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ABSTRACT

A synthetic protocol for a novel family of symmetric polycyclic aromatics with a benzene or cyclooctatetraene (COT) ring as the core and
alternant fused benzene and cyclopentadiene rings as branches has been developed. The TiCl 4-promoted cyclizations construct both planar
trimers and tubelike tetramers via the “in situ” generation of the benzene or COT skeleton. The structures of 6b, 7a, 7b, and 10 have been
characterized by 'H and 13C NMR spectra and MALDI-TOF mass spectroscopy. These polycyclic aromatics also exhibit interesting optical
properties.

Recently, a renaissance of polycyclic aromatic hydrocarbonswell characterized categories, fully benzenoid hexabenzo-
(PAHSs) has been triggered by the construction of theoretically coronene-type (HBG)and benzene-cyclobutadiene alternant
interesting molecules as well as fullerenes, carbon nanotubes|[N]-phenylene-typé have attracted undiminished interest of
and self-assembled supramolecular architectures and also byractical and theoretical chemists. It would be revealing to
their prospective utilization in molecular electronics and
optoelectronics, including solar cells, liquid crystal displays, (1) (a) Adam, D.; Schuhmacher, P.; Simmerer, J.; Héussling, L.:
organic light-emitting diodes (OLEDs), and organic field Siemensmeyer, K.; Etzback, K. H.; Ringsdorf, H.; HaaremBture1994

. . . . 371, 141. (b) Schmidt-Mende, L.; Fechtenkotter, A.; Miillen, K.; Moons,
effect transistors (OFET$)The unique properties stemming g Friend, R. H.; Mackenzie, J. Bcience?001, 293, 1119. (c) Percec,
from the extendedr-conjugation within planar or curved V. Glodde, M.; Bera, T. K.; Miura, Y.; Shiyanovskaya, 1.; Singer, K. D.;
backbones are affected by the geometries (sizes, symmetriesy,  utaon & 5 Dush. Halrea002 4Ly 364, () sarorat Hrbais

boundaries, and cores) of the corresponding moleéules.  T.; Hirao, T.Science2003,301, 1878. (e) Ajami, D.; Oeckler, O.; Simon,
. A.; Herges, RNature 2003,426, 819. (f) Hill, J. P.; Jin, W. S.; Kosaka,
The modern synthetic approaches to PAHs have beena’ ykushima, T.: Ichihara, H.: Shimomura, T.: Ito, K.: Hashizume, T.:

essential for the emergence of diverse, previously inacces-lsh(iiz,)l\(l.;)ASida, T.SS(I:_:iené):é004,§0i1j 1/:181.Ch 04987 100. 3721
. . . . a) Stein, S. E.; Brown, R. L1. Am. em. So , , .
sible PAH families, which have dramatically advanced the 0" £ "gland. 3 D.; Ito, S. Gherghel, L.: Mllen, & Am. Chem.

fundamental knowledge of these molecifi@svo structurally S0c.2000,122, 7707.
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develop a series of novel PAHs based on alternant fused
benzene and cyclopentadiene rings to bridge the gap betweel
both families.

As demonstrated by the linear fluorene-type analogues,
oligo- and polyfluorenes exhibited distinct yet promising . o ) .
propertie$ Truxene has been explored a€aripod starting Friedel—Crafts cyclization in good yields. It is noteworthy
material for the construction of larger polyarenes and bowl- that the content of the side-products decreased with the
shaped fragments of fullerenes, liquid crystals, and asym-introduction of alkyl chains at the C-9 bridge, probably
metric catalyst&.Our group previously reported powerful caused by the increasing steric hindrance. We did not obtain
routes to Cz-symmetric, fused polycyclic aromatics and compound when the R group was a hexyl substituent, and
dendrimers?8 Construction of novel, nanosized, soluble, flat the yield was nearly zero.
polycyclic aromatics is of great interest. In this contribution,  The dropwise addition of4 (as o-dichlorolobenzene
we have developed an efficient approach to a novel family solutions) to a refluxingo-dichlorolobenzene solution of
of polycyclic aromatics with a benzene or cyclooctatetraene TiCl, (6 equiv) immediately produced a deep purple mixture.
(COT) ring as the core and fused benzene and cyclopenta-After 2 h, quenching the reaction with hydrochloric acid
diene rings as branches. The diameter of these trimerfollowed by column chromatography provided the desired
molecules is about 2—3 nm. They also show interesting polycyclic aromatic derivative§a,b (trimers) and another

