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H,0, in combination with SOCI, proved to be a highly reactive reagent for the direct oxidative
conversion of thiol derivatives to the corresponding sulfonyl chlorides with high purity through
oxidative chlorination. Upon reaction with amines, the corresponding sulfonamides were obtained in

excellent yields and in very short reaction times.

Introduction

The development of simple, versatile, and environmen-
tally friendly processes or methodologies for widely used
organic compounds from readily available reagents is one of
the major challenges for chemists in organic synthesis.
Organic sulfur compounds are widespread in numerous
natural products and widely used as various artificial che-
micals. Sulfonyl chlorides, in particular, are precursors with
extensive uses in organic synthesis.! The most typical method
for the preparation of sulfonyl chlorides is the oxidative
chlorination of sulfur compounds, thiols, sulfides, thioace-
tates, and thiocarbamates, with aqueous chlorine.> Although
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other methods are available to do this transformation,®”’

attention is moving toward newer and more selective methods
for this purpose. However, in spite of their potential utility,
many of these methods involve various drawbacks such as the
use of expensive or less easily available reagents, vigorous
reaction conditions, long reaction time, tedious manipula-
tions in the isolation of the pure products, and side reactions.
Therefore, the discovery of milder and practical routes for the
synthesis of sulfonyl chlorides is highly desirable.

Thionyl chloride (SOCI,) is a reactive chemical reagent. It
is mainly used in the industrial production of organochlorine
compounds, which are often intermediates in pharmaceuti-
cals and agrichemicals, but it has not been studied as
promoter in the conversion of thiols to sulfonyl chlorides
until now.

Hydrogen peroxide (H,O») is also an attractive and in-
expensive oxidant widely used in laboratory and industry
synthesis. From the viewpoint of green chemistry, H,O, has
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TABLE 1.  Effect of Increasing Amount of H,O, and SOCI, on

Oxidative Chlorination of 4-Methylthiophenol”
Me—O—sozm

Me—QSH

—_—
entry SOCI, (mmol) 30% H,0, (mmol) yield %°
1 0.25 4 35
2 0.5 4 50
3 0.75 4 70
4 1 2 85
5 1 3 97
6 1 4 97

“Reaction conditions: the reactions were performed with 4-methyl-
thiophenol (1 mmol) for I min, at 25 °C. “Isolated yields.

SCHEME 1
H,0,-SOCl,
R—SH R—S0,CI
1 CH3CN, rt 3
R = Alkyl. Aryl

become more and more popular with regard to the formation
of water as a sole byproduct.

In continuation of our interest in the use of hydrogen
peroxide in organic synthesis,® we report herein for the first
time H,O0,—SOCI, as a valuable reagent system for the direct
oxidative chlorination of thiol derivatives to the correspond-
ing sulfonyl chlorides (Scheme 1).

Results and Discussion

To evaluate the solvent effect, the oxidative chlorination
of 4-methylthiophenol was carried out under similar reaction
conditions using various organic solvents. Among various
solvents like chloroform, dichloromethane, toluene, aceto-
nitrile, and 1,4-dioxane used for this transformation, acet-
onitrile and 1,4-dioxane were the solvents of choice as best
results were obtained with them.

To optimize the reaction conditions, the reaction of
4-methylthiophenol was selected as model substrate to ex-
amine the effects of different amount of H,O, and SOCI, in
acetonitrile at room temperature. As can be seen from
Table 1, the best resultin 97% yield was obtained by carrying
out the reaction with 1:3 mol ratios of thiol to H,O, in the
presence of 1 mmol SOCI, for 1 min.

