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Experimental Procedures 

1. Materials and Methods

1
H and 

13
C NMR spectra were recorded on a Bruker DRX400 (400 and 100 MHz, respectively), Bruker 

AVANCE 500 (500 and 125 MHz, respectively) and Magritek spinsolve 80 carbon ultra (81 and 20 MHz, 

respectively) instruments using DMSO-d6 the internal standard was TMS or residual solvent signals (2.49 

and 39.9 ppm 
1
Н and for 

13
C nuclei in DMSO-d6). 

Sample were analyzed by HPLC-MS on an Agilent 1260 Infinity II chromatograph coupled to an Agilent 

6545 LC/Q-TOF high-resolution mass spectrometer with a Dual AJS ESI ionization source operating in 

positive ion mode using the following parameters: capillary voltage: 4000 V; spray pressure: 20 (psi); 

drying gas: 10 l/min; gas temperature: 325ºC; sheathed gas flow: 12 l/min; shielding gas temperature: 

400C; nozzle voltage: 0 V, fragmentation voltage: 180 V; skimmer voltage: 45 V; octopole RF: 750 V. 

Mass spectra with LC/MS accuracy were recorded in the range 100-1000 m/z, scan rate 1.5 spectrum/s. 

Chromatographic separation was carried out on columns: ZORBAX RRHD Eclipse Plus C18 (2.1 x 50 

mm, particle size 1.8 µm). The column temperature during the analysis was maintained at 35°C. The 

mobile phase was formed by eluents A and B. In the positive ionization mode, 0.1% formic acid solution 

in deionized water was used as eluent A, and 0.1% formic acid solution in acetonitrile was used as eluent 

B. Chromatographic separation was performed with elution according to the following scheme: 0-10 min

95% A, 10-13 min 100% B, 13-15 min 95% A. The flow of the mobile phase was maintained at 400

μL/min throughout the analysis. In all experiments, the sample injection volume was 1 μL. The sample

was prepared by dissolving the entire sample (in 1000 μL) in methanol (for HPLC). Sample dilution was

carried out immediately before analysis.

The recorded data were processed using Agilent MassHunter 10.0 software.

Melting points were determined using a Stuart SMP10 hot bench. Monitoring of the reaction course and

the purity of the products was carried out by TLC on Sorbfil plates and visualized using iodine vapor or

UV light.



The general procedure for obtaining thiourea derivatives is as follows: 

Metod А. To the solution of the corresponding 3-amino-4,6-

dimethylpyridin-2(1H)-one 7a-c (1.0 mmol) in a mixture of DMF: methylene 

chloride (2:1), 1.2 mmol phenyl isothiocyanate (for compounds 9a-c) is added 

dropwise. The reaction mixture is stirred for 10-15 hours at room temperature. The 

resulting precipitate is cooled, filtered, washed with cold acetone, dried, and 

recrystallized from a mixture of solvents 2-propanol-hexane (2:1) or DMF:2-

propanol (for 9c). 

Metod B. A mixture of ammonium thiocyanate (1.2 mmol), acetyl chloride 

(for compounds 10a-c) or benzoyl chloride (for compounds 11a-c) in 20 mL of 

acetone is heated with reflux and stirring for 2 hours. The resulting precipitate of 

KCl is filtered off and immediately added to a solution of 1 mmol of the 

corresponding 3-aminopyridin-2(1H)-one (7a-c) in 10 mL of acetone and stirred 

for an additional 3 hours. The reaction mixture with the precipitated solid is 

cooled, filtered, washed with acetone, and dried. After recrystallization from a 

mixture of 2-propanol-DMF (2:1), compounds 10-11a-c are obtained. 

The physicochemical constants and spectral characteristics of thioureas 1-

allyl-3-(4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)thiourea (8a), 1-allyl-3-(6-

methyl-2-oxo-4-phenyl-1,2-dihydropyridin-3-yl)thiourea (8b), N-((4,6-dimethyl-2-

oxo-1,2-dihydropyridin-3-yl)carbamothioyl)benzamide (11a), and N-((6-methyl-2-

oxo-4-phenyl-1,2-dihydropyridin-3-yl)carbamothioyl)benzamide (11b) were 

described by us in [31]. 



