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B I O M I M E T I C  SYNTHESIS OF (-1-DEOXYRHEXIFOLINE. ( - ) -TECOSTIDINE,  AND 

( - ) - A C T I N I D I N E  

Y v o n n e  R a n a r i v e l a , '  F r a n q o i s e  H o t e l l i e r ,  A l e x i o s - L 6 a n d r o s  S k a l t s o u n i r ,  

a n d  F r a n q o i s  T i l l e q u i n *  

D e p a r t e m e n t  d e  P h a r m a c a g n o s i e  d e  L ' U n i v e r r i t 6  Ren6  D e s c a r t e s ,  U.R.A. a u  

C.N.R.S. n '  1310 ,  F a c u l t 6  d e s  S c i e n c e s  P h a r m a c e u t i q u e r  e t  B i o l o g i q u e r ,  

4, A v e n u e  d e  L ' o b s e r v a t o i r e ,  F  - 7 5 0 0 6  P a r i s ,  F r a n c e  

A b s t r a c t  - T h e  t i t l e  m o n o t e r p e n e  p y r i d i n e  a l k a l o i d s  w e r e  s y n t h e s i z e d  by  

t r a n s f o r m a t i o n s  o f  t h e  i r i d o i d  glyceride L o g a n i n .  

D e o x y r h e x i f o l i n e  (1) i s  a m o n o t e r p e n e  p y r i d i n e  a l k a l o i d  r e c e n t l y  i s o l a t e d  f r o m  

casrilleja rhexifolia ( ~ c r o p h u l a r i a c e a e ) , ~  v h o s e  a b s o l u t e  c o n f i g u r a t i o n  c o u l d  n o t  

b e  d e t e r m i n e d  d u e  t o  t h e  v e r y  s m a l l  a m o u n t  o f  i s o l a t e d  m a t e ~ i a l . ~  ( S 1 - ( - I - T e c a r -  

t i d i n e  (1) h a s  b e e n  i s o l a t e d  f r o m  Tecala sfans ( B i g n a n i a c e a e 1 4  a n d  i t s  a b s o l u t e  

c o n f i g u r a t i o n  w a r  d e d u c e d  f r o m  t h e  s y n t h e s i s  o f  i t s  R - ( + ) - e n a n t i ~ r n e r . ~  ( S ) - ( - ) -  

A c t i n i d i n e  (3) o c c u r s  n a t u r a l l y  i n  v a r i o u s  s p e c i e s  o f  A ~ t i n i d i a c e a e ~ ' ~  a n d  V a l e -  

r i a n a c e a e .  I t  h a s  b e e n  r e p o r t e d  a s  a p o w e r f u l  f e l i n e  a t t r a c t a n t . "  T h e  

s y n t h e s i s  o f  i t s  r a c e m a t e  h a s  b e e n  d e s c r i b e d 1 2 ' 1 3  a n d  t h a t  o f  i t s  ( R ) - ( + ) - i s o m e r  

14,15 
p e r m i t t e d  t o  e n s u r e  i t s  a b s o l u t e  c o n f i g u r a t i o n .  I t s  n a t u r a l  ( S ) - ( - ) - f o r m  h a s  

b e e n  p r e p a r e d  f r o m  n e p e t a l i n i c  a c i d 6  a n d  f r o m  i r i d o d i a l . 1 6  Ye w i s h  t o  d e s c r i b e  

h e r e  a s i m p l e  c h i r a l  p o o l  s y n t h e s i s  o f  t h e  ( S ) - ( - ) - f o r m s  o f  t h e s e  t h r e e  p y r i d i n e  

a l k a l o i d s ,  u s i n g  c o m m e r c i a l l y  a v a i l a b i e  l o g a n i n  a s  s t a r t i n g  m a t e r i a l .  

