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Abstract

The quadratic model for the prediction of stability constants of transition metal (Co®*, Ni**, Cu**, Zn**, and Cd**) com-
plexes with four monocarboxylic amino acids (methanoic, ethanoic, propanoic, and butanoic) was developed. The mod-
el yielded regression coefficient r = 0.996, and standard error S.E. = 0.05 (N = 20). As a test of goodness of the model,
we predicted log K| of three Co** complexes (with methanoic, propanoic and butanoic acid) from the training set (N =
17), consisted of the constants of other metal complexes and log K, of [CoAc]*. The model yielded predictions with the

S.E. =0.08.
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1. Introduction

The principal difficulty in modeling of the stability
constants of coordination compounds using connectivity
indices'? is the lack of experimental data. Stability con-
stants were determined by different methods, at different
experimental conditions (temperature, ionic strength,
composition of water-organic mixtures, efc.), and even if
it is possible to assemble a homogenous data set, the num-
ber of constants is frequently not enough for a proper sta-
tistical verification.

Researchers usually determine stability constants of
one metal with many ligands, or many metals with a few
ligands. This led us to develop two kinds of models.
Copper(Il) chelates with amino acids, diamines and
oligopeptides, for example, were suitable for the first kind
of models, one metal — many ligands,* and the complex-
es of lanthanides for the second, many metals — few lig-
ands.® Also, we proposed models (for log K, and log B,,
respectively) for the complexes of five metals (Cu**, Ni**,
Co*", Fe?*, and Mn?*) with four amino acids (glycine, ala-
nine, valine, and leucine).” Three or four stability con-
stants for particular metal are obviously too few for any
regression, but despite this statistical ,,impossibility* we
obtained, by common regression on all the metals, fair

agreement with the experiment (S.E. = 0.05 for log K, and
S.E. =0.11 for log f3,).

This paper is a continuation of our research on the
complexes of monocarboxylic acids with lanthanides® and
cadmium(II).® Its aim is to develop a common model for
the divalent ions of five transition metals (cobalt, nickel,
copper, zinc, and cadmium) with the first four acids from
the homologous series (methanoic, ethanoic, propanoic,
and butanoic). To secure the homogeneity of data, all the
constants were extracted from the single paper,’ belonging
to the suite of papers on the complexes of monocarboxyla-
to and hydroxyacidato complexes.'*'* Stability constants
K, were measured at the same conditions, t = 25 °C, [
(NaClO,) = 2 mol dm™, potentiometrically for Co™, Ni**,
Zn**, and Cd**, and spectrophotometrically for Cu?*.!°

2. Methods

2. 1. Calculation of Topological Indices

We calculated topological indices using a program
system E-DRAGON, developed by R. Todeschini and
coworkers, which is capable of yielding 119 topological
indices in a single run, along with many other molecular
descriptors.'>!'® Connectivity matrices were constructed
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with the aid of the Online SMILES Translator and
Structure File Generator."

All models were developed by using the *y" index
(the valence molecular connectivity index of the 3rd or-
der), which was defined as:'*%!

2= Z[8() &) &k SDT*? @)
pal

where &(i), &(j), 8(k), and &() are weights (valence values)

of vertices (atoms) i, j, k, and / making up the path of

length 3 (three consecutive chemical bonds) in a vertex-

weighted molecular graph. The valence value, &(i), of a

vertex i is defined by:

&i) = Z'() - HOVIZG) - Z'(i) - 1] 2

where Z'(i) is the number of valence electrons belonging
to the atom corresponding to vertex i, Z(i) is its atomic
number, and H(i) is the number of hydrogen atoms at-
tached to it. It has to be pointed out that *y” is only a mem-
ber of the family of valence connectivity indices "}’,
which differ between each other by the path length, i.e. the
number of §’s in the summation term, Eq. 1.

The *y"index for all mono-complexes were calculat-
ed from the graph representations of aqua-complexes
(Figure 1), assuming that metal ions are tetracoordinated.'

Figure 1. The graph representation for metal(II) mono-complexes
with ethanoic acid. Heteroatoms are marked with O (metal, M) and
Q(0).

2. 2. Regression Calculations

Regression calculations, including the leave-one-out
procedure (LOO) of cross validation were done using the
CROMRsel program.*? The standard error of cross valida-
tion estimate is defined as:

SE. =Y Ai a 3)

i

where 6X and N denotes cv residuals and the number of
reference points, respectively.

3. Results and Discussion

From Table 1 and Figure 2 it can be seen that log K|
for all metals studied (Ni**, Cu?*, Zn**, and Cd**), except
for Co?*, rises from methanoic to propanoic acid com-
plexes, and drops slightly from propanoic to butanoic acid
ones. Assuming the value of log K| for cobalt(I) formato
complex measured potentiometrically, 0.732, is erro-
neous, we replaced it with its spectrophotometric value, '°
log K, = 0.398, and proposed parabolic dependence of log
K, on y" for all the metals:

log K, =a,Px T +a,l’x1+b “)

Table 1. Measured log K, for Co**, Ni**, Cu**, Zn**, and Cd*
mono-complexes with four monocarboxylic acids; t = 25 °C, I
(NaClO,) = 2 mol dm™ [Ref. 9]

Carboxylic acids log K, for complexes of

C 02+ Ni2+ Cu2+ Zn2+ C d2+
Methanoic 0.732% 0462 1.653 0.699 0.845
Ethanoic 0.663 0.724 2.111 0.845 1.079
Propanoic 0.699 0.732 2161 0996 1.230
Butanoic 0.663 0.732  2.083 0.982 1.204
*In Model 1 replaced by 0.398 [Ref. 9].
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Figure 2. Dependence of log K| on SXV for Co**, Ni**, Cu**, Zn**,
and Cd* complexes with methanoic, ethanoic, propanoic, and bu-
tanoic acid.

