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Abstract: Chloroacetamides are widely used and highly effective herbicides. However, in addition to the
positive aspects of application, their residues and metabolites remain in water and soil for a long time,
which is why they represent a threat to the ecosystem. Lipophilicity, as the most important physico-chemi-
cal parameter closely related to bioavailability or potential biological activity of compounds for the newly
synthesized chloroacetamide derivatives was determined computationally by using appropriate software
packages, as well as experimentally, by using thin-layer chromatography on reversed phases, RPTLC C18/
UV254s in a mixture of water and four organic modifier, separately. It was found that the chromatographic
behavior of the studied derivatives of chloroacetamide is affected to a small extent by the applied organic
modifier, and to a greater extent by the total number of carbon atoms in the structure of their molecules, as
well as by the type of hydrocarbon substituents. Dependence between the chromatographic parameters and
the software-derived values of the partition coefficient as a standard measure of lipophilicity, as well as the
relevant parameters of acute ecotoxicity, was examined by using the linear regression analysis. The reliable
application of chromatographic parameters in the assessment of lipophilicity and ecotoxicity of the tested
chloroacetamide derivatives was confirmed by the obtained mathematical models.
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1. INTRODUCTION

Since the discovery of the herbicidal activ-
ity of chloroacetamide in 1952, these compounds,
thanks to their efficiency, selectivity, and price, have
remained widely used in agriculture until today [1].
These herbicides affect the disruption of lipid syn-
thesis in plants, which inhibits their growth, and they
are mainly used to control annual grassy weeds in the
cultivation of soybeans, corn, and cotton [2]. Along
with the constant increase in the demand for food,
the use of herbicides has also increased, which in
addition to positive also has negative aspects such
as endangering the safety of the ecosystem [3]. Nu-
merous studies have established that the residues of

chloroacetamide herbicides show good solubility in
water and a low rate of degradation with a half-life
of over 800 days [2]. Bearing this in mind, as well as
their continued use over the past 15 years, the fact
that their residues and metabolites have often been
detected in surface and groundwater, soil and crops is
not surprising. The possibility of manifesting harm-
ful effects on human health is one of the important
tasks in the synthesis of new chloroacetamide her-
bicides, therefore great attention is paid to the study
of the ecotoxicity of already known as well as new
herbicides of this type [4].

In general, most of today’s research is focused
on the intensive study of new ways and methods
of synthesis of various compounds that show pro-
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nounced biological activity. A modern approach to
the design of new biologically active compounds is
unthinkable without establishing the relationship be-
tween the chemical structure of the molecule and its
biological activity. To establish the aforementioned
dependence, parameters called molecular descriptors
are applied. The most applied molecular descriptor,
which affects the biological activity of a compound,
i.e. its absorption, distribution, metabolism, elimina-
tion, and toxicity, is lipophilicity [5]. The first sys-
tematic studies of lipophilicity were performed in
1964 with the assumption that the path of a substance
through the body could correspond to its distribution
in the n-octanol/water system (cell membrane simu-
lation) [6,7]. As a standard, the lipophilicity of a sub-
stance is quantitatively expressed by the logarithmic
value of the partition coefficient, logP [6,8]. In addi-
tion to the above, parameters obtained by different
chromatographic techniques are also used as alter-
native measures of lipophilicity [9-12]. The advan-
tage of chromatographic methods in determining the
lipophilicity of substances is reflected in simplicity,
efficiency, the use of small sample masses, but also
the similarity of intermolecular interactions that de-
termine the behavior of the substance in the biologi-
cal and chromatographic environment.

In this paper, the lipophilicity of newly synthe-
sized chloroacetamide derivatives was determined
experimentally, by using thin-layer chromatography
on reversed phases in two different organic modifi-
ers, and computationally, using appropriate software
packages. The influence of the nature of the substit-
uent and applied organic modifiers on the chroma-
tographic behavior of the studied chloroacetamides
was investigated. Also, the relationships between
chromatographic parameters (R,° and m), software
obtained values of the partition coefficient as a stand-
ard measure of lipophilicity, and selected parameters
of acute ecotoxicity were examined using the linear
regression method.

2. EXPERIMENTAL

Chromatographic parameters of newly synthe-
sized chloroacetamide derivatives were determined
by applying reversed phases thin-layer chromatogra-
phy (Table 1). Ethanol solutions of the investigated
compounds in concentration of 2 mgem-3 were ap-
plied on commercial chromatographic plates RPTLC
C18/UV254s, (Macherey-Nagel, Germany).

