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Abstract- The present work is devoted to the electrochemical reduction study of presumably
biologically active 2-substituted quinoxaline derivatives. In this work, two new quinoxaline
derivatives are presented. The electrochemical behavior of this compound in an aprotic medium
and while its protonating was investigated via a voltammetric method. Using computational
methods, the localization of the reduction centres depending on the compound’s structure was
determined. The EPR spectra data obtained by electrochemical generation reduction product
proved that the studied quinoxaline’s electroconversion occurs with radical anion formation.
The linear correlation between the reduction potential of studied compounds and energy of
their affinity to the electron was found (R? = 0.933). This confirms the single reduction
mechanism of radical nature for the entire series of studied 2-substituted quinoxaline
derivatives. Based on that, the electron-accepting ability of these compounds was compared in
order to evaluate their possible bioactivity and to select the most perspective ones among them
for further research.

Keywords- Quinoxalines; Cyclic voltammetry; EPR spectroscopy; DFT calculations;
Electroreduction
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1. INTRODUCTION

The constant variability of virus strains, the growth in the incidence and death from cancer
and tuberculosis, the increase in the proportion of primary incidence of mental disorders, as
well as the resistance of existing drugs, leads to the need to create new, more effective drugs.
Pharmaceuticals whose active ingredients contain a quinoxaline moiety in their scaffold are of
great interest because they have a wide range of biological activity, namely anticancer,
antidepressant, antipsychotic, antidiabetic, antioxidant, antifungal, antiviral, antimicrobial and
antituberculosis [1]. Natural and synthetic quinoxalines are active ingredients of the diverse
drugs such as Echinomycin, Levomycin, Actinomycin, Quinacillin, Brimonidine and
Varenicline [2,3].

Considering the quinoxaline scaffold essential and widespread use in medical chemistry,
synthesis of new quinoxaline derivatives and study of their chemical and biological properties
are important strategies for research into new drugs. It is possible to obtain many useful
compounds for chronic and metabolic diseases treatment by modifying quinoxaline’s structure.

Some previous studies of the quinoxaline derivative’s electrochemical behavior have
shown that there is a correlation between electrochemical properties and biological activity of
these compounds, namely their reduction potential and ICgo values against such agents as
Staphylococcus aureus, Proteus Vulgaris [4] and Mycobacterium tuberculosis [5]. It was stated
that the quinoxaline derivatives with the least negative reduction potential are the most
biologically active [4-6]. Therefore, the study of quinoxalines by electrochemical methods can
be useful for evaluating the prospects of synthesized quinoxalines in terms of their biological
activity.

Particular attention was paid to the electrochemical conversion mechanism determining. It
was noted that the process of reduction of quinoxaline derivatives showing antimicrobial and
antitumor activity is characterized by a single-electron transfer and has a radical nature [4-8].

We have found that some derivatives of 2-substituted quinoxalines with photoluminescent
properties [9] are structurally similar to quinoxalines, which exhibit antimicrobial activity [4].
However, the redox transformation of these compounds has not been previously studied, and
the information obtained may be useful for future studies of the possible biological activity of
compounds.

The aim of this work is the expansion of the series of 2-substituted quinoxalines with new
derivatives and the study of their electrochemical behavior in an aprotic medium as well as in
conditions of protonation. The solution of this aim allows to obtain information about the
electron-acceptor ability of the studied compounds.

2. EXPERIMENTAL SECTION

2.1. Test compounds
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Eight 2-substituted quinoxaline derivatives were synthesized for the study. The studied
compounds can be broken down into three groups basing on their structure
arylvinylquinoxalines I, quinoxaline-2-carboxalidine-2-aminophenols Il and (quinoxaline-2-
yl)methylenehydrazides I11 (Figure 1).
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Figure 1. Structural formulas of studied compounds

The synthesis of arylvinylquinoxalines la,b was carried out by the Knoevenagel
condensation of 2-methyl-6,7-difluoroquinoxaline with the corresponding arenecarbaldehyde
in glacial acetic acid in the presence of anhydrous sodium acetate [10]. This way did not allow
to obtain Ic,d derivatives. For this reason, the conditions described for the synthesis of 2-(4-
methoxystyryl)quinoxaline were chosen [11].

