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Base-free monosulfonylation of amines using tosyl
or mesyl chloride in water
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Abstract—A mild and efficient procedure has been developed for the monosulfonylation of various amines using mesyl or tosyl
chlorides in water at room temperature to afford the corresponding sulfonamides in high yields.
� 2007 Elsevier Ltd. All rights reserved.
Sulfonamides are a diverse group of pharmaceutically
important compounds1,2 widely used as antibacterial,
anticancer, anticonvulsant, antiinflammatory and anti-
viral agents and HIV protease inhibitors. Examples of
recently approved drugs possessing a sulfonamide
include the antihypertensive agent bosentan,3 the antivi-
ral HIV protease inhibitor amprenavir4 and the phos-
phodiesterase-5 inhibitor sildenafil.5 In addition,
numerous sulfonamide derivatives have been in preclin-
ical development. Sulfonylation is a significant reaction
in the synthesis of naturally occurring bioactive mole-
cules and is an important method for the protection
of amines.6,7 Although many efforts have been made
towards the development of novel sulfonamides,8 the
conventional synthesis involves the reaction of amino
compounds with sulfonyl chlorides.9 However, these
procedures involve the use of organic solvents, base
and elevated temperatures, especially for less reac-
tive aniline substrates. For sterically hindered primary
amines with electron withdrawing substituents, bis-
sulfonylation is a common side reaction, which necessi-
tates a further mono desulfonylation step.10 Recently,
Deng and Mani reported11 the synthesis of sulfonamides
in water. However, pH control with Na2CO3 was neces-
sary and the isolation of the product involved acidifi-
cation up to pH 2 with HCl.
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In recent years, organic reactions in water have received
considerable attention. The use of water as a solvent has
several advantages, including preventing the generation
of waste, avoiding the use of hazardous substances
(e.g., halogenated and high-boiling solvents)12 and min-
imization of energy requirements.13 Thus, the use of
water instead of organic solvents has gained much
importance in the development of sustainable chemis-
try.14 There are only limited examples of organic reac-
tions that have been carried out in water, particularly
in the absence of a catalyst.15 In continuation of our
efforts to develop environmentally friendly synthetic
methodologies,16,17 we have investigated the base-free
monosulfonylation of amines in water. In these mono-
sulfonylation reactions, comparable yields were
obtained using tap as well as distilled water; here, the
reactions were carried out in tap water.

In a typical procedure, a suspension of amine in water
was treated with an addition of p-toluenesulfonyl chlo-
ride or methanesulfonyl chloride at room temperature
to afford the corresponding sulfonamide in high yields
ranging from 85% to 95% (Scheme 1). The reactions
were rapid with most of the amines studied (20–
60 min) and were compatible with a variety of primary
N

R2

R R1

H
N

R R1

TsCl/MsCl

rt, water

R = aryl, benzyl, furfuryl, cycloalkyl; R1 = H ; R2 = Ts, Ms

Scheme 1.

mailto:ahmedkamal@iict.res.in
mailto:ahmedkamal@ iictnet.org
mailto:ahmedkamal@ iictnet.org


Table 1. Sulfonamide synthesis in water

Entry Substrate Product Time (min) Yield (%)

1
NH2 H

N
Ts

25 95

2
NH2

H
N

Ms 35 91

3

NH2

F

H
N

F

Ts 30 90

4

NH2

F

H
N

F

Ms 35 85

5
NH2 N

H

Ts
25 89

6
NH2 N

H

Ms
35 87

7
NH N

Ts
30 90

8
NH N

Ms
40 87

9
O

NH

O
N

Ts
30 92

10
O

NH

O
N

Ms
35 87

11

NH2

Br Br

H
N

Ts 25 95

12

NH2

Br Br

H
N

Ms 35 91

13

NH2

Cl Cl

H
N

Ts 30 90
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A. Kamal et al. / Tetrahedron Letters 49 (2008) 348–353 349



Table 1 (continued)

Entry Substrate Product Time (min) Yield (%)

