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A general catalytic procedure for the cycloaddition of diazo amides to fullerene C60 in the presence of the
three-component catalyst, Pd(acac)2–PPh3–Et3Al, has been developed. Depending on the reaction condi-
tions, pyrazolinofullerenes or methanofullerenes are formed.
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1,3-Dipolar cycloaddition between diazo compounds and fuller-
ene C60 is the most effective and convenient route to homo- and
methanofullerenes, which are of special interest as new materials
for science and technology, as evidenced by numerous reviews1–6

covering methods for synthesizing fullerenes1–4 and aspects of
their use.5,6

Analysis of the literature, however, has shown that thermal cyc-
loadditions of diazo compounds to fullerene C60 proceed non-
selectively and produce a mixture of methano- and stereoisomeric
homofullerenes.7–11

Metal complex catalysts (based upon palladium and rhodium)
can direct the cycloaddition reaction towards the predominant for-
mation of individual homo-, methano- or pyrazolinofullerenes.4,12–18

At the onset of our research, only a thermal reaction of diazo
amides with C60 to afford a mixture of 6,6-close and stereoisomeric
5,6-open cycloadducts had been described in the literature.19

Information concerning catalytic cycloadditions between diazo
amides and fullerenes was absent from the literature.

In continuation of our work13–18 on both the cycloaddition reac-
tions of diazo compounds to fullerenes under the action of metal
complex catalysts, and to develop effective methods for the syn-
thesis of synthetically important functionalized fullerenes, we
have studied the catalytic 1,3-dipolar cycloadditions of various dia-
zo amides to fullerene C60.

Diazo amides derived from glycine and cyclohexylamine were
selected as model compounds.
ll rights reserved.

rov).
Previously, we showed that the three-component catalytic sys-
tem, Pd(acac)2–PPh3–Et3Al, favoured cycloadditions of diazo al-
kanes,13–16 diazo acetates,17,20–23 diazo ketones24 and diazo
thioates18,25 to fullerene C60 with high yields and selectivity. These
studies also revealed that the ratios of the starting reagents defined
the direction of the reaction leading to the formation of homofulle-
renes or methanofullerenes. Taking into account these findings we
performed further research in this arena.

Our experiments revealed that the reaction between fullerene
C60 and a fivefold molar excess of N-cyclohexyl-2-diazoacetamide
(80 �C, 1 h, chlorobenzene),26 in the presence of 20 mol % of the
three-component catalytic system, Pd(acac)2–PPh3–Et3Al (1:2:4),
gave a single pyrazolinofullerene 127 in 40% yield relative to the
starting fullerene C60 (Scheme 1). An elevated temperature
(100 �C) and increased reaction time (3 h) did not significantly in-
crease the yield of the target [2+3] cycloadduct 1. This reaction,
without a catalyst, leads to a formation of a mixture of methano-
and stereoisomeric homofullerenes, as reported previously19 for
the thermal cycloaddition of diazo amides to fullerene C60.

The MALDI–TOF mass spectrum of pyrazolinofullerene 1, which
was isolated by preparative HPLC, contained an intense molecular
ion peak [M+H]+ at m/z 888.112 (ca. 888.114) along with a frag-
ment ion peak [C60N2H]+ at m/z 749.033, which provided strong
evidence for the proposed structure.

The one-dimensional (1H, 13C) and two-dimensional (COSY,
HSQC, HMBC) NMR experiments on compound 1 also gave evi-
dence for the presence of the pyrazoline ring linked to the amide
group. The 13C NMR spectrum of the pyrazoline moiety exhibited
three signals. Two of them (dC 80.09 and 87.30) were due to

http://dx.doi.org/10.1016/j.tetlet.2013.02.037
mailto:tuktarovar@gmail.com
http://dx.doi.org/10.1016/j.tetlet.2013.02.037
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


N
H

N

O N
H

O

N
H

N2

1 (~40 %)

+
 80 oC, 1 h

chlorobenzene

Pd(acac)2-PPh3-Et3Al
          (1:2:4)

Scheme 1. Catalytic cycloaddition of N-cyclohexyl-2-diazoacetamide to [60]fullerene.
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Scheme 2. Catalytic synthesis of pyrazolinofullerenes 2–5.
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Scheme 3. Reactions of [60]fullerene with diazo amides bearing a substituent alpha to the diazo group.
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annelated sp3 hybridized C-atoms of the fullerene skeleton, while
the third signal (dC 136.23) was assigned to the carbon atom at-
tached to the nitrogen of the five-membered heterocycle by a dou-
ble bond.

