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ABSTRACT

Report 122 p., 1 book., 18 figures, 5 tables., 29 sources., 5 appendix.
4-PYRIDINE CARBALDEHYDE, ISONICOTIC ACID HYDRASIDE, ACYLHYDRAZONE, FULLERENE C60, FULLEROPYRROLIDINE, PHARMACOLOGICAL ACTIVITY
The objects of investigation are 4-pyridinecarbaldehyde and its derivatives - hydrazones, acylhydrazones, fulleropyrrolidine, isonicotinic acid hydrazide, diethyl 2,6-dimethylpyridine-3,5-dicarboxylate.
The aim of the work is to develop methods for the preparation and optimal conditions for the synthesis of new derivatives of 4-pyridinecarbaldehyde under conditions of convection, microwave and ultrasonic activation, to study their structure, reactivity, and conduct bioscreening of the synthesized substances.
During the work, the synthesis reaction and structural features of N- (pyridin-4-ylmethylene)-4H-1,2,4-triazol-4-amine in ethanol (81.8%) were studied for the first time. A stereoslective synthesis of optically active 2-pyridine-3,4-dimethyl-5-phenyl-1,3-oxazolidine was carried out by the reaction of (1S,2S)-1-phenyl-2-methylaminopropanol-1 with 4-pyridinecarboxaldehyde. The synthesis of new acylhydrazones was carried out by the interaction of 4-pyridinecarbaldehyde with hydrazides of o- and p-hydroxybenzoic acids. The chemical modification of fullerene C60 by three-component condensation of fullerene C60, N-methylglycine (sarcosine) and pyridine-4-aldehyde was carried out to obtain N-methyl-2-(pyrid-4-yl)-3,4-fulleropyrrolidine. A method for the synthesis of 5-methyl-N-phenyl-7- (pyridin-4-yl)-4,7-dihydro-[1,2,4]triazolo[1,5-α]pyridine-6-carboxamide by the method fusion at 120-140°C. A comparative study of the synthesis of 2,6-dimethyl-1,4-dihydro-[4,4'-bipyridine]-3,5-dicarboxylate (Hantch reaction) and 6-methyl-4-(pyridin-4-yl)-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (Bi-ginelli reaction) under convection heating, microwave and ultrasonic exposure. The structure of diethyl 2,6-dimethylpyridine-3,5-dicarboxylate was studied and its oxidative dehydrogenation was carried out. Bioscreening of new compounds for antiradical, antimicrobial, anti-inflammatory and cytotoxic activity was carried out.
Implementation degree - optimal methods for obtaining new potentially bioactive functionally substituted derivatives of 4-pyridinecarbaldehyde have been developed and studied, their physicochemical and biological properties have been studied. Structures of 11 new functionally substituted pyridine derivatives have been established using modern physicochemical methods (IR, 1H NMR, 13C and COSY (1H-1H), HMQC (1H-13C) spectroscopy, X-ray structural analysis).
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LIST OF ABBREVIATIONS AND SYMBOLS

In this research report, the following abbreviations and symbols are used:

	BAC
	–
	biological active compounds

	BAS
	–
	biological active substances

	INH
	–
	isonicotinylhydrazide

	2-HP-β-CD      
	–
	2-hydroxypropyl-β-cyclodextrin

	Hz
	–
	hertz

	d.
	–
	doublet

	d.d.
	–
	doublet of doublets

	DМSО
	–
	dimethylsulfoxide

	DМFА
	–
	dimethylformamide

	IR-spectrum
	–
	infrared spectrum

	SSCC 	
	–
	spin-spin coupling constant

	q	.
	–
	quartet

	МHz 	
	–
	megahertz

	m.
	–
	multiplet

	m.s.
	–
	million shares

	МWR
MWI
	–
–
	microwave radiation
microwave irradiation

	s.
	–
	singlet

	t.
	–
	triplet

	Тmel.
	–
	melting temperature

	ТLC
	–
	thin layer chromatography

	NMR
	–
	nuclear magnetic resonance

	US
	–
	ultrasound

	Rf
	–
	distribution ratio



	
		


INTRODUCTION

Relevance. For the pharmaceutical industry of sovereign Kazakhstan, the problem of finding and creating a wide range of biologically active substances is of particular relevance. In this case, the key role belongs to the so-called functionalized organic substances and materials with a certain set of properties that meet the requirements of a wide variety of areas of possible practical application. In this regard, 4-pyridinecarbaldehyde derivatives are of particular interest, since they are widely represented in plants and constitute an important structural fragment of many natural pyridine alkaloids. These compounds have a wide spectrum of physiological activity: antitumor, bactericidal, analgesic, vasodilating, etc. The introduction of a pyridine fragment into a molecule of pharmacologically active compounds can lead to the creation of new highly effective biologically active compounds.
There is very little information in the scientific literature on the reactions of obtaining Schiff bases, hydrazones, fullerene and other derivatives based on 4-pyridinecarbaldehyde, which are interesting as promising substrates in the search for new antibacterial, antimicrobial and anti-inflammatory drugs. An important group of bioactive derivatives of 4-pyridinecarbaldehyde with antibacterial action can be its chemical transformation with 1,2,4-triazole compounds.
In 2018 y., research work was devoted to the development of methods for obtaining and optimal conditions for the synthesis of new hydrazones, thiosemicarbazides, S, N-heterocycles based on isonicotinic acid hydrazide (state registration N 0118RK00604).
In 2019 y., research work was devoted to the chemical transformation of amino and methyl substituted pyridines in order to obtain new potentially pharmacologically active agents (state registration N 0219RK00414).
In 2020 y., the goal of this research work is to find new effective biologically active agents by modifying 4-pyridinecarboxaldehyde with various nucleophiles under the conditions of condensation reactions of Ganch, Biginelli, Prato, hydrazinolysis, heterocyclization, etc. In addition to traditional methods of synthesis, the use of modern physical methods for activating reaction media, such as microwave and sonochemical effects, is promising as innovative laboratory methods. With these alternative “green” methods, the results of some chemical transformations are many times greater than those obtained using traditional classical methods. When studying the structural features of new compounds, modern physicochemical methods of analysis are widely used.
Based on the results of the studies in 2018-2019, interim annual reports were prepared and submitted to JSC NCSTE (2018, inventory number 0118RK00604, 2019, inventory number 0219RK00414).





MAIN PART OF THE RESEARCH REPORT

1 Development of methods for obtaining and optimal conditions for the synthesis of new hydrazones, thiosemicarbazides, S,N-heterocycles based on isonicotinic acid hydrazide (INH), study of the mechanisms of reactions of their formation, determination of the structure (2018 y.)

On the basis of  INH under the conditions of convection heating, microwave irradiation and ultrasonic activation, purposeful synthesis of new isonicotinic acid hydrazones has been carried out. It is shown that the optimal condition for microwave exposure is a radiation power of 150 W with a duration of the formation of products in 30-60 min, and for sonochemical activation, the exposure power is 20-35 V (130-227.5 W) for 20-30 min at a temperature of 50 0C. 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. For the first time, reactions of supromolecular complexes based on N-(diethylamino)benzylideneisonicotinohydrazide and N-(2-bromo-3-phenyl)allylideneisonicotinohydrazide with cyclodextrins (β-CD, 2-HP-β-CD) were obtained and studied. Comparison of the integral intensities of 1H NMR signals of substrate molecules (hydrazones) and β- and 2-HP-β-CD receptors in supramolecular complexes showed that in all cases, complexes of 1 guest molecule per 2 host molecules are formed. The synthesis and intramolecular heterocyclization of new thiosemicarbazide derivatives were carried out by chemical modification of isonicotinic acid hydrazide with alkyl(aryl)- isothiocyanes. The cyclization of isonicotinic acid thiosemicarbazides was carried out by boiling for 2 h in an aqueous solution of sodium hydroxide followed by acidification with hydrochloric acid to form 4-alkyl(aryl)-3-(pyridin-4-yl)-1,2,4-triazole-5-tion.
A number of new synthesized compounds have been tested for various types of biological activity, in particular for antiradical, cytotoxic and antimicrobial activity. It was found that the compound N-(3-ethoxy-4-hydroxybenzylidene)-isonicotinohydrazide (NOK-16) showed antiradical activity. As a result of the study of the potential of antimicrobial activity, it was found that the compound N '- ((5-nitrofuran-2-yl)methylene) isonicotinohydrazide (NOK-8) shows pronounced antimicrobial activity.
As a result of the research, 29 new derivatives of INH were synthesized. Using modern physicochemical methods (IR-, 1H-, 13C and 1H-13C HSCQ spectroscopy, X-ray structural analysis), their structures have been established. During the reporting period, according to the results of the research performed, 7 scientific papers were published (4 scientific articles and 3 abstracts).


2 Chemical transformation of amino and methyl-substituted pyridines in order to obtain new potentially pharmacologically active agents (2019 у.)

This work was the first to study the interaction of functionally substituted 2-aminopyridines, acetoacetic acid anilide (or acetoacetic ester) and orthoformic acid ethyl ester under “one pot” reaction conditions. It was found that the studied reactions of three-component synthesis are successfully carried out with the formation of the corresponding 2-amino-methylene-3-oxo-N-phenylbutanamides in 39-82% yields. The data on the reaction of 2-amino-5-bromopyridine, 2-amino-3-hydroxypyridine and 2-aminomethylpyridine with ethyl- and phenyliso-thiocyanates in an alcoholic medium with the formation of the corresponding substituted pyridine-containing thioureas in 40-66% yields are given. Three methods of synthesis of practically important 4-styrylpyridines have been proposed. It has been established that under the conditions of classical synthesis, the reaction of interaction between methylpyridines and aromatic aldehydes can be carried out only in the presence of a ZnCI2 catalyst in a sealed ampoule and at a high temperature (170-2000C) with a yield of 5-8%. The results of studying the sonochemical synthesis reaction (50 Hz, 150 min) led to an increase in the yield of 4-styrylpyridine up to 27-29%. A method has been developed for carrying out this reaction in a microwave field in the presence of a catalyst on a substrate (SiO2). It was found that at a radiation power of 500 W and a reagent ratio of 1: 2: 0.5, the use of microwave irradiation increases the product yield to 72-74%. Supramolecular complexes based on functionally substituted N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide with cyclodextrins (β-CD, hydroxypropyl-β-CD) have been obtained. It was shown that, in both cases, complexes of substrate inclusion into the cyclodextrin cavity of the receptors are formed. A new thiazoline derivative was synthesized and characterized by the interaction of isonicotinic acid hydrazide with 2,3-dibromopropyl isothiocyanate.
The structures of the new synthesized compounds were studied using modern 1H and 13C NMR spectroscopy methods. The values of chemical shifts, multiplicity and integral intensity of  1H and 13C signals in one-dimensional NMR spectra were determined. Using the spectra in the formats COSY (1H-1H) and HMQC (1H-13C), homo- and heteronuclear interactions were established, confirming the structure of the compounds under study.
Based on the research results, 27 new derivatives of functionally substituted pyridines were synthesized. During the reporting period, according to the results of the research performed, 9 scientific papers were published (1 patent application, 1 monograph, 3 scientific articles and 4 theses of reports).






3 Development of alternative green (microwave and ultrasonic activation) methods for the synthesis of new derivatives of functionally substituted pyridine. Bio-screening of the activity of new pyridine compounds for antioxidant, antimicrobial, antifungal and other types of activity (2020 у.)

Pyridine derivatives are widespread in nature. Many of them are biologically active substances. The pyridine ring is a part of many vital organic compounds, which determines its one of the dominant roles among heterocycles. They are widespread in plant nature, because constitute a structural fragment of many natural pyridine alkaloids, for example, nicotine, anabasine, ricinin, and morferidine [1], [2]. Numerous synthetically obtained pyridine derivatives have found various practical applications, especially as anti-tuberculosis [3], anti-microbial, antiviral drugs [4], [5], anti-inflammatory [6] with a wide range of pharmacological action, in connection with which they traditionally are the focus of researchers.
At present, in connection with the development of high science-intensive technologies, approaches to synthesis methods in organic chemistry are changing, much attention is paid to the creation of the latest resource and energy-saving, environmentally friendly technologies for obtaining new materials according to the concept of "Green Chemistry" [7]. In this work, along with classical methods of organic chemistry, the MW-promotion technology will be used in the fine organic synthesis of biologically active compounds, which is one of the most rapidly developing technologies. The use of an alternative method of sonochemical activation in many cases shows significantly better results compared to carrying out reactions under traditional conditions [8]. It should be noted that the development of methods for organic synthesis under microwave irradiation in the technology of chemical and pharmaceutical production can become an essential factor in their development.

3.1 Synthesis and structure of Schiff bases, hydrazones based on            4-pyridinecarbaldehyde

There is very little information in the scientific literature on the reactions of obtaining Schiff bases, hydrazones, and other compounds based on 4-pyridinecarbaldehyde, which are interesting as promising "biobuilding" substrates in the search for new antibacterial, antimicrobial and antiviral agents. In order to expand the arsenal of biologically active substances, we conducted a search for new effective and safe biologically active agents by modifying 4-pyridinecarboxaldehyde with various nucleophiles under condensation conditions of Ganch, Biginelli, Prato, etc. The search for new methods for the preparation of 4-substituted derivatives of pyridine compounds is of great importance both from the point of view of the development of the chemistry of heterocycles and from the point of view of the practical significance of such studies.


3.1.1 Synthesis of N-(pyridin-4-ylmethylene)-4H-1,2,4-triazol-4-amine

One of the methods for implementing structural combinations in the search for highly effective antibacterial and antimicrobial drugs is the synthesis reaction of condensed systems with 1,2,4-triazoles. The triazole fragment, as a biofragment of many antibacterial drugs [9], can impart new useful properties to their conjugates with a pyridine heterocycle. In this regard, we have synthesized a new azomethine (1) (Schiff bases) by condensation of equimolecular amounts of 4-pyridinecarboxaldehyde and 4-amino-1,2,4-triazole by heating in ethanol with a yield of 81.8%.


The structure of the synthesized compound (1) was proved by 1H and 13C NMR spectroscopy, as well as by the data of the two-dimensional spectrum of HMQC (1H-13C).
The 1H NMR spectrum of compound (1) is characterized by the presence of a doublet signal of the equivalent protons H3 and H5 of the pyridine ring at 7.71 ppm. with an integrated intensity of 2H with 3J 4.3 Hz (Figure 1). The signals of two other equivalent protons H2 and H6, close to the electronegative nitrogen atom of pyridine, appeared as a doublet in a weaker field at 8.74 ppm with an integrated intensity of 2H with 3J 4.3 Hz.


[image: ]
Figure 1 - 1H NMR spectrum of N- (pyridin-4-ylmethylene) -
-4H-1,2,4-triazol-4-amine (1)

The H7 proton at the double bond appeared as a singlet at 9.09 ppm. with an integrated intensity of 1H. The equivalent protons of the triazole ring, H10 and H13, also resonated with a singlet signal at 9.16 ppm with an intensity of two protons.
In the 13C NMR spectrum of compound (1), the carbon atoms of the pyridine ring resonated at 122.34 (C3,5), 139.76 (C4) and 151.28 (C2,6) ppm (Figure 2). Chemical shift signal at 139.67 ppm corresponds to symmetric carbon atoms of the triazole ring C10,13. The signal in the weak field region at 156.65 ppm belongs to the carbon atom double bonded to the C7 nitrogen atom.

[image: ]
Figure 2 - 13C NMR spectrum of N-(pyridin-4-ylmethylene) -
-4H-1,2,4-triazol-4-amine (1)

The structure of compound (1) was also confirmed by the methods of two-dimensional NMR spectroscopy COSY (1H-1H) and HMQC (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 3. In the 1H-1H COSY spectra of the compound, spin-spin correlations are observed through three bonds of the protons of the pyridine ring H2-H3 and H5-H6 by cross-peaks with coordinates at 8.72, 7.71 and 7, 69, 8.74. Heteronuclear interactions of protons with carbon atoms through one bond were established using 1H-13C HMQC spectroscopy for all pairs present in the compound: H3,5-C3,5 (7.69, 122.34), H2,6-C2,6 ( 8.72, 151.26), H7-C7 (9.07, 156.64), H10,13-C10,13 (9.14, 139.66).
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	Figure 3 - Scheme of correlations in the spectra COSY (a) and HMQC (b) compounds (1)



Synthesis of N-(pyridin-4-ylmethylene)-4H-1,2,4-triazol-4-amine (1). To a solution of  0.5 g (0.006 mol) of 4-amino-1,2,4-triazole in 10 ml of ethanol was added dropwise 0.64 g (0.006 mol) of 4-pyridinecarboxaldehyde with stirring. The reaction mixture was heated at 60-70 °C for 7 hours. The completion of the reaction was monitored by TLC. Then the reaction mixture was cooled, the solvent was evaporated, the precipitated white powder was recrystallized from dioxane. Received 0.85 g (81.8%) of substance (1) with a melting point of 180-182 °C.
Thus, on the basis of 4-pyridinecarboxaldehyde and 4-amino-1,2,4-triazole, a very promising new azomethine (1) (Schiff  bases) was obtained, the structure of which was established using IR and 1H NMR spectroscopy.

3.1.2 Synthesis and spatial structure of 2-pyridine-1,3-oxazolidine

Much interest in 1,3-oxazolidine derivatives 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 [10-11].
Continuing research in this direction, we carried out the condensation of the alkaloid (1S,2S)-1-phenyl-2-methylaminopropanol-1 with 4-pyridinecarboxу-aldehyde by refluxing in an atmosphere of absolute benzene. The reaction was carried out until the end of the azeotropic distillation of water collected in the Dean-Stark trap. The reaction proceeds rather quickly and with a high yield (80%) of oxazolidine formation (2).



The structure of compound (2) was studied by 1H NMR, 13C spectroscopy and X-ray structural analysis.
From the analysis of the 1H NMR spectrum of compound (2) dissolved in DMSO, the manifestation of doublet and singlet signals in the range of 1.07-1.09 and 2.12 ppm is characteristic, which can be correlated with the protons of the methyl radicals of the five-membered ring with two heteroatoms. The protons H-2, H-4 and H-5 of the methine groups of this system resonate at 4.95 (singlet), 2.49-2.51 (doublet) and 4.66-4.68 ppm (doublet) respectively. In the weak-field region, signals of the phenyl and pyridine rings are observed: δ (H-17) = 7.31 ppm; δ (H-16, H-18) = 7.35-7.37 ppm; δ (H-15, H-19) = 7.39-7.40 ppm; δ (H-7, H-11) = 7.46-7.48 ppm; δ (H-8, H-10) = 8.57-8.59 ppm.
Analysis of the DEPT spectra made it possible to establish eight signals of CH and two signals of CH3 groups in the carbon spectrum. In this case, methyl groups are observed at 14.47 (C-13) and 35.41 ppm (С-12). The signals of methine groups appear in the region of a weaker field: δ (С-4) = 68.67 ppm; δ (C-5) = 86.59 ppm; δ (C-2) = 97.38 ppm; δ (C-7, C-11) = 123.30 ppm; δ (C-15, C-19) = 127.27 ppm; δ (C-17) = 128.56 ppm; δ (C-16, C-18) = 128.90 ppm; δ (C-8, C-10) = 150.26 ppm. Signals at 140.43 and 149.02 ppm correspond to quaternary carbon atoms C-14 and C-4, respectively.
Using two-dimensional spectra of COSY (1H-1H) and TOCSY (1H-1H), it was possible to study the spin-spin interactions carried out through three bonds between the protons of neighboring carbon atoms. The results of this experiment are shown in Figure 4. Taking the spectrum in the HMQC format (1H-13C) makes it possible to establish the presence of heteronuclear interactions in the molecule of the compound under study (Figure 5).
	

