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Abstract — Diastereoselective synthesis of 8-benzyltetrahydroprotoberberines was
examined. Although Stevens rearrangement of N-benzylxylopinine resulted in
poor yield and diastereoselectivity, benzylation of tetracyclic iminium
successfully gave H8-H14 trans-benzyltetrahydroprotoberberines with high

stereoselectivity.

INTRODUCTION

Berberines are a class of isoquinoline alkaloids containing two aromatic rings and quinolizidine skeletons.
These alkaloids have various substitution patterns of rings A and D, and a wide range of biological
activities..  Among them, javaberine? and theoneberine® have particularly interesting activities, such as
inhibition of lipopolysaccharide-induced tumor necrosis factor-o and nitric oxide production (javaberine
A), or antimicrobial activity against Gram-positive bacteria (theoneberine).  Structurally, these
compounds feature an 8-benzyltetrahydroprotoberberine skeleton with a frans relationship of H14 and

H8.4

javaberine A R'=0OH,R?=H theoneberine

isol f ifoli
javaberine B R1 - H, R2 = OH isolated from Theonella Ssp. isolated from Gnetum parviotium

Figure 1. 8-Benzyltetrahydroprotoberberine alkaloids
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We previously reported the racemic total synthesis of epi-javaberine A (epi-1) and javaberine A (1) using
an amidation-Bischler—Napieralski cyclization-reduction sequence, as shown in Scheme 1.2 In the
reduction of iminium 3, the major diastereomer was epi-4, an unnatural form of javaberine A (1), and
improvement of the stereoselectivity remained unresolved.  Herein, we report stercoselective

construction of the C-8 benzyl group by benzylation of the iminium of dihydroprotoberberine.

1 OMe OMe
OMe
MeO MeO O
N+
2) POCly 2) POCI3
3) NaBH,
. OMe OMe
norlaudanosine (2) OMe 3 OMe

epi-4: 90%

4 (R = Me) epi-4 (R = Me)

BBr
javaberine A (1) epi-javaberine A (epi-1) 3

(R=H) (R=H)

Scheme 1. Our previous racemic total synthesis of epi-javaberine A (epi-1) and javaberine A (1)

RESULTS AND DISCUSSION

Several groups have reported the stereoselective construction of C-8 substituents of protoberberines.
The most successful of the approaches is the Pictet-Spengler cyclization of tetrahydroisoquinoline § with
aldehyde 6 by Hiemstra’s group,® in which they considered the presence of free phenol OH to be
essential for the high reactivity and diastereoselectivity (Scheme 2). On the other hand, Kouklovsky

reported that Pictet-Spengler cyclization of 7 with acetaldehyde dimethyl acetal is not stereoselective (dr
1/1).2

Pictet-Spengler

OTBS
HO HO

6
MeO OHC™ ® | meo

H
CF3CH,OH
0°C,3h
OMe 8°%
5

OH

javaberine A (1) OH

Scheme 2. Pictet-Spengler cyclization in Hiemstra’s asymmetric total synthesis of javaberine A
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Scheme 3. Pictet-Spengler cyclization with poor stereoselectivity in Kouklovsky’s total synthesis of

coralydine

Valpuesta reported retaining the stereochemistry with another approach using Stevens rearrangement of
benzylammonium 9 to give 8-benzylprotoberberine 10 (Scheme 4).2  Although the stereoselectivity of
the rearrangement was extremely high, this strategy requires stereoselective preparation of
HS8-N-benzyl-cis-benzylammonium 9, leading to trans-10. Obtaining pure cis-9 requires

recrystallization of the diastereomeric mixture of 9 (cis/trans 4/1) after benzylation of berberine 8.

Stevens Rearrangement OMe OMe
<O
o
OMe acetone
cisltrans 4/1
OMe  Separable

by recrystn. 9

Scheme 4. The Stevens rearrangement reaction reported by Valpuesta

We also tried the Stevens rearrangement for the total synthesis of javaberine A, but found it difficult to
prepare the cis-N-benzylammonium salt 12. We first synthesized xylopinine (11) by Pictet-Spengler
cyclization of norlaudanosine hydrochloride (2¢HCI)Z with formaldehyde. Next, benzylation of
xylopinine (11) by 3,4-dimethoxybenzyl bromide gave ammonium 12 with a cis/trans ratio of 56/44,
which was almost unchanged by recrystallization from acetone (cis/trans ratio 56/44 to 60/40). These
diastereomers were partially separated by NaBr-coated silica gel column chromatography!® to give cis-12
(28%), trans-12 (21%), and a diastereomeric mixture of 12 (25%, cis/trans ratio 31/69).1!  The relative
stereochemistry of 12 was determined based on the chemical shifts of the H14 methine proton and Ha
methylene protons. Thus, the signals of H14 of the cis isomer and Ha of the frans isomer appears at
higher fields than that of the corresponding opposite isomers due to their conformations.®  Unfortunately,

