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ABSTRACT

Linear molecules with different arrangement of dipolar pyrimidine moieties in the π-conjugated backbone were synthesized by a Pd-catalyzed
Sonogashira coupling reaction. Significant reduction of the HOMO−LUMO energy band gap and improvement of fluorescence quantum yield
were observed upon incorporating pyrimidine into the conjugated backbone.

Linear organic molecules with extendedπ-conjugation have
received a lot of attention due to their potential use as
molecular wires.1 Many practical synthetic approaches and
testing methods have been developed for constructing and
evaluating molecular wires of different lengths.2 More
interestingly, there has been significant progress in modifying
the primary structure of the conjugated system for developing
functionalmolecular wires.3 Control of the regioregularity

in polymerization is an important issue that results in the
formation of polymers with interesting properties by com-
parison with those of their irregular counterparts. Regio-
regular poly(pyridine),4 ploy(3-alkylthiophene),5 and oligo-
(thiophene ethynylenes)6 with precise length have been
synthesized and have proven to have very interesting
optoelectronic, nonlinear properties. We wish to report herein
on the synthesis of a new linearπ-conjugated system by
manipulating the orientation of the dipolar component in their
backbone. This approach will ultimately change the dipolar
character of aπ-conjugated system that may lead to the
development of an interesting method to probe the structure-
property relationship.

A highly electronegative pyrimidine ring was utilized as
the dipolar moiety for incorporation into the conjugated
backbone.7 The chemoselectivity of 5-bromo-2-iodopyrimi-
dine 18 toward the Pd-catalyzed coupling reaction with
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terminal alkynes (Sonogashira coupling reaction) provides
us with an effective synthetic strategy for controlling the
dipolar orientation of pyrimidine in the conjugated backbone.
A very convenient one-pot consecutive Sonogashira coupling
procedure has been developed to introduce different alkynyl
groups at the 2- and 5-positions of pyrimidine.9 In the
presence of a catalytic amount of Pd(PPh3)4, 2 was synthe-
sized in 74% yield. 1,4-Diiodo-2,5-dioctylbezene was al-
lowed to react with2 in the presence of Pd(PPh3)4 to provide
3 (54%). This new linear molecule3 contains five aromatic
rings including two pyrimidine rings with two pairs of
nitrogen directed away from the central aryl linker (Scheme
1).

Treatment of1 with 1,4-diethynyl-2,5-dioctylbezene in the
presence of Pd(PPh3)4 afforded dibromo compound4 in 82%
yield after purification on silica gel. Linear molecule5,

similar to 3 but with two pairs of pyrimidine nitrogens
directed toward the central aromatic linker, can be prepared
in 71% yield by coupling4 with 1,3-di-tert-butyl-5-ethyn-
ylbenzene in the presence of the same catalyst at elevated
temperature (Scheme 2).

Synthetic pathways toward linear molecules possessing the
same arrangement of the dipolar orientation of pyrimidine
in the conjugated backbone are more complicated. First,
1-iodo-4-(trimethylsilylethynyl)-2,5-dioctylbenzene10 was
treated with2 at 80°C in the presence of Pd(PPh3)4 to afford
intermediate6 in 94% yield. Removal of the TMS group
from 6 followed by coupling with1 afforded7 in 90% yield.
Further treatment of7 with 1,3-di-tert-butyl-5-ethynylben-
zene in the presence of Pd catalyst gave the desired
compound8 in 79% yield (Scheme 3).

Linear molecule10 (Scheme 4) prepared in a similar
manner as that for5 was employed as a reference compound.
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Scheme 1a

a (a) i: 1,3-Di-tert-butyl-5-ethynylbenzene, Pd(PPh3)4, CuI,
iPr2NH, THF, 30°C, ii: Me3SiCtCH, reflux, iii: 2 N NaOH, THF/
MeOH, 74%; (b) 1,4-diiodo-2,5-dioctylbenzene, Pd(PPh3)4, CuI,
iPr2NH, THF, reflux, 54%.

Scheme 2a

a (a) 1, Pd(PPh3)4, CuI, iPr2NH, THF, room temperature, 82%
(b) 1,3-di-tert-butyl-5-ethynylbenzene, Pd(PPh3)4, CuI, iPr2NH,
THF, reflux, 71%.

Scheme 3a

a (a) 1-Ethynyl-4-iodo-2,5-dioctylbenzene, Pd(PPh3)4, CuI, iPr2NH,
THF, room temperature, 94%; (b) i: 2 N NaOH, THF/MeOH, ii:
1, Pd(PPh3)4, CuI, iPr2NH, THF, room temperature, 90%; (c) 1,3-
di-tert-butyl-5-ethynylbenzene, Pd(PPh3)4, CuI, iPr2NH, THF, reflux,
79%.
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Our synthetic protocol provides a successful control of
the dipolar orientation of the pyrimidine moiety in the
conjugated backbone. The optical properties are demonstrated
in their absorption and photoluminescence (PL) spectra
(Figure 1).

Linear molecules3, 5, and8 reveal very similar behavior
in their photophysical properties. Significant red shifts of3,
5, and 8 in their absorption maximum (λmax 371 nm)
compared with that of the corresponding model compound
10 (λmax 311 nm) were observed. By inspecting the edge of
absorption spectra, the energy band gaps for3, 5, and8 were
estimated to be ca. 0.2 eV smaller than that of10. All the
pyrimidine-containing molecules3, 5, and8 exhibit strong
blue fluorescence with emission maximum at 406 nm and a
weaker band centered on 428 nm. The photoluminescence
also indicates substantial red shifts by 38 nm relative to that
of 10 (364 nm, 384 nm). The PL efficiency of3, 5, 8, and
10 are 0.63, 0.61, 0.75, and 0.34, respectively. Apparently,
the incorporation of pyrimidines inside a definedπ-conju-
gated system increases the quantum yield of fluorescence.

In conclusion, we have demonstrated methods for control-
ling the arrangement of dipolar orientation of pyrimidine

inside a defined conjugated backbone. Significant reduction
of the HOMO-LUMO energy band gap and improvement
of fluorescence quantum yield were observed upon incor-
porating pyrimidine into the conjugated backbone. Further
studies on the dependence of electochemical properties on
the different arrangement of dipolar orientation are in
progress.
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Scheme 4a

a (a) 1-Bromo-4-iodobenzene, Pd(PPh3)4, CuI, iPr2NH, THF,
room temperature, 91%; (b) 1,3-di-tert-butyl-5-ethynylbenzene,
Pd(PPh3)4, CuI, iPr2NH, THF, reflux, 92%.

Figure 1. Normalized absorption (CHCl3, 1 × 10-5 M) and
photoluminescence (CHCl3, 5.5× 10-6 M) spectra of pyrimidine-
containing linear compounds3, 5, and8 and model compound10.
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