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The considerable amount of research attention given to C60 and
the family of fullerenes has led to a growing interest in polynuclear
aromatic hydrocarbons that may be considered to be fullerene
fragments; that is, aromatic hydrocarbons with carbon frameworks
that can be identified on the buckminsterfullerene surface.1

Corannulene (1, C20H10), the polar cap of buckminsterfullerene,
is the simplest example of such a hydrocarbon that exhibits
curvature. And while1 has been known since 1966,2 it was the
recent syntheses by Scott et al.3 and by Siegel et al.4 that spawned
substantial progress in the field.1 While significantly bowl-shaped,
1 undergoes rapid bowl-to-bowl inversion, and so there was
considerable interest in preparing higher members of the series
to learn if more highly strained and highly curved systems might
be synthetically accessible. Indeed, a number of such systems

have since been prepared, perhaps most notably a C22H10,5 two
C30H12 semibuckminsterfullerenes (2 and3),6,7 a C32H12,8 and a
C36H12.9 A third member in the series of semibuckminster-
fullerenes that appears to possess an accessible structure,4, has
yet to be prepared.1e Another reason for the interest in semibuck-
minsterfullerenes is their role as possible intermediates in the total
organic synthesis of buckminsterfullerene itself,10-13 especially

with 3 and4 since they represent exactly half of C60. Of course,
it could also be possible, in principle, to synthesize C60 by the
chemical elaboration of a C30Hxx or higher system. However, all
syntheses to date of “buckybowls” beyond corannulene employ
flash vacuum pyrolysis (FVP) as the critical, curvature-producing
step. FVP is ordinarily a small-scale and often low-yield process,
and so the methodology of employing a semibuckminsterfullerene
as a synthetic intermediate in a multistep route to C60 has not
been realistic. The total synthesis of C60 notwithstanding, perhaps
an even more serious consequence of the relative inaccessibility
of semibuckminsterfullerenes is the inability to fully explore their
chemistry. We now report the first non-pyrolytic route to a
semibuckminsterfullerene (2) that lends itself to large-scale
synthesis and should allow the elaboration of this C30H12 to larger
structures as well as an examination of its chemistry.

The original synthesis of2 was first accomplished by the
pyrolysis of the tetra(chlorovinyl) derivative5, affording milligram
quantities of the first known semibuckminsterfullerene.6 Subse-

quently, two additional precursors that give2 upon FVP were
discovered by Hagen et al.14 and Mehta and Panda,15 providing
yields of 2.1% and 2-3%, respectively, for the pyrolysis step.
Our interest in developing a new route to2 was piqued by the
recent work of Seiders et al.,16 who reported a non-pyrolytic
synthesis of 1,4-dimethylcorannulene (7) via reductive coupling
of tetrabromide6. To explore the application of this same process

to the synthesis of2, we developed a synthesis of the octam-
ethylated hydrocarbon8.17 Indeed, treatment of8 with 8 molar
equiv of NBS in benzene with reflux under sun lamp irradiation
led to formation of the octakis-bromomethyl derivative9 as the
major product.18 Intramolecular coupling of9 would potentially
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lead to octahydro-2 (C30H20), presumably convertible to2 by
treatment with DDQ. Several such attempts were made employing
various reductive systems including TiCl3/LiAlH 4,19 TiCl3, Zn/
Cu,20 VCl3/ LiAlH 4,21 and TiCl222 in both THF and DME.
Unfortunately, even in the best cases, only inseparable traces of
2 were formed after DDQ treatment, as detected by GC/MS.
Moreover, only minute portions of soluble organic materials were
recovered from these attempts, indicating that despite the high
dilution technique employed, competing intermolecular coupling
prevailed, leading to polymerization. Apparently, the higher strain
of the C30 framework, as compared to corannulene, prohibits
intramolecular coupling in this case, in contrast to the success,
albeit with modest yields, for the latter system.16

Looking for a “hotter” intermediate, we decided to brominate
8 beyond the octabromide9. Thus, treatment of8 with a large
excess of NBS led to the formation of a single major product
containing 12 bromine atoms. Considering the high symmetry of
the1H NMR spectrum, and the expected steric congestion of the
“inner” methyl groups in8, we suspected that double bromination
had occurred only on the four “outer” methyls leading to10.23

Indeed, this prediction was confirmed by X-ray crystal structure
determination (Figure 1).24 In contrast to the failure with9,
dodecabromo10 did, in fact, lead to modest yields of the
semibuckminsterfullerene framework under treatment with low-
valent titanium or vanadium. The major isolated product of the
reductive coupling of10 is (aromatized)2, accompanied by some
dihydro-2 and also by some incompletely cyclized byproducts.
In this regard, the low-valent titanium protocols were superior to
the vanadium alternative since the latter produced more dihydro-

2. While coupling was successful with both TiCl3/LiAlH 4 and
TiCl3/Zn/Cu reductive systems, we also found that the recently
developed inexpensive and convenient activated titanium powder
method25 works as well as the former alternatives.

While so far our best yields of2 are rather modest (ca. 20%)
despite variations in the reaction conditionssreductive system,
solvent, temperature, rate of the bromide additionswe continue
to work on optimization of the procedure.26 However, even with
present yields, this “wet chemistry” synthesis offers a big
advantage over pyrolytic alternatives, and this has important
consequences not only for the exploration of buckybowl chemistry
but also for the organic synthesis of fullerenes. To date, the most
likely route to a total synthesis of C60 has appeared to be from
cyclophanes.27 However, the availability of2 in significant
amounts suggests that further elaboration of this bowl-shaped
fullerene fragment should also be considered as a plausible route
to C60.
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Figure 1. ORTEP drawing of10. The solvating toluene is not shown
for clarity.

Communications to the Editor J. Am. Chem. Soc., Vol. 120, No. 48, 199812667


