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Spectroscopic and analytical data for compound 21

(Z,E)-7-Formyl-11,15-dimethyl-6,10,14-hexadecatriene 21aa

Compound 21aa was obtained as a colorless oil; IR (CHCl3 soln.) max 2962, 2929, 2859, 2751, 1712, 1670, 1635, 1604, 1453, 1410, 1380, 1365, 1244, 1226, 1199, 1149, 1109, 1058, 998, 984, 890, 871, 838 cm-1; 1H NMR (400 MHz, CDCl3) 0.90 (3 H, t, J 6.8 Hz), 1.57 (3 H, s), 1.60 (3 H, s), 1.68 (3 H, s), 1.24–1.36 (6 H, m), 1.47–1.52 (2 H, m), 1.95–2.22 (6 H, m), 2.55 (2 H, q, J 8.0 Hz), 5.07–5.13 (2 H, m), 6.46 (1 H, t, J 8.0 Hz), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3) 14.0, 16.1, 17.7, 22.4, 22.5, 25.7, 26.6, 26.8, 27.1, 29.4, 31.3, 39.7, 123.5, 124.3, 131.3, 135.9, 139.6, 150.0, 191.1; HRMS (EI), calc. for C19H32O (M)+: 276.2453; found 276.2454.
(Z,E)-5-Formyl-2,9,13-trimethyl-4,8,2-tetradecatriene 21ab
Compound 21ab was obtained as a colorless oil; IR (CHCl3 soln.) max 3692, 2962, 2927, 2875, 1670, 1634, 1603, 1465, 1450, 1411, 1385, 1377, 1368, 1341, 1331, 1280, 1241, 1233, 1224, 1211, 1200, 1167, 1151, 1109, 1091, 1058, 998, 985, 835, 808 cm-1; 1H NMR (400 MHz, CDCl3) 0.96 (6 H, d, J 6.7 Hz), 1.57 (3 H, s), 1.60 (3 H, s), 1.68 (3 H, s), 1.76 (1 H, m), 1.94–2.13 (6 H, m), 2.22 (2 H, t, J 7.5 Hz), 2.45 (2 H, t, J 8.0 Hz), 5.07–5.10 (2 H, m), 6.47 (1 H, t, J 8.0 Hz), 10.10 (1 H, s); 13C NMR (100 MHz, CDCl3)  16.1, 17.7, 22.4, 25.7, 26.8, 27.1, 29.0, 30.5, 35.5, 39.7, 123.5, 124.3, 131.3, 135.9, 140.4, 148.7, 191.1; HRMS (FAB), calc. for C19H30O (M + H)+: 263.2375; found 263.2375.

(Z,E)-1-Benzyloxy-4-formyl-8,12-dimethyl-3,7,11-tridecatriene 21ac
Compound 21ac was obtained as a colorless oil; IR (CHCl3 soln.) max 2968, 2918, 2860, 2750, 1674, 1604, 1496, 1478, 1454, 1410, 1377, 1362, 1331, 1314, 1243, 1224, 1197, 1186, 1149, 1101, 1029, 1000, 912, 886, 835 cm-1; 1H NMR (400 MHz, CDCl3) 1.57 (3 H, s), 1.60 (3 H, s), 1.68 (3 H, s), 1.94–2.11 (6 H, m), 2.22 (2 H, t, J 7.6 Hz), 2.87 (2 H, q, J 7.1 Hz), 3.59 (2 H, t, J 7.1 Hz), 4.53 (2 H, s), 5.07–5.10 (2 H, m), 6.50 (1 H, t, J 7.1 Hz) 7.29–7.36 (5 H, m), 10.11 (1 H, s); 13C NMR (100 MHz, CDCl3)  16.1, 17.1, 25.7, 26.8, 27.1, 27.4, 30.4, 39.7, 69.0, 73.1, 123.4, 124.3, 127.6, 127.8, 128.5, 131.3, 135.9, 138.0, 141.1, 145.1, 191.0; HRMS (FAB), calc. for C23H32O2Na (M + Na)+: 363.2300; found 363.2322.

(Z,E)-6-Formyl-10,14-dimethyl-5,9,13-tridecatriene-1-yne 21ad
Compound 21ad was obtained as a colorless oil; IR (CHCl3 soln.) max 3307, 2969, 2918, 2857, 2755, 1674, 1603, 1447, 1436, 1411, 1377, 1364, 1328, 1264, 1245, 1221, 1204, 1148, 1108, 1091, 985, 908, 860, 836, 807 cm-1; 1H NMR (400 MHz, CDCl3) 1.58 (3 H, s), 1.60 (3 H, s), 1.68 (3 H, s), 1.95–2.13 (7 H, m), 2.24 (2 H, t, J 7.4 Hz), 2.38 (2 H, dt, J 2.5, 7.4 Hz), 2.79 (2 H, q, J 7.4 Hz), 5.06–5.11 (2 H, m), 6.47 (1 H, t, J 7.4 Hz), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3)  16.1, 17.7, 18.8, 25.4, 25.7, 26.8, 27.1, 30.4, 39.7, 69.6, 82.4, 123.3, 124.3, 131.4, 136.0, 141.1, 146.0, 190.8; HRMS (FAB), calc. for C18H26OK (M + K)+: 297.1621; found 297.1592.