Characterization data of products 

 

1-Allyl-3-(6-methyl-2-oxo-4-(thiophen-2-yl)-1,2-

dihydropyridin-3-yl)thiourea (8c) 

Yield 360 mg (59%), M.p.: = 289-292 °C. 
1
H NMR (400 

MHz, DMSO-d6) δ ppm (J, Hz): 2.20 (s, 3H, 6-СН3); 4.05 

(br. s, 2H, СН2); 4.98 (br. s., 1H, С=На); 5.11 (br. d, J=15.1 

Hz, 1H, С=Нb); 5.76 (br. s., 1H, -СН=СНаНb); 6.45 (s, 1H, Н-

5); 7.14 (d, J=4.1 Hz, 1H, H-4 thiophene); 7.61 (br. s. 1H, 

NH-СН2); 7.66 (d, J=3.7 Hz, 1H, H-3 thiophene); 7.71 (d, 

J=4.6 Hz, 1H, H-5 tiophene); 8.52 (br. s., 1H, NHСS); 11.64 

(br. s., 1H, NHCO). 
13

С NMR (101 MHz, DMSO-d6) δ ppm 

18.5 (СH3); 46.3 (NH-СН2); 102.6; 114.9 (=CH2),; 120.5; 

126.9 (C-3 thiophene); 128.7 (C-4 thiophene); 130.3 (C-5 

thiophene); 135.1 (CH2С=); 137.3; 141.0; 143.3; 161.0; 189.0 

(C=S). 

 

1-(4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-yl)-3-

phenylthiourea (9a) 

Yield: 0.180 g (66%), white powder, M.p.: 140-143°С.  
1
H 

NMR (500 MHz, DMSO-d6) δ ppm (J, Hz):  2.05 (s, 1H, 

CH3); 2.13 (s, 1H, CH3); 5.90 (s, 1H, H-5); 7.09 (t, 1Н, J=7.2 

Hz, Н-4 Ph); 7.30 (t, 2Н, J=7.6 Hz, Н-3,5 Ph); 7.50 (d, 2Н, 

J=7.3 Hz, Н-3,5 Ph); 8.68 (br. s., 1H, NHPh); 9.57 (br. s., 1Н, 

NHCS); 11.63 (br. s., 1Н, NHCO). 
13

С NMR (125 MHz, 

DMSO-d6) δ ppm 18.2 (CH3); 18.2 (CH3); 106.6 (С-5); 124.1 

(2С Ph); 125.9 (C Ph); 128.3 (2C Ph); 129.9; 139.7; 142.3; 

147.9; 160.4; 180.7. HRMS m/z: calcd for C14H16N3OS
+
 [M + 

H]+: 274.1009; found: 274.0099. 

 

1-(6-methyl-2-oxo-4-phenyl-1,2-dihydropyridin-3-yl)-3-

phenylthiourea (9b) 

Yield: 0.232 g (69%), white powder, M.p.: 141-144°С.  
 1

H 

NMR (81 MHz, DMSO-d6) δ ppm (J, Hz): 2.22 (s, 1H, CH3); 

6.03 (s, 1H, H-5); 7.14-7.43 (m, 10Н, Н-2,3,4,5,6 Ph, Н-

2,3,4,5,6 Ar); 8.67 (br. s., 1H, NHPh); 9.51 (br. s, 1Н, NHCS); 

11.83 (br. s., 1Н, NHCO). 
13

С NMR (20 MHz, DMSO-d6) δ 

ppm 18.4 (СН3); 105.8 (С-5); 123.6 (2С Ph); 128.2 (8C Ph); 

137.6; 139.6; 143.3; 149.0; 160.8; 162.3; 181.2. HRMS m/z: 

calcd for C19H18N3OS
+
 [M + H]

+
: 336.1165; found: 336.1175. 



 

1-(6-methyl-2-oxo-4-(thiophen-2-yl)-1,2-dihydropyridin-3-

yl)-3-phenylthiourea (9c) 

Yield: 0.260 g (76%), white powder, M.p.: 145-147°С. 

1
H NMR (81 MHz, DMSO-d6) δ ppm (J, Hz): 2.22 (s, 1H, 

CH3); 6.47 (s, 1H, H-5); 7.09-7.76 (m, 8Н, Н-2,3,4,5,6 Ph, Н-

3,4,5 thiophene); 8.76 (s, 1H, NHPh); 9.73 (br.s, 1Н, NHCS); 

11.69 (br. s., 1Н, NHCO). 
13

С NMR (20 MHz, DMSO-d6) δ 

ppm 18.5 (СН3); 102.8 (С-5); 124.3 (2С Ph); 126.9 (1С 

thiophene); 128.2 (5C Ph); 128.7 (1С thiophene); 130.2 (1С 

thiophene); 137.4; 139.6; 141.4; 143.0; 160.9; 162.3; 181.6. 

HRMS m/z: calcd for C17H16N3OS2
+
 [M + H]+: 342.0729; 

found: 342.0735. 