Additionally, between dC 25 and dC 50 in the 13C NMR spectrum
of pyrazolinofullerene 1, we observed low frequency signals attrib-
utable to the cyclohexyl moiety [dC 25.38 (2C), 26.05 (1C), 33.31
(2C), 49.08 (1C)]. Also seen were high frequency signals character-
istic of the fullerene skeleton (25 signals in the region between dC

137 and dC 149), and the carbonyl carbon atom (dC 157.61).
In order to extend the application of this fullerene cycloaddition

and to investigate patterns in the yield and selectivity on the size
and structure of the substituent on the amide group of the diazo
compound, we studied the reactions between fullerene C60 and
sterically hindered diazo amides, based on glycine or aniline, and
also derived from adamantane-containing amines (Scheme 2).

Thus, under the optimized conditions [80 �C, 1 h, Pd(acac)2–
2PPh3–4Et3Al] the corresponding monoadducts 2–528–31 were ob-
tained in moderate yields (up to 40%). The experiments also
showed that bulky substituents on the amide group did not influ-
ence the reaction pathway.

It is known that pyrazolinofullerenes derived from fullerene C60

and diazo acetates17,32 or diazothioates18 can undergo thermal
transformations to afford the corresponding methanofullerenes.
Refluxing [2+3] cycloadducts 1–5 for 100 h in 1,2-dichlorobenzene
did not result in the formation of methanofullerenes, and in all the
experiments the starting pyrazolinofullerenes remained
unchanged.

Earlier,18 we showed that the substituent alpha to the diazo
group of the diazo compound was able to destabilize the pyrazoli-
nofullerene formed giving rise to a [2+1] cycloadduct. In the hope
of developing a selective method for the synthesis of methanofulle-
renes, we studied the reactions between C60 and a-substituted dia-
zo amides derived from alanine, leucine, methionine and
cyclohexylamine.

The reactions between the above diazo amides and fullerene C60

under the optimized conditions (40 �C, 1 h) in the presence of
20 mol% of Pd(acac)2–PPh3–Et3Al (1:2:4), led exclusively, to met-
hanofullerenes 6–833–35 in 40–50% yields (Scheme 3).

The structures of methanofullerenes 6–8 were reliably estab-
lished by means of standard analytical (1D and 2D NMR, IR, UV,
MALDI–TOF) methods.

The intense molecular ion peak at m/z 873.120 (ca. 873.115) in
the MALDI–TOF spectrum of compound 6 provided strong evidence
for the formation of the [2+1]-cycloadduct.

The 13C NMR spectrum of compound 6 contained 27 reso-
nances in the fullerene region between dC 138 and dC 149,
and three with twice the intensity. The cyclopropane fragment
has a plane of symmetry and in the spectrum exhibited two
signals resonating at dC 78.30. The signals of the bridge carbon
atom (dC 62.00) bound to the amide group (dC 165.95) and the
methyl group (dC 17.32), which in the 1H NMR spectrum man-
ifested itself as a singlet at dH 2.54, also provided evidence for
the formation of the cyclopropane–annelated 6,6-substituted
fullerene.

In conclusion, for the first time, we have reported catalytic cyc-
loadditions between diazo amides and fullerene C60 under the
influence of the three-component catalytic system, Pd(acac)2–
PPh3–Et3Al, to produce pyrazolinofullerenes or methanofullerenes
depending on the reaction conditions.
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