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Abstract


The zinc-mediated asymmetric allylation of chiral N-tert-butanesulfinyl aldimines with 3-bromomethyl-5H-furan-2-one proceeded in good anti/syn selectivities, providing optically pure substituted α-methylene-γ-butyrolactones bearing chiral amine with moderate to excellent yields (28–92%) and diastereoselectivities (76% to >99% de).
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[bookmark: OR000-22]22 
          Analytical Data of 9a
[α]D
          27 –5.8 (c 0.99, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.19 (s, 9 H), 2.66–2.76 (m, 3 H), 2.88–2.92 (m, 1 H), 3.56 (d, 1 H, J = 7.6 Hz), 4.06–4.11 (m, 1 H), 4.20–4.25 (m, 2 H), 7.04–7.07 (m, 2 H), 7.10–7.13 (m, 2 H), 7.24–7.34 (m, 6 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.6, 35.2, 44.3, 44.9, 56.7, 61.9, 68.4, 126.8, 127.1, 128.5, 128.8, 129.0, 129.4, 137.1, 139.8, 178.2 ppm. FTIR (KBr): ν = 3221, 2958, 2922, 2853, 1769, 1496, 1455, 1363, 1162, 1054, 1024, 757, 701 cm–1. ESI-MS: m/z (%) = 408.1 [M + Na+]. ESI-HRMS: m/z calcd for C22H27NO3SNa+ [M + Na+]: 408.1604; found: 408.1606. 









	
[bookmark: OR000-23]23 
          Analytical Data of Some Typical Compounds
Compound 6a: [α]D
          26 –116.3 (c 0.40, CHCl3). 1H NMR (400 MHz, CDCl3): δ 1.23 (s, 9 H), 3.55 (d, 1 H, J = 6.4 Hz), 3.64–3.69 (m, 1 H), 4.39–4.49 (m, 2 H), 4.53 (t, 1 H, J = 6.6 Hz), 5.28 (d, 1 H, J = 2.0 Hz), 6.28 (d, 1 H, J = 2.0 Hz), 7.29–7.42 (m, 5 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.6, 43.8, 56.6, 62.6, 67.7, 125.2, 127.3, 128.6, 129.1, 134.8, 139.3, 170.2 ppm. FTIR (KBr): ν = 3504, 3416, 3133, 2979, 2918, 1771, 1664, 1458, 1363, 1280, 1133, 1038, 937, 701, 678 cm–1. ESI-MS: m/z (%) = 330.1 [M+ + Na]. ESI-HRMS: m/z calcd for C16H21NO3SNa+ [M+ + Na] 330.1139; found: 330.1134.
Compound 6b: [α]D
          26 –44.2 (c 0.99, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.22 (s, 9 H), 3.50 (d, 1 H, J = 6.8 Hz), 3.60–3.64 (m, 1 H), 4.35–4.49 (m, 3 H), 5.29 (d, 1 H, J = 2.0 Hz), 6.30 (d, 1 H, J = 2.4 Hz), 7.20 (d, 2 H, J = 8.8 Hz), 7.53 (d, 2 H, J = 8.4 Hz) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.6, 43.8, 56.8, 62.3, 67.6, 122.9, 125.4, 129.1, 132.4, 134.7, 138.3, 170.0 ppm. FTIR (KBr): ν = 3425, 3098, 2986, 2924, 1770, 1660, 1489, 1410, 1283, 1266, 1135, 1023, 1011, 942, 832, 729, 678 cm–1. ESI-MS: m/z (%) = 408.0 [M – 1+ + Na], 410.0 [M – 1+ + Na]. ESI-HRMS: m/z calcd for C16H20BrNO3SNa+ [M+ + Na]: 408.0249; found: 408.0240.
