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Facile preparation of bis(thiocarbonyl)disulfides via elimination
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Abstract—A robust facile synthetic preparation of bis(thiocarbonyl)disulfides is presented. The route follows an elimination mech-
anism rather than the more common oxidation. Addition of p-tosyl chloride to a thiocarbonyl thiolate results in the elimination of
the chloride by the trithiocarbonate anion and subsequent elimination of the tosyl leaving group (by a second thiocarbonyl thiolate).
The side products of the reaction are bis(4-methylphenyl)disulfone and tosylate salts/acids.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The use of thiocarbonyl thio compounds in free radical
polymerization as agents that allow control of the
molecular weight and polydispersity of polymers is
now widespread.1,2 The process is referred to as Revers-
ible Addition Fragmentation chain Transfer or RAFT
mediated polymerization.3 The use of disulfides pre-
pared via oxidation by iodine systems is quite com-
mon,4,5 and these materials also provide a simple route
for the synthesis of RAFT agents with tertiary leaving
groups by reaction with azo compounds that form ter-
tiary radicals upon decomposition.6,7

The use of trithiocarbonate disulfides8,9 has been more
restricted and only a few examples have been reported
in the literature, all of which use anhydrous conditions
for their preparation. The primary reason for most
failures to prepare disulfides is the sensitivity of the oxi-
dation reaction to impurities and specific conditions.
The use of a more robust method to produce disulfides
would be a welcome addition to the synthetic pathways
currently being used for the production of these com-
pounds. The literature suggests that the use of sulfonyl
chlorides to react with thiolates and then eliminate in a
single step to form disulfides is a route that could provide
higher yields and might prove simpler to implement.10,11

The reaction commences by the presumed formation of
the reactive thio-tosylate intermediate X,11–14 which
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could not be isolated. Water (p-tosyl chloride added as
solid) or water/dichloromethane was used as a solvent.
The yields were slightly better when using an organic
co-solvent with slow addition. p-Tosyl chloride was added
in a half molar ratio to the thio compound. Increasing this
amount did not increase the yield of product 1a signifi-
cantly. The unhydrolyzed excess p-tosyl chloride can be
recovered.

Efforts to isolate X by slow addition of potassium alkyl-
trithiocarbonate to an excess of cooled p-tosyl chloride
in CH2Cl2 also led only to disulfide products (Scheme
1).

Two pathways can be considered for the decomposition
of intermediate X, both of which form disulfide 1 and
disulfone 2.11 The first is based on the disproportion-
ation of X to 1 and 2 without the formation of a sulfi-
nate salt. The second possible pathway involves the
nucleophilic attack of the trithiocarbonate anion on
intermediate X and the formation of 1 and the sulfinate
salt. The salt subsequently reacts with p-tosyl chloride to
form 2 and KCl. This mechanism is supported by the
isolation of potassium sulfinate due to insufficient p-
tosyl chloride (only half a mole used), and yields above
50%. The free 4-methylphenyl sulfinic acid is unstable in
the presence of mineral acids (Scheme 2).

The disulfone 2 was recovered predominantly from the
organic phase, while 4-methylphenyl sulfinic and sul-
fonic acids as well as other salts were isolated from the
aqueous layer. The by-products in the case of dithio-
carbonates 1e–h are under investigation.10
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Scheme 1. The elimination of a toluenesulfinate leaving group to provide a disulfide.