Z-6-Formyl-6-dodecene 21ba
Compound 21ba was obtained as a colorless oil; IR (CHCl3 soln.) max 3691, 2959, 2930, 2873, 2860, 2750, 1671, 1634, 1604, 1467, 1460, 1411, 1379, 1364, 1243, 1224, 1212, 1198, 1178, 1118, 1108, 806 cm-1; 1H NMR (400 MHz, CDCl3) 0.88 (3 H, t, J 7.0 Hz), 0.90 (3 H, t, J 7.0 Hz), 1.21–1.40 (10 H, m), 1.41–1.53 (2 H, m), 2.15 (2 H, t, J 7.6 Hz), 2.56 (2 H, q, J 8.0 Hz), 6.45 (1 H, t, J 8.0 Hz), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3)  14.0, 14.1, 22.5, 26.6, 28.6, 29.5, 30.2, 31.3, 31.6, 140.4, 149.6, 191.1; HRMS (EI), calc. for C13H24O (M)+: 196.1827; found 196.1822.

Z-6-Formyl-9-methyl-6-decene 21bb
Compound 21bb was obtained as a colorless oil; IR (CHCl3 soln.) max 2959, 2930, 2872, 1670, 1633, 1604, 1467, 1411, 1386, 1368, 1338, 1277, 1242, 1190, 1168, 1111, 1101, 945, 903, 848, 808 cm-1; 1H NMR (400 MHz, CDCl3) 0.88 (3 H, t, J 7.0 Hz), 0.96 (6 H, d, J 6.7 Hz), 1.22–1.43 (6 H, m), 1.77 (1 H, m), 2.17 (2 H, t, J 7.7 Hz), 2.45 (2 H, t, J 7.9 Hz), 6.48 (1 H, t, J 7.9 Hz), 10.11 (1 H, s); 13C NMR (100 MHz, CDCl3)  14.1, 22.3, 22.5, 28.7, 29.0, 30.2, 31.6, 35.5, 141.2, 148.4, 191.2; HRMS (EI), calc. for C12H22O (M)+: 182.1671; found 182.1672.

Z-1-Benzyloxy-4-formyl-3-nonene 21bc
Compound 21bc was obtained as a colorless oil; IR (CHCl3 soln.) max 2958, 2930, 2861, 2794, 2748, 1676, 1642, 1603, 1496, 1467, 1455, 1409, 1362, 1311, 1247, 1211, 1180, 1100, 1028, 1001, 910, 883 cm-1; 1H NMR (400 MHz, CDCl3) 0.88 (3 H, t, J 6.9 Hz), 1.21–1.43 (6 H, m), 2.18 (2 H, t, J 7.7 Hz), 2.87 (2 H, q, J 7.1 Hz), 3.60 (2 H, t, J 7.1 Hz), 4.53 (2 H, s), 6.50 (1 H, t, J 7.1 Hz), 7.28–7.38 (5 H, m), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3)  14.0, 22.5, 27.4, 28.5, 30.2, 31.5, 69.1, 73.1, 127.6, 127.8, 128.5, 138.1, 141.7, 141.9, 191.1; HRMS (FAB), calc. for C17H25O2 (M + H)+: 261.1855; found 261.1843.

Z-6-Formyl-6-undecene-10-yne 21bd
Compound 21bd was obtained as a colorless oil; IR (CHCl3 soln.) max 3308, 2958, 2931, 2861, 1675, 1467, 1459, 1434, 1411, 1364, 1329, 1255, 1214, 1198, 1158, 1112, 908, 807 cm-1; 1H NMR (400 MHz, CDCl3) 0.88 (3 H, t, J 7.0 Hz), 1.23–1.43 (6 H, m), 2.01 (1 H, t, J 2.7 Hz), 2.20 (2 H, t, J 7.5 Hz) 2.39 (2 H, dt, J 2.7, 7.4 Hz), 2.79 (2 H, q, J 7.4 Hz), 6.48 (1 H, t, J 7.4 Hz), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3)  14.0, 18.8, 22.5, 25.4, 28.5, 30.2, 31.5, 70.0, 82.5, 141.8, 145.7, 190.9; HRMS (EI), calc. for C12H18O (M)+: 178.1358; found 178.1332.
Z-4-Formyl-2-methyl-4-decene 21ca

