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GENERAL 

The plenary lectures of the 14th International Conference 

on Coordination Chemistry have been published. Topics of 

of interest to organometallic chemists include the synthesis 

and properties of transition metal to carbon bonds (1), vitamin i3,2 

and model compounds, and reductive cleavage of the cobalt-carbon 

bond (2), and reactions of carbon dioxide with transition metal 

compounds (3). The papers presented at the 6th International 

Conference on Organometallic Chemistry have been listed, with 

authors' affiliations (4). Procedures have been given for the 

preparation of cyclic diolefin complexes of palladium and platinum; 

of species X3SiCo(CO)4 (X = Cl, CH3, F); triallylchromium and 

diallylnidkel; metal-metal bonded species including Ru3(C0),2, 

0s3(CO),2 and IIZ~(CO>~~; and phosphine and phosphite complexes of 

low valent metals (5); end of KPtC13C2H4, (RhCl(cyclc-octene)2),,, 

and (IrCl(cyclo-octene)2)n (6). A book about inorganic thermo- 

dynamics includes a chapter on organometallic compounds (7). 

REVIEWS (See also under individual sections) 

Reviews have appeared on organometallic electro-chemistry (9) 

and radiochemistry (9); on thermodynamic data for olefin and acetylene 

complexes of transition metals (10); transition metal hydrides (ll), 

and dinitrogen complexes (12), and dioxygen complexes of Group VIII 

metals (13); on spectroscopic studies of metal-phosphorus bonding 

in complexes (14) and stereo-chemical studies of metal carbonyl 

triphenylphosphine derivatives (15); and on silicon-bonded and 

silicon-carbon-bonded transitionmetal complexes (16); while trans- 

ition metal carbene complexss have been reviewed more than once 

(17, la). Other classes of transition metal complex reviewed by 



type of ligand include isocyanide complexes 

carbon-cyanide and nitrogen-cyanide ligands 
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(19), complexes of 

(20), 'new organic 

ligands' (trimethylenemethane, tetramethyleneyethane, pentadienyl 

and benzyl) (21), and complexes of chelating group V-olefin ligands 

(22). Organic compounds of cobalt (III) have been reviewed twice 

(23, 24), and reviews have appeared on the Co3C cluster (25), on 

mixed valence ferrocene chemistry (26), on the reactions of 

cobaltocene and nickelocene (27), and on organo-platinum chemistry, 

with emphasis on metal-induced carbonium ions (28). Several 

reviews have concentrated on specific types of reaction such as 

insertion of carbon monoxide into transition metal-carbon bonds {29), 

olefin oxidation and related reactions with Group VIII noble metal 

compounds (30),7t-ligand transfer reactions (31), the synthesis of 

heterocycles via transition metal intermediates (32), conjugated 

additions of organocopper reagents (33), and the formation of carbon- 

carboh bonds via nickelrr-allyls (34). Other topics reviewed include 

binuclear compounds in which transition metals are linked through a 

common unsaturated ligand (35), and 7-membsrsd conjugated cyclic 

compounds (including a section on m&ala-complexes) (36). _ A 

general review of stability, reactivity, and orbital correlation6 in 

organo-transition metal complexes has appeared (37), and a literature 

guide has been updated to 1971 (38). 

THEORETICAL STUOIES 

SCCC-II0 calculations have appeared on species C6H6Cr(C0)3_n(N2)n 

and CSHS~n(CO)3_n(N2)n= Carbon monoxide is always a better tr-acceptor 
_. 

than is dinitrogen, but in the species for which n=l, N2 is a better 

overall (a+-~) donor than is CO (39). Similar calculation& have 

been carried out on h3~C3H5)Co(CO)3 and on h5(C5H,-)Co(C0)20 The 

Plulliken metal-carbon bond population is higher in the latter compound, 
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for two re&ons; CSHS is a net donor to the metal while C3HS is a net 

acceptor and orbital overlap geometry is also more favourable. This 

is consistent with the observed higher metal-carbon and lower carbon- 

oxygen stretching frequencies (40). The electric dipole moment matrix 

has been calculated, using a multi-exponent basis set, for benzene- 

chromium tricarbonyl. Three-centre integrals must be taken into 

account, since their omission leads to a reversed, and presumably 

incorrect_, sign (41). Closed shell SCF-RO CNDO cslculations have been 

carried out for complexes of Ag(I) and olefins. Plethylation of the 

double bond is calculated to increase the ligand-metal bond energy. 

The largest single bonding interaction is calculated to be that between 

the olefin r-orbital and the vacant Sdorbital on silver, and the forward 

donation de-:ribed by this interaction does more to reduce the carbon- 

carbon x-bond order than does back-bonding (42). Two studies have 

used an LCAO-SCF-MO Gaussian basis treatment to explore the consequences 

of excitation and ionisation in transition metal complexes. In the 

former, it is found from studies on Ni(CO)4+ that Koopman's approxima- 

tion gives the correct ordering for the ionisation potentials of Ni(C0)4. 

The extension of one-electron energy levels to excited states does, 

however, lead to error in other situations. Thus in Ni(CN)4 
2- 

, one- 

* 
electron energy dieferances are smallest for fc+n transitions, but 

d-d transitions nonetheless occur at lower energy; however, one- 

electron energies do appear to give the correct order for the possible 

d-d transitions. The failure of the simple model is attributed to 

the effects of Coulomb and exchange integrals, and the changes in these 

on excitation (43). Relatedly, calculations on the cation Ni(C3H5)2+ 

compared with Ni(C H ) show severe breakdown of Koopmans' assumptions, 
352 

thus explaining differences between the observed ordering of ionisation 

potentials and those inferred from calculations on the neutral species 
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alone (44). Calculations-have been performed on a range of iron corn- 

pounds including Fe(C0)5 in order to interpret their Mossbauer spectra- 

scopic parameters. Isomer shift relates satisfactorily to calculated 

electron density at the iron nucleus, which is sensitive both to the 

Fe 4s population and to overlap e??acts on ths normalisation of the Fe 

3s orbital (45). The ligand Pield treatment has been given of the 

configurations d 
I 
, d2 and d3 in strong axially symmetrical fields, 

including the affect of spin-orbit coupling, and the results applied 

to available data on visible esr spectra and magnetic properties of 

sandwich complexes 

IONISATION STUDIES 

Major routes 

dihalides are loss 

(45). 

AND PlASS SPECTRA 

in-the mass spectroscopic fragmentation of titanocene 

of halogen to give (C,H,),TiX+, which in turn loses 

C5H5 either directly or after further halogen loss, and loss of C5H5 

followed by acetylene and halogen to give in turn CSHSTiXg+, CSH3TiXZ+, 

+ 
and C3H3TLX . Species C5H5TiX3 show'similar‘routes, and also formation 

of C5H5+ (1 oss of TiX3) and TiX2* (loss of CSHSX) from the parent ion. 

HX loss occurs in the spectrum CH3C5H4TiX3, indicating presumably for- 

mation of e fulvene complex (47). The spectrum of silacyclopontadiene 

cyclopentadienylcobalt,I, shows a strong peak for loss of CH3p and no 

lower peaks: Presumably (p - 15)+ corresponds to the silacobalticenium 

ion (48). The fragmentation of cycle-octatetraene derivatives is 

modi?ied in their tricarbonyliron derivatives. Thus cRH7dH20CH3 
•t 

shous 

y, cleavage to give C8H7C~20CH2+ and ZH20CH3+t but CsHiCH20CH3Fe+ shows 

loss of CH20. This is thought to be a ;IlcLa??erty rearrangement of what 

may now be regarded on a neutral, even-electron species complexed to 

Fe+ (49). Free radical loss from cyclopentadienes complexed to iron 

in the mass spectra-of species [II, n = 2, m = Fe@@5 j is con?ined~ 
. _ 
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(I) 

m 

(If) 

(R = H,Ph) 

to the exo substituent; this appears to be a general characteristic of 

species of type (II) (50). 

The ionisation potentials of arenechromium tricarbonyl complexes 

correlate well with the CO stretching parameter, and with the parameter . 

of the substituent. The same is true for the energy required to 

remove one or two CO groups from the parsnt ion, but the corrslaticnfor 

loss of the third CO is less good (51). In fle3SiTln(CO)S and species 

Ne3SiMn(CO)S_x(PF3)x (x = 0 - 3), loss of methyl competes with loss of 

CO and of PF3. The ionisation potentials are higher than expected from 

the propertiss of the Me3Si radical, presumably because of %-bonding. 

The metal-hydrogen bond in HMn(CO)S is very weak (Cl = 30 2 50 k3 

potential studies on the species Me3MMn(CO)S 

-1 
In01 ) 

(521. Appearance 

(fl = Si, 
-1 

Ce, Sn) lead in each case to'approximate values of 250 k3 mol 

for dissociation o? the MRn bond. Approximate force constant calcula- 

tions suggest, however, that the manganese-silicon bond has a higher 

force constant than that between manganese and germanium (53). 

Positive and negative ions have been observed in the spectra of 

the bis (cyclopentadienyl) complexes of iron, cobalt, nickel and 

magnesium. 
-_ 

The anion CSHS is formed at low electron energies in all 
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cases, the cross-section for capture of an electron increasing from 

iron and cobalt through magnesium ‘to nickel; The transition metal 

complexes show compound negative ion resonances below 

the high-pressure (around 0.01 Torr) mass spettrum of 

reactions 

Fe+ + C1,,HIOFe -Fe + 
ClOHlGFe' 

t 
C5H5Fs f 

CluHIOFe + C15Hl5Fs2* 

1 eV (54). In 

ferrocene, 

CSHSFe+ + %oH1oFe 
-_, C5H5Fe + CIOHIOFe+ 

has besn observed and reaction rates inferred (55). Ion-molecule 

lfsactions are shown by C5H5NiNO+ in the presence of donors; ions 

C5H5NiL+ are observed and cyclohexene gives C5H5NiC S 1*+ H (55). 

The photoelectron (Hef) spectra of (tsm)4Cr, (tsm)4Sn, (tsm)4Pb 

and tsmCS, and of (np)4Cr (tsm = trimethylsilylmethyl, np = neopentyl) 

have been given. Bands at binding energies of 7.25 and 7.26 eV in 

(tsm) 
4 
Cr and (np) 

4 
Cr are attributed to the chromium d electrons, while 

a band between 8.4 and 8.7 eV, split by spin-orbit coupling in the lead 

compound, and absent in tsmC1, is attributed to the tsm-metal bonding 

electrons. Thus the carbon-metal a-bond in (tsm)4Cr appears perfectly 

normal (57). The HeI, He11 and valence region X-ray photo-electron 

spectra of the Group VI hexacarbonyls have been assigned (58) using 

earlier MO calculations (53). Orbitals in order of increasing 

binding energy are 'metalx d-orbital, CO 1% and SC levels, CO 46 , 

and at 35.5 eV CO 3~ (oxygen lone paid). This last is calculated 

to lie at 43 eV, but the ionisation energy is possibly lowered by 

large relaxation effects. The He1 spectra of H3SiM and H3GeM 

(M = Mn(CO)S, Re(CO)S, Co(CO),) have been reported, along with those 

of Me3SiMn(CO)5, HRe(CO)5 and HCo(C0)4. In no case are bands due 

Referencesp.394 
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-to the electrons of the metal-metal a=bond resolved. The binding 

energies of the d-electrons increases from methyl to germyl to silyl 

derivative, but this is as true for the b2 level in octahedral complexes 

as for.the a level, and the trend is therefore due to overall charge 

balance rather than to specific d - d back-bonding (60). The 9a, 

(~-MI-+X) electrons in -psntacarbonylmangenese halides, and in cis-Mn(C0)4 

(CNMs)Br, have been resolved and are located as predicted betwaen 8e 

(mainly X px) and 7e (mainly d(xz yz)), with 2b2 d(xy), at higher 

binding energy. The relative attributions of 8e and 7s are confirmed 

by a spin orbit splitting of 0.30 eW in the first ionisation potential 

of Mn(C0)51, and a splitting of the third ionisation when CO is 

replaced by MeNC (61). 

Core shifts have been reported from the XPE spectra of 

Cr(C0)5, Fe(CO)5, H3CMn(CO)5, HMn(C0)5, Mn(C0)5X (X = Br, I, CF3) 

cH,C,H,fln(cO),r and Re(CO)$l, and compared with the results of 

calculations. The agreement is not good, suggesting that (if the 

calculations are adequate for this purpose) the core shifts are 

powerfully influenced by relaxation. The effects of changing the 

nature of X in XRn(C0) are small, and less than calculated, and 
5 

axial and equatorial carbonyl groups are not separatsly resolved (62). 

The XPE spectra of metallocenes (the metals varying from 

vanadium to nickel) all show C Is at lowar binding energy than in free 

benzene. Multiplet splitting is observable in the metal 3s ionisation 

for the complexes of vanadium, chromium and menganese, and is explained 

in terms of spins partly but not entirely delocalised onto the rings 

(63). The Fe 2p binding energies increase along the series ferrocene, 

dibenzoylferrocene, ((C5H5FeC5H4)2CH)'8F4- (one signal only), 

(C5H5)2Fe+gF4- (64). In the carbon 1s region each of the species 

(C6H612Cr, (C6H6)2CrC, C6H6CrC5H5s (C5H5) (C7H7)Cr and (C,H,)(C7H7kr+ 
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gives only a single line, showing the real charges on the rings-are 

the same within l/3-electrons. Unlike the C Is-signal, the‘chromium 

core signals are sensitive to overall charge on the complex; The 

value found even in the neutral species corresponds to real positive - 

charge on chromium, and the (C6H6)(C5H5)Cr signal is in the same range 

as that of the other neutral species , despite the formal presence of 

Cr(1) (65). Shake-up satellites have been reported in the spectra 

of (C6H6)*Cr, C6H6Cr(CO)3 and Cr(C0)6, and attempts made to identify 

the promotion procusses involved by comparison with electronic spectra 

(66). The Sn 3d binding energies in complexes of type (t-Bu)9Sn(B)(m) 

(m = Fe(C0)4, 0 = omso, pyridine; m = Cr(CO)S, 0 = DMSO, pyridine, 

THF) are in the Sn(IU) region, consistent with a tin-transition metal 

ylid-like double bond; the tin Mossbauer spectrum is also consistent 

with this (67). 

When methylene amino complexes, CSHSMO(CCI)~NCR~~ are compared 

with the related aza-allene species CSHSMo(CO),(R,CNCR,), the latter 

show e higher binding energy for the nitrogen core electrons, while 

those on molybdenum are higher in the former series. Isomerism in 

the mode of aza-allene to metal bonding leads merely to unresolved 

broadening, but there is a sood correlation overall between molybdenum 

core binding energy and CO frequency (66). In the complex CSHSNn(C0)2N2, 

the nitrogen core binding energies are observed at 403.0.and 401.8, 

_ 
._ 

while that in CSHSMn(CO)2NH3 is at 403.1, although free ammonia gives 

a lower value than does free dinitroqen. The difference between the 

two atoms of coordinated dinitrogen is almost twice that in the corres- 

pending hydrazine-complex. These facts can be understood if Np is a _ 

poorer net donor than NH3, and if T-bonding (expressible as a con- 

tribution from such formulations as q5H5mn(C0)2=N+=N-) concentrates 

charge on the nitrogen atom further from the metal (69).' In ’ ~- 
_. 
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~(Ph,P),Ir(CO)Cl.T~NE, the iridium binding energies place it in the Ir 

(III) rather-than Ir(I) range. Addition of acetonitrile lowers the 

core binding energy at Ir, but does not alter the Mossbauer-spectrum; 

this result can be understood if acetonitrile acts as a n-acceptor as 

well as a a-donor (70). Ethylene, however, does not shift the nickel 

signal from the Ni(0) to Ni(I1) region in C2H4Ni(P(OCSH4CH3)3)2, 

despite the long carbon-carbon bond (71). 

ELECTRONIC SPECTRA 

The electronic spectra of species of type N(CO>S and M(CO)SL 

(Fl= Cr, Plo, W) have been discussed using a simplified molecular orbital 

diagram, assigning the lowest energy observed band as d - d in origin, 

and making some rather far-fetched assumptions about the energies of 

the orbital9 involved. However, the principal conclusion, that the 

frsquency of the lowest observed band increases with n-gcceptor 

character of L (72), is reasonable enough. The spectra have been 

examined of a number of species of type (NN)Mo(C0)4, when (NN) is a 

bidentate ligand attached to molybdenum through two sp2-hybridised 

nitrogens. When the two nitrogens are part of the same conjugated 

system of the free ligand, the M(d) i (NN) (n*) charge transfer occurs 

in-the visible region, but shifts to the ultra-violet if the conjugation 

is broken; thus coordination through metal does not of itself provide 

a conjugated pathway (73). The UV spectra of silver(I) complexes of 

benzene, toluene and xylene show bands at 260 and 230 nm. The former 

is essentially a forbidden transition of the aromatic ring, made 

allowed by coordination to metal, Iwhile the latter is a charge transfer 

band (70). Trends in the electronic spectra of species CSHSNi(PPh3)X 

fit the accepted spectrochsmical series for X, but 31P nmr shifts fit 

no such simple pattern (75). Absorption and magnetic circular dichroism 

spectra of (C,H,)2FefBFS- have been recorded at 290' and g°K, and the 
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asr spectrum at 20°K. The ground state is assigned as E"' (2Eg) 

(a 
2 

lg s2g 3, 
, mixed with Eti (2Eg) by a low-symmetry perturbation, and 

the assignment of the 16,200 cm-1 band as L(elu) + M(e2g) charge 

transfer is strongly confirmed (76). The-visible spectrum of species 

(C,H7Rj2U shifts to longer wavelength where R is electron-releasing, 

and is accordingly assigned as L * M charge transfer (77,78). The 

substituents have little effect, howaver, on the Mossbauer spectrum and 

magnetic properties (78). 

