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 Abstract. Here we describe the synthesis, antioxidant and anti-inflammatory 
activity of the novel N3 substituted 5,7-dimethyl-6-phenylazo-3Н-thiazolo[4,5-b]pyri-
din-2-ones, who were synthesized in reactions aminomethylation, cyanoethylation, 
hydrolysis and under the reaction of nucleophilic substitution. The antioxidant activity of 
the synthesized compounds was evaluated in vitro by the method of scavenging effect on 
2,2 diphenyl-1-picrylhydrazyl (DPPH) radicals. The anti-inflammatory action was evalu-
ated in vivo employing the carrageenan-induced rat paw edema method.

Graphical abstract

Keywords: synthesis, thiazolo[4,5-b]pyridines,antioxidant activity, anti-inflammatory 
activity

1Department of General, Bioinorganic, Physical and Colloidal Chemistry 
Danylo Halytsky Lviv National Medical University, 

Pekarska 69, Lviv, 79010, Ukraine
2Department of Organic Chemistry, 

Ivan Franko National University of Lviv, 
6 Kyryla і Mefodia, Lviv, 79005, Ukraine

3Department of Pharmaceutical Chemistry FPGE 
Danylo Halytsky Lviv National Medical University,

Pekarska 69, Lviv, 79010, Ukraine
4Department of Pharmacy

Medical College of Burgas University “Prof. Dr. AsenZlatarov”
St. Stambolov 69 Blv., Burgas, 8000, Bulgaria

5Department of Pharmacology
Danylo Halytsky Lviv National Medical University, 

Pekarska 69, Lviv, 79010, Ukraine

Taras Chaban1*, Vasyl Matiychuk2, Volodymyr Ogurtsov1, Ihor Chaban3,
Stefan Harkov4 & Ihor Nektegaev5

SYNTHESIS AND BIOLOGICAL ACTIVITY OF SOME NOVEL 
DERIVATIVES 5,7-DIMETHYL-6-PHENYLAZO-3Н-

THIAZOLO[4,5-B]PYRIDINE-2-ONE



52 T. Chaban, V. Matiychuk, V. Ogurtsov, I. Chaban, S. Harkov, I. NektegaevPHARMACIA, vol. 65, No. 4/2018

Introduction
 Molecular scaffold-based design of 
4-thiazolidinone analogs is inspired by both the 
variety of their pharmacological actions and 
accessibility of chemical modification of their 
structure. The thiazolidinone core imparts an 
important function in medicinal chemistry and 
servesas a powerful biophoretemplate for the 
rational design of ”drug-like” molecules as the 
prototypes of various therapeutical agents devel-
opment. Pyridine derivatives also have always 
been among the most important research areas in 
medicinal chemistry. In particular, pyridines 
have been at the forefront of attention due to 
their numerous uses in pharmaceutical applica-
tionsas biologically active compounds and effec-
tive drugs. 
 The combination of two heterocyclic 
systems (thiazolidine and pyridine rings) both of 
which are of the high priority in modern medici-
nal chemistry can be considered as the systemat-
ic approach for the molecular rational design of 
drug candidates. Thiazolopyridine derivatives 
are characterized by diverse biological activities.  
 Generalization of published scientific 
data confirms that the condensed thiazolopyri-
dines characterized by antifungal [1], antimicro-
bial [2], antioxidant [3, 4, 5], anti-mitotic [6], 
anti-cancer [1, 7, 8], anti-inflammatory [9, 10] 
and tuberculostatic [11] activities. They also 
show potent inhibitory activities for Aβ42 fibril-
lization for Alzheimer’s disease treatment [12, 
13]. Among this type of compounds, there are 
substances that act as agonists of H3-histamine 
receptors [14-16], antagonists of metabotropic 
glutamate receptors 5 (mGLuR5) [17] with high 
inhibitory activity in relation to receptors of 
epidermal growth factor [18] and a number of 
other enzymes [19, 20].
 Thus, the research to explore different 
avenues of chemical modifications of 
thiazolo[4,5-b]pyridine-2-ones to obtain novel 
active compounds should be continued. For the 
continual discovery of potential agents with 
antioxidant and anti-inflammatory activities.

Experimental Part
Materials and methods
 All chemicals were of analytical grade 
and commercially available. All reagents and 
solvents were used without further purification 
and drying. 1H NMR spectra of compounds in 
DMSO-d6 solution were registered on a spec-
trometer Varian Mercury VX-400 (400 MHz), 
internal reference TMS. The elemental analysis 
of experimental data on the contents of carbon, 
hydrogen and nitrogen correspond to calculated 
ones (±0.3%). Chemical shifts are reported in 
ppm units with use of δ scale.
 Ascorbic acidand Diclofenac were 
purchased in a medical store.