Scheme 2. Disulfone side product 2.
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The reaction is suitable for a wide range of starting
materials, including Grignard-derived dithio species,
and can be used with xanthic, dithiocarbamic and tri-
thiocarbonic species. Reactions where iodine oxidation
generally provides poor results were found to provide
significantly improved yields of disulfides using this
process.
2. Experimental

2.1. Method A1

2.1.1. Bis(dodecylsulfanyl thiocarbonyl)disulfide 1b.9 1-
Dodecanthiol (10.1 g, 50 mmol) was added dropwise to
a solution of potassium hydroxide (3.65 g, 65 mmol) in
40 ml water, followed by 0.2 g of Aliquat 336 and car-
bon disulfide (3.8 g, 50 mmol) in one portion. The
resulting solution was vigorously stirred at room tem-
perature for 30 min and cooled to �5 �C. p-Tosyl chlo-
ride (5.0 g, 26 mmol) was added in portions over 5 min
and stirring was continued for another hour. Afterwards
the mixture was stirred for 10 min at 45 �C. The oily
orange product, which solidifies on cooling, was washed
with water (2 · 50 ml) and recrystallized from acetone.
The resulting yellow solid was washed with 10 ml of
ice cold pentane and dried under vacuum.

Yellow oil/crystals, mp 33–35 �C (acetone), 11.2 g
(81%); 1H NMR (400 MHz, CDCl3) d (ppm): 3.30 (t,
J = 7.4 Hz, 4H, CH2), 1.69 (q, 4H, CH2), 1.43–1.20
(m, 36H, CH2), 0.88 (t, J = 7.0 Hz, 6H, CH3);8,9 13C
NMR (100 MHz, CDCl3) d (ppm): 221.51 (C@S),
38.32, 31.91, 29.62, 29.61, 29.54, 29.42, 29.34, 29.08,
28.93, 22.68, 14.11; MS (EI+) m/e: 554 (M+, 5), 477,
446, 434, 413, 402 (92), 277, 245, 235, 201, 76 (100), 71.

2.2. Method A2

2.2.1. Bis(benzylsulfanyl thiocarbonyl)disulfide 1a. A
solution of potassium benzyl trithiocarbonate was pre-
pared analogously to method A1 from benzyl mercaptan
(12.4 g, 100 mmol), potassium hydroxide (7.3 g, 130
mmol), Aliquat 336 (0.2 g) and carbon disulfide (7.6 g,
100 mmol) in 30 ml of water (Table 1). p-Tosyl chloride
(9.6 g, 50 mmol) and 0.2 g Aliquat 336 were dissolved in
100 ml of dichloromethane, then stirred and cooled to
�5 �C. The trithiocarbonate solution was added dropwise
over 1 h to the p-tosyl chloride solution. Stirring was con-
tinued for another 30 min at �5 �C, then for a further
hour at room temperature and the layers, separated.
The aqueous layer was extracted with dichloromethane
(2 · 30 ml). The combined organic phases were succes-
sively washed with aqueous NaHCO3, water and satu-
rated sodium chloride solution and then dried over
magnesium sulfate. The solvent was removed under vac-
uum and the yellow solid washed with pentane and recrys-
tallized from acetone. The resulting crystals were washed
with pentane and dried under vacuum.

Yellow crystals, mp 94–95 �C (acetone), 16.0 g (80%);
1H NMR (300 MHz, CDCl3) d (ppm): 7.32–7.29
(m, 10H, Ar), 4.50 (s, 4H, CH2); 13C NMR (75 MHz,
CDCl3) d (ppm): 220.75 (C@S), 134.07, 129.51, 128.98,
128.26, 42.96; MS (EI+) m/e: 398 (M+, 5), 366, 322,
290, 246 (93), 213, 212, 181, 168, 123, 91 (100), 77 (100).

2.2.2. Bis(n-butylsulfanyl thiocarbonyl)disulfide 1c. Puri-
fication was done by column chromatography on silica
gel with hexane.

Yellow oil, 10.15 g (62%); 1H NMR (300 MHz, CDCl3)
d (ppm): 3.28 (t, J = 7.4 Hz, 4H, CH2), 1.65 (m, 4H,
CH2), 1.39 (m, 4H, CH2), 0.89 (t, J = 7.4 Hz, 6H,
CH3); 13C NMR (75 MHz, CDCl3) d (ppm): 221.96
(C@S), 37.88, 29.24, 21.90, 13.32 IR (neat): 1050 cm�1

(C@S); MS (EI+) m/e: 330 (M+, 7), 286, 254, 178, 165,
133, 122, 91, 76 (40), 57 (100).

