MATCH no. 52, September 2004
MATCDY (52) 55-63(2004)

I

Ci ications in M tical

and in Computer Chemistry ISSN 0340 - 6253

A new method for indirect evaluation of molecular shape

similarity

Crtomir Podlipnik® , Tomaz Solmajer® and Joze Koller®

@ Faculty of Chemistry and Chemical Technology, University of Ljubljana.

Askerceva 5, SI-1000 Ljubljana, Slovenia

b National Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia

Received February 25, 2004

Abstract

In this paper a new method for indirect evaluation of molecular shape similarity is introduced.
In the first step of molecular comparison a conversion of molecular 31)-structure to translational and
rotational invariant RDF code is performed. Secondly, the similarity indices are computed based
on the RDF code comparison for each pair of molecules. These similarity indices are then used as
descriptors for generating QSAR/QSPR models. In a practical example we have used the approach
to correlate the octane isomers structure and their octane number. The result compares favorably

with models obtaimed by the use of varions topological indices

1 Introduction

Molecular sinilarity is an important tool in material and drug design [1.2}. Tt aims fo give a quantitative
answer to the question of how similar two given motecules are. Molecular similarity theory can be used in a
variety of topics: as an indicator of molecular chirality [3]; as a functional for finding optimized molecular
alignments [4}: to compare different theoretical caleulation methods [5]: and as molecular descriptors to
build quantitative structure-activity /property relationships (QSAR/QSPR) [6-8). Similarity index is a
quantitative measure of similarity between two molecules. However. in general similarity index depens

on relative orientation of two molecules. Thus, in order 1o find the maximun value of similarity index
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various optimization techniques f4,9-12] have been applied to solve this problem.

In this work an indirect method for evaluation of molecular similarity is introduced. In the first step of the
method the conversion of molecular 3D-structures to translational and rotational invariant RDF (Radial
Distribution Function) codes is applied. Gasteiger et al. [14] proposed radial distribution function (RDF)
as a new 3D-molecular descriptor. This function is well documented in physics and physical chemistry in
general and in X-ray diffraction in particular [15). In the second step of the proeedure similarity indices
for each pair of molecules are calculated by comparison of their respective RDF codes. The results of
similariry calculations are collected in a similarity matrix. The RDF similarity indices are subsequently

used as descriptors for generation of simple regression models.

2 Methodology

The RDF code of a molecule is calculated by the following equation:

R =Y. S ppsexp(~B(R—ry)), (1)

J=1i=j+1

where 1 is nuinber of atoms, p; and p, are properties of i-th and j-th atom, ry; is the distance between the
atoms 1 and j, B is a smoothing parameter, which defines the probability distribution of the individual
interatomic distance. RDF code is usually calculated at a number of discrete points R within selected
interval. RDF codes have some important and highly useful properties such as translational and rotational
invariance of the entire molecule. the length of the code is independent of the size of a molecule, the code
is unambiguous regarding to 3D arrangement of atoms. The molecular geometries needed for these
calculations have been generated by using the 3D Structure Generator CORINA [16] that is accessible

to the scientific community via internet.

In our work we used three different similarity indices (Carbo (17}, Hodgkin [18], Petke {19]) to quantify
RDF similarity. The most widely used forn: was proposed by Carbo.
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The numerator in equation 2 measures property overlap while denominator normalizes similarity result.
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The Carbo index, quantitative measure for similarity between RDF codes of molecules A and B is then
calculated by equation:
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where M is number of points that represent RDF code, G 4 and Gp are RDF codes of molecules A and

Cagp (3

B, respectively, and Ry is a discrete point within defined interval. Due to the invariant properties of

RDF code. the value of similarity index is independent of relative intermolecular orientation. A simple
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C++ program using Openbabel open-source library [20] has been written for caleulation and comparison

of RDF codes.

Program SimMol [21] has been subsequently used for caleulation of 3D molecular shape similarity. The
shape of molecules is described with their approximative electron density [22] and Simplex algorithm [9i

has been applied to maximize molecular similarity indices.

3 Results and Discussion

Firstly, in Section A we documented the optimization of parameters used in computation of similarity
indices: RDF distance interval and smoothing parameter. As an application of this methodology motor

octane number (MON) for a serics of octane isomers were computed (Section B).
Section A

The shape of RDF codle depends on several variables such as: step size; B - value of smoothing parameter
; ¢ - characteristic properties of atoms or fragments. The atomic numbers of non-hydrogen atoms are
used as characteristic properties in our case. Table 1 lists th:e values of various similarity indices hetween
octane and 2,2-dimetylhexane obtained by comparison of RDF codes. RDF is defined on interval between
0-12 A and smoothing parameter is set to 25 A% The RDF has been calculated on equaly distributed
peints within defined interval that has been divided in to 4-256 subintervals.

Table 1: The dependance of values of similarity indices between octane and 2,2-dimethylhexane on number

of points equally distributed in interval from 0 A to 12 A. Smoothing parameter B is set to 25 i

M Carbo Hodgkin Petke
256 0.8894  0.8866  0.8208
128 0.8894  0.8866  0.8208
64 0.8894 0.8866  0.8207
32 0.8879 08871 0.8521
16 0.8998  0.8096 08818
& 0.0198 09198 0.9191
4 0.0594  0.0270 0.0143

We found that convergence of similarity indices values is obtained if the number of subintervals exceeds
64. The maximum of similarity indices has been found at Af = 8, but these results are not relevant due

to infrequent sampling





















