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Abstract

On the basis of the data of SMILES (simplified molecular input line entry system), optical descrip-
tors were determined. It was established that they give a satisfactory forecast of the logarithms of max-
imum permissible concentrations of the substances that may be present in the air of the working area

during production and processing of plastics.
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INTRODUCTION

During plastics processing, the air of the
working area may contain hazardous substanc-
es, such as monomers, plasticizers, stabilizers,
as well as the products of destruction of pro-
cessed plastics. In this situation, the concent-
ration of hazardous substances in the air of
the working area should not exceed maximum
permissible concentration values (MPC). The
application of mathematical modelling methods
to predict physicochemical and medical-biologi-
cal properties of substances allows one to save
resources substantially. These investigations
were called QSPR/QSAR (Quantitative Struc-
ture—Property/Activity Relationships) [1-7].
We have already made an attempt to carry out
modelling of MPC by means of optimization
of correlation weights of local invariants of
graphs that had been successfully used previ-
ously to model the activity of monomers in ra-
dical copolymerization [1, 7]. However, the ap-
plication of calculations according to the algo-
rithm similar to that described in [1, 7] did not

give any positive results; no model could be
constructed in that case.

Recently, the approach involving represen-
tation of the molecular structure through
SMILES (Simplified Molecular Input Line Entry
System) has become widespread [8]. In the
present paper we report on the results of the
use of descriptors calculated with SMILES for
QSAR modelling of the logarithms of MPC
of hazardous substances in the air of the work-
ing area during plastics processing [9].

EXPERIMENTAL

The molecular structure of the substances
under consideration is shown in Table 1. The
used SMILES were built up using the Chem-
Sketch software [10].

Optimal descriptors were calculated using
equation

DCW = PCW(SA,) (1)

where SA, — is a SMILES attribute transfer-
ring indivisible information, that is, separate
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TABLE 2

Statistical quality of models obtained in three

attempts of optimization of correlation weights

Sample No.  R? s F

1 0.6616/0.6456 0.553/0.613 37/24
2 0.6616/0.6468 0.553/0.612 37/24
3 0.6616/0.6527 0.554/0.607 37/24

Note. The first value stands for the learning sample
(n = 2), the second for the reference sample (n = 15).

TABLE 3

Numerical values of correlation weights for SA,

SA, Sample 1 Sample 2 Sample 3
# 1.0000000 1.0000000 1.0000000
( 1.0013852 1.0017522 1.0019360
/ 1.0171287 1.0217534 1.0243480
1 0.9961685 0.9951212 0.9944593
= 1.0012630 1.0016034 1.0017922

0.9999307 0.9999132 0.9999121
Cl 0.9961539 0.9951343 0.9945848
N 0.9982923 0.9978310 0.9975361
(0] 0.9971900 0.9964399 0.9960152
\ 0.9937723 0.9921033 0.9911403
[d 1.0013831 1.0017624 1.0019974
n 1.0000000 1.0000000 1.0000000
TABLE 4

Example of SMILES calculation for structure 01 (styrene)

SA,

CW(SA)) in sample 1

Cc

0.9999307
1.0012630
0.9999307
1.0013831
0.9961685
1.0013831
1.0013831
1.0013831
1.0013831
1.0013831
0.9961685

TABLE 1
Molecular structures of substances used to build up
the model
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Note. SMILES = “C = Cclcceceel”, DCW =

1.0017401.
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TABLE 5

Experimental and calculated values of log (MPC) for hazardous substances in the air of working area (MPC in mg/m?)

Structure SMILES DCW log (MPC)gyyp log(MPC) . Difference
No.
Learning sample
01 C=Cclcccecl 1.0017401 1477 0.946 0.531
03 Cc=C 1.0011243 2.000 0.808 1.192
05 C=0 0.9983803 —0.301 0.197 —0.498
07 Oclccccel 0.9978035 —0.523 0.069 —0.592
09 cleccceel 1.0006152 1.176 0.695 0.481
10 NCCN 0.9964494 0.301 —-0.233 0.534
12 C=C1ccccecec 0.9930544 —-1.000 —0.989 —-0.011
14 O=C(OCCCCCCCO)cleececlC(=0OCCCCCCCC  0.9961811 0.000 —0.293 0.293
16 NCCCCCCCN 0.9961043 —1.000 —0.310 —0.690
18 NclceeeelO 0.9960995 0.000 —-0.311 0.311
20 CC(=C)C(0)=0 1.0021587 1.000 1.039 —=0.039
22 O=C(OCC)clccccclC(=0)OCC 0.9970095 —=0.301 —0.108 =0.193
23 C=C(ClC(CI)(CHCl 0.9939641 —1.000 —0.786 -0.214
24 CC(C)C(=0)0C 1.0008253 1.000 0.742 0.258
25 C=C(C)C(=0O)occee 1.0018811 1477 0.977 0.500
27 C\N=C=0 0.9916506 —1.301 —1.301 0.000
29 CC(=C)CC=0 1.0021348 —-0.301 1.033 —1.334
30 CIC(CI)(CIC(O)CC(=C)C 0.9975491 0.301 0.012 0.289
32 Cl/C(Cl)=C(\CI])Cl 1.0019851 1.000 1.000 —0.000
34 CC(C)clccceel 1.0031807 0.699 1.266 —0.567
36 CclceeeclC(C)C 1.0031112 1.000 1.251 -0.251
Reference sample

