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ABSTRACT: An homologous series of carboxylic FA, from
methanoic to triacontanoic, were characterized by selected struc-
tural descriptors based on distance matrix (W, A, B, 'B), adja-
cency matrix (M, MY, %, 'z, 2%, %", 'x", %", F, N,), and infor-
mation theory (ls,, Is») as well as electrotopological states. Satu-
rated FA, from pentanoic to eicosanoic as well as from heptanoic
to tricontanoic acids, were separated by reversed-phase high-per-
formance TLC (RP-HPTLC) using mobile phases of methanol/
water. The relationships existing between experimental partition
coefficients (log P, ), partition coefficients obtained from an In-
ternet database (IAlogP and ClogP™), and R, values (obtained
by means of RP-HPTLC, where R,, is the hydrophobicity index)
or structural descriptors (based on adjacency matrix: M, MY, %,
% 2% %Y, 'xY, 2", F, N, and information theory: Igy, Is4,) of sat-
urated FA were investigated. Comparison and estimation of the
usefulness of R, values and selected structural descriptors for cal-
culating and predicting partition coefficients of saturated FA are
the novel components of the work presented. The authors found
that both values for Ry, and structural descriptors can serve for
calculating and predicting the partition coefficients of FA investi-
gated; but the selected traditional structural descriptors better de-
scribe the partition coefficients than the R, values.
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Saturated as well as unsaturated FA are present mainly as TAG
in natural fats and oils. They are also transported as FFA and
are present in blood serum. Saturated and unsaturated FA occur
in plants and even in bacterial species (1,2). Problems with FA
metabolism can cause illness, which often can be detected by
measurement of FA concentration (3).

Lipophilicity is one of the parameters of a chemical sub-
stance that influences its biological activity. Lipophilicity also
can help describe the pharmacodynamic and pharmacokinetic
aspects of drug action (4,5).

Lipophilicity is defined by the partition of a compound be-
tween a nonaqueous and an aqueous phase. The n-
octanol-water partition coefficient (log Pexp) is generally ac-
cepted as a useful parameter in quantitative structure-activity
relationship studies (QSAR) for the prediction of biological or
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pharmacological activity of compounds (6,7). Measurement of
partition coefficients is not a simple matter. Measurement of
partition coefficients by equilibration methods is frequently dif-
ficult owing to the presence of impurities or compound insta-
bility, a strong preference of the compound for one of the two
phases, or by stable emulsion formation. Practical problems
arise for polar and highly lipophilic compounds (log Pexp >4)
(4,5). Partition chromatographic techniques (5,8—10) and theo-
retical methods (4-6,8—16) have been widely used as a reliable
alternative to the classical determination of log P, .

We have investigated previously the optimal conditions for
the separation of homologous series of saturated FA by re-
versed-phase high-performance TLC (RP-HPTLC) and de-
scribed the relationships between physicochemical properties
(retention parameters, molar volume, heat of combustion, ex-
perimental partition coefficient, resolidification point, refrac-
tive index, heat of crystallization, m.p., and b.p.) and structural
descriptors (based on distance matrix: W, A, OB, 1B; adjacency
matrix: M, MY.%, %, 2% %Y, %Y, V. F, N,;and information
theory: Ig,, is Aas well as electrotopological states) (17-21).

The aim of this work was to compare R,, values (where R,,
is the hydrophobicity index) obtained by using RP-HPTLC
with selected structural descriptors for calculating and predict-
ing n-octanol-water partition coefficients of homologous se-
ries of saturated FA. The following n-octanol-water partition
coefficients were investigated: (i) log Pexp, obtained experi-
mentally (15,16); (ii) [AlogP, the theoretical method of calcu-
lation of n-octanol-water partition coefficients based on the set
of 238 MolconnZ molecular indices generated from 13,000 or-
ganic structures with accurately measured log P values. Inter-
active analysis (IA), using neural networks technology to de-
rive a set of 10-fold cross-validated networks, was used to de-
velop the logP predictor (15,16). (iii) ClogP™, which is a
theoretical method of calculation of n-octanol-water partition
coefficients based on its estimation of these interactions on the
principles defined by Hammett. Not only is ClogP one of the
most accurate calculations available, it produces results that are
based on established chemical interactions, unlike other pro-
grams that are based solely on statistics (15,16).

