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General Procedure I: 

A solution of bisallene 6 (0.25 mmol) in 6 mL of dry xylene was refluxed under 

Ar. After the reaction was complete as monitored by TLC (petroleum ether: ethyl 

acetate = 5: 1), rotary evaporation and flash chromatography on silica gel (eluent: 

petroleum ether: ethyl ether = 20: 1) afforded the product 7. 

 

The following compounds were prepared according to General Procedure I: 

 

(1) 4-(p-Toluenesulfonyl)-4-azabicyclo[5.2.0]nona-1,6-diene (7a) 

NS
O

O

7a  

A solution of bisallene 6a (145 mg, 0.53 mmol) in 12 mL of dry xylene was 

refluxed under Ar for 24 hours to afford 62 mg (43 %) of the product 7a: liquid; 1H 

NMR (300 MHz, CDCl3) δ 7.68 (d, J = 8.1 Hz, 2 H), 7.21 (d, J = 8.1 Hz, 2 H), 5.22 (s, 

2 H), 4.12 (d, J = 2.7 Hz, 4 H), 2.39 (s, 3 H), 2.28 (s, 4 H); 13C NMR (75.4 MHz, 

CDCl3) δ 143.2, 142.7, 137.9, 128.8, 127.7, 119.6, 50.7, 26.0, 21.4; MS (ESI) m/z (%) 

274 (M+-H, 100), 275 (M+, 45), 277 (MNa+-H, 40); IR (neat) 2926, 1710, 1674, 1598, 

1495, 1448, 1338, 1161 cm-1; HRMS (ESI) calcd for C15H16NO2S (M+-H) 274.0896. 

Found 274.0890. 

 

(2) 4,4-Bis(benzenesulfonyl)bicyclo[5.2.0]nona-1,6-diene (7b) 
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PhSO2

PhSO2

7b  

A solution of bisallene 6b (49 mg, 0.123 mmol) in 3 mL of dry xylene was 

refluxed under Ar for 3 hours to afford 30 mg (61 %) of the product 7b: solid, m.p. 

146-147 oC (petroleum ether, ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 8.02 (d, J 

= 7.8 Hz, 4 H), 7.66 (t, J = 6.9 Hz, 2 H), 7.52 (t, J = 8.1 Hz, 4 H), 5.10-5.00 (m, 2 H), 

3.24 (d, J = 4.2 Hz, 4 H), 2.21 (s, 4 H); 13C NMR (75.4 MHz, CDCl3) δ 143.4, 138.0, 

134.3, 131.6, 128.1, 114.9, 89.4, 32.1, 26.1; MS (ESI) m/z (%) 401 (MH+, 17.5), 418 

(MNH4
+, 24.0), 423 (MNa+, 6.0); IR (neat) 2929, 1710, 1583, 1478, 1448, 1330, 1311, 

1147 cm-1; Anal Calcd for C21H20O4S2: C, 62.98; H, 5.03. Found: C, 63.20; H, 5.41. 

 

(3) 4,4-Bis(ethoxycarbonyl)bicyclo[5.2.0]nona-1,6-diene (7c) 

EtO2C

EtO2C

7c  

A solution of bisallene 6c (119 mg, 0.44 mmol) in 10 mL of dry xylene was 

refluxed under Ar for 46 hours to afford 45 mg (38 %) of the product 7c: liquid; 1H 

NMR (300 MHz, CDCl3) δ 5.35-5.25 (t, J = 4.2 Hz, 2 H), 4.16 (q, J = 6.9 Hz, 4 H), 

2.79 (d, J = 4.2 Hz , 4 H), 2.53 (s, 4 H), 1.22 (t, J = 7.2 Hz, 6 H); 13C NMR (75.4 

MHz, CDCl3) δ 171.4, 141.7, 118.5, 61.2, 56.1, 36.1, 26.2, 14.0; MS (EI) m/z (%) 264 

(M+, 7.20), 117 (100); IR (neat) 2929, 1732, 1244, 1187 cm-1; HRMS (EI) calcd for 

C15H20O4 264.1362. Found 264.1357. 
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(4) 4-(Benzenesulfonyl)-4-(methoxycarbonyl)bicyclo[5.2.0]nona-1,6-diene (7d)  

