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©  Pyrimido  (4,5-c)pyrldazines,  compositions  containing  them,  intermediates  and  process  for  their  preparation. 

©  Pvrimido  (4.5-c)  Dvridazines  of  formula  I  and  com-  X  X Pyrimido  (4,5-c)  pyridazines  of  formula  I  and  com- 
pounds  of  formulae  II,  III,  IV,  V. 

wherein  R'  is  benzyl  or  alkyl  optionally  substituted  by  hy- 
droxy;  R2  is  hydrogen,  hydroxy,  methyl,  hydroxymethyl, 
optionally  substituted  benzyl,  optionally  substituted  phen- 
acyl,  a  group  CH(Y)CO2Z  in  which  Y  is  hydrogen,  alkyl  or 
benzyl,  and  Z  is  hydrogen  or  alkyl;  R3  is  hydroxy,  methyl 
or  phenyl  optionally  substituted  with  a  hydroxy  group;  X 
is  an  oxygen  atom  or  a  group  NH. 

Compounds  (I)  show  activity  against  coccidiosis. 
They  can  be  prepared  as  follows: 



This   i n v e n t i o n   r e l a t e s   to  p y r i m i d o ( 4 , 5 - c )  

p y r i d a z i n e s ,   methods   of  t h e i r   p r e p a r a t i o n ,  

c o m p o s i t i o n s   and  f o r m u l a t i o n s   c o n t a i n i n g   them,  a n d  

t h e i r   use  in  the  t r e a t m e n t   of  c o c c i d i o s i s .  

The  f i r s t   p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e s   w e r e  

d i s c l o s e d   by  P f l e i d e r e r   and  Ferch   in  1958,  Ann.  C h e m . ,  

615,  48  (1958)  but  no  p h a r m a c o l o g i c a l   a c t i v i t y   was  

d i s c l o s e d   for   t h e s e   compounds  which  have  t h e  

f o r m u l a   ( 0 ) :  

w h e r e i n   R  is  a  h y d r o g e n   atom  or  -CO2C2H5  g r o u p .   We 

have  now  d i s c o v e r e d   a  group  of  p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e s  

which  are  u s e f u l   in  the  t r e a t m e n t   of  c o c c i d i o s i s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   n o v e l   p y r i m i d o -  

( 4 , 5 - c ) p y r i d a z i n e s   of  f o r m u l a   ( I ) ,   or  t h e i r   t a u t o m e r s ,  

or  s a l t s   t h e r e o f ,  



w h e r e i n   R1  is  a  b e n z y l   g r o u p ,   or  a  lower   a l k y l   g r o u p  

o p t i o n a l l y   s u b s t i t u t e d   by  a  hyd roxy   g roup ;   R  is  a  

h y d r o g e n   atom,  a  hyd roxy   g r o u p ,   a  me thy l   g roup ,   a 

h y d r o x y m e t h y l   g roup ,   a  b e n z y l   group  o p t i o n a l l y  

s u b s t i t u t e d   in  the  pheny l   r i n g   wi th   a  n i t r o   g r o u p  

or  one  or  two  lower   a l k o x y   g r o u p s ,   a  p h e n a c y l   g r o u p  

o p t i o n a l l y   s u b s t i t u t e d   in  the  pheny l   r i n g   wi th   o n e  

or  more  h y d r o x y   or  lower   a l k o x y   g r o u p s ,   a  g r o u p  

CH(Y)C02Z  in  which  Y  is  a  h y d r o g e n   atom,  a  l o w e r  

a l k y l   g roup ,   or  a  b e n z y l   g roup ,   and  Z  is  a  h y d r o g e n  

atom  or  a  lower   a l k y l   g roup ;   R3  is  a  hyd roxy   g r o u p ,  

a  me thy l   g r o u p ,   or  a  pheny l   group  o p t i o n a l l y  

s u b s t i t u t e d   wi th   a  hyd roxy   g roup ;   and  X  is  an  o x y g e n  

atom  or  a  group  NH;  p r o v i d e d   t h a t  

(i)   R3  is  a  me thy l   group  only   when  R  is  a  m e t h y l  

or  hydroxy   g r o u p ;  

( i i )   R2  is  a  pheny l   group  o p t i o n a l l y   s u b s t i t u t e d  

wi th   a  hyd roxy   group  only   when  R  is  a  h y d r o g e n   a t o m ;  

( i i i )   when  R3  is  a  hyd roxy   g r o u p ,   R2  is  o t h e r   t h a n  

a  h y d r o g e n   a t o m ;  

( iv)   R2  and  R3  are  not   bo th   hyd roxy   g r o u p s .  

The  term  " l o w e r "   as  used  h e r e i n   in  c o n j u n c t i o n  

wi th   an  a l k y l   or  a l koxy   group  is  i n d i c a t i v e   of  the  f a c t  

t h a t   such  g roups   have  from  1  to  4  c a rbon   atoms  a r r a n g e d  



in  a  s t r a i g h t   or  b r a n c h e d   c h a i n .   The  e x p r e s s i o n  

" p h e n a c y l   g roup"   however   is  used   to  d e n o t e   s o l e l y  

a  C6H5COCH2-  g r o u p .  

It   is  to  be  u n d e r s t o o d   t h a t   compounds  w h e r e  

t a u t o m e r i s m   is  p o s s i b l e   b e t w e e n ,   on  the  one  hand ,   a  

hyd roxy   group  and  an  oxo  g roup ,   and  on  the  o t h e r   h a n d ,  

an  amino  group  and  an  imino  g r o u p ,   at  a  p a r t i c u l a r  

p o s i t i o n   in  e i t h e r   of  the  r i n g s   of  the  p y r i m i d o ( 4 , 5 - c ) -  

p y r i d a z i n e s   of  f o r m u l a   ( I ) ,   the   more  s t a b l e   forms  a r e  

r e s p e c t i v e l y ,   the  oxo  group  and  the  amino  g r o u p .  

However ,   the  g e n e r a l   f o r m u l a e   used   in  the  p r e s e n t  

s p e c i f i c a t i o n   do  not   n e c e s s a r i l y   r e p r e s e n t   the   m o r e  

s t a b l e   forms  of  such  p y r i d a z i n e s .  

The  above  compounds  of  f o r m u l a   (I)  have  a c t i v i t y  

a g a i n s t   c o c c i d i o s i s   e i t h e r   when  used   a l o n e   or  i n  

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

q u i n o x a l i n e ,   such  a  m i x t u r e   be ing   known  as  an  e f f e c t i v e  

a g e n t   a g a i n s t   c o c c i d i o s i s .   In  p a r t i c u l a r ,   a c t i v i t y  

has  been  e s t a b l i s h e d   a g a i n s t   the  o r g a n i s m   E.  T e n e l l a ,  

in  in  v i t r o   and,  in  a  number  of  i n s t a n c e s ,   in  v i v o  

s c r e e n s   for   compounds  of  f o r m u l a   (I)  per   se  or  w i t h  

d i a v e r i d i n e   and  s u l p h a q u i n o x a l i n e .  

Those  p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e s   which   t h e m -  

s e l v e s   have  a c t i v i t y   a g a i n s t   E.  T e n e l l a   are  of  f o r m u l a   ( I ) ,  

or  t h e i r   t a u t o m e r s ,   or  s a l t s   t h e r e o f ,   w h e r e i n   R l  i s   a  



lower   a l k y l   group  o p t i o n a l l y   s u b s t i t u t e d   wi th   a  

hydroxy   g roup ,   or  a  b e n z y l   g roup ;   R 2 i s   a  

h y d r o g e n   atom,  a  hydroxy   g roup ,   a  me thy l   g r o u p ,  

a  h y d r o x y m e t h y l   g roup ,   a  b e n z y l   group  o p t i o n a l l y  

s u b s t i t u t e d   in  the  pheny l   r i ng   wi th   a  n i t r o   or  o n e  

or  two  lower   a l k o x y   g r o u p s ,   a  p h e n a c y l   group  o p t i o n a l l y  

s u b s t i t u t e d   in  the  pheny l   r i ng   w i t h   one  or  more  l o w e r  

a lkoxy   g r o u p s ,   or  a  group  CH(Y)CO2Z  in  which  Y  and  Z 

are  the  same  or  d i f f e r e n t   and  each  is  a  h y d r o g e n   a t o m  

or  a  lower   a l k y l   g r o u p ,   and  X  is  an  oxygen  atom  or  a  

group  NH.  Wi th in   t h i s   c l a s s   t h e r e   is  a  group  o f  

p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e s   which  are  p a r t i c u l a r l y  

a c t i v e   and  t h e s e   have  R1  as  a  lower   a l k y l   g r o u p ,  

e s p e c i a l l y   a  me thy l   or  n - b u t y l   g roup ;   and  R2  as  a  

h y d r o g e n   atom,  a  h y d r o x y   g roup ,   a  me thy l   g r o u p ,   a  

b e n z y l   group  o p t i o n a l l y   s u b s t i t u t e d   in  the  pheny l   r i n g  

wi th   two  methoxy  g r o u p s ,   or  a  p h e n a c y l   group  s u b s t i t u t e d  

in  the  pheny l   r i n g   wi th   two  methoxy  g r o u p s .   The  m o s t  

a c t i v e   compounds  are  7 - a m i n o - 1 , 3 - d i m e t h y l - 4 - o x o - 5 -  

h y d r o x y - 1 , 4 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e ;   7 - a m i n o -  

3 - ( 3 , 4 - d i m e t h o x y b e n z y l ) - 5 - h y d r o x y - 1 - m e t h y l - 4 - o x o - 1 , 4 -  

d i h y d r o p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e ;   7 - a m i n o - l - n - b u t y l - 5 -  

h y d r o x y - 3 - m e t h y l - 4 - o x o - 1 , 4 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) -  

p y r i d a z i n e ;   5 , 7 - d i a m i n o - 1 , 3 - d i m e t h y l - 4 - o x o - 1 , 4 - d i h y d r o -  

p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e ;   7 - a m i n o - 3 - ( 3 , 4 - d i m e t h o x y b e n z o y l ) -  

m e t h y l - 5 - h y d r o x y - 1 - m e t h y l - 4 - o x o - 1 , 4 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) -  



pyridazine;   7 - a m i n o - 3 - b e n z y l - 5 - h y d r o x y - I - m e t h y l - 4 -  

o x o - 1 , 4 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e ;   7 - a m i n o -  

3 - ( 2 , 4 - d i m e t h o x y b e n z o y l ) m e t h y l - 5 - h y d r o x y - 1 - m e t h y l -  

4 - o x o - 1 , 4 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e ;   7 - a m i n o -  

1 , 4 - d i m e t h y l - 3 , 5 - d i o x o - 1 , 2 , 3 , 5 - t e t r a h y d r o p y r i m i d o -  

( 4 , 5 - c ) p y r i d a z i n e ;   7 - a m i n o - 5 - o x o - 1 , 3 , 4 - t r i m e t h y l -  

1 , 5 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e ;   7 - a m i n o - l -  

m e t h y l - 5 - o x o - 4 - p h e n y l - 1 , 5 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) -  

p y r i d a z i n e ;   and  7 - a m i n o - 4 - ( 4 - h y d r o x y p h e n y l ) - 1 - m e t h y l -  

5 - o x o - 1 , 5 - d i h y d r o p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e .  

I t   has  p r e v i o u s l y   been  s t a t e d   t h a t   in  1958  

P f l e i d e r e r   W.  and  Ferch   H.  ( J u s t u s   L i e b i g ' s   Ann.  C h e m . ,  

1958,   615,  48)  r e p o r t e d   the  p r e p a r a t i o n   of  4 - h y d r o x y -  

6 , 8 - d i m e t h y l p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e - 5 , 7 - ( 6 H ,   8 H ) -  

d ione   by  the  c y c l i s a t i o n   of  g l y o x y l i c   a c i d   e t h y l  

e s t e r - 1 , 3 - d i m e t h y l u r a c i l - ( 4 ) - h y d r a z o n e .   I t   has  now 

been  found  t h a t   t h i s   c y c l i s a t i o n   r e a c t i o n   c a n  

s u r p r i s i n g l y   be  e x t e n d e d   to  a  n o v e l   c l a s s   of  i n t e r m e d i a t e s  

which  have  a  number  of  d i f f e r e n t   s u b s t i t u e n t s .  

There   has  f u r t h e r   been  d e s c r i b e d   in  the  l i t e r a t u r e  

C a s t l e ,   e t .   a l . ,   J.  H e t .  C h e m . ,   1975,  12,  1221)  a  

r e a c t i o n   be tween   6 - ( a - m e t h y l h y d r a z i n o ) - 3 - m e t h y l u r a c i l  

and  2 , 3 - b u t a n e d i o n e   which  l e a d s   to  1 , 3 , 4 , 6 - t e t r a m e t h y l -  

p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e - 5 , 7 - ( l H ,   6 H ) - d i o n e .   Un-  

e x p e c t e d l y , ' p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e s   h a v i n g   d i f f e r e n t  



s u b s t i t u e n t s   and  f a l l i n g   w i t h i n   the  d e f i n i t i o n   o f  

f o r m u l a   (I)  can  be  p r e p a r e d   by  a  m o d i f i c a t i o n   o f  

t h i s   r e a c t i o n .  

Thus  the  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s  

a  method  of  p r e p a r i n g   a  compound  of  the  f o r m u l a   ( I ) ,  

or  a  t a u t o m e r   or  s a l t   t h e r e o f   as  h e r e i n b e f o r e   d e f i n e d ,  

which  c o m p r i s e s   the  c y c l i s a t i o n   of  a  compound  of  t h e  

f o r m u l a   ( I I ) :  

or  a  t a u t o m e r   or  s a l t   t h e r e o f ,   w h e r e i n   X,  R1  and  R2 

are  as  h e r e i n b e f o r e   d e f i n e d   and  R4  is  a  lower   a l k o x y  

group  (to  g ive   compounds  of  the  f o r m u l a   ( I ) ,   where  R3 

is  OH)  or  a  group  R3  as  h e r e i n b e f o r e   d e f i n e d   a p a r t  

from  a  hyd roxy   group  (to  g ive   compounds  of  f o r m u l a   ( I )  

where  R3  is  o t h e r   t han   OH),  and  t h e r e a f t e r   when  X  is  an  

oxygen  atom  and  R3  is  an  a c y l o x y m e t h y l   g roup ,   o p t i o n a l l y  

h y d r o l y s i n g   R3  to  a  h y d r o x y m e t h y l   g r o u p .  

The  n a t u r e   of  the  s u b s t i t u e n t s   on  the  p y r i m i d i n e  

r i n g   of  the  compounds  of  the  f o r m u l a   ( I I )   is  such  t h a t  

when  R4  is  a  lower   a l k o x y   g r o u p ,   u n l i k e   the  P f l e i d e r e r  



and  Ferch   a r t i c l e ,   r i n g   c l o s u r e   can  a p p a r e n t l y   o n l y  

be  a c h i e v e d   when  the  n i t r o g e n   atom  at  the  6 - p o s i t i o n  

is  s u b s t i t u t e d   by  R1  as  h e r e i n b e f o r e   d e f i n e d .  

Moreover   t h i s   c y c l i s a t i o n   r e a c t i o n   is  p a r t i c u l a r l y  

s u r p r i s i n g   s i n c e   the  r e p o r t   of  P f l e i d e r e r   and  F e r c h  

t e a c h e s   t h a t   such  r e a c t i o n s   only   work  for   t h o s e  

h y d r a z o n e   i n t e r m e d i a t e s   which  have  a  g l y o x y l i c   a c i d  

a l k y l   e s t e r   s u b s t i t u t i o n ,   yet   a  c o r r e s p o n d i n g  

s u b s t i t u t i o n   in  the  p r e s e n t   i n t e r m e d i a t e s   r e s u l t s   i n  

l i t t l e ,   i f   any,  p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e .  

