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BIOMIMETIC SYNTHESIS OF THE DIBENZAZONINE ALKALOID LAURIFONINE 

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  o f  V i r q i n i a ,  

C h a r l o t t e s v i l l e ,  V i r g i n i a  22901,  U.S.A. 

A  f a c i l e  and  e f f i c i e n t  b i o m i m e t i c  s y n t h e s i s  

o f  l a u r i f o n i n e  ( 9 a )  i s  d e s c r i b e d .  R e d u c t i o n  o f  - 
( t ) - & - m e t h y l  f l a v i n a n t i n e  ( g )  w i t h  s o d i u m  b o r o -  

h y d r i d e  y i e l d e d  a  m i x t u r e  o f  t h e  e p i m e r i c  d i e n o l s  

6a ,  i n  83% y i e l d .  T r e a t m e n t  o f  t h e  d i e n o l  m i x t u r e  - 
w i t h  b o r o n  t r i f l u o r i d e - e t h e r a t e  f o l l o w e d  b y  h y d r o -  

g e n a t i o n  o v e r  p l a t i n u m  i n  m e t h a n o l  gave  l a u r i f o -  

n i n e  (%, 8 1 % ) .  blhen a  m i x t u r e  o f  ( ? ) - p r o e r y t h r i n a -  

d i e n o l s  (2) was s u b j e c t e d  t o  a c i d - c a t a l y z e d  r e -  

a r r a n g e m e n t ,  t h e  ( ? ) - d e s o x y a p o r p h i n e  4 was o b t a i n e d ,  

i n  85% y i e l d .  P o s s i b l e  b i o g e n e t i c  i m p l i c a t i o n s  o f  

t h e  o b s e r v a t i o n s  a r e  d i s c u s s e d .  

R e c e n t l y  t h r e e  new d i b e n z a z o n i n e  a l k a l o i d s ,  l a u r i f o n i n e  ( 9 a ) ,  

l a u r i f i n i n e  ( 9 b ) ,  a n d  l a u r i f i n e  (2) have  b e e n  i s o l a t e d  f r o m  the - 
l e a v e s  o f  C o c c u l u s  l a u r i f o l i a  D . C . '  The o c c u r r e n c e  o f  t h e s e  

t r i s u b s t i t u t e d  d i b e n z a z o n i n e  a l k a l o i d s  i s  o f  p a r t i c u l a r  b i o g e n e t i c  

i n t e r e s t  i n  v i e w  o f  t h e  f a c t  t h a t  a  new g r o u p  o f  e r y t h r i n a - t y p e  

a l k a l o i d s  e x e m p l i f i e d  b y  c o c c u l i n e  (2) a n d  c o c c u l i d i n e  (2) 
a l s o  has  been  i s o l a t e d  f r o m  t h e  same ~ l a n t s . ~  The b i o s y n t h e s i s  

o f  t h e  new d i b e n z a z o n i n e  a l k a l o i d s  c o u l d  be  e n v i s a g e d  as p r o -  

c e e d i n g  e i t h e r  f r o m  n o r p r o t o s i n o m e n i n e  (%) via r o u t e  A,' 



10a  + ,lb- -. + 3 + ?d- -. u, a n a l o g o u s  t o  t h e  b i o s y n t h e t i c  - 
p a t h w a y  p r o p o s e d  f o r  E r y t h r i n a   alkaloid^,^ o r  f r o m  r e t i c u l i n e  

( l o b )  via t h e  r o u t e  8, + 5 b  + + L + 8 + 9 b  + 

a n a l o g o u s  t o  t h e  sequence  o f  s k e l e t a l  r e a r r a n g e m e n t s  p r o p o s e d  

f o r  d i b e n z a z o n i n e  a l k a l o i d  b i o s y n t h e s i s  i n  S t e p h a n i a  j a p o n i c a . '  

We r e p o r t  h e r e i n  t h e  r e s u l t s  o f  b i o m i m e t i c  s y n t h e t i c  s t u d i e s  

a l o n g  b o t h  t h e s e  l i n e s ,  w h i c h  have  l e d  t o  an  e f f i c i e n t  s y n t h e s i s  

o f  t h e  1 , 9 , 1 0 - t r i s u b s t i t u t e d  a p o r p h i n e  4 a  p r o e r y t h r i n a d i e -  

none  r o u t e  and  o f  l a u r i f o n i n e  ( 9 a )  via t h e  m o r p h i n a n d i e n o n e  - 
r o u t e  ( r o u t e  0 ) .  

