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The reduction of several annelated corannulene derivatives was undertaken using lithium and potassium
metals. It was found that annelation affects the annulenic character of corannulene by changing its charge
distribution; the dianions of derivatives that are annelated with six-membered rings have less annulenic
character and are less paratropic than corannulene dianion. This effect is even more pronounced in
corannulenes that ageri-annelated with five-membered rings. The alkali metal used in the reduction
process has a great influence on the outcome, especially on the degree of reduction. Most derivatives get
reduced to tetraanions only with potassium, and not with lithium, the exception being systems that can
stabilize the tetraanion with lithium by special means, such as aggregation or dimerization. One such
system is cyclopentbf]corannulene (acecorannulylene), which gives a coordinative dimer that consists
of two cyclopentacorannulene tetraanions, bound together in a cenvexex fashion by lithium cations.

The points of contact in this dimer are two rehybridized carbons from each cyclopentacorannulene unit,
which are bridged together by two lithium cations.

Introduction surfaces’, however, the remarkable inner strain of these bent
) ) ) m-systems makes their synthesis arduous. In most cases, extreme
Polycyclic aromatic hydrocarbons (PAHS) represent a unique

class of organic molecules because they combine the fascination -
(2) Examples of nonplanar PAHs: (a) Kammermeier, S.; Jones P. G.;

of fuIIe_rene bU|Id|rjg blocks Wlth. the outstanding maf[erlal Herges, RAngew. Chemint. Ed. Engl 1996 35, 2669-2671. (b) Grimme,
properties of graphite and conducting polymefe planarity  s.; Harren, J.; Sobanski, A.;"gde, F.Eur. J. Org. Chem1998 1491—
of these systems is often presumed to be their most significant1509. (c) Bodwell, G. J.; Fleming, J. J.; Mannion, M. R.; Miller, D. D.

- atine ] Org. Chem200Q 65, 5360-5370. (d) Duong, H. M.; Bendikov, M.; Steiger,
geometric characteristic; however, molecules that deviate from D.: Zhang, Q.. Sonmez, G.: Yamada, J.; WudICFg, Lett.2003 5, 4433

this structural norm have also been synthesized and stédied. 4436,
The discovery of fullerenes has rekindled interest in such curved  (3) For recent reviews on bowl-shaped, fullerene-related hydrocarbons,

molecules, especially those that can be mapped onto fullerenesee: (@) Siegel, J. S.; Seiders, T.Chem. Br.1995 31, 313-316. (b)
P y pp Faust, RAngew. Chemlint. Ed. Engl.1995 34, 1429-1432. (c) Rabideau,

P. W.; Sygula, A. InAdvances in Theoretically Interesting Molecules

* Corresponding author. Tek-+972-2-6585281. Fax:++972-2-6527547. Thummel, R. P, Ed.; JAI Press: Greenwich, CT, 1995; Vol. 3, Chapter 1.

T The Hebrew University of Jerusalem. (d) Rabideau, P. W.; Sygula, Acc. Chem. Red.996 29, 235-242. (e)

*Boston College Scott, L. T.Pure Appl. Chem1996 68, 291-300. (f) Mehta, G.; Rao, H.

(1) (a) Clar, E.Polycyclic HydrocarbonsAcademic Press: London, S. P. Tetrahedron Report Number 47ietrahedron1998 54, 13325~
1964. (b) Harvey, R. GPolycyclic Aromatic HydrocarbondViley-VCH: 13370. (g) Scott, L. T.; Bronstein, H. E.; Preda, D. V.; Ansems, R. B. M;
New York, 1997. (c) Hopf, H.Classics in Hydrocarbon Chemistry Bratcher, M. S.; Hagen, fure Appl. Chem1999 71, 209-219. (h) Scott,
Syntheses, Concepts, Perspaesi Wiley-VCH: Weinheim, 2000. L. T. Angew. Chemlnt. Ed. 2004 43, 4994-5007.
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Reduction of Bowl-Shaped Hydrocarbons

conditions such as flash vacuum pyrolysis (FVP) are required,

although a few solution-phase syntheses have been regorted.

A much-studied aspect of such curved systems is their
aromatic behaviot for such systems can help clarify the nature
of aromaticity as they manifest a compromise between strain
and conjugatiod® One method for altering the aromatic
character of PAHs is by reducing them with alkali mefaBich
reductions yield negatively chargedconjugated molecules,
which are interesting both synthetically and theoreticalijrese
anions not only have different aromatic character but they can
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FIGURE 1. Corannulene (&H10), a bowl-shaped fullerene fragment
and its annulene-within-an-annulene resonance structure.
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of ca. 160.0 ppm/electron. However, ring current effects can

also undergo structural changes that range from geometricinduce large deviations from this valtie.

distortiong and aggregaticito the formation of new chemical
bonds?

Addition of negative charge to such-systems induces
magnetic shielding on the nuclei, so NMR spectroscopy can be

used to analyze the charge distribution. The charge density on

the carbonz-framework is calculated using the differences in
the*C NMR spectra of the anion and neutral species, employing
eq 110

P = AdKc )
wherep, is the change in tha-charge on the carbon abc
is the chemical shift change for that carbon from the anionic to
the neutral stateKc is a calculated proportionality constant

(calculated as the sum of differences in the chemical shifts,
divided by the total charge of the anion) with a normal value

(4) For example: (a) Ferrer, S. M.; Molina, J. M. Comput. Chem.
1999 20, 1412-1421. (b) Steiner, E.; Fowler, P. W.; Jenneskens, L. W.
Angew. Chemint. Ed.2001, 40, 362-366. (c) Poater, J.; Frader, X.; Duran,
M.; Solg M. Chem. Eur. J2003 9, 1113-1122.

(5) For some recent reviews about aromaticity and its structural aspects,

see: (a) Schleyer, P. v. R.; Jiao, Pure Appl. Chem1996 68, 209-218.
(b) Krygowski, T. M.; Cyrdiski, M. K.; Czarnocki, Z.; Heelinger, G.;
Katritzky, A. R. Tetrahedron Report Number 52%trahedron200Q 56,
1783-1796. (c) Krygowski, T. M.; Cyraski, M. K. Chem. Re. 2001, 101,
1385-1420.

(6) (a) Mulen, K. Chem. Re. 1984 84, 603—646 and references therein.
(b) Rabinovitz, M.Top. Curr. Chem1988 146, 99—-165 and references
therein. (c) Benshafrut, R.; Shabtai, E.; Rabinovitz, M.; Scott, LEUT. J.
Org. Chem.200Q 1091-1106 and references therein.

(7) For example: (a) Eshdat, L.; Ayalon, A.; Beust, R.; Shenhar, R.;
Rabinovitz, M.;J. Am. Chem. SoQ00Q 122 12637 12645. (b) Apraha-
mian, |.; Bodwell, G. J.; Fleming, J. J.; Manning, G. P.; Mannion, M. R;
Sheradsky, T.; Vermeij, R. J.; Rabinovitz, M. Am. Chem. So2003
125 1720-1721.