PHOTOCHEMISTRY AND PHOTOLYSIS 

The complex CSHSNnC7HS(C7HS = cycloheptatriene), otherwise 

accessible only with difficulty, can be prepared photochemically from 

CSHSMn(C0)3 and C7HS (79). A more surprising total decarbonylation 

is tnat of Cr(G0)6 in pentane at room temperature, in the presence of 

excess NO, to give Cr(N0)4 (SO). Reactions between metal carbonyls 

and NO have also been investigated in argon matrices, as have the 

photochsmistry of carbonyls and nitrosyls in matrices rich in CO. 

this way, as 

converted to 

to give more 

by CO matrix 

technique is 

and its new analogue Os(C0)2(N0)2 have been prepared in 

have CO(CO)~NO and Fln(CO)(NO)3. Co(C0)3NO is photo- 

trigonal COG in a CO matrix, while Nn(CO)(NO), seems 

than one product (81). Co(CO)& had earlier been prepared 

photolysis of Co2(CO)S (82); the advantage of this 

that it suppresses the simple loss of CO that is otherwise 

dominant. In an argon matrix, Fe(CO)S is photolysed to a species 

Fe(C0)4. This process is readily photoreversed, even while an infra- 

red spectrum is being run, by the red light from an unfiltered Nernst 

glower (83). The first observable process in the flash photolysis of 

Cr(Cu)6 in cyclohexane at room temperature is assigned as CO loss, 

and the absorption maximum of 503 nm for the new species confirms its 

Referencesp.394 
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formulation as Cr(CO)k; this‘ species is, however, rapidly destroyed 

by unidentified impurities (84); Vacuum UV photolysis of Ni(CO)4, 

Cr(CO), and probably Fe(CO)R in-low temperature matrices gives charge 

separated species l?(CO):_, -and CO+ (EE)-. 

Photolysis of Plo(CO)HPCxg (Cx = cyclohexyl) in hydrocarbon 

glass gives two sPecfes,‘assigned as Mo(CO)~(PCX~) (cis-vacancy) and 

Mo(C0)4(PCx3)(trans-vacancy) on the basis of their ir spectra and 

analogy with Mo(CO)R. The trans-vacancy isomer is slightly more 

thermally stable, but is photochemically converted to the cis isomer 

(86). Photolysis of the cyclobutadiene complex C4H4Fe(CO)3 in 

an argon matrix gives only C H 
44 

Fe(CO)* and CO as detectable fragments, 

with no loss of cyclobutadiene (87). This is hardly surprising; 

Fe(CO)3(P(4-CsH4”H3)3)2 and trans-W(C0)4(P(i-Pr)3)2 both show 

CO loss but no phosphine ligand loss on irradiation in hydrocarbon 

glass, but photoinduced replacement of one phosphine by added CO 

in mobile solution at room temperature, and it may simply be that 

heavier fragments are being discarded but are unable to escape in. 

a rigid matrjx and recombine (RR). There is infrared evidence 

for the formation of an ion pair 

of CRH9NiNO in argon (89). 

Photolysis 0.f fln2(CO)lo in 

C5H5Ni+ NO-. from the photolysis 

tetrahydrofuran solution gives an 

esr signal, attributed to Mn(CG), radicals (90). Photolysis of > 

Re2(COj10 in carbon tetrachloride gives Re(CO)RCl. The quantum yield 

and stoicheiometry indicates that the first step is formation of Re(CO)9 

radicals, wh.ich then abstract chlorine from solvent (91). The system 

mnp(CO)10 -_C2F4 is an efficient photoinitiator of polymerisation; this 

property is attributed to the stability of g--bonds between manganese _ : 

and fluorocarbons, as.in the suggested active species (ClC),Nn..CF,CF,' (92). 

Photolysis of vinylgermanium derivatives me2Ge(C2H3)mC0 did not lead to 
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‘Me GeYrn\ 
2 \/O 

m 

germa-ally1 complexes, but to a range of other products, such as 

Mn2(CO)10 (mC0 = mn(CO),), III (m = C5H5Fe(CO)), and both @,H,mo(CO),), 

and the novel species (C~H,$~O(CO)~)~ (mC0 = C5H5flo(C0)3)_(93). Photo- 

lysis of MepGe(mCO)2 gives species of type III for mC0 = C5H5Fe(C0)2, 

CO(CO)@ but the compound me2Gemn2(CO)g does not appear to be pre- 

dominantly CO-bridged. Photolysis of species MegGeCl.mCO (mCO=lk(C0)5, 

co(CO)4, C5H5Cr(C0)3, C5H5mo(C0)3S C5H5Fe(C0)2) proceeds with overall 

loss of CO and Cl to give the bis-germylene-bridged product IV (94). 

Photodecarbonylation of the acetyl complex Va gives, stereospecifically, 

the product Vb. Presumably_this occurs via decarbonylation of. the 

metal and methyl migration (95), since photodecarbonylation of 

C5H5Fe(CO)2 13COCH3 gives C,H,Fe(CO)(13CO)CH3 (96). Photolysis of 

c5H5fe(C0)2C1 in OMSO gives.(C5H5)2Fe2(CO)4 ;C5H6 and free chloride 

ion are also generated. Photolysis of IZ~H,$JO(CO)~C~, on the other 

hand, leads to (C5H5k(C0)2C~)2 and the tungsten analogue behaves 

similarly (97). Loss of phosphine and phosphite ligands has also 

Me &/mk&34e 

2\/2 
m 

Ph Me 

Ph3P-&e-Y 

I 
um X 

!a) >(= CO;Y=COCH3 

(bf X = CH~:Y = CO 

Referencesp. 394 



$emonst&ted, since C5H5Fe(CO)P(OPh)gBr and C5H5Mo(CD)2LCl 

PcIJph& -‘h3, PCx3j give (IZ~H~)~FS~(CO)~ and (C~H$~~O(CO)~C~)~ 

f~%TCTC~sCarbDXy~at8, I%. l=oEt. The active species is presumably 

_not that formed from farrocena, since the product in the pressnce of 

azulene is-ethyl 1-aztJl8n8carboxylat8 (99). 

Organocabalt(III) c5mplexes 5f tha type 

(~00111 (NH,)~ - 0rg (-4 -3 Cu(I)), in which the organic group i8 

unsatusatsd and acts as a ligand to Cu(I), aS8 unstable with raspect 

to internal electron transfer, but the reaction is slow in the dark. 

Howaver, irradiation either in the cobalt d-d or in the copper-ligand 

charge transfer regio;l causes photoacceleration (100). Oxygen 

photoinssrtion into the cobalt-carbon bands of alkylcobaloximas is 

accelerated by the coordination of a weakly basic ligand to the initial 

cobalt complex, OS by organic groups which readily form fr88 radicals 

(101). Light greatly enhances the activity of RhH(CO)(PPh3)3 and 

of IrCl(cO)(PPh3)2 as isomerisation catalysts towards l-hspt8n8 but 

do88 not alter the final cis-trans ratio. A detailed electronic -- 

mechanism is proposed (UG!), but the seviewsr would be reluctant 

t0 eXClUd8 

suggestion 

conjugated 

occur most 

activation by simple ligand loss. ff818Vant to this 

is the Cr(C0)6 - photoassisted l,4-hydrogenation of 

dienes. Competition 8xp8riments'show the reaction to 

readily for dienes that can adopt the S-cis conformation 
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VI, and the process is a true photocatalysis, proceeding in-the dark 

after photoinitiation (103). 

MATRIX ISOLATION (See also Photochemistry and Photolysis, 

J-,,& am+& 

The use of transition metal atoms in inorganic synthesis in 

matriceshas been reviewed (104). Co-condensation OP titanium atoms 

(or molybdenum atoms) and benzene gives species (C6H6)2m (m = Ti, mo), 

The titanium compound is diamagnetic , gives a proton nmr singlet, 

and has an infrared spectrum related to that of the vanadium and 

chromium analoques (105). Co-condensation of arenes with chromium 

atoms may also be used to prepare normally inaccessible species 

(arene)*Cr in which the arenes are chlorinated or fluorinated. 

Chromium atoms trimerise acetylene to benzene, isomerise 1-butene 

to a mixture of P-butenes, react with cyclopentadiene to give 

(C5H5)2Cr, and complex to butadiene and to propene (106). The same 

route has also been used to incorporate cumene and m-di-isopropyl- 

benzene in bis(arene) chromium complexes. In the presence of PF3, 

condensation of chromium or iron atoms with benzene gives species 

C6H6Cr(PF3)3 and C6H6Fs(PF3)2. manganese atoms with NO and PF3 

give mn(N0)3pF3 (note: exposure of metal atoms to NO is HAZARDOUS) 

(107). Deposition of palladium atoms in an excess of C6F5Sr gives 

a polymeric materiel (Br.Pd.C6F3)n (1OB). 

Co-condensation of neodymium or yttrium with carbon monoxide in argon 

gives rise to a range of carbonyl complexes. In the case of neodymium, 

analysis oP the CO stretching bands of samples and ths affects af 

annealing lends to the assignments of many bands to carbonyls of high 

symmetry, up to and including octahedral Nd(CO)6 (109). The species 

PdCO, Pd(CO)2 (linear), Pd(CO)3 (trigonal planar) and Pd(C0)4 (tetrahedral) 
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reduces the intensity of~fhese bands , probably by the'formafionof 

locar pccBets cf *%qGMl sjj,mmstry or by mi&atio-S of ~Fe(iZ0j5 to- -’ 

sites less distorted from D & (119). The spectrums of Ni(CO)4 iti argon 
7 

has been &tidied under high resolution. The 422-cmSi sir band shows 

structure corresponding to the isomer distribution of nickel, thus 

confirming the assignment of this-band as principally a metal-carbon 

bond, while the NiCO band at 459 cm -I is structureless (120); The 

ir and Raman spectra of Co(CO),NO have been fully investigated using 

isotopically labelled CO and NO. A force field was fixed by con- 

straining some interaction constants to take the same value as in Ni(C0)4- 

Cornoared with Ni(COj4, the metal-carbon free constantis greater, as 

is the value of the llC,CO inte&ction~constant, while the CO force 

constant is less: All these results indicate more metal-CO n'-bonding 

in the cobalt compound. The MN,NO interaction constant is very small, 

a result that indicates competition between d and 15 interaction effects 

(121). 
. 

A full' treatment has appeared (122) of the vibrational spectrum 

of Tln(CD)$r, slightly-modifying earlier preliminary result& (123). 

The energy factored carbonyl stretching field for octahedral species 

cis-M(C0)4L2 contains five parameters to be fixed from four frequencias. 

An iterative procedure has been described that apparently solves this 

impossible task, presumable~by converging on one within the fairly small 

range or possible solutions, and a new recipe proposed f.br disentangling _ 

e - and ?r-influences of ligand (124). Absolute intensities have been 

determined for all the ir-active bands of the Group VI hexacarbonyls, 

Dipole moment derivatives have been found , and interpreted in terms of 

a SE&. or" *eWsctive chargesI on the various atoms; unfortunately, the 

results are ambiguous sincethe relative phases of the various oscilla- 

t<ons are not known (IWj. The treatment has been further extended 



A mouing charge 
.- 

positive charge on carbon and negative charges 

cases (126). The ir intensities of a range of 

dipole model places 

on the metal in all these 

complexes'of the type 

cis-W(CO)4L2 have been measured, using analytic functions to deconvolute 

overlapping bands. The results are then further analysed in terms of 
.- 

the force field of ref. (124); the conclusion, which can only be as 

trustworthy as that analysis, is that orbital following in the N-L bonds 

is required to-explain otherwise anomalously high intensities in the 

highest frequency band (127). 

The spectra of the anions ((OC),fln-N(CO)5)- (N = Cr, No, W) 

have been analysed in some detail but ignoring interactions ecross the 

metal-metal bond. The metal-metal force constant increases from Nn-Cr- 

to Nn-W- to Mn-Re. If the pseudo-diatomic approximation is to be used- 

this is best done by taking the N(CO)( axial) unit as the pseudo-atom 

(128). The carbonyl region spectra of (OC),Nn-Co(CO), (129), (130) 

and (OC)SRe-Co(C0)4 (129) have been analysed, using the local symmetry 

approximation for each half of the molecule. For the former compound 

at least, it is necessary to go further and consider coupling of local 

al and e modes on different (NCO)n fragments; in particular such 

coupling accounts for the existence of only one very strong ir-aqtive 

E mode (130). The spectrum of TcCO(CO)~ has been reported and 

assigned by analogy (131). The effect of isotopic labelling on 

the spectrum of Co3(cO)4(SNe>, has been investigated. It is 

found that bridge-terminal interactions are-too small for labelling 

of one type of carbonyl to cause any detectable shift in the spectrum 

of the other (132). A range of species of type (arene)Co4(CO)g (VII) 

have been prepared and their infrared spectra analysed.. Since 

bridge-terminal coupling may safely be neglected, the observation of 

two l3 CO bands suffices to-make the problem determinate. The three 

different kinds of interaction parameter linking CO groups on different 

. - 
_- 
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metal atoms are all different and non-negligible (133). The binary 

combination regions of the spectra of species Hg(Co(CO)3L)2 are too 

rich for the selection rules of the Dgd molecular point-group, and 

it seems possible that a proportion of molecules are in a D 
3h 

config- 

uration (or indeed, the reviewer would suggest, an intermediate D3 

configuration) at any one time (134). The infrared spectrum of 

(c,H,flo(CO),), shows the existence of both trans and gauche forms, 

the latter being favoured by polar solvents. A more surprising 

finding is that in acetone at-low temperatures-the two different 

conformere give different nmr signals; the relatively high 

coalescence temperature (3O'C) implies that barriers to rotation 

around crowded metal-metal bonds cannot be presumed negligible (135). 

The complex (NNN)Fe(C0)2.COCH3 (NNN = tri-1-pyrazolylborato) shows 

four terminal metal carbonyl and two acyl carbonyl bands; thus two 

of the possible isomers (VIII a, b, -c) are present in 

including presumably VIIIa which is the form found in 

Interconversion, however, appears fast since there is 

proton nmr signal (136). 

solution, 

the solid. 

only one methyl 

-. 
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13C0 end C ls 0 modes of isotopically labelled CSH@n(C0)3 and related 

species C5H5~~(C0)2L, have been reported. One notable case is that 

of CSHSMn(C0)2CS, in which the CO group, Q may be exchanged but the CS 

group remains attached (137). There is infrared evidence for the 

reversible formation of the species Pt(C0j3PPh3 and Pd(C0)3PPh3 from 

Pt3(CO)3(PPh3)4, Pd,(CO),(PPh3)3 or Pt(C0)2(PPh3)2 at room temperature 

in p-xylene under 350-550 atm. CO: but no evidence for the simple _ 

tetracarbonyls could be obtained (138). A further high-pressure 

equilibrium followed by the same technique is that 

f CO and Rh(C0)3X (139). 

There is evidence, from the number of Y(C0) 

between (Rh(C0)2X)2 

for conformationel. isomerism based on rotation round the 

bond of species CSHSPIn(C0)2SR2; the 13C0 satellites of 

in solution, 

metal-sulphur 

both conformers 

are observed and assigned (140). Rather more surprisingly, species of 

the type ir-C3H4XCo(C0)2PR3 (R = OPh, OPTe, ph; X = H, l-Me, 2-Me, ’ 

2-Cl) show anomalously rich carbonyl spectra, attributed to restricted 
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rotation around the phosphorus-carbon or phoophorus-oxygen bonds (141); 

conformational isomerism around cobalt-ligand bonds does not-explain 

the effects of change of phosphine on the spectra. The intensities 

of the CO stretching modes of the corresponding species ?f-C3H4XCo(C0)3 

have been measured, and used to estimate the CilC angles. These imply 

that-the steric requirements of a n-ally1 group are intermediate 

between those of NO (in~Co(CO),NO) end butadiene (in C4H6Fe(C0)3) (142). 

Carbonyl infrared data for the phosphine sulphide and selenide 

complexes (OC) M.SPPh 
5 3 

and (OC) R.SePPPh 
5 3 

place these ligands in between 

amines and triphenyl-phosphine in net apparent acceptor character (143); 

The ligands CF3PH2 and (CF3)2PH readily replace one or two CO groups 

from Ni(C0)4, and one CO group from Co(C0)3NO; ir data on the products 

show the ligznds to resemble each other, and P(CF3)3, more closely 

than PH3 (144). A most useful extension-of-the carbonyl frequency 

probe method is exemplified by the species C5H5Fe(C0)2CNMX3-(M = El, 

X = H, F, Cl, Br, Me; M = Al, Ga, X = Cl, Me). Here raising of the 

CO frequency ( V2 was chosen) measures the electron pair acceptor 

strength of MX3, giving the orders BH 
3 

( BF 
3 

c BC1 3, BC13 > G3C13 ‘, A1C13, 

and AlMe > -BMo, N GaRs3. It is noteworthy-that BH3 is a poorer 

acceptor-than BF3 but a far better acid, supporting the view that 

BF3 requires a greater distortion energy (145). In species (arene)Cr- 

(C0)2(Raleic anhydride), the CO stretching frequencies, and the stretching- 

parameters derived from them, are higher than in (arene)Cr(CO)3. Both 

metal and anhydride acyl CO frequency are lowered by electron-donating 

substituents an the arene (146). 