Chemistry
 General procedure for the synthesis 
5 ,7-Dimethyl-3arylaminomethyl-6-phe-
nylazo-3H-thiazolo[4,5-b]pyridin-2-ones (1-8). 
5 , 7 - d i m e t h y l - 6 - p h e n y l a z o - 3 Н - t h i -
azolo[4,5-b]pyridine-2-one (5 mmol), an appro-
priate aromatic amine (5 mmol), and methanal (5 
mmol) were added to dioxane (20 mL). The 
reaction mixture was refluxed 60 min. On cool-
ing the crystalline precipitate was filtered off, 
washed with ethanol and dried. The obtained 
compounds were re-crystallized from ethanol.

5,7-Dimethyl-3-[(methyl-phenyl-amino) -meth-
yl]-6-phenylazo-3H-thiazolo[4,5-b]pyri-
din-2-one (1). Yield 70 %, m.p. 190-191 °С 
(decomp., ethanol). 1H NMR, δ, ppm: 2.41 (s, 
3H, CH3), 2.64 (s, 3H, CH3), 3.15 (s, 3H, 
N-CH3-C6H5), 5.64 (s, 2H, CH2), 6.74 (t, 1H, J = 
8.2 Hz, CH3 -N-C6H5), 7.10 (d, 3H, J = 6.9 Hz, 
CH3-N-C6H5), 7.21 (t, 2H, J = 7.9 Hz, 
CH3-N-C6H5), 7.60-7.62 (m, 3H, C6H5), 7.87 (d, 
2H, J = 8.5 Hz, C6H5). Calcd for C22H21N5OS %: 
C, 65.49; H, 5.25; N, 17.36. Found %: C, 65.78; 
H, 5.35; N, 17.44.

5,7- Dimethyl - 6 - phenylazo - 3 - [(2 - trifluoro-
methyl - phenylamino) - methyl] - 3H - thiazolo 
[4,5-b] pyridin-2-one (2). Yield 75 %, m.p. 
185-186 °С (decomp., ethanol). 1H NMR, δ, 
ppm: 2.42 (s, 3H, CH3), 2.69 (s, 3H, CH3),



5.61 (s, 2H, CH2), 6.20 (s, 1H, NH), 6.86 (t, 1H, 
J = 8.0 Hz, C6H4), 7.30 (d, 1H, J = 8.2 Hz, C6H4), 
7.47-7.49 (m, 2H, C6H4), 7.61-7.63 (m, 3H, 
C6H5), 7.89 (d, 2H, J = 8.5 Hz, C6H5). Calcd for 
C22H18F3N5OS %: C, 57.76; H, 3.97; N, 15.31. 
Found %: C, 57.83; H, 4.02; N, 15.35.

3-[(3 - Bromo-phenylamino) - methyl] - 5,7- 
dimethyl-6-phenylazo-3H-thiazolo[4,5-b]pyri-
din-2-one (3). Yield 68 %, m.p. 173 °С 
(decomp., ethanol). 1H NMR, δ, ppm: 2.44 (s, 
3H, CH3), 2.77 (s, 3H, CH3), 5.42 (s, 2H, CH2), 
6.76 (s, 1H, NH), 6.93 (d, 1H, J = 9.7 Hz, C6H4), 
7.03 (t, 1H, J = 8.0 Hz, C6H4), 7.11 (t, 1H, J = 8.0 
Hz, C6H4), 7.61-7.64 (m, 3H, C6H5), 7.77 (d, 1H, 
J = 7.5 Hz, C6H4), 7.89 (d, 2H, J = Hz, C6H5). 
Calcd for C22H18BrN5OS %: C, 53.85; H, 3.87; 
N, 14.95. Found %: C, 53.55; H, 3.85; N, 15.01.

3-[(2-Chloro-phenylamino)-methyl]-5,7-di-
methyl-6-phenylazo - 3H-thiazolo[4,5-b]pyri-
din-2-one (4). Yield 75 %, m.p. 210 °С 
(decomp., ethanol). 1H NMR, δ, ppm: 2.39 (s, 
3H, CH3), 2.71 (s, 3H, CH3), 5.59 (s, 2H, CH2), 
6.14 (s, 1H, NH), 6.71 (s, 1H, C6H4), 7.23-7.25 
(m, 3H, C6H4), 7.60 (s, 3H, C6H5), 7.86-7.87 (m, 
2H, C6H5). Calcd for C22H18ClN5OS %: C, 59.50; 
H, 4.28; N, 16.52. Found %: C, 59.33; H, 4.32; 
N, 16.57.

3-[(2-Hydroxy-phenylamino)-methyl]-5,7-di-
methyl-6-phenylazo- 3H - thiazolo[4,5-b]pyri-
din-2-one (5). Yield 71 %, m.p. 197-198 °С 
(decomp., ethanol). 1H NMR, δ, ppm: 2.41 (s, 
3H, CH3), 2.68 (s, 3H, CH3), 5.58 (s, 2H, CH2), 
6.18 (s, 1H, NH), 6.84 (t, 1H, J = 8.0 Hz, C6H4), 
7.28 (d, 1H, J = 8.2 Hz, C6H4), 7.44-7.47 (m, 2H, 
C6H4), 7.60-7.63 (m, 3H, C6H5), 7.86 (d, 2H, J = 
8.5 Hz, C6H5). Calcd for C21H19N5O2S %: C, 
62.21; H, 4.72; N, 17.27. Found %: C, 62.07; H, 
4.80; N, 17.39.

