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We describe a new route for the synthesis of thieno[3,4-b]thiophene, alkyl derivatives thereof,
seleno[3,4-b]thiophene, and thieno[3,4-b]furan made from inexpensive starting materials, such as thio-
phene-2-carboxylic acid and furan-2-carboxylic acid. Such fused heterocycles are of great interest for
low band gap organic semiconductors and applications including OLEDs, organic photovoltaic cells,
and electrochromics.

� 2010 Published by Elsevier Ltd.
During recent years, many research groups have been involved
in the preparation of a variety of heterocycles and fused heterocy-
cles,1 including thienothiophenes2 and thienofurans,3 for different
applications. Many of these methodologies have involved expen-
sive starting materials and difficult synthetic procedures, some-
times with undesirable yields. Herein, we focus on the synthesis
and characterization of the fused heterocycles thieno[3,4-b]thio-
phene (T34bT), thieno[3,4-b]furan (T34bF), seleno[3,4-b]thiophene
(S34bT), and related compounds using inexpensive chemical re-
agents, lowering synthetic difficulty, as well as providing a versa-
tile route to a myriad of fused heterocycles and derivatives
thereof. Selenium, oxygen, and sulfur were used as the heteroat-
oms, and different-length alkyl chain derivatives were prepared;
these routes are amenable to the inclusion of different heteroat-
oms, various combinations thereof, and other substituents, as well.

Five-membered fused heterocyclic structures (Fig. 1) are com-
monly known as the A, B-diheteropentalenes. They are created
by replacing a CH group from each of the pentalene rings with a
heteroatom, typically oxygen, nitrogen, sulfur, selenium, or tellu-
rium.4 A pair of electrons is donated by the heteroatom, resulting
in 10 p-electron systems, which are isoelectronic with the aro-
matic pentalene dianion.5,6 The stability of the p-electrons within
the A, B-diheteropentalene rings depends on the relative orienta-
tion of the two heteroatoms.7–9 The resonance energy value and
heats of formation obtained from MNDO calculations11 suggested
that the heterocycles with [2,3-b] and [3,2-b] ring fusion would
be more stable than the [3,4-b] isomer, while the [3,4-c]-fused iso-
mer was predicted to be extremely unstable. Research efforts in
the thienothiophene series confirmed these predictions; both thie-
no[2,3-b]thiophene (T23bT) and thieno[3,2-b]thiophene (T32bT)
were stable and underwent electrophilic substitution10 while
thieno[3,4-b]thiophene (T34bT) was more reactive and more easily
underwent oxidation in air; none of these heterocycles were
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completely immune to such oxidation.11 To date, the parent thie-
no[3,4-c]thiophene (T34cT) has not been isolated.

Any thienothiophene possesses two fused thiophene rings, the
orientations of which vary depending on the locations of the sulfur
atom in the peripheral thiophene. Whereas in any thienofuran
(A = S, B = O), a furan ring is attached to another thiophene. Thus
far, two furan-containing diheteropentalenes have been reported,
namely thieno[3,4-b]furan12 (T34bF) and thieno[2,3-c]furan
(T23cF).13 Approaches to the furo[2,3-c]furan (F23cF) ring system
have not been investigated. Figure 1 shows the structures of the
various molecules synthesized herein.

In the growing field of organic semiconductors, thiophene-
based fused heterocyclic materials play an important role. These
materials display promising optical and electrical properties for
use in electrochromics,14 organic light-emitting diodes (OLEDs),15

and organic photovoltaics (OPVs).16 T34bT and T34bF are notable
monomers as they can be used in the preparation of intrinsically
conducting, low band gap polymers. Indeed, polymeric forms of
T34bT have been used as conductors and as ion storage layers for
electrochromic devices.17,18 Derivatization of these heterocycles
Figure 1. Structure of thieno[3,4-b]thiophene (T34bT), its derivatives, seleno[3,4-
b]thiophene (S34bT), and thieno[3,4-b]furan (T34bF).
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is an effective method of property-tuning for the resultant poly-
mers. Limitations, with respect to derivatization, in the established
syntheses of these monomers have led to the development of the
alternate routes described herein.