(E)-2-(4-Nitrostyryl)quinoxaline (Id). To a solution of 2-methylquinoxaline (0.609 mL, 6.28
mmol) in acetic anhydride (15 ml) 4-nitrobenzaldehyde (1.404 g, 9.29 mmol) was added. The
mixture was refluxed in argon atmosphere for 12 hours, then cooled and red-brown solid was
filtered off and washed with ethanol. Yield 1.50 r (86%), mp 186-188 °C. H NMR, &, ppm:
7.78d (1H, J 16.5 Hz, CH=), 7.78-7.84 m (2H, benzo), 8.01 d (2H, H-2’, H-6’, J 8.8 Hz), 8.05-
8.08 m (2H, benzo), 8.10 d (1H, J 16.5 Hz, CH=), 8.28 d (2H, H-3*, H-5°, J 8.8 Hz), 9.24 s
(1H, H-3). BC NMR, &, ppm: 123.97, 128.38, 128.86, 128.96, 129.81, 130.59, 133.59, 141.26,
141.70, 142.49, 145.25, 147.26, 149.85. MS, lrer (%): 277 (91) [M]*, 276 (100), 231 (39), 230
(80), 229 (33), 203 (12), 115 (15), 103 (12), 102 (20), 101 (14), 77 (16), 76 (32), 75 (14), 51
(11), 50 (17). IR (cm™): 606.36, 690.54, 744.66, 772.51, 834.01, 869.49, 968.01, 1104.33,
1202.33, 1338.88, 1413.42, 1507.63, 1537.96, 1589.21, 1649.62, 1885.44, 2439.29, 3053.44,
3688.26. Found, %: C 69.37, H 4.07, N 15.09. C15H11N30.. Calculated, %: C 69.31, H 4.00, N
15.15.

(E)-2-(4-Methylstyryl)quinoxaline (Ic) was synthesized by the same method. Yield 77%, mp
119-121 °C [lit. 116-118 °C [12] *H NMR, &, ppm: 2.40 s (3H, CH3), 7.25 d (2H, H-3", H-5", ]
8.4 Hz), 7.45d (1H, J 16.4 Hz, CH=), 7.62 d (2H, H-2’, H-6", J 8.4 Hz), 7.74-7.80 m (2H, H-
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6, H-7), 7.95 d (1H, J 16.4 Hz, CH=), 8.00-8.03 m (2H, H-5, H-8), 9.16 s (1H, H-3). 2*C NMR,
8, ppm: 20.95, 124.39, 127.46, 128.73, 128.81, 129.30, 129.52, 130.42, 133.12, 136.09, 138.97,
140.85, 141.72, 145.14, 150.76. MS, lrei (%): 246 (59) [M]*, 245 (100), 231 (31), 115 (18). IR
(cm™): 754.12, 802.99, 959.56, 1122.30, 1309.48, 1409.20, 1539.07, 1600.17, 1931.64,
2355.20, 3034.42. Found, %: C 82.78, H 5.65, N 11.44. C17H14N,. Calculated, %: C 82.90, H
5.73, N 11.37.

Compounds Ila,b and I11a were synthesized based on quinoxaline-2-carboxaldehyde when
it reacted in ethanol with 2-aminophenol [13] and benzohydrazide [14], respectively. 4-t-
Butylhydrazide was involved in the reaction with quinoxaline-2-carboxaldehyde to give a new
I11b derivative.

4-t-Butylbenzoic acid (quinoxalin-2-yl)methylenehydrazide (I11b). The solution of 4-t-
butylhydrazide (0.304 g, 1.58 mmol) in ethanol (15 mL) was added in portions to the solution
of quinoxalin-2-carbaldehyde (0.25 g, 1.58 mmol) in ethanol (25 mL). The reaction mixture
was refluxed for 10 h and then concentrated in vacuo. The precipitate was filtered off and
recrystallized from ethanol. Yield 0.41 r (78%), mp 216-218 °C. *H NMR, §, ppm: 1.38 s (9H,
CMes), 7.54 d (2H, H-3’, H-5. ] 7.5 Hz), 7.84-7.86 m (2H, Ar), 7.90d (2H, H-2’, H-6’. J 7.5
Hz), 8.09-8.11 m (2H, Ar), 8.66 s (1H, H(3)), 9.54 s (1H, CH=N), 12.2 s (1H, NH). $3C NMR,
3, ppm: 30.85, 34.73, 125.35, 127.70, 128.98, 129.06, 130.8, 130.62, 130.76, 141.26, 141.56,
142.79, 145.57, 148.50, 155.13, 163.46. MS, lrel (%): 332 (4) [M]", 171 (54), 162 (17), 161
(100), 146 (16), 143 (21), 118 (25), 102 (14), 91 (15). IR (cm™): 550.59, 583.33, 600.94,
702.87, 732.78, 761.98, 782.64, 848.04, 880.14, 919.27, 943.06, 1014.65, 1071.58, 1123.51,
1152.12, 1192.31, 1268.20, 1298.28, 1349.05, 1403.37, 1488.44, 1537.92, 1557.64, 1608.00,
1654.75, 2878.81, 2963.85, 3227.55. Found, %: C 72.35, H 6.11, N 16.79. CzoH20N4O.
Calculated, %: C 72.27, H 6.06, N 16.86.

