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RECENT CHEMICAL PROGRESS I N  BERBERINE ALKALOIDS t 

Chemical progress  of  be rbe r ine  a l k a l o i d s  over  t h e  

p a s t  decade has been reviewed. 

I In t roduc t ion  

About e i g h t y  be rber ine  a l k a l o i d s  have been i s o l a t e d  from t h e  

p l a n t s  o f  Anonaceae, Berberidaceae,  Convolvulaceae, Lauraceae, 

Menispermaceae , Papaveraceae, Ranunclaceae , and Rutaceae .' Since 

they have important  b i o l o g i c a l  a c t i v i t y , *  a number o f  chemical i n -  

v e s t i g a t i o n s  have been c a r r i e d  ou t .  3 ' 4  We have a l s o  been i n t e r e s t e d  

i n  t h e  f i e l d  of be rbe r ine  a l k a l o i d s  dur ing t h e  p a s t  decade, and he re  

wish t o  g ive  an account of  t h e  r a c e n t  chemical advances i n  t h e  f i e l d  

o f  be rbe r ine  a l k a l o i d s .  

I1 Biosynthes is  

On t h e  b a s i s  of  t r a c e r  experiments us ing va r ious  p l a n t s ,  i t  i s  

considered t h a t  t h e  genera l  sequence i n  t h e  b iogenesis  of  be rbe r ine  

a l k a l o i d s  i s  a s  follows.  

+ Dedicated t o  P rofessor  Tsunematsu Takemoto on t h e  occasion of h i s  

re t i rement .  
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Protoberber ine  a l k a l o i d s  a r e  der ived from two molecules o f  

t y r o s i n e  (1) ;5-7 one molecule o f  t y r o s i n e  i s  converted t o  dopamine 

( 3 )  dopa (2) ' "  and the  o t h e r  molecule t o  3,4-dihydroxyphenyl- 
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pyruvic a c i d  ( 4 )  .' Decarboxylation of t h e  pyruv icac id  ( 4 )  followed 

by t h e  condensation o f  t h e  r e s u l t i n g  homoaldehyde wi th  dopamine ( 3 )  

o r  condensation of  the  two compounds, followed by decarboxyla t ion,  

gave nor laudanosol ine  ( 5 )  , which would be transformed t o  laudano- 

s o l i n e  ( 6 )  lo and r e t i c u l i n e  ( 7 ) .  Re t i cu l ine  is known t o  be a 



precursor  o f  scou le r ine  (8)  ,I2 coreximine (9) , I3  s t y l o p i n i n e  ( l o ) ,  10 

corydal ine  (11)14 and berber ine  ( 1 2 )  .ll I t  has been furthermore 

proved t h a t  the  (S)-isomer o f  r e t i c u l i n e  i s  a  t r u e  precursor  o f  

the  be rber ine  a l k a l o i d s , l l  and an oxidat ion-reduct ion equi l ibr ium 

occurs  a t  the  s t a g e  of 1 .2-dehydroret icul ine .  12 

The carbon atoms o f  the  C-8 p o s i t i o n  o f  t h e b e r b e r i n e  a l k a l o i d s ,  

"berber ine  b r idge" ,  and the  methylenedioxy group o r i g i n a t e  from 

the  S-methyl funct ion of methionine.15 When [methyl-14~1methionine 

was fed t o  Corydal is  e, the  methyl group o f  methionine was i n -  

corporated i n t o  t h e  0-methyl groups,  t h e  13-methyl group and the  

C(8) of corydal ine  (11). The l a b e l l e d  p o s i t i o n s  o f  corydal ine  

de r ived  from [methyl-14~lmethionine were c l e a r l y  determined by 

t h e  degradat ion products a s  shown i n  Scheme 2. Maintenance of 

3  1 4  3  the  H/ C r a t i o  o f  [methyl- H ,  14~]meth ion ine  wi th in  these  u n i t s  

o f  coryda l ine  proved t h e  i n t a c t  incorpora t ion  o f  the  methyl groups. 

P a r t i a l  l o s s  of 3~ r e l a t i v e  t o  14c was observed i n  the  course  o f  

3 a Schmidt r e a c t i o n  o f  [2- H ,  2-14claceta te .  1 6  

Protoberber ien a l k a l o i d s  could be a  p u t a t i v e  precursor  of many 

i soqu ino l ine  a l k a l o i d s ,  f o r  example, sp i robenzy l i soqu ino l ine .  

benzophenanthridine,  protopine ,  ph tha l ide i soqu ino l ine  and rhoeadine 

a l k a l o i d s .  I t  was s u b s t a n t i a t e d  t h a t  s c o u l e r i n e  (8) was a  precur- 

s o r  of protopine  ( 1 5 ) ,  chel idonine ( 1 6 )  and n a r c o t i n e  ( 1 7 )  . 17,18 

Labelled te t rahydropalmat ine  methiodide (18) was incorporated 

w i t h  high e f f i c i e n c y  i n t o  a lp in igen ine  (19) i n  Papaver bracteatum. 19 

The feeding experiment o f  r ad ioac t ive  methionine i n t o  ochotensimine 

(20) i n  Corydal is  ocho tens i s  supported t h e  f a c t  t h a t  corydal ine  

(11) o r  i ts  analogue i s  an in te rmedia te  i n  t h e  b iosyn thes i s  o f  
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spirobenzylisoquinoline alkaloids. 16 

Scheme 3 
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Substances ,  i n  which p r o c h i r a l  c e n t r e s  o f  t h e  type  ACH2B have 

been made c h i r a l  by replacement of  one o r  t h e  o t h e r  hydrogen atom 

Scheme 4 

wi th  deuterium o r  t r i t i u m ,  have been Proven t o  be powerful t o o l s  

f o r  i n v e s t i g a t i n g  t h e  s t e reochemis t ry  of  enzyme-mediated r e a c t i o n s .  