(8) (a) Ayalon, A.; Sygula, A.; Cheng, P.-C.; Rabinovitz, M.; Rabideau,
P. W.; Scott L. T.Sciencel994 265 1065-1067. (b) Shenhar, R.; Wang,
H.; Hoffman, R. E.; Frish, L.; Avram, L.; Willner, |.; Rajca, A.; Rabinovitz,
M. J. Am. Chem. So2002 124, 4685-4692. (c) Aprahamian, |.; Eisenberg,
D.; Hoffman, R. E.; Sternfeld, T.; Matsuo, Y.; Jackson, E. A.; Nakamura,
E.; Scott, L. T.; Sheradsky, T.; Rabinovitz, M. Am. Chem. SoQ005
127, 9581-9587.

(9) For example: (a) Bock, H.; Havlas, Z.; Gharagozloo-Hubmann, K.;
Sievert, M.Angew. ChemInt. Ed.1999 38, 2240-2243. (b) Aprahamian,

I.; Hoffman, R. E.; Sheradsky, T.; Preda, D. V.; Bancu, M.; Scott, L. T.;
Rabinovitz, M.Angew. Chem.Int. Ed. 2002 41, 1712-1715. (c) Apra-
hamian, I.; Bodwell, G. J.; Fleming, J. J.; Manning, G. P.; Mannion, M.
R.; Sheradsky, T.; Vermeij, R. J.; Rabinovitz, Mngew. ChemInt. Ed.
2003 42, 2547-2550. (d) Aprahamian, |.; Bodwell, G. J.; Fleming, J. J.;
Manning, G. P.; Mannion, M. R.; Merner, B. L.; Sheradsky, T.; Vermeij,
R. J.; Rabinovitz, M.J. Am. Chem. Soc2004 126 6765-6775. (e)
Aprahamian, I.; Wegner, H. A.; Sternfeld, T.; Rauch, K.; de Meijere, A,;
Sheradsky, T.; Scott, L. T.; Rabinovitz, M. Manuscript submitted.

(10) (a) Fraenkel, G.; Carter, R. E.; McLachlan A.; Richards, JJH.
Am. Chem. So0d.96(Q 82, 5846-5850. (b) Spiesecke H.; Schneider, W. G.
Tetrahedron Lett1961 468-472. (c) Lauterbur, P. ClTetrahedron Lett.
1961, 274-279. (d) Schaefer T.; Schneider, W. Gan. J. Chem1963
41, 966-982. (e) Olah G. A.; Mateescu, G. D. Am. Chem. S0d.97Q
92, 1430-1432. (f) O’Brien, D. H.; Hart, A. J.; Russell, C. B. Am. Chem.
Soc.1975 97, 4410-4412.

Corannulenel), the smallest curved subunit og&was first
synthesized by Barth and Lawton in 1966, using a tedious 17-
step synthetic procedutéAlternative and more efficient ways
for synthesizingl were later developed by the groups of Sgatt
Siegel** and Zimmerman#?® and these opened the way to the
full investigation of1 and its propertie$® Barth and Lawton
explained the aromaticity df using the “annulene-within-an-
annulene” model?17 According to this model] is made up of
an aromatic cyclopentadienyl anion (68C) surrounded by an
aromatic (14e/15C) annulenyl cation (Figure 1).

The four-step reduction process bivith lithium metal has
been thoroughly investigated by both NMR and EBBf As
expected, the aromatic characterlofhanges as a function of
the number of electrons added; the dianit#T) is anti-aromatic
(16€ in the periphery), whereas the tetraanitfr] is aromatic
(18€ in the periphery) as predicted by the “annulene-within-
an-annulene” model.

It was found that the tetraanidif~ undergoes a fascinating
self-assembly process and yields a highly charged supramo-
lecular dimer {#/147/8Li™), which is “glued” together by

(11) (a) Minsky, A.; Meyer, A. Y.; Rabinovitz, MTetrahedron Lett.
1982 23, 5351-5354 and references therein. (b) Eliasson, B.; Edlund, U.;
Mullen, K. J. Chem. SocPerkin Trans. 21986 937940 and references
therein.

(12) Barth, W. E.; Lawton, R. GJ. Am. Chem. Sod 966 88, 380—
381. (b) Barth W. E.; Lawton, R. Gl. Am. Chem. S0d.971, 93, 1730~
1745.

(13) (a) Scott, L. T.; Hashemi, M. M.; Meyer D. T.; Warren, H. B.
Am. Chem. Socl991 113 7082-7084. (b) Scott, L. T.; Cheng, P.-C.;
Hashemi, M. M.; Bratcher, M. S.; Meyer D. T.; Warren, H.BAm. Chem.
S0c.1997 119, 10963-10968.

(14) Borchardt, A.; Fuchicello, A.; Kilway, K. V.; Baldridge K. K.;
Siegel, J. SJ. Am. Chem. S0d.992 114, 1921-1923.

(15) Zimmermann, G.; Nuechter, U.; Hagen S.; NuechtefT &rahedron
Lett. 1994 35, 4747-4750.

(16) For example: (a) Abdourazak, A. H.; Sygula, A.; Rabideau, P. W.
J. Am. Chem. S0d.993 115 3010-3011. (b) Disch, R. L.; Schulman, J.
M. J. Am. Chem. Socl994 116, 1533-1536. (c) Petrukhina, M. A.;
Andreini, K. W.; Mack, J.; Scott, L. TAngew. ChemInt. Ed. 2003 42,
3375-3379. (d) Vecchi, P. A.; Alvarez, C. M.; Ellern, A.; Angelici, R. J.;
Sygula, A.; Sygula, R.; Rabideau, P. Whgew. ChemInt. Ed.2004 43,
4497-4500.

(17) This model is controversial; however, it adequately explains the
observed phenomena in neutral and redutegor other models, see: (a)
Rabideau, P. W.; Marcinow, Z.; Sygula, R.; Sygula,Tetrahedron Lett.
1993 34, 6351-6354. (b) Zhou, ZJ. Phys. Org. Cheml995 8, 103~
107. (c) Steiner, E.; Fowler, P. W.; Jenneskens, L ANgew. Chemint.

Ed. 2001, 40, 362-366. (d) Lovas, F. J.; McMahon, R. J.; Grabow, J.-U.;
Schnell, M.; Mack, J.; Scott, L. T.; Kuczkowski, R. . Am. Chem. Soc.
2005 127, 4345-4349.

(18) (a) Janata, J.; Gendell, J.; Ling, C.-Y.; Barth, W.; Backes, L.; Mark,
H. B., Jr.; Lawton, R. GJ. Am. Chem. Sod 967 89, 3056-3058. (b)
Ayalon, A.; Rabinovitz, M.; Cheng, P.-C.; Scott, L. Angew. ChemInt.

