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Abstract—In this contribution, we described a strategy to prepare a series of well-defined, blue-light-emitting materials with truxene unit as
the core and oligo(p-phenylene) (from one to four phenyl units) as the branches. The Suzuki coupling reactions between truxene bromide
derivatives and phenylboronic acid or 1,10-biphenyl-4-boronic acid catalyzed by Pd(0) afforded the desired compounds Tr-1-Ph, Tr-2-Ph,
Tr-3-Ph and Tr-4-Ph. With stepwise increases of the benzene rings, the desired molecules exhibited exceptional photophysical properties
as well as increasing thermal stability. Tgs increased from 39 �C for Tr-1-Ph to 192 �C for Tr-4-Ph. The absorption and the emission max-
imum peaks of these four compounds were red-shifted from the ultraviolet to the blue region with the increase of effective conjugation length.
All results demonstrated that the physical properties were facilely tuned by connecting different types and different conjugated lengths to C-2,
C-7, and C-12 positions of the truxene core.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

p-Conjugated organic materials have received intensive
research interest both in academic and industry due to their
potential application in a wide range of electronic and opto-
electronic devices.1 New synthetic methodologies and novel
structures are continuously introduced into this blooming
field. Most recently, star-shaped molecules have become an
inspiring aspect of material chemistry because it can lead
to a strong enhancement of physical properties.2 Its combina-
tion with conjugated character within the arms brings novel
electrical, optical, and morphological properties, as well as
intrinsic two- or three-dimensional character.3 Meanwhile,
these monodisperse, well-defined p-conjugated oligomers
serve as important and perfect model compounds for the
corresponding conductive polymers, providing deep insight
into the structure–property relationship of conductive poly-
mers.4 Among p-conjugated organic materials with large
energy band gaps, oligo- and poly-p-phenylene (PPP),5,6 lad-
der-poly-p-phenylene (LPPP),7 polyfluorene (PF),8 and
oligofluorene9 derivatives have been recognized as the
most promising blue-light emitters due to their high photo-
luminescence (PL) efficiency, good charge transportation,
thermal stability, and facile tunability of physical properties
through chemical modification.
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Oligo(p-phenylenes), as mentioned above, an important
class of conjugated redox and chromophore materials have
been attracted considerable interests in the past decades.
The well-defined models for poly(p-phenylenes)10 not only
achieved blue-light-emitting OLED in 1991,6a and offered
materials with chemically tailored properties,11 but was
also employed as rigid-rod building blocks for constructing
novel supramolecules,12 as well as for molecular wires or
linkages or spacers in molecular electronics,13 and as syn-
thetic ionophores to facilitate ion migration through lipid
bilayers,14 and as chain-stiffening building blocks in liquid
crystalline materials and semiflexible polymers to tailor
properties such as crystallinity, fluorescence behavior, and
stability.15

Truxene, 10,15-dihydro-5H-diindeno[1,2-a;10,20-c]fluorene,
has been recognized as an attractive building block for the
construction of novel p-conjugated star-shaped molecules
due to its unique three-dimensional topology and easy
functionalization at both methylene groups and C-2, C-7,
and C-12 positions. Previously, it has been used as a potential
starting material for the construction of bowl-shaped frag-
ments of the fullerenes,16 C3 tripodal materials in asymmet-
ric catalysis and chiral recognition,17 and liquid crystalline
compounds.18 Some syn-trialkylated truxenes and sterically
crowded 5,10,15-triarylated- and 5,10,15-tri(9-fluorenyl-
idene) truxenes have been synthesized and their self-associ-
ate behavior in solution or reversible reduction behavior in
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cyclic voltammetry was carefully investigated.19 Our group
has successfully introduced oligothiophene arms to the trux-
ene core20a and developed novel p-conjugated truxene-
based dendrimers, which have larger molecular weight for
G1 (Mw¼7908).20b,c Therefore, Skabara and co-workers re-
ported on employing the truxene core for the construction of
virtually ‘no-core’ star-shaped oligofluorene architectures.3a

All these results and the ongoing research in our group show
that truxene-based materials exhibit excellent photophysical
properties, such as highly efficient emission and facile emis-
sive wavelength tuning, high thermal and electrochemical
stability, as well as ready synthesis, and demonstrate that
truxene derivatives are an important class of organic light-
emitting materials and their thermal and photophysical prop-
erties could be facilely tuned by connecting different types
and lengths of conjugated chains to C-2, C-7, and C-12
positions of the truxene core.3a,20

