
Iranian Polymer Journal/ Volume 8 Number 1 (1999)

	

1026-1265199

Synthesis of Symmetrical and Unsymmetrical Dialkyl and Alkyl

Aryl Trithiocarbonates Using Polymer Supported Systems

Saltman Tamami* and All Reza Kiasat
Department of Chemistry, Shiraz University, Shiraz, I .R.Iran

Received ; 16 June 1998 ; accepted 13 December 1998

ABSTRACT

Symmetrical and unsymmetrical dialkyl and alkyl aryl trithiocarbonates are

readily synthesized as exclusive and virtually pure products in considerably
short reaction times and excellent yields by the reaction of primary or
secondary alkyl, benzyl or .allyl halides with hydroxide form of an anion
exchange resin, or polymer supported thiolate in carbon disulphide, under

mild reaction conditions, respectively . In addition, this procedure provides
excellent yield of 1,3-dithiolane-2-thione from the 1,2-dibromo ethane as a

cyclic alkyl trithiocarbonate in comparatively very short reaction time without

formation of any polymeric by-product . It is observed that the nature of halide
ion has considerable effect on the reaction rate and the order of reactivity for
different alkyl halides are RI>RBr>RCI. The polymer supported thiolate is very
stable and can be stored without any loss of reactivity . The polymeric system
is easily regenerable.

Key Words : polymer supported reagent, symmetrical trithiocarbonate, unsymmetrical trithiocarbonate.

INTRODUCTION

Symmetrical and unsymmetrical trithiocarbonates
represent important class of compounds that have
been used as intermediates for various applications,

especially as pesticides, insecticides and nematocides
in agriculture [1–3] and as lubricating additives [3, 4].

Therefore, much attention has been focused on the
synthesis of this class of compounds in the past and

several methods have been utilized to achieve this
goal . These are: one or two step reaction of thio-
phosgene with suitable thiols [2, 5–7], alkylation of

sodium or potassium salts of trithiocarbonic or alkyl
trithiocarbonic acids for symmetrical and unsymmet-
rical compounds respectively [2, 8–10], reactions of
thiols with carbon disulphide and alkyl halides in
basic conditions [2], and the reaction between alkyl
halides, granulated KOH and carbon disulphide in
anhydrous THF to give rise to symmetrical trithio-
carbonates [11].

The application of phase transfer catalyst
technique has had an enormous impact on synthesis of
this class of compounds as presented in Scheme I, [3,
12–17] . In contrast with results obtained under

(a) To whom correspondence should be addressed .
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Scheme I

previously established conditions, with this technique
yields were excellent in all cases and reaction times
were short, especially for unsymmetrical trithio-
carbonates [3].

Procedures 1–3 can be used for synthesis of
symmetrical trithiocarbonates, however, procedure ,2
is the best because the only source of sulphur is
carbon disulphide with comparatively less toxicity
and odour. In procedures 1 and 2 carbon disulphide is
first converted to a trithiocarbonate anion by the
reaction of aqueous sodium sulphide with carbon
disulphide at room temperature [3] or under strong
basic conditions [14] . The anion is then transferred by
a phase transfer agent from the aqueous to the organic
phase to complete a nucleophilic substitution reaction
with the alkyl halide . Procedure 3 is the only pro-
cedure reported for synthesis of unsymmetrical
trithiocarbonates under PTC. In this procedure,
potassium alkyl or aryl trithiocarbonate A is prepared
in-situ by the reaction of thiols with carbon disulphide
in aqueous potassium hydroxide [3], then it is trans-
ferred by the phase transfer catalyst to the organic
phase to react with the alkyl halide to give the
corresponding trithiocarbonates.

All methods mentioned above for preparation
of symmetrical and unsymmetrical dialkyl and alkyl
aryl trithiocarbonates with or without using PTC,
encounters at least one of the following drawbacks :

– long reaction time.
–low yields of products.
– difficulty in separating product from the original
reagent and PTC.
– necessary presence of a phase transfer catalyst.

– use of an aqueous media.
–use of toxic chemicals with unpleasant odours.
– use of inert atmosphere.
–unavailability of the reagents.

