
J  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets  

(Q>  Publication  number: o c  
A 2  

3 3 8  

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  78100191.2 

©  Date  of  filing:  19.06.78 

©  int.  a*:  C07D498 /04 ,   C07D21  1  / 7 8 ,  
C 0 7 D 4 9 1 / 1 0 . A 6 1 K 3 1 / 4 3 5  

®  Priority:  20.06.77  GB  25740/77 

@  Date  of  publication  of  application:  24.01.79 
Bulletin  79/2 

©  Designated  Contracting  States:  BE  CH  DE  FR  GB  LU 
NLSE 

@>  Applicant:  Krogsgaard-Larsen,  Povl,  ElmeveJ  25 
Blovstroed,  DK-3450  Alleroed  (DK) 

@  Inventor:  Krogsgaard-Larsen,  Povl,  Elmeve]  25 
Btovstroed,  DK-3450  Alleroed  (DK) 

Q  Representative:  Patentanwitte  Dipl.-lng.  A.  Grflnecker, 
Dr.-lng.  H.  KinkekJey,  Dr.-lng.  W.  Stockmair,,  Dr.  rer. 
nat  K.  Schumann,  NpL-lng.  P.  Jakob,  Dr.  rer.  nat  G. 
BezoW  MaxknHlanstrasse  43,  D-8000  MDnchen  22  (DE) 

©  lsoxazolo(5,4-c)pyridine  derivatives,  their  preparation  and  pharmaceutical  compositions  containing  them. 

Isoxazolo-(5,4-C)-pyridine  derivatives  of  the  formula 

in  which  R"  is  hydrogen,  acetyl  or  a  group  of  the  formula 
R5OCO-  in  which  Rs  is  C1-4-alkyl,  phenyl,  substituted  phe- 
nyl;  phenylalkyl  or  substituted  phenylalkyl  and  salts  thereof, 
and  intermediates  IV,  VIII',  IX'  and  V. 

Compounds  (I)  may  be  prepared  according  to  the 
following  reaction  scheme: 

in  which  Z  is  hydrogen  or  a  protecting  group,  T  is  a  group 
convertible  by  hydrolysis  into  an  oxo  group,  Q  is  a  leaving 
group  and  W  is  hydrogen  or  a  group  removable  to  yield  the 
free  hydroxy  group. 

Compounds  (I)  exhibit  a  y-aminobutyric  acid  related 
activity  and  are  useful  as  active  ingredients  in  pharmaceu- 
tical  compositions  which  may,  optionally,  further  contain  a 
minor  tranquilizer  or  a  neuroleptic. 



GABA  ( g a m m a - a m i n o b u t y r i c   a c i d )   i s   known  to  be  a  n e u r o t r a n s m i t t e r  

in  t h e   c e n t r a l   n e r v o u s   s y s t e m   (CNS)  in  m a m m a l s .   GABA  i s   f o u n d   p r e -  
d o m i n a n t l y   in  t h e   b r a i n   w h e r e   i t   i s   a  d o m i n a n t   i n h i b i t o r y   t r a n s -  

m i t t e r   ( C u r t i s ,   D.R.   and  J o h n s t o n ,   G . A . R . ,   E r g e b n .   P h y s i o l . ,  

1974 ,   69,  9 7  -   1 8 8 ) .  

I t   has   b e e n   r e p o r t e d   ( A r z n e i m i t t e l f o r s c h u n g ,   1 9 6 8 ,   18,  3 1 1  -   3 1 5 )  

t h a t   m u s c i m o l   of  t h e   f o r m u l a  

(a  s u b s t a n c e   f o u n d   in   f l y   a m a n i t a   ( A m a n i t a   m u s c a r i a ) )   has   v a r i o u s  

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

i n h i b i t i o n   of   m o t o r i c   f u n c t i o n s .   L a t e r ,   i t   was  r e p o r t e d   t h a t   m u s -  

c i m o l   i s   a  v e r y   p o t e n t   GABA  a g o n i s t   w i t h   r e s p e c t   to   b i c u c u l l i n e -  

- s e n s i t i v e   p o s t s y n a p t i c   r e c e p t o r s   ( J o h n s t o n   e t   a l . ,   B i o c h e m .   P h a r m -  

a c o l .  ,   1 9 6 8 ,   17,  2 4 8 8 ,   and  C u r t i s   e t   a l . , B r a i n   R e s . ,   1 9 7 1 ,   3 2 ,  

6 9  -   9 6 ) ,   b u t   i t   a l s o   shows   a c t i v i t y   as  an  i n h i b i t o r   of  t h e   h i g h  



a f f i n i t y   u p t a k e   o f   GABA  in  r a t   b r a i n   s l i c e s   ( J o h n s t o n ,   P s y c h o -  

p h a r m a c o l o g i a ,   1 9 7 1 ,   22,  2 3 0  -   2 3 3 ) .   R e d u c e d   f u n c t i o n   in   t h e   GABA 

s y s t e m   i s   b e l i e v e d   to   be  r e l a t e d   to   t h e   e t i o l o g y   of  p a r k i n s o n i s m ,  

e p i l e p s y ,   H u n t i n g t o n ' s   c h o r e a   (Thomas   N.  C h a s e   and  J u d i t h   R.  W a l t e r s ,  

GABA  in  N e r v o u s   S y s t e m   F u n c t i o n ,   e d i t e d   by  E.  R o b e r t s ,   T .N.   C h a s e ,  

and  D.B.   T o w e r ,   Raven   P r e s s ,   New  Y o r k ,   1976,   4 9 7 - 5 1 3 )   and  s c h i z o p h r e n i a ,  
and  a d m i n i s t r a t i o n   of  a g e n t s   i n f l u e n c i n g   t h e   GABA  s y s t e m   is   t h e r e -  

f o r e   u n d e r   c o n s i d e r a t i o n   and  r e s e a r c h   f o r   t h e   t h e r a p e u t i c a l   t r e a t -  

men t   of  s u c h   GABA  s y s t e m   m a l f u n c t i o n - r e l a t e d   d i s e a s e s .   I t   i s   a l s o  

u n d e r   c o n s i d e r a t i o n   to   a d m i n i s t e r   a g e n t s   i n f l u e n c i n g   t h e   GABA 

s y s t e m   a g a i n s t   d i s e a s e s   in   w h i c h   m a l f u n c t i o n s   of  t h e   p i t u i t a r y  

h o r m o n e s   a r e   i n v o l v e d ,   e . g .   d i s e a s e s   w h e r e   a  d e c r e a s e d   s e c r e t i o n  

of  p r o l a c t i n   i s   i n v o l v e d ,   and  i t   i s ,   f u r t h e r m o r e ,   c o n t e m p l a t e d  

t h a t   s u c h   a g e n t s   may  be  u s e f u l   a g a i n s t   a r t e r e o s c h l e r o t i c   d i s e a s e s  

in  t h e   b r a i n   w h e r e   a  v a s o d i l a t a t i o n   i s   d e s i r e d .   H o w e v e r ,  

u n f o r t u n a t e l y ,   m u s c i m o l   has   t o x i c   e f f e c t s ,   s u c h   as  n a r c o t i c   e f f e c t s  

( d e r e a l i s a t i o n   and  d e p e r s o n a l i s a t i o n ) ,   and  t h e   d i f f e r e n c e   b e t w e e n  

t h e   e f f e c t i v e   d o s e   and  t h e   t o x i c   d o s e   of   m u s c i m o l   i s   v e r y   s m a l l  

( A r z n e i m i t t e l f o r s c h u n g ,   1 9 6 8 ,   18,  3 1 1  -   3 1 5 ) ,   w h i c h   may  l i m i t   o r  

p r e v e n t   t h e   t h e r a p e u t i c   u s e   of  m u s c i m o l .   F u r t h e r m o r e ,   i t   w o u l d   b e  

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

GABA  a c t i v i t y   t h a n   m u s c i m o l   w h i c h ,   as  m e n t i o n e d   a b o v e ,   shows   c o n -  

s i d e r a b l e   G A B A - u p t a k e   i n h i b i t o r   a c t i v i t y   in   a d d i t i o n   to   i t s   GABA 

a g o n i s t   a c t i v i t y .   In  an  a t t e m p t   to   e s t a b l i s h   a  s t r u c t u r e / a c t i v i t y  

r e l a t i o n ,   v a r i o u s   m u s c i m o l - a n a l o g u e s   or   m u s c i m o l - l i k e   s u b s t a n c e s  

h a v e   b e e n   s y n t h e s i z e d   and  t e s t e d   (P.  K r o g s g a a r d - L a r s e n   e t   a l . ,  

J o u r n a l   of   N e u r o c h e m i s t r y ,   1 9 7 5 ,   25,  7 9 7  -   802  and  8 0 3  -  

8 0 9 ) .   H o w e v e r ,   none   of  t h e   c o m p o u n d s   t e s t e d   s h o w e d   a  GABA  a g o n i s t  

a c t i v i t y   of  t h e   same  p o t e n c y   as  t h a t   of   m u s c i m o l .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   n o v e l   c o m p o u n d s   s h o w i n g   GABA- 
- r e l a t e d   a c t i v i t y ,   to   s a l t s  t h e r e o f   w i t h   a c i d s   or   b a s e s ,   a n d  
to   p h a r m a c e u t i c a l   c o m p o s i t i o n s   c o n t a i n i n g   t h e   n o v e l   c o m p o u n d s   o r  
a  s a l t   t h e r e o f   as  an  a c t i v e   i n g r e d i e n t .   M o r e o v e r ,   t h e  
p r e s e n t   i n v e n t i o n   r e l a t e s   to   m e t h o d s   f o r   t h e   p r e p a r a t i o n   of  t h e  
n o v e l   c o m p o u n d s   and  s a l t s   t h e r e o f   and  to   a  m e t h o d   f o r   t h e   t r e a t -  

men t   of  n e u r o l o g i c a l   and  p s y c h i a t r i c a l   d i s o r d e r s ,   s u c h   as  e p i l e p s y ,  

p a r k i n s o n i s m ,   s c h i z o p h r e n i a   and  H u n t i n g t o n ' s   c h o r e a ,   or  d i s e a s e s  



in  w h i c h   m a l f u n c t i o n s   of   t h e   p i t u i t a r y   h o r m o n e s   a r e   i n v o l v e d ,  

or  a r t e r e o s c h l e r o t i c   d i s e a s e s   in  t h e   b r a i n   w h e r e   a  v a s o d i l a t a -  

t i o n   i s   d e s i r e d ,   by  a d m i n i s t e r i n g   a  t h e r a p e u t i c a l l y   a c t i v e  

a m o u n t   of  t h e   n o v e l   c o m p o u n d   or   a  n o n - t o x i c   s a l t   t h e r e o f   to  a  

l i v i n g   a n i m a l   body   i n c l u d i n g   human  b e i n g s .  

