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RAPID OXIDATION OF SULFIDES AND SULFOXIDES
WITH SODIUM HYPOCHLORITE

Submitted by Jitender M. Khurana™®, Atulya K. Panda, Abhijit Ray and Amita Gogia
(07/14/95)
Department of Chemistry. University of Delhi, Delhi-110007, INDIA

Sulfones are important in organic synthesis. A number of reagents have been reported to
oxidize sulfides and sulfoxides to the corresponding sulfones.' Sodium hypochlorite has been reported
as an inexpensive and convenient oxidizing reagent for a variety of functional groups.? Sodium
hypochlorite has also been used to oxidize sulfides and disulfides to sulfoxides and disulfoxides selec-
tively? and in other cases it yields a mixture of sulfoxides and sulfones.!> While working on oxida-
tions with hypochlorite,* we observed that dibenzyl sulfide was rapidly oxidized to the corresponding
sulfone with sodium hypochlorite in acetonitrile at ambient temperature; prolonged oxidation resulted
in a mixture of the products. Therefore, we decided to investigate the oxidation of different sulfides
and sulfoxides with sodium hypochlorite in acetonitrile at ambient temperature. This paper reports a
simple, rapid and convenient procedure for the oxidation of a variety of sulfides and sulfoxides to the
corresponding sulfones with aqueous sodium hypochlorite at ambient temperature.

The oxidations were quite rapid and high yields of the sulfones were obtained by a simple
work up. Most of the known reagents including hydrogen peroxide require more vigorous conditions
(higher temperatures and long reaction times). This procedure is applicable to dibenzyl, dialkyl,
diaryl, benzyl atkyl, benzyl ary! and aryl alkyl sulfides and sulfoxides; even a fatty suifide such as
benzyl n-dodecyl sulfide was easily oxidized using a somewhat higher molar ratio of substrate to
NaQCl (Tables 1 and 2). In a separate reaction of 1a with sodium hypochlorite at room temperature,
aliquots were removed after 2 min, 10 min, 20 min and 30 min, quenched and analyzed. All these
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aliquots showed the presence of 2a along with 3a. HPLC analyses confirmed the presence of 2a
(10%) and 3a (90%) in the aliquot removed after 2 min by comparison of retention time with authen-
tic samples. Thus the oxidation of sulfides to the corresponding sulfones proceeds via the correspond-
ing sulfoxides.

R'-S$—R? N0l R'-SO—R? Naocl R'—80,—R? 1))
CH;CN, rt CH4CN, 1t

1 2 3

a) R! = PhCH,, R? = PhCH, b) R' = PhCH,, R* = CH, ¢) R' = PhACH,, R? = n-C,H,
d)R'=PhCH,, R? = n-C,,H,, &) R = Ph, R? = CH, f) R' = Ph, R? = n-C,H,
9 R'=n-CH, R?=n-CH, h) R! = n-C,H,, R = n-C,H, i) R! = PhCH,, R? = Ph
HR'=Ph,R?=PhK)R! = CH,, R* = CH,

The Tables show that the oxidation of sulfides and sulfoxides bearing an aryl group
proceeds more rapidly than the oxidation of sulfides and suifoxides with a benzyl group. It was
observed that if the reactions were allowed to proceed for a longer time, a mixture of products was
obtained as observed by tlc, i.e., benzoic acid was detected in the reaction of dibenzyl sulfide with
NaOCl after ~4 hrs using 1:10 molar ratio of substrate to NaOCl. When the reaction was carried out
for 24 hrs, 63% of benzoic acid was recovered. It is likely that the other products were obtained
because of the acidity of « -methylene group of the sulfone formed initially. All our attempts to
convert dibenzyl sulfide to stilbene by changing reaction conditions have failed so far though stilbene
was observed to be present in the reaction mixture by tlc.

TABLE 1. Oxidation of Sulfides to Sulfones with Sodium Hypochlorite

Compd. Yield of 3 Molar ratio Time mp. (°C)

(%) Substrate:NaOCl {(min) obs. lit.
la 89 1:10 30 149-150 150°
1b 70 1:10 30 122 127°
1c 55 1:10 30 84-85 85-89°
1d 83 1:15 30 86 87-887
le 94 1:10 5 87-88 88°
1f 83 1:10 5 46 463
1g 86 1:5 60 27 29°
1h 98 1:10 30 43 449

EXPERIMENTAL SECTION

Melting points were measured on a Tropical Labequip apparatus and are uncorrected. IR spectra were
recorded on Perkin-Elmer Model 621 and Shimadzu model 435 spectrophotometers. NMR spectra
were recorded on Perkin-Elmer model R-32 90 MHz and Hitachi FT-NMR 60 MHz with TMS as the
internal standard. HPLC analyses were carried out using ODS-18 Zorbax (150mm x 46mm) column
and methanol as eluent on Shimadzu model LC-4A. Sodium hypochlorite (Aldrich) and acetonirile
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(E. Merck) were used in all the reactions; the concentration of sodium hypochlorite was estimated by
iodometry.® Compounds 1a, 1g and 1h were prepared from corresponding halides and sodium
sulfide.” All other sulfides were prepared by coupling of halides with mercaptans in the presence of
anhyd. K,CO,.'"° The sulfoxides were prepared by oxidation of the corresponding sulfides with
sodium metaperiodate'' except diphenyl sulfoxide which was obtained by Friedel-Crafts reaction of
thiony! chloride with benzene in presence of anhydrous AICL,."2

Table 2. Oxidation of Sulfoxides with Sodium Hypochlorite

Compd. Yieldof 3 Molar ratio Time mp. (°C)

(%) Substrate:NaOCl ~ (min) obs. lit.
2a 77 1:10 5 149-150 150°
2i 91 1:5 60 148 1483
2¢c 76 1:5 84-85 85-89°
2j 97 1:5 126 126°
2e 73 1:5 30 85-86 88>
2f 95 1:5 30 44 46°
2k 32 1:5 5 108 109°

General Procedure.- In a dried round-bottomed flask fitted with a stir bar, was placed a mixture of 1
or 2 (0.2 g) and acetonitrile (2 mL). Sodium hypochlorite (0.63 M) was added . The contents of the
flask were stirred at ambient temperature. The progress of the reaction was monitored by tlc using
benzene as eluent in case of sulfides and benzene/EtOAc (90:10, v/v) as eluent in case of sulfoxides.
After the disappearance of the starting material, the reaction mixture was acidified with 3N HCl and
was extracted with ether (2 x 15 mL). The combined extract was dried over MgSO,, concentrated on a
rotary evaporator and dried in a desiccator. The products were identified by mp., IR and NMR spectra.

Acknowledgement.- The grant of fellowship to AR and AG by U. G. C., New Delhi (India) is grate-
fully acknowledged.
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The mixed disulfide (5a), of L-cysteine (4a) and 2-mercaptoethanol (ME) has been shown

to function as a transport form of L-cysteine in mouse lymphoma cells in culture.! Whereas L-cysteine

was not taken up by these cells, the presence of ME in the medium resulted in a thiol-disulfide

exchange reaction producing Sa. This compound was taken up by the lymphoma cells via the “L”

amino acid transport system and the disulfide bond subsequently reduced by intracellular enzymes to

liberate L-cysteine, thereby promoting cell growth. Murray and Rathbun® have also observed that nof
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