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The effect of various substituents in the 6 position on the ionization constants of pyr imidine-  
4-carboxyi ic  acids was studied and compared  with the effect of substituents on the d i ssoc ia -  
tion constants of the corresponding meta-subst i tu ted benzoic acids.  

A number  of pyr imid ine-4-carboxyl ic  acids and pyr imid ine-2 ,  and 4-carboxyl ic  acids were synthe-  
s ized in o rder  to study the effect of substituents on the ionization constants of the acids;  the pK a values of 
the acids,  which have not been repor ted  for most  of the pyrimidinecarboxyl ic  acids descr ibed in the l i t e ra -  
ture,  were also determined.  

We selected these compounds for the investigations because the evaluation of the above-indicated sub-  
stituent effect is quantitative, since it is expressed  by accurate  pK a values of the acids and, in addition, be-  
cause smal l  amounts of the substances are  required  for these investigations.  

cOOH 

It 0 0 C _~...,~N~ N "S"~c- CO0 H N~'J'~ 

I |1 Ill 

In comparing the pK a values of the unsubstituted pyrimidinecarboxylic acids, i t  is seen that the ioniza- 
tion constants are somewhat greater for acids I (2.99) and III (2.98), in which the carboxyl groups are in the 
2, 4, and 6posit ions,with the most reduced electron density than for pyr imidine-5-carb0xyl ic acid (II) 
(3.16) and are  approximately an o rde r  of magnitude g rea te r  than the ionization constant of benzoic acid [1]. 

It is interest ing to compare  the effect of substituents in 6-substi tuted pyr imid ine-4-carboxyl ic  acids 
(IV-XII) with the effect of Substituents in meta-subst i tu ted benzoic acids [1] on the ionization constants of 
these acids (the pK a values of the acids are  presented in Table 1). 

As in the case  of meta-subs t i tu ted  benzoic acids,  the effect of substituents in IV-XII should be con-  
s idered to be the overal l  resul t  of conjugation (C) and inductive if) effects,  with predominance of one or the 
other effect as a function of the cha rac te r  of the substituent and the effect of the nitrogen he teroa toms.  In 
acids IV and IX, the hydroxyl and chloro groups,  just  as in the corresponding benzoic acids, display e lec -  
t ron -accep to r  proper t ies  and increase  the dissociation constants of the acids. The pK a values of the acids 
demonstra te  that the hydroxyl group has an identical effect on IV and m-hydroxybenzoic  acid, while the ef-  
fect of chlorine in m-chlorobenzoic  acid is manifested more  s t rongly than in IX. The methyl group in V 
exhibits the same e lec t ron-donor  action as in m-methylbenzoic  acid. The methoxy group in VI is exhibited 
as an electron donor, while it has e l ec t ron-accep to r  proper t ies  in the corresponding benzoic acid. This in- 
dicates that the mechanisms  for t r ans fe r  of the effect of the methoxy group differ - the +C effect p r e -  
dominates in the pyrimidine ring, while the I effect prevai ls  in the benzoic acid. 

The SH group in VII has an e lec t ron-donor  (although weak) effect, while a considerable  e lec t ron-  
acceptor  effect (a Hammett  o~ ~ constant  of + 0.25) is displayed in m-mercap tobenzoic  acid. 

The sharp  decrease  in the ionization constant of VII (pK a 6.25) is apparently explained by the fo rma-  
tion of salt  A ra the r  than by the e lec t ron-donor  effect of the NH 2 group. 
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TABLE 1. 

Acids  

Ion iza t ion  Cons t an t s  0pK a) of P y r i m i d i n e - 4 - c a r b o x y l i c  

t~2 

N~R' 

Comp. ~ R' R: pr~ Ionization pK a of 
constant benzoic acids 

I l l  
IV 
V 

VI 
VtI 

VIII 
IX 
X 

XI 
XII 

o'. 
Sl. 

H 

H 

H 
OH 
CHa 
OCH3 
SH 
NH2 
C1 
OH 
OH 
CI 

2,98 
2,83* 
3,07 
3.68 
3,02 
6,25 
2,80 
2,66* 
2,72 
2',81 

1,05. I0 -a 
1,48. I0 -s 
8,51 - 10 -4 
2,09. I0 -4 
9,55.10 -4 
5,62.10 -7 
1,59. I0 -a 
2,19. I0 -z 
1,55. I0 -s 
1,91 - I0 -a 

4,17 
4,12 
4,28 
4,09 

4,82 
3,82 

*The  pK a va lues  accord ing  to [2] a re  as fol lows:  2.80 for IV, and 
2.8, 2.4, and 2.07 for IX. 
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The c h a r a c t e r  of the effect  of the second  s u b s t i t u e n t  in the 2 pos i t ion  in acid X is  the s a m e  as for  the 
6 pos i t ion  in IV. In XI, the SH group  in the 2 pos i t ion  a l so  i n c r e a s e s  the ac id i ty ,  in c o n t r a s t  to VII, where  
i t  e x e r t s  a weak e l e c t r o n - d o n o r  ef fect .  