7aR=H, 19%
7b R = CHs, 16%

physical properties.
As shown in Scheme 1, compoutdwith either methyl
or no substitution at the C-9 bridyenderwent Heck reaction

series7a,b (tetramers). The TiGlprotocol was powerful in
this system, providing light yellow or pale products in both
high purity and excellent yields. Scheme 2 shows that the

and subsequent Raney Ni-catalyzed hydrogenation to affordfinal TiCl,-promoted cyclizations of at high temperatufg>1°

3. Hydrolysis with potassium hydroxide/ethanol and then

acidification of3 afforded the acids followed by transforma-
tion into ketones4a,b with side-products5a,b by the

(3) (@) Zander, MPolycyclische Aromaten; Teubner: Stuttgart, 1995.
(b) Goddard, R.; Haenel, M. W.; Herndon, W. C.; Kruger, C.; Zander, M.
J. Am. Chem. S0d.995,117, 30-41. (c) Hagen, S.; Hopf, HTop. Curr.
Chem.1998,196, 45.

(4) See review papers: (a) Berresheim, A. J.; Mdller, M.; Miillen, K.
Chem. Rev1999,99, 1747. (b) Watson, M. D.; Fethtenkdétter, A.; Miillen,
K. Chem. Re»2001,101, 1267. (c) Simpson, C. D.; Wu, J.; Watson, M.;
Muillen, K. J. Mater. Chem2004, 494.

(5) (a) Beckhaus, H.-D.; Faust, R.; Matzger, A. J.; Mohler, D. L.; Rogers,

D. W.; Richardt, C.; Sawhney, A. K.; Verevkin, S. P.; Vollhardt, K. P. C.;
Wolff, S. J. Am. Chem. So@000,122, 7819. (b) Eickmeier, C.; Holmes,

D.; Junga, H.; Matzger, A. J.; Scherhag, F.; Shim, M.; Vollhardt, K. P. C.

Angew. Chem., Int. EA.999,38, 800. (c) Han, S.; Bond, A. D.; Disch, R.

L.; Holmes, D.; Schulman, J. M.; Teat, S. J.; Vollhardt, K. P. C.; Whitener,

G. D. Angew. Chem., Int. E®2002,41, 3223. (d) Bruns, D.; Miura, H.;
Vollhardt, K. P. C.Org. Lett.2003,5, 549 and references therein.

(6) (&) Scherf, UJ. Mater. Chem1999,9, 1853. (b) Scherf, UTop.
Curr. Chem.1999,201, 163. (c) Jacob, J.; Sax, S.; Piok, T.; List, E. J. W.;
Grimsdale, A. C.; Millen, KJ. Am. Chem. So2004,126, 6987.
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(7) (a) Boorum, M. M.; Vasil'ev, Y. V.; Drewello, T.; Scott, L. Bcience
2001,294, 828. (b) Scott, L. T.; Boorum, M. M.; McMahon, B. J.; Hagen,
S.; Mack, J.; Blank, J.; Wegner, H.; de Meijere, 8cience2002, 295,
1500. (c) Pei, J.; Wang, J.-L.; Cao, X.-Y.; Zhou, X.-H.; Zhang, W.JB.
Am. Chem. So003,125, 9944. (d) Cao, X.-Y.; Zhang, W.-B.; Wang,
J.-L.; Zhou, X.-H.; Lu, H.; Pei, JJ. Am. Chem. SO@_003 125, 12430. (e)
Goémez- Lor, B,; de Frutos OEchavarren A. MChem. Commurl999,
2431. (f) Rabldeau P. W.; Abdourazak, A. H.; Marcinow, Z.; Sygula, R.;
Sygula, A.J. Am. Chem. Sod995,117, 6410. (g) Sygula, A.; Rabideau,
P. W.J. Am. Chem. So2000,122, 6323. (h) Perova, T. S.; Vij, J. Rdv.
Mater. 1995,7, 919. (i) Fontes, E.; Heiney, P. A.; Ohba, M.; Haseltine, J.
N.; Smith, A. B.Phys. Rev. A1988,37, 1329. (j) Destrade, C.; Malthete,
J.; Tinh, N. H.; Gasparoux, HPhys. Lett1980,78A, 82. (k) Lambert, C.;
Noll, G.; Schamizlin, E.; Meerholz, K.; Brauchle, Chem. Eur. J1998,

