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Abstract-The reaction of (p$S)RuCo,(CO), (1) with [NaM(CO),CpC(O)],C,H, [(M = MO (2) M = W (3)] 
in refluxing THF gave two new carbonyl clusters, [(~$S)RuCoM(CO),CpC(O)],C,H, [M = MO (4), M = W 
(5)]. The structure of cluster 5 was established by X-ray diffraction analysis, 0 1997 Elsevier Science Ltd 
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In recent years transition-metal cluster complexes 
have been receiving considerable attention because of 
their unusual structures and reactions [l-3]. Among 
these, however, there are very few cluster complexes 
containing the tetrahedral skeleton SRuCoM 
(M = MO. Wj. To the best of our knowledge, no com- 
pound containing two tetrahedral skeletons formed 
mixed-metal clusters connected by CpC(O)C,H, 
C(O)Cp has been reported. We describe here the syn- 
thesis and characterization of this novel type of cluster 
complex. 

In the presence of ethanethiol COAX reacted 
with Ru,(CO),, under 200 atm and 160°C in hexane 
giving the cluster SRUCO~(CO)~ (80%) [4]. The novel 
metal fragment exchange reagents of [NaM(CO), 
CpC(0)],C6H4 [M = MO (2), M = W (3)] were 
formed in refluxing THF by M(CO), (M = MO, W) 
reacted with [NaCpC(O)]&H, which was prepared 
from NaCp and dimethyl terephthalate in refluxing 
THF. The addition of an equimolar amount of (/lx-S) 
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RuCo,(CO), to the THF solution of complexes 2 or 
3 produced the title complexes 4 and 5 in moderate 
yields, which could also be prepared at ambient tem- 
perature, but in low yield (lO-20%, Scheme 1) [5]. 
The clusters 4 and 5 are air-stable red solids. They 
are soluble in polar solvents like THF, toluene and 
chloroform, etc. 

The structural features of this new series of mixed- 
metal clusters have been established by the X-ray 
diffraction analysis of a suitable crystal of [(I~-S)Ru- 
COMO(CO)~C~C(O)]&,H,. The structure of cluster 
5 contains two independent. centrosymmetric 
molecules, each of which contains two tetrahedral 
skeletons connected through the CpC(O)C,H,(O)Cp 
bridge (Fig. 1). The tetrahedral skeleton is composed 
of S, Ru, Co and W atoms. The slightly distorted 
triangular RuCoW is capped by a p,-bond sulfide 
ligand. The Ru and Co atoms were coordinated by 
three two-electron carbonyl ligands. The W atom was 
coordinated by two carbonyl ligands and one five- 
electron carbonylcyclopentadienyl ligand. The cap- 
ping sulfide atom bonds to the Ru, Co and W atoms 
with bond lengths 2.320(4), 2.197(4) and 2.376(4) A, 
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Scheme I 

respectively. The bond length of Ru-S is roughly 
equal to that in the known complex HRu,(CO), 
[fill-S)Mo(CO),(N(CH,),1 (Ru-S = 2.334 A), but 
shorter than that of the typical Ru-S bond length 
[6]. The W atom-Cp ring centroid distance is 1.970 A. 
Since the n-system of the bridge -CO-C,H,-CO- 
would be quite well conjugated with that of the Cp 
ring and thus the bond length of C(5)-C(6) (1.46 A) 
and C(6)-C(7) (1.47) becomes much shorter than a 
normal C-C single bond (I .54 A), but longer than a 
C=C double bond (1.34 A). Cluster 5 contains a total 
of 48 x 2 electrons and is electronically saturated. 

The similar spectral characterization of compounds 
4 and 5 suggests the same configuration for these 
clusters. No double cluster complexes containing 
tetrahedral subcluster cores SRuCoM (M = MO, W) 

have been reported, although a few such single cluster 
complexes have appeared in the literature, but without 
crystal structures [4]. The IR spectra of clusters 4 
and 5 all showed intense terminal carbonyl absorption 
bands in the range 189992085 cm-’ and all of them 
also showed corresponding carbonyl absorption 
bands for the acetyl at 1650 and 1661 cm-‘, which 
were much lower than that of the RC=O in known 
clusters (/*,-CPh)FeCoM(CO),[CpC(O)R] [7]. This is 
because of the conjugative effect of the aromatic ring 
in these complexes. The ‘H NMR assignment of sub- 
stituted cyclopentadienyls appeared downfield relative 
to that of unsubstituted cyclopentadienyls [8], which 
was due to the shielding effect of the r-r-system 
-C(O)C,H,C(O)-. It should be mentioned that the 
molecular structure of 5 is that of an achiral molecule 

O(8) 

Fig. 1. 



Communication 3069 

containing a symmetric center. However, the ‘H NMR 
spectra of the cyclopentadienyl protons of 4 and 5 
show an A2BB’ pattern instead of an A,B, pattern, 
which is because of the presence of the chiral tetra- 
hedral subcluster SRuCoM in these clusters [9]. 
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