EXPERIMENTAL PROCEDURES

Partition TLC. The carboxylic acids investigated in this study
are listed in Table 1. Solutions of the acids were prepared from
analytical-grade chemicals (Larodan Chemicals, Malmo, Swe-
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TABLE 1
Experimental Values of Octanol-Water Partition Coefficient and R,,

Partition coefficient R, value?

Acid (symbol of acid) log Py IAlogP¢ Clogp Ryos:5)° RM(1000/0MGOH)f
Methanoic (C1) -0.54 -0.73 -0.54 — —
Ethanoic (C2) -0.17 -0.44 -0.19 — —
Propanoic (C3) 0.33 0.09 0.34 — —
Butanoic (C4) 0.79 0.60 0.86 — —
Pentanoic (C5) 1.39 1.10 1.39 -0.810 —
Hexanoic (C6) 1.92 1.62 1.92 -0.686 —
Heptanoic (C7) 2.42 2.15 2.45 —-0.550 -0.602
Octanoic (C8) 3.05 2.68 2.98 -0.436 -0.500
Nonanoic (C9) 3.42 3.22 3.51 -0.310 -0.438
Decanoic (C10) 4.09 3.80 4.04 -0.194 -0.327
Undecanoic (C11) 4.42 4.35 4.57 —-0.063 -0.226
Dodecanoic (C12) 4.60 4.91 5.10 0.064 -0.176
Tridecanoic (C13) — 5.45 5.63 0.194 -0.066
Tetradecanoic (C14) 6.11 5.98 6.15 0.358 0.087
Pentadecanoic (C15) — 6.50 6.68 0.491 0.222
Hexadecanoic (C16) 7.17 7.00 7.21 0.650 0.368
Heptadecanoic (C17) — 7.47 7.74 0.857 0.537
Octadecanoic (C18) 8.23 7.91 8.27 0.964 0.635
Nonadecanoic (C19) — 8.33 8.80 1.187 0.753
Eicosanoic (C20) 9.29 8.71 9.33 1.288 0.899
Heneicosanoic (C21) — 9.06 8.86 — 1.016
Docosanoic (C22) — 9.36 10.39 — 1.091
Tricosanoic (C23) — 9.53 10.51 — 1.180
Tetracosanoic (C24) — 9.58 11.44 — —
Pentacosanoic (C25) — 9.62 11.97 — —
Hexacosanoic (C26) — 9.65 12.50 — —
Heptacosanoic (C27) — 7.97 13.03 — —
Octacosanoic (C28) — 8.03 13.60 — —
Nonacosanoic (C29) — 8.07 14.09 — —
Triacontanoic (C30) — 8.10 14.62 — —

Ry, = hydrophobicity index, a parameter used to describe the suitability of reversed-phase high-performance TLC as a
method for determining the lipophilic character of compounds.

bLog P was obtained experimentally (15,16).

‘Log P was developed by Interactive Analysis, using neural working technology to derive a set of 10-fold cross-validated

networks (15,16).
dLog P was calculated using ClogP method (15,16).

Ry, values were obtained as a result of experiment by using methanol/water, 95:5 (vol/vol) as the mobile phase.
'Ry, values were obtained as a result of experiment using 100% methanol as the mobile phase.

den). Analytical-grade methanol was obtained from Polish
Chemical Reagents (Gliwice, Poland).

RP-HPTLC was performed on 10 X 20 cm glass-backed RP-
18 HPTLC plates without a concentrating zone (#1.05914;
Merck, Darmstadt, Germany). Solutions of the acids, 20 pg in
5 uL chloroform, were spotted on the plates. The plates were
developed at room temperature in a classical flat-bottomed
chamber (#022.5250; Camag, Muttenz, Switzerland) that had
been saturated in advance for 30 min. The development dis-
tance was 7.5 cm. The mobile phases were: methanol/water,
95:5 (vol/vol), and 100% methanol. The substances analyzed
were visualized in iodine vapor. The chromatograms were run
in triplicate. R, values were measured and converted to R, val-
ues according to Equation 1:

Ry = log[RL— l]
e

where Ry, is the retardation factor, that is, the ratio of the dis-
tance covered by the center of the spot to the distance simulta-
neously covered by the mobile-phase front.

(1]
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Structural descriptors. The Rouvray-Crafford (R) (22),
Wiener (W) (22), Pyka (A, °B, 'B) (23), Gutman (M, M") (22),
Randi¢ (%, "%, %%, %", %", 2¢¥) (21), Platt (F) (22), and Scant-
lebury (N,) (_22) indexes and the indexes based on information
theory (Ig,, Ig,) (22) as well as the electrotopological states
(16,22) were calculated for the acids investigated. The Wiener,
Rouvray-Crafford, and Pyka indexes were calculated by build-
ing the distance matrix and determining its elements by means
of values given by Barysz et al. (24). The electrotopological
states (dssC, dO, sOH) were obtained from Internet data (16).