MeO2C

PhSO2

7d  

A solution of bisallene 6d (80 mg, 0.25 mmol) in 6 mL of dry xylene was 

refluxed under Ar for 8 hours to afford 49 mg (61 %) of the product 7d: liquid; 1H 

NMR (300 MHz, CDCl3) δ 7.81 (d, J = 8.1 Hz, 2 H), 7.68 (t, J = 7.8 Hz, 1 H), 7.56 (t, 

J = 7.5 Hz, 2 H), 5.27 (d, J = 6.0 Hz, 2 H), 3.63 (s, 3 H), 3.20 (dd, J = 15.6, 6.9 Hz, 2 

H), 2.77 (d, J = 16.2 Hz, 2 H), 2.51 (s, 4 H); 13C NMR (75.4 MHz, CDCl3) δ 167.2, 

141.9, 135.3, 134.3, 130.4, 128.8, 116.6, 74.7, 52.9, 32.8, 26.2; MS (ESI) m/z (%) 319 

(MH+, 70), 336 (MNH4
+, 100), 341 (MNa+, 72); IR (neat) 2942, 1738, 1446, 1307, 

1212, 1147 cm-1; HRMS (EI) calcd for C17H18O4SNa (MNa+) 341.0818. Found 

341.0821. 

 

(5) 4,4-Bis(benzenesulfonyl)-2-methylbicyclo[5.2.0]nona-1,6-diene (7e) 

PhSO2

PhSO2

7e  

A solution of bisallene 6e (104 mg, 0.25 mmol) in 6 mL of dry xylene was 

refluxed under Ar for 1.5 hours to afford 72 mg (69 %) of the product 7e: solid, m.p. 

140-141 oC (petroleum ether / ethyl acetate); 1H NMR (300 MHz, CDCl3) δ 8.00-7.90 

(m, 4 H), 7.70-7.55 (m, 2 H), 7.55-7.40 (m, 4 H), 4.97-4.87 (m, 1 H), 3.25-3.15 (m, 4 

H), 2.03 (s, 4 H), 1.54 (s, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 142.4, 138.3, 137.6, 

134.2, 131.3, 128.0, 123.4, 112.5, 89.5, 37.0, 31.7, 25.5, 25.0, 19.4; MS (ESI) m/z (%) 
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415 (MH+, 100), 432 (MNH4
+, 72), 437 (MNa+, 10.0); IR (neat) 2921, 1689, 1583, 

1478, 1447, 1320, 1309, 1152, 1143, 1075 cm-1; Anal Calcd for C22H22O4S2: C, 63.74; 

H, 5.35. Found: C, 63.71; H, 5.35. 

The structure of bicyclic compound 7e was further confirmed by single crystal X-ray 

diffraction study. 

 

(6) 4,4-Bis(benzenesulfonyl)-2,6-diethylbicyclo[5.2.0]nona-1,6-diene (7f) 

PhSO2

PhSO2

7f  

A solution of bisallene 6f (114 mg, 0.25 mmol) in 6 mL of dry xylene was 

refluxed under Ar for 1 hour to afford 84 mg (74 %) of the product 7f: liquid; 1H 

NMR (300 MHz, CDCl3) δ 7.92 (d, J = 7.2 Hz, 4 H), 7.61 (t, J = 7.2 Hz, 2 H), 7.47 (t, 

J = 7.2 Hz, 4 H), 3.16 (s, 4 H), 1.94 (s, 4 H), 1.83 (q, J = 7.5 Hz, 4 H), 0.96 (t, J = 7.5 

Hz, 6 H); 13C NMR (75.4 MHz, CDCl3) δ 138.6, 136.3, 134.1, 131.0, 127.9, 126.0, 

90.0, 34.7, 27.1, 24.5, 11.9; MS (ESI) m/z (%) 457 (MH+, 48), 474 (MNH4
+, 100), 479 

(MNa+, 20); IR (neat) 2963, 1583, 1447, 1326, 1310, 1148, 1076 cm-1; HRMS (ESI) 

calcd for C25H28O4S2Na 479.1321. Found 479.1319. 

