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Abstract

Heteropoly acid tungstophosphoric acid (H;PW;,040) was found to be an excellent catalyst for the synthesis of symmetrical diaryl sulfoxides.
The reaction was carried out in various organic solvents or ionic liquids and under solventfree condition. The reaction exhibited better results in
terms of the yield and rate under solventfree condition. The catalyst was efficiently recovered from the reaction mixture and reused. The highlighting
features of the present protocol are short reaction times, high yields of the products, ambient conditions, and simple workup.
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1. Introduction

Sulfoxides are fascinating organic molecules. Because of
the multifarious conversions of sulfoxides into a myriad of
organosulfur compounds, they are extremely important to
organic chemists. This class of compounds finds immense use
in the field of drugs, sulfur-substituted natural products and
pharmaceuticals [1,2]. Much exploration has been carried out
to understand its importance as chiral auxiliary in asymmetric
synthesis [3-5] and particularly in carbon—carbon bond forming
reactions [6,7]. In addition, the synthesis of diaryl sulfoxides
leads to triarylsulfonium salts which are used extensively as
photoactive cationic initiators [8] and for the photogeneration
of protonic acid in the lithographic resist field [9].

The methodology for the direct synthesis of sulfoxides
is, however, not explored to a great extent. Some indirect
methods for synthesizing sulfoxides comprise of the reduc-
tion of sulfones, the oxidation of sulfides, and the reaction of
organometallic reagents with sulfinic acid esters, mixed anhy-
drides or sulfines [10]. Friedel-Crafts sulfinylation of arenes
using Brgnsted acids [11,12] as well as Lewis acids [13—15], the
addition of aryl Grignard reagents to thionyl chloride [10] and

* Corresponding author. Tel.: +91 22 22816750; fax: +91 22 22816750.
E-mail address: mmsalunkhe @hotmail.com (M.M. Salunkhe).

1381-1169/$ — see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2007.01.043

the reaction of SO, with arenes in the presence of magic acid
[16] are some of the direct methods of preparation of sulfoxides.
Quite recently, trifluoromethanesulfonic acid and scandium tri-
flate have also been employed as catalysts in the reaction of
arenes with thionyl chloride to obtain sulfoxides.

It is important to bring to light the fact that many of the meth-
ods suffer from certain drawbacks such as the use of corrosive,
hazardous, oxidizing and difficult to handle reagents, lack of
selectivity, longer reaction times, high temperature and the for-
mation of a mixture of products containing sulfonium salts and
chlorinated byproducts along with desired sulfoxides.

In recent years, the use of solid acids as heterogeneous cat-
alysts has received considerable attention in different areas of
organic synthesis [17]. Amongst the various heterogeneous cat-
alysts, heteropoly acids (HPAs) are the most attractive, because
of their flexibility in modifying the acid strength, environ-
mental compatibility, nontoxicity and experimental simplicity
[18-20]. The use of HPA as a catalyst makes the process con-
venient and environmentally benign. HPAs due to their unique
physicochemical properties are widely used as homogeneous
and heterogeneous acid and oxidation catalysts.

Earlier in our laboratory, we have successfully synthesized
diaryl sulfoxides by an efficient direct route employing chloroa-
luminate ionic liquid [21]. With growing interest in similar study
and in view of the emerging importance of the use of het-
eropoly acids as catalyst in organic synthesis, we herein wish
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Scheme 1. Heteropoly acid catalyzed synthesis of symmetrical diaryl sulfox-
ides.

to report the synthesis of symmetrical diaryl sulfoxides from
arenes and thionyl chloride using catalytic amount of heteropoly
acid (Scheme 1).

2. Experimental
2.1. Material

All chemicals and reagents were of analytical grade and used
as received.

2.2. Procedure for sulfinylation of anisole in organic
solvent or ionic liquid

To a suspension of anisole (10 mmol), organic solvent or
ionic liquid (1 ml) and H3PW12049 (5mol%), thionyl chlo-
ride (6 mmol) was added dropwise and the reaction mixture
was stirred at ambient temperature under N, atmosphere for
specified period of time (Table 3). After completion of the reac-
tion, as indicated by TLC, the reaction mixture was extracted
with diethyl ether (3 ml x 15 ml), the combined extract was then
treated with saturated sodium bicarbonate and dried over anhy-
drous Nay SOy, concentrated in vacuo and the resulting product
was purified by silica gel column chromatography to afford pure
dianisyl sulfoxide.

