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Abstract—(Z)-b-Organotellurovinyl sulfoxides were synthesized via a highly regio- and stereoselective anti-hydrotelluration of
acetylenic sulfoxides. a-Organotellurovinyl sulfoxides were obtained from a three component syn-carbotelluration reaction of
acetylenic sulfoxides, that is, syn-addition of monoorganocopper reagents to acetylenic sulfoxides followed by the electrophilic
reaction of the vinyl copper intermediates with benzenetellurenyl iodide at low temperature. Synthetic applications of the
organotellurovinyl sulfoxides have been investigated.
� 2004 Elsevier Ltd. All rights reserved.
(R2Te)2 + NaBH4 [ R2TeNa ]
THF/EtOH

r.t.
Stereoselective synthesis of substituted alkenes has
drawn a lot of attention in organic synthesis, in which
the transformations of vinylic and acetylenic chalcogen
compounds are one of the most efficient routes to stereo-
defined alkenes.1 Vinyltellurides are especially important
synthetic intermediates because of their ready conver-
sion to other intermediates or compounds with excellent
retention of the configuration.1;2 Regio- and stereo-
selective preparation of a- and b-functionalized vinyl
tellurides3;4 are still hot topics of research because of
their potential applications in organic synthesis.1;5

We are also interested in the synthesis and applications
of stereo-defined functionalized vinyl chalcogenides.6

Recently, our group has reported the anti-hydrotellura-
tion of acetylenic sulfones and acetylenic phosphonates,6i

free radical tellurosulfonation of acetylenes,6i seleno-
magenization of acetylenic sulfones,6c;d and seleno-
lithiation of acetylenic phosphine oxides6f to prepare
functionalized vinyl chalcogenides. On the other hand,
substituted vinyl sulfoxides, especially the optically pure
ones, are very important synthetic intermediates in
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organic synthesis7 and we have studied the regio- and
stereoselective hydrozirconation of acetylenic sulfoxides8

to prepare substituted vinyl sulfoxides.6b As a part of our
ongoing studies we wish to report the anti-hydro-
telluration and three component syn-carbotelluration of
acetylenic sulfoxides to prepare b- and a-organotelluro-
vinyl sulfoxides, respectively.

Acetylenic sulfoxides were added to a EtOH/THF
solution of sodium phenyltellurolate, prepared in situ
from diorganoditelluride and sodium boronhydride, at
room temperature to afford high yields of b-organo-
tellurovinyl sulfoxides (Scheme 1).9 The J value of the
two vinyl protons in compound 2a (J ¼ 9:20Hz) shows
they are in a syn-relationship, which indicates the
hydrotelluration of acetylenic sulfoxides is an anti-
addition reaction.10 Results of these reactions are sum-
marized in Table 1.
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Table 2. Synthesis of a-organotellurovinyl sulfoxides

Product R1 R2 Ar Yield (%)a

6a n-C4H9 Et p-Tol 79

6b n-C4H9 Ph p-Tol 85

6c n-C4H9 Allyl p-Tol 34

6d n-C5H11 Et p-Tol 76

a Isolated yield based on acetylenic sulfoxide.

Table 1. Synthesis of (Z)-b-organotellurovinyl sulfoxides

Product R1 Ar R2 Yield (%)a

2a H p-Tol Ph 85

2b n-C4H9 p-Tol Ph 93

2c n-C4H9 Ph Ph 89

2d n-C4H9 Ph n-C4H9 84

2e n-C5H11 p-Tol Ph 92

2f n-C5H11 Ph Ph 81

2g n-C6H13 p-Tol Ph 96

2h n-C6H13 Ph Ph 90

a Isolated yield based on acetylenic sulfoxide.
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Notably, in the case of phenylacetylenyl aryl sulfoxides
small amounts of the detellurolated side products (E)-
phenylvinyl aryl sulfoxides 3a and 3b were obtained in
addition to the main products 2i and 2j (Scheme 2).
Compound 2i and 2j were found to be unstable and thus
were quickly converted to dibromides 4 by the addition
of 1.0 equiv of bromine in methanol at 0 �C.

