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Abstract—Photooxidation of tetrasubstituted bis(fulleroid) derivatives gives novel diketone derivatives with 12-membered rings on
the surface of fullerene in high yields. © 2001 Elsevier Science Ltd. All rights reserved.

It has been investigated for a long time to insert atoms
or small molecules inside the carbon cages of fullerenes
in the development of new materials with useful physi-
cal properties. For example, endohedral complexes of
fullerenes (such as La,@Csg,, Sc@Cs, and Y@Csy,) have
been synthesized using high temperature arc-discharge
methods or high pressure reactions.!> Consequently, it
is impossible to employ these known methods for
preparation of well designed endohedral fullerenes with
fine organic molecules. A stepwise (tailor-made)
method consisting of usual organic operations, such as
bond cleavage and formation, is the most general and
efficient means for preparation of the endohedral
fullerene derivative. For the first step of this approach,
selective C=C bond cleavage on the surface of fullerene

is an important operation. Although several techniques
for this purpose have been reported, none of them have
succeeded in creating a suitable molecule with sufficient
hole.>” Described herein is a novel oxidative bond
cleavage of a tetrasubstituted bis(fulleroid) which
affords a 12-membered ring diketone on the surface of
fullerene.

Since bis(fulleroid) derivative 1 (la: R!'=R%=
COOCH;; 1b: COOCH,CF;; 1e: COOC(CH;);)® has
the same 60 w electron structure as Cgy, 1 is a good
agent for generation of 'O, like Cg,.”° Indeed, irradia-
tion of chloroform or toluene solutions of la and 1b
with white visible light in the presence of atmospheric
oxygen at 30°C afforded 2a and b in 95 and 87% yields,

Figure 1. 1a and 2a: R'=R?=COOCH;; 1b and 2b: R'=R?=COOCH,CF;; 1¢ and 2¢: R'=R?*=COOC(CHj;);; 1a and 2d:
R'=R>=COOCH;; 2R>=CH,0CH,; le and 2e: R'=COO(CH); 2R>=CH,OCH,; 1f and 2f: R'=COOCH,; 2R’=

CH,N(Boc)CH..
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respectively. Conversion of 1¢ into 2¢ proceeded slowly
under the similar conditions. The oxidation of 1c was
carried out under the forcing conditions (80°C; irradi-
ated by stronger lamp; air bubbling) to give 2¢ in 97%
yield based on conversion (58%). The bis(fulleroid)
derivatives with oxygen and nitrogen heterocycles (1d—
f) were oxidized quantitatively to diketone 2d—f, respec-
tively (Fig. 1).'°

'H (400 MHz) and '*C NMR (100 MHz) spectra of 2a
showed four kinds of ester groups (CH;0: 6=3.88,
3.89, 4.03, 4.22; COO: 5=164.83, 166.50, 169.41,
170.82) together with 58 aromatic sp> carbons. Four
kinds of ester groups of 2b and 2¢ were observed
similarly by NMR spectra. These NMR signal patterns
are consistent with those of fullerene derivatives with
C, symmetry. In addition, two signals typical for
ketone carbonyl groups were recommended in '*C
NMR spectra of 2 (2a: 6=189.56 and 192.06; 2b:
190.53 and 190.99; 2¢: 189.53 and 192.99). Molecular
ions (M* or M") of 2a, 2b, and 2¢ (m/z=1036, 1308,
and 1204, respectively) were consistent with the dike-
tone formulas (1+32). When 1a, whose '*C contents are
20% in the fullerene part and natural in ester groups
was converted to 2a, '3C NMR signal intensities of
ketones increased in the comparison with those of
esters.!! Therefore, it is evident that the ring cleavage
took place on the '*C-enriched fullerene skeleton.

In spite of the same 60 wt electronic structure as Cg,
whose photooxygenation affords Cq,O (epoxide),>*-'>!3
[2+2] cycloaddition of 1 with 'O, followed by symmetri-
cal ring opening of dioxetane 3 predominantly occurred
to give 2.44%13 On the contrary, oxidation and Diels—
Alder reaction of the mother compound (1: R'=R?=
H)? were reported to occur not on the fullerene skeleton
but on the outside part.>'* Since AM1 calculations on
la shows that the C=C bond on which the oxidative
ring cleavage occurred has the largest HOMO density,
the bond is the most reactive toward electrophilic
attack of '0,. The C=C bond is sterically affected by
the ester groups, and the bulky ¢-butyl group of lc
prevents the attack of 'O,. The oxidation of less hin-
dered 1d-f proceeded rapidly. Therefore, the diketone-
forming photooxidation of 1 is a characteristic process
of tetrasubstituted bis(fulleroid). The related oxidation
of an azafulleroid derivative has been reported by
Rubin,*® although the product is not sufficient for the
tailor-made procedure because of steric hindrance
caused by neighboring aromatic substituents. Since
both the z-butyl ester of 2¢ and 2e and the N-Boc
group of 2f can be removed by usual acidic reactions
suitable for conversion of fullerene derivatives, 2 might
be used as versatile precursors not only for the tailor-
made approach but also for various new materials.

The following procedure is representative: In the pres-
ence of atmospheric oxygen, a solution of 1a (20 mg,
0.02 mmol) in chloroform (50 ml) was irradiated by a
300 W tungsten halogen lamp (Pyrex®) at 30°C (with
water cooler) for 10 h. The solvent was removed, and
the residue was subjected to SiO, column chromatogra-

phy eluting with 10% ethyl acetate in toluene. Pure 2a
(19 mg, 95%) was obtained as a dark brown powder
(mp 345-348°C dec.). 'H and '*C NMR spectra of 2a
and 2c¢ are summarized in Ref. 15.
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