Because four points are too few to verify a three pa-
rameters model, and in order to develop a model for si-
multaneous prediction of log K, of different metal com-
plexes, we developed, starting from Eq. 4, a common
model for all the metals studied. It was done in two steps.

First, we used 3)(” index insensitive to a metal, i.e.
we assumed the same 6 value (Eq. 2) for all the metals (ar-
bitrary, we took & value of Co**). Namely, from our previ-
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ous work’**?* we concluded that the shape of log K , func- 2.4
tion is the same for all transition metals, depending only 22 ]
on the type of ligands (diamines, amino acids, dipeptides, 20 /,3"’
etc.). In this way we obtained set of parabolas one above 18 4
the other (Figure 3), with the maxima in the range 0.999- 16.] /"/-
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Figure 3. Dependence of log K, on 3x" with the & value equal for all
the metals; d(M) = &Co**) for Co**, Ni**, Cu?**, Zn**, and Cd**
complexes with methanoic, ethanoic, propanoic, and butanoic acid.

Second, in Eq. 4 we included log K ls’ an additional
variable resembling indicator variable,” to connect para-
bolas along the log K, axis. For all the complexes of a
metal log K IS is a constant with the value corresponding to
the log K, of a complex with the particular ligand, e.g.
methanoic acid. For log K,® one can use log K, of the
complex of any ligand, but the ligand must be the same for
every metal.

In this way we obtained model (Eq. 5) that includes
carboxylic complexes of all the metals studied:

log K, = a,’x P+ a,’x1+alog K51 +b (5

Using Eq. 5 and log K,(MForm) as log K,°, we ob-
tained Model 1 (Table 2). The model gave r = 0.996, S.E.
=0.05 and S.E._, = 0.07 (Figure 4).

To test the prediction power of our model we choose
cobalt(Il) complexes as the test set (N = 3), and log
K, (MAc) as log K,°. The training set consisted of log K|

Co**complex (N = 17). Thus we could also verify log K,
value of Co** formato complex. The model (Model 2,
Table 2) yielded fair predictions of log K,; 0.426, 0.795,
0.757 for (CoForm), (CoProp) and (CoBut), respectively.
As expected, calculated value for cobalt(II)-formato com-
plex is much closer to the value measured spectrophoto-
metrically (A log K, = 0.028) than potentiometrically (&
log K| = 0.306). The standard error of the test set (N = 3)
is 0.08, which is in agreement with S.E. and S.E._, ob-
tained by Models 1 and 2 (Table 2).

4. Conclusion

Assuming that dependence of log K, on 3% is para-
bolic, we developed a common model for predicting of
the stability of transition metal complexes with carboxylic
acids. The model allows, knowing log K| of just one com-
plex of a metal, to predict stability constants of other com-
plexes of that metal. The model also proved useful in de-
termination of dubiously measured stability constants, as
was shown by Co(Form).

In our previous paper on cadmium(Il) complexes
with monocarboxylic and hydroxycarboxylic acids,® we
obtained, on a different set of experimental data,?® a posi-
tive linear correlation of log K, on 3)(" (N = 9), but also
parabolic correlation if only complexes studied in this pa-
per were taken into account (N = 4). The linear correlation
in that paper (S.E. = 0.05, S.E._, = 0.06) has been of the

Table 2. Regression models for the estimation of the log K, of Co*, Ni**, Cu**, Zn**, and Cd** mono-complex-

es with four monocarboxylic acids

Model N Regression coefficients r S.E. S.E..,
a,(S.E.) a,(S.E.) a,(S.E.) b(S.E.)

1 20 -2.05(35) 4.24(64) 1.124(28) —1.94(28) 0.996 0.05 0.07

2 17 -1.99(32) 4.18(88) 0.932(32) -2.02(39) 0.993 0.06 0.09
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same quality as the parabolic correlation in this paper (see
Table 2), therefore the linear model cannot be assumed as
an approximation of the parabolic. At any rate, linear and
parabolic functions were found to be equally suitable for
the correlation of stability constants on *y","*® but, of
course, not so for the same set of complexes.

Tentatively, and more fundamentally, the problem of
parabolic vs. linear function could be related to chemical
action concept and consequently to Density Functional
Theory (DFT).?” Namely, electronegativity and chemical
hardness may be defined as the first and second derivative
of the energy of the system, respectively, assuming para-
bolic form of the energy function. They could in turn be
connected with polarizability (electronegativity), and
steric effect (chemical hardness), leading to an assump-
tion that the stability of coordination compounds is deter-
mined by electronic and steric factors. Unfortunately, *y"
does not discriminate these factors, but their influence is
reflected on the form of the regression function.
Interesting to note, this way of thinking should be traced
in other applications of parabolic functions in QSPR
and QSAR analysis, from Hansch pioneering work?® till
nowadays.?!
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Razvili smo kvadratni model za napoved konstant stabilnosti za komplekse kovin prehoda (Co**, Ni**, Cu**, Zn?*, Cd*")
s §tirimi monokarboksilnimi amino kislinami (metanojsko, etanojsko, propanojsko in butanojsko). Koeficient regresije
uporabljenega modela znasa, r = 0.996, in standardna napaka, S.E. = 0.05 (N = 20). Model smo uspes$no preverili s test-
nim izra¢unom konstant stabilnosti kompleksov Co®* z metanojsko, propnanojsko in butanojsko kislino
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