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ABSTRACT: This work presents the abilities in estimation and prediction of the
octanol–water partition coefficient of some para-substituted phenols through the integration
of complex structures information by the use of an original molecular descriptors family on
the structure–property relationship approach. The proposed approach uses the complex
information obtained from para-substituted phenols structure in order to generate and
calculate the molecular descriptors family. The structure–property relationship models were
built based on the generated descriptors. The obtained multi-varied models (model with
two and four descriptors, respectively) were validated through the assessment of the cross-
validation leave-one-out score. The comparison between the multi-varied model with two
and four descriptors was performed using Steiger’s Z-test. The analysis of the statistical
characteristics of the obtained models demonstrated that the model with four descriptors
has greater ability to estimate and predict compared with the model with two descriptors.
This observation was also sustained by the results of correlated-correlation analysis. The
multi-varied model with four descriptors revealed that the octanol-water partition
coefficient of studied para-substituted phenols is likely to be of geometry nature, it is
strongly dependent on the partial charges of compounds and group electronegativity, and it
is in relation to the elastic force. © 2007 Wiley Periodicals, Inc. Int J Quantum Chem 107:
1736–1744, 2007
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Introduction

T he octanol–water partition coefficient, defined
as the ratio of the concentration of a chemical

in octanol and in water at equilibrium and at a
specified temperature [1] is used by many research-
ers in quantitative structure–property relationship
studies. Partition coefficients are used in medicinal
chemistry [2], drug design [3], toxicology [4], and
environmental chemistry [5].

The literature reported various methods that are
able to predict the octanol–water partition coeffi-
cient [6] by applying the fragment constant meth-
ods [7], by computing van der Waals molecular
volume and surface area through analytical and
numerical techniques [8], by the use of fuzzy [9],
and the neural network approach [10].

An original approach to molecular descriptor
family on structure–property relationships (MDF-
SPR), method that proved to be able to estimate and
predict properties, has been developed [11]. Start-
ing from the successful results obtained by the use
of the MDF-SPR methodology on estimation and
prediction of retention chromatography index [12],
octanol/water partition coefficients [13, 14], water
activated carbon adsorption [15], and molar refrac-
tion [16], the aim of the research was to study the
abilities of the MDF-SPR methodology in estima-
tion and prediction of octanol–water partition coef-
ficient of some para-substituted phenols.

Materials and Methods

PARA-SUBSTITUTED PHENOLS

A number of 30 para-substituted phenols, stud-
ied previously by Schultz [17] were included in the
study. The generic structure of compounds, their
abbreviation (Abb.), the substituent from the para
position (R), and associated octanol–water partition
coefficient, expressed in logarithmic scale are pre-
sented in Table I.

MOLECULAR DESCRIPTORS FAMILY ON
STRUCTURE–PROPERTY RELATIONSHIP
METHODOLOGY

The octanol–water partition coefficient of para-
substituted phenols was modeled by the use of the
MDF-SPR methodology. The steps followed in the

modeling process, described in detail in Ref. [11]
are:

1. 3D representation of compounds: the three-dimen-
sional representations of para-substituted phe-
nols were built up by using HyperChem software
[18].

2. Creation of measured properties file: the octanol–
water partition coefficient for each para-substi-
tuted phenol, expressed in logarithmic scale was
stored in phenols.txt file.

3. Molecular descriptors family generation and comput-
ing: All 30 compounds were used in the con-
struction and generation of the molecular de-
scriptors family. The algorithm generates the list
of molecular descriptors family and associated
values of para-substituted phenols, strictly based

TABLE I ______________________________________
Abbreviation, substituent, and associated octanol–
water partition coefficient for para-phenols.

