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ABSTRACT

Selected higher fatty acids, hydroxy acids, and their esters were chro-
matographed on RP-TLC plates using methanol : water as mobile phase.
Ry values obtained by RP-TLC and log P values by Rekker were used
for the new methods of calculation of partition coefficients for investi-
gated compounds. The partition coefficient values estimated by the
Rekker method for higher fatty acids, hydroxy acids, and their esters
were also correlated with the numerical values of selected structural
descriptors. The most accurate prediction of the partition coefficient
values of the acids and esters was achieved by use of biparametric
equations relating to the topological index A and electrotopological
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state Esop. These methods enable differentiation between the values of
log P for the geometric isomers of 9-octadecenoic acids, namely for
oleic acid and elaidic acid.

Key Words: RP-TLC method; Higher fatty acids; Hydroxy acids;
Esters; Partition coefficient; Structural descriptors.

INTRODUCTION

The problem of calculating isomers’ log P values presents an important
analytical and physicochemical issues.

The definition of lipophilicity pertains to the phenomenon of water mol-
ecules’ interaction with apolar fragments of organic molecules. Hydrophobic
interactions are particularly important for biological processes, therefore the
hydrophobic effect of organic compounds has been justifiably the subject of
extensive investigations.

The biological activity of organic compounds depends on multiple factors
such as their structure, distribution of electrons, as well as hydrophobic —hydro-
philic character of such compounds. Biologically active substances are
strongly affected by the hydrophobic—hydrophilic equilibrium, which can be
expressed by the partition coefficient of these substances between water and
an organic solvent.!""* Among many systems popularly used for this purpose
is n-octanol—water, since it best reflects actual conditions of the biological
milieu with regard to the arrangement of polar and non-polar phases."®! This
is why, in order to describe lipophilicity of the examined substance, one uses
the logarithm of its partition coefficient (log P) in n-octanol—water system.
The traditional method of specifying this parameter, i.e., extraction, is based
upon quantitative determination of the examined substance concentration at
equilibrium between the two phases mentioned. It possesses, however, numer-
ous flaws. Among other things, it makes possible examination of substances
only that are chemically pure and stable; it is also time-consuming and
frequently unfeasible because of unwanted emulsion formation.!*”
Reversed-phase thin-layer chromatography (RP-TLC) and different compu-
tational procedures are alternative methods for lipophilicity estimations.!® =’

To assess hydrophobic—hydrophilic properties of organic compounds,
one can make use of some physicochemical parameters that reveal rela-
tionships between chemical structures and biological activities. The most
frequently used quantities describing molecular structures with singular
numbers are topological indexes originating from the graph theory.

The aim of this work was application of RP-TLC and structural descrip-
tors (topological indexes and electrotopological states) for calculation and
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prediction of partition coefficients for higher fatty acids, hydroxy fatty acids,
and their esters. The subjects of investigation were: oleic acid, elaidic
acid, ricinoleic acid, methyl ricinoleate, a-hydroxypalmitic acid, methyl
a-hydroxypalmitate, 12-hydroxystearic acid, methyl 12-hydroxystearate,
9,10-dihydroxystearic acid, and methyl 9,10-dihydroxystearate.

EXPERIMENTAL
Chemicals

If not otherwise specified, all used chemicals were analytical grade.
TLC-solvents were obtained from Merck, Darmstadt, Germany. Commercial
samples of oleic acid, elaidic acid, ricinoleic acid, methyl ricinoleate, a-hydroxy-
palmitic acid, methyl a-hydroxypalmitate, 12-hydroxystearic acid, methyl
12-hydroxystearate, 9,10-dihydroxystearic acid, and methyl 9,10-dihydroxy-
stearate (Sigma-Aldrich, USA) were used as test solutes in chloroform.

Separation of Higher Fatty Acids, Hydroxy Fatty Acids, and
Their Esters by TLC

RP-TLC was performed on RP-18F,s, RP-TLC plates (E. Merck,
Darmstadt, Germany). Solutions of higher fatty acids, hydroxy fatty acids,
and their esters (concentrations 0.169%) were spotted on a chromatographic
plate in quantities of 2 pL. Methanol, and mixture containing methanol and
water in the volume proportions 9.5:0.5, and 9:1 were used as mobile
phases. After development, the plates were dried at room temperature for
24 hr to evaporate the solvents. Finally, the spots of compounds investigated
were observed after visualization in iodine vapour.