5,7-Dimethyl-3-[(4-nitro-phenylamino)-meth-
yl]-6-phenylazo - 3H - thiazolo [4,5-b] pyri-
din-2-one (6). Yield 79 %, m.p. 185 °С 
(decomp., ethanol). 1H NMR, δ, ppm:
2.38 (s, 3H, CH3), 2.64 (s, 3H, CH3), 5.49 (s, 2H, 

CH2), 6.09 (s, 1H, NH), 7.28 (d, 2H, J = 8.30 Hz, 
C6H4), 7.44-7.47 (m, 3H, C6H4), 7.54 (d, 3H, J = 
8.30 Hz, C6H5), 7.86 (d, 2H, J = 8.5 Hz, C6H5). 
Calcd for C21H18N6O3S %: C, 58.05; H, 4.18; N, 
19.34. Found %: C, 58.04; H, 4.22; N, 19.46.

2-[(5,7-Dimethyl-2-oxo-6-phenylazo-thi-
azolo[4,5-b]pyridin -3-ylmethyl)-amino]-benzo-
ic acid (7). Yield 72 %, m.p. 201-202 °С 
(decomp., ethanol). 1H NMR, δ, ppm: 2.44 (s, 
3H, CH3), 2.75 (s, 3H, CH3), 5.71 (s, 2H, CH2), 
6.25 (s, 1H, NH), 6.79 (s, 1H, C6H4), 7.29-7.34 
(m, 3H, C6H4), 7.61-7.66 (m, 3H, C6H5), 
7.86-7.87 (m, 2H, C6H5), 13.42 (s, 1H, COOH). 
Calcd for C22H19N5O3S %: C, 60.96; H, 4.42; N, 
16.16. Found %: C, 60.88; H, 4.38; N, 16.25.

5,7-Dimethyl-6-phenylazo-3-(p-tolyl-ami-
no-methyl)-3H-thiazolo[4,5-b]pyridin-2-one 
(8). Yield 75 %, m.p. 184 °С (decomp., ethanol). 
1H NMR, δ, ppm: 2.36 (s, 3H, CH3), 2.59 (s, 3H, 
CH3-C6H4), 2.79 (s, 3H, CH3), 5.41 (s, 2H, CH2), 
6.06 (s, 1H, NH), 7.25 (d, 2H, J = 8.25 Hz, 
C6H4), 7.39-7.45 (m, 3H, C6H4), 7.57 (d, 3H, J = 
8.25 Hz, C6H5), 7.81 (d, 2H, J = 8.5 Hz, C6H5). 
Calcd for C22H21N5OS %: C, 65.49; H, 5.25; N, 
17.36. Found %: C, 65.66; H, 5.15; N, 17.30.

Synthesis of 3 - (5,7- dimethyl - 2- oxo -6-phe-
nylazo-thiazolo[4,5-b]pyridin-3-yl)-propioni-
trile (9). A mixture of pyridine (50 mL) and 
water (10 ml) with acrylonitrile (3 mL) was 
added to the 5,7-dimethyl-6-phenylazo-3Н-thi-
azolo[4,5-b]pyridine-2-one (10 mmol). The 
reaction mixture was refluxed 5 h. On cooling 
the precipitation was achieved with petroleum 
ether-water mixture (3:1). The precipitate was 
re-crystallized from tolyen, filtered off, and 
dried. This compound was isolated as a white 
crystalline powdered solid, well soluble in etha-
nol, chloroform, dioxane, DMF, acetic acid.
 Yield 77%, m.p. 107-108 °С (decomp., 
tolyen). 1H NMR, δ, ppm: 2.29 (s 3H, CH3), 2.45 
(s 3H, CH3), 3.01 (t 2H, CH2), 4.18 (t 2H, CH2), 
7.60 (d, 3H, J = 5.80 Hz, C6H5), 7.87 (d, 2H, J = 
8.00 Hz, C6H5). Calcd for C17H15N5OS %: C, 
60.52; H, 4.48; N, 20.76. Found %: C,  
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60.40; H, 4.51; N, 20.73.

3-(5,7-dimethyl-2-oxo-6-phenylazo-thi-
azolo[4,5-b]pyridin-3-yl)-propionic acid (10). 
The mixture of the compound 1 (10 mmol), 
acetic acid (30 mL), and hydrochloric acid (15 
mL) were placed into the round-bottomed 
flask.The reaction mixture was refluxed 3 h and 
the product was precipitated with water. The 
mixture was left standing for 24h at the ambient 
temperature, and then the precipitate was filtered 
off and treated with toluene. This compound was 
isolated as a white crystalline powdered solid, 
well soluble in ethanol, chloroform, dioxane, 
DMF, acetic acid. 
 Yield 71 %, m.p. 129-130 °С (decomp., 
ethanol). 1H NMR, δ, ppm: 2.30 (s, 3H, CH3), 
2.45 (s, 3H, CH3), 2.73 (t, 2H, CH2), 4.25 (t, 2H, 
CH2), 7.54 (d, 3H, J = 5.70 Hz, C6H5), 7.75 (d, 
2H, J =7.90Hz, C6H5), 12.49 (s, 1H, COOH).-
Calcd. for C17H16N4O2S %: C, 59.98; H, 4.74; N, 
16.46. Found %: C, 60.03; H, 4.77; N, 16.51.

