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Lipophilicity is a term mainly employed by
medicinal chemists to describe transport process of
compound in biological systems and is the most
frequently used parameter in QSAR analysis. It is
predominant descriptor of pharmacodynamic,
pharmacokinetic and toxic aspects of drug activity.
The lipophilic character of compounds has been
defined in many ways. The most applied one is a
partition coefficient, P, or its decimal logarithm,
logP, which represents the tendency of a molecule
to partition itself between organic and aqueous
phase. The traditional ìshake-flashî partition
method between n-octanol and water is often sub-
stituted by chromatographic approaches (RP-
HPLC and RP-TLC methods). These methods are
based on the assumed linear relationship between
logP and the logarithm of chromatographic capac-
ity factor data (log k and RM) (1).

Many authors described the application of the
RP-TLC to determine the lipophilicity of different
chemical compounds or drugs (2-8). They reported
a good linear correlation between RM extrapolated to
zero organic modifier content and the lipophilicity
parameters determined by other methods: calculated
logP values (2,4,5,7,8), from RP-HPLC measure-
ments (3) and from the shake flask method (3,6).
Raviolo et al. (3) have demonstrated the superiority
of methanol as compared with acetone as the organ-
ic modifier for application in RP-TLC method. In
our previous paper (5) we described studies on
lipophilicity of 5,5-disubstituted derivatives of bar-
bituric acid obtained by the RP-TLC method. We
demonstrated that RM0 can be better correlated with

selected biological activity of barbiturates then logP
(calculated and experimental). 

The aim of this work was to evaluate the
lipophilicity of the series of thiobarbituric acid
derivatives by the RP-TLC method and to compare
the retention parameter, RM0, with theoretical parti-
tion coefficients calculated using different theoreti-
cal procedures.

EXPERIMENTAL

The structures of studied thiobarbituric acid
derivatives are listed in Table 1.
Compounds 1 ñ 23 and 28 (9) were synthesized in
our lab according to the published procedure (10)
(synthesis of compounds 1 ñ 10 and 14 to be pub-
lished, see Table 2). Compounds 24 ñ 27 and 29

were commercial or analytical samples and were
kindly provided by Abbott Laboratories and Bayer,
respectively. Methanol (HPLC grade) was pur-
chased from Merck (Darmstadt, Germany).

Thin layer chromatography was performed on
TLC aluminium sheets 20 × 20 cm RP-18 F254S

(Merck, Darmstadt, Germany). Mixtures of
methanol-water were used as the mobile phases with
methanol content ranging from 55 to 90% (v/v) in
5% increments.

The methanol solutions (1%, w/v) of the inves-
tigated compounds were applied on the start line
with a Hamilton syringe (10 µL). The chro-
matograms were developed on 12 cm distance at 22
± 1OC. After development and drying, the spots were
visualized with the UV254 light. The RF values were
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run in duplicate and the mean values were used for
calculation of RM parameters according to the
expression (1):

1RM = log [(ñññ ñ 1)] (1)
RF

The RM values were extrapolated to the zero
methanol concentration (RM0) using the expression
(11, 12):

RM = RM0 + bC (2)
where C is the concentration of methanol (in %, v/v)
in the mobile phase and b is the change in the RM

value due to the 1% increase of methanol content in
the mobile phase.

The lipophilicity of the investigated com-
pounds, expressed by partition coefficient logP
was also calculated theoretically using the follow-

Table 1. Structure of the investigated thiobarbituric acids derivatives. 

Compound no. R1 R2 R3 R4 X Y Z

1 methyl methyl H H O O S

2 methyl methyl H H O S O

3 methyl methyl H H O S S

4 methyl methyl H H S S O

5 methyl methyl H H S S S

6 ethyl ethyl H H O O S

7 ethyl ethyl H H O S O

8 ethyl ethyl H H O S S

9 ethyl ethyl H H S S O

10 ethyl ethyl H H S S S

11 ethyl phenyl H H O O S

12 ethyl phenyl H H O S O

13 ethyl phenyl H H O S S

14 ethyl phenyl H H S S O

15 ethyl phenyl H H S S S

16 ethyl phenyl H methyl O O S

17 ethyl phenyl H methyl O S O

18 ethyl phenyl H methyl O S S

19 ethyl phenyl H methyl S S S

20 ethyl phenyl methyl methyl O O S

21 ethyl phenyl methyl methyl O S O

22 ethyl phenyl methyl methyl O S S

23 ethyl phenyl methyl methyl S S O

24a ethyl 1-methylbutyl H H O O S

25b ethyl 2-methyl-2-propenyl H H O O S

26c allyl 2-cyclohexenyl H H O O S

27d allyl 1-methylbutyl H H O O S

28 ethyl phenyl H ethyl O O S

29 allyl isobutyl H H O O S

Drug name:
a Thiopental, b Mosidol, c Kemithal, d Surital, e Baytinal
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ing methods: Pallas 3.2 (13), AlogPs (14,
15), IAlogP (14, 16), miLogP (17),
logPKowwin (14, 18) and xlogP (14, 19).
The parameter RM0 was correlated with
these values according to the expression
(1, 20):

RM0 = A + BlogP (3)
Calculations were done using the

Statistica PL 6.0 computer program.

RESULTS AND DISCUSSION

The relative lipophilicity of 29 thio-
barbituric acids derivatives, expressed by
the chromatographic value of RM0, was
estimated by RP-TLC on RP-18 plates
with mixtures of methanol and water as
the mobile phases. The RM values of the
compounds decreased linearly with
increasing concentration of methanol in
the mobile phase. Examples of depend-
ence of RM for compounds 7, 8, and 10 on
methanol concentration in the mobile
phase are presented in Figure 1.
Parameters of linear correlation between
RM values of the investigated compounds
and methanol content in the mobile phase
are listed in Table 3.