Abb. Substituent R Log Kow

OH
P

P
R

pph_01 CONH2 0.00
pph_02 NHCOCH3 0.32
pph_03 CH2CH2OH 0.72
pph_04 CH2CN 0.90
pph_05 OCH3 1.34
pph_06 CHO 1.35
pph_07 COCH3 1.35
pph_08 H 1.49
pph_09 COC2H5 1.55
pph_10 CN 1.60
pph_11 F 1.77
pph_12 OC2H5 1.87
pph_13 NO2 1.91
pph_14 CH3 1.94
pph_15 Cl 2.39
pph_16 C2H5 2.58
pph_17 Br 2.59
pph_18 I 2.91
pph_19 OC4H9 3.04
pph_20 CH(CH3)2 3.05
pph_21 COC6H5 3.07
pph_22 C3H7 3.18
pph_23 NANC6H5 3.18
pph_24 C6H5 3.20
pph_25 C(CH3)3 3.31
pph_26 OC6H5 3.56
pph_27 CH2CH(CH3)2 3.60
pph_28 Cyclopentyl 3.63
pph_29 CH2C6H5 3.69
pph_30 CH2C(CH3)3 4.03
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on complex information obtained from the com-
pound structure. To discard redundant informa-
tion, a bias method with a significance level of
10�9 was applied after generation of the molec-
ular descriptors family. Each calculated descrip-
tor has an individual seven-letter name that ex-
presses the modality of construction:
a. Compound characteristic relative to its geom-

etry (g) or topology (t)—the 7th letter
b. Atomic property: cardinality (C), number of

directly bonded hydrogen’s (H), atomic rela-
tive mass (M), atomic electronegativity (E),
group electronegativity (G), and the partial
charge, semi-empirical extended Hückel
model, single-point approach (Q)—the 6th let-
ter

c. Atomic interaction descriptor—the 5th letter
d. Overlapping interaction model—the 4th letter
e. Fragmentation criterion: the minimal frag-

ments (m), the maximal fragments (M), the
Szeged fragments criterion (D), and the Cluj
fragments criterion (P) [19, 20]—the 3rd letter

f. Cumulative method of fragmentation proper-
ties (nineteen functions)—the 2nd letter:

i. Conditional group (four functions): small-
est fragmental descriptor value from the
array (m), highest value (M), smallest ab-
solute value (n), and highest absolute
value (N)

ii. Average group (five functions): sum of
descriptor values (S), average mean for
valid fragments (A), average mean for all
fragments (a), average mean by atom (B),
average mean by bond (b)

iii. Geometric group (five functions): multi-
plication of descriptor values (P), geomet-
ric mean for valid fragments (G), geomet-
ric mean for all fragments (g), geometric
mean by atom (F), and geometric mean by
bond (f)

iv. Harmonic group (five functions): har-
monic sum of values (s), harmonic mean
for valid fragments (H), harmonic mean
for all fragments (h), harmonic mean by
atom (l), and harmonic mean by bond (i)

g. Linearization procedure applied in global mo-
lecular descriptor generation: identity (l), in-
verse (i), absolute (A), an inverse of absolute
(a), natural logarithm of absolute value (L),
and simple natural logarithm (l)—1st letter.

4. Identification of best performing MDF-SPR models:
The criteria imposed in searching for the best-
performing models were: the model significance,
the values for the correlation and squared corre-
lation coefficients (they were considered per-
forming models if the correlation and/or
squared correlation coefficients were closed to
�1 to �1), the standard error and the signifi-
cance of the coefficients.

5. Validation of the MDF-SPR models: The analysis of
the predictive abilities of the MDF-SPR models
was performed through model validation analy-
sis by computing: the cross-validation leave-one-
out (loo) score, the Fisher parameter and its sig-
nificance for leave-one-out analysis, and the
standard error for leave-one-out analysis. In
leave-one-out analysis, the property of each
compound was predicted by the regression
equation calculated based on all the other com-
pounds by using the leave-one-out analysis ap-
plication [21].

6. Analysis of the MDF-SPR models: The chosen
MDF-SPR models were analyzed through com-
puting and interpreting of a number of seven
statistical characteristics of the models. Compar-
ison between the multi-varied model with four
descriptors and the model with two descriptors
was performed through a correlated correlation
analysis using Steiger’s test [22] at a significance
level of 5%. The estimation ability of the model
with the highest squared correlation coefficient
was analyzed in training and test sets using the
training vs test application [23]. Nine situations
were analyzed, starting with sample sizes in
training sets from 15 to 30 and corresponding
sample sizes in test sets from 15 to 7.

