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PHOTOCHEMISTRY OF BICYCLIC §-THIA-a,B-UNSATURATED KETONES
A VINYLKETENE MECHANISM!
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Summary: Photolyses and pyrolyses of bicyclic s-thia-a,8-unsaturated ketones (8) and (la) were
investigated. Experimental and spectroscopic evidences support a vinylketene mechanism both
for photolysis and pyrolysis.

Apart from g-ketosulfides which upon irradiation undergo complex photorearrangements initi-
ated by the C-T excitation between the divalent sulfur and the carbonyl groups,?the unsaturat-
ed analogue, s-thia-a,B-unsaturated ketones were reported to behave differently depending on
their structures. For instance, the photorearrangement of (la) to (3)3 was formally accounted
for by a usual 1,3-acyl migration mechanism, whereas the 1,3-sulfur migration* took place to
give (4) in photolysis of (2). Explanation of these formally different types of reactions,
however, can be unified by a vinylketene mechanism if (la) and (2) generate, respectively,
vinylketenes (5) and/or (6) and (7), which, in turn, undergo intramolecular [4+2]- or [4+4]-
and [2+2]-cycloadditions at the designated positions to give (3) and (4), respectively, as
shown in Scheme I. In fact, (la) and (2) exhibited a ketene absorption at 2125 and 2100 cm-],
respectively, when irradiated at 77°K. This spectroscopic evidence likely suggests the jp-
volvement of a vinylketene mechanism which we often encounter both in photolyses and pyroly-
ses® of unsaturated ketones.
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In order to gain further insights into a mechanism, photolysis and pyrolysis of (8)7 and
pyrolysis of (1a)® were investigated. Herein we report experimental evidences to support a
vinylketene mechanism.

We previously report that irradiation of (8) with 350 nm in methanol afforded the formal 1,3-
acyl- and 1,3-carbon migration products (9) and (10).”7 Irradiation of (8) with 350 nm in dry
benzene for 3 hr, however, afforded two sterecisomeric thiolactones (11a) (15%) and (11b)
(13%) together with (9) (11%) and (10) (18%). Similarly, (10}, (11a) and (11b) were isolated
when (9) was irradiated with 350 nm in dry benzene. The structural determinations of these
products were based on their spectral properties.?®
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One of intriguing features of these reactions is that (9) and (10) are formed with reten-
tion of configuration, whereas (11) is formed in a non-stereospecific manner. In especial,
the formation of (11a) and (11b) can not be explained by a simple sigmatropic mechanism® such
as that applied to the rearrangement of (la) to (3), but can most likely accounted for by the
intramolecular [4+2]-cycloaddition between the vinylketene and the thioaldehyde functions in
an intermediate analogous to (5), expected to be generated from (8), (9) and (10). The reac-
tion sequence was, thus, monitored by liquid chromatographic analysis in order to know the
interrelation among these photoproducts which would provide a clue to a mechanism.

It was found that at the initial stage of irradiation the almost same amounts of (9) and a 1:1
mixture of (11a) and (11b) were formed, while the formation of (10) was slow as compared with
those of (9), (11a) and {11b)}. Upon prolonged irradiation, the once formed (9) gradually
diminished with an increase in the yields of (10), (11a) and (11b) even after (8) disappeared.
Combining these evidences with spectroscopic one that upon independent irradiation of (8) and
(9) at 77°K both showed a ketene absorption at 2100 cm-], a plausible mechanism to account for
the stereospecific formation of (9) and (10) and the non-stereospecific one of (11a) and (11b)
can be proposed as shown in Scheme II, where vinylketenes such as (12) and (13) serve as key
intermediates.

§-Thia-o,8-unsaturated ketones (8) and (9), upon irradiation, undergo two ways of cyclo-
reversions to give the common intermediates (12) and (13). In vinylketene (12), the bond rota-
tion is possible around the carbon bearing the acetoxy group and then the [4+2]-cycloaddition
between the vinylketene and the thioaldehyde functions affords (11a) and (11b) in a non-stere-
ospecific manner. Although (12} is also capable of giving (9) and (10) by the [4+4]-cyclo-
addition between the thiobutadiene and the vinylketene functions and by the [4+2]-cycloaddi-
tion between the ketene and the thiobutadiene functions, respectively, the stereochemical
concern excludes this possibility. Vinylketene (13), however, can afford (9) and (10) with
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retention of configuration by the [4+2]-cycloaddition between the vinylketene and the vinyl-
acetate functions and by that between the acetoxybutadiene and the ketene functions, respec-
tively.
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If this mechanism is correct, a similar type of rearrangement can be expected to occur in
pyrolyses of (1a) and (8). Although sulfoxide (1b) (X=50)° was found to be stable at 500°C
and sulfone (1¢) (X=50,)'° underwent the sulfur dioxide extrusion reaction to give tropone (14)
(47%) probably via (15)'! at 500°C, the same rearrangement of (1a) (X=S) to (3) (43%) a
that observed in photolysis of (la), as was expected, occured when pyrolyzed at 510°C.
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Scheme IV
On the other hand, pyrolysis of (8) at 520°C afforded (9) (19%) and 4-hydroxy-1-thiaindene (16)
(mp 82°C) (28%)'? together witha trace of (10). The formation of (16) is best explained by the
other [4+2]-cycloaddition between the vinylketene and the vinylacetate functions to give (17)
which is similar to that in (12) to give (11a) and (11b). The successive elimination of acetic
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acid followed by aromatization affords (16).

It is, however, not clear whether the C-S bond fission to give (12) occured or not in
pyrolysis since {11a) and (11b) mostly decomposed at this temperature. Nevertheless results
obtained in pyrolyses of (8) and (1a) supplement the operation of a vinylketene mechanism in
photolysis of bicyclic s-thia-o,B-unsaturated ketones.
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