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           Based on the hypothesis that increasing the sizes of the substituents on the nitro- 

gen of the 1-(2′-bromobenzyl)tetrahydroisoquinoline precursors will force the radical formed 

on ring D to lie closer to ring A and hence favours  ring C formation while reducing the steric 

crowding on C-7 and C-3′ will also favour ring C formation, it was found that the sizes of the 

protecting groups on the nitrogen do not have significant influence on the formation of ring C 

while steric crowding on C-7 and C-3′ has significant effects on the formation of ring C.       
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          The structures previously assigned to (±)-laurelliptinhexadecan-1-one and (±)-lau- 

relliptinoctadecan-1-one have been confirmed by total syntheses of the racemic alkaloids 

which do not possess any anti-microbial activity. A simple and economical synthesis of 4-

hydroxy-2,3-dimethoxybenzaldehyde has been developed, leading to the first total syntheses 

of (±)-isopiline, (±)-preocoteine, (±)-oureguattidine and (±)-3-methoxynordomesticine. Only 

(±)-3-methoxynordomesticine was found to possess anti-inflammatory activity. A new synthe- 

sis, based on radical cyclisation, of telisatin-type alkaloids has been developed leading to the 

syntheses of telisatin A and first total syntheses of telisatin B and lettowianthine. Unfortunate- 

ly, attempts to develop new syntheses of 1,2,3-trimethoxy-5-oxoaporphine, 1,2-dimethoxy-3-

hydroxy-5-oxoaporphine, fuseine, lakshminine, telazoline, teladiazoline, the azafluoranthene 

and homoaporphine alkaloids were not successful due to time limitation. Using radical cyclisa- 

tion, (±)-gusanlung A, (±)-gusanlung D and 8-oxyberberrubine have been synthesized. 

Comparison of the 
1
H- and 

13
C-NMR spectral data of the synthetic alkaloids with those of the 

natural alkaloids cast doubt on the correctness of the structures previously assigned to the 

natural alkaloids. 
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���[
� Guatteria ampliforia !�  Guatteria dumetorum  W(�!�-  xylonine, crytodonine, 

nornantenine !�  nornuciferine  ���-
�
�
�}	��	�6�������#��
��	:�������#��#�� (.����
���W(� 

 

NH

R
4

R
1

R
2

R
3

 
 

 R1 R2 R3 R4 

xylopine OCH2O H OCH3 

cryptorine OCH2O OCH2O 

nornantenine OCH3 OCH3 OCH2O 

nornuciferine OCH3 OCH3 H H 

 

 

�' �. �. 2007 Balansard !� �� 26 W(��
	�
�Z���4 antiplasmodial %�� dehydro- 

roemerine  [
� Stephania rotunda (Menispermaceae)   

 

N

O

O CH
3

 
 

                          dehydroroemerine                           

 

      �' �. �. 2007 Adsersen  !� �� 27 W(��
	�
��
�����
Z���4�
�"#�$
�%�� aporphine 

alkaloids  [
� Corydalis cava ���-
 bolbocapnine �#Z���4	��	�6�  acetylcholinesterase !�  butylyl- 

cholinesterase   
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N

CH
3
O

HO
CH3

O

O
H

 
 

bolbocapnine 

 

�������������  aporphine alkaloids28 
�
�������
 
�  aporphine alkaloids ��	����
���!
�� C [
��
���6�����#���,� 1-

benzyltetrahydroisoquinoline  �` �����	
�#�:"����
���!
�� C ������W(�(���#6 

      1.   �` �����	
 Pschorr cyclisation  �#�
���6�����#�� J
��/� ;�  diazonium salt precursor *���

�� ;�����( intramolecular arylation [ W(��
�w���$������,� aporphine alkaloids (������	-
��-�W��#6 

      �' �. �. 1976  Ritchie !� �� 29 � J
�
�������
 
� (±)-N,O-diacetylelmerrillicine (��

!w�$
� 1 

O

O

OCH
3

NH
2

NO
2

BnO
O

N
2

O

O

OCH
3

NH
NO

2
BnO

O
+ Ag

2
O

O

O

OCH
3

N
NO

2
BnO

PCl
5

stannic chloride

(77.4%)

(70.0%)

NaBH
4

O

O

OCH
3

NH
NO

2
BnO

O

O

OCH
3

N
NO

2
BnO

Ac
2
O

Ac

O

O

OCH
3

N
NH

2
BnO

Ac

Zn/H
2
SO

4

1. diazotisation
2. Cu/CuCl

O

O

OCH
3

N

BnO
Ac

(4.0%)

O

O

OCH
3

N

AcO
Ac

1. H
2
/Pd/C

2. Ac
2
O

(67.5%)

(95.0%) (86.6%)

(85.3%)
 

�!���� 1   �
�������
 
� N,O-diacetylelmerrillicine 
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      �` �����	
 Pschorr cyclisation :
�w�w�����J
�
��� ;���������#�[ ���(���� � 
�-
��� 

aromatic �#
�.-!���#�%�
(:
/-�	.- �` �����	
�#6:
�w�(#�������:����#�#��J
!
�-�  ortho ���[�(�#�

[ ���( aryl-aryl bond W�-�#
�.-!���#��#��#%�
(:
/-  

 

      2.   ���# phenolic oxidation �#�
	�
��
�������
 
� aporphine alkaloids   ��,����6�!��

)(	 Frank !�  Schlingloff 28 :��' �. �.  1962 )(	�` �����	
 phenol oxidation %�� laudanosoline 

methiodide )(	:"�   iron (III) chloride �#� 20 °C ��,����
 20 "���)��:
��
�w���$����:�����
�

w�w��� 60% (��!w�$
� 2 

 

N

HO

HO

OH
HO

CH
3

CH
3

I-

FeCl
3 N

HO

HO

OH
HO

CH
3

CH
3

Cl-

(60%)
 

 

�!���� 2   �
�������
 
� aporphine alkaloids )(	�` �����	
 phenolic oxidation  

 

      ���[
��#6	���#�
�:"� oxidizing reagent ����;�� � !�� iron (III) chloride  :��
�

������
 
� aporphine alkaloids �"-� potassium ferricyanide, manganese dioxide !�  vanadium 

oxyfluoride  ��,���� 	�����	-
��"-� Kupchan !� �� 30 � J
�
�������
 
� N-trifluoroacetyl- 

northaliporphine [
�  N-trifluoroacetylnorcodamine  (��!w�$
� 3 

 

CH
3
O

HO
N

CH
3
O

HO
N

OCH
3

CH
3
O

COCF
3

VOF
3
-TFA

COCF
3

(70%)

OCH
3

CH
3
O

 
        N-trifluoroacetylnorcodamine                                N-trifluoroacetylnorthaliporphine 

 
�!���� 3   �
�������
 
� aporphine alkaloids )(	�` �����	
 phenolic oxidation 
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      3.   �` �����	
 photochemistry �#�
	�
����6�!�� )(	 Cava !� �� 31 :��' �. �.  1966  

)(	�
	!�� ultraviolet !�- 1-benzylidine-2-ethoxycarbonylisoquinoline/ I2 )(	�# iodine ��,� 

oxidizing agent :
��
�w���$������,� N-carboethoxydehydronuciferine  *����� ;��� J
�` �����	
��� 

lithium aluminium hydride :
� dehydronuciferine �� ;��� J
  reduction (��	 Zn(Hg) :
� (±)-nuciferine 

(��!w�$
� 4   
 

 
CH

3
O

CH
3
O

N ClCO
2
Et

base

CH
3
O

CH
3
O

N
O

OEt

(73%)

CH
3
O

CH
3
O

N

O

OEt

(35%)

hν, I
2

EtOH, N
2

CH
3
O

CH
3
O

N CH
3

(71.5%)

LAH Zn(Hg)

CH
3
O

CH
3
O

N CH
3

(86.0%)
 

               (±)-nuciferine 

 

�!���� 4  �
�������
 
� (±)-nuciferine  

 

      ���[
��#6�
��
	!��%�� halogenated stilbenes )(	�# potassium tert-butoxide ��,�

���:
��
�w���$������,� dehydroaporphine  �"-����(������	-
��
�������
 
� cassamedine )(	 

Cava !�  Libsch32 (��!w�$
� 5   
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O

O

OCH
3

NH
2

O

O

COOH

Br

O

O

OCH
3

NHO

O
O

Br

N
OC

2
H
5

CO
2
C
2
H
5+

O

O

OCH
3

N
Br

O
O

O

O

OCH
3

N
Br

O
O

O

OC
2
H
5

(cis, trans mixture)

POCl
3

acetonitrile

ethyl chloroformate

CH
2
Cl

2

hν, benzene

tert-BuO-K+/tert-BuOH

(76.0%)

(90.0%)

(90.0%)

triethylamine

 

O

O

OCH
3

N

O
O

OC
2
H
5

O

(32%)

O

O

OCH
3

N

O
O

CH
3

(87%)

LAH

O

O

OCH
3

N

O
O

(28%)

O

peracetic acid

 
cassamedine 

 

�!���� 5   �
�������
 
� cassamedine  
 

     �
����
���!
�� C )(	���#�
	!��W�-�
�
�}:"�������
 
�  aporphine alkaloids �#�

�J
!
�-� 11 �#
�.-���*��[��	.-W(� 

 

      4.   ���# quinol acetate  �#�
	�
���,����6�!��)(	 Umezawa  !� �� 33 :��' �. �. 

1974 )(	�J
 7-hydroxy-1-benzyltetrahydroisoquinoline �
� J
�` �����	
��� lead tetraacetate W(��
�

w���$������,� quinol acetate *���� J
�` �����	
��� acetic ahhydride-sulfuric acid W(� (±)-

acetylthaliporphine (14%) !�  (±)-4-acetoxy-O-acetylthaliporphine (6%)  ��,��
�w���$����(��

!w�$
� 6   
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N

CH
3
O

HO

OCH
3

CH
3
O

N

CH
3
O

O

OCH
3

CH
3

CH
3

OAc

CH
3
O

N

CH
3
O

AcO

OCH
3

CH
3

CH
3
O

N

CH
3
O

AcO

OCH
3

CH
3

CH
3
O

+
OAc

(14%)

(6.0%)

Pb(OAc)
4

AcOH

Ac
2
O/H

2
SO

4

 
�!���� 6  �
�������
 
� (±)-acetylthaliporphine  !�  (±)-4-acetoxy-O-acetylthaliporphine  

 

      �
����
���!
�� C  ���# quinol acetate  W�-�
�
�}:"�������
 
�  aporphine alkaloids 

�#��J
!
�-� 11 �#
�.-���*��[��	.-W(� 

 

      5.  ���# radical cyclisation :��' �. �. 1994 Castedo !� �� 34 W(��
	�
����#�
�:
�- 

*���:"� radical cyclisation  ������
 
� aporphine alkaloids (��!w�$
�  7 
 

NH

CH
3
O

CH
3
O N

CH
3
O

CH
3
O

N

CH
3
O

CH
3
O COOC

2
H
5

COOC
2
H
5Br

OCH
3

CH
3
O

Br
 ethyl chloroformate

AIBN, Bu
3
SnH

toluene

OCH
3

CH
3
O

OCH
3

CH
3
O

(81%)  
 
�!����  7  �` �����	
  radical cyclisation  
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      ���[
��#6 Castedo !� �� 34 W(��
	�
��-


��#
�.-!���#�:��J
!
�-� C-7 !�  C-3′ 

%�� 1-benzyltetrahydroisoquinoline precursor �
�� �(��!
����,� aporphine alkaloids [ W�-

���(%�6�[ W(�!�-  hydrogenolysis product  ��-
��6�(��!w�$
�  8 

  

N

CH
3
O

CH
3
O

N

CH
3
O

CH
3
O COOC

2
H
5

COOC
2
H
5Br

AIBN, Bu
3
SnH

toluene

CH
3
O CH

3
O

CH
3
O CH

3
O

H
7

3'

 
 

�!����  8   hydrogenolysis product [
��` �����	
 radical cyclisation 

 

      *��� Castedo !� �� 34 W(���-
�} ����
�!���($
	:�)�����������;����
[
�
�.-!���#�

:��J
!
�-� �#� 7 !�  3′ %��)������
� 1-benzyltetrahydroisoquinoline precursor ��,��
�
��:
�

���(�
�w���$�����#�W�-�����
� �����,�%��[J
��(%�����#�#6 *#���-
����
%��[J
��(�#6�-�W� 

 

6. ���#  intramolecular ortho-arylation of phenol   ����)(	 Cuny35   :� �' �. �. 2003 

 )(	� J
�
:"�:��
�������
 
� (±)-lirinidine !�  (±)-nuciferine )(	:"� palladium complex :�

�` �����	
�
�� �(��!
��  C  (��!w�$
�  9 

 

N

CH
3
O

HO
N

CH
3
O

HO COOCH
3

COOCH
3Br

Pd(OAc)
2
, PCy

3
, NaOAc

DMA

(64%)

LAH N

CH
3
O

HO CH
3

(86%)

N

CH
3
O

CH
3
O CH

3

(80%)

CH
2
N
2

 
        (±)-lirinidine        (±)-nuciferine 
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PPCy
3  

= DMA  =  dimethylacetamide

 
 

�!����  9   �
�������
 
� (±)-lirinidine !�  (±)-nuciferine 

 

      7.   ���#  direct arylation reaction W(��#�
�:"� palladium complex :��
����
���!
�� 

C  %��  aporphine alkaloids  :� �.�. 2007  )(	  Fagnou !� �� 36 W(���]�
�
�������
 
�  

aporphine alkaloids :
��#�� �����$
�(#W(��
�w���$�����#��.� (��!w�$
�  10 

 

N
PG

R
1

R
2

Br

K
2
CO

3
, DMA

Pd(OAc)
2

Ligand (2 equiv. to Pd)

130 oC

N
PG

R
1

R
2

(58-99%)
 

 

PPh
2

Me
2
N

A

P
H-BF

4

H-BF
4

B Cligand  =
 

 

�!����  10   �
�������
 
� aporphine alkaloids )(	���# direct arylation reaction 

 

       ��;���[
��` �����	
 radical cyclisation *��������)(	 Castedo !� �� 34 	��W�-�#

�
�����
} ��%���%�!� %��[J
��( �
���[�	�#6[����-�����
� �[[�	�#��#w��� ���-��
����(��!
�� C 

:��� �( v��-�W��#6 

1. %�
(%��
�.-!���#��� nitrogen  

2. %�
(!� �J
!
�-�%��
�.-!���#��#��J
!
�-� 7 :���!
�� A !�  3´ :���!
�� 

D %�� 1-benzyltetrahydroisoquinoline precursor 
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����% 2 

�����������(�����	���"��	
�/.�����%�� nitrogen ������"��	
�/.�����%9����
�29��&
��!	

���: '"��%:�
��"�	�
�� C ��%���.�+; �����!� radical cyclisation 

 

 

      �
��#� Castedo !� �� 1 W(��
	�
��-


��
���6���� 1-benzyltetrahydroisoquinoline 

�#�:"�:��
����
���!
�� C %�� aporphine alkaloids �#
�.- methoxy �#��J
!
�-� 7 !� �J
!
�-� 3′ 

�
����
���!
�� C [ ����
��W(�!�- hydrogenolysis product  [���#��
�W(��-
�� ;���������#�[ ���
�

���� � 
�-
���!
�� A  �����!
�� D �#
�.-!���#��	.- �` �����	
�
����
���!
�� C �-
[ �#

����
�
����(�` �����	
�#�"�
�
� radical �#����(%�6�[��} .� tributyltin hydride reduced ��,� hydrogeno- 

lysis product W��-���
�� �(��!
�� �� ��[�	%����
[����6�������j
�(���#6 

1.    �
������%�
(%��
�.-!���#��� nitrogen �-
[ � J
:
� radical �#����(%�6�����!
�� 

D 
���
�	.-:�����!
�� A [���
[� J
:
��
����
���!
�� C ���(W(���(��v�%�6� 

2.  

��(��
�!���(�� carbon �J
!
�-��#� 7 !� �J
!
�-� 3′ ���
����
���!
�� 

C  � v�-
[ ���(W(���(��v�%�6� 

 

      :�)����
���[�	�#6[���#�
�:"�
�.-!���#��� nitrogen �#��#%�
(�-
�� ��� !� �
�W�-:"�


�.-!���#��� oxygen �#���
 �	.-��� carbon �#��J
!
�-� 7 :��
�����
�` �����	
 radical cyclisation 

!� :��
����#�
����
���!
��[ � J
:��
���6�����#� carbon �J
!
�-� 7 !� 
�;��J
!
�-��#� 3′ 

W�-�#
�.-!���#���	 �
���6�����#�:"�:��
�����
�` �����	
W(�!�(�:��.��#�  1 

 
CH

3
O

N

Br
COCF

3
BnO

OCH
3

CH
3
O

CH
3
O

N

Br
COOCH

3
BnO

OCH
3

CH
3
O

CH
3
O

N

Br
CBnO

OCH
3

CH
3
O

O

O CH
3

CH
3

CH
3

 
 

 

�/+��%  1  �
���6�����#�:"�:��
�����
�` �����	
 radical cyclisation  

15



 

16

 
CH

3
O

N

Br
COCF

3
HO

OCH
3

CH
3
O

CH
3
O

N

Br
COOCH

3
HO

OCH
3

CH
3
O

CH
3
O

N

Br
CHO

OCH
3

CH
3
O

O

O CH
3

CH
3

CH
3

 
 

CH
3
O

N

Br
COCF

3

CH
3
O

N

Br
COCF

3

O
O

N

Br
COCF

3

CH
3
O

BnO

OBn
CH

3
O

N

Br
COCF

3

CH
3
O

BnO

OCH
3

N

Br
COOCH

3

CH
3
O

BnO

OCH
3

R
2

R
1

 R
1 

= R
2
 = H 

 R
1
 = H, R

2
 = OBn 

 R
1
+ R

2
 = OCH

2
O

CH
3
O

OCH
3

N
BrR

3

R
2

R
1

O

O

R
5

R
4

a  : R
1
 = R

4
= R

5
= H, R

2
= R

3
= OCH

3

b  : R
1 

= R
2
= R

3
 = OCH

3
, R

4
= R

5
 = H

c  : R
1
= R

4
= R

5
= H, R

2
+ R

3
= OCH

2
O 

d : R
 1

= H, R
2
= R

5
= OBn, R

3
= R

4
= OCH

3

N

Br
COR

CH
3
O

BnO

OBn
CH

3
O R = C

15
H

31

R = C
17
H

35

N

Br
COCF

3

CH
3
O

BnO

BnO

CH
3
O

CH
3
O

N

Br
CBnO

OCH
3

CH
3
O

O

H

CH
3
O

N

Br
CHO

OCH
3

CH
3
O

O

H

N

R
CH

3
O

COCF
3

Br
R = H

R = OCH
3  

 

 

�/+��%  1  �
���6�����#�:"�:��
�����
�` �����	
 radical cyclisation (�-�) 
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<�����"��	 

�����	
����
������*	�&� (6a-6h) 

      �J
 3,4-dimethoxyphenylacetyl chloride (2) �
� J
�` �����	
��� 4-benzyloxy-3-

methoxyphenethylamine (1) :
� amide (3) *���� J
�` �����	
 Bischler-Napieralski W(� 4  reduction  

%��  4  (��	 sodium borohydride :
�  5  [
���6�:�-
�.-� �������#� nitrogen (��	
�.- carbomethoxy, 

trifluoroacetyl, tert-butyloxycarbonyl ��� formyl :�� N-acyltetrahydroisoquinolines  (6a-6d)   

���� J�	
� �w�
���
��������	
���	�:��w����  1 

 

CH
3
O

BnO
NH

2

+

Br

OCH
3

CH
3
O

1

2

CH
3
O

BnO NHO
Br

OCH
3

CH
3
O

3

CH
3
O

BnO
N

Br

OCH
3

CH
3
O

CH
3
O

BnO
N

Br

OCH
3

CH
3
O

4

O

Cl

H

(A) (B)

(C)

5

CH
3
O

BnO
N

Br

OCH
3

CH
3
O

R

6a-6d

(D)
(E)
(F)
(G)

6a : R = COOCH
3

6b : R = COCF
3

6c : R = Boc

6d : R = CHO

 
Reaction conditions: (A) 10% NaHCO3/ chloroform; (B) POCl3/  benzene; (C) NaBH4/ ethanol; 

(D) ClCOOCH3, Et3N/ chloroform (5        6a); (E) (CF3CO)2O, Et3N/ chloroform (5        6b); (F) 

(Boc)2O, Et3N/ dichloromethane (5         6c); (G) formic acid, DCC / dichloromethane (5        6d).  

 

������  1   
���
�������� N-acyltetrahydroisoquinolines (6a-6d) 

 

      
���[
	���� benzyl ��� 6a ��� 5 	��� concentrated hydrochloric acid  W	� 6e ��� 7  

[�
�
���J� 7 ��� J��`  
 � ��

�  trifluoroacetic anhydride, di-tert-butyl  dicarbonate ��� formic 

acid ��������!"������!�[�����W��!"  nitrogen ��� oxygen ���	���
��� J��`  
 � ��

� 2N hydrochlo- 

ric acid ��;� 2N sodium hydroxide  �� ;"��[
	���� acyl �!"�J������ C-7 :����#����� hydrogen W	�  6f-

6h  ���� J�	
� �w�
���
��������W	���	�:��w����  2 
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CH
3
O

BnO
N

Br

OCH
3

CH
3
O

H

CH
3
O

HO
N

Br

OCH
3

CH
3
O

H

5 7

CH
3
O

HO
N

Br

OCH
3

CH
3
O

Boc

6g

CH
3
O

HO
N

Br

OCH
3

CH
3
O

COCF
3

CH
3
O

HO
N

Br

OCH
3

CH
3
O

CHO

6h

6f

CH
3
O

BnO
N

Br

OCH
3

CH
3
O

COOCH
3

CH
3
O

HO
N

Br

OCH
3

CH
3
O

COOCH
3

6a 6e

(A)

(A) (B)

(C)

(D)

 
Reaction conditions:  (A) conc. HCl/ ethanol (5          7) and (6a         6e); (B) (i) (CF3CO)2O, 

Et3N/ chloroform (ii) 2N HCl (7         6f); (C) (Boc)2O, Et3N/ dichloromethane; (ii) 2N NaOH  

(7          6g); (iii) 2H HCl; (D) (i) formic acid, DCC / dichloromethane; (ii) 2N NaOH; (iii) 2H 

HCl (7         6h). 

 

������  2   
���
�������� N-acyltetrahydroisoquinolines (6e-6h) 

 

�����	
����
� noraporphines  (1a-1d) 

      :$��`  
 � ��
������������� C ���  aporphine  %	�� &! radical cyclisation    %	��J� 

6a-6h ��� J��`  
 � ��

�  tributyltin hydride ��� 2,2′-azobis(isobutyronitrile) :�� noraporphines 

(1a-1d) ��;"��[�
�������
	:��� ��'�!"�!
������������� C  ������!
����!����� benzyl ��
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��
* �[��!"�J������ C-1   ���  aporphine  %��������  1a ��	��
++�':� 1H-NMR spectrum 

��#� singlet �!" δH 8.11 *."� ��#��
++�'��� H-11  :�%��������  noraporphine (1a)  *."��
++�'

� J��
+�!���:�  1b, 1c ��� 1d �$��

� �� ��'w�w� �W	���	�:������  1 

 

N

CH
3
O

RO Br R
1

OCH
3

CH
3
O

N

CH
3
O

HO R
1

OCH
3

CH
3
O

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

 
     6a-6h              1a-1d 

substrate R R1 product yield (%) 
6a Bn COOCH3 1a 10.3 
6b Bn COCF3 1b 10.2 
6c Bn Boc 1c 9.51* 
6d Bn CHO 1d 10.19 
6e H COOCH3 1a 16.3 
6f H COCF3 1b 13.6 
6g H Boc 1c 17.0* 
6h H CHO 1d 13.8 

*��
W����
 (w�w� �W����������;"��[�
W�������}��
����� �/�& 9[�

��� J� 

column chromatography %	�:$� silica gel $� column 	������� hexane-ethyl acetate) 

 

����	  1  �� ��' noraporphines (1a-1d) �!"W	�[�
�`  
 � �� radical cyclisation    

 

��'+������"��	 

1.    ���	������� benzyloxy :��J������ C-7 ��� 1-benzyltetrahydroisoquinolines  �!

w����
������������� C ��������	�!":�+�[.�� J�:���
 	�����
�
�:�
������������� C �!


�
��������

�!
����+��!����� benzyl �������
���
 	�`  
 � �� radical cyclisation �!
	��� :��'��!"

���� hydroxyl �!���	�� v

���
��:���
 	�����
�
����� [.��
 	
��� �	������ C ��#�  

noraporphine :��� ��'w�w� ��!"��

���  

2.    ���	�������� ���

��!"   nitrogen  W���!w��!"�!�
���� J��
+���
�������������  C   

[���v�W	���� ���� tert-butyloxycarbonyl *."��!���	:�+� ���[���!�	������ D :���
�	�����������!" 

bromine ������:
�������� A *."���;�����
������������� C [.����[�W	� noraporphine ��
�!"�/	 
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���[�
�� ��'w�w� �:������ 1 �� ;"���!��w�w� ��!"W	�����
������!"�!���� tert-butyloxycarbonyl 

�

����� ���

��!
 3 $� 	 � ;� ���� trifluoroacetyl, formyl ��� carbomethoxy  �����}��/�W	�������	

����� ���

��!" nitrogen W���!w����
������������� C 

3.   :�
���
�������� N-acyl-1-benzyltetrahydroisoquinolines ��������� trifluoroacetyl 

��#������ ���

��!"	!����!���	! � ;� ��������� N-trifluoroacetyl-1-benzyltetrahydroisoquinolines 

�����}� J�:���� �/�& 9W	�����%	�
���
w�.
 ��
[�
�!�
���� ���;��[
	���� trifluoroacetyl �����}

� J�W	����� :��w�w� ����  ��
[�
�!����w� ��
':�  N-trifluoroacetylnoraporphines  �!"W	��
�� J�:��

�� �/�& 9W	�����%	�
����
��
[�
 hydrogenolysis product 	���
���
w�.
��;�� &! column 

chromatography   

4. ���� carbomethoxy ��#������ ���

��!" nitrogen �!"	!����� ����!���	���� ;� �

����� 

��������� N-carbomethoxy-1-benzyltetrahydroisoquinolines �
w�.
W	���
��
 �

����� J�:��

�� �/�& 9%	�� &! chromatography  ���
 v�!���	!� ;������}���!"������  N-COOCH3 ��#� N-CH3W	� %	�


��� J��`  
 � ��

� lithium aluminiun hydride  :���� ��'w�w� ����
��� 
����
 N-carbo- 

methoxynoraporphine ��
[�
 hydrogenolysis product  �

����:$�� &! column  chromatography  

[.�[�:��w�	! 

5. ���� formyl ��#������ ���

��!" nitrogen �!"	!�$��

� 
��� J����:���� �/�&�%	�
���
 

w�.
��� N-formyl-1-benzyltetrahydroisoquinolines � J�W	����� :���� ��'w�w� �	!���
������

�����}���!"������  N-CHO ��#� N-CH3W	� %	�
��� J��`  
 � ��

� lithium aluminiun hydride W	�

�$��

� 
����
 N-formylnoraporphine ��
[�
 hydrogenolysis product  �

����:$�� &! column 

chroma- tography  [.�[�:��w�	! 

6. ���� tert-butyloxycarbonyl *."��!���	:�+��!"�/	�!":$�:�
���	����!� �!���	!� ;� 
�� 

�
w�.
��� N-tert-butyloxycarbonyl-1-benzyltetrahydroisoquinolines � J�W	����� ���
����
���

w� ��
':������� N-tert-butyloxycarbonylnoraporphine ��
[�
 hydrogenolysis product  � J�W	�

��
�!"�/	:����	�����
����� �
�� 4 �������!":$�:�
���	�����
���!� 

7. radical initiator  �!":$�:�
���	����!��!    2  �
�� ;�  2,2′-azobis(isobutyronitrile) 

 (AIBN) ��� 1,1′-azobis(cyclohexanecarbonitrile) (ACCN) ����� W���!������
����:������ - 

��'w�w� ��!"W	�[�
�`  
 � �� radical cyclisation  ���
��:$� AIBN �!���W	����!��� ;� �����}��


��
[�
���w� ��
':�W	�����%	�
������	��� hexane ���
��:$� ACCN ������

��

����w� �- 

�
':���
��
[�


�W	���
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8. �
	����%	�%�������������
�����  :  AIBN  ��;�  ACCN  :  Bu3SnH  ��#�  1:1:4 

��#��
	�����!"�������:�
���	����!� �����W	����w� ��
':���!��  2 �
� � &!� J����:���� �/�& 9[.�

� J�W	�����
���
��:$��
	���������������
����� : AIBN ��;� ACCN : Bu3SnH ��#�  1:0.8:1.6 ���

��������� Castedo ����'�1 *."�:�����w� ��
':�} .�  3 $� 	  
��� J����:���� �/�& 9[.��!����

� J���
 	
���	�:��w����  3 

 

AIBN (0.8 equiv.)

Bu
3
SnH (1.6 equiv.)
toluene

(2.0%)

CH
3
O

N

Br
COOCH

3

CH
3
O

N
COOCH

3

BnO

OCH
3

CH
3
O

OCH
3

BnO

CH
3
O

CH
3
O

N
COOCH

3

OCH
3

HO

CH
3
O

(10.4%)

(11.8%)

CH
3
O

N
COOCH

3

OCH
3

BnO

CH
3
O

AIBN (1.0 equiv.)

Bu
3
SnH (4.0 equiv.)
toluene

CH
3
O

N

Br
COOCH

3
BnO

OCH
3

CH
3
O

CH
3
O

N
COOCH

3

OCH
3

BnO

CH
3
O

CH
3
O

N
COOCH

3

OCH
3

HO

CH
3
O

(10.3%) (11.0%)

+

+

(1.0 mol)

(1.0 mol)

 

 

������  3  �`  
 � �� radical cyclisation �!":$��
	����%�������������
����� : AIBN: Bu3SnH 

����

� 

 

9. ��������������!"   hydroxyl   :��J������  C-7   �������
�����[�:�����w� ��
':� 

��

���
�'!�!"�J������ C-7 �������
������!���� benzyloxy ���� ���
���
�������� 7-hydroxy-1-

benzyltetrahydroisoquinoline [�
 7-benzyloxy-1-benzyltetrahydroisoquinoline :���� ��'w�w� �
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��!�� 57-61% �����
�� 	
��
���� ;"�� [��'��� ��'w�w� �%	�������������}��/�W	���� ����� ���

� 

benzyloxy  ���W���!w����
��W	����w� ��
':�%	������� 	
���	�:��w����  4 

 

NH

Br
NH

(61.1%)

CH
3
O

BnO

CH
3
O

HO

OCH
3

CH
3
O

OCH
3

CH
3
O

Br

conc. HCl/ethanol

conc. HCl/ethanol

N

Br
COOCH

3
N
COOCH

3

CH
3
O

BnO

CH
3
O

HO

OCH
3

CH
3
O

OCH
3

CH
3
O

(57.8%)

N
COOCH

3

CH
3
O

HO

OCH
3

CH
3
O

Br
N
COOCH

3

CH
3
O

HO

OCH
3

CH
3
O

AIBN or ACCN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

AIBN or ACCN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

(10.3%)

(16.4%)
 

 

������  4   �� ��'w�w� �����!"W	�[�
�`  
 � �� radical cyclisation  

 

 

      �� ;"���	�:����v�} .�� �& �������������!":��J������ C-7 ��� C-3′ ��� 1-benzyl- 

tetrahydroisoquinolines [.����
�
���������W��!��� ;"����!����!��:����v����	�����������!"�!"

�J������ C-7 ��� C-3′ ���
��W	����w� ��
':�[�
�`  
 � ��
������������� C ��� aporphine 

alkaloids %	�� &! radical cyclisation %	�����
������!":$�:�
������������� C [J���
W	���#�	
��!� 
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1. 
�'!��������!":��J������ C-7 ��� 1-benzyltetrahydroisoquinolines � ;�  

methylenedioxy  ��� C-3′ � ;� hydrogen 

 

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COOCH

3
N
COOCH

3

OBn
CH

3
O

O

O

OCH
3 OCH

3

OBn
CH

3
O

O

O

(17.2%)2
 

Bu
3
SnH (4 equiv.)
toluene

N

Br
COOCH

3
N
COOCH

3

O

O

O

O

(27.0%)3

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COOCH

3
N
COOCH

3

O

O

O

O

(30.0%)3
OBn

CH
3
O CH

3
O

OBn

Bu
3
SnH (4 equiv.)
toluene

N

Br
COCF

3
N
COCF

3

O

O

O

O

(40.1%)4

OBn
OCH

3

OCH
3

OBn

AIBN (1 equiv.)

AIBN (1 equiv.)

 
 

2. 
�'!��������!":��J������ C-7 ��� 1-benzyltetrahydroisoquinolines  � ;� methoxy  

 ��� C-3′ � ;� hydrogen 
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 ACCN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

(35.8%)

CH
3
O

N

Br
COCF

3

CH
3
O

N
COCF

3

ACCN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

(34.9%)

CH
3
O

N

Br
COCF

3

CH
3
O

N
COCF

3

O
O

O
O

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COOCH

3
N
COOCH

3

(21.1%)5

CH
3
O

CH
3
O

O
O

CH
3
O

CH
3
O

O
O

 

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COOCH

3
N
COOCH

3

(24.0%)6

BnO

CH
3
O

O
O

O
O

BnO

H
3
CO

 

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COOCH

3
N
COOCH

3

(30.0%)6

CH
3
O

CH
3
O

OBn
CH

3
O

CH
3
O

CH
3
O

CH
3
O

OBn

 
 

 

3. 
�'!��������!":��J������ C-7 ��� 1-benzyltetrahydroisoquinolines  � ;�  

hydrogen  ��� C-3′ � ;� hydrogen 

 

 

 

 

 

 

 

 

 

 

 

 ���!" 6 

���!" 6 
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4. 
�'!��������!":��J������ C-7 ��� 1-benzyltetrahydroisoquinolines  � ;� 

benzyloxy  ��� C-3′  � ;� hydrogen 

 

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COCF

3
N
COCF

3

(22.7%)

CH
3
O

BnO

CH
3
O

HO

OBn
CH

3
O

CH
3
O

OBn

 

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COCF

3
N
COCF

3

CH
3
O

BnO

CH
3
O

HO

OCH
3 OCH

3

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COOCH

3
N
COOCH

3

CH
3
O

BnO

CH
3
O

HO

OCH
3 OCH

3

R
2

R
1 R

2

R
1

 R
1 

= R
2
 = H (10.9%)

 R
1
 = H, R

2
 = OBn (9.7%)

 R
1
+ R

2
 = OCH

2
O (10.4%)

CH
3
O

OCH
3

OCH
3

CH
3
O

(8.3%)

 
 

5. 
�'!��������!":��J������  C-7  ���  C-3′  ���  1-benzyltetrahydroisoquinolines 

� ;� methoxy  ��;�  methylenedioxy  ��� C-3′ � ;� hydrogen  ��� ��������!"�J������ 6a ��� 7 � ;� 

oxalyl 

 

���!" 4

���!" 4

���!" 3 
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N
BrR

3

R
2

R
1

O

O

R
1

R
2

R
3

N O

O

R
5

R
4 R

5

R
4

a  : R
1
 = R

4
= R

5
= H, R

2
= R

3
= OCH

3

b  : R
1 

= R
2
= R

3
 = OCH

3
, R

4
= R

5
 = H

c  : R
1
= R

4
= R

5
= H, R

2
+ R

3
= OCH

2
O 

d : R
 1

= H, R
2
= R

5
= OBn, R

3
= R

4
= OCH

3

 ACCN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

(30-34%)

 
 

 

6. 
�'!��������!":��J������ C-7 ��� C-3′ ��� 1-benzyltetrahydroisoquinolines 

� ;�  benzyloxy  ��� C-3′ � ;� hydrogen  ��;�  benzyloxy 

 

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COR N

COR

CH
3
O

BnO

CH
3
O

HO

OBn
CH

3
O

OBn
CH

3
O

R = C
15
H

31 
(0%)

R = C
17
H

35 
(0%)

 
 

AIBN (1 equiv.)

Bu
3
SnH (4 equiv.)
toluene

N

Br
COCF

3
N
COCF

3

9 (76.3%)

CH
3
O

BnO

CH
3
O

BnO

BnO

CH
3
O

BnO

CH
3
O

8d

 
                        

[�
�������
����	:��

�'!������� �����}��/�W	�	
����W��!� 

1.  
�'!�!"��������!":��J������ C-7  ��� 1-benzyltetrahydroisoquinolines  � ;����� 

hydroxyl, methylenedioxy ��;� methoxy ��� C-3′ � ;� hydrogen  �����}� J��`  
 � ���������

���� C ��#� aporphine alkaloids W	�:��� ��'w�w� ���������	! 

���!" 3

���!" 5 
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2. 
�'!�!"��������!":��J������  C-7  ��� C-3′ ��� 1-benzyltetrahydroisoquinolines 

 � ;� hydrogen �����}� J��`  
 � ������������� C ��#� aporphine alkaloids W	�:��� ��'w�w� �	! 

3. 
�'!�!"��������!":��J������ C-7  ���  1-benzyltetrahydroisoquinolines  � ;� 

benzyloxy ��� C-3′ � ;� hydrogen  �����}� J��`  
 � ������������� C ��#� aporphine alkaloids 

W	�:��� ��'w�w� ����������"J� ����!
����+��!����� benzyl :�
����������������� 

4. 
�'!�!"��������!":��J������  C-7  ��� C-3′ ��� 1-benzyltetrahydroisoquinolines 

� ;� benzyloxy W�������}� J��`  
 � ������������� C ��#� aporphine alkaloids W	� ��;"��[�
����

���
	:��� ��'�!"����������������� C  

5. 
�'!�!"��������!":��J������ C-7  ���  C-3′ ��� 1-benzyltetrahydroisoquinolines 

� ;� methoxy ��;� methylenedioxy ��� C-3′ � ;� hydrogen  �����������!"�J�������!" 6a ��� 7 � ;�

���� oxalyl  �����
���!��������!":��J�������!" 6a ��� 7 �!"��.������� D ���%��������:���
�

	����!"�!���� bromine ������:
�������� A 
 vW�������}�� "��� ��'���w� ��
':�:����
�.��W	� *."�

��
���/������/��!"��� ���	�������� ���

��!" nitrogen W�����w�
�������
������������� C  

��� aporphine alkaloids  

6. 
�'!�!"��������!":��J������  C-7 � ;�  benzyloxy  ���  C-3′ � ;� hydrogen ������� 

� ���

��!" nitrogen �!���	:�+���
 (C15H31CO ��� C17H35CO) :� 1-benzyltetrahydroisoqui- 

nolines  W�������}� J��`  
 � ������������� C ��#� aporphine alkaloids W	�  
�'!�!��
�W�������}

�����/w����& ���W	�  ����
�'!����
����� (8d) *."��!��������!":��J������ C-7 ��� C-3′ ��#�  

benzyloxy �������� ���

��!" nitrogen ��#� triluoroacetyl  �����W	���� hydrogenolysis  (9)  ��#�

���w� ��
':���!���
��	!�� W���!���w� ��
':��!"��#� aporphine ��� 

 

����"��	 

      [/	���������
		������;"�� Stuart Scientific SMP 2 %	�� W	���
���� (uncorrected) 

Ultraviolet spectra �
	[�
��������:� methanol 	������;"�� Hitachi U-3300 spectrophotometer  

Infrared spectra �
		������;"�� Perkin Elmer Spectrum GX FT-IR spectrophotometer :���� 

CH2Cl2-films 
1H- ��� 13C-NMR spectra �
		������;"�� Bruker AVANCE 300 spectrometer �!"

����} !"  300 MHz � J���
� 1H  ��� 75 MHz  � J���
� 13C %	�:$� CDCl3 ��� DMSO-d6 :��������

	
���
�� J������ ���:�� tetramethylsilane 	
�� internal standard    
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      	�;���[��������
�	����������
�������������������
��	��	 ����
�[J������� 	! ;��

��������
 �
   ["�:��#$����������	����������#��
��	��	
������j�� 
������	��� �#�W
��� 

 

1. �����	
����
� phenethylamine 

�#�� � 	�%���������$�� nitrostyrene (89.0 mmol ) :� tetrahydrofuran ( 350 mL) ��

:�$��w��$��  lithium aluminium hydride (0.3 mol) :� tetrahydrofuran (140 mL) ���� J��
����

��&#��#�����
 ���
�[���  ����#���� 3 �
����� [���
��	�%� diethyl ether (280 mL) ��W
:�$��

w��������#$��w��:��#����J��$ v� [���
���#�� � �� ��J���W
��#�����
 ���
� (15 mL), 15% 

sodium hydroxide (15 mL) �����J�  (30 mL) ����	����������������������������
�� ��� 

diethyl ether (100 mL) ������
  filtrate  ��� 12% hydrochloric acid (1 × 100 mL, 2 × 60 mL) � J�

�
���� :��	
��	�� ��� concentrated ammonium hydroxide ��
 �
��	�� ��� chloroform (2 × 100 

mL) � J��
�� chloroform :������ ��� anhydrous sodium sulfate �����J�W
��	�����:������ 
���J�

W �  phenethylamine  

 

2. �����	
����
� amides 

2.1   #"!��(� acid  chloride 

Reflux $��w��$�� carboxylic acid (0.11 mol), thionyl chloride (0.275 mol) :� 

benzene (50 mL) 	
��	���  1 �
����� �����J�W
��	�����:������ 
���J� W � acid chloride '"���J�W


�����:� ethanol-free chloroform (50 mL) �����#�� � 	�%���������  acid chloride ��:�$��

w��$�� amine (0.1 mol) :� ethanol-free chloroform (50 mL) ��� 10% sodium bicarbonate (100 

mL) �����#	� v�:��#����J��$ v� 	� ;��	�%���  ����#���� 3 �
����� ��������
�� chloroform ������ ��� 

10% sodium bicarbonate (3 × 100 mL), ��J� (100 mL), 5% hydrochloric acid (3 × 100 mL) ��� 

��J� (100 mL) � J��
�� chloroform :������ ��� anhydrous sodium sulfate �����J�W
��	�����:��

���� 
���J� �J��%�����W �W
��w�"���;� triturated  ����
�� J���������	������  

 

   #"!��(�  reflux  (�  xylene  #"!(�&   Dean-Stark trap 

Reflux $��w��$��  carboxylic acid (40.0 mmol) ��� amine (40.0 mmol) :� xylene 

(150 mL) 	
��	��� 24 �
����� � ������� J�[
 ��J� ��� Dean-Stark trap ��	�� xylene ���:������

 
���J�W �$����; ����J����  	�%� chloroform (100 mL) 	! ;�������$����;  ���������
�� chloroform 

 ��� 5% hydrochloric acid (3 × 100 mL), ��J� (150 mL) ��� 10% sodium carbonate  (3 × 150 mL) 
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� J��
�� chloroform :������ ��� anhydrous sodium sulfate �����J�W
��	�����:������ 
���J� �J��%��

���W �W
��w�"���;� triturated  ����
�� J���������	������  

 

3. �����	
����
�  dihydroisoquinoline  #"!+) �����!�  Bischler-Napieralski  

Reflux ��������$�� amide (40.0 mmol) ��� phosphorus oxychloride (0.4 mol)   

:� benzene (150 mL) 	
��	��� 3 �
����� �����J�W
��	�����:������ 
��� J� W �$����; ����J����  

	�%���J�	� v� (150 mL), concentrated ammonium hydroxide (50 mL) ��� chloroform (150 mL) ��

:�$����; ����	$�#�[�$����; �����:��
�� chloroform ��  � J��
����J�:��	
��	��  ���  

concentrated ammonium hydroxide ����
�� chloroform ����� J�:������ ��� anhydrous sodium 

carbonate �����J�W
��	�����:������ 
���J�W � dihydroisoquinoline 	
��$����; ����J���� '"����[ 

triturated ��;���w�"� ����
�� J���������	������ ��;��J�W
� J�
` %�%�%���#��
��� 

 

4. �����	
����
� tetrahydroisoquinoline #"!(�& sodium borohydride 

�#�� � 	�%� sodium borohydride (0.039 mol) ��:�$��w��$�� dihydroisoquinoline  

(0.03 mol) :� ethanol (150 mL) ����#� 1 �
����� ���� reflux 1 �
����� 	�%���J� (100 mL),  

chloroform (100 mL) 	$�#�����
�� chloroform ����� J��
�� chloroform :������ ��� anhydrous 

sodium sulfate �����J�W
��	�����:������ 
���J�W � tetrahydroisoquinoline 	
��$���$ v���;�$��

��; '"����w�"���;� triturated  ����
�� J���������	������ 

 

5. ���(�.
�/.+*�	����� nitrogen 

5.1   
�/.  trifluoroacetyl  

�#�� � 	�%� trifluoroacetic anhydride (0.24 mol) ��:���������$�� tetrahydro- 

isoquinoline  (0.04 mol)  ���  triethylamine (0.32 mol)  :� ethanol-free chloroform (300 mL) ��� 

0-10 °C 	� ;��	�%�	��v[ ����#���� 3 �
���������+���&�%���� 	�%� chloroform  (200 mL) ���������
�� 

chloroform    ��� 10% sodium bicarbonate (4 × 300 mL), ��J� (300 mL),  10% hydrochloric acid 

(6 × 300 mL) �����J� (300 mL) � J��
�� chloroform :������ ��� anhydrous sodium sulfate ����

�J�W
��	�����:������ 
���J��J��%�����W �W
��w�"���;� triturated  ����
�� J���������	������  

5.2   
�/. carbomethoxy 

         �#�� � 	�%� methyl chloroformate (43.4 mmol) ��:���������$�� tetrahydro- 

isoquinoline (7.2 mmol) ��� triethylamine (43.4 mmol)  :� chloroform (30 mL) ��� 0-10 °C  	� ;��
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	�%���  ����#���� 3 �
���������+���&�%���� 	�%� chloroform  (50 mL) �����J� (50 mL)  	$�#����

�
�� chloroform �������� ��� 10% hydrochloric acid (6 × 100 mL) �����J� (100 mL) � J��
�� 

chloroform :������ ��� anhydrous sodium sulfate �����J�W
��	�����:������ 
���J� � J��%�����W �:��

��%�+�/%6� ��%/���w�"���;� trituration ��;�� ��%/�  column chromatography  

5.3   
�/. tert-butyloxycarbonyl 

         ���� � �����	
�
��  triethylamine (6.0 mmol) :� dichloromethane (10 mL)  

:�

��	
�
��   tetrahydroisoquinoline  (4.0 mmol)  �
�  di-tert butyl dicarbonate  (4.4 mmol)      :�  

dichloromethane (50 mL) ��������� 16 ������
 [�������J�W�	�������:�����������J��
��� J����
���

W��:���	�� �!�"�����!���w
#��	;� trituration �	;������!�  column chromatography  

5.4   
�/. formyl  

         ���� � ���� N,N′-dicyclohexylcarbodiimide (DCC) (11.0 mmol) :� dichloromethane 

(40 mL)  

:���	
�
��$�
  tetrahydroisoquinoline (10.0 mmol) �
� formic acid (16.6 mmol) 

:� dichloromethane (50 mL) �������� v��
�� J�
�
�����%� �� ;��������� ���������� &��%�����
��� 8 

������
 ����� v���	
�
���
���	�
 [������
��
 filtrate ���� 10%  soduim bicarbonate (2 × 50 mL), 

��J� (100 mL) � J����� dichloromethane :�����
���� anhydrous sodium sulfate �
���J�W�	����

���:�����������J� � J����
���W��:���	�� �!�"�����!���w
#��	;� trituration �	;������!�  column 

chromatography  

 

6 �����&�	�	�
�� C #"!��(� radical cyclisation 

���� � ������	
�
��$�
 2,2′-azobis(isobutyronitrile)  �	;� 1,1′-azobis(cyclo- 

hexanecarbonitrile) (20.0 mmol) �
� tributyltin hydride (80.0 mmol) :� toluene (160 mL) 

:�

��	
�
��$�
 N-acyl-1-benzyltetrahydroisoquinoline (20.0 mmol) :� toluene (240 mL) ���� J�
�
 

reflux ��%� ���:����
�:���	�����	��

� 60 mL [J���� 4 �	��
:���
�  2 ������
  reflux ������ 24 

������
 �
���J�W�	�������:�����������J�W��$�
��;�����J���
  ���� acetontrile (200 mL) 

W�


�
��$�
�� ;��
��
��
����   acetonitrile  ���� hexane (3 × 200 mL) � J����� acetonitrile :�����


���� anhydrous sodium sulfate �
���J�W�	�������:�����������J� � J����
���W��:���	�� �!�"�����!���

w
#��	;� trituration �	;���!� column chromatography  

 

N-(4-Benzyloxy-3-methoxyphenethyl)-2-(2-bromo-4,5-dimethoxyphenyl)acetamide (3): 

Reflux $�
w��$�
 2-bromo-4,5-dimethoxyphenylacetic acid (2) (29.3 g, 0.1 mol), thionyl 
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chloride (38.0 g)  :� benzene (200 mL) ��'���
�  1 ������
 �
���J�W�	�������:�����������J�W�� 

acid chloride �J�W�
�
��:� ethanol-free chloroform (200 mL)  �
������ � ������	
�
��  acid 

chloride 

:�$�
w��$�
 4-benzyloxy-3-methoxyphenethylamine (1) (25.0 g, 97.3 mmol) :� 

ethanol-free chloroform (200 mL) �
� 10% sodium bicarbonate (300 mL) �������� v�:����
��J��$ v


�� ;��������� ��������� 3 ������
 ������� chloroform �
���J���
��
���� 10% hydrochloric acid (3 

× 100 mL), ��J� (100 mL), 5% sodium bicarbonate (3 × 100 mL) �
���J� (200 mL) � J����� 

chloroform :�����
���� anhydrous sodium sulfate �
���J�W�	�������:�����������J�W�� amide (3) 

(37.7 g, 75.6%)  ��'�$�
�$ v
����
 ;�
�����
�
��w
#����� ethanol, mp 159-160 °C [lit.6 mp 158-

160 °C]. 1H-NMR δ: 2.67 (2H, apparent t, J=6.9 Hz, CH2), 3.43 (2H, apparent q, J=6.9 Hz, CH2), 

3.54 (2H, s,  CH2), 3.83 (3H, s, O-CH3), 3.84 (3H, s, O-CH3), 3.88 (3H, s, O-CH3), 5.08 (2H, Ph-

CH2), 5.38 (1H, br s, NH), 6.56 (1H, dd, J=1.9, 8.1 Hz, Ar-H), 6.63 (1H, d, J=1.9 Hz, Ar-H), 6.71 

(1H, d, J=8.1 Hz, Ar-H), 6.81(1H, s, Ar- 7.01 (1H, s, Ar- ), 7.27-7.44 (5H, m, Ph-H). 13C-

NMR δ: 35.00 (t), 40.70 (t), 43.60 (t), 55.84 (q), 55.88 (q), 56.25 (q), 71.12 (t),  111.23 (d), 

111.79 (d), 115.42 (s), 116.08 (d), 116.42 (d), 120.57 (d), 126.45 (s), 127.45 (d), 128.11 (d), 

128.62 (d), 131.02 (s), 136.35 (s), 147.66 (s), 147.76 (s), 149.03 (s), 149.69 (s), 169.75 (s). 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-6-methoxy-3,4-dihydroisoquinoline (4): 

Reflux $�
w��$�
 amide (3) (30.0 g, 58.5 mmol), phosphorus oxychloride (90.0 g)  :� benzene 

(300 mL) ��'���
� 3 ������
 �
���J�W�	�������:�����������J�W��$�
��;�����J���
  ������J��$ v
 

(100 g), concentrated ammonium hydroxide (40 mL) �
� chloroform (200 mL) �$���[�$�
��;�


�
��:����� chloroform ��� � J�������J�:����'���� ����  concentrated ammonium hydroxide ���

���� chloroform ��� J�:�����
���� anhydrous sodium carbonate �J�W�	�������:�����������J� W�� 4 

��'�$�
��;�����J���
  *����  4  W����} ��	 [#
�J�W�� J��` ���	�����������. 1H-NMR δ: 2.52 (2H, t, 

J=7.7 Hz, CH2), 3.65 (2H, t, J=7.4 Hz, CH2), 3.80 (3H, s, O-CH3), 3.83 (3H, s, O-CH3), 3.89 (3H, 

s, O-CH3), 4.07 (2H, s, CH2), 5.02 (2H, s, Ph-CH2), 6.62 (1H, Ar-H), 6.83 (1H, s, Ar-H), 6.90 (1H, 

s, Ar-H), 7.04 (1H, s, Ar-H), 7.23-7.29 (5H, m, Ar-H). 13C-NMR (both comformers) δ: 25.06 (t), 

25.65 (t), 41.73 (t), 46.84 (t), 48.11 (t), 55.94 (q), 55.99 (q), 56.11 (q), 56.18 (q), 56.20 (q), 56.38 

(q), 70.92 (t), 71.15 (t), 109.31 (d), 110.06 (d), 110.14 (d), 110.30 (d), 114.83 (d), 115.74 (d), 

116.09 (d), 116.32 (d), 127.12 (d), 127.53 (d), 127.78 (d), 128.17 (d), 128.43 (d), 128.64 (d), 
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129.16 (s), 131.27 (s), 131.46 (s), 131.59 (s), 136.15 (s), 136.63 (s), 144.45 (s), 147.53 (s), 147.66 

(s), 148.98 (s), 150.98 (s), 151.53 (s), 164.24 (s), 165.95 (s). 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-6-methoxy-1,2,3,4-tetrahydroisoquinoline (5):  

���� � ���� sodium borohydride (4.0 g) 

W� :���	
�
��$�
  4 (30.0 g, 60.6 mmol) :� ethanol 

(300 mL) [���� �
�����������  1 ������
���:����;�� 30 ���� ���
���
:���� v� ������J� (200 mL), 

chloroform (200 mL) �$��� �
�������� chloroform  ��� J�:�����
���� anhydrous sodium sulfate 

�J�W�	�������:�����������J�W�� 5 (20.7 g, 71.1%), ��'�$�
�$ v
����
 ;�
�����
�
��w
#����� 

ethanol, mp 115-116 °C [lit.6 mp 120-120.5 °C]. 1H-NMR δ: 2.70 (2H, t, J=5.7 Hz, CH2), 2.77-

2.85 (2H, m, CH2), 3.07-3.15 (1H, m, CH2), 3.25 (1H, dd, J=3.6, 13.8 Hz, CH2), 3.83 (3H, s, O-

CH3), 3.85 (3H, s, O-CH3), 3.88 (3H, s, O-CH3), 4.13 (1H, dd, J=3.4, 9.9 Hz, H-1), 5.10 (1H, d, 

J=12.7 Hz, Ph-CH2), 5.15 (1H, d, J=12.7 Hz, Ph-CH2), 6.58 (1H, s, Ar-H), 6.72 (1H, s,  Ar-H), 

6.77 (1H, s, Ar-H), 7.08 (1H, s, Ar-H), 7.27-7.34 (5H, m, Ph-H). 13C-NMR δ: 29.40 (t), 40.13 (t), 

42.40 (t), 55.18 (d), 55.85 (q), 55.96 (q), 56.28 (q), 71.15 (t), 109.63 (d), 111.72 (d), 115.35 (s), 

116.28 (d), 117.30 (d), 127.22 (s), 127.31 (d), 127.98 (d), 128.59 (d),  130.43 (s), 130.50 (s), 

136.70 (s),  147.11 (s), 147.42 (s), 149.05 (s). 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-hydroxy-6-methoxy-1,2,3,4-tetrahydroisoquinoline (7): 

Reflux ��	
�
��$�
 5  (5.0 g, 0.01 mol) :� ethanol (250 mL) �
� concentrated hydrochloric 

acid (250 mL) ��'���
� 4 ������
 ���
���
:���� v� �
��� J������	�:����'��������  concentrated ammo- 

nium hydroxide �����������$�� �	�
�
��w#�
:�����
W��  7 (2.5 g, 61.1%),mp 188-190 °C [lit.7 

mp 178-180 °C]. 1H-NMR δ: 2.70-3.05 (4H, m, CH2 × 2), 3.22-3.28 (2H, m, CH2), 3.80 (3H, s, 

O-CH3), 3.85 (3H, s, O-CH3), 3.86 (3H, s, O-CH3), 4.28 (1H, dd, J=2.4, 10.0 Hz, H-1), 6.60 (1H, s, 

Ar-H), 6.79 (1H, s, Ar-H), 6.92 (1H, s, Ar-H), 6.95 (1H, s, Ar-H). 13C-NMR δ: 28.66 (t), 40.01 (t), 

41.98 (t), 55.28 (d), 55.88 (q), 55.99 (q), 56.19 (q), 109.60 (d), 111.70 (d), 113.17 (s), 115.11 (d), 

118.11 (d), 126.65 (s), 129.33 (s), 130.45 (s), 145.30 (s), 146.55 (s), 147.37 (s), 147.82 (s). 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-2-carbomethoxy-7-benzyloxy-6-methoxy-1,2,3,4-tetrahy- 

droisoquinoline (6a): ���� � ���� methyl chloroformate (32.5 g) 

:�$�
w��$�
 tetrahydro- 

isoquinoline  (5) (29.2 g, 58.6 mmol), triethylamine (35.0 g)  :� ethanol-free chloroform (300 mL) 
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��� 0-10 °C �
����������� 5 ������
���� &��%�����
 ������J� (300 mL), chloroform  (100 mL) ���

���� chloroform ��
��
���� 10% hydrochloric acid (6 × 300 mL), ��J� (100 mL) � J����� chloroform 

:�����
���� anhydrous sodium sulfate �
���J�W�	�������:�����������J�W�� 6a (17.5 g, 53.7%) 

��'�$�
�$ v
����
 ;�
�����
�
��w
#����� ethanol, mp 125-126 °C. 1H-NMR δ: 2.51-3.33 (5H, m, 

CH2 of both conformers), 3.34 �
� 3.65 (total 3H, 2 s, COO-CH3), 3.74, 3.76, 3.83, 3.84, 3.85 

�
� 3.87 (total 9H, 6 s, O-CH3 × 3), 4.21-4.31 (1H, m, CH2), 4.97 (1H, AB q, J=12.6 Hz, Ph-

CH2 of one conformer), 5.09 (1H, s, Ph-CH2 of another conformer), 5.15-5.33 (1H, m, H-1), 6.40, 

6.42, 6.52, 6.59, 6.62, 6.65, 6.96 �
� 7.02 (total 4H, 8 s, Ar-H × 4), 7.25-7.47 (5H, m, Ph-H). 
13C-NMR (both conformers) δ: 28.15 (t), 37.55 (t), 38.83 (t), 41.16 (t), 42.07 (t), 52.28 (q), 52.61 

(q), 54.22 (d), 54.79 (d), 56.04 (q), 56.12 (q), 56.24 (q), 71.22 (t), 71.35 (t), 111.60 (d), 111.84 (d), 

113.07 (d), 113.25 (d), 113.79 (d), 114.10 (d), 115.13 (d), 115.28 (d), 126.95 (s), 127.05 (s), 

127.14 (s), 127.26 (d), 127.89 (d), 128.01 (s), 128.07 (s), 128.60 (d), 129.66 (s), 129.86 (s), 

137.13 (s), 146.35 (s), 146.47 (s), 148.03 (s), 148.10 (s), 148.27 (s), 148.50 (s), 148.60 (s), 155.93 

(s).   

