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Experimental section 

Instrumentation and chemicals 

1H and 13C NMR spectra were recorded on a Bruker Avance III, Bruker Avance DRX and Varian 

Unity INOVA spectrometers (400 and 100 MHz, respectively) in DMSO-d6. Mass spectra were 

measured on LC/MSD Agilent 1100 and Shimadzu LCMS-2020. Elemental analysis was performed 

on a Euro Vector EA-3000. Melting points of all synthesized compounds were determined using 

OptiMelt MPA100 electronic melting point apparatus and are uncorrected. 

Ultrasound-assisted experiments were carried out using a standard ultrasound bath (SELDI, Ukraine) 

with a working frequency of 44.2 kHz. 

All 1,2,4-triazol-5-amines, 2-oxopropanoic acid, and salicylaldehydes were commercially available. 

 

X-ray experimental part 

The colourless crystals of compound 4с (C13H11BrN4O3S, C2H6OS) are triclinic. At 173 K a = 

5.8414(5), b = 12.2797(9), c = 14.2024(9) Å, α = 109.169(4)°, β = 91.976(5)°, γ = 95.085(5)°, V = 

956.28(13) Å3, Mr = 461.36, Z = 2, space group P1, dcalc= 1.602 g/сm3, (Mo K) = 2.396 mm−1, 

F(000) = 468. Intensities of 14010 reflections (3360 independent, Rint=0.0573) were measured on a 

Bruker APEX II diffractometer (graphite monochromated Mo Kα radiation, CCD detector, φ- and ω-

scaning, 2Θmax = 50). The structure was solved by direct method using OLEX2 [1] package with 

SHELXT [2] and SHELXL modules [3]. The absorption correction was done using the ‘multi-scan’ 

method (Тmin = 0.3880, Tmax = 0.7454). Positions of the hydrogen atoms were located from electron 

density difference maps and refined using “riding” model with Uiso = nUeq (n = 1.5 for methyl groups 

and n = 1.2 for other hydrogen atoms) of the carrier atom. Hydrogen atom or the hydroxy group was 

refined using the isotropic approximation. Full-matrix least-squares refinement against F2 in 

anisotropic approximation for non-hydrogen atoms using 3360 reflections was converged to wR2 = 

0.2488 (R1 = 0.0718 for 1999 reflections with F>4σ(F), S = 1.038). The final atomic coordinates, and 

crystallographic data for molecule 4c have been deposited to with the Cambridge Crystallographic 

Data Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-1223-336033; e-mail: 

deposit@ccdc.cam.ac.uk) and are available on request quoting the deposition numbers CCDC 

2418714). 

 

  



General procedure for the synthesis of 2-(methylthio)-11,12-dihydro-5H-5,11-

methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]oxadiazocine-5-carboxylic acid and its derivatives 

4a–f 

A mixture of 5-amino-3-methylthio-1H-1,2,4-triazole (1a, 130 mg, 1 mmol), appropriate substituted 

salicylaldehyde 2a–c (1 mmol) and pyruvic acid (3, 88 mg, 1 mmol) in 2 mL of acetic acid was heated 

at reflux for 3 h. After cooling the reaction mixture was left overnight at room temperature until a 

precipitate was formed, which was filtered off and vacuum-dried. 

 

Procedure for the synthesis of compounds 4a,c,f from tetrahydrotriazolopyrimidine-7-

carboxylic acid 5a–c 

Compound 5 (1 mmol) was heated at reflux for 1 h in 2 mL of acetic acid. After cooling, the 

precipitate was filtered off and vacuum-dried. 

 

Characterization data 

2-(Methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]oxa-

diazocine-5-carboxylic acid (4a)  

 

White solid (137 mg, 45%), mp 252–254°C (AcOH). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 2.38 (3H, s, CH3S); 4.63-4.69 (1H, m, CH); 6.92-7.35 (4H, m, ArH); 8.38 (1H, s, NH). 

13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.3; 29.8; 44.1; 82.0; 117.1; 122.1; 123.9; 129.9; 

129.9; 150.0; 154.8; 158.9; 166.2. Mass spectrum m/z (ESI, %): 305 [M+H]+ (100); 175 (21). Found, 

%: C 51.21; H 3.83; N 18.53. C13H12N4O3S. Calculated, %: C 51.31; H 3.97; N 18.41. 

