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Regioselective synthesis, structural diversification
and cytotoxic activity of (thiazol-4-yl)furoxans
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The effective and regiosdective synthesis of new (2-hydrazinyl-
thiazol-4-yl)furoxan hydrobromides based on the condensa-
tion of (bromoacetyl)furoxans with thiosemicarbazide has
been developed. The cytotoxic activity of their derivatives
(with hydrazone, 4-thiazolo[2.3-c][1,2,4]triazole or pyrrole
moaieties) against two human cancer cell lines (A549, HCT116)
was tested and several structuresrevealed moder ate cytotoxic
activity.
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In modern drug design molecular hybridization approach became
a powerful tool, leading to the creation of novel drug candidates
with improved pharmacologica profile. In recent decades, numerous
efforts have been directed toward the construction of hybrid
pharmaceutical s containing the NO-rel easing fragments. Among
the variety of nitrogen—oxygen organic motifs capable of releasing
NO under physiological conditions, the furoxan (1,2,5-oxadiazole
2-oxide) scaffold has attracted considerable attention due to its
high stability under ambient conditions and the absence of nitrate
tolerance under continuous therapy.! Recently, we have developed
effective one-pot syntheses of various hybrid heterocyclic systems
incorporating furoxan ring as NO-donor linked to different
pharmacophoric nitrogen-containing heterocycles (isomeric 1,2,3-
and 1,2 4-triazoles, 1,2,4- and 1,3,4-oxadiazoles, tetrazole, pyridine,
tetrahydroisoquinoline, indenopyridine, isoxazole, isoxazoline,
etc.).2 Among them, a series of compounds with cytotoxic activity
was revealed.?

To extend the range of possible cytotoxic furoxan derivatives
with potential NO-donor properties, the specific goal of thiswork was
the synthesis of new hybrid structures comprising the furoxan and
2-(hydrazin-4-yl)thiazole fragments, and studying the cytotoxic
activity of various (thiazol-4-yl)furoxan derivatives.

Thiazole derivatives have received agreat interest due to their
association with various kinds of biological properties, found in
anumber of biologically active molecules such as sulfathiazole
(antimicrobial drug),* ritonavir (antiretroviral drug),®> abafungin
(antifungal drug),® tiazofurin (antineoplastic drug).” Thiazoles
are well represented in biomolecules,® possess antibacterial activity
against some gram-positive and gram-negative bacteria,® and a
number of thiazole derivatives showed anticancer activity.®
Therefore, assembling the furoxan NO-donor motif and the
functiondly (e.g., hydrazinyl) substituted thiazole ring in one
molecule may serve as a platform for search for new compounds
with cytotoxic activity. One of the prospective methods for the
preparation of 2-hydrazinylthiazoles is a condensation of thiosemi-
carbazide with a-halo carbonyl compounds. However, this reaction
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generally brings about three regioisomers including 2-amino-
1,3,4-thiadiazine derivatives!! (major regiocisomer), 2-hydrazinyl-
thiazoles, and 3-amino-2-thiazolinimines.1?

Available (bromoacetyl)furoxans'® 1 were taken as initial
a-halo carbonyl compounds. Reaction between 4-amino-3-(bromo-
acetyl)furoxan 1a and thiosemicarbazide (in equimolar amounts)
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Table 1 Optimization of the reaction conditions for the synthesis of
4-amino-3-(2-hydrazinylthiazol-4-yl)furoxan hydrobromide 2a.

Entry Solvent T/°C  t/h Additive  Isolated yield of 2a (%)
1 EtOH 20 4 - 63

2 EtOH 3-20 2 NaHCO; 40?

3 MeCN 0 0.2 DBU decomposition

4 MeCN 0 12 HBr 73

5 MeCN 20 4 - 95

6 DMF 20 1 - 90

7 DMSO 20 2 - 92

aHBr-free product decomposed quickly.

was selected as a model one for the optimization of the synthesis
of 4-amino-3-(2-hydrazinylthiazol-4-yl)furoxan hydrobromide
2a (Scheme 1). Solvents, temperature and reaction times were
varied. The reaction in EtOH at room temperature afforded the
target hydrobromide 2a in moderate yield (Table 1, entry 1).
Attempts to obtain HBr-free product by application of bases were
unsuccessful. The use of NaHCO; led to the desired compound,
but it decomposed quickly upon storage (entry 2), while employ-
ment of DBU in MeCN resulted in total decomposition (entry 3).
Addition of HBr (MeCN) increased the yield dightly (entry 4).
High yields of the compound 2a were achieved when the reaction
wascarried outin MeCN, DMF or DM SO without any additives,
athough the reaction time differed (entries 5-7). Therefore, the
optimal conditions for the synthesis of thiazole 2a comprised an
interaction of equimolar amounts of the reactants in MeCN for
4hat20°C.

The found optimal conditions were applied to the synthesis
of other (2-hydrazinylthiazol-4-yl)furoxans 2b,c." 3-Bromoacetyl-
4-(1H-pyrrol-1-yl)furoxan 1c was prepared by Clauson-Kaas
condensation of compound la with 2,5-dimethoxytetrahydro-
furan (Scheme 2).
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Scheme 2

(2-Hydrazinylthiazol-4-yl)furoxan hydrobromides 2b,c were
successfully obtained in high yields. It is of note that the
transformation occurs completely regioselectively in contrast
to the similar reaction of a-bromoacetophenones resulting in
2-amino-1,3,4-thiadiazine derivatives.' The structure of the
synthesized hydrobromides 2a—c was estimated by spectral and
analytical data. Since al signals of protonsin *H NMR spectra of
compounds 2a,b were broadened, while compound 2c decomposed
in DM SO-dg, the structures of 2a—c were additionally confirmed
by their conversion into 4-methoxybenzal dehyde hydrazones 3a—c
(see Scheme 1).

