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Eosin Y catalyzed difunctionalization of styrenes
using O2 and CS2: a direct access to 1,3-oxathio-
lane-2-thiones†

Arvind K. Yadav and Lal Dhar S. Yadav*

Visible light promoted straightforward highly regioselective synthesis of 1,3-oxathiolane-2-thiones (cyclic

dithiocarbonates) starting directly from styrenes, CS2 and air (O2) is reported. The protocol utilizes eosin Y

as an organophotoredox catalyst and clean resources like visible light and air (O2) as sustainable reagents

at room temperature in a one-pot procedure. Additionally, the approach is advantageous in terms of step

economy as it skips the prefunctionalization of styrenes to oxiranes, which has been inevitable in com-

monly used syntheses of 1,3-oxathiolane-2-thiones.

Introduction

The utilization of clean, cheapest and unending natural
resources like air, water and light is among the basic demands
of green and sustainable chemistry.1 During the last two
decades, free radical reactions have played a crucial role in the
construction of useful molecular frameworks.2 This is mainly
because of the availability of new methods for producing
radicals, which have allowed the targeted use of these reactive
intermediates in organic syntheses. The recent research on
visible light promoted synthetically useful photoredox reac-
tions has opened up a new facet of free radical chemistry.3

Advantageously, several visible light photoredox catalyzed reac-
tions utilize atmospheric dioxygen to complete the catalytic
cycle and the resulting superoxide radical (O2

•−) acts as an
oxidant required in the synthesis.4

The 1,3-oxathiolane moiety is present in a variety of biologi-
cally active compounds and natural products.5 They show anti-
bacterial, tuberculostatic, antifungal,5c–f and neuroprotective
activities.5,6 Moreover, 1,3-oxathiolane-2-thiones (cyclic dithio-
carbonates) are useful intermediates for the synthesis of
alkanes, alkenes, and thiols and have found application in
materials science.7 One of the most efficient methods available
for the synthesis of cyclic dithiocarbonates involves the ring
opening of oxiranes catalyzed by alkali metals or alcoholates
(Scheme 1a).8 However, all of these methods suffer from one
or more drawbacks, such as low efficiency and yields, require-

ment of high pressure, high catalyst loading and above all, the
formation of regioisomeric products, which limit their syn-
thetic applications. Thus, the development of a highly regio-
selective, efficient and convenient method for the synthesis of
1,3-oxathiolane-2-thiones will be a valuable contribution to
this field.

Styrenes are readily available substrates, which allow the
introduction of two functional groups in a single step. Con-
sequently, several communications have appeared exploring
the difunctionalization of styrenes.3a,9,10b Recently, anionic
species like ArSO2

−,10a NCS− 10b,c and RNvCRS− 10d have been
converted to the corresponding radicals under photoredox cat-
alysis.10 Inspired by the fact that sulfur compounds can be

Scheme 1 Synthesis of 1,3-oxathiolane-2-thiones.
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easily converted into radicals employing eosin Y (EY) as a
visible light photoredox catalyst,10,11 we hypothesized that the
xanthate anion formed in situ from CS2 and alcoholates could

be converted into its radicals, which could be trapped with sty-
renes and finally cyclized under aerobic conditions to give 1,3-
oxathiolane-2-thiones.

Table 1 Control experimentsa

Entry Visible light Eosin Y MeOH Base CS2 Air (O2) Timeb (h) Yieldc (%)

1 + + + + + + 20 90d

2 + + + + + + 8 92
3 − + + + + + 12 n.d.
4 + − + + + + 12 n.d.
5 + + − + + + 12 n.d.e

6 + + + − + + 12 Trace
7 + + + + − + 12 n.d.
8 + + + + + N2 12 Trace
9 + + + + + O2 8 92 f

10 + + + + + + 12 60g

a Reaction conditions: CS2 (1.0 mmol), Cs2CO3 (1.0 equiv.) and MeOH (3 mL) were taken in a closed flask and stirred for 3 h at rt, then 1a
(1.0 mmol) and eosin Y (2 mol%) were added and the flask was opened to air. Now, the reaction mixture was irradiated using Luxeon Rebel high
power green LEDs [2.50 W, λ = 535 nm] under an air atmosphere at rt for 8–20 h (for the general procedure, see the ESI). b Time required for
photo-irradiation. c Isolated yield of the pure product 2a; n.d. = not detected. d A mixture of 1a (1.0 mmol), an excess amount of CS2 (1.0 mL),
Cs2CO3 (1.0 equiv.) and eosin Y (2 mol%) in MeOH (3 mL) was irradiated with green LEDs [2.50 W, λ = 535 nm] under an air atmosphere at rt for
20 h. e Acetonitrile was used instead of MeOH. fO2 balloon was used. g Reaction mixture was irradiated with a CFL (Philips 18 W).

