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EFFICIENT OXIDATION OF SULFIDES TO THE SULFOXIDES USING
A NEW SULFINYLPEROXY INTERMEDIATE GENERATED
FROM 2-NITROBENZENESULFINYL CHLORIDE AND SUPEROXIDE
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Summary: Various sulfides were found to react with a sulfinylperoxy intermediate yenerated
in situ by the treatment of 2-nitrobenzenesulfinyl chloride with superoxide at -zb °C in
acetonitrile to afford the corresponding sulfoxides selectively in excellent yields toyether
with traceable amount of the sulfones under mild conditions.

Considerable interest has recently been focused on the use of superoxide (U,”7) for
organic synthesis.1 The physical properties of nucleophilicity, basicity, and radical
character of 0, appear to have an important role depending on the substrates, 1€ Beryer's
suggestion2 that formation of peroxysulfinate was involved as a key intermediate in the
strong alkaline auto-oxidation of thiols or disulfides to the sulfinates and sulfonates has
been neither isolated nor confirmed.

During a study on activating superoxide,3 we have now found that various sulfides are
readily oxidized to the corresponding sulfoxides in excellent yields under mild conditions by
2-nitrobenzenesulfinylperoxy intermediate 2 which is generated in situ by the treatment of 2-
nitrobenzenesulfinyl chioride* and potassium superoxide at -25 °C in acetonitrile. Unly
traceable amount of the sulfones were obtained or observed by Ly ik spectrocopy.
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It is important and valuable to control the oxidation to the sulfoxides without
undergoing further oxidation to the sulfones. The results obtained are summarized in Table
I.

Table 1. Oxidations of Sulfides to the Sulfoxides?

0 R|-S-Ry Q 0
§-0 + KOb — > R-5-R, + R-§-R, + @—so;, + Kl
CH,CN, —25°C

0
NO, Nz o3
Run Ry Ry Reactn. Yie]d(%)b
Time (h) -S0- -S0,- -S-

1 4-CH3-CgHy CHgy 5 97 trace

2 4-CH3~CgHy CHyPh 4 95 "

3 4-CH3-CgHy CHoCHg 4 96 "

§ P CH3 4 92 "

5 4-Br-CghHy CH3 5 95 "

6 4-C1-Cghy CHs 5 91 "

7 4-C1-CgHy CHCHy 4 94 "

8 4-C1-CgHy CHyPh 7 94 "

9 PhCH, CH,Ph 5 97 3¢
10 a-Naphthy]1 CHy 7 98 2¢
11 4-N0p-CgHy CHy 8 62 12 24¢

a. Molar ratio = K0,:1:3 = 3:1:0.5
b. Isolated yields
c. Determined by 1y MR spectrum

In a general procedure (Run 5), a solution of 2-nitrobenzenesulfinyl chloride (205 my, 1
mmol) and 4-bromophenyl methyl sulfide (102 mg, 0.5 mmol) in dry acetonitrile (3 ml) was
added to a heterogeneous solution of potassium superoxide (216 my, 3 mmol) in dry aceto-
nitrile (3 ml) at -25 °C with continuous vigorous stirring., After being stirred for 4h at
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-25 9%, the reaction mixture was filtered and the solid collected was washed with
acetonitrile (10 ml) and then chloroform (10 ml). Concentration of solvent and then the
ratio of sulfoxide and sulfone was compared by 4y NMR. Purification by preparative TLC
(Merck, silicagel 60 F,g4, lmm x 20cm x 20cm, Et,0:n-hexane = 2:1) gave 4-bromophenyl methyl
sulfoxide (105 mg, 95%) and a traceable amount of 4-bromophenyl methyl sulfone. Some other
sulfoxides were purified by recrystallization or column chromatography (silica yel, Merck,
Kiesel gel 60, 70-230 mesh, CH,C1,:MeOH = 10:1).

The workup is simple and easy: after monitoring the complete reaction by TLC on silica
gel, filtration to remove insoluble potassium chloride and 6 and then concentration yive a
highly pure product. When less than two equivalent amount of 2-nitrobenzenesuifinyl chloride
(1) for the sulfide was used, smooth oxidation of sulfides to the sulfoxides occurred almost
without further oxidation to the sulfones, except the oxidation of methyl 4-nitrophenyl
sulfide (Run 11). Oxidation of sulfides to the sulfoxides in well known to be electrophilic
in contrast to the nucleophilic oxidation of sulfoxides to the sulfones.® The sulfur atom of
methyl 4-nitrophenyl sulfide which contains a stronyg electron withdrawing group of NV,
appears to be a weaker electrophile than the other sulfides, The sulfinylperoxy intermediate
(2) seems to be stabilized by a neighboring group effect of the nitro yroup as shown below as
in the case of methyl 2-nitrophenyl su]fenate,6 /
2-nitrobenzeneperoxyseleninic acid.8

2-nitrobenzene selenic anhydride,’ or

’s O'S
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Orfin, = O-foe
N—0-5 N-O5 O
/4 /7
o o)
2 2

Oxidation using 4-nitrobenzenesulfinylperoxy intermediate (8) which is yenerated from 4-
nitrobenzenesulfinyl chloride and superoxide under the same reaction conditions yielded
poorer yields than those obtained using 2 as shown below. This may be explained by the lower
stability of 8 due to the lack of a neighboring group effect of the nitro group in comparison
with that from 2.

