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PREPARATlaU OF 2.3.4.5-TETFUWYDWPYRlDlMS FROM 

5-ALKYNYLAMINES l M E R  THE CATALYTIC ACTIaU OF A u ( l l l )  

Y u k i t o s n i  Fukuda,  K i i t i r o  U t i m o t o * ,  and H i t o s i  Nozak i  

Depa r tmen t  o f  I n d u s t r i a l  C h e m i s t r y ,  K y o t o  U n i v e r s i t y ,  Yosh ida ,  

Kyo to ,  606. Japan 

D e d i c a t e d  t o  P r o f e s s o r  G i l b e r t  S t o r k  on h i s  6 5 t h  b i r t h d a y  

A b s t r a c t  - I n t r a m o l e c u l a r  a d d i t i o n  o f  am ine  t o  a c e t y l e n e  

m o i e t y  p roduces  2 , 3 , 4 , 5 - t e t r a h y d r o p y r i d i n e s  f r o m  5 - a l k y n y l -  

am ines  under  c a t a l y t i c  a c t i o n  o f  A u ( l l l ) .  

The r e c e n t  d i s c o v e r y  o f  p a l l a d i u m  c a t a l y z e d  i n t r a m o l e c u l a r  a d d i t i o n  o f  amine, 

a l c o h o l ,  and c a r b o x y l i c  a c i d  t o  a c e t y l e n e  m o i e t y  has opened nove l  syn theses  o f  

s e v e r a l  h e t e r ~ c y c l e s . ' ' ~  A p p l i c a t i o n  t o  t h e  s y n t h e s i s  o f  c y c l i c  i m i n e s  such 

a s  1 - p y r r o l i n e s  a n d  2 , 3 , 4 , 5 - t e t r a h y d r o p y r i d i n e s  i s  e x p e c t e d  t o  o p e n  n o v e l  

app roach  t o  p y r r o l i d i n e  and p i p e r i d i n e  a l k a l o i d s  i s o l a t e d  f r o m  t h e  venoms o f  

f i r e  a n t s . 3 - 5  We h a v e  f o u n d  t h a t  3 - a l k y n y l a m i n e s  ( 1 )  c y c l  i r e  i n  5 - E n d o - D i g  

manne r  u n d e r  t h a  c a t a l y t i c  a c t i o n  o f  P d ( l l )  s p e c i e s  t o  g i v e  Z - a l k y l - l - p y r -  

r o l i n e s  ( 2 )  i n  good y i e l d s  a f t e r  i s o m e r i z a t i o n  o f  i n i t i a l l y  f o rmed  enamines  t o  

i r n i n e ~ . ~  T h i s  r e a c t i o n  can  be a p p l i e d  t o  i n t e r n a l  a c e t y l e n i c  amines.  

S y n t h e s i s  o f  1 -  and 2 - p y r r o l i n e s  f r o m  4 - p e n t e n y l a m i n e s  has  been r e p o r t e d  under 

t h e  c a t a l y t i c  a c t i o n  o f  P d ( l l )  i n  t h e  p r e s e n c e  o f  o x i d i z i n g  agent,'q8 i n t e r n a l  

o l e f i n i c  am ines  gave u n s a t i s f a c t o r y  r e s u l t s .  A p p l i c a t i o n  t o  t h e  s y n t h e s i s  o f  

t e t r a h y d r o p y r i d i n e s  f r o m  5 - a l k e n y i a m i n e s  was f r u i t l e s s  e i t h e r  by t h e  l a c k  o f  



r e g i o s e l e c t i v i t y  o r  by t h e  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l s .  Under t h e  c i r c u m -  

s tances ,  p a l l a d i u m  c a t a l y z e d  i n t r a m o l e c u l a r  r e a c t i o n  o f  5 - a l k y n y l a m i n e s  ( 3 )  

was e x p e c t e d  t o  open nove l  s y n t h e s i s  o f  t e t r a h y d r o p y r i d i n e s  (5 ) .  I n  f a c t ,  5 -  

a l k y n y l a m i n e s  ( 3 )  r e g i o s e l e c t i v e l y  c y c l i z e d  i n  6 - E x o - D i g  manner and i n i t i a l l y  

p r o d u c e d  2 - a i k y i i d e n e p i p e r i d i n e s  ( 4 ) ,  w h i c h  i s o m e r i z e d  t o  6 - a l k y i - 2 , 3 , 4 , 5 -  

t e t r a h y d r o p y r i d i n e s  (5). I n  c o n t r a s t  t o  t h e  a b o v e  d e s c r i b e d  c y c l i z a t i o n  o f  

a l k e n y l a m i n e s ,  t h i s  r e a c t i o n  c a n  b e  a p p l i e d  t o  i n t e r n a l  a c e t y l e n i c  am ines .6  

