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The migrative addition reaction of phenylhydrazine to the
ketolactam derivative of Cgy occurred with a regioselective cage
scission to give a 15-membered ring-opened fullerene bearing a
methylene carbon and an acenaphthenequinone monophenylhy-
drazone unit along the orifice.

Among the numerous entries of surface modifications of
fullerenes,! opening a hole on the fullerene surface by a con-
trolled carbon—carbon bond cleavage has received much atten-
tion, because the resulting holey derivatives allow atoms and
small molecules to access into their inner sphere.?> This metho-
dology has been expected as an innovative route for the endohe-
dral fullerenes; preparation from the existing framework of
empty fullerenes by a general organic synthesis.>* In addition,
the holey fullerene itself also has the potential for molecular re-
cognition or storage.3” Recently, the first successful result of the
insertion of helium and molecular hydrogen was reported by
Rubin et al.?® However, low yields and drastic reaction condi-
tions due to the narrow orifice are hardly sufficient for practical
applications. It has been required that new methodologies for
expanding the size of the orifice and modifying the circumfer-
ential properties.

We have recently described that the oxidative C=C bond
cleavage of the bis(fulleroid)* afforded a diketone derivative
bearing a 12-membered opening.>¢ Since the related bond clea-
vage of the fulleroid derivatives is the first step in opening a
hole on the fullerene surface,” we have been exploring further
transformations of the diketone derivative under various condi-
tions. Very recently, we found that the addition reaction of phe-
nylhydrazine to the diketone occurred with the unexpected cage
scission to yield the product having a 16-membered ring.®% In
order to clarify the scope and limitation of this controlled cage
scission, we focused on the ketolactam 1 which is well known
as the first example of the holey fullerene obtained by the sim-
ilar oxidative ring opening of azafulleroid.”® Although 1 has an
o,B-unsaturated carbonyl structure as well as the diketone,
further derivatization on the ring system has not been in-
vestigated.”® In this paper, we would like to describe the reac-
tion of a phenylhydrazine to 1.

The reaction of 1 with phenylhydrazine proceeded at room
temperature in chlorobenzene. Even in the presence of an ex-
cess amount of hydrazine, only a single product was recognized
in the crude '"H NMR spectrum. After purification by silica-gel
chromatography, product 2a was obtained in 84% yield as a
reddish brown solid. The same reaction of 1,1-diphenylhydra-
zine was rather slow and sluggish, and 2b was obtained in
35% yield (58% yield based on consumed 1) at 100 °C (Scheme
1).

The product data depicted below suggest that the migration
of two hydrogen atoms from the hydrazine to fullerene with a

2a: R'=Ph, R?=H (84%)
2b:R'=R?=Ph  (35%)

Scheme 1. Reactions of 1 with aromatic hydrazines. The struc-
ture of 2a is shown as the ball and stick model (AM1).

regioselective carbon—carbon bond cleavage took place, and
the most considerable structure of the product is the 1:1 adduct
bearing a 15-membered opening as shown in Scheme 1.° The
ES-mass spectra (negative) of 2a and 2b showed a molecular
ion peak at m/z 963 and 1039, respectively, indicating that
the products were 1:1 adducts without any elimination such as
water. In the 'H NMR spectrum of 2a (in CgDg), a pair of dou-
blets was observed at 8 6.15 and 4.67 ppm (each 1H, J = 18 Hz)
in addition to the signals assignable to the methoxyethoxy-
methyl (MEM) group. Furthermore, a labile proton, which dis-
appeared by treatment on D,0O, was observed at & 13.90 ppm.
The downfield chemical shift of the latter indicates the exis-
tence of hydrogen bonding with the Z configuration of the hy-
drazone, and is in good agreement with that of the acenaphthe-
nequinone monophenylhydrazone which is a model compound
for the modified ketone moiety.'® In accordance with a couple
of geminal protons observed in the '"H NMR, one methylene
carbon was observed at 8 42.32ppm in the '3C NMR and
DEPT135 spectra. This is similar to that of the adduct derived
from the diketone (43.97 ppm in C¢Dg).2 Two carbonyl signals
assignable to the ketone and the lactam were still observed at &
187.62 and 164.39 ppm, respectively. The upfield chemical shift
of the former (ca. 10 ppm relative to 1)’* suggests the hydra-
zone—azo tautomeric equilibrium structure. In the IR spectrum,
whereas compound 1 showed two carbonyl absorptions at 1727
(ketone) and 1693 (lactam) cm~',7* 2a showed one overlapped
absorption at 1672 cm™~!. These data are reasonably compared
to both the lactam absorption in 1 which remained intact and
the model acenaphthenequinone monohydrazone
(1670 cm™").!% The UV-vis spectra of 2a and 2b were distinctly
different from that of 1 reflecting the change in the m-conjuga-
tion system by the cage breaking, and showed strong absorp-
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Figure 1. UV-vis spectrum of 1 (dot), 2a (bold)
and 2b (plane) in CH,Cl,.

Figure 2. Top view of the AMI1 calculated
structure of 2a. Bottom atoms are omitted for
clarity: (left) Ball and stick molecular model.
Selected atom distances are shown in A. (right)
Space-filling representation.

tions in the visible region (Figure 1). Compound 2a showed di-
agnostic absorptions at A 406, 435, 559, and 741 nm. In contrast
to the product derived from the diketone, which showed a sig-
nificant fluorescence at 720 nm,® the fluorescent intensities of
2a and 2b were quite low and were same level as that of 1.

The AMI1 structure of 2a shows that the 15-membered ring
orifice has an elliptical shape, and the size is approximately
32x57A (Figure 2). It is larger than that of 1 (ca.
2.9 x 4.6 A), however, the CPK model suggests that the open-
ing is not still wide enough to allow any molecules to enter the
cage. As pointed out by Wudl et al.,”® flexibility in the methyl-
ene moiety at elevated temperatures or removal of the MEM
protecting group might be required for access into the cavity.

In summary, the addition reaction of the ketolactam deriva-
tive of Cgp with aromatic hydrazine proceeds with a regioselec-
tive carbon—carbon bond cleavage to give a ring expanded prod-
uct having a methylene carbon and an acenaphthenquinone
monohydrazone unit along the orifice. The reaction is character-
istic and general to the o,B-unsaturated carbonyl structure on
the Cgo surface. Compound 1 has been well known as a precur-
sor of (CsoN), and RCsoN.” The similar transformations of 2a
and 2b would be expected to provide new azafullerene deriva-
tives. Further investigations of the crystallographic analysis, re-
action mechanism, and physical properties of holey fullerenes
are now in progress.
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