14
NH2

Cl
Cl

H
N

Ms 35 85

15
NH2

CH3

I

CH3

I

H
N

Ts 25 89

16
NH2

CH3

I

CH3

I

H
N

Ms 35 87

17

NH2

OCH3 OCH3

H
N

Ts 30 90

18

NH2

OCH3 OCH3

H
N

Ms 40 87

19

NH2

COOH COOH

H
N

Ts 30 92

20

NH2

COOH COOH

H
N

Ms 35 87

21 N
NH

Boc N
N

Ts

Boc

25 95

22 N
NH

Boc N
N

Ms

Boc

35 91

23 N
NH

Ph N
N

Ts

Ph

30 90

24 N
NH

Ph N
N

Ms

Ph

35 85

25 N
NH

Bn N
N

Ts

Bn

25 89
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Table 1 (continued)

Entry Substrate Product Time (min) Yield (%)

26
N

NH

Bn N
N

Ms

Bn

35 87

27 N
NH

OMe

N
N

OMe

Ms

30 90

28
N

NH

OMe

N
N

OMe

Ts

40 87

29 N
NH

F

N
N

F

Ms

30 92

30 N
NH

F

N
N

F

Ts

35 87

31 N
NH

N
N

Ms
25 95

32 N
NH

N
N

Ts
35 91

33
O

NH2

O

H
N Ms 25 89

34
O

NH2

O

H
N Ts 35 87

35

MeO

MeO
OMe

NH2 MeO

MeO
OMe

H
N

Ms
30 90

36

MeO

MeO
OMe

NH2 MeO

MeO
OMe

H
N

Ts
40 87

A. Kamal et al. / Tetrahedron Letters 49 (2008) 348–353 351
and secondary amines (Table 1). Bis-sulfonylated prod-
ucts were not observed using this procedure. All the
products were characterized by 1H NMR as well as mass
spectral data, and by a comparison with known com-
pounds. Further, the reaction rates with amines possess-
ing different electronic and steric characteristics have
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been studied. The formation of sulfonamide product
was more rapid with the aliphatic amines when com-
pared to aromatic amines due to nucleophilicity. The
involvement of hydrogen bonds in determining the rate
of the reaction was clearly observed with furfurylamine.
Intramolecular hydrogen bond formation between the
N–H hydrogen atom and the oxygen of the furan ring
increases the nucleophilicity at the nitrogen atom and
should enhance the rate of the reaction. However, the
opposite was observed, probably because intramolecular
hydrogen bond formation in 2-furfuryl amine prevented
the hydrogen bond formation between the N–H hydro-
gen and the oxygen of water, which in turn decreased the
rate of the reaction.

