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ABSTRACT

The photophysical properties of porphyrin-linked fullerene hybrids have generated significant interest, and a number of these hybrids synthesized
by this group and others have been extensively characterized with respect to energy and charge-transfer processes that take place upon
photoexcitation. Present studies of steroid-linked dyads demonstrate the extent to which through-bond effects operate in these systems.

The unique photophysical properties ofyChave been hybrids have been produced and studied by a number of
discussed extensively in the recent literatu@, has been  groups including our owA$—°
shown to be an effective electron and energy acceptor toward Photoexcitation of porphyrin in these dyads leads to two

a variety of photoactivated donot$n particular, consider- competing processes. The first is energy transfer (ET), in
able attention has been devoted to the study of covalently

linked porphyrin-fullerene hybrids. Since these compounds
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separation processes and have potential application in pho

todynamic therapy,a large variety of porphyrin—fullerene
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Figure 1. UV—vis spectrum of 2QuM 1, 2, 3, and4 in benzene.

which porphyrin transfers its excitation ta¢-generating a  intramolecular interactions was provided by strong fluores-
short-lived singlet excited state of;§Xr = 1.3 ns). Rapid cence quenching and singlet oxygen sensitization. In some
intersystem crossing produces the long-lived triplet excited cases, metal ion complexation with the poly(ethylene glycol)
state of Go (r = 133us),° which transfers energy efficiently  crown ether mimic brought the two chromophores into even
to 30,, generatindgO; (*Ag) with unity quantum yield. The closer contact, thus facilitating electronic interaction accord-
other competing process is charge separation (CS), in whiching to fluorescence titration experiments. Very recently
electron transfer gives a porphyrin radical cation/fullerene doubly linked, strapped “parachute” hybrids, in which the
radical anion pair that Usua”y returns to the ground state two Chromophores are r|g|d|y forced into very close proxim-
through charge recombination (CR), but occasionally leads ity have been reportetlin these systems, the porphyrin
to the formation of fullerene triplets. To determine the fjyorescence is almost totally quenched.

circumstances under which one or the other or these
competing processes is dominant, early work in the area
made use of hybrids prepared by Dielslder cycloaddi-

The extensive interactions between the two chromophores
that have been observed to date have been attributed
sabde, . . " . . primarily to through-space interactions. The question natu-
tion for azomethine ylide addition of porphyrin deriva rally arises as to what extent through-bond effects can

tives to Go.3¢f . )
From these studies, it was concluded that groun d_S,[(,jlte_contnbute to the conversation between the two chromophores

interactions between the porphyrin and fullerene moieties in the excited state. The role of this mode of interaction in

were governed by their distance of separation, which was f:omplex hexads has been discussed recéatlglyad system

fixed by the linker295 For free base dyads, it was shown in which the. porphyrin and fullerene are rigidly geparated
that energy transfer is favored in nonpolar solvents, while PY @ large distance would therefore serve as a nice control
polar solvents or zinc-porphyrins favor the formation by in this area of research, allowing the contribution of through-

electron transfer of an extremely long-lived ion pair stagg. ~ Pond effects to be elucidated.

A variety of dyads, triads, and even very recently heXads ~ Pursuant to this idea, a series of hybrids with steroid linkers
have been prepared to probe the details of these excited statél, 2, and3) was prepared. The synthetic approach was
processes. In particular, our group has studied a series ofsuggested by the work of Maggini and colleagtfés,which
dyads with poly(ethylene glycol) and catechol-derived link- electronic interactions in steroid-linked ruthenium bipyridyl
ers® These flexible linkers allow extremely close approach hybrids were examined. As large, rigid polycyclic frame-
between the porphyrin and fullerene moieties. Evidence for works, steroids are ideal linkers for constructing hybrids in

Figure 2. UV—vis spectrum of 2QuM 1, 2, 3, and4 in chloroform.
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which the porphyrin and fullerene moieties are forced to be not affect the excited state interactions of the dyads given
far apart in spacex{12 A). the fixed separation of the two chromophores.

Synthesis of these hybrids began with the Prato reaction, Results.The steady-state absorption spectral 02, and
which provides a facile route to the steroidal fulleropyrro- 3 in benzene (Figure 1) and chloroform (Figure 2) indicate
lidine precursor$, 6, and7 via azomethine ylide addition  insignificant electronic interactions between the chro-
to Gso.** These precursors are then linked to tetraphenylpor- mophores in the ground state.
phyrin carboxylic acidB through standard EDCI coupling. The fluorescence emission spectrad ef3 were measured

It's noteworthy to point out that each of the hybrids in benzene (Figure 3) and chloroform (Figure 4) at fixed
obtained form this method was prepared as a mixture of optical density at the excitation wavelength, which was 550
diastereomers corresponding to the two possibilities of nm. In benzene, the fluorescence of dyad2, and3, were
attachment at the spiro junction. Spectroscopic data werequenched by 52%, 58%, and 71% respectively, relative to
obtained on the nonseparated mixtureslp®, and3, but model compound, indicating significant interaction between
the conclusions of this paper do not depend on having the porphyrin singlet excited state and fullerene ground state.
pure isomers. Furthermore, given the spherical nature®f C In the more polar solvent chloroform, the fluorescence
its orientation with respect to the porphyrin moiety should quenching for the dyads relative to that of model compound
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Figure 3. Fluorescence emission spectrum of/@a 1, 2, 3, and . - .
4 % benzene. P 1aa Figure 5. Fluorescence emission spectrumdadind an equimolar

mixture of 4 and5 in benzene (all 2QM).

4 is slightly larger, 66%, 69%, and 74%, respectively, separation between the porphyrin and fullerene moieties. The
suggesting that electron transfer may be playing a key role quenching of porphyrin fluorescence in these steroid-linked
in these interactions. This awaits verification by time-resolved hybrids indicates that the two chromophores do indeed talk
fluorescence and transient absorption spectroscopy. Identicato each other in the excited state. Although the precise
fluorescence quenching was observed with both diastereo-Characterization of this dialogue awaits the results of transient
mers of dyadb. and time-resolved studies, this result is surprising and
significant. Ongoing research in the area of covalently linked
_ porphyrin—fullerene hybrids has application to the design
of agents for photodynamic therdpyand photosynthetic
reaction center mimics, as well as further elucidation of the
photophysics of g and its derivatives.

Figure 4. Fluorescence emission spectrum ofi@a 1, 2, 3, and
4 in chloroform.

To be certain that the observed interactions are intramo-
lecular as opposed to intermolecular, the fluorescence
emission spectrum of an equimolar mixture 4fand 5
(20uM) was taken and was found to be indistinguishable
from that of model compoundi also 2QuM, in both benzene Acknowledgments.We thank the National Science Foun-
(Figure 5) and chloroform (Figure 6). dation for support of this research through Grant CHE-
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Figure 6. Fluorescence emission spectrumdadind an equimolar
mixture of 4 and5 in chloroform (all 20uM).
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