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Fig. s1 Molecular structure of the compound 1c 

 

Fig. s2 Molecular structure of the compound 1e 

 

Fig. s3 Molecular structure of the compound 1k 
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Fig. s4 Molecular structure of the compound 2c 

 

Fig. s5 Molecular structure of the compound 2d 

 

Fig. s6 Molecular structure of the compound 2e 
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Fig. s7 Molecular structure of the compound 2f 

 

Fig. s8 Molecular structure of the compound 2i 
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2-(-3-benzyl-11b-hydroxy-7-oxo-6-(p-tolyl)-2,3,4,5,6,6a,7,11b-octahydro-1H-1,5-methanoinde

no[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1a): yellow solid, 71%, m.p. 179-181℃; 

1H NMR (400 MHz, DMSO) δ: 7.99 (d, J = 6.4 Hz, 1H, ArH), 7.94-7.88 (m, 2H, ArH), 7.83 (d, J 

= 6.4 Hz, 1H, ArH), 7.77 (d, J = 7.6 Hz, 1H, ArH), 7.60 (t, J = 7.6 Hz, 1H, ArH), 7.52 (d, J = 7.2 

Hz, 1H, ArH), 7.45-7.40 (m, 5H, ArH),7.36-7.32 (m, 1H, ArH), 7.26 (d, J = 8.0 Hz, 1H, ArH), 

7.18-7.12 (m, 2H, ArH), 7.06 (d, J = 7.6 Hz, 1H, ArH), 6.04 (s, 1H, CH),5.35 (s, 1H, CH),4.36 (s, 

1H, CH), 3.95 (d, J = 12.4 Hz, 1H, CH), 3.86 (d, J = 10.4 Hz, 1H, CH), 3.65 (d, J =  12.8Hz, 1H, 

CH), 3.11 (d, J = 12.8 Hz, 1H, CH), 2.78 (d, J = 12.0 Hz, 1H, CH), 2.71-2.67 (m, 1H, CH), 2.50 (s, 

3H, CH3), 2.48-2.45 (m, 1H, CH), 2.09 (d, J = 10.8 Hz, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 

204.0, 190.9, 190.8, 174.0, 153.5, 141.0, 140.9, 137.7, 137.5, 135.3, 135.3, 135.0, 134.2, 132.9, 

130.2, 130.1, 129.6, 128.7, 128.6, 127.7, 124.8, 124.6, 124.1, 123.2, 123.1, 82.5, 62.3, 59.8, 57.6, 

55.7, 48.0, 40.3, 40.0, 29.7; IR(KBr) υ: 3436, 3031, 2940, 2820, 1722, 1675, 1602, 1466, 1352, 

1227, 1047, 1002, 750, 706 cm-1; MS (m/z): HRMS (ESI) Calcd. for C38H32NO4([M+H]+): 

566.2331, found: 566.2346. 
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2-(3-benzyl-11b-hydroxy-7-oxo-6-(m-tolyl)-2,3,4,5,6,6a,7,11b-octahydro-1H-1,5-methanoinde

no[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1b): yellow solid, 77%, m.p. 181-183℃; 

1H NMR (400 MHz, CDCl3) δ: 7.94-7.93 (m, 1H, ArH), 7.90-7.86 (m, 2H, ArH), 7.79-7.73 (m, 

2H, ArH), 7.63 (d, J = 7.6 Hz, 1H, ArH), 7.56 (t, J = 7.2 Hz, 1H, ArH), 7.41-7.38 (m, 5H, ArH), 

7.34-7.31 (m, 1H, ArH), 7.20-7.14 (m, 2H, ArH), 7.10-7.05 (m, 2H, ArH), 5.51 (s, 1H, CH), 4.57 

(s, 1H, CH), 4.11 (d, J = 12.0 Hz, 1H, CH), 3.72 (d, J = 11.2 Hz, 1H, CH), 3.52-3.42 (m, 2H, CH), 

3.15 (d, J = 11.6 Hz, 1H, CH), 2.80 (d, J = 11.6 Hz, 1H, CH), 2.55 (s, 1H, CH), 2.46 (d, J = 11.6 

Hz, 1H, CH), 2.32 (s, 3H, CH3), 2.22 (d, J = 11.6 Hz, 1H, CH); 13C NMR (100 MHz, CDCl3) 

δ:204.3, 191.0, 190.9, 175.1, 153.6, 141.0, 140.9, 138.9, 138.1, 137.9, 135.3, 135.2, 134.8, 134.4, 

130.1, 129.8, 129.3, 128.7, 128.3, 128.0, 127.7, 125.7, 124.7, 124.4, 124.2, 123.2, 123.1, 82.6, 

62.4, 59.9, 57.4, 56.4, 48.6, 40.3, 21.7; IR(KBr) υ: 3416, 3028, 2926, 2788, 2751, 1720, 1670, 

1619, 1593, 1458, 746, 701 cm-1; MS (m/z): HRMS (ESI) Calcd. for C38H32NO4 ([M+H]+): 

566.2331, found: 566.2351.  

 

Water peak 
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2-((5S,6aR,11bR)-3-benzyl-11b-hydroxy-6-(3-methoxyphenyl)-7-oxo-2,3,4,5,6,6a,7,11b-octah

ydro-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1c): yellow 

solid, 68%, m.p. 177-179℃; 1H NMR (400 MHz, DMSO) δ: 8.00-7.98 (m, 1H, ArH), 7.94-7.87 

(m, 2H, ArH), 7.84-7.82 (m, 1H, ArH), 7.77 (d, J = 7.6 Hz, 1H, ArH), 7.58 (t, J = 7.2 Hz, 1H, 

ArH), 7.52 (d, J = 7.2 Hz, 1H, ArH), 7.45-7.38 (m, 5H, ArH), 7.34-7.30 (m, 1H, ArH), 7.06 (t, J = 

8.0Hz, 1H, ArH), 6.80-6.71 (m, 3H, ArH), 6.00 (s, 1H, CH), 5.34 (s, 1H, CH), 4.38 (d, J = 2.4 Hz, 

1H, CH), 4.00 (d, J = 12.0 Hz, 1H, CH), 3.83 (d, J = 10.4 Hz, 1H, CH), 3.70 (s, 3H, OCH3), 3.58 

(d, J = 12.8 Hz, 1H, CH), 3.32-3.28 (m, 1H, CH), 2.86 (d, J = 11.2 Hz, 1H, CH), 2.64-2.60 (m, 1H, 

