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Abstract: Phenylacetamide derivatives are a group of compounds that exhibit a
wide range of biological activities as analgetic, anticonvulsant, pesticide, cytostatic. It is
well known that the biological activity and the field of activity of the substance are greatly
dependent on its physical, chemical and structural properties. In this paper, we applied
QSRR analysis (Quantitative Structure Retention Relationships), which is based on the pre-
diction of biological properties of compounds based on their chromatographic retention be-
haviors. To that end, retention constants of investigated N-substituted-2-phenylacetamide
were determined by reversed phase thin-layer chromatography, (HPTLC RP18 F,s4) in the
presence of different volume fractions of n-propanol and tetrahydrofuran. The resulting da-
ta were correlated with molecular descriptors determined in different ways in order to es-
tablish the mathematical model that describes the relationship between retention properties
and biological activities of investigated phenylacetamides.
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1. INTRODUCTION

Amide derivatives have been the subject of
many studies due to their broad spectrum of biologi-
cal activities such as analgesic [1,2], anticonvulsant
[3], fungicidal [4,5], cytostatic [6,7], and so on. The
amide functional group, which from the chemical
point of view represents a basic building block of
proteins, is prone to build secondary bonds inside
and outside of molecule. The existence of secondary
chemical bonds of the amide groups and the pres-
ence of different functional groups in the amide mo-
lecule can significantly affect the chemical proper-
ties of the amide derivatives and hence their biologi-
cal activity [8]. For these reasons, the knowledge of
the behavior of the amide functional group, its phys-
ical, chemical and structural characteristics of both
well-known and newly synthesized compounds may
contribute to the correct prediction of the potential
biological activity of the compound.

Parameters used to quantify the features of
molecules are called descriptors. They are a result of
logical and mathematical procedure which enables
the conversion of chemical information encoded
within a symbolic representation of molecules in a
numeric value. To date over 5000 molecular descrip-
tors have been defined [9]. There is an increasingly
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evident tendency to establish mathematical models
that describe the required properties of molecules
using the appropriate descriptors. The most well-
known mathematical model is QSAR, which de-
scribes correlation between the structure of the mo-
lecule and its activity; another equally frequently
used model is QSRR (Quantitative Structure Proper-
ty Relationship), which has an ability of quantifying
the relationship between the structure of the mole-
cule and its chromatographic retention behavior.

One of the mostly used physicochemical pa-
rameters of molecule, which orders the activity of a
bioactive compound is its lipophilicity. Lipophilicity
of the molecule determines its transport through a
biological system. It can affect the interaction be-
tween the compound and receptor or bio-
macromolecule. Usually, log P (the logarithm of the
ratio of the concentrations of solute in a saturated 1-
octanol-water system) is used as a standard measure
of lipophilicity. The reversed-phase thin-layer chro-
matography (RP-TLC) belongs to one of the alterna-
tive methods for determining lipophilicity of mole-
cules [27-29]. Experimentally obtained values of
chromatographic retention parameter, Ry, by re-
versed-phase thin-layer chromatography is widely
used as a measure of lipophilicity, instead of refer-
ence lipophilicity parameter, log P. Due to the simi-
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larity in intermolecular effects that determines the
behavior of compounds in biological and chromato-
graphic systems, retention constant is also widely
used as a measure of lipophilicity [10—12].

The aim of this study was to investigate the
effect of the solvent and the substituents on reten-
tion, i.e. lipophilic properties of the given molecule
and to determine whether the chromatographic re-
tention constant of the investigated compounds can
be used as a measure of their lipophilicity. To that
end, the experimentally determined lipophilicity of
N-substituted-2-phenylacetamides is correlated with
the standard measure of liphophilicity, log P, which
was determined mathematically. Examining, visuali-

zation of similarities and differences between chro-
matographically and mathematically obtained lipo-
philicity, also as a selection of the compounds based
on the chemical properties of the functional groups
were performed by linear regression analysis (LR)
and multivariate analysis — Principal component
analysis (PCA).

2. EXPERIMENTAL

The structures of the investigated compounds
are presented in Table 1.