Table 1. Structures of the tested newly
synthesized chloroacetamide derivatives

derivative structure
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Chromatograms were developed in mixtures
of water and 1-propanol (J.T. Backer, Deventer, The
Netherlands), 2-propanol ((J.T. Backer, Deventer,
The Netherlands), tetrahydrofuran (Sigma Aldrich,
France) and acetonitrile (Sigma Aldrich, France), sep-
arately. The chromatograms are developed for about
20 minutes at room temperature, using a one-dimen-
sional ascending technique, without prior saturation of
the atmosphere of the chromatographic chamber with
organic modifier vapors, whose volume fraction var-
ied in the range ¢= 0.36-0.52. After development, the

N
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chromatographic plates were dried at room tempera-
ture, and the studied compounds were identified under
UV light with a wavelength of A = 254 nm, whereby
dark spots appeared on the fluorescent basis.

Three chromatograms were developed for
each applied modifier, and for each investigated
derivative, the average R, values were calculated,
which were further used to calculate R, values [13].
The linear dependence of the R, value and the vol-
ume fraction of the organic modifier, ¢, gave as a
section the chromatographic retention constant R, °,
while the slope of the line gave the value of the pa-
rameter m [ 14] (equation 1):

R, =R+ m¢ (1)

Calculation of logP partition coefficient val-
ues and ecotoxicity parameters was performed using
online programs: Chemdraw Ultra 12.0, Chemaxon,
Molinspiration, PreADMET and Simulation plus
[15-19]. The experimental results were processed us-
ing the computer program Origin 6.1. The structures
of the tested compounds are shown in Table 1.

3. RESULTS AND DISCUSSION

3.1. Determination of the lipophilicity
of chloroacetamide derivatives

In the first phase, the lipophilicity of the stud-
ied chloroacetamides was determined computation-
ally. Table 2 shows the software-obtained values of

the partition coefficient logP, as a standard measure
of the lipophilicity of the examined chloroaceta-
mides. The data in Table 2 show that the values of
the logP partition coefficient differ for the same com-
pound. The reason for this is different mathematical
approaches used to obtain the logP values.

Regardless of the calculation procedure, the
lowest logP values were obtained for the derivative
1, which can be explained by the smallest total num-
ber of C atoms in its structure among the studied de-
rivatives, as well as the shortest alkyl substituents. In
contrast, the highest logP values were obtained for
the derivative 5, which, unlike the derivative 2 (with
the same number of C atoms), has a long alkyl sub-
stituent, and consequently, a more expressed hydro-
phobic nature. In the second phase, the lipophilicity
of the studied derivatives of chloroacetamides was
determined experimentally using thin-layer chroma-
tography. The values of chromatographic parameters
R, and m for the examined derivatives are shown in
Table 3 and Table 4.

Comparing the R, ° values of different deriva-
tives in the same modifier, it was observed that RM°
values increase with the overall number of C atoms
in their structure, as well as with the increasing hy-
drophobic nature of the whole molecule. The lowest
values of the chromatographic retention constant,
R, in all applied organic modifiers were obtained
for the derivative 1, while the highest were obtained
for the derivative 5.

Table 2. logP values of studied derivatives of chloroacetamides

derivative logP ClogP milogP logP AlogP AlogP, AlogP,,
1. 1.620 1.927 2.080 1.600 2.002 4.009 1.874
2 2.040 2.249 2.340 2.080 2.250 5.063 2.278
3. 2.040 2.456 2.590 2.000 2.458 6.044 2.264
4. 2.120 2.456 2.720 2.050 2.566 6.583 2.264
5 2.450 2.985 3.090 2.390 2915 8.495 2.654

Table 3. Values of chromatographic parameters of investigated chloroacetamides in protic modifiers

o 1-propanol 2-propanol
derivative R0 . - R " .
1. 1.794 -3.144 0.997 1.659 -2.518 0.995
2. 2.040 -3.394 0.998 1.859 -2.760 0.994
3. 1.968 -3.313 0.996 1.815 -2.715 0.999
4. 2.086 -3.454 0.999 1.949 -2.865 0.998
5. 2.220 -3.560 0.995 2.123 -3.069 0.996
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Table 4. Values of chromatographic parameters of investigated chloroacetamides in aprotic modifiers

o tetrahydrofuran acetonitrile
derivative . .
RM m r RM m r

1. 1.803 -3.898 0.993 0.963 -1.993 0.999
2. 1.964 -4.049 0.998 1.203 -2.215 0.998
3. 1.911 -3.990 0.996 1.147 -2.143 0.999
4. 1.997 -4.089 0.999 1.248 -2.289 0.994
5. 2.084 -4.138 0.997 1.349 -2.373 0.995

It is also visible that the values of the chro-
matographic retention constant R, ° for the same de-
rivative are little different in the applied modifiers,
indicating that it is not independent of the nature of
the applied organic modifier. In protic modifiers, an
increase in the R ° values with an increase in the po-
larity of the modifier was observed, while in aprotic
modifiers, the opposite phenomenon was observed,
i.e. a decrease in the R’ value with an increase in
their polarity. The highest R ° values were obtained

in the least polar tetrahydrofuran, while the lowest
were in the most polar acetonitrile.

