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In a preceding study, the molecular hydrophobicity (RM0) was determined experimentally from reverse-phase
thin-layer chromatography data for several substituted phenols and 2-(aryloxy-α-acetyl)-phenoxathiin
derivatives, obtained from the corresponding phenoxides and 2-(α-bromoacetyl)-phenoxathiin. QSPR
correlations for RM0 were explored using four calculated molecular descriptors: the water solubility parameter
(log Sw), log P, the Gibbs energy of formation (∆Gf), and the aromaticity index (HOMA). Triparametric
correlations do not improve substantially the biparametric correlation of RM0 in terms of log Sw and HOMA.
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Phenoxathiin derivatives have numerous biomedical
applications such as specific inhibition of
monoaminoxidase MAO A (E.C. 1.4.3.4) [1-3], antimicrobial
activity [4], antibacterial and bactericidal properties [5].
2-Aroylbenzofuran-phenoxathiin derivatives, like 2-
aroylbenzofurans [6], have potential spasmolytic
properties. The fluorescence of phenoxathiins [7-9], and
the stability of free radicals obtained from phenoxathiins
by oxidation in acid medium [10, 11], have been intensely
studied.

In previous papers the synthesis of several classes of
new phenoxathiin derivatives was reported [12]. By means
of reverse-phase thin-layer chromatography (RP-TLC) the
molecular hydrophobicity values (RM0) could be
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determined experimentally. Using molecular descriptors
calculated with the help of Katritzky and Karelson’s
CODESSA program [13], QSPR studies were reported for
several phenols (1A–1F) and 2-(aryloxy-α -acetyl)-
phenoxathiin derivatives (2A–2F) obtained from the
corresponding phenoxides and 2-(α -bromoacetyl)-
phenoxathiin [14]. In the present paper we describe
correlations using simpler molecular descriptors and we
extended the list of phenols to include also formyl-
derivatives (1G–1N). Several corresponding phenoxathiin
derivatives (2G–2J) and 2-benzofuran 2-phenoxathiin
ketones (3–5) are also included. All structutes are
presented in figure 1.

Fig. 1. Structures of phenols (1A- 1N) and phenoxathiin derivatives
(2A-2J), 3, 4, and 5
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Molecular hydrophobicity
Experimental data (Rf values) from reverse-phase thin-

layer chromatography of compounds 1A – 1N, 2A – 2J, 3 –
5 were converted into molecular hydrophobicity values
(RM0) molecular hydrophobicity values by means of
equations (1) and (2).

RM = log (1/Rf – 1) (1)

RM = RM0 + bK (2)
where RM0 is the RM value extrapolated to zero
concentration of organic component in the alcohol-water
mixture, and b is the change in the RM value caused by
increasing the concentration (K) of the organic component
in the mobile phase.

Octanol – water partition coefficient and logP
Interactions between water and organic solutes are

determined by several constitutional factors of the solute
molecules such as the presence of hydrogen-bond donor
or acceptor groups, of large nonpolar hydrocarbon
residues, of ionizable groups, etc. By studying the partition
coefficient (Pow) of many solutes between n-octanol and
water, Corwin Hansch introduced logP as a universally
accepted measure of hydrophobicity or lipophilicity [15].
It can be measured experimentally (e. g. by RP-TLC) [16],
or it can be calculated by various methods [17].

Water solubility is a key factor in biological activities of
organic non-electrolyte substances, determining
availability, distribution, degradation, and accumulation in
living cells [18, 19]. Three main factors are involved in
determining water solubility [20-26]: (i) entropy of mixing;
(ii) differences between interactions of molecules in liquid
phase: (water + solute cohesive forces) minus [(water +
water cohesive forces) plus (solute + solute cohesive
forces)]; (iii) for solid compounds one must also consider
solute-solute interaction energies in the oC). As a result,
Yalkowski’s equation (3) defines a water solubility
parameter Sw by its logarithm [26]:

logSw = –log Pow + 0.01(25 – MP) + 0.5 (3)

This water solubility parameter can be determined
experimentally, or estimated by group- or atom-
contribution methods [27].

Melting points for compounds that have not been
synthesized can be approximated by theoretical
calculations, which however give imprecise results [28-
30].

Gibbs energy of formation
According to the well-known equation (4), the standard

molar Gibbs energy of formation ∆Gf
298 (abbreviated as

∆Gf) is an additive property that can be obtained from
thermodynamic tabulated data using various procedures
[31 - 35] or by means of 2D structural parameters and  QSPR
method [36].

