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RECENT ADVANCES IN THE CHFNISPRY OF BERBINE ALKALOIDS~ 
* 
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D e p a r t m e n t  o f  C h e m i s t r y ,  U n i v e r s i t y  of A l l a h a b a d , A l l a h a b a d , 2 1 1  O O 2 , I n d i a  

A b s t r a c t  - S o m e  aspects of t h e  r e c e n t  c h e m i c a l  progress i n  the f i e l d  

of berbine a lka lo ids  have b e e n  r e v i e w e d .  
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I. INPRODUCT ION 

~ e r b i n e s '  c o m p r i s e  a large group o f  a l k a l o i d s  both of n a t u r a l  and s y n t h e t i c  

3 o r i g i n  . A g o o d  n u m b e r  of i n v e s t i g a t i o n s  h a v e  b e e n  c a r r i e d  ou t  o w i n g  t o  t h e i r  

4 great biological  ac t iv i ty  . W e  have b e e n  i n t e r e s t e d  i n  t h e  f i e l d  o f  b e r b i n e  

a l k a l o i d s  f o r  t h e  l as t  f e w  years and w i s h  t o  give a n  a c c o u n t  of t h e  c u r r e n t  

c h e m i c a l  progress m a d e  i n  t h i s  f i e l d .  T h e  authors w o u l d  l i k e  t o  be p a r d o n e d  

for l i m i t i n g  the  r e v i e w  t o  on ly  s o m e  aspects of the  b e r b i n e  c h e m i s t r y .  

11. SOLIDALINE - A MODJTIED BERBINE ALKALOID 

S o l i d a l i n e  (1) has been isolated f r o m  C o r v d a l i s  solids by M a n s k e  & a15 and 

t D e d i c a t e d  t o  t h e  m e m o r y  of l a t e  Prof. R.H.F.Manske w h o  expired i n  S e p t . , 1 9 7 7 .  



the structure assigned as (1). 

111. THE 8 ,  ~~-DIOXOBERBIWES~ 

Methanolic hydrogen chloride cleaves oxybisberberine, the ferricyanide oxidation 

dimer of berberine, to afford 8-methoryberb41rinephenolbetaine(2)~'~. Cleavage of 

oxybisberberine with pyridine hydrochloride in pyridine gives a 1:l molar ratio 

of ( 6 )  and (7). Some other reactions are shown in Scheme 1. 

OMe 

(5) 
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Scheme I 



The, present  o x i d a t i o n  of b e r b e r i n e  a t  '2-8, C-13 and C-14, and t h e  formation of 

rearranged p roduc t s  such as t h e  aporhoeadane (10).  have some analogy i n  na tu re .  

Tetrahydroberbines  a r e  known t o  be converted i n  p l a n t s  i n t o  benzazepine con ta in -  

9 i ng  a l k a l o i d s  such as t h e  rhoeadines  . The conversion of (7) t o  (10) is  a l s o  

reminiscent of t h e  r i n g  expansion which must b e  involved i n  t h e  b iogenes i s  of  

10 
t h e  dimeric benzy l i soqu ino l ine  a l k a l o i d  s t ep inon ine  . 
I V .  REAcXIONS OF BERBINE ALKALOIDS 

The Hofmann degradat ion has  been widely used f o r  t h e  s t r u c t u r e  e l u c i d a t i o n  of 

t h e  berbine  a l k a l o i d s .  I n  some c a s e s  t h i s  r e a c t i o n  has  been shown t o  l ead  t o  

conversion of be rb ines  i n t o  p ro top ine lo ,  ben~o~henanthridine'~'~~ and pavine 13 

t y p e  a lka lo ids .  

