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Abstract: Stereospecific syntheses of the title compounds were achieved via the palladium—

catalyzed bisethynylation of the vicinal dichloroethenes,

The palladium—catalyzed synthesis of smbstituted alkenes from vinyl halides has recently
received considerable attention.1 During the course of a project aimed at the preparation of
stereospecifically deutersted 1,3,5-hexatrienes we considered the use of the title compounds as
intermediates and their preparation by this strategy. While 1a and 2a are unknown, the quite
sensitive parent cis— and trans—hex-3-ene-1,5-diynes have been synthesized by relatively lengthy
and nonstereospecific routes.2 VWe report here the facile stereospecific, catalytic double
an unprecedented reaction of vicinal (1i¢=hloroalkenes.3 We are prompted to disclose our results
by a related preparation of 1la and 2a via a 1less straightforward nickel-—catalyzed Grignard
renction.4

The synthesis of 1a exemplifies the general method followed (Scheme I). A solution of tmse
(2.77g, 28.3 mmole) in benzene was added via syringe to a solutionm of cis-1,2-dichloroethene
(99.3% cis, 1.29g, 13.3 mmole), m~butylamine (2.98g, 40.8 mmole), tetrakis(triphenylphosphine)-
palladiom (0) (0.9g, 0.77 mmole), copper(I) iodide (0.19g, 1.8 mmole), and benzene under argon.
The reaction mixture was allowed to stir at ambient temperature for 1 h., The crude product
(3.4g) contained 85.1% 1a and 2.0% of the coupled alkyne 3a. The trans—isomer 2a was not
detected by GC or NMR. Further purification by vacuum transfer afforded 1la as a colorless oil
(2,30g, 78.810).5 Assignment of the stereochemistry of 1a (and later 2a) was based on the
respective ¢is (J=10.9 Hz) [and trans (J=16.3 Hz)] coupling constants obtained from the 13¢
satellite proton NMR spectra.

Similarly, high yielding stereospecific coupling with cis—1,2-dichloroethene was observed
when the terminal alkyne was phenylethyne (cis—1b; 80.6%, no trans—2b could be detected).’

In the absence of copper (I) iodide, no reaction occurred. Using tetrakis(triphenylphosphine)-
platinum(0) or bis(triphenylphosphine)nickel (II) dichloride as catalysts, none of the desired

products were isolated.
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The synthesis of 2a proceeded more slowly and in reduced yields. After 14 h at ambient
temperatures, 2.5 was isolated in 27.2% yield from the coupling reaction of trans—dichlorethene
(97.7% trans and 2.3% cis) and tmse. The cis-product 1a formed in this preparation (0.9%)
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8Yjelds based on starting dichloroethene for the products isolated after chromatography.
inelds based on starting alkyne for the products isolated after chromatography.
°Structural assignment based on 13¢ NMR, 1H NMR and HRMS.

undoubtedly resulted from the cis-1,2-dichloroethene impurity present in the starting alkene,
The alkyne 3a and a second side product 4a were also isolated from this reaction. The latter had
spectral data consistent with the structure givem in Scheme Is and probably resulted via
hydroethynylation of 2a. At elevated temperatures (35-45°C) the yield of 3a decreased, but the
yield of 4a increased. JIncreasing the catalyst concentration or reducing the rate of alkyne
addition did not affect the yield of the desired product.
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The use of phenylethyne im the coupling with trams-1,2-dichloroethene gave a similar product
mixture; the trans—product 2b6 was obtained in 13.7% yield with less than 1% of the cis- product
1b.

The coupling reaction of cis-1,2-dichloroethene required shorter reaction times than the
coupling of the trans—isomer. We also found that the coupling of tmse and a mizture of cis— and
trans-1,2-dibromoethencs (12.8 mmol; 69.6% trams and 30.4% cis) afforded a low yield (0.34g)
product mixture. The major compoment of which was the cis—compound 1a (86.4%) with minor amounts
of 2a (1.6%) and 3a (11.5%) also present.

The greater reactivity of the cis-1,2-dichloroalkenes can be accounted for by assuming that
the reaction involves stepwise oxidative addition of the halide bonds to palladium. It is
presumed that the palladium does not dissociate from the molecule, but is trapped by the adjacent
vinyl halide moiety. Conversely, in the trams—series, the metal might have to dissociate prior
to the second oxidative addition., Competing hydropalladation of the alkyne would then be
possible.

The reported method suggests an efficient route to enediynes from readily available 1,2-
dichloroethenes and terminal alkynes, Partial reduction of these compounds should result in the
synthesis of terminally substituted triemes., Investigations toward this goal are currently in

progress,
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