J. Am. Chem. S0d.998,120, 23372342

Benzyne Adds Across a Closed-6

2337

Ring Fusion in Gy Evidence

for Bond Delocalization in Fullerenes

Mark S. Meier,* Guan-Wu Wang, Robert C. Haddon, Carolyn Pratt Brock,

Michael A. Lloyd, and John P. Selegue

Contribution from the Department of Chemistry, beisity of Kentucky, Lexington, Kentucky 40506-0055
Receied August 14, 1997. Rised Manuscript Recegéd January 14, 1998

Abstract: Addition of benzyne to & results in four isomeric monoadducts (compoudds-d) in a 42:35:

13:10 ratio as determined Bid NMR. These compounds were separated by repeated passes through HPLC
columns. The major isomef§) resulted from addition to the highly pyramidalized -©@2 bond as shown

by 13C NMR and UV/vis spectroscopy. The structure of the-CPR adduct {a) was confirmed by X-ray
crystallography. The second isoméib) was assigned as an adduct to the-C% bond on the basis 6fC

NMR and UV/vis spectroscopy. Compoutd exhibited a'*C spectrum consistent with an adduct to the C7
and C8 positions. The presence of $C NMR resonances proved that the 628 bond is still intact,
making this the first identification of direct addition to &6 ring fusion in a fullerene, and the first example

of an adduct to a'56 ring fusion where the ring fusion bond remains intact. The fourth isofr@rdisplayed
spectral data consistent with a compound withsymmetry and is assigned as an adduct to the CZ1

bond.

A great deal has been learned about the reactivity of the
fullerenes in the short period since they became available in
bulk guantities. The characteristic pyramidalization of sp
carbons of fullerenes results in high reactivityOne of the most
general patterns of reactivity is that fullerene chemistry is largely
the chemistry of addition reactioRs. The structure of & is
usually drawn as a complex [5]radialene (Figure 1), with the
double bonds positioned between six-membered rings (a6“6
ring fusions”), and this is consistent with measured bond lefigths
and with the reactivit§yof Cs toward nucleophilic additiofr; 11
toward reductiord2 and in a host of cycloadditior$. Herein
we report the addition of benzyne across the-CB carbor-
carbon bond in &, the first example of direct addition across
a closed 5-6 ring fusion in a fullerené?

The chemistry of & is more complicated than the chemistry
of Cgp due to lower symmetry and to differences in reactivity

(1) Haddon, R. CSciencel993 261, 1545-1550.

(2) Hirsch, A.Synthesis 995 895-913.

(3) Tetrahedron Symp. Print 6@996; Smith, A. B., Ill, Ed.

(4) David, W. I. F.; Ibberson, R. M.; Matthewman, J. C.; Prassides, K.;
Dennis, T. J. S.; Hare, J. P.; Kroto, H. W.; Taylor, R.; Walton, D. R. M.
Nature 1991, 353 147-149.

(5) The Chemistry of Fullereng$aylor, R., Ed.; World Scientific: River
Edge, NJ, 1995.

(6) Fagan, P. J.; Krusic, P. J.; Evans, D. H.; Lerke, S. A.; Johnston, E.
J. Am. Chem. S0d.992 114, 9697-9699.

(7) Balch, A. L.; Cullison, B.; Fawcett, W. R.; Ginwalla, A. S.; Olmstead,
M. M.; Winkler, K. J. Chem. Soc., Chem. Commuad®95 2287-2288.

(8) Keshavarz-K, M.; Knight, B.; Srdanov, G.; Wudl, . Am. Chem.
Soc.1995 117, 11371-11372.

(9) Kusukawa, T.; Ando, WAngew. Chem., Int. Ed. Engl99§ 35,
1315-1317.

(10) Wang, G.-W.; Shu, L.-H.; Wu, H.-M.; Lao, X.-B. Chem. Soc.,
Chem. Commurl995 1071-1072.

(11) Schick, G.; Kampe, K.-D.; Hirsch, AJ. Chem. Soc., Chem.
Commun.1995 2023-2024.

(12) (a) Bergosh, R. G.; Meier, M. S.; Laske Cooke, J. A.; Spielmann,
H. P.; Weedon, B. RJ. Org. Chem.1997, 62, 7667-7672; (b) For an
extensive review of reduced fullerenes, see: Gol'dshleger, N. F.; Moravshii,
A. P.Russ. Chem. Re1997, 66, 323-342.