Compound 6c: [α]D
          26 –39.3 (c 1.16, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.23 (s, 9 H), 3.53 (d, 1 H, J = 7.2 Hz), 3.59–3.64 (m, 1 H), 4.37–4.49 (m, 3 H), 5.29 (d, 1 H, J = 2.0 Hz), 6.31 (d, 1 H, J = 2.0 Hz), 7.28 (d, 2 H, J = 5.2 Hz), 7.46–7.52 (m, 2 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.7, 43.9, 56.9, 62.4, 67.6, 123.2, 125.5, 126.3, 130.4, 130.7, 131.9, 134.6, 141.7, 170.1 ppm. FTIR (KBr): ν = 3168, 2963, 1759, 1655, 1594, 1474, 1429, 1363, 1263, 1119, 1040, 950, 850, 796, 704, 676 cm–1. ESI-MS: m/z (%) = 408.0 [M+ – 1 + Na], 410.0 [M+ + 1 + Na]. ESI-HRMS: m/z calcd for C16H20BrNO3SNa+ [M+ + Na]: 408.0242; found: 408.0240.
Compound 6d: [α]D
          26 –20.4 (c 1.05, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.22 (s, 9 H), 3.66–3.71 (m, 1 H), 4.00 (d, 1 H, J = 9.6 Hz), 4.34–4.44 (m, 2 H), 4.72 (d, 1 H, J = 8.8 Hz), 5.17 (d, 1 H, J = 1.6 Hz), 6.24 (d, 1 H, J = 2.0 Hz), 7.24–7.44 (m, 2 H), 7.45 (s, 1 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.5, 43.5, 57.1, 61.0, 67.5, 125.3, 127.9, 130.2, 130.3, 133.5, 134.6, 135.1, 135.4, 169.9 ppm. FTIR (KBr): ν = 3314, 2957, 2912, 1743, 1663, 1475, 1362, 1271, 1233, 1206, 1120, 1079, 1041, 996, 981, 828, 728, 570 cm–1. ESI-MS: m/z (%) = 398.1 [M+ + Na]. ESI-HRMS: m/z calcd for C16H19Cl2NO3SNa+ [M+ + Na]: 398.0363; found: 398.0355.
Compound 6e: [α]D
          26 –48.0 (c 0.28, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.22 (s, 9 H), 3.55 (d, 1 H, J = 6.4 Hz), 3.63–3.64 (m, 1 H), 3.80 (s, 3 H), 4.36–4.49 (m, 3 H), 5.27 (s, 1 H), 6.27 (d, 1 H, J = 2.0 Hz), 6.90 (d, 2 H, J = 8.4 Hz), 7.23 (d, 2 H, J = 8.4 Hz) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.6, 43.8, 55.3, 56.6, 62.2, 67.8, 114.6, 125.2, 128.6, 131.3, 135.0, 159.8, 170.3 ppm. FTIR (KBr): ν = 3387, 3088, 2958, 2923, 2852, 1769, 1659, 1611, 1515, 1468, 1274, 1250, 1180, 1137, 1034, 944, 828, 733, 681 cm–1. ESI-MS: m/z (%) = 360.1 [M+ + Na]. ESI-HRMS: m/z calcd for C17H23NO4SNa+ [M+ + Na]: 360.1244; found: 360.1240.
Compound 6f: [α]D
          26 –31.4 (c 0.77, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.22 (s, 9 H), 2.34 (s, 3 H), 3.51 (d, 1 H, J = 6.8 Hz), 3.61–3.68 (m, 1 H), 4.37–4.51 (m, 3 H), 5.29 (d, 1 H, J = 2.4 Hz), 6.28 (d, 1 H, J = 2.4 Hz), 7.18 (d, 4 H, J = 6.0 Hz) ppm. 13C NMR (100 MHz, CDCl3): δ = 21.1, 22.7, 43.8, 56.7, 62.5, 67.8, 125.2, 127.3, 129.9, 134.9, 136.3, 138.6, 170.3 ppm. FTIR (KBr): ν = 3424, 2924, 1767, 1658, 1452, 1402, 1365, 1268, 1132, 1043, 949, 817, 728, 678, 630, 568 cm–1. ESI-MS: m/z (%) = 344.1 [M+ + Na]. ESI-HRMS: m/z calcd for C17H23NO3SNa+ [M+ + Na]: 344.1297; found: 344.1291.