The  c y c l i s a t i o n   r e a c t i o n   may  be  c a r r i e d   o u t  

in  any  s u i t a b l e   s o l v e n t   but  w i l l   d e s i r a b l y   be  c a r r i e d  

out  in  a  h y d r o x y l i c   s o l v e n t   at  a  n o n - e x t r e m e   t e m p e r a t u r e ,  

i . e .   be tween   10°C  and  110°C;  when  R4  is  a  lower   a l k o x y  

group  the  r e a c t i o n   is  s u i t a b l y   c a r r i e d   out  in  g l a c i a l  

a c e t i c   a c i d ,   w a t e r   or  a  C1-4  a l k a n o l ,   at  r e f l u x  

t e m p e r a t u r e   for   up  to  s e v e r a l   days  and  is  p r e f e r a b l y  

c a r r i e d   out  in  r e f l u x i n g   m e t h a n o l ,   or  in  e t h a n o l   at  t h e  

r e f l u x   t e m p e r a t u r e   of  m e t h a n o l .   When  R 4  is  group  R3 

the  r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   out  in  r e f l u x i n g  

w a t e r .  

The  c o n d i t i o n s   for   h y d r o l y s i n g   the  lower   a c y l o x y -  

me thy l   group  to  a  h y d r o x y m e t h y l   group  are  p r e f e r a b l y  

a l k a l i n e ,   for   example  aqueous   sodium  h y d r o x i d e ,   and  t h e  

r e a c t i o n   may  c o n v e n i e n t l y   be  p e r f o r m e d   at  room  t e m p e r a t u r e  

for   15  to  60  m i n u t e s ,   for   example  30  m i n u t e s .  



The  compounds  of  the  f o r m u l a   ( I I )   a n d  

t a u t o m e r s   t h e r e o f   can  be  p r e p a r e d ,   p r e f e r a b l y  

in  s i t u ,   by  c o n d e n s i n g   a  2 - a m i n o - 6 - h y d r a z i n o p y r i m i d i n e  

of  the  f o r m u l a   ( I I I ) :  

or  a  t a u t o m e r   t h e r e o f   w i th   a  compound  of  the  f o r m u l a :  

R2CO.CO.R4  w h e r e i n   R1,  R2,  R4 and  X  are  as  d e f i n e d   f o r  

formulae  (I)  and  ( I I )   a b o v e .  

This   r e a c t i o n   is  s u i t a b l y   c a r r i e d   out  under   t h e  

same  c o n d i t i o n s   as  t h o s e   used  for   the  c y c l i s a t i o n  

r e a c t i o n   d e s c r i b e d   a b o v e .  

In  the   p r e p a r a t i o n   of  t h o s e   compounds  of  t h e  

f o r m u l a   (I)  w h e r e i n   R2  is  a  group  CH(Y)C02Z  or  a  p h e n a c y l  

g roup ,   some  o t h e r   b i - c y c l i c   compound  may  be  f o r m e d  

as  a  b y - p r o d u c t .   In  such  c a s e s ,   i t   may  be  n e c e s s a r y   t o  

i s o l a t e   the  r e q u i r e d   compound  by  the  u s u a l   p r o c e d u r e s  

known  in  the  a r t .  

The  compounds  of  the  f o r m u l a e   ( I I )   and  ( I I I )  

and  nove l   and  c o n s t i t u t e   f u r t h e r   a s p e c t s   of  t h e  

p r e s e n t   i n v e n t i o n .  



The  compounds  of  f o r m u l a   (I)  w h e r e i n   R  

is  as  h e r e i n b e f o r e   d e f i n e d ,   R3  is  a  h y d r o x y   g r o u p ,  

X  is  an  oxygen  atom,  and  R2  is  a  group  CH(Y)CO2Z 

in  which  Y  is  as  h e r e i n b e f o r e   and  Z  is  a  l o w e r  

a l k y l   group  may  be  h y d r o l y s e d   to  g ive   f u r t h e r  

compounds  of  f o r m u l a   (I)  w h e r e i n   R1  is  as  h e r e i n b e f o r e  

d e f i n e d ,   R3  is  a  h y d r o x y   g r o u p ,   X  is  an  oxygen  a t o m ,  

and  R2  is  a  group  CH(Y)C02Z  in  which   Y  is  as  h e r e i n -  

b e f o r e   d e f i n e d   and  Z  is  a  h y d r o g e n   atom.  The  s t a r t i n g  

compounds  of  f o r m u l a   (I)  may  be  p r e p a r e d   from  t h e  

c o r r e s p o n d i n g   compounds  of  f o r m u l a   ( I I )   as  d e s c r i b e d  

p r e v i o u s l y .  

The  c o n d i t i o n s  f o r   t h i s   r e a c t i o n   are  p r e f e r a b l y  

a l k a l i n e   which  may  be  a c h i e v e d   by  u s i n g ,   for   i n s t a n c e ,  

aqueous   sodium  h y d r o x i d e ,   and  the  r e a c t i o n   may  b e  

c o n v e n i e n t l y   p e r f o r m e d   at  room  t e m p e r a t u r e   fo r   15  t o  

150  m i n u t e s ,   for   example   90  m i n u t e s .  

The  compounds  of  f o r m u l a   (I)  w h e r e i n   R1,  R2 

and  R3  are  as  h e r e i n b e f o r e   d e f i n e d   and  X  is  a  g r o u p  

NH  may  be  h y d r o l y s e d   to  g ive   f u r t h e r   compounds  o f  

f o r m u l a   (I)  which  are  c o r r e s p o n d i n g l y   s u b s t i t u t e d  

e x c e p t   t h a t   X  is  an  oxygen  atom  and  t h a t ,   in  the  c a s e  

where  R2  in  the  s t a r t i n g   m a t e r i a l   is  a  group  CH(Y)CO2Z 

in  which  Z  is  a  lower   a l k y l   g r o u p ,   Z  is  a  h y d r o g e n  

atom.  The  s t a r t i n g   compounds  of  f o r m u l a   (I)  may  b e  

p r e p a r e d   from  the  c o r r e s p o n d i n g   compounds  of  f o r m u l a   ( I I )  



as  d e s c r i b e d   p r e v i o u s l y .  

The  c o n d i t i o n s   fo r   t h i s   r e a c t i o n   are  p r e f e r a b l y  

a l k a l i n e   which  may  be  a c h i e v e d   by  u s i n g ,   fo r   i n s t a n c e ,  

aqueous   sodium  h y d r o x i d e ,   and  the  r e a c t i o n   may  b e  

c o n v e n i e n t l y   p e r f o r m e d   under   r e f l u x   for   10  to  40  h o u r s ,  

for   example  24  h o u r s .   However,   i t   s h o u l d   be  n o t e d   t h a t  

d u r i n g   the  c o u r s e   of  t h i s   r e a c t i o n   some  d e c a r b o x y l a t i o n  

may  t ake   p l a c e   p o s s i b l y   g i v i n g   r i s e   to  sma l l   a m o u n t s  

of  b y - p r o d u c t   which  may  n e c e s s i t a t e   s u b s e q u e n t   s e p a r a t i o n  

by  known  t e c h n i q u e s .  

Compounds  of  f o r m u l a   (I)  w h e r e i n   R   is  as  h e r e -  

i n b e f o r e   d e f i n e d ,   X  is  an  oxygen  atom,  R3  is  a  m e t h y l  

group  and  R2  is  a  hyd roxy   group  can  be  p r e p a r e d   by  t h e  

h y d r o l y s i s   of  a  compound  of  f o r m u l a   ( I V ) :  

w h e r e i n   R1  is  as  h e r e i n b e f o r e   d e f i n e d   and  R8  is  a n  

a r o y l   g r o u p ,   p r e f e r a b l y   a  b e n z o y l   g r o u p ,   o p t i o n a l l y  

s u b s t i t u t e d   wi th   one  or  more  lower   a l k o x y   g r o u p s ,   f o r  

example  3 , 4 , 5 - t r i m e t h o x y   s u b s t i t u t i o n .   Compounds  o f  

f o r m u l a   (IV)  are  nove l   and  r e p r e s e n t   a  f u r t h e r   a s p e c t  

of  the  p r e s e n t   i n v e n t i o n .  



In  t u r n   t hey   may  be  p r e p a r e d   by  the  c y c l i s a t i o n  

of  a  compound  of  f o r m u l a   (V) :  

w h e r e i n   R1  and  R5  are  as  h e r e i n b e f o r e   d e f i n e d ,   t h e  

r e a c t i o n   p r e f e r a b l y   be ing   p e r f o r m e d   under   r e f l u x   i n  

me thy l   c e l l o s o l v e .  

Compounds  of  f o r m u l a   (V)  are  n o v e l   a n d  

c o n s t i t u t e   ye t   a n o t h e r   a s p e c t   of  the  p r e s e n t   i n v e n t i o n .  

C o n v e n i e n t l y   t hey   are  p r e p a r e d ,   p r e f e r a b l y   in  s i t u  

by  the  r e a c t i o n   of  a  compound  of  f o r m u l a   ( I I I )   w h e r e i n  

R1  is  as  h e r e i n b e f o r e   d e f i n e d   and  X  is  an  oxygen  a t o m  

w i t h   a  compound  of  the  f o r m u l a :   R S C H Z . C O . C O . O R 6  w h e r e i n  

R5  is  as  h e r e i n b e f o r e   d e f i n e d   and  R6  is  a  lower   a l k y l  

g r o u p ,   in  m e t h y l   c e l l o s o l v e ,   p r e f e r a b l y   under   r e f l u x .  

Al l   the  s t a r t i n g   m a t e r i a l s   s p e c i f i e d   above  f o r  

the  v a r i o u s   s y n t h e s e s   may  be  p r e p a r e d   by  s t a n d a r d   m e t h o d s  

t a u g h t   in  the  a r t .  

The  p r e s e n t   i n v e n t i o n   in  a  f u r t h e r   a s p e c t   p r o v i d e s  

a  c o m p o s i t i o n   for   use  in  the  t r e a t m e n t   of  c o c c i d i o s i s  

which  c o m p o s i t i o n   c o m p r i s e s   n o n - t o x i c ,   e f f e c t i v e   a n t i -  



c o c c i d i a l   t r e a t m e n t   amounts   of  each  of  d i a v e r i d i n e ,  

s u l p h a q u i n o x a l i n e   and  a  compound  of  f o r m u l a   ( I ) ,   o r  

i t s   t a u t o m e r ,   or  a  v e t e r i n a r y   a c c e p t a b l e   s a l t   t h e r e o f ,  

as  h e r e i n b e f o r e   d e f i n e d ,   in  p a r t i c u l a r   such  a  compound  

w h e r e i n   R   is  a  lower   a l k y l   group  o p t i o n a l l y  

s u b s t i t u t e d   wi th   a  h y d r o x y   g r o u p ,   or  a  b e n z y l   g r o u p ;  

R2  is  a  h y d r o g e n   atom,  a  h y d r o x y   g r o u p ,   a  me thy l   g r o u p  

o p t i o n a l l y   s u b s t i t u t e d   in  the  pheny l   r i n g   w i th   a  n i t r o  

or  one  or  two  lower   a l k o x y   g r o u p s ,   a  c a r b o x y   g r o u p ,  

a  p h e n a c y l   group  o p t i o n a l l y   s u b s t i t u t e d   in  the  p h e n y l  

r i n g   wi th   one  or  more  lower   a l k o x y   g r o u p s ,   or  a  g r o u p  

CH(Y)COZZ  in  which  Y  and  Z  are  the  same  or  d i f f e r e n t  

and  each  is  a  h y d r o g e n   atom  or  a  lower   a l k y l   g r o u p ,  

and  X  is  an  oxygen  atom  or  a  group  NH. 

The  above  t r i p a r t i t e   c o m p o s i t i o n s   are  p r e p a r e d  

by  a d m i x t u r e   of  the  r e q u i s i t e   n o n - t o x i c   a n t i - c o c c i d i a l  

t r e a t m e n t   amounts   of  each  of  the  a c t i v e   i n g r e d i e n t s .  

The  compounds  of  f o r m u l a   ( I ) ,   t h e i r   t a u t o m e r s ,  

and  v e t e r i n a r y   a c c e p t a b l e   s a l t s ,   or  c o m p o s i t i o n s   t h e r e o f ,  

may  be  p r e s e n t e d   in  a s s o c i a t i o n   w i th   a  c a r r i e r   i n  

v e t e r i n a r y   f o r m u l a t i o n s   s u i t a b l e   for   o r a l   a d m i n i s t r a t i o n .  

Such  f o r m u l a t i o n s   may  be  p r e s e n t e d   in  d i s c r e t e   u n i t s ,  

such  as  t a b l e t s ,   each  c o n t a i n i n g   a  p r e d e t e r m i n e d   a m o u n t  

of  the  compound,   but  may  a l so   be  p r e s e n t e d   as  a  p o w d e r ,  

as  g r a n u l e s ,   as  a  s o l u t i o n   or  s u s p e n s i o n   in  an  a q u e o u s  

or  n o n - a q u e o u s   l i q u i d .   Most  c o n v e n i e n t l y ,   howeve r ,   t h e y  



may  be  p r e s e n t e d   as  a  p o u l t r y   f e e d ,   at  5  to  500  ppm 

in  the  d i e t ,   w i t h   a  p r e f e r r e d   dose  r ange   of  150  to  300  

ppm. 

A c c o r d i n g l y ,   the   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  

p o u l t r y   f eed   in  which  t h e r e   is  a  c o m p o s i t i o n   as  h e r e i n -  

b e f o r e   d e f i n e d   or  a  n o n - t o x i c   e f f e c t i v e   a n t i - c o c c i d i a l  

t r e a t m e n t   amount  of  a  compound  of  f o r m u l a   ( I ) ,   t h e i r  

t a u t o m e r s ,   or  v e t e r i n a r y   a c c e p t a b l e   s a l t s   t h e r e o f .  

Examples   of  v e t e r i n a r y   a c c e p t a b l e   s a l t s   a r e  

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

example   h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,   s u l p h u r i c  

a c i d ,   a c e t i c   a c i d ,   c i t r i c   a c i d ,   t a r t a r i c   a c i d ,   l a c t i c  

a c i d ,   m a l e i c   a c i d   or  s a l i c y l i c   a c i d .   Acid  a d d i t i o n  

s a l t s   which  are  not   v e t e r i n a r y   a c c e p t a b l e   may  b e  

r e n d e r e d   so  by  a  c o n v e n t i o n a l   m e t a t h e t i c a l   r e a c t i o n .  

F u r t h e r   examples   of  v e t e r i n a r y   a c c e p t a b l e   s a l t s   a r e ,  

in  the  case   when  R2  in  f o r m u l a   (I)  is  a  c a r b o x y   g r o u p  

or  a  group  CH(Y)C02Z  in  which   Z  is  a  h y d r o g e n   a t o m ,  

are  a l k a l i   m e t a l ,   for   example   sod ium,   s a l t s .  

In  a n o t h e r   a s p e c t   the   p r e s e n t   i n v e n t i o n   p r o v i d e s  

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

which  c o m p r i s e s   a d m i n i s t e r i n g   a  c o m p o s i t i o n   or  a  n o n -  

t o x i c   e f f e c t i v e   a n t i - c o c c i d i a l   t r e a t m e n t   amount  of  a  

compound  of  f o r m u l a   (I)  h e r e i n b e f o r e   d e f i n e d ,   p r e f e r a b l y  

a d m i n i s t e r i n g   a  v e t e r i n a r y   f o r m u l a t i o n   or  p o u l t r y   f e e d  

as  h e r e i n b e f o r e   d e f i n e d   to  the  i n f e c t e d   p o u l t r y .  



