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Synthesis of tetranuclear butterfly clusters 
RuM3(~-H)(CO) 12(g4-T11-TI l-T11-TI2-C2Fc) 

(M = Ru, Os; Fc = ferrocenyl) and 
RuOs3(CO)12(lI4-T11-Tll-T12-T12-HC2Me) from trinuclear acetylide precursors. 
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Being highly unsaturated and able to donate from 
one to five electrons, acetylide ligands show a diversity 
of bonding possibilities in transition metal clusters. 1 The 
study of molecular clusters with these ligands allows the 
processes of  hydrocarbon C 2 group transformation on 
the polymetal centers of a catalytic surface to be clari- 
fied. 

Previously, for the synthesis of acetylide derivatives 
of tri- and tetranuclear clusters we used an approach 
based on the interaction of mononuclear acetylide com- 
plexes with metal carbonyl clusters. 2-4 In this paper, 
the synthesis of  tetranuclear butterfly clusters from 
trinuclear acetylide clusters is described. 

Treatment of  Ru3H(CO)9(C-CFc) (1, Fc = fer- 
rocenyl) with dodecacarbonyltrinlthenium in refluxing 
hexane gave the dark green Ru4(~t-H)(CO)12(~t4-~ql-rl l- 
rll-rl2-C2Fc) complex (2) in 40 % yield. Cluster 2 can 
also be obtained by the interaction of ferrocenylacetylene 
with Ru3(CO)12, but the yield is lower. 

The IR spectrum of 2 revealed the presence only of 
terminal CO ligands (vCO/cm - l ,  hexane): 2090 w, 2062 
vs, 2052 s, 2038 w, 2019 s, 1996 w (br), 1979 m (br). 
The iH N M R  spectrum (C6DsCD3, 25 ~ contains 
signals of the hydride ligand at ~ -22.18 (1 H) and the 
ferrocenyl group at 4.31 (5 H), 4,76 (2 H), and 5.55 
(2 H), the later being broadened. 
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A heterometallic analog of 2, the green colored 
cluster RuOs3(~t-H)(CO)tz(g4-rll-rll-rl~-@-C2Fc) (3), 
was obtained by the reaction of the acetylide complex 
Os3H(CO)9(C~-CFc) with Ru3(CO)I 2 in boiling ben- 
zene. IH NMR spectrum of 3 in CDC13 at 25 ~ 
8 -21.14 (1 H), 4.42 (5 H), 5.16 (2 H), 5.48 (2 H). 

X-ray structural analysis, which details will be pub- 
lished later, showed the compound 2 to consist of Ru 4 
cluster having butterfly type framework. Each ruthe- 
nium atom is coordinated by three terminal CO groups, 
the hydride ligand bridging Ru(2) and Ru(3) nodal 
atoms. Acetylide ligand is coordinated in the cluster in 
more complex way: with c~-carbon atom binding three 
metal atoms, Ru(l), Rn(2), and Ru(3), and with [5-carbon 
atom binding two, Ru(3) and Ru(4). The above coordi- 
nation of acetylide ligand in tetranuclear butterfly clus- 
ters was recently found for (CsHs)WOs3(CO)II(C~CPh) 
(4) and (C5H5)WRu3(CO)9(la-NPh)(C---CPh) (5) ob- 
tained by the reaction of (C5Hs)W(CO)sC~CPh with 
Os3(CO)10(NCMe) 2 and Ru3(CO)10(g-NPh), respec- 
tively. 5,6 However, unlike compounds 4 and 5, the 
cluster 2 is a first example of homonuclear tetrametal 
cluster of butterfly type having besides acetylide, only 
carbonyl and hydride ligands. 

13C NMR of 2 enriched by ~3CO showed 12 Carbonyl 
signals at - 73  ~ that is in accordance with the crystal 
structure of it, which does not possess any symmetry 
element: 8 199.3, 199.0, 198.9, 198.5, 196.6, 195.8, 
192.0, 190.5, 189.0, 188.5 (2JcH = 12.1 Hz); 188.1, 
186.2 (2JcH = 16.1 Hz). The protons H(2), H(5), H(3), 
and H(4) of substituted cyclopentadienyl ring offerrocene 
moiety are diastereotopic in IH NMR of 2 at -73  ~ 
5.83, 5.23 and 4.89, 4.75, respectively. Some exchange 
processes occur at higher temperatures: CO group mi- 
gration (polytopal rearrangement of Ru(CO)3 group, 
averaging ligands with ~ 198.9, 198.5, and 188.5, has the 
lowest energy) and unknown previously fluctuation of 
g4-~ll-vll-rll-rl2-acetylide ligand that includes the fast 
cy- and rt-bond exchange with nodal atoms, Ru(2) and 
Ru(3), averaging the stereochemicaI environment of 
H(2), H(5) as well as H(3) and H(4) atoms in substi- 
tuted cyclopentadienyl ring of ferrocenyl group. 

To estimate the generality of the 2, 3 formation 
reaction and the possible role of a substituent in the 
acetylide ligand in this process, we studied the reaction 
of other acetylide trinuclear clusters. The reaction of 
Os3H(CO)9(C~CMe ) with ruthenium earbonyl in 
refluxing benzene led to the heteronuclear alkyne cluster 
RuOs3(CO) 12(t14-TI 1 -ri 1 -r12-q2- H C2M e) (6). The 
1H NMR spectrum (C6D6, 25 ~ points out the trans- 
fer of a hydride ligand to the acetylide group during 
cluster Ii formation: g 9.80 (s, 1 H) and 2.78 (s, 3 H). IR 
spectrum (vCO/cm -I,  hexane): 2099 w, 2072 vs, 2045 s, 
2039 vs, 2019 m, 2012 m (sh), 2001 m, 1980 w, 1972 w, 
being similar to that of known ~t4-rll-qJ-@-rl2-alkyne 
butterfly clusters, Osa(CO)I2(HC2R ) (R = H, Et) 7 and 
Ru4(CO) 12(PhC2Ph). 8 
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