02 C=Ccl 0.9972738 0.699 —0.049 0.748
04 CC=C 1.0010549 2.000 0.793 1.207
06 CC=0 0.9983111 0.699 0.182 0.517
08 C=CC#N 0.9993454 —0.301 0412 -0.713
11 CcoO 0.9971210 0.699 —0.083 0.782
13 O=C(OCCCC)clccccclC(=0)OCCCC 0.9967333 —-0.301 =0.170 —-0.131
15 C=CcCcCl 0.9972048 0.301 —=0.065 0.366
17 C=CC(=0)occcce 0.9991804 1.000 0.375 0.625
19 C=CC(=0)O0CcC 0.9993189 0.699 0.406 0.293
21 Nclne(N)ne(N)nl 0.9968829 —0.301 —0.136 —0.165
26 O=C=N\clcccccl 0.9923294 —=0.301 -1.150 0.849
28 CC(C)=C 1.0037606 2.000 1.396 0.604
31 C=CCO 0.9982420 0.301 0.166 0.135
33 CC(=C)C=C 1.0049587 1.602 1.662 —0.060

35 CC(CcIccl 0.9947980 —=0.301 =0.601 0.300
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symbol (for example, “c”, “C”, “N”, “O”,
etc.) or two symbols (for example, “Cl”) to
transfer the information about chemical ele-
ment (Cl), CW(SA,) is the correlation weight
for SA,.

Statistical characteristics of the models ob-
tained in the three attempts of optimization
of correlation weights with the correlation coef-
ficient between DCW descriptor and log (MPC)
as the target function [5, 6] are represented in
Table 2. The numerical values of correlation
weights are listed in Table 3. An example of
the calculation of descriptor on the basis of
correlation weights obtained in the first attempt
of optimization is shown in Table 4. The data
on the logarithms of MPC taken from [9] and
calculated using the equation obtained with the
help of the least squares procedure are pre-
sented in Table 5:

log (MPC) = —222.1501(%7.2337)
+ 22.7081(£7.2602)DCW ()
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Fig. 1. Correlation between experimental and calcu-
lated values of log (MPC) for the structures of the
learning (a) and reference (b) samples.

The numbers of structures in Table 5 cor-
respond to their numbers in Table 1. Model No. 2
was obtained in the first attempt of optimiza-
tion of correlation weights (see Table 3).

The model calculated using equation (2) for
the learning sample and the reference sample,
respectively, is presented in Fig. 2. All the three
models obtained through optimization using
Monte Carlo method (random search [5, 6] have
close correlation coefficients (R) and standard
deviation (s) both for the learning and refe-
rence samples.

CONCLUSIONS

Thus, the possibility to predict MPC of ha-
zardous substances in the air of the working
area with the help of optimal descriptors cal-
culated using the SMILES system was dem-
onstrated. The choice of the calculation equa-
tion for descriptor may be either additive [11]
or multiplicative (1). Multiplicative form is pref-
erable for nonlinear dependencies.

No data on QSAR modelling were found in
literature; but the comparative analysis of the
models based on the described technique, with
the models built up by means of multivariate
analysis using descriptors obtained with mo-
lecular graphs or the data of quantum-chemi-
cal calculations, provides evidence that SMILES
serves as a representation of molecular struc-
ture convenient for QSAR analysis [3—6, 11]
Broadening of the available databases for physi-
cochemical properties and biological activity
[12, 13] stimulates further development of des-
criptors calculated using SMILES. The conside-
red structures (see Table 1) can be described
only in the form of one SMILES code because
they are not complicated and so admit unam-
biguous SMILES representation.
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