Further studies, including Reman depolarisation studies, of the 

vibrational spectra of species X3NCo(CO)4 (X = Cl, Er, I; m-= Si, Ge, Sn) 

lead (147) to the modification of earlier (148, 149) assignments. 

infrared end oriented film 10; temperature Raman spectra of-CjHSCo(CO)3 
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give results in general agreement with earlier assignments (X0), 

.although~some-discrspandies occur below 700 cm -1 (El), The 

isoelectronic species C3H5Fe(C0)2Nu, and its perdeuteriatsd derivative, 

have been examined in-liquid and solid phases, and the spectra assigned 

in the point-group Cs, using single crystal Raman spectra as an aid to 

assignment (152). The spectrum of C5H5Mn(C0)3 has been re-examined 

(153), end the longstanding literature assignment (154) proved incorrect. 

There are too many bands for it to be said that the ring shows five-fold 

symmetry (in contrast to the spectra of (C5H5)2Ru and (C5H5)2Fe, in 

which the selection rules for I& do apply). In particular, the e2 

bands become infrared-active and el and e2 both partly polarised in 

the Raman spectrum, as is possible in C 
S’ 

although the splitting of 

the 'doubly degenerate' bands is not in general resolved. The Nn(CO)3 

fragment can, however, be treated as if of effective C5,, symmetry, and 

the new assignments correlate well with those for the metal carbonyl 

fragment in C6H6Cr(C0)3 (165). The spectrum of C5H5W(C0)3CH3 has 

been reported and assigned (156). The 2)(CO) spectra have been 

examined of copper(I)-zeolite-carbon monoxide complexes. Coordinated 

CO absorbs at 2160 cm 
-1 

, which shifts to 2030 on addition of ammonia. 

This is taken to indicate migration of IX(I) from smaller cages into 

supercages on coordination of ammonia. In the presence of ethylenediamine, 

frequencies at 2090 and 1916 cm 
-1 

occur and are attributed to terminal 

and bridging CO respectively (157). 

The pre-resonance Raman spectra of azide complexes and of 

pentacarbonyls of type W(CO)5L have been studied. Pre-resonance 

enhancement is most marked in the il-N(azide) and m-C(carbony1) regions 

(156). Resonance Raman spectroscopy leads to an 

visible spectrum of the bridged acetylene complex 

The high iron-iron frequency of 284 cm-' supports 

assignment of the 

Fe2(CO)4(t-Ru2C2)2 (IX). 

the formulation of the 
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complex as containing en iron-iron double bond, but irradiating at 52R nm 

produces only pre-resonance enhancement of this frequency. True resonance 

is induced in the 531 cm-lband, which is thought to be due to a metal- 

alkyne stretch. Thus the visible band is assigned as iron to alkyne 

charge transfer, and transitions involving the iron-iron bond are located 

at higher Frequency (159). 

The spectra of species C5H5TiX3, (C5H5)2MX2 (M=Ti, Zr, Hf) (X= Me, Hai) 

have been examined from 600 cm 
-1 

to 50 cm-l; the use of methyl complexes 

eliminates some problems due to band overlap. The metal-ring stretch in 

C5H5TiCZ3 is at 311 cm -1 and the 430 cm 
-1 

band assigned to this mode by 

earlier workers (160) is in fact due to a degenerate ring tilt (161). 

Torsional'frequency has been calculated as a function of barrier height 

for (C5H,_)2Fe and (C6H6)2Cr. Earlier estimates appear to be far too 

low for the accepted frequencies (162): In the infrared spectra of 

crystalline films of ferrocene, ruthenocene and osmocene, ‘forbidden’~ 

bands occur and elu, ezu modes show site group splitting. Factor 

group splitting is apparent in the low temperature spectrum of 

ferrocsne, and appears more consistent with Cl site symmetry than with 

c2 (163). In an independent study, the librational modes of ferrocene 

and ferrocene-d10 were discussed, -but assignment of this part of the 
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low-temperature spectrum was regardsd as not possible until the low 

temperature crystal structure is known (164). -Assignments in other 

parts of ttie spectrum proved more tractable and accepted assignments 

were modified in some cases - in particular, the ring-metal-ring 

deformation was re-assigned from 166 to 179 cm -1 (165) , a value confirmed 

in other recent work , in which Raman spectra of ruthenocene and _ 

ferrocsne were compared down to 80K (166). The infrared and Raman 

spectra of species (C3H5)2Ni, (C,H,),Pd, (CH2CMeCH2),Ni, (C,H,),Rh and 

(C3H5)$r have been assigned, assuming effectively non-interacting ligands 

of c s symmetry. The skeletal modes are assigned in Cpv for the complexas 

of type (ell)2M, and CSv for the species (all)gM (167). The polarised 

infrared spectra of oriented films of C5H6NiN0 and C5D5NiN0 have been 

measured down to lOOK. The solid state splitting indicates at least 

four molecules on C 
S 

sites in a Dph cell (168). 

In complexes of type L2Pd(malsic anhydride), where L is a phas- 

phorus ligand, a more basic L causes the acyl CO frequency to shift 

to lower frequencies, but causes a downfield shift in the malsic 

anhydride proton signal'(169). In complexes of the type 

trans-PtC1(COR)(PPh3)2, the platinum-chlorine frequency is in the 

-1 
range 254-272 cm , showing the acyl group has a pronounced trans 

influence (170). From the vibrational spectra of the species 

(C5H$tC12)2, (C5H8ptBrp)2, end their palladium analogues 

(C5Hs = cyclopsntene), it is concluded that platinum is acting as a 

bettsrir-donor but a poorer u-acceptor than palladium (17i). Raman, 

infrared, and proton nmr spectra have been presented for a range of 

complexes of type MsAuPR3 and Ms3AuPR3. The vibrational spectra were 

-enalysed using the Ursy-Bradley force field modified by the inclusion 

of some.interaction constants. There is mixing of HCH and_AuP modes. 

In MeAuPMej, there is a large negative interaction constant, i.e. 
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stretching the gold-phosphorus bond increases the equilibrium carbon- 

gold bondlength. In rle3AuPmeg, the two mutually trans methyl‘qrqups 
.- 

show a lower C-Au force constant than that for the group trans to 

phosphorus, and are linked by a positive interaction constant (172). 

NMR SPECTRA: STATIC SYSTEIIS 

Nmr spectra of cyclopentadienyl compounds have been reviewed (173). 

The chiral complex (C5Hs)(CgH7)Ti(C1) SCHRS~ shows diastereotopic methyl 

proton resonances; indeed the conformation at titanium is stable enough 

for dias'cereomers to be separable by fractional crystallisation (174). 

Relatedly, proton nmr shows magnetic non-equivalence of phosphine methyl 

groups in (X), and of ring methyl groups in (XI) (175). Nmr spectroscopy 

shows that the acyls C H 
55 

mo(Pme2Ph)(c0),.c0R exist exclusively as trans 

isomers, in contrast to the alkyl analogues which exist as a mixture 

of cis and trans isomers (176). Steric effects on ring orientation 

CH3 
/ 

4j--QjCH3 

I 

/cC\\P(OEt)3 
oc 
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=K 

oc '\ 
PMe,Ph 

CS 

(Xl 

CS 

aI) 

have been studied in n-indenyl complexes of molybdenum and tungsten, 

using the magnetic anisotropy of the %-indenyl group as an aid to 

structural assignment (177). Previous reports (178) that in 

CSHSW(CO),H the hydride ligand is effectively pseudo&axial 

are not supported by a closer analysis of the nematic phase proton nmr 
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*-spectrum (179). The nematic phase spectrum of tl-ie cluster complex 

H3R~3(C0)gCCH3 implies-a structure (XII) in which the three hydrides 

are in a plane beneath the three metal atoms (1801. 

The proton nmr spectra of ferrocanylcarbonium ions suggest that 

the fulvene ligands are distorted from planarity (181) (compare (199)s 

below). Howavar,_the long range proton couplings in the spectrum of 

tricarbonyliron dienes suggest a planar structure, consistent with 

the formulation (XIIIa); a large contribution from structures of 

type (XIIIb) would impose non-planarity on the r-bonded ligand carboh 

atoms (182). In equilibrium studies on ferrocenylcyclohexanes sub- 

stituted at position 4, nmr spectra are used to distinguish isomers. 

Chromatographic analysis then shows that the farrocenyl substituent 

has about as much influence on conformational thermodynamics as does 

phenyl (183). 

CH3 

1 
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Noabornenyl complexes of type (XIU) haue been investigated by 

proton and carbon-13 nmr spectroscopy. The results indicate 

distortion, relative to norbornenes, towards a homo-allylic system, 

with a high degree of carbon p character in the metal-carbon r-bond 

(184). In the complex (XV), the proton signals of H(6), H(6*) occur _ 

at Y = -2, over 4 ppm downfield from the corresponding resonances in 

biphenyl; this effect is attributed to vary short, formally non-bonding, 

hydrogen-nickel approaches (185). It has been shown for a range of 

cationic copper(I)-olefin complexes that chemical shifts on 

complexation are related to ligand denticity and coordination (186). 

220 NHz nmr has been used to show nucleophilic-addition of amines to 

olefins coordinated to platinum. Bonding occurs at the e-position, 

and the reaction is restricted to unhindered secondary amines of 

P_Ef3 ,-, 
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high basicity (187). .Ths proton nmr spectra of w-allylpalladium 

complexes have been examined under improved resolution. It is found, 

for example, that the central hydrogen of (Pd(C3H5)I)2.givee a eignsl 

split into fifteen components , which must be analysed as part of an 

(A8)2C system (188). The spectrum of e-fle2Pt(Pfle3)2 is of type 

The platinum-fluorine and platinum-vinyl hydrogen coupling 

constants in complexes of the type (trans-(PMe2Ph)2Pt(L).C(CF3):CHOme)i 

(where L is a neutral ligand), and in the corresponding neutral species 

in which L has been replaced by an anionic ligand, correlate with the 

platinum-hydrogen coupling constants in the related methyls. These 

results may be explainad if the variation in coupling constant is 

attributable in all these cases to changes in the degree of platinum 

&-character in the platinum-carbon bond (190). The hydrogen-fluorine 

coupling in complexes such as (XVI) is thought to take place by a 

through-space mechanism, and in (XVI) both methyl end H show 1:2:1 

triplet structure due to coupling to two fluorine nuclei (191). Other 

claims for through-space coupling have proved less convincing. It 

had been argued (192) that the ring proton-ligand phosphorus coupling 

in complexes trans-C5H5W(C0)2PR3X was of this type, since the ring 

carbon-ligand phosphorus coupling is near zero. However, the former 

coupling would always be positive, while the latter depends in 

magnitude and sign on the hybridisation at phosphorus; thus the low 

value of the latter does not in fact imply that through-bond inter- 

actions in such a system are negligible (193). It may be relevant 

that methyl proton to phosphorus coupling, in platinum(I1) methyl 

complexes with phosphorus ligands , is positive when phosphorus and 

methyl are mutually but negative when they are trans, while the 

phosphorus to methyl carbon coupling is negative in all casss (194). 



In W(CO)6Pme2Ph, and by implication in tungsten carbonyl phosphine 

complexes generally, the phosphorus-tungsten coupling constant is 

positive, consistent with dominance by the s-overlap term (195). The 

cmr (carbon-13 nmr) spectra of series of complexes of type N(C0)6_nLn 

have been reported (m = Cr, MO, W; n = 1,2). The chemical shift 

of CO depends on the donor capacity of L, and cis and trans groups can -- 

be distinguished. The phosphorus-carbon coupling varies with the 

nature of phosphine ligand in the same way as does the phosphorus- 

phosphorus coupling, and a common dependence on shared metal s-density 

is suggested. There is a general corralition between CO stretching 

constant and carbonyl carbon-13 chemical shift (196), confirmed by an- 

independent study of the metal hexacarbonyls, species W(C0) - L 6 n n' and 

norbornadiene and arene Group VI metal carbonyl complexes; the 

correlation does not, however, extend to the rather different species 
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c,fi,w(c0>,m~ (197). The complex (XVII) shows a separate signal for 

each ring carbon atom, while the cmr spactrum of IZ~HRF~(CO)~I QiVeS 

evidence for two geometrical isomers, but C6H6W(CO_)3 is-.found to be 

fluxional (298). The cmr spectra of ferrocenylcarbonium ions 

C5H5FeC5H4CHRt (R = H, me, Ph), and of their parent alcohols, have 

been examined, and it is concluded that the formal positive charge 

is delocalised over both rings (199) (compare (161) above). In 

m-substituted styrene complexes of platinum, the chemical shifts 

of C(1) and C(2) correlate with substituent afC,showing a significant 

contribution from structures (XVIII b,c) (ZOO). The low field 

position of-the carbens carbon signal in complexes 

(OC)$:C(X)R (fl = Cr, W; X = NH2, OR;_ R = Me, Ph etc), and the 

strong interactions with X and with phenyl, are in accord with the 

view of carbene carbon as a 'stabilised carbonium ionr. Changing 

the solvent from chloroform to THF causes a 6-7 ppm upfield shift, 

attributed to donation from THF oxygen lone pair to carbene carbon. 

more electron-donating carbenes shift the g& CO group to lower field; 

the trans CO group is also affected but less markedly (201). The 

cmr spectra of carbene complexes of the type cis and trans 

, 
MX2(PR3)C.NR.CH2.CH,.NR (fl = Pd, Pt), 

7 
of Fe(CO)4~.NR.CH2CH2NR, and of 

cis-Cr(CO)4(C(Sme)2)2 have been reported. In the palladium and platinum 

complexeS, the carbene carbon is deshieldod as the trans-influence 

of the trans ligand increases (202). Rhodium-carbon coupling constants 

have oeen determined for a range of olefinic and cyclopantadienyl 

carbonyxs. These constants are always smaller than those between 

rhodium and carbonyl or olefin carbon (203). The I3 C shielding 

and carbon-platinum coupling constants in complexes of type 

trans-(IlePt(Asfle3)2L)+, trans-(RePt(Pfle3)2Lt) have been discussed 

using the rehybridisation theory of nmr trans-influence (204). The 
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changes in cmr spectrum of elkenes and arenes occurring on coordination 

to Ag(I) have been discussed (205). Cmr of coordinated CO shoued the 

presence of three distinct types of Fe(I1) in rabbits' blood; this 

is attributed to heterogeneity of blood proteins rather than to the 

existence of different sites on identical molecules (206). 

From lg F nmr shifts in a range of complexes, including 

trans-(PMe2Ph)2Pt(SiPh3)(m- or p-C6H4F), it is concluded that SiPh3 

is a good W-donor and also a good n-acceptor (207). The method 

has also been applied to a range of species of the type 

m- or p-C6H4F.CH2m (m = CBHSFe(C0)2, Mn(CO)S, Mn(CO)qPPh3, CSHSMo(C0)3, 

Co(C0)3PPh3, Co(III)(dmgH)2L, Rh(III)(dmgH)2L) and to cis-(p-C6H4F.CH2)2 

Pt(PEt3)2. The transition metals in general appear to be good 

hyperconjugative donors, though Co(II1) is least good and comparable 

to organic groups only (208). Species 

Ir(CGFS)(CO)(PPh,),XY (XV = eg C12, Erg, HCl, HBr), prepared 

by oxidative addition reactions, show five separate fluorine 

resonances, due apparently to restricted rotation of the C6FS 

ring (209). The 55Pln spectra have been obtained of a range of 

species of the type X3MMn(CO)S (X = Cl, CBFS, CSHS; M = Ge, Sn, Pb). 

The large range of chemical shifts is attributed to an increase of 

&-donor ability along the series GeC13, SnC13, Sn(C6F5)3, Si(CBFS)3, 

PbPh3,.GePh3, SiPh3. Line width is attributed to quadrupole 

splitting and is related to partial quadrupole splittings in Fe(II) 

Mossbauer spectroscopy- .This implies a positive electric field 

gradient (210), in conflict with the results of calculations (211). 

NMR SPECTRA: DYNAMIC SYSTEMS (see also refs. (135, 136) above) 

The rearrangements of non-rigid tris-chelate complexes have 

been treated (212) according to the Longuet-Higgins group theory 

of non-rigid molecules (213). Rapid intramolecular rearrangements 
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‘of S-coordinate 
.- transition metal complaxee_have been reviewed (214). 

