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A SIMPLE METHOD To PREPARE UNSYMMETW CAL DI- TIU- AND -DES 

Gkard Derimy and David N. Harpp* 

Abstrack U~m&al di- hi- and tetmnryddw can be-pmpared in a one-pot maction 
us&g so#& scl2 and &cl2 rerpectively to pmll wupblg of the tqpqate thidr. 

A variety of organic dl- and trlsulfides have been found in natural scxuces.s Among these are examples 

from the onion family (genus AMum),~ as well as simple polysulflde derivatives la and 2a isolated from a 

Japanese plant.fb Trisulflde 3a has been found in red alg@ and of particular recent interest is the 

extremely unsymmettical trisulfide represented by Calicheamicln ~lI(3b).3 

CH,-S-S-CH, CH,-S-S-S-S-CH, R-S-S-S-R 
Rdyl,,CoCn,Cll*. PI 

la 2a 3a 3b 

There are several effective procedures for the synthesis of unsymmetrical disuEdesP All of them 

however, first involve the construction of stable derivatives of thiols.- ‘Ihe 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 thiolse as well as N-arylamidothiosullites in a similar process? Other 

literature methods use rare hydrodlsulfldes (RSSI=@ and an awkward desu1furization reaction employing 

dialkanesulfonic thioanhydrides (RSO#S@R’)P 
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Some years ago. we reported10 a useful method of preparation for unsymmetrical @is&ides which 

requires the preparation of stable alkyl or aryl phthalimido disultldes (4). This procedure has been 

successfully used in one of the key steps in the preparation of Calicheamicin rtu (3b), although long reaction 

times (ca. 100 h) are usually required for ‘complete conversion when’ aliphatic thfols are employed.*0 An 

effective method was reported in 1984 by Barany 11 which requires preparing methoxycarbonyldisulfenyl 

chlorides (5) which are then treated with the requisite mercaptan to afford methoxycarbonyl trisulfides 6. 

While these precursors can generally be prepared in yields of CCL 80%, the yields of the next step to give the 

unsymmetrical trisulfides 3 averages about 60% (Scheme 1). 
0 Scheme 1 

R-SH R’-SH 
Cl-S-S-CO&H1 - R-S-S-S-CO&H, - R-S-S-S-R’ 

5 6 3 

0 4 

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 prooedure is that it is extremely rapid (cu. 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(l0 mmol) and pyridine (10 mmol) in ether 

(25 mL) was added dropwise over 0.5 h to a cold (-7&K!) stirred solution of sulfur dichlorideu (10 mmol) in 

50 II& of ether. The reaction mixture was stirred for 0.5 h after the addition was complete. The second thiol 

(10 nunol) and pyridine (10 mmol) in 25 mL of ether was added dropwise over 0.5 h at -78oC and the reaction 

mixture stirred for an additional 0.5 h. The reaction mixture was transferred to a scparatory 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 SClz to give 

a thiosulfenyl chloride 7 which is stable at -78oC. 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.15 
Scheme 2 

-780 c 
R-SH + SC& - 

EtjN 
1 1 

R’-SH 
R-S-S-cl - R-S-S-S-R 

7 3 
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~WNMR 
1.28 (s, 18H) 
7.34 (m, 3OH) 

:I: $;4”& 
1.68 m, 6H),l.85 (m, 6H) 

1 1.91- .06 (IF& 3H) 
1.25 d, 
2.85 h, 1H v? 

,129 (s, 9H) 

1.24 d, ;H ,129 (s, 9H) 
2.84 6HI 

3.97 (s. w) 

1.38 (s, 9H), 

0.93 

1.34 
0.90 
1.68 
1.33 &i8Hj,_ 7.42 (XB, 

4.06 (s, 4H), 7.35 (m, 1OH) 

3.98, (5 4H)s 7.68 NJ, 8H) 

1.36 (s. 18H) 

WCNMR 
30.56.45.97 
7351,126.%, 127.46 
130.57.143.82 
43.07.127.26. 
128.3% 129&, 137.18 
30.01,36.11,43.04,47.28 

2.2.42,29.92,41.61,47.22 

22.42,29.92,41.61,47.22 

29.65,45.62,47.95, 127.31 
128.44.129.13.137.26 
30.16 i9.01 - ~- 
22.63,30.12,41.97,49.00 

13.60.21.52.31.01.39.03 
42.61’(cx 

3 
,’ 128.73 

130.71, 13 .57, 134.69 
41.n22.44 
1356,21.55,30.75,38.36 

31.23,34.63, 151.74 
133.11. 130.65. 126.12, 
43.19 &H 

d 
, i27.64 

128.68,12 .34,135.58 
4210( 

” 
,128.68 

130.66.13 .39.134.90 
29.88,b8.91 . 
41.60,119.07, 132.65 

22.48,29.85,41.93,48.74 

13.56,21.55,30.76 
3839,4205,128.61 
130.61, 13335, 134.90 
13.59,21.54,30.76 
3939,42.91( 
127.38.128.44,1 5.31 3 
134.69 

136.43. - 
29.81,4212,49.08, 128.63 
130-e 133.35,134.91 

a All products are isolated and pure (tlc/gc); b fails to work with Etfl; DBU works well, c the mixed 
tetrasulfides were not separable; d purjfied by silica gel chromatographY (5% CHCl&ezanes). 
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