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A novel series of monodisperse bis-dipolar emissive oligoarylfluorenes, OF(2)Ar-NPh, bearing an
electron affinitive core, 9,9-dibutylfluorene as conjugated bridges, and diphenylamino as end-caps was
successfully synthesized by a convergent approach using palladium catalyzed Suzuki cross-coupling.
The results of optical and electrochemical investigations showed that the HOMO, LUMO, and energy
gap of these diphenylamino endcapped oligoarylfluorenes can easily be modified or tuned by the use of
various electron affinitive central aryl cores that included dibenzothiophene, phenylene, oligothiophenes,
2,1,3-benzothiadiazole, 4,7-dithien-2-yl-2,1,3-benzothiadiazole, thiopheneS,S′-dioxide, and diben-
zothiopheneS,S′-dioxide as well as the extent of theπ-conjugated core. As a result, their emission bands
measured in chloroform can cover the full UV-vis spectrum (from 412 to 656 nm). In contrast to the
common dipolar chromophores, most of OF(2)Ar-NPhs can form morphologically stable amorphous thin
films (Tg ) 88-127 °C) with a high decomposition temperature,Tdec > 450 °C. Remarkably, undoped
OF(2)Ar-NPh-based multilayer OLEDs could exhibit good to excellent device performance with emission
colors spanning the full UV-vis spectrum. OF(2)Ar-NPh bearing oligothiophene core based devices
exhibit a maximum luminance of 5000-12500 cd m-2 and luminous efficiency up to 3.6-4.0 cd A-1.
Our findings provide a practical approach to design and tune the color emission of efficient and potentially
useful light emitting materials.

Introduction

Despite the advent of a first generation organic light
emitting diode (OLED) displays in consumer electronics (i.e.,
digital cameras and mobile phones), it is still of great interest
to develop more efficient and stable multi-functional lumi-
nescent or phosphorescent materials to simplify/improve
multilayer device fabrication processes and further enhance
the device performance and stability.1 The device perfor-
mance of OLEDs depends on the charge balance of the
injected holes and electrons as well as the exciton confine-
ment in a device. Asπ-conjugated emissive materials often
exhibit better hole injection and transport than electrons, the
charge balance of an OLED device is often optimized by
sequential deposition of functional layers to differentially
perform the charge injection, charge transport, and light
emission. Multifunctional emissive materials with a dipolar
character, which transport holes and electrons more or less
equally, may be used to simplify the fabrication and structure
of a multilayer device. This approach has been widely
investigated to correct the charge imbalance in molecular

and polymeric emissive materials by means of incorporating
electron affinitive substituents such as cyano, oxadiazole,
triazole, and triazine moieties into the emissiveπ-conjugated
core/main chains2 or grafting them as side chains of a
polymer3 or attaching them onto the outer surface of dendritic
wedges.4

Oligofluorenes, which constitute an important class of
π-conjugated organic materials because of their excellent
chemical, thermal, and photochemical stabilities as well as
the ease of structural tuning to adjust the electronic and
morphological properties, have been extensively investigated
and explored for various functional properties including
electroluminescence5 and liquid crystalline6 and two-photon
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absorption properties7 for optoelectronic and photonic ap-
plications in the past few years. Recent studies have shown
that fluorene-based materials5,8,9 show great potential as
highly stable and efficient blue emissive materials for
OLEDs. Nevertheless, a large hole-injection barrier of
fluorene-based materials often limits its device efficiency.
On the other hand, we have recently shown that the end-
capping of diphenylamino groups ontoπ-conjugated oligo-
mers offers advantages of lowering the first ionization
potential, enhancing thermal stability, and inducing good
amorphous morphological stability of the oligomers. This
has resulted in the development of a hole-transporting
oligofluorene possessing optimal conjugated length for highly
efficient and stable blue emission in nondoped multilayer
OLED devices.9 On the other hand, one of the major
obstacles in the fabrication of a small-molecule based OLED
full color display is the limited availability of efficient
emissive materials that span the full visible spectrum.10

Continuing our investigation on the structure-property
correlations of functional materials11 and elaborating our
strategy further, we herein report an effective approach to
tune the full color emission and functional properties of a
novel series of bis-dipolar emissive oligoarylfluorenes that
bears an electron affinitive core, dibutylfluorene as conju-
gated bridges, and diphenylamino as end-caps constituting
D-π-A-π-D type bis-dipolar molecules. In fact, this type of
molecular design or emissive materials applied in OLED
applications is largely unexplored, even though these are
typical structures for two-photon absorbing dyes.12 Depend-
ing on the electronic nature of the central aryl moiety
employed such as dibenzothiophene, phenylene, oligoth-
iophenes, 2,1,3-benzothiadiazole, 4,7-dithien-2-yl-2,1,3-ben-
zothiadiazole, thiopheneS,S′-dioxide, and dibenzothiophene
S,S′-dioxide, the emissive colors of these bis-dipolar oli-
goarylfluorenes can span almost the full UV-vis spectrum.
In contrast to the diphenylamino end-capped oligofluorenes,

simply extending the chain length of the fluorenyl backbone
does not give rise to the full color tuning and LUMO
adjustment as their energy gaps become saturated at terfluo-
rene.9 Another advantage of designing such bis-dipolar
molecules as emissive materials is that they possess no or a
very small net dipole moment; on the other hand, typical
dipolar emissive molecules having a large dipole moment
often tend to form aggregates or/and a crystalline state, which
is detrimental to the device stability and efficiency.