the Stevens rearrangement of cis-12 with NaH and DMSO was not stereoselective, and both 4 (desired)


ref8
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and epi-4 (undesired) were obtained in 10% and 3% yield, respectively, with elimination product 13

obtained in 8% yield.
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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).>!>  Although we screened other hydride reagents,

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

OMe
OMe
OMe
HO OMe
(0]

MeO ‘ MeO
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MeO NH-HCE =7 7% MeO

MeCN

O reflux, 2 h
OMe OMequant

2¢HCI OMe
MeO
hydride reagent
> MeO
solvent

—78 °C, time

Scheme 6. Preparation of iminium 3 and its hydride reduction



516 HETEROCYCLES, Vol. 101, No. 2, 2020

Table 1. Reduction of iminium 3 to give 4 and epi-4*

Entry Reagent (equiv) solvent Time (h) 4 (%) epi-4 (%)
1 LiAlH4 (10) THF 1 9 90
2 LiAlH4 (10), AlMe; (10)13 THF 1 9 90
3 LiAIH(Oz-Bu); (10) THF 1 7 76
4° NaBHj4 (2) MeOH 0.5 3 97
sb KBH4 (2) MeOH 0.5 1 99
6° LiBH4 (2) MeOH 0.5 1 99

@ All reactions were carried out at —78 °C.  ° The yields of 4 and epi-4 was calculated by crude 'H NMR.

The wundesired diastereoselectivity in the reduction of iminium 3 was presumably due to
kinetically-favored axial attack of hydride on iminium 3 to give epi-4.2* On the basis of this analysis,
we expected that benzylation of iminium 16, possessing a hydrogen instead of the
3,4-dimethoxyphenylmethyl group of 3, would predominately afford 17 with the desired H14-HS8 trans
relationship through axial attack of the benzyl group (Scheme 7). Iminium 16 was synthesized from

norlaudanosine 2 by formylation followed by Bischler-Napieralski cyclization (Scheme 8).

OMe

l OMe

- H

MeO
9@
MeO +N
3 oM

Cl
OMe
e

trans-17  OMe

Scheme 7. Plausible stereochemical pathway of iminium 3 reduction and alkylation

MeO HCO,Et MeO
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MeO EtOH MeO MeCN
reflux, 2 d reflux, 2 h
O 94% quant
OMe OMe
2 OMe B Ome

Scheme 8. Preparation of iminium 16
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We next examined the benzylation of iminium 16. Adding benzylmagnesium bromide in THF at 0 °C
proceeded smoothly to give the desired trans-17 in 58% yield and cis-17 in 41% yield.l> As expected,
this benzylation strategy dramatically improved the diastereoselectivity for the construction of the C-8
benzyl group of protoberberines. To our delight, benzylzinc bromide was highly stereoselective, giving
trans-17 in 70% yield as a sole product. The addition of 4-methoxybenzylzinc chloride was also

stereoselective to afford trans-19 in 72% yield (Scheme 9).

BnzZnBr

16 - trans-17
THF 70%
50°C, 11 h

OMe

OMe
MeO

Clzn
16

THF
50 °C, 12 h

trans-19
72% OMe

Scheme 9. Stereoselective benzylation of iminium 16

CONCLUSION

Stereoselective construction of the C-8 benzyl group of tetrahydroprotoberberine was successfully
achieved in an H8-H14 trans manner by the addition of benzylzinc halide to an iminium of
dihydroprotoberberine. We previously reported the HS8-H14 cis-selective synthesis of C-8
benzyltetrahydroprotoberberine by hydride reduction of benzyliminium, and therefore selective
preparation of both diastereomers is now established. These findings should be useful for biological

studies of benzylprotoberberines.