A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   i t   has   now  b e e n   f o u n d   t h a t   t h e  

n o v e l   c o m p o u n d   of  t h e   f o r m u l a   I a  

( 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 3 - o l )  

i s   w e l l   t o l e r a t e d   and  i s   a  v e r y   p o t e n t   GABA  a g o n i s t   h a v i n g   a  v e r y  

s p e c i f i c   a c t i v i t y ,   b e i n g   i n a c t i v e   as  a  G A B A - u p t a k e   i n h i b i t o r .  

P a r t i c u l a r s   c o n c e r n i n g   t h e   a c t i v i t y   of   t h i s   c o m p o u n d   a r e   g i v e n   i n  

t h e   s e c t i o n   " T e s t   R e s u l t s "   b e l o w .  

The  p o t e n t ,   s p e c i f i c   GABA  a g o n i s t   a c t i v i t y   of   t h e   c o m p o u n d   I a  

i s   e s p e c i a l l y   r e m a r k a b l e   on  t h e   b a c k g r o u n d   of   t h e   f a c t   t h a t   t h e  

known  v e r y   c l o s e l y   r e l a t e d   c o m p o u n d s ,   t h a t   i s ,  

5 , 6 , 7 , 8 - t e t r a h y d r o - 4 H - i s o x a z o l o -  
[ 4 , 5 - c ] - a z e p i n e - 3 - o l   (P.  K r o g s -  
g a a r d - L a r s e n ,   A c t a   Chem.  S c a n d .   B 
31,  1 9 7 7 ,   5 8 4  -   588 ,   and  P.  K r o g s -  
g a a r d - L a r s e n   and  G . A . R .   J o h n s t o n ,  
J .   N e u r o c h e m . ,   1 9 7 8 ,   30,  1 3 7 7  -   1 3 8 2 ) .  

5 , 6 , 7 , 8 - t e t r a h y d r o - 4 H - i s o x a z o l o -  
[ 5 , 4 - c ] - a z e p i n e - 3 - o l   (P.  K r o g s -  

g a a r d - L a r s e n ,   A c t a   Chem.  S c a n d .   B 
31,  1 9 7 7 ,   5 8 4  -   588 ,   and  P.  K r o q s -  
g a a r d - L a r s e n   and  G . A . R .   J o h n s t o n ,  
J .   N e u r o c h e m . ,   1 9 7 8 ,   30,  1 3 7 7  -   1 3 8 2 ) .  



5 , 6 , 7 , 8 - t e t r a h y d r o - 4 H - i s o x a z o l o -  
[ 4 , 5 - d ] - a z e p i n e - 3 - o l  ( P .   K r o g s -  

g a a r d - L a r s e n   e t   a l . ,   J .   N e u r o c h e m . ,  
1 9 7 5 ,   25,   803,   and  P.  K r o g s g a a r d -  
L a r s e n  a n d   G . A . R .   J o h n s t o n ,   J .   N e u r o -  
c h e m . ,   1 9 7 8  ,   30,  1 3 7 7  -   1 3 8 2 ) .  

4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 4 , 5 - c ] -  
p y r i d i n e - 3 - o l   (P.  K r o g s g a a r d - L a r s e n  
e t   a l . ,   J .   N e u r o c h e m . ,   1 9 7 5 ,   2 5 ,  
803 ,   and  P  K r o g s g a a r d - L a r s e n   a n d  
G . A . R .   J o h n s t o n ,   J .   N e u r o c h e m . ,   1 9 7 8  
30,  1 3 7 7  -   1 3 8 2 ) .  

do  n o t   show  s u c h   p o t e n t   and  s p e c i f i c   GABA  a g o n i s t   a c t i v i t y .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   to   be  l i m i t e d   by  any  t h e o r y ,  

i t   i s   b e l i e v e d   t h a t   t h e   r e m a r k a b l e   s e l e c t i v e   a c t i v i t y   of  t h e  

c o m p o u n d   Ia   i s   a s c r i b a b l e   to   t h e   p a r t i c u l a r   p o s i t i o n   of  t h e   n i t r o -  

gen  a tom  in   t h e   6 - m e m b e r e d   r i n g   in  r e l a t i o n   to   t h e   a c i d i c   h y d r o x y  

g r o u p   in  t h e   5 - m e m b e r e d   r i n g .  

The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   r e l a t e s   to  t h e   n o v e l   c o m p o u n d   I a  
and  to   d e r i v a t i v e s   t h e r e o f   w h i c h   upon   a d m i n i s t r a t i o n   w i l l   be  d e c o m -  

p o s e d   in  s i t u   to   y i e l d   t h e   p a r e n t   c o m p o u n d   I a ,   in   p a r t i c u l a r   c o m -  

p o u n d s   of  t h e   g e n e r a l   f o r m u l a   I  

w h e r e i n   R"  i s   h y d r o g e n ,   a c e t y l   or  a  g r o u p   of  t h e   g e n e r a l   f o r m u l a  

V I I  

w h e r e i n   R5  i s   C1-8  a l k y l ;   p h e n y l ;   p h e n y l  s u b s t i t u t e d   in   t h e   4 -  

p o s i t i o n   w i t h   h a l o g e n ,   l o w e r   a l k o x y ,   or   l o w e r   a l k y l ;   o r  



p h e n y l a l k y l   s u c h   as  b e n z y l   or   p h e n y l e t h y l   in  w h i c h   t h e   p h e n y l  

g r o u p   may  be  s u b s t i t u t e d   in  t h e   4 - p o s i t i o n   w i t h   h a l o g e n ,   l o w e r  

a l k o x y ,   or   l o w e r   a l k y l ;   and  s a l t s   t h e r e o f .  

I t   i s   b e l i e v e d   t h a t   among  t h e   c o m p o u n d s   I ,   t h e   o n l y   s p e c i e s   s h o w -  

ing   p r o n o u n c e d   GABA  a g o n i s t   a c t i v i t y   in  t h e   b r a i n   i s   t h e   c o m p o u n d  

I a .   H o w e v e r ,   t h e   g r o u p s   R"  w h i c h   a r e   d i f f e r e n t   f rom  h y d r o g e n   m a y  
e n h a n c e   t h e   p e n e t r a t i o n   of   t he   c o m p o u n d s   i n t o   t h e   b r a i n   in  t h a t  

t h e y   may  e n h a n c e   t h e   a b i l i t y   of   t h e   c o m p o u n d s   to  p a s s   t h e   b l o o d -  

b r a i n   b a r r i e r ,   and  w i l l   t h e r e a f t e r   be  s p l i t   o f f   in  s i t u   to  y i e l d  

t h e   p a r e n t   c o m p o u n d .   A l s o ,   a  p r o l o n g e d   e f f e c t   of  Ia  may  be  o b t a i n e d  

v i a   d e c o m p o s i t i o n   in  s i t u   of  c o m p o u n d s   w h e r e i n   R"  i s   d i f f e r e n t   f r o m  

h y d r o g e n ,   to   y i e l d   t h e   p a r e n t   c o m p o u n d .  

In  t h e   p r e s e n t   s p e c i f i c a t i o n ,   " l o w e r   a l k y l "   and  " l o w e r   a l k o x y "  

d e s i g n a t e   s u c h   g r o u p s   c o n t a i n i n g   1  -   4  c a r b o n   a t o m s .  

The  c o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   I  may  e x i s t   in  a  t a u t o m e r i c  

f o r m ,   as  shown  by  t h e   f o r m u l a   I '  

and  in  t h e   p r e s e n t   s p e c i f i c a t i o n   and  c l a i m s ,   t h e   f o r m u l a   I  i s   t o  
be  u n d e r s t o o d   as  c o v e r i n g   a l s o   t h i s   t a u t o m e r i c   f o rm  and  m i x t u r e s  
of   t h e   two  t a u t o m e r i c   f o r m s .  

E x a m p l e s   of  c o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   I  in   w h i c h   R"  i s  
d i f f e r e n t   f rom  h y d r o g e n ,   a r e :  

6 - a c e t y l - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 3 - o l ,  

m e t h y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 6 -  

- c a r b o x y l a t e ,  

e t h y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 6 -  

- c a r b o x y l a t e ,  



t e r t . b u t y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e -  

- 6 - c a r b o x y l a t e ,  

p h e n y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 6 -  

- c a r b o x y l a t e ,  

4 - c h l o r o p h e n y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i -  

d i n e - 6 - c a r b o x y l a t e ,  

4 - m e t h o x y p h e n y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i -  

d i n e - 6 - c a r b o x y l a t e ,  

b e n z y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 6 -  

- c a r b o x y l a t e ,  

and  s a l t s   t h e r e o f   w i t h   b a s e s .  

E x a m p l e s   of  s a l t s   of   t h e   c o m p o u n d   of  t h e   f o r m u l a   I a  

a r e   a c i d   a d d i t i o n   s a l t s   t h e r e o f ,   s u c h   as  p h a r m a c e u t i c -  

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

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

w i t h   o r g a n i c   a c i d s ,   s u c h   as  o r g a n i c   c a r b o x y l i c   a c i d s ,   e . g .   a c e t i c ,  

p r o p i o n i c ,   g l y c o l i c ,   m a l o n i c ,   s u c c i n i c ,   m a l e i c ,   f u m a r i c ,   m a l i c ,  

t a r t a r i c ,   c i t r i c ,   g l u c u r o n i c ,   b e n z o i c ,   p a m o i c  a c i d   and  t h e   l i k e ,  

or  o r g a n i c   s u l f o n i c   a c i d s ,   e . g .   m e t h a n e   s u l f o n i c ,   e t h a n e   s u l f o n i c ,  

b e n z e n e   s u l f o n i c ,   t o l u e n e   s u l f o n i c   a c i d   and  t h e   l i k e ,   w h i c h   s a l t s  

may  be  p r e p a r e d   by  p r o c e d u r e s   known  p e r   s e ,   e . g .   by  a d d i n g   t h e  

a c i d   in  q u e s t i o n   to   t h e   b a s e ,   p r e f e r a b l y   in  a  s o l v e n t .  

C o m p o u n d s   of  f o r m u l a   I  may  fo rm  p h a r m a c e u t i c a l l y   a c c e p t a b l e  

s a l t s   w i t h   b a s e s ,   s u c h   as  m e t a l   s a l t s ,   e . g .   s o d i u m ,   p o t a s s i u m ,  

c a l c i u m   or   a l u m i n i u m   s a l t s ,   and  ammonium  and  s u b s t i t u t e d   a m m o n i u m  

s a l t s ,   e . g .   s a l t s   of  a m i n e s   s u c h   as  t r i e t h y l a m i n e ,   t r i e t h a n o l a m i n e ,  

e t h y l p i p e r i d i n e ,   p r o c a i n e ,   d i b e n z y l a m i n e   and  t h e   l i k e .  

TEST  RESULTS.  

A f f i n i t y   B i n d i n g   E x p e r i m e n t s .  

