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Abstract: In the present work, the synthesis of pyrazoline-thiazolidin-4-one hybrids and their pharmacological properties are described.
The structure of compounds is characterized using 'H, *C NMR, and LC-MS spectra. The antioxidant (DPPH assay), antimicrobial
(Gram-positive bacterium Lactobacillus plantarum, Gram-negative bacterium Escherichia coli, and yeasts Candida albicans, MIC
determination), redox (cyclic voltammetry) as well as herbicidal activity (against grass species Agrostis stolonifera) of compounds have
been studied. All derivatives have demonstrated radical scavenging activity with ICso values in the range of 4.67-7.12 mM that were
measured by the DPPH test. The tested compounds showed very low antimicrobial and herbicidal activity and no redox peaks were

observed in the cyclic voltammetry studies.

Keywords: pyrazoline-thiazolidin-4-ones hybrids; DPPH assay; antimicrobial/herbicidal activity; cyclic voltammetry.

Introduction

The last decade has witnessed a growing interest in the
development of redox modulating agents as effective tool in
therapy oxidative-stress associated processes: cancers,
diabetes, inflammatory diseases, neurological disorders, and
others [1-4]. In this context, the structure modified
thiazolidin-4-one and pyrazoline nucleus are prospective
molecular platforms for design antioxidants and redox-
modulating agent design [5-8]. For example, the application
of the mentioned scaffolds is an attractive direction for the
development of selective modulators of Nrf2 and NF-kB
transcription factors, that play a key role in the regulation of
cellular responses to oxidative-stress factors and are
potential drug targets [9-11].

In our early-described researches some types thiazolidin-
4-one hybrids linked through “enamine” linker at C-5 has
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been synthesized and several compounds been have been
identified with a high level of antibacterial and antifungal
[12-14], anticancer and trypanocidal [15], and anti-
inflammatory activity [16] (Figure 1). In our opinion, the
5-aminomethylidene derivatives have several important
advantages in  synthetic variability and structure
optimization processes compared to 5-ylidene analogous.

On the other hand, the pyrazolines possess a wide range
of biological activities and belong to unsaturated
heterocycles that can be oxidized to the corresponding
pyrazoles [17]. These properties are of great interest in the
design and development of potential redox-active
compounds as possible pharmacological agents.

Taking into account the above reasons, the main goal of
the present work was the design and synthesis of novel
“enamine”-bearing pyrazoline-thiazolidin-4-one hybrid mo-

lecules and further evaluation of their antioxidant,
antimicrobial, herbicidal, and redox activities.
Results and Discussion

The synthetic design included two key routes

(Scheme 1). Initially, the derivatives 2a, b were easily
obtained using Holmberg’s protocol (i) [18] from corres-

© Holota S. M. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 1. The “enamine”-bearing thiazolidin-4-one hybrids as potential pharmacological agents.

ponding aminobenzoic acids 1a, b. The procedure (ii) [15]
was used for synthesis 3a,b from obtained derivatives
2a, b. The convenient synthetic approach [19] starting from
aromatic aldehyde 4a, b, and acetophenone (iii and iv) was
used for the synthesis of diarylpyrazolines 6a, b. The target
pyrazoline-thiazolidin-4-one hybrids 7a-d were synthesized
in satisfactory yields and purity by reacting compounds
3a, b and 6a, b under reflux in ethanol for 30-45 min.

The structures of all synthesized compounds were
confirmed by *H, **C NMR spectroscopy, and LC-MS-
spectrometry. Esterification of the carboxylic group of
compounds 3a, b under condition ii was observed by the
appearance of signals from the protons of the ethyl group at
~4.31(q, J=6.3 Hz) and ~1.31 (t, J = 6.3 Hz) ppm in the
'H NMR spectra. In the *H NMR spectra of derivatives
3a, b and 7a-d the proton signal at C-5 double bond appears
mainly in the field of aromatic protons, and only for
derivative 7b it was observed as a singlet at 7.60 ppm. The
pyrazoline fragment of compounds 7a-d shows the
characteristic patterns of the AMX system for CH,-CH
protons.