RESULTS AND DISCUSSION

Experimental n-octanol-water partition coefficients values
(15,16) as well as theoretical n-octanol-water partition coeffi-
cient values obtained from an Internet database (15,16) are
presented in Table 1. R, values obtained by RP-HPTLC also
are listed in Table 1.

The relationships between n-octanol-water partition coeffi-

cient (experimental log Pexp, as well as theoretical calculated



ESTIMATION AND PREDICTION OF LIPOPHILICITY 749
TABLE 2
Functions Describing Relationships Between Log P and Structural Descriptors?

log Pepr IAlogP¢ ClogP?

Structural Determination Determination Determination
descriptors coefficient coefficient coefficient
() Function R (%) Function R? (%) Function R% (%)
R P3rd” 97.80 p 96.01 p 99.04
w P3rd" 97.80 p 95.97 p 99.04
0B No correlation P2nd® 73.21 No correlation
A P3rd" 98.88 p 96.08 p 99.07
B P3rd" 96.45 P3rd" 98.38 p 99.24
M Le 99.52 pP2nd® 99.13 Le 99.90
MY Le 99.52 P2nd® 99.13 Le 99.90
Oy Le 99.75 P3rd" 99.98 Le 99.96
Ty Le 99.81 P3rd" 99.99 Le 99.97
2 Le 99.56 P3rd" 99.93 Le 99.92
Oyv Le 99.72 P3rdh 99.98 Le 99.95
Ty Le 99.75 P3rd" 99.99 Le 99.96
2V Le 99.79 P3rd" 99.99 Le 99.97
F P2nd® 99.59 P3rd" 99.95 Le 99.84
N, P2nd® 99.59 P3rd" 99.95 Le 99.84
loa P2nd¢ 99.81 P3rd" 99.98 Le 99.84
[ P3rdh 99.62 P3rdh 99.68 P3rdh 99.55
dssC P2nd8 44.85 P2nd8 49.10 No correlation
do P3rd" 97.50 P3rd" 99.04 P3rdh 96.08
SOH P3rd" 97.47 P3rd" 99.02 p3rdh 96.02

aValues presented in boldface have determination coefficients R* > 99%.

b-dEor definitions of these terms see Table 1.

CLinear function: log P = a(l) + b.

Power function: log P = a(l,)b.

8Polynomial of second degree: log P = a(l,* + b(l)+ c.
hPonnomiaI of third degree: log P = a(lr)3 + b(l,)2 +c(l)+ d.

n-octanol-water partition coefficients: IAlogP and ClogP) val-
ues and structural descriptors were investigated. The relation-
ship between experimental log P, values, obtained from the
literature (16), for many of the saturated acids from methanoic
to eicosanoic, except acids C13, C15, C17, and C19, and struc-
tural descriptors were analyzed. The relationships obtained
were described by second- or third-degree polynomials and by
linear functions (Table 2). Correlations for relationships be-
tween log Pexp and topological index ’B as well as between log
P, and electrotopological state of the carbon atom of the car-
boxylic group (dssC) were not found. Correlation equations
with the highest values for the correlation coefficients were ob-
tained with all indexes based on the adjacency matrix and also
with the index of atomic composition and index of average
atomic composition (R? > 99%).

The relationships between [AlogP and structural descriptors
were analyzed and are described for acids from methanoic to
hexacosanoic in Table 2. Heptacosanoic, octacosanoic, nona-
cosanoic, and triacontanoic acids were not taken into consider-
ation because the values of log P for these acids were signifi-
cantly different from the values calculated for the rest of the
acids. The relationships between IAlogP and structural descrip-
tors are presented in Table 2, in the case of topological indexes
R, W, and A by a power function and by second- or third-de-
gree polynomials in the case of the rest of the structural de-
scriptors (Table 2). Regression equations with the highest cor-
relation coefficients were obtained for relationships with all in-
dexes based on the adjacency matrix, index of atomic
composition, and index of average atomic composition, as well

as with the electrotopological state of the oxygen atom from
the hydroxide group (dO and sOH) (R? > 99%).