In  o r d e r   to   s t u d y   t h e   i n t e r a c t i o n s   of  t h e   c o m p o u n d   Ia   w i t h   t h e  

c e n t r a l   GABA  r e c e p t o r s   in   v i t r o ,   t h e   c o m p o u n d   Ia   was  t e s t e d   i n  

a f f i n i t y   b i n d i n g   e x p e r i m e n t s .   The  a f f i n i t y   b i n d i n g   ( s o d i u m - i n d e -  



p e n d e n t   b i n d i n g )   of   GABA  to  m e m b r a n e s   i s o l a t e d   f r o m   r a t   b r a i n s  

was  s t u d i e d   as  d e s c r i b e d   by  E n n a ,   S . J .   and  S n y d e r ,   S . H . ,   B r a i n  

R e s . ,   1 9 7 5 ,  1 0 0 ,   8 1  -   97.  IC50  v a l u e s ,   i n h i b i t o r   c o n c e n t r a t i o n s  

c a u s i n g   50%  i n h i b i t i o n   of   GABA  b i n d i n g   w e r e   d e t e r m i n e d .  

*)  In  e a r l i e r   s t u d i e s   2 . 6  -   0 . 6 / u M   was  f o u n d .   The  v a l u e   s t a t e d  

( 0 . 1 3  -   0 . 0 0 5 / u M ) i s   b a s e d   on  s t u d i e s   of   5  d i f f e r e n t   c o n c e n t r a t i o n s  

of   I a ,   e a c h   d e t e r m i n e d   in   t r i p l i c a t e ,   and  t h e   s t a t e d   IC50  v a l u e   i s  

c a l c u l a t e d   by  l o g - p r o b i t   a n a l y s i s .   The  d i f f e r e n c e   b e t w e e n   t h e   t w o  

IC50  v a l u e s   d e t e r m i n e d   f o r   Ia   i s   t h e   r e s u l t   of  t h e   d e v e l o p m e n t   o f  

an  i m p r o v e d   t e c h n i q u e   f o r   t h e  p r e p a r a t i o n   of  r a t   b r a i n   m e m b r a n e s .  

M i c r o e l e c t r o p h o r e t i c   E x p e r i m e n t s .  

In  o r d e r   to   s t u d y   t h e   i n t e r a c t i o n s   of  t h e   c o m p o u n d   Ia  w i t h   t h e  

c e n t r a l   GABA  r e c e p t o r s   in   v i v o ,   t h e   c o m p o u n d   I a  w a s   t e s t e d   i n  

m i c r o e l e c t r o p h o r e t i c   e x p e r i m e n t s .   E x p e r i m e n t s   w e r e   p e r f o r m e d   o n  

l u m b a r   d o r s a l   h o r n   i n t e r n e u r o n e s   and  R e n s h a w   c e l l s   of  c a t s   a n -  

a e s t h e t i z e d   w i t h   p e n t o b a r b i t o n e   s o d i u m .   The  a p p r o x i m a t e   p o t e n c y  

of  t h e   d e p r e s s a n t   a c t i o n s   of  t h e   c o m p o u n d   was  a s s e s s e d   r e l a t i v e  

to   t h a t   of   GABA  on  t h e   b a s i s   of  e l e c t r o p h o r e t i c   c u r r e n t s   r e -  

q u i r e d   to   p r o d u c e   e q u a l   and  s u b m a x i m a l   i n h i b i t i o n s   of  t h e   f i r i n  

of  t h e   c e n t r a l   n e u r o n e s .   The  i n h i b i t o r y   a c t i o n   of  Ia  on  c e n t r a l  

n e u r o n e s   was  a n t a g o n i z e d   by  t h e   s p e c i f i c   GABA  a n t a g o n i s t   b i c u -  

c u l l i n e   m e t h o c h l o r i d e   (BMC) .  

The  c o m p o u n d   Ia   d i d   n o t   i n t e r a c t   w i t h   t he  GABA  u p t a k e   s y s t e m   a t  



c o n c e n t r a t i o n s   of  5  x  104  M,  and  i t   d i d   n o t   i n t e r a c t   w i t h   t h e  

GABA  m e t a b o l i z i n g   e n z y m e s   G A B A : 2 - o x o - g l u t a r a t e   a m i n o t r a n s f e r a s e  

and  L - g l u t a m a t e   1 - c a r b o x y l a s e   a t   c o n c e n t r a t i o n s   of   10-3   M. 

B a s e d   on  t h e   a b o v e - m e n t i o n e d   e x p e r i m e n t s ,   t h e   c o m p o u n d   Ia   i s   a  

s p e c i f i c   and  v e r y   p o t e n t   GABA  a g o n i s t .  

Compound  Ia   has   b e e n   c o m p a r e d   w i t h   m u s c i m o l ,   t h e   m o s t   p o t e n t   GABA 

a g o n i s t   so  f a r   known,   in   a  s e r i e s   of  p h a r m a c o l o g i c a l   e x p e r i m e n t s :  

T o x i c i t y .  

Compound  Ia   has   b e e n   shown  to   be  a  w e l l - t o l e r a t e d   s u b s t a n c e :  

T h u s ,   c o m p o u n d   Ia   i s   c o n s i d e r a b l y   l e s s   t o x i c   t h a n   m u s c i m o l .  

I n j e c t i o n s   i n t o   S u b s t a n t i a   N i g r a   in   R a t s .  

a)  B i l a t e r a l   i n j e c t i o n s .   0 . 1 ,   0 . 5 ,   and  1 . 0 µ g   of  I a , H B r  

h a v e   b e e n   i n j e c t e d .   The  r a t s   showed   a  p r o n o u n c e d   s t e r e o -  

t y p i c   b e h a v i o u r .  

Ia   was  shown  to  be  w e a k e r   t h a n   m u s c i m o l .  

b)  U n i l a t e r a l   i n j e c t i o n s .   0 . 1   and  0 . 5 µ g   of  I a , H b r   h a v e   b e e n  



i n j e c t e d .   The  r a t s   showed   a  s t r o n g   and  p r o l o n g e d   c o n t r a l a t e r a l  

t u r n i n g .  

Ia   was  f o u n d   to   be  w e a k e r   t h a n   m u s c i m o l .  

P h a r m a c o l o g i c a l   R e s u l t s   in  M i c e .  

a)  P o t e n t i a t i o n   of  m e t h y l p h e n i d a t e - i n d u c e d   g n a w i n g   ( S c h e e l - K r ü g e r  

e t   a l . :   M u s c i m o l   d i f f e r e n t i a l l y   f a c i l i t a t e s   s t e r e o t y p y   b u t   a n t a -  

g o n i z e s   m o t i l i t y   i n d u c e d   by  d o p a m i n e r g i c   d r u g s .   A  c o m p l e x   GABA- 

-DOPAMINE  i n t e r a c t i o n .   L i f e   S c i e n c e s ,   1 9 7 8 ,   V o l .   22,   7 5  -   8 4 ) .  

ED50  m g / k g   ( t h e   d o s e   w h i c h   c a u s e s   p o t e n t i a t i o n   i n  

50%  of  t h e   a n i m a l s )  

b)  A n t a g o n i s m   of  m o r p h i n e - i n d u c e d   m o t i l i t y   ( C h r i s t e n s e n   e t   a l . :  

M u s c i m o l   a n t a g o n i z e s   m o r p h i n e   h y p e r m o t i l i t y   w i t h o u t   p o t e n t i a t i o n  
of  a n a l g e s i a .   E u r o p e a n   J .   P h a r m a c o l . ,   1 9 7 8 ,   48,  4 5 9  -   4 6 2 ) .  

MED  m g / k g   (minimum  e f f e c t i v e   d o s e )  

c)  A n t a g o n i s m   of  i s o n i a z i d e - i n d u c e d   c o n v u l s i o n s   ( M o d i f i c a t i o n  

( m i c e ;   two  t i m e s   l o w e r   c o n c e n t r a t i o n   of   i s o n i a z i d e )   of   Mao  e t   a l . :  

E v i d e n c e   f o r   an  i n v o l v e m e n t   of   GABA  in   t h e   m e d i a t i o n   of  c e r e b e l l a r  

c-GMP  d e c r e a s e   and  t h e   a n t i c o n v u l s a n t   a c t i o n   of  d i a z e p a m .  

N a u n y n - S m i e d e b e r g ' s   A r c h .   P h a r m a c o l .   1975 ,   289 ,   3 6 9  -   3 7 8 ) .  

MED  m g / k g   (min imum  e f f e c t i v e   d o s e )  



C o n d i t i o n s   and  p r o c e d u r e   f o r   i s o n i a z i d e   a n t a g o n i s m   t e s t :  

M i c e ,   m a l e ,   2 0  -   25  g .  
I s o n i a z i d e   300  m g / k g   s . c .  

M a c r o l o n   c a g e s   t y p e   I I .  

The  t e s t   c o m p o u n d   i s   i n j e c t e d   i . p .   in   t h e   d o s e s   0,  1 / 2 ,   1 /8   a n d  

1 / 3 2   of  t h e   d e t e r m i n e d   " i . v .   LD50" .   In  c a s e   of   i n s o l u b l e   s u b -  

s t a n c e s ,   t h e   d o s e s   0,  1 / 4 ,   1 / 1 6   and  1 / 6 4   of   t h e   d e t e r m i n e d   " i . p .  

LD50"  a r e   u s e d .  F i v e   m i c e   a r e   u s e d   f o r   e a c h   d o s e   l e v e l .   I m m e d i a t e -  

ly   a f t e r   a d m i n i s t r a t i o n   of  t e s t   s u b s t a n c e ,   i s o n i a z i d e   300  m g / k g  

i s   i n j e c t e d   s . c .   T h i s   d o s e   of  i s o n i a z i d e   i n d u c e s   i n t e r m i t t e n t  

t o n i c   c l o n i c   s e i z u r e s   w i t h i n   60  m i n u t e s .  

The  c a l c u l a t i o n s   a r e   p e r f o r m e d   as  an  "on  l i n e   p r o c e d u r e "   on  t h e  

E D P - t e r m i n a l .   The  r e s u l t s   a r e   r e c o r d e d   as  %  i n c r e a s e   in   t i m e  

u n t i l   c o n v u l s i o n s   o c c u r   and  in   a d d i t i o n   t h e   l e a s t   d o s e   (MED)  w h i c h  

shows   s i g n i f i c a n t   e f f e c t   ( m i n i m a l   e f f e c t i v e   d o s e ,   c a l c u l a t e d   b y  

means   of  van   d e r   W a e r d e n - t e s t ) .  

C o n c l u s i o n :  

B a s e d   on  t h e s e   e x p e r i m e n t s ,   c o m p o u n d   Ia  has   b e e n   shown  to   be  a  

p o t e n t   GABA  a g o n i s t .   Compound   Ia   i s   w e a k e r   t h a n   m u s c i m o l   b u t  

c o n s i d e r a b l y   l e s s   t o x i c .  

