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Abstract: A series of N° substituted 5,7-dimethyl-3H-thiazolo[4,5-b]pyridine-2-ones were synthesized
by reaction [3+3]cyclocondensation, alkylation, hydrazinolysis, and under the reaction of nucleophilic
addition with subsequent cleavage utilization. The antioxidant activity of thiazolo[4,5-b]pyridine-2-one
derivatives was evaluated in vitro by the method of scavenging effect on 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radicals. The identified antioxidant activity among thiazolo[4,5-b]pyridines. When compared
with existing antioxidants, some of our compounds were found to be more potent.
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1. Introduction

The synthesis of novel condensed nitrogen-heterocyclic systems as potential drug
candidates is a perspective and relevant strategy for modern organic and pharmaceutical
chemistry which is inspired both by the diversity of their pharmacological actions and their
structures chemical modifications accessibility [1-5]. The synthesis innovations that are
empowering the progress of the condensed heterocycles with the antioxidant efficiency are an
important challenge of nowadays. The intense explore has been focused on the novel
condensed five-membered azaheterocyclic in nowadays organic, pharmaceutical, and medical
chemistry as the up-and-coming drug candidates whose quotient among the existing drugs is
significant. As an extension of our study on the design of biologically active heterocycles [6-
29] we described the synthesis of 5,7-dimethyl-6-phenylazo-3H-thiazolo[4,5-b]pyridine-2-
ones and investigated their antioxidant activity.

It should be noticed thiazolopyridines have the wide range of biological action on
account of their iso-steric to pyrine and pyrimidine bases structure. In particular some
compounds through the above-mentioned analogs have been found to possess anti-tumor [30,
31], antimicrobic [32], tuberculostatic [33], herbicidal [34], anti-inflammatory [35-38],
antifungal [32], antioxidant [39-42] actions can act as H3-histamine [43]. Metabotropic
glutamate 5 (MGIuR5) [44] receptors antogonists, provide high inhibitory activity against
epidermal growth factor receptors [45] and are the series of enzymes inhibitors [46]. Therefore
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functional modification of the basic aforecited system and its novel analogs pharmacological
activity evaluation is actually purposeful.

Thiazolo[4,5-b]pyridines obtaining requires the complex synthetic routes, making them
poorly studied condensed heterocyclic analogs. Their considerable chemical and
pharmacological importance highlight the structural versions' objectives with an insight into
the revelation of compounds possessing improved or novel properties as drugs.

2. Materials and Methods
2.1. Materials.

The reagents used in the synthesis were commercially available and of analytical grade.
All solvents and reagents were used without further purification.

2.2. Chemistry.

All melting points were determined in an open capillary. *H- spectra were recorded on
a Varian Mercury 400 (400 MHz for *H) instrument with TMS or deuterated solvent as an
internal reference. Chemical shifts are reported as & (ppm). Mass spectra of synthesized
compounds were recorded on Agilent 1100 series LC/MSD. Elemental analysis was performed
on a Vario MICRO cube automatic CHNS analyzer. This experimental analysis data on
Carbon, Hydrogen, and Nitrogen contents were within £0.3% of the theoretical values.

General procedure for the synthesis of 3-alkyl-substituted 5,7-dimethyl-6-phenylazo-
3H-thiazolo[4,5-b]pyridine-2-one amides (4-5). Compound 3 (0.009 mol) was dissolved in
DMF (12 ml) under heating, and then the appropriate alkyl halide (0.009 mol) was added. The
resulting solution was boiled for 20 min, followed by white precipitate formation. The hot
reaction mixture was filtered off, and the solid left on the filter was crushed and washed with
DMF. The filtrate was left for cooling to about 50 °C, 100 ml of water was then added at
stirring, and the mixture was further refrigerated to 12-15°C. The solid compound obtained
was filtered off, water-washed, dried at a room temperature firstly, and then at 60°C. The
precipitate was recrystallized from a water-acetic acid mixture (1:1).

5,7-Dimethyl-3-propyl-6-phenylazo-3H-thiazolo[4,5-b]pyridine-2-one (4). Yield 74
%, m.p. = 107-108 °C. *H NMR, §, ppm: 0.90 t (3H, J = 7.2 Hz, -CH2-CH2-CHa), 1.73-1.77
m (2H, CH2—CH2-CHgs), 2.43 s (3H, CHs3), 2.65 s (3H, CH3), 3.96 t (2H, J = 6.2 Hz, CH>—CH>-
CHzs), 7.60 bs (3H, J =6.5 Hz, CeHs), 7.87 d (3H, J = 8.5 Hz, CeHs). ESI-MS: m/z 328 [M+H]".
Found %: N 17.30; S 10.04. Calculated for C17H18N4OS %: N 17.16; S 9.82.

