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A conjugated copolymer having an alternate structure of
9,10-diphenylanthracene and 1,3-diphenylallene was synthe-
sized by the Suzuki–Miyaura cross-coupling reaction with
9,10-dibororanylanthracene and 1,3-bis(4-bromophenyl)-1,3-
diphenylallene. The diphenylanthracene moiety worked as an
absorptive and emissive center unit in the polymer. The twisted
allene moiety not only controlled conjugation length of the poly-
mer but also suppressed formation of excimers, which realized
intense pure blue fluorescence with high quantum efficiency
(�f � 1:0) in CHCl3 solution.

A variety of polymer containing anthracene moieties
has been synthesized and researched of interest in electronic
and optical applications of anthracene functions. An outstanding
direction of the research is development of emissive conjugated
polymers having anthracene moieties, whose instances are poly-
(arylene)s,1 poly(arylenevinylene)s,2 and random copolymers of
dialkylfluorenes.3 However, the conjugated anthracene poly-
mers, reported so far, exhibit little original emissive characteris-
tics of anthracene, frequently leading to self-quenching of exci-
tons, unexpected red-shift, and broadened photoluminescence
(PL) spectrum. In order to develop a conjugated polymer having
original characteristics of anthracene, the polymer must have i)
a controlled dimension of conjugation with a simple regular
structure, ii) an appropriate steric hindrance so as not to form
excimers, and to say nothing of iii) a good solubility in organic
solvents for characterizations and materials processing.

In this paper, we propose a conjugated copolymer alternate-
ly consisting of diphenylanthracene and allene (P1) as the target
polymer. Special features of P1 must be that 1) the 9,10-di-
phenylanthracene (DPhA) unit becomes an emissive center, 2)
the regular alternate structure of the twisted allene brings steric
hindrance in some degree and controls dimension of �-conjuga-
tion,4 and 3) the twisted allene unit reduces intermolecular inter-
actions between polymer chains.4

P1 was synthesized by the Suzuki–Miyaura cross-coupling
reaction as shown in Scheme 1. 9,10-bis(4,4,5,5-tetramethyl-
[1.3.2]dioxaborolan-2-yl)anthracene (2), was prepared by the
cross-coupling reaction of bis(pinacolato)diboron with 9,10-
dibromoanthracene in the presence of KOAc as a base and
PdCl2(dppf)-CH2Cl2 complex as a catalyst.5,6 The structure of
2 was confirmed by IR and NMR spectroscopies and elemental
analysis.6 Anthracene diboronic ester 2 was thermally stable as
easy to handle in air and considerably soluble in THF. 1,3-
bis(4-bromophenyl)-1,3-diphenylallene (3) was previously syn-
thesized by the modified dehydrohalogenative route.4a The
Pd(PPh3)4 catalyzed copolymerization with 2 and 3 was carried
out in THF/aq NaOH, affording P1 in excellent yield (91%).7,8

P1 was obtained as a light-brown powder and the structure
was confirmed by IR and NMR spectroscopy and elemental anal-

ysis.8 The number-average molecular weight (Mn) of P1 was
4300, which was determined by gel permeation chromatography
vs polystyrene standard. The molecular weight distribution
(Mw=Mn) of P1 was 1.5 and the degree of polymerization
(D.P.) estimated from Mn was 8. P1 had good solubility in com-
mon organic solvents such as THF, CHCl3, and toluene and also
had a good processability for thin films.

UV–vis absorption and PL spectra of P1 are shown in
Figure 1 and the data are summarized in Table 1. P1 had absorp-
tion �max at 398 nm in CHCl3 solution and 400 nm in the thin-
film state, respectively. Little difference in the absorption spectra
suggests that P1 takes similar conformations both in the solution
and in the solid state. Surprisingly the both spectra closely
resemble to that of DPhA in CHCl3, except for the shoulder
from 280 to 320 nm due to the tetraarylallene moiety. As shown
in Table 1, the absorption �max and the molar extinction coeffi-
cient ("0) for P1 are almost same to those for DPhA. These
results suggest that the polymerization successfully produces
the DPhA unit, whose conjugation length is strictly controlled
by the twisted allene moiety. The absorption band covers a wide
region from 200 to 450 nm, which contributes to efficient photo-
excitation of P1.

P1 in CHCl3 solution showed an intense blue fluorescence
by irradiation of UV with an emission �max at 430 nm, whose
PL spectrum was as narrow as DPhA (Figure 1). The thin film
also showed a moderate light-blue fluorescence with an emission
�max at 442 nm, in which some red-shift and broadening of the
PL peak were recognized in comparison with those in solution.
In both cases, excimeric radiative processes are practically sup-
pressed by the twisted conformation of P1. In addition, the exci-
tation spectrum was almost same to the absorption spectra,
which suggested that P1 fluoresced via a simple excitation–
emission process. The Stokes’ shift in CHCl3 was 32 nm, which
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Scheme 1. Synthesis of P1.
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was very small in comparison with oligophenylenes.9 The fluo-
rescence quantum yield (�f) was �1:0 relative to DPhA
(�f ¼ 0:9) in cyclohexane. The enhanced quantum efficiency
might be due to an extended �-conjugation effect through the
polymer main chain by an electronic interaction at the allene
portion.

In conclusion, we synthesized a novel conjugated anthra-
cene–tetraphenylallene copolymer P1 by the Suzuki–Miyaura
cross-coupling reaction. The success on preparation of 9,10-di-
bororanylanthracene 2 opened the way to synthesize various al-
ternate conjugated copolymers having 9,10-anthracene unit. The
DPhA unit produced by the polycondensation dominated optical
properties of P1 both in absorption and emission. The twisted
1,3-diphenylpropadienylene (allene) unit in P1 effectively
worked to i) control the dimension of �-conjugation, ii) ease
the interchain interactions, and iii) bring the steric hindrance,

which resulted in pure blue emission, high solubility in organic
solvents, and exclusion of excimeric radiative processes, respec-
tively. Additionally, the electronic interaction through polymer
main chain contributed enhancing PL quantum efficiency.
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Table 1. UV–vis and Photo physical data of P1

Abs.a PL

�max/nm ("0) ex. �/nmb em. �max/nm
c

252
263 (84200) 272
338 (3300, shd) 339 (she) 413

DPhA 357 (7600) 356 430
375 (12400) 374
396 (11600) 394

255
262 (84500)e 278

P1 337 (7700)e 341 (she) 430
359 (8500)e 360 (she)
378 (12800)e 376
398 (11900)e 396

aMeasured in CHCl3.
bExcitation spectrum for emission at

430 nm in CHCl3 (3� 10�5 mol dm�3). cEmission excited
at 274 nm in CHCl3 (3� 10�5 mol dm�3). dShoulder. eMolar
absorptivity per monomer unit.
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Figure 1. UV–vis absorption and PL spectra (excited at
274 nm) of P1 in CHCl3 (—), in the solid thin-film state (– �–),
and DPhA in CHCl3 (� � �).
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