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РЕФЕРАТ
Есеп:  58   б.,    8 кесте,  9 сурет ,    21 көздер,  3 қосымша
НӘЗІК ОРГАНИКАЛЫҚ СИНТЕЗ, БИОЛОГИЯЛЫҚ АКТИВТІ ЗАТТАР, КЕШЕН, β-ЦИКЛОДЕКСТРИН, ПЕКТИН, УЫТТЫЛЫҚ
Зерттеу объектілері жаңа химиялық модификациясымен жаңа фармакологиялық активті қосылыстар жасалатын жаңа 4-оксопиперидиндер болып табылады.

Мақсаты: нәзік органикалық синтез әдістерімен БАЗ әсерлілігін жоғарылату және уыттылығын төмендету.

Жұмыс жүргізу әдісі мен әдістемесі. Бұл зерттеу жұмысында биоэффекті күшейтетін және/немесе уыттылықты төмендететін фармакофор үзінділерін жетекші құрылым молекуласына әр түрлі органикалық реакциялар (фосфорлау, конденсация, кешен алу) әдістемелерін қолданып, жаңа туындыларға сатылы синтетикалық құрастыру; биологиялық белсенділік пен жедел уыттылықты сынау әдістері қолданылды.

Жұмыс нәтижелері және олардың жаңалығы. Диэтил[(3-имидазол-1-ил)пропиламино)(о-фторфенил)метил]фосфонат Кабачник-Филдс реакциясы бойынша синтезделді. Зерттеулер диэтил[(3-имидазол-1-ил)пропиламино)(о-фторфенил)метил]фосфонаттың β-циклодектринмен кешенінің өсуді ынталандыратын белсенділікке ие екендігін көрсетті. Пектин және пектин қышқылымен диэтил[(3-имидазол-1-ил)пропиламино)(о-фторфенил)метил]-фосфонат кешендерін алу жағдайлары жасалды. 

Фтор атомының енгізілуінің фармакологиялық белсенділікке әсерін зерттеу үшін карбонил тобына α, α'-күйінде фторарилиден орынбасарлы 1-бензилпиперидин-4-ондар синтезделді. Ары қарай 3,5-ди(фторбензилиден)орынбасқан 1-бензилпиперидон-4 гетероциклизациясы полициклді жүйелерге - сәйкес пиперидин-пиразолиндерге әкелді.
Дәрі-дәрмектерге кандидаттардың клиникаға дейінгі биологиялық кеңейтілген зерттеулеріне ұсыныстар әзірленді. БИВ-104 қосылысы ерекше лейкопоэзді ынталандыратын белсенділік көрсетті. Бұл миелоидты және лимфоидты өсінділеріне пролиферативті белсенділігін бірдей тиімді ынталандырды.

БИВ-135, БИВ-136, БИВ-137 қосылыстары жануарлардың салмағының 1000 мг/кг-нан жоғары жедел уыттылықтың минималды деңгейін көрсетті.

Қолданылу аймағы: Жобаның ҒЗЖ мақсаттарының орындалуы мен міндеттерінің шешілуі эффективті, уыттылығы төмен, ұзақ әсер ететін және аса қауіпсіз дәрілік заттар алуға мүмкіндік береді. 

Потенциалды тұтынушылары ретінде Қазақстанның нәзік органикалық синтезі (фармацевтикалық өндірістер) мен агрокешендік мекемелері бола алады. 

ESSAY

Report: 58 p., 8 tables, 9 figures, 21 sources, 3 app.
FINE ORGANIC SYNTHESIS, BIOLOGICALLY ACTIVE SUBSTANCES, COMPLEX, β-CYCLODEXTRIN, PECTIN, TOXICITY
The objects of research are new substituted 4-oxopiperidines, the chemical modification of which will create new pharmacologically active compounds.
The goal is to increase the efficiency and reduce the toxicity of BAS by the methods of fine organic synthesis.
Method and methodology of research. In the present research work, the method of stage-by-stage synthetic assembly of pharmacophoric fragments, enhancing the bioeffect and/or reducing toxicity, into the molecule of the leader structure into new derivatives was applied using the methods of various organic reactions (phosphorylation, condensation, inclusion complex); testing methods for biological activity and acute toxicity.
Results of work and their novelty. Diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl] phosphonate was synthesized by the Kabachnik-Fields reaction. Studies have shown that the complex of diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate with β-cyclodextrin has growth-stimulating activity. The conditions for obtaining inclusion complexes of diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate with pectin and pectic acid have been developed.
To study the effect of the introduction of a fluorine atom on the pharmacological activity, 1-benzylpiperidin-4-ones were synthesized containing fluoroarylidene substituents in the α, α'-position to the carbonyl group. Further, the heterocyclization of 3,5-di(fluorobenzylidene)substituted 1-benzylpiperidone-4 was carried out into polycyclic systems - the corresponding piperidine-pyrazolines.
The issuance of recommendations for extended preclinical bio-research of drug candidates has been developed. Compound BIV-104 showed a unique leukopoiesis-stimulating activity. It equally effectively stimulated the proliferative activity of the myeloid and lymphoid lineage.
Compounds BIV-135, BIV-136, BIV-137 showed the minimum level of acute toxicity over 1000 mg / kg of animal weight.
Scope: Achieving the goal of the research and development project and solving problems will make it possible to obtain drugs that are effective, long-acting, low-toxic and, therefore, safer.
Potential consumers can be enterprises of fine organic synthesis (pharmaceutical production) and agro-complex of Kazakhstan.
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TERMS AND DEFINITIONS

In this research report, the following terms are used with the corresponding definitions:
	BAS 
	
	-
	chemical substances that, at low concentrations, have high physiological activity in relation to certain groups of living organisms (first of all, in relation to humans, as well as in relation to plants, animals, fungi, etc.) or to certain their cell groups

	Modification 
	
	-
	(late lat.modification - change, from lat.modus - measure, type, image and facio - do), modification, transformation, the emergence of new properties

	Fine organic synthesis
	
	-
	low-tonnage production of organic substances of complex structure

	Pharmacophore fragment
	
	-
	a structural element or fragment of a molecule that provides pharmacological activity


LIST OF SYMBOLS AND ABBREVIATIONS
In this research report, the following symbols and abbreviations are used:
	RW
	-
	research work

	FOS
	-
	fine organic synthesis

	BAS
	-
	biologically active substances

	h
	-
	hour

	min
	-
	minute

	s
	-
	second

	IRS
	-
	infrared spectroscopy

	NMR
	-
	nuclear magnetic resonance

	ppm
	-
	parts per million

	m.t..
	-
	melting temperature

	TLC
	-
	thin layer chromatography

	β-CD
	-
	β-cyclodextrin

	Rf
	-
	distribution coefficient in chromatography


INTRODUCTION
The objects of research are new substituted 4-oxopiperidines, the chemical modification of which will create new pharmacologically active compounds.
The aim is to increase the efficiency and reduce the toxicity of biologically active substances by methods of fine organic synthesis.
Tasks:
- Development of simple and accessible experimental ways of introducing structural fragments into the molecules of the initial compounds that increase the pharmacological activity and / or reduce toxicity.
- Development of ways to immobilize biologically active substances on natural medopolymers.
- In vitro bioevaluation of complexes of biologically active substances with natural copper polymers in comparison with the initial biologically active substances. Experimental selection of the method for obtaining drug candidates.
This report is the result of the third, final year of a three-year RW cycle on the topic: “Fine organic synthesis in increasing the efficiency and reducing the toxicity of biologically active substances” (IRN project AR05131486, state registration number 0118RK00108).
Stage 2018: “Development of simple and accessible experimental ways of introduction into the molecules of initial compounds of structural fragments that increase pharmacological activity and/or reduce toxicity” (Inventory number 0218RK00577).
Stage 2019: “Development of ways to immobilize BAS on natural medical polymers” (Inventory number 0219PK01247).
Stage 2020: “Bioassessment of in vitro complexes of BAS with natural polymers in comparison with the original BAS. The experimental choice of the method of obtaining candidates for medicinal preparations”.
Method and methodology of work. In this research work, the method of stage-by-stage synthetic assembly of pharmacophoric fragments, enhancing the bioeffect and / or reducing toxicity, into the molecule of the leader structure into new derivatives using the methods of various organic reactions (phosphorylation, condensation, inclusion complex) has been applied; testing methods for biological activity and acute toxicity.
Relevance. In the global pharmaceutical market, natural polymers receive great attention - on their basis, pain relievers, anti-inflammatory and other drugs are produced in the form of inclusion complexes. In particular, a huge number of works are devoted to the determination of the physicochemical properties of cyclodextrin-drug complexes, but the problems associated with the dependence of the biological activity on the structure of the complexes are practically not described. Therefore, studies aimed at identifying the relationship between the structural and pharmacological features of BAS inclusion complexes are of undoubted theoretical and practical interest. In addition, for the modern development of the pharmaceutical industry in Kazakhstan, cheap domestic effective drugs are required.
Results of work and their novelty. A bioassessment of in vitro bioassay complexes with natural polymers in comparison with the original BAS will be carried out. An experimental selection of the method for obtaining drug candidates was carried out.
According to section 1.1 " Conduct bioscreening in vitro of BAS complexes with natural medical polymers in comparison with the initial BAS", work was carried out to develop conditions for obtaining inclusion complexes of diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate with β-cyclodestrin, pectic acid and pectin. Diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate was synthesized by the three-component "one-pot" Kabachnik-Fields reaction by the interaction of 1-(3-aminopropyl)imidazole with 2-fluoroaldehyde and diethylphosphite in benzene at 70-90°C using a Dean-Stark nozzle to remove the formed water from the reaction area by distilling off its azeotrope with benzene. The composition and structure of the compound were confirmed by the data of elemental analysis, IR spectroscopy and NMR spectroscopy. To obtain an inclusion complex with β-cyclodextrin, solutions of aminophos-phonate in ethyl alcohol and β-cyclodextrin in distilled water were mixed. The mixture was placed in an oven, ethanol and water were evaporated at 50-55°C. Studies have shown that the complex of diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate with β-cyclodextrin has growth-stimulating activity. To control the progress of the reactions of obtaining complexes with pectin and pectic acid, the pH-metric method was used. It has been shown by the pH metric method that in the case of pectic acid and pectin, a sharp jump in the change in pH values is achieved at 1: 2 and 2: 1.
According to section 1.2 " The experimental choice of the method of obtaining candidates for medicinal preparations", work was carried out to increase the potential of the biological activity of compounds, as well as to study the effect of the introduction of a fluorine atom on the pharmacological activity, synthesized 1-benzylpiperidin-4-ones containing in α, α`-position to the carbonyl group of fluoroarylidene substituents. The synthesis of α, β-unsaturated piperidin-4-ones was carried out by the Kleisen-Schmidt reaction by condensation of 1-benzylpiperidone-4 with p-, m- and o-benzaldehydes. The reaction was carried out in ethanol in the presence of an alkaline agent. 1-Benzyl-3,5-di(fluorobenzylidene) piperidones-4 are formed in 74.4-95% yield when 2 moles of the corresponding fluorobenzoic al-dehyde are used per mole of 1-benzylpiperidone-4 in the presence of 15% sodium hydroxide in ethanol. IR spectra are characterized by the presence of an intense absorption band at 1670.0-1674.1 cm-1, characteristic of the carbonyl group, conjugated with two C = C bonds, the stretching vibrations of which are observed at 1450.3-1582 cm-1. The absorption bands of infrared radiation at 1147.4-1199.6 cm-1 are attributed to the vibrations of the C-F bonds.