5,7-Dimethyl-3-isopropyl-6-phenylazo-3H-thiazolo[4,5-b]pyridine-2-one (5). Yield 82
%, m.p. = 104-105 °C. *H NMR, §, ppm: 1.53 d (3H, CH3-CH-CHs3), 1.55 s (3H, CH3-CH-
CHs3), 2.45 s (3H, CH3), 2.68 s (3H, CH3), 5.05-5.08 m (1H, CH3-CH-CHs), 7.62 s (3H, CeHs),
7.89 s (2H, CeHs). ESI-MS: m/z 328 [M+H]". Found %: N 17.30; S 10.15. Calculated for
C17H18N4OS %: N 17.16; S 9.82.

General process for the synthesis of N-aryl-substituted 5,7-dimethyl-6-phenylazo-3H-
thiazolo[4,5-b]pyridine-2-one-3-acetic acid amides (6-11). Compound 3 (0.003 mol) was
dissolved in DMF (20 ml) under heating, and then the equimolar amount of the appropriate
chloroacetamide was added. The resulting mixture was heated for 60 min, and a significant
amount of precipitate formation was observed. The hot reaction mixture was filtered off, and
the solid left on the filter was crushed and washed with hot DMF. The filtrate was left for
cooling to about 50 °C, 100 ml of water was then added at stirring, and the mixture was further
https://biointerfaceresearch.com/ 10956
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refrigerated to 12-15°C. The solid compound obtained was filtered off, water-washed, and
dried. The precipitate was recrystallized from the DMF-ethanol mixture (1:1).
2-(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-N-phenyl-
acetamide (6).Yield 76 %, m.p. = 224-225 °C. *H NMR, §, ppm: 2.51 s (3H, CHz3), 2.68 s (3H,
CHs), 4.70 s (2H, CH2), 7.18-7.23 m (4H, CeéHs), 7.28-7.34 m (2H, CeHs), 7.61-7.64 m (3H,
CeHs), 7.72 d (1H, J =7.8 Hz, CeHs), 11.05 s (1H, NH). ESI-MS: m/z 419 [M+H]". Found %:
N 16.32; S 7.72. Calculated for C22H19NsO2S %: N 16.77; S 7.75.
2-(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-N-(4-nitrophenyl)-
acetamide (7). Yield 76 %, m.p. = 203-204 °C. *H NMR, §, ppm: 2.51 s (3H, CH3), 2.62 s (3H,
CHs), 4.95 s (2H, CH2), 7.61-7.63 m (3H, CsHs), 7.84-7.88 m (4H, CsHa), 8.20-8.23 m (2H,
CeHa), 10.89 s (1H, NH). ESI-MS: m/z 464 [M+H]". Found %: N 17.99; S 6.95. Calculated for
C22H18N6O4S %: N 18.17; S 6.93.
2-(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-N-(3-
hydroxyphenyl)-acetamide (8). Yield 76 %, m.p. = 218-220 °C. H NMR, §, ppm: 2.43 s (3H,
CHg), 2.64 s (3H, CH3s), 4.95 s (2H, CH2), 7.61 s (5H, CeHs), 7.87 s (4H, CeHa), 9.80 s (1H,
NH), 12.75 s (1H, OH). ESI-MS: m/z 435 [M+H]". Found %: N 16.50; S 7.50. Calculated for
C23H19Ns503S %: N 16.16; S 7.40.
N-(2-Aminophenyl)-2-(5,7-dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-
acetamide (9). Yield 79 %, m.p. = 209-210 °C. *H NMR, §, ppm: 2.43 s (3H, CH3), 2.63 s (3H,
CHs), 4.22 s (2H, NH2), 4.86 s (2H, CH2), 7.28-7.33 m (2H, CeH4), 7.59-7.61 m (3H, CeHbs),
7.87 d (2H, J = 7.2 Hz, CgHs), 7.98-8.03 m (2H, CsHa), 10.45 s (1H, NH). ESI-MS: m/z 434
[M+H]". Found %: N 19.46; S 7.32. Calculated for C22H20N6O2S %: N 19.43; S 7.41.
