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a b s t r a c t

An efficient and concise one pot synthesis of highly functionalized thiophenes and pyranone fused thio-
phenes has been delineated through base induced ring transformation of suitably functionalized 2H-
pyran-2-ones by ethyl thioglycolate by inter and intramolecular C–S and C–C bond formation.

� 2011 Published by Elsevier Ltd.
CNMeOOC

MeS SMe
+ ArCOCH3 DMF

KOH

Ar
a 3-NHCOCH3C6H4
b 4-pyridinyl
c 2-furyl
d 4-NHCOCH3C6H4

1 3

3

2
O O

CN

SMe

Ar

Ar
f 4-biphenyl
g 1-naphthyl
h 2-naphthyl
i 4-(2-(phenylthio)ethoxy)phenyl

3

Thiophenes are important class of heterocyclic system, abun-
dantly present as sub-structure in various natural products1 and
pharmaceuticals.2 These are useful intermediates in the prepara-
tion of novel conducting polymers,3 nonlinear optical materials4

and for isosteric replacement for phenyl group in medicinal chem-
istry.5 Diazathiophenes, derived from the coupling of 2-aminothi-
ophenes with various heterocycles are highly colored brilliant
shade dyes6 as well as aroylthiophenes are agonist allosteric en-
hancer at A1 adenosine receptor.7,8

One of the principal routes for the construction of highly func-
tionalized 3-aminothiophenes is the interaction of b-halonitriles
with mercaptans having reactive methylene, activated by the pres-
ence of electron acceptor.9 This reaction is very useful even for the
construction of fused thiophene ring system with amino substitu-
ent at position 3. Another alternative route for the synthesis of 3-
aminothiophene is based on the reaction of sodium or potassium
1-cyanoethylene-2,2-dithiolates with a-halocarbonyl compounds
or activated alkyl halide in basic medium.10 3,5-Diaminothioph-
enes are also prepared by the base induced reaction of ketene
N,S acetals, obtainable from the reaction of activated nitriles with
isothiocyanates with activated alkyl or aralkyl halide.11–15 Besides
these, they are also prepared by ring opening and ring-closure of
1,3-oxathiolium salt with malononitrile in the presence of
base.16–20 Recently, a practical and high yield two steps procedure
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is developed for the synthesis of ethyl 3-aminothiophene-2
-carboxylate by the reaction of mercaptoacetic acid and 2-chloro-
acrylonitrile followed by esterification.21 A reaction of alkylnitrile
(RCH2CN) with ethyl formate followed by ring-closure on reaction
with ethyl thioglycolate led to the formation of functionalized 3-
aminothiophenes.22

The wide ranging applications of thiophene derivatives aroused
considerable interest to develop new methodology which could be
efficient, economical and compatible to the functional groups,
without use of expensive catalyst/reagent, easy work up and mild
reaction conditions. Our methodology relies on mild conditions,
with easy workup using economically viable reagents. The advan-
tage of the procedure lies in the synthesis of cyanomethyl tethered
e 2-thienyl

Scheme 1. Synthesis of 6-aryl-4-methylthio-2H-pyran-2-one-3-carbonitrile 3.
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h 2-naphthyl
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Scheme 2. Plausible mechanism for the synthesis of ethyl 3-cyanomethyl-5-
arylthiophene-2-carboxylates (5) and 3-amino-6-aryl-2-carbethoxy-4H-thieno[3,2-
c]pyran-4-ones (6).

Table 1
Yields and Mps of compounds synthesized in Scheme 2

5, 6 Compound Mp (oC) Yield (%)
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thiophenes at position 3 and carbethoxy group at position 2, which
can be further exploited for the construction of new heterocycles.

