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ABSTRACT

The stability constants, K, of the complexes formed by 4-amino-2.6-dioxo-3-methyl-5-
nitroso-1,2,3,6-tetrahydro-pyrimidine (LH), 4-amino-1.3-dimethyl-2.6-dioxo-5-nitroso-
1,2,3,6-tetrahydro-pyrimidine (RH) and 4-amino-1.6-dihydro-1-methyl-2-methoxy-5-nitroso-
6-oxo-pyrimidine (JH) with Ag(l), Zn(Il), Cd(IT) and Hg(I) ions, in aqueous media at
different ionic strengths and 25°C, have been calculated by Bjerrum’s method.

From the data obtained, thermodynamic stability constants have been calculated. in each
case, using the Debye—Huckel limit law and adjusting log K, vs. VI values at a parabolic
equation by least-squares methods. The log K values, calculated by both methods. are in
good agreement.

INTRODUCTION

Recently, the importance of metal ions to the vital functions in living
organisms, and, hence, their health and well-being, has become increasingly
apparent [1-5]. For this reason, and, especially, because of the chem-
iotherapeutic effects that some of these complexes have shown [6-12], the
study of interactions between metal ions and components of nucleic acids
(pyrimidine and purine derivatives and their nucleosides and nucleotides)
has been tackled by numerous investigators, yielding, as a consequence, a
great number of publications in recent years [13,14].

As a continuation of our research about the stability of metal-pyrimidine
complexes in aqueous solutions [15], we report in this paper the influence of
ionic strength of the medium on the stability constants of Ag(l), Zn(II),
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Cd(I) and Hg(II) complexes with 4-amino-2,6-dioxo-3-methyl-5-nitroso-
1,2,3,6,-tetrahydro-pyrimidine (LH), 4-amino-1,3-dimethyl-2,6-dioxo-5-
nitroso-1,2,3,6-tetrahydro-pyrimidine (RH) and 4-amino-1,6-dihydro-1-
methyl-2-methoxy-5-nitroso-6-oxo-pyrimidine (JH).

EXPERIMENTAL

All the chemicals used in this work were analytical reagent grade. The
solutions were prepared in double-distilled, carbon dioxide-free water. Solu-
tions of different ligands (4 X 10™* M) were prepared by direct weighing
from pure samples, synthesized by us following previously reported methods
[16]. Solutions of silver(I), zinc(II) and cadmium(II) nitrates, as well as
mercury(Il) chloride were prepared and standardised. A suitable volume of
each solution was diluted to 5 X 1073 M.

In the case of Ag(l), Zn(II) and Cd(II) complexes, a standardised solution
of KNO, (2.5 M) was used to maintain the required ionic strength, while for
Hg(II) complexes, a KCl solution, with the same characteristics, was em-
ployed. A solution of carbonate-free potassium hydroxide (0.01 M) was
prepared and standardised.

Apparatus

A Radiometer TTT-60 pH-meter, fitted with glass and calomel electrodes,
was used for recording pH.

Bjerrum’s method {17] was employed in this study. In each case, a solution
(initial volume 25 ml), in which [M"*]= [ligand] = 2 X 10™* M, was titrated
against a standard alkali (0.01 M KOH) after adjusting its ionic strength and
temperature (25°C in all cases) in a thermostatted bath.

According to the employed method [17], the ratio of metal to ligand
concentration was kept at 1:1 in order to calculate the corresponding K,
values.

RESULTS AND DISCUSSION

The values of » and pA (A=L, R, J) were calculated from the pH
titration curves following Bjerrum’s method [17]. The previously reported
[18-20] values of the ionization constants for the ligands were used here. The
formation curves between 7 and pA were plotted and, by interpolation at
n = 0.5, the corresponding log K, values were obtained for each metal-ligand
complex. These values, at 25°C and different ionic strengths, are given in
Table 1.
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In this table, it can be observed that the stability constants of complexes
with JH are similar to those found for analogous complexes with 4-amino-
1,6-dihydro-1-methyl-2-methylthio-5-nitroso-6-oxo-pyrimidine [15], uracil,
thymine and cytosine [21-24] and some violuric acids [25-27], while the
corresponding values for RH and LH complexes are, in general, lower.

Except in the cases of Cd(II)/LH and Cd(II)/RH complexes, in which
the stability constants are not affected, the stability of complexes decreases
with increasing ionic strength of the medium. This fact is in agreement with
the observations related by Debye [28] and can be justified using the
extended Debye-Hickel equation concept, which implies that the mean
distance of closest approach for the ligands to the metal ion is larger in salt
solutions, since the negatively charged atmosphere around the cation is
denser in solutions of greater ionic strength. This prevents the close ap-
proach of ligands to the metal ion and, consequently, hampers complexation
processes.

