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ZrCl4-promoted halogen migration during an electrophilic amination of halogenated phenols
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3a: mp 146(148 °C (petroleum ether-diethyl ether); IR 3300, 2970, 1700, 1680, 1480, 1380, 1250, 1100, 910, 800 cm–1; 1H NMR (CDCl3) ( 1.28 (d, 6H, J = 6.2 Hz), 1.29 (d, 6H, J = 6.2 Hz), 5.01 (m, 2H), 5.82 (s, 1H), 6.80 (s, 1H), 7.41 (s, 2H); 13C NMR (CDCl3) ( 22.38, 22.43, 71.1, 72.0, 121.1, 124.7, 135.4, 146.7, 154.5, 156.4; MS (FAB) m/z 365 (M+ + 1, 92), 278 (55), 236 (50), 220 (20), 107 (24). Anal. calcd for C14H18Cl2N2O5: C, 46.04; H, 4.97; N, 7.67. Found: C, 45.93; H, 4.90; N, 7.59. 

4a: mp 98(100 °C (diethyl ether-hexane); IR 3270, 2990, 1720, 1680, 1510, 1370, 1260, 1100, 940, 710 cm–1; 1H NMR (DMSO-d6) ( 1.18 (broad s, 6H), 1.22 (d, 6H, J = 6.2 Hz), 4.85 (m, 2H), 7.25 (d, 1H, J = 2.5 Hz), 7.53 (d, 1H J = 2.5 Hz), 9.83 (broad s, 1H), 9.99 (s, 1H); 13C NMR (CDCl3) ( 21.76, 21.82, 72.2, 72.3, 123.3, 123.6, 127.6, 129.5, 130.7, 149.7, 154.4, 159.4; MS (FAB) m/z 365 (M+ + 1, 100), 278 (61), 237 (55), 176 (31), 107 (11). Anal. calcd for C14H18Cl2N2O5: C, 46.04; H, 4.97; N, 7.67. Found: C, 46.08; H, 5.07; N, 7.58. 

3b: mp 119.7(120.9 °C (heptane-dietyl ether); IR 3394, 3322, 2978, 1739, 1675, 1472, 1414, 1246, 1109, 762 cm–1; 1H NMR (CDCl3) ( 1.28 (d, J = 6.2 Hz, 6H), 1.29 (d, J = 6.2 Hz, 6H), 5.00 (m, 2H), 5.86 (s, 1H), 6.80 (broad s, 1H), 7.59 (s, 2H); 13C NMR (CDCl3) ( 21.89, 21.93, 70.5, 71.5, 109.0, 128.0, 135.7, 147.8, 154.0, 155.9; MS (EI) m/z 452 (M+, 45), 366 (18), 324 (59), 279 (27). Anal. calcd for C14H18Br2N2O5: C, 37.03; H, 4.00; N, 6.17 . Found: C, 36.90; H, 4.15; N, 6.44. 

3c: mp 120.8(122.3 °C (heptane-dietyl ether); IR 3295, 2984, 1707, 1518, 1431, 1291, 1272, 1108 cm–1; 1H NMR (CDCl3) ( 1.26 (d, J = 6.2 Hz, 6H), 1.28 (d, J = 6.2 Hz, 6H), 5.00 (m, 2H), 5.69 (s, 1H), 6.86 (s, 1H), 6.95 (d, J =8.7 Hz, 1H), 7.24 (broad d, J = 8.7 Hz, 1H), 7.44 (broad s, 1H); 13C NMR (CDCl3) ( 21.88, 21.92, 70.3, 71.2, 115.9, 119.5, 125.0, 125.7, 135.0, 150.1, 154.6, 156.0; MS (EI) m/z 330 (M+, 47), 244 (32), 202 (100), 157 (71), 141 (30). Anal. calcd for C14H19ClN2O5: C, 50.84; H, 5.79; N, 8.47. Found: C, 50.76; H, 5.94; N, 8.40. 

4c: mp 118.6(119.6 °C (heptane-dietyl ether); IR 3253, 2986, 1699, 1515, 1493, 1386, 1329, 1282, 1186, 1106 cm–1; 1H NMR (CDCl3) ( 1.22 (broad s, 6H), 1.30 (d, J = 6.4 Hz, 6H), 5.02 (m, 2H), 6.95 (d, J = 8.9 Hz, 1H), 7.01 (s, 1H), 7.08 (broad s, 1H), 7.21 (dd, J1 = 8.9 Hz, J2 = 2.6 Hz, 1H), 9.01 (s, 1H); 13C NMR (DMSO-d6) ( 21.7, 21.8, 68.9, 69.7, 117.9, 121.6, 128.0, 128.6, 130.2, 152.0, 154.0, 156.6; MS (EI) m/z 330 (M+, 45), 244 (40), 202 (100), 157 (85), 142 (74), 113 (59), 78 (53). Anal. calcd for C14H19ClN2O5: C, 50.84; H, 5.79; N, 8.47. Found: C, 50.94; H, 5.89; N, 8.24.

