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Abstract—Reaction of 4-isopropylamino-5-chloro-1,2-dithiole-3-ones 3 and S2Cl2 in acetonitrile gave selectively 3-oxo-bis[1,2]di-
thiolo[1,4]thiazine-5-thiones 1 by the addition of triethylamine and bis[1,2]dithiolo[1,4]thiazine-3,5-diones 5 under the action of
formic acid. 3,5-Diones 5 were also obtained by intramolecular cyclization of N,N-bis(5-chloro-3-oxo[1,2]dithiol-4-yl)amines 6 with
S2Cl2 in the presence of Et3N.
� 2007 Elsevier Ltd. All rights reserved.
Compounds containing 3H-1,2-dithiole-3-thione and 3-
one fragments are of current interest since they have a
broad spectrum of biological activity and may be useful
synthons for many sulfur heterocycles. Oltipraz (4-
methyl-5-(2-pyrazinyl)-1,2-dithiole-3-thione) has been
clinically tested as a preventive agent against various
types of cancer.1 Anethole dithiolethione (Sulfarlem, 5-
(4-methoxyphenyl)-3H-1,2-dithiole-3-thione), a clini-
cally available pluripotent antioxidant, has been recently
proposed as a neuroprotectant for Parkinson’s disease.
Also, it has various applications in human therapy for
its choleretic and sialogogic properties and as a cytopro-
tective agent in lung precancerous lesions prevention in
smokers.2 1,2-Dithiole-3-thiones were considered as
potent bacterial inhibitors of enzyme Fabh from
Escherichia coli and Staphylococcus aureus.3 Apart from
their biological activities, dithiolethiones have been
intensively investigated in 1,3-dipolar cycloaddition
reactions with dipolarophiles.4

With a view to discovering new materials we have
described the new polycyclic dithiole derivatives,
bis[1,2]dithiolo[1,4]thiazines,5 bis[1,2]dithiolopyrroles,6

and [1,2]dithiolo[1,4]thiazine.7 Bisdithiolothiazine keto-
thione (1, R = Et) bearing reactive thione and activating
and chemically inert keto groups in one molecule was
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found to be the most useful compound from a synthetic
point of view.8 Ketothiones 1 could also be of interest as
biologically active substances containing potentially bio-
logically active 1,2-dithiole-3-thione and 3-one moieties
in one molecule.

Unfortunately, ketothiones 1 are less accessible from
other bisdithiolothiazines; only an N-ethyl derivative
can be prepared from N-ethyldiisopropylamine, S2Cl2
and cyclopenten-1-yl-acetic acid, selectively, and in
moderate yield.5 Other ketothiones 1 were synthesized
from non-commercial N-substituted diisopropylamines,
as a rule, in low yields and in mixtures with other bis-
dithiolothiazines. Monocyclic 5-mercapto-1,2-dithiole-
3-thiones 2, which we have recently obtained,9 show
high promise as synthons for the preparation of bisdi-
thiolothiazine ketothiones 1. Yet, on reaction with a
mixture of S2Cl2 and DABCO under the conditions
employed for preparing tricyclic bis(dithiolo)thiazines
from substituted diisopropylamines,5 5-chlorodithiol-3-
ones 3 were generated in high yields.9 In this Letter we
report a selective synthesis of bisdithiolothiazine keto-
thiones and diones from 5-chloro-1,2-dithiole-3-ones;
the unique feature of these transformations is electro-
philic substitution of chlorine attached to the dithiole
ring by sulfur upon treatment with sulfur monochloride.

We have found that 5-chloro-1,2-dithiol-3-ones 3 could
be synthesized directly from the corresponding diiso-
propylamines, S2Cl2 and DABCO in moderate to high
yields using a modified method9 at low temperature
(�15 �C) and further treatment with formic acid
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(Scheme 1). Thus we decided to use dithioles 3 as start-
ing materials for the synthesis of bisdithiolothiazines.

The reaction of dithiolone 3a with S2Cl2 and DABCO
was investigated in detail; the nature of the solvent used
appeared crucial for a successful reaction. If the reaction
was carried out in inert solvents such as chloroform,
dichloromethane or 1,2-dichloroethane, the starting
dithiolone 3a was isolated in practically quantitative
yield. Attempts to employ other solvents recently used
in reactions with sulfur monochloride (THF10 or
DMF11) failed. Treatment of S2Cl2 and DABCO in ace-
tonitrile—a solvent, which is rarely used in S2Cl2 reac-
tions—gave bisdithiolothiazine ketothione 1a after
treatment with triethylamine as a base (Scheme 2).