General procedure for the synthesis 3-(5,7-di-
m e t h y l - 2 - o x o - t h i a z o l o [ 4 , 5 - b ] p y r i -
din-3-yl)-N-propionamides (11-16). The mixture 
of the compound 10 (10 mmol), thionyl chloride 
(57 mmol), and dioxane (30 mL) were placed 
into the round-bottomed flask. The reaction mix-
ture was refluxed for 30 min and the product was 
precipitated with n-hexan, the precipitate was 
filtered off. The resulting chlorohydride is used 
for further transformations without further puri-
fication. Chloranhydride the compound 10 (10 
mmol) was dissolved in anhydrous dioxane (10 
mL), to the solution an appropriate aromatic 
amine (10 mmol), and triethylamine (10 mmol). 
The reaction mixture was refluxed 15 min.On 
cooling  diluted with water. the crystalline 
precipitate was filtered off, washed with metha-
nol and dried. The obtained compounds were 
re-crystallized from acetic acid or tolyen.

3-(5,7-Dimethyl-2-oxo -6- phenylazo -thiazolo 
[4,5-b]pyridin-3-yl)-N-phenyl-propionamide 
(11). Yield 50 %, m.p. 210-211 °С (decomp., 
acetic acid). 1H NMR, δ, ppm: 2.47 (s, 3H, CH3), 

2.55 (s, 3H, CH3), 2.81 (t, 2H, J = 7.1 Гц, CH2), 
4.33 (t, 2H, J = 7.2 Гц, CH2), 7.29-7.35 (m 2H, 
NH-C6H5), 7.46-7.55 (m 3H, NH-C6H5), 7.49 (d, 
3H, J = 5.70 Hz, C6H5), 7.72 (d, 2H, J = 7.90 Hz, 
C6H5), 10.05 (s, 1H, NH). Calcd. for 
C23H25N5O2S %: C, 64.02; H, 4.91; N, 16.23. 
Found %: C, 64.25; H, 4.89; N, 16.28.

N - ( 4 - C h l o r o - p h e n y l ) - 3 - ( 5 , 7 - d i m e t h -
y l - 2 - o x o - 6 - p h e n y l a z o - t h i -
azolo[4,5-b]pyridin-3-yl)-propionamide (12). 
Yield 54 %, m.p. 228-229 °С (decomp., acetic 
acid). 1H NMR, δ, ppm: 2.47 (s, 3H, CH3), 2.58 
(s, 3H, CH3), 2.60 (t, 2H, J = 7.1 Гц, CH2), 4.33 
(t, 2H, J = 7.1 Гц, CH2), 7.33-7.38 (m, 2H, 
NH-C6H4), 7.49 (d, 3H, J = 5.90 Hz, C6H5), 
7.55-7.62 (m, 2H, NH-C6H4), 7.77 (d, 2H, J 
=7.60 Hz, C6H5), 10.08 (s, 1H, NH). Calcd. for 
C23H20ClN5O2S %: C, 59.29; H, 4.33; N, 15.03. 
Found %: C, 58.95; H, 4.40; N, 15.06.

N - ( 4 - N i t r o - p h e n y l ) - 3 - ( 5 , 7 - d i m e t h -
y l - 2 - o x o - 6 - p h e n y l a z o - t h i -
azolo[4,5-b]pyridin-3-yl)-propionamide (13). 
Yield 60 %, m.p. 220-221 °С (decomp., tolyen). 
1H NMR, δ, ppm: 2.42 (s, 3H, CH3), 2.56 (s, 3H, 
CH3), 2.88 (t, 2H, J = 7.0 Гц, CH2), 4.52 (t, 2H, 
J = 7.0 Гц, CH2), 7.23-7.27 (m, 2H, NH-C6H4), 
7.54 (d, 3H, J = 5.70 Hz, C6H5), 7.62-7.65 (m, 
2H, NH-C6H4), 7.81 (d, 2H, J = 8.00 Hz, C6H5), 
10.23 (s, 1H, NH). Calcd. for C23H20N6O4S %: C, 
57.97; H, 4.23; N, 17.64. Found %: C, 58.05; H, 
4.29; N, 17.59.