In this contribution, we report the design, synthesis, and
characterization of star-shaped oligo(p-phenylene)-func-
tionalized truxenes, Tr-n-Ph (Chart 1) with up to quater-
phenylene arms, as potential blue-light-emitting materials.
These nanosized macromolecules (radius 2.3 nm for Tr-4-
Ph) were still readily soluble in common organic solvents,
exhibiting good film forming properties. Their absorption
and emission properties and thermal stability, as well as
structure–property relationships, were investigated. The
highly efficient blue-light emission, together with remark-
ably high Tg, demonstrated these compounds as the promis-
ing candidates for blue-light-emitting materials.

2. Results and discussion

2.1. Synthesis

The synthetic route is sketched in Scheme 1. The repetitive
divergent approach was exploited to give the desired mate-
rials, which was similar to that reported by our group for
the synthesis of star-shaped oligofluorenes in which the
branch size was increased by repetitive addition of arm units
to the star-shaped oligomer through the Suzuki coupling.3d

One of the barriers toward the full realization of oligo(p-phe-
nylene)s’ potential is their challenging synthesis and purifi-
cation.21 The difficulty associated with poor solubility of

R = n-C6H13;

n = 0: R1 = Br: 1;

n = 1, R1 = H:  Tr-1-Ph;

n = 1, R1 = Br: 2;

n = 2, R1 = H:  Tr-2-Ph;

n = 2, R1 = Br: 3;

n = 3, R1 = H:  Tr-3-Ph;

n = 4, R1 = H:  Tr-4-Ph.
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oligo(p-phenylene)s partially addressed by introducing
various side chains to the phenylene unit. In this project,
the problem was strategically circumvented by introducing
six stretched hexyl chains to the truxene core prior to oligo-
phenylene modification. First, truxene was alkylated to
give readily soluble hexahexylated truxene and following
subsequent bromination afforded hexahexylated truxene
tribromide 1 in high yield as reported both in our previous
contributions22 and by Skabara et al.3a Phenylboronic acid
and 1,10-biphenyl-4-boronic acid were readily prepared in
excellent yield from the reaction of corresponding Grignard
reagents with trimethyl borate followed by hydrolysis. The
Suzuki cross-coupling reactions of 1 with phenyl or biphe-
nylboronic acids afforded Tr-1-Ph and Tr-2-Ph, respec-
tively. The method employing bromine in methylene
chloride failed to give the desired bromides 2 and 3. 1H
NMR spectrum showed that bromination occurred not only
at the para site of the benzene unit but also at the C-4, C-9,
and C-14 positions of the truxene core, which might be in-
ferred from the appearance of a singlet at about d 8.7 ppm.
This might be due to the relatively averaged electron density
between the truxene core and the conjugated arms. For Tr-1-
Ph, pure tribromide could not be obtained but instead, when
excess bromine was applied, pure hexabromide was afforded.
For Tr-2-Ph, excess bromine resulted in further bromination
at the biphenyl unit. The similar polarity of our products
made the separation very difficult. The attempt to iodinate
Tr-1-Ph and Tr-2-Ph using I2/HIO4/HOAc also failed, in
which both Tr-1-Ph and Tr-2-Ph aggregated and gave no
reaction even in the presence of excess I2/HIO4 after reflux
for three days. In our recent report on the monodisperse
star-shaped oligofluorenes,3d alumina-supported copper(II)
bromide was found to selectively brominate aromatic hydro-
carbons at the outermost positions of the system under mild
conditions. Its application in this system also gave very
good results. After bromination, for Tr-1-Ph and Tr-2-Ph,
the triplet centered at about d 7.40 ppm, which belongs to
the para site protons of outermost benzene rings, gradually
disappeared and the multiple signal arising around
d 7.50 ppm moved downfield to about d 7.60 ppm while the
doublet signals around d 8.45 ppm, which was assigned to
the protons at C-3, C-8, and C-13 positions, did not show
significant change. The convenient Suzuki cross-cou-
pling3d,20a,22 between tribromide compounds (2 and 3) with
1,10-biphenyl-4-boronic acid finally yielded Tr-3-Ph and
Tr-4-Ph, respectively. Not only they were adequately charac-
terized by the appropriate 1H and 13C NMR spectra and
elemental analysis, MALDI-TOF MS measurement was
also employed to determine the structure, the molecular
weight, and the purity of these new compounds.