2-(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-N-(m-tolyl)-
acetamide (10).Yield 74 %, m.p. = 250 °C. *H NMR, §, ppm: 2.26 s (3H, CéHs-CH3), 2.37 s
(3H, CHs), 2.64 s (3H, CH3), 4.86 s (2H, CH2) 7.13d (2H, J = 7.6 Hz, C¢H4), 7.46 d (2H, J =
7.8 Hz, CeHa), 7.62-7.65 m (3H, CeHs), 7.90 d (2H, J = 7.2 Hz, CeHs), 10.38 s (1H, NH). ESI-
MS: m/z 433 [M+H]*. Found %: N 16.42; S 7.38. Calculated for C23H2:Ns02S %: N 16.23; S
7.43.
2-(5,7-Dimethyl-2-0x0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-N-(4-ethylphenyl)-
acetamide (11). Yield 79 %, m.p. = 200-201 °C. *H NMR, §, ppm: 1.17 t (3H, J = 7.3 Hz,
OCH2CHs3), 2.07 s (2H, OCH2CHg), 2.51 s (3H, CH3), 2.64 s (3H, CH3), 4.85 s (2H, CH>), 7.16
d (2H, J=7.9 Hz, CeH4), 7.48 d (2H, J = 7.8 Hz, CsHa), 7.62-7.65 m (3H, CeHs), 7.89 d (2H,
J = 7.1 Hz, CeHs), 10.38 s (1H, NH). ESI-MS: m/z 447 [M+H]". Found %: N 16.16; S 7.25.
Calculated for C24H23Ns502S %: N 15.72; S 7.20.
(5,7-Dimethyl-2-ox0-6-phenylazo-3H-thiazolo[4,5-b]pyridine-3-yl)-acetic acid ethyl
ester (12). Compound 3 (0.003 mol) was dissolved in DMF (20 ml) under heating, and then
the equimolar amount of ethyl chloroacetate was added. The resulting solution was heated for
60 min, and a significant amount of precipitate formation was observed. The hot reaction
mixture was filtered off, and the solid left on the filter was crushed and washed with hot DMF.
The filtrate was left for cooling to about 50 °C, 100 ml of water was then added at stirring, and
the mixture was further refrigerated to 12-15°C. The solid compound obtained was filtered off,
water-washed, and dried. The precipitate was recrystallized from acetic acid. Yield 66 %, m.p.
=103-104 °C. 'H NMR, §, ppm: 1.23 t (3H, J = 7.0 Hz, OCH2CH3), 2.48 s (3H, CHz3), 2.63 s
(3H, CHs3), 4.19-4.23 m (2H, OCH2CH3), 4.82 s (2H, N-CH2) 7.61-7.64 m (3H,CsHs), 7.89 d
(2H, J=6.2 Hz, CeHs). ESI-MS: m/z 372 [M+H]". Found %: N 14.99; S 8.60. It was calculated
for C1sH18N4O3S %: N 15.12; S 8.66.
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(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid hydrazide
(13). 5,7-Dimethyl-2-o0x0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid ethyl ester
(0.002 mol) was dissolved in ethanol (20 ml) and then hydrazine hydrate 50 % aqueous solution
(0.003 mol) was added. The reaction mixture was heated under reflux for 12 h. The precipitate
formed was filtered off, water-washed, dried at a room temperature firstly, and then at 60°C.
The precipitate was recrystallized from butanol. Yield 65 %, m.p. = 210 °C. *H NMR, §, ppm:
2.47 s (3H, CH3), 2.63 s (3H, CHz), 4.33 s (2H, NH-NH>), 4.60 s (2H, CH2), 7.61-7.64 m (3H,
CeHs), 7.88 d (2H, J = 8.5 Hz, CsHs), 9.42 s (1H, NH-NH2). ESI-MS: m/z 358 [M+H]". Found
%: N 23.40; S 9.06. It was calculated for C16H16NsO2S %: N 23.58; S 9.00.