Y e  h a v e  p r e v i o u s l y  r e p o r t e d 1 7  t h a t  h y d r o l y s i s  o f  L o g a n i n  (4)  b y  B - g l u c o s i d a s e  

f o l l o u e d  b y  a m i n a t i o n  o f  t h e  r e s u l t i n g  a g l y c o n e  b y  g a s e o u s  NH3 L e d  i n  a l m o s t  

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

c a n t l e y i n e  (21 ,  r e a d i l y  s e p a r a b l e  b y  c o l u m n  c h r o m a t o g r a p h y .  C o n s i d e r i n g  a p o l y -  

f u n c t i o n a l  c o m p o u n d  s u c h  a s  c a n t l e y i n e ,  t h e  r a d i c a l  d e o x y g e n a t i o n l 8  o f  t h e  

a l c o h o i i c  f u n c t i o n  a t  C-7 seemed t h e  m o s t  s u i t a b l e  m e t h o d  t o  o b t a i n  r e a d i l y  

d e o x y r h e x i f o l i n e .  C o n s e q u e n t l y ,  c a n t l e y i n e  ( 2 )  w a s  c o n v e r t e d  i n t o  i t s  t h i a i m i d a  

z o l i d e  (6) i n  4 6 %  y i e l d  b y  t r e a t m e n t  w i t h  N , N m - t h i o c a r b a n y l d i i m i d a 2 0 L e .  
19,20 



R a d i c a l  d e o x y g e n a t i o n  b y  t r i b u t y l t i n  h y d r i d e  ' 9 * 2 0  o f  l e d  t o  ( S ) - ( - l - d e o x y r h e x i -  

f o l i n e  ( 1 )  - i n  78% y i e l d .  B o r o h y d r i d e  r e d u c t i o n  o f  ( S ) - ( - ) - d e o x y r h e x i f o l i n e  (1) 

a f f o r d e d  ( S ) - ( - 1 - t e c a r t i d i n e  ( 2 )  i n  3 0 %  y i e l d .  A c e t y l a t i o n  o f  1 L e d  t o  t h e  

c o r r e s p o n d i n g  a c e t a t e  (7) i n  7 0 %  y i e l d .  F i n a l l y ,  c a t a l y t i c  h y d r o g e n o l y s i s  o f  1 

p e r m i t t e d  t o  o b t a i n  ( S ) - ( - 1 - a c t i n i d i n e  (3)6'21 i n  9 3 %  y i e l d .  
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EXPERIMENTAL 

O p t i c a l  r o t a t i o n s  u e r e  measu red  on a P e r k i n - E l m e r  1 4 1  p a l a r i m e t e r .  S p e c t r a  u e r e  

r e c o r d e d  on t h e  f o l l o w i n g  a p p a r a t u s  : u v ,  U n i c a m  SP 800; m s ,  Nernag  R-10-1OC i n  

d e s o r p t i o n - c h e m i c a l  i o n i s a t i o n  ( r e a g e n t  gas  : NH3); I ~ - n m r ,  B r u k e r  HX 270  ( 2 7 0  

MHz). C h e m i c a l  s h i f t s  a r e  r e p o r t e d  i n  6 v a l u e  ( p p n )  r e l a t i v e  t o  TMS a s  i n t e r n a l  

s t a n d a r d .  The f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d  : s = s i n g l e t ,  d  = d o u b l e t ,  q  = 

q u a r t e t ,  m = m u l t i p l e t .  Column c h r o m a t o g r a p h y  w a s  c a r r i e d  o u t  o n  s i l i c a  g e l  60H 

Merck .  

7 - o - T h i o c a r b o n y l i m i d a z o y L c a n t l e y i n e  (6 )  : To a s o l u t i o n  o f  c a n t l e y i n e  ( I )  ( 1 0 0  

mg, 0.48 mmol)  i n  CH2CL2 ( 1 0  m l ) ,  w a r  added  N , N ' - t h i o c a r b o n y l d i i m i d a z o l e  ( 5 0 0  

mg, 2.80 m n o l ) .  The m i x t u r e  w a s  h e a t e d  u n d e r  r e f l u x  w i t h  s t i r r i n g  f a r  3  h. 

