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A novel family of polycyclic aromatic hydrocarbons of various shapes based on Hwéndi@no[1,2b]-
triphenylene skeleton has been synthesized via a reaction sequence oefAbilels reaction, decarbo-
nylation, followed by an oxidative cyclization. In particular, the reaction conditions for regioselective
oxidative cyclization promoted by Fef4re investigated, and this reaction is employed as an effective
method to afford the above molecules under mild conditions. Their photophysical properties in dilute

solution are also reported.

Introduction

In the past decades, polycyclic aromatic hydrocarbons (PAHS)
with well-defined geometry and desired electronic properties
have attracted considerable attention. In addition to their

(1) (a) Clar, E.Polycyclic HydrocarbonsAcademic Press: New York,
1964. (b) Harvey, R. GPolycyclic Aromatic Hydrocarbon&Viley-VCH:
New York, 1997. (c) Hopf, HClassics in Hydrocarbon Chemistryiley-
VCH: Weinheim, Germany, 2000. (d) Diederich, F.; Rubin, Ahgew.
Chem., Int. Ed. Engl1992 31, 1101-1123. (e) Boese, R.; Matzger, A. J.;
Mohler, D. L.; Vollhardt, K. P. CAngew. Chem., Int. Ed. Endl995 34,
1478-1481. (f) Carbon Rich Complex Top. Curr. Chem1998 196,
1-220. (g) Carbon Rich Complex.ITop. Curr. Chem1999 201, 1—222.

(h) Tong, L.; Lau, H.; Ho, D. M.; Pascal, R. A., 3. Am. Chem. Soc.
1998 120, 6000-6006. (i) Yamaguchi, S.; Swager, T. M. Am. Chem.
Soc.2001, 123 1208712088. (j) Schmidt-Mende, L.; Fechtenkotter, A.;
Millen, K.; Moons, E.; Friend, R. H.; Mackenzie, J. Bcience2001, 293
1119-1122. (k) Percec, V.; Glodde, M.; Bera, T. K.; Miura, Y.; Shiy-
anovskaya, |.; Singer, K. D.; Balagurusamy, V. S. K.; Heiney, P. A.; Schnell,
I.; Rapp, A.; Spiess, H.-W.; Hudson, S. D.; Duan, Mature 2002 417,
384—387. (I) Percec, V.; Glodde, M.; Bera, T. K.; Miura, Y.; Shiyanovskaya,
I.; Singer, K. D.; Balagurusamy, V. S. K.; Heiney, P. A.; Schnell, |.; Rapp,
A.; Spiess, H.-W.; Hudson, S. D.; Duan, Nature2002 419, 384—387.
(m) Ajami, D.; Oeckler, O.; Simon, A.; Herges, Rature2003 426, 819—
821. (n) Sakurai, H.; Daiko, T.; Hirao, Bcience2003 301, 1878-1878.

(o) Hill, J. P.; Jin, W. S.; Kosaka, A.; Fukushima, T.; Ichihara, H.;
Shimomura, T.; Ito, K.; Hashizume, T.; Ishii, N.; Aida, $cience2004
304, 1481-1483.
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applications in the construction of fullerenes and carbon
nanotubes and in the assembly of supramolecular architectures,
PAHs have been extensively used in electronic and optoelec-
tronic devices, such as photovoltaic cells, liquid crystal displays,
organic light-emitting diodes (OLEDs), and organic field effect
transistors (OFETS)Studies on these molecular-defined model
compounds also enrich the chemistry of PAHSs.

Since both the molecular size and the shape of PAHs play
very important roles on their electronic properties, energetics,
and reactivity, it is necessary to design and synthesize PAHs
of diverse structures for systematic investigation of their
structure-property relationships and the tuning of molecular
properties for specific applicatioA$.Moreover, the construction
of novel nanosized, soluble, planar or helical polycyclic aromatic
compounds is of great interest. Thus, elegant synthetic ap-
proaches to PAHs with diverse sizes and shapes have been
developed:* In particular, a multibond oxidative coupling

(2) (a) Clar, EThe Aromatic SexteWiley: London, 1972. (b) Zander,
M. Polycyclische AromateriTeubner: Stuttgart, 1995. (c) Goddard, R.;
Haenel, M. W.; Herndon, W. C.; Kger, C.; Zander, MJ. Am. Chem.
Soc.1995 117, 30-41.

(3) (a) Hagen, S.; Hopf, HTop. Curr. Chem1998 196, 45-89. (b)
Randi¢ M. Chem. Re. 2003 103 3449-3606. (c) Bruns, D.; Miura, H.;
Vollhardt, K. P. C.Org. Lett.2003 5, 549-552 and references therein.
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reaction using FeGlhas been explored as an efficient meth-
odology in the construction of novel PAHSs, including hexa-
peri-hexabenzocoronene (HBC), sulfur-containing polycyclic
aromatics, as well as heterosuperbenzérigewever, to our
best knowledge, no selectivity was observed with such oxidative
cyclization in the construction of larger HBC derivatives.

