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Abstract

The aim of the present study was testing the solubility of macrolide antibiotics
(azithromycin, clarithromycin and roxithromycin) in order to determine bioavailability
using the RP HPLC method. The optimum conditions for separation and determination
of macrolides were achieved with the mobile phase: acetonitrile/phosphate buffer pH
= 8 in the ratio 35/65 (v/v), at a RP stationary phase and the column temperature of 30
°C. Using defined chromatographic conditions, satisfactory separation of
azithromycin, clarithromycin and roxithromycin was achieved. The validation of the
chromatographic method (linearity, precision, accuracy, robustness, stability) was
performed. Using this method, the solubility of azithromycin and roxithromycin in
different media in the physiological range of pH values was determined, which can be
used for the determination of bioavailability. The validated method can be used to test
the bioavailability, as well as to determine the dissolution rate and the content of
macrolide antibiotics in pharmaceutical dosage forms.

Keywords: macrolides; solubility; HPLC; bioavailability.

Introduction

Macrolide antibiotics are a group of broad-spectrum antibiotics. They are primarily
active against Gram-positive bacteria, while their activity against Gram-negative
bacteria is limited to certain species such as Rickettsia, Chlamydia, Mycoplasma, and
Haemophilus influenzae. The mechanism of action of macrolides is based on binding
to the 50S subunit of the bacterial ribosome and the consequent inhibition of bacterial
protein synthesis, which places them in the group of bacteriostatic antibiotics
(Vazquez-Laslop and Mankin, 2018).

They are mainly natural products and their semi-synthetic derivatives. Macrolide
antibiotics consist of a lactone ring that most often contains 14, 15 or 16 atoms.
Macrolide antibiotics whose lactone contains 14 atoms are erythromycins A, B, C, D,
E and F, roxithromycin (RO) (Figure 1. A), dirithromycin, clarithromycin (CL) (Figure
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1. B) and others. The most commonly used macrolide antibiotic whose lactone ring
contains 15 atoms is azithromycin (AZ) (Figure 1. C), while josamycin, spiramycin,
rosaramycin and mirosamycin have a 16-membered lactone. Macrolides generally
contain one or two sugars that are linked to the main lactone structure via a glycosidic
bond. Usually one of these sugars is an amino sugar (e.g. desosamine). Macrolides
have the character of weak bases due to the presence of an amino group (Blondeau,
2022; Dinos, 2017).

N e L

Figure 1. Structure of A) Roxithromycin (RO), B) Clarithromycin (CL) and C) Azithromycin
(AZ)

Solubility is the maximum amount of a substance that dissolves in a given volume of
solvent at a given temperature. When it comes to substances that undergo ionization
when the pH of the medium changes, the ionized form has a higher solubility in polar
solvents, while the reverse is true for non-polar solvents. Solubility is also one of the
criteria considered by the Biopharmaceutical Classification System (BCS). The BCS
classifies drug substances into four groups based on solubility and permeability (FDA,
2021), which is important in drug production because it directs to problems that may
arise in drug formulation. Based on the knowledge of the pKa values of macrolides, it
can be assumed that solubility will increase with a decrease in the pH of the polar
medium, because the amount of the ionized form increases (Platon, 2022). Determining
and knowing the solubility of macrolides is important from the aspect of drug
formulation, as well as from the aspect of bioavailability during the administration of a
given drug, which will affect the efficacy and safety of the administered drug.

For the purposes of this research, validation of the appropriate HPLC method for the
detection and separation of macrolide antibiotics was performed. The validated method
was used to test the solubility of AZ and RO in media in the range of physiological pH
values, with the aim of showing the behavior of these antibiotics in different parts of
the gastrointestinal tract, in which the pH range ranges from 1 to 8. Based on the
results obtained, the solubility of these antibiotics was defined, which, along with
literature data on permeability, was used to classify AZ and RO into the appropriate
groups according to the BCS.

11



Material and methods
Preparation of solutions
Preparation of phosphate buffer solutions is shown in Table 1.
Table 1. The preparation of phosphate buffer solutions (USP, 2024)

. Weighed mass Volume of solution

buffer pH KeHIPOS @ (ml)

45 27,22 1000

6,8 27,22 1000

7,4 27,22 1000

8 4,56 1000

“The pH of the prepared solutions was adjusted with phosphoric acid or KOH to the specified
value

Preparation of 0.1M HCI solution: Transfer 100 ml of 1M HCI to a 1000 ml volumetric
flask and fill the flask to the mark with water.

Preparation of solution for assessing the linearity of the method: Weigh and transfer 10
mg of AZ, RO and CL standards into three 10 ml volumetric flasks, add 7 ml of
methanol, shake in an ultrasonic bath until completely dissolved and fill the flasks to
the mark with methanol. The concentration of AZ, RO and CL in these solutions is 1
mg/ml.

Preparation of working dilutions for the preparation of the calibration curve: Transfer
1000, 500, 250, 125, 62.5 and 31.25 pl of the standard stock solutions AZ, RO and CL
into six 10 ml measuring vessels and make up to the mark with phosphate buffer pH 8.
The concentrations of the working dilutions range from 100 to 3.125 pg/ml.

Preparation of the solution for checking the precision of the method (repeatability and
average precision): Transfer 250 ul of the standard stock solutions AZ, RO and CL into
six 10 ml measuring vessels and make up to the mark with phosphate buffer pH 8.

Preparation of the solution for determining solubility is shown in Table 2.

Table 2 Preparation of the solution for determining solubility

buffer pH Weighed mass of AZ Weighed mass of Volume of solution
(mg) RO (mg) (ml)
1.2 200 100 10
4,5 200 100 10
6,8 100 80 10
7,4 50 30 10

Optimal chromatographic conditions for the separation of AZ, RO and CL were:
chromatographic column: XBridge™ C18 3.5 mu 4.6 x 150 mm Column; mobile
phase: acetonitrile/phosphate buffer pH 8 in a ratio of 65/35 (v/v) -flow rate: 1 ml/min;
column temperature: 30° C; detection wavelength: 210 nm.