In.fhe-profon_nmr spectra of solid Perrocene:derivatives, line shapes 
__ 

_ -provide evidence for ring reorientation:motions (215). .~ 

The species CqHBCr(~0)3 (C7Ha = cycloheptatriene) shows only 

13 
one CO Signal-at room temperature, but this splits in the expected 

2:l intensity ratio on cooling (216). In the cmr spectrum of 

(C5H5)2Rh2(CO)3. known to have the structure XIX, the bridge and 

terminal CO signals have been unequivocally aseignfid at low tempera- 

ture both by relative intensity data in the presence of the relaxation 

_=gent Cr(acac)g, end by the splitting o? the bridging CO signal 

a triplet through coupling to two equivalent metal atoms; it is 

possible to follow the interconversion of bridge and terminal CO 

into 

then 

oc, ,:\ ,C5”’ 

Rh Rh 

/ 
H5C5 

\ 
co 

(XIX) 

between -6O'C and 20°C (217). Cmr data have been presented for the 

isoelectronic species (CgHg)2Cr2(N0)4, (C5H,_.)2M”2(C0)2(N0)2, and 

(C3H5)2Fe2(Cg)4, and the crystal structure of the manganese complex 

reported. On average, this is cantrosymmetric, with disorder of NO 

and CO over terminal and bridging sites. The trans.cis ratio, and -- 

the activation energies for tie-trane interconversion and for -- 

bridge-terminal interchange, fall from Cr to fin to Fe (218). The 

proton and carbon nmr data for (C5H,_)2Fe2(CC$4 , and for 

(C,H5)2Fe2(CO)2(CNNe)2, have been re-interpreted. All the data 

can be fitted to two assumptions, namely that bridgei open and close 

only in pairs and that the rotational barriers in unbridged isomers. 



are important. _ The idea of I.il:bridge-terminal interchange is _ -_ 

unnecessary, and incompatible wi%h.the data for (C5H5)-~Fe2(CO)a(CNMe!2 

(21s). The idea of a significant rot&ional barrier is.also.invqked 

to explain results for- CgHgMo(CO)3.mo(CO)2(C5Hs) @NM;), which exists 

in solution as a mixture of non-bridged isomers and degenerate 

permutamers, all scrambled by unimolecular processes at room 

temperature. An important feature is rapid exchange of the isonitrile 

ligand between the two ends of the molecule, and doubly bridged species 

are suggested as intermediates. The solid, like (CgH,-.)2M02(C0)6 

itself, exists in the solid as the trans rotamer only (220). 
7 

The temperature variable cmr spectrum of Rh4(CO)12 has been 

studied in l3 CO-enriched samples. The structure in solution is the 

same es that in the solid, and collapse of the different signals 

towards the single peak of the high-temperature limit is uniform at 

all sites (221). The spectra of species (C,H,),Rh,(CO)(RCCR), show 

to have the structure XX in the solid, show temperature dependence, 

averaging of (C5H5Rh) fragments occurring below room temperature 

for R = C6H5, but only above room temperature for R = C6Fg (222). 

The proton spectrum of H2R~3(C0)9CBH12 shows two distinct 

fluxional processes, one for interconversion of the hydrides and 

one for a conformational equilibrium in the ligand such as 

(XXIa = XXIb) (223). 
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Fluxionality in metal phosphine hydrides has attracted 

attenion. Thus the species ReH3(dppe)2 and RsH3(dpas& 

(dppa is Ph2PCH2CH2PPh 2; dpae is Ph2AsCH2CH2AsPh2) show low 

temperature hydride spectra fitting A82X4 and AR2 patterns 

respectively. This is consistent with two of the hydrides being 

in mirror-imaged positions while the third is unique. In 

RaH3(dppe)(PPh3)2 the hydride signal is a triplet of triplets; 

thus three equivalent hydride nuclei are coupled to two distinct 

pairs of phosphorus atoms (224). The R-coordinate species 

ReH5.(PPh2Et)3 and ReH$AsPhgEt)3 have also been investigated. In 

the arsine.complex, the low temperature limit consists of four 

lines with intensity ratio 1:2:1:1; thus only two of the hydrides 

are equivalent. If we label the system as tiaHb HCHd 2 (moving 

upfield), then between -lOO°C and 30°C one can distinguish merging 

of H 
b 

and H 
d 
, merging Ha and HC, and finally general merging (225). 

.! 

Stereochemical non-rigidity has been examined in iron and ruthenium 
I 

._i 
phosphine hydrides of the types H2FlL3C0 and H2PlL4. Hydride I -. j 

. 
migration is describable as a jump between faces of an 19L4 

nsar-tstrahsdran- The barriers to this process appear insensitive 
_ij 

-> I 
to the steric or electronic~effects of L-but are higher for ruthenium ,:I 

_. 
than for iron (226). The uns&u&ted phosphine end arsine chelates -I --_ 

. -:I 

_- ~- _ - 
.- __ -- 

-. ; :-- _ - _. 
_: _. 

.I __- . I. 
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(o-C6H,(EPh,).C2H3)m(CO)~ (E = P, As; M = MO, W) exist in two isomsric 

forms, presumably XXIIa and Xx116, but the solution nmr spectrum 

shows only a time-averaged signal at room temperature (227). The 

compounds XXIII show a slightly different kind of time-averaging, 

in which the palladium atom confers en average ~plene of symmetry 

by moving from one double bond of the ring to the other (Z&i). 

Fluxionality due to rotation of an acetylenic ligand has been 

reported for complexes of type (XXIV) (229), while rotation of the 

vinyl fluoride ligands in C H Rh(CH2:CHF)2 
55 

gives rise to all six 

isomers (XXV); rotation is less facile than in C5H5Rh(C2H4)2, 

but is fast enough to cause time-averaging above room temperature 

(230). Spin-lattice relaxation in the protons of solid C11r(C2Hq)4 

between 77K and room temperature is largely due to interactions on 

different ligands, and is ascribed to a relatively facile 180' 

rotation of coordinated ethylene around its bond to metal (231). 

Dimerisation and ligand interchange.have been studied by proton 

nmr in the complex C3H3Pt(hfac) (hfac = CF3C0.CH.COCF3). The 

signalfrom the non-equivalent protons in the dimer is temperature 

dependent, and the phenomenon is attributed to the interchange of 

degenerate isomers XXVI(a),(b) (232). ((CH)8)2Ti, known to 

contain h 
8~ 4 
and h cyclooctadiene rings, shows fluxional intra- 
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prepared by reaction of cycldheptatriene with RUDER, contains 

a fluxional C..,H7 group, mobile to -lOO°C, and the same is true of 



Me-,Si-Ru -Ru-CO 

/\ /\ 

6 
C 

E. 0 

(a) R = H 

(b) R = C6H5 

(cl R = CH3 

(d) R = C6F5 

: Fe,(CO& 

(a) -CH2- 

(b) -CH,CH,- 

(C) -Cc->H- 

CH2 

Cd) - 

k) -CH-CH- 

I I 
CH,- CH2 

the materials XXVIII, formed froth XXVII by reaction with iodine, 

CC14 or CBr4 (234). There is reason to think that such behaviour 

in complexes of bridging C,H, may be widespread. Reaction of 

(Ru(CO),SiPle,), with substituted- cycloheptatrienes gives species 
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XXIX. In XXIX(a), derived from cycloheptatriene itself, the 

organic ring is mobile down 

XXIXb, the spectrum between -9OOC and +60°C is highly temperature- 

to -90°C;while in the phenyl derivative 
. 

dependent (235). The cmr (ring and carbonyl) spectra of the five 

Fe2(CO),_(triens) complexes XXX(a)-(e) have been examined. In all 

cases the organic liqand appears to possess a mirror plane at 

high temperature; this may be real, or due to time-averaging. 

The carbonylligands give two distinct signals for XXX(a),(c), 

but one signal only for the others. This indicates fluxional 

behaviour of the carbonyls , which may contribute to time- 

averaging in the organic liqand. In the species XXX(b),(e), 

at least two separate processes are involved,-and these may 

represent separate fluxional behawious of ring and CO groups (236). 

The low temperature limiting spectrum of XXX(e) is consistent with 

the instantaneous structure XxX1, found crystallographically in 

the solid (237). 

--Cobalt phosphite methyls CH3Co(P(OR)3)4 do not show 

low-temperature limiting spectra even at -160°C, but Hg(Co(P(OMe)3)4)2 

is fluxional, showing A9 
3* 

A4 behaviourin the 31P spectrum. 

Co2(p(CfJe)3)8 is more sterically encumbered, and is rigid up to 

loo"c. The--allyls C3H5Co(P(OMe)3)3 and (CH3.CH.CH.CH2)Co(P(GMe)3)3 

do not show syn-anti scrambling within the ir-ally1 liqands, but 

do show hiqh temperature equivalence of the phosphorus atoms with 

low temperature limiting spectra freezing out between -9OOC and 

-130°C to AR2 and ABC patterns; the suggested mechanism is rotation 

of the ally1 ligand. The rr-benzyl complexes show eauivalence of 

the two ortho (and of the two ) carbon atoms even at -130°, 

indicating that the exchange XXXII(a) = (b) is fast (238). In 

CH3Co(pF3)4, the methyl proton signal is a quintet, indicating 
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scrambling of all the PF5 ligands, while the fluorine signal is 

a doublet of quartets, as required for an (A3X)4 system with small 

AA’ or XX' coupling. Incidentally, the methyl proton signal at 

T8.9 indicates a low degree of polarity in the carbon-cobalt 

bond (239). The complexes C5H51?(CO)L2X (fl = MO, W; L = phosphine 

ligand) show temperature-variable nmr spectra; possible 

processes are (a) restricted rotation around metal-ligand bonds 

or (b) cis-trans isomerisation at the metal. -- The latter 

explanation is preferred because of effects on ring (as well as 

ligand) proton signals, but difficulties then remain in explain- 

ing the influence of ligand size on rate of averaging (240). 

Comparison of diastersotopic behaviour in systems Ph3P-CH2- and 

Ph3PNi(C5H5)-CH2- suggest that in the latter, as in the former, 

the non-equivalence of the methylene protons is due to incipient . 

chirality, caused by propeller-like packing of the aromatic rings 

attached to phosphorus (241). 
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In the species (CSHS)2UR, an ally1 group-R is_monohapto 

but Pluxional, while-an isoprppyl group R shows restricted 
_ 

rotation around the U-R bond. The.&& spectrum-of the R group 

shows large contact shifts, with negative spin density on the 

carbon atom bonded to metal (242). The spectra of the complexes 

(acac)Ni(PPh3)2f'le and (acac)Ni(PPh3)Et (acac = acetylacetonato) 

are strongly dependent on solvent. At room temperature in both 

complsxes, the acac methyl groups are non-equivalent in benzene 

but equivalent in pyridine: this equivalence is frozen out in 

the ethyl complex below --36'C. The ethyl group of this complex 

gives rise to a single proton signal in benzene,acetone, THF or 

toluene down to -lOO°C, suggesting very rapid, reversible 

Q -elimination; 
this process is suppressed by such strongly 

donating solvents es pyridine or triethylamine, in which the 

ethyl group gives rise to a normal A X ~2 3 pattern (243): 

ESR AND T'TAGNETIC STUDIES 

The psramsgnetism of solid vanadium hexacarbonyl has been 

studied from 4.2 to 300 K. Above 66 K, the molecules are 

octahedral but the 2T 
29 

ground state is strongly'couplsd to the 

nuclear motions. Below 66 K, an axial distortion appears, as 

does magnetic pair exchange (244). The esr spectra in dilute 

glasses have been obtained for a range of complexes of the type 

(C5H,-)2VX2 and (CSHS)2NbX2 (X = Cl, SCN, OCN, CN). In most 

cases the odd electron is in a non-bonding d(z2) orbital with 

some d(x2-y2) character, but in the cyanide complexes there is 

delocalisation into ligand atom p-orbitals (245). 

nmr spsctra of (CSHS)Cr(CBHS) and ((CSH,)Cr(C,H,))+ 

examined; the results are similar to those for the 

- 
- , _ -. 

The esr and 

have been 

isoelectronic 



The ctf~rrmgnet5z compIex fS5H5>CrC&7H7J -- 

~n~~~fn#l~t~x~t~~eot~~r~~~~r~ical -- .- 

anion,.the ssr spectrum of which suggests that the odd.elecfron r-. 

is occupying a ligand x*-orbital (247). However, the ear 

spectra of radical anions generated in this solvent from 

(C6H6---C5H4)fln(C0)3 and its methylated derivatives indicate 

considerable spin density at the metal (248). Radical-anions can 

also be generated by reduction of the cluster compounds RCCO~(CO)~; 

in this caee the extra electron is delocaliead over the three 

equivalent cobalt atoms (249). Esr has been used to investigate 

the effect of Co gamma-irradiation on the complex (C6HB)Fe(C&I)2PPh3 

(C6Hs = cyclohexadiene) under various conditions. Either in 

2-methyltetrahydrofuran glass (in which irradiation generates 

solvated electrons) or on its own, the complex gives rise to a 

radical anion, in which the extra electron eeems to be in an 

iron d-orbital. Irradiation in butyl chloride followed by 

annealing gives a different product, formed by addition of a 

butyl radical to the diene (250). 

Fe Fe 

tn 

The biferrocenylene dication (XxX111; n = 2, X = nothing) 

has been reported as diamagnetic with two different anions by 
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two different_groups of workers (251, 252); however salts 

of the diferrocenylmethane dication show int8rmdlecular but 

-no intramolecular exchange c252j. 

iiSSBiUER SPECTRA-(~88 also (67) above) 

&ssbauer SP8Ctro8COpy ha8 b88n widely used in the- 

investigation of exchange phenomena in oxidised or partly 

~. 
oxidised species containing two ferrocenyl or ferrocenylene 

fragments. For example, (PhCOC5H4)2F8 and the diferrocanylmethane 

monocation~(as fluoroborate) give very similar spectra, showing 

the iron atoms to be equivalent on the relevant time scale in 

the latter compound; this is in accord with ESCA results cited, 

but should b8 contrasted with magnetic data.(252) for the dication 

and also with result8 (below) for the biferrocenium monocation. 

(C5H5)2FaRF4 gives a spectrum similar to that of other 

ferrocenium salts, although earlier Worker8 had reported it as 

anomalous (253).. The biferrocenylene monocation (as picrate) 

gives rise to only one, split, Mksbauer signal, showing again 

that the iron atoms are equivalent; thfs is in accord with the 

magnetic moment, which unlike that in the ferrocenium cation 

shows quenching of the orbital contribution (254). Equivalence 

in the biferrocenylene cation (this time as tri-iodide) has 

been confirmed; but the biferrocenium monocation gives two 

separate signals, implying an exchange rate less than 10 
-ls-1 

Consideration of the electronic (near if) spectrum leads to 

an over-estimate of the exchange rate, and possible reasons 

for this are discussed (255). The large quadrupole splitting 

in the spectrum of the bifarrocenylene dication has been 

ascribed to Fe-Fe interaction. The temperature dependence 

of the spectra of the Perrocendphane monocations (XXXIII, 

. - 
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n = 1, X = CH2, CHMe) is unusual. At 300K (X = CHMe) there _ 

are distinct Fe(I1) and Fe(III) signals, while at 4.2K there 

are three signals the third of which is ascribed to an averaged- 

valence species. For X = CH2, the averaged valence species 

is in evidence even at 300K (256). - 

The room temperature Mossbauer spectra have been obtained 

of seven complexes LFe(C0)4 and fifteen complexes L2Fe(CO)3. 

The s-electron density of the nucleus increases with n-acceptor 

character of L, a result explained by synergic enhencemant of 

W-donor power (257). In substituted iron carbonyls, the 

magnitude and sign of the electric field gradient at the iron 

nucleus are markedly affected by substituents, such as 

bis(diphenylphosphino)ethane, that destroy the J-fold symmetry, 

but Plossbauer spectroscopy is not helpful in giving further 

stereochemical details (258). The 57 Fe spectra of the 

tetracarbonyliron dihalides have been re-examined, giving results 

differing from those of earlier work, and the 129 I spectrum of 

the di-iodide has also been analysed (259). Partial quadrupole 

splittings have been derivad 

of the type Fe(C0)2L2X2; it 

postulate that the pqs of CO 

environment (260). 

from data on series of compounds 

turns out to be necessary to 

is sensitive to the molecular 

The "'Sn spectra of series-of compounds of the type 

RaXbSn(Co(C0)4), have been discussed. The pqs of COG 

indicates it to be a poorer donor than either Mn(CO)S or 

CSHSFe(C0)2 (261). The high isomer shift of iridium in 

(Ph3P)31r(CO)H, as compared with (Ph3P)31r(CO)CN, is attributed 

to the high W-donor power of ligand hydride (70). 
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T'lISCELLAkEOUS PHkICAL I'IETHODS 

Ion cyclotron resonance-has been used to study-reactions 

-between neutral metal carbonyls and anionic fragments. 
-. 

knublear species produced in this way include Cr,(CO),- (from 

Cr(kD)3- and-Cr(C0)6) Cr2(CO)S- (from Cr(CO)4e and Cr(CO)6), 

Fe2(CO)6- ~- 
(from FB(CO)~- and Fe(C0)6) and Ni2(CO)6-(from Ni(CO)S- 

and.Ni(CC)4) (262). Nuclear quadrupole resonance studies 

inspecies X3SnMn(CO)5 (X = Cl, Sr, I) have been performed 

-at room temperature and at 77K. The chloride and bromide 

appear to have similar crystal structures while the iodide 

on x 

both 

shows non-equivalence of iodine atoms. The degree of ionic 

character in the .%-Cl bond in species XSnClS indicates that 

MCO), as X is a more electron releasing group than Cl, 

Co(CD)4 , or even, more surprisingly, n-butyl (263). The . 

mikowave spectrum of C4H4Fe(C0)3 indicates it to be a symmetric 

top, with rotational constants in accord with the molecular 

dimensions found by electron diffraction (264). The electrical 

conductivity of aryl ethynyl copper(I) compounds is vastly 

enhanced by light, especially in the presence of dry air, 

which is thought to trap electrons and leave mobile holes 

behind (265). @ -decay of ggflo(CO)6 gives the ggmTc(C0)5 

radical, which reacts with fln(CO)5I to give ITc(CO)5 (266). 

