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Synthesis of novel 3,5-bis(1,3,4-oxadiazolyl) and 3,5-bis(1,2,4-triazolyl)-1,4-dihydropyridine hybrid analogues
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aDepartment of Chemistry, GSS, GITAM, Vishakhapatnam, 530045, India
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General Information
All reagents were commercially available and used as received. Melting points were determined in open capillaries and are uncorrected. ¹H and ¹³C NMR spectra were recorded on a 400 MHz spectrometer in CDCl₃ using TMS as an internal standard. IR spectra were recorded on an FT-IR spectrometer. High-resolution mass spectra (HRMS) were obtained using ESI-TOF. Reaction progress was monitored by TLC on silica gel plates.
General Procedure for the synthesis of 1,4-Dihydro-2,6-dimethyl-4-phenylpyridine-3,5-dicarbohydrazide (5a-c): A mixture of Diethyl 1,4-dihydro-2,6-dimethyl-4-phenylpyridine-3,5-dicarboxylate (4a) (2.5 g, 7.5 mmol) in methanol (25 mL) was treated with hydrazine hydrate (1.0 g, 20 mmol) dissolved in a minimum volume of methanol. The reaction mixture was refluxed for 6 h. After completion (TLC monitoring), the solvent was removed under reduced pressure. The residue was washed with water (2 × 25 mL), dried over anhydrous Na₂SO₄, and extracted with ethyl acetate to afford the title compound 5a as a colorless solid. Yield: 82%.
General Procedure for the Synthesis of 3-N, 5-N-Diacetyl-1,4-dihydro-2,6-dimethyl-4-phenylpyridine-3,5-dicarbohydrazide (7a-c): To a solution of compound 5 (2.0 g, 5.3 mmol) in DCM (25 mL), and morpholine (0.1 mL) acetyl chloride (0.92 mL, 12 mmol) was added drop wise. The solution was refluxed for 6 h. After completion (TLC), the solvent was evaporated under reduced pressure. The residue was washed with water, dried over Na2SO₄ and extracted with ethyl acetate to give compound 6a as a colorless solid. Yield: 60%.
Spectral data 
1) 2,6-Dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarbohydrazide  (5a): (Yield 82%); mp 220-223 °C; 1HNMR (400 MHz, CDCl3): δ 2.174 (s, 6H), 2.486 (s, 4H, NH2), 4.504 (s, 1H), 7.296-7.405 (m, 5H) 8.121 (s, 2H), 8.452 (s, 1H); 13CNMR (100 MHz, CDCl3): δ 21.63, 36.32, 123.67, 126.72, 128.58, 128.90, 129.35, 129.85, 133.22, 134.28, 144.82, 146.27, 156.68; Elemental analysis (%) Calcd for C₁₅H₁₉N₅O₂: C, 59.79; H, 6.36; N, 23.24. Found: C, 59.66; H, 6.10; N, 23.04. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 302.1539; Found: 302.1525.
2) 4-(4-Chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbohydrazide (5b): (Yield 80%);  mp 239-241 °C; 1HNMR (400 MHz, CDCl3): δ 2.203 (s, 6H), 2.634 (s, 4H), 4.512 (s, 1H), 7.094-7.114 (d, J = 8.0Hz, 2H), 7.601-7.621 (d, J = 8.0Hz, 2H), 8.615 (s, 2H), 9.163 (s, 1H); 13CNMR (100 MHz, CDCI3): δ 20.46, 35.94, 124.15, 126.69, 128.48, 129.14, 133.82, 144.64, 147.91, 158.99; Elemental analysis (%) Calcd for C₁₅H₁₈ClN₅O₂: C, 53.65; H, 5.40; N, 20.86. Found: C, 53.42; H, 5.21; N, 20.56. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 336.1149; Found: 336.1135.
3) 2,6-Dimethyl-4-(p-tolyl)-1,4-dihydropyridine-3,5-dicarbohydrazide  (5c): (Yield 80%);  mp 265-268 °C; 1HNMR (400 MHz, CDCI3): δ 2.101 (s, 6H), 2.289 (s, 3H), 2.409 (s, 4H), 4.488 (s, 1H), 7.262-7.280 (d, J = 7.2Hz, 2H), 7.321-7.339 (d, J = 7.2Hz, 2H), 8.020(s, 2H) ,9.121 (s, 1H); 13CNMR (100 MHz, CDCl3): δ 20.42, 24.57, 38.25, 122.21, 126.10, 128.82, 129.17, 133.61, 144.25, 145.55, 157.25; Elemental analysis (%) Calcd for C₁₆H₂₁N₅O₂: C, 60.94; H, 6.71; N, 22.21. Found: C, 60.39; H, 6.51; N, 22.09. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 316.1695; Found: 316.1685.


