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and epi-4 (undesired) were obtained in 10% and 3% yield, respectively, with elimination product 13 

obtained in 8% yield. 

 

 
Scheme 5. Stevens rearrangement reaction of cis-12 

 

We previously reported that reduction of iminium 3, prepared from norlaudanosine (2) by amidation and 

Bischler-Napieralski cyclization, with LiAlH4 affords H8-H14 cis-epi-4 as a major product, and desired 4 

was obtained in only 9% yield (Scheme 6 and Table 1).5,12  Although we screened other hydride reagents, 

the diastereoselectivity was not improved, and the yield of the desired 4 was less than 10% (Table 1). 

 

 
Scheme 6. Preparation of iminium 3 and its hydride reduction 
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DEPT data.  IR spectroscopy of oil and solid samples were measured as neat liquid films and KBr 

pellets, respectively.  Coupling constants were shown in Herz.  Abbreviations are as follows: s, singlet; 

d, doublet; t, triplet; m, multiplet; br, broad.  The wave-numbers of maximum absorption peaks of IR 

spectroscopy were presented in cm–1.  Column chromatography was performed using silica gel as a 

stationary phase. 

 

Xylopinine (11)16 
A mixture of 2•HCl (11.3 g, 29.7 mmol), 37% formaldehyde (18.8 mL, 30.0 mmol) and acetic acid (18.8 

mL, 60.1 mmol) was heated at 100 °C for 30 min.  After dilution with water (100 mL), the solution was 

basified with 28% ammonia solution (47 mL).  To the mixture was added MeCN (100 mL) and brine 

(50 mL), and then the resulting mixture was extracted with AcOEt (100 mL x 2).  The combined organic 

layers were washed with brine, dried over Na2SO4, and evaporated to afford a solid, which was 

recrystallized from EtOH (116 mL) to give xylopinine (11, 7.95 g, 72%) as pale yellow solids of mp 

156-159 °C. 

11: 1H NMR: 2.60-2.69 (2H, m), 2.86 (1H, dd, J = 11.5, 16.0), 3.12-3.18 (2H, m), 3.26 (1H, dd, J = 4.0, 

16.0), 3.60 (1H, dd, J = 4.0, 11.5), 3.69 (1H, d, J = 14.9), 3.86-3.90 (12H, m), 3.95 (1H, d, J = 14.9), 6.58 

(1H, s), 6.62 (1H, s), 6.67 (1H, s), 6.78 (1H, s). 

 

7-(3,4-Dimethoxybenzyl)-2,3,10,11-tetramethoxy-5,6,7,8,13,13a-hexahydroisoquinolino[3,2- 
a]isoquinolin-7-ium bromide (12) 
To a solution of xylopinine (11, 1.07 g, 3.0 mmol) in acetone (90 mL) was added 3,4-dimethoxybenzyl 

bromide (0.96 g, 4.15 mmol) and the mixture was stirred at room temperature for 24 h.  The precipitate 

was collected by filtration to give pure trans-12 (148 mg, 8%).  The filtrate was concentrated, and the 

residue was suspended with acetone (10 mL).  The precipitate was collected by filtration to give 

cis/trans mixture of 12 (941 mg, 54%, cis/trans 56/44).  A part of the cis/trans mixture of 12 (456 mg, 

cis/trans 56/44) was purified by NaBr-coated silica gel column chromatography (silica gel was suspended 

with 12% NaBr in MeOH, and then was packed and eluted with CHCl3/MeOH 10/1) to give cis-12 (128 

mg, 28%), trans-12 (97 mg, 21%), and a diastereomeric mixture of 12 (112 mg, 25%, cis/trans ratio 

31/69). 

cis-12: 1H NMR: 3.02 (1H, dd, J = 10.9, 18.3), 3.23 (1H, dd, J = 7.5, 18.3), 3.42 (1H, dd, J = 6.3, 18.3), 

3.57 (1H, ddd, J = 9.7, 9.7, 18.3), 3.73 (1H, m), 3.80 (3H, s), 3.87 (3H, s), 3.90 (3H, s), 3.93 (6H, s), 3.94 

(3H, s), 4.39 (1H, dd, J = 8.6, 13.2), 4.89 (1H, dd, J = 6.3, 10.9), 4.95 (1H, d, J = 13.2), 5.06 (1H, d, J = 

15.5), 5.24 (1H, d, J = 15.5), 5.48 (1H, d, J = 13.2), 6.72 (1H, s), 6.73 (1H, s), 6.77 (1H, s), 6.81 (1H, s), 

6.88 (1H, d, J = 8.6), 7.11 (1H, d, J = 8.6), 7.32 (1H, s). 
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Addition reaction of benzyl Grignard reagent to tetracyclic iminium 16 
To the suspension of iminium 16 (206 mg, 0.53 mmol) in THF (5 mL) was added BnMgBr (0.5 M 

solution in THF, 1.8 mL, 0.9 mmol) at 0 °C, and the mixture was stirred for 1 h at 0 °C.  To the mixture 

was added saturated aqueous NaHCO3 (5 mL), and the whole was extracted with AcOEt (3 x 10 mL). The 

combined organic layers were dried over Na2SO4.  Concentration and column chromatography 