Polarographic oxidation experiments on bridged 

biferrocenes add to the information obtained from the 

Plossbauer and ESCA studies already mentioned. Bifefrocene 

itself, biferrocenylene, and diferrocenylmethane all undergo 

two quasi-reversible one-electron oxidation steps, while biferrocenes 

with longer bridges show a single irreversible P-electron step (252). 

In the one-electron oxidation of a range of species of type 



sinca c%lculations do not show the matal d-%l%cbrone-ho b% inhEtnsaly _. 

delocalised even over such substituents as trimethylphosphirie or 

CPle(OMe) (267). One electron and two electron oxidation has been 

studied in a range of tricarbonylchromium derivatives-of substituted 

benzenes. The half wave potential depends on the number and nature 

of the substituents but not on positional isomerism, and correlates 

well both with E 
3 

for the free ligands and with the ionisation 

potentials both of ligands and of their complexes (268). Oxidative 

voltammetry has been carried out on a range of complexes of type__ 

(CsHsm)2(SR)2 (m = NoNO, FeCO, Co, Ni). One oxidation step is 

detected in all cases, a second step being detected for the iron 

and nickel complexes (269). Complexes of the type((C,H,),VS2CNR2)+ 

show two reduction waves at a dropping 

first of these is fully reversible and 

an electron in a non-bonding d-orbital 

species loses an S2CNR2- anion, in the 

mercury electrode. The 

is assigned to the placing of 

on vanadium. The reduced 

presence of which mercury is 

oxidised to Hg(I), giving an I??& process (270): 

((cSH~)~V(IV)S~CNR,)+ -c e- + (c~H,_)~V(LII)S~CNR~ E 

(CSHS)2V(III)S2CNR2 -) ((CSHS)2V(III))t+S2 CNR2- 
cl 

S2CNR2- + Hg + Hg(I)S2CNR2 •t e- E 

2Hg(I)S2CNR2 .-, Hg(II)(S2CNR2)2 i- Hg =2 

The ferrocenylcarbonium ions (CSHS)FeCSH4CRR'+, generated in acid 

from their parent alcohols, are reduced at the dropping mercury 

electrode, Controlled potential electrolysis establishes the 

mechanism as electrodimerisation of free radicals generatsd in en 

initial one-electron process (271)- ~Diferrocenylmercury showsan - 

enodic wave for oxidation to a monocation. Ferrocenylmercuric 
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~chloride shows two reductionSwaves; the first corresponds to the 

formation of ferrocenylmercury(1) with loss of chloride, while the 

second gives ferrocene and free mercury. Cymantrylmercuric 

ctiloride shows similar behaviour, as indeed do organomercuric 

chlorides in general (272). mono- and disubstituted cobalt- 

icenium salts undergo-two successive one-electron reduction steps, 

in accord with a sequence 

(RC5H4)2C~+ + (RC5H4)2C~ _ + (1=tCgi~)~C0-~ 

In acid, catalytic polarographic currents are observed; this is as 

expected if the anion is first protonated to a species (RC5H4)2C~H. 

This species could then react with excsss protons to give dihydrogen 

and regenerate the original cation (273). 

Wapour pressures and triple points have been measured for the 

species (C5H5)3Ln (Ln = La-Gd) (274). A calorimetric study of the 

reaction of dicobalt octacarbonyl with bromine in carbon 

gives a heat of formation of solid Co2(CO)R of -299 kcal 

an estimated average metal -CO dissociation energy of 33 

intermediate between the accepted values for Fe(C0)3 and 

tatrachloride 

mol 
-1 

, and 

-1 
kcal mol , 

Ni(C0)4 (275). 

High temperature microcalorimetric studies have been carried out 

for the thermal decomposition, and for the reaction with iodine, 

of dibenzenechromium and a range of arenechromium tricarbonyls. 

Hexamethylbenzene is attached to the Cr(C0)3 fragment with greater 

binding energy than is benzena (276). Relatedly, studies of 

competition equilibria show than an electron-releasing group Y in 

a potential liqand Y C6H4(p).CH=CH2 increases complexation with 

palladium(I1); the importance of ligand p (+K) metal donation is 

thus reaffirmed (277). Similarly, complexation between silver(I) 

and species XCH2C z CH in water-ethanol mixtures is apparently 

facilitated by electron-releasing groups X (278). The 



thermodynamics of alkene complexation to rhodium(Ij in methylene . 

chloride have been studied. The order of displacement energies 

for dienes is the same as that found for Pd(II), and the 

replacement of two monoenes by-a diene is strongly exothermic (279). 

The use of methylene chloride is important in minimising solvation 

effects; thus the order of heats of complexation of various ligands 

to hexafluoroacetylacetonatosilver(1) in CH2C12 is 

Ph3P 1 cycle-octene 1 1,5-cyclooctadiene > cyclohexena ) cycloheptens) 

cyc1opentane 

which is totally different from the order in better solvents.(280) 

QTA/TGA studies of the thermolysis of species (arene2Cr)I 

indicate that in air an intermediate areneCr1 is converted to Cr 0 
2 3' 

while in vecuo this same intermediate disproportionates endothermically 

without weight loss to CrI 2 and (arene)2Cr; the latter is converted 

eventually to chromium metal (281). The dipole moments of substituted 

benzene and thiophene tricarbonylchromium complexes depend on the 

substituents. In general, thiophene complexes have moments 0.933 

higher than their benzene analogues, a difference attributed to a 

high S-Cr bond moment. Dipole moment comparisons show that 

benzo(b)thiophene tricarbonylchromium has the structure (XXXIV) (282). 

Dipole moment studies on complexes PhgSnFe(CO)2(NO)L 

(L&O, PPh3, AsPhg, P(OPh)3) and (LFe(C0)2(N0))2Hg(L = P(OPh)3 show 

L to occupy an equatorial position in the coordination trigonal 
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_bipyramid, in marked contrast to what is known about species 

Ph~S&o(BD)3L (233). 

The usefulness of high speed liquid-liquid partition 

chromatography has been demonstrated in-the separation of 

tricarbonyliron complexes of dianes and dienones (284). 

-KINETICS AND FIECHANISfj (See also Catalysis) 

The replacement of amines from complexes Mo(CO)S(amine) by 

phosphines in hexane obeys a two-part law. The first part is 

dissociation with competitive recombination. The second is 

kinetically second order but with very little dependence of parameters 

on the nature of the incoming ligand, and is supprassed in more 

coordinating solvents; it is attributed to a dissociative interchange 

in which occlusion of substrate and entering group in the-same solvent 

cage precedes or-accompanies amine loss (285). Similarly, replacement 

of amine in species & flo(C0)4(PPh3)(amine) is first order in 

substrata, and independent of the concentration of the entering ligand 

L at low L concentrations. Competition reactions give, for rate of 

attack on the intermediate Mo(C0)4PPh3, an order 

P(OCH2)CHCHS> SbPh3 5 piperidine) POuSn > AsPh3 > CO 

However, even addition of CO must be rapid compared with isomerisation 

of the intermediata, since use of 13 CO leads exclusively to formation 

of the cis-substituted product (286). Kinetic parameters have been 

obtained for the reaction of (OC)$r:C(Ofle)Ph with species H-ERS 

(E = Ge, Sn, Pb) in pyridine to give (OC)&rNCSHS and HC(OIIe)PhERS. 

Again there are both first and second order components, but the first 

order component has a negative entropy of activation, indicating 

that the transition state does not involve rupture of the Cr-C bond 

(287). Carbenes from chromium carbonyl complexes may also be 
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trapped by electron-demanding alkenes , giving cyclapropanes. 

* 
Complexes L*Cr(CO)4C(Ofle)Ph.(whara I_ is optically active) give 

riss to optically active.cyclopropanes, demonstrating that the 

carbene, at the moment of attack on olefin, is still coordinated. 

(288). The displacement of dipyridyl from W(CO)4dipy by phosphites 

showzcomplicated kinetics , interpreted in terms of three pathways; 

reversible dissociation of one nitrogen, dissociative loss of CO, 

and association (289). The effects of pressure on the rates of 

carhonyl substitution imply positive volumes of activation for the 

first order reactions of Ni(C0)4 with P(bEt)5, and of Cr(C0)6 or 

Mo(COI3 with PPh5, negative volumes for the reaction of W(CO)5 with PPh5 

(which is second order),_and a near--zero change for the second-order 

reaction between Cr(CO)R and the azide anion. This last result 

lends to the postulation of a transition-stats, such-as XXXV, in 

which both bond-making and bond-loosening have occurrsd (290). 

Reactions of ths metal hexacarbonyls and of species W(C0)5L with 

methyl lithium have been studied by the stopped flow method, using 

ether as solvent. The reactions are first order in substrate 

and of order l/4 in methyl lithium, indicating pre-equilibrium 

between CH3Li and (CH Li)4, 
3 

and subsequent attack by monomer on 

substrate. The rates are in the sequence W > flo > Cr for the 
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-hexacarbonyls and L = P(OPh)3 > L = AsPhg > L = PP$ for species 

wa,r._ This is in marked contrast to the order No > W; Cr- 0 

for S,2 attack by phosphine ligands, and it is suggested. that 

phosphines and methyl lithium initially attack at different sites. 

The dependence of the rates in the substituted tungsten carbonyls 

on the nature of the substituent is low,-suggesting yet a different 

kind of initial association (291,292). Attack by amines on cations 

Pl(CO),L,+ (Pl = Mn, Re), to give complexes of type N(CO)3L2_ 

CONHR, is second order in amine and first order in substrate, 

fndicating a base-catalysed associative mechanism (293). The 

reactions of dipyW(CO)4 with stannic chlorids, organotin(IV) 

chlorides and germanium tetraiodide indicate that two successive 

reversible-additions of oxidant to carbonyl complex occur, and are 

followed by other rapid steps (294). The epimerisation of the 

complexes XXXUI occurs by a first order process and is faster for 

the tungsten than for the molybdenum complex. The mechanism is 

I 
CHMeFh 

thought to be an intramolecular pseudorotation (295). The reaction 

between ironpentacarbonyland iodine has been interpreted (296) in 

terns of a scheme 



_Fe(CO) 

5 

l I -+ Fe(CO) 

2 

Fe(CO)S.I2 is provisionally identified with the known (297) species 

of this formula. Reaction of phosphine and related ligands with 

species Fe2(C0)6(S-org-S) is second order. The corresponding 

reactions of Fe2(C0)R(SR)2 are complicated by syn-anti interconversion 

processes, but each of these isomers reacts with phosphine by a 

(presumably similar) second order mechanism. Steric effects can 

be understood if the entering phosphine enters the coordination 

shell of iron cis to the bridging sulphur; the. reviewer notes that 

this is consistent with breaking of the bridge by an SR2 edge 

displacement procass at the metal (298). The reaction of 

(C,R,Ni)2(CO)2 with alkynes has been further examined. There are 

two mechanisms, one dissociative while the other is bimolecular 

associative; the rate of this latter process is greater with more 

electron-withdrawing alkynes (299). 

The reactions of (Mn(C0)4P(OPh)3)2 

with triphenylphosphite are of order 0.5 

and the products show esr and ir spectra 

and of (Re(C0)4PPh3)2 

in the metal complexes, 

characteristic of monomeric 

Ncfq-*- The rates are independent of the concentration of 

phosphite, and it is suggested that the slow step is loss of CO from 

species M(C0)4L in equilibrium with the parent dimers. Relatedly, 

the oxidation of dimanganese decacarbonyl is of order 1 at low 

concentrations of complex, but 0.5 at higher concentrations; this 

suggests that either dissociation of dimer to monomer, or reaction 

of monomer (in equilibrium with dimer) can be rate-determining, 



depending on-conditions (300). 
-. 

There is an interesting correlation 

betueati the rates of reactions of this type, the estimated 
. ~I- 
-metal-metal force constant,_ and the frequency of the %Mo+~Pl-Fl~ 

R 
band 

(301), The reactions of RUDE with phosphorus and arsenic 
: 

.donors are second order, and the rates are very highly dependent 

on the nature of the incoming liganb , indicating a high degree of 

bond-making in the transition-state (302). The first product 

detectable is RUFFLE, suggesting fast-moving CO bridg8s in 

intermediate:species. The behaviour of Ru~(CO)~~(RO)~ provides 

an interesting contrast. The final product is Ru~(CO)R(NO)~L~, 

with an intermediate (presumably RUEFUL) being detected 

spectroscopically. The primary substitution is dissociative and 

the two steps are comparable in rate (303). 

The displacement of cycle-octene from C,HSNn(CO)(CS)(C,H,,) 

by triphenylphosphine is first order in eUbetret8, zero order in 

phosphine, and has a high positive entropy of activation; thus 

the process is dissociative. The alkene is more labile than in 

(csHS)mn(cO)2(ceH14) (304). Displacement of tropylium from 

C,H,Pl(CO),~ElF,- (II = Cr,No,W) by acetonitrile in, for example, 

1,2-dichloroethane, is associative, in accord with the mechanism 

of Schema 1 (305). The dauteration has been studied of substituted 

CyClOpentadienylmangan8S8 and benzenechromium carbonyls by 

dauterioacids. It-appears that, while replacement of CO by phosphine 

increases the rate of proton (deuteron) uptake (presumably at 

Scheme 1 



the metal), it is a separate process of hydrogen migration 

fallawed_by ring proton lass that controls exchange (306).- 

substituents generally lower the rata of reaction between- 

to ring _ 

Ring- 

chlorobenzene chromium tricarbonyl and thiocyanate. Complexation ~_ : 

increases ths.dissociativs nature of the reaction (307.). The 

complex XXXVII reacts with phosphines by two separate mechanisms. 

A dissociative pathway leads to replacement of CO by phosphine, 

while association gives 'the ketone XXXVIII and Fe(C0)3L2 (308). 

The elsctrocyclic ring closure of cyclooctatriene iron tricarbonyl 

to XXXIX is first order and proceeds at 102OC to-over 99% 

completion; contrast the uncomplexed species, in which cyclooctatriens 

is thermodynamically favoured over the bicyclic isomer (309). The 

Fe (CO), 

@ 

I 0 

c!cxnm) 

/ cp . . 

(a) (b) 

(XL) 

reaction of methylenecyclopropanes XL(a) with Fe2(C0)9 is 

completely disrotatory, giving products XL(b); it is suggested 

on this evidence that thermal ring opening of the free ligands 

would be conrotatory (310). 



- 
~. .~The-oxidafion of Ms~ar%ng&hromiL~ 0;. m%lyD~ &ompl%X%% 

by-oxyqen is not slowed-down by free radical reaction inhibitors, 

is cat&.ysed by uater although water is not essential, and is 

= ~_ 
accompanied by oxidationof ligands (a-9. conversion of - 

ethylben&% to &zetdphenone) (311). The oxidation of optically 

active -l-methyl, 2-ethylcyclobutadiene iron tricarbonyl in the 

presence of dimethylmaleate leads to the,formation of the 

expected bicyclic Diels-Alder product as a racemic mixture; 

this loss of chirality implies that the diene adds to the 

alkene only after having been released from the complex (312). 

The addition of CD3NH2 to ((cti3N~)~~u)++- to give the 

carbene ((CH,NC),RUC&HCH,)(NHCD~))+ 1s an example of a known 

reaction; heating leads to exchange between the CD3 group of 

the carbene and the isonitrile. The suggested mechanism*is a 

series of interchanges of type XLI(a) + XLII(a). In the iron 

complexes XLII(b) scrambling is even more facile, and a similar 

process involving intermediates XLI(b) is invoked (313). The 

reaction of complex80 PtX(R)L2 (.L = phosphine ligand) with 

isonitrilas to 

prOC88dS via a 

complex (31k). 

give the insertion product PtX(-C(R):bRt)L2 

lrl adduct, presumably a R-coordinate pt(II) 

Evidence has been presented that a complex 

NHR 
I 

..&-NHR' 
-_CNHR' 

. 
(RNC),M 'NR 

(RNCIAM 

A 
/ 

‘~NHR 
CNR 

. Ia> M-= Ru 

(ia) M = Fe .- 

Caa) M = Ru 

833 M = Fe 



Ni(N2C(CN)2)(CNBut)3 is an important intermadiate in 

of dicyano-diazomethane with Ni(CNRu &to give the 

the reaction 

keteneimine : - 

complex XLIII, the-structure.of which has been determinad 

crystallographically. It is possible that the role of nickel 

is to ganerate and stabilise singlet dicyanocarbene, since free 

_ .; 

dicyanodiazomethane does not show stereospecificity in its 

addition to alkenes, and reacts in a totally different manner, 

not involving nitrogen loss, with free tert-bUtyliSonitirl8 (315). _ 

Halide promotes the reaction 

t I 
RCOCl f C2H2 -tNi(C0)4-t Hz0 -5 .R-C:CH.CH2-CO.0 + MiC~OH t 3Cg-and 

it is suggastad (316) that a key step in the process is . 

