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Abstract
We developed a model for the stability (log βZnLB) of Zn2+ mixed complexes (N = 16) with 2-aminobenzamide (L) and

four amino acids (B) glycine, alanine, valine, and phenylalanine at 300, 310, 320, and 330 K. The model based on the

quadratic regression function of the molecular valence connectivity index of the third order, 3χv, yielded S.E. = 0.02. We

also developed an overall model for K1, K2 and βZnLB of the same system at all of the four temperatures (N = 48). This

model yielded S.E. = 0.05.
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1. Introduction 
Although models based on graph theoretical indices

rely on somewhat vague concepts, as do other models ba-
sed on topological approaches in theoretical chemistry,1,2

they have proved quite successful in many applications.
Graph theoretical indices correlate well with many physi-
cochemical parameters3–6 and biological activities
(QSAR).7,8 Our efforts to use topological indices, espe-
cially the valence connectivity index of the 3rd order, 3χv,
in order to build regression models for the prediction of
stability constants of coordination compounds9 ended
with varying success, depending on the nature of coordi-
nation compounds as well as on the quality of experimen-
tal data. Stability constants of copper(II) complexes with
α-amino acids were reproduced with such a precision that
it was even possible to evaluate the results of two electroa-
nalytical methods (GEP and SWV) used for their measu-
rement.10 For copper(II) complexes with derivatives of
thioflavin T and clioqiunol, used as model compounds for
the study of Alzheimer’s disease, we obtained even better
results11 than those achieved by the more demanding DFT
method.12 In some cases, our method, despite being strict-
ly empirical, enabled the analysis of coordination, i.e. it
gave insight into the structure of the complex.13,14 Howe-
ver, in other cases additional variables15 and unusual
forms of regression functions16 had to be introduced in or-

der to obtain an acceptable agreement between theory and
experiment.

The topic of this contribution are mixed zinc(II) com-
plexes of 2-aminobenzamide (2-AB) with amino acids.
These complexes have already been studied by pH-metric
and spectrophotometric methods,17 because 2-aminobenza-
mide and its derivatives have desirable pharmacological
properties,18 and are also used as analytical reagents.19 On
the other hand, zinc(II) participates in many biological pro-
cesses,20 so the study of the above mentioned complexes
should lead to a better understanding of the pharmacokine-
tics of 2-aminobenzamide and its derivatives. 

Besides the model for stability (βZnLB) of mixed
complexes of 2-aminobenzamide (L) with Zn2+ and four
amino acids (B) glycine, alanine, valine, and phenylalani-
ne at different temperatures (300, 310, 320, and 330 K):

(1)

we developed an overall model for βZnLB, K1 and K2, defi-
ned as:

(2)
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(3)

2. Methods

2. 1. Calculation of Topological Indices 
We calculated topological indices using the E-DRAG-

ON program system, developed by R. Todeschini and co-
workers, capable of yielding 119 topological indices in a
single run, along with many other molecular descriptors.21,22

Connectivity matrices were constructed with the aid of the
Online SMILES Translator and Structure File Generator.23

The valence molecular connectivity index of the 3rd

order, 3χv, was defined as:24–27

3χv =  Σ [δ(i) δ (j) δ (k) δ (l)]–0.5 (4)
path

where δ(i), δ(j), δ(k), and δ(l) are weights (valence values)
of vertices (atoms) i, j, k, and l making up the path of

length 3 (three consecutive chemical bonds) in a vertex-
weighted molecular graph. The valence value, δ(i), of a
vertex i is defined by:

δ(i) = [Zv(i) – H(i)]/[Z(i) – Zv(i) – 1] (5)

where Zv(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 attached to it. 

The 3χv index for all mono- and mixed complexes
was calculated from the graph representations of aqua-
complexes (Fig. 1), assuming that the metal in the mono-
complexes is tetracoordinated and in mixed complexes
hexacoordinated. 

2. 2. Regression Calculations

Regression calculations, including the leave-one-out
procedure (LOO) of cross validation were done using the
CROMRsel program.28 The standard error of the cross-va-
lidation estimate was defined as:

(6)

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

3. Results

In order to model the logarithm of stability constant,
log βZnLB, (Eq. 1, Table 1) of mixed Zn2+complexes with
2-aminobenzamide and amino acids (ZnLB), we used the
quadratic function of 3χv (Figure 2):

Table 1. Experimental stability constants log K1, log K2 and log βZnLB [17] and 3χv index of Zn(II) complexes with 2-aminobenzamide (L) and ami-

no acids (B)

Temperature (K) Amino acid (B) log K1 log K2 log ββZnLB
3χχv (ZnB) 3χχv (ZnLB)

300 Gly 4.96 5.29 9.13 1.748 5.770

Ala 4.89 5.13 8.97 2.148 6.082

Val 4.59 4.83 8.67 2.599 6.533

Phe 4.46 4.68 8.52 3.581 7.195

310 Gly 4.84 5.22 8.95 1.748 5.770

Ala 4.76 5.06 8.79 2.148 6.082

Val 4.46 4.80 8.53 2.599 6.533

Phe 4.33 4.66 8.39 3.581 7.195

320 Gly 4.73 5.18 8.81 1.748 5.770

Ala 4.65 5.01 8.64 2.148 6.082

Val 4.36 4.73 8.36 2.599 6.533

Phe 4.24 4.59 8.22 3.581 7.195

330 Gly 4.61 5.08 8.63 1.748 5.770

Ala 4.56 4.94 8.49 2.148 6.082

Val 4.23 4.67 8.22 2.599 6.533

Phe 4.13 4.54 8.09 3.581 7.195

Figure 1. Constitutional formulas of Zn(II) tetracoordinated mo-
nocomplexes with glycine (B) and hexacoordinated mixed complex

with 2-aminobenzamide (L) and glycine (B)
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log βZnLB = a1[
3χv(ZnLB)] + a2[

