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Summary: On irradiation arylcarbothicamides (1) undergo, in the absence of oxygen, the Paterno-

Blichi reaction with olefins followed by cleavage, whereas under aerobic conditions the
photoreaction proceeds to give 4 and 5 probably via nitrile sulfide intermediates.
Although the photochemistry of thione has been extensively studied,z) few reports have
dealt with the photochemical properties of thicamides: namely, thiobenzani]ides3) and 4-thio-

uracils4) have been major subjects in literature, and little is known of photoreactions of
arylcarbothioamides. As a Togical extension of our photochemical studies of the nitrogen-
carbonyl systems,5) we now report the photoreactions of arylcarbothioamides, particularly on
their photocycloaddition with multiple linkage systems, which suggests also some synthetic
possibilities.

Irradiation of arylcarbothioamides (1) was carried out in the presence of 2,3-dimethyl-2-
butene 2 both in a nitrogen atmosphere and under aerobic conditions, and the results are listed
in the Table I. In a nitrogen atmosphere, 1 gave isobutyrophenone (3a) (Exp. 1,2). By contrast,
under aerobic conditions (in the air), 3,5-diphenyl-1,2,4-thiadiazole (4a) and 3-phenyl-4,4,5,-
5-tetramethylisothiazoline (5a) were obtained accompanying small amounts of 3a (Exp. 3).
Similarly, with a series of heteroaromatic thioamides (1b-e), the corresponding 3-aryl-4,4,5,5-
tetramethylisothiazolines (5b-e) were obtained.

Formation of 4 is always accompanied by concomitant appearance of sulfur, suggesting photo-
generation of a nitrile sulfide species (9) as an 1ntermediate.6) This inference was in fact
supported by a trapping experiment with ethynylbenzene, which afforded an isothiazole 10, the
expected addition product of 9. Although the 1,3-dipolar addition of nitrile sulfide is known

to lead to isothiazoles and thiadiazo1es,6a’7)

convenient methods for the formation of nitrile
sulfide seem unknown. Although elucidation of the detailed mechanisms of these reactions awaits
further studies, possible pathways for the photoreactions of the arylcarbothioamides are out-

lined in Chart 1. In parallel to the known photochemical behavior of thioani1ides,3) arylcarbo-
thicamides 1 undergo, in the absence of oxygen, the Paterno-Biichi reaction to form a thietane

(6), which suffers subsequent photolysis leading ultimately to 3. Under aerobic conditions, by
contrast, formation of nitrile sulfide by way of photooxidation through extrusion of the amide

hydrogens predominantly proceeds (8-—9), competing with formation of the thietane, and the
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intermediate nitrile sulfide (9) undergoes either 1,3-dipolar cycloaddition with a dipolarophile
in a solution or decomposes to sulfur and a nitrile, which will participate in the secondary
reaction with 9 giving rise to 4.

These results illustrate examples of the dramatic difference in the photochemical behavior
of arylcarbothioamides and arylcarboamides, the latter being incapable of performing these
transformations. In addition, these photoreactions may provide, by using a variety of dipolaro-
philes, a simple route to the synthesis of certain sulfur-containing nitrogen-heterocycles (4
and 5), which would serve as potential candidates for antimicrobial and other biologically

active agents.g)
Table 1 Photoproductsa) from Arylcarbothioamides (1)
Exp. Subt. Olefin (Mole ratio, 2/1) Conditionsb) {;T? Photoproducts (Yield %, mp °C)
1 1la 2 5 N 20 3a(18, oil) 1a(68)
2 Ta 2 30 N 2 3a(76) Ta(16)
3 Ta 2 5 A 20 3a(8) 5a(48, oil) 4a(22, 88-89.5)
4 Ta 2 30 A 1 3a(38) \5a(52) )
5 1b 2 5 A 25 3b(22)°'5b(24)% (mixture)
6 1c 2 5 A 25 5c(32, oil)
7 d 2z 5 A 20 5d(26, 0il) 4d(18, 104-106)
8 Te 2 5 A 20 Be(28, oil) 4e(19, 84-86)
9 la ethynylbenzene 2 A 20 5a(18) 10(22, 80-81)
a) All products showed reasonable analytical and spectral data (IR, Mass, ]H-NMR, ]3C-NMR).
b) Cond1t1onsT : in nitrogen atmosphere A: in the air.
c) Yields by 'H-NMR spectroscopy.
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