Ba t t e r sby  and h i s  coworkers developed a s y n t h e s i s  o f  s c o u l e r i n e  which 
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allowed s t e r e o s p e c i f i c  l a b e l l i n g  wi th  deuterium o r  tritium a t  C-13 

p o s i t i o n ,  a  p r o c h i r a l  c e n t r e .  

I s o v a n i l l i n  (21) was reduced wi th  l i v e r  a l coho l  dehydrogenase 

3  i n  t h e  presence o f  NAD and [ l -  H]cyclohexanol t o  t h e  a lcohol  (22) .  

which was converted i n t o  the  c h l o r i d e  ( 2 3 ) .  The c h l o r i d e  (23) 

r e a c t e d  w i t h  t h e  symmetrical aza -a l ly1  carbanion (24) t o  a f f o r d ,  

a f t e r  h y d r o l y s i s ,  the amine ( 2 5 ) ,  which was transformed to (13R)- 

3  113- H1lscoulerine ( 2 6 ) .  The conf igura t iona l  p u r i t y  of  t h e  l a b e l l e d  

s c o u l e r i n e  was determined by a  degradat ion o f  t h e  amine (25) t o  

20-22 fumaric a c i d  (29) mal ic  a c i d  (28) wi th  fumarase. 

3  Incorporat ion experiments wi th  (13R)- and (13s)- [13-  H I ] -  

s c o u l e r i n e  showed t h a t  t h e  b iosyn thes i s  o f  both  n a r c o t i n e  (17) 

and che l idon ine  ( 1 6 )  involved a  s t e r e o s p e c i f i c  removal o f  t h e  

pro+ hydrogen atom a t  t h e  C-13 p o s i t i o n  o f  scou le r ine .  2  2 

111 Bioformation wi th  Mannalian Tissue 

I n  the  l i g h t  of t h e  importance o f  r e t i c u l i n e  ( 7 )  i n  t h e  bio- 

genesis  o f  i soqu ino l ine  a l k a l o i d s ,  r e t i c u l i n e  was fed t o  r a t s  and 

a  formation o f  coreximine (9 )  was de tec ted  by gas chromatography 

and mass s p e c t r ~ m e t r y . ~ ~  This f ind ing  was then confirmed by 

t r a c e r  experiments using a  r a t  l i v e r  p repara t ion .  Radioactive 

r e t i c u l i n e  was incorporated i n t o  coreximine (9 )  , s c o u l e r i n e  ( 8 )  

and n o r r e t i c u l i n e  ( 3 4 ) .  Di lu t ion o f  the  product  wi th  two enan- 

t iomers and racemate o f  coreximine revealed t h a t  t h e  coreximine 

formed was racemic. Laudanosine (30) was a l s o  biotransformed i n t o  

xylopinine  ( 32) , te t rahydropalmat ine  ( 33) and norlaudanosine ( 35) . 
The enzymatic r e a c t i o n  was g r e a t l y  a c c e l e r a t e d  by t h e  a d d i t i o n  o f  

NADPH and magnesium c h l o r i d e ,  i n d i c a t i n g  a  p a r t i c i p a t i o n  o f  cyto- 



chrome P-450. I t  is apparent  t h a t  t h e  1-benzyl-1,2,3,4-tetrahydro- 

2-methylisoquinoline would give  rise t o  the  imrnonium ca t ion  (31) 

which a f f o r d s  the  tetrahydroprotoberberine by c y c l i s a t i o n  and the  

Scheme 5 

N-nor-product by hydro lys i s .  2 4 

I n  the  course o f  the  i n v e s t i g a t i o n  o f  a l c o h o l i c  add ic t ions ,  Davis 

and coworkers found t h e  i n  vivo and i n  v i t r o  conversions of nor- -- 
laudanosoline (5 )  t o  coreximine and r e l a t e d  tetrahydroprotoberberines 

by mammalian system i n  the  presence o f  S-adenosylmethionine. 
25,26 
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These tetrahydroprotoberberine a l k a l o i d s  could be formed v i a  - 

laudanosoline ( 6 )  followed by the  ox ida t ive  c y c l i s a t i o n  and methyl- 

a t i o n .  

IV Syntheses o f  Berberine Alkaloids 

1. Intramolecular  Mannich Reaction 

The most general  s y n t h e t i c  method f o r  tetrahydroprotoberberine- 

a l k a l o i d s  seems t o  be a Mannich r e a c t i o n  of 1-benzyl-1,2,3,4- 

t e t rahydro i soqu ino l ine  wi th  formaldehyde i n  the  presence of ac id .  