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-6-methoxy-2-trifluoroacetyl-1,2,3,4-tetrahy- 

droisoquinoline (6b): ���� � ���� trifluoroacetic anhydride (12.6 g) 

:�$�
w��$�
 tetra- 

hydroisoquinoline (5) (5.0 g, 10.0 mmol) �
� triethylamine (10.0 g)  :� ethanol-free chloroform 

(50 mL) ��� 0-10 °C ��������� 5 ������
���� &��%�����
  ������� chloroform  ��
��
���� 10% 

sodium bicarbonate (5 × 50 mL), ��J� (100 mL), 10% hydrochloric acid (8 × 50 mL) �
���J� (100 

mL) �
��� J�:�����
���� anhydrous sodium sulfate �J�W�	�������:�����������J�W��  6b (3.6 g, 

60.4%)  ��'�$�
�$ v
����
 ;�
�����
�
��w
#����� ethanol, mp 137-138 °C. 1H-NMR δ: 2.67-2.78 

(1H, m, H-4 of both conformers), 2.85-2.93 (1H, m, H-4 of both conformers), 2.98 (1H, dd, J=8.2, 

14.0 Hz, CH2), 3.26 (1H, dd, J=5.6, 14.0 Hz, CH2), 3.56-3.69 (1H, m, H-3β), 3.74 (3H, s, O-CH3), 

3.83 (3H, s, O-CH3), 3.87 (3H, s, O-CH3), 3.93-4.05 (1H, m, H-3α), 4.97-5.09 (2H, m, Ph-CH2), 

5.63 (1H, dd, J=5.8, 7.9 Hz, H-1) , 6.34, 6.42, 8.51, 6.54, 6.61, 6.68, 6.98 �
� 6.99 (total 4H, 8 s, 

Ar-H × 4), 7.27-7.44 (5H, m, Ph-H). 13C-NMR (both conformers) δ: 28.74 (t), 40.09 (t), 40.92 (t), 

54.02 (d), 55.88 (q), 55.95 (q), 56.07 (q), 56.18 (q), 71.27 (t), 110.06 (s), 111.50 (d), 113.07 (d), 

113.58 (d), 115.34 (d), 118.38 (s), 125.56 (s), 126.51 (s), 127.19 (d), 127.99 (d), 128.39 (s), 

128.62 (d), 136.90 (s), 146.86 (s), 148.22 (s), 148.59 (s), 148.97 (s), 155.81 (s).   
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1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-6-methoxy-2-tert-butyloxycarbonyl-1,2,3,4-

tetrahydroisoquinoline (6c): ���� � �����	
�
�� triethylamine (0.6 g) :� dichloromethane 

(10 mL)  

:���	
�
�� tetrahydroisoquinoline (5) (2.0 g, 4.0 mmol), di-tert butyl dicarbonate 

(0.12 g) :� dichloromethane (50 mL) ��� 16 ������
 �J�W�	�������:�����������J�W��  6c (1.5 g, 

62.2%)  ��'�w
#�����
 ;�
�����
�
��w
#����� ethanol, mp  129-130 °C.  1H-NMR (both confor- 

mers) δ: 1.41 (9H, s, CH3 × 3), 2.50-2.67 (1H, m, H-4), 2.70-2.96 (2H, m, H-α �
� H-4), 3.05 

(1H, dd, J=3.5, 13.8 Hz H-α), 3.10-3.46 (1H, m, H-3β), 3.77, 3.79, 3.82, 3.85 �
� 3.88 (total 10 

H, O-CH3 × 3 �
� H-3α), 4.34 (1H, dd, J=4.0, 13.2 Hz, H-1), 5.01 (1H, AB q, J=12.5 Hz, Ph-

CH2), 5.14 (1H, s, Ph-CH2), 6.48, 6.50, 6.59, 6.64, 6.77, 6.97 �
� 7.03 (total 4H, 8 s, Ar-H × 4), 

7.26-7.48 (5H, m, Ph-H). 13C-NMR (both conformers) δ: 27.96 (q), 28.39 (q), 36.32(t), 38.77 (t), 

41.24 (t), 42.04 (t), 53.75 (d), 54.16 (d), 56.91 (q), 56.05 (q), 56.18 (q), 56.33 (q), 71.24 (t), 71.39 

(t), 111.63(d), 111.92 (d), 113.09 (d), 113.27 (d), 113.70 (d), 114.30 (d), 114.97 (s), 115.19 (d), 

115.43 (d), 127.13 (d), 127.23 (s), 127.31 (d), 127.88 (d), 128.58 (d), 128.76 (s), 130.37 (s), 

133.50 (s), 137.15 (s), 146.49 (s), 148.34 (s), 148.48 (d), 148.55 (s), 154.24 (s). 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-2-formyl-1,2,3,4-tetrahydroisoquinoline (6d): 

���� � ���� N,N′-dicyclohexylcarbodiimide (2.3 g) :� dichloromethane (40 mL) 

:���	
�
��

$�
 tetrahydroisoquinoline (5) (5.0 g, 10.0 mmol) �
� formic acid (0.5 g) :� dichloromethane 

(50 mL) �������� v��
�� J�
�
�����%� �� ;��������� ���������� &��%�����
��� 8 ������
  ����� v���	 


�
���
���	�
[������	���� filtrate ���:�����������J� � J�:���	�� �!�"������!� alumina column 

chromatography :�� dichloromethane ��'������:�� 5 ��'�w
#�����
 ;�
���� (4.2 g, 79.5%),  mp  

72-73 °C. 1H-NMR (both conformers) δ: 2.64-2.77 (1H, m, H-4), 2.77-3.04 (2H, m, H-4 �
� H-

α), 3.05-3.13 (1H, m, H-α), 3.14-3.18 (1H, m, H-3β), 3.73, 3.79, 3.83, 3.86 �
� 3.89 (total 9H, 5 

s, O-CH3 × 3), 4.48-4.57 (1H, m, H-3α), 4.60 (1H, dd, J=3.0, 9.8 Hz, H-1), 5.00 (1H, apparent q, 

J=13.0 Hz, Ph-CH2 of one conformer), 5.14 (1H, s, Ph-CH2 of another conformer), 6.43, 6.45, 

6.56, 6.58, 6.65, 6.77, 6.96 �
� 7.04 (total 4H, 8 s, Ar-H × 4), 7.28-7.48 (5H, m, Ph-H), 7.54 

�
� 8.07 (total 1H, 2 s, CHO). 13C-NMR (both conformers) δ: 27.83 (t), 29.16 (t), 34.18 (t), 42.93 

(t), 50.84 (d), 55.93 (q), 56.04 (q), 56.17 (q), 56.25 (q), 56.81(d), 71.13 (t), 71.44 (t), 111.80 (d), 

111.96 (d), 112.94 (d), 113.11 (d), 113.85 (d), 114.44 (s), 114.53 (d), 115.21 (d), 115.68 (d), 
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125.90 (s), 126.68 (s), 127.15 (d), 127.24 (d), 127.96 (d), 128.60 (d), 128.14 (d), 136.96 (s), 

137.02 (s), 146.64 (s), 146.71 (s), 148.53 (s), 148.87 (s), 149.02 (s), 160.30 (s), 161.43 (s) 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-2-carbomethoxy-7-hydroxy-6-methoxy-1,2,3,4-tetrahy- 

droisoquinoline (6e): Reflux ��	
�
��$�
 6a  (10.0 g) :� ethanol (500 mL) �
� concentrated 

hydrochloric acid (500 mL) ��'���
� 4 ������
 ���
���
:���� v� �
���������� chloroform (3 ×100 mL)  

� J����� chloroform  � J�:�����
���� anhydrous sodium sulfate �
���J�W�	�������:�����������J�W�� 

6 (4.8 g, 57.8 %) ��'�$�
�$ v
����
 ;�
�����
�
��w
#����� ethanol, mp 152-153 °C. 1H-NMR δ: 

2.50-3.30 (5H, m, CH2 of both conformers), 3.29 �
� 3.59 (total 3H, 2 s, COO-CH3), 3.73, 3.77, 

3.84 �
� 3.85 (total 9H, 4 s, O-CH3 × 2), 4.16-4.26 (1H, m, CH2), 5.20-5.37 (1H, m, H-1), 6.52, 

6.56, 6.58, 6.60, 6.67, 6.98 �
� 7.04 (total 4H, 8 s, Ar-H × 4). 13C-NMR (both conformers) δ: 

28.01 (t), 37.59 (t), 38.56 (t), 41.26 (t), 42.01 (t), 52.07 (q), 52.43 (q), 54.00 (q), 54.25 (q), 55.90 

(q), 56.01 (q), 56.05 (d), 56.22 (d), 111.44 (d), 111.57 (d), 113.61 (d), 113.86 (d), 114.01 (d), 

114.33 (d), 114.78 (s), 115.22 (d), 115.32 (d), 124.89 (s), 128.55 (s), 129.90 (s), 144.86 (s), 

146.62 (s), 147.98 (s), 148.16 (s), 155.74 (s). 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-hydroxy-6-methoxy-2-trifluoroacetyl-1,2,3,4-tetrahy-

droisoquinoline (6f):   ���� � ���� trifluoroacetic anhydride (7.0 g) 

:�$�
w��$�
 tetra- 

hydroisoquinoline (7) (2.7 g, 6.6 mmol) �
� triethylamine (5.6 g)  :� ethanol-free chloroform 

(30 mL) ��� 0-10 °C ������ 5 ������
 ����  2N hydrochloric acid (18 mL) �
� methanol (20 mL) 

��������� 2 ������
 ������� chloroform  ��� J�:�����
���� anhydrous sodium sulfate �
���J�W�

	�������:�����������J�W�� 6f (1.4 g, 41.9%),  ��'�$�
�$ v
����
 ;�
�����
�
��w
#����� ethanol, 

mp 201-203 °C. 1H-NMR δ: 2.66-2.76 (total 1H, m, H-4), 2.85-3.00 (total 1H, m, H-4), 3.06 (1H, 

dd, J=8.9, 14.2 Hz, H-α), 3.39 (1H, dd, J=4.8, 14.2 Hz, H-α), 3.57-3.69 (total 1H, m, H-3), 3.76 

(3H, s, O-CH3), 3.85 (3H, s, O-CH3), 3.87 (3H, s, O-CH3), 3.95-4.50 (total 1H, m, H-3), 5.75 (1H, 

dd, J=4.8, 8.9 Hz, H-1), 6.46 �
� 6.56 (total 1H, 2 s, Ar-H), 6.57 �
� 6.60 (total 1H, 2 s, Ar-H), 

6.67 �
� 6.78 (total 1H, 2 s, Ar-H), 6.99 �
� 7.01 (total 1H, 2 s, Ar-H).13C-NMR (both 

conformers) δ: 27.35 (t), 28.90 (t),  40.15 (t),  40.20 (t), 41.10 (t), 42.10 (t), 53.90 (d), 55.92 (q), 

56.01 (q), 56.05 (q), 110.43 (d), 110.76 (d), 112.62 (d), 113.00 (d), 113.59 (d), 113.67 (d), 114.57 
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(s), 115.24 (s), 115.38 (d), 115.51 (d), 118.39 (s), 124.40 (s), 127.62 (s), 128.30 (s), 144.51 (s), 

145.93 (s), 148.11 (s), 148.56 (s), 155.80 (s)  

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-hydroxy-6-methoxy-2-tert-butyloxycarbonyl-1,2,3,4-te- 

trahydroisoquinoline (6g):   ���� � �����	
�
��  triethylamine (0.6 g)  :� dichloromethane 

(10 mL)  

:���	
�
��$�
 tetrahydroisoquinoline (7) (2.0 g, 4.0 mmol) �
� di-tert butyl 

dicarbonate (0.12 g) :� dichloromethane (50 mL) ��� 16 ������
 ���� methanol (20 mL) �
� 2N 

sodium hydroxide (5 mL) ��������� 3 ������
 �J�W�	�������:�����������J� �
��������J� (20 mL) 

�
�  chloroform (30 mL)  �$����
��� J��������:����'��	����� 2N hydrochloric acid (≈20 mL) 

������� chloroform  ��� J�:�����
���� anhydrous sodium sulfate �
���J�W�	�������:���������

��J�W�� 6g (0.5 g, 80.3%)  ��'�w
#���$���
�
��w
#����� benzene-hexane, mp  185-187 °C. 1H-

NMR (both conformers) δ: 1.19 (9H, s, CH3 × 3), 2.60-2.71 (1H, m, H-4), 2.75-3.00 (2H, m, H-α 

�
� H-4), 3.14 (1H, dd, J=3.8, 13.8 Hz, H-α), 3.18-3.44 (1H, m, H-3β), 3.72, 3.77, 3.80, 3.85, 

3.86 �
� 3.88 (9H, 6 s, O-CH3 × 3), 4.28-4.48 (1H, m, H-3α), 5.20 (1H, dd, J=3.8, 10.1 Hz, H-1), 

6.58, 6.62, 6.68, 6.72, 6.74, 6.75, 6.99  �
� 7.03 (4H, 8 s, Ar-H).  13C-NMR δ: 28.03 (q), 36.49 (t), 

38.51 (t), 41.99 (t), 54.30 (d), 55.92 (q), 55.97 (q), 56.39 (q), 109.95 (d), 111.48 (d), 113.92 (s), 

114.89 (d), 117.54 (d), 125.14 (s), 126.62 (s), 128.95 (s), 131.02 (s), 145.01 (s), 146.16 (s), 147.38 

(s), 147.87 (s), 154.39 (s). 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-hydroxy-2-formyl-6-methoxy-1,2,3,4-tetrahydroisoqui- 

noline (6h): ���� � ���� N,N′-dicyclohexylcarbodiimide (1.9 g) :� dichloromethane (30 mL) 



:���	
�
��$�
 tetrahydroisoquinoline (7) (1.7 g, 4.2 mmol) �
� formic acid (0.4 g) :� 

dichloromethane (30 mL) �������� v��
�� J�
�
�����%� �� ;��������� ���������� &��%�����
��� 8 

������
 ����� v���	
�
���
���	�
 ���� 10% sodium hydroxide (50 mL) 

:����� dichloro- 

methane ��������� 3  ������
 � J��������:����'��	����� 10% hydrochloric acid (60 mL) ������� 

dichloromethane ��� J�:�����
���� anhydrous sodium sulfate �
���J�W�	�������:�����������J�W�� 

6h (1.2 g, 65.9%)  ��'�w
#�����
 ;�
�����
�
��w
#����� ethanol, mp  155-156 °C. 1H-NMR δ: 

2.67-2.78 (1H,  m, H-4), 2-83-2.92 (1H, m, H-4), 2.92-3.30 (1H, m, CH2), 3.14-3.28 (2H, m, H-3β, 

CH2), 3.81 (3H, s, O-CH3), 3.87 (3H, s, O-CH3),  3.89 (3H, s, O-CH3),  4.46-4.55 (1H, m, H-3α), 

4.69 (1H, dd, J=3.3, 10.5 Hz, H-1), 6.49 (1H, s, Ar-H), 6.62 (1H, s, Ar-H), 6.91 (1H, s, Ar-H), 
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7.05 (1H, s, Ar-H), 7.54 (1H, s, CHO). 13C-NMR (both conformers) δ: 24.95 (t), 25.64 (t), 27.91 

(t), 29.34 (t), 33.96 (t), 34.43 (t), 42.91 (t), 56.01 (q), 56.17 (q), 56.27 (q), 56.96 (d), 110.78 (d), 

110.91 (d), 112.62 (d), 113.10 (d), 113.89 (d), 114.45 (d), 115.25 (d), 115.75 (d), 125.36 (s), 

128.13 (s), 128.64 (s), 144.36 (s), 146.00 (s), 148.57 (s), 148.88 (s), 161.39 (s), 161.58 (s). 

 

6-Carbomethoxy-1-hydroxy-2,9,10-trimethoxynoraporphine (1a): ���� � ������	
�
��$�
 

2,2′-azobis(isobutyronitrile)  (0.29 g) �
� tributyltin hydride (2.1 g) :� toluene (40 mL) 

:�

��	
�
��$�
 N-acyl-1-benzyltetrahydroisoquinoline (6a) (1.0 g, 1.8 mmol) :� toluene (20 mL) 

���� J�
�
 reflux ��%� ���:����
�:���	�����	��

� 10 mL [J���� 4 �	��
:���
�  2 ������
 reflux ���

��� 24 ������
 �
���J�W�	�������:�����������J�W��$�
��;�����J���
  ���� acetonitrile (30 mL) 



W�
�
��$�
��;��
��
��
����   acetonitrile  ���� hexane (3 × 20 mL) � J����� acetonitrile :�����


���� anhydrous sodium sulfate �
���J�W�	�������:�����������J� � J���	:���	�� �!�"�����!� silica 

gel column chromatography :�� hexane-ethyl acetate ��'������W�� 1a (71.6 mg, 10.3%)  ��'�

$�
�$ v
��$�� �
� 16.4%  [����	���
���  6e,  mp 137-139 °C [lit.8 mp 123-125 °C].  1H-NMR δ: 

2.57-3.05 (5H, m, CH2 × 2 �
� H-5β), 3.77 (3H, s, COO-CH3), 3.90 (3H, s, O-CH3), 3.91 (3H, s, 

O-CH3), 3.93 (3H, s, O-CH3), 4.35-4.50 (1H, m, H-5α), 4.77 (1H, dd, J=4.7, 12.9 Hz, H-6a), 6.23 

(1H, s, OH), 6.57 (1H, s, H-3), 6.78 (1H, s, H-8), 8.11 (1H, s, H-11). 13C-NMR δ: 30.07 (t), 34.60 

(t), 39.18 (d), 51.98 (d), 52.68 (q), 52.82 (q), 55.99 (q), 56.25 (q), 108.91 (d), 111.24 (d), 112.45 

(d), 120.14 (s), 124.48 (s), 124.95 (s), 125.49 (s), 129.33 (s), 141.19 (s), 145.75 (s), 147.17 (s), 

147.91 (s), 156.01 (s). 

 

1-Hydroxy-6-trifluoroacetyl-2,9,10-trimethoxynoraporphine (1b): :�� J���
��������W�� 1b 

��'�$�
�$ v
��$�� 10.2%  [����	���
��� 6b �
� 13.6%  [����	���
��� 6f, mp 196-197 °C.  1H-

NMR δ: 2.68-3.04 (4H, m, CH2 × 2), 3.28-3.41 (1H, m, H-5β), 3.91 (3H, s, O-CH3), 3.94 (6H, s, 

O-CH3), 4.17-4.26 (1H, m, H-5α), 5.06 (1H, dd, J=4.2, 13.8 Hz, H-6a), 6.23 (1H, s, OH), 6.59 

(1H, s, H-3), 6.78 (1H, s, H-8), 8.12 (1H, s, H-11). 13C-NMR δ: 30.17 (t), 32.99 (t), 41.46 (t), 

52.66 (d), 55.82 (q), 56.00 (q), 56.32 (q), 108.60 (d), 111.33 (d), 112.42 (d), 114.48 (s), 118.29 (s), 

120.26 (s), 123.71 (s), 124.05 (s), 128.36 (s), 141.58 (s), 146.05 (s), 147.39 (s), 148.14 (s), 155.91 

(s). 
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1-Hydroxy-6-tert-butyloxycarbonyl-2,9,10-trimethoxynoraporphine (1c): :�� J���
��������

W�� 1c ��'�$�
�$ v
��$�� 9.5%* [����	���
��� 6c �
� 17.0%*  [����	���
��� 6g, mp 96-97 °C.   
1H-NMR δ: 1.49 (9H, s, CH3 × 3), 2.59-2.97(5H, m, CH2 × 2 �
� H-5β), 3.66 (3H, s, O-CH3), 

3.90 (3H, s, O-CH3), 3.92 (3H, s, O-CH3), 4.41 (1H, br d, J=9.3 Hz, H-5α), 4.63 (1H, dd, J=3.5, 

13.3 Hz, H-6a), 5.72 (1H, s, OH), 6.63 (1H, s, H-3), 6.82 (1H, s, H-8), 8.13 (1H, s, H-11). 13C-

NMR δ: 28.57 (q), 30.45 (t), 34.76 (t), 38.44 (t), 51.88 (d), 55.89 (q), 56.02 (q), 59.95 (q), 110.47 

(d), 111.28 (d), 123.68 (s), 125.90 (s), 128.69 (d), 129.87 (s), 130.14 (s), 130.25 (s), 130.85 (s), 

137.35 (s), 144.58 (s), 145.18 (s), 148.15 (s). 

*���W�����(w
w
��W����������;��
[��W������	}�����	�	�� �!�"[����	� J� 

column chromatography ���:�� silica gel �� column ����	��� hexane-ethyl acetate) 

 

1-Hydroxy-6-formyl-2,9,10-trimethoxynoraporphine (1d): :�� J���
��������W�� 1d ��'�$�
- 

�$ v
��$�� 10.2% [����	���
��� 6d �
� 13.8% [����	���
��� 6h, mp 121-122 °C. 1H-NMR δ: 

2.66-3.11 (4H, m, CH2 × 2), 3.11-3.19, 3.35-3.46 (total 1H, 2 m, H-5), 3.78-3.86 �
� 4.41-4.49 

(total 1H, 2 m, H-5), 3.91 (3H, s, O-CH3), 3.93 (6H, s, O-CH3), 4.53 �
� 4.97 (total 1H, 2 dd, 

J=4.2, 13.8 Hz, H-6a), 6.21 (1H, s, OH), 6.57 �
� 6.60 (total 1H, 2 s, H-3), 6.77 �
� 6.80 (total 

1H, 2 s, H-8), 8.10 (1H, s, H-11), 8.26 �
� 8.40 (total 1H, 2 s, CHO). 13C-NMR δ: 30.81 (t), 

33.55 (t), 42.33 (t), 49.82 (d), 55.82 (q), 56.00 (q), 56.32 (q), 108.82 (d), 111.43 (d), 112.37 (d), 

123.92 (s), 124.20 (s), 124.71 (s), 128.35 (d), 128.78 (s), 141.51 (s), 145.98 (s), 147.24 (s), 148.02 

(s), 162.18 (s). 

 

�����	
����
������*	�&�  8d (+�� 8a-8c) 

1-(3-Benzyloxy-2-bromo-4-hydroxyphenyl)-N-(4-benzyloxy-3-methoxyphenethyl)acetamide 

(8a): ��	��������!� acid chloride ���:��  3-benzyloxy-2-bromo-4-methoxyphenylacetic acid (10.0 

g, 28.6  mmol) �
� 4-benzyloxy-3-methoxyphenethylamine (7.3 g, 28.4 mmol)  � J� workup ���

��!�����W�� 8a (14.2 g, 84.5%) ��'�$�
�$ v
����
 ;�
�����
�
��w
#����� ethanol, mp 122-124 °C 

[lit.10 mp 125 °C]. 1H-NMR δ: 2.66 (2H, apparent t, J=6.8 Hz, CH2), 3.44 (2H, apparent q, J=6.8 

Hz, CH2), 3.63 (2H, s, CH2), 3.83 (3H, s, O-CH3), 3.86 (3H, s, O-CH3), 5.01 (2H, s, CH2), 5.08 

(2H, s, CH2), 5.40 (1H, br s, NH), 6.51 (1H, dd, J =1.9, 8.1 Hz, Ar-H), 6.65 (1H, d, J =1.9 Hz, Ar-

H), 6.73 (1H, d, J = 8.1 Hz, Ar-H), 6.82 (1H, d, J =8.5 Hz, Ar-H), 6.98 (1H, d, J =8.5 Hz, Ar-H), 
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7.27-7.41 (8H, m, Ar-H), 7.54 (2H, dd, J =1.6, 7.7 Hz, Ar-H). 13C-NMR δ: 35.06 (t), 40.72 (t), 

43.71 (t), 56.00 (q), 56.13 (q), 71.06 (t), 74.57 (t), 111.58 (d), 112.34 (d), 114.21 (d), 120.67 (d), 

121.17 (s), 126.50 (d), 127.26 (d), 127.58 (s), 127.77 (d), 128.15 (d), 128.35 (d), 128.47 (d), 

128.50 (d), 131.70 (s), 137.02 (s), 137.28 (s), 146.81 (s), 149.74 (s), 153.07 (s), 170.01 (s). 

 

1-(3-Benzyloxy-2-bromo-4-methoxybenzyl)-7-benzyloxy-6-methoxy-3,4-dihydroisoquinoline 

(8b): ��	�������` ���	��� Bischler-Napieralski W��  8b ��'�$�
��;�����J���
:��	���&w
w
��

�� ;�� 100%  �
�*����W����} ��	 [#
�J�W�� J��` ���	�����������  1H-NMR (both conformers) δ: 2.67 

(2H, t, J=7.3 Hz, CH2), 3.67 (2H, t, J=7.1 Hz, CH2), 3.80 (3H, s, O-CH3), 3.85 (3H, s, O-CH3), 

4.06 (2H, s, CH2), 4.98 (2H, s, Ph-CH2), 4.99 (2H, s, Ph-CH2), 6.64 �
� 6.65 (total 1H, 2 s, Ar-H), 

6.72 (0.4H, d, J=3.4 Hz, Ar-H of one conformer), 6.78 (0.6H, d, J=8.6 Hz, Ar-H of another 

conformer), 6.93 (0.6H, d, J=8.6 Hz, Ar-H of one conformer), 6.98 (0.4H, d, J=3.4 Hz, Ar-H of 

another conformer), 7.16 �
� 7.18 (total 1H, 2 s, Ar-H), 7.20-7.56 (total 10H, m, Ph-H). 13C-

NMR (both conformers) δ: 25.21 (t), 41.26 (t), 41.34 (t), 46.31 (t), 46.48 (t), 55.48 (q), 55.42 (q), 

70.61 (t), 70.75 (t), 73.87 (t), 109.70 (d), 110.01 (d), 110.36 (d), 110.42 (d), 111.03 (d), 111.64 (d), 

111.73 (d), 112.74 (d), 119.24 (d), 120.03 (s), 120.79 (s), 124.64 (d), 127.00 (d), 127.03 (d), 

127.38 (d), 127.45 (d), 127.56 (d), 127.82 (d), 127.86 (d), 127.98 (d), 128.02 (d), 129.54 (s), 

129.82 (s), 131.74 (s), 131.78 (s), 136.25 (s), 136.75 (s), 143.74 (s), 144.63 (s), 145.82 (s), 145.87 

(s), 146.20 (s), 151.25 (s), 151.72 (s), 164.71 (s), 165.14 (s). 

 

1-(3-Benzyloxy-2-bromo-4-methoxybenzyl)-7-benzyloxy-6-methoxy-1,2,3,4-tetrahydroiso- 

quinoline (8c): ��	������:�� sodium borohydride W�� 8c  (89.3%) ��'�$�
��;�����
 ;�
�����
�


� J�:���	�� �!�"�����!� alumina column chromatography ���:�� dichloromethane ��'������ 1H-

NMR δ: 2.57-2.82 (4H, m, CH2 × 2), 3.02-3.10 (2H, m, CH2), 3.68 (3H, s, O-CH3), 3.71 (3H, s, 

O-CH3), 3.98 (1H, dd, J=2.8, 9.9 Hz, H-1), 4.92 (2H, s, Ph-CH2), 4.99 (2H, s, Ph-CH2), 6.47 (1H, 

s, Ar-H), 6.67 (1H, s, Ar-H), 6.68 (1H, d, J=8.3 Hz, Ar-H), 6.81 (1H, d, J=8.3 Hz, Ar-H), 7.10-

7.46 (10H, m, Ph-H). 13C-NMR δ: 28.34 (t), 38.65 (t), 41.55 (t), 53.64 (d), 54.87 (q), 55.02 (q), 

70.22 (t), 73.44 (t), 111.13 (d), 111.14 (d), 111.86 (d), 119.83 (s), 125.55 (d), 126.23 (d), 126.70 

(d), 126.72 (s), 126.97 (d), 127.22 (d), 127.35 (d), 127.46 (d), 129.45 (s), 130.54 (s), 136.17 (s), 

136.29 (s), 144.41 (s), 145.04 (s), 147.12 (s), 151.36 (s). 
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1-(3-Benzyloxy-2-bromo-4-methoxybenzyl)-7-benzyloxy-2-trifluoroacetyl-6-methoxy 1,2,3,4-

tetrahydroisoquinoline (8d): ��	������:�� trifluoroacetic anhydride (6.6 g), 8c (3.0 g, 5.2 mmol) 

�
� triethylamine (3.2 g)  � J� workup �����!�����W�� 8d (8.5 g, 70.2%) ��'�$�
��;�����
 ;�
����

�
�
� J�:���	�� �!�"�����!� alumina column chromatography ���:��  benzene ��'������  1H-NMR δ:  

2.64-3.32 (5H, m, CH2), 3.54-3.70 (1H, m, CH2), 3.74 (3H, s, O-CH3), 3.81 (3.81, s, O-CH3), 4.98 

(2H, s, Ph-CH2), 5.02 (2H, s, Ph-CH2), 5.67 (1H, dd, J=5.0, 8.8 Hz, H-1), 6.57 �
� 6.59 (total 1H, 

2 s, Ar-H), 6.72 �
� 6.73 (total 1H, 2 s, Ar-H), 7.20-7.43 (10H, m, Ph-H), 7.52-7.60 (2H, m, Ar-

H). 13C-NMR δ: 28.84 (t), 39.99 (t), 41.11 (t), 53.78 (d), 56.02 (q), 56.03 (q), 71.26 (t), 74.60 (t), 

110.98 (d), 111.43 (d), 113.10 (d), 121.53 (s), 125.52 (s), 126.22 (d), 126.75 (s), 127.29 (d), 

128.00 (d), 128.31 (d), 128.49 (d), 128.66 (d), 129.50 (s), 137.00 (s), 137.33 (s), 145.37 (s), 

146.80 (s), 148.94 (s), 152.91 (s), 155.36 (s), 155.83 (s).  

 

�����!�!��/������	
����
� aporphine alkaloid +�������*	�&� 8d:  ��	������:�� 8d (2.9 g, 

4.3 mmol), 2,2′-azobis(isobutyronitrile) (0.7 g) �
� tributyltin hydride (5.1 g)   � J� workup ���

��!�����  *����W��  1-(3-Benzyloxy-4-methoxybenzyl)-7-benzyloxy-2-trifluoroacetyl-6-methoxy-

1,2,3,4-tetrahydroisoquinoline (9) (hydrogenolysis product) (2.0 g, 76.3%)  ��'�$�
�$ v
����
 ;�


�����
�
��w
#����� ethanol �*��
��	�����  mp 135-136 °C. 1H-NMR δ:  2.56-3.00 (4H, m, CH2 

× 2), 3.32-3.56 (1H, m, CH2), 3.63-3.88 (1H, m, CH2), 3.81 (3H, s, O-CH3), 3.88 (3H, m, O-CH3), 

4.85-4.99 (4H, m, Ph-CH2 × 2), 5.48 (1H, apparent t, J=7.2 Hz, H-6a), 6.33 (1H, s, Ar-H), 6.50 

(1H, s, Ar-H), 6.80 (1H, d, J=8.4 Hz, Ar-H), 6.89 (1H, d, J=8.4 Hz, Ar-H), 7.20-7.62 (11H, m, 

Ph-H × 2 �
� Ar-H). 13C-NMR δ: 28.54 (t), 38.93 (t), 39.85 (t), 55.14 (d), 56.02 (q), 56.10 (q), 

69.51 (t), 71.05 (t), 110.94 (d), 111.42 (d), 112.75 (d), 118.34 (s), 125.00 (d), 125.23 (d), 125.42 

(s), 125.72 (s), 125.77 (d), 126.78 (s), 127.23 (d), 127.31 (d), 127.79 (d), 128.00 (d), 128.61 (d), 

130.34 (s), 134.41 (s), 136.78 (s), 145.84 (s), 146.63 (s), 148.08 (s), 148.80 (s). 
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����% 3 

�����	
����
������(�7��	��������	 (±±±±)-Laurelliptinhexadecan-1-one ��� (±±±±)-

Laurelliptinoctadecan-1-one 

 

 

�������	 amidic aporphine alkaliods 
��
�

���������� nitrogen ���� acetyl, formyl 

��� methoxycarbonyl 1  ��� (+)-laurelliptinhexadecan-1-one (1a)  ��� (+)-laurelliptinoctadecan-

1-one (1b)  ���� alkaloid ����� 2 ��	���
�

�� palmitoyl ��� stearoyl ���������� nitrogen :�������� �

!�� aporphine2 

 

CH
3
O

HO
N

OH
CH

3
O

O

CH
3
O

HO
N

OH
CH

3
O

OH H
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�/+��%  1 ������� �!�� (+)-laurelliptinhexadecan-1-one (1a) ��� (+)-laurelliptinoctadecan-1-one 

(1b) 

 

alkaloid ��"� 2 ��	��"��:� Cocculus orbiculatus (Menispermaceae) :����!��w�
 #$��

W
�� 
 �}������[ ����W�� [ �� �	���� �
%!��
��� ������������& � 
 �}����������� � 

1a ��� 1b :
���� (+)-laurelliptinhexadecan-1-one ��� (+)-laurelliptinoctadecan-1-one � 
� J ��� 

��	� � �w�
 1a ��� 1b ���Z�'�*���   hepatoma cell line HepG2  ��� breast cancer cell line 

MDA-MB-231 :��������J  ������W
�
�� ������Z�'�*�� �[/�6�� 

��	��
�/��� (+)-laurelliptinhexadecan-1-one (1a) ��� (+)-laurelliptinoctadecan-1-one 

(1b) ����:����!��w�
#$��W
�� 
 �}������[ ����W�� � ������� �
%  alkaloid  ����/�'�*��"�  2 ��	

��"�� ;������[�%������� � ����� ;�������Z�'�*� �6�	: � [$�
��	 
�� ��:[������� ����� 
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;�����"��	 

� ������� �
% (±)-laurelliptinhexadecan-1-one (1a) ��� (±)-laurelliptinoctadecan-1-

one (1b) :6��` ������ � ���� �	��
	� C !��	�  aporphine  ���	�'� radical cyclisation3 ����
[ �

� �� ��	��
	�:� 2b ��� 2c #$��� 
 �}�J W���� (±)-1a ��� (±)-1b 
���[ �� ����

�� benzyl 

��� �����"��
 ;���J  5-benzyloxy-2-bromo-4-methoxyphenylacetyl chloride (3)4 
 � J �` ������ ��� 4-

benzyloxy -3-methoxyphenethylamine (4) :
� amide (5) #$������������� 6 W������` ������  Bischler-

Napieralski, reduction  !��  6  ��	� sodium borohydride :
� 2a #$���
 ;��� J �` ������ ��� palmitoyl 

chloride ��� stearoyl chloride :
� 2b ��� 2c � 
� J ��� ��� �W�� v����	� � �� ��	��
	� C !�� 

2b ��� 2c ����` ������  radical cyclisation W
������w�� J ��v[  �����"�[$��J  isoquinoline (2a)  
 

� J �` ������ ��� trifluoroacetic anhydride :
�  2d  #$���
 ;��� J �` ������ ���  tributyltin hydride ��� 

2,2′-azobis(isobutyronitrile) :
� noraporphine (7a) :����
 =w�w��� 22.7%  ���  hydrogeno- 

lysis product (2e) :����
 =w�w��� 29.1%   ��;���[ ��	 
�����:�����	=���
�� ���� �	��
	� 

C  ��	� 
�� �����

�� benzyl �����#��[�����J �
��� C-1   ������� � 7a ������>> =:� 1H-

NMR ���� singlet ��� δH 8.14 #$��������>> =!�� H-11  :�������� �  aporphine  �
 ;�����

�� 

trifluoroacetyl ������:6�� ���� � potassium carbonate :
� 7b #$���
 ;��� J �` ������ ��� palmitoyl 

chloride ��� stearoyl chloride :
� (±)-9-benzyllaurelliptinhexadecan-1-one (7c) ��� (±)-9-

benzyllaurelliptinoctadecan-1-one (7d) � 
� J ���  � �� J �` ������  hydrogenolysis !�� 7c ��� 7d 

:
� (±)-1a ��� (±)-1b  �����	� ��"�  (±)-1a  ���  (±)-1b  �� �`:����?=�!��  Z   ���  E con- 

formers  #$�������������!��
��   1H-NMR   !��� �'��
6 �� (+)-1a ��� (+)-1b (� � � 1 ��� 3) 

��� �W�� v� 
!��
�� 13C-NMR !�� (±)-1a ��� (±)-1b ���W��[ �� ������� �
%
��	 
����� �:�

� ��J �
���:� 13C-NMR  !�� (+)-1a   ���  (+)-1b   (� � � 2 ��� 4) ��"���"� [��;���
 [ �!��
��

���W��[ �� ����/�J �
���!��� �%������� J :� 13C-NMR spectrum !��� �w�
[$�
��	 
6��- 

�[���J  ��� �W�� v� 
����/�W��	� ������� �!�� (+)-laurelliptinhexadecan-1-one (1a)  ��� (+)-

laurelliptinoctadecan-1-one (1b)  } ������� 
���� �� �W	�����
�� ��" 
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��(�7��	��������	  (±±±±)-Laurelliptinhexadecan-1-one (1a) ��� (±±±±)-laurelliptinoctadecan-1-

one (1b) 

  (±)-Laurelliptinhexadecan-1-one (1a)  ���  (±)-laurelliptinoctadecan-1-one (1b) ���

�	 
�!�
!��256 µg/mL W
����Z�'�*��� Staphylococcus aureus ATCC25932,  Escherichia coli 

ATCC10536 ��� Candida albicans ATCC90028 
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1b. R
1
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17
H
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Reaction conditions: (A) 10% NaHCO3/ chloroform; (B) POCl3/  benzene; (C) NaBH4/ ethanol; 

(D) palmitoyl chloride, 10% NaHCO3/ chloroform; (E) stearoyl chloride,  10% NaHCO3/ 

chloroform; (F) (CF3CO)2O, Et3N/ chloroform; (G) Bu3SnH, AIBN/ dry toluene; (H) K2CO3/ 

methanol-water; (I)  H2, Pd/C / ethanol. 

 

�;����  1  � ������� �
% (±)-laurelliptinhexadecan-1-one (1a) ��� (±)-laurelliptinoctade-can-

1-one (1b) 
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����	 1 � ������������!��
�� 1H-NMR spectrum ��
	� � (+)-laurelliptinhexadecan-1-one 

(600 MHz, CDCl3) ��� (±)-laurelliptinhexadecan-1-one (300 MHz, CDCl3) 

 (+)-laurelliptinhexadecan 

-1-one  

Z-form 

 (±)-laurelliptinhexadecan 

-1-one 

Z-form 

 (+)-laurelliptinhexadecan 

-1-one  

E-form 

(±)-aurelliptinhexadecan 

-1-one 

E-form 

position 1H 1H 1H 1H 

Aporphine moiety 

1 6.55  (s) 6.56  (s) 6.59  (s) 6.60  (s) 

1a     

2     

3     

3a     

3b     

4 2.66/2.83 (m) 2.52-2.91 (m) 2.66/2.83 (m) 2.52-2.91 (m) 

5 3.23 (pseudo ax., br t, 

12.0) 

3.24 (pseudo ax., br t, 

12.1) 

2.75 (pseudo ax., br t, 

12.0) 

2.75-2.82 (pseudo ax., 

m) 

 4.02 (pseudo eq., br d, 

12.0) 

4.00 (pseudo eq., br d, 

12.1) 

4.95 (pseudo eq., br d, 

12.0) 

4.96 (pseudo eq., br d, 

8.0) 

6a 5.11 (br d, 12.5) 5.12 (br d, 10.5) 4.60 (br d, 12.5) 4.61 (br d, 12.1) 

7 2.61 (pseudo ax., br t, 

12.5) 

2.58-2.75 (pseudo ax., m) 2.99 (pseudo ax., br t, 

12.5) 

2.91-3.10 (pseudo ax., 

m) 

 2.95 (pseudo eq., br d, 

12.5) 

2.91-3.10 (pseudo eq., m) 2.61 (pseudo eq., br d, 

12.5) 

2.58-2.75 (pseudo eq., 

m) 

7a     

8 6.82  (s) 6.83  (s) 6.82  (s) 6.83  (s) 

9     

10     

11 8.06  (s) 8.07  (s) 8.09  (s) 8.10  (s) 

11a     

OCH3 x 2 ca. 3.90  (s) 3.92  (s) ca. 3.90  (s) 3.92  (s) 

Fatty acid moiety 

1′     

2′ 2.44 (m) 2.51-2.40 (m) 2.34 (m) 2.40-2.30 (m) 

3′ 1.65 (m) 1.78-1.60 (m) 1.65 (m) 1.78-1.60 (m) 

aliphatic 

CH2 

1.18-1.30 (m) 1.15-1.40 (m) 1.18-1.30 (m) 1.15-1.40 (m) 

terminal 

CH3 

0.86 (t, 6.8) 0.88 (t, 6.8) 0.86 (t, 6.8) 0.88(t, 6.8) 
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����	 2 � ������������!��
�� 13C-NMR spectrum ��
	� � (+)-laurelliptinhexadecan-1-one (600 

MHz, CDCl3) ��� (±)-laurelliptinhexadecan-1-one (300 MHz, CDCl3) 

 (+)-

laurelliptinhexadecan 

-1-one  

Z-form 

(±)-laurelliptinhexadecan 

-1-one  

Z-form  

(+)-laurelliptinhexadecan 

-1-one 

E-form 

(±)-laurelliptinhexadecan 

-1-one  

E-form 

position 13C 13C 13C 13C 

Aporphine moiety 

1 108.3  (d) 108.47  (d) 108.8  (d) 108.96  (d) 

1a 111.9  (s) 124.24  (s) 112.0  (s) 125.27  (s) 

2 144.98-145.2  (s)a 144.84-145.87  (s)a 144.98-145.2  (s)a 144.84-145.87  (s)a 

3 141.0  (s) 141.13  (s) 140.9  (s) 141.10  (s) 

3a 125.86  (s) 120.62  (s) 124.0  (s) 120.10  (s) 

3b 120.5  (s) 125.63  (s) 120.0  (s) 126.22  (s) 

4 34.5   (t) 30.72   (t) 30.6   (t) 29.69   (t) 

5 41.4   (t) 41.38   (t) 36.8   (t) 36.73   (t) 

6a 50.8  (d) 50.76  (d) 53.4  (d) 53.38  (d) 

7 33.2   (t) 33.28   (t) 35.9   (t) 36.10   (t) 

7a 123.5  (s) 123.69  (s) 128.8  (s) 123.93  (s) 

8 114.5  (d) 114.55  (d) 113.9  (d) 113.94  (d) 

9 144.98-145.2  (s)a 144.84-145.87  (s)a 144.98-145.2  (s)a 144.84-145.87  (s)a 

10 144.98-145.2  (s)a 144.84-145.87  (s)a 144.98-145.2  (s)a 144.84-145.87  (s)a 

11 118.8  (d) 111.88  (d) 111.9  (d) 112.02  (d) 

11a 125.4  (s) 130.30  (s) 125.0  (s) 129.59  (s) 

OCH3 x 2 56.0  (q) and 56.2  (q) 56.06  (q) and 56.28  (q) 56.0  (q) and 56.2  (q) 56.06  (q) and 56.28  (q) 

Fatty acid moiety  

1′ 172.1  (s) 171.79  (s) 172.6  (s) 172.50  (s) 

2′ 33.2   (t) 33.28   (t) 34.2   (t) 34.56   (t) 

3′ 25.3   (t) 25.33   (t) 25.5   (t) 25.60   (t) 

aliphatic 

CH2 

29-32   (t) 29.11-31.92   (t) 29-32   (t) 29.11-31.92   (t) 

terminal 

CH3 

14.1  (q) 14.12  (q) 14.1  (q) 14.12  (q) 

   a assignments may be interchangeable. 
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����	 3 � ������������!��
�� 1H-NMR spectrum ��
	� � (+)-laurelliptinoctadecan-1-one (600 

MHz, CDCl3) ��� (±)-laurelliptinoctadecan-1-one (300 MHz, CDCl3) 

 (+)-laurelliptinoctadecan 

-1-one 

Z-form 

(±)-laurelliptinoctadecan 

- 1-one 

Z-form 

(+)-laurelliptinoctadecan 

-1-one 

E-form 

(±)-laurelliptinoctadecan 

-1-one 

E-form 

position 1H 1H 1H 1H 

Aporphine moiety 

1 6.55  (s) 6.53  (s) 6.59  (s) 6.57  (s) 

1a     

2     

3     

3a     

3b     

4 2.66/2.83 (m) 2.52-2.88 (m) 2.66/2.83 (m) 2.52-2.88 (m) 

5 3.23 (pseudo ax., br t, 

12.0) 

3.21 (pseudo ax., br t, 

12.0) 

2.75 (pseudo ax., br t, 

12.0) 

2.66-2.78 (pseudo ax., 

m) 

 4.02 (pseudo eq., br d, 

12.0) 

4.00 (pseudo eq., br d, 

12.0) 

4.95 (pseudo eq., br d, 

12.0) 

4.95 (pseudo eq., br d, 

8.0) 

6a 5.11 (br d, 12.5) 5.12 (br d, 13.8) 4.60 (br d, 12.5) 4.61 (br d, 12.1) 

7 2.61 (pseudo ax., br t, 

12.5) 

2.54-2.72 (pseudo ax., 

m) 

2.99 (pseudo ax., br t, 

12.5) 

2.88-3.50 (pseudo ax., 

m) 

 2.95 (pseudo eq., br d, 

12.5) 

2.88-3.50 (pseudo eq., 

m) 

2.61 (pseudo eq., br d, 

12.5) 

2.54-2.72 (pseudo eq., 

m) 

7a     

8 6.82  (s) 6.82  (s) 6.82  (s) 6.82  (s) 

9     

10     

11 8.06  (s) 8.06  (s) 8.09  (s) 8.10  (s) 

11a     

OCH3 x 2 ca. 3.90  (s) 3.89  (s) ca. 3.90  (s) 3.89  (s) 

Fatty acid moiety 

1′     

2′ 2.44 (m) 2.50-2.39 (m) 2.34 (m) 2.39-2.29 (m) 

3′ 1.65 (m) 1.73-1.60 (m) 1.65 (m) 1.73-1.60 (m) 

aliphatic 

CH2 

1.18-1.30 (m) 1.15-1.40 (m) 1.18-1.30 (m) 1.15-1.40 (m) 

terminal 

CH3 

0.86 (t, 6.8) 0.87 (t, 6.9) 0.86 (t, 6.8) 0.87(t, 6.9) 
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����	 4 � ������������!��
�� 13C-NMR spectrum ��
	� � (+)-laurelliptinoctadecan-1-one 

(600 MHz, CDCl3) ��� (±)-laurelliptinoctadecan-1-one (300 MHz, CDCl3) 

 (+)-laurelliptinoctadecan 

-1-one  

Z-form 

(±)-laurelliptinoctadecan 

-1-one  

Z-form 

(+)-laurelliptinoctadecan 

-1-one  

E-form 

(±)-laurelliptinoctadecan 

-1-one  

E-form 

position 13C 13C 13C 13C 

Aporphine moiety 

1 108.3  (d) 108.46  (d) 108.8  (d) 108.96  (d) 

1a 111.9  (s) 124.17  (s) 112.0  (s) 125.56  (s) 

2 144.98-145.2  (s)a 145.05-145.94  (s)a 144.98-145.2  (s)a 145.05-145.94  (s)a 

3 141.0  (s) 141.18  (s) 140.9  (s) 141.08  (s) 

3a 125.86  (s) 120.66  (s) 124.0  (s) 120.14  (s) 

3b 120.5  (s) 126.03  (s) 120.0  (s) 125.17  (s) 

4 34.5   (t) 30.70   (t) 30.6   (t) 29.73   (t) 

5 41.4   (t) 41.46   (t) 36.8   (t) 36.81   (t) 

6a 50.8  (d) 50.90  (d) 53.4  (d) 53.45  (d) 

7 33.2   (t) 33.31   (t) 35.9   (t) 36.08   (t) 

7a 123.5  (s) 123.62  (s) 128.8  (s) 123.93  (s) 

8 114.5  (d) 114.69  (d) 113.9  (d) 114.06  (d) 

9 144.98-145.2  (s)a 145.05-145.94  (s)a 144.98-145.2  (s)a 145.05-145.94  (s)a 

10 144.98-145.2  (s)a 145.05-145.94  (s)a 144.98-145.2  (s)a 145.05-145.94  (s)a 

11 118.8  (d) 112.12  (d) 111.9  (d) 112.12  (d) 

11a 125.4  (s) 130.13  (s) 125.0  (s) 129.51  (s) 

OCH3 x 

2 

56.0  (q) and 56.2  (q) 56.07  (q) and 56.26  (q) 56.0  (q) and 56.2  (q) 56.07  (q) and 56.26  (q) 

Fatty acid moiety 

1′ 172.1  (s) 172.07  (s) 172.6  (s) 172.62  (s) 

2′ 33.2   (t) 33.31   (t) 34.2   (t) 34.53   (t) 

3′ 25.3   (t) 25.42   (t) 25.5   (t) 25.46   (t) 

aliphatic 

CH2 

29-32   (t) 29.14-31.95   (t) 29-32   (t) 29.14-31.95   (t) 

terminal 

CH3 

14.1  (q) 14.14  (q) 14.1  (q) 14.14  (q) 

 a assignments may be interchangeable. 
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�������� 

      [/�
��
�
�		����	����;��� Stuart Scientific SMP 2 ���
�W��������  (uncorrected)   

Ultraviolet spectra 	��[ �� ���� �:� methanol  ��	����;���  Perkin Elmer Lambda 35 UV-VIS  

spectrophotometer  Infrared spectra 	����	����;��� Perkin Elmer Spectrum GX FT-IR 

spectrophotometer :���� CH2Cl2-films 1H- ��� 13C-NMR spectra 	����	����;��� Bruker AVANCE 

300 spectrometer ����	 
} ��  300 MHz � J 
��� 1H ���  75 MHz  � J 
��� 13C ���:6� CDCl3 ��� 

DMSO-d6 :�� ���=�������	� J ��� � ���:6� tetramethylsilane ���� internal standard   Mass 

spectra 	����	����;���  POLARIS Q mass spectrometer   Elemental analyses 	����	����;��� Perkin 

Elmer 2400 Elemental Analyser  

 

2-(2-Bromo-5-benzyloxy-4-methoxyphenyl)-N-(4-benzyloxy-3-methoxyphenethyl)acetamide 

(5):  �����
���	�'� acid chloride ���:6� 5-benzyloxy-2-bromo-4-methoxyphenylacetic acid  (26.0 

g, 0.07 mol) ��� 4-benzyloxy-3-methoxyphenethylamine (4) (18.1 g, 0.07 mol)  � J   workup ���

	�'�����W��  5 ����!���! v���! 	 (38.7 g, 93.3%) 
�����w�$���	� ethanol, mp 133-134 °C [lit.5 mp 

135 °C]. 1H-NMR δ: 2.65 (2H, apparent t, J=6.9 Hz, CH2), 3.42 (2H, apparent q, J=6.6 Hz, N-

CH2), 3.54 (2H, s, CON-CH2), 3.84 (3H,  s, O-CH3), 3.85 (3H, s, O-CH3), 5.08 (2H, s, Ph-CH2), 

5.10 (2H, s, Ph-CH2), 5.40 (1H, br s, NH),  6.48 (1H, dd, J=1.8, 8.1 Hz, Ar-H), 6.64 (1H, d, J=1.8 

Hz, Ar-H), 6.72 (1H, d, J=8.1 Hz, Ar-H), 6.81 (1H, s, Ar-H),  6.99 (1H,  s, Ar-H), 7.29-7.45 

(10H, m, Ph-H). 13C-NMR δ: 34.96 (t), 40.72 (t), 43.47 (t), 55.98 (q),  56.26 (q), 71.13 (t), 109.48 

(s), 112.39 (d), 114.22 (d), 115.41 (s), 116.10 (d), 116.43 (d), 120.58 (d), 126.33 (s), 127.25 (d), 

127.47 (d), 127.79 (d), 128.11 (d), 128.52 (d), 128.62 (d), 131.62 (s), 136.35 (s), 137.26 (s), 

146.87 (s), 147.77 (s), 149.73 (s), 169.96 (s).  

