL,Cp (W = co, Rh, Ir; L = donor ligand) are discussed in the section on 

metal cyclopentadienyl and arene co~~poumls. 

Netal ally1 compounds 

An X-rey structure analysis of the complex Co(CO)2(PPh3)(C3H5) reveals that 

the cobalt aton has a distorted square pyrmidal coordination with a formally 

hidentate ally1 ligand, one carbonyl ligand, and a phosphine ligand occupying 

the basal uosition. Purtherrzore it is apparent that at temperatures down to 

135 R there is a fluxional equilibria with the ally1 ligand oscillating 

between two enantriomeric positions as indicated below (ref. 324). 

c 

H 

Sorce 16-electron ally1 complexes of the type Rh(allyl)(l,5-cod), (ally1 = 

1 -methylallyl, 1,2-dtiethylallyl, 5.3~dimethylellyl, 1,1,2-trtiethylallyl) have 

been obtained by the reaction of Z?h2C12(1,5-cod)2 with Pr'ETg3r in the presence 

of the acyclic conjugated dienes buts-1.3-dieEe. isoprene, &- or trans-penta- 

l,T-cliene, and 2,3-dimethylbuta-1.3-diene respectively, The complex formation 

is regio- snd stereoselective and only one isomer is produced in each reaction 

(ref. 325), A variety of ally1 complexes of rhodium and iridium have also been 

obtained vie reactions of appropriate complexes with ellylmercury halides 

HgX(C3EILR) as outlined in the equations (66) - (69) (ref. 326). 

Ea RhC16 
MeOH,H20 

3 -t =(C3H5) -> m2c12(c3~)4 

RhClg.3H20 + H.gCl(C&) f TlCp---_t RhC1(Cg%)Cp (67) 

_ 

Ir12Cp f HgCl(C4H7) .-> IrRgCgH12C1212 

Ir&-CgH12C1212 
Me2C0 

)ESt- 

="2s207 

Ir-I(C&)Cp * IrCl(C&)Cp _. -. (59). 



The reactions of Rh(CgH,-)(l,!j -cod) with phosphites and phosphines give a 

series of quasi-four-coordinate and five-coordinate complexes of the type 

Rh(CgH5)L2 and Rh(C3H5)L3. These complexes readily react with molecular hydrogen 

-a% 20°C to form 'ini.tiaU.y propene-an8 rhoCrurhy&rides of 'the type-ImIll., 
4’ -93’ 

[2lm& ati Elll ti&&tzi& h&&&. !&e*pS:lym&sr hy&ibea fI2_&%&' L $2 

P(O&Fe)3 br P(CEi%)s and fRhRI.1232, L is P(OPr1)3e were fully identified, The 

stabilities & the @3osphine sn&ogWs W3.e s&s~Z&-isllg 1cW?r, These h@.r&&?s 

are very active WZtaI@ pree%Zsors for eIefin and ace*&ne hydrogenationa. 

The dlmer eKhI?L232, L is P<OPrij3~ is a catalyst for arene hydrogenations. In 

the reactions of [RhR(phosphite)2T[n with molecular hydrogen, there was no 

detectable cluster fragmentation. In the case of the dimer and the trimer the 

fluxional intermediates HL2RhHgRhL2 and RhgH5L6 respectively were identified 

(ref. 327). 

Although 

products in 

it is known 

the reactions of alkyl halides with trans-IrX(CO)L2 commorly give 

which the alkyl and added halogen groups are trans to each other, 

that the oxidative addition of allylic halides to trans-IrCl(C0) _V 

/ (PMe2Ph)2 occurs in a cis manner and that the phosphine llgands arc else cis to - 

i each other in the product, equation (70). Studies on this reaction in benzene 

trans-IrC1(CO)L2 + allylX -4 IrCl.X(allyl)L2 (70) 

(ally1 is CH2 = CR-CH2, R = H,Cl,Me; X = Cl, Br; L = PMe2Ph) 

1 solution show that the reaction probably proceeds via a &-ally1 complex which 

reacts with anionsto give a sigma bcnded ally1 cis to the added alior Thus 

both alpha-methylallyl and crotyl chlorides give the same complexes. However, 

in methanol the &-ally1 complex is not an intermediate since these ally1 

chlorides gives different producta, the iridium bonding predominantly to the 

carbon atom which was bonded to chloride [ref. 328). Phenylcyclopropane has 

been shown ta react with trans-IrC1(N2)(PPr)2 to give IrHC1(C3HQPh>(PPh3)2 and 

this complex is also formed from 

CHMe. Allylbenzene also reacts 

ligand L to give IrHC1(C3HqPh)L2 

or SbPh,. Some reactions of the 

reactions using allylbenzene or trans-PhCH = -- 

with Ir2C12(C8H,4)4 in the presence of a donor 

where L is PPh , P(pto1) , AsPh , As&tol) , 

complexes are ziven in eqtations3(71) and (7:). 

; Treatment of the IrHC12(PPh3)2 mixture obtained in equation (72) with CO yields 

I 
I 

TrHC1(C3HAPh(?Ph3)2 
7 

+ L + IrC1(L)(PPh7)2 + PhCH = CRMe 

(L = CO or PF3) 
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Ph 0 

(1161 

-CHg 
Ph 

OMe 

PF,’ 

However, the car3onyl ligulds in [CO(CO)~~C,P~~H(OA~)[]PF~ 

are labile 2nd on wa_xdr~g 2 beozeue solution the cationic sandwich complex (117) 

is produced (ref. 333). 

Pyrolysis of the complexes (118) - (!21) gives varying amounts of the other 

CECSiMe, 

tocp 

(121) 

isomers together with MejSiC~CC~H and Me3Si(C~C)3SiMeg- These results are 

clearly related to the role of metal-cyclobutadiene complexes in alkyne meta- 

thesis. The free energies of activation for the decomposition of these complexes 

are in the range 47-50 kcal/mol and are considerably lower than the CpCo bond - . 
strength of 64 kcal(mo1 (rel".‘ 334). 