To evaluate the scope of this protocol, the oxidative chlorina-
tion of other thiols was further studied (Table 2, entries 1—13).
As shown, aromatic thiols having electron-donating and elec-
tron-withdrawing groups in the aromatic ring, afforded excel-
lent yields of products with high purity (monitored by NMR
spectroscopy). Similarly, heterocyclic thiols, such as 2-mercap-
topyrimidine and 2-mercaptobenzimidazole (Table 2, entries 10
and 11), were also investigated. Sulfonyl chlorides such as pyri-
midine-2-sulfonyl chloride and benzimidazole-2-sulfonyl chlo-
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SCHEME 2“
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“Reagents and conditions: molar ratio of substrates to H,O, to SOCl,
(1:1:3:1), CH3CN, 25 °C.
SCHEME 3. Proposed Mechanism for the Oxidative Chlori-

nation with H,O,—SOCI, Reagent System
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ride are unstable at room temperature.”’” ' Pyrimidine-2-sulfo-
nyl chloride rapidly decomposes to 2-chloropyrimidine'® and,
in the case of benzimidazole-2-sulfonyl chloride, byproducts
are 2-chlorobenzimidazole and 2-hydroxybenzimidazole''
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TABLE 2. Oxidative Chlorination of Thiol Derivatives

JOC Article

R—SH ————>  R—SOLCI
Entry Thiol (1) Sulfonyl chloride (3)* Time (min)  Yield (%)" Ref
1 @SH @ 1 99 4
2 Me@—SH MeOsozm 1 97 4
3 MeOOSH MeOOSOZCI 1 98 7
4 Br@—SH BrOSOZCI 1 97 7
5 F@—SH F@—sozu 1 98 7
6 QSH Qsozm 1 97 12
MeO MeO
7 OZNOSH OQN—O—SOZCI 1 98 3b
g SH sozm ! 9% 4
9 @—CHZSH @—cmsozm 1 98 3¢
10 <\jN/>—SH <\jN/>—SOZCI 1 0 9
N N

N N
C OO Ol 0o

N N

H H
12 <:>—5H Qsozm 1 98 6
13 n-Octyl—SH n-Octyl—S0,CI 1 97 3

“The purified products were characterized by mp, 'H and '*C NMR. ®Yields refer to pure isolated products.

by comparison to commercial samples. Furthermore, cyclohex-
anethiol and 1-octanethiol, aliphatic thiols, afforded the sulfo-
nyl chlorides in excellent yields (Table 2, entries 12 and 13).

To study the chemoselectivity of this reagent system, we
studied the oxidative chlorination of thiols in the presence of
carbon—carbon double bond, alcohol, oxime, and ester. The
results are depicted in Scheme 2. These studies clearly reveal
that this method can be applied for the chemoselective oxidative
chlorination of thiol derivatives in the presence of the above-
mentioned functional groups in multifunctional molecules.

An investigation of the mechanistic aspects of oxidative
chlorination of thiols (1) showed the corresponding disulfide
(2) is the main intermediate in this transformation. When the
reaction of 4-methylthiophenol was carried out with 1:1 mol
ratios of thiol to H,O, in the presence of 1 mmol SOCI, for
5 min the desired disulfide was obtained as major product.
The "H and '*C NMR spectra of 4-methylphenyl disulfide
are available as Supporting Information.

The possible mechanism for this transformation is shown
in Scheme 3. It is acceptable to assume that the nucleophilic
attack of H,O, on SOCI, makes oxygen atoms more electro-
philic. Therefore, the mechanism proceeds through hydro-
xylation of thiol (1) leads to the formation of sulfenic acid (4),

which gives the corresponding symmetric disulfide (2). Then
the successive oxidation of both sulfur atoms of the disulfide
molecule by hypochlorous acid produces the intermediate (6)
that undergoes rapid isomerization to the thiosulfonate (7),
which can easily furnish sulfonyl chloride (3). Conversion of
6 to 7 has been well documented and recognized."?
Sulfonamides have long been the subject of pharmaceu-
tical interest as a result of their potent biological activities.'*
Examples for recently approved drugs with a sulfonamide
structure are the antihypertensive agent bosentan,'> the
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TABLE 3. Formation of Sulfonamide Derivatives
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I H
R—SH + R'—NH, —————— R—S—N-R

Entry Sulfonamide Time (min) Yield (%)° Ref
0
1" H
1 S-N 2 97 14d
OO
o]
1 H
2 @E_N@Me 2 96 14d
o]
W oH
3 Me SN 2 98 18¢c
~ O
Q
4 Me—< >—,S,—N—§ > 3 94
o]
cl
oy
e 0 T
o]
W H
o A0 3 9%
o]
NO,
7 i Q/CI 3 9
S. >
11N
SOt
N QH
8 \>—§-N@—Br 4 93
N o
R
9 MeO§—NH2 2 97 19a
o]
o]
U a2
10 P NH, 3 95 19b
o)
e
11 @*%N 2 96 19¢