a-Functionalized vinyl tellurides are another class of
compounds that have received great recognition.1;3

Therefore we also prepared a-organotellurovinyl sulf-
oxides. We found that use of an organocopper reagent11

was a direct and efficient protocol to obtain such
a-organotellurovinyl sulfoxides with predicted configu-
ration. Literature reports12 show that monoorganocop-
per reagents are not only more suitable Michael addition
reagents to acetylenic sulfoxides than are diorganocop-
per reagent, but they also exhibit excellent regio- and
stereochemistry. Therefore, we investigated the two
component reaction of monoorganocopper reagents
with acetylenic sulfoxides to examine the regio- and
stereochemistry of these addition reactions (Scheme 3).
When the addition reaction of the phenylcopper reagent
prepared in situ from CuI and 1.0 equiv of phenylmag-
nesium bromide with butynyl p-tolyl sulfoxide at )78 �C
was completed as monitored by TLC, the reaction
mixture was quenched with saturated aqueous ammo-
nium chloride at this temperature. High yield of the
product 5 (R1 ¼ n-Bu, R2 ¼Ph, E¼H) was obtained
after workup and purification. Spectroscopic data of 5
was found to be identical to the previous report,7a which
indicates that the conjugate addition of monoorgano-
copper reagents to acetylenic sulfoxides is cis-specific, as
reported.12 The above syn-conjugate addition reaction
P
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Scheme 2.
was then applied to the synthesis of a-organotelluro-
vinyl sulfoxides (Scheme 3).13 After the syn-addition
reaction of the monoorganocopper reagent to the acet-
ylenic sulfoxides was completed, benzenetellurenyl
iodide, prepared in situ from diphenyl ditelluride and
iodine at 0 �C, was added dropwise at )78 �C. The
a-organotellurovinyl sulfoxides were afforded in mod-
erate to good yields as the sole product. The reaction of
allyl copper reagents can also afford the expected
products but with slightly lower yield (Product 6c). This
might result from the different reactivity of allyl copper
reagents compared to normal copper reagents since
other undetermined products were also found. The
results of these reactions are summarized in Table 2.

We postulated that the presence of the sulfinyl group in
the acetylenic sulfoxides is the key factor for controlling
the observed excellent regio- and stereoselectivity in the
above anti-hydrotelluration and syn-carbotelluration
reactions, since the electron withdrawing sulfinyl group
is a relatively strong inductive group, just as sulfone and
phosphonate groups are, and therefore they afford the
products with controlled regio- and stereoselectivity.

With the organotellurovinyl sulfoxides in hand, we set
out to study their applications in the preparation of
poly-substituted vinyl sulfoxides, since the reactive tel-
lurium group is a good precursor in many transforma-
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tions.1;2;5 As shown in Scheme 4, the substitution reac-
tions of (Z)-b-organotellurovinyl sulfoxides 2a with
diorganocopper reagents at )15 �C afforded good yields
of vinyl sulfoxides 7 with the total retention of config-
uration. The J value of the two vinyl protons,
J ¼ 10:40Hz, shows they are in a syn-relationship.
Compound 2a can also couple with terminal acetylenes
in the presence of a catalytic amount of PdCl2 and CuI
in methanol to afford conjugate sulfinyl enyne 8 that
also exhibit retention of configuration (J ¼ 10.0Hz). The
Te/Mg exchange reaction of 2e with ethyl magnesium
bromide followed by the electrophilic reaction with
benzaldehyde afforded sulfinyl group substituted allyl
alcohol 9. On the other hand, the sulfinyl group itself is a
potential reaction center. It is not only a very good
leaving group both in ionic14 and free radical reac-
tions,15 but it can also undergo substitution reactions
with several organometallic reagents.16 Therefore, the
above obtained vinyl sulfoxides are versatile intermedi-
ates with many potential synthetic uses.

In summary, we have developed efficient methods for
the regio- and stereoselective preparation of a- and b-
organotellurovinyl sulfoxides from the readily available
acetylenic sulfoxides. Preliminary application studies
have demonstrated the utility of organotellurovinyl
sulfoxides as precursors for certain potentially useful
compounds in organic synthesis.
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