 

N-((4,6-dimethyl-2-oxo-1,2-dihydropyridin-3-

yl)carbamothioyl)acetamide (10a) 

Yield: 0.127 g (53%), light beige powder, M.p.: 273-275°С. 

1
H NMR (500 MHz, DMSO-d6) δ ppm (J, Hz): 1.99 (s, 3H, 

CH3); 2.12 (s, 6H, 2CH3); 5.90 (s, 1H, H-5); 11.42 (br. s., 1H, 

NHCS); 11.44 (br. s., 1H, NHCO); 11.69 (br. s., 1H, NHCO). 

13
С NMR (125 MHz, DMSO-d6) δ ppm 18.18 (CH3); 18.21 

(CH3); 23.7 (CH3); 106.6 (C-5); 123.1; 143.0; 147.6; 159.5; 

172.4; 180.7. HRMS m/z: calcd for C10H14N3O2S
+
 [M + H]+: 

240.0801; found: 240.0810. 

 

N-((6-methyl-2-oxo-4-phenyl-1,2-dihydropyridin-3-

yl)carbamothioyl)acetamide (10b) 

Yield: 0.168 g (56%), light beige powder, M.p.: 249-251°С. 

1
H NMR (500 MHz, DMSO-d6) δ ppm (J, Hz):  2.05 (s, 3H, 

CH3); 2.21 (s, 3H, CH3); 6.02 (s, 1H, H-5); 7.35-7.39 (m, 3H, 

H-3,4,5 Ph); 7.42-7.45 (m, 2H, H-2,6 Ph); 11.29 (br. s., 1H, 

NHCS); 11.34 (br. s., 1H, NHCO); 11.91 (br. s, 1H, NHCO). 

13
С NMR (125 MHz, DMSO-d6) δ ppm 18.4 (СH3); 23.6 

(СH3); 105.5 (C-5); 122.1; 127.6 (2C Ph); 128.2 (2C Ph); 

128.5; 137.1; 144.0; 148.9; 159.5; 172.2; 181.4. HRMS m/z: 

calcd for C15H16N3O2S
+
 [M + H]

+
: 302.0958; found: 302.0963. 



 

N-((6-methyl-2-oxo-4-(thiophen-2-yl)-1,2-dihydropyridin-

3-yl)carbamothioyl)acetamide (10c) 

Yield: 0.169 g (55%), light beige powder, M.p.: 252-254°С. 

1
H NMR (500 MHz, DMSO-d6) δ ppm (J, Hz):   2.16 (s 3H, 

CH3');  2.20 (s, 3H, CH3); 6.46 (s, 1H, H-5); 7.14 (dd, 1H, 

J=5.0 Hz, J=3.7 Hz, H-4 thiophene);  7.64 (dd, 1H, J=3.8 Hz, 

J=1.1 Hz, H-3 thiophene); 7.72 (dd, 1H, J=5.1 Hz, J=1.0 Hz, 

H-5 tiophene); 11.47 (br. s, 1H, NHCS); 11.56 (br. s, 1H, 

NHCO); 11.77 (br. s, 1H, NHCO). 
13

С NMR (125 MHz, 

DMSO-d6) δ ppm 18.5 (СH3); 23.7 (СH3); 102.6 (C-5); 120.2; 

127.2 (C-3 thiophene); 129.00 (C-4 thiophene); 130.3 (C-5 

thiophene); 136.8; 140.6; 143.6; 159.7; 172.5; 182.2. HRMS 

m/z: calcd for C13H14N3O2S2
+
 [M+H]

+
: 308.0522; found: 

308.0530. 

 

N-[(4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-

yl)carbamothioyl]benzamide (11a) 

Yield: 0.682 g (76%), light-yellow, finely crystalline powder, 

M.p.: 230-232C. 
1
H NMR (400 MHz, DMSO-d6) δ ppm (J, 

Hz): 2.07 (s, 3Н, 4-СН3); 2.16 (s, 3Н, 6-СН3); 5.92 (s, 1Н, H-

5); 7.53 (t, J=7.6 Hz, 2Н, Н-3,5 Ph); 7.65 (t, J=7.6 Hz, 1Н, Н-

4 Ph); 7.98 (d, J=7.8 Hz, 2Н, Н-2,6 Ph); 11.42 (br. s, 1Н, 

NHСS); 11.62 (br. s, 1Н, NHСО); 11.64 (br. s, 1Н, NHCO). 

