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Abstract

Two novel fluorescein–C60 dyads have been synthesized. Fluorescence quenching in the dyads indicates
a photoinduced intramolecular electron transfer from the fluorescein to the C60 moiety. © 2000 Elsevier
Science Ltd. All rights reserved.
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Over the past decade, a great variety of dyads and more complex polyads consisting of
electron donors and acceptors have been designed to investigate photoinduced energy and
electron transfer (ET) processes and to mimic natural photosynthesis.1 Fullerenes as novel
electron acceptors, in particular the readily available C60, present a wide range of chemical and
physical properties that make them promising chromophores in photoinduced redox processes.2

Many investigations show that C60 is a good electron acceptor. One of the most remarkable
properties of C60 related to electron transfer phenomena is that it can efficiently induce a rapid
charge separation and a further slow charge recombination. These peculiar photophysical
properties are due to the small reorganization energies of C60 in ET.3 Therefore, a wide variety
of C60-donor dyads in which C60 and a donor unit are covalently attached have been recently
synthesized for investigations of their photoinduced electron transfer behavior.2 The donors in
these C60-donor dyads include porphyrins,3–10 TTFs,11,12 polypyridine ruthenium(II) complexes,13

N,N-dialkylaniline,14 ferrocene15 and carotenoid.16 Among these, the systems consisting of
porphyrins and C60 are the most prominent and have been extensively studied. However, to the
best of our knowledge, no reports concerning fluorescein (FL)–C60 systems have appeared so far,
although FL is a very important xanthene dye, which has many technical applications17 due to
its high fluorescence quantum yield, excellent redox properties as well as relatively large
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extinction coefficients at visible wavelengths. Also, FL contains two active groups—the hydroxyl
and the carboxyl groups, which can be used to link FL to different electron donors or acceptors.
Thus, FL was frequently used as electron donor/acceptor and sensitizer in artificial photosyn-
thetic models.18 Based on these considerations, the FL–C60 system may be a good model for the
study of artificial photosynthesis. In order to investigate this possibility, we have synthesized two
dyads 7 and 8, consisting of a FL covalently linked to a fullerene, as well as model compounds
2 and 9.

The synthesis was carried out as outlined in Scheme 1. The synthetic approach to compounds
7–9 relies upon the 1,3 dipolar cycloaddition of azomethine ylides to C60. This methodology has
proven to be one of the most powerful procedures for the functionalization of C60 due to its
versatility and the ready availability of the starting materials. Therefore, reaction of aldehydes
5, 6 and p-anisaldehyde (0.1 mmol) with N-methylglycine (32 mg, 0.36 mmol) and C60 (72 mg,
0.01 mmol) in toluene (100 ml) under Ar at reflux for 8–12 hours, gave the corresponding
fulleropyrolidines 7–9 after column chromatographic purification (silica gel, toluene/methanol,
50:1). The aldehydes 5, 6 and dibutyl fluorescein 2 were prepared by alkylation of FL using the
corresponding alkylbromide in DMF at 90°C for 2–3 hours with anhydrous potassium carbon-
ate as base. The structures of all these compounds were verified by spectroscopic analyses.19

Scheme 1. (i) 1-Bromobutane, anhydrous K2CO3, DMF, 90°C for 2–3 hrs, 76%; (ii) 4-(2-bromoethoxyl)-benzalde-
hyde, ibid., 75%; (iii) 1-bromobutane, ibid., 85%; (iv) 4-(2-bromoethoxyl)-benzaldehyde, ibid., 71%; (v) 1-bromotane,
ibid., 77%; (vi) N-methylglycine, Ar, toluene, reflux for 8–12 hrs, 30%; (vii) ibid., 34%; (viii) ibid., 28%
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The UV–vis spectra of the dyads 7 and 8 (Fig. 1) consist simply of a superposition of the
absorption spectra of the C60 and FL subunits, indicating that there is no appreciable interaction
between the FL and C60 in the ground state. However, the steady-state fluorescence spectra of
7 and 8 (Fig. 2), taken in chloroform with the same concentration and excited at 460 nm where

Figure 1. Electronic absorption spectra of 2 (dash), 7 (dot), 8 (dash dot) and 9 (solid) in CHCl3 (2×10−5 M)

Figure 2. Fluorescence spectra of 2, 7 and 8 in CHCl3 (2×10−5 M) excited at 460 nm
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the FL part mainly absorbs, show a significant difference compared with those of 2, 5 and 6.
Whereas with 2, 5 and 6 a strong emission could be observed, the emissions of 7 and 8 are very
weak, showing rapid quenching of the excited singlet state of FL by C60. Besides, the emissions
of 7 and 8 (480–650 nm) were observed only from the FL, without detectable emission from the
C60 (680–750 nm), while the emission from C60 in model 9 was observed (680–750 nm). This
shows there is no evidence for the existence of singlet-singlet energy transfer from 1FL* to the
C60. These results imply that intramolecular photoinduced electron transfer from the FL to C60

is a main pathway for the emission quenching in chloroform. The detailed photophysical
properties of the two dyads, such as their fluorescence lifetimes and the rates of formation and
lifetime of charge separation state are under investigation.
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