The synthesized compounds 7a-d have been evaluated
for their antioxidant activity in vitro in the DPPH
(1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay
[20] in the conditions close to physiological (serial dilutions
of stock methanol solutions at six concentrations of 1.0, 2.0,
4.0, 6.0, 8.0, 10.0mM + Tris-HCI buffer pH=7.40,
measurements after 60 min). Ascorbic acid was used as a
reference compound (standard). The ICso values have been
determined for compounds 7a-d as well as ascorbic acid to
characterize their antioxidant activity (Figure 2).
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As a result, the tested compounds 7a-d have low-
moderate activity in DPPH assay, and the established 1Cs
values of the synthesized compounds were: 4.67 mM (7a),
5.90 mM (7b), 6.05 mM (7c), 7.12 mM (7d), and for
ascorbic acid ICsp = 0.045 mM. It should be noted that this
level of antioxidant activity may be more likely associated
with the presence of phenolic (-OH), and dimethylamino
groups (-N(CHs)2) in compounds 7a-d than with other
molecular fragments. Nevertheless, all tested derivatives
show activity from 8.38 to 13.43 mg/mL that is promising
for searching for new potential antioxidants among this
subtype of hybrid molecules.

Compounds 7a-d were preliminary screened for their
potential antimicrobial activity against Gram-positive
bacteria as Lactobacillus plantarum, Gram-negative
bacteria as Escherichia coli, and yeasts (Candida albicans).
Antimicrobial activity was evaluated in terms of minimum
inhibitory concentrations (MICs), and the values were
compared with standard reference antimicrobial agents
[21-22]. Overall, the tested compounds showed very low
antimicrobial activity against the E. coli and C. albicans
compared to the reference drugs (36.5 uM for ampicillin
and 38.96 uM for fluconazole), Table 1. Only derivative 7¢
showed activity with MIC value of 1.25 mM against E. coli,
and derivative 7d showed antifungal activity against
C. albicans with MIC value of 1.25 mM. It is also worth
noting that compounds 7a-d were inactive against
L. plantarum.

The herbicidal activity of the compounds 7a-d was tested
against the monocot grass species Creeping bentgrass
(Agrostis  stolonifera). Methanol solutions at the
concentration of 1mg/ml of all compounds were added to
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Scheme 1. Synthesis of target pyrazoline-thiazolidin-4-one hybrids 7a-d. Reagents and conditions: i) 1a, b (10 mmole), CS(SCH2COQH)2
(10 mmole), C2HsOH:H20, reflux, 5h; ii) 2a, b (10 mmole), HC(OCzHs)s (10 mmole), Ac20, reflux, 3h; iii) 4a, b (10 mmole),
acetophenone (10 mmole), NaOH (10 mmole); iv) 5a, b (10 mmole), NH2-NH2 (10 mmole), KOH (10 mmole), C2HsOH; v) 3a, b (10

mmole), 6a, b (10 mmole), C2HsOH, reflux, 2h.
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Figure 2. The dose-depending DPPH radical inhibition and ICso values for compounds 7a-d.

the plant seeds and incubated in a minimal medium. Seed
germination was observed after 3 days, and only compound
7b inhibited of grass growth by 15 %. No inhibitory effect
on A. stolonifera was observed in the case of compounds
7a, 7c, and 7d.

The redox activity of 7a-d was evaluated by cyclic
voltammetry technique using stock solutions of compounds
in methanol (C = 5 mM) with the addition of phosphate

buffer solution (pH = 6.40). The glassy carbon working
electrode, a platinum wire counter, and a saturated calomel
electrode were used, and the measurements were performed
at 0 min and after 60 min in the potential range from
-1500 mV to 1500 mV with scan rates between 10 and
100 mV/s. No redox peaks were observed under mentioned
experimental conditions in cyclic voltammetry studies for
tested compounds 7a-d.
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Table 1. Antimicrobial properties of compounds 7a-d (MICs values)

M?;?g%i?\?;; s E.coli L. plantarum C. albicans
7a 2.5 mM >2.5mM >2.5mM
7b >2.5mM >2.5mM 25mM
7c 1.25mM >2.5mM 25mM
7d 2.5 mM >2.5mM 1.25mM

References?? 36.5 pM2 39.8 pMma 38.96 puMP
a—ampicillin

b _ fluconazole

Conclusions

In the present paper, a synthesis of the series of new
pyrazoline-thiazolidin-4-one hybrids has been reported.
The structure of the compounds was confirmed using *H,
13C NMR, and LC-MS spectra. All synthesized compounds
were evaluated for their antioxidant, antibacterial,
antifungal, herbicidal, and redox properties. The
synthesized hybrid compounds have promising free radical
scavenging activities, and obtained results argue to the
next development of antioxidant agents among these types
of molecules.

