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A comparative Study of Molecular Lipophilicity Indices of Some
Formyl- and Acetylpyridine-3-Thiosemicarbazone Derivatives and

Various Computed Descriptors
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Retention indices for formyl- and acetylpyridine-3-thiosemicarbazone derivatives were determined by RP-
HPTLC experiments and were performed with methanol–water mixtures in different volume proportions as
mobile phase on two stationary phases of different polarity: RP-18F254s and RP-18WF254s plates. The correlation
coefficients obtained on the RP-18W stationary phase are somewhat higher than those obtained on the RP-
18 plates and it can be concluded that the methanol concentration in the mobile phase have a larger influence
on the interactions of the compounds with the RP-18 stationary phase than with the RP-18W stationary
phase. In order to describe the relationship between the chromatographic retention indices of investigated
compounds (RMo, b, φo and scores corresponding to the first principal component) and the computed
physico-chemical and topological descriptors, a multivariate regression analysis was performed. Excellent
structure–retention index models show the suitability of these descriptors in the structure–retention index
correlation. In all cases, the path/walk 5 Randic shape index, the highest occupied and the lowest unoccupied
molecular orbital play a dominant role in determining retention indices on both stationary phases with
different polarities, and RP-18W phase denotes the contribution of the specific polarizability.
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The partition coefficient between n-octanol and water,
P, is extensively used in environmental and biomedical
sciences as a descriptor of the lipophilicity properties of
different compounds [1, 2]. The lipophilicity of a substance
affects its biological activity. As such, relationships between
biological activities and log P can be demonstrated [3-5].
Reversed-phase high performance thin-layer chromato-
graphy (RP-HPTLC) is an alternative method for estimation
of lipophilicity [6].

Correlation between thin layer chromatographic
retention indices and molecular structure (QSRR) can
provide more profound insights into interactions between
eluents and stationary phases from a theoretical viewpoint,
and also give very important information about the effect
of chemical structures on the retention behaviour and
possible mechanism of absorption and elution. A large
number of structure–retention index correlations have been
developed for different compounds using various known
physico-chemical parameters and molecular descriptors
such as geometric, electronic or electrostatic, polar, steric,
and topological ones. Among these molecular descriptors,
topological indices are particularly of interest because they
can be readily calculated directly from the molecular
structures [7, 8-14].

In the last decades, considerable attention has been
given to thiosemicarbazones and on first row of transition
metal complexes with such ligands due to their interesting
biological activities: anticarcinogenic, antibacterial, anti-
HIV, anticancer, fungicides, antiviral, antifungal, antitumour,
anti-inflammatory, antiparasitic, antituberculosis and
antileukemic properties [15-18]. In this field, the 2-formyl-
pyridinethiosemicarbazones (HPATS) probably has gotten
the most attention due to its marked antitumour properties
[19].

The objective of this work was to analyze and discuss
the correlations found between the different
chromatographic retention indices of tested compounds
(RMo, b, φo and the scores corresponding to the first
principal component) and the calculated descriptors
obtained through different software’s of the formyl- and
acetylpyridine-3-thiosemicarbazone derivatives. In
addition, the results obtained in this study may be used in
interpreting the molecular mechanism of interactions
between eluents and stationary phases with different
polarities and to explain the chromatographic behaviour
of compounds.

Experimental part
Chemicals

The formyl- and acetylpyridine-3-thiosemicarbazone
derivatives and their palladium and zinc complexes (table
1) were synthesized in the Department of Chemistry,
Section of Inorganic and Analytical Chemistry, University
of Ioannina, (Greece). Their chemical structure has been
investigated by classical methods including elemental
analysis and NMR [20-22]. These compounds can be
classified in two major groups: the first one having the
amino- and ethyl-amino N-terminal of the thiosemi-
carbazone derivatives, with OH and CH3 groups attached
on the pyridinic nucleus; the second one having azepane,
pyridine-piperazine and cyclohexane N-terminal of the
thiosemicarbazone derivatives, with OH and CH3 groups
attached on the pyridinic nucleus.

