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Synthesis of [60]fullerene–quercetin dyads
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Abstract—Starting from quercetin, a natural flavonol with high antioxidant activity, three novel [60]fullerene–flavone derivatives
were synthesized via cyclopropanation of C60. © 2002 Elsevier Science Ltd. All rights reserved.

Among the various potential applications of the
fullerene derivatives, their use in medicinal chemistry is
probably the most promising one. It has been shown
that they exhibit several types of biological activities,
both in vitro and in vivo, that can be exploited for
medicinal purposes.1,2 The ability of C60 and its deriva-
tives to scavenge a large number of radicals per
molecule3,4 makes them potentially useful drugs in the
prevention or treatment of pathologies in which oxida-
tive damage is involved, namely cardiovascular5,6 and
neurodegenerative diseases.7,8

Flavonoids, a widely distributed class of phytochemi-
cals, also possess important medicinal properties: they
act as antioxidants9,10 and anticarcinogens,11,12 and they
express beneficial effects in inflammatory and
immunomodulatory systems.13,14

Currently we are developing a project concerning the
synthesis of new radical scavengers with potential appli-
cation in medicine. Knowing the aptitude of fullerenes
and flavonoids to trap radicals, we have been preparing
fullerene–flavonoid dyads aiming to obtain compounds
that may behave as radical sponges. Recently we
reported15 the synthesis of novel fullerene–chalcone and
fullerene–flavone dyads, obtained by 1,3-dipolar
cycloaddition reactions of azomethine ylides to C60.
Synthetic chalcones and flavones were then used. Now
we report the synthesis of new fullerene–flavone dyads
but starting with quercetin, a natural flavonol with high
antioxidant activity. The new compounds were
obtained by cyclopropanation16 of C60 with the appro-
priate malonate derivatives. The antioxidant activity of
quercetin (3,3�,4�,5,7-pentahydroxyflavone) is higher
than other pentahydroxyflavonoids (catequin, for

Scheme 1. (a) CH3I (30 mmol), K2CO3 (22.5 mmol), CH3CN/CH3OH (2:1) 60°C, 10 h. (b) p-TsCl (4 equiv.), K2CO3 (8 equiv.),
CH3CN, 60°C, 1 h. (c) AlBr3 (3.1 equiv.), CH3CN, 0°C, 1 h. (d) AlBr3 (1.1 equiv.), CH3CN, 0°C, 1 h.

* Corresponding author. Tel.: +351 234 370 712; fax: +351 234 370 084; e-mail: actome@dq.ua.pt

0040-4039/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )00867 -5

mailto:actome@dq.ua.pt


2

O

OMe

OMe

O

MeO

OMe

9a, R = OTs
9b, R = OH
9c, R = OMe, 82%

O

10a, R = OH, 86%
10b, R = OMe, 83%

a b

5, 6

7, 72% 8, 73%

O

OMe

OMe

O

MeO

O

R

a b
O

OMe

OMe

O

MeO

O

R

OH

O

OMe

OMe

O

MeO

OMe

O

O OMe

O O

OH

O OMe

O O
c
60%

M. D. L. de la Torre et al. / Tetrahedron Letters 43 (2002) 4617–46204618

instance). This is due to the presence of a 2,3-double
bond and to the 4-oxo function in ring C which allows
electron delocalization across the molecule and
increases the stability of the aryloxyl radical after
hydrogen donation.10 The presence of a 3�,4�-dihydroxy-
phenyl system and a 3-hydroxyl group also contributes
to the high antioxidant activity of this compound.10

The synthetic steps for the formation of different C60-
quercetin derivative dyads are indicated in Schemes
1–3. It involved the alkylation of one hydroxyl group of
the quercetin with 3-iodo-1-propanol, conversion of the
resulting alcohol into a malonate derivative and, finally,
coupling the malonate to C60 via a cyclopropanation
reaction (Bingel reaction).16 Since quercetin has five
hydroxyl groups, to prevent the formation of mixtures
of isomers, it is important to protect selectively four
hydroxyl groups. As indicated in Scheme 1, by a O-

methylation/demethylation process,17 we succeeded to
prepare quercetin derivatives with 5-OH (compound 2)
and 3-OH (compounds 5 and 6) free groups.

Methylation of quercetin with methyl iodide afforded a
mixture of compounds 2 and 3. These compounds were
separated by flash chromatography using mixtures of
CH2Cl2/acetone (9:1 to 7:3) as eluent and were crystal-
lized from ethanol. Demethylation of compound 3 gave
the 3-OH derivative 6 and an additional amount of 2
(26%). Compound 2 was used in the reaction with
3-iodo-1-propanol (Scheme 2) and also in the prepara-
tion of derivative 5 (Scheme 1): tosylation followed by
demethylation led exclusively to 5. All these compounds
were purified by flash chromatography using
dichloromethane/acetone 9:1 as eluent and were crystal-
lized from ethanol. Alkylation of 2 and 6 with 3-iodo-1-
propanol afforded directly the propanol derivatives 7

Scheme 2. (a) 3-Iodo-1-propanol (2 equiv.), K2CO3 (4 equiv.), dimethylformamide, 60°C, 3 h. (b) Methyl malonyl chloride (4.3
equiv.), triethylamine (2 equiv.), CH2Cl2, 0°C to rt, 3 h. (c) K2CO3 (2 equiv.), methanol, reflux, 0.5 h.

Scheme 3. (a) C60 (2.5 equiv.), I2 (1.1 equiv.), DBU (3.5 equiv.), toluene, rt, 1 h.
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and 9c in good yields (Scheme 2). In a similar process,
5 yielded the corresponding tosylated propanol deriva-
tive 9a which after treatment with K2CO3 in refluxing
methanol afforded 9b in 60% (two steps). These com-
pounds were converted into the corresponding mal-
onates 8 and 10 by esterification with methyl malonyl
chloride (Scheme 2).

Compounds 7 and 9 were purified by flash chromato-
graphy using dichloromethane/acetone 4:1 as eluent
and were crystallized from ethanol; compounds 8 and
10 were also purified by flash chromatography but
using dichloromethane/acetone 95:5 as eluent.

Cyclopropanation reactions of C60 with malonates 8 or
10 afforded the final dyads 11 or 12 in moderate yields
(Scheme 3). Compounds 11 and 12 were separated from
the unreacted C60 by flash column chromatography
using toluene to toluene/ethyl acetate 7:3 as eluent. The
first fraction was the unchanged C60 and the next one
was the monoadduct 11 or 12. Products with higher
polarity, probably bis-adducts, were discharged. The
fullerene derivatives were fully characterized by mass
and 1H and 13C NMR spectra.18–20 In the 13C NMR
spectra the signals appearing at ca. 52 and 71.5 ppm
correspond, respectively, to the methano bridge and to
the C60-sp3 carbons. These assignments were corrobo-
rated by DEPT (135°) experiments. The signals of all
carbons from the malonyl moiety were unequivocally
assigned by HETCOR (or HSQC) and HMBC experi-
ments. When we compare the NMR spectra of a series
of derivatives (7, 8 and 11, for instance) there are no
significant variations in the signals corresponding to the
quercetin moiety.

The extension of this work to the synthesis of novel
fullerene derivatives having other natural antioxidant
moieties and the evaluation of the properties of the
final products is currently under way.
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