 

1-(5-Benzyloxy-2-bromo-4-methoxybenzyl)-7-benzyloxy-6-methoxy-3,4-dihydroisoquinoline 

(6):  �����
����` ������  Bischler-Napieralski W�� 6 ����!���! v����
� ;������ (90.1%) 
���  tritu- 

rated ��	� ethanol, mp 108-110 °C [lit.6 mp 105-106 °C]. UV (MeOH) λmax nm (log ε): 207 

(4.76), 230 (4.49), 283 (4.00), 311 (3.85). IR νmax (film) cm-1: 3063, 3032, 3005, 2933, 2838, 

1621, 1603, 1568, 1506, 1455, 1439, 1378, 1357, 1322, 1256, 1214, 1160, 1142, 1073, 1026, 981. 
1H-NMR δ: 2.55 (2H, t, J=7.8 Hz, CH2), 3.65 (2H, t, J=7.8 Hz, N-CH2), 3.84 (3H, s, O-CH3),  

3.90 (3H, s, O-CH3), 4.08 (2H, s, CH2), 5.03 (2H, s, Ph-CH2), 5.04 (2H, s, Ph-CH2), 6.64 (1H, s, 
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Ar-H), 6.78 (1H, s, Ar-H), 6.99 (1H, s, Ar-H), 7.02 (1H, s, Ar-H), 7.20-7.45 (10H, m, Ph-H). 13C-

NMR δ: 25.66 (t), 41.22 (t), 46.12 (t), 56.08 (q), 56.21 (q), 70.94 (t), 71.16 (t), 105.38 (s), 105.97 

(s), 110.65 (d), 112.23 (d), 112.92 (s), 114.53 (s), 114.93 (d), 115.83 (d), 127.10 (d), 127.45 (d), 

127.74 (d), 127.99 (d), 128.42 (d), 128.54 (d), 132.35 (s), 136.57 (s), 136.68 (s), 146.67 (s), 

147.68 (s), 149.06 (s), 167.03 (s).  

 

1-(5-Benzyloxy-2-bromo-4-methoxybenzyl)-7-benzyloxy-6-methoxy-1,2,3,4-tetrahydroiso- 

quinoline (2a): �����
���:6� sodium borohydride W��  2a ����!���! v����
� ;������ (93.0%) 
���

��w�$���	� ethanol, mp 91-93 °C [lit.7 mp 90-90.5 °C]. UV (MeOH) λmax nm (log ε): 211 (4.48), 

236sh (4.26), 290sh (3.79), 324 (3.70). IR νmax (film) cm-1: 3585, 3063, 3032, 3007, 2936, 2839, 

1592, 1567, 1506, 1456, 1438, 1410, 1383, 1356, 1334, 1320, 1267, 1217, 1173, 1143, 1081, 

1053, 1024, 958. 1H-NMR δ: 2.64-2.87 (4H, m, CH2 × 2),  3.01-3.13 (2H, m, CH2), 3.85 (6H, s, 

O-CH3 × 2), 3.97-4.05 (1H, m, H-1), 5.11 (4H, s, Ph-CH2 × 2), 6.59 (1H, s, Ar-H), 6.71(1H, s, 

Ar-H), 6.74 (1H, s, Ar-H), 7.06 (1H, s, Ar-H), 7.20-7.46 (10H, m, Ph-H). 13C-NMR δ: 29.42 (t), 

40.06 (t), 42.27 (t), 55.10 (d), 56.01 (q), 56.29 (q), 71.14 (t), 71.39 (t), 112.22 (d), 112.90 (d), 

115.38 (s), 116.29 (d), 117.30 (d), 127.34 (d), 127.36 (d), 127.80 (d), 127.87 (s), 128.00 (d), 

128.55 (d), 128.61 (d), 130.32 (s), 130.51 (s), 136.72 (s), 137.38 (s), 146.17 (s), 147.17 (s), 148.25 

(s), 149.07 (s). 

 

1-(5-Benzyloxy-2-bromo-4-methoxybenzyl)-7-benzyloxy-6-methoxy-2-trifluoroacetyl-1,2,3, 

4-tetrahydroisoquinoline (2d): �����
���:6� trifluoroacetic anhydride W�� 2d ����!���! v���

�
� ;������ (63.9%)  
�����w�$���	� ethanol, mp 157-158 °C. UV (MeOH) λmax nm (log ε): 208 

(4.75), 232sh (4.12), 287 (3.65). IR νmax (film) cm-1: 3033, 2919, 2849, 1689, 1609, 1509, 1456, 

1440, 1381, 1258, 1197, 1165, 1141, 1116, 1027, 912. 1H-NMR δ: 2.68-3.28 (4H, m, CH2 × 2), 

3.53-3.64 (1H, m, H-3β), 3.85 (3H, s, O-CH3), 3.88 (3H, s, O-CH3), 3.91-4.02 (1H, m, H-3α), 

4.98 (2H, s, Ph-CH2), 5.00 (2H, s, Ph-CH2), 5.57-5.65 (1H, m, H-1), 6.45 (1H, s, Ar-H), 6.60 (1H, 

s, Ar-H), 6.61 (1H, s, Ar-H), 7.01 (1H, s, Ar-H), 7.30-7.45 (10H, m, Ph-H). 13C-NMR δ (both 

conformers): 27.21 (t), 28.69 (t), 37.54 (t), 40.11 (t), 40.16 (t), 40.77 (t), 41.84 (t), 42.29 (t), 54.06 

(d), 56.04 (q), 56.12 (q), 56.20 (q), 56.60 (q), 71.17 (t), 71.29 (t), 71.41 (t), 111.44 (d), 111.77 (d), 

112.74 (d), 112.94 (d), 114.55 (s), 115.78 (d), 116.04 (s), 116.45 (d), 116.71 (d), 118.37 (s), 
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125.52 (s), 126.42 (s), 127.19 (d), 127.29 (d), 127.41 (d), 127.97 (d), 128.01 (d), 128.28 (s), 

128.61 (d), 128.63 (d), 136.67 (s), 136.87 (s), 146.81 (s), 147.39 (s), 148.93 (s), 149.30 (s), 155.81 

(s). Anal. Calcd for C34H31NO5BrF3: C, 60.90; H, 4.66; N, 2.09, Found: C, 60.72; H, 4.81; N, 2.25. 

 

9-Benzyloxy-2,10-dimethoxy-1-hydroxy-6-trifluoroacetylnoraporphine (7a).  �����
���:6� 

2,2′-azobis(isobutyronitrile) ��� tributyltin hydride W��!��
�;����"J � � (6.92 g), � J � �:
�

����/�'�*���	�'� silica gel column chromatography :6� benzene-chloroform ������	6�  fraction 

���� W��  hydrogenolysis product (2e) ����!���! v���! 	  (4.1 g, 29.1%). mp 85-86 °C. 1H-NMR 

δ: 2.50-3.00 (5H, m, CH2 of both conformers),
 3.20-3.33 (1H, m, CH2 of both conformers), 3.84, 

3.82 3.90 ��� 3.93 (total 6H, 4 s, O-CH3 × 2 of both conformers), 4.98-5.08 (total 2H,  2 s, Ph- 

CH2 of both conformers), 4.90 ��� 5.17 (total 2H,  2 AB q, J =12.4 ��� 12.2 Hz, Ph-CH2 of both 

conformers), 5.44 (1H, apparent t, J =6.2 Hz, H-6a of both conformers), 6.25 ��� 6.27 (total 1H, 

2 s, Ar-H of both conformers), 6.46-6.53 (total 1H, m, Ar-H of both conformers), 6.55-6.61 (total 

2H, m, Ar-H of both conformers), 6.74 ��� 6.79 (total 1H, 2 d, J = 8.6 ��� 8.2 Hz, Ar-H of both 

conformers), 7.25-7.48 (10H, m, Ph-H of both conformers). 13C-NMR δ (both conformers): 28.54 

(t)  40.61 (t), 41.04 (t), 55.24 (d), 56.00 (q), 56.20 (q), 56.31 (q), 70.87 (t), 70.94 (t), 111.45 (d), 

111.61 (d), 113.06 (d), 115.39 (d), 118.45 (s), 122.55 (d), 125.65 (s), 126.36 (s), 127.18 (d), 

127.35 (d), 127.82 (d), 127.94 (d), 128.53 (d), 128.59 (d), 129.27 (s), 136.85 (s), 137.04 (s), 

146.50 (s), 147.99 (s), 148.71 (s), 148.94 (s), 155.81 (s).  Fraction 
���� W��  noraporphine (7a) 

����!���! v����
� ;������  (2.7 g, 22.7%). mp 232-234 °C. UV (MeOH) λmax nm (log ε): 213 

(4.57), 272sh (3.99), 281 (4.08), 306 (4.12). IR νmax  (film) cm-1: 3373, 2920, 2850, 1682, 1605, 

1513, 1463, 1401, 1383, 1371, 1337, 1310, 1281, 1255, 1202, 1169, 1139, 1099, 1049, 1025, 928. 
1H-NMR δ: 2.66-3.04 (4H, m, CH2 × 2), 3.26-3.38 (1H, m, H-5β), 3.93 (3H, s, O-CH3), 3.94 

(3H, s, O-CH3), 4.14-4.25 (1H, m, H-5α), 5.00-5.09 (1H, m, H-6a), 5.18 (2H, AB q, J = 12.3 Hz, 

Ph-CH2), 6.23 (1H, s, OH), 6.57 (1H, s, H-3), 6.80 (1H, s, H-8), 7.30-7.60 (5H, m, Ph-H), 8.14 

(1H, s, H-11). 13C-NMR δ: 30.18 (t), 32.93 (t), 41.43 (t), 52.62 (d), 56.21 (q), 56.32 (q), 70.91  (t), 

108.66 (d), 113.12 (d), 113.81 (d), 118.29 (s), 120.23 (s), 123.71 (s), 124.08 (s), 124.57 (s), 

127.30 (d), 127.85 (d), 128.32 (s), 128.56 (d), 137.09 (s), 141.63 (s), 146.04 (s), 147.48 (s), 

148.04 (s), 155.88 (s). Anal. Calcd for C27H24NO5F3: C, 64.93; H, 4.84; N, 2.80, Found: C, 65.09; 

H, 4.68; N, 2.65. 
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9-Benzyloxy-2,10-dimethoxy-1-hydroxynoraporphine (7b): Reflux !��w�
!��  noraporphine 

(7a) (1.6 g, 3.2 mmol), potassium carbonate (3.0 g), methanol (150 mL) ����"J  (9 mL) �����	�  4 

6��	�
� [ ���"��J W����
�: �:���	 
�����J W��!��
�;����"J � �  ���
 5% sodium bicarbonate 

(100 mL) ��W����	������	� chloroform (3 × 30 mL) � J 6�"�  chloroform  :
��
����	� anhydrous 

sodium sulfate [ ���"��J W����
�: �:���	 
�����J W�� noraporphine (7b) ����!���! v����"J � �

���� (996.7 mg, 77.3%) 
�����w�$���	� ethanol, mp 197-198 °C. UV (MeOH) λmax nm (log ε): 

217 (4.62), 270sh (4.12), 280 (4.22), 305 (4.23). IR νmax (film) cm-1: 3583, 3292, 2919, 2849, 

1603, 1509, 1463, 1455, 1398, 1373, 1284, 1252, 1213, 1124, 1102, 1038, 1025, 992. 1H-NMR δ: 

2.58-3.05 (6H, m, H-5β, CH, CH2 × 2), 3.31-3.40 (1H, m, H-5α), 3.89 (3H, s, O-CH3), 3.91 (3H, 

s, O-CH3), 5.17 (2H, s, Ph-CH2), 6.54 (1H, s, H-3), 6.76 (1H, s, H-8), 7.28-7.50 (5H, m, Ph-H), 

8.09 (1H, s, H-11). 13C-NMR δ: 29.02 (t), 36.92 (t), 43.33 (t), 53.81 (d), 56.17 (q), 56.23 (q), 

71.02  (t), 109.39 (d), 112.99 (d), 113.61 (d), 119.14 (s), 124.05 (s), 125.53 (s), 127.30 (d), 127.78 

(d), 128.40 (s), 128.53 (d), 128.68 (s), 137.31 (s), 140.79 (s), 145.94 (s), 146.94 (s), 147.90 (s). 

EI-MS m/z (%): 403[M+] (32), 312 (100), 91 (7). Anal. Calcd for C25H25NO4: C, 74.42; H, 6.24; N, 

3.47, Found: C, 74.26; H, 6.38; N, 3.66. 

 

9-Benzyloxy-2,10-dimethoxy-1-hydroxy-6-palmitoylnoraporphine (7c): ���� � ���
� ���� �

!�� palmitoyl chloride (389.0 mg, 1.42 mmol) :� chloroform (80 mL)  ��:�!��w�
!�� nor- 

aporphine (7b) (400.0 mg, 0.99 mmol) :� chloroform (80 mL) ��� 10% sodium bicarbonate 

(120 mL) �
 ;�����


��	���� 24 6��	�
� [ ���"����6�"� chloroform ���	�J W�� J :
��
����	� 

anhydrous sodium sulfate [ ���"��J W����
�: �:���	 
�����J W�� palmitoylnoraporphine (7c)  

����!���! v����
� ;������ (530.0 mg, 83.3%) 
�����w�$���	� ethanol, mp 85-86 °C. UV (MeOH) 

λmax nm (log ε): 218 (4.45), 273sh (3.98), 281(4.04), 306 (4.10), 314sh (4.07). IR νmax (film) cm-1: 

3503, 2923, 2852, 1635, 1605, 1515, 1463, 1456, 1428, 1398, 1338, 1277, 1249, 1215, 1192, 

1165, 1123, 1098, 1027. 1H-NMR δ (both conformers): 0.88 (3H, t, J=6.6 Hz, terminal CH3), 

1.15-1.45 (24H, m, aliphatic CH2), 1.55-1.75 (2H, m, CH2-3′), 2.31-2.43 (2H, m, CH2-2′), 2.59-

2.97 (2H, m, CH2-4), 2.87- 3.03 ��� 2.54-2.74 (total 2H, 2 m, CH2-7), 2.68-2.78 ��� 3.21 (total 

1H, m ��� br t, J=12.1 Hz, , H-5), 3.89 (3H, s, O-CH3), 3.92 (3H, s, O-CH3), 4.01, 4.94 (total 1H, 

2  br d, J=10.1 ��� 8.1 Hz, H-5), 4.60, 5.13 (total 1H, 2 br d, J=13.2 ��� 3.8  Hz,  H-6a), 5.15-

5.26 (total 2H, m, Ph-CH2), 6.23 (1H, br s, OH), 6.55, 6.59 (total 1H, 2 s, H-3), 6.79, 6.81 (total 
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1H, 2 s, H-8), 7.28-7.50 (total 5H, m, Ph-H), 8.13, 8.15 (total 1H, 2 s, H-11). 13C-NMR δ (both 

conformers): 14.14 (q), 22.70 (t), 24.86 (t), 25.32 (t), 25.62 (t), 29.15 (t), 29.31 (t), 29.37 (t), 

29.51 (t), 29.67 (t), 30.68 (t), 31.93 (t), 33.39 (t), 33.95 (t), 34.46 (t), 36.24 (t), 36.82 (t), 41.43 (t), 

50.90 (q), 53.41 (d), 56.17 (q), 56.27 (q), 70.81 (t), 71.06 (t), 108.65 (d), 109.12 (d), 113.09 (d), 

113.26 (d), 113.76 (d), 119.92 (s), 120.39 (s), 124.19 (s), 124.81 (s), 125.14 (s), 125.55 (s), 126.08 

(s), 127.33 (d), 127.76 (d), 128.51 (d), 129.50 (s), 137.03 (s), 137.22 (s), 141.25 (s), 141.37 (s), 

145.65 (s), 145.93 (s), 147.27 (s), 147.70 (s), 148.21 (s), 171.95 (s), 172.60 (s). EI-MS m/z (%): 

641[M+] (63), 550 (10), 386 (100), 295 (79), 91 (15). Anal. Calcd for C41H55NO5: C, 76.72; H, 

8.64; N, 2.18, Found: C, 76.62; H, 8.80; N 2.35. 

 

9-Benzyloxy-2,10-dimethoxy-1-hydroxy-6-stearoylnoraporphine (7d). :�� J �������	���W��  

stearoylnoraporphine (7d) ����!���! v����
� ;������
�����w�$���	� ethanol (88.4%), mp 83-84 

°C. UV (MeOH) λmax nm (log ε): 218 (4.37), 272sh (3.69), 281 (3.79), 305 (3.87), 314sh (3.82). 

IR νmax (film) cm-1: 3393, 2923, 2852, 1641, 1603, 1513, 1464, 1428, 1399, 1337, 1255, 1214, 

1115, 1100, 1026. 1H-NMR δ (both conformers): 0.88 (3H, t, J=6.7 Hz, terminal CH3), 1.15-1.40 

(28H, m, aliphatic CH2), 1.55-1.75 (2H, m, CH2-3′), 2.33-2.43 (total 2H, m, CH2-2′), 2.55-2.90 

(total 2H, m, CH2-4), 2.55-2.71 ��� 2.89-3.07 (total 2H, 2 m, CH2-7), 2.68-2.76 ��� 3.22 (total 

1H, m ��� br t, J=12.1 Hz, H-5), 3.89 (3H, s, O-CH3), 3.92 (3H, s, O-CH3), 4.03 ��� 4.95 (total 

1H, 2 br d, J=13.6 ��� 7.7 Hz, H-5), 4.60 ��� 5.10 (total 1H, 2 br d, J=12.6 ��� 9.7 Hz,  H-6a), 

5.11-5.20 (total 2H, m, Ph-CH2), 6.19 (1H, br s, OH), 6.56 ��� 6.60 (total 1H, 2 s, H-3), 6.79 

��� 6.82 (total 1H, 2 s, H-8), 7.28-7.50 (total 5H, m, Ph-H), 8.13 ��� 8.15 (total 1H, 2 s, H-11).  

13C-NMR δ (both conformers): 14.12 (q), 22.70 (t), 25.32 (t), 25.61 (t), 29.37 (t), 29.52 (t), 29.70 

(t), 30.71 (t), 31.93 (t), 33.40 (t), 34.48 (t), 36.25 (t), 36.79 (t), 41.42 (t), 50.89 (d), 53.39 (d), 

56.20 (q), 56.30 (q), 70.82 (t), 71.06 (t), 108.65 (d), 109.13 (d), 113.09 (d), 113.25 (d), 113.80 (d), 

119.95 (s), 120.44 (s), 124.22 (s), 124.80 (s), 125.17 (s), 125.62 (s), 126.17 (s), 127.34 (d), 127.77 

(d), 128.53 (d), 129.52 (s), 137.06 (s), 137.24 (s), 141.36 (s), 145.66 (s), 145.93 (s), 147.30 (s), 

147.75 (s), 148.25 (s), 171.88 (s), 172.53 (s). EI-MS m/z (%): 669[M+] (6), 578 (1), 386 (10), 296 

(100), 91 (3).  Anal. Calcd for C43H59NO5: C, 77.09; H, 8.88; N, 2.09, Found: C, 77.26; H, 8.65; 

N, 2.23. 
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(±±±±)-Laurelliptinhexadecan-1-one (1a): �J !��w�
!��  7c (300.5 mg, 0.47 mmol), 10%Pd/C 

(10.0 mg) :� ethanol (70 mL) � J �` ������  catalytic hydrogenation : �:���	 
������� � W����

�	�  48 6��	�
����� ���	���
� filtrate : �:���	 
�����J W�� (±)-laurelliptinhexadecan-1-one (1a) 

����!���! v����� ���� (182.0 mg, 70.5%) 
�����w�$���	�  ethanol, mp 147-148 °C. UV (MeOH) 

λmax nm (log ε): 221 (4.57), 272sh (4.13), 282 (4.20), 305 (4.27), 315sh (4.24). IR νmax (film) cm-1: 

3370, 2923, 2852, 1622, 1602, 1513, 1464, 1431, 1413, 1366, 1330, 1279, 1246, 1193, 1122, 

1096, 1035, 960. EI-MS m/z (%): 551[M+] (26), 296 (100). Anal. Calcd for C34H49NO5: C, 74.01; 

H, 8.95; N, 2.54, Found: C, 74.19; H, 9.07; N, 2.68. 1H-NMR ��� 13C-NMR  ����:�� � � 1 

��� 2 

 

(±±±±)-Laurelliptinoctadecan-1-one (1b): :�� J �������	���W�� (±)-laurelliptinoctadecan-1-one 

(1b) (79.2%) ����!���! v����� ����
�����w�$���	�  ethanol,  mp 146-147 °C. UV (MeOH) λmax 

nm (log ε): 221 (4.61), 271sh (4.11), 282 (4.20), 305 (4.28), 313sh (4.25). IR νmax (film) cm-1: 

3383, 2923, 2852, 1625, 1600, 1509, 1463, 1413, 1366, 1330, 1279, 1246, 1193, 1122, 1096, 

1034, 960. EI-MS m/z (%): 579[M+] (17), 296 (100). Anal. Calcd for C36H53NO5: C, 74.57; H, 

9.21; N, 2.42, Found: C, 74.7; H, 9.12; N, 2.36.  1H-NMR ��� 13C-NMR ����:�� � � 3 ��� 4 
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MIC ��	  (±±±±)-laurelliptinhexadecan-1-one ��� (±±±±)-laurelliptinoctadecan-1-one 
�["&#"!��(� 

NCCLS microbroth dilution8 "�	��* 

 

1. ��� � (±)-laurelliptinhexadecan-1-one ��� (±)-laurelliptinoctadecan-1-one :� DMSO :
� 


��	 
�!�
!�� 1024 µg/mL  

2. ���"��[/�6�� 3 6��� � ;� Staphytolcoccus aureus ATCC25932, Escherichia coli ATCC10536  

��� Candida albicans ATCC90028 :�� 
 ����"���6 ;"� ��� 10% glucose (NBG) � J 
������"���6 ;"� 

Staphytolcoccus aureus ATCC25932 ��� Escherichia coli ATCC10536; Sabouraud glucose 

broth � J 
����6 ;"� Candida albicans ATCC90028 ��
��� 37 
°C �����	�  24 6��	�
� [ ���"������


�6 ;"�:
�
��	 
�!�
!�� 1 �� ��#��%���
�������� 

3. � J  two-fold serial dilution !��� �:�!��  1 :
�� ���� �
��	 
�!�
!��[ � 512 µg/mL } $�  

0.50 µg/mL :�[ ��� ��6 ;"�����w� �W���%�� � 5 �#����
�� �����" 

3.1   ���
� ���� �:�!�� 1  ���
 ��100 µL ��:�[ ��� ��6;"�[ ���� 1 [ ���"����


� 
 ����"���6 ;"����
 ��  100 µL ��W� �!�� :
��!� ��� [�W��� �w�
���
��	 
�!�
!�� 512 µg/mL 

3.2   ����!��w�
���
 ��100 µL :�[ ���� 1 :����:�[ ���� 2 ���	���
� 
 ����"���6 ;"� 

���
 ��100 µL ��W�:�[ ���� 2 �!�� :
��!� ��� [�W��� �w�
���
��	 
�!�
!�� 256 µg/mL 

3.3   ����!��w�
���
 ��100 µL :�[ ���� 2 :����:�[ ���� 3 ���	���
� 
 ����"���6 ;"� 

���
 ��100 µL ��W�:�[ ���� 3 �!�� :
��!� ��� [�W��� �w�
���
��	 
�!�
!�� 128 µg/mL 

4. � J #"J �6������	���!�� 3.3 [�[ ��� ��6;"�����/��� �
��	 
�!�
!�� 0.5 µg/mL ���	
�[ ��� � 

�6 ;"�[ ��/��� ����
�� 
 ����"���6 ;"���� �����	 ����[ � control 

5. ���
�6 ;"�[/�6�� 20 µL ��:�[ ��� ��6;"�:�!�� 3 [ ���"����
� 
 ����"���6 ;"���W���� 80  µL 

w�
:
��!� ��� �����"��/�[ �[�
����
 ���/�'����� 200 µL �	 
�!�
!��[ ����[���� ��� 256 

µg/mL ���[ �����/��� ���� ��� 0.25 µg/mL 

6. ��
[ ��� ��6;"�:�!�� 5 ��� 37 °C �����	�  24 6��	�
�  

7. ��  MIC 
 W��[ �� ���[ �= �	 
!/��!��[ ��� ��6;"�����	 
�!�
!���� � � �
 ;���������� 

 [ � control ���[ � control [�!/������	� [/�6���[��>������W�� ������[ ����:�[ ��������� ;� 

MIC !��� ����� J � ������ 
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����%  4 

�����	
����
� (±±±±)-Isopiline, (±±±±)-Preocoteine, (±±±±)-Oureguattidine ��� (±±±±)-3-

Methoxynordomesticine �����(�7��	��������	 (±±±±)-3-Methoxynordomesticine 

 

 

      Aporphine alkaloids  ���� alkaloid ��/�
:
>�:���/�
 benzylisoquinoline alkaloids ��

:�� ;6
� �	�W%  � �
�

��������:�
� ����������:
�����Z�'�*� �6�	: ����
� �
� �   apor- 

phine  alkaloids  ���
�

������������ 1-hydroxy-2,3-dimethoxy :�	��
	� A ����!� ���� ����

��:�� ;6� �	�W%��� ��"�1 ������� �!�� alkaloid �
�� ��"} ���������	�'�� �	���� �
%� �����

������& ���[ �� ��������������� ����� alkaloid ����� �������� ����������	��� ��"� ���W
�

��� �� �� ������� �
% alkaloid  ��/�
��"�� ;������[�%������� �� ���
���� ��;���[ � alkaloid ��/�


��"��:�'��
6 ��:����
 =�������� [$������/��������� �W$�? Z�'�*� �6�	: �:�
����` ������ � 

�����	�!��[J �����" [$������	 
[J ������� �����:�� �
 	�'������� �
%  alkaloid  ��/�
��"!$"�
 :�


����` ������ ���
�:
�W��:����
 =����� ;������� �� ;����������� �� ���
� ����� ;��� �W$�? Z�'�*

� �6�	: ����
� �
� � �	 
� �� J � �:�� ������� �
% alkaloid  ��/�
��" 
�� �
�/
 [ �� �

�	 
� �� J � �:�� ������� �
% 4-hydroxy-2,3-dimethoxybenzaldehyde (2e) #$������� ���"�������

� J ��>����� J 
���� ��J W����� ������� �
% 4-benzyloxy-2,3-dimethoxyphenethylamine (2h) ���w� �


 
�� �� �� ������� �
% 2e �������������	��� ��"� ���:6� Reimer-Tiemann formylation ����

�` ������ � J ��>:�� ��������� � 2,3-dimethoxyphenol W����� 2e #$������	�'�� ������� �
%���� ;��� ;"�

���
�������'�: ���J �����;���
 [ �� �W��� �w���:�=\% 2 ��	  ����w�: � 1 
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�;����  1  �` ������  Reimer-Tiemann formylation  
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      ��	��
�/��"��/�
	�[��!���� [$�
/��
 	�'�� ������� �
% 4-hydroxy-2,3-dimethoxybenzal- 

dehyde (2e)  ���
�������'�: ����������
��� � 
 �}������ �
%W��:����
 =���:�
����` �����- 

� ��� ;��:6������ ���"����:�� ������� �
% alkaloid ��/�
��"���W�  � �	�[����"[������� �
% alkaloid  

[J �	� 4  ��	 � ;�  (±)-isopiline (1a), (±)-preocoteine (1b),  (±)-oureguattidine (1c)  ��� (±)-3-

methoxynordomesticine (1d) 
OCH

3
CH

3
O

HO
N

R
2

R
1

R
3

1

2

3 4
5

6a

7

8
910

11

 
 

(±)-isopiline (1a): R1 = R2 = R3= H 

(±)-preocoteine (1b): R1 = R2 = OCH3, R3 = CH3 

(±)-oureguattidine (1c): R1 = R3 = H, R2 = OH 

(±)-3-methoxynordomesticine (1d): R1+ R2 = OCH2O, R3 = H 

 

�/+��%  1  ������� �!�� (±)-isopiline (1a), (±)-preocoteine (1b), (±)-oureguattidine (1c) ��� (±)-

3-methoxynordomesticine (1d) 

 

;�����"��	 

 

�����	
����
� 4-benzyloxy-2,3-dimethoxyphenethylamine 

     ����
[ � � J �` ������  nitration !�� vanillin acetate ��	� fuming nitric acid � 
��	�

�` ������  hydrolysis :
� 2b3  [ ���"�� J �` ������  reduction !�� 2b ��	�w��
� v�  ��� iron (II) 

sulfate :
� 2c #$������������� 2d : �:���` ������  diazotization ��� iodination � 
� J ��� � �� J 

�` ������  methoxylation !�� 2d ��	� sodium methoxide ��� copper (II) chloride :
� 2e :����
 =

w�w������ 
���[ ���"�� J �` ������  benzylation !�� 2e :
� 2f #$���
 ;��������� 2f ���� nitrostyrene (2g) 

���	� 
��	�� �� J �` ������  reduction ��	� lithium aluminium hydride :
�� � amine (2h) ���

����� � ����/�!�"����!���` ������ !� ����� 
 �}� J W��:�
����` ������ ���� �����:�� � J 
���
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�w�: �� ������� �
% ��������w�: �  2 

 

NH
2

CHOCH
3
O

HO

CHOCH
3
O

AcO

CHOCH
3
O

HO

NO
2

I
CHOCH

3
O

HO

OCH
3
CHOCH

3
O

HO

(E) (G)

OCH
3

NO
2

OCH
3

CH
3
O

BnO
NH

2

OCH
3
CHOCH

3
O

BnO

2a 2b 2c 2d

2e 2f 2g 2h

CH
3
O

BnO

(A) (B) (C)

(D) (F)

 
 

Reaction conditions: (A) (i)  fuming HNO3, dry ice/ acetone; (ii)  10% NaOH; (B)  Fe(II)SO4. 

7H2O, iron power/ ethanol-water; (C) (i)  NaNO2/20% HCl; (ii)  KI; (D)  CuCl2/DMF, NaOCH3/ 

methanol; (E)  BnCl, anh. K2CO3/ ethanol; (F) CH3NO2, NH4OAc/ acetic acid; (G)  LAH/ THF. 

 

�;����  2  � ������� �
% 4-benzyloxy-2,3-dimethoxyphenethylamine (2h) 

 

�����	
����
� (±±±±)-isopiline (1a), (±±±±)-preocoteine (1b), (±±±±)-oureguattidine (1c) ��� (±±±±)-3-

methoxynordomesticine (1d) 

      �
 ;��� 
 �}������ �
% amine (2h) :����
 =���
 ��� [$��J 
 :6������ ���"����:�

� ������� �
% (±)-isopiline (1a)4, (±)-preocoteine (1b)5, (±)-oureguattidine (1c)6  ���  (±)-3-

methoxynordomesticine (1d)7    � ������� �
%��":6��` ������ � ���� �	��
	� C ���	�'� radical 

cyclisation8 �������/�'%� J ��>:�� ������� �
% aporphine alkaloids ��"� 4 ��	��" �����	��
�/���� �

��� �	��
	� C !��� �����:� 7-benzyloxy-1-(2-bromobenzyl)tetrahydroisoquinoline ���W
���

:�� �� �� �	�[��  �� [$�� �	� [�W��� �w���:�=\%:����
 =w�w�����J   ��;���
 [ ��	 
:
>�

!��

�� benzyloxy :��J �
���  7 ��"[������/������ J ��>:�� ���� �	��
	�  C   ����
[ �

�` ������  condensation !�� amine (2h) ��� acid chlorides (3d-3f) (�w�: �  3) :
� amides (5a-5c) 

(�w�: �  4) :����
 =w�w������� 
� J ���  
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Br

R
2

R
1

O

OH

3a : R
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2
 = H

3b : R
1
 = R

2
 = OCH

3

3c : R
1
 = H, R

2
 = OBn

R
2

R
1

O

Cl

3d : R
1
 = R

2
 = H

3e  : R
1
 = R

2
 = OCH

3

3f  : R
1
 = H, R

2
 = OBn

Br

(H)

 
Reaction condition: (H)  SOCl2/ benzene 

 

�;����  3  � ������� �
% acid chlorides (3d-3f)   

     

       :���=�  amide (5d)  ������ �
%W��[ ��` ������  condensation !�� amine (2h) ��� 

acid (4) ���� �  reflux  :� xylene ��;���[ �W
�� 
 �}������ �
% acid chloride [ � acid (4) W��

��� � acid (4)  ��� �:���	� J ��� ��� � � W���������� (�w�: �  4) 

 
OCH

3
CH

3
O

BnO
NH

2
2h

3d : R
1
 = R

2
 = H

3e  : R
1
 = R

2
 = OCH

3

3f  : R
1
 = H, R

2
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R
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R
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5a  : R
1
 = R

2
 = H,        

5b  : R
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= R
2
 = OCH

3

5c  : R
1
 = H, R

2
 = OBn

5d  : R
1 

+ R
2
 = OCH

2
O

+

(J)

4

(I)

Cl

 
Reaction conditions:  (I) 10% NaHCO3/ chloroform; (J)  refluxed/ xylene 

 

�;����  4  � ������� �
% amides (5a-5d) 

 

      � �� J �` ������  Bischler-Napieralski !�� 5a-5d :
�� �w���:�=\%���� dihydroiso- 

quinolines (6a-6d) #$����	� 
��	 
��} �����J  [$��J 
 � J �` ������ ������ sodium borohydride :
� 

tetrahydroisoquinolines (7a-7d) � 
� J ��� [ ���"��J  7a, 7c ��� 7d 
 � J �` ������ ��� 
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trifluoroacetic anhydride W�� 8a, 8c ��� 8d :�!=���� 7b  } ������������� urethane (8b) ���:6� 

methyl chloroformate   [ ���"��J   8a, 8b, 8c ��� 8d  
 � J �` ������ ��� tributyltin hydride ��� 

2,2′-azobis-(isobutyronitrile) :
� noraporphines (9a), (9b), (9c) ��� (9d) :����
 =w�w��� 8.3-

10.9% � 
� J ���  ��	� :��/���=�!��� ���� �	��
	� C ��" 
�� �����

�� benzyl ����J �
��� C-1 

!��������� �  aporphine ���[ ���"���W��� �w���:�=\%���W
������ �� ;� 8e-8h (hydrogenolysis 

products) :����
 =w�w��� 13.1-41.6%,  � ��� �`��>> =  doublet ��� δH 8.39  :� 1H-NMR 

spectrum �������?=�� J ��>!�� H-11 :�������� � aporphine  (9a)  #$����>> =� J ��>��"��:�  

9b, 9c ��� 9d �6����� �
 ;�����

��  trifluoroacetyl ���[ � 9a ��� 9d :
� (±)-isopiline (1a)  ���  

(±)-3-methoxynordomesticine (1d) � 
� J ��� � J 
��� 9b �
 ;��� J �` ������ ��� lithium aluminium 

hydride :
�  (±)-preocoteine (1b)  :�!=���� � ����

�� benzyl !�� 9c  � 
��	�� ����

��  

trifluoroacetyl ���:
� (±)-oureguattidine (1c)  
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Reaction conditions: (K) POCl3/ acetonitrile; (L) NaBH4/ ethanol; (M) (CF3CO)2O, Et3N/ 

chloroform (7a, 7c, 7d             8a, 8c, 8d); (N)  ClCOOCH3, Et3N/ chloroform (7b           8b);  

(O)  Bu3SnH, AIBN/ dry toluene; (P) K2CO3/ methanol-water; (Q) LAH/ THF; (R) H2, Pd/C/ 

ethanol. 

 

�;����  5   � ������� �
%  aporphine alkaloids (1a-1d) 

 

      � ������������!��
�� 1H- ��� 13C-NMR spectrum !��� ������� �
% (±)-isopiline 

(1a), (±)-preocoteine (1b), (±)-oureguattidine (1c) ��� (±)-3-methoxynordomesticine (1d) ��	� 

����������� 1H- ��� 13C-NMR spectrum !��� ������:�'��
6 �� [$���/�W��	� ������� �� �

�����:�'��
6 ��} ������� 
���� �� �W	�����
�� ��"  

 

����"�������
�&��&��%]��'"��%�����^!��!�*	���
_��0��	
� `*�����������
��! (MIC) ��	  (±±±±)-

isopiline, (±±±±)-preocoteine, (±±±±)-oureguattidine ��� (±±±±)-3-methoxynordomesticine 

      ��	�  (±)-3-methoxynordomesticine ������ �����	��� ��"����� 
 �}�����"�� ��[��>

!���6 ;"�� ������������ ���
���  MIC ��� ��� 256 µg/mL � J 
��� E. coli ATCC10536 ��� 

MIC ��������	� 
�;���� ��� 512 µg/mL � J 
��� S. aureus ATCC25932  ��� C. albicans  

 

�'2����������&��������
����	 (±±±±)-3-methoxynordomesticine 

      (±)-3-Methoxynordomesticine � 
 �}�����"�� ���� � nitric oxide :� murine 

macrophage RAW 264.7 cells ���} ������/����	� LPS (���  2),  � ����� 
w�!�� (±)-3-

methoxynordomesticine ���� ���� � PGE2 �
 ;���������� control, LPS (1 µg/mL) #$��
� PGE2 ���:� 

RAW 264.7 cells  ��	�  3-methoxynordomesticine (1�5 mg/mL) � 
 �}�����"�� ���� � PEG2 :� 

RAW 264.7 cells ���} ������/����	� LPS (1µg/mL) (��� 3) � J 
���� ��'�� ���W�� ������"�!�� 

(±)-3-methoxynordomesticine ���� ���� � NO ��� PGE2 �� W��W$�? } $�w�!�� (±)-3-

methoxynordomesticine ����������  iNOS ��� COX-2 � 
� J ��� ���:�� ����������� LPS, 

iNOS ��� COX-2 �������
!$"���� �
������ �����	�  (±)-3-methoxynordomesticine � 
 �}��� �

��� � iNOS ��� COX-2 protein (��� 4, 5)  :�� ������������!�� iNOS ��� COX-2 ��	�  (±)-3-

methoxynordomesticine W
�
� effect  ��� β-actin ��� COX-1  (W
�W������!��
��) ����	�   (±)-3-

methoxynordomesticine � 
 �}��� ���� � NO ��� PGE2 :� LPS-stimulated RAW 264.7 cells 
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LPS (1 µg/mL)
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���� ������"� iNOS ��� COX-2 protein � 
� J ��� ���
�� �� �� �	�  cytokines �6�� TNF-α, IL-

1β ���  IL-6 ���� pro-inflammatory :� vitro ���  in vivo14 � �W$�? ���"���"����:
��
v�	�  (±)-3-

methoxynordomesticine 
�w�:�� ������"�� ���� � TNF-α, IL-1β ��� IL-6 :� LPS-stimulated 

RAW 264.7 cells �������:� (��� 6, 7, 8)  ���[ ���" �	 
������?!�� (±)-3-methoxynor- 

domesticine #$������
��W��[ �� ��������!�� LPS (more than 95% cell viability) �� ��	� W
�
�

�	 
����� �!�� cell ���} �� treat ��	� (±)-3-methoxynordomesticine ����/��	 
�!�
!�����:6�

����� (1�5 µg/mL) :�� �� �
�;��������!�� LPS.   

      :�� ���"� 
 �}��/�W��	�  (±)-3-methoxynordomesticine W
������
�Z�'�* antibacterial 

activity ��� E. coli ATCC10536 ������
�Z�'�* anti-inflammatory activity �����	�  #$�� (±)-3-

methoxynordomesticine � 
 �}�����"�� ���� � NO, PGE2, TNF-α, IL-1β ��� IL-6  ���[ ���"���


� expression ��� iNOS ��� COX-2 :� macrophages ���} ������/����	� LPS in vitro [ �w����W��

� �	� � [:6� (±)-3-methoxynordomesticine  � J 
������? � �����6 ;"�!��  S. aureus  ���� [:6�

����� ��� �� �������W��:��� �� 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

�/+��%  2  Evaluation of nitrite production by RAW 264.7 cells stimulated for 24 hours with LPS 

alone or combination with increasing concentrations (1-5 µg/mL) of (±)-3-methoxynordomes- 

ticine. The values are the means of at least 3 determinations ± SD. Probability levels (Student�s t-

test): * p  <  0.05  vs. LPS-treated group.  
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�/+��% 3  Effect of (±)-3-methoxynordomesticine on PEG2 production in LPS-induced RAW 264.7 

macrophage for 24 hours. The values are the means of at least 3 determinations ± SD. Probability 

level (Student�s t-test):  * p  <  0.05  vs. LPS-treated group. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

�/+��%  4  Effect of (±)-3-methoxynordomesticine on iNOS protein production by LPS-induced 

RAW 264.7 macrophage for 24 hours. 
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�/+��%  5  Effect of (±)-3-methoxynordomesticine and LPS-induced COX-2 protein expression in 

RAW 264.7 cells. 
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�/+��%  6   Effect of (±)-3-methoxynordomesticine on LPS-induced TNF-α production by  RAW 

264.7 cells. The values are the means of at least 3 determinations  ± SD. Probability level 

(Student�s t-test): * p  <  0.05  vs. LPS-treated group. 
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�/+��%  7   Effect of (±)-3-methoxynordomesticine on IL1-β production by  RAW 264.7 cells. The 

values are the means of at least 3 determinations  ± SD. Probability level (Student�s t-test): * p  <  

0.05  vs. LPS-treated group. 
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�/+��%  8   Effect of (±)-3-methoxynordomesticine  on LPS induced IL-6 production by  RAW 

264.7 cells. The values are the means of at least 3 determinations  ± SD. Probability 

level(Student�s t-test): * p  <  0.05  vs. LPS-treated group. 
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����"��	 

      [/�
��
�
�		����	����;��� Stuart Scientific SMP 2 ���
�W��������  (uncorrected) 

Ultraviolet spectra 	��[ �� ���� �:�  methanol ��	����;���  Perkin Elmer Lambda 35 UV-VIS 

spectrophotometer  Infrared spectra 	����	����;��� Perkin Elmer Spectrum GX FT-IR 

spectrophotometer :���� CH2Cl2-films  1H- ��� 13C-NMR spectra 	����	����;��� Bruker 

AVANCE 300 spectrometer ����	 
} ��  300 MHz � J 
��� 1H ���  75 MHz  � J 
��� 13C ���:6� 

CDCl3 pyridine-d5 ��� DMSO-d6 :�� ���=�������	� J ��� � ���:6� tetramethylsilane ���� 

internal standard   Mass spectra 	����	����;���  POLARIS Q 
�;� HEWLETT PACKARD 5973 

mass spectrometer   Elemental analyses 	����	����;��� Perkin Elmer 2400 Elemental Analyser  

 

4-Hydroxy-2-nitro-3-methoxybenzaldehyde (2b):  ���� � ���
 vanillin acetate (2a) (50.0 g, 

257.7 mmol) ��:� fuming nitric acid (200 mL) ��� -10-5 
°C �	� 10 � �� ���	��!��w�
��:�

�"J �!v� (800.0 g)   ������������
� ;�������
  ��������� ���	���
 10% sodium hydroxide 

(400 mL) ��:������ ��
:
���;�������	�  30 � �� ��"���"�:
��� v� � J :
����������	� concentrated 

hydrochloric acid  ������������
� ;�� ������������	��w�$�#"J ��	��"J :
� 2b ����!���! v���

�
� ;������ (44.9 g, 88.6%), mp 136-138 °C [lit.3 mp 136 °C]. 1H-NMR δ: 3.92 (3H, s, O-CH3), 

7.19 (1H, d, J=8.5 Hz, Ar-H), 7.52 (1H, d, J=8.5 Hz, Ar-H), 9.72 (1H, s, CHO).  13C-NMR δ:                          

66.00 (q), 122.29 (d), 123.08 (s), 133.74 (d), 144.04 (s), 148.55 (s), 162.07 (s), 190.82 (d).  

 

2-Amino-4-hydroxy-3-methoxybenzaldehyde (2c): Reflux !��w�
!�� 2b (16.0 g, 81.2 mmol), 

iron (II) sulfate heptahydrate (4.0 g), iron powder (40.0 g), ethanol (150 mL) ����"J  (50 mL) ����

�	�  4 6��	�
� [ ���"������� w��
� v����!=����� ���	���
� filtrate : �:���	 
�����J  W�� 2c 

����!���! v�����! v
���"J � � (11.5 g, 84.8%) 
�����w�$�#"J ��	��"J  (≈100 mL), mp 137-138 °C 

[lit.9 mp 138-139 °C]. 1H-NMR δ: 3.81(3H, s, O-CH3), 6.39 (1H, d, J=8.6 Hz, Ar-H), 7.20 (1H, d, 

J=8.6 Hz, Ar-H), 9.71 (1H, s, CHO). 13C-NMR δ: 58.81 (q), 105.72 (d), 113.01 (s), 131.77 (d), 

132.17 (s), 144.96 (s), 154.87 (s), 191.05 (d). 

 

2-Iodo-4-hydroxy-3-methoxybenzaldehyde (2d):  ���� � ���
� ���� � sodium nitrite (9.5 g) 

:��"J  (80 mL) ��:�� ���� �  2c  (21.0 g, 125.7 mmol) :� 20% hydrochloric acid (250 mL) ���

� J ����	�������� 0-5 °C �
 ;�����


� �	������� 15 � �� [ ���"����� � ���
� ���� � potassium 
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iodide (100 g) :��"J  (300 mL)  ��:�� ���� �  diazonium salt  [ ���"��	��� �� ;����	���
 

chloroform (600 mL) ��� sodium thiosulfate 
 ��������	���� ���   ���6�"� chloroform ���	�� �

6�"� chloroform ��	��"J  ����"J ��� ;����
��	  [ ���"�� J 6�"� chloroform :
��
����	� anhydrous 

sodium sulfate ���	�J W����
�: �:���	 
�����J W��  2d ����w�$�����! v
���"J � � (30.6 g, 87.5%) 


�����w�$�#"J ��	� ethanol-�"J , mp 154-156 °C [lit.10 mp 155-156 °C]. 1H-NMR δ: 3.92 (3H, s, 

O-CH3), 7.03 (1H, d, J=8.5 Hz, Ar-H), 7.70 (1H, d, J=8.5 Hz, Ar-H), 9.97 (1H, s, CHO). 13C-

NMR δ: 64.40 (q), 105.13 (s), 121.32 (d), 131.69 (d), 132.03 (s), 151.84 (s), 160.86 (s), 198.87 

(d). 

