
Acta Poloniae Pharmaceutica ñ Drug Research, Vol. 64 No. 4 pp. 311ñ317, 2007 ISSN 0001-6837
Polish Pharmaceutical Society

Lipophilicity is the important factor affecting
the distribution and fate of pesticide molecules in
living organisms (1). It is usually expressed by logP,
logarithm of octanol/water partition coefficient,
being the most popular parameter for description of
passive transport processes of bioactive molecules
in plant and human body. Partition coefficient can
be measured experimentally by several methods,
ranging from simple ìshake flaskî technique to var-
ious chromatographic methods (2-12), but literature
available experimental data of logP values, for the
same compound can differ by more than a unit
depending on method of determination (13).
Moreover, experimental determination of logP is
time and material consuming and can be done only
in the case if the compound is just synthesized.
Therefore, experimental methods were not useful on
the stage of drug design and beginning selection
(prior to synthesis) of the compound in respect to
their bioactivity. Therefore, it is much easier, faster
and cheaper to predict logP using the methods based
on chemical structure of the investigated com-
pounds. 

Many methods for calculation of logP values
using the chemical structure were proposed (14).
Hansch and Leo (15, 16) divided a compound into
basic fragments and calculated its logP by summa-
tion of hydrophobic contributions of these frag-
ments. A similar procedure, based on fragment con-
stants, has been developed by Rekker (17) , Suzuki
(18), Moriguchi (19) and Klopman (20, 21). A dif-

ferent approach for computation of logP was pro-
posed by Broto (22). His method, based on additive
atomic contributions, assumed that parameters used
in calculations of logP can be obtained first by clas-
sification of atoms into different atom types accord-
ing to their different topological environments,
which contribute differently to global logP value.
Ghose, Crippen and Viswanadhan (23-25) described
a similar procedure. 

The other method of prediction of logP, devel-
oped on the basis of neural network was proposed
by Tetko (26, 27). The aim of this work was to
investigate the application advantages of the graph
theory for prediction of logP values on the basis of
structure of the investigated compounds. The results
obtained were compared with experimental data for
the chosen group of 2,4-dihydroxythiobenzanilides.
Recently it was found that 2,4-dihydroxythioben-
zanilides substituted in the aniline ring showed a
strong biological activity (28-31). They exhibit a
fungistatic effect against many strains of dermato-
phytes, yeasts, moulds and phytopathogenic fungi
(e.g. Botritis cinerea, Rhizoctonia solani). Bacterio-
static properties, especially against the Gram-posi-
tive cells for some derivatives were also confirmed
(32). Furthermore, preliminary toxicological studies
of some compounds did not show strong toxic
actions (acute toxicity, cytotoxicity) (33, 34). On the
basis of chromatographic measurements, vast activ-
ity-lipophilicity studies for this group of compounds
were performed. Parabolic dependencies between
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different lipophilicity parameters and fungistatic
properties of compounds were obtained (28-31, 35).
Sometimes these relationships were described by
linear equations (32).

MATERIALS AND METHODS

Determination of log Pτ

2,4-Dihydroxythiobenzanilides derivatives
were synthesized in the Department of Chemistry at
the University of Agriculture, Lublin (36). The val-
ues of the octanol-water partition coefficient of
2,4-dihydroxythiobenzanilides determined on the
basis of the spectrophotometrical data were pub-
lished earlier (37).
Theoretic calculations of the index of the molecular
graph complete complexity RICk

The molecular graphs theory, which is based
on the main principles of topology and graph theo-
ry, has recently been used successfully in property-
structure correlation researches (38-43). The molec-
ular structures, in which the graph nodes are atoms
and the edges are covalent bonds, are analyzed as
molecular graphs. Such a graph describes the atoms
bonding in the molecular skeleton, which is inde-
pendent on equilibrium distance and valent angles,
the main metric properties of the given molecular
structure. Thus, in the case of molecular structure
representation by a graph, those structure peculiari-
ties are reflected which depend on coherence but not
on the precise geometric arrangement in the molec-
ular composing atoms space. With such an approach
the stereochemical molecule formula is represented
by means of the mathematical graph and though all
the stereochemical molecule structure peculiarities
are lost in this case, the graph describes the full mol-
ecule topology. The topological graph indices ñ
invariants are the numerical expressions defining the
molecular structure properties (44, 45).

