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The Addition of Halogenated Olefins to a Platinum Hydride

H. C. Crark and W. S. TsanG
(Department of Chemistry, University of Western Ontario, London, Canada)

THE additions of fluoro-olefins to metal carbonyl
hydrides*»? and cyanohydrido-metal complexes® to
form fluoroalkyl derivatives have been recently
described. In other instances, it has been
reported, also very recently,®-® that fluoro-olefins
and hexafluorobut-2-yne form m-type complexes
with transition-metal derivatives. However, re-
actions of fluoro-olefins with metal hydrides
stabilized by tertiary phosphines, not only follow
a very different route to lead to fluorovinyl
compounds,® but they also provide useful informa-
tion related to the catalytic activity of metal
hydrides.

The reaction of {rans-bis(triethylphosphine)-
hydridochloroplatinum (11) with tetrafluoroethylene
in cyclohexane at 120° gives bis(triethylphosphine)-
perfluorovinylchloroplatinum(1i), (Et,P) , PtCl-
(CF=CF,) and bis(triethylphosphine)-1-difluoro-
methyldifluorovinylchloroplatinum (i1) (Et,P),PtCl-
[C(CF,H)=CF,]. These were separated chromato-
graphically and were formed in almost equal

molar yields, even though the tetrafluoroethylene
was spectroscopically free of perfluoropropene, so
that the origin of this C,-fragment is not clear and
requires further study. The eliminated hydrogen
and fluorine were observed only indirectly in the
form of the by-product silicon tetrafiuoride.
There is no evidence that products containing
-CF,CF,H or -CF,H groups are formed. In
addition to these two new vinyl derivatives, a
much smaller amount of a third solid product was
isolated. This decomposed on chromatographic
columns but was purified from chloroform—cyclo-
hexane solutions. Its infrared spectrum showed
strong C-F absorptions as well as a Pt-H absorp-
tion at 2090 cm."!, a much lower frequency than
that of the original hydride (2200 cm.-1). These
and the analytical data suggest that it is a five-
co-ordinate Pt"™ complex, containing a m-C,F,
group, (Et,P),PtHCI(C,F,). This could well be the
intermediate from which the perfluorovinyl deriv-
ative is formed, and significantly it is the type of
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intermediate postulated to occur in many catalytic
reactions of metal hydrides, e.g., in the homo-
geneous hydrogenation of ethylene.

Similar reactions of bis(triethylphosphine)-
hydridochloroplatinum(11) with perfluoropropene
and perfluorocyclobutene lead to the formation of
(EtyP),PtCl(C,Fy) and (EtyP),PtCl(C,F) respect-
ively, and of silicon tetrafluoride. With hexa-
fluorobut-2-yne, addition across the Pt-H bond
occurs to form (Et,P),PtCl{C(CF,;)=CHCF,]. Al
of these new compounds were satisfactorily
characterized by analytical and spectroscopic data.

In contrast to the above reactions, tetrachloro-
ethylene reacts with the platinum(ir) hydride to
form trans-bis(triethylphosphine)dichloroplatinum-
(11), (Et,P),PtCl,. These results with hexa-
fluorobut-2-yne, fluoro-olefins, and tetrachloro-
ethylene are in marked contrast to those obtained?
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from similar reactions with hydridotetracarbonyl-
cobalt, and for the fluoro-olefins also differ from the
reactions with pentacarbonylhydridomanganese,?
suggesting that different mechanisms may be
operative. With the square-planar platinum
hydride it seems likely that the reactions proceed
via a five-co-ordinate, sr-olefinic type of inter-
mediate, perhaps stabilized by strong interaction
between the hydridic proton and a fluorine (or
chlorine) atom of the olefin. In reactions of
olefins with the co-ordinatively saturated carbonyl
hydrides and HCo(CN)?- a more direct mechanism
involving a four-centre transition state may lead
to direct addition across the M—H bond. Further
studies of this type should be particularly useful in
elucidating the catalytic role of metal hydrides.
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