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General Procedure for the non-biomimetic reduction. A suspension of Zn (353 mg, 5.40 mmol) and CuI (304 mg, 1.60 mmol) in  a mixture of EtOH - H2O (30 mL, 7: 3, previously degassed) was sonicated (cleaning bath) under inert atmosphere at room temperature for 5 min. The olefin (6 mmol) and a solution of the pyridinium salt 1 (prepared by reaction of the corresponding pyridine with the appropriate alkyl halide, 2 mmol) in H2O (10 mL) were added, and the resulting mixture was sonicated for 20 h. Dilution with ethyl acetate (50 mL) and filtration through a short pad of Celite gave a solution, which was washed with aqueous Na2CO3 solution (2 M, 3 x 30 mL), dried, filtered and concentrated under reduced pressure. The residue was chromatographed over silica gel. Elution with hexanes/AcOEt (+ 1% Et3N) gave the corresponding dihydropyridine 2 as a slightly unstable oil. The reported yields correspond to purified products and are based on the consumed pyridinium salt (25% to 40%).

Dihydropyridine 2a. Yellow oil (60%). Obtained by reaction of the pyridinium salt 1a and chloroacrylonitrile. 1H NMR (CDCl3)6.61 (d, J = 1.5 Hz, 1H),  5.83 (dd, J = 8.0 and 1.5 Hz, 1H), 4.60 (dd, J = 8.0 and 5.5 Hz, 1H), 3.42 (m, 1H), 2.99 (s, 3H), 2.40 (m, 2H), 1.90 (m, 2H); 13C NMR (CDCl3)144.2, 130.3, 121.0, 119.8, 103.4, 79.6, 41.0, 32.4, 32.2, 12.9; IR (NaCl) max 2244, 2191, 1589 cm-1; UV (MeOH) max (log ) 337 (3.62); MS (EI) m/z (%) 173 (M+, 5), 119 (100); HRMS found: 173.0962, C10H11N3  requires 173.0953.

Dihydropyridine 2b. Yellow oil (62%). Obtained by reaction of the pyridinium salt 1b and chloroacrylonitrile. 1H NMR (CDCl3)7.19 (d, J = 1.8 Hz, 1H),  5.90 (dd, J = 7.5 and 1.8 Hz, 1H), 4.68 (dd, J = 7.5 and 5.0 Hz, 1H), 3.70 (s, 3H), 3.52 (m, 1H), 3.03 (s, 3H), 2.55 (m, 1H), 2.31 (m, 1H), 1.98 (m, 1H), 1.66 (m, 1H); 13C NMR (CDCl3)142.7, 130.2, 120.8, 105.4, 98.4, 51.1, 41.1, 32.6, 30.9, 12.8; IR (NaCl) max 2242, 1692 cm-1; UV (MeOH) max (log ) 342 (3.70); MS (EI) m/z (%) 206 (M+, 8), 175 (16), 152 (100); HRMS  found: 206.1063, C11H14N2O2 requires 206.1055.

Dihydropyridine 2c. Yellow oil (47%). Obtained by reaction of the pyridinium salt 1b and methyl chloroacrylate. 1H NMR (CDCl3)7.13 (d, J = 1.4 Hz, 1H),  5.81 (dd, J = 7.8 and 1.4 Hz, 1H), 4.72 (dd, J = 7.8 and 5.2 Hz, 1H), 3.68 (s, 3H), 3.64 (s, 3H), 3.40 (m, 1H), 3.00 (s, 3H), 2.32 (m, 2H), 1.82 (m, 1H), 1.65 (m, 1H); 13C NMR (CDCl3)175.0, 168.5, 142.3, 129.5, 106.6, 98.4, 51.4, 50.9, 40.9, 32.3, 30.8, 29.8 ; IR (NaCl) max 1732, 1687 cm-1; UV (MeOH) max (log ) 343 (3.42); MS (EI) m/z (%) 239 (M+, 1), 237 (1), 208 (10), 152 (100).

Dihydropyridine 2d. Yellow oil (57%). Obtained by reaction of the pyridinium salt 1c and chloroacrylonitrile. 1H NMR (CDCl3)7.40 - 7.20 (m, 5H), 7.19 (d, J = 1.5 Hz, 1H),  6.00 (dd, J = 7.6 and 1.5 Hz, 1H), 5.40 (bs, 2H), 4.71 (dd, J = 7.6 and 5.0 Hz, 1H), 4.37 (s, 2H), 3.60 (m, 1H), 2.20 (m, 2H), 1.85 (m, 2H); 13C NMR (CDCl3)170.1, 139.4, 136.7, 129.8, 128.8, 128.1, 127.3, 120.4, 104.0, 101.6, 57.6, 32.6, 31.4, 12.5; IR (NaCl) max 3344, 3202, 2221, 1646, 1590 cm-1; UV (MeOH) max (log ) 332 (3.52); MS (EI) m/z (%) 267 (M+, 3), 213 (35), 91 (100); HRMS  found: 267.1353, C16H17N2O  requires 267.1372.

