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Feéd-forward back-propagation neural networks with one output neuron were used. This ap-
proach was compared with a neural nelwork with four output neurons giving chemical shifts of
ipso, ortho, meta, and para paositions in a series of monosubstituted benzenes. One-output neu-
ral networks, each one giving shift for one position of carbon, seem to give beller results than the
four-output neural network. The work shows that finely tuned simple neural network can work

better than the sophisticated newal methods.

In the presented work an application of neural net-
work approach to computation of chemical shifts in
°C NMR spectrum of ipso, ortho, meta, and para
carbon atoms of monosubslituted benzenes is de-
scribed. Recently, ’C NMR chemical shifls of mono-
substituted benzenes have been studied [1] so that
these enlities are correlated with respect 1o the sigma
resonance and inductive constants. It was demon-
strated in this work that good correlation is obtained
only for para position while for other three positions
(ipso, ortho, and meta) a poor correlation was
achieved. The sigma resonance and induclive con-
stants of functional groups have been successlully
predicted by neural networks in our recent work [2],
where the functional groups were determined by the
same descriplors as the so-called “14-inpul” (see
below). Computation of shifts of NMR spectra is a
laborious and complicated problem from the point of
view of quantum chemislry. We have tried a neural
network [3] as a model for strongly nonlinear rela-
tions structure—chemical shifts in "*C NMR spectrum
{4—7]. i

Neural networks are a very useful tool for solving
various kinds of problems [8-—10], which was applied
also in chemistry [11, 12]. This method is helplul for
finding relationships between structural — input en-
lities (in our case descriptors that determine struc-
ture of molecules) and properties — output entities
(here chemical shifls) when the mathematical de-
scription of these relationships is not known or is too
difficult to use.

The neural networks used most often for solutions
of such problems are neural networks with back-
propagation strategy [3]. The neural network used
in the presented work was composed of input layer,
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one hidden layer, and oulput layer (Fig. 1). The
number of input neurons is delermined by the

output layer

hidden layer
input layer

Fig. 1. General structure of three-layered neural network with
three input neurons, two hidden neurons, and three
output neurons.

number of input descriptors. Number of outpul neu-
rons is given by the number of required outpul pieces
of information. Number of hidden neurons has to be
oplimized, because there is no general rule deter-
mining this number.

The main difficulty with performance of neural net-
works in solving actual problems is a relevant choice
of definition of input and output entities. General rules
do not exist, therefore various possibilities must be
tried to find out the best one. Here it stands for cod-
ing a structure of molecules into a sequence of non-
negalive integers. Coding of output was not difficult
in our case, because the chemical shift is a single
real number. Coding of input has been solved by two
possibilities, with 14 and 20 input numbers, respec-
tively, as described further.

Our goal in this work was to prove that even sin-
gle neural network, when finely tuned, can give bel-
ter results than the sophisticated techniques [4, 5].
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Table 4. Example of Computational Results Ad, = &, — 128.5 of Tesling Set of Neural Network with Four Output Neurons for “14-
fnput”. Odd Rows Contain Computed Results, Even Rows Contain Literature Results [14]

Substituent ipso ortho meta para
—S0,Cl 17.6933 - 2.3800 0.3200 7.2600
—S0,Cl 15.6000 - 1.7000 1.2000 6.8000
—N(CH,), 23.9400 - 15.7733 0.6200 ~ 11.2067
—N(CH,), 22.5000 - 15.4000 0.9000 - 11.5000
—CH,Ph 13.6067 1.8333 - 0.1267 - 3.0467
—CH,Ph 12.8000 0.5000 0.0000 - 2.3000
—CH(CH,), 19.3333 - 2.2200 - 0.0467 - 3.3667
—CH(CHg), 20.1000 - 2.0000 0.0000 - 2.5000
—CH,N(CH,), 11.4800 0.2467 - 0.4200 - 25733
—CH,N(CH,), 11.1000 0.8000 - 0.2000 - 1.5000
—CH,0CH, 11.7533 0.1600 - 0.3667 -~ 23133
~—CH,0CH;, 11.0000 0.5000 - 0.4000 - 0.5000
—COCH, 5.8867 - 0.7667 0.1400 3.2067
—COCH, 8.9000 0.1000 - 0.1000 4.4000
—N(CH,CH.), 21.0867 © -15.8733 0.2533 - 11.4333
—N(CH,CH,), 19.3000 -16.5000 0.6000 - 13.0000
~~——CH=—CH, 9.5133 - 3.0000 0.3333 1.3400
—CH=CH, 8.9000 - 2.3000 - 0.1000 - 0.8000

< ortho and for the lesting set meta < ortho < para
< jpso. Ordering for “20-input” for lhe training set is
meta < para < ipso < ortho and for the tesling set
meta < ortho < para < ipso.

These sequences show that the best resulls were
achieved by meta neural networks. This is probably
caused by the fact that most of the evaluated com-
pounds had a value of chemical shift similar to the
value of benzene ring, which is 128.5. The results
ol computations are in general very good for
“14-input” and acceplable for “20-input”. In compari-
son with previous results of the present authors [4,
5], which were obtained for similar training and test-
ing sets, simple neural networks proved to give bet-
ter results according to the objeclive function.

In our work we have tried to compule chemical
shifts of carbon atoms in *C NMR spectrum for
monosubstituted derivatives of benzene. We have
tested wo types of neural network, wilth four outpuls
for all four positions of shilt and four one-output neu-
ral networks for each type of shift. The second ap-
proach was better. The best resulls were achieved
for meta carbon of benzene ring. We have chosen
two types of input, “14-input” and “20-input”. The first
one gave belter results. The results support a hope
that even simple neural networks can be efficiently
used for predicting chemical shifts, when appropri-
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ately tuned and provided by information about mo-
lecular structure.
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