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The reaction of fullerenes with carbenes and carbene equiva-
lents has been studied since the earliest days of fullerene

chemistry! Addition of a carbene such as :GBo Cg results in
formation of a cyclopropaneHowever, addition of “:CR’ by
1,3-dipolar cycloaddition of CER, followed by the loss of I

produces 2 different isomeric addition products, depending on ¢

the specific conditions. One of the products is a cyclopropane,

\
but the other product displays electrochemical and spectroscopic

behavior remarkably similar to that ofs63 This novel second

isomer was formulated as a fulleroid, a compound in which the
:CR;R; unit has been inserted into the framework of the fullerene.
The insertion is rationalized as the addition to the fusion of a
five-membered ring and a six-membered ring, followed by a
norcaradiene rearrangemeérilerein we report the first crystal

structure of a fulleroid and establish that, indeed, addition has
occurred to the fusion of a five-membered ring and a six-

membered ring and that the structure is an opened, homoconju-

gated annulengln addition, this particular compound is the first
example of a crystallographically characterized<C8 adduct
of Cqo.

Treatment of G with 2.5 equiv of PhHgCGBr in refluxing
benzene produced a mixture of dichlorocarbene adduets, C
(CCL), (n = 1—4), and unreacted° Three isomeric monoad-
ducts, G;Cl,, were obtained in 28% combined yield by gel
permeation chromatography (GPC). Thg@, isomers (35:37:

29 ratio) were separated by HPLC, and their formulation was
confirmed by mass spectromefry.

The first isomer 1, displays a*C NMR spectrum comprised
of 38 resonances with 4 single-intensity and 32 double-intensity
S resonances (2 coincident), 1 double-intensity and 1 single-
intensity sp resonance. This pattern is indicative of a structure
with a plane of symmetry. The presence of 2 spsonances

indicates that the product is a methanofullerene rather than ayy.
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we conclude tha? results from addition to the C1C2 bond.
This is the onlyCs methanofullerene with the cyclopropane moiety
in the mirror plane.

The similarity of the UV/vis spectrum 08 to that of Go
suggested that this isomer was a fulleroid rather than a metha-
nofullerene (Figure 1}8 This assignment was confirmed by its
13C NMR spectrum, which consists of 36 lines: 5 single intensity
resonances (4 3and 1 sp), 30 double-intensity Sresonances,
and 1 quadruple-intensity $pesonance. The presence of only 1
sp’ resonance indicates that this isomer is a fulleroid, and the
number of resonances indicates a structure @itsymmetry.

There are two possible fulleroids with ti& symmetry of3:
one formed by addition of dichlorocarbene to the<C8 bond
and one by addition to the GZ3 bond. The greater double-
bond character of the C#8 bond makes this the more
reasonable site of attack by dichlorocarb&i@2—C3 fulleroids
are knowre but only as products from the decomposition of-C1
C2 pyrazolines, rather than as products of direct attack by
carbeneg?

The assignment of structur@ as a C7#C8 fulleroid was
confirmed by X-ray cystallography.This compound crystallizes
from toluene/pentane in space gro@2,/c with two C;;Cl,
molecules and one pentane molecule in the unit cell. The C7
C8 addition regiochemistry & is clear from the crystal structure;
the critical C7-C8 distances (2.136(6) A and 2.139(6) A for the
two independent molecules) are clearly nonbonded. Pairs;of C
Cl, molecules interact across inversion centers through their Cl
atoms; the intermolecular €CI distances are 3.432(2) A and
3.612(2) A for the two independent pairs of molecules. These
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homofullerene. There are 2 possible structures that would fit these1994 2187-2188.

data; 5,6-dichloromethano[70]fullerene is the most likely structure,
since there are no examples of a 2,3-methano[70]fullerene with
a closed C2C3 bond.