2.2. Photophysical properties

The normalized absorption and emission spectra of com-
pounds Tr-1-Ph, Tr-2-Ph, Tr-3-Ph, and Tr-4-Ph in THF so-
lutions are shown in Figure 1. They all showed strong p–p*
electron absorption bands in the near violet region. The con-
tinuous red-shift of the absorption maximum was observed
with a successive increase of benzene rings in each conju-
gated branch.

The absorption maximums of compounds Tr-1-Ph, Tr-2-
Ph, Tr-3-Ph, and Tr-4-Ph were 326, 336, 340, and
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Scheme 1.
341 nm, respectively, which were substantially red-shifted
in comparison with those of benzene, biphenyl (246 nm),
p-terphenyl (278 nm), and p-quaterphenyl (294 nm).23

Considering the fact that the truxene core has an absorption
maximum at 301 nm, we speculated that a highly extended
p-delocalized system was formed throughout the truxene
core, which contributed the most to the system’s absorption.
The band gaps for compounds Tr-1-Ph, Tr-2-Ph, Tr-3-Ph,
and Tr-4-Ph of 3.20–3.49 eV, estimated from the red edge
of the longest wavelength absorption in the electronic



2910 W.-B. Zhang et al. / Tetrahedron 63 (2007) 2907–2914
0

0.2

0.4

0.6

0.8

1

280 300 320 340 360 380 400
Wavelength (nm)

N
o
r
m
a
l
i
z
e
d
 
A
b
s
o
r
p
t
i
o
n

N
o
r
m
a
l
i
z
e
d
 
E
m
i
s
s
i
o
n
 
I
n
t
e
n
s
i
t
y

350 400 450 500 550

Tr-1-Ph
Tr-2-Ph
Tr-3-Ph
Tr-4-Ph

1

0.8

0.6

0.4

0.2

0

Figure 1. Absorption and emission spectra of compounds 3, 5, 7, and 8 in THF solutions at room temperature.
spectra in THF solutions, exhibited a perfect linear correla-
tion (r¼0.999) with the inverse number of benzene units (n)
in each conjugated arm as shown in Figure 2.

The fitted linear equation as shown in Figure 3 indicated
a saturation limit for DE versus the number (n) of benzene
rings, which could also be seen from the trend of the curve
about the lowest energy transition versus the numbers of
benzene rings in the conjugated branches.

EðeVÞ ¼ 3:11þ 0:38=n

The photoluminescence (PL) spectrum of compounds Tr-1-
Ph, Tr-2-Ph, Tr-3-Ph, and Tr-4-Ph exhibited a well-defined
vibronic feature and the difference of peaks was enlarged
with increase of benzene rings, which suggested the relative
enhancement of vibronic transition. Moreover, the results
also demonstrated that the emission spectra of truxene deriv-
atives were liable to be tuned by introducing conjugated seg-
ments of different types and lengths.

We also investigated the absorption and emission spectra of
compounds Tr-1-Ph, Tr-2-Ph, Tr-3-Ph, and Tr-4-Ph in
films spin-coated from toluene solutions are shown in Fig-
ure 4. Similar red-shift trend with increase of benzene rings
was also observed. For compounds Tr-1-Ph and Tr-2-Ph,
their absorption maximum peaks in THF solutions were

Figure 2. Energy (DE) of the lowest electronic transition for compounds Tr-
1-Ph, Tr-2-Ph, Tr-3-Ph, and Tr-4-Ph in THF solutions versus the inverse
number (1/n) of benzene ring units in each conjugated branch.
identical with those in solid states. Due to aggregation in
solid states, PL spectra of compounds Tr-1-Ph, Tr-2-Ph,
Tr-3-Ph, and Tr-4-Ph in films were substantially red-shifted
in comparison with those in solutions. Moreover, the molec-
ular vibronic features disappeared for compounds Tr-2-Ph,
Tr-3-Ph, and Tr-4-Ph gave out bright blue emission with
high quantum efficiency. The fluorescence quantum yields
(Ff) in dilute THF solution using 9,10-diphenylanthracene
(Ff¼0.91 in ethanol) as standard were measured to be 0.91
for Tr-1-Ph, 0.93 for Tr-2-Ph, 0.98 for Tr-3-Ph, and 0.96
for Tr-4-Ph, respectively, as summarized in Table 1.24

