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The effect of substituents (CH 3 and NH2) in positions 4 and 6 
on the acid-base properties of 2(1H)-pyrimidinethiones 
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The acid-base properties of 4,6-dimethyl- and 4,6-diamino-2(lH)-pyrimidinethiones (1 
and 2) were investigated by potentiometric titration. Dissosiation of 1 and protonation of its 
anion occur in two steps, the first of which affords the deprotonated dimer [HA2]-. The 
relative stability of the dimer depends on the nature of the solvent. The effect of kinetic 
factors on the acid-base behavior of 1 was elucidated by comparing the results of potentiometric 
titrations carried out under various kinetic conditions. It was concluded that the difference 
between the acid-base properties of 1 and 2 results from the electron-donating effect of the 
amino groups. 
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Thio derivatives of n i t rogen-conta in ing  bases are 
widely used in analytical chemistry for qualitative and 
quantitative determinat ion of ions of several transition 
and nont rans i t ion  me ta l s )  Pyrimidinethiones can exist 
as two tautomers: the thione form (a) and the thiol 
form. According to ab initio calculations by the SCF 
method,  the energy of the thiol form is 33 kJ mol - I  
lower than the corresponding value for the thione form, 
which is in agreement with the data of IR spectra 
recorded in an inert gas matrix. 2 However, in the crystal- 
line state, the thione form is stabilized due to intermo- 
lecular hydrogen bonds. 2 In polar solvents, the thione 
form also prevai ls )  In  addition, for thio derivatives of 
n i t rogen-conta in ing  heterocyclic compounds,  unlike the 
corresponding oxo derivatives, the contributions of bipolar 
structures b and e are more significant (see Ref. 4). 
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It might be expected that the existence of a tautomeric 
equil ibr ium would exert an effect on the dependence of 
the acid-base properties of the thio derivatives of nitro- 
gen-conta in ing  heterocycles on the nature of the solvent 
and on substituents R 1 and R 2. The goal of the present 
work has been to study the acid-base properties of 
4,6-dimethyl-  and 4,6-diamino-2(1H)-pyrimidinethiones 
(1 and 2, respectively) in various organic solvent--water  
mixtures. 

Experimental 

Compounds 1 and 2 and their sodium salts were prepared 
by the known procedures. 5,6 The products were purified by 
recrystallization, and the solvents, DMSO, DMF, and metha- 
nol, were distilled according to the standard procedures. 7 The 
activity of protons was determined on an I- 130 pH-meter with 
an accuracy of 0.05 pH units. The pH-meter was adjusted 
using standard aqueous buffer solutions. To determine the pH 
of organic solvent--water solutions, the electrode was 
preliminarily steeped in the corresponding organic solvent-- 
water mixture of the specified composition for 24 h. The pH 
values of organic solvent--water solutions were determined 
from the relationship: 

pH = (PH)mea s - ApH, 

where pH, the pH value experimentally determined in a mixed 
solvent, and ApH, the value reflecting the difference between 
the activity of protons in water and in the organic solvent-- 
water mixture, were estimated according to the previously 
described procedure. 8 Potentiometric titration was carried out 
in two kinetic modes: l) titration with varying volume, in 
which the pH value was recorded within 1--2 min after addi- 
tion of the titrant; 2) titration with constant volume, in which 
the pH values were recorded within several hours after prepa- 
ration of solutions with various amounts of the titrant. Quantum- 
chemical calculations were carried out by the MNDO--PM39 
method with full optimization of the geometry using the 
AMPAC program. The UV spectra were recorded on a Specord 
M-40 instrument. 

Results and Discussion 

The acid-base properties of compounds  1 and 2 and 
their sodium salts (3 and 4, respectively) were studied by 
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Fig. 1. Potent iometr ic  t i tration o f  1: C 1 = 0.007 M, CKO H = 
0.042 M (1); 2: C 2 = 0.003 M, C H C  1 = 0.016 M (2); C 2 = 
0.003 M, CKo H = 0.016 M (3). 

potentiometric titration with varying volume in water-- 
DMF (I) and water--methanol  (II) solvent mixtures in 
which the proportion of the organic component was 
80 % (v/v). The curves of the potentiometric titration of 
compounds 1 and 2 and their sodium salts, 3 and 4, in 
solvent I are presented in Figs. 1 and 2. Mathematical 
processing of the data of  the potentiometric titration of 
1 and 3 using the CPESSP program 1~ indicates that the 
two jumps on the titration curves are due to the occur- 
rellce of equilibria (l)  and (2). 

2HA - " [ H A 2 ] - +  H + 0) 

[HA2]-  - " 2 A - +  H + (2) 

Thus, both d issociat ion o f  1 and the p ro tona t ion  o f  
its anion occur  in two  steps, and the first step affords a 
deprotonated dimer of the composition [HA2]-. Below 
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Fig. 2. Poten t iomet r ic  t i tration o f  3 (C  3 = 0.008 M) (1) and o f  
4 (C  4 = 0.003 M) (2) at CHC I = 0.032 M. 

are presented the types of bonding (d--f) that are possi- 
ble in this dimer according to quantum-chemical  calcu- 
lations. 
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The calculations of the energies of formation of 
forms d - - f  using the AMPAC program in the PM3 
parametrization 9 indicate that the deprotonated dimers 
correspond to the minima on the potential energy sur- 
face and that in the gas phase they are more stable than 
the original species by 28, 20, and 7 kcal mo1-1, respec- 
tively. Since the r~--rt*-absorption peak typical of the 
C=S group 11 is exhibited over the whole region of the 
potentiometric titration and its intensity decreases as the 
pH value increases (Fig. 3), form e should be the most 
probable for the [HA2]- dimer. 

