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Catalyst for Oxidation of Sulfides under Ultrasonic Irradiation
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The use of ultrasonic irradiation for the selective synthesis of sulfone in the oxidation of sulfides with NalO, catalyzed by

Mn(Salophen) supported on chloromethylated polystyrene-bound

imidazole, [Mn(Salophene)-PSI], is reported. This

heterogeneous catalyst efficiently catalyzed selective oxidation of sulfides to sulfones under ultrasonic irradiation and no

sulfoxide was detected in the reaction mixture.
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INTRODUCTION

Transition metal complexes of porphyrins,
phthallocyanines and Schiff bases have been used for
mimicking the function of P-450 enzymes [1]. The catalytic
activity of these homogeneous catalysts decreases in the
reaction media due to the ligand oxidation or formation of
dimeric oxo- and peroxo-bridged complexes [2,3]. On the
other hand, these catalysts can not be recovered and reused.
One practical way to overcome these problems is the
immobilization of transition metal complexes on solid
supports. Such immobilization makes catalysts recoverable,
reusable and desirable for commercial applications. Schiff
base complexes (salen or salophen) can be immobilized on
supports by non-covalent immobilization in diatomites, clay,
zeolite, activated carbon and siloxane membranes, covalent
grafting onto inorganic supports such as silica or MCM-41,
co-polymerization of a functionalized salen monomer into an
organic polymer and attachment or build-up of a salen
structure to a preformed polymer [4-23].

*Corresponding author. E-mail: mirkhani@sci.ui.ac.ir

Ultrasonic waves are known to play a vital role in the
synthesis of organic compounds. The spectacular effects of the
ultrasonic waves are due to the cavitation phenomena which
lead to the production of free radicals and generation of local
hot spots (local conditions of high temperature and pressure)
[24]. Ultrasound can be successfully utilized to enhance the
selectivity as well as conversion of the desired product by
enhancing the rate of the reaction [25].

Oxidation of sulfides under ambient conditions is the most
straightforward method for the synthesis of sulfoxides and
sulfones [26,27]. The synthesis of sulfones has attracted much
attention in fine organic synthesis due to their increasing use
as agrochemicals, pharmaceutical products and lubricants
[26,28].

In the present work, oxidation of sulfides to sulfones with
sodium periodate in the presence of [Mn(salophen)CI]-PSI, as
a heterogeneous catalyst and under ultrasonic irradiation is
reported (Scheme 1).

EXPERIMENTAL

All  materials were commercial reagent grade.
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Scheme 1

Chloromethylated polystyrene (4-5% CI content and 2% cross-
linked with divinylbenzene) was a product of Merck. The
Schiff base ligand was prepared by the standard procedure of
refluxing ethanolic solutions of the corresponding diamine and
salicylaldehyde derivative in a 1:2 molar ratio [29,30].
[Mn(salophen)CI-PSI] was synthesized according to our
previously reported method [22]. A UP 400S ultrasonic
processor equipped with a 3 mm wide and 140-mm long
probe, which was immersed directly in the reaction mixture,
was used for sonication.

General Procedure for the Catalytic Oxidation of
Sulfides with Sodium Periodate Catalyzed by
[Mn(salophen)CI]-PSI under Ultrasonic Irradiation

All of the reactions took place under ultrasonic irradiation
in a 25 ml flask. A solution of NalO,4 (2 mmol) in H,O (10 ml)
was added to a mixture of sulfide (1 mmol),
[Mn(salophen)CI]-PSI (0.096 mmol) in CHsCN (5 ml). The
mixture was exposed to ultrasonic irradiation. The progress of
the reaction was monitored by TLC. At the end of the reaction,
the catalyst was filtered and the reaction products were
extracted with Et,O (2 x 10 ml) and purified on a silica-gel
plate or a silica-gel column. *"H NMR and IR spectral data
confirmed the identity of the product (Table 1).

RESULTS AND DISCUSSION

The catalytic activity of [Mn(salophen)CI]-PSI was studied
in the oxidation of diphenyl sulfide in order to optimize
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reaction conditions.

Since the best solvent in the alkene epoxidation was
CH3CN/H,0O mixture, the oxidation of diphenyl sulfide was
studied in different rations of acetonitrile/ water as solvent at
room temperature (Table 1) where upon the 1:2 ratio of
acetonitrile/water mixture was chosen as the desired reaction
medium.