(13) Meier, M. S. In ref 5, pp 174194.

S0002-7863(97)03957-7 CCC: $15.00

A "5-6 Ring Fusion"
A "6-6 Ring Fusion"
Figure 1. The 6-6 and 5-6 ring fusions in Go.
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Figure 2. The structure and (partial) numbering ofoCNumbering
from Godly and Taylot>

between the various double bonds. There are four different
types of double bonds in&in the valence-bond picture of
Cro shown in Figure 2. Drawing double bonds in the manner
traditional for fullerenes leads to double bonds localized in a
set of five-membered rings (e.g. the C2223 bond in Figure

2). The most pyramidalized carbons make up a set of reactive
double bonds at the poles (e.g.-©Q2 in Figure 2). Pyrami-
dalization and reactivity decrease for bonds closer to the
relatively flat equator.
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Figure 3. Absorption spectra ofa—1d.

The cycloaddition of benzyne to;g£has been reported to

produce four isomers of monoadduct, although these were not

characterized as purified compourisWe treated a solu-
tion of Czo and 2 equiv of anthranilic acid in benzene with 2
equiv of isoamyl nitrite, producing a mixture of produéts’

The ensemble of monoadduct isomers, present in a 42:35:13

10 ratio as determined biH NMR, was separated from the
crude reaction mixture by GP&€and obtained in a combined
yield of 34%. The individual isomers were purified by HPLC

with use of, in separate steps, Regis “Buckyclutcher” and
Cosmosil “Buckyprep” columns. The absorption spectra of

these four isomeric monoadductkat-d) are shown in Figure
1.

The major isomer exhibits #C NMR spectrum that con-
sists of a total of 42 lines comprising 10 single-intensity
resonances (2 3pesonances and 2 Spesonances from the

Cc12
C3'

carbon disulfide/toluene included one toluene molecule in the
crystal lattice. The structure was complicated by a positional
disorder in which the benzyne moiety lies on a pseudomirror
plane, and two positions of the;gportion of the molecule are
related by the pseudomirror. Site occupancies for the two
positions refined to 60.97% and 39.03%. Because of limited
data, only the coordinates of the benzyne addend and the six

Cyoatoms closest to it were allowed to vary, with the equivalent
‘bond lengths constrained to be equal with a standard deviation

of 0.03 A. The remainder of the/gcage and the molecule of
toluene of crystallization were treated as rigid groups with
idealized geometries. A plot of &ZsHsetoluene is shown in
Figure 4. Essential crystal data and experimental details are
given in Table 1, and selected bond distances and angles are
given in Table 2. Full crystallographic tables are included in
the Supporting Information.

The connectivity of the structure is firmly established by this
structure determination. Bonding in the benzyne addend is quite

fullerene, plus 6 shresonances from the benzene ring) and 31 delocalized, with €C distances of about 1.38(2) A. Fusion
s resonances of double intensity and one of quadruple intensity 10 Cro causes some angular distortions, withC-C angles in
(2 overlapping double intensity resonances). These data arethe benzyne ring ranging from 113(2p 124(1y. The linking

consistent withLa, resulting from addition to the G1C2 bond.
Under ideal conditionsla should produce a spectrum consisting
of 8 single intensity shresonances, 33 double intensity? sp
resonances, and 2 single intensity sgpsonances. The absorp-
tion spectrum (Figure 3) is also consistent with a—CP
adduct!®*22 The C1C2 double bond, involving two of the
most pyramidal carbons in the molectii€is the most reactive
site in G193
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Table 1. Details of the Structure Determination ba

formula GeHa-C/Hs
crystal dimens, mm 0.20 0.30 0.55
density (calcd) 1.634-gm3
temp 296(2) K
diffractometer Enraf-Nonius CAB4
radiation Mo Ko (A = 0.7107 A)
space group ®a2; (no. 33)
cell dimens
a 19.434(2) A
b 13.628(1) A
c 15.491(1) A
o 90.00(0y
B 90.000(0y
y 90.00(0y
vol 4102.1(7) R
A 4
abs coefu 0.090 mnt?t
20 range 450°
decay 0.043% (linear correction)
total data collected 4041
unique data collected 3766
data withl > 25(1) 1376
no. of variables 138
restraints 7: 6 bond lengths and floating origin
R[onF; 1 > 20(1)] 0.089
wR[on F? all data] 0.348
S 1.22
(A/0)max 0.009
A(P)max +0.48 e A3
A(P)min —0.38e A3

