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ABSTRACT

An efficient photochemical approach for the unusual generation of six-membered heterocyclic rings is reported. Iminyl radicals, generated by
the irradiation of acyloximes, participate in intramolecular cyclization processes and in intermolecular addition −intramolecular cyclization
sequences.

The behavior of iminyl radicals generated fromS-arylimines,
oxime benzoates, xanthyl hydrazones,S-benzothiazole sul-
fenylimines, andN-benzotriazolimines for the synthesis of
diverse pyrrolidine systems has been reported.1 The reactions
can be promoted by both thermal and photochemical
methods. More recently, the groups of Zard2 and Narasaka3

reported the photochemical radical cyclization ofγ,δ-
unsaturated ketone oxime derivatives to give 3,4-dihydro-
2H-pyrroles. Although intramolecular cyclization between
an iminyl radical and an olefin seems an attractive strategy
to construct nitrogen heterocycles, as far as we know, these
photochemical processes have not been utilized in the
preparation of six-membered heterocyclic rings. In this letter,
we report our results from investigations in this area.

In the context of our studies on the photochemistry of
compounds containing a carbon-nitrogen double bond,4 we
focused our attention on acyloximes. Acyloximes can be used
as photoinitiators for UV-curable coatings.5 When they are

irradiated, nitrogen-oxygen bond cleavage occurs, and this
initiates the polymerization process.6 The simplicity of the
iminyl radical formation prompted us to investigate the ability
of these systems to generate six-membered heterocyclic rings.

We started our investigation of the reaction conditions by
irradiating a solution of 2-phenylbenzaldehydeO-acetyl-
oxime7 (1, 0.5 mmol) in 50 mL of hexane, with a 400 W
mercury lamp through Pyrex, under an Ar atmosphere, until
the acetyloxime was consumed. After the usual workup
procedure, we isolated the desired six-membered ring
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phenanthridine (2) in 19% yield.8 In addition to2, nitrile 3
(47%) was also obtained (Scheme 1). The yields of2 and3

were dependent on the solvent employed (Table 1, entries
1-5). The use oftert-butyl alcohol afforded the highest yield
of 2 (58%, entry 5).

We also explored the effect on the yield of the reaction
of ketoneO-acyloximes. Irradiation of 2-phenylacetophenone
or 2-phenylbenzophenoneO-acetyloxime intert-butyl alcohol
gave the corresponding phenanthridine in 91 and 40% yield,
respectively (Table 1, entries 6 and 7).

We subsequently focused our attention on evaluating the
participation of unsaturated systems other than phenyl. We
assayed the irradiation of 2-vinylbenzaldehydeO-acetyl-
oximes. As indicated in Scheme 2, irradiation of compounds
bearing a carbon-carbon double bond (8, 10, and 12) is
useful for the preparation of six-membered heterocyclic
compounds.8

The same approach was employed in the irradiation of
2-ethynylbenzaldehydeO-acetyloxime (14). The reaction led
to the formation of isoquinoline in 64% yield (Scheme 3).9

We also investigated the intermolecular attack of the
iminyl radical on a carbon-carbon triple bond. We chose
benzophenoneO-acetyloxime (15) as the starting material
because, after an initial addition reaction, one of the phenyl
groups could sequentially participate in an annulation
process. Irradiation was initially performed in the presence
of tolane. As shown in Scheme 4, a tandem (cascade)

intermolecular addition/intramolecular cyclization took place,
with isoquinoline16 formed in 76% yield. This reaction
sequence was also applied to dimethyl acetylenedicarbox-
ylate, which led to the formation of17.

In summary, we have developed an efficient photochemi-
cal approach for the unusual generation of six-membered
heterocyclic rings from iminyl radicals, generated from
acyloximes, through intramolecular cyclization or intermo-(7) 2-Phenylbenzaldehyde oxime, prepared according to Cullen, K. E.;

Sharp, J. T.J. Chem. Soc., Perkin Trans. 11993, 2961, was used as
precursor.
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Scheme 1

Table 1. Synthesis of Phenanthridines by Irradiation of
O-Acyloximes

a Yields of isolated product.

Scheme 2

Scheme 3

Scheme 4
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lecular addition/intramolecular cyclization sequences. A
systematic and extensive study of the scope and limitations
of this process is currently under investigation in our
laboratory and will be reported in due course.
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