2.3. Thermal analysis

In comparison with polymers, oligomers are more liable to
form a crystalline state than polymers, which can scatter
the light and limit charge injection and transport in OLEDs.
Thus, oligomeric materials capable of demonstrating a glass
transition state while resisting crystallization are more
preferred. For the photoelectronic applications, the thermal
stability of organic materials is critical for device stability
and lifetime because during the electroluminescent process,
heat is generated that can affect the material morphology
and the device performance, finally leading to the degrada-
tion of OLEDs.25 The rapid molecular motion near the
glass transition temperature (Tg) might promote such mor-
phological change. Hence, the relatively high Tg is essential

Figure 3. Energy (DE) of the lowest electronic transition for compounds Tr-
1-Ph, Tr-2-Ph, Tr-3-Ph, and Tr-4-Ph in THF solutions versus the number
(1/n) of benzene ring units in each conjugated arm.
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Figure 4. Absorption and emission spectra of compounds 3, 5, 7, and 8 in solid states at room temperature.

Table 1. Physical properties of compounds Tr-1-ph, Tr-2-ph, Tr-3-ph, and Tr-4-ph

Compd lmax abs in
solution

lmax abs
in film

lmax PL in
solution

lmax PL
in film

Tg Band gap Quantum
yields Ff

Tr-1-Ph 326 326 356 (372) 373 (357) 39 3.49 0.91
Tr-2-Ph 336 336 359 (377) 382 77 3.31 0.93
Tr-3-Ph 340 342 368 (388) 397 125 3.24 0.98
Tr-4-Ph 341 345 376 (396) 405 192 3.20 0.96
for materials used as emissive materials for optoelectronic
applications. In this series of compounds, we found that
Tr-1-Ph was somewhat crystalline while the other three com-
pounds were amorphous at room temperature. The thermally
induced phase transition behaviors of these compounds were
investigated with differential scanning calorimetry (DSC) in
nitrogen at a heating rate of 10 �C min�1. In the first heating
cycle, the samples had been heated to 300 �C and then al-
lowed to slowly cool to room temperature to remove the
residual solvent molecules and to afford stable amorphous
phases. Typically, this cycle showed a weak and broad melt-
ing endothermic peak. It is at the second run when the
residual solvents in samples had been removed that the amor-
phous phases could be observed. The Tg of Tr-1-Ph was
around 39 �C. Then the increasing length of rigid oligo
(p-phenylene) units seemed to improve the glass transition
temperature a great deal to 192 �C for Tr-4-Ph, which was
quite remarkable. The differential scanning calorimetric
thermogram of compounds Tr-1-Ph, Tr-2-Ph, Tr-3-Ph,
and Tr-4-Ph is shown in Figure 5. All the characterization
of physical properties of compounds Tr-1-Ph, Tr-2-Ph, Tr-
3-Ph, and Tr-4-Ph is summarized in Table 1.

3. Conclusion

In summary, we developed a series of well-defined, readily
soluble, blue-light-emitting materials with truxene as the
core and oligo(p-phenylene) as the branches employing
the Suzuki cross-coupling reactions in good yields. The
materials exhibited exceptional photophysical properties as
well as good thermal stability. The absorption and emission
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Figure 5. DSC curves (second run) of compounds 3, 5, 7, and 8.
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spectra of these materials in THF solutions and in solid states
were readily tuned by varying the number of phenyl units.
The relatively narrow emission spectra as well as struc-
ture-unrelated features in solid states might be contributed
to the star-shaped two-dimensional architecture, which
also improved their amorphous properties. A significant in-
crease of glass transition temperature (Tg) was observed
from 39 �C for Tr-1-Ph to 192 �C for Tr-4-Ph. Together
with their excellent film forming property and free solubility
in common organic solvents, these high-generation nano-
sized oligomers (radiusz2.3 nm for Tr-4-Ph) might be
the promising candidates for blue-light-emitting materials.
This work should also be of great interest and very helpful
for the systematic investigation of structure–property rela-
tionships. The investigation on their practical optoelectronic
application is still ongoing.

