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NOVEL APPLICATIONS OF THE MODIF IED POLONOVSKI REACTION - l v l  

PREPARATION OF (+ ) -HYGRINE AND (+)-N-METHYLRUSPOLINONE 

* 
T o r d  L a n g e n s k i o l d  a n d  M a u r i  L o u n a s m a a  

T e c h n ~ c a l  U n i v e r s i t y  o f  H e l s i n k i ,  D e p a r t m e n t  o f  C h e m i s t r y ,  

S F - 0 2 1 5 0  E s p o o  1 5 ,  F i n l a n d  

A b s t r a c t  - P r e p a r a t i o n  o f  ( ? ) - h y g r i n e  5 and  ( 2 ) - N - m e t h y l r u s p o l i n o n e  6 
N - m e t h y l - 2 - c y a n o p y r ~ o l i d ~ n e  1 i s  d e s c r i b e d .  

D u r ~ n g  o u r  s t u d i e s  o n  t h e  m o d i f l e d  P o l o n o v s k i  ( P o l o n o v s l ~ i - P o t i e r )  r e a c t i o n ' - 3  

we became i n t e r e s t e d  i n  a p p l y i n g  t h e  r e a c t i o n  i n  t h e  p y r r o l i d l n e  s e r i e s ,  w h i c h ,  

i f  s u c c e s s f u l ,  w a u l d  p e r m i t  t h e  e a s y  p r e p a r a t i o n  o f  some p y r r o l i d i n e  a l k a l o i d s  

( v i d e  i n f r a ) .  

We f i r s t  e x a m i n e d  t h e  p o s s i b i l ? t y  o f  p r e p a r i n g  N - m e t h y l - 2 - c y a n o p y r r a l i d i n e s  1 r n d z  

( s y n t h e t i c a l l y  v e r s a t i l e  i m i n i u m  i o n  s y n t h o n e s )  b y  m e t h o d s  r e c e n t l y  d e v e l o p e d  i n  

t h e  p i p e r i d i n e  s e r i e s .  1 - 3  

4 T r e a t m e n t  o f  N - m e t h y l p r o l i n e  m e t h y l  e s t e r  1 w i t h  a q u e o u s  H202 l e d  t o  a n  N - o x i d e ,  

w h i c h ,  when s u b j e c t e d  t o  t h e  m o d i f i e d  P o l o n o v s k i  r e a c t i o n  c o n d i t i o n s  a n d  CN- 

t r a p p i n g  m e t h o d 5  ( P o l o n o v s k i - P o t i e r - H u s s o n  r e a c t i o n ) ,  f u r n i s h e d  N - m e t h y l - 2 -  

c y a n o p y r r a l i d i o e 1 ,  a l b e i t  o n l y  i n  2 5 %  y l e l d .  6 

A l t e r n a t i v e l y ,  t h e  m - C P B A - o x i d a t i o n  o f  N - m e t h y l p r o l i n e  m e t h y l  e s t e r  3 I n  C H  C l  
2 2 '  

f o l l o w e d  b y  t h e  P o 1 o n o v s k 1 - P o t i e r - H u s s o n  r e a c t i o n ,  g a v e  N - m e t h y l - Z - c y a n o - 2 -  

m e t h o x y c a r b o n y l p y r r o l i d i n e  2 i n  8 8 %  y i e l d .  

We a l s o  investigated a n  a l t e r n a t i v e  m e t h o d 7  f o r  p r e p a r i n g  N - m e t h y l - 2 - c y a n o -  

p y r r o l i d l n e  1. R e d u c t i o n  o f  N - m e t h y l p y r r o l i d o n e  5 w i t h  L A H  i n  THF, f o l l o w e d  b y  

K C N  t r e a t m e n t ,  a f f o r d e d  N - m e t h y l - 2 - c y a n o p y r r o l i d i n e  1 i n  5 7 %  y i e l d .  

