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Abstract: Modern approach in the study of biologically active compounds includes
the establishment of relationships between molecular structure, physicochemical properties
and the behavior which studied compound can manifest in the biological medium. These
examinantions are performed in the early stages of the design of future bioactive agent and
require the knowledge of molecular descriptors that can point to its biological activity,
including lipophilicity which occupies a key position. For the series of diphenylacetamide
derivatives, lipophilicity is determined experimentally by thin-layer chromatography on
reversed phase (RP TLC18 F254s), in mixtures of water and various organic modifiers and
computationally, by using the relevant software packages. In order to estimate the potential
acute toxicity of the tested diphenylacetamide derivatives, their effective concentrations,
ECs, on the selected test organisms have been determined. Experimentally determined
lipophilicity (Ry’ and m) is correlated with a standard measure of lipophilicity (log P), as
well as with the selected parameters of toxicity. Thus it has been found that thin-layer
chromatography on reversed phase can be used reliably for describing the lipophilicity and
for the evaluation of the toxic effects of diphenylacetamide derivatives.
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1. INTRODUCTION

In recent decades, scientific studies have
largely focused on the discovery, research and deve-
lopment of biologically active compounds. A modern
design of a future bioactive agent is a complex pro-
cess, and each phase requires a lot of time and costs
[1]. Only 3% of the total number of research projects
brings a new drug to the market, and for the produc-
tion of 20 new drugs, the pharmaceutical industry
invests about 50 billion dollars annually [2]. Clear
definition of the properties of a future bioactive com-
pound (desired effect, efficacy and potential toxicity)
is the first step in the rationalization of the research.
Also, the synthesis of a future drug precedes the esta-
blishment of qualitative and quantitative dependenci-
es between its structure, physical-chemical properties
and activities. Adequate bioavailability is one of the
crucial properties of newly synthesized molecules for
further study of their biological activity. Recognition
of potentially biologically active compounds can be
supported by the use of rules for good bioavailability,
such as the Lipinski Rule of five and the Rule of Gho-
se [3-6]. According to the Lipinski Rule of five, a
potentially biologically active compound should pos-
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sess: molecular weight < 500; number of hydrogen
bond donors < 5; the number of hydrogen bond
acceptors < 10 (2 - 5) and the value of the partition
coefficient log P < 5. Similarly, the bioactive compo-
und according to the Rule of Ghose should have: a
molecular weight between 160-480; the values of the
partition coefficient -0.4 < log P < 5.6; the total num-
ber of atoms in the molecule within 20-70 and the
molar refractivity in the range 40—130.

One of the key molecular descriptors which
can point to the behavior of compounds in the biolo-
gical medium is lipophilicity. It determines the passa-
ge of the compound through biological membranes,
its solubility, absorption, distribution, metabolism,
elimination and toxicity [7,8]. Lipophilicity is often
defined by the partition coefficient, log P, which
represents the concentration ratio of the compound in
both phases of the saturated system 1-octanol/water
[9,10]. The chromatographic parameters, RMO and m,
obtained by thin layer chromatography on reversed
phase (RPTLC) are often applied as alternative mea-
sures of the lipophilicity [11-18]. For further
examination in the design of a new drug, in addition
to lipophilicity and good bioavailability, it is impor-
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tant to predict its possible toxic effects to the society
and the environment.

Bearing in mind the possibility of applying
different acetamide as analgesics [19], antidepres-
sants [20], anticonvulsants, [21] antivirotics [22],
anthelmintics [23], insecticides [24] antimicrobial
agens [25,26] and the anti-tumor drugs [27-29], the
selected derivatives of diphenylacetamide were the
subject of this paper. At first, it was first examined
whether the studied diphenylacetamides fulfill the
Lipinski Rule of five and Rule of Ghose. After that,
their chromatographic parameters, Ry and m, were
determined by using RPTLC in water-acetic acid
and water-dimethylsulfoxide (DMSQO) systems. The
possibility of applying the obtained chromatographic
parameters of the studied diphenylacetamides as a
measure of their lipophilicity and potential toxicity
was tested by the correlation of Ry’ and m with a
partition coefficient, log P, as a standard criteria of
lipophilicity, ie. with the selected parameters of acu-
te toxicity by the linear regression method.

