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3 Partial least squares regression (PLS regression)
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Information content index (neighborhood ) )
IC1 Topological descriptors.
symmetry of 1-order).

) Eigenvalue sum from polarizability weighted ) )
SEigp ) ) Topological descriptors.
distance matrix.

Moran autocorrelation — lag 1 /weighted by )
MATS1m . 2D autocorrelations.
atomic masses.

Moran autocorrelation — lag 3 /weighted by )
GATS3e ) o 2D autocorrelations.
atomic Scanderson electronegativities.

Moran autocorrelation — lag 4 /weighted by .
GATS4e . o 2D autocorrelations.
atomic Scanderson electronegativities.

RPCG Relative positive charge. Charge descriptors.
MAXDN Maximal electrotopological negative variation Geometrical descriptors.
3D-MoRSE - signal 30 / weighted by atomic )
Mor30m 3D-MoRSE descriptors.
masses.

Leverage-weighted autocorrelation of lag 2/ .
HATS2m . i GETAWAY descriptors.
weighted by atomic masses.

R autocorrelation of lag 2 / weighted by atomic .
R2e o GETAWAY descriptors.
Sanderson electronegativities.

n-OH Number of total hydroxyl group. Functional groups.

C-040 R-C(=X)-X / R-C#X | X-=C=X. Atom-centred fragments.
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pK4=46.725-1.951(1C1)-0.426(SEigp)-39.037(MATS1m)+1.015(GATS3e)+0.527(GATS4e)+7.647(RPCG)-
2.903(MAXDN)+2.333(Mor30m)+5.358(HATS2m)+0.795(R2¢)+0.661(nOH)-0.571(C-040)