Dihydropyridine 2e. Yellow oil (65%). Obtained by reaction of the pyridinium salt 1d and chloroacrylonitrile. 1H NMR (CDCl3)7.01 (d, J = 1.4 Hz, 1H),  5.90 (dd, J = 7.7 and 1.4 Hz, 1H), 4.85 (dd, J = 7.7 and 5.1 Hz, 1H), 3.62 (m, 1H), 3.10 (s, 3H), 2.26 (m, 2H), 2.21 (s, 3H), 1.90 (m, 1H), 1.63 (m, 1H); 13C NMR (CDCl3)194.8, 144.1, 129.7, 120.5, 110.8, 107.4, 41.4, 32.0, 29.9, 24.4, 13.0; IR (NaCl) max 2238, 1670 cm-1; UV (MeOH) max (log ) 360 (3.27), 272 (3.53); MS (EI) m/z (%) 190 (M+, 3), 149 (10), 136 (100); HRMS  found: 190.1117, C11H14N2O requires 190.1106.

Dihydropyridine 3. Yellow oil (5%). Isolated in the reaction of the pyridinium salt 1a and chloroacrylonitrile. 1H NMR (CDCl3)6.57 (d, J = 1.9 Hz, 1H),  5.83 (dd, J = 8.1 and 1.9 Hz, 1H), 4.59 (dd, J = 8.1 and 5.0 Hz, 1H), 3.50 (m, 2H), 3.44 (m, 1H),  2.98 (s, 3H), 2.55 (m, 2H), 2.50 (m, 1H), 1.92 (m, 1H), 1.78 (m, 1H); 13C NMR (CDCl3)144.0, 130.2, 120.1, 119.6, 117.8, 103.3, 79.6, 40.6, 32.3, 32.1, 26.6, 24.8, 12.7; IR (NaCl) max 2240, 2190, 1670, 1591 cm-1; UV (MeOH) max (log ) 335 (3.58); MS (EI) m/z (%) 225 (M-1, 5), 174 (5), 119 (100).

Dihydroisoquinoline 4. Brown oil (58%). Obtained by reaction of the 2-methyl-isoquinolinium iodide and chloroacrylonitrile. 1H NMR (CDCl3)7.22 (dd, J = 7.8 and 1.4 Hz, 1H),  7.13 (m, J = 7.8, 7.2 and 1.4 Hz, 1H), 7.00 (m, 2H), 6.12 (s, 1H), 4.43 (m, J = 6.5 Hz, 1H), 3.00 (s, 3H), 2.85 (m, 1H), 2.57 (m, 2H), 2.49 (m, 1H), 2.32 (m, 1H), 2.16 (m, 1H), 2.00 (m, 1H), 1.87 (m, 1H); 13C NMR (CDCl3)136.0, 131.4, 128.0, 127.7, 126.4, 125.4, 119.6, 118.9, 102.7, 60.3, 40.6, 27.0, 26.0, 18.0, 12.9 (one quaternary carbon not seen); IR (NaCl) max 2243, 1633, 1598 cm-1; UV (MeOH) max (log ) 336 (3.60), 237 (3.64); MS (EI) m/z (%) 251 (M+, 7), 197 (100), 157 (65); HRMS  found: 251.1416, C16H17N3 requires 251.1422.

Dihydropyridine 5a. Yellow oil (38%). Obtained in the reaction of the 3,5-dimethoxycarbonyl-1-methylpyridinium iodide and chloroacrylonitrile. 1H NMR (CDCl3)7.17 (s, 2H),  3.97 (t, J = 7.2 Hz, 1H), 3.79 (s, 6H), 3.20 (s, 3H), 2.28 (t, J = 7.8 Hz, 2H), 1.81 (m, 2H); 13C NMR (CDCl3)167.0, 140.5, 120.2, 105.1, 51.6, 41.6, 31.7, 30.2, 13.2; IR (NaCl) max 2243, 1697, 1576 cm-1; UV (MeOH) max (log ) 368 (3.42), 281 (3.20), 249 (3.18); MS (EI) m/z (%) 264 (M+, 2), 238 (10), 224 (30), 210 (100); HRMS  found: 264.1123, C13H16N2O4 requires 264.1110.

Dihydropyridine 5b. Yellow oil (6%). Isolated in the reaction of the 3,5-dimethoxycarbonyl-1-methylpyridinium iodide and chloroacrylonitrile. 1H NMR (CDCl3)7.19 (s, 2H),  4.55 (m, 1H), 4.09 (t, J = 7.2 Hz, 1H), 3.77 (s, 6H), 3.24 (s, 3H), 2.10 (m, 2H); MS (EI) m/z (%) 300 and 298 (M+, 1 and 3), 269 and 267 (2 and 6), 210 (100).

Dihydropyridine 6a. Yellow oil (36%). Obtained in the reaction of the 3,5-dimethoxycarbonyl-1-methylpyridinium iodide and chloroacrylonitrile. 1H NMR (CDCl3)7.73 (d,  J = 1.0 Hz, 1H), 7.56 (bs, 1H), 4.75 (m, 1H), 3.76(s, 3H), 3.73 (s, 3H), 3.24 (s, 3H), 2.40 (m, 2H), 2.07 (m, 1H), 1.91 (m, 1H); 13C NMR (CDCl3)166.1, 165.7, 150.8, 134.6, 119.3, 107.1, 98.1, 57.1, 51.7, 51.1, 42.6, 28.0, 12.2; IR (NaCl) max 2241, 1681, 1629, 1549 cm-1; UV (MeOH) max (log ) 384 (3.17), 281 (3.63), 221 (3.54); MS (EI) m/z (%) 264 (M+, 5), 233 (10), 210 (100); HRMS  found: 264.1119, C13H16N2O4 requires 264.1110.

 

 






