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Revisit to the reaction of [60]fullerene with nitrile ylides
generated from imidoyl chlorides and triethylamine
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Abstract—The reaction of [60]fullerene (C60) with nitrile ylides generated from N-benzyl-4-nitrobenzimidoyl chloride/N-(4-chloro-
benzyl)-4-nitrobenzimidoyl chloride and triethylamine gave only isomeric monoadducts of C60 with [6,6]-closed structure. No [5,6]-
open adduct of C60 could be identified from these reactions. The previously reported [5,6]-open product of C60 should be reassigned
as a [6,6]-closed product.
� 2007 Elsevier Ltd. All rights reserved.
A variety of methods have been developed to function-
alize fullerenes.1 Among these methods, cycloaddition
reactions, especially 1,3-dipolar cycloaddition reactions,
have been widely employed to synthesize fullerene deriv-
atives. Usually, a cycloaddition reaction occurs at a
[6,6]-double bond rather than a [5,6]-single bond of
[60]fullerene (C60). The common product types of C60

are [6,6]-closed adducts and [5,6]-open adducts. [5,6]-
Open adducts such as fulleroids and azafulleroids are
normally secondary products and are produced by
extrusion of N2 from the initially formed C60-fused pyr-
azolines and triazolines.1

Misassignments of fullerene products were occasionally
encountered in the literature. For example, the reported
[5,6]-closed adducts generated from the thermal reaction
of C60 with azidoformates2 were later proved to be [5,6]-
open adducts by Hirsch’s group3 and Smith’s group.4

The 1,3-dipolar reaction of C60 with the nitrile ylide gen-
erated from N-benzyl-4-nitrobenzimidoyl chloride and
triethylamine (Et3N) has been investigated indepen-
dently by two research groups.5,6 Wu et al.5 isolated
two isomeric C60-fused pyrroline derivatives along with
a minor C60-fused pyrrolidine derivative. The latter
was resulted from the direct reaction of C60 with Et3N.
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All of these products were [6,6]-closed adducts. How-
ever, Ovcharenko et al.6 later claimed that they obtained
a C60-fused pyrroline derivative and two diastereomeric
[5,6]-open isomers. The only obvious variation between
the two reaction conditions is the different temperatures:
Wu et al. conducted the reaction at room temperature
while Ovcharenko et al. ran the reaction at 130 �C. Sur-
prised by the different products that were claimed from
the same reaction5,6 and the two [5,6]-open isomers from
the direct 1,3-dipolar cycloaddition reaction of C60,6 we
decided to reinvestigate the reaction in order to clarify
the inconsistence in the literature. In this Letter, we re-
port our results regarding this issue.

Previously, a large excess of Et3N was used in the proce-
dure by Wu et al.5 To compare the result at room temper-
ature with that at 130 �C, we examined the reaction of C60

(50.0 mg) with N-benzyl-4-nitrobenzimidoyl chloride (1,
30.0 mg) and Et3N (12.5 mg) (the same molar ratio of
1:1.5:1.75 as that by Ovcharenko et al.) at room temper-
ature in dry bromobenzene (17 mL) under atmosphere of
nitrogen. After stirring for 24 h at room temperature, the
reaction mixture was evaporated to dryness in vacuo. The
residue was separated on a silica gel column with CS2–
toluene as the eluent to afford unreacted C60 (30.1 mg,
60%) and then the same isomeric [6,6]-closed adducts 2
(15.4 mg, 23%) and 3 (2.6 mg, 4%)7 (Scheme 1) as those
in the previous report.5 It should be noted that the fuller-
ene products were washed with diethyl ether to remove
any organic contaminants before weighting and spectral
measurements. The C60-fused pyrrolidine derivative
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formed from the direct reaction of C60 and Et3N was not
isolated, probably because much less amount of Et3N
was utilized under the present reaction conditions.

Then, the reaction of C60 with imidoyl chloride 1 and
Et3N in a molar ratio of 1:1.5:1.75 at 130 �C in dry
bromobenzene under atmosphere of nitrogen for 3 h
was repeated according to the described procedure by
Ovcharenko et al.6 A purple band for unreacted C60

and two brown bands by column chromatography on
silica gel were collected and characterized. The first
brown band corresponded to fulleropyrroline 2, just as
previously reported.6 However, the product in the sec-
ond brown band was the same as that for the room-tem-
perature reaction, and was proved to be fulleropyrroline
3 by comparison of its TLC, HPLC and NMR data with
those of authentic sample of compound 3. The isolated
yields for products 2 and 3 were 10% and 24%, respec-
tively, along with 50% of recovered C60. No other iso-
meric monoadduct of C60 except for products 2 and 3
could be obtained. In sharp contrast with that reported
by Ovcharenko et al.,6 there was no evidence showing
the existence of [5,6]-open isomer.

