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EFFECT OF ORGANIC MODIFIER ON THE LIPOPHILICITY OF
ANTIPROLIFERATIVE ACTIVE 4-(5-AMINO-1,3,4-THIADIAZOL-2-
YL)BENZENE-1,3-DIOLS BY REVERSED-PHASE OVERPRESSURED
LAYER CHROMATOGRAPHY

Andrzej Niewiadomy, Alicja Skrzypek, Joanna Matysiak, and
Marek Studziński

Department of Chemistry, University of Life Sciences, Lublin, Poland

& The retention behavior of compounds of antiproliferative activity from the 4-(5-amino-
1,3,4-thiadiazol-2-yl)benzene-1,3-diols group by OPLC was investigated. RP-18 stationary phase
and five different organic modifiers were used. In the case of ethanol as an organic solvent the high-
est concentration of water in the eluent can be applied. On the base of the linear relationship
between the retention and the concentration of organic solvent, various lipophilicity descriptors were
determined. Moderate correlations between the chromatographic parameters and the calculated log
P values according to the Villar approach were found. The RMw parameters were compared with the
antiproliferative activity of compounds against human cancer cell T47D (breast cancer) to find
QSAR equations. The best results for ethanol as the organic solvent were found.

Keywords 4-(5-amino-1,3,4-thiadiazol-2-yl)benzene-1,3-diols, lipophilicity, OPLC, organic
modifier, QSAR, RP-18

INTRODUCTION

Lipophilicity is the descriptor of the molecule applied in numerous
QSAR studies. This parameter can be used for modeling of the permeation
process through biological membranes and to reach active sites in biore-
ceptors.[1] Relative lipophilicity values determined in a set of congeneric
compounds may help explain differences in bioactivity and design new,
potentially more effective analogues.

Reversed phase high performance liquid chromatography (RP-HPLC)
is commonly applied for this purpose.[2] Lipophilicity descriptors have
been calculated by assuming the linear TLC dependence of RM on u,

Address correspondence to Joanna Matysiak, Department of Chemistry, University of Life Sciences,
Akademicka 15, 20-950, Lublin, Poland. E-mail: joanna.matysiak@up.lublin.pl

Journal of Liquid Chromatography & Related Technologies, 33:1417–1426, 2010
Copyright # Taylor & Francis Group, LLC
ISSN: 1082-6076 print/1520-572X online
DOI: 10.1080/10826076.2010.503782

Journal of Liquid Chromatography & Related Technologies, 33:1417–1426, 2010
Copyright # Taylor & Francis Group, LLC
ISSN: 1082-6076 print/1520-572X online
DOI: 10.1080/10826076.2010.503782

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



expressed by the Soczewiński-Wachtmeister equation (1):[3]

RM ¼ RMw þ Su ð1Þ

RMw is the theoretical value of RM for pure water as the mobile phase,
widely used as a measure of lipophilicity in the structural activities studies. S
is the slope of the regression curve and reflects the difference between the
RM values for pure water and the pure modifier (u¼ 0 and u¼ 1, respect-
ively) indicating the mechanism of retention and eluting strength.

One of the decisions is in choice of the chromatographic system is
which mobile phase is appropriate. Methanol is, by far, the most commonly
used organic modifier in the determination of partition coefficient by RP
chromatography. It results from the most water-like structure of all that is
used for RP-HPLC solvents. It is capable of hydrogen bond acceptance
and donation, and its solubility parameter is most similar to water in com-
parison to acetonitrile or tetrahydrofuran. The effect of the stationary
phase is also smaller with methanol.[4] McCornic & Karger have shown that
adsorption of acetonitrile and tetrahydrofuran to alkyl bonded silica occurs
to a greater extent than with methanol.[5] Other studies show that the plots
of log k versus u of methanol generally has significantly less curvature than
tetrahydrofuran or acetonitrile. It is consistent with the solubility para-
meters for these solvents. Thus, the use of methanol minimizes errors in
extrapolation to 0% organic. Other investigators have found a superior
octanol-water log P correlation for the studied set of compounds using
methanol rather than acetonitrile or tetrahydrofuran as the modifiers.[6]