The  c o m p o u n d s   of  f o r m u l a   I  may  be  p r e p a r e d   b y  

a)  s u b j e c t i n g   a  c o m p o u n d   of   t h e   g e n e r a l   f o r m u l a   V 

in  w h i c h   Z  i s   h y d r o g e n   or   an  a m i n o - p r o t e c t i n g   g r o u p   r e a d i l y  r e -  



m o v a b l e ,   e . g .   by  h y d r o l y s i s ,   s u i t a b l y   a  g r o u p   R"  as  d e f i n e d   a b o v e  

or  a  t r i t y l   or  f o r m y l   g r o u p ,   and  W  i s   h y d r o g e n   or  a  g r o u p   r e a d i l y  

r e m o v a b l e ,   e . g .   by  h y d r o l y s i s ,   to   y i e l d   t h e   f r e e   h y d r o x y   g r o u p ,  
s u c h   as  a  l o w e r   a l k y l   g r o u p ,   a r a l k y l ,   t e t r a h y d r o p y r a n y l ,   a c e t y l ,  

a r y l s u l f o n y l ,   or  l o w e r   a l k o x y c a r b o n y l ,   w i t h   t he   p r o v i s o   t h a t   a t  

l e a s t   one  of  Z  and  W  in  f o r m u l a   V  i s   d i f f e r e n t   f rom  h y d r o g e n ;  

to  r e m o v a l   of  any  g r o u p   W  d i f f e r e n t   f rom  h y d r o g e n   and  any  g r o u p   Z 

d i f f e r e n t   f rom  R"  a n d ,   i f   d e s i r e d ,   r e m o v a l   of  any  g r o u p   Z  w h i c h  

f a l l s   u n d e r   t h e   d e f i n i t i o n   of  R";  i f   d e s i r e d ,   c o n v e r t i n g   t h e  

c o m p o u n d   of  f o r m u l a   I a ,   i f   o b t a i n e d   as  a  s a l t   t h e r e o f ,   i n t o   t h e  

z w i t t e r i o n   fo rm  t h e r e o f   by  t r e a t m e n t   w i t h   a  b a s e   or  i n t o   a n o t h e r  

s a l t ,   a n d ,   i f   d e s i r e d ,   c o n v e r t i n g   t h e   c o m p o u n d   I a ,   when  o b t a i n e d ,  

i n t o   a  c o m p o u n d   I  in  w h i c h   R"  i s   d i f f e r e n t   f rom  h y d r o g e n ,   by  t r e a t -  

men t   w i t h   a  r e a c t i v e   d e r i v a t i v e   of  a c e t i c   a c i d   or  w i t h   an  e s t e r   o f  

t h e   g e n e r a l   f o r m u l a  

w h e r e i n   X'  i s   a  l e a v i n g   g r o u p ,   and  R5  i s   as  d e f i n e d   a b o v e ,   o r  

b)  f o r   t h e   p r e p a r a t i o n   of  a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   I  

in  w h i c h   R"  i s   d i f f e r e n t   f rom  h y d r o g e n ,   s u b j e c t i n g   a  c o m p o u n d  

of  t h e   g e n e r a l   f o r m u l a   I X "  

in  w h i c h   R"  i s   as  d e f i n e d   a b o v e ,   e x c e p t   h y d r o g e n ,   to   h y d r o l y s i s  

and  c y c l i z a t i o n ,   a n d  

i f   d e s i r e d ,   c o n v e r t i n g   a  r e s u l t i n g   c o m p o u n d   in  w h i c h   R"  i s  

d i f f e r e n t   f rom  h y d r o g e n ,   i n t o   a  s a l t   t h e r e o f .  

An  e x a m p l e   of   a  f u l l   s y n t h e s i s   of  t h e   c o m p o u n d   Ia   f rom  a  k n o w n  

s t a r t i n g   m a t e r i a l   a p p e a r s   f rom  t h e   e x a m p l e s   and  f rom  t h e   b e l o w  

R e a c t i o n   Scheme  I :  





Compound  IVa  in   r e a c t i o n   s c h e m e   I  i s   a  key  i n t e r m e d i a t e   in  t h e  

a b o v e   s y n t h e s i s   and  in   o t h e r   s y n t h e s e s   of  t h e   c o m p o u n d s   of  t h e  

p r e s e n t   i n v e n t i o n .   S i m i l a r   key  i n t e r m e d i a t e s   may  c o n t a i n   o t h e r  

h y d r o l y s a b l e   N - p r o t e c t i n g   g r o u p s   and  o t h e r   l o w e r   a l k y l   g r o u p s ,  
and  h e n c e ,   in   i t s   b r o a d   c o n c e p t ,   t h i s   n o v e l   key  i n t e r m e d i a t e   of  t h e  

p r e s e n t   i n v e n t i o n   has   t h e   g e n e r a l   f o r m u l a   I V  

in  w h i c h   Alk  i s   a  l o w e r   a l k y l   g r o u p   and  Z  i s   h y d r o g e n   or  an  a m i n o -  

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

a  g r o u p   R"  (as   d e f i n e d   a b o v e )   or  a  t r i t y l   or  f o r m y l   g r o u p .   H e n c e ,  

s p e c i f i c   e x a m p l e s   of  Z  a r e   t h e   f o l l o w i n g :   h y d r o g e n ,   m e t h o x y c a r b o n -  

y l ,   e t h o x y c a r b o n y l ,   p r o p y l o x y c a r b o n y l ,   t e r t . b u t y l o x y c a r b o n y l ,  

b e n z y l o x y c a r b o n y l ,   p - c h l o r o b e n z y l o x y c a r b o n y l ,   t r i t y l ,   f o r m y l ,   a c e t -  

y l .   O t h e r   n o v e l   i n t e r m e d i a t e s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

a r e   t h e   c o m p o u n d s   of  t h e   f o r m u l a e   V I I I a   and  IXa  in  r e a c t i o n  

s c h e m e   I ,   and  a l s o   t h e   g e n e r i c   c l a s s e s   w h i c h   t h e y   r e p r e s e n t ,   w h i c h  

i s ,   c o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   V I I I '  

in  w h i c h   Z  i s   as  d e f i n e d   a b o v e ,   T  i s   a  g r o u p   c o n v e r t i b l e ,  

by  h y d r o l y s i s ,   i n t o   an  oxy  g r o u p ,   e . g . ,  

an  a c e t a l   g r o u p   s u c h   as  e t h y l e n e   d i o x y ,   and  Q  i s   a  l e a v i n g   g r o u p  

w h i c h ,   on  r e a c t i o n   w i t h   h y d r o x y l a m i n e ,   f o r m s   a  h y d r o x a m i c   a c i d  

g r o u p ,   e x a m p l e s   of  Q  b e i n g   h a l o g e n ,   e s p e c i a l l y   c h l o r i n e   and  b r o m -  

i n e ,   h y d r o x y ,   t h e   r e s i d u e   of  an  a c i d ,   t h e   r e s i d u e   of  a n  
a c t i v a t e d   a m i d e ,   t h e   r e s i d u e   of  an  a c t i v a t e d   e s t e r ,   l o w e r   a l k o x y ,  

and  t h e   l i k e ,   and  c o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   I X '  



in  w h i c h   Z  and  T  a r e   as  d e f i n e d   a b o v e ,   and  a l s o ,   a t   t h e   s t a g e   o f  

c o m p o u n d   Va  ( w h i c h   i s   b o t h   a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   I  

and  an  i n t e r m e d i a t e   f o r   t h e   p r e p a r a t i o n   of   c o m p o u n d s   of  t h e   g e n e -  

r a l   f o r m u l a   I ) ,   an  i n t e r m e d i a t e   may  be  u s e d   w h i c h   in   g e n e r a l i z e d  

fo rm  has   t h e   f o r m u l a   V  a b o v e .  

An  i n t e r e s t i n g   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h e   c o m p o u n d   I a  

as  i n t e r m e d i a t e   in  t h e   p r e p a r a t i o n   of  c o m p o u n d s   of  f o r m u l a   I  
in   w h i c h   R"  i s   d i f f e r e n t   f rom  h y d r o g e n -  

The  p r e s e n t   i n v e n t i o n   a l s o   r e l a t e s   to   t h e   t o t a l   s e q u e n c e   of  s y n -  
t h e s i s   s t a g e s   IV  @   V I I I '   @   IX'  @   V  @  I   and  to   t h e   f i n a l  

s t a g e s   t h e r e o f ,   i . e . ,   V I I I ' @   IX'  @  V  @   I  and  IX'  @  V   @  

I .  

The  c o n v e r s i o n   of  e t h y l   l - b e n z y l - 3 - o x y - p i p e r i d i n e - 4 - c a r b o x y l a t e  

i n t o   t h e   i n t e r m e d i a t e   IV  as  e x e m p l i f i e d   by  IVa ,   i s   u s u a l l y   p e r -  
f o r m e d   in  l o w e r   a l k a n o l s ,   e . g .   e t h a n o l   or   e t h a n o l / w a t e r .   The  r e -  

m o v a l   of   t h e   N - b e n z y l   g r o u p   may  be  e f f e c t e d   w i t h   g a s e o u s   h y d r o g e n  

in   t h e   p r e s e n c e   of   a  h y d r o g e n a t i o n   c a t a l y s t ,   e . g .   p l a t i n u m ,   p a l l a -  

d ium  or   Raney   n i c k e l .   The  a l k y l   3 - o x y - p i p e r i d i n e - 4 - c a r b o x y l a t e  

f o r m e d   i s   d i s s o l v e d ,   e . g .   in   w a t e r ,   and  t r e a t e d   w i t h   an  a c i d   a c c e p t -  

o r ,   e . g .   a l k a l i   c a r b o n a t e ,   and  an  e s t e r   of  c h l o r o f o r m i c   a c i d ,   e . g .  

m e t h y l   c h l o r o f o r m a t e .   The  t e m p e r a t u r e   i s   k e p t   n e a r   0°C  d u r i n g   t h e  

r e a c t i o n .   The  c o m p o u n d   IV  i s   i s o l a t e d   by  e x t r a c t i o n   i n t o   an  o r g a n i c  

s o l v e n t   f o l l o w e d   by  e v a p o r a t i o n   of  t h e   s o l v e n t .  

The  f o r m a t i o n   of   t h e   c o m p o u n d   of   f o r m u l a   V I I I '   as  e x e m p l i f i e d   b y  



t h e   e t h y l e n e   a c e t a l   V I I I a   i s   u s u a l l y   p e r f o r m e d   in   a  s o l v e n t ,   e . g .  

b e n z e n e ,   w h i c h   f o r m s   an  a z e o t r o p i c   m i x t u r e   w i t h   w a t e r .   The  r e a c -  

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

s t r o n g   a c i d ,   e . g .   a  s u l f o n i c   a c i d   as  c a t a l y s t .  