Nowadays we know quite a number of differ-
ent molecular graphs invariants, including for exam-
ple information-theoretic graph invariants. The
famous Shannon formula is used for molecular
structure information contents calculation (46):

(1)

Using this formula, the corresponding set A from n
the molecular graph elements ñ nodes or edges is
divided into m non overlapping subsets Ai with
power                                      with the help of equi-
valence proportion defined on A. The following
probability scheme is true in this case (47):

, (2)

where pi is the probability of the fact that a random-
ly chosen set A element will be found in i subset.
It should be noted here that formula (1) is success-
fully used for molecular complexity analysis of the
homogenous graphs representing homonuclear
skeletons. However, heterogeneous graphs depict-
ing heterosystems can also be included in the
scheme given above.

Heterosystems are the molecular graphs con-
sisting from heteroatoms, i.e. elements different
from the elements whose atoms prevail.

Heteroatom molecular graph analysis on the
base of the scheme given above is made by means of
the molecular graph marking in such a way that the
equivalent vertexes become non-equivalent. It can
be achieved by means of the vertex- and edge-
weighted graphs. One of the most successful vertex-
and edge-weighted graphs indices is the Rouvray
index R (48):

,                       3)

In formula (3) dii and dij are diagonal and non-
diagonal distance matrix elements for vertex- and
edge-weighted graphs, which are calculated in the
following way:

(4)

(5)

where Zi, Zj and Zmin are the numbers of all the elec-
trons (valent ones and the inner shell electrons) of
the atoms i, j and the atom with the minimum elec-
tron numbers, respectively; b = 1 is a single bond; b
= 2 ñ is a double bond; b = 3 is a triple bond.

In practice it is very important to describe the
homogenous and heterogeneous graphs by means of
one scheme. For this purpose it is suggested to intro-
duce the index of the molecular graph complete
complexity RICk (49):

,                 (6)

where α is the molecular graph heterogeneity
degree.

Letís analyze the possibility to apply the index
of the molecular graph complete complexity RICk

for the calculation and prediction of octanol-water
partition coefficient of 2,4-dihydroxythioben-
zanilides.

RESULTS

According to formula (6), to calculate the
index of the molecular graph complete complexity
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RICk it is necessary to determine separately the
information contents graph index ICk and the
Rouvray index R. As it was shown above (50) in the
case of molecules with rings, the molecular index is
additively combined from the graphs indices of the
ring itself and of its substituent, moreover, the influ-
ence of the latter is determining.

It turned out that to calculate the value of the
information contents graph index ICk it is enough
not to go beyond the first neighborhood symmetry
order, i. e. itís a question of the IC1 value calcula-
tion. The Rouvray index constituents, calculated
according to formula (4) and (5) are given in Table
1. The graph heterogeneity degree a was calculated
as a ratio of the number of heteroatoms to the total

number of atoms in the substituent. Thus, by means
of this method we calculated the RIC1 values for all
the substituted 2,4-dihydroxythiobenzanilides given
in Table 2. In this case, when the only substituent
was an atom of halogen (samples 1-10) the value of
α = 1 and RIC1 becomes equal to R. In the case of
heteroatoms substituents (samples 11-18) value 0 <
α < 1, so in calculation of RIC1 value, according to
formula (6), both additives R and IC1 were taken
into consideration. When calculating the IC1 value
in the suggestions of the first order, those groups of
atoms are analyzed which have a similar surround-
ing in the radius of one covalent bond.

The obtained results were used to build the
dependence log Pτ = f(RIC1), given in Figure 1.

