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Abstract : Efficient and selective photooxidation of organic sulphides to sulphoxides under
1,4-dim ethoxynaphthalene sensitization is described.
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tion conditions, viz. i) autooxidation,13 ii) electron transfer sensitization {eg. 9,10-dicyanoanthra-

cene* and Ti025) and iii) singlet oxygen oxidation.&7 Organic sulphides exhibit weak absorption
in the longer wavelength region in oxygenated solvents due to charge transfer interaction with
molecular oxygen and under direct photostimulation they undergo autooxidation and convert
essentially to sulphoxides. However, tert-butylsulphide does not undergo autooxidation though

1 Direct

it exhibits intense absorption due to charge transfer interaction with molecular oxygen.
IR evidence obtained by Akasaka et al.3 in the charge transfer photooxidation of sulphides under
cryogenic oxygen matrix confirms the involvement of a persulphoxide zwitterion as the reactive
intermediate. Although a similar charge transfer imechanism is believed to be involved under
cyanoaromatic and semiconductor sensitizations, they produce both sulphoxide and sulphone
in nearly equal proportion. As a part of our ongoing study on electron rich arene sensitized
oxidative organic transto!'matmns,,8 we have recently observed l,u~dimethoxynaphthalene9 (DMN)
to sensitize efficient and selective photooxidation of sulphides 1-6 to the corresponding sulphoxides
through an electron transfer mechanism. This process (equation 1} is represented with the results
of €ach compound {irradiation hours, yield) :
topl hv, DMN 1 2
R'SRe — .0 =V o R'SOR l
02, CH4CN M

1 RI=RZ-Bul(4h, 89%); 2 R! =RZ=Ph (6h, 98%); 3 Rl -Ph, R?=Me (4h, 93%);
4 R!=R%:PRCH, (4h, 30%) 5 R'=Ph, ® =CH,-CH=CH, (sh, 92%); 6 R' =R =Bu" (3, 86%).

in a wypical procedure, teri-butylsulphide, 1 (1.5 g, 10.3 mmol) and DMN (0.94 g, 5 mmol)
were taken in 250 m! of oxygenated acetonitrile and irradiated for 4 h using fluorescent lamps
having maximal emission at 350 nm. Progress of the reaction was followed by glc using SE-30
column. After completion of the reaction, solvent was removed under reduced pressure and
the sulphoxide (1.48 g, 89%) was separated from the reaction mixture by normal column chroma-
tography. The isolated product was characierized by lH NMR, Mass and [R spectral data.
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In control experiments, when sulphides 1-5‘0 were irradiated directly using identical fluore-
scent lamps in oxygenatled acetonitrile, sulphides 3-6 showed less than 10 per cent conversion
and sulphides 1 and 2 did not rcact after 12 h of irradiation. Butl under DMN sensitzation,
sulphides 1-6 converted to sulphoxides in good yicelds {> 85%) in less than 6 h. Phenylsulphide,
2 reacts very efficiently under DMN sensitization, however, it is incrt towards singlet oxygcn.(””
Thus 1t appears that singlet oxygen is not involved (at least as major path) under the reaction
conditions.

Photooxidation of sulphides under DMN sensitization is found to be efficient in polar solvents
like acetonitrile and methanol but in nonpolar solvents like cyclohexane, no appreciable reaction
is observed. As it could be understood from the photocyanation experiments of Pac et all?
that photoexcited methoxynaphthalenes readily from arene radical cations in polar solvents
by electron transfer to molecular oxygen, we also believe that the oxidation of sulphides to

sulphoxides under DMN sensitization is initiated by DMN radical cations generated under the
reaction conditions :

O

1 hvy * 2 +e e
pDMN Py, pMN SSTar SoVaRT DMN* + O3
DMN™" + R,S DMN + R,S™

RS
R25+. + 0"2’ —— {R25+-0—0’ R25=O+-O'] 2

ZRZS O

In conclusion, this work describes a mild and selective photochemical approach for oxidation
of sulphides 1o sulphoxides and is the first description of photooxidation of organic sulphides
under electron rich arene sensitization. Application of this method in the preparation of sul-
phoxide intermediates of pharmaceutical compounds like 6-Aminopenicillanic acid, Omeprazole,
Timoprazole and Sulmazole 1s under study.

Acknowledgement : MS thanks CSIR for the award of Semor Rescarch Fellowshap.

REFERENCES AND NOTES :

Il. D. Sinnreich, H. Linol and H. Batzer, Tetrahedron Lett., 1976, 3541-3542.

2. T. Tezuka, H. Miyazaki and H. Sujuki, Tetrahedron Lett., 1978, 1959-1960.

3. T. Akasaka, A. Yabe and W. Ando, J. Am. Chem. Soc., 1987, 109, 8085-8087.

4. 1. Eriksen, C.S5. Foote and T.L. Parker, 1. Am. Chem. Soc., 1977, 89, 6455-6456.

5. R.S. Davidson and J.E. Pratt, Tetrahedron Lett., 1983, 24, 5903-5906.

6. C.S. Foote and J.W. Peters, 1. Am. Chem. Soc., 1971, 43, 3795-3796.

7. M.S. Kacher and C.S8. Foote, Photochem. Photobiol., l979_, 29, 7653 W. Ando, T. Nagashima,
K. Saito and S. Kohmoto, J. Chem. Soc., Chem. Commun., 1979, 154-150; Y. Sawaki and
Y. Ogata, J. Am. Chem. Soc., 1981, 103, 5947; C.L. Gu, C.S. Foote and M.L. Kacher, J. Am.
Chem. Soc., 1981, 103, 5949-595].

8. U.T. Bhalcraoc and M. Sridhar, J. Chem. Soc., Chem. Commun., 1993, 115-116; U.T. Bhalerac
and M. Sridhar, Tetrahedron Leti., 1993, 34, 4341-43542.

9. l,4-Dimethoxynaphthalene has absorption above 300 nm(A_. = 330 nm, € = 5680). .
10. Sulphides 1-6 showed feeble absorption due to charge fransfer extending upto 400 nm in
oxygenated solutions which disappeared when purged with inert gas. ) )

11, C.H. Krauch, D. Hess and G.O. Schenck, unpublished results quoted by Gollnick (K. Gollnick,

Ady. Photochem., 1968, 6, 1).
t2. M. Yasuda, C. Pac and H. Sakurai, J. Chem. Soc., Perkin Trans. I, 1981, 746~750.

n

(Received in UK 7 September 1993; revised 31 December 1993; accepted 7 January 1994)



