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ABSTRACT

Report 119 pages, 10 figures, 1 table, 31 sources, 7 app.
trans-4-STYLBENE-CARBOXALDEHYDE, CONDENSATION, ACYLHYDRAZIDES, FUL-LEROPYRROLIDINES, CHALCONES, 4-OXO-4H-CHROMEN-3-CARBOXALDEHYDE, 1H- and 13C-SPECTRA NMR, BIOSCRINING.
The object of the study is trans-4-stilbenecarboxaldehyde, o- and p-hydroxybenzoic acid hydrazides, fullerene C60, chalcones, 6-substituted 4-oxo-4H-chromene-3-carboxaldehydes. 
The aim of the scientific project is to develop optimal methods and conditions for the synthesis of new stilbene-containing derivatives, to study possible mechanisms of their formation reactions, as well as to fully establish their structure and conduct bioscreening of synthesized compounds using the PASS program.
The stage of work for 2020 was the directed chemical modification of substituted stilbenoids, the development of previously obtained new compounds for analysis and biotesting. Development of optimal technological parameters for obtaining the most bioactive modified chalcones, pyrazolines, chromones and stilbenoids.
The method or methodology of work to effectively achieve the goal of the project consists in a scientifically grounded choice of potentially available and most promising for modification of trans-4-stilbenecarboxaldehyde; detailed and qualitative study of methods of their directed modification, study of bioscreening of synthesized substances using the PASS computer system. 
Results of work and their novelty. In the course of the work, the reaction of condensation of equimolar amounts of o- and p-hydroxybenzoic acid hydrazides with trans-4-stilbenecarboxaldehyde was studied by heating in ethanol for 1-2 hours. It was shown that the reaction proceeds smoothly with the formation of 2-hydroxy- and 4-hydroxy-N- (4 ((E-) styryl) benzylidene) -benzohydrazides in 91% and 80% yields, respectively. The reaction of fullerene C60 with trans-4-stilbenecarboxaldehyde and N-methylglycine under the conditions of the Prato reaction was studied. It was found that fullerene C60 with aldehyde and N-methylglycine forms stilbene-substituted fulleropyrrolidine. 
Basic design, technological and technical and operational characteristics. A scheme for the formation of fulleropyrrolidine has been proposed as a 1,3-dipolar addition to the C60 fullerene through the intermediate formation of active azomethine ylides.
A water-soluble fulleropyrrolidine complex was obtained. It was shown that the formation of the complex occurs as a result of the solubilization of fullerenepyrrolidine by PVP chains and the physical interaction of the lactam group with the fullerene sphere. Condensation of the d-pseudoephedrine alkaloid with trans-4-stilbenecarboxaldehyde in a non-polar aprotic solvent has synthesized 2-stilbene-containing 1,3-oxazolidine. It was shown that the reaction of 1,3-oxazolidine formation proceeds stereoselectively with the formation of one stereoisomer with the S-configuration at the C2 atom. The interaction of 2-hydroxyacetophenone with trans-4-stilbenecarboxaldehyde in the presence of an aqueous-alcoholic alkali solution (Claisen-Schmidt condensation) with the formation of a stilbene-holding chalcone was studied. Taking into account the scientific and applied prospects of flavonoid fullerene derivatives, a three-component condensation of fullerene C60, N-methylglycine (sarcosine) and substituted chromone-3-aldehydes was carried out under the Prato reaction conditions. The values ​​of chemical shifts, multiplicity and integral intensity of 1H and 13C signals were determined in one-dimensional NMR spectra. Using the spectra in the formats COZY (1H-1H) and HMQC (1H-13C), homo- and heteronuclear interactions were established, confirming the structure of the compounds under study.
The degree of implementation – optimal methods for the preparation of potentially biologically active stilbene-containing hydrazones, oxazodidine, chalcone and pyrazoline have been developed and studied, some aspects and mechanisms of their formation and heterocyclization have been established. Using modern physicochemical methods (IR-, 1H-, 13C and 1H-13C HSCQ spectroscopy), the structures of a number of new chalone derivatives have been established.
Recommendations for the implementation or the results of the implementation of research results. The developed methods for the preparation of potentially biologically active stilbene-containing hydrazones, oxazodidine, chalcone and pyrazoline are recommended for the development of new biologically active substances and practical use in the synthesis of these classes of compounds.
Application area. Pharmacology, medicine.
The significance of the work lies in the development of optimal methods for the synthesis of new substances and testing of their biological activity.
Predictive proposals for the development of the research object: expanding the arsenal of biologically active substances. 
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SYMBOLS AND ABBREVIATIONS

BAC		–		biologically active compounds
BAS 		–		biological active substances
Hz		–		hertz
d 		–		doublet
dd		–		doublet of doublets
DMSO 		–		dimethyl sulfoxide 
DMFA 		–		dimethylformamide
IR spectrum	–		infrared spectrum
SSCC		–		spin-spin coupling constant
q 		–		quartet
MHz		–		megahertz
m		–		multiplet
ppm		–		parts per million
s 		–		singlet
t 			–		triplet
m.p.		–		melting point
TLC 		–		thin layer chromatography
NMR 		–		nuclear magnetic resonance
Rf		–		distribution ratio


INTRODUCTION

Relevance.
More than 300 representatives of stilbenoids are known - a group of natural, synthetic and semi-synthetic biologically active substances, chemically related to the group of polyphenolic compounds - phenylpropanoids. The main food sources are grapes, blueberries, blueberries, peanuts, cocoa. The history of their discovery is associated with the discovery of the protective functions of plants in response to external stimuli. Further study revealed pronounced antioxidant properties.
Among the natural biologically active substances of a polyphenolic nature with significant physiological potential, phytostilbenes stand out, and, first of all, resveratrol. Resveratrol (3,5,4'-trihydroxy-trans-stilbene) is a polyphenolic phytoalexin, a stilbene derivative.


resveratrol

Resveratrol is a natural biologically active substance from the group of polyphenols, isolated from dark grapes and grape seeds, which has proven anticarcinogenic, hepatoprotective and anti-inflammatory properties. Resveratrol was first isolated from the roots of hellebore in 1940. Interest in this compound increased significantly after 1992, when its cardioprotective effect was proven. Since then, the number of works devoted to the study and description of the properties of resveratrol has reached several thousand.
Functional derivatives of stilbene (1,2-diphenylethylene) are widespread in the plant kingdom and have long been used in traditional medicine [X-X]. The features of the electronic structure of these compounds, like other representatives of the arylpolyene class, give their molecules not only strong physiological activity, but also valuable physicochemical properties.
The introduction of an aldehyde group into the 4th position of the phenyl ring of the stilbene system increases the reactivity towards nucleophiles and determines the rich synthetic potential of trans-4-stilbenecarboxaldehyde. 



trans-4-stilbenecarboxaldehyde

Until now, there is little information on the synthesis and modification of trans-4-stilbenecarboxaldehyde, which determined the relevance and prospects of its study for the search for new bioactive compounds.
The purpose of the scientific project is to develop optimal methods and conditions for the synthesis of new stilbene-containing derivatives, to study possible mechanisms of their formation reactions, as well as to fully establish their structure and conduct biological tests of the synthesized compounds for various types of biological activity.

Abstract of work done in 2018.
The object of the study is chalcones, flavonoids, stilbenoids and their derivatives, which attract the attention of researchers around the world looking for new antioxidant, antiaging agents, due to their widespread use and synthetic potential. In the first year of research, the reactions of obtaining chalcones and their derivatives were studied in detail.
The aim of the scientific project is to develop rational and optimal methods and conditions for the synthesis of new chalcones, flavonoids, stilbenoids and their derivatives, to study the possible mechanisms of their formation reactions, as well as to fully establish their structure and conduct biological tests of the synthesized compounds for various types of biological activity.
The way to effectively achieve the goal of the project lies in the scientifically grounded choice of potentially available and most promising for modification of chalcones, flavonones, stilbenes; detailed and qualitative study of methods of their directed modification, study of bioscreening of synthesized substances in certified laboratories. 
Main results. To achieve this goal, the following tasks were completed within the framework of this project:
1. Methods for obtaining and optimal conditions for the synthesis of chalcones under the conditions of classical synthesis, microwave and ultrasonic activation have been developed.
2. Methods for the preparation of pharmacologically active pyrazolines and flavonoids by heterocyclization of hydroxyl-substituted chalcones have been developed.
3. For the first time, a number of new derivatives of chalcones were obtained and their physicochemical and spectral characteristics of the new synthesized substances were studied using modern methods of analysis.
4. Bioscreening of the activity of new functionally substituted chalcones and their derivatives for antimicrobial, antiradical, antibacterial, antifungal types of activity was carried out, as well as anti-inflammatory and cytotoxic effects of chalcones.
5. Based on the results of computer bioprediction and pharmacological screening of the synthesized compounds, the prospects of work in this direction are shown.
6. Based on the results of biological studies, the most promising compounds were selected for a deeper study of their pharmacological activity.
7. Under the conditions of fine organic synthesis, new compounds were developed for their further study.
While fulfilling the project objectives, a large amount of experimental research was carried out on the synthesis and chemical transformation of chalcones and chromones, the establishment of the structure of synthesized biologically active substances using modern physicochemical methods of analysis (IR, NMR spectroscopy, mass spectrometry, etc.). Within the framework of the project, effective technologies for obtaining pharmacological agents based on chalcones and substituted 3-chromones have been developed and proposed. In addition to traditional sources, such activation methods as microwave and ultrasonic were used as innovative laboratory methods. When using these alternative activation methods, the results of most chemical transformations are several times higher than the results obtained using traditional methods. The degree of implementation - the optimal methods for obtaining potentially biologically active polyfunctional derivatives of chalcones have been developed and studied, some aspects and mechanisms of their formation and heterocyclization have been established. Using modern physicochemical methods (IR-, 1H-, 13C and 1H-13C HSCQ spectroscopy), the structures of a number of new chalone derivatives have been established. 

Abstract of work done in 2019.
CONDENSATION, ACYLHYDRASIDES, 2-AMINOMETHYLPYRIDINE, 4-OXO-4H-CHROMENE-3-CARBOXALDEHYDE, 1H- AND 13C NMR SPECTRA, ANTIRADICAL ACTIVITY 
The object of the study is isonicotinic acid hydrazide, o- and p-hydroxybenzoic acid hydrazides, 2-aminomethylpyridine, 4-oxo-4H-chromene-3-carboxaldehyde, 6-methyl-4-oxo-4H-chromene-3-carboxaldehyde, 6-bromo-4-oxo-4H-chromene-3-carboxaldehyde.
The aim of the scientific project is to develop optimal methods and conditions for the synthesis of new flavonoids and their derivatives, to study the possible mechanisms of their formation reactions, as well as to fully establish their structure and conduct biological tests of the synthesized compounds for various types of biological activity.
The way to effectively achieve the goal of the project consists in a scientifically grounded choice of potentially available and most promising for modification of 3-formylchromone; detailed and qualitative study of methods of their directed modification, study of bioscreening of synthesized substances in certified laboratories.
Main results. To achieve this goal, the following tasks were completed within the framework of this project:
1. A literature review on the chemical transformation of 3-formylchromones has been carried out. It was shown that the introduction of an aldehyde group into the position of the 3-chromone system radically changes the reactivity of the pyrone ring with respect to nucleophiles and determines the rich synthetic potential of 3-formylchromones.
2. The synthesis of 6-methyl-4-oxo-4H-chromene-3-acylhydrazones by condensation of functionally substituted 3-formylchromones and acylhydrazides has been carried out. It was shown that the reactions of 4-oxo-4H-chromene-3-carboxaldehyde with hydrazides of isonicotinic and o- and p-hydroxybenzoic acids in isopropanol by refluxing the reaction mixture for 2 h leads to the formation of the corresponding chromene-containing hydrazones.
3. The synthesis of compounds, combining in one molecule alkaloid and flavonoid fragments, which are of practical interest in terms of studying their mutual influence on biological activity. Thus, the synthesis of 2-substituted 1,3-oxazolidines was carried out by the interaction of the d-pseudoephedrine alkaloid with 4-oxo-4H-chromene-3-carboxaldehyde. It has been found that the condensation process proceeds smoothly with a high formation of target products. It was shown that the reaction of 1,3-oxazolidine formation proceeds stereoselectively with the formation of one stereoisomer with the S-configuration at the C2 atom.
4. Synthesis of Schiff bases by the interaction of 2- (aminomethyl) pyridine with 3-formylchromones (4-oxo-4H-chromene-3-carboxaldehyde, 6-methyl-4-oxo-4H-chromene-3-carboxaldehyde and 6- bromo-4-oxo-4H-chromium-3-carboxaldehyde) in an absolute benzene medium with azeotropic distillation with a Dean-Stark trap. It has been shown that upon refluxing in benzene for 2 h, the reaction proceeds smoothly and leads to the formation of the corresponding chromene-containing azomethines in high yields of 63-98%.
5. Quantum-chemical calculations of the activity of substituted 3-formyl -chromones in the reactions of synthesis of azomethine derivatives have been carried out. Based on the results of the studies carried out, it can be concluded that the ab initio quantum-chemical method 6-31G allows one to see the dependence of the geometric and charge characteristics of substituted 3-formylchromone molecules on the nature of the benzene ring substituents and to take into account the data obtained when carrying out modifications of compounds containing pharmacophore groups in synthesis of new biologically active substances.
6. The structures of the synthesized compounds were studied by 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COZY (1H-1H) and HMQC (1H-13C). The values ​​of chemical shifts, multiplicity and integral intensity of 1H and 13C signals in one-dimensional NMR spectra were determined. Using spectra in the formats COZY (1H-1H) and HMQC (1H-13C), homo- and heteronuclear interactions were established, confirming the structure of the compounds under study.
7. Using the PASS program to predict the spectrum of pharmacological activity, the prediction of biological activity by the structure of the synthesized compounds was carried out using logical-combinatorial methods using a databank of drug substances and biologically active compounds. The prospects of work in this direction are shown.
8. Data on the antimicrobial activity of the synthesized chromene-containing 1,3-oxazolidines and azomethine are presented. It was shown that among the synthesized samples 3 - ((4S, 5S) -3,4-dimethyl-5-phenyloxazolidin-2-yl) -4H-chromen-4-one (comp. 21); 6-methyl-3 - ((4S, 5S) -3,4-dimethyl-5-phenyloxazolidin-2-yl) -4H-chromen-4-one (comp. 22) and 3 - (((pyridine 2-ylmethyl) imino) methyl) -4H-chromen-4-one (comp. 24) exhibit moderate antibacterial activity against gram-positive test strains of Staphylococcus aureus, Bacillus subtilis and gram-negative strain of Escherichia coli.
While fulfilling the tasks of the project, a large amount of experimental research was carried out on the chemical transformation of 3-formylchromones, the establishment of the structure of synthesized biologically active substances using modern physicochemical methods of analysis. Within the framework of the project, methods have been developed for obtaining pharmacological agents based on amines, N-acylhydrazides and substituted 3-chromones.
The degree of implementation – optimal methods for obtaining potentially biologically active functional-substituted flavonoids have been developed and studied, some aspects and mechanisms of their formation and heterocyclization have been established. Using modern physicochemical methods (IR, 1H-, 13C and 1H-13C HSCQ spectroscopy), the structures of a number of new derivatives of chalcones have been established.
The Project Calendar Plan (Appendix A) has been fully implemented. As a result of the project 26 publications were issued (Appendix B).
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1 TARGETED CHEMICAL MODIFICATION OF SUBSTITUTED STYLBENOIDS, DEVELOPMENT FOR ANALYSIS AND BIO TESTS. DEVELOPMENT OF OPTIMAL TECHNOLOGICAL PARAMETERS FOR OBTAINING THE MOST BIOACTIVE MODIFIED CHALCONS, PYRAZOLINES, CHROMONES AND STYLBENOIDS

1.1 Synthesis, structure and bioactivity of substituted stilbenoids 

Stilbene and its derivatives are important for many fields of chemistry, biology and physics. The number of publications available on the Internet devoted to compounds based on stilbene has reached approximately 32,000 [1]. Classical and modern synthetic organic chemistry, (more than 6300 articles) providing a number of stilbene derivatives with various structures, supplies material for the incessant numerous fundamental and practical studies of this class of compounds, motivated by their unique photochemical, photophysical and photochromic properties.
Functional derivatives of stilbene (1,2-diphenylethylene) are widespread in the plant kingdom and have long been used in traditional medicine [2]. The features of the electronic structure of these compounds, like other representatives of the arylpolyene class, give their molecules not only strong physiological activity, but also valuable physicochemical properties. In particular, these compounds can be photochromic, electrically conductive, have nonlinear optical and dielectric properties [3]. Due to the existence of fast and reversible cis-trans transitions induced by photochemistry, stilbenes belong to "intelligent" molecules that can be considered as a two-bit information carrier and used for the production, reception and processing of information [4-6]. 
The introduction of an aldehyde group into the 4th position of the phenyl ring of the stilbene system increases the reactivity with respect to nucleophiles and determines the rich synthetic potential of trans-4-stilbenecarboxaldehyde. 

[bookmark: _Toc22646897][bookmark: _Toc22646895]1.1.1 Condensation of trans-4-stilbenecarboxaldehyde with N-acylhydrazides 

In recent years, the interest of chemists in unsaturated aldehydes has been constantly growing. This is due to the fact that, due to their high reactivity and availability, aldehydes are of great scientific and practical importance and are used as synthons in organic synthesis. The chemistry of unsaturated aldehydes is presented in the literature in sufficient detail. However, information on the reactions and use of unsaturated carbonyl compounds containing fragments of o- and p-hydroxybenzoic acid hydrazides is absent in the literature. It should be noted that stilbenes derivatives (triazinestilbenes, diphenylstilbenes, and resveratrol) are used as fluorescent dyes [7, 8]. Their fluorescent properties can be used, for example, to study the penetration through cell membranes and accumulation in tissues of biologically active substances synthesized on the basis of stilbene [9]. It should be noted that the structure of o- and p-hydroxybenzoic acid hydrazides has a high synthetic and biological potential, which makes it possible to develop methods for the synthesis of new biologically active substances [10-12]. Previously, on the basis of o- and p-hydroxybenzoic acid hydrazides, we synthesized a variety of derivatives [13], which showed pronounced antimicrobial activity against gram-positive (Staphylococcos aureus, Bacillus subtilis) strains. Also, hydrazones were used to synthesize inhibitors of such enzymes as monoamine oxidase, epoxide hydrolase, and various cathepsins [14]. The cathepsin family belongs to lysomal proteases that play an important role in the progression of tumors and the pathogenesis of human autoimmune diseases [15]. Therefore, the development of new inhibitors of various cathepsins attracts the attention of researchers.
Therefore, the synthesis of N-arylidenehydrazones containing simultaneously fragments of hydrazides of hydroxybenzoic acids and stilbene in the structure of the molecule is of certain interest associated with the design of both new pharmacologically active substances and the development of tools for visualizing biological processes.
In this regard, we have synthesized new unsaturated N-arylidenehydrazones (3, 4) by condensation of o- and p-hydroxybenzoic acid hydrazides (1, 2) with trans-4-stilbenecarboxaldehyde by heating equimolar amounts of aldehyde and hydrazides in ethanol at 60-70оС and stirring for 1-2 hours.




The structure of compounds (3, 4) was confirmed by 1H and 13C NMR spectroscopy data, as well as by two-dimensional COZY (1H-1H) and HMQC (1H-13C) spectra.
The 1H NMR spectrum of compound 3 has been studied in most detail. Most of the 1H signals of compound 3 under study are observed in the downfield part of the proton spectrum. In the region of 6.94 ppm overlapping of signals of two CH-groups at С-4 and С-20 was noted. In the range from 7.25 to 7.40 ppm the equivalent protons of the benzene nuclei (H-23, 25 and H-15, 17) resonate, as well as the protons of the methine groups at C-6 and C-19. Two-proton doublets with chemical shifts of 7.59 and 7.71 ppm. can be attributed to symmetric protons Н-22, 26 and Н-14,18, respectively. The protons H-5 and H-3 of the phenyl radical give signals at 7.67 and 7.87 ppm. The highest-frequency signal (8.42 ppm) can be attributed to the proton of the amino group. 



In the carbon spectrum of compound 3, the most high-intensity signals belong to the equivalent nuclei of aromatic systems: δ (C-15, 17) = 127.19 ppm; δ (C-22.26) = 127.44 ppm; δ (C-14.18) = 128.18 ppm; δ (C-23.25) = 129.28 ppm. Carbon atoms C-19 and C-20 resonate at 128.29 and 130.25 ppm. respectively. Asymmetric atoms of the phenyl radical give signals at 116.48 (C-2), 117.83 (C-6), 119.48 (C-4), 129.09 (C-3), 134.34 (C-5 ) and 159.60 ppm. (C-1). The signal with a chemical shift of 148.87 ppm belongs to the sp2-hybridized C-12 atom at the nitrogen heteroatom. The highest frequency signal (165.28 ppm) belongs to the carbonyl carbon atom.
The structure of compound 3 was also confirmed by the data of COZY and HMQC NMR spectroscopy, which made it possible to establish the spin-spin interactions of homo- and heteronuclear nature. The observed correlations are presented in the diagrams below (Fig. 1).
	

	


	Figure 1 – Correlation COZY (1H-1H) and HMQC (1H-13C) compound 3



In the spectra of 1H-1H COZY, spin-spin correlations are observed through three bonds of protons of adjacent methine groups of aromatic rings. Simple interactions of protons with carbon atoms were established using the 1H-13C HMQC spectra.
The spin-spin interactions of compound 4, carried out between the H – H atoms through three bonds, were established using the two-dimensional spectrum COZY (1H-1H) (Fig. 2). 


Figure 2 – COZY correlations (1H-1H) of compound 4

In order to study the spontaneous hydrolysis of new compounds 3, its fluorescence spectrum was studied (Fig. 3). The kinetics of the fluorescence spectrum of compound 3 during its spontaneous hydrolysis was recorded on a Perkin Elmer LS50B instrument at λex = 355 nm.

	



Figure 3 – Kinetics of the fluorescence spectrum of hydrazone 3
at λex = 355 nm (slit width 5 nm). Spectra 3 (5 μM solution
in water with 0.5% DMSO) were removed every 2 min.

According to the results of the study, compound 3 has a specific fluorescence peak (λex = 355 nm; λem = 475 nm). In an aqueous medium, this compound is rapidly hydrolyzed with t1/2 ̴ 12.5 min, which is accompanied by an increase in fluorescence at λ = 460 nm (λex = 355 nm; λem = 460 nm) (Fig. 3).
Spontaneous hydrolysis. The rate of spontaneous hydrolysis was estimated by measuring the absorption spectra of the studied compound in 0.05 M phosphate buffer (pH 7.0) at 25°C as described previously [4]. Absorption (At) at a characteristic wavelength of λ = 300 nm for compound 3 was measured at regular intervals until the moment when there was no change in absorption (A∞). The data obtained were used to plot ln (At - A∞) versus time and the rate constant of the hydrolysis reaction (k ') was found from the slope of the straight line. The half-life (t1/2) was found from the equation: t1/2 = 0.693 / k '. 
Methods of synthesis of compounds 3 and 4:
2-Hydroxy-N-(4-((E-)styryl)benzylidene)benzohydrazide (3). To 1.04 g (0.005 mol) was dissolved by heating in ethanol, and 0.76 g (0.005 mol) of o-hydroxybenzoic acid hydrazide was added with stirring. The reaction mixture was heated at a temperature of 50-600C for 60 minutes. The solution was cooled, the formed finely crystalline yellow precipitate was filtered off, washed with a small amount of cold ethanol. Yield 1.55 g (91%), mp. 278-279oС (C2H5OH). Spectrum NMR 1Н (DMSO-d6), δ, ppm. (J, Hz): 6.94 broad.t. (1Н, СН4arom), 6.95 broad. d (1Н, СН=СН-Ph, 2JНН 7.3 Hz), 7.27 d (2Н, СН23,25arom, 2JНН 11.0 Hz), 7.36 d (2Н, СН15,17arom), 7.37 d (1Н, СН6arom), 7.40 d (1Н, СН=СН-Ph), 7.58 d (2Н, СН22,26arom, 2JНН 6.9 Hz), 7.67 t (1Н, СН5arom), 7.69 d (2Н, СН14,18arom), 7.88 d (1Н, СН3arom, 2JНН 6.4 Hz), 8.42 s (N=CH-Ph), 11,81 s (NH). Spectrum NMR 13С (DMSO-d6), δ, ppm: 116.48 (С2arom), 117.83 (СН6arom),  119.48 (СН4arom), 127.19 (СН15,17arom), 127.44 (СН22,26arom), 128.18 (СН14,18arom), 128.29 (СН=СН-Ph), 129.09 (СН3arom), 129.28 (СН23,25arom), 130.25 (СН=СН-Ph), 133.81 (С13arom), 134.34 (СН5arom), 137.39 (С21arom), 139.52 (С16arom), 148.87 (N=CH-Ph), 159.60 (С1arom), 165.28 (С=О). 
4-Hydroxy-N- (4 - ((E-) styryl) benzylidene) benzohydrazide (4). Compound (4) was obtained in a similar manner as described in (3). Yield 1.36 g (80%), m.p.274-275oС (C2H5OH). Spectrum NMR 1Н (DMSO-d6), δ, ppm (J, Hz): 6.83 d (2Н, СН2,6Ar, 3J 9.2 Hz), 7.22-7.29 m (4Н, СН19, СН24Ar, СН15,17Ar), 7.34 t (2Н, СН23,25Ar, 3J 7.6 Hz), 7.58 d (2Н, СН22,26Ar, 3J 7.9 Hz), 7.63-7.68 m (3Н, СН14,18Ar, СН20), 7.78 d (2Н, СН3,5Ar, 3J 8.5 Hz), 8.38 s (1Н, N=СН), 10.11 s (1Н, NH), 11.64 s (1Н, ОН). Spectrum NMR 13С (DMSO-d6), δ, ppm: 115.56 (СН2,6Ar), 124.39 (С4 Ar), 127.41 (СН15,17Ar), 127.87 (СН22,26Ar), 128.31 (СН24Ar), 128.42 (СН19), 129.28 (СН14,18Ar), 129.96 (СН20), 130.22 (СН23,25Ar), 134.22 (СН3,5Ar, С13Ar), 137.39 (С21Ar), 139.06 (С16Ar), 146.94 (N=СН), 161.23 (С1Ar), 163.24 (С=О).
Thus, the reaction of trans-4-stilbenecarboxyaldehyde with hydrazides with o- and p-hydroxybenzoic acids in ethanol by refluxing the reaction mixture leads to the formation of the corresponding stilbene-containing hydrazones. The structures of the synthesized compounds were studied by 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COSY (1H-1H) and HMQC (1H-13C). 
[bookmark: _Toc22646896]

1.1.2 Synthesis and structure of N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine

Currently, the biological properties of fullerenes and their functional derivatives are being actively studied in order to create new drugs and biomaterials on their basis. Compounds with various types of pharmacological activity were found among fullerene derivatives. The development of methods for the synthesis of functionally substituted derivatives of fullerene C60 is of great importance for the creation of new materials and for the production of biologically active substances. Among the large number of derivatives known to date, fulleropyrrolidine derivatives obtained by the Prato reaction are among the most promising for these purposes. Thus, derivatives of fullerene-containing natural amino acids have been synthesized, such as fulleropyrrolidine lutamic acid and fulleroproline. On their basis, a number of biologically active peptides and other derivatives that are promising for use in medicine and technology have been obtained [16, 17].
In fulleropyrrolidine synthesis, studies of the synthesis of a pyrrolidine framework containing new “pharmacophore” groups are of great interest [18]. In this regard, the stilbene fragment is an interesting "pharmacophore" group, since functional derivatives of stilbene (1,2-diphenylethylene) are widespread in the plant kingdom and have long been used in traditional medicine [19]. The features of the electronic structure of these compounds, like other representatives of the arylpolyene class, give their molecules not only strong physiological activity, but also valuable physicochemical properties. Synthetic stilbenoids of various functionality and stilbene-containing polymers are used in the production of laser dyes, sensors, photosensitive markers, and composite materials [4]. Stilbenoids are characterized by antioxidant, anticarcinogenic, bactericidal, antithrombotic and other therapeutic and prophylactic effects. Due to the high pharmacological activity of the derivatives, the stilbene moiety is considered one of the privileged structural blocks in the creation of pharmacologically important substances [20]. However, compounds containing both a stilbene fragment and a fullerene sphere have been little studied so far.
Taking into account the scientific and applied prospects of stilbenoid and fullerene derivatives, we have synthesized and carried out NMR studies of the structural features of new fulleropyrrolidines by three-component condensation of fullerene C60, N-methylglycine (sarcosine) and trans-4-stilbenecarboxaldehyde under Prato reaction conditions. 
One of the main factors affecting the yields of the final products in this reaction is the homogeneity of the medium; therefore, the synthesis of stilbene-containing fulleropyrrolidine 5 was carried out in a medium of various solvents - benzene, toluene, chlorobenzene by heating the reaction medium for 4-5 hours. The presence of an amino acid in the reaction medium , which is a zwitterionic compound, possibly negatively affects the reaction rate (heterogeneity factor).