	


	Figure 4 - Scheme of correlations COSY (1H-1H) and TOCSY (1H-1H) in compounds (2)
	Figure 5 - Scheme of correlations HMQC (1H-13C) in compounds (2)



To establish the spatial structure of  2-pyridine-3,4-dimethyl-5-phenyl-1,3-oxazolidine (2), its X-ray structural study was carried out. The structure of the molecule (2) is shown in Figure 6.


Picture 6 - Spatial structure of the molecule (2)

2-Pyridine-3,4-dimethyl-5-phenyl-1,3-oxazalidine (2). A mixture of 1.65 g (0.01 mol) of (1S,2S)-1-phenyl-2-methylaminopropanol-1 and 1.07 g (0.01 mol) of 4-pyridinecarboxaldehyde in 30 ml of absolute benzene was boiled for 30 min with azeotropic by distillation formed during the reaction of water. After the completion of the reaction, the solvent was distilled off, the residue crystallized. By recrystallization from 2-propanol, 2.0 g (80%) of product (2) were obtained with a melting point of 85-860C.

3.1.3 Synthesis and structure of acylhydrazones based on condensation of   4-pyridinecarbaldehyde with hydrazides of o- and p-hydroxybenzoic acids

In recent years, interest in hydrazones has increased again [12], [13], which is associated with a wide range of their biological properties. Various hydrazones have antidepressant, anti-inflammatory, antimalarial, antimicrobial, antiviral, and antitumor activities [12]. Suffice it to recall ftivazide, saluside and related drugs used to treat tuberculosis [3]. On the basis of hydrazones, for example, inhibitors of such enzymes as cyclooxygenase, monoamine oxidase, epoxide hydrolase and various cathepsins have been synthesized [14]-[16]. Among the proteolytic enzymes, cathepsin E (EC 3.4.23.34) and neutrophil elastase (EC 3.4.21.37) play an important role in the pathogenesis of human autoimmune diseases and tumor progression [17]. Based on the foregoing, in this work we have synthesized derivatives of  N-arylidenehydrazones (3), (4) and studied their anti-inflammatory activity in the cell system in vitro. The synthesis of  hydrazones (3), (4) was carried out by condensation of o- and p-hydroxybenzoic acid hydrazides with 4-pyridinecarbaldehyde. The condensation reaction was carried out by heating equimolar amounts of aldehyde and o- and p-hydroxybenzoic acid hydrazides in ethanol at 60-70 °C for 3-5 hours.


The products of reaction (3), (4) are highly crystallizing white substances, soluble in many organic solvents, the yield of compounds is 70 and 90%, respectively.
In the IR spectra of N-arylidenehydrazones of o- and p-hydroxybenzoic acids (3), (4) there are no absorption bands of the NH2 group. Absorption bands of stretching vibrations of the N-H group at 3285-3355 cm-1, C = O of the hydrazone group at 1675-1690 cm-1. The group of characteristic bands 1600-1440 cm-1 refers to the stretching vibrations of the aromatic ring.
In the downfield part of the 1H NMR spectrum of 2-hydroxy-N- (pyridin-4-yl-methylidene)benzohydrazide (3) in the region of 6.91-6.97 ppm the superposition of the doublet and triplet signals of the H-14 and H-16 protons of the aryl radical is observed. Triplet with a center of 7.41 ppm corresponds to the para-proton H-15. Located in the ortho position, H-17 resonates at 7.84-7.85 ppm in the form of a double. In the region of 7.63-7.64 and 8.62-8.63 ppm superposition of doublet signals of equivalent protons Н-3 and Н-5, Н-2 and Н-6 of the pyridine system is observed. Singlet at 8.42 ppm refers to the proton of the sp2-hybridized C-7 atom. In the area of ​​11.96 ppm in the form of low-intensity singlets, the resonance of the protons of the amino and hydroxy groups is expected.


The 13C NMR spectrum of 2-hydroxy-N-(pyridin-4-yl-methylidene) benzohydrazide (3) exhibits signals with chemical shifts 117.77, 119.61, 129.46, 134.47, 121.59 and 150.81 ppm methine groups of the aryl radical (C-14, C-16, C-17, C-15) and the pyridine ring (C-3.5 and C-2.6), respectively. Quaternary atoms C-4, C-12 and C-13 of these fragments resonate at 141.89, 116.83 and 159.17 ppm. For the carbonyl atom C-10 and sp2-hybridized C-7, the manifestation is characteristic in the region of 165.34 and 146.63 ppm.
The study of the 1H NMR spectrum of hydrazone (4) indicated the presence of seven groups of proton signals, some of which belong to symmetrically located atoms of cyclic systems. Doublets with chemical shifts of 6.83-6.85 and 7.78-7.80 ppm. refer to the equivalent protons H-14,16 and H-13,17 of the aryl radical. In the area of 7.59-7.61 and 8.59-8.61 ppm. the superposition of the doublet signals of the protons H-3,5 and H-2,6 of the pyridine system is observed. Low intensity singlets at 8.37, 10.12 and 11.83 ppm correspond to the protons of the H-7 sp2-hybridized carbon atom, the H-9 amino group and the H-18 hydroxyl group.


Interpretation of the DEPT spectra of compound (4) made it possible to draw conclusions about the presence of four signals of methine groups in the carbon spectrum of the studied compound at 115.62 (C-14, C-16), 130.48 (C-13, C-17), 121, 41 (C-3, C-5) and 150.75 ppm (C-2, C-6), which can be assigned to the carbon atoms of the aryl radical and the pyridine ring. Quaternary atoms C-4, C-12 and C-15 of these fragments resonate at 142.26, 124.07 and 161.45 ppm. respectively. The sp2-hybridized C-7 is characterized by a manifestation in the region of 144.83 ppm.
The results of a detailed interpretation of the two-dimensional spectra of hydrazones (3) and (4) in the formats COSY (1H-1H) and HMQC (1H-13C), which make it possible to establish the spin-spin interactions of homo- and heteronuclear nature, are presented in Figures 7 and 8 below.
	
а
	
b

	Figure 7 - Correlations of COSY (1H-1H) (a) and HMQC (b) compound (3)

	
а
	
b

	Figure 8 - Correlations of COSY (1H-1H) (a) and HMQC (b) of compound (4)



General procedure for the synthesis of acylhydrazones (3), (4). 0.005 mol of o- or p-hydroxybenzoic acid hydrazide was dissolved in 10 ml of 2-propanol. With top stirring, 0.0051 mol of 4-pyridinecarbaldehyde was added. The mixture was stirred for 30 min at a temperature of 60-700C. The completion of the reaction was monitored by TLC. The solution was cooled, the formed fine crystalline precipitate was filtered off and recrystallized from ethyl acetate.
2-Hydroxy-N-(pyridin-4-yl-methylidene)benzohydrazide (3). Yield 1.09 g (91%), with a melting point of 238-239 °C (C2H5OH). 1H NMR spectrum, (DMSO-d6), δ, ppm: 6.95 m (2H, CH14,16arom), 7.41 t (1H, CH15arom), 7.63 d (2H, CH3,5arom) , 7.84 d (1H, CH17arom), 8.42 s (1H, N=CH), 8.62 d (2H, CH2,6arom), 11.96 br.s (2H, NH, OH). 13C NMR spectrum, δ, ppm: 116.83 (C12arom), 117.77 (CH14arom), 119.61 (C16arom), 121.59 (CH3,5arom), 129.46 (CH17arom), 134, 47 (CH15arom), 141.89 (C4arom), 146.63 (N=CH), 150.81 (CH2,6arom), 159.17 (C13arom), 165.34 (C=O).
4-Hydroxy-N-(pyridin-4-yl-methylidene)benzohydrazide (4). Yield 1.07 g (89%), with a melting point of 261-263 °C (C2H5OH). 1H NMR spectrum (DMSO-d6), δ, ppm: 6.84 d (2H, CH14,16arom), 7.60 d (2H, CH3,5arom), 7.79 d (2H, CH13,17arom), 8.37 s (N=CH), 8.60 d (2H, CH2,6arom), 10.12 br.s (1H, NH), 11.83 s (1H, OH). 13C NMR spectrum (DMSO-d6), δ, ppm: 115.62 (CH14,16arom), 121.41 (CH5,3arom), 124.07 (C12arom), 130.48 (CH13,17arom), 142.26 (C4arom), 144.83 (N=CH), 150.75 (CH2,6arom), 161.45 (C15arom).
Thus, the condensation of 4-pyridinecarbaldehyde with hydrazides of o- and p-hydroxybenzoic acids under mild conditions and in good yields synthesized new previously undescribed acylhydrazones.
 
3.1.4 Synthesis, structure and study of the formation mechanism of             N-methyl-2-(pyrid-4-yl)-3,4-fulleropyrrolidine
  
At present, bioorganic chemistry of fullerene C60 has acquired and is developing especially promising in chemical science, having turned abroad into an independent branch of organic chemistry. The presence of a fullerene fragment in the structure of a compound provides a significant improvement or the appearance of qualitatively new chemical, physical, biological, and other properties associated with the manifestation of nanoscale factors [18]. The literature describes many biologically active effects of various modified derivatives of fullerene C60, which have antibacterial, antiviral, immunomodulatory and other properties [19]. Preparations containing a fullerene fragment have shown efficacy against anti-AIDS and hepatitis C virus [20], [21], and are also capable of effectively trapping free radicals and can be used as a neuroprotective and other action [22].
Taking into account the scientific and applied prospects of the pyridine series and fullerene C60, we synthesized and carried out an NMR study of the structural features of the new fulleropyrrolidine (5) by three-component condensation of fullerene C60, N-methylglycine (sarcosine) and pyridine-4-aldehyde under the conditions of the Prato reaction. One of the main factors affecting the yield of the final product in this reaction is the homogeneity of the medium; therefore, the synthesis of fulleropyrrolidine (5) was carried out in xylene with heating the reaction medium for 4 h.




The presence in the reaction medium of an amino acid, which is a zwitterionic compound, possibly negatively affects the reaction rate (heterogeneity factor). The mechanism of formation of N-methyl-2-(pyrid-4-yl)-3,4-fulleropyrro-lidine (5) involves the condensation of an α-amino acid (sarcosine) with an aldehyde (pyridine-4-aldehyde), leading to the formation of an immonium salt, which undergoes a decarboxylation process to produce in situ azomethine ylide. The latter reacts with the 6,6-double bond of fullerene by 1,3-dipolar cycloaddition, forming a pyrrolidine ring.


The structure of the obtained new fulleropyrrolidine (5) was established by IR, UV, 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COSY (1H-1H) and HMQC (1H-13C).
In the IR spectrum of compound (5), bands are observed for C–N bonds of the pyridine ring, vibrational frequencies of the fullerene skeleton, C–H and N–H bonds are present (Figure 9).
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Figure 9 - IR spectrum of compound (5)
The UV spectrum of compound (5) has 310, 319 and 430 nm (Figure 10). A low-intensity peak at 430 nm is characteristic for all [6,6] - closed adducts of fullerene C60.
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Figure 10 - UV spectrum of compound (5)

The 1H NMR spectrum of compound (5) is characterized by the presence of a three-proton singlet signal at 2.86 ppm. protons H-6,6,6 of the N-methyl fragment of the pyrrolidine ring. Single-proton singlet signal at 4.97 ppm indicates the presence of the H-5 methine proton in the pyrrolidine ring. The appearance of two single-proton doublet signals at 4.33 and 5.04 ppm. with the same constant of spin-spin interaction 2J 9.4 Hz confirms the presence of two axial and equatorial protons Н-2х and Н-2eq of the pyrrolidine ring bound to the fullerene nucleus. The aromatic pyridine protons H-8.12 and H-9.11 appeared as broadened two-proton ciglets at 7.79 and 8.72 ppm. respectively.
In the 13C NMR spectrum of compound (5), the signals of the pyrrolidine ring with an N-methyl substituent are observed at 40.07 (C-6), 70.12 (C-2), and 82.42 (C-5) ppm. The carbon atoms of the pyridine fragment resonated at 124.24 (C-8.12), 150.13 (C-9.11), and 155.68 (C-7) ppm. Numerous signals in the range 136-148 ppm belong to sp2-hybridized carbon atoms of the fullerene nucleus.
The structure of compound (5) was also confirmed by the methods of two-dimensional NMR spectroscopy COSY (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 11. In the spectra of 1H-1H COSY compounds, spin-spin correlations are observed through two bonds of methylene protons H2ax-H2eq (4.33, 5.04 and 5.04, 4.33) ppm etc. and through three bonds of protons of neighboring methine groups H8,12-H9,11 (7.79, 8.72 and 8.72. 7.79) ppm pyridine ring. 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: H6-C6 (2.86, 40.06), H2ax-C2 (4.33, 70.12) , H2eq-C2 (5.04, 70.12), H5-C5 (4.97, 82.42), H8,12-C8,12 (7.79, 124.24), H9,11-C9,11 (8.72, 150.13) ppm.
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	Figure 11 - Correlations in the COSY spectra (1H-1H) (a)
and HMQC (1H-13C) (b) 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 (PVP).
In this regard, a complex of compound (5) with poly-N-vinyl-pyrrolidone in methylene chloride medium was obtained:


Complex (5a) is formed as a result of solubilization of fullerenepyrrolidine (5) by PVP chains and physical interaction of the lactam group with the fullerene sphere. The resulting complex (5а) is soluble in water.
Procedure for the synthesis of N-methyl-2-(pyrid-4-yl)-3,4-fulleropyrrolidine (5). To a solution of 100 mg (0.13 mmol) C60 in 20 ml of xylene were added 14.7 mg (0.13 mmol) pyridine-4-aldehyde and 123.6 mg (1.13 mmol) sarcosine (molar ratio of reagents 1: 1 respectively). The reaction mixture was boiled for 3 h at 110-1200C. After removal of the solvent, the residue was chromatographed on a silica gel column, eluting with toluene unreacted С60 and product (5). Yield 28 mg (23%). 1H NMR spectrum, δ, ppm (J, Hz): 2.86 s (3H, H-6.6.6), 4.33 d (1H, H-2ax, 2J 9.4), 4.97 s (1H, H-5) , 5.04 d (1H, H-2eq, 2J 9.4), 7.79 br. s (2H, H-8, 12), 8.72 br. s (2H, H-9.11). 13С NMR spectrum, δС, ppm: 40.07 (С-6), 70.12 (С-2), 82.42 (С-5), 124.24 (С-8, 12), 150 , 13 (C-9.11), 155.68 (C-7). IR spectrum, ν, cm-1: 526, 825, 1409, 1596, 2784, 2949, 3446, 3467. UV spectrum (CHCl3), λmax, nm: 310, 319, 430.
Complex preparation procedure (5а). To a solution of 2 mg of fulleropyrro-lidine (5) in 2 ml of methylene chloride was added 200 mg of PVP in 3 ml of methylene chloride. The reaction mixture was stirred for 30 min at room temperature. After removal of the solvent, the residue was vacuum dried.
Thus, using the reaction [2+3] cycloaddition, the reaction of addition of pyridine-4-aldehyde to C60-fullerene in the presence of sarcosine was carried out under the conditions of the Prato reactions. A new compound N-methyl-2-(pyrid-4-yl)-3,4-fulleropyrrolidine and its water-soluble derivative have been obtained. The structure of the obtained substances was proved by IR-, UV-, 1H- and 13C-NMR spectroscopy, as well as by the data of two-dimensional spectra COSY (1H-1H) and HMQC (1H-13C).

3.1.5 Three-component reaction of interaction of pyridine-4-aldehyde, dicarbonyl compound and 3-amino-1,2,4-triazole under conditions of classical synthesis and ultrasonic activation

1,2,4-triazole derivatives are widely used in various branches of technology, agriculture and medicine. Many of these compounds are promising intermediates for the synthesis of new drugs, triazole-containing macrocycles, as well as ordered two- and three-dimensional organometallic systems [9], [23]. Continuing research in this direction, we carried out a three-component reaction of the interaction of 4-pyridinecarboxaldehyde with acetoacetic acid anilide and 3-amino-1,2,4-triazole in the absence of a solvent and catalyst. The resulting compound (6) is a colorless crystalline substance, soluble in DMF, DMSO, when heated in ethanol, acetonitrile, insoluble in water.



We found that fusion at 120-140 °C of equimolecular amounts of 4-pyridinecarboxaldehyde with acetoacetic acid anilide and 3-amino-1,2,4-triazole leads to 5-methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4]triazolo[1,5-α] pyridine-6-carboxamide (6). The mechanism of formation of this product apparently proceeds that, at the first stage of the reaction, an unsaturated compound (A) is formed, with which 3-amino-1,2,4-triazole reacts to form compound (6).
In the 1H NMR spectrum of compound (6) methyl protons H-16,16,16 appeared as a three-proton singlet signal at 2.12 ppm. The methine proton H-7 appeared as a single-proton singlet at 6.47 ppm. Aromatic phenyl protons H-21-25 are recorded by a five-proton multiplet at 6.96-7.42 ppm. In two multiplet signals at 7.65-7.85 and 8.12-8.75 ppm protons H-3,5,10 and H-19,2,6 appeared, respectively. In the weakest part of the spectrum at 9.78 ppm the amine proton H-13 appeared as a single-proton singlet.
In the 13C NMR spectrum of compound (6), the signals of the carbon atoms of the methyl and carbonyl fragments appeared at 17.89 (C-16) and 165.20 (C-17) ppm. The C-7 tertiary carbon atom resonated at 59.88 ppm. The carbon atoms of cyclic systems appeared at 102.90 (C-15), 120.18 (C-21.25), 122.25 (C-3.5), 124.06 (C-23), 129, 17 (C-22.24), 137.78 (C-14), 139.20 (C-20), 148.51 (C-12), 149.28 (C-4), 150.48 (C -22) and 150.80 (C-2.6) ppm.
The structure of compound (6) was also confirmed by the methods of two-dimensional NMR spectroscopy COSY (1H-1H) and HMQC (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 12.
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	Figure 12 - Correlations of COSY (1H-1H) (a) and HMQC (b) of compound (6)



In the 1H-1H COSY spectra of the compound, spin-spin correlations are observed through three bonds of neighboring methine protons of the phenyl fragment H23-H22,24 (6.93, 7.17 and 7.17, 6.93) and H22,24-H21,25 (7.16, 7.44 and 7.44, 7.16) ppm. Heteronuclear interactions of protons with carbon atoms through one bond were established using 1H-13C HMQC spectroscopy for the following pairs present in the compound: H16,16,16-C16 (2.09, 18.55), H7-C7 (6.46, 60.62), H22,24-C22,24 (7.15, 129.48), H21,25-C21,25 (7.40, 120.72) and H2.6-C2.6 (8.44 , 150.52).
Continuing research in the field of heterocyclic compounds, we carried out a three-component reaction of the interaction of 4-pyridinecarboxaldehyde with acetoacetic ether and 3-amino-1,2,4-triazole under the Biginelli reaction condi-tions. It was found that boiling equimolecular amounts of 4-pyridinecarboxal-dehyde, acetoacetic ether, and 3-amino-1,2,4-triazole in ethanol in the presence of catalytic amounts of concentrated HCl leads to the formation of 5-methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4]-triazolo[1,5-α]pyridine-6-carboxamide (7).