 

4-Hydroxy-2,3-dimethoxybenzaldehyde (2e):  ���
� ���� �!�� 2d (4.2 g, 15.1 mmol), copper 

(II) chloride (1.0 g) :� N,N-dimethylformamide (60 mL) ��:�!��w�
!�� sodium methoxide 

(9.7 g) :� methanol (60 mL) ���� J ��� reflux :��� ��"J 
�� (≈160 °C) �����	�  2 6��	�
� ��"���"�:
�

�� v� [ ���"����
�"J  (100 mL) ���	� J !��w�
:
����������	� 6N hydrochloric acid ������ 

�������� ���	���� filtrate ��	� ethyl acetate (1 × 100 mL, 2 × 50 mL) �� �6�"� ethyl acetate 

��	��"J  (5 × 100 mL) � J 6�"� ethyl acetate :
��
����	�  anhydrous sodium sulfate [ ���"��J W�

���
�: �:���	 
�����J W�� 2e ����w�$����
� ;������ (2.2 g, 78.0%) 
���� J :
�����/�'�*��	�	�'� 

silica gel column chromatography :6� benzene ������	6�  mp  72-73 °C [lit.11 mp 75 °C]. 1H-NMR 

δ: 3.96 (3H, s, O-CH3), 4.01 (3H, s, O-CH3),  6.81 (1H, d, J=8.7 Hz, Ar-H), 7.57 (1H, d, J=8.7 Hz, 

Ar-H), 10.20 (1H, s, CHO). 13C-NMR δ: 61.05 (q), 62.05 (q), 111.54 (d), 122.95 (s), 124.97 (d), 

139.25 (s), 156.05 (s), 156.34 (s), 188.67 (d). 

 

4-Benzyloxy-2,3-dimethoxybenzaldehyde (2f):  Reflux !��w�
!�� 2e (5.0 g, 27.5 mmol), 

benzyl chloride (3.8 g) ��� anhydrous potassium carbonate  (4.2 g) :� ethanol (30 mL) �����	�  

5 6��	�
� ����!=��������	���
� filtrate : �:���	 
�����J W�� 2f ����w�$���
� ;������ (6.9 g, 

92.4%), mp 63-64 °C [lit.11 liquid]. 1H-NMR δ: 3.90 (3H, s, O-CH3), 4.02 (3H, s, O-CH3), 5.17 

(2H, s, Ph-CH2), 6.79 (1H, d, J=8.8 Hz, Ar-H), 7.23-7.50 (5H, m, Ph-H), 7.55 (1H, d, J=8.8 Hz, 

Ar-H), 10.24 (1H, s, CHO). 13C-NMR δ: 60.98 (q), 62.35 (q), 70.83 (t), 108.93 (d), 123.48 (s), 

124.00 (d), 127.28 (d), 128.25 (d), 128.70 (d), 136.02 (s), 141.98 (s), 157.07 (s), 158.43 (s), 

188.77 (d). 
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4-Benzyloxy-2,3-dimethoxy-ββββ-nitrostyrene (2g):  Reflux !��w�
!��  2f (39.7 g, 145.9 mmol), 

ammonium acetate (29.2 g) ��� nitromethane  (29.2 g) :� acetic acid ( 440 mL) �����	�  2 

6��	�
� ��"���"�:
��� v�[ ���"�����:��"J �� v� (20 mL) [�������������
� ;���
�!��	�����
  ����

�����W�� 2g ����w�$����
� ;��  (36.4 g, 79.2%), mp 80-81 °C [lit.11 mp 83-84 °C]. 1H-NMR δ: 

3.90 (3H, s, O-CH3), 4.00 (3H, s, O-CH3), 5.18 (2H, s, Ph-CH2), 6.76 (1H, d, J=8.8 Hz, Ar-H), 

7.15 (1H, d, J=8.8 Hz, Ar-H), 7.30-7.49 (5H, m, Ph-H), 7.75 (1H, d, J=13.6 Hz, CH), 8.08 (1H, d, 

J=13.6 Hz, CH). 13C-NMR δ: 60.99 (q), 61.26 (q), 70.93 (t), 109.28 (d), 117.26 (s), 126.40 (d), 

127.26 (d), 128.29 (d), 128.74 (d), 135.28 (d), 136.04 (s), 136.63 (d), 142.81 (s), 154.42 (s), 

156.44 (s).  

 

4-Benzyloxy-2,3-dimethoxyphenethylamine (2h):  �����
���:6� 2g (28.0 g, 88.9 mmol ) ��� 

lithium aluminium hydride (11.2 g)  � J  workup ���	�'�����W�� 2h ����!��
�;����"J � �  (22.1 g, 

86.6%) [lit.11 oil]. 1H-NMR δ: 2.69 (2H, t, J=6.9 Hz, CH2), 2.89 (2H, t, J=6.9 Hz, CH2), 3.90 (6H, 

s, O-CH3 × 2), 5.09 (2H, s, Ph-CH2), 6.65 (1H, d, J=8.5 Hz, Ar-H), 6.79 (1H, d, J=8.5 Hz, Ar-H), 

7.28-7.45 (5H, m, Ph-H). 13C-NMR δ: 33.89 (t), 42.80 (t), 60.79 (q), 61.02 (q), 70.97 (t), 109.29 

(d), 124.32 (d), 125.91 (s), 127.25 (d), 127.85 (d), 128.53 (d), 137.15 (s), 142.91 (s), 151.48 (s), 

152.20 (s). 

 

2-(2-Bromophenyl)-N-(4-benzyloxy-2,3-dimethoxyphenethyl)acetamide (5a): �����
���	�'� 

acid chloride ���:6� 2-bromophenylacetic acid (3.8 g, 17.6 mmol) ��� amine (2h) (5.0 g, 17.42 

mmol) � J  workup ���	�'�����W�� 5a (3.6 g, 42.8%)  ����!���! v����
� ;������
�����w�$���	� 

benzene-hexane, mp 101-103 °C. UV λmax (MeOH) nm (log ε): 209 (4.72), 223sh (4.35), 271 

(3.16).  IR νmax (film) cm-1: 3301, 2926, 1648, 1601, 1542, 1535, 1491, 1467, 1439, 1417, 1379, 

1279, 1258, 1200, 1096, 1058, 1026. 1H-NMR δ: 2.69 (2H, apparent t, J=6.6 Hz, Ar-CH2), 3.42 

(2H, apparent q, J=6.5 Hz, N-CH2), 3.67 (2H, s, CO-CH2), 3.80 (3H, s, O-CH3), 3.87 (3H, s, O-

CH3), 5.09 (2H, s, Ph-CH2), 5.79 (1H, br s, NH), 6.58 (1H, d, J=8.5 Hz, Ar-H), 6.66 (1H, d, J=8.5 

Hz, Ar-H), 7.10-7.50 (8H, m, Ar-H), 7.54 (1H, d, J=7.8 Hz, Ar-H). 13C-NMR δ: 29.49 (t), 40.86 

(t), 44.02 (t), 60.84 (q), 61.00 (q), 70.98 (t), 109.46 (d), 124.40 (d), 125.10 (s), 127.24 (d), 127.89 

(d), 127.93 (d), 128.58 (d), 128.98 (d), 131.78 (d), 133.05 (d), 134.85 (s), 137.09 (s), 142.76 (s), 

143.64 (s), 151.73 (s), 151.8 4 (s), 169.64 (s). EI-MS m/z (%): 483[M]+ (1), 270 (34), 179 (9), 91 



 

70

(100).  Anal. Calcd for C25H26BrNO4: C, 61.99; H, 5.41; N, 2.89, Found: C, 61.75; H, 5.60; N, 

3.02. 

 

2-(2-Bromo-4,5-dimethoxyphenyl)-N-(4-benzyloxy-2,3-dimethoxyphenethyl)acetamide (5b):  

:�� J �������	���W�� 5b ����!���! v����
� ;������ (65.8%) 
�����w�$���	� benzene-hexane, mp 

114-116 °C. UV λmax (MeOH) nm (log ε): 207 (4.89), 230sh (4.26), 282 (3.51), 294sh (3.30).  IR 

νmax (film) cm-1: 3307, 2935, 2843, 1652, 1603, 1506, 1466, 1439, 1417, 1386, 1260, 1219, 1193, 

1166, 1096, 1058, 1029, 969. 1H-NMR δ: 2.70 (2H, apparent t, J=6.6 Hz, Ar-CH2), 3.42 (2H, 

apparent q, J=6.5 Hz, N-CH2), 3.60 (2H, s, CO-CH2), 3.82 (3H, s, O-CH3), 3.83 (3H, s, O-CH3), 

3.85 (3H, s, O-CH3), 3.87 (3H, s, O-CH3), 5.09 (2H, s, Ph-CH2), 5.85 (1H, br s, NH), 6.59 (1H, d, 

J=8.5 Hz, Ar-H), 6.67 (1H, d, J=8.5 Hz, Ar-H), 6.81 (1H, s, Ar-H), 7.01 (1H, s, Ar-H), 7.32-7.43 

(5H, m, Ph-H). 13C-NMR δ: 29.48 (t), 40.89 (t), 43.50 (t), 56.09 (q), 56.20 (q), 60.80 (q), 61.02 

(q), 70.97 (t), 109.40 (d), 113.89 (d), 114.87 (s), 115.57 (d), 124.39 (d), 125.02 (s), 126.58 (s), 

127.25 (d), 127.93 (d), 128.57 (d), 137.05 (s), 142.77 (s), 148.70 (s), 148.93 (s), 151.78 (s), 

151.84 (s), 170.14 (s). EI-MS m/z (%): 544[M]+ (3), 270 (8), 179 (17), 91 (100). Anal. Calcd for 

C27H30BrNO6: C, 59.56; H, 5.55; N, 2.57, Found: C, 59.31; H, 5.72; N, 2.68. 

 

2-(5-Benzyloxy-2-bromophenyl)-N-(4-benzyloxy-2,3-dimethoxy-phenethyl)acetamide (5c): 

:�� J �������	���W�� 5c ����!���! v����
� ;������ (72.9%) 
�����w�$���	� ethanol, mp 127-128 

°C. UV λmax (MeOH) nm (log ε): 206 (4.87), 227 (4.33), 280 (3.22).  IR νmax (film) cm-1: 3300, 

3065, 3033, 2934, 2873, 2827, 1652, 1595, 1571, 1533, 1492, 1467, 1417, 1380, 1280, 1241, 

1194, 1171, 1096, 1057, 1016, 910. 1H-NMR δ: 2.69 (2H, apparent t, J=6.6 Hz, Ar-CH2), 3.41 

(2H, apparent q, J=6.6 Hz, N-CH2), 3.61 (2H, s, CO-CH2), 3.81 (3H, s, O-CH3), 3.86 (3H, s, O-

CH3), 5.02 (2H, s, Ph-CH2), 5.06 (2H, s, Ph-CH2), 5.81 (1H, br s, NH), 6.57 (1H, d, J=8.5 Hz, Ar-

H), 6.66 (1H, d, J=8.5 Hz, Ar-H), 6.78 (1H, dd, J=3.0,  8.8, Hz, Ar-H), 6.95 (1H, d, J=3.0 Hz, Ar-

H), 7.30-7.45 (11H, m, Ph-H × 10 ��� Ar-H). 13C-NMR δ: 29.52 (t), 40.84 (t), 44.25 (t), 60.83 

(q), 61.01 (q), 70.24 (t), 70.98 (t), 109.46 (d), 115.62 (s), 115.84 (d), 117.94 (d), 124.40 (d), 

125.12 (s), 127.25 (d), 127.49 (d), 127.91 (d), 128.17 (d), 128.56 (d), 128.65 (d), 133.61 (d), 

135.80 (s), 136.34 (s), 137.08 (s), 142.78 (s), 151.74 (s), 151.86 (s), 158.32 (s), 169.44 (s). EI-MS 

m/z (%): 498 (9), 179 (25), 91 (70). Anal. Calcd for C32H32BrNO5: C, 65.09; H, 5.46; N, 2.37, 
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Found: C, 64.91; H, 5.62; N, 2.48. 

 

2-(2-Bromo-4,5-methylenedioxyphenyl)-N-(4-benzyloxy-2,3-dimethoxyphenethyl)acetamide 

(5d):  Reflux !��w�
!�� acid (4) (11.3 g, 43.6 mmol) ��� amine (2h) (12.5 g, 43.6 mmol) :� 

xylene (150 mL) �����	�  24 6��	�
� ���
�� �� J [���"J ��	� Dean-Stark trap [ ���"����
� xylene 

: �:���	 
�����J W��!��
�;����"J � �  ���
 chloroform (100 mL) ��:�!��
�;��!�� :
���� �[�



� ���	�� �6�"� chloroform ��	� 5% hydrochloric acid (3 × 100 mL), �"J  (150 mL) ��� 10% 

sodium carbonate  (3 × 150 mL) � J 6�"� chloroform :
��
����	� anhydrous sodium sulfate [ ���"�

�J W����
�: �:���	 
�����J W�� 5d ����w�$���! 	 (8.3 g, 36.1%) 
�����w�$���	� ethanol,  mp 

139-141 °C. UV λmax (MeOH) nm (log ε): 212 (4.48), 228sh (4.23), 247sh (3.99), 282sh (3.97), 

295(4.01).  IR νmax (film) cm-1: 3296, 2921, 1638, 1603, 1500, 1480, 1417, 1380, 1256, 1234, 

1196, 1163, 1096, 1056, 1037, 971, 938, 926. 1H-NMR δ: 2.70 (2H, apparent t, J=6.6 Hz, Ar-

CH2), 3.42 (2H, apparent q, J=6.4 Hz, N-CH2), 3.55 (2H, s, CO-CH2), 3.83 (3H, s, O-CH3), 3.87 

(3H, s, O-CH3), 5.08 (2H, s, Ph-CH2), 5.85 (1H, br s, NH), 5.95 (2H, s, O-CH2-O), 6.61 (1H, d, 

J=8.5 Hz, Ar-H), 6.69 (1H, d, J=8.5 Hz, Ar-H), 6.75 (1H, s, Ar-H), 6.98 (1H, s, Ar-H), 7.29-7.50 

(5H, m, Ph-H). 13C-NMR δ: 29.49 (t), 40.81 (t), 43.77 (t), 60.81 (q), 61.02 (q), 70.97 (t), 101.91 

(t), 109.45 (d), 111.08 (d), 112.84 (d), 115.40 (s), 124.46 (d), 125.09 (s), 127.25 (d), 127.67 (s), 

127.93 (d), 128.58 (d), 137.07 (s), 142.78 (s), 147.64 (s), 147.80 (s), 151.76 (s), 151.85 (s), 169.77 

(s). EI-MS m/z (%): 527[M]+ (1), 257 (9), 179 (30), 91 (6). Anal. Calcd for C26H26BrNO6: C, 59.10; 

H, 4.96; N, 2.65, Found: C, 59.28; H, 4.81; N, 2.40. 

 

1-(2-Bromobenzyl)-7-benzyloxy-5,6-dimethoxy-3,4-dihydroisoquinoline (6a):  �����
���

�` ������  Bischler-Napieralski W�� 6a ����!��
�;����"J � ��!�
:����
 =w�w������ �����	�  

dihydroisoquinoline ���W��W
���} ��� [$��J W�� J �` ������ ��������.  1H-NMR δ: 2.69 ��� 2.73 (total 

2H, 2 t, J=7.6 Hz, CH2 of both conformers), 3.71 ��� 3.82 (total 2H, 2 t, J=7.6 Hz, CH2 of both 

conformers), 3.85, 3.88, 3.90 ��� 3.96 (total 6.7H, 4 s, O-CH3 × 2 of both conformers ��� CH2 

of one conformer), 4.15 (1.30 H, s, CH2 of another conformer), 5.01 ��� 5.12 (total 2H, 2 s, Ph-

CH2 of both conformers), 6.85 (0.6H, s, Ar-H of one conformer), 7.04-7.65 (9.4H, m, Ph-H × 5 

of both conformers ��� Ar-H × 4.4 of both conformers). 13C-NMR δ: (both conformers) 18.53 

(t), 19.04 (t), 24.85 (t), 42.38 (t), 46.79 (t), 48.04 (t), 60.97 (q), 61.00 (q), 61.04 (q), 61.08 (q), 
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71.12 (t), 71.20 (t), 107.94 (d), 109.21 (d), 120.66 (d), 121.53 (s), 123.90 (s), 124.54 (s), 124.85 

(s), 124.92 (s), 127.38 (d), 127.50 (d), 127.60 (d), 127.64 (d), 128.00 (d), 128.02 (d), 128.15 (d), 

128.24 (d), 128.57 (d), 129.69 (d), 129.88 (d), 130.20 (d), 131.02 (d), 132.49 (d), 132.85 (d), 

133.07 (d), 136.63 (s), 137.45 (s), 140.19 (s), 145.09 (s), 150.04 (s), 150.09 (s), 150.79 (s), 150.88 

(s), 163.64 (s), 165.08 (s).  

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-5,6-dimethoxy-3,4-dihydroisoquinoline (6b): 

:�� J �������	���W�� 6b ����!���! v����
� ;������ (42.1%), mp  148-150 °C [ �� ���w�$���	� 

benzene-hexane �����	�  dihydroisoquinoline ���W��W
���} ��� [$��J W�� J �` ������ ��������. 1H-

NMR δ: 2.67 (2H, t, J=7.3 Hz, CH2), 3.70 (2H, t, J=7.3 Hz, CH2), 3.73 (3H, s, O-CH3), 3.79 (3H, 

s, O-CH3),  3.83 (3H, s, O-CH3), 3.89 (3H, s, O-CH3), 4.13 (2H, s, CH2), 5.07 (2H, s, Ph-CH2), 

6.80 (1H, s, Ar-H), 6.93 (1H, s, Ar-H), 7.01 (1H, s, Ar-H), 7.24-7.45 (5H, m, Ph-H). 13C-NMR δ: 

19.13 (t), 42.16 (t), 47.04 (t), 55.81 (q), 56.00 (q), 60.86 (q), 60.90 (q), 71.09 (t), 107.71 (d), 

112.34 (d), 114.07 (s), 115.30 (d), 123.96 (s), 124.72 (s), 127.40 (d), 127.93 (d), 128.47 (d), 

129.36 (s), 136.67 (s), 144.81 (s), 148.29 (s), 148.48 (s), 149.96 (s), 150.77 (s), 165.08 (s).   

 

1-(5-Benzyloxy-2-bromobenzyl)-7-benzyloxy-5,6-dimethoxy-3,4-dihydroisoquinoline (6c): 

:�� J �������	���W��  6c ����!��
�;����"J � ��!�
:����
 =�� ;�� 100% �����	�  dihydroiso- 

quinoline ���W��W
���} ��� [$��J W�� J �` ������ ��������. 1H-NMR δ: 2.63 (2H, t, J=7.5 Hz, CH2), 

3.68 (2H, t, J=7.6 Hz, CH2), 3.84 (3H, s, O-CH3), 3.90 (3H, s, O-CH3), 4.07 (2H, s, CH2), 4.94 

(2H, s, Ph-CH2), 5.01 (2H, s, Ph-CH2), 6.71 (1H, dd, J=8.8, 2.8 Hz, Ar-H), 6.82 (1H, s, Ar-H), 

6.88 (1H, d, J=2.8 Hz, Ar-H), 7.27-7.40 (10H, m, Ph-H), 7.44 (1H, d, J=8.8 Hz, Ar-H). 13C-NMR 

δ: 19.03 (t), 42.80 (t), 47.09 (t), 60.96 (q), 61.00 (q), 70.13 (t), 71.14 (t), 107.78 (d), 115.20 (d), 

116.45 (d), 124.00 (s), 124.81 (s), 127.40 (d), 127.42 (d), 127.97 (d), 128.05 (d), 128.56 (d), 

133.35 (d), 136.50 (s), 136.72 (s), 138.65 (s), 144.85 (s), 150.01 (s), 150.77 (s), 158.17 (s), 164.69 

(s). 

 

1-(2-Bromo-4,5-methylenedioxybenzyl)-7-benzyloxy-5,6-dimethoxy-3,4-dihydroisoquinoline 

(6d): :�� J �������	���W�� 6d ����!��
�;����"J � ��!�
:����
 =�� ;�� 100% �����	�  

dihydroisoquinoline ���W��W
���} ��� [$��J W�� J �` ������ ��������.   1H-NMR δ: 2.67 (2H, t, J=7.5 Hz, 
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CH2), 3.70 (2H, t, J=7.5 Hz, CH2), 3.85 (3H, s, O-CH3), 3.91 (3H, s, O-CH3), 4.02 (2H, s, CH2), 

5.06 (2H, s, Ph-CH2), 5.93 (2H, s, O-CH2-O), 6.73 (1H, s, Ar-H), 6.85 (1H, s, Ar-H), 7.01 (1H, s, 

Ar-H), 7.30-7.42 (5H, m, Ph-H). 13C-NMR δ: 19.05 (t), 42.34 (t), 46.94 (t), 60.94 (q), 60.96 (q), 

71.11 (t), 101.71 (t), 107.70 (d), 109.55 (d), 112.56 (d), 114.41 (s), 123.89 (s), 124.84 (s), 127.32 

(d), 127.95 (d), 128.55 (d), 130.45 (s), 136.61 (s), 144.93 (s), 147.03 (s), 147.56 (s), 150.06 (s), 

150.80 (s), 164.89 (s). 

 

1-(2-Bromobenzyl)-7-benzyloxy-5,6-dimethoxy-1,2,3,4-tetrahydroisoquinoline (7a): �����


���:6� sodium borohydride  W�� 7a ����!��
�;����
� ;������ (2.4 g, 85.4%). UV λmax (MeOH) 

nm (log ε): 207 (4.44), 224sh (4.05), 276 (2.94).  IR νmax (film) cm-1: 3332, 2935, 2829, 1601, 

1491, 1456, 1437, 1413, 1377, 1342, 1322, 1274, 1240, 1200, 1110, 1026, 916, 751, 697. 1H-

NMR δ: 2.58-2.78 (2H, m, CH2), 2.84-2.94 (2H, m, CH2), 3.10-3.29 (2H, m, CH2), 3.86 (3H, s, O-

CH3), 3.89 (3H, s, O-CH3), 4.16 (1H, dd, J=3.3, 10.2 Hz, H-1), 5.06 (2H, s, Ph-CH2), 6.64 (1H, s, 

Ar-H), 7.00-7.45 (8H, m, Ar-H), 7.55 (1H, d, J=7.8 Hz, Ar-H). 13C-NMR δ: 23.79 (t), 39.53 (t), 

42.81 (t), 54.94 (d), 60.39 (q), 60.86 (q), 71.02 (t), 107.97 (d), 121.99 (s), 124.88 (s), 127.25 (d), 

127.36 (d), 127.79 (d), 128.21 (d), 128.49 (d), 131.95 (d), 132.99 (d), 133.98 (s), 137.21 (s), 

138.67 (s), 141.04 (s), 150.40 (s), 151.19 (s). Anal. Calcd for C25H26BrNO3: C, 64.11; H, 5.59; N, 

2.99, Found: C, 64.29; H, 5.42; N, 2.81. 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-5,6-dimethoxy-1,2,3,4-tetrahydroisoquino- 

line (7b): :�� J �������	���W�� 7b ����!��
�;����
� ;������ (98.0%). UV λmax (MeOH) nm (log 

ε): 210 (4.80), 229sh (4.42), 284sh (3.79), 295sh (3.57).   IR νmax (film) cm-1: 3429, 2935, 2839, 

1602, 1506, 1456, 1438, 1413, 1380, 1322, 1259, 1219, 1164, 1109, 1029, 959. 1H-NMR δ: 2.60-

2.95 (4H, m, CH2 × 2), 3.15-3.27 (2H, m, CH2), 3.82 (3H, s, O-CH3), 3.83 (3H, s, O-CH3), 3.87 

(3H, s, O-CH3), 3.89 (3H, s, O-CH3), 4.15 (1H, dd, J=3.2, 9.8 Hz, H-1), 5.07 (2H, s, Ph-CH2), 

6.62 (1H, s, Ar-H), 6.74 (1H, s, Ar-H), 7.04 (1H, s, Ar-H), 7.24-7.47 (5H, m, Ph-H). 13C-NMR δ: 

23.86 (t), 40.12 (t), 42.45 (t), 55.40 (d), 56.12 (q), 56.16 (q), 60.47 (q), 60.93 (q), 71.15 (t), 107.99 

(d), 114.40 (d), 114.71 (s), 115.75 (d), 122.11 (s), 127.34 (d), 127.87 (d), 128.55 (d), 130.45 (s), 

133.85 (s), 137.24 (s), 141.10 (s), 148.28 (s), 148.37 (s), 150.47 (s), 151.26 (s). Anal. Calcd for 

C27H30BrNO5: C, 61.37; H, 5.72; N, 2.65, Found: C, 61.15; H, 5.88; N, 2.78. 
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1-(5-Benzyloxy-2-bromobenzyl)-7-benzyloxy-5,6-dimethoxy-1,2,3,4-tetrahydroisoquinoline 

(7c): :�� J �������	���W�� 7c ����!���! v����
� ;������ (92.1%), mp 93-96 °C. UV λmax (MeOH) 

nm (log ε): 206 (4.77), 229 (4.31), 282 (3.43).  IR νmax (film) cm-1: 3335, 3089, 3064, 3032, 2935, 

2829, 1592, 1570, 1492, 1456, 1435, 1413, 1342, 1321, 1277, 1240, 1201, 1169, 1111, 1028, 

1015, 913. 1H-NMR δ: 2.65-2.94 (4H, m, CH2 × 2), 3.10-3.25 (2H, m, CH2), 3.87 (3H, s, O-CH3), 

3.89 (3H, s, O-CH3), 4.14 (1H, dd, J=3.3, 9.8 Hz, H-1), 5.02 (2H, s, Ph-CH2), 5.08 (2H, s, Ph-

CH2), 6.65 (1H, s, Ar-H), 6.76 (1H,  dd, J=3.0, 8.8 Hz, Ar-H), 6.87 (1H, d, J=3.0 Hz, Ar-H), 7.26-

7.49 (11H, m, Ph-H × 10 ��� Ar-H). 13C-NMR δ: 23.78 (t), 39.53 (t), 42.93 (t), 54.97 (d), 60.46 

(q), 60.93 (q), 70.19 (t), 71.11 (t), 108.03 (d), 114.76 (d), 115.58 (s), 118.51 (d), 122.02 (s), 

127.31 (d), 127.45 (d), 127.84 (d), 128.10 (d), 128.53 (d), 128.63 (d), 133.57 (d), 133.88 (s), 

136.49 (s), 137.22 (s), 139.64 (s), 141.09 (s), 150.45 (s), 151.22 (s), 157.93 (s). Anal. Calcd for 

C32H32BrNO4: C, 66.90; H, 5.61; N, 2.44, Found: C, 66.74; H, 5.80; N, 2.58. 

 

1-(2-Bromo-4,5-methylenedioxybenzyl)-7-benzyloxy-5,6-dimethoxy-1,2,3,4-tetrahydroiso- 

quinoline (7d): :�� J �������	���W�� 7d ����!���! v����
� ;������ (64.0%) 
�����w�$���	� 

ethanol, mp 105-106 °C. UV λmax (MeOH) nm (log ε): 213 (4.34), 230sh (4.09), 276sh (3.83), 

293 (3.88). IR νmax (film) cm-1: 3336, 2935, 1602, 1585, 1500, 1478, 1456, 1436, 1412, 1378, 

1343, 1322, 1273, 1231, 1201, 1163, 1112, 1037, 964, 932. 1H-NMR δ: 2.62-3.02 (4H, m, CH2 × 

2), 3.12-3.26 (2H, m, CH2), 3.88 (3H, s, O-CH3), 3.90 (3H, s, O-CH3), 4.13 (1H, dd, J=3.6, 10.1 

Hz, H-1), 5.09 (2H, s, Ph-CH2), 5.95 (2H, s, O-CH2-O), 6.62 (1H, s, Ar-H), 6.76 (1H, s, Ar-H), 

7.03 (1H, s, Ar-H), 7.27-7.48 (5H, m, Ph-H). 13C-NMR δ: 23.59 (t), 39.57 (t), 42.52 (t), 55.22 (d), 

60.50 (q), 60.95 (q), 71.16 (t), 101.72 (t), 108.02 (d), 111.38 (d), 112.91 (d), 114.95 (s), 121.89 (s), 

127.29 (d), 127.87 (d), 128.56 (d), 131.45 (s), 133.58 (s), 137.21 (s), 141.15 (s), 147.22 (s), 

147.31 (s), 150.52 (s), 151.22 (s). Anal. Calcd for C26H26BrNO5: C, 60.95; H, 5.11; N, 2.73, Found: 

C, 60.80; H, 5.28; N, 2.90. 

 

2-Trifluoroacetyl-1-(2-bromobenzyl)-7-benzyloxy-5,6-dimethoxy-1,2,3,4-tetrahydroisoqui- 

noline (8a): �����
���:6� triluoroacetic anhydride (7.8 g), 7a (2.8 g, 6.0 mmol) ��� triethylamine 

(5.0 g)  � J  workup ���	�'�����W�� 8a ����!���! v����
� ;������ (2.7 g, 78.3%) [ �� �� J :
�

����/�'�*���	�'� alumina column chromatography :6� benzene ������	6�  mp 106-108 °C. UV λmax 
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(MeOH) nm (log ε): 206 (4.87), 224 (4.49), 275 (3.52), 283 (3.50).  IR νmax (film) cm-1: 2938, 

1694, 1603, 1587, 1492, 1459, 1438, 1417, 1375, 1350, 1325, 1265, 1244, 1198, 1171, 1142, 

1119, 1094, 1046, 1027, 905. 1H-NMR δ: 2.70-3.36 (5H, m, H-3β, CH2 × 2), 3.89 (6H, s, O-CH3), 

4.00-4.13 (1H, m, H-3α), 5.00 (2H, s, Ph-CH2), 5.69-5.74 (1H, m, H-1), 6.43 (1H, s, Ar-H), 7.06-

7.50 (8H, m, Ph-H × 5 ��� Ar-H × 3), 7.54 (1H, d, J=7.5 Hz, Ar-H).  13C-NMR δ: (both 

conformers) 21.87 (t), 23.47 (t), 37.10 (t), 39.61 (t), 41.50 (t), 53.66 (d), 60.67 (q), 60.98 (q), 

71.02 (t), 107.84 (d), 108.22 (d), 114.47 (s), 118.29 (s), 119.67 (s), 125.41 (s), 127.25 (d), 127.31 

(d), 127.71 (d), 128.04 (d), 128.61 (d), 128.64 (d), 128.74 (d), 128.90 (d), 129.88 (s), 130.09 (s), 

131.28 (d), 131.46 (d), 132.85 (d), 136.39 (s), 136.81 (s), 141.61 (s), 150.91 (s), 151.30 (s), 

155.68 (s). Anal. Calcd for C27H25BrF3NO4: C, 57.46; H, 4.46; N, 2.48, Found: C, 57.30; H, 4.60; 

N, 2.62. 

 

1-(2-Bromo-4,5-dimethoxybenzyl)-7-benzyloxy-2-carbomethoxy-5,6-dimethoxy-1,2,3,4-tetra- 

hydroisoquinoline (8b): �����
���:6�   methyl chloroformate ( 4.1 g), 7b (3.8 g, 7.2 mmol) ��� 

triethylamine (4.4 g)  � J  workup ���	�'�����W�� 8b ����!���! v���! 	 (3.2 g, 76.2%) [ �� �� J 

:
�����/�'�*���	�'� alumina column chromatography :6� benzene ������	6� mp 113-114 °C. UV 

λmax (MeOH) nm (log ε): 207 (4.60), 233sh (3.94), 284 (3.28).  IR νmax (film) cm-1: 2936, 2843, 

1698, 1603, 1509, 1452, 1409, 1382, 1342, 1258, 1220, 1165, 1106, 1088, 1029, 986. 1H-NMR δ: 

2.51-3.50 (5H, m, H-3β, CH2 × 2), 3.43 ��� 3.65 (total 3H,  2 s,  COO-CH3 of both conformers), 

3.78, 3.83, 3.85, 3.87, 3.88 ��� 3.89 (total 12H, 6 s, , O-CH3 × 4 of both conformers), 3.86-3.98 

��� 4.22-4.35 (total 1H,  m, H-3α), 4.93 ��� 5.05 (total 2H, 2 s, Ph-CH2 of both conformers), 

5.18-5.35 (1H, m, H-1), 6.26, 6.46, 6.50, 6.59, 7.02 ��� 7.04 (total 3H, 6 s, Ar-H of both 

conformers), 7.30-7.50 (5H, m, Ph-H). 13C-NMR δ: (both conformers) 22.24 (t), 22.42 (t), 37.12 

(t), 38.44 (t), 41.17 (t), 42.02 (t), 52.27 (q), 52.61 (q), 53.32 (d), 54.90 (d), 56.03 (q), 56.12 (q), 

56.23 (q), 60.62 (q), 60.69 (q), 60.97 (q), 71.04 (t), 71.14 (t), 108.27 (d), 108.59 (d), 113.76 (d), 

114.10 (d), 115.14 (d), 115.29 (d), 121.07 (s), 121.27 (s), 127.15 (d), 127.26 (d), 127.82 (d), 

127.96 (d), 128.40 (d), 128.60 (d), 129.59 (s), 129.76 (s), 131.55 (s), 131.66 (s), 137.02 (s), 

141.42 (s), 148.10 (s), 148.16 (s), 148.20 (s), 148.33 (s),150.72 (s), 150.85 (s), 151.14 (s), 155.84 

(s). 155.98 (s). Anal. Calcd for C29H32BrNO7: C, 59.39; H, 5.50; N, 2.39, Found: C, 59.54; H, 5.37; 

N, 2.10. 
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2-Trifluoroacetyl-1-(5-benzyloxy-2-bromobenzyl)-7-benzyloxy-5,6-dimethoxy-1,2,3,4-tetra- 

hydroisoquinoline (8c): :�� J �������	���W�� 8c ����!���! v����
� ;������ (62.1%)  
�����w�$�

��	� ethanol, mp 108-110 °C. UV λmax (MeOH) nm (log ε): 215 (4.66), 227sh (4.52), 283 (4.12).  

IR νmax (film) cm-1: 2936, 1691, 1592, 1571, 1492, 1459, 1437, 1416, 1376, 1350, 1324, 1283, 

1265, 1243, 1196, 1169, 1141, 1117, 1093, 1019, 905. 1H-NMR δ: 2.70-3.08 (4H, m, CH2 × 2), 

3.57-3.69 (1H, m, H-3β), 3.88 (6H, s, O-CH3 × 2), 3.99-4.09 (1H, m, H-3α), 4.97 (2H, s, Ph-

CH2), 4.98 (2H, s, Ph-CH2), 5.69 (1H, dd, J=5.4, 8.9 Hz, H-1), 6.41(1H, s, Ar-H), 6.70-6.78 (2H, 

m, Ar-H), 7.28-7.45 (11H, m, Ph-H × 10 ��� Ar-H). 13C-NMR δ: 23.42 (t), 39.68 (t), 41.66 (t), 

53.74 (d), 60.68 (q), 60.99 (q), 70.23 (t), 71.03 (t), 108.19 (d), 115.22 (d), 116.12 (s), 117.88 (d), 

118.24 (s), 119.68 (s), 127.24 (d), 127.47 (d), 128.03 (d), 128.13 (d), 128.65 (d), 130.01 (s), 

133.33 (d), 136.47 (s), 136.81 (s), 137.38 (s), 141.63 (s), 150.90 (s), 151.32 (s), 155.51 (s), 157.97 

(s). Anal. Calcd for C34H31BrF3NO5: C, 60.90; H, 4.66; N, 2.09, Found: C, 60.80; H, 4.8; N, 2.17. 

 

2-Trifluoroacetyl-1-(2-bromo-4,5-methylenedioxybenzyl)-7-benzyloxy-5,6-dimethoxy-

1,2,3,4-tetrahydroisoquinoline (8d): :�� J �������	���W�� 8d !���! v����
� ;������ (65.7%) 
���

��w�$���	� ethanol, mp 152-154 °C. UV λmax (MeOH) nm (log ε): 212 (4.70), 226sh (4.43), 285 

(4.08), 294 (4.09).  IR νmax (film) cm-1: 2938, 1690, 1604, 1587, 1502, 1478, 1460, 1438, 1416, 

1374, 1350, 1325, 1267, 1232, 1199, 1169, 1142, 1115, 1093, 1037, 933, 905. 1H-NMR δ: 2.70-

3.26 (4H, m, CH2 × 2), 3.57-3.70 (1H, m, H-3β), 3.88 (3H, s, O-CH3), 3.89 (3H, s, O-CH3), 4.00-

4.11 (1H, m, H-3α), 5.04 (2H, s, Ph-CH2), 5.64 (1H, dd, J=5.4, 9.0 Hz, H-1), 5.93-5.97 (2H, m, 

O-CH2-O), 6.45 (1H, s, Ar-H), 6.56 (1H, s, Ar-H), 6.98 (1H, s, Ar-H), 7.28-7.45 (5H, m, Ph-H). 
13C-NMR δ: (both conformers) 21.86 (t), 23.48 (t), 39.67 (t), 39.72 (t), 41.40 (t), 42.29 (t), 53.93 

(d), 60.69 (q), 61.00 (q), 71.15 (t), 101.77 (t), 108.29 (d), 110.53 (d), 112.75 (d), 115.56 (s), 

118.34 (s), 119.74 (s), 127.20 (d), 128.06 (d), 128.67 (d), 129.33 (s), 130.05 (s), 136.83 (s), 

141.65 (s), 147.33 (s), 147.47 (s), 150.92 (s), 151.35 (s), 155.79 (s). Anal. Calcd for C28H25Br 

F3NO6: C, 55.27; H, 4.14; N, 2.30, Found: C, 55.02; H, 4.31; N, 2.47. 

 

1-Hydroxy-2,3-dimethoxy-6-trifluoroacetylnoraporphine (9a): �����
���:6� 2,2′-azobis 

(isobutyronitrile) (0.6 g, 3.6 mmol), tributyltin hydride (4.1 g, 14.0 mmol) ���  8a (2.0 g, 3.6 

mmol) � J  workup ���	�'�����W��!��
�;����"J � � � J � �:
�����/�'�*���	�'� silica gel column 
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chromatography :6� hexane-ethyl acetate ������	6� fraction ���� W�� hydrogenolysis product (8e) 

����!�� �! v���! 	 (18.5%),  mp 115-116 °C. 1H-NMR δ: 2.71-2.78 (2H, m, H-4 of both 

conformers), 3.08 (2H, apparent d, J=6.8 Hz, Ar-CH2), 3.38-3.50 (1H, m, H-3β of both 

conformers), 3.86, 3.87, 3.88 ��� 3.89 (total 6H, 4 s, O-CH3 × 2 of both conformers), 3.90-3.98 

(1H, m, H-3α), 4.87 (2H, s,  Ph-CH2), 5.55 (1H, apparent t, J=6.8 Hz, H-1), 6.17 (1H, s, Ar-H), 

7.04-7.12 (2H, m, Ar-H of both conformers), 7.22-7.41 (8H, m, Ph-H × 5 ��� Ar-H × 3 of both 

conformers). 13C-NMR δ: (both conformers) 21.83 (t), 23.22 (t), 39.98 (t), 40.02 (t), 41.78 (t), 

55.30 (d), 60.71 (q), 60.97 (q), 70.78 (t), 108.33 (d), 114.58 (s), 118.40 (s), 119.69 (s), 122.21 (s), 

126.95 (d), 127.25 (d), 128.02 (d), 128.46 (d), 128.61 (d), 129.74 (d), 136.78 (s), 136.87 (s), 

141.46 (s), 150.88 (s), 150.98 (s), 155.74 (s).  Fraction 
���� W�� noraporphine (9a) ����!���! v���

�"J � ����� (10.9%) 
�����w�$���	� ethanol, mp 205-206 °C. UV λmax (MeOH) nm (log ε): 215 

(4.51), 274 (4.22), 292sh (4.07), 309 (4.02).  IR νmax (film) cm-1: 3393, 2921, 2850, 1682, 1589, 

1456, 1440, 1420, 1377, 1300, 1277, 1186, 1173, 1147, 1127, 1079, 1046, 1019, 952, 926. 1H-

NMR δ: 2.57-3.34 (5H, m, H-5β, CH2 × 2), 3.89 (3H, s, O-CH3), 3.97 (3H, s, O-CH3), 4.19-4.28 

(1H, m, H-5α), 5.08 (1H, dd, J=4.2, 13.7 Hz,  H-6a), 6.41 (1H, s, OH), 7.19-7.38 (3H, m, Ar-H), 

8.39 (1H, d, J=7.9 Hz, H-11). 13C-NMR δ: 23.93 (t), 33.19 (t), 41.09 (t), 52.33 (d), 60.55 (q), 

61.03 (q), 114.48 (s), 116.43 (s), 118.26 (s), 122.11 (s), 127.06 (d), 127.29 (d), 128.12 (d), 128.49 

(d), 131.36 (s), 134.86 (s), 138.80 (s), 146.13 (s), 148.32 (s), 155.81 (s). EI-MS m/z (%): 393[M]+ 

(43), 361 (6), 267 (100), 126 (2). Anal. Calcd for C20H18F3NO4: C, 61.07; H, 4.61; N, 3.56, Found: 

C, 61.24; H, 4.48; N, 3.40. 

 

1-Hydroxy-6-carbomethoxy-2,3,9,10-tetramethoxynoraporphine (9b): :�� J �������	���W�� 8f 

����!���! v���! 	 (41.6%), mp 121-122 °C. 1H-NMR δ: 2.53-2.84 (2H, m, H-4 of both confor- 

mers), 2.84-3.10 (2H, m, Ar-CH2 of both conformers), 3.10-3.30 (1H, m, H-3β), 3.52, 3.68, 3.71, 

3.81, 3.84, 3.85, 3.87 ��� 3.88 (total 15H, 8 s, O-CH3 × 4 of both conformers), 4.05-4.22(1H, m, 

H-3α), 4.85 (1.06H, AB q, J=12.1 Hz, Ph-CH2 of one conformer), 4.96 (0.94H, s,  Ph-CH2 of 

another conformer), 5.05-5.15 ��� 5.15-5.25 (total 1H, apparent 2 m, H-1 of both conformers), 

6.11 ��� 6.28 (total 1H, 2 s, Ar-H of both conformers), 6.52-6.65 (2H, m, Ar-H of both confor- 

mers), 6.76 (1H, apparent t, J=8.5 Hz, Ar-H of both conformers), 7.26-7.44 (5H, m, Ph-H of both 

conformers). 13C-NMR δ: (both conformers)  22.21 (t), 37.53 (t), 38.69 (t), 41.98 (t), 42.43 (t), 



 

78

52.45 (q), 52.58 (q), 55.75 (q), 55.84 (q), 55.90 (q), 56.02 (d), 56.12 (d), 60.62 (q), 60.69 (q), 

60.92 (q), 70.79 (t), 71.04 (t), 108.44 (d), 108.72 (d), 110.85 (d), 111.01 (d), 112.73 (d), 120.89 

(s), 121.32 (s), 121.79 (d), 121.9 1(d), 127.11 (d), 127.21 (d), 127.86 (d), 127.91 (d), 128.53 (d), 

130.63 (s), 131.71 (s), 136.96 (s), 141.13 (s), 141.32 (s), 147.65 (s), 147.73 (s), 148.61 (s), 150.34 

(s), 150.58 (s), 150.77 (s), 151.11 (s), 155.89 (s), 156.00 (s). W�� 9b ����!���! v����
� ;������ 

(8.3%) 
�����w�$���	� ethanol, mp 212-213 °C. UV λmax (MeOH) nm (log ε): 222 (4.54), 271sh 

(3.91), 280 (4.00), 304 (4.12), 315 (4.12).  IR νmax (film) cm-1: 3383, 2936, 2849, 1686, 1609, 

1592, 1513, 1459, 1448, 1396, 1342, 1250, 1197, 1167, 1126, 1111, 1078, 1049, 1021, 974. 1H-

NMR δ: 2.47-2.98 (5H, m, H-5β, CH2 × 2), 3.77, 3.86, 3.91, 3.93 ��� 3.97 (total 15H, 5 s, O-

CH3 × 5), 4.38-4.50 (total 1H, m, H-5α), 4.72-4.82 (total 1H, m, H-6a), 6.39 (1H, br s, OH), 6.78 

(1H, s, H-8), 8.05 (1H, s, H-11). 13C-NMR δ: 23.57 (t), 34.25 (t), 38.78 (t), 52.08 (d), 52.68 (q), 

55.84 (q), 55.98 (q), 60.45 (q), 60.98 (q), 111.25 (d), 111.92 (d), 116.43 (s), 119.57 (s), 124.35 (s), 

128.75 (s), 128.95 (s), 138.53 (s), 144.80 (s), 147.26 (s), 147.70 (s), 147.90 (s), 155.09 (s). EI-MS 

m/z (%): 415[M]+ (34), 383 (36), 327 (100), 88 (4). Anal. Calcd for C22H25NO7: C, 63.60; H, 6.07; 

N, 3.37, Found: C, 63.42; H, 6.21; N, 3.50. 

 

9-Benzyloxy-1-hydroxy-2,3-dimethoxy-6-trifluoroacetylnoraporphine (9c): :�� J �������	���

W�� 8g ����!��
�;����
� ;������ (38.6%). 1H-NMR δ: 2.70-2.77(2H, m, H-4 of both conformers), 

3.04 (2H, apparent d, J=6.8 Hz, Ar-CH2), 3.34-3.47 (1H, m, H-3β), 3.84, 3.85 ��� 3.86 (total 6H, 

3 s, O-CH3 × 2 of both conformers), 3.88-3.98 (1H, m, H-3α), 4.65 (0.2H,  AB q, J=11.7 Hz, Ph-

CH2 of one conformer), 4.85 (1.8H,  AB q, J=12.1 Hz, Ph-CH2 of another conformer), 4.96 ��� 

4.98 (total 2H, 2 s, Ph-CH2 of both conformers), 5.56 (1H, apparent t, J=6.7 Hz, H-1), 6.17 (1H, s, 

Ar-H), 6.64-6.75 (2H, m, Ar-H of both conformers), 6.81-6.91 (1H, m, Ar-H of both conformers), 

7.12-7.21 (1H, m, Ar-H of both conformers), 7.23-7.41 (total 10H, m, Ph-H of both conformers). 
13C-NMR δ: (both conformers) 23.18 (t), 39.99 (t), 40.03 (t), 41.80 (t), 55.23 (d), 60.65 (q), 60.92 

(q), 69.87 (t), 70.76 (t), 108.31 (d), 113.50 (d), 114.62 (s), 116.10 (d), 118.44 (s), 119.66 (d), 

122.40 (d), 127.25 (d), 127.47 (d), 127.92 (d), 127.98 (d), 128.54 (d), 128.58 (d), 129.45 (d), 

129.73 (d), 129.97 (s), 136.77 (s), 136.91 (s), 138.48 (s), 141.45 (s), 150.85 (s), 150.99 (s), 155.71 

(s), 158.86 (s). W�� 9c ����!���! v����
� ;������ (9.7%) 
�����w�$���	� ethanol, mp  183-184 °C. 

UV λmax (MeOH) nm (log ε): 213 (4.67), 231sh (4.43), 274 (4.28), 283 (4.31), 299 (4.19), 312 
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(4.11).  IR νmax (film) cm-1: 3583, 3411, 2942, 1686, 1609, 1501, 1459, 1414, 1378, 1342, 1310, 

1281, 1233, 1201, 1175, 1153, 1083, 1049, 1016, 974. 1H-NMR δ: 2.57-3.10 (5H, m, CH, CH2 × 

2), 3.21-3.33 (1H, m, H-5β), 3.87 (3H, s, O-CH3), 3.97 (3H, s, O-CH3), 4.18-4.28 (1H, m, H-5α), 

5.10 (2H, s, Ph-CH2), 6.35 (1H, s, OH), 6.90 (1H, d, J=2.4 Hz, H-8), 6.95 (1H, dd, J=2.4, 8.7 Hz, 

H-10), 7.30-7.50 (5H, m, Ph-H), 8.32 (1H, d, J=8.7 Hz, H-11). 13C-NMR δ: 23.92 (t), 33.55 (t), 

41.12 (t), 52.31 (d), 60.54 (q), 60.99 (q), 69.95 (t), 113.28 (d), 114.76 (d), 116.45 (s), 118.20 (s), 

118.29 (s), 124.43 (s), 127.28 (s), 127.51 (d), 127.97 (d), 128.61 (d), 129.48 (d), 136.68 (s), 

136.99 (s), 138.80 (s), 145.49 (s), 147.69 (s), 155.80 (s), 157.75 (s).  EI-MS m/z (%): 499[M]+ (10), 

373 (16), 91 (23), 32 (100). Anal. Calcd for C27H24F3NO5: C, 64.93; H, 4.84; N, 2.80, Found: C, 

64.76; H, 4.98; N, 2.97. 

 

1-Hydroxy-2,3-dimethoxy-9,10-methylenedioxy-6-trifluoroacetylnoraporphine (9d): :�

� J �������	���W�� 8h ����!���! v����
� ;������ (13.1%), mp  129-130 °C. 1H-NMR δ: 2.71-2.78 

(2H, m, H-4 of both conformers), 2.99 (2H, apparent d, J=6.7 Hz Ar-CH2), 3.36-3.48 (1H, m, H-

3β), 3.87 (3H, s, O-CH3), 3.89 (3H, s, O-CH3), 3.91-4.00 (total 1H, m, H-3α), 4.95 (2H, s, Ph-

CH2), 5.49 (1H, apparent t, J=6.7 Hz, H-1), 5.89-5.95 (2H, m, O-CH2-O of both conformers), 6.24 

(1H, s, Ar-H), 6.51 (1H, dd, J=1.4, 7.8 Hz, Ar-H), 6.54 ��� 6.56 (total 1H, 2 d, J=1.4 Hz,  Ar-H 

of both conformers), 6.70 ��� 6.75 (total 1H, 2 d, J=7.8 Hz, Ar-H of both conformers), 7.28-7.42 

(5H, m, Ph-H of both conformers). 13C-NMR δ: (both conformers) 23.23 (t), 39.98 (t), 40.02 (t), 

41.41 (t), 55.33 (d), 58.28 (d), 60.69 (q), 60.96 (q), 70.95 (t), 100.95 (t), 108.17 (d), 108.38 (d), 

109.97 (d), 114.57 (s), 118.39 (s), 119.77 (s), 122.69 (d), 127.19 (d), 128.02 (d), 128.62 (d), 

129.97 (s), 130.52 (s), 136.76 (s), 141.50 (s), 146.52 (s), 147.63 (s), 150.87 (s), 151.04 (s), 155.75 

(s). W�� 9d ����!���! v����
� ;������ (10.4%) 
�����w�$���	� ethanol, mp 251-252 °C. UV λmax 

(MeOH) nm (log ε): 220 (4.60), 235sh (4.40), 274sh (4.03), 283 (4.09), 309 (4.27), 320 (4.28).  

IR νmax (film) cm-1: 3402, 2919, 2850, 1686, 1506, 1488, 1459, 1431, 1414, 1373, 1354, 1305, 

1281, 1239, 1225, 1186, 1146, 1094, 1045, 971, 940, 924. 1H-NMR δ: 2.54-3.09 (4H, m, CH2 × 

2), 3.19-3.20 (1H, m, H-5β), 3.87 (3H, s, O-CH3), 3.97 (3H, s, O-CH3), 4.17-4.27 (1H, m, H-5α), 

5.02 (1H, dd, J=4.2, 13.8 Hz, H-6a), 5.97 (2H, s, O-CH2-O), 6.40 (1H, s, OH), 6.74 (1H, s, H-8), 

7.95 (1H, s, H-11). 13C-NMR δ: 23.88 (t), 33.18 (t), 41.09 (t), 52.48 (d), 60.54 (q), 61.01 (q), 

101.01 (t), 108.80 (d), 108.82 (d), 114.47 (s), 116.54 (s), 118.17 (s), 124.93 (s), 127.38 (s), 129.17 
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(s), 138.77 (s), 145.42 (s), 146.26 (s), 146.56 (s), 147.80 (s), 155.83 (s). EI-MS m/z (%): 437 [M]+ 

(38), 405 (3), 311 (100), 126 (9). Anal. Calcd for C21H18F3NO6: C, 57.67; H, 4.15; N, 3.20, Found: 

C, 57.48; H, 4.30; N, 3.37. 

