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Direct C—H arylation of 3-methoxythiophene catalyzed by Pd.
Application to a more efficient synthesis of
n-alkoxy-oligothiophene derivatives
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Abstract—The direct regioselective C—H arylation of 3-methoxythiophene and 3,4-ethylenedioxythiophene (EDOT) was performed
successfully under ‘Heck-type’ experimental conditions. This novel synthetic methodology has been used to prepare in a more simple

way a series of oligothiophenes interesting for the electronic industry to build new synthetic organic materials.

© 2006 Elsevier Ltd. All rights reserved.

During the chemical development of a selected pharma-
ceutical candidate, an efficient synthesis of 2-aryl-thio-
phene derivative was required. We discovered that
3-methoxythiophene was easily arylated with iodo or
bromo aryl derivatives under ‘Heck-type’ experimental
conditions (Jeffery conditions).! This new and simple
method affording biaryl compounds, contrast with the
usual arylation methods involving a metal-catalyzed
cross-coupling reaction of organometallics and organic
halides (Stille, Kumada, and Suzuki-type).> Recently, a
work aimed at finding a general catalysis (rhodium com-
plex catalyst bearing a strongly m-accepting ligand,
P[OCH(CF5),]5) to perform the direct C-H arylation
of (hetero)arenes, including 3-methoxythiophene was re-
ported.? The direct arylation of thiophene bearing elec-
tron-withdrawing groups was previously published by
Lemaire and co-workers.* Similarly, a Chemical Devel-
opment group at GSK described? the regioselective aryl-
ation of 3-thiophenecarboxylate methyl ester by an aryl
bromide derivative, catalyzed by Pd(PPhs),. We report
here the ligand-free arylation of 3-methoxythiophene
catalyzed by Pd(OAc), or PdCl, to give in a high regio-
selective manner the 2-aryl, 3-methoxy thiophene deriv-
atives 3. Moreover, as that reaction will find its
application in the field of alkoxy-thiophene-based oligo-
mers preparation, we also report herein the facile prep-
aration of some selected m-alkoxy-oligomers.

* Corresponding author. Tel.: +32 10 476 309; fax: +32 10 476 315;
e-mail: a.borghese@lilly.com
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The reaction is performed in N,N-dimethylformamide
(DMF) in the presence of KOAc, ~-BuyNBr (TBAB),
and catalytic amounts of Pd(OAc), at 80 °C with either
aryl iodide or bromide derivatives (Scheme 1).

Several 2-aryl 3-methoxythiophenes 3a—g have been pre-
pared by the arylation of 1 using a series of substituted
bromo-aryl derivatives 2a-g (Table 1).

The high selectivity observed in the polar solvent
(DMF) for the arylation reaction might be explained
by the following reaction mechanism (Scheme 2).
According to a similar reasoning’ that was put forward
for the arylation of 3-carboalkoxy furan and thiophene,
DMF would favor the ionization of the Ar-Pd-X into
the Ar—Pd"™ X~ species a.

The electrophilic species a would react at the electron-
rich 2-position of the 3-methoxythiophene, giving the
cationic intermediate b, which after proton abstraction
and reductive elimination would afford the 2-arylated
product 3.
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Scheme 1. Arylation of 3-methoxythiophene 1.
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Table 1. Arylation of thiophene 1°

Entry Br-Ar-X (2a-g) Product (3) Yield® (%)
1 (2a) 4-Cl (3a) 60°

2 (2b) 4-Br (3b) 28°

3 (2¢) 4-CO,Et 3¢) 56

4 (2d) 4-CN (3d) 53

5 (2¢) 4-OMe (3e) 41

6 (2f) 4-NO, (3f) 73

7 (2g) 3-NO, (3g) 48

#Tsolated yield are not optimized. Each compound has been purified
by flash chromatography and characterized.

®We did not observe the formation of triaryl derivative 4 with 4-
bromochlorobenzene (entry 1).

“The low isolated yield is mainly due to the formation of triaryl
con{pound 4.
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During our investigation, we found that Pd(PPh;), was
not an active catalyst, contrary to what is reported for
the direct arylation of 3-thiophene carboxylate methyl
ester.’ This lack of reactivity would be explained by a
too high stabilization of the Pd" electrophilic species a
by the PPh; ligand. However, Pd(dba), catalyzed the
arylation reaction, thus confirming that Pd® is the cata-
lytic species. We also found that aryls bearing electron-
withdrawing groups react faster than aryls substituted
by electron-donating groups as already reported.’ In a
competitive arylation experiment of 1 by 2e and 2f, only
3f was formed. The aryl EW-groups would favor the
oxidative insertion of the Pd’ into the aryl C-halogen
bond.