Therefore, the introduction of a new synthetic
method for preparation of symmetrical and unsym-
metrical trithiocarbonates is of practical importance.

The immobilization of reagents and nucleo-
philes on polymeric supports has been investigated
extensively [18] This is primarily because insoluble
polymeric reagents, among other features, expand the
range of applicable solvents, increase the ease of
work-up and product purification, lower the environ-
mental hazards, and in most cases provide the re-
covery and regeneration of the supported reagents . In
addition, a benefit from polymer supported nucleo-
philic reagents is that the nucleophilic power of the
anions is often greatly increased due to the polymeric
nature of the ionic species [19].

In the course of our investigations on the use of
polymer supported systems in the synthesis of
organosulphur compounds [20, 21] very recently, we
reported in a short communication the one pot
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synthesis of symmetrical dialkyl trithiocarbonates
directly from CS2 and alkyl halides using a commer-
cially available hydroxide form of an anion exchange
resin [22] . In this paper, we wish to report in full the
successful application of Amberlyst (A-26), styrene-
divinylbenzene macroreticular resin containing
quaternary ammonium group, for the preparation of
symmetrical and unsymmetrical dialkyl and aryl alkyl
trithiocarbonates in high yields under mild and non-
aqueous reaction conditions.

EXPERIMENTAL

General
IR Spectra were recorded on a Perkin Elmer IRA 57-G
spectrophotometer. 'H NMR Spectra in CDC13 were
recorded on a Bruker Avance DPX instrument (250
MHz). Chemical shifts are reported in ppm (6)
downfield from TMS. Amberlyst A-26 (OHY was
used as received from Fluka. Required alkyl halides
and thiols were purchased from Fluka and Merck or
were prepared in our laboratory according to the
known procedures. The products were identified by
their IR and 'H NMR spectra and also by comparison
of their other physical data with those reported in the
literature.

Synthesis of Dialkyl Trithiocarbonates Using the
Polymer Supported System
Amberlyst A-26 (OH)- (2 g, 1 mmol OH-/g, 20–50
mesh ) was added to carbon disulphide" (10 mL) and
stirred at room temperature for about 3 min. Colour of
the resin changed from light yellow to blood red . To
the suspension of the resin in carbon disulphide, alkyl
halide (1 mmol) was added and the reaction mixture
stirred under reflux condition. Progress of the reaction
was followed by TLC (CCI4). On completion of
reaction, the mixture was filtered and washed with
carbon disulphide or THF . Filtrate dried over anhyd-
rous sodium sulphate and the solvent evaporated
under reduced pressure to afford the TLC and 'H
NMR pure products in 90–96% isolated yields . One
hundred folds scale up reactions could also be

performed successfully.

Synthesis of Unsymmetrical Trithioearbonates
Using the Polymer Supported System
To a solution of a suitable thiol (4 mmol) in THF (12
mL), Amberlyst A-26 (OH)- (2 g, 1 mmol OH-1g, 20–
50 mesh ) was added and the reaction mixture stirred
at room temperature for about 2 h . Polymer supported
thiolate anion was filtered off and washed repeatedly
with THF and was finally dried in the presence of
P205 under vacuum at 40 °C overnight . The exchange
capacity of the resin was easily determined as
follows. A sample of dried resin (1 g) was treated for
about 5 min with 10 mL of hydrochloric acid (1N)
and then ether (20 mL). The resin filtered off and the
organic phase was separated and washed several times
with water and then dried over anhydrous calcium
chloride . Evaporation of the solvent gave the thiols.
The average capacities of the dried resin were 2 .1,

1 .85, 2 mmovg for phenyl mercaptan, meta methyl
mercaptan, butyl mercaptan, respectively.

Polymeric reagent (2 mmol thiolate) was added
to carbon disulphide (15 mL), and stirred at room
temperature for about 3 min . To this suspension, alkyl
halide (1 .5 mmol) was added and the reaction mixture
stirred at room temperature or reflux conditions.
Progress of the reaction was followed by TLC (CC1 4).
On completion of reaction, the mixture was filtered
and washed with carbon disulphide or THF . The
filtrate was concentrated under reduced pressure and
purified by column chromatography on silica gel,
using petroleum ether as the eluent to afford the TLC
and 'H NMR pure products in 71–93% isolated
yields . One hundred folds scale up reactions could
also be performed successfully.

