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Abstract: H3PW12O40 in bulk form presents suitable properties to be used as catalyst in the selective oxidation of sulfides 

with 35% aqueous hydrogen peroxide, and sulfoxides or sulfones were obtained as products in high to excellent yields and 

selectivity. We found that sulfides were oxidized to the corresponding sulfoxides, with near stoichiometric 35% w/V 

aqueous hydrogen peroxide, at room temperature (20ºC) and with a catalytic amount of bulk H3PW12O40. Similarly, sul-

fides were transformed to the corresponding sulfones using excess of 35% w/V aqueous hydrogen peroxide and a tem-

perature of 70ºC. In both cases acetonitrile was used as reaction solvent. 
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INTRODUCTION 

There is a notable increasing interest in the area of het-
eropoly compound-induced organic transformations. In view 
of their remarkable catalytic properties, heteropoly com-
pounds (HPCs) are applied in bulk or supported form, as 
homogeneous or heterogeneous catalysts. The HPCs with 
Keggin structure are polynuclear complexes mainly com-
posed of molybdenum, tungsten or vanadium as polyatoms 
(M), and phosphorus, silicon or germanium as central atom 
or heteroatom (X). The Keggin structure is formed by a cen-
tral tetrahedron XO4, surrounded by 12 octahedra MO6. They 
could be either multielectron oxidants or strong acids, with 
an acid strength higher than that of the classical acids [1-3]. 
Recently, our research group reported green catalytic acid 
and oxidation procedures using Keggin HPCs [4-8]. 

On the other hand, sulfoxides and sulfones are important 
intermediates in organic chemistry due to their application in 
fundamental research and other extended usage, specially 
because chiral sulfoxides are versatile intermediates for the 
preparation of biologically and medically important products 
[9-10]. Omeprazole and the pesticide Fipronil are two typical 
examples of the extensive application of these intermediates 
in pharmaceutical and fine chemical industries [11]. The 
most widely used method for the preparation of sulfoxides 
and sulfones is the selective oxidation of the corresponding 
sulfide. For this reason, sulfide oxidation to sulfoxides and 
sulfones has been the subject of many studies, and several 
methods for this transformation have been reported in the 
literature [12–20]. Some traditional oxidizing reagents used 
for this purpose include nitric acid, trifluoroperacetic acid, 
hydrogen peroxide, nitromethane solution in dilute  
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NO3H/H2SO4, iodic acid, other hypervalent iodine reagents, 
and CAN (cerium ammonium nitrate), among others [10, 12-
20]. 

The aim of this paper is the study of the catalytic activity 
of H3PW12O40 in the oxidation of sulfides to the correspond-
ing sulfoxide and/or sulfone, with aqueous hydrogen perox-
ide, using H3PW12O40 as catalyst (Scheme 1).  

EXPERIMENTAL 

General 

All reagents were purchased from Merck and Aldrich and 
used without further purification. All yields refer to isolated 
products after purification. The products were characterized 
by mass spectrometry. The organic phase was dried on an-
hydrous Na2SO4 and filtered for its analysis by gas chroma-
tography using Varian Scan 3400 cx equipment. The product 
distribution was quantified by a Shimadzu C-R34 instru-
ment. Reactions were monitored by thin layer chromatogra-
phy (TLC) analyses. 

Optimization of reaction conditions by the selective oxi-
dation of benzyl phenyl sulfide 

The oxidation of benzyl phenyl sulfide was typically car-
ried out by heating a solution of 1 mmol, 1 mmol % of 
H3PW12O40 in 5 mL of acetonitrile at several temperatures 
(see Table 4). The oxidant used was aqueous H2O2 35% 
w/V. The sample was collected from the mixture at several 
times. About 20 �L of the reaction mixture was taken for 
each sample, which was then diluted in a mixture of water- 
dichloromethane (2 mL). The dichloromethane layer was 
shaken with anhydrous Na2SO4. GC/MS analyses were per-
formed on an HP 5971 mass detector coupled to an HP gas 
chromatograph fitted with a 30 m x 0.25 mn DB5 capillary 
column. The percentages of each compound in the reaction 
mixture were directly estimated from the corresponding 
chromatographic peak areas.  
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General Procedure for the Selective Oxidation of Sulfides 
to Sulfoxides or Sulfones 

