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Abstract—4-Fluoro-5-perfluoroalkyl-3H-1,2-dithiole-3-thiones were prepared by heating the corresponding ketene dithioacetals
with magnesium bromide and elemental sulfur. They reacted as dienophiles and 1,3-dipoles in cycloaddition reactions to give new
fluorinated organosulfur compounds. © 2002 Elsevier Science Ltd. All rights reserved.

3H-1,2-Dithiole-3-thiones 1 have attracted significant
attention due to their wide spectrum of biological activ-
ity. Derivatives of this class were reported to display
antioxidant, chemotherapeutic and radioprotective
properties.1 Dithiolethiones appear to be one of the
most promising types of potential chemopreventive
agents based on their efficacy in a wide variety of
tumour models.2 Some of their representatives have
been developed for clinical applications. In particular,
Tritio anetole (R1=p-MeOC6H4, R2=H) (Fig. 1) has
been extensively used as a choleretic and sialogogue,3

Oltipraz® (R1=2-pyrazinyl, R2=Me) as a chemopre-
ventive agent4 and as an inhibitor of HIV-1 virus
replication.5

Apart from bioactive properties, 1,2-dithiole-3-thiones
are also interesting from the material chemistry view-
point. They have been used as precursors for the prepa-
ration of vinylogues of tetrathiafulvalene with increased
dimensionality or nonlinear optical (NLO) properties,6

as �-donor moiety for obtaining photoconductive mate-
rials, which can be used as electron transport materials
for hologram recording.7

Due to the great variety of applications, development
of convenient methods for synthesising dithiolethiones
and expanding their structure diversity remains a sub-
ject of active research. The simplest and commonly
employed method for the preparation of 1,2-dithiole-3-
thiones is thiation of 3-oxoesters with P4S10 or Lawes-
son’s reagent, first giving poor to fair yields,8 but
recently improved.9 The dithiolethione ring system was
also prepared by treatment of �-oxothioic acid or its
K-salt, resulting from condensation of CS2 with
ketones, with polysulfanes10 or hexamethyldisila-
thiane.11

Among the wide variety of 3H-1,2-dithiole-3-thiones
which have been synthesised, several examples are
known with fluoro- or polyfluoroalkyl substituents. 5-
Polyfluoroalkyl substituted dithioles 1 (R1=HCF2,
HCF2CF2, R2=H, Cl, Br) were synthesised from the
corresponding esters of �-ketoacids by treatment with
P4S10 in the presence of elemental sulfur in poor to
moderate yields.12 Compounds 1 (R1=H, R2=F, CF3)
were prepared by reaction of 2-fluoropropene or 2-
(trifluoromethyl)propene with elemental sulfur in gas
phase at 500°C with 46% yields.13

In this communication we wish to report a simple and
efficient route to new fluorine containing 3H-1,2-dithi-
ole-3-thiones, starting from perfluoroketene dithioac-
etals, and some of their chemical properties.

Figure 1.
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We recently reported the preparation of �-bromo-�-
trifluoromethyl dithiocrotonic ester 3a by heating of
perfluoroketene diethylthioacetal 2a with MgBr2.14

Heating at 240°C for 4 min induced the formation of a
minor amount (5%) of a side-product which had lost
the Et group. After 5 min heating at this temperature,
this compound became the unique isolable product.
According to full analytical and spectrometrical studies,
it proved to be 4-fluoro-5-trifluoromethyl-3H-1,2-dithi-
ole-3-thione 4a (Scheme 1). These observations
prompted us to investigate this reaction in more detail.

Control of the conversion of 2a into the crotonic
derivative 3a was observed to be easier by lowering the
reaction temperature to 180°C. Assuming that the ther-
mal decomposition of the dithioester 3a released the
elemental sulfur necessary to afford the thermodynamic
product 4a, a mixture of pure 3a and elemental sulfur
was heated at 210°C and gave dithiolethione 4a in
almost quantitative yield. Conveniently, excellent yield
of 4a (92%) was obtained in a one-pot procedure by
direct heating of a mixture of 2a, magnesium bromide
and elemental sulfur. Similarly, the higher homologue
4b was prepared in 80% yield from the corresponding
ketene dithioacetal 2b, showing the generality of this
transformation.15

Having a good method for the preparation of dithio-
lethiones 4, it was interesting to investigate their chemi-
cal properties. As far as they can be considered as cyclic
analogues of polyfluoroalkyl dithiocarboxylates, which
are good dienophiles,16 and taking into account that
1,2-dithiole-3-thiones can act as 1,3-dipoles,17 we exam-
ined cycloaddition reactions of compounds 4 with 2,3-
dimethylbutadiene (DMB) and dimethyl acetylene-
dicarboxylate (DMAD).