The highest yield of the target fullerenopyrrolidine 5 was obtained in n-xylene medium. The purity and personality of the obtained fulleropyrrolidine 5 were analyzed using HPLC analysis.
The mechanism of formation of N-methyl-2- (4-styrylphenyl) -3,4-fulleropyrrolidine (1), according to the literature [16], proceeds as 1,3-dipolar addition to fullerene C60 through the intermediate formation of active azomethinylides. At the first stage of the reaction, the aromatic aldehyde condenses with sarcosine as a result of nucleophilic addition of the amino group of sarcosine to the carbonyl group of the aldehyde.
Further, in the formed adduct, water is first eliminated, and then decarboxylation with the formation of azoylide (A), which nucleophilically attacks the fullerene core at the bond (6-6). As a result of the addition of azoylide to the bond (6-6) of the fullerene core, a pyrrolidine ring appears:



The structure of the obtained new fulleropyrrolidine 5 was established by IR, 1H and 13C NMR spectroscopy, as well as by the data of the two-dimensional spectra COZY (1H-1H) and HMQC (1H-13C).
The IR spectrum of compound 5 contains bands for C – N bonds of the pyridine ring, vibrational frequencies of the fullerene skeleton, C – H and N – H bonds are present (Fig. 4).
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Figure 4 – IR spectrum of compound 5

The UV spectrum of compound 5 has 254, 319, and 431 nm (Fig. 5). The low-intensity peak at 431 nm is characteristic of all [6,6] closed fullerene С60 adducts.
The 1H NMR spectrum of compound 5 is characterized by the presence of a three-proton singlet signal at 2.87 ppm of the protons of the H-6,6,6 N-methyl fragment in the pyrrolidine ring. The single-proton singlet signal at 4.92 ppm indicates the presence of the H-5 methine proton in the pyrrolidine ring. The appearance of two single-proton doublet signals at 4.31 and 5.02 ppm with the same spin-spin coupling constant 2J 9.2 Hz confirms the presence of two axial and equatorial protons H-2ax and H-2eq of the pyrrolidine ring bound to the fullerene nucleus. The H-14 and H-13 protons of the ethene chain appeared as a single-proton doublet at 7.09 ppm with 3J 3.6 Hz and a broadened single-proton singlet at 7.81 ppm, respectively. The aromatic protons Н-18 and Н-9,11 appeared as one- and two-proton triplets at 7.25 ppm with 3J 7.2 Hz and 7.34 ppm with 3J 7.6 Hz, respectively. Two-proton doublets resonated at 7.27 ppm with 3J 8.4 Hz protons Н-17,19, at 7.47 ppm with 3J 7.6 Hz protons Н-9,11 and at 7.57 ppm with 3J 8.0 Hz protons Н-8,12, respectively.
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Figure 5 – UV spectrum of compound 5


In the 13C NMR spectrum of compound 5, the signals of the pyrrolidine ring with an N-methyl substituent are observed at 40.12 (C-6), 70.12 (C-2), and 83.47 (C-5) ppm The carbon atoms of aromatic and unsaturated fragments resonated at 126.70 (C-9 , 11), 126.99 (C-8.12), 127.85 (C-18), 128.36 (C-14), 128.79 (C-16.20), 129.36 (C-13), 137.73 (C-15), 139.69 (C-10) and 156.22 (C-7) ppm Numerous signals in the range 136-148 ppm belong to sp2-hybridized carbon atoms of the fullerene core.
The structure of compound 5 was also confirmed by the methods of two-dimensional NMR spectroscopy COZY (1H-1H) and HSQC (1H-13C), which makes it possible to establish spin-spin interactions of homo- and heteronuclear nature. The observed correlations in the molecule are shown in Figure 6. In the 1H-1H COZY spectra of compound 5, spin-spin correlations are observed through two bonds of methylene protons H2ax-H2eq (4.31, 5.02 and 5.02, 4.31) ppm and through three bonds of protons of neighboring methine groups H16, 20-Н18 (7.34, 7.26 and 7.26, 7.34), Н16,20-Н9,11 (7.34, 7.48 and 7.48, 7.34), and Н8,12-Н13 (7.56, 7.81 and 7.81, 7.56) ppm of aromatic rings. Heteronuclear interactions of protons with carbon atoms through one bond were established using 1H-13C HSQC spectroscopy for the following pairs present in the compound: Н6-С6 (2.87, 40.12), Н2ах-С2 (4.31, 70.16), Н2eq-С2 (5.02, 70.16), Н5-С5 (4.98, 83.47), Н14-С14 (7.10, 128.36), Н18-С18 (7.24, 127.84), Н16,20-С16,20 (7.34. 129.11), Н9,11-С9,11 (7.48, 126.70), Н8,12-С8,12 (7.57, 126.99), Н13-С13 (7.80, 129.36).
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1H-13C

	Figure 6 – Correlations in the spectra COZY compounds 5  



The main problem that complicates biological studies of fullerene derivatives and the creation of medicinal preparations based on them is the insolubility of fullerenes in water. One of the possible options for overcoming this problem is the preparation of water-soluble complexes of fullerene derivatives with water-soluble polymers approved for use in medicine, for example, with poly-N-vinylpyrrolidone.
In this regard, complex 6 of compound 5 with poly-N-vinylpyrrolidone was obtained in methylene chloride:




The formation of complex 6 occurs as a result of the solubilization of fullerenepyrrolidine by 5 PVP chains and physical interaction of the lactam group with the fullerene sphere. The resulting complex 6 is soluble in water.
Thus, in order to create new structures containing several pharmacologically active functional groups, by the reaction [2 + 3] cycloaddition of trans-4-stilbenecarboxaldehyde to C60-fullerene in the presence of sarcosine under the Prato reaction conditions, we synthesized N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine, the structure of which was proved by 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COSY (1H-1H) nd HMQC (1H-13C).

1.1.3 Synthesis and NMR spectroscopic study of the structure of 2- (4 - ((E) -styryl) phenyl) - (4S, 5S) -3,4-dimethyl-5-phenyl-1,3-oxazolidine

Biologically active compounds, namely alkaloids and stilbenoids, due to their structural diversity, make it possible to create on their basis a number of new medicinal substances with a wide spectrum of pharmacological action. The synthesis of compounds combining different functional fragments in one molecule is of interest in terms of studying their mutual influence on biological activity and opens up new possibilities for subsequent targeted chemical modification.
Taking into account the scientific and applied perspectives of stilbenes, we have carried out the synthesis of 2-substituted 1,3-oxazolidine based on the d-pseudoephedrine alkaloid and trans-4-stilbenecarboxaldehyde. Interest in 1,3-oxazolidine derivatives of ephedrine alkaloids is due to the fact that these compounds have unique properties that allow them to be used for various practical purposes in medicine and industry, and are also of great scientific interest as products of enantioselective synthesis of planar-chiral compounds [21]. We have previously established the absolute configurations of chiral centers of a number of 1,3-oxazolidine compounds obtained on the basis of ephedrine alkaloids and a number of aromatic aldehydes [22, 23]. The condensation reaction of the d-pseudoephedrine alkaloid with trans-4-stilbenecarboxaldehyde was carried out by boiling in an absolute benzene medium in a Dean-Stark trap until the azeotropic distillation of water ceased.



The reaction proceeds rather quickly and with a high yield (80%) of the formation of oxazolidine 7.
The structure of compound 7 was studied by IR 1H NMR spectroscopy and X-ray structural analysis, the analysis of the data of which suggests that the reaction product is oxazolidine with the S configuration at the C2 atom of the oxazolidine ring. Apparently, this is the result of thermodynamic control of the cyclization process, i.e. under the conditions studied, the formation of the 2R isomer is sterically less favorable. The IR spectrum of compound 7 lacks absorption bands of the hydroxyl and carbonyl groups of the starting reagents.
In the high-field region of the 1H NMR spectrum of the compound 7 under investigation, dissolved in acetonitrile (Fig. 7), signals of methyl groups are observed at C-13 (1.15-1.16 ppm) and C-12 (1.91 ppm). Further, there are signals at 2.37-2.52 ppm, 4.69 and 4.93 ppm of CH-groups of a five-membered heterocycle with two heteroatoms O and N. In the low-field part of the spectrum (δ = 7.22-7.59 ppm) resonate protons of aromatic systems.
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Figure 7 - 1H NMR spectrum of compound 7

In the 13C NMR spectrum of compound 7, the signals of carbon atoms C-2, C-4, and C-5 of the five-membered heterocycle are observed in the region of 99.07, 68.69, and 86.39 ppm, respectively (Fig. 8). Methyl detectors of this system correspond to signals at 13.72 and 34.51 ppm. -9, C-22, C-14 and C-6.
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Figure 8 - 13С NMR spectrum of compound 7
The results of the interpretation of the two-dimensional spectrum 7 in the HMQC format (1H 13C), with the help of which it is possible to establish spin-spin interactions of a homo- and heteronuclear nature, are presented in Figures 9 and 10.
	

	


	Figure 9 – Correlations of TOCSY (1H-1H) and HMQC (1H-13C) compound 7




Procedure for the synthesis of 2- (4-styrylphenyl) - (4S, 5S) -3,4-dimethyl-5-phenyl-1,3-oxazolidine (7). A mixture of 0.4 g (0.0024 mol) of d-pseudoephedrine and 0.53 g (0.0024 mol) of trans-4-stilbenecarboxaldehyde in 40 ml of absolute benzene was refluxed for 2 h with azeotropic distillation formed during the reaction of water. After the completion of the reaction, the solvent was distilled off, the residue was a light yellow thick oil, and the mixture was chromatographed on a silica gel column (eluent chloroform). After distilling off the solvent, the residue was triturated with petroleum ether. 0.55 g (65%) of product (7) was obtained in the form of a yellow powder with m.p. 137-140 ° C.
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Figure 10 – Capture of the HMQC spectrum of compound 7

Thus, condensation of the d-pseudoephedrine alkaloid with trans-4-stilbenecarboxaldehyde in a non-polar aprotic solvent has synthesized a 2-stilbene-containing 1,3-oxazolidine, the structure of which was proved by 1H NMR, 13C spectroscopy. It was shown that the reaction of 1,3-oxazolidine formation proceeds stereoselectively with the formation of one stereoisomer with the S-configuration at the C2 atom.


1.2 Development of optimal technological parameters for obtaining the most bioactive modified chalcones, pyrazolines, chromones and stilbenoids

As you know, hybrid molecules are systems with two or more pharmacophore fragments (chalcones, pyrazolines, chromones and stilbenoids) with various chemical and biological functions, the pharmacotherapeutic properties of which help to expand the range of their use, reduce side effects and reduce resistance to them. In this case, parts of a hybrid can act both on one biological target and on different ones, which causes interest in the synthesis of hybrid systems. In this regard, the search for ways to combine these pharmacophore fragments is an important task in synthetic organic chemistry and opens up prospects for the construction of new systems with practically significant properties.
1.2.1 Synthesis and structure of promising new stilbene-containing chalcone and pyrazoline

Chalcones are the preferred structures in organic synthesis and are used for the design of various classes of heterocyclic compounds. Significant interest in chalcones is associated with their various pharmacological properties, with their high synthetic potential, which indicates the possibility of using them in the synthesis of many biologically important substances that are promising for use in medicine and agriculture. In turn, chalcones are convenient and affordable intermediates for the construction of various complex poly (hetero) cyclic structures. Therefore, the synthesis of new functionalized chalcones containing, in particular, a stilbenoid group, on the basis of which new biologically active heterocyclic structures can be obtained, is a very important area of ​​research.
Taking into account the scientific and applied prospects of chalcones, in continuation of previously performed works [24, 25], we studied the interaction of 2-hydroxyacetophenone with trans-4-stilbenecarboxaldehyde in the presence of an aqueous alcoholic alkali solution (Claisen-Schmidt condensation). The reaction was carried out at an equimolecular ratio of reagents in the presence of 40% KOH at room temperature for 54 h. The progress of the reaction was monitored using thin layer chromatography. The resulting stilbene-containing chalcone 8 is a powdery yellow substance soluble in benzene, alcohol, and chloroform.



The structure of the obtained chalcone 8 was established by IR, 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COZY (1H-1H) and HMQC (1H-13C).
In the IR spectrum of compounds 8, fairly intense absorption bands are observed in the region of 1592-1580 cm-1, which correspond to the vibrations of the C = C bond conjugated with the carbonyl group.
In the 1H NMR spectrum of compound 8, the protons H-14 and H-13 of the ethene chain appeared as a one-proton doublet at 7.09 ppm with 3J 3.6 Hz and a broadened single-proton singlet at 7.81 ppm, respectively. Aromatic protons Н-18 and Н-9,11 appeared as one- and two-proton triplets at 7.25 ppm with 3J 7.2 Hz and 7.34 ppm with 3J 7.6 Hz, respectively. Two-proton doublets resonated at 7.27 ppm with 3J 8.4 Hz protons Н-17,19, at 7.47 ppm with 3J 7.6 Hz protons Н-9,11 and at 7.57 ppm with 3J 8.0 Hz protons Н-8,12, respectively.
The structure of compound 8 was confirmed by two-dimensional NMR spectroscopy COZY (1H-1H) and HSQC (1H-13C), which makes it possible to establish spin-spin interactions of homo- and heteronuclear nature. 
[bookmark: _Toc22646900]1- (2-Hydroxyphenyl) -3- (4-styrylphenyl) prop-2-en-1-one (8). A solution of 0.19 g (0.0014 mol) of 2-hydroxyacetophenone and 0.3 g (0.0014 mol) of trans-4-stilbenecarboxaldehyde in 20 ml of ethanol was added dropwise to 10 ml of a 40% potassium hydroxide solution with stirring at room temperature. As the addition proceeded, the reaction mixture acquired a yellow color, the solution temperature rose to 32 ° C. The reaction mixture was kept at room temperature for 54 hours. Then the reaction mixture was acidified with dilute hydrochloric acid to neutrality and left overnight in a refrigerator (at -15°C). The precipitated light brown powder was filtered off, dried, and recrystallized from benzene.
The cyclocondensation reaction of hydrazines with α, β-unsaturated ketones is an important synthetic route to 1,2-azoles. Some pyrazole derivatives exhibit the properties of analgesics and platelet aggregation inhibitors, and have strong antibacterial and anesthetic effects [26].
In order to further functionalize the obtained chalcone 8, we studied its interaction with hydrazine hydrate. It was found that, upon boiling chalcone with hydrazine hydrate in ethanol, intramolecular cyclocondensation of the intermediate hydrazone occurs with the formation of the corresponding pyrazole derivative 9.


 

The structure of compound 9 was confirmed by IR and NMR spectroscopy. Thus, in the IR spectrum of pyrazoline 9, a band of average intensity of the C = N group of the pyrazoline nucleus is clearly manifested in the range 1601–1605 cm – 1.
In the 1H NMR spectrum of 2- (5- (4-styrylphenyl) -4,5-dihydro-1H-pyrazol-3-yl) phenol (9), it was found that the group of signals in a low field corresponds to the protons of the 2-hydroxyphenyl and styryl fragments. Two doublets at 7.40 and 7.23 ppm correspond to ortho and meta-protons of the 4-hydroxyphenyl fragment, and two doublets at 6.84 and 6.72 ppm correspond to ortho- and meta-protons of the 4-methoxyphenyl fragment. The protons of the methoxy group correspond to the intense singlet at 3.67 ppm. The next group of signals, which is a triplet in the range of 4.63-4.68 ppm, corresponds to the methine proton (CHpyr) of the pyrazoline fragment. The methylene protons of this fragment resonate in the region of 2.65-2.72 ppm in the form of two doublets. The weak signal at 9.67 ppm refers to the NH-proton of the pyrazoline fragment.
2- (5- (4-Styriphenyl) -4,5-dihydro-1H-pyrazol-3-yl) phenol (9). To 0.002 mol of chalcone 8 in 10 ml of ethanol was added 0.02 mol of hydrazine hydrate. The mixture was heated at 70-80 ° C for 4 hours, then cooled and diluted in 50 ml of water. The precipitate was filtered off, washed with water, and recrystallized from ethanol. Yield 74%, m.p.… ..
Thus, the synthesis of chalcone was carried out and its intramolecular cyclocondensation was carried out with the formation of a promising pyrazoline. Using spectra in the formats COZY (1H-1H) and HMQC (1H-13C), homo- and heteronuclear interactions were established, confirming the structure of the compounds under study.

1.2.2 Synthesis of promising chromene-containing fullerenes

In fullerene synthesis, a poorly studied and interesting "pharmacophore" group is the chromene fragment, which belongs to the oxygen-containing heterocyclic system most widespread in the plant world, which is the basis of flavonoids. It should be noted that the chromene system is a part of flavonoids (quercetin, dihydroquercetin, etc.), belonging to a group of substances known for their antioxidant properties [27]. Due to its low toxicity to mammals and significant solubility, the chromone fragment is considered one of the preferred building blocks in the creation of pharmacologically important substances. However, compounds containing both a chromene fragment and a fullerene sphere have been little studied. The only work that describes the synthesis of the fullerene-flavone dyad based on formyl derivatives of natural flavones is described in [16].
Taking into account the scientific and applied perspectives of flavonoid fullerene derivatives, in continuation of previously performed works [28, 29], we carried out a three-component condensation of fullerene C60, N-methylglycine (sarcosine) and substituted chromone-3-aldehydes under the Prato reaction conditions. The synthesis of fullerene pyrrolidines 10-12 was carried out in xylene and toluene media with heating the reaction mixture for 3 hours. The highest yields of the target fullerene pyrrolidines 10-12 were obtained in p-xylene medium (10-12% higher). The purity and individuality of the obtained fulleropyrrolidines 10-12 were analyzed using HPLC analysis.




The mechanism of formation of 3- [1-methyl-fullerene-C60- [1,9c] -pyrrolidin-2-yl] -4H-chromen-4-one (10-12), according to literature data [16], proceeds as 1, 3-dipolar addition to fullerene C60 through the intermediate formation of active azomethine ylides.
The structure of the obtained new fulleropyrrolidines 10-12 was established by IR, 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COZY (1H-1H) and HMQC (1H-13C). In the IR spectra of compounds 10-12, bands for C – N bonds are observed pyridine ring, vibrational frequencies of the fullerene skeleton, C – H and N – H bonds are present.
The 1H NMR spectrum of compound 10 is characterized by the presence of a three-proton singlet signal at 2.91 ppm of protons of the N-methyl fragment of the attached addend. The appearance of two single-proton doublet signals at 4.37 and 4.98 ppm with the same spin-spin coupling constant 2J 9.6 Hz confirms the presence of two axial and equatorial protons CHax and CHeq of the pyrrolidine ring bound to the fullerene nucleus. The single-proton singlet signal at 5.65 ppm indicates the presence of a methine proton in the pyrrolidine ring. The protons Н-5 and Н-4 of the aromatic ring appeared as one-proton triplets at 7.45 ppm with 3J 7.6 Hz and 7.72 ppm 3J 7.2 Hz, respectively. The expected single-proton doublet was the protons Н-3 at 7.52 ppm with 3J 8.4 Hz. Proton Н-6 resonated with a single-proton multiplet at 8.20-8.23 ppm In the lowest-field part of the spectrum at 8.55 ppm, the proton Н-10 appeared as a single-proton singlet.
In the 13C NMR spectrum of compound 10, the signals of the pyrrolidine ring with an N-methyl substituent are observed at 21.74, 30.14, 39.95, 70.03, and 72.29 ppm The carbon atoms of the bicyclic fragment resonated at 118.32 (C-3), 121.02 (C-9), 124.05 (C- 7), 125.47 (С-5), 126.51 (С-6), 133.79 (С-4), 154.22 (С-2), 157.11 (С-10) and 176.29 (С-8) ppm Numerous signals in the region 136 -148 ppm belongs to the sp2-hybridized carbon atoms of the fullerene core. 
The structure of compound 10 was also confirmed by the methods of two-dimensional NMR spectroscopy COZY (1H-1H) and HSQC (1H-13C), which makes it possible to establish spin-spin interactions of homo- and heteronuclear nature. The observed correlations in the molecule are shown in the diagrams. In the 1H-1HCOSY spectra of compound 1, spin-spin correlations are observed through two bonds of methylene protons Hax-Heq (4.40, 5.01 and 5.01, 4.40) ppm and through three bonds of protons of neighboring methine groups H3-H4 (7.52, 7.73 and 7.73, 7.52) and H5-H6 (7.45, 8.21 and 8.21, 7.45) ppm of the bicyclic ring. Heteronuclear interactions of protons with carbon atoms through one bond were established using 1H-13CHSQC spectroscopy for the following pairs present in the compound: Н-С (СH3-N)(2.91, 39.95), Нax-С(СH2)(4.36, 70.02), Нeq-С(СH2)(4.98, 70.02), Н-С(СH)(5.64, 74.30), Н3-С3 (7.52, 118.32), Н5-С5 (7.45, 125.47), Н4-С4 (7.72, 126.51), Н6-С6 (8.22, 126.51), Н10-С10 (8.55, 156.13).
3- [1-Methyl-fullerene-C60- [1,9c] -pyrrolidin-2-yl] -4H-chromen-4-one (10). To a solution of 100 mg (0.1388 mmol) C60 in 20 ml of xylene were added 48 mg (0.2776 mmol) of 4-oxo-4H-chromene-3-carboxaldehyde and 123.6 mg (1.388 mmol) of N-methylglycine (molar ratio of reagents 1: 2: 5, respectively ). The reactive mixture was boiled for 3 h at 110-1200C. After removal of the solvent, the residue was chromatographed on a silica gel column, eluting unreacted C60 and the product with toluene. Yield 28 mg (21%). 
6-Bromo-3- [1-methyl-fullerene-C60- [1,9c] -pyrrolidin-2-yl] -4H-chromen-4-one (11). Yield 21 mg (14.7%). 1H NMR spectrum,δ, ppm (J, Hz): 2.91 s (3Н, Н-18,18,18), 4.37 d (1Н, Н-15ах, 2J 9.6), 4.98 d (1Н, Н-14eq, 2J 9.6), 5.62 s (1Н, Н-13),  7.43 d (1Н, Н-3, 3J 9.2),  7.79 dd (1Н, Н-4, 3J 8.8, 4J 2.4), 8.32 d (1Н, Н-6, 4J 2.0), 8.54 s (1Н, Н-10). 13С NMR spectrum, δС, ppm: 21.73 (С-17), 30.16 (С-16), 39.96 (С-18), 70.02 (С-15), 72.25 (С-13), 120.15 (С-3), 121.40 (С-7), 125.31 (С-5), 129.19 (С-6), 136.81 (С-4), 156.29 (С-2), 157.14 (С-10), 119.61 (С-9), 174.97 (С-8).
6-Methyl-3- [1-methyl-fullerene-C60- [1,9c] -pyrrolidin-2-yl] -4H-chromen-4-one (12). Yield 17.2 mg (12.8%). NMR spectrum 1Н, δ, ppm (J, Hz): 2.51 s (3Н, Н-11,11,11), 2.91 s (3Н, Н-18,18,18), 4.35 d (1Н, Н-15ах, 2J 7.6), 4.97 d (1Н, Н-15eq, 2J 7.6), 5.63 s (1Н, Н-13),  7.41 d (1Н, Н-3, 3J 6.8),  7.79 dd (1Н, Н-4, 3J 7.2, 4J 1.6), 7.98 s (1Н, Н-6), 8.51 s (1Н, Н-10). 13С NMR spectrum, δС, ppm: 21.54 (С-11), 21.73 (С-17), 30.16 (С-16), 39.97 (С-18), 70.02 (С-15), 72.33 (С-13), 118.14 (С-3), 120.76 (С-5,9), 123.75 (С-7), 125.94 (С-6), 135.01 (С-4), 156.46 (С-2), 156.92 (С-10), 176.31 (С-8).


1.2.3 Prediction of the biological activity of stilbene-containing hydrazones, oxazodidine, chalcone, and pyrazoline in the PASS system

The prediction of the biological activity of stilbene-containing hydrazones, oxazodidine, chalcone and pyrazoline was carried out according to the structural formula of a chemical compound in the Internet version of the PASS computer system (Prediction of Activity Spectra for Substances) [30, 31].
The prediction result is displayed in the form of a list of activity names with calculated values ​​of the probabilities of presence (Pa) or absence (Pi) of each of the types of activity. If Pa> 0.7, then most likely this compound will exhibit this type of biological activity in the experiment, but this substance can be an analogue of a medicinal compound. If  0.5 <Pa ≤ 0.7, then there is a high probability that this substance will exhibit this type of biological activity in the experiment, but this substance is less similar to known medicinal compounds. If Pa ≤ 0.5, then the probability that a given substance will exhibit this type of activity in the experiment is less, but if its presence is experimentally confirmed, then the substance may turn out to be a new basic structure.
The results of the prediction of the biological activity of the synthesized compounds are presented in table 1. PASS prediction of some previously synthesized compounds is presented in Appendix C.

Table 1 – The results of the prediction of the biological activity of the synthesized compounds in the PASS program
	Compound
	Pa
	Pi
	Activity / effect

	

	0,873
	0,002
	Antituberculosic

	
	0,851
	0,003
	Antimycobacterial

	
	0,824
	0,004
	HMGCS2 expression enhancer

	
	0,800
	0,013
	G-protein-coupled receptor kinase inhibitor

	
	0,800
	0,013
	Beta-adrenergic receptor kinase inhibitor

	
	0,759
	0,003
	PfA-M1 aminopeptidase inhibitor

	
	0,750
	0,004
	Mcl-1 antagonist

	
	0,751
	0,006
	Threonine aldolase inhibitor

	
	0,716
	0,004
	Cytoprotectant

	
	0,705
	0,004
	Catechol oxidase inhibitor

	
	0,703
	0,031
	Taurine dehydrogenase inhibitor


Continuation of table 1
	

	0,843
	0,003
	Antituberculosic

	
	0,841
	0,004
	Threonine aldolase inhibitor

	
	0,826
	0,003
	Antimycobacterial

	
	0,824
	0,004
	HMGCS2 expression enhancer

	
	0,812
	0,012
	G-protein-coupled receptor kinase inhibitor

	
	0,812
	0,012
	Beta-adrenergic receptor kinase inhibitor

	
	0,810
	0,034
	Membrane integrity agonist

	
	0,774
	0,005
	Amine dehydrogenase inhibitor

	
	0,770
	0,018
	Taurine dehydrogenase inhibitor

	
	0,732
	0,003
	PfA-M1 aminopeptidase inhibitor

	
	0,732
	0,008
	Phosphatidylserine decarboxylase inhibitor

	
	0,719
	0,004
	Mcl-1 antagonist

	
	0,718
	0,004
	Cytoprotectant

	
	0,712
	0,009
	Glutamine-phenylpyruvate transaminase inhibitor

	

	0,789
	0,013
	Nicotinic alpha6beta3beta4alpha5 receptor antagonist

	
	0,750
	0,017
	Nicotinic alpha2beta2 receptor antagonist

	
	0,706
	0,009
	CYP2A6 substrate

	
	0,696
	0,007
	(S)-6-hydroxynicotine oxidase inhibitor

	
	0,673
	0,011
	(R)-6-hydroxynicotine oxidase inhibitor

	
	0,668
	0,013
	CYP2A substrate

	
	0,674
	0,043
	CYP2H substrate

	
	0,641
	0,010
	CYP2D16 substrate

	
	0,635
	0,005
	Octopamine antagonist

	
	0,657
	0,030
	Anaphylatoxin receptor antagonist

	
	0,635
	0,016
	Oxygen scavenger


Continuation of table 1
	

	0,953
	0,004
	Antiasthmatic

	
	0,943
	0,004
	Antiallergic

	
	0,912
	0,001
	Rhinitis treatment

	
	0,821
	0,003
	Biliary tract disorders treatment

	
	0,702
	0,005
	Atherosclerosis treatment

	
	0,622
	0,009
	Prenyl-diphosphatase inhibitor

	
	0,650
	0,051
	Nicotinic alpha6beta3beta4alpha5 receptor antagonist

	
	0,611
	0,064
	CYP2H substrate

	
	0,543
	0,027
	Beta glucuronidase inhibitor

	
	0,557
	0,042
	HIF1A expression inhibitor

	
	0,512
	0,011
	Hepatic disorders treatment

	
	0,510
	0,025
	APOA1 expression enhancer

	


	0,928
	0,003
	Feruloyl esterase inhibitor

	
	0,924
	0,004
	Mucomembranous protector

	
	0,900
	0,011
	Membrane integrity agonist

	
	0,882
	0,012
	Aspulvinone dimethylallyltransferase inhibitor

	
	0,869
	0,003
	Monophenol monooxygenase inhibitor

	
	0,857
	0,005
	JAK2 expression inhibitor

	
	0,816
	0,005
	Caspase 3 stimulant

	
	0,814
	0,008
	Dehydro-L-gulonate decarboxylase inhibitor

	
	0,808
	0,004
	APOA1 expression enhancer

	
	0,805
	0,004
	Fatty-acyl-CoA synthase inhibitor

	
	0,803
	0,004
	Antihypoxic

	
	0,806
	0,008
	Apoptosis agonist

	
	0,821
	0,026
	Ubiquinol-cytochrome-c reductase inhibitor

	
	0,813
	0,018
	CYP2J substrate


Continuation of table 1
	


	0,881
	0,003
	Antineoplastic (non-small cell lung cancer)

	
	0,789
	0,038
	Membrane integrity agonist

	
	0,723
	0,060
	Ubiquinol-cytochrome-c reductase inhibitor

	
	0,676
	0,030
	Antineoplastic

	
	0,620
	0,009
	APOA1 expression enhancer

	
	0,643
	0,045
	Taurine dehydrogenase inhibitor

	
	0,666
	0,075
	Aspulvinone dimethylallyltransferase inhibitor

	
	0,575
	0,018
	Histidine kinase inhibitor

	
	0,568
	0,022
	MAP kinase stimulant

	
	0,553
	0,024
	Beta glucuronidase inhibitor

	
	0,594
	0,073
	Nicotinic alpha6beta3beta4alpha5 receptor antagonist

	
	0,521
	0,018
	UGT2B12 substrate

	
	0,540
	0,044
	JAK2 expression inhibitor

	

	0,804
	0,005
	CYP2A6 substrate

	
	0,792
	0,006
	CYP2A substrate

	
	0,783
	0,004
	Histidine kinase inhibitor

	
	0,725
	0,020
	Anaphylatoxin receptor antagonist

	
	0,687
	0,013
	Kinase inhibitor

	
	0,687
	0,019
	Aldehyde oxidase inhibitor

	
	0,678
	0,015
	CYP2B6 substrate

	
	0,670
	0,011
	4-Nitrophenol 2-monooxygenase inhibitor

	
	0,665
	0,054
	Membrane permeability inhibitor

	
	0,598
	0,004
	CF transmembrane conductance regulator agonist

	
	0,548
	0,022
	Neurodegenerative diseases treatment

	
	0,553
	0,043
	HIF1A expression inhibitor

	
	0,568
	0,060
	TP53 expression enhancer


Continuation of table 1
	

	0,712
	0,007
	Histidine kinase inhibitor

	
	0,590
	0,042
	Anaphylatoxin receptor antagonist

	
	0,526
	0,007
	CF transmembrane conductance regulator agonist

	
	0,523
	0,030
	Kinase inhibitor

	
	0,505
	0,032
	CYP2A substrate

	
	0,486
	0,032
	HMGCS2 expression enhancer

	
	0,485
	0,035
	CYP2A6 substrate

	
	0,494
	0,079
	Acetylcholine neuromuscular blocking agent

	
	0,441
	0,032
	Dementia treatment

	
	0,419
	0,016
	Antialcoholic

	
	0,415
	0,025
	Antiparkinsonian

	
	0,399
	0,010
	Photosensitizer

	
	0,439
	0,050
	Neurodegenerative diseases treatment

	

	0,744
	0,006
	Histidine kinase inhibitor

	
	0,743
	0,008
	CYP2A6 substrate

	
	0,725
	0,009
	CYP2A substrate

	
	0,660
	0,018
	CYP2B6 substrate

	
	0,637
	0,017
	Kinase inhibitor

	
	0,588
	0,004
	CF transmembrane conductance regulator agonist

	
	0,644
	0,064
	Membrane permeability inhibitor

	
	0,608
	0,038
	Anaphylatoxin receptor antagonist

	
	0,575
	0,017
	CYP1A2 substrate

	
	0,576
	0,021
	CYP2D substrate

	
	0,571
	0,021
	CYP2D6 substrate

	
	0,584
	0,035
	Aldehyde oxidase inhibitor

	
	0,564
	0,027
	CYP2C9 substrate

	
	0,565
	0,049
	CYP3A4 substrate

	
	0,567
	0,083
	CYP2H substrate



As a result of the prediction, it was found that most of the synthesized stilbene-containing derivatives are more likely (Pa> 0.7) to exhibit immunomodulatory, antioxidant activity and be phosphodiesterase inhibitors. For many compounds there is a high probability (Pa> 0.7) of antituberculous, antimycobacterial and antioxidant activities.