The reaction of l,&-bis(trimethylsilyl)-cis,cis-oc~a-~,~-diene-l,7-diyne 

with Co(COf,Cp affords the benzocyclobutadiene compl&(112) which on treatment 

with fluoride affords the-first Imown bensocyclobirtzdiene .&ndwich~ complex (l.23) 

.tie reactions of symmetrical 2nd u+mmretrica+ zce%&nes &_t&-*$~j2Cp are; -I; _- 
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(122) 

(CHJ4N+F- 

DMSO ) 
WC 

(123) 

known to produce a variety ofcyclobutadiene and cyclopentadienone complexes. 

Thus the reactions of both phenyl-1-naphthylacetylene and phenyl-2-naphthyl- 

acetylene with CONCH have been shown to produce all four possible cyclo- 

butadiene-cobalt derivatives and all six possible cyclopentadienone cobalt 

derivatives. The structure of one of these complexes, Coj(L3-Np),(2.4-Ph),C4~Cp 

(Np = naphthyl) has been established by an X-ray study (ref. 336). X-ray 

studies have also been reported for the complexes Co(C4Ph4)(CgH4SiMe3) (ref. 

337) and Co{(l,3-Mes)2(2,4-Ph)2C41Cp (Mea = mesityl) (rec. 63; and NMH studies 

indicate the presence of restricted rotation about mesityl-c;clobutadiene bonds 

in the latter complex (ref. 338). 

Metal cyclopentadienyl and arene compounds 

The chemistry of cobaltocene, cobalticinium salts and other sobalt sandwich 

compounds has been reviewed (ref. 339). The heats of formation of cobaltocene 

(205 ,+ 4 W/ml) and CONCH (-169 + 10 kJ/mol) have been determined by static- 

bomb calorimetry (ref. 340) and the magnetic circular dichroism spectrum of 

cobaltocene has been reported (ref. 341). 

The acidity constant, K_, has been determined spectrophotometrically for a 

number of substituted hydroxycobalticinium and hydroxyrhodicmLum salts. 

Increasing the electronegativity of the substituent increases the acidity but 

the acidity is reduced on replacing cobalt(III) by rhodium(II1) or by the 

replacement of a cyclopentadienyl group by a pentamethylcycloptmntadienyl group 

(ref. 342). 

The electrochemical reduction of HhCp2+ has been shown to occur in two 

separate one-electron processes to give reactive rhodium(I1) and rhodium(I) 

complexes.HhCp2 has a lifetime of about 2 seconds at room tempersture but it 

can be stabilieed by carrying out the electrolysis at low temperatures. HhCP2 

decomposes by dimerising to give Hh2Cp4 which can be isolated in good yield by 

electrolysis of HhCp2+ solutions. Evidence has also been obtained for the 
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tramient existence of RhCp2- 

establish that protonation of 

ligand and does not involve a 
, 

(ref. 343). Deuterium labelling experiments 

the anion CoCp2- involves exo addition at the 

metal hydride intermediate (ref- 344). 

l,l'-Dimethylcobaltocene has been shown to react with 2-cyanoazopropane and 

2-bromo-2-phenylpropane to give isomerically pure (methylcyclopentadienyl) 

(2-methyl-5-exo-alblcyclopentadiene)cobalt complexes. In the reaction with 

2-brono-2-phenylpropane, 2,3-dimethyl-2,3-diphenylbutane was obtained as a 

by-product supporting a radical mechanism for this type of reaction (ref. 345). 

Some ethyltetramethylcyclopentadienyl (etmcp) complexes of cobalt C02C12(u-C1)~ 

(etmcp)2 and Co3Clg(etmcp)2 have been prepared by reaction of Sn(etmcp)Dun3 with 

COC12. R-om these complexes many cobalt complexes containing the etmcp ligand 

have been prepared. These ticlude [(etmcp)Co(u-C1)3Co(etmcp)]FeC14, 

CoC12(PPh3)(etncp), [CoCl(diphos)(etmcp)]PF6, [CoL3(etmcp)]PF6 {L = NH3, MeCN, 

CH2 = CHCN; L3 = (MeCN)2(Me2C=NH, benzene, toluenel. and CoL2(etmcp) (L = ethylene; 

L2 = butadiene, 1,5-cod) (ref. 270). 

Treatment of CoC12(PPh3)2 with TlCp affords the cobalt(I1) complex CoCl(PPh3)Cp 

which reacts *:ith Ag(RN3R) or Cu(RN R) 
3 

to give the low-spin triasenido complexes 

Co(RN3R)(PPh3)Cp (R = p-MeC6H4, n-ClC6H4, 3,5-C12C6H3). These complexes provide 

some rare examples of paramagnetic monocyclopentadienyl transition metal 

complexes (ref. 346). Some cobalt(II1) complexes [CO(RN~R)(LC~]PF~, where L is 

PEt3, PP h3, P(OMe) 
3' 

or P(OPh) have been obtained by the reactions outlined in 
3 

equaticns (77) and (76). 

Co12LCp t Ag(RN3R) + [Co(RN3R)LCp]I (77) 

[C0(HN3H)LCp]I + TlPF6 + TiI + [Co(HN3H)LCp]PF6 (78) 

The carbonyl complex, L = CO, could not be prepared but the carbonyl inserted 
t 

product Cb(CONRNRR)ICp was isolated. In the reaction of Co12(PPh3)Cp uith 

Ag(RN3R) the novel triphenylphosphonium cyclopentadienylide complex, 

[Co(C5H4PPh3)Cp][PF6]2 was isolated as a side product (ref. 347). 

Treatment of NarCo~P(0)(OEt),f3Cp] with the salts MX (M = Li, K, Ag, NH4, 

NMe4) affords the salts M[CO~P(O)(OH~),~~C~]. The- air-stable diamagnetic anion, 

cco~P(C)(OEt)2~3CPl- reacts as a tridentate chelating ligand with all main 

Group (III) elements. Using Na13Ph4 the cage-like cationic complex 

[PhDCo~P(0)(OEt)2~3Cp]* is obtained and with Al, Ga, In, Tl, (M), the trinuclear 

sandwich compounds M[ColPiO)(OEt)2{3Cp~2+ are formed which contain MO6 octahedra 

<ref. 34S)~. The trinuciear complexes ~ooCC~~P(C~j~(~~~j~~~3Cpj2 and 

qCo@C j~OEXt j2lCp j, (PI = Mg,-Ca, Sr, Da, Pb, Mu, Co, Ni, ecu, Zn. Cd, Egj have . 

been studied by X-ray diffraction and the structures of the complexes M = Co, _ 
R = Me and M= Cu, R = Et have been determined. Solid-solid.phase transitions 
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occur in the range 160-250 K and are best discussed in terms of order-disorder 

transitions(ref. 549). The electrochemistry of the complexes M[CO]P(O)(OE~),{~~, 

(M = Co, Fe, Hg, Cu) has been investigated. The cobalt complex, M = Co, is 

difficult to oxidise but the resulting cobalt(II1) complex is surprisingly 

inert (ref. 350). 