1 Multiple linear regression (MLR)
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No. Name EXP. (pKa) Pred. (MLR) Pred. (SVM)
ml 2,6-dinitrobenzoic acid 1.14 1.90 1.19
m2 2-chloro-6-nitronenzoic acid 1.34 1.45 1.39
m3 2-bromo-6-nitrobenzoic acid 1.37 1.09 1.42
m4 2,4,6-tribromobenzoic acid 141 1.55 1.46
m5 2,4-dinitrobenzoic acid 1.43 1.47 1.48
m6 2,5-dinitrobenzoic acid 1.62 2.51 1.67
m7 2,4,6-trihydroxybenzoic acid 1.68 4.08 1.73
m8 2-nitrobenzen-1,4-dicarboxylic acid 1.73 1.96 1.78
m9 2,3-dinitrobenzoic acid 1.85 2.29 1.80
m10 2-hydroxy-3-nitrobenzoic acid 1.87 2.75 1.92
mil 2-methyl-6-nitrobenzoic acid 1.87 2.63 1.92
mi2 3-nitrobenzebe-1,2-dicarboxylic acid 1.88 1.12 1.83
m13 1,2,4,5-benzentetracarboxylic acid 1.92 3.49 197
ml4 2-cholro-3-nitrobenzoic acid 2.02 1.52 1.97
m15 1,2,3,4-benzenetetracarboxylic acid 2.05 0.21 2.10
ml16 4-nitrobenzene-1,2-dicaboxylic acid 2.11 0.10 2.16
m17 1,3,5- benzenetricaboxylic acid 2.12 2.38 2.17
m18 2-chloro-5-nitronenzoic acid 2.17 4.16 2.22
m19 2-nitrobenzoic acid 2.18 2.78 2.23
m20 2-hydroxy-6-nitrobenzoic acid 2.24 242 2.19
m21 1,2,3,5-benzenetetracarboxylic acid 2.38 0.72 2.33
m22 3-amino-1-naphtoic acid 2.61 2.77 2.66
m23 2-hydroxy-5-bromobenzoic acid 2.61 2.85 2.56
m24 2-hydroxy-5-chlorobenzoic acid 2.63 2.83 2.68
m25 3,4-dinitrobenzoic acid 2.82 2.93 2.77
m26 3,5-dinitrobenzoic acid 2.85 2.95 2.80
m27 2-lodobenzoic acid 2.86 3.57 291
m28 2-chlorobenzoic acid 2.88 2.35 2.93
m29 1,2,3-benzenetricaboxylic acid 2.88 0.87 2.83
m30 orto-phthalic acid 2.95 3.44 3.00
m31 2,5-dihydroxybenzoic acid 2.97 453 3.02
m32 2-methyl-3,5-dinitrobenzoic acid 2.97 2.43 2.92
m33 4-chloro-2,6-dinitrophenol 2.97 3.83 3.02
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m34 2-hydroxy-3-methylbenzoic acid 2.99 4.13 3.04
m35 Benzilic acid 3.09 2.92 3.14
m36 2-methyl-1-naphthoic acid 3.11 3.71 3.16
m37 2-cyanobenzoic acid 3.14 2.52 3.09
m38 2-fluorobenzoic acid 3.27 3.35 3.22
m39 2,4-dihydroxybenzoic acid 3.29 4.26 3.24
m40 2,6-di-iodo-4-nitrophenol 3.32 2.64 3.37
m41 2-hydroxy-6-methylbenzoic acid 3.32 3.82 3.37
m42 2,3-dimethylnaphthalene-1-carboxylic acid 3.33 3.82 3.29
m43 2,6-dimethylbenzoic acid 3.36 4.33 341
m44 2,6-dimethoxybenzoic acid 3.44 4.24 3.49
m45 2,4,6-trimethylbenzoic acid 3.45 4,55 3.50
m46 2-biphenylcarboxylic acid 3.46 3.46 351
ma7 3-nitrobenzoic acid 3.46 3.44 3.51
m48 2-acetoxybenzoic acid 3.48 3.46 3.53