I n  genera l ,  t h i s  method gives  the  1 0 , l l - s u b s t i t u t e d  te t rahydro-  

protoberber ines ,  b u t  an i soqu ino l ine ,  having a phenolic hydroxyl 

group a t  C-3 p o s i t i o n  o f  the  1-benzyl group, a f f o r d s  a mixture o f  

the  9 , l O -  and l 0 , l l - d i s u b s t i t u t e d  tetrahydroprotoberberines, whose 

r a t i o  depends upon the  pH o f  the  reac t ion .  27-30 The s u b s t i t u t i o n  

p a t t e r n  on r i n g  Aalso changes the  course  o f  the  r e a c t i o n ,  although 

the reason i s  &cer ta in .  The syn thes i s  of kikemanine ( 4 3 ) ,  i so-  

l a t e d  from Corydalis  p a l l i d a  v z .  -, 31 involved a separa t ion  

o f  9 , l O -  and l0 , l l - i somers  ( 4 1  and 42) .  formed a t  pH 6.4. I f  the  

r e a c t i o n  was c a r r i e d  o u t  us ing the  hydrochloride o f  40 wi th  forma- 

l i n  i n  h o t  e thano l ,  condensation occurred a t  the  para post ion of 

t h e  hydroxyl group t o  g ive  only 42. 
32 

However, when capaurimine (46) whose s t r u c t u r e  was cor rec ted  

by us33 and ~ a n e k o ~ ~  was synthesised by Mannich r e a c t i o n  of the  

phenol ic  i soqu ino l ine  ( 4 4 ) ,  t h e  9 , lO-d i subs t i tu ted  te t rahydroproto-  

be rber ine  (45) was predominantly obta ined under the  var ious  a c i d i c  

condi t ions  . 35 
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The 9 .10-disubst i tu ted tetrahydroprotoberberines can be prepared 

c lean ly  via t h e  Mannich r e a c t i o n  i f  t h e  bromine atom i s  introduced 

as a  p r o t e c t i v e  group. The dibenzyloxytetrahydrobenzylisoquino- 

l i n e  (47) was s e l e c t i v e l y  brominated t o  the  bromide, whose debenzyl- 

a t i o n  and c y c l i s a t i o n ,  followed by reduct ive  cleavage of t h e  halogen, 

a f fo rded  scou le r ine  (8)  and te t rahydropalmat ine  ( 3 3 ) .  A l l  t he  re- 

ac t ion  proceeded i n  good y i e l d .  
36 

I f  a  bromoisoquinoline which has no hydroxyl group a t  t h e  C-3 

p o s i t i o n  o f  the  1-benzyl g r o u p i s  used i n  t h e  above method, t h e  

c y c l i s a t i o n  occurs  a t  the  brominated p o s i t i o n  t o  give the  10.11- 

d i s u b s t i t u t e d  compound i n  poor y i e l d .  

I n  general ,  mineral  a c i d s  and o rgan ic  a c i d s  a r e  usual ly  used a s  

c a t a l y s t  i n  t h e  Mannich c y c l i s a t i o n  and hea t ing  t h e  hydrochloride 

o f  the  benzyl isoquinol ine  i n  a lcohol  a l s o  gives  e x c e l l e n t  r e s u l t s .  

Tetrahydroprotoberberines were formed under t h e  condi t ion of 

Eschweiler-Clarke r e a c t i o n  usinq formalin and formic ac id .  37-39 

Therefore, i n  o r d e r  t o  ob ta in  the  N-methyl-1-benzyl-l,2,3,4- 

t e t rahydro i soqu ino l ine ,  the  reduct ive  N-methylation using form- 

aldehyde and sodium borohydride o r  the  reduct ion o f  the  3,4-di- 

hydroisoquinoline methiodide a r e  recommendable. 

Coreximine (9) , 38 '40 d i s c r e t i n e  (50) ,41 canadine ( 5 1 ) ,  
29.42 

nandinine (52) , 2 9 ' 4 2  capaurine (53) , 4 3  s t e p h a r o t i n e  (54) , 4 4 

caseadine (55) , 4 5  xylopinine (32) 38 and corytenchine (56) 46 were 

a l s o  syn thes i sed  by a p p l i c a t i o n  o f  the  Mannich c y c l i s a t i o n .  

Recently, when acetaldehyde was used i n s t e a d  of formaldehyde, 

coralydine  (69) , 4 7  0-methylcorytenchirine (59) , 4 7  and corytenchi-  

r i n e  (58) , 4 8  r ecen t ly  i s o l a t e d  from Corydalis  ochotensis  i n  Taiwan, 
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were prepared by this method. Heating the  hydrochloride of the  

phenol ic  t e t rahydro i soqu ino l ine  (571 with acetaldehyde i n  a c e t i c  

MeCHO, AcOH 
M e 0  1 

OMe 

( 63 ) 
+ 

a c i d  gave (-1-corytenchirine (58 )  i n  45  8 y i e l d  and the  s t e reo i so-  



mer (60) i n  10 % y i e l d  toge ther  w i t h  a  t r a c e  amount of isomers 

62 and 63. 4 8  

2. Thermolytic Reaction 

The i d e a  of t h i s  novel method was der ived from the  mass s p e c t r a l  

fragmentation p a t t e r n .  The ex tens ive  a p p l i c a t i o n s  o f  t h i s  t o  the  

s y n t h e s i s  o f  i soqu ino l ine  and indo le  a l k a l o i d s  have been reviewed. 4 9 