2.2.3. O-Ethyl xanthogen disulfide 1d.15 Purification by
column chromatography on silica gel with hexane /chlo-
roform (4:1) as solvent.

Yellow oil/crystals, mp 32 �C (ethanol), 9.3 g (77%); 1H
NMR (300 MHz, CDCl3) d (ppm): 4.68 (q, J = 7.1 Hz,
4H, CH2), 1.40 (t, J = 7.1 Hz, 6H, CH3); 13C NMR
(75 MHz, CDCl3) d (ppm): 207.91 (C@S), 71.56 (CH2),
13.37 (CH3); IR (neat): 1021 cm�1 (C@S).

2.3. Method B1

2.3.1. Bis(phenyl thiocarbonyl)disulfide 1e.16 Dry THF
(40 ml), a small crystal of iodine and magnesium turn-
ings (2.45 g, 100 mmol) were stirred at room tempera-
ture. 2 ml of a solution prepared by dissolving 15.7 g
bromobenzene in 40 ml THF. After the reaction had
started, the remainder of the bromobenzene solution
was added dropwise at such a speed so as to keep



Table 1. Synthesis of compounds 1a–i

R–CS–S–S–CS–R R Method % Yielda

1a C6H5CH2S A1/A2 70/80
1b C12H25S A1 81
1c n-C4H9S A1 61
1d H5C2O A2 77
1e C6H5 B1 55
1f 4-(H3CO)C6H4 B1 73
1g 4-FC6H4 B1 59
1h C4H3S B2 61
1i (CH3)2N A2 77

All products provided satisfactory spectroscopic data.
a Yield for recrystallized products.
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the temperature below 40 �C. Stirring was continued until
the magnesium had been consumed. The flask containing
the Grignard solution was then placed into a cooling
bath (ice/water), and carbon disulfide (7.6 g, 100 mmol)
was added dropwise. The internal temperature rose and
the solution turned red. Stirring was continued at room
temperature for 1 h and the reaction then cooled down
again to 0 �C. A solution of p-tosyl chloride (9.5 g,
50 mmol) in 40 ml of dry THF was added dropwise over
30 min. The colour changed from red to purple. The
solution was stirred for another hour at room tempera-
ture and then the solvent was removed under reduced
pressure and the residue kept overnight in a freezer.
The solidified material was washed repeatedly with
water and recrystallized from acetone or acetonitrile.
Purplish-red crystals, mp 92–93 �C (acetone), 8.4 g
(55%). The mother liquor contained further product
(4.5 g), which could be purified by column chromatogra-
phy. 1H NMR (300 MHz, CDCl3) d (ppm): 8.10 (d,
J = 8.2 Hz, 4H, H-2/6), 7.62 (t, 2H, H-4), 7.46 (t, 4H,
H-3/5); 13C NMR (75 MHz, CDCl3) d (ppm): 220.13
(C@S), 143.98 (C-1), 133.32 (C-4), 128.85 (C-2), 127.76
(C-3).

2.3.2. Bis(4-methoxyphenyl thiocarbonyl)disulfide
1f.16 Red crystals, mp 156–158 �C (acetonitrile),
13.4 g (73%); 1H NMR (300 MHz, CDCl3) d (ppm): 8.19
(d, J = 9.0 Hz, 4H, H-2/6), 6.93 (d, J = 9.0 Hz, 4H,
H-3/5), 3.88 (s, 6H, CH3O–); 13C NMR (75 MHz,
CDCl3) d (ppm): 218.14 (C@S), 164.58 (C-4), 137.24
(C-1), 130.25 (C-2), 114.03 (C-3), 55.57 (CH3O–).

2.3.3. Bis(4-fluorophenyl thiocarbonyl)disulfide 1g.15

Purification was done by column chromatography on
silica gel with chloroform as solvent.

