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Abstract—The monoamidated derivative of 2,5-dimethoxycarbonylpyrrolidinofullerene with sebacoyl chloride can be attached to
various multifunctional amines and alcohols to form multifullerene compounds. © 2001 Elsevier Science Ltd. All rights reserved.

The synthesis of compounds with multifullerene cages
has attracted great attention because of their unique
structures and properties. Much progress has been
made in the past few years. A number of C60 dimers
and dumbbell fullerene derivatives have been prepared.1

Compared with the bisfullerenes, compounds with three
or more C60 subunits are still relatively rare. Diederich’s
group reported trimeric and tetrameric acetylenic
macrocycles with three and four appended C60 moie-
ties.2 Recently, Nierengarten et al. prepared a series of
fullerene-containing dendrimers.3 Almost all the known
multifullerene compounds with more than two C60

cages are derived from methanofullerenes invol-
ving the Bingel reaction. Pyrrolidinofullerene and
methanofullerene are the two most frequently used
fullerene derivatives in the investigation of potential
applications of fullerenes.4 In contrast to its wide appli-
cation in many other areas, to our knowledge, pyrro-
lidinofullerene has not been applied to the synthesis of
multifullerenes except the dumbbells.1,5

We have reported photochemical reactions between
amino acid esters and C60, which give pyrrolidino-
fullerenes such as 2,5-dimethoxycarbonylpyrrolidino-
fullerene 1 in high yield.6 Compound 1 reacts with an
excess of sebacoyl chloride to give the monoacylated

sebacoyl acid derivative 2 quantitatively.7 As a continu-
ation of this work, we here report the synthesis of bis-,
tris-, tetrakis- and hexakisfullerene compounds derived
from 2.

In the presence of DCC and BtOH compound 2 reacts
with excess 1 to give 3. Similarly, compounds with
multifunctional bridging groups react with 2 to
give multifullerene compounds, see Scheme 1.
The bridging group, 1,2,3,4,5,6-hexakis(aminoethylsul-
fanylmethyl)benzene in 9 was prepared according to a
procedure similar to the literature method.8 The reac-
tion time for assembly varies from four days for the
bisfullerenes to three weeks for the hexakisfullerene.
The major by-products of the reactions are unreacted 2
and dark materials stuck on the silica column. If com-
mercial chloroform, which contains ethanol as the sta-
blizer, is used directly as the eluent, unreacted 2 reacts
with the ethanol to form the corresponding ethyl ester.
This indicates that the carboxylic acid group of 2 is
very reactive. Yields of the reaction range from 26% for
9 to 45% for 6.9 The solubility of the compounds
decreases from more than 80 mg/mL for the bisfullere-
nes to about 10 mg/mL for the hexakisfullerene 9 in
chloroform.

The composition of the acylated pyrrolidinofullerenes is
established by elemental analysis and MALDI-TOF
mass spectra. Most of the MALDI-TOF mass spectra
show the molecular ion plus a sodium atom as the base
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Scheme 1.

peak or at least a very strong peak. In the 13C NMR
spectra the fullerene carbons of all the multifullerenes
are similar in terms of both their chemical shifts and
number of signals. This indicates that the different
bridges have no noticeable effect on the distant C60

cage. The starting material 1 was previously assigned as
the 2,5-trans isomer.6 The present data suggest that the
new products are not mixtures of 2,5-cis- and 2,5-trans-
isomers since only one set of NMR signals are
observed. But the data does not give conclusive infor-
mation about the formation of diastereoisomers
because of the weak interactions among the well-sepa-
rated fullerene fragments, nor does it allow the assign-
ment of the relative positions of the two
methoxycarbonyl groups at the 2,5-positions due to
overlapping 13C NMR signals.

The 1H NMR data indicates that steric hindrance
increases as the number of C60 cages increases in the

molecule. The spectra of the bisfullerenes are well
resolved. For the trisfullerene 7, the three ethylene
groups attached to the central nitrogen show broad
signals at rt, while the other parts of the molecule still
exhibit the same pattern as those of the bisfullerenes.
For the tetrakisfullerene 8 all the signals are broad at
rt, especially those of the azacrown and groups close to
it. At 50°C, the methoxy and the methyne groups
become sharp and the CH2 adjacent to the C60 becomes
a clear triplet, all of which are at the less crowded outer
edge of the molecule. The other groups remain broad.
This indicates that the steric hindrance mainly origi-
nates from the center of the molecule. Heating the
solution to 100°C did not produce any further change.
For the hexakisfullerene 9 all the signals are broad at
rt. At 50°C, the CH2 adjacent to C60 becomes a broad
but recognizable triplet. MM2 modeling confirms that
the center of the molecule is crowded but the C60 cages
are well separated from each other for these molecules.
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Table 1. Electrochemicala and Langmuir film parameters. Values for (Epa+Epc)/2 (V) (versus Fc/Fc+), DEp (mV) (in
parentheses), np and limiting areas (A, 2) are given

ReductionCompound Limiting area

np
d E2 E3E1 E4

2 −1.01 (54) −1.42 (80) −1.99 (79) −2.45 (89) 102
4 −1.05 (83) −1.47 (98) −2.07 (65) −2.43 (95) 177

1.8 −1.48 (120)b−1.15 (74)b

−1.05 (54)6 −1.45 (97) −2.03 (53) −2.48 (76) 225
−1.09 (95)b 2.0 −1.47 (96)b

3.5 −1.51 (133)b−1.14 (105)b7 289
4.1 −1.6b,c 3468 −1.17b,c

5.2−1.19 (120)b 5099

a Cyclic voltammetry measurements: micro gold electrode, degassed toluene:acetonitrile=4:1, 0.1 M Bu4NPF6, scan rate 1 V/s for 2, 4, 6 and 40
V/s for 7–9.

b In degassed CHCl3.
c Irreversible process, only Epc is observed.
d Number of electrons for the first wave, estimated error ±1.

Figure 1. Area/pressure isotherms of the fullerene derivatives.

theoretical values of closely packed C60 cages and con-
firms the number of C60 subunits on each molecule. The
structure of the film probably consists of hydrophobic
fullerene fragments floating on the surface, which
accounts for the observed limiting area per molecule.
Introduction of metal ions in the subphase improves
the Langmuir film in that the compression and expan-
sion of the film becomes more reversible. Stable Lang-
muir films have been reported for fullerene containing
dendrimers.12
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