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A high yielding, one-pot synthesis of O,S-dialkyl
dithiocarbonates from alcohols using Mitsunobu’s reagent
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Abstract—A novel Mitsunobu-based protocol has been developed for the synthesis of O,S-dialkyl dithiocarbonates from a variety
of primary, secondary and tertiary alcohols using carbon disulfide, in good to excellent yields. This protocol is mild and efficient
compared to other reported methods.
� 2006 Elsevier Ltd. All rights reserved.
O,S-Dialkyl dithiocarbonates (xanthates) are a versatile
source of radicals,1 intermediates in the synthesis of
thiols,2 thiocarbonates,3 alkenes,4 alkanes,5 S-activated
carbanions6 and photosensitisers7 for the polymeriza-
tion of vinyl monomers. They have also been used in
the synthesis of natural products,8 Claisen rearrange-
ment,9 and are also important for biological activities.10

Traditionally, they are prepared from an alcohol in a
three-step process.11 The reaction involves the use of
strong bases such as sodium hydride, sodium amide or
potassium t-butoxide in polar aprotic solvents like
DMSO,12 DMF13 or diglyme.14 Phase-transfer catalysis
and crown ethers have also been used with strong bases
specifically for the preparation of dithiocarbonates from
unfunctionalized alcohols.15 However, most of these
methods suffer from limitations such as long reaction
times, use of expensive strongly basic reagents, and
tedious work-up. Consequently, there is continued
interest in developing new and convenient methods for
the synthesis of dithiocarbonates using mild reaction
conditions. Our group16 has been engaged over several
years on the development of new methodologies for
the synthesis of carbamates and dithiocarbamates using
cheap and safe reagents like CO2 and CS2. Recently we
reported17 the synthesis of carbamates- and dithio-
arbamates from the corresponding alcohols using
Mitsunobu’s reagent. Based on our recent work,17 we
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report herein a chemoselective, highly efficient and mild
synthesis of O,S-dialkyl dithiocarbonates of primary,
secondary and tertiary alcohols using Mitsunobu’s
reagent.

Thus we carried out18 the synthesis of dithiocarbonates
by mild thiocarbonation of alcohols with carbon di-
sulfide and an alcohol in the presence of Mitsunobu’s
reagent.

We assume that the unstable dithiocarbonic acid 1
generated from the alcohol and CS2 reacts with the
Mitsunobu zwitterion 2 formed from Ph3P and diethyl
azodicarboxylate, to furnish the stabilized zwitterionic
species 3 which in turn undergoes S-alkylation giving
rise to the formation of the dithiocarbonate ester as
shown in Scheme 1.

Thus, various alcohols were reacted using Mitsunobu’s
reagent and carbon disulfide solution in dry dimethyl-
sulfoxide (DMSO) at room temperature for 4–8 h, to
afford O,S-dialkyl dithiocarbonates in good to excellent
yields (76–98%) as shown in Table 1. Isomeric O,S-di-
alkyl dithiocarbonates were prepared by altering the
order of addition of the respective alcohols (Table 1,
entries 2 and 18, 10 and 19) We examined several
solvents such as n-heptane, n-hexane, DMSO, DMF
and HMPA of which dry DMSO proved to be the most
suitable. The overall reaction is shown in Scheme 2.

In conclusion, we have developed a convenient and effi-
cient protocol for the one-pot, four-component coupling
of various alcohols with a variety of primary, secondary
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Scheme 1. Proposed mechanism of formation of the dithiocarbonates.

Table 1. Conversion of alcohols into dithiocarbonates of general formula Ia

Entry R1 R2 R3 R4 R5 R6 Time (h) Yields (%)

1 Phenyl H H Phenyl H H 5 92
2b 2-Phenethyl H H n-Hexyl H H 4 97
3 2-Phenethyl H H n-Propyl n-Propyl H 5 86
4 n-Propyl H H n-Octyl H H 5 93
5 i-Amyl H H Cyclohexyl H H 6 85
6 n-Butyl H H n-Butyl H H 5 82
7 2-Naphthyloxyethyl H H Phenyl H H 6 85
8 2-Naphthyloxyethyl H H 4-Methoxyphenyl H H 5 83
9 n-Butyl n-Butyl H n-Octyl H H 6 84
10b n-Butyl n-Butyl n-Butyl n-Dodecyl H H 7 76
11 n-Hexyl H H Phenyl H H 6 80
12 n-Heptyl H H Benzyl H H 5 83
13 n-Octyl H H 3-Methoxybenzyl H H 5 89
14 n-Heptyl H H n-Dodecyl H H 4 98
15 n-Pentyl Methyl H Cyclohexyl H H 6 90
16 2-Naphthyloxyethyl H H n-Butyl n-Butyl n-Butyl 8 76
17 3-(2-Naphthyloxy)prop-1-yl H H n-Octyl H H 5 93
18b n-Hexyl H H 2-Phenethyl H H 4 96
19b n-Dodecyl H H n-Butyl n-Butyl n-Butyl 7 77

a All the products were characterized by IR, NMR and mass spectral data.
b Entries 2 and 18 and entries 10 and 19 are isomeric products.
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Scheme 2. Reagents and conditions: (a) dry DMSO, DEAD/Ph3P,
CS2, rt, 4–8 h.
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and tertiary alcohols via a Mitsunobu zwitterion. This
reaction generates the corresponding O,S-dialkyl dithio-
carbonates in high yields. Furthermore, this method
exhibits substrate versatility, mild reaction conditions
and experimental convenience. This synthetic protocol
is believed to offer a more general method for the forma-
tion of C–S bonds, essential in numerous organic
syntheses.
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