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Photochemical Reactivity of 3-Ethoxycarbonylfurocoumarin1)
Boris D. RATINER and Tetsuo OTSUKIN
Department of Chemistry, Occidental College,
1600 Campus Road, Los Angeles, CA 90041, U. S. A.

Photochemical reactivity of 3-ethoxycarbonyl-
furocoumarin is studied. Upon irradiationm,
3-ethoxycarbonylfurocoumarin forms a cyclobutane with a
variety of alkenes at the 3,4-double bond in solution,
whereas a similar cyclobutane is formed at the
4',5'-double bond in DNA. The different site-selectivity
in solution from DNA 1is explained by assuming the
involvement of the triplet excited state.

Furocoumarins have been successfully used in the treatment of skin diseases
such as psoriasis and vitiligo.z) The biological effect of furocoumarins is
ascribed to their photochemical reactivity toward DNA. Upon irradiation in DNA,
two reactive sites of furocoumarins yield cyclobutanes in their reaction with
thymine residues, resulting in the cross-linking of two strands of DNA. Among
two reactive sites, the 4',5'-double bond shows a higher reactivity toward the
double bond of thymine residues than the 3,4-double bond in typical
furocoumarins such as lg, ;B, or ls. Therefore, the first step of cross-linking
of DNA is the [2+42] cycloaddition at the 4',5'-double bond of furocoumarins.z)
On the contrary, similar cycloaddition reaction takes place exclusively at the
3,4-double bond of furocoumarins wupon irradiation in solution.3) Such a
remarkable difference in reactivities of two reactive sites of furocoumarins in
different environments has not been explained clearly.

Here, the photochemical reactivity of furocoumarin 3-carboxylic acid ester
is studied in order to gain a better understanding of the biological effect of
furocoumarins.h) The introduction of ester moiety at the 3-position was reported
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to reduce the reactivity of the 3,4-double bond of furocoumarin dramatically in
DNA.S) Because of the failure to detect the photo-cycloaddition product at the
3,4-double bond in DNA, 3-ethoxycarbonylfurocoumarin 23, for example, is
sometimes called a monofunctional furocoumarin. The effect of 3-ethoxycarbonyl
group to reduce the reactivity of the 3,4-double bond has been explained due to

its electronic and/or steric effect.
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Interestingly, the photochemical reactivity of 3-ethoxycarbonylfurocoumarin
2a in solution was found to be quite different from that reported in DNA. When
Zﬁ (1.6 mM) is irradiated in the presence of 2,3-dimethyl-2-butene (9.5 mM) in
benzene as the solvent, a smooth reaction affords a cyclobutane adduct in 557
yield through [2+2] cycloaddition. Judging from the detailed analysis of the
spectroscopic data, the cyclobutane is concluded to be formed at the 3,4-double
bond of 2a (see the structure ;%3).6) The photochemical reactivity of the
3,4-double bond of gglhas never been reported. Similar cyclobutanes formed at
the 3,4-double bond of 23, are 1isolated in the photochemical reaction of
3-ethoxycarbonylfurocoumarin ;&; with a variety of alkenes. They are
2-methylpropene (yield of the corresponding cyclobutane 3b: 73%2),
2-ethyl-1l-butene (3¢: 707), ethyl vinyl ether (3d: 85%), styrene (3e: 717), and
p-methylstyrene (3f 627) . 7,8) The observed reactivity of 2a in solutlon shows a
remarkable contrast with the reported reactivity of 23 1nterca1ated in DNA.

Thus, in solution the reactivity of the 3,4-double bond of furocoumarins is
concluded higher than that of the 4',5'-double bond regardless of the

substituents.
The formation of a cyclobutane through the reaction at the 3,4-double

bond of furocoumarin }3 with 2,3-dimethyl-2-butene was found to be linearly
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quenched with the addition of naphthalene as the triplet quencher.g) This result
suggests the cyclobutane is formed at the 3,4-double bond wvia the triplet
excited state of furocoumarins. The efficiency of triplet formation of
3-ethoxycarbonylfurocoumarin 2a (0.30 in benzene) was reported much higher than
that of furocoumarin ;3 (0.035 in benzene) or 8-methoxyfurocoumarin lg¢, (0.011 in

10) Thus, the observed efficient formation of cyclobutanes at the

benzene).
3,4-double bond of 23 can be explained by assuming an efficient formation of the
triplet excited state of zi_in benzene. In summary, the photochemical reactivity
of the 3,4-double bond of furocoumarins in solution can be concluded
intrinsically higher than the 4',5'-double bond in their triplet excited state,
regarcdless of their substituents. The steric effect of the ester moiety on the
reactivity of the 3,4-double bond of furocoumarin is currently being studied by
introducing different alkyl groups in size.

However, the present result would suggest that non-bonded interactions
prior to the photochemical events play rather important role to determine the

site-selectivity of furocoumarins intercalated in DNA.ll)
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