13
С NMR (100 MHz, DMSO-d6) δ ppm 18.2 (4,6-СН3); 106.6 

(C-5); 123.4 (C-4); 128.4 (C-2,6 Ph); 128.6 (C-3,5 Ph); 132.1 

(C-1 Ph); 133.1 (C-4 Ph); 143.1 (C-3); 147.6 (C-6); 159.5 (C-

2); 168.3 (CO); 180.9 (CS). HRMS m/z: calcd for 

C15H16N3O2S
+
 [M + H]

+
: 302.0958; found: 302.0963. 

 

N-[(6-Methyl-2-oxo-4-phenyl-1,2-dihydropyridin-3-

yl)carbamothioyl]benzamide (11b) 

Yield: 0.244 g (67%), light-yellow, finely crystalline powder, 

M.p.: 218-220C. 
1
H NMR (400 MHz, DMSO-d6) δ ppm (J, 

Hz): 2.24 (s, 3Н, 6-СН3); 6.05 (s, 1Н, Н-5); 7.34-7.41 (m, 3Н, 

Н-2,4,6 Ph); 7.47-7.51 (m, 4Н, Н-3,5 Ph, H-3,5 Ph'); 7.62 (t, 

J=7.4 Hz, 1Н, Н-4 Ph'); 7.91 (d, J=7.2 Hz, 2Н, Н-2,6 Ph'); 

11.41 (br. s, 1Н, NHСS); 11.63 (br. s, 1Н, NHСО); 11.92 (br. 

s, 1Н, NHСО). 
13

С NMR (100 MHz, DMSO-d6) δ ppm 18.9 

(6-СН3); 106.0 (C-5); 122.8 (C-1 Ph); 128.1 (C-2,6 Ph); 128.7 



(С-3,5 Ph); 128.9 (C-4 Ph, C-2,6 Bz); 129.0 (С-3,5 Bz); 132.4 

(С-1 Bz); 133.6 (C-4 Bz); 137.6 (С-4); 144.5 (C-3); 149.4 (C-

6); 160.0 (C-2); 168.4 (CO); 182.0 (CS). HRMS m/z: calcd 

for C20H18N3O2S
+
 [M + H]

+
: 364.1114; found: 364.1113. 

 

N-((6-methyl-2-oxo-4-(thiophen-2-yl)-1,2-dihydropyridin-

3-yl)carbamothioyl)benzamide (11c) 

Yield: 0.314 g (85%), light beige powder, M.p.: 245-249°С. 

1
H NMR (500 MHz, DMSO-d6) δ ppm (J, Hz): 2.23 (s, 3H, 

CH3); 6.50 (s, 1H, H-5); 7.15 (dd, 1H, J=4.9 Hz, J=4.1 Hz, H-

4 thiophene); 7.55 (t, 2H, H-3,5 Ph); 7.66 (m, 1H, H-4 Ph); 

7.69 (d, 1H, H-3 thiophene); 7.72 (d, 1H, H-5 thiophene); 8.01 

(d, 2H, H-2,6 Ph); 11.76 (br. s, 2H, NHCS, NHCO); 11.81 (br. 

s, 1H, NHCO). 
13

С NMR (125 MHz, DMSO-d6) δ ppm 18.5 

(СН3); 102.7 (С-5); 120.4; 127.2; 128.5 (2C Ph); 128.7 (2C 

Ph); 129.0; 130.2; 132.0; 133.2; 136.8; 140.6; 143.6; 159.7; 

168.2; 182.4. HRMS m/z: calcd for C18H15N3O2S2
+
 [M + H]

+
: 

370.0678; found: 370.0670. 
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Copies of NMR Spectra of Products 
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Table S1. Complexes between synthesized derivatives 8-11(a-c) and active sites of proteins (PDB: 3A4A, 5NN8) 

3А4А 5NN8 

3D docking model 2D docking model 3D docking model 2D docking model 
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Table S2. Basic amino acid interactions and H-bonds 

