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Abstract: 3H-1,2-Dithiole-3-thiones are important compounds with many types of significant pharma-
cological activity. Although many derivatives of this class have been described in the literature, their
thioethers have not previously been obtained. In this communication, it is shown that the reaction of
4,5-dichloro-3H-1,2-dithiole-3-thione with potassium isocyanate unexpectedly gave 5,5′-thiobis(4-
chloro-3H-1,2-dithiole-3-thione). The structure of the synthesized compound was established by
elemental analysis, high-resolution mass spectrometry, 13C NMR and IR spectroscopy, and mass
spectrometry.

Keywords: 3H-1,2-dithiole-3-thiones; potassium isocyanate; nucleophilic substitution; 5,5′-thiobis(4-
chloro-3H-1,2-dithiole-3-thione)

1. Introduction

3H-1,2-Dithiole-3-thiones show many types of significant biological activity [1] due to
their ability to endogenously produce hydrogen sulfide (H2S), the third gaseous signaling
molecule [2]. Among these heterocycles, readily available 4,5-dichloro-3H-1,2-dithiole-3-
thione 1 [3] can be considered as an attractive starting material for many useful molecules
due to its easy reactivity in 1,3-dipolar cycloadditions [4,5] and nucleophilic substitution
of the 5-chlorine atom [6,7]. The introduction of a thiocyanate group into heterocyclic
rings has led to various biological activities of these compounds [8]. We hypothesized that
the combination of a 3H-1,2-dithiole-3-thione core with the thiocyanato group could give
novel, biologically important compounds. Herein, we report the reaction of 4,5-dichloro-
3H-1,2-dithiole-3-thione 1 with potassium isocyanate and the unexpected formation of
5,5’-thiobis(4-chloro-3H-1,2-dithiole-3-thione) 2 instead of 4-chloro-5-thiocyanato-3H-1,2-
dithiole-3-thione 3.

2. Results and Discussion

In an attempt to obtain thiocyanate derivative 3, the reaction of 4,5-dichloro-3H-
1,2-dithiole-3-thione 1 with potassium thiocyanate was studied. It was found that the
treatment of compound 1 with potassium thiocyanate afforded in a mixture of aromatic
hydrocarbon and water in the presence of tetrabutylammonium bromide (TBAB) as a phase
transfer catalyst gave a new dimer 2: dark red solid C6Cl2S7 (Scheme 1). The reaction
occurred when heated; the best result was obtained in toluene/water, where the starting
material disappeared after 1 h (Table 1, Entry 6) and product 2 was isolated with a high
yield (73%). With longer heating in benzene, along with the disappearance of the starting
dithiolethione 1, the formation of decomposition products was observed.

We failed to detect the formation of thiocyanate derivative 3. It was not possible
to obtain compound 3 at room temperature, since the reaction does not proceed under
these conditions. Curiously, dimer 2 was not formed in the reaction of dithiolethione 1
with sodium sulfide when refluxing in a benzene/water mixture with TBAB for 1 h. Only
the complete decomposition of starting material 1 was observed, and we failed to isolate
individual products from the reaction mixture.
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Scheme 1. Reaction of 4,5-dichloro-3H-1,2-dithiole-3-thione 1 with potassium thiocyanate. 

Table 1. Reaction of 4,5-dichloro-3H-1,2-dithiole-3-thione 1 with KSCN. 

Entry Solvent KSCN, (Equiv) Temperature, °C Time, h Yield of 2, % 
1 benzene 1 rt 10 0 
2 benzene 1 80 8 68 
3 benzene 0.5 80 8 52 
4 benzene 1.5 80 8 67 
5 benzene 1 80 16 63 
6 toluene 1 110 1 73 

We failed to detect the formation of thiocyanate derivative 3. It was not possible to 
obtain compound 3 at room temperature, since the reaction does not proceed under these 
conditions. Curiously, dimer 2 was not formed in the reaction of dithiolethione 1 with 
sodium sulfide when refluxing in a benzene/water mixture with TBAB for 1 h. Only the 
complete decomposition of starting material 1 was observed, and we failed to isolate in-
dividual products from the reaction mixture. 

