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Comprehension of the fundamental differences between homogeneous and 
heterogeneous catalysis is one of the aims of the studies on “model” complexes 
in the field of coordination chemistry. Conceptually, one of the main distin- 
guishing features between both modes of catalytic action would concern a 
potential simultaneous intervention of two or more atoms at the surface leading 
to some cooperative effect of these atoms on the substrate during one or several 
steps of the heterogeneous mechanism. This situation is, by nature, forbidden 
for the various homogeneous catalytic reactions which are known to proceed 
through mononuclear metallic intermediates and transition states. Moreover, 
most of the presently known cases of the so-called “bimetallic homogeneous ca- 
talysis” [l] seem to proceed either from successive interventions of each of the 
engaged metal complexes (Wacker process) or from the catalytic action of only 
one metal atom whose electronic state in its complex is judiciously modified by 
the second metal atom acting as a ligand (Pt/Sn catalyst), 

It is our opinion that a really true “bimetallic catalysis” would result from 
a sort of “super template” effect involving the substrate and two metal atoms; 
such a closely defined concerted mechanism has been postulated in some cases 
(polymerisation on Ti/Al catalyst) or shown in others 123 but its general appli- 
cation is still questionable. Hence the development of studies, on the reactivity 
of two (or more) metallic centers will be a challenge for the coordination chem- 
ist in the second half of this decade- 

Preparative researches in the field of bridged dinuclear d8 and d’ metal com- 
plexes 

From the points raised so far it is clear that the dinuclear bridged complex- 
es of d8 and d' metals are of special interest because of their varying degrees of 
metal--metal interaction. 

The present studies have been undertaken in the expectation that the.reac- 
tivities would be different for complexes with different degrees of metal-metal 

* Presented at the Symposium on Metal Carbon~l Che+st.ry. dedicated to Professor Walter Hieber, 
held at Ettal (West Germany). July 2lst-Juk 27th, 1974. 
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Rh2CI,(CO),_, I_,, Fe,(SRl,(CO),-,L, 
In the iron se&~ a “hinge-shaped” structure with a smaller a.ngIe Q around the axis of the hinge is 

expected from the X-ray determina tion by D&l 131 of the parent compound F‘Q<SR)~<CO&. In the rh* 
dium series the quasi inva.riabiIitv of P seems to be proved [412J _ 

Fig_ 1, Examples Of “binge-shaped” molecules. 

interaction and especially for the 12 complexes of the series: Rh21A,(CO)4,L, 
and Fe2*A2(CO)6,L,, as suggested by the geometry of the parent compounds 
(Fig- 1) and their respective metal-metal distances. 

In order to reveal the reactivity of these types of complexes, initially we had 
to use the most basic ligand reactants_ Our first aim was to investigate the reac- 
tion of the Rh&l,(CO), complekes with phosphines with the purpose of “tailor- 
ing” adequate model complexes. 

An infrared study has shown that the [Rh(CO),Clj,/phosphine(L) systems 
iu solution are composed of two series of complexes, mononuclear complexes 
X,, of formula RhCl(CO)smL, (n = 1,2,3) and din&ear complexes Y, of 
formula Rh&l,(C0)4, L, (m = 0.1,2,3,4) [5]- Some of the compounds Y, 
and Y3 were sufficiently stable to allow elemental analyses to be made and in 
the case of Y2 molecular weight measurements, but the structures of compounds 
XI and YI were obtained by chemical observations and by mass spectrometric 
investigations_ Consequently a reexamination of the chemical properties [6,7 J 
of the Yz derivatives of triphenylphosphine, previously considered as X1 
complexes [S J is necessary in the light of their true dim&ear structures. 

The composition of mixtures obtained by the reaction of phosphines and 
j&ichlorotetracarbonyldirhodium, [Rh(C0)2Cl]z, is very dependent on factors 
such as the relative concentration of ligand L to metal, the pressure of CO, the 
nature of the soIvent and the temperature. It is to be noted that Scholten and 
Van der Ploeg using a variation in the L/Rh ratio [S] suggest a specific catalytic 
role of the dinuclear species in polymerisation, which supports our general hy- 
pothesis on the reactivity of the Cr-complexes. 

