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ABSTRACT
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An atom-economic route to thiophenes and bithiophenes has been developed starting from the readily available gem-dialkylthio enynes. A range
of functionalized thiophenes and bithiophenes, bearing a pendent vinylthio group, were obtained in good to high yields under mild conditions.

Thiophenes represent a class of important five-membered
heterocycles that are key structural units prevalent in
natural products and pharmaceuticals.' Due to their var-
ious potential applications in organic electronic devices,
thiophene derivatives have become major components and
key precursors for the design and synthesis of novel
materials.> As a result, the development of efficient
methods for thiophene syntheses has drawn substantial
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attention in the past decades. The general synthetic ap-
proaches to this class of compounds mostly involve
the functionalization of the a- or S-position of a precon-
structed thiophene nucleus.® By comparison, synthetic
strategies starting from acyclic precursors are especially
attractive because the desired functional groups can
be directly introduced onto the thiophene skeleton by
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choosing an appropriate substrate.* Although the reported
approaches represent significant advances toward the
objective of the general method for the synthesis of thio-
phene and their derivatives, most of them suffered from
limitations such as harsh reaction conditions, low yields,
use of expensive catalysts, difficulty with purification, or
the lack of atom economy. Therefore, to match increasing
scientific and practical demands, the development of effi-
cient and atom-economic methods for the preparation of
thiophenes from readily available acyclic precursors re-
mains highly desirable.

Ketene dithioacetals are readily available intermediates
in organic synthesis. In the past three decades, these
compounds have been very operative as building blocks
for the construction of carbo- and heterocyclic com-
pounds.’ Alkynes, on the other hand, are among the most
important building blocks in organic synthesis.® It is there-
fore indicative that an integration of ketene dithioacetal
and alkyne functional groups into a single molecule could
afford the versatile enyne precursor that could be useful
for the assemblage of ring molecules. This concept has
benefited our group immensely, and a number of ketene
dithioacetal-alkyne-integrated synthetic intermediates have
been achieved in high yields via a dehydration coupling
reaction between ketene ditioacetals and propargyl
alcohols.” Exploration into their synthetic applications
has led to novel synthetic methods for several hetero-
cyclic systems such as pyrroles, thiophenes, d-lactams,
and o-lactones.®gem-Dialkylthio enynes (namely, o-alkynyl
ketene dithioacetals) belong to a special class of ketene
dithioacetal-alkyne-integrated intermediates in that the
alkynyl group is directly linked to the a-carbon of ketene
dithioacetals. In pioneering work, Liu and co-workers
have studied the synthetic potency of a-alkynyl ketene
dithioacetals and observed that these precursors acted as
unique alkynes to take part in [4 + 2] cycloaddition and
Glaser—Hay coupling reactions.” However, reactions of
these compounds involving the ring opening of the 1,3-
dithialane moiety remains unknown to date. We therefore
wish to report herein a novel transannulation of the gem-
dialkylthio enynes under mild conditions, leading to a
range of functionalized thiophenes and 2,2-bithiophenes
in good to high yields.

Initially, a study on the reaction parameters including
solvent, reaction temperature, and base was preformed
using a model reaction of compound 1a (Table 1). When
substrate 1a was treated with NaOH in ethanol (EtOH) at
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Table 1. Conditions Optimization

o P (0]
Ph/li/ base (1.5 equiv) Phﬁ_}
- B
S\_/S solvent, temp, 2.0 h %S )
1a 2a
entry base solvent t (°C) yield (%)*
1 NaOH EtOH 80 45
2 NaOH toluene 80 trace
3 NaOH DMSO 80 90
4 NaOH DMSO rt 0
5 NaOtBu DMSO 80 75
6 NaH DMSO 80 0
7 DBU DMSO 80 0

“Isolated yields.

80 °C for 2.0 h, the desired thiophene 2a was obtained
in 45% yield, while toluene only resulted in a trace amount
of 2a (entries 1 and 2). To our delight, an excellent yield of
2a was obtained when DMSO was used as the solvent
(entry 3). An elevated temperature seems to be essential
also for this transformation because no reaction took place
at room temperature (entry 4). Lastly, our model reaction
also showed itself to be base-dependent. For example,
sodium tzert-butoxide (NaOrBu) afforded a 75% yield
of 2a at 80 °C, whereas sodium hydride (NaH) and 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) did not give the
desired product 2a (entries 5—7). Therefore, the reaction
conditions listed in entry 3 were found to be optimal and
hence selected for further investigations.