Table 2 Optimization of reaction parametersa

Entry Catalyst (mol%) Solvent CS2 (mmol) Base (equiv.) Timeb (h) Yieldc (%)

1 Eosin Y (2) MeOH 1.0 Cs2CO3 (1.0) 8 92
2 Rose bengal (2) MeOH 1.0 Cs2CO3 (1.0) 8 63
3 Eosin Y (3) MeOH 1.0 Cs2CO3 (1.0) 8 92
4 Eosin Y (1) MeOH 1.0 Cs2CO3 (1.0) 8 60
5 Eosin Y (2) MeOH 1.0 Cs2CO3 (0.5) 12 54
6 Eosin Y (2) MeOH 1.0 Cs2CO3 (1.5) 8 92
7 Eosin Y (2) MeOH 0.5 Cs2CO3 (1.0) 8 44
8 Eosin Y (2) MeOH 1.5 Cs2CO3 (1.0) 8 92
9 Eosin Y (2) MeOH 1.0 K2CO3 (1.0) 12 64
10 Eosin Y (2) MeOH 1.0 KOH (1.0) 12 67
11 Eosin Y (2) MeOH 1.0 Na2CO3 (1.0) 12 52
12 Eosin Y (2) MeOH 1.0 NaH (1.0) 12 79

a Reaction conditions: CS2 (0.5–1.5 mmol), Cs2CO3 (0.5–1.5 equiv.) and MeOH (3 mL) were taken in a closed flask and stirred for 3 h at rt, then 1a
(1.0 mmol) and eosin Y (1–3 mol%) were added and the flask was opened to air. Now, the reaction mixture was irradiated using Luxeon Rebel
high power green LEDs [2.50 W, λ = 535 nm] under an air atmosphere at rt for 8–12 h (for the general procedure, see the ESI). b Time required for
photo-irradiation. c Isolated yield of the pure product 2a.
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In view of the above points and our recent research focused
on the aerobic oxidative difunctionalization of alkenes,9c,10b,12

herein we report a novel synthesis of 1,3-oxathiolane-2-thiones.
The present protocol is more advantageous than the available
methods in terms of step economy and sustainability because
it starts from styrene instead of oxiranes and utilizes atmos-
pheric oxygen and visible light as the greenest reagents
(Scheme 1b).

Results and discussion

To test our idea and optimize the reaction conditions, styrene
(1a) was selected as the model substrate. The key reaction was
performed with a mixture of 1a (1.0 mmol), an excess amount
of CS2 (1.0 mL), Cs2CO3 (1.0 equiv.) and a catalytic amount of
eosin Y (2 mol%) in MeOH (3 mL). The reaction mixture was
irradiated with green LEDs [2.50 W, λ = 535 nm] for 20 h in
open air under stirring at room temperature. The desired
product 1,3-oxathiolane-2-thione (2a) was isolated in 90% yield
(Table 1, entry 1). A large excess (1.0 mL) of CS2 was required
probably because of its high volatility and vaporization during
the reaction. One of the referees indicated that CS2 is not
really a green compound, and its high volatility is easy to
control. This led us to modify the procedure.

Thus, CS2 (1.0 mmol), Cs2CO3 (1.0 equiv.) and MeOH
(3 mL) were taken in a closed flask and stirred at room temp-
erature for 3 h to complete the formation of cesium methyl
xanthate ( ). Then, styrene (1a, 1.0 mmol) and eosin Y
(2 mol%) were added to the open flask and the reaction
mixture was irradiated with green LEDs [2.50 W, λ = 535 nm]
for 8 h in open air under stirring at room temperature. We
were delighted to get the desired product 2a in 92% isolated
yield (Table 1, entry 2). Then the control experiments were
carried out, which show that eosin Y, visible light, air (O2),
CS2, MeOH and a base are essential for the reaction, because
in the absence of any of the reagents/reaction parameters the
product was either not detected or formed in traces (Table 1,
entry 1 versus 3–8).

