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It gives us great pleasure to report syntheses and X-ray crystal Scheme 1. Synthesis of Pentaindenocorannulene (1)@
structures of two new geodesic polyarenes, pentaindenocoranhulene cl
(1, CsoHzp) and tetraindenocorannulén?, CiHig) (Figure 1). cl O cl
These extended aromatic systems constitute the largest curved @mez . o O.‘ a
subunits of Gy ever prepared.In agreement with theoretical :.I.:
predictions, the trigonal carbon atoms at the cores of these new cl
hydrocarbons suffer even greater pyramidalization than that ex- cl
hibited by the carbon atoms ofs&C

a Conditions: (a) Pg(dba}, 1,3-bis(2,6-diisopropylphenyl)imidazolium
chloride, CgCO;, dioxane, 80°C, 48 h, 48% isolated yield; (b) Pd(P§Cly,
Figure 1. Pentaindenocorannulené)(and tetraindenocorannuleng);( DBU, DMAc, 180 °C (microwave), 45 min, 35% isolated yield.
geometries taken from their X-ray crystal structures.

Scheme 2. Synthesis of Tetraindenocorannulene (2)2
Our synthesis of pentaindenocorannuleb)eoggins with 1,3,5,7,9-

pentachlorocorannulen8)( an exquisitely functionalized building
block that is readily available by direct chlorination of corannuférie.
Five-fold Suzuki-Miyaura coupling of3 with 2-chlorophenyl-
boronic acid under the conditions introduced by Nolan €t al.
(Scheme 1) gives 1,3,5,7,9-pentakis(2-chlorophenyl)corannuigne (
in 48% isolated yield (86% average yield perC coupling)®
Subsequent conversion dfto pentaindenocorannuleng) (was
achieved in 35% isolated yield (81% average yield perCC
coupling) by a 5-fold intramolecular arylation reaction (Scheme
1). The conditions used for the final 5-fold cyclization closely
resemble those reported previously in our nonpyrolytic synthesis 6 2
of dibenzoh,gcorannulené, except that we now use microwave 2 Conditions: (a) Pd(PRJx, KoCO;s, toluene/EtOH/HO, 85°C, 24 h,
heating. For these two palladium-catalyzed©coupling reactions, ?1(1)0/;1:?10%%2 ?ggllgt;ég)y';?ép@)éc'z' DBU, DMAg, 170°C (microwave),
the final recipes that work are simple. As is often the case, however, ' '
finding those conditions required extensive experimentation with more soluble irortho-dichlorobenzene, nitrobenzene, and bromo-
countless combinations of palladium source, ligand, base, stoichi-form_g As expected, itd8H NMR spectrum exhibits just a simple
ometry, solvent, temperature, time, and other variables. AA'BB’ pattern ¢ 8.10 and 7.37 ppm in CDG), and its3C NMR
Pentaindenocorannuleng) (s a deep orange, thermally robust, spectrum consists of only six signais 44.65, 136.97, 136.86,
air stable, crystalline solid (needles from toluene/dichloromethane, 136.35, 126.65, and 123.25 ppm in CRBr
mp >400°C) with a rich UV—vis spectrum and an absorption tail Our synthesis of tetraindenocorannule2g follows the same
in the visible region that extends beyond 500 nm (see Supporting course as that taken in the synthesisldiut starts from 1,2,5,6-

Information). Dilute squtior_13 0?1 in common prganic so!vents tetrabromocorannulenes); another readily available polyhalo-
appear golden yellow. This highly symmetrical bowl is very corannulené. Four-fold Suzuki-Miyaura coupling of 5 with

sparingly soluble in solvents such as chlprofprm, ben_zene, to!uene'2-ch|orophenylboronic acid gives 1,2,5,6-tetrakis(2-chlorophenyl)-
1,1,2,2-tetrachloroethane, and carbon disulfide and is only slightly corannulene & in 91% isolated yield® The subsequent 4-fold

* Boston College. cyclization to tetraindenocorannuleng) (was achieved in 13%
#Nagoya University. isolated yield (Scheme 2). The superior yield for the Suzuki
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Miyaura coupling in this case presumably reflects the greater from X-ray crystal structure5.We have come to rely increasingly
reactivity of the Ar-Br bonds in5, relative to that of the ArCl on such calculations to guide our planning of syntheses in this area.
bonds in3.%° The inferior yield for the intramolecular arylation step, Work currently underway in our laboratory is directed toward
on the other hand, appears to result, at least in part, from competitivestitching up pentaindenocorannulerg, ©r derivatives thereof, to
couplings between the proximal phenyl rinds. the corresponding 50-carbon [5,5]nanotube end€ap.

