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Abstract


We report a catalytic multicomponent reaction of isocyanides, oxiranes, and malonates under mild conditions, allowing the transformation of a wide range of substrates into 5,6-dihydropyran-2-one products in acceptable yields. We have also examined the leaving group selectivity using an unsymmetrical malonate. This novel method demonstrates the benefits of combining different activation modes in oxiranes.
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A mixture of ZnBr2 (0.2 mmol, 76 mg), malonate 3 (2.0 mmol) and oxirane 2 (1.0 mmol) in PEG-400 (2.0 mL) was stirred for 40 min at 50 °C. Isocyanide 1 (1.0 mmol) dissolved in PEG-400 (1.0 mL) was added slowly and the mixture was stirred for the appropriate period at 50 °C (see Tables 2 and 3). The crude reaction mixture was diluted with EtOAc (5 mL) and saturated aqueous NH4Cl (10 mL). The mixture was stirred for an additional 30 min and the two layers were separated. The aqueous layer was extracted with EtOAc (3 × 10 mL), and the combined organic layers were dried over MgSO4, filtered, and concentrated in vacuo. The crude residue was purified by flash chromatography (silica gel, hexane/EtOAc, 5:1 to 2:1) to give pure 4.
Methyl 6-Methyl-2-oxo-4-[(2,4,4-trimethylpentan-2-yl)amino]-5,6-dihydro-2H-pyran-3-carboxylate (4a)
Colorless oil; yield: 0.23 g (79%); IR (KBr): 3273, 2971, 1738, 1717, 1460, 1305, 1080 cm–1. 1H NMR (500.1 MHz, CDCl3): δ = 0.98 (s, 9 H, 3 Me), 1.21 (d, 3
          J = 5.9 Hz, 3 H, Me), 1.40 (s, 2 H, CH2), 1.55 (s, 6 H, 2 Me), 2.26 (dd, 2
          J = 12.8, 3
          J = 6.7 Hz, 1 H, CH), 2.41 (dd, 2
          J = 12.8, 3
          J = 10.1 Hz, 1 H, CH), 3.65 (s, 3 H, OMe), 4.99–5.08 (m, 1 H, CH), 11.47 (s, 1 H, NH); 13C NMR (125.7 MHz, CDCl3): δ = 21.2 (Me), 28.1 (2 Me), 32.8 (3 Me), 33.4 (C), 40.6 (CH2), 55.2 (CH2), 56.5 (C), 57.2 (OMe), 79.0 (CH), 101.7 (C), 163.1 (C), 167.4 (C), 177.2 (C); ESI-MS: m/z (%) = 297 (1) [M]+, 282 (17), 223 (39), 152 (25), 128 (79), 96 (100); Anal. Calcd for C16H27NO4: C, 64.62; H, 9.15; N, 4.71. Found: C, 64.83; H, 9.32; N, 4.88
Methyl 2-Oxo-6-(phenoxymethyl)-4-[(2,4,4-trimethylpentan-2-yl)amino]-5,6-dihydro-2H-pyran-3-carboxylate (4b)
Colorless solid, yield: 0.33 g (84%); mp 44–46 °C; IR (KBr): 3281, 3035, 2983, 1735, 1715, 1480, 1355, 1056 cm–1; 1H NMR (500.1 MHz, CDCl3): δ = 0.94 (s, 9 H, 3 Me), 1.38 (s, 2 H, CH2), 1.52 (s, 6 H, 2 Me), 2.32 (dd, 2
          J = 12.1, 3
          J = 6.2 Hz, 1 H, CH), 2.41 (dd, 2
          J = 12.1, 3
          J = 10.0 Hz, 1 H, CH), 3.69 (s, 3 H, OMe), 4.41–4.52 (m, 2 H, 2 CH), 5.17–5.26 (m, 1 H, CH), 6.89 (d, 3
          J = 6.8 Hz, 2 H, CH), 6.96 (t, 3
          J = 6.0 Hz, 1 H, CH), 7.22 (t, 3
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Methyl 6-Methyl-2-oxo-6-propyl-4-[(2,4,4-trimethylpentan-2-yl)amino]-5,6-dihydro-2H-pyran-3-carboxylate (4c)
Colorless oil; yield: 0.26 g (76%); IR (KBr): 3292, 2972, 1740, 1723, 1478, 1354, 1067 cm–1; 1H NMR (500.1 MHz, CDCl3): δ = 0.88–0.93 (m, 12 H, 4 Me), 1.33–1.40 (m, 4 H, 2 CH2), 1.45–1.52 (m, 11 H, 3 Me, CH2), 2.18 (d, 2
          J = 11.6 Hz, 1 H, CH), 2.35 (d, 2
          J = 11.6 Hz, 1 H, CH), 3.72 (s, 3 H, OMe), 11.42 (s, 1 H, NH); 13C NMR (125.7 MHz, CDCl3): δ = 15.1 (Me), 18.7 (CH2), 24.7 (Me), 32.5 (2 Me), 34.1 (3 Me), 34.6 (C), 42.1 (CH2), 44.7 (CH2), 53.1 (CH2), 54.4 (C), 56.8 (OMe), 93.1 (C), 101.6 (C), 162.2 (C), 167.0 (C), 177.8 (C); ESI-MS: m/z (%) = 339 (9) [M]+, 324 (18), 281 (27), 223 (48), 152 (69), 128 (81), 96 (100); Anal. Calcd for C19H33NO4: C, 67.22; H, 9.80; N, 4.13. Found: C, 67.41; H, 9.98; N, 4.21.
Dimethyl 2-Methyl-6-oxo-4-[(2,4,4-trimethylpentan-2-yl)amino]-3,6-dihydro-2H-pyran-2,5-dicarboxylate (4d)
Pale yellow oil; yield: 0.26 g (72%); IR (KBr): 3289, 2961, 1741, 1732, 1718, 1472, 1338, 1055 cm–1; 1H NMR (500.1 MHz, CDCl3): δ = 0.97 (s, 9 H, 3 Me), 1.41 (s, 2 H, CH2), 1.53 (s, 6 H, 2 Me), 1.58 (s, 3 H, Me), 2.41 (dd, 2
          J = 12.0, 3
          J = 6.7 Hz, 1 H, CH), 2.57 (dd, 2
          J = 12.0, 3
          J = 9.6 Hz, 1 H, CH), 3.70 (s, 3 H, OMe), 3.75 (s, 3 H, OMe), 11.24 (s, 1 H, NH); 13C NMR (125.7 MHz, CDCl3): δ = 22.4 (Me), 29.9 (2 Me), 32.5 (3 Me), 33.1 (C), 41.5 (CH2), 53.5 (CH2), 56.1 (C), 55.5 (OMe), 57.2 (OMe), 85.1 (C), 103.6 (C), 162.1 (C), 166.3 (C), 171.1 (C), 176.7 (C); ESI-MS: m/z (%) = 355 (1) [M]+, 284 (24), 228 (31), 170 (48), 128 (71), 110 (100); Anal. Calcd for C18H29NO6: C, 60.83; H, 8.22; N, 3.94. Found: C, 61.07; H, 8.38; N, 4.15. 
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