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ABSTRACT

Treatment of bromocorannulene with NaNH  ,/tBuOK in THF in the presence of furans or amines leads to formation of addition products in
good vyields, presumably through formation of 1,2-didehydrocorannulene (corannulyne). HDFT calculations predict that corannulyne exists as
a bowl-shaped entity and that the didehydrogenation energy of corannulene is slightly lower than that of benzene.

Bowl-shaped polycyclic aromatitic hydrocarbons (bucky- of 3 to the imide4 followed by either Hoffman or Curtius-
bowls) represent a novel and fascinating class of compoundstype rearrangement to the corresponding amino dcid
and the development of practical, gram-scale synthetic (Scheme 1). Of coursé& should serve as a precursor for
methods has allowed for systematic studies of their chem- corannulyne? by diazotization followed by thermal decom-
istry.! Several derivatives of the smallest buckybowl, coran- position to the benzynt However, despite numerous at-
nulenel, have recently been synthesiZedowever, it is tempts we failed to find a synthetically useful procedure for
the use of readily available buckybowls, like corannulene,

i 1) For rewiews, see: (a) Scott, L. Angew. Chem., Int. EQ004,43,
as precursors for the s_yntheS|s of Iarggr bL.JCkybOWIS that 49§(>4). (b) Scott, L. T.; Brc()n)stein, H. E; Igreda, D. V.; Ansems, R. B. M.;
holds enormous potential for advances in this field. Bratcher, M. S. Hagers. S.Pure Appl. Chem1999,71, 209. (c) Mehta,
G.; Rao, H. S. PTetrahedronl1 998,54, 13325. (d) Scott, L. TPure Appl.
Chem.1996, 68, 291. (e) Rabideau, P. W.; Sygula Acc. Chem. Res.
1996 29, 235. (f) Rabideau, P. W.; Sygula, A. kdvances in Theoretically

gp cp Interesting Molecules; Thummel, R. P., Ed.; JAl Press Inc., Greenwich,
'Q’ 'QO 1995; Vol. 3, p 1.

(2) (a) Sygula, A.: Xu, G.; Marcinow, Z.; Rabideau, P. Wetrahedron
2001,57, 3637. (b) Seiders, T. J.; Elliott, E. L.; Grube, G. H.; Siegel, J. S.
1 2 J. Am. Chem. S0d.999,121, 7804. (c) Bancu, M.; Rai, A. K.; Cheng, P.;
Gilardi, R. D.; Scott, L. T.Synlett.2004, 173. (d) Grube, G. H.; Elliot, E.
. . o E.; Steffens, R. J.; Jones, C. S.; Baldridge, K. K.; Siegel, Dr8. Lett.
An especially attractive possibility would be the aryhe  2003,5, 713. .
dervied from corannulene, since it would open a number of 20(()3;) fyglllgag A.; Karlen, S. D.; Sygula, R.; Rabideau, P. Ovg. Lett.
synthetic possibilities. Consequently, our success with the (4 (a) Hoffmann, R. W.Dehydrobenzene and Cycloalkynes; Aca-

high-yield synthesis of dimethyl 1,2-corannulenedicarboxy- gemi;;: NTBVGV York, 15967-I (b) H?r;t]'?:t' !Wge ggewitry ﬁlf Trigle-ffig%id

. unctional roups, supplemen al, S., . liey; New York, N
late (3)3 led us to pursu_e_ the _formatlon Of_corannUIyne by p 1017. (a) For recent developments in benzyne chemistry, see: Pellisier,
the well-known anthranilic acid routethat is, conversion H.; Santelli, M. Tetrahedron2003,59, 701.
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the conversion ofl to 5. Therefore, we turned our attention

to alternative methods of benzyne generation starting with CO CO OO
other derivatives of corannulene. "’ '.O '.O
The ortho-deprotonation of monohalogenated aromatics Q Q

Ph

-
has been known to successfully generate benzyesd @ @ Ph N(iPr);
while fluoroaromatics are usually employed for this purpose, O
there have been recent examples of benzyne generation from .
monobrominated aromatic systePf3ince bromocorannulene
6 is now easily accessible by the bromination of corannu-
lene’ it became a reasonable candidate for the generation
of 2. While preliminary attempts employing nBuLi as a base
failed, we learned that treatment 6fwith an excess of
sodium amide and a catalytic amount of potassitant-
butoxide in THF at room temperature leads to the expected
corannulyne, as evidenced by the isolation of trapping
products in good yields (Scheme 2fror example, in the
presence of excess furan this procedure gives the Biels
Alder adduct7® in 80% vyield along with traces of corannu-

7 9

expected\,N-diisopropylaminocorannulerg® to be formed
in ca. 75% vyield.