Partition Coefficients
log P by the Method of Rekker

The log Prex partition coefficients were calculated from fragmental
constants, according to the method of Rekker,"'°~'* using equation:

log PRek = Zanfn (1)
1
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where a,, is the number of a given structural fragment » in a molecule and f,,
is the hydrophobic fragmental constant of the given structural fragment n. The
[, values are:

fCH3 = 0.724; fCHz = 0519, fCH = 0315, fCOOH = —0.942
fcoo = —1.200; fH = 02045, fCH2=CH = 0834, fOH = —1.448

New Methods of Calculation of Partition Coefficients

Partition Coefficients for Oleic and Elaidic Acids

New methods of calculation of partition coefficients, on the basis of the
retention parameter values (Rg) obtained by TLC on RP-18 stationary phase
and log P values by Rekker’s method, are proposed for oleic acid and
elaidic acid, i.e., by use of Eqs. (2) and (3):

R
10g Poleic acid =— <F) X IOg PRek (2)
R

R
log Pelaidic acid = (RF

) X log PRrek 3)
F2

where R is the Ry value of oleic acid, Rg, is the Ry value of elaidic acid, and

- Rp; +R
Re = F12 F2

Partition Coefficients for Hydroxy Acids and Their Esters

New methods of determination of partition coefficients are also proposed
for ricinoleic acid, methyl ricinoleate, a-hydroxypalmitic acid, methyl
a-hydroxypalmitate, 12-hydroxystearic acid, methyl 12-hydroxystearate,
9,10-dihydroxystearic acid, and methyl 9,10-dihydroxystearate. The Rg
values of hydroxy acids and their methyl esters obtained on RP-18 plates,
as well as log P values by the method of Rekker, were applied for
these new methods of calculation of log P, i.e., by use of Egs. (4) and (5),
respectively:

R
log Pacid = (RF

) x log Prex 4)
Fl

R
IOg Pester = <R:2) X 10g Prex (5)
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where Rp; is the Rp value of suitable acid, Rg, is the Rg value of suitable
methyl ester, and

_ Ry +R
RF: Fl2 F2

Structural Descriptors

Topological indexes based on connectivity (Gutman (M, M*),!'*~'52% and
Randi¢ Cx, 'x. “x. °x", %% X, 7122  and Pyka (x010)!' > "® indexes) and
on the distance matrix (Rouvray (R),113152% Wiener (W),['*1%1 and Pyka B,
'B, A)”S’”’]S] indexes) were calculated for the compounds investigated. The
Rouvray, Wiener, and Pyka indexes were calculated by building the distance
matrix and determining its elements by means of values given by Barysz and
Pyka.'"] The electrotopological states of carbon atoms bearing carboxyl
groups, oxygen atoms of carboxyl groups, and oxygen atoms of hydroxyl
groups were obtained from the internet."*!! Elements necessary to calculate
the earlier mentioned indexes are listed in Table 1. The methods used to calcu-
late the topological indexes have been reviewed elsewhere.!'? 15201

RESULTS AND DISCUSSION

Numerical values of partition coefficients, calculated according to Eq. (1)
using the method of Rekker and the Rg values obtained by RP-TLC method, are
listed in Table 2. The log Pg. partition coefficients calculated according to the
method of Rekker lead to identical numerical values for the geometric isomers
of 9-octadecenoic acids, namely for oleic and elaidic acids. The partition coef-
ficients (log P) values, calculated using the new methods proposed on the basis
of Egs. (2)—(5) for the all investigated compounds, are also listed in Table 2.

The combination of the data obtained by RP-TLC method and the log Pgrex
calculated from fragmental constants (according to the method of Rekker),
enable differentiation between the values of log P for the oleic acid and the
elaidic acid.

Topological indexes based on adjacency matrix and numbers of hydrogen
bonds acceptors'?' are presented in Table 3. Selected topological indexes
based on the distance matrix and the electrotopological states are listed in Table 4.

