Convenient One-Pot Synthesis of Sulfonamides from Thiols and Disulfides

Bull. Korean Chem. Soc. 2012, Vol. 33, No.2 383
http://dx.doi.org/10.5012/bkes.2012.33.2.383

Articles

Convenient One-Pot Synthesis of Sulfonamides from Thiols and Disulfides Using
1,3-Dichloro-5,5-dimethylhydantoin (DCH)

Hojat Veisi

Department of Chemistry, Payame Noor University, 19395-4697 Tehran, LR. of Iran. “E-mail: hojatveisi@yahoo.com
Received October 13, 2011, Accepted November 23, 2011

A convenient synthesis of sulfonamides from thiols and disulfides is described. I situ preparation of sulfonyl
chlorides from thiols is accomplished by oxidation with 1,3-dichloro-5,5-dimethylhydantoin (DCH) under N-
benzyl-trimethylammonium chloride and water. The sulfonyl chlorides are then further allowed to react with

excess amine in the same reaction vessel.
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Introduction

Sulfonamides, an important class of pharmaceutical
compounds exhibit a wide spectrum of biological activities.'
Over 30 drugs containing this functionality are in clinical
use, including, antibacterials, diuretics, anticonvulsants,
hypoglycemics and HIV protease inhibitors.” More recently,
sulfonamides have been found to be potent cysteine protease
inhibitors, which could possibly extend their therapeutic
applications to include conditions such as Alzheimer’s di-
sease, arthritis and cancer.’ Furthermore, sulfonamides were
employed as herbicides,* plaguicides,* pesticides* and
surfactants.**

Frequently, sulfonamides are formed from a sulfonyl
chloride and a primary or secondary amines. In turn, sulfon-
yl chlorides can be prepared from the corresponding thiols
using a number of methods, commonly by bubbling Cl, gas
into aqueous acid or a biphasic mixture containing the
thiol. ™ Although this methodology is relatively general,
issues associated with the use of excess oxidant and/or aque-
ous acid have prompted the development of alternative
methods.'”!"" We describe here an oxidation/substitution
sequence that is mild and minimizes both the amount of
oxidant required and the aqueous component. Recently, the
direct oxidative conversion of thiols into sulfonamides with
H,0,-SOCI, was reported by Bahrami and et al.'?

Results and Discussion

Herein, as part of our ongoing study on the application of
N-halo reagents in organic synthesis,*"!” we would like to
present the direct convenient one-pot synthesis of sulfon-
amides from thiols and disulfides using 1,3-dichloro-5,5-
dimethylhydantoin (DCH) under mild conditions (Scheme 1).

Initially, we surmised that it might be possible to generate
controlled amounts of Cl, in nonprotic organic solvents by
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Scheme 1. Synthesis of sulfonamides from thiols and disulfides.
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Scheme 2. Synthesis of benzylsolfunyl chlorides from benzyl Thiol.

BnMe3NCI(4 equiv.)

e
H,O (2.5 equiv.) @Aﬁ/
DCH (1.5 equiv.) (o]

CH3CN, 10 min.

mixing a tetralkylammonium chloride salt with 1,3-dichloro-
5,5-dimethylhydantoin (DCH). We were pleased to find
that treatment of N-benzyl-trimethylammonium chloride
(BnMesNCl) (3 equiv), HoO (2.5 equiv) with DCH (1.5
equiv) in CH3CN (10 min, rt) provided a light yellow solu-
tion as a good oxidize chlorinating system for the synthesis
of benzylsolfunyl chlorides from benzyl thiol under mild
conditions (Scheme 2).

Based on this result, we tried to use this system to in situ
preparation of sulfonyl chlorides from thiols to synthesis of
sulfonamides in one-pot. Subsequent addition of a primary
or secondary amine afforded the desired sulfonamide. To
optimize the reaction conditions, the reaction of benzyl thiol
and benzylamine was selected as model substrate in aceto-
nitrile at room temperature. Repainting the reaction of
benzyl thiol (1 equiv), BnMe;NCl (3 equiv), H>O (2.5 equiv)
with DCH (1.5 equiv) in CH3;CN (10 min, rt) and continual
addition of benzylamine (4 equiv, 30 min) gave correspond-
ing sulfonamide in 98% yield.
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Table 1. Synthesis of Various Sulfonamides from Thiols and Amines
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Table 1. Continued
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9 9/“ 96 chlorination of thiols showed the corresponding disulfide is
?') D the main intermediate in this transformation. When the
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Convenient One-Pot Synthesis of Sulfonamides from Thiols and Disulfides

