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Two examples of bis 3,4-dialkoxythiophenes linked with a m-xylene bridge were synthesized in yields of
18% and 32% in a six step process. The formation of the m-xylene bridge, key reaction of the synthesis,
was carried out through Williamson, Mitsunobu and trans-etherification reactions which were subse-
quently compared on performance and versatility. The Mitsunobu reaction assisted by sonication was
found to be the best strategy. These molecules are among the few examples of unsymmetrically substi-
tuted 3,4-dialcoxythiophenes. During the synthesis an 18 member heterocycle, closely related to a crown
ether was isolated. The details of the XRD structure of this heterocycle are discussed.

� 2016 Elsevier Ltd. All rights reserved.
Introduction

The 3,4-dialkoxythiophenes are a family of heteroaromatic
molecules that have showed to be of great utility in the prepara-
tion of p–conjugated materials. They can be used as building
blocks, oligomers, or polymers1 in fabrication of organic electronic
devices such OLEDs,2a OFETs,2b and OSCs.2c Most of these materials
have been obtained using 3,4-dialkoxythiophenes in which, the
alkoxide groups consist of equal aliphatic chains or, symmetrical
and asymmetrical disubstituted chains. The alkoxide group is
added to thiophene ring by one of three O-alkyalation
methodologies: Williamson,3a–c Mitsunobu,3d–g or
transetherification (from 3,4-dimethoxythiophene4 and an alco-
hol,5a diol,5b or cathecol5c). Substitution with different alkoxide
groups in positions 3 and 4 of the thiophene ring has not been
studied deeply.6 Asymmetrical 3,4-dialcoxythiophenes are rare
compounds in the chemical literature, some of them were evalu-
ated as drugs and were prepared by modifications in the aliphatic
chain of 2,2-dimethyl-4-[3-(4-methoxythienyl)oxymethyl]-1,3-
dioxolane.7 Asymmetrical 3,4-dialcoxythiophenes may provide
materials with unique properties. Asymmetrical model molecule
was designed to develop a useful methodology to prepare unsym-
metrical 3,4-dialkoxy derivatives. The model framework consisted
of a bis-3,4-dialkoxythiophene linked by am-xylene bridge system.
The m-xylene moiety is frequently used to obtain arylether den-
drimers,8 and can act as a spacer among the two thiophene rings,
a situation frequently observed in useful molecules in material
science.9 In this Letter the preparation of bis-3,4-dialkoxythio-
phenes linked by the m-xylene bridge, via the three different O-
alkylation methodologies, is compared. As a result, new thiophene
members of the rare family of unsymmetrically substituted 3,4-
dialcoxythiophenes were prepared. Nevertheless, the compounds
have symmetry due to the symmetrical ether bridge that is
constructed.

Results and discussion

The bridged product 6 was very difficult to achieve directly
through a Williamson reaction with 1, a,a0-m-dibromoxylene,
and Et3N as base (Scheme 1).3c The purification of the mixture of
reaction was extremely difficult, due the high polarity of 6 and
by-products generated; only a 12% yield for 6 was achieved using
this methodology. The monoalkylation of 1 with methyl and
benzyl groups gave products 2a (X = Me) and 2b (X = Bn) in two
steps of the reaction (see Supplementary content). Several
experimental conditions were attempted with 2a and a,a0-m-
dibromoxylene to carry out the Williamson reaction, all of them
without promising results (Table 1).3c,10 Again, the reactions
resulted in low yields and complicated purifications. Compound
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Scheme 1. Proposed synthetic pathway to prepare the m-xylene bridged bis-3,4 alkoxythiophenes asymmetrically substituted from compound 1.