React ions  of t h e  non-phenolic qua te rna ry  s a l t s  such a s  (15) wi th  s t r o n g e r  b a s e s  

a s  b u t y l  l i t h i u m ,  phenyl l i t h i u m ,  sodium methylsulphinylmethylide.  sodium amalgan 

and l i t h i u m  aluminium hydr ide  i n  t e t r a h y d r o f u r a n  causes  t h e  Stevens  t y p e  r e -  

arrangement t o  y i e l d  t h e  sp i robenzy l i scqu ino l ine  (16) i n  a good y i e l d ,  t h e  

c h i r a l i t y  a t  C-14 being maintained14'15 (Scheme 2 ) .  A r a d i c a l  anion i n t e m e -  

d i a t e  has  been he ld  re spons ib le  f o r  r e t e n t i o n  of  s t e reochemis t ry  16.17 

The Stevens rearrangement of be rb ine  methiodides with sodium b i s  (2-methoxy- 

ethox,y)aluminium hydr ide  (Red-al) l e a d s  t o  t h e  formation of sp i robenzy l i soqu i -  

n o l i n e s  and 8-methylberbines. Thus t r ea tment  of seve ra l  b e r b i n e  methiodides( l7 ,  

23, 18, 25, 27) l e a d s  t o  format ion of (19, 20, 26, 28) and t h e  8 m e t h y l b e r b i n e s  

(21, 22, and 29)  (Scheme 3 ) .  

Ouasi-axia l ly  o r i e n t e d  hydrogens a t  t h e  C-8 and C-14,posit ions of t h e  be rb ine  

methiodide were predominantly a b s t r a c t e d  by t h e  complex hydr ide  i n  hot  dioxane.  

I n  t h e  c a s e  of t h e  t rans-quinol iz idinium s a l t s  t h e  s tereochemist ry  a t  t h e  C-8 



OMe 

Me0 \ 
\# '% - ~ccl-pl 

D i oxah Me 

/ ( 2 9 )  
( 2 7 )  

OMe + ( 2 6 )  
(ir. traces) 

OMe OMe + 
Scheme 3 



and C-14 posi t ions was retained during t h e  conversion in to  the  spirobenzyliso- 

quinolines, and the 8-methylberbines with inversion of t h e  configuration a t  t he  

C-8 position. On the  o the r  hand. t h e  &-quinolizidinium s a l t s  gave t h e  spiro- 

benzylisoquinolines with retent ion a t  t h e  C-8 and inversion a t  t h e  C-14 posi- 

t i on ,  and t h e  8-methylberbines with retent ion a t  t h e  '2-8 position1'. 

aerberine (61 has been converted in to  a lr2 mixture of (2)-&-hydrastine(32) 

and (+)- f3 -hydrasthe (33) through the  intermediate use of 8-methoxyberberine- 

7 
phenolbetaine (2) [ 

7 
phenolbetaine (2) [Scheme 4). 

K EtOH 
(32) 

OMe 

(30) R = H 

(31) R = Me 

(33) 

(Scheme 4 
OMP 

~ - 
A s te reospeci f ic  conversion of berberine ( 6 )  into (2)-p-hydrast ine (33) has 

been achieved by Shamma 2'' s ta r t i ng  from short photo-oxidation of oxyber- 

berine (34)" (Scheme 5). 
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Scheme 5 

The high degree of s te reospeci f ic i ty  observed in  the  reduction of (39) is 

rat ional ized on t h e  premise t h a t  reduction of t he  iminium double bond proceeds 

f i r s t  t o  furnish the  species (40) which e x i s t s  i n  preferred conformation (41).  

Application of Cram's ruleZ1 with approach of borohydride from l e s s  hindered 

s ide  leads t o  t h e  product (33) obtained (Scheme 6) .  

R 

Scheme 6 

A one s tep  conversion of berbine s a l t s  i n to  t h e  naphthalene derivat ives has 

been worked out 22'23. Thus, berberine chloride (42) upon treatment with sodium 

acetate-acet ic  anhydride mixture yields t h e  naphthalene der iva t ives  (43) and(44). 

