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Column chromatographic purification free synthesis of
long-chain monodisperse oligo(1,4-phenyleneethynylene)s:
towards large-scale automatic synthesis of molecular wires
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Abstract—A facile, mild and rapid solid phase synthetic route free of column chromatographic purification to the synthesis of sol-
uble monodisperse long-chain oligo(1,4-phenyleneethynylene)s is presented.
� 2005 Elsevier Ltd. All rights reserved.
Recently, much attention has been paid to monodis-
perse, well-defined conjugated oligomers both as models
for analogous bulk polymers and as candidates for
molecular wires and molecular scale electronic devices.1

Shape persistent oligo(1,4-phenyleneethynylene)s
appear especially attractive due to their excellent main-
chain rigidity and interesting electronic characteristics.2

While short-chain oligo(1,4-phenyleneethynylene)s are
usual model systems for studying electron transfer
through molecular wires, oligo(1,4-phenyleneethynyl-
ene)s longer than 50 Å would be good candidates for
molecular scale electronic devices as suggested by
Aviram.3 Many strategies have been developed for the
synthesis of such long-chain oligo(1,4-phenyleneethynyl-
ene)s, among which solid phase synthetic method
became more favourable owing to its several advantages
including simplified purification as well as potential
automatic synthesis.4–6 Unfortunately, the synthetic
routes previously reported were too tedious. In this
report, we developed a facile, mild and rapid solid phase
synthetic route without any column chromatographic
purification for the synthesis of soluble monodisperse
oligo(1,4-phenyleneethynylene)s up to ca. 60 Å, through
rationally selecting the starting materials and efficiently
designing the synthetic route. All reactions employed
were simple and highly efficient. We believe this route
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represents the most efficient one for the synthesis of sol-
uble long-chain monodisperse oligo(1,4-phenylene-
ethynylene)s up to now.

The synthetic route is outlined in Scheme 1. 4-Iodoani-
line was converted to the diazonium tetrafluoroborate
salts 1 in high yield.7 1,4-Diiodo-2,5-didodecyloxyben-
zene (compound 2) was conveniently synthesized in
large scale according to the previously well-established
procedure.8 Merrifield�s resin was converted to resin 3
by reaction with degassed dry n-propylamine in a sealed
vessel under argon at 70 �C for 3 days.9 Compound 1
was attached to resin 3 in the presence of potassium car-
bonate at 0 �C to afford resin 4, which was then coupled
with trimethylsilylacetylene in the presence of Pd/Cu
catalyst and then desilylation by treatment with tetra-
butylammonium fluoride (TBAF) in THF at room tem-
perature to give the resin-supported terminal acetylene
5. Resin-supported 1,4-phenyleneethynylene dimer 6,
the desired �starting monomer� for an iterative divergent/
convergent strategy, was prepared by coupling resin
5 with compound 2 and trimethylsilylacetylene in
sequence using the above Pd/Cu catalyst system.
One-third of 6 underwent desilylation with TBAF to
afford the resin 7. The remaining two-thirds of 6 was
treated with MeI at 115 �C for 24 h to afford liberated
dimer 8. Resin 7 was then coupled with all of the liber-
ated iodide 8 under Pd/Cu cross coupling conditions to
afford the resin-supported tetramer 9. The sequence was
repeated to generate the resin-supported octamer 12.
octamer 13 liberated from resin 12 by treatment with
MeI at 115 �C for 12 h is about 60 Å and is quite soluble
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Scheme 1. The synthetic route to oligo(1,4-phenyleneethynylene)s. Reagents: (a) Pd(dba)2, CuI, PPh3, THF, Et3N; (b) TBAF, THF; (c) MeI.
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in common organic solvents such as THF, CHCl3 and
so on. Oligomers 8, 11, 13 were fully characterized by
1H NMR, 13C NMR, FTIR, elemental analysis and
matrix-assisted laser desorption/ionization mass spec-
trometry (MALDI-MS).10 These oligomers were of
good purity as judged by NMR and elemental analysis.

During the synthesis, each resin-supported reaction was
monitored by FTIR analysis according to previously
reported method.5 Because yield calculations for solid
phase synthesis were quite difficult, the yields marked
in Scheme 1 were therefore only rough estimations based
on the weight changes of the resin after each reaction.

Compared with previous solid phase synthetic route,5

this new route has three main advantages: (1) it is more
facile, because the �starting monomer� for an iterative
divergent/convergent strategy was simply synthesized
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through fewer reaction steps, thus reducing the total
reaction steps necessary to obtain the target oligomers.
In fact, fussy synthesis of the �starting monomer� was
just the greatest shortcoming of previous solid phase
synthetic route. In the present route, this shortcoming
was overcome by choosing the substituted benzene rings
that can be synthesized more easily than the substitution
pattern in the previous route; (2) it is mild, because all
reactions involved were easily-operative, especially, vio-
lent reagent n-BuLi, which was repeatedly needed in pre-
vious solid phase synthetic route was avoided; (3) most
remarkably, the purification procedures are greatly sim-
plified, because time-consuming column chromato-
graphic purifications were not required throughout our
synthesis process, since compounds 1 and 2 were easily
purified by precipitation from the reaction mixtures
without any further purification and by recrystallization,
respectively, and all oligomers liberated from the resin
were simply purified by passing the compounds through
a silica gel plug. Due to the above advantages and the
fact that all materials largely used were inexpensive
and commercial available, this new route allows facile
and large-scale synthesis of long-chain monodisperse
oligo(1,4-phenyleneethynylene)s. Moreover, potential
automatic synthesis of this type of molecular wires is
also possible, mainly due to no need of column chro-
matographic purifications throughout the whole synthe-
sis process.

In conclusion, a facile, mild and rapid solid phase syn-
thetic route without any column chromatographic puri-
fications was developed for the large-scale synthesis of
soluble monodisperse long-chain oligo(1,4-phenylene-
ethynylene)s.
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