Table 1. Structures of the investigated N-substituted-2-phenylacetamides

The investigated compounds
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During the experimental determination of li-
pophilicity, on commercial RP TLC C;s/UV,s4 plates
(Macherey-Nagel) aliquots of 0.2uL of 5% solutions
of investigated compounds prepared in ethanol were
spotted. The plates were developed in normal unsa-
turated chambers at 25°C by ascending technique
with aqueous solutions of two organic modifiers: n-
propanol (¢ = 0.32-0.50, v/v) and tetrahydrofuran
(p=0.40-0.56, v/v). After development and drying,
plates were examined under a UV light at

A = 254 nm as dark spots. At least three chromato-
grams were developed for each combination of sol-
vent-solute and the average Ry values were calcu-
lated. The obtained experimental data were
processed by software package Origin, version 6.1.
Standard lipophilicity values, log P, were calculated
using virtual Computational Chemistry Laboratory,
VccLab 2007. Multivariate analysis was performed
by Statistica v.12 software (StatSoft Inc., Tulsa, OK,
USA).
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3. RESULTS AND DISCUSSION

3.1 Determination of retention behavior of the
investigated N-substituted-2-phenylacetamide
derivatives using reversed phase thin layer
chromatography

In order to determine lipophilicity of the
tested N-substituted-2-phenylacetamide derivatives
experimentally, chromatographic retention con-
stants, Ry, of phenylacetamides were determined
using thin-layer chromatography on reversed phase,
RP 18 F254s HPTLC in the presence of different
amount of one protic (n-propanol) and one aprotic
solvent (tetrahydrofuran) in the mobile phase. Based
on the experimentally determined Ry values for each
composition of the mixture Ry values were calcu-
lated using the equation (1):

R, zlog(Ri_lj (1)

f

Dependence Ry, in the function of volume
fraction of organic solvent is given by the equation

(2):
Rv=Ru’ +mg 2)

The parameters of the given equation which
were determined by linear regression: the value of
intercept (Ry"), slope of linear plots () and regres-
sion coefficients, (#) obtained for used organic sol-
vents are presented in Table 2. The high values of
regression coefficient confirm that linear relation-
ships are valid in the chosen field of work for both
organic modifiers.

Table 2. Parameters of chromatographic equations, Ry, m and r, in used solvents

n-propanol tetrahydrofuran
Compounds Ry . Ry " P
D2 1.919 —4.055 0.99 2.752 —4.468 0.95
D4 1.336 -3.137 0.99 2.269 —-3.761 0.99
D5 1.076 —2.659 0.99 1.738 —2.865 0.99
D11 —0.686 —3.283 0.99 0.559 -1.920 0.99
D13 0.962 —2.431 0.99 1.048 —1.997 0.99
D15 0.634 2.103 0.99 0.827 —1.793 0.99
D16 —0.827 —0.300 0.96 —-0.192 —1.459 0.99

From the results presented in Table 2 it is evi-
dent that the retention behavior of the investigated
N-substituted-2-phenylacetamide derivatives is in-
fluenced by the nature of the substituent R related to
the nitrogen atom of the amide group, as well as the
used organic modifier. Because of this there is dif-
ferent interaction that occurs between applied organ-
ic modifier and the investigated amides during
chromatographic analysis. Two kinds of interactions
are dominant in the case of investigated phenylace-
tamides: hydrophobic interactions of substituent R
with the non-polar stationary phase and polar inte-
ractions of the amide group with mobile phase. For
all investigated compounds, as expected, stronger
retentions were detected in the presence of aprotic,
non polar tetrahydrofuran compared to protic n-
propanol. From the retention data in Table 2 it can
be seen that the nature of the substituent related to
the nitrogen atom of the amide group has much big-
ger influence on the retention behavior of the com-
pounds compared to the selected organic solvent.

That the compounds, which differ by the type of substitu-
ent, have different retention in the same solvent can be
explained by the influence of the nature of the substituent
related to the nitrogen atom of the amide group on the
possibility of molecule to form intermolecular interac-
tions. The obtained results for phenylacetamide deriva-
tives are typical for chromatographic retention behavior in
reversed phase thin layer chromatography. Increased
nonpolarity of substituent leads to extended staying
molecule in non polar stationary phase, and thus to
stronger retention. In the case of investigated phenyla-
cetamides the highest retention, in both used solvents
were registered for compound D2. The obtained results
are in line with the expectations, given that this compound
has the least polar substituent, diphenyl group. The lowest
retention and the fastest movement through the chromato-
graphic system were observed in the case of D16, which
as a substituent has the most polar SO;H group. Com-
pounds D4 and D5 differ in the presence of one CHj; in
the pyrimidine ring. The introduction of additional alkyl
groups in the molecule phenylacetamides as expected
leads to an increased retention of compounds with respect
D4 to D5. The opposite effect is observed in the case
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when non polar CH, group is introduced between the py-
ridine ring and the rest of the molecule (D13 molecule
compared to D5). The same phenomenon, reduction of
retention, only much more intense, is registered when
introducing additional nitrogen heteroatom in the pyridine
ring (D15 compared to D5).