Heterocyclization of 3,5-di(fluorobenzylidene) substituted 1-benzylpiperidone-4 was carried out into polycyclic systems - the corresponding piperidine-pyrazolines, which were isolated in crystalline form as hydrochlorides. In the IR spectra of fluorine-containing piperidine-pyrazolines, there is no band at 1670.0-1674.1 cm-1 of the carbonyl group and intense absorption of C=N appears in the range 1604.7-1609.6 cm-1, stretching vibrations C=C bonds are observed at 1499.4-1512.3 cm-1. The intensity of the bands of the multiple carbon-carbon bond is equal to that of the conjugated C=N group. Vibrations of C-F bonds in the infrared spectrum appear as absorption bands at 1149.2-1161.6 cm-1. The 13C NMR spectrum of fluorine-containing piperidine-pyrazolines also lacks the signal of the carbonyl carbon atom. The formation of pyrazolines confirms the appearance of a broad singlet signal in the region of 155-163 ppm, a decrease in the intensity of signals of carbon atoms at the double bond also indicates heterocyclization. The signal of a carbon atom adjacent to fluorine gives a doublet band.
According to section 1.3 “Issuance of recommendations for extended pre-clinical bio-research of candidates for medicinal products”, the issuance of recommendations for conducting extended preclinical bio-studies of candidates for drugs has been developed.
The compound BIV-104 showed a unique leukopoiesis-stimulating activity. BIV-104 is promising for further in-depth pharmacological studies to confirm leuko-poetry-stimulating properties. The compound was equally effective in stimulating the proliferation of red blood cells and leukocytes. The restoration of red blood cells took place with the restoration of both the volume of cells and the content of hemoglobin. The recovery of leukocyte cells proceeded with an intensive recovery of the lymphocyte value and a moderate recovery of the monocyte-granulocyte value. By the level of myelo-stimulating activity, the compounds exceeded the activity of the reference drug methyluracil.
The next compound that showed a comparable high activity was compound BIV-139. It evenly stimulated the proliferation of erythrocyte, leukocyte, platelet cells.
Compounds BIV-135, BIV-136, BIV-137 showed the minimum level of acute toxicity over 1000 mg/kg of animal weight. The planned studies were fully completed in accordance with the 2020 calendar plan. Published: 1 monograph, 4 articles, incl. 3 - in international journals and 1 article in the Chemical Journal of Kazakhstan, recommended by Committee for Control in the Sphere of Education and Science. The results of research work were reported at 4 international conferences. Received 2 patents of the Republic of Kazakhstan for a useful model.
Application area. Fine organic synthesis of polyheteroorganic compounds. Chemistry of biologically active substances. Pharmaceutical industry.
Cost effectiveness or value of work. The scientific significance of the proposed project lies in the results that will complement the existing knowledge in the fine organic synthesis of biologically active substances and their complexes with natural polymers by FOS methods. Two utility model patents were obtained.
Predictive assumptions about the development of the research object. This report is the final one in the study of samples of starting biologically active substances and / or substances of the drugs used. The drug - the compound BIV-104 had a high leucoestimulating activity. It equally effectively stimulated the proliferative activity of the myeloid and lymphoid lineages. If we refer to the literature data, then no leukopoiesis-stimulating drugs used in modern medical practice have activity at the level of the new compound BIV-104. In terms of myelo-stimulating activity, the compounds exceeded the activity of the reference drug methyluracil.

APPENDIX A: List of publications.
APPENDIX B: Calendar work plan.
APPENDIX C: Report.
MAIN PART OF THE RESEARCH REPORT
1 Bioassessment of in vitro complexes of BAS with natural polymers in comparison with the original BAS. The experimental choice of the method of obtaining candidates for medicinal preparations 
The action of a number of medicinal substances can be prolonged if they are introduced in solution together with polymers. The higher the molecular weight of the polymer and its concentration, the longer the effect of such drugs. This improves the solubility and reduces the toxicity and side effects of medicinal substances. The prolongation effect and a decrease in toxicity are due to the fact that medicinal substances more or less firmly bind to polymers, and diffusion of the drug from the injection site becomes difficult.
Large molecules (molecular weight over 50,000) hardly or at all do not pass through biological barriers and are longer in the blood, lymph or intercellular fluid. Apparently, gradually splitting off and reaching the appropriate receptor, the drug manifests its effect.
The use of prolonged-release drugs allows you to: reduce the number of doses or injections; increase the doses administered without increasing toxicity and at the same time reduce the total amount of drug used; to reduce or eliminate fluctuations in the concentration of the active substance, which are inevitable with periodic intake of conventional drugs.
In a mixture with polymers, for example, antibiotics, insulin, novocaine, etc. have a longer effect. Some of these drugs are already used in practice, others are being tested on animals and in the clinic.
The prolonging effect of polymers can be enhanced by using polymers having functional groups: in this case, stronger compounds such as complexes or salts can form.
Polymers and copolymers with acidic functional groups are effective in the fight against viral diseases. In this case, the effect of polymers is both in stimulating the production in the body of a special protective substance of protein nature - interferon, and in the direct inactivation of viruses. Polymers and copolymers of unsaturated carboxylic and sulfonic acids, maleic anhydride, etc. are tested as such antiviral and interferonogenic drugs.
Methods of coupling therapeutic agents to polymers using chemical bonds, as well as polymerization or polycondensation of the corresponding derivatives, offer wide possibilities for modifying known and obtaining new medicinal compounds. In this case, pharmacologically or biologically active drugs are obtained, the specificity of the action of which is determined by the macromolecular nature of the substance: molecular weight, conformation, bond strength in the main polymer chain or in side active groups in relation to hydrolytic or enzymatic cleavage [1].