Results and Discussion

Synthesis. Syntheses of monodisperse bis-dipolar oli-
goarylfluorenes symmetrically end-capped with diphenyl-
amino moieties, OF(2)Ar-NPh, are outlined in Scheme 1.
2,5-DibromomothiopheneS,S′-dioxide,13 4,7-dibromo-2,1,3-
benzothiadiazole,14 and 4,7-bis-(5-bromo-2-thienyl)-2,1,3-
benzothiadiazole15 were prepared according to the literature
procedures. Dihalobithienyl was synthesized either by direct
bromination of bithiophene with NBS or by lithiation with
nBuLi followed by reaction with I2. 3,6-Diiododiben-
zothiophene was prepared by double electrophilic iodination
of dibenzothiophene in the presence of periodic acid/I2.
mCPBA oxidation of 3,6-diiododibenzothiophene afforded
the corresponding dibenzothiopheneS,S′-dioxide in excellent
yield. 2,5′′′-Diiodoterthiophene was prepared by lithiation
with nBuLi followed by quenching with I2 of terthiophene,
which was obtained from the palladium catalyzed Kumada
coupling of 2-thienylmagnesium bromide and 2,5-dibro-
mothiophene. By adopting the convergent approach used
previously, a double palladium catalyzed Suzuki cross-
coupling reaction of 9,9-dibutyl-7-(diphenylamino)-2-fluo-
renylboronic acid,9 as a key intermediate, with the corre-
sponding dihaloarylene afforded the desired bis-dipolar
oligoarylfluorenes in good to excellent yields (56-90%). It
should be stated that the Pd(OAc)2-2P(o-tol)3 complex is
found to be more efficient for the double cross-coupling
reaction when the less reactive dihaloarylene such as 1,4-
dibromobenzene is used. All the newly synthesized oli-
goarylfluorenes were fully characterized with1H NMR, 13C
NMR, MS, and elemental analysis and found to be in good
agreement with the structures.

Optical Properties. In view of the electronic absorption
spectra obtained in chloroform, all oligoarylfluorenes show
very similar spectral features, which are basically composed
of two major absorption bands except OF(2)TBTD-NPh and
OF(2)BTD-NPh, which have an additional band around
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350-390 nm contributed by benzothiadiazole or 4,7-dithien-
2-yl-2,1,3-benzothiadiazole moieties (Figure 1). The absorp-
tion peak appears around 300-320 nm due to then f π*

transition of triarylamine moieties and the absorption band
contributed from the oligoarylfluorene core spanning from
368 to 526 nm corresponding to theπ f π* transition of

Scheme 1. Synthesis of Bis-dipolar Diphenylamino-substituted Oligoarylfluorenes, OF(2)Ar-NPh

Reagents and Conditions: (i) 5 mol % Pd(OAc)2-2P(o-tol)3, K2CO3, CH3OH-Toluene, 75°C or 5 mol % Pd(PPh3)4, K2CO3, THF, 80°C.

Figure 1. Absorption spectra ofOF(2)Ar-NPhs measured in chloroform.
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oligofluorene core. In general, the absorption spectra of this
series of bis-dipolar molecules do not exhibit significant
solvatochromic effects. On the contrary, fluorescence spectra
are solvent dependent, in which the spectra exhibit less or
no vibronic structures and large red shifts with an increase
in solvent polarity. The extent of the solvent induced spectral
shift also depends on the electronic withdrawing property
of the central aryl core. For instance, the emission maxima
of OF(2)TBTD-NPh and OF(2)DBTPSO-NPh exhibit a
solvatochromatic shift of 50 and 182 nm, respectively,
changing from cyclohexane to DMSO (Figure 2). This
suggests that the emission excited states of theses oli-
goarylfluorenes possess polar (charge-transfer) character.
Furthermore, with the use of various electron affinitive aryl
cores, the emission peaks measured in chloroform can span
the full UV-vis spectrum (from 412 to 656 nm) (Figure 3).
In general, the stronger the electron withdrawing strength
of the central core, the longer the emission wavelength shifted
is. The absorption and emission wavelengths can also be
tuned/modified by the number of central aryl units (e.g.,
OF(2)TP-NPh,λabs

max ) 390 nm andλem ) 463, 489 nm;
OF(2)DTP-NPh,λabs

max ) 427 nm andλem ) 490, 525 nm;
and OF(2)TTP-NPh,λabs

max ) 441 nm andλem ) 507, 540
nm) On the other hand, the fluorescence spectra are excitation
wavelength independent, in which because of excitation at
either triarylamine moieties or oligoarylfluorene cores, the
emission spectra obtained are identical. This suggests that
energy or excitons can efficiently be transferred from the
triarylamine moiety to the emissive oligoarylfluorene core.
The fluorescence quantum yields (ΦFL) measured in chlo-
roform using 9,10-diphenylanthrancene or fluorescein as a
standard are in the range of 11-99%, and the fluorescence
lifetimes of all these oligoarylfluorenes are in the nanosecond
time scale, suggesting that the emission originates from the
singlet excited state to the ground state.

Electrochemical Properties.To probe the redox proper-
ties of these diphenylamino endcapped oligoarylfluorenes,
cyclic voltammetry performed in a three-electrode cell setup
with 0.1 M Bu4NPF4 as a supporting electrolyte in CH2Cl2
was carried out (see Figure 4). The results are tabulated in
Table 1. All the OF(2)Ar-NPhs exhibit a reversible two-
electron oxidation wave withE1/2 in the range of 0.31-0.42
V, corresponding to two arylamine oxidations as well as a
(ir)reversible one-electron oxidation wave corresponding to
the oxidation of the oligoarylfluoreneπ-conjugated core with

E1/2 or Ep in the range of 0.49-1.15 V. The highly extended
oligoarylfluorenes OF(2)DBTP-NPh and OF(2)TTP-NPh
even exhibit an additional (ir)reversible one-electron oxida-
tion wave. In contrast to the D-π-D series,9 both the
arylamine and the oligoarylfluoreneπ-conjugated core
oxidation potentials of OF(2)Ar-NPhs are significantly
affected by the electronic withdrawing property and the
conjugated length of the central aryl core. In general, the
stronger the electronic withdrawing strength, which holds
electrons more strongly, the higher the (first/second) oxida-
tion potential is. On the other hand, the longer the conjugated

Figure 2. Absorption and emission spectra ofOF(2)DBTPSO-NPh in different solvents.

