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ABSTRACT

A highly efficient one-pot procedure for 3-sulfenylation of 2-carboxyindoles is described. Treatment of thiols with N-chlorosuccinimide at −78
°C in CH2Cl2 affords sulfenyl chlorides in situ that readily react with 2-carboxyindoles to give 3-thioindoles in high yields. This new method
is milder, produces less waste, and is compatible with a wide range of thiol and indole functionality.

Substituted indole-2-carboxylates, more specifically 3-thio-
indole-2-carboxylates, have been explored for their thera-
peutic worth in many fields including the treatment of HIV1

and obesity2 as well as their use as endothelin antagonists3

and anti-allergy agents.4 The functionalization of the 3-posi-
tion of indole-2-carboxylates relies on the nucleophilicity of
that position.5 Successful sulfur substitution at the 3-position
has been described using various forms of electrophilic sulfur
including disulfides6 and sulfenyl chlorides.7 There are
disadvantages to each of these techniques. While the oxida-

tion of thiols to the disulfides using sodium perborate works
cleanly in near-quantitative yields,8 the subsequent reaction
with the indole produces an equivalent of thiol as an
undesired byproduct. Formation of the sulfenyl chloride using
sulfuryl chloride or chlorine often results in poor yields and
is limited by the stability of the resulting sulfenyl chloride.
These harsh chlorinations are also incompatible with certain
functionalities. The formation of sulfenyl chlorides using
N-chlorosuccinimide has been reported.9 This milder method
of chlorination expanded the scope of functional group
compatibility enabling the formation of thermally unstable
aliphatic sulfenyl chlorides, including those with ester
groups.10 By applying this methodology, we sought to find
an efficient technique for the introduction of sulfur into a
series of indole-2-carboxylates.

We found that the preparation of sulfenyl chlorides using
N-chlorosuccinimide can be successfully applied to the direct
functionalization of indoles. We herein describe a general
and improved one-step method of sulfenylation of 2-car-
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boxyindoles using in situ generated sulfenyl chlorides from
a variety of thiols usingN-chlorosuccinimide in methylene
chloride (Table 1).11

The advantages of this procedure include milder conditions
than corrosive chlorine or sulfuryl chloride, as well as fast
reaction times, easy workup, and improved yields. The in
situ formation of the sulfenyl chlorides usingN-chlorosuc-
cinimide also enhances the scope of the reaction. The
methodology was previously restricted by the stability and
ease of isolation of the desired sulfenyl chlorides. This
technique also avoids the formation of 1 equiv of thiol waste
that occurs when using a disulfide as the electrophilic sulfur
source.

The scope of this method is further expanded because the
indole nitrogen need not be protected. There is no significant
difference in yields when comparing protected and unpro-
tected indole cores (Table 2).

As shown by the results, the one noted limitation of the
proposed sulfenylation, similar to any nucleophilic substitu-
tion, is a steric restriction. Entries 1, 6, and 12 of Tables 1

and 2 illustrate that this method gives no reaction for the
isopropyl andtert-butyl thiols.

It was shown that these reaction conditions could also be
used for intramolecular sulfenylation (Scheme 1). Thioamide

7 was prepared from the corresponding indole- 2-carboxylic
acid 5 and 2-aminothioethane6 via CDI amidation condi-
tions.13 Reaction with NCS leads to cyclization and formation
of previously unavailable thioazepines8. The intramolecular
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Table 1. Sulfenylations of 1-Methylindole-2-carboxylates

Table 2. Sulfenylations of Indole-2-carboxylates12

Scheme 1. Intramolecular Sulfenylations
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reaction proceeds even for the sterically hinderedgem-
dimethyl substrate. A slight decrease in the yield of this
reaction can be explained by chlorination of the 3-position
of the indole as a side reaction.

In conclusion, we have revealed the advantages of this
improved procedure for introduction of sulfur at the 3-posi-
tion of 2-carboxyindoles using a mild method that is tolerant
of a wide range of indole and thiol substrates that contain
sensitive functionality. This high-yielding reaction provides

straightforward access to a wide array of potentially valuable
biologically active targets.

Supporting Information Available: Analytical informa-
tion for entries 2-5 (Table 1) and entries 7-11, 13, and 14
(Table 2) and compounds7a,b and 8a,b. This material is
available free of charge via the Internet at http://pubs.acs.org.
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