4. Experimental section

4.1. General methods

Commercial chemicals were purchased and used as received.
1H and 13C NMR spectra were recorded on a Varian Mercury
300 (300 MHz) or 200 (200 MHz) spectrometer in CDCl3
with TMS as the reference. Elemental analysis of all new
compounds was performed on a Elementar Vario EL (Ger-
many) instrument. Both the absorption and emission spectra
were measured in the degassed dilute THF solution (about
1.0�10�6 mol/L) at room temperature and were recorded
on Perkin–Elmer Lambda 35 UV–vis spectrometer and
LS 55 Luminescence Spectrometer. Fluorescence quantum
yields (Ff) of the samples in THF solutions were measured
by using 9,10-diphenylanthracene (Ff¼0.91 in ethanol) as
standard. Values are calculated according to the following
equation, where Funk is the fluorescence quantum yield of
the sample, Fstd is the fluorescence quantum yield of 9,10-
diphenylanthracene, Iunk and Istd are the integrated emission
intensities of the sample and 9,10-diphenylanthracene, re-
spectively; Aunk and Astd are the absorbance of the sample
and 9,10-diphenylanthracene at the excitation wavelength,
respectively, and hunk and hstd are the refractive indexes of
the corresponding solutions (pure solvents were assumed).

Funk ¼ FstdðIunk=AunkÞðAstd=IstdÞðhunk=hstdÞ
2

4.1.1. 5,5,10,10,15,15-Hexahexyl-2,7,12-triphenyl-10,15-
dihydro-5H-diindeno[1,2-a;10,20-c]fluorene (Tr-1-Ph).
To a degassed solution of 2,7,12-tribromo-5,50,10,100,15,
150-hexahexyltruxene (4.0 g, 3.67 mmol) and 1-phenylbor-
onic acid (2.7 g, 22.14 mmol) in 50 mL of THF were added
Pd(PPh3)4 (30 mg) and 36 mL of 2 M aqueous Na2CO3 solu-
tion. The mixture was refluxed under nitrogen for 20 h and
then poured into a saturated solution of ammonium chloride
followed by extracting with ethyl acetate for three times. The
combined organic phases were washed with brine and dried
over MgSO4. After the removal of the solvent, the residue
was purified by flash column chromatography using petro-
leum ether as eluent to give the product as a white solid
(3.5 g, 89%). 1H NMR (CDCl3, 300 Hz, ppm): d 8.44 (3H,
d, J¼8.4 Hz, Ar-H), 7.77 (6H, m, Ar-H), 7.68 (6H, m,
Ar-H), 7.54 (6H, t, J¼7.5 Hz, Ar-H), 7.39 (3H, t,
J¼7.2 Hz, Ar-H), 3.00–3.05 (6H, m, CH2), 2.14–2.21 (6H,
m, CH2), 0.89–0.93 (36H, m, CH2), 0.50–0.62 (30H, m,
CH2, CH3). 13C NMR (CDCl3, 100 Hz, ppm): d 154.3,
145.2, 145.4, 139.6, 139.1, 138.1, 128.8, 127.2, 127.1,
125.1, 124.9, 120.6, 55.8, 37.1, 31.5, 29.5, 23.9, 22.3,
13.9. MALDI-TOF MS: 1075 (M++H). Anal. Calcd for
C81H102: C, 90.44; H, 9.56. Found: C, 90.23; H, 9.61.

4.1.2. 2,7,12-Tris-(40-bromo-biphenyl-4-yl)-5,5,10,10,
15,15-hexahexyl-10,15-dihydro-5H-diindeno[1,2-a;10,20-
c]fluorine (2). A mixture of Tr-1-Ph (1.00 g, 0.93 mmol)
and CuBr2–Al2O3 (6.21 g, 9.28 mmol) in CCl4 was stirred at
80 �C for 24 h. The reaction mixture was filtered and the re-
sulting precipitate was washed with CCl4. After removal of
the solvents, the residue was purified by column chromato-
graphy using CH2Cl2/petroleum ether and then recrystal-
lized from CH2Cl2/ethanol to afford the product as a white
solid (1.08 g, 88%). 1H NMR (CDCl3, 300 MHz, ppm):
d 8.42 (3H, d, J¼8.1 Hz, Ar-H), 7.49–7.78 (18H, m, Ar-H),
2.98–3.05 (6H, m, CH2), 2.10–2.20 (6H, m, CH2), 0.88–0.93
(36H, m, CH2), 0.46–0.62 (30H, m, CH2, CH3). MALDI-
TOF MS: 1312 (M+). Anal. Calcd for C81H99Br3: C, 74.13;
H, 7.60; Br, 18.27. Found: C, 74.02; H, 7.64; Br, 18.46.

