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Stereoselective Synthesis of E-Vinyl Sulfides from Alkynes in Water under 
Neutral Conditions Using b-Cyclodextrin1
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Abstract: This is the first example of stereoselective synthesis of
E-vinyl sulfides in water in excellent yields by hydrothiolation of
aromatic alkynes with thiophenols by anti-Markonikov addition in
the presence of b-cyclodextrin. This protocol tolerates a wide vari-
ety of functional groups or substrates and does not require the use
of transition-metal or base catalysts. b-Cyclodextrin can be recov-
ered and reused for a number of runs without any loss of activity.
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Hydrothiolation of alkynes is an important reaction,
which produces vinyl sulfides of significant synthetic util-
ity.2 Vinyl sulfides have acquired special importance as
intermediates in various synthetic transformations of nat-
ural products and biologically active compounds contain-
ing vinyl sulfide groups.3 They have also been utilized as
equivalents of enolate ions4 and Michael acceptors.5

In view of unique applicability of vinyl sulfides in organic
synthesis, their stereo- and regioselective synthesis has
merited exploitation. Typical synthetic routes involve: (i)
addition of thiols to alkynes under radical conditions to af-
ford anti-Markonikov type vinylic sulfides as E and Z ste-
reoisomeric mixture, (ii) transition-metal catalysis
proceeding in syn fashion affording anti-Markonikov E-
vinyl sulfides but with low regioselectivity in some
cases6–8 and, (iii) base-catalyzed addition of thiols to acet-
ylene compounds mostly in trans fashion affording Z-vi-
nylic sulfides.9 The Wittig reaction has also been utilized
in the synthesis of vinyl sulfides but this requires the use
of strong bases and the synthesis of the appropriate Wittig
reagent may be problematic.10 However, these methodol-
ogies often have limited scope due to lack of regio- and
stereoselectivity. Thus, there is a need to develop hydro-
thiolation reactions in water with a recyclable catalyst.
The development of environmentally benign and clean
synthetic procedures has become the goal of present-day
organic synthesis.11 Water as solvent has acquired signif-
icance since it is safe, economical and environmentally
benign.12 We report herein for the first time a novel and
environmentally benign synthesis of E-vinyl sulfides in
water with a recyclable catalyst via hydrothiolation of
alkynes with thiophenols under neutral conditions cata-
lyzed by cyclodextrin in water.

Cyclodextrins catalyze reactions by supramolecular catal-
ysis involving reversible formation of host–guest com-
plexes by non-covalent bonding. Complexation depends
on the size, shape and hydrophobicity of the guest mole-
cule. Generally a-cyclodextrin can typically complex low
molecular weight molecules or compounds with aliphatic
side chains, whereas b-cyclodextrin can complex aromat-
ics and heterocycles and g-cyclodextrin can accommodate
larger molecules such as macrocycles and steroids.13,17b

Our earlier expertise in the field of biomimetic modeling
of organic chemical reactions involving cyclodextrins14

prompted us to attempt the addition of various thiols to
alkynes under biomimetic conditions in the presence of b-
cyclodextrin in water (Scheme 1).

Scheme 1

In general, the reaction was carried out by the in situ for-
mation of the b-cyclodextrin complex of the aryl alkynes
in water followed by the addition of thiols and stirring at
room temperature to give the corresponding E-vinyl sul-
fides in impressive yields (90–96%).15 This represents the
first practically feasible anti-Markonikov addition reac-
tion of thiols with a variety of alkynes in water with high
regio- and stereoselectivity. The reaction proceeds effi-
ciently at room temperature without the need for any ad-
ditional catalyst and goes to completion in a short time
(4.0–4.5 h). This methodology is compatible with various
substituted alkynes and thiols with different functional-
ities such as bromo, chloro, methyl and methoxy group,
under mild reaction conditions (Table 1). No by-product
formation was observed. These reactions are highly selec-
tive forming E-vinyl sulfides as the only product in excel-
lent yields and the b-cyclodextrin can be easily recovered
and reused. However, no reaction was observed when
alkyl thiols (e.g., butane thiol) and alkyl alkynes (e.g., 1-
octyne) were used. All the compounds were characterized
spectroscopically and compared with the known com-
pounds.6a,8a,16 The catalytic activity of cyclodextrins for
these anti-Markonikov additions is established by the fact
that no reaction was observed in the absence of cyclodex-
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trin. The reaction takes place with a-cyclodextrin as well
with the same regioselectivity and stereochemistry; how-
ever, b-cyclodextrin was chosen as the catalyst since it is
inexpensive and easily accessible.

The fact that these reactions do not take place in the ab-
sence of cyclodextrin in water indicates the essential role
of cyclodextrin. Here the cyclodextrin appears to form an
inclusion complex with the alkyne from the secondary
face with the attack of thiophenol from the primary face.
The hydrogen bonding of thiols with the cyclodextrin hy-
droxyls makes the S–H bond weaker, enhancing the nu-
cleophilicity of sulfur and making it a better nucleophile
towards addition to the triple bond of the alkyne at the ter-
minal end in a cis fashion. This stereospecific cis nucleo-
philic addition across the triple bond leads to the
formation of trans alkenes. Evidence for this mechanism
was deduced from 1H NMR spectroscopy, using phenyl-
acetylene and thiophenol as representative examples. The
1H NMR spectra (D2O) of b-cyclodextrin, b-cyclodex-
trin–phenylacetylene complex and freeze-dried reaction
mixture of the b-cyclodextrin–phenylacetylene complex
with thiophenol after two hours were studied. A clear up-
field shift of the H3 (d = 0.01 ppm) and H5 (d = 0.021

ppm) protons of the b-cyclodextrin in the b-cyclodextrin–
phenylacetylene complex as compared to b-cyclodextrin
were observed, indicating the formation of an inclusion
complex of phenylacetylene with b-cyclodextrin from the
secondary face. The spectrum of the reaction mixture of
the b-cyclodextrin–phenylacetylene complex and
thiophenol after two hours also showed an upfield shift of
the H6 proton by 0.013 ppm indicating the complexation
of thiophenol from the primary face of the cyclodextrin.
These shifts are in the reported range for such complex-
es.17 Thus, 1H NMR studies indicate that supramolecular
catalysis of the highly regio- and stereoselective addition
of thiophenol to alkynes to form E-vinyl sulfides takes
place in the b-cyclodextrin cavity with thiophenol at the
primary face approaching the acetylene placed at the sec-
ondary face.

In summary, we have documented for the first time cyclo-
dextrin-catalyzed synthesis of E-vinyl sulfides with high
regio- and stereoselectivity from alkynes. These cyclo-
dextrin-mediated water solvent reactions are very useful
both from economical and environmental points of view.
This reaction is simple with a recyclable catalyst and runs
under relatively mild conditions, with shorter reaction
times and high selectivities.
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