In order to increase the yield of product (7), we carried out a three-component reaction of the interaction of 4-pyridinecarboxaldehyde with acetoacetic ether and 3-amino-1,2,4-triazole by the Biginelli method under ultrasonic treatment. As a result of the studies, the optimal condition (frequency 22 KHz and power 325 W) of ultrasonic synthesis of target product 7 was found, which allows obtaining the final product with a yield of 58%.
5-Methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4]triazolo[1,5-α] pyri-dine-6-carboxamide (6). A mixture of 1 g (0.0056 mol) of acetoacetic acid anilide, 0.6 g (0.0056 mol) of pyridinaldehyde and 0.47 g (0.0056 mol) of 3-amino-1H-1,2,4-triazole kept at 120-1400C until gas evolution stopped. The formed precipitate was filtered off, dried, and recrystallized from ethanol. Yield 0.82 g (44%), with a melting point of 279-2800C.
The synthesis of ethyl 5-methyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4] triazolo [1,5-α]pyridine-6-carboxylate (7) was carried out under classical conditions as follows: to a suspension of 1.01 g (0.01 mol) of 4-pyridinaldehyde, 1.3 g (0.01 mol) of acetoacetic ether and 0.84 g (0.01 mol) of 3-amino-1,2, 4-triazole in 10 ml of ethanol was added 0.5 ml (0.01 mol) of concentrated HCl. The reaction mixture was refluxed at 80°C for 3 h. The solvent was removed in vacuo and the residue was triturated with petroleum ether. Yield 1.03 g (36%), with a melting point of 143-1450C.
Ethyl 5-methyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4]triazolo[1,5-α]pyridine-6-carboxylate (7) under conditions of ultrasonic activation. To a suspension of 1.01 g (0.01 mol) of 4-pyridinaldehyde, 1.3 g (0.01 mol) of acetoacetic ether and 0.84 g (0.01 mol) of 3-amino-1,2,4-triazole in 10 ml of ethanol was added 0.5 ml (0.01 mol) of concentrated HCl. The reaction mixture was subjected to US irradiation at 22 Hz (325 W) (20-25 min). The solvent was removed in vacuo and the residue was triturated with petroleum ether. Yield 1.65 g (58%), with a melting point of 143-1450C.
Thus, as a result of the research carried out for the first time, the synthesis of new 5-methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4]triazolo[1,5-α]pyri-dine-6-carboxamide and ethyl 5-methyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4] triazolo [1,5-α]pyridine-6-carboxylate and their structures by 1H and 13C NMR spectroscopy, as well as the data of two-dimensional spectra COSY (1H-1H) and HMQC (1H-13C).

3.2 Development of a preparative method for the synthesis of the most promising derivatives of functionally substituted pyridine using microwave irradiation and ultrasonic activation

In recent years, great success has been achieved in the creation of various designs of efficient generators of ultrasound (US) and microwave (MW) radiation, in connection with which there is an increased interest in the use of physical methods of action to intensify various chemical reactions [24]. Ultrasound and microwave radiation have a significant impact on the rate and mechanisms of organic reactions. Ultrasonic vibrations are most successfully used in processes associated with liquid states of reagents, since only in them a specific cavitation process occurs - mechanical vibrations of the ultrasonic range. Ultrasonic cavitation provides maximum energy impact on reactants. Therefore, studies of the synthesis of organic reactions and the mechanisms of formation of substances using microwave and ultrasonic radiation technologies, which are referred to as "green technologies", are an urgent task.

3.2.1 Three-component condensation of 4-pyridinecarboxaldehyde, acetoacetic ether and ammonia according to the Ganch method under conditions of convection heating, microwave irradiation and ultrasonic impact

Recently, a new class of heterocyclic compounds with a basic 1,4-dihydropyridine base, possessing high antihypertensive and nootropic activity, has been widely used in medical practice [25]. The Ganch method used for the synthesis of symmetric 1,4-dihydropyridines has a wide variety of used practically available aliphatic, aromatic or heterocyclic aldehydes, various derivatives of acetoacetic ether and ammonia (or primary amines), which makes it very promising for further search for new biologically active compounds and their chemical modification. At the same time, derivatives of 1,4-dihydropyridines containing a pyridine substituent are not described in the literature.
In this regard, we, according to the Ganch method - a three-component condensation of 2 moles of acetoacetic ether and 4-pyridinecarboxaldehyde in the presence of a 25% aqueous solution of ammonia in ethanol upon heating for 4 h was synthesized in 38% yield corresponding to 2,6-dimethyl-1,4-dihydro- [4,4'-bipyridine] -3,5-dicarboxylate (8).



The resulting derivative (8) is a white powdery substance readily soluble in many organic solvents.
In order to improve the method and increase the yield of the final product, the synthesis of 1,4-dihydropyridine (8) under microwave irradiation was studied. Undoubtedly, the greatest practical interest in the study of this reaction was to study the possibility of using an aqueous solution of ammonia under microwave irradiation [24]. There were fears that the ammonia would evaporate before it reacted. However, the yield of the desired product under these conditions was 40%, which is comparable to the yield of the corresponding product under convection heating conditions. We assumed that the yield of the reaction product could be increased by decreasing the volatility of ammonia. For this purpose, an aqueous solution of ammonia (25%) was dissolved in a threefold excess of acetic acid. The salt formed by a weak base and a weak acid is very easily hydrolyzed, but the volatility of ammonia is greatly reduced. It should also be noted that ammonium salts strongly absorb microwave radiation and this property is used for more intense heating of liquids that are not susceptible to microwave radiation. The ammonium ion, receiving a portion of radiation, heats up, passing into an excited state, which, in turn, leads to a faster and more complete reaction. The use of acetic acid as a solvent made it possible to increase the yield of the final product.
It has been found that the interaction of 4-pyridinecarboxyaldehyde with acetoacetic ether in the presence of a 25% aqueous ammonia solution under microwave conditions at various irradiation powers and reaction times allows the formation of diethyl-2,6-dimethyl-1,4-dihydro-[4,4'-bipyridine]-3,5-dicarboxylate (8) up to 40%. Thus, the duration of the synthesis and the yield of the final product depends on the power and time of microwave irradiation. The optimal reaction conditions for the preparation of 1,4-dihydropyridine (8) under conditions of MV activation are: irradiation power 150 W, irradiation time 30 min. The use of MW irradiation significantly accelerates the reaction rate, while the reaction time decreases from 4 h to 30 min.
The synthesis of compound (8) was also studied under conditions of ultrasonic activation using an Ultrasonic Homogenizer device on the JY92-IIDN model. In the experiments, the ultrasonic method of synthesis of the compound (8) was carried out in a DMF medium at a frequency of 22 kHz and with a duration of ultrasonic treatment from 20 to 60 min. The results of the study of the synthesis reaction of compound 8 showed that the optimal condition for obtaining the target product is achieved by cavitation treatment of the reaction media at a power of 300 W and a process duration of 60 min. Under these conditions, the maximum yield of the target product (8) was 64%, which is 2 times higher than under classical conditions. The results of studying the optimal conditions for the synthesis of compound (8) under the conditions of  MV irradiation at various processing power of the reaction medium are shown in Table 1.


Table 1 - Yield of product (8) under conditions of MW irradiation at different powers

	Compound
	Irradiation power, W
	Duration, min
	Product yield,%

	Diethyl 2,6-dimethyl-1,4-dihydro- [4,4'-bipyridine] -3,5-dicarboxylate
	150
	30
	40

	
	350
	20
	10

	
	500
	10
	20



Figure 13 shows the dependence of the change in product yield at different power of ultrasonic processing of the reaction medium.
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Figure 13 - Influence of ultrasound activation on product yield (8)
(processing time 60 min)

Thus, carrying out the synthesis reaction of  2,6-dimethyl-1,4-dihydro-[4,4'-bipyridine]-3,5-dicarboxylate (8) in microwave and ultrasonic fields can signifi-cantly reduce the duration of the synthesis reaction.
 The structure of the synthesized compound (8) was confirmed by 1H and 13C NMR spectroscopy data.
In the 1H NMR spectrum of compound (8), the presence of a 1,4-dihydropyridine ring is confirmed by three characteristic singlets. In the range of 2.18-2.25 ppm two methyl groups at positions 2 and 6 are recorded as a singlet. In the regions of 4.95 and 8.95 ppm singlets of the corresponding protons in positions 1 and 4 are recorded. The presence of three ethoxyl groups with a triplet with an intensity of 9 N in the region of 1.04-1.12 ppm, corresponding to a methyl group and a multiplet with an intensity of 6H in the region of 3.85-3.98 m.d., characteristic of CH2 groups. The phenyl substituent is characterized by corresponding bands in the form of a complex multiplet in the regions of 7.52-7.59 ppm. (t), 7.56-7.62 ppm (d), 7.94-8.05 ppm (m).
Synthesis of diethyl 2,6-dimethyl-1,4-dihydro-[4,4'-bipyridine]-3,5-dicarbo-xylate (8) under convection heating conditions. To a mixture of 0.006 mol of 4-pyridinecarboxaldehyde and 0.012 mol of ethyl acetate of acetoacetic acid, dissolved in 10 ml of ethanol, 5 ml of a 25% aqueous ammonia solution was slowly added with stirring. The reaction mixture was heated at 80 ° C and stirred for 4 h. The precipitate that formed was filtered off, washed with hexane, and then purified by recrystallization from ethanol. The yield of product (8) was 38%.
Synthesis of diethyl 2,6-dimethyl-1,4-dihydro-[4,4'-bipyridine]-3,5-dicarb-oxylate (8) under microwave irradiation. In a flat-bottomed heat-resistant flask with a capacity of 100 ml, 0.59 ml of glacial acetic acid was placed, then a 25% aqueous solution of ammonia was gradually added with stirring until a stable smell of ammonia appeared. Thereafter, 0.006 mol of 4-pyridinecarboxaldehyde and 0.012 mol of ethyl acetoacetic acid were added to the reaction mixture. The reaction mixture was subjected to microwave irradiation for 10-30 min at a power of 150-500 W with interruptions every 1-2 min. The precipitate formed after cooling the reaction mixture was recrystallized from ethanol.
Synthesis of diethyl 2,6-dimethyl-1,4-dihydro-[4,4'-bipyridine]-3,5-dicar-boxylate (8) under conditions of ultrasonic activation. To a mixture of 0.009 mol of 4-pyridinecarboxaldehyde and 0.009 mol of acetoacetic acid ethyl ester dissolved in 10 ml of ethanol, 5 ml of a 25% aqueous ammonia solution was slowly added with stirring. The reaction mixture is irradiated at 20 Hz, 50 Hz, 80 Hz for 20-60 minutes. The resulting powdery product was recrystallized from ethanol.

3.2.2 Three-component condensation of 4-pyridinecarboxaldehyde, acetoacetic ether and thiourea according to Biginelli reactions under convection heating, microwave irradiation and ultrasonic impact

Recently, the number of publications on the chemistry of 4-aryl-3,4-dihydropyrimidin-2-ones and 4-aryl-3,4-dihydropyrimidin-2-thiones, obtained by three-component condensation according to the Biginelli reaction, has significantly increased, which is not related only with their preparative availability, but also with the manifestation of a wide range of pharmacological activity - analgesic, antibacterial, etc. [26].
To date, the mechanism of the Biginelli reaction has been well studied, and a large number of 4-aryl-3,4-dihydropyrimidine-2-thion derivatives with various functional substituents have been synthesized. A variety of methods for their preparation have been developed and patented, and highly efficient catalysts have been found, which have led to a significant increase in yields and a reduction in the time of condensation [27]. We have synthesized 6-methyl-4-(pyridin-4-yl)-2-thioxo-1,2,3,4-ethyl ester 6-methyl-4-(pyridin-4-yl)-2-thioxo-1,2,3,4- tetra-hydropyrimidine-5-carboxylate (9).





The synthesis of compound (9) was carried out as follows: a mixture of 0.1 mol of 4-pyridinecarboxaldehyde, 0.1 mol of ethyl acetate of acetoacetic acid, and 9.1 g (0.12 mol) of thiourea in 10 ml of absolute DMF was refluxed for 5 h, then added another 10 ml of ethanol and boiled for another 5 h. The reaction mixture was cooled and poured into a glass with ice water. The formed precipitate was triturated under water, filtered off, dried, and then purified by recrystallization from ethanol or 2-propanol. The yield of product (9) was 65%.
The structure of the synthesized pyrimidinethione (9) was proved by 1H NMR spectroscopy. Thus, in the 1H NMR spectrum of compound (9) in the strong field region at   1.12 ppm in the form of a triplet, the protons of the methyl group of the ethoxy group resonate, and the methylene protons of this group are registered as a quartet in the region of   3.96 ppm, and the singlet at   2.22 ppm belongs to the protons of the methyl group. In the area of ​​3.72 ppm an intense singlet characteristic of the methoxy group of the aromatic ring is prescribed. The aromatic - and -protons of the phenyl ring are written in the regions of 6.89 and 7.14 ppm in the form of two doublets, respectively. The signal of the C (4) -H proton is in the region of 5.10 ppm. as a doublet. The protons N (1) -H and N (3) -H are written out at 9.15 and 7.68 ppm. respectively, in the form of two singlets.
In order to improve the method for obtaining 6-methyl-4-(pyridin-4-yl)-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (9), we carried out a three-component reaction of 4-pyridinecarboxaldehyde, ethyl ester of acetoacetic acid and thiourea under microwave irradiation. A mixture of equimolecular amounts of 4-pyridinecarboxyaldehyde, acetoacetic ether, and thiourea dissolved in DMF was placed in a glass container. The reaction mixture was irradiated in an LG MS1724W microwave unit (150, 350, 500 W). The progress of the reaction was monitored by TLC, after the completion of the reaction, the reaction product was recovered by usual work-up in good yield. The results of the study showed that the optimal condition for the synthesis of compound (9) under MV conditions is: power 150 W, duration of irradiation - 120 min. Under these optimal conditions, the yield of the target product was 55%. Table 2 shows the data on the yield of the product (9) at various powers and reaction times.





Table 2 - Product yield (9) under conditions of MV and US activation 

	Compound
	Irradiation power, W
	Duration, min
	Product yield,%

	

Ethyl 6-methyl-4-(pyridin-4-yl)-2-thioxo-1,2,3,4-tetrahydropyri-midine-5-carboxylate (9)
	Microwave activation (MW)

	
	150
	120
	55

	
	350
	60
	40

	
	500
	40
	30

	
	Ultrasonic activation (US)

	
	150
	60
	53

	
	300 
	60
	61

	
	500 
	60
	51



We also studied the synthesis of compound (9) under conditions of sonochemical activation. The conditions for the reaction of ultrasonic action were selected by varying the time (from 20 to 60 min) and the radiation power from 100 to 1000 W at a frequency of  22 KHz. The progress of the reaction was monitored by thin layer chromatography. The results of the study showed that the most favorable conditions for the synthesis reaction under conditions of sonochemical activation are the exposure power of 300 W, the frequency of 22 KHz and the reaction duration of 60 minutes (Table 2). The results obtained showed that the yields of the final target product, both under conditions of MW and USI, are comparable to the result of the classical method, however, the use of physical methods makes it possible to increase the reaction rate by a factor of 10.
Synthesis of 6-methyl-4-(pyridin-4-yl)-2-thioxo-1,2,3,4-tetrahydropyrimi-dine-5-carboxylate (9) under microwave irradiation. In a conical heat-resistant flask with a capacity of 250 ml was placed 5 g of a support, 0.03 mol of 4-pyridinecarboxaldehyde, 3.9 g (0.03 mol) of ethyl ester of acetoacetic acid and 3.12 g (0.041 mol) of thiourea, mixed thoroughly. The reaction mixture was subjected to microwave irradiation for 30 s at irradiation powers of 150, 350 and 500 W. After the end of the irradiation, the reaction mixture was dissolved by heating in ethanol. Then it was filtered off from silica gel, the solvent was distilled off. The precipitate formed after cooling was filtered off and recrystallized from ethyl alcohol.
Synthesis of 6-methyl-4-(pyridin-4-yl)-2-thioxo-1,2,3,4-tetrahydropyrimi-dine-5-carboxylate (9) under ultrasound conditions. A mixture of 0.007 mol of 4-pyridinecarboxaldehyde, 0.007 mol of ethyl ester of acetoacetic acid and 0.008 mol of thiourea in 10 ml of absolute DMF was irradiated at a frequency of 20, 50, and 80 Hz and an irradiation power of 150, 300, and 500 W for 60 min. The reaction mixture was cooled and poured into a glass of ice water. The resulting brown precipitate was purified by column chromatography, eluted with hexane.
Thus, the study of the synthesis reaction of 6-methyl-4-(pyridin-4-yl) -2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate showed the possibility of using the methods of MV and US activation under the Biginelli reaction conditions.


3.2.3 Development of a synthesis method and study of the structure of diethyl 2,6-dimethylpyridine-3,5-dicarboxylate

1,4-Dihydropyridine compounds are of constant scientific interest in terms of their preparative modification in order to detect and identify compounds with new types of biological activity among the derivatives of this class [28], [29]. In order to obtain and further modify new derivatives of symmetric 1,4-dihydropyridines, a new previously undescribed product, diethyl 2,6-dimethylpyridine-3,5-dicarboxylicylate, was synthesized by the Ganch method. In our studies, instead of formaldehyde and ammonia in the classical version of the Ganch synthesis, we used urotropine and ammonium acetate. The reactions were carried out in ethanol at the boiling point of the solvent. The reaction time was monitored by TLC. As a result of the reaction, after 1 h of refluxing the mixture, a light yellow precipitate formed, which, after filtration, did not require additional purification. according to 1Н- and 13С NMR spectra, it turned out to be an analytically pure product (10).