Ed. Engl.1992 31, 1636-1637. (c) Baumgarten, M.; Gherghel, L.; Wagner,
M.; Weitz, A.; Rabinovitz, M.; Cheng P.-C.; Scott, L. 7. Am. Chem.
So0c.1995 117, 6254-2657. (d) Zilber, G.; Rozenshtein, V.; Cheng, P.-C.;
Scott, L. T.; Rabinovitz, M.; Levanon, HI. Am. Chem. Sod.995 117,
10720-10725. (e) Weitz, A. Ph.D. Dissertation, The Hebrew University
of Jerusalem, Israel, 1997. (f) Shabtai, E. Ph.D. Dissertation, The Hebrew
University of Jerusalem, Israel, 1999.
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FIGURE 2. Compounds whose anionic states are studied by NMR spectroscopy in this work.

lithium cations®@ However, no dimerization takes place when corannulene with acetyl chlorid&® this reaction produced
1is reduced to a tetraanion with other alkali metals (potassium, exclusively the 1,5- and 1,8-diacylcorannulenés and 9,
rubidium, and cesium- sodium yields only a trianion radicaf respectively) in a ratio of ca. 3:2. Without separation, the
The dimer is formed only with lithium cations, presumably due isomeric mixture of these two bis-(2-bromobenzoyl)corannu-
to strong interactions between their large positive charge densitylenes was subjected to flash vacuum pyrolysis. The resulting
and the high negative charge densitylitt (one electron per radical cyclizatio-decarbonylation cascade gave diindeno[1,2,3-
five carbon atoms). bc:1,2,3hijcorannulene ) and diindeno[1,2,3-bc:1,2,3-ef]c-
orannulene 10) in an 8:1 ratio, together with a substantial
quantity of indenocorannulen@)( plus traces of corannulene
(1) and other minor byproducts (Scheme 1).

Naphtho[2,3a]corannuleneXq) was synthesized by the clas-
sical annelation method illustrated in Schem#& Zhe other
annelated corannulenes examined in this work have previously

14/1%/8Li* been reported.
Indenocorannulene (2).The reduction process & with

Here, we wish to report the reduction with lithium and/or potassium has been briefly reported (Schem® B)was found
potassium metals of a series of corannulene derivatives that arghat 2 undergoes an unprecedented four-step alternating reduc-
annelated with five- or six-membered rings (SMRs and 6MRs, tive dimerization/bond-cleavage process. Covalent dimers are
respectively), namely indenocorannuleng),’® diindeno- formed in the radical anion and trianion states via electron
[1,2,3bc:1,2,3hi]corannulened),?° cyclopentabcicorannulene  coupling between two carbon C3 atoms affording dianionic and
(4),# and naphtho[2,Zjcorannulene §)?* (Figure 2). Our  hexaanionic covalent dimers, respective®~<p]"/nK ™). The
motivation in this study was to investigate (a) the effect of
annelation on the reduction and dimerization processes, (b) the
effect of the alkali metal, (c) the differences in the aromatic/
anti-aromatic characters of the derivatives, (d) the annulenic
behavior of the derivatives df as reflected in thé&¢ values,
and (e) additional processes that these corannulene derivatives
might undergo. A comparison was also made between the
reduction of these derivatives with those bfand two other
previously reduced derivatives, dibenagjcorannulene)?32*
and dibenzad,g]cyclopentakl]lcorannulene 7).2425

O" CC.’ (19) Wegner, H. A,; Scott, L. T.; de Meijere, A. Org. Chem2003
Q Q 68, 883-887.

(20) Preda, D. V. Ph.D. Dissertation, Boston College, Chestnut Hill, MA,
6 2001.
7 (21) (a) Sygula, A.; Rabideau, P. \ll.Am. Chem. So&993 115 3010-
3011. (b) Cheng, P.-C. Ph.D. Dissertation, Boston College, Chestnut Hill,

[2-2]%/nK*

O ‘ic formation of the news-bond was evident from the high field

Results and Discussion MA, 1996. (c) Seiders, T. J.; Elliot, E. L.; Grube, G. H.; Siegel, JJS.
) . Am. Chem. Socl999 121, 7804-7813.
Syntheses of Diindeno[1,2,®c:1,2,3hi]corannulene (3) (22) Bancu, M. Ph.D. Dissertation, Boston College, Chestnut Hill, MA,

and Naphtho[2,34]corannulene (5). The new method for ~ 2004. See also ref 20.

indenoannelation of polycyclic aromatic hydrocarbons that we 4%3) Reisch, H. A.; Bratcher M. S.; Scott, L. Drg. Lett.2000 2, 1427~

reported in 2008 was used to synthesize the previously (24) Weitz, A.; Shabtai, E.; Rabinovitz, M.; Bratcher, M. S.; McComas,
unknown diindeno[1,2,®c¢:1,2,3hiJcorannulened) for the first C. C,; Best, M. D.; Scott, L. TChem. Eur. J199§ 4, 234-239.

time2° Thus, two latent indeno groups were attached to (25) (a) McComas, C. C. B.Sc. Thesis, Boston College, 1996. (b) Best,
. - . M. D. B.Sc. Thesis, Boston College, 1997.
corannulenel) by Friedet-Crafts acylation with 2-bromoben- (26) Preda, D. V.; Scott, L. TPolycycl. Arom. Compc200Q 19, 119

zoyl chloride. As expected from our previous acylation of 131.
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SCHEME 1
3 :
L
)+ S
’I Br
1 2 equiv.
Q‘ ’(/) Q\ Flash
6 C~Ar Ar—C, 6 C-ar Vacuum
oRbed Oy R
A L
] 9@
8
ratio 8:9 = 3:2 (95 %)
Ar = 2-bromophenyl
+
10
(5 %)
SCHEME 2
HI
red phosphorus
—_—
acetic acid, reflux
1 11 5
(70 %) (72 %)
SCHEME 3

_Li _ Trianion radical
(unstable, reactive)

_LVK_ Dianion

Radical anion K _ Tetraanion
K (reductive dimerization)

shift of carbon atom C3 (and proton H3) and its coupling solubility of the dimer with lithium compared to potassium may
constants Jc 4 and 3Jy-1). The electron coupling occurs at  arise from the different interactions that these cations have with
carbon atom C3 because a high spin density resides there inthe anionic moieties. The third reduction step is the trianion
both the radical anion and the trianion radical, according to DFT radical that undergoes irreversible reactions (e.g., solvation,
calculationg® protonation) at carbon atom C3, where the majority of the charge
The story is somewnhat different with lithium, where only three is concentrate® Most probably, the small lithium cation cannot
reduction steps are observed (Scheme 3). The first reducedstabilize the charge concentrated on carbon atom C3, leaving it
species is a radical anion that undergoes a reductive dimerizatiorvery reactive.
process similar to that observed with potassiua-¢]2-/2Li"). The!H NMR spectrum of the dianion with lithiun2¢-/2Li")
However, the product is hardly soluble, and therefore, only the is very similar to that of the dianion with potassiu@?#{/2K™"),
IH NMR of the covalent dimer could be measured. The low which indicates that the cation has little effect on this reduction

J. Org. ChemVol. 71, No. 1, 2006 293
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SCHEME 4

K _ Radical anion __ X _ Dianion __X | Trianion radical

SCHEME 5

_Li _ Radical anion __Li _ Tetraanion
(coordinative dimer)

5 _L/K_ Radical anion _L/K_ Dianion

Trianion radical
(unstable, reactive)

K

stage. The corannulene rim protons are shifted to higher field The anisotropy effect makes it difficult to correctly assess
than those on the benzene ring of the indeno-subunit. This meanghe charge distribution from thé’C NMR chemical shifts.
that the electrons are concentrated more on the corannuleneContrary to the behavior a2, no reductive dimerization was
subunit, and hence, the protons attached there are more affectedbserved during the reduction &f Thus, the addition of a
by the paratropicity of the system. second indeno subunit drastically alters the charge distribution

