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H y d r o x y m e t h y l a t i o n  of t h e  p h e n o l i c  tetrahydroprotoberberine 

(VII) y i e l d e d  O-derne thy lmecambr id ine  (vIII) ,  which  o n  methy la t ion  

+ 
with  d i a z o m e t h a n e  a f f o r d e d  ( - ) -mecambr id ine  (XII). T h i s  w o r k  

p r o v e d  t h e  s t r u c t u r e  of t h l s  base t o  be 7.8 ,13,14-Letrahydro-12- 

hydroxymethy l -1  ,l0,Il-tri~.~ethoxy-2,3-rnethylenedioxyprotoberberine. 

M e c a m b r i d i n e  , a n  a l k a l o i d  f r o m  P a p a v e r  s p e c i e s  ,' w a s  i n i t i a l l y  a s s i g n e d  

s t r u c t u r e  (XIII)  on  t h e  b a s i s  of s p e c t r a l  a n a l y s i s  c o m b i n e d  wi th  s o m e  c h e m l c a l  

d e g r a d a t i o n s . '  L a t e r ,  b i o g e n e t i c  c o n s i d e r a t i o n  of t h i s  b a s e ,  a n d  u v  s p e c t r a l  

a n a l y s ~ s  of t h e  b ~ s m e t h i n e  d e r i v a t i v e s  s h o w e d  t h a t  t h e  s t r u c t u r a l  a s s i g n m e n t s  

s h o u l d , b e  rnodlfied t o  X I I .  

We h a v e  a l s o  investigated t h e  s t r u c t u r e  o f  r n e c a m b r i d i n e  f rom a s y n t h e t i c  

+ 
point of v i e w  a n d  n o w  w i s h  to r e p o r t  t h e  t o t a l  synthesis of (- ) - rnecambridine,  

w h i c h  p r o v e s  t h e  s t r u c t u r e  of t h i s  b a s e  to  b e  t h e  1 0 , l l  , 1 2 - t r i s u b s t i t u t e d  t e t r a -  

h y d r o p r o t o b e r b e r i n e  (XII).  

4  
F u s l o n  o f  3-rnethoxy-4,5-methylenedioxyphenethylamine (I) wi th  3-benzyloxy-  

4 - rne thoxypheny lace t i c  a c i d  (11) a t  180' f o r  I h  g a v e  a r n ~ d e  ( I I I ) ,  mp 126 - 127' 

[ u  rnax ( K R r )  3210 a n d  1640 ~ r n - ~ ] ,  which  w a s  s u b j e c t e d  t o  a B ~ s c h l e r - N a p i e r a l s k i  

r e a c t i o n  wi th  phosphory!  c h l o r i d e  i n  d r y  b o i l i n g  b e n z e n e  f o r  2 h t o  a f f o r d  a mix- 



OMe 

1 2  3 ( IVa ) R +R =CH R =Me 
1  9'3 ( IVb ) R =Me, R +R =CH2 

2% R 0 + 

\ OMe 
P h C H 2 0  

( VI ) R=CH2Ph . ( VIII ) X=CH O H ,  Y=Z=R=H 2 
( VII ) R=H ( IX ) X=Z=R=H, Y=CH OH 2 

( X ) X=Y=R=H, Z=CH20H 

( XI' ) X=CH20Ac,  Y=Z=H, R=Ac 

( - XI1 ) X=CH. O H ,  Y=Z=H , R=Me 2 
( XI11 ) X=Z=H, Y=CH20H,  R=Me 



t u r e  of 8-methoxy-6.7-methylenedioxy ( I V ~ )  [u max ( c H c ~ ~ )  1641 cm-'1 and 6- 

methoxy-7,8-methylenedioxy (IW) [u  max (CHC13) 1628 cm-'1 3.4-dihydroiso- 

quinol ines .  T h e r e f o r e ,  cycl iza t ion o c c u r r e d  ortho and p a r a t o  t h e  methoxy 
. . , , 

group. T h e  mixture w i s . s e p a r i t e d  by c rys t a l l i za t ion  of, the hydrochlor ides  to 

0 give IVa hydrochlor ide  as a ' v i s c o u s  s y r u p  ( p i c r a t e ,  mp 179 - 181 ) and IVb hydro- 

0 
c h l o r i d e ,  mp 165 - 167 . T h e  reduct ion of  both hydrochlor ides  with sodium boro- 

hydr ide  afforded t h e  te t rahydroisoquinol ines  , charac te r i zed  as t h e i r  hydrochlo- 

0 r i d e s ;  V a ,  mp 199 - 202' (decamp.) a n d  Vb,  mp 180 - 182 (decamp.). The s t ruc -  

t u r e  of both.products was a s s igned  by nmr s p e c t r a l  ana lys i s  (6  CDCl ) of the  f r e e  
3 

b a s e s ;  t h u s ,  the  f o r m e r  b a s e  [3.85 (3H,  s ,  OMe), 3.98 (3H,  s ,  OMe), 5.10 (2H, 

s , O C H _ ~ P ~ ) ,  5.83 (ZH,  s ,  O C H ~ O ) ,  6.27 ( l ~ ,  s , 5 - H), 6.55 (3H, broad s ,  3' ,5 - 
a n d  6 '  - H) ,  and 7.35 ( 5 ~ .  b r o a d ,  OCH C H )]  showed methoxy-methyl and methyl- 

2 6-5 

enedioxy-methylene protons  a t  3 .98 and 5.83 as s i n g l e t s ,  r e spec t ive ly ,  and the  

l a t t e r  b a s e  [3.82 (6H, s ,  2 x OMe), 5.07 ( Z H ,  s ,  O C ' H _ ~ P ~ ) ,  5.92 ( Z H ,  d is tor ted  

q ,  O C H ~ O ) ,  6.22 ( lH ,  s ,  5 - H), 6.76 (3 H ,  broad s ,  A ~ H )  and 7.31 (5H,  b road ,  

