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Regioselective synthesis of functionalized
naphtho[b]thiophenes through a ‘lactone methodology’q
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Abstract—Benzo[b]thiophene and its benzannulated derivatives are important classes of compounds due to their unique chemical
properties and biosteric relationship with indole. In this letter, we report a convenient route for the synthesis of substituted naph-
tho[b]thiophenes through a ring transformation reaction of suitably functionalized 2H-pyran-2-ones with 6,7-dihydro-5H-benzothio-
phene-4-one, in good yields.
� 2006 Elsevier Ltd. All rights reserved.
The chemical and biological potentials of five-membered
heterocyclic compounds fused with aromatic nuclei have
attracted the attention of organic and medicinal chem-
ists for several years. Amongst these, indole and benzo-
furan and their annulated derivatives have been
extensively explored, since compounds containing these
scaffolds demonstrate diverse and interesting biological
activities. A survey of the literature on these ring sys-
tems revealed a paucity of references to benzo[b]thio-
phenes and naphtho[b]thiophenes. A few synthetic
approaches are available in the literature for the synthe-
sis of benzo[b]thiophenes,1 however, there are fewer
approaches to naphtho[b]thiophenes.2–4 Some interest-
ing biological activities such as antifungal,5 anti-plasmo-
dial,6 anti-trypansomal6 and antimalarial activities7

associated with the naphtho[b]thiophene ring system
are reported in the literature.

Naphtho[b]thiophenes are generally synthesized either
by the fabrication of a thiophene ring onto a mercapto-
naphthol precursor2,3 or by photocyclization/photooxi-
dation4 of 3-styrylthiophene substrates. The former
approach affords mainly 1,2-substituted naphtho[b]thio-
phenes, which offers two point diversity in their mole-
cular architecture. The application of this procedure
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limits the scope of derivatization on the aromatic ring
simply because of the poor availability of functionalized
thionaphthols. The latter photocyclization method is
extremely dependent on geometrical isomerism of the
substrate and the reaction conditions employed and
suffers from low yields of the desired compounds due
to the formation of undesired by-products. Junjappa
et al.8 developed an efficient regiocontrolled synthesis
of various polycyclic benzo[b]thiophenes through
their benzoannulation strategy. Recently, benzothio-
phenes and a naphthothiophene were prepared via a
multi-step procedure involving a directed metalation
strategy.9 The paucity of synthetic methods for prepar-
ing naphtho[b]thiophenes and the limitations of existing
procedures prompted us to develop an efficient synthetic
route, which could offer the flexibility of introducing
electron donor or acceptor substituents on the aromatic
ring.

During studies on the chemistry of 2H-pyran-2-ones, we
discovered for the first time, an elegant route for the syn-
thesis of 1,3-terphenyls through a carbanion-induced
ring transformation reaction of 2H-pyran-2-ones and
acetophenones under basic conditions at room tempera-
ture.10 This novel conversion of an a-pyranone ring to a
benzene ring (termed as ‘Lactone Methodology’) utiliz-
ing methylenecarbonyl compounds under mild basic
conditions encouraged us to explore this methodology
for preparing various arenes and heteroarenes of parti-
cular importance.11 The unique feature of 2H-pyran-2-
ones 1 is the presence of three electrophilic centres;
C2, C4 and C6, which can be exploited regioselectively
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by reacting with various C-, N- and S-nucleophiles to
generate molecular diversity. Recently, we regioselec-
tively synthesized functionalized biaryls through our
lactone methodology using malononitrile or acetyl-
trimethylsilane as a carbanion source.12 Herein, we
report an elegant route for preparing functionalized
naphtho[b]thiophenes, using our developed chemistry
on 2H-pyran-2-ones with 6,7-dihydro-5H-benzothio-
phene-4-one 2 in high yields. Additionally, our method-
ology avoids the use of environmentally toxic thiols and
provides expedient access to 1,2-unsubstituted naphtho-
thiophenes, which are difficult to prepare by classical
approaches.

The 2H-pyran-2-ones 1 used as parent precursors were
conveniently prepared by the reaction of methyl 2-car-
bomethoxy-3,3-dimethylsulfanylacrylate with aceto-
phenone in high yields as described earlier.13 Our
approach to substituted naphtho[b]thiophenes involved
stirring an equimolar mixture of the 2H-pyran-2-one 1,
commercially available 6,7-dihydro-5H-benzothioph-
ene-4-one 2 and powdered KOH in dry DMF at room
temperature for 15–18 h as shown in Scheme 1. After
completion, the reaction mixture was poured into ice-
water and the solution was neutralized with 10% HCl.
The crude product was purified by column chromato-
graphy to afford the corresponding naphtho[b]thio-
phenes 3a–e in good yields. All the synthesized
compounds were characterized by elemental and spec-
troscopic analyses.14 The 1H NMR spectrum of 3a
showed three sharp singlets at d 2.48, 2.81 and 3.95
for a methyl sulfanyl group, two methylene groups
and a methoxycarbonyl group, respectively. A multiplet
in the range d 7.08–7.48 was assigned to the eight
methine protons. The presence of the carbonyl peak at
1727 cm�1 in the IR spectrum and the molecular ion
Scheme 1.
peak at m/z 366 in the mass spectrum was in agreement
with the proposed structure.