To a stirred solution of sulfide (1 mmol) and H3PW12O40

(1 mmol %) in acetonitrile (5 mL), H2O2 35% w/V (0.1 mL) 
was added at 20ºC (sulfoxides) or 70ºC (sulfones). The reac-
tion was followed by TLC. The solvent was evaporated and 
the reaction mixture was extracted with toluene and dried 
with anhydrous Na2SO4; filtration and evaporation afforded 
the corresponding pure crude. The solid sulfoxides/sulfones 
were purified by recrystallization to afford the pure products. 
The structure of the products was confirmed by mass spectra. 

Mass Spectra of Synthetized Sulfoxides  

Dibutylsulfoxide 

Colorless oil. EM, m/z (relative intensity): 162 (M
+
, 5%), 

145 (11%), 106 (32%), 89 (45%), 57 (58%), 41 (98%), 29 
(100%). 

Dibenzylsulfoxide 

Colorless solid. M.p.: 129-130°C. EM, m/z (relative in-
tensity): 230 (M

+
, 5%), 181 (2%), 180 (3%), 91 (100%), 65 

(9%), 39 (3%).  

Benzylphenylsulfoxide 

Colorless solid. M.p.: 121-123°C. EM, m/z (relative in-
tensity): 216 (M+, 10%), 182 (16%), 165 (2%), 125 (5%), 91 
(100%), 77 (11%), 65 (18%). 

Diphenylsulfoxide 

Colorless solid. M.p.: 69-71 °C. EM, m/z (relative inten-
sity): 202 (M+, 83%), 185 (18%), 154 (73%), 109 (90%), 97 
(48%), 77 (78%), 65 (59%), 51 (100%), 39 (32%).  

Mass Spectra of Synthetized Sulfones  

Dibutylsulfone 

Colorless solid. M.p.: 42-43°C EM, m/z (relative inten-
sity): 178 (M+, 3%), 149 (2%), 123 (32%), 81 (4%), 57 
(100%), 41 (52%), 29 (56%). 

Dibenzylsulfone 

Colorless solid. M.p.: 149-151 °C, EM, m/z (relative in-
tensity): 182 (M+, 10%), 91 (100%), 65 (24%), 39 (11%). 

Benzylphenylsulfone 

Colorless solid. M.p.: 148-149 °C. EM, m/z (relative in-
tensity): 232 (M+, 4%), 167 (2%), 165 (2 %), 152 (15%), 91 
(100%), 77 (11%), 65 (17%), 51 (13%). 

Diphenylsulfone 

Colorless solid. M.p.: 127-129 °C. EM, m/z (relative in-
tensity): 218 (M+, 36%), 153 (7%), 125 (100%), 97 (12%), 
77 (37%), 51 (23%). 

RESULTS AND DISCUSSION 

First, we studied the influence of the Keggin heteropoly-
acid (H3PW12O40) on the selective oxidation of sulfides, with 
35% w/V aqueous hydrogen peroxide, at room temperature 
(20 ºC), in acetonitrile. The reaction conditions were opti-
mized using benzyl phenyl sulfide (BPS) as substrate and are 
summarized in Table 1. Very low conversion was detected in 
the absence of the catalyst (17% in 20 h, Table 1, entry 5), 
but when an HPC was added, the times were reduced con-
siderably and the conversion increased to values close to 
100%. When H3PW12O40 was used, a conversion of 98% was 
observed at 5 h of reaction, with 90% of selectivity to sulfox-
ide (Table 1, entry 9). 

The hydrogen peroxide concentration effect on the con-
version of BPS and selectivity of reaction was studied using 
three different H2O2 amounts: 0.1, 0.3 and 1 mL, respec-
tively (Table 2). 

