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Fullerenes that obey the isolated pentagon rule (IPR) avoid (a} e
pentagon-pentagon contacts by having each of their 12 pentagons 5.4 -
surrounded by 5 hexagohJhis arrangement minimizes the steric Th3N@Cgy MS spectrum

strain that results from misalignment of the p-orbitals on the
fullerene surface. For & and Gy, there is only one way of
arranging the pentagons and hexagons to produce an IPR structure,
but for higher fullerenes, several isomers can obey the IPR. For
example, there are 24 isomeric structures fgy tGat conform to e R e AR e YR B T A e R et
the IPR. Several isomers ofsChave been isolated to d&d.he w 10
most prevalent are the IPB(1l) and Dy(IV) isomers. The structure
of the Dyy(ll) isomer has been firmly established through a (b) ThaN@Cgy
crystallographic investigation of an adduct with Ir(CO)CI(RRA
Minor isomers have been shown to hae (two examples)C,
(two examples)Dy, Dag, Daq, andDg, symmetries thougFC NMR
spectroscopic studies.

Well-characterized fullerenes that deviate from the IPR rule are . i . E— : .
largely confined to endofullerenes, closed carbon cages with atoms 300 400 500 600 700 800 900 1000
inside# Since there are no IPR structures possible for the closed Wavelength (nm}
cages of G and Gg, the observation of the existence of the Figure 1. (a) The HPLC chromatogram and negative ion DCI MS spectrum
endohedrals S@ Cse® and SeN@ Csef implied that they had non- of the pure isomer 2 of WN@GCss. SPYE column (10 mm by 250 mm);
IPR structures, and structural work has confirmed this. There has 2,0 ML of toluene/min; 390 nm detection. (b) UV/vis of the pure isomer 2
. - - of ThsN@GCg4 in toluene solution.
been considerable computational work suggesting the endofullerenes
of the type M@G, may have non-IPR structuréshere is only
one IPR isomer possible for/& The existence of two isomers of
Ca@G, suggests that at least one must have a non-IPR stricture
if the isomerization comes from the cage and not from the location
of the metal inside the cage. TR NMR spectrum of La@GC;»
does not conform to that expected for the one IPR structure with
Dsg Symmetry for this cage size, and two non-IPR structures with
two fused pentagon pairs in each have been identified as the likely
structure$.Here we report isolation and structural characterization
of an endohedral & that does not obey the IPR.

A sample of TN@GCs4 was synthesized in an arc-discharge
generator by vaporizing composite graphite rods containing a

mixture of ThO;, graphite powder, and k¢ as catalyst with a The carbon cage in EN@Gss does not obey the isolated

weight ratio of 2.03:1.0:0.4, respectively, in a Iow—pr_essure HE/_N pentagon rule. There is one fused pentagon pair with C78 and C82
atmosphere. The raw soot was extracted for 20 h with toluene in aforming the critical junction. For a & cage, Nature can choose

Soxhlet device. The HPLC of the elution from a cyclopentadiene- from the 24 isomers that conform to the IPR or it can select one of

functionalized Merrifield peptide resin column produced seven y,. 51 56g jsomeric structures that do not conform to the IPR. The

_terbium-c?r_}taining fr:::tr%tionlé’. The Ioumll fractiond %ontains t(\;vo isomer found in this sample is the non-IPR isomer No. 51365 with
isomers of TIN@Ce4. The structural work reported here was done Cs symmetry and the ring spiral code: 12 11 13 16 18 29 31 33

on the second and more abundant of t.hesje to elute on a 5|:)YE35 37 441 Nevertheless, with so many isomeric structures to choose
column. The H_PLC chromatogram, negative ion DCI MS spectrum, from, it is surprising to find that only two isomers of J%@ Cas

and the UV/vis abso_rptlo_n spectrum of the pure isomer 2 of are formed in significant amounts.

TbN@Ce, are shown in Figure 1. There is some disorder in the structure. While Tb1 has full
occupancy, the sites designated as Tb2 and Tbh3 have only 0.512-

1500
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Black parallelepipeds of BB@GCssNi"(OEP)2(CeHg) were
obtained by diffusion of a benzene solution of the endofullerene
into a benzene solution of NIOEP) and were utilized in the crystal
structure determinatiol. Figure 2 shows a drawing of the
ThsN@GCgs molecule and its orientation relative to the' {OEP)
molecule. The figure caption gives some interatomic distances and
angles. Figure 3 shows another view of the endofullerene molecule.
Neither the endofullerene nor the porphyrin has any crystallo-
graphically imposed symmetry. As usual, all eight ethyl groups of
the porphyrin surround the fullerene. The endofullerene is positioned
so that a rather flat section of its outer surface makes contact with
the planar porphyrin.