Experimental section

General

Commercial reagents were purchased from Merck and
used without purification. Melting points were measured in
open capillary tubes on a BUCHI B-545 melting point
apparatus and are uncorrected. The elemental analyses (C,
H, N) was performed using the Perkin-Elmer 2400 CHN
analyzer and was within £0.4% of the theoretical values.
The *H and *C NMR spectra were recorded on a Bruker-
500 spectrometer at 500 MHz and 126 MHz using a
mixture of DMSO-d6+CCl4 as a solvent and TMS as an
internal standard. Chemical shift values are reported in
ppm units with use of & scale. Mass spectra were obtained
using electrospray ionization (ESI) techniques on an
Agilent 1100 Series LCMS. The purity of the compounds
was checked by thin-layer chromatography performed with
Merck Silica Gel 60 F254 aluminum sheets. Spots were
detected by their absorption under UV light.

Synthesis
General procedure for the synthesis derivatives 7a-d.

In a round bottom flask is placed by 0.01 mole of 3a or
3b and 6a or 6b, add 10 ml of ethanol. The mixture was
heated at reflux for 2 hours. After cooling, the precipitate
formed is filtered off and recrystallized from DMF-
ethanol.

Ethyl (2)-3-(5-(ethoxymethylene)-4-oxo-2-thioxothiazo-
lidin-3-yl)benzoate (3a)

Yield 52%, mp 163-165°C. 'H NMR (500 MHz,
DMSO-dg) 6 7.99 (s, 1H), 7.90 (s, 1H), 7.47-7.55 (m, 2H),
4.35 (g, J 6.2 Hz, 2H), 4.15 (g, J 6.3 Hz, 2H), 1.35 {t,
J 6.2 Hz, 3H), 1.15 (t, J 6.3 Hz, 3H). LC/MS m/z 338
(M+H)*. Anal. Calcd. for CisHisNO4S;: C, 53.40;
H, 4.48; N, 4.15. Found: C, 53.50; H, 4.60; N, 4.20.

Ethyl (2)-4-(5-(ethoxymethylene)-4-oxo-2-thioxothiazo-
lidin-3-yl)benzoate (3b)

Yield 63%, mp 187-189°C. 'H NMR (500 MHz,
DMSO-ds) 67.90 (s, 1H), 7.84 (d, J 8.6 Hz, 2H), 7.69 (d,
J 8.6 Hz, 2H), 4.35 (q, J 6.2 Hz, 2H), 4.15 (g, J 6.3 Hz,
2H), 1.35 (t, J 6.2 Hz, 3H), 1.15 (t, J 6.3 Hz, 3H). LC/MS
m/z 338 (M+H)*. Anal. Calcd. for C1sH1sNO4S;: C, 53.40;
H, 4.48; N, 4.15. Found: C, 53.60; H, 4.50; N, 4.30.

Ethyl (2)-3-(5-((5-(2-hydroxyphenyl)-3-phenyl-4,5-
dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-thioxothiazo-
lidin-3-yl)benzoate (7a)

Yield 65%, mp 212-214°C. 'H NMR (500 MHz,

DMSO-dg) 6 9.53 (s, 1H), 8.10-8.00 (m, 2H), 7.99-7.91
(m, 2H), 7.69-7.57 (m, 3H), 7.49-7.39 (m, 3H), 7.28-7.22
(m, 2H), 6.81-6.75 (m, 2H), 5.56 (dd, J 11.3, 7.0 Hz, 1H),
4.31 (q, J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz, 1H), 3.51
(dd,
J 18.4, 7.0 Hz, 1H), 1.00 (t, J 6.3 Hz, 3H). *C NMR (126
MHz, DMSO-ds) 6 186.5, 179.3, 167.2, 164.1, 161.4,
159.4, 157.2, 154.0, 151.1, 149.4, 142.2, 139.0, 137.4,
129.7, 128.3, 127.0, 126.2, 121.2, 118.4, 113.9, 92.4, 88.7,
62.5, 13.4. LC/MS m/z 530 (M+H)*. Anal. Calcd. for
C28H23N304822 C, 63.50; H, 4.38; N, 7.93. Found: C,
63.70; H, 4.50; N, 8.00.