Table 3 displays the effect of the amount of catalyst on 
the conversion and selectivity in the oxidation of BPS. The 
experimental reaction conditions were BPS, 1 mmol; 35% 
w/V, H2O2 0.1 mL; acetonitrile, 5 mL, 20ºC and a variable 
amount of catalyst (0.5, 1, 2 and 5 mmol %). It can be seen 
that the conversion increased from 80% to 95% when the 
amount of H3PW12O40 increased from 0.5% to 1% in 5 h. No 
relevant changes of reaction conversion and selectivity were 
observed with further increase in the amount of H3PW12O40 

(5 mmol %). Thus 1% of H3PW12O40 is a suitable amount in 
this reaction. 

In order to continue with the study of the reaction opti-
mization, the temperature effect on the conversion rate and 
selectivity was studied keeping the H2O2/substrate ratio con-
stant (Table 4). The experimental reaction conditions were 
BPS, 1 mmol; 35% w/V H2O2, 1 mL; acetonitrile, 5 mL; 
H3PW12O40, 1 mmol % and variable temperature: 20ºC, 40ºC 
and 70ºC. As can be observed, at 20ºC the reaction is selec-
tive to sulfoxide with 100% conversion and 90% of selectiv-
ity in a reaction time of 2 h. On increasing the reaction tem-
perature, the conversion rate increases and higher selectivity 
to sulfone results. For example, at 70

o
C and 1 h, a selectivity 

of 100% to sulfone is achieved.  

Encouraged by the remarkable results obtained with the 
above reaction and in order to show the generality and scope 
of this catalytic method, the selective oxidation of four sul-
fides to sulfoxides or sulfones was studied under similar con-
ditions. The results are summarized in Table 5. All the  
reactions were run within a very short time and the sulfoxides 
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Scheme (1). Oxidation of sulfides to the corresponding sulfoxide and/or sulfone. 
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Table 1. Catalytic oxidation of benzylphenylsulfide. 

Entry Catalyst 
Time 

(h) 
Conversion (%) 

Sulfoxide Selectivity 
(%)

Sulfone 

Selectivity (%) 

1 None 0.33 - - - 

2  1 - - - 

3  2 2 100 - 

4  5 4 100 - 

5  20 17 100 - 

6 H3PW12O40 0.33 30 100 - 

7  1 68 98 2 

8  2 90 93 7 

9  5 98 90 10 

10  20 100 60 40 

Reaction conditions: benzylphenylsulfide: 1 mmol; 35% w/V H2O2: 0.1 mL; solvent: acetonitrile: 5 mL; catalyst: H3PW12O40: 1 mmol %; temperature: 20ºC. 

Table 2. Catalytic oxidation of benzylphenylsulfide. H2O2 amount influence. 

Amount Oxidant 

(mL) 

Time 

(h) 
Conversion (%) 

Sulfoxide Selectivity 

(%)

Sulfone 

Selectivity (%) 

0.1 0.33 30 100 - 

 1 68 98 2 

 2 90 93 7 

 5 95 90 10 

 20 100 60 40 

0.3 0.33 42 100 - 

 1 78 95 5 

 2 98 93 7 

 5 100 89 11 

 20 100 60 40 

1 0.33 60 95 5 

 1 95 92 8 

 2 100 90 10 

 5 100 87 13 

 20 100 40 60 

Reaction conditions: benzylphenylsulfide: 1 mmol; solvent: acetonitrile: 5 mL; catalyst: H3PW12O40: 1 mmol %; temperature: 20ºC. 
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Table 3. Catalytic oxidation of benzylphenylsulfide. Catalyst amount influence. 

Catalyst Amount 

(mmol %) 
Time (h.) Conversion (%) Selectivity (%) Sulfoxide

Selectivity (%) 

Sulfone 

0.5 0.33 20 100 - 

 1 51 98 2 

 2 75 93 7 

 5 80 92 8 

 20 89 93 7 

1 0.33 30 100 - 

 1 68 98 2 

 2 90 93 7 

 5 95 90 10 

 20 100 60 40 

2 0.33 32 100 - 

 1 80 95 5 

 2 92 93 7 

 5 95 91 9 

 20 100 60 40 

5 0.33 35 95 5 

 1 82 90 10 

 2 94 85 15 

 5 97 80 20 

 20 100 45 55 

Reaction conditions: benzylphenylsulfide: 1 mmol; 35% w/V H2O2: 0.1 mL; solvent: acetonitrile: 5 mL; catalyst: H3PW12O40; temperature: 20ºC. 