Table 2. Selected Bond Distances (A) and Angles (deg) with
ESDs for the Structure of [1,2]Benzeno[70]fullereheluene

Distance

cr-cz 1.38(2) C01-C02 1.66(2)

CcC1-Cc6 1.38(2) C01-C06 1.51(2)

Cl—-Co1 1.56(2) C0%C09 1.50(2)

c2-C3 1.38(2) C02-C03 1.52(2)

C2—-C02 1.56(2) co2C12 1.50(2)

c3-c4 1.40(2)

C4-C5 1.38(2)

C5—-C6 1.38(2)

Angle
c6—-C1-C2 123.7(14) C06-C01-CY 125(2)
C6—-C1-Co01 140.4(14) CtC01-C02 84.4(10)
C2-C1-Co1 95.7(12) C09Co1-C1 116(2)
c3-Ccz-Ccr 122.6(14) C06-C01-C02 118.2(14)
C3-C2-C02 143(2) C09-C01-C02 111(2)
C1—-C2-C02 94.5(12) C09C01-C06 102.7(11)
Cc2-C3-C4 113(2) C2—-C02-C01 85.2(10)
C5-C4-C3 124.2(14) C03-C02-C2 121(2)
C4—-C5-C6 122(2) Cl2-C02-C2 120(2)
C1-C6—-C5 115(2) C03-C02-Co1 111(2)
C12-C02-C03 103.0(12)
C12-C02-Co1 117(2)

normal C(1)-C(2) bond length in & is 1.387(4) A% The
bonds from C01 and CO02 to fullerene carbons C03, C06, C09,
and C12, ranging from 1.50 to 1.52 A, are longer than those
bonds in Gy itself, 1.453(3) and 1.445(3) A. This is consistent
with the s character of carbons C01 and C02. The fullerene
carbon atoms involved in the cycloaddition are displaced
outward from their idealized positions in/&

Overlong C-C single bonds have been observed in related
structures’ The longest reliably determined—-C bonds in
nonfullerene structures are found in the benzocyclobut@nes

(36) Burgi, H. B.; Venugopalan, P.; Schwarzenbach, D.; Diederich, F.;
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and3,3839with C(sp)—C(sp) bond lengths of 1.720(4) A ia
and 1.710(5) and 1.724(5) A &

Cl

Cl

A search of the Cambridge Structural Datali&seveals that
in several fullerene cycloadducts, the 6,6-ring-fusion bond to
which cycloaddition has occurred is very long. The structure
of the [2+2] cycloadduct of G and 4,5-dimethoxybenzyne
shows a G-C length of 1.645(8) A for this bon#,and similar
C—C bond lengths of 1.59 to 1.65 A are seen in certain
methanofullerenéd 6 and adducts of g with piperazine,*’
o-quinodimethane$~%0 1, 3-cyclohexadieng, and a nitrile
ylide 52 Similarly, two isomers of the cycloadduct of,€and
4,5-dimethoxye-quinodimethanes show long C&pC(sp)
bond lengths of 1.603(4) and 1.584(5)%A.Thus, the CO%
C02 bond inla meets the criteria for being overly long, both
as part of a benzocyclobutene liReand 3 and as a 6,6 ring
fusion bond to which cycloaddition has occurred. Distortions
at the site of cycloaddition are most likely due mainly to
pyramidalization at CO1 and C02. As these two carbon atoms
move out from their normal positions, some bond stretching
must occur. Inla, most of the strain is relieved by elongation
of the C01-CO02 bond.