There are no data in the literature on the formation of heterocyclic sulfides from the 
corresponding thiocyanates. The only close analogy of the reaction presented in this paper 
is the formation of aromatic sulfides by the reductive coupling of aryl thiocyanates with 
aryl halides in the presence of SmI2 and a Pd catalyst [9]. 

The structure of 5,5′-thiobis(4-chloro-3H-1,2-dithiole-3-thione) 2 was fully confirmed 
by elemental analysis, high-resolution mass spectrometry, 13C NMR and IR spectroscopy, 
and mass spectrometry. 

In conclusion, it is shown that the reaction of 4,5-dichloro-3H-1,2-dithiole-3-thione 1 
with potassium thiocyanate leads to 5,5′-thiobis(4-chloro-3H-1,2-dithiole-3-thione) 2, 
which appears to be a dimerization product of 4-chloro-5-thiocyanato-3H-1,2-dithiol-3-
thione 3. This compound may have useful pharmacological properties. 

3. Materials and Methods 
4,5-Dichloro-1,2-dithiole-3-thione 1 was prepared according to the published method 

[3]. The solvents and reagents were purchased from commercial sources and used as re-
ceived. Elemental analysis was performed on a 2400 Elemental Analyzer (Perkin 
ElmerInc., Waltham, MA, USA). The melting point was determined on a Kofler hot-stage 
apparatus and was uncorrected. 13C NMR spectrum was taken with a Bruker AM-300 
machine (Bruker AXS Handheld Inc., Kennewick, WA, USA) (at a frequency of 75 MHz) 
with TMS as the standard. The MS spectrum (EI, 70 eV) was obtained with a Finnigan 
MAT INCOS 50 instrument (Hazlet, NJ, USA). The IR spectrum was measured with a 
Bruker “Alpha-T” (Billerica, MA, USA) instrument in a KBr pellet. The high-resolution 
MS spectrum was measured on a Bruker micrOTOF II instrument (Bruker Daltonik Gmbh, 
Bremen, Germany) using electrospray ionization (ESI). 

4,5-Dichloro-1,2-dithiole-3-thione 1. Red crystals, mp. 76 °C (lit. [3] mp. 76 °C). IR 
spectrum (KBr), ν, cm–1: 1704, 1660, 1532, 1272, 1080, 968, 848, 784. 13C-NMR (CDCl3, ppm): 
136.0, 155.3, 202.9 (C = S). MS (EI, 70 Ev), m/z (I, %): 202 (M+, 23), 167 (M-Cl, 12), 135 (C3ClS2, 
14), 103 (M-ClS2, 21). Anal. calcd for C3Cl2S3: C, 17.73; Cl, 34.98; S, 47.29%; found: C, 17.85; 
Cl, 34.90; S, 47.51%. 

Scheme 1. Reaction of 4,5-dichloro-3H-1,2-dithiole-3-thione 1 with potassium thiocyanate.

Table 1. Reaction of 4,5-dichloro-3H-1,2-dithiole-3-thione 1 with KSCN.

Entry Solvent KSCN, (Equiv) Temperature, ◦C Time, h Yield of 2, %

1 benzene 1 rt 10 0
2 benzene 1 80 8 68
3 benzene 0.5 80 8 52
4 benzene 1.5 80 8 67
5 benzene 1 80 16 63
6 toluene 1 110 1 73

There are no data in the literature on the formation of heterocyclic sulfides from the
corresponding thiocyanates. The only close analogy of the reaction presented in this paper
is the formation of aromatic sulfides by the reductive coupling of aryl thiocyanates with
aryl halides in the presence of SmI2 and a Pd catalyst [9].

The structure of 5,5′-thiobis(4-chloro-3H-1,2-dithiole-3-thione) 2 was fully confirmed
by elemental analysis, high-resolution mass spectrometry, 13C NMR and IR spectroscopy,
and mass spectrometry.

