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

c h l o r o f o r m  w e r e  o b t a i n e d .  I t  i s  d e m o n s t r a t e d  tha t  the  f r e q u e n c i e s  of  the  s t r e t c h i n g  v t b r a -  
t ions  of  the  c a r b o x y l  C = 0  g r o u p s  of  a c i d s  tha t  a r e  no t  c a p a b l e  o f  t a u t o m e r t s m  c o r r e l a t e  

l i n e a r l y  w i t h  t h e i r  a c i d i t y  c o n s t a n t s .  

Previously some of us synthesized a series of substituted pyrtmidinecarboxylte acids and studied the 
effect of substituents and the position of the earboxyl groups in the pyrimidine ring on the acid properties 
[1, 2]. It seemed of interest to study them in greater detail, particularly by IR spectroscopy, and this was 
the aim of the present study. 

One of the chief peculiarities of pyrimidine derivatives is the possibility of tautomer[c transformations 
[3, 41. We will first consider the spectra of pyrtmidineearboxylic acids that cannot produce tautomeric 
forms (I-IX, Table 1). The stretching vibrations of the O-H groups of KBr pellets of the samples (Fig. 1) 
appear at 2600-3200 em -1 and should be ascribed to associated molecules. The IR spectra of chloroform 
solutions of these acids in a number of cases make it possible to conclude that intramolecular hydrogen 
bonds (IHB) are present in the molecules. Thus for 5-carboxy derivatives (III-V) in dilute CHCI 3 solutions 
that practically exclude [ntermolecular association (c ~-10 -3 M), the POH absorption is recorded near 3512 
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Fig. 1. Itt spec t ra  of py- 
r imidinecarboxyl tc  acids 
(KBr Pellets). 
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Fig. 2. Dependence ot the 
frequencies of the s t re tch-  
ing vibrations of the c a r -  
bonyl groups of the acids 
on their pK a values. 

cm -1, i.e., in the usual region of absorption of the O - H  stretching v ibra-  
tions of carboxylic acid monomers  [5]. However, the uOH band is recorded  
at ~ 3363 cm -1 for pyr imtd ine-2-carboxyl ic  acid (I) under the same con- 
dittons, which attests to the presence  of an IHB [51 with one of the ring ni- 
t rogen atoms (A). It should be noted that the contribution of a s t ruc ture  
with complete t ransfer  of a proton to the nitrogen atom (B) is apparently 
insignificant, since the absorption band at ~ 3150 cm -1 that is usually a s so -  
ciated with vibrations of the N - H  bond [61 does not appear. 

0 O 

A B 

Two absorption bands of the O - H  stretching vibrations are  observed 
for the 4- and 6-carboxy derivatives (VI-IX) in dilute CHC1 a solutions - one 
in the region of vibrations of free O - H  groups (~3500 cm-1), and the other 
in the region of associated IHB (~3360-3400 cm -1) - w h i c h  is apparently 
due to the possibil i ty of different spatial orientations of the interacting ele- 
ments of these molecules.  

The bands of the carbonyl group stretching vibrations in Kt3r pellets 
are recorded  at 1690-1730 cm -~. When the compounds are  dissolved in 
dioxane and CHCla, these bands are shifted to higher frequencies,  and this 
shift is due to cleavage of the in termolecular  hydrogen bonds. The splitting 
of the bands of the carbonyl absorption that is observed for mos t  of the in- 
vestigated acids in both the solid state and in solutions can be explained 
in the f i rs t  case mainly by the effect of the crysta l  latt ice field and in the 
second case by the presence  of rotational i somers  and IHB [7]. The ap- 
pearance of earbonyl absorption for I, II, and VI-IX in the usual region of 

C =O vibrations of acids ra ther  than in the region of absorpt ior /of  the 
earboxylate ion [7] also indicates that the O - H . . . N  IHB does not lead to 
the format ion of inner salts (B). 

Four to five bar, ds, the intensities of which differ for different compounds, are  recorded  at 1400-1620 
cm -~ (Fig. 1). They may be affiliated with ring vibrations [3], but the C - O  stretching vibrations and O - H  
deformation (planar) vibrations [7] fall here.  The vibrations below 1400 em -~ should be related [8] to the 
different forms of deformation vibrations,  breathing vibrations of the ring, etc. 

Pyr imidtnecarboxyl ic  acids with substttuents of the OH, NH2, and SH type (X-XVII), which are  capable 
of tautomeric  t ransformat ions ,  can be placed in a second group. Because of their low solubili t ies,  we were 
unable to obtain the IR spec t ra  of chloroform solutions of these compounds, and the assignment  of the VX_ H 
vibrations (X =O, N, S) of KBr pellets of the samples is not completely reliable.  It can be assumed that 4- 
amino-5-carboxyl ic  acid XII is in the amino form,  since the relat ively intense bands at 3203 and 3346 em -1 
shouldbe related to the symmet r i ca l  and an t i symmetr iea l  [8] stretching vibrations of the amino group.* An 

�9 < O  form is ext remely  l ikely for X. This is at tested to by the ra ther  IHB of the --OH . . O = C  --H narrow 

band at ~3470 cm -1 (Fig. i). 

The regions of carbonyl absorption of the ketone forms of hydroxypyrimtdines and ~ C =O of the c a r -  
boxyl group overlap (see [3, 6]). To solve the problem of the predominant  s t ruc ture  of these compounds, 
we used the method of cor re la t ion  analysis.  The dependence of the frequencies of the ~ C =O stre tching vi-  
brat ions of the pyr tmidtnecarboxyl ic  ac tds t  on their  acidity constants (PKa) is shown in Fig. 2. The c o r -  
responding cor re la t ion  equation has the form 

Vc=o= (1871+_7.5)--(40.6+_2.26)pKa, r=0.969; AS=5.859. 

* The broad band that ranges between 3100 and 2500 cm -1 corresponds  to the absorption of the O - H  groups. 
"~ The ~ C =O frequencies of dioxane solutions of the acids were used. The highest - f requency components 
were  adopted for the split  bands. 
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The points for  X, XI, and XIV-XVII deviate ma rked ly  f rom the l inear  dependence,* and all of them 
a re  affi l iated with compounds capable of t au tomer i sm.  This is apparent ly  the r e s u l t o f t h e  substant ia l  changes 
in the molecu la r  s t ruc tu re  that  occur  during these so r t s  of t r ans fo rmat ions .  It is in teres t ing that, judging 
f r o m  the cor re la t ion  in Fig. 2, only the hydroxy-subs t i tu ted  acids fo rm tau tomer ic  fo rms .  

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

The IR spe c t r a  we re  r eco rded  with a UR-20 s p e c t r o m e t e r  with KBr,  NaC1, and L iF  p r i s m s .  The s p e c  
t r a  of ch loroform solutions of the compounds were  r eco rded  in 10-20-mm-thick demoun tab le  cuvet tes ,  while 
the s p e c t r a  of dioxane solutions were  r eco rd ed  in pe rmanen t ly  instal led 0 . 1 - 1 . 0 - m m - t h i c k c u v e t t e s .  The 
solvents  and the KBr were  pur i f ied  by the methods in [9, 10]. 
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*Allowance for them in the s ta t i s t ica l  t r ea tmen t  br ings  about pronounced de te r io ra t ion  in the co r re la t ion  
p a r a m e t e r s  (r = 0.553, AS = 24.836. 
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