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Abstract A single-step novel protocol for the prepa-

ration of symmetrical trithiocarbonates from a corre-

sponding variety of primary, secondary, and tertiary

alcoholic tosylates using the Cs2CO3=CS2 system, was

developed. This protocol is mild and more efficient

than the reported methods.
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Introduction

Organic trithiocarbonates have received much atten-

tion due to their numerous remarkable industrial,

synthesis, and medicinal applications [1]. They have

extensively been used as pharmaceuticals [2], agro-

chemicals [3], intermediates in organic synthesis [4],

for protection of thiol functionality [5], in free radi-

cal polymerization reactions [6], as lubricating addi-

tives [7], in material science [8], in froth floation

process [9], for the recovery of minerals from their

ores, and for their metals absorption properties [10].

Moreover, their application as synthons for the syn-

thesis of various kinds of useful compounds, such as

sulfines [11], ketenes [12], trithiocarbonate-S-oxides

[13], thiols [14], dithiocarboxylate derivatives [15],

thioacetates [16], olefins [17], nitro-1,3-benzodithiole-

2-thiones [18], phosphite ylides [19], and various

kinds of C–C bond forming reactions [20], etc.

necessitates their preparation through a convenient

and safe methodology.

Classical synthesis of trithiocarbonates involves

the reaction of thiols with thiophosgene [21] or

its derivatives [22]. These methods are associated

with several drawbacks, such as use of costly, toxic,

and corrosive reagents. Alternative routes for their

synthesis involves reaction of metal xanthates with

epoxides [23] or episulfides [24], the reaction of

organic dihalides with sodium trithiocarbonates [25],

reaction of sodium trithiocarbonates with epoxides

[26], reaction of CS2 with alkyl halides using KOH

[27], reaction of alkyl halides with the hydroxide

form of anion exchange resin [28], and by S-aryla-

tion of potassium carbonotrithiolates with diaryli-

odonium salts [29]. The application of phase transfer

catalyst technique has had enormous impact on the

synthesis of this class of compounds [30], but the

method requires strongly basic conditions. Recently,

a method for the synthesis of trithiocarbonates was

achieved using Cs2CO3=CS2 system [31]. Most of

these methods suffer from the limitations of long re-

action times, use of expensive strongly basic reagents,

tedious work-up, and low yields. Consequently, there

is continued interest in developing new and conve-

nient methods for the synthesis of trithiocarbonates

using mild reaction conditions.
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Our group [32] has been engaged from the past

several years in the development of new and efficient

protocols for the synthesis of carbamates, dithiocar-

bamates, and dithiocarbonates (xanthates) using cheap

and abundantly avaliable reagents like CO2 and CS2.

In the present paper, we report an efficient and novel

protocol for the preparation of symmetrical trithio-

carbonates from the corresponding alcoholic tosy-

lates using a minimum amount of the Cs2CO3=CS2

system. Alcoholic tosylates were prepared from the

corresponding alcohols following the standard pro-

cedure [33].

Results and discussion

In order to attain easy operations and to maintain the

base sensitive trithiocarbonate group, we conducted

the reaction under very mild conditions (i.e., at room

temperature under an aerial atmosphere). Thus, an

equimolar mixture of CS2 and Cs2CO3 was taken

in dry DMSO and was vigorously stirred at room

temperature for 15 min. The colorless mixture chan-

ged to a blood-red solution within a few minutes,

indicating the formation of trithiocarbonate anion

(CS3
2�) [34]. After stirring for 15 min, an equimolar

amount of the corresponding alcoholic tosylate was

added. Stirring of the reaction mixture was contin-

ued at 25�C until the reaction was completed. The

color of the reaction mixture immediately changed

from red to pale yellow. The reaction was monitored

periodically by NMR spectroscopy. After comple-

tion of the reaction, the mixture was poured into

distilled water and extracted three times with ethyl

acetate to afford the desired product. Thus, various

trithiocarbonate derivatives were parepared in high

yields (80–99%), and their spectroscopic confirma-

tion was achieved from the reported values as men-

tioned in Table 1.

We have tried many solvents like DMSO, DMF,

benzene, acetonitrile, dichloromethane, n-hexane,

Table 1 Conversion of alcoholic tosylates into trithiocarbonatesa

Entry R1 R2 R3 Time=h Yields=% Ref.

1 CH2¼CH H H 4 96 [31]
2 Ph H H 5 99 [31]
3 Me H H 4 98 [31]
4 n-C3H7 H H 3 99 [31]
5 n-C7H15 H H 3 99 [31]
6 Et H H 4 94 [35]
7 Ph Me H 5 96 [35]
9 n-C4H9 n-C4H9 H 5 85 [35]
10 n-C4H9 n-C4H9 n-C4H9 6 80 [28]
11 n-C6H13 H H 3 94 [28]
12 n-C7H15 Me H 4 85 [28]
13 n-C8H17 H H 3 96 [18]
14 n-C7H15 H H 4 98 [18]
15 n-C5H11 Me H 5 90 [18]
16 2-Naphthyloxyethyl H H 5 86 [35]
17 3-(2-Naphthyloxy)prop-1-yl H H 5 92 [35]
18 n-C6H13 Me Me 4 93 [18]
19 n-C12H25 H H 3 99 [18]

a All the products were characterized by IR, NMR, and mass spectral data

Scheme 1
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heptane, methanol, chloroform, acetone. But, dry

DMSO proved to be the most suitable solvent for

carring out this transformation. The overall reaction

is shown in Scheme 1.

In conclusion, we developed a convenient and

efficient protocol for the one-pot, three-component

coupling of a variety of alcoholic tosylates via

a CS3
2� bridge. We have noted that equimolar

amounts of cesium carbonate and carbon disulfide

are necessary to give trithiocarbonates from a variety

of alcoholic tosylates. This reaction generates the

corresponding trithiocarbonates in excellent yields

(80–99%) at room temperature. Furthermore, this

method exhibits substrate versatility, mild reaction

conditions, and experimental convenience. This syn-

thetic protocol is believed to offer a more general

method for the formation of C–S bonds essential

to numerous organic syntheses.

Experimental

Chemicals were procured from Merck, Aldrich, and Fluka
chemical companies. Reactions were carried out under an
atmosphere of nitrogen. IR spectra (4000–200 cm�1) were
recorded on a Bomem MB-104–FTIR spectrophotometer
whereas NMR spectra were scanned on an AC-300F NMR
(300 MHz) instrument using CDCl3 and some other deuterated
solvents and TMS as internal standard. Elemental analysis
were made by a Carlo-Erba EA 1110-CHNO-S analyzer and
agreed favorably with calculated values.

General experimental procedure

A mixture of 5.0 mmol CS2 and 5.0 mmol Cs2CO3 in 5 cm3 dry
DMSO was stirred at room temperature (20–25�C) for 15 min,
and then 5 mmol of the corresponding alcoholic tosylate in
2 cm3 dry DMSO were added. Stirring of the reaction mixture
was continued at room temperature until the reaction was com-
pleted (as monitored by TLC and 1H NMR). The reaction was
quenched by pouring into ice-water. The product was extracted
with ethyl acetate, and the solution was dried over Na2SO4,
filtered, and evaporated to afford pure desired product.
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