F u r t h e r   a d v a n t a g e s   of  the  p r e s e n t   i n v e n t i o n  

can  be  a s c e r t a i n e d   from  the  f o l l o w i n g   examples   w h i c h  

s h o u l d n o t   be  c o n s t r u e d   as  l i m i t i n g   the  scope  of  t h e  

i n v e n t i o n   in  any  way .  



E x a m p l e  1  -   6 - ( 1 - M e t h y l h y d r a z i n o ) i s o c y t o s i n e  

(III)  (R1=CH3;  X=O) 

A  m i x t u r e   of  6 - c h l o r o i s o c y t o s i n e   ( 1 7 . 5 0  g )   and  m e t h y l h y d r a z i n e  
( 2 7 . 7 0 g )   in  w a t e r   (900 ml)  was  s t i r r e d   and  r e f l u x e d   f o r   3  h o u r s .  

The  r e s u l t i n g   s o l u t i o n   was  a l l o w e d   to  s t a n d   at  room  t e m p e r a t u r e  

for  6  hours,  then  at  0°  overnight,   in  order  that  the  product  could  c r y s t a l l i s e  
ou t .   The  w h i t e   c r y s t a l s   were  c o l l e c t e d   by  f i l t r a t i o n ,   w a s h e d  

w i t h   w a t e r   (800 ml)  and  s u b s e q u e n t l y   w i t h   95%  e t h a n o l   (200  m l ) .  

D r y i n g   under   vacuum  at  70°C  y i e l d e d   6 - ( 1 - m e t h y l h y d r a z i n o )  

i s o c y t o s i n e   ( 1 1 . 0 1   g; 56%  of  t h e o r e t i c a l   y i e l d ;   M.P.  2 7 4 - 2 8 0 ° C  

d e c o m p o s i t i o n ) .  
Elemental  analysis :   Calcd.  for  C5H9N5O.O.5H2O:  C  36.58%,  H  6.14%,  N  42.66%. 
Found: C  36.42%,  H  6 .06%,   N  4 2 . 6 1 % .  

NMR  (DMSO -  d 6 )  δ 3 . 1 2   ( s , 3 H ) ,   4 .47   (br   s,  2H),  5 .00   ( s , l H ) ,  

6 .16   (br   s ,  2H),   9 .68   (br   s,  1 H ) .  

U . V .  λ m a x   (CH3OH)  225 .5   nm  ( ε 2 4 , 0 0 0 ) ,   274  ( 1 7 , 3 0 0 ) .  

Example   2  -   6 - ( 1 - E t h y l h y d r a z i n o ) i s o c y t o s i n e  

(III)  (R1=C2H5;  X=O) 

A  m i x t u r e   of  6 - c h l o r o i s o c y t o s i n e   ( 4 . 0 0   g)  and  e t h y l h y d r a z i n e  

( 4 . 0 0 g )   in  w a t e r   980 ml)  was  r e f l u x e d   f o r   11 2  h o u r s   a f t e r   w h i c h  

time  the  r esu l t ing   solut ion  was  f i l t e r e d   while  hot  to  remove  d u s t  

p a r t i c l e s ,   f l u s h e d   w i t h   n i t r o g e n , a n d   s e a l e d .   The  s o l u t i o n  

was  t h e n   a l l o w e d   to  coo l   s l o w l y   to  room  t e m p e r a t u r e   so  t h a t  

the  p r o d u c t   c o u l d   c r y s t a l l i s e   ou t .   The  s t r a w - c o l o u r e d   c r y s t a l s  

were  c o l l e c t e d   by  f i l t r a t i o n ,   washed  w i t h   w a t e r   and  s u b s e q u e n t l y  

m e t h a n o l .   D r y i n g   u n d e r   vaccum  at  70°C  y i e l d e d   6 - ( 1 - e t h y l  

h y d r a z i n o ) i s o c y t o s i n e   ( 2 . 8 3 g ;   59%  of  t h e o r e t i c a l   y i e l d ;  



M.P.  249-250°C  d e c o m p o s i t i o n ) .  
Elemental  analysis :   Calcd.  for  C6H11N5O:  C  42.59%,  II  6.55%,  N  41.40% 
Found:  C  42 .33%,   H  6.74%,  N  4 1 . 1 8 % .  

NMR  ( D M S O - d 6 )  δ   1 .03   ( t ,   3H),  3.59  (q,  2H)  4 .33   ( b r . s ,   2 H ) ,  
4 .99   ( s , l H ) ,   6 .15  (b r   s,  2H),  9 .82   (br   s,  1H) 

U.V.  λ m a x   (CH3OH)  226  nm  ( ε 2 5 , 0 0 0 ) ,   273  ( 1 8 , 2 0 0 ) .  

Example   3  -   6 - [ 1 - 2 - H y d r o x y e t h l )   h y d r a z i n o  i s o c y t o s i n e  

(III)  (R1=CH2CH2OH;  X=O) 

To  a  r e f l u x i n g   m i x t u r e   of  6 - c h l o r o i s o c y t o s i n e   (17 .5C  g)  i n  

wa te r  (300  ml )   was  added  2 - h y d r o x y e t h y l h y d r a z i n e   ( 4 5 . 6  g ) .  
The  r e s u l t i n g   hazy  s o l u t i o n   became  d a r k e r   d u r i n g   f u r t h e r  

r e l u x i n g   and  a f t e r   1  3/4  h o u r s   i t   was  f i l t e r e d   t h r o u g h  
C e l i t e .   The  f i l t r a t e   was  then   a l l o w e d   to  s t a n d   o v e r n i g h t  
at  room  t e m p e r a t u r e   in  o r d e r   t h a t   c r y s t a l l i s a t i o n   of  t h e  

p r o d u c t   cou ld   t ake   p l a c e   on  c o o l i n g .   The  w h i t e   c r y s t a l s  

were  c o l l e c t e d   by  f i l t r a t i o n ,   washed  w i t h   w a t e r   ( 1 0 0 m l )   and 

s u b s e q u e n t l y   m e t h a n o l   (100 ml).  D r y i n g   u n d e r   vacuum  at  70°C 

y i e l d e d   6 - [ 1 - ( 2 - h y d r o x y e t h y l ) h y d r a z i n o ] i s o c y t o s i n e  

( 1 2 . 0 2 g ;   54%  of  t h e o r e t i c a l   y i e l d ;   M.P.  232-239°C  d e c o m p o s i t i o n )  
Elemental  analysis :   Calcd.  for  C6H11N5O2:  C  38.91%,  H  5.99%,  N  37.82%. 

Found:  C38.95%,  H 6.08%,  N  3 7 . 8 1 % .  

NMR  ( D M S O - d 6 )  δ 3 . 6 1   ( s , 4 H ) ,   4 .45   (br   s , 3 H ) ,   5 .01  ( s , l H ) ,  

6 .17   (b r   s , 2 H ) ,   9 .75  (b r   s , l H ) .  
U . Y .  λ m a x   (CH3OH)  224  nm  ( ε 2 3 , 5 0 0 ) ,   2 7 2 ( 1 6 , 7 0 0 ) .  

Example   4  -   6 - ( 1 - n - B u t y l h y d r a z i n o ) i s o c y t o s i n e  

(III)  (R1=n-C4H9;   X=O) 

A  m i x t u r e   of  6 - c h l o r o i s o c y t o s i n e   ( 1 7 . 5 0  g )   and  n - b u t y l h y d r a z i n e  

( 2 3 . 3 0   g ) i n   w a t e r   (900ml)   was  s t i r r e d   and  r e f l u x e d   f o r   4  h o u r s .  



The  r e s u l t i n g   s o l u t i o n   was  a l l o w e d   to  s t a n d   at  room  t e m p e r a t u r e  
f o r   6  h o u r s   in  o r d e r   t h a t   the  p r o d u c t   c o u l d   c r y s t a l l i s e  
o u t .   The  t an   c r y s t a l s   were  c o l l e c t e d   by  f i l t r a t i o n   δ  washed  
w i t h   w a t e r   (175ml).   D r y i n g   o v e r n i g h t   in   a  vacuum  d e s i c c a t o r  

p r o t e c t e d   from  l i g h t   y i e l d e d   6 - ( 1 - n - b u t y l h y d r a z i n o ) i s o c y t o s i n e  
( 1 8 . 4 3   g;  77%  of  t h e o r e t i c a l   y i e l d ;   M.P.  208 -215°C   d e c o m p o s i t i o n  

Elemental  analysis:   Calcd.  for  C8H15N5O:  C  48.71%,  H  7.67%,  N  35.51%. 

Found:C  48.76%,  H  7.69%  N  3 5 . 3 0 % .  

NMR  ( D M S O - d 6 )  δ  0 . 6 - 1 . 8   (m,  7H),  3 .58  ( t ,  2 H ) ,  4 . 3 9 ( b r   s , 2 H ) ,  
5 .05   ( s , l H ) ,   6 .22  ( b r . s , 2 H ) ,   9 .85   (br   s , l H ) .  
U.V.  λmax  (CH3OH)  227  nm  ( ε 2 5 , 0 0 0 ) ,   274  ( 1 8 , 4 0 0 ) .  

Example   5  -   6 - ( 1 - B e n z y l h y d r a z i n o ) i s o c y t o s i n e  

(III)  (R1=CH2C6H5;  X=O) 

A  m i x t u r e   of  6 - c h l o r o i s o c y t o s i n e   ( 1 7 . 5 0 g ) ,   t r i e t h y l a m i n e  
( 9 0 . 1 0  g ) ,   and  b e n z y l h y d r a z i n e   d i h y d r o c h l o r i d e   ( 4 6 . 9 0   g)  i n  

w a t e r   (900 ml)  was  r e f l u x e d   f o r   10  m i n u t e s   a f t e r   which   t i m e  
the  r e s u l t i n g   s o l u t i o n   was  f i l t e r e d   to  remove  i m p u r i t i e s  
p r e s e n t   in  the  h y d r a z i n e   s a l t .   A f t e r   r e f l u x i n g   the  f i l t r a t e  
f o r   9  h o u r s   a  w h i t e   s o l i d   was  c o l l e c t e d  

by  f i l t r a t i o n   f rom  the  hot   r e a c t i o n   m i x t u r e ,   washed  w i t h  

w a t e r   (25C  ml)  and  d r i e d   o v e r n i g h t   at  room  t e m p e r a t u r e   i n  

a  vacuum  d e s i c c a t o r   p r o t e c t e d   f rom  the  l i g h t   to  y i e l d  
6 - ( 1 - b e n z y l h y d r a z i n o ) i s o c y t o s i n e   ( 1 3 . 6 5 g ;   67%  of  t h e o r e t i c a l  

y i e l d ,   M.P.  270 -290°C   d e c o m p o s i t i o n ) .  
Elemental  analysis:   Calcd.  for  C11H13N5O:  C  57.13%,  H  5.67%,  N  30.29%. 
Found:C  57.15%,  H5.75%,  N 3 0 . 2 5 % .  

NMR  ( D M S O - d 6 )  δ  4 . 3 4 ( b r   s , 2 H ) ,   4 . 8 1 ( s , 2 H ) ,   5 .07  ( s , l H ) , 6 . 2 0  
(br   s , 2 H ) , 7 . 2 5   ( s , 5 H ) ,   9 .80  (b r   s , l H ) .  

U . Y .  λ m a x   (CH3OH)  226  nm  ( ε 2 7 , 0 0 0 ) ,   275  ( 2 0 , 0 0 0 ) .  



Example   6  -   2 , 4 - D i a m i n o - 6 - ( 1 - m e t h y l h y d r a z i n o ) p y r i m i d i n e  

(III)  (R1=CH3;  X=NH) 

To  a  r e f l u x i n g   s o l u t i o n   of  6 - c h l o r o - 2 , 4 - d i a m i n o p y r i m i d i n e  
( 4 . 0 g )   in  a n h y d r o u s   m e t h a n o l   [40 ml)  was  added  m e t h y l h y d r a z i n e  
( 3 . 2  g ) .   A f t e r   18  h o u r s   the  r e f l u x i n g   m i x t u r e   was  a l l o w e d   t o  
coo l   to  room  t e m p e r a t u r e   unde r   a  n i t r o g e n   a t m o s p h e r e   in  o r d e r  
t h a t   the  p r o d u c t   c o u l d   c r y s t a l l i s e   ou t .   The  w h i t e   s o l i d  
( 3 . 0 g )   was  c o l l e c t e d   by  f i l t r a t i o n   and  d r i e d   u n d e r   r e d u c e d  

p r e s s u r e   at  70°C.  R e c r y s t a l l i s a t i o n   of  the  p r o d u c t   f r o m  
m e t h a n o l / m e t h y l h y d r a z i n e   ( 5 0 / 1 )   gave  s t r a w - c o l o u r e d   c r y s t a l s  
of  2 , 4 - d i a m i n o - 6 - ( 1 - m e t h y l h y d r a z i n o ) p y r i m i d i n e   ( 1 . 9 2   g;  56%  of 

t h e o r e t i c a l   y i e l d ;   M.P.  2 1 4 - 2 1 7 ° C   d e c o m p o s i t i o n ) .  

Elemental  analysis:   Calcd.  for  C5H10N6: C  38.95%,  H  6.54%,  N  54.51%. 
Found:C  38.99%,  H  6.62%,  N  5 4 . 3 8 % .  

NMR  (DMSO-d6)  δ 3 . 0 5 ( s ,  3 H ) ,   4 . 27   ( b r . s , 2 H ) ,   5 .40  ( s ,  3 H ) ,  

5 .55   ( b r . s , 2 H ) .  

U.V.  λmax  (CH3OH)  2 1 9  n m  ( ε 2 7 , 7 0 0 )   277  ( 1 5 , 5 0 0 ) .  

E x a m p l e  7  -   7 - A m i n o - 1 , 3 - d i m e t h y l p y r i m i d o   [ 4 , 5 - c ] p y r i d a z i n e -  

4 . 5 ( 1 H ,  6 H ) - d i o n e  
( I )   (R1=CH3;R2=CH3;R3=OH;  X=O) 

To  a  s t i r r e d ,   r e f l u x i n g   s o l u t i o n   of  6 - ( 1 - m e t h y l h y d r a z i n o ) i s o c y t o s i n e  

h e m i h y d r a t e   ( 8 . 0 0 g )   in  w a t e r   (l .L)  was  added  m e t h y l   p y r u v a t e  
( 6 . 0 C g ) .   A f t e r   70  m i n u t e s   a  g r e e n i s h - y e l l o w   s o l i d  

was  c o l l e c t e d   by  f i l t r a t i o n   of  the  hot  r e a c t i o n   m i x t u r e ,  
washed   w i t h   two  p o r t i o n s   of  w a t e r   (5C  ml  each)  and  d r i e d   u n d e r  

vacuum  at  70°C  to  y i e l d   7 - a m i n o - 1 , 3 - d i m e t h y l p y r i m i d o [ 4 , 5 - c ]  

p y r i d a z i n e - 4 , 5 ( 1 H , 6 H ) - d i o n e   ( 5 . 1 1 g ;   51%  of  t h e o r e t i c a l   y i e l d ;  
MP  > 3 0 0 ° C ) .  

Elemental  analysis :   Calcd.  for  C8H9N5O2: C  46.37%, H  4.38%, N  33.80%. 

Found:C  46.48%, H  4 .42%,  N  3 3 . 9 1 % .  

NMR  (DHSO-d6)  2 . 0 7 ( s , 3 H ) ,   3 . 7 1 ( s ,  3 H ) ,   7 .12  (br   s , 2 H ) ,   1 0 . 7 5  

( b r . s , H )   pKa  v a l u e s  4 . 1   ±  0 . 1 ;   8 .6   ±  0 . 1 .  