Unless otherwise indicated, all common reagents and solvents were used from commercial
suppliers without further purification. Melting points were measured on the instrument Boetius.
The method of thin-layer chromatography was used to monitor the progress of the reaction.
The column chromatography was carried out on SiO,. *H NMR and 3C NMR spectra were
recorded at room temperature at 300 and 75.3 MHz respectively, on a Bruker AC-300
spectrometer; at 400 and 100 MHz respectively, on a Bruker DRX-400 spectrometer. Mass
spectra were recorded on the SHIMADZU GCMS-QP2010 Ultra instrument with electron
ionization (EI) of the sample. The elemental analysis was carried out on an automated Perkin
Elmer PE 2400 series Il CHNS analyzer. IR spectra were measured using a Perkin Elmer
Spectrum 65instrument equipped with a Quest ATR Accessory (Specac) by attenuated total
reflectance (ATR) in the range of 400-4000 cm™.
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2.2. Chemicals

An aprotic chemically pure dimethylsulfoxide (hereinafter DMSO) produced by ECOS-1
(Russia) with a water content of no more than 0.1% was used as a solvent. For medium
protonation, a concentrated (35-38%) hydrochloric acid (Sigma Tech, Russia) was used. 99%
tetrabutylammonium tetrafluoroborate (hereinafter BusNBF4) and ferrocene produced by
Sigma-Aldrich (Switzerland) were used for various applications. Oxygen from solutions was
removed by blowing with an inert gas argon 99.9% purity.

2.3. Electrochemistry

The electrochemical studies were carried out in a standard three electrode cell using
potentiostat/galvanostat Autolab Type Il (Metrohm, Switzerland) complete with a magnetic
strirrer. The indicator electrode was glassy carbon electrode disk with diameter of 3 mm (S=
7.065 mm?). The surface of the working electrode was mechanically cleaned on a fabric
substrate soaked with aluminum oxide with before each measurement. An
Ag/AQCIL/KClsa/DMSO membranes was used as a reference electrode, and a graphite
electrode was used as the auxiliary electrode.

To study the effect of protonation on the studied compounds’ Red-Ox properties a mixture
of HCl and DMSO in a ratio of 1:19 was sequentially added to the analyzed solution by 10 puL
portions.

2.4. EPR spectroscopy

The study of the electrochemically generated reduction product of the compound la was
carried out by the EPR spectroscopy using the ELEXSYS E500 EPR spectrometer.

After electrolysis of the compound la radical at different concentrations (0.1-0.3 M) and
accumulation time (300-1800 s). The resulting solution was taken into a glass capillary. This
capillary was placed in a quartz cell, which was then installed in the resonator of the
spectrometer with registration parameters: magnetic field - 351.3 mT with a sweep range of 80
mT and a modulation amplitude of 0.6 mT.

2.5. Quantum chemical calculations

Quantum-chemical calculations of the optimized structures, energy, electron density and
the EPR spectra of the molecules were performed by the b3lyp hybrid method [15,16] in the
def2-TZVP basis [17], taking into account Coulomb splitting [18], Atom-pairwise Dispersion
Correction [19,20 ] and using conductor-like polarizable continuum model (C-PCM) for solvent
effects [21] in the ORCA 4.2.1 program [22—24]. TightSCF convergence has been applied. To
search for stationary points on the potential energy surfaces, a complete geometry optimization
was carried out using the TightOpt convergence criteria and checking natural frequencies.
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Preview of Fukui's functions [25] and execution electrostatic potential maps in GaussView6.0
[26].