The gas-phaseelectron diffraction structure of Co(CO)2Cp has been studied 

and it is found that the extended COG plane passes through a riqg carbon 

atom (ref. 351). The crystal structure of the complex [Co(CO)2(C5H4PPh3)]Co(C0)4 

has been determined. A square-planar coordination about the cobalt in the 

cation is observed (ref. 552). Polymer supported cyclopentadienyldicdrbonyl- 

cobalt and -rhodium have been reported and their catalytic behaviour has beeI, 

examined. The cobalt system can act as an immobilized, homogeneous, Fischer- 

Tropsch catalyst (ref. 552). The rhodium system was effective in the hydro- 

genation of olefins, aldehydes and ketones , isomerization of olefins, dispro- 

portionation of cyclohexene and cyclohexa-1,4-diene, cyclotrimerization of 

ethylpropiolate and hydroformylation of pent-1-ene and hex-l-e.,:e (ref. 354). 

Photolysis of Co(CO)2(C5Me5) affords the ethylidyne cluster Zo3CMe(C0)4(C5Me5). 

which can also be obtained by reaction of C5Me5H with CojCMe(CO)g. The structure‘ 

consists of a triangular pyramid with two Co(C5Me5) groups and one COG 

group in the base and CMe at the apex. The basal edge between the twc Co(C5Me5) 

groups has a bridging CO group (ref. 355). 

Upon heating Rh(CO)2(C5Me5) for one hour at 80-85'C under a pressure of IO- 

2Omm Hg the dark-blue complex Rh,(w,-CO),(C5Me5)2 (124) is formed which is 

formulated with a rhodium-rhodium double bond. Treatment of the con.plex with 

CO affords about 304: of Rh(C0)2(C5Me5) (ref. 356). Single crystal X-ray studies 

0 
C 

/\ 

C,Me,-Rh = Rh-C,Me, 

‘C’ 
0 

(1241 

on the corresponding cobalt compound Co2(CO) (C Me ) establish the presence of 
2 5 52 

a multiple cobalt-cobalt bond (ref. 357, 358). Structural studies on the mono- 

anion [Co,(b,-CO),(C5Me5)] - also show that there is a decrease of 0.054 1 

between the Co-Co bond length of 2.572(l) 51 in the monoanion (assumed bond order 
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1.5) and that of 2.383(2) g in its oxidized neutral diner (assumed bond order 

2). This contraction of bond length is consistent with the removal of the 

unpaired electron from an 180 of the monoanion which is primarily composed of 

out-of-plane antibonding _&* dimetal character (ref. 358). The reaction of the 

neutral Co2(~2-CO)2(C514e5)2 with CO~(CO)~ affords a new type of tetrahedral 

metal cluster Co,(CO)4(,2-CO)(P3-CO)2(C5Me5)2 vrhich can be envisaged as resulting 

?rom the insertion of a Co,(CO),(,,- CO) fragment across the cobalt-cobalt double 

bond of Co2(,,-CO),(C5Me5). The cluster can also be obtained by oxidation of 

the monoanion [Co2(~2-CO)2(C51?e5)2~- with toluene-n_sulphonic acid il the 

presence of PiaCo(CO)4 (ref. 359). 

EXposure of Zrozen solutions or" Co(CO)2Cp to 
60 

Co gamma rays produces the 

anion rCo(CO) 
2 
Cp_i- (ref- 360) which has previously been observed by ga.s-phase 

Ton cyclotron resonance spectroscopy. The anion [Co(CO),Cp]- is involved in the 

formation of [Co2(p2- CO)2Cp2] which results from the sodium-amalgam reduction of 

co(co)&L The reductions of various substituted cyclopentadienyl dicarbonyl 

cobalt complexes, Co(C!O)2(C514e5), Co(C0)2(C5H4R) (R = SiNe3, SiMePb2, c02Ne, 

CR2C02Me) have been carried out. These reactions lead to the anions 

[CO~(~~-CO)R(C~H~R)~] together with ring loss products but only with the 

complex Co(C0)2(C5R4C02Me) does the ring loss product predominate. ESR and IR 

studies on the radical anions reveal veriations in spin density on the cobalt 

over the series and a reduction mechanism has been proposed (ref. 361), 

Treatment of the radical anion [CO~(,+- CO)2Cp2fLwith MeI is holin to give the 

dinuclear dialkyl Co2Me2(P2-CO)2Cp2; Studies on the carbonylation of the comp- 

lexes Co2R2(~2- CO>,Cp, (R = Me, Et) show that these complexes afford ketones 

via dinuclear diacyl complexes Co2(COR)2(P -CO)2Cp2. In this reaction a 
2 

cobalt(X) acgl complex Co(COR)(CO)Cp is an important species. This cobalt(II) 

complex givesthe diacyl CO~(COR)~(~~- CO)2Cp and also acts as an alkyl transfer 

reagent, equati-on (79) to afford the ketone, equation (80) (ref. 362). 

2Co(CORe)(CO)Cp + CO(CO)~CR c‘ Cole(CO&Ie)(CO)Cp (79) 

CoI~e(CClMe)(CO)Cp + CO + Co(CO)2Cp + Me2CO (80) 

Reactions of the bridged dinuclear dialkylcobalt complex (125) with carbon_ 

monoxide and PPh3, equations (81) and (82) have 

(125)t CO + Ne2CO + (0C),Co(C5R4CH2C5H4)Co(C0)2 

(125)+ PPb3 +~(Plgp)Me2Co~c5R4cH2c5H4)co(cO)2 

provided evidence for competing 

(81) 

(82) 
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inter- and intramolecular metal to metal methyl transfer (ref. 363). 