In order to obtain the corresponding thermodynamic stability constants,
log K, we have plotted, according to Debye—Hiickel’s limit law [29], log K,
vs. VI (Fig. 1). From these curves, and by extrapolation to zero ionic
strength of a straight stretch of them, the values of thermodynamic stability
constants can be obtained. These data are listed in Table 2, which includes
the corresponding values of free energy (AG) for complexation processes,
and the range of linearity of the log K, vs. VI plot.

Likewise, the values of log K, fit the simple empirical equation

log Ky =a—b/I +cI (1)

quite closely over the entire range of ionic strength employed (0 < I < 0.5).
The adjustment of experimental data in each case to this parabolic relation,
by the least-squares method, has allowed values to be obtained for a, b and
¢ coefficients that are given in Table 3. In this table, we have also listed the
corresponding values of standard deviation (S,,) of experimental data with
respect to those calculated analytically by means of the equation obtained.
This value can be interpreted as a measurement of the accuracy of each fit.

Returning to eqn. (1), it can easily be seen that the parameter a has to
coincide, theoretically, with the thermodynamic stability constant value. This
can be confirmed by a comparison of a values (Table 3) with log K,” values
(Table 2), from which a good agreement for each metal /ligand system can
be observed.

On the other hand, considering eqn. (1) in the form a — log K, = bVI — ¢I,
it is clear that the difference between thermodynamic and apparent stability
constant values is the sum of terms v/ and I. According to the theory of
electrolytic solutions [30], the bYI term accounts for ion—ion interactions,
while the ¢/ term accounts for disturbances in the ion-solvent interactions.
Therefore, a consideration of the constants b and ¢ (Table 3) should yield
some information about these interactions in these systems. At low ionic
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strength, as the solute ions become separated, the solvent shell of each ion is
freed of disturbances and the ¢/ term is negligible. Under these conditions,
log K, is a linear function of VI . On the contrary, at high ionic strength, the
term due to ion—solvent interactions acquires more importance with respect
to the b/I term becoming, in most of cases, comparable with it. Under these
conditions, the values of stability constants are practically unaffected by the
increase in ionic strength of the medium, since the difference between both
terms is approximately constant.

Finally, the relationship between the values of the thermodynamic stabil-
ity constants (log K;”) of Zn(Il), Cd(II) and Hg(Il) complexes and the
ionization potential (IP) of the corresponding metal ion has been studied.
Several authors (ref. 31 and references therein) have pointed out that there is
a linear relationship between the ionization potential for a series of metals
and the stability of the complexes formed by their corresponding ions with a
given ligand. This correlation can be represented by the following equation

log K=p(IP - q) (2)

where p and ¢ are constants dependent only on the ligand, solvent and
temperature of the medium and IP is the ionization potential of the metal
ion (V). In order that the values of p and ¢ obtained for each ligand can be
compared with those found in the literature [31] for other ligands, the values
of K (given in I mol~! in Table 2) have been converted into a dimension-
less quantity by expressing concentrations in mole fractions. This means
that, for water as solvent, K is 55 times greater than if it is expressed in |
mol 1.

The values of p and ¢ for each ligand at 25°C and in aqueous medium
are given in Table 4.

A comparison of these values with those reported in ref. 31 does not
permit any conclusion to be made about the type of metal-ligand bond that
takes place in these systems, since ¢ values are intermediates between those
corresponding to ligands of type I (covalent character of the bond) and type
I (coulomb interactions), while p values are in agreement with those
corresponding to some ligands containing one functional charged group and
other functional uncharged groups, such as 2-amino-phenolato [32], 3-for-
myl-4-hydroxy-benzenesulphonate [33] and 2-formyl-phenolato [34], when

TABLE 4
Values of p and ¢ for the ligands

LH RH JH
P 1.01 0.59 121
q 11.02 6.97 11.62
re 1.000 0.987 0.996

# r = correlation coefficient of regression straight line log K = p(IP— q).
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they act as type I ligands. These are similar to LH, RH and JH ligands if we
suppose that in an aqueous solution they are bound to the corresponding
metal ion in 5-nitroso-6-oxide form. The anomalous values of g may be
explained by steric effects that can be due to a more complicated structure
seen in our ligands when compared with those reported in ref. 31.
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