In addition to the mentioned observations, it
was noticed that for all examined derivatives in all
applied modifiers, the slope value (m) follows the
same trend of change as the intercept value (R, ).
Assuming that the chromatographic parameters R, °
and m depend on the same physicochemical prop-
erties, they are correlated with each other by using
linear regression analysis. The equations of the ob-

Table 5. Equations of the dependencies R,"—m for the examined derivatives in used modifiers

modifier equation T sd P
1-propanol R "=-1.352-1.000m 0.998 0.012 1.335-10*
2-propanol R "=-0.475-0.846m 0.999 0.005 <1-10*
tetrahydrofuran R =-2.544 - 1.115m 0.993 0.014 7.111-10*
acetonitrile R ,"=-0.975-0.979m 0.993 0.020 7.184-10*
Table 6. Correlation matrix of the dependency between R,”— logP and m — logP

logP ClogP milogP logP AlogP AlogP, AlogP,,
1-propanol
R 0.981 0.916 0.912 0.978 0.918 0.912 0.975
m 0.968 0.894 0.899 0.964 0.905 0.896 0.941
2-propanol
R 0.977 0.947 0.948 0.957 0.953 0.954 0.956
m 0.981 0.951 0.951 0.961 0.957 0.956 0.961
tetrahydrofuran
R 0.975 0.909 0.907 0.972 0.914 0.908 0.954
m 0.949 0.864 0.876 0.946 0.882 0.872 0.916
acetonitrile
R 0.979 0.906 0.906 0.977 0.912 0.900 0.956
m 0.960 0.888 0.902 0.951 0.906 0.897 0.927
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tained linear dependencies and their regression coef-
ficients are shown in Table 5.

The validity of the established R, "~ m depend-
encies is indicated by the high values of the regres-
sion coefficient, which confirmed that the mentioned
chromatographic parameters depend on the same
physicochemical properties (Table 5).

The potential application of chromatographic
parameters as reliable alternative measures of the li-
pophilicity of newly synthesized chloroacetamides,
was investigated by their correlation with computa-
tionally obtained logP values by using linear regres-
sion analysis (Table 6).

Based on the results shown in Table 6, it can
be seen that among the values of the partition co-
efficient, the best agreement with R ° and m values
was obtained in the case of logP_,, while the weakest
agreement was observed with AlogP, values. High
values of the regression coefficient, r, confirm that
the obtained linear dependencies are valid, indicat-
ing that chromatographic parameters can be reliably
applied in assessing the lipophilicity of the studied
chloroacetamide derivatives.

3.2. The correlation of chromatographic
parameters with ecotoxicity parameters

The preliminary ecotoxicity testing of chlo-
roacetamide derivatives included the calculation of
their effective concentrations as a measure of acute
toxicity for selected test organisms, EC,, mgkg'
(Table 7).

Table 7. EC,,values of the studied chloroacetamide
derivatives for selected test organisms

derivative  Algae  Daphnia Medaka Minnow
1. 0.055 0.775 0.643 0.357
2. 0.093 0.438 0.241 0.154
3. 0.043 0.461 0.240 0.153
4. 0.040 0.344 0.138 0.126
5. 0.033 0.251 0.076 0.065

The data in Table 7 indicate that among all the
examined chloroacetamides, the derivative 1, with
the smallest number of C atoms, shows the lowest
ecotoxicity on average, while the most lipophilic de-
rivative 5 is also the most toxic. Additionally, all ex-
amined derivatives show the highest toxicity towards
the Algae species, while they are least toxic to the
Daphnia species.

By applying the linear regression method, the
R " and m values of the investigated chloroaceta-
mides were correlated with their EC, values for dif-
ferent test organisms. The obtained results are shown
in Table 8.

High values of the regression coefficient, r,
given in Table 8, confirm the validity of the estab-
lished linear dependencies.