I\L}{:gﬁ{:itg’o?;tgfr']i;‘i’é’}ﬁs'tﬁﬁ‘gznd State University (3) occupancy. There are additional Th sites that come in pairs
§ Emory and Henry College. and combine with Th1 to define three additionakNhunits. Sites
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D3 symmetric SeN@ Ces.b? It appears that a significant interaction

between the metal and the fused pentagon pair may be responsible

for the full occupancy of the Tb1 site. Th2 is situated over a 5:6
ring junction with the shortest contacts involving To223, 2.406-
(6), and Th2-C19, 2.423(12) A, while Tb3 is located near a 6:6

\ ring junction with close contacts of T332, 2.333(6), and Th3
C33, 2.385(6) A.
Improved preparative and separation procedures are making many

h: N 'N::* -:.:/ q' new endofullerenes with as yet unknown structures available in
\i\ L cez sufficient quantity to explore their physical properties and utili-
-~ — = f ties1912 The observation of a non-IPR structure for isomer 2 of

ThsN@GCg4 suggests that structural assignments for other endo-
\ - fullerenes need to consider non-IPR cages as well as the usual IPR

--l':_-""/ N \ +£ ) isomerst3
Wbt '
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Figure 2. A view of the interaction of isomer 2 of EN@GCg, and Ni'-
(OEP) in TBN@GCss'Ni"(OEP)Y2(CsHe) with uniform arbitrarily sized
circles for the cage carbon atoms and 50% thermal ellipsoids for other atoms.
Selected distances (A) and angles (deg): FN1, 2.182(4); Th2N1,
2.130(4); Tb3-N1 2.120(4); Tb+N1-Th2, 124.5(2); Tb+N1-Tb3,
114.60(18); Tb2N1—Th3, 120.70(19).

Supporting Information Available: Preparative and separation
information for isomer 2 of TIN@Gss. Drawings showing the disorder
in the positions of the TN unit in isomer 2 of TBN@Gs4 and in part
of the carbon cage. X-ray crystallographic data forN@ GCas-Ni'"-
/, """‘? . (OEP)2(CsHe) in CIF format. This material is available free of charge
Y — . via the Internet at http://pubs.acs.org.
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Figure 3. A view of isomer 2 of TRN@GCga with uniform arbitrarily sized
circles for the carbon atoms and 50% thermal ellipsoids for other atoms.
The pentalene portion is highlighted in red. The noncrystallographic mirror
plane lies nearly parallel to the page.

Th4 and Tb5 have 0.212(2) occupancy, while Th6 and Th7 have
0.229(3) occupancy. Finally, sites Th8 and Th9 have only 0.047-
(2) occupancy. Only the major site involving Tb1, Th2, and Th3 is
shown in the figures.

The TN unit is planar in the major site as well as in all three
minor sites. For the major site, the sum of the three-Wb-Th
angles is 359.8 The carbon cage also displays some disorder. The Chem. S0c2005 127, 16292. 4 .

. (11) Crystal data for @NThbs CasHasN4Ni-2(CeHe): black parallelepiped,

64 atoms of the cage closest to the fused pentagon pair are well triclinic, space grougPl, a = 14.5782(13) Ab = 15.0328(14) Ac =
behaved, but the 20 carbon atoms at the opposite end are found in égg?ZS% é,%:ZB%Zilgéng /SHggGE(S%(%/) b gffg%i }//szz
two sets of positions that are related by a 18flation of the cage. =0.0976 for all data: con-ventiongﬂl‘= 0.0470 computed for 10 509

Tb1 is situated within the fold of the pentalene unit formed by observed datal (> 20(1)) with 1 restraint and 968 parameters.
the fused pentagon pair. Within that unit, the-T® distances are 2 'ga) gﬁi}’fff’ﬁaﬁjfg‘f'B?bl;e(?'S'S;S'C,Tm;s'?g;'g,h,'vl'.(',;vﬁr,(\’gﬁrréf:k_‘;k,’_fgﬁgh'\"'
shortest at the fold (Thb1C82, 2.483(6); Th+C78, 2.502(6) A) A. J.; Balch, A. L.; Dorn, H. CNature 1999 401, 55. (b) Yang, S,;
and longer for the four adjacent carbon atoms (FBB3, 2.517- Dunsch, L.Chem-—Eur. J 2006 12, 413. (c) Krause, M.; Wong, J.;
(6); Th1-C79, 2.523(6); Th1C81, 2.526(6); Th+C77, 2.527(6)
A). The positioning of Tb1 near the fused pentagon pair is similar

Dunsch, L.Chem—Eur. J. 2005 11, 706.
(13) Shi, Z.; Wu, X.; Wang, C.; Lu, X.; Shinohara, Angew. Chem., Int. Ed
to that of the scandium atoms within the three pentalene units of

2006 45, 21072111.
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