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ABSTRACT

R hv (visible light)
Cgo + HN
€0 R air, PhCI, rt

up to 98%

A secondary amine undergoes a one-step multiple addition to [60]fullerene under photochemical aerobic conditions to produce tetra(amino)-
fullerene epoxide 1 in moderate to excellent yield.

Multiple addition of a nucleophile to [60]fullerene sometimes ~ The experimental procedure for the addition reaction is
looks much easier than a monoaddition reaction. For instanceyvery simple: A mixture of [60]fullerene (100 mg, 0.139
an alkylcopper reagent undergoes a remarkable one-stepnmol) and 1-methylpiperazine (488L, 4.44 mmol) in
5-fold addition to the [S]radialene structure of [60]fullerene chlorobenzene (50 mL) was stirred under open air for 20 h
to generate a pentaalkylated [60]fullerene in quantitative under irradiation with a 60-W incandescent light at
yield.2 We now report that a secondary amine likewise room temperature. Volatile material was removed in
undergoes a one-step multiple addition to [60]fullerene under vacuo. The residual brown solid was made pure simply by
photochemical aerobic conditions to produce tetra(amino)- repeated washing with hexane (155 mg, 98%he product
fullerene epoxidé (Scheme 1). The reaction performed with  may be purified on silica gel if necessary. The present
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conditions are far superior to the thermal conditions de- Careful studies on the reaction course revealed initial
scribed by Hirsci¢ in which a morpholine adduct was formation of a small amount of a 1,4-diaminated intermediate
obtained in 9% vyield (53% under our conditions, entry 4, (structure not shown), which, however, was totally consumed
Table 1). toward the end of the reactidnNote that a similar 1,4-
diadduct has been demonstrated to be the first neutral
_ intermediate in the penta-addition of organocopper reagent
) ) . to [60]fullerene® In addition, the present reaction obviously
Table 1. Synthesis of Tetra(amino)fullerene Epoxitie shares the same mechanism with a dimer-forming reaction
time/h? yield/%b petween 1,3-propanediamine and [60]fu||eréﬂte's intrigu- .
ing to note that none of the monoaminated product, which
must have been formed at the outset of the reaction, could

Me

N be detected.
I () 20 98

N

H

entry amine

As can be readily noticed in the data shown in Table 1,
the reaction is subject to subtle structural effects. For

|33 instance, primary amines give no isolable adducts (entry 14),
N and among acyclic secondary amines, diynethylamines

2 [ ] 22 90 give the product in decent yields (cf. entries 10, 11, 12, and
ﬁ 13). Note, however, that the 24% yield in entry 11 must be

R® = (CH,CHp0)3CH,CHy regarded as quite good since six carbbeteroatom bonds

Boc are created in the reaction. It is notable that, in addition to
N the above-mentioned 1,4-diaminated intermediatgher

3 [ ] 36 67 intermediary compounds could not be detected in the reaction
N mixture. Five- and six-membered cyclic amines (entrieg)L
H . .
0 appear to be the best starting materials for the present

36 53 reaction, while four- and seven-membered ones are poor

I
n/

N reactants (entries 8 and 9). Among the six-membered amines,
H piperazines (entries-13) are better than morpholine (entry
O/_\O 4) and piperidine (entry 6), and among piperazines, 1-alkyl-

22 86 piperazine is better than 1-Boc piperazine. Therefore, the
electronic property of the nitrogen reaction center is critical
to the success of the reaction.

H
Steric effects may also play an important role. For instance,
O 8 53 careful examination of the crystallographic structure of a
H related compound obtained from 1,3-propanediafing-
n gested that the amine substituents exert considerable interfer-
N 6 62 ence with each other and that such a steric effect is a reason
H for the structural sensitivity of the present multiple addition
5 O 5 16 reaction. The physical properties of the gdduct_ are very
N dependent on the substituents, and the piperazine adducts
H
()

=X

are freely soluble in acidic aqueous media, whereas many
other are not.

In summary, we have reported an extremely simple and

12 0

M H M efficient method for multiple functionalization of [60]-
e. .Me
10 H 5 42
(4) When a small excess of 1-methylpiperazine was used, a demethylative
Me. .Bu monoadduct (see below) formed as a major side product (ca. 10%; Kampe,
11 N 6 24 K.-D.; Egger, N.Liebigs Ann.1995, 115), which does not form, however,
H
when >16 equiv of the amine was used for the reaction. Note that this
Et Et monoadduct does not react further with 1-methylpiperazine, failing to give
12 N~ 14 0 the multiple adduct.
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