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Microwave-promoted regio- and stereoselective
vinylation of heterocyclic thiols†

Nimmakuri Rajesh,a Rupam Sarmab and Dipak Prajapati*a
The first stereoselective vinylation of heterocyclic thiols has been

reported. Heterocyclic thiols are shown to react efficiently with acti-

vated terminal alkynes in an anti-Markovnikov fashion in absence of

any catalyst or additive undermicrowave irradiation to give Z-selective

vinyl sulfides.
Introduction

Vinyl suldes are an important class of molecules as they serve
as versatile synthons in natural product chemistry1 and are
found in many biologically active molecules.2 They also nd
applications as Michael acceptors3 and enolate ion equivalents.4

There are two distinct and widely practiced routes for
construction of vinyl suldes:5 (i) by coupling of vinyl halides
with thiols and (ii) by hydrothiolation of alkynes. Although
there are numerous reports of synthesis of vinyl suldes
by either of the two pathways, control on the stereoselectivity of
the reaction involves considerable synthetic challenge. For
example, vinyl halides can be coupled with thiols in presence
of copper(I) catalysts and various additives and ligands to
obtain vinyl suldes.6 The primary drawback of this method is
the requirement of stereoselective starting compounds to
carry out the transformation. In a way similar to vinyl halides,
b-nitrostyrene can also be coupled with thiols to afford vinyl
suldes as mixture of E/Z compounds.7 However, inert atmo-
sphere and an initiator are required for improved yield of the
products. On the other hand, hydrothiolation of terminal alkynes
is the more common and pursued method for preparing vinyl
suldes and as such there are numerous reports of this method
under various conditions.8 Hammond and coworkers8b reported
a green method for synthesizing vicinal dithioethers from
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terminal alkynes in aqueous media in moderate to good yields.
Yang and Rioux8a developed a method for hydrothiolation of
terminal alkynes in presence of a rhodium catalyst but obtained
the products as E/Z mixture. Alternatively, hydrothiolation of
alkynes leading to Z-selective vinyl suldes can be achieved via
Cu,9 Pd10 or Cs11 catalysis, but requires one or more additives for
the transformation to take place. In such a scenario, development
of a mild, rapid and stereoselective procedure, particularly in
absence of any catalyst and/or additives will provide an excellent
alternative to obtain vinyl suldes.

Most of the reported procedures on the hydrothiolation reac-
tion of terminal alkynes to afford vinyl suldes have focused on
various thiols like aromatic, alkyl and benzyl thiols.5–11

Conversely, report's regarding the participation of heterocyclic
thiols in hydrothiolation reaction of terminal alkynes is signi-
cantly lagging behind. In this regard, we have recently developed
an indium catalyzed hydrothiolation of terminal alkynes with
heterocyclic thiols to obtain vinyl suldes12 (path a, Scheme 1) via
the more challenging Markovnikov mode of addition. In exten-
sion to this nding we shied our emphasis toward the reaction
between heterocyclic thiols and electron-decient terminal
alkynes (path b, Scheme 1).
Scheme 1 Reaction of 2-mercaptobenzothiazole with different
terminal alkynes.

This journal is © The Royal Society of Chemistry 2014
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Table 2 Stereoselective vinylation of heterocyclic thiolsa
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In the present study, we show that Z-selective vinyl suldes
can be generated in a simple and efficient way by reacting
heterocyclic thiols with activated terminal alkynes inside a
microwave reactor in absence of any catalyst or additive. The
methodology is also found to be successful with aromatic thiols,
albeit with a lower degree of selectivity. Over the last decade,
microwave has emerged as a new and alternative mode of
synthesis known as microwave assisted organic synthesis
(MAOS).13 The popularity of MAOS technique among synthetic
chemists can be attributed to its ability to address both envi-
ronmental and economic aspects of synthesis.14
Results and discussion

Our initial objective was to develop stereoselective anti-Mar-
kovnikov addition of heterocyclic thiols across terminal alkynes
as this has not been achieved so far. Preliminary studies were
carried out by reacting 2-mercaptobenzothiazole 1a and ethyl
propiolate 2a as model substrates. When 2-mercaptobenzo-
thiazole 1a and ethyl propiolate 2a were stirred in water at room
temperature, formation of Z-ethyl-3-(benzothiazol-2-ylthio)
acrylate 3aa was observed with absolute stereoselectively in 50%
yield. The biological signicance of the product6c,15 and high
degree of regio- and stereoselectivity encouraged us to study the
reaction further and optimization studies were consequently
undertaken (see Table 1).

Optimization of the model reaction revealed that the yield
could be increased to 90% (entry 6, Table 1) under much
reduced time when the reactants are irradiated in methanol
inside a microwave reactor at 500 W for 8 min. The reaction was
clean and formation of any other side products was not detec-
ted. Other polar solvents such as water, ethanol or acetonitrile
are also found to be suitable for the reaction (entries 5, 9 and 10,
Table 1), however, they return a lower yield of the product.
Using the optimized reaction conditions, the scope of the
reaction was investigated by employing a number of different
thiols and the results obtained are summarized in Table 2.