Ethyl (2)-3-(5-((5-(4-(dimethylamino)phenyl)-3-phenyl-
4,5-dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-thioxo-
thiazolidin-3-yl)benzoate (7b)

Yield 67%, mp 228-231°C. 'H NMR (500 MHz,
DMSO-dg) § 8.00 (dt, J 7.8, 1.4 Hz, 1H), 7.94-7.89 (m,
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2H), 7.78 (t, J 1.9 Hz, 1H), 7.70-7.59 (m, 2H), 7.60 (s,
1H), 7.62-7.56 (m, 1H), 7.58-7.51 (m, 1H), 7.41 (s, 1H),
7.26-7.21 (m, 2H), 6.79-6.73 (m, 2H), 5.57 (dd, J 11.3, 7.1
Hz, 1H), 4.31 (g, J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz,
1H), 3.51 (dd, J 18.5, 7.1 Hz, 1H), 2.90 (s, 6H), 1.31 (t, J
6.3 Hz, 3H).
13C NMR (126 MHz, DMSO-ds) 6 184.4, 179.5, 166.5,
163.6, 160.9, 159.5, 156.8, 154.1, 150.5, 148.5, 141.7,
1385, 137.1, 129.2, 128.1, 127.3, 125.8, 120.6, 116.3,
112.6, 91.5, 88.7, 64.4, 352, 13.1. LC/MS m/z 557
(M+H)*. Anal. Calcd. for CzoH2sN4OsSz: C, 64.73; H,
5.07; N, 10.06. Found: C, 64.90; H, 5.20; N, 10.20.

Ethyl (2)-4-(5-((5-(2-hydroxyphenyl)-3-phenyl-4,5-
dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-
thioxothiazolidin-3-yl)benzoate (7c)

Yield 68%, mp 230-232°C. *H NMR (500 MHz,
DMSO-dg) ¢ 9.50 (s, 1H), 8.11-8.02 (m, 2H), 7.96-7.89
(m, 2H), 7.64-7.53 (m, 3H), 7.48-7.38 (m, 3H), 7.25-7.20
(m, 2H), 6.81-6.74 (m, 2H), 5.56 (dd, J 11.3, 7.0 Hz, 1H),
4.31 (g, J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz, 1H), 3.51
(dd, J 18.4, 7.0 Hz, 1H), 1.05 (t, J 6.3 Hz, 3H). *C NMR
(126 MHz, DMSO-ds) 6 184.0, 179.1, 166.8, 162.9, 160.7,
159.2, 156.8, 153.3, 150.4, 141.5, 138.3, 137.2, 129.7,
129.4, 128.3, 127.5, 126.9, 113.1, 91.1, 86.5, 64.0, 13.2.
LC/MS m/z 530 (M+H)+ Anal. Calcd. for CogH23N304S;:
C, 63.50; H, 4.38; N, 7.93. Found: C, 63.80; H, 4.60; N,
8.10.

Ethyl (2)-4-(5-((5-(4-(dimethylamino)phenyl)-3-phenyl-
4,5-dihydro-1H-pyrazol-1-yl)methylene)-4-oxo-2-
thioxothiazolidin-3-yl)benzoate (7d)

Yield 71%, mp 244-246°C. *H NMR (500 MHz,
DMSO-dg) ¢ 8.09-8.00 (m, 2H), 7.94-7.88 (m, 2H), 7.65-
7.55 (m, 3H), 7.48-7.38 (m, 3H), 7.26-7.20 (m, 2H), 6.79-
6.72 (m, 2H), 5.56 (dd, J 11.3, 7.0 Hz, 1H), 4.31 (q,
J 6.3 Hz, 2H), 4.00 (dd, J 18.4, 11.3 Hz, 1H), 3.51 (dd,
J 18.4, 7.0 Hz, 1H), 2.90 (s, 6H), 1.05 (t, J 6.3 Hz, 3H).
13C NMR (126 MHz, DMSO-ds) 6 183.7, 178.6, 165.7,
162.7, 160.1, 158.8, 156.2, 153.7, 150.0, 141.3, 138.1,
137.0, 129.9, 129.2, 128.1, 127.3, 126.4, 112.6, 90.8, 86.3,
63.7, 39.0, 13.0. LC/MS m/z 557 (M+H)*. Anal. Calcd. for
C30H28N40332: C, 64.73; H, 5.07; N, 10.06. Found:
C, 65.00; H, 5.10; N, 10.30.