Results

Two multi-varied MDF-SPR models with two
and four descriptors, respectively, proved to have
abilities in estimation and prediction of the octanol–
water partition coefficient for studied para-substi-
tuted phenols. The MDF-SPR models were:

1. The MDF-SPR model with two descriptors:

Ŷ2D � 1.07 � 3.38 � 10�3 � isDDkGg

� 0.40 � IMmrKQg. (1)

2. The MDF-SPR model with four descriptors:
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Ŷ4D � 8.69 � 10�2 � 5.56 � 10�3 � isDDkGg

� 4.16 � 10�1 � IMmrKQg

� 9.41 � 10�3 � IPMDKQg

� 7.80 � 10�2 � IFMMKQg. (2)

The molecular descriptors used by the models,
their calculated values, the estimated value of the
octanol–water partition coefficient obtained with
each model (Ŷ2D, estimated octanol–water partition
coefficient by the model with two descriptors; Ŷ4D,
estimated octanol–water partition coefficient by the
model with four descriptors), and the values of

residuals (defined as differences between measured
octanol–water partition coefficient and estimated
by the multi-varied model with two variables: RŶ2D

and by the multi-varied model with four variables
RŶ4D, respectively) are presented in Table II.

Graphical representations of residuals ob-
tained with the MDF-SPR models with two and
four descriptors, respectively, are shown in Fig-
ure 1. The statistical characteristics of the MDF-
SPR models are presented in Table III, and the
quality characteristics of the regression models
are shown in Table IV. The plot of the estimated
log Kow by multi-varied MDF-SPR model with

TABLE II ______________________________________________________________________________________________
Descriptors of MDF-SPR models, their values, and estimated octanol–water partition coefficients by the model
with two (Ŷ2D), and four (Ŷ4D) descriptors, respectively.

Abb.

Two descriptors Four descriptors

Ŷ2D Ŷ4DisDDkGg IMmrKQg IPMDKQg IFMMKQg

pph_01 700.18 6.3359 �207.27 �10.13 0.8964 0.1807
pph_02 833.32 7.4800 �120.71 2.40 0.8880 0.2822
pph_03 664.20 5.6843 �147.47 �6.77 1.0360 0.5529
pph_04 644.55 5.9387 �90.69 �10.64 0.8674 1.1734
pph_05 527.06 3.7241 �57.18 �5.86 1.3584 1.3856
pph_06 597.00 5.7597 �100.68 �13.71 0.7783 1.1295
pph_07 693.19 5.8970 �133.89 �13.79 1.0488 1.3002
pph_08 317.52 0.5873 �84.64 �11.54 1.9078 1.7111
pph_09 761.22 4.6825 �168.54 �11.15 1.7666 1.6524
pph_10 763.19 5.7093 �115.17 �8.64 1.3612 1.5422
pph_11 459.29 2.7259 �61.45 �7.48 1.5295 1.5107
pph_12 657.84 3.7713 �72.80 �6.61 1.7823 2.0041
pph_13 776.25 5.6198 �28.18 �2.48 1.4413 1.9908
pph_14 382.22 0.5686 �103.37 �12.09 2.1344 1.9448
pph_15 541.18 1.5883 �68.53 �7.18 2.2634 2.3491
pph_16 505.83 0.5686 �142.29 �14.59 2.5529 2.4615
pph_17 487.59 0.5495 �71.23 �8.47 2.4988 2.5588
pph_18 557.79 0.5593 �85.06 �10.46 2.7326 2.9703
pph_19 908.30 3.7837 �147.14 �11.15 2.6253 3.0464
pph_20 647.10 0.5647 �164.12 �15.01 3.0328 3.0759
pph_21 1280.30 6.0440 �334.61 �18.01 2.9777 2.9444
pph_22 637.23 0.5767 �180.75 �16.55 2.9946 2.9797
pph_23 1053.10 2.1567 �429.28 �29.15 3.7686 3.2778
pph_24 893.42 0.5804 �300.93 �20.12 3.8606 3.5500
pph_25 769.84 0.5609 �182.80 �14.95 3.4499 3.5791
pph_26 1055.90 3.8434 �3.08 8.62 3.1011 3.6558
pph_27 763.21 0.7108 �204.49 �16.75 3.3673 3.4163
pph_28 797.66 0.5631 �258.12 �19.81 3.5433 3.4029
pph_29 1026.80 2.0231 �179.73 �3.15 3.7331 3.5077
pph_30 900.22 0.7438 �229.89 �17.48 3.8180 3.9817