E x a m p l e  8 a  -   2 - [ N - ( 2 , 4 - D i a m i n o - 6 - p y r i m i d i n y l ) - N - m e t h y l -  
h y d r a z o n o ) p r o p i o n a l d e h y d e   Oxime 

To  240  ml  of  g l a c i a l   a c e t i c   a c i d   t h a t   had  b e e n  

d e g a s s e d   of  oxygen  wi th   n i t r o g e n   was  added  8 .00  g 

(0 .0519   mol)  of  2 , 4 - d i a m i n o - 6 - ( l - m e t h y l h y d r a z i n o ) -  

p y r i m i d i n e   and  5.42  g  ( 0 .0623   mol)  of  p y r u v a l d o x i m e .   A 

p o s i t i v e   n i t r o g e n   p r e s s u r e   was  a p p l i e d ,   and  the  i n i t i a l  

m i x t u r e   was  s t i r r e d   and  h e a t e d   in  a  60°  o i l   b a t h .   A f t e r  

2  hours   47  m i n u t e s   the  r e s u l t i n g   s o l u t i o n   was  a l l o w e d   t o  

cool   to  room  t e m p e r a t u r e   and  was  f i l t e r e d   to  remove  a  

smal l   amount  of  s o l i d .  

The  f i l t r a t e   was  c o n c e n t r a t e d   under   vacuum  at  4 5 °  

to  a  y e l l o w   s o l i d   to  which   was  added  400  ml  of  e t h y l  

a c e t a t e .   The  s o l i d   was  p u l v e r i z e d ,   c o l l e c t e d ,   washed  w i t h  

2  x  80  ml  of  e t h y l   a c e t a t e ,   and  d r i e d   o v e r n i g h t   u n d e r  

vacuum  at  70°,  y i e l d   9 .00  g  of  y e l l o w   s o l i d   shown  by  NMR  t o  

be  d e s i r e d   p r o d u c t   c o n t a m i n a t e d   w i t h   a c e t i c   a c i d   and  l i t t l e  

e l s e .   A  1 .00  g  sample  of  s o l i d   was  r e c r y s t a l l i s e d   f r o m  

e t h y l   a c e t a t e ,   y i e l d   0 .632  g  (48%):  MP  216°  dec;   NMR 

(DMSO-d6)  δ 2 . 1 0 ( s ,   3H),  3 . 2 5 ( s ,   3H),  5 . 3 1 ( s ,   1H),  5.72  a n d  

5.92  ( o v e r l a p p i n g   br  s ' s ,   4H),  7 . 8 7 ( s ,   1H),  1 1 . 6 5 ( b r   s,  1 H ) .  

A  smal l   amount  of  e t h y l   a c e t a t e   was  i n d i c a t e d ;   U.V.  λmax 

(CH30H)  257  nm  sh  ( ε 1 1 , 3 0 0 ) ,   268  sh  ( 1 0 , 5 0 0 ) ,   330.5   ( 5 , 8 0 0 ) .  

Mass  s p e c t r u m   of  a  d i f f e r e n t   b a t c h   ( 1 6 0 ° ) :   M+,  m/e  2 2 3 ,  

16%;  m/e  179,  100%.  An  e x a c t   mass  scan  i n d i c a t e d   t h e  

f o l l o w i n g   a c c u r a t e   m a s s e s :   223 .1183   (C8H13N7O),  1 7 9 . 1 0 4 7  

(C7H11N6) .  

Anal .   Ca lcd .   for   C8H13N70.0 .06   C4H802:  C  4 3 . 3 0 % ;  

H  5.95%;  N  4 2 . 9 1 .   Found:  C  43.59%;  H  6.01%;  N  4 2 . 9 3 % .  



Example   8 a  -   7 - A m i n o - 1 , 5 - d i h y d r o - 5 - i m i n o - 1 , 3 - d i m e t h y l -  

p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e   T r i f l u o r o a c e t a t e  

To  10  ml  of  s t i r r e d ,   r e f l u x i n g   t r i f l u o r o a c e t a t e  

a c i d   was  added  0 .146  g  (0 .000654   mol)  of  2 - ( N - ( 2 , 4 -  

d i a m i n o - 6 - p y r i m i d i n y l ) - N - m e t h y l h y d r a z o n o ) p r o p i o n a l d e h y d e  

oxime.   A f t e r   2  hours   17  m i n u t e s   the  s o l u t i o n   was  a l l o w e d  

to  cool   to  room  t e m p e r a t u r e .  

The  s o l u t i o n   was  c o n c e n t r a t e d   under   vacuum  at  4 0 °  

to  an  o range   r e s i d u e   to  which  was  added  a  l i t t l e   m e t h a n o l  

in  o r d e r   to  e s t e r i f y   at  l e a s t   some  r e s i d u a l   t r i f l u o r o a c e t i c  

a c i d .   The  m e t h a n o l   was  removed  under   vacuum  at  40°,   a n d  

the  r e s i d u e   was  d i s s o l v e d   in  25  ml  of  e t h y l   a c e t a t e .  

T r i e t h y l a m i n e   was  added  to  the  s o l u t i o n   u n t i l   no  m o r e  

s o l i d   p r e c i p i t a t e d .   Ye l low  s o l i d   was  c o l l e c t e d ,   w a s h e d  

wi th   2  x  2  ml  of  e t h y l   a c e t a t e ,   and  d r i e d   under   vacuum  a t  

70°  y i e l d   0 .099  g  (49%):  MP  232  dec;  NMR  (DMSO-d6)  δ 2 . 5 6  

(s,   3H),  4 . 1 4 ( s ,   3H),  8.22  brs   and  8.33  brs  (2H),  8 . 6 3  

(s,   1H),  8 . 8 5 ( b r   s,  2H).  A  smal l   amount  of  e t h y l   a c e t a t e  

was  i n d i c a t e d ;   UV  of  a  d i f f e r e n t   b a t c h   λmax  (CH30H) 

263.5   nm  ( e 1 6 , 5 0 0 ) ,   267  sh  ( 1 6 , 0 0 0 ) ,   350  sh  ( 3 , 7 0 0 ) ,  

4 0 1 . 5 ( 5 , 3 0 0 ) .  

Anal .   Ca lcd .   for   C8H10N6·C2HF3O2·0 .03C4H8O2·0 .2OH2O:  

C  39.15%;  H  3.78%;  N  27.07%;  F  1 8 . 3 6 .   Found:  C  3 9 . 1 0 % ;  

H  3.74%;  N  27.02%;  F  1 8 . 2 9 .  



E x a m p l e  8 a  -   5 , 7 - D i a m i n o - 1 - , 3 - d i m e t h y l p y r i m i d o ( 4 , 5 - c ) -  

p y r i d a z i n - 4 ( l H ) - o n e  

To  a  s o l u t i o n   of  0 .049   g  (0 .00016   mol)  o f  

7 - a m i n o - 1 , 5 - d i h y d r o - 5 - i m i n o - 1 , 3 - d i m e t h y l p y r i m i d o ( 4 , 5 - c ) -  

p y r i d a z i n e   t r i f l u o r o a c e t a t e   in  3  ml  of  w a t e r   was  a d d e d  

0.022  g  (0 .00026   mol)  of  sodium  b i c a r b o n a t e ,   and  t h e  

y e l l o w   s o l u t i o n   was  a l l o w e d   to  s t a n d   at  room  t e m p e r a t u r e  

w h i l e l o o s e l y   c o v e r e d   and  exposed   to  o x y g e n .  

A f t e r   22  days  p r e c i p i t a t e d   y e l l o w i s h - b r o w n   s o l i d  

was  c o l l e c t e d ,   washed  w i t h   w a t e r ,   and  d r i e d   u n d e r  

vacuum  at  70°,   y i e l d   0 .018  g  ( ≤ 5 4 % ) .   NMR,  t l c ,   u v ,  

and  mass  s p e c t r a l   d a t a   i n d i c a t e d   t h i s   s o l i d   to  be  t h e  

same  as  t h a t   w r i t t e n   up  in  Example  8  w i t h   the  e x c e p t i o n  

t h a t   some  minor   i m p u r i t i e s   were  p r e s e n t .  



Example   8 b  -   5 , 7 - D i a m i n o - 1 , 3 - d i m e t h y l p y r i m i d o [ 4 , 5 - c ] -  

p y r i d a z i n   - 4 ( l H ) - o n e  

( I )   (R1=CH3;R2=CH3;R3=OH;  X=NH) 

To  a  r e f l u x i n g   s o l u t i o n   of  2 , 4 - d i a m i n o - 6 - ( 1 - m e t h y l h y d r a z i n o ) -  

p y r i m i d i n e   (500 mg)  in  a n h y d r o u s   m e t h a n o l   (15 ml)  was  added  m e t h y l  
p y r u v a t e   (496mg)  over   a  f i v e   m i n u t e   p e r i o d .   R e f l u x   was  c o n t i n u e d  

f o r   5  h o u r s   a f t e r   which   t ime  the  s o l i d   which   had  s e p a r a t e d   was  
c o l l e c t e d   by  s u c t i o n   f i l t r a t i o n   of  the  hot   m i x t u r e ,   washed  w i t h  

m e t h a n o l ,   and  d r i e d   u n d e r   vacuum  at  70°C  to  y i e l d   t an   c r y s t a l s  
of  5 , 7 - d i a m i n o - 1 , 3 - d i m e t h y l p y r i m i d o   [ 4 , 5 - c j p y r i d a z i n   - 4 ( l H ) -  

one  (508  mg;  76%  of  t h e o r e t i c a l   y i e l d ;   M.P.  > 2 7 5 ° C )  

Elemental  analysis :   Calcd.  for  C8H10N6O:  C  46.59%,  H  4.89%,  N  40.76%. 
Found: C  46 .66%,   H  4 .98%,  N  4 0 . 6 9 % .  
NMR  ( D M S O - d 6 )  δ 2 . 1 4   ( s ,  3H) ,3 .74   ( s , 3 H ) ,   6 .84   (br   s , 2 H ) * ,  

7 . 7 2 ( b r . d ,   1H,  J = 4 H z ) * ,   8 .96   (br   d,  1H,  J = 4 H z ) * .  

U . V .  λ m a x   (CH3OH)  2 2 2 n m  ( ε 1 2 , 8 0 0 ) ,   247  ( 3 1 , 1 0 0 ) ,   306  ( 1 1 , 6 0 0 ) .  
*  =  e x c h a n g e a b l e   w i t h   D2O. 

Example   9  -   7 - A m i n o - 3 - a c e t o x y m e t h y l - 1 - m e t h y l p y r i m i d o -  

[ 4 , 5 - c ] p y r i d a z i n e - 4 , 5   ( lH ,6H)   d i o n e  

To  a  s t i r r e d ,   r e f l u x i n g   s o l u t i o n   of  6 - ( 1 - m e t h y l h y d r a z i n o ) -  

i s o c y t o s i n e   h e m i h y d r a t e   (0.16  g)  in  m e t h a n o l   (5  ml)  was  a d d e d  

methyl  3-acetoxy-2-oxo-propanoate  (0.19  g)..  A f t e r   r e f l u x i n g   for   a  

f u r t h e r   22  h o u r s ,   the  s o l i d   formed  d u r i n g   the  c o u r s e   of  t h e  

r e a c t i o n   was  c o l l e c t e d   by  f i l t r a t i o n   of  the  hot   r e a c t i o n  

m i x t u r e   and  washed  w i th   m e t h a n o l   to  y i e l d  

7 - a m i n o - 3 - a c e t o x y m e t h y l -  
1 - m e t h y l p y r i m i d o   [ 4 , 5 - c ] p y r i d a z i n e - 4 , 5 ( 1 H ,   6H)  d ione   (0 .107   g ;  
40%  of  t h e o r e t i c a l   y i e l d ;   M.P.  > 2 8 0 ° C ) .  

Elemental  analysis :   Calcd.  for  C10H11N5O4:  C  45.28%,  H  4.18%,  N  26.41%. 

Found:  C 45.11%,  H  4 .24%,  N  2 6 . 3 7 % .  

NMR  ( T F A )  δ 2 . 3 2   ( s , 3 H ) ,   4 . 2 7 ( s , 3 H ) ;   5 .51   ( s , 2 H ) ,   7 .25  (b r   s , 2 H ) .  

U.V.  λmax  (CH30H)  258  nm  ( ε 3 7 , 1 0 0 )   299 .5   ( 7 , 4 0 0 ) .  



Example   1 0  -   7 - A m i n o - 3 - h y d r o x y m e t h y l - 1 - m e t h y l p y r i m i d o [ 4 , 5 - c ] -  
r i d a z i n e - 4 , 5 ( 1 H , 6 H )   Sodium  S a l t  

( I )   (R1=CH3;R2=CH2OH;  R3=OH;  X=O) 

To  7 - a m i n o - 3 - a c e t o x y m e t h y l - 1 - m e t h y l p y r i m i d o [ 4 , 5 - c ] p y r i d a z i n e -  

4 ,5   (1H,  6H)  d i o n e   (0 .100  g )   in  w a t e r   (1 ml)  was  added  d r o p w i s e  
w i t h   s h a k i n g   10%  (w/w)  a q u e o u s   sod ium  h y d r o x i d e   ( 0 . 2 5  m l ) ,  
the   o r a n g e   s o l u t i o n   b e c o m i n g   q u i c k l y   c l o u d y .   The  m i x t u r e   w a s  
a l l o w e d   to  s t a n d   at  room  t e m p e r a t u r e   f o r   30  m i n u t e s   a f t e r   w h i c h  

t ime  the  o f f - w h i t e   g r a n u l a r   s o l i d   which   had  formed  was  c o l l e c t e d  

by  f i l t r a t i o n ,   r i n s e d   w e l l   w i t h   m e t h a n o l   and  d r i e d   u n d e r  

vacuum  at  room  t e m p e r a t u r e   to  y i e l d   7 - a m i n o - 3 - h y d r o x y m e t h y l -  

1-methylpyr imido[4,5-c]pyr idazine-4 ,5(1H,   6H)dione  as  i ts   sodium  sal t   (0.082  g;  81% 

of  t h e o r e t i c a l   y i e l d ;   N . P .  > 3 0 0 ° C ) .  

Elemental  analysis :   Calcd.  for  C8H8N5NaO3.H2O:  C  36.50%;  H  3.83%;  N  26.61%;  Na  8 .73;  
Found: C  36.55%,  H  3.91%,  N  26 .50%,   Na  8 .70 .  
NMR  ( T F A ) δ 4 . 2 9   ( s , 3 H ) ,   5 .19  ( s , 2 H ) ,   7 .20   ( b r .   s , 2 H ) .  
U . Y .  λ m a x   (0.1-N HCl)  255  nm  ( ε 3 9 , 4 0 0 ) ,   299  ( 7 , 2 0 0 ) .  

Example   1 1 : -   7 - A m i n o - 3 - ( 1 - e t h o x y c a r b o n y l e t h y l ) - 1 - m e t h y l p y r i m i d o -  

[ 4 , 5 - c ] p y r i d a z i n e - 4 , 5 ( 1 H , 6 H ) - d i o n e  

(I)  (R1=CH3;  R2=CH(Y)CO2Z,  Y=CH3,  Z=C2H5;  R3=OH;  X=O) 
To  a  s t i r r e d ,   r e f l u x i n g   s o l u t i o n   of  6 - ( l - m e t h y l h y d r a z i n o ) -  

i s o c y t o s i n e   h e m i h y d r a t e   (1.86 g)  i n  w a t e r   (120 ml)  was  a d d e d  
d i e t h y l   3 - m e t h y l - 2 - o x o s u c c i n a t e   (4 .59  g) .   A f t e r   r e f l u x i n g   f o r  

a  f u r t h e r   3  h o u r s ,   the  s o l i d   fo rmed   d u r i n g   the  c o u r s e   of  t h e  

r e a c t i o n   was  c o l l e c t e d   by  f i l t r a t i o n   of  the  hot   r e a c t i o n  

m i x t u r e ,   washed  w i t h   two  p o r t i o n s   of  w a t e r   (20 ml  each)  and 
d r i e d   unde r   vacuum  at  70°C  to  y i e l d   7 - a m i n o - 3 - ( 1 - e t h o x y -  

c a r b o n y l e t h y l ) - 1 - m e t h y l p y r i m i d o [ 4 , 5 - c ] p y r i d a z i n e - 4 , 5 ( 1 H ,   6H)- 



dione  (1.93  g;  58%  of  t heo re t i c a l   y i e l d ;   M . P . > 2 8 0 ° C ) .  

