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Abstract—The treatment of 1-phenylthioacetylenes with phenylselenolate and butyl or phenyltellurolate anions generated by the
reaction of the corresponding dichalcogenide with NaBH4 in aqueous ethanol results in the formation of mixed 1,2-bis(or-
ganylchalcogeno)-1-alkenes of Z configuration. The phenylthio group acts as a directing and activating group for the nucleophilic
addition of the chalcogenate anions © 2001 Elsevier Science Ltd. All rights reserved.

Hydrotelluration of mono- and disubstituted alkynes
containing Michael acceptors like acetylenic ketones,1

esters,2 aldehydes2 and acids2 using sodium tellurolate
anions, was described for the first time by Buzilova and
co-workers.1,2 This reaction was later extended by dif-
ferent groups to other activated terminal acetylenic
compounds.3 It has also been established that the addi-
tion of sodium tellurolate anions to terminal alkynes
conjugated with aromatic groups, double or triple
bonds occur with complete regio- and stereocontrol to
afford the disubstituted vinylic species of Z-configura-
tion.3 On the other hand, when the diisobutylaluminum
tellurolate anion is used, complete inversion of the
regiochemistry takes place affording exclusively the 1,1-
disubstituted vinylic tellurides.4 Despite of a large num-
ber of disubstituted vinylic tellurides that are readily
accessible, only a few examples of trisubstituted vinylic
tellurides or selenides have been obtained by the
hydrochalcogenation reaction,1,2,5 including the
butyltellurobutenynes synthesized by the addition of
sodium butyltellurolate on disubstituted butadiynes.6,7

In these cases the disubstituted triple bond needs to be
conjugated to an activating group like a ketone,1 ester,2

aldehyde,2 carboxylic acid2 or another triple bond.6,7

Although the addition of sodium tellurolate anions
seems to be generally applicable to terminal
monoacetylenes and conjugated dimeric acetylenes, a
lack of the regiocontrol is observed when alkyl mono-

substituted acetylenes are used, affording mixtures of
regioisomers.8–10 In the present study we observed that
the reaction completely fails with internal monoacetyl-
enes such as diphenylacetylene and 3-hexyne.

On the basis of our previous works,11–13 we expected
the reactivity of the organotellurium (or selenium) func-
tional group to be higher than the reactivity of the
organosulfur group attached to the adjacent carbon of
the same double bond, especially in the chalcogen/
lithium exchange reaction11,12 and also in the formation
of new carbon�carbon bonds in transition metal-cata-
lyzed cross-coupling reactions.13 Because of our interest
in the total synthesis of natural products containing
trisubstituted olefins employing versatile vinylic tel-
lurides or selenides as precursors, we examined the
hydrochalcogenation of phenylthioacetylenes with
chalcogenate anions (RTe− and ArSe−) and our prelim-
inary results are described herein.

The studied reactions involve the treatment of
phenylthioacetylenes 1–3 in ethanol with the organyl
tellurolate or selenolate anions generated in situ by the
reaction of the appropriate diorganyldichalcogenide
with NaBH4 in 95% ethanol. All the reactions were
performed14 under reflux for the time indicated in Table
1. Addition of the chalcogen nucleophile (1.0 equiv.)
afforded the previously unknown ‘Michael adduct’ 4–
10 of Z configuration (100% for C4H9Te− and >98% for
C6H5Te− and C6H5Se− as determined by 1H NMR
analysis), with the incorporation of the organotellurium
(or organoselenium) moiety at the b-position relative to
the phenylthio group as depicted in Eq. (1).
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When the 2-trimethylsilyl-1-phenylthioacetylene 3 was
used, the desilylated terminal phenylthioacetylene was
generated in situ and underwent hydrotelluration
affording exclusively the disubstituted 1-butyltelluro-2-
phenylthioethene 10 in 79% isolated yield (Table 1,
entry 7). The results summarized in Table 1 show that
the phenylthio group acts as a directing and activating
group for the nucleophilic addition of the chalcogenate
anion.

The regiochemistry of the obtained compounds was
readily determined by the multiplicity of the vinylic
hydrogen signal of compounds 4, 6 and 8 that appeared
in the 1H NMR spectra (400 MHz; CDCl3) as a singlet
at 6.61 ppm in all three cases. In the case of the
phenylsubstituted olefins 5, 7 and 9, the singlet corre-
sponding to the olefinic hydrogens appeared at 7.25
ppm for 5, 7.13 ppm for 7 and at 6.90 ppm for 9. The
NOE measurements in the 1H NMR spectra of com-
pounds 4, 6 and 8 indicated that the products have the
anticipated stereochemistry (Table 1). An enhancement
of the allylic hydrogens was observed as the vinylic
proton was irradiated confirming a cis relation between
them.

The importance of the chemistry described here lies in
the established synthetic utility of the vinylic tel-
lurides,3,10,15 vinylic selenides16–18 and vinylic
sulfides.12,19–21 The Te/Li exchange reaction occurs with
total retention of configuration as first established by
Sonoda’s group.22 This process is one of the most
powerful tools for the regio- and stereocontrolled
functionalization of olefinic systems3,11,23,24 and it
has been used in the synthesis of natural products in
combination with the hydrotelluration of acetyl-
enes.10,15

With the (Z)-1,2-bis(organylchalcogeno)-1-alkenes in
hand, we set out to study the differences in the reactiv-
ity between vinylic tellurides (or selenides) and vinylic
sulfides toward butyllithium. Our preliminary studies
confirm the expected highest reactivity of the butyltel-
lurium group because the phenylthio group remained
untouched when compounds 8 and 9 were treated with
1.0 equivalent of butyllithium25 in THF (−78°C; 15
min). In these cases, after water addition to the reac-
tion mixtures, the (E)-1-phenylthio-1-hexene and the
(E)-1-phenylthio-2-phenyl ethene were obtained in 81
and 72% isolated yields, respectively.

Table 1. Trisubstituted (Z)-organyltellurium (or selenium)-2-phenylthio-1-alkenes obtained



M. J. Dabdoub et al. / Tetrahedron Letters 42 (2001) 1595–1597 1597

On the other hand, it was observed that the 1-phenyl-1-
phenylseleno-2-phenylthioethane 5 underwent the Se/Li
exchange reaction when treated with butyllithium in
THF (−78°C; 30 min), leading to the corresponding
E-vinylic sulfide after treatment of the intermediate
with water (59% yield). By reacting compound 4 with
butyllithium under similar conditions we confirmed that
the Se/Li exchange reaction is less efficient than the
Te/Li exchange reaction. In this case, most of the
starting material was recovered, and the expected (E)-1-
phenylthio-1-hexene was isolated in only 38% yield.
However, in all these cases the initial geometry of the
double bonds was retained. More detailed studies on
the generation of the b-phenylthiovinyllithium interme-
diates from vinylic tellurides of types 8 and 9 and their
reactions to form carbon�carbon bonds are underway
in our laboratory.

In summary, we disclosed here the first highly efficient
regio- and stereocontrolled hydrochalcogenation of di-
substituted alkynes that does not contain unsaturated
conjugated groups.
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