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REACTION OF ORGANIC SULFUR COMPOUNDS WITH SUPEROXIDE ANION:
OXIDATION OF DISULFIDES, THIOLSULFINATES AND THIOLSULFONATES TO
THEIR SULFINIC AND SULFONIC ACIDS
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Although the role of superoxide anion( 0; ) has been well advocated in oxygen-metabolizing
organisms for the past two decades, the information on its reactivities with simple organic
compounds has been rather scant.]) As to the fundamental reactions of 05 with such sulfur
compounds as sulfide, disulfide, thiolsulfinate, and thiolsulfonate, there is only a short
statement concerning the oxidation of an alkanethiol to the disulfide with 0; without any
detailed experimental data.z)

Superoxide anion posesses multifunctional natures bearing both oxidizing and reducing
abilities or radical and anion charactors,]) and has been regarded as a rather weak oxidizing
agent.

We now have found that disulfides 1,thiolsulfinates 2, thiolsulfonates 3, and sodium

thiolates 4 are readily oxidized to the corresponding sulfinic and sulfonic acids 5 and 6 with 05,

generated from KO2 and 18-crown-6-ether in pyridine under mild conditions.

R-S-S-R 1, % ' o
R-S-S-R' 3 2 ,

R-$-S-R' 2, § - > R”sog + 15')50; (+ R'SSR' )
[RS™™Na 4] 5 6 7

A solution of the substrate( 1, 2, 3, or 4 : 1.0 mmole, anhydrous 18-crown-6-ether :
1.0 mmole§) dry pyridine : ca. 7.0 m1 ) was added onto the potassium superoxide( K0, : 3-6 mmole )

in a two necked flask which was well dried and argon substituted. The Mixture was stirred with
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magnetic stirrer and quenched into cold water containing ice after the reaction. Upon extracting
the mixture three times with chloroform( ca. 100 m1 ), the combined chloroform layer was washed
with water and dried over calcium chloride. After much of chloroform was removed in vacuo, the
chloroform soluble organic mixture was subjected to GC assay. The aqueous layer was combined

and then concentrated to ca. 10 ml.  From the aqueous solution the sulfinic acid was isolated

as the corresponding sulfone( RSO, Me 8 ) upon treatment with methyl iodide according to the
method of 0tto4) or Lindberg?) The resulting aqueous solution, after extracting the sulfone

with chloroform( ca. 100 m1 ), was concentrated to ca. 10 m1 and then acidified with conc. HCI.

Then benzylisothiuronium chloride 106)7)

was added in excess to form its sulfonic acid salt 2?)
The benzylisothiuronium salt of the sulfonic acid was isolated as crystal which was purified by
recrystallization from acetonitrile or water. A1l the spectral data and physical properties of
these products were identical with those of the authentic samples.

In the absence of crown ether, the oxidation was very slow, while an increased amount of
crown ether accelerated the oxidation, suggesting that superoxide anion must be an oxidizing
species.

Disulfides?)

of both aryl and alkyl were oxidized at ca. 25° to afford both sulfinic and
sulfonic acids, i.e. 5 and 6. The reaction was sometimes exothermic, however, di-tert-butyl
disulfide( Entry No. 2 ) was not oxidized at all even for 24 h at 25°, due to the large steric

hindrance of the bulky tert-butyl group.

6eq. KO, _ _
R-5-S-R > RO, 5 + RSO3 6
crown ether .
1 py. 25° Mel 1) H H o, _
- in MeOH-HZO 2) PhCHZS NH3 ¢l 10
s
R-%-Me 8 PhCHZS§gH3 03SR 9
Table I The Reaction of Disulfides with 0;
Entry No., R , Reactn. Time[h] , RSOé . RSO% . Recovery[ mole % ]
1 Me 3.0 0 57 )
2 tay 24.0 0 0 100°)
3 Ph 6.0 trace 81 trace
4 p-Tol 1.0 24 64 12
5 p-C]CsH4 0.5 46 53 trace

* Yields of RSOé and RSO& are in 1/2 mole %.
a) Recovery was not determined.
b) No reaction.



No. 9 8735

10)11)

The oxidation of the thiolsulfinate proceeded very readily even at -35° and gave the
main products, 5 and 6 along with the symmetrical disulfide which is undoubtedly derived from the
recombination of the thiyl radical resulted from the nucleophilic attack of superoxide anion at
the sulfinyl sulfur atom of thiolsulfinate 2. This fact was supported by the exclusive

formation of the acids 5 and 6 from the sulfinyl side of 2.

5eq. KO2

R-g-S-R' RSOé + RSO + R'SSR’

crown ether
2 Py 5—>8  6-—>9

|~

Table Il The Reaction of Thiolsulfinates with 0;

Entry No., R , R' , Temp.[°C], Time[min], RSOé . RSO& » R'SSR'[mole %]

1 p-Tol Ph -35 90 6 4] 34
2 p-Tol Ph \0 30 trace 45 44
3 Ph p-Tol -40~ 0 25 trace 48 16
4 Ph Ph  -40~-20 15 trace 48 35
5 p-Tol p-Tol -35 10 trace 40 36

* Yields of RSOE and RSO% are in 1/2 mole %, and small amount of R'SOQ was detected by NMR
spectrum of 9 in CD30D(1/114~2/15 vs. RSOS).

In the case of 12)13) a small amount of the symmetrical disulfide was detected though the

main products were RSOE, R'Soé, RSO%, and R'SO% under a mild condition(ca. 0°). Formation of

these four acids can be explained hy assuming concurrent nucleophilic attack of 0] at both

2
sulfenyl and sulfonyl sulfur atoms. A further oxidation of the disulfide( R'SSR' 7 ) formed

during the reaction to the acids is also possible. However, this possibility can be ruled out
by our observation that the formation of the acids is much faster in the oxidation of 3 than in

that of 1.

4eq. KO RSO, RSO,
R-g-S-R' 2 2 { 3 4 RUssR
crown ether R SO2 R SO3
3 py- 5—=>8 6—>9 1

Meanwhile, we have observed that sodium thiophenolate 4 was directly oxidized with 05 to the
corresponding benzenesulfonic acid( yield: 86 %, 4 h, 25° )!4) Studies on the mechanisms of

all these interesting reactions will be reported shortly.
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Table III The Reaction of Thiolsulfonates with 05

Entry No., R , R

2
[o]
o

0

,R'SSR'[mole %]

, Temp.[°C], Time[min], s{')soé R R(')sog

1 Ph Ph 0 58 37 28 25"

2 p-Tol p-Tol 0 30 14 79 17

3 Ph p-Tol 0 35 = 28 = 36 17
=17 = 9

4 p-Tol Ph 25 8 = 9 = 38 9
'= 8 = 7

5 p-CICGH, p-Tol 0 35 = 26 = 25 10
R'= 17 = 23

6 p-Tol p-CICH, 0 35 = 14 = 34 23
= 3 = 18

* Yields of the acids are in 1/2 mole %, and the ratio

spectrum of 9 in cnsoo.

# Starting material(11 %) was recovered.
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