638

Chemistry Letters Vol.36, No.5 (2007)

Synthesis of Wholly Aromatic Polymers Possessing Tetra-aryl-substituted Vinylene Units
by Palladium-catalyzed Three-component Coupling Polymerization
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The synthesis of novel wholly aromatic poly(arylenevi-
nylene)s containing tetra-aryl-substituted olefin units in the
main chain by the three-component coupling polymerization of
aryl dihalides, aryl diboronic acids, and acetylene derivatives
is described. For instance, a polymer (M, = 2600, M,/M, =
1.6) was obtained in a 76% yield by the polymerization of 1,4-
diiodobenzene, diphenylacetylene, and 1,4-phenylenediboronic
acid in DMF/H,0 at 100°C for 24h in the presence of
PdCl1,(PhCN), (1 mol %) and KHCOj3;. The obtained polymer
is soluble in organic solvents such as CHCl3, THF, and toluene,
although it does not have any soft lateral segments.

Over the past few decades, a large number of studies on
s-conjugated polymers have been carried out because of their
characteristic properties.! For instance, poly(phenylenevinylene)
(PPV) and its derivatives have been paid much attention in view
of their potential applications in electroluminescence (EL) de-
vices.? The transition metal-catalyzed polymerization systems
based on homo- and cross-coupling processes represent one of
the most useful strategies for the preparation of 77-conjugated
polymers, including PPV derivatives.? In these cases, however,
the structural design of monomers is essentially important
to overcome the poor processability and solubility of the
resulting polymers. We have been working on the development
and applications of three-component coupling polymerization
systems in which highly functionalized polymers having
well-defined sequence are accessible from simple monomers.*
For instance, the palladium-catalyzed three-component coupling
polymerization of aromatic bisallenes, aryl dihalides, and
nucleophiles gives PPV derivatives possessing functional groups
originated from the nucleophilic components on each vinylene
unit.***¢ The properties such as the solubility of the PPV deriv-
atives can be tuned by the nature of the functional substituents.

Herein, we would like to report a new palladium-catalyzed
three-component coupling polymerization of 1,4-diiodobenzene
(1), internal alkynes (2a and 2b), and 1,4-phenylenediboronic
acid (3) as a novel synthetic method of a new class of PPV

|O| + 2 Ar=—Ar + (HO)ZBOB(OH)Z

1 2a-2b 3
2a: ()=~ ) PACI,(PhCN), (1 mol%) Ar_Ar
. _ KHCO, 2 O
2b:me ) ()me DMF/H20 = (v /v =4/1) -
100°C, 24 h A Ar

4a-4b

Scheme 1. Synthesis of wholly aromatic polymers possessing
tetra-aryl-substituted vinylene units.

derivatives containing tetra-aryl-substituted olefin units in the
main chain (Scheme 1).

On the basis of the palladium-catalyzed ternary coupling
reaction of aryl halides, internal alkynes, and arylboronic acids,’
the polymerization of 1, 2a, and 3 was carried out in DMF/H,0
(v/v =4/1) at 100 °C for 24 h in the presence of PdCl,(PhCN),
(1 mol %) and KHCOj3 (2 equiv.). After the reaction, a polymer
4a was isolated by the precipitation with methanol as a yellow
powder in a 76% yield.® In sharp contrast to the poor solubility
of the unsubstituted PPV ((-C¢H4—CH=CH-),)), it was of fortu-
nate that the obtained polymer 4a exhibits good solubility in
common organic solvents such as THF, CHCls, and toluene,
although 4a does not possess any soft lateral substituents. The
number average molecular weight (M,) of the polymer was
estimated to be 2600 from the GPC measurement. Under the
examined conditions, the polymer 4a precipitated out during
the polymerization, which might be the reason for the lower
molecular weight of the polymer.

Also, a polymer having methyl substitutents (4b, M, =
2800, My, /M,, = 1.5) was obtained by the polymerization using
di-p-tolylacetylene (2b) as an internal alkyne. The '"HNMR
spectrum of 4b was informative to estimate the composition
of the polymer. As shown in Figure 1, peaks for —-C¢Hy— and
—CH; were observed, whose integral ratio (24:12) was in good
agreement with that expected from the objective structure.
Therefore, 4b was confirmed to be composed of the objective
tetra-aryl ethylene units. If the reaction of iodobenzene
(0.5 mmol), diphenylacetylene (1.5 mmol), and phenylboronic
acid (0.5 mmol) was carried out under the analogous conditions,
the Suzuki—Miyaura coupling product, biphenyl was not detect-
ed in the reaction mixture. In this case, tetraphenylethylene (5)
was isolated in a 74% yield by SiO, column chromatography
(eluent: hexane). This result further supported that the polymers
have the objective structure units.

As shown in Figures 2 and 3, the UV-vis absorption
maximum (A yax) of 4a in a CHCI; solution appeared at slightly
longer wavelength (330 nm) in comparison with that of a model
compound, tetraphenylethylene (5, Ayax = 310nm). A yellow
transparent thin film with a thickness of about 20 um was pre-
pared by coating the polymer 4a on glass substrate from a CHCl3

—CgHy— —CH3;
—

Figure 1. "HNMR spectrum of 4b.
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Figure 2. (a) UV-vis absorption spectra of 4a and 5 in CHCl;.
(b) Photoluminescence spectra of 4a (c = 12.5mg/L, excited at
330nm) in CHCI; (i) and in a mixed solvent of CHCl;/MeOH
(v/v = 30/70) (ii).
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Figure 3. UV-vis absorption and photoluminescence (excited
at 330 nm) spectra of 4a in the film.

solution. The UV-vis absorption spectrum of the film was
almost identical to that measured in a dilute CHCI3 solution.
Upon irradiation of UV-vis light, this film emits green light
(dem, max = 525 nm), although only very weak fluorescence
could be detected in a dilute CHCIl; solution. However, it is
of note that the corresponding emission was observable in a
solution of a mixed solvent containing a considerable amount
of poor solvent (e.g., CHCl;/MeOH mixed solvent, v/v = 30/
70) although 4a could be dissolved completely under the exam-
ined conditions (Figures 2 and 3). By increasing the content
of the poor solvent, the interaction between the polymer chains
becomes much stronger than that in a solution without poor
solvents. We assume that the fluorescence observed in the film
and in the presence of poor solvents is due to the suppression
of the twisting vibration of the aromatic rings in 4a.’

In summary, a new class of wholly aromatic polymers
having PPV backbone and the aryl substituents on the vinylene
units was obtained by the palladium-catalyzed three-component
coupling polymerization of 1,4-diiodobenzene, internal alkynes,
and 1,4-phenylenediboronic acid. On the basis of the present
polymerization method, a variety of fully substituted poly(aryl-
enevinylene)s are expected to be produced by the simple mono-
mer design. Thus, the synthesis and properties of a series of
polymers are currently being investigated.
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