CH), 2.43-2.41 (m, 1H, CH), 2.11-2.08 (m, 1H, CH); 13C NMR (100 MHz, DMSO) δ: 205.0, 

191.0, 190.8, 175.4, 159.5, 155.6, 141.4, 140.7, 138.2, 136.4, 136.3, 134.7, 134.1, 130.0, 129.7, 

129.5, 128.6, 127.5, 124.6, 124.4, 124.2, 123.4, 123.4, 121.2, 115.4, 112.2, 81.4, 62.0, 59.0, 58.0, 

55.9, 55.3, 48.3; IR(KBr) υ: 3420, 2786, 2750, 1719, 1670, 1617, 1591, 1453, 1349, 1225, 1148, 

1042, 770, 701 cm-1; MS (m/z): HRMS (ESI) Calcd. for C38H32NO5([M+H]+): 582.2280, 

found:582.2326. 
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2-((5S,6aR,11bR)-3-benzyl-11b-hydroxy-6-(4-methoxyphenyl)-7-oxo-2,3,4,5,6,6a,7,11b-octah

ydro-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1d): yellow 

solid, 65%, m.p. 188-190℃; 1H NMR (400 MHz, CDCl3) δ: 7.96-7.94 (m, 1H, ArH), 7.90-7.86 

(m, 2H, ArH), 7.80-7.74 (m, 2H, ArH), 7.64 (d, J = 7.6 Hz, 1H, ArH), 7.60-7.56 (m, 1H, ArH), 

7.43-7.39 (m, 5H, ArH), 7.37-7.32 (m, 2H, ArH), 7.24-7.21 (m, 1H, ArH), 7.20-7.16 (m, 2H, ArH), 

5.50 (s, 1H, CH), 4.59-4.58 (m, 1H, CH), 4.05 (d, J = 12.0 Hz, 1H, CH), 3.76-3.71 (m, 1H, CH), 

3.48 (s, 2H, CH), 3.06 (d, J = 12.0 Hz, 1H, CH), 2.81 (dd, J1 = 12.0 Hz, J2 = 4.0 Hz, 1H, CH), 

2.53 (s, 1H, CH), 2.48 (dd, J1 = 11.6 Hz, J2 = 2.0 Hz, 1H, CH), 2.23 (dd, J1 = 12.0 Hz, J2 = 3.2 Hz, 

1H, CH); 13C NMR (100 MHz, DMSO) δ: 205.0, 191.0, 190.8, 175.8, 158.3, 155.5, 140.7, 140.7, 

138.3, 137.4, 136.4, 136.3, 134.6, 134.2, 131.7, 130.1, 128.6, 127.6, 127.6, 124.5, 124.3, 124.3, 

123.4, 113.9, 81.4, 62.0, 59.5, 59.5, 59.4, 58.5, 55.4, 55.3, 47.7; IR(KBr) υ: 3404, 3004, 2949, 

2870, 2781, 1719, 1670, 1618, 1508, 1456, 1395, 1350, 1252, 1222, 1041, 767, 743 cm-1; MS 

(m/z): HRMS (ESI) Calcd. for C38H32NO5([M+H]+): 582.2280, found:582.2270. 
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2-((5S,6aR,11bR)-3-benzyl-6-(3-chlorophenyl)-11b-hydroxy-7-oxo-2,3,4,5,6,6a,7,11b-octahyd

ro-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1e): yellow 

solid, 71%, m.p. 177-179℃; 1H NMR (400 MHz, CDCl3) δ: 7.95-7.93 (m, 1H, ArH), 7.89 (d, J = 

8.0Hz, 1H, ArH), 7.86-7.84 (m, 1H, ArH), 7.79-7.73 (m, 2H, ArH), 7.63 (d, J = 7.2 Hz, 1H, ArH), 

7.56 (t, J = 7.6 Hz, 1H, ArH), 7.42-7.32 (m, 6H, ArH), 7.20 (d, J = 8.4 Hz, 2H, ArH), 6.80 (d, J = 

8.4 Hz, 2H, ArH), 5.50 (s, 1H, CH), 4.54-4.53 (m, 1H, CH), 4.05 (d, J = 12.4 Hz, 1H, CH), 

3.75-3.71 (m, 1H, CH), 3.47 (s, 2H, CH), 3.12 (d, J = 11.6 Hz, 1H, CH), 2.78 (dd, J1 = 12.0 Hz, J2 

= 4.0 Hz, 1H, CH), 2.50-2.46 (m, 2H, CH), 2.21 (dd, J1 = 12.0 Hz, J2 = 3.2 Hz, 1H, CH); 13C 

NMR (100 MHz,CDCl3) δ: 204.0, 190.8, 190.8, 173.9, 153.5, 141.1, 141.0, 140.9, 137.6, 135.3, 

135.3, 135.0, 134.4, 134.2, 130.2, 129.7, 129.3, 129.1, 128.7, 127.7, 127.4, 126.8, 124.7, 124.7, 

124.2, 123.2, 123.2, 82.5, 62.3, 59.6, 57.3, 56.1, 48.2, 40.2, 39.9; IR(KBr) υ: 3402, 2781, 2752, 

1719, 1670, 1619, 1508, 1456, 1351, 1253, 1221, 1042, 767, 743 cm-1; MS (m/z): HRMS (ESI) 

Calcd. for C37H29ClNO4([M+H]+): 586.1785, found: 586.1831. 

 

Water peak 
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2-((5S,6aR,11bR)-3-benzyl-6-(4-chlorophenyl)-11b-hydroxy-7-oxo-2,3,4,5,6,6a,7,11b-octahyd

ro-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1f): yellow 

solid, 72%, m.p. 179-181℃; 1H NMR (400 MHz, CDCl3) δ: 7.96-7.94 (m, 1H, ArH), 7.90-7.85 

(m, 2H, ArH), 7.80-7.74 (m, 2H, ArH), 7.64 (d, J = 7.6 Hz, 1H, ArH), 7.60-7.56 (m, 1H, ArH), 

7.44-7.37 (m, 6H, ArH), 7.22-7.16 (m, 4H, ArH), 5.51 (s, 1H, CH), 4.54 (s, 1H, CH), 4.04(d, J = 

12.0 Hz, 1H, CH), 3.76 (d, J = 11.6 Hz, 1H, CH), 3.53 (d, J = 12.4 Hz, 1H, CH), 3.40 (d, J = 

12.4Hz, 1H, CH), 3.03 (d, J = 11.6 Hz, 1H, CH), 2.80-2.76 (m, 1H, CH), 2.53-2.48 (m, 2H, CH), 

2.21-2.18 (m, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 203.9, 190.8, 173.8, 153.5, 141.1, 141.0, 

137.6, 135.4, 135.3, 135.0, 134.4, 134.2, 130.2, 12.7, 129.3, 129.1, 128.7, 127.7, 127.4, 126.8, 

124.7, 124.2, 123.2, 123.2, 110.0, 82.5, 62.3, 59.6, 57.3, 56.1, 48.2, 40.2, 39.9; IR(KBr) υ: 3383, 

2919, 2854, 2786, 2753, 1722, 1668, 1624, 1591, 1351, 1228, 747, 701 cm-1; MS (m/z): HRMS 

(ESI) Calcd. for C37H29ClNO4([M+H]+): 586.1785, found: 586.1830. 