General procedure for the synthesis of 5,7-dimethyl-6-phenylazo-2-oxo-3H-
thiazolo[4,5-b]pyridine-3-acetic acid hydrazide hydrazones (14-29). (5,7-Dimethyl-2-0x0-6-
phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid hydrazide (13) (0.005 mol) was dissolved
in ethanol (30 ml). The boiling solution of the appropriate aldehyde (0.005 mol) in ethanol (20
ml) was then added with stirring to the solution prepared in this way. The orange solid product
formation was observed. The reaction mixture was refluxed 1 h. The precipitate that formed
was filtered off, water-washed, dried at a room temperature firstly, and then at 100-110 °C.
The precipitate was recrystallized from ethanol or acetic acid.

2-{[2-(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetyl]-
hydrazonomethyl}-benzoic acid (14). Yield 90 %, m.p. = 240-241 °C. 'H NMR, §, ppm: 2.55
s (3H, CHs), 2.64 s (3H, CHs), 5.20 s (2H, CH2), 7.55d (2H, J = 8.0 Hz, CsHa), 7.62-7.65 m
(3H, CeHs), 7.90 d (2H, J = 8.4 Hz, CesHs), 7.92 s (1H, CeH4), 8.01 s (1H, CH), 8.84 s (1H,
CeHa), 11.91 s (1H, NH), 13.28 s (1H, COOH). ESI-MS: m/z 490 [M+H]*. Found %: N 17.20;
S 6.45. Calculated for C24H20NsO4S %: N, 17.20; S 6.46.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic  acid (4-
dimethylamino-benzylidene)-hydrazide (15). Yield 80 %, m.p. = 240 °C. *H NMR, §, ppm:
2.51 s (3H, CHs), 2.64 s (3H, CHs3), 2.99 s (6H, N-CHs3), 5.13 s (2H, CH2), 6.75d (2H,J=7.0
Hz, CeéH4), 7.54 d (2H, J = 7.0 Hz, CeéHa), 7.62-7.66 m (3H, CsHs), 7.90 d (2H, J = 8.5 Hz,
CeHs), 7.94 s (1H, CH), 11.45 s (1H, NH). ESI-MS: m/z 489 [M+H]". Found %: N 20.52; S
6.50. Calculated for C2sH2sN702S %: N 20.11; S 6.58.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid (4-fluoro-
benzylidene)-hydrazide (16). Yield 90 %, m.p. = 280 °C. *H NMR, §, ppm: 2.55 s (3H, CH3),
2.64 s (3H, CHs), 5.19 s (2H, CH2), 7.29 t (2H, J = 7.6 Hz, CeéHa), 7.63-7.66 m (3H, CeHbs),
7,82t (2H, J = 7.1 Hz, CsHa4), 7.90 d (2H, J = 8.4 Hz, CeHs), 8.09 s (1H, CH), 11.73 s (1H,
NH). ESI-MS: m/z 464 [M+H]*. Found %: N 18.25; S 6.96. Calculated for C23sH1sFNsO2S %:
N 18.17; S 6.93.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid (4-bromo-
benzylidene)-hydrazide (17). Yield 91 %, m.p. = 275 °C. *H NMR, &, ppm: 2.57 s (3H, CH?3),
2.64 s (3H, CHs3), 5.20 s (2H, CH2), 7.62 d (2H, J = 7.0 Hz, CeHa4), 7.65-7.70 m (3H, CeHbs),
7.71d (2H, J = 7.0 Hz, CeH4), 7.90 d (2H, J = 8.5 Hz, CeHs), 8.07 s (1H, CH), 11.86 s (1H,
NH). ESI-MS: m/z 524 [M+H]*. Found %: N 15.95; S 6.06. Calculated for C23H19BrNsO2S %:
N 16.06; S 6.13.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid (4-chloro-
benzylidene)-hydrazide (18). Yield 77 %, m.p. = 280 °C. *H NMR, &, ppm: 2.55 s (3H, CHj3),
2.64 s (3H, CHs3), 5.19 s (2H, CH2), 7.52 d (2H, J = 8.3 Hz, CeH4), 7.62-7.66 m (3H, CeHbs),
7.79d (2H, J = 8.3 Hz, CeH4), 7.90 d (2H, J = 8.4 Hz, CéHs), 8.01 s (1H, CH), 11.86 s (1H,
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NH). ESI-MS: m/z 480 [M+H]*. Found %: N 17.70; S 6.71. Calculated for C2sH1sCINsO2S %:
N 17.55; S 6.69.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid (2-chloro-
benzylidene)-hydrazide (19). Yield 85 %, m.p. = 270 °C. *H NMR, &, ppm: 2.55 s (3H, CH?3),
2.64 s (3H, CH3), 5.21 s (2H, CH2), 7.40-7.49 m (2H, CeH4), 7.54 d (1H, J = 9.0 Hz, CesHa4),
7.62-7.65 m (3H, CsHs), 7.90 d (2H, J = 8.5 Hz, CéHs), 8.01 s (1H, CH), 8.46t (1H, J =8.3
Hz, CeHa), 11.97 s (1H, NH). ESI-MS: m/z 480 [M+H]*. Found %: N 17.70; S 6.61. Calculated
for C2sH19CIN6sO2S %: N 17.55; S 6.69.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid (4-nitro-
benzylidene)-hydrazide (20). Yield 95 %, m.p. = 252 °C. *H NMR, §, ppm: 2.55 s (3H, CH3),
2.63 s (3H, CHs3), 5.25 s (2H, CH2), 7.59-7.66 m (3H, C¢Hs), 7.88 d (2H, J = 8.5 Hz, CeHs),
8.00d (2H, J = 7.1 Hz, CeHa4), 8.20 s (1H, CH), 8.27 d (2H, J = 7.1 Hz, CsHa4), 11.93 s (1H,
NH). ESI-MS: m/z 491 [M+H]*. Found %: N 20.20; S 6.46. Calculated for C23H19N704S %: N
20.03; S 6.55.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid (3-nitro-