“The purified products were characterized by mp, 'H and '*C NMR. ?Yields refer to pure isolated products.

antiviral HIV protease inhibitor amprenavir,'® and the
phophodiesterase-5 inhibitor sildenafil.'” Thus synthesis of
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these compounds is of continuing interest. There are
various synthetic methods for the preparation of sulfona-
mides.'® The most commonly used synthetic methods
to manipulate sulfonamides involve the nucleophilic
attack by ammonia, or primary or secondary amines, with
sulfonyl chlorides in the presence of a base. Although
this method is efficient, it requires the availability of
sulfonyl chlorides, some of which are difficult to store or
handle.

(19) (a) Rolla, F. J. Org. Chem. 1982, 47, 4327. (b) Katohagi, M.; Togo,
H. Tetrahedron 2001, 57, 7481. (c) Gajda, T.; Zwierzak, A. Synthesis 1981,
1005.
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SCHEME 4

H,0,-S0Cl, (I?
R'—NH, > R-S
CH;CN, pyridine, rt

H
—N

R—SH +

—R!
I

O
R, R'= Alkyl, aryl

We report a practical synthesis of sulfonamides starting
from thiols (1 mmol), amines (I mmol) in the presence of
30% H»0, (3 mmol), SOCI, (I mmol), and pyridine (0.5 mL).
The route for the synthesis of sulfonamides is shown in
Scheme 4.

Using optimized reaction conditions, the reaction of
structurally and electronically diverse thiols and amines
was examined. The results, which are summarized in
Table 3, indicate that all the reactions proceeded efficiently
and the desired sulfonamides were obtained in excellent
yields in fast reaction times with high purity (monitored by
NMR spectroscopy). Aryl thiols carrying either electron-
donating or electron-withdrawing substituents reacted very
well to give the corresponding sulfonamides with equal
efficiency. Also, aryl amines appeared to be insensitive to
substitution. Primary and secondary alkyl amines and also
ammonia undergo this reaction with equal efficiency.
For example, N-cyclohexyl-4-methylbenzenesulfonamide is
produced in 98% yield (Table 3, entry 3), N,N-diethyl-
benzenesulfonamide in 96% yield (Table 3, entry 11), and
4-methylbenzenesulfonamide in 97% yield (Table 3, entry 9).
Moreover, the reaction of 2-mercaptobenzimidazole with 4-
bromoaniline, contrary to our expectation, gives excellent
yield of product (Table 3, entry 8). It is noteworthy that the
rapidity of the reaction permits formation of the correspond-
ing heterocyclic sulfonamide.

Conclusion

In summary, H,O,—SOCI, is an extremely efficient re-
agent system for the conversion of thiols to sulfonyl chlor-
ides. Furthermore, a novel one-pot conversion of thiols to
sulfonamides has been developed. The advantages are ex-
cellent yields, the cheapness and availability of the reagents,
easy and clean workup, extremely fast reaction, high che-
moselectivity, and operation at room temperature. This
methodology also overcomes the formation of unwanted
byproduct, 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

General Procedure for Oxidative Chlorination of Thiols. A
mixture of thiol compound (2 mmol), 30% H,O, (6 mmol,
0.6 mL), and SOCI, (2 mmol, 0.14 mL) was stirred in CH;CN at
25 °C for the time indicated in Table 2. After completion of the
reaction as indicated by TLC, the reaction mixture was
quenched by adding water (10 mL), extracted with ethyl acetate
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(4 x 5mL), and the extract dried with anhydrous MgSQO,. The
filtrate was evaporated under vacuum to afford the analytically
pure product. All of the products are known compounds
and characterized easily by comparison with authentic samples
("H NMR, "*C NMR, mp).