4.1.3. 2,7,12-Tris-biphenyl-4-yl-5,5,10,10,15,15-hexa-
hexyl-10,15-dihydro-5H-diindeno[1,2-a;10,20-c]fluorine
(Tr-2-Ph). To a degassed solution of 2,7,12-tribromo-
5,50,10,100,15,150-hexahexyltruxene (4.0 g, 3.67 mmol) and
40-biphenylboronic acid (4.4 g, 22.14 mmol) in 50 mL of
THF were added Pd(PPh3)4 (30 mg) and 36 mL of 2 M aque-
ous Na2CO3 solution. The mixture was refluxed under
nitrogen for 20 h and then poured into a saturated solution
of ammonium chloride followed by extracting with ethyl
acetate for three times. The combined organic phases were
washed with brine and dried over MgSO4. After removal
of the solvent, the residue was purified by flash column chro-
matography using CH2Cl2/petroleum ether as eluent, to
afford the product as a white solid (4.1 g, 86%). 1H NMR
(CDCl3, 400 MHz, ppm): d 8.52 (3H, d, J¼8.4 Hz, Ar-H),
7.94 (6H, d, J¼8.0 Hz, Ar-H), 7.76–7.85 (18H, m, Ar-H),
7.56 (6H, t, J¼7.4 Hz, Ar-H), 7.45 (3H, t, J¼7.2 Hz, Ar-
H), 3.10–3.18 (6H, m, CH2), 2.25–2.35 (6H, m, CH2),
0.86–1.04 (36H, m, CH2), 0.68–0.74 (30H, m, CH2, CH3).
13C NMR (CDCl3, 100 MHz, ppm): d 154.8, 145.7, 141.3,
140.7, 140.5, 140.2, 139.0, 138.6, 129.3, 128.0, 127.9,
127.8, 127.5, 125.5, 125.4, 121.0, 56.3, 37.6, 31.9, 30.0,
24.5, 22.7, 14.3. MALDI-TOF MS: 1304 (M+). Anal. Calcd
for C99H114: C, 91.19; H, 8.81. Found: C, 91.38; H, 8.80.

4.1.4. 2,7,12-Tris-(40-bromo-biphenyl-4-yl)-5,5,10,10,
15,15-hexahexyl-10,15-dihydro-5H-diindeno[1,2-a;10,20-
c]fluorene (3). The procedure was analogous to that for 2
using Tr-2-Ph (1.0 g, 0.77 mmol) and CuBr2/Al2O3 (5.2 g,
7.7 mmol), giving the product as a white solid (0.89 g,
75%) after recrystallization from CH2Cl2/ethanol. 1H
NMR (CDCl3, 300 MHz, ppm): d 8.47 (3H, d, J¼7.5 Hz,
Ar-H), 7.84–7.87 (6H, m, Ar-H), 7.71–7.77 (18H, m, Ar-
H), 7.52–7.63 (6H, m, Ar-H), 3.00–3.10 (6H, m, CH2),
2.18–2.24 (6H, m, CH2), 0.90–0.95 (36H, m, CH2), 0.44–
0.63 (30H, m, CH2, CH3). 13C NMR (CDCl3, 100 MHz,
ppm): d 153.5, 146.6, 141.2, 141.0, 140.7, 140.5, 137.7,
132.4, 130.5, 129.5, 129.3, 127.9, 127.6, 127.2, 125.2, 120.7,
56.3, 37.3, 31.9, 29.8, 24.4, 22.7, 14.3. MALDI-TOF
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MS: 1540 (M+). Anal. Calcd for C99H111Br3: C, 77.18; H,
7.26; Br, 15.56. Found: C, 77.13; H, 7.25; Br, 15.07.