Herein, we report the synthesis of a novel class of PAHs with
various shapes, in which the Héindeno[1,2b]triphenylene
moiety served as the basic skeleton. We developed a facile,
efficient, and regioselective approach to such molecules via a
reaction sequence of Sonogashira cross-coupling, Badider
reaction, decarbonylation, and an oxidative cyclization by geCl
Additionally, fluorene units were incorporated as the basic
building block for these PAHs because fluorene analogues and
polyfluorenes have exhibited desired properties for applications
in optoelectronic devicesDue to the presence of a number of
alkyl substituents, the accomplished PAHs exhibit good solubil-
ity in common organic solvents.

Results and Discussion

Synthesis.Scheme 1 illustrates the synthetic route to dimer
3. The Sonogashira coupling reaction of 9,9-dihexyl-2-iodo-
fluorene with phenylacetylene in the presence of Pd catalyst
afforded 1 as a white solid in high yield. The DielsAlder
reaction of compound with 2,5-diethyl-3,4-diphenylcyclopen-
tadienone followed by decarbonylation in refluxed mesitylene
produced? in 95% yield. It is noteworthy that the oxidative
cyclization mediated by Fe¢(8 equiv of FeG per C-C bond
formationy afforded dimer3 rather than the expectetl The
formation of 3 requires not only the cyclization to afford the
expected 1B-indeno[1,2b]triphenylene skeleton but also an
intermolecular dimerization coupling between the fluorene units.
We were not able to isolate any compouhdit 0 °C, we did
not observe polymerization or other compounds even when an
excess amount of Fe£(20 equiv per C-C bond formation)
was used.

As shown in Scheme 2, to better understand the process of

the oxidative cyclization, we applied the same reaction condi-
tions to 9,9-dihexyl-2-fluorenylacetylen&.* Compound and
2,5-diethyl-3,4-diphenylcyclopentadienone underwent a Biels
Alder reaction followed by decarbonylation to produgeln
comparison with2, the phenyl ring in close proximity to the

(4) (2) Mtiler, M.; Kibel, C.; Mulen, K. Chem—Eur. J.1998 4, 2099~
2109. (b) Ddz, F.; Brand, J. D.; Ito, S.; Gherghel, L.; Men, K. J. Am.
Chem. So200Q 122 77077717. (c) Beckhaus, H.-D.; Faust, R.; Matzger,
A. J.; Mohler, D. L.; Rogers, D. W.; Rihardt, C.; Sawhney, A. K,;
Verevkin, S. P.; Vollhardt, K. P. C.; Wolff, SI. Am. Chem. SoQ00Q
122, 7819-7820. (d) Tovar, J. D.; Rose, A.; Swager, T. B1.Am. Chem.
So0c.2002 124 7762-7769. (e) Draper, S. M.; Gregg, D. J.; Madathil, R.
J. Am. Chem. So002 124, 3486-3487. (f) Wang, Z.; TomovicZ;
Kastler, M.; Pretsch, R.; Negri, F.; Enkelmann, V. lMua, K. J. Am. Chem.
Soc. 2004 126, 7794-7795. (g) Wu, J.; TomovicZ; Enkelmann, V.;
Mullen, K. J. Org. Chem2004 69, 5179-5186. (h) Wu, J.; Watson, M.
D.; Tchebotareva, N.; Wang, Z.; Men, K. J. Org. Chem2004 69, 8194~
8204. (i) Cao, X.-Y.; Zhang, W.; Zi, H.; Lu, H.; Pei, J. Org. Chem.
2005 70, 3645-3653. (j) Pei, J.; Zhang, W.-Y.; Mao, J.; Zhou, X.-H.
Tetrahedron Lett2006 47, 1551-1554.

(5) (a) Scherf, UJ. Mater. Chem1999 9, 1853-1864. (b) Wu, C.-C;
Liu, T.-L.; Hung, W.-Y.; Lin, Y.-T.; Wong, K.-T.; Chen, R.-T.; Chen, Y.-
M.; Chien, Y.-Y.J. Am. Chem. So@003 125 3710-3711. (c) Miler, D.
C.; Falcou, A.; Reckefuss, N.; Rojahn, M.; Wlederhirm, V.; Rudati, P
Frohne, H.; Nuyken, O.; Becker, H.; Meerholz, IKature2003 421, 829~
833. (d) Geng, Y. H.; Culligan, S. W.; Trajkovska, A.; Wallace, J. U.; Chen,
S. H. Chem. Mater2003 15, 542-549. (e) Jacob, J.; Sax, S.; Piok, T,;
List, E. J. W.; Grimsdale, A. C.; Mlen, K. J. Am. Chem. So2004 126,
6987-6995.
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SCHEME 1
Co.__CeH Ce.__CeH
13 613 Ph — H 13 13
|Pd(PPh3)gCI2, Cul 0.0 Q
toluene, EtzN