CONCLUSION

Based on the results of the research work carried out in 2020, the following results were obtained:
1 A condensation reaction of equimolar amounts of hydrazides of o- and p-hydroxybenzoic acids with trans-4-stilbenecarboxaldehyde was carried out by heating in ethanol for 1-2 hours. It was shown that the reaction proceeds smoothly with the formation of 2-hydroxy- and 4-hydroxy-N-(4-((E-)styryl) benzylidene) benzohydrazides in 91% and 80% yields, respectively.
2 The reaction of C60 fullerene with trans-4-stilbenecarboxaldehyde and N-methylglycine under the conditions of the Prato reaction was studied. It was found that C60 fullerene with aldehyde and N-methylglycine forms stilbensubstituted fulleropyrrolidine. A scheme for the formation of fulleropyrrolidine is proposed as a 1,3-dipolar addition to fullerene C60 through the intermediate formation of active azomethine ylides.
3 A synthesis of compounds was carried out, combining in one molecule alkaloid and stilbenoid fragments, which are of practical interest in terms of studying their mutual influence on biological activity. Thus, for the first time, the synthesis of 2-substituted 1,3-oxazolidines was carried out by the interaction of the d-pseudoephedrine alkaloid with trans-4-stilbenecarboxaldehyde. It was found that the condensation process proceeds smoothly with a high formation of target products. It was shown that the reaction of 1,3-oxazolidine formation proceeds stereoselectively with the formation of one stereoisomer with the S-configuration at the C2 atom.
4 The interaction of 2-hydroxyacetophenone with trans-4-stilbenecarboxaldehyde in the presence of an aqueous-alcoholic alkali solution (Claisen-Schmidt condensation) with the formation of a stilbene-containing chalcone was studied. The reaction was carried out at an equimolecular ratio of reagents in the presence of 40% KOH at room temperature for 54 h. In order to further functionalize the obtained chalcone, its interaction with hydrazine hydrate was studied. It was found that when chalcone is boiled with hydrazine hydrate in ethanol, intramolecular cyclocondensation of the intermediate hydrazone occurs to form the corresponding pyrazole derivative.
5 Taking into account the scientific and applied perspectives of flavonoid fullerene derivatives, a three-component condensation of fullerene C60, N-methylglycine (sarcosine) and substituted chromone-3-aldehydes was carried out under the conditions of the Prato reaction. The synthesis of flavonone-containing fulleropyrrolidines was carried out in xylene and toluene media by heating the reaction mixture for 3 h. The highest yields of the target fullerene pyrrolidines were obtained in p-xylene medium.
6 The structures of the synthesized compounds have been investigated by 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COZY (1H-1H) and HMQC (1H-13C). The values ​​of chemical shifts, multiplicity and integral intensity of 1H and 13C signals in one-dimensional NMR spectra were determined. Using spectra in the formats COZY (1H-1H) and HMQC (1H-13C), homo- and heteronuclear interactions were established, confirming the structure of the compounds under study. 
7 Using the PASS program to predict the spectrum of pharmacological activity, the prediction of biological activity by the structure of the synthesized compounds was carried out using logic-combinatorial methods using a databank on drug substances and biologically active compounds. The prospects of work in this direction are shown.
Based on the research results, 12 new derivatives of stilbene-containing acylhydrazones, fulleropyrrolidine, 1,3-oxazolidines, chalcone and pyrazoline were synthesized. Using modern physicochemical methods (IR-, 1H-, 13C and 1H-13C HSCQ-spectroscopy), their structures have been established. For the reporting year 2020, according to the results of the research performed, 1 monograph (Warsaw, Poland) and 7 scientific papers (5 scientific articles, 2 theses of reports) were published, 1 patent for an invention was received and 1 patent application of the Republic of Kazakhstan was filed.

Based on the results of the research work carried out in 2018, the following results were obtained:
1 Purposeful synthesis of new chalcones was carried out on the basis of functionally substituted acetophenones and substituted benzaldehydes under conditions of convection heating, microwave irradiation and ultrasonic activation. It is shown that the optimal condition for microwave exposure is a radiation power of 150 W with a duration of the product formation time of 30-60 min, and for sonochemical activation the exposure power is 20-35 V (130-227.5 W) with a duration of 20 -30 min at a temperature of 50 ° C. As a result of a comparative analysis of the data obtained, it was determined that the use of microwave irradiation and ultrasonic exposure promotes an increase in the yield of the product and a decrease in the reaction time from 8-9 hours to 20-60 minutes than with traditional technology. 
2 For the first time, cyclocondensation and isomerization of 2-hydroxychalcones were obtained and studied the structure of new pyrazolines and flavones. It has been shown that the process of isomerization of chalcones to flavonones in alcohol is catalyzed by water molecules.
3 Using the PASS program to predict the spectrum of pharmacological activity, the biological activity was predicted by the structure of synthesized chalcones, pyrazolines and flavones using logical combinatorial methods using a databank on drug substances and biologically active compounds. The bioprognosis data for chalcones, pyrazolines and flavones indicate that the synthesized compounds may be promising as antibacterial drugs.
4 Data on the anti-inflammatory activity of the synthesized chalcones, pyrazolines and flavonones are presented. It was found that (E) -1- (4-hydroxyphenyl) -3- (4-methoxyphenyl) prop-2-en-1-one, (E) -1- (2,4-dihydroxyphenyl) -3- (4-methoxyphenyl) prop-2-en-1-one, (E) -1- (2-hydroxyphenyl) -3- (4-hydroxyphenyl) prop-2-en-1-one, 2, 2 '- (4,5-dihydro-1H-pyrazole-3,5-diyl) phenol, as well as 2- (2-hydroxyphenyl) flavon-4-one, suppressed the production of anti-inflammatory cytokines, tumor necrosis factor (TNF) and / or interleukin -6 (IL6) by a mechanism independent of the suppression of the transcriptional activity of NF-κB. One of the important physicochemical parameters that determine the biological activity of TNF and IL6 is the lipophilicity of the compounds. 
5 Data on the antiradical activity of the synthesized chalcones, pyrazolines and flavonones are presented. It was found that, among a series of new compounds, derivatives of (E) -1- (2-hydroxyphenyl) -3- (3-ethoxy-4-hydroxyphenyl) -prop-2-en-1-one and 4- [5- (4- methoxyphenyl) -4,5-dihydro-1H-pyrazol-3-yl] benz-1,3-diol showed high antiradical activity against the DPPH radical. The results of studying antiradical activity are consistent with the energies of homolytic dissociation of O - H bonds, calculated by the quantum chemical density functional method.
6 Based on the research results, 15 new pyrazole derivatives were synthesized. Using modern physicochemical methods (IR-, 1H-, 13C and 1H-13C HSCQ-spectroscopy), their structures have been established. For the reporting year 2018, based on the results of the research performed, 7 scientific works were published (4 scientific articles and 3 theses of reports).

Based on the results of the research work carried out in 2019, the following results were obtained:
1 A literature review on the chemical transformation of 3-formylchromones was carried out. It was shown that the introduction of an aldehyde group into the position of the 3-chromone system radically changes the reactivity of the pyrone ring with respect to nucleophiles and determines the rich synthetic potential of 3-formylchromones. 
2	The synthesis of 6-methyl-4-oxo-4H-chromene-3-acylhydrazones by condensation of functionally substituted 3-formylchromones and acylhydrazides was carried out. It was shown that the reactions of 4-oxo-4H-chromene-3-carboxaldehyde with hydrazides of isonicotinic and o- and p-hydroxybenzoic acids in isopropanol upon refluxing the reaction mixture for 2 h leads to the formation of the corresponding chromene-containing hydrazones. 
3 The synthesis of compounds that combine alkaloid and flavonoid fragments in one molecule, which are of practical interest in terms of studying their mutual influence on biological activity, has been carried out. Thus, for the first time, the synthesis of 2-substituted 1,3-oxazolidines was carried out by the interaction of the d-pseudoephedrine alkaloid with 4-oxo-4H-chromene-3-carboxaldehyde. It was found that the condensation process proceeds smoothly with a high formation of target products. It was shown that the reaction of 1,3-oxazolidine formation proceeds stereoselectively with the formation of one stereoisomer with the S-configuration at the C2 atom.
4 The synthesis of Schiff bases by the interaction of 2- (aminomethyl) pyridine with 3-formylchromones (4-oxo-4H-chromene-3-carboxaldehyde, 6-methyl-4-oxo-4H-chromene-3-carboxaldehyde and 6-bromo- 4-oxo-4H-chromium-3-carboxaldehyde) in an absolute benzene medium with azeotropic distillation with a Dean-Stark trap. It has been shown that when boiling in benzene for 2 h, the reaction proceeds smoothly and leads to the formation of the corresponding chromene-containing azomethines in high yields of 63-98%.
5 Quantum-chemical calculations of the activity of substituted 3-formyl-chromones in reactions of synthesis of azomethine derivatives have been carried out. Based on the results of the studies carried out, it can be concluded that the ab initio quantum-chemical method 6-31G allows one to see the dependence of the geometric and charge characteristics of the molecules of substituted 3-formylchromones on the nature of the benzene ring substituents and to take into account the data obtained when carrying out modifications of compounds containing pharmacophore groups in the synthesis biologically active substances.
6 The structures of the synthesized compounds were studied by 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COZY (1H-1H) and HMQC (1H-13C). The values of chemical shifts, multiplicity and integral intensity of 1H and 13C signals in one-dimensional NMR spectra were determined. Using spectra in the formats COZY (1H-1H) and HMQC (1H-13C), homo- and heteronuclear interactions were established, confirming the structure of the compounds under study.. 
7	Using the PASS program to predict the spectrum of pharmacological activity, the biological activity was predicted from the structure of the synthesized compounds using logic-combinatorial methods using a database of drug substances and biologically active compounds. The prospects of work in this direction are shown.
8 Data on the antiradical activity of the synthesized 6-methyl-4-oxo-4H-chromene-3-acylhydrazones, chromene-containing 1,3-oxazolidines and azomethine are presented. It was shown that the above compounds in a final concentration of 50 µM reduce the optical density of the initial solution of DPPH-radical by 27.5%, 25.2% and 8.8%, respectively, therefore, do not exhibit pronounced antiradical activity under the conditions of this test. systems. The results of the study of antimicrobial activity showed that among the presented samples of OZh-1 [3 - ((4S, 5S) -3,4-dimethyl-5-phenyloxazolidin-2-yl) -4H-chromen-4-one, comp. 21]; OZh-2 [6-methyl-3 - ((4S, 5S) -3,4-dimethyl-5-phenyloxazolidin-2-yl) -4H-chromen-4-one, comp. 22] and OZh-4 [3 - (((pyridin-2-ylmethyl) imino) methyl) -4H-chromen-4-one, comp. 24] exhibit moderate antibacterial activity against gram-positive test strains of Staphylococcus aureus, Bacillus subtilis and gram-negative strain of Escheriсhia coli.
Based on the research results, 8 new derivatives of chromene-containing acylhydrazones, 1,3-oxazolidines and azomethines were synthesized. Using modern physicochemical methods (IR-, 1H-, 13C and 1H-13C HSCQ-spectroscopy), their structures have been established. For the reporting year 2019, according to the results of the research performed, 1 monograph, 8 scientific papers were published (4 scientific articles, 2 theses of reports and 2 applications for a patent of the Republic of Kazakhstan were submitted).
The acts of biological activity of the new synthesized compounds are presented in the Appendices D-F. Prints of scientific publications on the topic for 2020 that do not have DOI are presented in Appendix G. 
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29 Fazylov S.D., Nurkenov O.A., Arinova A.E., Tuktarov A.R., Khuzin A.A., Turdybekov K.M. // Zh. general chemistry. - 2014. - T. 84, No. 10. - S. 1757-1760. (Fazylov S.D., Nurkenov O.A., Arinova A.E., Tuktarov A.R., Khuzin A.A., Turdybekov K.M. // Russ. J. Gen. Chem. - 2014. - Vol. 84, N 10. - P. 2058.). doi 10.1134 / S1070363214100375.
30 Internet system for predicting the spectrum of biological activity of chemical compounds / A.V. Sadym, A.A. Lagunin, D.A. Filimonov, V.V. Poroikov // Chem.-Pharm. zhurn. - 2002. - T. 36B # 10. - S. 21-26.
31 Poroikov V.V. Forecast of the spectrum of biological activity of organic compounds / V.V. Poroikov, D.A. Filimonov // Zh. Grew up. chem. about-va them. DI. Mendeleev. - 2006. - No. 2. - P. 66-75.
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Appendix 1.10
to Agreement No.__ dated _______2018
for grant funding

TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN

under Agreement No. _____ dated __________________2018

1. Republican state enterprise
on the right of economic management
"Karaganda State Technical University"
Ministry of Education and Science of the Republic of Kazakhstan

1.1 By priority: Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures.
1.2 By sub-priority: Biomedical materials and biologically active substances. 
1.3 On the topic of the project: No. AP05133157 "Development of effective methods for the synthesis of chalcones, flavonoids, stilbenoids and their chemical modification in order to find potential antioxidant, anti-inflammatory and antibacterial agents for medicine on their basis".
1.4 Total project amount 21 140 000 (twenty one million one hundred forty thousand) tenge, including with a breakdown by years, to perform work in accordance with paragraph 3:
- for 2018 - in the amount of 7 000 000 (seven million) tenge;
- for 2019 - in the amount of 7 063 000 (seven million sixty-three thousand) tenge;
- for 2020 - in the amount of 7 077 000 (seven million seventy-seven thousand) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Direction of work: Development of technology for obtaining new pharmacological agents based on chalcones, flavonoids, stilbenoids under conditions of classical organic synthesis and microwave activation.
2.2 Applications: Pharmacology, medicine, agriculture.
2.3 Final result: 
- for 2018: 1 article will be published in a peer-reviewed Russian scientific journal with a non-zero impact factor. RK patent application will be filed. 
- for 2019: 1 article will be published in a peer-reviewed foreign scientific journal indexed in the Scopus database with a non-zero impact factor, 1 article in a peer-reviewed domestic scientific journal with a non-zero impact factor, 1 article in a peer-reviewed foreign scientific journal with a non-zero impact factor. RK patent application will be filed. A monograph will be published.
- for 2020: 2 articles will be published in a peer-reviewed domestic scientific journal with a non-zero impact factor, 1 article in a peer-reviewed foreign scientific journal with a non-zero impact factor, 1 article in a peer-reviewed foreign scientific journal indexed in the Scopus database with a non-zero impact factor. RK patent application will be filed. A monograph will be published.
2.4 Patentability: Patentable.
2.5 Scientific and technical level (novelty): The project will be carried out at the level of the best world developments in this area.
2.6 The use of scientific and technical products is carried out: by the Contractor.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: The results of research will form the basis for the development of new biologically active substances for medicine.


3. Name of work, terms of their implementation and results

	Task code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	Start
	ending
	

	1
	Development of methods for obtaining and optimal conditions for the synthesis of chalcones and their derivatives, study of possible reaction mechanisms of their formation, establishment of the structure.
	January 2018
	November 1, 2018
	Methods of obtaining and optimal conditions for the synthesis of chalcones and their derivatives will be developed, possible mechanisms of their formation reactions will be investigated, and their structures will be established.
Methods for the preparation of chalcones and their chemical modification will be developed. Bioscreening of substances will be carried out. 

	1.1
	Development of methods for the preparation and optimal conditions for the synthesis of chalcones under conditions of classical synthesis, microwave and ultrasonic activation.
	January 2018
	June 2018
	Methods for obtaining and optimal conditions for the synthesis of chalcones under conditions of convection, MW and ultrasonic activation will be developed, the structure of new chalcones will be synthesized and studied. 

	1.2
	Synthesis, structure and biological activity of pyrazolines and flavones.
	July 2018
	November 1, 2018
	The synthesis will be carried out and the structure and biological activity of pyrazolines and flavones will be studied. By heterocyclization of chalcones, pyrazolines and flavones will be obtained. Bioscreening of the synthesized substances will be carried out. 1 article will be published in a peer-reviewed national scientific journal with a non-zero impact factor. RK patent application will be filed

	2
	Synthesis and study of the relationship "structure - bio-activity" in a series of products of the interaction of substituted chromone-3-aldehyde with some N-nucleophiles.
	January 2019
	November 1, 2019
	The synthesis will be carried out and the relationship "structure - bioactivity" in a series of products of the interaction of substituted chromone-3-aldehyde with some N-nucleophiles will be studied. New substituted chromones will be obtained and, on the basis, the relationship "structure - bioactivity" will be studied.

	2.1
	Condensation of substituted chromone-3-aldehyde with hydrazine, hydrazides and primary biogenic amines.
	January 2019
	June 2019
	The condensation of substituted chromone-3-aldehyde with hydrazine, hydrazides and primary biogenic amines will produce new hydrazones, imines based on the interaction of chromone-3-aldehyde with N-nucleophiles.

	2.2
	Investigation of the regularity of the relationship "structure-bioactivity" using quantum-chemical calculations and pharmacological screening of synthesized compounds
	July 2019
	November 1, 2019
	Qualitative and quantitative patterns of the structure-bioactivity relationship will be identified using quantum chemical calculations and pharmacological screening of the synthesized compounds. There will be published 1 article in a peer-reviewed foreign scientific journal indexed in the Scopus database with a nonzero impact factor, 1 article in a peer-reviewed domestic scientific publication with a nonzero impact factor, 1 article in a peer-reviewed foreign scientific publication with a nonzero impact factor. RK patent application will be filed. A monograph will be published

	3
	Directed chemical modification of substituted stilbenoids, development for analysis and biotesting. Development of optimal technological parameters for obtaining the most bioactive modified chalcones, pyrazolines, chromones and stilbenoids.
	January 2020
	November 1, 2020
	By targeted chemical modification of substituted stilbenoids, they will be developed for analysis and biotesting. Optimal technological parameters for obtaining the most bioactive modified chalcones, pyrazolines, chromones and stilbenoids have been worked out.
Substituted stilbenoids will be synthesized and methods for the synthesis of the most bioactive synthesized substances will be developed.

	3.1
	Synthesis, structure and bio-activity of substituted stilbenoids.
	January 2020
	June 2020
	New substituted stilbenoids will be obtained and their structure and bioactivity established.

	3.2
	Development of optimal technological parameters for obtaining the most bioactive modified chalcones, pyrazolines, chromones and stilbenoids.
	July 2020
	November 1, 2020
	Effective methods for obtaining the most promising bioactive compounds will be developed. 2 articles will be published in a peer-reviewed domestic scientific journal with a non-zero impact factor, 1 article in a peer-reviewed foreign scientific journal with a non-zero impact factor, 1 article in a peer-reviewed foreign scientific journal indexed in the Scopus database with a non-zero impact factor. RK patent application will be filed. A monograph will be published




	From Customer: 
The chairman
State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"

______________ B.S. Abdrasilov
м.п.

	From the Contractor:
Rector 
of the Republican State Enterprise at REM "Karaganda State
Technical University" MES RK 

________________ M.K. Ibatov
              м.п.                


Acquainted:
Scientific supervisor of the project

_____________ M.K.Ibrayev 
           (signature)
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APPENDIX B 

List of published works on the topic for 2018-2020

1 Nurkenov О.А., Ibrayev М.К., Fazylov S.D., Таkibayeva А.Т., Kulakov I.V., Tuktybayeva A.E. Chalcones-synthons in synthesizing biologically active matters / News of the NAS RK. Chemistry and Technology Series. 2018 - 4 (430). P. 85-98. (IF = 0.251, KazCB)
2 Nurkenov O.A., Ibrayev M.K., Satpaeva Zh.B., Dauletzhanova Zh.T., Seilkhanov T.M. Synthesis and study of antioxidant activity of hydrazone and thiosemicarbazidebased on N-morpholinoacetic acid hydrazide // Bulletin of the Karaganda University. Chemistry Series, 2018, № 1(89). С.22-26. https://chemistry-vestnik.ksu.kz/apart/2018-89-1/3.pdf (IF = 0.083, KazCB).
3 Ibrayev M.K., Arinova A.E., Seilkhanov O.T., Shchepetkin I.A., Isabaeva M.B., Nurkenov A.O. Synthesis, structure and intramolecular heterocyclization of 2-hydroxyl-containing chalcones. Bulletin of the Scientific and Technical Society "KAKHAK", 2018, No. 2 (61). S.58-67. (IF = 0.103, KazCB). http://www.ntokaxak.kz/wp-content/uploads/2018/09/Kaxak_2_61_2018.pdf.
4 Nurmaganbetov Zh.S., Nurkenov O.A., Fazylov S.D., Seilkhanov O.T., Zholdasbaev M.E., Zhakisheva B.M., Ibrayev M.K. Synthesis and structure of n-acyl derivatives of the alkaloid cytisine. Bulletin of the Scientific and Technical Society "KAKHAK", 2018, No. 3 (62). S. 80-86. (IF = 0.103, KazCB). http://www.ntokaxak.kz/wp-content/uploads/2018/12/1710-Kaxak-362-2018.pdf.
5 Aitmagambetova M.S., Ibrayev M.K., Turmukhambetov A.Zh. Chelidonium majus L. - as a promising source of alkaloids / Proceedings of the International Scientific and Practical Conference "Integration of Science, Education and Production - the Basis for the Implementation of the Plan of the Nation" (Saginov Readings No. 10), Part 7. - Karaganda: Publishing House of KSTU, 14-15 June 2018 p.19-20.
6 Ibrayev M.K., Takibaeva A.T., Arinova A.E., Seilkhanov T.M., Nurkenov O.A. Synthesis and structure of (E) -1- (4-hydroxyphenyl) -3- (4-methoxyphenyl) prop-2-en-1-she / Proceedings of the International Scientific and Practical Conference “Integration of Science, Education and Production - the Basis for the Implementation of the Nation's Plan "(Saginov's readings No. 10), Part 7. - Karaganda: Publishing house of KSTU, June 14-15, 2018, pp. 88-90.
7 Nurkenov O.A., Ibrayev M.K., Takibaeva A.T., Seilkhanov T.M. Synthesis of functionally substituted chalcones and their antiradical activity. / Proceedings of the International Scientific and Practical Conference "Integration of Science, Education and Production - the Basis for the Implementation of the Plan of the Nation" (Saginov Readings No. 10), Part 7. - Karaganda: KSTU Publishing House, June 14-15, 2018 pp. 155-157.
8 Nurkenov O.A., Ibraev M.K., Schepetkin I.A., Khlebnikov A.I., Seilkhanov T.M., Arinova A.E. and Isabaeva M.B. Synthesis, Structure, and Anti-Inflammatory Activity of Functionally Sub-
stituted Chalcones and Their Derivatives. // Russian Journal of General Chemistry, 2019, Vol. 89, No. 7, pp. 1360–1367. (IF = 0.716 – WoS, 33 percentile Scopus, Q3 – https://www.scimagojr.com/journalsearch.php?q=21525&tip=sid&clean=0).
9 Nurkenov О.A., Ibraev M.K., Seilkhanov T.M., Shulgau Z.T., Fazylov1 S.D., Takibayeva A.T. Synthesis, structure and anti-radical activity of 6-methyl-4-oxo-4н-chromen-3-acylhydrazones // News of the Academy of sciences of the Republic of Kazakhstan. Series chemistry and technology, 2019. - № 436. - P. 25-31. https://doi.org/10.32014/2019.2518-1491.38.
10 Ibrayev M.K., Akhmetova S.B., Takibayeva A.T., Issabayeva M.B., Nurkenov A.O., Seilkhanov О.T. Synthesis, structure and antimicrobial activity of substituted chalcones and their derivatives // Bulletin of the Karaganda University. Chemistry Series, 2019. - № 3(95). – P.28-36. DOI: 10.31489/2019Ch3/28-36 (IF = 0.083, КазБЦ).
11 Nurkenov O.A., Ibrayev M.K., Shchepetkin I.A., Khlebnikov A.I., Seilkhanov T.M., Arinova A.E., Isabaeva M.B. Synthesis, structure and anti-inflammatory activity of functionally substituted chalcones and their derivatives // Journal of General Chemistry, 2019. - No. 7. - P. 995–1003. (IF = 0.752, RSCI) DOI: 10.1134/S0044460X19070023
12 Nurkenov O.A., Ibrayev M.K., Isabaeva M.B. Synthetic transformations of chalcones. // Warsaw: iScience Sp. z o. o., 2019. - 74 pp.
13 Ibrayev M.K., Nurkenov O.A., Ibatayev Zh.A. Development of effective methods of chalcony synthesis // ХХI Mendeleev Congress on General and Applied Chemistry. Book 5: Abstracts. – Saint Petersburg, 2019 – p. 352 ISBN - 978-5-6043248-4-4 Book 5. The periodic table and new elements. Medical chemistry: fundamental and applied aspects.
14 Ibrayev M.K., Fazyl D.A. Biologicals belsend tabiғi қsilystardy negizinde zhaңa hybrid molecularardyң synthesis zhune yrylymy. // Proceedings of the International Scientific and Practical Conference "Integration of Science, Education and Industry - the Basis for the Implementation of the Plan of the Nation" (Saginov Readings No. 11), June 14-15, 2019 In 5 parts. Part 2 - Karaganda: Publishing house of KSTU, 2019. - P.57-58.
15 Patent application No. 2019 / 0773.1 dated October 21, 2019 3 - ((4S, 5S) 3,4-dimethyl-5-phenyloxazolidin-2-yl) -4Н-chromen-4-one, possessing antimicrobial (antibacterial) action.
16 Patent application No. 2019 / 0778.1 dated 10.22.2019, 3 - ((pyridin) -2-yl-methyl) imino) methyl) -4H-chromen-4-one, which has antimicrobial (antibacterial) action.
17 Nurkenov O. A., Fazylov S. D., Arinova A. E., Seilkhanov T. M., Ibrayev M. K., Tazh-baev E. M. Synthesis of new chromene-containing fulleropyrrolidines // Journal of General Chemistry, 2020, volume 90, no. 7, p. 1143-1145 (IF = 0.752, RSCI) DOI: 10.31857/S0044460X20070203.
18 Patent for invention No. 34267 3- (2,4-dihydroxyphenyl) -5- (4-methoxyphenyl) -N-phenyl-4,5-dihydroxy-1H-pyrazole-1carbothioamide, possessing antioxidant (antiradical) action, authors: Nurkenov O A.A., Ibrayev M.K., Takibaeva A.T., Shulgau Z.T., Isabaeva M.B. / Official bulletin № 18 - 06.05.2020. https://gosreestr.kazpatent.kz/Invention/Details?docNumber=302599
19 Synthetic transformation of chalcones: Scientific publication/ M.K. Ibrayev, O.A. Nurkenov, T.M. Seilkhanov – Warsaw: iScience Sp. z o. o., – 2020. – 70 p. (Monograph, Warsaw, Poland). 
20 Nurkenov, O.A., Fazylov, S.D., Arinova, A.E., Seilkhanov T.M., Ibraev M.K., Tazhbaev E.M.  Synthesis of New Chromene-Containing Pyrrolofullerenes. // Russ. J. Gen. Chem. 90, 1362–1364 (2020). https://doi.org/10.1134/S1070363220070269 (IF = 0.716 – WoS, 33 percentile Scopus, Q3 – https://www.scimagojr.com/journalsearch.php?q=21525&tip=sid&clean=0).
21 Arinova A.E., Nurkenov O.A.,  Fazylov S.D., Seilkhanov T.M., Ibraev M.K., Kabieva S.K., Omarov T.S. N-methyl-2-(4-styrylphenyl)-3,4-fulleropyrrolidine synthesis and structure. // Bulletin of the Karaganda University. Chemistry series. 2020 № 2(98). С. 15-21. DOI 10.31489/2020Ch2/15-21 (IF = 0.083, KazCB).
22 Fazylov S.D., Nurkenov О.А., Muldakhmetov Z.M., Gazaliev A.M.,  Аrinova А.Е., Ibraev M.K., Vlasova L.M., Fazylov A.S. Biologically active derivatives of fullerene C60. Current state and development prospects // Bulletin of the Karaganda university. Chemistry series. № 3(99)/2020. P. 11-20. DOI 10.31489/2020Ch3/11-20  (IF = 0.083, KazCB).
23 Fazylov S.D., Nurkenov O.A., Arinova A.E., Gazaliev A.M., Bakirova R.E., Ibraev M.K., Takibayeva A.Т., Fazylov A.S. Indicators of cell metabolism in vitro in researches of anti-inflammatory and cytotoxic effects of fulleropyrrolidines С60 and their initial substrates // Bulletin of the National Academy of Sciences of the Republic of Kazakhstan, 2020, Volume 5, Number 387, 25-33. https://doi.org/10.32014/2020.2518-1467.139 (IF = 0.264, KazCB).
24 Patent application No. 2020/0634.1 dated September 16, 2020 (E)-1-(2,4-dihydroxyphenyl) -3- (4-methoxyphenyl) prop-2-en-1-one, which has an antiradical effect. Authors: Ibrayev M.K., Nurkenov O.A., Takibaeva A.T., Isabaeva M.B., Shulgau Z.T., Rakhimberlinova Zh.B., Alieva M.R.
25 Ibrayev M.K., Fazylov A.S., Issabaeva M.B. N-methyl-1-[(4-dimethylamino) phenyl]-fullerene-c60 [1,9] pyrrolidine diiodomethylatine synthesis / Proceedings of the International Scientific and Practical Online Conference "Integration of Science, Education and Production - the Basis for the Implementation of the Nation's Plan" ( Saginovskie Readings No. 12), June 18-19, 2020 In 2 parts. Part 2 / Ministry of Education and Science of the Republic of Kazakhstan, Karaganda State Technical University. - Karaganda: Publishing house of KSTU, 2020.P.753-754.
26 Nurkenov O.A., Ibrayev M.K., Takibaeva A.T. Synthesis of n-methyl-2- (4-styrylphenyl) -3,4-fulleropyrrolidine / Proceedings of the International Scientific and Practical Online Conference "Integration of Science, Education and Production - the Basis for the Implementation of the Nation's Plan" (Saginovskiye Readings No. 12), 18- June 19, 2020 in 2 parts. Part 2 / Ministry of Education and Science of the Republic of Kazakhstan, Karaganda State Technical University. - Karaganda: Publishing house of KSTU, 2020.S. 837-838.
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Computer  bioprediction of some new synthesized compounds using 
the Prediction of Activity Spectra for Substance (PASS) program

