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A Novel Photocyclization Reaction of Lysine-Anthraquinone Molecules
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NO&-Acetyl-N&-(2-anthraquinonyl)-L-lysine methyl ester underwent a photocycliza-
tion reaction in an acetonitrile solution to produce piperidine derivatives. The cyclization
might proceed via a novel process that carbon-centered radical formed at the €-position
attacked the a-amido group in the molecule, followed by the formation of C-N bond.

In natural systems, a variety of bio-active quinones function in proteins, for example, ubiquinone-n in
photosynthetic reaction center, vitamin K, and so on.) Interactions between quinones and proteins are of
importance and have attracted much attention. We first synthesized lysine-linked-anthraquinone molecules and
have investigated their photoreactions. In this paper, we report a novel photocyclization of the molecules and its
reaction pathway.

Irradiation of an acetonitrile solution (400 ml) containing N®-acetyl-N€-(2-anthraquinonyl)-L-lysine methyl
ester (1a, 0.8 mmol) through an aqueous CuSO4 solution filter with a high pressure mercury arc lamp for 6 h
under argon afforded (2S,6S)-1-acetyl-6-(2-anthraquinonylamino)-2-(methoxycarbonyl)piperidine (2a, 20%),
(2S,6R)-1-acetyl-6-(2-anthraquinonylamino)-2-(methoxycarbonyl)piperidine (3a, 17%), and 2-anthraquinone
carboxamide (4a, 26%) as isolable products after column chromatography (see Table 1). Similarly, N®-t-
butoxycarbonyl substituted molecule 1b gave 2b, 3b, and 4a.

Table 1. Photochemical Reaction of Lysine-Anthraquinone Molecules?)
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1 (o] 2 3
0 Products / %)
R 2 3 4 Conversion / %
1a CH3 20 17 26 35
1b (CH3)3CO 13 15 trace 56

a) Irradiation time was 6 h. b) Isolated yield based on a starting molecule consumed.
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Scheme 1. A plausible reaction pathway. 4

The structure of products were assigned from their spectral data, elemental analyses and chemical
transformation.2) 1H NMR, 13C NMR, and IR spectra showed that photoproducts 2 and 3 had piperidine
structures. They were diastereomers each other and their 1H NMR and IR spectra showed that 2 had an
intramolecular hydrogen bonding between the C=0 at the 2-position and the NH at the 6-position, but 3 had not.
Therefore, it could be concluded that both substituents at the 2- and 6-positions in 2 occupied the axial positions
(cis-isomer), and 3 trans-isomer.3)

As shown in Scheme 1, the following reaction pathway is plausible. The first step of the photoreaction is a
hydrogen abstraction by photoexcited anthraquinone®) from the e-methylene site to afford the radical A. Since
the quantum yield measured by decreasing 1a was reduced with decreasing concentration, the initial hydrogen
abstraction would be intermolecular. In view of dissociation bond energy, abstraction of a-hydrogen atom
could also be happened, but it should be suppressed by steric hindrance. The radical in A intramolecularly
attacks the a-amido carbonyl group followed by rearrangement (alkyl migrationd) from carbonyl carbon to the
neighboring nitrogen) to form finally C-N bond (path 1).6) On the other hand, the radical A could be stabilized
by dehydrogenation to produce imine (Path II), followed by formation of 4 via hydrolysis.7)

In general, it is known that carbon-centered radical is trapped by olefin, carbonyl group, cyano group,and
soon.8) In the present case, however, carbon-centered radical attacks amido group, followed by C-N bond

formation. It is a novel process and the first example to our knowledge.
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