O C H ~ C ~ H _ ~ ) ]  showed t h e  co r respond ing  re sonances  a t  3.82 a s  a singlet  and 5.92 

as a d i s to r t ed  qua r t e t .  I t  h a s  been well known that  the  8-methoxy group in 1 , 2 ,  

3,4-tetrahydroisoquinolines is deshielded and r e s o n a t e s  at-3.95,5 and the  

methylenedioxy function gives  r i s e  to two doublets co r respond ing  to a smal l  

d i f f e rence  i n  chemical  sh i f t s  between the two non-equivalent protons when a bulky 

g roup  is located  i n  the neighborhood of th is  function.6 T h e r e f o r e ,  the  fo rmer  

b a s e  could b e  a s s igned  the 8-methoxy-6 ,7-methylenedioxyisoquinoline s t r u c t u r e  

( ~ a ) ,  and the l a t t e r  the  i someric  6-methoxy-7,8-methylenedioxy s t r u c t u r e  ( ~ b ) .  

0 A Mannich r eac t ion  of Va with 37 % formalin and ace t i c  ac id  a t  100 f o r  2 h 

gave the  tetrahydroprotoberberine (vI) ,  mp 145 - 146' [nmr ( C D C ~  ) 6 3.80 
3 .  

(3H, s ,   OM^), 3.92 (3H, s ,   OM^), 5.02 (2H, s ,  0CEX2Ph), 5.79 (2H, s ,  0 C H 2 0 ) ,  

6.27 ( l ~ ,  s ,  4 - H), 6.53 ( 2 ~ .  broad s ,  9- and 12 - H),  and 7.3 (SH, b road ,  



OCH C H ) , .which on d e t  ?nzylation with ethanolic hydrochlor ic  ac id  a f fo rded  2 6-5 I 
the  phenolic p ro tobe rbe r ine  (VII) , mp 192 - 194O [ v  max ( C H C ~ ~ )  3550 cm-I (OH) ; 

omr  (cDC13) 6 3.80 ( 3 ~ ,  s ,   OM^), 3.96 (3H,  s ,  OMe), 5.82 ( Z H ,  s ,  0 C H 2 0 ) ,  

6.29 ( lH ,  s ,  4 - H) ,  6.49 ( l ~ ,  s ,  12 - H ) ,  and 6.56 ( l ~ ,  s ,  9 - H)].  

~ ~ d r o x y m e t h y l a t i o n ~ ' ~  of VII with 37 $ formalin and 1N_ - sodium hydroxide a t  

room temperature  with s t i r r i n g  f o r  5 h gave 12-hydroxymethylprotoberberine (VIII) 

+ 
as a yellow viscous  s y r u p  [m/e 385 (M )].  The posit ion of hydroxymethyl g roup  

was determined by the  s p e c t r a l  methods.  The  mass  spect rum showed t h r e e  in tense  

ions a t  rnJe 206 (xIv), 204 (XV) , and 180 (XVI) , which suggested  hydroxymethyl 

group p r e s e n t  a t  r i n g  C o r  D and ru led  out s t r u c t u r e  X. T h e  nmr spect rum 

[ ( C D C I ~ )  6 3.80 ( 3 ~ ,  s ,   OM^), 3 .95 (3H,  s ,   OM^), and 5 .85 (2H,  s ,  O C H ~ O ) ]  

r evea led  two aromat ic  protons  a t  6.31 and 6 . 4 6 ,  indicating the  p r e s e n c e  of 

hydrogen on r i n g  A .  Moreover ,  t h i s  spect rum shawed the p r e s e n c e  of a hydroxy- 

methyl group (4 .64 ,  s) on a romat i c  r i n g  D ,  shifted d o w n f ~ e l d  to 5 .04 in the 

-1  
spect rum of the ace ty l  de r iva t ive  (XI) [ v  max (CHCl ) 1725 and 1755 cm ; nmr 

3 

( C D C ~ ~ )  6 1 .99 ( 3 ~ ,  s ,  OCoMe),  2 .30 (3H,  s ,  OCOMe), 3 .78 ( 3 H ,  s ,  OMe), 3 .97  

(3H,  s ,  OMe), 5 .84  (2H,  s ,  0 C H 2 0 )  and 6.31 (I H ,  s ,  4 - H)]  . An aromat ic  proton 

s ignal  a t  6 .46  of VIII was  shi f ted  to 6.66;n the spect rum of the ace ty l  compound 

C XI).^ T h u s ,  the aromat ic  proton i s  m n t o  a phenollc hydroxy g roup  and ru led  

out a product  w ~ t h  s t r u c t u r e  IX. 



+ 
Methylation of VIII with diazomethane gave (-)-mecambridine (XII), whose 

i r  ( c H c ~ ~ )  and nmr ( c D c ~ ~ )  s p e c t r a  [63.81 (6H,  s ,  2 x  OM^), 3.97 (3H,  s ,   OM^), 

4.63 ( 2 ~ ,  s , A ~ c H _ ~ O H ) ,  5.83 (2H,  s , O C H ~ O ) ,  6.30 ( lH,  4 - H) and 6.56 ( lH,  

s , 9 - H)] were  super imposable  with those  of the  na tu ra l  compounds. 

+ 
Thus we have accomplished t h e  to ta l  syn thes i s  of (-)-mecambridine, which 

c o r r o b o r a t e d  t h e  s t ruc t " re  suggested  by gantavf  . 

'4 
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