	Pa*
	Pi*
	   Calculated activity

	0,791
	0,003
	Thiol protease inhibitor

	0,675
	0,012
	Insulysin inhibitor

	0,638
	0,004
	CYP2A6 inhibitor

	0,551
	0,005
	Amyloid beta precursor protein antagonist

	0,576
	0,050
	Antineoplastic

	0,546
	0,022
	Histidine kinase inhibitor

	0,534
	0,039
	Alkane 1-monooxygenase inhibitor

	0,500
	0,010
	CYP1A2 inhibitor

	0,514
	0,027
	HMGCS2 expression enhancer

	0,498
	0,011
	CYP1A inhibitor

	0,485
	0,007
	NF-E2-related factor 2 stimulant

	0,476
	0,007
	Quercetin 2,3-dioxygenase inhibitor

	0,490
	0,032
	CYP2F1 substrate

	0,448
	0,010
	Mcl-1 antagonist

	0,526
	0,089
	Glycosylphosphatidylinositol phospholipase D inhibitor

	0,499
	0,073
	Phthalate 4,5-dioxygenase inhibitor

	0,466
	0,048
	4-Nitrophenol 2-monooxygenase inhibitor

	0,434
	0,019
	Focal adhesion kinase 2 inhibitor

	0,425
	0,022
	CF transmembrane conductance regulator agonist

	0,437
	0,035
	Antipsoriatic

	0,439
	0,038
	Heat shock protein 27 antagonist

	0,429
	0,031
	P-benzoquinone reductase (NADPH) inhibitor

	0,438
	0,047
	Malate dehydrogenase (acceptor) inhibitor

	0,503
	0,119
	Nicotinic alpha6beta3beta4alpha5 receptor antagonist

	0,454
	0,074
	HIF1A expression inhibitor

	0,404
	0,033
	RELA expression inhibitor

	0,434
	0,084
	27-Hydroxycholesterol 7alpha-monooxygenase inhibitor

	0,428
	0,082
	Carboxypeptidase Taq inhibitor

	0,410
	0,070
	Nitrate reductase (cytochrome) inhibitor

	0,350
	0,015
	Anti-Helicobacter pylori

	0,361
	0,032
	CYP2A11 substrate

	0,404
	0,077
	Glutathione thiolesterase inhibitor

	* Pa – the likelihood of manifestation of the corresponding type of activity;
   Pi – the likelihood of the lack of the corresponding type of activity



	0,345
	0,026
	CYP2A3 substrate

	0,371
	0,053
	Lysostaphin inhibitor

	0,408
	0,091
	Antiinflammatory

	0,357
	0,045
	Monodehydroascorbate reductase (NADH) inhibitor

	0,356
	0,045
	Cardioprotectant

	0,378
	0,080
	Dehydro-L-gulonate decarboxylase inhibitor

	0,355
	0,061
	Leukotriene-B4 20-monooxygenase inhibitor

	0,353
	0,060
	1-Acylglycerol-3-phosphate O-acyltransferase inhibitor

	0,429
	0,141
	Pseudolysin inhibitor

	0,328
	0,041
	Rheumatoid arthritis treatment

	0,456
	0,174
	Membrane permeability inhibitor

	0,379
	0,099
	(R)-6-hydroxynicotine oxidase inhibitor

	0,341
	0,061
	tRNA-pseudouridine synthase I inhibitor

	0,321
	0,046
	Cholestanetriol 26-monooxygenase inhibitor

	0,337
	0,067
	Ferredoxin-NAD+ reductase inhibitor

	0,337
	0,067
	Naphthalene 1,2-dioxygenase inhibitor

	0,316
	0,051
	Antineoplastic (breast cancer)

	0,294
	0,032
	CYP1A2 inducer

	0,480
	0,218
	Gluconate 2-dehydrogenase (acceptor) inhibitor

	0,389
	0,128
	Electron-transferring-flavoprotein dehydrogenase inhibitor

	0,316
	0,055
	Carbon-monoxide dehydrogenase inhibitor

	0,308
	0,052
	Focal adhesion kinase inhibitor

	0,352
	0,099
	5 Hydroxytryptamine release inhibitor

	0,371
	0,119
	Fructose 5-dehydrogenase inhibitor

	0,314
	0,067
	Isopenicillin-N epimerase inhibitor

	0,348
	0,104
	Nicotine dehydrogenase inhibitor

	0,308
	0,067
	Cis-1,2-dihydro-1,2-dihydroxynaphthalene dehydrogenase inhibitor

	0,318
	0,078
	Chenodeoxycholoyltaurine hydrolase inhibitor

	0,386
	0,148
	Acetylcholine neuromuscular blocking agent

	0,334
	0,099
	Aspartate-phenylpyruvate transaminase inhibitor

	0,339
	0,104
	Apoptosis agonist

	0,289
	0,057
	Corticosteroid side-chain-isomerase inhibitor

	0,266
	0,037
	Nitrate reductase inhibitor

	0,258
	0,029
	Aryl-alcohol dehydrogenase (NADP+) inhibitor

	0,367
	0,140
	Nicotinic alpha2beta2 receptor antagonist

	0,261
	0,033
	(S)-3-hydroxyacid ester dehydrogenase inhibitor

	0,333
	0,112
	Rubredoxin-NAD+ reductase inhibitor

	0,281
	0,061
	Salicylate 1-monooxygenase inhibitor

	0,293
	0,074
	Antituberculosic



	Pa
	Pi
	   Calculated activity

	0,768
	0,004
	Thiol protease inhibitor

	0,699
	0,009
	Insulysin inhibitor

	0,690
	0,003
	CYP2A6 inhibitor

	0,513
	0,005
	Amyloid beta precursor protein antagonist

	0,495
	0,029
	Histidine kinase inhibitor

	0,521
	0,065
	Antineoplastic

	0,457
	0,009
	Quercetin 2,3-dioxygenase inhibitor

	0,471
	0,024
	Heat shock protein 27 antagonist

	0,491
	0,046
	Alkane 1-monooxygenase inhibitor

	0,453
	0,015
	CYP1A2 inhibitor

	0,452
	0,016
	CYP1A inhibitor

	0,445
	0,012
	NF-E2-related factor 2 stimulant

	0,456
	0,038
	HMGCS2 expression enhancer

	0,448
	0,033
	Antipsoriatic

	0,434
	0,020
	CF transmembrane conductance regulator agonist

	0,411
	0,012
	Mcl-1 antagonist

	0,404
	0,026
	Focal adhesion kinase 2 inhibitor

	0,414
	0,051
	CYP2F1 substrate

	0,360
	0,014
	Anti-Helicobacter pylori

	0,376
	0,035
	Cardioprotectant

	0,403
	0,072
	Nitrate reductase (cytochrome) inhibitor

	0,414
	0,088
	Antiinflammatory

	0,416
	0,092
	HIF1A expression inhibitor

	0,371
	0,052
	1-Acylglycerol-3-phosphate O-acyltransferase inhibitor

	0,462
	0,147
	Mucomembranous protector

	0,372
	0,082
	Kinase inhibitor

	0,378
	0,089
	Vasoprotector

	0,302
	0,014
	Calcium channel N-type blocker

	0,326
	0,042
	Rheumatoid arthritis treatment

	0,383
	0,121
	27-Hydroxycholesterol 7alpha-monooxygenase inhibitor

	0,304
	0,043
	CYP2A11 substrate

	0,397
	0,140
	Acetylcholine neuromuscular blocking agent

	0,354
	0,098
	5 Hydroxytryptamine release inhibitor

	0,328
	0,072
	RELA expression inhibitor

	0,367
	0,123
	Oxidoreductase inhibitor

	0,383
	0,140
	Gastrin inhibitor

	0,306
	0,072
	P-benzoquinone reductase (NADPH) inhibitor

	0,330
	0,098
	Malate dehydrogenase (acceptor) inhibitor

	0,411
	0,181
	Phosphatase inhibitor

	0,299
	0,071
	Antituberculosic

	0,335
	0,107
	Apoptosis agonist

	0,259
	0,032
	Antineoplastic (melanoma)

	0,275
	0,062
	Antineoplastic (breast cancer)

	0,251
	0,041
	Nitrate reductase inhibitor

	0,277
	0,067
	Focal adhesion kinase inhibitor

	0,331
	0,123
	4-Nitrophenol 2-monooxygenase inhibitor

	0,407
	0,200
	Membrane permeability inhibitor

	0,301
	0,100
	Autoimmune disorders treatment

	0,283
	0,097
	Dermatologic

	0,203
	0,020
	MAO inhibitor

	0,313
	0,139
	Chemosensitizer

	0,231
	0,059
	CYP1A2 inducer

	0,272
	0,100
	Antimycobacterial

	0,206
	0,036
	Orexin receptor 1 antagonist

	0,233
	0,064
	CYP2A3 substrate

	0,250
	0,085
	Photosensitizer

	0,197
	0,036
	Catalase stimulant

	0,184
	0,027
	Antihemorrhagic

	0,251
	0,094
	Monodehydroascorbate reductase (NADH) inhibitor

	0,248
	0,093
	HIV attachment inhibitor

	0,195
	0,044
	Antineoplastic (renal cancer)

	0,182
	0,037
	Cysteamine dioxygenase inhibitor

	0,279
	0,134
	CYP19A1 expression inhibitor

	0,227
	0,083
	PfA-M1 aminopeptidase inhibitor

	0,283
	0,141
	Aspartate-phenylpyruvate transaminase inhibitor

	0,183
	0,044
	Alcohol dehydrogenase inhibitor

	0,227
	0,090
	Dihydrodipicolinate reductase inhibitor

	0,144
	0,009
	CYP2A5 inhibitor

	0,288
	0,155
	Insulin promoter

	0,186
	0,053
	CYP2A10 substrate

	0,270
	0,141
	Endopeptidase So inhibitor

	0,224
	0,096
	Cholestanetriol 26-monooxygenase inhibitor

	0,252
	0,124
	CYP2A6 substrate

	0,190
	0,064
	Dual specificity phosphatase 1 inhibitor

	0,266
	0,141
	CYP3A4 inducer





	Pa
	Pi
	   Calculated activity

	0,789
	0,003
	Thiol protease inhibitor

	0,693
	0,010
	HMGCS2 expression enhancer

	0,559
	0,034
	Insulysin inhibitor

	0,558
	0,055
	Antineoplastic

	0,506
	0,005
	Amyloid beta precursor protein antagonist

	0,427
	0,011
	Mcl-1 antagonist

	0,420
	0,021
	CYP1A2 inhibitor

	0,433
	0,043
	Histidine kinase inhibitor

	0,413
	0,024
	CYP1A inhibitor

	0,388
	0,035
	Antituberculosic

	0,383
	0,044
	Antimycobacterial

	0,384
	0,048
	Antipsoriatic

	0,362
	0,032
	PfA-M1 aminopeptidase inhibitor

	0,432
	0,118
	Acetylcholine neuromuscular blocking agent

	0,353
	0,041
	Antineoplastic (breast cancer)

	0,382
	0,083
	Heat shock protein 27 antagonist

	0,335
	0,039
	NF-E2-related factor 2 stimulant

	0,348
	0,062
	CF transmembrane conductance regulator agonist

	0,300
	0,024
	CYP2A6 inhibitor

	0,311
	0,039
	HIV attachment inhibitor

	0,282
	0,016
	Calcium channel N-type blocker

	0,279
	0,016
	Alcohol dehydrogenase inhibitor

	0,325
	0,063
	Focal adhesion kinase 2 inhibitor

	0,274
	0,043
	Anti-Helicobacter pylori

	0,258
	0,033
	Antineoplastic (melanoma)

	0,276
	0,052
	CYP2A11 substrate

	0,242
	0,021
	Macular degeneration treatment

	0,328
	0,111
	Apoptosis agonist

	0,278
	0,065
	Photosensitizer

	0,226
	0,014
	Catalase stimulant

	0,311
	0,105
	Feruloyl esterase inhibitor

	0,235
	0,032
	Dual specificity phosphatase inhibitor

	0,242
	0,045
	Nitrate reductase inhibitor

	0,296
	0,104
	Antiprotozoal (Leishmania)

	0,264
	0,075
	Rheumatoid arthritis treatment

	0,212
	0,024
	HCV NS3-helicase inhibitor

	0,230
	0,047
	Uric acid excretion stimulant

	0,186
	0,006
	CYP2A5 inhibitor

	0,208
	0,035
	Antineoplastic (renal cancer)

	0,190
	0,020
	Histone deacetylase class III inhibitor

	0,294
	0,127
	Centromere associated protein inhibitor

	0,204
	0,037
	Orexin receptor 1 antagonist

	0,237
	0,070
	Antineoplastic (brain cancer)

	0,204
	0,040
	Quercetin 2,3-dioxygenase inhibitor

	0,279
	0,115
	RELA expression inhibitor

	0,184
	0,022
	Pim-3 kinase inhibitor

	0,259
	0,105
	P-benzoquinone reductase (NADPH) inhibitor

	0,265
	0,113
	Cardioprotectant

	0,169
	0,018
	Histone deacetylase SIRT2 inhibitor

	0,296
	0,148
	Dementia treatment

	0,233
	0,090
	Angiogenesis stimulant

	0,215
	0,073
	MO15-related protein kinase Pfmrk inhibitor

	0,173
	0,032
	Mannose-6-phosphate isomerase inhibitor

	0,162
	0,025
	Pim kinase inhibitor

	0,231
	0,100
	Focal adhesion kinase inhibitor

	0,273
	0,147
	Muscular dystrophy treatment

	0,290
	0,166
	4-Nitrophenol 2-monooxygenase inhibitor

	0,223
	0,099
	Antibacterial

	0,173
	0,050
	Pim-1 kinase inhibitor

	0,299
	0,179
	HIF1A expression inhibitor

	0,332
	0,214
	Mucomembranous protector

	0,207
	0,090
	CYP1A1 inhibitor

	0,169
	0,055
	Alcohol dehydrogenase (NADP+) inhibitor

	0,158
	0,045
	Diabetic retinopathy treatment

	0,344
	0,231
	Aspulvinone dimethylallyltransferase inhibitor

	0,286
	0,174
	Chemosensitizer

	0,241
	0,130
	Alkane 1-monooxygenase inhibitor

	0,216
	0,106
	Antidiabetic symptomatic

	0,155
	0,047
	Protein phosphatase inhibitor

	0,168
	0,067
	CYP2A10 substrate

	0,140
	0,042
	MAO inhibitor

	0,209
	0,113
	Dihydrodipicolinate reductase inhibitor

	0,144
	0,048
	Protein kinase (CK2) inhibitor

	0,154
	0,058
	Cysteamine dioxygenase inhibitor

	0,133
	0,038
	JNK mitogen-activated protein kinase inhibitor





	Pa
	Pi
	   Calculated activity

	0,923
	0,004
	Antiasthmatic

	0,922
	0,004
	Antiallergic

	0,876
	0,001
	Rhinitis treatment

	0,779
	0,005
	Histidine kinase inhibitor

	0,668
	0,004
	Biliary tract disorders treatment

	0,681
	0,022
	HIF1A expression inhibitor

	0,645
	0,006
	Atherosclerosis treatment

	0,576
	0,023
	4-Nitrophenol 2-monooxygenase inhibitor

	0,601
	0,049
	TP53 expression enhancer

	0,532
	0,007
	CF transmembrane conductance regulator agonist

	0,534
	0,014
	Prenyl-diphosphatase inhibitor

	0,580
	0,090
	CDP-glycerol glycerophosphotransferase inhibitor

	0,496
	0,029
	MMP9 expression inhibitor

	0,512
	0,048
	Aldehyde oxidase inhibitor

	0,477
	0,014
	RELA expression inhibitor

	0,466
	0,015
	Hepatic disorders treatment

	0,534
	0,085
	Phosphatase inhibitor

	0,544
	0,096
	CYP2H substrate

	0,449
	0,034
	Bilirubin oxidase inhibitor

	0,428
	0,019
	Cardioprotectant

	0,419
	0,018
	Xenobiotic-transporting ATPase inhibitor

	0,434
	0,041
	Vasodilator, coronary

	0,388
	0,006
	MAP kinase kinase 4 inhibitor

	0,405
	0,030
	CYP19A1 expression inhibitor

	0,413
	0,052
	CYP2A6 substrate

	0,416
	0,059
	Kinase inhibitor

	0,405
	0,052
	CYP2A substrate

	0,372
	0,030
	CYP2A11 substrate

	0,345
	0,007
	Allergic rhinitis treatment

	0,380
	0,047
	AR expression inhibitor

	0,383
	0,062
	Cytochrome P450 stimulant

	0,378
	0,057
	Spasmolytic

	0,462
	0,145
	Nicotinic alpha6beta3beta4alpha5 receptor antagonist

	0,365
	0,049
	H+-transporting two-sector ATPase inhibitor

	0,379
	0,066
	CYP2A4 substrate

	0,371
	0,061
	Antiprotozoal (Leishmania)

	0,333
	0,033
	DNA ligase (ATP) inhibitor

	0,303
	0,012
	SULT1E1 substrate

	0,372
	0,093
	Vasoprotector

	0,344
	0,070
	CYP1A substrate

	0,341
	0,074
	CYP1A2 substrate

	0,386
	0,121
	Antineoplastic (non-Hodgkin's lymphoma)

	0,354
	0,092
	Beta glucuronidase inhibitor

	0,286
	0,030
	CYP1A1 inhibitor

	0,378
	0,121
	Anaphylatoxin receptor antagonist

	0,279
	0,023
	CYP1B substrate

	0,319
	0,064
	Isopenicillin-N epimerase inhibitor

	0,435
	0,182
	Ubiquinol-cytochrome-c reductase inhibitor

	0,437
	0,185
	Membrane permeability inhibitor

	0,316
	0,065
	Vasodilator

	0,299
	0,050
	Photosensitizer

	0,318
	0,072
	CYP3A7 substrate

	0,340
	0,097
	Polarisation stimulant

	0,345
	0,105
	Neuropeptide Y4 antagonist

	0,325
	0,089
	NAD(P)+-arginine ADP-ribosyltransferase inhibitor

	0,257
	0,022
	CYP1B1 substrate

	0,316
	0,083
	Antiprotozoal (Trypanosoma)

	0,264
	0,035
	Chronic obstructive pulmonary disease treatment

	0,267
	0,044
	Polyribonucleotide nucleotidyltransferase inhibitor

	0,348
	0,129
	Heat shock protein 27 antagonist

	0,288
	0,071
	Antialcoholic

	0,290
	0,075
	DNA polymerase I inhibitor

	0,368
	0,155
	Membrane integrity agonist

	0,258
	0,047
	Chemoprotective

	0,229
	0,022
	CYP19 inhibitor

	0,235
	0,031
	Aldehyde dehydrogenase inhibitor

	0,269
	0,072
	Anticarcinogenic

	0,290
	0,093
	CYP2B6 substrate

	0,349
	0,154
	27-Hydroxycholesterol 7alpha-monooxygenase inhibitor

	0,321
	0,128
	CYP3A substrate

	0,350
	0,159
	Antiviral (Picornavirus)

	0,223
	0,035
	CYP2A10 substrate

	0,313
	0,127
	Caspase 8 stimulant

	0,252
	0,067
	Proliferative diseases treatment

	0,276
	0,091
	Antiprotozoal (Amoeba)





	Pa
	Pi
	   Calculated activity

	0,902
	0,004
	Antiallergic

	0,898
	0,004
	Antiasthmatic

	0,863
	0,001
	Rhinitis treatment

	0,755
	0,005
	Histidine kinase inhibitor

	0,629
	0,007
	Atherosclerosis treatment

	0,632
	0,028
	HIF1A expression inhibitor

	0,602
	0,005
	Biliary tract disorders treatment

	0,535
	0,006
	CF transmembrane conductance regulator agonist

	0,547
	0,069
	TP53 expression enhancer

	0,543
	0,080
	Phosphatase inhibitor

	0,472
	0,019
	Prenyl-diphosphatase inhibitor

	0,550
	0,102
	CDP-glycerol glycerophosphotransferase inhibitor

	0,444
	0,017
	Cardioprotectant

	0,450
	0,038
	MMP9 expression inhibitor

	0,460
	0,050
	4-Nitrophenol 2-monooxygenase inhibitor

	0,415
	0,020
	Hepatic disorders treatment

	0,507
	0,118
	CYP2H substrate

	0,425
	0,041
	Bilirubin oxidase inhibitor

	0,410
	0,031
	RELA expression inhibitor

	0,418
	0,069
	Vasoprotector

	0,386
	0,039
	CYP19A1 expression inhibitor

	0,369
	0,025
	Xenobiotic-transporting ATPase inhibitor

	0,348
	0,015
	MAP kinase kinase 4 inhibitor

	0,398
	0,067
	Kinase inhibitor

	0,335
	0,007
	Allergic rhinitis treatment

	0,393
	0,072
	Heat shock protein 27 antagonist

	0,378
	0,067
	Vasodilator, coronary

	0,355
	0,065
	Spasmolytic

	0,320
	0,040
	CYP2A11 substrate

	0,335
	0,061
	H+-transporting two-sector ATPase inhibitor

	0,336
	0,074
	CYP1A substrate

	0,341
	0,080
	Aldehyde oxidase inhibitor

	0,276
	0,016
	SULT1E1 substrate

	0,335
	0,076
	CYP2A6 substrate

	0,331
	0,077
	CYP2A substrate

	0,328
	0,081
	CYP1A2 substrate

	0,271
	0,036
	CYP1A1 inhibitor

	0,257
	0,029
	CYP1B substrate

	0,298
	0,070
	AR expression inhibitor

	0,322
	0,099
	Cytochrome P450 stimulant

	0,244
	0,027
	CYP1B1 substrate

	0,241
	0,029
	Aldehyde dehydrogenase inhibitor

	0,270
	0,059
	DNA ligase (ATP) inhibitor

	0,276
	0,066
	Photosensitizer

	0,303
	0,099
	Antiprotozoal (Leishmania)

	0,246
	0,043
	Chronic obstructive pulmonary disease treatment

	0,284
	0,084
	DNA polymerase I inhibitor

	0,251
	0,053
	Polyribonucleotide nucleotidyltransferase inhibitor

	0,351
	0,158
	Antineoplastic (non-Hodgkin's lymphoma)

	0,238
	0,057
	Chemoprotective

	0,228
	0,049
	Uric acid excretion stimulant

	0,200
	0,021
	Antihemorrhagic

	0,298
	0,120
	Beta glucuronidase inhibitor

	0,286
	0,108
	Antiprotozoal (Trypanosoma)

	0,256
	0,079
	Anticarcinogenic

	0,318
	0,143
	Neuropeptide Y4 antagonist

	0,215
	0,041
	Lipoprotein disorders treatment

	0,283
	0,112
	1-Acylglycerol-3-phosphate O-acyltransferase inhibitor

	0,193
	0,022
	MAO inhibitor

	0,294
	0,127
	Polarisation stimulant

	0,260
	0,093
	Vasodilator

	0,227
	0,064
	RNA directed DNA polymerase inhibitor

	0,283
	0,124
	CYP2A4 substrate

	0,267
	0,108
	CYP2B6 substrate

	0,204
	0,049
	Dual specificity phosphatase 1 inhibitor

	0,255
	0,104
	Isopenicillin-N epimerase inhibitor

	0,240
	0,090
	Antialcoholic

	0,327
	0,177
	Neurotransmitter uptake inhibitor

	0,204
	0,055
	CYP2A6 inhibitor

	0,236
	0,087
	Cell wall biosynthesis inhibitor

	0,205
	0,056
	UGT1A3 substrate

	0,230
	0,082
	Anti-Helicobacter pylori

	0,188
	0,040
	UGT1A10 substrate

	0,195
	0,048
	CYP2A10 substrate

	0,260
	0,113
	Antiprotozoal (Amoeba)





	Pa
	Pi
	   Calculated activity

	0,865
	0,005
	Antiallergic

	0,853
	0,002
	Rhinitis treatment

	0,852
	0,005
	Antiasthmatic

	0,710
	0,008
	Histidine kinase inhibitor

	0,592
	0,005
	Biliary tract disorders treatment

	0,571
	0,011
	Atherosclerosis treatment

	0,536
	0,047
	HIF1A expression inhibitor

	0,467
	0,013
	CF transmembrane conductance regulator agonist

	0,443
	0,021
	Prenyl-diphosphatase inhibitor

	0,433
	0,043
	HMGCS2 expression enhancer

	0,389
	0,053
	Antiprotozoal (Leishmania)

	0,361
	0,030
	Hepatic disorders treatment

	0,385
	0,056
	Bilirubin oxidase inhibitor

	0,463
	0,146
	CDP-glycerol glycerophosphotransferase inhibitor

	0,348
	0,050
	Cardioprotectant

	0,331
	0,034
	Xenobiotic-transporting ATPase inhibitor

	0,300
	0,009
	Allergic rhinitis treatment

	0,349
	0,058
	RELA expression inhibitor

	0,372
	0,093
	4-Nitrophenol 2-monooxygenase inhibitor

	0,359
	0,080
	Dementia treatment

	0,310
	0,044
	Photosensitizer

	0,351
	0,087
	Caspase 8 stimulant

	0,429
	0,165
	Phosphatase inhibitor

	0,312
	0,053
	Muscle relaxant

	0,345
	0,089
	Feruloyl esterase inhibitor

	0,299
	0,044
	MAP kinase kinase 4 inhibitor

	0,433
	0,179
	CYP2H substrate

	0,297
	0,045
	CYP2A11 substrate

	0,270
	0,024
	Uric acid excretion stimulant

	0,304
	0,062
	Skeletal muscle relaxant

	0,330
	0,096
	Vasodilator, coronary

	0,254
	0,020
	SULT1E1 substrate

	0,304
	0,079
	H+-transporting two-sector ATPase inhibitor

	0,263
	0,040
	CYP1A1 inhibitor

	0,248
	0,035
	Antineoplastic (bone cancer)