The aims of the present work were investigations of influence of the
type of organic modifier on the lipophilicity and specific hydrophobic sur-
face area of 4-(5-amino-1,3,4-thiadiazol-2-yl)benzene-1,3-diols set that pos-
ses antiproliferative activity against cancer cells.[7,8] The chromatographic
descriptors obtained in this way were correlated with their biological
activity. Reversed Phase Overpressure Layer Chromatography (RP OPLC)
was applied for these purposes.[9–11]

EXPERIMENTAL

Chemicals

The N-substituted 4-(5-amino-1,3,4-thiadiazol-2-yl)benzene-1,3-diols
used (Table 1) were synthesized in the Laboratory of Chemistry Depart-
ment at University of Life Sciences in Lublin, Poland and reported pre-
viously.[7,8] The organic modifiers and other chemical reagents were of
analytical reagent grade (Merck, Germany).
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Chromatography

OPLC studies were performed on the precoated plates of RP-18254S

(10� 20) (Merck, Darmstadt, Germany). One mL samples of the solutes
(0.5 mg � cm�3 in methanol) were spotted with the Linomat 5 applicator
(Camag). The chromatograms were developed over a distance of 7.0 cm in
the automatic Personal OPLC BS-50 chromatograph (OPLC-NIT, Budapest,
Hungary). Water-organic modifiers were applied as the mobile phases in the
following concentration range: methanol: (MET) 0.50–0.75; acetone (ACT):
0.40–0.65; ethanol (ETH) 0.30–0.60; acetonitrile (ACN): 0.35–0.55; and tetra-
hydrofuran (THF): 0.35–0.60 v=v of organic solvent at 0.05 intervals. OPLC
determinations were performed at 21�C, external pressure 50 bar, volume
of rapid flow 150mL, flow rate 150mL=min, volume of mobile phase 800mL.
Two independent runs were carried out in all experiments. All developed
plates were dried at room temperature. Compounds were detected with the
Camag VideoStore 2 system (Camag, Switzerland) consisting of the Reprostar
3 UV=Vis analysis lamp with the cabinet cover or by a Shimadzu CS-9000 duul-
wavelength TLC scanner (Shimadzu Europe, Duisburg, Germany).

Calculations

The log P values according to Villar were determined by PC Spartan Pro
Ver 1 using the semi empirical AM1 type of calculation.[12]

The coefficients in the regression equations were calculated by the mul-
tiple regression analysis Statistica Program, Version 7.1.[13] Statistical sig-
nificance of the regression equation was tested by the correlation
coefficient (r), the standard error of estimate (s), and the variance ratio
(F) at specified degrees of freedom (df), n – number of compounds.

Antiproliferative Activity Assay

The compounds were tested in vitro against a cell line T47D (breast can-
cer) from the American Type Culture Collection (Rockville, Maryland,
USA). The SRB test measuring the cell proliferation inhibition of in vitro
culture was applied.[14] The cytotoxic activity in vitro was expressed as log
1=ID50 (Table 1).[7,8] ID50 expresses the concentration (mM) of the com-
pound that inhibits proliferation rate of the tumor cells by 50% as com-
pared to the control untreated cells.

RESULTS AND DISCUSSION

The structure of N-substituted 2-amino-5-(2,4-dihydroxyphenyl)-1,3,4-
thiadiazoles studied is presented in Table 1. The panel substitution
includes N-alkyl and aryl derivatives.
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To calculate solute lipophilicity the capacity factors (RM) have been
determined for different concentrations of the following organic modifiers:
methanol, ethanol, acetone, acetonitrile, and tetrahydrofuran on the octa-
decyl stationary phase. The experimental data obtained by the RP-OPLC
method as RM plots versus the percentage composition of different organic
modifiers in the mobile phase for some compounds are presented in
Figure 1. The lipophilicity parameters determined for five different organic
modifiers are presented in Tables 1 and 2.