Antioxidant activity (DPPH assay)

DPPH inhibition was determined by using the protocol
[20]. The DPPH radical is stable due to the delocalization
of a spare electron over the molecule, thus preventing
dimer formation. This radical is used in the DPPH radical
scavenging capacity assay to quantify the ability of
antioxidants to quench the DPPH radical. The dark purple
color of DPPH will be lost when it is reduced to its non-
radical form stable organic nitrogen centered free radical
with a dark purple color which when reduced to its non-
radical form by antioxidants becomes colorless. DPPH
radicals are widely used in the model system to investigate
the scavenging activities of several natural compounds.
When the DPPH radical is scavenged, the color of the
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reaction mixture changes from purple to yellow with
decreasing of absorbance at wavelength 517 nm. The stock
solutions of compounds were prepared in mixture
methanol + Tris-HCI1 buffer pH = 7.40. Then 1 mL of
DPPH (8 mg/100 mL of methanol) solution was added to
the sample and the blank. This setup was left at room
temperature for 30 min (vortexed in between). Absorbance
was taken at 517 nm against the ethanol by using UV-
1800 spectrophotometer (Shimadzu, Japan). Each sample
was analyzed in triplicate. The percentage of inhibition
was calculated against blank:

1% = (Ablank - (Asample +dpph ~ Asample))/Ablank x 100%1

where Apank — is the absorbance of the control reaction
(containing all reagents except the tested compounds);
Asample+dpph — 1S the absorbance of the tested compounds
after 60 min incubation with DPPH solution;

Asample — IS the absorbance of the tested compounds without
DPPH solution.

Antimicrobial activity

The minimal inhibitory concentrations (MICs) were
determined by the standard microdilution method in
cation-adjusted Mueller-Hinton Il Broth (MHB, Becton-
Dickinson, Germany) according to the recommendations
of the Clinical and Laboratory Standard Institute. The
tested compounds were evaluated for their antimicrobial
activity against Gram-positive bacteria (L. plantarum),
Gram-negative bacteria (E. coli), and yeasts (C. albicans).
Ampicillin was used as a reference antibacterial agent and
fluconazole as antifungal one. A representative colony was
lifted off with a wire loop and placed in 5 mL of nutrient
broth medium, which was then incubated with shaking at
37 °C for 5h. Then, 1x10° cells/mL were suspended in a
nutrient broth medium to generate the working suspension.
Different concentrations of peptides were prepared in a
96-well plate using nutrient broth medium, and each well
contained 100 pL compound solutions. A 100-pL cell
working suspension was then added to each well. The plate
was incubated at 37 °C for 24 h, and the optical density
(OD) of each well was then measured at 600 nm after
gently shaking the plate for 10s using a Hybrid Multi-
Mode Microplate reader (BioTek, Synergy H4). Wells
containing medium only (blank) and wells containing cells
in medium without peptides (positive control) were
included on the same plate. The values of MIC were
recorded after 20h and 24h of incubation with the
compounds for bacteria and yeasts, respectively.
Experiments were performed in triplicate and on three
different occasions (i.e., a total of nine repeats for each
individual measurement).

Herbicidal activity - Herbicidal Pre-emergence Test

Seeds of A. stolonifera (JuliwaHESA, Heidelberg,
Germany) were placed into the wells of a 96-well
microtiter plate (Sarstedt, Nimbrecht, Germany). A
solution containing 2.2 g/l Murashige & Skoog plant salts
(Serva, Heidelberg, Germany) and 1.6 g/l Gamborg’s B5



plant medium (Serva, Heidelberg, Germany) was added to
the wells. The stock solutions in concentration 1 mg/ml in
methanol were prepared for compounds 7a-d and were
added to the wells. Identical volumes of methanol without
compounds were used as a toxicity test of the organic
solvent. The solution containing the plant medium was
used as a negative control. The plate was closed and
incubated at room temperature under constant light (Osram
Fluora lamp) in a humidity chamber. After 3 days of
incubation, the plate lid was removed and a container with
tap water was placed inside the chamber for increasing the
air humidity. The plate was incubated up to 6 days. Three
technical replicates were performed.