The above examples illustrate that base-induced generation
of corannulyne2 represents a promising route for the
synthesis of novel derivatives of corannulene. Cycloaddition
reactions oR with various dienes are of special interest since
they could lead to efficient syntheses of large PAH systems
with embedded corannulene subunit(s). Dieddder adducts
e ) such as7 and8 are useful as intermediates in syntheses of
lene an_d benzocorannulene. S|r_n|IarIy_, gener_at|on of coraN-paHs since the endoxode bridge can be readily cledved.
nulyne in the presence of3_equw of diphenylisobenzofuran For example, we quantitatively convertddinto known
proQuces adduc39. !n 73%'y|eld. ] benzocorannulefby refluxing it with Fe(CQO) in benzene.

Since nucleophilic addition to benzynes constitutes a large Computational studiéd give a deeper insight into the
part of their chemistry, we examined the behavior2dh nature of corannulyne. Similarly to the pardn® exists in
the presence of excess of diisopropylamine and found the, pol-shaped conformation (Figure 1). The average distance
of the 10 rim carbon atoms from the plane of the central
five-membered ring (bowl! depth) i is calculated as 0.84

(5) (a) Mitchell, R. H.; Ward, T. R.; Chen, Y.; Wang, Y.; Weerawama,
S. A; Dibble, P. W.; Marsella, M. J.; Almutairi, A.; Wang, Z.-Q. Am.
Chem. Soc2003,125, 2974. (b) Mitchell, R. H.; Zhou, Pletrahedron
Lett. 1990, 31, 5277. (9) 8: yellow solid (from EtOH); dec gradually over 19C; 'H NMR

(6) (@) Cheng, P.-C. M.S. Thesis, University of Nevada, Reno, NV, 1992. (600 MHz, CDC}) 6 6.07 (2H, m), 7.20 (2H, m), 7.39 (2H, d,= 8.9
(b) Scott, L. T.; Cheng, P.-C.; Hashemi, M. M.; Bratcher, M. S.; Meyer, Hz), 7.56—7.72 (12H, m), 8.38 (4H, d,= 7.2 Hz); '3*CNMR (75 MHz,

D. T.; Warren, H. BJ. Am. Chem. S0d 997,119, 10963. (c) Seiders, T. CDCl3) 6 93.27, 121.85, 124.32, 125.20, 127.28, 127.47, 128.86, 129.10,

J.; Elliott, E. L.; Grube, G. H.; Siegel, J. 3. Am. Chem. S0d999,121, 130.00, 130.83, 131.02, 134.50, 134.95, 135.54, 136.11, 151.28, 152.43;
7804. MS m/z (rel intensity) 519 (26), 518 (69), 502 (41), 441 (51), 413 (51),
(7) General Procedure.To a solution of 33 mg 06 (0.1 mmol) in 2-3 411 (39), 231 (30), 230 (23), 117 (100); HRMS (EI, 25 eV) calcd for

mL of dry THF with the appropriate trapping agent was added in one portion CsoH220 518.1671, found 518.1666.
ca. 80 mg of NaNH and ca. 4 mg of tBuOK. The reaction mixture was (10)9: yellow solid (from EtOH); mp 149C; 'H NMR (600 MHz,
stirred at rt under argon until starting material is no longer detectable by CDCls) ¢ 1.20 (12H, dJ = 6.4 Hz), 3.95 (2H, m), 7.47 (1H, s), 7.73 (1H,
TLC. Methanol was added to quench the reaction, and the products wered, J= 8.6 Hz), 7.76—7.84 (6H, m), 8.08 (1H, d= 8.8 Hz);:3CNMR (75
extracted with benzene, washed well with water and chromatographed onMHz, CDCk) ¢ 22.10, 50.50, 121.29, 126.50, 126.60, 127.07, 127.11,
silica gel. 127.14, 127.16, 130.29, 130.93, 131.01, 131.55, 133.30, 135.48, 135.89,
(8) 7: oily yellow solid; *H NMR (600 MHz, CDC}) 6 6.32 (2H, s), 136.27, 136.34, 136.54, 147.69; MBz(rel intensity) 349 (36), 335 (21),
7.11 (2H, bs), 7.627.81 (8H, two overlapping AB systemsfCNMR (75 334 (100), 292 (77), 264 (24), 250 (25), 249 (26); HRMS (El, 25 eV) calcd
MHz, CDChk) 6 81.62, 123.59, 127.21, 127.23, 127.33, 127.65, 130.58, for CyeHo3N 349.1830, found 349.1832.

131.09, 134.37, 134.92, 136.01, 144.06, 150.55.mMMFrel intensity) 317 (11) (a) Mehta, G.; Sarma, P. V. V. €Chem. Commur2000, 19. (b)
(23), 316 (100), 288 (22), 287 (73), 207 (42); HRMS (El, 25 eV) calcd for McMahon, B. B.S. Thesis, Boston College, MA, 1997. (c) McComas, C.
C,4HO 316.0888, found 316.0886. C. B.S. Thesis, Boston College, MA, 1996.
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s corannulene. Therefore we conclude that corannulgne

represents a first example of an aryne with a bowl-shaped
minimum energy structure (a buckybowl aryne).