Sulfide Oxidation with NalO, Ccatalyzed by
[Mn(salophen)CI]-PSI under Ultrasonic Irradiation

It is well-known that the catalytic ability of manganese
Schiff-bases is improved by the use of a nitrogen base as a
cocatalyst [31,32]. In this study, the polystyrene-bound
imidazole functions not only as a support, but also plays the
axial ligand role in the catalytic system. Reactions took place
under ultrasonic irradiation in CH3CN/H,O containing the
sulfide, the oxidant and the catalyst. The results which are
summarized in Table 2 showed that this catalytic system was
able to catalyze the oxidation of various sulfides such as
aromatic, linear cyclic and heterocyclic sulfides with NalO,
under ultrasonic irradiation and the corresponding sulfones
were obtained in excellent yields (80-100%). Previously, we
had reported the sulfide oxidation with homogeneous
Mn(salophen)CI/NalO, catalytic system [33]. The obtained
results showed that the products were sulfoxide and sulfone,
while in the present system, sulfones were obtained selectively
under ultrasonic irradiation. The use of different amounts of
oxidant could not change the reaction product and no
sulfoxide was detected in the reaction mixture.

Catalyst Reuse and Stability

The stability of [Mn(salophen)CI]-PSI catalyst was studied
in repeated oxidation reactions under ultrasonic irradiation.
The oxidation of diphenyl sulfide was chosen as a model
substrate to study the catalyst reuse and stability. The catalyst
was separated from the reaction mixture after each experiment
by filtration, washed with methanol and dried carefully before
using it in the subsequent run. After the use of the catalyst for
four consecutive times, the sulfone yield was 95%.

The filtrates were used for the determination of manganese
leached by atomic absorption spectroscopy. The results
showed that only a small amount of the catalyst had been
leached in the two first runs (Table 3). Such a finding
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Table 1. Effect of Solvent on the Oxidation of Diphenyl Sulfide with NalO,4 Catalyzed by
[Mn(salophen)CI]-PSI under Ultrasonic Irradiation®

Solvent Conversion (%) Sulfone (%) Time (min)

CH3CN/H,0 (1:2) 100 100 7

CH3CN/H,0 (1:1) 100 100 15

CH3CN/H,0 (2:1) 100 100 25
®Diphenyl sulfide (1 mmol), NalO4 (2 mmol), catalyst (0.096 mmol), CH;CN (5 ml), H,0
(10 ml).

Table 2. Oxidation of Sulfides with NalO, Catalyzed by [Mn(salophen)CI]-PSI under Ultrasonic Irradiation®

Entry  Sulfide Conversion (%) Sulfone (%) Time (min)
1 QS@ 100 100 7
2 @S*CHB 100 100 25
S
3 100 100 15
N
5 @[ PN 100 100 10
Y/ S
N>7
N
6 100 100 85
S—C Br
C—=+Or
100 100 75

®Sulfide (1 mmol), NalO,4 (2 mmol), catalyst (0.096 mmol), CH;CN (5 ml), H,O (10 ml).

confirmed the strong covalent bonding of the polymer and the
metallosalophen, in which the [Mn(salophen)CI] catalyst was
not leached from the polymer during the oxidation reaction.

CONCLUSIONS

The selective oxygenation of organic compounds catalyzed
by transition metal copmounds is one of the most productive

and elegant techniques for the oxo functionalization of organic
substrates. Mn(salophen)CI supported on polystyrene bound
imidazole, ([Mn(salophen)CI]-PSI is an efficient catalyst for
oxidation of sulfides with NalO, under ultrasonic irradiation.
The results showed that the ultrasonic irradiation enhanced the
product yield and selectivity. Moreover, the catalyst could be
reused several times without significant loss of its catalytic
activity.
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Table 3. Catalyst Reuse and Stability in the Oxidation of Diphenyl Sulfide under

Ultrasonic Irradiation

Entry Conversion (%) Time (min) Mn leached (%)*
1 100 7 0.5

2 98 7 0.2

3 95 7 0

4 95 7 0

Determined by atomic absorption spectroscopy.
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