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Abstract: Unsymmetrical di- tri- and tetrasulfides can be-prepared in a one-pot reaction
using SO»Cly, SCl and S,Cl, respectively to permit coupling of the appropriate thiols.

A variety of organic di- and trisulfides have been found in natural sources.} Among these are examples
from the onion family (genus 4/lium),28 as well as simple polysulfide derivatives 1a and 2a isolated from a
Japanese plant2® Trisulfide 3a has been found in red algaeZc and of particular recent interest is the
extremely unsymmetrical trisulfide represented by Calicheamicin v4I (3b)3
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There are several effective procedures for the synthesis of unsymmetrical disulfides.4 All of them
however, first involve the construction of stable derivatives of thiols.4>¢ The preparation of symmetrical
trisulfides is. simple,5 however the synthesis of the unsymmetrical variety also requires one or more extra

steps.

For this class, marginal methodologies have been reported which involve the isolation of chlorodisulfides
and their subsequent reaction with thiolsé as well as N-arylamidothiosulfites in a similar process.” Other
literature methods use rare hydrodisulfides (RSSH)® and an awkward desulfurization reaction employing
dialkanesulfonic thioanhydrides (RSO,SSO,R’).9

5381



5382

Some years ago, we reported!? a useful method of preparation for unsymmetrical trisulfides which
requires the preparation of stable alkyl or aryl phthalimido disulfides (4). This procedure has been
successfully used in one of the key steps in the preparation of Calicheamicin 7,13 (3b), although long reaction
times (ca. 100 h) are usually required for complete conversion when' aliphatic thiols are employed.1® An
effective method was reported in 1984 by Barany!l which requires preparing methoxycarbonyldisulfenyl
chlorides (5) which are then treated with the requisitc mercaptan to afford methoxycarbonyl trisulfides 6.
While these precursors can generally be prepared in yields of ca. 80%, the yields of the next step to give the
unsymmetrical trisulfides 3 averages about 60% (Scheme 1).

o Scheme 1
R-SH R'-SH
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For a separate project we required samples of a number of unsymmetrical trisulfides 3. We report here
a simple method which delivers a variety of these molecules generally in good overall yield (25-100%) and
purity (Table 1). A major advantage of this procedure is that it is extremely rapid (ca. 2 h), does not require
the isolation of intermediates and permits the reaction to take place in one vessel. The Table summarizes the
data for the trisulfides (as well as di- and tetrasulfides) prepared by similar techniques.12

A sample procedure is as follows. A solution of the first thiol (10 mmol) and pyridine (10 mmol) in ether
(25 mL) was added dropwise over 0.5 h to a cold (-780C) stirred solution of sulfur dichloridel3 (10 mmol) in
50 mL of ether. The reaction mixture was stirred for 0.5 h after the addition was complete. The second thiol
(10 mmol) and pyridine (10 mmol) in 25 mL. of ether was added dropwise over 0.5 h at -78°C and the reaction
mixture stirred for an additional 0.5 h. The reaction mixture was transferred to a separatory funnel, washed
with 2x25 mL portions of water, 2x25 mL portions of 1 N NaOH solution and with 25 mL portions of water
until neutral to pH paper. The organic phase was separated, dried with CaCly, filtered and evaporated. In all
cases studied here, no further purification was necessary.14

Apparently, under these specific reaction conditions, the first thiol reacts quantitatively with SCI, to give
a thiosulfenyl chloride 7 which is stable at -78°C. This then reacts with the second mole of thiol to give the
unsymmetrical trisulfide 3 (Scheme 2). r-Butylchlorodisulfide was stable enough to be isolated and
characterized at room temperature.18

Scheme 2
-78°C R-SH
R-SH + SCl, T R-S-S-CI — R-$-S-S-R'
3
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R % Yield
t-Bu 100
Trityl 98
Bz 100
Adm 94
i-Pr 92
£-Bu 83
t-Bu 91
t-Bu 98
i-Pr 30
n-Bu 43
i-Pr 98
n-Bu 94
p+BuPh 98
Bz 100
p-Cl-Bz 100
t-Bu 100
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i-Pr 96
p-Cl-Bz 34
Bz 25
Bz 40
Bz 75
pCl-Bz 57
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13C NMR

30.56, 45.97

7351, 126.96, 127.46
130.57, 143.82

43.07, 12726,

128.32, 129.26, 137.18
30.01, 36.11, 43.04, 47.28

22.42,29.92, 41.61, 47.22
22.42,29.92, 41.61, 47.22

29.65, 45.62, 47.95, 127.31
128.44, 129.13, 137.26
30.16, 49.01

2263, 30.12, 41.97, 49.00

13.60, 21.52, 31.01, 39.03
42,61 (CHy), 128.75
130.71, 133.57, 134.69
4172, 2244

13.56, 21.55, 30.75, 38.36

31.23, 34.63, 151.74
133.11, 130.65, 126.12,
43.19 (CH,), 127.64
128.68, 129.34, 135.58
42.10 (CH,), 128.68
130.66, 133.39, 134.90
29.88, 48.91

41.60, 119.07, 132.65

22.48, 29.85, 41.93, 48.74

13.56, 21.55, 30.76
38.39, 42.05, 128.61
130,61, 133.35, 134.90
13.59, 21.54, 30.76
39.39, 42,91 (

127.38, 128.44, 129.31

134.69
42.07 (CHp), 43.02 (CH,),
127.52, 128,53, 128.66,
129.34, 130.65, 133.38,
134.89, 135.60

29.82, 43.07 (CH,),
127.33, 128.40, 129.34
136.43

29.81, 42.12,49.08, 128.63
130.62, 13335, 134.91

a All products are isolated and pure (tlc/gc); b fails to work with Et3N; DBU works well; ¢ the mixed
tetrasulfides were not separable; 4 purified by silica gel chromatography (5% CHCl;/hexanes).