The mechanism, depicted in Scheme 1, implies that the
reaction is initiated by attack of the carbanion generated
in situ from 6,7-dihydro-5H-benzothiophene-4-one 2 at
position C-6 of the pyran-2-one, followed by cyclization
involving the carbonyl group and C-3 of the pyran ring
to form a bicyclic intermediate. Finally, decarboxylation
then dehydration yield products 3a–e in good yields.

In order to demonstrate the synthetic utility and scope
of this methodology for the regiospecific introduction
of various functionalized amines and cyano substituents
on the benzene ring of naphtho[b]thiophenes, we synthe-
sized 6-aryl-2-oxo-4-amino-pyran-3-carbonitriles (4a–d)
by replacing the methylsulfanyl group in 6-aryl-4-
methylsulfanyl-2-oxo-pyran-3-carbonitriles with various
secondary amines in methanol as described previ-
ously.12b,13 Thus, the reaction of 2H-pyran-2-ones 4a–d
with cyclic ketone 2 was carried out as shown in
Scheme 2. The reaction was monitored by TLC and
after workup, we isolated 6-aryl-8-amino-4,5-dihydro-
naphtho[2,1-b]thiophene-9-carbonitriles 5a–e in 75–
89% yield.15 In a further extension of these studies,
naphtho[b]furans 5f,g were synthesized in good yields
in a similar fashion using 6,7-dihydro-5H-benzofuran-
4-one16 2a as shown in Scheme 2.
Scheme 2.



Scheme 3.
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The importance17 of naphtho[b]thiophene-based diphos-
phanes as ligands for homogeneous stereoselective
catalysis and diarylated benzo[b]thiophenes and naph-
tho[b]pyrans as novel photochromic materials prompted
us to further extend the lactone methodology for
preparing 6,7-diarylated-naphtho[b]thiophenes, which
have not been synthesized prior to this study. Thus,
reaction of 4-methylsulfanyl-2-oxo-5,6-diphenyl-2H-
pyran-3-carboxylic acid methyl ester 6 (prepared from
deoxybenzoin and methyl 2-carbomethoxy-3,3-di-
methylsulfanylacrylate) with 2 was carried out as shown
in Scheme 3. After a certain period of time, the reaction
did not proceed further even after prolonged stirring
for 48 h as monitored by TLC. Following workup and
purification by column chromatography, we isolated
6,7-diphenyl-8-methylsulfanyl-4,5-dihydronaphtho[2,1-b]-
thiophene-9-carboxylic acid methyl ester 7 in 22% yield
together with unreacted lactone 6 (48%). The reaction
was further explored by preparing diarylated-naph-
tho[2,1-b]furan 8 through the reaction of 6 with 2a
under similar reaction conditions. The ease of the
preparation of these hindered diarylated systems in a
single step opens a new avenue for further exploration.

In summary, we have demonstrated an efficient regio-
selective synthesis of diversely functionalized naph-
tho[b]thiophenes in a single step from easily accessible
precursors in good yields. Our synthetic approach has
several advantages including mild reaction conditions,
versatility and compatibility of functional groups, use
of inexpensive reagents and an easy workup process.
Acknowledgements

This work was supported by the Department of Science
and Technology (DST), New Delhi, India. M.D. thanks
CSIR, New Delhi, for a senior research fellowship. The
analytical support by SAIF, Central Drug Research
Institute, Lucknow is gratefully acknowledged.
References and notes

1. (a) Campaigne, E. In Comprehensive Heterocyclic Chem-
istry; Katritzky, A. R., Rees, C. W., Eds.; Pergamon:
Oxford, 1984; Vol. 4, pp 863–934; (b) Iddon, B.; Scrow-
ston, R. M. In Advances in Heterocyclic Chemistry;
Katritzky, A. R., Boulton, A. J., Eds.; Academic: New
York, 1970; Vol. 11, pp 177–381.

2. (a) Scrowston, R. M. In Advances in Heterocyclic Chem-
istry; Katritzky, A. R., Ed.; Academic: New York, 1981;
Vol. 29, pp 171–249; (b) Iwaa, M.; Lee, M. L.; Castle, R.
N. J. Heterocycl. Chem. 1980, 17, 1259; (c) Campaigne, E.;
Heaton, B. G. J. Org. Chem. 1964, 29, 2372.

3. (a) Dann, O.; Kororudz, M. Chem. Ber. 1958, 91, 172; (b)
Tominaga, Y.; Lee, M. L.; Castle, R. N. J. Heterocycl.
Chem. 1981, 18, 977.

4. (a) Song, K.; Wu, L.-Z.; Yang, C.-H.; Tung, C.-H.
Tetrahedron Lett. 2000, 41, 1951–1954; (b) Carruthers,
W.; Stewart, H. N. M. J. Chem. Soc. 1965, 6221.

5. (a) Jalilian, A. R.; Sattari, S.; Bineshmarvasti, M.;
Daneshtalab, M.; Shafiee, A. IL Farmaco 2003, 58, 63–
68; (b) Raga, M.; Moreno-Mañas, M.; Cuberes, M. R.;
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