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ABSTRACT

Two novel open-cage fullerene derivatives bearing a 12-membered-ring orifice on the fullerene cage have been isolated. Removal of the
N-MEM protective group leads to the first open-cage [60]fullerene derivative without organic addends on the rim of the orifice.

N-MEM-ketolactaml (Scheme 1), the first reported open- production of endohedral fullerene derivatives. Endohedral
cage fullerene derivative, was isolated in 1995 by Wudl and fullerenes are currently being formed by utilizing the
co-workerst Since then, several synthetic procedures toward evaporation of graphite-metal composites, high-temperature
the formation of an orifice in the fullerene shell have been and high-pressure conditions, ion implantation, or high-
developed® Opened species, bearing sufficiently large energy plasma insertions into pure fullerefié8 The chemi-
cal creation and then closure of the opening, following the

s encapsulation of the desired species within the fullerene cage,
known as the “molecular surgery” approach, has been
proposed as an alternative route to the synthesis of endohe-
dral fullerenes. This has proven to be possible quite recently
by the gas-phase generation of@Cso during MALDI-TOF
mass spectrometry experiments of an open-cage fullerene
derivativel?

Following the work of WudE Rubin and co-workers
prepared an open-cage bislactam [60]fullerene derivative with
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a 14-membered-ring orifice by the scission of four bonds of || NG

the fullerene cageand succeeded in introducing inside the
cage both He atoms and;Hinolecules with yields of 1.5
and 5%, respectivelf%In addition, Komatsu and co-workers
isolated the open-cage fullerene derivat®¢Scheme 1§,
within which they encapsulated;ttholecules in 100% yield
at an applied K pressure of 800 atm at 20C.**

Moreover, a regioselective addition reaction between the

o,B-unsaturated carbonyl structure of the open-cage fullerene

adduct3 and aromatic hydrazines was recently repofted.
The reaction proceeds with migration of two hydrogen atoms
from the hydrazine to the fullerene, affording adddjoivhich

has a methylene carbon along the orifice (Scheme 2).

Scheme 2

In this communication we report the synthesis, isolation,
and characterization of the two new open-cage fullerene
derivativess and6 presented in Scheme 3, containing a 12-

Scheme 3

membered ring on the surface of the [60]fullerene. To the
best of our knowledge, adduétis the first open-cage [60]-
fullerene adduct without any organic addend on the rim of
the orifice.
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The resemblance of the structure of thdM EM-ketolac-
tam1 to thea,S-unsaturated carbonyl structure®fScheme
4), which is the precursor of addu@® prompted us to
examine its reactivity toward elemental sulfur. Heatind.of
at 180°C together with $in 1,2-dichlorobenzene (ODCB)
for 30 min in the presence of tetrakis(dimethylamino)ethylene
(TDAE) afforded5 in very good yield (72% based on the
amount of the isolated adduct). This successful and efficient
sulfur insertion indicates that Komatsu’s procedure is of
general applicability. The molecular ion peak ob was
clearly observed (m/887) in the MALDI-TOF mass
spectrum of the new adduct. THel NMR spectrum of
adduct5 is almost identical to that of the starting matetial
apart from a slight downfield shift of all peaks. The ketone
13C NMR absorption shifted frord 198.5 ppm in the starting
materiall to 0 190.2 ppm in the addu&, while the lactam
C chemical shift change was insignificant (the lactam
carbon resonances are at 163.6 and 163.5 ppinand5,
respectively). The ketone carbonyl absorption in the IR
spectrum ob shifted to 1738 from 1727 cm in the starting
material 1, while the lactam carbonyl was practically
unaffected since it moved to 1695 from 1693 ¢mThe
UV—VIS spectrum of the new adduct in chloroform is almost
identical to the starting materi&l-MEM-ketolactam, show-
ing absorption maxima at 256 and 320 nm, whereas the
corresponding absorptions df are at 260 and 328 nm,
respectively.

Both 3C NMR and IR spectra of the new adduct rule out
the possibility that the sulfur atom is inserted into the central
C—C bond,a, of the butadiene unit of the starting material
(Scheme 4) as one might expect from the reaction wfth
elemental sulfur. In such a case, the lactam carbonyl
absorption shift would have been comparable to that of the
ketone. Consequently, we arrive at the conclusion that
reaction with sulfur occurs at borftlin 1, thereby affording
adduct5 (Scheme 3).

We next tried to remove the MEM protecting group,
aiming at the synthesis and isolation of the thio-aza-[60]-
fullerene 8 via the intermediate radic#® (Scheme 5) by
utilizing the azafullerene production meth&dFor this
reason, we heatel in a degassed ODCB solution at 150
°C in the presence of 30 equiv @ftoluenesulfonic acid
monohydrate for 2 h. However, after column chromato-
graphic purification, instead & we isolated adduds, the
solubility of which is very low even in ODCB, in 58% yield.
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material 5, while the lactam carbonyl remained again
Scheme 5 unaffected since it moved to 1694 from 1695 ¢mThe
UV—-VIS spectrum of the new adduct in ODCB/benzene
6/1 shows absorption maxima at 295, 320, and 406(sh) nm.

In conclusion, the sulfur-atom insertiinto the butadiene
unit of N-MEM ketolactam1 significantly changes the
chemical behavior of the-MEM protective group, providing
the first open-cage fullerene derivative without organic
addends on the rim of the orifice.
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