The second major isometlf) exhibits spectral data consistent
with anotherC; product resulting from addition to the €£6
bond. Thel3C NMR spectrum exhibits a total of 39 lines,
composed of 34 double intensity %pesonances, 3 single
intensity sp resonances, 1 triple intensity resonance (overlapping
single and double intensity resonances), and one double intensity
sp resonance. ldeally, structut® would produce &3C NMR
spectrum consisting of 35 double intensity? spsonances, 4
single intensity spresonances, and one double intensity sp
resonance. The absorption spectrumlofFigure 3) resembles
that of other compounds resulting from addition to the-C%
carbon-carbon bond?2! There are also numerous examples
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of addition to this bond?-2327.29 generally the second most Scheme 1
reactive site after the C4C2 carbonr-carbon bond.

N= II\I
CH,N, CH,
\ /\
Fullerene
(partial structure) \ N
-IN2
~ CH, N ..
/\ CHZ
la 1b 7\
(Addition to 1,2 bond) (Addition to 5,6 bond)
Methanofullerene
The third and fourth productsl¢ and 1d) are obtained in
smaller quantities: 13% and 10% of the monoadduct mixture, b)
respectively. Thé3C NMR spectrum ofLd shows a complex

spectrum of 74 lines, comprised of two single intensity sp

resonances, 70 single intensity?spsonances, and 2 double <
intensity sp lines (overlapping single intensity resonances). - ’C
These data are consistent with a product with @lgymmetry, —— CH, ’ CH
resulting from addition to the C7C21 bond. g

Fulleroid
(5-6 ring fusion open)

Inspection oflc reveals that the benzyne unit has added
across the fusion of a five-membered ring and a six-membered
ring (a 5-6 ring fusion). There are no other examples of direct
addition to a 5-6 ring fusion in fullerene chemistry. Stepwise
reactions that result in addition across@&ring fusions have
1d (Addition to C7-C21 bond) been observed in other fullerene systems, most notably in
the formation of fulleroids and azafulleroiéfs.The preparation
of fulleroids and aza fulleroids involves initial addition to a
double bond at a 66 ring fusion, followed by expulsion of
N> and closure across the-5 ring fusion (Scheme 1, path b).

A subsequent norcaradiene rearrangement results in cleavage
of the ring fusion bond to produce an opening in the fullerene
cage. Closure of the diradical intermediate across thé 6
ring fusion results in a stable methanofullerene (Scheme 1,
path a).

The C7C8 bond inlc does not open, as shown by the
presence of an §garbon NMR resonance and by the fact that

data are not consistent with such a structure. The only otherthe absorption spectrum dit is significantly different from

; the spectrum of g. Fulleroids exhibit spectra that are similar

T o e o a0 §eooTea®® 1o their parent fullrene (B0r G rather han o methanot
C3 carbonr-carbon bonds, produciri, 1c¢, and4, respectively. ullerenes’ ] ]
Each of these structures has a plane of symmetry that bisects [N the valence-bond picture of6X(Figure 2), double bonds
the sp—sp® bond. We feel thadl is the least viable of the =~ Must be localized in five-membered rings. However, the-€22
possibilities, in analogy with known fullerene chemistry. C23 *double bond” is equivalent by symmetry to the-€78
“single bond”. Itis not possible to draw a valence bond picture
of Cyo that makes these two bonds appear equivalent and still
maintain the [5]radialene pattern of bonds. Addition to the-C7
C8 bond, resulting irlc, is addition to a 56 ring fusion, an
addition mode that has not been identified in a fullerene before.

Addition across a 56 ring fusion in Go introduces strained
double bonds into five-membered rings. However, addition to
the C7C8 bond in Gg results in a structure with four double
bonds formally positioned within five-membered rings, rather
than the five double bonds formally localized in five-membered
rings in Gy itself. Itis clear that the C#C8 bond, a 56 ring

The13C NMR spectrum ofl.c, however, exhibits a spectrum
typical of products withCs symmetry. The spectrum exhibits
38 lines, comprising 1 double intensity’sgsonance, 3 single
intensity sp resonances, 1 triple intensity spesonance
(overlapping single and double intensity resonances), 32 double
intensity sg resonances, and 1 quadruple intensifrsponance
(overlapping double intensity resonances).