4-[3-(5,7-Dimethyl-2-oxo-6-phenylazo-thi-
azolo[4,5-b] pyridin-3-yl) -propionylamino]- 
benzoic acid (14). Yield 57 %, m.p. 230 °С 
(decomp., acetic acid). 1H NMR, δ, ppm: 2.33 (s, 
3H, CH3), 2.76 (s, 3H, CH3), 2.90 (t, 2H,  J = 7.1 
Гц, CH2), 4.48 (t, 2H, J = 7.1 Гц, CH2), 
7.30-7.35 (m, 2H, NH-C6H4), 7.44 (d, 3H,  J = 
6.00 Hz, C6H5), 7.50-7.57 (m, 2H, NH-C6H4), 
7.81 (d, 2H,  J = 8.10 Hz, C6H5), 10.05 (s, 1H, 
NH), 13.20 (s, 1H, COOH). Calcd. for 
C24H21N5O4S %: C, 60.62; H, 4.45; N, 14.73 
Found %: C,60.52; H, 4.44; N, 14.77. 
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3-(5,7-Dimethyl-2-oxo-6-phenylazo-thi-
azolo[4,5-b]pyridin-3-yl) -N-p-tolyl- propio-
namide (15). Yield 50 %, m.p. 215 °С (decomp., 
tolyen). 1H NMR, δ, ppm: 2.25 (s, 3H, 
C6H4-CH3), 2.47 (s, 3H, CH3), 2.76 (s, 3H, CH3), 
3.08 (t, 2H, J = 7.1 Гц, CH2), 4.77 (t, 2H, J = 7.0 
Гц, CH2), 7.35-7.47 (m, 2H, NH-C6H4), 7.54 (d, 
3H, J = 6.00 Hz, C6H5), 7.65-7.71 (m, 2H, 
NH-C6H4), 7.88 (d, 2H, J = 8.10 Hz, C6H5), 
10.53 (s, 1H, NH). Calcd. for C24H23N5O2S %: C, 
64.70; H, 5.20; N, 15.72 Found %: C,64.45; H, 
5.27; N, 15.68.

3-(5,7-Dimethyl-2-oxo-6-phenylazo-thi-
azolo[4,5-b]pyridin-3-yl) -N-(2-trifluorometh-
yl-phenyl)-propionamide (16). Yield 60 %, m.p. 
233 °С (decomp., tolyen). 1H NMR, δ, ppm: 2.40 
(s, 3H, CH3), 2.58 (s, 3H, CH3), 2.95 (t, 2H, J = 
7.0 Гц, CH2), 4.54 (t, 2H, J = 7.0 Гц, CH2), 6.84 
(t, 1H, J = 8.0 Hz, NH-C6H4), 7.29 (d, 1H, J = 8.2 
Hz, NH-C6H4), 7.45-7.48 (m, 2H, NH-C6H4), 
7.50 (d, 3H, J = 6.00 Hz, C6H5), 7.79 (d, 2H, J = 
8.10 Hz, C6H5), 10.05 (s, 1H, NH). Calcd. for 
C24H20F3N5O2S %: C,57.71; H, 4.04; N, 14.02 
Found %: C,57.40; H, 4.00; N, 14.07.

Free radical scavenging assays
 The Antioxidant activity was determined 
on basis of free radical scavenging activity of 
stable 2,2-Diphenyl-1-picrylhydrazyl (DPPH). 
The effect of the studied compounds on DPPH 
radicals was estimated due to the method of 
Blois [21, 22] with minor modifications. The 
solutionof DPPH in ethanol with the concentra-
tion of 150 µmoles/L (4 mL) was mixed with the 
compound or control solution in ethanol its 
concentration been 250 µmoles/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 an ascorbic acid solution in ethanol 
(0.2 mL) mixed with of DPPH solution in etha-
nol (4 mL) without sample fraction. Reduction in 
the absorbance of the mixture was measured at 
540 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:

where ADPPH is the absorbance of DPPH free 
radicals solution, Ac is the absorbance of a 
sample. 
 Each experiment was performed in tripli-
cate and average values were recorded. Results 
are expressed as the means ± S.D. 

Anti-inflammatory activity evaluation assays
 Anti-inflammatory activity was evaluat-
ed using carrageenan-induced rat paw edema 
method in rats [23]. Outbred (male/female) 
white rats weighing 180–220g were used for the 
edema test. Animals were divided into 13 groups 
comprising five rats per group. One group was 
kept as the control and remaining 12 groups (test 
groups) were used to determine the anti-inflam-
matory activity elicited by the 12 drug candi-
dates, respectively. Ratswere kept in the animal 
house under standard conditions of light and 
temperature on thegeneraldiet prior to the exper-
iment. The standard drug, Diclofenac(50 mg/kg 
body weight) and the test drugs (50 mg/kg body 
weight) were dissolved in DMSO and adminis-
trated through intraperitoneal route. DMSO was 
injected into the control group. 30 minutes later, 
0.1 ml of 2 % carrageenan solution in saline was 
injected in the sub-plantar region of the right 
hind paw of each rat. After 4 h of the carrageen-
an injection, the volume of paw edema (in ml) 
was measured using water plethysmometer, and 
paw edema reduction was compared between the 
control group and drug-tested groups. Danylo-
Halytsky Lviv National Medical University 
ethics committee, constituted by the Ministry of 
Health of Ukraine, approved the experimental 
protocol.The inflammatory reactioninhibition-
was expressed as percent of paw volume reduc-
tion and it was calculated using the following 
formula:

 
% 100  

A
AÀ Inhibition %

DPPH

cDPPH ⋅
−

=
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where Vcontrol is the increase inpawvolumein 
control group animals;
V is the increase inpawvolumein animalsinjected 
withthe test substances.

