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Abstract Sulfonylation is an important reaction in the synthesis of naturally occurring bioactive molecules and is one
of the most important methods for the protection of alcohols and amines. However, many efforts have been made towards
the development of novel methods for the preparation of the target compounds. Most of these methods are involved the
reaction of amine and alcohol compounds with sulfonyl chlorides by using an organic solvent, a base, and under high tem-
peratures. Herein, we introduce our findings on the sulfonylation of aniline, 4-nitroaniline, and some alcohols bearing elec-
tron donating or withdrawing substituents with p-toluenesulfonyl chloride under very simple conditions in the absence of
any expensive additive, as catalyst, and under solvent free condition at room temperature.
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1. Introduction

The development of new, simple, environmentally-benign,
and economically attractive chemical processes or method-
ologies for widely used organic compounds is in great de-
mand. Organosulfones are one of the most familiar com-
pounds in organic synthesis and industry which have several
pharmaceutical applications[1,2]. One of these useful com-
pounds are 1, 2-diarylsulfones, as effective drugs against
leishmaniasis, malaria, and infections in patients with AIDS
discoid lupus erythematosus[3,4]. Sulfonamide derivatives
constitute the most important classes of pharmaceuticals.
Antibacterial agents with a sulfonamide structure, such as
sulfadiazine, and hydrochlorothiazide, have been therapeu-
tically used for many decades[5-7]. For example, many
drugs with a sulfonamide structure are antihypertensive
bosentan, have the antiviral HIV protease inhibitor am-
prenavir, and the phophodiesterase-5 inhibitor silde-
nafil[15-18]. In addition, numerous sulfonamide derivatives
have been used in preclinical development. The sulfonamide
partial structure appears to belong to the so-called ‘‘privi-
leged structures’’ in medicinal chemistry, and showed sev-
eral pharmacokinetic properties including metabolic stability.
Moreover, 3,4-diaryl and aryl/alkyl sulfones could be syn-
thesized by conventional Friedel-Crafts type sulfonylation of
aromatic compounds by sulfonyl halides in the presence of
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Lewis acids such as AICl;, BF;, triflic acid/BiCl;,
Zn-exchanged zeolites, Fe(IlI)-exchanged montmorillonite
clay, scandium and lanthanide(III) salts[8], and Cu(OTY), or
Sn(OTf),[9]. The other branch of organosulfones are sul-
fonamides which were used widely in pharmaceutical
compounds because of their wide range of biological activi-
ties such as anticancer, anti-inflammatory and antiviral
functions. Moreover, another important application of sul-
fonamides is their function as protecting groups of OH or NH
functionalities for easy removal under mild conditions
[10-13]. Therefore, there are significant demands by the
pharmaceutical industry for cheap, efficient and environ-
mentally friendly procedures for the synthesis of these
valuable compounds. Even though, many synthetic methods
have been reported, the sulfonylation of amines with sul-
fonyl chlorides in the presence of a base is still being used as
the method of choice because of high efficiency and sim-
plicity of the reaction. However, this approach is limited by
the formation of undesired di-sulfonamides with primary
amines and by the need of harsh reaction conditions for less
nucleophilic amines such as anilines[14]. Additionally, side
reactions take place in the presence of a base. In continuation
of our studies on solvent-free organic reactions[19], we
report herein an efficient method for the synthesis of sul-
fonamides via the condensation of amines and alcohols with
p-toluenesulfonyl chloride in the presence or absence of
catalyst (zinc oxide) under solvent-free conditions at room
temperature (Scheme 1). In this communication, we find that
the sulfonylation reactions of alcohols, aniline, and
4-nitroaniline toke place under solvent free condition.
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Scheme 1

2. Experimental

Chemicals such as anilines, p-toluene sulfonyl chloride,
alcohols, metal oxides, and other chemicals were purchased
from Fluka, Merck and Aldrich Chemical Companies. The
sulfonylation products were characterized by comparison of
their spectral (IR, '"H-NMR), TLC and physical data with
authentic samples[20]. Infrared spectra were run on a Shi-
madzu Model 8700 Fourier transform spectrophotometer.
The heteropolyacid catalysts were prepared and character-
ized according to the literature procedures.

Typical procedure for the sulfonylation of aniline

4-toluenesulfonyl chloride (2 mmol) and aniline (2 mmol)
were mixed and stirred at room temperature for the appro-
priate reaction time (Table 1). The progress of the reaction
was monitored by TLC.

Spectral data of some selected compounds[21-25]

o-Phenyl-p-toluenesulfonamide: White crystal, IR (neat,
em™): 3375, 1585, 1284, 1144 cm-1; 'H NMR (CDCls, 250
MHz) 6 2.38 (s, 3H), 6.30 (s, 1H), 6.90 (d, 2H), 7.37 (d, 2H),
7.79 (d, 4H); MS (m/e) 249 (M", 100, base peak), 141 (45.8),
108 (43.4), 91 (32.6), 65 (66.2), 43 (54.7)

N-Phenyl-p-toluenesulfonamide: IR (KBr, em™): 3208
(NH), 1361, 1149 (SO,), 1H NMR (300 MHz, CDCl3): d
7.18—-7.39 (10H, Ar), 9.52 (s, 1H, NH, D,O exchangeable),
MS: m/z =233 (M").

