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4 - P Y R I D O N E S :  REPLACEMENT OF N, 

A. Ba i l l i e ,  J.M. Midgley, R.E.M. O'Leary, G.E. Overend, Department 
of Pharmacy, U n i v e r s i t y  of S t r a t h c l y d e ,  Glasgow G1 lXW, S c o t l a n d .  

N a l i d i x i c  a c i d  ( I ,  Lesher  e t  a l ,  1962)  is a s y n t h e t i c  a g e n t  used mainly for t h e  
t r e a t m e n t  of u r i n a r y  tract i n f e c t i o n s  caused by Gram-negative organisms.  Many 
ana logues  have been s y n t h e s i s e d  ( A l b r e c h t ,  1977)  and i t  a p p e a r s  t h a t  c h e l a t i o n  of 
c e r t a i n  d i v a l e n t  metal i o n s  (11) and b i n d i n g  t o  t h e  DNA o f  p r o k a r y o t e  organisms 
are i m p o r t a n t  f o r  a c t i v i t y  (Vincen t  e t  a l ,  1 9 8 1 ) .  Such q u i n o l o n e s  b e a r i n g  H at  
N are i n a c t i v e  and t h e  n a t u r e  of t h e  s u b s t i t u e n t  a t  N may be  a l t e r e d  o n l y  w i t h i n  
narrow l i m i t s  i f  a c t i v i t y  is t o  be  ma in ta ined  ( A l b r e c h l ,  1 9 7 7 ) .  Furthermore we 
r e p o r t  h e r e  t h a t  p y r a z o l e s ,  u r a c i l s  and t h i o u r a c i l s  c o n t a i n i n g  t h e  pharmacophore 
(C3,  C 4 )  o f  I are also i n a c t i v e .  
v iny logous  amide t h e  t e r t i a r y  n i t r o g e n  may have a profound effect upon b i o l o g i c a l  
a c t i v i t y  (e.g. t h e  c h e l a t i o n  of metal i o n s )  by i n c r e a s i n g  t h e  e l e c t r o n  d e n s i t y  of 
t h e  pharmacophore (111). I n  o r d e r  t o  i n v e s t i g a t e  t h e  r o l e  of t h i s  s u b s t i t u e n t  we 
have s y n t h e s i s e d  s u i t a b l e  isosteres (111, X = 0 , S , C ( C H 3 ) 2 ) .  
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S i n c e  t h e  s t r u c t u r a l  moiety N1-C4 is a 

Chromenone ana logues  were produced by f o r m y l a t i o n  o f  s u i t a b l y  s u b s t i t u t e d  
- o-hydroxyacetophenones and pho to -ox ida t ion  o f  t h e  r e s u l t a n t  3-aldehyde w i t h  
N-bromosuccinimide (Nohara e t  a l ,  1 9 7 4 ) .  Thiochromenone a n a l o g u e s  were 
s y n t h e s i s e d  by the rma l  condensa t ion  o f  a p p r o p r i a t e l y  s u b s t i t u t e d  t h i o p h e n o l s  w i t h  
d i e t h y l  e thoxymethylenemalonate  and c y c l i s a t i o n  i n  po lyphosphor i c  a c i d .  
Subsequent  h y d r o l y s i s  of t h e  ester was a c i d  c a t a l y s e d  s i n c e  a l k a l i n e  h y d r o l y s i s  
caused  rearrangement  t o  g i v e  t h e  co r re spond ing  3-formyl-4-hydroxythiocoumarin. 
The f a i l u r e  of d i v e r s e  a t t e m p t s  t o  o x i d i s e  t h e  s u l p h i d e  ana logues  (111, X=S) t o  
t h e  co r re spond ing  su lphones  was presumably due t o  t h e  e l e c t r o n  withdrawing effect 
of t h e  3 - s u b s t i t u e n t .  C a r b o c y c l i c  ana logues  were p repa red  by a d a p t a t i o n  of a 
method o f  Arnold e t  a1 ( 1 9 4 7 ) .  

These compounds (as t h e i r  sodium sal ts)  were n o t  a n t i b a c t e r i a l l y  a c t i v e  a g a i n s t  5 
c o l i  NCTC 9001 and S. a u r e u s  NCTC 6571 i n  c o n c e n t r a t i o n s  as h i g h  as 250 pg/ml c f  
n a l i d i x i c  a c i d  ( I ,  m.i.c., 7 and 45 pg/ml r e s p e c t i v e l y ) ;  I11 (X=N-C2H , R=7-OCH3; 
m.i.c., 3 and 25 pg/ml r e s p e c t i v e l y ) .  These r e s u l t s  c l e a r l y  i l l u s t r a z e  t h a t  a 
t e r t i a r y  n i t r o g e n  atom a t  p o s i t i o n  1 is e s s e n t i a l  for  a c t i v i t y  and t h a t  i n s e r t i o n  
a t  C o f  an e l e c t r o n  r e l e a s i n g  s u b s t i t u e n t  (e.g. -0CH ) which may i n c r e a s e  t h e  
e l e c z r o n  d e n s i t y  o f  t h e  c a r b o n y l  g roup  does n o t  c o n f e 8  a c t i v i t y  upon compounds 
s u c h  as I11 (X=0 ,S ,C(CH3) , ;  C 7 = H , 0 C H  ) 
i n s t a b i l i t y  t o  n u c l e o p h i l e s  (e.g. HCd3'l of chromenones l a c k i n g  a s u b s t i t u e n t  a t  
C2 may c o n t r i b u t e  to  t h i s  loss of a c t i v i t y .  
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However i t  is p o s s i b l e  t h a t  t h e  i n h e r e n t  