 

(7) 4,4-Bis(methoxycarbonyl)-2-ethylbicyclo[5.2.0]nona-1,6-diene (7g) 
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MeOOC

MeOOC

7g  

A solution of bisallene 6g (134 mg, 0.5 mmol) in 12 mL of dry xylene was 

refluxed under Ar for 10 hours to afford 75 mg (56 %) of the product 7g: liquid; 1H 

NMR (300 MHz, CDCl3) δ 5.25-5.18 (m, 1 H), 3.68 (s, 6 H), 2.76 (s, 4 H), 2.48 (s, 4 

H), 1.97 (q, J = 7.2 Hz, 2 H), 0.99 (t, J = 7.2 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) 

δ 172.1, 141.2, 134.9, 132.5, 116.2, 55.7, 52.5, 39.2, 35.9, 26.9, 26.0, 25.0, 12.0; MS 

(EI) m/z (%) 264 (M+, 69.73), 189 (100); IR (neat) 2960, 2929, 1736, 1245, 1200 cm-1; 

HRMS (EI) calcd for C15H20O4 264.1362. Found 264.1373. 

 

(8) 4,4-Bis(methoxycarbonyl)-2,6-diethylbicyclo[5.2.0]nona-1,6-diene (7h) 

MeOOC

MeOOC

7h  

A solution of bisallene 6h (142 mg, 0.49 mmol) in 12 mL of dry xylene was 

refluxed under Ar for 24 hours to afford 99 mg (70 %) of the product 7h: liquid; 1H 

NMR (300 MHz, CDCl3) δ 3.66 (s, 6 H), 2.69 (s, 4 H), 2.42 (s, 4 H), 1.93 (q, J = 7.5 

Hz, 4 H), 0.97 (t, J = 7.5 Hz, 6 H); 13C NMR (75.4 MHz, CDCl3) δ 172.1, 134.2, 

130.0, 55.4, 52.4, 38.7, 26.8, 24.6, 12.0; MS (EI) m/z (%) 292 (M+, 31.76), 217 (100); 

IR (neat) 2962, 1736, 1435, 1244 cm-1; HRMS (EI) calcd for C17H24O4 292.1675. 

Found 292.1661. 
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(9) 4,4-Bis(ethoxycarbonyl)-2,6-diethylbicyclo[5.2.0]nona-1,6-diene (7i) 

EtO2C

EtO2C

7i  

A solution of bisallene 6i (122 mg, 0.38 mmol) in 9 mL of dry xylene was 

refluxed under Ar for 6 hours to afford 84 mg (69 %) of the product 7i: liquid; 1H 

NMR (300 MHz, CDCl3) δ 4.13 (q, J =7.2 Hz, 4 H), 2.69 (s, 4 H), 2.43 (s, 4 H), 1.95 

(q, J =7.5 Hz, 4 H), 1.20 (t, J =7.2 Hz, 6 H) , 0.98 (t, J =7.2 Hz, 6 H); 13C NMR (75.4 

MHz, CDCl3) δ 171.7, 134.1, 130.2, 61.1, 55.4, 38.7, 26.9, 24.6, 13.9, 12.1; MS (EI) 

m/z (%) 320 (M+, 34.12), 217 (100); IR (neat) 2975, 1735, 1459, 1236 cm-1; HRMS 

(EI) calcd for C19H28O4 320.1988. Found 320.1969. 

 

(10) 4-(Ethoxycarbonyl)-4-acetyl-2-propylbicyclo[5.2.0]nona-1,6-diene (7j) 

EtO2C

MeOC

7j  

A solution of bisallene 6j (130 mg, 0.5 mmol) in 12 mL of dry xylene was 

refluxed under Ar for 5 hours to afford 91 mg (70 %) of the product 7j: liquid; 1H 

NMR (300 MHz, CDCl3) δ 5.24 (t, J = 4.8 Hz, 1 H), 4.14 (q, J = 7.2 Hz, 2 H), 

2.72-2.62 (m, 4 H), 2.46 (s, 4 H), 2.17 (s, 3 H), 1.93 (t, J = 7.2 Hz, 2 H), 1.52-1.38 (m, 

2 H), 1.22 (t, J = 7.2 Hz, 3 H), 0.88 (t, J = 7.2 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) 
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δ 204.7, 172.2, 141.5, 135.8, 131.3, 116.2, 61.20, 61.18, 38.9, 36.1, 35.1, 25.8, 25.7, 

25.2, 20.6, 13.99, 13.96; MS (EI) m/z (%) 276 (M+, 16.25), 43 (100); IR (neat) 2959, 

2930, 1747, 1716, 1464, 1224, 1202 cm-1; HRMS (EI) calcd for C17H24O3 276.1725. 