The absolute values of slopes of 2-amino-5-(2,4-dihydroxyphenyl)-1,3,4-
thiadiazoles are the highest for the water-THF mobile phase and the lowest
for the water-ACN one. It is in accordance with the increasing eluting
power of organic modifier of reversed phases expressed by the 1=E0 para-
meter.[15,16] At the same time, high selectivity for methanol and acetone,
and the lowest one for ethanol as the organic modifier were found. This
refers to both binary and theoretical aqueous mobile phases (Tables 1
and 2).

Biagi et al. found that for closely congeneric compounds, the ratio of
the intercept (RMw) to the slope (S) of Eq. 1 is constant.[17] Table 3 depicts
the relationships between these parameters of 2-amino-1,3,4-thiadiazoles in
five different organic modifiers. The best results for THF (Eq. (6)) and the
poorest ones for ethanol (Eq. (3), Table 3) were obtained. However, in all
cases, congenerity of compounds was confirmed. Significantly different
slopes and intercepts of these equations for tetrahydrofuran (Eq. (6)) as
the organic modifier in relation to the others were found. Comparable

FIGURE 1 The influence of organic modifiers concentration on the retentions of compounds 7 and 16
by OPLC RP-18 chromatography.
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slopes for methanol and ethanol were found (Eqs. (2) and (3)). It can
suggest similar retention mechanism of the studied compounds in these
chromatographic systems (Figure 1, Table 3).

The data in Tables 1 and 2 shows that the extrapolated RMw values from
RP-18 OPLC chromatography with ACN and ethanol or acetone and THF
as the organic modifier are very similar. The relationships between these
parameters are described by the following equations:

RMwðACNÞ ¼ 1:0051ð�0:1202ÞRMwðETHÞ þ 0:0209ð�0:3403Þ
n ¼ 22; r ¼ 0:8817; s ¼ 0:2341; F ¼ 69:87

RMwðACTÞ ¼ 0:9683ð�0:0955ÞRMwðTHFÞ þ 0:1099ð�0:3264Þ
n ¼ 22; r ¼ 0:9849; s ¼ 0:2715; F ¼ 102:68

The slopes and intercepts, very close to 1 and 0, respectively, showed
that in the cases of both pairs of the organic modifier their nature does
not significantly affect the parameters RMw in the OPLC equations. The
RMw values for other organic modifiers are different. The highest corre-
lation between RMw obtained from methanol as the commonly applied
organic modifier and RMw parameters obtained from ethanol was found.
This relationship can be expressed by the following equation:

RMwðETHÞ ¼ 0:6151ð�0:0754ÞRMwðMETÞ þ 0:4524ð�0:2912Þ
n ¼ 22; r ¼ 0:8768; s ¼ 0:2983; F ¼ 66:51

ð9Þ

It can be the effect of analogical structure of both organic solvents and
identical types of interactions with the analyte and the octadecyl stationary
phase. However, different eluting power of the retentions of all compounds
changes, probably in proportion for both modifiers.

Log P values were applied for comparison determined by the computa-
tional method using the Villar approach.[18] The results are presented
in Table 1. The best relationships found between the log P values and

TABLE 3 The Linear Relationships: RMw¼ a (�S) þb between RMw (intercept) and S (slope) of
RP-TLC Eq. (1) for Various Organic Modifiers in the Mobile Phase

Mobile Phase a (�SE) b (�SE) n r s F Eq.