Figure 3. (a) Emission colors upon illumination and (b) Fluorescence
spectra ofOF(2)Ar-NPhs in chloroform.
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aryl core, which can better stabilize the radical cation(s), the
lower the oxidation potential is. The LUMO determined by
the difference of HOMO and optical energy gap was
tabulated in Table 1. Because of the electron withdrawing
nature of the aryl central core, the LUMO of OF(2)Ar-NPhs
is stabilized to various extents as compared to that of OF(3)-
NPh, which contains a fluorenyl group as a core (LUMO)
2.11 eV). Consistently, the stronger the electron withdrawing
strength, the more stabilized is the LUMO. These results
further support that the LUMO, HOMO, and energy gap of
these oligoarylfluorenes can easily be modified or tuned by
the use of various central aryl cores.

Thermal Properties. The thermal properties of these
oligoarylfluorenes were examined by differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA)
(Table 1). With the incorporation of diphenylamino endcaps,
all the newly synthesized oligoarylfluorenes exhibit a high

glass transition,Tg, from the remelt in the range of 88-127
°C except OF(2)BTD-NPh, indicating the ability of forming
a morphologically stable amorphous thin film. They also
show high thermal stabilities with a decomposition temper-
ature ofTdec > 450 °C except for OF(2)TPSO-NPh.

Thin Film Photoluminescence Properties.The thin film
photoluminescence (PL) spectra of OF(2)Ar-NPhs retain most
of the spectral features and exhibit a slight to moderate blue-
or red-shift in emission maxima as compared to those obtain-
ed from chloroform. The most apparent difference in emis-
sion spectra comes from those bearing oligothiophene as a cen-
tral core in which the red-shift is attributed to the improve-
ment in the coplanarity of the thienyl moiety(ies) and the
fluorenyl units in the solid state. Another example on the
disparity in emission spectral characteristics comes from
OF(2)DBTP-NPh. In contrast to the narrow emission band
peaked at 412 nm measured in chloroform, the thin film PL

Figure 4. Traces of cyclic voltammetric measurements ofOF(2)Ar-NPh series.

Table 1. Summaries of Physical Measurements of the OF(n)Ar-NPh Series

λabs
max

a/nm (εmax 104/M-1 cm-1) λem
max

a,b/nm ΦFL
a τa,c/ns E1/2

d/V HOMOd/eV LUMOe/eV energy gapf/eV Tg
g(Tdec

h)/°C

OF(2)DBTP-NPh 368 (8.72) 412 0.77i 1.50 0.38, 0.94, 1.08 5.18 2.12 3.06 121 (466)
OF(2)Ph-NPh 381 (8.25) 433 0.99i 1.06 0.37, 0.98 5.17 2.15 3.02 101 (448)
OF(2)TP-NPh 390 (7.29) 463, 487 0.77i 1.14 0.34, 0.78 5.14 2.39 2.75 88 (459)
OF(2)DTP-NPh 424 (7.00) 490, 525 0.71j 0.71 0.32, 0.62 5.12 2.51 2.61 93 (461)
OF(2)TTP-NPh 441 (6.76) 507, 540 0.26j 1.19 0.31, 0.49, 0.98 5.11 2.60 2.51 105 (483)
OF(2)DBTPSO-NPh 386 (6.21) 530 0.56j 1.29 0.42, 1.15 5.22 2.43 2.79 127 (453)
OF(2)BTD-NPh 450 (6.70) 608 0.56j 1.63 0.34, 0.98 5.14 2.72 2.42 no (454)
OF(2)TPSO-NPh 503 (2.85) 644 0.11j 2.10 0.42, 1.00 5.22 3.12 2.10 97 (270)
OF(2)TBTD-NPh 526 (7.70) 656 0.29j 1.73 0.32, 0.97 5.12 3.06 2.06 110 (459)

a Measured in CHCl3. b Excited at the absorption maxima.c Using a nitrogen laser as excitation source.d E1/2 vs Fc+/Fc estimated by CV method using
a platinum disk electrode as a working electrode, platinum wire as a counter electrode, and SCE as a reference electrode with an agar salt bridge connecting
to the oligomer solution. Ferrocene was used as an external standard,E1/2 (Fc/Fc+) ) 0.45 V vs SCE.e Energy gap was estimated from the absorption edge.
f LUMO ) HOMO - energy gap.g Determined by differential scanning calorimeter with a heating rate of 10°C min-1 under N2. h Determined by thermal
gravimetric analysis with a heating rate of 10°C min-1 under N2. i Using 9,10-diphenylanthrancene (Φ360 ) 0.9) as a standard.j Using fluorescein in 0.1
M NaOH (Φ435 ) 0.92) as a standard.
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exhibits two strong emission bands at 430 and 500 nm. The
additional band could be due to aggregation; however, the
contribution of the low energy emission decreases dramati-
cally in the EL spectrum. Importantly, the emission colors
of thin film PL of OF(2)Ar-NPhs also cover the full UV-
vis spectrum (from 430 to 680 nm) as shown in Figure 5.

Electroluminescence Properties.Because of the low first
ionization potential, good luminescence properties, high
thermal stability, and good amorphous morphological stabil-
ity, OF(2)Ar-NPhs show great potential for use as hole
transport emitters in OLEDs (see Figure 6). The undoped
multilayer OLEDs with the structure ITO/OF(2)Ar-NPh (40
nm)/PBD (40 nm)/LiF (1 nm)/Al (150 nm) was initially

fabricated by the conventional vacuum deposition and
investigated. To improve the performance of some devices,
a highly morphologically stable, hole blocking amorphous
material, 1,3,5-tris(4-fluorobiphenyl-4′-yl)benzene (F-TBB),
either combined or not with an Alq3 film as a hole-blocking/
electron transport layer was used to replace the 2-biphenyl-
4-yl-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD) layer. Re-
sults of the EL studies of OF(2)Ar-NPh based OLEDs are
summarized in Table 2. The electroluminescence (EL)
spectra of these OF(2)Ar-NPh-based devices did cover most
of the UV-vis spectrum with emission peaks ranging from
428 nm for the OF(2)DBTP-NPh-based device to 680 nm
for the OF(2)TBTD-NPh-based device (Figure 7). Generally,
the EL spectra resemble well the PL spectra of thin films
indicating that the EL purely originates from the oligomers.
For oligoarylfluorenes bearing oligothiophene as a central
core, there are significant differences in spectral features
including emission maxima and vibronic structures in the
EL spectra, which are voltage independent, when compared
to thin film PL spectra. Such differences are likely due to
the different contributions of vibronic states as the first
derivatives of the EL and PL spectra overlap very well,
indicating the emission of EL coming from the same emissive
states of PL but with different intensities.

