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A convenient synthesis of isothiochromen-4-one 2,2-dioxide was carried out via cyclisation of o-cyanob-
enzyl thioacetate by a Thorpe reaction. The reactions of isothiochromen-4-one 2,2-dioxide with nitrogen-
containing nucleophilic reagents have been investigated.

� 2012 Elsevier Ltd. All rights reserved.
Figure 1. Molecular structure of isothiochromen-4-one 2,2-dioxide according to
X-ray diffraction data (ORTEP).
Sulfones are an important class of compounds that have at-
tracted considerable attention.1 Isothiochromen-4-one 2,2-dioxide
is an interesting compound, the chemistry of which has proved
useful because thiochromanones and isothiochromanones are re-
ported as valuable biological agents2–9 and are useful precursors
in the synthesis of steroid heterocycles.10–12 Only a few isothio-
chromanones and their dioxides are described in the litera-
ture2,3,5,7,9–14 which were prepared by cyclocondensation of
arylmethylthioacetic acids,2,5,7,13–16 by oxidative cleavage of oxi-
mes17 or by cyclisation of 1-o-alkylphenylpropane-1,2-diones.18,19

All previously known methods for obtaining the isothiochromen-
4-one 2,2-dioxide system have several disadvantages including
multi-step processes and low yields of target product (up to 60%).

There is no generally accepted method for obtaining isothio-
chromen-4-one. Earlier, the isothiochromanone system was pre-
pared via Friedel–Crafts cyclisation of benzylthioacetic acid or its
chloride,14 however, the authors were unable to obtain any isothio-
chromen-4-one by way of this method, using a wide range of cat-
alysts and experimental conditions.

In this Letter, we introduce a novel method for the synthesis of
isothiochromen-4-one 2,2-dioxide in high yield. Also, we consider
some of the chemical properties of this compound.

The novel synthesis of isothiochromen-4-one 2,2-dioxide is de-
picted in Scheme 1. Initially, 2-(chloromethyl)benzonitrile was re-
acted with alkyl mercaptoacetate in the presence of K2CO3 in
CH3CN at reflux to afford quantitative yields of 1a,b. Oxidation of
ll rights reserved.

ina).
the sulfur under standard conditions (33% H2O2, AcOH, ice-bath)
resulted in the corresponding sulfone 2a,b. Cyclisation of the sul-
fone 2 into isothiochromen-4-one 2,2-dioxide (3) in 93% yield via
a Thorpe reaction was effected with NaOR1 (R1:Et, i-Pr) in a polar
solvent (absolute EtOH, i-PrOH) at reflux (10 h) with. The structure
of isothiochromen-4-one 2,2-dioxide (3) was proved by X-ray dif-
fraction (Fig. 1).

We found that enamine 4 was obtained in the presence of
NaOR1 (R1:Et, i-Pr) in a polar solvent (absolute EtOH, i-PrOH) on
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Scheme 1. Synthesis of isothiochromen-4-one 2,2-dioxide (3).
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short reflux (3 h).20 Enamine 4 gave the desired product 3 in 79%
yield on boiling in 10% H2SO4. The structure of enamine 4a was
proved by X-ray diffraction (Fig. 2).

Therefore the direct synthesis of 3 is more preferable. Isothio-
chromen-4-one 2,2-dioxide 3 and enamines 4a,b are colorless
crystalline substances.

In contrast to the synthesis of isothiochromen-4-one 2,2-diox-
ide (3), its transformations are scarcely reported in the
literature.2,7,16

We used enamine 4 to prepare isothiochromen-4-amine 2,2-
dioxide (5). Compound 5 was formed by vigorous stirring of enam-
ine 4 in 20% sodium hydroxide solution as a consequence of decar-
boxylation (Scheme 2). The structure of compound 5 was proved
by X-ray diffraction (Fig. 3).

John et al.7 prepared 3,4-dihydroisothiochromen-4-amine 2,2-
dioxide which is an analogue of compound 5. The keto group
was converted into an amino group directly via reductive amina-
tion, or indirectly through the generation of an oxime, which was
then reduced to form the amine. Transition metal catalysis and
hydrogen or another reducing agent, such as NaBH4, LiAlH4 or NaC-
NBH3, can be used to effect the reduction.
Figure 2. Molecular structure of 4a accord
Earlier,21–24 it was demonstrated that thiapyran-3-one 1,1-
dioxide underwent reactions with nitrogen-containing nucleo-
philic reagents. Taking into account the similarity in structure of
this compound and isothiochromen-4-one 2,2-dioxide (3) it is pos-
sible to suppose that similar reactions may occur with compound
3. Isothiochromen-4-one 2,2-dioxide (3) was found to react with
compounds containing an amino group in a polar solvent (MeOH,
i-PrOH) at reflux giving colorless oxime 6a, hydrazone 6b and
NPh-hydrazone 6c, respectively (Scheme 3). The structure of oxime
6a was proved by an X-ray diffraction study (Fig. 4).

Boiling a solution of isothiochromen-4-one 2,2-dioxide (3)
with excess pyrrolidine in toluene resulted in yellow crystals
of 1-(2,2-dioxide-3,4-dihydroisothiochromen-4-yl)pyrrolidine (7)
(Scheme 4) as was established by an X-ray diffraction study
(Fig. 5).

As expected, the reactivity of isothiochromen-4-one 2,2-dioxide
(3) with nitrogen-containing nucleophilic reagents was similar to
that of thiapyran-3-one 1,1-dioxide.

The structures of all the compounds were proved by IR and
NMR spectroscopy (1H and 13C), mass spectrometry and elemental
analysis. (see Supplementary data). According to X-ray diffraction
ing to X-ray diffraction data (ORTEP).
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Figure 4. Molecular structure of 6a according to X-ray diffraction data (ORTEP).
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Scheme 4. Synthesis of 1-(2,2-dioxide-3,4-dihydroisothiochromen-4-yl)pyrroli-
dine (7).

Figure 5. Molecular structure of 7 according to X-ray diffraction data (ORTEP).
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Scheme 2. Synthesis of isothiochromen-4-amine 2,2-dioxide (5).

Figure 3. Molecular structure of compound 5 according to X-ray diffraction data
(ORTEP).
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data, the six-membered ring in molecules 4a, 5 and 7 adopts a
twist-boat conformation with the value of the C6-C7-S1-C8 torsion
angle being within 52.0–54.3o. The presence of both strong elec-
tron-donating (amino group) and electron-withdrawing (COOEt)
groups at the endocyclic double bond in molecule 4a results in
considerable elongation of the C8–C9 bond [1.388(3) Å] and short-
ening of the C9–N1 bond [1.324(2) Å] as compared to structures 5
and 7 where these bond lengths are 1.355(2) Å, 1.367(4) Å and
1.359(2) Å, 1.365(3) Å, respectively. In contrast, the conformation
of the six-membered ring in molecules 3 and 6a is considerably dif-
ferent. The sulfone ring in 3 adopts a sofa conformation with devi-
ation of the S1 atom from the mean plane of the remaining atoms
of the ring by 0.88 Å. In the case of 6a, the sulfone ring has a twist-
boat conformation [the value of the C6-C7-S1-C8 torsion angle is
57.9(1)o].

In summary, we have identified a novel and simple method for
the synthesis of isothiochromen-4-one 2,2-dioxide 3 in high yield
(93%) from easily accessible reagents.
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Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2012.
05.163. These data include MOL files and InChiKeys of the most
important compounds described in this article.
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