A structure withC, symmetry, resulting from a DietsAlder
reaction bridging C7 and C23, should producé*@ NMR
spectrum with only 38 double intensity resonant&asie NMR

1c (two views) 4
(Addition to C7-C8 bond) (Addition to C2-C3 bond) (53) Prato, M.; Wudl, F. In ref 5, pp 154173.
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Figure 5. (a) Two resonance forms of;& (b) The resonance hybrid.

fusion, has significant double bond character. To represgnt C

J. Am. Chem. Soc., Vol. 120, No. 10, 2348

susceptibility of G¢°"°® and the 3He chemical shift in
SHe@G*? %% show that there is a larger ring current magnetic
susceptibility associated with this fullerene than all of the other
neutral fullerenes examined to date. It is possible that the
presence of Kekuleesonance hybrids is associated with this
property. It will be of interest to see if other fullerenes can be
isolated which require a consideration of multiple resonance
hybrids in specifying their electronic structure.

Conclusions

two resonance structures are required, and the delocalized Addition of benzyne to & produces four adducts, one of

structure is also appropriate (Figure 5).
This is entirely equivalent to the situation in benzene, which

which results from addition to the 18 bond, a 56 ring
fusion. Crystal structure dafsand calculatiorfd both suggest

is conventionally represented in terms of resonance hybrids of that the C#C8 bond and the C7C21 bond in Gy are of

Kekule structures, or with the central circle denoting a delo-

comparable lengths (bond orders), so the equatorial six-

calized structure. The only qualification that must be raised is membered rings are benzenoid, unlike all other six-membered

the possibility of a symmetry-breaking second-order Jahn
Teller distortion. It is known that the higherrj4-2]annulenes

rings in Goand Go. The valence-bond drawing of,6Figure
2) has a serious shortcoming in that it implies that the-C38

eventually become unstable to such a distortion as the energybond is a single bond and that the G223 bond is a double

gap is progressively reduced.7dds strongly colored so there
is at least the possibility of symmetry breaking in this extended
electronic structure.

In fact this possibility was investigated within"ekel MO
theory some time ago by diagonalizing the beind polar-
izability matrix®4 of some of the lower capsulengs® These
species were generated frongo@ the same manner as s

bond. Symmetry and reactivity argue that the hybrid shown in
Figure 5 is a much more accurate portrayal of the structure of
Cro. Pyramidalization of these aromatic rings results in higher
reactivity than seen in planar benzenoid hydrocarbons.

Experimental Section
A mixture of Gy (101.0 mg, 0.12 mmol) and anthranilic acid (32.9

obtained-by inserting a belt of 10 carbon atoms between the g, 0.24 mmol) in 300 mL of benzene was heated to reflux under

hemispheres. This procedure leads to capped arm-chair [5.5]argon, then isoamy! nitrite (32, 0.24 mmol) was added via syringe.
single-walled carbon nanotubes. The following energy gaps After being stirred under reflux for 2 h, the reaction mixture was

(AE, B) and largest eigenvalue of the berldond polarizability
matrix (maxS %) were reported: € (AE = 0.757, Amax =
0.893), Go (AE = 0.529,Amax = 0.909), Go (AE = 0.073,
Amax = 0.913), Go (AE = 0.499,Amax = 0.938), Goo (AE =
0.350,Amax = 0.942). The invariance seen in thgax values

is all the more remarkable in the face of the large variations in
the energy gaphE. It is generally agreed thakyitica > 1.8 is
required for the onset of bond alternation (distortion to a single
Kekule structure}>* This behavior finds its analogy in the

concentrated, filtered (0.2m), and separated by gel permeation
chromatography (GPC) on a bank of four preparative GPC columns
(JordiGel, 2-500 A Waters Ultrastragel, 1100 A Waters Ultrastyragel)
with use of toluene (5 mL/min) as the mobile phase to afford 37.4 mg
(34%) of four isomers of monoadduct,{Ce¢Ha, along with 48.2 mg
(48%) of recovered &. The monoadduct consists of four isomers
according to'H NMR (42:35:13:10). The mixture of monoadducts
was chromatographed on a 20 mm250 mm Buckyclutcher Prep |
column with 1:1 hexanetoluene (15 mL/min) as eluent to give [1,2]-
benzeno[70]fullerenel@) and a band composed of the remaining three

extended nanotubes which are also stable to symmetry-breakingsomers {b—d). Compoundslb—1d were separated by chromatog-

distortions such as charge-density wave formation.