The 13C NMR spectrum of isome2 is comprised of 35 lines,
consistent with a plane of symmetry. On the basis of @e
symmetry and the presence of 3 sesonances in thEC NMR,
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0.089 (onF; the 8032 reflections having > 20) andwR = 0.144 (onF?;

12 647 reflections). The value &is a little higher than usual because of the
large number of atoms, the significant thermal motion, and the solvent disorder,
all of which reduce the average intensity of the reflections. The valweRof
however, is very satisfactory, and the esds for theQChonds are nearly all
0.006 A. Lengths of chemically equivalent bonds in the two halves of the
two independent molecules agree slightly better than expected. The average
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Table 1. Key Bond Lengths and-orbital Misalignment Angles
(¢)in3

bond bond
bond length (A) ¢ (deg) bond  length (&) ¢ (deg)

C1-C6  1.466(1) 9.4 C7C21  1.419(3) 26.0
C6-C7 1.450(2) 31.0 C2iC22 1.427(2) 17.0
C7-C8  2.135(1) C22C23  1.458(1) 0

Table 2. Selected Pyramidalization Angleg} in 3

carbon pyramidalization carbon pyramidalization
atom angle @) atom angle @p)
C1 105 c21 6.8
(of} 8.9 C22 9.2
C7 6.2

Figure 1. Ellipsoid plot (50% probability surfaces) of the front half of
3. result also provides further evidence for the role of dichlorocar-
bene in the generation & from PhHgCCJBr.

The role of homoconjugation has been an important question
in the electronic structure of the fulleroiéBy using the 3D-
HMO theory, it is possible to answer this question directly from
the structure. The orientation and hybridization of the carbon
atoms may be obtained analytically from the geometry. A reduced
resonance integrap) for any pair of carbon atoms in a molecule
can then be obtained by calculating the overlap integral and

attractive Ci--Cl interactions probably explain ordering of the

fullerenes and the relatively small atomic displaceméhts.
Addition of dihalocarbene todg, where the carbon atoms have

pyramidalization angles similar to that of C1 and C2 a},€

generates a methanofullerene as the only isolable monoadduct

with no indication of addition to a [6,5] ring fusiotf.In contrast,

the C7#C8 bond of G, undergoes the addition of benzyne, the

;irﬁt exarﬂ%e of dirgct additli(on across ?qnyéﬁﬂ ring fubsion indg scaling by the overlap between theorbitals in benzene.
ullerene-* Scott and co-workers report that dichlorocarbene adds »sjication of this procedure to two known annulenes an@ to

to the fullerene analogue corannulene and propose that thegi e the following: 1,6-methano[10jannulene (homonaphtha-
mechanism for addition involves initial attack at a [6,5] ring lene),p16= 0.403; and 1,5-methano[10]annulene (homoazulene),

fusion®® A theoretical study on the DielsAlder addition of ~ . — ; ;
. p15= 0.243; 3, p7= 0.433. Thus, the extent of homoconjugation
butadiene to & found that the C#C8 bond was, after the C1 in 3 exceedshat in the free-standing annulenes, and it is clearly

Ic':kz land (rSIErCGfbonhc_is,hthe meSt reactt)ive indthedgjplecﬁlé\l appropriate to refer to “fulleroids” as homofullerenes.
. _e_yl ]E’at way O;t 'z eretohore ‘;nlf serv;:t ”a 'Sobn invo \/_35 Selected bond lengths-orbital misalignment angles, and
initial formation of a [6,5] methanofullerene followed by arapid o migalization angles fo8 are given in Tables 1 and 2. As

norcaradiene rearrangement to the [6,5] fulleroid. seen in previous studié&the insertion of the bridging methylene
absorbs curvature and reduces the pyramidalization in the
annulene perimeter, while greatly increasingrbital misalign-
ment (although not to the same extent as in the [60]fulleroid).
In conclusion, we have prepared a-628 homofullerene by
addition of dichlorocarbene to;& The C7C8 bond has opened
to produce a homoconjugated annulene. These results suggest that
dichlorocarbene will be useful in derivatizing the less pyrami-
dalized parts of higher fullerenes and nanotubes, which are inert
to many of the reagents currently used to functionalizea®d
Cno2®
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