Natural cyclodextrins (α-, β- and γ-) are macrocyclic crystalline and non-hygroscopic substances. The approximate molecular geometry is shown in table 1. The size of the inner cavity (diameter) of the CD varies depending on the number of glucose units in the molecule, while the depth at this time remains constant within 7.9-8.0 Å [2].
It turned out that the solubility of CD is not associated with an increase in molecular weight and size on going from α- to γ-. β-CD is significantly less soluble in water than the other two CDs. This phenomenon [3] is explained by the lowest intramolecular symmetry (with 7 glucose units) of β-CD and the presence of a special system of hydrogen bonds between it and water molecules.
The prospect of using pectins in the treatment and prevention of many human diseases has been established, since they enhance the therapeutic effect or reduce the negative side effects of drugs.
Pectin is an amorphous heteropolysaccharide of fibrillar linear nature. The fiber repetition period is ~ 13 Å, i.e. it is shorter than the period of the cellulose fiber, indicating chain folding. Macromolecules of pectin substances have a high degree of asymmetry (the coefficient of disymmetry is in the range of 3.5-7.4). Axial ratios, determined from the data of the viscometric method, provided that the pectin macromolecules have a cylindrical shape, lie in the range of 50-150.
Pectin substances obtained from various plants differ in molecular weight. Average molecular weights of pectins can vary within the range of M = 20,000 - 400,000. It is possible that the molecular weight of native protopectin in plant tissue is much higher than the molecular weight values obtained for the extracted soluble products. Along with other fibrillar macromolecules, protopectin constitutes a complex tissue structure, and it is apparently impossible to isolate it with preservation of nativeness. The wide limits in which the molecular weights of soluble pectin samples change are due to destructive processes, the degree of which depends on the conditions for obtaining the preparations [4].
1.1 Conduct bioscreening in vitro of BAS complexes with natural medical polymers in comparison with the initial BAS
The advantage of β-CD complexes is the possibility of prolonged release of drugs, which leads to a decrease in the dosage of the active ingredient, ensuring a continuous supply and a decrease in the concentration of the active ingredient, which would potentially reduce production costs. The undoubted advantage of such complexes also includes the ease of transportation in the case of gaseous preparations.
Pectic acids have a number of free carboxyl groups that can interact with nitrogenous bases in aqueous solutions. We have begun research on the possibility of using pectins as a polymer carrier of biologically active piperidine derivatives of various types of action (pain relievers, immunomodulators, plant growth stimulants, etc.), synthesized earlier [5-7].
We studied the possibilities of using diethyl [(3-imidazol-1-yl)propylamino) (o-fluorophenyl)methyl]phosphonate with β-cyclodextrin, pectic acid and pectin with a comparative bio-assessment of properties.
In the laboratory of chemistry of synthetic and natural medicinal substances of JSC “A.B. Bekturov Institute of Chemical Sciences” works on the synthesis of new aminophosphonates in order to search for new potentially biologically active substances. Among the studied aminophosponates, highly effective drugs with local anesthetic [8, 9], analgesic [10] and leukopoiesmistimulating [11] properties were identified. This was the impetus for the synthesis of diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate [12].
The model substance - diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl) methyl] phosphonate was synthesized by the three-component "one-pot" Kabachnik-Fields reaction by the interaction of 1- (3-aminopropyl) imidazole with 2-fluoroaldehyde and diethyl phosphite in benzene at 70-90°C using a Dean-Stark nozzle to remove the formed water from the reaction area by distilling off its azeotrope with benzene.
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The reaction progress was monitored by TLC (Al2O3, eluent hexane: chloroform - 1:3). Prolonged reflux (for 37 h) led to the target aminophosphonate (1) in 58% yield. The composition and structure of compound (1) were confirmed by the data of elemental analysis, IR spectroscopy (Figure 1) and NMR spectroscopy.
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Figure 1 - IR spectrum of diethyl [(3-imidazol-1-yl)propylamino)
(o-fluorophenyl) methyl] phosphonate
In the IR spectrum, the bands at 1455.6 cm-1 are attributed to the absorption of C=C aromatic ring, 1047.3 cm-1 P=O, 758.2 cm-1 P-C, 1085 cm-1 C-F. In the 1H NMR spectra of compounds (1), imidazole protons appeared in a multiplet three-proton signal at 6.92-7.45 ppm. The aromatic protons of the fluorobenzyl fragment resonated with a four-proton multiplet at 7.12-7.63 ppm. In the 13C NMR spectra, the methine carbon signal is in the region of 60.63 ppm, the carbons of the ethoxyl groups at the phosphorus atom - 16.42 ppm, the imidazole and fluorobenzyl carbon atoms appeared in the region 120.45-136.33 ppm. etc.
Studies have shown that the complex of diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate with β-cyclodextrin (2) has a growth-promoting activity [13].

[image: image5.emf]C

42

H

70

O

35

N

N

C

3

H

6

NH

P

OOEthyl

OEthyl

F

H

2


To obtain an inclusion complex with β-cyclodextrin, solutions of aminophosphonate in ethyl alcohol and β-cyclodextrin in distilled water were mixed. The mixture was placed in an oven, ethanol and water were evaporated at 50-55°C.
Growth stimulating activity. The studies were carried out on model samples of spring wheat Triticumaestivum varieties "Severyanka", "Miras" and "Kazakhstanskaya-10" from the collection of the Institute of Biology and Biotechnology of Plants. The Severyanka and Miras varieties are drought-resistant varieties, and the Kazakhstanskaya-10 has been studied as a standard.
Water was used as the basis for the germination of grain crops. Experimental samples were laid in 15 replicates for each culture and the tested growth regulator. As a control option, we used tap water, settled for three days. The duration of the experiment was 10 days, according to standard methods.
The processing of spring wheat varieties "Kazakhstanskaya-10", "Severyanka" and "Miras" was carried out in the process of seed germination, growth and development of seedlings for 24 hours according to generally accepted methods.
Significant stimulation of the growth and development of wheat seedlings, the "Severyanka" variety, showed significant stimulation of growth and development in the presence of CAB-31 - the stem by about 18.8% and the root by 64.3%, in accordance with table 1.
Table 1 - Biometric data of wheat of three varieties in the control and in the presence of САВ-31; n = 15
	Wheat
	Kazakhstanskaya-10
	Severyanka
	Miras

	
	For the stem
	For the root
	For the
 stem
	For the 
root
	For the stem
	For the 
root

	Control 
	16.71±2.36
	9.25±1.9
	17.4±2.37
	6.75±1.24
	17.52±1.25
	8.46±2.15

	SAV-31
	15.27±2.15
	6.71±1.48
	20.67±1.86

18.8%
	11.09±2.64

64.3%
	17.31±1.38
	6.8±1.72

	Baikal
EM-1
	17.03±1.39

7.6%
	7.78±1.39

7.3%
	15.71±1.63

0.25%
	7.39±1.29
	15.03±1.27

0.7%
	7.19±1.33


The simplest example of supramolecular structures is host-guest complexes. The host (receptor) is usually a large organic molecule with a cavity in the center, and the guest is a simpler molecule or ion. At the first stage of the study, the problem was posed to determine the pH of an aqueous solution of pectin depending on the temperature at which the highest concentration of hydrogen ions in the solution is reached. To control the progress of the reactions, the pH-metry method is used.
Studying the possibility of using pectin for microencapsulation of biologically active substances to reduce toxicity and reduce other side effects, solutions of pectin in 0.05% were investigated; 0.1%; 0.25%; 0.5%; 1.25% and 2.5% concentrations. A 0.05% solution was prepared rather quickly - by stirring at 26°C for 10-30 minutes, while to obtain more concentrated solutions, 4 to 12 hours of stirring are required.
As can be seen from the graphs in accordance with Figures 2 and 3, the concentration of hydrogen ions in the selected temperature range, increasing from 26°C to 50°C, does not change much, fluctuating within 4.24-4.37 and 3.39-3.8 for pectin and pectic acid, respectively. At a temperature of 26°C, the pH was 4.37, while at 50°C, the pH was 4.24 for pectin. At 26°C the pH was 3.39, while at 50°C the pH was 3.8 for pectic acid.
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	Figure 2 - Change in pH from the temperature of the pectin solution
	Figure 3 - Change in pH from the temperature of the solution of pectic acid


It should be noted that the pH value (4.37) for solutions of diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate in the concentration range from 0.05%; 0.1%; 0.25%; 0.5% to 1.25% practically did not change in accordance with table 2.
Table 2 - Change in pH from the concentration of diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate solution
	№
	m, 
	%
	t
	pH

	1
	0.01
	0.05
	10
	

	2
	0.02
	0.1
	10
	4.37

	3
	0.05
	0.25
	20
	

	4
	0.1
	0.5
	30
	

	5
	0.25
	1.25
	30
	


The study of the possibility of immobilization of diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate on natural polymers (pectin and pectic acid) is based on the reaction of quaternization of a nitrogen atom by a hydrogen ion over a lone electron pair with the formation of the carbocation diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate, the counterion, respectively, are the anion of pectic acid or pectin:
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To 0.1% solution of substance (1), with constant stirring, add a weighed portion of diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphone at a rate of 2 mass fraction per 1 mass fraction of polymer, those. at a mass ratio of 2: 1, then the next sample is added (ratio 1: 1), etc. until the ratio of pectin: diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate = 5:1. Changes in the pH of the solution from the ratio of pectin: diethyl[(3-imidazol-1-yl) propylamino)(o-fluorophenyl)methyl]phosphonate are presented in table 3 and in figure 4.

Table 3 - Change in pH from the ratio of pectin: diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate
	№
	Substance
	Pectin 
	Ratio
	рН

	1
	0.02
	0.01
	2/1
	6.5

	2
	0.02
	0.02
	1/1
	6.15

	3
	0.02
	0.04
	1/2
	5.76

	4
	0.02
	0.06
	1/3
	5.08

	5
	0.02
	0.08
	1/4
	4.77

	6
	0.02
	0.1
	1/5
	4.65


To 0.1% solution of the substance (1) with constant stirring, add a weighed portion of pectic acid at the rate of 2 mass fraction per 1 mass fraction of pectic acid, i.e. at a mass ratio of 2:1, then the next sample is added (ratio 1: 1), etc. to the ratio of pectic acid: diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate = 5:1. The changes in the pH of the solution from the ratio of pectic acid: diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate are presented in table 4 and in figure 5.
Table 4 - Change in pH from the ratio of pectic acid: diethyl[(3-imidazol-1-yl) propylamino)(o-fluorophenyl)methyl]phosphonate
	№
	Substance 
	Pectic acid
	Ratio
	рН

	1
	0.02
	0.01
	2/1
	5.93

	2
	0.02
	0.02
	1/1
	5.04

	3
	0.02
	0.04
	1/2
	4.17

	4
	0.02
	0.06
	1/3
	3.72

	5
	0.02
	0.08
	1/4
	3.68

	6
	0.02
	0.1
	1/5
	3.55
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	Figure 4 - Dependence of the change in the pH of the solution on the ratio of pectin: diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate
	Figure 5 - Dependence of the change in the pH of the solution on the ratio of pectic acid: diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate


It turned out that in the case of both polymers, a sharp jump in the change in pH values is achieved at 1: 2 and 2: 1.
Thus, to create "smart" materials, the immobilization of biologically active substances on natural copper polymers, such as β-cyclodextrin, pectic acid and pectin, has been studied. The expediency of obtaining an inclusion complex of aminophosphonate with β-CD was shown. In ratios 1:2 and 2:1, the following systems were obtained: pectic acid or pectin: aminophosphonate. A convenient method for monitoring the process of azaheterocycle immobilization on pect substances is pH-metry.
1.2 The experimental choice of the method of obtaining candidates for medicinal preparations
To increase the potential of the biological activity of the compounds, as well as to study the effect of the introduction of a fluorine atom on the pharmacological activity, 1-benzylpiperidin-4-ones containing fluoroarylidene substituents in the α, α`-position to the carbonyl group were synthesized. The use of the aldol-crotonic condensation reaction makes it possible to introduce into the reaction many compounds with CH-acidity. Commercially available 1-benzylpiperidin-4-one was used as the methylene component. As a carbonyl component, aromatic aldehydes were used: p-, m- and o-benzaldehydes. Considering the above, we can expect an increase or change in the physiological properties of synthesized nitrogenous heterocyclic ketones containing a fluoroaromatic fragment in the structure.
The synthesis of α, β-unsaturated piperidin-4-ones was carried out by the Kleisen-Schmidt reaction by condensation of 1-benzylpiperidone-4 with p-, m- and o-benzaldehydes. The reaction was carried out in ethanol in the presence of an alkaline agent:
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1-Benzyl-3,5-di (fluorobenzylidene) piperidones-4 are formed in 74.4-95.0% yield when using 2 moles of the corresponding fluorobenzoic aldehyde per mole of 1-benzylpiperidone-4 in the presence of 15% whom sodium in ethanol. The dienones obtained are crystalline substances that are poorly soluble in water.
Elemental analysis data and IR spectroscopy of dianone compounds are presented in table 5.
Table 5 - Yields, physicochemical characteristics and data of IR spectra of 1-benzyl-3,5-di(fluorobenzylidene)piperidones-4 (3-5)
	Compound
	Yield,%
	Rf*
	Tm.t.
	Found, % 
Calculated
	IR spectr, сm-1

	
	
	
	
	С
	Н
	C=O
	С-N
	C=C
	C-F
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3
	74.4
	0.8
	149-150
	77.79

77.82
	5.27

5.25
	1670.0
	1006.6
	1450.3
	1190.1
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4
	76.0
	0.7
	145-146
	77.80

77.82
	5.20

5.25
	1670.0
	1073.1
	1582.0
	1147.4
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5
	95.0
	0.9
	150-151
	77.80

77.82
	5.23
5.26
	1674.1
	1097.5
	1483.4
	1199.6


IR spectra are characterized by the presence of an intense absorption band at 1670.0-1674.1 cm-1, characteristic of the carbonyl group, conjugated with two C=C bonds, the stretching vibrations of which are observed at 1450.3-1582 cm-1. The intensity of the bands of the multiple carbon-carbon bond is higher than that of the conjugated carbonyl group. The conformation of the conjugated system is electronically influenced by the presence of a nitrogen atom in the heterocycle. In the spectra of the studied dienones (3-5), the intensities of the conjugated double bond and the carbonyl group are approximately the same, which is typical for s-cis-conformers.
The absorption bands of infrared radiation at 1147.4-1199.6 cm-1 are attributed to the vibrations of the C-F bonds.
The most informative are the data of 13C NMR spectroscopy (table 6).
Table 6 - Data of 13C NMR spectra of 1-benzyl-3,5-di(fluorobenzylidene)pi-peridones-4
	Compound
	Chemical shifts of carbon atoms, ppm

	
	С2,6
	С3,5
	С4
	C3(5)=С
	C-F
	Сq C4H4CF
	Сq C4H4CF
	CH2
	Cq

C5H5
	Cq

C5H5
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3
	54.34
	131.39
	187.60
	135.59
	161,71 164,21
	132,96
	115.45-128.49
	61.52
	137.23
	127.57-129.06

	
[image: image16.emf]N

O

FF

4
	54.33
	137.10
	187.50
	135.40
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	161,45 163,90
	134,24
	115.94-130.22
	61.53
	137.22
	127.60-129.04
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5
	53.91
	140.21
	186.06
	140.21
	161,34164,23
	123,99
	115.47 - 129.92
	61.52
	137.21
	127.23-128.85
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Figure 6 - 13C NMR spectrum of 1- (benzyl)-
3,5-di(p-fluorobenzylidene)piperidone-4 (3)
In the 13C NMR spectrum of compound (3), the signals of the piperidone fragment appeared at 54.34 (C2,6); 131.39 (C3,5) and 187.60 (C4) ppm. The carbon atoms of the benzylidene fragment of the substituent at the nitrogen atom appeared at 61.52-61.53 (C2), the region of aromatic carbons is represented by signals in the region from 115.45 to 137.23 ppm; 161.34-161.71 and 163.90-164.23 (C-F), the most low-field signal is assigned (186.06-187.60 ppm) to C4 of the piperidine ring.
The structure of compound (3) 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 the diagrams. In the spectra of 1H-1H COSY compounds, spin-spin correlations are observed through two bonds of protons of neighboring methylene and methine groups or methine-methine groups H2ax, 6ax-H2eq, 6eq (3.64; 3.81 and 3.81; 3, 64), H2eq, 6eq – H14.22 (3.79; 7.76 and 7.76; 3.79), H17,19,25,27-H17,19,25,27 (7.04; 7,29 and 7,29; 7,04) ppm.

[image: image19.wmf] 

Figure 7 - Spin-spin correlations in the spectrum of 1H-1H COSY 
1-(benzyl)-3,5-di(p-fluorobenzylidene)piperidone-4 (3)
Heteronuclear interactions of protons with carbon atoms through one bond were established using 1H-13C HMQC spectroscopy for the following pairs present in compound (3): Н2eq, 6eq-С2,6 (3,79; 54,49), Н7-С7 (3,68; 61,62), H17,19,25,27-C17,19,25.27 (7.04; 116.02), H11-C11 (7.22; 126.96), H16,20,24,28-C16,20,24,28 (7.30; 132.32), H14,22-C14,22 (7.74; 135,47) ppm.

[image: image20.wmf]
Figure 8 - Heteronuclear interactions of protons with carbon atoms 1H-13C in the spectrum of HMQC 1-(benzyl)-3,5-di(p-fluorobenzilidene) piperidone-4 (3)
Similar patterns in the values of chemical shifts are observed for the other two dienones (4, 5) (table 6).
The simplicity of the synthesis of 3,5-dienone derivatives of piperidine under the conditions of aldol-croton condensation and the availability of the starting reagents have opened up new possibilities for modification in order to search for new biologically active substances and to establish the structure - pharmacological activity relationship.
The presence of various reactive centers in α, α1-divinyl ketones makes it possible to use them as synthons for heterocyclization into various polycyclic structures. In this regard, the heterocyclization of 3,5-di (fluorobenzylidene) substituted 1-benzylpiperidone-4 into polycyclic systems - the corresponding piperidine-pyrazolines - was carried out. It is known that compounds of the pyrazoline class have high pharmacological activity with low toxicity and are potential antidepressant, anti-inflammatory agents; the possibility of using pyrazolines for the treatment of schizophrenia, leprosy and other diseases is also being investigated.
The interaction of dienones with hydrochloric fluorophenylhydrazines leads to the formation of the corresponding 7- (fluorobenzylidene) -3,3а,4,5,6,7-hexahydro-2-phenyl-5-benzyl-3-phtrophenyl-2Н-pyrazolo-[4,3-c]pyridines (6-8), which are isolated in crystalline form as hydrochlorides.
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The yields and physicochemical characteristics and data of the IR spectra of fluorine-containing piperidine-pyrazolines (6-8) are presented in table 7.