Voltammetric parameters and electrochemical cells

Voltammetric experiments were performed using BAS
100W Potentiostat.A glassy carbon (GC) (A = 0.07 cm?)
was used as working electrode. Pt wire and saturated
calomel electrode (SCE) were used as counter and
reference electrodes. Before each experiment, the surface
of GCE was polished with diamond spray (particle size 1
pum) followed by thorough rinsing with distilled water. All
the voltammetric experiments were conducted in a high
purity nitrogen atmosphere at room temperature
(25 £ 1 °C) potential range from -1500 mV to 1500 mV,
scan rates between 10 and 100 mV/s; stock solutions in
methanol
C =5 mM, PBS pH = 6.40; measurements at 0 and after
60 min. For reproducible experimental results, the polished
working electrode was used to place in the desired
electrolyte solution followed by recording of various
voltammograms until the achievement of steady state
baseline.
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CuHTE3 HOBUX Mipa30JiH-T1a3011AuH-4-0HOBUX FOPUIHUX MOJIEKYII Ta
OIliHKA 1X 010J0T1YHOI aKTUBHOCTI

C. M. T'onora®?*

! JIvsiecoruti nayionanbuui meduunuii ynigepcumem imeni Januna Ianuyvkozo, syn. Hexapcvka, 69, Jvsis, 79010, Yipaina
2 Bonuncokuii nayionansnuti ynisepcumem imeni Jleci Yxpainku, npocn. Boni, 13, Jyywx, 43025, Vipaina

Pestome: TIpoTsiroM OCTaHHIX IECATHPiY TiOpUAHI MOJEKYJIM Ha OCHOBI MIpa30JIiHOBMX Ta Tia30iiAWH-4-OHOBUX KapKaciB € 00’€KTOM iHTEHCHBHHX
JIOCIIKEeHb B MEIMYHIIl XiMii SIK JpKepeno MOTeHUIHHUX O10J0TiYHO aKTHUBHUX CIOJNYK i3 MIMPOKMM (apmakosoriyHuM npodinem. B nmaniit po6oti
3aIPOIIOHOBAHMI Ta MPEJCTABICHUH ePEeKTUBHUH MiIXi OO CHHTE3y Iipa3oiiH-Tia30/1iAuH-4-0OHOBUX IiOPUAHUX MOJICKYJ 3 €HAMiHOBHM JIHKEPOM Yy
Monekynax. CTpPYKTypa CHHTE30BaHUX CIIOJNYK MiATBEPIKEHA 3 BUKOpHCTAHHAM MeToxiB *H-, 3C-SIMP cnekrpockomii Ta PX-MC-criekrpomerpii. Jist
BCiX cronyk jociipkeHa antnokcuaantia (DPPH meron), mpornmikpo6Ha (o BigHOIIeHHIO 10 rpam-nosutuBHux Lactobacillus plantarum, rpam-
neraruBaux Escherichia coli ta rpu6is Candida albicans, susuauenns MIK), penokc (MeTox UMKIIYHOI BOJBTMETPiT) Ta repOiluaHa akTHBHOCTI (110
BizHoweHHI0 10 Agrostis stolonifera). Bei TecroBani cronyku npogeMOHCTpYBallM 3[aTHICTH iHriOyBatn pagukand B ymoBax DPPH-tecty 3 1Cso B
Mexax 4.67-7.12 mM. OtpumaHni pe3yIbTaTH CKPHHIHIY aHTHPAJUKAIbHOI aKTHBHOCTI € apryMEHTOM IS MOMTHOJICHUX JOCIIUKEHb 13 3aCTOCYBaHHIM
JIOIaTKOBHX/aIbTEPHATUBHUX EKCIIEPHMEHTAIBHUX MOJIENCH, a TAKOXK ONTUMI3aLil MOJIEKYISIPHOI CTPYKTYpH. Bei TecToBaHI ClIONYKH MPOSBUIIN HU3BKY
MIPOTUMIKPOOHY Ta repOiliuAHY aKTHBHOCTI, @ TAKOXX HE BOJIO/IIOTh PEIOKC-BIACTHBOCTSIMU.

KurouoBi ciioBa: mipa3omiH-Tia3oniaun-4-oHoBi ribpuan; Mmerox DPPH; nportumikpoGHa/repbinuiHa akTHBHICTh; UKJIYHA BOJIBTMETPIL.
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