 

Water peak 
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2-((5S,6aR,11bR)-3-benzyl-11b-hydroxy-7-oxo-6-phenyl-2,3,4,5,6,6a,7,11b-octahydro-1H-1,5-

methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1g): yellow solid, 68%, 

m.p. 183-185℃; 1H NMR (400 MHz, CDCl3) δ: 7.95-7.93 (m, 1H, ArH), 7.90 (d, J = 7.6 Hz, 1H, 

ArH), 7.87-7.85 (m, 1H, ArH), 7.79-7.73 (m, 2H, ArH), 7.64 (d, J = 7.6 Hz, 1H, ArH), 7.60 (t, J = 

7.2 Hz, 1H, ArH), 7.42-7.38 (m, 5H, ArH), 7.36-7.34 (m, 1H, ArH), 7.31-7.28 (m, 3H, ArH), 7.25 

(d, J = 9.2 Hz, 2H, ArH), 5.51 (s, 1H, CH), 4.58 (s, 1H, CH), 4.12 (d, J = 12.0 Hz, 1H, CH), 3.74 

(d, J = 11.6 Hz, 1H, CH), 3.47 (s, 2H, CH), 3.11 (d, J = 12.0 Hz, 1H, C), 2.83 (dd, J1 = 11.6 Hz, J2 

= 4.0 Hz, 1H, CH), 2.55 (s, 1H, CH), 2.48 (d, J = 10.0 Hz, 1H, CH), 2.21 (dd, J1 = 11.6 Hz, J2 = 

2.8 Hz, 1H, CH); 13C NMR (100 MHz, CDCl3) δ: 204.2, 190.9, 190.9, 174.7, 153.5, 141.0, 141.0, 

139.0, 137.8, 135.3, 135.2, 134.9, 134.4, 130.1, 129.4, 12.8, 128.7, 128.5, 127.7, 127.1, 124.7, 

124.5, 124.2, 123.2, 123.1, 82.7, 62.3, 59.9, 57.4, 56.1, 48.6, 40.3, 29.7; IR(KBr) υ: 3408, 2790, 

2752, 1720, 1671, 1622, 1457, 1352, 1227, 1146, 1043, 767, 700 cm-1; MS (m/z): HRMS (ESI) 

Calcd. for C37H30NO4([M+H]+): 552.2175, found: 552.2220. 

 

Water peak 
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2-((5S,6aR,11bR)-3-benzyl-11b-hydroxy-6-(4-nitrophenyl)-7-oxo-2,3,4,5,6,6a,7,11b-octahydro

-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1h): yellow solid, 

72%, m.p. 198-200℃; 1H NMR (400 MHz, DMSO) δ: 8.00-7.88 (m, 5H, ArH), 7.82-7.78 (m, 2H, 

ArH), 7.62 (t, J = 7.6 Hz, 1H, ArH), 7.53 (d, J = 7.2 Hz, 1H, ArH), 7.46-7.39 (m, 6H, ArH), 7.34 

(d, J = 8.8 Hz, 2H, ArH), 6.12 (s, 1H, CH), 5.37 (s, 1H, CH), 4.39 (d, J = 3.2 Hz, 1H, CH), 3.98 (d, 

J = 12.0 Hz, 1H, CH), 3.89 (d, J = 10.4 Hz, 1H, CH), 3.89 (d, J = 10.4 Hz, 1H, CH), 3.69 (d, J = 

12.4 Hz, 1H, CH), 3.21 (d, J = 12.4 Hz, 1H, CH), 2.85 (dd, J1 = 12.0 Hz, J2 = 4.0 Hz, 1H, CH), 

2.72 (d, J = 12.0 Hz, 1H, CH), 2.09 (dd, J1 = 11.6 Hz, J2 = 2.0 Hz, 1H, CH); 13C NMR (100 MHz, 

DMSO) δ: 204.9, 190.9, 190.7, 173.9, 155.6, 147.9, 146.7, 140.8, 140.7, 138.2, 136.4, 136.4, 

135.0, 133.8, 130.4, 130.2, 128.7, 127.7, 124.9, 124.5, 124.3, 123.6, 123.5, 123.3, 81.2, 61.8, 58.9, 

58.4, 55.1, 47.8; IR(KBr) υ: 3409, 2805, 1717, 1674, 1595, 1517, 1397, 1339, 1220, 1045, 742, 

700 cm-1; MS (m/z): HRMS (ESI) Calcd. for C37H29N2O6([M+H]+): 597.2026, found: 597.2021. 
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2-((5S,6aR,11bR)-3-benzyl-11b-hydroxy-6-(2-nitrophenyl)-7-oxo-2,3,4,5,6,6a,7,11b-octahydro

-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1i): white solid, 

70%, m.p. 219-221℃; 1H NMR (400 MHz, CDCl3) δ: 7.97-7.92 (m, 3H, ArH), 7.80-7.66 (m, 6H, 

ArH), 7.47 (t, J = 7.2 Hz, 1H, ArH), 7.26-7.23 (m, 2H, ArH), 6.92 (d, J = 7.2 Hz, 2H, ArH), 5.08 

(s, 1H, CH), 4.79 (d, J = 8.4 Hz, 2H, CH), 3.90 (s, 1H, CH), 3.38 (d, J = 11.2 Hz, 1H, CH), 3.18 (d, 

J = 13.2 Hz, 1H, CH), 2.91 (d, J = 16.0 Hz, 2H, CH), 2.42 (dd, J1 = 11.2 Hz, J2 = 2.0 Hz, 1H, CH), 

2.00 (d, J = 10.4 Hz, 1H, CH), 1.90 (d, J = 11.6 Hz, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 

197.0, 192.7, 188.5, 171.8, 152.4, 149.0, 140.9, 140.5, 139.7, 135.7, 135.6, 135.1, 134.4, 133.8, 

132.5, 130.6, 130.0, 129.2, 128.2, 127.9, 127.2, 124.8, 123.4, 123.3, 123.2, 123.2, 122.7, 86.1, 

60.7, 59.0, 58.4, 55.3, 54.8, 45.0, 44.5, 38.2, 18.4,; IR(KBr) υ: 3348, 2807, 1717, 1680, 1623, 

1520, 1350, 1233, 739 cm-1; MS (m/z): HRMS (ESI) Calcd. for C36H29N2O4([M+H]+): 597.2026, 

found:597.2025. 