In the 1H NMR spectrum of compound (10), the equivalent methyl protons of the H-15, 15, 15, 18, 18, 18 ethylcarboxylate groups appeared as a six-proton triplet at 1.14 ppm with 3J 7.2 Hz. Adjacent equivalent methylene protons H-14, 14, 17, 17 of the ethyl carboxylate substituent resonated, respectively, with a four-proton quadruplet signal at 4.01 ppm. with 3J 6.8 Hz. The equivalent methyl protons H-7, 7, 7, 12, 12, 12, which do not have protons splitting them in the vicinity, appeared as the expected six-proton singlet at 2.02 ppm. At 3.06 ppm the H-4, 4 atoms of the dihydropyridine fragment resonated with a two-proton singlet. In the weakest field at 8.25 ppm protons H-1 of the dihydropopyridine nucleus appeared as a single-proton singlet.
In the 13C NMR spectrum of compound (10), the signals of the equivalent ethyl carboxylate groups appeared at 14.92 (C-15, 18), 59.46 (C-14, 17) and 167.65 (C-8, 10) ppm. The carbon atoms of the equivalent methyl substituents C-7, 12 resonated at 18.47 ppm. Carbon atoms of the dihydropyridine fragment are observed at 25.23 (C-4), 97.52 (C-3, 5), and 147.09 (C-2, 6) ppm.
The structure of compound (10) was also confirmed by the methods of two-dimensional NMR spectroscopy COSY (1H-1H) and HMQC (1H-13C), which ma-kes it possible to establish spin-spin interactions of homo- and heteronuclear na-ture.The observed correlations in the molecule are presented in Figures 14 and 15.
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Figure 14 - Shooting of the HMQC spectrum of compound (10) in DMSO[image: ]
Figure 15 - Shooting of the COSY spectrum of compound (10) in DMSO

In the 1H-1H COSY spectra of compounds (10), spin-spin correlations are observed through three bonds of neighboring methyl and methylene protons of ethyl carboxylate fragments H15,18-H14,17 with coordinates at 1.11, 4.01 and 4.00, 1.14 ppm. Heteronuclear interactions of protons with carbon atoms through one bond were established using 1H-13C HMQC spectroscopy for all pairs present in the compound: H15,18-C15,18 (1.14, 14.92), H7,12-C7,12 ( 2.06, 18.47), H4-C4 (3.06, 25.24) and H14,17-C14,17 (4.01, 59.58).
The oxidative dehydrogenation of diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (10) to the corresponding aromatic pyridine derivative (11) was carried out with sodium nitrite in acetic acid. As a result of the reaction, diethyl 2,6-dimethylpyridine-3,5-dicarboxylate (11) was isolated in analytically pure form with a yield of 89.7%.



In the 1H NMR spectrum of compound (11), the equivalent methyl protons of H-15, 15, 15, 18, 18, 18 of ethyl carboxylate groups appeared as a six-proton triplet at 1.28 ppm with 3J 6.8 Hz (Figure 16). Adjacent equivalent methylene protons H-14, 14, 17, 17 of the ethyl carboxylate substituent resonated, respecti-vely, with a four-proton quadruplet signal at 4.27 ppm with 3J 6.8 Hz. The equivalent methyl protons H-7, 7, 7, 12, 12, 12, which do not have protons splitting them in the vicinity, appeared as the expected six-proton singlet at 2.67 ppm. In the aromatic region, a single-proton singlet at 8.44 ppm the pyridine proton H-4 resonated.
In the 13C NMR spectrum of compound (11), the signals of the equivalent ethyl carboxylate groups appeared at 14.53 (C-15, 18), 61.77 (C-14, 17) and 165.65 (C-8, 10) ppm (Figure 17). The carbon atoms of the equivalent methyl substituents C-7, 12 resonated at 25.00 ppm. Carbon atoms of the pyridine fragment are observed at 123.11 (C-3, 5), 140.43 (C-4), and 161.83 (C-2, 6) ppm.
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Figure 16 - Shooting of the 1H NMR spectrum of compound (11) in DMSO
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Figure 17 - Shooting of the 13C NMR spectrum of compound (11) in DMSO

The structure of compound (11) was also confirmed by two-dimensional NMR spectroscopy COSY (1H-1H) and HMQC (1H-13C), which makes it possible to establish spin-spin interactions of homo- and heteronuclear nature (Figure 18). The observed correlations in the molecule are shown in the diagrams. In the spectra of 1H-1H COSY compounds, spin-spin correlations are observed through three bonds of neighboring methyl and methylene protons of the ethylcarboxylate fragments H15,18-H14,17 with coordinates at 1.26, 4.27 and 4.26, 1, 28 ppm. Heteronuclear interactions of protons with carbon atoms through one bond were established using 1H-13C HMQC spectroscopy for all pairs present in the compound: H15,18-C15,18 (1.27, 14.63), H7,12-C7,12 ( 2.66, 25.04), H14,17-C14,17 (4.28, 61.57) and H4-C4 (8.42, 140.33).
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Figure 18 - Scheme of correlations in the spectra COSY (a) and HMQC (b) compound (11)



Diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (10). A mixture of 15.6 g (0.12 mol) of acetoacetic ether, 1.54 g (0.01 mol) of urotropine and 4.62 g (0.06 mol) of ammonium acetate in 60 ml of ethanol is boiled for 1 h. The solution is cooled, the precipitate is filtered off. Yield 2.50 g (90.0%), with a melting point of 189-190 °C.
Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate (11). To a suspension of 1.27 g (0.005 mol) of diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate in 15 ml of acetic acid at room temperature and stirring, 0.69 g (0.01 mol) of nitrite was added in portions sodium. After adding all of the sodium nitrite, the reaction mixture was stirred for 2 hours at room temperature. Then it was poured onto ice, neutralized with ammonia, and the precipitated product (11) was filtered off, washed with water. Yield 1.13 g (89.7%), with a melting point of 74-75oC.
Thus, we have synthesized diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate and developed a fairly simple and effective method for the preparation of diethyl 2,6-dimethylpyridine-3,5-dicarboxylate, the structure of which has been proven by 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional spectra COSY (1H-1H) and HMQC (1H-13C).

3.2.4 Biological properties of the synthesized pyridine compounds
3.2.4.1 Anti-radical activity test

The antiradical activity of the substances was studied on the basis of the National Center for Biotechnology of the Republic of Kazakhstan (Nur-Sultan) under the guidance of Ph.D. Shulgau Z.T. (Appendix A).
Research objectives: To evaluate the antiradical effect of the presented samples in relation to the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH•).
An ethanol solution of DPPH (100 µM) was used to assess the antiradical activity of the samples under study in the test with DPPH radical. To select substances with pronounced antiradical activity, 2 ml of a 100 μM ethanol solution of DPPH were mixed with 20 μl of the test object using the example of N- (pyridin-4-ylmethylene)-4H-1,2,4-triazol-4-amine (internal code ANI-35) dissolved in ethanol at a concentration of 5 mM. The final concentration of the test substance in the reaction mixture was 50 µM. 10 minutes after the addition of the test compound solution to the DPPH radical solution, the decrease in absorbance at 515 nm is measured. For substances capable of reducing optical density by more than 50%, it is planned to carry out a test for interaction with DPPH-radical in the final concentrations of the investigated substances 50, 25, 20, 15, 10, 5 and 2.5 µM. After that, it will be possible to determine the concentration of the test substance capable of reducing the optical density by 50% - IC50 (DPPH). The results of studies of the antiradical activity of the studied samples are presented in Table 3.

Table 3 - The values of the optical density of a solution of 100 µM DPPH radical after 10-minute incubation with the test substances at a final concentration of 50 µM

	Compound
	Code Connection 
	Optical density

	1
	2
	3

	N- (pyridin-4-ylmethylene) -4Н-1,2,4-triazol-4-amine (1)
	ANI-35
	1,122

	2-Pyridine-3,4-dimethyl-5-phenyl-1,3-oxazali-dine (2)
	NA-37
	0,918


Сontinuation of table 3

	1
	2
	3

	2-Hydroxy-N- (pyridin-4-yl-methylidene) ben-zohydrazide (3)
	NZH-11
	1,013

	4-Hydroxy-N- (pyridin-4-yl-methylidene) ben-zohydrazide (4)
	NZH-10
	1,02

	Diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (10)
	NOK-36
	0,849

	Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate (11)
	NOK-37
	0,947

	Control (DPPG solution without test sample)

	
	0,944



From the data in Table 3, it follows that none of the studied compounds decreases the optical density of the initial solution of  DPPH radical, except for NOK-36, which reduces the optical density of the solution of  DPPH radical by 10%, which indicates a weak antiradical effect of NOK-36 (diethyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate). The rest of the compounds did not show antiradical activity under the conditions of this test system.

3.2.4.2 Study of hydrazones for anti-inflammatory and cytotoxic activity

The anti-inflammatory and cytotoxic activity of substances was studied on the basis of Departments of Immunology and Infectious Diseases (Montana State University, Bozeman, Montana 59717, United States) under the guidance of Ph.D. Shepetkin I.A. (Appendix A).
Two hydrazones (3) (NZh-11) and (4) (NZh-10) were studied to assess their anti-inflammatory and cytotoxic activity (in vitro) in cultures of human monocytic cell lines MonoMac-6 and THP-1Blue.
The anti-inflammatory effect was assessed as the ability of the compound to suppress lipopolysaccharide (LPS) -induced production of pro-inflammatory cytokines interleukin-6 (IL-6) and tumor necrosis factor (TNF) in MonoMac-6 cells, as well as NF-κB-dependent production of alkaline phosphatase (ALP ) in transfected cells with THP-1Blue. The cells were treated with the compound for 30 min, and then LPS (0.5 μg/ml) was added to the cell culture. 
Cytokine or ALP levels were assessed after 24-hour incubation. Cytokines were measured in cell supernatants using enzyme-linked immunosorbent assay (ELISA). ALP production was measured using a specific substrate, Quanti-BlueTM. The cytotoxicity level was assessed using the CellTiter-Glo chemiluminescent kit. The effective concentration to suppress the response by 50% (IC50) was found by regression analysis using dose-response curves (at least 5 concentrations). The biological activities of hydrazones (3) and (4) are shown in Table 4.



Table 4 - Effect of hydrazones (3) and (4) on LPS-induced production of cytokines (TNF and IL-6) and alkaline phosphatase (ALP) in cell culture and assessment of their cytotoxicitya 

	Compound
	MonoMac-6 cells
	THP-1 Blue cells

	
	TNF
	IL-6
	Toxicity
	ALF
	Toxicity

	
	IC50, µM

	4-hydroxy-N'-(pyridin-4-yl-methyle-ne)benzohydrazide (NZh-10)
	35,5
	N.A.
	N.T
	N.A.
	N.T

	2-hydroxy-N'- (pyridin-4-yl-methyle-ne) benzohydrazide (NZh-11)
	N.A.
	N.A.
	N.T
	N.A.
	N.T

	Note - aN.A. or N.T., no suppression of production or cytotoxicity at concentrations <100 μM



Studies have shown that hydrazones were non-cytotoxic and inactive in the anti-inflammatory test at concentrations <100 µM, but the NZH-10 compound has a weak activity, manifested in the suppression of the production of anti-inflammatory cytokine TNF.

3.2.4.3 Test for antimicrobial activity

In the educational microbiological laboratory for testing for antibacterial, antifungal activity on the basis of the Department of Clinical Immunology, Allergology and Microbiology "NAO" of the Karaganda Medical University under the leadership of Ph.D. Akhmetova S.B., the synthesized compounds were studied for the presence of antimicrobial activity of the following substances: 5-methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,4]triazole[1,5-a]pyrimidine-6-carboxami-de (comp. 6, HA-126), ethyl 5-methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydrotet-razole[1,5-a]pyrimidine-6-carboxylate (comp. 7, HA-127), 4-hydroxy-N-(pyridin-4-yl-methylidene)-benzohydrazide (comp. 4, NZh-10), 2-hydroxy-N-(pyridin-4-yl-methylidene)-benzohydrazide (comp. 3, NZh-11).
The concentrations of the tested drugs were 1 μg for antibacterial activity and 1 μg for antifungal activity. The concentration of reference drugs was 1 mg. The antimicrobial activity of the samples was assessed by the diameter of the growth inhibition zones of the test strains (mm). The diameters of the zones are less than 10 mm and solid growth in the dish was assessed as the absence of antimicrobial activity, 10-15 mm - weak activity, 15-20 mm - moderately pronounced activity, over 20 mm - pronounced. Each sample was tested in three parallel runs. Statistical processing was carried out by the methods of parametric statistics with the calculation of the arithmetic mean and standard error.
Dilution was made at the rate of 1 mg of substance per 1 ml of solvent. The sensitivity of bacteria to these preparations was determined by the diffusion method using discs. Used bacteria: S. aureus, Bacillus subtilis; E. Coli; Ps.aerugiosa, Candida albicans.
These cultures were inoculated by the lawn method on the following nutrient media: YSA, Endo's medium, nutrient agar and Sabouraud's medium. Then the Petri dishes were incubated for a day at 370C, for fungi at 280C.
The antibiotic benzylpenicillin sodium salt, gentamicin and the third generation cephalosporin antibiotic - ceftriaxone - were chosen as the standard for antibacterial activity, and nystatin is the antifungal activity. The results of the detected growth retardation on the media are shown in Table 5.

Table 5 - Antimicrobial and antifungal activity of the samples. Growth retardation diameters of test strains. Solvent - 96% ethyl alcohol

	Test substances
	S.aureus    
	B.subtilis
6633  
	E.coli        
	Ps.aerugiosa АТСС 9027
	C.albicans 

	5-methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydro-[1,2,3] triazole-[1,5-a]pyrimidine-6-carboxamide (NA-126)
	14±1,0
	15±1,0
	11±1,0
	10±1,0
	12±1,0

	Ethyl 5-methyl-N-phenyl-7-(pyridin-4-yl)-4,7-dihydrotetrazole[1,5-a]pyrimidine-6-carboxylate (NA-127)
	13±1,0
	14±1,0
	11±1,0
	-
	12±1,0

	4-hydroxy-N-(pyridin-4-yl-methylidene) benzohydrazide (NZh-10)
	14±1,0
	13±1,0
	9±1,0
	10±1,0
	9±1,0

	2-hydroxy-N- (pyridin-4-yl-methylidene) benzohydrazide (NZh-11)
	13±1,0
	14±1,0
	11±1,0
	-
	-

	Ethyl alcohol 96%
	9±1,0
	9±1,0
	9±1,0
	9±1,0
	9±1,0

	Benzylpenicillin sodium salt
	15±1,0
	-
	16±1,0
	12±1,0
	-

	Gentamicin
	22±1,0
	30±1,0
	31±1,0
	30±1,0
	-

	Ceftriaxone
	30±1,0
	30±1,0
	29±1,0
	22±1,0
	-

	Nystatin
	-
	-
	-
	-
	25±1,0



	
	

	
	


As a result of the study, it was found that almost all the investigated substances show weak antibacterial activity.

CONCLUSION

Based on the results of the research work carried out in 2020 у., the following results were obtained:
1 Condensation of 4-pyridinecarboxaldehyde with 4-amino-1,2,4-triazole in equimolecular amounts of reactants has been carried out. The synthesis reaction of a new Schiff base - N-(pyridin-4-ylmethylene)-4H-1,2,4-triazol-4-amine was carried out in ethanol with a yield of 81.8%.
2 The reaction of stereoslective synthesis of optically active (1S, 2S) -1-phenyl-2-methylaminopropanol-1 with 4-pyridinecarboxaldehyde in absolute benzene is studied. It was shown that the reaction proceeds rather quickly and with a high yield (80%) of oxazolidine formation. The spatial structure of the synthesized oxazolidine was established using X-ray structural analysis. The results obtained are of significant scientific interest as products of enantioselec tive synthesis of planar-chiral compounds.
3 Condensation of 4-pyridinecarbaldehyde with hydrazides of o- and p-hydroxybenzoic acids under mild conditions and in good yields synthesized and studied the structure of previously undescribed new acylhydrazones, which are interesting compounds in terms of studying their biological activity.
4 Chemical modification of C60 fullerene by three-component condensation of C60 fullerene, N-methylglycine (sarcosine) and pyridine-4-aldehyde under the conditions of the Prato reaction to obtain a new fulleropyrrolidine - N-methyl-2- (pyrid-4-yl)-3,4-fulleropyrrolidine. Based on the analysis of UV, 1H NMR and two-dimensional spectra of COSY (1H-1H) and TOCSY (1H-1H), a mechanism for the formation of a new fulleropyrrolidine has been proposed. Its water-soluble complex with poly-N-vinylpyrrolidone in methylene chloride was obtained.
5 A method for the synthesis of new 5-methyl-N-phenyl-7-(pyridin-4-yl) -4,7-dihydro-[1,2,4] triazolo[1,5-α] pyridine-6-carboxamide and ethyl 5-methyl-7- (pyridin-4-yl)-4,7-dihydro-[1,2,4]triazolo[1,5-α]pyridine-6-carboxylate by fusion at 120-140°C of equimolecular amounts 4-pyridinecarboxaldehyde with aceto-acetic acid anilide (acetoacetic ester) and 3-amino-1,2,4-triazole by the Biginelli method under convection heating and ultrasonic action.
6 A comparative study of the synthesis of 2,6-dimethyl-1,4-dihydro-[4,4'-bipyridine]-3,5-dicarboxylate (Ganch reaction) and 6-methyl-4-(pyridin-4-yl)-2 -thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (Biginelli reaction) under condi-tions of convection heating, microwave irradiation and ultrasonic exposure. It was found that carrying out the reaction under conditions of microwave and ultrasonic irradiation can increase the yield and significantly reduce the duration of the synthesis reaction.
7 For the first time, a synthesis method was developed and the structure of diethyl 2,6-dimethylpyridine-3,5-dicarboxylate was studied, the difference of which is the use of urotropine and ammonium acetate instead of formaldehyde and ammonia in the classical version of the Ganch synthesis. The oxidative dehydrogenation of the obtained diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate to the corresponding aromatic pyridine derivative with sodium nitrite in acetic acid was carried out. As a result of the reaction, a new product was isolated - diethyl 2,6-dimethylpyridine-3,5-dicarboxylate in analytically pure form with a yield of 89.7%.
8 The synthesized compounds were bioscreened for antiradical activity at the National Center for Biotechnology of the Republic of Kazakhstan (Nur-Sultan) and anti-inflammatory, cytotoxic, and inhibitory activity in Departments of Immunology and Infectious Diseases (Montana, USA).
9 The structures of all new synthesized compounds have been studied using modern 1H and 13C NMR spectroscopy methods. The values of chemical shifts, multiplicity and integrated intensity of 1H and 13C signals in one-dimensional NMR spectra were determined. Using the spectra in the formats COSY (1H-1H) and HMQC (1H-13C), homo- and hetero-nuclear interactions were established, confirming the structure of the compounds under study.
10 Based on the research results, 11 new derivatives of functionally substituted pyridines were synthesized. During the reporting period, according to the results of the research performed, 13 scientific papers were published (1 - patent, 1 - patent application, 9 scientific articles and 2 theses of reports).