To e v a l u a t e  t h e  p o s s i b l e  r o l e  o f  p r o e r y t h r i n a d i e n o n e s  as 

t r i s u b s t i t u t e d  d i b e n z a z o n i n e  a l k a l o i d  p r e c u r s o r s ,  ( t ) - N - e t h o x y -  

c a r b o n y l n o r p r o e r y t h r i n a d i e n o n e  was t r e a t e d  w i t h  L iAeH. i n  

THF u n d e r  r e f l u x  f o r  16  h r ,  a n d  a  m i x t u r e  o f  t h e  e p i m e r i c  d i e n o l s  

( 2 a )  was o b t a i n e d .  T h i s  m i x t u r e  c o u l d  be  s e p a r a t e d  b y  p r e p a r a -  - 
t i v e  t i c  t o  g i v e  ( ? ) - p r o e r y t h r i n a d i e n o l  I 6  (60%, mp 167 .5 -169 '  

HO 

OH 
l a ,  R=COOEt - - 2a, R = C H 3  

b ,  R-H - b, R-H - 
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(MeOH-Et,O); u v  A m a x  E t O H  ( l o g  e )  291 ( 3 . 7 4 ) ,  235 ( s h ,  3 . 9 4 )  n m ;  
i r  2 . 8 2 ,  6 . 0 4  u ;  n m r  (CDCa,) 6 6 . 8 0  and 6 . 3 0  ( s ,  s ,  2H, 

Ar t i ) ,  5 . 8 4  ( d ,  5 - 3  Hz, l H ,  o l e f i n i c  l i ) ,  4 . 6 4  ( s ,  lH ,  o l e f i n i c  t i ) ,  

4 .72 ( d ,  5 = 3  Hz, lH ,  ?CK-OH), 3 . 7 9  and 3 . 5 0  ( s ,  s ,  6H, 2-OCKo),  

2 . 3 3  ( s ,  3H, N-C&); mass s p e c t r u m  ~ / g  ( % )  329 ( 1 0 ,  M'), 312 

( l o o ) ,  311 ( 8 3 ) ,  296 ( 4 6 ) ,  281 ( 2 1 ) )  and ( t ) - p r o e r y t h r i n a d i e n o l  

E t O H  ( l o g  c )  291 ( 3 . 7 2 ) ,  I 1  ( 1 4 % ;  mp 169 .5 -171 '  (MeOH-Et20);  u v  A m a x  

235 ( s h ,  3 . 9 4 )  n m ;  i r  A m a x  C H C a 3  2 . 8 2 ,  6 . 0 4  u ;  n m r  (CDCL,) 6 6 . 8 1  

and 6 . 5 0  ( s ,  s ,  2H, Ar t i ) ,  5 . 8 8  ( d ,  5 . 4  Hz, l H ,  o l e f i n i c  H ) ,  4 .68  

( s ,  l H ,  o l e f i n i c  t i ) ,  4 . 6 6  ( d ,  3 = 4  Hz, lH ,  ;CK-OH), 3 . 8 0  and 3 . 4 8  

( s ,  s ,  6H, 2-OCK,), 2 . 3 3  ( 5 ,  3H, N-CK,); mass s p e c t r u m  g /g  ( % )  

329 ( 1 1 ,  M'), 312 ( l o o ) ,  311 ( 8 3 ) ,  296 ( 4 5 ) ,  281 ( 2 1 ) ) .  Upon 

t r e a t m e n t  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  i n  me thano l  o r  

boron t r i f l u o r i d e - e t h e r a t e  a t  room t e m p e r a t u r e  f o r  30 min ,  t h e  
m i x t u r e  o f  ( i ) - p r o e r y t h r i n a d i e n o l s  I and I 1  (2%) g a v e ,  i n  85% 

y i e l d ,  (+)-1,lO-dimethoxy-9-hydroxyapor~hine (4) a s  i t s  h y d r o -  

c h l o r i d e  s a l t ,  mp 218-221'  d e c . ,  from which t h e  f r e e  b a s e  was 

l i b e r a t e d ;  mp, i n i t i a l l y  m e l t s  a t  l O l . 5 - 1 0 2 " ,  s o l i d i f i e s  and 

r e m e l t s  a t  166-167"  (MeOH-Et,O); u v  A,,, E t O H  ( l o g  e )  316 ( 4 . 1 8 ) ,  