The relationships between ClogP values and structural de-
scriptors for acids from methanoic to triacontanoic also were
investigated. These relationships are described either by a
power function, by third-degree polynomials, or by linear func-
tions (Table 2). In the case of topological index "B as well as
the electrotopological state of the carbon atom of the carboxylic
group, no correlation was found. Regression equations with
correlation coefficients close to 1.0 were obtained for relation-
ships with indexes based on the adjacency matrix and index of
atomic composition, as well as the index of average atomic
composition. For all mentioned relationships, R> > 99%.

For comparison, the R, values were used as experimental
structural descriptors for calculating partition coefficients of the
saturated FA investigated. Pentanoic to eicosanoic acids were
separated by means of RP-HPTLC using RP-18 plates without a
concentrating zone and with a mobile phase of methanol/water,
95:5 (vol/vol). Heptanoic to tricosanoic acids were separated on
RP-18 plates without a concentrating zone using 100%
methanol. For separation of short-chain ethanoic to butanoic FA
and long-chain tetracosanoic to triacontanoic FA, the RP-
HPTLC method used was not effective. Relationships between
all partition coefficients (log Pexp, IAlogP , and ClogP) and R,
values were described by a linear function. However, the rela-
tionship between [AlogP and Ry100%Me0R) is best described by
a second-degree polynominal equation. Ry1100%Me0m) values
better describe [AlogP than R M(O5:5) values.

On the basis of correlation equations (Table 2), there exists
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FIG. 1. Relationship between experimental log P, and (A) topological index 1y for acids from methanoic to eicosanoic, except acids C13, C15,
C17, and C19; and (B) Ryj95:5) values for acids from pentanoic to eicosanoic, except acids C13, C15, C17, and C19.

the possibility of calculating the partition coefficient values for
the saturated FA investigated. These equations describe the re-
lationship between partition coefficients (log Pexp, TAlogP, and
ClogP) and indices based on adjacency matrix, index of atomic
composition or index of average atomic composition, and R,,
values. The relationships between log Pexp values of FA inves-
tigated and topological index 'y as well as Ry105:5) values are
presented in Figures 1A and 1B, respectively. Equations de-
scribing these relationships are as follows:

log P, = 1.042 (. 0.012)("y) — 1.653 (£0.069) 2]
n=16 R*=99.90% F=7398 s=0.13 P<0.001
log P, =3.784 (£0.068)R) 5.5, + 4.589 (£0.044) 3]

n=12 R*=99.67% F=3058 s=0.15 P<0.001

There are no data in the literature concerning the experimental
coefficients in an n-octanol-water system for tridecanoic acid
(C13), pentadecanoic acid (C15), heptadecanoic acid (C17),
and nonadecanoic acid (C19). On the basis of Equation 2, log
P values for these acids are predicted to be 5.55 for C13, 6.92
for C15, 7.63 for C17, and 8.68 for C19. However, the log Pexp
values predicted on the basis of R, values (Eq. 3) for tride-

12 A)
% ]
g 10 —o—o
8
6 4
4
2 4
0 - . 1 T T —
2 4 6 8 10
2 topological index "

canoic, pentadecanoic, heptadecanoic, and nonadecanoic acids
are 5.32, 6.45, 7.83, and 9.08, respectively.

The relationships between the [AlogP values for the FA in-
vestigated and topological index ?x", as well as R M(100%MeOH)
values, are presented in Figures 2A and 2B, respectively.
Equations describing these relationships are as follows:

IAlogP = —0.0179 (20.0005)(%x")? + 0.1776 (0.0074)(>¢")*
+1.0136 (£0.0284)(%") — 0.7855 (0.0290) [4]
n=26 R®=99.99% s=004 F=159384 P<0.001

IAlogP = 5.502 (+0.051) + 4.718 (£0.099)R?, | oeneom,
~1.182 (0.133) [5]
n=17 R*=99.65% F=2257 s=0.14 P<0.001

The relationship between the ClogP values of FA investigated
and topological index %" as well as Ry 195.5) values are pre-
sented in Figures 3A and 3B, respectively. Equations describ-
ing these relationships are as follows:

ClogP = 1.486 (0.005)(*x") — 0.797 (+0.030) [6]
n=30 R*=99.98% F=91795 s=0.08 P<0.001

B)

—

1 05 0 05 1 15
Rwoo+0)

FIG. 2. Relationship between IAlogP and (A) topological index " for acids from methanoic to hexacosanoic; and (B) Ry govumeon Values for

acids from heptanoic to tricosanoic.
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FIG. 3. Relationship between ClogP and (A) topological index ZXV for acids from methanoic to triacontanoic; and (B) RM(95:5) values for acids from

pentanoic to eicosanoic.

