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The one-pot reactions of 2-[amino(2-cyano-3-aryloxiran-2-yl)methylene]malononitriles with thiocya-
nate to afford 5-amino-3-arylfuro[3,2-c]isothiazole-6-carbonitriles in good yields.

� 2011 Elsevier Ltd. All rights reserved.
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Scheme 1. Synthesis of isothiazoles 2a–e.

Table 1
Synthesis of 5-amino-3-arylfuro[3,2-c]isothiazole-6-carbonitriles 2a–e

Oxirane Ar Product Yielda (%)

1a C6H5 2a 82
1b 2-ClC6H4 2b 86
1c 4-H CC H 2c 83
Cascade-heterocyclization reactions have a special place in
modern organic synthesis and achieve complicated chemical trans-
formations in one synthetic operation. Their use in reactions of
cyano-containing compounds allows the synthesis of functional
mono-, bi-, and polycyclic structures.1 Prospective substrates for
the synthesis of new heterocyclic compounds are 2-[amino(2-cya-
no-3-aryloxiran-2-yl)methylene]malononitriles 1,2 which are
obtained by epoxidation of arylmethylidene derivatives of malono-
nitrile dimers.3 The use of these compounds in organic synthesis has
enabled the development of one-pot syntheses of 5-amino-3-arylf-
uro[3,2-c]isothiazole-6-carbonitriles 2. The presence of enamine-
carbonitrile moieties makes them promising for further chemical
transformations. Besides some isothiazole derivatives are known
to possess cytotoxic, antiproliferative, antiviral, antibacterial, and
antipsychotic activity.4

Substituted isothiazoles are a poorly-represented class of het-
erocyclic compounds, however, several general approaches to their
synthesis have been developed. One of the main synthetic
approaches to fused isothiazoles is based on reactions between
imino-containing compounds and thiocyanates.5

Herein, we describe a new method for the preparation of
isothiazoles 2a–e (Scheme 1), fused with a furan ring. The method
involves the one-pot reaction of 2-[amino(2-cyano-3-aryloxiran-2-
yl)methylene]malononitriles 1 and sodium, potassium or ammo-
nium thiocyanates in a 1,4-dioxane-water mixture. A series of
ll rights reserved.
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asov).
intramolecular transformations leads to 5-amino-3-arylfuro[3,2-
c]isothiazole-6-carbonitriles 2a–e in 76–89% yields (Table 1).6

The structures of compounds 2a–e were confirmed by IR, 1H
NMR and 13C NMR spectroscopy and mass spectrometry. The 1H
NMR spectra of 2a–e exhibited singlets at d 9.02–9.12 ppm for
the amino group and expected resonances for the aryl group and
other substituents. The 13C NMR spectrum of 2a displayed reso-
nances in agreement with the structure. The structural assign-
3 6 4

1d 4-FC6H4 2d 76
1e 3-ClC6H4 2e 89

a Yield of isolated product.
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Scheme 2. Proposed mechanism for the synthesis of isothiazoles 2a–e.
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ments made on the basis of the mass spectra of compounds 2 dis-
played molecular ion peaks and other fragmentations, including
peaks due to [Ar–C„S+] fragments.

According to published data, ring-opening of oxiranes under the
action of thiocyanates can lead to the formation of 2-imino-1,3-
oxathiolanes 3.7 Depending on the structures of the reactants
and the reaction conditions, derivatives of various classes of het-
erocycles, such as thiiranes, 1,3-oxathiolanes and thiazoles can
be formed. The structures of the final products 2 and the proposed
mechanism for this transformation do not require formation of 3 as
an intermediate in the reaction of oxiranes 1 with thiocyanates.

Ring-opening of an oxirane ring can occur stereospecifically via
approach of a nucleophile from the rear of the C–O7 bond by an SN2
mechanism. Therefore, during the first stage we assume initial for-
mation of intermediate 4 (Scheme 2).

This intermediate undergoes intramolecular heterocyclization
with the formation of iminofuran 5, subsequent tautomerization
of which gives intermediate 6. The proximity of the imine anion
and thiocyanate group leads to formation of an isothiazole ring
accompanied by the elimination of a cyanide anion and the forma-
tion of intermediate 9.

An alternative reaction course is also possible. This involves the
formation of the isothiazole ring 8 after tautomerization of 4 into
intermediate 7. Further, intramolecular cyclization leads to forma-
tion of bicycle 9. Finally, aromatization occurs via elimination of
hydrogen cyanide.

In earlier published work the only method for the synthesis
furo[3,2-c]isothiazoles and benzofuro[3,2-c]isothiazoles involved
intramolecular nucleophilic replacement with the participation of
azido- and thione groups.8 Thus, the proposed method is the first
approach for the synthesis of polyfunctional furo[3,2-c]isothiazoles.
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