Although the electron transporting properties of these
oligoarylfluorenes have been improved by the central electron
affinitive moiety, an attempt to remove the hole-blocking
layer in the OF(2)BTD-NPh and OF(2)TBTD-NPh based
devices led to a relatively inferior efficiency and the leakage

Figure 5. Thin film PL spectra ofOF(2)Ar-NPhs.

Figure 6. EL spectra ofOF(2)Ar-NPhs.

Figure 7. Plots of luminance-voltage and efficiency-voltage ofOF(2)Ar-NPh based devices.

Table 2. Summaries of PL and EL Results of OF(n)Ar-NPh Series

λPL
max

a/nm λEL
max

b/nm Lmax
c/cd m-2 ηc

d/cd A-1

OF(2)DBTP-NPh 430, 501 428, 500 2750 1.1e

OF(2)Ph-NPh 433, 457 433, 457 750 1.2f

OF(2)TP-NPh 494, 523 500, 530 5000 4.0f

OF(2)DTP-NPh 499, 532 536, 580 4000 1.8f

OF(2)TTP-NPh 532, 570 520, 570 12500 3.6e

OF(2)DBTPSO-NPh 500 520 6500 0.71e

OF(2)BTD-NPh 589 588 3600 0.61g

OF(2)TPSO-NPh h h h
OF(2)TBTD-NPh 680 680 680 0.13g

a Emission peak(s) in thin film PL spectrum.b Emission peak(s) in EL
spectrum.c Maximum luminance.d Current efficiency.e Structure of OLED:
ITO/OF(n)-NPh (40 nm)/F-TBB (15 nm)/Alq3 (20 nm)/LiF (1 nm)/Al (150
nm). f Structure of OLED: ITO/OF(2)Ar-NPh (40 nm)/PBD (40 nm)/LiF
(1 nm)/Al (150 nm).g Structure of OLED: ITO/OF(n)-NPh (40 nm)/Alq3
(20 nm)/LiF (1 nm)/Al (150 nm).h Unstable device.
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of Alq3 emission in the OF(2)TBTD-NPh based device.
However, with the use of a F-TBB hole-blocking layer, the
OF(2)Ar-NPh-based devices could exhibit good to excellent
device performance. Some of the particularly efficient
devices, which could exhibit a maximum luminance of
5000-12500 cd m-2 and luminance efficiency up to 3.6-
4.0 cd A-1 are fabricated from the oligoarylfluorenes bearing
oligothiophene as a central core.

Conclusions

In summary, a novel series of monodisperse bis-dipolar
emissive oligoarylfluorenes, OF(2)Ar-NPh, bearing an elec-
tron affinitive core, dibutylfluorene as conjugated bridges,
and diphenylamino as end-caps has been synthesized by a
convergent approach using palladium catalyzed Suzuki cross-
coupling. We have shown that the absorption, emission, and
electrochemical properties are significantly affected by the
electronic nature of the electron affinitive central core of the
bis-dipolar oligoarylfluorene, which provides an effective tool
to tune/modify these functional properties leading to success
in the full color emission tuning. Most of OF(2)Ar-NPhs
show high thermal stabilities with a decomposition temper-
ature of Tdec > 450 °C and form morphologically stable
amorphous thin films (Tg ) 88-127 °C). Highly efficient
undoped multilayer OLED devices based on OF(2)TP-NPh
and OF(2)TPP-NPh with a maximum luminance of 5000 and
12500 cd m-2 and luminance efficiency up to 4.0 and 3.6
cd A-1, respectively, have been obtained. Our findings
provide an effective approach to design and tune the color
emission of efficient and potentially useful light emitting
materials.

Experimental Procedures

The thin films for PL measurements were prepared by vacuum
deposition. EL device fabrication and testing: ITO-glass substrates
(15 Ω/0) were patterned using conventional photolithography and
an acid mixture of HCl and HNO3 as the etchant. The active area
of each EL device was 1× 5 mm2. All organic layers were
thermally deposited in a vacuum chamber at a base pressure of 2
× 10-7 Torr. The devices were tested in air under ambient
conditions with no encapsulation. EL spectra, device luminances,
and current-voltage characteristics were recorded using a combina-
tion of a Photo Research PR-650 SpectraScan and a Keithley 238
Source meter.

5,5′-Dibromo-2,2′-bithiophene.A mixture of bithiophene (1.66
g, 10 mmol) and NBS (3.74 g, 21 mmol) in DMF (10 mL) was
stirred at room temperature for 8 h. The reaction mixture was poured
into a large amount of water and extracted with dichloromethane
(3 × 50 mL). The combined organic solution was dried over
anhydrous Na2SO4, filtered, and evaporated to dryness. The crude
product was further purified by recrystallization inn-hexane
affording a brown crystal with an isolated yield of 46% (1.5 g).1H
NMR (270 MHz, CDCl3, δ) 6.94 (d,J ) 3.78 Hz, 2H), 6.83 (d,J
) 3.78 Hz, 2H).13C NMR (100 MHz, CDCl3, δ) 137.6, 130.5,
124.0, 111.4. MS (FAB)m/z 324.1 (M+).