Table 1
m-Xylene bridge formation reaction to obtain 3a via Williamson reaction

O
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CO2EtEtO2C
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O

CO2EtEtO2C
Base

2a

3a

+

Br Br

Entry Base Solvent T (h) T (�C) % yield

1 NEt3 DMF 20 90 9
2 NaH DMF 2 90 15
3 NaH DMF 72 90 15
4 NaH DMF 90 90 5
5 NaH DMF 0.25 150 21a

6 NaOH Toluene/H2O 18 100 15b

a Microwaves heating.
b Biphasic reaction, 10% mol TBABr was used as phase transfer compound.
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2b showed an equivalent behavior. After these results the strategy
for the coupling reaction was modified.

A 30% yield for 3awas obtained, after using Mitsunobu method-
ology assisted by sonication (employed in the ether synthesis with
steric hindered alcohols)11 using the DEAD/PPh3 system, 2a and
1,3-bis(hydroxymethyl)benzene (entry 1, Table 2). Only 0.5 h were
necessary to complete the reaction. No product was observed
when the reaction was performed with the DIAD/P(n-Bu)3 system,
(entry 2, Table 2), therefore the mixture DEAD/PPh3 was used for
the preparation of the rest of bis-3,4-dialcoxythiophene systems.
With the monobenzylated product 2b a 11% yield of 3b was
obtained (entry 3, Table 2). The low reactivity of the monoalkylated
compounds in the two substitution process (Williamson and Mit-
sunobu) did not make them useful intermediaries in the prepara-
tion of bis-3,4-dialkoxythiophenes linked by an m-xylene bridge
system.

Therefore, it was necessary to find a monoprotected high reac-
tive intermediary to link the m-xylene bridge. Three easy-prepara-
tion monoprotected derivatives (2c X = TIPS, 2d X = TBDMS and 2e
X = Ac, see Supplementary content for details of the synthesis)
were tested with the Mitsunobu reaction only (entries 4–8,
Table 2). These protective groups do not support the basic condi-
tions of a Williamson reaction.12 A 60% yield for double O-alkyla-
tion product 3c was achieved from 2c in smooth conditions



Table 2
m-Xylene bridge formation reaction to obtain 3a via Mitsunobu reaction
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Entry R X Reagents Solvent T (�C) Time (h) % yield

1 H Me DEAD/PPh3 THF 30 0.5 30
2 H Me DIAD/P(n-Bu)3 THF 30 0.5 0
3 H Bn DEAD/PPh3 THF 30 0.5 11
4 H TIPS DEAD/PPh3 THF 30 0.5 60
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8 H Ac DEAD/PPh3 THF 30 0.5 26
9 CH3 TIPS DEAD/PPh3 THF 30 0.5 46
10 Br TIPS DEAD/PPh3 THF 30 0.5 55

20,000-Hz ultrasound equipment was used.
a Using conventional oil bath heating.

S

HO OH

CO2EtEtO2C

S

TIPSO OH

CO2EtEtO2C

2.2 DEAD, 2.2 PPh3

30 oC, 0.5 h
Ultrasound, 60%

S

TBDMSO OH

CO2EtEtO2C

S

O OH

CO2EtEtO2C

75%

95%

Mitsunobu
Conditions (M.C.)

M.C.

30%

82%

M.C.