 

1,9-Dihydroxy-2,3-dimethoxy-6-trifluoroacetylnoraporphine (9e): � J �` ������  catalytic hydro- 

genation !��!��w�
!�� 9c (115.0 mg, 0.23 mmol), 10% Pd/C (10.0  mg) :� ethanol (30 mL) 

�����	�  48 6��	�
� ���	���� catalyst ���  [ ���"��J  filtrate W����
�: �:���	 
�����J W��  9e 

(84.3 mg, 89.4%)  ����!���! v����"J � �
�����w�$���	� ethanol,  mp 274-275 °C. UV λmax 

(MeOH) nm (log ε): 214 (4.64), 232sh (4.39), 274sh (4.25), 282 (4.28), 299 (4.16), 312 (4.08).  

IR νmax (film) cm-1: 3502, 3347, 2920, 2850, 1671, 1619, 1587, 1506, 1459, 1378, 1343, 1302, 

1280, 1264, 1234, 1201, 1190, 1176, 1144, 1081, 1049, 1020, 973. 1H-NMR (acetone-d6) δ:  2.57-

3.13 (4H, m, CH2 × 2), 3.26-3.38 (1H, m, H-5β), 3.88 (3H, s, O-CH3), 3.94 (3H, s, O-CH3), 4.17-

4.28 (1H, m, H-5α), 5.02 (1H, dd, J=5.1, 12.9 Hz, H-6a), 6.76-6.85 (2H, m, Ar-H), 8.31 (1H, d, 

J=8.4 Hz, H-11). 13C-NMR (acetone-d6) δ: 24.10 (t), 33.70 (t), 41.32 (t), 52.69 (d), 60.53 (q), 

60.92 (q), 113.95 (d), 115.24 (d), 117.02 (s), 118.00 (s), 118.60 (s), 123.72 (s), 127.20 (s), 130.06 

(d), 136.95 (s), 139.46 (s), 146.20 (s), 148.15 (s), 155.73 (s), 156.16 (s). EI-MS m/z (%): 409[M]+ 

(29), 377 (7), 283 (100), 126 (3). Anal. Calcd for C20H18F3NO5: C, 58.68; H, 4.43; N, 3.42, Found: 

C, 58.45; H, 4.60; N, 3.55. 

 

(±±±±)-Isopiline (1a): Reflux !��w�
!��  9a (60.0 mg, 15.3 mmol), potassium carbonate (1.0 g), 

�"J  (5 mL) ��� methanol (20 mL) �����	�  3 6��	�
� [ ���"��J W����
�: �:���	 
�����J W��!��


�;����� ���
 5% sodium bicarbonate (40 mL) ���	������	� chloroform (2 × 20 mL), � J 6�"� 

chloroform :
��
����	� anhydrous sodium sulfate [ ���"��J W����
�: �:���	 
�����J W�� 1a 

(29.3 mg, 64.7%) ����!���! v����� 
�����w�$���	� ethanol, mp 170-171 °C. UV λmax (MeOH) 

nm (log ε): 214 (4.45), 220sh (4.42), 232sh (4.19), 274 (4.20), 291sh (4.00), 309 (3.89).  IR νmax 

(film) cm-1: 3583, 3305, 2931, 2849, 1587, 1490, 1463, 1445, 1418, 1380, 1338, 1305, 1267, 1226, 

1196, 1152, 1110, 1086, 1052, 1025, 991, 960. 1H-NMR δ: 2.72-3.25 (5H, m, H-5β, CH2 × 2), 

3.39-3.49 (1H, m, H-5α), 3.83-3.94 (1H, m, H-6a), 3.88 (3H, s, O-CH3), 3.95 (3H, s, O-CH3), 

7.14-7.34 (3H, m, Ar-H), 8.32 (1H, d, J=7.2 Hz, H-11). 13C-NMR δ: 23.12 (t), 36.82 (t), 42.82 (t), 

53.80 (d), 59.95 (q), 60.83 (q), 115.39 (s), 118.32 (s), 126.69 (d), 126.82 (d), 127.73 (d), 127.84 
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(d), 131.59 (s), 132.18 (s), 134.90 (s), 138.75 (s), 145.31 (s), 149.09 (s). EI-MS m/z (%): 297[M]+ 

(73), 296 (100), 266 (18). Anal. Calcd for C18H19NO3: C, 72.71; H, 6.44; N, 4.71, Found: C, 72.60; 

H, 6.54; N, 4.86. 

 

(±±±±)-Preocoteine (1b): Reflux !��w�
!�� 9b (100.0 mg, 0.24 mmol) ��� lithium aluminium 

hydride (2.0 g) :� tetrahydrofuran (40 mL) �����	�  3 6��	�
� [ ���"����
�"J  (10 mL) ��W���� �

��
����	��[�

�  ���
 dilute ammonium hydroxide (25 mL) ���������������	�� ������ 

��	� chloroform ���	� J 6�"� filtrate :
��
����	� anhydrous sodium sulfate  [ ���"��J W����
�

: �:���	 
�����J W�� 1b  ����!���! v����
� ;������ (74.5%) 
�����w�$���	� benzene, mp 179-180 

°C.  UV λmax (MeOH) nm (log ε): 219 (4.38), 271sh (3.71), 281 (3.82), 308 (4.00), 319 (3.99).  IR 

νmax (film) cm-1: 3400, 2937, 2846, 1609, 1593, 1515, 1463, 1430, 1397, 1375, 1347, 1310, 1284, 

1253, 1226, 1215, 1195, 1115, 1082, 1058, 1036, 1014, 990, 971. 1H-NMR δ: 2.70 (3H, s, N-

CH3), 2.68-3.36 (7H, m, CH, CH2 × 3), 3.87, 3.91 ��� 3.96 (12H, 3 s, O-CH3 × 4), 6.77 (1H, s, 

H-8), 7.96 (1H, s, H-11).13C-NMR δ: 21.72 (t), 30.34 (q), 33.06 (t), 52.60 (t), 55.91 (q), 56.03 (q), 

60.08 (q), 60.87 (q), 62.24 (d), 111.03 (d), 111.73 (d), 115.92 (s), 117.28 (s), 124.31 (s), 126.93 

(s), 135.80 (s), 139.06 (s), 145.01 (s), 147.52 (s), 147.69 (s), 148.07 (s). EI-MS m/z (%): 371[M]+ 

(100), 339 (35), 326 (17). Anal. Calcd for C21H25NO5: C, 67.91; H, 6.78; N, 3.77, Found: C, 67.80; 

H, 6.85; N, 3.90. 

 

(±±±±)-Oureguattidine (1c): :�� J �������	���W�� 1c ����!���! v����"J � � (86.5%) 
�����w�$���	� 

ethanol, mp 228-229 °C. UV λmax (MeOH) nm (log ε): 209sh (4.40), 221 (4.53), 269sh (3.96), 

303 (4.14), 314 (4.13).  IR νmax (film) cm-1: 3412, 2922, 2850, 1610, 1463, 1420, 1380, 1341, 1298, 

1227, 1195, 1154, 1112, 1085, 1048, 1026, 992. 1H-NMR (pyridine-d5) δ: 2.81-3.06 (5H, m, H-

5β, CH2 × 2), 3.39-3.49 (1H, m, H-5α), 3.86 (3H, s, O-CH3), 3.88 (3H, s, O-CH3), 4.00-4.15 (1H, 

m, H-6a), 7.21 (1H, d, J=2.6 Hz, H-8), 7.27 (1H, dd, J=2.6, 8.6 Hz, H-10), 9.03 (1H, d, J=8.6 Hz, 

H-11). 13C-NMR (pyridine-d5) δ: 23.97 (t), 38.03 (t), 43.42 (t), 54.85 (d), 60.01 (q), 60.56 (q), 

114.37 (d), 115.67 (d), 117.70 (s), 118.28 (s), 125.23 (s), 130.69 (d), 132.05 (s), 138.02 (s), 

140.77 (s), 147.25 (s), 149.74 (s), 157.52 (s). EI-MS m/z (%): 313[M]+ (88), 312 (100), 282 (23). 

Anal. Calcd for C18H19NO4: C, 68.99; H, 6.11; N, 4.47, Found: C, 68.78; H, 6.30; N, 4.58. 
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(±±±±)-3-Methoxynordomesticine (1d): :�� J �������	���W�� 1d ����!���! v����"J � ����� (78.6%) 


�����w�$���	� ethanol, mp 206-208 °C. UV λmax (MeOH) nm (log ε): 213 (4.73), 234sh (4.40), 

271sh (4.41), 281 (4.45), 295 (4.29), 310sh (4.15).  IR νmax (film) cm-1: 3437, 2919, 2850, 1620, 

1542, 1502, 1463, 1430, 1413, 1381, 1357, 1303, 1292, 1255, 1228, 1196, 1148, 1126, 1096, 

1039, 982, 932. 1H-NMR δ: 2.58-3.00 (6H, m, CH2 × 3), 3.35-3.44 (1H, m, H-6a), 3.87 (3H, s, 

O-CH3), 3.94 (3H, s, O-CH3), 5.95 (2H, AB q, J=1.4 Hz, O-CH2-O), 6.72 (1H, s, H-8), 7.90 (1H, s, 

H-11). 13C-NMR δ: 23.51 (t), 37.29 (t), 42.99 (t), 54.02 (d), 59.93 (q), 60.81 (q), 100.78 (t), 

108.14 (d), 108.66 (d), 115.53 (s), 118.63 (s), 125.74 (s), 129.49 (s), 131.87 (s), 138.58 (s), 144.48 

(s), 145.69 (s), 146.21 (s), 148.61 (s). EI-MS m/z (%): 341[M]+ (87), 340 (100), 310 (22). Anal. 

Calcd for C19H19NO5: C, 66.85; H, 5.61; N, 4.10, Found: C, 66.68; H, 5.84; N, 4.03. 
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MIC ��	  (±±±±)-isopiline, (±±±±)-preocoteine, (±±±±)-oureguattidine ��� (±±±±)-3-methoxynordomes- 

ticine 
�["&#"!��(� NCCLS microbroth dilution8 "�	��* 

 

1. �����
� ���� �!��  (±)-isopiline, (±)-preocoteine, (±)-oureguattidine ��� (±)-3-methoxy- 

nordomesticine :� DMSO :
�
��	 
�!�
!�� 1024 µg/mL  

2. ���"��[/�6�� 3  6���  � ;�  Staphytolcoccus aureus ATCC25932,  Escherichia coli ATCC10536 

��� Candida albicans ATCC90028 :�� 
 ����"���6 ;"� ��� 10% glucose (NBG) � J 
������"���6 ;"� 

Staphytolcoccus aureus ATCC25932 ��� Escherichia coli ATCC10536; Sabouraud glucose 

broth � J 
����6 ;"� Candida albicans ATCC90028 ��
��� 37 oC �����	�  24 6��	�
�[ ������
�6 ;"�:
�


��	 
�!�
!�� 1 �� ��#��%���
�������� 

3. � J   two-fold serial dilution  !��� �:�!��  1  :
�� ���� �
��	 
�!�
!��[ �  512 µg/mL } $� 

0.50 µg/mL :�[ ��� ��6 ;"�����w� �W���%�� � 5 �#����
�� �����" 

3.1 ���
� ���� ����
��	 
�!�
!�� 1024 µg/mL  ���
 �� 100 µL  ��:�[ ��� ��6;"� 

[ ���� 1   [ ���"����
� 
 ����"���6 ;"����
 ��  100 µL  ��W�  �!�� :
��!� ���[�W��� �w�
���
��	 


�!�
!�� 512 µg/mL 

3.2 ����!��w�
���
 ��100 µL :�[ ���� 1 :����:�[ ���� 2 ���	���
� 
 ����"���6 ;"� 

���
 ��100 µL ��W�:�[ ���� 2 �!�� :
��!� ��� [�W��� �w�
���
��	 
�!�
!�� 256 µg/mL 

3.3 ����!��w�
���
 ��100 µL :�[ ���� 2 :����:�[ ���� 3 ���	���
� 
 ����"���6 ;"� 

���
 ��100 µL ��W�:�[ ���� 3 �!�� :
��!� ��� [�W��� �w�
���
��	 
�!�
!�� 128 µg/mL 

4 � J �6������	���!�� 3.3 [�[ ��� ��6;"�����/��� �
��	 
�!�
!�� 0.5 µg/mL ���	
�[ ��� ��6 ;"� 

[ ��/��� ����
�� 
 ����"���6 ;"���� �����	 ����[ � control 

5. ���
�6 ;"�[/�6��  20 µL  ��:�[ ��� ��6;"�:�!��  3  [ ���"����
� 
 ����"���6 ;"���W����  80  µL  

w�
:
��!� ���    �����"��/�[ �[�
����
 ���/�'�����  200 µL  �	 
�!�
!��[ ����[���� ���  256 

µg/mL ���[ �����/��� ���� ��� 0.25 µg/mL 

6. ��
[ ��� ��6;"�:�!�� 5 ��� 37 oC �����	�  24 6��	�
�  

7. ��  MIC 
 W��[ �� ���[ �= �	 
!/��!��[ ��� ��6;"�����	 
�!�
!���� � � �
 ;����������[ � 

control  ���[ � control   [�!/������	� [/�6���[��>������W�� ������/[ ����:�[ ��������� ;� MIC 

!��� ����� J � ������ 
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����"�������
+-�����.�
$���
���
��*!	#"!��(� MTT assay13 

MTT !�� (±)-3-methoxynordomesticine � J �����" 

 

1. RAW 264.7   marine  macrophage cell line  ���"��:�� 
 �  DMEM  ������
 10% FBS   ���"��:� 

�: 	� 5% CO2 �/=
:�
� 37 °C 

2. RAW 264.7 cells  W��} ��!/����:6�  scraped rubber  ���	�[;�[ �:�� 
 �   DMEM  ������
 10%  

FBS ���:����W�:� 96-well plate ���:��
�/
�� 2 × 105 cells :�� 
 � DMEM ������
 10% FBS 

100 µL ���"��:��: 	� 5% CO2 �/=
:�
� 37 °C � � 24 6��	�
� 

3. �����
 (±)-3-methoxynordomesticine :� DMSO :
�W���	 
�!�
!�� 2  mg/mL (stock solution) 

���	�J 
 �[;�[ �:�  DMEM  ���W
�
�  FBS :
�W���	 
�!�
!������

 ��
 (0.5, 1, 2, 4, 8, 16, 32, 64 

µg/mL)    ���
  (±)-3-methoxynordomesticine  
�;�  DMEM  (negative control)  
�;�  50  µg/mL 

acridine orange  :�  OMEM (negative control)  ���
 �� 100 µL  ��W�:�  RAW 264.7 cells  (���

� 
 � DMEM ��� ��"�) ���"��:��: 	� 5% CO2 �/=
:�
� 37 °C � � 24 6��	�
� 

4. RAW 264.7 cells  } ���J 
 �� ���	�  DMEM  ���W
�
�  FBS    ���
 �� 150 µL  3  ���"����	���
 5  

mg/mL   MTT  :�  DMEM  ���W
�
�  FBS  ���
 �� 50 µL ��
W	�:��: 	� 5% CO2 �/=
:�
� 37 °C 

� � 4 6��	�
� 

5. ���� ���� ������
W	���"� ���	���
   DMSO  ���
 �� 50 µL ��W��!�� ����/=:�
�
���� � 5 � ��  

�J W��� ��	 
�!�
����	� ELISA plate reader (Hewlett Packard)  ����	 
� 	�� ;�� 540 nm 

6. � J �	=
 �	 
�!�
!��!��    (±)-3-methoxynordomesticine    ���� 
 �}���	 
�!�
!���� 

formazan blue W����$��
�$���
 ;���������������� negative control (cell control) 

 

������_�'2����������&��������
�� 

 RAW 264.7 murine macrophage cell line W��} ���J 
 :6�:�� �������/=�
����� �

�� �� ������� ������"�� RAW 264.7 murine macrophage cell line :�� 
 � DMEM ������
 10% 

FBS ���"��:��: 	� 5% CO2 �/=
:�
� 37 °C RAW 264.7 cells W��} ��!�����:6� scraped rubber ���	

�[;�[ �:�� 
 � DMEM ������
 10% FBS ���:����W�:� 96-well plate ���:��
�/
�� 2× 105 

cells :�� 
 � DMEM ������
 10%FBS 100 µL ���"��:��: 	� 5%  CO2 �/=
:�
� 37 °C � � 24 

6��	�
� �����
 (±)-3-methoxynordomesticine :� DMSO :
�W���	 
�!�
!�� 2 mg/mL (stock 

solution) ���	�J 
 �[;�[ �:� DMEM ���W
�
� FBS :
�W���	 
�!�
!������

 ��
 (0.5, 1, 1.5, 2 

µg/mL) ���
 (±)-3-methoxynordomesticine 
�;� DMEM (negative control) ���
 �� 100 µL ��
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W�:� RAW 264.7 cells (���� 
 � DMEM ��� ��"�) ���"��:��: 	� 5% CO2 �/=
:�
� 37 °C � � 

24 6��	�
� ���	����/����	� Lipopolysaccharide (LPS) �	 
�!�
!�� 1  µg/mL ���"��:��: 	� 5% 

CO2 �/=
:�
� 37 °C � � 24 6��	�
� ���	�� v� supernatant ������"���#��%W	��� ;����� ���������W� 

W����� nitrite assay, proinflammatory cytokine W����� PGE2. TNF-α, IL-1β ��� IL-6 ��	� RAW 

264.7 cells [��J 
 ��	[	���� �
% iNOS ��� COX-2 ���	�'� Western blot assay 

 

������_��
����
� Nitric Oxide (total) Detection Kit (Stressgen, USA) 

1. �����
 nitrate standard ���������	 
�!�
!���� �� ��� ���  1X reaction buffer ���
 �� 900 µL 

��:�
������ 1 ������ 1X reaction buffer ���
 �� 500 µL ��:�
������ 2-6 ���
 nitrate standard 

solution �	 
�!�
!�� 1,000 µmol/L ��:�
������ 1 w�
:
��!� ����� ���	���� ���� �[ �
���

��� 1 ���
 �� 500 µL  �[;�[ ���:�
������ 2 ���	� J �[;�[ ��6����":�
������ 3-6 [�W���	 
�!�
!��

!�� nitrate standard solution 
������ 1-6 �����" 100, 50, 25, 12.5, 6.25 ��� 3.125 µmol/L 

2. ���
 1X reaction buffer ���
 �� 200 µL  ��:� microtiter plate 
�/
 A1 (blank well) 

3. ���
  nitrate standard solution   
������ 1-6 ��:�
�/
 B1, C1, D1, E1, F1 ��� G1 
�/
�� 50  

µL  (standard #1 - #6) 

4. ���
 1X reaction buffer ���
 �� 50 µL  ��:�
�/
 H1 (zero standard) 

5. ���
 samples ��W�:������
�/
 ��"����
�/
 A2 �������W� 
�/
�� 50 µL 

6. ���
  final NADH dilution  (��� � NADH :� vial ��	� deionized water ���
 �� 1 mL �� v�W	�  

-20 °C, �����
 final NADH dilution ���w�
 NADH solution ���
 �� 0.9 mL ��� deionized 

water ���
 �� 1.8 mL �6�:��"J �!v�) ���
 �� 25 µL :�
�/
 standards, zero standard ��� 

samples 

7. ���
  nitrate  reductase  final  enzyme  dilution  (��� �  nitrate reductase  :� vial  ��	�  nitrate 

reductase storage buffer ���
 �� 1 mL ��"�W	�����/=
:�
�
��� 15 � �� �� v�W	� -20 °C (�����

� ���� ���"	�  enzyme dilution I) �����
 final enzyme dilution ���w�
 enzyme dilution I 

���
 �� X µL ��� reaction buffer ���
 �� 1.5X µL �6�:��"J �!v�) ���
 �� 25 µL :�
�/
 

standards, zero standard ��� samples w�
:
��!� ���������!�� �� � ��
W	�����/=:�
� 37 °C � � 30 

� �� 

8. ���
 Griess reagent I ���
 �� 50 µL :������
�/
 ���	��
�/
 blank (A1) 

9. ���
 Griess reagent II ���
 �� 50 µL :������
�/
 ���	��
�/
 blank (A1) 

10. w�
:
��!� ���������!�� �� � ��
W	�����/=
:�
�
��� � � 10 � �� 



 

86

11. �J W��� ���  optical density :������
�/
 ����	 
� 	�� ;�� 540 mm ��	����;��� ELISA reader  

�!����� j nitrate standard ���	����������� samples ����� j
 ��j � 

 

������_��
����
� PGE2 EIA Kit (Stressgen, USA) 

6/���	[  Assay Designs�  Correlate-EIATM  Prostaglandin E2  (PGE2)   kit   � W��
���� � 

competitive immunoassay #$��
�	�'�� � ������W���" 

1. �����
 PGE2 standard ��� standard diluent 
�;� tissue culture media ��:�
��������
��� 

���  1   ���
 ��  950  µL  ������  standard dilutent  
�;�  tissue culture media  ��:�
�������� 


������  2-7  
����� 500 µL ��� PGE2 standard solution �!�
!�� 50,000 pg/mL ���
 �� 500 µL 

�[;�[ ���:�
������ 3-7 [�W�� PGE2  standards ���
��	 
�!�
!�� 2,500, 1,250, 625, 313, 156, 78.1, 

��� 39.1 pg/mL :�
������ 1-7 � 
� J ��� 

2. �J   microtiter plate  ���  coated  ��	� goat anti-mouse IgG  W	����	
 ���
 standard diluent  
�;� 

tissue culture media :�
�/
 NSB (
�/
 A1) ���
 �� 100 µL 

3. ���
  PGE2  standards  ��������
W	�:�
������  1-7  ��:�
�/
 B1-H1 � 
� J ��� 
�/
�� 100 µL 

4. ���
 samples ��W�:������
�/
 ��"����
�/
 A2 �������W� 
�/
�� 100 µL 

5. ���
 assay buffer ��:�
�/
 NBS (
�/
 A1) ���
 �� 50 µL 

6. ���
  blue  conjugate (alkaline phosphatase conjugated with PGE2) ��:�
�/
 PGE2  standards 

 ��� samples 
�/
�� 50 µL 

7. ���
  yellow  antibody  (monoclonal  antibody  to  PGE2)  ��:��/�
�/
   (
�/
  NSB,  PGE2   

standards ��� samples) 
�/
�� 50 µL 

8. ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 2 6��	�
� 

9. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 3 ���"� 

10. ���  pNpp  (p-nitrophenyl  phosphatase)  substrate  solution  ��:��/�
�/
� ��  200  µL  ��
 

microtiter plate W	�����/=
:�
�
��� � � 45 � �� W
������!��  

11. ��� stop solution (trisodium phosphate solution) ��:��/�
�/
� �� 50 µL 

12. �J  microtiter plate W��� ���  optical density ����	 
� 	�� ;�� 405 nm 

13. � J �	=
   Net OD  ����J ��  OD  !�������
�/
 � [ � OD  !��
�/
  NSB (A1)  �J ��  Net 

OD  !��  PGE2  standards  
 ��� ��� j  ���	�J ��   Net OD  !��   samples 
 � J �	=
 ���
 = 

PGE2 
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������_��
����
� mouse TNF-αααα EIA Kit (Stressgen, USA) 

1. �����
  TNF-α standard  ���  assay buffer 16  ��:�
��������
������  1  ���
 �� 450 µL  

������ assay buffer 16 ��:�
�������� 
������ 2-8 
����� 250 µL ��� mouse TNF-α 

standard �!�
!�� 20,000 pg/mL ���
 �� 50 µL ��:�
������ 1 w�
:
��!� ����� ���� ���� �[ �


������ 1 ���
 �� 250 µL �[;�[ ���:�
������ 2 ����[;�[ ��6������	�����:�
������ 3-8 [�W�� 

TNF-α  standards ���
��	 
�!�
!�� 2,000, 500, 250, 62.5, 31.25, ��� 15.63  pg/mL :�
������ 1-8 

� 
� J ��� 

2. �J  microtiter plate  ��� coated  ��	� monoclonal antibody ���[J �� ���� mouse TNF-α W	����	
  

���
 TNF-α standard ��������
W	�:�
������ 1-8 ��:�
�/
 A1-H1 � 
� J ��� 
�/
�� 50 µL 

3. ��� standards diluent  (Assay buffer 16  
�;� tissue culture media) ��:�
�/
 A2 (blank) 
�/
 

�� 50 µL 

4. ��� samples ��W�:������
�/
 ��"����
�/
 B2 �������W� 
�/
�� 50 µL 

5. ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 2 6��	�
� 

6. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 4 ���"� 

7. ���  yellow antibody  (rabbit polyclonal antibody  ���  mouse TNF-α )  ��:��/�
�/
� �� 50 

µL ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 2 6��	�
� 

8. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 4 ���"� 

9. ���  blue conjugate (donkey anti-rabbit antibody conjugated to horseradish peroxidase)   ��:� 

�/�
�/
��� 50 µL ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 30 � �� 

10. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 4 ���"� 

11. ��� TMB (3,3′,5,5′ tetramethylbenzidine and hydrogen peroxide) substrate solution  ��:��/� 


�/
� �� 50 µL ��
 microtiter plate W	�����/=
:�
�
��� � � 30 � �� W
������!��  

12. ��� stop solution (1N hydrochloric acid) ��W�:��/�
�/
 
�/
�� 50 µL 

13. �J  microtiter plate W��� ���  optical density ����	 
� 	�� ;�� 450 nm 

14. � J �	=
   Net OD  ����J ��  OD  !�������
�/
 � [ � OD  !��
�/
  blank (A2) �J ��  Net 

OD !��  TNF-α standards  
 ��� ��� j ���	�J ��   Net OD  !��  samples  
 � J �	=
 ���
 = 

TNF-α 
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������_��
����
� mouse IL-1ββββ EIA Kit (Stressgen, USA) 

1. �����
   IL-1β  standard  ���  standard diluent  
�;�  tissue culture media   ��:�
�������� 


������ 1-4 
����� 300 µL ��� mouse IL-1β standard (recombinantmouse IL-1β) �!�
!�� 4,000 

pg/mL ���
 �� 100 µL ��:�
������ 1 w�
:
��!� ����� ���� ���� �[ �
������ 1 ���
 �� 100 

µL �[;�[ ���:�
������ 2 ����[;�[ ��6������	�����:�
������ 3-4 [�W�� IL-1β  standards ���
�

�	 
�!�
!�� 1,000, 250, 62.5, ��� 15.63 pg/mL :�
������ 1-4 � 
� J ��� 

2. �J  microtiter plate  ���  coated  ��	� monoclonal antibody ���[J �� ���� mouse IL-1β  W	����	
  

���
 IL-1β standard ��������
W	�:�
������ 1-4 ��:�
�/
 A1-D1 � 
� J ��� 
�/
�� 50 µL 

3. ��� standards diluent 
�;� tissue culture media ��:�
�/
 E1 (Blank) 
�/
�� 50 µL 

4. ��� samples ��W�:������
�/
 ��"����
�/
 F1 �������W� 
�/
�� 50 µL 

5. ��� antibody (biotinylated antibody ��� mouse IL-1β) ��W�:��/�
�/
��� 50 µL 

6. ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 2 6��	�
� 

7. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 3 ���"� 

8. ��� streptavidin-HRP Conjugate (�����
:

��/����"�, ��� streptavidin-HRP conjugate ���
 �� 

2.5 µL w�
��:� streptavidin-HRP dilution buffer ���
 �� 1 mL)  ��:��/�
�/
��� 50 µL ��
 

microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 30 � �� 

9. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 3 ���"� 

10. ��� TMB (3,3′,5,5′ tetramethylbenzidine and hydrogen peroxide) substrate solution ��:��/� 


�/
� �� 50 µL ��
 microtiter plate W	�����/=
:�
�
��� � � 30 � �� W
������!��  

11. ��� stop solution (0.18 M sulfuric acid) ��:��/�
�/
 
�/
�� 50 µL 

12. �J  microtiter plate W��� ���  optical density ����	 
� 	�� ;�� 450 nm 

13. � J �	=
   Net OD  ����J ��  OD !�������
�/
 � [ � OD   !��
�/
 blank (E1)  �J ��  Net 

OD !�� IL-1β standards  
 ��� ��� j ���	�J ��  Net OD !�� samples 
 � J �	=
 ���
 = IL-

1β 

 

������_��
����
� mouse IL-6 EIA Kit (Stressgen, USA) 

1. �����
 IL-6 standard ��� standard diluent (Assay Buffer  
�;� tissue culture media   ���
 �� 2 

mL ��:� mouse IL-6 (2,000 �������
) :� vial [�W�� IL-6 �!�
!�� 1,000 pg/mL ��� standard 

diluent (Assay Buffer 13 
�;� issue cluture media) ��:�
������ 2-8 
����� 500 µL ��� mouse 

IL-6 standard ��������
W	� �	 
�!�
!�� 1000 pg/mL ���
 �� 500 µL �[;�[ ���:�
������ 3 ���
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�[;�[ ��6������	�����:�
������ 4-8 [�W�� IL-6 standards ���
��	 
�!�
!�� 1,000, 250, 250, 125, 

62.5, 31.25, 15.63 ��� 7.81 pg/mL :�
������ 1-8 � 
� J ��� 

2. �J  microtiter plate ��� coated ��	� monoclonal antibody ���[J �� ���� mouse IL-6 W	����	 
 ���
  

IL-6 standard ��������
W	�:�
������ 1-8 ��:�
�/
 A1-H1 � 
� J ��� 
�/
�� 50 µL 

3. ��� standards diluent  (Assay Buffer 13 tissue culture media)  ��:�
�/
  A2 (Blank) ���
 �� 

50 µL 

4. ��� samples ��W�:������
�/
 ��"����
�/
 B2 �������W� 
�/
�� 50 µL 

5. ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 1 6��	�
� 

6. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400  µL 4 ���"� 

7. ��� yellow antibody (biotinylated rat monoclonal antibody ��� mouse IL-6) ��:��/�
�/
���  

50 µL 

8. ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� � � � 1 6��	�
� 

9. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 4 ���"� 

10. ��� blue conjugate (streptavidin conjugated ��� horseradish peroxidase) ��:��/�
�/
� �� 50 

µL ��
 microtiter plate W	�����/=
:�
�
��� �!�� �� �� � 30 � �� 

11. �J  microtiter plate 
 �� ���	� 1X wash solution ���"��� 400 µL 4 ���"� 

12. ��� TMB (3,3′,5,5′ tetramethylbenzidine ��� hydrogen peroxide) substrate solution ��:��/� 


�/
� �� 50 µL ��
 microtiter plate W	�����/=
:�
�
���� � 15 � �� W
������!��  

13. ��� stop solution (1 N hydrochloric acid) ��:��/�
�/
 
�/
�� 50 µL 

14. �J  microtiter plate W��� ���  optical density ����	 
� 	�� ;�� 450 nm 

15. � J �	=
   Net OD  ����J ��   OD  !�������
�/
 � [ � OD !��
�/
 blank (A2) �J ��  Net 

OD !�� IL-6 standards 
 ��� ��� j   ���	�J ��  Net OD !�� samples 
 � J �	=
 ���
 = IL-6 

 

������_��
����
� iNOS ��� COX-2 "&�!��(� Western bloth assay 

       RAW 264.7 cell ���W������ ���
��	� (±)-3-methoxynordomesticine  ���W������ �

����/����	� lipopolysaccharide (LPS) �	 
�!�
!�� 1 µg/mL [��J 
 ��	[	���� �
% iNOS ��� 

COX-2 ���	�'� Western blot assay �����" 

1. RAW 264.7 cells  W���J 
 � ����� ���	�  PBS 3  ���"� ���	�J 
 � J :
��#��%�����	�  lysis buffer 
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(50 mM Cl,  5 mM EDTA,   0.1% Nonidet P-40,   1 mM phenylmethylsulfonyl fluoride,   0.5 mM 

dithiothreitol, 5 mM NaF, 0.5 mM naorthovanadate) ���w�
 5 µL/mL !�� leupeptin ��� aprotitin 

��
W	�����/=
:�
� 4 °C � � 15 � �� 

2. �J W�� ������ 3000 g ����/=
:�
� 4 °C ����� v� supernatant W	���� -20 °C 

3. �J  supernatant ����� v�W��
 �� �
%���
 =������ ��	� BioRad protein assay reagent 

4. �J  supernatant ���	���� �
%������W�� ���
 = 40-50 µg  ��"� RAW 264.7 cells �����
��	� (±)-3- 

Methoxynordomesticine  ���  RAW  264.7  cells  control  ���} ������/����	�  LPS   �	 
�!�
!��  1 

µg/mL 
 � J  electrophoresis :� 10% SAD PAGE   [ ���"�� J } � ����� nitrocellulose membrane 

��	�	�'� Wet blot ��	����;��� Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad) � J � � block 

��	� 5% skim milk ��
���  4 °C !� 
� ;� 

5. �J   nitrocellulose  membrane  ���W��
 ��
��	�   monoclonal  anti-iNOS  (Santa Cruz, CA,USA) 

(� J 
�����	[
   iNOS)  
�;���
��	�  monoclonal a nti-COX-2  (Santa Cruz, CA, USA)  (� J 
���

��	[
  COX-2) ����
��� anti-β-actin antibody  (Santa Cruz, CA,USA) (� J 
�����	[
  β-actin, 

control) ���������	 
�[;�[ � 1:500 �����
W	�����/=
:�
�
��� �!�� �� � � � 60 � �� 

6. �J    nitrocellulose  membrane  
 �� ���	�  PBS  3  ���"�  ���	��
��	�  horseradish  peroxidase- 

conjugated  goat anti-mouse IgG  (Santa Cruz, CA,USA)  ���������	 
�[;�[ � 1:1000 �����
W	����

�/=
:�
�
��� �!�� �� � � � 60 � �� 

7. �J   nitrocellulose  membrane  
 �� ���	�  Tween20/ Tris-buffered saline  3  ���"�   ���	��
��	�  

substrate [ � Chemiluminescence Kit (Amersham Life Scirnce, IL, USA)  

8. ����$�  Chemiluminescence reaction ��	� hyperfilm (Amersham Life Scirnce, IL, USA)  

9. ������������	 
�!�
!��!���}�����%�����	[����	� gel document � J �	=�	 
�!�
!��!�� 

����%�� ���������%!�� β-actin ����������������� RAW264.7 cells �����
��	� (±)-3-methoxy- 

nordomesticine   ��� RAW264.7 cells control 
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����% 5 

�����	
����
�  Teisatin A, Telisatin B, Lettowianthine ��������!�!��|������	
����
� 

Laurodionine  

 

 

      Telisatin A, telisatin B, lettowianthine ��� laurodionine ���� alkaloid ��/�
����!��  

aporphine alkaloids����J �
��� N-6 ��� C-7 �6 ;��
�����	�

�� oxalyl   � �[[/����� alkaloid ��/�
��"

����� 5 ��	:�'��
6 ��  ��� telisatin A (1) ��� telisatin B (2) ��:� Telitoxicum peruvianum 

Moldenke (Menispermaceae)1, lettowianthine (3) ��� 11-methoxylettowianthine (4) ��:� 

Lettowianthus stellatus Diels (Annonaceae)2 ��� laurodionine (5) ��:� Phoebe formosana 

Hayata (Lauraceae)3 ��	� Annonbraine #$����:� Annona glaba L (Annonaceae)4 } ��� �� �	� 
�

������� �����	��� lettowianthine �
�	� [�
�[/�
��
�
�	�� ����
 �� v� 
    

 

 

 

 

 

 
        1  :  R1 = R2 = OCH3, R3 = R4 = R5 = R6 = H  
        2  :  R1 = R2 = R3 = OCH3, R4 = R5 = R6 = H  
        3  :  R1 + R2 = OCH2O, , R3 = R4 = R5 = R6 = H  
       4  :  R1 + R2 = OCH2O, , R3 = R4 = R5 = H, R6 =  OCH3  
        5  :  R1 = R5 = OCH3, R2 = R4 = OH, R3 = R6 = H  

 

�/+��%  1  ������� �!�� telisatin A (1), telisatin B (2),  lettowianthine (3), 11-methoxylettowian- 

thine (4) ��� laurodionine (5) 

 

      Telisatin A } �������� �
%��� Castedo ����=�5  ��� Saa ����=�6  :�� �W$�? � �

������ �
% aporphine alkaloids ����� �������	� alkaloid ����:� telisatin 
� ��&:�!=����

������� �!��  alkaloid  ����
� ;�} ������!$"����� �	���� �
%!��
��� �����������& � �[[/���[$�
�

������ ������� �
% telisatin A ���	�'�!�� Castedo ����=�5 #$��:6�� �� ��	��
	� C ���� �� �
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���!��� � 1-(2-bromophenyl)-5,6-dihydro-8,9-dimethoxypyrrolo[2,1-a]isoquinoline-2,3-dione 

(8a) ����	 
�!�
!�� 0.001 M W������� �w���:�=\%:����
 =w�w����� (60%)5 	�'���"
�!��[J ���

��;���[ �� 
 �}������ �
%W�����
 =[J ������ ��"� �������!��[J ���!���` ������ � ������� �
%���

:6���� ���	�'�
�$�����:6�� ;� benzyne cycloaddition !�� Saa ����=�6  #���:
�� �w���:�=\%:�

���
 =��J  (10%)6 

 ����� �	�[����"[$�����	�'�� ������� �
%����` �����W���� � ���W��� �w���:�=\%:����- 


 =w�w������
 �������� ;���[ �� ������� �
%� � 1-(2-bromophenyl)-5,6-dihydro-8,9-dime- 

thoxypyrrolo[2,1-a]isoquinoline-2,3-dione (8a)  !�� Castedo ����=�5 
��	 
�/��� �
 � �� [$�

W����]� � ������� �
%� ���/�
��"���:6� oxalyl chloride ��� triethylamine ���
�	�'�� � workup 

����� �
 � ��/�
!�� Wu ����=�7 W��� �� �} $��
���� antiplatelet  activity !��� �:���/�
��"��	� 

�� ;��
���������� ���� �	��
	�  C  ���� �� ���� [$�
��	 
��"�:[���[���� �	��
	� C  ���

�` ������  radical cyclisation ���:6� tributyltin hydride ��� 1,1′-azobis(cyclohexanecarbonitrile) 

(ACCN)  

 

;�����"��	 

 

       � ������� �
% telisatin A (1), telisatin B (2), tettowianthine (3) ��� laurodionine (5)  

:6��` ������ � ���� �	��
	� C !��	�  aporphine ���	�'� radical cyclisation �������
[ ��` ������  

condensation !�� amines (4a-4d) ��� acid chlorides (5a, 5b) :
�� � amides (6a-6d) :����
 =

w�w��� 78-88%  �
 ;��� J �` ������  Bischler-Napieralski  amides (6a-6d) :
� dihydroisoquinolines 

(7a-7d) #$����	� 
��	 
��} �����J  [$��J W�� J �` ������ ����������� oxalyl chloride/ triethylamine W�� 

8a-8d :����
 =w�w��� 48-75% [ ���"��J  8a, 8b, 8c ��� 8d � J �` ������ ��� tributyltin hydride 

��� 1,1′-azobis(cyclohexanecarbonitrile) :
� telisatin A (1), telisatin B (2), lettowianthine (3) 

��� 2,9-dibenzyloxylaurodionine (5c) :����
 =w�w��� 30-34%  � 
� J ��� !��
��!�� 1H- ��� 
13C-NMR !��� ������� �
% telisatin A (1), telisatin B (2)  ��� lettowianthine (3) ����������� 

!��
��!�� 1H- ��� 13C-NMR !�� telisatin A (1), telisatin B (2)  ��� lettowianthine (3)  ���W��[ �

'��
6 �� [$���/�W��	� ���� ��� �!�� telisatin A (1), telisatin B (2)  ��� lettowianthine (3) 

} ������� 
���� �� �W	�����
�� ��"  � J 
���� ����

�� benzyl !�� 2,9-dibenzyloxylaurodionine 

(5c) ����` ������  catalytic hydrogenolysis ��	�  C-C double bond :��J �
��� C-7 ��� C-8 


 �W� �����"�� ������� �
% laurodionine (5) [$����W
������w�� J ��v[ 
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+
(A)

4a  : R
1
= H, R

2
= R

3
= OCH

3

4b  : R
1
= R

2
= R

3
= OCH

3

4c  :  R
1
= H, R

2
+ R

3
= OCH

2
O

4d : R
1
= H, R

2
= OBn, R

3
= OCH

3

 5a  : R
4
= R

5
 = H

 5b  : R
4
= OCH

3
, R

5
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= R
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8c  : R
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= R
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Reaction conditions:  (A) 10% NaHCO3/ chloroform; (B)  POCl3/ acetonitrile; (C) oxalyl chloride, 

triethylamine/ chloroform; (D) Bu3SnH, ACCN/ dry toluene; (E) H2, Pd/C / ethanol. 

 

�;����  1  � ������� �
% telisatin A (1), telisatin B (2), lettowianthine (3) ��� laurodionine (5) 

 

����"��	 

      [/�
��
�
�		����	����;��� Stuart Scientific SMP 2 ���
�W��������  (uncorrected) 

Ultraviolet spectra 	��[ �� ���� �:� methanol ��	����;��� Hitachi U-3300 spectrophotometer  

Infrared spectra 	����	����;��� Perkin Elmer Spectrum GX FT-IR spectrophotometer :���� 
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CH2Cl2-films  1H- ��� 13C-NMR spectra 	����	����;��� Bruker AVANCE 300 spectrometer ���

�	 
} ��  300 MHz � J 
��� 1H ���  75 MHz  � J 
��� 13C ���:6� CDCl3 ��� DMSO-d6 :�� ���=�

������	� J ��� ����:6� tetramethylsilane ���� internal standard   High resolution mass spectra 	��

��	����;���  Bruker Datonics micrOTOF mass spectrometer 

 

2-(2-Bromophenyl)-N-(3,4-dimethoxyphenethyl)acetamide (6a): �����
���	�'� acid chloride 

���:6� 2-bromophenylacetic acid (15.0 g, 0.07 mol) ��� amine (4a) (12.7 g, 0.07 mol) � J  

workup ���	�'�����W�� amide (6a) (22.0 g, 88.1%) ����!���! v����
� ;������
�����w�$���	� 

ethanol, mp 131-132 °C [lit.8 mp 127-129 °C]. 1H-NMR δ: 2.71 (2H, apparent t, J=7.0 Hz, CH2), 

3.47 (2H, apparent q, J=6.8 Hz, CH2), 3.66 (2H, s, CH2), 3.82 (3H, s, O-CH3), 3.85 (3H, s, O-

CH3), 5.58 (1H, s, NH), 6.60 (1H, dd, J=1.9, 8.1 Hz, Ar-H), 6.63 (1H, d, J=1.9 Hz, Ar-H), 6.72 

(1H, d, J=8.1 Hz, Ar-H), 7.09-7.18 (1H, m, Ar-H), 7.22-7.30 (2H, m, Ar-H), 7.54 (1H, d, J=7.8 

Hz, Ar-H). 13C-NMR δ: 34.99 (t), 40.81 (t), 43.99 (t), 55.82 (q), 55.91 (q), 111.32 (d), 111.79 (d), 

120.58 (d), 124.94 (s), 127.92 (d), 129.04 (d), 131.10 (s), 131.63 (d), 133.03 (d), 134.79 (s), 

147.60 (s), 148.98 (s), 169.48 (s).  

 

2-(2-Bromophenyl)-N-(2,3,4-trimethoxyphenethyl)acetamide (6b): :�� J �������	���W�� 6b 

����!���! v����
� ;������  (78.8%)  
�����w�$���	� ethanol,  mp  92-93 °C.  1H-NMR δ: 2.70 

(2H, apparent t, J=6.7 Hz, CH2), 3.43 (2H, apparent q, J=6.4 Hz, CH2), 3.67 (2H, s, CH2), 3.79 

(3H, s, O-CH3), 3.83 (3H, s, O-CH3), 3.88 (3H, s, O-CH3), 5.83 (1H, br s, NH), 6.54 (1H, d, J=8.5 

Hz, Ar-H), 6.72 (1H, d, J=8.5 Hz, Ar-H), 7.12-7.19 (1H, m, Ar-H), 7.25-7.33 (2H, m, Ar-H), 7.57 

(1H, d, J=8.3 Hz, Ar-H). 13C-NMR δ: 29.47 (t), 40.91 (t), 44.05 (t), 56.01 (q), 60.75 (q), 60.92 (q), 

107.42 (d), 124.46 (d), 124.69 (s), 125.10 (s), 127.89 (d), 128.97 (d), 131.78 (d), 133.05 (d), 

134.91 (s), 142.19 (s), 151.74 (s), 152.59 (s), 169.58 (s). 

 

2-(2-Bromophenyl)-N-(3,4-methylenedioxyphenethyl)acetamide (6c): � J �������	���W�� 6c 

����!���! v����
� ;������ (82.5%) 
�����w�$���	� ethanol,   mp  127-28 °C [lit.9 mp 128-130 °C]. 
1H-NMR δ: 2.65 (2H, apparent t, J=6.7 Hz, CH2), 3.42 (2H, apparent q, J=6.7 Hz, CH2), 3.66 (2H, 

s, CH2), 5.48 (1H, br s, NH), 5.91 (2H, s, O-CH2-O), 6.48 (1H, dd, J=1.6, 7.9 Hz, Ar-H), 6.55 (1H, 

d, J=1.6 Hz, Ar-H), 6.65 (1H, d, J=7.9 Hz, Ar-H), 7.11-7.19 (1H, m, Ar-H), 7.25-7.33 (2H, m, 
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Ar-H), 7.56 (1H, d, J=7.8 Hz, Ar-H). 13C-NMR δ: 35.15 (t), 40.87 (t), 44.04 (t), 100.85 (t), 108.30 

(d), 109.04 (d), 121.57 (d), 124.98 (s), 127.97 (d), 129.09 (d), 131.67 (d), 132.35 (s), 133.13 (d), 

134.80 (s), 146.11 (s), 147.72 (s), 169.44 (s). 

 

2-(5-Benzyloxy-2-bromo-4-methoxyphenyl)-N-(3-benzyloxy-4-methoxyphenethyl)acetamide 

(6d): � J �������	���W�� 6d ����!���! v����
� ;������ (86.1%) 
�����w�$���	� ethanol, mp  122-

123 °C [lit.10 mp 138-139 °C]. 1H-NMR δ: 2.61 (2H, apparent t, J=6.9 Hz, CH2), 3.37 (2H, 

apparent q, J=6.8 Hz, CH2), 3.51 (2H, s, CH2), 3.83 (3H, s, O-CH3), 3.84 (3H, s, O-CH3), 5.07 

(2H, s, Ph-CH2), 5.09 (2H, s, Ph-CH2), 5.34 (1H, br s, NH), 6.57 (1H, dd, J=2.0, 8.2 Hz, Ar-H), 

6.69 (1H, d, J=2.0 Hz, Ar-H), 6.73 (1H, d, J=8.2 Hz, Ar-H), 6.79 (1H, s, Ar-H), 7.00 (1H, s, Ar-

H), 7.28-7.48 (10H, m, Ar-H). 13C-NMR δ: 34.87 (t), 40.65 (t), 43.55 (t), 56.04 (q), 56.22 (q), 

71.05 (t), 71.11 (t), 111.94 (d), 114.66 (d), 115.42 (s), 116.06 (d), 116.39 (d), 121.33 (d), 126.43 

(s), 127.41 (d), 127.47 (d), 127.88 (d), 128.11 (d), 128.54 (d), 128.62 (d), 130.99 (s), 136.36 (s), 

137.09 (s), 147.75 (s), 148.24 (s), 148.41 (s), 149.67 (s), 169.77 (s). 

 

1-(2-Bromobenzyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (7a):  �����
����` ������  Bischler-

Napieralski W�� 7a ����!���! v����
� ;������ (3.9 g, 75.8%), mp 95-96 °C [lit.8 mp 93-95 °C] 

��	�  7a ���W��W
���} ��� [$��J W�� J �` ������ ��������. 1H-NMR δ: 2.67 (2H, t, J=7.6 Hz, CH2), 

3.73 (2H, t, J=7.6 Hz, CH2), 3.79 (3H, s, O-CH3), 3.88 (3H, s, O-CH3), 4.20 (2H, s, Ar-CH2), 6.67 

(1H, s, Ar-H), 6.91 (1H, s, Ar-H), 7.05 (1H, dt, J=1.7, 7.6, Ar-H), 7.18 (1H, dt, J=1.3, 7.6 Hz, Ar-

H), 7.27 (1H, dd, J=1.7, 7.6 Hz, Ar-H), 7.56 (1H, dd, J=1.3, 7.9 Hz, Ar-H). 13C-NMR δ: 25.73 (t), 

42.53 (t), 47.29 (t), 55.92 (q), 56.16 (q), 109.15 (d), 110.25 (d), 121.41 (s), 124.54 (s), 127.62 (s), 

128.18 (s), 130.21 (d), 131.59 (s), 132.78 (d), 137.66 (s), 147.43 (s), 150.76 (s), 165.08 (s). 

 

1-(2-Bromobenzyl)-5,6,7-trimethoxy-3,4-dihydroisoquinoline (7b):  :�� J �������	���W�� 7b 

����!��
�;����
� ;������:����
 =w�w����� ;�� 100%. 1H-NMR δ: 2.67 (2H, t, J=7.6 Hz, CH2-

4), 3.71 (2H, t, J=7.6 Hz, CH2-3), 3.78 (3H, s, O-CH3), 3.83 (3H, s, O-CH3), 3.88 (3H, s, O-CH3), 

4.19 (2H, s, Ar-CH2), 6.78 (1H, s, H-8), 7.01-7.09 (1H, m, Ar-H), 7.15-7.20 (1H, m, Ar-H), 7.26-

7.30 (1H, m, Ar-H), 7.55 (1H, dd, J=1.3, 7.9 Hz, Ar-H). 13C-NMR δ: 18.99 (t), 42.58 (t), 47.09 (t), 

56.19 (q), 60.83 (q), 60.88 (q), 105.63 (d), 124.09 (s), 124.46 (s), 124.52 (s), 127.61 (d), 128.19 
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(d), 130.23 (d), 132.77 (d), 137.63 (s), 144.17 (s), 149.88 (s), 151.69 (s), 164.68 (s). 

 

1-(2-Bromobenzyl)-6,7-methylenedioxy-3,4-dihydroisoquinoline (7c):  :�� J �������	���W�� 

7c ����!���! v����
� ;������ (42.1%)  
�����w�$���	� benzene-hexane,  mp  121-122 °C [lit.9 mp 

121-123 °C]. 1H-NMR δ: 2.60 (2H, t, J=7.6 Hz, CH2), 3.65 (2H, t, J=7.6 Hz, CH2), 4.09 (2H, s, 

Ar-CH2), 5.86 (2H, s, O-CH2-O), 6.61 (1H, s, Ar-H), 6.89 (1H, s, Ar-H), 6.98-7.06 (1H, m, Ar-H), 

7.12-7.22 (1H, m, Ar-H), 7.52 (1H, dd, J=1.0, 7.8 Hz, Ar-H). 13C-NMR δ: 26.33 (t), 42.55 (t), 

47.09 (t), 101.31 (t), 106.02 (d), 107.98 (d), 122.77 (s), 124.79 (s), 127.50 (d), 128.14 (d), 130.30 

(d), 132.79 (d), 133.38 (s), 137.55 (s), 146.44 (s), 149.08 (s), 164.65 (s).  

 

1-(5-Benzyloxy-2-bromo-4-methoxybenzyl)-6-benzyloxy-7-methoxy-3,4-dihydroisoquinoline 

(7d): :�� J �������	���W�� 7d ����!���! v����
� ;������ (56.4%)  
�����w�$���	� ethanol,  mp  

95-96 °C. 1H-NMR δ: 2.46 (2H, t, J=7.6 Hz, CH2), 3.62 (2H, t, J=7.6 Hz, CH2), 3.81 (3H, s, O-

CH3), 3.84 (3H, s, O-CH3), 4.12 (2H, s, Ar-CH2), 5.03 (2H, s, Ph-CH2), 5.17 (2H, s, Ph-CH2), 6.64 

(1H, s, Ar-H), 6.81 (1H, s, Ar-H), 6.93 (1H, s, Ar-H), 7.04 (1H, s, Ar-H), 7.18-7.48 (10H, m, Ph-

H). 13C-NMR δ: 25.59 (t), 41.81 (t), 46.92 (t), 56.21 (q), 56.32 (q), 70.82 (t), 70.94 (t), 109.83 (d), 

112.30 (d), 114.61 (s), 114.90 (d), 115.77 (d), 121.42 (s), 127.09 (d), 127.20 (d), 127.78 (d), 

128.06 (d), 128.44 (d), 128.67 (d), 129.24 (s), 131.42 (s), 136.62 (s), 140.72 (s), 147.67 (s), 

147.99 (s), 148.97 (s), 150.16 (s), 165.82 (s). 