Table 7 - Yields and physicochemical characteristics and data of IR spectra of fluorine-containing piperidine-pyrazolines (6-8)
	Compound
	Yield,%
	Rf*
	tпл.
	Found, % 
Calculated
	IR spectr, сm-1

	
	
	
	
	С
	Н
	C=N
	С-N
	C=C
	C-F
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6
	79
	0.52
	96-105
	75.49

75.43
	5.21

5.14
	1609.6
	1019.3
	1500.1
	1155.8

	
[image: image23.emf]N

NN

F

F

F

7
	68
	0.47
	87-93
	75.66

75.43
	5.30

5.14
	1607.3
	1025.1
	1512.3
	1149.2
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	56
	0.49
	102-111
	75.39

75.43
	5.35

5.14
	1604.7
	1019.5
	1499.4
	1161.6


In the IR spectra of fluorine-containing piperidine-pyrazolines (6-8), there is no band at 1670.0-1674.1 cm-1 of the carbonyl group, and an intense absorption of C=N appears in the range 1604.7-1609.6 cm-1 , stretching vibrations of the C=C bond are observed at 1499.4-1512.3 cm-1. The intensity of the bands of the multiple carbon-carbon bond is equal to that of the conjugated C=N group. Vibrations of C-F bonds in the infrared spectrum appear as absorption bands at 1149.2-1161.6 cm-1.
Figure 9 shows the IR spectrum of (E)-5-(benzyl)-7-[(p-fluorobenzylidene) -2-(m-fluorophenyl)-3-(p-fluorophenyl)]-3,3а,4.5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine (6).
The 13C NMR spectrum of fluorine-containing piperidine-pyrazolines (6-8) also lacks the signal of the carbonyl carbon atom. The formation of pyrazolines confirms the appearance of a broad singlet signal in the range of 155-163 ppm, a decrease in the intensity of signals from carbon atoms at the double bond also indicates heterocyclization. The signal of a carbon atom adjacent to fluorine gives a doublet band. These 13C NMRs of pyrazolines (6-8) are given in table 8.
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Figure 9 - IR spectrum (E) -5- (benzyl)-7-[(p-fluorobenzylidene)-2- (m-fluorophenyl)-3- (p-fluorophenyl)]-3,3а, 4,5,6,7-hexahydro-2H-pyrazolo [4,3-c] pyridine (6)

Table 8 - Chemical shifts of carbon atoms (δ, ppm) 5-benzyl-7-fluorobenzylidene-2,3-fluorophenyl-3-(fluorophenyl)] - 3,3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridines (6-8)
	Compound
	Chemical shifts of carbon atoms, ppm

	
	С3
	С4
	С5
	C7
	C8
	C9
	C10
	C11
	B
	C
	D
	A

	
	
	
	
	
	
	
	
	
	C-F
	Сq,

C4H4CF
	C-F
	Сq,

C4H4CF
	C-F
	Сq,

C4H4CF
	Cq,

C5H5
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	69.88
	52.5
	57.32
	53.74
	129.72
	154.64
	132.24
	62.79
	162.14
164.68
	130.83
115.43-130.39


	160.23
162.76
	135.50
115.61-129.69
	163.72
166.21
	145.42
99.64-131.11
	137.26
127.22-128.82
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	66.91
	52.61
	56.93
	54.75
	127.38
	155.06
	131.92
	62.55
	162.81
165.21
	136,84
113,89-130,23
	163.20
165.81
	141.54
115.09-130.44
	154.73
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	130.49
115.13-125.09
	137,24
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	56.67
	53.22
	58.04
	54.07
	128.78
	155.01
	132.05
	63.01
	161.3

163.89
	123,63
115,41-129,58
	160.62
164.01
	105.22
115.61-129.70
	155.10
157.32
	130.53
115.11-125.08
	137.24
127.22-128.84


1.3 Issuance of recommendations for extended pre-clinical bio-research of candidates for medicinal products
Currently, drugs with myelosuppressive action are used in medical clinical practice. In particular, all cytostatics used in oncological practice (as a result of which the patient dies not because of cancer, but from acute myelosuppression), anti-tuberculosis drugs (streptomycin, thiacetazone, isoniazid, P-aminosalicylic acid, dimethylcarbazine), Stord-dart solution (a product of the distillation of oil), trinitrotoluene, pesticides, especially organochlorine drugs, lindane (gamma-hexachlorocyclohexane) and DDT (dichlorodiphenyltrichloroethane) also cause severe pancytopenia - a simultaneous decrease in the number of leukocytes, platelets, and erythological norms below physiological norms. But the choice of effective myelo-stimulating drugs (leukopoiesis, erythropoiesis, thrombocytopoiesis-stimulating) drugs capable of raising the indices of peripheral blood and bone marrow myelogram in a short period of time is very limited. And they are mainly represented by compounds of plant, animal origin. Thus, the search for myelo-stimulating drugs of synthetic origin is relevant today. In addition, myelostimulants are widely used in ophthalmology, surgery, cosmetology and biotechnology.
In the laboratory of chemistry of synthetic and natural medicinal substances of JSC “A.B. Bekturov Institute of Chemical Science” for a number of years research has been carried out on the synthesis of new mono- and bicyclic derivatives of piperidine. Earlier it was shown that some N,N-disubstituted bispidins have immunostimulating effects [14-17]. In this regard, it was of interest to synthesize new 3,7-diazabicyclo[3.3.1]nonanes containing pharmacophoric fragments in their structure, and to study their ability to improve the parameters of peripheral blood. A number of aminophosphonates were also taken for the study.
Studies on myelo-stimulating activity were carried out on healthy mature animals - white laboratory rats of both sexes, 10-15 weeks of age, body weight 210-280 g. The spread in groups by initial body weight did not exceed ± 10%. Animals of the Faculty of Biology and biotechnology of KazNU named after Al-Farabi. Before and during the experiment, the control and experimental animals were kept under the same standard conditions, 6 individuals per cage. All types of experiments were carried out in compliance with the chronobiological principles of work and in accordance with the "Rules for conducting preclinical (nonclinical) studies of biologically active substances" [Order of the Minister of Health of the Republic of Kazakhstan dated November 19, 2009 No. 745 “On approval waiting for the Rules for conducting preclinical (nonclinical) studies of biologically active substances”]. Blood sampling was performed from the orbital vein of rats anesthetized with weak ether anesthesia at 09:00 in the morning. Blood analysis was carried out on a hematological analyzer for laboratory animals “Abacus junior vet” (manufactured by Diatron, Denmark). The control of blood leukogram was carried out by microscopic examination of a smear stained according to Romanovsky-Giemsa [Giemsa G., 1904] on a SA3300C microscope for microscopy and digital micrograph under immersion (magnification 7x100), 500 cells per smear. Myelosuppression was induced by the administration of the cytostatic sodium cyclophosphamide (Endoxan Baxter (Baxter Oncology GmbH) Kantstrasse, 2, D-33790, Halle/Westfallen, Germany, Reg.ud. No. 014446/02-2002, series 8G166D) at a dose of 30 mg/kg of animal weight, dissolved in physiological solution in a volume of 0.5 ml three times with an interval of 24 hours.