Complexes of the type CoL2Cp (L = two-electron donor ligand) are known to 

undergo oxidative-addrtion reactions with a variety of nolecules znd new 

ecamples of this reaction type have been reported during 19‘79. The complex 

C>(CO)(PEe3)Cp has been shown to react with alkyl halides to give acyl complexes 

C~(COR)(I)(PEe3)Cp (R = He, Et). The complex [CoMe(CO)(PEe 
3 
)Cp]I is an inter- 

mediate in the formation of the acetgl complex and in solutions of polar 

solvents the two complexes are in equilibrium. The methyl complex 

[~:oMe(CO)(~!e3)Cp]PF6 is stable but it reacts with PPh3 to give an acyl complex, 

equation (83). which is also in equilibrium with the methyl complex, equation 

(ix). Treatment of Co(CO)(PMe 
3 
)Cp with acyl halides affords the acyl complexes 

~~lMe(CO)(PEe3)Cp~PF6 i- PPhj + [CoAc(PMe3)(PPh3)CpjPF6 (83) 

[l:oAc(PMe3)(PPh3)~p]PF6 & [CoMe(CO)(PMe3)Cp]PF6 + PPh3 

[t:o(COR)(CO)(PMe3)Cp]+ (R y Ee, Et, Ph) but they do not appear to form al@1 

wmplexes under mild.conditions (ref. 364). The complexes Co(CO)2Cp and 

C4CO)(PR$P react with ally1 halides to form ally1 complexes e.g. equations. 

(~$5) - (87). The complex CoI(2-MeC_H )Cp reacts with donor ligands such 2s 
24 



L = CO, PMe3, py and _ NH3 to give the cations [COL(~-M~-C~H~)C~]~. Attempts to 

convert these cationic ally1 complexes to cobaltacyclobutane complexes by the 

addition of H- or Me- have not been successful (ref. 365). Treatment of the 

complex Co12(CO)Cp, which is formed by the reaction of CONCH with 12, with 

PMe_ affords cationic complexes, equation (88) (ref. 365, 366). The reaction 
2 

Co12(CO)Cp l PMe3 4 [CoI(PMe3)$p]I + [Co(PMe3)3Cpl I, 

of MeLi with [Co(PKe3)3Cp]2f affords [CoMe2(PMe3)Cp]. Interestingly the 

reaction of Pr%gBr -with Co12(PMe Ph)Cp followed by addition of 

gives the hydride [CoH(PMe2Ph)2Cp$'F6 (ref. 

aqueous m4PF6 

365). The carbonylation of 

[CoI(PMe3)2Cp]I in the Presence OI - silver ion affords the cationic complexes 

[Co(CO)(PMe3)2Cp]X2 (X = BF4, PF6)- The carbonyl group in these dicationic 

species undergoes nucleophilic attack by alcohols, amines 2nd ammonia to afford 

complex cations of the type [Co(CXR)(PMe ) Cp]+ (X = 0, R = Me, Et; X = NH, 
32 

R = H, Me, Et, 92). The carbonyl group of the dication is displaced by donor 

solvents to give either [CoL(PMe3)2Cp]2f (L = MeCN) or [Co(FMe3)3Cp]2t (L = 

IMF, DMSO, MeN02). Treatment of the alkoxycarbonyl and carbamoyl complexes 

with f:uoroboric acid regenerates the dicationic carbonyl complex (ref. 366). 

Treatment of Co12(CO)Cp with Na2[S2C2(CN)2] is known to form the 16 electron 

monomer CO~S~C~(CN)~{C~. This comPlex has now been shown to form air-stable 

crystalltie adducts with tertiary PhosPhines and phosphites. The phosphite. 

compound2 exhibit long range 31 P - 'H spin-spin coupling interactions with the 

hydrogen atoms of the cyclopsntadienyl~lig2nd- This effect is not observed in 

the tertiary phosphine complexes 2nd rpay be due to a shorter Co-P bond length 

in the tertiarg Phosphite complexes (ref. 367). 

The thiocarbonyl complexes, M(CS)(PPh3)Cp (M = Rh, Ir) &we been Prepared 

from truls-MC1(CS)(PPh3)2 2nd NaCp. These complexes undergo oxidative reactions 

with halogens, e.g. equ2tions (89) - (91) the c t- 2 ionic iridium(II1) complexes 

77-K 
Hh(CS)(PF'h3)Cp + X2 __j [Bh.X(CS)(PPh3)Cp]X (X = Cl, Br, I) (89) 

[RhX(CS)(PPh3)Cp]X BT\ RhX2(PPh3)Cp (90) 

Ir(CS)(PP$)Cp + X2 "T, [IrX(CS)(PPh3)Cp]X (91) 

being more stzble than the corresponding rhodium(II1) complexes. Reactions with 

dry HCl proceed as indicated in equations (92) 2nd (93) 2nd treatment of the 

Rh(CS)(PPh3)CP -I- HCl + RhCl(Cs)(PPh3) 
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Ir(CS)(PPh3)Cp + HCl 4 [IrH(CS)(PPh3)Cp)Cl (93) 
I 

complexes with Me1 afford the thiocarbene complexes [MICMe(SMe)/(I)(PPh3)Cp]I. 

Reaction of RhCl(CS)(PPh3)2 with Me1 affords RhlCMe(SMe){ClI,(PPh3)2 while Ir- 

Cl(CS) (PPh$Z and Me1 give IrMeC11(CS)(PPh3)2. A similar reaction occurs upon 

treatment of Ir(CS)(PPhJCp with ClCH2CN to give [Ir(CH$N)(CS)(PP~)CpJCl. The 

reaction of mercury(I1) chloride uith M(CS)(PPh )Cp affords the metal donor-metal 

acceptor adducts Cp(PPh3)(CS)M + HgC12 (ref. 36;). 