Found 276.1714. 

 

(11) 4,4-(pentamethylene-1’,5’-dioxo)-2,6-dipropylbicyclo[5.2.0]nona-1,6-diene 

(7k) 

O

O

7k  

A solution of bisallene 6k (121 mg, 0.4 mmol) in 10 mL of dry xylene was 

refluxed under Ar for 0.5 hours to afford 94 mg (78 %) of the product 7k: liquid; 1H 

NMR (300 MHz, CDCl3) δ 2.57 (t, J = 6.9 Hz, 4 H), 2.43 (s, 4 H), 2.34 (s, 4 H), 1.88 

(t, J = 7.2 Hz, 4 H), 1.81 (t, J = 6.9 Hz, 2 H), 1.45-1.30 (m, 4 H), 0.81 (t, J = 7.2 Hz, 6 

H); 13C NMR (75.4 MHz, CDCl3) δ 206.4, 136.3, 127.6, 67.3, 37.8, 36.4, 36.2, 24.8, 

20.9, 18.6, 13.9; MS (EI) m/z (%) 300 (M+, 59.99), 257 (100); IR (neat) 2956, 1728, 

1698, 1458, 1429, 1317 cm-1; HRMS (MALDI) calcd for C20H29O2 (M++H) 301.2162. 

Found 301.2151.  
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General Procedure II: 

To a stirred solution of bisallene 6 (0.25 mmol) and Pd(PPh3)4 (15 mg, 0.013 

mmol, 5 mol%) in 5 mL of dry toluene were added K2CO3 (138 mg, 1 mmol, 4 equiv) 

and n-Bu4NI (185 mg, 0.5 mmol, 2 equiv). The reaction mixture was refluxed under 

Ar for 4 hours. After the reaction was complete as monitored by TLC (petroleum 

ether: ethyl acetate = 5: 1), rotary evaporation and flash chromatography on silica gel 

(petroleum ether: ethyl ether = 20: 1) afforded the product 8. 

 

The following compounds were prepared according to General Procedure II: 

 

(1) 6,7-Dimethylene-3-(p-toluenesulfonyl)-3-azabicyclo[3.2.0]heptane (8a)[7h] 

NS
O

O

H

H8a  

Bisallene 6a (140 mg, 0.51 mmol), Pd(PPh3)4 (27 mg, 0.023 mmol, 5 mol%),  

K2CO3 (281 mg, 2.04 mmol, 4 equiv), n-Bu4NI (369 mg, 1 mmol, 2 equiv) and 10 mL 

of dry toluene were added to a flame-dried argon-flushed Schlenk tube. After heating 

at 80-85oC for 4 hours and usual workup, the reaction afforded 82 mg (59 %) of the 

product 8a: solid, m.p. 77-79 oC (petroleum ether, ethyl acetate); 1H NMR (300 MHz, 

CDCl3) δ 7.68 (d, J = 8.1 Hz, 2 H), 7.31 (d, J = 8.1 Hz, 2 H), 5.21 (s, 2 H), 4.79 (s, 2 

H), 3.62 (d, J = 9.9 Hz, 2 H), 3.30 (d, J = 4.5 Hz, 2 H), 2.72 (dd, J = 9.9, 4.5 Hz, 2 H), 

2.42 (s, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 149.0, 143.5, 132.1, 129.4, 128.0, 105.5, 

53.3, 44.6, 21.5; MS (EI) m/z (%) 275 (M+, 4.41); 91 (100); IR (neat) 2923, 2851, 

1459, 1344, 1167 cm-1. 
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The structure of bicyclic compound 8a was further confirmed by the single crystal 

X-ray diffraction study. 