m49 3-methylsulfonylbenzoic acid 3.52 5.56 3.57
m50 2-phenoxybenzoic acid 3.53 4,57 3.58
m51 1,4-benzenedicarboxylic acid 3.54 3.02 3.49
m52 2-benzoylbenzoic acid 3.54 3.15 3.49
m53 4-cyanobenzoic acid 3.55 3.14 3.57
m54 Benzylamine-4-carboxylic acid 3.59 4.10 3.64
m55 3-cyanobenzoic acid 3.60 3.09 3.55
m56 2-acetamidobenzoic acid 3.63 3.33 3.58
m57 4-methylsulfonylbenzoic acid 3.64 5.59 3.69
m58 Anthracene-9-carboxylic acid 3.65 4.15 3.70
m59 1-naphthalenecarboxylic acid 3.70 3.92 3.75
m60 2,6-dinitrophenol 3.71 4.50 3.76
m61 2,3-dimethylbenzoic acid 3.77 4.49 3.82
m62 2-ethylbenzoic acid 3.79 4.68 3.84
m63 3-bromobenzoic acid 3.81 3.59 3.80
mé4 3-chlorobenzoic acid 3.83 3.47 3.88
m65 3-iodobenzoic acid 3.86 3.50 3.84
m66 3-fluorobenzoic acid 3.87 4.16 3.88
m67 2-methylbenzoic acid 3.90 4.39 3.95
m68 2,5-dimethylbenzoic acid 3.99 4.38 3.94
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m69 4-bromobenzoic acid 3.99 3.80 3.94
m70 4-iodobenzoic acid 4.00 3.45 3.95
m71 3-acetoxybenzoic acid 4.00 4.09 4.05
m72 3-acetamidobenzoic acid 4.07 3.43 4.12
m73 3-hydroxybenzoic acid 4.08 4.50 4.13
m74 2,4-dinitrophenol 4.08 4.80 4.13
m75 2-hydroxy-5-methylbenzoic acid 4.08 4.01 4.03
m76 2-methoxybenzoic acid 4.09 4.36 4,14
m77 2-acetylbenzoic acid 4.13 3.76 4.08
m78 4-fluorobenzoic acid 4.14 4.34 4.09
m79 2-naphthalenecarboxylic acid 4.16 4.23 411
m80 3,4,5-trihydroxybenzoic acid 4.19 5.42 4.24
m81 3-tert-butylbenzoic acid 4.20 4,74 4.25
m82 benzoic acid 4.20 4.65 4.26
m83 2,4-dimethylbenzoic acid 4.22 4,53 4.17
m84 4-acetamidobenzoic acid 4.28 3.51 4.23
m85 3,5-dimethylbenzoic acid 4.30 4.70 4.35
m86 Mesitylenic acid 4.32 4,71 4.36
m87 4-ethylbenzoic acid 4.35 4,72 4.30
m88 4-methylbenzoic acid 4.36 454 431
m89 4-acetoxybenzoic acid 4.38 4.39 4.33
m90 4-tert-butylbenzoic acid 4.39 4,72 4.34
m9l 3,4-dimethybenzoic acid 4.41 4.58 4.36
m92 4-nitrobenzoic acid 4.44 3.60 4.39
m93 3,4-dihydroxybenzoic acid 4.48 5.04 4.43
m94 4-methoxybenzoic acid 4.49 4.36 4.14
m95 4-phenoxybenzoic acid 4.52 5.10 4,57
m96 2,5-dinitrophenol 5.22 4.95 5.16
m97 3,5-diaminobenzoic acid 5.30 2.79 5.25
m98 3,4-dinitrophenol 5.42 4.97 5.37
m99 2,2'methylenbis(4,6-dichlorophenol) 5.60 7.09 5.65
m100 4-nitrosophenol 6.48 9.06 6.53
m101 1,2-dihydroxy-3-nitrobenzene 6.68 6.20 6.63
m102 1,2-dihydroxy-4-nitrobenzene 6.70 6.99 6.75
m103 3,5-dinitrophenol 6.73 5.48 6.68