FeCls
2
CH2Cl2/CH3NO2

SCHEME 2
(o]
Hi3Ce. CeHi3
SRt
mesﬂylene reflux
73%

adjacent fluorenyl moiety was absent in compoungo that

the 1MH-indeno[1,2b]triphenylene skeleton could not be formed
using FeC as the oxidant. To assess the specificity of the
oxidative cyclization under such conditions, compoéngas
subjected to FeGloxidation and compound was produced
and isolated in 50% vyield. For compouBdwe knew that the
10H-indeno[1,2b]triphenylene skeleton could not be constructed
using Fed oxidant. We also employed a larger excess of geCl
(20 equiv per G-C bond formation) to drive the reaction to
completion without polymerization and chlorization. The F£Cl
oxidation has ever been employed to prepare polyfluorene from
fluorene derivatives at room temperat@iréhese experimental
results suggest that the FgQIixidative coupling might be an
effective method for the preparation of oligofluorene derivatives.
In addition, as shown in Schemes 1 and 2, we did not observe
any products from the €C bond formation between the
benzene rings that are not part of the fluorene units. This result
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SCHEME 3 in a good yield (94%), as illustrated in Scheme 5. For this two-
fluorene-terminated compouri from compoundl5, it was
surprising that we did not observe any dimerization, such as in
the cyclizations of3 and 7, or polymerization at OC. This
might be due to the lower cation activity caused by the high
delocalization of the whole conjugated structure and the steric
hindrance within the structure df5. This may allow us to
prepare even larger molecules with interesting structures through
the formation of multiple €C bonds utilizing oligofluorenyl-
acetylene derivatives.

To demonstrate generality of the method, we examined
whether extended fluorenyl moieties would affect the cyclization
efficiency. We prepared model compoufhé through Diels-
Alder reaction and decarbonylation from 2,7-bis{@',9"-

. . . . . dihexyl-2'-fluorenylethynyl)]-9,9-dihexylfluorenel() (as shown
is quite different from the _pre%aratlon of hepari-hexaben- i, scheme 6). Similar oxidative conditions effectively provided
zocoronene (HBC) derivatives®! the double-cyclized produ@®in 61% yield. This result suggests

We th(_an_ optimized the conditions of this oxidative cycliza_tion that the current protocol may provide an effective method for
by examining the amount of FeAdded as well as the reaction 4, preparation of helical polycyclic aromatics.

temperature. It was found that even in the presence of an excess All herei d pol i tic hvd b dil
amount of FeGl(more than 20 equiv per-©C bond formation), . erein prepared polycyclic aromatic hydrocarbons readily
dissolved in common organic solvents, such as GHId

no chlorinated byproducts were produced &00* Nonethe- . )
less, the cyclization was completed in less than 10 min. chlorobenzene, and were characterized by standard spectroscopic

However, as shown in Scheme 3, when a bromide substituent™easurements. The identity and the purity of all new compounds
was introduced at the C7 position of the fluorene unit, the Were confirmed byH and**C NMR spectra, MALDI-TOF or
formation of the 16i-indeno[1,2b]triphenylene system was not ~ El mass spectrum, as well as elemental analy$isNMR
achieved, and we speculated that this might be due to theSPectrain CDGlof all compounds show sharp and well-defined
deactivation effect of the bromide group. Upon introducing a Signals at room temperature. For all compounds, the presence
methoxy substituent to enhance the electron density of the Of signals at 0.40.7 ppm was observed iiH NMR spectra.
phenylene ring, compountio was obtained by the oxidative ~ These signals were assigned to methylene groups of the hexyl
cyclization of9 in 30% yield. substituents, and they were more upfield than those of the methyl
With these results in hand, we utilized the oxidative cycliza- 9roup and the methylene groups in other structures. Such
tion protocol described above to construct larger systems viabehaviors had actually also been observed by us and by others
the fluorenyt-phenyl or fluorenyt-fluorenyl carbor-carbon in the extensively investigated 9,9-dialkylfluorene moi&Bor
bond formation. From the corresponding iodide compounds, we all cyclized compounds, in the aromatic range *bf NMR
prepared 9,9-dihexyl-2,7-bis(2-phenylethynyl)fluoreh#) @nd spectra, both sharp singlet signals belonging to the triphenylene
bis(9,9-dihexyl-2-fluorenyl)acetylenel4) through the Sono-  system moved downfield to 8.3 ppm from less than 8.0 ppm
gashira coupling reactiot? As shown in Scheme 4, the Diels after the cyclization. Spectroscopic measurements also confirm
Alder reaction of 9,9-dihexyl-2,7-bis(2-phenylethynyl)fluorene the C, symmetry of these polycyclic molecules. Likely due to
with 2,5-diethyl-3,4-diphenylcyclopentadienone followed by the hexyl substituentsfused compound$3 and 16 with such
decarbonylation affordeti2 in 68% yield. A double cyclization large planarr-systems did not exhibit concentration-dependent
of 12 by the oxidation of FeGlafforded13in an optimal yield chemical shifts in théH NMR spectra, although their favorable
of 95%. Compound6was also obtained via a similar procedure cofacial interactions could induce aggregation within the system.

SCHEME 4
(o]
H13Ce._CeH1a / ﬁ
OO0~
O 0 mesitylene, reflux
68%
11
FeCl;
_—_—
CH2CIlo/CH;NO4
95%
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SCHEME 5
()
Ph Ph
mesitylene, reflux
91%
14
FeCl3
CH2CIl2/CH3NO2
94%
SCHEME 6
0
H13Cs__CeH13 H13Ce__CeHi3 H13Cs
OO0
mesitylene, reflux
H43C¢” "CH
13Ce 13 76%
17
FeCI3
CH2CIl2/CH3NO2
61%