 

1-(2-Bromophenyl)-5,6-dihydro-8,9-dimethoxypyrrolo[2,1-a]isoquinoline-2,3-dione (8a): 

���� � ���� oxalyl chloride (0.2 mL) 	
:��
�	�	
� 7a (359 mg, 1 mmol), triethylamine (0.3 mL) 

:� chlroform (10 mL) ���� J
	�
���������������������
 �� ;���������v[  ��������� 3 ������
 ���� 

chloroform (20 mL) 	
W� [
�����	�

���� chloroform  ��� 5% hydrochloric acid (4 × 50 mL), ��J
 

(50 mL)  [
������J
W�������
�:����
� ����J
W �  8a ��!�w	"���# 
�$��  (245.9 mg, 59.5%) �	�


��w	"� ��� ethanol, mp 195-196 °C [lit.5 mp 176-178 °C]. UV λmax (MeOH) nm (log ε): 203 

(4.36), 226sh (4.12), 262 (3.76), 322 (3.65). IR νmax (film) cm-1: 2937, 2843, 1744, 1699, 1594, 

1575, 1515, 1472, 1428, 1398, 1337, 1312, 1291, 1270, 1225, 1187, 1101, 1034, 987, 865, 798, 

735, 682; 1H-NMR δ: 3.10 (2H, t, J=6.3 Hz, CH2), 3.29 (3H, s, O-CH3), 3.89 (2H, t, J=6.3 Hz, 

CH2), 3.95 (3H, s, O-CH3), 6.66 (1H, s, Ar-H), 6.77 (1H, s, Ar-H), 7.22-7.29 (1H, m, Ar-H), 7.29-
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7.34 (1H, m, Ar-H), 7.37-7.44 (1H, m, Ar-H), 7.70 (1H, dd, J=0.9, 8.0 Hz, Ar-H). 13C-NMR δ: 

28.37 (t), 36.37 (t), 55.17 (q), 56.27 (q), 107.80 (s), 111.29 (d), 116.68 (s), 125.82 (s), 128.06 (d), 

129.96 (d), 132.41 (s), 132.83 (d), 133.09 (s), 133.17 (d), 148.14 (s), 153.80 (s), 158.35 (s), 

158.50 (s), 181.59 (s). HRMS (ESI-TOF) calcd for C20H16BrNO4 ([M+H+]) = 414.0335, Found 

414.0438. 

 

1-(2-Bromophenyl)-5,6-dihydro-7,8,9-trimethoxypyrrolo[2,1-a]isoquinoline-2,3-dione (8b): 

:�� J
��
� ������W � 8b ��!�$�
#$ v
��# 
�$�� (68.2%) [
��
�� J
:��%�����&�'� ���&� alumina 

column chromatoraphy :�� dichloromethane ��!������  mp  69-70 °C.  UV (MeOH) λ max (log ε): 

203 (4.66), 226sh (4.38), 258 (3.95), 332 (3.93). IR νmax (film) cm-1: 2939, 2837, 1746, 1702, 1592, 

1576, 1467, 1425, 1397, 1342, 1298, 1246, 1182, 1109, 1024, 986, 939, 914, 845, 752; 1H-NMR 

δ: 3.00-3.20 (2H, m, CH2), 3.27 (3H, s, O-CH3),  3.73-3.93 (2H, m, CH2), 3.88 (3H, s, O-CH3), 

3.94 (3H, s, O-CH3), 6.53 (1H, s, Ar-H), 7.23-7.32 (2H, m, Ar-H), 7.35-7.44 (1H, m, Ar-H), 7.71 

(1H, dd, J=0.9, 8.0 Hz, Ar-H). 13C-NMR δ: 21.67 (t), 36.19 (t), 55.21 (q), 61.08 (q), 61.12 (q), 

105.68 (s), 108.53 (d), 108.64 (s), 119.38 (s), 125.48 (s), 125.77 (s), 128.08 (d), 130.03 (d), 

132.25 (s), 132.70 (d), 133.21 (d), 147.02 (s), 150.56 (s), 152.24 (s), 158.07 (s), 182.05 (s). 

HRMS (ESI-TOF) calcd for C21H18BrNO5 ([M+H+]) = 444.0441, Found 444.0519. 

 

1-(2-Bromophenyl)-5,6-dihydro-8,9-methylenedioxypyrrolo[2,1-a]isoquinoline-2,3-dione (8c):  

:�� J
��
� ������W � 8c ��!�w	"���# 
�$�� (47.7%) �	�
��w	"� ��� ethanol, mp  226-227 °C. UV 

(MeOH) λ max nm (log ε): 203 (4.64), 236sh (4.18), 261sh (3.88), 284 (3.77), 320 (3.67), 388 

(3.64). IR νmax (film) cm-1: 3056, 2906, 1744, 1698, 1608, 1568, 1505, 1467, 1403, 1378, 1338, 

1316, 1286, 1249, 1181, 1036, 938, 868, 748, 736; 1H-NMR δ: 3.07 (2H, t, J=6.3 Hz, CH2), 3.77-

3.94 (2H, m, CH2), 6.00 (2H, AB q, J=1.1 Hz, O-CH2-O), 6.56 (1H, s, Ar-H), 6.79 (1H, s, Ar-H), 

7.23-7.31 (2H, m, Ar-H), 7.36-7.42 (1H, m, Ar-H), 7.66-7.71 (1H, m, Ar-H). 13C-NMR δ: 29.24 

(t), 36.20 (t), 102.25 (t), 108.23 (s), 108.50 (d), 109.28 (d), 118.23 (s), 125.35 (s), 128.14 (d), 

130.13 (d), 131.68 (s), 132.43 (d), 133.43 (d), 135.17 (s), 147.37 (s), 152.47 (s), 157.94 (s), 

158.10 (s), 181.94 (s). HRMS (ESI-TOF) calcd for C19H12BrNO4 ([M+H+]) = 398.0022, Found 

397.9895. 
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8-(Benzyloxy)-1-(5-benzyloxy-2-bromo-4-methoxyphenyl)-5,6-dihydro-9-methoxypyrrolo 

[2,1-a]isoquinoline-2,3-dione (8d): :�� J
��
� ������W � 8d ��!�w	"���# 
�$��  (75.6%) [
��
� 

triturated  ��� ethanol, mp  155-156 °C. UV (MeOH) λ max nm (log ε): 207 (4.87), 237sh (4.41), 

257sh (4.11), 285 (3.95), 320 (3.90), 388 (3.87). IR νmax (film) cm-1: 2937, 2843, 1744, 1699, 1594, 

1575, 1515, 1472, 1428, 1398, 1337, 1312, 1291, 1270, 1225, 1187, 1101, 1034, 987, 865, 798, 

735, 689; 1H-NMR δ: 3.01 (2H, t, J=6.3 Hz, CH2), 3.30 (3H, s, O-CH3), 3.68-3.77 (2H, m, CH2), 

3.89 (3H, s, O-CH3), 5.08 (2H, AB q, J=12.0 Hz, Ph-CH2), 5.22 (2H, s, Ph-CH2), 6.70 (1H, s, Ar-

H), 6.77 (1H, s, Ar-H), 6.81 (1H, s, Ar-H), 7.17 (1H, s, Ar-H), 7.30-7.50 (10H, m, Ph-H). 13C-

NMR δ: 28.38 (t), 36.35 (t), 55.30 (q), 56.47 (q), 70.93 (t), 71.24 (t), 107.74 (s), 111.70 (d), 

112.76 (d), 116.33 (d), 116.57 (s), 117.02 (s), 117.29 (d), 123.81 (s), 127.26 (d), 127.47 (d), 

128.11 (d), 128.43 (d), 128.55 (d), 128.84 (d), 132.52 (s), 135.65 (s), 136.24 (s), 148.04 (s), 

148.54 (s), 150.48 (s), 152.89 (s), 158.20 (s), 158.46 (s), 182.00 (s).  

 

Telisatin A (1)  ���� � �����
�	�	
�$�
 1,1′-azobis(cyclohexanecarbonitrile) (245.0 mg, 1.0 

mmol), tributyltin hydride (1.2 mg, 4.0 mmol) :� toluene (20 mL) 	
:��
�	�	
�$�
 8a (413.0 

mg, 1.0 mmol)  :� toluene (20 mL) ���� J
	�
 reflux ���� � �:����	
:��
���������
	� 5 mL [J
��� 

4 ����
��!���	
 2 ������
 [
����� reflux ������ 8 ������
 #	���J
W�������
�:����
� ����J
W �$�


��; ����J
�
	  ���� acetontrile (40 mL) #	��	�

 ��� hexane (2 × 30 mL) � J
���� acetonitrile :��

#��
 ��� anhydrous sodium sulfate [
������J
W�������
�:����
� ����J
 W �$�
��; ����J
�
	 *"�


��w	"�*�J
 ��� ethanol W � 1 ��!�w	"���# 
�$�� (109.4 mg) �J
 filtrate �
� J
�
�:��%�����&�'� ���&� 

silica gel column chromatography :�� hexane-ethyl acetate  ��!������W �  1 ��!�w	"���# 
�$����� 

(0.5 mg) ���W � 1 (109.9 mg, 33.0%), mp 234-235 °C [lit.1 mp 238-239 °C]. UV (MeOH) λ max 

nm (log ε): 207 (4.03), 257 (4.26), 284sh (3.60), 322 (3.70), 336 (3.80), 352sh (3.56); IR νmax 

(film) cm-1: 2925, 1748, 1701, 1605, 1584, 1531, 1462, 1423, 1386, 1306, 1261, 1195, 1149, 1131, 

1112, 1037, 969, 924, 802, 759; 1H-NMR δ: 3.35 (2H,  t, J=6.5 Hz, CH2),  3.95 (3H, s, O-CH3), 

3.97 (2H, t, J=6.5 Hz, CH2), 4.10 (3H, s, O-CH3), 7.17 (1H, s, H-3), 7.46-7.54 (1H, m, H-10), 

7.60-7.67 (1H, m, H-9), 8.63 (1H, dd, J=1.5, 8.0 Hz, H-8), 9.41 (1H, br d, J=8.5 Hz, H-11); 13C-

NMR δ: 27.68 (t), 36.53 (t), 56.62 (q), 59.99 (q), 103.17 (s), 112.18 (s), 112.29 (d), 123.76 (d), 

125.62 (d), 125.87 (s), 127.56 (s), 128.33 (d), 129.21 (d), 129.35 (s), 130.75 (s), 146.65 (s), 

153.36 (s), 157.15 (s), 160.34 (s), 179.98 (s); HRMS (ESI-TOF) calcd for C20H15NO4 ([M+H+]) = 
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334.1074, Found 334.1125.  

 

Telisatin B (2) :�� J
��
� ������W � 2 ��!�w	"���# 
�$���	�
��w	"� ��� ethanol #	�[
���&� 

silica gel column chromatography (30.0%). mp  218-219 °C [lit.1 mp 221-222 °C]. UV (MeOH) λ 

max nm (log ε): 203 (4.33), 223sh (4.26), 257 (4.59), 318sh (3.99), 329 (4.07); IR νmax (film) cm-1: 

2942, 2864, 1749, 1716, 1702, 1619, 1607, 1579, 1527, 1515, 1452, 1406, 1389, 1323, 1146, 

1125, 1071, 1033, 973, 814, 757; 1H-NMR δ: 3.33 (2H, t, J=6.5 Hz, CH2),  3.91 (2H, t, J=6.5 Hz, 

CH2), 4.01 (3H, s, O-CH3), 4.03 (3H, s, O-CH3), 4.14 (3H, s, O-CH3), 7.45-7.55 (1H, m, H-10), 

7.56-7.64 1H, (m, H-9), 8.60 (1H, dd, J=1.3, 8.0 Hz, H-8), 9.37 (1H, br d, J=8.5 Hz, H-11),  13C-

NMR δ: 21.21 (t), 36.14 (t), 60.48 (q), 61.30 (q), 61.47 (q), 104.17 (s), 114.14 (s), 121.18 (s), 

123.66 (d), 125.78 (d), 126.11 (s), 126.38 (s), 126.63 (s), 127.53 (d), 128.71 (d), 150.16 (s), 

152.03 (s), 152.16 (s), 152.58 (s), 159.86 (s), 180.69 (s); HRMS (ESI-TOF) calcd for C21H17NO5 

([M+H+]) = 364.1179, Found 364.1231.  

 

Lettowianthine (3) :�� J
��
� ������W � 3 ��!�w	"���# 
�$���	�
��w	"� ��� ethanol #	�[
���&� 

silica gel column chromatography (34.0%), mp  294-295 °C (dec.) [lit.2 mp 314-317 °C (dec.)], 

[lit.4 mp 265-267 °C]. UV (MeOH) λ max nm (log ε): 203 (4.37), 212sh (4.29), 247sh (4.07), 257sh 

(4.04), 287 (3.64), 335 (3.51), 353 (3.28); IR νmax (film) cm-1: 2923, 2093, 1737, 1695, 1622, 1610, 

1581, 1530, 1506, 1450, 1417, 1301, 1253, 1222, 1176, 1151, 1122, 1050, 927, 867, 749; 1H-

NMR δ: 3.29 (2H, t, J=6.2 Hz, CH2), 3.93 (2H t, J=6.2 Hz, CH2),  6.35 (2H, s, O-CH2-O),; 7.09 

(1H, s, H-3), 7.48 (1H, t, J=7.2 Hz, H-10), 7.61 (1H, t, J=6.9 Hz, H-9), 8.55 (1H, br d, J=7.6 Hz, 

H-8), 8.80 (1H, br d, J=8.6 Hz, H-11); 13C-NMR δ: 27.51 (t), 36.66 (t), 102.35 (t), 103.10 (s), 

109.23 (d), 112.46 (s), 119.90 (s), 123.60 (s), 124.45 (s), 125.35 (d), 126.83 (s), 127.62 (d), 

129.33 (d), 129.61 (s), 143.08 (s), 151.55 (s), 153.68 (s), 160.33 (s), 179.92 (s);  HRMS (ESI-

TOF) calcd for C19H11NO4 ([M+H+]) = 318.0761, Found 318.0666. 

 

2,9-Dibenzyloxylaurodionine (5c): :�� J
��
� ������W � 5c ��!�w	"���# 
�$���	�
��w	"� ��� 

ethanol #	�[
���&� silica gel column chromatography (32.3%), mp  255-256 °C. UV (MeOH) λ 

max nm (log ε): 207 (4.21), 226 (4.15), 287sh (3.94), 344 (3.93); IR νmax (film) cm-1: 2925, 2849, 

1746, 1698, 1622, 1587, 1531, 1464, 1444, 1428, 1372, 1288, 1248, 1232, 1111, 1088, 1027, 968, 
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739, 699; 1H-NMR δ: 3.29 (2H, t, J=6.3 Hz, CH2), 3.93 (2H, t, J=6.3 Hz, CH2), 3.99 (3H, s, O-

CH3), 4.04 (3H, s, O-CH3), 5.34 (2H, s, Ph-CH2), 5.37 (2H, s, Ph-CH2), 7.16 (1H, s, H-3), 7.30-

7.64 (10H, m, Ph × 2), 8.16 (1H, s, H-8), 9.05 (1H, s, H-11). 13C-NMR δ: 27.65 (t), 36.52 (t), 

55.84 (q), 60.24 (q), 70.63 (t), 71.43 (t), 103.19 (s), 105.75 (d),  109.76 (d), 111.86 (s), 113.11 (d), 

120.21 (s), 122.99 (s), 127.37 (d), 128.04 (d), 128.09 (d), 128.45 (d), 128.61 (d), 128.87 (d), 

129.18 (s), 130.46 (s), 136.06 (s), 136.41 (s), 145.86 (s), 147.73 (s), 150.12 (s), 151.62 (s), 155.62 

(s), 160.29 (s), 180.32 (s).  

 

�����!�!��+������	
����
� laurodionine (5):  � J
�` ������
 catalytic hydrogenation $�
$�


w��$�
 5c (16.0 mg, 25.6 mmol), 10%Pd/C (16.0  mg) :� ethanol (10 mL) #	� ethyl acetate 

(10 mL) ��!���	
 48 ������
 [
��������
 catalyst ���  #	������� filtrate �
�:����
� ����J
W �

$�
#$ v
����J
�
	�$���� ;����w	"�*�J
 ��� ethanol :���
�w	�����./��!�$�
#$ v
����J
�
	 (11.2 mg, 

80.3%)  [
��
������
��/$����	 1H-NMR,13C-NMR, 1H-1H COSY, HMQC #	� HMBC 

correlations ;%��
�
�w	�����./� ;�  6a,7-dihydrolaurodionine,  1H-NMR δ: 3.23 (2H, t, J=6.3 Hz, 

CH2-4), 3.60-3.73 (1H, m, H-5), 3.90 (3H, s, O-CH3), 3.98 (3H, s, O-CH3), 3.90-3.98 (1H, m, H-

5), 5.32 (1H, s, H-7), 6.32 (1H, s, H-6a), 7.15 (1H, s, Ar-H), 7.41 (1H, s, Ar-H), 9.00 (1H, s, Ar-

H); 13C-NMR δ: 27.32 (t), 36.92 (t), 55.75 (q), 59.67 (q), 71.75 (d), 107.55 (d), 109.83 (d), 111.19 

(s), 111.74 (s), 116.01 (d), 119.38 (s), 124.44 (s), 126.40 (s), 127.94 (s), 134.66 (s), 142.28 (s), 

146.11 (s), 147.69 (s), 150.30 (s), 177.94 (s).  

*�
���%��J
#���
 carbon ��
W��#����� 
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�����	
����
� hernanymphine ��������!�!��+������	
����
� clemaine  

 

 

      Hernanymphine  (1)  #	�  clemaine  (2)  ;%:�  Hernandia nymphaeifolia Kubitzki 

(Hernadiaceae)1  #	� Clematis purpurea Var. hybrida (Rananculaceae) 2 �
�	 J
 �% � � alkaloid 

���
 2 ���������
�

���
������ methoxy ��!�����#������;��
����� ���%��
#��� A   �
������  1 

 

 

N

O
O

H
3
CO

O

N

H
3
CO

OH

CH
3

 
 

                          1          2 

 

�/+��%  1  ���
���

$�
   hernanymphine  (1)  #	�  clemaine  (2) 

 

      � J
���%���
���

 1 #	� 2 } ������� ��
=���
������
��/$����	�

 spectroscopy 

#	���
W�����
�;���[�/���
���

� ��
���
���
��/ #	��; ;��:����� ��
��� �[�:����
���

$�
 

alkaloid 2 ������ �	�����[��$�
��
["
�

#w��
���
���
��/ hernanymphine  (1)  #	�  clemaine  (2) 

�; ;��;���[�/���
���

#	�� ��%Z�&�'�

����
; 
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>�����"��	 

 

�����	
����
� hernanymphine (1)  

      � J
���%�
���
���
��/ hernanymphine (1) �� ;���J
 acid (4) �
� J
�` ������
��% amine (3)  

:�� amide (6a) *"�
� J
�` ������
  Bischler-Napieralski  :�� dihydroisoquinoline (7a)  reduction $�
 

7a  ��� sodium borohydride :�� tetrahydroisoquinoline (8a)  *"�
� J
�` ������
��% trifluoroacetic 

anhydride :�� N-trifluoroacetamide (9a)  �� ;���J
 9a �
� J
�` ������
��% tributyltin hydride #	� 1,1′-

azobis(cyclohexanecarbonitrile) :�� N-triluoroacetylnoraporphine (10a) (34.9%) #	��
� 

hydrogenolysis (9c) �	�
[
������ J
�` ������
� J
[�  protecting group $�
 10a W � noraporphine 

(11a) *"�
� J
�` ������
 oxidation ��% Fremy�s salt :�� hernanymphine (1)  

 

�����!�!��+������	
����
�  clemaine (2)  

      �� ;�� 3 � J
�` ������
 ��% 5  :�� amide (6b) *"�
� J
�` ������
  Bischler-Napieralski  :�� 

dihydroisoquinoline (7b)  reduction $�
 7b  ��� sodium borohydride :�� tetrahydroisoquinoline 

(8b) *"�
� J
�` ������
��% trifluoroacetic anhydride  :�� N-trifluoroacetamide (9b)  �� ;���J
 9b �
� J


�` ������
��% tributyltin hydride #	� 1,1′-azobis(cyclohexanecarbonitrile) :�� N-triluoro- 

acetylnoraporphine (10b) (35.8%) #	��
� hydrogenolysis (9d) �	�
[
������
�� J
�` ������
� J
[�  

protecting group $�
 10b W � noraporphine (11b) *"�
� J
�` ������
 oxidation ��% Fremy�s salt :�� 7-

oxoaporphine (12b) ��
�;�
�
�:��
�� J
�` ������
 reduction $�
 12b � � NaBH4, LiAlH4 #	�

��&� catalytic hydrogenation $�
 12b �; ;��:��W � 7-hydroxy-3-methoxyaporphine (13b) ��
W��

����%w	� J
��v[ 

 �
�������
�
���[�����["
����%w	� J
��v[�;��
�
���
���
��/   hernanymphine (1)  

���
���� 
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CH
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+
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R
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CH
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N

R
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R
1

O

CH
3
O

N

OH

3

4

5

6a
6b

7a
7b

8a
8b

9a
9b

10a
10b

11a
11b

1
12b

13b

9c
9d

(A)

(B)

(C) (D) (E)

(F)
(G) (H)

(I)

(J)

CH
3
O

N

OH

2

CH
3

3 + 4

(3 + 5)

 

a : R1 + R2 = OCH2O 

b : R1 = R2 = H 

 

Reaction conditions:  (A) 10% NaHCO3/ chloroform; (B)  refluxed/ xylene; (C) POCl3/ benzene; 

(D) NaBH4/ ethanol; (E) (CF3CO)2O, Et3N/ chloroform; (F)  Bu3SnH, ACCN/ dry toluene; (G)  

K2CO3/ methanol-water; (H) Fremy�s salt; (I) H2, Pd/C/ ethanol or NaBH4 or LAH; (J) MeI  

 

�>����  1  �
���
���
��/  hernanymphine  (1)  #	�  clemaine  (2) 
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����"��	 

      [� �	����	���  ������;��
 Stuart Scientific SMP 2 � ���W ����%��
 (uncorrected)  

Ultraviolet spectra �� [
��
�	�	
�:� methanol  ������;��
 Hitachi U-3300 spectrophotometer  

Infrared spectra ��  ������;��
 Perkin Elmer Spectrum GX FT-IR spectrophotometer :���� 

CH2Cl2-films  1H- #	� 13C-NMR spectra ��  ������;��
 Bruker AVANCE 300 spectrometer ���

��
�} ��  300 MHz � J
���% 1H #	�  75 MHz  � J
���% 13C � �:�� CDCl3 #	� DMSO-d6 :�%

����

��!����� J
	�	
� #	�:�� tetramethylsilane ��!� internal standard  

 

3-Methoxyphenethylamine (3): ������� �:�� 3-methoxy-β-nitrostyrene (68.0 g, 0.4 mol) #	� 

lithium aluminium hydride (50.0 g)  � J
  workup � ���&�����W � 3 ��!�$�
��; ����J
�
	 (40.4 g, 

70.4%). 1H-NMR δ: 2.72 (2H, t, J=6.8 Hz, CH2), 2.96 (2H, dt, J=0.8 Hz, CH2), 3.79 (3H, s, O-

CH3), 6.73-6.82 (3H, m, Ar-H), 7.18-7.25 (1H, m, Ar-H); 13C-NMR δ: 40.00 (t), 43.37 (t), 55.12 

(q), 111.42 (d), 114.60 (d), 121.21 (d), 129.43 (d), 141.39 (s), 159.70 (s). 

 

2-(2-Bromo-4,5-methylenedioxyphenyl)-N-(3-methoxyphenethyl)acetamide (6a):  Reflux $�


w��$�
 acid (4) (22.2 g, 90.0 mmol) #	� amine (3) (13.0 g, 90.0 mmol) :� xylene (150 mL) 

��!���	
 24 ������
  ��� Dean-Stark trap #	��� J
 workup � ���&�����W � 6a ��!�w	"���$
� (23.3 g, 

69.3%) �	�
��w	"� ��� ethanol, mp 118-120 °C. UV λmax (MeOH) nm (log ε):  225sh (4.11), 241 

(3.97), 273sh (3.93), 281 (3.97), 294 (3.99), 327 (3.82). IR νmax (film) cm-1:  3583, 3413, 3302, 

3079, 3006, 2918, 2835, 1652, 1645, 1602, 1584, 1542, 1504, 1481, 1455, 1434, 1409, 1339, 

1316, 1259, 1233, 1166, 1153, 1116, 1037, 968, 924, 863, 833, 780, 695, 665 cm-1. 1H-NMR δ: 

2.74 (2H, apparent t, J=6.8 Hz, CH2), 3.48 (2H, apparent q, J=6.8 Hz, CH2), 3.56 (2H, s, CH2), 

3.78 (3H, s, O-CH3), 5.46 (1H, br s, NH), 5.98 (2H, s, O-CH2-O), 6.65-6.84 (4H, m, Ar-H), 6.98 

(1H, s, Ar-H), 7.12-7.17 (1H, m, Ar-H). 13C-NMR δ: 35.49 (t), 40.57 (t), 43.84 (t), 55.16 (q), 

101.94 (t), 110.95 (d), 111.82 (d), 112.93 (d), 114.45 (d), 115.31 (s), 121.05 (d), 127.51 (s), 

129.59 (d), 140.21 (s), 147.73 (s), 147.90 (s), 159.81 (s), 169.61 (s). 

 

2-(2-Bromophenyl)-N-(3-methoxyphenethyl)acetamide (6b):  ������� ���&� acid chloride � �

:��  2-bromophenylacetic acid (23.5 g, 110.0 mmol) #	� amine (3) (15.0 g, 100.0 mmol) � J
 

workup � ���&�����W � 6b ��!�$�
#$ v
����	 ;�
���� (26.9 g, 77.8%) �	�
��w	"� ��� ethanol, mp 
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85-87 °C. 1H-NMR δ: 2.73 (2H, apparent t, J=6.8 Hz, CH2), 3.49 (2H, apparent q, J=6.8 Hz, 

CH2), 3.68 (2H, s, CH2), 3.78 (3H, s, O-CH3), 5.40 (1H, br s, NH), 6.62-6.76 (3H, m, Ar-H), 7.11-

7.19 (2H, m, Ar-H), 7.25-7.31 (2H, m, Ar-H), 7.56 (1H, d, J=7.8 Hz, Ar-H). 13C-NMR δ: 35.50 

(t), 40.64 (t), 44.04 (t), 55.14 (q), 111.83 (d), 114.38 (d), 121.00 (d), 124.97 (s), 127.96 (d), 

129.07 (d), 129.58 (d), 131.66 (d), 133.11 (d), 134.75 (s), 140.21 (s), 159.76 (s), 169.48 (s). 

 

1-(2-Bromo-4,5-methylenedioxybenzyl)-6-methoxy-3,4-dihydroisoquinoline (7a): ������� �

�` ������
 Bischler-Napieralski W �  7a ��!�$�
#$ v
����J
�
	  (11.9 g, 84.3%), mp 122-124 °C 

;%��
 dihydroisoquinoline ���W �W����} ���["
�J
W�� J
�` ������
��������  1H-NMR δ: 2.72 (2H, t, 

J=7.4 Hz, CH2), 3.72 (2H, t, J=7.4 Hz, CH2), 3.81 (3H, s, O-CH3), 4.07 (2H, s, CH2), 5.89 (2H, s, 

O-CH2-O), 6.69-6.77 (3H, m, Ar-H), 7.01 (1H, s, Ar-H), 7.38 (1H, d, J=8.4 Hz, Ar-H). 13C-NMR 

δ: 26.65 (t), 42.11 (t), 46.95 (t), 55.32 (q), 101.61 (t), 109.81 (d), 111.95 (d), 112.64 (d), 113.05 

(d), 114.68 (s), 122.10 (s), 127.44 (d), 130.58 (s), 140.15 (s), 147.05 (s), 147.40 (s), 161.31 (s), 

165.31 (s). 

 

1-(2-Bromobenzyl)-6-methoxy-3,4-dihydroisoquinoline (7b): :�� J
��
� ������W � 7b ��!�$�


��; ����J
�
	:�����
�w	w	���� ;�% 100%  #	�;%��
 7b ���W �W����} ���["
�J
W�� J
�` ������
���

�����  1H-NMR δ: 2.69 (2H, t, J=7.4 Hz, CH2), 3.70 (2H, t, J=8.0 Hz, CH2), 3.75 (3H, s, O-CH3), 

4.14 (2H, s, CH2), 6.66-6.74 (2H, m, Ar-H), 6.98-7.10 (1H, m, Ar-H), 7.11-7.25 (2H, m, Ar-H), 

7.34 (1H, d, J=9.3 Hz, Ar-H), 7.53 (1H, d, J=9.0 Hz, Ar-H). 13C-NMR δ: 26.70 (t), 42.42 (t), 

47.14 (t), 55.29 (q), 111.91 (d), 113.08 (d), 122.33 (s), 124.81 (s), 127.31 (d), 127.48 (d), 128.05 

(d), 130.36 (d), 132.75 (d), 137.87 (s), 140.10 (s), 161.19 (s), 164.89 (s). 

 

1-(2-Bromo-4,5-methylenedioxybenzyl)-6-methoxy-1,2,3,4-tetrahydroisoquinoline         (8a):  

������� �:�� sodium borohydride W � 8a  ��!�$�
��; ����	 ;�
���� (8.3 g, 82.2%). UV λmax 

(MeOH) nm (log ε):  229.84sh, 287.11, 299.00sh, 320.83sh, 382.50. IR νmax (film) cm-1:  3736, 

3583, 3326, 2907, 2834, 2070, 1861, 1609, 1584, 1504, 1477, 1408, 1388, 1378, 1352, 1319, 

1253, 1234, 1155, 1115, 1038, 964, 932, 903, 862, 836, 775, 736, 701, 674, 665. 1H-NMR δ: 

2.73-2.98 (3H, m, H-4 × 2 #	� H-3), 3.15-3.29 (2H, m, H-5β #	� H-3), 3.59 (1H, q, J=6.9 Hz, 

H-5α), 3.76 (3H, s, O-CH3), 4.19 (1H, dd, J=2.9, 10.3 Hz, H-1), 5.91 (2H, s, O-CH2-O), 6.62 (1H, 
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d, J=2.4 Hz, H-5), 6.73 (1H, dd, J=2.4, 8.5 Hz, H-7), 6.75 (1H, s, Ar-H), 7.01 (1H, s, Ar-H), 7.20 

(1H, d, J=8.5 Hz, H-8). 13C-NMR δ: 30.13 (t), 40.03 (t), 42.80 (t), 54.99 (d), 55.19 (q), 101.74 (t), 

111.27 (d), 112.51 (d), 112.90 (d), 113.63 (d), 114.91 (s), 127.57 (d), 130.74 (s), 131.63 (s), 

136.32 (s), 147.16 (s), 147.34 (s), 157.85 (s). 

 

1-(2-Bromobenzyl)-6-methoxy-1,2,3,4-tetrahydroisoquinoline (8b): :�� J
��
� ������W � 8b 

��!�$�
��; ����	 ;�
 (19.0 g, 99.6%). 1H-NMR δ: 2.73-2.83 (2H, m, CH2), 2.83-2.97 (2H, m, 

CH2), 3.15-3.20 (1H, m, H-3β), 3.75 (3H, s, CH3), 3.76 (1H, dd, J=3.3, 13.6 Hz, H-3α), 4.26 (1H, 

dd, J=3.3, 10.4 Hz, H-1), 6.63 (1H, d, J=2.5, H-5), 6.74 (1H, dd, J=2.5, 8.5 Hz, H-7), 7.04-7.12 

(1H, m, Ar-H), 7.20-7.29 (3H, m, Ar-H), 7.56 (1H, d, J=7.9 Hz, Ar-H). 13C-NMR δ: 30.26 (t), 

40.12 (t), 43.10 (t), 54.77 (d), 55.24 (q), 112.27 (d), 113.68 (d), 124.97 (s), 127.48 (d), 127.64 (d), 

128.28 (d), 130.93 (s), 131.99 (d), 133.13 (d), 136.43 (s), 138.81 (s), 157.89 (s). 

 

1-(2-Bromo-4,5-methylenedioxybenzyl)-6-methoxy-2-trifluoroacetyl-1,2,3,4-tetrahydroiso- 

quinoline (9a): ������� �:�� trifluoroacetic anhydride (33.85 g), 8a (9.64 g, 25.7 mmol) #	� 

triethylamine (26.1 g)  � J
 workup � ���&�����W � 9a (8.5 g, 70.2%) ��!�$�
#$ v
����	 ;�
�����	�


��w	"� ��� ethanol,  mp 147-148 °C.  1H-NMR δ: 2.81-2.91 (1H, m, CH2-4), 2.92-3.00 (1H, m, 

CH2), 3.05 (1H, dd, J=9.2, 14.0 Hz, CH2), 3.29 (1H, dd, J=5.2, 14.0 Hz, CH2), 3.68-3.78 (1H, m, 

H-3β), 3.79 (3H, s, O-CH3), 3.97-4.07 (1H, m, H-3α), 5.75 (1H, dd, J=5.2, 9.2 Hz, H-1), 5.94 

(2H, AB q, J=1.3 Hz, O-CH2-O), 6.61 (1H, s, Ar-H), 6.65 (1H, d, J=2.6 Hz, Ar-H), 6.77 (1H, dd, 

J=2.6, 8.6 Hz, Ar-H), 6.97 (1H, s, Ar-H), 7.05 (1H, d, J=8.6 Hz, Ar-H). 13C-NMR (both 

conformers) δ: 27.85 (t), 29.48 (t), 39.98 (t), 40.03 (t), 41.68 (t), 42.53 (t), 54.07 (d), 55.31 (q), 

101.75 (t), 110.52 (d), 112.72 (d), 112.88 (d), 113.08 (d), 113.21 (d), 113.54 (d), 114.57 (s), 

115.49 (s), 118.39 (s), 122.21 (s), 126.99 (s), 127.95 (d), 128.49 (d), 129.42 (s), 134.15 (s), 147.31 

(d), 147.42 (s), 155.86 (s), 158.62 (s). 

 

1-(2-Bromobenzyl)-6-methoxy-2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinoline (9b): :�� J
- 

��
� ������W � 9b (15.3 g, 64.2%) ��!�$�
#$ v
����	 ;�
�����	�
��w	"� ��� ethanol, mp 109-110 

°C. 1H-NMR δ: 2.79-2.89 (1H, m, H-4), 2.91-3.07 (1H, m, H-4), 3.14 (1H, dd, J=9.5, 13.5 Hz, 

CH2), 3.40 (1H, dd, J=5.0, 13.5 Hz, CH2), 3.69-3.70 (1H, m, H-5β), 3.79 (3H, s, O-CH3), 3.97-
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4.08 (1H, m, H-5α), 5.84 (1H, dd, J=5.0, 9.5 Hz, H-1), 6.65 (1H, d, J=2.6 Hz, Ar-H), 6.77 (1H, 

dd, J=2.6, 8.1 Hz, Ar-H), 7.05-7.12 (3H, m, Ar-H), 7.16-7.23 (1H, m, Ar-H), 7.52 (1H, d, J=7.9 

Hz, Ar-H). 13C-NMR (both conformers) δ: 27.88 (t), 29.49 (t), 37.48 (t), 39.76 (t), 39.81 (t), 39.85 

(t), 41.85 (t), 42.62 (t), 53.69 (d), 55.30 (q), 112.89 (d), 113.09 (d), 113.21 (d), 113.53 (d), 114.51 

(s), 118.33 (s), 125.30 (s), 127.12 (d), 127.24 (d), 127.64 (d), 127.96 (d), 128.50 (d), 128.71 (d), 

128.89 (d), 131.26 (d), 131.41 (d), 132.84 (d), 132.90 (d), 134.11 (s), 136.43 (s), 155.75 (s), 

158.60 (s). 

 

2-Methoxy-9,10-methylenedioxy-6-trifluoroacetylnoraporphine (10a): ������� �:�� 9a (8.0 g, 

17.0 mmol), 1,1′-azobis(cyclohexanecarbonitrile) (4.2 g) #	� tributyltin hydride (19.9 g)   � J
 

workup � ���&�����W �  noraporphine (10a) (2.3 g, 34.9%)  ��!�$�
#$ v
����	 ;�
�����	�
��w	"�

 ��� ethanol, mp 217-219 °C. 1H-NMR δ: 2.71-2.85 (2H, m, CH2), 2.90-3.30 (1H, m, CH2), 3.07 

(1H, dd, J=4.6, 13.9 Hz, CH2), 3.30-3.42 (1H, m, H-3β), 3.85 (3H, s, O-CH3), 4.18-4.28 (1H, m, 

H-3α), 5.11 (1H, dd,  J=4.4, 14.0 Hz, H-6a), 5.99 (2H, AB q, J=1.3 Hz, O-CH2-O), 6.61 (1H, d, 

J=2.3 Hz, Ar-H), 6.75 (1H, s, H-8), 7.05 (1H, d, J=2.3 Hz, Ar-H), 7.22 (1H, s, H-11). 13C-NMR δ: 

30.65 (t), 32.73 (t), 41.52 (t), 52.28 (d), 55.43 (q), 101.24 (t), 104.30 (d), 108.75 (d), 109.32 (d), 

111.61 (d), 114.45 (s), 118.26 (s), 122.38 (s), 127.15 (s), 129.11 (s), 134.77 (s), 135.93 (s), 147.47 

(s), 147.61 (s), 158.96 (s). 

 

2-Methoxy-6-trifluoroacetylnoraporphine (10b): :�� J
��
� ������W �  noraporphine (10b) (6.2 

g, 35.8%) ��!�$�
#$ v
����	 ;�
�����	�
��w	"�[
� ethanol, mp 160-161 °C.  1H-NMR δ: 2.76-

3.04 (3H, m, H-4 × 2 #	� H-7), 3.19 (1H, dd, J=4.5, 13.9 Hz, H-7), 3.31-3.43 (1H, m, H-5β), 

3.86 (3H, s, O-CH3), 4.18-4.28 (1H, m, H-5α), 5.15 (1H, dd, J=4.5, 13.9 Hz, H-6a), 6.66 (1H, d, 

J=2.0 Hz, H-3), 7.20 (1H, d, J=2.0 Hz, H-1), 7.26-7.38 (3H, m, H-8, H-9 #	� H-10), 7.74 (1H, d, 

J=7.5 Hz, H-11). 13C-NMR δ: 23.07 (t), 32.69 (t), 41.45 (t), 52.13 (d), 55.43 (q), 109.20 (d), 

112.40 (d), 114.46 (s), 118.28 (s), 123.17 (s), 123.79 (d), 127.64 (d), 128.40 (d), 129.19 (d), 

133.27 (s), 134.84 (s), 134.88 (s), 135.87 (s), 158.94 (s). 

 

2-Methoxy-9,10-methylenedioxynoraporphine (11a): Reflux $�
w��$�
  10a (2.0 g, 5.1 

mmol), potassium carbonate (33.5 g) :� methanol (400 mL) #	���J
 (170 mL) ��!���	
 3 ������
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[
������ J
 workup � ���&�����W � noraporphine (11a) ��!�$�
#$ v
������ (1.1 g, 74.1%) �	�
��

w	"� ��� ethanol, mp 152-153 °C. 1H-NMR δ: 2.59-2.80 (3H, m, H-7 × 2 #	� H-4), 2.93-3.02 

(2H, m, H-5 #	� H-4), 3.29-3.41 (1H, m, H-5), 3.82 (3H, s, O-CH3), 3.91 (1H, dd, J=5.3, 13.7 

Hz, H-6a), 5.95 (2H, AB q, J=1.3 Hz, O-CH2-O), 6.58 (1H, d, J=2.4 Hz, H-3), 6.71 (1H, s, H-8), 

6.96 (1H, d, J=2.4 Hz, H-1), 7.17 (1H, s, H-11). 13C-NMR δ: 29.57 (t), 37.03 (t), 43.46 (t), 53.17 

(d), 55.29 (q), 100.98 (t), 104.48 (d), 107.55 (d), 108.66 (d), 112.19 (d), 126.99 (s), 127.99 (s), 

129.75 (s), 134.52 (s), 135.19 (s), 146.96 (s), 147.06 (s), 158.63 (s). 

 

2-Methoxynoraporphine (11b): :�� J
��
� ������W � 11b ��!�$�
��; ���$����$�� (4.1 g, 93.3%)  

[
��
�� J
�
�:��%�����&�'� ���&� alumina column chromatography :�� benzene-chloroform ��!����

��  1H-NMR δ: 2.72-3.17 (5H, m, H-4 × 2, H-7 × 2 #	� H-5β), 3.37-3.46 (1H, m, H-5α), 3.85 

(3H, s, O-CH3), 4.02 (1H, dd, J=5.0, 14.0 Hz, H-6a), 6.64 (1H, d, J=2.4 Hz, H-3), 7.14 (1H, d, 

J=2.4 Hz, H-1), 7.23-7.36 (3H, m, H-8, H-9 #	� H-10), 7.70 (1H, d, J=7.5 Hz, H-11). 13C-NMR 

δ: 29.56 (t), 36.96 (t), 43.41 (t), 53.08 (d), 55.31 (q), 107.94 (d), 113.01 (d), 123.87 (d), 127.24 

(d), 127.67 (d), 127.71 (s), 128.35 (d), 134.23 (s), 134.41 (s), 135.26 (s), 135.64 (s), 158.65 (s). 

 

Hernanymphine (1): ���� � �����
�	�	
��������$�
 Fremy�s salt :� 4% sodium bicarbonate 

(150 mL) 	
:� 11a (300.0 mg, 1.0 mmol) :� methanol (150 mL) ��� 48 ������
 [
�������� 

 ��� chloroform (1 × 100 mL, 2 × 50 mL) � J
���� chloroform :��#��
 ��� anhydrous sodium 

sulfate [
������J
W�������
�:����
� ����J
W �  1 ��!�$�
#$ v
����	 ;�
�$�� (251.1 mg, 80.4%) 

�	�
��w	"� ��� methanol, mp 271- 273 °C.  1H-NMR δ: 4.02 (3H, s, O-CH3), 6.14 (2H, s, O-

CH3), 7.10 (1H, d, J=1.9 Hz, H-3), 7.52 (1H, s, H-11), 7.76 (1H, d, J=1.9 Hz, H-1), 7.79 (1H, d, 

J=5.5 Hz, H-4), 7.89 (1H, s, H-8), 8.89 (1H, d, J=5.5 Hz, H-5). 13C-NMR δ: 55.84 (q), 102.32 (t), 

102.45 (d), 104.59 (d), 107.61 (d), 108.73 (s), 118.15 (d), 120.55 (s), 123.92 (d), 128.09 (s), 

130.47 (s), 131.38 (s), 138.96 (s), 145.86 (d), 149.33 (s), 153.13 (s), 161.23 (s), 181.35 (s). 

 

2-Methoxy-7-oxoaporphine (12b): :�� J
��
� ������W � 12b ��!�$�
#$ v
����	 ;�
�$�� (422.9 

mg, 81.3%) �	�
��w	"�*�J
 ��� ethanol, mp 194-195 °C.  1H-NMR δ: 4.04 (3H, s, O-CH3), 7.15 

(1H, d, J=2.0 Hz, H-3), 7.60 (1H, t, J=7.5 Hz, H-10*), 7.76 (1H, t, J=7.5 Hz, H-9*), 7.83 (1H, d, 

J=5.4 Hz, H-4), 7.99 (1H, d, J=2.0 Hz, H-1), 8.19 (1H, d, J=8.0 Hz, H-11), 8.52 (1H, d, J=8.0 Hz, 
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H-8), 8.92 (1H, d, J=5.4 Hz, H-5). 13C-NMR δ: 55.85 (q), 105.00 (d), 118.33 (d), 121.22 (s), 

123.18 (d), 124.10 (d), 128.98 (d), 129.46 (d), 130.45 (s), 131.81 (s), 133.95 (d), 134.34 (s), 

139.14 (s), 145.90 (d), 146.14 (s), 161.21 (s), 182.79 (s).  

*assignments may be interchangeable 
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�����!�!��+������	
����
� lakshminine, telazoline ��� teladiazoline  

 

 

      Telazoline ;%:� Telitoxicum  peruvianum (Menispermaceae) ��!�����
��������
��

�
�

��
�;%  telazoline #	� teladiazoline :� Telitoxicum glaziovii Modenke 

(Menispermaceae)1 �
� 2 ��������!� alkaloid :��	��� oxoaporphine  ���
���

$�
 aporphine 2 ���

���} ������� ��
=���
������
��/$����	�

 spectroscopy   

N

CH
3
O

O

NH
2

R

 
R = H (telazoline) 

           R = OCH3 (teladiazoline) 

�/+��%  1  ���
���

$�
 telazoline #	� teladiazolne � �� 

 

        :��? �.=. 2003  Freyer #	����2 W ��
�

��
����;% lakshminine :� Sciadotenia 

toxifera (Krukoff and A. C. Smith) (Menispermaceae) ���
���

$�
 lakshminine ���} ������� �

�
=���
������
��/$����	�

 spectroscopy ���� ������ ���[
���� Freyer #	����2 W �����

���
���

:���$�
 telazoline #	� teladiazoline � ��
=���
������
��/#	��
������%����%$����	

�

 spectroscopy ��%���
���

 lakshminine  

 

                                 

    

 

    lakshminine (26)                  R = H = telazoline (1) 

                                                   R = OCH3 = teladiazoline (2) 

�/+��%  2  ���
���

$�
 lakshminine (26) , telazoline (1) #	� teladiazolne (2) :���
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[���v�W ���
��
W�����
���
���
��/ alkaloid ���
 3 ����; ;��;���[�/���
���

�	� � J
:����� ��
��	��- 

��	 ;�:����
���

$�
 alkaloid ���
 3 ������  �
�����	���

���[��$�
��
["
���
�
��&���
���
��/ 

alkaloid 3 ������ �; ;��� ;�������
���

$�
  alkaloid ���
 3 ��� 

 

>�����"��	 

 

�����!�!��+������	
����
� telazoline (1)  ��� teladiazodine (2) 

     �J
 amines (3a, 3b) �
� J
�@������
��% acid chlorides (4, 5) W � amides (6a, 6b) 

�
�	 J
 �% [
������ J
�` ������
  Bischler-Napieralski  $�
 amides (6a, 6b) :�� dihydroisoquinolines 

(7a, 7b) �
�	 J
 �%   7a, 7b  � J
�` ������
 reduction  ��% sodium borohydride :�� 8a, 8b *"�
�� ;��� J


�` ������
��% trifluoroacetic anhydride :�� 9a, 9b �� ;���J
 9a, 9b �
� J
�` ������
��% tributyltin hydride 

#	� 2,2′-azobis(isobutyronitrile) W � noraporphines (10a, 10b) :�����
�w	w	�� 16.0% #	� 

35.8% �
�	 J
 �%  #	�W �  hydrogenolysis products (11a, 11b) �
�	 J
 �% �
�� J
[� ���� 

trifluoroacetyl $�
 10a #	� 10b W � 12a, 12b *"�
�� ;��� J
�` ������
 oxidation ��% Fremy�s salt :�� 

oxoaporphines (13a, 13b)  �
�� J
�` ������
 nitration $�
 13a, 13b ��
W������%w	� J
��v[   �
����

�
���
���
��/ telazoline (1) #	� teladiazodine (2)  ["
�����;��
$��������� 

 

�����!�!��+������	
����
� lakshminine (26) 

     �J
 amine (16) �
� J
�` ������
��% acid chloride (17)  W � benzamide (18)  *"�
� J
�` ������
  

Bischler-Napieralski   :�� dihydroisoquinoline (19)   oxidation $�
 19   ��� manganese dioxide 

:�� 1-phenylisoquinoline  (20)  �� ;���J
 20 �
� J
�` ������
 ��% cuprous cyanide :�� benzonitrile (21) 

�` ������
 hydrolysis $�
 21 :��  22  �
�;�
�
�� J
�` ������
 nitration $�
 22 ��
W������%

w	� J
��v[  �
�����
���
���
��/ lakshminine (26)  ["
�����;��
$��������� 
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R

N

O

NH
2

1 : R = H [telazoline]

2 : R = OCH
3
 [teladiazoline]

CH
3
O

N

O

NO
2 +

3a
3b

4
5

6a
6b

7a
7b

8a
8b

11a
11b

10a
10b

14a

9a
9b

12a
12b

13a
13b

14b

(A) (B) (C)

(D) (E) (F)

(G)

(H)

(I) CH
3
O

NO
2

N

O

15b

or

a : R = OCH3, R1 = I 

b : R = H, R1 = Br 

 

Reaction conditions:  (A) 10%  NaHCO3 / chloroform; (B)  POCl3/ benzene;  (C) NaBH4/ ethanol; 

(D) (CF3CO)2O, Et3N/ chloroform; (E)  Bu3SnH, AIBN/ dry toluene; (F)  K2CO3/ methanol-water; 

(G) Fremy�s salt; (H) HNO3 or HNO3-H2SO4 or HNO3-AcOH; (I) H2, Pd/C/ ethanol  

 

�>����  1   �
���
���
��/ telazoline (1) #	� teladiazoline (2) 
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2
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O
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26

16

17

18 19

20 21 22

23

25

24
 

 

Reaction conditions:  (A) 10% NaHCO3/ chloroform; (B) POCl3/ benzene; (C) MnO2/ benzene; 

(D) CuCN/ DMF;  (E)  i. OH-, ii. H3O
+;  (F)  HNO3 or fuming HNO3  or  HNO3-AcOH; (G) H2, 

Pd/C/ ethanol.  

 

�>����  2   �
���
���
��/ lakshminine (26) 

 

����"��	 

      [� �	����	���  ������;��
 Stuart Scientific SMP 2 � ���W ����%��
 (uncorrected)  

Ultraviolet spectra �� [
��
�	�	
�:� methanol  ������;��
 Hitachi U-3300 spectrophotometer  

Infrared spectra ��  ������;��
 Perkin Elmer Spectrum GX FT-IR spectrophotometer :���� 

CH2Cl2-films  1H- #	� 13C-NMR spectra ��  ������;��
 Bruker AVANCE 300 spectrometer ���
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��
�} ��  300 MHz � J
���% 1H #	�  75 MHz  � J
���% 13C � �:�� CDCl3 #	� DMSO-d6 :�%

����

��!����� J
	�	
� #	�:�� tetramethylsilane ��!� internal standard  

 

2,3-Dimethoxyphenethylamine (3a): ������� �:�� 2,3-dimethoxy-β-nitrostyrene (43.1 g, 0.2 

mol) #	� lithium aluminium hydride (28.9 g)  � J
 workup � ���&�����W � 3a ��!�$�
��; ����	 ;�
 

(27.1 g, 72.6%). 1H-NMR δ: 1.99 (2H, br s, NH2), 2.78 (2H, t, J=6.8 Hz, CH2), 2.94 (2H, t, J=6.8 

Hz, CH2), 3.82 (3H, s, O-CH3), 3.86 (3H, s, O-CH3), 6.77-6.81 (2H, m, Ar-H), 6.99 (1H, d, J=7.8 

Hz, Ar-H). 13C-NMR δ: 34.15 (t), 42.85 (t), 55.66 (q), 60.63 (q), 110.58 (d), 122.32 (d), 123.89 

(d), 133.47 (d), 147.42 (d), 152.82 (d). 