3. RESULTS AND DISCUSSION
3.1. Electrochemical behavior

The electrochemical behavior of compounds la-c, which are structural analogs and differ
only in substituents, was studied by the cyclic voltammetry (CV) method in a DMSO
background solution with the addition of 0.1 M BusNBF4.It follows from the CV data that
compounds la-c have a similar CV shape. In this case, the form of CV Ic is identical for la and
Ib; and curves lla,b and I11a,b are pairwise identical. The exception is 1d, the voltammogram
of which is given separately. Therefore, Fig. 2 shows the CV of one compound from each
group, and 1 reversible recovery peak, which is located in the range -2 <E < -1V, is observed.
Data on the characteristics of the peaks are presented in Table 1. To determine the effective
number of electrons ne, involved in the first stage of electrochemical reduction, the current of
the compound in DMSO on CV was compared with the current calculated by the Rendles—
Shevchik equation for reversible electrochemical reactions and the current and area of the
standard reversible ferrocene redox system under the same conditions [27]. The obtained value
of ne for all compounds, determined by all used electroanalytical methods, was le, which
corresponds to the reduction of the quinoxaline fragment of the studied compounds, since
unsubstituted quinoxaline and some of its derivatives are reduced in a similar way [28,29].

Table 1. Reduction peaks of compounds I-111 description*

Compound Ey.V 15 /15 AE,. V I;--10° A Q-10%.C
la k=1 -1.30 0.99 0.058 1.33 4,22
Ib k=1 -1.33 0.99 0.059 143 5.26
Ic k=1 | -1.45 0.99 0.057 1.49 4.38

k=1 -0.85 0.98 0.066 1.21 10.94
Id k=2 -1.20 0.96 0.064 1.38

k=3 | -2.39 Irreversible peak 6.07 17.74
k=1 -0.99 0.91 0.24 1.15

Ha k=2 -1.58 0.98 0.060 1.36 8.48
k=1 -1.00 0.89 0.27 1.16

b k=2 -1.68 0.97 0.062 1.46 8.12
k=1 -1.19 0.87 0.25 1.40

Iia k=2 -1.46 0.96 0.058 1.45 8.66
k=1 -1.20 0.85 0.29 1.23

Hib k=2 -1.56 0.95 0.058 1.22 8.26

*For unsubstituted quinoxaline Eg =-161V. Ig =1.40-10° A. Q=15.31-10"°C (similar registration parameters as
for test compounds)



Anal. Bioanal. Electrochem., Vol. 15, No. 3, 2023, 184-197

190

50 mM
-160 1 1 1 1 1 -160 1 1 )
-3.2 2.4 1.6 -0.8 0 0.8 3.2 -2.2 -1.2 ’ -0.2 0.8 1.8
EN C E/V
30 ¢ 45
15 30 B ///
. 15 =7
< <
= = 0 f A ——0mM
- -15 = 15 —10mM
- - 20 mM
30 mM
-30 a0 | // "
30
Y4
-45 -45 : : . :
-2.2 -1.2 -0.2 0.8 1.8
E/V
30 r 30 r
20 15 |
10 f
ot < 07
ilo 3 E—
= - = i —10mM
-15 20 QM
20 F 30 mM
- L 40 mM
-30 F 30 ——50 $M
_40 'l L L L _45 L L L ]
22 -16 -04 02 08 -2.2 -1.2 -0.2 0.8 1.8
E/NV E/NV

Figure 2. CVs obtained in the presence of 2 mM compound Ic (A). Id (B). Ila (C) and Illa
(D) in a DMSO solution with 0.1 M BusNCIO4 (on the left) and during medium protonation by
10 pL portions of HCI/DMSO mixture (on the right) using glassy carbon electrode (S=7.065
mm?). Scan rate 100mVs™. Potentials were measured relative to Ag/AgCI/KClsa/DMSO.
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To establish the kinetic parameters of the process, the electrochemical behavior of Ia, Ila,
I11a was studied using the chronoamperometry (CA) and CV methods. Logarithmic analysis
of the chronoamperograms of compound la at E =-1.4V, llaat E =-1.05V and Illa at E = -
1.25V showed that the slope of the Ig(l)-lg(t) graph in the interval 1<t<2c is in the range from
-0.49 to -0.50, which is close to the value characteristic of a diffusion-controlled
electrochemical reaction (-0.5) [27]. Moreover, the electroreduction peak current on the CV
curves grows linearly from the root of the potential scan rate, which also confirms the diffusion
kinetics [30]. This is confirmed by the coefficient of determination, which for all three selected
compounds is 0.9999.

