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Endohedral metallofullerenes have attracted attention not only
for their unique structures and properties but also for their ability
to stabilize novel cage isomers that have never been experimentally
found in empty form—* The most unstable 4 cage isomersl,-
andDs,-Cgg, can be generated by encapsulation of two La/Ti atoms
or a metal cluster, $bl.24 The only known violations of the
isolated pentagon rule (IPR) are in endohedral metallofullereries.

As the first metallofullerenes that were macroscopically produced
and isolated, La endohedrals are the typical representatives of these . r . . . — : :
novel materiald. The lanthanum metallofullerenes isolated and 0 10 20 30 40 50
structurally characterized thus far are La@& La,@Cgo,2 and Retention time (min.)

La,@GC;,.1% Here we report the first isolatioA’C NMR structure
characterization, and theoretical studies of a new metallofullerene,
La,@Cys. The results show that L& C;s possesses Bz,-Crg (78:

5) cage isomer.

La,@GCrg was isolated using a recently developed metHod.
Briefly, the La metallofullerenes were produced by DC arc
discharge method and extracted with 1,2,4-trichlorobezene (TCB)
under reflux. A controlled-potential bulk reduction of the extract
in 0-DCB solution in the presence ofBuNCIO, (3.0 x 1072 M) v v T r T 7 : r
was carried out for selective reduction of the metallofullerenes into 400 600 800 1000 1200 1400 1600 1800 2000
their anions, which left the empty fullerenes in the neutral st&te. Wavelength (nm)

After removal of theo-DCB and by use of selective extraction with ~ Figure 1. (@) HPLC chromatogram for isolation of £@Cys (PYE column,

a mixture of acetone/GS(1:4 in volume), the metallofullerene ﬁqigsx Szr)Se?:t';”uTﬁ %?ngéjgl%gyeuf}g%?;’},\ﬂQggg?&?;fg;égﬁjﬁ? ;';?F
anions were roughly separated from the abundant empty fullerenesy a,@c;5in CS;: inset shows the color of L@GCg/CS, solution.

A moderate oxidant, CH@COOH, was added to the acetonefCS

extract to convert the anions into neutral species that precipitated 7able 1. Redox Potentials (V) of La,@Crs * and Crs (Ds)”

< Solvent La@Csg; - A
21 v

Absorbance / a.u.

<« X5

Absorbance / a.u.

from the mixed solvent. The precipitates were then dissolved in O, oE, oF, redE, redE, redE,
toluene for HPLC Separation. E@ng was well Separated from La,@Crs 1.11 0.62 0.26 —0.40 —1.84 -2.28
the other metallofullerenes and readily isolated in isomer-free form  Cyg(D5) 065 —0.76 —-1.06 —1.79

by HPLC with a PYE column (Figure 1a). The purity of isolated
La,@Crs is >99.9%, as confirmed by mass spectroscopic (Figure
1a, inset) and HPLC analyses. On the basis of HPLC analysis, the .
abundance of La@®Cys with regard to the major isomer of La@C the capabilities of Ls@Cyg as an electron acceptor or donor are
is ~3.8%. stronger than those @fs-Crs. La,@Crg reacts photochemically, as
The UV—vis—NIR absorption spectrum of L@GCss presents vv_e!l as th_ermally, with 1,1,_2,2-tetrakis(2,4,Q-trimethylphenyl)-;,z_-
several characteristic features at 647, 561, 533, and 386 nm, withdisirane in toluene, affording mono- and bis-adducts, which is in
an onset around 1000 nm (Figure 1b). The@&;¢/CS; solution sharp contrast to the emp®s-Csg that does not undergo the
is dark violet (Figure 1b, inset). The molar absorbance coefficients r€action:? . )
of La,@Cg in toluene solution at 647, 561, and 386 nm are 6500,  AS seen in thé*C NMR spectrum of La@Cg (Figure 2a), the
2800, and 5300 L mok cm 2, respectively. On the basis of DPY ~ lines at 152.20, 148.04, and 145.67 ppm are obviously at half
measurement, the first reduction and oxidation potentials of intensity (numbers 1, 3, and 4) and those at 148.14, 145.42, and
La,@Css (Table 1) are positively and negatively shifted, respec- 140.17 ppm are at full intensity (numbers 2, 5, and 8). Compared

tively, with respect to those of the empDg-Crs,22 suggesting that ~ With the others, the peak at 142.67 ppm is broad and its intensity
is double the full intensity and 4-fold the half intensity, indicating

20.1 M "BuNPFs, 0-DCB solution, working electrode Pt wire, BAS-
0 B/W, potentials vs ferrocene/ferrocenium couplReference 12.

IUniversity of Tsukuba. it comes from two full-intensity lines (numbers 6 and 7). Conse-
Niigata University. f ; ; ; ; ;
S Institute for Molecular Science. quently, eight lines in total are observegl in the fullerene region in
# Japan Nuclear Fuel Cycle Development Institute. the 3C NMR spectrum of La@GC;s. This 13C NMR pattern is
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Figure 2. (a)13C NMR (125.78 MHz) spectrum of L@ Cygin CS; (D20

in capillary as lock solvent, Cr(aca@s relaxant); inset shows the expended
lines, numbers 2 and 3. (b) Two views of the optimized structure of
La,@GCs. (€) The orbital levels in eV of La@dCrs.

unambiguously attributed to Bs,-C7g cage, which theoretically
presents five lines with full intensity and three lines with half
intensity3

C7g has twoDgp, IPR cage isomerd)zn(78:4) andD3y(78:5)13
To figure out which isomer La#C;g possesses, we performed
theoretical studies on L@ G4 The results indicate that L@ Crg
with the D3,-Crg(78:5) cage (Figure 2b) is more stable by 81 kcal
mol~! than that with théD3,(78:4) cage. Six electrons are transferred
from the encapsulated La atoms to g-C75(78:5) cage; i.e., the
electronic structure model of L@GC;s could be described as
(La®t),C;¢%. The calculated binding energy between tDe-
C¢(78:5) and two La atoms is 277 kcal mé| indicating theDz,-
C75(78:5) has been greatly stabilized by encapsulation of two La
atoms inside the cage.

In theory, Gg has five cage isomers satisfying IPR with
symmetrieDs(78:1), C5,(78:2), C2,(78:3), D3n(78:4), andDs,(78:
5).13 The first three isomers have been isolated in empty f&r.
The unstable ¢ isomer,Dg, (78:5), has been produced by encasing
SN within the cagé?1® SGN@GCy is the only Gg-based endo-
hedral metallofullerene so far reported. Interestingly,@&s is
totally distinct from SeN@GC;g in color, UV—vis—NIR absorption,
and3C NMR pattern, even though they all poss&sg-Cr5(78:5)
with the same amount of intramolecular electron transfer. The

discrepancies mentioned above strongly suggest that the geometric

and electronic structures of b@GC;g are varied from those of
SagN@Cs. The HOMO-LUMO gap of the optimized structure
of Lax@Csg is 0.81 eV, which is much smaller than that of
SeN@GC;s.1° The orbital levels of La@Cg (Figure 2c) are clearly
distinct from those of SIN@G;g,1° which rationalizes the differ-

ences in optical absorption between the two metallofullerenes.

Accordingly, the difference in the structure of endohedrals in
La,@Crg and SeN@GCyg is responsible, at least in part, for all the
discrepancies mentioned above between the two metallofullerenes.
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