Although, the fact that the Y+ complexes in solution always redistribute 
themselves partially into YI and Ya must never be forgotten, a preparative meth- 
od giving &most pure compounds was needed. This Ieads us to an indirect syn- 
thesis using as starting materials various ratios of both complexes Rh2(CO)+- 
(G2%)4 and RhSMCO)4- 

Scheme 1 gives an insight into the flexibility of such a process using the 
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redistribution phenomenon. For example, by Scheme 1 complexes Y2, for a 
range of basicity of L from L = n-C3H70PF2 to L = P(C2H5)3, have been ob- 
tained with equal facility 191. The method is also useful in the preparation of 
amine complexes [lo] _ 

SCHEME 1 

Ffh,Cl,KO),&+i,) 

2L 
b ntLp,tco),L, - 

2L 
Rh$I$COIa 

Rt$i&O) (C2H4)3 
3L 

- RhZCiZKO) Lx 

Our synthetic work starting from the reaction of phosphines on the [Fe- 
(SR)(CO),]2 complexes also renders available a series of compounds Fe2(SR)2- 
(CO),,L, (n = 0, 1,2,3,4). In this case various isomers with respect to the 
iigand L positions and the synanti disposition of the methyl group [ll] were 
detected. For instance the observed equilibrium: 

exemplified the connection between both types of isomerisation. Moreover, the 
generalisation of the preparative studies has been recently undertaken in our 
laboratory and concerns various iridium, cobalt, nickel and platinum dinuclear 
complexes. 

Crystal and molecular structures of the dinuclear bridged d8 complexes 

The validity of our lines of research was strongly dependent on the analogy 
of structure between the Yt compounds and the Y0 parent compounds (Fig. 1). 
It is interesting to note that, in the almost analogous p phosphido complex 
[IrP(C,H,),CO(PC,H,)]z, each iridium atom lies in a tetrahedral configuration 
and that even if the double square planar structure is preserved, in some rhodi- 
um compounds, the dihedral angles between the two planes is not necessarily 
fixed around 124” (for [RhCl(CsII12)]2 oc = 180”). 

Indeed the X-ray analysis of a trichnic crystal of the complex 
[RhCI(CO)CP(CsH5)(CH,)2}1, WI h s ows a true (but approximate) square planar 
configuration of the rhodium atoms (Fig. 2). An interesting feature is that this 
double square planar structure (Fig. 3) is bent, forming a dihedral angle of 
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C(27) 

%- 2. P-PeCtiVe view along the axis of the compler [RhCI(CO){P<C~H~)(CH~)~}l~ [la. 

123_O” comparable with the 124” value determined by Dahl et al. [3] for 
Rh&I,(CO), where the intramolecular metal interaction had been postulated. 
The bent structure is indeed an intrinsic characteristic of the Yz complexes. 

The infrared spectra of selected crystak with the same morphology as those 
studied by X-ray analysis exhibit, &om caesium bromide pellets, two stretching 
bands at 1986 and 1971 cm-’ (Fig. 4a). The presence of only two CO bands of 
almost equal intensity is in agreement with the cis structure revealed by the 
X-ray determination. AU attempts to find some crystals of the trans isomer or 
to detect some mixture of both isomers in the solid state faiIed. Nevertheless curve 
analysis (Fig_ 4b), of cyclohexane solutions of the crysta.Is revealed a system of three 

123.0 

IFis 3_ some structural p- eters in the conwl~ CRhCI<CO)CP<CgH5)<CHg)2 )I* [x2]_ 
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1966 lS?lcm-'- . 

(0) (b) Cc) 

Fig.4.Infraredspectra ofY~compound+ [12l.<a)spectrum inthe solidstate ofthe complex ERhCI(CO)- 
{P(c~&)(cH~)~}]~, (b) spectrum in cyclohexane solution of the same complex. Cc) spectrum in the solid 

state of the complex [RhCl(CO)P(NMe3)312. 

CO bands. Assuming the transferability 1133 of interaction force constants 
k(cis) and k(tmns) from the parent carbonyl complex Rh&12(CO)4 [14], the 
splitting of 15 cm-’ between furthermost bands is characteristic of the cis struc- 
ture. Assuming the same intensity ratio as for the solid state, we can evaluate 
the contribution of this isomer by the intensity of the band at 1981 cm-‘. Thus 
starting from cis-[RhCl(CO){PMezPh)3, in the solid state, a mixture (30/70) of 
the cis and trans compound occurs in cyclohexane solution. Therefore, both 
absorptions at 1990 and 1981 cm-’ are assigned to the bans isomer with respect 
to their relative intensities (the contribution of the cis isomer to the intensity 
of the band at 1981 being taken into account). 

A similar spectroscopic investigation shows that the cis isomer of the com- 
plex [RhC1(CO)PMe3]z is the only one recovered from solutions containing 
both isomers Whereas it seems that the complex [RhC1(CO)P(NMe3)3]2 adopts 
a tmns geometry in the solid state (Fig- 4c), the cis isomer occurring by isomeri- 
sation in solution. 

