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Endohedral metallofullerenes have attracted wide interest in BUN* acetone-dg
recent years because of the promising material, catalytic, and acetone-dg AL Megsi
biomedical applicationk:2 The structures and electronic properties | |! CS2 1
of endohedral metallofullerenes have been extensively investigated |
both experimentally and theoreticafiyit is widely accepted that ‘
the maximum entropy method (MEM)/Rietveld analysis of syn-
chrotron X-ray powder diffraction data is powerful for structural I |
determination of endohedral metallofullereriésSince the first |
application to Y@@, in 1995¢ the endohedral structures of
representative metallofullerenes, such as Sg@d.a@G,® .,_,'L_,:| ~ |-u J_- L.
EU@Q}z,ng@Qz,loscz@Qe,MSCz@CBz_hlz Laz@Q;o,lSSCzCz@Q?mM 260 150 100 50 0
and Se@GCs,*> have been determined by the MEM/Rietveld chemical shift / ppm
method*® _H_owever, these structures do not always correspond to Figure 1. The3C NMR spectrum of-BuN"[Sc:Co@Geq~ in acetone-
energy minima or most stable structut&s'® For example, the  gjcs, at 298 K.

MEM/Rietveld analysis of S@GCs, has shown three Sc atoms

encapsulated inside@;, isomer of G, as a trimer with extremely (@ S — (b) sb=(S
short Se-Sc distances of 2.33 &.0n the other hand, Kobayashi A\@ ? k\““ix ‘L% :
and Nagase calculated that the endohedral structure is not an energy ?" s I ® \‘\\\ .)"_1_ _ :! l‘\
minimum; it is energetically much more favorable that three Sc _ X ‘ X é{'\‘v\ ; )\}\l -;.Lw\}l__-’-\\(_'j
atoms are encaged inside anoti@y isomer of G, with much ¥ p y 4 .
longer Se-Sc distances of 3:64.0 A17 x\i\?\\ak; \\—\\:[gk\[&Q 1
To address the reliability of the widely used MEM/Rietveld PANY. - P \N\(kaﬁ, A
method, we report here structural determination of theC&c *\\1_‘} e Q.,

molecule by 13C_ NMR spectroscopy and X-ray single-crystal rige 2 Structures calculated for §8:@Ceo.
structure analysis. o

As demonstrated for metallofullerenes, such as Lg@%° three Sc atoms are encaged inside thefi@lerene. The SE,@Cyo
Ce@G,2! and Pr@@,22 13 NMR spectroscopy is a useful tool structures found by density functional calculations are shown in
for elucidating the endohedral structures. SinceCggis paramag- panels a and b of Figure??26 These structures are 30.2 and 31.9
netic, we measured tH&C NMR spectrum of its diamagnetic anion ~K¢&l/mol more stable than the lowest energg@Cs, structuré’
in acetonedy/CS,. A total of 1613C NMR line€? should be observed ~ and are 82.6 and 84.3 kcal/mol more stable than the structure
for the Cs, endohedral structure determined by the MEM/Rietveld OPtimized by encaging three Sc atoms inside thp Somer

method. As Figure 1 shows, however, only two lines were observed détermined by the MEM/Rietveld method, respectively. For
in the13C NMR spectrum of the $S€s, anion. Apparently, neither SeC@GCgo, it was calculated that almost six electrons are trans-

Cas, nor any other @ isomers satisfy thé3C NMR pattern. ferred from the endohedral &2 part to Gy to form a stable closed-
Interestingly, thé*C NMR spectrum is very similar to that observed ~ Shell electronic structure ongé o
for SGN@Cso.2* This suggests that the cage structure ofCse The analysis of single-crystal X-ray diffraction data oG Cso

originates from thdy, isomer of Go, and two C atoms as well as WS made very difficult by the nearly free rotation of the round
SeC@Cyo units in the lattice. Therefore, we have carried out

chemical functionalization of the 8€,@Cso molecule by adaman-

T University of Tsukuba.

#Niigata University. tylidene carbene (Ad) to obtain the cycloadduct; G@ Cgo(Ad)

; pokyo Gakugei University. (1). Irradiation of a 1,2,4-trichlorobenzene/toluene solution of
?Rikkyo University. SeC,@Cg and an excess molar amount of 2-adamantane-2{B-[3
mﬁ%g%"gﬁgﬁ’ihce Edward Island diazirine in a degassed sealed tube at room temperature using a
& Institute for Molecular Science. high-pressure mercury arc lamp (cuteff350 nm) resulted in the

12500 = J. AM. CHEM. SOC. 2005, 127, 12500—12501 10.1021/ja054209u CCC: $30.25 © 2005 American Chemical Society
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Figure 3. ORTEP drawmgs of the X-ray single-crystal structures of (8@ Cso(Ad) and (b)n-BusNT[Sc:C.@ Ceo(Ad)] ~ with thermal ellipsoids at the
30% probability level, in which one orientation is shown and, @Somitted for clarity. (c) TheCs structure optimized for SE,@ Cso(Ad).

formation of1, which was purified by preparative HPLC. MALDI-
TOF mass analysis of the isolatddexhibits a single molecular
ion peak. As shown clearly in the X-ray single-crystal structure
(Figure 3a), the cycloadduttresults from the addition of Ad onto
SGC @Gy (Nnot Sg@Cgy). This is also confirmed by the X-ray
single-crystal structure analysis BuUsN[ScCo@Cgo(Ad)]~, as
shown in Figure 3b. As these single-crystal structures sHoiw,
formed from the 6,6-addition of Ad. THEC NMR spectrum of its
anion in pyridineds/CS, shows thatl has Cs symmetry (see
Supporting Information). These results agree well with the calcu-
lated structure shown in Figure 3t.

From the present study, it is obvious that the structure e€8c
is not Sg@Cg, but SeC,@Cy. This suggests that the widely used
MEM/Rietveld analysis is not reliable enough to determine the
structures of metallofullerenes. It may be desirable to re-examine
the structures of metallofullerenes determined by the MEM/Rietveld
method.
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