To test the solubility of macrolide antibiotics, the tests were performed in duplicate in a
water bath with a Grant LSB 18 shaker, at a temperature of 37° C (simulating
conditions in the gastrointestinal tract), for 24 hours, as needed to establish
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equilibrium. After 24 hours, the resulting supersaturated solutions were filtered through
membrane filters and analyzed by a validated method.

To determine the concentration of AZ in samples prepared in pH 1.2 medium, 1:100
dilutions were made in the given medium. For samples in pH 4.5 medium, 1:20
dilutions were prepared, and for samples in pH 6.8 and 7.4 medium, 1:10 dilutions
were prepared.

To determine the concentration of RO in samples prepared in pH 4.5 medium, 1:20
dilutions were prepared in the given medium, while for samples in pH 6.8 and 7.4
medium, 1:10 dilutions were made.

Results and discussion

Clarithromycin (CL), azithromycin (AZ) and roxithromycin (RO) are non-polar
compounds, so RP HPLC system was chosen for their analysis, in which the stationary
phase is silica gel modified with octadecyl groups. The compounds (Figure 1) are
organic bases whose basicity comes from the tertiary aliphatic amino group of the
sugar at position C-5 (cladinose), as well as the tertiary amino group in the azolide of
AZ and the oximino group at position C-9 of RO (pKa of AZ = 8.5; pKa of RO = 9.27
(Drugbank, 2024). In the pH range of 1.2 to 6.4, the compounds are in the ionized
form, while the molecular form is dominant at pH values greater than 8, so a pH 8
buffer was used as the mobile phase. Most conventional stationary phases are effective
at pH values of 2-8, so higher pH values could lead to their destruction. The working
pH of the buffer is therefore 8.

During the optimization of chromatographic conditions, the composition of the mobile
phase was modified. Acetate and phosphate buffers with a molarity of 10-20 mM and a
pH range of 6.5 to 8 were used as the aqueous component of the mobile phase. The
criteria for selecting the optimal chromatographic system were set: peak symmetry
factor value between 0.8 and 1.2; the number of theoretical plates (N) greater than
2000 and the retention factor value (k") between 1 and 10. Under the above mentioned
conditions, the method for determining the content of AZ and RO was validated.
Specificity, linearity, precision, accuracy and robustness were tested.

Specificity

To assess the specificity of the method, the following into the chromatographic system
were injected placebo solutions (dissolution media). There are no peaks in the placebo
chromatograms whose retention times correspond to the retention times of RO and AZ,
which confirms that the components of the dissolution media do not co-elute with the
test compounds (Figure 2).

13
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Figure 2. Chromatograms: A) placebo (medium 1.2; 4.5; 6.8; 7.4), B) solutions of standards AZ
and RO

Linearity

The linearity of the method was assessed by constructing a calibration curve using the
least square method. The calibration curve represents the dependence of the peak area

of the clindamycin standard on the concentration of the standard solution. The results
obtained are shown in Table 3 and Figure 3.

Table 3. Data for calculating the calibration curve

Celindamycin Ast Ast Ast
standard (mAU*S) (mAU*S) (mAU*S)
(mg/ml) (RO) (CL) (AZ)
0,1 489,3 187,5 227,9
0,05 264,55 1015 116,15
0,025 122,95 48,25 55,5
0,0125 59,4 23,65 25,45
0,00625 29,75 11,35 12,25
0,003125 14,8 6 5,65
! standard peak area
/
A) calibration curve for CL B
200
3 150 Y = 1893x+0.9271
E 7 Rr=09981
$ 100 +
E T
« 50 ©
S T
0 t t t t } t t t t } t t t t |
0 0.05 0.1 0.15
\_ ¢ (mg/ml) J
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B) calibration curve for RO
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Figure 3. Calibration curves for assessing the linearity of the method

The parameters for the regression equations are shown in Table 4.

Table 4. Regression Analysis Parameters

Range of
concentrations | Compound y = ax+b r to ttab
(mg/ml)
CL y=1893x+0,9271 | 0,99907 0,48 2,54
0,003125-0,1 RO y=4952,6x+0,9505 | 0,99904 0,19 2,54
AZ y=2309,2x-1,955 | 0,99986 -2,11 2,54

Based on the obtained data for the correlation coefficient r (>0.9990) and the
significance of the intercept on the ordinate (tv<t:a), it can be concluded that the degree
of scatter of points around the ideal line is small, i.e. the method is linear for a given
concentration range.

Method precision

The method precision was tested at two levels:

1. Repeatability of the method (intra-assay precision);
2. Intermediate precision.
Repeatability of the method (intra-assay precision)
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To test this level of precision, solutions of the standards CL, RO and AZ were prepared
at a concentration of 0.025 mg/ml. Based on the obtained peak area values, the RSD
was calculated and the repeatability of the method was estimated. The results are
shown in Table 5.

Table 5. Data for calculating the repeatability of the method
Injected Number of Ast Ast Ast
concentration injections (mAU*s) (mAU%*s) (mAU%*s)
(mg/ml) (CL) (RO) (AZ)
1 49,1 120 52,5
2 47,4 120,9 54,5
3 47,3 119,9 53,4
0,025 4 46,9 1194 53,3
5 46,6 119,7 52,7
6 47,3 119,6 53,9
Average value 47,43333 119,9167 53,38333
Sd 0,871015 0,526941 0,744088
RSD 1,836292 0,439423 1,393858

Lclindamycin standard peak area

Based on the obtained values for RSD (< 2%), it can be concluded that the method
meets the requirements for repeatability.