Photophysical Properties.The basic photophysical properties nm for 10, 276 nm for13, and 281 nm forl6), except for

of these 16i-indeno[1,2b]jtriphenylene derivatives in dilute  compound’ because no H+-indeno[1,2b]triphenylene skeleton
THF solutions (10° mol L™1) were first investigated, and their  existed in this compound structure. We also observed the strong
absorption spectra are shown in Figure 1. Table 1 summarizesabsorption behaviors at300—310 nm for another five com-
the photophysical properties of these compounds. The typical
absorption feature of the triphenylene moiety was-@60— (8) (a) Ranger, M.; Leclerc, MMacromoleculed999 32, 3306-3313.
260 nm1% For most of our compounds studied, a slight red shift (b) Destri, S.; Pasini, M.; Botta, C.; Porzio, W.; Bertini, F.; Marghio J.

was observed in their absorption spectra (270 nm3{fo276

(6) (a) Fukada, M.; Sawada, M.; Yoshina, §pn. J. Appl. Phys1989
28, 1433-1435. (b) Fukuda, M.; Sawada, K.; Yoshino, K.Polym. Sci.
A: Polym. Chem1993 31, 2465-2471. (c) Liu, B.; Chen, Z.-K.; Yu, W.-
L.; Lai, Y.-H.; Huang, W.Thin Solid Films200Q 363 332-335. (d)
Advincula, R.; Xia, C.; Inaoka, SPolym. Prepr.200Q 41, 846-847.

(7) Lee, S. H.; Nakamura, T.; Tsutsui, Drg. Lett. 2001, 3, 2005~
2007.

Mater. Chem.2002 12, 924-933. (c) Alder, R. W.; Anderson, K. R.;
Benjes, P. A.; Burts, C. P.; Koutentis, P. A.; Orpen, A.J5Chem. Soc.,
Chem. Communl998 309-310. (d) Ranger, M.; Banger-Garipy, F.;
Leclerc, M.Acta Crystallogr., Part CL998 54, 799-805. (e) Cao, X.-Y.;
Liu, X.-H.; Zhou, X.-H.; Zhang, Y.; Jiang, Y.; Cao, Y.; Cui, Y.-X,; Pei, J.
J. Org. Chem2004 69, 6050-6058.

(9) (a) Pei, J.; Wang, J.-L.; Cao, X.-Y.; Zhou, X.-H.; Zhang, W.3B.
Am. Chem. So2003 125 9944-9945. (b) Cao, X.-Y.; Zhang, W.-B;
Wang, J.-L.; Zhou, X.-H.; Lu, H.; Pei, J. Am. Chem. SoQ003 125,
12430-12431.
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FIGURE 1. The absorption spectra of new compounds in dilute THF
solutions (10° mol L) at room temperature.

TABLE 1. Photophysical Properties of New Compounds in Dilute
THF Solutions (107> mol L™Y)

absorption € emission
compound Amax (NM) (x10°PM~tem™) Amax (NM)
3 302 0.90 393
369 1.2 417
7 341 0.73 386
10 303 0.93 412
341 0.70
13 297 1.1 383
357 0.70 403
388 0.50
16 312 0.97 406
19 313 0.77 397
363 14
380 15

pounds. Compound3 10, and13 exhibited similar absorption
peaks in this region (302 nm f& 303 nm forl0, and 297 nm
for 13), while compoundsl6 and 19 showed the similar
absorption feature (312 nm fdr6 and 313 nm forl9). The
molar extinction coefficientsej of these peaks for these five
compounds were around1® M~1 cm1,

Normally, oligofluorene and polyfluorene derivatives show
strongm—ax* electron absorption bands in the visible region,
which is progressively red-shifted with increasing chain length.
For compound, the maximum absorption peakédghay, at 369
nm with a shoulder at 387 nm. For compoufadts absorption,
Amax Was at 341 nm, which was close to that of the correspond-
ing oligofluorene derivative&t In comparison with compound
7 (Amax= 341 nm), compoun@ exhibited the obvious red shift,
which might be due to the increasing effective conjugation
length by the 1Bl-indeno[1,2b]triphenylene units. Similar
behaviors were also observed from the absorption spectra o
compounds10 and 13. In comparison with compoundsb,
compoundl9 exhibited a broad absorption spectrum. Moreover,
its onset red-shifted from about 370 nm for compourdto

410 nm. These observations suggested the formation of a highly

extendedr-delocalized system in compouri®.

Figure 2 illustrates the photoluminescent (PL) spectra for
these compounds in dilute THF solutions, and all compounds
showed similar behaviors and a maximum with a well-defined

(10) (a) Morrison, D. J.; Trefz, T. K.; Piers, W. E.; McDonald, R.; Parvez,
M. J. Org. Chem2005 70, 5309-5312. (b) Bacher, A.; Erdelen, C. H.;
Paulus, W.; Ringsdorf, H.; Schmidt, H.-W.; SchuhmacheryiBcromol-
eculesl1999 32, 4551-4557. (c) Rose, A.; Lugmair, C. G.; Swager, T. M.
J. Am. Chem. So@001, 123 11298-11299.

(11) Zhou, X.-H.; Yan, J.-C.; Pei, Drg. Lett.2003 5, 3543-3546.
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FIGURE 2. The emission spectra of new compounds in dilute THF
solutions (10° mol L™1) at room temperature.

vibronic feature. The PL behaviors of these compounds show
a red shift in comparison to their corresponding absorption. The
emission behavior of compourl peaked at 393 nm with a
vibronic emission at 417 nm. We also observed the maximum
emissions at 386 nm for compouifidat 412 nm for compound

10, at 406 nm for compouni6, and at 397 nm for compound
19. From the PL feature of compouriB, both peaks at 383
and 403 nm showed almost the same emission intensity.