3.2. Determination of lipophilicity of N-
substituted-2-phenylacetamide derivatives
using mathematical methods

Today, in addition to experimental techniques,
determination of lipophilicity of newly synthesized
compounds, is increasingly performed by various
mathematical methods based on the structure of the
compounds. Table 3 shows, the values of partition
coefficient, logP, of N-substituted-2-
phenylacetamides calculated using different mathe-

matical methods in the software package VcclLab
[13].

As data presented in Table 3 show, obtained
values for partition coefficient, logP, as standard
measures of lipophilicity, differ from each other for
the same compound. This fact can be explained by
different ways of calculating. Although the obtained
values logP, differ from each other, they should be
in good correlation, as they describe one and the
same phenomenon — distribution of a given com-
pound in the system of 1-octanol-water. Table 4
shows the correlation matrix of log P values
obtained by using different mathematical methods.

It is evident from the data presented in Table
4, that there is a good agreement between partition
coefficients obtained by various computational me-
thods. The highest correlation was observed between
milogP and AClogP, while the lowest was registered
in the case of xlogP and kowwin.

Table 3. Values of partition coefficient, log P, obtained by mathematical methods

Compounds AClogP AB/logP  milogP  AlogP  MlogP  kowwin xlogP
D2 4.55 4.47 4.67 4.17 4.33 4.01 3.61
D4 2.50 2.37 2.47 2.52 2.69 2.73 2.32
D5 2.27 1.96 2.02 2.04 2.43 2.18 2.20
D11 1.34 1.85 0.73 2.25 2.35 0.35 2.34
D13 1.68 1.29 1.45 1.93 1.61 1.53 1.60
D15 1.67 1.54 1.52 1.39 1.75 1.54 1.31
D16 0.46 0.34 —0.09 1.61 2.01 —0.35 1.81

Table 4. The correlation matrix of log P values obtained by using different mathematical methods.

AClogP  ABlogP  milogP AlogP MlogP kowwin xlogP
AClogP 1.00 0.97 0.99 0.90 0.88 0.96 0.82
ABlogP 1.00 0.96 0.93 0.92 0.89 0.88
milogP 1.00 0.87 0.85 0.98 0.77
AlogP 1.00 0.96 0.76 0.96
MlogP 1.00 0.74 0.97
kowwin 1.00 0.65
xlogP 1.00

3.3. Correlation of lipophilic parameters ob-
tained experimentally and by theoretical
calculations

Comparing the data presented in Table 2 and
Table 3 it is evident that the value of the retention
constant and partition coefficients for the same com-
pounds follow a similar trend. The highest value of
partition coefficient as well as in the chromatograph-
ic analysis was registered in the case of compound
D2, and the lowest value in the majority cases was

obtained for compound D16, which is also consis-
tent with the experimental data. In order to establish
the dependence between standard measures of lipo-
philicity, log P calculated in different ways and ex-
perimentally determined lipophilicity (chromato-
graphic retention constants, Ry’), these two values
were correlated using a linear regression analysis
and multivariate analysis-principal component anal-
ysis (PCA). Chemometrics access has an increasing
application in interpreting lipophilicity of organic
compounds based on their retention parameters,
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while one the most frequently used methods is prin-
cipal components analysis [14—18].

Correlation results obtained by using linear
regression analysis for one of the calculated lipophi-
licity Alog P and chromatographic retention con-
stants, Ry, are presented in Figure 1 obtained in
propanol and in Figure 2 obtained in tetrahydrofuran
as a modificator.

As it -can be seen in Figure 1, in n-propanol,
linear dependence of these two parameters which
describe lipophilicity was registered. The most polar
compounds D11 and D16 can be registered, which
therefore were not taken into account during the cor-
relation. In the case when chromatographic constants
are determined in tetrahydrofuran as a modifier, it
can be observed that investigated compounds are

0.0+

-0.5 4

D16

-1.0 —_— -
1.0 15 2.0 2.5 3.0 35 4.0 45
AlogP

Figure 1. Relationships between Alog P and
R\, in propanol

The results presented in Table 5 confirm that
good linear relationships exist between retention
constants Ry obtained by reversed-phase thin
chromatography and standard measure of lipophilici-
ty, log P. Higher correlation was registered in the
case when tetrahydrofuran was used as a modifier
than in the case of n-propanol. In tetrahydrofuran,
for compound with aromatic substituents in all cases
very good correlation between these two lipophilic
parameters was obtained. While for compounds with
heterocyclic substituents, correlation Ry’ with AC-
logP, kowwin and milogP slightly stands out.