The mass s p e c t r a l  fragmentation of xylopinine (32) gave the  ion 

(65) a t  m / e  164 and an a l t e r n a t i v e  fragmentation wi th  hydrogen 

t r a n s f e r  l e f t  t h e  charge on t h e  i soqu ino l ine  u n i t  t o  give the  

fragment (64) a t  m/e 192. 5 0  

Scheme 9 

The benzocyclobutenes a r e  ring-opened by thermolysis t o  the  2- 

quinodimethanes which a r e  equ iva len t s  o f  the  ion (65) and could 

be coupled wi th  t h e  3,4-dihydroisoquinoline t o  give  the  be rber ine  

a lka lo ids .  A mixture o f  1-bromobenzocyclobutene ( 6 6 )  and 3,4- 

dihydro-6,7-dimethoxyisoquinoline (68) was thus heated a t  100' 

f o r  20 h r  t o  g i v e  the  d e s i r e d  protoberberinium s a l t  ( 6 9 ) .  51 
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Scheme 1 0  

Benzocyclobutenol  (70 )  was a l s o  condensed w i t h  3,4-dihydro-6,7- 

Scheme 11 
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dimethoxyisoquinoline (68) in benzene at 80° for 5 hr to give the 

protoberberinium salt (731, which on reduction furnished xylopinine 

(32). 52 

Similarly, heating the 1-cyanobenzocyclobutenes (74) with 3,4- 

dihydro-6,7-dimethoxyisoquinoline (68) gave the tetrahydroproto- 

berberines (76) in good yields. These above reactions proceeded 

regioselectively. 
Scheme 12 
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Treatment of the hydrochloride of the 1-benzocyclobutenyl-3,4- 

dihydroisoquinoline (77) in bromobenzene at 150 - 170° for 20 min 

brought about to give the protoberberine (73), reduction of which 

afforded xylopinine (32) in excellent yield.54 Discretine (50) 55 

and coreximine (9)56 were also synthesised in a similar manner. 
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Scheme 1 3  
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When the  f r e e  base o f  t h e  above 1-benzocyclobutenyl-3,4-di- 

hydroisoquinoline ( 8 0 )  was allowed t o  s t and  i n  organic  s o l v e n t  a t  

room temperature f o r  s e v e r a l  days, i n t e r e s t i n g l y  the  ketospiro-  

i soqu ino l ine  ( 8 2 )  was obta ined i n  high y i e l d .  " The r e a c t i o n  seems 

t o  involve an a i r  ox ida t ion  o f  t h e  1-benzocyclobutenyl group. 

Since a ketospirobenzylisoquinoline had been photo-rearranged 

t o  berberinium d e r i v a t i v e  by Norish type I r e a ~ t i o n , ' ~  82 was 

converted i n t o  xylopinine 73 according to t h i s  procedure. 5 7 



Scheme 1 4  

Me0 - 
0 

' OMe 
Me0 

Me0 OMe 
OMe 

( 8 0  ) ( 8 1  ) ( 82 ) 

h3 - Me0 
OMe 

OMe OMe 
( 73 ) ( 32 ) 

On the  o t h e r  hand, t r ea tment  of the  amide ( 8 3 )  with phsophoryl 
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c h l o r i d e  i n  b o i l i n g  benzene a f fo rded  d i r e c t l y  t h e  ochotensimine 

type compound (84) . 59 

3.  P h o t o l y t i c  Synthes is  

Enamide pho tocyc l i sa t ion  provides  an e f f i c i e n t  s y n t h e t i c  method 

f o r  b e r b e r i n e  a l k a l o i d s .  '' 60 For example, an i r r a d i a t i o n  o f  the 

carbamate (85) i n  t h e  presence o f  iod ine  af forded t h e  aporphine 

(86) a s  the  major product  and t h e  be rber ine  (87) a s  t h e  minor 

~ o m p o n e n t . ~ ~  photo-st imulated hexatriene-cyclohexadiene isomeri-  

s a t i o n  of  t h e  enamide (88) gave t h e  8-oxoberberine (89) toge the r  

wi th  t h e  corresponding dehydro compound (90) i n  h igh y i e l d .  
6 2 

Scheme 16 
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Using Lenz and Yang's method, corytenchirine ( 5 8 )  , was synthe- 

sised as follows. (Z)-2-Acetyl-l-~3-benzyloxy-4-methoxybenzylidene)- 

1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline (91) was irradiated 

with a high pressure mercury lamp in the presence of hydriodic acid 

Scheme 17 
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to give the 8-methylprotoberberinium iodide (92) in moderate yield. 

Reduction of the quaternary salt with sodium borohydride gave the 

stereoisomers (93)  and (94) , in a ratio of 3 : 1, the latter of 
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+ which on debenzylation afforded ( - ) -corytenchir ine  (58) . 48 

It was found t h a t  an i r r a d i a t i o n  o f  the  hydrochlorides of the  

Scheme 18 

benzyl isoquinol ine  (48,  95 and 96) conta ining sodium b i s u l p h i t e  

wi th  high pressure  mercury lamp surrounded by a pyrex f i l t e r  f o r  

10 h r  gave the  tetrahydroprotoberberiens (49, 97, and 98) a s  un- 

expected products i n  a d d i t i o n  t o  the  required N-noraporphines. 

