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Homolytic cleavage of the S5-S bond 1s a significant primary process in pho-

1,2

tolysis of disulfides In the case of aromatic disulfides, subsequent reac-

tions of the labile thiyl radicals result in the formation of thiols, disulfides

3,4

and polymers The source of the abstracted hydrogen 1in arylthiol formation

has been pointed to be another arylthiyl radical rather than the solvent employ-
ed§’4 Details of the photochemistry of aromatic disulfides, however, still re-
main equivocal.

The present communication describes an intriguing example which <heds some
light on comprehensive understanding of the solution photochemistry of aromatic
disulfides. We found that irradiation of bis-(o-acetylaminophenyl)disulfides
(la,b) causes a facile photorearrangement leading mainly to 7-(2'-acetylaminophe
nylthio)-2-methylbenzothiazoles(2a,b). This observation implies the following

facts(see Scheme 2) (a) Recombination of an initially generated arylthiyl radi-

cal with another arylthiyl radical to form intermolecularly the S-C bond (b)

Aromatization of the intermediate thus formed via 1,3-hydrogen shift to give a
thiol, which rationalizes that a hydrogen of the thiol does not originate from
solvent. (c¢) Intramolecular trapping of the intermediary thiol with an ortho-
si1tuated acetylamino grouping to form the thiazole ring, preventing further com-
plicated photoreactions of the thiol such as polymerization

2M) was carried out by using a

Irradiation of (la) in acetonitrile (1%10°
400W high-pressure mercury arc lamp through a Pyrex filter under nitrogen until
disappearence of (la) was completed( monitored by TLC, about 1 hr). Chromato-
graphic separation allowed to 1solate(2a), mp 83-857 and 2Z-methyl-6-methoxybenzo

thiazole(3a), an oily substance, 1n 62% and 10% yields, respectively Other de

terminable products involving expected 5-(2'-acetylamino-5'-methoxyphenylthio)-2
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methyl-6-methoxybenzothiazole(2') were not 1solated
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Scheme 1

The structure of (3a) was confirmed by ir and nmr spectral comparison with
these of a sample prepared independently.
The spectral data and microanalytical results fully accommodate to the stru-

cture of (2a) | 11'(1'(151‘)cm_1

3300(NH), 1680(CONH), NMR(CDC13)6 2 17(3H, singlet,
NHCOCES), 2.78(3H, singlet, =C—C§3), 3 76(3H, singlet, OCEZ), 3 97(3H, singlet,

0Cﬂ3)’ 6.80-8.50(6H, NH and aromatic protons), mass spectrum m/e M= 374, M*-210

MeOH

MeSH(e) nm 308(sh. 5x10°), 297(sh. 6x10°), 246(sh. 2x10%)7 The nmr

= 164, uvy
spectrum of (2a) showed an well-tesolved AB-type signal( §7.13 and 7 94, each J=
9 Hz}, which was apparently distinguished from NH [§8.46 (1H, broad)] and other
aromatic protons| §6 87(1H, quartet, J1= 3 Hz, J2= 9 Hz, 4'-H), 7 15(1H, doublet,
J= 3 Hz, 6'-H), 8 18(1H, doublet, J= 9 Hz, 3'-H)], assignable to the vicinal phe-
nyl ring protons of the benzothiazole moiety Thus, an alternative structure(2')
can be eliminated

Upon employment of methanol as solvent, analogous irradiation of (1a) gave
{(2a) and (3a) in 66% and 22% yields, respectavely

Irradiation of (1b) 1in methanol under similar conditions led to the forma-
tion of (2b), mp 153-5°, and (3b)} 1in 40% and 30% yields, respectively The

structures of these products were established by comparison of their spectral
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data with these of (2a) and an authentic sample of (3b).