Results and discussion
Chemistry
 The objective of the present study was to 
synthesize some novel antioxidant and anti- 
inflammatory agents via a structural modifica-
tion of early obtained 5,7-dimethyl-6-phe-
nylazo-3Н-thiazolo[4,5-b]pyridine-2-one. 
Further structural modification of 
thiazolo[4,5-b]pyridine scaffold in its N3 posi-
tion was investigated resulting in the preparation 
of its novel derivatives.
 In our previous report we have proposed 
a convenient method of 5,7-dimethyl-6-phe-
nylazo-3Н-thiazolo[4,5-b]pyridine-2-one prepa-
ration [24]. The method of thiazolo[4,5-b]pyri-
dine scaffold construction is based on [3+3]cy-
clocondensation of 4-iminothiazolidone-2-onе 
account of its N,C-binucleophilic properties with 

dielectrophilic reagents like α-phenylazoacetone 
forming 5,7-dimethyl -6-phenylazo-3Н-thiazolo 
[4,5-b]pyridine-2-one.
 The good leaving property of hydrogen 
NH-group atom of the fused core heterocycle 
and its strong electrophilicity advantage offered 
the 5,7-dimethyl -6-phenylazo-3Н-thiazolo 
[4,5-b]pyridine-2-one functionalization by the 
synthetic route development featuring the 
diverse 3-substituted derivatives which led to 
broadening the scope of novel N3 substituted 
5 , 7 - d i m e t h y l - 6 - p h e n y l a z o - 3 H - t h i -
azolo[4,5-b]pyridine-2-ones. Thus NH-center 
with a mobile hydrogen atom in the 3rd position 
made it possible to in volve the basic scaffold 
into aminomethylation proceeding which led to a 
series of novel 3-(phenylamino)-methyl deriva-
tives (1-8) obtaining. The developed synthetic 
protocol was described via the one-pot 
multi-component reaction between formalde-
hyde, appropriate amines and 5,7-dimeth-
yl-6-phenylazo-3Н- thiazolo[4,5-b]pyri-
din-2-one. We discovered that the method 
offered high yields of products by introducing 
the reaction mixture in dioxane into 60-minute 
refluxing.  (Scheme 1).

Scheme 1. Synthesis of N3-substituted 5,7-dimethyl-6-phenylazo-3Н-thiazolo[4,5-b]pyridin-2-one 
derivatives under the aminomethylation reaction.
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 For broadening the scope of N3 substitut-
ed 5,7-dimethyl-6- phenylazo-3H-thiazolo 
[4,5-b] pyridine-2-ones we involved the basic 
scaffold into cynoethylation reaction taking the 
advantage of the good leaving hydrogen atom 
property of the NH-group. We discovered that 

the high yield of the product can be achieved by 
introducing the equimolar amounts of the 5,7-di-
methyl-6-phenylazo-3H-thiazolo[4,5-b]pyri-
dine-2-one and acrylonitrile in pyridine – water 
medium 5:1 (Scheme 2).

 3-(5,7-dimethyl-2-oxo-6-phenylazo-thi-
azolo[4,5-b]pyridin-3-yl)-propionitryl (9)rep-
resents a convenient intermediate in order to 
afford 3-(5,7-dimethyl-2-oxo-6-phenylazo-thi-
azolo[4,5-b]pyridin-3-yl)-propionic acid (10) as 
a building block for more elaborate functional-
izations of thiazolo[4,5-b]pyridine-2-one moiety 

in its N3 position. Compound 9 was subjected to 
hydrolysis leading to appropriate propionic acid 
(10) formation. The synthetic strategy developed 
showed the compound 10 high yielding may be 
achieved in acetic acid-hydrochloric acid 2:1 
(Scheme 3).

 Propionamides are highly reactive chem-
icals and form the basis for creating and continu-
ous supplement of building blocks wide collec-
tion for combinatorial chemistry including 
biologically active substances combinatorial 
libraries designing on their basis.
 The carboxyl group presence in N3 posi-
tion of compound 10 provides an entry for 

3-(5,7-dimethyl-2-oxo-thiazolo[4,5-b]pyri-
din-3-yl)-N-propionamides (11-16). Dioxane 
was found to be the most suitable medium for the 
reaction of compound 10 with thionyl chloride. 
The prepared in this way 3-(5,7-dimeth-
yl-2-oxo-6-phenylazo-thiazolo[4,5-b]pyri-
din-3-yl)-propionyl chloride was subjected for 
the reaction with aromatic amines.  

Scheme 2. Synthesis of 3-(5,7-dimethyl-2-oxo-6-phenylazo- thiazolo[4,5-b]pyridin-3-yl)-propioni-
trile.