+ The phenol ic  i soqu ino l ine  (57) y ie lded  (-)-corytenchine (56) and 

+ 
( - ) - shef fe r ine  (99) i n  4.5 and 2 % y i e l d ,  r espec t ive ly ,  under t h e  

same condi t ion a s  above. The o r i g i n  of the  berber ine  br idge 

por t ion  is  unclear ,  b u t  i t  could be der ived from alkoxyl group. 



t h e  carbon a t  C-3 o f  i s o q u i n o l i n e  System o r  methylene i n  benzyl 

r e s idue .  6 3  

4 .  Benzyne Reaction 

The benzyne r e a c t i o n  p lays  an important  r o l e  i n  t h e  s y n t h e s i s  

o f  h e t e r o c y c l i c  compounds. Treatment o f  t h e  bromo-enamide (100) 

w i t h  sodium amide i n  l i q u i d  ammonia fu rn i shed  oxoberberine (90) 

(15 % )  and t h e  s t y r e n e  compound (102) (35 % )  toge the r  wi th  t h e  

hydrolysed product  (103) (40 8 ) .  Chlor inat ion of  t h e  oxoberberine 

(90) w i t h  phosphoryl c h l o r i d e ,  followed by reduct ion of  t h e  chlo- 

r i d e  wi th  sodium borohydirde,  gave xylopinine  (32 ) . The benzyne 
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in te rmedia te  ( 1 0 1 )  was pos tu la ted  i n  t h e  formation of t h e  oxo- 

berber ine .  64 

v Reaction of  Berberine Alkaloids  

1. Alka l i  Treatment of  Various Quaternary  S a l t s  

Hofmann degradat ionhas  been widely app l i ed  i n  determining t h e  

s t r u c t u r e s  o f  a l k a l o i d s .  I n  some cases ,  t h i s  r e a c t i o n  i s  a  key 

s t e p  i n  t h e  conversion of  tetrahydroprotoberberines i n t o  proto- 

p ine ,65  benzophenanthridine,  6 6 f 6 7  and pavine type a l k a l o i d s .  6 8  

Alka l i  t rea tment  o f  phenol ic  tetrahydroprotoberberinium and d i -  

hydroprotoberberinium s a l t s  provided many i n t e r e s t i n g  products 

through quinonoid in te rmedia tes .  Refluxing the  9- o r  ll-hydroxy- 

tetrahydroprotoberberinium s a l t s  (104a-d) wi th  methanolic potassium 

hydroxide gave t h e  secotetrahydroprotoberberines (105a-d) i n  addi- 

t i o n  t o  the  methine bases (106a-d).  69 Treatment o f  coreximine methio- 

d ide  (107) wi th  h o t  methanolic potassium hydroxide s o l u t i o n  y ie lded  

no methine -base b u t  secoberber ine  (109) and the  benzo[5,61cyclohept- 

[1 ,2 ,3 - i  j l  i soqu ino l ine  (110) . Fur the r  t r ea tment  of t h e  secoberbe- 

r i n e  (109) under t h e  same b a s i c  cond i t ions  gave 110, whose 0,O- 

dimethyl e t h e r  (111) was syn thes i sed  by t h e  r e a c t i o n  of laudano- 

s i n e  (30) with  formalin i n  the  presence o f  hydrochlor ic  a c i d  i n  

a c e t i c  a c i d .  70 

The quinonoid in te rmedia te  (113) which is apparent ly  involved 

i n  the  r e a c t i o n  o f  the phenol ic  quaternary  s a l t  could play an 

important  r o l e  i n  t h e  b iogenesis  of  a  number of  benzyl isoquinol ine  

a l k a l o i d s .  Thus nuc leoph i l i c  a t t a c k  on the  quinonoid methylene 

group w o u l d g e n e r a t e  t h e  secoberber ines  (1151, which could then be 

ox id i sed  t o  mecambridine ( 1 1 6 ) ,  na rco t ine  ( 1 7 ) ,  canadal ine  ( 1 1 7 ) ,  
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or the proaporphine (118) . The last one (118) could then rearrange 

to N-demethylthaliphenine (119). On the other hand, coupling bet- 

Scheme 21 
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ween the quinonoid methylene group and C-1 of the isoquinoline could 

give the spirobenzylisoquinoline alkaloids (20). 'O The above novel 

benzo[5,6lcyclohept[l,2,3-ijlisoquinoline type compound (114) is 

expected to be a potential alkaloid, derivable from the protober- 



b e r i n e  a lka lo ids .  

On the  ground o f  t h e  hypothesis  t h a t  t h e  sp i robenzy l i soqu ino l ine  

Scheme 

a l k a l o i d s  could be b iosyn thes i sed  from berber ine  a l k a l o i d s ,  Shamma 

and h i s  coworkers demonstrated t h e  chemical conversion o f  quaternary 

phenol ic  d ihydroprotoberber ines  i n t o  spirobenzylisoquinolines. 4,71-74 

A l k a l i  t r ea tment  o f  enamine metho s a l t s  having dihydroxyl groups 

o r  monohydroxyl group on r i n g  D y ie lded  sp i robenzy l i soqu ino l ines  

v i a  quinone methides by d i f f e r e n t  rou tes .  A t y p i c a l  example i s  - 
shown i n  Scheme 22. 