In conclusion, it is shown that the reaction of 4,5-dichloro-3H-1,2-dithiole-3-thione 1
with potassium thiocyanate leads to 5,5′-thiobis(4-chloro-3H-1,2-dithiole-3-thione) 2, which
appears to be a dimerization product of 4-chloro-5-thiocyanato-3H-1,2-dithiol-3-thione 3.
This compound may have useful pharmacological properties.

3. Materials and Methods

4,5-Dichloro-1,2-dithiole-3-thione 1 was prepared according to the published method [3].
The solvents and reagents were purchased from commercial sources and used as received. El-
emental analysis was performed on a 2400 Elemental Analyzer (Perkin ElmerInc., Waltham,
MA, USA). The melting point was determined on a Kofler hot-stage apparatus and was
uncorrected. 13C NMR spectrum was taken with a Bruker AM-300 machine (Bruker AXS
Handheld Inc., Kennewick, WA, USA) (at a frequency of 75 MHz) with TMS as the standard.
The MS spectrum (EI, 70 eV) was obtained with a Finnigan MAT INCOS 50 instrument
(Hazlet, NJ, USA). The IR spectrum was measured with a Bruker “Alpha-T” (Billerica,
MA, USA) instrument in a KBr pellet. The high-resolution MS spectrum was measured
on a Bruker micrOTOF II instrument (Bruker Daltonik Gmbh, Bremen, Germany) using
electrospray ionization (ESI).

4,5-Dichloro-1,2-dithiole-3-thione 1. Red crystals, mp. 76 ◦C (lit. [3] mp. 76 ◦C). IR
spectrum (KBr), ν, cm−1: 1704, 1660, 1532, 1272, 1080, 968, 848, 784. 13C-NMR (CDCl3,
ppm): 136.0, 155.3, 202.9 (C=S). MS (EI, 70 Ev), m/z (I, %): 202 (M+, 23), 167 (M-Cl, 12), 135
(C3ClS2, 14), 103 (M-ClS2, 21). Anal. calcd for C3Cl2S3: C, 17.73; Cl, 34.98; S, 47.29%; found:
C, 17.85; Cl, 34.90; S, 47.51%.

Synthesis of 5,5′-thiobis(4-chloro-3H-1,2-dithiole-3-thione) 2 (Supplementary Materials).
A solution of KCNS (97 mg, 1 mmol) in water (1 mL) and TBAB at the tip of a spatula

were added to a solution of 4,5-dichloro-1,2-dithiol-3-thione 1 (203 mg, 1 mmol) in toluene
(10 mL) and the reaction mixture was refluxed for 1 h (TLC). CH2Cl2 (50 mL) was added
to the reaction mixture and the organic layer was separated, washed with water (5 mL),
and dried over MgSO4. The residue was purified by column chromatography on silica gel
(Silica gel Merck 60, eluent CH2Cl2). Yield 134 mg (73%), dark red crystals, mp. 149–150 ◦C.
IR spectrum (KBr), ν, cm−1: 1632, 1439, 1265, 1235 (C=S), 1050 (C-Cl), 841. 13C-NMR
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(DMSO-d6, ppm): 137.7 (C-Cl), 157.6 (C-S), 205.4 (C=S). MS (EI, 70 Ev), m/z (I, %): 370
(M + 4, 22), 368 (M + 2, 62), 366 (M+, 71), 333 (5), 331 (8), 169 (5), 167 (15), 137 (43), 135 (100),
100 (90), 88 (34), 76 (26), 64 (26), 32 (13). HRMS (ESI-TOF): calcd for C6Cl2S7 [M + 1]−

366.7495; found m/z 366.7488. Anal. calcd for C6Cl2S7: C, 19.62; Cl, 19.30; found: C, 19.76;
Cl, 19.11%.

Supplementary Materials: The following are available online: copies of 13C NMR, IR, HRMS and
mass-spectra for the compound 2.
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