With the optimal conditions in hand, the scope of gem-
alkylthio enynes 1 was investigated, and the results are
summarized in Scheme 1. To our delight, the compounds 1,
containing either a terminal or internal alkyne moiety,
were all smoothly converted into corresponding functio-
nalized thiophenes 2 in good to high yields. For example,
when the R! is an electron-withdrawing group (EWG)
such as aroyl and carbamoyl groups, the donor—acceptor
substituted thiophenes 2b—2f were obtained in excellent
yields (~80—90%). The base-promoted fragmentation
reaction of the 1,3-dithialane ring in o-EWG ketene
dithioacetals was previously known.'® However, when we
applied a-(hetero)aryl gem-dialkylthio enynes (1g—1k) to
this base-promoted transannulation reaction, transfor-
mations efficiently took place and afforded the corre-
sponding thiophene products (2g—2k) in good to high
yields in comparable reaction times. Also, replacement
of the aryl group with an alkyl group did not affect
the outcome and 3-alkylthiophenes (21—2n) were also
obtained, albeit with slightly reduced yields. This result
is extremelly important because the fragmentation of the
1,3-dithialane ring of ketene dithioacetals that lacks
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an a-EWG has not yet been reported.” Furthermore,
3-alkenylthiophenes 20 and 2p were generated in 66%
and 80% yields, respectively, when the alkenyl-substituted
substrates were used. In addition to the terminal alkyne
modified substrates 1b—1p (R*> = H), the gem-dialkylthio
enynes containing an internal alkyne unit were also appli-
cable to this transannulation reaction and led to 2,3,5-
trisubstituted thiophenes (2q—2s) in moderate to good
yields. It is worth mentioning that all of the thiophene
products bear a pendent vinylthio group at the 2-position,
which would provide an opportunity for further synthetic
derivatization."!

Scheme 1. Synthesis of Thiophenes 2
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2,2'-Bithiophenes have been shown to be useful com-
pounds as organic semiconductors, fluorescent materials,
and precursors for nonlinear optical materials.'> The
synthesis of m-conjugated oligothiophenes is generally
achieved by palladium- or nickel-catalyzed cross-coupling
of either heteroaryl halides with arylmetals or aryl halides
with heteroarylmetals.'* However, one of the major prob-
lems in these reactions is isolation of the compounds in
their pure form. This has resulted in repeatedly long and
tedious chromatographic separations with generally low
yields of the final products. Following our success on the
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Scheme 2. Synthesis of 4,4'-Diaryl-2,2’-bithiophenes 4
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synthesis of thiophenes 2, we envisaged that 2,2'-bithio-
phenes could be synthesized starting from the dimer of
gem-dialkylthio enynes 1. To test this hypothesis, the
dimers 3 were prepared by the oxidative coupling of
compounds 1 under the Ni/Pd-cocatalyzed conditions.”
When the dimers 3 were subsequently subjected to the
above optimal reaction conditions, symmetrical 4,4'-
diaryl-2,2'-bithiophenes 4 were obtained in good to high
yields (Scheme 2). Delightfully, the reaction times were
dramatically reduced to 10—20 min. The symmetrical
structure of 4, a 2,2’-bithiophene bearing a vinylthio group,
is quite unusual and is reported by our group for the
first time."? As a result, we illustrate herein a novel
and highly efficient metal-free method for the synthesis

of 2,2'-bithiophenes."*
o o
PhMPh
-

ST e

0 s ‘
Ph / S NaOH (3.0 equiv) 44, not obtained
S 7 Ph DMSO, 50 °C A
(s 0 120 min M
28778 SThs

39
5, 66%

In our attempt to prepare 4,4'-benzoyl-2,2’-bithiophene
4g from substrate 3g using this protocol, the debenzoylated
product 5 was unexpectedly isolated in 66% yield instead
of our target product 4g. The pathway for this transforma-
tion is hitherto obscure, and hence further experimental

(14) For an example relevant to the metal-free synthesis of bithio-
phenes, see: Zeika, O.; Hartmann, H. Tetrahedron 2004, 60, 8213.



investigations are inevitable to account for the debenzoyl-
ation process.

(o] o]
Fh CPBA (3.0 i P
s R\ m- (3.0 equiv) 4\3 R\

_J S CHyCly, .t., 2 h Lo

2a 6, 90%

Vinyl sulfones are versatile synthetic intermediates in
organic chemistry, especially participating in 1,4-addition
reactions and cycloaddition reactions.'” These compounds
are also biologically important because they act as inhibi-
tors of several types of enzymes.'® The oxidation of
vinylthio compounds is a convenient route to vinyl sul-
fones.'” In view of the pendent vinylthio group existing in
all thiophene products 2 and 4, we tried to search for the
conditions for the conversion of these compounds into
corresponding vinyl sulfones. To our delight, vinyl sul-
fone 6 was obtained in high yield (90%) from 2a in the
presence of a 3.0 equiv amount of 3-chloroperoxybenzoic
acid (m-CPBA) in dichloromethane (CH,Cl,) at room
temperature.

On the basis of these experimental results and related
precedents,'® a plausible reaction mechanism for the
formation of substituted thiophenes is outlined in
Scheme 3. The initial step involves the abstraction of
an acidic proton at one of the methylene groups of the
1,3-dithialane moiety by NaOH to generate intermedi-
ate A. Following the fragmentation reaction of the 1,3-
dithialane structural unit, the thiolate anion intermedi-
ate Bwas produced. Finally, the thiophenes 2 are formed
through a possible sequential intramolecular hetero-
annulation'® and protonation, with the release of NaOH
for the next reaction.

In summary, we have developed a novel synthetic ap-
proach to a range of highly functionalized thiophenes and

(15) For general reviews of the chemistry of vinyl sulfones, see: (a)
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4506.

Scheme 3. A Plausible Reaction Mechanism
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bithiophenes under mild conditions starting from the read-
ily available gem-alkylthio enynes. This reaction is parti-
cularly attractive due to the following advantages: atom
economy, operational simplicity, high efficiency, and high
product yields. These highly functionalized thiophenes and
bithiophenes would draw the attention of chemists in the
field of developing thiophene-based photovoltaic and
electroluminescence devices.
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