On the  o t h e r  hand, t h e  quaternary s a l t  (124) having a hydroxyl 

group only  on r i n g  A i n t e r e s t i n g l y  gave t h e  o l e f i n i c  dihydrocyclo- 
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pen t [b lazep ine  (128) by the  same t reatment  a s  above. 

Scheme 2 3  

M e 0  

' \ - O M e  

Reaction o f  the  nonphenolic quaternary s a l t ,  f o r  example 129, 

us ing s t ronger  bases  such a s  bu ty l l i th ium,  phenyll i thium, sodium 

Scheme 2 4  



methyl su lph iny l  carbanion,  sodium amalgam and l i t h i u m  aluminium 

hydride  i n  t e t rahydrofuran ,  causes Stevens type  rearrangement t o  

y i e l d  sp i robenzy l i soqu ino l ine  (130) i n  reasonable y i e l d .  75,76 

The c h i r a l i t y  a t  C13a p o s i t i o n  was shown t o  be r e t a i n e d  dur ing the  

r e a c t i o n .  
75 

2. Reaction wi th  T r i f l u o r o a c e t i c  Anhydride 

An  a t tempt  t o  conver t  protoberber ines  i n t o  u s e f u l  in termediates  

f o r  t h e  s y n t h e s i s  o f  spi robenzyl isoquinol ine  and rhoeadine a l k a l o i d s  

l e d  i n s t e a d t o  t h e  discovery of an unusual rearrangement. Phenolic 

compounds (131) on t reatment  wi th  t r i f l u o r o a c e t i c  anhydride a t  

180°, gave the  indene d e r i v a t i v e s  (132) i n  f a i r l y  good y i e l d .  77 

A p o s s i b l e  mechanism f o r  t h i s  t ransformat ion 6% the  s t i l b e n e  

in te rmedia te  i s  shown i n  Scheme 25. 
Scheme 25 
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3. Racemisation wi th  Adams C a t a l y s t  

Opt ica l ly  a c t i v e  coreximine ( 9 ) ,  tetrahydropalmatine (33) and 

xylopinine (32) were racemised by t reatment  wi th  hydrogen i n  the  

presence o f  Adams c a t a l y s t .  Phenolic groups appear t o  slow down 

the  racemisation.  '* The r e a c t i o n  was extended t o  t h e  racemisation 

o f  t h e  1-benzyltetrahydroisoquinolines. 79 I t  is assumed t h a t  the  

a l k a l o i d  is f i r s t  adsorbed on t h e  c a t a l y t i c  su r face  and t h a t  t h e  

bond between C13a and hydrogen is ruptured homolyt ical ly  t o  give 

a f r e e  r a d i c a l  (137) which i s  then hydrogenated t o  the  racemate. 

Palladium and Raney n i c k e l  a r e  i n e f f e c t i v e  i n  racemisation.  7 8 

Scheme 26 

V I  Mecambridine, O r i e n t a l i d i n e  and Aryapavine 

Mecambridine and o r i e n t a l i d i n e ,  i s o l a t e d  from s e v e r a l  p l a n t s  

of Papaver s p e c i e s ,  were i n i t i a l l y  assigned s t r u c t u r e s  (139) and 

(140) ,  r e s p e c t i v e l y ,  on the  b a s i s  o f  s p e c t r a l  a n a l y s i s  combined 

wi th  some chemical degradations.  L a t e r ,  b iogene t ic  cons idera t ion  

o f  these  bases and uv s p e c t r a l  a n a l y s i s  o f  the  bismethine deriva- 

t i v e s  showed t h a t  t h e i r  s t r u c t u r a l  assignments should be modified 

t o  1 1 6  and 154, r espec t ive ly .  80,81 



Scheme 27 

The quaternary protoberber ines ,  P O - 5  and P O - 4 ,  were i s o l a t e d  

from the  same p l a n t s  a s  mecambridine and o r i e n t a l i d i n e .  Oxi- 

da t ion  o f  mecambridine and o r i e n t a l i d i n e  wi th  mercuric ace ' tate,  

potassium permanganate, o r  chromium t r i o x i d e  a f fo rded  PO-5  and 

P O - 4 ,  r e spec t ive ly .  Thus P O - 5  and P O - 4  a r e  t h e  quaternary analogues 
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of mecambridine and o r i e n t a l i d i n e .  Recently aryapavine (144) 

was i s o l a t e d  from Papaver psedo-or ienta le .  83 

I t  was assumed t h a t  these  a l k a l o i d s  conta ining an a d d i t i o n a l  

carbon u n i t  a t  C-12 p o s i t i o n  would be  b iosyn thes i sed  from t e t r a -  

hydroprotoberberines.  Oxidative cleavage between t h e  N-7 and 

C-8 bond of a tetrahydroprotoberberine such a s  ( 1 4 1 )  y ie lded  a 

secodihydrobenzylisoquinoline (1421, which, a f t e r  reduct ion,  

followed by E-methylation and ox ida t ive  r e c y c l i s a t i o n ,  gave t h e  

re t roberber ine  a l k a l o i d  ( 1 4 4 ) .  80 

The above hypothesis can be  modified t o  the  mechanism v i a  the  - 

phenolic quaternary s a l t  (145) ,  which has a l ready  been demonstrated 

chemically a s  mentioned previously .  