Regeneration of Polymeric Reagent
The spent polymeric reagent was regenerated by
repeated washings with HCI (IN) solution, treatment
with sodium hydroxide (1N) solution, and finally with
distilled water. The regenerated resin could be used
repeatedly as the polymeric support in the reaction
illustrated in Schemes II and III.

Bis(phenylmethyl) trithiocarbonate 1 [3, 11]:

CAUTION : care should be taxen in using CS= due to its toxicity and low flash point.
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IR, 1065 (C= S); 'H NMR, 8H 7 .36–7 .41 (5H, m) and
4 .71 (2H, s).

Bis(3-phenyl-2-propenyl) trithiocarbonate 2
[11] : IR, 1065 (C= S); 'H NMR, SH 7 .28–7 .40 (511,
m), 6 .71 (1H, d), 6 .30 (IH, m) and 4 .25 (2H, d).

Bis(4-nitrophenylmethyl) trithiocarbonate 3
[28] : IR, 1060 (C=S) ; 'H NMR, 8H 7.40 (211, d), 7.98
(2H, d) and 4 .70 (211, s).

Di-2-propenyl trithiocarbonate 4 [2, 3, 11] : IR,
1060 (C = S); 'H NMR, 811 5 .94 (1H, m), 5 .27 (111, d),
5 .21 (1H, d) and 4 .10 (2H, d).

1,3- Dithiolane-2-thione 5 [3, 11, 28] : 1R, 1065
(C=S) ; ' H NMR, SH 4 .0 (211, s).

Dimethyl trithiocarbonate 6 [14, 28] : IR, 1070
(C = S); 'H NMR, 8H 2 .80 (3H, s).

Di-sec-butyl trithiocarbonate 7 [14] : IR, 1065
(C=S); 'H NMR, 8H 4 .20 (IH, m), 1 .71 (2H, m), 1 .41
(3H, d) and 1 .10 (3H, t).

Dibutyl trithiocarbonate 8, 9, 10, 21 [2, 3, 11]:
IR, 1050 (C=S); 'H NMR, 8H 3 .40 (2H, t), 1 .67–1 .73
(2H, m), 1 .39–1 .50 (2H, m) and 0 .98 (311, t).

Benzyl phenyl trithiocarbonate 11 [12] : IR,
1045 (C=S); I N NMR, SH 7 .40–7.62 (10H, m) and
4.64 (2H, s).

Methyl phenyl trithiocarbonate 12 [2, 28] : IR,
1050 (C=S); 'H NMR, 8H 7 .45–7 .61 (5H, m) and
2 .64 (311, s).

n-Butyl phenyl trithiocarbonate 13 [12, l3] : IR,
1050 (C=S) ; 'H NMR, SH 7 .53–7 .62 (5H, m), 3 .35
(2H, t), 1 .64–1 .71 (2H, m), I .34–1 .48 (2H, m) and
0.99 (3H, t).

Phenyl-sec-butyl trithiocarbonate 14 : IR, 1040
(C=S); 'H NMR, SH 7 .45 (SH,m), 4 .12 (1H, m), 1 .64
(2H, m), 1 .35 (311, d) and 0 .90 (3H, t).

Benzyl-3-methylphenyl trithiocarbonate 15 : [2]
IR, 1030 (C = S) ; 'H NMR, 8H 7 .46–7 .71 (9H, m),
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4 .70 (2H, s) and 2 .43 (3H, s).
Methyl-3-methylphenyl trithiocarbonate 16 [2,

12] : IR, 1060 (C=S); 7 .20–7 .40 (4H, m), 2 .66 (3H, s)
and 2.33 (3H, s).

