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ABSTRACT

A series of novel extended π-conjugated twin molecules based on 10,15-dihydro- 5H-diindeno[1,2- r;1′,2′-c]fluorene (truxene) have been prepared
via Pd(0)-catalyzed Suzuki coupling, Sonogashira coupling, and McMurry reactions, respectively. 9,9 ′-Spirobifluorenylene, ethynylene, and
vinylene groups as the bridge are introduced to connect both truxene moieties to understand the effect of the large steric chromophores on
the properties of the desired materials. The investigation of optical properties of TM1 −3 by UV−vis and photoluminescent spectroscopy
demonstrates that the optical properties of the twin molecules are strongly affected by the π-linkages.

In modern electronics and optoelectronics, a myriad of
opportunities for both academic and industrial scientists have
been offered by organic and polymeric light-emitting diodes
(OLEDs).1 The flexibility of introducing diverse function-
alities into molecules offers a much broader range of optical

and electrical properties than for traditional semiconductors.
In comparison withπ-conjugated polymers (CPs), mono-
disperse conjugated oligomers possessing well-defined con-
jugation lengths and structural models are characterized by
the uniformity, absence of chain defects, and ease of
purification and characterization, which make them superior
to CPs for systematic investigation of the structure-property
relationships.2

Molecular structures have significant impact on the
properties of organic materials. For instance, one crucial issue
for the application ofπ-conjugated oligomers in organic
optoelectronic devices is their ability to form morphologically
stable and homogeneous films. To fulfill this requirement
and others, several families of molecular architectures have
been exploited, such as starburst molecules withC3 sym-
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metry,3 orthogonally fused spiro-type molecules,4 paracy-
clophanes,5 tetrahedral molecules,6 dendrimers,7 and twin
molecules.8 As the most straightforward approach, twin
molecule couples two chromophore halves by either a
flexible alkyl spacer or a rigid aromatic linkage. The
electronic properties of the former are almost the same as
those of the monomer, while the latter allows an extension
of π-electronic conjugation, which increases the effective
conjugation length of the whole molecule.

During the past decades, truxene has been recognized as
the starting material for the construction of larger polyarenes
and bowl-shaped fragment of the fullerenes, liquid crystals,
C3 tripod materials in asymmetric catalysis, and chiral
recognition.9 We prepared a series of star-shaped oligothio-
phenes-functionalized truxene derivatives and novelπ-con-
jugated dendrimers based on truxene, which exhibited unique
NMR behaviors, optical properties, and electrolumines-
cence.10 Herein, we report the initial synthesis of a series of
π-conjugated twin molecules based on truxene, the truxene

halves of which are connected by a rigid 9,9-spirobifluore-
nylene or ethynylene or vinylene linkage. We also investigate
optical properties of these molecules, which shed light on
the structure-property relationship of these dimeric mol-
ecules.

The readily available starting material1 was prepared in
our previous contributions.10 Six hexyl groups were attached
to the C-5, C-10, and C-15 positions of the truxene moiety
to increase solubility as well as to release intermolecularπ-π
stacking. As shown in Scheme 1, with a controlled amount

of iodine and periodic acid hydrate, selective electrophilic
iodination at one branch of the truxene segment afforded
the monosubstituted truxene iodide2 in good yield (83%).11

Under nitrogen atmosphere, addition ofn-butyllithium at-78
°C followed by addition of B(OCH3)3, hydrolysis by 50%
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1747. (b) Morgenroth, F.; Reuther, E.; Müllen, K.Angew. Chem., Int. Ed.
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(p) Ruiz, M.; Gómez-Lor, Santos, A.; Echavarren, A. M.Eur. J. Org. Chem.
2004, 858. (q) Kanibolotsky, A. L.; Berridge, R.; Skabara, P. J.; Perepichka,
I. F.; Bradley, D. D. C.; Koeberg, M.J. Am. Chem. Soc.2004,126, 13695.

(10) (a) Pei, J.; Wang, J.-L.; Cao, X.-Y.; Zhou, X.-H.; Zhang, W.-B.J.
Am. Chem. Soc.2003,125, 9944. (b) Cao, X.-Y.; Zhang, W.-B.; Wang,
J.-L.; Zhou, X.-H.; Lu, H.; Pei, J.J. Am. Chem. Soc.2003,125, 12430. (c)
Cao, X.-Y.; Liu, X.-H.; Zhou, X.-H.; Zhang, Y.; Jiang, Y.; Cao, Y.; Cui,
Y.-X.; Pei, J.J. Org. Chem.2004,69, 6050.

(11) Lee, S. H.; Nakamura, T.; Tsutsui, T.Org. Lett.2001,3, 2005.

Scheme 1

4846 Org. Lett., Vol. 6, No. 26, 2004



H2SO4 aqueous solution, and esterification by 1,3-propyldiol
generated ester3 in moderate yield (43%). The standard
Suzuki coupling reaction12 between3 and 2,7-dibromo-9,9-
spirobifluorene (4)13 with Pd(PPh3)4 as catalyst in toluene
provided the target moleculeTM1 efficiently (86%).