Table 4. Catalytic oxidation of benzylphenylsulfide. Temperature influence. 

Temperature 

(ºC)
Time (h) Conversion (%) Selectivity (%) Sulfoxide 

Selectivity (%) 

Sulfone 

20 0.33 60 95 5 

 1 95 92 8 

 2 100 90 10 

 5 100 87 13 

 20 100 40 60 

40 0.33 90 70 30 

 1 99 40 70 

 2 100 0 100 

 5 100 0 100 



128    Current Catalysis, 2014, Vol. 3, No. 2 Frenzel et al. 

Table 4. contd…. 

Temperature 

(ºC)
Time (h) Conversion (%) Selectivity (%) Sulfoxide 

Selectivity (%) 

Sulfone 

 20 100 0 100 

70 0.33 100 41 59 

 1 100 0 100 

 2 100 0 100 

 5 100 0 100 

 20 100 0 100 

Reaction conditions: benzylphenylsulfide: 1 mmol; 35% w/V H2O2: 1 mL; solvent: acetonitrile: 5 mL; catalyst: H3PW12O40: 1 mmol %. 

Table 5. Selective oxidation of different sulfides to sulfoxides or sulfones. 

Entry Substrate Product 
Time/Temperature 

(h/ºC) 
Yields (%) 

1 S
S
O

2/20 85 

2 S
O O

1/70 89 

3
S S

O
3/20 88 

4
S

O O
1/70 94 

5 S S
O

3/20 89 (89,88)a

6 S
O O

1/70 95 

7

S
S
O

12/20 91 

8
S

O O

1/70 97 

Reaction conditions (sulfoxides): sulfide: 1 mmol; 35% w/V H2O2: 0.1 mL; solvent: acetonitrile: 5 mL; catalyst: H3PW12O40: 1 mmol %; temperature: 20ºC. 

Reaction conditions (sulfone): sulfide: 1 mmol; 35% w/V H2O2: 1 mL; solvent: acetonitrile: 5 mL; catalyst: H3PW12O40: 1 mmol %; temperature: 70ºC. 
aFirst and second reuse 
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Scheme (2). Plausible mechanism of the oxidation of sulfide to sulfoxide. 
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Scheme (3). Plausible mechanism of the oxidation of sulfoxide to sulfone. 

 

were obtained in excellent yields (greater than 85 in all 
cases) at room temperature (20ºC). Similarly, sulfones were 
also obtained with excellent yields at 70º C using 35% w/V 
aqueous hydrogen peroxide in excess (1 mL).  

We also investigated the reuse of the catalyst (Table 5, 
entry 5). For this purpose, after completion of the reaction 
the solvent was evaporated and dichloromethane (5 mL) was 
added at 20ºC. The catalyst could be separated by simple 
filtration. The catalyst was dried under vacuum (20ºC). The 
catalyst was recycled and the product yields for the first and 
second reuse were 89% and 88%, respectively. 

A plausible mechanism for the oxidation of sulfide to sul-
foxide is shown in Scheme 2; hydrogen peroxide in the pres-
ence of HPA generates an electrophilic intermediate, which 
undergoes nucleophilic attack by the sulfur atom, and the 
peroxo species transfer oxygen generating sulfoxide as 
shown in Scheme 2. Meanwhile, the oxidation of sulfoxide 
to sulfone is a nucleophilic attack by a SN2 mechanism as 
shown in Scheme 3 [21-23].  

CONCLUSION 

In this research we have found a simple, convenient and 

selective procedure for the oxidation of sulfides to sulfoxides 

or sulfones, with 35% aqueous hydrogen peroxide and a 

catalytic amount of commercial H3PWo12O40 heteropolyacid. 