4) N,N-Diacetyl-2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarbohydrazide (6a): (Yield 62%);  mp 242-246 °C; 1HNMR (400 MHz, CDCl3): δ 2.291 (s, 6H), 2.558 (s, 6H), 4.510 (s, 1H), 7.268-7.410 (m, 5H), 8.312 (s, 2H), 9.328 (s, 3H); 13CNMR (100 MHz,CDCl3): δ 18.82, 21.24, 38.22, 113.85, 119.58, 127.61, 128.75, 129.38, 130.48, 133.32, 145.59, 145.73, 157.52, 165.13; Elemental analysis (%) Calcd for C₁₉H₂₃N₅O₄: C, 59.21; H, 6.01; N, 18.17. Found: C, 58.83; H, 5.89; N, 18.04. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 386.1750; Found: 386.1745.
5) N,N-Diacetyl-4-(4-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarbohydrazide (6b): (Yield 60%);  mp 273-275 °C; 1HNMR (400 MHz, CDCl3): δ 2.282 (s, 6H), 2.375 (s, 6H), 4.732 (s, IH), 7.096-7.116 (d, J = 8.0Hz, 2H), 7.600-7.620 (d, J = 8.0Hz, 2H), 8.502 (s, 2H), 9.256 (s, 3H); 13CNMR (100 MHz, CDCl3): δ 20.15, 23.26, 37.98, 116.26, 123.65, 126.65, 128.83, 129.84, 133.21, 144.49, 146.11, 158.33, 164.59; Elemental analysis (%) Calcd for C₁₉H₂₂ClN₅O₄: C, 54.35; H, 5.28; N, 16.68. Found: C, 54.05; H, 5.07; N, 16.46. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 420.1360; Found: 420.1351.
6) N,N-Diacetyl-2,6-dimethyl-4-(p-tolyl)-1,4-dihydropyridine-3,5-dicarbohydrazide (6c): (Yield 60%);  mp 259-260 °C; 1HNMR (400 MHz, CDC13): δ 2.187 (s, 6H), 2.265 (s, 3H), 2.356 (s, 6H), 4.424 (s, 1H), 6.826-6.848 (d, J = 8.4Hz, 2H), 7.196- 7.218 (d, J = 8.4Hz, 2H), 8.168 (s, 2H), 9.151(s, 3H); 13CNMR (100 MHz, CDCl3): δ 18.01, 20.14, 23.56, 35.57, 114.06, 119.01, 123.65, 128.52, 129.71, 133.17, 144.43, 148.38, 156.14, 165.57; Elemental analysis (%) Calcd. for C20H25N5O4: C-60.14; H-6.31; N-17.53; found C-59.83; H-6.19; N-17.31. HRMS (ESI-TOF): m/z [M+H]+ Calcd. 400.1907; Found: 400.1901.
7) 5,5'-(2,6-Dimethyl-4-phenyl-1,4-dihydropyridine-3,5-diyl)bis(2-methyl-1,3,4-oxadiazole) (7a): (Yield 60%);  : mp 273-276 °C; IR: √(cm-1): 3347(N-H Str), 3109 (Ar C-H Str.), 2937 (C-H Str),1279, 1186, 1124 and 1046 (C-N and C-O Str); 1HNMR (400 MHz, CDCl3): δ 2.103 (s, 6H), 2.346 (s, 6H), 4.678 (s, 1H), 7.301-7.399 (m, 5H), 8.060 (s, 1H); 13CNMR (100 MHz, CDCl3): δ 20.03, 22.91, 36.02, 116.46, 126.35, 128.44, 128.67, 128.85, 130.00, 133.15, 133.47, 143.25, 144.12, 144.90, 147.31, 152.92, 154.63; Elemental analysis (%) Calcd. For C19H19N5O2: C-65.32; H-5.48; N-20.04; found C-64.96; H-5.16; N-20.00. HRMS (ESI-TOF): m/z [M+H]+ Calcd. 350.1539; Found: 350.1545.

8) 5,5'-(4-(4-Chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-diyl)bis(2-methyl-1,3,4-oxadiazole (7b): (Yield 62%); mp 226-229 °C; IR: √(cm-1): 3368 (N-H Str), 3099 (Ar C-H Str), 2985 (C-H Str.), 1260, 1216, 1186, 1123 and 1056 (C-N and C-O Str); δ 2.282 (s, 6H), 2.624 (s, 6H), 4.987 (s, 1H), 7.098-7.108 (d, J = 8.0Hz, 2H), 7.412-7.432 (d, J = 8.0 Hz, 2H), 8.510 (s, 1H); 13CNMR (100 MHz, CDC13): δ 18.59, 23.61, 38.33, 116.75, 123.95, 125.19, 126.51, 128.63, 128.87,128.97, 129.28, 130.06, 133.41, 134.07, 153.70, 154.88; Elemental analysis (%) Calcd. for C19H18ClN5O2: C-59.45; H-4.73; N-18.25; found C-59.22; H-4.46; N-18.12. HRMS (ESI-TOF): m/z [M+H]+ Calcd. 384.1149; Found: 384.1137.