(JQCS)



\44 WA Gliws3 OFY o5lad cos JLo RIFICOUSPRPINIZ
m104 4-nitrophenol 7.15 6.59 7.20
m105 2,6-dimethyl-4-nitrophenol 7.19 6.64 7.24
m106 2-nitrophenol 7.22 5.47 7.17
m107 1,3-dichloro-2,5-dihydroxybenzene 7.30 6.52 7.25
m108 4-hydroxy-3-methoxybenzaldehyde 7.40 8.22 7.69
m109 2,3-dichlorophenol 7.44 6.48 7.42
m110 3,4-dihydroxybenzaldehyde 7.55 7.25 7.60
mlill 2,2"-methylenbis(4-chlorophenol) 7.60 8.71 7.65
m112 2-nitrohydroquinone 7.63 6.03 7.58
m113 4-methylsulfonylphenol 7.83 8.53 7.88
m114 2,4-dibromophenol 7.85 8.47 7.80
m115 2-hydroxy-3-methoxybenzaldehyde 7.91 7.65 7.96
m116 4-hydroxybenzonitrile 7.95 8.23 7.90
m117 4-acetylphenol 8.05 9.00 8.10
m118 3,5-dibromophenol 8.06 8.62 8.01
m119 3,5-diiodophenol 8.10 8.47 8.05
m120 4-methylfulfonyl-3,5-dimethylphenol 8.13 5.91 8.08
m121 3,5- dichlorophenol 8.18 7.16 8.13
m122 3,5- dimethyl-4-nitrophenol 8.25 5.92 8.19
m123 4-cyano-2,6-dimethylphenol 8.27 9.18 8.22
m124 4-(diethoxyphosphinyl)phenol 8.28 7.70 8.33
m125 2-hydroxybenzaldehyde 8.34 7.32 8.39
m126 1,3,5-trihydroxybenzene 8.45 9.08 8.40
m127 2-bromophenol 8.45 8.07 8.42
m128 2-lodophenol 8.46 8.91 8.51
m129 2-chlorophenol 8.55 8.00 8.60
m130 3,4-dichlorophenol 8.63 7.36 8.58
m131 4-hydroxy-a,a,a-trifluorotoluene 8.68 7.57 8.62
m132 3-(diethoxyphosphinyl)phenol 8.68 7.80 8.63
m133 2-fluorophenol 8.73 7.48 8.68
m134 3-hydroxy-4-methoxybenzaldehyde 8.89 7.97 8.57
m135 3-trifluoromethylphenol 8.95 8.19 8.90
m136 3-hydroxybenzaldehyde 9.00 7.80 8.95
m137 1,2,3-trihydroxybenzene 9.03 8.62 8.98
m138 3-chlorophenol 9.10 8.25 9.05
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m139 2-acetylphenol 9.19 8.39 9.24
m140 3'-hydroxyacetophenone 9.19 8.88 9.14
m141 4-Indophenol 9.20 10.53 10.25
m142 3-methylsulfonylphenol 9.33 7.71 9.28
m143 4-bromophenol 9.34 9.23 9.29
ml44 3,5-dimethoxyphenol 9.35 9.28 9.29
m145 1,2-dihydroxybenzene 9.36 9.48 941
m146 4-chlorophenol 9.43 9.00 9.38
m147 1,3-dihydroxybenzene 9.44 9.52 941
m148 3-(s-methylthio)phenol 9.53 9.13 9.58
m149 4-(s-methylthio)phenol 9.53 9.40 9.58
m150 4-chloro-3-methylphenol 9.55 8.38 9.50
m151 2-phenylphenol 9.55 9.25 9.60
m152 4-phenylphenol 9.55 9.08 9.50
m153 1-hydroxy-2,4,6-trihydroxymethylbenzene 9.56 8.89 9.51
m154 3-methoxyphenol 9.65 10.01 9.70
m155 3-ethoxyphenol 9.66 10.57 9.60
m156 1-hydroxy-2,4-dihydroxymethylbenzene 9.79 9.32 9.74
m157 4-hydroxybenzyl alcohol 9.82 9.51 9.87
m158 4-fluorophenol 9.89 9.85 9.84
m159 2'-hydroxyacetophenone 9.90 8.29 9.85
m160 1,4-dihydroxybenzene 9.91 10.42 9.86
m161 2-hydroxybenzyl alcohol 9.92 9.36 9.89
m162 Phenol 9.99 10.65 9.94
m163 2-methoxy-4(2-propenyl)phenol 10.00 9.17 9.95
m164 m-cresol 10.00 9.97 10.05
m165 4-ethylphenol 10.00 10.23 10.05
m166 1,3-dihydroxy-2-methylbenzene 10.05 10.03 10.00
m167 3-ethylphenol 10.07 10.08 10.12
m168 3-tert-butylphenol 10.10 10.08 10.15
m169 2-ethoxyphenol 10.11 10.87 10.06
m170 (2-hydroxy-5-methylbenzene)-methanol 10.15 9.10 10.10
ml71 2-ethylphenol 10.20 10.91 10.25
ml72 4-methoxyphenol 10.20 10.71 10.15
ml173 2,5-dimethylphenol 10.22 10.70 10.27
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ml74 o-cresol 10.26 10.88 10.31
m175 p-cresol 10.26 10.17 10.21
ml176 2-allylphenol 10.28 10.19 10.23
ml177 5,6,7,8-tetrahydro-1-naphthol 10.28 10.32 10.33
m178 3,4-dimethylphenol 10.32 10.03 10.27
m179 4-indanol 10.32 10.52 10.27
m180 5,6,7,8-tetrahydro-2-naphthol 10.48 9.77 10.43
m181l 2,3-dimethylphenol 10.50 10.62 10.45
m182 2,4,5-trimethylphenol 10.57 10.76 10.58
m183 2,4-dimethylphenol 10.58 10.76 10.53
m184 2,6-dimethylphenol 10.59 11.41 10.54
m185 2-methyl-4-tert-butylphenol 10.59 10.70 10.64
m186 2,6-di-tert-butyl-4-bromophenol 10.83 9.86 10.78
m187 2,4,6-trimethylphenol 10.88 11.48 10.93
m188 2-tert-butylphenol 11.24 10.59 11.19
m189 1,4-dihydroxy-2,3,5,6-tetramethylbenzene 11.25 11.63 11.20
m190 2,4-di-tert-butylphenol 11.64 11.10 11.65
m191 2,6-di-tert-butylphenol 11.70 11.24 11.75
m192 6-methyl-2-butylphenol 11.72 11.59 11.67
m193 2,6-di-tert-butyl-4-methoxyphenol 12.15 10.89 12.10
m194 2,6-di-tert-butyl-4-methylphenol 12.23 11.43 12.18
TEST SET