Ŷ2D � estimated log Kow by the model with two variables, Ŷ4D � estimated log Kow by the model with four variables.
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four descriptors versus measured log Kow is pre-
sented in Figure 2.

A correlated correlation analysis was applied to
verify the hypothesis that the correlation coefficient
obtained by the model with four descriptors was
not statistically different, at a significance level of
5%, compared with the correlation coefficient ob-

tained by the model with two descriptors. The re-
sults are presented in Table V.

Validation of the multi-varied MDF-SPR model
with four descriptors was performed by spilling the
sample of para-substituted phenols in training and
test sets. The characteristics of the regression mod-
els and their performances are shown in Table 6.
The following are included in Table VI: the coeffi-
cients of the regression models (using the generic
model: Ŷ � a0 � a1 � isDDkGg � a2 � IMmrKQg � a3

� IPMDKQg � a4 � IFMMKQg), the number of com-
pound included in training (Notr) and test (Nots)
sets, the multiple correlation coefficient of each
training (rtr) and test (rts) sample and associated
95% confidence intervals (95% Clrtr, for training
sets; and 95% Clrts, for test sets), Fisher parameter
and its significance, at a significance level of 5%, for
training (Ftr) and test (Fts) models, and Fisher Z-test
of comparison between the correlation coefficient
obtained in training set and the correlation coeffi-
cient obtained in corresponding test set (Zrtr-sts).

The estimation and prediction abilities of the
multi-varied MDF-SPR model with four descriptors
obtained in training versus test analysis, when the
number of compounds in training set was equal

FIGURE 1. Plot of residuals obtained by MDF-SPR
models with two and four descriptors, respectively.

TABLE III _____________________________________________________________________________________________
MDF-SPR models: statistical characteristics.

Parameter

Value

Two descriptors
(n � 30, v � 2)

Four descriptors
(n � 30, v � 4)

r (correlation coefficient) 0.9457 0.9890
Clr [lower, upper] (95% confidence intervals for r) [0.8897,0.9740] [0.9767,0.9948]
r2 (squared correlation coefficient) 0.8943 0.9781
radj
2 (adjusted correlation coefficient) 0.8865 0.9745

sest (standard error) 0.3671 0.1739
Fest (Fisher parameter of regression model) 114† 279†

rcv-loo
2 (cross-validation loo squared correlation coefficient) 0.8660 0.9680

sloo (standard error on cross-validation loo analysis) 0.4139 0.2101
Fpred (Fisher parameter on loo analysis) 87† 189†

r2 � rcv-loo
2 (model stability) 0.0284 0.0100

r2 (isDDkGg, IMmrKQg)* 0.0760 0.0760
r2 (isDDkGg, lPMDKQg)* n.a. 0.3346
r2 (isDDkGg, lFMMKQg)* n.a. 0.0083
r2 (IMmrKQg, lPMDKQg)* n.a. 0.0232
r2 (IMmrKQg, lFMMKQg)* n.a. 0.1624
r2 (lPMDKQg, lFMMKQg)* n.a. 0.6214

n, number of components; v, number of descriptors.
* Squared correlation coefficient between descriptors; n.a., not applicable.
† p � 0.0001.
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with 2/3 from the total number of compounds, are
presented in Figure 3.

Discussion

The MDF-SPR methodology proved a useful
method in estimation and prediction of the octanol–
water partition coefficient for studied para-substi-
tuted phenols, this property being in relationship
with complex information obtained from the com-
pounds structure. The best estimation and predic-

tion abilities were obtained by the multi-varied
MDF-SPR models with two and four descriptors
[Eqs. (1) and (2)].