In l i k e  fashion (45) gives t h e  naphthalenes (46). (47 )  and (48) (Scheme 7).All 

these  t ransfornat ions proceed by i n i t i a l  nucleophilic a t tack  of t he  ace t ic  



anhydride anion on t h e  iminium carbon atom. 

( 4 8 )  

Scheme 7 
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V. BIOSYNPHESIS OF BERBIX'ES 

Various a s p e c t s  of  be rb ine  b i o s y n t h e s i s  inc lud ing  be rb ine  b io fonna t ion  i n  

rnamnalian t i s s u e s  have been reviewed by Kametani & ,125. Severa l  important  

26 c l a s s e s  of a l k a l o i d s  a r e  be l i eved  t o  b e  de r ived  from berb ines  i n  n a t u r e  . 
I n v e s t i g a t i o n s  on t h e  b i o s y n t h e s i s  of s t y l o p i n e  (49 )  i n  Chelidonium u s i n g  

m u l t i p l y  l a b e l l e d  r e t i c u l i n e  (51) have f u r t h e r  s t rengthened t h i s  be l i e f27 '28 .  

The major benzophenanthridine a l k a l o i d ,  che l idon ine  (50) h a s  been shown t o  b e  

biosynthesized i n  C. majus p l a n t s  fmm ( S L r e t i c u l i n e  (51) (5.1-scoulerine(52) 

and (S)-s ty lopine  (49)  and evidence c o n s i s t e n t  wi th  a  d ihydro i soqu ino l ine  i n t e r -  

mediate l i k e  (61) has  been presented (Scheme 8 ) .  Simi la r  b u t  conc i se  evidence 

is provided f o r  t h e  same pathway t o  t h e  a romat ic  'systems l i k e  sanguinar ine  (53) .  

Protopine  (54)  is shown t o  be formed in from (S) - scou le r ine  (52) and (S) -  

s t y l o p i n e  (49).  Role of isocorypalmine (55) and canadine ( 5 6 )  i n  t h e  biosyn- 

t h e s i s  of n a r c o t i n e  (57) and b e r b e r i n e  (6 )  i n  Papaver somnifemm p l a n t s  has  

29 been i n v e s t i g a t e d  . 

HO \ 

(51)R ( 5 1 ) s  (56)  

/ OH 

76% 14c a t  m \ one* 
11% 14c a t A  
13% 14c at. 
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V I .  SYNTHESES OF BERBINE ALKALOIDS 

1. INPRAMOLECULAR WNNICH REAmION 

This reac t ion  has been a method of choice f o r  t h e  synthes i s  of 10.11-disubsti- 

t u t ed  berb ines  25'30. A pyr id ine  analogue of berbine (65) has been synthesised 

from t h e  pyrazine (64) by t h e  Mannich type  reaction3' (Scheme 9) .  

6 BoMe OMe 

Scheme 9 OMe 

2. MODIFIED BISCHLER-NAPIERALSKI CYCLIZATION-USE OF BROMINE AS A BLOCKING AGENT 

The Mannich react ion of t h e  1-benzyl-tetrahydroisoquinoline sometimes f a i l s  t o  

give expected berbine. Thus, t h e  N-formyl der iva t ives  of t h e  type (73-79)from 

t h e  amines (66-72) were prepared and subjected t o  phosphoryl chloride cycl iza-  

t i o n  followed by sodium borohydride reduction t o  give t h e  12-bromoberbines 

(80-86) which were converted t o  t h e  berbines (49, 56, 87, 88, 89, 90, 91). U s e  

of a mixture of phosphorus pentoxide and phosphorus pentabromide gives good 

y ie lds  i n  t h e  cyc l iza t ion  of t h e  N-formyl compounds32. A mixture of phosphorus 

pentoxide and phosphorus t r ibromide has a l s o  been used33. 

Thus dl-s tepholidine (87). dl-13-methyltetrahydropseudocoptisine (88). d l -  

canadine ( 5 6 ) .  dl -s inac t ine  (89). d l - s ty lop ine  (40) and dl-tetrahydrogroenlan- 

d ic ine  (90) were synthesized by Pai & ,132. Likewise Brochmann-Hanssen & g 

synthesized dl-discretarnine ( 9 1 ) ~ ~  (Scheme 10). 