Chromatography
The chromatographic behaviour of the formyl- and

acetylpyridine-3-thiosemicarbazone derivatives was
studied on two stationary phases: RP-18F254S (20x20 cm)
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and RP-18WF254S (10x20 cm) silica gel bounded plates from
Merck (Darmstadt, Germany). RP-18 stationary phases are
still the most popular and most widely used phases for RP-
HPTLC, due to their ability to separate a wide range of
solutes with good resolution, selectivity and efficiency. RP-
18W plate differs from the RP-18 plate by the inclusion of a
polar end-capping agent. The polar end-capping agent
increases the polarity near the surface of the silica, and

therefore should allow better penetration of highly aqueous
mobile phases into the stationary phase [23].

The compounds were dissolved in methanol, reaching
a final concentration of 3mg/mL in the corresponding
solvent. A 2μL aliquot of each solution was applied manually
to the origin of the plates by means of a 10μL Hamilton
(Switzerland) microliter syringe. Chromatography was
performed in a normal developing chamber at room
temperature (~20 0C), the developing distance being 8.5
cm in all cases. A standard mobile phase (methanol-water)
was used, methanol in the concentration range 25-45% (v/
v) for RP-18F254S plate and 15-35% for RP-18WF254S plate, in
steps of 5% in each case, as the studied compounds differed
considerably in their retention. Each measurement was
performed in duplicate.

After development, the plates were dried in air and
colored zones appeared on a colorless background and
fluorescent blue-orange under UV lamp (λ = 254 nm).

Structural and topological descriptors
All of the molecules were drawn into Hyperchem [24]

and optimized using the MM+ molecular mechanics force
field. The optimized geometries were loaded into the
ALCHEMY 2000 program, and Chem3D Ultra 8.0 and
DRAGON Plus version 5.4 software’s and in order to define
the character of the compounds structure, various
descriptors were taken into consideration and used as
independent variables.

We derived a set of 112 descriptors from which 86
descriptors were given by the software Dragon 5.4 [25]
that include 74 topological descriptors and 12 molecular
descriptors, and the other 26 additional descriptors that
take into account the number of functional groups and
their position in the molecule, together with physical or
physico-chemical and quantum-chemical descriptors such
as molecular dipole moment, total charges over atoms,
and HOMO-LUMO energies (provided by Alchemy 2000
[26] and ChemDraw Ultra 8.0) [27].

Methods
RP-HPTLC

RP-HPTLC provides a variety of descriptors that can be
used as lipophilicity estimators. The most popular
lipophilicity indices measured by RP-HPTLC are derived
from the retardation factor, RF according to the following
formula [28, 29]:

Another retention-related parameter has been
introduced recently, the isocratic chromatographic
hydrophobicity index, φo. The isocratic chromatographic
hydrophobicity index, φo, represents the volume fraction
of organic solvent in the mobile phase for which the amount
of solute in the mobile phase is equal to that in the
stationary phase, and in RP-HPTLC parameter φo is
calculated as the ratio of the intercept and slope [30-31]:

     (3)

In addition, we used also the lipophilicity scale obtained
by applying Principal Component Analysis (PCA) directly
to the obtained RF values resulted for all compounds and
combinations of methanol-water and the scores and
loadings of the covariance matrix were obtained. Thus, a
significant one component PC1 model explaining 93.66%
and 95.53% of the total variance for RP-18F254S, respectively

where:

Table 1
CHEMICAL STRUCTURE OF FORMYL- AND ACETYLPYRIDINE-3-

THIOSEMICARBAZONE DERIVATIVES

(1)

(2)
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RP-18WF254S stationary phase.  The scores corresponding
to the first principal component appeared to be the best
solution for the lipophilicity scale resulted from retention
data [32, 33].

