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Looking back, I think that there may be some truth in the
motto we had on the wall of our laboratory: “For weaker

characters, difficulties provide opportunities for excuse;
for stronger ones, they are challenges stimulating efforts

to overcome them.”

A. T. Balaban [1]

Abstract. The Balaban index, Balaban-like topological indices (the complement
Balaban index, the Harary-Balaban index, the quotient Balaban indices of the first and
second kind), their variable counterparts, and vertex- and edge-connectivity indices are
used in the comparative study of the structure-motor octane number modeling.
Variable indices produced slightly better linear models than fixed indices. The best
models obtained are quadratic models with the Harary-Balaban index and the quotient
Balaban index of the second kind. All models found in the literature, but the model
based on the Wiener number, are much poorer than models produced in the present
study.

*Dedicated to Professor Alexandru T. Balaban on the occasion of his 70th anniversary.
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INTRODUCTION

There are more than 3000 experimental and theoretical molecular descriptors available
in the literature [2]. Among the theoretical descriptors there is a large class of graph-
theoretical descriptors called topological indices [3,4]. A topological index is a single number
that is used to characterize the graph corresponding to a molecule [5]. In the vast class of
topological indices only a few are used successfully in the quantitative structure-
property/activity relationships (QSPR/QSAR) [6]. Or as Milan Randi¢ is fond of saying “All
descriptors are equal, but some are more equal than others” paraphrasing George Orwell’s
well-known quote from “Animal Farm”.

It appears that practitioners of the empirical QSPR/QSAR modeling are rather skeptical
about the use of topological indices [7]. This is remindful of the attitude of organic chemists
towards the quantum chemistry during its early days. However, a recent work by Lahana and
co-workers [8] convincingly demonstrated the power of topological indices in the structure-
property-activity modeling and predicting new drugs. These authors described a rational
design of immunosuppressive peptides without relying on information regarding their receptors
or mechanisms of action. Their design strategy uses a variety of topological indices and shape
descriptors in combination with an analysis of molecular dynamic trajectories for the
identification of potential drug candidates. Their approach started from 27 descriptors such as
molecular volume, lipophilicity, the connectivity index [9], the Wiener index [10], a number of
indicator variables (the number of carbon atoms, the number of hydrogen atoms, the number of
methyl groups, the number of amino groups) and the Balaban index [11]. Statistical regression
analysis showed that several of descriptors correlated with each other (the correlation
coefficient being greater than 0.75). This allowed a reduction of the number of descriptors
used to differentiate between active and inactive peptides. Thirteen independent descriptors
were used as static filters to screen a virtual combinatorial library. The Balaban index also

appeared in this set of thirteen descriptors.
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Lahana and co-workers generated a virtual combinatorial library for the peptides of the
general form RXXXRXXXXY with seven variable positions. Use of 35 amino acids, 20
natural and 15 unnatural, leads to 357 combinations - 64 billion compounds, well above the
present computing power. All the amino acids were characterized by means of their
physicochemical properties (lipophilicity, acidity, aromaticity, etc.) and also by topological
indices. The above number of compounds in the library was reduced to 6" (279,936
compounds) by taking into account lipophilicity distribution, considered critical for the activity
studied. Screening the library of 279,936 compounds, using two types of filters: static and
dynamic, resulted in the identification of 26 peptides satisfying all constraints. Biological
activity of these peptides was tested in a heterotopic mouse heart allograft model. The
molecule predicted to be the most potent displayed an immunosuppressive activity
approximately 100 times higher than the lead compound.

The above work vindicate those who like Basak and his group [e.g.,12-15] have used
consistently the Balaban index and its variants in the set of descriptors they employed in their
work. The Balaban index, therefore, appears to be an important topological index and is
consequently integrated in a number of computer programs for calculating topological indices
such as POLLY [16], CODESSA [17], TAM [18], etc. Balaban himself and his former Ph.D.
student (now Dr.) Ivanciuc also prepared computer program for calculating his index for
heterosystems [19].

The aim of this report is two-fold: (i) to see the behavior of the Balaban-like indices
regarding the weights of outer and inner bonds in alkanes and (ii) to compare structure-
property models based on different Balaban-like indices. The property considered will be the
motor octane number. This property is used because it has also been employed by Balaban in
his early structure-property studies using his index.

In this paper we will use by choice graph-theoretical concepts and terminology [3,20].
Since in this paper we will be concerned only with alkanes, they will be represented by
hydrogen-depleted trees. In Figure 1 we give as an example a tree representing 2,3-

dimethylhexane.








































































