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Abstract: The regression madel for octanol/water patition coeflicients { £, 7, is founded with oaly two molecular descriptors available through
quantum chemical ralculations: sulvation free energy (AGg), and solvent-accessible surface area {SASA). For the properties of 47 organie
compounds from 17 types, the model gives a correction coefficient {adjusted for degrees of freedom) of 0.959 and a standard ervor of 0. 277 log
unit. It is a suitable way to predict the partition properties that are related 1o solute-solvent interactions in the water phase.
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Introduction

The physienchemical profile of organic compounds largely determines their distribution between environmental media. For
the environmental behavior of organic contaminants, the octanol/water partition coefficient ( K,y ) is more significant. K, bas
been widely related to biochemical and/or biological aclivity in a number of quantitative structure-activity relationships
(QSAR) (Leo, 1971).

An extensive overview and discussion of different approaches to calculate logK . values was given by Leo (Leo, 1993) .
In general, it is more useful to use descriptors derived mathematically from either the two-dimensional or the three- dimensional
molecular structure, since this allows any relationship so derived to be extended to the prediction of the properties for expected
compounds. Considerable efforts were made to caleulate K,y values by applications of compulalional chemistry methods. Mast
methods ure based on atomic charges and a surface area (Bodor, 1989; 1991; 1992). Other groups suggested utilizing
deseriplers that are i some way related 1o \he pasameters of the ISER method { Brinck, 1993; Famini, 1994; Haeberlein,
1997; Eisfeld, 1599) .

Continuum solvation models have been introduced to calculate free energies and enthalpies of aquecus solvation within
semiempirical schemes { Cramer, 1992a, 1992b; Klamt, 1993) . As solvation free energy reflects the macroscopic interaction
of a compound with the medium water, it opens a way 1o estimate compound properties ( Schiiirmann, 1995a; 1995L) that are
related to solute-solvent interactions in the water phase.

In the present study, we correlate lg K, values of 47 varivus comnpounds with enlv iwo molecular descriptors available
frum quantym chemical calculations through simple regression analysis. The equation obtained is quite successful, bearing in
mind a wide variety of organic compound classes; hydrocarbon, alcohol, aldehyde, acid, nitrile, amine, ether, ester,
halide, thicl, phenol, sulfide, and nitro. Moreover, both liquids and solids { at room temperature) are represented in the set.

1 Theory

The regression model derived below for logK,y 32 based uvo only two molecular descriptors calcwated from chemical
sbruclure: free energy of aqueous solvation, AGy, and solvent-accessible sutace area, SASA. Solvation free energy (AG)
is the free enexgy for transferring solute from the gas phase to water solution, and cam be separated into three terms: an
electrostatic term, a term representing cavity formation energy, and a lerm for solute-solvent dispersion interactions. The
solvent-accessible surface area (SASA) is defined as the locus of the center of & water molecule sphere of radius 1.44(14 =
107" m) as it is rolled over the van der Waals surface of the solute. The accessible surface area equals the surdace area of the
cavity which must he created in the solvent to accommodate the solute, and is direetly rclated 1o the energy of cavity formation
and solute-solvent dispersion interaction {Hermann, 1972) —a quantity which is of primary importance to partitioning of
solute. The starting point of the theorctical derivation is the reasoming that K,; characterizes equilibrium partitioning of 2
compound hetween different phases. The following qualitative discussion about solution processes is specially structured to
enable a rattonalization of the predictive capabilities of solvation free energy and surface area {Pearlman, 1986),

In the process of solute transferring from the gas phase lo sohalion, a cavity is first crealed in solvent, then the solule
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molecule is placed inlo cavity, thus forming soluticn. Clearly, for any solvent, the free energy for transferring solute from the
gas phase to solution can be writien as:

A = ACL, + AGS,. (1)
The free energy of cavity formation, AGY, . can be estimated as:
ACY, = o+ (SASA), ()

where SASA is solvent-accessible surface area and o is an effective interfacial tension. Thus, the free energy of caviy
formation depends upon the chemical nature of the solvent and the size of the solute. The free energy of solute-solvent
interaction, AG®,, can be written as:

AGL = DRV, 3
wherer the k; is the empirically determined parameter, and V; is the volume of the i-th subsiituent group on the solute. Thus,
Eq. (1) can become Egq. (4},

ACS ., = 7+ (SASA) « DAV, (4)
For octanol solution, the equation may be written as (Schndrmann, 1993a) :

AGh.q = a * (AG) + o+ 5ASA — 8+ 5484, (5)
where AGs is the free energy for transferring solule from the gas phase to water solution, o, and 7 are constants to be
determined empirically .

Accordingly, the octanol/water partition coefficient, K,y . can be estimated with the two descriptors, AG; and SASA .