Herein, we report a novel approach to the synthesis of highly
functionalized thiophenes from base induced ring transformation
of 6-aryl-4-methylthio-2H-pyran-2-one-3-carbonitriles23 obtain-
able from the reaction of aryl methyl ketones (2) and methyl 3,3-
dimethylthio-2-cyanoacrylate (1) by ethyl thioglycolate, Scheme
1. The molecular makeup of the lactone (3) reveals that positions
2,4 and 6 are electron deficient and prone to nucleophilic attack.
The electrophilicity of these three position is in order of C-6 > C-
4 > C-2.26 Thus, C-6 position is highly vulnerable to nucleophiles
because of extended conjugation and the presence of electron
withdrawing CN substituent at position 3. Regioselectivity of reac-



Table 2
Reaction conditions for the synthesis of 5f and 6f
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Scheme 3. Synthesis of tetracyclic thienopyrans.
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tion depends upon the nature of nucleophile and size of aromatic
substituent used for the ring transformation.

Thus, the reaction of 2-pyranones (3) with ethyl thioglycolate in
the presence of triethyl amine as a base in methanol at reflux tem-
perature exclusively gave 3-amino-6-aryl-2-carbethoxy-4H-thie-
no[3,2-c]pyrane-4-ones (6).24 The plausible mechanism of the
reaction is depicted in Scheme 2, Path A.

However, when powdered NaOH was used as a base in metha-
nol at reflux temperature besides product 6, ethyl 3-cyanomethyl-
5-(aryl)thiophene-2-carboxylates (5) was also isolated due to com-
petitive reaction at C-6 position of the lactone (3) with bulky aro-
matic substituent. Basically the reaction is initiated by attack of
mercaptide ion generated in situ from ethyl thioglycolate with for-
mation of Michael adduct which undergoes ring-closure with liber-
ation of carbon dioxide followed by elimination of methyl
mercaptan to give thiophene as shown in Scheme 2, Path B. Obser-
vation of various reactions and their yields as shown in Table 1,
demonstrated that as the bulky Ar group has been introduced at
position 6 in lactone (3), the yield of thiophene (5) has been
increased.

In order to optimize the reaction conditions and to improve the
yields of 5, a pilot reaction was performed using different solvents,
bases, time and, temperature as summarized in Table 2. It is perti-
nent to note that use of NaOH as a base and DMF as a solvent (Ta-
ble 2) due to the formation of complex mixture only compound 5f
and 6f was isolated in 20% and 10% yields, respectively, the other
compounds could not be isolated from the complex mixture by col-
umn chromatography.(See Scheme 3)

The various cyanomethyl substituted thiophenes (5) and thien-
opyrans (6), prepared are listed in Table 1. Thus, use of strong base
as NaOH in methanol leads to the formation of both the products 5
and 6 in which 5 has been isolated in better yields. This methodol-
ogy provides a new avenue for the construction of thiophenes (5)
as well as thienopyrans (6) as a useful precursor for the synthesis
of variety of heterocyclic ring systems.

Under analogous conditions, reactions of tricyclic lactones (7)25

with ethyl thioglycolate was carried out in anticipation to obtain
analogous products, tetracyclic thienopyran-2-carboxylates (9)
and tricyclic thiphene-2-carboxylates (10) based on the nucleo-
philic attack at C-4 and C-6 position respectively but practically
only product 9 was isolated and characterized.

In another set of experiment, the substrate 825 was used in lieu
of 7 due to poor electrophilicity of C-4 position in the presence of
amino substituent which could favor preferential nucleophilic at-
tack at C-10b rather than C-4 to give 10. However, this exercise
was also futile as the isolated product was characterized as 9 pos-
sibly due to steric factor.
All the synthesized compounds were characterized by spectro-
scopic analyses.27

In conclusion, we have developed an expeditious one pot syn-
thesis of (2-carbethoxythiophen-3-yl)acetonitriles from 2H-pyr-
an-2-ones not reported so far. These thiophene derivatives can be
used as useful precursors for the preparation of ketenedithioace-
tals28 as synthons for making various class of heterocycles depend-
ing upon the reagents used and will open a new avenue for the
synthesis of thiophene based heterocycles. The pyranone fused
thiophenes derived from 2-pyranone, benzo[c]chromenone and
benzo[c]thiochromenone will be further used for making polycy-
clic heterocycles.
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