4, 2129. () Gomez-Lor, B.; de Frutos,.(Ceballos, P. A.; Granier, T.;
Echavarren, A. MEur. J. Org. Chem2001,11, 2107. (m) de Frutos,.©
Granier, T.; Gomez-Lor, B.; Jiménez-Barbero, J.; Monge, M Qutiérrez-

Puebla, E.; Echavarren, A. NChem. Eur. J2002,8, 2879. (n) Ruiz, M.;
Gomez-Lor, B.; Santos, A.; Echavarren, A. Eur. J. Org. Chem2004,

14, 858.

(8) (a) Cao, X.-Y.; Liu, X.-H.; Zhou, X.-H.; Zhang, Y.; Jiang, Y.; Cao,
Y.; Cui, Y.-X,; Pei, J.J. Org. Chem2004, 69, 6050. (b) Zhou, X.-H.;
Yan, J.-C.; Pei, JOrg. Lett.2003,5, 3543.
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efficiently generated “in situ” the corresponding products | N

with a central benzene core and another series with a COT Scheme 3
skeleton.

Scott also found the formation of COT derivatives in
TiCl,-catalyzed cyclization§ however, they did not isolate
the pure product due to the poor solubility. As the smallest
stable nonaromatic annulene, COT and its derivatives have
been attractive synthetic targets and played a notable role in
diverse aspects of organic, organometallic, and theoretical
chemistryt! Most of the existing syntheses assembled a COT 8
ring from simple alkyne precursors by either Ni-catalyzed

COOMe

>coome RaneyNi R

Pd(OAc), Hart =
90°C,12h 2-3h

A

L : . 69%
cyclotetramerizations or [4 4] couplings. Herein, we also °
developed the initial synthesis and characterization of a series ko EtoH  Hal (coci, AICl,, CS,

. . . : [ S » >
of novel COT derivatives containing four fully-conjugated reflx, 120 CH,Chy DMF, 0°C roflox 21

aromatic planes. TetrameFa and 7b were isolated from

the trimers by column chromatography. To the best of our
knowledge, we have synthesized and isolated the largest fully
m-conjugated COT derivatives up to now.

We guess that a mixture of diastereoisoménsight exist
in our experiments according to the structur& oflowever,
we obtained finéH and'3C NMR spectra, which suggested
that only one of the isomers was separated after column
chromatography. Unfortunately, we did not obtain other
isomers. These tetramers have exhibited interesting structures,
and we are still investigating them through crystallography
and molecular modeling to confirm the accurate configuration
of 7.

We also employed this cyclization on the larger precursor
containing truxene skeleton (10) prepared through the same
procedures froml to 4 by employing monoiodotruxene
derivative8 as the starting material. As we mentioned, the
Friedel-Crafts cyclization catalyzed by Algbnly afforded
9 in high yield due to the presence of hexyl groups at the
truxene moiety. We obtained the MALDI-TOF spectrum of
11. Unfortunately, its NMR spectra were not recorded due
to the small amount of compound available. Scheme 3
illustrates the synthetic route frod to 10 and 11. We
successfully obtained PAHs with diverse boundaries and
enlarged sizes10 containing 13 benzene rings, add
containing 16 benzene rings, which represented the largest 11
monodispersed member of this family.