We suspected that only one signal in the sp3-carbon re-
gion at 87.74 ppm was observed by Ovcharenko et al.,6

probably due to the poor signal/noise ratio of their 13C
NMR spectrum, thus leading to the wrong assignment
of product 3. The assumed another isomeric mono-
adduct with a [5,6]-open structure was probably misled
by the 1H NMR spectrum of their sample containing
some contaminant. To confirm our assumption, we col-
lected all fractions besides the first purple band for C60
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and the two brown bands for fullerene products. All
fractions were evaporated to dryness and subject to 1H
NMR measurements without washing the samples. It
was found that the brown band for product 2 was con-
taminated by 4-nitrobenzonitrile and 4-nitrobenzalde-
hyde, and the fractions before the first and second
brown bands contained 4-nitrobenzonitrile and 4-nitro-
benzaldehyde, respectively. The brown band for product
3 was contaminated by 4-nitrobenzaldehyde. In a con-
trol experiment, it was found that 4-nitrobenzonitrile
and 4-nitrobenzaldehyde were indeed formed by treating
imidoyl chloride 1 with Et3N at 130 �C in dry bromo-
benzene under atmosphere of nitrogen. These impurities
could be washed away from the samples of fulleropyrr-
olines 2 and 3 by diethyl ether.

In order to further substantiate that [5,6]-open adducts
could not be produced from the direct 1,3-dipolar
cycloaddition reaction of C60 with nitrile ylides, we
investigated the reaction of C60 (50.0 mg) with N-(4-
chlorobenzyl)-4-nitrobenzimidoyl chloride (4, 32.5 mg)
and Et3N (12.5 mg) at room temperature and 130 �C
in dry bromobenzene (17 mL) under atmosphere of
nitrogen according to the above procedures for the reac-
tion of C60 with imidoyl chloride 1 and Et3N, respec-
tively. Two isomeric [6,6]-closed adducts 5 and 6 were
obtained in the yields of 25% and 7% along with 54%
of recovered C60 at room temperature, while 10% and
25% together with 40% of recovered C60 at 130 �C
(Scheme 2).

Fulleropyrrolines 5 and 6 were fully characterized by MS,
1H NMR, 13C NMR, IR and UV–vis spectra.8 The UV–
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vis spectra of adducts 5 and 6 clearly gave an absorption
at 428 nm, which is typical for a 1,2-adduct with [6,6]-
closed structure. In the 1H NMR of adducts 5 and 6,
the methine proton in adduct 6 was more downfield
shifted relative to that in adduct 5 due to the stronger elec-
tron-withdrawing property of the nitro group, the same
phenomenon was observed in the corresponding counter-
parts 3 and 2.5 The 13C NMR spectra of products 5 and 6
(Fig. 1) displayed similar patterns for the two isomers,
and more importantly, exhibited two sp3-carbons of the
C60 skeleton at 84.12 and 77.33 ppm and one methine car-
bon at 87.59 ppm for fulleropyrroline 5, while at 84.32,
77.00 and 87.04 ppm for fulleropyrroline 6, respectively.

The above results demonstrated that only [6,6]-closed ad-
ducts were produced from the reaction of C60 with nitrile
ylides generated from imidoyl chlorides and Et3N, con-
sistent with the previous reports on the 1,3-dipolar reac-
tion of C60 with nitrile ylides formed by other routes.9

Interestingly, it was observed that the product distribu-
tions of adduct 2 versus adduct 3 and adduct 5 versus
adduct 6 were reversed in favor of the formation of ad-
ducts 3 and 6 when the reaction temperature was raised
Figure 1. 13C NMR spectra of fulleropyrrolines 5 and 6.
from room temperature to 130 �C. It was believed that
the higher temperature facilitated the tautomerization
of imidoyl chlorides 1 and 4 to imidoyl chlorides 7
and 8, which would give more favorable 1,3-dipoles 11
and 12. The cycloaddition of dipoles 11 and 12 to C60

should afford more adducts 3 and 6 (Scheme 3).

In summary, the reaction of C60 with nitrile ylides gen-
erated from imidoyl chlorides and Et3N gave only
isomeric monoadducts with [6,6]-closed structure. No
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[5,6]-open adduct of C60 could be isolated from the
reaction mixtures. The previously reported [5,6]-open
product was misassigned and should be corrected as
the [6,6]-closed product.
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