Butyl-3-methylphenyl trithiocarbonate 17 [2,
28] : IR, 1040 (C=S); 'H NMR, SH 7 .24–7.34 (4H, m),
3 .22 (2H, t), 230 (3H, s), 1 .52–1 .58(2H, m), 1,23–
1 .38 (2H, m) and 0.91 (3H, t).

sec-Butyl-3-methylphenyl trithiocarbonate 18
[28] : IR, 1070 (C=S); 'H NMR, SH 7 .18–7.30 (4H,
m), 3 .95 (1H, m), 2 .33 (3H, s), 1 .54 (2H, m), 1 .23
(3H, d) and 0 .95 (3H, t).

Benzylbutyl trithiocarbonate 19, 24 [3] : IR,
1060 (C=S) ; 'H NMR, SH 7 .35–7.45(5H, m), 4 .70
(2H, s), 3 .5 (2H, t), 1 .74–1 .82 (2H, m), 1 .40–1 .52
(21-1, m) and 0 .91 (3H, t).

Butylmethyl trithiocarbonate 20 [3] : IR, 1050
(C = S); 'H NMR, SH, 3 .30 (2H, t), 2 .65 (3H, s), 1 .59–
1 .62 (2H, m), 1 .35–1 .39 (2H, m) and 0 .89 (3H, t).

n-Butyl-sec-butyl trithiocarbonate 22: IR, 1075
(C=S) ; 'H NMR, SH 4.20 (1H, m), 3 .40 (2H, t) 1 .62–
1 .74 (4H, m), 1 .30–1 .46(5H, m) and 1 .10 (6H, m).
Benzylmethyl trithiocarbonate 23 : IR, 1075 (C = S) ; 'H
NMR, SH 7 .35–7 .39 (5H, m), 4.67(211, s) and 2 .80
(3H, s).

RESULTS AND DISCUSSION

The blood red trithiocarbonate anion (CS3)Z- is known
to be prepared by reacting ammonium sulphide,
strong aqueous ammonia, alkali metal sulphide, or
aqueous alkali metal hydroxide with carbon disul-
phide [23] . To increase the yield and reaction rate,
PTC has often been used to promote the reactions in
two phase systems [13, 14) . However, we discovered
that polymer supported trithiocarbonate could be easi-
ly formed from carbon disulphide in the presence of
hydroxide form of anion exchange resin (Amberlyst
A-26) [22] . Thus, several symmetrical dialkyl trithio-
carbonates were prepared by the reaction of this
polymer supported trithiocarbonate, formed in-situ,
with alkyl halides . The schematic representation of
our procedure is as follows,

Formation of polymer supported trithiocarbon-

ate was indicated by a distinct colour change of the
resin from light yellow to blood red when it was
added to carbon disulphide . It was also supported by
the fact that on completion of the reaction between
this reagent and alkyl halides, dialkyl trithiocarbo-
nates with high yields were obtained as the only
products . With progress of the reaction, the colour of
the resin changed from blood red to yellow.

With this approach, primary, secondary, allylic
and benzylic halides are converted to the correspond-
ing dialkyl trithiocarbonates as exclusive and virtually
pure products according to TLC and 'H NMR, in
considerably short times and excellent yields (Table
I). Contrary to the previous reports on preparation of
cyclic trithiocarbonates [14, 24], our procedure
provides excellent yield of 1,3-dithiolane-2-thione
from the I,2-dibromo ethane in comparatively very
short time (entry 5), without formation of any
polymeric by-product . In all these cases, reaction
work up is very easy and product isolation consists of
simple filtration of spent polymeric reagent and
evaporation of the solvent.

For unsymmetrical dialkyl and aryl alkyl
tritiocarbonates, it is established that the thiolate
anions may be generated in solution in the presence of
bases such as alkali metal hydroxide, trimethylamine
or potassium carbonate and suitable thiols [25, 26].

Therefore, we easily prepared, polymer supp-
orted thiolate [27] by addition of a suitable thiol to the
hydroxide form of anion exchange resin, Amberlyst
(A26), in THF at room temperature (The polymeric
reagent can be filtered, dried and stored for months).
Several unsymmetrical trithiocarbonates, were then
prepared by the reaction of this polymeric reagent
with carbon disulphide, to obtain polymer supported
alkyl or aryl trithiocarbonate B in-situ, and subseque-
nt reaction with the proper alkyl halides, Scheme III.

