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Abstract—�-Organotelluro vinylphosphonates 1 undergo direct coupling reaction with terminal alkynes in the presence of
PdCl2/CuI in methanol at room temperature to give enynephosphonates 3 with retention of configuration in good yields. © 2001
Elsevier Science Ltd. All rights reserved.

Recently, the discovery of strong antifungal1 agents and
new powerful antitumor antibiotics2 has stimulated
intense interest in the chemistry of enynes,3 which is at
the origin of the biological properties of these sub-
stances. Thus, one would anticipate that phosphonate-
containing enynes would also be useful as building
blocks for this purpose,4,5 since a number of useful
functional group transformations can be achieved by
the introduction and sequential manipulation of
phosphonates.6

However, so far, only one method of preparation of
these compounds has been disclosed, by palladium-
mediated cross-coupling reaction of �-iodo-vinyl-
phosphonates with 1-alkynes.7

On the other hand, vinylic tellurides are important
synthetic intermediates because of their easy transfor-
mation to other organic compounds with retention of
configuration.8 Due to our interest in new synthetic
applications of these compounds,9 we decided to study
the coupling reaction of �-organotelluro vinylphospho-
nates 1 with 1-alkynes, which could give rise to the
potentially very useful enynephosphonates 3 (Scheme
1).

Initially, we started our investigations using the cross-
coupling of �-organotelluro vinylphosphonate 1b with

1-alkynes. This reaction was very sensitive to the nature
of the catalysts. The role of palladium(0) and pallad-
ium(II) was evidenced with 1-heptyne in methanol and
triethylamine as base. When this reaction was carried
out in the presence of different catalysts, such as
Pd(OAc)2, Pd(PPh3)4, PdCl2(PPh3)2, PdCl2 and CuI, the
cross-coupling was not observed. However, when PdCl2
was used with copper salt (CuI) the reaction proceeded
with high yield. The nature of the amine was also very
important. The best results were obtained with triethyl-
amine (83%). Diethylamine and diisopropylamine fur-
nished the product in lower yields (60 and 50%, respec-
tively). With pyridine, pyrrolidine or piperydine, no
enynephosphonate was formed. We also investigated
the influence of the solvent in this cross-coupling reac-
tion. THF, dichloromentane, and benzene did not give
the expected enynephosphonate. In acetonitrile, N,N-
dimethylformamide, a small amount of cross-coupling
product was observed. However, the use of methanol
afforded enynephosphonates in high yields.

Thus, the optimum condition for the coupling, as
described in Scheme 1, was found to be the use of
PdCl2/CuI (20 mol% each), methanol (10 mL), �-organo-
telluro vinylphosphonates 1 (1 mmol), the appropriate

Scheme 1.
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1-alkyne (2 mmol) and Et3N (1 mmol) at room temper-
ature.10 Using this methodology, we prepared several
enynephosphonates 3a–j in good yields (Table 1). The
formation of products 3 was confirmed by NMR spec-
tral analysis. The stereoisomeric purities of 3a–j were
equal to those of starting �-organotelluro vinylphospho-
nates 1, due to the complete retention of configuration
in this type of reaction.11 The stereochemistry of the
di-substituted vinylic phosphonate 3j was easily estab-
lished. We observed a double doublet at 6.40 ppm with
coupling constants of Jcis-H,H=13 Hz and Jtrans-H,P=48
Hz, typical of cis positioned protons (signal due to the
olefinic proton � to phosphorus). The proton � res-
onates at 5.98 ppm as a double doublet with coupling
constants of Jcis-H,H=13 Hz and Jgem-H,P=17 Hz.

The required starting �-organotelluro vinylphospho-
nates 1 can be prepared in good yields by highly
stereoselective addition of sodium organyl chalcogeno-

lates to alkynylphosphonates, as recently described by
us12 and later by others.13

In summary, we have developed the Pd(II)/CuI-cata-
lyzed cross-coupling reaction of the �-organotelluro
vinylphosphonates with 1-alkynes and established a new
stereoselective route to �-alkynylvinylphosphonates
(enynephosphonates) in good yields. The reaction pro-
ceeds cleanly under mild conditions, and tolerates many
sensitive functional groups, like alcohols and phospho-
nates.
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Table 1. Synthesis of enynephosphonates 3 according to Scheme 1
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