Obtained good linear relationships between
chromatographic retention constants, Ry’, in both
modifiers and partition coefficients, log P as a stan-
dard measure for lipophilicity of the examined com-
pounds confirm that the retention constants, Ry ob-
tained by thin-layer chromatography on reversed
phase can be successfully used as a measure of lipo-

grouped into two entities. One group formed com-
pounds which have aromatic rings (D16, D11 and
D2) as a substituent — R and the other group contains
phenylacetamide derivatives that have heterocyclic
group (D4, D5, D13 and D15) as substituent. Com-
pounds which as a substituent —R have aromatic
rings form one group (2, 9 and 11), while the second
group contains phenylacetamide derivatives that
have heterocyclic group as substituent (1, 3 — 8 and
10). A similar distribution of compounds was regis-
tered in the case of all determined log P values. The
correlation matrix, obtained for correlation between
various log P and Ry’ obtained in n-propanol and
tetrahydrofuran using linear regression analysis is
presented in Table 5.

35 4.0

15 20 2

5 3.0
AlogP

Figure 2. Relationships between Alog P and
R,/ in tetrahydrofuran

philicity of the newly synthesized derivatives N-
substituted-2-phenylacetamides.

The correlation of investigated parameters of
lipophilicity in addition to the method of linear re-
gression was also obtained applying one multivariate
method- principal component analysis (PCA).

The data matrix for PCA was formed in a way
that rows (cases) correspond to the investigated phe-
nylacetamide derivatives, whereas the columns (va-
riables) correspond to the lipophilicity calculated in
different ways. PCA is able to decompose the origi-
nal retention data matrix into loading (retention data)
and score (investigated compounds) vectors [19],
whereby new variables are obtained, the so-called
principal components, PC. The newly formed prin-
cipal component, PC, represents a linear combina-
tion of the original variables. During the analysis
more principal components are obtained. The first
principal component (PC1) should account for a
maximum of the total variance, the second PC
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should be uncorrelated with the first one and should
account for maximum residual variance, and so on
until the total variance is accounted for. Other prin-
cipal components are formed on the same principle,
as long as the total variance is calculated. In this way
elimination of redundant information is achieved as
well as a big reduction of the volume of experimen-
tal data.

By applying PCA on the variables (lipophi-
licity determined in different ways), principal com-
ponents are obtained, whose interdependence indi-
cates the distribution (clustering) of investigated pa-
rameters of lipophilicity on the basis of their similar-
ity. Figure 3 shows dependence of the first two prin-
cipal components.

Table 5. Correlation matrix between log P determined by theoretical calculations and
chromatographic parameters R,/ obtained in n-propanol and tetrahydrofuran

R’
logP n-propanol tetrahydrofuran
without D11 and D16 Heterocyclic -R Aromatic -R

ABlogP 0.94 0.94 0.99
AClogP 0.95 0.99 0.99
AlogP 0.99 0.93 0.99
kowwin 0.97 0.99 0.99
milogP 0.95 0.98 0.99
MlogP 0.95 0.96 0.99
xlogP 0.98 0.97 0.99

In Figure 3, two specific groups of lipophilic
parameters can be registered and appearance of one
outlier. The first group is characterized by negative
values of PC1 and positive values of PC2 and in-
cludes the following lipophilicity parameters:
AClogP, milogP, kowwin and Ry’ determined in
tetrahydrofuran. In contrast, the second group in-
cludes lipophilic parameters both principal compo-
nents of which are negative: ABlogP, AlogP, MlogP
and xlogP. Lipophilic parameter, Ry’ measured in n-
propanol appears as outlier. The obtained result for
grouping parameters of lipophilicity suggests that
the retention constant, Ry’ determined in tetrahydro-
furan is in better agreement with the standard crite-
rion of lipophilicity than retention constants deter-
mined in n-propanol. The best agreement is achieved
between parameters of lipophilicity that formed the
same group, which is fully consistent with the results
obtained in linear regression analysis.

Application of PCA on the tested phenylace-
tamide makes it possible to analyze their distribution
on the basis of similarities and differences in their
chemical structure (lipophilicity). Usually, in chro-
matographic analysis, a description of the total va-
riance of 98% is required and generally accepted
[20], what was achieved in the case of studied phe-

nylacetamides, with two principal components (PC1
86,83% u PC2 11,22%). The resulting correlation of
these two principal components of tested compounds
is shown in Figure 4.