The oxidation of sulfides to sulfoxides was carried out at 

20ºC and with a near stoichiometric amount of hydrogen 

peroxide, and the direct conversion of sulfides to sulfones at 

70ºC using hydrogen peroxide in excess. In both cases the 

yields are excellent. The oxidation of sulfides using 

H3PW12O40 included in a superadsorbent polymer is cur-

rently in progress in our laboratory. 

CONFLICT OF INTEREST 

The authors confirm that this article content has no con-
flicts of interest. 

ACKNOWLEDGEMENTS 

We thank Universidad Nacional de La Plata, CONICET 
and ANPCyT for financial support. AS, LP, MB and GR are 
members of CONICET. 

REFERENCES 
[1] Anastas, P.T.; Warner, J.C. Green Chemistry: Theory and Practice, 

Science Publications: Oxford, 1998. 

[2] Niknam, K.; Saberi, D.; Mohagheghnejad, M.; Silica Bonded S-
Sulfonic Acid: A Recyclable Catalyst for the Synthesis of Quinox-

alines at Room Temperature. Molecules, 2009, 14, 1915-1926. 
[3] Romanelli, G.; Vázquez, P.; Pizzio, L.; Quaranta, N.; Autino, J.; 

Blanco, M.; Cáceres, C. Phenol tetrahydropyranylation catalyzed 
by silica-alumina supported heteropolyacids with Keggin structure. 

Appl. Catal. A., 2004, 261, 163-170. 
[4] Pizzio, L.; Romanelli, G.; Vázquez, P.; Autino, J.; Blanco, M.; 

Cáceres, C. Keggin heteropolyacid-based catalysts for the prepara-
tion of substituted ethyl -arylaminocrotonates, intermediates in the 

synthesis of 4-quinolones. Appl. Catal. A., 2006, 308, 153-160. 
[5] Romanelli, G.; Autino, J.; Vázquez, P.; Pizzio, L.; Blanco, M.; 

Cáceres, C. A suitable synthesis of azlactones (4-benzylidene-2-
phenyloxazolin-5-ones and 4-alkylidene-2-phenyloxazolin-5-ones) 

catalyzed by silica–alumina supported heteropolyacids. Appl. 
Catal. A., 2009, 352, 208-213. 

[6] Tundo, P.; Romanelli, G.; Vázquez, P.; Loris, A.; Aricó ,F. Multi-
phase oxidation of aniline to nitrosobenzene with hydrogen perox-

ide catalyzed by heteropolyacids. Synlett, 2008, 7, 967-970. 
[7] Tundo, P.; Romanelli, G.; Vázquez, P.; Aricó, F. Multiphase oxida-

tion of alcohols and sulfides with hydrogen peroxide catalyzed by 
heteropolyacids. Catal. Commun., 2010, 11, 1181-1184. 

[8] Bennardi, D.; Romanelli, G.; Autino, J.; Pizzio, L.; Vázquez, P.; 
Cáceres, C.; Blanco, M. Comparative study of the catalytic prepa-

ration of flavones using Keggin heteropolyacids under homogene-
ous, heterogeneous and solvent free conditions. React. Kinet. Mech. 

Catal., 2010, 100, 165-174. 
[9] Kaczorowska, K.; Kolarska, Z.; Mitra, K.; Kowalski, P. Oxidation 

of sulfides to sulfoxides. Part 2: Oxidation by hydrogen peroxide. 
Tetrahedron, 2005, 61, 8315-8327. 

[10] Liu, F.; Fu, Z.; Liu, Y.; Lu, Ch.; Wu, Y.; Xie, F.; Ye, Z.; Zhon, X.; 
Yin, D. A simple and environmentally benign method for sulfoxi-

dation of sulfides with hydrogen peroxide Ind. Eng. Chem. Res., 
2010, 49, 2533-2536. 

