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Novel 6-heterylmethylidene-3a,9a-diphenylimidazo[4,5-€]-
thiazolo[3,2-b][1,2,4]triazines wer e synthesized by the three-
component condensation of imidazo[4,5-€][1,2,4]triazine-3-
thione derivative with bromoacetic acid and hetero-
aromatic aldehydes. The following MeONa-induced
skeletal rearrangement gave the recyclized isomeric
products, viz. 7-heterylmethylidene-3a,9a-diphenylimidazo-
[4,5-€]thiazolo[2,3-c][1,2,4]triazines.
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The heterocyclic thiazolidin-4-one system is a well-known
pharmacophore fragment and is widely used in the synthesis of
biologically active compounds.>? Special attention is paid to
thiazolidin-4-ones functionalized at the position 5, many of
which are used in medicine as neurotropic (epalrestat),d
antidiabetic  (rosiglitazone),* diuretic (ethozoline),® anti-
inflammatory (darbufelon)® and anticonvulsant (ralitoline)’
agents (Figure 1). In recent years, considerable attention has
been paid to the study of antitumor activity of a number of
structurally related aryl- and hetarylmethylidene derivatives of
thiazolidinones.®1® The high alkylating ability of the a,pB-
unsaturated carbonyl system of 5-benzylidenethiazolidin-4-one
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Figure 1 Examples of biologically active functionalized thiazolidin-4-
ones and imidazothiazolotriazines.
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in relation to biological nucleophiles is assumed to be one of the
mechanisms of therapeutic action.11.1?

Our recent studies on antiproliferative properties of
oxindolylidene- and heterylmethylidene derivatives  of
imidazo[4,5-€]thiazolo[2,3-c]triazine showed their high activity
against a wide number of human cancer cell lines and low
toxicity relatively healthy ones (see Figure 1).13-15 These
compounds can be prepared by skeletal rearrangement of
their regioisomeric derivatives of imidazo[4,5-€]thiazolo-
[3,2-b][1,2,4]triazine, proceeding upon treatment with KOH.
We have also shown that isomerization of similar imidazo-
thiazolotriazines containing two 3a,9a-positioned phenyl
substituents is ineffective under these conditions and required
the action of a stronger base, i.e., NaOMe. Using this approach,
a series of oxindolylidene derivatives of 1,3-dimethyl-
3a,9a-diphenylimidazo[4,5-€]thiazolo[2,3-c][1,2,4]triazine was
synthesized, which remained unavailable for a long time.16

Taking into account the high practical significance of the
synthesisand study of the biological activity of new functionalized
imidazothiazolotriazines, the present work was aimed at the
synthesis of a number of 1,3-dimethyl-3a,9a-diphenylimidazo-
[4,5-€]thiazolo[3,2-b]triazine heterylmethylidene derivatives of
linear structure and their rearrangement into corresponding
isomeric imidazo[4,5-€]thiazolo[2,3-c]triazines upon treatment
with sodium methoxide. Imidazothiazolotriazines 1a—g arranged
in a linear fashion were synthesized via the three-component
condensation of imidazo[4,5-€][1,2,4]triazine-3-thione 2,
bromoacetic acid and heteroaromatic aldehydes in acetic acid
under reflux according to earlier elaborated procedure
(Scheme 1).1” The wide range of the product yields is probably
related to the different nature and reactivity of the aldehydes
used, as well as the stability of heterocyclic systems in boiling
acetic acid. For example, the reaction with the 1H-pyrrole-
2-carbaldehyde afforded product 1f in 32% vyield because it
was accompanied by polymerization/resinification. Using the
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a Het = 3-pyridyl, 52%

b Het = 4-pyridyl, 21%

¢ Het = 1,2-dimethylimidazol-5-yl, 74%
d Het = 2-furyl, 52%

e Het = 2-thienyl, 91%
f Het = 2-pyrrolyl, 32%
g Het = 3-indolyl, 58%

Scheme 1 Reagents and conditions: i, AcONa (1 equiv.), AcOH, reflux,
8h.

example of the synthesis of compound 1d, it is shown that the
stepwise conducting of the reaction between imidazotriazine 2
and bromoacetic acid, and the consequent aldol condensation of
the isolated imidazothiazolotriazine with furfural lead to a slight
decrease in the overall yield of the product 1d (44%) compared
with the one-pot three-component condensation (52%).