raphy on a 10 mm 250 mm Cosmosil Buckyprep column with 1:1

We examined the nature of the maximum eigenvalues for hexane-toluene (5 mL/min) as the mobile phase. The 7,8 isorhey (

Cso and Go. Cgo has triply degeneraténax values, while Go

was obtained in nearly pure form after one pass, but thelhpand

has a nondegenerate maximum eigenvalue. The eigenvector§'21 (@Ld) isomers required several passes for satisfactory purity.

of the bond-bond polarizability matrix give the nature of the
preferred distortion. We find that the unique eigenvector in

the case of & has its largest coefficients at the central benzene ;54 5g

[1,2]Benzeno[70]fullerene (1a).13C NMR (CS, 10% acetonels,
Cr(acac) added, relative integrals given in parentheses) 157.00 (2),
154.85 (2), 152.26 (2), 151.87 (1), 151.62 (2), 151.19 (2), 150.81 (2),
(2), 150.40 (2), 150.30 (2), 150.02 (2), 149.63 (2), 149.22 (2),

rings. Thus, if there were to be a distortion it would have its 148 95 (4), 148.41 (1), 147.67 (2), 147.65 (2), 147.52 (2), 147.17 (1),
largest effect on the bond lengths of these benzenes. The147.14 (1), 147.02 (2), 146.29 (2), 146.17 (2), 144.45 (2), 143.95 (2),
symmetry of this eigenvector is the same as that of the Kekule 143.81 (2), 143.72 (2), 143.19 (2), 142.68 (20), 141.27 (2), 140.02
structures which would become preferred over the delocalized (2), 134.59 (2), 133.70 (2), 131.87 (2), 131.47 (2), 131.40 (2), 130.87

structure if there were a distortion. The low valuesigiy for

all of these capsulenes support the view that the fullerenes are

(1), 130.59 (1), 123.72 (1), 123.36 (1), 71.80 (1), 70.23(1).
(a) X-ray Structural Determination of la. Crystals of [1,2]-

best considered as extremely strained but aromatic (delocalized)Penzeno[70]fullerenéoluene were grown at room temperature from a

moleculest Apart from the many other pieces of evidence in
favor of this view, it is now apparent that the fullerenes fit within
the Binsch* definition of aromatic character: “A conjugated
m-electron system is called aromatic if it shows neither strong
first-order nor second-order double-bond fixation.”

The present results shed some light on another interesting

carbon disulfide/toluene solution. A single crystal was mounted on a
glass fiber and coated with epoxy resin. Crystal data and experimental

(57) Haddon, R. C.; Schneemeyer, L. F.; Waszcak, J. V.; Glarum, S.
H.; Tycko, R.; Dabbagh, G.; Kortan, A. R.; Muller, A. J.; Mujsce, A. M,;
Rosseinsky, M. J.; Zahurak, S. M.; Makhija, A. V.; Thiel, F. A;
Raghavachari, K.; Cockayne, E.; Elser, Nature 1991, 350, 46—47.
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1986 131, 165.