4.1.5. 5,5,10,10,15,15-Hexahexyl-2,7,12-tris-[1,10;40,100]-
terphenyl-4-yl-10,15-dihydro-5H-diindeno[1,2-a;10,20-c]-
fluorene (Tr-3-Ph). To a degassed solution of 2 (0.5 g,
0.38 mmol) and 40-biphenylboronic acid (0.45 g, 2.28 mmol)
in 12 mL of toluene were added Pd(PPh3)4 (10 mg) and
8 mL of 2 M aqueous Na2CO3 solution. The mixture was
refluxed for 20 h and then poured into a saturated solution
of ammonium chloride, followed by extracting with ethyl
acetate for three times. The combined organic phases were
washed with brine and dried over MgSO4. After removal of
the solvent, the residue was purified by flash column chroma-
tography using petroleum ether/CH2Cl2 (v/v¼15:1) to afford
the product as a white solid (0.28 g, 47%). 1H NMR (CDCl3,
300 MHz, ppm): d 8.49 (3H, d, J¼8.4 Hz, Ar-H), 7.90 (6H, d,
s, J¼8.4 Hz, Ar-H), 7.68–7.84 (30H, m, Ar-H), 7.50 (6H, t,
J¼6.5 Hz, Ar-H), 7.39 (3H, t, J¼7.4 Hz, Ar-H), 3.06–3.10
(6H, m, CH2), 2.18–2.27 (6H, m, CH2), 0.84–1.00 (36H, m,
CH2), 0.51–0.66 (30H, m, CH2, CH3). 13C NMR (CDCl3,
50 MHz, ppm): d 155.0, 154.4, 145.3, 145.3, 140.7, 140.4,
140.2, 139.8, 139.7, 139.5, 138.5, 138.1, 128.8, 127.6, 127.5,
127.4, 127.4, 127.1, 125.0, 120.5, 55.8, 37.2, 31.5, 29.5, 24.0,
22.3, 13.9. MALDI-TOF MS: 1532. (M+). Anal. Calcd for
C117H126: C, 91.71; H, 8.29. Found: C, 91.55; H, 8.37.

4.1.6. 5,5,10,10,15,15-Hexahexyl-2,7,12-Tris-[1,10;40,
100;400,1000]quaterphenyl-4-yl-10,15-dihydro-5H-diin-
deno[1,2-a;10,20-c]fluorene (Tr-4-Ph). To a degassed solu-
tion of 3 (0.39 g, 0.25 mmol) and 40-biphenylboronic acid
(0.25 g, 1.27 mmol) in 12 mL of toluene were added
Pd(PPh3)4 (10 mg) and 8 mL of 2 M aqueous Na2CO3 solu-
tion. The mixture was refluxed for 20 h and then poured into
a saturated solution of ammonium chloride, followed by
extracting with ethyl acetate for three times. The combined
organic phases were washed with brine and dried over
MgSO4. After removal of the solvent, the residue was puri-
fied by flash column chromatography using petroleum ether/
CH2Cl2 (v/v¼12:1) to afford the product as a white solid
(0.25 g, 56%). 1H NMR (CDCl3, 300 MHz, ppm): d 8.49
(3H, d, J¼7.8 Hz, Ar-H), 7.90 (6H, d, s, J¼8.1 Hz, Ar-H),
7.59–7.87 (42H, m, Ar-H), 7.44–7.51 (6H, m, Ar-H), 7.35–
7.42 (3H, m, Ar-H), 3.06–3.10 (6H, m, CH2), 2.18–2.27 (6H,
m, CH2), 0.93–0.97 (36H, m, CH2), 0.50–0.65 (30H, m,
CH2, CH3). 13C NMR (CDCl3, 50 MHz, ppm): d 155.0,
154.4, 145.7, 145.4, 140.7, 140.4, 140.3, 139.8, 139.6, 139.5,
138.6, 138.2, 130.7, 128.8, 127.6, 127.5, 127.2, 127.1, 125.1,
120.5, 119.8, 114.1, 55.9, 37.2, 31.5, 29.5, 24.1, 22.3, 13.9.
MALDI-TOF MS: 1760 (M+). Anal. Calcd for C135H138: C,
92.10; H, 7.90. Found: C, 91.87; H, 7.94.
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19. (a) de Frutos, Ó.; Granier, T.; G�omez-Lor, B.; Jim�enez-
Berbero, J.; Monge, A.; Guti�errez-Puebla, E.; Echavarren,
A. M. Chem.—Eur. J. 2002, 8, 2879; (b) de Frutos, Ó.;
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