 

Water peak 
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2-((5S,6aR,11bR)-3-benzyl-11b-hydroxy-7-oxo-6-(pyridin-3-yl)-2,3,4,5,6,6a,7,11b-octahydro-

1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1j): yellow solid, 

66%, m.p. 179-181℃; 1H NMR (400 MHz, CDCl3) δ: 8.55 (s, 1H, ArH), 8.48 (d, J = 4.8 Hz, 1H, 

ArH), 7.96-7.94 (m, 1H, ArH), 7.91-7.86 (m, 2H, ArH), 7.80-7.74 (m, 2H, ArH), 7.64 (d, J = 7.6 

Hz, 1H, ArH), 7.58 (t,J = 8.0 Hz, 2H, ArH), 7.44-7.34 (m, 6H, ArH), 7.14 (dd, J1 = 8.0 Hz, J2 = 

4.4 Hz, 1H, ArH), 5.52 (s, 1H, CH), 4.60 (s, 1H, CH), 4.08 (d, J = 12.0 Hz, 1H, CH), 3.78 (d, J = 

11.2 Hz, 1H, CH), 3.54-3.43 (m, 2H, CH), 3.01 (d, J = 11.6 Hz, 1H, CH), 2.84 (dd, J1 = 12.0 Hz, 

J2 = 4.0 Hz, 1H, CH), 2.64 (s, 1H, CH), 2.51 (d, J = 10.0 Hz, 1H, CH), 2.23 (dd, J1 = 12.0 Hz, J2 = 

2.4 Hz, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 203.9, 190.8, 190.7, 173.3, 153.6, 150.4, 150.4, 

148.4, 141.0, 141.0, 137.6, 136.1, 136.0, 135.3, 135.1, 134.7, 134.1, 130.3, 129.5, 128.7, 127.7, 

124.8, 124.2, 123.3, 82.3, 62.2, 59.2, 59.2, 57.4, 55.7, 55.7, 46.1, 46.0, 40.2, 40.1, 39.7, 39.6; 

IR(KBr) υ: 3416, 2791, 2755, 1723, 1673, 1625, 1587, 1224, 802, 774 cm-1; MS (m/z): HRMS 

(ESI) Calcd. for C36H29N2O4([M+H]+): 553.2127, found:553.2130. 
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2-((5S,6aR,11bR)-3-benzyl-11b-hydroxy-7-oxo-6-(pyridin-4-yl)-2,3,4,5,6,6a,7,11b-octahydro-

1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1k): yellow solid, 

58%, m.p. 172-174℃; 1H NMR (400 MHz, CDCl3) δ: 8.41 (d, J = 5.2 Hz, 2H, ArH), 7.94 (d, J = 

7.2 Hz, 1H, ArH), 7.90-7.84 (m, 2H, ArH), 7.80-7.74 (m, 2H, ArH), 7.63 (d, J = 7.6 Hz, 1H, ArH), 

7.57(t,J = 7.6 Hz, 1H, ArH), 7.42-7.34 (m, 6H, ArH), 7.14 (d, J = 5.6 Hz, 2H, ArH), 5.51 (s, 1H, 

CH), 4.57 (s, 1H, CH), 4.08 (d, J = 12.0 Hz, 1H, CH), 3.80 (d, J = 11.6 Hz, 1H, CH), 3.57 (d, J = 

12.4 Hz, 1H, CH), 3.33 (d, J = 12.4 Hz, 1H, CH), 2.91 (d, J = 12.0 Hz, 1H, CH), 2.85 (s, 1H, CH), 

2.75 (dd, J1 = 11.6 Hz, J2 = 4.0 Hz, 1H, CH), 2.53 (d, J = 10.4 Hz, 1H, CH), 2.16 (dd, J1 = 12.0 Hz, 

J2 = 2.8 Hz, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 204.1, 190.8, 190.7, 173.1, 153.7, 149.8, 

148.0, 141.0, 140.9, 137.6, 135.4, 13.2, 134.0, 130.3, 129.5, 128.7, 127.8, 124.8, 124.2, 123.9, 

123.3, 82.4, 62.2, 58.7, 57.7, 55.4, 47.8, 47.8, 40.3, 40.2, 39.3, 39.2; IR(KBr) υ: 3422, 2815, 1721, 

1682, 1625, 1596, 1347, 1223, 833, 768 cm-1; MS (m/z): HRMS (ESI) Calcd. for C36H29N2O4 

([M+H]+): 553.2127, found:553.2123. 
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2-((5S,6aR,11bR)-11b-hydroxy-3-methyl-7-oxo-6-(p-tolyl)-2,3,4,5,6,6a,7,11b-octahydro-1H-1,

5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1l): yellow solid, 66%, 

m.p. 181-183℃; 1H NMR (400 MHz, CDCl3) δ: 7.77-7.74 (m, 2H, ArH), 7.67-7.59 (m, 3H, ArH), 

7.32 (t, J = 7.2 Hz, 1H, ArH), 7.21-7.17 (m, 1H, ArH), 6.89 (d, J = 8.0 Hz, 2H, ArH), 6.79 (d, J = 

8.0 Hz, 2H, ArH), 6.74 (d, J = 7.6 Hz, 1H, ArH), 4.69 (s, 1H, CH), 4.35 (d, J = 13.6 Hz, 1H, CH), 

4.02 (d, J = 10.0 Hz, 1H, CH), 3.24-3.13 (m, 2H, CH), 2.82-2.78 (m, 1H, CH), 2.52-2.44 (m, 1H, 

CH), 2.34-2.27 (m, 1H, CH), 2.24 (s, 3H, CH3), 2.10 (s, 3H, CH3), 2.05 (d, J = 10.8 Hz, 1H, CH); 

13C NMR (100 MHz,CDCl3) δ: 206.6, 197.5, 191.5, 154.7, 148.3, 143.3, 141.9, 138.4, 137.4, 

136.1, 135.4, 134.3, 133.3, 129.7, 129.6, 129.1, 128.7, 124.3, 122.9, 122.7, 122.6, 76.3, 61.0, 60.2, 