Compound 6g: [α]D
          26 –33.7 (c 0.79, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.23 (s, 9 H), 3.67 (d, 1 H, J = 6.8 Hz), 3.75–3.80 (m, 1 H), 4.46–4.54 (m, 2 H), 4.68 (t, 1 H, J = 6.8 Hz), 5.25 (d, 1 H, J = 2.0 Hz), 6.26 (d, 1 H, J = 2.0 Hz), 7.45–7.54 (m, 3 H), 7.74 (s, 1 H), 7.83–7.90 (m, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.7, 43.9, 56.8, 63.1, 67.8, 124.7, 125.4, 126.7, 126.8, 126.8, 127.8, 128.1, 129.4, 133.1, 133.2, 134.9, 136.6, 170.3 ppm. FTIR (KBr): ν = 3404, 3103, 2961, 2920, 1767, 1656, 1402, 1364, 1280, 1132, 1205, 945, 819, 750, 687, 475 cm–1. ESI-MS: m/z (%) = 380.1 [M+ + Na]. ESI-HRMS: m/z calcd for C20H23NO3SNa+ [M+ + Na]: 380.1301; found: 380.1291.
Compound 6h: [α]D
          26 –164.2 (c 0.85, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.21 (s, 9 H), 3.57 (d, 1 H, J = 8.4 Hz), 3.65–3.69 (m, 1 H), 4.34–4.51 (m, 2 H), 4.54 (dd, 1 H, J = 6.8, 8.8 Hz), 5.36 (d, 1 H, J = 2.4 Hz), 6.34 (d, 1 H, J = 2.4 Hz), 6.36–6.40 (m, 2 H), 7.41 (d, 1 H, J = 0.8 Hz) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.6, 42.9, 56.9, 57.4, 67.5, 109.2, 110.9, 125.0, 134.7, 142.8, 152.1, 170.1 ppm. FTIR (KBr): ν = 3445, 1755, 1258, 1143, 1037, 798, 595 cm–1. ESI-MS: m/z (%) = 320.1 [M+ + Na]. ESI-HRMS: for C14H19NO4SNa+ [M+ + Na]: 320.0937; found: 320.0927.
Compound 6i: [α]D
          26 –66.8 (c 1.19, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.24 (s, 9 H), 3.32 (d, 1 H, J = 6.8 Hz), 3.48–3.55 (m, 1 H), 4.20 (dd, 1 H, J = 6.0, 12.0 Hz), 4.27–4.49 (m, 2 H), 5.81 (d, 1 H, J = 2.0 Hz), 6.10–6.15 (m, 1 H), 6.43 (d, 1 H, J = 2.4 Hz), 6.70 (d, 1 H, J = 16.0 Hz), 7.28–7.38 (m, 5 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.8, 42.9, 56.7, 61.2, 67.3, 125.0, 126.3, 126.8, 128.5, 128.7, 134.7, 135.0, 135.6, 170.3 ppm. FT-IR (KBr): ν = 3409, 3137, 2960, 2921, 2867, 1759, 1663, 1473, 1449, 1367, 1292, 1261, 1121, 1027, 960, 947, 814, 756, 696 cm–1. ESI-MS: m/z (%) = 356.2 [M+ + Na]. ESI-HRMS: m/z calcd for C18H23NO3SNa+ [M+ + Na]: 356.1287; found: 356.1291.
Compound 6j: [α]D
          26 –23.1 (c 1.04, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 1.18 (s, 9 H), 1.88–1.94 (m, 2 H), 2.74–2.90 (m, 2 H), 3.07 (d, 1 H, J = 6.0 Hz), 3.24–3.29 (m, 1 H), 3.52–3.58 (m, 1 H), 4.18–4.38 (m, 2 H), 5.69 (d, 1 H, J = 2.0 Hz), 6.38 (d, 1 H, J = 2.8 Hz), 7.20–7.33 (m, 5 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 22.7, 31.9, 35.4, 43.4, 56.5, 58.8, 66.5, 124.4, 126.4, 128.5, 128.7, 135.8, 140.5, 170.4 ppm. FTIR (KBr): ν = 3409, 3144, 2954, 2922, 2865, 1757, 1664, 1473, 1416, 1366, 1301, 1258, 1124, 1012, 954, 817, 751, 703 cm–1. ESI-MS: m/z (%) = 358.1 [M+ + Na]. ESI-HRMS: m/z calcd for C18H25NO3SNa+ [M+ + Na]: 358.1443; found: 358.1447. 
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