ml 2,6-dihydroxybenzoic acid 1.30 3.42 291

m2 3,6-dichlorophethalic acid 1.46 -0.69 1.39

m3 2-methyl-4-nitrobenzoic acid 1.86 3.33 2.72

m4 2-chloro-4-nitronenzoic acid 1.96 4.19 2.40

m5 2-hydroxy-5-nitrobenzoic acid 2.12 3.07 2.44

m6 1,2,4- benzenetricaboxylic acid 2.52 1.59 2.58

m7 2-bromobenzoic acid 2.85 1.71 2.84

m8 4-amino-2-naphtoic acid 2.89 2.83 3.00

m9 2-hydroxybenzoic acid 2.98 3.71 3.50
m10 2-hydroxy-4-methylbenzoic acid 3.17 3.81 3.75
mll 2,3,5,6-tetramethylbenzoic acid 3.42 4.84 4.46
m12 4-sulfamylbenzoic acid 3.47 3.42 3.29
m13 3-sulfamylbenzoic acid 3.54 3.00 3.19
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m14 1,3-benzenedicarboxylic acid 3.62 2.87 3.39
m15 4-acetylbenzoic acid 3.70 4.10 431
m16 3-acetylbenzoic acid 3.83 4,14 4.33
m17 4-chlorobenzoic acid 3.99 3.63 4.04
m18 3,5-dihydroxybenzoic acid 4.04 4,71 3.27
m19 3-methoxybenzoic acid 4.08 4.90 4.67
m20 Anthracene-2-carboxylic acid 4.18 5.09 4.48
m21 3-methylbenzoic acid 4.27 4,58 4.28
m22 4-hydroxy-3-methoxybenzoic acid 4.36 5.18 4.32
m23 1,4-dihydroxy-2,6-dinitrobenzene 4.42 5.42 5.12
m24 4-hydroxybenzoic acid 4.58 4.66 4.27
m25 4-chloro-2-nitrophenol 6.48 5.34 551
m26 2,6-dibromophenol 6.78 6.99 6.78
m27 2,4,5-trichlorophenol 7.37 6.83 7.76
m28 4-hydroxybenzaldehyde 7.62 8.05 8.91
m29 3,4,5-trichlorophenol 7.84 6.84 7.61
m30 4'-hydroxyacetophenone 8.05 9.01 8.24
m31 4-cyano-3,5-dimethylphenol 8.21 7.86 7.06
m32 3-nitrophenol 8.36 6.39 7.32
m33 3-cyanophenol 8.61 7.96 7.55
m34 3-iodophenol 8.88 8.67 8.62
m35 3-bromophenol 9.03 8.69 9.00
m36 3-fluorophenol 9.29 7.50 7.75
m37 3,5-diethoxyphenol 9.37 10.58 8.95
m38 1-chloro-2,6-dimethyl-4-hydroxybenzene 9.55 8.43 9.46
m39 3-phenylphenol 9.63 9.00 9.43
m40 3-hydroxybenzyl alcohol 9.83 9.32 9.88
m41l 2-methoxyphenol 9.99 10.15 10.10
m42 2,4,6-tri-tert-butylphenol 12.19 11.76 12.02
m43 2,4,6-tripropylphenol 11.47 12.09 11.55
m44 2,3,4-trimethylphenol 10.59 10.83 10.56
m45 1-hydroxy-2-propylbenzene 10.50 10.92 10.66
m46 4-tert-butylphenol 10.31 10.14 10.29
m47 3,4,5-trimethylphenol 10.25 10.19 10.34
m48 3,5-dimethylphenol 10.15 9.96 10.17
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Modeling and quantitative structure-property relationship (QSPR) study to predict the acidic
constants of some chemical compounds using multiple linear regression and support vector
machine
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Abstract

Modeling and studying the structure-property quantitative relationship (QSPR) to predict the acidic
constants of some chemical compounds were performed using multiple linear regression (MLR) and
support vector machine (SVM). First, the structure of chemical compounds was plotted and a suitable
group of descriptors was calculated. Then, the step selection method was used to obtain the best
descriptors that were most related to the chemical properties of the compounds. Then, linear multiple
linear regression (MLR) model and nonlinear vector machine (SVM) model were used to predict the
acid constants of the compounds. Statistical data showed that the SVM method was superior to the
MLR method.

Keywords: Acidic constant (pKa), multiple linear regression, Quantitative structure-property relationship, support vector
machine.
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