General Procedure for the Synthesis of Sulfonamides. A mix-
ture of thiol compound (2 mmol), H,O, (30%, 6 mmol, 0.6 mL),
and SOCl, (2 mmol, 0.14 mL) was stirred in CH;CN at 25 °C for
an appropriate time. After completion of the reaction as in-
dicated by TLC, a solution of amine (2 mmol) in pyridine (1 mL)
was added to the reaction mixture. The resulting mixture was
stirred at room temperature until TLC showed complete dis-
appearance of starting material (Table 3) and then acidified with
2 N HCl solution and extracted with EtOAc. The organic layer
was washed with H,O and brine and dried over MgSO,. The
filtrate was evaporated, and the corresponding pure sulfonam-
ide was obtained as a crystalline solid. Recrystallization from a
mixture of ethanol and water affords analytically pure product.
Spectral and analytical data for new compounds follow.

N-2-Chlorophenyl-4-methylbenzenesulfonamide. mp = 105 °C.
"H NMR (200 MHz, CDCl3): 6 2.36 (s, 3HP, 6.98—7.07 (m, 2H),
7.18—7.26 (m, 4H), 7.63—7.67 (m, 3H). *C NMR (50 MHz,
CDCl3): 6 22, 122.8, 125.5, 126.3, 127.7, 128.3, 129.8, 130.1,
133.9,136.3, 144.7. Anal. Calcd for C3H,NSO,CI: C, 55.42; H,
4.26; N, 4.97; S, 11.36. Found: C, 55.06; H, 4.38; N, 4.86; S,
10.85.

N-Cyclohexyl-4-bromobenzenesulfonamide. mp = 100 °C. 'H
NMR (200 MHz, CDCly):  1.15 (m, 5H), 1.53—1.74 (m, 5H),
3.10 (m, 1H), 4.96 (d, 1H, J = 7.5 Hz, NH), 7.63 (d, 2H, J =
8 Hz), 7.75 (d, 2H, J = 8 Hz). *C NMR (50 MHz, CDCl): ¢
24.6, 25, 33.8, 52.7, 127.3, 128.5, 132.3, 140.6. Anal. Calcd for
C1o,H ({NSO,Br: C, 45.28; H, 5.03; N, 4.40; S, 10.06. Found: C,
45.25; H, 5.01; N, 4.23; S, 9.77.

N-3-Nitrophenyl-4-bromobenzenesulfonamide. mp = 118—
120 °C. '"H NMR (200 MHz, CDCls): 6 7.17—7.74 (m, 7H),
7.86—8.00 (m, 2H). *C NMR (50 MHz, CDCl5): 0 115.4, 120.2,
126.4,128.8,129.1,130.6, 132.9,137.4, 137.6, 148.8. Anal. Calcd
for C;,H9N,SO,Br: C, 44.31; H, 2.76; N, 8.61; S, 9.85. Found:
C, 43.65; H, 2.68; N, 8.53; S, 9.50.

N-4-Chlorophenyl-2-naphthalenesulfonamide. mp = 115 °C.
"HNMR (200 MHz, CDCl5): 6 7.12(d, 2H, J = 8.9 Hz), 7.25 (d,
2H, J = 8.9 Hz), 7.57—8.13 (m, 6H), 8.43 (d, IH, J = 1.3 Hz),
10.56 (s, 1H, NH). '*C NMR (50 MHz, CDCls): 6 122, 122.3,
128.2, 128.3, 128.5, 128.6, 129.5, 129.6, 129.7, 130, 132, 134.7,
136.6, 137.1. Anal. Calcd for C;H,NSO,Cl: C, 60.48; H, 3.78;
N, 4.41; S, 10.07. Found: C, 60.31; H, 3.87; N, 4.14; S, 9.88.

N-4-Bromophenyl-2-benzimidazolesulfonamide. mp = 156—
158 °C. "H NMR (200 MHz, CDCl5): 8 7.57—7.65 (m, 5H), 8.07
(d,2H, J = 9 Hz), 8.17 (d, 2H, J = 9 Hz). >*C NMR (50 MHz,
CDCl3): 6 123.6, 123.9, 126.5, 127.2, 132, 132, 142.6, 147.1.
Anal. Calcd for C3H(N3SO,Br: C, 44.32; H, 2.84; N, 11.93; S,
9.09. Found: C, 44.03; H, 2.51; N, 11.62; S, 8.72.
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