5,5′-Diiodo-2,2′-bithiophene. To a 100 mL two-necked flask
containing a solution of 2,2-bithiophene (1.66 g, 10 mmol) in dry
THF (40 mL) equipped with a magnetic stirrer, a N2 purge and a
-78 °C acetone-dry ice bath was dropwise added 1.5 MnBuLi
(16 mL, 24 mmol) while maintaining good stirring. After stirring

for 1 h, iodine (6.10 g, 24 mmol) was added. After stirring for
another 2 h atroom temperature, a solution of sodium sulfite was
added to decolorize the reaction mixture and extracted with
dichloromethane (3× 50 mL). The combined organic layer was
washed with water, dried over anhydrous Na2SO4, filtered, and
evaporated to dryness. The crude product was further purified by
recrystallization in a mixture solvent of chloroform/methanol
affording a brown crystal with an isolated yield of 71% (2.98 g).
1H NMR (400 MHz, CDCl3, δ) 7.13 (d,J ) 3.6 Hz, 2H), 6.76 (d,
J ) 3.6 Hz, 2H).13C NMR (100 MHz, CDCl3, δ) 142.0, 137.7,
125.5, 72.6. MS (FAB)m/z 419.5 (M+ + 1).

3,6-Diiododibenzothiophene.A mixture of dibenzothiophene
(1.84 g, 10 mmol), acetic acid (10 mL), water (1 mL), concentrated
sulfuric acid (1 mL), iodine (2.54 g, 10 mmol), periodic acid (2.28
g, 10 mmol), and chloroform (10 mL) was heated at 50°C overnight
with good stirring. After cooling to room temperature, the product
mixture was poured into water and extracted with dichloromethane
(3 × 50 mL). The combined dark purple organic layer was
decolorized with sodium sulfite, washed with water, dried with
anhydrous Na2SO4, filtered, and evaporated to dryness. Purification
of the crude product by recrystallization in a mixture solvent of
chloroform/ethanol (v/v) 4:1) afforded the title compound as a
light-yellow crystal in 65% yield.1H NMR (270 MHz, CDCl3, δ)
8.39 (s,J ) 1.35 Hz, 2H), 7.71 (d,J ) 8.37 Hz, 2H), 7.55 (d,J )
8.37 Hz, 2H).13C NMR (100 MHz, CDCl3, δ) 139.0, 136.3, 135.8,
130.8, 124.4, 89.1. MS (FAB)m/z 436.2 (M+).

3,6-DiiododibenzothiopheneS,S′-Dioxide. To a solution of 3,6-
diiododibenzothiophene (436 mg, 1 mmol) in dichloromethane (30
mL) stirred at 0°C was added excess of 3-chloroperoxybenzoic
acid. After being stirred for 4 h, the reaction mixture was quenched
with a 2 M K2CO3 solution and extracted with dichloromethane (3
× 50 mL). The combined organic layer was dried with anhydrous
Na2SO4 and evaporated to dryness. The crude product was purified
by silica gel column chromatography using 1:1 petroleum ether/
dichloromethane as an eluent affording 431 mg (92%) of a light
yellow solid.1H NMR (270 MHz, CDCl3, δ) 8.12 (d,J ) 1.35 Hz,
2H), 7.90 (dd,J ) 8.10 Hz, 2H), 7.54 (d,J ) 8.10 Hz, 2H).13C
NMR (66 MHz, CDCl3, δ) 143.0, 138.3, 131.1, 130.3, 123.0, 95.5.
MS (FAB) m/z 469.2 (M+ + 1).

5,2′,5′,2′′-Terthiophene.To a mixture of 2-bromothiophene (4.89
g, 30 mmol) and magnesium (0.86 g, 36 mmol) in 30 mL of THF
was added a catalytic amount of iodine under a nitrogen atmosphere
at room temperature with vigorous stirring. The reaction gradually
took place and was allowed to proceed for about 1 h. After cooling
to room temperature, 2,5-dibromothiophene (2.42 g, 10 mmol) and
Pd2(dppf)2 (82 mg, 0.1 mmol) were added into the reaction mixture.
After stirring for 2 h at room temperature, the reaction mixture
was refluxed for another 4 h and then cooled to room temperature.
Water was added to quench the reaction followed by diluted
hydrochloric acid (6 M HCl) until a neutral solution was obtained.
The reaction mixture was poured into a large amount of water and
extracted with dichloromethane (3× 50 mL). The combined organic
layer was dried with anhydrous Na2SO4 and evaporated to dryness.
The crude product was further purified by silica gel column
chromatography using 4:1 petroleum ether/dichloromethane as
eluent affording an orange solid product with an isolated yield of
99% (190 mg).1H NMR (270 MHz, CDCl3, δ) 7.20 (dd,J ) 5.20
Hz, 2H), 7.16 (dd,J ) 3.60 Hz, 2H), 7.06 (s, 2H), 7.00 (dd,J )
3.60 Hz, 2H).13C NMR (100 MHz, CDCl3, δ) 137.1, 136.2, 127.8,
124.5, 124.3, 123.7. MS (FAB)m/z 248.1 (M+).

2,5′′-Diiodo-5,2′,5′,2′′-terthiophene. To a 100 mL two-necked
round-bottomed flask containing 5,2′,5′,2′′-terthiophene (2.44 g,
9.82 mmol) in 30 mL of dry THF equipped with a magnetic stirrer,
a N2 purge, and a-78 °C acetone-dry ice bath while maintaining
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good stirring was added 2.5 MnBuLi (11.8 mL, 29.5 mmol). After
stirring for 1 h, iodine (6.35 g, 25 mmol) was added. After stirring
for a further 2 h, water was added to the reaction mixture followed
by diluted hydrochloric acid (6 M HCl) until a neutral solution
mixture was obtained. The reaction mixture was poured into a large
amount of water and extracted with dichloromethane (3× 50 mL).
The combined organic layer was dried with anhydrous Na2SO4 and
evaporated to dryness. The pure product was precipitated from a
solution of dichloromethane by methanol affording an orange solid
with an isolated yield of 81% (3.91 g).1H NMR (270 MHz, CDCl3,
δ) 7.14 (d,J ) 3.60 Hz, 2H), 6.99 (d,J ) 8.40 Hz, 2H), 6.82 (s,
2H). 13C NMR (100 MHz, CDCl3, δ) 137.8, 127.9, 125.2, 124.7,
124.3, 123.9. MS (FAB)m/z 500.4 (M+).