 

7-Methoxy-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-

c][1,3,5]-oxadiazocine-5-carboxylic acid (4b) 

 

White solid (200 mg, 60%), mp 259–261°C (AcOH). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 2.38 (3H, s, CH3S); 2.46-2.49 (2H, m, CH2); 3.75 (3H, s, CH3O); 4.62-4.65 (1H, m, 

CH); 6.87-6.98 (3H, m, ArH); 8.43 (1H, s, NH). 13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 

13.2; 29.7; 44.0; 55.5; 81.8; 112.1; 121.1; 121.9; 124.4; 139.4; 148.3; 154.7; 158.8; 166.1. Mass 

spectrum m/z (ESI, %): 335 [M+H]+ (100); 336 (17). Found, %: C 50.16; H 4.13; N 16.89. 

C14H14N4O4S. Calculated, %: C 50.29; H 4.22; N 16.76.  



9-Bromo-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]-

oxadiazocine-5-carboxylic acid (4c) 

 

White solid (161 mg, 42%), mp 273–275°C (AcOH). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 2.37 (3H, s, CH3S); 2.51-2.53 (2H, m, CH2); 4.69-4.73 (1H, m, CH); 6.93-7.53 (3H, m, 

ArH); 8.42 (1H, s, NH). 13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.3; 29.3; 43.6; 82.0; 

113.3; 119.5; 126.3; 132.3; 132.4; 149.3; 154.6; 159.1; 165.7. Mass spectrum m/z (ESI, %): 383 

[M+H]+ (65); 385 [M+H]+ (55); 101 (7). 

Found, %: C 40.59; H 2.78; N 14.56. C13H11BrN4O3S. Calculated, %: C 40.75; H 2.89; N 14.62. 

 

2-(Methylthio)-9-nitro-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]-

oxadiazocine-5-carboxylic acid (4d) 

 

Beige solid (122 mg, 35%), mp 249–251°C (AcOH). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 2.37 (3H, s, CH3S); 2.60-2.66 (2H, m, CH2); 4.90-4.93 (1H, m, CH); 7.21-8.36 (3H, m, 

ArH); 8.53 (1H, s, NH). 13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.3; 29.1; 43.6; 82.5; 

118.5; 125.0; 125.5; 126.1; 141.8; 154.5; 155.5; 159.6; 165.3. Mass spectrum m/z (ESI, %): 350 

[M+H]+ (100); 351 (15). Found, %: C 44.59; H 3.08; N 20.16. C13H11N5O5S. Calculated, %: C 44.70; 

H 3.17; N 20.05. 

 

9-Fluoro-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-

c][1,3,5]oxadiazocine-5-carboxylic acid (4e) 

 

White solid (103 mg, 32%), mp 265–267°C (AcOH). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 2.37 (3H, s, CH3S); 4.67-4.71 (1H, m, CH); 6.97- 7.20 (3H, m, ArH); 8.41 (1H, s, NH). 

13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.3; 29.4; 44.0; 82.1; 115.6; 115.8; 116.7; 116.9; 

118.7; 118.8; 125.2; 146.2; 154.7; 155.9; 157.8; 159.1; 165.9. Mass spectrum m/z (ESI, %): 323 



[M+H]+ (100); 324 (15); 101 (11). Found, %: C 48.31; H 3.39; N 17.49. C13H11FN4O3S. Calculated, 

%: C 48.44; H 3.44; N 17.38. 

 

9-Chloro-2-(methylthio)-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-

c][1,3,5]oxadiazocine-5-carboxylic acid (4f) 

 

White solid (142 mg, 42%), mp 260–262°C (AcOH). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 2.38 (3H, s, CH3S); 2.51-2.56 (2H, m, CH2); 4.71-4.73 (1H, m, CH); 7.01-7.39 (3H, m, 

ArH); 8.41 (s, 1H, NH). 13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.2; 29.3; 43.7; 82.0; 

119.1; 125.6; 125.8; 129.3; 129.6; 148.9; 154.6; 159.1; 165.7. Mass spectrum m/z (ESI, %): 339 

[M+H]+ (100); 341 (42). Found, %: C 45.96; H 3.18; N 16.63. C13H11ClN4O3S. Calculated, %: C 

46.09; H 3.27; N 16.54. 

 

General Procedure for the synthesis of 2-(methoxy)-11,12-dihydro-5H-5,11-

methanobenzo[g][1,2,4]triazolo[1,5-c][1,3,5]oxadiazocine-5-carboxylic acid and its derivatives 

4g–j  

A mixture of 5-amino-3-methoxy-1H-1,2,4-triazole (1b, 114 mg, 1 mmol), appropriate substituted 

salicylaldehyde 2b,c,e,f (1 mmol) pyruvic acid (3, 88 mg, 1 mmol) in 2 mL of n-BuOH was heated 

at reflux for 7 h. Then n-BuOH was evaporated from the reaction mixture under reduced pressure, 

then 2 mL acetone added to the residue and allowed to crystallize. The precipitate was filtered and 

dried. 

