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Abstract Chromium (III) is used as an efficient, recy-
clable catalyst for selective oxidation of sulfides. The
reactions were carried out in 60% acetonitrile (v/v) using
30% H,0,. Chromium (III) forms complex with sulfides
which is then oxidized by H,0, to form sulfoxides.
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1 Introduction

In recent years interest in sulfoxide chemistry is increasing.
Sulfoxides are the valuable intermediates in organic syn-
thesis [1] and in formation of biological active molecules [2].
They play an important role as cardiotonic agents [3], anti-
hypertensive [4], as well as vasodilators [5]. So various
efforts have been made in development of new synthetic
methods for sulfoxide synthesis [6—8]. Oxidation of sulfide is
the simplest, straight and widely accepted for their synthesis.
Various reagents and oxidative procedures are now available
for their transformations [9—17]. But most of these reagents
are not satisfactory for synthesis because of low content of
effective oxygen, high cost and formation of unfavorable
waste by-products. The major disadvantage of some of these
processes is the over-oxidation into sulfone. So controlled
method is necessary for sulfoxide preparation. Hydrogen
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peroxide is an ideal oxidant, having water as the only by-
product with high oxygen content [18]. So it is an environ-
mentally green reagent. The reaction between H,0O, and
sulfide is slow; hence extensive studies have been made
for development of new catalyst for their transformations
[19-22]. It is advantageous to use water soluble catalyst for
practical and industrial applications. If catalyst is soluble in
organic solvents then its separation from product becomes
difficult. Whereas, if it is soluble in aqueous medium, the
separation becomes convenient leaving behind catalyst in
aqueous phase, which can be recycled. Various reports are
available on metal catalyzed transformation of sulfide with
H,0,; [23-24]. But in many of these methods, metal catalyst
cannot be recycled, so generation of heavy metal lost is
occurred.

So still there is need of development of new catalyst
which overcomes all these drawbacks. In this communi-
cation we report Chromium™ catalyzed selective oxidation
of sulfide into sulfoxide using 30% H,O, in 60% acetoni-
trile. The reaction takes place at room temperature as
shown in Scheme 1.

2 Experimental

All the products are known compounds and were identified
by comparison of their physical and spectral data with
those of authentic samples. Spectrophotometric analysis
was carried out by using Elico SL 177 spectrophotometer.
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Table 1 Effect of catalyst and

. .. . a Entry Solvents Catalyst H,0, Isolated Time
oxidant variation on reaction (mol%) (mmol) yield (h)
(%)
1 Acetonitrile 10 4 93 1.2
2 Acetonitrile 5 4 70 3
3 Acetonitrile 4 48 33
4 Acetonitrile 10 3 75 3
5 Acetonitrile 10 2 62 35
6 Acetonitrile 10 1 Trace 6
8 Acetonitrile 0 4 Trace 1.2
% Reaction conditions: sulfide ? Acetone 10 4 70 4
(1 mmol), H,0, (4 mmol), Cr 10 Methanol 10 4 80 2.5
(1) (10 mol%) in 10 mL 60% 11 Ethanol 10 4 Trace 8
acetonitrile (v/v) at room 12 Water 10 4 _ 24

temperature

'"H NMR was recorded on Brukar Avance 300 MHz
spectrometer. Melting and boiling points were determined
on an open capillary and are uncorrected. Sulfides were
purchased from Lancaster, chromic potassium sulphate was
purchased from BDH chemicals. Acetonitrile, dichloro-
methane were purchased from SD Fine chemicals
(Mumbai, India) and used without further purification. All
yields refer to isolated yields.

3 General Procedure for Oxidation of Sulfide

To an aqueous solution of acetonitrile (60% v/v) chromic
potassium sulphate (10 mol%, 0.049 g) and methyl phenyl
sulfide (1 mmol, 0.124 g) were added. The reaction mix-
ture was stirred at room temperature, while stirring 30%
H,0, (4 mmol, 0.135 g) was added drop wise. The pro-
gress of the reaction was monitored by TLC. After
completion of the reaction, the excess H,O, was destroyed
by 2 mL of sodium sulphite (3.0 mmol). The reaction
mixture was treated with dichloromethane (2 x 20 mL).
Organic layer was dried on anhydrous MgSO, and con-
centrated to get methyl phenyl sulfoxide (93% yield).