benzylidene)-hydrazide (21). Yield 90 %, m.p. = 260 °C. *H NMR, §, ppm: 2.57 s (3H, CH3),
2.63 s (3H, CHa), 5.24 s (2H, CH2), 7.61-7.66 m (3H, CeHs), 7.75t (1H, J = 9.0 Hz, CsH4) 7.89
d (2H, J = 8.5 Hz, CeHs), 8.21 s (2H, CsHa), 8.26 d (1H, J = 7.1 Hz, CsHa), 8.55 s (1H, CH),
12.02 ¢ (1H, NH). ESI-MS: m/z 491 [M+H]". Found %: N 20.20; S 6.36. Calculated for
C23H19N704S %: N 20.03; S 6.55.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic  acid  (3,4-
dimetoxy-benzylidene)-hydrazide (22). Yield 87 %, m.p. = 268 °C. 'H NMR, §, ppm: 2.55 s
(3H, CHa), 2.64 s (3H, CH3s), 3.82 d (6H, OCHs3), 5.20 s (2H, CH2), 7.02 d (1H, J = 9.1 Hz,
CeH3), 7.22 d (1H, J = 9.0 Hz, CeH3), 7.40 s (1H, CeH3), 7.62-7.66 m (3H, CeHs), 7.90 d (2H,
J =8.4 Hz, CeHs), 8.00 s (1H, CH), 11.68 s (1H, NH). ESI-MS: m/z 506 [M+H]*. Found %: N
16.52; S 6.40. Calculated for C25H24N604S.%: N 16.66; S 6.35.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic  acid (4-
hydroxy-3-ethoxy-benzylidene)-hydrazide (23). Yield 82 %, m.p. = 253 °C. *H NMR, &, ppm:
1.36 s (1H, OCH2CHs), 2.51 s (3H, CHs), 2.64 s (3H, CH3), 4.09 s (2H, OCH2CH3), 5.17 s
(2H, CH2), 6.85 d (1H, J = 8.9 Hz, CeHzs), 7.10 s (1H, CsH3), 7.34 s (1H, CeH3), 7.62-7.66 m
(3H, CeHs), 7.92 d (2H, J = 8.5 Hz, CeHs), 7.94 s (1H, CH), 9.45 s (1H, OH), 11.66 s (1H,
NH). ESI-MS: m/z 462 [M+H]". Found %: N 16.52; S 6.30. Calculated for C25H2aNsO4S %: N
16.66; S 6.35.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic  acid (2-
hydroxy-5-chloro-benzylidene)-hydrazide (24). Yield 95 %, m.p. = 274 °C. 'H NMR, §, ppm:
2.51 s (3H, CHs), 2.64 s (3H, CHs), 5.19 s (2H, CH2), 6.94 d (1H, J = 8.1 Hz, CeHs3), 7.30 t
(1H, J = 7.4 Hz, CeHs), 7.63-7.66 m (3H, CeHs), 7.79 s (1H, CeHs), 7.90 d (2H, J = 8.5 Hz,
CeHs), 8.33 s (1H, CH), 11.80 s (1H, NH). ESI-MS: m/z 462 [M+H]". Found %: N 16.75; S
6.56. Calculated for C23H19CINsOsS %: N 16.98; S 6.48.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid (3-furane-
2-yl-allylidene)-hydrazide (25). Yield 77 %, m.p. =265 °C. *H NMR, §, ppm: 2.55 s (3H, CH3),
2.63 s (3H, CHs), 5.04 s (2H, CH2), 6.60-6.74 m (3H, furane), 6.95-7.01 m (1H, CH), 7.62-
7.66 m (3H, C¢Hs), 7.78 s (1H, CH), 7.84 d (1H, J = 6.9 Hz, CH), 7.90 d (2H, J = 8.5 Hz,
CsHs), 11.76 s (1H, NH). ESI-MS: m/z 462 [M+H]*. Found %: N 18.65; S 6.77. Calculated for
C23H20N6Os3S %: N 18.25; S 6.96.
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(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid [5-(4-
nitro-phenyl)-furane-2-ylmethylene]-hydrazide (26). Yield 82 %, m.p. = 255 °C. *H NMR, §,
ppm: 2.55 s (3H, CHs), 2.64 s (3H, CHs), 5.20 s (2H, CH2), 7.14 s (1H, furane), 7.43 s (1H,
furane), 7.62-7.65 m (3H, Ce¢Hs), 7.88 d (2H, J = 8.5 Hz, C¢Hs), 8.02 s (1H, CH), 8.04 d (2H,
J = 8.2 Hz, CéHa4), 8.28 d (2H, J = 8.2 Hz, CeH4), 11.83 s (1H, NH). ESI-MS: m/z 557
[M+H]*.Found %: N 17.70; S 5.69. Calculated for C27H2:N70sS %: N 17.65; S 5.77.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid [5-(4-
trifluoro-methyl-2-chloro-phenyl)-furane-2-ylmethylene]-hydrazide (27). Yield 75 %, m.p. =
283 °C. 'H NMR, &, ppm: 2.55 s (3H, CHs), 2.63 s (3H, CHs3), 5.16 s (2H, CH2), 7.15 s (1H,
furane), 7.41 s (1H, furane), 7.62-.7.66 m (3H, Ce¢Hs), 7.73 s (1H, CeHs), 7.84 d (1H, J = 8.2
Hz, CeHs), 7.89 d (2H, J = 8.5 Hz, CeHs), 8.06 s (1H, CH), 8.17 s (1H, CeHs), 11.74 s (1H,
NH). ESI-MS: m/z 614 [M+H]". Found %: N 13.79; S 5.31. Calculated for C2sH20CIF3sNsO3S
%: N 13.71; S 5.23.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid [5-(2,3-
dichloro-phenyl)-furane-2-ylmethylene]-hydrazide (28). Yield 75 %, m.p. = 283 °C. *H NMR,
3, ppm: 2.55 s (3H, CH3), 2.64 s (3H, CH3), 5.17 s (2H, CH2), 7.07-7.15 m (1H, furane), 7.36
d (1H, J = 7.3 Hz, furane), 7.50-7.52 m (2H, Ce¢H3), 7.61-7.64 m (3H, CeHs), 7.90 d (2H, J =
8.5 Hz, CeHs), 8.02 s (1H, CH), 8.17 s (1H, CeHs), 11.85 s (1H, NH). ESI-MS: m/z 581
[M+H]*. Found %: N 14.06; S 5.51. Calculated for C27H20CIl2NsO3S %: N 14.50; S 5.53.

