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Abstract 

Treatment of dichloromethane solutions of the heteronuclear cluster compounds 
[M2Ruq(p3-H)2{ p-Ph,P(CH,),PPh,}(CO),,] (M = Cu or Ag) with dichloro- 
methane solutions containing the appropriate quantities of the complex 
[Ag(NCMe),]PF, or [AuCl(SC,H,)] results in the replacement of either one or both 
of the Group IB metals M by silver or gold atoms. The products from the Group IB 
metal exchange reactions are obtained in ca. 65-75% yield. 

Although a large number of heteronuclear cluster compounds containing one or 
more M(PR,) (M = Cu, Ag, or Au; R = alkyl or aryl) units bonded to other, 
different transition metals have now been synthesized [l], species of this type, in 
which there are different Group IB metals, remain very rare [2,3]. We recently 
reported [3,4] that Group IB metal exchange reactions can provide a novel route to 
cluster compounds containing two different coinage metals. However, this type of 
synthesis is currently restricted to exchanging M(PR,) groups [3,4], and it cannot be 
applied to compounds such as the series of hexanuclear clusters [M,Ru,H,(p- 
Ph,E(CH,),E’Ph2}(CO)iz] (M = Cu, Ag, or Au; E = E’ = P, n = 1-6; E = As, 
E’ = As or P, n = 1 or 2) [5-S], in which the bidentate ligands bridge the two 
coinage metals. Herein we describe a potentially more generally applicable proce- 
dure for Group IB metal exchange reactions. 

Treatment of dichloromethane solutions of the previously reported [5] bimetallic 
species [M2Ruq(p3-H)2{ ~-Ph,P(CH,)2PPh2}(CO),z] (I, M = Cu; II, M = Ag) with 
dichloromethane solutions containing the appropriate amount of the compound 
[Ag(NCMe),]PF, or [AuCl(SC,H,)] results in the replacement of either one or both 
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(1.M = M' : Ct. ; 
II,M = M' = Ag ; 
1II.M = Cu, M' =Ag, 
VI,M = Cu,M'= Au; 
V,M= Ag,M'= Au1 

of the Group IB metals initially present in the cluster by the coinage metal 

contained in the mononuclear complex, as shown in Scheme 1. The yields are in the 

range ca. 65-75s. The syntheses of the trimetallic clusters [MM’Ru,(p.,-H),{p- 

Ph,P(CH,)2PPh2}(C0),2] (III, M = Cu, M’ = Ag; IV. M = Cu. M’ = Au: V, M = 

[AgCuRu,(~,-H),{ p-PhzP(CH,),PPhz )(Co)121 

Scheme 1. In all of the reactions. a dichloromethane solution containing the appropriate amount of the 

mononuclear complex [Ag(NCMe),]PF, or [AuCI(SC,H,)] was added dropwise over a period of 1 h to a 

stirred dichloromethane solution of the bimetalhc cluster (1 equiv.) at ambient temperature. (i) 

[Ag(NCMe),]PF, (1.5 equiv.), (ii) [AuCI(SC,H,)] (I equiv.). (iii) [AuCI(SC,H,)] (0.9 equiv.). (iv) 

[Ag(NCMe),]PF, (3 equiv.), (v) [AuCI(SC,H, )] (2 equiv.). 
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Ag, M’ = Au) [9*] also produce very small amounts of the silver-containing 
bimetallic cluster II or [Au,Ru,(~~-H)(p-H){ p-Ph2P(CH,),PPh,}(CO),,] (VI), in 
which both of the Group IB metals initially present in the starting material have 
been replaced. However, the products in each crude reaction mixture are readily 
separated and purified by column chromatography, on Florisil (100-200 mesh) at 
- 20 o C for III and on alumina (Brockman activity II) at ambient temperature for 
IV and V. 

The identity of the bimetallic clusters II and VI, which were synthesized via the 
Group IB metal exchange reactions (Scheme l), was confirmed by comparison of 
their spectroscopic data with those of known samples [5,6,10]. However, the coinage 
metal exchange reactions described herein are potentially much more useful as a 
generally applicable synthetic route to very rare clusters containing two different 
Group IB metals. The IR and NMR spectroscopic data for the unusual trimetallic 
species III-V [ll*] are fully consistent with the proposed formulations, and are very 
similar to those previously reported [3] for the closely related PPh,-ligated species 
[MM’Ru4(p3-H)2(C0)12(PPh3)2] (M = Cu, M’ = Ag or Au; M = Ag, M’ = Au). 
Thus, it seems very likely that III-V adopt similar capped trigonal bipyramidal 
metal framework structures, in which the Group IB metal site with the higher 
coordination number is occupied by the lighter of the pair of coinage metals, to 
those previously established [3] for the analogous PPh,-containing species. In 
addition, the NMR spectra of III-V show that the metal skeletons of these 
trimetallic species, like those of the analogous PPh,-ligated clusters [3], are stereo- 
chemically rigid at ambient temperature in solution. Interestingly, this stereochem- 
ical rigidity is in marked contrast to the dynamic behaviour, involving coinage metal 
site-exchange, which the metal cores of the closely related bimetallic clusters I, II, 
and VI show at ambient temperature in solution /5,6,8,10]. 
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