W i t h  t h e  v e r s a t i l e  i m i n i u m  i o n  s y n t h o n  1 1 1 7  h a n d ,  we t e s t e d  i t s  u s e f u l n e s s  t o  

P r e p a r e  t w o  s i m p l e  p y r r o l i d i n e  a l k a l o i d s :  ( ? ) - h y g r ~ n e  2' a n d  ( + ) - N - m e t h y l r u s p o l i -  

n o n e  iq-' l. We f o u n d  t h a t  t h e  t r e a t m e n t  o f  N - m e t h y l - ? - c y a n o p y w o l ~ d i n e  1 w i t h  



e t h y l  a c e t o a c e t a t e  and e t h y l  v e r a t r o a c e t a t e  i n  aqueous NaOH s o l u t l o n  l e d  t o  

( 2 ) - h y g r ~ n e  5 and ( 5 ) - N - m e t h y l r u s p o l i n o n e  6 i n  20 and 2 5 %  y i e l d s ,  r e s p e c t i v e l y .  
12 

EXPERIMENTAL 

N - M e t h y l p r o l i n e  m e t h y l  e s t e r  3 

P r e p a r e d  f r o m  L - ( - ) - p r o l i n e  ( A l d r i c h )  a c c o r d l n g  t o  M o h r l e  and S i e k e r . 4  Y i e l d  

7 5 % .  Bp 3 g 0 c / 1 . 2  m m .  [ a l D  - 1 0 7 . 3 • ‹  ( c  = , C H C I 3 ) .  ' H  NMR (CDC13) :  6 2.41 (3H, s ,  

ZN-CH3), 3 .74  (3H, s, - C 0 0 C H 3 ) . 1 3 ~  NMR (CDC13) :  6 2 2 . 6  ( t ,  C - 4 ) ,  29.1 ( t ,  C-31,  

38.3  ( q ,  : N - C H ~ ) ,  5 1 . 1  ( q ,  -COOCH3), 55.7 ( t ,  C - 5 ) ,  66 .8  ( d ,  C - Z ) ,  1 7 3 . 3  ( s ,  

-cOOCH3). 

a )  F l o r n ~ ! ~ r n e ! h ~ ! ~ ! o ! I ? e . ' ? e t ~ y ! . e ~ ~ e ~  3. 
A  m l x t u r e  o f  1 . 6  g ( 1 1 . 2  mmol)  o f  N - m e t h y l p r o l i n e  m e t h y l  e s t e r  3 ,  1 0  m l  o f  

m e t h a n o l ,  10 ml o f  c h l o r o f o r m  and 1 1 . 5  m l  o f  3 0 %  HZ02  was s t i r r e d  a t  5 8 ~  f o r  

24 h.  A s m a l l  amount o f  Pd/C was added and  t h e  m i x t u r e  a l l o w e d  t o  s t a n d  o v e r n i g h t  

A f t e r  f i l t r a t i o n  t h e  s o l v e n t s  were  e v a p o r a t e d ,  t h e  r e s i d u e  was d i s s o l v e d  i n  d r y  

m e t h a n o l  and  d r i e d  o v e r  Na2S04. A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  t h e  r e s i d u e  was 

c a r e f u l l y  d r i e d  i n  v a c u o .  I t  was t h e n  d i s s o l v e d  i n  50 rnl o f  d r y  CH2C12 and 1 0  
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mmol o f  TFAA ( t r i f l u o r o a c e t i c  a n h y d r i d e )  was a d d e d  d r o p w i s e  d u r i n g  3 0  m ~ n  a t  O'C.  

T h e  m i x t u r e  was  s t i r r e d  f o r  1  h  a n d  t h e n  a l l o w e d  t o  r e a c h  r o o m  t e m p e r a t u r e .  

A q u o u e s  s o l u t i o n  o f  KCN [ 3 9 0  mg ( 6  mrno l )  i n  20 ml o f  w a t e r ]  was a d d e d ,  f o l l o w e d  

b y  s o l i d  s o d i u m  a c e t a t e  u n t ~ l  t h e  pH was 4 - 5 .  A f t e r  s t i r r i n g  a t  r o o m  t e m p e r a t u r e  

f o r  45  m i n  t h e  m i x t u r e  was b a s ~ f i e d  w i t h  NaHC03, t h e  o r g a n i c  l a y e r  s e p a r a t e d ,  a n d  

t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  CH2C12. T h e  c o m b i n e d  o r g a n i c  phases w e r e  d r ~ e d  

a n d  e v a p o r a t e d .  Y l e l d  3 3 6  mg ( 2 5 %  1 .  [ a I D  + 0' ( c  = 1 ,  C H C 1 3 ) .  I R  ( f ~ l r n ) :  2 2 5 0  

cm- '  . ' H  NMR ( C O C l 3 ) :  6 2 . 4 8  ( 3 H ,  s ,  : N - C H 3 ) .  13C NMR ( C D C I 3 ) : 6 2 2 . 1  ( t ,  C - 4 ) ,  

2 9 . 7  ( t ,  C - 3 ) ,  3 8 . 6  ( q ,  > N - C H 3 ) ,  5 3 . 2  ( t ,  C-51,  5 5 . 3  ( d ,  C - 2 ) .  1 1 7 . 7  ( 8 ,  C N ) .  