Elemental  analysis :   Calcd.  for  C12H15N5O4:  C  49.14%;  H  5.16%;  N  23.88%. 
Found: C  49 .10%,   H  5.18%,  N  2 3 . 6 2 % .  
NMR  ( T F A ) δ 1 . 3 8   ( t , 3 H ) ,   1 .77   ( d , 3 H ) ,   4 . 28   ( s , 3 H ) ,   4 . 4 1  
( q , 3 H ) ,   7 .17   ( b r . s , 2 H ) .  
U . V .  λ m a x   (CH30H)  257nm  ( ε 4 1 , 1 0 0 ) ,   299 .5   ( 7 , 4 0 0 ) ,   310  

( 5 , 6 0 0 ) .  

Example   1 2  -   7 - A m i n o - 3 - ( 1 - c a r b o x v e t h y l ) - 1 - m e t h y l p y r i m i d o -  
[ 4 , 5 - c ] p y r i d a z i n e - 4 , 5 ( 1 H , 6 H ) d i o n e  
( I )   (R1=CH3;  R2=CH(Y)CO2Z,  Y=CH3,  Z=H;  R3=OH; 

X=0) 

A  m i x t u r e   of  7 - a m i n o - 3 - ( 1 - e t h o x y c a r b o n y l e t h y l ) - 1 - m e t h y l p y r i m i d o  
[ 4 , 5 - c ] p y r i d a z i n e   4 , 5 ( l H , 6 H ) - d i o n e   (2 .97  g )   in  10%  (w/w)  a q u e o u s  
sodium  h y d r o x i d e   (67  ml) was  s w i r l e d   v i g o r o u s l y   f o r   25  m i n u t e s .  

A l t h o u g h   a  c o m p l e t e   s o l u t i o n   was  not   o b t a i n e d   d u r i n g   t h e  

a g i t a t i o n ,   a  s o l i d   began   to  p r e c i p i t a t e   a f t e r   20  m i n u t e s .   The 
m i x t u r e   was  t h e n   a l l o w e d   to  s t a n d   at  room  t e m p e r a t u r e   f o r   1  h o u r  
b e f o r e   b e i n g   c h i l l e d   at  0°C  f o r   11 2  h o u r s   to  a l l o w   c o m p l e t e  

p r e c i p i t a t i o n   of  the  p r o d u c t .   The  p r e c i p i t a t e   was  c o l l e c t e d  

by  f i l t r a t i o n ,   washed  w e l l   w i t h   t h r e e   p o r t i o n s   of  95%  e t h a n o l  

(25  ml  each)   and  d r i e d   o v e r n i g h t   at  room  t e m p e r a t u r e   in  a  
vacuum  d e s i c c a t o r   to  y i e l d   7 - a m i n o - 3 - ( 1 - c a r b o x y e t h y l ) - 1 -  

methylpyr imido(4 ,5-c)pyr idazine-4 ,5(1H,   6H)-dione  as  its  disodium  s a l t  
(2.42  g;  70%  of  t h e o r e t i c a l   yield;   M.P.  >300;  hygroscopic  c r y s t a l s ) .   Elemental  
analysis :   Calcd.  for  C10N9N5Na2O4.0.5H2O:  C  37.74%;  H  3.17%;  N  22.01%;  Na  14.45; 
Found: C  37.69%,  H  3.21%,  N  22 .05%,   Na  14.44.  
NMR  ( T F A )  δ 1 . 8 1   ( d , 3 H ) ,   4 .30   ( s , 3 H ) ,   4 . 4 5 ( q , l H ) ,   7 .17   (br   s , 2 H ) .  

U . V .  λ m a x   (0.1N  HC1)  2 5 5  n m  ( ε 4 1 , 5 0 0 ) ,   3 0 1 ( 7 , 8 0 0 ) .  



E x a m p l e  1 3  -   7 - A m i n o - 1 , 3 - d i m e t h y l p y r i m i d o ( 4 , 5 - c ) -  
p y r i d a z i n e - 4 , 5 ( l H ,   6 H ) - d i o n e  

(I)  (R1=CH3;  R2=CH3;  R3=OH:  X=0) 

A  m i x t u r e   of  5 , 7 - d i a m i n o - 1 , 3 - d i m e t h y l p y r i m i d o -  

( 4 , 5 - c ) p y r i d a z i n - 4 ( l H ) - o n e   (0 .50   g)  and  1.5  N  a q u e o u s  

sodium  h y d r o x i d e   (35  ml)  was  s t i r r e d   at  r e f l u x   for   24 

hours   a f t e r   which  t ime  a  sma l l   amount  of  s o l i d   was  

removed  by  f i l t r a t i o n   of  the  hot   m i x t u r e .   On  c o o l i n g ,  

the  y e l l o w   f i l t r a t e   d e p o s i t e d   wh i t e   n e e d l e s   w h i c h  

were  c o l l e c t e d   by  f i l t r a t i o n   and  d i s s o l v e d   in  warm 

w a t e r   (20  ml) .   A d j u s t m e n t   of  t h i s   aqueous   s o l u t i o n  

to  pH  5  by  d r o p w i s e   a d d i t i o n   of  6  N  h y d r o c h l o r i c   a c i d  

and  s u b s e q u e n t   c o o l i n g   to  room  t e m p e r a t u r e   p r o v i d e d  

a  ve ry   f i n e l y   d i v i d e d   wh i t e   p r e c i p i t a t e   which  was  

c o l l e c t e d ,   washed  w i t h   w a t e r   and  d r i e d   under   v a c u u m  

at  70°C  to  g ive   7 - a m i n o - 1 , 3 - d i m e t h y l p y r i m i d o ( 4 , 5 - c ) -  

p y r i d a z i n e - 4 , 5 ( 1 H ,   6 H ) - d i o n e   (0 .38   g;  76%  o f  

t h e o r e t i c a l   y i e l d ) .   The  U.V. ,   I . R . ,   and  N .M.R .  

s p e c t r a   of  t h i s   compound  were  i d e n t i c a l   to  t h o s e   o f  

the  sample  made  a c c o r d i n g   to  the  p r o c e d u r e   of  Example  7 .  



EXAMPLE  1 4  -   7 - A m i n o - 1 - m e t h y l - 4 - p h e n y l p y r i m i d o { 4 , 5 - c } p y r i d a z i n - 5 -  

( 1 H ) - o n e  

(1)  (R1=CH3;  R2=H;  R3=C6H5;  X=O) 

To  a  m i x t u r e   of  6 - ( 1 - m e t h y l h y d r a z i n o ) i s o c y t o s i n e   h e m i -  

h y d r a t e   (0 .82  g)  and  methanol  (100 ml)  s t i r r e d   at  reflux  was  added 

97%  phenylglyoxal  monohydrate (1.14g)  The  immed ia t e   f o r m a t i o n   of  a  y e l l o w  

s o l u t i o n   was  f o l l o w e d   by  a  r a p i d   p r e c i p i t a t i o n .   R e f l u x   was  c o n t i n u e d  

for   41 2  hours   b e f o r e   the  hot  m i x t u r e   was  f i l t e r e d   ( s u c t i o n ) .   The  

c o l l e c t e d   s o l i d   was  washed  w i th   m e t h a n o l   and  d r i e d   under   v a c u u m  

(70°)  to  y i e l d ,   98  mg  of  y e l l o w   s o l i d . 1   A f t e r   2  h o u r s ,   the  y e l l o w  

n e e d l e s   t h a t   had  s e p a r a t e d   from  the  f i l t r a t e   were  c o l l e c t e d ,   w a s h e d  

wi th   m e t h a n o l   and  d r i e d   under   vacuum  (700) ,   y i e l d   0.63  g  of  the  p u r e  

p r o d u c t :   m.p.  2 6 2 . 5 - 2 6 4 ° d ;   nmr  (CF3COOH)  δ4.49  (s,  3H),  7 . 1 8  

(br  s,  2H),  7.60  (s,   5H),  8.72  (s,   1H);  uv  λmax  (IN  HCL)  238  nm 

( e  1 8 , 5 0 0 ) ,   262  ( 2 1 , 3 0 0 ) ,   270  sh  ( 1 9 , 9 0 0 ) ,   358  ( 1 0 , 4 0 0 ) .  

Anal .   Ca lcd .   for   C13H11N5O:  C  61.65%,  H  4.38%,  N  2 7 . 6 5 % ;  

Found:  C  61.67%,  H  4.43%,  N  2 7 . 7 6 % .  

1The  nmr  s p e c t r u m   s u g g e s t e d   t h a t   t h i s   s o l i d   was  a  1 . 2 : 1 . 0  

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

EXAMPLE  15 -   7 - A m i n o - 4 - ( 3 - h y d r o x y p h e n y l ) - 1 - m e t h y l p y r i m i d o { 4 , 5 - c } -  

p y r i d a z i n - 5 ( 1 H ) - o n e  
(I)  (R1=CH3;  R2=H;  R3=C6H4O]H;  X=O) 

To  a  s t i r r e d   s o l u t i o n   of  m - h y d r o x y p h e n y l g l y o x a l   m o n o h y d r a t e  

(0 .90   g)  in  m e t h a n o l   (100  ml)  at  room  t e m p e r a t u r e   was  added  6 - ( 1 -  

m e t h y l h y d r a z i n o ) i s o c y t o s i n e   h e m i h y d r a t e   (0 .70   g) .   The  m i x t u r e   was 

h e a t e d   to  r e f l u x   w i t h i n   a  1 0 - m i n u t e   p e r i o d   to  g ive   a  y e l l o w   s o l u t i o n ,  

Re f lux   was  c o n t i n u e d   for   3  hours   b e f o r e   the  y e l l o w   s o l i d   t h a t  

p r e c i p i t a t e d   was  c o l l e c t e d ,   washed  wi th   m e t h a n o l   and  d r i e d   u n d e r  



vacuum  (70°)  to  y i e l d   1.04  g  of  c rude   p r o d u c t   shown  by  nmr  to  b e  

a  5 . 5 : 1   m i x t u r e   of  d e s i r e d   p r o d u c t   and  i t s   3 - ( 3 - h y d r o x y p h e n y l )  

i s o m e r .   R e c r y s t a l l i z a t i o n  o f   1.0  g  of  t h i s   m i x t u r e   from  m e t h a n o l  

gave  0 .41  g.  of  pure   4 - s u b s t i t u t e d   i somer :   m.p.  >300°C;  nmr  

(CF3COOH)  δ4.49  (s,  3H),  7 . 1 8 - 7 . 3 0   m,  7.41  br  s  a n d   7.67  m  ( 6 H ) ,  

8.69  (s,  1H);  uv  (IN  HC1)  λmax  237  nm  (e  18 ,600) . ,   261  ( 2 0 , 8 0 0 ) ,  

357  ( 8 , 3 0 0 ) .  

Anal .   Calcd .   for   C13H11N5O2:  C  57.99%,  H  4.12%,  N  2 6 . 0 1 % ;  

Found:  C  57.82%,  H  4.14%,  N  2 6 . 0 2 % .  

1G.  Fodor  and  0.  Kovacs ,   J.  Am.  Chem.  Soc.  71,  1045  ( 1 9 4 9 ) .  

2A  second  crop  of  y e l l o w   n e e d l e s   o b t a i n e d   from  t h e  

r e c r y s t a l l i s a t i o n   was  c h a r a c t e r i s e d   as  a  5:2  m i x t u r e   of  4-  to  3 -  

s u b s t i t u t e d   i s o m e r s .  

Anal .   Ca lcd .   for   C13H11N5O2: C  57.99%,  H  4.12%,  N  2 6 . 0 1 % ;  

Found:  C  57.75%,  H  4.15%,  N  2 5 . 9 2 % .  

EXAMPLE  1 6  -   @ - { N - ( 2 - A m i n o - 4 - o x o - 3 , 4 - d i h y d r o - 6 - p y r i m i d y l ) - N - m e t h y l -  

h y d r a z o n o } - 4 - h y d r o x y a c e t o p h e n o n e   h y d r a t e  
(VI)  (R2=H;  R3=C6H4OH) 

To  a  s t i r r e d   m i x t u r e   of  6 - ( 1 - m e t h y l h y d r a z i n o ) i s o c y t o s i n e  

h e m i h y d r a t e   (0 .82  g)  and  g l a c i a l   a c e t i c   a c i d   (25  ml)  ( p r o t e c t e d   b y  

a  d r y i n g   t ube )   was  added  4 - h y d r o x y p h e n y l g l y o x a l   h y d r a t e   (1 .26   g )  

at  once.   The  m i x t u r e   was  s t i r r e d   at  room  t e m p e r a t u r e   fo r   11 2  h o u r s  

b e f o r e   be ing   q u i c k l y   h e a t e d   to  b o i l i n g .   R e f l u x   was  c o n t i n u e d   f o r  

only   5  m i n u t e s ,   j u s t   long  enough  to  e f f e c t   a  c o m p l e t e ,   dark   o r a n g e  

s o l u t i o n .   This   s o l u t i o n   d e p o s i t e d   a  y e l l o w   s o l i d   d u r i n g   a  2  h o u r  

p e r i o d   at  room  t e m p e r a t u r e .   The  c o l l e c t e d   s o l i d   was  washed  f i r s t  

w i th   a  smal l   q u a n t i t y   of  g l a c i a l   a c e t i c   a c i d   and  then   w i th   e t h e r  



and  d r i e d   under   vacuum  (70°C) ,   y i e l d ,   0 .69  g.  of  the   c r u d e  

p r o d u c t .   R e c r y s t a l l i s a t i o n   of  130  mg  from  m e t h a n o l   p r o v i d e d  

61  mg  of  the  p r o d u c t   as  a  h y d r a t e :   m.p.  >300;  nmr  (DMSO-d6) 

δ3.49  (s,  3H),  5.44  (s,  1H),  6.65  (br  s,  2H),  6.87  (d,  2H,  J  

=  9Hz),  7.56  (s,  1H),  7.94  (d,  2H,  J  =  9Hz),  10.36  (br  s,  2H),  a n d  

3.31  (H20);  uv  λmax  (CH3OH)  228  nm  ( e 2 0 , 0 0 0 ) ,   255  sh  ( 1 5 , 5 0 0 ) ,  

285  ( 2 3 , 9 0 0 ) ,   310  sh  ( 1 7 , 4 0 0 ) ,   345  ( 1 4 , 1 0 0 ) .   Mass  s p e c t r u m   ( f i e l d  

d e s o r p t i o n ) :   m/e  288,  30%;  M,  m/e  287,  25%;  m/e  270,  88%;  m / e  

1 6 6 , 1 0 0 % .  

Anal .   Ca lcd .   for   C13H13N5O3.H2O:  C  51.20%,  H  4.95%,  N  2 2 . 9 4 % ;  

Found:  C  50.99%,  H  4.98%,  N  2 2 . 8 3 % .  