The K¢ values for22=/2LiT and22-/2K* are 63.8 and 65.2  in the system relative to that id. This change prevents the
ppm/electron, respectively, which shows that there is substantialconcentration of spin density on any of the carbon atoms, so
anisotropy in the systeft. This makes the calculation of the no dimerization occurs.
charge distribution using eq 1 unreliable because the carbon Cyclopentabccorannulene (4).Compound4 was reduced
chemical shifts are not affected solely by the added charge. Thewith lithium and potassium metals, and no reactions of the
high field shift of carbon atom C3 in bot®?—/2Li™ and 22~/ radical anion were observed with either metal. Moreover, it was
2K* (0 = 107.12 and 107.72 ppm, respectively) shows that found that beyond the dianion, the reduction process is alkali
most of the charge resides théfewhich is in line with the metal dependent (Scheme 5).
calculated atomic coefficients of the LUMO @ The lithium and potassium dianions 4{42-/2Li* and42-/

The tetraanion o2 was obtained only with potassiur@*(/ 2K*, respectively) exhibit almost identical NMR spectra.
4K™),and the calculatec value (118.1 ppm/electron) showed  However, there is an interesting influence of the metal on the
that anisotropy hardly affects the carbon absorptions. The chargechemical shift of carbon atom C1. This carbon signal is shifted
distribution estimated from thEC NMR spectrum shows that  tg a higher field byAdc = 13.03 ppm in42-/2Li* relative to
most of the charge is concentrated on carbon atoms C3, C4.that in42-/2K*, indicating that more charge is concentrated on
and C14, in that order. The annulene-within-an-annulene modelc1 in 42-/2Li* than in42-/2K*. The difference could result
is not relevant ir2*~/4K™* as the'H NMR chemical shifts are  from a stronger interaction of the lithium cation with the specific
at a relatively high field for an aromatic system. This means carbon atoms. Such an interaction would concentrate more
that 27/4K* is more polycyclic than annulenic in character. charge on carbon atom C1 and hence shift its nuclear resonance
The high-field shift of protons H1, H4 and H3 results from the g higher field.
concentration of charge on their respective carbons. The concentration of charge on carbon atom C1 also affects

Diindeno[1,2,3bc:1,2,3hi]corannulene (3).This compound e 14 NMR spectrum. It can be seen that, except for proton
was reduced with potassium, and three successive reductionyy || the other protons of2-/2K* are shifted to higher field

steps were observed (Scheme 4). Further reduction to theinan ingz-/2Li+ (Adayg = 0.25 ppm). Because more charge is
tetraanion could not be achieved. The radical anion and tri- {ound on the corannulene subunit @f—/2K+. the anti-

anion radical did not undergo reductive dimerization or any other 5romaticity of this system increases relative to that?n2Li*.
reactloln during redugtlon. - TheKc values calculated for bot#?—/2Li" and4?~/2K* (89.9
The *H NMR chemical shifts and loic value (78.2 ppm/ 554 76.8 ppm/electron, respectively) support this conclusion.

- oLt b
electron)_ of themld|ar(;|qn C;B (3 h/ZKh) s_holvvht_?tat ]lt IS a Further reduction of>~ with potassium leads to the trianion
paratropic system: Judging from the chemical shifts of protons radical, which is very reactive and undergoes further reactions

H6 and H7 ¢ = 5'.78 and 5'7.2 ppm, respectllvely), only the solvent cleavage, deuteration, etc.). The reduction with potas-
corannulene subunit has acquired anti-aromatic character, as th ium stops at this step (Scheme 5)

indeno-subunit benzene proton signals appear at lower field With lithium as the reducing agent, a completely different

(aromatic region). The relatively low field shift of proton H1 and unprecedented behavior is observed. Wienis further
(6 = 7.16 ppm) that resides on the corannulene rim results from reduced with lithium, the tetraaniod{(/4Li+) is obtained,

its position in a bay region. which builds up as#?~/2Li" disappears (Scheme 5). Thd
4—14] i+ ;
(27) The charge distribution for these dianions was calculated using NMR of 4%°/4Li" shows that most of the peaks are shifted to

another equation (ref 11) that takes into account the anisotropy effect, and h_igh field, especially proton H20(= _2-51 ppm). The N_MR
it was found that most of the charge resides on carbon atom C3. signal for carbon atom C2 is also shifted to very high field (

294 J. Org. Chem.Vol. 71, No. 1, 2006



Reduction of Bowl-Shaped Hydrocarbons ]OC Article

= 48.35 ppm), and it&Jc 4 coupling constant!fc 4y = 129.56
Hz) indicates that it has become®dpybridized. These data are
reminiscent of the reductive dimerization observed 2ifi®
however, this time the rehybridization is not accompanied by
symmetry loss.

In addition, the’Li NMR spectra of4*~ offer compelling
evidence for an aggregation process at this stage. The spectrum
at 200 K consists of four main peaks that appear araurs
—0.18, —7.61, —9.50, and—10.10 ppm. The highly shifted

/ |8/4Li*

lithium absorptionsd = —9.50 and—10.10 ppm) are diagnostic 4% 2oLi™ 4% /6Lit
for strongly shielded lithium cations sandwiched between
aromatic anionic layers. FIGURE 3. Calculated structure (PM3) of the coordinative din#r,

These results show thatyields both rehybridization of two ~ 2Li"*4*/6Li". Such a structure conforms to the NMR data, as far as
specific carbon atoms and a layered anionic aggregate in itgSymmetry and the number of high field shifted lithium cations (in pink)
tetraanionic staté This is reasonable aé can combine the — ° ¢ concerned.
characteristics of botth and2 because it is structurally related
to both. The formation of a layered compound is possible if
the two C2 carbons of one unit df~ are connected with the
corresponding C2 carbons of another. In this structure, the highly
shifted lithium cations are “trapped” between twé layers.
The symmetry of the system indicates that the two unit4*of
are connected to each other via their convex faes.

One explanation for the rehybridization of carbon atoms C2
in 44~ would be a reductive dimerization process involvingC
bond formation that takes place simultaneously at both C2
carbons, which could also explain why tBgsymmetry of the
system is not lowered. However, the NMR data clearly show
that this is not the case. First, Ay, 42 coupling was observed
for this new anionic molecule. This does not rigorously eliminate
the presence of-bonds connecting the C2 carbons together,
since the magnitude of this coupling is dependent on the dihedra
angle between hydrogen atoms H2. The high symmetry observe - . . .
in the'H NMR spectrum, however, indicates that this angle is systems have S|m|lar sizes a_md charges m.SO“.m(.)n'
very close to zero degrees, and so the coupling expected for a The_reason this process is observ_ed_ with I|_th|um and not
direct C—C linkage should be observed using NMR. A second potassium stems from the fact that the lithium cations are smaller

important interaction is also missing in the observed aggregate2Nd can interact with and better stabilize the charge localized
of 44 a long-range correlation in the HMBC experiments on carbon atom C2. The effect of counterion stabilization is

between carbon atom C2 and proton AR 1> coupling). This already visible in the tri-anion radical where reactions occur
coupling was observed in all previous reductive dimerization With the potassium counterion.

cases studied in our grodp;© and even in a system that did An accurate charge distribution arit: value cannot be
not show3Jy- couplings®® The absence of these couplings calculated for44—-2LiT-447/6Li" because the reduction is

indicates that the rehybridization does not result from the accompanied by rehybridizatidf. _ _
formation of new G-C bonds3® Naphtho[2,3-a]corannulene (5). The reduction of5 with

The most plausible explanation is lithiation, i.e., formation lithium and potassium stops at the trianion radical state (Scheme

of C—Li—C bonds. The concentration of high charge density 6)- Broad proton peaks are seen in theNMR spectrum of
on carbon atoms C2 can induce a strong interaction with the the dianions%~/2Li* and5?~/2K*) presumably due to singlet
lithium cations, which in turn can interact with the C2 carbons triplet equilibrium. Neither the anion radical nor the trianion
of another molecule, yielding a coordinative dimer (Figure 3, radical undergo any chemical reactions.