Final research results for 2018-2020 in this direction:

- On the basis of isonicotinic acid hydrazide under conditions of convection heating, microwave irradiation and ultrasonic activation, purposeful synthesis of new isonicotinic acid hydrazones was carried out. As a result of a comparative analysis of the obtained data, 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.
- For the first time the reactions of supromolecular complexes based on isonicotinic acid hydrazones with cyclodextrins (β-CD, 2-HP-β-CD) were obtained and studied. Comparison of the integral intensities of 1H NMR signals of substrate molecules (hydrazones) and β- and 2-HP-β-CD-a receptors in supramolecular complexes showed that in all cases, complexes of 1 guest molecule per 2 host molecules are formed. 
- For the first time, the chemical modification of C60 fullerene was carried out by three-component condensation of C60 fullerene, N-methylglycine (sarco-sine) and pyridine-4-aldehyde under the conditions of the Prato reaction to obtain a new fulleropyrrolidine. Its water-soluble complex with poly-N-vinylpyrrolidone was obtained. Condensation of 4-pyridinecarbaldehyde with hydrazides of o- and p-hydroxybenzoic acids under mild conditions synthesized previously undescribed new acylhydrazones, which are interesting compounds in terms of studying their biological activity.
- Three-component condensation under the Biginelli reaction conditions, the interaction of 4-pyridinecarbaldehyde with acetoacetic acid anilide (acetoacetic ester) and 3-amino-1,2,4-triazole under convection heating and ultrasonic exposure conditions have synthesized and characterized biologically very promising new 4-pyridil-3,4-dihydropyrimidine-2-thiones - synthones for further chemical transformations and the search for new biologically active substances.
- Developed "green" ("one-pot" reaction, MW-, US-activation, etc.) methods for the synthesis of new functional-substituted pyridine derivatives. The structure of the synthesized new pyridine compounds was established and proved using modern physicochemical research methods (IR-, 1H-, 13C and 1H-13C HSCQ spectroscopy, X-ray structural analysis). The biological activity of the synthesized substances has been studied, among which substances with antioxidant, antimicrobial, and other activities have been found.

In total, for 2018-2020, 29 scientific works were published, of which 1 monograph, 15 scientific articles (3 - in Russian publications with a non-zero impact factor, 12 - in editions of the Republic of Kazakhstan recommended by KOKSON), 11 publications in materials of international and national conferences (2 - outside the Republic of Kazakhstan, 9 - held on the territory of the Republic of Kazakhstan), 1 patent of the Republic of Kazakhstan for a utility model was received and 1 application for a patent of the Republic of Kazakhstan for a utility model was filed.
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APPENDIX B
Technical specification and work schedule for 2018-2020
	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 new hydrazones, thiosemicarbazides, S,N-heterocycles based on isonicotinic acid hydrazide ( INH), study of the reaction mechanisms of their formation, determination of the structure.
	february
2018 y.
	until november 1
2018 y.
	Methods for obtaining and optimal conditions for the synthesis of new hydrazones, thiosemi-carbazides, S, N-heterocycles based on isonicotinic acid hydrazide (INH) will be developed, the mechanisms of their formation reactions will be investigated, and their structure will be established.
Methods of obtaining new hydrazones, thiosemi-carbazides, S, N-heterocycles based on INH will be developed.

	1.1
	Synthesis, study of the structure and properties of new hydrazones, thiosemi-carbasides of isonicotinic acid.
	february
2018 y.
	june
2018 y.
	Will be synthesized, investigated the structure and properties of new hydrazones, isonicotinic acid thiosemicarbazides.
The structures of hydrazones and thiosemicarbazides of INH will be synthesized and investigated.

	1.2
	Synthesis and implemen-tation of heterocyclization of new thiosemicarbazide derivatives of isonicotinic acid hydrazide. Bioscree-ning of synthesized com-pounds.
	jule
2018 y.

	until november 1
2018 y.
	New thiosemicarbazide deriva-tives of isonicotinic acid hyd-razide will be synthesized and carried out. The synthesized compounds will be bioscreened.
Thiazines and thiazolines will be obtained by heterocyclization of thiosemicarbazides of  INH, and bioscreening will be performed. An article will be published in a peer-reviewed national edition with a non-zero impact factor «News  NAS RK. Ser. chemistry and technology». Abstracts will be published in the materials of international conferences.

	2
	Chemical transformation of amino- and methyl-substituted pyridines in order to obtain new potentially pharmacolo-gically active agents.
	january
2019 y.

	until november 1
2019 y.
	Chemical transformation of amino- and methyl-substituted pyridines will be carried out in order to obtain new potentially pharma-cologically active agents.
New nitrogen-, sulfur- and phosphorus-containing polyfunc-tional pyridine derivatives will be obtained.

	2.1
	Purposeful synthesis of nitrogen-, sulfur- and phosphorus-containing derivatives of functionally substituted pyridine.
	january
2019 y.


	june
2019 y.
	Purposeful synthesis of nitrogen-, sulfur- and phosphorus-containing derivatives of functionally substituted pyridine will be carried out. New carbohydrate-, sulfur- and phosphorus-containing pyridine derivatives will be obtained. Abstracts will be published in the materials of international conferences.

	2.2
	Preparation of cyclodextrin inclusion complexes of pharmaceutically active pyridine derivatives and study of their structure using 1H and 13C  NMR spectroscopy.

	june
2019 y.
	until november 1
2019 y.
	Cyclodextrin inclusion complexes of pharmaceutically active pyridine derivatives will be obtained and their structures will be studied using 1H and 13C NMR spectroscopy.
Cyclodextrin inclusion complexes of new pyridine derivatives will be obtained and their structures will be investigated. Articles will be published: in a foreign peer-reviewed journal indexed in the Web of Science and Scopus databases with a non-zero impact factor «Journal of General Chemistry» and in peer-reviewed domestic publications with a non-zero impact factor - «Bulletin of Karaganda University. Ser. chemistry»,«News NAS RK. Ser. chemistry and technology»; 1 application for a patent of the RK for a utility model will be submitted; according to the results of scientific research carried out within the framework of this project, it is planned to publish the book in a Kazakh publishing house.

	3
	Development of alternative green (microwave and ultrasonic activation) methods for the synthesis of new derivatives of functionally substituted pyridine. Bioscreening of the activity of new pyridine compounds for antioxidant, antimicrobial, antifungal and other types of activity.
	january
2020 y.

	until november 1
2020 y.
	Alternative green (microwave and ultrasonic activation) methods for the synthesis of new derivatives of functionally substituted pyridine will be developed. The bioscreening of the activity of new pyridine compounds for antioxidant, antimicrobial, antifungal and other types of activity will be carried out.
Green («one-pot» reaction, MW-, US-activation, etc.) methods for the synthesis of new polyfunctional pyridine derivatives will be developed. Bioscreening of substances will be carried out.

	3.1
	Synthesis and structure of Schiff's bases, hydrazones based on 4-pyridinecarb-aldehyde.
	03.01.2020

	30.06.2020
	The structure of Schiff bases, hydrazones based on 4-pyridine-carbaldehyde will be synthesized and established.
Imines, hydrazones based on 4-pyridinecarbaldehyde will be obtained.

	3.2
	Development of a preparative method for the synthesis of the most promising derivatives of functionally substituted pyridine using microwave irradiation and ultrasonic activation.
	01.07.2020

	31.10.2020
	Preparative methods for the synthesis of the most promising derivatives of functionally substituted pyridine using microwave irradiation and ultrasonic activation will be developed.
Methods for the synthesis of the most promising substituted pyridine derivatives using microwave irradiation and ultrasonic activation will be developed. Articles will be published: 2 articles in a foreign peer-reviewed journal, indexed in the Web of Science and Scopus databases with a non-zero impact factor «Journal of General Chemistry» and in a peer-reviewed domestic publication with a non-zero impact factor «Bulletin of Karaganda University. Ser. chemistry», 1 patent application for a utility model will be filed.
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Supplementary Agreement No. 4 to the Agreement
for grant funding No. 99 dated March 5, 2018 y

Nur-Sultan                                                                             05.10.2020

State institution «Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan», hereinafter referred to as the Customer, represented by the Chairperson Zh.D. Kurmangaliyeva, acting on the basis of the Regulation on the Science Committee, approved by order of the Executive Secretary on July 10, 2018 No. 169-C, and by order of the Minister Education and Science of the Republic of Kazakhstan dated December 25, 2019 No. 169-hc, on ​​the one hand, and the Limited Liability Partnership «Institute of Organic Synthesis and Coal Chemistry of the Republic of Kazakhstan», hereinafter referred to as the «Contractor», represented by Director Z.M. Muldakhmetov, acting on the basis of the Charter, approved on January 7, 2005, on the other hand, hereinafter collectively referred to as the «Parties», on the basis of Articles 401, 402 of the Civil Code of the Republic of Kazakhstan, the Law of the Republic of Kazakhstan dated February 18, 2011 «On Science», resolutions of the Government of the Republic of Kazakhstan dated May 25, 2011 No. 575 «On approval of the Rules for basic, grant, program-targeted financing on scientific and (or) scientific and technical activities», Resolution of the Government of the Republic of Kazakhstan dated May 16, 2011 No. 519 «On National Scientific Councils» and the protocol decision of the National Scientific Council on the priority direction «Rational use of natural resources, including water resources, geology , processing, new materials and technologies, safe products and structures» (Minutes No. 5 dated September 28-30, 2020) concluded this Supplementary Agreement to the Grant Funding Agreement No. 99 dated March 5, 2018 (hereinafter referred to as the Agreement) on the following:
1. The third paragraph of clause 2.3 of section 2 of appendix 1.1 of the Agreement shall be amended as follows:
«- for 2020: green («one pot» reaction, MW-, US-activation, etc.) methods for the synthesis of new polyfunctional pyridine derivatives have been developed; bioscreening of substances was carried out; articles will be published: 2 articles in foreign peer-reviewed journals indexed in the Web of Science and Scopus databases with a non-zero impact factor «Journal of General Chemistry» and «Journal of Bioorganic Chemistry» and in a peer-reviewed domestic publication with a non-zero impact factor «Bulletin of Karaganda University. Ser. chemistry»; 1 patent application for a utility model of the Republic of Kazakhstan will be filed. »;
2. Clause 3.2 for 2020 of Section 3 of аppendix 1.1 of the Agreement shall be amended as follows:
«
	3.2 
	Development of a preparative method for the synthesis of the most promising derivatives of functionally substituted pyridine using microwave irradiation and ultrasonic activation.
	01.07.2020
	31.10.2020
	Preparative methods for the synthesis of the most promising derivatives of functionally substituted pyridine using microwave irradiation and ultrasonic activation will be developed.
Methods for the synthesis of the most promising substituted pyridine derivatives using microwave irradiation and ultrasonic activation will be developed. Articles will be published: 2 articles in a foreign peer-reviewed journal, indexed in the Web of Science and Scopus databases with a non-zero impact factor «Journal of General Chemistry» and «Journal of Bioorganic Chemistry» and in a peer-reviewed domestic publication with a non-zero impact factor «Bulletin Karaganda University. Ser. chemistry», 1 patent application for a utility model of the Republic of Kazakhstan will be filed.


».

3. This Supplementary Agreement is an integral part of Agreement No. 99 dated March 5, 2018 and comes into force from the moment it is signed by the parties and is valid until December 31, 2020.
4. The terms of Agreement No. 99 dated March 5, 2018, not affected by this Supplementary Agreement, remain unchanged, and the Parties confirm their obligations under them.
5. The supplementary agreement is made in two copies, one copy for each of the parties, having the same legal force.
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APPENDIX D
List of published works in the direction of the topic for 2018-2020 
	
for 2018 y:
1 Fazylov S.D., Nurkenov O.A., Zhurinov M.Zh., Arinova A.E., Tuktarov A.R., Issayeva A.Zh. Catalytic cyclodridation of hydrazons to c60 fullerene catalyzed complexes of palladium // News of NAS RK. – 2018. - №5 (431). – pp. 26-31. http://nauka-nanrk.kz/en/%D0%B8%D0%B7%D0%B2%D0%B5%D1%81-%D1%82%D0%B8%D1%8F.html [in Eng.]
2 Nurkenov O.A., Ibrayev M.K., Satpaeva Zh.B., Dauletzhanova Zh.T., Seilkhanov T.M. Sythesis and study of antioxidant activity of hydrazine and thiosemicarbazidebased on N-morpholinoacetic acid hydrazide // Bulletin of the Karaganda university. – 2018. - №1 (89). – pp. 22-26. http://vestnik.ksu.kz [in Eng.] 
3 Nurkenov O.A., Karipova G.Zh., Seilkhanov T.M., Tukhmetova Zh.K., Nurlan G. Synthesis, structure and determination of thermodynamic characteristics of isonicotinic acid hydrazones // Bulletin of the Scientific and Technical Society «KAKHAK». - 2018. - №. 2 (61). - P. 68-76. http://www.ntokaxak.kz/?page_id =235. [Нуркенов О.А., Карипова Г.Ж., Сейлханов Т.М., Тухметова Ж.К., Нурлан Г. Синтез, строение и определение термодинамических характе-ристик гидразонов изоникотиновой кислоты // Известия научно-технического общества «КАХАК». – 2018. - №2 (61). – С. 68-76. http://www.ntokaxak.kz/? page_id=235].
4 Tukhmetova Zh.K., Nurkenov O.A., Omarov T.S., Karipova G.Zh. Investigation of the thermodynamic properties of a number of isonicotinohydrazide derivatives // Actual problems of the humanities and natural sciences. - 2018. - №. 7 (114). - P. 12-15.http://www.publikacia.net/ [Тухметова Ж.К., Нуркенов О.А., Омаров Т.С., Карипова Г.Ж. Исследование термодинамических свойств ряда производных изоникотиногидразида // Актуальные проблемы гуманитарных и естественных наук.–2018.-№7(114).–С. 12-15. http://www.publikacia.net/.].
5 Satpayeva Zh.B., Nurkenov O.A., Karipova G.Zh., Fazylov S.D., Burkeev M.Zh., Seilkhanov T.M., Khavlichek D. New 1,2,4-triazole-5 ( 4H) thiones based on hydrazides of o- and p-hydroxybenzoic and isonicotinic acids//Mater. int. scientific-practical conf. «Science, Education and Manufacturing in the Fourth Industrial Revolution».-Karagandy,-2018.-P.83-85. http: //ksu.kz/?p=9532& lang=ru. [Сатпаева Ж.Б., Нуркенов О.А., Карипова Г.Ж., Фазылов С.Д., Буркеев М.Ж., Сейлханов Т.М., Хавличек Д. Новые 1,2,4-триазол-5(4Н)тио-ны на основе гидразидов о- и п-гидроксибензойных и изоникотиновой кислот // Матер. междунар. науч.-практ. конф. «Наука, образование и производство в условиях Четвертой промышленной революции». – Караганды, - 2018. – С. 83-85. http://ksu.kz/?p=9532&lang=ru.]. 
6 Isaeva A.Zh., Nurkenov O.A., Fazylov S.D., Muldakhmetov Z.M. The inclusion complex of functionally substituted N-benzylidene- and allylidene-isonicotinohydrazide with β-cyclodextrin // Mater. int. scientific-practical conf. «Science, Education and Manufacturing in the Fourth Industrial Revolution». - Karagandy, - 2018.- P. 188-189. http://ksu.kz/?p=9532&lang=ru. [Исаева А.Ж., Нуркенов О.А., Фазылов С.Д., Мулдахметов З.М. Комплекс включения функционально-замещенных N-бензилиден- и аллилиденизоникотиногидра-зида с β-циклодекстрином // Матер. междунар. науч.-практ. конф. «Наука, образование и производство в условиях Четвертой промышленной революции». – Караганды, - 2018.–С. 188-189. http://ksu.kz/?p=9532&lang=ru]. 
7 Nurlan G., Nurkenov O. A., Karipova G.Zh. Condensation of 4-diethyl-aminosalicylaldehyde with isonicotinic acid hydrazide // Mater. int. scientific-practical conf. «Integration of science, education and industry - the basis for the implementation of the Plan of the nation». - Karagandy, - 2018.- P. 158. http://www.kstu.kz/integratsiya-nauki-obrazovaniya-proizvodstva-osnova-realizatsii-plana-natsii-saginovskie-chteniya-10/ [Нурлан Г., Нуркенов О.А., Карипова Г.Ж. Конденсация 4-диэтил-аминосалицилальдегида с гидразидом изоникотиновой кислоты // Матер. междунар. науч.-практ. конф. «Интеграция науки, образования и производства – основа реализации Плана нации». – Караганды, - 2018. – С. 158. http://www.kstu.kz/integratsiya-nauki-obrazovaniya-proizvodstva-osnova-realizatsii-plana-natsii-saginovskie-chteniya-10/.].
	