EXAMPLE  17  -   7 - A m i n o - 4 - ( 4 - h y d r o x y p h e n y l ) - 1 - m e t h y l p y r i m i d o { 4 , 5 - c } -  

p y r i d a z i n - 5 ( 1 H )  o n e  
(I)  (R1=CH3;  R2=H;  R3=C6H4OH;  X=0) 

A  m i x t u r e   of  c rude   @ - { N - ( 2 - A m i n o - 4 - o x o - 3 , 4 - d i h y d r o - 6 -  

p y r i m i d y l ) - N - m e t h y l h y d r a z o n o } - 4 - h y d r o x y a c e t o p h e n o n e   h y d r a t e   (200  mg) 

and  g l a c i a l   a c e t i c   a c i d l ( 1 0   ml)  ( d r y i n g   t ube )   was  h e a t e d   at  r e f l u x  

for   4  h o u r s .   A  dark  s o l u t i o n   g r a d u a l l y   formed  d u r i n g   the  f i r s t   2 

h o u r s ;   no  uv  change  was  d e t e c t e d   a f t e r  3   h o u r s .   The  r e s u l t i n g   d a r k  

s o l u t i o n ,   on  s t a n d i n g   for   3  days  at  r o o m t e m p e r a t u r e ,   d e p o s i t e d  

o range   c r y s t a l s   which  were  c o l l e c t e d   by  f i l t r a t i o n ,   washed  w i t h  

g l a c i a l   a c e t i c   a c i d   and  d r i e d   under   vacuum  [70°C),  y i e l d   124  mg  o f  

the  p y r i m i d o p y r i d a z i n o n e ,   1.75  a c e t i c   a c i d :   m.p.  >300°;   nmr 

(CF3COOH)  δ4.47  (s,  3H),  7.17  (br  s,  2H),  7.18  (d,  2H,  J  =  9 H z ) ,  

7.63  (d,  2H,  J  =  9Hz),  8.71  (s,   1H)  and  2.28  (s ,   a c e t i c   a c i d ,  

1.75  mol ) ;   uv  λmax  (1N HC1)  241  nm  (e  2 0 , 8 0 0 ) ,   264  ( 1 9 , 6 0 0 ) ,   384 

( 1 0 , 7 0 0 ) .   Mass  s p e c t r u m   (70 ev,  280°)  M,  m/e  269,  31%;  m/e  268,  100%. 



Anal .   Ca lcd .   fo r   C13H11N5O2.1.75  C2H402:  C  52.94%,  H  4 . 8 5 % ,  

N  1 8 . 7 1 ;   Found:  C  52.80%,  H  4.86%,  N  1 8 . 6 3 % .  

l A t t e m p t s   to  c y c l i s e   t h i s   h y d r a z o n e   in  e i t h e r   m e t h a n o l   o r  

m e t h a n o l / a c e t i c   ac id   at  r e f l u x   f a i l e d .  

EXAMPLE  18 -   7 - A m i n o - 3 - p h e n a c y l - 1 - m e t h y l p y r i m i d o { 4 , 5 - c } p y r i d a z i n e -  

4,5  (lH,  6 H ) - d i o n e  

(I)  (R1=CH3;  R2CH2CO.C6H5;  R3=OH;  X=0) 

To  a  s t i r r e d ,   r e f l u x i n g   m i x t u r e   of  6 - ( 1 - m e t h y l h y d r a z i n o ) -  

i s o c y t o s i n e   h e m i h y d r a t e   (1 .00   g)  in  m e t h a n o l   (100  ml)  was  a d d e d  

e t h y l   b e n z o y l p y r u v a t e   (2 .01   g) .   A f t e r   67  hours   y e l l o w i s h - b r o w n  

s o l i d   was  c o l l e c t e d   from  the  hot   r e a c t i o n   m i x t u r e ,   washed  w i t h   t h r e e  

p o r t i o n s   of  m e t h a n o l   t o t a l l i n g   20  ml,  and  d r i e d   unde r   vacuum  at  7 5 0 ,  

y i e l d   0 .130   g.  (7%):  m.p.  >300°;   nmr  (CF3COOH)  64.28  (s,   3H),  4 . 8 7  

(s,  2H),  7.17  (br  s,  2H),  7 . 4 - 8 . 3   (m,  5H);  uv  λmax  (CH3OH)  259  nm 

(ε  4 4 , 9 0 0 ) ,   301  ( 8 , 3 0 0 ) ,   310  sh  ( 6 , 9 0 0 ) ,   375  sh  ( 9 0 0 ) .   Mass  s p e c t r u m  

( 2 4 0 ° ) :   M,  m/e  311,  17%;  m/e  166,  1%;  m/e  105,  100%.  The  f o l l o w i n g  

a c c u r a t e   mass  was  d e t e r m i n e d :   166 .0487   (C6H6N4O2).  

Anal .   Ca lcd .   for   C15H13N5O3:  C  57.87%,  H  4.21%,  N  2 2 . 5 0 % ;  

Found:C  57.80%,  H  4.26%,  N  2 2 . 4 6 % .  

EXAMPLE  1 9  -   7 - A m i n o - 3 - ( 3 - h y d r o x y p h e n a c y l ) - 1 - m e t h y l p y r i m i d o { 4 , 5 - c }  

p y r i d a z i n e - 4 , 5   (lH,  6 H ) - d i o n e  
(I)  (R1=CH3;  R2=CH2CO.C6H4OH;  R3=OH;  X=O) 

A d o p t i n g   the  g e n e r a l   p r o c e d u r e   of  Example  20,  the  a b o v e  

compound  was  s y n t h e s i s e d   and  i s o l a t e d .  

R e a c t i o n   t ime  of  22  h o u r s ,   y i e l d   7%:  m.p.  2 9 0 - 2 9 5 °   d e c ,  

nmr  (CF3COOH)  δ4.28  (s,   3H),  4.83  (s ,   2H),  7.16  (br  s,  2 H ) ,  



7 . 4 - 8 . 0   (m,  4H);  uv  λmax  (CH3OH)  213.5  nm  (e  2 6 , 3 0 0 ) ,   259  ( 4 7 , 4 0 0 ) ,  

303  ( 1 0 , 6 0 0 ) ,  3 0 9   sh  ( 9 , 7 0 0 ) .  

Anal .   Ca lcd .   for   C15H13N5O4.  0.5H2O:  C  43.16%;  H  5. 55%;  N  16.78%. 

Found:  C  43.15%,  H  5.59%,  N  1 6 . 8 3 % .  

EXAMPLE  20 -   7 - A m i n o - 3 - ( 2 , 4 , 6 - t r i m e t h o x y p h e n a c y l ) - 1 - m e t h y l p y r i m i d o -  

{ 4 , 5 - c } p y r i d a z i n e - 4 , 5   (lH,  6 H ) - d i o n e  

(I)  (R1=CH3;  R2=CH2CO.C6H2(OCH3)3;  R3=OH;  X=0) 

A d o p t i n g   the  g e n e r a l   p r o c e d u r e   of  Example  20,  the  a b o v e  

compound  was  s y n t h e s i s e d   and  i s o l a t e d .  

R e a c t i o n   t ime  of  19 1 2  h o u r s .   Y i e l d   5%:  m.p.  280°  d e c ,  

nmr  (CF3COOH)  δ 4 . 1 8 ,   4 . 2 4 ,   and  4.25  ( o v e r l a p p i n g   s ' s ,   12H),  4 . 9 6  

(s,   2H),  6 . 5 2  ( s ,   2H),  7.22  (br  s,  2H);  uv  λmax  (CH3OH)  258  nm 

( e  3 7 , 5 0 0 ) ,   296.5  sh  ( 1 2 , 7 0 0 ) ,   311.5  sh  ( 9 , 8 0 0 ) .  

Anal .   Ca lcd .   for   C18H19N5O6:  C  53.86%,  H  4.77%,  N  1 7 . 4 5 % ;  

Found:  C  53.68%,  H 4 .81%,   N  1 7 . 4 6 % .  

EXAMPLE  21  -   7 - A m i n o - 3 - ( 2 , 5 - d i m e t h o x y p h e n a c y l ) - 1 - m e t h y l p y r i m i d o -  
{ 4 , 5 - c } p y r i d a z i n e - 4 , 5   (lH,  6 H ) - d i o n e  
(I)  (R1=CH3;  R2=CH2CO.C6H3(OCH3)2;  R3=OH;  X=0) 

To  a  s t i r r e d ,   r e f l u x i n g   m i x t u r e   of  6 - ( 1 - m e t h y l h y d r a z i n o ) -  

i s o c y t o s i n e   h e m i h y d r a t e   (4 .00   g)  i n  m e t h a n o l   (400  ml)  was  a d d e d  

me thy l   2 , 5 - d i m e t h o x y b e n z o y l p y r u v a t e   (7 .14  g) .   A f t e r   19  h o u r s  

r e d d i s h - o r a n g e   s o l i d   was  c o l l e c t e d   from  the  hot  m i x t u r e ,   w a s h e d  

wi th   two  p o r t i o n s   of  m e t h a n o l   t o t a l l i n g   50  ml,  and  d r i e d   u n d e r  

vacuum  at  75°  to  y i e l d   0 .628  g.  This   s o l i d   was  an  i n s e p a r a b l e   1 : 1  

m i x t u r e   of  the  d e s i r e d   4 , 5 - d i o n e   and  i t s   3 , 5 - d i o n e   i s o m e r .  



The  f i l t r a t e   was  r e f l u x e d   an  a d d i t i o n a l   22.5  h o u r s ,   a n d  

pa l e   y e l l o w   s o l i d   was  c o l l e c t e d   from  the  hot  m i x t u r e ,   washed  w i t h  

s e v e r a l   p o r t i o n s   of  m e t h a n o l   t o t a l l i n g   30  ml,  and  d r i e d   u n d e r  

vacuum  at  75°,  y i e l d   0.09  g  (1%):  m.p.  >300°;   nmr  (CF3COOH)  δ 4 . 0 2  

(s,  3H),  4 .07  (s ,   3H),  4.28  (s,   3H),  4 .90  (s,  2H),  6 . 8 - 7 . 7   (m, 

5H);  uv  λmax  (CH3OH)  223  nm  weak  sh  (ε  2 2 , 8 0 0 ) ,   258.5   ( 4 8 , 5 0 0 ) ,  

302.5  ( 1 0 , 0 0 0 ) ,   311.5   sh  ( 9 , 0 0 0 ) ,   332.5  sh  ( 5 , 5 0 0 ) .  

Anal .   Ca l cd .   for   C17H17N5O5:  C  54.98%,  H  4.61%,  N  1 8 . 8 6 % ;  

Found:  C  54.68%,  H  4.64%,  N  1 9 . 0 3 % .  

EXAMPLE  22  -   7 - A m i n o - 3 - ( 2 , 4 - d i m e t h o x y p h e n a c y l ) - 1 - m e t h y l p y r i m i d o -  

{ 4 , 5 - c } p y r i d a z i n e , 4 , 5   (lH;  6 H ) - d i o n e  

(I)  (R1=CH3;  R2=CH2CO.C6H3(OCH3)2;  R3=OH;  X=0) 

F o l l o w i n g   the  g e n e r a l   p r o c e d u r e   of  Example  23,  the   a b o v e  

compound  was  s y n t h e s i s e d   and  i s o l a t e d .  

A  2:1  m i x t u r e   of  4 , 5 - d i o n e   and  3 , 5 - d i o n e   i s o m e r s ,   r e s p e c t i v e  

ly ,   was  c o l l e c t e d   a f t e r   18  h o u r s .   The  f i l t r a t e   was  r e f l u x e d   a n  

a d d i t i o n a l   47  hour s   fo r   a  9%  y i e l d   of  4 , 5 - d i o n e   i s o m e r :   m.p.  2 9 0 -  

3 0 0 ° d e c ,   nmr  (CF3COOH)  64.02  and  4.06  ( o v e r l a p p i n g   s ' s ,   6 H ) ,  

4 .27  (s ,   3H),  4.84  (s ,   2H),  6 . 6 - 8 . 2   (m,  5H);  uv  λmax  (CH30H) 

227.5  nm  (ε  2 0 , 2 0 0 ) ,   259.5   ( 4 0 , 7 0 0 ) ,   304  ( 1 7 , 4 0 0 ) ,   413  ( 2 , 8 0 0 ) ,  

435  ( 2 , 7 0 0 ) ,   460  ( 2 , 9 0 0 ) .  

Anal .   Ca lcd .   fo r   C17H17N5O5:  C  54.98%,  H  4.61%,  N  1 8 . 8 6 % ;  

Found  C  54.97%,  H  4.69%,  N  1 8 . 9 8 % .  

EXAMPLE  23  -   7 - A m i n o - 3 - ( 3 , 4 - d i m e t h o x y p h e n a c y l - 1 - m e t h y l p y r i m i d o { 4 , 5 - c } -  

p y r i d a z i n e - 4 , 5 - ( l H ,   6 H ) - d i o n e  

(I)  (R1=CH3;  R2=CH2CO.C6H3(OCH3)2 ;   R3=OH;  X=0) 

F o l l o w i n g   the  g e n e r a l   p r o c e d u r e   of  Example  23,  the  a b o v e  

compound  was  s y n t h e s i s e d   and  i s o l a t e d .  



An  i n s o l u b l e   m i x t u r e   was  c o l l e c t e d   a f t e r   17  h o u r s .   The 

f i l t r a t e   was  r e f l u x e d   an  a d d i t i o n a l   47  hours   for   a  2%  y i e l d   o f  

4 , 5 - d i o n e   i s o m e r :   m.p.  >300° .   nmr  (CF3COOH)  64.04  and  4 . 0 8  

( o v e r l a p p i n g   s ' s ,   6H),  4.28  ( s ,  3 H ) ,   4.83  (s,  2H),  7 . 0 - 7 . 4  

( m ,  3 H ) ,   7 . 7 - 8 . 2   (m,  2H);  uv  λmax  (CH30H)  229  nm  (ε  2 3 , 3 0 0 ) ,   259 

( 4 2 , 0 0 0 ) ,   274  sh  ( 2 2 , 2 0 0 ) ,   304  ( 1 8 , 7 0 0 ) .  

Anal .   C a l c d .   for   C17H17N5O5.O.1H2O:  C  54.72%,  H  4 . 6 5 % ,  

N  18.77%;  Found:  C  54.71%,  H  4.68%,  N  1 8 . 7 1 .  

EXAMPLE  2 4  -   7 - A m i n o - 3 - ( 3 , 4 , 5 - t r i m e t h o x y p h e n a c y l ) - 1 - m e t h y l p y r i m i d o -  

{ 4 , 5 - c } p y r i d a z i n e - 4 , 5   (lH,  6 H ) - d i o n e  
(I)  (R1=CH3;  R2=CH2CO.C6H2(OCH3)3;  R3=OH;  X=0) 

F o l l o w i n g   the  g e n e r a l   p r o c e d u r e   of  Example  23,  the  a b o v e  

compound  was  s y n t h e s i s e d   and  i s o l a t e d .  

A  1:1  m i x t u r e   of  4 , 5 - d i o n e   and  3 , 5 - d i o n e   i s o m e r s ,   r e s p e c t -  

t i v e l y ,   was  c o l l e c t e d   a f t e r   18 1 2  h o u r s .   The  f i l t r a t e   was  r e f l u x e d  

an  a d d i t i o n a l   23  hours   fo r   a  2%  y i e l d   of  4 , 5 - d i o n e   i s o m e r :   m . p .  