1,4-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]ben-
zene [OF(2)Ph-NPh].To a mixture of 1,4-dibromobenzene (94
mg, 0.40 mmol), 9,9-bis(n-butyl)-2-diphenyl-amino-7-fluorenyl-
boronic acid (470 mg, 0.96 mmol), palladium (II) acetate (11 mg,
5 mol %), and tri(o-tolyl)phosphine (30 mg, 10 mol %) in a 100
mL round-bottomed flask was added toluene (20 mL), methanol
(10 mL), and a 2 Maqueous solution of K2CO3 (2 mL). The reaction
mixture was stirred under an atmosphere of nitrogen at 75°C for
12 h. After cooling to room temperature, the reaction mixture was
poured into cool water and extracted with dichloromethane (3×
50 mL). The combined organic layer was dried with anhydrous
Na2SO4 and evaporated to dryness. The crude product was then
purified by silica gel column chromatography using petroleum ether/
dichloromethane (v/v) 6:1) as eluent affording the desired product
as a light yellow solid (301 mg, 78%).1H NMR (400 MHz, CDCl3,
δ) 7.75 (s, 4H), 7.67 (d,J ) 7.6 Hz, 2H), 7.55-7.61 (m, 6H), 7.24
(t, J ) 7.8 Hz, 8H), 7.13 (d,J ) 7.6 Hz, 10H), 7.01 (dd,J ) 7.6
Hz, 6H), 1.86-1.94 (m, 8H), 1.06-1.11 (m, 8H), 0.70 (t,J ) 7.6
Hz, 20H). 13C NMR (100 MHz, CDCl3, δ) 152.4, 151.3, 148.0,
147.1, 140.3, 140.3, 138.7, 135.9, 129.1, 127.4, 125.8, 123.8, 123.4,
122.5, 121.2, 120.4, 119.4, 119.3, 55.0, 40.0, 26.1, 23.0, 13.9. MS
(FAB) m/z 965.2 (M+). Anal. Calcd for C72H72N2 (%): C, 89.58;
H, 7.52; N, 2.90. Found: C, 89.38; H, 7.45; N, 3.08.

2,5-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]thio-
phene [OF(2)TP-NPh].The previous procedure was followed using
2,5-dibromothiophene (67 mg, 0.25 mmol), 9,9-bis(n-butyl)-2-
diphenylamino-7-fluorenylboronic acid (367 mg, 0.75 mmol),
palladium (II) acetate (5.6 mg), tri(o-tolyl)phosphine (15 mg), 2
M K2CO3 (3.0 mL), toluene (10 mL), and methanol (5 mL). The
pure product was separated by silica gel column chromatography
using 4:1 petroleum ether/dichloromethane as eluent affording 216
mg (89%) of a yellow solid.1H NMR (400 MHz, CDCl3, δ) 7.60
(s, 4H), 7.54-7.55 (m, 4H), 7.35 (s, 2H), 7.22-7.26 (m, 8H), 7.11-
7.14 (m, 10H), 6.98-7.03 (m, 6H), 1.86-1.94 (m, 8H), 1.05-
1.12 (m, 8H), 0.64-0.78 (m, 20H).13C NMR (100 MHz, CDCl3,
δ) 152.3, 151.4, 147.9, 147.2, 144.0, 140.5, 135.7, 132.4, 129.1,
124.5, 123.9, 123.6, 123.4, 122.5, 120.3, 119.6, 119.4, 119.2, 55.0,
40.0, 26.0, 23.0, 13.9. MS (FAB)m/z 971.0 (M+). Anal. Calcd for
C70H70N2S (%): C, 86.55; H, 7.26; N, 2.88; S, 3.31. Found: C,
86.35; H, 7.41; N, 3.09; S, 3.25.

5,5′-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]-2,2′-
bithiophene [OF(2)DTP-NPh]. The previous procedure was fol-
lowed using 5,5′-dibromo-2,2′-bithiophene (81 mg, 0.25 mmol),
9,9-bis(n-butyl)-2-diphenylamino-7-fluorenylboronic acid (367 mg,
0.75 mmol), palladium (II) acetate (5.6 mg), tri(o-tolyl)phosphine
(15 mg), 2 M K2CO3 (3 mL), toluene (10 mL), and methanol (5
mL). The pure product was separated by silica column chroma-
tography using 4:1 petroleum ether/dichloromethane as eluent
affording 192 mg (73%) of an orange solid.1H NMR (400 MHz,
CDCl3, δ) 7.58 (d,J ) 7.60 Hz, 2H), 7.55 (dd,J ) 8.00 Hz, 4H),
7.50 (s, 2H), 7.29 (d,J ) 4.00 Hz, 2H), 7.22-7.26 (m, 8H), 7.20

(d, J ) 3.60 Hz, 2H), 7.12 (d,J ) 8.40 Hz, 10H), 7.00 (dd,J )
7.60 Hz, 6H), 1.85-1.92 (m, 8H), 1.05-1.11 (m, 8H), 0.66-0.72
(m, 20H). 13C NMR (100 MHz, CDCl3, δ) 152.3, 151.4, 147.9,
147.3, 143.9, 140.7, 136.3, 135.6, 132.0, 129.2, 124.5, 124.3, 123.9,
123.4, 122.6, 120.4, 119.6, 119.5, 119.1, 55.0, 40.0, 26.0, 23.0,
13.9. MS (FAB)m/z 1053.3 (M+). Anal. Calcd for C74H72N2S2

(%): C, 84.37; H, 6.89; N, 2.66; S, 6.09. Found: C, 84.27; H,
7.05; N, 2.84; S, 6.05.