40%

i)TBAF, THF, 3h
ii) CH2N2
78%

i)TBAF, THF, 3h
ii) CH2N2
77%

1

2c

2a

2d

3c

3d

3a

Scheme 2. Comparison of the synthetic approaches to obtain molecule 3a.
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(30 �C and 0.5 h sonication entry 4, Table 2). The sonicated reaction
was compared with one carried out using conventional oil bath
heating; the latter resulted in longer reaction time and lower yield
(entry 5, Table 2); higher temperature did not give better yields
(entry 6, Table 2). The favorable effect of sonication on the rate
of reaction was clear. In heterogeneous systems which imply ionic
intermediaries (as Mitsunobu reaction) the mechanical effects of
cavitation (i.e., size reduction and dispersion of reactants,
improved mass transfer and increase of temperature)13 seems to
be favorable for our reaction. Lower yields were attained with
the other monoprotected derivatives 2d and 2e under Mitsunobu
conditions with sonication, 37% and 26% for 3d and 3e, respec-
tively. Two additional compounds 4 and 5 were obtained from 2c
and two benzene substituted diols in 46% and 55% yields, (entries
9 and 10, Table 2). We observed that the reactivity of monopro-
tected molecules 2 in the Mitsunobu coupling reaction is depen-
dent on the nature of the protecting group (Table 2). It has been
reported that the reactivity in this reaction is correlated with the
nucleophile acidity which protonates the zwitterionic adduct
formed between the diazodicarboxylate and the phosphine.14 In
our case the TIPS derivative (2c) is the most acidic of the monopro-
tected molecules 2 and is therefore in agreement with the higher
yield obtained in this Mitsunobu coupling reaction (60%). Three
pathways for 3a synthesis were compared (Scheme 2). The corre-
sponding global yields were �25% from 2a, 43% from 2c, and 23%
from 2d. That the yield obtained from 2c through a one step was
higher than the one obtained through a shorter synthetic route
was remarkable.

In both monoprotected esters 2 and esters linked withm-xylene
bridge (3, 4, and 5) have characteristic 1H NMR signals around 4.4–
4.3 ppm corresponding to the CH2 groups of the ethyl ester moi-
eties. These changed their multiplicity from a quartet to a multi-
plet, when compared with the compound 1. This change is due
to the overlapping of both CH2 signals provoked by the asymmetry
introduced in the molecule by the protecting group. This was con-
firmed in the 13C NMR spectra where two different carbonyl ester
signals and two different methylene groups were observed in the
ester compounds.

The route proposed in Scheme 1 was followed in order to com-
plete the synthesis of bis-3,4-dialkoxythiophene linked by m-
xylene bridge systems. The deprotection of TIPS group was carried-
out with NBu4F to obtain 6 and 7 in similar yield (84%). The corre-
sponding double methylation of these derivatives was performed
by diazomethane offering a 90% yield for 3a and 8. The saponifica-
tion reaction in refluxing ethanol15 was applied to the bis-thio-
phenic derivatives 3a, and 8 in yields of 92% for R = H and 81%
for R = CH3. The corresponding diacids 9 and 10 were submitted
to protodecarboxylation reaction using a recently developed
method,16 catalyzed with Ag2CO3/AcOH system in DMSO using
microwave heating, at 150 �C during and 15 min. Under these con-
ditions yields of 80% for compound 11 (R = H), and 70% for com-
pound 12 (R = CH3) were obtained.

An average yield of 60% was obtained for both derivatives 11
and 12 when the last reaction was conducted in conventional
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heating at 120 �C during 16 h. An increase in the yield was
observed when the reaction was carried out in microwave heating.
The global yield of the six optimized steps from compound 1 is:
32% for 11 and 18% for 12. For these molecules two signals in 1H
NMR were characteristic: the proton signals from the thiophene
system at 6.2 ppm and the signal around 5.1 ppm corresponding
to the methylene of the m-xylene bridge. In 13C NMR the C–H of
the thiophene ring was observed around 98–96 ppm and the signal
corresponding to the methylene group of the m-xylene bridge was
determined to occur at 72 ppm. This was confirmed in the 13C NMR
spectra where two different carbonyl ester signals and two differ-
ent methylene groups were observed in the ester compounds.