As for la-c protonation, it causes a gradual decrease of the initial reduction peak and related
equivalent growth of another cathodic peak with the potential shiftto -1 <E <0 V.

In addition to characteristic for la-c reduction stage, the electrochemical conversion of
Ila,b as well as I11a,b (Figure 2B-C) contains another one cathodic peak located in the range
of (-0.9; -1.2) V (Table 1). According to the previous data [31,32], this first peak of reduction
is presumably related with the C=N bond reduction. Using the same approach of the kinetics
type and transferred electrons number determination, it was found that the reduction of these
compounds is also a 1-electron process limited by diffusion [33]. The research also showed
that Ila,b first reduction potential is higher than one of Illa,b. It is probably connected to the
greater electron-accepting capacity of C=N compared to C=N—N through the redistribution of
the electron density in the exocyclic chain.

While acidifying the medium of Ila,b and Illa,b, the second reduction peak changes in the
manner described for la-c and, oppositely , the first one’s potential remains without changes.
Moreover, the mechanism of reduction Ila,b did not changed by adding the first portions H*.
That effect was presumably caused by the hydroxyl group, which is protonated first since its
oxygen atom is more electronegative than quinoxaline’s nitrogen.

Based on the obtained information, it was assumed the localization of the reduction centres
depending on the compound’s structure. The la,b reversible Red-Ox process occurs with the
participation of the pyrazine C=N bonds; additionally imino group in Ila,b and hydrazono
group in Illa,b irreversibly reduce. Protonation facilitates the reduction of the quinoxaline
fragment due to its larger electronegativity in comparison with the exocyclic C=N bonds, which
is confirmed by calculations. Furthermore, the pyrazine C=N bonds are less electron-deficient
than the exocyclic ones and reduce secondarily. which is due to the presence of a n-conjugated
system of quinoxaline and its partial electron saturation. Therefore, it was suggested that the
first reduction peak corresponds to the process occurring at the exocyclic C=N bonds, the
second one — at the quinoxaline fragment. Schematically. this can be presented as shown in the
Figure 2 on the left side.

The electrochemical conversion of Id slightly differs from that of other compounds (Figure
2B), which is caused by the presence of a strong electron-accepting substituent. There is an
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assumption that nitro group pulls the electron density displacing it from the quinoxaline
scaffolds. Then, due to the electron density lack, both pyrazine C=N bonds reduce, and it is
reflected by two reversible 1-electron reduction peaks at potentials of -0.85 and -1.20 V (Table
1). Comparatively high values of these potentials mean that the electron-accepting group
contributes to the quinoxaline reduction process to proceed more easily. Consequently, being
saturated with electron density, irreversible 4-electron reduction of nitro group [34,35] occurs
after the quinoxaline fragment’s one. Since nitro group is considerably electronegative, its
cathodic peak decrease with the potential shift to ~ -0.5 V with protonation, making

quinoxaline’s reduction peaks less resolution.

3.2. Radical nature of reduction

The selection of electrochemical parameters for the EPR spectrum registration was made.
The optimal conditions for paramagnetic products electrolysis: 0.3 mM of the test compounds.
Time for accumulation is 900 s at the potential of ~ -2.0 V. An increase of the generation time
to 1800 s does not lead to a growth of the signal intensity. Therefore, it might be concluded
that the radical’s lifetime is less than 1800 s. Also, an experiment without electrogeneration
was conducted, unfortunately, it did not provide any satisfactory results.

As a result, the EPR spectrum of the electrochemically generated reduction product of la
was detected (Figure 3). Noteworthy, that the EPR spectrum calculated by the DFT method for
corresponding radical anion, based on its spin density distribution, is close to those obtained
experimentally.

