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Photoinduced reactions of tertiary amines with [60}fullerene
(Ceo) were successfully applied to the synthesis of
[60]fulleroalkaloids. This method is easy and effective for
constructing Cgp derivatives containing natural alkaloids for the
purpose of checking the influence of the carbon cage on the
biological activities of the alkaloids. In this letter, the preparation
and characterization of [60]fulleroscandine is reported.

Recently, we have been interested in the preparation of Cg
derivatives that contain potentially biologically active moieties. In
this letter, we report a novel and easy approach for introducing
natural alkaloids, which are endowed with a range of biological
activities, to the Cg cage in order to evaluate the biological
properties of these novel and interesting molecules. In this
approach, an alkaloid moiety was attached directly to the Cep cage
by the use of photoinduced reaction of Cgy with an alkaloid
containing a tertiary amino group. Although a few examples of
alkaloid-Cg are already known in the literature, for instance, Prato
et al have reported the synthesis of a nicotine analogue via 1,3-
dipolar cycloaddition of an azomethine ylide to Cep,' there appears
to be no report in the literature concerning the synthesis of
alkaloid-Cg derivatives via a photochemical method.

The photoinduced reactions of tertiary amines with Cgg have
been previously studied.>* However, little attention has been
directed to seeking the synthesis of more complex photoadducts
that may expand the scope of this reaction. Aiming to expand the
scope and seek an easy access to constructing Cg derivatives
containing complex alkaloids for the purpose of checking the
influence of the carbon cage on the biological activities of the
alkaloids, we investigated the reaction of Cg with complex
alkaloids that contain tertiary amino groups. The results are
encouraging. So far, 10-hydroxyscandine,’ tazettine, gramine,
vobasine, vindoline and scandine® (1), efc. have successfully

Scheme 1.

reacted with Cgp under the similar reaction conditions and their
major products have been isolated and purified. Among them, the
structure of the Cep-scandine derivative (2), which we called
[60]fulleroscandine, has been fully elucidated. The

characterization of the other derivatives and the preliminary
evaluation of biological properties of all these derivatives are
presently underway. Herein, we describe the preparation and full
characterization of the [60]fulleroscandine as the first example of
this approach. Interestingly, in addition to the expected reaction of
Ceo with a tertiary amino group, the reaction of Cep with scandine
unexpectedly involves a [2+2] cycloaddition between a vinyl
group and a double bond adjacent to the one involved in the first
addition.

The reaction was carried out as follows. 37.2 mg of Cg (0.052
mmol) and 53.4 mg of 1 (0.152 mmol, 2.9 equiv.) were dissolved
in 20 ml toluene, and the solution was stirred at ambient
temperature and was irradiated with a 60 W bulb for two hours.
The color of the solution changed from purple to dark brown.
Flash chromatography on silica gel first using toluene as eluent
furnished unreacted Cgo (13.5 mg), then using a mixture of
methylene chloride and ethyl acetate (25:1) as eluent afforded
product 2 (14.5 mg, yield 41.2% based on consumed Ce).
Prolongation of reaction time to 4 hours resulted in a lower yield
of 2 due to marked increase in the proportion of products arising
from multiple additions to the cage.

The time of flight secondary ion mass spectrum (TOF-SIMS)
of 2, which displayed a peak at m/z 1069 (relative intensity 34%,
[MH]+ for CgiH1N>03) as well as the base peak for Cqp at m/z
720 which arises from loss of C;H;N>O;, showed that one
molecule of 1 was incorporated into Cgo with loss of two
hydrogens. Its UV-Vis spectrum was similar to that of Cgp in 190-
300 nm region, but was different in the weakly absorbing region
between 300-500 nm. The FT-IR spectrum (KBr pellet) gave
absorption bands at 3427.0(NH), 1740.6(ester C=0),
1678.1(amide C=0), along with a very strong band at 525.0 cm™
characteristic of the parent fullerene.

