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The fascinating physical and chemical properties of fullerene,
Ceo,! are retained in many of its addition derivatives.2 Moreover,
thesolution chemistry of this novel form of carbon becomes richer
when new functional groups are introduced.? These concepts
have stimulated a significant amount of effort aimed at obtaining
single-addition, well characterized, fully organic Cec-containing
compounds.* In this context, the strong dipolarophilic character
of Ce has been disclosed,® as well as the high tendency of this
fullerene to behave as a reactive 27 component in cycloadditions.
In line with these reactivity studies, we report herein a new and
very general fullerene functionalization, based on the 1,3-dipolar
cycloaddition of azomethine ylides to Ceo.

Azomethine ylides, planar species of general formula (R!R?)-
C=N+(R3)—C-(R*R5), represent one of the most reactive and
versatile classes of 1,3-dipoles.® They can be generated from a
wide variety of easily accessible starting materialsand react readily
with a range of dipolarophiles. The products of cycloaddition,
substituted pyrrolidines, are well suited for further functional-
ization.

A very easy way of generating azomethine ylides is the
“decarboxylation route”.%® Thus, a mixture of N-methylglycine
(sarcosine 1, 2 molar equiv) and paraformaldehyde (5 molar
equiv) was heated at reflux in toluene in the presence of Ceo (1
molar equiv). The reaction proceeded very smoothly in 2 h,
affording the N-methylpyrrolidine derivative 2 (eq 1) in 41%
yield after chromatography (82% based on Cgo conversion).
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The high symmetry of compound 2 is indicated by its NMR
spectra.” In the 'H spectrum (CS;/CDCI3), only two singlets
are observed at 6 2.98 (CH;) and 4.38 (CH;). The !3C spectrum
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Figure 1. UV-vis spectra of 2 (solid line) and Cgo (dotted line) in
cyclohexane.

shows 16 signals (13 signals integrate four carbons each and
three signals integrate two carbons) between & 155 and 136 as
well as three peaks at 6 41.5 (CH3), 70.0 (CH;), and 71.1 (two
carbons). This latter signal is attributed to the sp? fullerene
carbons. These findings are only compatible with the C,
symmetrical structure 2 and account for a dipole attackon a 6,6
ring fusion of C¢p. The UV-vis spectrum of 2 shows that the
pyrrolidine derivative retains the main electronic features of Ceo
(Figure 1), although a new absorption is now present at 306 nm.
This particular band (whose nature has yet to be defined) has not
been reported previously for Ceo derivatives and might deserve
deeper examination. FABMS exhibited a relevant peak at m/e
778 (MH*, 58%, base peak at m/e 720, Cq*).8

Another approach to azomethine ylides, the thermal ring-
opening of aziridines,® gave the same profitable results. Heating
3 and Cqp in toluene at reflux led to the isolation in 40% yield
of the new pyrrolidine derivative 4 (73% based on C conversion,

eq 2).
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The present new fullerene functionalization offers high potential
in the materials chemistry field. Of the several uses that can be
envisioned, two representative examples are reported below.

When 3-triphenylmethyl-5-oxazolidinone (8)° was heated at
reflux for 16 h in toluene with Cq in equimolar amount, compound
6 was isolated in 39% yield (72% based on Ceo conversion) after
chromatography (Scheme I, Trt = triphenylmethyl). Exposure
of 6 to the action of trifluoromethanesulfonic acid gave a
precipitate which was centrifuged and then suspended in meth-
ylenechloride. Addition of pyridine and dansyl chloride (DnsCl)
to this suspension brought about the isolation in 76% yield of the
dansyl pyrrolidine derivative 8. The intermediacy of the amine
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Scheme I

7 is clearly involved here.!® Although it is known that amines
add to C¢p,!! 7 was reasonably stable at ambient temperature in
dilute solutions and decomposed only upon concentration.!2 Here,
the possibility of further reacting 7 with a series of electrophiles
can be seen as an extremely versatile approach to many
functionalized fullerenes.

The covalent attachment of a photoactive moiety to Ceo can
be of special interest for the investigation of the optical properties
of the fullerenes. In the present case, while it is known that
dansyl pyrrolidine itself is a powerful fluorescing agent,!* no
luminescence was observed in the 400—600-nm interval upon
irradiation of compound 8 at 330 nm.!# The details of this study
will be reported in due course.
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Materials containing two different, covalently linked redox
centers are very appealing for applications in molecular elec-
tronics.!* The combination of two electroactive species like Ceo
and ferrocene in a single unit can be achieved with our
methodology for the realization of a unique redox assembly. By
heating a mixture of ferrocene aldehyde, sarcosine, and Cgp in
toluene at reflux, compound 9 was isolated in 57% yield after
chromatography.'®

The cyclic voltammetry of this interesting substrate in ace-
tonitrile/toluene showed both reduction and oxidation patterns
of the Cq and ferrocene moieties.!” Further studies and
applications of this novel redox system are currently underway.
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