56.3, 46.7, 45.2, 43.0, 27.7, 20.8; IR(KBr) υ: 3407, 2933, 2792, 1697, 1653, 1594, 1371, 1258, 

1033, 767 cm-1; MS (m/z): HRMS (ESI) Calcd. for C32H28NO4([M+H]+): 490.2018, found: 

490.2030. 
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2-((5S,6aR,11bR)-11b-hydroxy-3-methyl-7-oxo-6-(m-tolyl)-2,3,4,5,6,6a,7,11b-octahydro-1H-1

,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1m): yellow solid, 63%, 

m.p. 172-174℃; 1H NMR (400 MHz, CDCl3) δ: 7.77-7.73 (m, 2H, ArH), 7.66-7.64 (m, 3H, ArH), 

7.33 (t, J = 7.2 Hz, 1H, ArH), 7.21 (t, J = 7.2 Hz, 1H, ArH), 6.90-6.86 (m, 1H, ArH), 6.81-6.76 (m, 

4H, ArH), 4.76 (s, 1H, CH), 4.35 (d, J = 13.6 Hz, 1H, CH), 4.01 (d, J = 10.4 Hz, 1H, CH), 

3.25-3.14 (m, 2H, CH), 2.84-2.80 (m, 1H, CH), 2.52-2.44 (m, 1H, CH), 2.34-2.29 (m, 1H, CH), 

2.26 (s, 3H, CH3), 2.10-2.05 (m, 4H, CH, CH3); 13C NMR (100 MHz,CDCl3) δ: 206.6, 197.4, 

191.5, 154.4, 148.4, 143.4, 141.9, 138.4, 138.0, 136.2, 136.1, 135.4, 134.4, 129.7, 128.4, 128.3, 

124.3, 122.7, 122.7, 122.5, 76.2, 61.0, 60.3, 56.3, 47.2, 45.3, 42.9, 27.7, 21.1; IR(KBr) υ: 3448, 

2791, 1697, 1654, 1595, 1458, 1371, 1333, 1249, 775 cm-1; MS (m/z): HRMS (ESI) Calcd. for 

C32H28NO4([M+H]+): 490.2018, found: 490.2033. 
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2-((5S,6aR,11bR)-11b-hydroxy-6-(2-methoxyphenyl)-3-methyl-7-oxo-2,3,4,5,6,6a,7,11b-octah

ydro-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1n): yellow 

solid, 71%, m.p. 173-175℃; 1H NMR (400 MHz, CDCl3) δ: 7.77-7.73 (m, 2H, ArH), 7.67-7.59 

(m, 3H, ArH), 7.30 (t, J = 7.6 Hz, 1H, ArH), 7.18 (t, J = 7.6 Hz, 1H, ArH), 6.92 (d, J = 8.4 Hz, 2H,, 

ArH), 6.73 (d, J = 8.0 Hz, 1H,, ArH), 6.52 (d, J = 8.4 Hz, 2H,, ArH), 4.65 (s, 1H, CH), 4.33(d, J = 

13.6 Hz, 1H, CH), 3.99 (d, J = 10.0 Hz, 1H, CH), 3.61 (s, 3H, OCH3), 3.20-3.12 (m, 2H, CH), 

2.81-2.77 (m, 1H, CH), 2.50-2.42 (m, 1H, CH), 2.32-2.26 (m, 1H, CH), 2.24 (s, 3H, CH3), 

2.07-2.02 (m, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 206.6, 197.6, 191.5, 158.9, 154.7, 148.3, 

143.3, 142.0, 138.4, 136.2, 135.5, 134.3, 129.9, 129.7, 129.6, 128.3, 124.3, 122.9, 122.7, 122.5, 

113.8, 76.3, 61.1, 60.2, 56.3, 55.0, 46.3, 45.2, 43.2, 27.7; IR(KBr) υ: 3409, 2932, 2796, 1697,5 

1654, 1598, 1511, 1458, 1259, 1036, 766 cm-1; MS (m/z): HRMS (ESI) Calcd. for C32H28NO5 

([M+H]+): 506.1967, found: 506.1966. 
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2-((5S,6aR,11bR)-11b-hydroxy-6-(4-methoxyphenyl)-3-methyl-7-oxo-2,3,4,5,6,6a,7,11b-octah

ydro-1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1o): yellow 

solid, 68%, m.p. 170-172℃; 1H NMR (400 MHz, CDCl3) δ: 7.78-7.74 (m, 2H, ArH), 7.70-7.61 

(m, 3H, ArH), 7.32 (t, J = 7.2 Hz, 1H, ArH), 7.19 (t, J = 7.2 Hz, 1H, ArH), 6.93 (d, J = 8.8 Hz, 2H,, 

ArH), 6.74 (d, J = 7.6 Hz, 1H,, ArH), 6.53 (d, J = 8.4 Hz, 2H,, ArH), 4.66 (s, 1H, CH), 4.34 (d, J = 

13.6 Hz, 1H, CH), 4.01 (d, J = 10.0 Hz, 1H, CH), 3.62 (s, 3H, OCH3), 3.22-3.13 (m, 2H, CH), 

2.82-2.78 (m, 1H, CH), 2.52-2.44 (m, 1H, CH), 2.34-2.27 (m, 1H, CH), 2.25 (s, 3H, CH3), 

2.06-2.03 (m, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 206.6, 197.5, 191.4, 158.8, 154.6, 148.3, 

143.3, 141.9, 138.4, 136.1, 135.5, 134.3, 129.9, 129.7, 128.3, 124.3, 122.9, 122.8, 122.5, 113.8, 

110.0, 76.3, 61.1, 60.2, 56.3, 55.0, 46.3, 45.2, 43.2, 27.7; IR(KBr) υ: 3408, 2931, 2796, 1697, 

1654, 1599, 1511, 1458, 1258, 1036, 766 cm-1; MS (m/z): HRMS (ESI) Calcd. for C32H28NO5 

([M+H]+): 506.1967, found: 506.1962. 
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2-((5S,6aR,11bR)-11b-hydroxy-3-methyl-7-oxo-6-phenyl-2,3,4,5,6,6a,7,11b-octahydro-1H-1,5

-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1p): yellow solid, 70%, 

m.p. 163-165℃; 1H NMR (400 MHz, CDCl3) δ: 7.77-7.72 (m, 2H, ArH), 7.66-7.61 (m, 3H, ArH), 

7.32 (t, J = 7.6 Hz, 1H, ArH), 7.20 (t, J = 7.2 Hz, 1H, ArH), 7.01-6.98 (m, 5H, ArH), 6.75 (d, J = 