Red solid, 10.1 g (59%); 1H NMR (300 MHz, CDCl3) d
(ppm): 8.16–8.12 (m, 4H, H-2/6), 7.16–7.12 (m, 4H,
H-3/5); 13C NMR (75 MHz, CDCl3) d (ppm): 217.32
(C@S), 165.20 (C-4), 139.84 (C-1), 130.06 (C-2), 115.78
(C-3).

2.3.4. Bis(dimethyl thiocarbamyl)disulfide 1i. White
crystals, mp 155–156 �C (ethanol), 18.4 g (77%); MS:
240 (M+). A sample of commercially available 1i
(tetramethylthiuram disulfide, [137-26-8], Aldrich) was
used as reference.

2.3.5. Bis(4-methylphenyl) disulfone 2.17–19 White crys-
tals, mp 221–222 �C (acetone); 1H NMR (300 MHz,
CDCl3) d (ppm): 7.87–7.81 (m, 4H, Ar), 7.45–7.40 (m,
4H, Ar), 2.48 (s, 6H, CH3); 13C NMR (75 MHz, CDCl3)
d (ppm): 148.31, 131.67, 130.53, 128.27, 21.82.

For comparison purposes 2 was independently synthe-
sized by reaction of p-tosyl chloride with sodium
4-methylphenyl sulfinate.

2.4. Method B2

2.4.1. Bis(2-thienyl thiocarbonyl)disulfide 1h. A Grig-
nard solution, prepared from 2-bromothiophene
(16.3 g, 100 mmol) and magnesium turnings (4.85 g,
200 mmol) in 80 ml of THF at 30 �C, was stirred for
30 min after dropwise addition of the bromide and then
decanted into a new flask. The residual metal was
washed with 20 ml of THF and the solvent combined
with the Grignard solution. After cooling to room tem-
perature, 145 mg (1 mmol) of copper(I) bromide and
carbon disulfide (10.65 g, 140 mmol) were added. The
temperature rose to 40 �C and the solution turned red.
The reaction mixture was warmed to 50 �C for 30 min
to allow the reaction to reach completion.20

The solution was cooled to 0 �C and p-tosyl chloride
(9.6 g, 50 mmol) in 40 ml of THF was added dropwise
over 45 min after which the reaction mixture was stirred
for another hour. The colour changed to brown and a
solid precipitated. The solution was concentrated to
30–40 ml and the solids were filtered off. Recrystalliza-
tion was carried out twice, firstly from acetonitrile and
secondly from chloroform.

Red crystals, mp 129–131 �C (decomposition, aceto-
nitrile), 9.7 g (61%); 1H NMR (300 MHz, CDCl3) d
(ppm): 8.04 (dd, J = 4.0, 1.1 Hz, 2H, H-5), 7.77 (dd,
J = 5.1, 1.1 Hz, 2H, H-3), 7.21 (t, J = 5.1, 4.0 Hz, 2H,
H-4); 13C NMR (75 MHz, CDCl3) d (ppm): 205.63
(C@S), 149.98 (C-2), 137.07 (C-4), 129.21/128.71 (C-3/5).

The structure of 1h was further confirmed by X-ray
analysis. Crystallographic data (excluding structure fac-
tors) for the structure have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publication number CCDC 601487. Copies of the
data can be obtained, free of charge, on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK [fax: +44 (0)1223 336033 or e-mail: deposit@
ccdc.cam.ac.uk].

The preparation of disulfide 1h by oxidation of the free
2-thiophenecarbodithioic acid with DMSO or its potas-
sium salt with I2/KI solution resulted in crude yields of
only 5% and 12%, respectively.
3. Conclusions

The synthesis of bis(thiocarbonyl)disulfides following the
presented protocol is efficient and results in satisfactory
yields of the desired products. Purification of the products
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is easily achieved and their use in further reactions or
directly in polymerizations is convenient as a result.
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