Multiple Linear Regression
An important stage of the multilinear regression in QSAR/

QSPR/QSRR methodology is the search for the best
multilinear equation among a given pool of descriptors.
The strategy used to develop physically meaningful
multilinear QSAR/QSPR/QSRR equations from the very
large pool of descriptors is a combination of the multilinear
regression and forward stepwise selection procedures
(descriptors with insignificant variance were rejected
according to the statistical criteria). This helps to speed up
the descriptor selection and reduces the probability of
including irrelevant descriptors by chance. The best
multilinear equation selects the best two-parameter
regression equation, the best three-parameter regression
equation, etc., based on the statistical criteria in the
stepwise regression procedure [34]. Statistical analysis of

the results was performed using the Statistica 7.0 program
[35].

Results and discussion
To analyze the relationships between molecular

lipophilicity and the structure of the molecule and various
molecular properties of formyl- and acetylpyridine-3-
thiosemicarbazone derivatives, we have tested the
topological indices along with the classical physico-
chemical properties.

The RF values of each compound are listed in table 2 and
table 3 presents the chromatographic indices estimated
from retention data and shows that the correlation
coefficients concerning chromatographic behaviour
obtained on the RP-18WF254S stationar y phase are
somewhat higher than those obtained on the RP-18F254S
plates (see the r values). This means that the compounds
enter into stronger interactions with the more nonpolar RP-
18F254S stationary phase. Also, from the larger variation in
RMo on the RP-18F254S stationary phase, it can be concluded
that the structure of the formyl- and acetylpyridine-3-
thiosemicarbazone derivatives as well as the methanol

Table 2
 RF VALUES OF INVESTIGATED COMPOUNDS FOR THE CORRESPONDING VOLUME FRACTION OF METHANOL

 ON RP-18F254S AND RP-18WF254S SILICA GEL BOUNDED PLATES

Table 3
 MOLECULAR LIPOPHILICITY INDICES OF THE LINEAR REGRESSION EQUATION 1

AND THE REGRESSION COEFFICIENT
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concentration in the mobile phase have a larger influence
on the interactions of the compounds with the RP-18F254S
stationary phase than with the RP-18WF254S stationary
phase. In the case of RP-18F254S stationary phase the amino-
and ethylamino- N-terminal thiosemicarbazone derivatives,
OH and CH3 groups bring a negative, respectively a positive
contribution to retention indices, while on RP-18WF254S
stationary phase there is a positive contribution of both
groups. As for the aromatic N-terminal thiosemicarbazone
derivatives, OH and CH3 groups bring a positive, respectively
a negative contribution on both stationary phases (fig. 1).

A visual comparison of the studied compounds
demonstrates that the introduction of an additional OH
group decreases RMo values for amino- and ethyl-amino N-
terminal thiosemicarbazone derivatives by the formation
of an intramolecular hydrogen bond  and increases

molecular lipophilicity indices for azepane, pyridine-
piperazine and cyclohexane thiosemicarbazone derivatives
due to the presence of heterocycles. On RP-18 and RP-
18W, the RMo values obtained indicate that compound 9
shows the highest lipophilicity (3.86 and 3.30), whereas
compound 1 the lowest lipophilicity (0.92).

Their retention results from the combination of the
hydrophobic contribution to the retention which strongly
depends upon the nature and size of radicals attached to
the N-terminal. The difference in lipophilicity may be seen
between compounds 1 and 4, respectively 2 and 5. These
compounds have the same active thiosemicarbazone
units, but while compounds 4 and 5 have the long lipophilic
chain, compounds 1 and 3 have no hydrocarbon chain that
greatly decreases the lipophilic potential. These differences
may be attributed to the highly polar free amino group,

Fig 1. Profiles of RM0 values of
investigated compounds

on RP-18F254s and RP-18WF254s stationary
phase

Table 4
TABLE OF CORRELATION

CONSIDERING PHYSICOCHEMICAL
DESCRIPTORS COMPUTED WITH

ALCHEMY 2000 AND CHEMDRAW ULTRA
PLUS SOFTWARE’S
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when replaced with the ethyl group there is total gain of
activity. Compounds 6-12 have similar central unit with
different substituent on the N-terminal, and the difference
in lipophilicity may lie in the steric and electronic properties
of this substituent.