5384

Acknowledgements

We thank Elf Aquitaine (France) and ATOCHEM North America, King of Prussia for financial support
of this work.

References

1. (a)E. E. Reid, "Organic Chemistry of Bivalent Sulfur”, Vol. 3, Chemical Publishing Co. Inc., New York,
p- 362, 1960; (b) C. C. Chen and C. T. Ho, J. Agric. Food Chem., 34, 830 (1986); (c) F. Freeman, D. S.
H. L. Kim and E. Rodriguez, Sulfur Reports, 9, 207 (1989); (d) L. Teuber, Stifur Reports, 9, 257 (1990);
H. W. Chih and R. C. Lindsay, J. Food Sci., 58, 835 (1993).

2. (a)E. Block, Angew. Chem. Int. Ed. Engl,, 31, 1135 (1992); C. H. Wijaya, H. Nishimura, T. Tanaka and
J. Mizutani, J. Food. Sci., 56, 72 (1991); (c) R. E. Moore, J. Chem. Soc., Chem. Commun., 1168 (1971).

3. K. C. Nicolaou, C. W. Hummel, M. Nakada, K. Shibayama, E. N. Pitsinos, H. Saimoto, Y. Mizuno, K -
U. Baldenius and A. L. Smith, J. Am. Chem. Soc., 115, 7625 (1993).

4. (a) For a useful review of a number of methods see: K. D. Gunderman and K. Humke in Houben-
Weyl, "Methoden der organischen Chemie", Band E11, G. Thieme Verlag, Stuttgart, 1985, p. 129;
among the better methods are: (b) A. B. Sullivan and K. Boustany, Tetrahedron Lett., 3547 (1970); (c)
D. N. Harpp, D. K. Ash, T. G. Back, J. G. Gleason, B. A. Orwig, W. E. VanHorn and J. P. Snyder, ibid,
3551 (1970); (d) S. J. Brois, J. F. Pilot and H. W. Barnum, J. Am. Chem. Soc., 92, 7629 (1970); (¢) D. N.
Harpp and T. G. Back, J Org. Chem. 36, 3828 (1971); (f) G. Capozzi, A. Capperucci, A.
Degl’'Innocenti, R. Del Duce and S. Menichetti, Tetrahedron Lett., 22, 2995 (1989); (g) H. Suzuki, S.-I
Kawato and A. Nasu, Bull. Chem. Soc. Jpn., 65, 626 (1992).

5. Some of the better methodologies are cited: D. A. Armitage and M. J. Clark, J. Chem Soc., C, 2840
(1971); G. Goor and M. Anteunis, Synthesis, 329 (1975); D. N. Harpp and A. Granata, Tetrahedron
Lett., 38, 3001 (1976); D. N. Harpp and R. A. Smith, J. Org. Chem., 44, 4140 (1979).

6. H.Bohme and G. Van Ham, Justus Liebigs Ann. Chem., 617, 62 (1958); C. Von Szczepanaski, J. Heindl,
E. Schroeder, H. J, Kessler and U, Redmann, German Patent, 2114653, (1972); C. A. 78, 3942 (1973).

7. T. Nakabayashi and J. Tsurugi, J. Org. Chem., 26, 2482 (1961).
8. G.Kresze and H. P. Patzschke, Chem. Ber., 93, 380 (1960).
9. S. Hayashi, M. Furukawa, J. Yamomoto and K. Hamamura, Chem. Pharm. Bull., 18, 1310 (1967).

10. D. N. Harpp and D. K. Ash, Int. J. Sulfur Chem. Part A, 1, 211, 197; see also A. B. Sullivan and K.
Boustany, ibid, 207.

11. A. W, Mott and G. Barany, Synthesis, 657 (1984).

12. Unsymmetrical disulfides (1b-h) can be prepared by using SO,Cl, following the same general
procedure described here. In the same fashion, two unsymmetrical tetrasulfides (2 ¢,d) can be
synthesized in moderate yield and good purity by using S,Cl, (see Table). In spite of the many uses o

these simple sulfur reagents over the years, there appears to be no reports of successful in siti use in
the manner described in this paper.

13.  Purification was carried out by distillation over phosphorus pentachloride, sec L. F. Fieser and M.
Fieser, "Reagents for Organic Synthesis", John Wiley & Sons, Pub., London, Vol. 1, p. 1121 (1967).

14. The only exception was during the preparation of trisulfides where the first thiol was primary; some
symmetrical trisulfide was formed (up to 209 for n-butyl mercaptan). Silica gel chromatogaphy, using
5% chloroform/hexane allowed a good separation in all cases of these very similar comounds (3 k-m).

15. E.K Molwzen and A. Senning, Sulfur Lett., 4, 169 (1986).

(Received in USA 4 March 1994; revised 1 June 1994; accepted 3 June 1994)