Experimental

- Calculated

3460 3470 3480 3490 3500 3510W3530 3540 3550

Field/G

Figure 3. EPR spectrum of compound la radical anion

3.3. Single electrochemical reduction mechanism

Based on the Fukui function calculated by the DFT method for selected molecules during
the reduction process, it becomes possible to determine the highest probability of localization
of the transferred electron in the structure of the molecule [36]. Considering the similarity of
the Fukui function for structural analogues (with the exception of 1d), Figure 4 shows the Fukui
function for compounds from each group. It is also possible to conclude from Figure 4 that the
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electrochemical reduction of the C=N bond of the pyrazine ring and the imino, hydrazone or
nitro groups are considered the most likely processes for the selected compounds.

Nitro group of Id has strong electron-accepting properties and also is a reduction center
together with the quinoxaline fragment. Therefore, the distribution of the electron density of
the transferred electron occurs in both reduction centers. However, if the reduction of the
pyrazine C=N bond requires a 1-electron Red-Ox transfer, then the reduction of the nitro group
requires a larger number of electrons, which implies more energy costs. Therefore, it can be
assumed that the pyrazine bonds in the quinoxaline fragment are reduced first, while the
reduction of the nitro group continues at more negative potential values.

A
Compound I

D

A
Compound 11

A
Compound 111

Figure 4. Fukui function f+ for studied compounds

Considering the similarity of the electron density in the Higher Occupied Molecular Orbital
of the radical anions and the distribution of the Fukui function for the corresponding molecules,
as well as the coincidence of the experimental and calculated EPR spectra of the radical anions
of compound Ia, an assumption was made about a similar mechanism for the electrochemical
reduction of compounds. To describe the electron-accepting ability of the studied compounds
their adiabatic energy of affinity to the electron (EAaqd) was calculated by the energy difference
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between a neutral molecule and its radical anion. The linear correlation of EAaq on the test
compounds and unsubstituted quinoxaline first reduction potentials was found. The obtained
data are shown in the Figure 5.
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R?=0.9333

08 | -
1.0 | o O . Id

12 F

Elp/V

4 F -
6 b e

-1.8

-2.0

2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8
Ea/eVv

Figure 5. Correlation between EAaq and first reduction potentials of unsubstituted quinoxaline
and its studied derivatives

The fact that the resulting regression of the dependence has a high correlation factor
confirms the single mechanism of electrochemical reduction process for the whole series of
test compounds. Moreover, it justifies the radical nature of all studied compounds’ reduction
(except 1d) along with la and unsubstituted quinoxaline because the latter reduce with radical
anions formation (for unsubstituted quinoxaline proven by [28]).

4. CONCLUSION

Based on the established similarity of the structure of 2-substituted quinoxalines,
previously studied in terms of photophysical properties [9], and quinoxalines that exhibit
antimicrobial action, it is assumed that these compounds may be biologically active.
Consequently, this series of 2-substituted derivatives was expanded with new synthesized
compounds and taken for the study of electrochemical behavior.

In the studied series of quinoxaline derivatives, the localization of electroreduction centers
was correlated with their structure. Depending on the different functional groups used, the Red-
Ox process occurs with the participation of the C=N bonds of pyrazine ring, imino, hydrazono
or nitro groups.

It was found that the unsubstituted quinoxaline and compound la electrochemical reduction
corresponds to the formation of the radical anions. Also, the linear correlation of EAaq on the
test compounds and unsubstituted quinoxaline first reduction potentials was found. Based on
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this it is possible to suggest the single reduction mechanism of radical nature for all studied
compounds. Overall, the scheme on Figure 6 of the studied compounds electrochemical
reduction might be illustrated as:

N N -
=3 +E =5
( I Z =
N X M X
Figure 6. The probable scheme of electroreduction of the studied compound

The effect of protonation on the electrochemical reduction of test compounds has been
studied. It might be essential for understanding the processes occurring in agueous media and
biological fluids. The experiments showed that the medium acidifying facilitates the reduction
of the compounds.

To conclude, the test compounds might be arranged in a row of their electrochemical
activity: le—Ib—la—Illb —I1la- b — Ila - Id with Id having the highest reduction ability.
Considering the electroconversion similitude of the compounds presented in this work and the
ones exhibiting antimicrobial effects [4,6]. It is possible to assume that the studied compounds
are bioactive. Therefore, the sequence of the 2-substituted quinoxaline derivatives potential
bioactivity increases in accordance to their chemical activity and coincides with the row
presented. As a result, compounds Ila and Id might show comparatively the greatest bioactivity
what makes them prospective for the future studies.
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