	0,256
	0,046
	RNA directed DNA polymerase inhibitor

	0,305
	0,097
	MMP9 expression inhibitor

	0,263
	0,058
	Vascular dementia treatment

	0,295
	0,095
	Antiviral (Herpes)

	0,248
	0,052
	Chemoprotective

	0,293
	0,101
	Antiprotozoal (Trypanosoma)

	0,313
	0,130
	Kinase inhibitor

	0,291
	0,117
	CYP19A1 expression inhibitor

	0,270
	0,099
	Antiprotozoal (Amoeba)

	0,200
	0,032
	Catalase stimulant

	0,232
	0,066
	Polyribonucleotide nucleotidyltransferase inhibitor

	0,266
	0,101
	Spasmolytic

	0,268
	0,109
	DNA polymerase I inhibitor

	0,214
	0,060
	Chronic obstructive pulmonary disease treatment

	0,202
	0,049
	CYP1B1 substrate

	0,283
	0,132
	Muscular dystrophy treatment

	0,332
	0,185
	TP53 expression enhancer

	0,331
	0,187
	Acetylcholine neuromuscular blocking agent

	0,297
	0,160
	Antihypoxic

	0,195
	0,059
	Aldose reductase substrate

	0,181
	0,048
	DNA directed RNA polymerase inhibitor

	0,183
	0,055
	CYP2A10 substrate

	0,280
	0,159
	CYP2A1 substrate

	0,219
	0,103
	Antialcoholic

	0,217
	0,104
	CYP2B substrate

	0,129
	0,019
	NAD(P)H dehydrogenase (quinone) inhibitor

	0,208
	0,098
	DNA ligase (ATP) inhibitor

	0,154
	0,048
	Antihemorrhagic

	0,293
	0,189
	Neuropeptide Y4 antagonist

	0,194
	0,096
	Antihelmintic

	0,099
	0,005
	p53 inhibitor

	0,219
	0,126
	AR expression inhibitor

	0,177
	0,085
	Dual specificity phosphatase 1 inhibitor

	0,203
	0,112
	CYP2B2 substrate

	0,135
	0,045
	MAO inhibitor

	0,121
	0,031
	Cyclin-dependent kinase 6 inhibitor

	0,167
	0,078
	GST M1-1 substrate

	0,139
	0,054
	Protein kinase (CK2) inhibitor

	0,121
	0,037
	CYP1B1 inhibitor

	0,169
	0,086
	CYP1B substrate





	Pa
	Pi
	   Calculated activity

	0,805
	0,004
	Antimycobacterial

	0,803
	0,003
	Antituberculosic

	0,775
	0,006
	HMGCS2 expression enhancer

	0,773
	0,004
	Mcl-1 antagonist

	0,726
	0,004
	Thiol protease inhibitor

	0,714
	0,004
	Amyloid beta precursor protein antagonist

	0,706
	0,008
	Insulysin inhibitor

	0,654
	0,007
	Isopenicillin-N epimerase inhibitor

	0,640
	0,003
	MAO inhibitor

	0,640
	0,004
	PfA-M1 aminopeptidase inhibitor

	0,610
	0,027
	Cytoprotectant

	0,584
	0,006
	Neuropeptide Y2 antagonist

	0,580
	0,005
	CYP2A6 inhibitor

	0,551
	0,005
	Focal adhesion kinase 2 inhibitor

	0,552
	0,011
	Transcription factor STAT3 inhibitor

	0,521
	0,012
	Heat shock protein 27 antagonist

	0,517
	0,009
	Cardioprotectant

	0,522
	0,025
	Histidine kinase inhibitor

	0,499
	0,005
	Anti-Helicobacter pylori

	0,511
	0,019
	Transcription factor STAT inhibitor

	0,506
	0,031
	Glutamine-phenylpyruvate transaminase inhibitor

	0,518
	0,043
	Antiviral (Picornavirus)

	0,475
	0,005
	Calcium channel N-type blocker

	0,472
	0,034
	Amine dehydrogenase inhibitor

	0,452
	0,016
	CF transmembrane conductance regulator agonist

	0,446
	0,012
	Focal adhesion kinase inhibitor

	0,439
	0,007
	Ethanolamine oxidase inhibitor

	0,425
	0,011
	Maillard reaction inhibitor

	0,457
	0,054
	Vasoprotector

	0,490
	0,093
	Taurine dehydrogenase inhibitor

	0,387
	0,006
	ATPase stimulant

	0,395
	0,014
	Quercetin 2,3-dioxygenase inhibitor

	0,461
	0,087
	Oxidoreductase inhibitor

	0,380
	0,007
	Alkaline phosphatase inhibitor

	0,374
	0,007
	Orexin receptor 1 antagonist

	0,372
	0,011
	Antineoplastic (brain cancer)

	0,385
	0,027
	Transcription factor inhibitor

	0,361
	0,006
	HCV NS3-helicase inhibitor

	0,336
	0,004
	Catalase stimulant

	0,343
	0,012
	Dual specificity phosphatase inhibitor

	0,367
	0,037
	CYP1A inhibitor

	0,364
	0,037
	CYP1A2 inhibitor

	0,364
	0,039
	Antibacterial

	0,357
	0,037
	Antiviral (Poxvirus)

	0,389
	0,071
	Kinase inhibitor

	0,324
	0,007
	Antileprosy

	0,303
	0,005
	Beta-Lysine 5,6-aminomutase inhibitor

	0,374
	0,085
	Apoptosis agonist

	0,349
	0,061
	Phosphatidylserine decarboxylase inhibitor

	0,315
	0,037
	5 Hydroxytryptamine 1E antagonist

	0,344
	0,074
	CYP2E1 inducer

	0,318
	0,051
	Antiprotozoal (Coccidial)

	0,359
	0,094
	5 Hydroxytryptamine release inhibitor

	0,305
	0,041
	Calpain inhibitor

	0,331
	0,068
	Botulin neurotoxin A light chain inhibitor

	0,268
	0,014
	Macular degeneration treatment

	0,287
	0,034
	CYP2E1 inhibitor

	0,272
	0,025
	Falcipain 3 inhibitor

	0,325
	0,084
	Antiinfective

	0,322
	0,084
	CYP1A2 substrate

	0,274
	0,045
	Serine-pyruvate transaminase inhibitor

	0,288
	0,060
	NF-E2-related factor 2 stimulant

	0,259
	0,032
	Antineoplastic (melanoma)

	0,276
	0,050
	Threonine aldolase inhibitor

	0,324
	0,106
	EIF4E expression inhibitor

	0,264
	0,047
	Phenylalanine(histidine) transaminase inhibitor

	0,266
	0,055
	CYP2A11 substrate

	0,240
	0,033
	Monophenol monooxygenase inhibitor

	0,211
	0,006
	MAO B inhibitor

	0,313
	0,112
	Caspase 3 stimulant

	0,220
	0,019
	Cytidine deaminase inhibitor

	0,214
	0,017
	Orexin receptor antagonist

	0,293
	0,100
	RELA expression inhibitor

	0,268
	0,076
	MAP kinase kinase 4 inhibitor

	0,209
	0,018
	Mannose-6-phosphate isomerase inhibitor





	Pa
	Pi
	   Calculated activity

	0,797
	0,004
	Mcl-1 antagonist

	0,785
	0,003
	Antituberculosic

	0,785
	0,004
	Antimycobacterial

	0,782
	0,005
	HMGCS2 expression enhancer

	0,741
	0,004
	Thiol protease inhibitor

	0,734
	0,005
	Insulysin inhibitor

	0,726
	0,003
	MAO inhibitor

	0,727
	0,003
	Amyloid beta precursor protein antagonist

	0,666
	0,004
	PfA-M1 aminopeptidase inhibitor

	0,649
	0,005
	Cardioprotectant

	0,648
	0,006
	Antiseptic

	0,645
	0,012
	Histidine kinase inhibitor

	0,622
	0,022
	Cytoprotectant

	0,596
	0,013
	Antiinfective

	0,539
	0,005
	Focal adhesion kinase 2 inhibitor

	0,534
	0,005
	Maillard reaction inhibitor

	0,533
	0,011
	Neuropeptide Y2 antagonist

	0,521
	0,004
	Alkaline phosphatase inhibitor

	0,520
	0,015
	Transcription factor STAT3 inhibitor

	0,505
	0,005
	Anti-Helicobacter pylori

	0,549
	0,056
	Oxidoreductase inhibitor

	0,473
	0,008
	Quercetin 2,3-dioxygenase inhibitor

	0,470
	0,005
	Calcium channel N-type blocker

	0,477
	0,015
	Transcription factor inhibitor

	0,470
	0,013
	CF transmembrane conductance regulator agonist

	0,478
	0,025
	Transcription factor STAT inhibitor

	0,460
	0,022
	Lipid peroxidase inhibitor

	0,553
	0,127
	Ubiquinol-cytochrome-c reductase inhibitor

	0,455
	0,031
	Heat shock protein 27 antagonist

	0,540
	0,123
	Membrane permeability inhibitor

	0,526
	0,112
	CDP-glycerol glycerophosphotransferase inhibitor

	0,455
	0,051
	Apoptosis agonist

	0,427
	0,025
	Antibacterial

	0,455
	0,054
	Vasoprotector

	0,405
	0,005
	HCV NS3-helicase inhibitor

	0,405
	0,020
	Focal adhesion kinase inhibitor

	0,385
	0,006
	ATPase stimulant

	0,419
	0,041
	CYP1A2 substrate

	0,389
	0,011
	Monophenol monooxygenase inhibitor

	0,445
	0,078
	HIF1A expression inhibitor

	0,413
	0,047
	Antifungal

	0,407
	0,047
	CYP1A substrate

	0,367
	0,009
	Dual specificity phosphatase inhibitor

	0,478
	0,125
	Phosphatase inhibitor

	0,395
	0,044
	Antihelmintic (Nematodes)

	0,358
	0,008
	Orexin receptor 1 antagonist

	0,361
	0,013
	Antineoplastic (brain cancer)

	0,392
	0,047
	Radioprotector

	0,344
	0,004
	Catalase stimulant

	0,401
	0,069
	5 Hydroxytryptamine release inhibitor

	0,398
	0,067
	Aldehyde oxidase inhibitor

	0,335
	0,008
	NADPH oxidase inhibitor

	0,340
	0,028
	5 Hydroxytryptamine 1E antagonist

	0,362
	0,051
	RELA expression inhibitor

	0,410
	0,102
	Antinociceptive

	0,407
	0,104
	Antiviral (Picornavirus)

	0,346
	0,046
	CYP1A inhibitor

	0,313
	0,013
	Falcipain 3 inhibitor

	0,317
	0,020
	Ethanolamine oxidase inhibitor

	0,317
	0,021
	CYP2A6 inhibitor

	0,313
	0,037
	Calpain inhibitor

	0,280
	0,005
	MAO B inhibitor

	0,285
	0,013
	Antileprosy

	0,359
	0,090
	Kinase inhibitor

	0,346
	0,078
	Caspase 3 stimulant

	0,318
	0,051
	Antiparasitic

	0,306
	0,043
	CYP2A11 substrate

	0,336
	0,079
	HMOX1 expression enhancer

	0,317
	0,062
	CYP1A2 inhibitor

	0,318
	0,065
	Isopenicillin-N epimerase inhibitor

	0,392
	0,144
	Acetylcholine neuromuscular blocking agent

	0,259
	0,015
	Skin whitener

	0,277
	0,046
	Antihelmintic

	0,317
	0,087
	CYP19A1 expression inhibitor

	0,256
	0,028
	ATPase inhibitor





	Pa
	Pi
	   Calculated activity

	0,793
	0,004
	Mcl-1 antagonist

	0,790
	0,002
	MAO inhibitor

	0,785
	0,005
	HMGCS2 expression enhancer

	0,760
	0,004
	Antimycobacterial

	0,758
	0,004
	Antituberculosic

	0,748
	0,005
	Insulysin inhibitor

	0,736
	0,004
	Thiol protease inhibitor

	0,726
	0,003
	Amyloid beta precursor protein antagonist

	0,692
	0,009
	Histidine kinase inhibitor

	0,662
	0,004
	Cardioprotectant

	0,646
	0,004
	PfA-M1 aminopeptidase inhibitor

	0,629
	0,020
	Cytoprotectant

	0,569
	0,008
	Neuropeptide Y2 antagonist

	0,521
	0,005
	Quercetin 2,3-dioxygenase inhibitor

	0,524
	0,011
	Antiseptic

	0,519
	0,006
	Focal adhesion kinase 2 inhibitor

	0,510
	0,004
	Alkaline phosphatase inhibitor

	0,505
	0,009
	CF transmembrane conductance regulator agonist

	0,537
	0,044
	Aldehyde oxidase inhibitor

	0,507
	0,022
	Antiinfective

	0,485
	0,006
	Maillard reaction inhibitor

	0,490
	0,019
	Heat shock protein 27 antagonist

	0,488
	0,019
	Transcription factor STAT3 inhibitor

	0,469
	0,005
	Calcium channel N-type blocker

	0,546
	0,089
	Membrane integrity agonist

	0,497
	0,041
	Vasoprotector

	0,516
	0,068
	Oxidoreductase inhibitor

	0,464
	0,021
	Lipid peroxidase inhibitor

	0,442
	0,007
	Anti-Helicobacter pylori

	0,460
	0,030
	Transcription factor STAT inhibitor

	0,522
	0,093
	Phosphatase inhibitor

	0,430
	0,009
	Monophenol monooxygenase inhibitor

	0,436
	0,019
	Transcription factor inhibitor

	0,535
	0,127
	Membrane permeability inhibitor

	0,469
	0,068
	HIF1A expression inhibitor

	0,401
	0,005
	HCV NS3-helicase inhibitor

	0,446
	0,054
	Apoptosis agonist

	0,387
	0,006
	ATPase stimulant

	0,401
	0,021
	Focal adhesion kinase inhibitor

	0,422
	0,043
	CYP1A substrate

	0,405
	0,029
	Antibacterial

	0,415
	0,042
	CYP1A2 substrate

	0,405
	0,033
	RELA expression inhibitor

	0,496
	0,127
	CDP-glycerol glycerophosphotransferase inhibitor

	0,439
	0,082
	Antiviral (Picornavirus)

	0,366
	0,012
	Antineoplastic (brain cancer)

	0,397
	0,045
	Radioprotector

	0,413
	0,062
	5 Hydroxytryptamine release inhibitor

	0,357
	0,010
	Dual specificity phosphatase inhibitor

	0,355
	0,016
	CYP2A6 inhibitor

	0,341
	0,004
	MAO B inhibitor

	0,341
	0,008
	NADPH oxidase inhibitor

	0,375
	0,045
	Isopenicillin-N epimerase inhibitor

	0,344
	0,015
	Ethanolamine oxidase inhibitor

	0,351
	0,024
	5 Hydroxytryptamine 1E antagonist

	0,372
	0,046
	CYP19A1 expression inhibitor

	0,327
	0,004
	Catalase stimulant

	0,377
	0,060
	Caspase 3 stimulant

	0,386
	0,073
	Kinase inhibitor

	0,469
	0,165
	Ubiquinol-cytochrome-c reductase inhibitor

	0,348
	0,045
	CYP1A inhibitor

	0,403
	0,107
	Antinociceptive

	0,309
	0,014
	Orexin receptor 1 antagonist

	0,307
	0,015
	Falcipain 3 inhibitor

	0,377
	0,089
	APOA1 expression enhancer

	0,335
	0,052
	CYP1A2 inhibitor

	0,381
	0,098
	Pin1 inhibitor

	0,346
	0,064
	Antifungal

	0,327
	0,047
	Antiviral (Poxvirus)




APPENDIX D
Acts  of tests for antiradical activity 
in the RSE on the RK "National Center for Biotechnology" of the SC MES RK
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APPENDIX E
Act  of testing for antimicrobial activity 
in the RSE on the REM "National Center for Biotechnology" KN MES RK
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APPENDIX F
Act of testing for antimicrobial activity at the Karaganda State Medical University
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APPENDIX G
Reprints of scientific publications in the direction of the topic for 2020, without DOI
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50%, npoBoaunu TecT Ha B3aumogelcTeue ¢ JDII -pamukanoMm B (QpHUHAIBHBIX
KOHIIEHTpaluaX ucciaexyeMsix Bemect 50, 25, 20, 15, 10, 5 u 2,5 uM. Ilocne
Yero OIpeAessUId KOHIIEHTPALMIO MCIBITYEMOTO BelllecTBa, criocoOHyo Ha 50%
CHMXATh ONTUYECKYIO IOTHOCTE — ICs5o(DPPH).

Pe3yabTaThl Hcc/Ief0BaAHHIH

Tabnuna 1 — 3HadyeHUs onTUYecKo# IIOTHOCTU pacTBopa 100 pM JIPIIT -
panukana mnocie 10-MHUHyTHOM HHKYOallMd C MCHBITYEMBIM BEIIECTBOM B
¢uHanpHOM KOHIEeHTpamuu S0 pM

Ne ndp coenuterys ____Onrurdeckas WIOTHO
b HC-98 ol
2. HC-99 .
3. HC-101
4. HC-102
S HA-13
6. HA-16
7. HA-5
8. HA-18
9. Kountpons (pactBop DI Ge3s
HCTIBITYEMOro o0pasiia)

W3 tabnuuel 1 Mbl BUuguM, yto coenuHenus ¢ mmdpamu HC-98, HC-99 u
HA-13 sBnstoTcsi mepcrieKTUBHBIME IS JAIbHEHIIUX HcchaeaoBanmii. OcTalbHbBIE
COCIMHEHUS HE INPOSBUIM BBIPAKEHHOW aHTUPAJAWKAIbHONH aKTHBHOCTH B
YCJIOBHUSAX TaHHOMN T€CT-CHCTEMBI.

Bo BTOpOI#i cepur 3KCIEPUMEHTOB MBI U3Y4YMIH criocooHocTs HC-98, HC-99
1 HA-13 B paznuynbix KoHIEeHTpanusx (oT 2,5 1o 50 uM) B3auMoaeiCcTBOBATE C
JOI I -pagukanom.
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Tabnuua 2 — 3HaueHus onTuyeckod MiIoTHocTu pactBopa 100 uM @I -
panukana nocie 10-mMuHyTHOM MHKyOamuu c BemectBom HC-98 B duHambHBIX
KOHLIEHTpalUsIX B peaklimoHHou cmecu 50, 25, 20, 15, 10, 51 2,5 uM

No O®unanbHas koHeHTpanus HC-98 B
Onruyeckas IIOTHOCTh
peakuuoHHOM cMmecH, uM
1. 50 0.071
2. 25 0.243
3. 20 0.287
4. 15 0.451
5. 10 0.57
6. 8 0.728
7 2.5 0.806
Koutpouns (pactBop JADII 6e3
o (P g 0.907
HCIIBITYeMOro obpasia)

60
50 y.= 176x%3.4+.331.6%2-.227.58%+.63.92
\ R?=0.9924
40 \\
30
20 \
\
- \
0 i EH i  § i
(? 0.2 0.4 0.6 0.8 1
-10
(5 IMOMOIIBIO l'IOCTpOCHHOﬁ KaJII/I6p0BO‘-IHOI71 KpHBOﬁ OoInpeaeiiiu

xoHueHTpauuo HC-98, cnocobnyro Ha 50% CHIXaTh ONTHYECKYIO IIOTHOCTE 100
uM pactBopa JA®II -pagukana. Ins HC-98 1Cso(DPPH) okazanaces paBHOi 12,5

uM.
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KOHLIEHTpalUsIX B peaklimoHHou cmecu 50, 25, 20, 15, 10, 5 u 2,5 uM

Tabnuna 3 — 3HadeHus onTuyeckoi mioTHocty pactsopa 100 uM JIPIIT -
pagukana nocie 10-mMuHyTHOM MHKyOamuu ¢ BemectBoM HC-99 B ¢uHanbHBIX

Ne | ®unansHas xkonuenTpanus HC-99 B
Onrtuueckasi IIOTHOCTD
peakuuoHHOU cmecH, pM
L. 50 0.159
2. 25 0.325
3. 20 0.396
4. 15 0.55
5. 10 0.609
6. 5 0.743
7. 2,5 0.810
Koutpons (pactBop APII 6e3
0.907
HCIIBITYEMOT0 o0pasia)
60
50 y.=-190.413+ 385.97x?-289.93x+ 86.534
\ R?=0.9921
40 \
30 \
20
¢
10
0 ; : ‘
@ 0.2 0.4 0.6 0.8 1
-10 -
C nmomomp0 MOCTPOEHHOM  KaTHMOPOBOYHOM  KPUBOW  OIpeNeTHIIH

xoHueHTpamuio HC-99, ciocobnyro Ha 50% CHUXKATh ONTHYECKYIO IIOTHOCTE 100
uM pactBopa JAPII -panukana. s HC-99 ICso(DPPH) oka3anace paBHo# 16,7

uM.
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Tabmuna 4 — 3HaueHus: ONTUYECKOW MIOTHOCTH pactBopa 100 uM JAPIII -
panukana mociie 10-MuHyTHOW WHKyOarwu c BemectBoM HA-13 B ¢uHanbHBIX
KOHIIEHTpalUsIX B peakunonHo# cmecu 50, 25, 20, 15, 10, 5 u 2,5 uM

No ®unanpHas KoHUeHTpausa HA-13
Onruyeckas IIOTHOCTh
B peaKIMOHHOM cMecH, uM
L. 50 0.055
- 25 0.351
3. 20 0.444
4. 15 0.557
S 10 0.658
6. S 0.763
7. 2,5 0.811
KonTpons (pactop APII 6e3
0.907
UCIIBITYEMOT0 00pa3ia)
60
50 V=36.961x2- 93462+ 54.591
R?=0.9976

40 \

30

20

= \\.

0 0.2 0.4 0.6 0.8 1
C mnoMompI0 TMOCTPOEHHOW KAJIMOPOBOYHOW KPHUBOH  ONpemeiiv

xoHUeHTpauuio HA-13, cmoco6Hyro Ha 50% CHIKATh ONTHYECKYTO TUIOTHOCTH 100
uM pactBopa APII -pagukana. dns HA-13 1Cso(DPPH) oka3anace paBHo# 19,8

uM.
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3akiroueHue.

OneHwnu aHTUpaJUKalIbHOE JEHCTBHE IIPEelICTaBIeHHBIX O00Opas3loB B
otHomiennn JI®@IIl-pagukana. Haubonee BbIpaXXe€HHYIO aHTHPaIUKAIBHYIO
aKTUBHOCTB B YCJIOBUSAX JaHHOHM TECT-CHUCTEeMBI, nposiBuiu obpasust HC-98, HC-
99 u HA-13, nns xoTophIx ObLTa ompeseneHa KOHIEHTpaIus, criocobHas Ha 50%
CHIKATh onTUYecKyro mIotHocTs 100 uM pactBopa DI -pagukana. s HC-98
ICso(DPPH) oxazamace paBmoit 12,5 puM. s HC-99 ICso(DPPH) oxasamack
pasno# 16,7 uM. lna HA-13 ICso(DPPH) oka3anacek paBHoii 19,8 pM.

Ilo nurepatypHeiM naHHbiM [Plattner S. et al. Studying the reducing
potencies of antioxidants with the electrochemistry inherently present in
electrospray ionization-mass spectrometry // Anal Bioanal Chem. — 2014. — 406
(1). = P. 213-224] ICso(DPPH) (uM) mis ackopOMHOBOH KHCIOTEI — 27, IS
IIIyTaTHOHA — 49, 71 THAPOXUHOHA — 27, A Tpojokca — 28, s o-Tokodepona —
28, misa xBepuetuHa — 8. Takum o6pa3om, akTHBHOCTH 06pa3ioB HC-98, HC-99 u
HA-13 conocraBrma ¢ aKkTUBHOCTBIO U3BECTHBIX aHTHOKCHIAHTOB.

HcnoanuTenn:
3aBenyrouui 1aboparopreil TOKCHKOJIOTHH H
dbapMakonoriu, K.M.H. Ulusbedss 3005 /% lynsray 3.7T.

roafice, nara
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ObbexkTamu HcCCIeTOBaHUS cnyxcpmn 4 ofpasna BelIeCTB Ha HAJIWYHE

AHTUPaJUKAJIbHOM aKTUBHOCTU B OTHOIIECHWM KaTHOH-paaukana 2,2’-a3suHoOuc(3-
= o+

3THIOEH30TUA30IMH-6-CyIb(OHOBO# KUCIOTH) (ABTS™)..

MapkupoBka (Ha3BaHHe) 00pa3loB:

Ne
nn

BryTpennnii
mudp

CrpykrypHas ¢popmyia
H Ha3BaHHe

1

HA-5

(0]

L7
HO OH O OCH;,4

Molecular Weight: 270,28
(E)-1-(2,4-murunpoxcudenmn)-3-(4-metoxcudenun)npon-2-eH-1-01

HA-13

N——~NH

HO ‘ OH OCH3

Molecular Weight: 284,31
4-(5-(4-metoxcudpennn)-4,5-muruapo- 1 H-nupason-3-mr)6enson-1,3-auomn

HA-18

O

l

HO O OH OCH3

Molecular Weight: 419,50
3-(2,4-murunpoxcudenun)-5-(4-merokcudenun)-N-benunn-4,5-muaruapo-
1H-nmmpazon-1-kapboTrHoamun
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| M ocu,

HA-16 HO O OCH3

Mr=298,34
4-(5-(2,4-mumetoxcudenmn)-4,5-muruapo- 1 H-mupa3zon-3-um)deson

3agauu ucciieq0OBaHUA:

OneHuTs aHTUpAIUKAIbHOE MJEWCTBHE IIPEICTaBIEHHBIX OOpas3loB B
OTHOLIEHUU KaTHOH-paJuKaia 2,2’-a3uH06uC(3-3TUII0EeH30THA30TUH-6-
cynbponoBoit kuciotsl) (ABTS™).

Martepuanbl 1 MeTOABI

AHTHpaJUKaIbHOE OEWCTBHE INpeACTaBIEHHBIX OOpa3IOB HCCIEIOBAIH B
OTHOIICHHUH KaTHOH-paJfKaja 2,2’-a3uHo6uC(3-3THIIOEH30 THA30THH-6-
cynbdonoBoii kuciotsr) (ABTS™), umcmonssys mHaGop Antioxidant Assay Kit
(Sigma). IlpuHiun Merona 3akio4aeTcss B 00pa3oBaHHM pajaukana (Geppui
MHOIIOOMHA K3 METMHOIVIOOMHAa M IePOKCHAa BOIOPOIa, KOTOPBIA OKMCIISIET
ABTS ¢ o6pazosanveM panukan katuoHa — ABTS™. ABTS™ — sTo crabuibHBIH
pajauKall, KOTOPBIM MOJXET CyIIeCTBOBAaTh B BOJHBIX pPacTBOpax IOCTATQUHO
NPOJO/DKMTENIBHOE  BpeMs, OJHAKO BHECEHHWE B  DPACTBOp  pa3IMYHBIX
aHTHPaJMKAIBHBIX AreHTOB MPHUBOAMT K MX B3ammojeiictemio ¢ ABTS™ wu
OBICTPOMY pacxXoIOBaHHIO («TYIIEHHIO») HocieaHero. Pacxomoanme ABTS™
COIIPOBOXKIAETCS XapaKTEPHBIMU CIIEKTPAIIbHBIMU U3MEHEHHUSIMH, [TO3BOJISIOIIAMHI
PETUCTPUPOBATE CKOPOCTh peakuud. BO3MOXHOCTH J0O3UPOBaTh HAYaAbHYIO
KOHLIEHTPAIMIO PaJIMKaJIOB B CHCTEME U KOHTPOJIUPOBATH CKOPOCTh UX TYIIECHHSD
obycnoBwiM — mMpokoe —wMcmonb3oBanume ABTS™  gms  crammapruzanum
AHTUPAMKAJIBHOW aKTUBHOCTU PAa3NUYHBIX coenuHeHuul [Miller N.J., Rice-Evans
C., Davies M.J., Gopinathan V., Milner A. A novel method for measuring
antioxidant capacity and its application to monitoring the antioxidant status in
premature neonates // Clin Sci (Lond). 1993. Vol.84. P.407-412.]. B pabore
cpaBHuBamu CcKopocth "rymenms" ABTS™ wucciemyeMsIME BemiecTBaMH M
CTaHIApTOM, B KayecTBe KOTOpPOTO  HCIIONIB30BATH  ITOJyCHHTETHYECKUI
BOJIOPAaCTBOPUMBIM aHajor BUTaMuHa E, uUMeOmUHA KOMMepYecKoe Ha3BaHHE
"Tponokc". HcnonszoBanue "Tpomokca" mno3BossseT OUEHUTH 3()(HEKTHBHOCTH
AHTHUPAJIUKAIBLHOIO NEHMCTBUS Yepe3 TaK Ha3bIBAEMBIN '"TPOJIOKCOBBIM HKBHBAJIEHT
antuokcuanTHOM 3¢pdextuBHOCTH" — TEAC (Trolox Equivalent Antioxidant
Capacity). 3nauenuss TEAC yka3bpIBaloT: Kakoe KOJUYECTBO TPOJIOKCA B MMOJIB/JI
(MM) "tymmt" ABTSe+ ¢ Toii e 3¢ peKTUBHOCTHIO, Kak 1 | MM aHaIU3UPyeMOTo
COEIUHEHUSI.