Intermediate precision

Intermediate precision was estimated by a second analyst, on a second day, who
independently prepared solutions of the CL, RO and AZ standards at a concentration of
0.025 mg/ml. The results obtained are shown in Table 6.

Table 6. Data for calculating mean precision

Injected Number of Ast Ast Ast
concentration injections (MAU%*s) (mAU%*s) (MAU%*s)
(mg/ml) (CL) (RO) (AZ)
1 49,2 126,4 53,8
2 46,6 122,2 52,6
3 49,1 129,6 55,3
0,025 4 49,7 129,1 55,4
5 46,9 122 52,4
6 49,6 129,1 55,7
Average value 47,43333 48,51667 126,4
Sd 0,871015 1,390563 3,516248
RSD 1,836292 2,866156 2,781842

Lclindamycin standard peak area

The value for RSD is less than 3%, which meets the requirements for intermediate
precision of the method.
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Accuracy

To test the accuracy of the method, solutions of the standards CL, RO and AZ and
solutions of the laboratory mixture containing placebo (dissolution medium) and
standard CL, RO and AZ in three different concentrations were prepared: 50%, 100%,
150% relative to the working concentration of 0.025 mg/ml. The results are expressed
as a percentage of recovery (Table 7).

Table 7. Results of the method accuracy test

Concentration Recovery (%)
(mg/ml) CL RO AZ
(50%) 100,56 100,50 100,62
(100%) 100,45 100 100,25
(150%) 101,83 101,625 102,04

The obtained Recovery values for all three tested concentrations are in the interval
from 100.23 to 101.8317%, which meets the requirements for the accuracy of the
method intended for content determination (98-102%).

Robustness

In order to assess the robustness of the method, intentional minimal changes were
made to the experimental conditions: column operating temperature; proportion of
mobile phase component; flow rate. In order to assess the robustness, qualitative
parameters, i.e. retention time and resolution, were monitored. The results are shown in
Table 8.

Table 8. Variation of chromatographic analysis conditions

Organic solvent Column Elow rate Opt?mal

content temperature conditions

60 70 33 27 1,2 0,8 65, 30, 1

Resolution
CL/RO| 2,95 2,25 2,5 2,48 2,34 2,64 2,3
RO/AZ | 4,15 4,92 5,22 4.7 4,58 5,17 4,47
Retention time

CL 6,61 4,77 5,61 5,49 4,61 6,88 5,44
RO 7,37 51 6,1 5,97 5,02 7,48 5,92
AZ 8,57 6,1 7,25 6,98 5,92 8,81 6,97

Based on the obtained results, it can be concluded that the method is robust for the
following experimental conditions: column operating temperature, proportion of
mobile phase components, mobile phase flow rate, because the obtained values do not
deviate more than + 5% from the optimal ones.
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Determination of the solubility of RO and AZ

The validated chromatographic method was used to determine the solubility of RO and
AZ, for which the calibration curve method was used. Based on the equation y = ax +
b, where y — peak area of RO or AZ, x — unknown concentration, a — slope of the line,
b — intercept on the ordinate, concentrations of AZ and RO in the tested media were
calculated. The results obtained are shown in Tables 9 and 10.

Table 9. Determination of AZ solubility

pH pH12 | pH45 | pH68 | pH74
Peak area 40,76 81,36 92,29 33,8
39,7 127,34 | 96,17 32,04
Measured concentration | 1,849775 | 0,721592 | 0,408128 | 0,154837
(mg/ml) 1,803871 | 1,119825 | 0,424931 | 0,147215
Table 10. Determination of RO solubility
pH pH 4,5 pH 6,8 pH 7,4
127,9 153,65 69,81
Peak area 104,73 155,42 56,11
Measured concentration| 0,512658 0,308322 0,139037
(mg/ml) 0,419091 | 0,311896 | 0,111375

The solubility of RO at pH 1.2 is not shown since in a strongly acidic environment,
94% of RO was degraded, which is in accordance with literature data (Li et al., 2019).
In an acidic environment, hydrolysis of the oxime group occurs and aldehyde is formed
as a degradation product (Figure 4).

I TADT A, S1g=210.3 Raf=380, 100 GVANA TOMICIUZORCIGH0010 By
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Figure 4. RO degradation in a strongly acidic environment (pH 1.2)

BCS classification

The BCS classification is a classification system that classifies drugs into four groups
based on solubility and permeability (FDA, 2021). The parameter describing solubility
is the dose number (Do) of the substance, which is calculated using the following
formula: Do = Mo/ Vo * Cs (Puris et al., 2017).
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Do — dose number of the substance; Mo — maximum single dose of the substance; Vo =
250ml (volume of water with which a single dose is administered); Cs — the lowest
solubility of the substance in the physiological pH range.

AZ: Mo = 2000 mg (Sweetman, 2009); Cs = 0.15 mg/ml; Do = 2000 mg/ 250 ml *
0.15mg/ml = 53.33.

CL: Mo = 300 mg (Sweetman, 2009); Cs = 0.11 mg/ml; Do = 300 mg / 250 ml * 0.11
mg / ml = 10.91.

Since the dose numbers (Do) >1 for both tested substances, both substances are
classified as poorly soluble (Puris et al., 2017).

The parameter defining permeability is oral bioavailability. The bioavailability of AZ
is 37% (Fohner et al., 2017; Firth and Prathapan, 2020), and the bioavailability of RO
is 72-85% (Dolton and D’Argenio, 2017). According to the criteria of the Food and
Drug Administration (FDA), all drugs with permeability < 85% are low-permeable
drugs (FDA, 2021).

Given that both AZ and RO are low-soluble and low-permeable drugs, it is concluded
that both fall into group IV of the BCS classification system (FDA, 2021).