The ch lo r ine  in the 2 pos i t ion  in XII does no t  exe r t  an addi t iona l  effect ,  s ince  it  i s ,  as i t  were ,  
b locked by the n i t r o g e n  h e t e r o a t o m s ,  which is  i n t e r e s t i n g  and r e q u i r e s  checking in o ther  compounds .  

E X P E R I M E N T A L  

The PKa va lues  of the p y r i m i d i n e c a r b o x y l i c  ac ids  we re  d e t e r m i n e d  by p o t e n t i o m e t r i c  t i t r a t i o n  with 
an LPU-01  p o t e n t i o m e t e r  at  20 ~ in aqueous so lu t ions .  The compounds  w e r e  ob ta ined  v i a  the methods  in 

[3-5] (I), [6,7] (II), [8-10] ffII), [11] (IV), [12] (V), [13] (VII and VIII), [14] (X and XI), and [15] 0UI). 

6 - C h l o r o p y r i m i d i n e - 4 - c a r b o x y l i c  Acid  (IX). A 3.95-g (28 mmole )  s a m p l e  of c a l c i n e d  p o t a s s i u m  c a r -  
bonate  was added to a s u s p e n s i o n  of 8.05 g (57 mmole )  of IV in 100 m l  of wa te r ,  and the so lu t ion  was 
e v a p o r a t e d  on a wa t e r  bath  to d r y n e s s  to give 9.25 g of the p o t a s s i u m  sa l t  of acid IV. The sa l t  was r e -  
f luxed in a m i x t u r e  of 76 m l  (0.5 mole)  of phosphorus  oxychlor ide  and 4.8 m l  (0.04 mole)  of d i m e t h y l a n i l i n e  
for  3 h.  The exces s  phosphorus  oxychlor ide  was r e m o v e d  by v a c u u m  d i s t i l l a t i on ,  the r e s i d u e  was  poured  
s lowly  over  ice with v igorous  s t i r r i n g ,  and the m i x t u r e  was e x t r a c t e d  with e t h e r .  The e the r  e x t r a c t  was 
d r i ed  ove r  sod ium su l fa te .  R e m o v a l  of the e t h e r  gave 4 g (50%) of yel low c r y s t a l s  of IX wi th  mp 132-133 ~ 
(from p e t r o l e u m  e the r ) .  Found:  C 37.96; H 2.05; N 17.60%. CsH3N2C102. Ca lcu la t ed :  C 37.87; H 1.90; N 
17.67%. The amide  of ac id  IX was ob ta ined  as white c r y s t a l s  with mp  162-163 ~ (from alcohol) .  Found:  C 
38.47; H 2.55%. C5H4N3OC1. Ca lcu l a t ed :  C 38.11; H 2.55%. 

6 - M e t h o x y p y r i m i d i n e - 4 - c a r b o x y l i c  Acid  (VI). A solu t ion  of 0.5 g (3.3 m m o l e )  of IX in 20 m l  of ab -  
solute  me thano l  was  added to sod ium methox ide  (from 0.1 g of sod ium and 5 m l  of me thano l ) .  Sodium ch lo -  
r ide  p r e c i p i t a t e d  i m m e d i a t e l y ,  and hea t ing  was obse r ve d .  The s u s p e n s i o n  was r e f luxed  for  40 rain,  the 
m e t h a n o l  was r e m o v e d  by vacuum d i s t i l l a t i on ,  and the r e s i d u e  was d i s so l ve d  in 8 m l  of w a t e r .  The s o l u -  
t ion was  hea ted  to 50 ~ and ac id i f ied  to pH 3 with c o n c e n t r a t e d  HC1 to give 0.2 g of a p r e c i p i t a t e  with mp  
235 ~ (from wa te r ) .  The p r e c i p i t a t e  was pu r i f i ed  by v a c u u m  sub l i ma t i on  to give a s u b s t a n c e  wi th  m p  198 ~ . 
Found: C 46.53; H 4.17; N 18.16%. C6H6N203. Calculated: C 46.75; H 3.92; N 18.17%. 
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