ClogP = 3.744 (20.068)R, 55,5, + 4.658 (+0.046)
n=16 R*=99.53% F=2986 s=0.18 P<0.001

(7]

The relationships between log Pexp', TAlogP, ClogP, and the rest
of the topological indexes investigated based on adjacency ma-
trix, index of atomic composition, and index of average atomic
composition are described also by statistically significant cor-
relation equations similar to Equations 2, 4, and 6.

Values of partition coefficient can be predicted by omitting
heptanoic acid in correlation equations. Correlation Equations
2-7 were recalculated and, for example, the values of log Pexp,
TAlogP, and ClogP were predicted. These equations for log Pexp
are as follows:

log P, = 1.04 (x0.013)('y) — 1.652 (x0.073)
n=15 R*=99.81% F=6803 s=0.14 P<0.001

(8]

10g P, =3.772 (+0.073)Ry 5.5, + 4.598 (+0.0475) [9]

n=11 R*=99.66% F=2639 s=0.16 P<0.00l
The equations for IAlogP are as follows:
TAlogP = -0.018 (20.0001)(*x")* + 0.179 (x0.008)(*x")?

+1.008 (+0.029)(>") — 0.784 (+0.029)
n=25 R*=99.99% s=0.04 F=155830 P<0.001

[10]

TAlogP = 5.501 (x0.051) +4.668 (x0.123)R,
-1.130 (10.154)Rf,[(100% McOH)
n=16 R*=99.56% s=0.10 F=1763

0%MeOH)
[11]
P <0.001

The equations for ClogP are as follows:

ClogP = 1.486 (0.005)(*x") - 0.795 (x0.031)
n=29 R*=99.97% F=85978 s=0.08 P< 0.001

[12]

ClogP = 3.725 (£0.072)R) 95,5 + 4.672(0.049)
n=15 R*=99.51% F=2663 s=0.18 P<0.00l

[13]

The values of log Py IAlogP, and ClogP obtained from the
literature and predicted on the basis of Equations 8—13 are com-
pared in Table 3.

As might be expected, the partition coefficients (log Pexp,
IAlogP, and ClogP) for heptanoic acid predicted by use of
Equations 8, 10, and 12 are more accurate than those predicted
by use of Equations 9, 11, and 13. Thus, the topological indexes
based on adjacency matrix and information theory better de-
scribe the partition coefficients (log P, , [AlogP, and ClogP)
of investigated FA than R, values obtained using RP-HPTLC.

The examples just presented show that the possibility exists
of calculating and predicting values of FA partition coefficients
on the basis of relationships obtained by topological indexes
values or R, values obtained by RP-HPTLC.

For this purpose, topological indices based on the adjacency
matrix M, MY, %, %, 2. %Y, 'Y, 2", E, N,) and index of atomic
composition (Ig,) as well as index of average atomic composi-
tion (I ) performed best. The strong correlation between topo-
logical indices and partition coefficients probably arises from the
fact that both are additive quantities. The equations that relate par-
tition coefficients to R, values have some limitations because
correlation equations log P = f(R,,) use a smaller number of mea-
surement points as a basis. However, in using RP-HPTLC, FA
from pentanoic to tricosanoic can be separated.

The possibility of predicting physicochemical properties of
chemical compounds, including log P, is important because the
experimental log P values are estimated, in many cases for im-
pure substances. Another problem is that sometimes during ex-
perimental estimation of the partition coefficient, an emulsion
can be formed, which also can change the results. That is why
prediction of log P values from topological indices would be a
desirable alternative to experimental estimation.

JAOCS, Vol. 83, no. 9 (2006)
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TABLE 3
Predicted Log P Values for Heptanoic Acid
Structural Value Predicted log P
Partition descriptors obtained from for heptanoic acid
coefficient or Ry, value literature using equation Alog P?
log Py, x 2.42 2.42 (Eq. 8) 0.00
Ryo5s5) 2.42 2.52 (Eq. 9) -0.10
IAlogP 2y 2.15 2.12 (Eq. 10) 0.03
Ryi100%MeOH) 2.15 2.28 (Eq. 11) -0.13
ClogP 2y 2.45 2.48 (Eq. 12) -0.03
Ryos:5) 2.45 2.62 (Eq. 13) -0.17
“Alog P = the difference between the log P value obtained from the literature and the predicted value.
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