The NMR spectra gave the most important information for the
structure of 2. Each proton in the 'H NMR spectrum was
individually identified by the 'H-'H COSY experiment.” The
asymmetric structure of 2 yielded separate signals for each carbon
except one overlapping signal at & 144.81 in the “C NMR
spectrum. Based on the HMQC and HMBC experiments, all
assignable carbon signals in the *C NMR spectrum have been
assigned.” The detailed analysis of the NMR spectra showed that
the expected reaction of Cg with the tertiary amino group of 1 has
indeed occurred. As shown in previous studies,”* the tertiary
amino group should be added to 6-6 ring junction of Cg, forming
a 6-6 closed structure. This conclusion is consistent with *C
NMR spectrum of 2 in which the carbon atoms of the addition site
appeared at & 79.08 and 76.72 respectively, which revealed they
had been sp3-hybridized. In the HMBC spectrum, Hs- (& 4.98)
showed two and three bonds correlations with both of the sp’®
carbons of the Cg skeleton. Undoubtedly, Cs is one of the
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connecting sites. Another connecting site must be C,;» because in
the 'H NMR spectrum only Ha;- signal was absent, and in the
HMBC spectrum no other hydrogen except Hz showed
correlations with either of such two sp3 carbons of the Cg
skeleton. The quaternary carbon signal at 8 100.94 was assigned to
C,1- on the ground of the fact that Cy;- showed distinct cross peaks
with Hs-, Hs, H;s- and H;7, respectively, in the HMBC spectrum.

Much to our surprise, in parallel with the above expected
reaction, there is an intramolecular [2+2] cycloaddition between
Ceo and the vinyl group of scandine moiety. In the 'H NMR
spectrum, Hig resonated at 3 4.19 (1H, dd, J 3.79, 10.10 Hz) and
two Hig resonated at §3.74 (1H, dd, J 3.79, 13.05 Hz), 3.52 (1H,
dd, J 10.10, 13.05 Hz), respectively. Their chemical shifts and
coupling constants revealed that they had not been vinyl protons.
The HMQC spectrum showed Cig and Cjo- signals appeared at &
33.33 and 53.91 respectively, unequivocally demonstrating they
have been sp-hybridized carbons. Since the 6-6 double bonds of
C¢o behave like electron-deficient alkenes, it is reasonable to
assume that the [2+2] cycloaddition reaction has taken place at the
6-6 ring junction. There are also examples of [2+2] cycloaddition
across the 6-6 ring junction of Cgg in the literature.® Moreover, the
assumption is in agreement with the 3C NMR spectrum in which
the two quaternary carbon signals at & 68.93 and 61.70 are
assigned to the sp3 bridgehead carbons of the Cqq cage which are
the sites of attachment of the vinyl group. This assignment was
confirmed by the HMBC spectrum, in which the carbon signal at 6
61.70 showed correlations with Hje- and both of C;g hydrogens,
respectively; and the carbon at & 68.93 showed a cross peak with
the Hig at 8 3.74. Usually, alkenes do not undergo photoaddition
to Cgo. In this case, however, the reaction occurred unexpectedly
and easily, most likely because it was an intramolecular reaction
via a presently unknown route. Although the exact cause is still
unknown, the spatial proximity and the activation of a double
bond adjacent to the first due to the increased localization of the
electrons in the double bonds in a hexagon of Cgg, once a first
addition has occurred, are likely the driving forces for the
unexpected reaction with the vinyl group.

Based on the above information and in view of the NOE effects
(shown by ROESY spectrum) between Hyo» / Hy7 and Hyg / Hyse,
the structure of 2 is proposed as depicted in Scheme 1. Molecular
model examinations are in excellent agreement with the structure.
The tertiary amino group and the vinyl group on the scandine
moiety are fused to two 6,6-ring junctions of the same six-
membered ring on the C¢o moiety.

The scope of this reaction and the bioactivity of the derivatives
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obtained will be reported in due course.
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