The  h y d r o x a m i c   a c i d   IX'  as  e x e m p l i f i e d   by  IXa  i s   s y n t h e s i z e d   b y  

r e a c t i n g   V I I I a   w i t h   h y d r o x y l a m i n e ,   p r e f e r a b l y   in  w a t e r   or  a  l o w e r  

a l c o h o l ,   e . g .  m e t h a n o l   and  u s u a l l y   a t   a  t e m p e r a t u r e   b e t w e e n   - 2 0 ° C  

and  room  t e m p e r a t u r e ,   p r e f e r a b l y   a t   0  -   10°C.   The  c o m p o u n d   may  b e  

i s o l a t e d   and  p u r i f i e d   by  a  m a n n e r   known  p e r   s e ,   e . g .   c o l u m n   c h r o -  

m a t o g r a p h y .   When  Q  in  f o r m u l a   V I I I '   i s   a  h a l o g e n   or  t h e   r e s i d u e  

of  an  a c i d ,   t h e   r e a c t i o n   i s   e f f e c t e d   in   t h e   p r e s e n c e   of   a  

b a s e .   A l t e r n a t i v e l y ,   t h e   p i p e r i d i n e   c a r b o x y l i c   a c i d   i t s e l f   ( V I I I ' ,  

Q=OH)  may  be  r e a c t e d   w i t h   h y d r o x y l a m i n e   in  t he   p r e s e n c e   of  a  c o n -  

d e n s i n g   a g e n t ,   e . g .   d i c y c l o h e x y l   c a r b o d i i m i d e   or   c a r b o n y l d i i m i d a -  

z o l e .   As  s o l v e n t ,   an  i n e r t   s o l v e n t ,   e . g .   m e t h y l e n e   c h l o r i d e   o r  

c h l o r o f o r m   can   be  u s e d .  

The  h y d r o l y s i s   of   t h e   a c e t a l   g r o u p   of  IXa  o r ,   q u i t e   g e n e r a l l y ,   t h e  

c o n v e r s i o n   of  T  in   c o m p o u n d s   of  f o r m u l a   IX'  i n t o   an  oxo  g r o u p ,  

f o l l o w e d   by  c y c l i z a t i o n   to   a  c o m p o u n d   of   f o r m u l a   V  as  e x e m p l i f i e d  

by  Va  may  be  e f f e c t e d   by  an  a q u e o u s   s o l u t i o n   of  a  s t r o n g   a c i d  

o p t i o n a l l y   a l s o   c o n t a i n i n g   a c e t i c   a c i d ,   e . g .   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   or  70%  p e r c h l o r i c   a c i d   a t   a  t e m p e r a t u r e   b e t w e e n   0 ° C  

and  1 0 0 ° C ,   p r e f e r a b l y   a t   5 0  -   80°C .   The  c o m p o u n d   V  may  be  i s o l a t e d  

by  e x t r a c t i o n   w i t h   an  o r g a n i c   s o l v e n t   or  by  e v a p o r a t i o n   of  t h e  

w a t e r .   The  c o m p o u n d   can   be  p u r i f i e d  b y   c o l u m n   c h r o m a t o g r a p h y   or  b y  

c r y s t a l l i z a t i o n .  

R e m o v a l   of  t h e   p r o t e c t i n g   g r o u p   Z  a n d / o r   W  in  c o m p o u n d   V  may  b e  

e f f e c t e d   w i t h   a  s t r o n g   i n o r g a n i c   a c i d ,   e . g .   h y d r o c h l o r i c   or  h y d r o -  

b r o m i c   a c i d ,   in   a  s o l v e n t ,   e . g .   g l a c i a l   a c e t i c   a c i d   or  w a t e r ,   o r  

a  m i x t u r e   of   w a t e r   and  g l a c i a l   a c e t i c   a c i d .   The  t e m p e r a t u r e   may  b e  

k e p t   b e t w e e n   room  t e m p e r a t u r e   and  t h e   b o i l i n g   p o i n t   of  t h e   s o l v e n t .  

The  r e a c t i o n   t i m e   i s   u s u a l l y   s h o r t ,   e . g .   l e s s   t h a n   1  h o u r .   The  I a  

s a l t   may  be  i s o l a t e d   by  e v a p o r a t i o n   of   t h e   s o l v e n t .   The  Ia   s a l t  

may  be  t r a n s f o r m e d   i n t o   Ia  by  t r e a t m e n t   w i t h   a  b a s e ,   e . g .   a  t e r t i a r y  

a m i n e ,   in  a  s o l v e n t ,   u s u a l l y   a  m i x t u r e   of  w a t e r   and  a  l o w e r   a l k a n o l .  



Compound  Ia   may  be  t r a n s f o r m e d   i n t o   a n o t h e r   s a l t   as  d e s c r i b e d  

a b o v e .  

An  i n t e r e s t i n g   s y n t h e s i s   i s   i l l u s t r a t e d   in  t h e   b e l o w   r e a c t i o n  

s c h e m e   I I   in  w h i c h   a  c o m p o u n d   of   t h e   g e n e r a l   f o r m u l a   I ,   as  e x e m -  

p l i f i e d   by  t h e   c o m p o u n d   I a ,   i s   p r e p a r e d :  



The  r e a c t i o n   of  a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   IV  as  e x e m p l i -  

f i e d   by  IVa  w i t h   h y d r o x y l a m i n e   may  g i v e   a  m i x t u r e   of  a  c o m p o u n d  

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

V  as  e x e m p l i f i e d   by  Va  and  V I a .   The  r e a c t i o n   may  be  e f f e c t e d   a t  

a  t e m p e r a t u r e   b e t w e e n   - 3 0 ° C   and  50°C,   p r e f e r a b l y   b e t w e e n   -30  a n d  

- l O o C .   The  s o l v e n t   i s   u s u a l l y   w a t e r   or  a  l o w e r   a l k a n o l   or  m i x t u r e s  

t h e r e o f .  

The  p r o c e s s   i l l u s t r a t e d   in   r e a c t i o n   s c h e m e   I I ,   a l t h o u g h   y i e l d i n g  

a  m i x t u r e   of  two  i s o m e r s ,   i s   n e v e r t h e l e s s   a d v a n t a g e o u s .   I t   i s   v e r y  

t i m e - s a v i n g   in  t h a t   i t   a v o i d s   t h e   p r o t e c t i o n   of   t h e   oxo  g r o u p   i n  

c o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   IV  and  t h e   s u b s e q u e n t   h y d r o x a m i c  

a c i d   f o r m a t i o n .   The  c o m p o u n d s   f o r m e d   in   t h e   r e a c t i o n   of  IV  w i t h  

h y d r o x y l a m i n e ,   as  e x e m p l i f i e d   by  Va  and  V I a ,   a r e   e a s i l y   s e p a r a t e d  

by  m a n n e r s   known  p e r   s e ,   e . g .   by  c o l u m n   c h r o m a t o g r a p h y .  

When  i t   i s   d e s i r e d   to   p r e p a r e   c o m p o u n d s   of  t he   g e n e r a l   f o r m u l a   I  

in  w h i c h   R"  i s   d i f f e r e n t   f rom  h y d r o g e n ,   one  may  e i t h e r   o m i t   t h e  

r e m o v a l   of  t h e   g r o u p   Z  i f   t h e   g r o u p   Z  has   t h e   same  i d e n t i t y   a s  

t h e   d e s i r e d   g r o u p   R",  or   one  may  i n t r o d u c e   s u c h   g r o u p   R"  i n t o   t h e  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   I a .  

The  i n t r o d u c t i o n   of  t h e   g r o u p   R"  may  be  p e r f o r m e d   by  m a n n e r s   k n o w n  

p e r   s e .   T h u s ,   f o r   e x a m p l e ,   when  R"  i s   a  g r o u p   of  t h e   a b o v e   f o r m u l a  

V I I ,   t h e   i n t r o d u c t i o n   may  be  p e r f o r m e d   by  t r e a t m e n t   o f  

c o m p o u n d   Ia  w i t h   t h e   a p p r o p r i a t e 0 .   f o r m i c   a c i d  

e s t e r   of  t h e   g e n e r a l   f o r m u l a   X ' - - O R 5  w h e r e i n   X'  i s   a  l e a v i n g  

g r o u p ,   e s p e c i a l l y   h a l o g e n ,   a z i d o ,   e t c . ,   in  t h e   p r e s e n c e   of  a n  

a c i d   a c c e p t o r ,   f o r   e x a m p l e   an  a l k a l i   c a r b o n a t e .   For   e x a m p l e ,   t h e  

B O C - d e r i v a t i v e   can   be  made  by  means   of  t e r t . b u t y l   a z i d o f o r m a t e .  

When  R"  i s   a c e t y l ,   a  r e a c t i v e   d e r i v a t i v e   of  a c e t i c   a c i d ,   e . g .  a c e t -  

yl   c h l o r i d e   or  a c e t a n h y d r i d e   may  be  u s e d   f o r   t h e   i n t r o d u c t i o n   o f  

t h e   g r o u p   R " .  



The  c o m p o u n d s   of   t h e   f o r m u l a   I ,   and  s a l t s   t h e r e o f   may  b e  

f o r m u l a t e d   f o r   a d m i n i s t r a t i o n   in   any  c o n v e n i e n t   way  by  a n a l o g y  
w i t h   o t h e r   p h a r m a c e u t i c a l s .  

T h u s ,   t h e   c o m p o s i t i o n   c o m p r i s i n g   t h e   c o m p o u n d s   of  t h e   i n v e n t i o n  

may  be  in   t h e   f o rm  of  p h a r m a c e u t i c a l   p r e p a r a t i o n s ,   e . g .   in   s o l i d ,  

s e m i s o l i d   or   l i q u i d   f o r m ,   w h i c h   c o n t a i n   t h e   a c t i v e   c o m p o u n d   o f  

t h e   i n v e n t i o n   in   a d m i x t u r e   w i t h   a  p h a r m a c e u t i c a l   o r g a n i c   or  i n -  
o r g a n i c   c a r r i e r   or   e x c i p i e n t   s u i t a b l e   f o r   e n t e r a l   or  p a r e n t e r a l  
a p p l i c a t i o n .   The  a c t i v e   i n g r e d i e n t   may,   e . g . ,   be  f o r m u l a t e d   w i t h  

t h e   u s u a l   c a r r i e r s   f o r   t a b l e t s ,   p e l l e t s ,   c a p s u l e s ,   s u p p o s i t o r i e s ,  

s o l u t i o n s ,   e m u l s i o n s ,   a q u e o u s   s u s p e n s i o n s   and  o t h e r   s u i t a b l e  

a d m i n i s t r a t i o n   f o r m s .   E x a m p l e s   of   c a r r i e r s   a r e   g l u c o s e ,   l a c t o s e ,  

gum  a c a c i a ,   g e l a t i n ,   m a n n i t o l ,   s t a r c h   p a s t e ,   m a g n e s i u m   t r i s i l i c a t e ,  

t a l c ,   c o r n   s t a r c h ,   k e r a t i n ,   c o l l o i d a l   s i l i c a ,   p o t a t o   s t a r c h ,   u r e a ,  

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

in   s o l i d ,   s e m i s o l i d ,   o r   l i q u i d   f o r m ,   and  in   a d d i t i o n   a u x i l i a r y ,  

s t a b i l i z i n g ,   t h i c k e n i n g ,   c o l o u r i n g ,   f l a v o u r i n g ,   and  p r e s e r v a t i v e  

a g e n t s   c an   be  c o n t a i n e d   in   t h e   c o m p o s i t i o n   of  t h i s   i n v e n t i o n .  

