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A TOTAL SYNTHESIS OF ANGUSTINE 

* 
~e_t~glll ------ KTLEBQ~~, ------- ~Lt~_~_h_i&g Take_s_h_/ta, Mazataka Ih_ggg, 

and K e i i ~ h i r ~  Fukurn~tg 

Pharmaceutical Institute, Tohoku University, Aobayama, Sendai, Japan 

A total synthesis of angustine (1) was accomp- 

lished via condensation of tryptamine with the lactone 

(5) which was prepared from 4-methyl-5-vinylnicoti- 

nonitrile (4), followed by cyclisation of the 7-aza- 

carbostyril ( 8 ) .  Gentianine (6) was also synthesised 

by two routes from the nicotinonitrile (4). 

In 1973, Cheunq and his coworkers1 isolated angustine (1) , 

anqustoline (2) and anqustidine (3) from Strychnos anqustiflora 

and their distribution in species of Mitragyna, Nauclea, Uncaria 



and S t rychnos  h a s  r e c e n t l y  been found .4  They a r e  CorynanthC t y p e  

a l k a l o i d s  i n c o r p o r a t i n g  i n  t h e  s k e l e t o n e  a  t r y p t a m i n e  u n i t  and 

a  s e c o l o g a n i n  monoterpene u n i t  c l o s e l y  r e l a t e d  t o  t h e  a l k a l o i d  

q e n t i a n i n e  ( 6 )  . l  T h e r e f o r e  we a r e  i n t e r e s t e d  i n  t h e  s y n t h e s i s  

o f  a n g u s t i n e  (1) u s i n g  q e n t i a n i n e - l i k e  compound and h e r e  w i sh  t o  

r e p o r t  t h e  t o t a l  s y n t h e s i s  o f  a n q u s t i n e  (1) and an  a l t e r n a t i v e  

s y n t h e s i s  o f  q e n t i a n i n e  ( 6 ) .  

E s s e n t i a l l y  ba sed  on Wenker t ' s  m e t h ~ d , ~  4-methyl -5-v inyln ico t i -  

n o n i t r i l e  ( 4 1 6  was condensed w i t h  e t h y l  o x a l a t e  i n  t h e  p r e s e n c e  o f  

sodium h y d r i d e  i n  benzene and i n  s i t u  t r e a t e d  w i t h  d i l u t e d  hydro- 

c h l o r i c  a c i d  t o  g i v e  t h e  l a c t o n e  ( 5 )  i n  76 % y i e l d ,  m.p.120°, ~ 2 3 :  

1740 ,  1720, 1640 and 1580 6'; 6 ( C D C 1 3 ) :  1 . 4 3  (3H, t ,  J 7 Hz, C H 2 C K 3 ) ,  

4 . 43  (2H, q, J 7 Hz, CH2CH3), 5.76 ( l H ,  dd,$2and 11.5 Hz, -CH=tX2), 5.89 (lH, 

d d ,  J 2  and 18 Hz, -CH=CH2), 7.06 ( l H ,  dd, J 11.5 and 18 Hz,  - e 2 ) ,  7.62 ( l H ,  

+ 
s, C4-H), 9.0? (H, s,  C -H), and 9.42 p.p.m. (lH, s,  C8-H); m/e : 245 (M ) .  6  

Hea t ing  t h e  l a c t o n e  ( 5 )  w i t h  sodium c h l o r i d e  i n  wet  dimethylform- 

amide7 f o r  3  d a y s ,  f o l l owed  by p u r i f i c a t i o n  o f  t h e  p r o d u c t ,  gave 

c o l o u r l e s s  n e e d l e s ,  m.p. 80 - 81°, v:::: 1720 and 1621 cm-l: 6 (CDC13): 

3.09 (2H, t ,  J 6  Hz, C4-H), 4.55 (2H, t ,  J 6  Hz, C 3 - H I ,  5.59 ( l H ,  dd ,  

J 2  and 11.5 Hz, -CH=CH 1 ,  5.76 ( l H ,  dd, J 2  and 18 Hz, -CH=CF12), 6.80 (lH, dd, ;l - -2 
+ 11.5 and 18 Hz, -M_'CH2), 8.80 H ,  s ,  C - H ,  9.11 (H, s, C8-H); m/e: 175 ( M  ) ,  

which was identified a s  g e n t i a n i n e  ( 6 )  by mixed m e l t i n g  p o i n t  t e s t  and am- 

p a r i s o n  w i t h  i.r. and n.m.r. s p e c t r a  o f  t h e  a u t h e n t i c  sample. I t  was 

c o n s i d e r e d  t h a t  t h e  above r e a c t i o n  gave rise t o  t h e  d e c a r b o x y l a t i o n  

and t hen  d i s p r o p o r t i o n a t i o n .  Gen t i an ine  ( 6 )  was fu r the rmore  syn the -  

s i s e d  by h e a t i n g  4 w i t h  fo rma l in  i n  t h e  p r e s e n c e  o f  sodium hydrogen 

c a r b o n a t e  i n  w a t e r  f o r  10 h r  a t  l o o 0 ,  f o l l owed  by a c i d  t r e a t m e n t .  
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Govindachar i  and h i s  coworkers  had  p r e p a r e d  g e n t i a n i n e  by t h e  

s i m i l a r  r e a c t i o n  w i t h  a  n i c o t i n i c  a c i d  ( 7 )  d e r i v e d  from 4 .  
6  