307 ( 4 . 1 9 ) ,  279 ( 4 . 0 4 ) ,  269 ( s h ,  3 . 9 2 ) ,  2 3 3 . 5  ( 4 . 5 9 )  n m ;  i r  

C H C a 3  2 .82  u ;  nmr ( c o c a , )  6 7 . 8 9  ( s ,  I H ,  C-11 f i ) ,  6 .98  ( d ,  'max 
J = 8 . 6  Hz, l H ,  C-2 o r  C-3 t l ) ,  6 . 8 8  ( d ,  J = 8 . 6  Hz, l H ,  C-2 K o r  - 
C-3 K ) ,  6 . 8 0  ( s ,  lH ,  C-8 l i ) ,  3 . 9 0  and 3 . 8 6  ( s ,  s ,  6H, 2-OCK,), 

2 . 5 4  ( s ,  3H, N-CK,); mass s p e c t r u m  ~ / g  ( % )  311 ( l o o ) ,  310 ( 9 5 ) ,  

296 ( 4 4 ) ,  281 ( 2 8 ) ,  268 ( e l ) ,  253 ( 2 8 ) ,  237 ( 5 7 ) .  T h i s  r e s u l t  
i n d i c a t e s  t h a t  t h e  a c i d - c a t a l y z e d  d i e n o l - b e n z e n e  r e a r r a n g e m e n t  

Of t h e  ( + I - p r o e r y t h r i n a d i e n o l s  ( 2 )  f a v o r s  t h e  a p o r p h i n e  r o u t e  

(5 + - 4 )  i n s t e a d  o f  t h e  d i b e n z a z o n i n e  r o u t e  ( 2  -> 3 ) .  F u r t h e r -  
m o r e , t h e  n i t r o g e n  f r e e  e l e c t r o n  p a i r  may p a r t i c i p a t e  i n  t h e  r e -  

a r r a n g e m e n t  o f  t h e  d i e n o l s  t o  t h e  a p o r p h i n e ,  f o r  a c i d - c a t a l y z e d  

r e a r r a n g e m e n t  o f  an a n a l o g o u s  amide d e r i v a t i v e  gave  an a p o r p h i n e  

i n  l e s s  t h a n  1 %  ~ i e l d . " ~  

To e v a l u a t e  t h e  a l t e r n a t i v e  r o u t e  (a m o r p h i n a n d i e n o n e )  
(i)-c-methylflavinantine ( 5 a ) 9  was r e d u c e d  w i t h  NaBHI i n  me thano l  



6 a ,  R = C H 3  - 
b, R-H  - 
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t o  y i e l d  t h e  e p i m e r i c  d i e n o l s  (5) i n  83% y i e l d .  T h e s e  were  a l s o  

s e p a r a b l e  by p r e p a r a t i v e  t R c ,  j . .~ . ,  (c)-Q-methylflavinantinol I 
CHC9.3 a s  a  c r y s t a l l i n e  m a t e r i a l  (mp 161-162 .5 '  (MeOH-Et20);  i r  A m a x  

2 . 7 3 ,  2 . 8 0 ,  6 . 0 4  u ;  u v  A m a x  E t O H  ( l o g  6) 285 ( 3 . 6 8 ) ,  232 ( s h ,  3 . 9 6 )  

n m ;  nmr (CDCR,) 6 6 .77  and 6 . 5 8  ( s ,  s ,  2H, ArK),  5 . 7 8  ( d ,  5 = 4  Hz, 

lH,  o l e f i n i c  K ) ,  5 . 3 0  ( s ,  lH,  o l e f i n i c  t i ) ,  4 .68  ( d ,  J-4 Hz, l H ,  
\ ,CH-OH), 3 . 8 7 ,  3 . 8 5 ,  and 3 . 7 3  ( a l l  s ,  9H, 3-OCK,), 2 . a 5  ( s ,  3H, 
N-CK,); mass s p e c t r u m  ~ / ! / e  ( % )  343  ( 5 4 ,  M + ) ,  328 ( 3 9 ) ,  326 ( 4 7 ) ,  