4%=-2Li*-4*/6Li"). Such a dimer can explain the observed

NMR spectra, the rehybridization of carbon atom C2 and the J ((:3;]1) Fosr exghmplezc(a) SCT{JSSEQ 1Ul'i;34|\l—e1u198%b6(1g)eg Wt}; Sﬁhlgy%' o
_ . : o . em. socnhem. Commu . eepacn, D.; Isalg,
absence of the above-mentioned coupling constants. The ab|I|tyR_; Gabriel, JHely. Chim. Actal983 66, 306-337. (c) Benken, R.: Werner,

of lithium cations to interact with numerous carbanionic centers A.; Ginther, H.Angew. Chemlnt. Ed. Engl.198§ 27, 1182-1183. (d)
has been extensively studiébhowever, such a coordinative g'ﬁuer, Vg/ Ol'g)golhelrtlyé G7'0A9§— SYCl%Ig)Ee;, g’. I\(/ Fl.;h _Paguetlteﬁ_ L.Jr.:\AmN.I
; it ; em. Soc. .(e) Sekiguchi, A.; Ichinohe, M.;

dimerization of a PAH has never been observed previotisly. Nakanishi, T.: Kabuto C.: Sakurai, Bull. Chem. Soc. Jpi995 68, 3215~
3220.

(28) Solvent cleavage, deuteration or protonation cannot explain the  (32) For an example of a lithium cation binding two carbanionic centers
observed phenomena and therefore they are not taken into considerationsee, Baler, B.; His, D.; Ginther, H.Tetrahedron Lett1996 37, 8719~

(29) A concave-convex interaction is excluded, as this would lower the  8722.
symmetry of the system (duplicated signals in bidihand3C NMR spectra (33) According to literature th&lacs ; coupling is highly dependent on
would be observed). Moreover, a fast bowl-to-bowl inversion (on the NMR temperature and degree of aggregation. For dimers (not PAHSs) values of
time-scale) is not reasonable for such a system, and therefore, the high-2—3 Hz were observed, whereas monomers can give couplings of up to 17

One way of proving the existence of-Li—C bonds would
be to measure th&lscs; coupling that such a bond would
yield 32 For this purpose a sample df was reduced using
lithium[6]; however, the recorded spectéii(and 13C NMR)

did not show any such couplings, probably due to the broadness
of the peaks? Temperature dependeC NMR spectra were
also measured, and it was found that the chemical shift of carbon
atom C2 is not dependent on the temperature. This shows that
the lithium cations do not change their ion pairing easily,
supporting the proposed structure of the dindér,-2Li*-44/

6Lt (Figure 3).

Further evidence for the formation of the coordinativedimer
comes from self-diffusion experiments These experiments
show tha#*~-2Li™-44/6Li* and14/14-/8Li™ diffuse at similar
rates in solution@ass 7« = 2.5+ 0.1 and 2.44¢ 0.04 x 10710

?/s, respectively). Such behavior is expected if these two

symmetry cannot be due to an averaging of the signals. Hz. Moreover, these couplings cannot be observed above ca. 200 K. See:
(30) According to calculations (B3LYP/6-31G*) carbon atom C24n Ginther, H.J. Braz. Chem. So04999 10, 241-262 and references therein.
(monomer) resonates at= 64.1 ppm. This unusual high field shift for an (34) Cohen, Y.; Avram, L.; Frish, LAngew. ChemInt. Ed. 2005 44,

sp*-hybridized carbon stems from the concentration of high charge on it. 520-554 and references therein.
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SCHEME 6
_LiK_ Radical anion _L/K, Dianion _LVK, Trianion radical
5
TABLE 1. Calculated Kc Values (ppm/Electron) for the Observed Kc value in the dianion will mean that the system is less
Dianions and Tetraanions of +-7 annulenic. Thus, thEc value can be used to scale the annulenic
12 2 3 4 5 & 7° behavior of the dianions of the derivatives bf
dianion: The K¢ values of the dianions clearly show the effect of
lithium ~ —1825 638 ¢ 89.9 -211 -25.0 89.0 annelation on the reduction af(Table 1). It can be seen that
tetf’a‘gﬁis;'r']‘_‘m —1785 652 782 76.8-23.0 —-250 800 annelation with a 6MR§ and 6) yields paratropic dianions;
lithium 1798 d c  10L.7 d d d however, the degree of paratropicity is much lower thatfin
potassium  141.9 118.1 e e e f f The lower symmetry and enlargement of thesystem lowers

a Data taken form ref 18c,P Data taken form ref 245 Not reduced with the anti-aromatic character by al.tering the _charge diStr.ibUtion’
lithium. ¢ Tetraanion not observed with lithiurA Tetraanion not observed ~ aNd the compounds start behaving more like polycyclic com-
with potassium! Data not reported. pounds (Table 1).

The effect ofperi-annelation with a 5MR is much greater. It

The high field shift of the protons of bo? /2Li+ and5?/ can be seen that thQ;. values of the dianion8—4 are positi\{e;
2K* shows that the dianions have substantial anti-aromatic NOWever, they are still less than the normal valu&ef-! This
character. This is also indicated by the unusually Kywalues means that there are S_t'” anisotropy effects in these compo_unds,
calculated fors2/2Li+ and52/2K*, —21.5 and—23.0 ppm/ _but they are far less _S|gn|f|cant thanif . T'he reason for this
electron, respectivel§: is that the 5MR functions as an electron-withdrawing group and

The different cations cause a slight difference in#He\MR drastically alters the charge distribution found in The
chemical shifts. The signals for protons H1, H2 and H3 that anisotropy makes it difficult to obtain accurate charge distribu-

belong to the naphthalene subunit are shifted to higher field by tions; therefore, it is not possible to assess h_OW much of the
Adag = 1.19 ppm in52-/2Li* relative to those ir62 /2K*, charge is concentrated in the 5MRs. A comparison between the

which indicates that the naphthalene ringsi/2Li* is more K¢ values of4 and7 shows that the SMR and not the 6MRs is
paratropic than ir6?=/2K*. This can result from a stronger the_decisive factor in_ alt(_erir_lg the behavior of the di_ani_ons as
interaction of the lithium cation with the naphtho group, which their Kc values are quite simildf. TheKc values of the dianions

can in turn withdraw more electrons to this subgroup, making °Ptained with potassium can be used to scalf the ﬁnnulenlc

it more anti-aromatic. On the other hand more charge is found c?_aracttze_r of IE?SG cgﬁwsgounds (Table 1j- > 62~ ~ 52~ >

in the corannulene core d? /2K compared to5?/2Li™, A

making it more anti-aromatic. This is evident from the higher  Tetraanions: The effect of the counterion, e.g’ br K,

field shifts of the corannulene rim protons &F /2K* (Adayg is very clear in the tetraanionic state. It can be seen that most