 

2,7-Dimethoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-c] 

[1,3,5]oxadiazocine-5-carboxylic acid (4g) 

 

White solid (146 mg, 46%), mp 261–263°C (acetone). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 3.69 (3H, s, CH3O); 3.75 (3H, s, CH3O); 4.60 (1H, s, CH); 6.85-6.98 (3H, m, ArH); 8.34 

(1H, s, NH). 13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 29.8; 43.8; 55.5; 55.7; 81.6; 112.1; 

121.0; 121.7; 124.4; 139.6; 148.3; 153.6; 166.1; 166.1. Mass spectrum m/z (ESI, %): 319 [M+H]+ 

(100); 320 (18). Found, %: C 52.72; H 4.30; N 17.56. C14H14N4O5. Calculated, %: C 52.83; H 4.43; 

N 17.60.  



9-Bromo-2-methoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-

c][1,3,5]oxadiazocine-5-carboxylic acid (4h) 

 

White solid (151 mg, 41%), mp 274–276°C (acetone). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 3.71 (3H, s, CH3O); 4.65-4.68 (1H, m, CH); 6.94-7.51 (3H, m, ArH); 8.29 (1H, s, NH). 

13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 29.4; 43.6; 55.8; 81.8; 113.2; 119.5; 126.4; 132.2; 

132.4; 149.4; 153.7; 165.8; 166.2. Mass spectrum m/z (ESI, %): 367 [M+H]+ (99); 369 [M+H]+ (100). 

Found, %: C 42.49; H 2.98; N 15.39. C13H11BrN4O4. Calculated, %: C 42.53; H 3.02; N 15.26. 

 

9-Fluoro-2-methoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-

c][1,3,5]oxadiazocine-5-carboxylic acid (4i) 

 

White solid (107 mg, 35%), mp 256–258°C (acetone). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 3.70 (3H, s, CH3O); 4.63-4.66 (1H, m, CH); 6.98-7.15 (3H, m, ArH), 8.31 (1H, s, NH). 

13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 30.0; 43.8; 55.7; 81.8; 115.5; 115.7; 116.5; 118.6; 

118.7; 125.2; 146.3; 153.7; 155.9; 157.6; 165.9; 166.2. Mass spectrum m/z (ESI, %): 307 [M+H]+ 

(100); 308 (21). Found, %: C 50.79; H 3.51; N 18.36. C13H11FN4O4. Calculated, %: C 50.98; H 3.62; 

N 18.29. 

 

9-Chloro-2-methoxy-11,12-dihydro-5H-5,11-methanobenzo[g][1,2,4]triazolo[1,5-

c][1,3,5]oxadiazocine-5-carboxylic acid (4j) 

 

White solid (219 mg, 68%), mp 270–272°C (acetone). 1H NMR spectrum, (400 MHz, DMSO-d6), δ, 

ppm (J, Hz): 3.71 (3H, s, CH3O); 4.68 (1H, s, CH); 6.99-7.38 (3H, m, ArH); 8.29 (1H, s, NH). 13C 

NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 29.5; 43.7; 55.8; 81.9; 119.1; 125.5; 125.9; 129.3; 

129.6; 149.0; 153.7; 165.9; 166.3. Mass spectrum m/z (ESI, %): 323 [M+H]+ (100); 324 (15), 325 

(32). Found, %: C 48.29; H 3.38; N 17.51. C13H11ClN4O4. Calculated, %: C 48.39; H 3.44; N 17.36.  



General procedure for the synthesis of 5-aryl-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-

triazol-5-yl)amino)-4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid 5a–c  

A mixture of 5-amino-3-methylthio-1H-1,2,4-triazole (1a, 130 mg, 1 mmol), salicylaldehydes 2a,c,f 

(0,5 mmol) and pyruvic acid (3, 44 mg, 0,5 mmol) in 2 mL of acetic acid was stirred at room 

temperature for 72 h. The precipitate was filtered and dried, avoiding heating. 

