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Characteristics of new compounds 12 and 19-22 
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2-((4-(4-phenyl)-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)methyl)acrylic acid (12). Yield: 66%, m.p. 

178-180°C. 1H NMR (400 MHz, DMSO-d6): δ [ppm] = 3.53 (s, 2 H), 5.56 (s, 1 H); 6.11 (s, 1 H), 7.30 (m, 3 

H), 7.45 (d, 3 H, J = 4.2 Hz), 7.87 (t, 1 H, J = 7.7 Hz), 7.95 (d, 1 H, J = 7.7 Hz), 8.27 (d, 1 H, J = 4.2 Hz), 12.57 

(s, 1 H, COOH). 13C NMR (75 MHz, DMSO-d6): δ [ppm] = 28.0, 124.2, 124.7, 127.6, 127.9, 129.6, 129.8, 

135.5, 136.5, 137.6, 147.2, 149.4, 153.0, 154.4, 167.5. HR-MS m/z 307.1194 [M+ + 1] (calculated for 

C17H15N4O2: 307.1195). Elem. anal. for C17H14N4O2 calculated: C, 66.66; H, 4.61; N, 18.29%; found C, 66.37; 

H, 4.83; N, 17.91%. 
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(E)-(4,5-diphenyl-4H-1,2,4-triazol-3-yl)-2-methylacrylic acid (19). Yield: 46.67%, m.p. 235-238°C. 

1H NMR (400 MHz, DMSO-d6): δ [ppm] = 2.43 (d, 3 H, J = 1.2 Hz), 6.85 (d, 1 H, J = 1.2 Hz), 7.33-7.44 (m, 

5 H), 7.45-7.50 (m, 2 H), 7.56-7.62 (m, 3 H), 12.82 (sb, 1 H, COOH). 13C NMR (100 MHz, DMSO-d6): δ 

[ppm] = 15.6, 119.5, 127.0, 128.6 (2x), 128.7 (2x), 129.0 (2x), 130.3, 130.6 (2x), 130.7, 134.3, 136.0, 152.3, 

153.8, 168.7. HR-MS m/z 306.1240 [M+ + 1] (calculated for C18H16N3O2: 306.1243). Elem. anal. for 

C18H15N3O2 calculated: C, 67.66; H, 5.64; N, 12.46%; found C, 67.94; H, 5.72; N, 12.59%. 
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(E)-2-methyl-3-(4-phenyl-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-yl)acrylic acid (20). Yield: 82.35%, 

m.p. 230-232ºC. 1H NMR (400 MHz, DMSO-d6): δ [ppm] = 2.43 (d, 3 H, J = 1.6 Hz), 6.85 (d, 1 H, J = 1.6 

Hz), 7.36-7.41 (m, 3 H), 7.50-7.56 (m, 3 H), 7.93 (t, 1 H, J = 7.6 Hz), 8.05 (d, 1 H, J = 7.6 Hz), 8.32 (d, 1 H, J 

= 4.2 Hz), 12.85 (sb, 1 H, COOH). 13C NMR (100 MHz, DMSO-d6): δ [ppm] = 15.7, 119.4, 124.5, 125.0, 

128.3 (2x), 129.9 (2x), 130.0, 135.0, 136.5, 137.7, 146.7, 149.5, 152.8, 152.9, 168.7. HR-MS m/z 307.1194 [M+ 

+ 1] (calculated for C17H15N4O2: 307.1195). Elem. anal. for C17H14N4O2 calculated: C, 66.66; H, 4.61; N, 

18.29%; found C, 66.30; H, 4.97; N, 17.91%. 
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(E)-2-methyl-3-(5-(pyridin-4-yl)-4-p-tolyl-4H-1,2,4-triazol-3-yl)acrylic acid (21). Yield: 80.95%, 

m.p. 252-254ºC. 1H NMR (400 MHz, DMSO-d6): δ [ppm] = 2.43 (s, 6 H), 6.86 (d, 1 H, J = 1.44 Hz), 7.34 

(dd, 2 H, J1 = 4.4 Hz, J2 = 1.6Hz), 7.42 (d, 4 H, J = 3.2 Hz), 8.59 (dd, 2 H, J1 = 4.4 Hz, J2 = 1.6 Hz), 12.87 (sb, 1 

H, COOH). 13C NMR (100 MHz, DMSO-d6): δ [ppm] = 15.7, 21.3, 119.1, 122.3 (2x), 128.1 (2x), 131.2 (2x), 

131.2, 134.4, 136.7 140.9, 150.6 (2x), 151.7, 153.2, 168.7. HR-MS m/z 321.1349 [M+ + 1] (calculated for 

C18H17N4O2: 321.1352). Elem. anal. for C18H16N4O2 * 1/2 C2H5OH calculated: C, 66.52; H, 5.54; N, 16.39%; 

found C, 66.13; H, 5.23; N, 16.31%. 
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(E)-2-methyl-3-(5-(pyridin-2-yl)-4-p-tolyl-4H-1,2,4-triazol-3-yl)acrylic acid (22). Yield: 52.78%, 

m.p. 227-229°C. 1H NMR (700 MHz, DMSO-d6): δ [ppm] = 2.38 (s, 3 H), 2.41 (d, 3 H, J = 1.68 Hz), 6.84 (d, 

1 H, J = 1.68 Hz), 7.25 (d, 2 H, J = 7.7 Hz), 7.31 (d, 2 H, J = 7.7 Hz), 7.36-7.39 (m, 1 H), 7.91 (t, 1 H, J = 7.7 

Hz), 8.00 (d, 1 H, J = 7.7 Hz), 8.35 (d, 1 H, J = 7.7 Hz), 12.79 (sb, 1 H, COOH). 13C NMR (175 MHz, DMSO-

d6): δ [ppm] = 15.7, 21.2, 119.5, 124.6, 124.9, 128.0 (2x), 130.3 (2x), 132.3, 136.4, 137.6, 139.5, 146.8, 149.6, 

152.9, 153.0, 168.7. HR-MS m/z 321.1354 [M+ + 1] (calculated for C18H17N4O2: 321.1352). Elem. anal. for 

C18H16N4O2 calculated: C, 67.49; H, 5.03; N, 17.49%; found C, 67.37; H, 5.11; N, 17.43%. 