= 0.64 ppm)s c_>f _the aqnelated compounds do_ not yleld tetraanions with
In these dianions as well, an accurate charge distribution lithium, with the only exception beind. This can be explained

cannot be obtained from NMR because of the anisotropy in the in terms of a special type of anion stabilization. It seems that,

systemtl without forming supramolecular dimers, the lithium cations
A General View. For a better understanding of the reduction c@nnot efficiently stabilize the high charge density on these large

of 1 and its derivativesX-5), it is informative to compare their ~ compounds. These annelated corannulenes cannot form dimers

reduction processes, especially their charge distributigs, ~ @S1 does because the charge distribution has been altered and

values and reduction states (Table 1). To further clarify the N0t enough charge can be concentrated on the corannulene
picture, the comparison also includes the reduction results of
6,24 and7.24 (36) One of the samples @&f contained some traces of the saturated

iani . iani i i i compound 4-2H) that also got reduced to a dianioftZH2-/2Li"). The
Dla_r1|0Pr<1$. T|he d_lir;gn501 Ig_alr;tg%romat/lcland hafs le’/ery center of gravity of théH NMR spectrum ind-2H2-/2Li" is dcenter= 1.02
negativeKc value ¢ o an -2 ppm/electron fo ppm, whereas the center of gravity #t~ is dcenter= 6.06 and 5.90 ppm

2Li* and1?-/2K*, respectively) despite the added charge. These for 42-/2Li+ and 4>-/2K*, respectively. The difference betwed?r and
negativd(c values deviate drastica"y from the ndfhand result 4-H2-/2Li* shows the influence that a single double bond has over the

- - . - reduced compound. Whereé& is mildly paratropic and more polycyclic
from the annulenic behavior df Although negative charge is in behavior4-2H2~/2Li* is strongly paratropic and annulenic in behavior.

added, the hub carbons @¥~ are shifted to very low field (37) A partial scale can also be made for the lithium reduced com-
because they are affected by the paratropic magnetic field pounds: 12~ > 62~ ~ 52~ > 22 > 72~ ~ 42-. The effect of the alkali

induced by the rim carbons. Deviation from such a negative metal can also be seen in this scale as the order in viliichnd4?~ appear
’ with lithium as counterion, is reversed from that of potassium.
(38) (a) Scott, L. T.; Bratcher, M. S.; Hagen,5Am. Chem. So¢996
(35) Proton H14 is found in the bay area; therefore, its chemical shift 118 8743-8744. (b) Necula, A.; Scott, L. T. Anal. Appl. Pyrolysi2000
was not taken into consideration when calculating the average proton shift. 54, 65—87.
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subunit. On the other hand, the potassium cation is larger and TheH NMR was assigned according to the signal2ef22~/
can stabilize these multicharged systems, and therefore, it yields2K™. It was not possible to measure € NMR spectrum due to
the tetraanions. the low solubility.

The reduction of with potassium and lithium shows another ~ 2°7/2Li*: 'H NMR (THF-ds, 200 K) 6y = 7.83 (m, 1H, H2),
important facet of counterion stabilization. Two successive 6-83 (M, 1H, ng' 5.58 (d, 1HJn = 9.57 Hz, H4), 5.38 (s, 1H,
reductive dimerization processes were observed while reducingH?’)’ 5.31 (d, 1H%} 4 = 9.47 Hz, H5), 4.95 (s, 1H, HE}IC NMR

) . . . ; - (THF-dg, 200 K) 6 163.7 (C10), 157.1 (C8), 141.6 (C9), 140.2
2 to its tetraanion with potassium. This was possible because(Clz)’ 134.5 (C11), 133.0 (C14), 132.4 (C7), 131.5 (C4), 126.2

t_he_ radic_al anions were stabilized by_ the cc_)unter!on. quever, (C5), 118.2 (C2), 115.4 (C13), 112.6 (C6), 108.1 (C1), 107.1 (C3);
lithium yielded only one covalent dimer; its cations did not 7, j NVMR (THF-dg, 220 K) & —0.15, —1.18.

stabilize the trianion radical d, so it reacted differently. 3: Synthesis. A. 1,5-Bis-(2-bromobenzoyl)corannulene (8) and

The |mp0rtance of counterion stabilization is encountered ]_’8_BiS(2-br0m0benzoy|)corannu|ene (gﬂoaroom_temperature

again in the reduction o# to its tetraanion. This is possible  solution of 2-bromobenzoyl chloride (180 mg, 0.820 mmol) in 20
only with lithium as it forms a layered compound similar to mL of methylene chloride was added aluminum chloride (220 mg,
14~. However, this time the cations hold the layers together by 1.65 mmol). After 15 min of stirring at room temperature,
forming bonds with carbon atoms C2. The formation of this corannulene (100 mg, 0.400 mmol) in 20 mL of methylene chloride

coordinative dimer enables the reductiondofo a tetraanion, was added, and the reaction mixture was stirred at room temperature

as it can stabilize the resulting anionic system. The inability of for 3 h- The reaction was quenched by pouring the flask contents

. : o oo ; into ice—water/hydrochloric acid (1:1), and the mixture was
Bg:gzz:ﬂm fﬁg:::)?: d;%ir]s;igllgfettgznt{éimon radical prevents extracted with methylene chloride (8 50 mL). The combined

organic layers were dried over magnesium sulfate, filtered, and
concentrated to dryness under reduced pressure to afford 234 mg
Conclusions of a yellow solid. The crude product consists of a mixture of the

. ) o isomeric ketone8 and9 in the approximate ratio d/9 = 3:2, as

_This study shows that the reduction of corannulene derivatives getermined byH NMR analysis. The combined yield of the two

yields different results depending on both the type of the isomers was ca. 95%. All attempts to isolate pure samples of
derivative and the reducing metal. It has also been shown thatcompounds and9 were unsuccessful; however, enriched samples
formation of a supramolecular dimer is not the only fascinating of compound could be obtained: HRMS calcd forsg:¢Br,0;
process that such derivatives can undergo. 613.9517, found 613.9520.

A new type of coordinative dimer was observed #r, 8: *H NMR (400 MHz, CDC}) ¢ 8.67 (d,3Jun = 8.8 Hz, 1H),
which combines the characteristics of the already known 8.62 (d,%Jyn = 8.8 Hz, 1H), 8.11 (s, 1H), 8.09 (s, 1H), 7:92.70
supramolecular dimer df*~ and the covalent dimers @f The (m, 6H), 7.54-7.41 (m, 6H).
two anionic layers that constitute this new dimer are held _ 9 *H NMR (400 MHz, CDC}) 6 8.63 (s, 2H), 8.12 (s, 2H),
together by C-Li—C bonds and contain lithium cations trapped 7.92-7.70 (m, 6H), 7.547.41 (m, 6H).
between them. B. Diindeno[1,2,3bc:1,2,3hi]corannulene (3) and Diindeno-

It was shown that annelation df with 6MRs and 5MRs [1,2,3bc1,2,3eflcorannulene (10).A 50 mg sample of the bis-

strongly affects the reduction process and its outcome. When(2-bromobenzoyl)corannulene prepared as above (isomer@8tio