Table 1. The diagonal dii and non-diagonal dij distance graphs matrix elements for different atoms and its bonds of 2,4-dihydroxy-
thiobenzanilide derivatives.

Atom dii Bond dij Bond dij

Carbon 0.833 C-C 0.028 C-F 0.018

Hydrogen 0 C=C 0.014 C-Cl 0.009

Nitrogen 0.857 C≡N 0.024 C-Br 0.005

Oxygen 0.875 C-O 0.021

Fluorine 0.889 C=O 0.011

Chlorine 0.941 O-H 0.125

Bromine 0.971 C-H 0.166

Table 2. Index of the molecular graph complete complexity RIC1 values of 2,4-dihydroxythiobenzanilide derivatives.

logP Substituents
No. of

compound R2 R3 R4 R5 RIC1

1 -F 0.889

2 -F 0.889

3 -F -F 1.778

4 -Cl 0.941

5 -Cl -Cl 1.882

6 -Cl -Cl 1.882

7 -Cl -Cl -Cl 2.823

8 -F -Cl 1.830

9 -Br 0.971

10 -Br 0.971

11 -CF3 1.910

12 -OH -Cl 1.820

13 -O-CH3 1.790

14 -OC2H5 2.310

15 -OC2H5 2.310

16 -C(=O)OCH3 2.230

17 -C(=O)OCH3 2.890

18 -CN 1.680  
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Figure 1. Plot of partition coefficient log PGRAPH versus index of the molecular graph complete complexity RIC1 values of 2,4-dihydroxy-
thiobenzanilide derivatives

Table 3. The logP values of 2,4-dihydroxythiobenzanilides.

Method

No. of
compound

1 3.06 3.59 2.44 3.19 3.08 3.36 2.18 2.59 3.80 3.06 3.58 3.36

2 3.06 3.59 2.44 3.15 3.53 3.38 2.18 2.59 3.89 3.06 3.58 3.41

3 3.22 3.73 2.57 3.58 3.33 3.50 2.38 2.75 4.04 3.22 4.16 3.54

4 3.46 3.97 2.92 3.29 4.10 3.90 2.62 3.05 4.13 3.46 3.61 3.90

5 4.02 4.49 3.54 3.92 4.24 4.51 3.27 3.68 4.72 4.02 4.22 4.02

6 4.02 4.49 3.54 3.88 4.36 4.53 3.27 3.68 4.67 4.02 4.22 4.26

7 4.58 5.00 4.16 4.84 4.99 5.14 3.91 4.30 5.42 4.58 4.83 4.92

8 3.62 4.11 3.06 3.78 4.35 4.01 2.82 3.22 4.65 3.62 4.18 4.43

9 3.73 4.24 3.19 3.55 4.25 4.03 2.87 3.23 4.48 3.73 3.63 3.46

10 3.73 4.24 3.19 3.54 4.25 4.05 2.87 3.23 4.34 3.73 3.63 4.02

11 3.83 4.33 3.28 3.71 4.50 4.12 2.94 3.36 4.82 3.83 4.24 4.26

12 3.07 3.68 2.53 3.32 3.52 2.14 2.14 2.23 3.33 3.07 3.53 3.58

13 2.78 3.20 2.43 2.70 3.19 3.28 2.06 2.35 3.69 2.78 3.51 3.54

14 3.12 3.54 2.78 2.93 3.72 3.63 2.55 2.77 4.50 3.12 3.85 3.80

15 3.12 3.54 2.78 3.00 3.72 3.68 2.55 2.77 4.38 3.12 3.85 3.49

16 2.22 2.76 1.76 3.19 3.08 3.12 1.66 2.27 3.08 2.22 2.49 2.36

17 2.73 3.18 2.13 2.87 3.61 3.55 1.81 2.80 4.06 2.73 2.93 2.92

18 2.94 3.49 1.81 2.40 3.22 3.00 2.08 2.16 2.63 2.94 2.14 2.41
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From this it is seen that all set of the log PÙ and
RIC1 of pairs can be subdivided into three non-over-
lapping subsets, each of them characterized by the
definite chemical properties of the substituent. The
common feature for all three subsets is the possibil-
ity of each of them to be described by means of lin-
ear dependence with its angular coefficient.