EXPERIMENTAL
'H NMR (500 MHz) and *C NMR (125 MHz) were measured in CDCl3 unless otherwise mentioned.
Chemical shift values were expressed in ppm relative to an internal reference of tetramethylsilane (0 ppm)

in 'H NMR and CDCls (77.0 ppm) in 3C NMR. *C peak multiplicity assignments were made based on
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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™. Column chromatography was performed using silica gel as a

stationary phase.

Xylopinine (11)!¢

A mixture of 2HCI (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 Na;SOs, 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: '"H 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, /=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-
alisoquinolin-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 CHCI3/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: '"H 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, /= 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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trans-12: "H NMR: 3.25 (1H, dd, J = 12.0, 18.0), 3.36 (1H, dd, J= 6.3, 18.0), 3.51 (1H, m), 3.63 (1H, dd,
J=6.9,13.2),3.75 (3H, s), 3.84 (3H, s), 3.892 (3H, s), 3.894 (3H, 5), 3.91 (3H, 5), 3.92 (3H, s), 3.98 (1H,
d,J=14.0),4.02 (1H, d, J = 14.0), 4.03 (1H, d, J = 15.5), 4.27 (1H, dd, J = 6.3, 18.0), 4.75 (1H, ddd, J =
6.3, 13.2, 13.2), 5.53 (1H, d, J = 15.5), 5.97 (1H, dd, J = 6.3, 12.0), 6.41 (1H, d, J = 1.7), 6.58 (1H, s),
6.83 (1H, s), 6.86-6.89 (2H, m), 6.91 (1H, d, J = 8.0), 7.12 (1H, s).

Stevens rearrangement of cis-12

A solution of NaH (49.6 mg, 1.24 mmol) in DMSO (1.67 mL, 21.7 mmol) was stirred for 90 min at 80 °C
under argon. Once the dimsyl sodium was formed, cis-12 (58 mg, 0.1 mmol) was added and the mixture
was stirred for 23 h at room temperature. The reaction mixture was poured onto ice. The precipitate
was filtered off, and the filtrate was extracted from CHCl;. The combined organic layers were washed
with brine, dried over Na;SO4, and concentrated in vacuo. The crude product was purified by silica-gel
chromatography (hexane/AcOEt 1/1) to give 3 (5.1 mg, 10%), epi-3 (1.5 mg, 3%), and 13 (4.0 mg, 8%).
3: 'TH NMR: 2.79-3.00 (6H, m), 3.12 (1H, m), 3.26 (1H, m), 3.57 (3H, s), 3.77 (3H, s), 3.84 (3H, s), 3.86
(3H, s), 3.88 (3H, s), 3.90 (3H, s), 3.94 (1H, dd, J = 6.9, 6.9), 4.39 (1H, dd, J = 4.6, 11.5), 5.99 (1H, s),
6.58 (1H, s), 6.63 (1H, s), 6.66-6.68 (3H, m), 6.78 (1H, d, J = 8.0). '*C NMR: 29.4 (CH>), 33.6 (CH>),
40.2 (CH»), 46.8 (CH>), 50.8 (CH), 55.4 (CHz3), 55.7 (CHs x 2), 55.79 (CH3), 55.88 (CH3), 55.94 (CH3),
66.6 (CH), 109.2 (CH), 110.8 (CH), 110.9 (CH), 111.0 (CH), 111.5 (CH), 113.2 (CH), 121.9 (CH), 125.2
(C), 126.1 (C), 128.9 (C), 131.2 (C), 132.7 (C), 146.2 (C), 147.2 (C), 147.3 (C), 147.4 (C), 147.5 (C),
148.5 (C). 1IR: 3002, 2935, 1610, 1515, 1465, 1261. HRMS-ESI m/z: [M+Na]" caled for
C30H35sNNaOg, 528.2362; found, 528.2363.