. . - . =ca. 3:2) was pyrolyzed at 110C with a steady flow of nitrogen
corannulene is annelated with a 6MR, the annulenic behavior ., rier gas (final pressure :-2.0 mmHg) as previously de-

and anti-aromatic character of the dianion is significantly scribed638The crude pyrolysate (16 mg, mass recovery 50%) was
diminished relative to that id2~. However, the effect is less analyzed bylH NMR spectroscopy, which revealed the presence
pronounced than in compounds that geri-annelated with of 3 (38%), 10 (5%), and indeno[1,2,B8¢|corannulene ) (57%),
5MRs. This means that compounds with 5MRs behave more along with trace amounts of corannulene and keto-byproducts.
as polycyclic systems rather than as annulenic ones. Separation by preparative thin-layer chromatography on silica gel
It is now evident that the reduction of corannulene or its With cyclohexane as eluant afforded a small sample (2.5 mg, yield

annelated derivatives to tetraanions with lithium requires special ;.204/3)7o;gure32£1p7222—26g;|c; 17H 4';'MR 2(:_1'007'\1';2’ C;HC&)7§2 1
stabilizing effects, as the lithium cations cannot stabilize the - 58 (M, 4H),7.53 (s, 2H), 7.47 (s, 2H), 7.45 (s, 2H), %

. o . 7.18 (m, 4H); 33C NMR: the acquisition was precluded b
large anions by themselves. The stabilizing effect can be e'theraggreéation a)nd poor solubility; Uwﬁs/lmax(rel intensFi)ty) (CHCY y

the formation of supramolecular dimers, as is the cask or 250 (sh, 0.887), 260 (sh, 0.951), 276 (1.080), 332 (0.585), 350 (sh,
the formation of a coordinative dimer, as 4 In the other 0.445); HRMS calcd for gHy, 398.1095, found 398.1097.
instances?, 5, 6, and7, the reduction with lithium stopped at 10: 'H NMR (400 MHz, CDC}) 6 7.68-7.58 (m, 4H), 7.48 (s,
the trianion radical, and no tetraanion was formed. 2H), 7.43 (d,%3yn = 8.4 Hz, 2H), 7.31 (d3Jyn = 8.4 Hz, 2H),

On the other hand more tetraanions are formed when 7.21-7.18 (m, 4H).
potassium is used as the reducing metal. This is due to the ability 3: H NMR (THF-dg, 273 K) 0 7.67 (s, 1H, H1), 7.647.68
of the potassium cations to stabilize the large anionic systems.(m, 2H, H5 and H2), 7.58 (s, 1H, H6), 7.54 (s, 1H, H7), %17
7.21 (m, 2H, H3 and H4)¥3C NMR (THFdg, 273 K) 0 145.6
(C12), 143.3 (C14), 142.3 (C13), 141.9 (C15), 141.5 (C11), 140.4

Experimental Section (C17, C10), 140.1 (C16), 139.7 (C9), 137.2 (C8), 129.3 (C3), 129.3

For general methods, see the Supporting Information. (C4), 129.2 (C7), 124.9 (C1), 123.1 (C6), 122.5 (C5) 122.3 (C2).

NMR Data. 2, [2—2]"/nK* (n = 2, 6),22/2K*, and24/4K™+: 32-/2K*: IH NMR (THF-dg, 200 K) ¢ 7.97 (d, 1H23Jyy = 7.67
TheH and3C NMR spectra of these compounds were reported Hz, H2), 7.63 (d, 1H3J4 4 = 7.81 Hz, H5), 7.16 (s, H1), 7.12 (dd,
in ref 9b. 1H, 3JH,H =7.29, 7.34 Hz, H4), 6.95 (dd, 1HJH,H =7.30, 7.20

[2—2]2-/2Li*: TH NMR (THF-dg, 240 K) 0 7.77 (s, 1H, H3),  Hz, H3), 5.78 (s, 1H, H6), 5.72 (s, 1H, H7PC NMR (THF-ds,
7.74 (d, 1H3Jyy = 7.12 Hz, H2), 7.34 (d, 1HJyy = 8.56 Hz, 273 K)6 161.0 (C12), 156.0 (C9), 139.7 (C16), 137.2 (C14), 136.5
H4), 7.17-7.14 (m, 3H, H4 H5, HB), 7.03 (s, 2H, H6, H§, 6.78  (C11), 134.9 (C17), 134.5 (C8), 132.0 (C10), 130.6 (7), 128.6 (C13),
(d, 1H,334 = 8.81 Hz, H2), 6.70 (dd, 1H3J,y = 7.05,8.56 Hz,  125.1 (C1), 120.5 (C15), 120.4 (C2), 119.2 (C4), 118.5 (C5), 114.6
H1'), 6.30 (dd, 1H3Jn = 7.05, 7.55 Hz, H1), 5.45 (s, 1H, §3  (C3), 110.7 (C6).
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4: ™H NMR (THF-dg, 298 K) 0 7.53 (d, 1H,3J44 = 8.83 Hz, and 50 mL of glacial acetic acid was heated under reflux for 4
H3), 7.46 (d, 1H3Jy 4 = 8.83 Hz, H4), 7.39 (s, 1H, H5), 7.35 (s, days. The flask contents were cooled to room temperature and
1H, H2), 5.50 (s, 1H, H1)i3C NMR (THF-dg, 298 K) 0 145.2 filtered through a short pad of silica gel. The resulting solution
(C12), 144.9 (C11), 140.2 (C10), 138.9 (C8), 138.8 (C9), 138.7 was extracted with methylene chloride £330 mL), and the pad
(C7), 131.0 (C6), 129.2 (C1, C3), 128.1 (CH), 127.3 (C4), 125.0 of silica gel was washed with methylene chloride (ca. 100 mL).
(C2). The combined organic layers were washed with 10% sodium

4272Li*: *H NMR (THF-dg, 200 K) 6 6.38 (d, 1H2Jy 4 =9.14 hydroxide (3x 40 mL), 10% sodium thiosulfate (2 30 mL), and
Hz, H3), 6.33 (d, 1H3Jy 4 = 9.05 Hz, H4), 6.06 (s, 1H, H5), 5.98  water and then dried over anhydrous magnesium sulfate and filtered.
(s, 1H, H1), 5.55 (s, 1H, H2}3C NMR (THF-dg, 200 K) 6 154.8 The solvent was evaporated under reduced pressure. The crude
(C10), 149.7 (C7), 137.2 (C9), 131.8 (C8), 130.0 (C3), 128.7 (C6, product was separated by column chromatography on silica gel
C11), 126.7 (C4), 126.6 (C12), 113.6 (C5), 103.3 (C2), 94.7 (C1); using pentane:methylene chloride 5:1 as eluent to afford 25.4 mg
’Li NMR (THF-dg, 200 K) 6 = —0.31 ppm. of naphtho[2,33]corannulene §) as a yellow-orange solid (72%