(5,7-Dimethyl-2-ox0-6-phenylazo-thiazolo[4,5-b]pyridine-3-yl)-acetic acid [1-(2,5-
dichloro-phenyl)-2,5-dimethyl-1H-pyrrole-3-ylmethylene]-hydrazide (29). Yield 79 %, m.p. =
255 °C. 'H NMR, §, ppm: 1.92 s (3H, pyrrole-CHs), 2.04 s (3H, pyrrole-CHs), 2.55 s (3H,
CHs), 2.64 s (3H, CHg), 5.08 s (2H, CH2), 6.30 s (1H, pyrrole), 7.62-7.65 m (3H, CsHs), 7.68
d (1H,J=7.0 Hz, CeéHs3), 7.73 s (1H, CeHs), 7.78 d (1H, J = 7.0 Hz, CeH3), 7.90d (2H, J = 8.5
Hz, CeHs), 8.04 s (1H, CH), 11.32 s (1H, NH). ESI-MS: m/z 608 [M+H]*. Found %: N 16.59;
S 5.22. Calculated for C29H25CI2N702S %: N 16.16; S 5.29.

2.3. Pharmacology.

The antioxidant activity was determined on basis of free radical scavenging activity of
stabilized 2,2-diphenyl-1-picrylhydrazyl (DPPH). The effect of the studied compounds on
DPPH radicals were estimated according to the method of Blois with minor modifications. The
solution of DPPH in ethanol with the concentration of 150 umoles/I (4 ml) was mixed with the
compound or control solution in ethanol its concentration been 250 pmoles/l (0.2 ml). The
reaction mixture was vortex mixed thoroughly and incubated at room temperature in the dark
for 60 min. Simultaneously, a control was prepared as ascorbic acid solution in ethanol (0.2
ml) mixed with of DPPH solution in ethanol (4 ml) without sample fraction. Reduction in the
absorbance of the mixture was measured at 517 nm using ethanol as blank. Ascorbic acid was
used as a standard. Also the absorbance of DPPH solution was measured. Percentage of free-
radical-scavenging activity was expressed as percent inhibition and it was calculated using the
following formula:

o A -A
% Inhibition =—B"PH_~ s .100 %

DPPH
where AprpH is the absorbance of DPPH free radicals solution, As is the absorbance of a sample.
Each experiment was performed in triplicate and average values were recorded. Results
are expressed as the means * S.D.
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3. Results and Discussion

3.1. Synthesis of thiazolo[4,5-b]pyridine-2-one derivatives.

The objective of the present study was to synthesize some novel antioxidant agents via
a structural modification of early obtained 5,7-dimethyl-3H-thiazolo[4,5-b]pyridine-2-one as a
precursor in its basic heterocycle N* position for further pharmacological screening in vitro as
antioxidants.

The synthetic strategies adopted and applied for the synthesis of the intermediate and
target compounds are depicted in scheme 1.

Previously we reported the efficient synthetic approach development for 5,7-dimethyl-
3H-thiazolo[4,5-b]pyridine-2-one (1) and 5,7-dimethyl-6-phenylazo-3H-thiazolo[4,5-
b]pyridine-2-one (2) obtaining as the protocol baed on [3+3] cyclocondensation of 4-
iminothiazolidone-2 on account of its N,C-binucleophylic properties with acetylacetone as a
dielectrophylic reagent [8] (scheme 1).