325 ( l o o ) ,  310 ( 3 6 ) ) ,  and (t)-g-methylflavinantinol I 1  a s  an o i l  
( i r  2 . 7 3 ,  2 . 8 0 ,  6 . 0 4  u; uv ( l o g  e )  285 ( 3 . 6 8 ) ,  232 
( s h ,  3 . 9 8 )  n m :  nmr ( C o c k B )  6 6 . 7 7  and 6 . 5 9  ( s ,  s ,  2H, A r k ) ,  5 . 7 5  

( d ,  J=3 Hz, l H ,  o l e f i n i c  l i ) ,  5 . 2 9  ( s ,  l H ,  o l e f i n i c  K), 4 .55  ( d ,  

5 - 3  Hz, lH ,  >CK-OH),  3 . 8 7 ,  3 . 8 4 ,  and 3 .74  ( a l l  s ,  9H, 3-OCK,), - 
2 . 4 6  ( s ,  3H, N-Ctl,); mass s p e c t r u m  E/!/e ( % )  343  ( 2 9 ,  M'), 328 

( 2 0 1 ,  326 ( 3 7 ) ,  325 ( l o o ) ,  310 ( 3 6 ) ) .  T r w t m e n t  o f  t h e  m i x t u r e  
o f  (t)-Q-methylflavinantinols (k) w i t h  boron t r i f l u o r i d e - e t h e r a t e  
a t  room t e m p e r a t u r e  f o r  20 h r ,  f o l l o w e d  by h y d r o g e n a t i o n  o v e r  P t  
i n  m e t h a n o l ,  g a v e  l a u r i f o n i n e  ( 9 a ) , ' > l 0  i s o l a t e d  a s  t h e  p e r c h l o r a t e  - 
s a l t ,  i n  81% y i e l d .  By a n a l o g y  w i t h  t h e  d e m o n s t r a t e d  f a v o r e d  r e -  

a r r a n g e m e n t  o f  m o r p h i n a n d i e n o n e s  t o  n e o s p i r i n e d i e n o n e s  (g.g., - 7 )  
u n d e r  t h e  i n f l u e n c e  of s t r o n g l y  a c i d i c   catalyst^,^^" t h e  c o n v e r s -  

i o n  o f  6a t o  9a i s  presumed t o  p r o c e e d  t h e  i n t e r m e d i a c y  o f  7  - - - 
and 8. T h i s  p a r a l l e l s  t h e  s e q u e n c e  o f  r e a r r a n g e m e n t s  p r o p o s e d  f o r  - 
t h e  b i o s y n t h e s i s  o f  t h e  d i b e n z a z o n i n e  a l k a l o i d ,  p r o t o s t e p h a n i n e ,  
i n  S t e p h a n i a  j a p o n i c a ,  a s  w e l l  a s  t h e  b i o m i m e t i c  s y n t h e s i s  of t h e  
a1 k a l o i d . '  

I t  i s  n o t e w o r t h y  t h a t  C o c c u l u s  and S t e p h a n i a  a r e  b o t h  g e n e r a  

o f  t h e  f a m i l y  Meni spe rmaceae .  I t  i s  c o n c e i v a b l e  t h a t  d i b e n z a z o -  
n i n e  a l k a l o i d s  which o c c u r  i n  p l a n t s  o f  t h e  famiTy Meni spe rmaceae  

may a r i s e  by a  pathway s i m i l a r  t o  r o u t e  B ,  w h e r e a s  t h e  d i b e n z a -  
z o n i n e s  o f  t h e  f a m i l y  F a b a c e a e  (g.g., E r y t h r i n a  s p e c i e s )  may a r i s e  
by a  pathway a n a l o g o u s  t o  r o u t e  A .  
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