H BRI AP R ST, 14 (1991)

—_——

=heRelt 3 RITETIARN T 1+ U v OIS kksse

Synthesis and characterization of highly functionalized and
three-dimensionally-arranged porphyrins designed

for photosynthetic reaction center
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A series of conformationally restricted dimeric porphyrins bridged by aromatic spacers has
been synthesized. With these porphyrin models, the geometry-dependence of intramolecular
excitation energy transfer in the zinc-free base hybrid diporphyrins and of intramolecular
electron transfer in the zinc—ferrie{lil) hybrid diporphyrins has been studied by picosecond time
resolved fluorescence spectroscopy and time-resolved transient absorption spectroscopy. Qb-
served geometry-dependence of the former process is in accord with the dipole-dipole induced
Férster mechanism. In the latter system, the geometry-dependence of the forward and backward
electron transfer has been shown to be quite different. The rate of forward electron transfer
decreases as the increase of center-to-center distance of the two porphyrins, while the rate of the
backward electron transfer is virtually distance-independent. Photo-induced dynamics of mag-
nesium-free base hybrid diporphyrins has been demonstrated to be dependent on both the solvent
polarity and the geometry of the two porphyrins. Photoinduced electron transfer leading to the
(MgP)*-(I,P)" is only observed in polar DMF solution for closely situated diporphyrin models.
Remarkable improvements in the synthesis of covalently-linked porphyrin aggregates with con-
strained conformations have been achieved, allowing the synthesis of a variety of meaningful
model compounds such as linearly-arranged pentameric porphyrin, face-to-face pentameric por-
phyin, porphyrin tetramer linked with quinone, 1,2-phenylene-bridged dimeric porphyrin, and
carotenoid-linked porphyrins. A long-lived charge-separated state with lifetime of 6.7 s has been
realized via the singlet photochemistry of a triad consisting of 1,2-phenylene-bridged porphyrin
dimer-porphyrin monomer-pyromellitimide, In another triad model consisting of carotenoid,
free-base porphyrin, and pyromellitimide, rapid long-distance electron transfer is observed from
the singlet excited staie of the carotenoid to the pyromellitimide, which is accelerated by
superexchange mixing of the intervening free-base electronic orbital.
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