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Photochemistry of o, a-Dihalovalerophenones
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o, -Dibromovalerophenone and o,0-dichlorovalerophenone were prepared and their photochemical behaviors
were investigated. The former gives C-Br cleavage products and the latter gives mainly the Yang photocyclization
products upon irradiation. The reactivity of the chlorine substituted ketone turned out to be quite different from that
of a,a-difluorovalerophenone which gives both the cyclization and elimination products from the 1,4-biradical

intermediate.
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Recently we have reported an interesting example of the
substituent effect on photochemistry of carbonyl compounds,
in which o-bromovalerophenone gives only the C-Br bond
cleavage products, but o-chlorovalerophenone follows the
classical Norrish/Yang reaction pathway predominantly. [1]
As our continuing efforts to understand structure/reactivity
relationship in photochemistry [2-5], we decided to extend
our investigation on this system using o,0-dihalovalero-
phenones. Here we would like to report our findings in
photochemical reactions of o,c-dibromovalerophenone, 1,
and o,a-dichlorovalerophenone, 2, and compare those with
the already known result of photolysis of o,0-difluorovalero-
phenone. [6-7]

The ketones 1 and 2 were prepared by di-halogenation of
valerophenone using bromine in dichloromethane and sulfuryl
chloride in dichloromethane, respectively. [8] Photolysis of
the ketones was done using the output of Pyrex filtered light
of a Hanovia medium pressure mercury arc lamp by hanging
an NMR tube containing 0.02 M of the ketone in degassed
benzene-d6 near the lamp. The sample was monitored at
regular intervals by '"H NMR spectroscopy.

At early stage of the photolysis of 1 the formation of two
products was evident from the 'H NMR spectrum and the
TLC analysis. Large scale irradiation was performed in order
to isolate each product and characterize its structure. The
usual spectroscopic analysis of the products showed the two
products were a-bromovalerophenone, 1P-1, and 1-phenyl-2-
bromopenta-1,3-dien-1-ol, 1P-2, shown below. [9]
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The prolonged irradiation of 1 resulted in complication of
its '"H NMR spectrum due to the secondary photoreactions of
the initially formed photoproducts. Among those the most
noticeable were valerophenone and {3-bromovalerophenone,
which resulted from photolysis of 1P-1. [1] The ratio of 1P-1
and 1P-2 was time dependent, which can easily be explained
by the occurrence of the secondary photoreactions. [10]

The 'H NMR spectrum of 2 after irradiation also showed
very complicated patterns. When the irradiation stopped
before the secondary photolysis started, there were two major
products in the reaction mixture, which were identified as 2,2-
dichloro-4-methyl-1-phenylcyclobutanol, 2P-1, and a-chloro-
valerophenone, 2P-2, shown below. [11]
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The relative yields of 2P-1 and 2P-2 were 74 % and 26 %,
respectively. Prolonged irradiation of 2 resulted in additional
formation of 2-chloro-4-methyl-1-phenylcyclobutanol and 2-
chloroacetophenone, which are the secondary photoproducts
of 2P-2.

Formation of 1P-1 from 1 can be explained by photoinduced
C-Br bond cleavage followed by hydrogen atom transfer as
evidenced by similar transformation of «-bromovalero-
phenone and other structural analogues. [12-14] More interesting
is the finding of the photoproduct 1P-2 in the photolysis of 1.
In the photolysis of a-bromovalerophenone B-bromovalero-
phenone is formed as a photoproduct via the Michael addition
of HBr to the o,B-unsaturated ketone intermediate. We believe
the similar reaction occurs in the photolysis of 1, which forms
2-bromo-1-phenylpent-2-en-1-one. At this stage, however, the
o.,3-unsaturated ketone tautomerizes rapidly to 1P-2 having
the more extended conjugation instead of going through the
Michael type reaction. The postulated reaction sequence is
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shown in Scheme 1.

The photoproduct 2P-1 from 2 is the result of classical
Yang photocyclization. [15-16] The reaction is well known to
occur via 1,4-biradical intermediate. In the Norrish/Yang reaction
the biradical intermediate normally gives both elimination
and cyclization products. For example, valerophenone gives
acetophenone, propene (elimination products), and diastereomeric
mixtures of 1-phenyl-2-methylcyclobutan-1-ol (cyclization
products). In photolysis of 2, however, we could not detect
o, a-dichloroacetophenone, which indicates that the biradical
intermediate from 2 gives exclusively the cyclization product.
The result is quite interesting considering o,o—difluorovalero-
phenone gives an equal amount of the elimination products
and the cyclization products.[6] The origin of the different
reaction selectivities of two compounds cannot be explained
clearly at this stage and requires further investigation.

As in the case of photolysis of mono halogenated valero-
phenone, the bromine substituted ketone does not give the
cyclization product presumably due to relatively fast C-Br
bond cleavage reaction rate resulting from the weak bond
energy. [1] We are currently looking into possibilities of
photoinduced electron transfer in the photolysis of 1 and 2 in
polar solvents.

In summary, photochemical properties of o,o-dibromovalero-
phenone and o,o-dichlorovalerophenone were investigated.
The former gives C-Br cleavage products and the latter gives
mainly the Yang photocyclization products upon irradiation.
The reactivity of the chlorine substituted ketone turned out to
be quite different from that of o,c-difluorovalerophenone
which gives both the cyclization and elimination products
from the 1,4-biradical intermediate.
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