>300°.   nmr  (CF3COOH)  δ4.07  and  4 .13  ( o v e r l a p p i n g   s ' s ,   9H),  4 . 3 0  

(s,  3H),  4 .86  (s,   2H),  7.18  (br  s,  2H),  7.54  (s,   2H);  uv  λmax 

(CH3OH)  213  nm  ( e  3 2 , 5 0 0 ) ,   258.5  ( 4 3 , 7 0 0 ) ,   297  sh  ( 1 7 , 2 0 0 ) ,   310  s h  

( 1 3 , 7 0 0 ) .   Mass  s p e c t r u m   ( 2 5 0 ° ) :   M,  m/e  401,  7%;  m/e  195,  100%; 

m/e  166,  2%.  The  f o l l o w i n g   a c c u r a t e   mass  was  d e t e r m i n e d :   1 6 6 . 0 4 8 8  

(C6H6N4O2).  

Anal .   Ca lcd .   for   C18H19N5O6:  C  53.86%,  H  4.77%,  N  1 7 . 4 5 % ;  

Found  C  53.82%,  H  4.85%,  N17 .55%.  

EXAMPLE  2 5  -   7 - A m i n o - 1 - m e t h y l - 4 - ( 3 , 4 , 5 - t r i m e t h o x y p h e n a c y l ) p y r i m i d o -  

{ 4 , 5 - c } p y r i d a z i n e - 3 , 5 - ( 1 H ,   6 H ) - d i o n e  
(XII)   (R1=CH3;  R8=CO.C6H2(OCH3)3) 



To  a  s t i r r e d ,   r e f l u x i n g   s o l u t i o n   of  6 - ( 1 - m e t h y l h y d r a z i n o ) -  

i s o c y t o s i n e   h e m i h y d r a t e   (4 .00   g)  in  me thy l   c e l l o s o l v e   (400  ml)  was  

added  8.64  (0 .0292   mol)  of  me thy l   3 , 4 , 5 - t r i m e t h o x y b e n z o y l p y r u v a t e * .  

A f t e r   1  hour  50  m i n u t e s   r e d d i s h - o r a n g e   s o l i d   was  c o l l e c t e d   from  t h e  

hot  m i x t u r e ,   washed  wi th   t h r e e   p o r t i o n s   of  m e t h a n o l   t o t a l l i n g   150  

ml,  and  d r i e d   under   vacuum  at  75°,   y i e l d   4.29  g  (44%  t h e o r e t i c a l ) :  

m.p.  >300°;   nmr  (CF3COOH)  δ4.08  and  4.13  ( o v e r l a p p i n g   s ' s ,   9 H ) ,  

4.33  (s,  3H),  5.39  (s,  2H),  6.96  (br  s,  2H),  7.54  (s,   2H);  uv  λmax 

(CH3OCH2CH2OH)  248.5  nm  (e  1 8 , 7 0 0 ) ,   268  sh  ( 1 8 , 3 0 0 ) ,   2 7 1 . 5  

( 1 8 , 5 0 0 ) ,   317.5  ( 8 , 9 0 0 ) ,  3 8 8 . 5   weak  sh  ( 4 , 4 0 0 ) ,   413  sh  ( 6 , 8 0 0 ) ,   464 

sh  ( 3 3 , 3 0 0 ) ,   486  ( 4 2 , 5 0 0 ) .   Mass  s p e c t r u m   ( f i e l d   d e s o r p t i o n  

M,  m/e  4 0 1 .  

Anal .   Ca lcd .   fo r   C18H19N5O6:  C  53.86%,  H  4.77%,  N  1 7 . 4 5 % ;  

Found:C  53.75%,  H  4.80%,  N  1 7 . 5 8 % .  

*  Made  f rom  3 , 4 , 5 - t r i m e t h o x y a c e t o p h e n o n e   and  m e t h y l   o x a l a t e  

in  the  p r e s e n c e   of  m e t h a n o l i c   sodium  m e t h o x i d e .  

EXAMPLE  26 -   7 - A m i n o - 1 , 4 - d i m e t h y l p y r i m i d o { 4 , 5 - c } p y r i d a z i n e , 3 , 5 -  

(1H,  2 H ) - d i o n e  

(I)  (R1=CH3;  R2=OH;  R3=CH3;  X=O) 

7 - A m i n o - 1 - m e t h y l - 4 - ( 3 , 4 , 5 - t r i m e t h o x y p h e n a c y l ) p y r i m i d o  

{ 4 , 5 - c } p y r i d a z i n e - 3 , 5   (1H,  2 H ) - d i o n e   (1 .0   g)  was  d i s s o l v e d   i n  

N  NaOH  (40  ml) .   A f t e r   171 2  hours   the  g r e e n   s o l u t i o n   was  b r o u g h t   t o  

n e u t r a l i t y   w i th   concd.   HC1.  Y e l l o w i s h - g r e e n   s o l i d   was  c o l l e c t e d ,  

washed  w i th   two  p o r t i o n s   of  w a t e r   t o t a l l i n g   40  ml,  and  d r i e d   u n d e r  

vacuum  at  75°,  y i e l d   0 .500   g .  

The  p r o d u c t   was  s t o r e d   for   t h r e e   days  u n d e r   60  ml  of  e t h e r ,  

p u l v e r i s e d ,   c o l l e c t e d ,   and  d r i e d   u n d e r   vacuum  at  75%,  y i e l d   0 .488  g 



(85%  t h e o r e t i c a l ) :   m.p.  >300°;  nmr  (CF3COOH)  δ3.03 (s,  3H),  4.27 (s,  3H), 

6.85  (br  s,  2H);  uv  λmax  (N  NaOH)  258.5  nm  (e  3 2 , 8 0 0 ) ,   282.5  s h  

( 7 , 5 0 0 ) ,   402  ( 5 , 2 0 0 ) .   Mass  s p e c t r u m   ( 3 1 0 ° ) :   M,  m/e  207,  100%; 

m/e  206,  7%.  The  f o l l o w i n g   a c c u r a t e   masses   were  d e t e r m i n e d :  

207 .0772   (C8H9N5O2),  206 .0701   (C8H8N5O2).  

Anal .   Ca lcd .   for   C8H9N5O2.0.75H2O:  C  43.53%,  H  4 . 8 0 % ,  

N 31 .73%;   Found:  C  43.61%,  H  4.72%,  N  3 1 . 5 9 % .  

EXAMPLE  27 -   7 - A m i n o - 1 - m e t h y l p y r i m i d o { 4 , 5 - c } p y r i d a z i n e - 3 , 5   (lH,  2 H ) -  
d i o n e  

(I)  (R1=CH3;  R2=OH;  R3=H;  X=0) 

To  a  s t i r r e d ,   r e f l u x i n g   s o l u t i o n   of  6 - ( 1 - m e t h y l h y d r a z i n o ) -  

i s o c y t o s i n e   h e m i h y d r a t e   (3 .00   g)  in  a  s o l v e n t   m i x t u r e   c o n s i s t i n g   o f  

m e t h a n o l   (75  ml)  and  w a t e r   (75  ml)  was  added  e t h y l   d i e t h o x y -  

a c e t a t e   (3 .89  g)  and  concd.   HC1  (1.8  ml) .   A f t e r   181  hours   b r o w n i s h -  

o range   s o l i d   was  c o l l e c t e d ,   washed  wi th   1:1  H2O:MeOH  (10  ml)  a n d  

m e t h a n o l   (10  ml ) ,   and  d r i e d   under   vacuum  at  75°  to  y i e l d   1.71  g .  

This   s o l i d   was  shown  by  nmr  (CF3COOH)  to  be  a  3:1  m i x t u r e   o f  

i n t e r m e d i a t e   c a r b o x y l i c   ac id   h y d r a z o n e   and  d e s i r e d   c y c l i c   p r o d u c t ,  

r e s p e c t i v e l y .  

A  sample  of  t h i s   s o l i d   (1 .665   g)  was  s t i r r e d   for   1  hour  i n  

N  HC1  (225  ml) .   U n d i s s o l v e d   s o l i d   (shown  by  nmr  to  be  a  20:1  m i x t u r e  

of  h y d r a z o n e   and  d e s i r e d   c y c l i c   p r o d u c t ,   r e s p e c t i v e l y )   was  c o l l e c t e d .  

The  f i l t r a t e   was  b r o u g h t   to  pH  3  wi th   4N  NaOH,  and  o r ange   s o l i d   was  

c o l l e c t e d ,   washed  wi th   wa t e r   (5  x  3  ml)  and  d r i e d   under   vacuum  a t  

75°C,   y i e l d   0 .497  g .  

This   c rude   p r o d u c t   was  p a r t i a l l y   p u r i f i e d   by  d i s s o l u t i o n   i n  

N  HC1  (300  ml)  f o l l o w e d   by  p a r t i a l   n e u t r a l i z a t i o n   wi th   4N  NaOH. 



At  pH  1  a  smal l   amount  of  s o l i d   was  removed  by  f i l t r a t i o n .   A t  

pH  2  an  a d d i t i o n a l   smal l   amount  of  s o l i d   was  removed  b y  

f i l t r a t i o n .   The  f i l t r a t e   was  b r o u g h t   to  pH  3,  and  o r ange   s o l i d  

was  c o l l e c t e d ,   washed  wi th   wa t e r   (3  x  5  m l ) ,   and  d r i e d   unde r   v a c u u m  

at  70°  to  y i e l d   0 .424   g .  

This   s o l i d   was  t hen   r e d i s s o l v e d   in  N  HC1  (295  ml ) ,   and  a f t e r  

1  hour  the  s o l u t i o n   was  f i l t e r e d .   The  f i l t r a t e   was  b r o u g h t   up  t o  

pH  1  wi th   4  N  NaOH,  and  a  smal l   amount  of  s o l i d   was  removed  b y  

f i l t r a t i o n .   The  pH  of  the  f i l t r a t e   was  b r o u g h t   to  3  and  t hen   6 ,  

and  o range   s o l i d   was  c o l l e c t e d ,   washed  w i t h   wa t e r   (3  x   5  m l ) ,   a n d  

d r i e d  u n d e r   vacuum  at  70°  to  y i e l d   0 .238  g  (7%  t h e o r e t i c a l ) :  

m.p.  >300°;   nmr  (CF3COOH)  64.33  (s,  3H),  7.08  (br  s,  2H),  8 . 3 6  

(s,   1H);  uv  λmax  (N  NaOH)  260  nm  ( e  3 1 , 3 0 0 ) ,   413  ( 5 , 4 0 0 ) .   Mass  

s p e c t r u m   ( 3 6 0 ° ) :   M,  m/e  193,  94%;  m/e  165,  100%  (M-CO). 

Anal .   Ca lcd .   for   C7H7N5O2:  C  43.52%,  H  3.65%,  N  3 6 . 2 6 % ;  

Found:  C  43.27%,  H  3.62%,  N  3 6 . 0 2 % .  

EXAMPLE  28 

A d o p t i n g   the  g e n e r a l   p r o c e d u r e   of  Example  7,  t h a t   is  t o  

say,   a d d i t i o n   of  the  a p p r o p r i a t e   a - k e t o e s t e r   t o  

a  r e f l u x i n g   m i x t u r e   or  s o l u t i o n   p r e p a r e d   from  a  v e r y   p u r e ,  

a p p r o p r i a t e l y   s u b s t i t u t e d   a l k y l h y d r a z i n o i s o c y t o s i n e   of  f o r m u l a   ( I I I )  

and  f i l t e r e d   s o l v e n t   in  the  p r o p o r t i o n   of  1  g.  in  100  m l . ,  

c o l l e c t i o n   by  f i l t r a t i o n   of  the   p r e c i p i t a t e d   compound  of  f o r m u l a  

(I)  from  the  hot  r e a c t i o n   m i x t u r e ,   w a s h i n g   w i t h   a  sma l l   p o r t i o n  

of  f r e s h   r e a c t i o n   s o l v e n t   and  d r y i n g   unde r   vacuum  at  70°,   t h e  

f o l l o w i n g   compounds  of  f o r m u l a   (I)  were  p r e p a r e d   (see  Tab le   1 ) :  





Example   29  -   7 - A m i n o - 1 , 3 , 4 - t r i m e t h y l p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n -  

5 ( l H ) - o n e  

To  a  s t i r r e d ,   r e f l u x i n g   m i x t u r e   of  6 - ( 1 - m e t h y l -  

h y d r a z i n o ) i s o c y t o s i n e   h e m i h y d r a t e   (1 .62  g)  in  m e t h a n o l  

(150  ml)  was  added  at  once  d i a c e t y l   (1.8  ml ) .   A f t e r   19  h o u r s ,  

a  brown  s o l i d   was  c o l l e c t e d ,   washed  w i th   m e t h a n o l   (5  m l )  

and  d r i e d   under   vacuum  at  70°;  y i e l d ,   2.02  g  of  c r u d e  

p y r i m i d o p y r i d a z i n o n e ,   s u g g e s t e d   by  nmr  to  be  over   90%  p u r e .  

O b t a i n e d   as  n e e d l e s   by  r e c r y s t a l l i s a t i o n   from  g l a c i a l   a c e t i c  

a c i d   in  a  n i t r o g e n   a t m o s p h e r e   and  d r i e d   under   vacuum  at  2 5 ° ,  

the  p r o d u c t   was  c h a r a c t e r i s e d   as  the  p y r i m i d o p y r i d a z i n o n e .  

2.47  CH3COOH:  mp  >300°;   nmr  (CF3COOD)  δ2.78  (s,   3H),  3 . 0 9  

(s,  3H),  4 . 4 2 ( s ,   3H)  and  2 . 2 8 ( s ,   a c e t i c   a c i d ,   2.5  m o l ) ;  

uv  λmax  (CH30H)  245  nm  (e  2 1 , 0 0 0 ) ,   261  ( 1 7 , 4 0 0 ) ,   266  s h  

( 1 6 , 1 0 0 ) ,   332  sh  ( 3 , 7 0 0 ) ,   370  ( 4 , 8 0 0 ) .   Mass  s p e c t r u m   ( 3 3 0 ° )  :  

M.  m/e  205,  100%;  m/e  177,  18%;  m/e  163,  44%. 

Anal .   Ca lcd .   for   C9H11N5O.  2.47  CH3COOH:  C  4 7 . 3 6 % ;  

H  5.95%;  N  19.81%;  Found:  C  47.26%;  H  5.98%;  N  1 9 . 8 5 % .  

E x a m p l e  3 0  -   5 , 7 - D i a m i n o - l - m e t h y l - 3 - ( 3 , 4 , 5 - t r i m e t h o x y b e n z o y l ) -  
m e t h y l p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n - 4 ( 1 H ) - o n e  

To  a  s t i r r e d ,   r e f l u x i n g   s o l u t i o n   of  2 , 4 - d i a m i n o - 6 -  

( l - m e t h y l h y d r a z i n o ) p y r i m i d i n e   (1 .54   g)  in  a b s o l u t e   e t h a n o l  

(150  ml;  d r y i n g   t ube )   was  added  m e t h y l   2 , 4 - d i o x o - 4 - ( 3 , 4 , 5 -  

t r i m e t h o x y p h e n y l ) - n - b u t y r a t e   (4 .45  g).   A f t e r   4  h o u r s ,   t h e  

r e s u l t i n g   m i x t u r e   was  f i l t e r e d   to  remove  an  u n c h a r a c t e r i s e d  

s o l i d   (0 .17   g).   The  f i l t r a t e   was  r e f l u x e d   fo r   an  a d d i t i o n a l  



22  hours   b e f o r e   more  u n i d e n t i f i e d   s o l i d   (0 .09  g)  was 

removed  by  f i l t r a t i o n .   The  f i l t r a t e   was  h e a t e d   a t  

r e f l u x   fo r   a n o t h e r   3  hours   to  g ive   a  p r e c i p i t a t e   w h i c h  

was  c o l l e c t e d   by  f i l t r a t i o n ,   washed  wi th   e t h a n o l   and  d r i e d  

under   vacuum  at  70°,   y i e l d   0.31  g  (7.7%  of  t h e o r e t i c a l )   o f  

pure  p y r i m i d o p y r i d a z i n o n e ,   a  w h i t e   s o l i d :   mp  >300°;   nmr  

(CF3COOH)  64.05  sh,  4 .10   s  (12  H),  4 . 6 9 ( s ,   2H),  7 . 5 0 ( s ,   2 H ) ,  

8 . 4 5 ( b r   s,  2H);  uv  λmax  (CH30H)  218.5  nm  ( e 3 5 , 7 0 0 ) ,   248 

( 3 1 , 7 0 0 ) ,   2 5 6 ( 2 7 , 6 0 0 ) ,   3 0 4 ( 2 0 , 6 0 0 ) .   Mass  s p e c t r u m   ( 1 8 0 ° ) :  

M,  m/e  400,  23%;  m/e  205,  1.5%;  m/e  195,  100%. 