2. EXPERIMENTAL

The solutions of the studied
diphenylacetamides were prepared in ethanol in the
concentration of 2mgem™ (J. T. Baker, The Nether-
lands). The structures of the studied derivatives are
shown in Table 1, and their synthesis and characteri-
zation are described in the literature [30].

Table 1. The structures of the studied diphenylacetamides

R

I
/C
|
H
derivative R derivative R
1. H 6. Br
2. CH; 7. F
3. C,H; 8. CN
4, OH 9. COOCH;
5. Cl 10. COCH;

Commercial plates HPTLC RP 18 F254s
(Macherey-Nagel GmBH, Germany) were used as a
stationary phase. After application about 0.2 pl of the
solution of each tested compound, the chromatograms
were developed 15 minutes in water-acetic acid

mixtures (J. T. Baker, Netherlands) and water-
dimethylsulfoxide (J.T. Baker, Netherlands). The
volume fraction of the organic solvent in the mobile
phase varied in the range ¢ (gmso) = 0.36-0.52 v/ v and
@ sk = 0.36-0.52, v/ v. The development was carried
out by a one-dimensional ascending technique at 25°C
without prior saturation of the atmosphere of the
chromatographic chamber by the solvent vapor. After
the development, the chromatograms were dried in
the air, and the identification was carried out using a
UV light of a wavelength A = 254 nm, wherein on the
fluorescent basis, the dark spots occured.

For each studied compound, the R; values
were calculated, and for each composition of the
mixtures, Ry values were calculated by equation (1):

Ry =log (1/R;— 1) (1)
The linear dependence obtained by applying
the equation (2) gave the intercept, Ry’ and slope, m:

Rv=Ry’ +my 2)

Intercept, Ry, represents the chromatographic
retention constant, while the slope, m corresponds to
the chromatographic parameter which largely
depends on the specific hydrophobic surface of the
solute [31]. In addition to Ry, the chromatographic
parameter m can also be used as an alternative mea-
sure of lipophilicity.

The obtained experimental data were proces-
sed using the Origin 6.1 software. For the calcula-
tion of the partition coefficient, log P, the selected
molecular descriptors and parameters of the toxicity,
the software packages VCCLAB 2007, Molinspira-
tion and PreADMET, respectively, were applied
[32-34].

3. RESULTS AND DISCUSSION

3.1. The compliance of the studied
diphenylacetamide with the rules of good
bioavailability

Since many acetamide derivatives exhibit bio-
logical activity, the possibility of the existence of the
tested diphenylacetamides’ bioactivity has been stu-
died theoretically, using the rules of good
bioavailability — the Lipinski Rule of 5 and the Gho-
se’s rule. For the analyzed diphenylacetamides, the
values of molecular descriptors included in these
rules are shown in Table 2 and Table 3.



Suzana Apostolov, et al., Studying of the lipophilicity and toxicity of diphenylacetamide derivates

Contemporary Materials, IX—1 (2018) Page 24 of 30
Table 2. Selected molecular descriptors of the examined diphenylacetamides

R MW nON nONHN natoms MR
H 211.26 2 1 29 62.88
CH;, 225.29 2 1 32 68.78
C,H; 239.33 2 1 35 73.38
OH 227.26 3 2 30 64.69
Cl 245.71 2 1 29 67.49
Br 290.16 2 1 29 70.57
F 229.25 2 1 29 63.29
CN 236.27 3 1 30 68.98
COOCH; 269.30 4 1 35 75.13
COCH; 253.30 3 1 34 74.13

MW- molecular weight; nON- number of hydrogen bond acceptor; nOHNH- number of hydrogen bond donor; natoms-
the total number of atoms in molecule; MR- molar refractivity

Table 3. Software obtained log P values of diphenylacetamides

R AClog P Alog P Mlog P milogP kowwin Clog P Xlog P
H 2.86 2.65 3.11 2.92 2.81 2.70 3.07
CH; 3.18 3.14 3.36 3.37 3.35 3.20 3.43
C,Hs 3.54 3.59 3.61 3.84 3.85 3.73 3.86
OH 2.57 2.38 2.54 2.44 1.98 2.03 2.71
Cl 3.48 3.31 3.63 3.60 3.45 3.67 3.69
Br 3.56 3.40 3.76 3.73 3.70 3.82 3.76
F 2.92 2.86 3.51 3.08 3.01 3.10 3.17
CN 2.68 2.53 2.72 2.68 2.90 2.73 2.78
COOCH; 2.84 2.51 2.97 3.09 3.04 3.14 2.92
COCH; 2.79 2.39 2.97 2.82 2.49 2.61 2.75