HccnenoBanue aHTHPAIUKAJIbHOH AKTHBHOCTH

IToaroroBka peareHTOB K padore

1. TlpuroroBute 1xAssay Buffer 10-xpatHbiM pa3Benenuem 10xAssay
Buffer. Micionb30Bath yapTpaOYHUINEHHYIO BOLY.

2
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2. [TpurotoButh Myoglobin Stock Solution. /Iy aTOoro passectd MHOTIIOOUH
B 285 Mkn Boasl. TmarensHO mepemeniaTh Ha BopTekce. AIMKBOTHI Mo 20 MKI B
snneHaopdpax xpauuth 1npu —20°C. Cpok xpaHeHus 6 wmecsaueB. Jns
npurotoBienuss Myoglobin Working Solution Heo6xoaumo pasBectn Myoglobin
Stock Solution B 100 pa3, ucnons3ys 1xAssay Buffer.

3. IlpuroroButk Trolox Working Solution. [{nst atoro passectu Trolox B
2,67 mn 1xAssay Buffer, nepememmuBars 10 monHOro pactBopenus. [lomydmiom
Trolox Working Solution xonnentparnueii 1,5 MMois. Xpauuts npu —20°C. Cpok
XpaHeHus 3 MecsIa. '

4. ABTS Substrate Solution. 1 tabnerky ABTS u 1 Tabnetky docdarHo-
uurpatHoro Oydepa pactBoputh B 100 MII yJNbTpaodMINEHHOH BOABL. MOXHO
xpaHuTh 1pu +4°C He 6onee 2 Henenb, wim npu —20°C — 1 mecsi.

Kann6poBouHasi KpuBas

Ne Trolox Working | 1xAssay Buffer, mxn | Konnentpamus Trolox,
Solution, MK MMoutb

1 0 500 0

2 5 495 0,015

3 15 485 0,045

4 35 465 0,105

3 70 430 0,210

6 140 360 0,420

O6pa3npi: Bce 0O0pa3lbl pacTBOPSUIM B CHHPTE OJTWIOBOM 96% 10
xoHneHTparuu 10 MM. Ilocne vero aBaxasl 10-kpaTHO pacTBOpsutH B 1xAssay
Buffer no xoneuHo# xornenTpamnuu 0,1 MM.

Xoa pa6oThI:

1. IIpuroroBure ABTS Substrate Working Solution mocpencTBoM
nobasnenus 25 Mka 3% nepekucu Bomopona kK 10 M ABTS Substrate Solution.
Hcnonp3oBaTh B TeyeHue 20—30 MUHYT.

2. BHectu B nyHKH 96-myHOYHOro ruiaxmera mo 10 MKJI KaaTuOpOBOYHBIX
pacTBOPOB U 10 10 MKJI TECTUPYEMBIX COETUHEHHA.

3. B xaxnayro nmyHky BHectu o 20 Mk Myoglobin Working Solution.

4. lo6aButk 150 mxn ABTS Substrate Working Solution B kaxmyro JyHKY.

5. IuKyOupoBaTh TOYHO 5 MUHYT IIPH KOMHATHOM TeMIIepaType.

6. Brectu o 100 Mk cTon-peareHTa B KaXIyrO JIYHKY.

7. ®otomeTtpupoBaTh npu 405 HM.

8. ITocTpouTh KaMUOPOBOYHYIO KPUBYIO.

9. Beruuciauts 3HaueHuss TEAC (Trolox Equivalent Antioxidant Capacity)
JUISL UCCIIeTyeMbIX 00BEKTOB.

CraTucTuyeckass o0paboTka pe3yJabTaTOB IPOBOIHIIACH C ITOMOIIBIO
nporpaMmsl «Statistica 6,0». ITomydeHHbIe pe3yNbTaTHl NMPEACTABIEHBl B BHIE
«cpefHee 3HaYeHUE + CTaHAApTHasl OlIMOKa cpenHero 3HadyeHus» [Jlaxuw, I.D.
Buomempus. /I ®. Jlakun. — M: Boicw. wxona., 1980. — 293 c.].

3
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Tabnuna — 3nauenus TEAC uccienyemMbix BeIIeCTB

Ne| Hudp 3nauvennss TEAC IIpumeuanue
1. AHTHpasuKalbHas aKTHBHOCTD B
HA-13 2,57+0,24 2,57 pa3a BbIlIe aKTHBHOCTH
Tponokca
2. = AHTUpaauKaibHas aKTUBHOCTb
il OTCYTCTBYET
3. AHTHpaMKaJIbHas aKTHBHOCTD B
HA-18 1,28 +£ 0,07 1,28 pa3a BblIlle aKTHBHOCTH
Tposokca -
4. _ 5 AHTHpasMKallbHasi aKTHBHOCTh
e OTCYTCTBYET
BemectBa TectupoBanu B koHueHTpanuu 0,1 MM.
3akioueHue.
OueHunu aHTHpaJuKaJIbHOE JEWUCTBHE NPEACTABICHHBIX OOpasloB B
OTHOIIIEHUH KaTHOH-paJniKasa 2,2’-a3uH00uc(3-3THII0eH30THA30IHH-6-

cynbponoBoit kucaotel) (ABTS™). AHTMpagukanbHas aKTHBHOCTh B YCIOBHSX
J@HHOT'O dKCIIEpUMEHTa OTCYTCTBYeT y oOpa3uoB HA-5 u HA-16.

BrIpaxxeHHyI0 aHTHpaJUKaJIbHYIO aKTUBHOCTb, IIPEBBIIIAIONIYI0 aKTUBHOCTD
Tponokca B 1,28 pasa, nposiBui o6pasen

Hanbonee BBIpaK€HHYIO aHTUPAIUKATIBHYIO aKTUBHOCTB, IPEBBIIIAIOIIYIO
akTuBHOCTE Tpomokca B 2,57 pasa, mposiBun obpasen 3. SIBnsercs
NEPCIEKTUBHBIM Ul JaJbHEWININX YIIIyOJNE€HHBIX HCCIIEIOBAaHHH Ha IpeaAMET
aHTUPAJUKAILHON U aHTUOKCUIAHTHOW aKTHBHOCTH.

HUcnoanurenn:

3aBenyromui 1aboparopuei TOKCUKOJIOTHH 1 _
(apMaKoJIoTHy, K.M.H. UWenteety 72 €5 /8 lynsray 3.T.
(fnoxnvcs, nara
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3aM. red. JUpeKTOpa

PI'II na IIXB «HanuoHaabHbIA
nienTp 6uorexnosornn» KH MOH PK,

A W/z/ K.K. MykaHnoB
» 045 2018 r.

E ALK T E iy

s

HCNbITAHUH HA aHTnpamea.m)Hylo AKTHBHOCTD

OObexTaMu HCCIIeIOBaHUs CIYXWiId 17 oOpa3loB BEHIECTB Ha HaJIM4We
AaHTUPAIUKAFHON AaKTUBHOCTHM B OTHOILIEHWUH pajauKana ,Z[I/I(beHI/IJIl'II/IKpI/IJI-

runpazuia (JPII -pagukan, DPPH).

Maplm POBKa (Ha3BaHHe ) 00 pa3nos:

Ne | BuyrpenHuii CrpykrypHas ¢popmya
nn mudgpp H Ha3BaHHe
1 -1 Komrmiekc BKITFOYeHUs B-IIUKIIOAEKCTPUHA C
IIUTU3UHOM
2 JTAH-2 Komrutekc BkIrOUeHHS B-IIUKIIOIEKCTPHHA C
rutadaToM
H3'C\ CH;
H /N
\ I/{C\
Ck(i o CeH;
3 HNH-5 Br

Chemical Formula: C,9H,,BrNO
Molecular Weight: 358,27
(Z)-2-(1-6pomo-2-theHunBuHMN)-3,4-TUMETUI-5-

(beHUI0KCa30IUINH
4]

P

4 HA-25 - Vg

Chemical Formula: C15H1203

Molecular Weight: 240,25
E)-1-(2-runpoxcudenun)-3-(4-ruapokcu eHu ) porn-.
2-eH-1-oH
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HA-26

(0]

O F O OC,H;

OH OH

Chemical Formula: C{7H;404
Molecular Weight: 284,31
(E)-3-(aTokcu-4-runpoxcudenun)- 1 -(2-ruapokcu-
¢enun)npon-2-eH-1-oH

HA-33

e

(0)
Chemical Formula: C;sH;,03
Molecular Weight: 240,25

2-(4-rugpoxcudennn)diaBoH-4-oH

HA-35

OH
O 0C,Hs

(0)
Chemical Formula: C{7H;¢04
Molecular Weight: 284,31

2-(3-sToKCcH-4-ruapoKkcudeHu)GraBoH-4-0H

HA-38

Chemical Formula: C,sH,5sNO
Molecular Weight: 355,47

(E)-3,5-mumetnn-4-henun-2-(4-cTupui-
(eHWT)OKCa30IHIUH
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HX-10

OH

Chemical Formula: C3H;;N30,
Molecular Weight: 241,25

4-runpokcu-N’-(iupu iuH-4-1J1-
METHJIEH )0eH30Tuapa3ua

10

HK-11

OH
0]
I, H =
OOy

Chemical Formula: C;3H; N30,
Molecular Weight: 241,25

2- rugpokcu-N’-(upu AuH-4-HJ1-
METHJIEH )OeH30TUAPa3U]]

11

HXK-12

N\/:\>»EZI)— IICII— N= ﬁ @N

Chemical Formula: C;,H;,N,O
Molecular Weight: 226,23

N’-(nupuiuH-4-HI-MeTHIIEH )U30HUKOTHHOTHIPA3H I

12

HC-84

OH
©: A
C\
NHNH—ﬁ—NH@
S

Chemical Formula: C;4H;3N3;0,S
Molecular Weight: 287,34

N-®enun-2-(2-
THAPOKCUOEH30MI)THIPa3HHKapOOTHOAMHE/T

13

HC-86

HO.
//O
C\
NHNH—ﬁ—NH@
S

Chemical Formula: C;4H;{3N30,S
Molecular Weight: 287,34

N-®Denun-2-(4-
T'MPOKCHOEH30MI ) TUAPA3UHKAPOOTHOAMHE T
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HC-87

|
N
C/ \C=S

N/
N—NH

Chemical Formula: C;4H;;N3;0S
Molecular Weight: 269,32

3-(4-runpoxcudennn)-4-penun-1,2,4-Tpuazon-5-THOH

15

HKC-67

s
H,C—C C=S
Sl W

|
CH,—CH=CH,

Chemical Formula: C;gH,;NsS
Molecular Weight: 315,44

4-annun-5-anabazuHomeTI- 1,2,4-Tpra3oi-3-THOH

16

HA-37 (1)

H;C 0 ==
R
N
CH,

Chemical Formula: C;gH;gN,O
Molecular Weight: 254,33

3,5-npumeTn-4-peHmn-2-(mupuIuH-4-11 ) OKCATH IHH

17

WS cn,

H /N
Loud ),
(CH,)s-CH;3

Chemical Formula: C,5H;3NO
Molecular Weight: 363,54

(4S,55)-3,4-numetnin-5-peHmn-2(peHmITOKTeH-2-
Y1) OKCQUJTHTVH

3ana4yu HcciIe0BaAHHA:
OneHuTh aHTHpaJUKABHOE JEeWCTBHE MPENCTaBICHHBIX O0pa3loB B

OTHOIIICHUH

pagukana  2,2-mudenwmn-1-nmukpuwiruapasmwia  (2,2-diphenyl-1-

picrylhydrazyl) (DPPH).

MaTtepuaJibl H MeTOAbI
AHTHpaguKalbHOE ACWCTBHUE IPEACTAaBICHHBIX O0pa3lOB HCCIENIOBAIA B

4
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OTHOILICHWHW paauKajla L,Z-OJAQCHUI-[-THKpWIrnapasuia (DFFhi) |[brand-
Williams W., Cuvelier M.E., Berset C. (1995) Lebensm Wiss Technol 28: 25-30].

HccienoBanne aHTHPaAHKAJIBLHONH AKTHBHOCTH

JI71s1 OleHKH aHTHpaJUKaIbHON aKTUBHOCTH UCCIIEyEMbIX 00pa3IOB B TECTE
¢ JI®III -paguKanoM UCIONB30BaIM MeTaHONIOBEIH pacTBop JAMIIT (100 uM). s
oTOOpa BELIECTB C BHIPAXEHHON aHTHPATUKAILHONW aKTMBHOCTHIO CMENIMBAIU 2
mi 100 uM metanonoBoro pacteopa J®II ¢ 20 MK HccleayeMoro oObeKTa,
pPacTBOPEHHOI'0 B M€TaHoJie B KOHIEeHTpauud 5 MM. Takum obpa3om, dbuHaIbHAS
KOHIIEHTpAI¥sI UCIIBITYEMOTrO BEIECTBA B pEaKIMOHHOM cMecH cocTaBwia 50 pM.
Yepes 10 muHYT mocine nobaBiieHHS pacTBOpa HMCIBITYEMOrO COEOWHEHMS K
pactBopy JI®PIII-panykana u3aMepsieM CHHKEHHE ONITUYECKON TUIOTHOCTH IpH 515
HM. [l BEIecTB, CIIOCOOHBIX CHUXKATh ONTHYECKYIO IUIOTHOCTH Ooliee 4eM Ha
50%, mpoBomunu Tect Ha B3aumozekcTeue ¢ JIDIIT -pa,uHKaJIOM B (pMHAIBHBIX
KOHIIEHTpalMaX HccieayeMblx Bemects 50, 25, 20, 15, 10, 5 u 2,5 uM. Ilocne
9Yero ONIpeNelsyid KOHIEHTPAllMI0 HCIBITYEMOIO BEIeCTBa, CrocoOHyro Ha 50%
CHIDKATh ONTUYECKYIO IIOTHOCTH — [Cs5o(DPPH).

PesyabTaThl HCc1en0BaHUH

Tabnuna 1 — 3HaueHUs] ONTUYECKOH IIIOTHOCTH pacTBopa 100 pM JIOIIT -
pagukana mocine 10-MHHYTHOH HMHKyOalii C WCIOBITYEMBIM BEIIECTBOM B
¢uHaNEHOM KOHIeHTpauu 50 uM

Ne IIndp coenuneHus OnTuyeckasi IIOTHOCTb

1. JIH-1 0.942

2, JIH-2 0.932

> NH-5 1.017

4. HA-25

8 HA-26

6. HA-33

7. HA-35

8. HA-38 :

9. HX-10 1.02

10. HX-11

il HX-12

12. HC-84

13. HC-86

14. HC-87 :

15, HKC-67 0.82

16. HA-37 (1) 0.918

17 NH-4 1.018

18. Kontposns (pactBop DI Ge3 1.038
HCIIBITYEMOTro 00pasia) '
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W3 Tabmumel 1 MBI BUIUM, 9TO coenuHeHus ¢ mudpamu HA-26, HC-84 u
HC-86 cHmWXarOT ONTUYECKYIO IUIOTHOCTh UCXOMHOro pactBopa DI -pagukana
Oonee yem Ha 50%, a 3HAUUT SBISIFOTCS IEPCIEKTUBHBIMU ISl JallbHEUIIAX
uccienoBaHuid. OcTajgpHble COEQUHEHUST HE TIPOSIBUIM aHTUPAJUKAIBHON
aKTUBHOCTH B YCIIOBUSIX JAHHOM T€CT-CUCTEMBI.

Bo BTOpO#1 cepuu 3KCIIEPUMEHTOB MBI U3y4Hiu criocooHocts HA-26, HC-84
u HC-86 B paznuunbiX KoHUEHTpanusax (oT 2,5 xo 50 puM) BSaI/IMO,IIeI/ICTBOBaTB ¢
JAOIII -pagukanom.

Tabnuna 2 — 3HaueHus: ONTUYECKON IIIOTHOCTH pactBopa 100 uM DI -
panukana nocie 10-MuHyTHOM HMHKyOamuu c BemectBoM HA-26 B (uHANIBHBIX
KOHIIEHTpalMsX B peakiiuoHHou cmecu 50, 25, 20, 15, 10, 5u 2,5 uM

Ne @uHanpHas KoHIeHTpaus HA-26
B pEaKLIMOHHOM cMecH, uM

OnTudyeckas IJIOTHOCTh

1 50 0.23
2 25 0.794
8 20 0.784
4. 13 0.835
3. 10 0.884
6. 5 0.951
i 2,9 0.985
KonTpons (pactop ADII 6e3 1.038
UCIIBITyeMOro oopasiia) '
70
60 Y =46.515% - 5.7861x+ 53948
R2=0.9776
50 ‘—\
40 \
30
¢
20 .
10 \4 \
0 1 H H H i Q i
0 0.2 0.4 0.6 0.8 1 12
10 -

Pucynok 1 — 3aBucumocTs ontuyeckoi miotTHocTH pactBopa JI@II -panukana ot
KoHueHTpauuu HA-26

6
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C mnoMOILIpI0 TOCTPOSHHON KalMOpOBOYHOW KpUBOH (pUCYHOK 1)
onpenenwin KoHueHTpauio HA-26, cocoOHyro Ha 50% CHMXXATh ONTHYECKYIO
wiotHocth 100 pM  pactBopa @I -pagukana. [Jns HA-26 1Cso(DPPH)
oKazayach paBHOM 38,4 uM.

Tabnuua 3 — 3HadeHus ontudeckoit miotHocty pactBopa 100 pM DI -
panukana nocne 10-mMuHyTHOU MHKyOarmmu c BemectBoM HC-84 B (GuHAIBHBIX
KOHIIEHTpaLUsIX B peakuronHou cmecu 50, 25, 20, 15, 10, 5 u 2,5 uM

No @uHanpHas koHeHTpaus HC-84 B
” OnTuyeckast INIOTHOCTb
peaxLMOHHOM cMecH, pM

1. 50 0.048
2. 25 0.294
3. 20 0.413
4. 15 0.562
5. 10 0.698
6. > 0.848
7. &) 0.929

Kontpons (pacteop APII 6e3 1.038

UCIBITYEMOro obpasna) ]

60

y=42.504x2- 93.189x + 52.426

50 4 R%=0.9848

AN
NN

\ ;
20

\

10 ¢

0 0.2 0.4 0.6 0.8 1 :

PucyHok 2 — 3aBUCHMOCTH ONITUYECKOU IIOTHOCTU pacTtBopa J DI -panukana ot
koHueHTpauu HC-84

C nDoMmoLIpl0 MOCTPOEHHOM KalMOpPOBOYHOW KpUBOH (PHUCYHOK 2)
onpenenunu kKoHneHtpauuo HC-84, cnocobHyro Ha 50% CHUXATh ONTHYECKYIO
wiotHocts 100 pM pactBopa @I -papukana. [na HC-84 ICso(DPPH)
OKasayach paBHOH 15,5 pM.
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Tabnuua 4 — 3HayeHus onTU4eckoil mIoTHOCTH pactBopa 100 pM JIDIII -
pagukana nocie 10-MuHyTHOM HMHKyOaruu c BemectBoM HC-86 B ¢uHaIBHBIX
KOHIIEHTpalMsIX B peakliMoHHoM cmecu 50, 25, 20, 15, 10, 5 u 2,5 uM

Ne | Gunanpnas xoHueHTpamnus HC-86 B
5 Onrtrueckas IUIOTHOCTb
peaKkIMoHHON cMecH, UM
L. 50 0.315
2. 25 S 19
3. 20 0.644
4. 15 0.708
3 10 0.758
6. 9 0.817
£ gl 0.858
Kontpouns (pactsop JAPIIT Ge3
1.038
HCIBITYyeMOro obpasua)
60

50

\ y = 160.53%3- 262.09x2 + 43.948x + 57.031
40 R2 = 0.9978
30 \I

Es

20
10
¢ f i “--——~a‘
0 0.2 04 0.6 0.8 i1 1.2
-10

Pucynox 3 — 3aBUCHMOCTB ONITHYECKO# IIOTHOCTH pacTBopa DIl -paaukana ot
xoHueHTpanuu HC-86

C [oOMOIIBIO IIOCTPOEHHOM KanuOpOBOYHOM KpHBOH (pUCYHOK 3)
ompezennan KoHuenTpauuo HC-86, crocoGHyo Ha 50% CHUKATh ONTHYIECKYIO
miotHocte 100 uM  pacrBopa JA®II-pamukama. Jmst HC-86 ICso(DPPH)
okasayiach paBHoii 31,7 uM.

B xadectBe CTaHAapTHOI'O BCIICCTBA C AHTHOKCHIAHTHBEIM JIENCTBUEM
HCIIOJIB30BaIN aCKOp6HHOBy10 KHCIIOTY, IJIA KOTOpOﬁ MBI U3YYUIIH CIIOCOOHOCTE B
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pa3nuuHbIX KOHIEeHTpauusx (ot 2,5 mo 50 pM) B3aumoperictBoBarh ¢ JIDIII -
pPaiNKaJIOM.

Tabnuua 5 — 3HaueHust onTUYecKkoi MIoTHOCTU pacTBopa 100 uM JI®IIT -
panukana mnocie 10-MuHYyTHOH UHKyOaluu C acKOpOMHOBOW KHCJIOTOW B
(UHaNTBHBIX KOHIEHTpAIUIX B peakiuoHHou cmecu 50, 25, 20, 15, 10, 5 u 2,5 uM

No DuHanpHAS] KOHIEHTPALIHS

acKOpOMHOBOM KHUCIIOTHI B OnTuueckas INIOTHOCTh

peaKLIMOHHOU cMecH, uM
8. 50 0.029
g, 25 0.418
10. 20 0.51
11. 15 0.635
12, 10 0.694
13. 3 0.791
14. 2,5 0.865

KonTpons (pactop APIIT Ge3
1.028
HCIBITyeMOro obpasia)

60

\ y = 33.99%%- 30.898x2- 54.638x+ 51.519
40 \ R2=0.997

20

10

0.2 0.4 0.6 0.8 1 1.2

-10

PucyHoxk 4 — 3aBucuMocTh ontudeckoi motHoctu pactBopa @I -pagukana ot
KOHIIEHTPAllUU aCKOPOMHOBOM KHUCIIOTHI

C nomolpI0 IOCTPOEHHOH KamHOpOBOYHOW KpHWBOW (PHCYHOK 4)
OIIPENENWIN KOHLEHTPALMIO acKOpOMHOBOM KHUCIOTHI, crocoOHyro Ha 50%
CHI)KAaTh ONTHYECKyI0 IUIOTHOCTE 100 pM pactBopa @I -pamukana. s
ackopbuHoBoii kucnots! ICso(DPPH) okazanacek paBHoit 19,9 uM.
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3akiiloueHue.

Ouennnu aHTHpaguKalbHOE JeHCTBHE TIpE/ICTaBIEHHBIX OOpasloB B
orHomennr JI@II-pagukana. HaubGonee BbIpaX€HHYIO aHTHPaIUKAIBHYIO
AKTUBHOCTH B YCJIOBHMSX J@aHHOW TECT-CHCTEMBI, MposiBMIM obpa3nsl HA-26, HC-
84 m HC-86, nns xoTophIX OBLTa ompejeneHa KOHIEHTpamus, criocobHas Ha 50%
CHIDKATh ONTHYECKYIO IIOTHOCTH 100 pM pactBopa APII -pagukana. s HA-26
ICso(DPPH) oxa3zanace paBnoit 38,4 puM. Jlns HC-84 ICs(DPPH) oxazanachk
pasHoiu 15,5 uM. I HC-86 1Cso(DPPH) oka3zanace paBHoit 31,7 uM.

Ilo nmomydennsiM Hamu paHHbBIM [Cso(DPPH) (uM) mnst pedepenHTHOrO
o0Opasiia, B JaHHOM Clly4ae A acKOpOWHOBOM KHCIIOTHI OKa3anach paBHOM 19,9
uM. AkruBHOCTh oOpasia HC-84, mns xoroporo ICso(DPPH) okasanack paBHOI
15,5 uM, He yctynaet pedepeHTHOMY 00pa3ily aCKOpOHHOBOM KUCIIOTE.

Ilo nureparypueiM naHHbIM [Plattner S. et al. Studying the reducing
potencies of antioxidants with the electrochemistry inherently present in
electrospray ionization-mass spectrometry // Anal Bioanal Chem. — 2014. — 406
(1). = P. 213-224] ICso(DPPH) (uM) mis acKOpOHHOBOM KHCIOTHI — 27, IUIs
riIyTaTHoHa — 49, 1 ruIpoXuHOHA — 27, A7 Tposiokca — 28, s a-Tokodeposa —
28, nis xBepueruHa — 8. TakuMm oOpa3oM, akTUBHOCTH 00pasinoB HA-26, HC-84 u
HC-86 conocraBrMa ¢ akTHBHOCTBIO U3BECTHBIX aHTHOKCHIAHTOB.

HUcnoanurenu:
3aBenyrolui 1aboparopueii TOKCHKOJIOTHH H

(apMakoIOruy, K.M.H. %ﬁ% 344, 7% 1llynsray 3.T.
OAINICH, faTa

10
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MapkupoBKa (Ha3BaHHE) 00pa30R:

YT1Bepikaai

bIif EHTP OHOTEXHOJIOIHE»,
I.B.H., Ipopeccop
K. MykaHnos
2019 r.

OOBEKTaMU HCCIICIOBAHMS CITY)KIIH 4 06pa3u013 BEIIECTB HA HATMYHME aHTHPaIUKaIbHOH
AKTHBHOCTH B OTHOIICHHY paaukaia qudenmmmukpunraapasuna (JPI -paguxan, DPPH).

Ne
nn

Bnayrpennni
mudgp

CrtpykrypHasi GopMy.Jia H
HA3BAHHA BemecTB

1

OXK-1

H/

,,,,,I
C¢Hs

3»((4.\',5.\)-3.4-d1methyl-5-phcnyloxaznlAd1n-ny})-qH-chromen—mone
Chemical Formula: Cygld ¢(NO4
Molecular Weight: 321,37

3-((4S,58)-3,4-1uMeTHI-5-h e HHIIOK CA3 0 IH/AHH-2-
ni1)-4H-xpomen-4- 0H, 10 mr

i
\Qi‘ﬁ— jj"'c Hs

3-((48,5S)-3,4-dimethyl-5-phenyloxazolidin-2-yl)-6-methy-4//-chromen-4-one
Chemical Formula: C,1Hy NO;
Molecular Weight: 335,40

6-Mermn-3-((4S,58)-3,4-nameTnn-5-
dennaokcasonnaun-2-mi)-4H-xpomen-4-0n, 33 mr

OXK-3

CH3

H/
e gHy

6-bromo-3-((45,55)-3,4- dlmethyl 5-phenyloxazolidin-2-yl)-4H-chromen-4-one
Chemical Formula: C5oH gBrNO;
Molecular Weight: 400.27

6-bpom-3-((4S,595)-3,4-numerni-S-
dennmnoxcazoanaun-2-ua)-4H-xpomen-4-on, 18 mr

OXK-4

O 7
CH=N——CH2@
| N
0

3-(((pyridin-2-ylmethyl)imino)methyl)-4 /-chromen-4-one
Chemical Formula: Cy4111,N,0,
Molecular Weight: 264.28
3-(((Mapuaun-2-uamerna)amuno)verni)-4H-
xpomen-4-o0H, 32 Mmr
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3axayn vccIe0BAHMA:

i OueHUTh aHTHpAJUKAIBHOEC [JCHCTBHE IPEACTABICHHBIX 00pasoB B
OTHOIICHHH panukana 2,2-mudeHmi-1-mukpmwiraapasmia (2,2-diphenyl-1-
picrylhydrazyl) (DPPH').

MarepuaJibl B METOABI

AHTHpaJHKaIbHOE [EHCTBHE IPEeACTaBICHHBIX 00pa3loB HCCIEIOBATH B OTHOIIECHHHU
pamukana 2,2-nudenun-1-nukpunruapaswia (DPPH') [Brand-Williams W., Cuvelier M.E.,
Berset C. (1995) Lebensm Wiss Technol 28: 25-30].