for 2019 y:
1 Application for a patent of the Republic of Kazakhstan for a useful model №2019/0189.2 dated 02.26.2019y. N-((5-nitrofuran-2-yl)methylene)isonicotino-hydrazide, which has a pronounced antimicrobial and antifungal activity/Nurkenov O.A., Satpaeva Zh.B., Karipova G.Zh., Akhmetova S.B., Fazylov S.D. [Заявка на патент РК на полезную модель № 2019/0189.2 от 26.02.2019 г. N-((5-нитрофуран-2-ил)метилен)изоникотиногидразид, обладающий выраженной антимикробной и противогрибковой активностью / Нуркенов О.А., Сатпаева Ж.Б., Кәріпова Г.Ж., Ахметова С.Б., Фазылов С.Д.].    
2 Nurkenov O.A., Fazylov S.D., Karipova G.Zh. Isonicotinic acid hydrazide and their derivatives. - Karaganda: Glasir, 2019 .- 156 p.[ Нуркенов О.А., Фазылов С.Д., Карипова Г.Ж. Гидразид изоникотиновой кислоты и их производные.  – Караганда: Гласир, 2019. – 156 с.].
3 Nurkenov O.A., Karipova G.Zh., Seilkhanov T.M., Satpayeva Zh.B., Fazylov S.D., Nukhuly A. Synthesis and intramolecular heterocyclization of some thiosemicarbazides of isonicotinic acid//Journal of General Chemistry. - 2019. - Vol.89, Issue 9. - P. 1457-1461. http://sciencejournals.ru/contents /obkhim/2019/ obkhim9_19v89cont.pdf. IF (2019)=0,716 (Q3). [Нуркенов О.А., Карипова Г.Ж., Сейлханов Т.М., Сатпаева Ж.Б., Фазылов С.Д., Нухулы А. Синтез и внутримолекулярная гетероциклизация некоторых тиосемикарбазидов изоникотиновой кислоты // Журнал общей химии. – 2019. – Т. 89, Вып. 9. – С. 1457-1461. http://sciencejournals.ru /contents/obkhim/2019/obkhim9_19v89cont. pdf. (Impact-factor in 2019 – 0,716; квартиль Q3, процентиль 33%)].
4 Nurkenov O.A., Karipova G.Zh., Zhivotova T.S., Akhmetova S.B., Seilkhanov T.M., Fazylov S.D. Synthesis and anti-microbial activity of N'-(2-hydroxy-5-nitrobenzylidene)-isonicotinohydrazide // News of the Academy of sciences of the Republic of Kazakhstan. Series chemistry and technology. – 2019. – № 2(434). – С. 26-30. http://naukananrk.kz/ru/ assets/%D0%B6%D1%83% D1%80%D0%BD%D0%B0%D0%BB%202019%202/%D0%A5%D0%B8%D0%BC%D0%B8%D1%8F_02_2019.pdf [in Eng.]
5 Fazylov S.D., Nurkenov O.A.,  Seilkhanov T.M., Karipova G.Zh., Van Hecke K., Suleimen Ye.M., Gazaliyev A.M. Synthesis of hydrazine derivatives of isonicotinic acid under microwave activation conditions // Bulletin of the Karaganda university, Chemistry series. – 2019. – № 3(95). – P. 37-44. https:// physics-vestnik.ksu.kz/ru/srch/2019_Physics_3_95_2019.pdf [in Eng.]
6 Nurkenov O.A., Karipova G.Zh., Synthesis, structure and antiradical activity of new hydrazones of isonicotinic acid // Materials XX Int. scientific and practical. conf. named after prof. L.P. Kuleva students and young scientists. - Tomsk.-2019.-P.169-170.http://portal.tpu.ru:7777/science/konf/hht/ProgramHHT 2019.pdf [Нуркенов O.A., Kaрипова Г.Ж., Синтез, строение и антирадикальная активность новых гидразонов изоникотиновой кислоты // Материалы ХХ Межд. научно-практ. конф. имени проф. Л.П. Кулёва студентов и молодых ученых. – Томск. – 2019. – С. 169-170. http://portal.tpu.ru:7777/science/konf/hht/ ProgramHHT2019.pdf].
7 Isaeva A.Zh., Seilkhanov T.M., Nurkenov O.A., Fazylov S.D. Technology for obtaining supracomplexes based on isonicotinic acid hydrazones and cyclodextrins // Materials International. scientific practice. conf. «Innovation in the field of natural sciences as a basis for export-oriented industrialization of Kazakhstan». - Almaty, 2019. - P. 493-497. [Исаева А.Ж., Сейлханов Т.М., Нүркенов О.А., Фазылов С.Д. Изоникотин қышқылы гидразондары мен циклодекстриндер негізіндегі супракешендерді алу технологиясы // Материалы Межд. научно-практ. конф. «Инновации в области естественных наук как основа экспортоориентированной индустриализации Казахстана». – Алматы, 2019. – С. 493-497.].
8 Karipova G.Zh., Nurkenov O.A., Seilkhanov T.M. Synthesis and intramolecular heterocyclization of thiosemicarbazides of isonicotinic acid // Materials Mejd. scientific practice. conf. «Innovation in the field of natural sciences as a basis for export-oriented industrialization of Kazakhstan». - Almaty, 2019. - P. 503-508. [Карипова Г.Ж., Нуркенов О.А., Сейлханов Т.М. Изоникотин қышқылының тиосемикарбазидтері синтезі және молекулаішілік гетероцик-лизациясы // Материалы Межд. научно-практ. конф. «Инновации в области естественных наук как основа экспортоориентированной индустриализации Казахстана». – Алматы, 2019. – С. 503-508.].
9 Satpayeva Zh.B., Nurkenov O.A., Fazylov S.D., Seilkhanov T.M. Supramolecular complex of hydrazides o- and p-hydroxybenzoic acids with β-cyclodextrin // Proceedings of the VIII international symposium on specialty polymers. – Karaganda, 2019. – P. 111. [in Eng.]
for 2020 y:
1 Patent No. 4397 RK for a useful model. N-((5-nitrofuran-2-yl)-methylene) isonicotinohydrazide, which has a pronounced antimicrobial and antifungal activity / O.A. Nurkenov, Zh.B. Satpayev, G.Zh. Karipova, S.B. Akhmetova, S.D. Fazylov; publ. October 29, 2019 y. (In the list of publications for 2019 taken into account as application No. 2019 / 0189.2 dated 02.26.2019). [Патент № 4397 РК на полезную модель. N-((5-нитрофуран-2-ил)-метилен)изоникотиногидразид, обладающий выраженной антимикробной и противогрибковой активностью / О.А. Нуркенов, Ж.Б. Сатпаева, Г.Ж. Кәріпова, С.Б. Ахметова, С.Д. Фазылов; опубл. 29.10.2019 г. (В списке публикаций за 2019 г. учтен как заявка № 2019/0189.2 от 26.02.2019)].
2 RK patent application for utility model No. 2020/0754.2 dated 08/18/2020 N-(2-isonicotinoylhydrazinecarbonothioyl)-3-phenylacrylamide, which is a synthon in the synthesis of pharmacologically active compounds // O.A. Nurkenov, G. Zh. Karipova, S.D. Fazylov, Zh.B. Satpayeva, T.M. Seilkhanov. [Заявка на патент РК на полезную модель № 2020/0754.2 от 18.08.2020 г. N-(2-изоникотиноилгидразинкарбонотиоил)-3-фенилакриламид, являющийся син-тоном в синтезе фармакологически активных соединений // О.А. Нуркенов, Г.Ж. Кәріпова, С.Д. Фазылов, Ж.Б. Сатпаева, Т.М. Сейлханов].
3 Satpaeva Zh.B., Schulgau Z.T., Akhmetova S.B., Nurkenov O.A., Fazylov S.D., Burkeev M.Zh.  Antiradical and Antimicrobial activity of Thiosemicarbazide and 1,2,4-triazole Derivatives of Hydroxybenzoic acid // Russian Journal of Bioorganic  Chemistry. – 2020. – Vol. 46, No. 4. – pp. 537-541.). DOI: 10.1134/S1068162020040172.   IF (2018)=0,794 (Q4 в базе Web of Science). [Сатпаева Ж.Б., Шульгау З.Е., Ахметова С.Б., Нуркенов О.А., Фазылов С.Д., Буркеев М.Ж. Антирадикальная и антимикробная активность тиосемикарбазидных и 1,2,4-триазольных производных гидроксибензойной кислоты // Биоорганическая химия. - 2020. – Т. 46, № 4. – С. 404-409]. 
4 Nurkenov O.A., Fazylov S.D., Arinova A.E., Seilkhanov T.M., Ibraev M.K., Tazhbaev E.M. Synthesis of New Chromene-Containing Pyrrolofullerenes // Russian Journal of General Chemistry. – 2020. – Vol. 90, No. 7. – pp. 1362-1364.. DOI: 10.1134/S1070363220070269. IF (2019)=0,716 (Q3 в базе Web of Science).  [Нуркенов О.А., Фазылов С.Д., Аринова А.Е., Сейлханов Т.М., Ибраев М.К., Тажбаев Е.М. Синтез новых хроменсодержащих фуллеропирролидинов // Журнал общей химии - 2020. – Т. 90, вып. 7. – С. 1143-1145]. 
5 Nurkenov O.A., Seilkhanov T.M., Fazylov S.D., Karipova G.Zh., Ермек Д.М., Tishtykbayeva  D.E. Synthesis and structure diethyl-2,6-dimethyl-pyridin-3,5-dicarboxylate // News of the Academy of sciences of the Republic of Kazakhstan. Series chemistry and technology. – 2020. - №1 (439). - С. 22-28. https://doi.org/10.32014/2020.2518-1491.3. [in Eng.]
6 Nurkenov О.А., Fazylov S.D., Zhurinov M.Zh., Satpaeva Zh.B., Burkeev М.Zh., Seilkhanov T.M., Satybaldin E.D. Hydrazide of o-hydroxybenzoic acid and its erivatives. Synthesis and properties // Bulletin of the National Academy of Sciences of the Republic of Kazakhstan. - 2020. - №1. - Р. 14-25. https://doi.org/10.32014/2020.2518-1467.2. [in Eng.]
7 Nurkenov O.A., Fazylov S.D., Seilkhanov T.M., Mukasheva A.Zh., Karipova G.Zh., Takibayeva A.T., Tomabayeva A.G. Production of cyclodextrin nanocomplexes based on N'-((5-nitrofuran-2-il)methylene)isonicotino-hydrazide and research of their structure by physical and chemical methods // Bulletin of the Karaganda university, Chemistry series. - 2020. - №1. – С.52-59. DOI 10.31489/2020Ch1/52-59. [in Eng.]
8 Satpaeva Zh.B., Nurkenov O.A.,  Schulgau Z.T., Fazylov S.D., Burkeev M.Zh., Havlicek D.  Antiradical activity and bioprediction of o- and p-hydroxybenzoic acid hydrazide derivatives // Bulletin of the Karaganda university. Chemistry series. – 2020. – № 1(97). – P. 35-42. DOI 10.31489/2020Ch1/35-42. [in Eng.]
9 Fazylov S.D., Nurkenov O.A., Mukasheva A.Zh., Seilkhanov T.M., Shulgau Z.T., Zhanzhuman A.M. Supramolecular inclusion complexes of functionally substituted N-benzylidene and allylidene isonicotinohydrazides with oligosaccharides and their properties // Bulletin of the Karaganda university, Chemistry series. - 2020. – №2. –С. 22-34. DOI 10.31489/2020Ch2/22-34. [in Eng.]
10 Fazylov S.D., Nurkenov O.A., Arinova A.E., Seilkhanov T.M., Gazaliev A.M., Ibraev M.K., Fazylov A.S. Synthesis of properties N-methyl-2-(pyrid-4-yl)-3,4-fulleropyrrolidine // News of the Academy of sciences of the Republic of Kazakhstan. Series chemistry and technology. -2020.- №2. - Р. 62-68. https://doi.org/10.32014/2020.2518-1491.24. [in Eng.]
11 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. – 2020. – № 3(99). – P. 11-20. [in Eng.]
12 Nurkenov O.A., Fazylov S.D., Seilkhanov T.M. Synthesis and structure of 2-hydroxy- and 4-hydroxy-N-(pyridin-4-ylmethylidene)benzhydrazides// Transactions of Int. scientific and practical. online conf. «Integration of science, education and industry is the basis for the implementation of the Plan of the Nation» (Saginovskie Readings №12). Part 2 - Karaganda, 2020.- P. 839-840. [Нуркенов О.А., Фазылов С.Д., Сейлханов Т.М. Синтез  и строение 2-гидрокси- и 4-гидрокси-N-(пиридин-4-илметилиден)бензгидразидов // Труды Межд. научно-практ. online конф. «Интеграция науки, образования и производства – основа реализации Плана нации» (Сагиновские чтения №12). Ч. 2 – Караганда, 2020. – С. 839-840].
13 Tomabaeva A. G., Nurkenov O. A. The mechanism of formation of nanostructures of coupling complexes on the basis of cyclodextrins // Transactions of Int. scientific and practical. online conf. «Integration of science, education and industry is the basis for the implementation of the Plan of the Nation» (Saginovskie Readings №12). Part 2 - Karaganda, 2020.- P. 895-896. [Томабаева Ә.Ғ., Нүркенов О.А. Циклодекстриндер негізінде қосу кешендерінің наноқұрылымдарының пайда болу механизмі // Труды Межд. научно-практ. online конф. «Интеграция науки, образования и производства – основа реализации Плана нации» (Сагиновские чтения №12). Ч. 2 – Караганда, 2020. – С. 895-896].
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AKT 3KCnepuMeHTanbHoro uccneaosanus Ne12
lpomueoeocnanumensHbie U YUMOMOKCUYECKue 3¢hghekmbl 2udPa3oHOE Ha
ocHoee 0- u n-2udpokcuber3oliHol kucnomei (in vitro)

Asa rmppasoHa (HX-10, HX-11) Obinv  uccnepoBaHbl  ANA  OLEHKM WX
NPOTUBOBOCNANUTENLHOW U LIMTOTOKCUYECKO aKTUBHOCTM (in Vitro) Ha KynbTypax

4enoBeYeCcKUX MOHOLMTapPHbIX NMHUIA knetok MonoMac-6 nTHP-1Blue.

Memodsi: TpoTnBoBOCNanUTENbHbIA 3dekT 6Gbin  OLUEHEH Kak CnocCoGHOCTb
coefvHeHns noaaenaTb nunononucaxapug  (JINC)-MHAYLMPOBaHHYIO  MPOAYKUMIO
npoBoCNanuTeNbHbIX LUTOKUHOB WHTepnewkuH-6 (IL-8) u chakTop Hekposa onyxonu
(TNF) B knetkax MonoMac-6, a Taike NF-kB-3aBuCMMON NpOAYKUMW LUENOYHON
ocartasbl (LLP) B TpaHCHUUMPOBaHHbIX kneTkax THP-1Blue. KneTku Gbinu
obpaboTaHsl ¢ coeanHeHnem 30-MUH 1 3aTem B KynbTypy knetok Gbin gobasnex JINC
(0.5 mkr/mn). YposeHb uuTOkMHOB unu LL® 6Gbinu OueHeHbl nocne 24-yacosoin
vHKyBaumu. LIMTOKMHBI Bbin W3MepeHsl B CynepHaTaHTax KreToK npu nomowm
uMmyHoepmeHTHoro metoaa (ELISA). r11ponykuun LW® Gbina namepeHa Npu NOMOLM
cneundpmyeckoro cybetpara Quanti-Blue™. YposeHb LMTOTOKCMUHOCTI 6Bbin OLEHEH
npu  MOMOLM  XEeMUNIOMUHECUEHTHoro Habopa  CellTiter-Glo.  SddexTusHan
KOHLIEHTPaLus, Bbi3biBatoLan nojasneque oteeta Ha 50% (ICso) Gbina HaitneHa npu
NOMOLUY PETPECCHOHHOTO aHann3a C MCMONb30BaHNEM A030-3aBUCUMBIX KPUBbIX (He
MeHee 5-TU KOHLEHTpaLuii).

Pe3ynemamei: Buonornieckue akTMBHOCTM TMAPA3OHOB NokasaHbl B Tabnuue 1.
Tabnuua 1. BnusiHue ruppasoHos Ha JINC-UHAYLMPOBaHHYIO NPOAYKUMIO LIMTOKWHOB
(TNF u IL-6) »n wenouHon cocdatasbl (LLP) B KynbType KneTtok M OueHka ux
LMTOTOKCMYHOCTM *

MonoMac-6 cells THP-1 Blue cells
Cosiitiaiiig NE ‘ L6 ‘ Toxchqucr wo Toxceroc‘r
ICs0, pM
4-ruppokcn-N'-(MMpUAnH-4-un-meTuneH)
Gersormapasvn (HK-10) 355 | NA. NT NA. NT
2-ruppoken-N'- (nMpuauH-4-un-me-
TuneH)6ensornapasna (HX-11) N A T NA N

N.A. unu N.T., HET nopaBneHnst NPOAYKLMM MU LIUTOTOKCUYHOCTM NPY KOHUEHTpaumsax
<100 uM

3akmoyeHue: ViccreoBaHHbIE MAPa3oHs! GbiNi HELMTOTOKCUYHBIMU U HEAKTUBHBIM B
MPOTUBOBOCNAMNUTENBHOM TECTE NPU KOHLEeHTpaumsx <100 UM, Ho coeamnHeHne HXK-10

obnapaer cnaboil aKTUBHOCTbIO, NPOSBMAWENACA B NOAABNEHUM  NPOAYKUMM
NpOTUBOBOCNANUTENLHOTO LUuTokMHa TNF.