The cobalt atom in the complex Co(PMe3)2Cp is quite basic and this complex 

reacts rith equimolar amounts of ZnC12 and PMe 3 to give the complex 

Cp(PMe3)2CoZnC12(PNe3). Reaction of Co(PMe3)2 rrith ZnC12 and PPh3 gives a 

mixture of ZnC12(PPh3)2 and Cp(PMe3)2CoZnC12. The cobalt-zinc bond in 

Cp(PMe3)2CoZnC12(PNe3) is cleaved by reaction with PMe3 to give Co(Pi*le3)2CP and 

ZnC12(PMe3)2. These reactions give an indication of the basicity of the cobalt 

atom in Co(PMe ) Cp and other reactions of this complex are given in equations 

(94) - (97). ieL.zry(II) chloride reacts .ith Co(PMe ) 
32 

Cp to form the 1:l and 

Co(PMe3)2Cp + Cu2C12(PMe3)4 + Cp(PMe3)2CoCuC1(PMe3)2 (94) 

Co @Me3 ),Cp + R3SnC1 + Cp(PMe3)2CoSnC1R 
3 

(R = Cl, Me, Phj 

Cp(PMe3)2CoSnC1R3 + SnC14 -8 Cp(PMe3)2CoSnR3+ 

(95) 

(96) 

/ [Cp(PMe3)2CoSnMe3]PF6 + SnCl4 + [Cp(PMe3)2JoSnC13]PF6 
1 

(97) 

1:2 adducts, Cp(PMe3)2CoHgC12 and Cp(PMe3)2Co(HgC12)2 respectively (ref. 369). 

The rhodium atom in Rh(PMe3)2Cp, which is prepared as indicated in equations 

{ (98) and (99), is also a strong base. It reacts with a variety of electrophiles 

B Rh2C12(cod)2 + PMe 3 + Rh(PMe3)4Cl (98) 

Rh(PMe314C1 + TlCp + Rh(PMe3)2Cp (99) 

Y+ to give the cations [RhY(PMe3)2Cp]+ (Y = H, Me, Et, AC, COPh, COC6H40Me-1, 

GeMe , Smegc Br, Cl, I). Treatment of Rh(PMe3)2Cp with CF3S03SiMe3 affords 

! !RhH~PMe3),(C5H4SiMe3)~+ together with [RhH(PMe3)2Cp]+. Reduction of the former 

complex with NaH gives Rh(PMe3)2(C3H4SiMe3) (ref. 370). The crystal structure 
/ 
! of [RhH(PPh ) C Me ]PF shows that the observed distortions in the C,Me ping 

\ may be attributed :o tie large trans-influence of the hydride ligand-(r?f. 371). 

Attempts to obtain Co(PMe2H)$p by reaction of CoCp2 lith PMe2H lead to the 



dinuclear complex (126) and an attempt to obtain Co(PMe3)(PMe2H)Cp by reaction 

. 

Me’ 'Me 

of PMe2H with Cp(PMe3)Co(p2- CO),Mn(CO)(C5H4Me) also leads to (126) as does the 

reacti-on of PFe2H with Co(PMe3)2Cp. The Co-Co bond of (126) should exhibit 

nucleophilic character since the siema electron pair of the Co-Co bond occupies 

the HOMO of this molecule. In agreement with this (126) readily reacts with 

tr5fluoroacetic acid to give the cationic hydride [CpCo(p-H)(p-PMe2)2CoCp]f. 

Tunis c&ion (z 34-valence electron system) has a triple-decker-1-e structure 

and like the 34-electron complex [Ni 

the complexes [Cp(L)Co(p-PMe2)CoHCp] 
03' 
Cp l'reacts with Lewis bases L to give 

where L is either PMe3 or P(OFie)3. No 

addition t&es place on reaction with anionic bases such as H- or Me-. These 

reactions give the dinuclear complex (126) (ref, 372). 

The reaction of Co(PMe ) 
32 

Cp r+ith CSSe at -2OOC gives 2 mixture of Co(CS)(PMe;)Cp 

snd Co(CSSe)(PMe3)Cp which on treatient r<ith PPh3 affords the thiocarbonyl 

complex quantitatively, equation (100). .& rhodium complex can be similarly 

Co(CSSe)(PMe3)Cp + PPh3 -+ Ph3PSe + CoCS(PMe3)Cp (100) 

pIYSpZ&YTed , equztio3s (101) snd (102) (ref, 373)- Treatment of Co(CS2)(PMe3)Cp 

Rh(C2E4)(PKe3)Cp -t CSSe + Rh(CSSe)(PMeg)CP (101) 

Rh(CSSe)(PMe3)Cp t PPh3 + Pb7PSe t Rhcs(m.k3)cp (102) 

with Cp(PMe3)Co(~2-CO)2Mn(CO)(C5H4Me) gives the tdnuclear complex Co3<~3-S)(w3~CS)C~3 

The-suiphur atdm of the CS bridging group is the site of maximum nucleophilicitY 

of this complex, reacting with MeI, Et1 and Cr(THF)C0)5, e.g. equation (103) 

(ref. 374). 

co~by-S)(~3-CS)CP3 + RI + [Co3(,3-SR>(~3~CS)Cp3JI (R = Me, Et) _(I031 
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The reaction of ethylene with CoMe2(PPh7)Cp gives methane and propene as 

prcbducts, equation (104);and a labelling 

Colle2(PPh3)Cp + C2H4 + Co(C2H4)(PPhj)Cp t CH4 -I- C3H6 (104) 

etliylene into a cobalt-methyl bond rather than aluha-elimination from a cobalt- 

+22ay demonstrates that insertion of 

mei:hyl bondis tihe critical step in the reaction mechanism (ref. 375). The 

re:iction of Me2SiCH=CHBPhCH=CH with Co(CO)2Cp give the diene complex 

Col:lre Z! 2 iCH=CHElPhCH=C!H)Cp which upon acetylation with MeCOCl/AlCl and subsequent 

hyclrolysis affords the ring opened complex co(cH,=~HsiMe,cH=cRacjCp (ref. 376). 

fch<? electrochemical oxidation of Co(exo-C5H5C02E4e)Cp gives the substituted 

collalticinium salt (ref. 377). 