8.0 Hz, 1H, ArH), 4.70 (s, 1H, CH), 4.35 (d, J = 14.0 Hz, 1H, CH), 4.06 (d, J = 10.0 Hz, 1H, CH), 

3.27-3.21 (m, 1H, CH), 3.18-3.14 (m, 1H, CH), 2.81 (dd, J1 = 10.8 Hz, J2 = 4.8 Hz, 1H, CH3), 

2.53-2.45 (m, 1H, CH), 2.34-2.28 (m, 1H, CH), 2.25 (s, 3H, CH3), 2.11-2.04 (m, 1H, CH); 13C 

NMR (100 MHz,CDCl3) δ: 206.5, 197.4, 191.5, 154.5, 148.3, 143.3, 141.9, 138.4, 136.4, 136.2, 

135.5, 134.4, 129.7, 129.6, 128.9, 128.5, 127.8, 124.3, 122.9, 122.7, 122.5, 76.2, 60.9, 60.3, 56.3, 

47.1, 45.2, 43.0, 27.7; IR(KBr) υ: 3625, 2948, 1703, 1646, 1594, 1553, 1452, 1264, 1223, 763 

cm-1; MS (m/z): HRMS (ESI) Calcd. for C31H26NO4([M+H]+): 476.1862, found: 476.1858. 
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2-((5S,6aR,11bR)-11b-hydroxy-3-methyl-7-oxo-6-(pyridin-3-yl)-2,3,4,5,6,6a,7,11b-octahydro-

1H-1,5-methanoindeno[1,2-d]azocin-12-ylidene)-1H-indene-1,3(2H)-dione (1q): yellow solid, 

55%, m.p. 216-218℃; 1H NMR (400 MHz, DMSO) δ: 8.85 (s, 1H, ArH), 7.90-7.27 (m, 8H, ArH), 

7.56-7.53 (m, 1H, ArH), 7.26 (s, 1H, ArH), 7.00 (s, 1H, ArH), 5.36 (s, 1H, CH), 4.87 (s, 1H, CH), 

4.60 (s, 1H, CH), 4.44 (s, 1H, CH), 3.11 (d, J = 10.0 Hz, 1H, CH), 2.77 (s, 1H, CH), 2.43 (d, J = 

9.6 Hz, 1H, CH), 1.98 (d, J = 10.8 Hz, 1H, CH), 1.68 (s, 4H, CH, CH3); 13C NMR (100 

MHz,CDCl3) δ: 196.4, 191.9, 189.1, 171.1, 153.0, 149.2, 146.6, 140.9, 140.8, 140.4, 136.6, 136.3, 

135.3, 135.1, 134.2, 129.1, 127.8, 123.3, 123.3, 123.1, 123.0, 122.4, 85.6, 62.0, 58.8, 58.4, 47.4, 

44.0, 42.3, 39.0; IR(KBr) υ: 3424, 2785, 1720, 1686, 1625, 1598, 1228, 1082, 818, 763 cm-1; MS 

(m/z): HRMS (ESI) Calcd. for C30H25N2O4([M+H]+): 477.1814, found: 477.1835. 

 

Water peak 



38 
 

 

 

 

477.1835

478.1861

+MS, 0.14-0.27min #(14-27)

0

1

2

3

4x10

Intens.

472 474 476 478 480 482 484 486 488 m/z



39 
 

3-benzyl-11b-hydroxy-6-(p-tolyl)-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoindeno[1,2-d]

azocine-7,12-dione (2a): white solid, 68%, m.p. 213-215℃; 1H NMR (400 MHz, CDCl3) δ: 7.80 

(d, J = 7.6 Hz, 1H, ArH), 7.66 (t, J = 7.2 Hz, 1H, ArH), 7.61 (d, J = 7.6 Hz, 1H, ArH), 7.47 (t, J = 

7.2 Hz, 1H, ArH), 7.33 (d, J = 7.6 Hz, 2H, ArH), 7.26-7.21 (m, 3H, ArH), 7.08 (d, J = 8.0 Hz, 2H, 

ArH), 6.95-6.93 (m, 2H, ArH), 4.35 (s, 1H, CH), 3.22-3.16 (t, J = 13.2 Hz, 2H, CH), 2.92-2.89 (m, 

2H, CH), 2.75 (s, 1H, CH), 2.68 (s, 1H, CH), 2.59 (s, 1H, CH), 2.46 (dd, J1 = 11.2 Hz, J2 = 2.8 Hz, 

1H, CH), 2.28 (s, 3H, CH3), 2.15 (dd, J1 = 11.6 Hz, J2 = 1.6 Hz, 1H, CH), 1.90 (d, J = 11.6 Hz, 1H, 

CH); 13C NMR (100 MHz,CDCl3) δ: 213.8, 196.9, 151.8, 142.9, 136.0, 135.9, 134.5, 133.9, 129.9, 

129.4, 129.4, 128.1, 127.5, 127.4, 123.2, 122.7, 85.8, 62.1, 60.4, 60.4, 57.4, 56.1, 51.4, 46.8, 20.9; 

IR(KBr) υ: 3374, 1715 1600, 1277, 1242 1116, 750 cm-1; MS (m/z): HRMS (ESI) Calcd. for 

C29H28NO3([M+H]+): 438.2069, found: 438.2077. 
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3-benzyl-6-(2-chlorophenyl)-11b-hydroxy-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoinden

o[1,2-d]azocine-7,12-dione (2b): white solid, 70%, m.p. 107-109℃; 1H NMR (400 MHz, CDCl3) 

δ: 7.82 (d, J = 7.6 Hz, 1H, ArH), 7.77 (d, J = 7.6 Hz, 1H, ArH), 7.68 (t, J = 7.6 Hz, 1H, ArH), 7.61 

(d, J = 7.6 Hz, 1H, ArH), 7.48 (t, J = 7.6 Hz, 1H, ArH), 7.38 (d, J = 8.0 Hz, 1H, ArH), 7.22-7.13 

(m, 5H, ArH), 6.94-6.93 (m, 2H, ArH), 5.00 (s, 1H, CH), 3.31-3.24 (m, 2H, CH), 3.01 (s, 1H, CH), 

2.96 (d, J = 13.6 Hz, 1H, CH), 2.71 (s, 1H, CH), 2.68 (s, 1H, CH), 2.53-2.50 (m, 2H, CH), 2.16 