E v a p o r a t i o n  o f  t h e  s o l v e n t  f o l l o w e d  b y  c o l u m n  c h r o m a t o g r a p h y  ( s o l v e n t :  CH C L  - 
2  2 

MeOH, 95 :5 )  gave  6 a s  a foam ( 7 0  mg, 46X), ( n l 2 :  - 2 4 '  ( c  0.2, CHCL ) ;  u v :  h m a x  
3  

(MeOH): 270  nm; m s  ( d c i ) :  3 1 8  (M+H)+ ,  190;  ' ~ - n n r  (CDCL ) .  9.12 ( l H ,  5 ,  H-3), 
3  ' 

8.66 ( l H ,  5 ,  H - l ) ,  8 . 2 6  ( l H ,  5, H - 2 ' ) ,  7.51 ( IH ,  d, J=3Hz, H-5 ' ) ,  7.02 ( l H ,  d, 

J=3Hz, H - 4 ' ) ,  6.28 ( I H ,  ddd, J=7Hr,  J ' = 5 H r ,  JU=3Hz, H-7), 4 . 0 0  (3H, s, COOCH3), 

3.73 (3H, m, H-6a, H-6b, H-8), 1.51 (3H, d, J=8Hr ,  CH3-10).  A n a l .  C a l c d  f o r  

C15H15N303S: C, 56.7; H, 4.76; N, 13.24.  Found:  C, 56.61; H, 4.68; N, 13 .18 .  

( S ) - ( - ) - D e o x y r h e x i f o l i n e  (1) : To a s o l u t i o n  o f  6 ( 7 0  mg, 0.22 mmol) and  a z a b i s -  

i s o b u t y r o n i t r i l e  ( 4 0  mg, 0.29 mmal) i n  t o l u e n e  ( 1 0  m l ) ,  war  added  d r o p u i s e  

t r i b u t y l t i n  h y d r i d e  (0 .6  m i )  i n  t o l u e n e  ( 1 0  m l ) .  The m i x t u r e  w a r  t h e n  h e a t e d  

u n d e r  r e f l u x  u n d e r  Ar  f o r  15  n i n .  E v a p o r a t i o n  o f  t h e  s o l v e n t  f o l l o v e d  b y  p u r i f i -  

c a t i o n  b y  c o l u m n  c h r o m a t o g r a p h y  ( s o l v e n t :  CH2CL2-MeOH 9 9 : l )  y i e l d e d  1 a s  a foam 

( 3 3  mg, 78%) .  - 18 '  ( c  0.3, CHCL3); u v :  imax (MeOH): 270 nm; rns ( d c i ) :  192  

(M+H)+ ;  ' ~ - n m r  (CDCL3):  8.99 ( lH ,  s ,  H-3), 8.54 ( l H ,  s, H - l ) ,  3.94 (3H, s, 

COOCH3), 3 . 4 0  ( l H ,  ddd, J=18Hz, J m = 8 H r ,  JU=4Hz, H-6a),  3.31 ( l H ,  dqd, J=8Hr,  

J m = 7 H z ,  Jm '= lHz ,  H-8),  3.14 ( IH ,  ddd, J=18Hr ,  J m = 8 H z ,  Jm'=3Hz, H-6b), 2.40 ( IH,  n, 

H-7b),  1 . 6 8  ( l H ,  m, H-7a), 1.35 (3H, d, J=7Hr,  CH - 1 0 ) ;  s p e c t r a l  d a t a  i d e n t i c a l  
3  

w i t h  t h o s e  o f  t h e  n a t u r a l  coumpound. 

( S ) - ( - 1 - T e c o s t i d i n e  (1) : Sodium b o r o h y d r i d e  ( 6 0 0  ng, 15.8 m n a l )  w a s  added  t o  a 

s t i r r e d  s o l u t i o n  o f  1 ( 2 8 7  mg, 1.50 mmol)  i n  MeOH a t  O ~ C .  A f t e r  12  h, t h e  



r e a c t i o n  m i x t u r e  w a s  n e u t r a l i z e d  b y  a d d i t i o n  o f  A m b e r l i t e  I R C  50  H' i o n  e x c h a n g e  

r e s i n .  The s o l v e n t  w a s  removed u n d e r  r e d u c e d  p r e s s u r e .  Column c h r o m a t o g r a p h y  

( s o l v e n t :  CH2CL2-MeOH 95 :5 )  o f  t h e  r e s i d u e  a f f o r d e d  Z a s  a f oam ( 7 4  mg, 30%) .  