4. CONCLUSION

Chloroacetamides have been widely used in
agriculture as effective herbicides, but their residues
and metabolites persist for a long time in water and

Table 8. Correlation matrix obtained from the linear correlation of EC, values of the investigated

chloroacetamide derivatives and their chromatographic parameters, R, " and m

Algae Daphnia Medaka Minnow

1-propanol

R 0.983 0.975 0.942 0.949
m 0.977 0.978 0.947 0.948
2-propanol

R° 0.968 0.944 0.898 0.908
m 0.973 0.950 0.906 0.916
tetrahydrofuran

R 0.977 0.970 0.934 0.941
m 0.963 0.971 0.940 0.935
acetonitrile

R 0.991 0.989 0.966 0.970
m 0.969 0.975 0.944 0.940
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soil, representing potential toxic agents for the eco-
system. Bearing in mind these facts, in this work, the
retention behavior and then the lipophilicity of the
newly synthesized chloroacetamide derivatives were
studied by applying reversed phase thin-layer chro-
matography. It was found that the chromatographic
behavior of the tested chloroacetamide derivatives
was influenced to a small extent by the applied or-
ganic modifier, and to a greater extent by the total
number of C atoms in the structure of their mole-
cules, as well as the type of hydrocarbon substituents.
It was also observed that an increase in the number
of C atoms in the molecule leads to an increase in
retention (lipophilicity). A linear dependence was
observed between the chromatographic parameters
(R’ and m) and the mathematically calculated logP
values of the tested chloroacetamide derivatives, that
is, their EC, values. All this indicated the reliability
of applying reversed phase thin-layer chromatogra-
phy for describing lipophilicity and acute ecotoxicity
of newly synthesized chloroacetamide derivatives.
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XPOMATOI'PA®CKU ITPUCTYII Y ITPOLHEHHA
JIMITO®PUJIHOCTU JEPUBATA XJIOPOALHETAMUNJIA

Casxerak: XJiopoareTaMu/iy MpUIIaajy Tpyny NIHPOKO KOPUITNEHUX ¥ BUCOKO e(PUKACHUX XepOHLIU/Ia.
MelyTuMm, nopea NO3UTHBHUX CTpaHa IPUMEHE, IUXOBE Pe3Hye U METa0ONIUTH ce JIyTo 3ap)KaBajy
Yy BOJIM ¥ 3eMJBHIITY YCIIe]l Yera Mpe/iCcTaBibajy OMacHOCT Mo eKocucTeM. JINMoQMIHOCT, Kao HajBa-
JKHUJU (PM3MYKO-XEMH]CKU TIapaMeTap YCKO IO0Be3aH ca OMOopacnosioKHBOIINY OJHOCHO MOTEHIHjal-
HOM OHOJIOIIKOM aKTUBHONINY jeHIbCHA je 332 HOBOCUHTCTHUCAHE JIEpHBATe Xjlopoaleramuia oapehen
pavuyHCKUM IyTeM IMpUMeHOM oaroBapajyhux codtBepa, Kao M €KCIIEPUMEHTAIHUM ITyTeM, TPUMEHOM
TaHKOCJIOjHE Xpomarorpaduje Ha oopayTHM (hazama, RPTLC C18/UV254s y cMmelnn BoAe U YCTUPH
opraHcka Moaudukaropa, moHa0co0. YCTaHOBIJHEHO j€ J1a Ha XpoMarorpadcKo TOHAIIake MPOydaBaHUX
JiepyBaTa XJopoareTaMua y Majaoj MepH UMa MPUMEHEHH OpraHCKH MOAu(uKaTop, a y Behoj Mepu
yKynaH Opoj YrJbeHHKOBUX aTOMa y CTPYKTYpH HHUXOBHX MOJEKYJa, KA0 M BPCTa yrjbOBOJAOHUYHUX
cyrncturyeHara. [IprMeHoM MeTozie TMHeapHe perpecHje je NCIUTaHa 3aBUCHOCT m3Mel)y xpomaTorpad-
CKHUX TapameTapa u copTBepCKH J00UjeHUX BPEAHOCTH MOJICOHOT KOS(HIIH]jeHTa KA0 CTaHIapIHOT Me-
priIa JIMIMO(GUIHOCTH, OAHOCHO PEJIEBAHTHHX MTApaMeTapa akyTHe eKOTokcuuHOoCcTH. [loy3nana npumena
xpomarorpadckux rnapamerapa y IpoLeHH JIUNO(UIHOCTH U €KOTOKCUYHOCTH NCIIMTHBAHKX JIepuBara
XJIOpOaleTaMuIa je MoTBpheHa JOOMjeHUM MAaTeMaTHIKUM MOJCITNMA

Kibyune pujeun: xepOonuman, X10poaneT™Mu I, Xxpomarorpaduja, TMIOQHIHOCT, aKyTHa €KOTOKCHYHOCT.
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