(dd, J1 = 11.6 Hz, J2 = 1.6 Hz, 1H, CH)), 1.92 (d, J = 11.6 Hz, 1H, CH); 13C NMR (100 

MHz,CDCl3) δ: 213.2, 196.2, 151.5, 142.3, 135.9, 134.5, 133.7, 133.5, 129.9, 129.7, 129.5, 129.1, 

128.1, 127.9, 127.4, 127.3, 123.4, 122.5, 85.9, 60.1, 59.9, 59.9, 57.6, 55.6, 50.4, 43.8, 18.4; 

IR(KBr) υ: 3490, 3323, 1703, 1601, 1464, 1036, 751, 704 cm-1; MS (m/z): HRMS (ESI) Calcd. for 

C28H25ClNO3([M+H]+): 458.1523, found: 458.1527. 
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3-benzyl-6-(4-bromophenyl)-11b-hydroxy-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoinde

no[1,2-d]azocine-7,12-dione (2c): white solid, 56%, m.p. 200-202℃; 1H NMR (400 MHz, CDCl3) 

δ: 7.82-7.66 (m, 3H, ArH), 7.61 (d, J = 7.2 Hz, 1H, ArH), 7.49 (t, J = 7.6 Hz, 1H, ArH), 7.42-7.38 

(m, 2H, ArH), 7.34 (d, J = 8.0 Hz, 2H, ArH), 7.23-7.22 (m, 3H, ArH), 6.94-6.93 (m, 2H, ArH), 

4.34 (s, 1H, CH), 3.22-3.15 (m, 2H, CH), 2.92-2.86 (m, 2H, CH), 2.79 (s, 1H, CH), 2.75 (s, 1H, 

CH), 2.54 (s, 1H, CH), 2.46 (d, J= 10.8 Hz, 1H, CH), 2.16 (d, J = 11.6 Hz, 1H, CH), 1.90 (d, J = 

11.2 Hz, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 213.3, 196.6, 151.6, 144.8, 135.8, 134.7, 133.8, 

131.8, 130.0, 129.9, 129.5, 128.1, 127.5, 123.3, 122.6, 120.5, 85.8, 61.5, 60.4, 60.2, 57.3, 56.0, 

51.1, 46.8,; IR(KBr) υ: 3374, 2814, 1599, 1483, 1404, 1243, 1019, 830, 746 cm-1; MS (m/z): 

HRMS (ESI) Calcd. for C28H25BrNO3([M+H]+): 502.1018, found: 502.1019. 
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3-benzyl-11b-hydroxy-6-(4-nitrophenyl)-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoindeno

[1,2-d]azocine-7,12-dione (2d): white solid, 68%, m.p. 190-192℃;1H NMR (400 MHz, CDCl3) δ: 

8.13 (d, J = 8.4 Hz, 2H, ArH), 7.83 (d, J = 7.6 Hz, 1H, ArH), 7.72-7.61 (m, 4H, ArH), 7.51 (t, J = 

7.6 Hz, 1H, ArH), 7.24-7.23 (m, 3H, ArH), 7.00-6.94 (m, 2H, ArH), 4.49 (s, 1H, CH), 3.24-3.18 

(m, 2H, CH), 2.94-2.89 (m, 3H, CH), 2.78 (s, 1H, CH), 2.55 (s, 1H, CH), 2.50 (d, J = 11.2 Hz, 1H, 

CH), 2.18 (d, J = 11.6 Hz, 1H, CH), 1.94 (d, J = 11.6 Hz, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 

213.0, 196.4, 153.0, 151.5, 146.6, 135.6, 134.9, 133.6, 129.9, 129.7, 128.8, 128.2, 127.6, 124.0, 

123.4, 122.6, 85.8, 60.7, 60.4, 60.1, 57.3, 55.9, 50.8, 47.3,; IR(KBr) υ: 3324, 2834, 1701, 1599, 

1515, 1402, 1345, 1063, 844, 748, 701 cm-1; MS (m/z): HRMS (ESI) Calcd. for 

C29H28NO3([M+H]+): 469.1763, found: 469.1763. 
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3-benzyl-11b-hydroxy-6-(pyridin-3-yl)-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoindeno[1

,2-d]azocine-7,12-dione (2e): white solid, 66%, m.p. 187-189℃; 1H NMR (400 MHz, CDCl3) δ: 

8.76 (s, 1H, ArH), 7.80 (t,J = 7.6 Hz, 1H, ArH), 7.76-7.70 (m, 3H, ArH), 7.68-7.65 (m, 1H, ArH), 

7.50 (t,J = 7.2 Hz, 1H, ArH), 7.25-7.19 (m, 3H, ArH), 7.07-7.02 (m, 1H, ArH), 6.94-6.93 (m, 2H, 

ArH), 6.47-6.19 (m, 1H, ArH), 4.30 (s, 1H, CH), 3.20 (d, J = 13.2 Hz, 1H, CH), 3.14 (d, J = 10.8 

Hz, 1H, CH), 2.89 (d, J = 13.2 Hz, 1H, CH), 2.80 (s, 2H, CH), 2.44 (d, J = 10.4 Hz, 1H, CH), 2.38 

(s, 1H, CH), 2.14 (d, J = 11.6 Hz, 1H, CH), 1.94 (d, J = 12.0 Hz, 1H, CH, CH3); 13C NMR (100 

MHz,CDCl3) δ: 212.3, 196.9, 152.8, 148.7, 146.4, 141.6, 136.4, 135.8, 134.7, 133.8, 129.9, 129.2, 

128.1, 127.5, 123.7, 123.2, 123.1, 85.1, 60.4, 60.3, 59.9, 57.1, 55.9, 51.6, 45.2, 29.7; IR(KBr) υ: 

3359, 2822, 2772, 1727, 1701, 1602, 1240 1062, 748, 706 cm-1; MS (m/z): HRMS (ESI) Calcd. 

for C27H25N2O3([M+H]+): 425.1865, found: 425.1862. 
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3-benzyl-11b-hydroxy-6-(pyridin-4-yl)-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoindeno[1

,2-d]azocine-7,12-dione (2f): white solid, 62%, m.p. 235-237℃; 1H NMR (400 MHz, CDCl3) δ: 

8.29 (s, 2H, ArH), 7.82 (d, J = 7.6 Hz, 1H, ArH), 7.70 (t, J = 7.6 Hz, 1H, ArH), 7.64 (d, J = 7.6 Hz, 

1H, ArH), 7.50 (t,J = 7.2 Hz, 1H, ArH), 7.36 (d, J = 5.2 Hz, 2H, ArH), 7.23-7.22 (m, 3H, ArH), 