The data shown in Table 2 and Table 3 indica-
te that all the tested diphenylacetamide derivatives
theoretically fulfill the requirement of good
bioavailability in the organism, and thus have a pre-
disposition for the biological activity. Also, based on
the data in Table 3, it can be seen that different valu-
es of the partition coefficient, log P are obtained for
the same compound. The existing differences can be
explained by using different mathematical methods
within the software package. By comparing the cal-
culated partition coefficient, it is notable that the
highest values are obtained for derivatives with —Br
and —C,H;s as the less polar substituents, and the
lowest for the compound with the most polar —OH

group.

3.2. The determination of lipophilicity of
diphenylacetamide derivatives using RPTLC

Given the similarities in the intermolecular
interactions which determine the chromatographic
and biological behavior of the compounds, for the

studied diphenylacetamides, chromatographic para-
meters, Ry’ and m, were determined by using
RPTLC in two organic modifiers- acetic acid and
dimethylsulfoxide (Table 4).

The validity of the linear dependence between
the retention factor, Ry, and the volume fraction of
the organic modifier, ¢, in the selected field of
experimental work is confirmed by the high values
of the regression coefficient, .

From Table 4 it is noticeable that the value of the
slope, m, follows the same trend of changes as the
value of intercept Ry, for all the investigated deri-
vatives in both applied organic modifiers. It was
assumed that both chromatographic parameters are
dependent on the same physical-chemical parame-
ters, and with this aim they were correlated by the
linear regression method. The equations of the obta-
ined linear Ry’-m dependencies are given in Table 5.

The results from Table 5 show that slightly
higher dependence was obtained in
dimethylsulfoxide.
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Table 4. The parameters of the chromatographic equations Ry, m, r obtained in the applied organic modifiers

modifier

R acetic acid DMSO

RM0 m r RMO m r
H 1.613 -3.302 0.998 1.705 -3.435 0.999
CH, 1.840 -3.503 0.999 1.991 -3.715 0.998
C,H; 2.106 -3.713 0.999 2.270 -3.931 0.998
OH 1.155 -2.818 0.999 1.255 -3.105 0.996
Cl 2.005 -3.649 0.998 2.134 -3.815 0.998
Br 2.095 -3.703 0.999 2.200 -3.893 0.999
F 1.795 -3.455 0.998 1.890 -3.609 0.999
CN 1.251 -2.951 0.996 1.365 -3.194 0.999
COOCH; 1.355 -3.057 0.999 1.514 -3.316 0.999
COCH; 1.301 -3.002 0.996 1.419 -3.240 0.996
Table 5. Equations of Ry~ m relationships of the examined diphenylacetamides in used modifiers
Modifier equations r P
DMSO Ry"=-2.509-1.215m 0.999 <0.0001
acetic acid Ry’ =-1.944-1.084m 0.998 <0.0001

3.3. The correlation of experimentally and
mathematically obtained lipophilicity
parameters

In order to confirm that the chromatographic
parameters, Ry’ and m, can be used as alternative
lipophilicity criteria of the tested diphenylacetamides,
they were correlated with the software obtained parti-
tion coefficient, log P, as the standard measure of
lipophilicity by linear regression.

The dependence of the chromatographic
parameters Ry and m obtained in the acetic acid

22

from the partition coefficient, Clog P, are shown in
Figure 1 and Figure 2, respectively.

Figure 1 and Figure 2 show the linear depen-
dence between the software obtained lipophilic
parameter Clog P and the chromatographic parame-
ters Ry’ and m obtained in acetic acid. From the
linear dependence obtained in acetic acid derivati-
ves with polar substituents, which is not observed in
the case of dimethylsulfoxide.
Table 6 shows the correlation matrix obtained as a
result of the linear regression between the
experimentally and mathematically obtained para-
meters of lipophilicity.

