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ABSTRACT

The title compound (3) has been synthesized by a non-pyrolytic route providing a 36% isolated yield in the final step. X-ray crystal structure
determination shows that 3 crystallizes with one solvating molecule of toluene and exhibits slightly lower curvature than the parent
cyclopentacorannulene. DFT calculations predict a substantially lower bowl-to-bowl inversion barrier for 3 than for dihydro-cyclopentacorannulene,
and this is confirmed by dynamic 1H NMR experiments.

“Buckybowls”, or fullerene fragments, represent a novel class
of curved-surface polynuclear aromatic hydrocarbons with
carbon networks represented on the surfaces of fullerenes.1

The synthesis of these novel aromatics presents a serious
challenge, however, as a result of the considerable strain
involved. Since the early 1990s, flash vacuum pyrolysis,
employed originally by the Scott group, has been the major
methodology and has led to the successful synthesis of
several buckybowls, albeit in moderate to low yields.1 Only
recently have more practical, condensed phase protocols been
developed.2 Although “wet” syntheses of corannulene (1, the

smallest member of the family) and its derivatives have been

reported with yields in excess of 80%, similar protocols
applied to the synthesis of more strained buckybowls
exhibited a dramatic drop in yields.2 For example, solution
phase syntheses of cyclopentacorannulene (2), with only one
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more five-membered ring at the rim of1, have been much
less successful with reported yields of ca. 20%.2d,e,i In the
present communication we report a non-pyrolytic synthesis
of 1,2-dihydrocyclopenta[b,c]dibenzo[g,m]corannulene (3)
with a modest 36% isolated yield, as well as the results of
crystal and molecular structure studies showing that the
annulation of two benzene rings on the rim of the parent
cyclopentacorannulene causes a reduction in curvature and,
consequently, a lowering of the inversion barrier.

As outlined in Scheme 1, this route follows the recently
published protocol of Reisch, Bratcher, and Scott for
dibenzo[a,g]corannulene.2f It starts with known diketopyra-
cylene4,3 which is condensed under Knoevenagel conditions
with 1,3-bis(2-bromophenyl)-2-propanone to give the cyclo-
pentadienone5 in nearly quantitative yield. Diels-Alder
reaction of5 with norbornadiene produces fluoranthene6
in 88% isolated yield. Cyclodehydrohalogenation of6 with
Pd(PCy3)2Cl2 as a catalyst in the presence of DBU produces
a mixture of3 along with debrominated, single ring closure
byproduct7 and diphenyl benzopyracylene8 (59:38:3 by
1H NMR). The crude material affords 36% of3 after flash
column chromatography (silica gel, cyclohexane/DCM,
10:1).4

Several solvent systems were used for growing a crystal
of 3 suitable for X-ray diffraction; all but one produced very
tiny needles, too small for study. However, high quality
crystals could be grown from toluene, and crystal structure
determination5 shows that3 crystallizes with one molecule
of solvent (Figure 1).

The presence of the solvent molecule prevents concave-
convex stacking of3 in the crystal. This latter interesting
crystal packing arrangement of buckybowls was observed
in 26 as well as in the largest buckybowl to date, C36H10.7

However, it is absent in the crystals of both18 and
tetramethylsemibuckminsterfullerene C34H20.2h

As expected,3 exhibits significant curvature. Theπ-orbital
axis vector (POAV)9 pyramidalization angles calculated for
the carbon atoms in the central five-membered ring are
100.7°, 100.0°, 99.6°, 98.7°, and 98.4°. These numbers are
very close to those found earlier for the crystal of cyclo-
pentacorannulene (2).6 Also, the bowl depth of3, defined
as the average distance of the rim carbon atoms of the
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Scheme 3a

a (a) 1,3-Bis(2-bromophenyl)-2-propanone, methanol, NaOH; rt,
12 h. (b) Norbornadiene, Ac2O; 160 °C, 24 h. (c) Pd(PCy3)2Cl2,
DBU, N,N-dimethylacetamide; 145°C, 2 days.

Figure 1. ORTEP view of 3 (top) and 3 with the solvating
molecule of toluene at 50% probability level (bottom).
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corannulene portion of the molecule from the best plane of
the central five-membered ring (1.033 Å) is similar to the
one found for2 (1.05 Å).6 Unfortunately, the crystal structure
of the more closely related 8,9-dihydrocyclopentacoranulene
(9) (i.e.,2 with an external ethane bridge rather than ethylene)
has not yet been determined so we turned to theoretical DFT
studies to assess the effect of double benzannelation on
corannulene bowl depth and inversion barrier.10

The curvature of3 is well described at the Becke3LYP/
3-21G level of theory. The average POAV angle calculated
for all sp2 hybridized carbon atoms is 93.4° for the DFT
optimized structure as compared to 93.5° for 3 in the crystal.
The pyramidalization angles for the carbon atoms in the
central five-membered ring (101.0°, 100.1°, 100.1°, 98.8°,
and 98.8°) are close to the ones found in the crystal (see
above). At the same level of theory, the parent9 is predicted
to exhibit slightly but consistently higher pyramidalization
of the analogous carbon atoms (101.4°, 100.3°, 100.3°, 99.4°,
and 99.4°), indicating that the corannulene unit is flattened
as a result of dibenzannelation. The calculated bowl depth
of 9 (1.114 Å) is also slightly larger than that predicted for
3 (1.057 Å). Recently Siegel and co-workers correlated
inversion barriers with the bowl depths for several coran-
nulenes and showed that even a small change in the latter
may cause a significant change of the barrier.2i Our calcula-
tions for3 and9 predict inversion barriers of 19.3 and 24.1
kcal/mol, respectively, at the Becke3LYP/6-31G**//
Becke3LYP/3-21G level with zero point energy correction.
Thus, 3 is predicted to have a barrier to inversion that is
lower than9 by almost 5 kcal/mol! Since the experimentally
determined inversion barrier for 8,9-dideuteriocyclopentac-
orannulene is 27.7 kcal/mol,11 the expected barrier for3 is
ca. 23 kcal/mol.

In contrast to9,12 variable temperature1H NMR spectra
of 3 show temperature-dependent changes in the AA′BB′
spectral system over the temperature range 160-184° (Figure
2). While the coalescence temperature could not be reached
because of spectrometer limitations, dynamic spectrum
simulation13 allowed an experimental estimation of the
inversion barrier,∆G* ) 23.5-23.6 kcal/mol, in the
temperature range 165-184°.

These results are in very close agreement with the
theoretical prediction, and they demonstrate that the ben-
zannelation of the corannulene core indeed flattens the bowl
and consequently lowers its barrier for inversion.14

Although a number of inversion barriers in the range of
9-17 kcal/mol have been determined for flexible corannu-
lene derivatives,2f there is a scarcity of such data for more
strained corannulene systems. The present determination of
the barrier for3 represents only the second example (after
9)11 of a corannulene system with∆G* for the inversion
above 20 kcal/mol. As such it contributes to the understand-
ing of the structure/energy relationships of the fascinating
class of curved surface polycyclic aromatic hydrocarbons.
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Figure 2. AA ′BB′ portion of the 1H NMR spectrum of3 in
nitrobenzene-d5 at 200 MHz (top traces) with the simulated spectra
(lower traces) at (a) room temperature (kinv ) 0 s-1), at (b) 165°
(kinv ) 17 s-1), and at (c) 184° (kinv ) 48 s-1).
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