The  a c t i v e   c o m p o u n d   i s   i n c l u d e d   in   t h e   c o m p o s i t i o n s   of   t h e   i n v e n -  

t i o n   in   an  a m o u n t   s u f f i c i e n t   to   p r o d u c e   t h e   d e s i r e d   t h e r a p e u t i c a l  

e f f e c t   upon   a d m i n i s t r a t i o n .   The  d o s a g e   or   t h e r a p e u t i c a l l y   e f f e c t i v e  

q u a n t i t y   of  t h e   c o m p o u n d   v a r i e s   and  a l s o   d e p e n d s   upon   t h e   a g e  
and  c o n d i t i o n   o f  e a c h   i n d i v i d u a l   p a t i e n t   b e i n g   t r e a t e d .  

A  p r e f e r r e d   t a b l e t   or   c a p s u l e   f o r m u l a t i o n   f o r   o r a l   a d m i n i s t r a t i o n  

c o n t a i n s   0 . 1  -   200  mg,  p r e f e r a b l y   1  -   100 ,   e s p e c i a l l y  5  -   50,  mg 
of  a  c o m p o u n d   of  t h e   f o r m u l a   I  or   a  s a l t   t h e r e o f   p e r   u n i t   d o s a g e  

w h i c h   may  be  a d m i n i s t e r e t   1  -  4   t i m e s   p e r   day  or   as  a  s u s t a i n e d  

r e l e a s e   c o m p o s i t i o n .  

I n j e c t i o n   p r e p a r a t i o n s   p r e f e r a b l y   c o n t a i n   0 . 1  -   200  mg,  p r e f e r a b l y  

1  -   100 ,   e s p e c i a l l y   5  -   50,  mg  of   a  c o m p o u n d   of   t h e   f o r m u l a   I  

or   a  s a l t   t h e r e o f   p e r   u n i t   d o s a g e .   A  p r e f e r r e d   i n j e c t e d   d o s e   i s  

a b o u t   0 .5   to   2  m l .  



The  i n v e n t i o n   a l s o   r e l a t e s   to  t h e   u s e   of  t h e   c o m p o u n d s   of  t h e  

g e n e r a l   f o r m u l a   I  and  s a l t s   t h e r e o f   in   m e d i c a m e n t s   f o r   t r e a t i n g  
GABA  s y s t e m   m a l f u n c t i o n - r e l a t e d   d i s e a s e s ,   and  a  p r o c e s s   o f  

t r e a t i n g   GABA  s y s t e m   m a l f u n c t i o n - r e l a t e d   d i s e a s e s   in   h u m a n  

b e i n g s   by  a d m i n i s t e r i n g ,   to  t h e   human  b e i n g ,   an  e f f e c t i v e   d o s e  

of  a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   I ,   or   a  s a l t   t h e r e o f .  

In  t h e   a b o v e - m e n t i o n e d   c o m p o s i t i o n s   and  t h e   a b o v e - m e n t i o n e d   u s e s ,  
i t   may  be  s u i t a b l e   or  p r e f e r r e d   to   c o m b i n e   t h e   c o m p o u n d s   of  t h e  

g e n e r a l   f o r m u l a   I  or   a  s a l t   t h e r e o f   w i t h   m i n o r   t r a n q u i l l i z e r s   s u c h  

as  b e n z o d i a z e p i n e s   or   n e u r o l e p t i c s ,   f o r   e x a m p l e   b u t y r o p h e n o n e s  

s u c h   as  h a l o p e r i d o l ,   p h e n o t h i a z i n e s   s u c h   as  c h l o r o p r o m a z i n e ,  

t h i o x a n t h e n e ,   and  t h e   l i k e .   In  s u c h   c o m b i n a t i o n s ,   c o m p o s i t i o n s  
and  c o m b i n e d   u s a g e s ,   t h e   n e u r o l e p t i c s   a r e   s u i t a b l y   a d m i n i s t e r e d  

in  t h e i r   e f f e c t i v e   a m o u n t s   o r ,   in   a  p r e f e r r e d   e m b o d i m e n t   in   l o w e r  

a m o u n t s   t h a n   t h e   a m o u n t s   in   w h i c h   t h e y   w o u l d   be  e f f e c t i v e   w h e n  

u s e d   a l o n e .  

The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   by  t h e   b e l o w   w o r k i n g   e x a m p l e s .  
A l l   c o m p o u n d s   p r e p a r e d   a c c o r d i n g   to   t h e   w o r k i n g   e x a m p l e s   h a v e   b e e n  
s u b j e c t e d   to  e l e m e n t a l   a n a l y s i s   f o r   C,  H,  N  and  h a l o g e n ,   w h e n  
p r e s e n t ,   and  a l l   a g r e e d   w i t h i n  ±   0.3%  w i t h   t h e   c a l c u l a t e d   v a l u e s .  

E x a m p l e   1.  ( R e a c t i o n   s c h e m e   I ) .  

a)  E t h y l   1 - m e t h o x y c a r b o n y l - 3 - o x o p i p e r i d i n e - 4 - c a r b o x y l a t e   ( I V a ) .  

A  s o l u t i o n   of   e t h y l   l - b e n z y l - 3 - o x o p i p e r i d i n e - 4 - c a r b o x y l a t e  
( I s e l i n ,   B.M.  and  H o f f m a n n ,   K. ,   H e l v . C h i m .   A c t a ,   1954 ,   3 7 ,  
178)  ( 1 4 . 0   g;  47  mmol)  in   a q u e o u s   e t h a n o l   (300  ml;   50%)  w a s  



h y d r o g e n a t e d   ( c a .   300  kPa)  in   a  PARR  h y d r o g e n a t i o n   a p p a r a t u s  

by  u s i n g   a  10%  Pd-C  c a t a l y s t   ( 1 . 4   g ) .   The  r e a c t i o n   m i x t u r e   w a s  

f i l t e r e d   and  e v a p o r a t e d   to   d r y n e s s   in   v a c u o .   To  an  i c e   c o o l e d  

s o l u t i o n   of  t h e   r e s i d u e   in   w a t e r   (50  ml)  was  a d d e d   w i t h   s t i r r i n g  

an  i c e d   s o l u t i o n   of  p o t a s s i u m   c a r b o n a t e   ( 1 9 . 4   g;  140  mmol)  i n  

w a t e r   (20  ml)  f o l l o w e d   by  a d d i t i o n   of  m e t h y l   c h l o r o f o r m a t e   ( 1 1 . 3  

g;  120  m m o l ) .   S t i r r i n g   was  c o n t i n u e d   a t   0°C  f o r   30  m i n u t e s   and  a t  

25°C  f o r   30  m i n u t e s .   The  m i x t u r e   was  e x t r a c t e d   w i t h   t h r e e   100  m l  

p o r t i o n s   of   e t h e r .   The  c o m b i n e d   and  d r i e d   (Na2SO4)  e t h e r   p h a s e s  

w e r e   e v a p o r a t e d   in  v a c u o   to   g i v e   1 0 . 0   g  of   c r u d e   p r o d u c t .   B a l l -  

- t u b e   d i s t i l l a t i o n   a t   4 0 - - 1 3 0   Pa  (oven   t e m p e r a t u r e   170°C)   g a v e  

IVa  (9 .0   g;  84%)  as  a  c o l o u r l e s s   o i l ,   w h i c h   s l o w l y   c r y s t a l l i z e d ,  

m . p .   3 6 - - 3 8 ° C .   IR  ( f i l m ) :   2 9 8 0 - - 2 8 5 0   ( s e v e r a l   b a n d s ,   m - s ) ,   1 7 0 0  

( s ) ,   1655  ( s ) ,   1620  (m)  c m - 1 .   1H  NMR  ( C C l 4 ) :   δ  1 2 . 3   (1  H,  s ) ,  

4 . 1 3   (q,  J  7  Hz)  and  4 . 0 - - 3 . 9   (m)  (a  t o t a l   of  4  H),   3 , 6 2   (3  H ,  

s ) ,   3 , 4 3   (2  H,  t ,  J   6  H z ) ,   2 . 4 - - 2 . 1   (2  H,  m),   1 . 3 0   (3  H,  t ,   J  7 

H z ) .  

b )  E t h y l   l - m e t h o x y c a r b o n y l - 3 - o x o p i p e r i d i n e - 4 - c a r b o x y l a t e  

e t h y l e n e   a c e t a l   ( V I I I a ) .  

A  m i x t u r e   of  e t h y l   1 - m e t h o x y c a r b o n y l - 3 - o x o p i p e r i d i n e - 4 - c a r b o x y -  

l a t e   ( 9 . 0   g;  39  m m o l ) ,   e t h y l e n e   g l y c o l   (100  m l ) ,   4 - t o l u e n e s u l f o -  

n i c   a c i d   ( 0 . 7   g ) ,   and  b e n z e n e   (500  ml)  was  r e f l u x e d   f o r   6  d a y s  

u s i n g   a  D e a n - S t a r k   w a t e r   s e p a r a t o r .   The  m i x t u r e   was  w a s h e d   w i t h  

a q u e o u s   s o d i u m   c a r b o n a t e   (300  ml;   1  M),  w a t e r   (300  m l ) ,   a n d  

s a t u r a t e d   a q u e o u s   s o d i u m   c h l o r i d e   (300  m l ) .   The  o r g a n i c   p h a s e  

was  d r i e d   (K2CO3)  and  e v a p o r a t e d   in   v a c u o   to   g i v e   8 .6   g  of  a n  

o i l .   CC  [ s i l i c a   g e l   (Woelm  0 . 0 6 3 - - 0 . 1   mm):  350  g;  e l u e n t s :  

m e t h y l e n e   c h l o r i d e   to  w h i c h   e t h y l   a c e t a t e   ( 2 0 - - 3 5 % )   was  a d d e d ]  

f o l l o w e d   by  b a l l - t u b e   d i s t i l l a t i o n   a t   40  Pa  ( o v e n   t e m p e r a t u r e  
170°C)   g a v e   V I I I a   ( 7 . 0   g;  65%)  as  a  c o l o u r l e s s   o i l .   IR  ( f i l m ) :  

2970  ( s ) ,   2900  ( s ) ,   1730  (s)  c m - 1 .   1H  NMR  ( C C l 4 ) :   δ  4 . 0 5   ( q ,  

J  7  Hz)  and  3 . 9 2   (s)  (a  t o t a l   of  6  H),   3 . 6 0   (s)  and  3 . 7 - - 3 . 0  

(m)  (a  t o t a l   of  7  H),   2 . 8 - - 2 . 5   (1  H,  t ) ,   2 . 2 - - l . 6   (2  H,  m),   1 . 2 3  

(3  H,  t ,   J  7  H z ) .  



c)  1 - M e t h o x y c a r b o n y l - 3 - o x o p i p e r i d i n e - 4 - c a r b o h y d r o x a m i c   a c i d  

e t h y l e n e   a c e t a l   ( I X a ) .  