To assess the relative stability of corannulyne as compared
to benzyne, we calculated the 1,2-didehydrogenation ener-
gies, i.e.,the energies of the formal process

arene— aryne+ H,

Since the process is not isodesmic, accurate inclusion of
electron correlation effects as well as zero point energies
(ZPE) is necessary to obtain reliable predictions. Results of
benchmark calculations on benzyne at various levels of
theory performed earlié&rshow that HDFT calculations give
dehydrogenation energies in good agreement with both the
Figure 1. Becke3LYP/6-31G(d)-optimized structure of corannu- experimental estimate of ca. 87 kcal/Mas well as with
lyne 2. high quality calculations such as MP2 and CCSD(T). Our
calculations at the Becke3LYP/6-311G(d) level give an
energy of 88.9 kcal/mol for the dehydrogenation of benzene
and 85.9 kcal/mol for 1,2-didehydrogenation of corannulene.
Therefore, considering the very similar dehydrogenation
energies, we conclude that the stability2athould be similar
" to the stability of benzyne itsetf.

In conclusion, we show that treatment of bromocorannu-
lene with strong bases in the presence of trapping agents
leads to the formation of adducts with good yields, presum-
ably through formation of 1,2-dehydrocorannulene (coran-
nulyne). The procedure offers new possibilities for syntheses
of large PAH systems with the bowl-shaped corannulene unit.
HDFT calculations predict that corannulyieretains the
bowl shape of parent corannulene, which makes it the first
reported buckybow! aryne. Its relative stability should be
similar to the stability of benzyne as demonstrated by similar
dehydrogenation energies calculated for the two arene to
aryne conversions.

A at the Becke3LYP/6-31G(d) level of theot§yery close

to 0.86 A calculated for corannulene. The calculated triple
CC bond length is 1.247 A, slightly shorter than the
analogous bond length in benzyne (1.251 A). The bowl
shaped structure &is indeed a minimum energy conforma-
tion as demonstrated by all positive molecular vibrations.
The calculated frequency associated with the stretching of
the triple CC bond ir2 is 2000—2010 cm', depending on
the basis set used.

The calculated energy differences between the bowl-
shaped2 with Cs symmetry and its plana€,, conformer
representing a Transision State for the bowl-to-bowl inver-
sion gives an estimation of its inversion barrier. At the
highest level of theory applied here (Becke3LYP/6-311G-
(d,p)) the difference is 9.8 kcal/mol, again very similar to
the calculated and experimental inversion barrier for parent

(12) (a) Hybrid density functional theory (HDFT) calculations were .
performed at the Becke3LYP level, i.e. Becke's three-parameter hybrid ~ACknowledgment. We thank Steven D. Karlen for his

exchange functional in combination with the Leéang—Paar nonlocal contribution to the ear|y stages of this project. This work

correlation functionat?® Various basis sets were employed, including - . .
6-31G(d), 6-31G(d,p), 6-311G(d), and 6-311G(d,p). The calculations were WaS supported by the Chemical Sciences, Geosciences and

done using Gaussian &3and Spartan’0%d program suites. (b) Becke, A.  Biosciences Division, Office of Basic Energy Sciences,
D. J. Chem. Phys1993,98, 5648. Lee, C.; Yang, W.; Paar, R. Bhys. ; ;

Re. 1088 B37, 785, (¢) Gatissian 03, Revision B.03: Frisch M. J.- Trucks, Ofice Of Science, U.S. Department of Energy, and by
G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Mississippi State University through a start-up grant for A.S.

Montgomery, J. A., Jr.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J.  \\e thank the Mississippi Center for Supercomputing Re-

M.; lyengar, S. S.; Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M,; .
Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; Ehara, S€@rch for allotment of computer time. HRMS spectra were

M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, aquired by the University of Kentucky Mass Spectrometry

Y.; Kitao, O.; Nakai, H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Eacilit

Cross, J. B.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Y

Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, OL0519588

P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J,;

Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.;

Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. (14) (a) Cioslowski, J.; Piskorz, P.; Moncrieff, D. Am. Chem. Soc.

V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.;  1998,120, 1695. (b) Kraka, E.; Cremer, @hem. Phys. Lett1993,216,

Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. ~ 333.

J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, (15) Wenthold, P. G.; Squires, R. R.Am. Chem. S04994,116, 6401

M.; Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; and references therein.

Pople, J. A. Gaussian, Inc., Pittsburgh, P03 (d) Spartan'04; Wave- (16) Following the reviewer’s suggestion we calculated the energy of

function, Inc.; Irvine, CA. the isodesmic process: corannulyhdenzene— corannulenet benzyne.
(13) This level of theory was recently proven to perfectly reproduce the At the Becke3LYP/6-311G(d) level of theory, this process is slightly

X-ray crystal structure of corannulene: Petrukhina, M. A.; Andreini, K. endothermic+{3 kcal/mol), again indicating that corannulyne is only slightly

W.; Mack, J.; Scott, L. TJ. Org. Chem2005,70, 5713. more stable than benzyne.
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