RCOCl -I- Ni(C013XY -3. R.CO.Ni(CO)$?_.+ CO.+ X-. Th8 _ _ .- . 

aad_ditd af -5ipkchs Cp_ (!- = PEt3, PPtQ +I (2is or trsns 

bromostyrene QiV8S products PhCH:CH.NiL,Br with retention of 

configuration; confiquration is also retained in the . 

deuterioacidolysis or:carboxymethanolysis products PhCH:CHC and _ - 

PbakcH-. Tb8rmnlysis Qives bistyryl, again on the~whole . _ 

UciGh ratsntion <3$71.- The addition of trifluoroacatic acid 
. 
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to Pd(dppe)(CF$ECCF$, giving Pd(-0-COCF,)(-C(CF,>iCHCF3) is 

second order. For the corresponding triphenylphosphine complex, 

the kinetics are more complex; there is a dissociative pathway, 

and the phosphines in the product are mutually trans (318). 

Activation energies have been determined for the reactions 

L2Pt(X).CF:CF2 

(I_ = PPh3; X = Cl, Br). For the corresponding reactions of cis 

and trans CFCl:CFCl complexes, stereochemistry et carbon is retained, 

suggesting a mechanism (such as migration of halide within a tight 

ion pair) that allows formation of Pt-X and rupture of one Pt-CFX 

bond to be synchronous (319). The addition of methylgold 

phosphine complexes to hexafluorobut-2-yne gives a material 

(CH3A~L)2C4F6, which decomposes to give either LAuC(CF3):C(CF3)AuL 

and ethana, or cis-LAuC(CF3):C(CF3)CH3 end CH3AuL; ths inter- 

mediate has been shown (320) to have the structure XLIV, so that 

the two decomposition pathways correspond to two different reductive 

elimination processes at the Au(II1) centre. 

The nature of the metalletion of coordinated azobenzene has 

been studied by product analysis using as a probe-a meta fluorine 

substituent (which is ortho or para to the possible substitution 

sites). Pelladation-is electrophilic, occurring mainly in the 

unsubstituted ring, while such metellation as does occur in-the 

substituted ring takes.place para to fluorine. Reaction of 

methylpentacarbonylmanganese, however, gives metallation of the 

carbon ortho to fluorine, and thus most activated towards 

nucleophiles by the inductive mechanism (321). The reaction of 

IrC1(CO)(PPhS)z with species YC,H,5(a)S(b)-C,H3(Rg2)2 ie.first 

order in each component and is insensitive to the 'nature of y; 

thus we-seem to have nucleophilic attack of_Ir(I) on S(b) in all 

,I 



363 

cases (322). The rate of attack by Ir(Hal)(CO)L2 on methyl 
_ 

iodide increases with increasing basicity of L; it also falls 

with increasing atomic number of the halogen while the CO stretching 

frequency increases. This halogen dependence is the reverse of 

-that found for the addition of dioxygen or dihydrogen, and it 

is suggested that the difference is in accord with a difference 

in mechanism; the attack on methyl iodide being nucleophilic 

(backside) attack at carbon rather than frontal oxidative insertion 

(323). 

A theoretical treatment has been attempted of the reaction _ 

of the Co(CN)S3- radical with a&y1 halides. The most faoile 

pathway found involves approach of the CX bond at an angle, rather 

than directly along an axis, towards the vacant metal site,.and 

in the transition state the C-X bond is weakened by overlap with 

the filled d(xz) orbital (324). The reaction of IrC1(CO)(Pfla3)2 

with PhCHF.CH(COOEt)gr proceeds to give the same product mixture 

whatever the stereochemistry of the starting material, and 

CH3CHSrCOOEt reacts with IrC1(CO)(PmePh2)2 with loss of activity, 

in contrast to earlier (325) findings. Galvanoxyl inhibits. 

pt(pp~)2C2 4 H also reacts with ethyl a-bromopropionate, destroying 

its optical activity, and if thus seems that reaction of a-bromoesters 

with low-valent transition metal complexes is quite generally a ?ree 

radical process (326). Such a process could plausibly be regarded 

as halogen atom abstraction , and indeed a range of radicals R 

can be trappsd as their tert-butylnitrosyl adducts in the reaction 

of RX with zerovalsnt platinum species, which in the absence of . 

this radical trap gives finally the *oxidation addition' products 

L2Pt(X)R (327). Free radicals have also been invoked in Pt-R 

bond cleavage, in the room.temperature dark reaction of (bipy)PtR2 
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with diethyl.fumarate and tart-butylnitrosyl to give'radicals _ _ 

RCH(CP2Et)CH(C02Et)N(0)But (328). 

CIDNP experiments show that the FeC12 -catalysed reaction 

of Grignards with alkyl halides involves alkyl radical production, 

presumably by halogen transfer to Fe(II), but that the decomposition 

.Of the Org8nO-iron Sp8ci8S prOc88ds by non-free-radical processes 

(329). Bound radical8 (XLV) have been suggested as intermediates 

in the reduction of vinyl halides and acetates to vinyl hydrides 

by pentacarbonyliron; the reaction prOC88ds most smoothly in a 

hydrogen atom.donor solvent or in the presence of a hydrogen atom 

reducing agent (Elun3SnH), and reaction in dry dibutyl ether followed 

by workup with D20 givss no incorporation of deutsrium (330). 

The nmr evidence for rapid ~-elimination equilibria in 

(acac)Ni(PPh3)Et has been discussed above; it is also relevant that 

in the presence__of excess pyridine this complex d8comPOSsS to give 

(acac)2Ni(py)2, (Ph3P)2NiC2H4 and C2H6 (243). Reversible 

t-migration, leading to a 1-2 shift, is presumably also responsible 

for the quantitative first order rearrangement of ButRe2AuPPh3 to 

the isobutyl species. The reaction is inhibited by excess phosphins, 

and a dissociative pre-equilibrium would appear plausible (331). 

The reactions of (C5H5)2MoD2 with dimethyl fumarate and 

dimethylmaleate have been studied. The first step is cis-addition 

of a metal-deutsrium bond across the double bond of th8 alkenes 

fOllOw8d by reductiws elimination_ of deu'cerium and a carbon to 

give stereospecifically dideuteratad species me02C.cH0.cH0.C02me. 

Kinetic studies of th8S8 processes were complicated by the -_ 

preformation of charge transfer complexes (332). The stereochemistry 

has also been-studied of an interesting new proc8ss, oxidatiwe 

carboxyethanolysis of groups attached to metal in ths presence of 



ih(1i). Thus reactim uf i&3(m traa’) (i3imyls~lp~lyl~,~ ’ 

&methylcyclohexane with the Fp- (i.e.'(C,H,)Fe(CO),-) ion gives -I 

trans (or.& metallo-4-methylcyclohexane; the inversion is as -- .. 

expectedand is confirmed by the nmr of model compounds;- ~‘These 

species react with copper in ethanol to give carboxyethy1, . 

4-methylcyclohexane with retention. It is suggestedthat the 

first step is l-electron oxidation of C-5H5Fe(C0)2R co a radical 

cation. This process will increase the electrophilic'ity of 

coordinated CO and thus lead to an alkyl shift giving C5H5Fe(CO).COR* 

(with retention at R)-followed by ethanolysis to RCOOEt (333). 

Reactions of species (CSHS)Fe(CO),R with liquid SO2 have been 

followed using changes Pn-V(C0) over the range -7OOC to -23%. 

Rates decrease with increasing Taft b*-of R and with *(CO), 

except where steric affects distort. The suggested mechanism is 

electrophilic attack by SO2 at R to give-a tight ion pair FpfS02R', 

which rearranges in turn to 0-sulphinate and finally S-sulphinate- 

The associative mechanism is in accord with the obServed negative. 

entropy of activation (334). Retention at iron in this process 

has been elegantly established by circular dichroism correlation 

studies on the reaction of CSHSFe(CO)(PPh3)CH2COOC10Hlg 

(O"lOklS = (-)mentholats), converted by SO2 to 

C,H,Fe(CO)(PPh3)S02CH2COOCloHlg. The mentholate serves to make 

possible the separation of starting material epimers, but does - 

not affect the CD-spectrum since the spectra of these spimers are _. 

mirrotimages, and SO2 insertion fails to reverss the CO spectrum 

(335). The mechanism of oxygen insertion into the-cobalt-carbon : : 

bond of an alkyl (pyridine)cobeloxime ie~ clearly-quite different, : 

since optical activity at C(K) is thereby destroyed (336). _ ,. _ 

metal-carbon bonds including Y lhose in species TiCH3C13, NiR2(bipy), * -. 
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CrEtCl2(~~)3, FeR2 (bipy)2 and CH3Cu(PPh3)3 are actiuated towards 

cleavage by aluminium trialkyle. In the case of the nickel 

complexes, it has been shown that the rate of cleavage is proportional 

to aluminium trialkyl concentration at lou concentration, but 

excess aluminium trialkyl inhibits. These results are explained 

by competition between dimeriaation of the aluminium alkyl and 

formation of a labile nickel-aluminium complex (337). 

The pyrolysis of trimethylailylmethyl copper(I), which is 

approximately tetrameric, gives tetramethylailene and other products, 

consistent with a free radical mechanism (338), but examples of 

the importance of&-elimination and concerted elimination processes 

In the thermolyaia of transition metdl-carbon bonds continue to 

accumulate; The thermolysis of species (IZ~H,-)~UR takes place with 

hydrogen abstraction from a cyclopentadienyl group to 

the configuration at C(M) of R being retained (242). 

of CH3TiC13.2THF in d&oluene does indeed give CH3D, 

give RH, 

Decomposition 

but this 

vary likely arises through specific abstraction from coordinated 

toluene. In ether-alkene mixtures, CH3D is formed when the ether 

is labelled but deuterium is not abstracted from lebelled alkene; 

thus we are dealing with a concerted reaction of the CH3TiO(RD)2 

system rather than with a free radical process. In pure (C2DR)20 

solution, the main product is methane, CH3D not baing produced 

even by light, which does, however accelerate the reaction; it 

is suggested that the reaction is autocatalytic and binuclear (339). 

The reduction of activated halides RX (R = e.g. benzyl) by VC12Py4 

or vanodocene gives RR not RH; it is suggested that V(II)-acts 

as an efficient trap for R radicals generated by halide abstraction 

from RX, or else that the reaction between V(I1) and RX is an 

oxidative insertion, but in any case a VR bond is clearly formed 

and its cleavage is not a free radical process (340). 



Reaction between Li3NoPh5 and MoC13.3THF gives benzyne, 

trapped by addition to benzene (341). Thermolysis or photolysis 

of pyridylcobaloxime alkyls RCHR'. CHR. Co(Omg)2(py) gives bath 

the expected products of g-elimination, RR':CHR and HCO(OMG)~(PY) 

The reality of a reverse process, and of Co(III)W-complex 

formation postulated (343) to explain catalysis of rearrangements 

(342). 

by vitamin R12, has been confirmed by the conversion of 

cH2:cHoEt t0 (c0(IfI))cH2cH(oEt)2 or (C0(III))CH2CH0 by 

cobalamin(II1) bromide in ethanol or water, and of 

CH2:CH.0C2H40H to Co(III)CH2q0 by hydroxocobalamin in- 

water (344). Labelling and kinetic experiments show that thermolysis- 

of (PhMe2P)2PtIMe3 gives (PhMeqP)pPtIMe and ethane by a first order, 

intramolecular process, whose activation energy is less than the mean 

platinum-methyl dissociation energy (345). The thermal stability 

367 

of Pt(I1) dialkyls is greater when the C-Pt-C systsm forms part 

of a S- or &membered ring; this effect is attributed to the 

unfavourable geometry for q-elimination, which nevertheless appears 

from product analysis to be the favoured pathway. Secondary 

derivatives are no less stable than primary, and the decomposition 

of the Pt(II)62H2)5 ring is accelerated by added triphenylphosphine . 

(346). Oiaryls but not arenes are major prpducts from the air. 

oxidation of copper(I) aryls and similar results are found with 

lithium organocopper 'ate' complexes; tnus we are dealing with 

concerted or near-concerted eliminations rather than with free 

radical processes, even, presumably, in Cu(II)-Ar.bonds (347). 

Ihe'cleavage of ethyl-silver bonds, formed-in-silver triflate- 

catalysed decomposition of tetraethyllead, can take place by more 

than one.mechanism. In acetic acid, the main products are ethane. 

and silver acetate,-but there is some formation of metallic silver. 

. 
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rn THF butane is-formed by- an oxygen-insensitive cpncentration- 

dependent process, presumably bi- or polynu&&; Ther'e is some _ 

production of ethane, inhibited by oxygen, while ethylene . 

production is unaffected,. and it is suggested that the reaction has 

some free radical component (348)'. The decomposition of 

trans EtMe2AuPh3 in decalin gives propane, while that of the g& _ 

isomer gives a mixture of propane anti etha'ne, thus the reductive 

elimination is cis. Added phoephine retards the reaction; thus 

elimination is in this case faster from a phosphineifree intermediate, 

but within this 3-coordinate intermediate the initial stereochemistry 

is maintained (349). The reductive elimination of ethane from 

specie8 ((CH3)2~uL2)+ is facilitated hy steric crowding, i.e. 

by bulkier iigands L (350). The decomposition of fleAuPPh3‘in 

decalin gives ethane by a first order process retarded by 

triphenylphosphine; a probable slow step is loss of triphenylphosphine 

from the complex followed either by reversal or by a dinuclear 

elimination involving both‘complexed and phosphine-free gold 

methyl. The ethyl complex gives predominantly butane, but the 

isopropyland tert-butyl complexes gave mainly the disproportion&ion 

products RH, R - H (351). The reaction between cobaloxima(II1) 

alkyls and hydrated chromium (II), to give in acid-the cobaltous 

ion, penta-aquochromium(II1) alkyl, and free dimethylqlyoxime,- 

is first order in both reagents. The reaction, which is slowed 

down by substitution at C(X), appears to be either a true SR2 

radical transfer, or a carbanibn ion transfer with linked electron 

transfer (352). The mechanisms of methyl group transfer between 

cobalt ions in varidus environments have been considered in terms 

of elactrophilic, nucleophilic or radical attack on the cobalt-carbon 

bond. The methyl donor.power.of a cobalt complex depends on-the 



other ligands in the same way as does the Co(II)-Co(III).couple. 

Trends in equilibria of the types 

Chel-Co(III)fla 4 Chel-Co(II1) 9 Chel-Co(I1.T) f Chel~Co(III)Ple 

Chel-Co(III)Me + CheliCo(1) e Chel-Co(I) + Chel-Co(III)fle 

are opposed,-consistent with the expectation that the former process, 

formal methyl anion transfer, is reductive, while the latter, 

formal methyl cation transfer, is oxidative (353). 

The formation of silver-carbon b-bonds is thouqht to be 

implicated in the silver-catalyssd isomerisatiori of a range of 

double-bonded species capable of enolisation (Scheme 2) (354). 

Scheme 2 

Studies continue on the silver(I)-catalysed isomerisation of 

tricycloheptanes to bicycloheptenes, cycloheptadienes or 

methylenecyclohexenes. The course of reaction is markedly 

influenced by substituents, which seem to determine which of the 

strained bonds is attacked by the silver ion, and steric 

congestion and steric accessibility both play a part in determining 

the reaction pathways (355). Carbenoid intermediates, postulated 

in rhodium(I) - catalysed rearrangements of bicyclobutanes, have 

been trapped by addition to methyl acrylate. The complexed 
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carbane is a nucleophiIe rather than an electrophile, being more 

efficiently trapped hy more electronegative alkenes; this . . 

indicates extan&ve back-donation Pram metal to carbene carbon (356). 

methoxypalladation of trans-but-2-ene, follotied by 

carbonylation and methanolysis, is stereospecific. Using the 

knowledge (357) that carbonylation of a palladium-carbon o--bond 

takes place with retention at carbon it is possible.to construct 

Scheme 3 for the procssses involved, and it follows (358) that 

the initial msthoxypalladation is initially trans, contrary to 

what had commonly been supposed. The reaction of diphenylmercury 

Mede - 
/-pIi 

PdCI) 
Scheme 3 

with NSDPdC12 (NEID = norbornadiene) gives XLVI, the Structure Of 

which has bsen established crystallographically. However, this 

endo- addition is not truly anomalous, since the corresponding 

reaction of NgDPtCl2 gives NgDPtClPh(and eventually NSDPtPh2), so 

R 

H 

H 

R .. 

Scheme 4 

: [Ni] 



that the observed product could arise from the 

part of the diene into a pre-formed W-Ph bond 

insertion of one 

(359). The : 

rearrangement of XLVII(a) to XLVII(b), catalysed by (Rh(CO)gCl)g, 

gives in addition the carbene abstraction product C$le~; the 

carbene can be trapped by cyclohsxene. Cycloheptatrienes 

also show carbene elimination, and 1,Gdimathyloxapine undergoes 

elimination of an oxygen atom (fate unknown) to give o-xylene~ 

(360). Thsse results clearly support the suggestion of carbsne 

-:4:, I H 
\ 

'Pd& 

Ph 

(a) (b) 

'elimination in rhodium(I) - catalysed rearringements of strained 

and if carried out in the presence 

in accord with Scheme 4 (361). 

polycyclic systems. Carbene complexes are also implicatsd in 

the conversion of thiocerbonates to alkenes by (COD),Ni 

(COD = 1,5-cyclooctadiene). The reaction is highly stereospecific, 

of oxygen gives the carbonate, 

371 

(XLVII) 

The dimerisation of 2,3-dimethoxybutadiene by = 
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OMe OMe 

(XLVIII) (XLIX) 

: 
palladium(II) acetylacetonate in the presence of triphenyl- 

phosphina, with CH30D as solvent, 9 ives XLVIII and isomers. 

