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Synthesis of PPV-Based Conjugated Oligomer Containing Troponein Main Chain
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The synthesis of atropone-containing PPV -based conjugat-
ed oligomer by the Wittig polycondensation was investigated,
where the tropone unit was introduced as the conjugated seg-
ment. Although the NMR and IR studies revealed the low
molecular weight of the resulting product, no side reaction
toward the carbonyl group in the tropone ring occurred to main-
tain the tropone structure as evidenced by the MALDI(Matrix-
Assisted Laser Desorption lonization)-TOFMS spectrum. The
UV-vis and PL spectra gave preliminary information on the
optical property of the tropone-containing conjugated oligomer.

Conjugated polymers and oligomers have been attracted
increasing attention for the application to light-emitting diodes,
plastic lasers, sensors, and so on. A number of conjugated poly-
mers such as poly(p-phenylenevinylene) (PPV), poly(p-pheny-
lene) (PPP), polythiophene (PT), and polyfluorene (PF) have
been synthesized in a controlled manner to give many functional
materials. Since PPV and its derivatives are among the most
promising candidate in organic electroluminescent (EL) devices
and nonlinear optical (NLO) materials, many research groups
are challenging to produce novel polymers with improved opto-
electronic properties. Synthetic chemistry has allowed the
manipulation of the HOMO-LUMO band gap energy, the solu-
bility and processability, and the solid-state morphology of poly-
mers. The introduction of various electron-withdrawing sub-
stituents onto the vinylene! or the phenylene? moiety in PPV
derivatives was investigated to enhance the electron affinity
from the motivation to utilize as the electron transport layer in
EL device. Thetuning of the optical property was also achieved
by the insertion of the non-conjugated segment into the fully
conjugated PPV backbone, decreasing the efficient conjugation
length.®

Tropone, seven-membered fully conjugated ketone, is pre-
dicted to be aromatic and energetically very stable compound.
Troponoid compounds are useful mesogen in liquid crystalline
materias due to their large dipole moment and rigid planar struc-
ture* However, to the best of our knowledge, neither the Tecon-
jugated polymer nor oligomer containing tropone derivatives has
been studied so far. In this communication, we describe the syn-
thesis of a PPV-based conjugated oligomer including benzotro-
pone unit in the main chain to disclose the Wittig polycondensa-
tion behavior and the fundamental optical properties.

The conjugated oligomer (4) was synthesized by the Wittig
polycondensation between bis(phosphonium) salt (1) and
dialdehyde (2) having long alkoxy chains as the solubilizing
group (Scheme 1). 1 was synthesized by the condensation of
diethyl ketone and phthalaldehyde, followed by the bromination
with N-bromosuccinimide, and finally the reaction with triph-
enylphosphine in 23% total yield.> The reaction in
CHCI4/EtOH mixed solvent using 'BuOK at room temperature
gave 4 in 78% yield as a reddish powder (Table 1).6 The poly-
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Table 1.  Synthesis of 4 by Wittig polycondensation under
various conditions®
Solvents®  Temp./°C  Yield/% M MM}
CHCI,/EtOH L.t 78 3,300 1.47
50 85 3,400 1.64
CHCL,/THF 50 NP.* - -
THF/DMF 50 81 3,000 1.93

*Conditions: 'BuOK (base)=4.5 equiv, polymerization
time=3 days. °Volume ratio v/v=1/1. ‘Isolated yield after
precipitation into MeOH followed by Soxhlet extraction with
MeOH. “Estimated by GPC (THF system) using standard
polystyrene samples. °No polymerization.

merization in THF/DMF mixed solvent or at an elevated tem-
perature (50 °C) similarly afforded corresponding products in
high yields. The isolated 4 readily dissolved into CHCI; and
THF as well as toluene for the sake of long alkoxy chains to
obtain a cast film on the glass plate that was too brittle to get a
free-standing film. The number-averaged molecular weight and
the polydispersity of 4 were estimated by gel permeation chro-
matography (GPC) in THF using calibration curves made from
standard polystyrene samples to be 3,300 and 1.47, respective-
ly, from which the degree of polymerization was found to range
from fiveto six.

The peaks assignable to the terminal aldehyde proton were
observed at 10.4 ppm and 1675 cm™ in the 'H NMR and IR
spectra, respectively, because the molecular weight of 4 was
confined by the low solubility in the polymerization solvents.
The peak of the terminal ylide proton also appeared at 2.38
ppm, which was further confirmed by the isolation of bis(ylide)
(2.33 ppm) as the crude product from 1 (3 in Scheme 1). Inthe
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13C NMR spectrum, the peak due to the carbony! carbon origi-
nated from the tropone unit was unambiguously observed at
186.3 ppm. The oligomer was predominantly consisted of the
trans-vinylene conformation because the methylene proton sig-
nal adjacent to the oxygen (-OCH,—) was detected solely at
4.08 ppm in the IH NMR spectrum and the signal of the C-H
out-of-plane bending mode in the trans-vinylene structure was
found at 968 cm™ in the IR spectrum.” The MALDI-TOFMS
spectrum of 4 exhibited three signals per degree of the polymer-
ization, which can be clearly assigned to 4 with aldehyde and
ylide termini (Figure 1). These results indicate that the
oligomerization proceeds through the conventional Wittig poly-
condensation and unwanted side reaction between the carbonyl
group in the tropone skeleton and the ylide is not a serious
problem in the present system.
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Figure 1. MALDI-TOFMS spectrum of 4 (matrix: a-CHCA
(o-cyano-4-hydroxycinnamic acid)).

The thermal stability of 4 was evaluated by the TGA meas-
urement under an air stream. The onset temperature of the
decomposition was 230 °C and the 10% weight loss from the
original mass was observed at 385 °C. The oligomeric PPV
obtained under the same condition (M,, = 3,600) showed the
10% weight loss at 352 °C. Therefore the introduction of the
benzotropone unit into the PPV backbone improved the heat-
resistance. The absorption and fluorescence spectra of 4 meas-
ured in CHCI; at room temperature are shown in Figure 2.
Since the absorption maximum due to the Te* transition in 4
(432 nm) is blue-shifted compared with that of PPV (485 nm,
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Figure 2. UV-vis absorption (dotted line) and fluorescence
(solid line, excited at 432 nm) spectra of 4 measured in CHCl4
(110 M) at room temperature.
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not shown here), benzotropone may be an insufficient aromatic
unit for the complete Tr-electron delocalization of the main
chain, yielding the diminished effective conjugation length.
The absorption edge of the spectrum was measured to be 575
nm, from which the HOMO-LUMO band gap energy was cal-
culated to be 2.16 eV. When 4 was excited at 432 nm light in
CHClj, the luminescence having a pesk maximum at 564 nm
was obtained, which corresponds to orange-yellow light. Since
the absorption spectrum of benzotropone can be changed by the
protonation of the carbonyl group,® the optical character of 4 is
expected to be controlled by the acid strength (pK,) that will be
reported in near future.
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