The correlation matrix shows that much higher
correlation coefficients were obtained between the
physico-chemical and topological descriptors and the
lipophilicity indices (RMo, b, φo  and scores corresponding
to first principal component) of studied compounds for RP-
18F254S stationary phase as compared to RP-18WF254S.
These values range between 0.75 and 0.96 in the majority
of cases, so the physico-chemical and topological
parameters have a statistically  significant  correlation with
lipophilicity. Also, we have to mention that in this case the
isocratic chromatographic hydrophobicity index, φo,
appeared to correlate better with the computed descriptors,
compared to RMo in both cases of stationary phases used.
Best results and higher statistically significant values are
given by the combination of lipophilicity indices (RMo, φo,
and scores corresponding to the first component) with
physico-chemical descriptors (table 3) compared to the
topological descriptors calculated with Dragon software
(table 4, 5), and this combination is adequate to explain

the relationship between the structure of the molecule and
the molecular lipophilicity. Lower correlation coefficients
within the range of 0.06 to 0.54 for RP-18F254S and RP-
18WF254S plates were found, this implying a minimal
contribution of charge descriptors (DM-dipole moment,
ABSQ-sum of absolute charges on atoms, ABSQON-sum
of absolute charges on oxygen and nitrogen, Q+ and Q-,
largest positive and negative charges over each atom) and
some molecular descriptors (MAXDP- maximal
electrotopological positive variation, DELS-molecular
electrotopological variation, TPSA(NO) and TPSA(Tot)-
topological polar surface area using N, O, respectively N,
O, S and P polar contributions, Ui- unsaturation index) over
RMo.

In order to describe the relationship between the
chromatographic retention indices of tested compounds
(RMo, φo  and scores corresponding to the first component)
and the calculated descriptors, a multivariate regression
analysis was performed and leave-one-out cross-validation
procedure was applied in order to verify the reliability of
our results.

By forward stepwise multiple regression analysis, the
following high-quality regression equations were obtained
for RP-18 stationary phase (eq. 3-5).

Table 5
TABLE OF CORRELATION CONSIDERING TOPOLOGICAL DESCRIPTORS

COMPUTED WITH DRAGON SOFTWARE PROGRAM

1043
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The results also suggest that the highest occupied
molecular orbital (HOMO), dipole moment (DM),
molecular electrotopological variation (DELS), maximal
electrotopological negative variation (MAXDN), path/walk
5 Randic shape index (PW5), 3-path Kier alpha-modified
shape index (S3K) and E-state topological parameter (TIE)

seem to be dominant in the retention mechanism. As a
consequence the topological descriptors seem to control
the lipophilicity in the case of RP-18F254S stationary phase.

Lower correlation coefficients were obtained for RP-
18WF254S phase excepting the case when the RMo was
estimated in dependence of the variables, and the
regression equations are the following (eq. 6-8):

As for RP-18WF254S stationary phase, the highest
correlations were given by the following descriptors:
highest occupied and the lowest unoccupied molecular
orbital (HOMO and LUMO), specific polarizability (SP),
octanol-water partition coefficient (LogP), and partition-
coefficient (PartCoeff), path/walk 5 Randic shape index
and (PW5), 2-path Kier alpha-modified shape index (S2K)
total structure connectivity index (Xt) ramification index
(Ram), reciprocal hyper-detour index (Rww), mean square
distance index (MSD) and Ghose-Crippen octanol-water
partition coefficient (ALOGP) seem to be dominant in the
retention mechanism. Lower correlation coefficients were
obtained when the isocratic coefficients were estimated
in dependence of the descriptors.

The statistical details of the QSAR models given above
speak for their good statistical quality which indicates that
these equations represent a satisfactory model for some
of the calculated descriptors and have definite physical
meaning corresponding to different intermolecular
interactions. All the r values are above 0.9, which suggest
that a good percentage of the total variance in lipophilicity
is accounted by the model.