 

2-(2-Iodophenyl)-N-(2,3-dimethoxyphenethyl)acetamide (6a): ������� ���&� acid chloride � �

:��  2-iodophenylacetic acid (31.2 g) #	� 2,3-dimethoxyphenethylamine (21.5 g, 118.8 mmol) � J
 

workup � ���&�����W ��
� 6a ��!�$�
#$ v
����	 ;�
���� (28.5g,  56.3%) �	�
��w	"� ��� ethanol, 

mp 107-109 °C. 1H-NMR δ: 2.78 (2H, apparent t, J=6.6 Hz, CH2), 3.46 (2H, apparent q, J=6.6 

Hz, CH2), 3.66 (2H, s, CH2), 3.74 (3H, s, O-CH3), 3.85 (3H, s, O-CH3), 5.80 1H, (br s, NH), 6.65 

(1H, dd, J=1.3, 7.6 Hz, Ar-H), 6.78 (1H, dd, J=1.3, 7.6 Hz, Ar-H), 6.86-6.99 (2H, m, Ar-H), 7.25-

7.35 (2H, m, Ar-H), 7.83 (1H, d, J=8.0 Hz, Ar-H). 13C-NMR δ: 29.55 (t), 40.70 (t), 48.54 (t), 

55.63 (q), 60.55 (q), 101.28 (s), 110.91 (d), 122.29 (d), 124.12 (d), 128.70 (d), 128.93 (d), 130.90 

(d), 132.55 (s), 138.27 (s), 139.74 (d), 147.06 (s), 152.68 (s), 169.57 (s). 

 

2-(2-Bromophenyl)-N-(3-methoxyphenethyl)acetamide (6b): :�� J
��
� ������W � amide (6b) 

��!�$�
#$ v
����	 ;�
���� (26.9 g, 77.8%) �	�
��w	"� ��� ethanol, mp 85-87 °C. 1H-NMR δ: 

2.73 (2H, apparent t, J=6.8 Hz, CH2), 3.49 (2H, apparent q, J=6.8 Hz, CH2), 3.68 (2H, s, CH2), 

3.78 (3H, s, O-CH3), 5.40 (1H, br s, NH), 6.62-6.76 (3H, m, Ar-H), 7.11-7.19 (2H, m, Ar-H), 

7.25-7.31 (2H, m, Ar-H), 7.56 (1H, d, J=7.8 Hz, Ar-H). 13C-NMR δ: 35.50 (t), 40.64 (t), 44.04 (t), 

55.14 (q), 111.83 (d), 114.38 (d), 121.00 (d), 124.97 (s), 127.96 (d), 129.07 (d), 129.58 (d), 

131.66 (d), 133.11 (d), 134.75 (s), 140.21 (s), 159.76 (s), 169.48 (s). 

 

1-(2-Iodobenzyl)-5,6-dimethoxy-3,4-dihydroisoquinoline (7a):     ������� ��` ������
   Bischler  
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-Napieralski W � 7a ��!�$�
��; ����J
�
	*"�
W����} ���["
�J
W�� J
�` ������
��������  1H-NMR δ: 

2.73 (2H, t, J=7.6 Hz, CH2), 3.70 (2H, t, J=7.6 Hz, CH2), 3.80 (3H, s, O-CH3), 3.86 (3H, s, O-

CH3), 4.14 (2H, s, CH2), 6.74 (1H, d, J=8.6 Hz, Ar-H), 6.89 (1H, ddd, J=1.1, 2.2, 8.6 Hz, Ar-H), 

7.16-7.26 (3H, m, Ar-H), 7.84 (1H, dd, J=1.0, 7.7 Hz, Ar-H). 13C-NMR δ: 19.67 (t), 46.82 (t), 

47.45 (t), 55.66 (q), 60.62 (q), 101.47 (s), 109.46 (d), 122.47 (d), 122.70 (s), 128.16 (d), 128.33 

(d), 129.56 (d), 131.91 (s), 139.42 (d), 141.16 (s), 145.05 (s), 154.54 (s), 165.13 (s). 

 

1-(2-Bromobenzyl)-6-methoxy-3,4-dihydroisoquinoline (7b): :�� J
��
� ������W � 7b ��!�$�


��; ����J
�
	*"�
W����} ���["
�J
W�� J
�` ������
��������   1H-NMR δ: 2.69 (2H, t, J=7.4 Hz, CH2), 

3.70 (2H, t, J=8.0 Hz, CH2), 3.75 (3H, s, O-CH3), 4.14 (2H, s, CH2), 6.66-6.74 (2H, m, Ar-H), 

6.98-7.10 (1H, m, Ar-H), 7.11-7.25 (2H, m, Ar-H), 7.34 (1H, d, J=9.3 Hz, Ar-H), 7.53 (1H, d, 

J=9.0 Hz, Ar-H). 13C-NMR δ: 26.70 (t), 42.42 (t), 47.14 (t), 55.29 (q), 111.91 (d), 113.08 (d), 

122.33 (s), 124.81 (s), 127.31 (d), 127.48 (d), 128.05 (d), 130.36 (d), 132.75 (d), 137.87 (s), 

140.10 (s), 161.19 (s), 164.89 (s). 

 

1-(2-Iodobenzyl)-5,6-dimethoxy-1,2,3,4-tetrahydroisoquinoline (8a):  ������� �:�� sodium 

borohydride W �  8a ��!�$�
��; ����	 ;�
���� (7.3 g, 75.9%) �	�
��w	"� ��� ethanol. 1H-NMR 

δ: 2.81-3.05 (4H, m, CH2), 3.22-3.37 (2H, m, CH2), 3.82 (3H, s, O-CH3), 3.86 (3H, s, O-CH3), 

4.28 (1H, dd, , J=3.4, 10.4 Hz, CH), 6.81 (1H, d, J=8.6 Hz, Ar-H), 6.95 (1H, ddd, J=1.2, 2.1, 6.8 

Hz, Ar-H), 7.12 (1H, d, J=8.6 Hz, Ar-H), 7.26-7.35 (2H, m, Ar-H), 7.88 (1H, dd,  J =1.2, 7.9 Hz, 

Ar-H). 13C-NMR δ: 24.26 (t), 39.95 (t), 47.06 (t), 54.67 (d), 55.80 (q), 59.99 (q), 100.98 (s), 

110.15 (d), 121.91 (d), 128.29 (d), 128.42 (d), 129.65 (s), 131.19 (s), 131.58 (s), 139.84 (d), 

141.67 (s), 146.41 (s), 150.67 (s). 

 

1-(2-Bromobenzyl)-6-methoxy-1,2,3,4-tetrahydroisoquinoline (8b): :�� J
��
� ������W � 8b 

��!�$�
��; ����	 ;�
 (19.0 g, 99.6%). 1H-NMR δ: 2.73-2.83 (2H, m, CH2), 2.83-2.97 (2H, m, 

CH2), 3.15-3.20 (1H, m, H-3β), 3.75 (3H, s, CH3), 3.76 (1H, dd, J=3.3, 13.6 Hz, H-3α), 4.26 (1H, 

dd, J=3.3, 10.4 Hz, H-1), 6.63 (1H, d, J=2.5, H-5), 6.74 (1H, dd, J=2.5, 8.5 Hz, H-7), 7.04-7.12 

(1H, m, Ar-H), 7.20-7.29 (3H, m, Ar-H), 7.56 (1H, d, J=7.9 Hz, Ar-H). 13C-NMR δ: 30.26 (t), 
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40.12 (t), 43.10 (t), 54.77 (d), 55.24 (q), 112.27 (d), 113.68 (d), 124.97 (s), 127.48 (d), 127.64 (d), 

128.28 (d), 130.93 (s), 131.99 (d), 133.13 (d), 136.43 (s), 138.81 (s), 157.89 (s). 

 

1-(2-Iodobenzyl)-5,6-dimethoxy-2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinoline (9a): ������

� �:��  trifluoroacetic anhydride (23.3 g), 8a (7.3 g. 17.8 mmol) #	� triethylamine (16.0 g)  � J
 

workup � ���&����� W � 9a ��!�$�
#$ v
����	 ;�
���� (6.85 g, 75.60%) [
��
�� J
�
�:��%�����&�'

� ���&� alumina column chromatography :�� benzene ��!������ mp 109-110 °C. 1H-NMR δ: 2.80-

2.91 (1H, m, CH2), 2.99-3.07 (1H, m, CH2), 3.14-3.22 (1H, m, CH3), 3.29-3.36 (1H, m, CH2), 

3.67-3.76 (1H, m, CH2), 3.82 (3H, s, O-CH3), 3.84 (3H, s, O-CH3), 4.04 (1H, dd, J=4.0, 9.9 Hz, 

CH2), 5.82 (1H, dd, J=5.2, 9.5 Hz, CH2), 6.75-6.85 (1H, m, Ar-H), 6.88-6.95 (2H, m, Ar-H), 7.03-

7.12 (1H, m, Ar-H), 7.20-7.26 (1H, m, Ar-H), 7.79 (1H, dd,  J =6.9, 7.9 Hz, Ar-H). 13C-NMR δ: 

23.82 (t), 39.63 (t), 46.16 (t), 53.53 (d), 55.85 (q), 60.24 (q), 101.56 (s), 111.09 (d), 114.49 (s), 

118.31 (s), 122.83 (d), 127.42 (s), 127.78 (s), 128.10 (d), 128.77 (d), 130.36 (d), 139.52 (d), 

146.08 (s), 151.33 (s), 155.73 (s). 

 

1-(2-Bromobenzyl)-6-methoxy-2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinoline (9b): :�

� J
��
� ������ W � 9b ��!�$�
#$ v
����	 ;�
���� (15.3 g, 64.2%) �	�
��w	"� ��� ethanol, mp 

109-110 °C. 1H-NMR δ: 2.79-2.89 (1H, m, H-4), 2.91-3.07 (1H, m, H-4), 3.14 (1H, dd, J=9.5, 

13.5 Hz, CH2), 3.40 (1H, dd, J=5.0, 13.5 Hz, CH2), 3.69-3.70 (1H, m, H-5β), 3.79 (3H, s, O-CH3), 

3.97-4.08 (1H, m, H-5α), 5.84 (1H, dd, J=5.0, 9.5 Hz, H-1), 6.65 (1H, d, J=2.6 Hz, Ar-H), 6.77 

(1H, dd, J=2.6, 8.1 Hz, Ar-H), 7.05-7.12 (3H, m, Ar-H), 7.16-7.23 (1H, m, Ar-H), 7.52 (1H, d, 

J=7.9 Hz, Ar-H). 13C-NMR (both conformers) δ: 27.88 (t), 29.49 (t), 37.48 (t), 39.76 (t), 39.81 (t), 

39.85 (t), 41.85 (t), 42.62 (t), 53.69 (d), 55.30 (q), 112.89 (d), 113.09 (d), 113.21 (d), 113.53 (d), 

114.51 (s), 118.33 (s), 125.30 (s), 127.12 (d), 127.24 (d), 127.64 (d), 127.96 (d), 128.50 (d), 

128.71 (d), 128.89 (d), 131.26 (d), 131.41 (d), 132.84 (d), 132.90 (d), 134.11 (s), 136.43 (s), 

155.75 (s), 158.60 (s). 

 

2,3-Dimethoxy-6-trifluoroacetylnoraporphine (10a): ������� �:�� 10a (22.9 g, 45.3 mmol), 

2,2′-azobis(isobutyronitrile) (6.8 g) #	� tributyltin hydride (47.9 g) � J
 workup � ���&�����W �  

noraporphine (10a) ��!�$�
#$ v
����	 ;�
���� (2.76 g, 16.0%)  �	�
��w	"� ��� ethanol, mp 146-
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148 °C. 1H-NMR δ: 2.62-2.77 (1H, m, CH2), 2.88 (1H, t, J=14.0 Hz, CH2), 3.15-3.38 (3H, m, 

CH2), 3.86 (3H, s, O-CH3), 3.96 (3H, s, O-CH3), 4.21-4.32 (1H, m, CH2), 5.16 (1H, dd, J=4.4, 

14.0 Hz, H-6a), 7.22-7.31 (3H, m, Ar-H), 7.32-7.38 (1H, m, Ar-H), 7.72 (1H, d, J=7.6 Hz, Ar-H). 
13C-NMR δ: 24.57 (t), 32.57 (t), 41.25 (t), 51.94 (d), 56.01 (q), 60.73 (q), 107.43 (d), 114.46 (s), 

118.28 (s), 123.29 (d), 123.93 (s), 127.61 (d), 127.93 (d), 129.20 (d), 130.30 (s), 133.26 (s), 

134.47 (s), 145.67 (s), 151.64 (s) 155.99 (s). 

 

2-Methoxy-6-trifluoroacetylnoraporphine (10b): :�� J
��
� ������W �  noraporphine (10b) 

��!�$�
#$ v
����	 ;�
���� (6.21 g, 35.8%) �	�
��w	"� ��� ethanol, mp 160-161 °C.  1H-NMR δ: 

2.76-3.04 (3H, m, H-4 × 2 #	� H-7), 3.19 (1H, dd, J=4.5, 13.9 Hz, H-7), 3.31-3.43 (1H, m, H-

5β), 3.86 (3H, s, O-CH3), 4.18-4.28 (1H, m, H-5α), 5.15 (1H, dd, J=4.5, 13.9 Hz, H-6a), 6.66 

(1H, d, J=2.0 Hz, H-3), 7.20 (1H, d, J=2.0 Hz, H-1), 7.26-7.38 (3H, m, H-8, H-9 #	� H-10), 7.74 

(1H, d, J=7.5 Hz, H-11). 13C-NMR δ: 23.07 (t), 32.69 (t), 41.45 (t), 52.13 (d), 55.43 (q), 109.20 

(d), 112.40 (d), 114.46 (s), 118.28 (s), 123.17 (s), 123.79 (d), 127.64 (d), 128.40 (d), 129.19 (d), 

133.27 (s), 134.84 (s), 134.88 (s), 135.87 (s), 158.94 (s). 

 

2,3-Dimethoxynoraporphine (12a): Reflux $�
w��$�
 10a (380.0 mg, 1 mmol), potassium 

carbonate (5.0 g), ��J
 (15 mL) #	� methanol (100 mL) ��!���	
 3 ������
 [
������ J
 workup � �

��&�����W � noraporphine (12a) ��!�$�
��; ����
 (274.0 mg, 96.8%) [
��
�� J
�
�:��%�����&�'

� ���&� alumina column chromatography :�� benzene-chloroform ��!������  1H-NMR δ: 2.63-

2.95 (5H, m, CH2 × 2 #	� H-3β), 3.29-3.37 (1H, m, H-3α), 3.80-3.90 (1H, m, H-6a), 3.82 (3H, 

s,  O-CH3), 3.88 (3H, s, O-CH3), 7.12 (1H, s, Ar-H), 7.15 (1H, s, Ar-H), 7.17 (1H, s, Ar-H ), 7.22-

7.31 (1H, m, Ar-H), 7.62 (1H, d, J =7.70 Hz, H-11). 13C-NMR δ: 24.13 (t), 36.83 (t), 43.13 (t), 

53.19 (d), 55.87 (q), 60.03 (q), 106.19 (d), 123.37 (d), 127.19 (d), 127.23 (d), 128.20 (s), 128.35 

(d), 128.57 (s), 128.83 (s), 134.27 (s), 135.21 (s), 146.48 (s), 151.26 (s). 

 

 2-Methoxynoraporphine (12b): :�� J
��
� ������W � noraporphine (11b) ��!�$�
��; ���$���

�$�� (4.1 g, 93.3%) [
��
�� J
�
�:��%�����&�'� ���&� alumina column chromatography :�� benzene-

chloroform ��!������  1H-NMR δ: 2.72-3.17 (5H, m, H-4 × 2, H-7 × 2 #	� H-5β), 3.37-3.46 

(1H, m, H-5α), 3.85 (3H, s, O-CH3), 4.02 (1H, dd, J=5.0, 14.0 Hz, H-6a), 6.64 (1H, d, J=2.4 Hz, 
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H-3), 7.14 (1H, d, J=2.4 Hz, H-1), 7.23-7.36 (3H, m, H-8, H-9 #	� H-10), 7.70 (1H, d, J=7.5 Hz, 

H-11). 13C-NMR δ: 29.56 (t), 36.96 (t), 43.41 (t), 53.08 (d), 55.31 (q), 107.94 (d), 113.01 (d), 

123.87 (d), 127.24 (d), 127.67 (d), 127.71 (s), 128.35 (d), 134.23 (s), 134.41 (s), 135.26 (s), 

135.64 (s), 158.65 (s). 

 

 2,3-Dimethoxy-7-oxoaporphine (13a); ���� � �����
�	�	
��������$�
 Fremy�s salt :� 4% 

sodium bicarbonate (20 mL) 	
:� 12a (52.0 mg, 0.19 mmol) :� methanol (20 mL) [
�������� 

48 ������
 #	�����  ��� chloroform (2 × 20 mL) � J
���� chloroform :��#��
 ��� anhydrous 

sodium sulfate [
������J
W�������
�:����
� ����J
W � 13a ��!�$�
#$ v
�� J
 (40.6 mg, 74.7%) 

�	�
��w	"� ��� ethanol,  mp 194-195 °C.  1H-NMR δ: 4.11 (3H, s, O-CH3), 4.17 (3H, s, O-CH3), 

7.52 (1H, t, J=7.4 Hz, Ar-H), 7.72 (1H, br s, Ar-H), 8.08-8.17 (2H, m, Ar-H), 8.20 (1H, d, J=5.6 

Hz, H-4), 8.48 (1H, d, J=7.8 Hz, Ar-H), 8.95 (1H, d, J=5.6 Hz, H-5). 13C-NMR δ: 57.09 (q), 

61.73 (q), 113.95 (d), 119.14 (d), 120.83 (s), 122.67 (d), 125.36 (s), 128.77 (d), 129.09 (d), 131.33 

(s), 133.23 (s), 133.92 (d), 134.59 (s), 143.55 (s), 145.20 (d), 146.33 (s), 151.27 (s), 182.84 (s). 

 

2-Methoxy-7-oxoaporphine (13b): :�� J
��
� ������W � 13b ��!�$�
#$ v
����	 ;�
�$�� (81.3%)  

�	�
��w	"� ��� ethanol, mp 194-195 °C. 1H-NMR δ: 4.04 (3H, s, O-CH3), 7.15 (1H, d, J=2.0 Hz, 

H-3), 7.60 (1H, t, J=7.5 Hz, H-10*), 7.76 (1H, t, J=7.5 Hz, H-9*), 7.83 (1H, d, J=5.4 Hz, H-4), 

7.99 (1H, d, J=2.0 Hz, H-1), 8.19 (1H, d, J=8.0 Hz, H-11), 8.52 (1H, d, J=8.0 Hz, H-8), 8.92 (1H, 

d, J=5.4 Hz, H-5). 13C-NMR δ: 55.85 (q), 105.00 (d), 118.33 (d), 121.22 (s), 123.18 (d), 124.10 

(d), 128.98 (d), 129.46 (d), 130.45 (s), 131.81 (s), 133.95 (d), 134.34 (s), 139.14 (s), 145.90 (d), 

146.14 (s), 161.21 (s), 182.79 (s).  

*assignments may be interchangeable 

 

N-(3-Methoxyphenethyl)-2-bromobenzamide (18): ������� ���&� acid chloride � �:��  2-

bromobenzoic acid (44.0 g) #	� 3-methoxyphenethylamine (30.0 g, 0.2 mol) � J
 workup � ���&�

����W � 18 ��!�$�
#$ v
��$
� (55.2 g, 84.0%) �	�
��w	"� ��� benzene-hexane, mp 78-79 °C. 1H-

NMR δ: 2.94 (2H, t, J=6.1 Hz, CH2), 3.76 (2H, t, J=6.1 Hz, CH2), 3.80 (3H, s, O-CH3), 5.99 (1H, 

br s, NH), 6.75-6.88 (3H, m, Ar-H), 7.20-7.37 (3H, m, Ar-H), 7.48 (1H, dd, J=1.8, 7.5 Hz, Ar-H), 

7.56 (1H, dd, J=1.2, 7.9 Hz, Ar-H). 13C-NMR δ: 35.51 (t), 41.06 (t), 55.23 (q), 112.09 (d), 114.49 
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(d), 119.25 (s), 121.17 (d), 127.53 (d), 129.49 (d), 129.72 (d), 131.20 (d), 133.36 (d), 137.87 (s), 

140.27 (s), 159.88 (s), 167.61 (s). 

 

1-(2-Bromophenyl)-6-methoxy-3,4-dihydroisoquinoline (19): ������� ��` ������
 Bischler-

Napieralski W � 19 ��!�$�
��; ����	 ;�
���� (18.0 g, 95.6%) [
��
�� J
�
�:��%�����&�'� ���&� 

alumina column chromatography :�� CH2Cl2 ��!������  1H-NMR δ: 2.65-2.95 (2H, m, CH2), 3.81 

(3H, s, O-CH3), 3.90-4.15 (2H, m, CH2), 6.66 (1H, dd, J=2.6, 8.5 Hz, Ar-H), 6.77 (1H, d, J=2.6 

Hz, Ar-H), 6.87 (1H, t, J=8.5 Hz, Ar-H), 7.10-7.41  (3H, m, Ar-H), 7.59 (1H, d, J=8.0 Hz, Ar-H). 
13C-NMR δ: 26.50 (t), 47.54 (t), 55.33 (q), 111.84 (d), 112.97 (d), 121.94 (s), 122.44 (s), 127.45 

(d), 128.93 (d), 129.86 (d), 130.31 (d), 132.74 (d), 139.58 (s), 140.40 (s), 161.48 (s), 166.80 (s).  

 

1-(2-Bromophenyl)-6-methoxyisoquinoline (20): Reflux $�
w��$�
 19 (18.9 g, 60.2 mmol), 

manganese dioxide (MnO2) (40.0 g)  :� benzene (200 mL) ��!���	
 24 ������
 ���
 catalyst  

��� [
������J
 filtrateW�������
�:����
� ����J
W � 20 ��!�$�
��; ����	 ;�
���� (12.8 g, 

68.2%) [
��
�� J
�
�:��%�����&�'� ���&� alumina column chromatography :�� hexane-ethyl acetate 

��!������  1H-NMR δ: 3.71 (3H, s, O-CH3), 6.92-6.98 (2H, m, Ar-H), 7.10-7.18 (1H, m, Ar-H), 

7.26 (2H, d, J=4.3 Hz, Ar-H), 7.34 (1H, d, J=8.7 Hz Ar-H), 7.40 (1H, d, J=5.8 Hz, H-4), 7.54 

(1H, d, J=7.9 Hz Ar-H), 8.37 (1H, d, J=5.8 Hz, H-3). 13C-NMR δ: 54.39 (q), 103.34 (d), 118.91 

(d), 119.29 (s), 121.64 (s), 121.84 (d), 126.26 (d), 127.93 (d), 128.84 (d), 130.10 (d), 131.67 (d), 

137.28 (s), 139.29 (s), 141.54 (d), 158.21 (s), 159.65 (s).  

 

2-(6-Methoxyisoquinolin-1-yl)benzonitrile (21): �J
$�
w�� 20 (2.6 g, 8.3 mmol), cuprous 

cyanide (3.0 g) :� N,N-dimethylformamide (30 mL) W����:���

��J
������ 180 °C ��!���	
 5 

������
 #	�����
���
:���� v� [
�������	
��J
 (200 mL) #	��� J
������J
:����!��%� ��� concentrated 

ammonium hydroxide #	����� �����%� ��� ethyl acetate (2 × 50 mL)  #	��� J
:��#��
 ���  anhy- 

drous sodium sulfate [
������J
W�������
�:����
� ����J
W � 21 ��!�$�
��; ����	 ;�
���� (2.0 

g, 91.9%). 1H-NMR δ: 3.59 (3H, s, O-CH3), 6.90 (1H, d, J=7.8 Hz, Ar-H), 7.44-7.75 (7H, m, Ar-

H), 8.61 (1H, d, J=5.5 Hz, H-3). 13C-NMR δ: 55.38 (q), 106.95 (d), 112.14 (s), 118.14 (s) 119.67 

(d), 120.97 (d), 127.35 (d), 129.21 (d), 131.24 (d), 131.43 (d), 131.70 (d), 138.64 (s), 142.23 (d), 

148.18 (s), 154.88 (s), 156.10 (s).  
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2-(6-Methoxyisoquinolin-1-yl)benzoic acid (22): Reflux �
�	�	
�$�
 21 (1.6 g, 6.15 mmol) 

:� ethanol (20 mL) #	� 40% potassium hydroxide (60 mL) ��!���	
 40 ������
   ���
���
:���� v� 

���
[
������ J
 filtrate :����!���  ��� concentrated hydrochloric acid W ����������	 ;�
������

����
 ���
�����#	��w"�
	�:��#��
W � 22 ��!�$�
#$ v
����	 ;�
���� (1.6 g, 93.6%), mp 160-161 

°C.  1H-NMR δ: 3.50 (3H, s, O-CH3), 7.24 (1H, d, J=8.1 Hz, H-5), 7.45-7.49 (1H, m, Ar-H), 7.68-

7.78 (2H, m, Ar-H), 7.82 (1H, d, J=8.1 Hz, H-8), 8.04 (1H, t, J=8.1 Hz, H-7), 8.14-8.18 (1H, m, 

Ar-H), 8.34 (1H, d, J=6.5 Hz, H-4), 8.49 (1H, d, J=6.5 Hz, H-3). 13C-NMR δ: 56.53 (q), 110.41 

(d), 118.90 (s), 120.02 (d) 124.12 (d), 129.49 (d), 130.12 (d), 130.28 (d), 131.70 (d), 132.11 (d), 

137.28 (d), 139.88 (s), 157.61 (s), 158.47 (s), 166.91 (s).  
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1.      Menachery M. D., Edgren D., J. Nat.  Prod.,  51, 1283-1284 (1988). 

2.      Killmer L., Vogt F. G., Freyer A.  J., Menachery M. D., Adelman C. M., J. Nat. 

         Prod., 66, 115-118 (2003). 

 

 

 

 

 

 

 

 



 

NH

O
OCH

3
CH

3
O

CH
3
O NH

O
OH

CH
3
O

CH
3
O

NH

OO

O

 

 

����% 8 

�����!�!��+������	
����
� 1,2,3-trimethoxy-5-oxoaporphine, 1,2-dimethoxy-3-hydroxy-5-

oxoaporphine ��� fuseine  

 

 

      1,2,3-Trimethoxy-5-oxoaporphine1, 1,2-dimethoxy-3-hydroxy-5-oxoaporphine1 #	� 

fuseine2 ��!� alkaloid :��	��� oxoaporphine ;%:� Mitrephora cf. maingayi (Annonaceae)1 #	� 

Fusea longifolia (Annonaceae)2 �
�	 J
 �% ���
���

$�
 aporphine 3 ����������� ��
=���
�

�����
��/$����	�

 spectroscopy   �
������  1 

 

 

 

 

 

 

1,2,3-trimethoxy-5-oxoaporphine (1)       1,2-dimethoxy-3-hydroxy-5-                  fuseine (3) 

                                                                   oxoaporphine (2)  

 

�/+��%  1  ���
���

$�
 1,2,3-trimethoxy-5-oxoaporphine (1), 1,2-dimethoxy-3-hydroxy-5-

oxoaporphine (2) #	� fuseine (3) 

 

[���v�W ���
��
W�����
���
���
��/ alkaloid ���
 3 ����; ;��;���[�/���
���

�	�  �
����

�	���

���[��$�
��
["
���
�
��&���
���
��/ alkaloid 3 �������; ;��� ;�������
���

$�
 alkaloid ���
 3 

��� 

 

>�����"��	 

 

�����!�!��+������	
����
� 1,2,3-trimethoxy-5-oxoaporphine (1)        
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      �����[
��
���
���
��/   α-aminonitrile (5) [
� aldehyde (4) #	���J
 5 �
� J
�` ������


��% sodium hydride �
� ����
�� J
�` ������
��% 2-bromobenzyl bromide #	�� hydrolysed  ��� 3N 

hydrochloric acid :�� ketone (6) *"�
�� ;��� J
�` ������
��% tributyltin hydride #	� 2,2′-

azobis(isobutyronitrile) W��W ��
� 7 ������
�
� ["
�J
 6 �
� J
�` ������
��% hydroxylamine 

hydrochloride :�� oxime (9) *"�
�� ;��� J
�` ������
��% tributyltin hydride #	� 2,2′-

azobis(isobutyronitrile) � vW��W ��
� 8 ������
�
��������  �
���
���
��/ 1,2,3-trimethoxy-5-

oxoaporphine (1)   ["
�����;��
$��������� 

 
OCH

3
CH

3
O
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3

CH
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3

CH
3
O
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3
O

O
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6
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3

CH
3
O
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3
O
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7

OCH
3

CH
3
O

CH
3
O

NOH

Br

OCH
3

CH
3
O

CH
3
O

NOH

9

(A) (B)

(D)

OCH
3

CH
3
O

CH
3
O

NH

11

OCH
3

CH
3
O

CH
3
O

NOH

8

OCH
3

CH
3
O

CH
3
O

NH
2

10

O
Br

OCH
3

CH
3
O

CH
3
O

NH

1

O

8

(C)(C)

(F)

(C)

(D)

(E)

(E)

 
Reaction conditions:  (A)  NaCN/  triethylamine;  (B) (i)  NaH;  (ii)  2-bromobenzyl bromide; (iii) 

H3O
+; (C) Bu3SnH, AIBN/ dry toluene; (D) NH4OH⋅HCl / ethanol; (E) (i) borane dimethylsulfide 

complex/ tetrahydrofuran (ii) 4N HCl; (F) 2-bromoacetyl bromide, K2CO3 / benzene. 

 

�>����  1  �
���
���
��/  1,2,3-trimethoxy-5-oxoaporphine (1)     
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�����!�!��+������	
����
� fuseine (3)   

     �� ;����
�
��
�
�}��
���
��/ keto-ester  (16)  � v[��J
W�����
���
���
��/  fuseine (3)  

W � �
���������[
� bromo-ester (12) � J
�` ������
��% cuprous cyanide  W � cyano-ester (13) �� ;���J
 13 

�
� J
�` ������
��% sodium hypophosphite #	� Raney-Nickel W � aldehyde (14)   [
����� 14 � J


�` ������
��% sodium cyanide #	� diethylamine hydrochloride W � α-aminonitrile (15) �� ;���J
 15 

�
� J
�` ������
��% sodium hydride �
� ����
�� J
�` ������
��% 2-bromobenzyl bromide #	�� 

hydrolysed  ��� 3N hydrochloric acid W��W ��
� 16 ������
�
�  �
���
���
��/ fuseine (3)  ["
����

�;��
$��������� 

 

 

CN

NEt
2

Br
15

Br

COOCH
3

CN

COOCH
3
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COOCH
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O
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O
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NH
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3

O
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Reaction conditions:  (A)  CuCN/ DMF;  (B) NaPH2O2/ Raney-Nickel; (C) NaCN/ diethylamine 

hydrochloride  (D) (i) NaH; (ii) 2-bromobenzyl bromide; (iii) H3O
+; (E) (i) NaBH4 (ii) 20% HCl; 

(F) NH4OAc (G) Bu3SnH, AIBN/ dry toluene. 

 

�>����  2   �
���
���
��/ fuseine (3)   
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�����!�!��+������	
����
� 1,2,3-trimethoxy-5-oxoaporphine (1) ��� fuseine (3)        

      �� ;����
�
��
�
�}��
���
��/ keto-ester (16) #	� (22)  W � [��J
W�����
���
���
��/ 

oxoaporphine ���
 3 ���W �  �
���� ["
;�
�
�� J
�` ������
 Friedel-Crafts acylation $�
 ester (19) 

#	� (20) � �:�� acid chloride (21) ;%��
��
W���
�
�}��
���
��/  keto-ester (16) #	� (22)  W � 

�
���
���
��/ 1,2,3-trimethoxy-5-oxoaporphine (1)  #	� fuseine (3)   ["
�����;��
$��������� 

 

OCH
3

CH
3
O

CH
3
O

COOCH
3

Br

O

Cl

OCH
3

CH
3
O

CH
3
O

Br

O
COOCH

3

22

(A)

19

21

COOCH
3

Br

O

Cl

Br

O
COOCH

3

16

20

21

O

O

O

O

+

+

(A)

 
Reaction condition:  (A) AlCl3/ chloroform 

 

�>����  3  �
���
���
��/   (16)  #	� (22)   

 

����"��	 

      [� �	����	���  ������;��
 Stuart Scientific SMP 2 � ���W ����%��
 (uncorrected)  

Ultraviolet spectra �� [
��
�	�	
�:� methanol   ������;��
  Perkin Elmer Lambda 35 UV-VIS  

spectrophotometer  Infrared spectra ��  ������;��
 Perkin Elmer Spectrum GX FT-IR 

spectrophotometer :���� CH2Cl2-films   1H- #	� 13C-NMR spectra ��  ������;��
 Bruker 

AVANCE 300 spectrometer �����
�} ��  300 MHz � J
���% 1H #	�  75 MHz  � J
���% 13C � �:�� 

CDCl3 #	� DMSO-d6 :�%

������!����� J
	�	
� #	�:�� tetramethylsilane ��!� internal standard  

 

2-(Diethylamino)-2-(3,4,5-trimethoxyphenyl)acetonitrile (5): ���� � ���� �
�	�	
�$�
 

diethylamine hydrochloride (28.0 g), sodium cyanide (7.5 g) :���J
 (50 mL) 	
:��
�	�	
� 14 

(20.0 g, 0.1 mol) :� methanol (120 mL) �� ;��������  reflux ��� 4 ������
 ���
���
:���� v� ������J
 (100 
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mL) #	�����  ��� ethyl acetate (3 × 80 mL) 	�

���� ethyl acetate  �����J
 (100 mL), �
�	�	
�

������� sodium bisulfite (3 × 100 mL) #	���J
 (100 mL) � J
����  ethyl acetate  :��#��
 ��� 

anhydrous sodium sulfate [
������J
W�������
�:����
� ���� J
[�W � 5 (19.22 g, 80.5%) ��!�

$�
#$ v
����	 ;�
�����	�
��w	"� ��� ethanol, mp 79-80 °C. 1H-NMR δ: 1.11 (6H, s, CH3 × 2), 

2.41-2.53 (2H, m, CH2), 2.64-2.77 (2H, m, CH2), 3.86 (3H, s, O-CH3), 3.89 (6H, s, O-CH3 × 2), 

4.98 (1H, s, CH), 6.81 (2H, s, Ar-H). 13C-NMR δ: 13.22 (q), 45.01 (t), 56.20 (q), 58.33 (d), 60.87 

(q), 104.44 (d), 116.44 (s), 130.15 (s), 153.38 (s). 

 

2-(2-Bromophenyl)-1-(3,4,5-trimethoxyphenyl)ethanone (6): ���� � ���� 5 (27.8 g, 0.1 mol) 	


:� sodium hydride (10.0 g), N,N-dimethylformamide (20 mL) �
�:��%���
�
=$�
 argon �� ;��

������  ��������� 1 ������
 [
��������� � �����
�	�	
�$�
 2-bromobenzyl bromide (24.8 g, 

0.1 mol) :� N,N-dimethylformamide (20 mL) �� ;��������  ��������

� ;��
�:��%���
�
=$�
 

argon [
��������� methanol �
�����;��; ;��� J
	
� sodium hydride �����	 ;� #	���J
W�������
�:��

��
� ����J
 (water bath 60 °C) [
��������� 3N hydrochloric acid (300 mL) #	�� reflux ��!���	
 

2.5 ������
 [���$�
#$ v
������
 ���
 W � 6 (24.9 g, 68.4%) ��!�$�
#$ v
����	 ;�
�����	�
��

w	"� ��� ethanol, mp 118-120 °C. 1H-NMR δ: 3.91 (6H, s, O-CH3 × 2), 3.92 (3H, s, O-CH3), 

4.42 (2H, s, CH2), 7.11-7.19 (1H, m, Ar-H), 7.30-7.32 (4H, m, Ar-H) 7.60 (1H, d, J=8.1 Hz, Ar-

H). 13C-NMR δ: 45.63 (t), 56.32 (q), 60.94 (q), 105.95 (d), 124.88 (s), 127.04 (s), 127.67 (d), 

128.78 (d), 131.38 (d), 131.63 (s), 132.87 (d), 135.04 (s), 142.72 (s), 153.10 (s), 195.33 (s). 

 

2-(2-Bromophenyl)-1-(3,4,5-trimethoxyphenyl)ethanone oxime (9): Reflux $�
w��$�
 6 

(3.64 g, 10.0 mmol), hydroxylamine hydrochloride (2.2 g, 31.8 mmol), anhydrous sodium acetate 

(3.6 g, 44.0 mmol) :� ethanol (50 mL) ��!���	
 2 ������
�
�:��%���
�
=W�����[� [
�����

�J
W�������
�:����
� ����J
 ������J
 (60 mL) 	
:����
�����	 ;� #	�����  ��� chloroform ( 2 × 50 

mL) � J
:��#��
 ��� anhydrous sodium sulfate [
������J
W�������
�:����
� ����J
 [�W � 9 (3.4 g, 

89.7%) ��!�$�
��; ��$
�$��� 1H-NMR δ: 3.77 (6H, s, O-CH3 × 2), 3.83 (3H, s, O-CH3), 4.33 

(2H, s, CH2), 6.84 (2H, s, Ar-H), 7.54 (1H, d, J=7.5 Hz, Ar-H) 10.03 (1H, br s, OH). 13C-NMR δ: 

32.26 (t), 56.15 (q), 60.88 (q), 124.40 (s), 127.84 (d), 128.20 (d), 129.62 (d), 130.47 (s), 132.77 

(d), 136.06 (s), 139.19 (s), 153.12 (s), 156.87 (s). 
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Methyl 2-cyano-4,5-methylenedioxyphenylacetate (13): Reflux $�
w��$�
 12 (10.0 g, 36.6 

mmol), cuprous cyanide (26.2 g) :� N,N-dimethylformamide (90 mL) ��!���	
 15 ������
 ���
���


:���� v�  ���
#	���� filtrate 	
��J
 (300 mL) [
������ J
:����!���  ��� concentrated hydrochloric 

acid #	�����  ��� ethyl acetate (1 × 100 mL, 2 × 50 mL) � J
:��#��
 ��� anhydrous sodium 

sulfate [
������J
W�������
�:����
� ����J
 [�W � 13 (3.6 g, 44.9%) ��!�w	"�����$ v�����J
�
	����

�	�
��w	"� ��� ethanol, mp 80-82 °C. 1H-NMR δ: 3.73 (3H, s, O-CH3), 3.80 (2H, s, CH2), 6.07 

(2H, s, O-CH2-O), 6.86 (1H, s, Ar-H), 7.01 (1H, s, Ar-H). 13C-NMR δ: 39.11 (t), 52.43 (q), 102.53 

(t), 105.55 (s), 110.80 (d), 111.33 (d), 117.70 (s), 133.95 (s), 147.17 (s), 151.71 (s), 170.36 (s). 

 

Methyl 2-formyl-4,5-methylenedioxyphenylacetate (14): ���� � ���� Raney-Nickel (≈20 g) 	


:��
�	�	
�$�
  13   (10.0 g, 45.7 mmol), sodium hypophosphite (40.0 g) :��
�	�	
�w��

$�
��J
 : acetic acid : pyridine :��� ���� (1:1:2) (300 mL) �� ;��������  �����

� ;� [
��������� 

chloroform (200 mL) #	��	�

���� chloroform  ��� 10% hydrochloric acid (3 × 300 mL), ��J
 (100 

mL) #	� 5% sodium carbonate (2 × 300 mL) � J
���� chloroform :��#��
 ��� anhydrous sodium 

sulfate [
������J
W�������
�:����
� ����J
 [�W � 14 ��!�$�
��; ����	 ;�
���� (7.2 g, 71.1%).    

1H-NMR δ: 3.71 (3H, s, O-CH3), 3.98 (2H, s, CH2), 6.07 (2H, s, O-CH2-O), 6.77 (1H, s, Ar-H), 

7.30 (1H, s, Ar-H), 9.99 (1H, s, CHO). 13C-NMR δ: 38.30 (t), 52.22 (t), 102.25 (t), 111.57 (d), 

112.10 (d), 129.02 (s), 132.65 (s), 147.56 (s), 152.09 (s), 171.30 (s), 190.12 (d). 

 

Methyl 2-(5-(cyano(diethylamino)methyl)benzo[d][1,3]dioxol-6-yl)acetate (15): ���� � ���� 

�
�	�	
�$�
 diethylamine hydrochloride (6.35 g), sodium cyanide (2.1 g) :���J
 (16 mL) 	
:�

�
�	�	
� 14 (5.2 g, 23.4 mmol) :� methanol (100 mL) �� ;��������  reflux ��� 4 ������
 ���
���


:���� v� ������J
 (80 mL) #	�����  ��� ethyl acetate (3 × 50 mL) 	�

���� ethyl acetate  �����J
 (100 

mL), �
�	�	
�������� sodium bisulfite (50 mL) #	���J
 (30 mL) � J
����  ethyl acetate  :��#��
 ��� 

anhydrous sodium sulfate [
������J
W�������
�:����
� ����J
W � 15 (3.5 g, 49.2%) ��!�$�
#$ v


����	 ;�
�����	�
��w	"� ��� ethanol, mp 100-101 °C.  1H-NMR δ: 0.96 (6H, t, J=7.2 Hz, CH3 × 

2), 2.36-2.40 (2H, m, CH2), 2.53-2.78 (2H, m, CH2), 3.38 (1H, d, J=16.0 Hz, CH2), 3.60 (3H, s, 

COO-CH3), 3.98 (1H, d, J=16.0 Hz, Ar-CH2), 5.14 (1H, s, Ar-H), 5.90-5.97 (2H, m, O-CH2-O), 

6.67 (1H, s, Ar-H), 7.10 (1H, s, Ar-H). 13C-NMR δ: 11.56 (q), 36.52 (t), 43.69 (t), 51.03 (q), 
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55.62 (d), 100.63 (t), 108.81 (d), 110.96 (d), 115.23 (s), 124.52 (s), 126.23 (s), 145.89 (s), 146.94 

(s), 170.78 (s). 
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���2��'��� 

 

1. Lee N. H. S., Xu Y-J., Goh S. H., J. Nat. Prod., 62, 1158-1159 (1999). 

2. Fo B. R., Gabriel S. J., Gomes C. M. R., Gottlieb O. R., Bichara M. D. G. A., Maia J. G. S. 

           Phytochemistry, 15, 1187-1188 (1976). 

 



 

 

����% 9 

�����!�!��+����+��!'���+�&+Q �����!� radical cyclisation +������	
����
� azafluoranthene 

alkaloids  ��� homoaporphine alkaloids  

 

 

      [
��
�="�W
$�%�$�#	�$��[J
�� $�
�` ������
 radical cyclisation $�
 Castedo #	�

���1 :��
����

�
#��� C $�
  aporphine alkaloids *"�
���
 C ��!��
����	����:�%���� 2  �	���

��[��$�
��
["
��:[�
����

�
#��� C  :� azafluoranthene alkaloids *"�
���
 C ��!��
��
��	���� 

#	� homoaporphine alkaloids *"�
���
 C ��!��
�[v ��	���� � �:���` ������
��� :����
�
����W ��	 ;��

��
���
��/�
� (2) #	��
� (3) *"�
�
� 2 �
�
�}��	������!� norrufesine (1) *"�
;%:� Abuta 

imene2, Abuta rufescens2 #	�  Cissampelos pareira3   (Menispermaceae) W �  �����
�	�
:��

�` ������
 radical cyclisation :��
���
���
��/ homoaporphine alkaloids W ��	 ;���
���
���
��/�
� 

(3) ��;��
[
��
�
�}�������
����
���W ��� �� 

 

N

CH
3
O

CH
3
O

O

O

COCF
3N

OCH
3

CH
3
O

CH
3
O

OH
1 3

N

OCH
3

CH
3
O

CH
3
O

OBn
2

COCF
3

 
�/+��%  1  ���
���

$�
  norrufesine (1), �
� (2) #	��
� (3) 

 

>�����"��	 

      �J
 amines (4a, 4b) �
� J
�` ������
 ��% acid chlorides (5a, 5b)  :�� amides (6a, 6b) *"�


� J
�` ������
  Bischler-Napieralski  :�� dihydroisoquinolines (7a, 7b) [
������J
�
� J
�` ������
��% 

sodium borohydride W � tetrahydroisoquinolines (8a, 8b) #	��� ;��� J
�` ������
��% trifluoroacetic 

anhydride  :�� N-trifluoroacetamides (9a, 9b)  [
������J
 9a #	� 9b �
� J
�` ������
��% tributyltin 

hydride #	� 2,2′-azobis(isobutyronitrile) :�� hydrogenolysis product (10a, 10b) �;��
��� � ��� 
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W��;%�
�w	�����./���W �[
��
����

�
#��� C #�����

:  ["
����W ���
:�$�������
W���
�
�}

:���` ������
 radical cyclisation ���

�
#��� C #%%��
��	����#	��[v ��	����W � 
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a : R
1
 = R

2
 = R

3
 = OCH

3
, R

4
 = OBn, R

5
 = H, n = 0

b : R
1
 = R

2
 = OCH

3
, R

3
 = H, R

4
 + R

5
 = OCH

2
O, n = 2

4a, 4b 5a, 5b

6a, 6b

7a, 7b 8a, 8b 9a, 9b

10a, 10b

(A)

(B) (C) (D)

(E)

O

Cl

 
 

Reaction conditions:  (A) 10% NaHCO3/ chloroform; (B)   POCl3/ benzene; (C) NaBH4/ ethanol; 

(D) (CF3CO)2O, Et3N/ chloroform; (E)  Bu3SnH, AIBN/ dry toluene 

 

�>����  1  �
���
���
��/�
�  (2)  #	�  (3) 

 

����"��	 

      [� �	����	���  ������;��
 Stuart Scientific SMP 2 � ���W ����%��
 (uncorrected)  

Ultraviolet spectra �� [
��
�	�	
�:� methanol  ������;��
 Hitachi U-3300 spectrophotometer  
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Infrared spectra ��  ������;��
 Perkin Elmer Spectrum GX FT-IR spectrophotometer :���� 

CH2Cl2-films  1H- #	� 13C-NMR spectra ��  ������;��
 Bruker AVANCE 300 spectrometer ���

��
�} ��  300 MHz � J
���% 1H #	�  75 MHz  � J
���% 13C � �:�� CDCl3 #	� DMSO-d6 :�%

����

��!����� J
	�	
� #	�:�� tetramethylsilane ��!� internal standard  

 

1-(5-Benzyloxy-2-bromophenyl)-N-(2,3,4-trimethoxyphenethyl)formamide (6a): ������� �

��&� acid chloride � �:��  5-benzyloxy-2-bromobenzoic acid (16.0 g)  #	� amine (4a) (15.0 g, 0.1 

mol) � J
 workup � ���&�����W � 6a ��!�$�
#$ v
��$
� (15.9 g, 67.2%) �	�
��w	"� ��� ethanol, 

mp 98-100 °C. 1H-NMR δ: 2.89 (2H, t, J=6.7 Hz, CH2), 3.66 (2H, dd, J=6.7, 12.3 Hz, CH2), 3.83 

(6H, s, O-CH3), 3.90 (3H, s, O-CH3), 5.03 (2H, s, Ph-CH2), 6.31 (1H, br s, NH), 6.62 (1H, d, 

J=8.5 Hz, Ar-H), 6.86 (1H, dd, J=3.1, 8.5 Hz, Ar-H), 6.90 (1H, d, J=8.5 Hz, Ar-H), 7.12 (1H, d, 

J=3.1 Hz, Ar-H), 7.32-7.44 (6H, m, Ph-H × 5 #	� Ar-H). 13C-NMR δ: 29.51 (t), 41.10 (t), 56.00 

(q), 60.74 (q), 61.00 (q), 70.34 (t), 107.48 (d), 109.78 (s), 115.69 (d), 118.23 (d), 124.59 (d), 

124.62 (s), 127.50 (d), 128.23 (d), 128.66 (d), 134.16 (d), 136.15 (s), 138.65 (s), 142.27 (s), 

151.92 (s), 152.71 (s), 158.01(s), 167.31 (s). 

 

3-(2-Bromo-4,5-methylenedioxyphenyl)-N-(3,4-dimethoxyphenethyl)propanamide (6b): 

������� ���&� acid chloride � �:��  2-bromo-4,5-methylenedioxyphenylpropanoic acid (25.2 g) 

#	� amine (4b) (16.7 g, 92.3 mmol) � J
 workup � ���&�����W � 6b ��!�$�
#$ v
��$
� (30.1 g, 

74.9%), mp 149-151 °C. 1H-NMR δ: 2.39 (2H, t, J=7.7 Hz, CH2), 2.72 (2H, t, J=7.0 Hz, CH2), 

2.95 (2H, t, J=7.7 Hz, CH2), 3.47 (2H, q, J=6.8 Hz, CH2), 3.85 (6H, s, O-CH3), 5.65 (1H, br s, 

NH), 5.92 (2H, s, O-CH2-O), 6.66 (1H, dd, J=1.9, 8.0 Hz, Ar-H), 6.69 (1H, d, J=1.9 Hz, Ar-H), 

6.74 (1H, s, Ar-H), 6.78 (1H, d, J=8.0 Hz, Ar-H), 6.95 (1H, s, Ar-H). 13C-NMR δ: 32.05 (t), 35.24 

(t), 36.66 (t), 40.73 (t), 55.85 (q), 55.89 (q), 101.63 (t), 110.25 (d), 111.32 (d), 111.82 (d), 112.62 

(d), 114.13 (s), 120.61 (d), 131.30 (s), 133.00 (s), 146.94 (s), 147.36 (s), 147.66 (s), 149.02 (s), 

171.69 (s). 

 

1-(5-Benzyloxy-2-bromophenyl)-5,6,7-trimethoxy-3,4-dihydroisoquinoline (7a): ������� �

�` ������
 Bischler-Napieralski W �  7a ��!�$�
��; ����	 ;�
 (1.8 g, 93.4%) 1H-NMR δ: 2.66-2.95 

(2H, m, CH2), 3.64 (3H, s, O-CH3), 3.89 (3H, s, O-CH3), 3.92 (3H, s, O-CH3), 3.89-4.11 (2H, m, 
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CH2), 5.06 (2H, d, J=3.0 Hz, Ph-CH2), 6.27 (1H, s, Ar-H), 6.91 (1H, dd, J=3.0, 8.8 Hz, Ar-H), 

7.04 (1H, d, J=3.0 Hz, Ar-H), 7.28-7.43 (5H, m, Ph-H), 7.48 (1H, d, J=8.8 Hz, Ar-H). 13C-NMR δ: 

18.97 (t) 47.55 (t),  56.25 (q), 60.96 (q) 61.05 (q), 70.30 (t), 107.36 (d), 112.60 (s), 116.41 (d), 

117.23 (d), 124.01 (s), 124.09 (s), 127.52 (d), 128.14 (d), 128.62 (d), 133.58 (d), 136.39 (s),  

141.09 (s), 144.70 (s), 149.98 (s), 151.80 (s), 158.16 (s),  166.41 (s).   

 

1-(2-(2-Bromo-4,5-methylendioxyphenyl)ethyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (7b): 

Reflux $�
w��$�
 (10.0 g, 22.9 mmol), phosphorus oxychloride (30.0 g)  :� benzene (80 mL) 

��!���	
 3 ������
 [���$�
#$ v
��$
�������
 ���
 #	��	�

����� ��� tert-butyl methyl ether 

[
����� � J
:����!��%�  ���  10% sodium carbonate ���
 W �  7b  (6.4 g, 66.8%) ��!�$�
#$ v
��$
�

�	�
��w	"� ��� ethanol, mp 133-134 °C. 1H-NMR δ: 2.69 (2H, t, J=7.6 Hz, CH2), 2.90-3.10 (4H, 

m, CH2 × 2), 3.70 (2H, t, J=7.5 Hz, CH2), 3.90 (3H, s, O-CH3), 3.93 (3H, s, O-CH3), 5.93 (2H, s, 

O-CH2-O), 6.71 (1H, s, Ar-H), 6.81 (1H, s, Ar-H), 6.98 (1H, s , Ar-H) 7.08 (1H, s, Ar-H). 13C-

NMR δ: 25.84 (t), 34.39 (t), 35.67 (t), 46.01 (t), 56.05 (q), 56.30 (q), 101.63 (t), 109.10 (d), 

110.42 (d), 110.44 (d), 112.57 (d), 114.07 (s), 121.31 (s), 131.74 (s), 133.75 (s), 146.97 (s), 

147.48 (s), 147.71 (s), 151.60 (s), 167.37 (s). 