2 Materials and methods

The test set of 47 organie compounds is listed in Table 1, together with octanol/water partition coefficients at atmospheric
pressure and 298K, solvation free energy (AG,) and solvent-accessible surface area ( SASA) . Experimental data of logK,,
were taken from the literature { Lide, 1997; Wang, 1999) . AG; values were taken from the literature ( Cramer, 1992a;
Schiitirmann, 1995a}; in caleulating A6y , the continuum solvation model AM1-SM2 ( Cramer, 1992a) was used to simulate
solvation of the moleculss in water. SASA values were caleulated using C3 CHMOFFICE 4.5 software package €5 Chem3D
program MUPAC 97{ CambridgeSoft Corp., 1986 ~ 1997}, and the optimum geometries were obtained by AML and COSMO
method (Klamt, 1993). Multilinear regression analysis for log K,y was performed through SPSS 8.0 sollware package (5PSS
Inc., 1989 — 1997) with AG, and SASA.

Table 1 Compounds and physicochemical properties

lgKow
No. Compound ClogP Eq. (6)
Expt. AGy SASA
Cale. Dev . Pred. Res.

1 Hexane 4.00 3.87 015 3.62 038 9.20 69.20
2 Heptane 4.50 4.40 0.10 4,38 0.12 10.45 76.67
3 2,4-Dimethylpentane 3.63 4. 14 -0.51 4.01 -0.38 10.03 72.85
4 Octane 5.15 4.93 0n.22 5.1 0.04 11.29 84.08
5 Methyleyclohexane 3.88 3.87 0.01 3.23 0.65 879 65,16
6 2-Methylpropene 2.35 2.20 0.15 1.80 0.55 4,60 52.33
7 1,3-Butadiene 1.99 1.90 0.0% L.70 0.29 2.51 52.60
8 1-Hexyne 2.73 2.51 0.22 3,00 -0.26 0.00 68.53
9 1-Butadiene 0.86 0.92 -0.06 1.05 -0.19 -19.65 60.42
10 Dimethylamine -0.38 -0.52 0.14 -0.23 -~ 0.15 -17.97 45.23
11  Propanenitrile 0.16 0.13 0.0 0.47 -0.31 -15.488 51,52
12 Nitroethane 0.1% 0.25 -0.07 0.40 -0.22 - 18.3% 52,38
13 1-Nitropropane .87 0.7 0.1 1.24 -0.37 -15.88 59.95
14 Ethanol -0.30 -0.24 -0.06 - 0.55 -0.25 —20.48 43,40
15 1-Propanol 0.25 0.29 -0.04 0.23 0.02 -19.23 5117
16 Prop-2-en-1-ol 0.17 -0.19 Q.36 0.05 Q.08 — 2048 50.38
17  Butanoic acid 0.9 0.82 -0.03 0.73 0.06 -26.33 61.41
18 Propanal 0.59 0.30 0.29 0.31 0.28 -15.05 49,17
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Table 1 (Com'd)

lgKop

No. Compound ClogP Eq. {6)

Expt. Ay SASA
Calc. Dev. Pred. Res,

19 Butanal 0.88 .83 0.05 1.08 ~0.20 -13.79 36.82
20 Methanethiol 0.78 0.65 0.13 Q.57 0.21 -3.34 4.13
21 Dimethyl sulfide 0.9 0.84 0.08 0.9 -0.04 - 6.69 50.69
22 Tetrafluoromethane 13 1.11 0.07 1.51 -0.33 14.21 42.66
23 1,1-Difluoroethane 0.75 0.90 0.15 0.97 -0.22 1.25 45.45
24 2,2,2-Tiifluoro-ethanol 0.41 0.52 -0.11 0.35 -0.06 - 18.81 52.21
15 Chlorefluoromethane 0.51 0.81 - Q.30 0.75 ~{L24 ~-2.93 45.91
26 E-1,2-dichloroethene 1.93 1.77 0.16 213 -0.20 -2.93 603,96
27 Chloroform 1.97 1.93 0.02 2.33 -0.38 -5.02 64.58
28  Bromemethane 1.19 1.08 0.1i 0.93 0.26 -2.93 47.84
2% Iodoethane 2.00 2.00 2.00 2.39 ~0.39 -2.93 63.82
30 1-Iudopropune 2.89 z.52 0.37 2.94 -0.05 - 1.67 69.03
31 Benzene 2.13 2.14 -0.01 1.90 0.14 -2.08 58.93
32 Toluene 2.73 .64 0.09 2.66 0.07 -1.25 65.69
33 Chlorobhenzene 2.84 2.86 -0.02 2.78 0.06 - 4,80 69,36
34 1,2-Dichtorobenzene 3.38 3.45 0.07 3.16 -0.08 7.10 T8.43
15 1 ,4-Dichlorobenzene 3.38 3.57 -0.19 3.67 -0.29 - 5.80 79.87
36  Bromobenzene 2.99 3.01 -0.02 3.01 -0.02 -8.30 74.23
37 1,2-Dibromocbenzene 4.07 3.67 0.40 3.83 0.24 -14.30 87.27
% 1,4-Dibromobenzene 4.07 3.87 0.20 4.09 -0.02 -13.40 89.55
39 Aniline 0.90 (.91 -0.01 1.14 -0.24 —-24.24 64.53
40 Phenol 1.48 1.47 Q.01 0.97 0.49 -24.24 02._80
41 o-Cresol 1.98 1.97 Q.01 1.75 0.23 -20.50 68._63
42 m-Cresol 1.98 1.97 0.01 E.67 0.31 -23.30 69.65
43 p-Cresol 1.97 1.97 0.00 1.69 0.28 - 23.00 69.63
44 Anisole 2.11 2.06 0.05 2.53 -4l - Q.80 69.96
45  Thiophenol 2.52 2.53 -0.01 .34 0.18 - 13.40 70.33
46  Nitrobenzene 1.85 1.88 -0.03 1.85 Q.00 —21.90 70.70
47 Benzaldehyde 1.48 1.50 -0.20 1.78 -0.30 —-19.70 68.44