Methanol-water 0.9204 (�0.0802) �0.4462 (�0.3744) 22 0.9318 0.2252 131.72 (2)
Ethanol-water 0.8900 (�0.1284) �1.1420 (�0.5709) 22 0.8402 0.2360 48.03 (3)
ACN-water 0.8432 (�0.0783) �0.5860 (�0.3201) 22 0.9230 0.1902 116.07 (4)
Acetone-water 0.7996 (�0.0617) �0.5363 (�0.3046) 22 0.9453 0.2193 168.05 (5)
THF-water 0.6186 (�0.0384) �0.3494 (�0.2333) 22 0.9635 0.1700 259.39 (6)
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chromatographic lipophilicity from methanol and acetone are described by
the following equations:

log P ¼ 1:0040ð�0:1255ÞRMwðMETÞ�2:2196ð�0:4834Þ
n ¼ 21;R ¼ 0:8781; s ¼ 0:3467; F ¼ 63:97

ð10Þ

log P ¼ 0:9333ð�0:1274ÞRMwðACTÞ�1:5086ð�0:4319Þ
n ¼ 21;R ¼ 0:8593; s ¼ 0:3412; F ¼ 53:64

ð11Þ

Similar results to methanol for ethanol as the organic modifier were
obtained.

To determine the influence of lipophilicity on the antiproliferative
activity and to find the QSAR equations human breast cancer cell line
T47D was used as the bioindicator. The results of assays were expressed
as ID50 values. The logarithmically transformed 1=ID50 values—lipophilicity
dependences are presented in Table 4. In all cases, the liner equations
were obtained with stronger activity of compounds of high lipophilicity
(Eqs. (12)–(16)). The best results for ethanol as the organic modifier were
obtained (Eq. 13, Figure 2). This may result from the possibility of applying
greater water concentration for the mobile phase. Thus, the use of ethanol
minimizes errors in extrapolation to 0% of organic.

Hollósy and coworkers[19,20] also reported a good prediction of cyto-
toxic activity of carboxamide derivatives by means of their log k data
determined on the Hypersil 5 MOS column under isocratic conditions
(24% v=v ACN in the aqueous phase). The strongest antiproliferative effect
against A431 cells determined by the MTT method also showed analogs of
high lipophilicity expressed in this way.

The obtained results show explicitly the synthesis directions for new
analogs of high antiproliferative activity from the 4-(5-amino-1,3,4-
thiadiazol-2-yl)benzene-1,3-diol set. High lipophilicity compounds are pref-
erable. This can be achieved by the design and synthesis of derivatives with
halogen atoms of high atomic mass or with the alkyl substituents in the
N-phenyl ring or in the resorcinol moiety.

TABLE 4 The Linear Relationships: log 1=ID50¼ a RMw þb between Antiproliferative Activity of Com-
pounds against the Cells of Human Breast Cancer Line T47D and Lipophilicity RMw

mobile phase A (�SE) b (�SE) n r s F

methanol-water 0.6107 (�0.0883) �3.7331 (�0.3494) 16 0.8795 0.2214 47.82 (12)
ethanol-water 0.9073 (�0.0925) �3.9012 (�0.2638) 16 0.9343 0.1659 96.10 (13)
ACN-water 0.7171 (�0.1078) �3.3831 (�0.3114) 16 0.8715 0.2281 44.21 (14)
acetone-water 0.5317 (�0.0844) �3.1190 (�0.2877) 16 0.8596 0.2377 39.63 (15)
THF-water 0.5798 (�0.0788) �3.2495 (�0.2638) 16 0.8913 0.2109 54.13 (16)
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CONCLUSIONS

The RMw values obtained by RP-18 OPLC chromatography can be
applied to predict antiproliferative activity of N-substituted 4-(5-amino-
1,3,4-thiadiazol-2-yl)benzene-1,3-diol set and they show the directions for
the new synthesis. The best results of the antiproliferative activity-
lipophilicity analysis for ethanol as the organic modifier were obtained. It
can result from higher water content in the mobile phases used for extra-
polation. At the same time methanol-water is the most selective eluent for
the tested series of compounds with respect to the substituent effect on
retention. High efficiency, very short time of development of chromato-
grams, and increasing number of samples analyzed on one chromatoplate
for the OPLC method permits the ues of OPLC for a quick analysis of a
large number of biologically active compounds in the QSAR studies.
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