- 6 '  ( C  0.5, C H C L  ); U V :  A (MeOH): 260, 269 nm; m s  ( d c i ) :  1 6 4  (M+H)+; 
3  m a x  

I ~ - n m r  (CDC13):  8 . 36  (ZH, b r .s ,  H - I ,  H-3), 4.72 (ZH, s, CH20H), 3.30 ( IH ,  qdd, 

J=7Hr ,  J S = 6 H z ,  Jm '= lHz ,  H-81, 3 . 02  ( lH ,  ddd, Jz17Hz, J '=9Hz,  Jm'=4Hz, H-6a),  2.91 

( IH ,  ddd, J=17Hz, J m = 9 H z ,  J m ' = l H z ,  H-6b), 2.38 ( IH ,  m, H-7b),  1.69 ( I H ,  m, H-7a),  

1.34 (3H, d, J=7Hz, CH3-10). 

( S ) - ( - 1 - A c e t r l t e c o s t i d i n e  (1) : A c e t i c  a n h y d r i d e  ( 2  m l ,  21 m m o 0  w a s  a d d e d  t o  a 

s o l u t i o n  o f  ( 4 2  ng, 0 .25  rnrnol) i n  p y r i d i n e  ( 2  m l )  and  t h e  m i x t u r e  w a r  L e f t  a t  

2 5 ~ ~  f o r  48  h. Remova l  o f  t h e  s o l v e n t  f o l l o w e d  b y  co l umn  c h r o m a t o g r a p h y  ( s o l v e n t :  

hexanes-EtOAc 50 :50 )  a f f o r d e d  1 a s  a f oam ( 3 7  mg, 70%) ,  ( e 1 ~ O - 5 '  ( c  0.3, CHC13); 

1  
u v :  A m a x  (MeOH): 260 nm; m s  ( d c i ) :  206  (M+H)+,  191, 150, 130;  H-nmr (CDCL3): 

8.40 ( IH ,  3, H-3), 8.37 1  , - 1  5 .12  (2H, r ,  CX20Ac), 3.30 ( IH ,  qdd, J=7Hz, 

J '=6Hz,  JU=1Hz, H-8), 3.00 ( IH ,  ddd, J=16Hz, Jm=8Hz ,  J8 '=4Hr ,  H-6a),  2.88 ( IH ,  dd, 

J=16Hz, J 'Z9H2,  H-6b), 2.38 ( IH ,  m, H-7b),  2.11 (3H, s, OAc), 1 . 6 7  ( IH ,  m, H-7a), 

1 . 35  (3H, d, J=7Hr,  CH3- l o ) .  A n a l .  C a l c d  f o r  CI2Hl5NO2: C, 70.22; H, 7.37; N, 

6 .82 .  Found:  C, 70.12; H, 7.31; N, 6.87. 

( S ) - ( - 1 - A c t i n i d i n e  (3) : A s o l u t i o n  o f  1 ( 3 0  mg, 0.15 rnmol) i n  AcOH ( 2  m l )  

c o n t a i n i n g  1 0 %  Pd-C ( 3 0  mg) war  s u b m i t t e d  t o  h y d r o g e n o l y s i s  (HZ, 1  a tm . )  a t  

2 5 ' ~  f o r  2h. A f t e r  f i l t r a t i o n  o v e r  c e l i t e ,  e v a p o r a t i o n  o f  t h e  s o l v e n t  u n d e r  

r e d u c e d  p r e s s u r e  a f f o r d e d  3 a s  a foam ( 2 0  mg, 93%),  -7.  ( C  0.1, CHCL3); 

s p e c t r a l  d a t a  i d e n t i c a l  w i t h  t h o s e  p r e v i o u s l y  p u b l i s h e d .  6,21 
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