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Photochemical Reaction of Furocoumarin (Psoralen).
The Reactive Site in Its Photoexcited State

Tetsuo OTSUKI

Department of Chemistry, Occidental College, Los Angeles, CA 90041, U.S.A.1)

The 3,4-double bond of photoexcited furocoumarin shows a
higher reactivity than the 4',5'-double bond toward simple olefins,
leading to the formation of cyclobutane derivatives.

Furocoumarins (psoralens) have been used for treatment of psoriasis and/or
vitiligo under the exposure to the ultraviolet light. Their biological activity
is correlated to the photochemical reactivity of furocoumarin with DNA, resulting
in the modification of DNA.2) The modification of DNA by furocoumarins is believed
to involve three steps; (l)intercalation of furocoumarin between adjacent base pairs
including thymine in DNA, (2)formation of monoadduct of furocoumarin with thymine
residue of DNA by the photochemical reaction, (3)subsequent photochemical reaction
of the monoadduct with another thymine residue, resulting in the formation of di-
adduct, thus, the cross-linking of DNA by furocoumarin. Judging from the so far
reported results, the 4',5'-double bond, rather than the 3,4-double bond, of the
photoexcited furocoumarin in DNA is more reactive with the thymine residue forming

a cyclobutane ring.s)

However, the similar reactivity is not always observed in
the photochemical reaction of furocoumarin with thymine derivatives free from DNAW4)
These results are hardly explained on a reasonable basis.

In order to get a better understanding of the biological activity, the photo-
chemical reactivity of furocoumarin with a variety of olefins is systematically
studied here.

When a benzene solution(80.0 mL) of furocoumarin(ca. 0.3 mmol) is irradiated
in the presence of 2,3-dimethyl-2-butene(ca. 1.8 mmol), a smooth reaction undergoes
as shown in Fig. 1. After the complete consumption of furocoumarin, white crystals
as a reaction product were isolated in 77% yield by purifying the reaction mixture
with chromatography on silica gel;mp 141.0-142.0 ©c. All the spectroscopic data
satisfy the structure 2, which is formed by [2+2] cycloaddition reaction of the 3,4-

double bond of the photoexcited furocoumarin l‘with 2,3—dimethy1—2—butene.5)
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The similar cyclobutane-adducts are isolated, starting with a variety of
olefins. They include mono-, di-, tri-, and tetrasubstituted ethylenes;l-hexene
(the yield of the corresponding cyclobutane:47%), l-heptene(24%), l-octene(16%),
styrene(29%), p-methylstyrene(34%), 2-methyl-1-butene(47%), 2-ethyl-l-butene(31%),
methylenecyclopentane(71%), cyclohexene(37%), cyclooctene(60%),trans-3-hexene(47%),
2-methyl-2-butene(74%), and 2-methyl-2-pentene(53%). All the cyclobutane deriv-
atives here isolated are formed through the reaction of 3,4-double bond of 3.6)
The unsymmetrically substituted ethylene such as styrene yields one isomer as the
major product. Based on the analysis of the NMR spectrum, the regiochemistry of
the addition product could be deduced as shown in §.7)

As above described, the 3,4-double bond of photoexcited furocoumarin shows a
higher reactivity than the 4',5'-double bond toward a variety of olefins in solu-
tion. Thus, the present result shows a remarkable contrast with the photochemical
reactivity of furocoumarin in DNA, where the 4',5'-double bond reacts first with an
unsaturated compound. The difference in reactivity in different environments
would be explained by assuming an important contribution of non-bonded interaction
of furocoumarin with DNA preceding the photochemical events in the biological
environment.
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