Today, there is a considerable interest related to the
preparation of m-conjugated oligomers such as oligothio-
phenes for their potential application as building blocks
to construct new polymers having original properties
useful for the electronic industry. More particularly,
polymers based on 3-alkoxythiophene are interesting
due to their promising electronic and optical properties.®
Typically, the oligothiophenes and polymers are pre-
pared by cross-coupling reactions. We took advantage
of the easy arylation of 3-methoxythiophene 1 to extend
this synthetic methodology to the preparation of
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Scheme 2. Tentative explanation of the origin of the 2-arylation
selectivity.

unsymmetrical bithienyls 6 (Scheme 3). The palladium-
catalyzed reaction of 2-bromo-thiophene (5a, 1 equiv)
or 2-bromo-3-methylthiophene (5b, 1 equiv) with 1 in
DMF gives, respectively, the 3-methoxy bithienyl
derivatives 6a and 6b in 61% and 35% yields.

This new synthetic methodology was also applied for the
preparation of the known® 3-methoxythiophene-based
oligomers; quaterthienyl 7, terthienyl 8 and the new
mixed thienyl-phenylene 9 (Scheme 4). Compounds 7
and 8 were previously prepared by cross-coupling reac-
tions. Palladium-catalyzed reaction of 1 with dihalogen-
ated aryls, 2,5-bromo thiophene, 5,5-dibromo-2,2'-
bithienyl and 4,4’-dibromobiphenyl afford 9, 8 and 7
in 23%, 29%, and 28% yields, respectively, after flash
chromatography.'?

In the field of new organic conducting material,
3,4-cthylenedioxythiophene (EDOT) is a building block
frequently used.!" '3 The preparation of (EDOT) oligo-
mers can also benefit from this new developed technol-
ogy, thus avoiding cross-coupling reactions. EDOT is
a 3,4-disubstituted alkoxy thiophene where positions 2
and 5 will display similar reactivities during the aryla-
tion reaction to afford di-substituted EDOT derivatives.

We have exemplified this new synthetic methodology by
the preparation of terthienyl 11 and the mixed aromatic-
thienyl 12 (Scheme 5). The reaction of EDOT with either
2-bromothiophene or ethyl 4-bromobenzoate afford,
respectively, 11'% and 125 in 40% and 92% yields.

Another more elaborate example is given by the prepa-
ration of the mixed conjugated quaterthienyls 15'¢ of
thiophene and EDOT (Scheme 6). It is synthesized by
the palladium-catalyzed direct arylation of 5-bromo-
3.,4-ethylenedioxy-2,2'-bithienyl 14 by 3,4-ethylenedi-
oxy-2,2’-bithienyl 13. These two key intermediates are
in turn prepared by a palladium-catalyzed direct aryl-
ation of a molar excess of EDOT with 2-bromothio-
phene in DMF to give 3,4-ethylenedioxy-2,2’-bithienyl
13 in a 40% yield. Bromination of 13 with NBS in
dimethylacetamide (DMA) performed according to a
described procedure!? gives 14. Compound 15 has been
prepared in 27.5% from EDOT.

The scope of that reaction could be extended to the
polymerization reaction to prepare novel polymeric
materials or for example to improve the preparation of
known polymers such as poly(3,4-ethylenedioxythio-
phene) (PEDOT). PEDOT is a commercially available
conducting polymeric material having numerous tech-
nological applications that could be prepared according
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Scheme 3. Preparation of unsymmetrical bithienyls.
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Scheme 4. Synthesis of selected thiophene-based oligomers.
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Scheme 5. Synthesis of EDOT-based oligothiophenes.
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Scheme 6. Preparation of oligothiophene 15.
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Scheme 7. Proposed new preparation of PEDOT.

to our new synthetic methodology by reacting the 2,5-
dibromo-3.,4-ethylenedioxythiophene 16 with EDOT
(Scheme 7). Mixed aryl-EDOT polymeric material could
also be prepared by using biarylated derivative, allowing
the preparation of a new polymeric materials.

To summarize, we have developed a highly efficient
direct C-H arylation reaction of 3-alkoxythiophene
derivatives, thus avoiding the classical cross-coupling
reactions, using commercially available catalysts
Pd(OAc), or Pd(Cl),. We have applied that new syn-
thetic methodology to the preparation of alkoxy-thio-
phene based oligomers and demonstrated its usefulness
and simplicity. This new procedure could facilitate the
development of new polymeric material having the req-
uisite electronic and optical properties.
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