Conclusion

In conclusion, we have successfully developed a highly
effective, regioselective oxidative cyclization method to con-
struct a series of polycyclic aromatic hydrocarbons containing
a 1H-indeno[1,2b]triphenylene skeleton. The synthesis de-
scribed herein is generally accomplished in four steps: Sono-
gashira coupling, DielsAlder reaction, decarbonylation, and
finally the FeC} oxidative cyclization. Compared with the
work 34the replacement of 2,3,4,5-tetraphenylcyclopentadienone
with 2,5-diethyl-3,4-diphenylcyclopentadienone not only ef-
ficiently enhances the solubility of the desired polycyclic
aromatics but also provides an alternative synthetic route to
prepare PAH derivatives with interesting structures. Moreover,
we do not observe any -&C bond formation arising from
coupling of a pair of benzene rings in which both are not parts
of the fluorene unit. The utilization of this chemistry to construct
larger PAHSs indicates that the scope of such oxidative cycliza-
tion by FeC} could be extended beyond simple fluorene
derivatives. The ease of synthesizing these large polycyclic
aromatics with interesting structures and their aromatic precur-
sors with the current method has allowed us to expand the pool
of cyclization strategies and to better understand the strueture
goroperty relationship within such structures. The investigation
of photophysical properties also demonstrates the increase of
effective conjugated length after cyclization. These results
indicate that the derivatives a3 and16 might be suitable for
organic field effect transistor (OFET) applications. Detailed
studies on the photophysical properties of these new polycyclic
aromatics and their applications in optoelectronic devices are
currently underway in our laboratory.

Experimental Section

The ethynylene derivatives, 5, 8, 11, 14, and 17 have been
prepared by the literature procedufes.

Compound 2. A dry flask with a magnetic stirrer was loaded
with 1 (0.42 g, 0.97 mmol), commercially available 2,5-diethyl-
3,4-diphenylcyclopentadienone (0.56 g, 1.93 mmol), and mesitylene
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(15 mL). The mixture was refluxed for 24 h. After the evaporation
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phenyl-H-fluorene (0.76 g, 1.4 mmol) and 2,5-diethyl-3,4-diphe-

of the solvent under vacuum, the residue was purified by column nylcyclopentadienone (0.80 g, 2.8 mmol) in mesitylene (15 mL)

chromatography (petroleum ether/dichloromethamnkb: 1) to give
0.64 g (95%) of2. *H NMR (CDCls, 300 MHz, ppm): 6 7.61—
7.63 (1H, m), 7.49-7.51 (1H, dJ = 7.8 Hz), 7.19-7.30 (4H, m),
7.01-7.19 (16H, m), 2.322.37 (4H, m), 1.851.97 (4H, m),
0.54-1.26 (28H, m)3C NMR (CDCk, 75 MHz, ppm): 6 150.7,

gave 0.90 g (80%) dd as a white solid after purification by column
chromatography (petroleum ether/dichloromethanel5:1). H
NMR (CDCl;, 200 MHz, ppm): ¢ 7.65-7.69 (2H, dJ = 8.0 Hz),
7.43-7.56 (5H, m), 7.357.39 (1H, d,J = 8.0 Hz), 7.00-7.25
(15H, m), 6.65-6.69 (1H, dd,J = 2.4 Hz, 8.6 Hz), 6.556.59

149.5,141.4, 141.21, 141.18, 141.0, 140.94, 140.91, 140.0, 138.8,(1H, dd,J = 2.4 Hz, 8.6 Hz), 3.64 (3H, s), 2.242.28 (4H, m),
137.7, 137.6, 130.6, 130.54, 130.50, 130.4, 129.0, 127.1, 127.0,1.86-1.95 (4H, m), 0.52-1.07 (28H, m).13C NMR (CDCk, 50
126.94, 126.88, 126.54, 126.48, 125.73, 125.67, 125.2, 122.6, 119.4MHz, ppm): 0 157.5, 151.4, 149.87, 141.83, 141.80, 141.21,
118.3, 54.8, 40.7, 40.6, 31.55, 31.48, 29.9, 29.6, 24.5, 23.7, 23.4,141.17, 140.9, 140.6, 140.3, 139.7, 138.3, 138.1, 137.6, 133.4,

22.7,22.4,15.23,15.1, 13.9, 13.7. MS (Bl7): 694 (M', 100%),
609 (M" — 85). Anal. Calcd for GHsg: C, 91.59; H, 8.41. Found:
C, 91.19; H, 8.57.

Compound 3.Compound? (0.14 g, 0.20 mmol) was dissolved
in 100 mL of dry dichloromethane in a dry flask. A constant stream
of nitrogen was bubbled into the solution through a glass capillary.
A solution of FeC} (0.39 g, 2.4 mmol) in 5 mL of CENO, was
then added dropwise via syringe at@. The reaction mixture was
stirred for 10 min and quenched by adding 50 mL of methanol.

