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Abstract

A facile synthesis of dimethyl 3-hydroxythieno[3,2-b]furan-2,5-dicarboxylate is reported from the available methyl thioglycolate and
dimethyl acetylenedicarboxylate starting materials. This compound represents an efficient precursor for the synthesis of 3-substituted

thieno[3,2-b]furan derivatives.
© 2008 Elsevier Ltd. All rights reserved.
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Furan derivatives constitute an important class of het-
eroaromatic compounds which exhibit a large variety of
applications involving both the fields of natural products,
pharmaceuticals and organic materials.'”’ Among fused
furan heterocycles, benzofuran® derivatives have been lar-
gely developed whereas for thieno[3,2-b]furan series very
little examples are known. Thieno[3,2-b]furan and 5-meth-
ylsulfanylthieno[3,2-b]furan, respectively, synthesized by
Paulmier et al.® and McNab and co-workers'® are pre-
sented as unstable compounds. Svoboda et al. have synthe-
sized benzothieno[3,2-b]furan and indicated a low stability
in acidic media.'" The authors have shown that this hetero-

cycle reacts as dienophile in Diels—Alder reaction with elec-
tron-rich dienes to lead to benzothieno[3,2-b]benzofuran
derivatives.'*!* Some examples of more stable thieno[3,2-b]-
furan derivatives have been obtained by grafting electron-
withdrawing groups on the 2 and 3 positions of furan
cycle. !+

The main approach to synthesize the thieno[3,2-b]furan
unit is based on the construction of the furan ring by cyclo-
condensation reaction under basic condition starting from
2-formyl or 2-cyano-3-methoxycarbonylmethyloxy-thio-
phene.”'*'® As an extension of this method, we report here
on a facile synthesis of dimethyl 3-hydroxythieno[3,2-b]-

benzofuran
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furan-2,5-dicarboxylate 1 which represents an efficient
precursor for the development of 3-substituted thieno-
[3,2-b]furan derivatives.

The synthesis of compound 1 is based on two intra-
molecular cyclizations of Dieckmann as shown in Scheme
1. The Michael reaction between the thiolate of methyl
thioglycolate and the dimethyl acetylenedicarboxylate,
followed in situ by the first intramolecular cyclization,
afforded dimethyl 2,5-dicarboxylate-3-hydroxythiophene 2
in 85% yield. Treatment of 2 by a slight excess of methyl
bromoacetate in the presence of K,COj; as the base in
DMF gave compound 3 in 80% yield. The second cycli-
zation reaction was performed by the action of ~-BuOK
in THF on 3 for obtaining 1 in 90% yield.?® For each step,
the compounds were easily isolated by precipitation after
the addition of acidified water (H,SOy, 0.5 M).

The nucleophilic substitution of the anion of 1, gener-
ated by the addition of K,COj3; in DMF, with a slight excess
of Mel led to a mixture of compounds 4 and 5 in 65% and

24% yields, respectively (Scheme 2). The anion of 1 can be
regarded as an ambident enolate anion present in two mes-
omeric forms A and B. The O-alkylation of A gave 4
whereas the C-alkylation of B afforded 5. The carboxylic
acid resulting from the saponification of compound 4 was
decarboxylated at 200 °C in quinoline under microwave
irradiation in the presence of powder of copper to lead to
3-methoxythieno[3,2-b]furan 6 in very low yield (inferior
to 10%). Compound 6 presents a low stability in solution
in CH,Cl, or CHCI; but also in benzene or ethyl acetate
under illumination with day light.

The "H NMR spectrum of 6 in CDCl; shows an evolu-
tion corresponding to the formation of ketone 7 and of
methanol (Scheme 3 and Fig. S1 in Supplementary data).
For compound 6, the aromatic protons of thiophene give
two doublets at 6.95 and 7.17 ppm while the proton of
the furan ring presents a broad singlet at 7.17 ppm. After
2 h in solution, the singlet at 3.82 ppm corresponding to
the methoxy group of 6 disappears while two new singlets
appear at 5.00 ppm and 3.50 ppm relative to CH, in o of
carbonyl group of 7 and methanol, respectively. The chem-
ical shifts of the protons of thiophene ring are very different
in compound 7 with two doublets at 7.88 and 6.30 ppm.
Such evolution, already observed for 3-methoxyfuran and
3-methoxybenzofuran, is catalyzed by a low concentration
of H" !

In an effort to develop new thieno[3,2-b]furan deriva-
tives from the readily accessible compound 1, the hydroxyl
group has been quasi quantitatively transformed into tri-
flate 8 by the action of triflic anhydride in the presence of
Et;N (Scheme 4) in anhydrous methylene chloride at
0°C.%° The treatment of 8 with sodium hydride in tetra-
hydrofuran gave compound 9 in 65% yield together with
the hydroxy derivative 1 in 10% yield. With a bulkier anion
such as the thiolate of methyl thioglycolate, the aromatic
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Fig. 1. X-ray structure of compound 9.

nucleophilic substitution was less efficient and led to
compound 10?° in 25% yield only while the major product
1 was obtained in 35% yield. Triflates are known to present

similar reactivity to bromides in Pd-mediated reactions.”
We have tested the reaction of compound 8 in a Stille cou-
pling with tributylstannylthiophene under microwave irra-
diation by using the general procedure recently described
by Lopez et al.”* Irradiation for 5 min at 80 °C of a mixture
of 8 in toluene with a slight excess of stannic derivative
(1.3 equiv), and Pd(PPhs); (10 mol %) as the catalyst in
the presence of LiCl and AsPh; led to compound 11?° in
75% yield.

Single crystal of 9, obtained by slow evaporation from a
chloroform/ethanol solution, was analyzed by X-ray dif-
fraction®* and constitutes the second example of structure
for thienofuran derivatives indexed in the Cambridge data-
base.'” As shown in Figure 1 (left), the molecule is fully
planar with the two ester groups in the prolongation of
the thienofuran unit. The fusion of the thiophene and furan
rings induces an important deformation of the cycles when
compared with their non-fused forms. Thus bond length
C3-C4 (1.34 A) of thiophene is very short compared to
central bond C5-C6 (1.38 A) and conversely the bond
length C7-C8 (1.39 A) of furan is relatively large. The mol-
ecules stack along the ¢ axis by presenting an overlap of
thienofuran units which does not allow S-S contacts. The
intermolecular distances between the planes of thienofuran
moieties of 3.37 A are compatible with the existence of ©
interactions.

In summary we have presented a facile synthesis of
dimethyl  3-hydroxythieno[3,2-b]furan-2,5-dicarboxylate.
Such a derivative constitutes an interesting precursor for
the development of thienofuran derivatives. Hence, by
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the utilization of the triflate group, the synthesis of 3-
substituted thieno[3,2-b]furans was also achieved.
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