TM2 was prepared by repetitive palladium-catalyzed
Sonogashira coupling reaction from2 (Scheme 2). Acetylenic
alcohol5 was readily obtained via the Sonogashira coupling
[Pd(PPh3)4, CuI, Et3N] of iodide 2 and 2-methylbut-3-yn-
2-ol.14 It should be noted that the utilization of 2-methylbut-
3-yn-2-ol instead of trimethylsilylacetylene (TMSA) is
necessary to obtain pure intermediate, due to the increased
polarity difference between the starting material and the
product. The one-pot Sonogashira coupling between the
acetylenic alcohol5 and aryl iodide2 took place in a two-
phase heterogeneous system in the presence of a phase-
transfer reagent and an aqueous base.15 Under these condi-
tions, acetylene alcohol5 transformed into the arylethyne
intermediate, which coupled with aryl iodide2 immediately.

TM3 was formed via a reductive coupling of two ketones
610b using the McMurry reaction16 (Scheme 3). Prolonged
reaction time and increased amounts of tetrachlorotitanium-
zinc (TiCl4-Zn) were crucial to get an excellent yield (93%).

All new compounds have been characterized by a variety
of spectroscopic techniques. The structures and purities of

all target molecules (TM1-3) have been confirmed by1H
and13C NMR spectra in CDCl3, elemental analysis, as well
as MALDI-TOF mass spectra (see the Supporting Informa-
tion).

The absorption and photoluminescent (PL) spectra of twin
molecules were recorded in dilute THF solutions as shown
in Figure 1. The photophysical properties were summarized
in Table 1. Their solid films on quartz plates used for UV-

vis and fluorescence characterization were spin coated with
2% toluene solution at 2000 rpm. All absorption spectra in
dilute THF solutions exhibited a characteristic peak of the
truxene chromophore (at about 309 nm). Theλmax for TM1
was 362 nm, which red-shifted in comparison with the
truxene moiety due to the increased conjugation length, while
TM2 exhibited two peaks at 352 and 380 nm, respectively.
It’s interesting that the absorption spectra ofTM3 was quite
similar to that of truxene, indicating the poor conjugation
between two truxene halves due to increased steric hindrance
by two methyl groups. We observed that the absorption
spectra of solutions and corresponding films are nearly
identical. The absorption spectra in film states for all
molecules did not show much hypsochromic shift (Figure
2), which implied that intermolecularπ-π aggregation was
substantially suppressed in films owing to the large truxene
moiety.

The PL spectra ofTM1 in THF solution exhibited two
characteristic peaks at 388 and 411 nm with a shoulder at
440 nm, while those ofTM2 exhibited characteristic peaks
at 368 and 389 nm, respectively.TM3 had a broad
structureless emission with aλmax at 408 nm. The PL spectra
of our twin molecules in film states behaved differently. We
observed that the PL maximum peaks both in solutions and

(12) Miyaura, N.; Suzuki, A.Chem. ReV.1995,95, 2457.
(13) Yu, W.-L.; Pei, J.; Cao, Y.; Huang, W.; Heeger, A. J.Chem.

Commun.1999, 1837.
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2001,66, 1910.
(16) Blanchard, P.; Brisset, H.; Illien, B.; Riou, A.; Roncali, J.J. Org.

Chem.1997,62, 2401.

Figure 1. Normalized absorbance (left) and fluorescence (right)
spectra of twin moleculesTM1-3 recorded in THF at room
temperature. Emission spectra were obtained upon excitation at the
absorption maxima.

Table 1. Photophysical Properties of Twin MoleculesTM1-3

λmax abs (nm) λmax PL (nm)
twin

molecules solutions films solutions films

TM1 362, 309 298, 311, 362 388, 411 394, 412
TM2 295,309, 334,

351, 378
297, 303, 312, 340,

352, 359, 380
368, 389 392, 409

TM3 297, 308 298, 310 408 431

Scheme 2

Scheme 3

Org. Lett., Vol. 6, No. 26, 2004 4847



in films of TM1 were quite close.TM1 peaked at 394 and
412 nm with a shoulder at about 440 nm. This implied that
intermolecularπ-π aggregation was substantially suppressed
andTM1 might form good amorphous states in films, which
was attributed to the existence of both the large truxene and
the 9,9′-spirobifluorene moieties. The PL spectrum ofTM1
also exhibited a narrow full width at half-maximum (fwhm)
for about 50 nm, which indicated thatTM1 could be a good
candidate for blue light-emitting materials.TM2 presented
a significant red shift to 392 and 409 nm.TM3 also exhibited
considerable red shift from 408 to 431 nm. The preliminary
investigation of photophysical properties indicated that the

properties of the twin molecules were strongly affected by
the π-linkages.

In conclusion, we have developed a series ofπ-conjugated
twin moleculesTM1-3 by connecting two truxene halves
via a π-linkage. 9,9′-Spirobifluorenylene, ethynylene and
vinylene groups connecting both truxene moieties, the large
steric chromophere, play a key role on the properties of
desired materials. The investigation of optical properties of
TM1-3 by UV-vis and photoluminescent spectroscopy
demonstrates that the optical properties of the twin molecules
are strongly affected by theπ-linkages. The investigation
indicates thatTM1 andTM2 might be potential candidates
for blue light-emitting materials. We have developed a
platform to understand photophysical properties of conju-
gated polymers through the investigation of their correspond-
ing twin molecules.
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Figure 2. Normalized absorbance (left) and fluorescence (right)
spectra of twin moleculesTM1-3 in film states at room temper-
ature. Emission spectra were obtained upon excitation at the
absorption maxima.
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