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Irradiation of thiosuccinimides 3a-d gave, efficiently, highly
strained thietanes 4a-c, and thietane 44 with a pyrrolizidine skeleton
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As part of our continuing program to investigate imide photochemistry,z)

we have explored photoreactions of thioimide systems, a new amalgamation of imide
and sulfur.3) It was found that various aliphatic and aromatic cyclic thioimides
(1) undergo efficient [2 + 2] photocycloadditions intermolecularly with olefins

3)

to give various thietanes (2) (Chart 1). Interestingly, certain thioimides

3,4)

were inert to the Norrish type I and II reactions in contrast to the behavior

)

of their oxygen analogs (imides).2 In order to see the generality of the photo-
cycloaddition reactions in the thioimide systems, the intramolecular photoreaction
of thiosuccinimides was studied. Thus, we wish to report the first example of
intramolecular thietane formation in the thiosuccinimides possessing an alkenyl
group in their N-side chains.

Irradiation of 3a,b (5 mmol) in benzene (500 ml) with a 1 kW high-pressure
mercury lamp under a nitrogen atmosphere gave, after chromatographic separation,
highly strained tricyclic thietanes 4a,b, whose structures were assigned on the
basis of spectral and analytical data.6)

To gain more information about the role of the sulfur atom in the thioimide

7)

system with respect to the corresponding imide system, the photoreaction of
3c was examined. The monothiosuccinimide 3¢ predominantly underwent intra-
molecular photocycloaddition at the thiocarbonyl to afford thietane 56) rather
than oxetane. This preference of the thietane formation is interesting in
comparison with the photochemical behavior of monothiosuccinimide with olefins,
involving the intermolecular formation of both thietane and oxetane (ratio,
3:1).3:9)

Further, irradiation of 3d gave efficiently the expected thietane gg,s’
having a pyrrolizidine skeleton. By contrast, with the oxygen analogs (succin-

imides), such a photocycloaddition involving the formation of a five membered
ring system was not cobserved. Instead, typical y-hydrogen abstraction
10)

occurred.
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This preferential cycloaddition in the thioimide systems provides a facile
synthetic method for highly strained thietanes. These compounds are not only
interesting spiro multicycles as models of highly strained ring systems for theo-
retical studies, but also serve as otherwise inaccessible intermediates suscepti-
ble to various transformations. Further, these reactions afford an attractive
route to a novel synthesis of pyrrolizidine ring systems such as naturally

occurring pyrrolizidine alkaloids.11)

Chart 1
S
R
N-(CH,) n~C=CH,
S S Y
{ N-R _——_.’{ N-R 3a-d 4a-c 44
hv ﬁ(
Y Y
Y=5,0 3 Time (Q) Yield (%) of 4
1 2 a: Y=S, n=1, R=H 1 31 (0il)
b: Y=S8, n=1, R=CH,3 1 82 (0il)
c: Y=0, n=1, R=CH; 6 42 (0il)
d: Y=S, n=2, R=CH, 0.25 65 (01i1)
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