Scheme 29  
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The s y n t h e s i s  of aryapavine (144) ,  mecambridine (116) and o r ien-  

t a l i d i n e  (154) were c a r r i e d  o u t  a s  follows. Fusion o f  3-methoxy- 

4,5-methylenedioxyphenethylamine (147) w i t h  3-benzyloxy-4-methoxy- 

pheny lace t i c  a c i d  (37) gave t h e  amide (1481, which was cyc l i sed  

wi th  phosphoryl c h l o r i d e  t o  give  two p o s i t i o n a l  isomers (149 and 

150) . A f t e r  t h e  separa t ion  o f  these  bases ,  a reduct ion of 150 wi th  

sodium borohydride, followed by Mannich c y c l i s a t i o n  and debenzylat- 

ion ,  af forded t h e  phenol ic  tetrahydroprotoberberine (153) . Hydro- 
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xymethylation o f  153 wi th  formalin and 1 N - sodium hydroxide gave 

+ (-)-aryapavine ( 1 4 4 )  i n  good y i e l d .  Methylation of 1 4 4  wi th  diazo- 

methane fu rn i shed  (+) -mecantxidine ( 1 1 6 )  . 84 Treatment o f  1 4 4  wi th  

methylene c h l o r i d e  and sodium borohydride i n  dimethylformamide 

+ 
yie lded  ( - ) - o r i e n t a l i d i n e  (154) .  8 5 

V I I  Stereochemis t r y  

1. Absolute S te reochemis t r l  

The absolute  conf igura t ion  of berber ine  a l k a l o i d s  was f i r s t  

e s t a b l i s h e d  chemically; ozonolysis  o f  (-)-norlaudanosine (35) l e d  

t o  t h e  amino a c i d  d e r i v a t i v e  wi th  the  known abso lu te  s tereochemist ry .  86 

Mannich r e a c t i o n  o f  (-)-norlaudanosine (35) afforded ( - ) -xylopinine  

(32) 86 wi thout  racemisation a t  t h e  C-1 p o s i t i o n  of tetrahydrobenzyl-  

i s o q ~ i n o l i n e . ~ ~  I n  genera l ,  l evoro ta to ry  tetrahydroprotoberberines 

have the  same conf igura t ion  (13a-S) a s  ( - ) -xylopinine ,  while dextro- 

r o t a t o r y  compound corresponds t o  t h e  enantiomeric (13a-R) configu- 

r a t i o n .  X-Ray a n a l y s i s  of the  hydrobromide o f  ( - )  -capaurine (53) 88 

and 9-0-p-bromobenzoate - of (-)-capaurimine ( 4 6 ) 8 9  revealed t h e i r  

absolute  conf igura i ton  t o  be 13a-S. 

Ord measurement f u r t h e r  a s s i s t s  the  assignment o f  the  abso lu te  

conf igurat ion;  (13a-S)-tetrahydroprotoberberines showed two negat ive  

Cotton e f f e c t s  wi th  troughs near  290 and 240 nm. 87.90 

Snatzke and h i s  group announced a use fu l  non-empirical r u l e ,  which 

a l lows the  assignment o f  abso lu te  conf igura t ion  o f  the  te t rahydro-  

protoberber ine  from the  'L and 2 ~ a  bands of the  cd spec t ra .  91 
b 

2 .  Conformation 

I f  the  B and C r i n g s  of dibenzo[a,glquinolizidine take  h a l f  c h a i r  

conformation, it would e x i s t  i n  the  equi l ibr ium of one trans (155) 

and two conformatiors (156 and 157) i n  s o l u t i o n ,  b u t  mainly a s  



the  thermodynamically more s t a b l e  t r ans -qu ino l iz id ine .  However, 

X-ray a n a l y s i s  of the  hydrobromides of capaurine (53Ia8 and i so -  

Scheme 31 

capaurimine (158) ,92 and p-bromobenzoate of capaurimine ( 4 6 )  
8  9 

- 
showed t h a t  a l l  o f  them e x i s t  i n  the  cis form (156) i n  the  cry- 

s t a l l i n e  s t a t e .  I t  was considered t h a t  an e n e r g e t i c a l l y  unfavor- 

a b l e  non-bonded i n t e r a c t i o n  o f  t h e  C-1 s u b s t i t u e n t  t o  t h e  C-13 

hydrogens d e s t a b l i s e d  t h e  trans form. 

The presence o r  absence of Bohlmann bands i n  t h e  i r  s p e c t r a  

i n  s o l u t i o n  i s  u t i l i z e d  t o  d i s t i n g u i s h  the  trans from c i s - q u i n o l i z i -  
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dines .  9 3 ' 9 4  The angular  proton of  t h e  trans conformation i n  benzo- 

[ a ] -  and indo lo [b lqu ino l i z id ines  resona tes  a t  a  h igher  f i e l d  than 