Dr. Igor Shchepetkin, Ph.D.
Senior Research Scientist,
Montana State University, Bozeman, MT

Tel: (+1) 406-994-4703; mail: igor@montana.edu March 3, 2020
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JlonosnuTeabHOE coraamenue Ne 4
x JloroBopy Ha rpaHToBoe (PUHAHCHPOBAHHE
Ne 99 ot « 5 » mapTa 2018 roaa

r. Hyp-Cyaran « o5 » « /(9

I'ocynapcTeeHHOe yupexaeHue «Komurer HayKu MuHucTepcTBa Of
Hayku PecnyGnuku Kasaxcran», HMeHyemoe B JanbHeHieMm a
TIpencenarenss Kypmanrammepoit JK.JI., nelicTByiomero Ha OCH

» 2020 ropa

pasoBaHus U
K, B JHIe

TTonoxenus

o KoMHTeTe HAYKH, YTBEPHACHHOTO IpPHKAsoM OTBETCTBEHHOTO Cexperaps 10 mions
2018 Ne 169-K, u npukazom Munucrpa obpasopanus u Hayku PecnyGmuku Kasaxcran or
25 nexabps 2019 roza Ne 169-xk, ¢ oxHOW cTopoHsl, H ToBapumiecTso ¢ TpaHHYCHHOK
OTBETCTBEHHOCTBIO «MHCTHTYT OpraHMYecKOTro CHHTe3a H yrjieXumum| PecryGuuii

Kasaxcran», uMeHyemoe B janbHelimem «Mcnonnurens», B JIHIE

nEpeKTopa

Mynaaxmerosa 3.M., AeHCTBYIOWIEr0 Ha OCHOBaHUM Verasa, yTBEpKIEHHOTO 7 sHBaps
2005 roaa, ¢ ApYroi# CTOPOHBI, Aajlec COBMECTHO HMEHYeMBIe «CTOpOHBI», HA OCHOBAHUHU
crareit 401, 402 Tpaxnanckoro Kogexca Pecry6Gnukn Kasaxcran, Bakona PecryGmuxu
Kaszaxcran or 18 despans 2011 rona «O Hayke», IOCTaHOBJICHHA TIpaBUTENBLCTBA
Peciy6min Kasaxcran ot 25 mas 2011 roga Ne 575 «O6 yTBepaeHEH TIpasun 6aszosoro,
TPaHTOBOIO, IPOrPAMMHO-IEIEBOrO ¢unancupoBanus Hay4HOH H (im) Hay4HO-

TeXHMUECKOHN JesTeNLHOCTHY, nocTanoBmenns IIpapaTenscrea Pecny6nuxu Kasaxcran or

16 mast 2011 roma Ne 519 «O HAIMOHANBLHEIX HAy4HLIX COBETaX» M MPOTOKONBHOIO
pemenns  HalMOHAJIBHOIO — HAy4dHOTO COBETA 110  IPHOPHUTCTHOMY |HANPABJICHUIO
«PalMOHAIBLHOE MCIIONb30BAaHUE MPHPOIHBIX, B TOM YHCIE BOJHBIX PECYPEOB, reoorusd,
nepepaGoTKa, HOBHIE MATEPMAIBI M TEXHOJOrHMH, Ge3OmacHbIe M3AEMHA M KOHCTPYKUMM»
(Tlporokon Ne 5 or 28-30 centsibps 2020 r.) 3aKinouMIM nacrosulee JlononHUTENEHOE
cornamenne k Jlorosopy Ha rpantosoe duuancuposanne Ne 99 or 5 mapra 2018 rona

(nanee — JIOroBop) 0 HUMKECIEAYIOLIEM:

1. Tperwii aGzan mysxra 2.3 pasjena 2 NPHIOKEHHS 1.1 JloroBopa H3JIOXKHTH

B ClieAyIOLIeH peJlakium:

«- 3a 2020 roa: paspaboranbl 3ej1eHble (“one pot” peakuus, MW-, US-akrusauust 1
Ip.) METOMbl CHHTE3l HOBBIX MOMU(YHKUHOHATLHBIX POU3BOIHEIX TMUPUAMHA; TPOBEICH
GUOCKPMHHT  BELIeCTB; OyAyT ONyOJIMKOBaHBI CTATBH: 2 crathHh B 3apyGeKHBIX
pelLeH3NpYyeMBIX JKYpPHAIaX, HHIACKCHPYEMEBIX B Gazax nanubix Web of Science u Scopus ¢
HeHYTEBBIM HMIaKT-haxropom «Kypran obwed XHMHH» M «Kypnan Guooprannueckoi
XHMHH» M B PELEH3MPYEMOM OTEYCCTBCHHOM H3JaHuH C HEHYJICBBIM umnaxT-paKTropoM
«Becrauk  KaparanauHekoro ynusepcutera. Cep. XHMHSN] Gyner mopmana 1 3asBKa

Ha nareHT PK Ha rnonesHyo MOIeab.»;

2. IMysxt 3.2 3a 2020 rox pasjgena 3 NPHIOKEHHS 1.1 JloroBopa H3IOKHTH

B Cllelyome peaaKiumun:
«

3.2 |Paspaborka [ 01.07 [ 31.10. \ ByayT paspaGoTaHbl NpENapaTHBHBIC METOIbI
npenapaTuBHOrO 2020 | 2020 |cuHTE3a Haubonee TIEPCIIEKTUBHBIX
MeTOAa CHHTE3a | ‘ n pOMSBO[(CTBeHHb[X anmmoﬂanbﬁo-
nauboinee ‘ ‘ JaMEeIeHHEIX MHPHJMHA € HCHOIL30BAHHEM
TMEPCHEKTHBHBIX i | MHKPOBOJIHOBOTO obryaenus u
IIPOM3BOAHBIX ‘ YABTPa3sByKOBOH aKTHBALMH.
dynxunonansuo- | \ ByayT paspaGoTaHbl METOABI CHHTE32 unaubonee
3aMeIeHHBIX MepCrneKTHBHBIX MPOM3BOMHBIX | 3aMEIICHHBIX
THPHIMHA C \ IMPU/IMHA C MCTIONB3OBAHHEM MHKPOBOTHOBOTO
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COJEP2KAHUE

Towm 46, Hovep 4, 2020

CraThit KypHAta 10 COMAMICHIIO asTopon ¢ Kommanieil Pleiades Publishing, Lid. nyGankviorer
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IMCO B xoHuenrpauuu 5 MM. Takum o6pasoM, QuHaIbHas KOHLEHTPAIHA
HCTIFITYEMOT0 BENIECTBA B PeAKIMOHHON cMech coctaBuia 50 puM. Hepes 10 munyT
noce J0o6aB/eHns PacTBOpa MCIBITYEMOro coeiuHenus K pactsopy JI®III-panukana
M3MepseM CHWKEHUE ONTUYECKOi IUIOTHOCTH TpH 515 HM. JIis BEmIecTB, CIOCOGHBIX
CHIDKATH ONTMUECKYIO IUIOTHOCTH Oomee ueM Ha 30%, NpOBOAWIM TECT Ha
p3aumoneiictaue ¢ JIOI-panyvikanoM B (UHAIBHBIX KOHILEHTPAIMAX HCCIETyEMBIX
pemects 100, 75, 50, 25, 20, 10 u 5 pM. Ilocne 4ero ompenessuid KOHLECHTPALHIO
HCTIBITYEMOTO BEWIECTBA, CHOCOOHyI0 Ha 50% CHWKATh ONTHUYECKYIO IUIOTHOCTh —
ICso(DPPH). B kontposne B 100 uM pacrsop JI®II nobapmsiu 20 MK pacTBOPUTENS —
JMCO.

PesynbTaThl Hecae 0BAHHT

Tabmuua 1 — 3Hauenus onrtuyeckoil TimoTHOCTH pacrBopa 100 pM I®IIT-
panukana nocie 10-MUHYTHOM MHKyOALMH C MCIBITYEMBIM BEIIECTBOM B (QUHAIBHOMN
KoHIeHTpauuu 50 pM

Ne Benuunna cHmkeHAsS

ONTHYECKOHN TIIOTHOCTH
IIudp coenunenus OnTtuyeckas IIOTHOCTD HCXOIHOTO PacTBOpa
NI -pagukana, B %
OT KOHTpOJIs

1. AHU-35 1,122 0,0

2 Ad-1 1,122 0,0

3 Konrpons (pactBop

JIOITT Ge3 1,122 -
HCTIBITyeMOoro obpasiia)

W3 tabmuusr | Me1 BuguM, uro coeaunenuss AHUM-35 m Ad-1 B ¢unamsHOK
KoHUeHTpaiuu 50 M He BIMSIOT Ha yMEHbIIEHHE ONTUYECKON IUIOTHOCTU MCXOHOTO
pacteopa JI®IIl-pajukana, a 3HAYUT, HE TIPOSIBIAOT AHTUPAJMKAIBHON aKTUBHOCTH B
YCIOBMSIX 1aHHOM TECT-CUCTEMBI.

3akI0ueHHe.

OUEHIIM aHTUPAJUKAIbHOE J1efCTBHE NPECTABICHHBIX 00pa3loB B OTHOLICHHM
I @I -paymkana. Coemunenns AHU-35 u Ad-1 B dunanbpHol KoHIeHTpanun 50 pM He
BIMAIOT Ha yMEHBIIEHUE ONTHYECKOH IIOTHOCTH UCX0AHOTO pacTsopa [IPIII -pajukana,
a 3HAYMT, HE MPOABIMIOT AHTUPAJUKAIBHOA AKTMBHOCTH B YCJOBMAX JaHHOH TecT-
CHCTEMBI.

Ucnonnnrenn:
3aBenyrowuit 1aGopaTopueii TOKCHKOIOTHI 1

apMaKOJIOTUH, K.M.H. ’ 0. neray 3.T.
P! Y Y
TIOATALH, JaTa

M.H.c. 1a6opaTopun TOKCHKOJIOTHA U
J N pdt
¥

tbapmaxoornm AL Ve feropw  Kynukeesa AM.

NOAMUCH, JaTa
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YrBepxaawo
3am. reHepajibHOrO JHPEKTOPa
PFl}(};g XB «HauuoHaabHbIH
uorexnonornm» KH MOH PK,
npodeccop
- K.K. MyxaHnos
\ 2020r.

HCNBITAHMI HA ﬂHTﬂpaﬂﬂKaﬂBHle AKTHBHOCTB

OOBekTaMl HCCTeOBaHHsA CHyXKWIM 2 ofpasia BeIeCTB Ha Haludue

AHTUPAJUKAIBHOM AKTMBHOCTH B OTHOIIGHMM pajuKajia Au(EHHIIMKPHI-THApasuia
(JA®IIT-pagukan, DPPH).

MaEKHQOBKa (HazBaHue) 00 pa3suos:

Ne BuyTpennmii Crpykrypuas dopmyaa
nn mupp H HA3BaHHeE

N—N

LS

N

1 AHH-35 _

N-(pyridin-d-ylmethylene)-4//-1,2 4-triazol-4-amine
Chemical Formula: CgH;Ns
Molecular Weight: 173,17

N-(nupuann-4-namernaene)-4H-1,2,4-Tpuason-4-aMun

ng—cn=cn—_)
o

Chemical Formula: CgHy;NO
Molecular Weight: 281,39

2 Ad-1

N-unHHAMOMJI-1-aJaMaHTHIAMHH

3aga4u HecleJOBaHMSA:
OLEHUTh AHTHPAIMKAIBHOE JICHCTBHE TIPEACTABICHHEIX 00pa3lioB B OTHOIIEHHH
panukana 2,2-mudenn- 1 -muxpunruapasuna (2,2-diphenyl-1-picrylhydrazyl) (DPPH').

Ma'repnanbl H MeToaABI
AHT]/lpaﬂl/IKaﬂbHOC JAeicTBUE MpE/ICTaBICHHBIX 06pa3um3 ucciieioBalii B

oTHOWeHUN panukana 2,2-mudennn-1-mukpuiruapasuna (DPPH') [Brand-Williams W.,
Cuvelier M.E., Berset C. (1995) Lebensm Wiss Technol 28: 25-30].

HccnenoBanne aHTHPAHKAILHONH AKTHBHOCTH

JUiist IEpBUYHOl OLIEHKU aHTHPAIUKAIBHON aKTHBHOCTH HCCIIENyeMBIX 00pasloB B
tecte ¢ JPIIT-pafuKasoM UCIONb30BAIN MeTaHOIO0BbI pacTBop JOIIT (100 uM). das
0T60pa BEIIECTB C BRIPAKEHHOMH aHTHPaIMKAIBHON aKTHBHOCTBEIO cMemmmBamy 2 i 100
uM meTtanosnoBoro pacrsopa @I ¢ 20 MK HCCIelyeMOTo 00BEKTa, PACTBOPEHHOIO B
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YrBepxaan
3aMm. reH. IupeKTOpa

PI'Tl na IIXB «HaunoHa bHbIH

HTp GHoTexnonorum» KH MOH PK,
H., ipodeccop

K.K. Mykanos

» o5 20_ .
AR T
HCNBITAHUI HA AHTHPAAHKAJIBHYIO AKTHBHOCTH
OOBeKTaMH HCCIEOBAaHHS CIYXKHIH 17 00pa3loB BEIECTB Ha HAIHYHE

BHTHpaI(I/IKaIIbHOﬁ AKTHBHOCTH B OTHOILICHHH paJuKala L{I/I(beHPlHHHKpPIH—
ruapasuna (DI -panukan, DPPH).

MapkupoBka (Ha3Banue) 06pa3nos:

Ne | BuyTpennmii CrpykrypHasi popmy.aa

nn mugp H Ha3BaHHE
1 TAH-1 Kommieke BKIIOYeHHS B-LIUKIOAEKCTPHHA C

LUTH3HHOM
TV KoMruteke BKIIOYeHHUsT B-LHKIOAEKCTPUHA C

2 2 nuradaToM

WS o
N-

H /
\TL o HE

Ckc\/ \Oj\CGHS
3 HWH-5 Br

Chemical Formula: CjoH,0BrNO
Molecular Weight: 358,27

(Z)-2-(1-6pomo-2-(heHUIBUHILI)-3 ,4- TUMETHII-5-

@CHHHOKC&OHHI(HH
[9)
(2
OH 'OH .

4 HA-25
Chemical Formula: CysH;,0;

Molecular Weight: 240,25
E)-1-(2-runpoxcudernin)-3-(4-ruapokcudeHuin) mpor--
2-en-1-oH
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HA-26

9]

SO ool

OH OH

Chemical Formula: Cy7H;04
Molecular Weight: 284,31

(E)-3-(sT0KCH-4-THAPOKCHpEHM)- 1 -(2-THAPOKCH-

HA-33

denmn)npon-2-eH-1-01
OH

J

Chemical Formula: CysH;,03
Molecular Weight: 240,25

HA-35

2-(4-ruapokcrdernn)paBon-4-oH
OH

»

Chemical Formula: Cj7H;604
Molecular Weight: 284,31

2-(3-aToKCcH-4-rUuapokcH(erun)GraBon-4-0H

HA-38

CH,

’ Lo
O ]Tl -
Hyo Ctls

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

(E)-3,5-mumernin-4-derun-2-(4-ctupui-
(eHMIT)OKCA30IHINH
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HX-10

OH

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

4-runpoxcu-N’-(upHAnH-4-1T-
MeTHJIeH )0eH30T HIpasu L

10

HX-11

Chemical Formula: C3H,,N;0,
Molecular Weight: 241,25

2- runpokcu-N’-(mupuauH-4-11-
MeTHIIeH)0eH30THAPa3H

11

HX-12

o

NQ&—%—N:E -@N

Chemical Formula: C1,H;(N4,O
Molecular Weight: 226,23

N’-(mupuauH-4-HiI-MeTHIIeH ) A30HUKOTHHOT MIPA3HL

12

HC-84

OH
C[ A
C\
NHNH—q—NH@
$

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

N-®enunn-2-(2-
M APOKCHOSH30MII)IHAPAa3HHKAPOOTHOAMHL

13

HC-86

0

NHNH—ﬁ—NH@

S

we

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

N-O®enunn-2-(4-
HIPOKCUOEH301I)THAPa3HHKAPOOTHOAMHT
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HOO\ Ph
|
N,
o Se=s

Ny
N—NH

Chemical Formula: C4H;N30S
Molecular Weight: 269,32

3-(4-runpokcudenun)-4-pennn-1,2,4-Tpuazon-5-THOH

14 HC-87

N }i! //N—NH
N/ HZC—C\N /¥:=s
15 HKC-67 bi—c=ch,

Chemical Formula: C;Hy NS
Molecular Weight: 315,44

4-annun-5-anabazuaometin-1,2,4-Tprason-3-THoH

HyC__-O, —
N
W

cn

16 | HA-37(1) 2

Chemical Formula: C;gH; N0
Molecular Weight: 254,33

3,5-numeTri-4-(GeHu-2- (TP AHH-4- 1) OKCATHIUH

55 o,
N-

H VE
3

"§!
O/(kc\/ No~CoHs
17 MH-4 (CHy)s-CHy

Chemical Formula: C,sHy;NO
Molecular Weight: 363,54

(48,5S)-3,4-mumeTwi-5-hernn-2(peHnIoKTeH-2-
WJT)OKCAJIUIMH ;

38}13"“/1 HCCJIeJ0OBAHHS

OueHUTh AaHTHpAJMKaNbHOE JEHCTBHE NpPEICTAaBICHHBIX O00pasloB B
OTHOIIEHWH  pagukana  2,2-mudennn-1-nukpuiruapasuna  (2,2-diphenyl-1-
picrylhydrazyl) (DPPH’).

MBTEPHBJ'IBI H MeTOAbI
AHTHpa/MKalbHOE IefiCTBHE MpeJCTaBIeHHBIX O00pa3loB HCCIENOBAIH B

4
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oTHOWeHUH pamukana 2,2-mudenun-1-mukpuiruapasuia  (DPPH)  [Brand-
Williams W., Cuvelier M.E., Berset C. (1995) Lebensm Wiss Technol 28: 25-30].

I/Iccne;lonal-me al-n‘npannlcanu-loii AKTHBHOCTH

JI1ist OLIEHKH aHTUPAIUKAIBHOM aKTUBHOCTH HCCIIEXYeMBIX 00paslioB B TeCTe
¢ JIOIII-paguKanoM KCIoIb30BaIid MeTaHo IoBEIH pactop JIPIIT (100 uM). s
0T6Opa BeleCTB ¢ BBIPOXEHHOM aHTHPAIMKaNbHON aKTHBHOCTHIO CMEIIMBANH 2
i 100 uM mertanonosoro pactsopa @I ¢ 20 MK HccnexyeMoro o6bekTa,
‘paCTBOPEHHOFO B MeTaHole B KoHueHTpauuu 5 MM. Takum ob6pasom, huHaTbHAL
KOHLIEHTPALHs HCIIBITYeMOr0 BeIeCTBa B PeaKIIMOHHOM cMecH cocTaBuia 50 pM.
UYepes 10 MuHYT mocle J00aBIeHHs DPacTBOpa HCIBITYEMOTO COEIMHEHHS K
pactopy @Il -pajuKaia H3MepsieM CHIDKEHHE ONTHYECKOH IIOTHOCTH npH 515
HM. Jlist BelecTB, CIIOCOOHBIX CHHJKATh ONTHYECKYIO IUIOTHOCTH Oojee 4eM Ha
50%, npoBommiH TecT Ha B3ammozelcrsue ¢ JIPII-paaukanoM B (HHATBHBIX
KOHLIEHTpaLKsIX MccleayeMsix Bemects 50, 25, 20, 15, 10, 5 u 2,5 uM. Ilocne
YEero ONpejeNsild KOHIEHTPALMIO HCIBITYeMOro BeIlecTBa, crocobHyio Ha 50%
CHIKATh ONTHYeCKyYIO IIoTHOCTS — ICso(DPPH).

PesyabTaTel Hecie10Banui

Ta6nuna 1 — 3Ha4eHHs ONTHIECKOH MIOTHOCTH pacTBopa 100 uM JIGIIT-
pagukana mocie 10-MHHYTHOM MHKyOallMM C MCIBITYeMBIM BEIIECTBOM B
(uHaTBHOM KOHIeHTpanuy 50 pM

Ne Iudp coenuuenus Onruyeckas MIOTHOCTh
15 JIAH-1 0.942
2 JIVH-2 0.932
3 VH-5 1.017
4. HA-25 0.941
S: HA-26 0.188
6. HA-33 0.911
7. HA-35 1.005
8. HA-38 0.916
9. HX-10 1.02
10. HX-11 1.013
L1 HX-12 1.086
12: HC-84 0.049
13. HC-86 0:297.
14. HC-87 0.882
15. HKC-67 0.82
16. HA-37 (1) 0.918
17. VH-4 1.018
18. Konrpons (pactsop DI Ge3 1.038
HCIIBITYeMOro obpasia) p
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W3 Tabmuausl 1 Ml BuguM, uto coeaunenus ¢ mmppamu HA-26, HC-84 u
HC-86 CHWXKAIOT ONTHYECKYIO IUIOTHOCTh MCXonHOro pacrBopa @I -panukana
Gomee uem Ha 50%, a 3HAYMT SBISIOTCS IEPCIIEKTHBHBIMH ISl JalbHEHIIMX
uccnenosanuif. OcCTanbHble COEIAMHEHHsS He IIPOSBHIM aHTUPAIUKAIBHOM
AKTMBHOCTH B yCIIOBHSIX JJaHHOM TECT-CHCTEMBI.