Especially for the analysis of the ecotoxicity of highly mineralized soils and waste discharged, for example, into the seas and oceans, the "Methodology for determining the toxicity of highly mineralized surface and waste waters, soils and waste by the viability of brackish-water crustaceans Artemia salina L." FR 1.39.2006.02505. The technique developed by the LETAP and the Laboratory of Aquatic Toxicology at Moscow State University is recommended for determining the acute toxicity of highly mineralized aqueous extracts from soils and waste, surface and waste waters, by the reaction of brackish-water crustaceans Artemia Salina L. with a salinity level of 6% and higher.
Results and its discussion
Intact animals had hematological parameters corresponding to the values of conventionally healthy animals. The total erythrocyte index was (7,09±0,05) ·1012/L blood with hemoglobin (138,5±1,21) g/L of blood. The hematocrit index was (30,95±0,5)%, which is the lower limit of normal values, but blood sampling from animals was carried out in the morning hours and 12 hours before blood sampling the animals were deprived of food. Therefore, this value is the norm. The total leukocyte index was (10,74±0,04) 109/L blood with an absolute value of neutrophils (4,13±0,5) 109/L blood and an absolute index of lymphocytes (5,72±0,3) 109/L blood, leukogram indices fit into the normative scale for animals free from pathogenic microflora. The platelet count was (561,0±6,71) 109/L of blood, which is the optimal indicator. Thus, the main blood parameters of white laboratory rats were within the normative values.
After the introduction of the cytostatic drug sodium cyclophosphamide, the following changes in the blood hemogram were recorded. Reduction of the erythrocyte index from the value of intact animals (7,09±0,05) 1012/L of blood to (4,22±0,3) 1012/L of blood, i.e. 1,68 times. The value of the hemoglobin level from the value of intact animals (138,5±1,21) g/l of blood decreased to (78,33±3,33) g/l of blood by 1,77 times. The hematocrit index of blood decreased from the value of intact animals (30,95±0,5)% to (22,31±0,67)% by 1,39 times. The average concentration of hemoglobin in erythrocytes also decreased by 1,28 times. The total leukocyte index from the value of intact animals (10,74±0,04) 109/L of blood fell to the value (3,75±0,7) 109/L of blood by 2,86 times. The decrease in the relative indicators of leukocyte subpopulations in the blood leukogram was not as significant as the absolute indicators of granulocytes and agranulocytes. But it is the absolute values of granulocytic and agranulocytic leukocytes that have diagnostic value. A significant decrease in the absolute neutrophilic index from a value of (4,13±0,5) 109/L of blood to a value of (1,22±0,1) 109/L was observed 3,38 times. Decrease in the absolute lymphocytic index from the level of intact animals (5,72±0,3) 109/L blood to the value (2,42±0,01) 109/L blood by 2,36 times. The total platelet count from the value of intact animals (561,0±6.71) 109/L blood decreased to (267,33±7,33) 109/L blood by 2,1 times. Thus, as a result of the introduction of the cytostatic sodium cyclophosphamide, the animals developed pancytopenia with damage primarily to leukocyte cells, which was expressed as leukopenia against the background of neutropenia and lymphopenia. Also, there was a decrease in all indicators of erythrocyte and platelet cells.
Thus, sodium cyclophosphamide caused myelosuppression and the most sensitive cells were leukocyte cells and platelets. Among the leukocyte cells, lymphocytes, granulocytes and then monocytes died first. Then, against the background of myelodepressive syndrome, the animals were injected with an azoheterocyclic compound under the code "BIV" (Appendix C).
The following results were obtained for myelo-stimulating activity.
Compound BIV-104 showed a unique leukopoiesis-stimulating activity [14]. The total leukocyte index increased to (16,42±1,2) 109/L of blood against the indicator of the control group (4,15±1,2) 109/L of blood, by 3,96 times (p≤0,01). The absolute granulocyte and lymphocytic indices in the group of administration of the BIV-104 compound increased to values (9,77±0,1) 109/L of blood and (7,17±1,2) 109/L of blood, respectively. These values exceeded those of the control group: the absolute values of granulocytes were 5,59 times, amounting to (7,17±1,2) 109/L of blood versus (1,29 ± 0,14) 109/L of blood; the absolute values of lymphocytes by 3,37 times, amounting to (8,77±0,1) 109/L of blood versus (2,66±0,83) 109/L of blood. The absolute monocytic values were also higher in the group of administration of the BIV-104 compound, amounting to (0,48±0,01) 109/L blood versus (0,26±0,17) 109/L blood. The relative monocytic values in the groups of administration of the BIV-104 compound and the control group did not differ significantly. The relative lymphocyte indicator was (53,32±6,5)% versus (62,65±3,93)%, and the relative granulocyte indicator was (43,57±2,6)% versus (31,08±4,6)%, exceeding the control value by 1,4 times. The indices of animals with the introduction of the BIV-104 compound were higher than in the intact group, i.e. higher than the index of healthy animals not exposed to myelosuppression. The total leukocyte index (16,24±1,2) 109/L of blood was 1,78 times higher than that of intact animals (9,1±2,51) 109/L of blood. The absolute lymphocyte value was 1,97 times higher, amounting to (8,77±0,1) 109/L of blood versus (5,46±1,1) 109/L of blood. The absolute granulocyte index was also 1,97 times higher, amounting to (7,17±1,2) 109/L of blood versus (3,64±0,9) 109/L of blood. The red blood cell counts were comparable.
Red blood counts were also higher in the group connection of the BIV-104 connection. The erythrocyte index was (6,91±0,1) 1012/L of blood against the control value (4,69±1,36) 1012/L of blood. The hemoglobin level was 1,57 times higher, amounting to (134,82±5.8) g/L versus (86,0±12,0) g/L of blood. The total platelet count was 2,01 times higher than the control value, amounting to (639,21±62,3) 109/L of blood versus (318,25±99,0) 109/L of blood. Thrombocyte indices also differed 2 times: (0,41±0,01) versus the control indicator (0,21±0,06). Thus, compound BIV-104 exhibited high leukopoiesis-stimulating activity. It stimulated the proliferative activity of the myeloid and lymphoid lineage equally effectively. If we refer to the literature data, then no leukopoiesis-stimulating drugs used in modern medical practice, except for polyoxidonium, have activity at the level of the new compound BIV-104 [18-20]. Polyoxidonium was investigated and began to be used in clinical practice since 2010-2012. It is used as a drug that stimulates the proliferation of the myeloid and lymphoid cell series in postoperative patients; burn patients; in patients who have undergone long-term radiation and chemotherapy, etc. Polyoxidonium was discovered in 2002-2003, and it entered industrial production in 2012.
The next compound that showed a comparable high activity was the compound BIV-139 [21]. It evenly stimulated the proliferation of erythrocyte, leukocyte, platelet cells. The total leukocyte index reached the value of (9,65±2,85) 109/L of blood, exceeding the value of the control group (7,28±1,26) 109/L of blood by 1,32 times, almost correlating with the value intact group (10,74±1,11) 109/L blood. The absolute value of neutrophils was (3,55±1,08) 109/L of blood, exceeding the indicator of the control group (2,17±0,64) 109/L of blood by 1,63 times. The absolute lymphocyte index was rather high (5,79±1,72) 109/L blood, exceeding the value of the placebo group (1,57±0,13) 109/L blood by 3,68 times and slightly in the control group (4,57±0.19) 109/L blood by 1,26 times. The relative indices of granulocytic and agranulocytic leukocytes reached the optimal percentage. Red blood cell recovery was effective in the group of BIV-139 compound administration. It restored the total erythrocyte index to the value (8,07±0,09) 1012/L of blood, exceeding the index of the group of intact animals (7,09±1,17) 1012/L of blood and the value of the control group (7,42±1,12) 1012/L blood. The level of hemoglobin in the total blood volume in the group of administration of the BIV-139 compound was (148,5±4,5) g/l, correlating with the value of the control group. The hematocrit index (34,25±0,95)% was higher than in the control group and practically reached the value of the intact group. However, platelet recovery was ineffective and reached a value of (204,2±3,54) 109/L blood, being inferior to the value of the group of intact animals (561,2±12,21) 109/L blood in 2,75 times and the value of the control group (340,2±26,10) 109/L blood by 1,65 times.
Compound BIV-134 exhibited myelo-stimulating activity, slightly exceeding the activity of the reference drug methyluracil. The total leukocyte index reached a value of (7,2÷7,3) 109/L blood and was identical to the value of the control group (7,28±1,26) 109/L blood, but was lower than the value of intact animals (10,74±1,11) 109/L blood 1,48 times. The absolute values of neutrophils also increased from the values in the intoxication group (1,72±0,18) 109/L to values (2,15÷3,93) 109/L of blood. This indicator was at the level of the value of the control group (2,17±0,64) 109/L of blood.
In groups of animals with BIV-102, the total leukocyte index was in the range (3,58-3,84) 109/L of blood. There was a very low relative and absolute lymphocyte index. But the level of granulocytes was at the level of the blood index of the placebo group and was in the range (1,27-2,03) 109/L of blood with a relative value of (45,15-57,9)%. Thus, the granulocyte values in these groups were not significantly superior to those of the placebo group.
The group of compounds BIV-135, BIV-136, BIV-137, BIV-138 did not possess myelo-stimulating activity. Blood hemogram indices were significantly higher than the values of the placebo group, but they were significantly lower than the values of the control group.
The toxic group included only one compound, BIV-131.
Blood hemogram indices in these groups were lower than the values of all groups. Having determined the level of toxicity, it became clear. These compounds, lacking myelo-stimulating activity, had high toxicity. Due to the high toxicity shown, blood counts not only did not recover at least physiologically, but worsened even more. Animals died during the experiment.
The level of acute toxicity up to 500 mg/kg of animal weight was demonstrated by the compound BIV-131.
The second level of acute toxicity in the range from 500 mg/kg to 1000 mg/kg of animal weight was manifested by compounds BIV-134, BIV-138, BIV-139
 
Compounds BIV-135, BIV-136, BIV-137 showed the minimum level of acute toxicity over 1000 mg/kg of animal weight.
Studies carried out to recommend extended pre-clinical bio-studies of drug candidates have shown that the new 3,7-diazabicyclo[3.3.1]nonanes exhibit relatively higher activity than a number of aminophosphonate compounds. It should be noted that among all compounds, the new compound BIV-104 is promising for further in-depth pharmacological studies to confirm leukopoiesis-stimulating properties. The compound equally effectively stimulated the proliferation of red blood cells and leukocytes. The restoration of red blood cells proceeded with the restoration of both the volume of cells and the content of hemo-globin. The recovery of leukocyte cells proceeded with an intensive recovery of the lymphocyte value and a moderate recovery of the monocyte-granulocyte value. In terms of myelo-stimulating activity, the compounds exceeded the activity of the preparation compared to methyluracil.
2 Experimental part 

