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Synthesis of novel [60]fullerene—flavonoid dyads

Maria D. L. de la Torre, Gian L. Marcorin, Giovanna Pirri, Augusto C. Tomé,* Artur M. S. Silva

and José A. S.

Cavaleiro

Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal
Received 7 November 2001; revised 15 January 2002; accepted 16 January 2002

Abstract—[60]Fullerene-chalcone and [60]fullerene-flavone dyads were obtained by 1,3-dipolar cycloaddition reactions of
azomethine ylides with Cqy. © 2002 Elsevier Science Ltd. All rights reserved.

The potential applications of fullerene derivatives
makes the study of the chemical, physical and biologi-
cal properties of these compounds an important sub-
ject.' One of the most promising areas of application
of fullerenes is the medicinal chemistry, namely as free
radical scavengers®’ for the treatment of neurodegener-
ative diseases, as inhibitors of the HIV-1 protease® '° or
in the photodynamic therapy of neoplastic tissues.!''?
Flavonoids are an especially well-studied class of phy-
tochemicals widely distributed in higher plants; many of
them, particularly flavones, flavonols and chalcones,
are conspicuous components of flowers, fruits and
other parts of plants.'* These compounds contribute to
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the quality, colour, and taste of many foods (vegeta-
bles, fruits) and drinks (tea, wine).'>!'® Many diverse
functions have been attributed to them: aside from
acting as antioxidants!” and anticarcinogens,'®!® they
express beneficial effects in inflammatory and
immunomodulatory systems.!>!

In this communication we present the synthesis of
fullerene—chalcone and fullerene—flavone dyads, which
may have interesting physical and biological properties.
Since the antioxidant activity of flavonoids is highly
influenced by the presence of oxygenated groups on the
aromatic system,'” we decided to prepare several com-
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a BnCl (5 equiv.), K2COs (4 equiv.), DMF, 150 °C, 3 h. 90
b NaOH (6 equiv.), terephthalaldehyde mono(diethy! acetal) (1.6 equiv.), MeOH, 60 °C, 2 h. 87
c HCI (10 %) (3 mL/g), r.t., 3 h. 88
d MeCO,H/HCI (10:1) (80 mL/g), 40 °C, 1 h. 86
e I (0.07 equiv.), DMSO, reflux, 20 min. 61
Scheme 2.

pounds differing in the number of oxygenated sub-
stituents. Knowing that both moieties can act as radical
scavengers, we may expect that these fullerene—
flavonoid dyads may behave as ‘radical sponges’ and,
eventually, may be useful as drugs in medicine.

The novel [60]fullerene—flavonoid dyads 3 and 4 were
synthesized from formylchalcones 1 and formylflavones
2 via 1,3-dipolar cycloaddition reactions of the corre-
sponding azomethine ylides (generated in situ from the
reaction of the formyl group with N-methylglycine and
then decarboxylation) to [60]fullerene (Scheme 1). All
cycloaddition reactions were carried out in refluxing
toluene, under nitrogen atmosphere, using an excess of
Ceo (1.4 equiv.) and N-methylglycine (5 equiv.). The
reaction mixtures were separated by flash chromatogra-
phy using gradients of toluene:ethyl acetate as eluent.
The first fraction was the unchanged C,, and the next
one was the mono-adduct 3 or 4. Products with higher
polarity, probably bis-adducts, were discharged. The
isolated yields are in the range of 31-67%. All adducts
3 and 4 are stable compounds.

The adducts 3 and 4 were characterized by 'H and '3C
NMR and MS.2%?! In the 'H NMR spectra of these
compounds the resonance of the N-methyl group
appears typically at 6 2.82-2.84 ppm and the proton 2"
appears as a singlet at ca. 5.0 ppm. The two non-equiv-
alent protons 5” appear as two doublets: one centered
at ca. 4.3 and the other at ca. 5.0 ppm. The geminal
coupling constant for these protons is in the range of
9.4 to 9.5 Hz. The resonances of the protons in the
chalcone and flavone moieties in the starting com-
pounds and in the adducts are very similar. It is inter-
esting to note that, in both compounds 3 and 4, the
signals corresponding to the protons of the phenyl
group directly attached to the pyrrolidine ring are
broadened. This indicates restricted rotation of the
phenyl substituent on the pyrrolidine ring, as previously
described for similar systems.?>?* In the '*C NMR
spectra of adducts 3 and 4 the signals corresponding to

C-5" and C-2” appear at ca. 70.0 and 83.0 ppm, respec-
tively, while the signals corresponding to C-4” and C-3"
(Cqo sp* carbons) appear at ca. 76.5 and 68.8 ppm.

The starting compounds 1a, 2a and 2b were prepared
according to the literature procedures.>* The chalcone
1b and the flavone 2¢ were prepared as indicated in
Scheme 2. All products of this sequence were character-
ized by 'H and *C NMR and MS.

The study of the photophysical properties and the
biological activities of some of these new [60]fullerene—
flavonoid derivatives and the synthesis of other
fullerene-flavonoid dyads, starting with natural
flavonoids, are currently under investigation.
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