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Poly(thiophene)s have been an interdisciplinary sub-
ject of study over the past two decades1-5 largely
because of their novelty, characteristic electrical and
optical properties, and potential application in electronic
devices such as organic field-effect transistors (FETs),2
chemosensors,3 electrochemical capacitors,4 and light-
emitting displays (LEDs).5 Their processability, molec-
ular organization, and electronic and optical properties
can be controlled through derivatization of the thienyl
ring. However, the scientific demand for poly(thiophene)s
that possess more complex structural motifs is offset by
synthetic limitations. For example, preparation of poly-
(thiophene)s with functional side chains requires tedious
procedures involving the synthesis of monomers. All but
a few functional groups are intolerant of the harsh
polymerization conditions, with the result that many
potential functional poly(thiophene)s simply cannot be
prepared.

An alternate approach to obtaining derivatized poly-
mers is post-functionalization of precursor polymers,6,7

which has been applied extensively to conventional non-
π-conjugated polymers. Such methodology applied to
poly(thiophene)s would considerably simplify the pro-
cedures for acquiring complex structures and greatly
diversify the functional groups available. With this goal
in mind, we recently reported that the 4-hydrogen of
poly(3-hexylthiophene) (P3HT) is susceptible to elec-
trophilic substitution and can be quantitatively replaced
with a halogen or nitro group under mild conditions
(Scheme 1).8 We speculated that these 3,4-disubstituted
poly(thiophene)s should be capable of further substitu-
tion with other functional groups. In this report, we
demonstrate that Suzuki, Stille, and Heck coupling
chemistry9-12 involving poly(3-bromo-4-hexylthiophene)
(1a) and appropriate reagents can be used to prepare
poly(thiophene)s possessing aryl, vinyl, and alkynyl side
chain groups.

Suzuki coupling of phenylboronic acid with 1a was
conducted in THF at 80 °C in the presence of Na2CO3
and 2% equiv of Pd(PPh3)4 (Scheme 1) for 48 h. The
product 2a clearly showed the emergence of aromatic
protons at 7.27 and 7.15 ppm in the 1H NMR spectrum
(Figure 1). All protons of the hexyl group shifted upfield
compared to those of 1a, for example, R-methylene
protons shifted from 2.72 to 2.26 ppm. (The minor peak
at 2.88 ppm for 1a is ascribed to the R-methylene group
in terminal units.8) From the integrals of the aromatic
and -CH3 protons, the substitution of Br by phenyl was
estimated to be >99%, a value consistent with elemental
analysis (Br < 0.3%). Other para- or meta-substituted
phenylboronic acids, 1-naphthylboronic acid, and 2-thio-
pheneboronic acid also reacted quantitatively with 1a

(Scheme 1), indicating that these reactions are tolerant
to other functional groups. It is noteworthy that more
bulky ortho-substituted reagents, 2-methylphenylbo-
ronic acid and 2-methoxyphenylboronic acid, also re-
acted quantitatively with 1a to give products 2c and
2e, even though these reactions would seem unlikely
due to congestion.

Several tributyltin compounds were used for the
Stille-type coupling with 1a as illustrated in Scheme 1.
Reactions of 2-thiophene- and 2-furantributyltin with
1a at 100 °C in toluene gave products 3b and 3c with
complete substitution of Br (>99%) within 24 h. NMR
and IR data indicate that the structure of thienyl-
substituted product 3a is identical to 2k prepared by
Suzuki coupling. The furyl-substituted product 3c be-
comes insoluble after exposure to air most likely due to
cross-linking caused by the photooxidation of the furyl
group.13 Reaction of vinyl- and phenylethynyltributyltin
with 1a afforded substituted products 2c (91%) and 2d
(>99%) that possess a double and triple bond, respec-
tively, directly attached to the polymer backbone. Phen-
yltributyltin was reluctant to react with 1a, and only
42% of the Br groups in 1a were replaced by phenyl even
after 120 h (3a). This result is in agreement with the
known poor reactivity of stannylbenzenes under Stille
coupling conditions.14

Heck reactions of 1a were investigated using methyl
acrylate, styrene, and 4-vinylbiphenyl. Under the reac-
tion conditions employed (see Scheme 1), only 29-51%
of the Br groups in 1a were substituted (4a-c). Further
investigation to improve the degree of substitution is
in progress.

UV-vis spectra in THF solution showed an increase
in the absorption maximum (λmax: 355-403 nm) for
aryl- (phenyl, naphthyl, thienyl, and furyl) and phenyl-
ethynyl-substituted polymers, compared to the starting
polymer 1a (λmax: 339 nm). This suggests that the side
chains exert an electronic influence on the main chain
conjugation. However, a slight decrease in λmax (316-
338 nm) was observed for the vinyl-substituted products
(3d, 4a-c) for reasons yet unknown.

In conclusion, these results demonstrate that P3HT
can be efficiently functionalized by bromination and
subsequent palladium-catalyzed cross-coupling reac-
tions. This study establishes a convenient pathway for

Figure 1. The 400 MHz 1H NMR spectra of P3HT (in CDCl3)
1a and 2a (in CD2Cl2).
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the construction of novel poly(thiophene)s possessing
more complex structures from simple, and commercially
available, poly(3-alkylthiophene) precursors. A detailed
study on the electronic and optical properties of these
new 3,4-disubstituted poly(thiophene)s is in progress.
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Lazár, M., Bleha, T., Rychlý, J., Eds.; Kemp, T. J., Transla-
tion Ed.; Ellis Horwood: Chichester, 1989. (d) Macromo-
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