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Three different phosphine coordination arrangements have been observed for 
Ru,C(CO)~~ [PPhz(CH,),PPh,] (n = 1 to 4); the phosphine in one isomer of 
R~&(CO)~~(dppb) bridges the diagonal of the square face of the cluster. 

The phosphine PPh2CH,PPh,(dppm) has been widely found to have an ap- 
propriate bite to stabilise many dimeric complexes of the A-frame type by acting 
as a bridging ligand [l] _ Stabilisation or larger arrays of metals is of current inter- 
est in catalyst design [ 21 and these offer different stereochemical situations. A 
chain length effect on the preferred coordination mode of bidentate phosphines 
was suggested for trinuclear complexes with Ru,(CO)io(dppm) possessing a 
bridging ligand [S] and Ru,(CO)rO(dppe) (dppe = PPh2 (CH2 )2PPh2) possibly a 
chelating one at a single metal centre [ 41, but the latter complex has recently 
been found also to possess an edge bridging diphosphine [5]_ We have carried out 
a systematic study of the binding of four bidentate phosphines of general 
formula PPh,(CH,),PPh, with different chain lengths viz. dppm (IZ = l), dppe 
(n = 2), dppp (n = 3) and dppb (n = 4) with ruthenium clusters of nuclearity 
three to six to determine if bite preferences exist in these clusters_ In the course 
of this work a new coordination mode was found for the stable isomer of Ru&- 
(CO),,(dppb) (Ia) (Fig. 1) in which the phosphine bridges across a square face of 
ruthenium atoms. 

Interaction of Ru~C(CO)~~ [6] with dppb in CsH12 for 2 h at 5O’C affords 
complex Ia as the major product; [R~,C(C0),,]~(dppb) is also obtained. 
Complex Ia-exhibits one {1H}31P resonance at S 34.06 ppm (relative to 85% 
H3P04) and carbonyl IR absorptions at 2071m, 2046vs, 202Os, 2012s, 1994m, 1981w, 
1966w and i952w cm-’ in cyclohexane solution. The two phosphorus atoms 
are apparently equivalent and the molecular structure of Ia was determined by 
single crystal X-ray diffraction. 
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consistent with the phosphorus atoms occupying axial and equatorial sites on 
basal ruthenium atoms in both cases. The major 31P signal for III at -90°C (6 
12.89 ppm), accounting for 90% of the total intensity, is due to another isomer 
which is considered to be 111~ (Fig. 1) because of the rapid interconversion be- 
tween the two isomers. Interconversion between IIIb and 111~ only requires a 
twisting process while any other proposal would necessitate a facile dissociation 
of one arm of the phosphine and concommitant CO transfer. A limiting slow ex- 
change 13C NMR spectrum of III, which could have confirmed this was not at- 
tained at -119°C. 

The fourth member of the series, Ru&(CO)~~ (dppe) (V) exhibits a simpler IR 
spectrum than its dppm analogue (v(C0) bands at 2073m, 2038s, 2027vs, 2010s 
and 2001m cm-’ in cyclohexane) corresponding to the more intense bands in the 
latter’s spectrum. We therefore conclude that V has the same structure in solu- 
tion as the major isomer of Ru,C(COj13(dppm) (111~). Consistent with this 
isomer being Vc is the observation of a single {‘H} 31P resonance (6 39.8 ppm) 
down to -90°C. Ru&(CO)is(dppe) is reported to have structure Vb in the 
crystal [7] and therefore appears to change structure with phase. 

A summary of the isomerisation processes of these four Ru,C(CO),,(L-L) 
derivatives is presented in Fig. 1. Three substitution patterns have been recogn- 
ised on the Ru, square pyramid and the identity of the kinetically or thermo- 
dynamically favoured form is a function of the phosphine chain length. There is 
no evidence for an edge bridging coordination mode d (Fig. 1). This contrasts 
with Ru,(CO),,(dppm) 131, Ru3(COhoW.we) 1:51 and H&u4(COhddppe) 181 
for which edge bridging structures have been identified. W7e have carried out a sim- 
ilar study on Ru&(CO)r, substitution by these four ligands and found only edge 
bridging forms, as confirmed by a single crystal X-ray study on Ru&(CO)~~ - 
(dppm). While all four nuclearities show some individual properties, the differ- 
ences between the deltahedral clusters and the square faced Ru&(CO)~~ are most 
marked_ Design of cluster stabilising ligands has therefore to be sensitive to facial 
character of the metal skeleton. 
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