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Abstract


Starting from phenylhydrazine and glucose, a versatile cinnoline scaffold was obtained on a multigram scale and further derivatized. A simple continuous-flow hydrogenation process permits the conversion of selected cinnolines into their 1,4-dihydrocinnoline counterparts. These products are generated in high yields and high purities with residence times of less than one minute and, along with their cinnoline precursors, are expected to serve as valuable heterocyclic building blocks for future medicinal chemistry programs.
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14 
          1,4-Dihydrocinnolines 12a–fA 0.25 M stock solution of the appropriate substrate 11a–f in 1:1 EtOH–EtOAc was prepared and passed through an H-Cube Mini flow reactor equipped with a suitable catalyst cartridge (10% Pd/C, 50 mm, rt) at a flow rate of 1 mL/min. The solvent was evaporated from the resulting solution and residual solvent was removed in vacuo before 1H NMR analysis.3-(1,4-Dihydrocinnolin-3-yl)-1-(4-methoxyphenyl)propan-1-one (12a)Beige solid; yield: 135 mg (92%); IR (neat): 3303 (m), 2922 (m), 1673 (s), 1596 (s), 1487 (s), 1306 (m), 1261 (s), 1210 (s), 1164 (s), 1023 (m), 984 (m), 836 (s), 749 (s) cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.97 (d, J = 9.0 Hz, 2 H), 7.21 (s, 1 H), 7.10 (td, J = 7.7, 1.5 Hz, 1 H), 7.03–7.00 (m, 1 H), 6.94–6.88 (m, 3 H), 6.65 (dd, J = 7.8, 1.1 Hz, 1 H), 3.85 (s, 3 H), 3.31 (s, 2 H), 3.28–3.23 (m, 2 H), 2.73 (dd, J = 7.9, 6.5 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ = 197.7 (C), 163.4 (C), 145.7 (C), 140.2 (C), 130.3 (2CH), 130.0 (C), 127.6 (CH), 127.0 (CH), 122.1 (CH), 116.2 (C), 113.7 (2CH), 111.7 (CH), 55.4 (CH3), 34.1 (CH2), 30.5 (CH2), 30.2 (CH2). HRMS (ES-TOF)+: m/z [M + H]+ calcd for C18H19N2O2: 295.1447; found: 295.1438. X-ray data for C18H18N2O2: space group P21/c; a = 15.4438(2) Å, b = 4.67192(6) Å, c = 21.2967(3) Å, β = 106.399(2)°.1-(1,3-Benzodioxol-5-yl)-3-(1,4-dihydrocinnolin-3-yl)propan-1-one (12b)Beige solid; yield: 132 mg, 87%. IR (neat): 3365 (m), 2903 (m), 1673 (m), 1600 (m), 1503 (m), 1485 (m), 1442 (s), 1250 (s), 1037 (m), 933 (m), 753 (m) cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.60 (dd, J = 8.1, 1.7 Hz, 1 H), 7.46 (d, J = 1.8 Hz, 1 H), 7.18 (s, 1 H), 7.10 (td, J = 7.6, 1.5 Hz, 1 H), 7.01 (d, J = 7.4 Hz, 1 H), 6.91 (td, J = 7.4, 1.2 Hz, 1 H), 6.83 (d, J = 8.1 Hz, 1 H), 6.65 (dd, J = 8.0, 1.2 Hz, 1 H), 6.02 (s, 2 H), 3.31 (s, 2 H), 3.25–3.20 (m, 2 H), 2.72 (t, J = 7.1 Hz, 2 H). 13C NMR (100 MHz, CDCl3): δ = 197.2 (C), 151.6 (C), 148.1 (C), 145.5 (C), 140.2 (C), 131.8 (C), 127.6 (CH), 127.0 (CH), 124.3 (CH), 122.2 (CH), 116.2 (CH), 111.7 (CH), 107.9 (CH), 107.8 (CH), 101.8 (CH2), 34.2 (CH2), 30.5 (CH2), 30.2 (CH2). HRMS (ES-TOF)+: m/z [M + H]+ calcd for C18H17N2O3: 309.1234; found: 309.1239. 
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16 
          1,4-Dihydrocinnolines 13 and 14a–d; General ProcedureA stock 0.25 M solution of substrate 10 in 1:1 EtOH–EtOAc was prepared and passed through an H-Cube Mini flow reactor equipped with a suitable catalyst cartridge (10% Pd/C, 50 mm, rt) at a flow rate of 1 mL min–1. The solvent was evaporated from the resulting solution and residual solvent was removed in vacuo before 1H NMR analysis. In case of the reductive amination products 14, the desired amine component (1.1 equiv) was added to the stock solution of aldehyde 10, and the mixture was stirred at 50 °C for 30 min before passing it through the H-Cube Mini reactor under similar conditions to those described above.1,4-Dihydrocinnoline-3-carbaldehyde (13) Yellow solid; yield: 140 mg (87%); IR (neat): 3266 (m), 3016 (w), 2818 (w), 1649 (s), 1579 (m), 1481 (m), 1349 (m), 1254 (m), 1178 (s), 722 (m) cm–1. 1H NMR (400 MHz, CDCl3): δ = 9.46 (s, 1 H), 8.27 (s, 1 H), 7.14 (td, J = 7.5, 1.6 Hz, 1 H), 7.06 (dd, J = 7.3, 1.5 Hz, 1 H), 7.04–6.98 (m, 1 H), 6.71 (d, J = 8.2 Hz, 1 H), 3.62 (s, 2 H). 13C NMR (100 MHz, CDCl3): δ = 190.6 (CH), 141.4 (C), 136.5 (C), 129.0 (CH), 127.7 (CH), 124.8 (CH), 116.8 (C), 112.7 (CH), 21.9 (CH2). HRMS (ES-TOF): m/z [M + H]+ calcd for C9H9N2O: 161.0715; found: 161.0714. (1,4-Dihydrocinnolin-3-ylmethyl)(4-fluorobenzyl)amine (14a)Yellow oil: yield: 104 mg (78%). IR (neat): 3291 (m), 2839 (m), 1597 (m), 1507 (s), 1475 (s), 1344 (m), 1253 (s), 1155 (m), 1092 (m), 823 (s), 751 (s) cm–1. 1H NMR (500 MHz, CDCl3): δ = 7.32–7.28 (m, 3 H), 7.13 (t, J = 7.5 Hz, 1 H), 7.03 (d, J = 7.6 Hz, 1 H), 7.00 (t, J = 8.4 Hz, 2 H), 6.94 (t, J = 7.3 Hz, 1 H), 6.70 (d, J = 7.9 Hz, 1 H), 3.78 (s, 2 H), 3.45 (s, 2 H), 3.32 (s, 2 H). 13C NMR (125 MHz, CDCl3): δ = 162.0 (CF, d, J = 245 Hz), 144.8 (C), 140.2 (C), 135.7 (C), 129.8 (2CH, d, J = 8 Hz), 127.7 (CH), 127.1 (CH), 122.4 (CH), 116.1 (C), 115.2 (2CH, d, J = 21 Hz), 111.8 (CH), 53.4 (CH2), 52.6 (CH2), 28.2 (CH2). 19F NMR (471 MHz, CDCl3): δ = –116.0. HRMS (ES-TOF)+: m/z [M + H]+ calcd for C16H17FN3: 270.1407; found: 270.1395. 
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