The analysis of the MDF-SPR model with two
descriptors (Eq. (1)) revealed that the octanol–water
partition coefficient of studied para-substituted
phenols was strongly related with molecular geom-
etry (isDDkGg, IMmrKQg), being dependent on the
partial charges (IMmrKQg) and group electronega-
tivity (isDDkGg), directly related with the elastic
force (IMmrKQg) and inverse related with the prop-
erty potential (isDDkGg), For one descriptor (isDD-
kGg), its intercept had positive regression coeffi-
cients, while the other (IMmrKQg) had a negative
one. The intercept of one descriptor (isDDkGg) had
positive regression coefficients while the other (Im-
mrKQg) had a negative one.

The analysis of the performances of the model
with two descriptors concluded that this was sta-
tistically significant in estimation as well as in pre-
diction (see the squared correlation coefficient, ad-
justed values, and leave-one-out score, Table III).

TABLE IV _____________________________________________________________________________________________
Characteristics of MDF-SPR models.

SE r2 (Y, desc) t-stat 95% CIcoefficient

Multi-varied MDF-SPR model with two descriptors
Intercept 0.2392 n.a. 4.4674* [0.578, 1.559]
isDDkGg 0.0003 0.1813 10.2639* [0.003, 0.004]
IMmrKQg 0.0297 0.4821 �13.4982* [�0.462, �0.340]

Multi-varied MDF-SPR model with four descriptors
Intercept 0.1710 n.a. 0.5072* [�0.265, 0.439]
isDDkGg 0.0003 0.1813 20.375* [0.005, 0.006]
IMmrKQg 0.0157 0.4821 �26.447* [�0.449, �0.384]
lPMDKQg 0.0010 0.1392 9.4236* [0.007, 0.012]
lFMMKQg 0.0109 0.1205 �7.1719 [�0.100, �0.056]

SE, standard error; Y � log Kow; desc, molecular descriptor; n.a., not applicable.
* p � 0.0001.

FIGURE 2. Estimated by MDF-SPR model with four
descriptors versus measured log Kow.

TABLE V ______________________________________
Correlated correlation analysis results.

Parameter Value

r(log Kow, Ŷ4D) 0.9890
r(log Kow, Ŷ2D) 0.9457
r(Ŷ4D, Ŷ2D) 0.9562
Steiger’s z-test 4.3501
p �0.001
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Almost 90 percent of the octanol–water partition
coefficient for studied para-substituted phenols can
be explained by its linear relationship with the vari-
ation of isDDkGg and IMmrKQg descriptors (model
with two descriptors, Table III). The goodness-of-fit
of the MDF-SPR model with two descriptors is
sustained by the correlation coefficient, which is
equal with 0.9457, its validity by the significance of
the model and standard error, while its predictive
abilities by the cross-validation leave-one-out
squared correlation coefficient, and by the Fisher
parameter and its significance in leave-one-out
analysis, which is �0.0001. The multi-varied MDF-
SPR model with two descriptors proved a valid and
stable model (rcv-loo

2 � 0.8660; r2 � rcv-loo
2 � 0.0284).

The first thing that can be observed by analyzing
the multi-varied MDF-SPR model with four de-
scriptors [Eq. (2)] refers to the molecular descriptors
used by the model: two are the descriptors used by
the MDF-SPR model with two descriptors. The
analysis of the molecular descriptors used by the
multi-varied model with four descriptors suggests
that the octanol–water partition coefficient of stud-
ied para-substituted phenols is strongly related to
molecular geometry (isDDkGg, IMmrKQg, IPMD-
KQg, IFMMKQg), partial charges (IMmrKQg, IPM-
DKQg, IFMMKQg) and group electronegativity (is-
DDkGg), it is in relation to the elastic forceT
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FIGURE 3. Prediction and estimation abilities of the
multi-varied MDF-SPR model with four descriptors in
training versus test analysis when the number of com-
pounds in training set was equal to 2/3n.
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(IMmrKQg, IPMDKQg, IFMMKQg), and inverse re-
lated with the property potential (isDDkGg).