MS: m / r  1 1 0  (M', 7 6 % ) ,  1 0 9  ( l o o % ) ,  8 4  ( 9 4 % ) ,  83 ( 5 0 % ) .  

b )  !ro!.N:rneth~!1?1~~rro!1ilo!e 4. 

To 9 . 9 0  g  ( 1 0 0  m m o l )  f r e s h l y  d i s t i l l e d  N - m e t h y l p y r r o l i d o n e  4 i n  1 0 0  m l  o f  THF was 

a d d e d  a  s u s p e n s i o n  o f  2  g  o f  L A H  i n  2 0  m l  o f  THF. T h e  m i x t u r e  was s t i r r e d  f o r  

2  h ,  d u r i n g  w h l c h  i t  was r e f l u x e d  f o r  45  m i n .  Aqueous  s o l u t i o n  o f  KCN [ 1 3  g  ( 2 0 0  

m m o l )  i n  3 0  m l  o f  w a t e r ]  was a d d e d  d r o p w i s e  ( c a u t i o n )  t o  t h e  s t i r r e d  m i x t u r e .  The  

w a t e r  p h a s e  was  r e m o v e d ,  t h e  o r g a n l c  p h a s e  d r i e d  o v e r  MgS04 a n d  t h e  s o l v e n t  e v a -  

p o r a t e d .  Y i e l d  6 . 8 4  g ( 5 7 % ) .  i R ,  ' H  NMR, 13C NMR, MS a s  a b o v e .  

N - M e t h y l - 2 - m e t h o x y c a r b o n y l - 2 - c y a n o p y r r o l i d i n e  1. 

To 6 0 0  mg ( 4 . 2  m m o l )  o f  N - m e t h y l p r o l i n e  m e t h y l  e s t e r  3 i n  3 0  m i  o f  CH2CI2  was 

a d d e d  8 7 0  mg ( 5  m m o l )  o f  m-CPBA ( r n - c h l o r o p e r b e n z o l c  a c i d )  a t  O 'C.  T h e  r e a c t i o n  

m i x t u r e  was s t i r r e d  f o r  2 . 5  h  a n d  1 . 6 8  g  ( 8  mmol) o f  TFAA ( t r ~ f l u o r o a c e t i c  a n -  

h y d r i d e )  was a d d e d  d r o p w i s e  a t  O ' C .  S t i r r i n g  was c o n t i n u e d  f o r  o n e  m o r e  h o u r ,  

a f t e r  w h i c h  1 . 1  g  ( 1 7  rnrnol) o f  KCN i n  15 rnl o f  w a t e r  was a d d e d .  A f t e r  1  h  o f  

s t i r r i n g ,  t h e  w a t e r  l a y e r  was b a s i f i e d  w i t h  NaHC03 a n d  t h e  p h a s e s  w e r e  s e p a r a t e d .  

A f t e r  d r y i n g ,  t h e  o r g a n i c  s o l v e n t  was e v a p o r a t e d .  Y i e l d  6 1 9  mg ( 8 8 % ) .  I R  ( f i l m ) :  

2 2 5 0  c m - l .  ' H  NMR ( C D C l 3 ) :  d 2 . 4 6  ( 3 H ,  s ,  > N - C H 3 ) ,  3 . 8 7  ( 3 H ,  s ,  - C 0 0 C H 3 ) .  13C NMR 

( C D C I 3 ) :  6 2 1 . 3  ( t ,  C - 4 ) .  3 6 . 7  ( q ,  > N - C H J ) ,  3 7 . 4  ( t ,  C - 3 ) ,  5 3 . 5  ( q ,  - C 0 0 C H 3 ) ,  

5 3 . 7  ( t ,  C - 5 ) .  6 8 . 8  ( s ,  C - 2 ) ,  1 1 5 . 0  ( s ,  CN) ,  1 6 7 . 5  ( s ,  -COOCH3). MS: m/z  1 6 8  

(M', 147;) .  1 4 1  ( 1 5 % ) ,  1 1 0  ( 5 1 % ) ,  1 0 9  ( 1 0 0 % ) .  



( F ) - H y g r i n e  5.  