To  a  s t i r r e d   and  i c e d   s o l u t i o n   of  p o t a s s i u m   h y d r o x i d e   ( 7 .3   g ;  
130  mmol)  in  m e t h a n o l   (30  ml)  was  a d d e d   h y d r o x y l a m m o n i u m   c h l o r i d e  

(6 .9   g;  100  m m o l ) .   A f t e r   s t i r r i n g   a t   0°C  f o r   f u r t h e r   30  m i n u t e s  

a  s o l u t i o n   of  e t h y l   l - m e t h o x y c a r b o n y l - 3 - o x o p i p e r i d i n e - 4 - c a r b o x y -  

l a t e   e t h y l e n e   a c e t a l   ( 6 .8   g;  25  mmol)  in  m e t h a n o l   (20  ml)  w a s  

a d d e d ,   and  t h e   m i x t u r e   was  l e f t   a t   8°C  f o r   8  d a y s .   Upon  a d d i t i o n  

of   g l a c i a l   a c e t i c   a c i d   (15  ml)  and  f i l t r a t i o n   t h e   f i l t r a t e   w a s  

e v a p o r a t e d   in   v a c u o   to   g i v e   a  t r e a c l y   m a s s .   CC  [ s i l i c a   g e l  

(Woelm  0 . 0 6 3 - - 0 . 1   mm):  250  g;  e l u e n t s :   e t h y l   a c e t a t e   to  w h i c h  

m e t h a n o l   ( 1 5 - - 2 6 % )   and  f o r m i c   a c i d   (1%)  was  a d d e d ]   a f f o r d e d   I X a  

( 1 . 9   g;  29%)  as  a  c r y s t a l l i n e   and  T L C - p u r e   s u b s t a n c e   [RF:  0 . 2 3 ;  

e l u e n t :   e t h y l   a c e t a t e - m e t h a n o l - f o r m i c   a c i d   ( 9 0 : 9 : 1 ) ] .   An  a n a l y t i -  

c a l   s a m p l e  w a s   r e c r y s t a l l i z e d   ( e t h a n o l - b e n z e n e )   to   g i v e   IXa  a s  

c o l o u r l e s s   c r y s t a l s ,   m . p .   1 5 0 . 0 - - 1 5 2 . 0 ° C .   IR  ( K B r ) :   3 7 0 0 - - 3 3 5 0  

(m),   3280  (m),  3210  ( s ) ,   3055  (w),   3 0 0 0 - - 2 8 7 0   ( s e v e r a l   b a n d s ,   w - m ) ,  

1690  ( s ) ,   1640  ( s ) ,   1550  (w)  c m - 1 .   1H  NMR  [CDCl3-DMSO-d6   ( 1 : 1 ) :  

δ  1 0 . 5 - - 1 0 . 1   (1  H,  m),  4 . 9 - - 4 . 3   (1  H,  m),   3 . 9 3   ( s ) ,   3 . 6 0   ( s ) ,   a n d  

4 . 1 - - 3 . 1   (m)  (a  t o t a l   of  11  H),   2 . 8 - - 2 . 6   (1  H,  m),   2 . 2 - - l . 8   (2  H ,  
m ) .  

d)  M e t h y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 6  

- c a r b o x y l a t e   ( V a ) .  

A  s o l u t i o n   of  l - m e t h o x y c a r b o n y l - 3 - o x o p i p e r i d i n e - 4 - c a r b o h y d r o x a m i c  

a c i d   e t h y l e n e   a c e t a l   (750  mg;  2 .9   mmol)  in  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   (13  ml)  was  h e a t e d   to   70°C  f o r   10  m i n u t e s .   The  m i x t u r e   w a s  

e v a p o r a t e d   in   v a c u o   to   g i v e   a  b l a c k   o i l .   CC  [ s i l i c a   g e l   ( W o e l m  

0 . 0 6 3 - - 0 . 1   mm):  60  g;  e l u e n t s :   b e n z e n e   to   w h i c h   e t h y l   a c e t a t e   ( 4 0 - -  

70%)  and  f o r m i c   a c i d   (1%)  was  a d d e d ]   g a v e   c r y s t a l l i n e   and  T L C - p u r e  

Va  (244  mg;  43%)  [RF:  0 . 2 7 ;   e l u e n t :   b e n z e n e - e t h y l   a c e t a t e - f o r m i c  

a c i d   ( 5 0 : 5 0 : 1 ) ] .   An  a n a l y t i c a l   s a m p l e   was  r e c r y s t a l l i z e d   ( b e n z e n e -  

- c y c l o h e x a n e )   to   g i v e   p u r e   Va  as  c o l o u r l e s s   c r y s t a l s ,   m . p .   1 3 6 . 0 - -  
1 3 8 . 0 ° C .   IR  ( K B r ) :   3 7 0 0 - - 3 3 0 0   (m),   3 3 0 0 - - 2 5 0 0   ( s e v e r a l   b a n d s ,   w - m ) ,  

1655  ( s ) ,   1525  (m),  1490  (s)  c m - 1 .  

UV  [ m e t h a n o l   ( l o g   ε ) ] :   212  ( 3 . 6 4 )   nm.  1H  NMR  (CDC13) :   δ  1 0 . 6   (1  H,  



s ) ,   4 . 4 3   (2  H,  s ) ,   3 . 7 0   (s)  and  3 . 8 - - 3 . 5   ( t )   (a  t o t a l   of   5  H ) ,  

2 . 6 - - 2 . 3   (2  H,  t ) .  

e)  3 - H y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n i u m  

b r o m i d e   ( I a   ( s a l t ) ) .  

A  s o l u t i o n   of  m e t h y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] -  

p y r i d i n e - 6 - c a r b o x y l a t e   (309  mg;  1 .6   mmol)  in   a  s o l u t i o n   of  h y d r o -  

gen  b r o m i d e   in   g l a c i a l   a c e t i c   a c i d   (3  ml;   43%)  was  r e f l u x e d   f o r  

15  m i n u t e s .   Upon  e v a p o r a t i o n   to   d r y n e s s   in  v a c u o   t h e   r e s i d u e   w a s  

t r e a t e d   w i t h   t h e   same  r e a g e n t   (3  ml)  f o r   f u r t h e r   15  m i n u t e s .  

E v a p o r a t i o n   of  t h e   r e a c t i o n   m i x t u r e   to   d r y n e s s   in   v a c u o   and  r e -  

c r y s t a l l i z a t i o n   ( m e t h a n o l - e t h e r )   of   t h e   r e s i d u e   g a v e   Ia   ( s a l t )  

(193  mg;  56%)  as  f a i n t l y   r e d d i s h   c r y s t a l s ,   m . p .   1 6 2 - - 1 6 3 ° C   ( d e -  

c o m p . ) .   IR  (KBr ) :   3 7 0 0 - - 3 3 0 0   (m),   3070  ( s ) ,   3 0 0 0 - 2 3 0 0   ( s e v e r a l  

b a n d s ,   m - s ) ,   1670  (m),   1580  (m),  1525  ( s ) ,   1505  (w)  c m - 1 .  

UV  ( m e t h a n o l ) :   < 2 1 0  n m .   1H  NMR  [D2O  ( s o d i u m   3 - ( t r i m e t h y l s i l y l ) -  

p r o p a n e s u l f o n a t e   was  u s e d   as  an  i n t e r n a l   s t a n d a r d ) ] :   δ 4 . 7 7   ( c a .  

5  H,  s ) ,   4 . 4 3   (2  H,  t ,  J   1  Hz ) ,   3 . 7 - - 3 . 4   (2  H,  q,  J  6  and  7  H z ) ,  

3 . 0 - - 2 . 7   (2  H,  t ) .  

f)  4 , 5 , 6 , 7 - T e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n - 3 - o l   z w i t t e r i o n   ( I a ) .  

To  a  s o l u t i o n   of   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i -  

d i n i u m   b r o m i d e   (77  mg;  0 . 3 5   mmol)  in   w a t e r   ( 0 . 6   ml)  was  a d d e d  

a  s o l u t i o n   of  t r i e t h y l a m i n e   (39  mg;  0 . 3 9   mmol)  in   e t h a n o l   ( 0 . 6   m l ) .  

The  m i x t u r e   was  l e f t   a t   25°C  f o r   2  h o u r s .   Ia   (42  mg;  86%)  w a s  

i s o l a t e d   as  c o l o u r l e s s   c r y s t a l s ,   m . p .   2 4 2 - - 2 4 4 ° C   ( d e c o m p . ) .   I R  

(KBr ) :   3 7 0 0 - - 2 9 0 0   ( s ) ,   2 9 0 0 - - 1 9 0 0   ( s e v e r a l   b a n d s ,   m - s ) ,   1670  ( s ) ,  

1625  (m)  c m - 1 .   UV  [ m e t h a n o l   ( l o g   ε ) ] :   212  ( 3 . 6 4 )   nm.  pKA  v a l u e s  

(H20,  2 5 ° C ) :   4 . 4 4  ±   0 . 0 3 ,   8 . 4 8  ±   0 . 0 4 .  

E x a m p l e   2.  ( R e a c t i o n   s c h e m e   I I ) .  

M e t h y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 6 -  

- c a r b o x y l a t e   (Va)  and  m e t h y l - 1 , 4 , 5 , 6 , 7 , 7 a - h e x a h y d r o - 1 - o x o i s o z a -  

z o l o [ 3 , 4 - c ] p y r i d i n e - 5 - c a r b o x y l a t e   ( V I a ) .  



To  an  i c e d   s o l u t i o n   of  s o d i u m   h y d r o x i d e   ( 9 . 6   g;  0 . 2 4   mol)   a n d  

h y d r o x y l a m m o n i u m   c h l o r i d e   ( 8 . 3 4   g : ,   0 . 1 2   mol)   in  w a t e r   (100  m l )  

was  a d d e d   w i t h   s t i r r i n g   e t h y l   l - m e t h o x y c a r b o n y l - 3 - o x o p i p e r i d i n e -  

- 4 - c a r b o x y l a t e   ( 2 2 . 9   g;  0 , 1   m o l ) .   Upon  s t a n d i n g   a t   5°C  f o r   5 

h o u r s   t h e   s o l u t i o n   was  e v a p o r a t e d   to  d r y n e s s   in   v a c u o .   The  r e -  

s i d u e   was  d i s s o l v e d   in  c o n c e n t r a t e d   h y d r o c h l o r i d   a c i d   (75  ml)  a n d  

h e a t e d   to   70°C  f o r   10  m i n u t e s .   The  m i x t u r e   was  e v a p o r a t e d   i n  

v a c u o   to  t h e   f o r m a t i o n   of  a  b l a c k   r e s i d u e ,   w h i c h   was  e x t r a c t e d  

w i t h   t h r e e   100  ml  p o r t i o n s   of  c h l o r o f o r m .   The  c o m b i n e d   c h l o r o -  

fo rm  p h a s e s   w e r e   d r i e d   (Na2SO4)  and  e v a p o r a t e d   in   v a c u o   to   t h e  

f o r m a t i o n   of  a  b l a c k   s e m i s o l i d   r e s i d u e .   TLC  ( ( s i l i c a   g e l   F 2 5 4 ) '  
e l u e n t :   b e n z e n e - e t h y l   a c e t a t e - f o r m i c   a c i d   ( 2 5 : 2 5 : 1 ) )   s h o w e d   t h e  

p r e s e n c e   of   two  c o m p o u n d s   w i t h  R -  v a l u e s   0 . 3 1   and  0 . 1 6   c o r -  

r e s p o n d i n g   to  Va  and  V I a ,   r e s p e c t i v e l y .   Column  c h r o m a t o g r a p h y  

( s i l i c a   g e l :   300  g;  e l u e n t :   b e n z e n e - e t h y l   a c e t a t e - f o r m i c   a c i d  

( 3 0 : 2 0 : 1 ) )   l e a d   to   Va  and  V I a .  