N-(4-nitroPhenyl)-p-toluenesulfonamide: IR ( KBr, cm™):
539,679, 811,910, 1090, 1159, 1509, 1597, 1611, 3268 cm',
'H NMR (300MHz, CDCl): 1.7 (s, 1H, NH); 2.4 (s, 3H,
CH;); 3.8 (s, 3H, OCHa); 6.8(d, 2H, Ar), 7.0(d, 2H, Ar).,
7.2(d, 2H, Ar), 7.6(d, 2H, Ar)

3. Results and Discussion

In order to find the optimized condition for the reaction,
condensation of p-toluenesulfonyl chloride with aniline was
studied as a model reaction under neat condition at the
temperature range from 20 to 100°C. It was found that the
temperature change did not affect the reaction yield and the
desired product was formed immediately at room tempera-
ture. Sulfonylation of anilin (2 mmole) with p- toluenesul-
fonyl chloride (2 mmol)/benzene sulfonyl chloride (2mmol)
at room temperature was studied. It was found that, this
reaction is strongly exothermic and can be achieved without
using of catalyst under solvent free condition and gave a
moderate yield of the corresponding sulfonamide, whereas,
the use of small amount of catalyst is necessary for amines
with electron withdrawing groups. To find out the catalyst

effect on the reaction, we used a little amount of ZnO (1
mol%) in the reaction of some alcohols with p- toluenesul-
fonyl chloride. The results are summarized in Table 1. It
should be noted that elongation of the reaction time did not
affect the yield of the product.

In order to show the generality of the method, the reaction
of structurally different alcohols, aniline, and 4-nitroaniline
with p-toluenesulfonyl chloride was examined. The results
indicated all reactions proceeded effectively and the desired
organosulfones were obtained in good to excellent yields. It
was observed that the electronic factors played a significant
role in these reactions. Aromatic amines reacted faster than
alcohols and provided the corresponding sulfonamides in
higher yields. The chemoselectivity of the method was also
noteworthy. Whilst, sulfonylation of molecule having both
NH, and OH groups afforded the corresponding sulfonamide
in high yield and the OH group remained intact.

Table 1. Sulfonylation of some alcohols and anilines with p- toluenesul-
fonyl chloride by the mediation of ZnO (1 mol%)
Substrat Sulfonylation Solvent/ Time | Yield
ubstrate Agent Temperature (h) (%)
[e]
(COron | w3 | CHCNI 5 60
[e]
@OH Hac—@:i*c' Free/r.t 6 70
e}
O—CHZ-DH Hac—Qi‘*C' Free/r.t 5 60
o}
O NH, HJC—QL‘{*C' Free/r.t fast 100
o
1]
" s—ci
DW—@—NHZ A C_Q_B Free/r.t 6 60

4-toluenesulfonyl chloride (2 mmol) and substrate (2 mmol) were mixed and
stirred at room temperature for the appropriate reaction time. The progress of the
reaction was monitored by TLC.

In order to prove the effect of the kind of catalyst in the
sulfonylation of aniline, it was treated with 2 mmol of
p-toluenesulfonyl chloride in the presence of different cata-
lysts under solvent free condition at room temperature (Table
2). Interestingly, similar results with various catalyst, led us
to think about the reaction of aniline would be achieved
without the aid of catalyst. By comparing the obtained results
with the findings obtained in the presence of catalyst, we
found that this reaction can be run without the use of catalyst.

Table 2. Sulfonylation of aniline with p-toluenesulfonyl chloride in the
presence of different catalysts

Catalyst Solvent/Temprature Time Yield (%)
-—- Free/r.t immediately 100
KH,PO, Free/r.t immediately 100
H3PW 1,04 Free/r.t immediately 100
7r0, Free/r.t immediately 100
ZrOCl, Free/r.t immediately 100
SiO, Free/r.t immediately 100
CuO Free/r.t immediately 100
ZrCl, Free/r.t immediately 100
MoO; Free/r.t immediately 100
HsP,Moig Free/r.t immediately 100
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Table 3 compares the efficiency of the present method

with some other reported protocols using various catalysts
for the sulfonylation of aniline.

Table 3. Sulfonylation of aniline with p-toluenesulfonyl chloride in the
presence of different additives

. Time | Yield

substrate Sulfonylation agent (min.) %) Ref.
e}

L) o )3 | 40 | 95 [21]
e}

| w25 | es | pe
[<]

o HsC—@—li—C‘ 2 88 [27]

4.

Conclusions

We have developed an economical and green process for
the catalytic synthesis of some organosulfones in the pres-
ence of zinc oxide under solvent free conditions. Findings
showed that sulfonylation of aniline would be achieved in
absence of catalyst at room temperature under solvent free
condition.
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