This result suggests the intermediacy of such species as XLIX, 

and confirms the importance of protonolysis by solvent in the 

formation of acyclic dimers (362). The allylic complexes .- 

CH2CHCMe2M(PF3)3 (M = Co, Rh) isomerise on heating to anti- and 

syn- CH2CMeCHMsM(PF3)3 respectively. The sugge'sted mechanism 

involves the formation of h 4-2-methylbutadiene.M(PF3)3H as 

intkmadiate (363). The kinetics have been studied of the known 

methoxypalladation of cyclohexadiene by tetrachloropalladate(II) 

in methanol and the results understood in terms of Scheme 5 (364). 

5 
The reaction of h -cyclopentadienyl, 

3 
h -allylnickel with 

triethylphosphite to give the metal tetrakis-phosphite complex 

obeys a third order rate law , while the corresponding palladium 

complex reacts with triphenylphosphite according to second order 

kinetics. The proposed mechza-ksm involves addition of 

successive molecules of phosphite, presumably with reduction _ 

in the degree of attachment of the organic ligands and their _ . 

final reductive elimination. The kinetics then indicate that ._ 

for the palladium case the first phosphite addition ie 

rate-determining, while in the nickel case it is reversible 
. - 

and the sscond addition of phosphite controls the~rate (365). 
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fast 

-Cl_ 

l slow , +MeOH, -H+ 

CI,Pd 

6Me I 
2- 

. . 

Scheme 5 

In support of this mechanism, low temperature nmr spectroscopy 

shows species of the type h5(C5Hs)h1(C,H,-)PdL, as well as the 

coupling oroduct of the ally1 and cyclapentadienyl groups,‘ 

which subsequently isomer&es (366). 

Labelling experiments show that double bond migration 

induced by platinum(I1) hydrides proceeds by a series of 

reversible anti-Narkownikov additions; thus CHZ:CH.CH20R is 

converted to CH2:CD.CH20R and to CH_JHDCHO (367). The mechanism 

of the Fe,(CO),- induced coupling of ql,@.'- dibromoketones to 

alksnes has been further discussed. The pr0cess.take.s place 

with retention of olefin configuration, but this is not 

necessarily proof of concertedness, and the isolation of the open 

chain species C2H5C0.CHfle.CH:CPh2 from the coupling of x,6 

-dibromodiethylketone with l,l-diphenylacetylene is consistent 

with Scheme 6 (368). The concept of ra1 unique mechanism for a 
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process is-of course misleading, and further confirmation of this 

comes from the reaction of tris(triphenylphosphine) platinum 

with but-2-yne to give (PhgP)2Pt(alkyne). This reaction OCCUES 

both by a dissociative pathway (via Pt(PPhS)i) and an associative 

route (via Pt(PPh3)S alkyne) (369). 
.* 

CHEMICAL RESULTS OF GENERAL INTEREST 

Carbyne complexes have bsen prepared, in which the grouping 

CR acts as a three-electron donor. iha crystal structure of 

IW(kO)4(CPh) shows a tungsten-carbyne carbon bond shorter by 26 pm 

than the tungsten-carbonyl carbon bonds (370). A new technique 

in the synthesis of organomstallic complexes is reversed osmosis 

in which, for example, a semi-permeable membrane allows loss of 

a reversibly dissociated ligand. Thus RuH2(PPh3)4 under nitrcgen 

in a cell with membrane permeable to triphenylphosphine 

nitrogen the known species RuH2(N2)(PPh3)3, and the new 

(Ph3P)2Ru(Cl)C13Ru(N2)(PPh3)2 and RuH(N,)(N,Ph,)(PPh,), 

gives under 

species 

may be 

similarly prepared from RuC12(PPh3)4 and RuH(N3Ph2)(PPh3)3 

respectively. The extensions to the coordination of weakly held 

carbon ligands,and to the~formation of metal-carbon c-bonds by 

oxidative addition, are obvious (371). 
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The protonation of-organometal carbonyl complexes has been 

studied quantitatively by ir; the order of increasing basicity is, 

for given L, 

C5H$ln(CO),L < C5H5V(C0)3L < C5H5Cr(C0)2L < C5H5Re(CO)gL 

( C5H5Nb(C0)3L 

(372). CH3503F and (CH,),O+ can donate a methyl cation to 

low-valent metals in the.same way as acids can donate a proton; 

the reaction has been demonstrated for ((Ph2PCH2)3PPh)RhC1, Pt(PPh3)3; 

Ir(PPh3)2(CO)C1 and i"fo(phen)(PBu3)2(C0)2 (phen = o-phenanthroline)- 

(373, 374); Of course, the carbonyl ligand provides a donor site _ 

independent of the metal, and has been shown by ir to fundtipn in 

this way in the species Co2(CO)8A1Gr3r (C,H,),Fe,(CO)4(BF3)n and 

(c,H~F~(co)),(RX,)~ (n = 1, 2; x = F, cl, ar) (375). The dame 

appears to be true on ir evidence for a whole range of species of 

type (m(CC)n)2Rg(py)4 (m(CO), = COG, C5H5Fs(CO)2, mn(CO)5; 

py = pyridine) and on X-ray evidence for the species (m(CO), = 

C,H,$CO),); thus the earliersuggestion (376) that species of 

this kind were 'metal Grignards' with a transition metal bonded 

to magnesium'must be revised. The reagents are nonetheless 

useful as a source of nucleophilic metal carbonyl anions in 

non-polar media; thus (fln(CO),),mg(py),, in toluene, unlike the 

(WCO),) - ion itself in THF, reacts with'triphenylsilyl chloride 

to give (OC)511nSiPh3 (377). A rare example of a CO ligand linearly 

bridging two transition metal ions is provided by (C5H5mo(C0)3)2Rn(py)4, _ 

prepared by the reaction of (C5H5Mo(C0)3)2Hg in TRF with manganese 

metal followed by recrystallisation. from pyridine (378). However, 

yttrium, lanthanide, and manganese 'metal-Grignards', with no 

low-frequency CO stretching modes and where appropriate with 
-_ 

suitable f-f spectra, have been claimed; fln(CO)55r, C3H5Fe(C0)3?, 
. _I 
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Gj-ywc0)3)2 and C5H5Cr(C0)3HgCl were used as starting materials 

(379). 

Isonitriles react with dicobalt octacarbonyl to give both 

ionic products ((RNC)5Co)+(Co(CO)4)' and covalent, CO-bridged species 

(RNC)xC02(C0)O_x (x = 1-3). Cyclopentadienyliron dicarbonyl dimer 

gives only covalent.substitution products; these exist in solution 

as mixtures of cisoid and.transoid and of.CO- and RNC-bridged 

isomers, with bridging isonitrile less in evidence for bulkier R (380). 

Nitric oxide in chloroform has been investigated as an oxidising 

agent for carbonyl complexes; flo(C0)2(dppe)2 undsrgoss a l-electron 

oxidation in chloroform, while (C H ) Fe (CO) 
5522 4 

is converted to the 

(C5HSFe(C0)3)+ cation. Relatedly fln(C0)3(P(OPh)3)2Er reacts with 

NO in the presence of air (i.e. with N02) to give a simple cation 

by one-electron loss; but i? air is excluded the product is 

m(N0),(P(0Ph),),e~ (381). 

The alectron-rich alkene shown in fig. L, which we shall ' 

write as (R2CrCR2), acts as a Source of the R2C: carbene ligand. 

It is comparable with triphenylphosphine in reactivity, and able 

to displace CO, ~alkene, phosphine or halide; Species prepared 

include cis-Cr(CO)4(CR,>z, Fe(C0)4CR2, (Ir(CO)(CR2)(PPh3)2)+f3F4m, 

(Ir(CO)(CR2),)+8F4-, (At_t(CR2),)+5F4-, (NiC1(CR2)3)iEJF4-, 

trans-(PdC1(CR2)(PEt3)2)*BF4-, (w(H)(~R~)~)+BF~- and 

(PtCl(G-C3H5)(CR2);PPh3)tC1- (382). Oxidative addition of 

P-chlorgbenzthiazole to IrC1(CO)(PflePh)2 gives LI, uhich iS reversibly 

protonated to the carbene complex LII; 2-chloro-&methylthiazole 

and 2-chlorobenzoxazole behave similarly, and pt(phCH:CHph)(PEt3-)2 

undergoes similar oxidative additions (383). . 

A range-of monocyclic d&es, such as l,%'-cyclododecadiyne, _ 

react with (CSHs)2Ni2(C0)2 and with Co2(CO)B to give producte 
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(diyne)(NiC H ) S G 2, (diyne)(NiC5Hh.)4 and (diyne) (CO~(CO)G)~; in all 

these cases, the diyne is acting as a source of one or two bridging 

alkyne groups (384). The acetylene fle3SiCCSiMe3 forms complexes 

of the type (alkyne) Fe(C0)4, (alkyne)Co2(C0)6 and (alkyne)Rn(C0)2C5H5; 

the diacatylene Cle3SiCqSiMe3 gives some related derivatives, but 

reacts with Fe3(C0)12 to give LIII (365). 

Reaction of tsm or np lithium or Grignard derivatives 

(tsm = trimethylsilylmethyl; np = neppentyl) with metal halides 

gives products ((tsm>,fl),(CSifPe,), (fl = Nb, Ta), np4PI (np = Ti, Zr), 

np3TaC12 and Mo2np6; the products formed from VC14 or VOC13 are 

less clearly characterised (386). Species of-type mCH#l (m = C~H$lo(CO)3, 

csHslJ(CO)3, C5H5Fe(C0)2) have been prepared by nucleophilic attack 

on C1CH21 by m-; they are not, however, suitable intermediates 

for the preparation of species mCH2m, since nucleophilic attack 

Referencesp.394 
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would displace m- from C in preference to displacing Cl- from C-(307). 

The oxidation of species Ar.m(CO) by ceric ion in methanol 

(m(C0) = CSHSRO(CO)~, CSHSW(C0)3, C,HSFe(CO),) gives products 

ArCOORe, probably by Ar-migration in intermediates (Ar.m(CO))i, 

follow&by solvent attack on (Ar.CO.m)i (388). The 2-alkynyls 

mCH2C!CR (m = Rn(CO)S, CSHSFe(C0)2, CSHS~O(CO)~) react with sulphur 

trioxide (or, better, its dioxan adduct) to give products 

m-C:CR.S02.0-bH2 (389). The closely related reaction with 

chlorosulphonyl isocyanate, ClS02NC0, gives m-C:CR.C0.N(S02Cl).CH2, 

while for m = C 
S5 
H Fe(C0)2 2-alkenyls have been used, to give a product 

in which the ring is saturated (390). The acyl groups in 

CSHSMo(C0)3-COR and CSHSFe(C0)2.COR lose carbon monoxide to 

Rh(PPh3)$1, to give a mixture of products C,H,fl(CO)n_,(PPh,).COR 

and C~H5Pl(CO)nR. The probable mechanism is loss of carbonyl CO, 

followed either by triphenylphosphine capture or by alkyl migration 

to the vacant site (391). The tricyanomethanide grouping has been 

introduced into a range of complexes by the use of tricyanomethane 

or its isomer (NC)2C:C:NH, both of which react with Pt(PPhJ)4 to 

give (Ph3P)2Pt(H).C(CN)3. Species (Ph3P)2PtX2 and their palladium 

enaloguss react with tricyanomethane to give products (Ph3P)2M(X).C(CN)3. 

(Ph3P)2Rh(CO)X and the iridium analoque give (Ph3P)2N(CO).C(CN)3, 

but mn(co), Or and Re(CO)SCl give products (m(C0)3(N~)C(~N)2)n, 

which react with triphenylphosphine to give Il(CO)3(PPh3)2.N:C:C(CN)2 

(352). 

RC1(NO)L2 (L = PPh3, PmePh2, Pme2Ph) and Ir(PPh3)3N0 react 

with tetrafluoroethylene to gius the isoelectronic products 

RuC1(NO)L2(C2F4) and Ir(NO)(PPh3)2(C2F4). Hexafluorobut-2-yne 

reacts similarly with the ruthenium compounds givino products LIV, 

but the iridium complex gives the dimeric species LV (393). 

. . 
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(a) m = Fe(C0j3; R,= R2= Me 

(b) m = K,y)Rh ; R, = Me ; R, = H 

(cl m = (CSH5)Rh;R, = H ; R2 = Me 

(d)m = (HO-C(CF312 - CwH,) Rh;R, = R,= Me 

(LVI) 

Coo;dinated hwxafluorobut-2-yne undergoes reactions 

m(CF3.CtC.CF3) + HX -, fl(X).C(CF3):CHCF3 

(m = (Ph3P)2Pt, (Ph3P)2RhC1, (Ph3P)21r(CO)C1; HX = CF$OOH 

or HCl; Cl-HgCl reacts similarly to Cl-H towards the platinum 

complex) but the rather differently bonded species CH3CNW(C4F6)3 

does not show the reaction (394). Hwxafluoraacetonw inserts into a 

metal-carbon bond of 2,3-dimwthylbutadiwnwiron tricarbonyl to give 

LWa), and reacts similarly with the related species (isoprwnw) 

Rh(C5H,-) to give the isomers LWI(b,c). However, with (isoprene)Fe(CO)3 

the 2:l adduct LVII was isolated, which isomerised on heating to 

LVIII, and with (CH2:Crle.Cme:CH2)Rh(C5H5), attack on the ring and 

on the diwne-metal bond both occur to give LVI(d) (395). 

The oxidative addition of hwxachlorodisilane to Pt(PPhg)4 giving 
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(LVII) (LVIII) 

(Ph3P)2Pt(SiC13)2, has been confirmed; but the alleged (396) 

dehalogenation of this species by triphenylphosphine to a silene 

complex is more probably hydrolysis to (Ph3P),PtSiCl,.0.SiC12 or a 

related species. SiqCIS reacts with (CSHSNO(CO)S)~ to give 

CSHSNo(CO)SSiClS, end with IrC1(CO)(PPhS)2 to give IrCl(CO)(PPh3)2(SiC13)2, 

Reaction with Fe(C0)S gives eventually (Fe(CO)4)2(SiC12>2 (3971.. 

The de-emination of Me3SnNMe2 by metal hydrides has b:en used to 

prepare species (CSHS),Ta(H)2Snfle3,(CSHS)2Mo(H)SnNe3 and 

(CSHS)-$H)SnfTeS; these latter are oxidised by alkyl halides to 

products ( CSHS)2M(X)SnMe3 (398) - A more surprising route to 

trimethylstannyl derivatives is the reaction between (Me3Sn)3N 

or (Ple3Sn)20 and a range of dineric metal carbonyls to give 

products mSnMe3 (m = C5H5Mo(C0)3, C5H5Fe(C0)2, CSHSNi(CO), Mn(CO)S, 

Co(CO&with, it would seem , generation of N 
2 

or 0 2 (399). 

Trrialkyltin phenylacetylides show a range of reaction types with 

metal complexes; there are examples of metathesis (with RhCl(CO)(PPh3)2 

to give Rh(CiCPh)(CO)(PPhg)2 and R3SnC1), oxidatiwe addition (with 

Ir(C~CPh)(CO)L2 to give Ir(C~CPh),(Snfle3)(CO)L2; with Pt(PPh,)S to 

give Pt(C~CPh)(SnMe3)(PPh3)2) and oxidative cleavage (with 

(CSHSMO(CO)~)~ to give C,_oHSRo(C0)3SnMe3) (400). Ally1 trimethyltin 

is a novel reagent for the preparation of Tc-allyls from metal 

carbonyl halides rather than for the preparation of matal-tin 
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bands; n-allyls have been prepared in this way of many 

organometallic groupings including Mn(C0)4, Re(C0)4, Fe(CO)SI, 

CbHSmo(CO)2, c5H5Ru(CO) and C3HSRu(CO)2. The reaction may be 

used to give complexes of the --indeny and other substituted 

1(-ally1 ligands, while dimeric species such as Mn2(CO)10, COAX 

react to give a mixture of II-ally1 complex and metal-tin compound 

(401). 

There has been considerable interest in complexes of nitrogen 

ligands. Sodium dicyanomethanide reacts with Group VIII chlorides 

to give species of type m.N:C:CH(CN), as well as the anticipated 

complexes m.C(H)(CN)2 (4G2). Several complexes of the diazonium 

group have been prepared, in some at least of which it is acting 

as a 3-electron donor. Thus benzenediazonium tetrafluoroborate 

reacts with Fe(C0)3(PPh3)2 to give a product PhNNFe(CO)2(PPh3)2iEF4-, 

in which (403) ths PhNN grouping shows a CNN angle of 120°, the 

NNFe grouping is linear, and the phosphines occupy the axial sites 

in trigonal bipyramidal coordination around iron. Related species, 

formed by reaction of diazonium salt with a carbonyl or similar 

anion, followed by triphenylphosphine, are ArN2Fe(CO)(NG)PPh3 and 

ArN2Co(C0)2PPhS. Reaction took place with V(CO)S-, Mn(CO)S-, 

CSHSFe(C0)2-, Ph3SnFe(CO)4- and CSHSNi(CO)-, but the products 

could not be isolated (404). A complex formulated as LIX(a) is 

formed by the reaction between dicyclopentadienyltitanium 

dicarbonyl and azobenzene; this is hydrolysed to hydrazobenzene. 