4 Results and Discussion

To study catalytic oxidation of sulfides mediated by chro-
mium (IIT), methyl phenyl sulfide was chosen as a model
compound and reaction conditions were optimized. Since
solvent has pronounced effect on the reaction, it was car-
ried out in various solvents and the results are tabulated in
Table 1. Methanol and acetone gave moderate yield with
comparatively greater reaction time where as ethanol was
found to be a poor solvent. Acetonitrile (60% v/v) was
found to be most effective solvent giving high yield with

comparatively low reaction time and in its absence there
was no reaction even after 24 h in only water. The yield
and rate of the reaction were also found to be dependent on
the concentration of the catalyst. For 1 mol% of the cata-
lyst the yield was 48% in 200 min when it was increased to
10 mol%, reaction rate was enhanced and gave maximum
yield of sulfoxide (93%). The rate of the reaction as well as
yield of the product was also found to be dependent on the
oxidant concentration. In absence of catalyst reaction
afforded 60% yield after 24 h. The effect of oxidant and
catalyst variation on the reaction rate and yield are tabu-
lated in Table 1.

To study the scope of reaction, the series of sulfides
having dialkyl, diaryl, alkyl-aryl groups were chosen and
were subjected to oxidation reaction (Table 2). The over-
oxidation of sulfides into sulfone was not observed. It is
clear from Table 2 that dialkyl sulfides afford sulfoxide in
less time in comparison with Diaryl and alkyl-aryl sulfides.
It is seen that substrates which having presence of electron
donating group at p-position are more reactive, while
electron withdrawing groups at p-position are less reactive.
The Catalysis of hydrogen peroxide oxidations by metal
ions involve [25] a radical mechanism, an ionic mecha-
nism or ionic mechanism via formation of peroxide-Lewis
acid complex. The catalyst, chromium (III), utilized in the
present study is known for its substitution inertness. The
oxidation of Cr (II) by hydrogen peroxide under normal
conditions do not occur due to higher redox potential of the
couple Cr (IIT)/Cr (VD) of 1.33 V which can be consider-
ably reduced in presence of ligand forming complex with
Cr (IIT). Such a complexed Cr (III) might be easily oxi-
dized to its higher oxidation state. In order to understand
any interaction between sulfide and Cr (III), the UV-VIS
spectrophotometric examination of Cr (III), sulfide and
their mixture was carried out. The UV-Visible spectrum of
chromium (III) shows characteristic peaks at 415 and
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Table 2 Cr (III) catalyzed oxidation of sulfides into sulfoxides

Entry Sulfide Sulfoxide Time (min) Isolated yield (%) MP or BP (°C)
1 (CH3(CHz);),S (CH3(CH3);),SO 30 92 31[27]
2 S— (o) 72 93 32-34[28]
|
©/ ©/ S
3 Se_~ 0 30 84 144-146 [28]
|
4 S—CH(CH,), (ﬁ 50 88 -
©/ i: _S—CH(CH,),
5 /©/ S—_ 0 80 90 -
|
S
F /©/ —
F
6 /©/S — o) 180 90 -
|
S
Cl
7 /©/S\ (o) 120 88 76 [28]
|
Br /©/ S—
Br
8 S — 0 75 95 _
Il
T
9 (o) 45 94 70 [29]

Ej S@ I

577 nm and their intensity increases considerably in
presence of sulfide (Fig. 1) indicating complex formation.
The absorbance of Cr (III) at 415 and 577 nm is due to
ligand field band which increases considerably in presence
of sulfide as a result of coordination [26] of S atom.
Therefore, the mechanism involves a prior complex
between the catalyst and the substrate which is oxidized by
the oxidant as shown in Scheme 2. After completion of
reaction the aqueous layer was concentrated to get catalyst

@ Springer

back. It was washed with dichloromethane and further
recycled for four times without loss in its activity as shown
in Fig. 2.

R$SR, 4+ Cr(lll —  Complex (1)
Complex + H,0, —= R,;SOR, + H,0 + Cr(lll) (2)

Scheme 2
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Fig. 1 Increase in absorbance due to complex formation. (A) 5 mL
water + 7.5 mL acetonitrile + 35 mg chromic (III) potassium sul-
phate. (B) 5 mL water 4+ 7.5 mL acetonitrile + 35 mg chromic (III)
potassium sulphate + 0.10 mL methyl phenyl sulfide
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Fig. 2 Recyclibility of Cr (III)

5 Conclusion

The main advantage of this method is over-oxidation into
sulfone is not occurring. The reagents used in this reaction
are cheap and are easily available. The methodology is
simple, economically viable, mild and selective affording
high yields of sulfoxides after simple workup procedure.
Chromium (IIT) found to be selective and recyclable cata-
lyst in this transformation.
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