3. SYNTHESIS INVOLVING LACTONES AS ILVTERWEDIATES 

The berbine skeleton has been synthesized using lac tone^^^'^^. The method 

though works equal ly well f o r  t h e  synthes i s  of  both 9 , 1 0 - ~ ' - ~ ~  and 10 , l l -  '%'' 

d i subs t i t u t ed  berbines yet  suffered fmm t h e  disadvantage of non- feas ib i l i ty  

of 7.8-disubstituted 3-isochromanones. In an e a r l i e r  method of Battersby 43 

f o r  t h e  syn thes i s  of 7.8-disubstituted 3-isochromnones, y i e ld s  were poor. This 

was due t o  necessasi ty  of introducing a hydroxymethyl funct ion i n  a pos i t ion  

ortho t o  a phenolic function43. This  d i f f i c u l t y  i n  introducing a hydroxymehyl 



1 3 6 7 ( 6 7 )  R', R 2 =  OCH 0 ; R = R = H; - ( 7 4 )  R6= CHO --r ( 8 1 )  R = M e  
2 

- ( 8 8 )  
-4 
3 R7= Me ; R$R5= OCHZO 

I 3 4 6 7 ( 6 8 )  R1, R2=  OCH 0 ; R = R = OMe: - ( 7 5 )  R = CHO ~ ( 8 2 )  R = H 
2 

- ( 5 6 )  

R5= R6= R7= H 

1 2  (69)  R = R = OMe ; R3,  R4= OCH 0; - ( 7 6 )  R6= CHO 
7 

2 - ( 8 3 ) R  = H  
- ( 8 9 )  

6 7 R 5 = R = R = H  

2 6 7 
( 7 0 )  R1, R = 0CH20;  R 3 ,  R4= OCH 0; - ( 7 7 )  R = CHO -484)  R = H 2 - ( 4 9 )  

R5= R ~ =  R7= H 

' 2  4 I 
( 7 1 )  R1= OMe ; R = OH ; R3,  R = - ( 7 8 )  R6 = CHO -(85)  R = H - ( 9 0 )  

5 6 7  O C H O ;  R = R = R = H  
2 

1 3  2 4 6 7 ( 7 2 )  R = R = OMe ; R = R = OR ; - ( 7 9 )  R = CHO ~ ( 8 6 )  R = H A (91) 
6 7 R ~ = R = R = H  

Scheme 1 0  
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func t ion  requ i red  f o r  t h e  s y n t h e s i s  of t h e  d e s i r e d  7 .8-disubst i tu ted l a c t o n e s  

(3-isochromanones) has  been n i c e l y  overcome by an ingenious m€=thod of Nagata 

e t  a1 employing benzeneboronic a c i d  and ~ a r a f o m a l d e h y d e  - - (Scheme 111. 

Ph 
OH 0'': P ~ B <  

I 

OH 
( 9 2 )  (93)  BENZENE 

Scheme 11 

Using t h i s  method f o r  example t h e  3-isochromanones (98) .  (99) and (100) were 

prepared,  s t a r t i n g  f r o m  +mmoisovanill ic a c i d  (96)  (Scheme 12 1. 

A 
- H20 

(96) 
(97) (98)  R = H 

(99)  R = CH2Ph 
Scheme 12 

(100) R = Me 

The a l k a l o i d s  d l - s t epho l id ine  (871~ ' .  d l -xylopinine  ( 1 0 1 ) ~ ~ .  d l - t e t r ahydropa l -  

42 
matine ( 1 0 ~ ) ~ ~ .  d l - scou le r ine  (52 ), dl-canadine  ( ~ 6 ) ~ ~  and dl-govanine (103 ) 

41 

were syn thes ized  l ikewise  (Scheme 13) .  