The estimation abilities of the multi-varied MDF-
SPR model with four descriptors are sustained by
the value of the correlation coefficient (r � 0.9890,
Table III), confidence boundaries associated with
the regression coefficients and probabilities associ-
ated with Student test applied for the regression
coefficients (for all coefficients �0.0001, see Table
IV). Almost 99% from the variation of the octanol–
water partition coefficient of studied para-substi-
tuted phenols can be explained by its linear rela-
tionship with the variation of the four molecular
descriptors used in the model [Eq. (2), Table III].
The value of the Fisher parameter (Fpred � 189) and
its significance, which is �0.0001, support the pre-
diction abilities of the model. The stability of the
multi-varied MDF-SPR model with four descriptors
is sustained by the values of difference between the
correlation coefficient and the cross-validation
leave-one-out correlation score (r2 � rcv-loo

2 �
0.0100), the value of the cross-validation score being
very close to the value of the squared correlation
coefficient. The power of the model with four de-
scriptors in prediction of octanol–water partition
coefficient of studied para-substituted phenols is
sustained by the absence of co-linearity between
descriptors (see the squared correlation coefficients
between pairs of descriptors, which is �0.33, with
one exception, Table III) and/or between log Kow
and descriptors (see the squared correlation coeffi-
cients in Table IV, which are �0.48).

The comparison between multi-varied MDF-SPR
models with two and four descriptors, respectively,
can be performed by analyzing the residuals
and/or the correlation coefficients. As far as the
residuals are concerned, their values obtained by
the MDF-SPR model with two descriptors varies
from �1.1771 to 1.1861, while the values obtained
by the model with four descriptors varies from
�0.8964 to 0.5717. The analysis of the absolute
value of residuals obtained by the MDF-SPR mod-
els reveals that the minimum values were obtained
in 19 cases by the MDF-SPR model with four de-
scriptors. The comparison between MDF-SPR mod-
els revealed that the model with four descriptors
obtained a significantly greater correlation coeffi-
cient compared with the model with two descrip-
tors (p � 0.0001, Table V). The regression model
with two descriptors, as well as the model with four
descriptors, respects the specification of Hawkins
[24] regarding the number of descriptors according
to sample size.

The goodness-of-fit of the multi-varied MDF-
SPR model with four descriptors and its internal
predictivity was assessed in training versus test
analysis. The analysis was performed by splitting
the sample of compounds into training and test
sets, the allocation of a compound into a set or
into another being performed through random-
ization.

The analysis of the results concluded that, with
two exceptions, the values of coefficients of the
models in training sets did not exceeded the 95%
confidence intervals of the multi-varied MDF-SPR
model with four descriptors. With one exception,
when the value was greater than the upper 95%
confidence interval boundary, the correlation coef-
ficients obtained in training and test sets did not
exceed the 95% confidence intervals associated with
the correlation coefficient of the multi-varied MDF-
SPR model with four descriptors (see values in
Tables III and VI). As noted in Table VI, with one
exception (for sample size in training set equal with
15), the correlation coefficients obtained in training
sets were not statistical significant different, at a
significance level of 5%, compared with the values
obtained in test sets (p � 0.05, Table V).

The multi-varied MDF-SPR model with four de-
scriptors can be used to predict the octanol–water
partition coefficient of para-substituted phenols
without any experiments and measurements. By
using the MDF SPR predictor application [25], the
property of a new para-substituted phenol can be
obtained in a short time, provided that its structure
is a *.hin file.

Conclusions

The octanol–water partition coefficient of para-
substituted phenols proved to be strongly related
with compounds geometry, partial charges and
elastic force and in relation with group electronega-
tivity and inverse related with the property poten-
tial.

The goodness-of-fit of the multi-varied MDF-
SPR model with four descriptors and internal vali-
dation results sustain that the model is both stable
and valid. Future studies on new external para-
substituted phenols are necessary in order to assess
the robustness and predictivity of the multi-varied
MDF-SPR model with four descriptors.
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