Noles: AGs is in kJ/mol, AG;s data were taken fram the literatures ( Cramer, 1992a; Schiirmann, 1995a); solvent-accessible surface area
(8454 in A? expt. is experimental logK,y data (Lide, 1997; Wang, 1999); pred. is predicted logK,y value; res. is residual between
experimental and predicted values; cale. is caleulated value using ClogP { BioByte Carp. . 1995} ; dev. is deviation between experimental and
calculated valyes,

3 Results and discussions
The correlation equations for all 47 compounds is obtained using multilinzar regression analysis :
IgK,, =-3.250 + 0.061AG, + 0.091 5454, (6)
(n =47,r; = 0.959,5E = 0.277, F = 534.82, F < 0.001),

where n represents the number of samples, rly; is the corrected squared correlation coefficient for degrees of freedom, SE is
the standard error of estimates for the full regression, F is the F-test value, p is the significance level of F-value. i-test for
regression coefficients is given in Table 2. The results reflect that the two variables are significant at the confidence level of
95% . According to the principle of statislics, a regression equation is of no significance if the applied variables are
interrelated, As it is shown by the results in Table 3, the two variables have cleared up the possibility. In addition, the plot
with the predicted and observed values is shown in Fig. L, the predicted values and residuals between the predicted and
observed values are listed in Table 2.
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Table 2 Model fliting results for log X,y Table 3 Correlation coefficients matrix, covariance matrix for
4 i independent variables
Independent o e
variable Coefficient SE t-value P Independent Covariance matrix Covariance malrix
variahle : -~— ; .
Constant -3.250 0.219 - 14.882 <0.001 SASA - AG 5454 4Gs
SASA 0.06a1 n_004 16.779 < 0.001 SASA 1,000 -0.065 1.147E-05 -8.01E-07
AGy 0.091 0.003 26.914 <0.001 ALy -0.065 1.000-8.01E - 07 1.334E-05

In the regression model for IgK,y, (Eq.6), the positive signs of regression coefficients of descriptors confirm that
increasing free energy of solvation (AG; ), as well as both increasing dispersion interaction and cavity formation energy

( SA84), lead to increase in hydrophobicity of the compounds; cherwise, lead to decrease.

For lgK,, values at a range between - 0.38 and 5 15, the [
higher correlation coefficient of (. 959 and lower standard error of (. 277 4
log unit indicate a good suitability for the two quantumn chemicul 5
descriptors eslimating octanol/ waler partition ceefficients. Inspeclion of 338
Table 1 reveals that no significant underestimations or overestimations of 5 4 ™ “
logK,y are observed, residuals are belween — 0.41 and 0.65 log % 5 0 -
units, and only four compounds showing greater absolute deviations % ‘ if ;
more than 0.40. The correlation coefficient of 0.985 between the fited T 5 | 47 246
and obscrved values {Fig. 1) also shows that the equation is more —:’é 24 4
suceessful.  From  the theoretical considerations, some ermor = | 2544 4
compensation by linear combination of calculated AG; and 5454 may ]‘21‘
be & possible nonlinearity between AG, ., and AG, or an incomplete 4y 10
account of the ecavity formation energy in waler, or a corresponding ot

calculation emmor with dispersion inferactions in the aqueous phase. 3 9 A 2 a4 5 "
Table 1 also compares the calealated values hy the widely nsed, Ohserved 1gKow

empirical methed, CLOCP. Since all of the compounds were included Fig.1

in the CLOGP basis set, the calculated values fit well with the

experimental ones. However, the prediction of molecular property

Plot of vhserved vs. predicted lgKog

based on simple empirical fragment values has no scientific basis because fragments generally behave quite differently in
different molecules. Therefore, the theoretical method is more reasonable and reliable.
4 Conclusions

With the development of continuum solvation models, it has hecome possible to link quantum chemistry to mactoseopic
thermodynamic propenties of compounds that govern basic transfer processes of compounds between diffcrent phases. The
prediction model based on mechanistic considerations need further study and evaluation with da of a large sumber of
chemicals, to see whether additional terms will be needed for the model. The practical scope of this approach will partly
depend upon the performance of the quantum chemical model used for calculating the descriptors. Therefore, application of
molecular deseriptors representing distinct imtermolecular interactions will lead 1o new mechanistic insights for the structural
dependence of compound properties .
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