Table 2. Synthesis of Sulfonamides from Disulfide
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“Products were characterized from their physical properties, comparison
with authentic samples and by spectroscopic methods.

table to assume that the thiol can chlorinate in the presence
of chlorine. Therefore, the mechanism proceeds through
hydroxylation of thiol leads to the formation of sulfenic acid
(I), which gives the corresponding symmetric disulfide (II).
Then the successive oxidation of both sulfur atoms of the
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Scheme 3. The possible mechanism for this transformation.
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disulfide molecule by chlorine produces the intermediate
(IIT) that undergoes rapid isomerization to the thiosulfonate
(IV), which can easily furnish sulfonyl chloride (V). Then,
the sulfonyl chloride (V) reacts with amine o to form the
corresponding sulfonamides (VI).

Conclusion

In conclusion, we have developed a mild, one-pot syn-
thetic method for the preparation of alkyl and aryl sulfon-
amides from thiols and disulfides in the presence of primary
and secondary amine derivatives using 1,3-dichloro-5,5-
dimethylhydantoin (DCH) in anhydrous acetonitrile. The
advantages are excellent yields, the cheapness of the reagents,
easy and clean workup, extremely fast reaction, high chemo-
selectivity, and operation at room temperature. No side reac-
tions/products were observed during the course of the reac-
tion, thus, we believe that the present methodology opens
new possibilities for medicinal chemistry and material
sciences and could be an important addition to the existing
methodologies.

Experimental Section

All commercially available chemicals were obtained from
Merck and Fluka companies, and used without further
purifications unless otherwise stated. 'H NMR spectra were
recorded on a Jeol 200 MHz FT NMR spectrometer using
TMS as internal standard and chemical shift are in d (ppm).
Infrared (IR) was conducted on a Perkin Elmer GX FT-IR
spectrometer. All yields refer to isolated products.

(i) General Procedures for the Conversion of Thiols to
Sulfonamides. To a stirred mixture of thiol compond (1
mmol), BnMe;NCI (3 equiv), and water (2.5 mmol) in
CH;CN (10 mL) at 0 °C, DCH (1.5 equiv) was added as a
solid in portions over 1-2 min. After 30 min, amine (4 mmol)
was added to the mixture over 1-2 min. The resulting mix-
ture was stirred at room temperature for 30 min. until TLC
showed complete disappearance of starting material (Table
1). The mixture was filtered and rinsed twice with CH;CN
(10 mL). The filtrate was evaporated, and the corresponding
pure sulfonamide was obtained as a crystalline solid. Recry-
stallization from a mixture of ethanol and water affords
analytically pure product.

(ii) General Procedures for the Conversion of Disulfides
to Sulfonamides. To a stirred mixture of thiol compond (1
mmol), BnMe;NCI (3 equiv), and water (2.5 mmol) in
CH;CN (10 mL) at 0 °C, DCH (1.5 equiv) was added as a
solid in portions over 1-2 min. After 30 min, amine (4
mmol) was added to the mixture over 1-2 min. The resulting
mixture was stirred at room temperature for 30 min. until
TLC showed complete disappearance of starting material
(Table 1). The mixture was filtered and rinsed twice with
CH;3CN (10 mL). The filtrate was evaporated, and the corre-
sponding pure sulfonamide was obtained as a crystalline
solid. Recrystallization from a mixture of ethanol and water
affords analytically pure product.
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Analytical Data for Selected Compounds (Table 1).

Product (1): IR (KBr): Vinay 1138, 1310 cm™ (SO,), 3287
cm™' (NH). "H NMR 200 MHz, CDCl;): § 4.13 (s, 2H), 4.21
(s, 2H), 7.25-7.38 (m, 10H). *C NMR (50 MHz, CDCl;): &
47.6, 59.3, 128.0, 128.1, 128.5, 128.8, 129.1, 130.6, 133.3,
136.8. Mass (m/z): 261, 256, 239, 196, 182, 120, 106, 91, 77,
65.

Product (2): IR (KBr): Vinay 1134, 1309 cm™ (SO,), 3220
cm™' (NH). "H NMR 200 MHz, CDCl;): § 2.21 (s, 3H), 4.17
(s, 2H), 4.28 (s, 2H), 7.20-7.58 (m, 9H). *C NMR (50 MHz,
CDCl): ¢ 24.3, 474, 59.8, 128.0, 128.1, 128.3, 128.6,
129.3, 130.6, 135.4 136.9. Mass (m/z): 276, 275, 260, 210,
184, 120, 105, 91, 77, 65, 41.
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