 

  



Figure S1. 1H NMR spectrum of compound 12 (in DMSO-d6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. 1H NMR spectrum of compound 19 (in DMSO-d6) 

 

 

 



Figure S3. 1H NMR spectrum of compound 20 (in DMSO-d6) 

 

 

 



Figure S4. 1H NMR spectrum of compound 21 (in DMSO-d6) 

 

 

 



Figure S5. 1H NMR of compound 22 (in DMSO-d6) 

 

 



Figure S6. 13C NMR spectrum of compound 12 (in DMSO-d6) 

 

 



Figure S7. 13C NMR spectrum of compound 19 (in DMSO-d6) 

 

 

 

 



Figure S8. 13C NMR spectrum of compound 20 (in DMSO-d6) 

 

 

 



Figure S9. 13C NMR spectrum of compound 21 (in DMSO-d6) 

 

 



Figure S10. 13C NMR spectrum of compound 22 (in DMSO-d6) 

 

 

 



Figure S11. HRMS data of compound 12 

 

 

Figure S12. HRMS data of compound 19 

 

  



Figure S13. HRMS data of compound 20 

 

Figure S14. HRMS data of compound 21 

 

 

 

 

 

 



Figure S15. HRMS data of compound 22 

 

  



Figure S16. HPLC data of 12* 

*Chromatograph Shimadzu (pump: LC30AD Nexera X2, autosampler: SIL30AC Nexera X2, PDA detector: SPDM20A,

thermostat: CTO20AC), mobile phase: MeOH/ H2O/FA (formic acid) 50/50/0.1 (v/v/v). stationary phase: Kinetex C18 2.6 µm

150 x 4.6 mm, mobile phase flow: 0.8 mL / min, temp: 20°C, detection: PDA (channel 1: 254 nm + full spectrum in the range 

190-800 nm).



Figure S17. HPLC data of 19* 

*Chromatograph Shimadzu (pump: LC30AD Nexera X2, autosampler: SIL30AC Nexera X2, PDA detector: SPDM20A,

thermostat: CTO20AC), mobile phase: MeOH/ H2O/FA (formic acid) 50/50/0.1 (v/v/v). stationary phase: Kinetex C18 2.6 µm

150 x 4.6 mm, mobile phase flow: 0.8 mL / min, temp: 20°C, detection: PDA (channel 1: 254 nm + full spectrum in the range 

190-800 nm).



Figure S18. HPLC data of 20* 

*Chromatograph Shimadzu (pump: LC30AD Nexera X2, autosampler: SIL30AC Nexera X2, PDA detector: SPDM20A,

thermostat: CTO20AC), mobile phase: MeOH/ H2O/FA (formic acid) 50/50/0.1 (v/v/v). stationary phase: Kinetex C18 2.6 µm

150 x 4.6 mm, mobile phase flow: 0.8 mL / min, temp: 20°C, detection: PDA (channel 1: 254 nm + full spectrum in the range 

190-800 nm).



Figure S19. HPLC data of 21* 

*Chromatograph Shimadzu (pump: LC30AD Nexera X2, autosampler: SIL30AC Nexera X2, PDA detector: SPDM20A,

thermostat: CTO20AC), mobile phase: MeOH/ H2O/FA (formic acid) 50/50/0.1 (v/v/v). stationary phase: Kinetex C18 2.6 µm

150 x 4.6 mm, mobile phase flow: 0.8 mL / min, temp: 20°C, detection: PDA (channel 1: 254 nm + full spectrum in the range 

190-800 nm).



Figure S20. HPLC data of 22* 

*Chromatograph Shimadzu (pump: LC30AD Nexera X2, autosampler: SIL30AC Nexera X2, PDA detector: SPDM20A,

thermostat: CTO20AC), mobile phase: MeOH/ H2O/FA (formic acid) 50/50/0.1 (v/v/v). stationary phase: Kinetex C18 2.6 µm

150 x 4.6 mm, mobile phase flow: 0.8 mL / min, temp: 20°C, detection: PDA (channel 1: 254 nm + full spectrum in the range 

190-800 nm).



Figure S21. Cell apoptosis of compounds 9-21 measured by flow cytometry using annexin V and 

PI. Peripheral Blood Mononuclear Cells (PBMC) were exposed to varying concentrations of test compounds 

(9-20). Untreated cells and cells exposed to DMSO (the highest percentage that are used together with 

compounds) were used as negative control. In each dot plot quadrant Q1: shows necrotic cells (Annexin 

V −/ PI+); Q2: late apoptotic cells (Annexin V+ /PI+); Q3: early apoptotic cells (Annexin V+ /PI−) and Q4: 

shows viable cells (Annexin V− /PI−). 

 

 

 