6.95-6.93 (m, 2H, ArH), 4.31 (s, 1H, CH), 3.21 (d, J = 13.6 Hz, 1H, CH), 3.15 (d, J = 10.8 Hz, 1H, 

CH), 2.91 (d, J = 13.6 Hz, 1H, CH), 2.82 (s, 1H, CH), 2.77 (s, 1H, CH), 2.54 (s, 1H, CH), 2.47 (d, 

J = 10.8 Hz, 1H, CH), 2.17 (d, J = 11.6 Hz, 1H, CH), 1.91 (d, J = 11.6 Hz, 1H, CH); 13C NMR 

(100 MHz,CDCl3) δ: 212.4, 196.2, 154.4, 151.7, 150.0, 135.7, 134.8, 133.8, 129.9, 129.6, 128.1, 

127.6, 123.4, 122.9, 122.6, 110.0, 85.5, 61.1, 60.4, 60.2, 57.3, 56.0, 50.1, 46.3, 29.3, 27.2; IR(KBr) 

υ: 3123, 2799, 1723, 1602, 1456, 1067, 747, 704 cm-1; MS (m/z): HRMS (ESI) Calcd. for 

C27H25N2O3 ([M+H]+): 425.1865, found: 425.1863. 

 



50 
 

 

 

 

 

425.1863

426.1892

+MS, 0.02-0.16min #(2-16)

0.0

0.5

1.0

1.5

2.0

4x10

Intens.

422 424 426 428 430 432 434 436 438 440 m/z



51 
 

11b-hydroxy-3-methyl-6-(p-tolyl)-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoindeno[1,2-d]

azocine-7,12-dione (2g): white solid, 66%, m.p. 210-222℃; 1H NMR (400 MHz, CDCl3) δ: 7.83 

(d, J = 7.6 Hz, 1H, ArH), 7.69 (t, J = 7.6Hz, 1H, ArH), 7.64 (d, J = 7.6Hz, 1H, ArH), 7.53 (t, J = 

7.6 Hz, 1H, ArH), 7.35 (d, J = 8.0 Hz, 2H, ArH), 7.08 (d, J = 7.6 Hz, 2H, ArH), 4.36 (s, 1H, CH), 

3.08 (d, J = 10.8 Hz, 1H, CH), 2.90 (s, 1H, CH), 2.78-2.72 (m, 2H, CH), 2.59-2.54 (m, 2H, CH), 

2.29 (s, 3H, CH3), 2.17 (d, J = 12.0 Hz, 1H, CH), 1.68 (s, 3H, CH3), 1.64 (s, 1H, CH); 13C NMR 

(100 MHz,CDCl3) δ: 214.1, 195.9, 151.6, 142.4, 136.2, 135.9, 134.3, 129.4, 129.3, 127.6, 122.8, 

122.6, 86.0, 62.7, 61.9, 58.7, 57.4, 51.3, 47.0, 42.0, 20.9,; IR(KBr) υ: 3453, 2794, 1707, 1602, 

1287, 1060, 765 cm-1; MS (m/z): HRMS (ESI) Calcd. for C23H23NO3([M+H]+): 362.1756, found: 

362.1746. 
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6-(4-bromophenyl)-11b-hydroxy-3-methyl-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoinde

no[1,2-d]azocine-7,12-dione (2h): white solid, 50%, m.p. 223-225℃; 1H NMR (400 MHz, 

CDCl3) δ: 7.83 (d, J = 7.6 Hz, 1H, ArH), 7.71 (t, J = 7.6 Hz, 1H, ArH), 7.64 (d, J = 7.6 Hz, 1H, 

ArH), 7.55 (t, J = 7.6 Hz, 1H, ArH), 7.38 (m, 4H, ArH), 4.35 (s, 1H, CH), 3.08 (d, J = 12.0 Hz, 1H, 

CH), 2.94 (s, 1H, CH), 2.86 (s, 1H, CH), 2.72 (s, 1H, CH), 2.57-2.54 (m, 2H, CH), 2.18 (d, J = 

11.6 Hz, 1H, CH), 1.69 (s, 3H, CH3), 1.63 (s, 1H, CH); 13C NMR (100 MHz,CDCl3) δ: 213.5, 

195.5, 151.4, 144.3, 136.1, 134.5, 131.7, 129.7, 129.6, 122.7, 122.7, 120.5, 86.0, 62.5, 61.5, 58.6, 

57.3, 51.1, 47.0, 42.0,; IR(KBr) υ: 3498, 2941, 2787, 1703, 1597, 1293, 1239, 1140, 1064, 1015, 

758 cm-1; MS (m/z): HRMS (ESI) Calcd. for C22H21BrNO3([M+H]+): 426.0705, found: 426.0704. 
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11b-hydroxy-3-methyl-6-(pyridin-3-yl)-1,2,3,4,5,6,6a,11b-octahydro-7H-1,5-methanoindeno[

1,2-d]azocine-7,12-dione (2i): white solid, 59%, m.p. 248-250℃; 1H NMR (400 MHz, DMSO) δ: 

8.72 (s, 1H, ArH), 8.43 (d, J = 4.4 Hz, 1H, ArH), 7.95 (d, J = 7.6 Hz, 1H, ArH), 7.80-7.74 (m, 3H, 

ArH), 7.58 (t,J = 6.8 Hz, 1H, ArH), 7.33 (dd, J1 = 7.6 Hz, J2 = 4.8 Hz, 1H, ArH), 6.34 (s, 1H, CH), 

4.34 (s, 1H, CH), 3.08 (d, J = 11.2 Hz, 1H, CH), 2.88 (s, 1H, CH), 2.65 (s, 1H, CH), 2.44 (dd, J1 = 

10.8 Hz, J2 = 1.6 Hz, 1H, CH), 2.27 (s, 1H, CH), 2.07 (d, J = 11.6 Hz, 1H, CH), 1.56-1.51 (m, 4H, 

CH, CH3); 13C NMR (150 MHz,CDCl3) δ: 212.1, 195.6, 152.6, 149.4, 147.5, 141.0, 135.7, 135.5, 

134.2, 129.1, 123.5, 123.3, 121.7, 85.0, 61.8, 59.0, 58.0, 56.5, 51.6, 44.8, 41.8; IR(KBr) υ: 3421, 

3121, 2801, 1720, 1601, 1468, 1428, 1283, 1061, 790, 762, 711 cm-1; MS (m/z): HRMS (ESI) 

Calcd. for C21H21NO3([M+H]+): 349.1552, found: 349.1546. 
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