21
20
194
1.8
171

1.5
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1.3 1
1.2+

AOH

Clog P

Figure 1. Dependence of chromatographic retention constant R, determined in acetic acid from Clog P
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Figure 2. Dependence of chromatographic parameter m determined in acetic acid from Clog P

Table 6. Statistical parameters for the obtained R,/-log P and m-log P dependence

log P Ry r P m r P
AClog P 0.956 <0.0001 0.963 <0.0001
Alog P 0.972 <0.0001 0.977 <0.0001
Mlog P 0.967 <0.0001 0.966 <0.0001
milog P DMSO 0.958 < 0.0001 DMSO 0.964 <0.0001
kowwin 0.906 0.0003 0911 0.0002
Xlog P; 0.982 <0.0001 0.985 <0.0001
Clog P 0.911 0.0002 0.918 0.0002
AClog P 0.962 0.0021 0.968 0.0016
Alog P 0.971 0.0012 0.972 0.0011
Mlog P 0.919 0.0050 0.918 0.0050
milog P acetic acid 0.978 0.0007 acetic acid 0.979 0.0006
kowwin 0.965 0.0018 0.962 0.0022
Xlog P; 0.972 0.0012 0.974 0.0010
Clog P 0.992 <0.0001 0.995 <0.0001

Based on the statistical parameters shown in
Table 6 (r and P), it can be seen that, on average,
better relationships of partition coefficients were
established with the chromatographic parameters
determined in DMSO. Among partition coefficients,
the best agreement with the Ry and m showed Xlog
P and the weakest partition coefficient kowwin.

The obtained linear Ry -log P and m-log P
dependence indicate the reliable applicability of thin
layer chromatography on reversed phase for deter-
mination of lipophilicity of the selected
diphenylacetamide derivatives.

3.4. The correlation of chromatographic
parameters Ry and m with selected para-
meters of toxicity

In addition to its positive effects, the applica-
tion of the newly synthesized bioactive compound is
conditioned by its negative effects on the ecosystem.
In order to evaluate the potential toxicity of the stu-
died diphenylacetamides, values of the effective
concentration, ECso, mgkg™, as acute toxicity criteria
for the selected organisms (Algae, Daphnia, Medaka
and Minnow) were calculated using the software
package preADME (Table 7).
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Table 7. Software calculated values of ECs of studied diphenylacetamide for the selected organisms

R Algae Daphnia Medaka Minnow
H 0.100 0.184 0.048 0.046
CH; 0.058 0.109 0.018 0.024
C,H; 0.039 0.058 0.005 0.012
OH 0.078 0.197 0.057 0.047
Cl 0.045 0.075 0.009 0.014
Br 0.038 0.059 0.006 0.011
F 0.078 0.149 0.032 0.022
CN 0.084 0.143 0.032 0.034
COOCH; 0.071 0.161 0.040 0.046
COCH; 0.078 0.189 0.054 0.060

Figure 3. Dependence of chromatographic retention constant R, determined in acetic acid from Medaka at
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Figure 4. Dependence of chromatographic parameter m determined in acetic acid from Medaka at

Figure 3 and Figure 4 show that Ry’-Medaka
at and m-Medaka dependence obtained in acetic acid
are linear. Also, it is evident that the compounds
with polar substituents deviate from this dependen-
ce, which 1is also noticed in the case of

dimethylsulfoxide. The correlation matrix obtained
as a result of linear regression analysis between the
chromatographic parameters (Ry’ and m) and the
ECs, values of the studied derivatives for the selec-
ted test organisms are shown in Table &.
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Table 8. Correlation matrix obtained for Ry-ECsy and m-ECs, dependence

toxicity parameter Ry r P m r P

Algae at 0.982 0.0005 0.989 0.0002

Daphnia at 0.989 0.0002 0.992 <0.0001

DMSO DMSO

Medaka at 0.978 0.0007 0.986 0.0003

Minnow at 0.935 0.0050 0.942 0.0050

Algae at 0.974 0.0010 0.981 0.0005

Daphnia at 0.983 0.0004 0.988 0.0002
acetic acid acetic acid

Medaka at 0.966 0.0017 0.975 0.0010

Minnow at 0.944 0.0046 0.949 0.0038

The statistical parameters in Table 8 show that
slightly better Ry®-ECso and the m-ECs, dependence
were obtained in the case of dimethylsulfoxide.
Besides, data in Table 8 confirm the assumption that
the chromatographic parameters Ry’ and m, of
examined diphelyacetamide derivatives, obtained by
thin-layer chromatography on reversed phase, can be
used to estimate their environmental toxicity.