9) 5,5'-(2,6-Dimethyl-4-(p-tolyl)-1,4-dihydropyridine-3,5-diyl)bis(2-methyl-1,3,4-oxadiazole) (7c): (Yield 60%);  mp 266-268 °C ; IR: √(cm-1): 3345 (N-H Str.), 3094 (Ar C-H Str), 2980 (C-H Str), 1262, 1216, 1171, 1123 and 1056 (C-N and C-O Str); 1HNMR (400 MHz, CDCl3) 8 2.155 (s, 6H), 2.296 (s, 6H), 2.402 (s, 3H), 4.788 (s, 1H), 6.996-7.016 (d, J = 8.0Hz, 2H), 7.325-7.345 (d, J = 8.0 Hz, 2H), 8.128 (s, 1H);13CNMR (100 MHz, CDC13): δ 19.73, 21.84, 22.85, 38.94, 116.17, 126.10, 126.88, 128.07, 128.64, 129.78, 129.92, 130.52, 132.14, 134.17, 154.13, 154.33; Elemental analysis (%) Calcd. for C20H21N5O2: C-66.10; H-5.82; N-19.27; found C-65.97; H-5.65; N-19.11. HRMS (ESI-TOF): m/z [M+H]+ Calcd. 364.1695; Found: 364.1688.
10) 2,6-Dimethyl-3,5-bis(5-methyl-4-phenyl-4H-1,2,4-triazol-3-yl)-4-phenyl-1,4-dihydropyridine  (8a); (Yield 80%);  mp 278-280 °C; IR: √ (cm-1): 3348 (N-H Str), 3108 (Ar C-H Str), 2979 (C-H Str.) ,1279, 1186, 1124 (C-N Str); 1HNMR (400 MHz, CDC13); δ 2.147 (s, 6H), 2.361 (s, 6H) , 4.653 (s, 1H) , 7.267-7.489 (m, 15H), 9.462 (s, 1H); 13CNMR (100 MHz, CDC13): δ 19.23, 21.36, 37.39, 106.34, 113.50, 116.80, 124.83, 126.56, 128.62, 128.66, 128.75, 128.87, 129.79, 129.95, 131.75, 132.65, 132.70, 133.62, 134.64, 143.10, 144.15, 148.20, 149.12; Elemental analysis (%) Calcd. for C₃₁H₂9N₇: C, 74.52; H, 5.85; N, 19.62. Found: C, 74.16; H, 5.57; N, 19.48. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 500.2484; Found: 500.2477.
11) 4-(4-Chlorophenyl)-2,6-dimethyl-3,5-bis(5-methyl-4-phenyl-4H-1,2,4-triazol-3-yl)-1,4-dihydropyridin (8b): (Yield 85%);  mp 253-255 °C; IR: √ (cm-1): 3347 (N-H Str.), 3109 (Ar C-H Str.), 2979 (C-H Str.), 1279 and 1124 (C-N Str); 1HNMR (400 MHz, CDC13): δ 2.107 (s, 6H), 2.236 (s, 6H), 4.125 (s, 1H), 7.230-7.367 (m, 10H), 7.403-7.421 (d, J = 7.2 Hz, 2H), 7.597- 7.615 (d, J = 7.2Hz, 2H), 9.093 (s, 1H); 13CNMR (100 MHz, CDC13): δ 20.35, 23.02, 37.80, 103.89, 113.43, 114.17, 123.79, 124.44, 126.08, 128.71, 128.84, 129.13, 129.41, 130.23, 132.72, 133.68, 142.64, 144.65, 145.54, 148.43; Elemental analysis (%) Calcd for C₃₁H₂₈ClN₇: C, 69.72; H, 5.28; N, 18.36. Found: C, 69.38; H, 5.14; N, 18.21. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 534.2095; Found: 534.2086.
12) 2,6-Dimethyl-3,5-bis(5-methyl-4-phenyl-4H-1,2,4-triazol-3-yl)-4-(p-tolyl)-1,4-dihydropyridine (8c): (Yield 82 %);  mp. Above 300 °C; IR: √(cm-1): 3345 (N-H Str.), 3094 (Ar C-H Str.), 2980 (CH Str.), 1268, 1216, 1172 and 1123 (C-N Str): 1HNMR (400 MHz, CDCl3): δ 2.087 (s, 6H), 2.136 (s, 6H) 2.335 (s, 3H 4.543 (s, 1H) 6.998-7.019 (d, J= 8.4Hz, 2H), 7.026-7.409 (m, 10H), 7.550-7.571 (d, J = 8.4Hz, 2H), 9.073 (s, 1H); 13CNMR (100 MHz, CDCl3): δ 18.92, 20.03, 22.84, 36.72, 106.36, 115.72, 115.94, 122.96, 123.82, 126.60, 128.58, 128.83, 129.88, 130.83, 130.92, 133.32, 134.13, 144.23, 146.51, 153.80, 154.70; Elemental analysis (%) Calcd for C₃₂H₃₁N₇: C, 74.83; H, 6.08; N, 19.09. Found: C, 74.55; H, 5.98; N, 19.01. HRMS (ESI-TOF) m/z [M + H]⁺ Calcd: 514.2641; Found: 514.2635.
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