∆Gf
298 =∆Hf

298 – T ∆Sf
298 (4)

The most frequently utilized approach is the group
contribution method  [31].

Aromaticity parameters
Aromaticity remains a discussion topic [37-39] as proved

by a recent controversy between Katritzky and Schleyer
on its multidimensionality (resolved by a joint paper) [40].

For benzenoids, properly formulated Clar structures
encompass much information [41].  The  partitioning  of
π-electrons between condensed rings of alternant or non-
alternant conjugated hydrocarbons provides a
rationalization of chemical behavior [42]. The richness of
properties exhibited by aromatic heterocyclic compounds
is a cornerstone in explaining their essential role in carrying
genetic information in living cells and in medicinal
chemistry [43].

For converting local or global aromaticity into numbers
that can then be used in correlations, many procedures
have been advocated. Here we will mention only Bird’s,
(I6 index) [44], Schleyer ’s (NICS indices based on
calculated NMR chemical shifts due to ring currents) [45,
46], and Julg’s indices [47], which were adopted by many
chemists. Julg et al. defined aromaticity indices on the basis
of bond lengths on the periphery of aromatic molecules,
which (according to the Hellmann-Feynman theorem) [48]
reflects the π-electron density, hence the π-electron
delocalization. For eliminating some deficiencies of the Julg
index, it was  defined aromaticity by means of the harmonic
oscillator model (HOMA) [49-53]. In this approach, the first
term in brackets of equation (5) reflects the energy and
the last term the geometric contribution:

HOMA = 1- Σi[α (Ropt – Rav)
2 + (α / n)Σ(Rav – Ri)

2]   (5)

In equation (5) α is a normalization constant, n is the
number of bonds involved in the summation, Ropt, Rav, and
Ri are bond lengths for optimal, average, and running
(current) bond in the summation. Calculation of HOMA
values was effected by using Todeschini’s DRAGON
program [54].

Results and discussion
The molecular hydrophobicity data (RM0) for compounds

1 – 5 , calculated from previously measured RP-TLC data
[12, 14, 16] according to equation (1) and (2), are presented
in table 1. In the same table one may see values of the
solubility parameter Sw, Gibbs energy of formation ∆Gf, logP,
and HOMA aromaticity index. For calculating Sw and ∆Gf
values we used the trial version of the program MMP
(Molecular Modeling Pro) [55]. Correlations were
computed using the Minitab program.

The intercorrelation matrix is presented in figure 2. From
it one can see that intercorrelations are fairly high between
logSw and logP (as expected), or between logSw and ∆Gf
(which is less evident). However, as shown by Randiæ,
one can obtain significant results even when one has such
fairly high intercorrelations (provided that parameters are
not collinear) [56].

Results of monoparametric correlations with RM0 show
that, as expected, the molecular hydrophobicity presents
a better regression in terms of logSw (R2 = 0.925) than in
terms of logP (R2 = 0.845) or ∆Gf (R2 = 0.868). The
correlation coefficient for the regression in terms of HOMA
is quite low (R2 = 0.135).

However, as seen from figure 3, among biparametric
regressions with one of the terms being logSw, the
correlation with HOMA gives somewhat better results. As
there is little substantial improvement in statistical data on
adding a third parameter, one can consider that the
biparametric equation (10) from figure 3 provides a
satisfactory model for the molecular hydrophobicity of the
phenols and phenoxathiin derivatives described in the
present paper. In table 1 one can see the calculated RM0
values according to that equation and the residuals, and
figure  4 presents a plot of observed values versus
calculated values according to equation (10).
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Table 1
DATA FOR THE PHENOLS AND PHENOXATHIIN DERIVATIVES

Fig. 2. Intercorrelation matrix between all
variables  for phenols and phenoxathiins
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Conclusions
Experimentally measured hydrophobicities (RM0) of

several newly synthesized phenoxathiin derivatives and of

Fig. 3. Mono-, bi-, and triparametric correlations of the molecular hydrophobicity

Fig. 4. Plot of experimental vs. computed molecular hydrophobocity
according to equation (10)

phenols with congeneric structures have been correlated
with simple calculated parameters: the water solubility
parameter (logSw), logP, the Gibbs energy of formation (∆−
Gf), and the aromaticity index (HOMA). For the biparametric
equation (10) in terms of log Sw and HOMA, a correlation
factor R2 = 0.933 was obtained, and adding one or two of
the other parameters did not improve substantially the
correlation.
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