It was observed that a range of heterocyclic thiols participated
in the reaction with absolute regio- and stereoselectivity to
Table 1 Optimization studies for vinylation of 2-
mercaptobenzothiazolea

Entry Solvent Temp.* �C Conditions**
Reaction time
(h min�1)

Yieldb

(%)

1 Water 30 RT 2 h 50
2 Methanol 30 RT 4 h 55
3 Water 100 CH 40 min 62
4 Solventless 100 MW 8 min Trace
5 Water 100 MW 8 min 72
6 Methanol 100 MW 8 min 90
7 Methanol 100 MW 4 min 70
8 Methanol 70 MW 15 min 62
9 Ethanol 100 MW 8 min 74
10 Acetonitrile 100 MW 8 min 64

a Reaction conditions: thiol (1 mmol), ethyl propiolate (1.3 mmol) were
allowed at *specied temp and **conditions (RT ¼ room temp., CH ¼
conventional heating and MW ¼ microwave heating). b Isolated yield.

a Reaction conditions: thiol (1 mmol), alkyne (1.3 mmol) were irradiated
at 500 W for specied time inside a microwave reactor by using
methanol (4 ml) as solvent.

This journal is © The Royal Society of Chemistry 2014
produce the Z-isomer of vinyl sulde in good to excellent yields. It
was encouraging to observe that thiols of various ring sizes and
containing different types and number of heteroatoms reacted
smoothly to give the Z-selective products without the formation
of any other byproducts. Also, the reaction was complete within a
very short time span of 4–10 min. Two alkynes, ethyl propiolate
2a andmethyl propiolate 2bwere employed to study the reactivity
of the thiols. 2-Mercaptobenzoxazole 1b took 10 min to complete
the reaction with 2a and 2b, while 1-methylimidazole-2-thiol 1d
and 2-thiazoline-2-thiol 1f took 7 and 8 min respectively to afford
the hydrothiolated products in good yield (Table 2). Excellent
RSC Adv., 2014, 4, 7834–7837 | 7835
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yields were observed with other heterocyclic thiols such as pyri-
dine-2-thiol 1c, pyrimidine-2-thiol 1e, 1,3,4-thiadiazole-2-thiol 1g
and 5-mercapto-1-methyltetrazole 1h.

We next turned our attention to check the applicability of
our method with thiols other than heterocyclic thiols. When
4-methyl thiophenol 4d was reacted with ethyl propiolate 2a at
500 W in a closed vessel inside a microwave reactor, mixture of
E- and Z-vinyl suldes was obtained with the Z-isomer as the
predominant product (Table 3, entry 4).

Although the reaction exhibited reduced selectivity, the
transformation was rapid and yield was found to be excellent.
Subsequently, other aromatic thiols having electron with-
drawing and donating substituent were employed and similar
results were obtained (Table 3, entries 1–3 and 5–6). It is
noteworthy that under the current microwave reaction condi-
tions, ortho substituted aromatic thiols like 2-methyl and
2-methoxy thiophenol also underwent the vinylation smoothly
to obtain a mixture of E and Z-vinyl suldes in short time
(Table 3, entry 1 and 2). 4-Nitro thiophenol exhibited the
Table 3 Vinylation of aromatic thiolsa

Entry Thiol, 4 Product
Time
(min)

Yieldb

(%)

1 4 84 (1 : 4)

2 4 80 (1 : 6)

3 5 75 (trace : 99)

4 3 95 (1 : 3.1)

5 3 92 (1 : 4.7)

6 3 93 (1 : 7)

a Reaction conditions: thiol (1 mmol), ethyl propiolate (1.1 mmol) were
irradiated under microwave heating till reaction is completed. b Yields
of isolated products: values in parentheses indicate E/Z ratios which
was determined by 1H NMR spectrum of the crude product.

7836 | RSC Adv., 2014, 4, 7834–7837
highest Z-selectivity with only a trace amount of the E-isomer
(Table 3, entry 3).

Unfortunately, aliphatic thiols did not participate in the
reaction under these conditions. Efforts to activate the aliphatic
thiols by elevating the temperature or altering the microwave
power also failed and starting compounds were recovered.

Conclusions

In conclusion, we have developed a simple, efficient and ster-
eoselective method for the formation of vinyl suldes via
hydrothiolation reaction between heterocyclic thiols and acti-
vated terminal alkynes under microwave irradiation. The key
features of the methodology are short reaction time, good to
excellent yields, absence of any side products and the achieve-
ment of 100% stereoselectivity in the case of heterocyclic thiols
with no additional requirement of any catalyst and/or additives.
This makes it an attractive protocol to obtain Z-vinyl suldes.
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