Et OH - 
K I  (Cat .) 

A 

(106) K ' ,  R'= K H Z O  (100)  R 3 = H ; R ~ =  p5= OMe 
1 2  (1071 R = R = OMe 3 4 R' (104)  H = R = OMe : P5n  H 

(108) R'= OMe ; R 2 =  C C H ~ P ~  R~ (105) R 3 = OMe; D4= O H ;  

R5= H 



____, 
2 NaBHqfMeOH 

2 4 5 3 1 2  (110) R1, R = OCH 0 ; R = R = OMe; R = H (56) R = 4 = CCH 0; R4= R5= OMe; R ~ = H  
1 5  2 2  3 1 5  

2 
2 (111) R = R = OMe ; R = R4= OCH Ph;R = H (87)  R = 4 = OMe; R = R4= 0H;R3= H 

4 5 1 2 3  5 (112) R1= p2= R3=  R = OMe ; R = H (101) R = R = R = R4= OMe ; R = H 

( i 1 3 )  R1= R2= R4= R ~ =  OMe ; R ~ =  H (102) R1= R'= R4= R5= OMe ; R 3 = H 
1 2 (114) R = R3= R4= OMe : R = 0CH2Ph; R 5 = ~  (103) R1= R ~ =  R4= OMe: R 2 =  OH ; R5= H 

Scheme 13 

4. THE BROMOESTER SYNTHESIS 

The 3-isochromanones (98, 99, 100, 104, 105) 44' 45 on d i s s o l u t i o n  i n  e t h a n o l i c  

hydrobromic a c i d  a t  0-5' a f f o r d  t h e  bromoesters (115-119). Condensation of 

t h e  bromoesters (115-119) wi th  p-phenethylarnines (106-108) y i e l d s  t h e  t r i -  

c y c l i c  lac tams (120-126) which could b e  conver ted t o  t h e  d e s i r e d  be rb ines (52 ,  

56, 101, 102, 103, 127, 128) b y  phosphoryl c h l o r i d e  c y c l i z a t i o n  followed b y  

sodium borohydr ide  reduct ion i n  f a i r l y  good yields*6-*. The method works 

e q u a l l y  wel l  f o r  bo th  9.10- and 10.11- d i s u b s t i t u t e d  be rb ines ,  t h e  s u b s t i t u t i o n  

p a t t e r n  of t h e  r i n g  0 of b e r b i n e  being d i c t a t e d  by t h e  s u b s t i t u t i o n  on t h e  

bromoesters (115-119). T h i s  method has  been used t o  s y n t h e s i z e  13-methyl- 

berbines4'. Thus,  d l - te t rahydropalmat ine  (102). d l -xylopinine  (101). d l -  

scou le r ine  (52 ), dl-pseudoepitetrahydroberberine (127),  d l - i s o c o p t i s i n e ( l 2 8  ) ,  

dl-canadine (56)  and dl-govanine (103) were accordingly  synthes ized by us  (Sch- 

eme 14).  

5. THE PALIADIUM CATALYZED CARBON MONOXIDE INSERTION METHOD 
5 0 

The idea  of t h i s  novel s y n t h e s i s  came i n  o u r  minds from t h e  s y n t h e s i s  of t h e  

benzolactarns b y  palladium c a t a l y z e d  amidation5l (Scheme 15). 

The required key p recursor ,  t h e  1-(1'-bromobenzyl ) t e t r ahydro i soqu ino l ine  (134 ) 

was prepared from t h e  known r e a c t i o n  sequence involving t h e  Schotten-Baurnann 
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EtOH - 
(106) R3, R4= 0CH20 A 
(107) R3= R4= OMe 

(108) R4= OMe, R3= EH2Ph 

Me0 
2 3 (120)R =R =OCH P ~ ; R ~ = R ~ = o M ~ ; F = H  
3 4 1 2  (115) P2= OCH Ph: R'=OM~:R=H (121)R ,R =OCH 0;R =R =OMe:F.=H 