Tetraindenocorannuleng)(is also an orange, thermally robust, Acknowledgment. We thank the National Science Foundation
air stable, crystalline solid (needles from benzene/carbon disulfide/ ¢, financial support of this work, and Lingging Peng for performing
ethanol, mp>400°C) that likewise has a rich U¥vis spectrum  \q46| studies. The authors are especially grateful to Professor

with a long absorption tail in the visible region (see Supporting  ghigehiro Yamaguchi for his enthusiastic and generous support of
Information). This less highly symmetrical bowl exhibits somewhat i< \vork.

greater solubility thar in solvents such as chloroform and benzene
and is significantly more soluble in carbon disulfide and bromo-
form 8 Its 'H NMR and3C spectra are more complex than those
of 1 but are completely consistent with the assigned structure (see
Supporting Information).

Flash vacuum pyrolysis (FVP) of the tetrakis(2-chlorophenyl)-
corannulene &) also produces tetraindenocorannulegg &lbeit
in lower yield and admixed with numerous other proddéts, References
including several derived from loss of one or more of the 2-chloro- (1) Complete name: pentaindeno[1,58-1,2,3-ef, 1",2",3"-hi; 1,2,

Supporting Information Available: *H NMR spectra*C NMR
spectra, other characterization data, and experimental details for the
synthesis of compounds 2, 4, and6; UV —vis spectra, X-ray crystal
structure data, CIF files, and B3LYP/6-31G*®yz coordinates for
compoundsl and2. This material is available free of charge via the
Internet at http://pubs.acs.org.

henyl group$?14 By a combination of chromatography on 3"-kl; 1,2, 3"""-nJcorannulene.
P y 9 P . y . grap y (2) Complete name: tetraindeno[1,18-1',2,3-ef, 1”,2",3"-hi; 1'"",2"",3"'-
alumina and semipreparative reverse phase HPLC, tetraindeno- klcorannulene.
corannulene?) was isolated from the FVP & in 1—2% yield. (3) Reviews: (a) Scott, L. TPure Appl. Chem1996 68, 291. (b) Rabideau,
. . . e P. W.; Sygula, AAcc. Chem. Re4996 29, 235. (c) Mehta, G.; Rao, H.
P?nta|nden900rannU|em5) vas tenta_“Ve'y 'dent_'fled in the product S. P.Tefrahedron1998 54, 13325. (d) Scott, L. T.; Bronstein, H. E.;
mixture derived from FVP o#l, but it was not isolated. (F;Leda,llg.gg.;? fnzsoeéns(, )R.SB.&VI.Ii BTritcher, l\él:.hS.; H?gte%lgé% fﬁgl-
. . . . em. s . (e cott, L. ngew. em., Int. 3
Considerable difficulty was encountered with growing crystals 4994. (f) Tsefrikas, V. E.; Scott, L. mﬁem_ Re. 2006 106, 4868.

of 1 and2 suitable for X-ray analysis. Both new bowls form very (C)] '(:1) Chen(g:, P.-C,; gcoté, L. T. hSth,Intgmationaljséngﬁosiurz 2ggl%lovel
. . . romatic Compounds: Braunschweig, Germany, Ju gust 4, :

thin needles that dlf‘frac.t only weakly. Ultlmgtely, .the crystal abstr. No. 8: see ref 3a. (b) Cheng, P.-C. Ph.D. Dissertation, Boston

structure ofl was determined on a crystal of dimensions 0:20 College, Chestnut Hill, MA, 1996. (c) Seiders, T. J.; Elliott, E. L.; Grube,

; ; G. H.; Siegel, J. SJ. Am. Chem. S0d.999 121, 7804. (d) Mizyed, S.;
0.01x 0.01 mm (See Supportlng Informatlon)' Georghiou, P. E.; Bancu, M.; Cuadra, B.; Rai, A. K.; Cheng, P.-C.; Scott,

One particularly noteworthy aspect of the X-ray crystal structures L. T. J. Am. Chem. So@001 123 12770.
i i i i (5) Grasa, G. A.; Viciu, M. S.; Huang, J.; Zhang, C.; Trudell, M. L.; Nolan,
is the_ greatly enhance_d pyramldallzat_lon of the cgrbon atoms S. P.Organomettalic22003 21 2866 and references therein.
comprising the central five-membered ringslodind2 (Figure 1). (6) ThelH NMR spectrum of 1,3,5,7,9-pentakis(2-chlorophenyl)corannulene

idai - iti i (4) reveals that the product is obtained as a mixture of atropisomers.
Brl.dglhg the pert-positions of corannulene Wltbrthqphenylene Raising the temperature of the 500 MHz NMR probe to 120eads to
units tightens up the external CCC angles on the rim and deepens coalescence of the signals from the different rotamers, although some of
the bowl. the signals remain broad even at this temperature. The 125'80HYMR
. T spectrum at 90C shows only one set of signals.
To quantify the degree of pyramidalization, we have used the (7) Reisch, H. A.; Bratcher, M. S.: Scott, L. Drg. Lett.200Q 2, 1427.

