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Abstract—The *C NMR chemical shift sum (CSS) of alkanes was estimated with multi-linear
regression (MLR) and multi-layer feed-forward artificial neural networks (ANN), using as
structural descriptors the number of paths of length 1, 2, 3, and 4. The CSS prediction ability
of both the MLR and ANN models was tested by the ‘“leave-20%-out” (L20%0)
cross-validation method. Four activation functions were tested in the neural model: the
hyperbolic tangent, a bell-shaped function, a linear function and the symmetric logarithmoid
function. The linear and symmetric logarithmoid functions were used only for the output layer.
All combinations of activation functions give close results both in calibration and
cross-validation, with somewhat lower performances for the networks with a bell-shaped
output function. The best results were exhibited by the networks with the symmetric
logarithmoid output function, followed by the networks with a linear output function. Because
the results were very close, from a statistical point of view one could not definitively choose
a particular combination of activation functions. The neural model provides better calibration

and cross-validation results than the MLR model. © 1998 Elsevier Science Ltd

1. INTRODUCTION

Graph theoretical descriptors have been found useful
in developing quantitative structure—property re-
lationships (QSPR). In particular, the enumeration of
paths of different lengths provided a basis for
characterization of atomic environments in a
molecule which was used by Grant and Paul (Grant
and Paul, 1964) for the estimation of the *C chemical
shifts in alkanes. By considering the sum of “C
chemical shifts in alkanes Randic (Randic, 1980)
defined a new molecular quantity which reflects some
structural features, the ‘“‘chemical shift sum” (CSS).
Randic reported that the CSS for 18 octanes correlate
with molecular path counts. He found that P, (the
number of paths of length two) makes a positive
contribution, while P, (the number of paths of length
three) makes a negative one to the molecular isomeric
variations of the CSS. In a subsequent study, Randic
and Trinajstic (Randic and Trinajstic, 1988) have
found that the difference (P, — P;) leads to a good
correlation for the CSS in octanes and nonanes.

A very efficient QSPR correlation was found
between the CSS for alkanes between C, and C,, and
a new topological descriptor L (Miyashita es al.,
1989), which combines the paths P,, P, and P;:
L=2P + P,— P, - 2. A simple, but conceptually
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significant, modification of the index L generated the
new graph theoretical descriptor M (Miyashita et al.,
1991): M =P, + P, + P, — P,. The index M was
used to obtain an excellent correlation for the CSS of
alkanes.

Two other graph descriptors used to correlate with
the CSS of alkanes were the molecular walks count
of length 2 (mwc,) and of length 3 (mwc,) (Riicker and
Riicker, 1993). The two indices, mwc, and mwe,, gave
good results for highly-branched alkanes, which were
difficult to model with the previous descriptors, L and
M, respectively.

Considering the wide availability of chemical
shifts, the CSS may be of considerable interest in
many structural studies. The theoretical prediction of
the CSS may help in structure elucidation and
computer-assisted structural studies, in detecting
systematic errors in experimental “C NMR chemical
shifts, or as a structural parameter in QSAR studies.
A related molecular descriptor, the mean *C NMR
chemical shift for the aromatic carbons, was used to
model the carcinogenicity of polycyclic and chlori-
nated monocyclic aromatic compounds (Sakamoto
and Watanabe, 1986; Aoki et al., 1996).

The scope of the present paper is to study the
application of neural networks for the prediction of
the CSS of alkanes. An artificial neural network
(ANN) (Rumelhart et al., 1986) is a model that can
detect patterns and correlations in data. It can learn