Various studies on the formation and chemistry of cobalt and rhodium metalla- 

cyc~le's containing a cyclopentadienyl ligand have appeared. Previous experiments 

halre indicated that, in the reaction of Rh12(PPh3)(C5Ne5) with either 

BrlIIg(CH ) MgBr or Mg(CH2)4 which gives a mixture Rh(C2H4)(PPh3)(C5Ne5) and 
1 

~(CH,CH,CH,C~)(PPh3)(C5Me5). the latter rhodacycle could be a precursor of the 

etllylene complex as a result of a carbon-carbon bond cleavage reaction. However, 

further studies have now shown that the formation of F!h(C2H4)(PPh3)Cp is a 

consequence of a facile diethyl ether C-O cleavage by organomagnesium compounds 

(r?f. 378). 
1 -I 

Several cobaltacyclopentadiene complexes Co(CR=CRCR=CR)(PPh3)Cp have been 

shlown to react with olefins (ethylene, propene, styrene, methyl acrylate, 

danethyl maleate) to give the corresponding cyclohexadienes and/or intermediate 

cy~zlohexadiene metal complexes depending upon the reactants and reection 

co.nditions, e.g. equation (105). The cyclohexadiene complexes liberate the free 

I I 
Ciz4Ph4)(PP$)Cp + C3H6 -b PPh3 f Co(CPh=CPhCH2CHKeCPh=CPh)Cp (105) 

cyolihexadienes upon treatment with cerium(IV). The first step of the reaction 

of the olefin with the cob&t&t:;-clopentadiene complex is displacement of PPh 
3 

by 

olefin. The cycloaddition reaction t_-sn takes place between two coordinated 

ligands (ref. 370). The complexes Co(acs'-vlene)(PPh3)Cp, acetylene = DEAD or 

PhC=CC02Me, react with 1,2-diaubstituted olrlina 'co give metallacyclopentene 
I 1 

complexes Co(d~=CR2CHR3CEFL4)(PPh3)Cp, intermediate olefin-acetylene complexes 

being involved in these reaction. The reactions of Co(acetylene)(PPh3)Cp with 

monosubstituted dlefins gives cobalt~diene complexes via cobaltcyclopentene 

I intermed.iates. Reactions. of acetylenes with cobaltacyclopentenes yield cobalt- 

i cyclohexadiene complexes (ref. 380). 
j ;.._ 

Diene complexes CO(CHR'=CR~CR*=CR'R)(PP~)C!~ 

I 

0x1' highly-substituted.butadiene derivatives C~~R*CR*=CR~R are formed upon 

&+&d&&c -of-the- cobaltacyolopentadiene complexes o(CR1=CR2CR2=CR')(PPh3)Cp _ .. . . 

: 
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(a’, R2 = Me, Ph, C02Me) with the compounds RB (RH = Et3SiB, thiocresol, dimethyl- 

and ethylene-thiourea, Pyrrole, thiophene) (ref. 381). Cobaltacyclopentadiene 

complexes have also been shown to react with isocyanides to give fi~hocycl+ 

pentadiene complexes which can be protonated or alkylated to give some substituted 

cobalticinium salts, equation (106) and (107) (rer. 582). 

1 7 
Ca(CPh=CKCR=CPh)(PPh3)Cp + E'NC 4 c0(c4~h2R2cNR1)cp 

Co(c,Ph2R$NR')Cp f EeI + [Co(C5Ph2R2NR'Ee)Cp]I 

(R = W, He,C02Me; R' = But, R-tol,2,6-xylyl) 

(106) 

(107) 

The reaction of lr(CO)(PPh3)Cp with C6F CcCC6F5 has been investigated in 

detail. The metallacyclic complex I&(CR=CRCR=kR)(PPh3)Cp (R = C6F5) is formed . 
in lo= yield and a variety of highly fluorinated oxganic products are also 

obtained including hexakis(pentafluorophenyl)benzene, trans-1,2-bis(pentafluoro- 

phenyl)ethylene and l,2,3,4-tetrakis(pentafluorophenyl)naphthalene (ref. 383, 

384). 

A series of papers on pentamethylcyclopentadienyl complexes has appeared 

during the year including a review on pentamethylcyclopentadienyl catalysts 

for oZeMn and arene hydrogenation (ref. 385). Netathesis reactions of 

Rh2C1s(C$~e5)4, 1 the crystal structures o_ C Rh214(C5Me5)2.2PbEe (ref. 386) and 

Ir2X4(C5M& (x = Br, I) (ref. 387)‘have been determinedi, with NaZ give 

Rh2Z4(C5Me5)2 (2 = N5, NCO, SCN). Some reactions of the ezido complex are given 

in equations (108) - (115). 

Rh2($)4(Cp5)2 + 

L= R3P, (RO)Jp. 

Rh2($)4(C5Me5)2 + 

R+_(N3)&Ee5) f 

L + Rh(N3)2L(c5i+=5) 

“7 &St mc, PY, KhTHNH2 

phen -) CRh(N3)(phen)(C5Me5)lN3 

(108) 

(109) 

CO + ~2(NCO)3(N3)(Cpe5)2 (110) 

=$JCd3(N3) (CsM”5)2 + CO -+ Rh2(NC0)4(C5Me5)2 

Rh(E3)2(PPh3)(C5Ee5) + es2 4 [Rb(N3CE2),(C5Me5)ln 

W(N3CS2)2(C5M"5)1,+ Rh2(SCN)$+& 

(111) 

(112) 

(113) 
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m2 (N33)4 (C5Me5 I2 i CF3CN + Rh2(N4CCF3)3(N3)(C5Me5)2 (115) 

&Out these StUdieS it is apparent that terminal aside ligands are very much more 

reactZv6 than bridging ones. &aCtiOn of Rh2C14(C5Meg)2 ~:Zth NaNO2 or KNO2 gives 

MCRh(N0,)~(CsMe5)I (W = Na, K) which on treatment r;ith PPh3 gives Rh(NO2)2(PPh3) 

(C5Me5)- Reaction of Rh.2(N3))4(C5Me5)2 with N204 gives Rh(N03)2(C5Me5) (ref. 388). 

The reaction of Rh2C14(CgMe5)2 with N2H4 eventually leads to rRh(N2H4)3(C5Me5)]c12 

and analogous ammine complexes [Rh(?H&)3(C5Me5.)]2* can be obtained. The adducts 

RbX2(NH NR1R2)(C5Me5) are formed by reaction of Rh2X4(C5MeS)2 

(R' = f = M 

with NR NR1R2 

e, X = Cl, Br, I; R' = H, R2 = Ph, csF5, ~$01, x = cl; 
? 

R 

R2 = Ph, X = Cl). 