widely adopted p-orbital axis vector (POAV) analysis of Hadéon. (8) Although higher concentrations of hydrocarbdrend2 can be achieved
. . in bromoform than in carbon disulfide or in other ordinary organic solvents,

A planar trigonal carbon atom, as in benzene, has a POAV angle the compounds either decompose or react with the bromoform (or
of 0.0°, whereas the highly pyramidalized carbon atoms gf(&ll © ?is),sglvecli imApuriRtie;L over ItDim\zr. Am. Chem. S02000 122, 6325, (b
: : aj ula, A.; Rabideau, P. W. Am. Chem. So .
identical) have POAV angles of 12.6The POAV angles of open Sygu?'&g A XU, G.. Marcinow, Z.: Rabideau, P. Wetrahedron2001,
geodesic polyarenes typically fall somewhere between these two 10 ?Z] 3,3'% tra of 12,5 6-tetrakis(2-chloropheny) Breveal

. ; i e spectra of 1,2,5,6-tetrakis(2-chlorophenyl)corannugmeyeal
extremes (e.g., corannulene: 3.3t is striking, therefore, to see that the pro%uct obtained is also a mixture Fc))f atryopisomers. One isomer
that the average POAV angle is 12 fbr the carbon atoms com- of Cs symmetry (or time-average@, symmetry) can be separated by
prising the central five-membered ring of tetraindenocorannulene preparative thin layer chromatography on alumina, but it reverts fo the

K . original mixture of stereoisomers on standing in solution at room
(2) and 12.8 for those in pentaindenocorannulerig. ( temperature for 1 month.
i ; ; - i inati (11) Other products that are isomeric wR{m/z546) have been isolated by
Thls point has important long-range implications. Our syntheses semipreparative HPLC but have not been thoroughly characterized.
of indenocorannulenesand?2 from the halogenated corannulenes  (12) Both isomers of trindenocorannulene have been tentatively identified

3 and5, as well as the syntheses of those intermediates, in turn among the pyrolysis products 6f and together they complete the set of
! . o ! all possible indenocorannulenes bearing one, two, three, four, or five
from planar aromatic hydrocarbons, have all been accomplished indeno groups. These results will be included in our full paper on this
by solution chemical method$aken together, these achements work. .
. . . (13) For previous syntheses of monoindenocorannulenes, see: (a) Wegner, H.
demonstrate unequocally that rational chemical syntheses of A.: Scott, L. T.. de Meijere, AJ. Org. Chem2003 68, 883. (b) Wu, Y.
fullerenes, carbon nanotubes, and related carbon-rich molecules gch%gg?zg-gg%irldge, K. K.; Linden, A.; Siegel, 3.l Am. Chem.
should all be possible using exclusly solution chemical methods! (14) For previous syntheses of the two isomeric diindenocorannulenes, see:
Recourse to high-temperature gas-phase pyrdi/siould not be Aprahamian, |.; Preda, D. V.; Bancu, M.; Belanger, A. P.; Sheradsky, T.;
Scott, L. T.; Rabinovitz, MJ. Org. Chem2006 71, 290.
necessary. _ _ ) _ (15) (a) Haddon, R. C.; Scott, L. TPure Appl. Chem1986 58, 137. (b)
Finally, we note that calculations using density functional theory Haddon, R. CJ. Am. Chem. S0d.987, 109, 1676. (c) Haddon, R. Cl.
(B3LYP/6-31G**) predict average POAV angles of 12.0 and 12.4 Am. Chem. S0d.99Q 112, 3385,
p . _g 9 . : N (16) Calculations performed using Spartan software from Wavefunction, Inc.,
for the carbon atoms comprising the central five-membered rings Irvine, CA.

in 2 and1, respectively’ This represents a very close agreement (17) ggég“';'(‘)i“g‘%ﬂ' A.; Andreini, K. W.; Mack, J.; Scott, L. J. Org. Chem.

between theory and experiment, demonstrating once again the ability (18) For previous work along these lines, see refs 3e, 3f, and Scott, L. T.;
of B3LYP/6-31G** DFT calculations to provide geometries for Bratcher, M. S.; Hagen, S. Am. Chem. S0d996 118 8743.
geodesic polyarenes that are essentially identical to those obtained JA067487H

J. AM. CHEM. SOC. = VOL. 129, NO. 3, 2007 485