The presence of O2 (air) is also essential for the reaction
because only a trace amount of product was detected under a
nitrogen atmosphere (Table 1, entry 8). Notably, the same
result was obtained on using O2 (balloon) instead of an air
atmosphere (Table 1, entry 9). Green LEDs [2.50 W, λ =
535 nm] were more effective than fluorescent light (Table 1,
entry 10), which shows the higher photocatalytic activity of
eosin Y in the presence of high intensity green light.

Next, the reaction was optimized for the optimum amount
of CS2, base and catalyst using MeOH as the solvent, which
also acts as a reagent for xanthate formation in step i. For the
reasonable yield, CS2 was required in 1.0 mmol (Table 2, entry
1 versus 7 and 8). Among the tested bases, Cs2CO3 was most
efficient (Table 2, entry 1 versus 9–12), this is probably because
of the greater solubility of Cs2CO3 in MeOH and its 1.0 equiv.
was required for optimum yield (Table 2, entry 1 versus 5 and
6). The optimum catalyst (eosin Y) loading required for the

maximum yield was 2 mol%, because on decreasing the
amount from 2 mol% to 1 mol% decreases the yield consider-
ably, although the yield was not affected on increasing the
catalyst loading from 2 mol% to 3 mol% (Table 2, entry 1
versus 3 and 4). The use of rose bengal (2 mol%) was not as
effective as eosin Y (Table 2, entry 1 versus 2).

Finally, the generality and scope of the present reaction
were investigated across a range of styrenes incorporating
various substituents like Me, MeO, NO2, Cl, Br and F (Table 3).

Table 3 Scope of the reactiona

a Reaction conditions: CS2 (1.0 mmol), Cs2CO3 (1.0 equiv.) in 3 mL
MeOH were taken in a closed flask and stirred for 3 h at rt, then 1
(1.0 mmol) and eosin Y (2 mol%) were added and the flask was opened
to air. Now, the reaction mixture was irradiated using Luxeon Rebel
high power green LEDs [2.50 W, λ = 535 nm] under an air atmosphere at
rt for 8–10 h. b Isolated yield of the product 2. c For the general pro-
cedure, experimental details and characterization data of the products,
see the ESI. d Time required for photo-irradiation (step (ii)).
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The reaction worked well in all the cases and afforded the
desired products 2 in good to excellent yields (68–95%).
Styrenes 1 with an electron-donating group on the aromatic
ring appear to react faster and afford marginally higher yields
in comparison with those bearing an electron-withdrawing
group (Table 3, products 2b, 2c versus 2d–2i). However, the
reaction does not work with aliphatic alkenes, this is probably
because of the less stability of the radical intermediate formed
with aliphatic alkenes than that in the case of styrenes. More-
over, the greater stability of the radical formed at the α-posi-
tion of an aromatic or heteroaromatic ring plausibly governs
the high regioselectivity in the formation of product 2. The
efficacy of this reaction was also evaluated on a preparative
scale (50 mmol). Thus, a mixture of CS2 (50.0 mmol, 3.5 mL),
Cs2CO3 (1.0 equiv., 8.15 g) and MeOH (150 mL) was taken in a
closed flask and stirred at room temperature for 3 h. Then,
styrene (1a, 50.0 mmol, 5.78 g) and eosin Y (2 mol%, 0.652 g)
were added and the flask was open to air. The reaction mixture
was irradiated with green LEDs [2.50 W, λ = 535 nm] for 8 h in
open air under stirring at room temperature. Interestingly, the
product 2a was isolated in excellent yield (94%, 9.21 g) without
compromising the optimized reaction conditions.

Conclusion

In conclusion, we have disclosed a one-pot multicomponent
cyclization strategy for a highly regioselective synthesis of 1,3-
oxathiolane-2-thiones from styrenes using CS2, MeOH and
Cs2CO3 in the presence of eosin Y as a photocatalyst at room
temperature. The salient features of the present protocol
include the step economy, organophotoredox catalysis and
utilization of clean resources, like air (O2) and visible light as
inexpensive, green and sustainable reagents, which make it a
superior alternative to the existing approaches to 1,3-oxathio-
lane-2-thiones.
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