Molecular modeling indicated that molecul&8 and 6b
span 3.0 and 2.2 nm in the planar conformation, respectively. mediates and some target molecules have been confirmed
The strategy for constructing our polycyclic aromatic with by 'H and*3C NMR spectra, as well as MALDI-TOF mass
alternant five- and six-membered rings was very efficient. spectrum. The NMR spectrum data&d was not obtained
These compounds exhibited large molecular weights, high due to its poor solubility (see Supporting Information).
flexibility, and thus potential new properties. Some new  We investigated the remarkable NMR behaviors of trimers
compounds have been characterized by a variety of spec-and tetramers. For example, Figure 1 shows the comparison
troscopic techniques. The structures and purities of inter- of IH NMR spectra of trimer6b and tetramer7b. We
observed thabb revealed a singlet at aboat4.10 ppm for

o-Cl,Ph
reflux

E?)O)L?e) /f. H.; Na;anéur&\, TS.; TSUtLSU% G)/ig- Lg:]t 200%36(‘é 028(?51.22 the H-6 (belonging to protons at newly generated methylene
a nsems, R. b. .; Scott, L. T. Am. em. S0 y y H H

2719. (b) Astruc, DModern Arene Chemistry; Wiley-VCH: Weinheim, bridges) and tYVO smglgtg at abo@t8.12 (H-5) and 7.68
Germany, 2002. (H-7) ppm, while7b exhibited a pair of doubletsl (= 23.4

(11) (a) Schroder, QCyclooctatetraenegVerlag Chemie GmbH: Wein- i i i
heim, Germany, 1965. (b) Fray, G. I.; Saxton, R. The Chemistry of Hz) with chemical shifts at about 4.35 and 3.55 ppm for

Cyclooctatetraene and Its Destices; Cambridge University Press: New the H-6 as well as two singlets at abau7.77 (H-5) and

\LKOLk,IlEBZC?- (©) PaqU%t]e, L. /_ACE. Clihem. Reﬂ.&%l 26,I§;- () Pfliqlgege, 7.62 (H-7) ppm. The ring currents within the planar trimers
AN vances in Theoretically Interesting Molecylésummel, R. P., : . . . .
Ed.; JAl Press: Greenwich, CT, 1992; Vol. 2, p 1. (e) Lange, G.; Reimelt, provided more deshielding on H-5 than its corresponding

O.; Jessen, L.; Heck, Eur. J. Inorg. Chem2000, 1941. tetramers.
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Figure 1. Comparison ofH NMR spectra of6b and 7b. Wavelength

Figure 2. Normalized absorbance d@b, 7b, and 10 in THF

. . . solutions at room temperature.
The UV—vis absorption spectra of trimesg, 7b, and10

were measured in dilute THF solutions. Normally, polycyclic
aromatics show a very stromg-7* electron absorption band  been developed. The Tigpromoted cyclizations construct
in the UV—visible region, which progressively red-shifts with  both planar trimers and nonplanar tube tetramers via the in
an increase in the effective conjugation length. The solution situ generation of benzene or COT rings as the core. The
concentration of three compounds was about-d 106 M. largest monodispersed truxene analogd®) (and fully
Figure 2 presents the combined absorption spectr@bpf  m-conjugated COT derivative (11) containing up to 13 and
7b, and10. From absorption spectra in Figure 2, in the region 16 benzene rings have been prepared, respectively. These
of above 320 nm, we observed that the absorptian (336 molecules span about 2—3 nm. Trim@v exhibits similar
nm for 6b, 338 nm for7b, and 342 nm fofl0, respectively)  absorption behaviors as tetran7éx We are still investigating
exhibited a red shift after the cyclization in comparison with the optical properties of these polycyclic aromatics. Our COT
those of fluorene (298 nm) and truxene moieties (307 nm), derivatives should also be of potential application in coor-
which were contributed by the increase in the effective dination and organometallic chemistry. The door to novel
conjugation length. The results indicated that such large, flat PAH families with unique topologies is now opened.
polycyclic aromatic molecules are useful for thedelocal-
ization of whole molecules. Moreover, the absorption Acknowledgment. This work was supported by the Major
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similar to those of7b. We are still investigating such . . . ) .
interesting phenomena through the synthesis of more such Supportlng _Informat|on Ava|lab_le. Experlmgntgl pro-
polycyclic aromatics. cedures, addltloqal data, and details. This material is available
In conclusion, an effective synthetic protocol producing €€ Of charge via the Internet at http://pubs.acs.org.
novel PAH families with dramatically distinct topologies has 0L047625C

962 Org. Lett, Vol. 7, No. 6, 2005