A  m i x t u r e  o f  1 1 0  mg ( 1  m m o l )  o f  N - m e t h y l - 2 - c y a n o p y r r o l i d i n e  1 a n d  1 3 0  mg ( 1  m m o l )  

o f  e t h y l  a c e t o a c e t a t e  i n  a q u e o u s  ( 2  N )  NaOH s o l u t i o n  was s t i r r e d  f o r  2 4  h  i n  t h e  

d a r k  u n d e r  a r g o n .  T h e  m i x t u r e  was e x t r a c t e d  w i t h  c h l o r o f o r m ,  d r i e d  o v e r  Na2S04 

a n d  t h e  s o l v e n t  e v a p o r a t e d  u n d e r  v a c u u m .  T h e  p r o d u c t  was p u r i f i e d  b y  PLC ( s i l i c a  

g e l ;  CHC13/MeOH; 9 0 1 1 0 ) .  Y i e l d  26 m g  ( 2 0 % ) .  ' H  NMR ( C D C 1 3 ) :  6 2 . 1 8  ( 3 H ,  s, 

a ' - C H 3 ) ,  2 . 3 3  ( 3 H ,  s, :N-CH3). 1 3 c  NMR ( C D C 1 3 ) :  6 2 1 . 9  ( t ,  C - 4 ) .  3 0 . 7  ( q ,  C - a ' ) ,  

3 1 . 1  ( t ,  C - 3 ) ,  4 0 . 3  ( q ,  > N - C H 3 ) ,  4 8 . 0  ( t ,  C - a ) ,  5 6 . 5  ( t ,  C - 5 ) ,  6 1 . 7  ( d ,  C - 2 ) .  

2 0 7 . 5  ( s ,  c = o ) .  M S :  m/z  1 4 1  ( M + ,  2 4 % ) .  8 4  ( 1 0 0 % ) .  

A  m i x t u r e  o f  1 1 0  mg ( 1  m m o l )  o f  N - m e t h y l - 2 - c y a n o p y r r o l i d i n e  1 a n d  2 5 2  mg ( 1  m m o l )  

o f  e t h y l  v e r a t r o a c e t a t e  i n  a q u e o u s  ( 2  N)  NaOH s o l u t ~ o n  was s t i r r e d  f o r  2 4  h  i n  

t h e  d a r k  u n d e r  a r g o n .  The  m i x t u r e  was e x t r a c t e d  w l t h  c h l o r o f o r m ,  d r i e d  o v e r  

Na2S04 a n d  t h e  s o l v e n t  e v a p o r a t e d  u n d e r  v a c u u m .  T h e  p r o d u c t  was p u r i f i e d  b y  PLC 

( s i l i c a  g e l ;  CHCl31MeOH; 9 0 1 1 0 ) .  y i e l d  6 4  mg ( 2 5 % ) .  ' H  NMR ( C D C I ~ ) :  6 2 . 4 0  

( 3 H .  8 ,  ;N-CH3), 3 . 9 4  ( 3 H ,  8 ,  - 0 - C H 3 ) ,  3 . 9 5  ( 3 H ,  s ,  -0-CH,) ,  6 . 9 0  ( I H ,  d, J = 8  

Hz, a r o m a t l c ) ,  7 . 5 4  ( l H ,  s ,  a r o m a t i c ) ,  7 . 6 2  ( l H ,  d, J = 8  Hz,  a r o m a t ~ c ) .  1 3 c  NMR 

(CDC13) :  6 2 2 . 1  ( t ,  C - 4 ) ,  3 1 . 3  ( t ,  C - 3 ) ,  4 0 . 4  ( q ,  :N-CH3),  4 2 . 6  ( t ,  C - a ) ,  5 5 . 8  

( q ,  2  x - 0 - C H 3 ) ,  5 6 . 6  ( t ,  C - 5 ) ,  6 2 . 4  i d ,  C-21,  1 0 9 . 9  ( d ,  C - 2 ' ,  C - 5 ' ) ,  1 2 2 . 6  ( d ,  

C - 6 ' ) ,  1 3 0 . 2  ( s ,  1  1 4 8 . 8  ( 5 ,  C - 3 ,  1 5 3 . 1  ( 8 ,  C - 4 0 ,  1 9 7 . 4  ( s ,  C = O ) .  MS: m / z  

2 6 3  (M', 2 8 % ) ,  1 6 5  ( 8 6 % ) ,  8 4  ( 1 0 0 % ) .  
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