131.5, 131.4, 130.57, 130.50, 129.0, 128.8, 127.3, 127.2, 127.1,
127.05,125.8,125.1, 121.3, 119.7, 118.7, 112.7, 112.3, 54.9, 54.7,
40.6, 31.5, 29.9, 29.6, 24.5, 23.6, 23.4, 22.8, 22.4, 15.2, 15.1, 14.0,
13.9. MS (El,m/2): 800 (M*, 100%), 715 (M — 85). Anal. Calcd
for CeoHe4O: C, 89.95; H, 8.05. Found: C, 89.55; H, 8.23.
Compound 10.This compound was prepared following proce-
dures similar to those used to prepare compo@ndhus, the
reaction betweef in 100 mL of dry dichloromethane (0.14 g, 0.17
mmol) and FeGl (0.28 g 1.7 mmol) in 5 mL of CENO, gave

The reaction mixture was added to 100 mL of water and extracted 0.041 g (30%) ofLO as a white solid after product purification by

with dichloromethane. After the evaporation of the solvents, the

column chromatography (petroleum ether/dichlorometkael).

residue was purified by column chromatography (petroleum ether/ *H NMR (CDCls, 200 MHz, ppm): 6 8.78 (1H, s), 8.378.41 (1H,

dichloromethane= 10:1) to give 0.10 g (73%) @& as a light yellow
solid. 'H NMR (CDCls;, 200 MHz, ppm): 6 8.87 (2H, s), 8.68
8.72 (2H, d,J = 8.0 Hz), 8.42-8.45 (2H, d,J = 8.0 Hz), 8.36
(2H, s), 8.04-8.08 (2H, dJ = 8.0 Hz), 7.54-7.81 (8H, m), 7.16-
7.26 (20H, m), 3.263.27 (8H, m,), 2.142.17 (8H, m), 0.76
1.37 (56H, m)13C NMR (CDCk, 50 MHz, ppm): 6 152.2, 149.1,

d,J=19.2 Hz), 8.36 (1H, s), 8.148.13 (1H, dJ = 2.4 Hz), 8.02-
8.06 (1H, d,J = 8.0 Hz), 7.44-7.77 (8H, m), 7.1%7.24 (10H,
m), 4.10 (3H, s), 3.193.25 (4H, q,J = 5.5 Hz), 2.08-2.16 (4H,
m), 0.70-1.28 (28H, m).13C NMR (CDCk, 50 MHz, ppm): 6
158.3, 152.1, 149.1, 141.7, 141.31, 141.29, 141.24, 140.7, 140.6,
140.2,139.7, 135.1, 134.3, 132.8, 132.7, 132.3, 131.1, 131.0, 130.0,

141.5, 141.4, 141.2, 141.16, 141.0, 140.3, 139.8, 135.2, 135.1,128.9,127.3,127.1,126.3, 125.9, 125.4, 122.7, 121.7, 120.3, 114.0,
133.4,132.7,131.4,131.2,131.1, 131.0, 130.6, 130.3, 128.6, 127.2113.7, 106.7, 55.5, 55.3, 40.9, 31.4, 29.7, 27.0, 26.8, 23.9, 22.5,
126.6, 126.4, 125.9, 123.7, 122.7, 121.7, 120.4, 114.0, 55.3, 40.9,15.4, 15.1, 13.9. MS (Elyvz): 798 (M, 100%), 713 (M — 85).

31.4, 29.7, 27.0, 26.8, 23.9, 22.5, 15.4, 15.3, 13.9. MALDI-TOF
MS, m/z 1383 (M"). Anal. Calcd for GoeH116 C, 91.99; H, 8.01.
Found: C, 91.61; H, 7.95.

Compound 6.Compound was prepared by a procedure similar
to that used to prepa@ Thus, the reaction between®-dihexyl-
2'-fluorenylacetylene (0.50 g, 1.4 mmol) and 2,5-diethyl-3,4-
diphenylcyclopentadienone (0.80 g, 2.8 mmol) in mesitylene (15
mL) gave 0.63 g (73%) of as a white solid after purification by
column chromatography (petroleum ether/dichlorometharib:

1). 'H NMR (CDCl;, 200 MHz, ppm): 6 7.72-7.79 (2H, m), 7.33
7.44 (6H, m), 7.0%+7.12 (10H, m), 2.462.50 (4H, m), 1.95
1.99 (4H, m), 0.651.13 (28H, m).13C NMR (CDCk, 75 MHz,

Anal. Calcd for GoHgO: C, 90.18; H, 7.82. Found: C, 90.00; H,
7.92.

Compound 12.This compound was prepared following proce-
dures similar to those used to prepare compo@ndhus, the
reaction between 9,9-dihexyl-2,7-bis(2-phenylethynyl)fluorene (0.54
g, 1.0 mmol) and 2,5-diethyl-3,4-diphenylcyclopentadienone (1.2
g, 4.0 mmol) in mesitylene (10 mL) gave 0.72 g (68%)l@&fas a
white solid after product purification by column chromatography
(petroleum ether/dichloromethare10:1).'H NMR (CDCls, 200
MHz, ppm): ¢ 7.34-7.38 (2H, d,J = 8.0 Hz), 7.0%-7.10 (34H,

m), 2.20-2.28 (8H, m), 1.741.78 (4H, m), 0.571.00 (34H, m).
13C NMR (CDCk, 50 MHz, ppm): 6 149.43, 149.40, 141.4, 141.3,

ppm): 6 150.8, 150.3, 141.9, 141.7, 141.3, 141.0, 140.9, 140.5, 141.10, 141.03, 140.88, 140.85, 140.78, 139.6, 138.7, 137.7, 137.6,
139.7,139.1, 137.3, 130.4, 130.2, 129.2, 127.9, 127.2,127.1, 126.9137.5, 130.5, 128.7, 127.1, 125.7, 124.8, 118.3, 54.6, 41.1, 31.9,
126.7, 125.8, 124.0, 122.7, 119.6, 119.2, 55.1, 40.6, 31.5, 29.7,31.7, 31.6, 30.0, 24.5, 23.3, 22.8, 22.4, 15.3, 15.2, 14.3, 14.1, 13.9.

