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The synthesis of pure unsymmetrical disulfides is often a difficult prob-
lem in organo-sulfur chemistry. While several methods of preparation are
known3, no one technique suffices for all synthetic situations. We wish to
report a method for obtaining unsymmetrical disulfides which, with the exception
of diaryl systems, is rapid, clean and proceeds in excellent yield.

When thiophthalimides (_];)4 are treated with thiols, a wide variety of

aralkyl and dialkyl disulfides can be generated in yields ranging from 71-92%

(Table I). Only in a few cases (6 - 8) were even traces (ca. 2%) of the
0o [0}
E;:I:iN-S—R + R'SH - RSSR' + N-H
(¢} (¢}
1 2

symmetrical disulfide by-products observed (tlc,vpec) in the reaction mixture.
The cysteine and glutathione derivatives (8, 9) are of special interest as this
method may be applicable to the construction of disulfide-containing molecules
of biological significances. It is conceivable that the phthalimide group may
serve both as a protective and an activating group in such syntheses. Further

work in this area is in progress.
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An exception to the generality of the reaction occurs where R and R' are
aryl substituents. For example, efforts to obtain p-fluorophenyl tolyl (11) and
phenyl tolyl (12) disulfides result in each case in a mixture of the three pos-
sible disulfides (1:2:1 and 1:5:1 respectively). Rapid mercaptan-disulfide
interchange would not be unexpected in those systems where there is both a
nucleophilic thiol and a disulfide in which each arythio- half can serve as an

effective leaving group.
0

N-S-R + R'SH > RSSR + RSSR' + R'SSR' + 2

O 11 R= pCHyC.H,-; R'= pFC.H, -
12 R= Cglg-i R'= pCH,C H,-

A typical experimental procedure is as follows. Thiophthalimide (0.01 mole)
and thiol. (0.01 mole5 are refluxed in 40 ml of benzene (1 - 20 hr). After filte-
ring the phthalimide (ca. 90%), the product is obtained by crystallizing (or dis-
tilling) the concentrated filtrate. Monitoring the reaction by tlc or vpc
ensures optimum reaction time.

This reaction also provides a useful method for the preparation of trisul-
fides. Addition of benzyl hydrodisulfide to benzyl thiophthalimide affords the
corresponding trisulfide in 98% yield.

0

N~S—CH2C6H5 + C6H5CHZSSH - CGHSCH2SSSCH2C6H5 +

LY

10
Thus the method is versatile and has the particular advantage that

precursor thiophthalimides are easy to prepare and have unlimited shelf stability.



TABLE I

Preparation of Disulfides and Trisulfides

pBrC

CH,CH,CH.,, -

3

ECH3

C.H.CH, S~

No.41

- compound R
3 CeHgCH
4 CgHCH, -
5 CeHg-
6 (cHy) ,cH-
7 CH,0,CCH -
8 CgH5CH =
9 CH CH,~
10 CyHgCH, -

11 ECH3C6H4—

12 C H_-

a) benzene solvent at reflux unless otherwise noted;
reaction conditions were not optimized;

compounds ;

6

EEC6

ECH3

0]

@i(«N—SRHR ‘'SH

64
2

Celly-

5772
H4—

Coly~

of disulfides (1l:2:1);

CH,-

2

2

d) ethanol solvent;

> RSSR' +

[e]

% Reaction
_yield Time (hr) 2P

86 20

80 4

71 18

88 17

91 12

89 164

92 19

98 20%

£ 1
e,qg 2

49-52

[87-93/
0.1mm]

[76-80/
0.01mm]

[94-98/
0.005mm]

178 dec.

206-207
dec.

47-48.5
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1lit [bpl
or mE

71.5%

54-557

[93-94/8
0.1lmm]

175-180°

4710

b) in most cases
c) satisfactory analyses or mass
spectra and purity criteria (tlc and/or vpc) were obtained for all new

e) benzene, room temperature;

g) mixture of disulfides (1:5:1).

f) mixtures
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