The course of the reaction and the individuality of the compounds are monitored by TLC on aluminum oxide of the III degree of activity, with the appearance of spots with iodine vapor. IR spectra were recorded on “Nicolet 5700” spectrometer in KBr tablets and between KBr plates. The NMR spectra of the compounds under study were recorded on a JEOL “JNM-ECA400” spectrometer with an operating frequency of 400 MHz at hydrogen nuclei. Internal standard ( HMDS.
Diethyl [(3-(1H-imidazol-1-yl)propylamino)(2-fluorophenyl)methyl] phosphonate (1). In a flat-bottomed conical flask equipped with a Dean-Stark attachment with a reflux condenser 2.1 ml (0.016 mol) of 1-(3-aminopropyl)imidazole in 185 ml of abs. benzene. Then 3.46 ml (0.034 mol) of 2-fluorobenzaldehyde and 2.86 ml (0.022 mol) of diethyl phosphite are added successively. The mixture is stirred for 20 minutes at room temperature. With constant stirring, the reaction mixture is heated at the boiling point of benzene for 37 hours. After distilling off the solvent, the residue is repeatedly washed with hot hexane. From the hexane fraction, 3.82 g (58% of theoretical) diethyl[(3-(1H-imidazol-1-yl)propylamino)(2-fluorophenyl)methyl]phosphonate with Rf 0.11 (Al2O3, eluent hexane: chloroform - 1: 3), nD20 = 1.535.
Calculated,%: C 55,28; H 6,77; N 11,38. C17H25N3O3 P1F1.
Found,%: C 55,25; H 6,80; N 11,40.
IR spectrum, cm-1: 1455,6 (νС = C); 1047,3 (νP = O); 758,2 (νP-C); 1085 (νC-F).
1H NMR spectrum (δ, DMSO-d6): 2,79 (s, 1H, NH), 3,08 (s, 2H, NHCH2CH2), 1,15 (3m, 6H, (OCH2CH3)2), 3,90, 3,97 (2m, 4H, (OCH2CH3)2), 4,69 (dd, PCH), 6,92-7,45 (m, 3H, CH imidazole), 7,12-7,63 (m, 4H, C6H4F).
13C NMR spectrum (δ, ppm, DMSO-d6): 26,55, 47,22, 47,37 (NCH2CH2CH2N), 16,42 ((OCH2CH3)2), 63,11 ((OCH2CH3)2), 60,63 (PCH), 120,45-136,33 (CH imidazole, CH benzyle), 162,13 (CF).
Complex of diethyl [(3-(1H-imidazol-1-yl)propylamino)(2-fluorophenyl)methyl] phosphonate with β-cyclodextrin (2). To obtain an inclusion complex, mix solutions of 2 g of diethyl [(3-(1H-imidazol-1-yl)propylamino)(2-fluorophenyl)methyl]phosphonate in 50 ml of ethyl alcohol and 6.14 g of β-cyclodextrin in 80 ml of distilled water . The mixture is placed in an oven, ethanol and water are evaporated at 50-550C. 7.88 g of the inclusion complex of diethyl [(3-(1H-imidazol-1-yl)propylamino)(2-fluorophenyl)methyl]phosphonate with β-cyclodextrin (IІ) are obtained in the form of a white powder.
Calculated,%: C 47,10; H 6,30. C59H95N3РFO38
Found,%: C 47,30; H 6,20.
IR spectrum, cm-1: 1454 (νС = C); 1033 (νC-N); 1158 (νP = O); 759 (νP-C); 1033 (νC-F).
1-(Benzyl)-3,5-di(p-fluorobenzylidene)piperidone-4(3). In a flask equipped with a reflux condenser, a thermometer, a stirrer and a dropping funnel, 2.6 g (0.065 mol) of NaOH are placed in 32 ml of water and 32 ml of ethanol. Half a freshly prepared mixture of 2.5 g (0.013 mol) of 1-(benzyl)-4-oxopiperidine and 3.38 g (0.026 mol) of p-fluorobenzaldehyde is poured. After 15 minutes, add the second half of the mixture. The reaction is carried out at 20-25°C. The reaction mixture was stirred for 4 h. The precipitate that formed was filtered off, washed with water until neutral, dried and recrystallized from isopropanol. 2.99 g (74.4% of theory) of 1-(benzyl)-3,5-di(p-fluorobenzylidene)piperidone-4 are obtained (eluent: benzene: dioxane = 7:1, Rf 0,8) which is a crystalline product with tmelt.. 149-150°C.
Found,%: C 77,82; H 5,25; N 3,72. C26H21NOF2.
Calculated,%: C 77,79; H 5,27.
IR spectrum, cm-1: 1006.6 (C-N); 1190.1 (C-F); 1450.3 (C = C); 1670.0 (C = O).
1-(Benzyl)-3,5-di(m-fluorobenzylidene)piperidone-4 (4). 2.6 g (0.065 mol) of NaOH in 32.4 ml of water and ethanol are placed in a flask equipped with a reflux condenser, thermometer, stirrer and dropping funnel. Half a freshly prepared mixture of 2.5 g (0.013 mol) of 1-(benzyl)-4-oxopiperidine and 3.38 g (0.026 mol) of m-fluorobenzaldehyde is poured. After 15 minutes, pour in the second half of the mixture. The reaction is carried out at 20-25°C. The reaction mixture was stirred for 4 h. The precipitate that formed was filtered off, washed with water until neutral, dried and recrystallized from hexane. 3.05 g (76% of theory) of 1-(benzyl) -3,5-di(m-fluorobenzylidene)piperidone-4 (eluent: benzene: dioxane = 7:1, Rf 0.7) are obtained, which is crystalline product with tmelt.. 66-68°C.
Found (%): C 77,80; H 5,20. C26H21NOF2.
Calculated,%: C 77,79; H 5,27.
1-(Benzyl)-3,5-di(o-fluorobenzylidene)piperidone-4 (5). In a flask equipped with a reflux condenser, a thermometer, a stirrer and a dropping funnel, 4.2 g (0.105 mol) of NaOH are placed in 40 ml of water and 40 ml of ethanol. Half a freshly prepared mixture of 4.0 g (0.021 mol) of 1-(benzyl)-4-oxopiperidine and 5.3 g (0.043 mol) of o-fluorobenzaldehyde is poured. After 15 minutes, add the second half of the mixture. The reaction is carried out at 20-25°C. The reaction mixture was stirred for 4 h. The precipitate that formed was filtered off, washed with water until neutral, dried and recrystallized from hexane. 8.0 g (95% of theory) of 1-(benzyl)-3,5-di(o-fluorobenzylidene)piperidone-4 (eluent: benzene: dioxane = 7:1, Rf 0.43) are obtained, which is crystalline product with tmelt.. 150-151°C.
Found,%: C 77,80; H 5,23. C26H21NOF2.
Calculated,%: C 77,79; H 5,27.
(E)-5-(Benzyl)-7-(p-fluorobenzylidene)-3-(p-fluorophenyl)-2-(mfluorophenyl)-3,3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine (6). To a suspension of 2.0 g (0.005 mol) of 1-(benzyl)-3,5-di(p-fluorobenzylidene)piperidone-4 in 27 ml of MeOH, 0.81 g (0.005 mol) of m-fluorophenylhydrazine hydrochloric acid is added. The mixture is stirred for 4 hours at 70°C. The solvent was evaporated, the residue was recrystallized from methanol. 2.15 g (79% of theoretical) hydrochloride (E)-5-(Benzyl)-7-(p-fluorobenzylidene)-3-(p-fluorophenyl)-2-(m-fluorophenyl)-3 is obtained, 3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine in the form of crystals, tmelt.. 96-105°C. Treatment of an aqueous solution of hydrochloride followed by extraction with chloroform yields (E)-5-(Benzyl)-7-(p-fluorobenzylidene)-3-(p-fluorophenyl)-2-(m-fluorophenyl)-3,3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine, Rf 0.52, eluent: benzene:dioxane = 10:1.
Found,%: C 75,49; H 5,21. C32H26N3F3.
Calculated,%: C 75,43; H 5,14.
(E)-5-(Benzyl)-7-(m-fluorobenzylidene)-3-(m-fluorophenyl)-2-(m-fluorophenyl)-3,3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine (7). To a suspension of 2.0 g (0.005 mol) of 1-(benzyl)-3,5-di(m-fluorobenzylidene)piperidone-4 in 27 ml of MeOH, 0.81 g (0.005 mol) of m-fluorophenylhydrazine hydrochloric acid is added. The mixture is stirred for 4 hours at 70°C. The solvent was evaporated, the residue was recrystallized from methanol. 1.86 g (68% of theoretical) hydrochloride (E)-5-(benzyl)-7-(m-fluorobenzylidene)-3-(m-fluorophenyl)-2-(m-fluorophenyl)-3 is obtained, 3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine, tmelt.. 87-93оС By treatment of an aqueous solution of hydrochloride, followed by extraction with chloroform, (E)-5-(benzyl)-7-(m-fluorobenzylidene)-3-(m-fluorophenyl)-2-(m-fluorophenyl)-3.3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-] pyridine, Rf 0.47, eluent: benzene:dioxane = 10:1.
Found,%: C 75,66; H 5,30. C32H26N3F3.
Calculated,%: C 75,43; H 5,14.
(E)-5-(benzyl)-7-(o-fluorobenzylidene)-3-(o-fluorophenyl)-2-(o-fluorophenyl)-3,3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine (8). To a suspension of 1.2 g (0.003 mol) of 1-(benzyl)-3,5-di(o-fluorobenzylidene) piperidone-4 in 15 ml of MeOH, 0.49 g (0.003 mol) of o-fluorophenylhydrazine hydrochloric acid is added. The mixture is stirred for 4 hours at 70°C. The solvent was evaporated, the residue was recrystallized from methanol. 0.92 g (56% of theoretical) hydrochloride (E)-5-(benzyl)-7-(o-fluorobenzylidene)-3-(o-fluorophenyl)-2-(o-fluorophenyl)-3 is obtained, 3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine, tmelt.. 102-111 оС. Treatment of an aqueous solution of hydrochloride followed by extraction with chloroform yields (E)-5-(benzyl)-7-(o-fluorobenzylidene)-3-(o-fluorophenyl)-2-(o-fluorophenyl)-3,3а,4,5,6,7-hexahydro-2H-pyrazolo[4,3-c]pyridine, Rf 0.49, eluent: benzene:dioxane = 10:1.
Found,%: C 7,39; H 5,35. C32H26N3F3.
Calculated,%: C 75,43; H 5,14.