(hexane/AcOEt 1/1) gave trans-17 (138 mg, 58%) as a yellow solid and cis-17 (97 mg, 41%) as a yellow 

solid. 

trans-17: 1H NMR: 2.81-2.93 (5H, m), 3.01 (1H, dd, J = 5.2, 16.6), 3.06 (1H, m), 3.33 (1H, dd, J = 5.7, 

13.2), 3.47 (3H, s), 3.82 (3H, s), 3.87 (3H, s), 3.90 (3H, s), 3.98 (1H, dd, J = 5.2, 8.6), 4.42 (1H, dd, J = 

4.6, 11.5), 5.83 (1H, s), 6.57 (1H, s), 6.62 (1H, s), 6.70 (1H, s), 7.13 (2H, d, J = 7.5), 7.20 (1H, t, J = 7.5), 

7.27 (2H, t, J = 7.5).  13C NMR: 29.6 (CH2), 34.1 (CH2), 40.5 (CH2), 47.2 (CH2), 51.1 (CH), 55.4 (CH3), 

55.9 (CH3), 56.0 (CH3), 56.1 (CH3), 66.8 (CH), 109.4 (CH), 110.9 (CH), 111.1 (CH), 111.7 (CH), 125.3 

(C), 126.1 (CH), 126.4 (C), 128.3 (CH), 129.1 (C), 130.1 (CH), 131,3 (C), 140.3 (C), 146.2 (C), 147.4 (C), 

147.4 (C), 147.6 (C). IR: 1610, 1511.  HRMS-ESI m/z: [M+H]+ calcd for C28H32N1O4, 446.2331; found, 

446.2336. 

cis-17: 1H NMR: 2.56 (1H, dd, J = 11.9, 14.2), 2.64-2.69 (2H, m), 3.00 (1H, dd, J = 2.3, 15.2), 3.04 (1H, 

dd, J = 6.9, 14.2), 3.09-3.21 (2H, m), 3.40 (1H, m), 3.66 (3H, s), 3.68 (1H, m), 3.86 (3H, m), 3.867 (3H, 

s), 3.871 (3H, s), 4.01 (1H, m), 6.37 (1H, s), 6.59 (1H, s), 6.63 (1H, s), 6.74 (1H, s), 7.07 (2H, d, J = 7.4), 

7.11-7.18 (3H, m).  13C NMR: 30.2 (CH2), 36.8 (CH2), 43.7 (CH2), 49.0 (CH2), 55.8 (CH3), 55.9 (CH3), 

56.0 (CH3), 56.2 (CH3), 58.8 (CH), 65.7 (CH), 108.9 (CH), 110.0 (CH), 110.9 (CH), 111.5 (CH), 126.0 

(CH), 127.4 (C), 127.9 (CH), 128.2 (C), 129.6 (C), 130.2 (CH), 130.6 (C), 139.3 (C), 147.0 (C), 147.1 (C), 

147.3 (C), 147.5 (C).  IR: 1610, 1512.  HRMS-ESI m/z: [M+H]+ calcd for C28H32N1O4, 446.2331; 

found, 446.2325. 
 

Addition reaction of 4-methoxybenzylzinc chloride to tetracyclic iminium 16 

To the suspension of iminium 16 (130 mg, 0.33 mmol) in THF (4 mL) was added 4-methoxybenzylzinc 

chloride (0.5 M solution in THF, 2.0 mL, 1.0 mmol) at room temperature.  The mixture was stirred for 

12 h at 50 °C, and then quenched wit 10% HCl (1 mL).  The mixture was basified with saturated 

aqueous NaHCO3 (15 mL) and was extracted with AcOEt (3 x 10 mL).  The combined organic layers 

were dried over Na2SO4.  Concentration and column chromatography (hexane/AcOEt 1/1) gave trans-19 

(113 mg, 72%) as a yellow solid.  

trans-19: 1H NMR: 2.78-2.91 (5H, m), 3.00 (1H, dd, J = 5.2, 16.6), 3.09 (1H, m) 3.26 (1H, J = 5.2, 13.2), 

3.53 (3H, s), 3.79 (3H, s), 3.83 (3H, s), 3.87 (3H, s), 3.90-3.93 (4H, m), 4.41 (1H, dd, J = 5.2, 11.5), 5.90 

(1H, s), 6.58 (1H, s), 6.63 (1H, s), 6,70 (1H, s), 6.82 (2H, d, J = 8.8), 7.05 (2H, d, J = 8.8).  13C NMR: 
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29.4 (CH2), 33.8 (CH2), 39.5 (CH2), 46.9 (CH2), 50.8 (CH), 53.3(CH3), 54.8 (CH3), 55.0 (CH3), 55.6 

(CH3), 57.6 (CH3), 66.7 (CH), 109.2 (CH), 110.8 (CH), 110.9 (CH), 111.5 (CH), 113.5 (CH), 125.1 (C), 

126.2 (C), 128.9 (C), 130.8 (CH), 131.2 (C), 132.1 (C), 146.0 (C), 147.2 (C), 147.4 (C), 157.9 (C).  IR: 

1610, 1511.  HRMS-ESI m/z: [M+H]+ calcd for C29H34N1O5, 476.2437; found, 476.2433. 
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