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1)

Inspite of numerous studies regarding photo-Beckmann rearrangement,
there has been no report on photoreactions of an oxime of 2,4-cyclohexadienones;
photochemistry of the dienones themselves, by contrast, has been the subject
of extensive investigations.z)

¥e now report the photoreaction of 2,4-cyclohexadienone oxime (1) which
reveals a new mode of photoreaction of an oxime, heterolytic a-cleavage.

Irradiation of (E)-oxime (la)B) in methanol (high pressure mercury arc,
Pyrex-filter, 7.5 h) afforded 2 (19%), 3 (16%), 4 (5%), 5 (1%), 6 (11%),

7 (7%), and 8 (2%) along with some recovered la (11%) and the isomer (1lb)
(6%).4) When (Z)-oxime (lb) was irradiated under identical conditions, isomer-
ization into la was observed at first and the final products and their yields
vere essentially the same as those from la. Formation of oxaziridine, which is

1)

considered to be an intermediate leading to an amide and in some cases

5)

characterized in solution, was also observed in the reaction of la; reaction

solution irradiated for 4 h was found to contain about 6% of oxaziridine (2)
by iodometry.e)

Acid treatment (trifluoroacetic acid in benzene) of 3 leads to formation
of 5 (95%), which undergoes cyclization to give 2 (96%) upon irradiation with
Pyrex-filtered light in methanol. This suggests that 2 is a secondary product

from 5. Since the ether 3 was found to be stable under the reaction conditions,

it is not a precursor of other products.
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For comparison, thermal Beckmann rearrangement of la was conducted using

2-chloro-l-methylpyrimidinium salt.7) In this case, the products were only
3 (6%), 4 (9%), and 5 (46%).
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Formation of the photoproducts (2-8) is explicable in terms of pentadienyl
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cation (10) as depicted in Scheme.
The most obvious feature of this photoreaction is that all the products

are formed via ionic processes. Contrary to frequent observations of nitrile

formation in the ground state Beckmann rearrangement, reluctance to the Beckmann

a)

. . . . . . . 1 .
fission is characteristic of photoreactions of oximes and, more importantly,

formation of nitriles in the excited state reaction has been explained by a
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homolytic process. The present reaction represents the first and unequivo-
cal example of a heterolytic a-cleavage of an oxime. The heterolytic pathway
seems to be operative even in non-polar solvent such as pentane although the
reaction is apparently more complex; the products identified were 2 (5%),

6 (11%), and 7 (7%).

The discrepancy in the products between the excited and ground state
reactions is most likely due to the difference in nature of intermediates in
both reactions. The products from the thermal Beckmann fission are only those
that are formally derived from canonical structure (l0a), suggesting the partic-
ipation of the solvent {for 3) and neighboring ¢ bonds {(for 4 and 5) in the
product forming process. On the contrary, in the photoreaction, the pentadienyl
ion (l0) appears to be formed as a "free" carbonium ion without such assist-
ance,lo) for the formation of 6, 7, and 8, products characteristic of the
excited state reaction, is reasonably explained in terms of canonical structures
(10b) and (10c) and this reactivity is most likely accounted for in the light
of characteristics of a "free" (or "hot") carbonium ionll) that reactions occur
at a position(s) other than that where a carbonium ion is initially generated.
This sort of "free" carbonium ions have recently been invoked in the photo-
reactions of alkyl and vinyl halides in order to rationalize the difference in
reactivity between the photochemical and solvolytic reactions.12’13)

The present results show that an oxime photochemically undergoes hetero-
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lytic a-cleavage if appropriately substituted and add yet another type of

reactivity into a list of diverse photoreactions of the carbon-nitrogen double

bond.
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