3,6-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]-diben-
zothiopheneS,S′-Dioxide [OF(2)DBTPSO-NPh]. The previous
procedure was followed using 3,6-diiododibenzothiopheneS,S′-
dioxide (121 mg, 0.26 mmol), 9,9-bis(n-butyl)-2-diphenylamino-
7-fluorenylboronic acid (304 mg, 0.62 mmol), palladium (II) acetate
(7 mg), tri(o-tolyl)phosphine (19 mg), 2 M K2CO3 (2 mL), toluene
(20 mL), and methanol (10 mL). The pure product was separated
by silica gel column chromatography using 1:1 petroleum ether/
dichloromethane as eluent affording 253 mg (90%) of a yellow
solid. 1H NMR (400 MHz, CDCl3, δ) 8.11 (s, 2H), 7.91 (d,J )
8.00 Hz, 2H), 7.79 (d,J ) 8.00 Hz, 2H), 7.72 (d,J ) 8.00 Hz,
2H), 7.60 (dd,J ) 7.20 Hz, 4H), 7.54 (s, 2H), 7.25 (dd,J ) 7.80
Hz, 8H), 7.13 (d,J ) 6.80 Hz, 10H), 7.00-7.05 (m, 6H), 1.88-
1.96 (m, 8H), 1.08-1.25 (m, 8H), 0.65-0.73 (m, 20H).13C NMR
(100 MHz, CDCl3, δ) 152.4, 151.7, 147.8, 147.7, 141.8, 137.2,
136.4, 135.1, 132.3, 129.3, 129.2, 126.4, 124.0, 123.3, 122.7, 122.5,
121.4, 120.7, 120.1, 119.6, 119.0, 55.2, 40.0, 26.1, 23.0, 13.9. MS
(FAB) m/z 1104.2 (M+ + 1). Anal. Calcd for C78H74N2O2S2 (%):
C, 84.90; H, 6.76; N, 2.54; S, 2.91. Found: C, 84.58; H, 6.93; N,
2.78; S, 2.94.

4,7-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]-2,1,3-
benzothiadiazole [OF(2)BTD-NPh].A mixture of 4,7-dibromo-
2,1,3-benzothiadiazole (147 mg, 0.5 mmol), 9,9-bis(n-butyl)-2-
diphenylamino-7-fluorenylboronic acid (587 mg, 1.2 mmol),
tetrakis(triphenylphosphine)palladium (58 mg, 0.05 mmol), THF
(20 mL), and 2 M K2CO3 (3 mL) was stirred under an atmosphere
of nitrogen at 80°C overnight. After cooling to room temperature,
the reaction mixture was poured into a large amount of cool water
and extracted with dichloromethane (3× 50 mL). The combined
organic layer was dried over anhydrous Na2SO4 and evaporated to
dryness. The crude product was then purified by silica gel column
chromatography with petroleum ether/dichloromethane (v/v) 3:1)
as eluent affording the desired product as a orange solid (380 mg,
74% yield).1H NMR (400 MHz, CDCl3, δ) 8.01 (d,J ) 7.60 Hz,
2H), 7.88 (d,J ) 10.00 Hz, 4H), 7.77 (d,J ) 8.40 Hz, 2H), 7.62
(d, J ) 8.40 Hz, 2H), 7.24-7.28 (m, 8H), 7.15 (d,J ) 7.60 Hz,
10H), 7.03 (dd,J ) 7.80 Hz, 6H), 1.95-1.99 (m, 4H), 1.88-1.92
(m, 4H), 1.07-1.14 (m, 8H), 0.73 (t,J ) 7.40 Hz, 20H).13C NMR
(100 MHz, CDCl3, δ) 154.3, 152.7, 151.0, 147.9, 147.3, 141.1,
135.7, 135.4, 133.4, 129.2, 128.2, 127.8, 123.9, 123.6, 123.3, 122.6,
120.6, 119.2, 119.1, 55.1, 39.9, 26.1, 23.0, 13.9. MS (FAB)m/z
1023.8 (M+). Anal. Calcd for C72H70N4S (%): C, 84.50; H, 6.89;
N, 5.47. Found: C, 84.44; H, 6.86; N, 5.64.

4,7-Bis{5′′-[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]-
2′′-thienyl}-2,1,3-benzothiadiazole [OF(2)TBTD-NPh].The pre-
vious procedure was followed using 4,7-bis(5-bromo-2-thienyl)-
2,1,3-benzothiadiazole (229 mg, 0.5 mmol), 9,9-bis(n-butyl)-2-
diphenylamino-7-fluorenylboronic acid (734 mg, 1.5 mmol),
tetrakis(triphenyl-phosphine)palladium (58 mg, 0.05 mmol), 2 M
K2CO3 (3 mL), and tetrahydrofuran (20 mL). The pure product
was separated by silica gel column chromatography using 2:1
petroleum ether/dichloromethane as eluent affording 480 mg (81%)
of a deep red solid.1H NMR (270 MHz, CDCl3, δ) 8.13 (d,J )
4.05 Hz, 2H), 7.92 (s, 2H), 7.54-7.66 (m, 8H), 7.46 (d,J ) 4.05
Hz, 2H), 7.21-7.27 (m, 8H), 7.12 (d,J ) 7.29 Hz, 10H), 7.00 (t,
J ) 7.56 Hz, 6H), 1.87-1.93 (m, 8H), 1.06-1.13 (m, 8H), 0.71
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(t, J ) 7.29 Hz, 20H).13C NMR (66 MHz, CDCl3, δ) 152.5, 152.2,
151.3, 147.8, 147.2, 146.4, 140.9, 138.0, 135.5, 132.0, 129.1, 128.5,
125.6, 125.2, 124.7, 123.8, 123.6, 123.3, 122.5, 120.4, 119.8, 119.4,
119.1, 55.2, 40.1, 26.1, 23.1, 14.0. MS (FAB)m/z: 1187.8 (M+).
Anal. Calcd for C80H74N4S3 (%): C, 80.90; H, 6.28; N, 4.72.
Found: C, 80.66; H, 6.36; N, 4.72.