As it can be seen in Figure 4, the first princip-
al component has the capability of classification of
the compounds on the basis of their lipophilicity: the
most lipohilic compound has the most negative val-
ue of PC1 (D2), while the most positive value of
PCl1 is registered in the case of the compound with
the most polar group, D16. Similar occurrence was
registered earlier also in the case of substituted phe-
nylacetamide derivatives [18]. It is evident that the
first two PCs performed almost a perfect classifica-
tion of the compounds based on the nature of the
substituent related to the nitrogen atom of the amide
group. The existence of two groups of compounds
could be registered. One group consists of com-
pounds with both principal components negative and
these are phenylacetamides with aromatic substitu-
ents (D16, D11 u D2), while in the second group
separated compounds, unlike the first, have positive
second principal components. The results are almost
completely identical with those obtained using the
linear regression analysis.
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Figure 4. Score plots as a result of PCA

4. CONCLUSION

A group of newly synthesized N-substituted-
2-phenylacetamides were investigated in order to
determine their lipophilicity. Lipophilicity of deriva-
tives of N-substituted-2-phenylacetamide was inves-
tigated in two ways, experimentally, applying thin-
layer chromatography on reversed phase and by us-
ing software packages. The obtained results indicate
that the chemical nature of the substituent related to
the nitrogen atom of the amide group has a greater
effect on retention of investigated derivatives than
the selected organic solvent. Experimentally ob-
tained Ry’ as a measure of lipophilicity was com

pared with partition coefficient, log P, as a standard
measure of lipophilicity by using classic linear re-
gression analysis and principal component analysis.
Both applied methods indicate that retention con-
stants determined in tetrahydrofuran are in better
correlation to the standard measure of lipophilicity
than those obtained in n-propanol. The best agree-
ment is obtained with AClogP, kowwin and milogP.
This fact indicates that chromatographic retention
constants, Ry, obtained by reversed phase thin layer
chromatography can be used as a measure of lipo-
philicity of investigated N-substituted-2-
phenylacetamides, respectively, to predict their po-
tential biological activity.
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TOR

PETEHIIMOHE OCOBMHE 1 BUOJIOIIKA AKTUBHOCT JIEPHUBATA
N-CYIICTUTYUCAHUNX-2-OEHUJIALIETAMWJIA

Caxkerak: J[lepuBatu ¢denmnaneramMmuaa chnagajy y TIpylny jeIUmema Koja
UCMIOJbAaBajy UIMPOK CHEKTap OWJIOIIKE aKTHBHOCTHM Kao WITO Cy aHalrercka,
AQHTUKOHBYJI3WBHA, TECTHLUIHA, LUTOCTaTH4Ka. [lo3HaTro je na OWolomIKa akTUBHOCT U
N0JbE JCNOBabha HeKe CYICTaHIE Y BEJMKO] MjepH 3aBHCE Ol IbeHHX QUIHIKHX, XEMHUjCKUX
U CTPYKTYPHHX OCOOMHA. Y J[aHalllh¢ BpUjeMe CBe BHINE CE€ yodyaBa TEXmba 3a
YCIIOCTaBJbaKEM MaTEMaTHUYKHX MOJEa KOjU NOBEe3yjy OBEe O0COOMHE MOJIEKyina. Y OBOM
pany npumujemseHa je QSRR anmammsa (Quantitative Structure Retention Relationships),
KOja ce 3acHMBa Ha TpeaBuhamy OHONOMIKHX OCOOWHA jeAW-EHha Ha OCHOBY HHUXOBOT
XpOMaTorpa)CKOr PETEeHLMOHOr IOHamlamka. Y TOM LBy oapeheHe cy peTeHIMOHe
KOHCTaHTe, Ry, WCIHTHBAHMX JepuBata  N-CyNCTHTYHCaHUX-2-(DeHHIAlETaAMUIA
TaHKOCIIOjHOM Xpomarorpadujom Ha oopuyTum ¢azama (HPTLC RP18 Fys4) y npucycrBy
pa3NMuUTUX 3alpPEeMUHCKHX YyJjela n-npolaHosiia W TeTpaxuapodypana. JloOujeHe
BPHjeTHOCTH R\’ Cy KOpeHcaHe ca pasiuudTHM MOJEKYJICKHM JIECKPHITOPHMA Y IHIbY
yCIIOCTaBJbaha MATEMATHYKOT MOJIesIa KOjHi ONucyje Be3y u3mel)y peTeHINOHUX 0COOMHA U
OMOJIOIIKE aKTUBHOCTH UCIIMTHBAHUX (heHIIAleTaMUIA.

. Kbyune pujeunm: N-cyncruryncanu-2-¢penmnaneramuan, QSRR anamuza, TLC,
Ry -



