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Abstract. New 3D molecular topological indices are described. From the underlying theoreti-
cal foundation, it is revealed the connection between molecular topology and the general the-
ory of Quantum Similarity. Finally, results concerning the establishment of QSAR models,
related to five antimalarial molecular families, are presented.

INTRODUCTION

An important field of research in contemporaneous Chemistry is based on the predic-
tion of molecular properties, either physicochemical or biological. Within this paradigm, the
QSPR/QSAR (Quantitative Structure-Property and Structure-Activity Relationships) fields
are one of the most known, see for example the reviews [1-7] and the references cited therein.

One of the oldest and most successful QSPR approaches relies on the topological paradigm.



42

Within this field, numerical correlation between quantities derived from topological graphs
and physicochemical or biological properties usually produces acceptable results [8]. Many
times, the mathematically related methods are based on the manipulation of molecular indices
as descriptors using linear techniques as Multilinear Regression [9] and the computation of
the called ¢ coefficient [9,10].

Nowadays, a relatively large amount of methods, which uses old and new molecular
indices, are combined to extract information on molecular properties. Simultaneously, the
chemical and pharmacological community needs extended tools capable to grasp complex
information, most of it coming from the three-dimensional (3D) molecular structure. Unfortu-
nately, when only classical Topological Indices (TI) derived from Topological Matrices
(TMs) are used, part of the spatial information of the molecule may be lost. Some studies are
focussed to overcome this problem [11,12].

Parallel to this panorama, our laboratory has been developing the so-called Quantum
Similarity Theory [13-20]. In this context, a link between fundamental similarity theory and
classical topological approach has been found [16]. As a result, a new kind of tridimensional
TI has been described. These indices can be called Topological Quantum Similarity Indices
(TQSI).

ATOMIC QUANTUM SIMILARITY MEASURES AND TOPOLOGICAL
QUANTUM SIMILARITY MATRICES

The fundamental idea beyond Quantum Similarity Theory consists in measuring, in
some way, the similarities between pairwise quantum object density functions. In this context,
for every pair of quantum objects, A and B, with respective first order density functions ps
and pg, an estimation of the similarities between the particle distributions can be obtained

from the following Quantum Similarity Measure:
Z,45(02) = max{ JPA-QPBdV) (H

Q being a weighting operator. In this expression, when A4 and B are molecules, the integral

argument is optimised choosing the molecular alignment that maximises its value.
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Starting from this idea, a simplified application can be envisaged. A similarity meas-
ure can be established among every pair of atoms, i and j, of a given molecule defining in this

way an Atomic Quantum Similarity Measure (AQSM):
A;(2)= [ pisp jav . @

Here, it must be understood that a density function, p, is attached to every atom. If this
density function is approximated in such a manner as to posses spherical symmetry, then the
AQSM will only depend on the interatomic distance R

In this way, for a molecule with n atoms, a symmetric nxn Topological Quantum
Similarity Matrix (TQSM), A = A(Q), is obtained when collecting the measures of type (2)
coming from all the atomic pairs, that is, A = {A;)}. The interesting point is that the TQSM
can be easily seen as an extension of the classical TM concept [8,16]. Once the matrix A is
known, their elements can be combined in several ways in order to obtain the TQSI, which
are well suited to design predictive models in the field of the QSPR/QSAR framework. Con-
sequently, the general QSM theory leads to the generation of new ab initio molecular descrip-
tors. Several interesting results have been obtained concerning the numerical correlation be-
tween indices derived from the TQSM and physicochemical or biological properties [12,14].
Here, only the main ideas will be outlined. More details can be found in references [12,14,21].

AQSMs are obtained from the 3D molecular geometry coming from crystallographic
data or by means of any ab initio or semiempirical methodology level. In our laboratory, and
for practical purposes, a simple set of 1s GTO basis functions is employed in order to describe
atomic densities. The constructed computer program, once given the molecular geormetry,

associates a unique function of the type

g;=H('—R.‘-§i)=N.‘<’{"(r7R")Z 3

2, e ol
to each atom. The term N} is a normalisation factor, N; = (—‘y (V,T }2 , v being the topo-
b2

logical atomic valence of the atom i. The function exponent {; is one of the parameters which
can be numerically modulated for every atom. Table 1 summarises the exponents which are

needed in this work [14].


































