26.7, 23.7, 23.6, 22.5, 15.5, 15.2, 13.2. MS (&l7): 618 (M',
100%), 533 (M— 85). Anal. Calcd for G/Hss: C, 91.21; H, 8.79.
Found: C, 91.01; H, 8.97.

Compound 7. This compound was prepared following a
procedure similar to that used to prepare compo8nd@hus, the
reaction betweer® (0.12 g, 0.20 mmol) in dry dichloromethane
(200 mL) and FeGI(0.39 g, 2.4 mmol) in 5 mL of CENO, gave
0.060 g (50%) of7 as a white solid after product purification by
column chromatography (petroleum ether/dichloromethari:
1). *H NMR (CDClg, 200 MHz, ppm): 6 7.80-7.86 (2H, ddJ =
8.0 Hz, 3.6 Hz), 7.6%7.72 (2H, m), 7.43-7.49 (2H, ddJ = 8.0
Hz, 3.6 Hz), 7.29 (1H, s), 7.627.26 (10H, m), 2.442.50 (4H,
m), 2.07-2.10 (4H, m), 0.69-1.26 (28H, m).13C NMR (CDCE,
50 MHz, ppm): 6 151.6, 150.7, 141.9, 141.7, 141.5, 141.4, 140.9,

MALDI-TOF MS, n/z 1055 (M"). Anal. Calcd for GiHsz: C,
92.17; H, 7.83. Found: C, 91.90; H, 7.82.

Compound 13. This compound was prepared following a
procedure similar to that used to prepare compo8nthus, the
reaction betweerl2 (0.11 g, 0.10 mmol) in 100 mL of dry
dichloromethane and Fe{(0.26 g, 1.6 mmol) in 5 mL of Ckt
NO, gave 0.10 g (95%) o3 as a white solid after purification by
column chromatography (petroleum ether/dichloromethario:
1). 'H NMR (CDCl;, 200 MHz, ppm): 6 9.07 (2H, s), 8.86:8.82
(2H, d,J = 7.2 Hz), 8.44-8.46 (2H, dJ = 7.2 Hz), 8.37 (2H, s),
7.67-7.72 (2H, t,J = 7.2 Hz), 7.56-7.60 (2H, t,J = 7.2 Hz),
7.11-7.21 (20H, m), 3.263.28 (8H, m), 2.122.17 (4H, m),
0.82-1.06 (28H, m), 0.640.39 (6H, t, m).13C NMR (CDCk, 75
MHz, ppm): 6 149.2, 141.4, 141.3, 141.1, 141.0, 139.8, 135.12,

140.54, 140.52, 140.4, 140.2, 139.4, 139.1, 137.3, 130.4, 130.2,135.07, 133.3, 132.7, 131.3, 131.2, 131.02, 130.95, 130.3, 128.5,
129.2,128.0,127.2,127.1,126.1, 125.8, 124.1, 121.3, 119.8, 119.2127.1, 126.6, 125.9, 123.7, 122.7, 114.3, 55.4, 41.5, 31.5, 29.8,
55.2, 40.5, 31.5, 29.7, 26.7, 23.8, 23.7, 22.50, 22.47, 15.4, 15.2,29.7, 27.0, 26.9, 24.1, 22.5, 15.5, 15.3, 13.9. MALDI-TOF MS,

14.0, 13.9. MALDI-TOF MS,m/z: 1235 (M"). Anal. Calcd for
CosHi0s C, 91.35; H, 8.65. Found: C, 91.09; H, 8.71.
Compound 9. This compound was prepared following proce-
dures similar to those used to prepare compo@ndhus, the
reaction between 9,9-dihexyl-2-(2-(4-methoxylphenyl)ethynyl)-7-

m/z. 1051 (M'). Anal. Calcd for GHss: C, 92.52; H, 7.48.
Found: C, 92.12; H, 7.60.

Compound 15.This compound was prepared following proce-
dures similar to those used to prepare compo@ndhus, the
reaction between 1,2-bis(9-dihexylfluoren-2-yl)ethyne (0.80 g,
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1.2 mmol), 2,5-diethyl-3,4-diphenylcyclopentadienone (0.69 g, 2.4
mmol), and mesitylene (15 mL) gave 1.0 g (91%)l&fas a white
solid after product purification by column chromatography (petro-
leum ether/dichloromethare 20:1).*H NMR (CDCls, 200 MHz,
ppm): ¢ 7.48-7.51 (2H, m), 7.39-7.43 (2H, dJ = 8.0 Hz), 6.99-
7.23 (20H, m), 2.282.36 (4H, m), 1.79-1.86 (8H, m), 0.25
1.11 (50H, m)13C NMR (CDCk, 50 MHz, ppm): 6 150.5, 149.6,

Zhou et al.