1 (116)R =OMe:R3=OCH Ph; R=H (122)R=R 1 3 4  =R =R =OMe: R 2 = H 

I 1 z2 (117)R = H: P = R = OMe 3 
Et0j.t- 1 2 (123)R =ocH~P~:R~=R~=R=oM~.:E~=H 

H &  0 (118)P = R = OMe ; R = H 1 (124) R = R2= R3= R ~ =  OMe; R=H 
1 2 1 2 (119)P = R = OCH 0; F. = H 

2 (125) R,R =OCH 0:F. =H:E~=R~=oM~ 
1 (126)R.R =OCH~O;R~,F.~=OCH 2 o;P.~=H 

2 
R~ 

1 (98) R = DCH2Ph; R = OMe ; R = H 
1 2 (99 )  R = OMe: R = OCH Ph; R = H 

1 2 2  (103) R = H : R = R = OMe 

(104) a = nl= oae, nZ= H 
(105) F = R1= OCH 0 ; R'= H 

2 

Scheme 14 

2 3 
R 

(52) R = R = OH; R1= R4= OMe : R = H 
1 2  (56) R ~ , R ~ =  W H Z O  ; R = R = OMe; R = H 

2 (10l)R = R'= R3= R4= OMe; R = H 
3 4 1 2 (l03)R =OH ; R = R = R = OMe: R = H 
1 2  4 (102) P. = R = R3= R = OMe ; R = H 

1 2 (127) R, R = OCH 0 ; R = H; R ~ =  R~ = OMe 
2 

2 (128) R,R'= K H 2 0  , R ~ , R ~  = OCH 0; R = H 
2 

- 
Scheme 15 



condensation and t h e  Bischler-Napiera lski  r e a c t i o n  followed by sodium borohy- 

d r i d e  r e d u ~ t i o n ~ ~ .  Carbon monoxide was m i l d l y  i n s e r t e d  i n  t h e  key  p recur so r  

(134) a t  95O i n  t h e  presence  o f  c a t a l y t i c  amounts of pal ladium d i a c e t a t e  and 

t r iphenylphosphine  a s s i s t e d  by a t e r t i a r y  amine. The r e s u l t a n t  8-oxoberbine 

(135) was c l e a n l y  reduced t o  t h e  des i r ed  be rb ine  (127) wi th  l i t h i u m  aluminium 

hydr ide  (Scheme 16) .  T h i s  method has  been extended f o r  t h e  s y n t h e s i s  of 

53 va r ious  9.10- d i s u b s t i t u t e d  and 13- subs t i tu t ed  be rb ines  . 

Scheme 1 6  

6. SELF CONDENSATION OF HOMOVERATRIC ACID MZ'I'HOD~~ 

T h i s  method o f  b e r b i n e  s y n t h e s i s  had i ts  o r i g i n  i n  t h e  assumption t h a t  b e r b i n e s  

can b e  de r ived  from benzy l i soqu ino l ines  by t h e  a d d i t i o n  of one  carbon atom.The 

i s o q u i n o l i n e  a l k a l o i d s  have been synthes ized by s e l f  condensat ion of homovera- 
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t r i c  acid (136) 54'55. The keto  ac id  (137) was reduced with sodium borohydride 

t o  a f f o d  t h e  1-benzylisochromanone ( 1 3 8 ) ~ ~  which was dissolved i n  e thanol ic  

hydrobromic ac id  t o  give t h e  bromoester (139). Treatment of (139) with amno- 

n i a  followed by l i thium aluminium hydride reduction of the resu l t ing  i s w u i -  

nolone (140) gave t h e  isoquinol ine (141) which afforded dl-tetrahydropalmatine 

( 1 0 2 ) ~ ~  following procedure of Kametani ,158 (Scheme 17). 

