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Alkene Coupling through Triflic Acid Elimination on Platinum(ll)
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Summary: The Pt(ll) complexes (1,5-COD)Pt(Q&fHd [(COD)-
Pt(THF)(OTH]OTT react readily with alkenes (ethylene, cyclo-
pentene, norbornenes) tow@ coupling productsia HOTf
elimination. With propylene a simple allyl complex is obtained.

Carbon-carbon bond formation is one of the most important

processes mediated by transition metals. Many of these reactions

involve alkene coupling. Alkene dimerization or hydrovinylation
is one of the simplest of these coupling reactions and may
proceed either through alkene insertion reactions or, less
commonly, through a metallacyclopentane complex formed by
two alkenes coupling on the metal centeklore recently,
evidence for hydrovinylation by direct alkene attack on an
electrophilically activated coordinated alkene and by vinylic
C—H activation has been fourfd. In this report we describe
the unusual coupling of two alkenes on Pt(Il) accompanied by
the elimination of triflic acid.

The Pt(ll) complex (COD)Pt(OT$)(1)* and THF complex
[(COD)Pt(THF)(OTH)]OTTf ), formed by addition of THF to
a CHCI, solution of 1, react with a variety of alkenes over
periods of 26-120 min (Scheme 1YH NMR spectra of the
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resulting solutions show new peaks associated with the alkenesattack on a coordinatively activated alkenkletallacyclopen-
and a broad peak at ca. 14 ppm suggesting the formation oftane formation by metalalkene coupling generally occurs in

triflic acid. Triflic acid formation is confirmed by protonation

of added Proton Sponge (1,8-bis(dimethylamino)naphthalene)
with the disappearance of the peak at 14 ppm. With the
exception of the ethylene reaction, workup of the reaction
mixtures yielded crystalline samples of the platinum-containing
products. These product3-6) were thoroughly characterized,
including in most cases a single-crystal X-ray diffraction

low-valent electron-rich systems and appears unlikely in this
highly electrophilic system.

The vinylic C—H activation pathway is illustrated in Scheme
2 and may occur either through coordination of the alkene to
the platinum center9), as has been proposed for REfland
Ir(1),% or in a direct manner without alkene coordination, as
has been found for Ir(I52 The resulting five-coordinate Pt(IV)

analysis, and are depicted in Scheme 1. The ethylene producthydride intermediatelO reductively eliminates HOT¥ and

ethyl—ethylene compleX, is unstable in the absence of excess
ethylene and could not be isolated. The identity &f confirmed

by an independent preparation from (COD)Pt(Et)(Cl) and
AgOTf under an ethylene atmosphere.

While the formation of allyl comple»6 from propylene is
explained by an allylic activation pathway that is well described
in organometallic textbooksthe formation of product8—5
and 7 is more unusual. Several possible pathways can be
envisioned for the formation d3—5, including vinylic C—H
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coordinates a second alkene to givk Insertion of the alkene
into the PtC vinyl bond gives product3 and4. Alternatively,
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a o-bond metathesis of PIOTf and a vinyl C-H bond would
give HOTf and11 directly. Vinyl C—H activation is believed
to occur by ao-bond metathesis process in an Ir(l)-catalyzed
hydrovinylation reactios.

The formation of5 would occur through the same pathway
as in Scheme 2, but the analogue 3find 4, complex12,
rearranges as depicted in Scheme 3. Comgdixis more
susceptible t@-hydride elimination than the more constrained
3 and4, allowing for isomerization to the final allyl complex
5. Similar -hydride elimination from an iridium complex has
been reported.

Free alkene attack on the alkene compfyprovides an
alternative pathway t8—5 (Scheme 4). Evidence for free alkene
attack on electrophilically activated ethylene coordinated to
dicationic Pt(Il) and Pd(Il) complexes has been repoftéah.
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ethylene complex is difficult to explain with the pathways
presented above. WhelC-labeled ethylene is used in the
reaction, a number of multiplets!3C—12C coupling) are
observed over the range-1421 ppm in thé*C NMR spectrum,
suggesting a coupled product or products containing saturated
and unsaturated carbon centers. These signals remain in the
residue after evaporation of the volatiles, suggesting polymeric
material. Presumably, this material is the product of the
hydrogen abstraction needed for the formation of the ethyl group
of 7.

In conclusion, we report a simple Pt(ll) system capable of
alkene coupling with H elimination. Two reasonable pathways
to the products involving vinylic €H activation and free alkene
attack on a coordinated alkene are presented. These results add
the additional aspect of acid elimination to hydrovinylation
chemistry. The current system falls short of a catalytic process
in that the liberated acid fails to cleave the coupled alkenes
from the Pt center to regenerate starting (COD)Pt(@Tr)other
systems this may not be the case.
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