42-[2K*: IH NMR (THF-dg, 200 K) ¢ 6.19 (s, 1H, H1), 6.10 yield): mp 268-270°C; IH NMR (400 MHz, CDC}) 6 9.12 (s,
(broad, 2H, H3, H4), 5.84 (s, 1H, H5), 5.27 (s, 1H, HBZ NMR 2H), 8.34 (d,2Jy 4 = 8.8 Hz, 2H), 8.18 (m, 2H), 7.99 (dJyn =
(THF-dg, 200 K) 0 157.8 (C10), 150.9 (C7), 134.5 (C9), 131.0 (C8), 8.8 Hz, 2H), 7.87 (d3Jyn = 8.8 Hz, 2H), 7.83 (d3Jy 4 = 8.8 Hz,
130.4 (C11), 130.1 (C3), 128.4 (C6), 127.2 (C4), 124.7 (C12), 113.5 2H), 7.64 (m, 2H) (residual CHglsignal at 7.26 ppm used as
(C5), 107.7 (C1), 105.1 (C2). reference)*C NMR (100 MHz, CDC}) ¢ 138.3, 135.7, 135.3,

44=-2LiT44/6Li": 1H NMR (THF-dg, 250 K) 6 6.53 (s, 1H, 132.3,131.8, 130.9, 130.8, 129.4, 128.5, 127.9, 127.4, 127.2, 126.6,
H5), 6.11 (d, 1H3Jy 4 = 7.38 Hz, H4), 5.91 (d, 1Hyy = 7.34 124.5, 124.3; UV-ViS Amax (€) (CH2Cl,) 232 (3600), 280 (8000),
Hz, H3), 4.38 (s, 1H, H1), 2.52 (s, 1H, HZPC NMR (THF-dg, 304 (5300), 394 (670), 374 (720), 406 (sh, 520); HRMS calcd for
250 K) 6 152.5 (C9), 150.9 (C8), 135.5 (C7), 127.4 (C6), 122.3 CygH14 350.1095, found 350.1094.

(C5),122.7 (C12), 114.8 (C3), 113.2 (C4), 109.8 (C11), 94.1 (C10), 5:H NMR (THF-dg, 200 K) 6 9.36 (s, H3), 8.53 (d, 1HJ, 1
81.1 (C1), 48.3%0ch = 129.56, C2);Li NMR (THF-ds, 180 K) = 8.64 Hz, H4), 8.25 (m, 1H, H2), 8.08 (d, 1Fl, = 8.63 Hz,
0 —0.18,—7.61,—9.50 and—10.10. H5), 7.96 (d, 1H3Jy 4 = 8.80 Hz, H6), 7.92 (d, 1HJ, 4 = 8.69

5: Synthesis. A. (2-Carboxybenzoyl)corannulene (11)A Hz, H7), 7.68 (m, 1H, H1)33C NMR (THF-dg, 200 K) 6 138.7
mixture of phthalic anhydride (18 mg, 0.12 mmol) and aluminum (C9), 136.1 (C11), 135.6 (C12), 133.1 (C15), 132.2 (C14), 131.8
chloride (50 mg, 0.37 mmol) in 2 mL of methylene chloride was (C8), 131.7 (C10), 130.2 (C13), 129.5 (C2), 128.8 (C5), 128.2 (C6),
stirred at room temperature for 15 min. To the stirring suspension 128.0 (C7), 127.4 (C1), 125.5 (C4), 125.3 (C3).
was added slowly a solution of corannulene (25 mg, 0.1 mmol) in ~ 527/2Li*: *H NMR (THF-dg, 200 K) 6 4.36 (d, 1H23Jy 4 = 7.69
5 mL of methylene chloride, and the resulting mixture was stirred Hz, H7), 3.79 (m, 1H, H1), 3.72 (d, 1HJyy = 7.56 Hz, H6),
at room temperature for 20 h. The reaction was quenched by pouring2.81 (m, 1H, H2), 2.57 (d, 1HJ4 4 = 6.61 Hz, H5), 2.47 (d, 1H,
the flask contents into hydrochloric acid/water 1:1, and the mixture 3Jyn = 6.47 Hz, H4), 1.20 (s, 1H, H1}:*C NMR (THF-dg, 200
was extracted with methylene chloridex330 mL). The combined K), 6 163.9 (C11), 151.8 (C15), 150.0 (C14), 148.4 (C12), 145.8
organic layer were washed with water 240 mL) and dried over (C10), 140.3 (C9), 134.0 (C8), 125.5 (C13), 124.9 (C1), 123.8 (C7),
anhydrous magnesium sulfate. The solvent was evaporated unded21.8 (C4), 120.2 (C2), 117.5 (C6), 110.1 (C3), 107.5 (Cbi;
reduced pressure to afford the crude product as a brown solid. NMR (THF-dg, 200 K) 6 0.28.

Column chromatography on silica gel with methylene chloride as  527/2K*: IH NMR (THF-dg, 200 K) 6 4.85 (m, 1H, H1), 4.17
eluent afforded some unreacted phthalic anhydride and a trace of(m, 1H, H2), 3.69 (d, 1H3J,4 4 = 8.04 Hz, H7), 3.02 (d, 1HJy 4
corannulene. Further elution with acetonitrile afforded (2-carboxy- = 8.07 Hz, H6), 2.50 (d, 1H3Jyn = 7.24 Hz, H4), 2.34 (s, 1H,
benzoyl)corannulenel() as an orange-brown solid (28 mg, 70% H3), 2.02 (d, 1H2Jyn = 7.26 Hz, H5);3C NMR (THF-ds, 200
yield): mp 261262 °C; *H NMR (400 MHz, CDC}) 6 8.50 (d, K) 6 165.6 (C11), 151.7 (C12), 148.0 (C10), 147.2 (C14), 145.0
3Jyn = 8.8 Hz, 1H), 7.99 (d3Jyn = 7.6 Hz, 1H), 7.79 (s, 1H), (C15),142.1 (C9), 131.9 (C8), 125.6 (C1), 125.3 (C13), 125.0 (C7),
7.76-7.64 (m, 7H), 7.587.52 (m, 2H), 7.48 (d3Jyn = 7.6 Hz, 123.6 (C2), 121.4 (C4), 115.5 (C6), 113.7 (C3), 105.5 (C5).

1H); 'H NMR (400 MHz, acetonek) 6 8.63 (d,3Jyn = 8.8 Hz, . .
1H), 8.09 (d,2Juy = 7.6 Hz, 1H), 8.02 (d3Jy = 8.8 Hz, 1H), Acknowledgment. This work was supported by the United

8.00 (bs, H), 7.95 (B = 8.8 Hz, 1H), 7.93 (3, = 8.8 Hz, States-Israel Binational Science Foundation (BSF) and the U.S.
1H), 7.88 (d,3Jn = 8.8 Hz, 1H), 7.84 (d¥Jyy = 7.2 Hz, 1H), Department of Energy. LA. is thankful for the Horowitz
7.76 (t,3Jyn = 7.6 Hz, 1H), 7.71 (t3Jyn = 7.6 Hz, 1H);13C Foundation Scholarship.
NMR: the acquisition was precluded by aggregation and poor
solubility; IR (v, cm1) 1703, 1659 (&0 groups); HRMS calcd
for CygH1403 398.0943, found 398.0946.

B. Naphtho[2,3-a]corannulene (5).A mixture of ketoacidll
(40 mg, 0.1 mmol) and red phosphorus (200 mg) in a solution
prepared from 5 mL of a 40% aqueous solution of hydroiodic acid JO051949C

Supporting Information Available: Experimental details, NMR
spectra of compound3 5, and8—11 and the computational data.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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