Vanadocens adds azobenzene to give a species with one unpaired spin, 

formulated as LIX(b); in both cases the ease with which azobenzene 

can be displaced rules out ortho-mstallated structures (405). While 

tetracarbonylcobalt hydride is known (406) to react with ethylene 

oxide-to give (OC)4C~-CH2CH20H, in the reaction of aziridine with 
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through nitrogens, and more extensively cyanidated rings give rise 

to N-bonded polymers only (410). 

In complexes of type LX11 (m := Cr(CO)5, W(CO),, F8(C0)4, 

Ni(CO)& even when Y is fairly bulky group (cases Y -- "1, Owe, 

SPh, Ph, Me, Nfl82 have b88n studied) the liqand ring appears in 

all cases, from th8 size of the nmr coupling co-stants, to adopt 

a chair conformation with m equatorial (411). P2H4 gives 

complexes P2H4(Cr(C0)S)2 and P,H,(Nn(C,H,)(C0>2)2, both far less 

reactive than the free ligand (412). The photochemical reactions 

of 7,8-OgHlOCHP- and the 7,g-isomer with Fe(dO), or Mn2(CO)l0 lead 

to complexes in which the phosphaborane has replaced one CO and is 

apparently functioning merely as a phosphine ligand (413). 

Trimethylphosphine ylid reacts with (M83p)2NiC12 in pentane to 

give (Me3P)Ni(Cl).(CH2.PMe3)h, but in THF the product is LX111 (414), 

while in a closely related reaction the THF Complex of 

triphenylchromium reacts with triphenylphosphine ylid to give 

LXIV (415). 

The photochemical reactions of metal carbonyls or 

cyclapentadienylm8tal carbanyls with the disulphides (CF3)2S2 and 

(CsFS)2S2 give species Mn(CO)SSR and CSHSNi(CO)SR, which readily 

dim8riS8 with loss of' CO, and ((C,HS)Fe(CO)SCF,), es a mixture of 

isomers, while the hexacarbonyls of molybdenum and tungsten give 

the metal-metal bonded, bridged species (M(c~)~SR)~ (416). The 

species (mn(CO)4SR)2 react with hexafluorobut-2-yne to give LXV, 

formally analogous to LXVI which is formed by reaction between 

hexafluorobut-2-yne and CSHSCO(PF~)~. In both LXV and LXVI, it 

has been established that the ring is attached to the metal through 

carbon only, the hetero atom being bent away from the c4 plan8 (417). 

The trihalides of arsenic antimony and bismuth react with 
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Mn(CO)-j 

(LXV) 

F3C 

3 

C-Cl 
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( CsH5) 

(LXVI) 

( LXI VI 

metal cerbonyl anions to give a range of species of type XpNm', 

2nd also such surprising products as 

(X,~(F~(C~)~CSHS)~)* (x = cl, 13r; m = AS, sb), 

(Sb(Fe(CO),(NO)PPh3)4)+ and (Sb(Co (CO),PPh,)4)c (418). 

species (OC)4FePme2C1 and (OC)SNiPMe2C1 have been prepared 

phosphine replacement of CO and react with C5H5Fe(C0)2~ to 

the expected products of type RPMe2ar. The iron-iron 

loses CO photochemically to give l_XVII(419), the structure 

The 

by 

give 

complex 

of which 

has been confirmed crystallographically (420). Use of Pln(C0)5- 

-on (OC)4FePfle2Cl did not lead to isolation of novel Fe-P-Mn 

bridged species, but-(OC)5Cr-AsMe2C1 reacts with Mn(CO)5- and also 

other species-<C5H,$lo(C0)_g, Re(CO)S, Co(CO)i, C5HsFe(CO)a) to 
-. 
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(a) M = Co , m = Fe(CO), 

(b) M = Rh ._m = Fe(CO), 

(c) M = Rh, m = Co(CSH5) 

(d) M = Rh , m = Rh(C,H,) 
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(LXIX) 

give products (OC),$rAsMe2-m (421), which are photochemically 

decarbonylated to give products LXlJIII (422). A slightly different 

route to phosphide bridged dinuclear complexes is provided by 

diphenylphosphine complexes. Thus bis(diphenylphosphine) iron 

tricarbonyl reacts with C5H5Co(CO) f2 to give LXIX (a), while 

C5HSm(PPh2H)12 (Pl = Co, Sh) react with 12Fe(C0)4 to give LXIX (a,b). 

C5H5Rh(PPh2H)12 reacts with C5H5Co(CCl)212 to give LXIX(c), or with 

itself to give LXIX(d); this last reaction is shared by the cobalt 

and iridium analog&as (423).Germanium- and tin-bridged species may 

be prepared by reaction sequences 

m.Sn.Cl m+ m_SnH $2 m.Sn.m* 

materials so prepared include ((OC),Nn),Sn(Co(CO),),, 

(OC),l%-6n(Ph)2Fe(CO)2C5H5, (OC),$ln.GePh2.Co(CO)4, and by reaction 

of (OC)5RnGePhpH with Fe2(C0)g, (OC)5PlnTGePh2.Fe(CO)4.GePh2i%i(C0)5 (424). 
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CATALYSIS 

Professor Karl Ziegler has been commemorated in a series 

of important reviews dedicated to areas of catalysis: the 

'nickel effect' in aluminium alkyl catalysis of ethylene 

polymerisation (425), asymmetric synthesis using homogeneous 

transition metal catalysts (426), ally1 cobalt systems (427), 

and cycle-oligomerisation using transition metal catalysts (426). 

Elsewhere, hydrogenation has been reviewed twice (429,430), and 

other review topics include catalytic olefin and CO insertion (431), 

transition metal-carbon compounds as catalysts for vinyl and diene 

polymsrisation (432), addition reactions of butadiene catalysed 

by palladium complexes (433), and palladium(II)-catalysed 

isomerisation and exchange reactions in general (434). 

The optically active nickel complex LXX‘has been used to 

couple stereospecifically tertiary Grignards RR'CHMgSr (used as 

racemic mixtures) and vinyl chloride (935). In a coming together 

of two growth areas of catalysis research, asymmetric polymer of 

type LXXI has been prepared; this polymer takes up rhodium to give 

an insoluble material capable of catalysing asymmetric hydrogenation 

and hydrosilation reactions (436). 

(C5kQ2m0H2 is a specific catalyst for 1,2-, not total or 

1*4-, hydrogenation of 1,3-dienes; the proposed mechanism is 

f-d? PPh2 

0 i 
PPh2 

H 

(LXX) (LXXI) 
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1,2-addition of -H-Plo(C5H5]2H, followed by elimination of 

molybdenocene, which will add to H2. Specificity is presumably 

associated with the impossibility of the diene acting as a 

4-electron donor to molybdenocene. The tungsten compound is 

inactive as are chromocene and (CSHS)2ReH (437). manganese 

carbonyl is a hydrogenation catalyst; it is also a hydroformylation 

catalyst converting cyclohexena to C6H11CH20H or even C6H11CH20.C0.H, 

dependLng on temperature (438). (C&RuCl2 in DMF is a 

catalyst for the hydrogenation of alkenes and it is suggestad 

that the active species is a benzeneruthenium hydride (439). 

IrH3(CO)PPhS is a homogeneous catalyst for the hydrogenation of 

ethylene in DWF. The rate is proportionate to the concentrations 

of catalyst and ethylene. Hydrogen and triphenylphosphine 

inhibit; this inhibition cannot be explained solely in terms of 

displacement of dissociation equilibria, and is attributed at 

least in part to competition between the hydrogenation of complexad 

ethylene, and its displacement (440). Cinnamic acids are 

hydrogenated or deuterated by the complex(Co(CNi)S)S-, and it is 

concluded from detailed studies of the processes involved that in 

a-cinnamic acids, the first hydrogen atom transfer takes Place 

to the N-carbon, while in the trans isomers it is to the k-carbon 

(441). 

Ir(III) (introduced as chloride complex) is a homogenous 

catalyst for hydrogen exchange between aromatic hydrocarbons and 

D2 at 13g°C. Exchange is preferentially into the ring, rather 

than into the methyl group, of toluene, but with longer chain 

alkylbenzenes the terminal methyl group takes part in exchange. 

It is suggested that in the toluene case excessive stability 

reduces the catalytic activity of a M-benzyl intermediate (442). 
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It- had been s”gg&tad (443) that some kind of charge transfer 

hetwsen metal and elkane was responsible for the pt(II)-catalysed 

exchange of hydrogen between hydrocarbons and D20, but attempts 

to find evidence for such charge transfer have been unsuccessful 

(444). The isomerisation of 1,6-cyclodecadienes by rhodium 

complexes in ethanol has been described arid it is suggested, from 

analysis of-side-products, that the solvent is acting as a 

hydride source (445). 

Palladium aryls are suggested intermediates in the 

Pd(II)-catalysed oxidative coupling of arsnes, in the presence 

of 02’ to biaryls and other products (446). Species ArPdCl 

convert benzo(b)furan (LXXII, Y = H) into the 2-aryl derivative 

(Y = Ar). If deuterated starting material (Y = D) is used, 

deuterium is absent from the product, showing that no hydrogen 

shift occurs, while palladium acetate couples benzo(b)furan with 

I CD2 :CHPh 



styrene; Iabelling experiments indicate the sequence of events 

of Scheme 7 (447). The addition of acetic acid to norbornadiene 

is catalysed by bis(triphenylphosphine) palladium(I1) acetate, but 

the reaction is far from straightforward. Addition of CHSCOOD 

gives an isomer quite different from that naively expected, and 

a reaction sequence such as Scheme 8, in which the organic 

skeleton rearranges, must be involved. Palladium(I1) catalyses 

& Pt(o-4c)2i & DOAc__ pqH 
Pt D ’ [Pt]’ 

Scheme 8 

the acetolysis of dihaloethylenes and their subsequent isomerisation 

to l,l- diacetates. The suggested mechanism is addition of 

Pd(II)-acetate, followed by elimination of Pd(I1) halide (449). 

3-Hexenedioate is converted by Pd(I1) to trans. trans -2, 

4_hexedienedioate, a process that can be rendered catalytic by 

using Cu(I1) and air. The proposed mechanism 

palladation of the allylic carbon, followed by 

hydride loss (450)- 

The FeS(C0)12 -catalysed isomerisation of 

is accompanied by-positional scrambling of the 

(Scheme 9) is 

formal palladium 

LXX111 to LXXIV 

deuterium label 



- -Et02C: Ch,- CH:CH - CH, - CO,Et 

+ 
Et02C l CH CHCH&02Et 

Pd KU 1 Scheme9 

i 

EtOzC . . ChL 
I I 

- CO,Et +H+ + Pd(O) 

H H 

over all three terminal methyl groups, and positional scrambling 

has also occurred in non-isomerised starting materiel. There 

is, however, no exchange of materiel with isoprene. It follows 

that deuterium scrambling occurs by an intramolecular mechanism, 

and that isomerisation end its reversal are faster than release 

of the alkene from the iron complex within which H-(or D-) 

migration occurs (451). Reversible additions end eliminations 

of metal hydride are also important in a re-examination (452) 

of a purported (453) instance of metal insertion into an alkane 

carbon-hydrogen bond. It had already been established that 
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Me Me 

Me H 

X 
Et Ml? 

H:$--+] - -ie --HE$-=&O 
Me Me Me Me 

H"gRh - -- H"H,Ho 

Et Me -_ Et Me 

Scheme10 

attack on the methyl group occurs to a small extent in the cobalt 

carbonyl catalysed hydroformylation of 3-methyl-1-hexene. It 

is now shown that such hydroformylation is accompanied also by a 

shift of a deuterium label from C(3) to C(2). This can only 

occur by a hydride addition elimination process. Direct insertion 

would have left the position of the label unchanged while an 

allylic intermediate would have caused the label to shift to 

C(1) (452). Hydroformylation of 3-methylhexene-2 catalysed by 

RhH(CO)(PPh3j3 proceeds stereospecifically according to Scheme 10, 

indicating an initial cis addition of Rh-H across the double 

bond. A small amount of 'wrong' epimer is shown, by the occurrence 

of two deuterium atoms in the product when D2 is used instead of 

Ha, to have arisen from isomerisation products (454). Hydroformylation 

of olefins usinq RhC1(CO)(PPh3)2 

hydroperoxides which convert tha 

active RhC1(C0)2PPh3 (455). 

Nickel phosphine complexes 

is accelerated by cyclohexenyl 

rhobium complex into far more 

can in favourable cases cetalyse 

the conversion of aryl halides to nitriles; oxidative insertion 

is followed by halide-cyanide metathesis, and reductive 

elimination follows (456). 
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-NiL4 :+ _ ArX + L$Ji(X) Ar -I- PL 

L*Ni(X)R- & CN- + L$yi(CN)R f x- * 

L*Ni(CNjR + 2L + L4Ni -I- ArCN 

The nickel-catalysed cross-coup&g of Grignard reagents 

into halo-olefins is stereospecific, but both cis and trans 

1,2-dihaloethenes commonly give the cis-olefin (457), 

It has been concluded from studies of product distribution that 

the active olefin dimerisetion catalyst in (PhgP)2Ni(Gr)(Aryl) 

systems is.a nickel hydride. The system shows strong preference 

for ethylene over propylene, and co-dimerises ethylene and 

propylene, apparently by a process (458). 

Ni-H + alkene * NiR; NiR + alkene i NiR’ + NI-H c alkener 

The nickel complex catalysed dimerisation of butadiene is 
. 

modified by alkoxide or by hydrohalic acid according to Scheme 11 

to give 2,3,7-octatriene or 2-methylenewinylcyclopentane 

respectively (459). The reactions of allenes with amines or 

species with active methylene groupings are catelysed by Ni(0) 

to give among other products, those derived from addition of 

t 
-NiH 

Scheme 11 

_- -- 
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(LXXV) 

N-H or C-H across the trimerised allene fragment of the known 

complex LXXV (460). Ni(0) complexes catalyse the coupling 

of ally1 halides to aikenes in the presence of CO to give a 

range of products, including cyclic ketones with S-membered 

rings formed by CO insertion (461). Such CO insertion had 

been suggested earlier as a catalytically important step but 

had not been observed (462); it has now been demonstrated by 

the reaction of CO with species trSns-(Me3P)2Ni(X)CH3 to give 

the corresponding acyls. These acyls are decerbonylated by 

species of type NiL4, which are themselves converted to 

NiL3(CO), and had this (463) escaped detection in earlier work. 

#-allylnickel acetate is a very efficient homogeneous catalyst 

for the 1-4 polymerisation of butadiene, and monomer-dimer 

equilibrium had been postulatsd. This suggestion derives 

support from the observation, by proton and carbon-13 nmr, of 

such an equilibrium, in the complex 2,6-heptadienylpalladium(I1) 

acetate. The monomer contains a pent%hapto.organic ligand, 

while the dimer contains a trihapto ligand with carboxylate 

bridges (464). The linear dimarisation of butadiene in the 

presence of palladium(I1) and free acid gives 1,7-octadiene (465). 

Rhodium(II1) in methanol catalyses the codimerisation of styrene 

with alkenes, especially ethylene. The suggested mechanism is 

addition of a rhodium hydride to styrene, to give Rh-CHPh;CH3, 

Referencesp. 394 



394-Y 

followed by alkene insertion in the metal-carbon bond, and 

rhodium-hydride elimination, to give 3-phenyl l-b&en8 (466). 

Three different species (e~)#ki~(CO)~, (~c)~OS~(CO)~, 

and(ac) OS (CO) 
33 6’ 

have been isolated from tha:reaction mixture 

-during the catalytic CycLisation of 2lkyn8s at 0s3(CO)12. The 

last Of th8S8 giv2S a benzene 

contain three alkyn8S already 

catalyst for the formation of 

readily and ‘is thought to 

linked (467). (phgp)3pd 

anthraquinone derivatives 

p-benrophenone 

functions as a 

converted to 2 

and mono olefins, Some 

hydrogen abstractor, and 

diene which than adds to 

is a 

from 

of the benzoquinone 

the mono-olafin is 

a further benzoquinone 

molecule (468). Copper(I) triflate, CE3S03Cu, catalyses the 

cyclopropanation of alkenes by azo-derivatives N2CHR. The 

reaction is first order in catalyst and inhibited by excess 

olefin, and it is presumed that reaction occurs by way of an 

intermediate in which both the olefin 2nd the azo-species are 

bonded to copper (469). Copper(I) complexes in concentrated 

sulphuric acid catalyse the conversion of Cn alcohols to Cn+l 

carboxylic acids, and 2 species (CU(CO),)~ has been postulated 

2s an intermediate (470), while the molybdenum tricarbonyl 

complexes of arenes have been examined 2s Friedel-Crafts 

catalysts (471). The cobalt cluster compounds Co3(CO)9CY are 

free radical polymerisation initiators (472). 
. 
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