Compounds 4 react slowly with DMB at 30°C in
diethyl ether to give cycloadducts 5 (Scheme 2).
According to 19F NMR monitoring, 4 was totally and
cleanly converted within 48 h into 5 (>90% in the crude
reaction mixture). Unfortunately, 5 is too unstable to
be purified by silica gel chromatography. Nevertheless
cycloadducts 5a,b have been unambiguously identified
by NMR spectrometry.18 In 13C NMR spectra, the

Scheme 2.

appearance of a quaternary carbon atom signal at 70
ppm (2JCF=22 Hz) and the disappearance of signal for
C�S carbon at 198 ppm (2JCF=28 Hz) confirmed the
cycloaddition on C�S double bond. 1H NMR spectra
displayed two AB systems for CH2 groups due to
asymmetric carbon atom.

As 1,3-dipole, compounds 4 reacted effectively at room
temperature in dichloromethane with DMAD for 3–5
h, giving thioketone derivatives 6 as dark red crystals in
55–59% isolated yields.19 Here too, compounds 6 par-
tially decomposed during purification by column chro-
matography (petroleum ether/CH2Cl2, 1:1). It was also
observed that their solutions became colourless in
standing on light for 2–3 days.

Unusual 13C NMR features of compound 6 deserves
some comment. The C�S carbon usually appears at
>200 ppm; on the other hand, the CS2 carbon signal is
expected in the 125–130 ppm region.20 The spectra of
compounds 6 exhibit an important upfield shifts for
C�S carbon (175.0 ppm for 6a; 177.6 ppm for 6b) and
downfield shift for CS2 carbon (149.7 ppm for 6a; 150.0
ppm for 6b). This phenomenon can be explained taking
into account the highly conjugated character of 6, and
the charge distribution according to the canonical
forms described in Scheme 3.21

Scheme 1. Scheme 3.



V. M. Timoshenko et al. / Tetrahedron Letters 43 (2002) 5809–5812 5811

The presence of the thiocarbonyl group in compounds
6 was confirmed by cycloaddition reactions with 1,3-
diene. Treatment of 6 with DMB in diethyl ether at
room temperature for 1 h afforded 1:1 cycloadducts 7
in almost quantitative yields (Scheme 2). The initial
dark red colour of reaction mixture turned to yellow as
observed for usual cycloaddition reactions of this type.
The products 7 displayed in 1H NMR spectra22 two AB
systems for CH2 groups. The appearance in 13C NMR
spectra of quaternary atoms at 52.6 ppm (quartet of
doublets for 7a) and 52.7 ppm (doublet of triplets for
7b) with coupling constants 2J(C-CF3) and 2J(C-CF)
between 23 and 28 Hz as well as disappearance of C�S
carbon signal of starting 6 clearly showed cycloaddition
to thiocarbonyl group. The CS2 carbon (122 ppm) has
recovered a normal chemical shift.20

In conclusion, we have described a new application of
perfluoroketene dithioacetals, which are effectively con-
verted to new fluorinated 3H-1,2-dithiole-3-thiones.
These compounds react as dienophiles with 2,3-
dimethylbutadiene. As 1,3-dipoles, they react with
dimethyl acetylenedicarboxylate providing a new fluori-
nated thioketone derivatives, chemical properties of
which are currently under investigation.
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CH3), 1.73 (s, 3H, CH3), 2.62 (AB, 2H, JAB=16.6 Hz,
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1:1); 1H NMR (CDCl3) � (ppm): 1.70 (s, 3H, CH3), 1.75
(s, 3H, CH3), 2.66 (AB, 2H, JAB=17.2 Hz, CH2), 3.11
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