Compound 21ca was obtained as a colorless oil; IR (CHCl3 soln.) max 2960, 2930, 2869, 1670, 1633, 1605, 1466, 1411, 1384, 1367, 1331, 1292, 1243, 1226, 1208, 1198, 1168, 1120, 1107, 908, 891, 876, 847, 810 cm-1; 1H NMR (400 MHz, CDCl3) 0.84 (6 H, d, J 6.9 Hz), 0.90 (3 H, t, J 7.0 Hz), 1.31–1.35 (4 H, m), 1.46–1.54 (2 H, m), 1.71 (1 H, m), 2.03 (2 H, d, J 6.9 Hz) 2.57 (2 H, q, J 7.8 Hz), 6.45 (1 H, t, J 7.8 Hz), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3)  14.0, 22.3, 22.4, 26.7, 27.5, 29.5, 31.3, 39.6, 139.2, 150.9, 191.2; HRMS (EI), calc. for C12H22O (M)+: 182.1671; found 182.1680.
Z-4-Formyl-2,7-dimethyl-4-octene 21cb
Compound 21cb was obtained as a colorless oil; IR (CHCl3 soln.) max 2960, 2931, 2898, 2871, 1669, 1632, 1603, 1466, 1436, 1411, 1386, 1368, 1341, 1332, 1291, 1244, 1230, 1213, 1197, 1167, 1113, 1042, 948, 922, 911, 872, 839, 809 cm-1; 1H NMR (400 MHz, CDCl3) 0.85 (6 H, d, J 6.7 Hz), 0.90 (6 H, d, J 6.6 Hz), 1.67–1.81 (2 H, m), 2.05 (2 H, d, J 7.2 Hz) 2.47 (2 H, t, J 8.0 Hz), 6.46 (1 H, t, J 8.0 Hz), 10.11 (1 H, s); 13C NMR (100 MHz, CDCl3)  22.3, 22.4, 27.5, 29.0, 35.5, 39.7, 140.0, 149.6, 191.2; HRMS (EI), calc. for C11H20O (M)+: 168.1514; found 168.1501.

Z-1-Benzyloxy-4-formyl-6-methyl-3-heptene 21cc
Compound 21cc was obtained as a colorless oil; IR (CHCl3 soln.) max 3691, 2959, 2932, 2897, 2869, 2793, 1672, 1635, 1603, 1496, 1466, 1454, 1436, 1410, 1385, 1363, 1330, 1247, 1207, 1198, 1189, 1168, 1100, 1028, 1000, 909, 891, 874, 843, 809 cm-1; 1H NMR (400 MHz, CDCl3) 0.85 (6 H, d, J 6.8 Hz), 1.71 (1 H, m), 2.06 (2 H, d, J 6.8 Hz), 2.89 (2 H, q, J 7.1 Hz), 3.61 (2 H, t, J 7.1 Hz), 4.53 (2 H, s), 6.48 (1 H, t, J 7.1 Hz), 7.27–7.37 (5 H, m), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3)  22.3, 27.4, 39.6, 69.1, 73.1, 127.6, 127.7, 128.5, 138.0, 140.5, 146.2, 191.2; HRMS (FAB), calc. for C16H20O2K (M + K)+: 285.1257; found 285.1242.

Z-4-Formyl-2-methyl-4-nonene-1-yne 21cd
Compound 21cd was obtained as a colorless oil; IR (CHCl3 soln.) max 3308, 2960, 2932, 2871, 2757, 1722, 1675, 1640, 1467, 1434, 1409, 1385, 1368, 1328, 1290, 1267, 1199, 1166, 1113, 1061, 1010, 951, 909, 888, 865, 839, 807 cm-1; 1H NMR (400 MHz, CDCl3) 0.86 (6 H, d, J 6.8 Hz), 1.73 (1 H, m), 2.01 (1 H, t, J 2.6 Hz), 2.08 (2 H, d, J 6.8 Hz), 2.40 (2 H, dt, J 2.6, 7.4 Hz), 2.81 (2 H, q, J 7.4 Hz), 6.45 (1 H, t, J 7.4 Hz), 10.12 (1 H, s); 13C NMR (100 MHz, CDCl3)  18.8, 22.3, 25.4, 27.5, 39.6, 70.0, 82.4, 140.6, 146.9, 191.0; HRMS (EI), calc. for C11H16O (M)+: 164.1201; found 164.1180.