Scheme 3. Synthesis of 3-(5,7-dimethyl-2-oxo-6-phenylazo-thiazolo[4,5-b] pyridin-3-yl)-propionic 
acid.
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The reaction mixture reflux for 30 min in diox-
ane medium were optimal conditions for com-

pounds 11-16 formation proceeding in good 
yields (Scheme 4).

 The structures of the obtained com-
pounds were confirmed by 1H NMR spectrosco-
py and elemental analysis. All these new com-
pounds gave spectroscopic data in accordance 
with the proposed structures. The 1H NMR spec-
tra of all compounds show the protons signals of 
methyl groups in pyridine ring as singlets in the 
2.29–2.47 and 2.45–2.79 ppm. Compounds 1-16 
spectra show the signal of phenyl radical at C6 
position as doublets, triplets, and multiplets at 
7.44–7.88 ppm. The presence of the methylene 
group signals at 5.41–5.71 ppm for compounds 
1-8 prove the aminomethylation reaction of the 
basic scaffold. The N3 H proton was not resolved 
for the compound 9 that proves the cyanoethyla-
tion reaction. The 1H NMR spectrum of the com-
pound 9 hydrolysis product (10) contain the 
signal of COOH-group as singlet at 12.49 ppm. 
However the absence of carboxyl group signal in 
compounds 11-16 proves obtaining propio-
namides.

Antioxidant activity in vitro evaluation
 Free radicals such as superoxide, hydrox-

yl, and nitric oxide are the oxygen centered free 
radicals, and they are also called reactive oxygen 
species (ROS). They are generated in the human 
body and would cause damage to lipids, 
proteins, and DNA and thus may lead to various 
diseases such as carcinogenesis, drug-associated 
toxicity, and inflammation. Furthermore, radical 
reactions play a significant role in the develop-
ment of life limiting chronic diseases such as 
cancer, ageing, diabetes, arteriosclerosis and 
others [25]. Antioxidants are molecules, natural 
or synthetic, capable of interacting with free 
radicals and stopping their chain reactions before 
essential vital molecules are damaged. Thus, 
they are recently fabricated as the drug candi-
dates to counter these multifarious diseases [26].
 The antioxidant activity was determined 
on the basis of free radical scavenging activity of 
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radi-
cal. DPPH radical has 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 
centered at a wavelength of 540 nm. 

Scheme 4. Synthesis of 3-(5,7-dimethyl-2-oxo-thiazolo[4,5-b]pyridin-3-yl)-N-propionamides.
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The absorbance decreases when the radical is 
reduced by antioxidants. Its reduction affords 
2,2-diphenyl-1-picrylhydrazine (DPPH-H), or 
the corresponding anion(DPPH–) in basic 
medium. The DPPH radical acts as a scavenger 
for other odd-electron species which afford 
para-substitution products at phenyl rings. 
 The DPPH method is described as a 
simple, rapid and convenient method for screen-
ing of many samples for radical scavenging 
activity. These advantages make the DPPH 
method interesting for testing newly synthesized 
compounds to scavenge radicals and to find out 
promising antioxidant drug candidates.

 In the present paper we demonstrate 
modified spectrophotometric method which 
makes use of the DPPH radical and its specific 
absorbance properties. The free-radical-scav-
enging activities of each compound were 
assayed using a stable DPPH and were quanti-
fied by decolorization the solution being mixed 
with DHHP at a wavelength of 540 nm. The 
absorbance of DPPH solution in ethanol (150 
µmoles/L) was measured as 0.770. The absor-
bances and free-radical-scavenging activities % 
inhibitions of standard (ascorbic acid) and each 
compound are listed in Table 1.

 The antioxidant activity evaluation 
results showed that, in general, most of the tested 
compounds showed that their free radical scav-
enging effect was insignificant being in the 
range of 4.20%- 11.34%. The pharmacological 
screening allowed identification of only lead 
compounds 9 and 10 whose free radical scaveng-
ing activity (27.18%, 25.23%) exceeded that for 
ascorbic acid. Thus, the presence of cyano group 
substituent (9) and carboxylic group substituent 

(10) in the core scaffold N3 position was essen-
tial to the antioxidantactivity of these com-
pounds.

Anti-inflammatory activity in vivo evaluation
 Literature survey has revealed that to 
treat inflammatory disorders, numerous NSAIDs 
belonging to different chemical groups have 
been developed but such researches could not 
win the desired results. During the past few