 

1-(5-Benzyloxy-2-bromophenyl)-5,6,7-trimethoxy-1,2,3,4-dihydroisoquinoline (8a): ������

� �:�� sodium borohydride W � 8a  ��!�$�
��; ����	 ;�
���� (84.4%). 1H-NMR δ: 2.70-3.00 (3H, 

m, CH2 of both conformers), 3.59 #	� 3.61 (total 3H, 2 s, O-CH3 of both conformers), 3.86, 3.87, 

3.89 #	� 3.90 (total 6H, 4 s, O-CH3 × 2 of both conformers), 4.88 (1H, s, Ph-CH2 of one 

conformer), 5.02 (1H, apparent d, J=2.1 Hz, Ph-CH2 of another conformer), 5.41 (1H, s, H-1), 

6.08  #	� 6.28 (total 1H, 2 s, H-8 of both conformers), 6.60 #	� 7.05 (total 1H, 2 d,  J=3.0 Hz, 

H-6′ of both conformers), 6.74 #	� 6.88 (total 1H, 2 dd, J=3.0, 8.8 Hz, H-4′ of both conformers), 

7.21-7.40 (5H, m, Ph-H of both conformers), 7.43 #	� 7.46 (total 1H, 2 dd, J=1.6, 8.8 Hz, H-3′ 

of both conformers).   13C-NMR (both conformers) δ: 19.01 (t), 23.68 (t), 40.02(t), 47.53 (t), 

55.88 (q), 56.22 (q), 59.72 (d), 60.42 (q), 60.56 (q), 60.82 (q), 60.93 (q), 61.02 (q), 70.06 (t), 

70.25 (t), 106.87 (d), 107.37 (d), 112.58 (s), 114.93 (s), 115.56 (d), 116.51 (d), 117.19 (d), 117.91 

(d), 122.37 (s), 123.99 (s), 124.09 (s), 127.49 (d), 127.52 (d), 128.06 (d), 128.12 (d), 128.57 (d), 
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128.59 (d),  131.88 (s), 133.37 (d), 133.59 (d), 136.40 (s), 140,72 (s), 141.09 (s), 144.36 (s), 

144.73 (s), 150.01 (s), 151.10 (s), 151.51 (s), 151.84 (s), 157.69 (s), 158.16 (s), 166.42 (s).  

 

1-(2-(2-Bromo-4,5-methylnedioxyphenyl)ethyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquino- 

line (8b): :�� J
��
� ������W � 8b ��!�$�
��; ����	 ;�
���� (99.5%). 1H-NMR δ: 1.95-2.10 (2H, 

m, CH2), 2.60-2.90 (4H, m, CH2 × 2), 2.95-3.06 (1H, m, CH2), 3.20-3.31 (1H, m, CH2), 3.83 (3H, 

s, O-CH3), 3.84 (3H, s, O-CH3), 3.93-4.01 (1H, m, H-1), 5.93 (2H, s, O-CH2-O), 6.57 (1H, s, Ar-

H), 6.61 (1H, s, Ar-H), 6.75 (1H, s, Ar-H), 6.98 (1H, s, Ar-H). 13C-NMR δ: 29.43 (t), 32.81(t), 

36.71 (t), 41.06 (t), 55.10 (d), 55.82 (q), 55.99 (q), 101.53 (t), 109.20 (d), 109.97 (s), 110.01 (d), 

111.80 (d), 112.67 (d), 114.15 (s), 127.24 (s), 130.95 (s), 134.70 (s), 146.59 (s), 147.21 (s), 147.33 

(s). 

 

1-(5-Benzyloxy-2-bromophenyl)-5,6,7-trimethoxy-2-triluoroacetyl-1,2,3,4-dihydroisoquino- 

line (9a): ������� �:�� trifluoroacetic anhydride (18.9 g),  8a (14.7 g, 25.71 mmol) #	� 

triethylamine (15.1 g)  � J
 workup � ���&�����W � 9a (8.8 g, 50.0%) ��!�$�
#$ v
����	 ;�
�����	�


��w	"� ��� ethanol,  mp 163-164 °C.  1H-NMR δ: 2.75-2.85 (2H, m, CH2), 3.21-3.35 (1H, m, 

CH2), 3.75 (3H, s, O-CH3), 3.86-3.98 (1H, m, CH2), 3.89 (3H, s, O-CH3), 3.93 (3H, s, O-CH3), 

4.89 (1H, d, J=12.1 Hz, Ph-CH2), 4.95 (1H, d, J=12.1 Hz, Ph-CH2), 6.31 (1H, s, H-8), 6.39 (1H, d, 

J=3.0 Hz, Ar-H), 6.70 (1H, s, H-1), 6.81 (dd, J=3.0, 8.7 Hz, 1H, Ar-H), 7.23-7.39 (5H, m, Ph-H), 

7.52 (1H, d, J=8.7 Hz, Ar-H).  13C-NMR δ: 23.98 (t), 39.51 (t), 55.95 (q), 56.83 (d), 60.55 (q), 

60.87 (q), 72.22 (t), 106.60 (d), 114.61 (s), 115.07 (s), 115.94 (d), 118.43 (s), 119.22 (d), 119.97 

(s), 127.40 (d), 128.72 (d), 128.72 (d), 134.25 (d), 136.09 (s), 140.32 (s), 141.39 (s), 151.13 (s), 

152.60 (s), 155.87 (s), 157.61 (s).        

 

1-(2-(2-Bromo-4,5-methylnedioxyphenyl)ethyl)-6,7-dimethoxy-2-trifluoroacetyl-1,2,3,4-

tetrahydroisoquinoline (9b): ������� �:�� trifluoroacetic anhydride (52.5 g),  8b (21.3 g, 50.7 

mmol) #	� triethylamine (38.0 g)  � J
 workup � ���&�����W � 9b (24.0 g, 91.7%) ��!�$�
��; ��

��	 ;�
   1H-NMR δ: 1.80-2.20 (2H, m, CH2 of both conformers), 2.64-2.84 (3H, m, CH2 of both 

conformers), 2.93-3.06 (1H, m, CH2 of both conformers), 3.64-3.88 (1H, m, CH2 of both 

conformers), 3.85 (6H, s, O-CH3 × 2), 4.05-4.16 (1H, m, CH2 of both conformers), 5.58 (1H, dd, 
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J=4.6, 9.9 Hz, H-1),  5.93 (2H, s, O-CH2-O), 6.58 (2H, s, Ar-H), 6.76 (1H, s, Ar-H), 6.96 (1H, s, 

Ar-H). 13C-NMR (both conformers) δ: 28.72 (t), 33.09 (t), 36.82 (t), 39.62 (t), 39.66 (t), 53.67 (d), 

55.98 (q), 56.05 (q), 101.63 (t), 109.44 (s), 109.66 (s), 109.86 (d), 109.97 (d), 111.23 (d), 111.72 

(d), 112.63 (d), 112.69 (s), 113.91 (s), 114.77 (s), 118.59 (s), 122.41 (s), 124.39 (d), 124.81 (s), 

127.72 (d), 127.87 (s), 133.01 (s), 133.35 (s), 146.83 (s), 147.44 (s), 147.92 (s), 148.16 (s), 156.10 

(s). 

 

�����!�!��+������	
����
���� 2: ������� �:�� 9a (2.9 g, 6.7 mmol), 2,2′-azobis(isobutyro- 

nitrile) (0.8 g) #	� tributyltin hydride (5.9 g)   � J
 workup � ���&����� ;%��
W �  1-(5-benzyloxy- 

phenyl)-5,6,7-trimethoxy-2-triluoroacetyl-1,2,3,4-dihydroisoquinoline (10a) (2.3 g, 92.0%)  ��!�

$�
��; ����	 ;�
 �;��
���� ����	�
� J
�
�:��%�����&�'� ���&� silica gel column chromatography :�� 

hexane-ethyl acetate ��!������  1H-NMR δ: 2.72-2.94 (2H, m, CH2), 3.26-3.39 (1H, m, CH2), 

3.72 (3H, s, O-CH3), 3.87-3.97 (1H, m, CH2), 3.89 (3H, s, O-CH3), 3.93 (3H, s, O-CH3), 5.01 (2H, 

s, Ph-CH2), 6.32 (1H, s, H-8), 6.72 (1H, s, H-1), 6.81-6.87 (2H, m, Ar-H), 6.90-6.95 (1H, m, Ar-

H), 7.20-7.27  (1H, m, Ar-H), 7.30-7.40 (5H, m, Ph-H). 13C-NMR (both conformers) δ: 27.85 (t), 

38.90 (t), 38.95 (t), 56.02 (q), 56.32 (d), 60.56 (q), 60.88 (q), 70.03 (t), 107.00 (d), 114.44 (d), 

115.78 (d), 118.55 (s), 120.16 (s), 121.56 (d), 127.61 (d), 128.46 (s), 128.61 (d), 129.66 (d), 

136.65 (s), 141.21 (s), 142.23 (s), 151.01 (s), 152.42 (s), 155.77 (s), 158.83 (s).  

 

�����!�!��+������	
����
���� 3: ������� �:�� 9b (6.8 g, 13.2 mmol), 2,2′-azobis 

(isobutyronitrile) (2.2 g) #	� tributyltin hydride (15.5 g)   � J
 workup � ���&����� ;%��
W �  1-(2-

(4,5-methylendioxyphenyl)ethyl)-6,7-dimethoxy-2-trifluoroacetyl-1,2,3,4-tetrahydroisoquinoline 

(10b) (3.8 g, 66.2%)  ��!�$�
��; ����	 ;�
�;��
���� ����	�
� J
�
�:��%�����&�'� ���&� silica gel 

column chromatography :�� hexane-ethyl acetate ��!������  1H-NMR δ: 2.04-2.26 (2H, m, H-α of 

both conformers), 2.52-2.80 ( 2H, m, H-β of both conformers), 2.80-2.86 (1H, m, H-4 of both 

conformers), 2.93-3.08 (1H, m, H-4 of both conformers), 3.58-3.71 (1H, m, H-5 of both 

conformers), 3.86 (3H, s, O-CH3), 3.87 (3H, s, O-CH3), 4.01-4.12 (1H, m, H-5 of both 

conformers), 5.57 (1H, dd, J=7.3, 9.1 Hz, H-1), 5.93 (2H, s, O-CH2-O), 6.56 (1H, s, Ar-H), 6.60 

(1H, s, Ar-H), 6.67 (1H, dd, J=1.6, 7.9 Hz, Ar-H), 6.72 (1H, d, J=1.6 Hz, Ar-H), 6.75 (1H, d, 

J=7.9 Hz, Ar-H). 13C-NMR (both conformers) δ: 28.76 (t), 32.21 (t), 38.36 (t), 39.57 (t), 53.77 (d), 
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55.96 (q), 56.07 (q), 100.86 (t), 108.27 (d), 108.74 (d), 109.96 (d), 111.22 (d), 114.76 (s), 121.07 

(d), 124.37 (s), 128.00 (s), 134.91 (s), 145.86 (s), 147.70 (s), 147.96 (s), 148.21 (s), 151.27 (s). 
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�����	
����
� (±±±±)-Gusanlung A, (±±±±)-Gusanlung D ��� 8-Oxyberberrubine: ������'�
��\�

��	#��	��&�	 (-)-Gusanlung A, (-)-Gusanlung D ��� 8-Oxyberberrubine 

 

 

      (-)-Gusanlung D ;%:� Acangelisia gusanlung H. S. Lo (Menispermaceae) ��!� 8-

oxotetrahydroprotoberberine ���#�����W��������#�����%��
#��� D1 [
��
������
��/$����	�

 

spectroscopy W ����
��������
���

  1  #�� (-)-gusanlung D   :��? �.=.1992 Kessar #	����2 

:��
�="�W
�
���
���
��/ protoberberine alkaloid W ���
���
��/�
���������
���

��!� (±)-

gusanlung D ��!����#�� �
������
��/$����	 1H-NMR $�
 (±)-gusanlung D ����%��% (-)-

gusanlung D ;%��
����
�#����

������!�����
�  ����
�? �.=. 2003  Reimann #	����3 W �

�
�

��
���
���
��/ (±)-gusanlung D $"��#	�[
��
������
��/$����	 13C-NMR $�
 (±)-

gusanlung D �����
���
��/W �;%��
��
#����

[
�$����	 13C-NMR $�
 (-)-gusanlung D  :��? �.=. 

2004 Chrzanowska #	����4 � J
�
���
���
��/ (-)-gusanlung D *"�
�� ;�������%����%$����	 1H- #	� 
13C-NMR $�
�
���
���
��/  (-)-gusanlung D ��%�
�&����
�� (-)-gusanlung D  � v��
�
;%��
��

��
�#����

�������   :��? �.=. 2008 Chang #	����5 W ��
�

��
���
���
��/ (±)-gusanlung D 

#	�W �����w	�
������
��/$����	$�
 1H- #	� 13C-NMR $�
 �
���
���
��/ (±)-gusanlung D ��


�� �	��
��%$����	������
��
�

�W���������
���1-4  $���������W����
��!�W�W ���;��
[
���
�
�$����	 
1H- #	� 13C-NMR $�
�
���
���
��/ (±)-gusanlung D5 ����
��� �	��
��%  (±)-gusanlung D2-3 

#	�  (-)-gusanlung D4 [��
 � v��!�W�W��W ����[��� �	��
��%$����	 1H- #	� 13C-NMR $�
 (-)-

gusanlung D1 ����
[
�&����
��W � �; ;��#��
�
��
����[�

:� �
����
���

���} �����
$�
 (-)-

gusanlung D1 ����
[
�&����
�� ["
����
�[J
��!�������
��
���
��/ (±)-gusanlung D $"�� �����&��
�

:���  

      ���[
����:� Acangelisia gusanlung H. S. Lo ��
;% �
�:���  2 ��� � ;�  (-)-gusanlung 

A6  #	� 8-oxyberberrubine1 *"�
���
��������
���

��!� 2 #	� 3  � ��
������
��/$����	�

 

spectro- scopy �
�	 J
 �% #����
W�����
�;���[�/���
���

� ��
���
���
��/ :��� ;����
����
�W��

���[�

:����
���

$�
 (-)-gusanlung D ["
��$���
���:����
���

$�
 (-)-gusanlung A #	� 8-

oxyberberrubine  ��� 
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O

O N O

OH

OCH
3

O

O N O

R
1

R
2

H1

4

2

3 5
6

8

9

1011
12

13

4a

8a
12a

14

14a A B

C

D

 
1.    R1 = R2 = H          3 

2. R1 = OH, R2 = OCH3               

 

�/+��%  1  ���
���

$�
 (-)-gusanlung D (1), (-)-gusanlung A (2) #	� 8-oxyberberrubine (3) 

 

      �; ;��:����� ��
��� �[�:����
���

����� ��������%:�����$�
 (-)-gusanlung D1 ["
��

��
�[J
��!����
���
�� ;�������
���

$�
 (-)-gusanlung A (2) #	� 8-oxyberberrubine (3) � �

�
���
���
��/����� ������ 

 

>�����"��	 

 

�����	
����
� (±)-gusanlung A (2) ��� 8-oxyberberrubine (3) 

      �
���
���
��/  (±)-gusanlung A (2)  �
=���` ������
 radical cyclisation :��
����

�
 

#��� C $�
 2-(2′-benzyloxy-6′-bromo-3′-methoxybenzoyl)-1-methylene-6,7-methylenedioxy-

1,2,3,4-tetrahydroisoquinoline (6a) �
�#w��
���
���
��/:�#w��
;��� 1  �` ������
 oxidation 

$�
 2-benzyloxy-6-bromo-3-methoxybenzaldehyde (4a)7  ��� sodium chlorite :�� 2-benzyloxy-6-

bromo-3-methoxybenzoic acid (4b) *"�
} ����	������!� acid chloride (4c)  *"�
�� ;��� J
�` ������
��% 6,7-

methylendioxy-1-methyl-3,4-dihydroisoquinoline (5)8 #	�  triethylamine :�� 6a *"�
����
���} ���

��J
 ["
�J
 6a �
� J
�` ������
���

�
#��� C ��%  tributyltin hydride #	� 2,2′-azobis(isobutyroni- 

trile) �	� :���
�w	�����./��!�$�
w��$�
 (±)-9-benzylgusanlung A (7a) #	� 9-benzyl-8-oxy- 

berberrubine (8a)  :�����
�w	w	�����  31.3% :��� ����  7a : 8a ���
��% 78:22  [
��
�

�����
��/  1H-NMR spectrum [
������ J
�` ������
 catalytic hydrogenolysis $�
 7a #	� 8a �; ;���� 

����  benzyl ��� *"�
��w	� J
:����� �` ������
 hydrogenation  ��� C-C double bond  ��� W � (±)-

gusanlung A (2) %�����&�'  ���[
�����
�� J
�` ������
 oxidation $�
$�
w��$�
  7a #	� 8a   ��� 

iodine :�� 9-benzyl-8-oxyberberrubine (8a)  *"�
�� ;���� ���� benzyl ���� ��
������% concentrated 

hydrochloric acid W � 8-oxyberberrubine (3) 
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       $����	 1H-NMR spectrum $�
 (±)-gusanlung A (2)  ���W �[
��
���
���
��/�� �	��


��% $����	 1H-NMR spectrum $�
 (-)-gusanlung A (2)  ���

W�� v�
�:� 13C-NMR spectrum $�
 

(-)-gusanlung A (2) �� carbon [J
�����"�
����� chemical shift #����

[
� chemical shift $�
 

carbon � ������$�
 (±)-gusanlung A (2)   �
������
["
� J
 1H-1H-COSY, HMQC #	� HMBC 

correlations �; ;����
�#��:[:��
���%��J
#���
$�
 carbon :����
���

$�
 (±)-gusanlung A (2) 

� J
���%$����	  HMBC correlations  W �#� 
:������� 2 #	��
�

 4 

      $����	 1H-NMR spectrum $�
 8-oxyberberrubine (3) ����
[
�&����
�� �� �	��
��%

$����	 1H-NMR spectrum $�
 8-oxyberberrubine (3) [
��
���
���
��/ ���

W�� v�
�:� 13C-

NMR spectrum $�
 8-oxyberberrubine [
�&����
�� �� carbon [J
�����"�
����� chemical shift 

#����

[
� chemical shift $�
 carbon � ������$�
 8-oxyberberrubine (3)  [
��
���
���
��/ 

#	�w	[
� HMBC correlation ;%��
�
�

��������
�����%��J
#���
$�
 H-1 #	� H-13 �	�%��� 

$����	$�
 HMBC correlation #� 
W��:������� 2 #	��
�

 5 

      ��
�
�
�}����W ���
[
�$����	$�
 1H-NMR �
�
�}� ;�������
���

$�
 (-)-

gusanlung A (2) #	� 8-oxyberberrubine (3) W � #����
�#����

$�
��
 chemical shift $�
 carbon 

:�%

�J
#���
�����

�
���
���
��/��%�
�&����
�� � J
:��W���
�
�}� ;�������
���

$�
 (-)-

gusanlung  A  (2) #	� 8-oxyberberrubine (3)  $�
�
�

��������
���W ����

����:[ 

 

�����	
����
� (±)-gusanlung D 

      � J
���%�
���
���
��/ (±)-gusanlung D (1) ���������[
��
�� J
 2-iodobenzoyl chloride 

(4d) �
� J
�` ������
��% 58  #	� triethylamine :��  2-(2′-iodobenzoyl)-1-methylene-6,7-methylene- 

dioxy-1,2,3,4-tetrahydroisoquinoline (6b) *"�
����
���} �����J
�
� ["
�J
 6b �
� J
�` ������
��% 

tributyltin hydride #	� 2,2′-azobis(isobutyronitrile) �	� W ��
�w	�����./��!�$�
w��$�
 1 #	�  

8b  :�����
�w	w	����� 39.0% :��� ���� 1: 8b ���
��% 87:23 [
��
������
��/  1H-NMR 

spectrum #	��� ;���J
$�
w���
� J
�` ������
��% hydrazine #	� palladium/charcoal :�� (±)-

gusanlung D (1) %�����&�' $����	 1H- #	� 13C-NMR spectrum $�
 (±)-gusanlung D (1)  ���

��
���
��/W ��� �	��
��%$����	$�
 (±)-gusanlung D  #	� (-)-gusanlung D  [
��
�

�����

���
��� 2,3,4 #��#����

[
�$����	$�
 (-)-gusanlung D1  �
�������
���

$�
 (-)-gusanlung D1 [
�

&����
��["
��
�
����
��	����	 ;����W� 
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^�(�7��	��������	  (±±±±)-Gusanlung D (1) ��� (±±±±)-gusanlung A (2) 

      (±)-Gusanlung D (1) #	� (±)-gusanlung A (2) �����
��$��$�� 256 µg/mL W�����Z�&�'

��%���
��� Staphylococcus aureus ATCC25932, Escherichia coli ATCC10536 #	� Candida 

albicans ATCC90028. 

 

R
2

R
1

R
3

R
4

O

O N

CH
3

O

O N O

R
1

R
2

R
3

O

O N

R
1

R
2

O

O

O N

R
1

R
2

O
O

O N

R
1

R
2

O

O

O N

R
1

R
2

O

O

O N

R
1

R
2

O

4a : R1 = OBn, R2 = OCH3, R3 = Br, R4 = CHO

4b : R1 = OBn, R2 = OCH3, R3 = Br, R4 = COOH

4c : R1 = OBn, R2 = OCH3, R3 = Br, R4 = COCl

4d : R1 = R2 = H, R3 = I, R4 = COCl

(A)

(B)

6a : R1 = OBn, R2 = OCH3, R3 = Br

6b : R1 = R2 = H, R3 = I

2 : R1 = OH, R2 = OCH3 [(  )gusanlung A]

1 : R1 = R2 = H [(  )gusanlung D]

(E)  (7a + 8a          2)
(F)  (1   + 8b          1)

5 + 4c          6a
5 + 4d          6b

7a : R1 = OBn, R2 = OCH3

1   : R1 = R2 = H

8a

(G) (7a + 8a          8a)

3  [8-oxyberberrubine]

(C)

H

8a : R1 = OBn, R2 = OCH3

8b : R1 = R2 = H

+

(H)

+
5

+_
+_

(D)

 

Reaction conditions:  (A) NaClO2, sulphamic acid/ tert-butanol-H2O; (B) SOCl2/ benzene; (C) 

Et3N/ dry benzene; (D) Bu3SnH, AIBN/ dry benzene; (E) H2, Pd/C/ ethanol;(F) hydrazine, Pd/C/ 

ethyl acetate-ethanol; (G) I2/ dioxane; (H) conc. HCl/ ethanol. 

 

�>����  1  �
���
���
��/ (±)-gusanlung A (1), (±)-gusanlung D (2) #	� 8-oxyberberrubine (3) 
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O

O
N O

OH

OCH3

O

O
N O

O

OCH3

1

4

2

3
5

6

8

9

10
11

12

13

4a

8a

12a

14

14a

H
1

2

3
4

4a 5

6

8

8a

9

1011
12
12a

13

14

14a

 
1 3 

�/+��%  2  HMBC correlations $�
 (±)-gusanlung A (1) #	� 8-oxyberberrubine (3) 

 

����	  1  �
������%����%$����	 1H-NMR  �����

 natural (-)-gusanlung D1, synthetic (-)-gusan- 

lung D4 #	� synthetic (±)-gusanlung D2 #	� [this work] 

 

 

(position)

(-)-gusanlung D 

CDCl3
1 

mp 250-251 °C 

(-)-gusanlung D  

CDCl3
4 

mp 195-197 °C 

(±)-gusanlung D 

CDCl3
2  

mp 175-177 °C 

(±)-gusanlung D 

CDCl3 [this work] 

mp 175-176 °C  

 1H 1H 1H 1H 

1 7.35 (s) 6.71 (s) 6.76 (d) 6.72 (s) 

4 6.80 (s) 6.67 (s) 6.76 (d) 6.67 (s) 

5α 2.70-3.40 (m) 2.7-2.8 (m) 2.83-3.35 (m) 2.70-2.82 (m) 

5β 2.70-3.40 (m) 2.82-3.02 (m) 2.83-3.35 (m) 2.87-3.07 (m) 

6α 2.70-3.40 (m) 2.82-3.02 (m) 2.83-3.35 (m) 2.87-3.07 (m) 

6β 4.8 (m) 4.93-4.99 (m) 4.7-5.1 (m) 4.88-4.99 (m) 

9 8.07 (d, 8.0) 8.13 (d, 7.4) 8.1-8.37 (m) 8.13 (dd, 7.6, 1.4) 

10 7.29-7.41 (m) 7.34-7.40 (m) 7.25-7.65 (m) 7.39 (br t, 7.4) 

11 7.29-7.41 (m) 7.41-7.49 (m) 7.25-7.65 (m) 7.46 (dt, 7.4, 1.5) 

12 7.29-7.41 (m) 7.24 (d, 7.4) 7.25-7.65 (m) 7.22-7.29 (m) 

13α 2.70-3.40 (m) 2.82-3.02 (m) 2.83-3.35 (m) 2.87-3.07 (m) 

13β 2.70-3.40 (m) 3.18 (dd, 15.3, 3.7) 2.83-3.35 (m) 3.18 (dd, 15.7, 3.7) 

14 3.95 (m) 4.83 (dd, 13.3, 3.7) 4.7-5.1 (m) 4.84 (dd, 13.3, 3.7) 

OCH2O 6.20, 6.06 (s) 5.96 (s) 5.93 (s) 5.96 (s) 
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����	  2  �
������%����%$����	  13C-NMR �����

  natural (-)-gusanlung D1,   synthetic (-)-

gusanlung D4 #	� synthetic (±)-gusanlung D3 #	� [this work]. 

 

 

(position)

(-)-gusanlung D 

CDCl3
1 

mp 250-251 °C 

(-)-gusanlung D 

CDCl3
4 

mp 195-197 °C 

(±)-gusanlung D 

CDCl3
3 

mp 175-177 °C 

(±)-gusanlung D 

CDCl3 [this work] 

mp 175-176 °C   

 13C 13C 13C 13C 

1 107.3 105.8 105.97 105.9 

2 135.0 146.5b 146.57 146.6c 

3 147.0 146.7b 146.77 146.8c 

4 107.5 108.6 108.81 108.7 

4a 126.5 128.8 128.85 128.9 

5 29.7 29.6 29.61 29.7 

6 42.0 38.7 38.49 38.8 

8 162.0 164.5 158.67 164.6 

8a 117.3 137.2 137.24 137.3 

9 128.7a 128.6 128.60 128.6 

10 127.9a 127.3 127.37 127.4* 

11 127.1a 131.8 132.33 131.9* 

12 126.8a 126.8 126.87 126.9 

12a 124.6 129.0 131.81 129.1 

13 33.5 38.1 37.78 38.1 

14 49.4 55.2 55.18 55.3 

14a 126.5 128.5 128.55 128.6 

OCH2O 100.9 101.1 101.00 101.1 
a, b, c, *  assignments may be interchangeable. 

 

 

 

 

 

 

 

 



 

  147

����	  3  �
������%����%$����	 1H-NMR �����

 natural (-)-gusanlung A1 #	�  synthetic (±)-

gusanlung A [this work]. 

 

 

 

(position) 

(-)-gusanlung A  

(DMSO-d6)
6 

m.p. 260-262 °C 

(±)-gusanlung A 

(DMSO-d6) [this work] 

m.p. 188-189 °C  

(±)-gusanlung A 

 (CDCl3) [this work] 

m.p. 188-189 °C 

 1H 1H 1H 

1 6.96 (s) 7.00 (s) 6.71 (s) 

4 6.80 (s) 6.79 (s) 6.66 (s) 

5 2.73-2.81 (m) 2.75-2.89 (m) 2.72-2.84 (m) 

6α 2.73-2.81 (m) 2.89-3.01 (m) 2.94-3.40 (m) 

6β 4.71 (m) 4.69-4.59 (m) 4.80-4.87 (m) 

11 6.99 (d, 8.1) 7.09 (d, 8.1) 6.94 (d, 8.1) 

12 6.86 (d, 8.1) 6.71 (d, 8.1) 6.63 (d, 8.1) 

13α 3.13 (dd, 15.3, 3.1) 3.36 (dd, 15.2, 3.6) 3.14 (dd, 15.2, 3.8) 

13β 2.62 (dd, 15.3, 13.3) 2.66-2.75 (m) 2.80-2.94 (m) 

14 4.68 (dd, 13.3, 3.1) 4.84 (dd, 13.3, 3.4) 4.80 (dd, 13.6, 3.5) 

C10-OCH3 3.76 (s) 3.78 (s) 3.90 (s) 

OCH2O 5.98, 5.99 (s) 5.98, 6.00 (s) 5.96 (s) 

OH - 12.88 (s) 12.83 (s) 

 

����	  4  �
������%����%$����	 13C-NMR �����

 natural (-)-gusanlung A6 #	�  synthetic (±)-

gusanlung A [this work] #	� HMBC correlations $�
 (±)-gusanlung A [this work]. 

 

(±)-gusanlung A 

  (DMSO-d6) [this work] 

 

(position) 

(-)-gusanlung A  

(DMSO-d6)
6 

 

m.p. 260-262 °C 

(±)-gusanlung A 

(DMSO-d6)  

[this work] 

m.p. 188-189 °C  

(±)-gusanlung A 

 (CDCl3)  

[this work] 

m.p. 188-189 °C 
HMBC 

 13C 13C 13C 2J 3J 

1 106.1 106.6 105.8 C-2 C-3, 4a, 14 

2 145.9a 146.7c 146.8* - - 

3 147.7a 146.5c 146.7* - - 

4 107.8 108.7 108.6 C-3 C-2, 5, 14a 

4a 129.1b 128.3 128.1 - - 

5 29.0 28.9 29.4 C-4a, 6 C-4, 14a 
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����	  4  �
������%����%$����	 13C-NMR �����

 natural (-)-gusanlung A6 #	�  synthetic (±)-

gusanlung A [this work] #	� HMBC correlations $�
 (±)-gusanlung A [this work]. (���) 

 

6 37.8 38.5 38.4 C-5 C-4a, 8, 14 

8 161.4 168.4 168.6 - - 

8a 122.3b 111.4 111.4 - - 

9 149.7a 151.4 151.8 - - 

10 145.7a 147.2 147.5 - - 

11 118.9 116.7 115.4 C-10 C-9, 12a 

12 122.1 116.9 116.1 C-11 C-8a, 10, 13 

12a 128.2b 129.6 128.7 - - 

13 37.7 35.9 37.1 C-12a, 14 C-8a, 12, 14a 

14 54.4 55.4 55.7 C-13, 14a - 

14a 129.3b 129.1 128.4 - - 

C10-OCH3 60.5 56.3 56.3 - C-10 

OCH2O 100.5 101.3 101.2 - C-2, 3 

OH    C-9 C-8a, 10 
a, b, c, * assignments may be interchangeable. 

 

����	  5  �
������%����%$����	 1H- #	� 13C-NMR �����

 natural 8-oxyberberubine (3)1, 

synthetic 8-oxyberberubine (3) [this work] #	� HMBC correlations $�
 8-oxyberberrubine [this 

work]. 

 

synthetic  

8-oxyberberrubine 

(3) (CDCl3)  

[this work] 

 

(position) 

natural 8-

oxyberberrubine 

(3) CDCl3
1 

 

 

m.p. 240-241 °C 

synthetic 8-

oxyberberrubine 

(3) CDCl3  

[this work] 

 

m.p. 238-239 °C 

natural 8-

oxyberberrubine 

(3) CDCl3
1 

 

 

m.p. 240-241 °C 

synthetic 8-

oxyberberrubine 

(3) CDCl3  

[this work] 

 

m.p. 238-239 °C 
HMBC 

 1H 1H 13C 13C 2J 3J 

1 6.83 (s) 7.21 (s) 104.0 104.8  C-2 C-3, 

4a, 14 

2   141.6 147.5* - - 

3   146.4 148.6* - - 
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����	  5  �
������%����%$����	 1H- #	� 13C-NMR �����

 natural 8-oxyberberubine (3)1, 

synthetic 8-oxyberberubine (3) [this work] #	� HMBC correlations $�
 8-oxyberberrubine [this 

work]. (���) 

 

4 6.72 (s) 6.71 (s) 107.1 108.0 C-3 C-2, 

5, 14a 

4a   109.6 129.5 - - 

5 2.91 (t, 7.2) 2.92 (t, 6.1) 28.4 28.4 C-4a, 6 C-4, 

14a 

6 4.27 (t, 7.2) 4.27 (t, 6.1) 39.1 39.1 C-5 C-4a, 

8, 14 

8   164.0 165.4 - - 

8a   129.9 111.0 - - 

9   149.0 150.3 - - 

10   147.5 144.9 - - 

11 7.30 (AB q, 8.0) 7.28 (d, 8.5) 114.9 119.1 C-10 C-9, 

12a 

12 7.00 (AB q, 8.0) 6.99 (d, 8.5) 120.0 115.3 C-11 C-8a, 

10, 13 

12a   128.9 130.5 - - 

13 7.21 (s) 6.83 (s) 103.6 103.6 C-14 C-8a, 

12, 

14a 

14   133.6 134.6 - - 

14a   122.1 123.5 - - 

C10-OCH3 3.96 (s) 3.97 (s) 56.7 56.7 - C-10 

OCH2O 6.02 (s) 6.02 (s) 100.6 101.5 - C-2, 3 

OH  13.14 - - - - 

* assignments may be interchangeable. 

 

 

����"��	 

       [� �	����	���  ������;��
 Stuart Scientific SMP 2 � ���W ����%��
 (uncorrected)  

Ultraviolet spectra �� [
��
�	�	
�:� methanol  ������;��
  Perkin Elmer Lambda 35 UV-VIS 

spectrophotometer   Infrared spectra ��  ������;��
 Perkin Elmer Spectrum GX FT-IR 
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spectrophotometer :���� CH2Cl2-films  1H- #	� 13C-NMR spectra ��  ������;��
 Bruker 

AVANCE 300 spectrometer �����
� } ��  300 MHz � J
���% 1H #	�  75 MHz  � J
���% 13C � �:�� 

CDCl3 #	� DMSO-d6 :�%

������!����� J
	�	
� #	�:�� tetramethylsilane ��!� internal standard  

Mass spectra ��  ������;��
 POLARIS Q  mass spectrometer 

 

2-Benzyloxy-6-bromo-3-methoxybenzoic acid (4b): ���� � �����
�	�	
�$�
 sodium chlorite 

(0.36 g, 3.6 mmol) :���J
  (5 mL) 	
:��
�	�	
�$�
 2-benzyloxy-6-bromo-3-methoxy-benzal- 

dehyde (4a)7 (1.0 g, 3.1 mmol) #	� sulfamic acid (0.5 g) :� tert-butanol (10 mL) #	���J
 (3 mL) 

���� J
	�
������� �� ;���������v[ ��������� 1 ������
 [
��������� ethyl acetate (20 mL) 	
W��$��
���



 � #	����� ���� ethyl acetate  ��� 5% sodium carbonate (3 × 20 mL) [
������ J
�����%�:����!��� 

 ���  concentrated hydrochloric acid ��� ������  ���  chloroform (3 × 20 mL)  [
������ J
���� 

chloroform :��#��
 ��� anhydrous sodium sulfate #	���J
W�������
�:����
� ����J
W � 4b ��!�

w	"���$
� (0.8 g, 76.2%) �	�
��w	"� ���  benzene-hexane, mp 112-115 °C; 1H-NMR δ: 3.89 

(3H, s, O-CH3), 5.10 (2H, s, Ph-CH2), 6.88, (1H, d, J=8.9 Hz, Ar-H), 7.25-7.38 (4H, m, Ph-H × 3 

#	� Ar-H), 7.42-7.47 (2H, m, Ph-H). 13C-NMR δ: 56.2 (q), 76.0 (t), 108.7 (s), 114.9 (d), 128.2 

(d), 128.3 (d), 128.4 (d), 130.6 (s), 136.7 (s), 145.9 (s), 152.2 (s), 171.0 (s).  

 

2-(2′′′′-Benzyloxy-6′′′′-bromo-3′′′′-methoxybenzoyl)-1-methylene-6,7-methylenedioxy-1,2,3,4-

tetrahydroisoquinoline (6a): ������� ���&� acid chloride � �:�� acid (4b) (3.6 g, 10.0 mmol) 

#	� dihydroisoquinoline (5)8 (1.0 g, 5.3 mmol) workup � ���&�����W �  6a *"�
����
���} �����J
["


�J
W�� J
�` ������
:�$������W������   1H-NMR δ: 2.90-2.59 (2H, m, CH2) , 3.80 (3H, s, O-CH3), 

4.13-4.02 #	� 3.57-3.50 (2H, 2 m, CH2), 4.81 (1H, d, J=1.3 Hz, =CH2), 5.00 (2H, AB q, J=10.8 

Hz, Ph-CH2), 5.14 (1H, d, J=1.3 Hz, =CH2), 5.90 (2H, AB q, J=1.3 Hz, O-CH2-O), 6.41 (1H, s, H-

5), 6.75 (1H, d, J=8.8 Hz, H-4′),  6.89 (1H, s, H-8), 7.18 (1H, d, J=8.8 Hz, H-5′), 7.38-7.23 (5H, 

m, Ph-H). 13C-NMR δ: 28.8 (t), 41.6 (t), 55.9 (q),  75.4 (t), 101.1 (t), 103.8 (d), 104.4 (t), 108.4 

(d), 110.0 (s), 113.4 (d), 125.1 (s), 127.7 (d), 127.9 (d), 128.1 (d), 128.4 (d), 129.0 (s), 134.3 (s), 

137.4 (s), 141.4 (s), 145.3 (s), 146.5 (s), 147.8 (s), 152.1 (s), 165.0 (s). 

 

(±±±±)-Gusanlung A (2) ��� 9-benzyl-8-oxyberberrubine (8a) Reflux �
�	�	
�$�
  6a (2.7 g, 

5.3 mmol), tributyltin hydride (3.4 g, 11.7 mmol) #	� 2,2′-azobis(isobutyronitrile) (0.2 g, 0.7 
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mmol) :� benzene (50 mL) ��!���	
 3 ������
 [
������J
W�������
�:����
� ����J
 W �$�
��; 

����J
�
	 ���� chloroform (30 mL) 	
W��; ;��	�	
�$�
��;  [
�����	�

���� chloroform  ��� 

hexane (4 × 15 mL)  #	��� J
���� chloroform :��#��
 ��� ��� anhydrous sodium sulfate [
�����

�J
W�������
�:����
� ����J
W �$�
w�� (±)-9-benzylgusanlung A (7a) #	� 9-benzyl-8-oxyber- 

berrubine (8a) ��!�w	"�����	 ;�
���� (31.3%) �	�
��w	"�*�J
 ��� ethanol :��� ���� 78: 22 [
�

�
������
��/$����	$�
 1H-NMR spectrum  

       �J
$�
w��  8a #	� 7a (303.7 mg, 0.7 mmol), 10% Pd/C (30.4 mg) :� ethanol (50 

mL) �
� J
�` ������
��% hydrogen �����
� ��%���
�
=��!���	
 48 ������
 [
��������
��
 catalyst 

���  �J
 filtrateW�������
�:����
� ����J
W � (±)-gusanlung A (2) ��!�w	"�����	 ;�
���� (82.4 

mg, 34.3%) �	�
��w	"� ��� ethanol, mp 188-189 °C; UV (MeOH) λmax nm (log ε): 219 (4.54), 

271sh (3.87), 281 (3.98), 308 (4.16), 319 (4.15); IR νmax (film) cm-1: 3737, 3650, 3585, 2919, 

2852, 1748, 1634, 1615, 1581, 1542, 1506, 1488, 1456, 1386, 1356, 1336, 1315, 1262, 1239, 

1154, 1084, 1069, 1037, 1001, 933, 858, 804, 792, 728; EI-MS m/z (%): 339[M]+ (55), 176 (100). 
1H-NMR #� 
:��
�

  3, 13C-NMR #	� HMBC #� 
:��
�

 4  

       ���� � �����
�	�	
� iodine (4.6 g, 18.3 mmol) :� dioxane (100 mL) 	
:�$�
w��

$�
 7a #	� 8a (1.3 g, 3.0 mmol), sodium acetate (1.5 g) :� dioxane (50 mL) ���� J
	�
 reflux ����

� �:����	
:��
���������
� 30 �
�� [
����� reflux ������ 6 ������
 #	�����
���
:���� v� ���
#	��

	�

�����%� Buchner funnel  ��� chloroform (100 mL)  	�

���� chloroform  ��� 5% sodium 

bisulfite (100 mL) #	������  dilute ammonium hydroxide (100 mL) �$��
���

 � #������ chloroform 

�
� J
:��#��
 ��� anhydrous sodium sulfate #	���J
W�������
�:����
� ����J
 W � 9-benzyl-8-

oxyberberrubine (8a) ��!�w	"���# 
�$�� (0.6 g, 50.0%) �	�
��w	"� ��� ethanol, mp 190-192 °C. 

UV (MeOH) λmax nm (log ε): 206sh (4.62), 224 (6.31), 255sh (5.78), 312 (5.76), 342 (6.03), 369 

(5.86), 387 (5.71); IR νmax (film) cm-1: 2938, 2898, 2841, 1651, 1619, 1599, 1494, 1484, 1386, 

1372, 1317, 1277, 1225, 1176, 1100, 1083, 939, 871, 834, 777, 734; 1H-NMR δ: 2.88 (2H, t, 

J=6.1 Hz, CH2-5), 3.88 (3H, s, O-CH3), 4.31 (2H, t, J=6.1 Hz, CH2-6), 5.16 (2H, s, Ph-CH2), 6.00 

(2H, s, O-CH2-O), 6.70 (1H, s, H-4), 6.72 (1H, s, H-13), 7.22 (1H, s, H-1), 7.28-7.32 (2H, m, H-

11 #	� H-12), 7.32-7.43 (3H, m, Ph-H), 7.68-7.73 (2H, m, Ph-H); 13C-NMR δ: 28.7 (t) 39.5 (t), 

56.9 (q), 75.7(t), 101.3 (d), 101.4 (t), 104.7 (d), 107.9 (d), 119.1 (d), 119.8 (s), 122.5 (d), 123.8 

(s), 127.7 (d), 128.2 (d), 128.7 (d), 130.1 (s), 132.4 (s), 135.6 (s), 138.1 (s), 147.3 (s), 148.2 (s), 

148.4 (s), 151.7 (s), 160.2 (s). 
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8-Oxyberberrubine (3): Reflux �
�	�	
�$�
 8a (100.0 mg, 0.2 mmol) :� ethanol (30 mL) 

#	� concentrated hydrochloric acid  (30 mL) ��!���	
 3 ������
 ���
���
:���� v�#	�����  ��� chloro- 

form (50 mL)  	�

���� chloroform  �����J
 (50 mL) � J
���� chloroform :��#��
 ��� anhydrous 

sodium sulfate [
������J
W�������
�:����
� ����J
W � 8-oxyberberrubine (3) ��!�w	"�����	 ;�


���� (42.2 mg, 53.5%) �	�
��w	"� ��� ethanol, mp 238-239 °C [Lit.2 mp 240-241 °C]; UV 

(MeOH) λmax nm (log ε): 225 (4.44), 258sh (3.99), 270 (3.87), 288 (3.69), 345 (4.16), 369 (4.13); 

IR νmax (film) cm-1: 3011, 2893, 2836, 1645, 1594, 1490, 1393, 1320, 1267, 1228, 1181, 1087, 

1033, 932, 826, 665; 1H-NMR, 13C-NMR #	� HMBC #� 
:��
�

  5 

 

2-(2′′′′-Iodobenzoyl)-1-methylene-6,7-methylenedioxy-1,2,3,4-tetrahydroisoquinoline (6b): �J
 

4d (1.4 g, 5.4 mmol ) 	�	
�:� benzene (20 mL)  #	������ � �� �
�	�	
�  4d 	
:��
�	�	
�

$�
 dihydroisoquinoline (5)8 (1.0 g, 5.3 mmol) #	� triethylamine (1.0 g) :� benzene (20 mL) 

[
����� reflux ��!���	
 2 ������
 #	�����
���
:���� v� [
��������
 triethylamine hydrochloride ��� 

[
������J
 filtrate W�������
�:����
� ����J
W � 6b ��!�$�
��; ����	 ;�
�$�� (2.2 g) *"�
;%��
��

��
���} �����J
�
�["
�J
W�� J
�` ������
:�$������W������ 1H-NMR δ: 2.95 (2H, br s, CH2), 4.12 ( 

2H, br s, CH2), 4.50 (1H, br s, =CH2), 5.18 (1H, br s, =CH2), 5.92 (2H, s, O-CH2-O), 6.58 (1H, s, 

Ar-H), 8.07-6.84 (5H, m, Ar-H). 13C-NMR δ: 29.0 (t), 41.8 (t), 101.2 (t), 103.9 (d), 106.2 (t), 

108.4 (d), 125.0 (s), 128.3 (d), 129.9 (d), 132.5 (s), 135.9 (s), 139.3 (d), 142.2 (d), 142.6 (s), 146.8 

(s), 148.2 (s), 161.2 (s), 169.0 (s). 

 

(±±±±)-Gusanlung D (1) ��� 13,14-Didehydrogusanlung D (8b): Reflux �
�	�	
�$�
  6b (2.9 g, 

10.0 mmol), tributyltin hydride (11.7 g, 40.0 mmol) #	� 2,2′-azobis(isobutyronitrile) (1.6 g, 10.0 

mmol) :� benzene (50 mL) ��!���	
 3 ������
 [
������J
W�������
�:����
� ����J
 W �$�
��; 

����J
�
	 ���� chloroform (30 mL) 	
W��; ;��	�	
�$�
��;  #	��	�

���� chloroform  ��� hexane 

(4 × 15 mL)  � J
���� chloroform :��#��
 ��� ��� anhydrous sodium sulfate [
������J
W������

�
�:����
� ����J
W �$�
w�� 1 #	� 8b ��!�w	"�����	 ;�
���� (39.0%) �	�
��w	"�*�J
 ��� ethanol 

:��� ���� 23: 86 [
��
������
��/$����	$�
 1H-NMR spectrum  

      Reflux $�
w��$�
 1 #	� 8b (200.0 mg, 0.7 mmol), 10%Pd/C (300.0 mg), 

hydrazine (50 mL), ethanol (50 mL) #	� ethyl acetate (50 mL) ��!���	
 48 ������
 ���
���
:���� v�

#	�����
 [
��������  filtrate  ���  chloroform (80 mL) #	��	�

���� chloroform   ��� 10% 
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hydrochloric acid (2 × 50 mL), ��J
 (50 mL)  � J
���� chloroform :��#��
 ��� anhydrous sodium 

sulfate  [
������J
W�������
�:����
� ����J
W � (±)-gusanlung D (1) ��!�w	"�����	 ;�
���� (99.4 

mg, 49.4%) �	�
��w	"� ��� ethanol, mp 175-176 °C [lit.5 mp 175-177 °C]. UV (MeOH) λmax nm 

(log ε): 206 (6.27), 230 (5.78), 253sh (5.42), 290 (5.42), 335 (5.02), 365 (4.77); IR νmax (film) cm-

1: 2922, 1646, 1602, 1576, 1487, 1412, 1362, 1333, 1285, 1241, 1218, 1178, 1141, 1038, 936, 

906, 853, 743, 636, 505; 1H-NMR #	� 13C-NMR #� 
:��
�

 1 #	� 2 
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MIC ��	  (±±±±)-gusanlung D ��� (±±±±)-gusanlung A 
�`"&#"!��(� NCCLS microbroth dilution8 

"�	��* 

 

1. 	�	
�  (±)-gusanlung D   #	�  (±)-gusanlung A  :�  DMSO  :������
��$��$�� 1024  µg/mL  

2. �	���
[�	��; 3 ���   � ;�  Staphytolcoccus aureus ATCC25932,  Escherichia coli   ATCC10536 

#	� Candida albicans ATCC90028 :��
�
��	���
�� ;�� � � 10% glucose (NBG) � J
���%�	���
�� ;�� 

Staphytolcoccus aureus ATCC25932 #	� Escherichia coli ATCC10536; Sabouraud glucose 

broth � J
���%�� ;�� Candida albicans ATCC90028 %����� 37 oC ��!���	
 24 ������
[
��������� ;��:��

����
��$��$�� 1 	�
��*		/�����		�	��� 

3. � J
 two-fold serial dilution  $�
�
�:�$��  1 :���
�	�	
�����
��$��$��[
�  512  µg/mL  } "
  

0.50 µg/mL :�[
��;
��� ;������w�
�=���/�	

 5 �*�������  �
��� 

3.1   �����
�	�	
�:�$��  1  ����
�� 100 µL  	
:�[
��;
��� ;��[
����  1  [
��������� 

�
�
��	���
�� ;������
��  100  µL  	
W� �$��
:���$�
���[�W ��
�w���������
��$��$��  512  µg/mL 

3.2   #%�
$�
w������
��  100 µL :�[
����  1  :��	
:�[
����  2 #	�������
�
��	���
 

�� ;������
��  100 µL  	
W�:�[
����  2  �$��
:���$�
���[�W ��
�w���������
��$��$��  256   µg/mL 

3.3   #%�
$�
w������
��  100 µL  :�[
����  2  :��	
:�[
���� 3 #	�������
�
��	���
 

�� ;������
��100 µL 	
W�:�[
���� 3 �$��
:���$�
��� [�W ��
�w���������
��$��$�� 128 µg/mL 

4 � J
*�J
����� �����%$�� 3.3  [�[
��;
��� ;����
�� ��
�����
��$��$�� 0.5 µg/mL  #	����[
��;
� 

�� ;��[
��� ��
�������
�
��	���
�� ;�����

� ��� ��!�[
� control 

5. ������ ;��[�	��;  20  µL  	
:�[
��;
��� ;��:�$��  3  [
����������
�
��	���
�� ;��	
W����  80  µL 

w��:���$�
���  �
�������[
�[�������
�����&���!� 200 µL ��
��$��$��[
�#��[����
��% 256 

µg/mL #	�[
���
�� ��
����
��% 0.25 µg/mL 

6. %��[
��;
��� ;��:�$�� 5 ��� 37 oC ��!���	
 24 ������
  

7. ��
 MIC �
W �[
��
�;�[
��
��
�$���$�
[
��;
���;�������
��$��$����

 �  �� ;������%��%[
� 

control � �[
� control [�$���#� 
��
[�	��;�[��j���%��W � ��
����[
����:�[
�#������� ;� MIC 

$�
�
����� J
�
�� ��% 
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ACCN  = 1,1′-azobis(cyclohexanecarbonitrile) 

AIBN  = 2,2′-azobis(isobutyronitrile) 

Ac   = acetyl 

ε  = molar absorptivity coeffcient 

Boc   = tert-butyloxycarbonyl 

br s   = broad singlet 

CDCl3   = deuterochloroform 

CH2Cl2   = dichloromethane 

CHCl3  = chloroform 

CH3CN  = acetonitile 

COSY  = correlated spectroscopy 

COX-2  = cyclooxygenase-2 

δ  = chemical shift relative to tetramethylsilane(TMS) 

DMSO   = dimethyl sulfoxide  

DMF   = dimethylformamide 

d   = doublet 

dd   = doublets of doublet 

dt  = doublets of triplet  

EI-MS  = electron impact mass spectrometry 

EtOAc            = ethyl acetate 

EtOH  = ethanol 

g   = gram 

HMBC  = heteronuclear multiple bond correlation 

HMQC  = heteronuclear multiple quantum correlation 

H2SO4  = sulfuric acid 

HCl  = hydrochloric acid 

Hz   = hertz 

IR   = infrared 

IL  = interleukin 

iNOS  = inducible nitric oxide synthase 
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J  = coupling constant 

λmax  = In UV spectroscopy, the wavelength at which maximum absorption occurs. 

LPS  = lipopolysaccharide 

MS  = mass spectrometry 

MeOH   = methanol 

MHz   = megahertz 

MIC   = minimum inhibitory concentration 

mg   = milligram 

mL   = milliliter  

m   = multiplet 

mp  = melting point 

m/z  = mass-to-charge ratio 

NO  = nitric oxide 

NMR   = nuclear magnetic resonance  

PGE2  = prostaglandin E2 

ppm  = part per million 

q   = quartet 

s   = singlet 

THF   = tetrahydrofuran 

t   = triplet 

TNF-α  = tumor necrosis factor-α 

UV  = ultraviolet 

νmax  = absorption wavelength 
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+�������/&��� �! 

 

� ;
�   ����������  ������������� �� 

��� ��;�� !"� ��  10  � ��#�  2516 

�}���	
� ��  [��������[�
� 

�	
��$%   75  ��$%  4  
J���Ww%���  �J��&�'���(!�)������� 

   [��������[�
� 66190 

!�)��
� ��*+ -�   

�.*.  2537  � J���v[ ��*+ -�!��//� ��*+ -���6:�
 (�����*��
��-�#�	)  

     #6)*+ -�*��
�� ��������������*�� ��-6�'�  

�.*.  2542 � J���v[ ��*+ -�!��//������*��
������6:�
 ��;������#�	*+ -�  

#6)�����*��
�� �����������*��!� �  

�.*.  2547 *+ -�
%�!��//�!���/���-` 	��6:�
 ��;������#�	�����	�� 

#6)�����*��
�� �����������*��!� �  
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