The pKvalues of equilibria (1) and (2) for compound 
1 and its sodium salt 3 are noticeably different judging 
by the data of the "quick" potentiometric titration with 
varying volume, and are almost identical according to 
the "slow" titration with constant volume (Table 1). The 
time dependence is observed only for the results of the 
titration of compound 3. In view of the fact that the 
greatest negative charge on anion 3 is localized at the 
sulfur atom (Fig. 4), one may assume that under the 
conditions of "quick" titration with varying volume, the 
experimentally determined pK value of equilibrium (1) 
corresponds to the formation of dimers with structures d 
and f, which are converted in the course of  t ime into the 
more stable dimer e. This is supported by the fact that 
the constant of  dimer formation determined from the 
data from the "slow" titration is greater than the corre- 
sponding value determined from the "quick" titration 
(see Table 1). At the same time, the [HA2]- dimer 
formed in the dissociation of 1 has structure e. In water 
(solvent III),  the constants of equilibria (1) and (2) for 
compounds 1 and 3 are identical (see Table 1). 

We also determined the corresponding constants for 
1 in a water- -DMSO (80 % (v/v)) solvent mixture (IV) 
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Fig. 3. The UV spectra of solutions of 1 in methanol at pH 2.6 (1); 4.2 (2); 6.5 (3) and 11.0 (4) (C = 0.001 M). 

(see Table 1). Figure 5 presents the curves of  the distri- 
bution o f  forms of  1 having various degrees of  deproto- 
nation vs. pH in solvents I--1V. These data imply that in 
solvent IV, the [HA2]-  dimer possesses the highest 
stability and in water it has the lowest stability. 

Table 1. The pK* values of equilibria (1), (2), (3) and (4) from 
the data of potentiometric titration of 1 and 2 and their sodium 
salts 3 and 4, in the following solvents: water--80 % (v/v) 
DMF (I), water--80 % (v/v) MeOH (II), water (liB, water-- 
80 % (v/v) DMSO (IV) 

pK Solvent 1 3 2 4 

pK(1 ) I 2.4 
II 1 . 5  

I I * *  1 . 6  

III 5.1 
IV 0.94 

pK(2) I 8.0 
II 11.1 
I I * *  1 1 . 4  

III 10.7 
IV 12.5 

PK(3 ) l 
II 

pg(4 ) I 
II 
II** 

6.5 9.2 
6.7 10.2 
1.7 
5.l 

11.7 8.4 
10.7 8.2 
11.5 
10.6 

5.0 5.0 
5.0 5.0 

11.0 
10.9 

10.9 

* The accuracy of the determination was at least 0.1 pK units. 
** pK values determined from the data of potentiometric 
titration with constant volume. 
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Fig. 4. The charge distribution in molecules 1 and 2 and their 
anions. 

The titration curve of  compound 4 exhibits three 
jumps. The first and the second jumps are due to 
equilibria (1) and (2), and the third jump is caused by 
equilibrium (3), which indicates that the basicity of  
compound 4 is substantially higher than that of  3 (see 
Table 1). 

[H2A] + " HA + H + (3) 
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Fig. 5. Distribution of forms of compound 1 with various degrees of protonation as a function of pH in solvents I--IV; 
a: 1 -- A-(I); 2 -- [HA2]-(I); 3 -- [HA2]-(II); 4 -- A-(II); b: 1 -- A-(IlI); 2 -- [HA2]-(III); 3 --  [HA2]-(IV); 4 --  A-(IV). 

According to the data from the "quick" titration, 
protonat ion o f  the anion occurs in two steps (see 
Table 1), the first of  which yields the deprotonated 
dimer (equilibrium (1)), in conformity with the previous 
suggestion that the anion is protonated initially at the 
sulfllr a tom to give dimers d and f, whereas under the 
conditions of  "slow" titration, the anion is protonated 
according to Eq. (4) (see Table 1). 

HA ~ A - +  H + (4) 

The shape of  the titration curve of  compound 2 
differs substantially from those of  compounds  1, 3, and 
4. This shape of  the titration curve is typical of bipolar 
systems. The bipolar form exists at pH 4--9  (see Fig. 2). 

The charge distribution in compound 2 (see Fig. 4) 
illustrates the electron-donating effect of  the amino 
groups, which noticeably increase the negative charge at 
tile nitrogen atoms of  the ring and slightly increase it at 
the sulfur atom, resulting in a considerable decrease in 
the acidity of  2. Consequently,  owing to the contribu- 
tion of  the bipolar structure, the thione form of 2 is 
markedly stabilized, equilibrium (1) is not realized dur- 
ing titration of  2, and its dissociation occurs according 
to Scheme (4). 

Thus, on the basis o f  potentiometric titration, we 
found that the dissociation of  1 gives both the A -  anion 
and the [HA21- deprotonated dimer, whose relative 
stabilities depend on the nature of  the solvent. By 
comparing the results of  potentiometric titration of  com-  
pounds 3 and 4 under various conditions, the effect of  

the kinetic factors on the acid-base properties was iden- 
tified. It was also shown that the differences between the 
acid-base properties of  compounds  2 and 1 result from 
the substantial stabilization of  the bipolar form due to 
the electron-donating effect of  the amino groups. 
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