MHz, ppm): 6 150.5, 149.48, 149.43, 141.43, 141.35, 141.12,
141.07, 140.8, 140.0, 139.5, 138.8, 138.6, 137.8, 137.6, 130.6,
130.4,128.7,128.5,127.0, 126.5, 126.5, 125.7, 125.2, 124.8, 124 .4,
119.4, 118.3, 54.8, 54.6, 41.1, 40.8, 40.6, 31.7, 31.6, 31.2, 30.1,
29.7, 24.5, 23.6, 23.3, 22.8, 22.7, 22.5, 15.2, 14.01, 13.98, 13.92.
MALDI-TOF MS, m/z. 1567 (M"). Anal. Calcd for GioHi3g C,
91.13; H, 8.87. Found: C, 91.01; H, 8.91.

141.4,141.1, 141.0, 140.9, 140.0, 138.7, 137.7, 130.6, 130.4, 129.7, Compound 19. This compound was prepared following a
128.7,127.1, 126.6, 126.5, 125.7, 125.2, 123.2, 122.4, 119.4, 118.9procedure similar to that used to prepare compo8ndhus, the
118.3,54.8,40.7, 31.6, 31.5, 30.0, 29.7, 24.5, 23.6, 23.4, 22.8, 22.5reaction betweerl8 (0.18 g, 0.11 mmol) in 100 mL of dry

15.2, 14.0, 13.9. MALDI-TOF MSm/z 951 (M"). Anal. Calcd
for C;oHgs: C, 90.89; H, 9.11. Found: C, 90.77; H, 9.07.
Compound 16. This compound was prepared following a
procedure similar to that used to prepare compo&nd@hus, the
reaction betweenl5 (95 mg, 0.10 mmol) in 50 mL of dry
dichloromethane and Fef£{0.19 g 1.2 mmol) in 5 mL of Cht
NO, gave 0.089 g (94%) ofl6 as a white solid after product
purification by column chromatography (petroleum ether/dichlo-
romethane= 10:1). 'H NMR (CDCl;, 300 MHz, ppm): 6 8.92
(2H, s), 8.31 (2H, s), 8.018.03 (2H, d,J = 7.2 Hz), 7.35-7.43
(6H, m), 7.02-7.18 (10H, m), 3.193.21 (4H, m), 2.052.11 (8H,
m), 1.05-1.12 (30H, m), 0.670.80 (20H, m)13C NMR (CDCB,
75 MHz, ppm): 0 151.3, 148.4, 141.15, 141.11, 141.0, 140.1, 134.8,

dichloromethane and Fe)0.43 g, 2.6 mmol) in 10 mL of CH

NO, gave 0.11 g (61%) ofl9 as a white solid after product
purification by column chromatography (petroleum ether/dichlo-
romethane= 10:1). 'H NMR (CDCls, 300 MHz, ppm): 6 9.19

(2H, s), 9.10 (2H, s), 8.37 (2H, s), 8.34 (2H, s), 88124 (2H, d,
J=7.5Hz), 7.52-7.56 (2H, m), 7.46-7.42 (4H, m), 7.0%7.20
(20H, m), 3.22-3.24 (8H, m), 2.042.09 (12H, m), 1.031.17
(48H, m), 0.470.94 (30H, m)13C NMR (CDCk, 75 MHz, ppm):
0151.4,149.1, 148.6, 141.25,141.18, 141.17, 141.14, 140.2, 140.0,
134.90, 134.89, 133.5, 133.4, 131.0, 130.9, 130.8, 130.60, 130.59,
127.5, 127.14, 127.07, 125.9, 123.1, 122.7, 122.6, 120.4, 114.5,
114.3, 55.3, 55.2, 41.5, 41.0, 31.51, 31.47, 29.82, 29.80, 29.71,
29.67,27.2,24.1, 23.9, 22.6, 22.5, 15.4, 14.0, 13.9. MALDI-TOF

133.4,131.0, 130.5, 130.4, 127.4,127.1, 126.9, 125.8, 123.0, 122.5MS, m/z. 1563 (M"). Anal. Calcd for G;dH134 C, 91.37; H, 8.63.

120.1, 113.9, 55.2, 40.9, 31.5, 29.8, 27.2, 23.9, 22.5, 15.4, 14.0.

MALDI-TOF MS, m/z. 949 (M"). Anal. Calcd for G,Hgs C,
91.08; H, 8.92. Found: C, 90.87; H, 9.00.

Compound 18.This compound was prepared following proce-
dures similar to those used to prepare compo@ndhus, the
reaction between 9,9-dihexyl-2,7-bis(2*(9'-dihexylfluoren-2'-
yhethynyl)fluorene (0.21 g, 0.2 mmol), 2,5-diethyl-3,4-diphenyl-
cyclopentadienone (0.23 g, 0.8 mmol), and mesitylene (5 mL) gave
0.24 g (76%) of18 as a white solid after purification by column
chromatography (petroleum ether/dichloromethanel5:1). H
NMR (CDCl, 200 MHz, ppm): 6 7.43-7.46 (2H, m), 7.327.36
(2H, d,J = 7.8 Hz), 6.977.18 (36H, m), 2.222.29 (8H, m),
1.80-1.90 (12H, m), 0.171.09 (78H, m).:3C NMR (CDCk, 75
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Found: C, 91.07; H, 8.58.
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