Residual Amino acid Interactions 

Compound Receptor H-bond Pi-Sulfur/ Pi-Anion/Pi-Pi Stacked/ 

Pi-Pi T-shaped/Pi-Alkyl/Amide-Pi 

Stacked/Pis interactions 

Van-der Walls interactions 

8a 
ASP352, GLU277, 

GLU411 

TYR316, PHE314, GLU411, 

TYR158, PHE159, PHE178, 

ARG442, VAL216, ASP352, 

PHE303, ARG315 

ASN415, ARG213, ASP215 

8b ASP307 
ARG442, TYR158, ARG315, 

TYR316, PHE314, PHE303 

GLU411, PHE178, ASP352, 

GLN279, HIS280, THR306 

8с 

SER157, PHE314, 

SER311, PRO312, 

TYR158 

TYR158, PHE314, ARG315, 

HIS280, PHE303 

GLY160, PHE159, GLN279, 

THR310, ASP307, TYR316, 

LEU313 

9а 
TYR158, GLU411, 

ASP352, GLU277 

ARG315, GLU277, TYR72, 

ASP215, ARG442, ASP352, 

TYR158 

PHE178, GLN279, VAL216, 

HIS351, ARG213, ASP69 

9b 

3a4a 

GLN279, HIS280, 

ASP242 

ASP242, PHE303, ARG315, 

TYR158, LYS156 
SER240 



9с ASP307 LYS156, TYR158, PHE303 
HIS280, GLN279, PHE178, 

ARG315, THR306 

10a ASP352, GLU277 

GLU411, ASP352, ARG442, 

VAL216, PHE178, PHE159, 

TYR158  

GLN279, ARG213, ASP215 

10b ASP242, SER240 
ASP242, TYR158, SER240, 

ARG315 

PRO312, ASP307, HIS280, 

GLN279, PHE303, LEU177, 

SER241, SER157 

10c ASP242, SER240 
ASP242, TYR158, ARG315, 

PHE314 

ASP307, GLN279, LEU177, 

TYR316 

11a 
TYR158, GLN279, 

ASP352 

ARG315, TYR158, GLU277, 

GLU411, ASP352, ASP215, 

TYR72, ARG442 

ASN415, TYR316, ASP307, 

PHE303, VAL216, ARG213, 

HIS351, ASP69, PHE178 

11b ASP307 
TYR158, LYS156, ARG442, 

PHE303 

GLU411, PHE178, GLN279, 

ARG315, HIS280, THR306 

11c ASP307 
LYS156, TYR158, ARG442, 

PHE303 

GLN279, PHE178, GLU411, 

ASP352, THR306, ARG315, 

HIS280 

8a 
ASP282, ARG600, 

ASP518 

PHE525, ASP282, ASP616, 

TRP376, PHE649, TRP481 

SER523, ASN524, MET519, 

HIS674, ASP404, LEU405, 

LEU650, SER676 

8b 

5NN8 

ASP518, ARG600 LEU650, ASP616, TRP481, PHE649, SER676, MET519, 



TRP376, ASP282 HIS674, ASP404, LEU405 

8c 
ASP282, ARG600, 

ASP518 

MET519, ASP282, ASP616, 

LEU650, TRP481, PHE649, 

TRP376 

HIS674, ASP404 

9a ARG600, ASP282 

TRP376, PHE649, ASP616, 

MET519, PHE525, ASP282, 

ASP518 

ASP404, LEU405, TRP481, 

SER676, SER523, HIS674 

9b 
ASP518, ARG600, 

ASP616 

TRP481, TRP516, HIS674, 

PHE649, LEU650, ASP616, 

ASP282, TRP376 

ILE441, ASP404, TRP613, 

MET519, TRP618, SER676, 

LEU677 

9c ASP282 

ASP518, PHE649, TRP376, 

ASP616, LEU650, ALA284, 

PHE525, ASP282, MET519 

HIS674, SER676, TRP481, 

SER523, LEU405, ARG600, 

ASP404 

10a 
ASP616, ASP282, 

ARG600, ASP518 

TRP516, TRP613, PHE649, 

TRP376, PHE525, TRP481 

HIS674, ASP404, LEU405, 

ILE441, MET519, SER523 

10b 
ASP282, ARG600, 

HIS674 

ASP616, TRP481, ASP518, 

TRP376 

PHE525, SER523, MET519, 

LEU405, ASP404, TRP516, 

TRP613, ARG672, PHE649, 

LEU677 

10c ARG600, ASP282 
ASP404, ASP518, PHE649, 

ASP616, PHE525, TRP481 

HIS674, TRP613, SER676, 

TRP376, MET519, SER523 

11a ARG600, ASP282, ASP282, ASP616, PHE525, ARG281, SER523, MET519, 



ASP616 TRP481, ASP518 TRP376, PHE649, TRP613 

11b 

ALA284, ASP282, 

ARG600, ASP518, 

ASP616 

ASP518, ASP616, LEU650, 

ALA284, PHE649, TRP481 

MET519, TRP292, PHE525, 

SER676, TRP376, HIS674 

11c 

ALA284, ARG600, 

ASP518, ASP616, 

ASP282 

ASP616, ASP282, MET519, 

LEU650, ALA284, PHE649, 

TRP481, TRP376 

TYR292, PHE525, HIS674, 

ASP404, SER676 

 

 

 

 

 

 

 