Table 1. Values of absorbance and % inhibition of thiazolo[4,5-b]pyridine-2-ones.
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The Compound 

or Standard 

Absorbance of 

a Sample, As 
% Inhibition 

The Compound 

or Standard 

Absorbance of 

a Sample, As 
% Inhibition 

Control 0.770±0.025 - 9 0.561±0.010 27.18 

1 0.707±0.020 8.25 10 0.576±0.015 25.23 

2 0.692±0.020  10.11 11 0.707±0.020 8.17 

3 0.724±0.025 6.05 12 0.699±0.020 9.25 

4 0.706±0.020  8.33 13 0.716±0.025 7.08 

5 0.682±0.010 11.34 14 0.727±0.025  5.50 

6 0.720±0.025 6.50 15 0.721±0.025 6.44 

7 0.738±0.015  4.20 16 0.714±0.020 7.25 

8 0.699±0.015  9.20 Ascorbic acid 0.580±0.015 24.68 
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years, the long-term use of NSAIDs has been 
severely hampered by the emerging of several 
serious effects such as gastrointestinal ulcers, 
hepatotoxicity, renal dysfunction, and cardiotox-
icity [27]. To overcome these limitations search 
is ongoing throughout the World to find new 
effective and safe antiinflammatory agent.
 Carrageenan-induced paw edema is the 
most widely used animal model of acute inflam-
mation. In vivo studies of novel 
thiazolo[4,5-b]pyridine-2-one derivatives were 
carried out for anti-inflammatoryactivity 
employing the carrageenan-induced rat paw 
edema method. Marked paw edema was 
produced in rats with sub-planter injection of 0.1 
ml of 2 % carrageenan. The test compounds 

were dissolved in DMSO and injected intraperi-
toneally in the dose of 50 mg/kg body weight 0.5 
h prior to carrageenan injection. The NSAID 
drug Ibuprofen in its effective therapeutic dose 
was tested in parallel as an activity reference. 
Anti-inflammatory activity was defined by mea-
suring the paw edema volume 4 h after the carra-
geenan injection. Results of paw edema decreas-
ing were expressed as the mean ± standard devi-
ation and compared statistically with the control 
group using Student’s t-test. A level of p<0.05 
was adopted as the test of significance (Table 2). 
The percentage protection against inflammation 
was calculated as % inhibition by comparison 
between DMSO injected control group and 
drugs-tested groups.

 Evaluation anti-inflammatory activity 
indicated that 5 compounds (1, 8, 10, 12 and 16) 
showed no significant decrease in edema, the 
inhibition rate for them was observed at the level 
of 21.3-33.7 % as compared to control group. 
The compounds 2 and 9 possessed the anti-in-
flammatory activity in the range of 42.4-48.8 % 
which is comparable to the effect of Diclofenac. 
The anti-inflammatory evaluation test for com-

pound 4 gave the result as 54.3 % inhibition indi-
cating the compound was more potent than 
Diclofenac.
 The results of the pharmacological tests 
were analyzed with respect to the structure of the 
compounds. For N3-substituted 5,7-dimeth-
yl-6-phenylazo-3Н- thiazolo[4,5-b]pyri-
din-2-one derivatives received under the amino-
methylation reaction сomparison of the 

Table 2. Anti-inflammatory effect of some novel derivatives 5,7-dimethyl-6-phenylazo-3Н-thi-
azolo[4,5-b]pyridine-2-one on carrageenan-induced rat paw edema (mL) in vivo evaluation, % 
protection from inflammation.
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Compound 

ID 

Paw edema 

volume (mL) ± 

SEM* 

% Inhibi-

tion 

Compound 

ID 

Paw edema 

volume (mL) 

± SEM* 

% Inhibi-

tion 

 after 4 h after 4 h  after 4 h after 4 h 

Control 2.20 ± 0.050 − 9 1.126± 0.020 48.8 

1 1.672± 0.035 24.0 10 1.526± 0.030 33.7 

2 1.267 ± 0.025 42.4 12 1.732 ± 0.035 21.3 

4 1.005 ± 0.027 54.3 16 1.641± 0.037 25.4 

8 1.485± 0.033 32.5 Diclofenac  1.05 ± 0.023 52.4 
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substituents nature on the N3 position indicated 
that chlorine atom or fluorine atom presence of 
the phenyl ring contributed to the inflammation 
inhibition efficiency.
 The presence of cyano group substituents 
(9) in the core scaffold N3 position possessed the 
anti-inflammatory activity which is comparable 
to the effect of Diclofenac.Among the 3-(5,7-di-
m e t h y l - 2 - o x o - t h i a z o l o [ 4 , 5 - b ] p y r i -
din-3-yl)-N-propionamides no active com-
pounds were evaluated indicating the nature and 
the position of the substituted group on the 
phenyl ring did not influence notably their 
anti-inflammatory activity.

Conclusions
 A series of novel 5,7-dimethyl-6-phe-
nylazo-3Н-thiazolo[4,5-b]pyridine-2-one deriv-
atives possessing antioxidant and anti-inflamma-
tory activities were prepared by the structural 
modification of the core heterocycle in N3 posi-
tion. We have shown that the proposed 
approaches provide the possibility to design 
5 , 7 - d i m e t h y l - 6 - p h e n y l a z o - 3 Н - t h i -
azolo[4,5-b]pyridine-2-ones diversity with a 
considerable chemical novelty. The present 
results suggested the core fusedheterocycle as a 
promising scaffold antioxidant and anti-inflam-
matory drug candidates development. Further 
optimization of the structure to improve their 
activities is currently in progress.
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