In 1991, Brandsma and Verkruijsse19 reported the synthesis of
T34bT via the conversion of 3,4-dibromothiophene to the mono-
trimethylsilyl acetylenic derivative, which was then ring closed
to form T34bT after forming the thiolate on the 3-position. We re-
ported a modified synthetic procedure where we obtained as high
as 55–60% yield in the final ring-closing step20, however we were
able to obtain a maximum yield of only 8% using the conditions re-
ported by Brandsma.19 In 1986, Moursounidi and coworkers first
reported the synthesis of T34bF. For many applications, derivatiza-
tion at the 2-position is important, since the substituent can affect
the band gap and solubility of the resultant polymer. This concept
was shown by Pomerantz et al. with the synthesis of poly(2-decyl-
thieno[3,4-b]thiophene).21 Ferraris extended this concept by intro-
ducing a phenyl group in the 2-position.22 Yu et al.,23 have
synthesized T34bT with electron-withdrawing ester groups in the
2-position; however, thus far no one has reported substituents
with an electron-donating character stronger than that of an alkyl
chain.

We were able to extend and expand the versatility of fused het-
erocycles by our new routes. The alkyl substituents reported in this
work are weak electron-donating groups, which will result in low-
er oxidation potentials for polymerization. In addition, the lengthy
alkyl groups will also contribute towards making the resultant
polymer organic soluble. Our use of the selenium heteroatom fur-
ther broadens the utility of this synthetic approach.

The reported methods of making T34bT, 2-alkyl-derivatized
T34bT, and T34bF24 require expensive chemicals such as 3,4-
dibromothiophene and 3,6-di(pyridine-20-yl)-s-tetrazine (DPT).25
Scheme 1. Synthetic procedure for thieno[3,4-b]thiophene (T34bT), 2-alkyl s
This makes the polymers thereof more costly, which is where
the bulk of their applications lie. Moreover, current synthetic
procedures are limited because of the difficulty in derivatizing
the 2-position of T34bT. It is therefore necessary to develop no-
vel synthetic approaches for five-member fused heterocycles.
We were interested in developing a common synthetic method-
ology that combined the strategies of T34bT with 2-alkyl T34bT
to ultimately yield a series of 2-substituted molecules. Further,
we sought to incorporate another heteroatom, selenium, into
these fused to systems to explore the versatility of our
approach.

Synthetic schemes, including yields, for the new preparation
of T34bT, its derivatives, S34bT, and T34bF appear in Schemes
1 and 2. Scheme 1 shows the new synthesis for T34bT and
S34bT, as well as the modified procedure for our alkyl-deriva-
tized T34bT (though it may be adapted to the attachment of
other substituents), and Scheme 2 shows the new synthetic route
to T34bF.

Thus, we have demonstrated an efficient, inexpensive, and ver-
satile synthetic approach for preparing T34bT, 2-alkylated T34bT,
S34bT, and T34bF. These new routes open the door to a wide vari-
ety of potential derivatives. We intend to more fully explore these
substituents at the 2-position using this chemistry, particularly
with other electron-donating groups. By using the same synthetic
methodology, we also intend to make different annelated hetero-
cyclic systems with N and Te. The range of practical applications
of isomeric thienothiophene or thienofuran derivatives and their
O-, N-, S-, Se-, Te-containing and fused analogues is vast, ranging
from prospects in the design of new medicines26 to the design of
the previously unknown liquid and clathrate crystals,27 charge-
transfer complexes,28 conducting polymers,18 nonlinear optical
materials,29 and dyes,30 among others.
ubstituted thieno[3,4-b]thiophenes, and seleno[3,4-b]thiophene (S34bT).



Scheme 2. Synthetic procedure for thieno[3,4-b]furan (T34bF).
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