The starting 5,7-dimethyl-6-phenylazo-3H-thiazolo[4,5-b]pyridine-2-one (2) contains
3-NH proton in the core fused heterocyclic system which may be considered as an acidic center.
Thus its substitution with other bioactive moieties leads to novel N3-substituted
thiazolopyridine derivatives generation.

Our efforts on the first stage involved the reactivity of compound 2 investigation
suggested as a mean of its salts preparation possibility. In the light of another perspective
bioavailability of salts is significantly higher than that one of the corresponding acids, which
may lead to interesting pharmacological properties exhibiting by salts.

We have investigated the reaction of compound 2 with alkalis (scheme 1). The
appropriate salts formation was achieved. Potassium salt of 5,7-dimethyl-6-phenylazo-3H-
thiazolo[4,5-b]pyridine-2-one (3) [8] seemed to become of the highest synthetic benefit as it
appeared to be stable in aqueous solutions, unlike most azolidone salts.

Potassium salt of 5,7-dimethyl-6-phenylazo-3H-thiazolo[4,5-b]pyridine-2-one (3)
represented a versatile aprecursor for the synthesis of thiazolo[4,5-b]pyridine-2-one 3-alkyl
derivatives (4-5). The appropriate alkyl halides were utilized as the alkylating agents (scheme
1). The alkylation reaction proceded when a mixture of equimolar amounts of compound 3 and
the appropriate alkyl halide was refluxed in DMF for 30-40 min.

In order to further explore the synthetic potential of compound 3 aimed on its structural
functionalization in N3 position we synthesized 3-carboxymethyl-substituted 5,7-dimethyl-6-
phenylazo-3H-thiazolo[4,5-b]pyridine-2-one amides (6-11) and (5,7-dimethyl-2-o0x0-6-
phenylazo-3H-thiazolo[4,5-b]pyridine-3-yl)-acetic acid ethyl ester (12).

Compound 3 refluxing with the appropriate chloroacetamides in DMF medium was
recognized as a convenient synthetic route for 3-carboxymethyl-substituted 5,7-dimethyl-6-
phenylazo-3H-thiazolo[4,5-b]pyridine-2-one amides (6-11) generation (scheme 1). (5,7-
Dimethyl-2-oxo-6-phenylazo-3H-thiazolo[4,5-b]pyridine-3-yl)-acetic acid ethyl ester (12)
could be obtained via reaction of compound 3 with ethyl chloroacetate as an alkylation agent
in DMF refluxing for 2 h.

It is commonly known that nicotinic acid hydrazides and hydrazones like isoniazid,
ftivazid, saluzid et al. are recognized tuberculostatic drugs [31]. As an extension of our study
it seemed interesting to synthesize (5,7-dimethyl-2-oxo0-6-phenylazo-thiazolo[4,5-b]pyridine-
3-yl)-acetic acid hydrazide (13) as a key step for its hydrazide center further incorporating into
chemical transformations. In order to obtain corresponding hydrazide, (5,7-dimethyl-2-0x0-6-
https://biointerfaceresearch.com/ 10961
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phenylazo-3H-thiazolo[4,5-b]pyridine-3-yl)-acetic acid ethyl ester (12) was utilized as a
convenient precursor. Treatment of the latter with hydrazine hydrate 50 % solution in 96 %
ethanol under 12 h reflux furnished the ethoxy group nucleophilic substitution with hydrazyde
one leading to compound 13 generation (scheme 1).

Thiazolo[4,5-b]pyridine fused core heterocyclic system appeared to be stable under the
hydrozynolysis reaction conditions while for the most azolidones their refluxing with hydrazine
hydrate results in azolidone ring destruction [1].

The synthetic potential of hydrazide group incorporated into N® position of
thiazolo[4,5-b]pyridine heterocyclic system was demonstrated as compound 13 utility with
aromatic aldehydes (figure).

Ethanol was adopted as the most convenient medium for the above-mentioned
transformation. Various catalysts effect was reflected unappreciable the reaction rate. The
newly synthesized compounds 14-29 were obtained as crystalline brick-red or yellow powders
well soluble in DMF, DMSO, dioxin, ethanol under heating, insoluble in water.

The structures of the obtained compounds were confirmed by *H NMR spectroscopy,
mass spectra and elemental analysis. All these compounds gave spectroscopic data in
accordance with the proposed structres, and all protons were seen according to the expected
chemical shift and integral values.