4. CONCLUSION

The selected derivatives of diphenylacetamide
have been studied with the aim of predicting the
existence of their biological activity using the rules
of good bioavailability (the Lipinski Rule of 5 and
the Ghose’s rule), by determining their lipophilicity
(experimentally and mathematically) and assessing
their toxicity.

By applying thin-layer chromatography on
reversed phase in the presence of two organic modi-
fiers (acetic acid and dimethylsulfoxide), chromato-
graphic parameters Ry’ and m of the studied
diphenylacetamide derivatives were determined.
Satisfactory correlations of chromatographic para-
meters Ry and m were established with software
obtained partition coefficient, log P, as the standard
measure of lipophilicity, as well as with a software
obtained ECs, values of examined derivatives for
various test organisms (Algae, Daphnia, Medaka and
Minnow) by linear regression. The validity of the
obtained linear dependence was confirmed by the
values of statistical parameters (r and P).

All the obtained results confirm that the
chromatographic parameters Ry’ and m can be
reliably applied to describe lipophilicity and to eva-
luate  the  ecotoxicity @ of  the  studied
diphenylacetamides.
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[TIPOYYABAIBLE JIMTIOGWIHOCTHU U TTIPOLIEHA TOKCUYHOCTH
JIEPUBATA JJUGEHWIALIETAMHUIA

Caerak: CaBpeMeHH NPHUCTYN y NpOy4yaBamwy OWOJIOIIKM AaKTHBHUX jEIHIbCHA
o0yxBara yCHOCTaBJbame 3aBUCHOCTH H3Mel)y CTPYKType MoJjieKyina, (HHU3HYKO-XEMH]jCKUX
CBOjCTaBa M IOHAIIaka KOj€ U3YYaBaHO jENICHE MOXKE MCIIOJEUTH Y HEKOM OHOJIOIIKOM
menujymy. OBa ucnuTHBama ce Bplle y paHuM Qaszama au3ajHa Oyayher OGnoakTuBHOT
areHca M 3axTeBajy I03HABAE MOJIEKYJICKHX JECKPUITOPA KOjH MOTY yKa3aTH Ha HEroBY
OHMOJIOIIKY aKTUBHOCT, Mel)y KojuMa ITUMOQMIHOCT 3ay3uMa KJBYYHO MECTO. 3a cepHjy
nepuBaTa audeHmIaneTaMuaa, TMHO(WIHOCT je onpel)eHa eKCIIepUMEHTATHO, TPUMEHOM
TaHKOCJIOjHE XpoMaTorpaduje Ha oOpHyTUM (hazama (RP TLC18 F,s4s), y cMermama Bone u
Pa3IMYNTHX OPTraHCKUX MOJAM(HUKATOPA, Ka0 U PavyyHCKH, IPUMEHOM PENEBaHTHUX COPT-
BEpCKHX MaKeTa. Y IMJbY INPOLEHEe NOTEHLHjaJTHE aKyTHE TOKCHYHOCTH HMCIIUTHBAHUX
JepuBata audeHuIaneraMuna, oapehene cy BpeqHOCTH BUXOBE e()eKTUBHE KOHIIEHTPAIU-
je, ECso, Ha onabpane Tect opraumusme. Excriepumentanso oxpehena munoduiaoct (Ry 1
m) je KopesrcaHa ca cTangapaHuM MepuioM junodminoct (log P), kao u ca omadbpaHum
napaMeTpuMa TOKCHYHOCTH, MIPH Y4eMy je YTBpl)eHO Ja ce TaHKOC/IO0jHa XpoMarorpaduja Ha
00pHYTHM (hazamMa MOXKeE IOY3/1aHO KOPHCTHTH 32 ONHMCUBAME JIMIIOPHUIHOCTH M MPOLIEHY
TOKCHYHHUX e(eKkara AepuBarta Au(eHUIaleTaMu/a.

Kibyune peun: nupennnaneramuay, RP TLC, log P, Tokcu4yHOCT.
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