Taking into account the results of the
lipophilicity presented in Table 3 the fol-
lowing regularities could be found:
1. the lipophilicity of thiobarbituric acids
increases with increasing number of sulfur
atoms introduced into barbiturate ring
(compounds 1 ñ 5, 6 ñ 10, 11 ñ 15, and 16

ñ 23) and 2S-derivatives are less
lipophilic than 4S-derivatives. The
lipophilicity increases according the fol-
lowing order:
2-thioderivatives < 4-thioderivatives <
2,4-dithioderivatives < 4,6-dithioderiva-
tives < 2,4,6-trithioderivatives.
2. elongation of aliphatic chain of C5 sub-
stituent and its branching caused also the
increase of lipophilicity (compounds 1 ñ
5, 6 ñ 10, 11 ñ 15, and 24 ñ 29).
3. introduction of phenyl ring at the C5
atom yielded further increase of the
lipophilicity (compounds 6 ñ 10 and 11 ñ

15).
4. alkyl-substitution at the nitrogen atom
in the barbiturate ring caused an increase
of lipophilicity, and compounds which are
substituted at two nitrogen atoms are more
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Figure 1. Dependence of RM for compounds 7, 8 and 10 on methanol concentration in the mobile phase.

Table 4. Theoretical partition coefficients for the investigated thiobarbiturates.

Compound no. logPPallas AlogPs IAlogP miLogP logPKowwin xlogP
1 0.19 0.93 0.45 0.61 0.49 -0.45
2 0.07 0.83 0.69 -0.08 -0.46 -0.45
3 0.60 1.65 1.53 0.47 -0.15 -0.20
4 0.25 1.71 1.93 -0.22 -0.74 -0.20
5 0.89 2.15 3.30 0.32 -0.49 0.05
6 1.74 1.72 1.49 1.28 1.47 0.68
7 0.78 1.78 1.76 0.59 0.52 0.68
8 1.12 2.42 2.49 1.13 0.83 0.93
9 0.94 2.47 2.83 0.45 0.25 0.94
10 1.30 2.83 3.96 0.99 0.49 1.19
11 2.27 2.34 2.64 1.34 2.20 1.57
12 1.59 2.47 2.85 0.98 1.25 1.57
13 1.69 3.12 3.19 1.52 1.56 1.82
14 1.68 3.19 3.44 1.16 0.97 1.82
15 1.70 3.55 3.25 1.70 1.22 2.07
16 1.89 2.50 2.57 1.58 2.41 1.71
17 1.89 2.64 2.89 1.78 1.46 1.71
18 1.85 3.16 3.41 1.76 1.77 1.96
19 1.91 3.59 4.71 1.95 1.43 2.21
20 2.09 2.54 2.39 1.83 2.62 1.85
21 2.10 2.77 2.44 1.47 1.67 1.85
22 2.16 3.03 2.29 2.01 1.98 2.10
23 2.16 3.17 2.46 1.65 1.39 2.10
24 2.37 3.05 2.96 2.59 2.87 2.33
25 1.64 1.72 1.88 1.86 2.38 0.95
26 2.17 2.89 2.57 1.99 3.39 2.24
27 2.23 3.11 3.18 2.62 3.23 2.53
28 2.38 2.99 2.82 1.96 2.90 2.13
29 2.37 2.54 2.60 2.09 2.74 1.96
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lipophilic than those with one substituent (com-
pounds 11 ñ 15, 16 ñ 19, and 20 ñ 23).

The values of logP calculated by use of dif-
ferent theoretical procedures (logPPallas, AlogPs,
IAlogP, miLogP, logPKowwin, and xlogP) are pre-
sented in Table 4. The lipophilicity parameter RM0

was compared with the predicted values of logP.
The parameters of linear correlation are listed in
Table 5. The calculated values of parameters for
the linear correlation between each of the predict-
ed partition coefficients are presented in Table 6.
The data collected in Table 5 and 6 indicate that
the correlations between the values of these
parameters were not statistically significant. The
best linear correlation between the RM0 values and
the theoretical partition coefficients was found for
that calculated using AlogPs method (r = 0.743, r2

= 0.552).
The correlation improved when compound 22

was excluded (the residual value is 2.213, the stan-
dardized residual is 2.768 and the studentized resid-
ual is 3.340).

RM0 = ñ 0.110 (± 0.476) + 1.143 (± 0.184) AlogPs
(4)

n = 28; r = 0.774; r2 = 0.599; s = 0.682; F = 39, p <
0.0001

The remaining theoretical partition coefficients
show low correlation with the RM0 values.

CONCLUSIONS

The RP-TLC method was used to investigate
lipophilicity of thiobarbituric acid derivatives. Good
correlation between the retention parameters
obtained by RP-TLC and the concentration of
methanol in the mobile phase was obtained for the
studied compounds. Statistically, highly significant
correlation was found between RM0 values and the
logP predicted using AlogPs method.
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Table 6. Correlation coefficients of linear dependences between particular parameters of lipophilicity.

RM0 logPPallas AlogPs IAlogP miLogP logPKowwin xlogP

RM0 1

logPPallas 0.519 1

AlogPs 0.743 0.744 1

IAlogP 0.577 0.516 0.854 1

miLogP 0.471 0.905 0.687 0.438 1

logPKowwin 0.281 0.881 0.506 0.252 0.917 1

xlogP 0.640 0.925 0.893 0.657 0.884 0.808 1