R-S-Ry 9 0
Noz©s o 2, [Noz@s o- o] v ana” RS Ret RrSRe
3

0
a 8 4 2
Ry Ro 720,773 3 Reactn, Time (h) Yields
-S0- -S0,,-
4-Me-CgHy Et 1:3: 0.5 4 41 2
Ph Me 1:3:0.,5 4.5 4u trace
4-C1-CgH, Me 1:3: 0.5 5 50 2
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4-Tolylsulfinylperoxy intermediate generated from 4-tolylsulfinyl chloride and 0,7
meanwhile gave much poorer yie]dsg of the sulfoxides than those obtained usiny 2 or 8. Thus,
the nitro group in 2-position of 2 appears to play an important role in acceleratiny the
substitution of chlorine with superoxide anion and also in stabiliziny the intermediate, 2 by
a neighboring group effect. It 1is noteworthy that the 2-nitrobenzenesulfinylperoxy
intermediate (2 or 2') shows a strong electrophilic character under the basic condition and,
moreover that in the presence of 1,4-diazabicyclol[2.2.2]octane (DABCO) which is known to be a
radical capture r‘eagent,w’11 the oxidation of methyl phenyl suifide to the sulfoxide was
inhibited.12 The peroxy intermediate is likely to be of a radical character (2) as in the
case of 2-nitrobenzenesulfonylperoxy 1‘nter‘med1‘ate,13 acyl peroxy r'adica],14 and pnhenyl
nitroso oxide radical (PhNOO* ).15 However, an alternative mechanism involving anion
character (2') in the basic condition cannot be ruled out.

Though 2 has not yet been confirmed, it has strong electrophilic oxidiziny ability and
is stable enough to be widely used for the efficient oxidation of sulfides to the sulfoxides
under mild conditions.

Acknowledygements : We gratefully acknowledge financial support from the Korea Science and
Technology Foundation.

References and Notes

1. a) A.A. Primer, "The Chemistry of Functional Groups, Peroxides"ed. by S. Patai, John
Wiley & Sons Ltd., (1983), Chap. 14; b) D,T. Sawyer and J,S. Valentine, Acc. Chem.
Res., 14, 393 (1981); «c) E. Lee-Ruff, Chem. Soc. Rev., 6, 195 (1977).

2. H. Berger, Res. Frav. Chim., 82, 773 (1963).

3. Y.H. Kim and B.C. Chung, J. Org. Chem., 48, 1562 (1983); Y.H. Kim, B.C. Chung and H.S.
Chang, Tetrahedron Lett., 26, 1079 (1985}; Y.H. Kim, H.K. Lee and H.S. Chanyg,
Tetrahedron Lett., 28, 4285 (1987).

4, E.S. Levchenko, N. Ya. Derkah and A.V, Kirsanov, Zhur, Ubschei Khim., 31, 1971 (1960).

5. W. Adam, W. Hass and G. Sieker, J. Am. Chem. Soc., 1U6, 5020 {1984).

6. W.C. Hamilton and S.J. Laplaca, J. Am. Chem. Soc., 86, 2289 (1964).

7

8

9

. R. Erikson and S. Hauge, Acta. Chem. Scand., 26, 3152 (1972).
. L. Syper and J. Mechouski, Tetrahedron, 43, 207 (1987),
. Reaction conditions: -20 °C, 8n (R1=4-BrC6H4, Ro=Me, 33%; Ri= o-Naphtyl, Rp=Me, 44%;
Ry=4-tolyl, Rp=Me, 52%).
10. D. Fukushima, Y.H. Kim, T, Iyanagi and S. Qae, J. Biochem., 83, 1019 (1978).
11. H. Yamamoto, T. Mashino, T. Nagano and M. Hirobe, J. Am. Chem. Soc., 108, 539 (1Y8b}.
12. When the oxidation of methyl phenyl sulfide to the sulfoxide was performed in the
presence of DABCO (1 equivalent amount) under the same reaction conditions (see Run 4 in
Table 1), methyl phenyl sulfoxide (30%) was obtained together with the recovery of the
sulfide (70%).
13. Y.H. Kim and H.K. Lee, Chem. lLett., 1987, 1499,
14. Y. Sawaki and Y. Ogata, J. Org. Chem., 49, 3344 (1984).

15. Y. Sawaki, S. Ishikawa and H. Iwamura, J. Am. Chem. Soc., 1luY, 584 (1987).
(Received in Japan 12 September 1988)