The trans-etherification reaction was evaluated as an alterna-
tive to prepare the target molecule 11 from 3,4-dimetoxythio-
phene (15) and m-bis(hydroxymethyl)benzene. The dimethylated
compound was prepared in a 61% global yield for three steps of
reaction from 1 (Scheme 3). The protodecarboxylation reaction
with Ag2CO3 and microwaves showed to be efficient and rapid.
This method does not require the use of quinoline as a solvent,
which is known to be a harmful and toxic substance and thus
allows production of protodecarboxylation products in a cleaner
way.16

In order to avoid a poly-transetherification reaction the synthe-
sis of 11 was conducted in low concentrations of 15. The first
attempt with a 1:10 dilution provided 11 with 9% yield (entry 1,
Table 3). When, the concentration of 15 was elevated two-fold,
the yield increased to 40%. In addition, in these conditions the 18
member cycle (16) was isolated in 5% yield. Longer reaction time
(entry 3, Table 3) did not improve the results. After a reaction of
Table 3
Results of the formation of the m-xylene bridged compounds 11 and 16 via trans-etherific

Entry T (�C) t (h) Dil

1 110 60 1:1
2 110 48 1:5
3 110 96 1:5
4 70 96 1:5

a Dilution: mmol of compound 15 per mL toluene.
96 h, the yield of 11 did not increase, the yield of compound 16
increased to 15%; the starting material (15) was completely
degraded. Decreasing the reaction temperature to 70 �C did not
show any advantage, probably due to the low diol solubility in
toluene at this temperature, recovering part of the starting mate-
rial (entry 4, Table 3).

The best global yield achieved when using a trans-etherification
methodology to obtain compound 11 from thiophene 1 was 24%,
which is 8% fewer than that obtained by the Mitsunobu methodol-
ogy. Nevertheless, this route is 2 steps shorter and has fewer
expensive intermediaries, which will render the method attractive
when scaling-up the reaction.

It is noticed that via the other two methods compound 16 was
not detected and with trans-etherification methodology ring clos-
ing reaction can be favored. A detailed study to favor the produc-
tion of compound 16 using this method is necessary and will be
reported in due time. Nevertheless, X-ray diffraction studies of
compound 16 showed some interesting features that merit discus-
sion (Fig. 1).17 The central 18-membered macrocycle is formed by
two alternating units of 1,3-bis(methoxy)benzene and two units of
3,4-dioxythiophene. The macrocycle has a structure similar to 18-
crown-6, however due to carbons hybridization of thiophene group
it adopts a nearly planar conformation, wherein the carbons C11
and C23 have the maximum deviation to the plane calculated for
all the heterocycles with a distance of 0.165 Å and 0.147 Å, respec-
tively (Table S6).

Only three X-ray structures with a heterocycle fragment that
matches the situation of the aforementioned carbon atoms are
reported in the literature18 and in each of these cases the heterocy-
cle adopts a quasi-planar conformation. In the unit cell, the mole-
cules are arranged in zigzag form propagating in the [010]
direction. The planes formed by the heterocycles have an interpla-
nar distance of 3.257 Angstroms (Figs. S3 and S5) which is a clear
ation reaction

utiona % yield

11 15 16

0 9 23 —
40 20 5
38 — 15
17 60 —
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indication of a strong p–p interaction between the thiophene ring
and the benzene moiety. The most characteristic signal in 1H NMR
was observed at 7.99 ppm corresponding to the aromatic protons
of C6 and C17, which points inside of the 18 member heterocycle.
13C NMR spectrum simplifies respect to compound 11, due to the
high symmetry of compound 16.

Conclusion

Two asymmetric systems bis-3,4-dialcoxythiophenes bridged
with a m-xylene moiety were synthesized in global yields of 18
and 32% through the O-alkylation synthetic route of six steps. Mit-
sunobu methodology was superior to Williamson reaction for the
bridge construction. The selection of monoprotected derivative in
the Mitsunobu reaction assisted by sonication is crucial in m-
xylene bridge formation, with the TIPS protected derivative (2c)
showing the highest yield. Also, a four step route based on trans-
etherification of 3,4-dimethoxythiophene was developed, with
similar yields and purity to construct the m-xylene bridge. The
molecules 11, 12, and 16 may be used as building blocks in the
preparation of p-conjugated materials. With exception of com-
pound 16 these molecules are among the few examples reported
of 3,4-dialcoxythiophenes containing different alkoxy substituents
at these positions.
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