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Prediction of Aqueous Solubility and Partition Coefficients of
Halogenated Benzenes Using Molecular Fragments Variable
Connectivity Index

CHEN Qiang, SUN Jingmin, HU Liang
College of Atmospheric Sciences, Lanzhou University, Lanzhou 730000, China

Abstract For the molecular fragments Variable Connectivity Index (mfVCI), the molecular fragments are defined as the atoms or
functional groups and are also regarded as the molecular structure unit for the major influence of the property. Different molecular
fragments were endued with different fragments weights. In order to test whether or not the mfVCI could be used for predicting different
properties of the same molecules, the Quantitative Structure—Property Relationship (QSPR) models of aqueous solubility (S,) and n-
octanol/water partition coefficients (K,,) for 36 halogenated benzenes based on the mfVCI were investigated. The fitting goodness of the
QSPR models are mainly characterized by determination coefficient (R?, standard deviation (SD), Fischer variance ratio (F), and
significant lever (P). The internal cross—validation including leave—one—out and leave—many—out methods with cross—validated correlation
coefficients (¢, and ¢3,) was used to evaluate the model’s robustness. The external cross—validation was used to evaluate the predictive
power of the models developed from the training set by correlation coefficients (g2). The linear relationship was assumed between mfVCI
and S, or K, in here. The mfVCI was optimized by using Solver. The target function is the root mean calculated residual sum of squares
for training set. The QSPR models with R? value of more than 0.97, ¢ value of more than 0.89, and ¢2, value of more than 0.95 have the
good robustness and predictive ability as well as fitting ability. The mfVCI could distinguish the different role of same atoms or functional
groups among different chemical bonding. The results show that the mfVCI could be well used in the prediction of both of aqueous
solubility and n—octanol/water partition coefficients for halogenated benzenes. It could describe different properties equally well. The
mfVCI maybe play an important role in the development of molecular descriptors on QSPR researches.
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Table 1 Molecular fragments of ortho dichlorobenzene
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Table 2 18 molecular fragments and weights
of the 36 halogenated benzenes
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©a -0.6959 -0.9979
(C)Br -0.5683 -0.9986
(C)F 85.3419 -0.9990
(o1 -0.9542 -0.9990
(2C)CH ~1.9926 24.1228
(CH)(C)CH ~1.9869 ~1.6931
(2CH)CH ~1.9805 -1.9483
(2C)(CHC -2.9798 -2.9380
(CH)(C)(CHC ~2.9655 -2.9553
(2CH) (C1)C ~2.9497 ~2.9665
(CH)(C)(Br)C ~2.9693 ~2.9588
(2C)(Br)C -2.9841 -2.9455
(2CH) (Br)C ~2.9547 ~2.9666
(CH)(C)(F)C -2.9693 ~2.7394
(2CH) (F)C -2.9509 -2.8075
(CH)(C)(D)C -2.9594 ~2.9644
2C)(HC -2.9785 ~2.9556
(2CH) (1)C -2.9471 ~2.9717
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Table 3 Experimental and predictive values of —IgS,, and —IgKa

-lgS, —lgK..
¥ llazg?) . .
X LI B S I fE T fe
1 PhClg 373.26 7.76 7.54 626.44 6.42 6.41
2 PhCl; 357.29 5.65 6.14 544.82 5.69 5.73
3 1,2,4,5-PhCl, 346.77 5.56 522 464.22 5.05 5.06
4 1,2,3,5-PhCl, 344.45 479 5.02 458.25 5.05 5.01
5 1,2,4-PhCl; 332.68 3.57 399 374.01 4.27 431
6 1,2,3-PhCl; 326.94 3.76 349 367.11 4.27 425
7 1,3,5-PhCl; 334.72 444 4.17 366.72 4.27 425
8 1,2-PhCl, 318.86 3.01 2.78 282.56 3.55 3.54
9 1,3-PhCl, 322.53 3.08 3.10 277.95 3.38 3.50
10 1,4-PhCl, 323.89 321 322 286.16 3.59 3.57
11 PhCl 313.78 2.35 2.34 194.41 2.81 281
12 1,2,4,5-PhBr, 364.92 6.98 6.81 580.84 6.01 6.03
13 1,2,3-PhBr, 344.58 5.03 5.03 454.86 4.98 498
14 1,2,4-PhBr, 344.69 450 5.04 459.19 4.98 5.02
15 1,3,5-PhBr, 348.42 5.60 5.37 446.32 4.98 491
16 1,2-PhBr, 326.05 3.50 341 341.52 4.07 4.03
17 1,3-PhBr, 330.29 3.38 3.78 331.05 3.75 395
18 1,4-PhBr, 330.29 4.07 3.78 339.30 4.07 4.02
19 PhBr 316.98 2.64 2.62 220.98 2.99 3.03
20 1,2-PhF, 309.93 2.00 2.00 168.23 2.59 259
21 1,3-PhF, 309.38 2.00 1.95 167.05 2.58 258
22 1,4-PhF, 310.46 1.97 2.05 165.02 2.58 2.56
23 PhF 307.06 1.79 1.75 133.84 2.27 230
24 1,2,3-Phl; 357.73 6.18 6.18 560.40 5.86 5.86
25 1,2,4-Phl; 356.70 593 6.09 566.16 5.85 591
26 1,3,5-Phl, 363.68 6.85 6.70 559.28 5.85 5.85
27 1,2-Phl, 334.12 424 4.12 410.67 4.65 461
28 1,3-Phl, 342.48 457 4.85 407.89 4.64 459
29 1,4-Phl, 344.49 5.25 5.02 417.67 4.64 4.67
30 Phl 324.07 295 324 260.16 3.36 3.36
31 1-Cl-2-Br-Ph 322.41 3.19 3.09 312.02 3.83 3.79
32 1-Cl-3-Br-Ph 326.41 321 3.44 304.50 3.83 373
33 1-Cl-4-Br-Ph 327.09 3.63 3.50 312.73 3.83 3.79
34 1-Cl-4-1-Ph 334.19 4.03 4.12 351.92 4.12 412
35 1-Br-2-1-Ph 329.81 3.83 3.74 376.03 4.36 432
36 1-Br-4-1-Ph 337.39 456 4.40 378.48 4.36 4.34
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Fig. 1 Correlation between the experimental and the calculated values
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