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Abstract—[60]Fulleropyrrolidines were used as secondary amines to react with aldehydes through reductive aminations to afford
N-alkylated derivatives. In spite of the very weak base activity of the nitrogen atom of N-unsubstituted [60]fulleropyrrolidines, this
method was found to be efficient at the aid of sodium triacetoxyborohydride. Several N-alkylated derivatives were synthesized and
fully characterized.
� 2004 Elsevier Ltd. All rights reserved.
Considerable attentions have been drawn to the char-
acterization of physicochemical and biochemical prop-
erties of functionalized fullerenes, which are of
promising compounds in materials and life science since
the discovery of the synthetic route to fullerenes in
macroscopic quantities.1 Various methods for prepara-
tion of fullerene derivatives have been widely explored.2

Fulleropyrrolidine, a kind of organofullerene derivatives
in which a pyrrolidine ring is fused to a 6,6 ring junction
of the [60]fullerene cage, is one of the extensively studied
fullerene derivatives.3 In recent years, most [60]fullero-
pyrrolidines were synthesized by the well known 1,3-
dipolar cycloaddition method.3;4 So far, to functionalize
the nitrogen atom in fulleropyrrolidines to obtain de-
sired materials, either an N-substituted a-amino acid (N-
triethyleneglycol monomethyl ether-glycine was a well
known one5)6 has to be used or the parent fulleropyrr-
olidines has to be modified at the N–H functionality,
which was achieved mainly through N-acylating reac-
tion.7 To the best of our knowledge, direct N-alkylation
of N-unsubstituted fulleropyrrolidines has seldom been
reported. It has been shown that N-alkylation of ful-
leropyrrolidines is quite difficult due to its poorly basic
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property.8 Langa’s group once reported the synthesis of
several N-alkyl fulleropyrrolidines by the combination
of solvent-free phase-transfer catalysis (PTC) and
microwave irradiation techniques using N-unsubstitued
fulleropyrrolidines and the alkyl or benzyl bromide as
starting materials.9 We report here a facile method for
the preparation of N-alkyl fulleropyrrolidines from
readily available N-unsubstituted fulleropyrrolidines
using reductive amination of aldehydes.

The reductive aminations of aldehydes or ketones with
ammonia, primary or second amines in the presence of
reducing agents, are well established to prepare primary,
secondary, and tertiary amines. As a selective and safe
reducing agent, sodium triacetoxyborohydride has been
reported effective for this kind of reactions.10 The reac-
tion conditions are convenient and mild and show a high
degree of tolerance for a variety of functional groups
including nitro, cyano, halo, carboxy, and carbethoxy
groups.11 Herein, we have developed a very selective
synthetic method to achieve the direct N-alkylation of
the readily available N-unsubstituted fulleropyrrolidines
using sodium triacetoxyborohydride with aldehydes
under ambient experimental conditions in spite of the
very weakly basic nature of the nitrogen atom in ful-
leropyrrolidines. This successful method opens an entry
for the synthesis of a series of fulleropyrrolidines with
good solubility and much more functional groups for
further functionalization.
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In our strategy, 2,2-dimethyl fulleropyrrolidine was
chosen as the starting secondary amine, which does not
contain any chiral center at C-2 and/or C-5, making
characterization of products much easier. The Prato3a;12

synthesis of 2,2-dimethyl fulleropyrrolidine was pre-
pared in good yields as described in Scheme 1 and relied
on the 1,3-dipolar cycloaddition of the azomethine ylide
generated by condensation of the 2-aminoisobutyric
acid with paraformaldehyde to C60 in refluxing chloro-
benzene.