HecnenoBanne aHTHPaIHKAILHON AKTHBHOCTH

JIns OLIEHKH aHTHpaJUKalIbHOH aKTHBHOCTH HCCIIeNyeMbIX o0pa3noB B Tecte ¢ JIDII-
paIMKaloM WCIONB30BaNX 3TaHOoJOBEIA pactBop JDIIT (100 uM). s oropa BemecTs ¢
BBIPAKEHHOM aHTHPaIUKaIHOH aKTHBHOCTBIO cMenmBaiy 2 My 100 uM sTanonoBoro pactsopa
JA®III ¢ 20 mxi uccneqyeMoro o0beKTa, paCTBOPEHHOIO B 3TaHOIE B KOHIEHTpaIuH 5 MM.
Taxkum o0pazoM, (puHATbHAs KOHIIEHTPAIMS HCIBITYEMOTO BEMIECTBA B PEAKIHOHHOM CMECH
cocraBuna 50 uM. Yepes 10 MUHYT nocie 7006aBIEHHS PAaCTBOPA UCIEITYEMOTO COSIUHEHHS K
pactropy J®III-pagukana u3mepseM CHHXKEHHME ONTHYECKOH MmIoTHOCTH mipw 515 mmM. Jlns
BEINECTB, CIOCOOHBIX CHMXaTh ONTHYECKYIO IUIOTHOCTH Oonee wem Ha 50%, nnmaHupyercs
IpOBOJUTE TecT Ha B3aumojedctBue ¢ JIOIII-pagukasom B (UHATBHBIX KOHIEHTPALUIX
uccnenyeMelx BemecTB 50, 25, 20, 15, 10, 5 u 2,5 puM. Ilocne dero OyzmeT BO3MOXKHO
olpejielieHAe KOHIIEHTpAallMd HCIBITYEMOro BemiectBa, crnocoOHoro Ha 50% cHIKarh
onTHyecKyro 0THOCTh — ICso(DPPH).

PesvabrarThl ucciienoBaHui
Tabmuna 1 — 3navenus ontuyeckoi mioTHocTH pacTBopa 100 pM @I -panuxana nocne 10-

Ne Iudp coennnenus ‘ Onrtuyeckas JIOTHOCTD
1 0XK-1 i 0,983
2 0XK-2 | 0,978
3. 0XK-3 0,997
4. 0XK-4 | 0,991
L KonTposs (pacteop JPIIT 6e3 ‘

1,004

HCIBITYEMOT0 00pa3ia)

W3 tabmuner 1 MBI BHAMM, YTO HHM OLHO M3 MCCIENOBAHHBIX COEOUHEHHIN HE CHIHXKAeT
OTITHYECKYIO IUIOTHOCTH Hcxomuoro pactBopa @I -pagukana, 9TO CBHASTEIBCTBYET 00
OTCYTCTBHH Y H3yJaeMBIX COSIHHCHUI aHTUPaIUKAIbHOM aKTHBHOCTH B YCIIOBHSX AHHOU TECT-
CHCTEMBI.

3akmouenne.

OneHuny aHTHpaTUKATBHOE NEHCTBHE MIPeICTaBIeHHBIX 00pasioB B oTHOoeHnH (DI -
pamukata. Hccnenyemsle coemumenms (OX-1, OX-2, OX-3, OX-4) me mnpossuia
aHTHPAIUKAIbHON aKTHBHOCTH B YCIOBHSX JaHHOM TECT-CHCTEMBI.

Hcnonnnrenn: /}Z/ .
M..c. / ;7{\ a4 /4 Xaputonora M.A.
i MOIMHUCH, JaTa
3aB. nabopaTopue, K.M.H. [/{ , ' & Ilyneray 3.T.
HOAJMCE, naTa





image72.jpeg
— «YTBepKAAIO»
M % ren. gupexropa PT'Tl na IIXB
dlaunongﬁbnbm HeHTP GHOTEXHOJIOTHI

KH MOH PK, 1.8.H., mpodeccop

% 4 K.K. MykaHoB

AKT
HCNIBITAHNI HA AaHTHMHKPOOHYI0 AKTHBHOCTb

O0beKThI HCCIe10BAHUS:

1. OXK-1 3-((4S,5S)-3.4-numeTni-5-pennnokcasoauann-2-uin)-4H-xpomen-4-ox;

2. 0X-2 6-metmi-3-((48,5S)-3,4- mumetii-5-heHu10Kca3onuAnH-2-mi)-4 H-
XpOMEH-4-0H;

3. OXK-3 6-6pom-3-((4S,5S)-3,4-mumeTr1-5-heHnokcasonuans-2-um)-4 H-
XpOMEeH-4-0H;

4. O¥K-4 3-((mupuanuH-2-Wi-MeTHI1)UMIHO )Me T )-4H-xpomeH-4-0H.

3ajaava Mcciae0BaHus
OueHuTh aHTUMUKPOOHYIO aKTHBHOCTH 06pasnos OXK-1, OX-2, OXK-3, OXK-4 B

OTHOLIEHMM K IITAMMaM [PaMIIOIOKUTEIbHBIX OakTepuit Staphylococcus aureus,
Bacillus subtilis, x TpaMoTpuLaTeabHOMY WTaMMy Escherichia coli 1 K JpOjGKEBOMY
rpubky Candida albicans meronom nuddysuu B arap (nyHok) [Haeawun, C.M.
Payuonanvnas anmubuomuxomepanus / C.M. Hasawun, H.II. @omuna // Cnpasounux.—
M.: Meouyuna.- 1982.— 496 c.].

Marepuaabl H MeTOAbI

M3yyeHne aHTUMUKPOOHON aKTUBHOCTH BBIIIE YKA3aHHBIX 00PA3IOB MPOBOAMIOCH
10 OTHOIIEGHMIO K IITaMMaM TIPaMIIOJIOKHTEIbHBIX Oaktepuii Staphylococcus aureus,
Bacillus subtilis, x rpamMoTpunarensHoMy wrammy Escherichia coli m X IpoioKeBoMY
rpubky Candida albicans meronoM auddys3uu B arap (1yHok). [Ipenapats! cpaBHeHUS —
JMHKOMHLMHA THAPOXJIOPHI IS OGaKTepuil M HUCTaTHH A JApoxokeBoro rpubka C.
albicans.

KynpTypsl BelpanmBaiu Ha xuakoit cpexe pH 7,3 + 0,2 npu temneparype ot 30 10
35°C B Teuenme 18-20 wacos. Kynsrypsl passoanau 1:1000 B crepuinsiom 0,9%-HoM
pacTBOpe HATpHs XJIOpHIAa M30TOHHYECKOM, BHOCHIM MHO 1 M1 B 4YamKu ¢
COOTBETCTBYIOIIMMY 3JICKTHBHBIMH, IHTATENbHBIMU CPelaMH [UIS K3y4YaeMbIX TeCT-
IITAMMOB M 3aceBalMl [0 METOAY «CIUIOIIHOTrO ra3oHa». Ilocie MOACYIIMBaHHS Ha
MOBEPXHOCTU arapa (QOpMHPOBAIM JYHKH pasMepoM 6,0 MM, B KOTOpBIE BHOCHJIH
pacTBop HccaeayeMoro obpasua, JMHKOMHIMHA THAPOXJIOPU, HUCTaTHHA. B KoHTpose
HCTIONB30BATM STHIOBBIA CIHPT B SKBHOOBEMHBIX KOJMYecTBaX. Takum oOpasom,
UccielyeMblii 00pasell MCIBITBIBAICS B KOMMYECTBE | MKI, a IpemapaT CpaBHEHHs B
xommuectBe 1 wr. TloceBsl mmky6mpoBanm mpu 37°C, yuer pacTymmx KyJsTyp
MPOBOIMIM 4epe3 24 yaca. AHTHMUKPOOHas aKTHBHOCTH OOpa3IlOB OllEHMBANach II0
JMaMeTpy 30H 3aepXKKH pocTa TeCT-IuTaMMOB (MM). J[MameTp 30H 3aJepXKH pocTa
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Mmenpmie 10 MM ¥ CIUIOIIHOM pOCT B 4YallKe OIEHMBAIM KaK OTCYTCTBHC
aHTHOaKTepHaNbHOM akTMBHOCTH, 10-15 MM — cr1abast akTHBHOCTH, 15-20 MM — yMepeHHO
BBIP@XKEHHAs aKTHBHOCTB, cBbIlIe 20 MM — BeIpaskeHHas. Kax b1t oO6pasell NCIibIThIBATICS
B Tpex NapaulelbHbIX OmbITaX. CTaTHCTHYECKy:0 00pabOTKy MpOBOAMIN METOAAMH
MapaMeTPUYECKON CTaTUCTMKM C  BBIYMCICHMEM CpelHeil apupmeTwueckoil u
CTaHIaPTHOM OIIMOKH.

Pe3yJibTaThl HCCJIe0BAHHAAHTUMUKPOGHOM akTBHOCTH 06pasnos OXK- 1, OXK-
2, OK-3, O%K-4 npusenens! B Tadauue 1.

Tabmuua 1- AHTUMHKpOGHas akTUBHOCTH 0Opasios OXK- 1, 0XK-2, OXK-3, OXK-4

Ne HaunmenoBanue S. aureus Bac. E. coli c.
T BELIECTBA subtilis albicans
1 OXK-1 16,0+ 0,1 16,0 +0,1 17,0 £0,1 14+0,2

2 0OXK-2 17,0+ 0,1 18,0 £0,2 17,0 £0,1 -
3 0XK-3 - 14,0 +£0,2 14,0+0,2 -
4 0XK-4 16,0+ 0,2 16,0+0,1 18,0+ 0,2 -
JIuHKOMUIIHA 26+0,1 24+0,1 23202 -
THAPOXJIOPH
Hucrarun - - - 21402

[Ipumeyanue - *- nocroBepHocTb pasnuuuii p<0,05 1o cpaBHEHMIO C IPYIION CPaBHEHUs

3akarouenne. YCTaHOBIIEHO, YTO CPeaHM MpeICTaBIeHHbIX oOpasio OXK-1, OXK-2,
OX-4 nposBIFIOT YMEPEHHO-BBIPAKEHHYIO aHTUOAKTEPHATbHYIO AaKTUBHOCTh B
OTHOIIECHHU TPAMIOJIOKUTENBHBIX TECT-ITaMMOB Staphylococcus aureus, Bacillus
subtilis u rpaMoTpHuLaTenbHOro mramma Escherichia coli. Obpasen; OX-3 npospiser
cnabyl0 aHTUMUKpOOHYI0 axkTuBHOCTh. Cnabyi0 aHTHIPUOKOBYIO aKTUBHOCTB B
OTHOLIECHUHU AposoKeBoro rpubka Candida albicans nposBiser o6pasern OXK-1.

Hcnonnurenn:
3asenyromas 1abopaToprel TOKCUKOIOTHH
u bapMaKoIoruy,

KaHIu/JaT MEAUIMHCKUX HayK W 3.T. llynsray
10819

i
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«YTBEPXJIAIO»

TpopekTop no crpateruueckomy passutuio,
' HayKe U MeKIyHapoIHOMy COTPYIAHHYECTBY
Kaparg}mmg:xoro roCy/IapCTBEHHOTO
Mennumicl_‘coi'q HUBEPCHUTETA, JI.M.H.

¢ ~ TypmyxamGeroBa A.A.
5 2018 .

-

AKT - st 7
PE3yNIETATOB BBINOIHEHHBIX PaboT B y4eGHOI MHKPOGHONOrHYeCKOM J1aGopaTopHH 110
HCIEITAHHIO Ha aHTHOAKTEPHATBHYIO, IPOTHBOIPHOKOBYIO aKTHBHOCTH Ha Gase Kagepsl
Mukpobuonorun KIMY.

Merton_Ttectuposanus TNIPOTHBOGAKTEPHANLHOM M NPOTHBOrPHOKOBOH AKTHBHOCTH —
METOX A dy3nu B arap ¢ TecT-KyabTypamu: S. aureus; Bacillus subtilis; E. Coli; Ps.aerugiosa
ATCC 9027; Candida ablicans.

Cranzaprom POTHBOOAKTepHANTBHO aKTHBHOCTH BBIOpaH aHTHOHOTHK
GeH3W/INEHUIM/UIAHA HATPUEBas COMb, TEHTAMHIMH 1 1e(anoCIOpHHOBEIH  aHTHOHOTHK
TPETHETrO NOKOJICHHS - e TPHAKCOH, IPOTHBOTPHOKOBOH aKTHBHOCTH — HUCTATHH.

Konuentpaumnn  Tectupyemex mpemapatos  cocrasisum Ul aHTHOAKTepHAbHOMH
AKTHBHOCTH — | MKT, IpOTHBOrpHGKOBO#H — | MKT. Konuenrpanus npenaparos cpapuenus
cocTapisana 1 Mr. AHTHMHKDOGHYIO AKTHBHOCTh OGPA3LOB ONEHHBATH MO JIMaMeTpy 30H
3a/ICPKKH POCTa TECT-ITAMMOB (MM). JlHaMeTpbI 30H MeHbIre 10 MM M CITOIIHOM POCT B 4amike
OUCHHBAIH KaK OTCYTCTBHE aHTUMHKPOGHO# akTuBHOCTH, 10-15 MM - c1abas aKTHBHOCTb, 15-20
MM - YMEPCHHO BbIpaKCHHAs aKTHBHOCTB, CBHIE 20 MM - BhIpakeHHas. Kamsrit obpaser
HCTIBITBIBAIH B TPEX NMapalie/IbHBIX ONBITAX.

Cratuctuyeckyio 06paGoTKy MpPOBOAHIH METOMaMH NIapaMETPHYECKOH CTATHCTHKH C
BBIMACIICHHEM CPE/IHEii apu(MeTHIECKOH i CTAHIAPTHON OMHGKH.

Hamu Gbuto nmpoussezneno uccrenopanue TIPOTHBOMHKPOOHOH aKTHBHOCTH CJI€/lyFONIHX
HOBBIX OPraHHYeCKHX BELIECTB: E)—l,3-6nc(2-rmpoxcn¢)exmn)-npon-2-eH-]-on (AHH-4), (E)-
1-(2-ruapoxcudennn)-3-(4-runpokcudenm)-npon-2-en-1-on (HA-25),  (E)-3-(3Tokcu-4-
ruapokcHbenn)-1-(2-ruapokcndennmnpon-2-en-1-on (HA-26), 4-(5-(4-metokcudennn)-4,5-
auruapo-1H-nupazon-3-uin)6enson-1,3-mmon (HA-13),  2-(4-rumpokcudennn)pnapon-4-on
(HA-33), 2,2'-(4,5-nnruz1po-1H-nnpazcn-3,5-nnuu)¢eHon (HA-39), 2-(2-
ruapokcudenn)dnason-4-on (HA-40).

Passenenne npousBoumM U3 pacyera IMr BemecTea Ha 1m pactBopuTess. Onpenensiu
UYBCTBHTENILHOCTS GakTepuil K JaHHBIM mpenapataM AudQy3HOHHEIM METOZOM C MOMOIIBIO
nuckoB. Menonbsosanu Gaxrepuu: S. aureus, Bacillus subtilis; E. Coli: Ps.aerugiosa, Candida
albicans.

BricenBanu jaHHbie KyJIbTypbl METOOM ra3oHa Ha CIEAYIOLIHX MHTATENbHBIX cpenax:
JKCA, cpesa D0, nuTaTebHEIA arap u cpexa Cabypo. 3arem uauiku [TeTpu HHKyGHpOBaTH B
Tedenne cytok mpu 37*C, mia rpu6os 28*C. PesysnbTaThl BEIABIEHHOM 3aIepXKKH pocTa Ha
cpeJiax 1oka3aHel B Tabnune 1.

Pesynbrate u o6cysxaeHus:

Tabnuua 1 - ArTHMEKpOGHAS M MPOTHBOrPHGKOBAS AKTHBHOCT 06pa3ioB. JlnameTps
3a/IEPXKKH POCTA TECT-UITAMMOB.
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Ps.aerugios

B.subtilis .| aATCC 5
Ne Hccnenyemble BemecTBa S.aureus 6633 E.coli 0027 C.albicans

(E)-1,3-6uc(2-ruapoxciudenun)-
npon-2-eH-1-on (AHU-4)
(E)-1-(2-runpoxcudenmn)-3-(4-
2 | rugpoxcuenmn)-npon-2-ea-1-on | 19410 | 11£1,0 [11£1,0) 10£1,0 10+1,0
(HA-25)
(E)-3-(aTOoKCH-4-rHAPOKCH(pEHHIT)-
3 |1-(2-runpoxcudenun)npon-2-en-1-| 18+1.0 | 14+1,0 [12+1,0| 11x1,0 11+1,0

on (HA-26) 3
4-(5-(4-metoxcudenun)-4,5-
4 |maruppo-1H-nupason-3-un)6enson-| 14+1,0 | 11£1,0 [10£1,0] 10+1,0 15+1,0

1,3-muon (HA-13)
2-(4-ruppokcudenn)bnaBoH-4-0H

20+1.0 [ 18+1,0 [10£1,0{f 10£1,0 11£1,0

+ + + +
5 (HA-33) 14£1,0 | 13£1,0 |13+1,0{ 11%1,0 12+1,0
2,2 -(4,5-gurunpo-1H-nupaszon-3,5-
+ + + * 2+
6 smi)ibean (HA-39) 14£1,0 | 13+1,0 |13+1,0f 11%1,0 12£1,0
2-(2-runpoxcudernn)baaBoH-4-0H
+ + +
7 (HA-40) 18£1.0 | 11£1,0 |10£1,0/ 10+1,0 11£1,0
Crupr 3THIIOBSIH 96% 9+1,0 9+1,0 | 9+1,0 9+1,0 9+1,0
BeH3WINeHHIMUTHHA —HaTpHeBas 1541,0 ) 16£1,0] 12¢1,0 ]
coib
TenTaMunue 2241,0 | 30+1,0 |31+1,0] 30+1,0 -
Lle¢rpraxcon 30+1,0 [ 30+1,0 |29+1,0( 22+1,0 -
Hucratun - - - - 25+1,0
3akmouende. B pesynabraTe HCCIENOBAHHSA YCTAHOBIEHO, YTO INPAKTHYECKH BCE
HCCIISIOBAHHBIE BEIIECTBA, IIOKA3EIBAIOT cnaby® aHTHOAKTEepPHATIBHYIO aKTHBHOCT.
HcKkmodenne coCTaBIAeT KyabTypa APOXOKEBbIX IPUOKOB S. aureus, mnsa coenunenuit (E)-1,3-
6uc(2-ruapokcHbeHm)-npon-2-eH-1-01 (AHH-4), (E)-1-(2-ruapoxcudennn)-3-(4-
THAPOKCH(EHILT)-TIpon-2-eH-1-0H (HA-25), (E)-3-(atokcn-4-runpoxcudennn)-1-(2-
ruapokcraderu)npon-2-eH-1-01 -26), 2-(2-ruppoxcudennn)duason (HA-40) koroprie

0671a1al0T yMEPEeHHO-BEIPAKECHHEIM JICHCTBHEM.

HcnomauTens: N TTETTT
1.0.3aB. kadeapoit wmnnqecrcoi«i HMMyHOJIOI’Pm
aJIeproNIOTHH | MHK%OGKOHOHHH K.M.H.

Axwmerosa C.B.

PATAHLMHCKIA
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KA3AKCTAH PECMYBIUKACDI

REPUBLIC OF KAZAKHSTAN

MATEHT
PATENT

Ne 34267

OHEPTABBICKA / HA H3OFPETEHHE / FOR INVENTION

(21) 2018/0811.1
(22) 01.11.2018

Kasakeran PecryGmrkacsl ©OHeprabblcTaphl MeMIEKeTTiK Ti3imMiHIe
Tipkey KyHi / JlaTa pernerpanim B TocyZiapeTBEHHOM peecTpe

=) uz00perennii Pecrryomku Kasaxcran / Date of the registration in the State [
< Register of Inventions of the Republic of Kazakhstan: 07.04.2020 >->
& 9,
= ¢

‘/) (54) AHTHOKCHAAHTTHI (aHTHPAZMKAIBI) KACHETKE He 3-(2,4-murunpokcHdenmn)- 5(4-merokcndeHn)-N-peHnn-4,5- ‘\:
« puragpoxcr-1H-mmpason-1xkap6oTHoaMHug "”A,,
‘T) 3-(2 A-guruppoxcudeHun)-5-(4-metokcnd eHum)-N-denwn-4,5-gurunpokcn- 1H-nupazo-1 kapGoTHoaMHz, (‘\\4
“.  olnapaomuii aHTHOKCHAQHTHBIM (aHTHPAIHKANILHEIM) JeHCTBHEM IR
\; | 3-(24-dihydroxyphenyl)-5-(4-methoxyphenyl)-N-phenyl-4,5-dihydroxy-1H-pyrazol-1carbothioamide with antioxidant
Lf (antiradical) effect >‘
- 'S
Z) (73) Hypxenor Opanrassl Axtacend (KZ); Hopace Mapar Kupumbacemu (KZ) 'ﬁ

* Nurkenov Oralgazy Aktayevich (KZ); Ibrayev Marat Kirimbayevich (KZ) e

=
(72) HypkeHoB Opanrasel Aktacerd (KZ) Nurkenov Oralgazy Aktayevich (KZ) ,‘)‘
H6pace Mapar Kupumbacemu (KZ) Ibrayev Marat Kirimbayevich (KZ) € :’
TakuGaera AnThiHapait TemupGekorHa (KZ) Takibayeva Altynarai Temirbekovna (KZ) ‘}a
IlTyneray 3apuHa TokTameicoBHa (KZ) Shulgau Zarina Toktamysovna (KZ) .
HcaGacea MepyepT BepaemerHa (KZ) Issabayeva Meruyert Berdeshevna (KZ) N
=
<
« )
) &
Dol
=)
OLIK Kol KoibLIB! E. Kyanmipos &
TTomrmicano DLITT E. KyaHTeipoB 3*
‘ Signed by EDS Y. Kuantyrov (=
7 ~
\ «¥NTTBIK 3HATKEPIK MEHIIK HHCTHTY TbD» PMK ZpexTopbl /£ =y
& Jupexrop PITI «HalpoHaIbHbIE HHCTHTY T HHTEILIEKTY ATbHOM COGCTBEHHOCTH (i;z
\ !\ Director of the «National Institute of Intellectual Property» RSE /{(3‘?/
1 A &
L
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KP SM «¥IITTHIK SHTKEDITIK MEHILIK HHCTHTYTBD PMK
PITI «HALHOHAEHEI HHCTHIYT

HHTEIUIEKTy B HOM COCTBeHHOCTID MIO PK

National Institute of Intellectual Property,

Ministry of Justice of the Republic of Kazakhstan

Hyp- Cynran Karackl, KOPFaBIH Tac oMkl, 3B FHMapaTs!
ropox Hyp-Cynran, mocce Kopraimksm, 3iasme 35
Nur-Sulfan, Korgalzhyn highway, 3B Building

Tenedon / Telephone number: +7 (7172) 62-15-15

E-mail: kazpatent@kazpatent.kz
hitp:// www.kazpatent.kz

TIaTeHTTi KYIIi HAle YCTay aKbIChI YaKbITBITBI TOJIEHTEH XaFakia,
mateHTTiH Ky KasakcTan PecryGimHKa cbIHBIH GYKIT ayMaFbIHAa KOIAHbIT L
JleHCTRHe TIATEHTA PaCTIPOCTPAHSIETCS! Ha ECHO TepPHTOPHIO PecrTyiTHiH KasaxcTaH NpH Y CTIOBHH CBOEBPEMEHHOH OIUTAThI TO/UIep:KAHHS
TIaTeHTa B CHITE.
Subject to timely payment for the maintenance of the patent in force
the effect of the patent extends to the entire territory of the Republic of Kazakhstan.

«¥3MH» PMK Be6 - mopraybiga Kasakcran Pecry iIHKack! OHepTaGhICTaPbI MEMITERETTIK
Tisinimi Gentininie oHEpTAGLIC MaTEHTiHe TOTBIK CHIIATTAMACH KALKETIMAL.
TIQTHOE OITHCAHHE HIOGPETEHILT K IATEHTY
ROCTYIHO Ha BeG-noprate PTTI HIHC» B pasaere «TOCYAAPCTBEHHEIE PeeCTpbI
H300peT eHHi PecrryOimicn Kasaxcraty.
Full description of the patent is available on the NIIP web portal in the State Register of Inventions
of the Republic of Kazakhstan section.
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Jlara mocTy e Hnst (85) Mata mepeBozna Me:KAyHapORHOH (21) PerncrpanioHHbIi Ne (22) Hara nogaun

16.09.2020 3aBKH Ha HAIMOHATBHYIO dasy 2020/0634.1 16.09.2020
|
(86) perHCTPALHOHHBII HOMED MEXKAYHAPONHOMN 3aABKH H 1T MEXKIYHAPOTHOMN MONatH, YCTAHORIEHHBIE MONYUAI UM BENOMCTROM
|
(87) HOMeEp H JaTa MEKIYHAPOMHOH MyGIHKAIHH MEKIYHAPOXHOH 3asBKH
m|
(96) HOMep €BPA3HICKOMN 3AABKH H JaTa MOZIatH 3aABKH, YCTAHOBIEHHBIC TONYHAIOIHM BEIOMCTBOM
m]
(97) HOMep H faTa MyGHKAIHH ¢BPasHIACKOH 3aIBKH
3ASBJIEHUE
0 BbLIAY¢ MMAaTCHTA
Pecnyﬁ.m/ml/l Kasaxcran Ha I/ISOﬁpeTeHI/Ie
TIpemocTaBinsis yKasaHHbIE HIDKE JOKYMEHTHI, NPONTY (TIPOCHM) BEIATH TATEHT Ko ctpanst
Pecry6mmkn KazaxcTan Ha m300peTeHne Ha MM 3asBUTeNs(eil) "};’ gaagnsal*fgy
(71) Baspurens(m): (€CITH OH YCTAHOBJIEH)
1. WEBEPAEB MAPAT KUPUMEAEBUY (M:[/IKPOPAIZOH T'VIIBHEP-1, nom 1/4,
k8.1, KAPATAHAVMHCKAS KAPATAHJTA , MOGESX2) KZ
2. HYPKEHOB OPAJITA3EI AKTAEBUY (ITPOCIIEKT PecryGmuku 18, 563, KZ
KAPATAHIUHCKAS KAPATAHIA nvenn KaswiGex Br, 100000)
(yKa3bIBACTCA TOIHOE HMS HITH HAHMEHOBAHHE H MECTOXKHTENILCTRO HITH MECTOHAXOXICHHE.
JIaHHbIE 0 MECTOKHTENILCTBE aBTOPOB-3asBHTEICH PHBOAATCS B rpade, pagoMm c rpadoit ¢ koo (72)

3arnonHIeTcs TONBKO IIPH HCTIPAIIMBaHII MPHOPHTETA IO JaTe, Oomee paHHeH, ueM Jara Mofaun 3aseku B PI'T] « HaipoHambHEIE HHCTHTYT
HHTEIIEKTYaTbHOH COGCTBEHHOCTI

TIporiy (T[POCHM) YCTAHOBHTH IIPHOPHTET H300PESTEHIL TI0 JlaTe:
[ momaum mepBoi(bIx) 3a9BKA(0K) B TOCYNapcTBe-yYacTHHKE [TapHKcKoil KOHBEHIH (ITyHKTOM 2 cTaThi 20 3aKoHa)

[ monaun Gonee panmel sasekn B PIT] « HanmoHANBHEIT HHCTUTYT MHTEIUIEKTYAIBHOH COBCTBEHHOCTH» B COOTBETCTBHHU C TIYHKTOM 4
cTarbi 20 3akoHa

[ nomaun nepBoHauambHOH 3agBKH B PT'TT « HallMOHATBHBII HHCTUTYT HHTEIIIEKTYATbHON COGCTBEHHOCTH» B COOTBETCTBHH ¢ ITYHKTOM 5
cTarpk 20 3akoHa

TIPHOPHTETA NMEPBOHAYATHHOF 3adBKH (TIYHKTOM 5 cTaThi 20 3aKoHa)

(HOMep 3asBKH , aTa TTOTadH )

[ moCTYIIIeHNS IOTIOMHATENBHBIX MAaTEPHATIOB K GONee PaHHel 3adBKe (IlyHKTOM 3 crathu 20 3aKoHa)

(31) Ne mepBofi, Gomee paHHeH, (32) JlaTa HCTIPaIlHBAaeMOTO (33) Kon crpans! mogauu mo ST.3
TIepBOHAYAILHOI 3asBKH TIPHOPHTETA (TIpM FICTIPAIIBAHIH KOHBEHIOHHOTO TIPHOPHTETA)

(54) Haspamue H300peTeHHI
(E)-1-(2,4-nurunpoxcrbe Hr)-3-(4-MeTOKCHEHII JIPOIT-2 -€H- | -OH, 067Tajatomii aHTHPaIHKaTbHBIM JefiCTBHEM
AHTHpaHKanbAi KacHeTke He (E)-1-(2,4- AnruapokcHd e )-3-(4-MeTOKCHpEHIIT) IIPOI- 2-eH- | -0H

Anpec s nepermcku (TONHBIHN NOYTOBEI afIpec U MM apecara)
WBPAEB MAPAT KHPHMBAEBHY, MUKPOPAMOH TI'VIIBJIEP-1, mom 1/4, xB.1, KAPATAHJTMHCKA S KAPATAHJIA , Pecrytnrka
Kasaxcran, MOG6E8X2

Tenmedon: MoGIIbHBII Tell. Daxc: AJipec »IeKTpOHHOI MOYTH

87054039705 mkibr@mail.ru

(74) TlaTeHTHEI} TTOBepeHHEIH (TIOMHOE MM, PETHCTPALMOHHBI HOMEpP) WM NPeCTaBuUTeNns 3asBuTens(eil) (TonHoe uMs
TN HANMEHOBAHNE)
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UDC 547.814.5
BBK 24.239

Authors: Ibrayev M. K., Nurkenov O. A., Seilkhanov T. M.

Reviewers:

8. D. Fazplov — Professor. Doctor of Chemical Sciences.
Corresponding Member NAS RK.

T. 8. Zhivotova — Professor. Doctor of Chemical Sciences.

Ibrayev MLK.