When a mixture of (la) and (1b){1 1) 1n methanol was 1rradiated under the
same conditions and the resulting reaction mixture was submitted carefully to
chromatography, a crossover product(2¢), mp 1606-163°(10%), was 1solated together
with (2a)(15%), (2b)(13%), (3a)(10%) and (3b) (10%)

The structure of (Zc) was confirmed on the basis of spectral data, 1n par-
ticular, fragmentation patterns of 1ts mass spectrum and nmr spectral comparison

with that of (2a)[ 1r(KBr)em 1

3360 (NH), 1690 (NHCO) , NMR(CDC15)§2 18(3H,singlet,
NHCOCEB),Z 77(3H,51ng1et,=C—Cﬂ5), 3 97(3H,51nglet,OC§3),7 00-9 00(7!,NH and aroma

tic protons, the signals contain an AB-type quartet centered atd 7.13 and 7 92

OH

x (e)nm 308(sh. 5x

with each J=9Hz), mass spectrum m/e M+=344, M+-210=134, uleg
103), 297 (sh 6x103), 242(sh. leod)] The nmr spectrum of the residue showed
a pair of signals atg 2 OZ(SH,Slnglet,NHCOCQS), 2.86(3H,51ng1et,=C~C§3)and 3.77
(3H,s1ng1et,OC§3), suggesting the formation of another crossover product(2d).

Thus, the rearrangement of (1) to (2) can be concluded to involve an inter-

molecular radical-combination process
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Scheme 2

On the basis of above findings, we present a most conceivable reaction se-
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quence as depicted in Scheme 2.

Homolytic cleavage of the 5-5 bond of (1) 1n an excited state gives aryl-
thiyl radicals The resulting arylthiyl radical(A) could combine intermolecula-
rly with another arylthiyl radical(A') at its ortho-position. The coupling pro-
duct (B) could be aromatized most likely via 1,3-hydrogen shift to give the thiol
intermediate (C) which cyclizes spontaneously to (2).

Although 1t has been proposed that the first step in photolvsis of the di-
vinyl disulfide system might be a concerted suprafacial 1,3-sigmatropic rearran
gement, allowed in an excited state? the concerted process 1s not a major pathway
at least in the case of the aromatic disulfides

It 1s precedent that photolysis of S-phenylthioacetates gives photo Fries-
type products even in low yields arising from combination of an acetyl radical
with an arylthiyl radical at 1ts ortho-and E§137p051t10ns? In our case, a nota-
ble observation 1s the highly preferential formation of ortho-coupling product(2)
in fairly good yields. At present, however, we have no information available
for 1ts precise explanation

The source of a hydrogen for the formation of (3), which 1s a minor process
1n every case, appears to arise from undetectable side reactions

Several examples of addition of thiyl radicals to the aromatic system are
now known? In this view, an alternate process for the formation of (2) via adda
tion of an arylthiyl radical(A) to the initially formed benzothiazole(3) can be
considered. However, no formation of (2c) upon 1irradiation of a mixture of (1b)

and (3a), clearly eliminates this alternate process
References

1 A, Mustafa " Advance in Photochemistry" vol 2, W A. Noyes, C. S. Hammond and
J N Pitts, Ed., Interscience, New York, 1964, p 63

2 P S H Bolman, I, Safarik, D. A. Stiles, W J R Tyerman and 0 P Strausz,

Can. J. Chem., 48, 3872 (1970)

Y. Schaafsmas, A. F. Bickel and B, C. Kooyman, Tetrahedron, %g, 76 (1960)

E. L. Loveridge, B. R Beck and J 5. Bradshaw, J. Org Chem., 36, 221 (1971).

L. Dalgaard and § O Lawesson, Tetrahedron Lett , 4319(1973)

L Benati, C. M Camaggi and G Zanardi, J Chem. Soc., 2817 (1972), G. Buch-

holz, J. Martens and K. Praefcke, Tetrahedron Lett., 3213 (1975), W. Ando, T.

Oikawa, K., Kishi, T. Saiki and T. Migita, Chem Commun , 704(1975).

Lo I, B~ S 4 1)