2,5-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]-thio-
pheneS,S′-Dioxide [OF(2)TPSO-NPh].The previous procedure
was followed using 2,5-dibromothiopheneS,S′-dioxide (137 mg,
0.5 mmol), 9,9-bis(n-butyl)-2-diphenylamino-7-fluorenylboronic
acid (587 mg, 1.2 mmol), tetrakis(triphenylphosphine)palladium (58
mg, 0.05 mmol), 2 M K2CO3 (3 mL), and THF (30 mL). The pure
product was separated by silica gel column chromatography using
2:1 petroleum ether/dichloromethane as eluent affording 358 mg
(71%) of a deep red solid.1H NMR (400 MHz, CDCl3, δ) 7.79 (d,
J ) 8.00 Hz, 2H), 7.65 (d,J ) 10.00 Hz, 4H), 7.56 (d,J ) 8.40
Hz, 2H), 7.24 (t,J ) 7.8 Hz, 8H), 7.09-7.13 (m, 10H), 7.06 (s,
2H), 7.00-7.03 (m, 6H), 1.84-1.92 (m, 8H), 1.03-1.11 (m, 8H),
0.69 (t,J ) 7.20 Hz, 20H).13C NMR (100 MHz, CDCl3, δ) 152.8,
151.6, 148.1, 147.8, 143.2, 141.8, 134.9, 129.2, 125.5, 125.1, 124.2,
123.1, 122.9, 121.0, 120.1, 119.7, 119.3, 118.7, 55.2, 39.8, 26.0,
23.0, 13.9. MS (FAB)m/z1003.1 (M+). Anal. Calcd for C70H70N2O2S
(%): C, 83.79; H, 7.03; N, 2.79; S, 3.19. Found: C, 83.89; H,
6.78; N, 2.93; S, 3.16.

3,6-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7′-fluorenyl]-diben-
zothiophene [OF(2) DBTP-NPh].The synthetic procedure of OF-
(2)Ph-NPh was followed using 3,6-diiododibenzothiophene (218
mg, 0.5 mmol), 9,9-bis(n-butyl)-2-diphenylamino-7-fluorenylbo-
ronic acid (734 mg, 1.5 mmol), palladium (II) acetate (17 mg),
tri(o-tolyl)-phosphine (46 mg), 2 M K2CO3 (4 mL), toluene (20
mL), and methanol (10 mL). The pure product was separated by
silica gel column chromatography using 4:1 petroleum ether/
dichloromethane as eluent affording 300 mg (56%) of a yellow
solid. 1H NMR (400 MHz, CDCl3, δ) 8.51 (s, 2H), 7.95 (d,J )

8.40 Hz, 2H), 7.79 (d,J ) 8.00 Hz, 2H), 7.64 (s, 2H), 7.69-7.74
(m, 4H), 7.61 (d,J ) 8.00 Hz, 2H), 7.26 (t,J ) 8.40 Hz, 8H),
7.15 (d,J ) 7.20 Hz, 10H), 7.05 (d,J ) 8.00 Hz, 2H), 7.02 (t,J
) 7.20 Hz, 4H), 1.91-2.00 (m, 8H), 1.08-1.13 (m, 8H), 0.73 (t,
J ) 7.40 Hz, 20H).13C NMR (100 MHz, CDCl3, δ) 152.3, 151.5,
148.0, 147.2, 140.3, 139.2, 138.7, 138.5, 136.2, 135.9, 129.2, 126.4,
126.3, 123.8, 123.5, 123.1, 122.5, 121.5, 120.4, 120.0, 119.5, 119.3,
55.1, 40.0, 26.1, 23.0, 13.9. MS (FAB)m/z 1071.2 (M+). Anal.
Calcd for C78H74N2S (%): C, 87.43; H, 6.96; N, 2.61; S, 2.99.
Found: C, 87.31; H, 6.80; N, 2.83; S, 3.10.

5,5′′-Bis[2′-diphenylamino-9′,9′-bis(n-butyl)-7 ′-fluorenyl]-
2,2′,5′,2′′-terthiophene [OF(2)TTP-NPh]. The previous procedure
was followed using 2,5′′-diiodo-5,2′,5′,2′′-terthiophene (125 mg,
0.25 mmol), 9,9-bis(n-butyl)-2-diphenylamino-7-fluorenylboronic
acid (367 mg, 0.75 mmol), palladium (II) acetate (5.6 mg), tri(o-
tolyl)phosphine (15 mg), 2 M K2CO3 (2 mL), toluene (10 mL),
and methanol (5 mL). The pure product was separated by silica
gel column chromatography using 4:1 petroleum ether/dichlo-
romethane as eluent affording 190 mg (67%) of an orange solid.
1H NMR (400 MHz, CDCl3, δ) 7.53-7.60 (m, 6H), 7.49 (s, 2H),
7.22-7.28 (m, 6H), 7.16 (d,J ) 4.00 Hz, 2H), 7.09-7.13 (m,
12H), 7.00 (dd,J ) 7.60 Hz, 6H), 1.84-1.91 (m, 8H), 1.05-1.11
(m, 8H), 0.66-0.71 (m, 20H).13C NMR (100 MHz, CDCl3, δ)
152.3, 151.5, 147.9, 147.3, 144.2, 140.8, 136.2, 135.9, 135.6, 132.0,
129.2, 124.6, 124.1, 123.9, 124.6, 124.1, 123.9, 123.4, 122.6, 120.4,
119.7, 119.5, 119.2, 55.1, 40.0, 26.0, 23.0, 13.9. MS (FAB)m/z
1135.6 (M+). Anal. Calcd for C78H74N2S3 (%): C, 82.50; H, 6.57;
N, 2.47. Found: C, 82.74; H, 6.56; N, 2.88.
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