Synthetic transformation of chalcones: Scientific publication/ MK. Ibrayev,
O.A. Nurkenov, T.M. Seilkhanov — Warsaw: iScience Sp. z o. 0., — 2020.
-70p.

The book summarizes and presents a huge literary and experimental
material on the synthesis and chemical transformation of functionally sub-
stituted chalcones, the study of the structure and stereochemistry of its many
derivatives, their biological ac-tivity, including the latest data, widely cov-
ered in well-known scientific publications, as well as their own research
authors. The book includes the work of many famous scientists of Russia,
Kazakhstan, China, USA, engaged in the study of chalcones.

The book will be useful to a wide range of scientists, students, un-
dergraduates and doctoral students working in the field of chemistry of fine
organic synthesis, medicine and pharmacology.

Bibliogr. 150 titles. Fig. 9. tab.6.

ISBN 978-83-66216-21-1 © O.A. Nurkenov, MK.
Tbrayev, T.M. Seilkhanov, 2020
© iScience Sp. zo. 0.
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I'maBHBIN pegakTop
Axanemnk KasHAEH u HUA PK, a.1.1., npogeccop UoaToB M.K.

PenaknmuMoOHHAS KONIETHA:
Opxurun C.I'., Cyneiimenos T.C., Mapan6aer A.O., Fidelis Suorineni,

Kitajo Mitsushi, Yepromaz A.1., Konukor K.C., Ketxun b.M., Sravanthi Sashikumar,
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YK 547.7/.8, 547:541.61 Hbpae M .K. (Kaparammsr, KapMTVY)
®azpuioB A.C. (Kaparaunpsr, KapMTYVY)
Hcabaera M.E. (Kaparammer, KapMTV)

N-METHJI-1-[(4-TUMETHJIAMIHO)OEHUI]-O Y JIIEPEHO-
Coo| 1, 9TIMPPOJIMIVMHHIH JUHMOIMETHUIIATEIHBIH CMHTESI

Kazipri yaxpITTa KOPOHOBHPYCTHIH NAaHASMISICHIHA OalMaHbICTHl  OYKiT
aneM/le XUMUK-CHHTETHUK KoHe (GapMakoyIorT FalbIMIap BUPYCTHIK HHMEKIsIapra
Kapchl J9piiK3aTTap s kacay YIImH cyOcTpaTTapabl OenceH i i3aectipyae. bizmin
OWBIMBI3INA, JaHa BHPYCKA Kapchl IperaparTapibl CHHTe3/ley KoHe i3dey
calachlHAa KeMipTeri aroMjaphlHaH HaHOOOMIMeKTepAl Kypy Ooiibramma
3epTTeyiep eH HepcleKTUBaInl Gob Tadsumaan! [ 1-3]. By omapaeiy Genrimi 6ip
TYp/leri BuUpycTapja ajcopOImsuiay JkoHe oJapiblH KoOeloiHe Keaepri skacay
KalineTiHe OCalMaHBICTHL BYIT 9iCTEMEHIH apTHIKIMILUTBELI ar3ara 3USTHCBI3IIBIK
JOHE BHUPYCTHIH MYTAIMSCHIH €CKepeTiH TperapaTThl MOJAeNbIey MYMKIH/IITI
GompI TaGhUIa b Byl omapAbH TMIoMIIBIl KacheTTepiHne OailiaHBICTHL SFHH
HaHOOONIMEKTepAlH ~ THIUATI  MeMmOpaHamap  apKpUIBl  €Hill,  IeMarto-
sHIleaTTAKAIBIK —~ KedepriHi  JkeHy KalimeTiHe OalfmaHBICTHL — Alaifia,
HAHOONIIEM/II ~ KOCBUIBICTAPALIH ~ CyJa  epirimmiriHiy OoiMaysl — onapbl
MEJMITIHAIBIK TIpakTUKaja Taiifamanyga Oenrimi Oip KWBHABIKTAD TYFBI3aIbL.
CoHILIKTaH cyna epUTIH MO T UKATTISITAHFaH HaHOOOIIMEeKTePAIH
OrodparMeHTTePiH ally IICTEePiH a3ipIiey MaHBI3IBI MiHAET GONBIIT TaObITa bl

Bi3 exi caTbmmel TocimMeH QYICpONUMPPONUAWHHIE,  CyJa epuTiH

HopucTOMETIIJICHTeH Ty3bH (1) 23% [IBIFBIMMEH CHHTE3JIEY Ky3ere
aCHIPBILBL.

i,
N CH.
VAN CH;  C60 \‘0" :
CHNHCH,CL  + o N 22
\H [8) \CH toluene
N
H,C  CH,

O

Byl peakIusHBH MEXaHM3MI UMMOHHHAIIK TY3[BIH Maifia GoTybIMeH -
AMUHKBITIKPUIAPBIHBIHE,  ANBACTH/ICH PEakIICHH KaMTHABL, ON OJaH api
a30METHH OHIMIH alyMeH JeKapOoKCIIIeHy Iporiecine yimbIpaiinsl. CoHFbl Co-
C6-koc Gaitnanpich 6ap Ceo-IIeH TAPPOTHANH ITUKIIH KYPY apKbLIHL TUIIOJSIPIIBT
TMIAKIOTIPUIVH GipiKTipy KOIBIMEH Kayan Oepe.
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JlnmeTieHreH HOATHIK TY3/A6IH (2) mbrbMBL JIM® opraceiama 70%, an
TI'® - 1a-67% Kypajabl.
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YIK 547.057:547.7/.8 Hypxenor O.A. (Kaparanna, Kapl TVY)
U6pae M.K. (Kaparanma, Kapl ' TVY)
Taxubaesa A.T. (Kaparanma, Kapl'TVY)

CHUHTE3 N-METHWIJI-2-(4-CTUPUIIGEHNII)-3.4-
OYJIIEPOIIMPPOIIMJIMHA

B dymeponmpponuaaoBoM cuHTe3e OONBINON HHTEpec IPeCTaBIBIOT
HCCIeJOBAaHWSL CHHTE3a IHPPOIMIUHOBOTO KapKaca, COJEpKallerocsi B CBOEM
coctaBe HOBBIe «hapMmaxodopHBle» rpymisl [1]. B sroM miaHe mHTepecHON
«papMakodopHO» TPYNIONH SABISETCS CTWIHLOSHOBLIN (parMeHT, T.K.
(dyHKITMOHAIBHBIC IPOM3BO/IHBIE cTHILOeHA (1,2-1udeHII3THIICH) CoepKaTCs
BO MHOTHX IIPEJCTaBUTEIIX PACTUTEIFHOTO MHpa WU JIABHO HCIOJIB3YIOTCS B
TpaJuITUoHHOM MeuiHe |1, 2].

YuuTeIBasg IEpPCICKTHBHl B HAyYHOM M IIPHUKIAJHOM OTHOIIEHUH
IIPOM3BOJIHBIX CTWIBOCHOWIOB U (y/ulepeHa HaMH OCYIIECTBICH CHHTE3 U
npoBefieEsl  SIMP  mccnesioBaHWE  CTPYKTYPHBIX — OCOOCHHOCTEH  HOBBIX
by IepoMppOIHINHOB TPEXKOMIIOHEHTHON KoHJeHcaImed ¢yutepera Cgp, N-
METHITIIHMITIHA (CapKO3MHA) U TpaHC-4-cTIIbOeHKapOoKcalbJeria B YCIOBHIX
peaxknuu Ilpato. OpHEUM H3 OCHOBHBIX (DaKTOPOB, BIMSIOMMX Ha BBIXOJBI
KOHEYHBIX IIPOAYKTOB B STOM peakIuW, SBJIETCS TOMOTEHHOCTH CPEJIbL,
IIO3TOMY CHHTE3 CTHIBOCHCOIepKamerocs Gpyueponuppotuanta 1 IpoBoAnIn
B Ccpejie Pa3IMYHBIX pacTBopuTenel - OeHsole, Tolyolle, XJIOpOeH30le IIpU
HarpeBaHUU PEaKIMOHHOM cpejbl B TeueHue 4-5 1.

AMUHOKHCIIOTHI, YUaCTBYIOIIAE B XUMHYECKOM IIpOIecce, HaxOAATCs B
pacTBOpe B BHJIE IBUTTEP-HOHHOTO COEJWHEHHS M B CBA3H C STHM MOIYT
3aMeUIITh KHHETUKY PEaKITiH.

HauGonpmmii BbIXOJ (yiwiepeHonupponuguHa 1 HaOmojgaercs Ipu
WCIOJB30BaHMM B KauecTBe  pacTBOpUTeNs  Kcwiola.  Uucrory u
HMHIUBHIYAIbHOCTD IIOTYyUeHHOTO (YIUIEpONHPPONH/IUHA 1 aHATM3UPOBAHBI C
npumeHeHrneM BOXXX ananmmsa

xylene, t

H
Cgo + CH;NHCH,COOH + ) Q
e+ XN
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CTpoeHHe MOIYUYCHHOTO HOBOTO (yIUIEPONUPPONINHA 1 YCTaHOBIEHBI
metogamu MK, SIMP 1 u 3 CIIEKTPOCKOIINH, & TakKe JAHHBIMH JIBYMEPHBIX
crexrpos COSY (‘H-"H) u HMQC (‘H-"*C).

ITuku C—N cBSI3U B IMPUIUHOBOM KOJIBIIE, & TAKKe IIOIOCH! IOTTIOMIECHIS
koyeGaHUN CBS3U  (YIUIEPEHOBOTO OCTOBAa IPOSBILIIOTCS B XapaKTePHBIX
obmacrax UK-cmiexTpa.

YO-cniextp coemunenus 1 mveeT 254, 319 n 431 M. [luk ¢ HeGombmon
HMHTEHCHUBHOCTBIO IIpH 431 HM SBJSieTCsS XapaKTePUCTHUYHBIM UL BeeX [6,6] —
3aKPHITHIX aJTyKToB dyiuepeHa Ce.

B cmekrpax 'H-'H cosy coequueHns | HaOmomaroTesd CIMH-CIHHOBLIE
KOPPEIBIIIAN depe3 JIBE CBA3U METHJICHOBBIX IIPOTOHOB HP (431,502 u
5.02, 431) M. U Yepe3 TPU CBI3H IPOTOHOB COCEJIHUX METHHOBBIX IPYIII
H'_ 1" (7.34, 7.26 u7.26, 7.34), H'*°-H™"' (7.34, 7.48 u 7.48, 7.34), u H>'%-
o (7.56, 7.81 u 7.81, 7.56) m.;n. apoMaTHUeCKHX Kolell. |ereposjicpHble
B3aMMOJICHCTBYS NIPOTOHOB € aTOMaMH yIJepoja depe3 OJHY CBI3b ObLIH
YCTAaHOBJIEHBI C IIOMOIBIO CIIEKTPOCKOIIMH -3¢ HSQC mns crenyrommx
TIPUCYTCTBYIOMNX B COEIMHECHUU T1ap: He-c® (2.87,40.12), H*.¢? (4.31,70.16),
H*9.C% (5.02, 70.16), H’-C° (4.98, 83.47), H'*-C'* (7.10, 128.36), H'®-C'® (7.24,
127.84), H'**.¢1%% (7.34. 129.11), H>"-C%! (7.48, 126.70), H*'2.C*2 (7.57,
126.99), H"-C"(7.80, 129.36).

N-Memun-2-(4-cmupungpenun)-3,4-ghynneponupponuoun (1). K pacteopy
100 mr (0.1388 mmomp) Cgo B 20 M kcmmmona gobapmsum 57.81 mr (0.2776
MMOIb) TpaHc-4-cTuinhOeHkapOokcanpaernga u 123.6 mr (1.388 MMomb)
capko3nHa (MOJIBHOE COOTHOINEHHWE peareHToB 1:2:5 COOTBETCTBEHHO).
TOIyOJIOM HEIIPOpearnpoBaBIMi PeakITMOHHYIO cMeCh KUIISITHIN B TeUeHHE 3 1
pu 110-120°C. Hocre yJlallecHAE PACTBOPUTEIS MACIEIHUACTYIO YacTh OUUINAIHA
METOJIOM KOJOHOUHOH Xpomarorpaduu ¢ cuwimkareneM, pasgenii Ceq U
npoaykT. Bexon 14.7 mr (10.8 %). Crextp SIMP 'H, 8, M.z (J,T'm): 2.87 ¢ (3H,
H-6.6,6), 431 1 (1H, H-2ax, °J 9.2), 498 ¢ (1H, H-5), 5.02 x (1H, H-2eq, J
9.2), 7.0 1 (1H, H-14, *1 3.6), 7.25 v (1H, H-18, *] 7.2), 7.27 1 (2H, H-17,19, *J
8.4), 7.34 1 (2H, H-16,20, *J 7.6), 7.47 1 (2H, H-9,11, °J 7.6), 7.57 1 (2H, H-
8,12, °7 8.0, 7.81 ym. ¢ (1H, H-13). Crextp SIMP “C, 8¢, M.1.: 40.12 (C-6),
70.12 (C-2), 83.47 (C-5), 126.70 (C-9,11), 126.99 (C-8,12), 127.85 (C-18),
128.36 (C-14), 128.79 (C-16,20), 129.36 (C-13), 137.73 (C-15), 139.69 (C-10),
156.22 (C-7).
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Tpunoxenne 1.10
Kk JToropopy Ne__ or 2018 .
Ha rPAHTOBOE (PMHAHCHPOBAHHE

TEXHUYECKASI CHELIMOUKALAST U
KAJIEHIAPHBIN TIJIAH PABOT

Ilo orosopy Ne //9f oT /5 03 2018 roxa

1. PecnyGamKaHCKOC 10CY/1APCTBEHHOE NPC/IPHSITHE
HA NPaBe X0351iiCTBEHHOT0 BCACHMS
«Kaparananieknii rocyapersenuplii TeXHI4ecKkuii yunBepenTeT»
Munnerepersa odpasosanus u nayku Peeny6ankn Kasaxeran

1.1 o mpuopurery: PannHoHanbHOe MCHONL3OBAHME MPHPOALLIX, B TOM UHMCIE BOJHbBIX
PeCypeoB, reosiorus, nepepaboTka, HOBbIE MATEPHAlTbl M TEXHOIOIMH, OS30MacHBIE M3JIeus U
KOHCTPYKLMH.

1.2 Ilo nomnpuoputet
BELLECTBA. 5y

1.3 Tlo teme upoexra: No AP05133157 «PaspaGoTtka sQQexTuBubLIX METONOB CHHTE3a
XQJIKOHOB, (MIABOHOMJIOB, CTHIILOCHOMIOB H HX XHMHUYECKOH MOAM(DUKAIIMN ¢ HEIbIO HOUCKA Ha
HX OCHOBE IOTEHUHATBHBIX aHTHOKCHIAHTHBIX, TTPOTHBOBOCHIANHTENBHBIX H aHTHOAKTEPUATBHDIX
CPECTB MU MEUITHHBDY,

1.4 OBuast cymma npoexta 27 140 000 (0sadyams oOun MutLiuon cmo copox muicsi)
menze, B TOM 4Hcile ¢ pa3OHBKOM MO TOfaM. ISl BLITOTHCHHS pabOT COIMIACHO YHKTY 3:

-1a 2018 ros - B cymme 7 000 000 (cemb vunauonos) menze;

-Ha 2019 roxt - B cymme 7 063 000 (cenmb Muiiuonos wecmpecsm mpu moicsuu) menze;,

- 1a 2020 roz - B cymme 7 077 000 (¢eas MULIU0106 CCMbOCCSm cemb mulcsi) menae.

bromenuuHckme MaTepHalibl H OMOJIOTHYCCKH  AKTUBHbBIE

2. Xaparkmepucmura nayuno-mexnu4eckoii npooyKuun no Keauurauuonsim
NPUSHAKAM U IKOHOMUHECKIUE ROKA3ameni

2.1 Hanpaenenne  paGotsi:  PaspaGorka  TeXHOTOTHM — 1IOJyUeHHS  HOBBIX
(bapyaKoIOrHueCKuX CPesICTB 1a OCHOBE XATKOHOB, (IABOHOM0B, CTUNLGEHONIOB B YCIOBHAX
KIACCHUYCCKOTO OPIaHUYECKOTO CHHTE3d M MHKPOBOIHORO! aKkTHBALIMY,

2.2 OG:actn npumMeHenus: PapMakoIOrus, ME/IMLMIA, CEMLCKOE X035HCTRO.

2.3 KOHCUHDII pe3ynsTar:

-3a 2018 roa: Byser onyGimkoBasa | CTarbs B PELCH3UPYEMOM OTEUECTREHHOM HAYUIOM
W3JaHHK ¢ HenynesbiM uvmakT-dakropom (Beetrnk Kapl'V. Cepus xummueckas, IF Kasbll-
0,041). byner nozana 3aseka Ha narent PK

- 3a 2019 rom: Bynyr onyGaukoBanbl | cTaThs B PeLleH3NPYCMOM 3apyOesKIOM HAYUHOM
M3/IAIHK, HHACKCHPYEMOM B Oase JaHHBIX Scopus ¢ HenyleBbiM nmiaxt-(axropom (Russian
Journal of Organic Chemistry. 1F-0.603). 1 cratbsi B PeLECH3HPYEMOM OTEYECTBEHHOM HAYYHOM
H3auMM ¢ HEHyNeBBIM  umnaxt-paxtopom (M3secrns HAI PK. Cepus xumuueckas, IF
Kasbl[=0,093), 1 crarbs B pereH3npycMoM 3apy0eKHOM HAydHOM H3JAHMH C HEHYICBBIM
umnakt-pakropom (Kypuan obuieit xumun. [F-0.738). Byaer nojana sasska na mateHt PIC
By.uer onybinkosana MOHOrpadmsi.

- 3a 2020 rom: Bymyr onyGnukopasbl 2 CTatbd B PCICH3MPYEMOM OTEHECTBEHHOM
HAYYUOM H3JaHMM ¢ HCHYNCBBIM MMmnakt-(paxropom (Becrnuk Kapl'V. Cepusi xumuueckas, IIY
Kasbll-0,041), 1 crates B peuensupyemMom 3apyOeKHOM HAyUHOM HM3QHHH € HEHy/IesbiM
uvnaxr-Qakropom (Kypran obmeit xumun. IF PUHIL-0.738), 1 cratbs B pereH3sHpyeMom
3apy0eKHOM HAYUHOM H3TAHMH, HILIEKCHPYEMOM B 0ase JaiHbiX SCOPUS ¢ HEHYIEBHIM HMIIAKT-
(axropom (Russian Journal of Organic Chemistry. [F-0,603). Byaer nonana 3asska na natent PK.
Bynier onyGimkosana MoHOrpadus.

2.4 TarentocnocoGHocTh: TMarenrocnocoden

2.5 Hayuno-rexuuueckuii yposenb (nosusua): [poekt OyieT BbIIONHEH HA YPOBHC
JYUILIHX MHPOBBIX Pa3paboToK B AaHHoii cepe.

2.6 Menonb3oBanue HayYHO-TEXHHUCCKOI MPOILYKILHI OCylecTBIseTes: McnomHuTenem.
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2.7 Bun

HCNONL30BaHUs

pesyabTara

2

HayuyHOH

(MAM)  HAYUHO-TEXHHUYCCKOMH

aesrrenpHocTi: Pesyibrarnl necaejosannii OyayT MOMOKCHBI B OCHOBY paspabOTKM HOBBIX
GHOIOIMYECKH AKTHBHDBIX BELICCTB 1715 MC/THIIMHBL

3. Haumenosaiue padom, Cpoku ux peajiusayui i pesyavmamot

1udp | Hanmmenosauue pabot no

CpoK BEIMOTHEHHS!

OKiIaCMBIH pe3ynbTar

3ajann | JIoroBopy M OCHOBHbIE oA | ST
s, 9TAIA | ITArbl CrO BRIMOJIHEN s
1 PazpaboTka METO10B Slusapsb Jlo 1 byayr paspaboratibl MeToOAB!
[OJLyHelns u 2018 . HOSIOPs | [I0JIYYCHHUSI i OTITHMAITBHBIE YCTIOBHS
OTITHMATBHBIX YCIIOBUH 2018 r.  |cuHTe3a XAIKOHOB M HX
CHHTE3a XAIKOHOB H HX 1IPOM3BOIHBIX, HCCIC/[0BAHbI
HPOH3BOHDIX, BO3MOYKIIBIE MEXAHH3MBI PCAKLIHI HX
HeeeIoBaue 00pa3oBaKs, YCTAHOBICHBI
BO3MOJKHBIX MEXaAHH3MOB crpoenust. byayr pazpaGortansl
peaxuuii ux oopasoBaHms, METOABI NOTyUCHUS ¥@IKOHOB H HX |
YCTAHOBIIEHHE CTPOCHUS. | XMMUHUECKOl Moan(uKatmH. byer
o NPOBC/ICH OHOCKPUHMHI BELLECTB.

1.1 Pazpaborka merojion Susapn Mionp bymyT paspaboTarbl MeTOALL
TIOTYYCHHS U 2018 r. 2018 r. | 10JyueHHs 0 ONTHMAILHBIC YCTIOBHS
ONTUMATLHBIX YCIOBUIL CHHTE3a XAIKOHOB B YCIIOBHSIX
CHHTE3a XaJIKOHOB B | KJIACCHYECKOrO CHHTE3a,

YCIOBUSIX KJTACCHYECKOrO MHKPOBOIHOBOI 1 yJILTPa3BYKOBOM
CHHTE3a. MUKPOBOJIHOBO akrTuBaluu. B ycnousx
H YIBTPa3BYKOBOMH | KOHBEKLMOHHOI, MB 1 ¥3-
| aKTHBAIHH. aKkTUBALMK OY/yT CHHTE3HPOBAHBI i
MCCIIE0BAIIbL CTPOSHHE HOBBIX
o | XaIKOHOB.
Cunres,  ctpoenne  u| Mo Jlo'1 | Byzet nposejien CMHTE3, CTPOCHHE U
OHosornyecKas 2018 r. HOsi0pst | GHONMOTHICCKast AKTHBIOCTb
AKTHBHOCTE TTHPA30IMHOB 2018 r. | nMpasosMHOB K (hIIABOHOB.
1 (p1aBOHOB. | Perepounkimsanuei XankoHo 6y yT
NOJYUEHDI THPA30JMILLL U ()JIABOHBI.
| ByayT 1ipoBeenbl 6HOCKPHHIHT
| CHHTE3UPOBAHHBIX BCIICCTR. Byer
| omybriKoBana 1 cratbs B
| PELEH3HPYEMOM OTCUCCTBCHHOM |
HAYUHOM H3J@HHH C HeHYJIEBBIM
nmnakt-pakropom. byaer nogana
- 3as1BKa Ha mateHt PK.

2 Cunres  n  u3ydenue | Susapb Jo 1 byner nposenen cuntes u u3ydena |
B3aMMOCBA3H  «CTpyKTypa | 2019 1. HOSOPSL | B3AMMOCRA3E «CTPYKTYpa — |
— OMOAKTHBHOCTDY) B PsLLY 2019 1. | OHOAKTHBHOCTLY B PSIAY POAYKTOB
HPOILYKTOB B3AMMOASHCTBHS 3AMEILCHHBIX
B3aUMOJICHCTBHSI XPOMOH-3-a/Ib/ICTH/1a ¢ HEKOTOPBIMH
3aMCILICHHBIX ~ XPOMOH-3- | N-nykneodunamu. byny notyuenst
afibIErHAa ¢ HEKOTOPLIMH HOBLIC 3MELLCHHBIE XPOMOIB M Ha
N-nykieouiamu. octHoBe Oy1yT H3yHeHD! B3aHMOCBA3L

- «CTPYKTYpa — OHOAKTHBHOCTHY.

2.1 Konnencarust Slusapn Wions Byner niposejiena KouieHcarus

3aMeILeHHbIX  XPOMOH-3-| 2019 . 2019 r.  |3aMelieHHbLIX XPOMOH-3-a/bernaa ¢ |

ajnpierunia ¢ rujapasusa,
rHapasuiaMu "

THJIPA3HHOM, MHAPa3HIaMHu 1

EPBAYHLIMU OHOTEHHLIMH AMMHAMH.
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TEPBHYHBIMU ByayT nosryueHs! HOBBIC THIPA30HBL,

OGUOTE€HHBIMH aMHHAMH. MMMHBI HA OCHOBE B3aUMOJCHCTBHS
XPOMOH-3-anbaernaa ¢ N-
HYKICOpHIaMH.

2 Hcenenosanmne Wrons Jlo1 By yT ncenie/ToBaHel 1 BBISBICHB
3aKOHOMEPHOCTH 2019 r. Ho0ps | KAYECTBEHHBIC M KOTHUCCTBEHHBIE
B3aUMOCBS3H «CTPYKTYpa- 2019 1. 3aKOHOMEPHOCTH B3aHMOCBSI3H
GHOAKTHBHOCTE) é «CTPYKTYPa-0HOAKTHBHOCTEY ¢
HPUMEHEHHEM  KBAITOBO- HpHMelenHer KBAHTOBO-XMMHYECKHX
XHMHMUECKHX PacueroB u pacueroB H (apMaKkoIorHuecKoro
(hapMaKonoruuecKoro CKPUHMHIA CHHTE3HPOBAHHBIX
CKPUHMITa coemuenuii. byayr ony6nuxkosansl 1
CHHTE3HPOBAHHBIX CTaTbsl B PELEH3HPYEMOM

COCAMHCHUH. 'iap)’GC)ICHOM Hay4HOM H3JaHuH,
MHICKCHPYEMOM B 6a3¢ TaHHBIX
Scopus ¢ HeHYICBBIM HMITAKT-
daxropom, 1 crarbs B®
PELEH3HPYEMOM OTEUECTBEHHOM
HAYUHOM H30aHHH ¢ HEHYJIEBLIM
HMlldli'l"(l)(ll('l'()p()M‘ 1 crarps B
PCICH3MPYCMOM 3apyOCiKHOM
HayUHOM M3]aHHH ¢ HCHYJICBBIM
umnakT-paxktopom. byaer nosana
3asiBKa Ha nateHt PK. byrer
ony0inKosana MoHorpausi.

¢ Hanpasnennas Slusapn Jlol byuer nposejena nanpasiennas
XHMHYeCKast 2020 r. 10A0ps | XHMHUECKas MOAH(HKALMS
MO HKALIS 2020 1 | 3amMeleHHbIX CTUIL0CHOUI0B,
3aMELLEHHBIX HapaboTaHa is aHAIN3a 1
CTHIILOCHOMJIOB, onouncrerannit. OTpadoTaHs!
HapaboTKa [Ulsl aHAIN3a 1 ONTHMATBHBIC TEXHOTOTHYCCKHE
GHOHCIIBITAHHUI. TapaMeTphl MOy ueHNs Hanbonee
OtpaboTka ONTHMATLHEIX OHOAKTHBHBIX MOIM(HIMPOBAHHBIX
TEXHOIOIHYECKHX | XAIKOHOB, NHPA30JHHOB, XPOMOHOB 1
HApaMeTpoB  1oyueHus | ¢THABGEHON OB, byyT
Hanboace  OMOAKTHBHBIX CHHTE3MPOBAHBI 3aMCHICHHBIC
MOANR(HUIPOBAHHBIX CTHALOCHOM LI M Pa3paloTailbL
XaJKOHOB, THPA30IHHOB, METOJIbI CHHTE3a Hanboiee
XPOMOHOB [ | GMOAKTHBHBIX CHHTE3HPOBAHHBIX
CTHIILOCHOHIOR. BCIICCTB.

o Cunres,  crpoenne  u| Slusape | Mionb byer 11poBesicH CHHTE3, CTPOCHHUE U
OHOAKTHBHOCTD 20201 | 20201 OHOAKTUBHOCTL 3aMELLEHHBIX
SaMELLEHHbIX i | crnanGeHon 08,

CTHIILOCHOM/IOB.

32 'O'rpa60'rl<a ONTUMaTBHBIX | Mrome Jo 1 byayT orpaboransl ontuMaibube
TEXHONOTHYECKUX 2020 r. nos0psi | TeXH0I0rHYeCKHe ITapaMeTphl
HapaMeTpoB  MONyYeHHs 2020 r. | nomyuctus Hauboliee OHOAKTHBILIX
nauboiiee  OMOAKTHUBHBIX MOIH(QHIHPOBAHHBIX X&TKOHOB,
MOANDHLHPOBAHHBIX IHPa3oIMHOB, XPOMOHOB 1
XQIKOHOB, MHPA30IHHOB, cTrbOenon 108, byayt orpadboTans!
XPOMOHOB i | D(derTuBHDIE METOULI HOIYYEHHS
CTH/ILOCHOM OB, Haubosee MepeneKTHRHbBIX

| GMOAKTHBHLIX COeIMHeHUH. byyT
o1y0MKOBAHBI 2 CTATLH B
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PCHCH3UPYEMOM OTEUECTBEHHOM
Hay4YHOM HU3J1aHHH C HEHYIEBBIM
UMHaKT-akropom, 1 cTarbs B
PEUCH3HPYEMOM 3apy0eiKHOM
HAYYTHOM M3/IaHHH C HeHYICBbIM
PlMH'dKT-f[]aK'I'OpOM‘ 1 crares B
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HAYYHOM M31aHHH, HHJIGKCHUPYCMOM B |
0ase JlaHHBIX SCOPUS ¢ HCHYIEBLIM
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sassra Ha nareur PK. byzer
onybiiMkoBaHa MOHOIpadus.
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