Conclusion

An HPLC method for determining the solubility of three macrolide antibiotics CL, RO
and AZ has been developed and validated. The proposed method is rapid, efficient,
sensitive, selective, linear (R>0.9990) for the concentration range of 0.003125 — 0.1
mg/ml, accurate (Recovery 98-102%) and precise (RSD<2%). The method was used to
determine the solubility of RO and AZ in different media and, based on the
concentrations obtained, their solubility classification according to the BCS system
was performed. The proposed method can also be used in the quality control of
products, as well as intermediates containing macrolide antibiotics.
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Abstract

Chalcones are a large group of natural, semi-synthetic and synthetic compounds that
exhibit diverse biological activities. Chemically, chalcones are 1,3-diphenylprop-2-en-
1-ones, in which two aromatic rings are linked by an o, f-unsaturated carbonyl system.
An important physicochemical property of each compound is its partition coefficient;
the partition coefficient between the aqueous and non-aqueous phases. The aim of this
work was the experimental determination of logP values of synthesized amino and
methylsulfonyl chalcones by reversed-phase thin-layer chromatography and the
establishment of a correlation with software-calculated logP values. Ten chalcones
were synthesized and characterized by NMR and MS/MS spectroscopic methods. Their
lipophilicity was determined by RP-TLC method on silica gel RP-C18 using three two-
component mobile phases - methanol/water, acetone/water and acetonitrile/water, in
different volume ratios. Theoretical logP values were calculated using two software
packages and then correlated with experimental values. The best correlation (r=0.85)
was achieved with the LogP values obtained using the ChemDraw Ultra software
package 7.0, which means that this software package could be used to calculate the
LogP values of other newly synthesized methylsulfonyl and amino chalcones.

Keywords: aminochalcones; methylsulfonylchalcones; logP; RP-TLC.

Introduction

Chalcones are natural plant products and precursors in the synthesis of flavonoids and
isoflavonoids. Chemically, chalcones are 1,3-diphenylprop-2-en-1-ones, in which two
aromatic rings are linked by an o, B-unsaturated carbonyl system. As secondary
metabolites in plants, they play an important role in antioxidant protection, defense
against microorganisms and pathogens, and also as pigments contribute to the color of
flowers and fruits. Today, they are mostly obtained semi-synthetically or synthetically
by the aldol condensation reaction. The process is known in the literature as the
Claisen-Schmidt condensation and is a base-catalyzed condensation of the
corresponding acetophenone and mono- or disubstituted benzaldehyde (Scheme 1).
The reaction begins with the elimination of the acidic a-H atom (the H atom of the
methyl group of acetophenone) in the presence of a base as a catalyst. This produces a
carbanion (enolate anion) which, as a nucleophile, reacts with the electropositive
carbon atom of the carbonyl group of mono- or disubstituted benzaldehyde and forms
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an intermediate alkoxide. Protonation of the alkoxide produces a ketol. Dehydration of
the ketol produces an a,f-unsaturated ketone (chalcone) (Mulugeta, 2022).
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Scheme 1. Mechanism of Claisen-Schmidt synthesis

The use of chalcones for medical purposes is increasingly being considered because
they have been proven to exhibit significant biological activity: antimicrobial, antiviral,
antiproliferative, anti-inflammatory, etc (Nowakowska, 2007; Batovska and Todorova,
2010; Dan and Dai, 2020).

In order for a drug to be absorbed, it must first be dissolved in body fluids and then be
transported across biological membranes. Therefore, the distribution of a drug to its
target site of action depends on its hydrophilic-lipophilic properties. The basic
parameter of the distribution of a substance between lipophilic and hydrophilic
environments is the distribution coefficient P (or partition coefficient). It is a
guantitative descriptor that represents the ratio of the concentration of the molecular
form of the substance in the lipophilic and hydrophilic phases. It is constant for a given
pair of immiscible solvents. In order to make it easier and simpler to compare the
values of partition coefficients, the logarithmic value of the partition coefficient, logP
(1), is used:

C
LogP=Log—= (1)
c:W
where Cy is the concentration of the compound in the aqueous phase, and C, is the
concentration of the compound in the nonpolar organic solvent (Kubinyi, 1979).

Methods for determining lipophilicity can be divided into two groups: computational
methods (using various software packages) and experimental methods (classical
method - shake flask and indirect methods: reversed-phase thin-layer chromatography
(RP-TLC), reverse-phase high-performance liquid chromatography (RP-HPLC),
micellar/microemulsion electrokinetic chromatography) (Chao and Hong-zhen, 2015).

Today, numerous computer predictors of logP values are available, which use methods
based on a small number of descriptors, to very sophisticated network algorithms.
These methods are enhanced by correction factors, which makes it necessary to
compare the results with experimentally obtained values (Mannhold et al., 2009).
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Shake flask methods use a binary ligiud system consisting of n-octanol (hydrophobic
part) and water (hydrophilic part). The procedure consists of dissolving the sample,
shaking until equilibrium is reached, and measuring the concentration of the sample in
each part of the binary system (Soares, 2022). Reversed-phase high-performance liquid
chromatography is the most commonly used method, which does not directly obtain
the partition coefficient, but rather the lipophilicity index. The RP-TLC methodology is
based on a similar principle. Reversed-phase chromatography is a fast and simple way
to experimentally determine LogP indirectly via the retention parameter (R¢) (2). This
is a parameter that is calculated on the basis of migration distances of test substance
and the mobile phase:

szg @)

where a is the distance of the test substance and S is the distance of the mobile phase.