Nucleopbilic attack on bimetallic complexes 

By the above preparative method it is reasonable to assume that from a 
purely electronic consideration, any complex Yz with L having a basicity in the 
range from L = n-C3H,0PF2 to L = P(&H,), may be prepared. The steric prop- 
erties of L, however, play an important role in the reaction. For example with 
the bulky phospbine P(CBHI 1)3 using the ratio L/Rh = 1, the mononuclear com- 
plex RhCl(CO)[P(C~,,),]. (type X,) is preferentially formed with a transfor- 
mation ratio of starting material ca. 50% and only a small quantity of Y2. This 
observation may be discussed and rational&d on the ground of Scheme 2. 

For ligands of low steric requirements rapid formation of II with subse- 
quent loss of ethylene to form Y2 seems a reasonable mechanism. Bulky groups 
are expected to retard, to some extent, the formation of II and hence the re- 
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suiting large concentration of free ligand in solution would react with YZ and/or 
III to form X2 (path Q and/or fi). Thus it is possible to attribute the observed 
distribution of products (X2 and Y2) either to the disappearance of ligand by 
path Q (as L/Rh = I) or to a kinetic competition between or and 0. Furthermore, 
it is plausible that, with bulky ligands L, an attack on the sterically hindered Yz 
would be prevented and path p favored- 

With Z-methylpyridine the reaction was slow and further addition of ligand 
(L/Rh = 2) gave the X+ complex RhCl(CO)(2-NC&7)2*. In this case, path cy can 
be excluded and the postulated intermediate III is clearly involved in the sub- 
stitution reaction_ 

The use of the very sterically hindered 2,fi-dimethylpyridine ligands gave 
exclusively the complex RhCI(CO)(G_H,)(2,6-NC7H9)** even in the presence of 
excess &and (the same amine ligand). This can be considered as the isolation of 
the intermediate III in a case where further attack is hindered by the steric effect. 

Finally, the addition at room temperature of the stoichiometric quantity 
of the diethylamine (L/Rh = 1) to [RhCI(CO)C$H?], in toluene solution gives 
quantitativeIy, after recrystallisation at -2O”C, a yellow product. Elemental anal- 
ysis, relative intensities of ethylene and amine proton NMR signals are consistent 
with the formula RhCl(CO)(C2H4)(NHEt2) leading apparently to the same con- 
clusion as in the previous case. Preliminary X-ray analysis [lSJ confirms a mono- 
nuclear square planar structure with the ethylene ligand trans to the chlorine. But 
surprisingly, osmometric measurements in benzene solution under argon, gave a 
double molecular weight and suggests a dinuclear complex [ RhCl( CO)( C&H,)- 
(NHEt2)]2 (hereafter referred as W~(NHEt+).This product, WANHEt& in solution 
slowly loses ethyiene under reduced pressure to give a dark brown product, 
[RhCl(CO)(NHE&)], of low solubility, considered to be a Y, complex of the 
amine ligand, The same behaviour is observed with n-propylamine, 3,!%imethyl- 
pyridine and pyridine. 

* First example. for au&,eI&and. ofamononudear disubrritutedrhodium~l~complertrons-RbCl- 

<CO)Lz (U~CO~ = 2963 cm-‘) 1101. 
** Two isomers were detected in solution and their structures as represented in Scheme 3. were deter- 

minedby NMR andNudearOverhauserEahan~ment <NOE) Llol. 
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So in the case of L = diethylamine, the members of the equilibrated first 
step of the path p seem to have been observed- Indeed the structure of the W2 
compound should be intimately related to the geometry of the transition state 
implied in the substitution and bridge splitting reactions of the [RhCl(CO)(C2H4)], 
complex_ 

Due to the importance of such a basic conception as a dinuclear transition 
state, we further investigated the system [RhSR(CO)&/phosphine [15] in which 
the bridge splitting reaction was expected to be hindered_ 

New dinuclear pentacoordinated rhodium(I) complexes [RhSR(CO)tL]2 
were therefore prepared*. Through slow decarbonylation these complexes lead 
to [RhSR(CO)PA&, complexes. 

As a conclusion, the factors of the competition between substitution and 
bridge splitting reactions (observed during the nucleophilic attacks on the com- 
plex [RhCl(CO)(C,H,)],) are consistent with a doubly pentacoordinated inter- 
mediate in the corresponding pathways (Scheme 2)_ This hypothesis is open to 
challenge from a kinetic study. 

The present detection or isolation of new types cf doubly pentacoordinat- 
ed complexes, followed by the X-my determination of their structures, will 
probably allow us to reach an idea of the geometry of the transition states in- 
volved in the reaction. 

SCHEME 3. 

I 2-NCaH7 

L _ NH2n-R 
NHEt2 

NW’S 

JP-NCflH. 

l At present NMR. IR. Reman data and infrared intensity measurements seem to be consistent with the 
stmcture shown in Fig. 5 [151. 
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