We then extended this reaction to other N-substituted 4-
isopropylamino-5-chloro-1,2-dithiole-3-ones 3. Bisdi-
thioloketothiones 1 were obtained selectively in all
reactions in moderate to high yields (Scheme 2).12 We
believe this to be the first case where a chloro substituent
is replaced by sulfur under the eletrophilic action of sul-
fur monochloride and a base. Presumably the key inter-
mediate in the reaction is 3-chlorodithiolium salt 4,
which gave thiones 1 with sulfur nucleophiles generated
from a base (e.g., triethylamine) and sulfur formed in
the ongoing reaction.5 It was envisaged that an oxygen
nucleophile (the most frequently used being formic acid)
on reaction with 3 could give diketones 5. We checked
this possibility by replacing Et3N with formic acid at
the last step and found that diketones 5 were prepared
selectively in moderate yields (Scheme 3).
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Scheme 2. Synthesis of 3-oxo-bis[1,2]dithiolo[1,4]thiazine-5-thiones 1.
Treatment of chloroketones 3g and 3h with S2Cl2 and
DABCO in acetonitrile followed by addition of formic
acid resulted in chloroethyl derivative 5b isolated in
low yields (15–20%). Presumably, the phenylsulfonyl
and formyloxy groups are sensitive to attack of hydro-
chloric acid formed from S2Cl2 and HCO2H to give
chloroethyl bisdithiolothiazine 5b (Scheme 4).

Interesting results were obtained when chloroketones
were treated with a mixture of S2Cl2 and DABCO where
DABCO is in deficiency relative to S2Cl2 (S2Cl2/DAB-
CO ratio = 2:1). In the cases examined bis(dithiol-
yl)amines 6 were isolated in moderate yields (Scheme
5). Apparently the reaction with this ratio of reagents,
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Scheme 5. Synthesis of N,N-bis(5-chloro-3-oxo[1,2]dithiol-4-yl)amines
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instead of undergoing ring closure to tricycles 1 or 5, led
to the formation of intermediate salt 7, which was fur-
ther chlorinated by excess S2Cl2 to give salt 8, the latter
then being converted to bis(dithiolyl)amines 6 with
oxygen donors. Although bisdithiolylamines 6 were
obtained in moderate yields, they were formed selec-
tively, but not in mixtures with bisdithiolothiazines as
described previously.13

In an attempt to extend the S2Cl2 sulfurating ability in
reactions with 5-chloro-1,2-dithioles, we investigated
the reaction N,N-bis(5-chloro-3-oxo[1,2]dithiol-4-yl)-
amines 6 with sulfur monochloride and a base. DABCO
was found to be inert in this reaction, which was not sur-
prising bearing in mind that bicyclic compounds 6 were
formed in the presence of DABCO (see Scheme 5 and
data in Ref. 13). Treatment of 6 with S2Cl2 and triethyl-
amine in chloroform for 3 d at room temperature
followed by heating under reflux for 3 h gave bisdithiol-
othiazines 5 in high yields (Scheme 6). The best results
were obtained when Et3N was present in threefold
excess with respect to S2Cl2.

All new compounds were fully characterized by elemen-
tal analysis, 1H and 13C NMR, IR spectroscopy and
mass spectrometry, and some by HMRS.

The reactions described provide new and efficient routes
to bis(dithiolo)thiazines and bis(dithiolyl)amines, some
of which have marked activity against various cancer
lines.14 The conversion of chlorodithiolones 3 into
unsymmetrical bisdithiazolothiazine ketothiones 1 in
acetonitrile surpasses their synthesis from diisopropyl-
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Scheme 7. A plausible mechanism for the formation of bisdithiolothiazines
amines in selectivity and yields.8 The novelty of these
transformations is in replacing chlorines by sulfur in
the reaction with electrophilic sulfur monochloride and
its mixtures with tertiary amines. The key steps may
be explained by the addition of sulfur monochloride into
C–H or C–Cl bonds with further extrusion of SCl2 from
intermediates 9 or 10 (Scheme 7), as explained for poly-
sulfur chain extension in the formation of pentathie-
pins.15 The described experimental procedures may
serve as an efficient basis for new syntheses of sulfur
compounds from readily available chloro derivatives.
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