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Endohedral metallofullerenes (EMFs) encapsulate one or more bisadduct (a)
metal atoms inside a hollow fullerene cdggince the paramagnetic
Y@Cg, was observed to form a dimer on the Cu(111) surface in
the STM image, the dimerization of paramagnetic EMFs has mixture of unreacted
attracted considerable interéstThe unpaired electron of Y@g l monoadduct ratCe
was considered as a driving force for the dimerization. However,
no direct evidence has been reported for the dimer formation of 0 10 20 30 40
EMFs so far. Meanwhile, diverse monoadducts of EMFs have been retenton tme / min
synthesized and structurally characterizéd.contrast, only very isolated A ©
limited studies have been carried out for the multiaddition of ERIFs,
though more widely potential applications in biomedical and
material science can be expected for the multiaddudesrein, we
report a well-defined bisadduct of La@C(C,,), which was L
prepared by a BingelHirsch reactior?. This bisaddition proceeded —

in a highly regioselective way and led to the dominant formation 0 0 etentoname/min “©

of one bisadduct isomerAj in a good yield. As the first Figure 1. HPLC profiles for (a) reaction mixture and (b) isolated bisadduct
unambiguous example of the dimer formation of EMFs, it is verified A on Buckyprep column.
by X-ray crystallographic analysis thatforms a dimer in the single
crystal. @

Very recently, we have reported the reaction of Laggd@ith
bromomalonate in the presence of 1,8-diazabicyclo[5.4.0Jundec-
7-ene (DBU) (BingetHirsch reaction), which yields a singly
bonded monoadduct as the major produldowever, the reaction
of La@Gs, with malonate in the presence of DBU proceeded very
slowly at room temperature. This may be ascribed to the lower
acidity of the methylene protons of malonate. When the temperature
was increased up to 6, the reaction proceeded much faster and
finished in a few hours.

As Figure 1 shows, the major product of the reaction of La@C
with malonate was eluted with the retention time of-7860 min
and was separated readily from other adducts and unreacted starting e e T T
materials by one-step HPLC separation. The isolated fraction wavelengtn /nm
showed only one peak on all available columns, indicating that only Figure 2. (a) ESR spectrum of bisaddut (b) UV—visible—NIR spectra
one isomer exists in the fraction. Further analysis by MALDI-TOF ©f A, andn-BuN"A™ and La@G.
mass spectroscopy on the fraction exhibits a molecular ion peak at
m/z 1441, suggesting that a bisadduct is formed, which is described 0-571 G) are close to those of the parent La@(g = 2.0011, hfc
as La@G,{CH(COOGHSs),], (A). Another weak peak is observed = 1.152 G, andAH,, = 0.360 G). However, the absorption
atmvz 1281, which is assignable to the fragment due to the loss of SPectrum ofA is very different from that of La@4;. BisadductA
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one malonate group. shows a characteristic near-IR band at 1135 nm and an absorption
The ESR and UVtvisible—NIR spectra of the isolated are onset around 1600 nm. These results suggestAftaas a larger
shown in Figure 2. The value ¢ = 2.0011), hyperfine coupling ~HOMO—LUMO gap than the pristine La@g; even though it still
constant (hfe= 1.195 G), and peak-to-peak line widthsHp, = retains an open-shell structural feature.
As Figure 3 showsA crystallizes to form a dimer at 90 KAs
1#’g&‘;%rsétgk%fggisbk#egsity is obvious from the single-crystal structure, the addition of
1 Josai University. bromomalonate takes place at the C7 and C13 atoms of lga@C
t%ﬁﬁt%ﬁﬁi;-s@ (C,y), providing bisadducA. The C7 and C13 atoms are located
$ Institute for Molecular Science. at the apex of two hexagons and one pentagon. Notably, C7 is also
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further studies on cyclic voltammetry (CV). These suggest Ahat

is stable toward oxidation and reduction under argon atmosphere
on the CV time scale. The anion @& has been prepared by
controlled potential electrolysis under argon. Its absorption profile
is shown in Figure 2b. However, the anion is very sensitive to air
and oxidized quickly. Its NMR measurement was unsuccessful due
to its poor stability in air atmosphere.

In conclusion, the 7,13-bisaddudt) of La@Gs; (Cy,) has been
synthesized in a good yield by a Bingdiiirsch reaction. Its
structure has been well-defined by X-ray crystallographic analysis.
A pair of enantiomers of this bisadduct form a dimer in the single
crystal. This is noticeable as the first direct observation of the dimer
of EMF derivatives, which provides basic information for further
studies on the dimerization of EMF$,
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aVersus Fc/Ft. In o-dichlorobenzene with 0.1 Mh Bu)sNPF; at a Pt

working electrode. Values are obtained by DPV: pulse amplitude, 50 mV;
scan rate, 20 mV§.

the addition site for the previously reported Bingel monoadduct of
La@Gs (Cy,),” which strongly suggests that these Bingel bisadducts
and monoadducts are formed via a similar formation mechanism.
Interestingly, unlike other monoadducts of La@& 7 several sites

for the La atom have been identified on thg, €age ofA. These
sites are all in the neighborhood of the six-membered ring that is
far from malonate. In La@4 (Cy,), the La atom is situated on the
C, axis. The La position inA, which has the most abundant
occupancy (0.75), is off theC, axis and moves toward the
hemisphere that undergoes bisaddition. Moreover, there exists a
pair of enantiomers foA, which couple with each other at C50
and C50* to form a dimer in the single crystal. The C8C60*
bond (1.638(9) A) is considerably longer than the typicals€

Cspa bond (1.54 A) as well as the intercage-C bond in other
singly bonded fullerene dimers, such assd&Cs0)?~ (1.597(7)
A),92b(C70—Cr0)2~ (1.584(9) A)% RCso—CsoR (1.576(6) A)L0and
(ArsCeo—CgoArs)*~ (1.577(11) A)! This may suggest that the
intercage G-C bond in the dimer oA is considerably weaker.

Spin densities and POAV valu@sof A were calculated with
hybrid density functional theory at the B3LYP level (LANL2DZ
for La and 6-31G(d) for other atom¥)The C50 atom ofA has a
relatively high spin density and POAV value. In addition, the
attaching malonate is not a steric hindrance for the dimerization at
C50, though it is the large hindrance for other carbon atoms nearer
the attachment, which possess somewhat higher spin densities and
POAV values. Therefore, it may not be surprising that C50 is the
most favored position for dimerization. It is interesting that the
intercage C56-C50* distance of 1.635 A calculated for the dimer
of A agrees very well with the experimental value of 1.638(9) A.

Table 1 shows the redox potentials Af obtained from dif-
ferential pulse voltammetry (DPV). Its first oxidation potentR4E)
of 0.08 V is very close to the value of 0.07 V for La@QCwhile
its first reduction potential'{®g,) shifted positively by 100 mV
relative to the value for La@4z FurthermoreA exhibits perfectly
reversible behaviors for its first redox processes, as revealed by
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