Bo BTOpOIi CepHH SKCIEPUMEHTOB MBI W3y4ritH criocobHocTs HA-26, HC-84
u HC-86 B pasnuusbIx KoHueHTpamwmsx (0T 2,5 1o 50 uM) B3aumojeHcTBOBAaTh C
" IOIIT -pamKanom. i

Ta6nuna 2 — 3HaYeHHs! ONTUYECKOI MIOTHOCTH pacTBopa 100 uM JIIIT -
panukana nocie 10-MuHYTHOM MHKyGamuu ¢ BemectBoM HA-26 B ¢uHANBHBIX
KOHIIEHTpALMsIX B peakIMoHHO! cMecH 50, 25, 20, 15, 10, 51 2,5 uM

Ne @uHanbHas KoHneHTpanus HA-26
B peaKIIHOHHOH cMecH, UM

Ornrtrueckast INIOTHOCTh

1 50 0.23
2. 25 0.794
3. 20 0.784
4. 15 0.835
5. 10 0.884
6. 5 0.951
i 2,5 0.985

Kontpous (pacreop J®I Ge3

1.038
HCIBITyeMOro 0bpasia)

70

60 +

50 -

40 +

30

20

10 — e +

0 T T \ 4 |
0 0.2 0.4 0.6 0.8 1 12

Pucynok | — 3aBUCHMOCTB ONTHYECKO# MIOTHOCTH pacTsopa J®III -paaukaia ot
koHuenTparmu HA-26

6
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C NOMOWIBIO IOCTPOEHHOH —KalMOpOBOYHOM KpHBOH  (pucyHOK 1)
onpezeni KoHuentpauio HA-26, criocoGHyio Ha 50% CHHKaTh ONTHYECKYIO
mrotHocts 100 puM  pactsopa J®I-pamukana. Jiis HA-26 ICso(DPPH)
okasanack paBHo# 38,4 uM.

Tabiuna 3 — 3HaYeHHs] ONTHYECKON IIOTHOCTH pacTBopa 100 uM JIQIIT-
pamukana nocine 10-MuHyTHOH MHKyGamuu ¢ BemectBom HC-84 B duHANBHBIX
KOHIIEHTpaLKsIX B peakMoHHOM cMec 50, 25, 20, 15, 10, 51 2,5 uM

Ne OunanpHas koHnenTpams HC-84 B
= Onrryeckast INIOTHOCTh
PpeaKHOHHOM cMecH, UM
1. 50 0.048
2: 25 0.294
3 20 0.413
4. 15 0.562
5. 10 0.698
6. 5 0.848
7. 2.5 0.929
Kontpouns (pacteop APIII" 6e3
1.038
HCIIBITYeMOro obpasiia)
60 - PR -
| y =42.504x2-93.189x + 52.426

04— — ——— R2-0O848

40

30

20

10

0 A . i
0 0.2 04 0.6 0.8 1 12

PurcyHOK 2 — 3aBUCHMOCTB ONTHYECKOH IOTHOCTH pacTBopa DI -pajukana ot
koHuenTpanuu HC-84

C  1OMOWBI0 TOCTPOEHHON —KalHOGPOBOYHOM KpHBOH  (PHUCYyHOK 2)
onpenenn konuenTpauuo HC-84, crocoGuyio Ha 50% CHIXATh ONTHYECKYHO
mnotHocts 100 pM  pactBopa JIPIM -pamukana. s HC-84 ICso(DPPH)
okazanack paBHO# 15,5 uM.
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Tabnuua 4 — 3Ha4eHUs ONTHYECKOI IUIOTHOCTH pactBopa 100 uM JIOIIT -
pamukana nocie 10-muHyTHON HHKyGammu ¢ BemectBoM HC-86 B duHANbHBIX
KOHIIEHTPaLMsX B peakLHoHHO# cmecH 50, 25, 20, 15, 10, 51 2,5 uM

Ne | OunanbHas KOHLEHTPaIHs HC-86 B ot e
peaKIMoHHOH cMec, UM
1. 50 0.315
2. 25 0.575
iR 20 0.644
4. 15 0.708
5 10 0.758
6. 3 0.817
7 25 0.858
Kontpons (pactsop APIII" 6e3
1.038
HCIIBITYeMOoro obpasia)
60 - e
T TE—— SR S— S——
y =160.53x%- 262.09x? + 43.948x + 57.031
20 - R2=0.9978
30 - -
20 + —
10 —
0 - 1
0 02 1.2
-10

PucyHok 3 — 3aBUCHMOCTB OITHYECKO# mIoTHOCTH pactsopa JIOIII -pajukana ot
koHenTpanuu HC-86

C mOMOWBIO TMOCTPOEHHOM —KalMOpPOBOYHOM KpHBOH (pHCYHOK 3)
onpesenwin koHuenTpamo HC-86, criocobryio Ha 50% CHIXaTh ONTHYECKYIO
miotHoeTs 100 pM  pactBopa J®I -pajukana. s HC-86 ICso(DPPH)
okasanack paBHO# 31,7 pM.

B KkayecTBe CTAaHJAPTHOTO BEWIECTBA C AHTHOKCHIAHTHBIM JIeHCTBHEM
HCIIONB30BATH aCKOPOHHOBYIO KHCIIOTY, Ul KOTOPOI MBI H3y4HIIH CIIOCOGHOCTH B
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pasnuumBIX KoHIeHTpawsix (o1 2,5 1o 50 uM) Bsammoneticrsosats ¢ JQIII-
pazHKanoM.

Tabmuua 5 — 3HaueHus onTHYeckoil wioTHOCTH pactBopa 100 pM JIQITI-
pamukana mocne 10-MHHYTHOH MHKyOAalWH C acKOpOMHOBOH KHCIOTOH B
(MHATBHBIX KOHLEHTPAINAX B peakiHonHo# cmecw 50, 25, 20,15,10,5u2,5 pM

Ne DuHabHAA KOHIIEHTPAIHA
aCKOpOMHOBOH KHCIIOTHI B OnTryeckas IWIOTHOCTh
peaKLHOHHO’ cMecH, UM
8. 50 0.029
L 25 0418
10. 20 0.51
i1 15 0.635
12. 10 0.694
13. S 0.791
14. 25 0.865
Koutpous (pactsop JI®IT Ge3 1028
HCIIBITYeMOro 00pasiia) :
60

y=33.99% - 30.898x2- 54.638x + 51.519
. R2=0.997 SO

\\’\A

0+ T 4
0 0.2 04 06 08 1
10 L— e

12

PucyHOK 4 — 3aBUCHMOCTb ONITHY€ECKOi II0THOCTH pactsopa JIPIII -pajukaia ot
KOHIEHTPALK| acKOPOHHOBOH KHCIOTBI

C TOMOIIBI TOCTPOEHHOH —KaInGpOBOYHOH KpHBOH (pHCYHOK —4)
ONpENIeHTH  KOHLEHTPALMIO acKOpOHHOBOH KHCIOTHI, crocoGHyo Ha 50%
CHIKaTh omTHYeckylo mwiotHocts 100 pM pactsopa JIOIIT-pamukana. [ins
ackopouroBoit kucnoTs ICso(DPPH) oxasanack pasHoit 19,9 uM.
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3a1a4n HCCIeA0BAHMS:
L. OlEHHTs aHTHPAIMKABHOE JCHCTBHE NPEACTABICHHBIX O0pasuoB B
oTHOWeHWH pamukara 2.2-audenwn-1-nukpuirnapasuia  (2,2-diphenyl-1-
picrylhydrazyl) (DPPH').

Marepuaabl H METOAbI

AHTHpaMKaTBHOE JIHCTBHE MPEICTABICHHBIX OOPa3lloB HCCHEJOBATH B OTHOMICHHH
pamnkana 2,2-mudennn-1-mixpunrnapasuia (DPPH) [Brand-Williams W., Cuvelier ME.,
Berset C. (1995) Lebensm Wiss Technol 28: 25-30].

HccienoBanne aHTHPATHKAILHOH AKTHBHOCTH

L% OlEHKH aHTHPMKAIBHOM aKTHBHOCTH MCCIe/yeMbIX 00pasioB B Tecte ¢ JIOIII-
PaMKAJIOM HCTIONB30BATH dTanonosbii pactsop A®IC (100 uM). Jins otbopa BemecTs ¢
BBIPAKCHHOI aHTHPAJHKATBHOMN AKTHBHOCTHIO cMemmBau 2 M1 100 pM sraHonoBoro pactsopa
JIOTIT ¢ 20 MKI HCCTeyeMoro 06BeKTa, PACTBOPEHHOTO B STaHoje B KOHUEHTpauun 5 MM.
Takum 06pa3om, (uHaTbHas KOHUEHTPALMs HCIBITYEMOro BEIICCTBA B PeaKiMOHHON cMecH
cocraBuna SO pM. Uepes 10 munyT 1nocie 106aBIeRHs PacTBOPa HCTILITYEMOI0 COCIMHEHHS K
pacteopy JI@TIT-pajuKkana M3MepsieM CHWKCHHE ONTHUCCKOH ITOTHOCTH mpi 515 HM. Jins
BEIECTB, CMOCOGHBIX CHWKATh ONTHYECKYIO IUIOTHOCTH Goiee uem Ha 50%, miaHupyercs
npoBoAMTE TecT Ha B3ammozeictBue ¢ J®III-pagukaioM B (MHAIBHBIX KOHUEHTPAUMAX
neenenyempix Bemeets 50, 25, 20, 15, 10, 5 u 2,5 pM. Ilocne yero Gyner BO3MOXKHO
ompejieNieHHe  KOHIEHTDALMM  MCIIBITYEMOTO  BEIIECTBA, CNOCOGHOro  Ha 50% cHwKath
onryecky:o mwioTHoeTs — ICso(DPPH).

Pe3yabTaThl Hec/Ie10BAHMAI
Tabmuua 1 — 3Hauenus onTHyecKoi wioTHOCTH pactBopa 100 uM JI®TIT-paukana nocne 10-
MUHYTHO#H HHKYGAIHH ¢ HCTIBITYEMBIM BEIICCTBOM B (JHHANBHOM KOHUEHTpawmh 50 uM

Ne Iudp coenuuenns OnTHyecKas MIOTHOCT.
1. HA-108 0.926
2. HA-110 0938
3. HA-111 0,955
4. HA-112 0,929
A HOK-36 0,849
6. HOK-37 0.947
s Kourposs (pactop JI®IIT Ge3 0.944
HCIBITYeMOro ofpasua) 5

W3 Tabnuusl 1 Mbl BHIMM, YTO HH OJHO M3 HCCIEIOBAHHBIX COCJHHEHHIl HE CHIDKAeT
ONTHUECKYIO TIOTHOCTH HEXOmHOro pactsopa JIOIIT-pamnkana, kpome HOK-36, xoTophii
CHWKAET ONTHYECKyl0 IUIOTHOCTh McXomHoro pactsopa J®III-pamnkara Ha 10%, uto
CcBHjIETELCTBYET O ciaboM anTHpaaukanbHoM ddpexre HOK-36. OcTanbhbie CoeMHEHHS HE
TIPOSIBHIIN AHTHPAIMKAIBHOH AKTHBHOCTH B YC/IOBHSX JIAHHOMH TECT-CHCTEMBI.

3akmouenne.

OLEHHIM AHTHPAMKATBHOE JeHiCTBHE NPEICTaBEHHBIX 06pa3sioB B OTHOLICHHH J®IIT-
pamukana. CraGoe aHTHpauuKaibhoe eiictsue oOHapyierno st HOK-36. Ocrambubie
coemuuenns (HA-108, HA-110, HA-111, HA-112, HOK-37) ue mposBuia aHTHPAHKATBHON
AKTHBHOCTH B yCJIOBHAX JIaHHOM TEeCT-CHCTEMBI.

)

Hcnonmurenn: /

M.H.c. % (277 Xapurtonosa M.A.
TOMHKCh,

3as. naGopaTopHet, K.M.H. /2.0y mray 3.T.

nbAmck, nata

2
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AKT »
HenbITAHMIi HA AHTHPAIMKATLHYI0 ARTHBHOCT
e

OGBeKTaMH HCCIe0BAHMS CIYXKIIH 6 00Pa3IioB BEUIECTB HA HATHYHE AHTHPAMKAILHOH
AKTMBHOCTH B OTHOLUEHHH pajuKana audennmukpuirnapasuia (P -panukan, DPPH).

Mapkunposka (na3panne) 06pa3uos:
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«YTBEPKJIAIO»
[popekiop 1o crparery My Pa3BUTHIO,

AKT

Pe3yJIbTAaTOB BBINOIHEHHBIX PaboT B YHEOHOI MHKPOOHOIONHHCCKOM 1abopaTophH no

MCIBITAHHMIO HA NPOTHBOOAKTEPHAILHYIO. IPOTHBOrPHOKOBYIO AKTHBHOCTH Ha 6ase Kadeaphbl
KJIMHHYECKOH MMMYHOIIOIHH. aJICProaorun u Mukpoonoiornn HAO MYK.

Metoa_TecTHpOBaHMS NPOTHBOOAKTEPHAILHOH M 1POTHBOIPUOKOBOH aKTHBHOCTH
meton auddysun B arap ¢ rect-kyabrypamu: S. aureus; Bacillus subtilis; E. Coli; Ps.aerugiosa
ATCC 9027 Candida ablicans.

Cranmaprom NpOTHBOOAKTEPHAIILHOIT AKTHBHOCTH BHIOpaH aHTHOHOTHK
ﬁeHYBWJﬂeHHLlHﬂ]IHHa HaTpueBas COJMb, TICHTAMWIMH Hoeha IUUH(\PMH(\BBIVI AHTHOMOTHK
TPETBETO MOKOJIEHH - UEPTPHAKCOH, POTHBOIPUOKOBOI AKTHBHOCTH — HHCTATHH.

KoHUeHTpauun ~ TeCTHpYeMbIX —NPENapaToB COCTABILIN  /Uls  auTHGAKTEPHATLHOI
AKTMBHOCTH — | MK, MpOTHBOrpHOKOBOW I mkr. KoHuenipais rpenapartoB cpaBHeHHs
cocraBsiia 1 MIAHTHMHKPOOHYIO aKTHBHOCTb OOPa3loB OLEHMBANN [0 JAHAMETPY 30H
3aJ€PAKKH POCTA TECT-LTAMMOB (MM). JlnameTpui 304 Menbine 10 M i CIUIONIHOI pocT B Halike
OLICHUBAIIH KaK OTCYTCTBME aHTUMHKPOOHOIT akTHBHOCTH. 10-15 MM - cirabast akTuBHOCTH, 15-20
MM - YMEPEHHO BbIPOXKCHHAs aKTHBHOCTb, cBbine 20 MM - BbipaskenHas. Kaxabiii oGpasent
HCHIBITBIBATH B TPEX NMapaiesibHbiX OMbITaX.

CraTucTHueckyio 06paboTKy MPOBOAMAN METOAAMH [APAMCTPHUECKOH CTATUCTHKM ¢
BBIYMCIIEHNEM CPe/IHei apiHpMEeTHUECKOl U CTanapTHOI OnoKH.

Hamu Gbu10 NpOM3BEIEHO HCCCAOBAHNE MPOTHBOMUKPOOHOIT UKTHBHOCTH CEAYIONNX
HOBbIX OPraHU4ECKUX BemecTB: S-MeTHI-N-dennn-7-(mupumnn-4-ui)-4.7-auruapo-[1.2.3]pua-
301[1,5-a]nupumumn-6-kapGokcamun (HA-126). stun S-metni-7-(nupuann-4-uin)-4,7-aurua-
po[1.2.4]rpuasono[1.5-a]mupuann-6-kapGokennar (HA-127). 2-(2-H30HHKOTHHOMATHAPA3HI-
kapbonn)6ensoiinoi kneaoter (HA-75). N-(4-(E)-cTupin)0eH si 11 1 H )H30HHKOTHHOH APa3H L
(HOK-3). N-((5-uutpodypan-2-un)metinen)usonnkornsoriapasua (HOK-8). 2-(4-(amrru-
amMUHO)eHn)- 1 -(M30HHKOTHHAMM0)-5-0kc0-2.5-arnapo- 1 H-nnppo:i-3-kapGokenabhas  kuc-
nota (HOK-48), 2-(4-(austisnaMuno)herin)- 1-(H30HHKOTHHAMIL0)- S-0KCOMHPPOIHAMH-3-Kap-
GokennbHas kucnota (HOK-49), 2-(4-gropdenin)-1-(M30HUKOTHHAMHII0)-5-0KCOMHPPOIHH-
3-kapGokcunphas kucinora (HOK-51). 2-(4-groppernn)-1-(H30HHKOTHHAMNI10)-5-0KC0-2.5- /11~
ruapo-1H-nuppon-3-kapbokcnnbnas  kuciora (AHWU-83). 2-(2-riopdennn)-1-(M30HUKOTHH-
aMKJ10)-5-0KCOMUppoHaH-3-kapbokenbhas kucaora (HOK-53). 2-(2-gropdennn)-1-(u3onu-
KOTHHAMHJI0)-5-0KC0-2.5-anruapo- | H-nuppos-3-kapbokeninias  knciora (AHU-84). 4-rua-
pokcu-N-(nupuaun-4-un-metunnies)oensornapasna (HAK-10). 2-ripoken-N-(nuprann-4-ui-
meTuanaeH)oenszoruapasun (HIK-11).

Pa3senenne npousBoanIN K3 pacyera Imr Bewectsa Ha |y pactsopirens. Onp S
UYBCTBUTEILHOCTh GakTephil K JaHHBIM npenapatayM AnBGy3HOiLAL METOAOM C OMOLLBIO
qmckos. Mcronbszosann Gakrepun: S. aureus. Bacillus subtilis: E. Coli: Ps.aerugiosa. Candida
albicans.

Bbicenpann nanHbie KyIbTypbl METOAOM [a30HA HA CICAYIOUUIN HTATEIBHBIX CPEAaX:
JKCA, cpena Duno, nutarenbhblii arap u cpea CaGypo. 3atem uauiku [letpn unkybnposatn B
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