E x a m p l e   3 .  

M e t h y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o [ 5 , 4 - c ] p y r i d i n e - 6 - c a r b o x y l a t e  

(Va)  ( R e a c t i o n   Scheme  I ) .  

A  s o l u t i o n   of  t h e   h y d r o x a m i c   a c i d   ( IXa)   (10  g)  in  p e r c h l o r i c   a c i d  

(70%;  35  ml)  was  h e a t e d   to   60°C  f o r   30  m i n u t e s .   Upon  c o o l i n g ,  
NaOH  (40  ml;   28%)  was  a d d e d   w i t h   s t i r r i n g   and  c o o l i n g .   The  m i x t u r e  

was  e x t r a c t e d   w i t h   t h r e e   50  ml  p o r t i o n s   of  c h l o r o f o r m .   The  c o m -  
b i n e d   and  d r i e d   (MgSO4)  c h l o r o f o r m   p h a s e s   we re   f i l t e r e d   and  e v a -  

p o r a t e d   to  d r y n e s s   in  v a c u o   to  f o rm  a  r e s i d u e   w h i c h   was  d i s s o l v e d  

in  e t h y l   a c e t a t e   (50  m l ) .   Upon  s t a n d i n g   and  c o o l i n g ,   Va  w a s  
i s o l a t e d   as  c r y s t a l s   ( 6 . 3   g;  82%).   I s o l a t i o n   and  w a s h i n g   t w i c e  

w i t h   30  ml  p o r t i o n s   of  e t h y l   a c e t a t e   y i e l d e d   c r y s t a l l i n e   Va,  m . p .  
1 3 9  -   1 4 1 ° C .  

I n s t e a d   of   h e a t i n g   to   60°C  f o r   30  m i n u t e s ,   t h e   same  r e s u l t   m a y  
be  a c h i e v e d   on  s t a n d i n g   a t   a m b i e n t   t e m p e r a t u r e   f o r   16  h o u r s .  



4 , 5 , 6 , 7 - T e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] p y r i d i n e - 3 - o l   z w i t t e r i o n   ( I a ) .  

A  s o l u t i o n   of  m e t h y l   3 - h y d r o x y - 4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] -  

p y r i d i n e - 6 - c a r b o x y l a t e   (Va)  (37  g)  in  h y d r o g e n   b r o m i d e   in   g l a c i a l  

a c e t i c   a c i d   (33%  HBr,  250  ml)  was  l e f t   f o r   16  h o u r s   a t   a m b i e n t  

t e m p e r a t u r e .   E v a p o r a t i o n   to   d r y n e s s   in   v a c u o   g a v e   t h e   HBr  s a l t  

of  Ia   as  a  y e l l o w i s h   c r y s t a l l i n e   m a t e r i a l ,   w h i c h   was  d i s s o l v e d  

in  a  m i x t u r e   of  w a t e r   (100  ml)  and  e t h a n o l   (200  m l ) .   T r i e t h y l -  

a m i n e   was  a d d e d   u n t i l   pH  6 . 5 ,   w h i c h   c a u s e d   Ia   z w i t t e r i o n   t o  

c r y s t a l l i z e .   Upon  s t a n d i n g   f o r   3  h o u r s   a t   5°C  and  f i l t r a t i o n ,  

t h e   p r e c i p i t a t e   was  w a s h e d   on  t h e   f i l t e r   w i t h   a  m i x t u r e   o f  

w a t e r   (25  ml)  and  e t h a n o l   (50  ml)  to   g i v e   t h e   z w i t t e r i o n   (26  g ;  
95%)  as  a  w h i t e   c r y s t a l l i n e   m a t e r i a l ,   m . p .   2 4 2  -   2440C  ( d e c o m p . ) .  



1.  C o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   I  

w h e r e i n   R"  i s   h y d r o g e n ,   a c e t y l   or  a  g r o u p   of  t h e   g e n e r a l   f o r m u l a  

V I I  

w h e r e i n   R5  i s   C1-8  a l k y l ;   p h e n y l ;   p h e n y l   s u b s t i t u t e d   in   t h e  

4 - p o s i t i o n   w i t h   h a l o g e n ,   l o w e r   a l k o x y ,   or  l o w e r   a l k y l ;   or  p h e n y l -  

a l k y l   in   w h i c h   t h e   p h e n y l   g r o u p   may  be  s u b s t i t u t e d   in  t h e   4 - p o s i -  

t i o n   w i t h   h a l o g e n ,   l o w e r   a l k o x y ,   or  l o w e r   a l k y l ;   and  s a l t s   t h e r e -  

o f .  

2.  A  c o m p o u n d   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   i t   i s   4 , 5 , 6 , 7 - t e t r a h y d r o i s o x a z o l o [ 5 , 4 - c ] -  

p y r i d i n e - 3 - o l ,   or   a  s a l t   t h e r e o f .  

3.  C o m p o u n d s  o f   t h e   g e n e r a l   f o r m u l a   I V  

in  w h i c h   Alk  i s   a  l o w e r   a l k y l   g r o u p   and  Z  i s   h y d r o g e n   or  a n  

a m i n o - p r o t e c t i n g   g r o u p .  



4.  Compounds   of  t h e   g e n e r a l   f o r m u l a   V I I I '  

w h e r e i n   Z  i s   h y d r o g e n   or   an  a m i n o - p r o t e c t i n g   g r o u p ,   T  i s   a  g r o u p  

c o n v e r t i b l e ,   by  h y d r o l y s i s ,   i n t o   an  oxy  g r o u p ,   and  Q  i s   a  l e a v i n g  

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

a c i d   g r o u p .  

5.  C o m p o u n d s   of   t h e   g e n e r a l   f o r m u l a   I X '  

w h e r e i n   Z  and  T  a r e   as  d e f i n e d   in  c l a i m   4 .  

6.  C o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   V 

w h e r e i n   Z  i s   as  d e f i n e d   in   c l a i m   4,  and  W  i s   h y d r o g e n   or  a  g r o u p  
r e m o v a b l e   to   y i e l d   t h e   f r e e   h y d r o x y   g r o u p ,   w i t h   t h e   p r o v i s o   t h a t  

a t   l e a s t   one  of   Z  and  W  i s   d i f f e r e n t   f r o m   h y d r o g e n .  



7.  A  p h a r m a c e u t i c a l   c o m p o s i t i o n   c o m p r i s i n g ,   as  an  a c t i v e   i n g r e -  

d i e n t ,   a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   I  as  s t a t e d   in  c l a i m   1 

or  a  s a l t   t h e r e o f   t o g e t h e r   w i t h   a  p h a r m a c e u t i c a l   c a r r i e r   o r  

e x c i p i e n t .  

8.  A  p h a r m a c e u t i c a l   c o m p o s i t i o n   a c c o r d i n g   to   c l a i m   7  w h i c h   a d d i -  

t i o n a l l y   c o n t a i n s . a   m i n o r   t r a n q u i l l i z e r   or  a  n e u r o l e p t i c .  

9.  A  p r o c e s s   f o r   p r e p a r i n g   c o m p o u n d s   of  t h e   g e n e r a l   f o r m u l a   I  

w h e r e i n   R"  i s   h y d r o g e n ,   a c e t y l   or  a  g r o u p   of   t h e   g e n e r a l   f o r m u l a  

V I I  

w h e r e i n   R5  i s   C1-8  a l k y l ;   p h e n y l ;   p h e n y l   s u b s t i t u t e d   in   t h e   4 -  

p o s i t i o n   w i t h   h a l o g e n ,   l o w e r   a l k o x y ,   or  l o w e r   a l k y l ;   o r  

p h e n y l a l k y l   in   w h i c h   t h e   p h e n y l  

g r o u p   may  be  s u b s t i t u t e d   in  t h e   4 - p o s i t i o n   w i t h   h a l o g e n ,   l o w e r  

a l k o x y ,   or  l o w e r   a l k y l ;   and  s a l t s   t h e r e o f ,  

c h a r a c t e r i z e d   b y  

a)  s u b j e c t i n g   a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   V 



in  w h i c h   Z  i s   h y d r o g e n   or   an  a m i n o - p r o t e c t i n g   g r o u p ,   and  W  i s  

h y d r o g e n   or   a  g r o u p   r e m o v a b l e   to   y i e l d   t h e   f r e e   h y d r o x y   g r o u p ,  

w i t h   t h e   p r o v i s o   t h a t   a t   l e a s t   one  of  Z  and  W  i s   d i f f e r e n t   f r o m  

h y d r o g e n ;  

to   r e m o v a l   of  any  g r o u p   W  d i f f e r e n t   f r o m   h y d r o g e n   and  any  g r o u p   Z 

d i f f e r e n t   f r o m   R"  and ,   i f   d e s i r e d ,   r e m o v a l   of   any  g r o u p   Z  w h i c h  

f a l l s   u n d e r   t h e   d e f i n i t i o n   of   R";  i f   d e s i r e d ,   c o n v e r t i n g   t h e  

c o m p o u n d   of   f o r m u l a   I a ,   i f   o b t a i n e d   as  a  s a l t   t h e r e o f ,   i n t o   t h e  

z w i t t e r i o n   f o rm  t h e r e o f   by  t r e a t m e n t   w i t h   a  b a s e   or  i n t o   a n o t h e r  

s a l t ,   and ,   i f   d e s i r e d ,   c o n v e r t i n g   t h e   c o m p o u n d   I a ,   when  o b t a i n e d ,  
i n t o   a  c o m p o u n d   I  in   w h i c h   R"  i s   d i f f e r e n t   f r o m   h y d r o g e n ,   b y  
t r e a t m e n t   w i t h   a  r e a c t i v e   d e r i v a t i v e   of  a c e t i c   a c i d   or  w i t h   a n  
e s t e r   of  t h e   g e n e r a l   f o r m u l a  

w h e r e i n   X'  is   a  l e a v i n g   g r o u p ,   and  R5  i s   as  d e f i n e d   a b o v e ,   o r  

b)  f o r   t h e   p r e p a r a t i o n   of   a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a   I  

in  w h i c h   R"  i s   d i f f e r e n t   f rom  h y d r o g e n ,   s u b j e c t i n g   a  c o m p o u n d  

of  t h e   g e n e r a l   f o r m u l a   I X "  

in  w h i c h   R"  i s   as  d e f i n e d   a b o v e ,   e x c e p t   h y d r o g e n ,   to  h y d r o l y s i s  

and  c y c l i z a t i o n ,   a n d  

i f   d e s i r e d ,   c o n v e r t i n g   a  r e s u l t i n g   c o m p o u n d   in  w h i c h   R"  i s  

d i f f e r e n t   f rom  h y d r o g e n   i n t o   a  s a l t   t h e r e o f .  
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