3χv(ZnLB)]2 + b (7)

because it proved better than the linear function (e.g. at
300 K, S.E. = 0.04 and 0.06 for quadratic and linear func-
tion, respectively; N = 4). 

ding stability constants of a referent complexes (either
with glycine, alanine, valine, or phenylalanine); 3χv de-
notes 3χv(ZnB) in the case of K1 constant and for K2 and
βZnLB it corresponds to 3χv(ZnLB) normalized on 3χv(Zn-
Gly):

3χv = 3χv(ZnLB) – [3χv(ZnLGly) – 3χv(ZnGly)] 10)

Figure 2. Quadratic dependence of log βZnLB of mixed Zn2+comple-

xes with 2-aminobenzamide and amino acids (ZnLB) on their 3χv

index, at four temperatures. 

Figure 3. The dependence of log K (log K1, log K2 and log βZnLB)

on 3χv at 300 K; 3χv denotes 3χv(ZnB) in the case of K1 constant and

for K2 and βZnLB constants 3χv is 3χv(ZnLB) normalized on 3χv(Zn-

B), Eq. (10).

As the dependence of log βZnLB on temperature in
the range 300–330 K is linear,17 we proposed the model
for all four of the temperatures (N = 16) simply by inclu-
ding temperature into Eq. (7): 

log βZnLB = a1[
3χv(ZnLB)] + a2[

3χv(ZnLB)]2+
+ a3T + b

(8)

where T is the absolute temperature at which constants,
log βZnLB, were measured. The model yielded S.E.cv =
0.03 (Model 1, Table 2).

The values of log K1 and log K2 (Eqs. 2 and 3) show
the same quadratic dependence on 3χv (Figure 3). This
enabled the development of the model (N = 12) for all of
the constants at a given temperature:

log K = a1
3χv + a2[

3χv]2 + a3[log K0] + b (9)

where K denotes K1, K2 and βZnLB; K0 are the correspon-

Table 2. Regression models for the estimation of stability constants log K1, log K2 and log βZnLB of Zn(II) complexes with 2-aminobenzamide (L)

and amino acids (B)

Model Stability
N

Regression coefficients
r S.E. S.E.cv(Eq.) constant a1(S.E.) a2(S.E.) a3(S.E.) b(S.E.)

1 (8) βZnLB 16 –3.22(41) 0.216(32) –0.0155(6) 25.2(13) 0.9960 0.02 0.03

2 (9) K1, K2, βZnLB 12 –1.26(43) 0.171(87) 0.987(11) 1.78(52) 0.9995 0.06 0.08

3 (9) K1, K2, βZnLB 48 –1.22(17) 0.167(34) 0.9880(43) 1.72(20) 0.9996 0.05 0.06

Taking glycine complexes as referent, the model ga-
ve S.E.cv = 0.09 (Model 2, Table 2).

The same function, Eq. (9), can be applied to K1, K2

and βZnLB at all four of the temperatures (N = 48). In this
case, K0 denotes the corresponding stability constants of a
referent complexes at all of the temperatures. Taking
glycine complexes as referent, the model gave S.E.cv =
0.06 (Model 3, Table 2).

Furthermore, we have found that it is possible to
make the model more predictive. To be more precise, it is
enough to know the K0, i.e. K1, K2 and βZnLB constants of
a referent complex at only two temperatures. The K0 va-
lues at the other two temperatures can be then easily cal-
culated from the linear dependence of K1, K2 and βZnLB on T.
This way, fewer experimental constants are needed for
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calibration. Such a model, calibrated on K1, K2 and β of
glycine complexes at 300 and 310 K, yielded S.E.cv =
0.06 (Figure 4).

4. Conclusion

We developed two kinds of models. A model for the
prediction of stability (log βZnLB) of Zn2+ mixed comple-
xes with 2-aminobenzamide (L) and four amino acids (B)
at four temperatures (N = 16), and a model for the predic-
tion of K1, K2 and βZnLB of the same system (N = 48). In
both cases, the theoretical results showed excellent agree-
ment with the experimental ones, yielding errors com-
mensurable with the errors of measurements. Specifically,
the maximal differences between the experimental and
theoretical (cross-validated) values were 0.06 and 0.15 for
the two models (Models 1 and 3, Table 2), respectively,
while the declared standard error of measurements were
0.03–0.08 for log K1 and 0.03–0.09 for log βZnLB. 

It should also be pointed out that the log K1 function
has the same form as the function for copper(II) mono-
complexes with amino acids.29
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Povzetek
Razvili smo model za stabilnost   (log βZnLB)  Zn2+ me{anih kompleksov (N = 16) z 2-aminobenzamidom (L) in {tirimi

amino kislinami (B): glicinom, alaninom, valinom in fenilalaninom  pri 300, 310, 320 in 330 K.  Model je osnovan na

kvadratni regresijski funkciji molekularnega indeksa valen~ne povezljivosti  tretjega reda, 3χv. Za isti sistem smo

postavili  tudi splo{ni model za K1, K2 in βZnLB pri vseh temperaturah.