= Me, 

The bis complexes [R~C~(NN~NER)~(C~M~~)JPF~ (R = ph. pt01) 

can .dso be obtained- All these complexes are labile and lose the hydrazine 

readily (ref. 389). Treatment of M Cl (C Me ) 
$4552 

Eith Na[R1COCHCOR2] gives the 

8-daetonato complexes MX(R'COCHCOR )(C5Me5) (M = Rh, X = Cl, R1 = R2 = Me, 

R' = R2 = CF 
3' 

R1 = Me, R2 = Pm, R' = Me, R2 = OEt, R1 = Me, R2 = CF ; M= Rh, 

R' = R2 = Me, X = Br, I, N3, 32 OAc; M = Ir, X = Cl, R' = R2 = Me, R' = R = CF3). 

Iridium forms a stable complex Ir(acac)2(C5Me5) ;:hich contains both oxygen and 

carbon bonded acac- No exchange bekeen these bonding modes is detectable on 

the NMR time scale. The complex [Rh2(acac)2(C5Me5)2][BF4]2 contains two 

bridging acac ligands oxygen bound to one rhodium and carbon bonded to the 

other. The C5Me5 ring in the complex is distorted towards an ene-enyl structure. 

Sooe triazenido complexes RhCl(PhNCMeNPh)(C5Me5) ha ve also been prepared as have 

the complexes Rh2(N3)4(RNE?N=NN)(C5Me5) and the cationic ally1 complexes 

[RhL(I-MeC3H4)(C5Me5)]PFg,_L = MeCN, P(OMe)3, PPh3, NH2Et (ref. 390). 

Some blue five coordinate rhodium(II1) catechol complexes 

[R.b(4-XC,H302)].H20 (X = H, Cl, Me, But)are formed upon reaction of Rh2C14(C5Ne5)2 

with $-substituted catechols in the presence of aqueous base. These complexes 

form adducts uith phosphines and the complexes Rh~~-CGH4(NH)Y/(C5Me5)~ (Y = 0, NH) 

have also been reported (ref. 391). Resorcinol and hydroa_uinone, CsH4(OH)2. 

displace acetonitrile from [Rh(MeCN)3(C5Me5)3[PF6-2 to give three different 

types of complexes ~Rh2(HOC6H40...H...0CsH40H)(C5Me5)2][PF6-3. 

r@(--. 0C6H40H)(C5Me5)]nrPF,],, and [Rh(...H...0CgH40...H...0C6-H40...)(C5Me5)]n 

depending on the amount of base present and on the ratio of diol to acetonitrile 

complex. In the first two complexes spectroscopic data indicate that the ChH402 

ligands are &-bonded to the rhodium and that in the third complex one CsH402 

ligand is pi-bonded and the other hydrogen bonded to it. !lG complexes are 

rather insoluble in organic solvents but dissolve in water with breakdown of the 

hydrogen-bonding interaction between the complexed diols (ref..392)- The 

cationic;benzene complex [~(CgHS).(C5Me4Et)][PF6]2 undergoes attack by 

’ trimethylphosphite to give (127). (ref. 393). 





Co(CO),(C5Me4R) + 

(R = MO, Et) 

Co(C6Me402)(C5Me5) 

Co(C6Me402)(C5Me5) 

395, 396). 

C6Me402 -+ Co(C6Me402)(C5Me4R) (122) 

+ ABF4 + [C0~C6Me4(0H)2/(~5Me5)12+ (123) 

+ M~I/A~PF~ -+ CCO~C~M~~~(OM~)/(C~M~~)]PF~ (124) 
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Review articles on the synthesis, structures and chemical properties of 

Group VIII arene complexes (ref. 397), catalytic hydrogenation of aromatic 

hydrocarbons (ref. 398), arene transition metal chemistry (ref. 399) and 

iridium compounds in Catalysis (ref. 400) contain information on the cobalt 

triad. 

The X-ray photoelectron spectra of the bia(fulvalene)dicobalt complexes 

Co2(CIoH8)2 and [CO~(C,~H~)~~PF~ have been reported (ref. 401). 

Metalla-borane and -carbaborane compounds 

The reactions of cobaltocene with dihalomethyl- and dihalophcnylboranes to 

give cobalt complexes of 1-methylborinate and 1-phenylborinate ions have been 

extended to other alkyl- and aryldihaloboranes e.g. equations (125) - (129). 

The complex Co(c5H6BMea)Cp is stable towards heat and oxidation and no 

CoCp2 + PhCB2BBr2 -) Co(C5H5BCH2Ph)Cp (125) 

Co(C5H5BCR2Ph)Cp + PhCH2BBr2 Co(C5H5BCH2Ph)2 
COCP2 ) 

(126) 

c0cp2 + MesBC12 + [Co(C5H5BMe~)~:p1Cl (127) 

[Co(C5H5BMes)CpJC1 
COCP2 

f c0(c5H5BMes)Cp 
FeC13.GH20 

(128) 

[Co(C5H5BMes)Cp]Cl + R- 4 Co(~5lI~BMes)Cp (Mao = mesltyl) (129) 

decomposition was observed upon exposing it to air for two days. The reaction 

of CoCp2 with C6F5BC12 gave only decomposition products and the desired 

boranaphthalene anion Complexes were not formed upon treatment of bia(indenyl)- 

cobalt with PhRC12 or MeBCl . These reactions gave the bis(lndcnyl)cobalt- 

icenium cation and decompos?tion products (ref. 345). 
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The.complex Co(Me28mEI)Cp undergoes acetylation with MeCOCl/AlCl3 

to give the ring-opened complex Co(CH2=CHSiMe2CH=CHCOMe)Cp (ref. 376). 

lthe chemistry of-metal-boron cage and cluster complexes continues to attract 

much interest and a review of metal sandwich complexes of cyclic planar and 

pyramidal ligands containting boron has been published (ref. 402). 

An extensive series of air-stable crystalline cobaltaboranes are known to be 

formed from the reaction of CoC12, B5H8- and Cp- in cold THF. X-ray structure 

determinations on several of these complexes have been previously published and 

the crystal structure of the violet six-vertex complex 1,2-Cp2C02B4H6 has now 

been reported. The structure consists of an octahedral Co2B4 cage with the 

cobalt atoms occupying adjacent vertices and each cobalt atom coordinated to a 

cyclopentadienyl ring. Two crystallographic equivalent hydrogen atoms occupy 

face-bridging positions over the centres of the two Co2B triangular faces (ref. 