2.3. General procedure for sulfinylation under solventfree
condition

To a suspension of arene (10 mmol), and the tungstophos-
phoric acid (H3PW,040) (2 mol%), thionyl chloride (6 mmol)
was added dropwise and the reaction mixture was stirred at
ambient temperature under N, atmosphere for an appropriate
time (Table 4). After completion of the reaction, as indicated
by TLC, the reaction mixture was extracted with diethyl ether
(3ml x 15ml) and the catalyst was filtered off. The combined
ether extract was treated with saturated sodium bicarbonate
and dried over anhydrous NaySO4, concentrated in vacuo and
the resulting product was purified by silica gel column chro-
matography to afford pure diaryl sulfoxide. The products were
characterized by IR, 'H NMR and GC-MS spectroscopy. The
filtered catalyst was repeatedly washed with diethyl ether and
reused.

2.4. General procedure for recycling of system of ionic
liquid and catalyst

After the crude product was extracted from the reaction
mixture with diethyl ether, the system of ionic liquid and

Table 1
Screening of different heteropoly acids for the synthesis of dianisyl sulfoxide
from anisole in dichloromethane at room temperature

Entry Catalyst® Time (h) Yield (%)
H3PW 12049 3.0 94

2 H3SiW 1,049 6.5 86

3 H3PM012040 10 83

2 A 5mol% of the catalyst was used.

tungstophosphoric acid was reused for subsequent runs and the
above mentioned procedure mentioned in Section 2.2 was fol-
lowed.

3. Results and discussion

Preliminary investigations involved screening of three
different heteropoly acids, namely tungstophosphoric acid
(H3PW12049), silicotungstic acid (H3SiW2040) and molyb-
dophosphoric acid (H3PMo12049) for the conversion of anisole
into dianisyl sulfoxide in dichloromethane (DCM), which was
chosen as the prototype. The experiments were carried out at
room temperature. Analysis of the reaction mixture on TLC
showed complete conversion of the starting material. Anisole
reacted smoothly with SOCI, to afford the dianisyl sulfoxide
in good yield. The protocol exhibited excellent regioselectivity
as the para product was formed exclusively. However, it was
noticed that tungstophosphoric acid with an optimum quantity
of 5mol% exhibited a high reaction rate in comparison with
other two heteropoly acids chosen for the study (Table 1). One
interesting observation that needs to be mentioned is that though
heteropoly acid did not dissolve in DCM, the reaction performed
well under heterogeneous conditions.

Further, we contemplated to illustrate a comparison between
tungstophosphoric acid and other conventional acid catalysts,
which have not been employed for the synthesis of diaryl sul-
foxide, in terms of the yield and rate of the reaction. We chose
various acid catalysts such as montmorillonite K10, InBr3, etc.,
to carry out the study. It was evidently observed (Table 2) that
the yield and rate of the reaction were significantly low in all the
cases except tungstophosphoric acid. Even on prolonging the
reactions, the yields did not increase in the case of other acid
catalysts.

Table 2
Comparison between tungstophosphoric acid and other conventional acid cata-
lysts for synthesis of dianisyl sulfoxide in dichloromethane at room temperature

Entry Catalyst® Time (h) Yield (%)

1 H3PW 1,040 3.0 94

2 Montmorillonite-K10 20 40

3 Amberlyst-15H 20 25

4 BiCls 20 50

5 InBr3 24 20

6 Molten (Bu)4NBr 24 No reaction
7 [Hmim]Tfa® 24 No reaction

2 A 5mol% of the catalyst was used.
b Methylimidazolium trifluoroacetate ionic liquid.
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Next, we considered it worthwhile to study the effect of var-
ious organic solvents on the yield and rate of the reaction. Our
interest in the field of ionic liquids for organic transformations
of high synthetic value [22-24] encouraged us to employ ionic
liquids for the reaction. Ionic liquids have proven their utility as
recyclable reaction media for a wide variety of organic transfor-
mations. This aspect made us consider that ionic liquid would
serve as a reservoir for the catalyst and that hence the catalyst
along with the ionic liquid could be recycled.

