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Cyclic P-dicarbonyl compounds la, 1lb, 10a and 10b undergo
isomerization involving reconstruction of the ring system by the
UV-irradiation in strong acid media. It is suggested that the
isomerization is aided by the formation of stabilized cation after

the ring opening.

The photochemistry of ketones in strong acid media has been characterized by
the unique reaction pattern induced by the controlled excitation due to the
protonation of the carbonyl group. The acid-induced photoreaction of
cycloheptadienone system has been studied extensively, and isomerization to
bicyclo system and ring contraction have been reported as typical reaction
patterns.l) These reactions are explained by the initial electrocyclic opening
of the seven-membered ring.

In connection with characteristic effects of metal ions on organic
photoreactions, as observed in our laboratoriesz), we are interested in comparing
the titanium(IV) chloride-~catalyzed photoreaction of ketones with the photoreaction
of protonated ketones, and found now that cyclic B-diketones underwent a novel
type isomerization of the ring system by the photolysis in strong acid media.

Irradiation of la in FSOBH or 98% stoh with quartz-filtered light (high-
pressure mercury lamp, Ushio UM 452 (h50 W)) for 24 h and subsequent work-up with
water gave 2a as a sole product in 19% yield. The solution became darkened
toward the end of irradiation, and the longer irradiation did not increase the
yield. Although the isolated yield of 2a was low, the NMR analysis of the acid
solution after the irradiation revealed that no other signals were noticeable
except those of 2a and the starting material. Similarly the methyl derivative 1lb
afforded 2b in 18% yield, but the compound 1lc, lacking hydrogen on C2, failed to
give any product under the same conditions. The presence of the gem-dimethyl
substituents at C5 is necessary for the present reaction to proceed, and compounds
3a-3c were recovered unchanged under the same conditions. The structures of 2a

and 2b were identified by comparing spectroscopic data with the reported values.B)
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The present reaction could be schemed in the following way.
ketone la, which exists as a protonated form laH in acid mediah
irradiation, a C4~C5 bond fission to give a cation &gg, and the
product 2a by the ring closure between carbon and oxygen atoms.
path involving electrocyclic ring opening of the cyclohexadiene
advocated in cycloheptadienone system, was considered and ruled
experiment in Dzsou.

deuterated 2a was obtained.
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When la was irradiated in DZSOh and worked-up with H2
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The starting
, undergoes, upon
cation gives the

The alternative
system 5, as
out by the following
0O, a

The NMR and mass spectroscopic analyses of the product

indicated that 100% of one proton on C2-methyl group and 8&% of C3-proton had been

exchanged with deuterium.

Since it was confirmed separately that C3-deuterium in

the deuterated 2a was exchangeable with the proton in water under the work-up

conditions, it was concluded that the primary product of the reaction in D2soh is

a dideuterated compound §, from which 16% of C3-D was expelled by proton during

the work-up procedure.

indication of exchange of C5-proton with deuterium was observed
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reaction, and the possibility of intervening 5 was thus eliminated.

The driving force for the present reaction seems to be a ring cleavage to give
a cation 4aH, stabilized by two methyl groups. The failure of the phenyl derivative
3b to undergo the isomerization might be ascribable to the protonation on the phenyl
ring as shown in 7.

The photoreaction of cyclic P-diketones under the unprotonated conditions
might be worth mentioning here. It is reported5 that compound lc, upon irradiation
This
reaction proceeds irrespective of the presence or absence of the methyl group(s) on
C5.

group on C2, such as la, was intact under the irradiation in methanol.

in benzene, undergoes Cl-C2 bond cleavage followed by recyclization to give 8.

In the present study we confirmed that cyclic P-diketone having no methyl
Previously
we reported that the irradiation of la in methanol in the presence of titanium(IV)
6) Evidently complexation with titanium(IV)

chloride and protonation lead to the entirely different reaction pattern.

chloride gave 9 as major product.

The same type rearrangement through 1,3-shift was also observed with
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sulfur-containing cyclic f-diketones. Irradiation of 10a in FSOBH with quartz- or
Pyrex-filtered light and subsequent work-up with water afforded lla in 76% yield.
Similarly 10b afforded 1lb in h9% yvield. The NMR analyses indicated that no other
products are present in the acid solution after the irradiation in both cases.
There seems to be no precedent of the 3-oxo-3H-1,2-o0xathiole ring system, and
the structures of the products lla and 1llb were confirmed by spectroscopic data.7)
The reaction could be schemed as involving S-C5 bond fission and recyclization with
the formation of S-0 bond. Again, the stabilization of the ring-opened system 12
through the intervention of sulfur atom might be responsible for the present

isomerization to proceed.
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