Re f lux ing  an equ imo la r  amount o f  t h e  above l a c t o n e  ( 5 )  w i t h  

t r y p t a m i n e  i n  a c e t i c  a c i d  f o r  3  h r  gave i n  90 % y i e l d  t h e  a z a i s o -  

c a r b o s t y r i l  ( 8 ) .  m.p. 145O, vmax CHC13 3480 ( N H ) ,  1720,  1670 ,  and 1605 

c m - l ;  A::? ( l o g  E ) :  335 ( 2 . 9 5 ) ,  290Sh ( 2 . 9 3 ) ,  280Sh (3 .01)  and 

273 nm ( 3 . 0 2 )  ; m / e :  387 (M+) .  The n.m.r.  ( 6  i n  C D C l  ) spec t rum 
3  

showed an e t h y l  g roup  a t  1 .25  (3H, t ,  J 7  Hz) and 4.03 (2H, q ,  J - 

7 H z ) ,  two ne ighDour ing  methylne groups a t  3.22 and 4.68 ( e a c h  2H, 

each  t ,  J 7.5  Hz ) .  methylene  p r o t o n s  o f  a  v i n y l  g roup  a t  5.59 ( 1 H .  

d d ,  J 2  and 1 1 . 5  Hz) and 5.82 ( l H ,  dd ,  J 2  and 18 H z ) ,  a -pro ton  o f  - 

an i n d o l e  r i n q  a t  6.89 ( 1 H .  d ,  j 1 . 5  Hz) and p r o t o n s  a t  C6 and C 8  

p o s i t i o n s  of an a z a i s o c a r b o s t y r i l  r i n q  a t  8 .56  ( l H ,  s) and 9.45 

p.p.m. ( l H ,  s ) ,  r e s p e c t i v e l y .  H y d r o l y s i s  o f  8  w i t h  e t h a n o l i c  

po t a s s ium hydrox ide  a t  room t e m p e r a t u r e ,  f o l l owed  by h e a t i n g  t h e  

c r u d e  a c i d  ( 9 )  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 - g l a c i a l  a c e t i c  

a c i d  (1 : 1 v/v)  u n t i l  t h e  c e a s e  o f  t h e  g e n e r a t i o n  o f  carbon  d i o x i d e  

gave a n g u s t i n e  (1) i n  2 4  % y i e l d  from 8 .  During t h e  r e a c t i o n ,  a 

spon taneous  dehydrogena t ion  occu red .  Angus t ine  (1) was a l s o  syn the -  

s i s e d  i n  4 % y i e l d  by a d i r e c t  t r e a t m e n t  o f  8 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 i c d .  Some v a l u e s  o f  chemica l  s h i f t s  o f  t h e  syn the -  

t i c  a n g u s t i n e  i n  t h e  n.rn.r. spec t rum ( 6  i n  DMSO-d6 a t  25O) 14.38 

(2H, t ,  J 7 Hz, C5-HI, 5 .65  ( l H ,  dd ,  J 2  and 11 Hz, C18-H) , 6 .06 

( l H ,  dd ,  J 2  and 18 Hz, C18-H),  7.05 - 7.66 (5H, m ,  4 x A r H  and 

C14-H) , 8.80 ( l H ,  s ,  C - H )  and 9.20 p.p.m. ( lH ,  s ,  CL7-H)  I were 2  1 

s l i g h t l y  d i f f e r e n t  from t h e  p r e v i o u s l y  r e p o r t e d  d a t a .  P h i l l i p s o n  

and  h i s  coworkers  a l s o  found  a s l i g h t  d i f f e r e n c e  between t h e  observed  



c h e m i c a l  s h i f t s  o f  a n g u s t i n e  a n d  t h o s e  r e p o r t e d  d a t a 1  and  a t t r i b u t e d  

EtOH 
them t o  a d i f f e r e n t  o p e r a t i n g  t e m p e r a t ~ r e . ~  The U.V. [Am,, ( l o g  

E ) :  400 ( 4 . 6 6 ) ,  380 ( 4 . 6 4  ) ,  304 ( 4 . 1 9 ) ,  292 ( 4 . 1 7 1 ,  and  255 nm 

N u j o l  
( 4 . 3 2 ) l .  i . r .  [vmax 3300 - 3100 ( N H ) ,  1640 (c=o), 1 6 1 0 ,  1660 ,  1 1 4 8 ,  

8 3 0 ,  815 a n d  740 cm-'1 a n d  mass  [m/e 313 (M') (100  % ) I  s p e c t r a  w e r e  

i d e n t i c a l  w i t h  t h o s e  o f  a u t h e n t i c  s a m p l e .  Thus ,  t h e  t o t a l  Syn the -  

sis o f  a n q u s t i n e  (1) h a s  b e e n  a c c o m p l i s h e d .  
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