Micellar/microemulsion electrokinetic chromatography is a chromatographic method
in which a surfactant is added to the mobile phase at a concentration above the critical
micelle concentration, forming micelles (Waters et al., 2012)

In order to determine the lipophilicity parameters, it is necessary to limit the influence
of adsorption on the retention of the compound. By replacing the polar stationary phase
with a nonpolar one, the experimental determination of the lipophilic properties of the
compound is enabled. In order to define the linear dependence between the
chromatographic behavior and the chemical structure, the Ry value was introduced (3):

Rm= (1-Rf)/Rf (3)

It is the logarithmic value of the ratio of the distance between the substance zone and
the solvent front and the path traveled by the test substance. It is directly correlated
with the lipophilicity of the compound. The value Rm° has also been introduced, i.e. the
Rm value extrapolated to zero concentration of the organic component, i.e. to pure
water. The relationship between the Ry value and the volume percentage of the organic
component (¢) can be represented by the equation (4):

Rv = Rn’+ m*p (4)

where m is the slope of the regression plot and Rm° is the intercept value (Rutkowska et
al., 2012).

In this method, commercially available silica gel modified with hydrocarbon chains
with 8 or 18 carbon atoms (C8 or C18) is used as the stationary phase. The mobile
phase consists of a mixture of water and an organic solvent, usually methanol due to its
good compatibility with water, or alternatively tetrahydrofuran or acetonitrile. Due to
the great biological potential hidden in chalcones and the importance of knowing the
LogP value, the aim of this work was to present the synthesis of differently substituted
amino and methylsulfonyl chalcones and determine their partition coefficients as an
important physicochemical parameter in further biological investigations.
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Material and methods

General procedure for the synthesis of methylsulfonyl chalcones:

In a dry round-bottomed flask equipped with a stirring magnet (Magnetic stirrer,
Rotamix SHP-10 scale, Zelezniki, Slovenia), transfer 240 mg of 4-(methyl sulfonyl)
acetophenone and 170 mg of mono- or disubstituted benzaldehyde, 3 ml of 96%
ethanol and 2 g of 30% aqueous sodium hydroxide (Scheme 1.). During the addition of
sodium hydroxide, the initially colorless reaction mixture acquires a volatile yellow
color that very quickly turns into dark orange. After becoming homogeneous, the
reaction mixture was stirred continuously at room temperature for 24 h. The course of
the reaction was monitored by TLC on silica gel using a 24:1 mixture of chloroform
and methanol as the mobile phase (UV lamp UV-CABINET IlI, Camag, Switzerland,
TLC silica gel RP-C18, 20x20cm plates (Merck, Germany), chromatographic tubs
(Camag, Switzerland)).

After 24 h, 1M HCI solution is added to the reaction mixture until the pH of the
solution is about 2-3, which is checked with universal litmus paper. A yellow
precipitate is separated, which is filtered under vacuum and washed with ice-cold 96%
ethanol, in small portions. The color of the precipitate changes during washing and
becomes light yellow to white. Finally, the precipitate is washed with a little cold
distilled water and left to dry at room temperature in a dark place. The crude chalcones
thus obtained are purified by preparative plate chromatography using a mobile phase,
chloroform: methanol = 24:1. After developing the chromatograms, the
chromatographic plates are dried at room temperature and the chromatographic zones
are detected under a UV lamp at a wavelength of A = 254 nm. The chromatographic
zone corresponding to the synthesized chalcone is scraped from the plate and extracted
with acetone. The resulting solution is filtered through filter paper and evaporated in a
vacuum evaporator (Rotary vacuum evaporator ROTAVAPOR-R, Buchi, Switzerland).
The structure of the product is confirmed using NMR (Brucker, Billerica,
Massachusetts, USA) and MS-MS (Thermo Fisher Scientific Inc., Madison, WI, USA)
spectroscopy.

0 Ry
CH; H =
HaCn + HaC
S s R,

N0 R 1Yo
(e} O
Scheme 1. Synthesis of methylsulfonyl chalcones

General procedure for the synthesis of amino chalcones:

Synthesis of piperazino chalcones

In a dry 100 ml round-bottom flask equipped with a stirring magnet, 6.25 ml of
previously prepared 10% ethanolic NaOH solution, 0.5 g of 4-piperazinoacetophenone,
and 0.31 g of monosubstituted benzaldehyde are added (Scheme 2). The reaction
mixture is left on a magnetic stirrer for 24 h. After 24 h, the reaction mixture is filtered,
and the precipitate on the filter paper is washed with distilled water and left to dry in an
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oven overnight. The reaction course is monitored by TLC with a mobile phase
consisting of a mixture of methanol: ethyl acetate (7: 3 v/v). The crude synthesized
compound is purified by recrystallization from ethanol. The structure is confirmed by
NMR and MS-MS.

Synthesis of anilino chalcones

In a dry 100ml round-bottomed flask equipped with a stirring magnet, 0.162 g of 4-
aminoacetophenone, 0.124 g of mono- or disubstituted benzaldehyde, 2-3 ml of 96%
ethanol and 2 ml of 30% aqueous NaOH solution are transferred (Scheme 2). The
reaction mixture acquires a volatile orange color. After it becomes homogeneous, it is
left on a magnetic stirrer for the next 24 h. After 24 h, ice water is added to the reaction
mixture and the mixture is neutralized with 1M HCI solution to a pH of 3-4, which is
checked with universal litmus paper. The resulting precipitate is filtered under vacuum
and washed with ice water. The crude chalcone was allowed to air dry in the dark. The
reaction was monitored by TLC on silica gel with ethyl acetate: n-cyclohexane (3.5 :
1.5) as the mobile phase. The structure was confirmed by NMR and MS-MS.

(|3 O| Ry o| R,
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Scheme 2. Synthesis of amino chalcones

Structural analysis of synthesized substances

NMR spectra (*H,*C) were recorded on a BRUKER 400 NMR apparatus. Samples of
the synthesized substances were dissolved in dimethyl sulfoxide (methylsulfonyl
chalcones) or deuterated chloroform (amino chalcones), and chemical shifts were
determined relative to tetramethylsilane (TMS) as an internal standard. MS-MS
fragmentation was performed on a UHPLC-MS-MS system equipped with an
ACCELA UHPLC liquid chromatograph and a triple quadrupole MS-MS detector.
Mass spectrometry was performed using electron spray ionization in positive or
negative mode.