403). The crystal structure of the metallaboron cage complex Cp4Co4B4H4 has 

also been reported. The Co4B4 cluster has only 16 skeletal electrons instead 

of the expected 18 which would normally be expected for an eight-vertex close 

polyhedron (ref. 404). 

The direct reaction of pentaborane(9) with Co(CO)2Cp affords 1-CpCoB 
5% 

and 

2-CpCoBgH,3. The sandwich complex l-CpCoB5Hg is isolectronic with ferrocene 

and exhibits a dynamic bebaviour which suggests that it is a structural analogue 

of hexaborane(l0) (ref. 405). 

Eeprotonztion of the nido complex 1,2,3-CpCoC2Bfi and exposure of the 

resulting anion to air results in an oxidative fusion reaction to generate a 

series of metallacarboranes, equation (130). However, when the C,C'-aimetbyl 

0EX- 
CpCoC2B3H7 + C,CoC2B3H6- 

0Eit- 

c~2C02C4B6E~0 + C~coc~B$,, + 1 ,7,2,3-Cp2C02C2Bfi 

(3 - isomers) 

(130) 

complex l,2,3-CpCoMe2C2B3H,3 is treated in a similar fashion the only tetracarbon 

metallacarborane formed is a single isomer of Cp2C02Me4C4B6H6. X-ray studies 

she- that the structure of this isomer consists of two pentagonal-pyramidal _.- 

cpcoMe2c2B3H3 
units which are partially fused together along their C B faces. 

-2 3 
The structure resembles a severely distorted icosahedron with a large opening- 

on one side (ref. 406). 

The reaction of 11ekC4BsHs with CONCH, equation (131), pro&& some:new 

nido-metallacarboranes containing four skeletal carbon atoms. The same CoC$BT 
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Co(CO)2Cp + Me4C4B8H8 

uv 

CpCoMe4C4B6Hs + CpCoMe4C4B_,? (131) 

isomsr I (6%) 

isomer II (6%) 
isomer I (1%) 

isomer ie obtained from the close , nido-(Me2C2B4H4)Co(Me C B B )' ion by 
2235 

oxidative fusion of the ligands followed by reaction with CoC12, N&p nnd 

dioxygen and a second CoC4B7 isomer can be obtained from the dianion Me4C4B8HS2-, 

equation (132). A third isomer can be obtained on rearrangement of CpCoMe C B 
4 4 7K7 

Me4C4B8H8 
2- 

1 

(i) CoC12 + NaCp 

(ii) HCl 
\ 

CpCoMe4C4B8H8 + CpCoMe4C4B7% + CpCo(C5H4)+ Me4C4B8Hg- 

Isomer II 

(132) 

(isomer I) at 140°C (ref. 407). The structure of the 12-vertex arachno carborane 

CpCo(C H )+ Me C B H -, 
54 4488 

equation (132) an annlogue of B,2H,2 
6- 

2nd C2N,0H,2 
4- , 

has been determined (ref. 408). The thermal reaction of Co(CC12Cp rrith a 

mixture of (2.,4-C B H ) isomers affords a number of multimetal complexes 2562 
including six complexes Of formula Cp Co B H 

2 2 IO 12' 
They consis'. of a 1,8,5,6- 

Cp2C02C2B5H6-fragment bound to an unmetalated C2B5H6-cage, the rompdunds 

differing in the points Of attachment of the two cages. Several isomers of the 

complexes Me2c2B4H5-Me2c23 4 H CoCp and the coupled metallacarbc.rane 4,5'-(Me2C2 

B4H3CoCp)2 have also bean deaoribed (ref. 409). 

il-atom molecule CpCoBgHgCNMe3 is formed upon reaction of BgH,,CNMe_ 
> 

with NaH followed by treatment with NaCp and CoC12. The complex is fluxional 

at +70°C and thermal degradation gives B H CNMe 
99 

3 (ref. 410). 

The reaction of the anion Me4C2B2SMn(CO)3- with CoC12 afforle the 43 valence 

electron, psramgnetic, triple decker complex (C0)3MnMe4C2BLScoMe4C2B2SMn(CO)3. 

The tetra-decker sandwich complex Me4C2B2SCoMe4C2B2SF'eMe4C2B2SCoMe4C2B2S 1s 

formed by the &ion of NaCp on Me4C2B2SCoMo4C2B2SCoMe4C2B2S followed by 

addition of Fw212 (ref. 411). 
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mCZBgHlo 
and Its carbonyl dcrlvatlve 3-PPh3-3-CO-4-C5H5N-3,1,2-iUC2BgH,0, which 

are catalysts for the hydroformylation reaction, have been determined (ref. 417). 

The electrochemical reduction of Rh(C2BgH,,)2- has been studied (ref. 343) 

and it has nlso been found that the reduction mechanisms of CoCp,+, CpCoC2B9H,, L 
and CpCoC2B9H8Br3 in the presence of added acids are similar, prctonation 

occurring at the cyclopentadienyl ligand rather than at the dicarbollide to give 

C5H6CoC2B9H1 1 - and C5116CoC2B9H8Br3 - (ref. 344). The electrochemistry of 

l//,2,3-CP2C02C2B3H5, (128),1,7,2,4-C~~Co~C~B3H5, (129)r 1 ,2,3-CpCoC2B4H6, (130), 

and 1,2, 4-CpCoC2B4H6, (131) have been examined (ref. 416). 

(128) 

= BH 

(130) (1311 

Hydrogen-deutsrium exchange of the dlcarbollyl hydrogeris ~11 cycloperltadieWl- 

3-1,2-dicarbollyloobalt has bean found to be 100 times faster than that of the 

cyclopentadienyl hydrogen8 (ref. 419) and 
59 Co NQR spectrr of derivatives of 

th-is system have been reported (ref. 420). The reactlcn Cf cyclopentadleoyl- 

3-112-dicarbollylcobalt with T~(OCOCF~)~ gives C-(trifluorOacetyoxy)-CYCloPerbta- 

disnyl-3-1,2_dioarbollylcobalt and 8-(hydroxy)-oyclopentadleny;-3-1,2-dioarbolly 

cobalt (ref. 421). 
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