 

(2) 6,7-Dimethylene-3,3-bis(benzenesulfonyl)bicyclo[3.2.0]heptane (8b) 

PhSO2

PhSO2

H

H
8b  

Bisallene 6b (99 mg, 0.25 mmol), Pd(PPh3)4 (18 mg, 0.016 mmol, 5 mol%) 

K2CO3 (141 mg, 1.02 mmol, 4 equiv), n-Bu4NI (181 mg, 0.49 mmol, 2 equiv) and 5 

mL of dry toluene were added to a flame-dried argon-flushed Schlenk tube. After 

heating at 80-85oC for 4 hours and usual workup, the reaction afforded 61 mg (62 %) 

of the product 8b: liquid; 1H NMR (300 MHz, CDCl3) δ 8.04 (t, J = 7.5 Hz, 4 H), 

7.71 (q, J = 7.5 Hz, 2 H), 7.59 (q, J = 7.5 Hz, 4 H), 5.18 (s, 2 H), 4.80 (s, 2 H), 3.47 

(m, 2 H), 2.90-2.68 (m, 4 H); 13C NMR (75.4 MHz, CDCl3) δ 150.3, 137.2, 135.8, 

134.6, 134.4, 131.1, 130.9, 128.7, 128.6, 105.9, 98.9, 46.5, 37.2; MS (ESI) m/z (%) 

401 (MH+, 100), 418 (MNH4
+, 60), 423 (MNa+, 35); IR (neat) 3071, 1711, 1448, 1329, 

1311, 1146 cm-1. HRMS (MALDI) calcd for C21H20O4S2Na (MNa+) 423.0695. Found 

423.0708. 

 

(3) 6,7-Dimethylene-3,3-bis(ethoxycarbonyl)bicyclo[3.2.0]heptane (8c) 

EtO2C

EtO2C

H

H
8c  
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To a stirred solution of bisallene 6c (131 mg, 0.5 mmol) and Pd(PPh3)4 (30 mg, 0.025 

mmol, 5 mol%) in 10 mL of dry toluene were added K2CO3 (284 mg, 2.06 mmol, 4 

equiv) and n-Bu4NI (370 mg, 1 mmol, 2 equiv) under Ar, After heating at 80-85oC for 

19 hours and usual workup, the reaction afforded 59 mg (45 %) of the product 8c: 

liquid; 1H NMR (300 MHz, CDCl3) δ 5.11 (d, J = 1.5 Hz, 2 H), 4.73 (s, 2 H), 

4.20-4.00 (m, 4 H), 3.35 (m, 2 H), 2.62 (d, J = 13.8 Hz, 2 H), 2.27 (dd, J = 13.8, 8.1 

Hz, 2 H), 1.30-1.16 (m, 6 H); 13C NMR (75.4 MHz, CDCl3) δ 172.1, 171.3, 150.9, 

104.7, 62.8, 61.5, 61.2, 45.9, 39.3, 13.9, 13.7; MS (EI) m/z (%) 265 (MH+, 4.84), 117 

(100); IR (neat) 2981, 1735, 1258, 1188 cm-1. HRMS (MALDI) calcd for C15H20O4Na 

(MNa+) 287.1254. Found 287.1262. 

 

(4) 6,7-Dimethylene-3,3-(pentamethylene-1’,5’-dioxo)bicyclo[3.2.0]heptane (8l) 

 

O

O

H

H
8l  

To a stirred solution of bisallene 6l (105 mg, 0.49 mmol) and Pd(PPh3)4 (32 mg, 

0.028 mmol, 5 mol%) in 10 mL of dry toluene were added K2CO3 (278 mg, 2 mmol, 4 

equiv) and n-Bu4NI (366 mg, 0.99 mmol, 2 equiv) under Ar. After heating at 80-85oC 

for 8 hours and usual workup, the reaction afforded 57 mg (54 %) of the product 8l: 

liquid; 1H NMR (300 MHz, CDCl3) δ 5.11 (s, 2 H), 4.75 (s, 2 H), 3.31 (m, 2 H), 2.70 

(t, J = 6.6 Hz, 2 H), 2.62 (d, J = 6.6 Hz, 2 H), 2.40-2.20 (m, 4 H), 1.90-1.82 (m, 2 H); 

13C NMR (75.4 MHz, CDCl3) δ 207.4, 206.5, 151.4, 104.8, 77.9, 45.9, 38.0, 37.7, 

37.6, 18.3; MS (ESI) m/z (%) 217 (MH+, 100); IR (neat) 2930, 1725, 1693, 1437, 
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1314, 1215 cm-1. HRMS (MALDI) calcd for C14H17O2 (MH+) 217.1223. Found 

217.1225. 