[11] Rahimizadeh, M.; Rajabzadeh, G.; Khatami, S.; Eshghi, H.; Shiri, 
A. TiO2 nanoparticles and Preyssler-type heteropoly acid modified 

nano-sized TiO2: A facile and efficient catalyst for the selective 



130    Current Catalysis, 2014, Vol. 3, No. 2 Frenzel et al. 

oxidation of sulfides to sulfones and sulfoxides. J. Mol. Catal. A: 
Chem., 2010, 323, 59–64. 

[12] Khenkin, A.; Leitus, G.; Neumann, R. Electron transfer�oxygen 

transfer oxygenation of sulfides catalyzed by the H5PV2Mo10O40

polyoxometalate. J. Am. Chem. Soc., 2010, 132, 11446–11448. 

[13] Rostami, A.; Akradi, J.  A highly efficient, green, rapid, and che-
moselective oxidation of sulfides using hydrogen peroxide and bo-

ric acid as the catalyst under solvent-free conditions. Tetrahedron 
Lett., 2010, 51, 3501–3503. 

[14] Rezaeifard, A.; Sheikhshoaie, I.; Monadi, M.; Stoeckli-Evans, H. 
Synthesis, crystal structure, and catalytic properties of novel dioxi-

domolybdenum(VI) complexes with tridentate schiff base ligands 
in the biomimetic and highly selective oxygenation of alkenes and 

sulfides. Eur. J. Inorg. Chem., 2010, 5, 799–806.
[15] Kirihara, M.; Yamamoto, J.; Noguchi, T.; Itou, A.; Nato, S.; Hirai, 

Y. Tantalum(V) or niobium(V) catalyzed oxidation of sulfides with 
30% hydrogen peroxide. Tetrahedron, 2009, 65, 10477–10484. 

[16] Gamba, I.; Palavicini, S.; Monzani, E.; Casella, L. Catalytic Sul-
foxidation by Dinuclear Copper Complexes. Chem. Eur. J., 2009,

15, 12932–12936. 
[17] Varma, R.; Sain, R.; Meshram, H. Selective oxidation of sulfides to 

sulfoxides and sulfones by microwave thermolysis on wet silica-
supported sodium periodate. Tetrahedron Lett., 1997, 38, 6525–

6528. 

[18] Tajbakhsh, M.; Hosseinzadeh, R.; Shakoori, A. 2,6-

Dicarboxypyridinium chlorochromate: an efficient and selective 
reagent for the oxidation of thiols to disulfides and sulfides to sul-

foxides. Tetrahedron Lett., 2004, 45, 1889–1893. 
[19] Lakouraj, M.; Tajbakhsh, M.; Shirini, F.; Asady Tamami, M. hio3

in the presence of wet sio2: a mild and efficient reagent for selec-
tive oxidation of sulfides to sulfoxides under solvent�free condi-

tions. Synth. Commun., 2005, 35, 775–784. 
[20] Shukla, V.; Salgaonkar, P.; Akamanchi, K. A Mild, Chemoselec-

tive oxidation of sulfides to sulfoxides using o-iodoxybenzoic acid 
and tetraethylammonium bromide as catalyst. J. Org. Chem., 2003,

68, 5422–5425. 
[21] Choi, S.; Yang, J.; Ji, M.; Choi, H.; Kee, M.; Ahn, K.; Byeon, S.; 

Baik, W.; Koo, S. Selective oxidation of allylic sulfides by hydro-
gen peroxide with the trirutile-type solid oxide catalyst LiNbMoO6.

J. Org. Chem., 2001, 66, 8192-8198.  
[22] Maciuca, A.; Ciocan, C.; Dumitriu, E.; Fajula, F.; Hulea, V. V-, 

Mo- and W-containing layered double hydroxides as effective cata-
lysts for mild oxidation of thioethers and thiophenes with H2O2.

Catal. Today., 2008, 138, 33-37. 
[23] Chellamani, A.; Harikengaran, S. Mechanism of oxidation of aryl 

methyl sulfoxides with sodium hydrochlorite catalyzed by 
(Salen)MnIII complexes. J. Mol. Catal. A: Chem., 2006, 247, 260-

267. 

Received: June 06, 2013 Revised: December 12, 2013 Accepted: December 17, 2013 