Determination of LogP using reversed-phase thin-layer
chromatography

The ascending TLC technique was used in the determination of LogP. The tests were
performed on 10 x 10 cm plates. Silica gel RP-C18 was used as the stationary phase.
The mobile phases were two-component mixtures: methanol/water, acetone/water and
acetonitrile/water in different volume ratios (Table 1).
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Table 1. Chromatographic systems

Stationary phase Mobile phase Volumigrirsgﬂzﬁe(&f) )orgamc
methanol/water 90 80 70 60
RP-18 acetone/water 90 80 70 60
acetonitrile/water 90 80 70 60

Preparation of the solution of the substances: 2 mg of each of the synthesized
substances are dissolved in 2 ml of acetone. Freshly prepared solutions are applied to
the chromatographic plate with a glass capillary in a volume of about 2 pl.

Determination procedure: Before developing the chromatogram, the chromatographic
tanks are saturated with mobile phase vapors for 10 min at room temperature. The
chromatograms are developed using the ascending technique. After development, the
plates are dried at room temperature and the chromatographic zones are detected under
a UV lamp at a wavelength of A =254 nm.

Results and discussion

The structures of the synthesized chalcones are shown in Figure 1, and the chemical
names and spectral data are shown in Table 2.
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Figure 1. Structures of synthesized chalcones
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Table 2. Spectral data of synthesized chalcones

Chalcones Spectral data
E)1- IH NMR: § 3.07 (3H, s), 6.71 (1H, d, J = 15.7 Hz), 7.40
(4-methylsulfonylphenyl)-3. | (1H: ), 7.52-7.88 (SH, 7.58 (mHz), 7.67 (d, I = 15.7
L (2.chloro 5. Hz), 7.70 (d, J = 8.6, 0.5 Hz), 7.82 (m)), 8.02 (2H, m);
' trifluoromethyiphenyl) BBCNMR: § 44.3,121.2,123.8, 125.3, 127.3, 127 .4,
roD-2-en-1-one 128.3-128.5, 128.4, 128.4, 128.9, 130.9-131.1, 131.0,
prop 134.0, 135, 137.4, 188.9.
)1 IH NMR: § 3.07 (3H, ), 3.78 (3H, s), 6.70 (1H, d, J =
(4-methylsulfonylphenyl)-3- | 156 H2), 7:21 (2H, m), 7.49 (2H, m), 7.65 (1H, d, J =
2. | "(4-methoxyphenylprop.2. | 156 H2). 781 (2H, m), 8.02 (2H, d, I =7.9); 13C NMR: &
en-1-one 44,3 ,56.0, 114.3, 121.2, 128.4, 128.7, 128.9, 130.3,
135.5,137.4,144.1,159.8, 188.9.
E)1- IH NMR: 5 3.07 (3H, s), 6.75 (1H, d, J = 15.7 Hz), 7.66
(4-methylsulfonylphenyl)-3. | (LH: dJ =157 Hz), 7.74-7.93 (6H, m), 7.82-7.86 (1H,
3. | " atifiuoromethylphenyly | ™ 803 @H, d, J=82); 13C NMR: § 44.3 , 121.2, 123.8,
125.7,126.9, 128.4, 128.9, 130.3, 135.5, 137.4, 144.1,
prop-2-en-1-one 188.9.
((E)-1-(4- IH NMR: § 3.07 (3H, s), 6.74 (1H, d, J = 15.7 Hz), 7.49
methylsulfonylphenyl)-3-(3- (1H,d,J=7.7), 7.60-7.88 (5H, m), 7.68 (2H, m), 8.02
4, trifluoromethyl-4- (2H, m); 13C NMR: 6 44.3, 121.2, 123.0, 123.6, 126.1,
chlorophenyl) 127.3,127.4,128.4, 128.9, 129.9, 130.3, 135.5, 137.4,
-prop-2-en-1-one 144.1,188.9.
()14 IH NMR: § 3.07 (3H, s), 3.85 (6H, s), 6.46-6.68 (3H, m),
methylsulfonylphenyl)-a. | 7-337:54 (2H, m), 7.47 (d, J = 15.7 H2)), 7.81 (2H, m),
5. | (2.6-dimethoxy-phenyl)- 8.01 (2H, d, J=7.9); ®C NMR: § 44.3 , 56.0, 111.7,
’ 115.8,121.2,128.4,128.9, 132.2, 135.5, 137.4, 141.1,
prop-2-en-1-one 161.2, 188.9.
IH NMR: § 2.81 (4H, m), 3.06 (4H, m), 6.72 (1H, d, J =
(E)-1-(4-piperizinyl-phenyl)- 15.7 Hz), 6.93 (2H, m), 7.10-7.28 (2H, m), 7.35-7.68
6. | 3-(4-fluoro-phenyl)-prop-2- (3H, m), 7.79 (2H, d, J = 8.5); 3C NMR: § 46.0, 48.3 ,
in-1-one 112.0,115.0, 1154, 121.2,127.2, 130.2, 130.6, 135.5,
136.8,144.1, 148.3, 161.2, 188.9.
TH NMR: & 2.81 (4H, m), 3.08 (4H, m), 6.68 (1H, d, J =
(E)-1-(4-piperizinyl-phenyl)- 15.6 Hz), 6.93 (2H, m), 7.17 (2H, m), 7.45 (1H, d, J =
7. | 3-(3-fluoro-phenyl)-prop-2- 15.6 Hz), 7.71-7.84 (4H, m); 3*C NMR: § 46.0, 48.3,
in-1-one 112.0,115.4,121.2, 130.3, 130.4, 130.6, 135.5, 144.1,
148.3, 162.5, 188.9.
. IH NMR: 5 6.71 (1H, d, J = 15.7 Hz), 6.90 (2H, m), 7.10-
o (éEf)mlofgShméﬁﬁnpgfggg?n 7.28 (2H, m), 7.35-7.74 (5H, m); *C NMR: 5 114.3,
' 1-one 115.0,115.4,121.2,127.2, 130.2, 130.6, 135.5, 136.8,
144.1,148.4,161.2, 188.9.
. IH NMR: § 6.67 (1H, d, J = 15.6 Hz), 6.90 (2H, m), 7.17
. (flEf)lulofgShmég‘;l)pgfgg';?n (2H, d, J = 8.4), 7.43 (1H, d, J = 15.6 Hz), 7.60-7.84 (4H,
' 1-one m); 3C NMR: § 114.3,115.4, 121.2, 130.3, 130.4, 130.6,
135.5,144.1, 148.4, 162.5, 188.9.
. IH NMR: 8 2.41 (3H, s), 6.67 (1H, d, J = 15.7 Hz), 6.84-
L. (EE% ;ﬂfslf"ﬂﬂgﬁggﬂzgyf’)_ 7.15 (4H, m), 7.37-7.52 (2H, m), 7.67 (2H, m); 3C NMR:

prop-2-en-1-one

620.0,114.3,115.1, 115.4, 121.2, 127.8, 128.4, 130.6,
135.5, 136.3, 136.6, 148.4, 161.2, 188.9.
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All ten synthesized morpholino chalcones were obtained by aldol condensation
reaction (Claisen-Schmidt reaction) in yields of 50% to 85%. The synthesized
compounds were characterized by NMR spectroscopy. The compounds were solid
state. Due to the presence of the conjugated chromophore group phenyl-en-one, the
chalcones were yellow to orange colored compounds. The presence of the alkenyl
group provides the possibility of the existence of chalcones in the form of two
geometric isomers. Based on the recorded proton spectra and the obtained values for
the coupling constants of the hydrogen atoms of the alkenyl group (J = 15.0 to 16.0), it
can be concluded that the synthesized chalcones were trans (E) isomers.

After synthesis and characterization, the chromatographic behavior of the newly
synthesized methylsulfonyl and amino chalcones was also examined under RP-TLC
conditions. Silica gel C18, which is most commonly used in chromatographic testing
of lipophilicity, was selected as the stationary phase. The mobile phase in RP-TLC is
usually a two- or multi-component mixture of solvents, one of which is always water,
and the other is an organic solvent — modifier. In order to examine the influence of the
mobile phase on the retention of the compounds, three two-component solvent systems
were used (methanol/water, acetonitrile/water and acetone/water). The results of the
retention behavior of the compounds are shown in Table 3.

Table 3. Rf values of synthesized chalcones

“gﬁ:s'ée w| 1 | 2 |3 | a |5 |6 | 7|8 |9 |10
_ 90 0,7857 | 0,8143 | 0,8571 | 0,7429 | 0,6429 | 0,1571 | 0,1714 | 0,6571 | 0,6857 | 0,6286
% 80 0,5797 | 0,6812 | 0,6087 | 0,4927 | 0,4927 | 0,1286 | 0,1143 | 0,5714 | 0,5714 | 0,5000
% 70 0,1714 | 0,3143 | 0,3571 | 0,1143 | 0,2286 | 0,0882 | 0,0735 | 0,2647 | 0,2941 | 0,2059
E 60 0,0141 | 0,0704 | 0,3239 | 0,0563 | 0,1549 | 0,0714 | 0,0714 | 0,1000 | 0,1143 | 0,0714
90 0,8261 | 0,8986 | 0,8986 | 0,8841 | 0,8261 | 0,7571 | 0,7643 | 0,8571 | 0,8857 | 0,8286
g 80 0,4507 | 0,5915 | 0,4648 | 0,4084 | 0,5352 | 0,7714 | 0,7714 | 0,7429 | 0,7571 | 0,6929
% 70 0,2899 | 0,4348 | 0,3188 | 0,2609 | 0,4058 | 0,6286 | 0,6286 | 0,5571 | 0,5714 | 0,5143
60 0,0571 | 0,2000 | 0,1714 | 0,1571 | 0,3000 | 0,4786 | 0,4786 | 0,3857 | 0,4143 | 0,3429
K<) 90 0,9136 | 0,9506 | 0,9630 | 0,9630 | 0,8642 | 0,8000 | 0,8143 | 0,8571 | 0,8571 | 0,8357
"E 80 0,7391 | 0,8696 | 0,8696 | 0,6957 | 0,6956 | 0,5500 | 0,5714 | 0,5714 | 0,5714 | 0,5286
% 70 0,4571 | 0,6714 | 0,5286 | 0,4143 | 0,6429 | 0,4428 | 0,4571 | 0,4286 | 0,4429 | 0,3857
(&)
© 60 0,1857 | 0,4000 | 0,4429 | 0,1714 | 0,4571 | 0,1000 | 0,1143 | 0,1571 | 0,1714 | 0,1286

Based on the obtained results, Rm values were calculated using formula (3) (Table 4).
By comparing Rm values, the influence of the proportion of the organic component in
the mobile phase can be examined. Different Rw values at the same volume ratios for
different compounds, even structural analogues, can be explained by different
interactions between the solvent and the test substance, as well as by the influence of
the solvents used on the properties of the stationary phase. It can be seen from the
attached table that the retention is strongest when methanol is used as the organic
solvent, and weakest when acetonitrile, a solvent with higher elution power, is used.
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Table 4. RM values of synthesized chalcones