The dependency data can be approximated by
the correlation of the following type:

log Pgraph = 3.0 + 0.65 (RIC1 ñ m),          (7)
where m depends on the substituent structure in the
following way:

m = 0 if the substituents are halogen atoms or
perfluorinemethane residue (samples 1-11);

m = 1 if the substituents are either the hydrox-
yl group or the ether residue (samples 12-15);

m = 3 if the substituents are either ester residue
or the nitrile group (sample 16-18).

Such influence of the studied substituents can
be accounted for their different influence on the
characteristics of the intramolecular hydrogen bond
between NH (or N) in the aniline ring and a pheno-
lic ñOH group in the thioacyl moiety which forms
six-membered ring (37). Therefore the acid dissoci-
ation of 2,4-dihydroxythiobenzanilides may occur
theoretically on two various reaction paths, for two
tautomers (Fig. 2). Properties of substituents influ-
ence the probability of tautomeric rearrangement.
The hydrogen intramolecular bond is formed
according to way II rather than I and the dissociation
process runs in the way proposed by path II. At the
same time, limitation of aromatic chromofore cou-
pling due to contribution of a free electron pair of
nitrogen atoms in the intramolecular hydrogen
bonding takes place. In its turn the donating ability
of a free electron pair of nitrogen atoms depends on
the accepting and donating characteristics of 2,4-
dihydroxythiobenzanilides substituents, which are
different for the following groups: halogen atoms
and perfluorinemethane residue or hydroxyl group
and ether residue or ester residue and nitrile group.

The molecular graph RICk, full complexity
index was used for the quantitative description of
the given cyclic compounds structure, by means of
which the linear correlation between the values of
log PGRAPH and RIC1 was obtained. This correlation
can be used for the calculation and prediction of
octanol-water partition coefficient of 2,4-dihydroxy-
thiobenzanilides on the basis of the RICk value
determination for all the substituents contained in
the given cycle (Table 3).

To compare the results, the logP data obtained
for the investigated set of compounds by ten other
structure correlated methods (calculated by use of
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ChemOffice Ultra and internet platform
www.vcclab.org) and experimental data (37) were
also included in this table.

CONCLUSIONS

The new method of logP calculation will obvi-
ously be tested against experimental data concerning
congeneric series of the some compound derivatives
and compared with the results obtained in the same
way by use of other calculation method(s).

The null hypothesis to be tested states that
there is no significant difference between the pair of
results of logP determination: computed and experi-
mental. Using paired ìtî test, the difference (di)
between the two values on each pair (structure cor-
related calculated value and experimental data), the
value for t-statistic was obtained (tcalc) for each
method of logP calculation. Next, tcalc was compared
with tabulated value (ttab) at the given confidence
level (95%) at 16 degrees of freedom (ttab = 2.11) (
Table 4).

Only in two cases (milogP and graph method)
can it be concluded with 95% confidence that there
is no significant difference between mean values for
the two sets of data (calculated logP and experimen-
tal logP) and the two methods of logP determination
show similar degrees of accuracy. The remaining
methods show significant difference between calcu-
lated and experimental values.

The Pearson correlated coefficient (r) was used
as the quantitative measure of correlation between
experimental and computative methods of logP
determination for graph and milogP methods. The
higher value of r shows that results obtained by pro-
posed graph method give better results than milogP
(rGRAPH = 0.927, rmilogP = 0.711).

The correlation higher than 0.9 indicated satis-
factory agreement between computed and experi-
mental data and taken together with positive results
the ìtî test supports the view that both methods
(graph and experimental) show no significant differ-
ence in accuracy.

To sum up, graph method is a useful method
for prediction of logP values on the basis of struc-
ture correlated parameters for the congeneric series
of compounds.
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