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Abstract—An efficient and direct sulfonylation of aromatic compounds with sulfonic acids is described via mixed anhydrides in
short reaction times using Tf,O in nitromethane at room temperature.

© 2007 Elsevier Ltd. All rights reserved.

Aryl sulfones are important compounds in industry and
organic synthesis.! Diaryl sulfones are especially impor-
tant intermediates for synthesizing pharmaceutical com-
pounds? and are potent anti-HIV-1 agents.? In addition,
they are active against malaria, leishmaniasis, and infec-
tions in patients with discoid lupus erythematosus.*
There are several methods for preparing these com-
pounds, which include the oxidation of sulfides,’ sulf-
onylation of arenes using an aryl sulfonyl halide in the
presence of Lewis acids,® and reaction of sulfonyl fluo-
rides with organometallic reagents.” Recently, Olah
et al. reported the sulfonylation of aromatic compounds
using sulfonic acids in the presence of Nafion-H.® Sulf-
onylation of aromatic compounds with sulfonic acids
using Montmorillonite clay,’ P>Os/SiO,! and under
microwave irradiation'! has also been reported. How-
ever, there are only a few reports®!! in the direct sulf-
onylation of arenes with sulfonic acids whilst
sulfonylation of arenes via mixed anhydrides prepared
in situ from a sulfonic acid to the best of our knowledge
has not been reported. Therefore, the development of
more efficient activating agents, especially those not
requiring a catalyst are highly desirable.

In continuation of our studies on electrophilic aromatic
substitution,'> we report the use of triflic anhydride
(Tf,0) for the direct sulfonylation of arenes using
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sulfonic acids in nitromethane at room temperature
(Scheme 1).

We found that Friedel-Crafts type acylation of aromatic
compounds with carboxylic acids in the presence of
Tf,O afforded the corresponding ketones in good
yields'? which prompted us to test the efficiency of
Tf,0 in the direct sulfonylation of arenes. Mesitylene
and p-toluenesulfonic acid (p-TSA) were chosen as a
model arene and sulfonic acid. The reaction of an equi-
molar (I mmol, each) mixture of mesitylene and p-TSA
in the presence of Tf,O (0.25 ml, 1.5 mmol) proceeded
via an exothermic reaction and afforded 2,4,6-trimethyl-
phenylsulfonyl-p-methylbenzene in 83% yield, in 10 min
at room temperature in nitromethane (Table 1).

Encouraged by this initial success, Friedel-Crafts type
sulfonylation reactions were then performed between a
variety of arenes and p-toluenesulfonic acid to produce
symmetrical and unsymmeterical aromatic sulfones.
The results summarized in Table 1 highlight the general
applicability of this reaction. The reactions of arenes
with sulfonic acids yielded the desired sulfonylated
products rapidly (5-15 min) and in 32-89% yields.

Anisole reacted with p-toluenesulfonic acid under the
same reaction conditions to give the corresponding aryl

Tf,0
ArH+RSO,H—— = ArSO,R
CH,NO,, rt
R = p-Tol, Ph

Scheme 1.
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Table 1. Sulfonylation of aromatic compounds with sulfonic acids using Tf,O in nitromethane

Entry ArH R Product® Time (min) Yield® (%)
1 Tol 10 83
SO,R
2 Ph 10 75
3 Tol SOR 10 89 o:m:p = 4:2:94
OMe MeO
4 Ph 10 80 o:m:p = 4:0:96
5 Tol 10 78
6 Ph SOR 10 70
SO,R
7 Tol 13 75
8 Ph 15 68
9 Tol 10 74
10 Ph SOR 10 70
11 Tol SO,R 5 67 o:m:p = 15:0:85
12 Ph 5¢ 63 o:m:p = 8:0:92
13 Tol 5¢ 38
SOR
14 Ph 5¢ 32

#The products were characterized by comparison of their spectroscopic data with those reported in the literature.

®Isolated yields.
“Reaction was carried out at 60 °C.

sulfone as a mixture of isomers in 89% yield. The p-iso-
mer was 94% of the product mixture. In the absence of
Tf,0 reaction did not proceed, implying that Tf,O is the
promoter.

The reactions of various aromatic compounds with benz-
enesulfonic acid in the presence of Tf,0O were studied to
examine the scope and limitations of the reaction. The
results in Table 1 showed that the reactions with less
reactive sulfonic acids (benzenesulfonic acid) proceed
less well. The reaction of mesitylene with methanesulf-
onic acid (MsOH) under the same reaction conditions
was also studied and the corresponding sulfone was
obtained in 45% yield after 30 min (Scheme 2).

A competitive experiment was carried out to assess the
selectivity of the reaction. Thus, a mixture of p-TsOH
and MsOH (1:1) was reacted with mesitylene in the pres-
ence of Tf,O in nitromethane at room temperature. The
diaryl sulfone was obtained as the sole product in 82%

CH, CH;,
Tf,0
H,C +CH;SO;H ——» H,C SO,CH,4
CH;NO,, 1t
CH, CH;,

Scheme 2.

yield indicating a high selectivity between MsOH and
p-TsOH. Also, a mixture of anisole and toluene (1:1)
was reacted with p-TsOH using Tf,O in nitromethane
at room temperature. The results showed that only the
corresponding sulfone of anisole was obtained (Table 2).

The yields of the corresponding sulfones from the reac-
tions of benzenesulfonic acid with benzene and toluene
were low (32% and 63%) due to insufficient activation
of Tf,O under the relatively mild reaction conditions
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Table 2. Competitive reactions on selective sulfonylation
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CH,

CH, CH,
Tf,0
H,C +p-TsOH ——H.C SO,
CH,NO,, 1t
CH, 82%

CH, CH,
Tf,0
H,C + MsOH—— H.C SO, —CH,
CH;NO,, 1t
0%
CH, CH,

Tf,0

MeO@ + p-TsOH ——— MeO@

CH,NO,, 1t

H,C

Tf,
CH;NO,, 1t

89%

Table 3. Comparison of this method (entry 6) with reported methods for the sulfonylation of aromatic compounds with sulfonylating agent (1 mmol)

Entry Aromatic compound Conditions Time Yield (%)
1 p-Xylene Nafion H, p-TsOH, dry p-xylene (8 ml), reflux® 8h 78
2 p-Xylene p-TsCl, [bmim]CI-AICl5, 30 °C'? 3h 87
3 0-Xylene p-TsCl, NalOy,, o-xylene (2 ml), reflux'® 45h 82
4 Aniline H,S0,, MW!! 4 min 93
5 Mesitylene p-TsOH, P,05/SiO,,mesitylene (1.6 ml), reflux'’ 30 min 85
6 p-Xylene p-TsOH, p-xylene (1 mmol), nitromethane (2 ml), rt 13 min 75
used. In addition, the boiling point of benzene is low Acknowledgment

and it may evaporate under the reaction conditions.
Sulfonylation of toluene and anisole gave para substi-
tuted sulfones as the major products indicating that
the reaction occurs via electrophilic aromatic sulfonyl-
ation. The present method is simple and uses readily
available aromatic compounds and sulfonic acids
instead of sulfonyl halides. In contrast to other reported
methods, no excess of arene was required.

In conclusion, we have described an easy, fast and selec-
tive approach to sulfones under mild reaction conditions
without any by-product formation.'# The advantages of
Tf,0O over reported reagents for sulfonylation of aro-
matic compounds are shown in Table 3.
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