3.8 ppm, whereas t h a t  of t h e  form appears below 3.8 ppm. 9 5 

However it i s  normally d i f f i c u l t  t o  observe t h e  s i g n a l  due t o  t h e  

angular  proton from t h e  proton nmr s p e c t r a  of t h e  te t rahydroproto-  

berberj.nes i n  deuter iochloroform,  because t h e  s i g n a l s  due t o  methoxyl 

groups appear around 3.8 ppm. When the  proton nmr s p e c t r a  were 

taken i n  deu te r io to luene ,  t h e  s i g n a l  due t o  the  angular  proton was 

s h i f t e d  downfield and became v i s i b l e .  9 6 

C m r  spectroscopy may be used a s  the  most u s e f u l  t o o l  f o r  de te r -  

mination of t h e  conformation owing t o  the  1 e f f e c t .  The p r e f e r e n t i a l  

conformation of t h e  tetrahydroprotoberberine having a l l  the  sub- 

s t i t u e n t s  on both  A and D r i n g s  i s  e a s i l y  a ss ignab le  by the  d i f f e r e n t  

chemical s h i f t  o f  C ( 6 )  i n  cmr spectroscopy. Tetrahydroprotober-  

b e r i n e s  , which have a hydrogen a t  C-1  and 3-methoxy-l,2-methylene- 

dioxy-der ivat ive  (159 ) showed t h e  s i g n a l  due t o  C(6) a t  about 51.4 

ppm, even i f  t h e  p a t t e r n  of  t h e  s u b s t i t u e n t s  on r ings  A and D was 

changed, i n d i c a t i n g  the  p r e f e r e n t i a l  t r ans -qu ino l i z id ine .  On t h e  

o t h e r  hand, t h e  carbons a t  C-6 of 0-methylcapaurine ( 1 6 0 )  and 1- 

methoxy-2,3-methylenedioxy zompound (152) were observed a t  48.3 and 

47.1 ppm ( 6 from TMS) , r e s e p c t i v e l y ,  i n d i c a t i n g  t h e  p r e f e r e n t i a l  

c i s  conformation. Capaurimine (46) showed t h e  C ( 6 )  a t  49.3 ppm, - 
suggest ing a mixture of and trans forms i n  equi l ibr ium.  I t  i s  

probable t h a t  t h e  conformation of tetrahydroprotoberberines having 

one s u b s t i t u t e n t  a t  t h e  C-1  p o s i t i o n  i s  governed by t h e  degree of 

s t e r i c  i n t e r a c t i o n  between t h e  C-1 s u b s t i t u e n t  and t h e  C-13 hydro- 

gen. 9 6 

Crnr of  quaternary  protoberber ines  were measured i n  deu te r io -  



t r i f l u o r o a c e t i c  acid .  Their  p r e f e r e n t i a l  conformations were a l s o  

determined by comparison of the  chemical s h i f t  of C(6) and N- 

methyl group. 9 7 

I t  i s  poss ib le ,  furthermore,  t o  d i s t i ngu i sh  the  d i f fe rence  bet-  

ween t he  9,113- and the  10 , l l - d i subs t i t u t ed  tetrahydroprotoberberines 

by the  d i f fe rence  i n  chemical s h i f t  of C(8) .  96 

Both conf igurat ion and conformation of 8-me thyl te t rahydroproto-  

berber ines  were made c l e a r  by ana lys i s  of cmr spectroscopy coupled 

with  i r  and proton nmr spectroscopies .  The coralydine (61) s e r i e s ,  

i n  which the hydrogen a t  the  C-8 and 13a pos i t i ons  are  cis each 

o t h e r ,  exh ib i t ed  Bohlmann bands i n  t h e  i r  and t he  anqular proton 

a t  h igher  f i e l d  than 3.9 ppm and t he  8-methyl group a t  about 1.5 

ppm, t he  r e s u l t i n g  of which suggested t h a t  t he  t rans -qu ino l iz id ine  

form (155) and the  8-methyl group would be equa to r i a l l y  o r ien ted .  

On the  o the r  hand, the  cory tench i r ine  (58) s e r i e s ,  i n  which t he  

hydrogens a t  t he  C-8 and 13a pos i t i on  a r e  trans, showed no Bohlmann 

bands i n  t he  i r  spec t r a  and t he  anqular  proton a t  lower f i e l d  than 

4 . 1 1  pprn i n  the  nmr spec t r a ,  i nd i ca t i ng  c i s -qu ino l iz id ine  form. The 

assignment of t h e  sp3  carbon atoms of 0-methylcorytenchirine (59) 

and coralydine (61) of the cmr s p e c t r a  i s  shown i n  Table I .  

The sh i e ld ing ,  exh ib i ted  by t he  carbons a t  C-13a and 8-methyl 

group o f  0-methylcorytenchirine,  supports  the  one form ( 1 6 1 )  over 

t he  two poss ib le  &-conformations. 4 8 
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Scheme 32 
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Tab l e  I 

C m r  chemica l  s h i f s  o f  0 - m e t h y l c o r y t e n c h i r i n e  (59 )  and c o r a l y -  

d i n e  (61 )  (ppm from TMS: o r e p r e s e n t s  t h e  s i g n a l s  where the assicjn- 

ments may b e  r e v e r s e d ) .  

C o r a l y d i n e  (61 )  29.1 46 .7  58.9O 36.0 58 .15~ 21.3 



W e  have  reviewed some r e c e n t  chemica l  p r o g r e s s  i n  b e r b e r i n e  

a l k a l o i d s .  Although t h e  chemis t ry  and pharmacology o f  b e r b e r i n e  

a l k a l o i d s  have a  l o n g h i s t o q ,  we b e l i e v e  from the chemical  and 

b i o l o g i c a l  impor t ances  t h a t  f u r t h e r  e f f o r t s  w i l l  b e  made i n  t h e  

f i e l d  o f  b e r b e r i n e  a l k a l o i d s .  
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