(59) Saunders, M.; Jirmez-Vaquez, H. A.; Cross, R. J.; Mroczkowski,
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details are given in Table 1. The structure was solved with the [7,21]Benzeno[70]fullerene (1d).**C NMR (CS, 10% acetone-
SHELXL PC program packa§e and refined with the program ds, Cr(acac) added, relative integrals given in parentheses) 155.66 (1),
SHELXL9383 The coordinates of the 6 atoms of the fullerene closest 152.50 (1), 152.12 (1), 151.36 (1), 151.22 (1), 150.58 (1), 150.56 (1),
to the substituent were allowed to vary, with the equivalent bond lengths 150.40 (1), 150.29 (1), 150.09 (1), 150.05 (1), 149.90 (1), 149.79 (1),
constrained to be equal with a standard deviation of 0.03 A. The 149.39 (1), 149.26 (1), 149.22 (1), 149.13 (1), 148.92 (1), 148.85 (1),
remainder of the & cage and the molecule of toluene of crystallization 148.64 (1), 148.52 (1), 148.43 (1), 148.40 (1), 148.38 (1), 148.24 (1),
were treated as rigid groups with idealized geomefiiessotropic 147.63 (1), 147.48 (1), 147.46 (1), 147.43 (2), 147.25 (1), 147.21 (2),
displacement parameters were refined for the carbon atonis.of 147.17 (1), 147.16 (1), 147.03 (1), 146.92 (1), 146.88 (1), 146.64 (1),
Hydrogen atoms were included in calculated positions With= 1.2Uiso 146.54 (1), 146.45 (1), 146.33 (1), 146.03 (1), 146.00 (1), 145.89 (1),
for the attached carbon atom. Disorder was modeled at a late stage 0f145.52 (1), 145.11 (1), 144.98 (1), 144.92 (1), 144.89 (1), 144.80 (1),
the refinement by reflecting both [1,2]benzeno[70]fullerene and toluene 144.58 (1), 144.29 (1), 144.04 (1), 144.01 (1), 143.09 (1), 142.33 (1),
molecules in the pseudomirror plane and treating the images as rigid 141.67 (1), 139.60 (1), 139.36 (1), 138.78 (1), 133.89 (1), 133.74 (1),
groups. The site occupation factor for the second position refined to 133.31 (1), 133.15 (1), 133.14 (1), 132.35 (1), 131.06 (1), 130.73 (1),
39.03%. Figures showing the atom-numbering scheme, a unit cell and130.61 (1), 130.54 (1), 128.41 (1), 123.11 (1), 121.99 (1), 67.47 (1),
the pseudosymmetry, as well as tables of coordinated&Jaralues for 54.53 (1).
the refined atoms, all bond lengths and angles, hydrogen atom .
parameters, and observed and calculated structure-factor amplitudes are Acknowledgment. Mass spectra were obtained through the
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149.42 (2), 149.30 (2), 149.12 (2), 148.53 (2), 148.50 (2), 148.48 (2), Sciences for supporting access to the Cambridge Structural
iig'g gg iigig g; 12;'32 gg ﬂ;'gg gg ii;'gg % ijg'gg g; Database. The authors also thank Professor H. Peter Spielmann
145.11 (2), 144.95 (2), 144.67 (2), 144.32 (2), 143.28 (2), 141.71 (2), ;'?\?RM“ JO?“ Layto”\j\cl’r hellff“' O:'Sguss'ons a?d fat‘;‘]s'sltjar.‘ce "‘f{th
132.57 (2), 132.29 (2), 132.22 (2), 132.14 (2), 130.76 (2), 127.94 (2), Spectroscopy. We acknowleage support of the University
123.26 (2), 66.06 (2). pf Kentucky Major Research Instru.menFanon Bond Program
[7,8]Benzeno[70]fullerene (1c).2*C NMR (CS, 10% acetons, in the purchase of equipment used in this study (bond ID No.
Cr(acac) added, relative integrals given in parentheses) 153.87 (1), /E-8E48-25).
153.57 (1), 151.56 (2), 150.23 (2), 149.99 (2), 149.78 (2), 149.44 (2), ) . .
148.67 (2). 148.54 (2), 148.47 (2). 147.28 (2), 146.79 (2), 146.71 (3), _ Supporting Information Available: *H NMR, *3C NMR,
146.54 (2), 146.48 (2), 146.40 (2), 146.32 (2), 146.30 (2), 146.10 (4), MALDI mass spectra, and crystallographic data far(tables
145.99 (2), 145.95 (2), 145.00 (2), 144.78 (2), 143.13 (1), 143.11 (2), of coordinates andJ values for the refined atoms, all bond
142.02 (2), 140.30 (2), 140.24 (2), 139.84 (2), 138.25 (2), 133.07 (2), lengths and angles and hydrogen atom parameters, as well as
132.85 (2), 132.21 (2), 130.71 (2), 129.79 (2), 127.74 (2), 123.36 (2), figures showing the atom-numbering scheme, the unit cell, and

68.92 (2). the pseudosymmetry for the crystal structure) (27 pages, print/
(62) Sheldrick, G. M.SHELXL PG Release 4.1; Siemens Analytical PDF). See any current masthead page for ordering and Web
Instuments, Inc., 1990. access instructions.

(63) Sheldick, G. MSHELXL 93 Program for the Refinement of Crystal
Structures; University of Gtingen, 1993. JA973957J