 

5-(2-Hydroxyphenyl)-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-triazol-5-yl)amino)-4,5,6,7-

tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid (5a) 

 

White solid (125 mg, 58%), a mixture of diastereomers in the ratio (60:40). 1H NMR spectrum, (400 

MHz, DMSO-d6), δ, ppm (J, Hz): 2.25-2.34 (1H, m, CH2); 2.37-2.43 (3H, s, CH3S); 2.88-2.98 (0.4H, 

m, CH2); 3.01-3.11 (0.6H, m, CH2); 5.05-5.10 (0.6H, m, CH); 5.11-5.14 (0.4H, m, CH); 6.80-7.39 

(4H, m, ArH); 7.46 (0.6H, s, NH); 7.77 (0.4H, s, NH); 9.55 (0.4H, s, OH); 9.65 (0.6H, s, OH); 12.87 

(1H, br s, COOH). 13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.5; 13.6; 13.8; 36.9; 37,1; 

45.2; 46.5; 72,0; 72.3; 115.1; 119.2; 119.3; 126.4; 126.8; 126.9; 127.1; 128.4; 154.12; 154.5; 1568.1; 

156.9; 157.2; 158.3; 169.0; 170.2. Mass spectrum m/z (ESI, %): 435 [M+H]+ (100); 436 (11), 271 

(18), 235 (44). Found, %: C 44.14; H 4.06; N 25.87. C16H18N8O3S2. Calculated, %: C 44.23; H 4.18; 

N 25.79. 

 

5-(5-Bromo-2-hydroxyphenyl)-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-triazol-5-yl)amino)-

4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid (5b) 

 

White solid (175 mg, 69%), a mixture of diastereomers in the ratio (50:50). 1H NMR spectrum, (400 

MHz, DMSO-d6), δ, ppm (J, Hz): 2.28-2.37 (1H, m, CH2); 2.41 -2.44 (3H, s, CH3S); 2.95-3.11 (1H, 

m, CH2); 5.01-5.06 (0.5H, m, CH); 5.08-5.13 (0.5H, m, CH); 6.74-7.51 (3H, m, ArH): 7.53 (0.5H, s, 

NH); 7.84 (0.5H, s, NH); 9.93 (0.5H, s, OH); 10.05 (0.5H, s, OH); 12.80 (1H, br s, COOH). 13C NMR 

spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.5; 13.6; 13.7; 13.8; 36.4; 36.8; 45.2; 46.3; 71.8; 72.0; 

110.3; 110.4; 117.3; 117.4; 129.1; 129.5; 129.9; 130.9; 130.8; 153.6; 153.8; 155.9; 156.7; 157.3; 



158.3; 168.9; 170.0;. Mass spectrum m/z (ESI, %): 513 [M+H]+ (91), 315 (77), 313 (69), 201 (26). 

Found, %: C 37.24; H 3.26; N 21.87. C16H17BrN8O3S2. Calculated, %: C 37.43; H 3.34; N 21.83. 

 

5-(5-Chloro-2-hydroxyphenyl)-2-(methylthio)-7-((3-(methylthio)-1H-1,2,4-triazol-5-yl)amino)-

4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-carboxylic acid (5c) 

 

White solid (155 mg, 67%), a mixture of diastereomers in the ratio (50:50). 1H NMR spectrum, (400 

MHz, DMSO-d6), δ, ppm (J, Hz): 2.29-2.37 (1H, m, CH2); 2.37-2.43 (3H, s, CH3S); 2.94-2.99 (0.5H, 

m, CH2); 3.06-3.11 (0.5H, m, CH2); 4.98-5.06 (0.5H, m, CH); 5.08-5.13 (0.5H, m, CH); 6.78-7.37 

(3H, m, ArH): 7.54 (0.5H, s, NH); 7.84 (0.5H, s, NH); 9.90 (0.5H, s, OH); 10.02 (0.5H, s, OH); 12.95 

(1H, br s, COOH). 13C NMR spectrum, (100 MHz, DMSO-d6), δ, ppm: 13.4; 13.5; 13.8; 36.3; 36.8, 

45.2; 46.3; 71.8; 72.0; 116.7; 116.8; 122.6; 122.8; 126.2; 126.7; 128.0; 128.9; 129.4; 153.1; 153.4; 

156.0; 156.7; 157.3; 158.2; 168.9; 170.0. Mass spectrum m/z (ESI, %): 469 [M+H]+ (100); 471 (44), 

271 (18), 269 (48).  Found, %: С 40.91; H 3.69; N 23.97.  C16H17ClN8O3S2. Calculated, %: C 40.98; 

H 3.65; N 23.90. 

 

  



Copies of 1H, and 13C NMR spectra 
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