Using structural descriptors, obtaining statistically optimal correlation
equations that would describe log P according to Rekker is one problem.
Another is obtaining such correlation equations that would allow, in turn,
obtaining a correlation equation generating varying values of log P for
isomers, i.e., for oleic acid and elaidic acid, because the Rekker method for
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these substances yields the same value. The best correlation equations
obtained as follow:

log Prex = 0.4787(+0.1029) x %" — 1.3840(+0.1184) x #HA
+3.9275(+ 1.4053) (6)
n=10; R*=9552%; F=745; s=0236; P <0.0001
log Prex = 0.9825(+0.0731) x 'y* — 1.6188(+0.0508) x #HA
+2.3132(+0.6065) (7)
n=10; R*=99.32%; F=5083; s=0.092; P <0.0001
10g Prex = 1.0910(x0.0648) x x4, — 0.1680(+0.0046) x Esoy
— 1.9396(+ 0.5642) (8)
n=10; R*=99.49%:; F=6814; s=0.080; P <0.0001
10g Prex = 0.9920(+0.0654) x x4, — 1.6380(+0.0457) x HA
+2.2271(+0.5432) )
n=10; R*=99.46%; F=6429; s=0.082; P <0.0001
log Prex = 1.0833(+0.0668) x 'y’ — 0.1661(+0.0047) x Esop
— 1.8252(+0.5794) (10)
n=10; R*=99.45%; F=631.6; s=0.083; P <0.0001

Table 5 puts together values of partition coefficients for the examined
fatty acids and their derivatives calculated using Egs. (9) and (10).

The coefficients appear in these equations are not mutually correlated.
These equations are characterized by a high correlation coefficient;
however, they do not allow differentiating between oleic and elaidic
acids. That means, log P values calculated from these equations will always
be the same for both acids, which are isomers. The reason for this happening
is that in Egs. (6)—(10) all parameters are same for both acids. If one wishes
to differentiate between these two acids, the correlation equation will have
to be modified by introducing an index or parameter that would be
different for these two acids. Only topological indexes based on distance
matrix allow differentiating between geometrical isomers having cis- and
trans-configuration. The best equation of this type is as follows:

log Prex = 0.007989(+0.001013) x A — 0.1882(+0.01092) x Esop
+ 3.2748(+0.5484) (11)
n=10; R®>=97.85%; F=1594; s=0.163; P < 0.0001

The log P values calculated from Eq. (11) are shown in Table 5.
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Table 5. log P value calculated on the base structural descriptors [Egs. (9)—(12)] for
investigated compounds.

log Pgex calculated using equations

Solute ) 10) an (12)
Oleic acid 7.664 7.732 7.539 7.486"
Elaidic acid 7.664 7.732 7.766
Ricinoleic acid 6.183 5.987 5.987 7.714%
Methyl ricinoleate 6.577 6.403 6.207
a-Hydroxypalmitic acid 5.375 5.430 5.538 5.971
Methyl a-hydroxypalmitate 5.808 5.798 5.926 6.192
12-Hydroxystearic acid 6.414 6.499 6.489 5.517
Methyl 12-hydroxystearate 6.608 6.774 7.044 5.908
9,10-Dihydroxystearic acid 4.765 4.802 4.884 6.475
Methyl 9,10-dihydroxystearate 5.238 5.334 5.110 7.032
4.906
5.134

“Predicted log P values.

The topological index A, in the above equation, the only one being based on
distance matrix is the least correlated with Esoy (r = —0.6587). This means,
such an equation can serve to calculate log P for oleic and elaidic acids, as
well as log P values for the remaining acids and their derivatives (see Table 5).

With oleic acid and elaidic acid removed from Eq. (11), a new equation is
thus obtained:

log Prex = 0.00802(+0.001140) x A — 0.1847(+£0.0177) X Eson
+ 3.2031(£0.5994) (12)
n=238 R*=95.62%; F=546; s=0.177; P < 0.0005

The log P values for oleic and elaidic acids predicted from Eq. (12), as well as
log P values calculated for the remaining compounds tested, are also included
in Table 5.

The log P values calculated using the new proposed Eqgs. (11) and (12)
have different values for oleic acid and elaidic acid.

The results from these investigations indicate that some topological
indexes are most useful for study of QSPR for the higher fatty acids,
hydroxy acids, and their esters. Structural descriptors, namely topological
indexes based on distance matrix and adjacency matrix, as well as electro-
topological states, can be used for calculation and prediction of partition coef-
ficients of investigated compounds. From the data presented in this work, it is
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apparent that the topological index A describes additional important elements
of chemical structures of investigated compounds not given by the other
topological indexes and electrotopological states.

These new methods of calculation of partition coefficients (log P) on the
basis of the proposed equations of state broadly supplement well-established
methods and applications, i.e., methods of normal measurements in the
n-octanol—water system. Because of experimental difficulties, including solu-
bility limits, various stabilities, formation of emulsions or impurities of the
studied compounds, the evaluation of log P values by the proposed methods
from this paper is analytically well-founded.
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