epi-3: "H NMR: 2.47 (1H, dd, J = 11.0, 14.6), 2.63-2.69 (2H, m), 2.96 (1H, dd, J = 2.4, 14.6), 3.05-3.16
(3H, m), 3.41 (1H, m), 3.65-3.67 (4H, m), 3.75 (3H, s), 3.81 (3H, s), 3.86 (3H, s), 3.87 (3H, s), 3.88 (3H,
s), 3.99 (1H, dd, J=4.3, 4.6), 6.49 (1H, s), 6.54 (1H, d, J=1.9), 6.58 (1H, s), 6.60 (1H, dd, /= 1.9, 8.0),
6.63 (1H, s), 6.67 (1H, d, J = 8.0), 6.74 (1H, s). '3C NMR: 30.1 (CH>), 36.7 (CH), 42.7 (CH,), 48.8
(CH2), 55.6 (CH3), 55.8 (CH3), 55.8 (CH3), 55.9 (CH3 x 2), 56.0 (CH3), 58.5 (CH), 65.4 (CH), 108.9
(CH), 110.1 (CH), 110.6 (CH), 110.9 (CH), 111.4 (CH), 113.4 (CH), 122.4 (CH), 127.3 (C), 128.6 (C),
129.6 (C), 130.7 (C), 131.5 (C), 147.1 (Cx2), 147.2 (C), 147.3 (C), 147.5 (C), 148.1 (C). 1R: 2932, 1612.
1512. MS (FAB) m/z: 506 [M+H]", 354, 192, 149. HRMS-FAB m/z: [M+H]" calcd for C30H36NOe:
506.2543. Found: 506.2558.

13: '"H NMR: 2.90 (dd, 1H, J = 4.0, 16.6), 2.94 (d, 1H, J = 13.2), 3.14 (dd, 1H, J = 10.3, 16.6), 3.39 (d,
1H, J = 15.5), 3.78-4.00 (m, 3H), 3.80 (s, 3H), 3.83 (s, 3H), 3.84 (s, 3H), 3.86 (s, 3H), 3.87 (s, 3H), 3.92
(s, 3H), 5.24 (d, 1H, J = 10.9), 5.57 (d, 1H, J = 17.8), 6.48 (s, 1H), 6.57 (s, 1H), 6.79 (d, 1H, J = 8.6),
6.85 (d, 1H, J = 8.6), 6.86 (s, 1H), 7.04 (s, 1H), 7.12 (s, 1H), 7.35 (dd, 1H, J=10.9, 17.8). 3*C NMR: 36.8
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(CHa), 55.78 (CHs), 55.87 (CHj x 2), 55.90 (CH3 x 2), 55.94 (CH3), 58.8 (CHo), 61.3 (CH), 108.8 (CH),
109.3 (CH), 110.4 (CH), 110.6 (CH), 110.8 (CH), 111.8 (CH), 113.9 (CH,), 120.7 (CH) 126.1 (C), 126.4
(C), 129.3 (C), 131.8 (C), 133.2 (C), 134.3 (CH), 147.4 (C), 147.6 (C), 147.9 (C), 148.9 (C), 149.2 (C).
IR: 3002, 2925, 2851, 1605, 1509, 1463. HRMS-ESI m/z: [M+Na]" caled for C30HssNNaOg, 528.2362;
found, 528.2340.

1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-carbaldehyde (18)

To the suspension of 2¢HCI (1.9 g, 5.0 mmol) and K>COs (2.1 g, 150 mmol) in EtOH (20 mL) was added
HCOzEt (30 mL), and the mixture was reflux for 40 h. The mixture was concentrated, and the residue
was recrystallized from EtOH to give 18 (1.70 g, 94%) as colorless needles of mp 133.0-134.0 °C.

18: '"H NMR (the ratio of rotamer is 60/40): 2.61 (0.4H, m), 2.70 (0.6H, m), 2.78-2.93 (1.0H, m),
2.97-3.17 (2.6H, m), 3.27 (0.4H, ddd, J = 4.0, 11.5, 13.2), 3.56 (0.4H, ddd, J = 2.3, 6.3, 13.5), 3.69 (1.2H,
s), 3.77 (1.2H, s), 3.843 (1.2H, s), 3.848 (1.2H, s), 3.857 (3.6H, s), 3.865 (1.8H, s), 3.88 (1.8H, s), 4.48
(0.6H, ddd, J = 1.8, 6.3, 13.2), 4,58 (0.6H, dd, J = 5.2, 9.2), 5.52 (0.4H, t, J = 6.3), 6.33 (0.4H, s), 6.55
(0.4H, s), 6.57 (0.6H, s), 6.58-6.61 (1.4H, m), 6.63 (0.6H, s), 6.66 (0.6H, dd, J =8.0, 1.7), 6.74 (0.4H, d, J
= 8.6), 6.82 (0.6H, d, J = 8.0), 7.71 (0.6H, s), 8.14 (0.4H, s). *C NMR: 27.8 (CH>), 29.2 (CH>), 34.2
(CH2), 41.0 (CH>), 41.6 (CH,), 43.2 (CH2), 52.1 (CH), 55.89 (CHz3), 55.93 (CHz), 55.97 (CH3), 56.03
(CHa), 56.07 (CH3), 53.11 (CHs), 53.17 (CH3s), 56.21 (CHs), 59.1 (CH), 110.0 (CH), 110.4 (CH), 111.0
(CH), 111.3 (CH), 111.5 (CH), 111.7 (CH), 112.5 (CH), 112.9 (CH), 121.9 (CH), 122.1 (CH), 125.5 (C),
126.3 (C), 127.1 (C), 127.4 (C), 129.7 (C), 130.0 (C), 147.4 (C), 147.6 (C), 147.9 (C), 148.0 (C), 148.2
(C), 148.4 (C), 148.7 (C), 149.2 (C), 161.40 (CH), 161.44 (CH). IR: 1666, 1515. HRMS-ESI m/s:
[M+Na]" calcd for C21H2sNNaOs, 394.1630; found, 394.1621.

