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Thermal [3+2] cycloaddition of Cgo with a-silylamine
derivatives proceeds smoothly under neutral conditions to afford
fullerene-fused pyrrolidines and 1-pyrrolines in moderate to good
yields. The new methods are effective for constructing fullerene
derivatives containing bulky aryl-substituents.

Recently, a variety of cycloadditions of Cgg have been
reported whereby many fullerene derivatives have been
synthesized.! In particular, the [3+2] cycloaddition is one of the
most useful reactions for the construction of these fullerene
derivatives. As has been reported previously, azomethine ylides
have been frequently employed for the [3+2] cycloaddition
reaction of Cgg to give fullerene-fused pyrrolidines and 1-
pyrrolines.2

Previously, one of us reported the reactions of (N-
silylmethyl)imines and (N-silylmethyl)amides with ethylenes and
acetylenes to give the corresponding [3+2] cycloadducts.3
Interestingly, these reactions proceed smoothly under neutral
conditions to give the [3+2] adducts in good yields. In order to
develop a new method for the functionalization of Cgg, we
studied similar [342] cycloaddition reactions of Cgg with (N-
silylmethyl)imines and (N-silylmethyl)amides.

The reaction of Cgp with N-(a-trimethylsilylbenzyl)-
benzylideneamine (1) was first carried out (Scheme 1). Although
the thermal reaction of 1 with olefins and acetylenes was reported
to take place at 110-140 °C, the reaction of 1 with Cgo required
higher temperatures. Thus, a mixture of Cgg (0.69 mmol) and 1
(0.69 mmol) in dry toluene (10 ml) was heated in a sealed tube at
160 °C for 24 h. The products were separated by column
chromatography on silica gel to give a single isomer of the 1:1
adduct 2 (33%) and a mixture of the regioisomers of the 1:2
adducts 3 (6.5%) with the recovered Cgp (60%).4 Taking into
account the yield of the recovered Cgp, the yields of 2 and 3 are
raised to 83% and 16%, respectively. Therefore, it can be
concluded that the [3+2] cycloaddition of Cgg with the azomethine
ylide 4 (Ar = Ph) proceeds smoothly to give the adducts in good
yields. The structure of the 1:1 adduct 2 was assigned as a trans-
1,3-diphenyl form on the basis of the spectroscopic analysis and
the expected reaction mechanism. An attempted separation of the
regioisomers of the 1:2 adducts 3 was unsuccessful, and the
addition of 4 to 2 shows no clear selectivity.

N-(o-Trimethylsilylbenzyl)benzylideneamines can be easily
prepared by the condensation of aldehydes with a-silylated
benzylamines. Thus, the imine 5 was prepared from 2,5-
dimethoxybenzaldehyde and a-trimethylsilylbenzylamine in a
quantitative yield. The thermal reaction of Cgg with 5 [toluene,
200 °C, 20 h, in a sealed tube] gave the 1:1 adduct 6 (62% based
on the consumed Cgp) and a mixture of the 1:2 adduct 7 (15%
based on the consumed Cgg) with the recovered Cgg (53%).

These results show that the reaction of Cgg with a-silylated

benzylamine can be applied for the construction of bulky aryl-
substituted fullerene derivatives.

Next we tried the thermal reaction of Cgg with (N-
silylmethyl)amides 8 (Scheme 1). Since 8 produces the
azomethine ylide 9 upon heating, the reaction of Cgg with 8 can
be expected to lead to a new type of fullerene derivatives. The
reaction of Cgg with 1 equiv. of 8 in toluene proceeded at 160-
180 °C for 24 h to afford the two 1:1 adducts 105 (39%) and 12
(11%) and a mixture of the 1:2 adduct 11 (25%). The adduct 12
was obtained as a mixture of two configurational isomers. The
formation of 1-pyrroline derivatives 10 and 11 can be explained
by the [3+2] cycloaddition of 9 to Cgg, followed by elimination
of trimethylsilanol from the adduct.

In order to examine the redox behavior of the new
fullerenes, the reduction potentials of Cgp, 2, 6, and 10 were
measured by cyclic voltammetry (Table 1). All compounds show
reversible three one-electron reductions corresponding to
monoanion radicals, dianions, and trianion radicals. Usually,
dialkyl-substitution on the 6:6 bond of Cgp causes the first
reduction potentials to shift negative by 0.1 V.6 In agreement
with this observation, the first reduction potential of 2 shifts
negative by 0.14 V relative to Cgp. Interestingly, the first
reduction potential of 6 having 2,5-dimethoxy substituent shifts
negative by 0.03 V as compared to 2, due to the weak donor-
acceptor interaction between the 2,5-dimethoxyphenyl group and
fullerene moiety.” On the contrary, the first reduction potential of
10 shifts positive by 0.05 V as compared to 2. This positive
shift may be attributable to the effect of the electron-withdrawing
C=N double bond in the 1-pyrroline ring of 10.

Table 1. Cyclic voltammetric data of fullerenes?

Compound Elip/V B2V BE31p/V
Ces0 -1.09 -1.52 -2.00
2 -1.23 -1.62 -2.15
6 -1.26 -1.64 -2.18
10 -1.18 -1.57 -2.09

2Conditions: n-BugNPFg (0.05 mol dm-3), 1,2-dichlorobenzene, 25 °C,
glassy carbon working and Pt counter electrodes, 100 mV s'L. Potentials
were measured vs Fe/Fct using Ag/Agt reference electrode.

In summary, our new methods reported here have been
successfully applied for the synthesis of fullerenes containing
donor (2,5-dimethoxyphenyl group) and acceptor (Cgp) moieties.
Furthermore, new fullerene-fused 1-pyrrolines have been
synthesized using the thermal reaction of Cgg with (N-
silylmethyl)amides.
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