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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 H NMR experiments.

“Buckybowls”, or fullerene fragments, represent a novel class smallest member of the family) and its derivatives have been

of curved-surface polynuclear aromatic hydrocarbons with

carbon networks represented on the surfaces of fullefenes. 6

The synthesis of these novel aromatics presents a serious i OQ QO

challenge, however, as a result of the considerable strain ‘O .

involved. Since the early 1990s, flash vacuum pyrolysis, Q'O 0.0 QO

employed originally by the Scott group, has been the major Q Q '

methodology and has led to the successful synthesis of

several buckybowls, albeit in moderate to low yield3nly 1 2 3

recently have more practical, condensed phase protocols been

developed.Although “wet” syntheses of corannulere the  reported with yields in excess of 80%, similar protocols
applied to the synthesis of more strained buckybowls

* Additional corresponding author e-mail: asygula@iastate.edu. exhibited a dramatic drop in yields-or example, solution
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Scheme 3
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a(a) 1,3-Bis(2-bromophenyl)-2-propanone, methanol, NaOH; rt,
12 h. (b) Norbornadiene, A©®; 160°C, 24 h. (c) Pd(PCy-Cl,,
DBU, N,N-dimethylacetamide; 1458C, 2 days.

more five-membered ring at the rim @f have been much
less successful with reported yields of ca. 28%.In the
present communication we report a non-pyrolytic synthesis
of 1,2-dihydrocyclopent#jc]dibenzop,mjcorannulene J)

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 Figure 1. ORTEP view g’f3 (top) and3 with the solvating
cyclopentacorannulene causes a reduction in curvature andfnOIeCUIe of toluene at 50% probability level (bottom).
consequently, a lowering of the inversion barrier.

As outlined in Scheme 1, this route follows the recently The presence of the solvent molecule prevents concave-
published protocol of Reisch, Bratcher, and Scott for P . : Hie preve .
convex stacking o3 in the crystal. This latter interesting

dibenzop,g]corannulené It starts with known diketopyra- crvstal packing arrangement of buckvbowls was observed
cylene4,® which is condensed under Knoevenagel conditions . Y P 9 9 y

. . ; in 26 as well as in the largest buckybowl! to datey,.”
with 1,3-bis(2-bromophenyl)-2-propanone to give the cyclo- o .
pentadienonés in nearly quantitative yield. DielsAlder ti?g?nveetrﬁ Il.i,elriibatjt;i?r?itnsl?er:‘gﬁegzggs zﬁf bott? and
reaction of5 with norbornadiene produces fluoranthehe y AN 20, .
in 88% isolated yield. Cyclodehydrohalogenationbofith '.A‘S expected3 exhibits S|gn|f|_can.t curvature. Theorbital
Pd(PCy).Cl, as a catalyst in the presence of DBU produces axis vector (POAV) _pyramldahzanq angles calculatgd for
a mixture of3 along with debrominated, single ring closure tlhOeO (;Dar:tl)gg ;t%rg%}lngéh;‘ cer(;tr;lg Zv%]memberes fing are
byproduct7 and diphenyl benzopyracylerg& (59:38:3 by e Uy 99.9, 96.7, anc 96.4. 1Nese nNUmRers are
1H NMR). The crude material affords 36% 8fafter flash very close to those found earlier for the crystal of cyclo-

6 :
column chromatography (silica gel, cyclohexane/DCM, pentacorannulen@_X. Also, the bOV.VI depth o8, defined
10:1)4 as the average distance of the rim carbon atoms of the

Sev?ral solvent SySt?ms Were used for growing a CryStaI (5) Crystal data: gHo4, FW = 468.56; orthorhombicP2(1)2(1)2(1);
of 3 suitable for X-ray diffraction; all but one produced very 5 =9.0353(17)b = 9.8916(18)c = 26.543(5) A:V = 2372.2(8) &: Z =
tiny needles, too small for study. However, high quality 4; Dcac= 1.312 g cm?; F(000)= 984; T = 173 K; R = 0.0385,Rw =

0.0868 for 5538 observed data. Intensity data were collected on a Bruker
crystals could be grown from toluene, and crystal structure ~~p’7000 diffractometer with MeKa {adiation ¢ = 071073 A).

determinatioh shows thaB crystallizes with one molecule  Hydrogen atoms were refined in isotropic approximation. See Supporting
of solvent (Fiqure 1). Information for crystallographic data in CIF format. )
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corannulene portion of the molecule from the best plane of ||| GGG

the central five-membered ring (1.033 A) is similar to the
one found for2 (1.05 A)8 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 bartfer.

The curvature o8 is well described at the Becke3LYP/
3-21G level of theory. The average POAV angle calculated a
for all sp? hybridized carbon atoms is 93.4or the DFT
optimized structure as compared to $¥ar 3 in the crystal.
The pyramidalization angles for the carbon atoms in the
central five-membered ring (102,0100.F, 100.7, 98.8,
and 98.8) are close to the ones found in the crystal (see
above). At the same level of theory, the parérs predicted b
to exhibit slightly but consistently higher pyramidalization
of the analogous carbon atoms (101100.3, 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 A) is also slightly larger than that predicted for
3 (1.057 A). 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 barfi€@ur calcula- 8000 7600 7200 6800 6400 6000 Hz
tions for3 and9 predict inversion barriers of 19.3 and 24.1 ) )
kcallmol, respectively, at the BeckeSLYP/6-31Gr IS B GRS BOIOh O i the amtiated specira
BeckeBITYP/3-ZlG level with zero ppint energy gorrection. (lower traces) at (a) room terﬁperatuka“(= 0 sY), at (b) 155
Thus, 3 is predicted to have a barrier to inversion that is (= 17 s%), and at (c) 18% (kny = 48 S9).
lower than9 by almost 5 kcal/mol! Since the experimentally
determined inversion barrier for 8,9-dideuteriocyclopentac-

orannulene is 27.7 kcal/mél,the expected barrier fd is 9—17 kcal/mol have been determined for flexible corannu-
ca. 23 keal/mol. lene derivatived’ there is a scarcity of such data for more

In contrast t09,'? variable temperatureH NMR spectra  strained corannulene systems. The present determination of
of 3 show temperature-dependent changes in theBBA  he parrier for3 represents only the second example (after
spectrql system over the temperature range-16a° (Figure 9)1 of a corannulene system withG* for the inversion
2). While the coalescence temperature could not be reachedyphove 20 keal/mol. As such it contributes to the understand-
because of spectrometer limitations, dynamic spectruming of the structure/energy relationships of the fascinating

simulatiort® allowed an experimental estimation of the ¢lass of curved surface polycyclic aromatic hydrocarbons.
inversion barrier, AG* = 23.5-23.6 kcal/mol, in the

temperature range 169.84°. Acknowledgment. This work was supported by the Ames
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zannelation of the corannulene core indeed flattens the bow!ENg-82.

and consequently lowers its barrier for inversién.
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