The goodness of the correlation is tested by the
regression coefficient (r), the cross-validated (leave-one-
out) Q2

(LOO), the F-test (F) and the standard error of estimate
(se). The correlation coefficient, r, is a measure of the
goodness of fit of the regression model. The F-test reflects
the ratio of the variance explained by the model and the
variance due to the error in the model. The standard error
measures the model error.

 The models predict the lipophilicity indices (RMo and
scores along PC1) with correlation coefficients of 0.9846
and 1, and lower values were obtained when the
hydrophobicity index, φo, was estimated.

A highly positive contribution upon the retention
mechanism on both kind of phases was given by path/
walk 5 Randic shape index (PW5), and high negative
contribution of specific polarizability was observed on RP-
18WF254S which states that specific polarizability accounts
the favorable effects of dipole-dipole interactions between
the solutes and the bulk phases. The negative energies of
HOMO and LUMO approximate the electron affinity of
molecules and mutagenicity. The dipole moment indicates
the intrinsic polarity of the molecule and its magnitude is
also a good indicator of lipophilicity; the larger the
magnitude, the higher is its hydrophilicity.

The Kier symmetry index S3K measures the disorder in
the system. It is known that lower values of S3K lead to
greater topological symmetries, and thus to a lower
tendency for changing the molecular freedom. Moriguchi
octanol–water partition coefficient (MLOGP) is a
significant descriptor for efflux inhibitory activity.

Based on a 2D representation of loadings representing
both lipophilicity indices and descriptors shows an
interesting clustering, the lipophilicity parameters form a
cluster, which indicates the predominant role of lipophilicity
in the reversed-phase retention mechanism; almost all
descriptors form a large cluster comprising the majority of
them according to their similarity, with the exception of a
smaller compact cluster which includes: SP, MAXDN,
MAXDP, DM, SPI, DELS, ABSQon, TPSA(NO), TPSA(Tot);
also, Q+, MSD, BLI, BAC, Lop, PJI2 appear to form an outlier
group and are the most discriminating.

It was also shown that score plots can be used to search
for structural similarities within groups of compounds, since
similar structures are grouped. The scatterplot of scores
shows interesting results (fig. 2). Three clusters appear to
be well defined and in a good agreement to the structure
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of compounds: one of them corresponds to the compounds
1, 2, 3, 4 and 5 (formyl and acetyl derivatives), the second
includes the hexamethylenimine derivatives (6, 7 and 8)
and cyclohexyl derivative (9), which has a distinct
structure, and the third group corresponds to the piperazinyl
derivatives (10, 11 and 12).

Conclusions
In the present study, the relationship between

chromatographic retention indices (RMo, b, φo and scores
corresponding to the first principal component), estimated
by RP-HPTLC, and the various descriptors computed
through different software of the formyl- and acetylpyridine-
3- thiosemicarbazone derivatives has been investigated.

The lipophilicity of most of the compounds tested
probably resides in the action of the N-terminal at some
reactive site, especially the heterocyclic ones which may

Table 6
TABLE OF CORRELATION CONSIDERING MOLECULAR DESCRIPTORS COMPUTED

WITH DRAGON SOFTWARE PROGRAM

Fig. 2. Scatterplot of scores

be more active because of the enhanced ability of the
compound to penetrate the silica gel stationary phase.

Excellent structure–retention index models show the
efficiency of these indices in the structure–retention index
correlations. In all cases, the path/walk 5 Randic shape
index and (PW5), highest occupied and the lowest
unoccupied molecular orbital (HOMO) and (LUMO) and
specific polarizability (SP) play a dominant role in
chromatographic behaviour on both stationary phases with
different polarities. Much more, principal component
analysis applied to the data matrix showed an interesting
clustering of descriptors and also of compounds in a good
agreement to their chemical structure and
chromatographic behaviour.

The results of these investigations also indicate that
some topological and charge descriptors are a most useful
basis for study of QSAR/QSPR/QSRR for formyl- and
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acetylpyridine-3-thiosemicarbazone derivatives, which
assures broad evaluations in these domains.
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