Hydrazones are of importance as intermediates for the develop-
ment of new pharmacol ogically active compounds,'* including a
variety of nitrogen-containing heterocyclic structures. In particular,
fused 1,2,4-triazoles can be prepared via oxidative condensation

T Synthesis of (2-hydrazinylthiazol-4-yl)furoxan hydrobromides 2a—c.
An appropriate bromoacetylfuroxan la—c (3 mmol) was added to a
magnetically stirred suspension of thiosemicarbazide (0.27 g, 3 mmol)
in MeCN (3 ml) at room temperature. The reaction mixture was stirred
for 4 h at the same temperature and the resulting solid (2a—c) was filtered
off, washed with MeCN (2 ml) and dried in air.

of hetarylhydrazones.!® In addition, hydrazones themselves possess
a wide range of pharmacological activities.’® For example,
furoxan-containing hydrazones revealed antitubercular,*’” anti-
platelet and in vivo antithrombotic effects.’® A series of furoxan-
based chalcone hybrids can be considered as promising in vivo
phase 1| enzyme inducerswhich isvery useful in chemopreventive
cancer therapy.l® Therefore, we have synthesized a series of
hydrazones 3a- based on (2-hydrazinylthiazol-4-yl)furoxans.
Hydrazones 3a,b were obtained by treatment of hydrazine hydro-
bromides 2a,b with 4-methoxybenzal dehyde.* Hydrazones 3¢
were obtained through a one-pot protocol via an interaction of
the corresponding (bromoacetyl)furoxans 1 with thiosemicarb-
azide followed by addition of the corresponding aldehydes (see
Scheme 1).

To broaden the set of the thiazolylfuroxans for the study of
the cytotoxic activity, we performed a representative annulation
of the 1,2,4-triazole ring into the thiazole one (Scheme 3). For
this aim two approaches can be used, namely, an oxidative
condensation of hydrazones!'® and condensation of hydrazinyl-
thiazoles with ortho esters under acid catalysis.2 Compound
4a was prepared by the condensation of salt 2b with trimethyl
orthoformate in CF;COOH. Thiazolo[2,3-c][1,2,4]triazole 4b
was synthesized via oxidative condensation of hydrazone 3g
under the action of Phl(OAc), (see Scheme 3).
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In addition, a set of compounds for the cytotoxic activity
screening was extended to the previously synthesized?® mono-
and diaminothiazolylfuroxans 5a—c aong with the pyrrole 6a
obtained by the Clauson—Kaas condensation of compound 5a,
and pyrroles 6b,c prepared by the consecutive transformation of
bromoacety! derivative 1c (Scheme 4).T

The cytotoxic activity of compounds 3-6 (18 compounds)
wastested in vitro by MTT assay against two human cancer cell
lines: A549 (lung adenocarcinoma) and HCT116 (colon cancer).
Camptothecin was used as positive control. Cell viability was
evaluated after 72 h of exposureto the compounds at 100-1.56 pM
concentrations (Table S1, Online Supplementary Materials). The
biological investigations have shown that the majority of com-

+ 9ynthesis of 3(4)-(2-hydrazinylthiazol-4-y1)-4(3)-R-furoxan 4-methoxy-
benzal dehyde hydrazones 3a,b. 4-Methoxybenzal dehyde (0.27 g, 2 mmol)
was added to a suspension of compound 2a or 2b (2 mmol) in MeCN
(6 ml). The mixture was stirred at room temperature for 24 h, then water
(12 ml) was added. The resulting solid was filtered off, washed with
water (6 ml) and cold EtOH (4 ml) and dried in air.

§ One-pot synthesis of hydrazones 3c-l. An appropriate (bromoacetyl)-
furoxan la—c (3 mmol) was added to a stirred suspension of thiosemi-
carbazide (0.27 g, 3 mmol) in MeCN (3 ml) a room temperature. The
mixture was stirred for 4 h, then a solution of the corresponding adehyde
(3mmol) in MeCN (3 ml) was added. The stirring was continued for 24 h,
then water (18 ml) was added, the resulting solid was filtered off, washed
with water (6 ml) and cold EtOH (4 ml) and dried in air.
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Scheme 4

pounds revealed rather low cytotoxic activity against both cell
lines. The most active compounds against A549 cell line were
hydrazones 3j (ICsy 36.04 uM), 3c (ICs5 90.11 uM) and 3i
(ICsp 96.29 uMm). It was found that these compounds possessed
selective activity against A549 cell line, while their cytotoxic
activity against HCT116 cell line was lower (1Cs, 70.74, 193.04
and 247.62 uM, respectively).

In summary, an effective and regiosel ective synthesis of new
hybrid structures comprising furoxan and 2-hydrazinylthiazol-
4-yl fragments based on the condensation between (bromoacetyl)-
furoxans and thiosemicarbazide has been developed. The structural
diversification of synthesized compounds brought about a series
of functional derivatives containing, along with thiazolylfuroxan
moiety, hydrazone, 4-thiazolo[2,3-c][1,2,4]triazole and pyrrole
subunits. The cytotoxic activity of the synthesized compounds
was tested in vitro by MTT assay against two human cancer
cell lines (A549 and HCT116) and several structures reveaed
moderate cytotoxicity. To the best of our knowledge, this study
represents a new, important step in the construction of hybrid
pharmacologically oriented structures containing the NO-releasing
fragments.

This work was supported by the Russian Science Foundation
(project no. 14-50-00126).

Online Supplementary Materials

Supplementary data associated with this article (synthetic
procedures, characteristics of the synthesized compounds and
cytotoxicity assay) can be found in the online version at doi:
10.1016/j.mencom.2018.11.020.
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