2,3,10,11-Tetramethoxy-5,6,13,13a-tetrahydroisoquinolino[3,2-a]isoquinolin-7-ium chloride (16)

To a suspension of 18 (1.70 g, 4.6 mmol) in MeCN (15 mL) was added POCIl; (0.84 mL, 9 mmol), and
the mixture was refluxed for 2 h. After cooled to room temperature, THF (20 mL) was added. The
precipitate was collected by filtration to give 16 (1.80 g, quant) as a pale yellow solid.

16: 'H NMR (CDCls): 3.03 (1H, d, J = 16.9), 3.10 (1H, dd, J = 16.9, 16.9), 3.26 (1H, m), 3.51 (1H, dd, J
=5.7,16.9), 3.91 (3H, s), 3.92 (3H, s), 3.98 (3H, s), 4.04 (3H, s), 4.05 (1H, m), 4.80 (1H, d, J = 13.2),
5.19 (1H, dd, J = 5.7, 16.9), 6.74 (1H, s), 6.75 (1H, s), 6.93 (1H, s), 7.72 (1H, s), 9.83 (1H, brs). '3C
NMR (DMSO-ds): 27.9 (CH2), 33.6 (CH»), 54.5 (CH>), 55.6 (CHs), 55.8 (CH3), 56.1 (CH3), 56.5 (CH3),
57.1 (CH), 109.6 (CH), 111.3 (CH), 111.6 (CH), 114.8 (CH), 117.2 (C), 124.5 (C), 125.1 (C), 134.6 (O),
148.05 (C), 148.16 (C), 148.22 (C), 156.5 (C), 165.0 (CH). IR (KBr): 1647, 1607, 1567, 1523, 1511,
1456. HRMS-ESI m/s: [M—CI]* calcd for C21H24NOa4, 354.1700; found, 354.1693.
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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 Na>SOs4. 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: *H 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,1,J=75). BC NMR: 29.6 (CH,), 34.1 (CH>), 40.5 (CHy), 47.2 (CH>), 51.1 (CH), 55.4 (CH3),
55.9 (CH3), 56.0 (CHs3), 56.1 (CHz), 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 C2gH32N104, 446.2331; found,
446.2336.

cis-17: 'TH 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). '*C NMR: 30.2 (CH>), 36.8 (CH>), 43.7 (CHz>), 49.0 (CH>), 55.8 (CH3), 55.9 (CH3),
56.0 (CHs), 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 (O),
147.3 (C), 147.5 (C). IR: 1610, 1512. HRMS-ESI m/z: [M+H]" calcd for CasH3:N1Os, 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% HCIl (1 mL). The mixture was basified with saturated
aqueous NaHCOs3 (15 mL) and was extracted with AcOEt (3 x 10 mL). The combined organic layers
were dried over NaxSO4.  Concentration and column chromatography (hexane/AcOEt 1/1) gave trans-19
(113 mg, 72%) as a yellow solid.

trans-19: '"H 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). '*C NMR:
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29.4 (CH,), 33.8 (CHy), 39.5 (CH), 46.9 (CH), 50.8 (CH), 53.3(CHs), 54.8 (CHs), 55.0 (CHz), 55.6
(CH3), 57.6 (CHs), 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). 1IR:
1610, 1511. HRMS-ESI m/z: [M+H]" caled for CaoH34N 05, 476.2437; found, 476.2433.
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