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a b s t r a c t

Unexpected, but simple synthesis of 2,20-[(3-oxo-3H-pyrazole-4,5-diyl)bis(sulfonyl-methylene)]di-
benzoic acid was carried out via nitration of isothiochroman-4-one 2,2-dioxide in the environment of
nitric acid.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

In many families from different countries, the pyrazolone de-
rivatives, which include dipyrone, antipyrine, aminopyrine and
propyphenazone, are widely used analgesics.1 However, the syn-
thesis of pyrazolone ring always requires the participation of the
NeN fragment (hydrazine, hydrazide, etc).2 At the same time, sul-
fones are an important class of compounds that have attracted
considerable attention.3 Recognizing the value of this heterocyclic
system, chemists continue to develop novel routes for their
synthesis.

In this paper we introduce the interesting behavior of iso-
thiochromanones in the environment of nitric acid.

2. Results and discussion

The synthesis of isothiochromen-4-one 2,2-dioxides 1a,b has
been previously described.4 Transformation of 1H-isothiochromen-
4(3H)-one 2,2-dioxide are scarcely reported in the literature5 and
we resolved to amend this situation.

Whentrying toperformnitrationof sulfone1aunderconditionsof
HNO3/AcOH we synthesized pyrazolone 2a in 78% yield (Scheme 1).

Finally, the structure of 2,20-[(3-oxo-3H-pyrazole-4,5-diyl)bis(sulfo-
nylmethylene)]dibenzoic acid (2a) was proved by X-ray diffraction
(Fig. 1), because NMR and IR spectroscopy proved uninformative for
interpretation of the structure of this compound. 1H NMR spectra
showed the presence of the CH2 group and aromatic protons at 5.58
and 7.53e7.98 ppm, respectively. In the IR spectra there are charac-
teristic intensive band groups of C]O at 1689 and 1630 cm�1, but it
became clear after the X-ray diffraction study. The molecules of
compound 2a in the crystal occupy the special position at the 2 fold
symmetry axis crossing via the N2 atom (Fig. 1). Pyrazolone ring is
disordered over two positions with equal population.
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Scheme 1. Synthesis of 2,20-[(3-oxo-3H-pyrazole-4,5-diyl)bis(sulfonylmethylene)]di-
benzoic acids.
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If the presence of nitrogen atoms in structure 2, can be to some
extent understood, the presence of the additional carbon atom
caused surprise. It has been suggested that the additional carbon
originates from acetic acid by its oxidation. But the question arises.
Which one carbon atom among two of available in acetic acid
participates in the transformation? Therefore, acetic acid has been
replaced by several other carboxylic acids (propionic acid, tri-
fluoroacetic acid and 2-bromopropionic acid), but the product of
the reaction was the same (Scheme 1). Therefore it is possible to
suggest that the additional carbon originates from a third molecule
of sulfone 1. To confirm this hypothesis we conducted the reaction
using a nitric acid as reagent and solvent. Heating the solution of
isothiochromanone 1a in 65% nitric acid for 5 min resulted in
compound 2a in a yield of 92%. The reaction was accompanied by
emission of gas.

The next task, which was successfully solved, was to investigate
the influence of nitric acid concentration on the reaction rate. It
turned out that replacement of 65% nitric acid with red fuming
nitric acid significantly slows down the speed of the reaction, when
using the acetic acid as solvent (from 7 days to 2 months). At the
same time, when using 50% nitric acid, the reaction occurs more
rapidly (4 days). Thus, we can assume that water participates in the
formation of pyrazolone 2.

Given the above, we proposed a mechanism for this reaction
(Scheme 2). In the first step, the nitroenole 3 was formed by ni-
tration of isothiochomanone 1. The crystals of compound 3 are
unstable and decompose in air after a fewminutes. The structure of
compound 3 was proven by X-ray diffraction data only (Fig. 2) due
to its high instability.

The next steps are opening of the thiopyran ring, nitration of
activated methylene group and addition of the second molecule of
intermediate 4. We assume that next step is addition of a third
molecule of intermediate 4 to the double bond of intermediate 5
with simultaneous elimination of nitric acid. The intermediate 6 is
the result of elimination of 2-methyl-5-nitrobenzoic acid under
stabilization of the molecule. The formation of 2-methyl-5-
nitrobenzoic acid results from coordinated orientation of sub-
stituents in the 2-methylbenzoic acid, whichwas eliminated during
the reaction.

Under the influence of SO2, as a reductant, there are full and
partial reductions of the nitro groups, which can be regarded as
aromatic and aliphatic nitro groups, respectively. At the same time
we must remember that the nitrozo group is an analog of the car-
bonyl group. Consequently, we can assume that the next step is

Fig. 1. Molecular structure of compound 2a according to X-ray diffraction data with
the atom numbering used in the crystallographic analysis. Only one orientation of
disordered pyrazolone ring is shown.

Scheme 2. Possible mechanism of the reaction synthesis on the example of 2,20-[(3-oxo-3H-pyrazole-4,5-diyl)bis(sulfonylmethylene)] dibenzoic acid (2a).
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