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Oxidation of thiols to disulfides with
monochloro poly(styrenehydantoin) beads
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Abstract—Various thiols were converted to symmetrical disulfides. This facile and reproducible method uses water as a solvent, and
monochloro poly(styrenehydantoin) beads as an oxidizing agent.
� 2006 Elsevier Ltd. All rights reserved.
Disulfide bonds play crucial roles in biology and chemis-
try.1 Disulfides are primarily produced from thiols,
which are readily available and facile to prepare.2 How-
ever, synthesis of disulfides from thiols sometimes can be
problematic due to the overoxidation of thiols, that is,
the reaction not terminating at the disulfide stage and
proceeding further to sulfoxides and sulfones.3 On the
other hand, many successful reagents have been devel-
oped for the synthesis of disulfides from thiols; for exam-
ple, 1,3-dibromo-5,5-dimethylhydantoin, cerium (IV)
salts, permanganates, transition metal oxides, sodium
chlorite, peroxides, and halogens are examples of
reagents used in disulfide bond formation from thiols.4

In this study, which was prompted by the need to iden-
tify products from the use of a convenient oxidizing
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Scheme 1. Proposed mechanism for formation of a disulfide from a thiol.
agent to remove noxious odor from cutting oil fluids,
we have employed monochloro poly(styrenehydantoin)
beads5 in water to form disulfides from thiols.6 Previ-
ously, Sun and Worley had reported that an amorphous
form of the dichloro derivative oxidized aryl sulfides to
the sulfoxides and the sulfones.5d The beads did not over-
oxidize the thiols; the sole product isolated from these
experiments was disulfides. This was because the dis-
sociation constant for amide N-halamine in water to
produce free chlorine is very low.7 Presumably, the
reactions proceed through halogen transfer from amide
N-halamine to thiols to yield sulfenyl chlorides, which
react with thiolate anion to yield disulfides and hydro-
chloric acid (see Scheme 1). The proposed mechanism
is in agreement with the experimental observation that
water becomes acidic at the end of the reaction, as well
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Table 1. Thiols used in this experiment and the yield of conversion to
disulfides

Thiol Isolated yield (%)

a Ethanethiol 85
b Butanethiol 81
c 2-Mercaptoethanol 91
d 2-Propanethiol 86
e 2-Methyl-2-propanethiola 60
f Thiophenol 90
g 4-Methoxythiophenol 93
h Benzylthiol 92

a Only 50% conversion was observed by NMR even after 24 h.
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as formation of disulfide bonds and the prior
literature.4g

Different types of thiols were employed in this study:
primary, secondary, tertiary, phenylic, and benzylic
thiols. Except for tert-butyl thiol, excellent conversion
of thiols to disulfides has been observed. The low yield
using tert-butyl thiol may be due to the low acidity of
the tert-butyl thiol, or to steric hindrance caused by
the bulky tert-butyl group.8 The reaction products were
analyzed with 1H and 13C NMR spectroscopy (Table 1).
All of the spectra are in excellent agreement with the
literature9.

There are several advantages of this reaction over other
methods in the literature. The used monochloro beads
can easily be regenerated by exposure to free chlorine
(bleach).5c The reactions were very clean, gave excellent
reproducible yields, and were facile to apply to various
thiols. Moreover, excellent selectivity was obtained from
these reactions.

In conclusion, the method for oxidizing thiols with
monochloro poly(styrenehydantoin) beads, as reported
in this paper, is a simple, efficient, facile to handle,
very mild procedure for the conversion of thiols to
disulfides.
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