The reductive aminations were carried out in dichloro-
methane/toluene at room temperature. Although THF
can be used, most of the reactions carried out in di-
chloromethane were faster. We found that reactions
proceeded rather slowly when reactants were mixed at
stoichiometric ratio. The reactions were also slower in
the absence of AcOH. So, all the reactions were carried
out with added glacial acetic acid. Detailed reaction
conditions can be found in the supporting information.
Table 1. Directly N-alkylation of fulleropyrrolidines with aldehydes using so
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Scheme 1. The synthesis of 2,2-dimethyl fulleropyrrolidine.
The results are listed in Table 1. 2-Phenyl [60]fullero-
pyrrolidine was also used as the starting secondary
amine and reacted successfully with alkyl aldehyde.13

Abdel-Magid once presented a possible pathway of
reductive aminations.11 There were also some reports
that provide evidence suggesting a direct reduction of
carbinol amine as a possible pathway leading to the
products.14 As shown in Table 1, there was obvious
difference in reactivity between aliphatic and aromatic
aldehydes. Saturated aliphatic aldehydes were most
reactive. The reactions progressed to reach nearly 100%
conversions as judged from the TLC analysis with no
detectable side reactions. Good isolated yields of prod-
ucts were obtained after chromatography. The target
N-alkylated fulleropyrrolidines dissolved well in most
organic solvents. Crotonaldehyde was aminated some-
what slower in an inert atmosphere after the reduction.
The double bond was retained. Aromatic aldehydes
reacted much slower in comparisons with aliphatic ones.
Furthermore, N-ethylation fulleropyrrolidine was
detected in the reaction mixture. The N-ethylation of
amines was considered a major process in reaction of
amines with sodium borohydride in neat acetic acid. It
was believed to proceed through the formation of acet-
aldehyde.15 This led to consumption of the reducing
agent and low yields of the target reductive amination
products with increasing yields of competing N-ethyl-
ating products even up to 38% in reaction with 1-pyr-
enecarboxaldehyde (see supporting information). The
poor reactivity of aromatic aldehydes was likely due to
the steric hindrance (Scheme 2).

Acetone, 3-pentanone and nonyl ketone were also
examined but with little success even refluxed over
7 days. Only small amounts of side product, N-ethyl
fulleropyrrolidine, were detected.
dium triacetoxyborohydridea
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Scheme 2. A possible pathway of directly N-alkylation of fullero-

pyrrolidines with aldehydes using sodium triacetoxyborohydride.

S. Xiao et al. / Tetrahedron Letters 45 (2004) 3975–3978 3977
The characterization of all the N-alkylating products
was established by 1H NMR, 13C NMR, UV–vis,
MALDI-TOF, and FT-IR.16 Interestingly, the 1H NMR
of product 5 in CDCl3 showed a singlet for H-2 and an
AB system with a coupling constant of 9.3Hz for
CH2 ) 5. The N-CH2 appeared as a germinal coupled
doublet, so did the next two CH2 to N-CH2. Further-
more, both ortho-H of phenyl protons showed a broad
single signal with integral of two hydrogen atoms in-
stead of a double signal, which were considered as the
typical signals of the N-alkylated 2-aryl [60]fulleropyrr-
olidine system. In the 13C NMR spectra the fullerene
carbons of all the N-alkylating fulleropyrrolidines were
similar in terms of both their chemical shifts and number
of signals. The UV–vis spectra in CHCl3 at room tem-
perature, of the products showed the characteristic
absorption of [6,6] adducts of fullerenes at about
432 nm.17 This further indicated that the symmetry of
fulleropyrrolidines (the starting secondary amines) was
retained and N–H group was the reactive center of these
reactions.

In summary, readily available N-unsubstituted [60]ful-
leropyrrolidines were reacted with aldehydes, sodium
triacetoxyborohydride, and glacial acetic acid to yield
N-alkylated derivatives. The synthesis of several N-
alkylated [60]fulleropyrrolidines is described and these
compounds were fully characterized by a number of
analytical techniques. This approach may provide a
promising route toward a variety of N-alkylated ful-
leropyrrolidine products and new fullerene synthons
containing the correct functionalities useful for appli-
cation in materials and medicinal chemistry. Further
application to prepare new fullerene materials are cur-
rently underway and will be reported separately.
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