In conclusion, we have developed a simple methodology
for the monosulfonylation of various amines in water
without the use of a base.18,19 The products were
obtained in high yields. This could find several applica-
tions in the syntheses of biologically important organic
compounds.
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122.7, 123.5, 126.8, 130.1, 132.8, 143.5, 153.2, 156.1 ppm;
IR (KBr): 3426, 3043, 2983, 2830, 1595, 1345, 1124, 956,
727 cm�1; MS(ESI): m/z 335 (M+1)+; HRMS m/z:
(M+1)+ calcd for C17H20FN2O2S, 335.1229; found,
335.1234; 1-(Methylsulfonyl)-4-[(E)-3-phenyl-2-propenyl
]piperazine (entry 31): 1H NMR (300 MHz, DMSO): d
2.72 (s, 3H), 3.14 (s, 4H), 3.36 (s, 4H), 3.88 (d, J = 7.2 Hz,
2H), 6.23–6.42 (m, 1H), 6.78(d, J = 15.8 Hz, 1H), 7.12 (d,
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J = 7.9 Hz, 2H), 7.32–7.49 (m, 3H) ppm; 13C NMR
(75 MHz, DMSO): d 34.2, 42.6, 49.8, 56.9, 116.3, 125.1,
126.0, 126.8, 129.4, 138.2 ppm; IR (KBr): 3442, 3017,
2923, 1620, 1332, 976, 746 cm�1; MS(ESI): m/z 282
(M+1)+; HRMS m/z: (M+1)+ calcd for C14H21N2O2S,
281.1323; found, 281.1347; 1-[(4-Methylphenyl)sulfonyl]-
4-[(E)-3-phenyl-2-propenyl]piperazine (entry 32): 1H
NMR (300 MHz, DMSO): d 2.4 (s, 3H), 3.04 (s, 4H),
3.24 (s, 4H), 3.88 (d, 2H, J = 7.2 Hz), 6.23–6.42 (m, 1H),
6.78 (d, J = 15.8 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 7.24–
7.43 (m, 3H), 7.51 (d, J = 7.9 Hz, 2H), 7.62 (d, J = 7.9 Hz,
2H) ppm; 13C NMR (75 MHz, DMSO): d 20.8, 42.8, 49.5,
57.1, 116.9, 125.2, 126.5, 127.3, 128.4, 129.6, 131.4, 134.9,
139.0, 143.8 ppm; IR (KBr): 3455, 3026, 2921, 2859, 1648,
1349, 978, 816, 728 cm�1; MS(ESI): m/z 357 (M+1)+;
HRMS m/z: (M+1)+ calcd for C20H25N2O2S, 357.1636;
found, 357.1653; N-(furan-2-ylmethyl)methanesulfonamide
(entry 33): 1H NMR (300 MHz, CDCl3): d 2.77 (s, 3H),
4.26 (d, J = 5.2 Hz, 2H), 6.31 (s, 2H), 7.36 (s, 1H) ppm;
13C NMR (75 MHz, CDCl3): d 34.5, 42.6, 107.5, 109.8,
141.8, 149.2 ppm; IR (KBr): 3287, 2930, 1631, 1316, 984,
751 cm�1; MS(ESI): m/z 176 (M+1)+; HRMS m/z:
(M+1)+ calcd for C6H10NO3S, 176.0381; found,
176.0384; N-(furan-2-ylmethyl)-4-methylbenzenesulfon-
amide (entry 34): 1H NMR (300 MHz, CDCl3): d 2.45
(s, 3H), 4.15 (d, J = 6.04 Hz, 2H), 6.06 (s, 1H), 6.17 (s,
1H), 7.19 (s, 1H), 7.26 (d, J = 8.3 Hz, 2H), 7.71 (d,
J = 8.3 Hz, 2H) ppm; 13C NMR (75 MHz, CDCl3): d 21.3,
40.0, 108.1, 110.2, 126.9, 129.5, 136.7, 142.3, 143.3,
149.5 ppm; IR (KBr): 3443, 3017, 2923, 1620, 1332, 976,
746 cm�1; MS(ESI): m/z 252 (M+1)+; HRMS m/z:
(M+1)+ calcd for C12H14NO3S, 252.0694; found,
252.0690; N-(3,4,5-trimethoxyphenyl)methanesulfonamide
(entry 35): 1H NMR (300 MHz, CDCl3): d 2.98 (s, 3H),
3.78 (s, 3H), 3.84 (s, 6H), 6.47 (s, 2H) ppm; 13C NMR
(75 MHz, CDCl3): d 34.7, 55.1, 60.3, 97.8, 132.7,133.9,
151.4 ppm; IR (KBr): 3208, 2969, 2846, 1603, 1320, 1125,
885, 756 cm�1; MS(ESI): m/z 262 (M+1)+; HRMS m/z:
(M+1)+ calcd for C10H16NO5S, 262.3026; found,
262.3033; 4-Methyl-N-(3,4,5-trimethoxyphenyl)benzene-
sulfonamide (entry 36): 1H NMR (300 MHz, CDCl3): d
2.46 (s, 3H), 3.62 (s, 3H), 3.82 (s, 6H), 6.43 (s, 2H), 7.31 (d,
J = 7.9 Hz, 2H), 7.58 (d, J = 7.9 Hz, 2H) ppm; 13C NMR
(75 MHz, CDCl3): d 20.8, 55.2, 60.2, 98.0, 126.4, 128.8,
133.1, 133.9, 136.2, 142.5, 152.5 ppm; IR (KBr): 3262,
2948, 2834, 1597, 1326, 1129, 897, 751 cm�1; MS(ESI):
m/z 262 (M+1)+; HRMS m/z: (M+1)+ calcd for
C16H20NO5S, 338.1062; found, 338.1072.
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