E-2-Phenyl-2-octene-1-al 21da-E
Compound 21da-E was obtained as a colorless oil; IR (CHCl3 soln.) max 4216, 3691, 3605, 3518, 2959, 2930, 2873, 2861, 2719, 1731, 1686, 1632, 1601, 1580, 1497, 1467, 1449, 1411, 1379, 1341, 1318, 1275, 1247, 1222, 1213, 1178, 1151, 1127, 1072, 1026, 1003, 976, 910, 882 cm-1; 1H NMR (400 MHz, CDCl3) 0.87 (3 H, t, J 7.1 Hz), 1.24–1.32 (4 H, m), 1.48–1.56 (2 H, m), 2.35 (2 H, q, J 7.5 Hz), 6.73 (1 H, t, J 7.5 Hz), 7.15 (2 H, d, J 7.2 Hz), 7.34 (1 H, t, J 7.2 Hz), 7.40 (2 H, t, J 7.2 Hz), 9.62 (1 H, s); 13C NMR (100 MHz, CDCl3)  13.9, 22.3, 28.5, 29.7, 31.4, 127.9, 128.2, 129.4, 132.6, 143.9, 156.7, 193.7; HRMS (EI), calc. for C14H18O (M)+: 202.1358; found 202.1347.

Z-2-Phenyl-2-octene-1-al 21da-Z
Compound 21da-Z was obtained as a colorless oil; IR (CHCl3 soln.) max 3514, 2959, 2931, 2873, 2861, 1727, 1692, 1681, 1600, 1580, 1496, 1467, 1449, 1379, 1348, 1317, 1273, 1222, 1201, 1180, 1129, 1076, 1045, 1026, 1002, 974, 917 cm-1; 1H NMR (400 MHz, CDCl3) 0.92 (3 H, t, J 7.1 Hz), 1.21–1.42 (4 H, m), 1.56–1.63 (2 H, m), 2.73 (2 H, q, J 7.9 Hz), 6.73 (1 H, t, J 7.9 Hz), 7.29–7.40 (5 H, m), 10.31 (1 H, s); 13C NMR (100 MHz, CDCl3)  14.0, 22.4, 27.4, 29.3, 31.4, 127.9, 128.2, 128.3, 136.7, 140.3, 152.0, 190.2; HRMS (EI), calc. for C14H18O (M)+: 202.1358; found 202.1348.

E-2-Phenyl-5-methyl-2-hexene-1-al 21db-E
Compound 21db-E was obtained as a colorless oil; IR (CHCl3 soln.) max 3691, 3519, 3085, 2961, 2899, 2873, 2720, 1733, 1687, 1632, 1600, 1579, 1497, 1467, 1449, 1410, 1387, 1370, 1318, 1282, 1227, 1217, 1201, 1152, 1129, 1076, 1049, 1026, 1017, 1005, 984, 969, 947, 921, 904, 809 cm-1; 1H NMR (400 MHz, CDCl3) 0.93 (6 H, d, J 6.7 Hz), 1.81–1.88 (1 H, m), 2.26 (2 H, t, J 7.3 Hz), 6.76 (1 H, t, J 7.3 Hz), 7.14 (2 H, d, J 7.2 Hz), 7.34 (1 H, t, J 7.2 Hz), 7.40 (2 H, t, J 7.2 Hz) 9.63 (1 H, s); 13C NMR (100 MHz, CDCl3)  22.4, 28.5, 38.6, 127.8, 128.2, 129.4, 132.7, 144.7, 155.5, 193.7; HRMS (EI), calc. for C13H16O (M)+: 188.1201; found 188.1185.

Z-2-Phenyl-5-methyl-2-hexene-1-al 21db-Z
Compound 21db-Z was obtained as a colorless oil; IR (CHCl3 soln.) max 3691, 3512, 3085, 2961, 2934, 2899, 2872, 1727, 1697, 1680, 1635, 1600, 1581, 1495, 1467, 1448, 1408, 1388, 1369, 1348, 1317, 1282, 1255, 1231, 1218, 1203, 1169, 1139, 1112, 1097, 1075, 1051, 1027, 1013, 1002, 968, 949, 921, 809 cm-1; 1H NMR (400 MHz, CDCl3) 1.03 (6 H, d, J 6.6 Hz), 1.85–1.92 (1 H, m), 2.63 (2 H, t, J 7.5 Hz), 6.79 (1 H, t, J 7.5 Hz), 7.30–7.37 (5 H, m), 10.31 (1 H, s); 13C NMR (100 MHz, CDCl3)  22.4, 29.1, 36.2, 128.2, 128.3, 129.8, 136.8, 141.1, 150.3, 190.3; HRMS (EI), calc. for C13H16O (M)+: 188.1201; found 188.1176.