Me0 

OMe 

- 
(140) 

OMe (141) 
2. H+ 

OMe 3 .  1,-ACOH OMe 

(102) 

Scheme 17 



7.  CONDENSATION OF IMINES W m H  HOMOPHPHALIC ANHYDRIDES 

A convergent synthesis of 13-methylberbines (Scheme 18) involves condensation 

OMe 

Scheme 18 
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of the imine (142) and the homophthalic anhydride the substitution 

pattern of the ring D of berbine is dictated by that of the anhydride6' and 

stereochemistry at C-13 is controlled by epimerization of the kinetically 

produced ~(13H,14H)-8-oxoberbine intermediate (144) to the themdynamica- 

59 lly more stable e(l3H. 14H)-isomer (145) . 
8. PHOTOCYCLIZATION OF ENAMIDES 

Two independent groups of workers led by Ninomiya and Lenz have successfully 

exploited the enamide photocyclization62'63 for the berbine synthesis64. The 

2-aroyl-l-methylene-1,2,3,4-tetrahydroisoquinolines (152 a-m) readily photocy- 

clize to the berbin-8-ones (153a-d)65-67 and the dehydroberbin-8-ones(154a-m). 

The potential of this route has been established by the synthesis of dl-xylo- 

pinine ( l ~ l ) ~ ~ - ~ ~ ,  dl-tetrahydropalmatine (102)~~. dl-sinactine (89)69, pseudo- 

epitetrahydroberbine (127)~~, 2,3-dimethoxyberbine (155)~~, dl-cavidine (156) 68 

and various halogenated b e r b i n e ~ ~ ~  (Scheme 19). 

(153a-d) 6 

(152a-m) + 
2 a- R'= R = ~2~~ f4= R ~ =  &= H R~ 

1 
a- R1=R2=R3=R4=R5=R6=~ 

b- R = OMe; R2= R3= R4= R5= R6= H(155) 1 2 3 4 5  
1 3 4  2 6 

b- R =OMe; R = R = R = R = R6= H 
C- R = R = R = OMe; R = R5= R =H (101) .- R1= R ~ =  R4= OMe; R2= R ~ =  R6= H 

2 5 6 d- R = OMe; R3= R ~ =  R = R = H ~ - R ~ = o M ~ ; R ~ = R ~ = R ~ = R ~ = R ~ = H ~  13 -CO Me 
1 2  5 6 a 2 e- R = R = OMe; R3= R4= R = R = H 

6 f- R1= R2= R5= OMe; R4= R = H 
2 4 6  g- R1= R3= R5= OMe; R = R = R = H 

1 2 3 5  h- R = R = R = R = OMe: R4= R6= H(102) 
1 5  2 3 4 6 i- R = R = OMe; R ,R = OCH 0;R = R = H 

4 j- R2= R3= R5= R6=~;R1= OMe; R = NO 
2 1 3 4 S 2 6  k- R = OMe; R = CO Me; R = R = R = R =H 

1 2 3 4 5  6 1- R = 0Me;R ,R =OCH20:K =R =H;R =Me(156) 
1 2 5 6  m- R =OMe;R3,R4=CC~ 0;R =R =R =H (127) 

2 R~ 

Scheme 19 



9. IHINIUM S R L T ~ '  CYCLI2ATION METHOD 

The decarbonylat ion o f & - t e r t i a r y  amino a c i d s  r e g i o s p e c i f i c a l l y  genera tes  

iminium salts7' .  These s a l t -  c y c l i z e  by a c i d  t o  b e r b i n e ~ ~ ~ .  The iminium 

S a l t s  a r e  syn thes ized  from v a r i o u s  phenyla lanines  which invo lve  a s  t h e  key 

s t e p  a l k y l a t i o n  of  a 1,2,3,4-tetrahydro-6,7-dimethoxy-3-isoquinoline carbo- 

x y l a t e .  Various C-8 and C-13 methyl be rb ines  have a l s o  been synthes ized u s i n g  

t h i s  method74 (Scheme 2 0 ) .  
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