Anal .   Ca lcd .   for   C18H20N6O5:  C  53.99%;  H  5 . 0 3 % ;  

N  20.99%.  Found:  C  53.98%;  H  5.06%;  N  2 0 . 9 7 % .  

Example  31 

A.  Compounds  of  f o r m u l a   (I)  were  t e s t e d   for   a n t i -  

c o c c i d i a l   a c t i v i t y   in  vivo  in  c o m b i n a t i o n   wi th   d i a v e r i d i n e  

(DV)  and  s u l p h a q u i n o x a l i n e   (SQ),  each  at  20  ppm,  a c c o r d i n g  

to  the  f o l l o w i n g   p r o c e d u r e .  

Groups  of  f i v e ,   seven  day  old  c h i c k s   were  e a c h  

i n f e c t e d   o r a l l y   w i th   100 ,000   s p o r u l a t e d   o o c y s t s   of  t h e  

Weybr idge   s t r a i n   of  E.  t e n e l l a .   Drugs  were  a d m i n i s t e r e d   a s  

a  m i x t u r e   in  LD5  c h i c k   mash  d e f i c i e n t   in  v i t a m i n   K,  b e g i n n i n g  

one  day  p r i o r   to  i n f e c t i o n   and  c o n t i n u i n g   for   8  days .   On  t h e  

s i x t h   day  a f t e r   i n f e c t i o n ,   c a e c a l   l e s i o n s   of  s u r v i v i n g   c h i c k s  

were  s c o r e d   on  a  s c a l e   of  0,  1,  2  or  3  and  any  dead  c h i c k s  

wi th   l e s i o n s   were  s c o r e d   as  4.  The  a c t i v i t y   of  d rugs   i s  

e x p r e s s e d   as  f o l l o w s   for   each  g r o u p :  



+ + +  =   mean  l e s i o n   s c o r e   of  0 .0   to  0 . 9  

+ +  =   mean  l e s i o n   s c o r e   of  1.0  to  1 . 9  

+  =   mean  l e s i o n   s c o r e   of  2.0  to  3 . 4  

The  f o l l o w i n g   r e s u l t s   were  o b t a i n e d : -  

B.  Compounds  of  f o r m u l a   (I)  were  a l so   t e s t e d   f o r  

a n t i c o c c i d i a l   a c t i v i t y   in  v ivo   in  c o m b i n a t i o n   wi th   DV  (20  

p . p . m . )   and  SQ  (20  p . p . m . )   as  unde r   (A)  (v ide   s u p r a ) ,   b u t  

u s i n g   an  i n f e c t i o n   of  6 ,000   s p o r u l a t e d   o o c y s t s   per   c h i c k ;  

the  p r o c e d u r e s   were  o t h e r w i s e   i d e n t i c a l .  

The  f o l l o w i n g   r e s u l t s   were  o b t a i n e d : -  



Example  32 

The  a n t i c o c c i d i a l   a c t i v i t y   of  compounds  of  f o r m u l a  

(I)  in  c o m b i n a t i o n   wi th   a  m i x t u r e   of  d i a v e r i d i n e   a n d  

s u l p h a q u i n o x a l i n e   in  v i t r o   a g a i n s t   E.  t e n e l l a   was  t e s t e d  

u s i n g   s t a n d a r d   t e c h n i q u e s .  



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

e x p r e s s e d   as  f o l l o w s : -  

5  =  No  p a r a s i t e   d e v e l o p m e n t  

4  =  1  -   25%  p a r a s i t e   d e v e l o p m e n t  

3  =  2 6  -   50%  p a r a s i t e   d e v e l o p m e n t  

2  =  5 1  -   75%  p a r a s i t e   d e v e l o p m e n t  
1  =  7 6  -   95%  p a r a s i t e   d e v e l o p m e n t  
0  =  9 5  -   100%  p a r a s i t e   d e v e l o p m e n t  



COMPOUND  OF  FORMUBA  I  ( C o n t ' d )  



COMPOUND  OF  FOPMULA  I  ( C o n t ' d )  



Example  33 

F o l l o w i n g   the  p r o c e d u r e   of  Example  32,   compounds  of  f o r m u l a   ( I )  
were  t e s t e d   f o r   a n t i - c o c c i d i a l   a c t i v i t y   a l o n e   in  v i t r o .   The 
f o l l o w i n g   r e s u l t s   were  o b t a i n e d : -  

COMPOUNDS  OF  FORMULA  I  

7 - A m i n o - 1 , 3 - d i m e t h y l p y r i m i d o ( 4 , 5 - c ) p y r i d a z i n e - 4 , 5 - ( 1 H , 6 H ) - d i o n e  
has  LD50  of  about   500  mg/kg  i . p .   in  mice .   7 - A m i n o - 3 - ( 3 , 4 , 5 - t r i -  
m e t h o x y p h e n a c y l ) - 1 - m e t h y l p y r i m i d o - ( 4 , 5 - c ) p y r i d a z i n e - 4 , 5 - ( 1 H , 6 H ) -  
d ione  has  LD50  of  about   410  mg/kg  i . p .   in  m i c e .  



1.  A  compound  of  the  f o r m u l a   ( I ) :  

or  a  t a u t o m e r   or  s a l t   t h e r e o f ,   w h e r e i n   R1  is  a  b e n z y l   g r o u p ,  

or  a  lower   a l k y l   group  o p t i o n a l l y   s u b s t i t u t e d   by  a  h y d r o x y  

group;   R  is  a  h y d r o g e n   atom,  a  hyd roxy   g roup ,   a  m e t h y l  

g r o u p ,   a  h y d r o x y m e t h y l   g r o u p ,   a  b e n z y l   group  o p t i o n a l l y  

s u b s t i t u t e d   in  the  p h e n y l   r i n g   w i th   a  n i t r o   group  or  one  o r  

two  lower   a l k o x y   g r o u p s ,   a  p h e n a c y l   group  o p t i o n a l l y  

s u b s t i t u t e d   in  the  pheny l   r i n g   w i th   one  or  more  h y d r o x y   o r  

lower   a l k o x y   g r o u p s ,   a  group  CH(Y)CO2Z  in  which  Y  is  a  

h y d r o g e n   atom,  a  lower   a l k y l   g r o u p ,   or  a  b e n z y l   g r o u p ,   a n d  

Z  is  a  h y d r o g e n   atom  or  a  lower   a l k y l   g roup ;   R3  is  a  h y d r o x y  

g r o u p ,   a  me thy l   g r o u p ,   or  a  pheny l   group  o p t i o n a l l y   s u b s t i t u t e d  

wi th   a  hydroxy   g roup ;   and  X  is  an  oxygen  atom  or  a  group  NH; 

p r o v i d e d   t h a t :  

(i)   R3  is  a  me thy l   group  only   when  R   is  a  me thy l   o r  

hyd roxy   g r o u p ;  

( i i )   R3  is  a  p h e n y l   group  o p t i o n a l l y   s u b s t i t u t e d   w i t h   a  

hydroxy   group  on ly   when  R2  is  a  h y d r o g e n   a t o m ;  



( i i i )   when  R3  is  a  hyd roxy   g roup ,   R2  is  o t h e r   t h a n  

a  h y d r o g e n   atom;  a n d  

(iv)   R2 and  R3  are  not   bo th   hyd roxy   g r o u p s .  

2.  A  compound  a c c o r d i n g   to  c l a im   1  w h e r e i n   R1  i s  

a  lower   a l k y l   group  o p t i o n a l l y   s u b s t i t u t e d   wi th   a  h y d r o x y  

g roup ;   R  is  a  h y d r o g e n   atom,  a  me thy l   g r o u p ,   a  h y d r o x y  

g roup ,   a  p h e n a c y l   group  o p t i o n a l l y   s u b s t i t u t e d   in  t h e  

pheny l   r i n g   wi th   one  or  more  hyd roxy   g r o u p s ,   or  a  g r o u p  

CH(Y)CO2Z  in  which  Y  is  a  b e n z y l   g roup ,   and  Z  is  a  l o w e r  

a l k y l   g roup ;   and  X  is  an  oxygen  a t o m .  

3.  A  compound  a c c o r d i n g   to  e i t h e r   c l a im  1  or  2  w h e r e i n  

R1  is  a  me thy l   g roup ;   R   is  a  me thy l   group  or  a  h y d r o g e n  

atom  and  R3  is  a  hyd roxy   or  a  pheny l   group  o p t i o n a l l y  

s u b s t i t u t e d   wi th   a  hyd roxy   g r o u p .  

4.  A  compound  a c c o r d i n g   to  c l a im   1  w h e r e i n   R1  is  a  

lower   a l k y l   group  o p t i o n a l l y   s u b s t i t u t e d   wi th   a  h y d r o x y  

g r o u p ,   or  a  b e n z y l   g roup ;   and  Z  is  a  h y d r o g e n   atom  or  a  

lower   a l k y l   g r o u p .  

5.  A  compound  a c c o r d i n g   to  e i t h e r   c l a im   1  or  4  w h e r e i n  

R1  is  a  me thy l   or  n - b u t y l   group  and  R   is  a  h y d r o g e n   a t o m ,  

a  hyd roxy   g roup ,   a  me thy l   g r o u p ,   a  b e n z y l   group  o p t i o n a l l y  

s u b s t i t u t e d   in  the  pheny l   r i n g   wi th   two  methoxy  g r o u p s ,   o r  

a  p h e n a c y l   group  s u b s t i t u t e d   in  the  pheny l   r i n g   wi th   two 

methoxy  g r o u p s .  



6.  A  p r o c e s s   for   the  p r e p a r a t i o n   of  a  compound  o f  

the  f o r m u l a   (I)  or  a  t a u t o m e r   or  s a l t   t h e r e o f   as  d e f i n e d  

in  c l a im   1  h e r e i n   which  c o m p r i s e s   the  c y c l i s a t i o n   of  a  

compound  of  the  f o r m u l a   ( I I ) :  

or  a  t a u t o m e r   or  s a l t   t h e r e o f ,   w h e r e i n   X,  R1  and  R 2  a r e  

as  h e r e i n b e f o r e   d e f i n e d   and  R4  is  a  lower   a l k o x y   g r o u p ,  

a  lower   a c y l o x y m e t h y l   group  or  a  g roup   R3  as  h e r e i n b e f o r e  

d e f i n e d   a p a r t   from  a  h y d r o x y   g roup ,   and  t h e r e a f t e r   w h e r e i n  

X  is  an  oxygen  atom  and  R3  is  an  a c y l o x y m e t h y l   g r o u p ,  

h y d r o l y s i n g   R3  to   a  h y d r o x y m e t h y l   g r o u p .  

7.  A  p r o c e s s   for   the  p r e p a r a t i o n   of  a  compound  of  t h e  

f o r m u l a   ( I I )   or  a  t a u t o m e r   t h e r e o f   as  d e f i n e d   in  c l a im   6 

h e r e i n   which  c o m p r i s e s   the  c o n d e n s a t i o n   of  a  compound  o f  

the  f o r m u l a   ( I I I ) :  

or  a  t a u t o m e r   t h e r e o f ,   w i t h   a  compound  of  the   f o r m u l a :  

R2CO.CO.R4,  w h e r e i n   R1,  R2,  R4  and  X  are  as  d e f i n e d   i n  



r e l a t i o n   to  c l a im  6  h e r e i n .  

8.  A  compound  of  the  f o r m u l a   ( I I ) :  

or  a  t a u t o m e r   t h e r e o f ,   w h e r e i n   R1,  R2  and  R6  are  as  d e f i n e d  

in  c l a im   6  h e r e i n .  

9.  A  compound  of  the  f o r m u l a   ( I I I ) :  

or  a  t a u t o m e r   t h e r e o f ,   w h e r e i n   R1  is  as  d e f i n e d   in  c l a im   1 

h e r e i n .  

10.  A  p r o c e s s   fo r   the  p r e p a r a t i o n   of  a  compound  of  t h e  

f o r m u l a   (I)  w h e r e i n   R1  is  as  d e f i n e d   in  c l a i m   1  h e r e i n ,   X 

is  an  oxygen  atom,  R3  is  a  me thy l   group  and  R2  is  a  h y d r o x y  

group  which  c o m p r i s e s   the  h y d r o l y s i s   of  a  compound  o f  

the  f o r m u l a   ( I V ) :  



w h e r e i n   R1  is  as  h e r e i n b e f o r e   d e f i n e d   and  R5  is  an  a r o y l  

g r o u p .  

11.  A  p r o c e s s   fo r   the  p r e p a r a t i o n   of  a  compound  of  t h e  

f o r m u l a   ( IV) ,   as  d e f i n e d   in  c l a im  10  h e r e i n ,   which  c o m p r i s e s  

the  c y c l i s a t i o n   of  a  compound  of  the  f o r m u l a   ( V ) :  

w h e r e i n   R1  and  R5  are  as  d e f i n e d   in  c l a i m   10  h e r e i n .  

12.  A  compound  of  the  f o r m u l a   (IV)  as  d e f i n e d   in  c l a i m   10  

h e r e i n .  

13.  A  compound  of  the  f o r m u l a   (V)  as  d e f i n e d   in  c l a i m   11 

h e r e i n .  

14.  A  v e t e r i n a r y   c o m p o s i t i o n   which  c o m p r i s e s   a  compound  

of  the  f o r m u l a   ( I ) ,   or  a  t a u t o m e r   or  v e t e r i n a r y   a c c e p t a b l e  

s a l t   t h e r e o f ,   as  d e f i n e d   in  c l a im   1  h e r e i n ,   t o g e t h e r   w i t h  

a  v e t e r i n a r y   a c c e p t a b l e   c a r r i e r .  



15.  A  v e t e r i n a r y   c o m p o s i t i o n   a c c o r d i n g   to  c l a im   14 

in  u n i t   dose  f o r m .  

16.  A  p o u l t r y   feed   which  c o m p r i s e s   a  n o n - t o x i c  

e f f e c t i v e   a n t i c o c c i d i a l   t r e a t m e n t   amount  of  a  compound  

of  the  f o r m u l a   ( I ) ,   or  a  t a u t o m e r   or  v e t e r i n a r y   a c c e p t a b l e  

s a l t   t h e r e o f .  

17.  A  compound  a c c o r d i n g   to  c l a im   1  wheneve r   p r e p a r e d  

by  a  p r o c e s s   a c c o r d i n g   to  c l a im  6  h e r e i n .  

18.  A  compound  a c c o r d i n g   to  c l a im  1  wheneve r   p r e p a r e d  

by  a  p r o c e s s   a c c o r d i n g   to  c l a im   10  h e r e i n .  

19.  A  p r o c e s s   a c c o r d i n g   to  c l a im  6  s u b s t a n t i a l l y   a s  

d e s c r i b e d   in  the  Examples   h e r e i n .  

20.  A  p r o c e s s   a c c o r d i n g   to  c l a im   10  s u b s t a n t i a l l y   a s  

d e s c r i b e d   in  the  Examples   h e r e i n .  
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