3d: mp 136.9(138.8 °C (heptane-dietyl ether); IR 3274, 2984, 1719, 1686, 1511, 1423, 1387, 1316, 1289, 1273, 1271, 1107 cm–1; 1H NMR (CDCl3) ( 1.26 (d, J = 6.1 Hz, 6H), 1.28 (d, J = 6.1 Hz, 6H), 5.00 (m, 2H), 5.65 (s, 1H), 6.85 (s, 1H), 6.95 (d, J =8.6 Hz, 1H), 7.27 (broad d, J = 8.6 Hz, 1H), 7.58 (broad s, 1H); 13C NMR (CDCl3) ( 21.90, 21.94, 70.3, 71.2, 109.3, 115.6, 125.4, 128.6, 135.3, 151.0, 154.4, 156.0; MS (EI) m/z 374 (M+, 7), 288 (27), 246 (98), 201 (66), 103 (53), 76 (72). Anal. calcd for C14H19BrN2O5: C, 44.81; H, 5.10; N, 7.47. Found: C, 44.62; H, 5.25; N, 7.73. 

4d: mp 110.1(111.8 °C (heptane-dietyl ether); IR 3248, 2982, 1689, 1490, 1393, 1384, 1321, 1282, 1186, 1107, 832 cm–1; 1H NMR (CDCl3) ( 1.22 (broad s, 6H), 1.30 (d, J = 6.4 Hz, 6H), 5.01 (m, 2H), 6.90 (d, J = 8.7 Hz, 1H), 7.01 (s, 1H), 7.22 (broad s, 1H), 7.35 (dd, J1 = 8.7 Hz, J2 = 2.6 Hz, 1H), 9.04 (s, 1H); 13C NMR (CDCl3) ( 21.78, 21.82, 71.9, 72.0, 110.7, 119.7, 129.2, 131.6, 133.4, 153.4, 154.9, 159.2; MS (EI) m/z 374 (M+, 34), 288 (36), 246 (100), 201 (45), 186 (31). Anal. calcd for C14H19BrN2O5: C, 44.81; H, 5.10; N, 7.47. Found: C, 44.56; H, 5.29; N, 7.75. 

3e: mp 137.3(140.5 °C (heptane-dietyl ether); IR 3410, 3314, 2983, 1709, 1519, 1450, 1405, 1258, 1207, 1107 cm–1; 1H NMR (CDCl3) ( 1.26 (d, J = 6.2 Hz, 6H), 1.27 (d, J = 6.2 Hz, 6H), 4.99 (m, 2H), 6.01 (s, 1H), 6.72 (d, J = 8.9 Hz, 2H), 6.93 (broad s, 1H), 7.22 (broad d, J = 8.9 Hz, 2H); 13C NMR (CDCl3) ( 21.85, 21.88, 70.2, 70.9, 115.5, 126.6, 134.0, 155.1, 155.3, 156.2.; MS (EI) m/z 296 (M+, 17), 210 (43), 168 (100), 123 (81), 107 (33). Anal. calcd for C14H20N2O5: C, 56.73; H, 6.81; N, 9.46. Found: C, 56.76; H, 6.67; N, 9.75.

4e: mp 129.6(130.3 °C (heptane-dietyl ether); IR 3248, 2982, 1686, 1488, 1392, 1383, 1321, 1282, 1187, 1106, 829 cm–1; 1H NMR (CDCl3) ( 1.22 (broad s, 6H), 1.30 (d, J = 6.2 Hz, 6H), 5.01 (m, 2H), 6.78 (d, J = 8.7 Hz, 1H), 7.00 (s, 1H), 7.39 (broad s, 1H), 7.51 (ddd, J1 = 8.7 Hz, J2 = 2.3 Hz, J3 = 0.4 Hz, 1H), 9.04 (s, 1H); 13C NMR (CDCl3) ( 21.78, 21.81, 71.8, 72.0, 79.9, 120.3, 129.6, 137.5, 139.3, 154.1, 154.8, 159.2; MS (EI) m/z 422 (M+, 43), 336 (54), 294 (100), 249 (66), 234 (45). Anal. calcd for C14H19IN2O5: C, 39.81; H, 4.54; N, 6.64. Found: C, 39.73; H, 4.78; N, 6.89.

3f: mp 126.3(128.5° C (heptane-dietyl ether); IR 3307, 2984, 1709, 1529, 1403, 1258, 1107 cm–1; 1H NMR (CDCl3) ( 1.27 (d, J = 6.2 Hz, 6H), 1.28 (d, J = 6.2 Hz, 6H), 5.01 (m, 2H), 5.27 (s, 1H), 6.82 (s, 1H), 6.92 (m, 1H), 7.09 (m, 1H), 7.23 (m, 1H); 13C NMR (CDCl3) ( 21.84, 21.87, 70.4, 71.2, 112.8 (m), 117.0 (d, J4 = 2.6 Hz), 121.0 (m), 134.1 (d, J3 = 8.4 Hz), 142.5 (d, J2 = 13.7 Hz), 150.3 (d, J1 = 239.8 Hz), 154.7, 156.1; MS (EI) m/z 314 (M+, 73), 228 (28), 186 (100), 141 (50), 61 (35). Anal. calcd for C14H19FN2O5: C, 53.50; H, 6.09; N, 8.91. Found: C, 53.76; H, 5.95; N, 8.68.






