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A novel one-pot approach for the synthesis of 1,24- and 1,2,5-oxadiazole ring assemblies has been
developed. The synthetic strategy involves the condensation of furoxanyl amidoximes with aldehydes
and subsequent iodine-mediated oxidation of the intermediate 1,2,4-oxadiazolines. The analogous
reaction of 4-aminofuroxanyl-3-carboxamidoxime results not only in formation of the 1,2,4-oxadiazole
subunit, but also rearrangement of the furoxan ring to the furazan one, which is the first example of a
Lewis acid-promoted rearrangement in a furoxan series.

© 2020 Elsevier Ltd. All rights reserved.

The 1,2,4-oxadiazole ring is a valuable heterocyclic scaffold
incorporated in a number of pharmaceutical compounds (Fig. 1):
azilsartan (treatment of hypertension) [1], prenoxdiazine (cough
suppressant) [2] and ataluren (treatment of Duchenne muscular
dystrophy) [3]. In addition, various 1,2,4-oxadiazole derivatives
exhibit a wide range of pharmacological activities: anti-inflamma-
tory [4], antimicrobial [5], neuroprotective [6] and anticancer [7].
The 1,2,4-oxadiazole motif is also considered as a bioisostere for
amide or ester functionalities thus enabling its wide applicability
in medicinal chemistry and drug design [8].

Another type of oxadiazoles - 1,2,5-oxadiazoles (furazans) and
their N-oxides (furoxans) have been widely studied in recent years
[9]. Furazans and furoxans demonstrate diverse biological activi-
ties, including antibacterial [10], antiparasitic [11] and cytotoxic
[12]. Furthermore, furoxans correspond to a widely studied sub-
class of exogenous nitric oxide donors and possess vasodilating
and anticoagulant properties [13]. Recent trends in the medicinal
chemistry of these systems has shifted toward the construction
of 1,2,5-oxadiazole-based hybrids comprising of a heterocyclic
motif linked to a known pharmaceutical scaffold through an appro-
priate linker [14]. In addition, furazans and furoxans with high
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Fig. 1. Representative drugs featuring a 1,2,4-oxadiazole motif.

nitrogen and oxygen contents are of interest in the design of
next-generation high-energy density materials: primary and sec-
ondary explosives, pyrotechnics and propellants [15]. Therefore,
we intended to develop a simple synthetic methodology to access
1,2,4- and 1,2,5-oxadiazole ring assemblies.

Several methods for the synthesis of (1,2,4-oxadiazolyl)-1,2,5-
oxadiazoles were previously reported. In particular, a general route
for the synthesis of (1,2,4-oxadiazolyl)furazans involved the con-
densation of furazanyl amidoximes with various carboxylic acid
derivatives (chlorides [16], anhydrides [17], nitriles [18], amides
[19]). However, such methods suffer from harsh reaction condi-
tions and have a limited substrate scope. Another approach for
the synthesis of 1,2,4-oxadiazoles is based on the condensation
of amidoximes with carbonyl compounds [20]. The synthesis of
several representatives of (1,2,4-oxadiazolyl)furoxans under mild
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(carbamoyl)furazan 6. Thermal cleavage of the annulated 2,5-dihy-
dro-1,2,4-oxadiazole ring also has literature precedent [29].

In summary, we have developed a direct one-pot method for
the synthesis of 1,2,4- and 1,2,5-oxadiazole ring assemblies based
on the condensation of furoxanyl amidoximes with aldehydes fol-
lowed by iodine-mediated oxidation of the formed 1,2,4-oxadiazo-
lines [30]. In the case of an amidoxime bearing an aminofuroxan
motif the reaction proceeds further enabling rearrangement of
the furoxan ring to the furazan one. To the best of our knowledge,
it is the first example of a Lewis acid-promoted rearrangement in a
furoxan series. Overall, a facile synthesis of (1,2,4-oxadiazolyl)fu-
razans and furoxans potentially enables the wider application of
these derivatives in medicine and related fields.
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