 

(5) 6,7-Dimethylene-3-[1’-(S)-1’-ethoxycarbonyl-1’-isopropyl]-3-azabicyclo[3.2.0] 

heptane (8m) 

CO2Et

N

8m

H H

 

To a stirred solution of bisallene 6m (58 mg, 0.25 mmol) and Pd(PPh3)4 (30 mg, 

0.025 mmol, 10 mol%) in 5 mL of dry toluene were added K2CO3 (136 mg, 1 mmol, 4 

equiv) and n-Bu4NI (183 mg, 0.5 mmol, 2 equiv) under Ar. After refluxing for 5 hours 

and usual workup, the reaction afforded 38 mg (66 %) of the product 8m with >99% 

ee as determined by HPLC analysis (AD-H, n-Hexane : i-PrOH = 99.5 : 0.5, 230 nm), 

tr 7.2 (major), 7.7 (minor); [α]20
D = -45.1 (c = 0.50, Et2O): liquid; 1H NMR (300 MHz, 

CDCl3) δ 5.12 (d, J = 1.2 Hz, 2 H), 4.69 (d, J = 0.9 Hz, 2 H), 4.14 (q, J = 5.1 Hz, 2 H), 

3.26-3.10 (m, 2 H), 3.00-2.92 (m, 3 H), 2.60-2.45 (m, 2 H), 2.10-1.90 (m, 1 H), 1.26 (t, 

J = 7.2 Hz, 3 H), 0.93 (d, J = 6.6 Hz, 3 H), 0.86 (d, J = 6.6 Hz, 3 H); 13C NMR (75.4 

MHz, CDCl3) δ 171.9, 152.05, 151.95, 102.6, 102.5, 70.0, 59.5, 57.6, 51.8, 44.4, 43.9, 

28.6, 19.7, 19.1, 14.6; MS (EI) m/z (%) 249 (MH+, 1.18), 250 (MH+, 2.35), 176 (100); 

IR (neat) 2960, 2928, 2872, 2854, 2800, 1729, 1467, 1369, 1262, 1235, 1177, 1028 

cm-1. HRMS (EI) calcd for C15H23NO2 249.1729. Found 249.1727. 
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Diels-Alder reaction of [3.2.0]-bicyclic compounds with N-phenyl maleimide 

 

Tetracyclic compound 9n 

H

H

NPh

O

O

H

H
9na

N
MeO2C

H

H

NPh

O

O9nb

N
MeO2C

H

H
 

A solution of 8n (13 mg, 0.055 mmol) and N-phenyl maleimide (19 mg, 0.11 

mmol, 2 equiv) in 2 mL of dry toluene were refluxed under Ar for 8 hours to afford 24 

mg (100 %) of the product 9n (9na : 9nb = 100 : 3 determined by 1H NMR analysis), 

[α]20
D = -20.6 (c = 1.00, CHCl3): solid, m.p. 123-124 oC (petroleum ether / ethyl 

ether); 1H NMR (300 MHz, CDCl3) δ 7.50-7.41 (m, 2 H), 7.41-7.32 (m, 1 H), 7.28 (d, 

J = 7.8 Hz, 2 H), 3.67 (s, 3 H), 3.30-3.22 (m, 2 H), 3.22-3.10 (m, 2 H), 2.95 (d, J = 

10.5 Hz, 1 H), 2.80-2.68 (m, 2 H), 2.58-2.30 (br, 4 H), 2.18-2.04 (m, 2 H), 2.10-1.85 

(m, 1 H), 0.91 (d, J = 6.9 Hz, 3 H), 0.87 (d, J = 6.9 Hz, 3 H); The following data are 

disernible for the minor isomer: 3.65 (s), 0.79 (d, J = 6.6 Hz), 0.76 (d, J = 6.6 Hz); 13C 

NMR (75.4 MHz, CDCl3) δ 178.88, 178.85, 172.5, 138.4, 132.0, 129.1, 128.4, 126.3, 

70.0, 50.5, 50.3, 46.6, 46.0, 44.3, 37.8, 37.7, 28.0, 20.7, 20.5, 19.6, 19.2; MS (ESI) 

m/z (%) 409 (MH+, 100) , 441 (MNa+, 30); IR (neat) 2924, 2854, 1714, 1500, 1457, 

1379, 1171, 1150 cm-1; HRMS (MALDI/DHB) calcd for C24H29N2O4 (MH+) 

409.2122. Found 409.2129. 

 

The structure of tetracyclic compound 9na was further confirmed by the single crystal 

X-ray diffraction study. 
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