Y i e l d s  o f  t e t r a h y d r o p y r i d i n e s ,  however ,  we re  some t imes  u n s a t i s f a c t o r y .  T h e r e -  

f o r e  i n v e s t i g a t i o n s  t o  d i s c o v e r  e f f e c t i v e  c a t a l y s t s  h a v e  b e e n  c o n t i n u e d .  

A f t e r  s e v e r a l  a t t e m p t s ,  A u ( l  l  I )  has been found e f f e c t i v e  under  m i l d  and neu-  

t r a l  c o n d i t i o n s .  T h i s  p a p e r  d i s c l o s e s  t h e  f o r m a t i o n  o f  2 , 6 - d i a i k y l -  a n d  6 -  

a l k y l - 2 , 3 , 4 . 5 - t e t r a h y d r o p y r i d i n e s  ( 5 )  f r o m  t h e  c o r r e s p o n d i n g  5 - a l k y n y l a m i n e s  

( 3 ) .  

5 - D o d e c y n y l a m i n e  ( 3 a ,  R = n - H e x ,  R '  = H; 8 0  mg, 0.44 m m o l )  was  added  t o  a  

s o l u t i o n  o f  8  mg (0.020 mmol,  5  mol%) o f  NaAuCI4'2H20 i n  4  ml  o f  a c e t o n i t r i l e  

and t h e  w h o l e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  12 h. The r e a c t i o n  m i x t u r e  

was d i l u t e d  w i t h  e t h e r  and washed w i t h  aqueous ammonia and b r i n e .  The e t h e -  

r e a l  s o l u t i o n  was d r i e d  (Na2S04) and c o n c e n t r a t e d  t o  a f f o r d  6 - h e p t y l - 2 . 3 , 4 , 5 -  

t e t r a h y d r o p y r  i d i n e  (5a) '  i n  q u a n t i t a t i v e  y i e l d .  C y c l  i z a t  i o n  under t h e  a c t i o n  

o f  PdC12(MeCN)2 ( 5  mo l%)  i n  r e f  i u x i n g  p r o p i o n i t r i  i e  f o r  20  h  g a v e  t h e  same 

p r o d u c t  i n  70% y i e l d .  
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1 - M e t h y l - 5 - u n d e c y n y l a m i n e  (3b ,  R  = n - P e n t ,  R' = Me; 96 mg, 0.53 mmo l )  a f f o r d e d  

2 - m e t h y l - 6 - h e x y  I - 2 . 3 . 4 , s - t e t r a b y d r o p y r  i d  ( 5 b ) 1 °  q u a n t i t a t i v e l y  b y  t h e  

a c t i o n  o f  5  mol% o f  NaAuCI4'2H20 i n  r e f l u x i n g  a c e t o n i t r i l e  ( 5  m l ,  4 h). 

Though s t e r e o s e l e c t i v e  r e d u c t i o n  o f  2 , 6 - d i a l k y l - 2 . 3 . 4 . 5 - t e t r a h y d r o p y r i d i n e s  

( 5 )  t o  e i t h e r  t r a n s - 2 , 6 - d i a l k y l p i p e r i d i n e s  o r  c i s - i s o m e r s  has been r e ~ o r t e d , ~ - ~  

t h e  a b o v e  d e s c r i b e d  r e a c t i o n  o p e n s  n o v e l  a p p r o a c h  t o  p i p e r i d i n e  a l k a l o i d s  

i n c l u d i n g  s o l e n o p s i n  A  and B. 

The a u t h o r s  w i s h  t o  t hank  t h e  M i n i s t r y  o f  E d u c a t i o n ,  and C u l t u r e ,  f o r  G r a n t -  

i n - A i d  ( S c i e n t i f i c  R e s e a r c h  5 9 4 7 0 0 8 1  a n d  D e v e l o p m e n t a l  S c i e n t i f i c  R e s e a r c h  

61850153) .  
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