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[HOs3(CO),,(CF3C:C(H)CF3)] reacts with carbon monoxide to give the complexes cis- and trans-[Os3(CO)11 - 
(CF,(H)C:C(H)CF,)], which react further with CO to liberate free alkenes and generate [ O S , ( C O ) , ~ ] ;  an 
X-ray diffraction study of the cis-isomer is the first for a mono-substituted alkene derivative of a binary metal 
carbonyl cluster. 

Although many cluster complexes which may be considered cluster. A rare example is provided by the reaction of 
as intermediates in catalytic reduction schemes have been [Os,H,(CO),,] (1) with C2H, to give [Os,,H(CH : CH,)(CO),,] 
~ repa red , l -~  few such complexes can be reduced further to (2)495 which, on subsequent treatment with H, gives ethylene or 
give the free, reduced organic species together with the initial ethane and (l).4 Compound (2) was the only intermediate 
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Scheme 1. Reagents ani 
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conditions: i ,  octane, 125 "C, 5 h;'l 

isolated, however, leaving the reaction pathways to open 
s p e ~ u l a t i o n . ~ ~ ~  We now present a complete cycle of reactions in 
which each of the proposed steps in the reduction of an alkyne 
to an alkene by molecular hydrogen and a metal cluster is 
defined by the isolation of an intermediate complex. 

[Os,H(CH CH,)(CO)IOl 
(2) 

Insertion of CF,CiCCF, into (1) was previously shown to 
give [OS,H{CF,CC(H)CF,)(CO)~~] (3)8 and this complex was 
found to react further with nucleophiles to give alkene clusters 
of the type [Os,(CO),, {CF,(H)C: C(H)CF, ]Y] (Y = PEt,, 
C1-, Br-, I-).g We have now found that reaction of CO with 
(3) (reflux, CH,CI,) gives two products (each in yield of 
ca. 30 %) identified spectroscopically as isomers of formula 
[Os, {CF,(H)C: C(H)CF, }(CO),,] [(4) and ( 5 ) ] .  The structure 
of the cis-isomer (4) was determined by an X-ray analysis? 
and is the first such study for a simple mono-substituted 
alkene derivative of a binary metal carbonyl cluster. The 
molecular structure is shown in Figure 1, together with some 

ii ,  hexane, room temp., 12 h;  iii, CH,Cl,, 45 "C, 2 h ;  iv, octane, 125 ' C, 

Crystal data: C,,H,F,O,,Os,, M r  = 1042.8, monoclinic, P2,/c, 
u = 11.091(2), b 1 10.151(3), c = 18.796(4) A, ,B = 93.65(5)", 
U = 21 11.7 A3, Z = 4, D ,  = 3.279 g cm-,, p(Mo-K,) = 173.95 
cm-I, F(000) = 1848. The structure was solved from diffracto- 
meter data by the heavy atom method and refined to an R of 
0.0409, Rw = 0.0404 for 1944 observed reflections having 
F :> 6 4 F ) .  The atomic co-ordinates for this work are available on 
request from the Director of the Cambridge Crystallographic 
Data Centre, University Chemical Laboratory, Lensfield Road, 
Cambridge CB2 1 EW. Any request should be accompanied by the 
full literature citation for this communication. 

Figure 1.  The structure of the complex cis-[Os,(CO),,(CF,(H)C : C- 
(H)CF, >]  (4). Relevant molecular dimensions are Os(l)-Os(2) 

2.192(23), Os(l)-C(3) 2.185(26), C(2)-C(3) 1.509(35), mean 0 s - C  
1.954, and mean C-0 1.131 A ;  0s-C-0 172". 

2.760(2), Os(l)-Os(3) 2.906(1), 0 ~ ( 2 ) - 0 ~ ( 3 )  3.045(2), Os(l)--C(2) 

important bond parameters. It is derived from the structure of 
[OS,(CO),,]~~ by replacing an equatorial carbonyl group with 
the cis-l,2-bis(trifluoromethyI)ethylene ligand and the C-C 
bond axis lies in the plane of the Os:, triangle. Compound (5 )  
gives virtually identical spectroscopic data to (4) and is believed 



698 

to contain the trms-alkene ligand.1 The cycle of reduction is 
completed by treatment of each of the complexes (4) and (5) 
separately with CO (reflux, octane, 125 "C) to generate [Os,- 
(CO),,] in quantitative yield in 1.5 h, with loss of the corres- 
ponding alkene. 

The model thus provided by this sequence of reactions for 
the reduction of an alkyne to an alkene by molecular hydrogen 
in the presence of a metal cluster is shown in Scheme 1 .  Overall 
there is no loss or gain of CO and the model is well supported 
by experimental evidence in that each step takes place in good 
yield and is defined by the isolation of a fully characterised 
intermediate. 

We thank Johnson Matthey Limited for the loan of OsO, 
and the S.E.R.C. for financial support. 
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1 Selected spectroscopic data (i.r. measured in he-iane and lH 
n.m.r. in CD,Cl, at  -80 "C) are as follows: compound (4), wco 
2129w, 2079vs, 2065s, 2044vs, 2040vs, 2027s, 2022s, 2010m, 
1997w, and 1992sh cm-'; 'H n.m.r. 6 3.10(2H, m, CH); m/z  1048. 
Compound (5) ,  wco 2128w, 2077vs, 2064s, 2043vs, 2039s, 2025m, 
2021m, 2009w, 1996w, and 1990sh cm-l; n.m.r. 6 3.10(2H, m, 
CH);  t?i/z 1048. 
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