The *H NMR spectra of all compounds showed two signals of methyl groups protons
in pyridine ring as singlets in the & 2.27-2.68 ppm. The pyridine ring proton signal for
compound 1 appeared as singlet peak at 6.91 ppm. All synthesized compounds spectra showed
the signals of phenyl substituent in C® position as a system of dublets, triplets and multiplets
within the rather broad range of 7.43-7.90 ppm. The methylene group signal for compound 4
appeared as a singlet at 3.99 ppm, while compound 5 spectrum contains the methine group
signal as multiplet within the range of 5.05-5.08 ppm. These signals proved the alkylation
reaction with the appropriate alkyl halides. The *H NMR spectra of compounds 6-12 contained
the characteristic methylene group signals within the range of 4.70-4.95 ppm which proved the
alkylation reaction of compound 2 proceeding with both ethyl chloroacetate and the appropriate
chloroacetamides. The protons signals derived with hydrazide moiety of compound 13
appeared at 9.42 ppm for NH fragment and at 4.33 ppm for NHz fragment, respectively. Spectra
of the compounds 25-28 contained furane ring characteristic signals system as singlets, dublets
and multiplets within the range of 6.60-7.43 ppm, and the pyrrole ring proton signal for
compound 29 appeared as singlet peak at 6.30 ppm.

3.2. In vitro antioxidant assay.

The DPPH method is described as a simple, rapid, and convenient method for screening
of many samples for radical scavenging activity [47-48]. These advantages make the DPPH
method interesting for testing newly synthesized compounds to scavenge radicals and to find
out antioxidant drug candidates.

DPPH radical had found many applications due to its high stability in a methanolic
solution and intense purple color. In its oxidized form, the DPPH radical has an absorbance
maximum at a wavelength of 517 nm. The absorbance decreases when antioxidants reduce the
radical. Its reduction affords 2,2-diphenyl-1-picrylhydrazine (DPPH-H), or the corresponding
anion (DPPH") in basic medium.
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Scheme 1. Synthesis of some N2 substituted thiazolo[4,5-b]pyridines.

The DPPH radical acts as a scavenger for other odd-electron species which afford para-
substitution products at phenyl rings. In the present paper, we demonstrate modified
spectrophotometric method making use of the DPPH radical and its specific absorbance
properties. The free-radical-scavenging activity of each compound was tested using a stable
DPPH and was quantified by discoloration the solution being mixed with DHHP at a
wavelength of 517 nm. The absorbance of DPPH solution in ethanol (150 pumoles/l) was
measured as 0.77. The absorbances and free-radical-scavenging activities % inhibitions of
standard (ascorbic acid) and each compound are listed in table 1.

The antioxidant activity evaluation results revealed that in general most of the tested
compounds revealed that their free radical scavenging effect was insignificant being in the
range between 3.93 % for compound 11 and 11.02 % for compound 14. Three compounds
namely 16, 23 and 24 showed rather significant free radical scavenging effect in the range of
17.04 % - 22.43 %. The pharmacology screening allowed identifying lead compound 22 whose
free radical scavenging activity (25.90 %) exceed that one for ascorbic acid. Thus benzylidene-
hydrazide fragments with two methoxy moieties in m- and p-positions of benzene ring presence
in N position of the core heterocycle resulted into their antioxidant activity enhancement.
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Table 1. Values of Absorbance and % inhibition of N® substituted thiazolo[4,5-b]pyridine-2-one derivatives.

The Compound Absorbance of a % Inhibition | The Compound or Absorbance of a % Inhibition

or Standard Sample, As Standard Sample, As

Ascorbic acid 0.580+0.015 21.25 15 0.688+0.020 10.60
1 0.731+0.030 5.06 16 0.597+0.015 22.43
2 0.708+0.020 8.05 17 0.707+0.020 8.18
3 0.715+0.020 7.14 18 0.730+0.025 5.20
4 0.715+0.025 7.14 19 0.716+0.025 7.00
5 0.730+0.025 5.22 20 0.715+0.025 7.14
6 0.716+0.025 7.00 21 0.706+0.020 8.31
7 0.731+0.030 5.04 22 0.571+0.015 25.90
8 0.693+0.020 10.00 23 0.639+0.020 17.01
9 0.724+0.025 6.00 24 0.602+0.020 21.83
10 0.724+0.025 6.00 25 0.709+0.020 7.92
11 0.740+0.025 3.93 26 0.709+0.020 7.92
12 0.708+0.020 8.05 27 0.694+0.020 9.87
13 0.693+0.020 10.00 28 0.709+0.020 7.92
14 0.685+0.020 11.02 29 0.709+0.020 7.92

4. Conclusions

A series of thiazolo[4,5-b]pyridine-2-ones possessing antioxidant activities were

prepared by the structural modification of the core heterocycle in N position. When compared
with existing antioxidants, some our compounds were found to be more potent. Thus the core
fused heterocycle may be considered as a promising scaffold for antioxidant drug candidates
development. Further optimization of the structure to improve their activities is currently in
progress.
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