Various organic solvents such as dichloroethane, chloroform,
THF and acetonitrile, and ionic liquids such as 1-butyl-
3-methylimidazolium hexafluorophosphate, [bmim]PFg and
1-butyl-3-methylimidazolium tetrafluoroborate, [bmim]BF4
were selected for the study. Heteropoly acid does not dissolve
in halogenated organic solvents like dichloroethane and chloro-
form but is soluble in acetonitrile, THF. However, this difference
did not have profound effect on the outcome of the reaction as
all the solvents gave the desired product in excellent yields with
5 mol% of the catalyst. In the case of ionic liquids, the catalyst
dissolved in hydrophilic ionic liquids such as [bmim]BF, but did
not dissolve in hydrophobic ionic liquids such as [bmim]PFg.
This behavior of the catalyst in ionic liquids did not affect the
yield or rate of the reaction either as can be inferred from Table 3.

Keeping all these results in view, we were then prompted to
study the reaction under solventfree conditions. Quite interest-
ingly, we observed that with 5 mol% of the catalyst, there was
appreciable increment in the rate of the reaction (Table 3). How-
ever, on reducing the amount of the catalyst from 5 to 2 mol%,
we obtained results similar to those obtained with organic sol-
vents and ionic liquids using 5 mol% of the catalyst in terms of
both the yield and rate of the reaction.

Considering low loading of the catalyst as beneficial, we
decided to generalize the protocol by treating different arenes
with thionyl chloride and 2 mol% of the catalyst under solvent-
free conditions. All the selected arenes afforded corresponding
sulfoxides in high to excellent yields. Tungstophosphoric acid
was found to be an efficient catalyst for the synthesis of aryl
sulfoxides from activated arenes, and interestingly, the catalyst
was also effective for the sulfinylation of unactivated arenes such
as chlorobenzene and bromobenzene albeit requiring longer
reaction time (Table 4). In the case of solid arenes such as naph-
thalene (entry 11) and biphenyl (entry 12), we employed the

Table 3
Comparative study between organic solvent, ionic liquids and solventfree con-
dition for the sulphinylation of anisole at room temperature

Entry Solvent Amount of catalyst Time (h) Yield (%)
(mol%)
1 Dichloroethane 5 3.0 94
2 Chloroform 5 3.5 96
3 Acetonitrile 5 4.5 92
4 THF 5 5.0 89
5 [bmim]BF4 5 3.0 95
6 [bmim]PFg 5 35 95
7 [moemim]OMs 5 3.0 92
8 Solventfree 2 3.0 93
9 Solventfree 5 0.5 95

Table 4
Synthesis of diaryl sulfoxides under solventfree conditions catalyzed by 2 mol%
of tungstophosphoric acid

Product?® Time Yield®
(h) (%)
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2 The products were characterized by 'H NMR, IR, GC-MS and by compar-
ison with authentic samples [25].

b Isolated yields.

¢ An ortho to para ratio of 10:90 was obtained, which was confirmed by 'H
NMR and GC-MS spectroscopy.

4 The ionic liquid 1-butyl 3-methylimidazolium tetrafluoroborate, [bmim]BFy4
(1 ml) was used as solvent.

ionic liquid [bmim]BF4. However, deactivated arenes such as
nitrobenzene remained unchanged under similar reaction con-
ditions even after 24 h.

The reaction exhibited high selectivity as no sulfonium salts,
sulfides and sulfones were obtained. The methodology showed
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Table 5
Recyclability of system of ionic liquid and tungstophosphoric acid for synthesis
of dianisyl sulphoxide

Run Yield (%)
1 94
2 92
3 90
4 90

excellent regioselectivity as the para products were formed
exclusively.

Keeping in view the constraints of environmental legislation,
the recovery and reusability of heteropoly acid needed some
investigation. In this context, as the reaction mixture was hetero-
geneous under solventfree condition, diethyl ether was added to
the reaction mixture and heteropoly acid was filtered out. When
ionic liquid was used as the reaction mixture, the product was
removed by diethyl ether extraction and the entire system of
ionic liquid and heteropoly acid could be reused for three con-
secutive runs. This recovered heteropoly acid showed a decline
in its catalytic activity as the product was obtained in lower yield;
however, the regioselectivity remained exclusive (Table 5).

4. Conclusion

In summary, a highly effective and environment friendly syn-
thesis of diaryl sulfoxides from arenes and thionyl chloride in
presence of tungstophosphoric acid (H3PW2040) is reported.
The ionic liquid serves as a good reservoir for the catalyst.
Even under solventfree condition, the catalyst could be eas-
ily recovered and reused. Excellent regioselectivity, high yields
and ambient conditions are the striking features of the present
protocol.
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