The results are summarized in the Table 1.
Primary, secondary and benzylic halides are conver-
ted to the corresponding trithiocarbonates in high
yields at room temperature (Table 1) . Small amounts
of dialkyl sulphide, less than 7%, are obtained as the
only by-products . It was observed that this impurity
increased as the reaction temperature increased,
which is probably due to the unstability of the
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Table 1 . Synthesis of symmetrical and unsymmetrical trithiocarbonates using polymer supported systems.

RS-CSSR(a) R 1 X R2 Polymeric reagent Condition Time (h) Isolated yield (%)

1 PhCH2 Br PhCH 2 Amb(OH) - reflux t5 96

2 PhCH=CH-CH2Br PhCH=CH-CH 2 Amb(OH) - 1 .5 91

3 p-NO 2 CBH4CH 2 Br p-NO 2 CB H 4CH 2 . Amb(OH)- 2 93

4 CH2=CH-CH2 & CI-2 =CH-CH 2 Amb(OH)- 0 .5 94

5 BrCH 2 CH2Br CH2CH 2 Amb(OH)- 1 .5 91

6 CH3I CH3 Amb(OH)- 1 90

7 CH3CHBrCH2CH 3 CH3CHCH2CH3 Amb(OH)- 7 90

8 C4 H9CI C4 H 9 Amb(OH)- 7 91

9 C4 H9Br C 4 H9 Amb(OH) - " 4 95

10 C 4 H91 C4 H9 Amb(OH)- 2 .5 93

11 PhCH 2Br Ph Amb(PhS)- ( .t(b) 0 .17 89

12 CH 3I Ph Amb(PhS)- r .t 0 .17 90

13 n-C4H9Br Ph Amb(PhS)- r .t D .25 91

14 CH 3CHBrCH2 CH3 Ph Amb(PhS) - reflux 2 .5 71

15 PhCH2 Br m-Me-Ph Amb(mMe-PhS)- r.t 0.25 86

18 CH 3I rn`Me-Ph Amb(rnMe-PhS)- 0 .34 88

17 n-C 4H 9 Br mule-Ph Amb(mMe-PhS)- 0.4 86

18 CH 3 CHBrCH2CH3 in-Me-Ph Amb(mMe-PhS)- reflux 3 73

19 PhCH 2 Br n-C4H 9 Amb(n-BuS)- r.t 0 .17 87

20 CH 3 I n-C4H 9 Amb(n-BuS)- 0 .17 93

21 n-C4H9Br n-C4H9 Amb(n-BuS) - 0 .25 93

22 CH3 CHBrCH 2 CH 3 n-C4H 9 Amb(n-BuS) - reflux 2 .5 71

23 CH 3 I PhCH2 Amb(PhCH 2S)- 0 .17 93

24 n-C4 H9Br PhCH2 Amb(PhCH2S)- 0 .17 91

(a): The produds were leveed by their IR and NMR spectra and also by comparison of their other physical data with those reported In the literature 0 .3 .

	

12. 13 ' 4.

,2°1 ; (b): Room temperature.

intermediate B at higher temperature [11].

To study the effect of prolonged storage, the

polymer supported thiolate was stored in a desiccator
for one month before use . No difference in reactivity

was observed . This implies that the polymeric reagent

is stable. It is worth also to mention that the nature of
halide ion has considerable effect on the reaction rate.

The order of reactivity for different alkyl halides are

RI>RBr> RCI (entries 8-10).
Regeneration of the polymeric by-product in

the active form was accomplished by treatment with

dilute hydrochloric acid and then with sodium hydro-

xide . The regenerated resins was reused in further

reactions without loss in its activity.

CONCLUSION

The application of polymer supported system reported
here for preparation of a wide variety of symmetrical
and unsymmetrical trithiocarbonates offers some dis-
tinct advantages over procedures usually employed . It

offers a very quick and clean preparation method in a
non-aqueous media and consequently with no need
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for PTC . The operational simplicity, high yields in
significantly short reaction time, and use of regener-
abie polymeric reagent, can make this procedure more
useful, efficient, versatile and environmentally safer
compared to the currently available methods . The
method is also suitable for macroscale laboratory
preparation.
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