'\Sr?:s”ee % | 1. 2 3. 4. 5. 6. 7. 8. 9. | 10.
_ 90 -0,564 -0,642 -0,777 -0,461 -0,256 0,730 0,684 -0,282 -0,339 -0,228
% 80 -0,140 -0,330 -0,192 0,013 0,013 0,831 0,889 -0,125 -0,125 0,000
% 70 0,684 0,339 0,255 0,889 0,528 1,014 1,101 0,444 0,380 0,586
E 60 1,845 1,121 0,320 1,224 0,737 1,114 1,114 0,954 0,889 1,114
90 -0,676 | -0,947 | -0,947 | -0,883 | -0,676 | -0,493 | -0,511 | -0,777 | -0,889 | -0,684

% 80 0,086 -0,161 0,061 0,161 -0,061 | -0,529 | -0,527 | -0,461 | -0,493 | -0,354
% 70 0,389 0,114 0,330 0,452 0,166 -0,228 | -0,228 | -0,100 | -0,125 | -0,025
60 1,218 0,602 0,684 0,730 0,368 0,037 0,037 0,202 0,150 0,282

@ 90 -1,022 -1,284 -1,420 -1,420 -0,804 -0,602 -0,642 -0,777 -0,777 -0,706
"E 80 -0,452 | -0,824 | -0,824 | -0,360 | -0,359 | -0,087 | -0,125 | -0,125 | -0,125 | -0,050
% 70 -0,726 | -0,311 | -0,050 0,150 -0,256 0,100 0,075 0,125 0,100 0,202
% 60 0,642 0,176 0,100 0,684 0,075 0,954 0,889 0,730 0,684 0,831

The calculated Rm values were correlated with the percentage of organic solvent in the
mobile phase using linear regression analysis. The equations of the lines are shown in
Table 5.

Table 5. Correlation of RM values with the proportion of organic solvent in the mobile phase

Y = m*X+n (X is the proportion of organic solvent, Y are the Rm values)

Chlacones methanol acetone acetonitrile
m n r m n r m n r
1. -0,080 | 6,494 | 0,98 | -0,059 | 4,743 | 0,97 | -0,047 | 4,149 0,84
2. -0,059 | 3,590 | 0,97 | -0,049 | 3,593 | 0,98 | -0,049 | 3,109 0,99
3. -0,037 | 3,705 | 0,95 | -0,052 | 3,903 | 0,95 | -0,053 | 3,452 0,97
4, -0,059 | 4,964 | 0,97 | -0,051 | 3,962 0,94 | -0,068 | 4,880 0,98
5. -0,035 | 2,876 | 0,97 | -0,034 | 2,468 | 0,92 | -0,027 | 2,719 0,95
6. -0,013 | 2,923 | 0,98 | -0,019 | 3,115 | 0,93 | -0,049 | 3,732 0,94
7. -0,015 | 3,073 | 0,95 | -0,019 | 3,150 | 0,94 | -0,048 | 3,644 | 0,97
8. -0,043 | 3,415 | 0,98 | -0,039 | 3,190 | 0,99 | -0,048 | 3,567 0,97
9. -0,047 | 3,343 | 0,97 | -0,035 | 3,274 | 0,99 | -0,046 | 3,426 0,97
10. -0,046 | 3,827 | 0,97 | -0,032 | 3,225 | 0,99 | -0,049 | 3,716 0,97

The calculated value for the correlation coefficient r indicates a satisfactory correlation
because all obtained values are greater than 0.8. The lipophilicity parameter Ry°, was
determined by extrapolating the Rw value to zero volume percentage of the organic
component. The obtained values are shown in Table 6.
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Table 6. RMO values depending on the chosen solvent

Chalcones 1. 2. 3. 4, 5. 6. 7. 8. 9. 10.

methanol | 6,494 | 3,59 | 3,705 | 4,964 | 2,876 | 2,923 | 3,073 | 3,415 | 3,343 | 3,827

acetone 4,743 | 3,593 | 3,903 | 3,962 | 2,468 | 3,115 | 3,15 | 3,19 | 3,274 | 3,225

acetonitrile | 4,149 | 3,109 | 3,452 | 4,88 | 2,719 | 3,732 | 3,644 | 3,567 | 3,426 | 3,716

LogP values (LogPmarvinsketch; LOQPchempraw) Were obtained by two software packages
(MarvinSketch; ChemDraw Ultra 7.0) and are shown in Table 7.

Table 7. Theoretical LogP values

Chalcones 1 2 3 4 5 6 7 8 9 10.

MarvinSketch | 4,21 | 257 | 3,61 | 421 | 2,42 | 3,20 | 3,20 | 3,61 | 3,61 | 3,72

ChemDraw | 4,06 | 2,69 | 3,70 | 4,27 | 2,64 | 3,03 | 291 | 3,38 | 3,26 | 3,72

The Rw° parameter for each of the mobile phases was correlated with the software
obtained LogP values and is presented in Table 8.

Table 8. Correlation between experimentally calculated RMO and obtained LogP values

LOogPtheoretical = M*L0OgPexp.*tN
Mobile phase LogPtheoretical m n r
th | LogPMarvinSketch 01387 11955 0171
methano LOgPchemsketch 0,392 1,867 0,77
LogPMarvinSketch 0,679 1,084 0,70
acetone LogPchemsketch 0,666 1,061 073
.y . LOgPMarvinSketch 0,811 0,415 0,84
acetonitrile L0gPchemsketeh 0,880 0,232 0,85
Conclusion

Methylsulfonyl and amino chalcones were synthesized and characterized by NMR and
MS/MS spectroscopic methods. The lipophilicity parameter of the synthesized
compounds was determined by RP-TLC method and the obtained experimental values
were correlated with the values obtained by using two software packages ChemDraw
Ultra 7.0 and MarvinSketch. The best correlation (r=0.85) was achieved with the
theoretically calculated values for the LogP values obtained using the software package
ChemDraw Ultra 7.0, which means that this software package could be used for
calculating the LogP values of newly synthesized methylsulfonyl and amino chalcones.
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