Rearrangement of thus prepared imidazothiazolotriazines 1a—g
was carried out under basic catalysis using different amounts of
sodium methoxide (Scheme 2). It turned out that complete
conversion of compounds la-e was achieved by refluxing the
starting compounds in methanol with an equivalent amount of
NaOMe. In this way, the corresponding regioisomeric
imidazo[4,5-€]thiazolo[2,3-C][1,2,4]triazines 3a—e arranged in an
angular fashion were obtained in 25-86% yields. Compounds 1f,g
with NH function in the heterocycles did not undergo similar
isomerization even in the presence of 4 equiv. of sodium methoxide
and were recovered from the reaction mixtures unchanged.

The rearrangement mechanism apparently includes a
nucleophilic attack of the methoxide anion at the carbonyl group
of compound 1 followed by opening of the thiazolidine ring with
formation of the intermediate ester A. Further intramolecular
cyclization involving the nitrogen atom N* of the triazine ring
leads to elimination of the methoxide anion and formation of
the imidazo[4,5-€]thiazolo[2,3-c][1,2,4]triazine system 3 (see
Scheme 2).

The structures of compounds la—g and 3a—e were confirmed
by the IR, TH NMR, 13C NMR spectroscopy including {*H-3C}
HSQC and {*H-13C} HMBC 2D experiments for compound 1c
as well as HRMS spectral data. The *H NMR spectra of ‘linear’

a Het = 3-pyridyl, 76%

b Het = 4-pyridyl, 54%

¢ Het = 1,2-dimethylimidazol-5-yl, 25%
d Het = 2-furyl, 86%

e Het = 2-thienyl, 67%

Scheme 2 Reagents and conditions: i, MeONa (1 equiv.), MeOH, reflux,
1h.

Figure 2 General view of 1c in crystal in thermal ellipsoid representation
(p =50%).

products 1a—g exhibit a system of two ortho-proton doublets (for
two benzene rings) characteristic of phenyl substituents in the
range of 6.74-6.87 ppm and triplets of meta- and para-protons
combined into a multiplet at 7.04-7.21 ppm, while in the spectra
of compounds 3a—e ortho- and para-protons resonate as two
broadened singlets at 6.71-7.14 ppm (see Online Supplementary
Materials). The singlet of the NH group proton of compounds
3a—e is shifted to the downfield region (8.21-8.35 ppm)
compared to the signal of the same group in products la—g
(7.55-7.75 ppm), which is typical of pairs of regioisomeric
imidazothiazolotriazines and was observed earlier.!®1® The
proton signals for the methylidene fragment are shifted downfield
in a rather wide range of chemical shift values due to the
deshielding effect of the carbonyl group (7.38-8.20 ppm), which
confirmed the Z-configuration of the double bond.317

The structure of compound 1c was ultimately proved by
X-ray analysis of its single crystal (Figure 2)."

In summary, the application scope of the skeletal
rearrangement catalyzed by sodium methoxide in the series
of functionalized imidazo[4,5-€]thiazolo[3,2-b][1,2,4]triazine
derivatives was expanded and a diastereoselective synthesis
of previously inaccessible hetarylmethylidene derivatives of
1,3-dimethyl-3a,9a-diphenylimidazo[4,5-€]thiazolo[2,3-c][1,2,4]-
triazine was developed.

Crystal structure determination for compound 1c was
performed in the Department of Structural Studies of the
N. D. Zelinsky Institute of Organic Chemistry, Moscow.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2024.06.029.
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