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Linear molecules with different arrangement of dipolar pyrimidine moieties in the z-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 extendgetonjugation have

in polymerization is an important issue that results in the

received a lot of attention due to their potential use as formation of polymers with interesting properties by com-

molecular wires. Many practical synthetic approaches and

parison with those of their irregular counterparts. Regio-

testing methods have been developed for constructing andregular poly(pyridine}, ploy(3-alkylthiophene},and oligo-

evaluating molecular wires of different lengthsMore

(thiophene ethynylenés)with precise length have been

interestingly, there has been significant progress in modifying synthesized and have proven to have very interesting
the primary structure of the conjugated system for developing optoelectronic, nonlinear properties. We wish to report herein

functional molecular wires. Control of the regioregularity
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on the synthesis of a new linearconjugated system by
manipulating the orientation of the dipolar component in their
backbone. This approach will ultimately change the dipolar
character of az-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
backbon€.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 similar to 3 but with two pairs of pyrimidine nitrogens

us with an effective synthetic strategy for controlling the directed toward the central aromatic linker, can be prepared
dipolar orientation of pyrimidine in the conjugated backbone. in 71% vyield by couplingd with 1,3-di-tert-butyl-5-ethyn-

A very convenient one-pot consecutive Sonogashira couplingylbenzene in the presence of the same catalyst at elevated
procedure has been developed to introduce different alkynyltemperature (Scheme 2).

groups at the 2- and 5-positions of pyrimidihén the
presence of a catalytic amount of Pd(BRRH2 was synthe-
sized in 74% vyield. 1,4-Diiodo-2,5-dioctylbezene was al-
lowed to react witl? in the presence of Pd(PEkto provide

3 (54%). This new linear molecul@contains five aromatic
rings including two pyrimidine rings with two pairs of
nitrogen directed away from the central aryl linker (Scheme
1).
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a(a) i: 1,3-Di-tert-butyl-5-ethynylbenzene, Pd(RRh Cul,

iPLNH, THF, 30°C, ii. Me3SiC=CH, reflux, iii: 2 N NaOH, THF/
MeOH, 74%; (b) 1,4-diiodo-2,5-dioctylbenzene, Pd(RRhCul,
iPL,NH, THF, reflux, 54%.

Treatment ofl with 1,4-diethynyl-2,5-dioctylbezene in the
presence of Pd(PB)a afforded dibromo compoundlin 82%
yield after purification on silica gel. Linear moleculs
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methanol (10 mL), and to this solution was introduced 2.0 N NaOH (5
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extracted with ether (2 25 mL). The combined organic solution was dried
(MgSQy) and concentrated. The residue was purified by column chroma-
tography on silica gel (EtOAc:hexanes1:12) to afford2 as pale yellow
solid (2.34 g, 74%): mp 202204 °C; IR (KBr) 3274 (s), 2957 (m), 2219
(s), 1572 (m), 1414 (s), 1180 (m), 883 (m), 796 (m), 706 (m), 641 (m)
cm™%; 'H NMR (CDCls, 400 MHz) 1.32 (s, 18H), 3.47 (s, 1H), 7.49 {t,
= 1.8 Hz, 1H), 7.55 (dJ = 1.8 Hz, 2H), 8.81 (s, 2H):3C NMR (CDCl,
100 MHz) 31.5, 35.1, 85.8, 92.3, 116.1, 120.2, 124.8, 127.4, 151.3, 151.7,
159.9; MS (m/z, FAB) 316 (100), 301 (15), 261 (9), 245 (6), 224 (4), 154
(15), 136 (11), 89 (4), 58 (25); HRMS cacld fop£i2sN, 317.2018, found
317.2028. Anal. Cacld for £H24N2: C, 83.50; H, 7.64; N, 8.85. Found:
C, 83.69; H, 7.38; N, 8.68.
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Scheme 2
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a(a) 1, Pd(PPK)4, Cul, ' PLNH, THF, room temperature, 82%

(b) 1,3-di-tert-butyl-5-ethynylbenzene, Pd(RRh Cul, 'Pr,NH,
THF, reflux, 71%.

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-dioctylbenzete was
treated with2 at 80°C in the presence of Pd(P#hto afford
intermediate6 in 94% yield. Removal of the TMS group
from 6 followed by coupling withl afforded? in 90% yield.
Further treatment of with 1,3-di-tert-butyl-5-ethynylben-
zene in the presence of Pd catalyst gave the desired
compound8 in 79% yield (Scheme 3).
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a(a) 1-Ethynyl-4-iodo-2,5-dioctylbenzene, Pd(BECul, PLNH,
THF, room temperature, 94%; (b) i: 2 N NaOH, THF/MeOH, ii:
1, Pd(PPH),, Cul,'Pr,NH, THF, room temperature, 90%; (c) 1,3-
di-tert-butyl-5-ethynylbenzene, Pd(Pfh Cul,'PLNH, THF, reflux,
79%.

Linear molecule1l0 (Scheme 4) prepared in a similar
manner as that fd was employed as a reference compound.
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Pd(PPh)4, Cul, iPLNH, THF, reflux, 92%.
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Our synthetic protocol provides a successful control of Figure 1. Normalized absorption (CHgl1 x 1075 M) and
the dipolar orientation of the pyrimidine moiety in the Pphotoluminescence (CHEI5.5 x 10-° M) spectra of pyrimidine-
conjugated backbone. The optical properties are demonstrate@©ntaining linear compounds 5, and8 and model compountio.
in their absorption and photoluminescence (PL) spectra
(Figure 1).

Linear molecules, 5, and8 reveal very similar behavior  inside a defined conjugated backbone. Significant reduction
in their photophysical properties. Significant red shift8pf  of the HOMO—-LUMO energy band gap and improvement
5, and 8 in their absorption maximum f{hx 371 nm) of fluorescence quantum yield were observed upon incor-
compared with that of the corresponding model compound porating pyrimidine into the conjugated backbone. Further
10 (Amax 311 Nm) were observed. By inspecting the edge of studies on the dependence of electochemical properties on
absorption spectra, the energy band gap8,6r and8 were the different arrangement of dipolar orientation are in
estimated to be ca. 0.2 eV smaller than thaiof All the progress.
pyrimidine-containing molecule3, 5, and8 exhibit strong
blue fluorescence with emission maximum at 406 nm and a
weaker band centered on 428 nm. The photoluminescence Acknowledgment. We gratefully thank the National
also indicates substantial red shifts by 38 nm relative to that Science Council (NSC 89-2113-M-002-008) for financial
of 10 (364 nm, 384 nm). The PL efficiency & 5, 8, and support.
10are 0.63, 0.61, 0.75, and 0.34, respectively. Apparently,
the incorporation of pyrimidines inside a defingeconju-
gated system increases the quantum yield of fluorescence. Supporting Information Available: H NMR spectra of

In conclusion, we have demonstrated methods for control-3, 4, 5,6, 7, 8, 9, and 10 and detailed experimental
ling the arrangement of dipolar orientation of pyrimidine procedures, full characterization. This material is available
free of charge via the Internet at http://pubs.acs.org.
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