CONCLUSION
Conclusions based on the results of research work in 2018:
1. Simple and accessible experimental routes have been developed (condensation of starting 1-(2-ethoxyethyl)-, 1-(3-ethoxypropyl)- and 1-(3-methoxypropyl) -4-oxopiperidines with (p- and m-) fluorobenzaldehydes; catalytic hydrogenation of 1-(3-ethoxypropyl)-4-(octin-1-yl)-4-hydroxypiperidine; inclusion of 1-[3-(1H-imidazol-1-yl)propyl]piperidine in β-CD ) introducing fragments into the structure of the starting compounds that increase the pharmacological activity and/or reduce the toxicity.
2. The heterocyclization of 3,5-diarylidene-substituted piperidones-4 into polycyclic systems containing the pharmacophore piperidine ring in combination with the pyrazoline ring was studied. The interaction of 3,5-diarylidenepiperidones-4 with phenylhydrazine hydrochloride leads to the formation of the corresponding hydrochlorides 7-arylidene-3,3а,4,5,6,7-hexahydro-2-phenyl-5-alkoxyalkyl-3-aryl-2H-pyrazolo[ 4,3-c]pyridine with a fluorine atom, which enhances the bioactivity of the substrate.
3. For the first time, a complex modification of the initial substituted and unsubstituted 4-oxopiperidines in the cycle was carried out, including the reactions of aldol-croton condensation, catalytic hydrogenation, reduction of the carbonyl group, which led to a wide range of new substances. Further optimization of the synthesized systems has been carried out: catalytic hydrogenation of the double bond, hydration of the ethynyl group, and heterocyclization of N-substituted 3,5-diarylidenepiperidols with phenylhydrazine into piperidinopyrazolines.
3. Using physicochemical methods, the structure was confirmed and the physical properties of the first synthesized substances were studied.
4. It has been shown that the most active myelostimulants, i.e. BIV-139 (diazabiclononan) and BIV-143 (bismethylpiperazine) with two nitrogenous heterocycles in a molecule with rather low toxicity turned out to be agents that improve blood parameters after the administration of a toxic cytostatic sodium cyclophosphamide. The presence of a fluorophenyl fragment (BIV-132 and BIV-134) also had a positive effect on bioactivity - they did not differ in their properties from the drug methyluracil used. At the same time, BIV-132 is in the group of the most non-toxic samples. The "conversion" of liquid substances into pharmacologically acceptable solid substrates due to the formation of complexes with β-CD is also justified by the fact that the complexes are mostly low-toxic.
5. To increase the lipophilicity of the target molecule and, as a consequence, to increase the duration of local anesthesia by catalytic hydrogenation on Ni-Raney in absolute ethanol, 1-(3-ethoxypropyl)-4-octyl-4-acyloxypiperidine was synthesized, followed by acylation at room temperature, its propionate and benzoate were obtained. The complex of 1-(3-ethoxypropyl)-4-octyl-4-propionyloxypiperidine and 1-(3-ethoxypropyl)-4-octyl-4-benzoyloxypiperidine with β-CD (MAV-207 and MAV-208, respectively) was studied on local anesthetic activity and acute toxicity.
6. The optimal way of obtaining (-CD of the complex 1-[3-(1H-imidazol-1-yl)propyl]piperidine, non-toxic and stimulating the germination of seeds of agricultural plants, which consists in stirring at 160оС a mixture of 1-[3-(1H- imidazol-1-yl)propyl]piperidin-4-one with hydrazine hydrate and KOH in TEG. The complex was obtained by the interaction of 1-[3-(1H-imidazol-1-yl)propyl]piperidine with an equimolar amount of β-CD at 50-55°C. The complex under the laboratory code Kaz-18 stimulates the germination of seeds of soybeans, corn, wheat, barley and onions to varying degrees. The best results are shown on the evil ones - wheat, barley and rice. Good seed germination is also observed on soybeans (up to 67% on the 5th day after soaking). Kaz-18 has advantages over the used drug Gumi-K.
Conclusions based on the results of research work in 2019:
1. Optimal methods have been developed for the preparation of inclusion complexes of diphenhydramine, clonidine and tolperisone with β-CD with preliminary dissolution of the drug (in the form of hydrochloride and/or base) in ethanol and β-CD in water with slow dropping of the drug solution into the β solution - CD at 40-50°C for 30-60 minutes. The fine chemical structure of new inclusion complexes of biologically active substances with cyclodestrins was established using the data of IR and 1H and 13C NMR spectroscopy
2. New α, β-unsaturated piperidin-4-ones and derivatives of 3-(3-butoxypropyl)-7-(3-imidazoloalkyl) -3,7-diazabicyclo[3.3.1] nonan-9-one with the purpose of searching for and creating new potentially biologically active compounds and studying the effect of substituents on pharmacological activity.
Since the synthesized derivatives of 4-oxopiperidine are viscous oily substances, complexes with β-cyclodextrin were obtained to study their pharmacological properties. The composition and structure of the products are consistent with the data of elemental analysis and IR and NMR spectroscopy. The target complexes were obtained in the form of crystalline substances, so pl. over 240оС with decomposition.
3. For the study of myelo-stimulating activity and the level of acute toxicity, 6 newly synthesized compounds under the code BIV: BIV-152, BIV-153, BIV-154, BIV-156, BIV-158, BIV-160 were donated to the Research Institute of Ecology of the Kazakh National University named after al-Farabi. In accordance with the results obtained on the hemogram of blood, the compounds BIV-153, BIV-152 showed high activity, at the level of the reference drug methyluracil.
4.The pharmacological activity of the compounds BIV-153, BIV-152 suggests their use in medicine as myelostimulating agents.
5.Studied the fine chemical structure of new complexes of the inclusion of biologically active substances with cyclodestrins. Comparative analysis of IR spectra (clopheline-base, β-CD and their complex) and (diphenhydramine-base, β-CD and their complex) showed that the resulting crystalline product is a physical mixture of clonidine-base and β -CD. While the spectrum of the complex diphenhydramine-base + β-CD is characterized by the absence of absorption bands observed in the spectrum of the drug and related to aromatics. This suggests the formation of an inclusion complex by the "entry" of both phenyls of diphenhydramine into the β-CD cavity; complex "guest" - "host", composition 1:2. Evidence of the inclusion of the diphenhydramine base molecule in the inner cavity of the β-CD molecule in the 1H NMR spectroscopy method is a change in the chemical shifts of protons directed into the internal cavity of the β-CD molecule and influenced by the included molecule.
6. Research and development work has begun to study the possibility of using pectic acid and pectin as a "host" for synthesized biologically active azaheterocycles ("guest") to reduce toxicity and reduce other side effects of the guest. To control the progress of reactions, the pH metry method was used. Investigated solutions of pectic acid and pectin in 0.25%; 0.5%; 1.25%; 2.5% and 3.75% concentration.
The reaction solution pectin: 1-BzP in a ratio of 1: 2 formed a complex. The target product of immobilization of 1-BzP on the polymers taken is also confirmed by IR spectroscopy data.
RW planned for 2020 has been completed in full in accordance with the schedule (Appendixes A and C).
1. Diethyl[(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl] phosphonate was synthesized by the three-component "one-pot" Kabachnik-Fields reaction by the interaction of 1-(3-aminopropyl)imidazole with 2-fluoroaldehyde and diethyl phosphite in benzene at 70-90°C. The composition and structure of the compound were confirmed by the data of elemental analysis, IR spectroscopy and NMR spectroscopy. To obtain an inclusion complex with β-cyclodextrin, solutions of aminophosphonate in ethyl alcohol and β-cyclodextrin in distilled water were mixed. The mixture was placed in an oven, ethanol and water were evaporated at 50-55°C. Studies have shown that the complex of diethyl [(3-imidazol-1-yl) propylamino) (o-fluorophenyl)methyl]phosphonate with β-cyclodextrin has growth-stimulating activity.
2. The conditions for obtaining inclusion complexes of diethyl [(3-imidazol-1-yl)propylamino)(o-fluorophenyl)methyl]phosphonate with pectic acid and pectin have been developed. To control the progress of the reactions of obtaining complexes with pectin and pectic acid, the pH-metric method was used. The method of pH metry has shown that in the case of pectic acid and pectin, a sharp jump in the change in pH values is achieved at 1:2 and 2:1.
3. In order to study the effect of the introduction of a fluorine atom on pharmacological activity, 1-benzylpiperidin-4-ones containing fluoroarylidene substituents in the α, α`-position to the carbonyl group were synthesized for the first time. The synthesis of α, β-unsaturated piperidin-4-ones was carried out by the Kleisen-Schmidt reaction by condensation of 1-benzylpiperidone-4 with p-, m- and o-benzaldehydes. The reaction was carried out in ethanol in the presence of an alkaline agent. 1-Benzyl-3,5-di(fluorobenzylidene)piperidones-4 are formed in 74.4-95% yield when using 2 moles of the corresponding fluorobenzoaldehyde per mole of 1-benzylpiperidone-4 in the presence of 15% sodium hydroxide in ethanol.
4. Heterocyclization of 3,5-di(fluorobenzylidene) substituted 1-benzylpiperidone-4 into polycyclic systems - the corresponding pi-peridine-pyrazolines, which are isolated in crystalline form as hydrochlorides. The fine chemical structure of new 3,5-di(fluorobenzylidene) substituted 1-benzylpiperidone-4 was established using IR and NMR spectroscopy data.
5. Studies have been conducted to recommend extended pre-clinical bio-studies of drug candidates. The new compound BIV-104 turned out to be promising for carrying out further in-depth pharmacological studies to confirm the leukopoiesis-stimulating properties. In terms of the level of myelo-stimulating activity, the compounds exceeded the activity of the reference drug methyluracil.
Based on the results of research work (2018-2020), 1 monograph, 13 articles were published, of which 5 in rating journals with an impact factor (WoS, Scopus), 2 - international journals, 6 - Kazakhstani journals, theses of 19 reports on international conferences, received 5 utility model patents.
Assessment of the completeness of the tasks. The tasks set in the work have been completely solved. New heteroorganic systems have been synthesized for the first time. Elemental analysis, IR and NMR spectroscopy confirmed the structure and studied the physical properties. A complex modification of the starting substituted and unsubstituted 4-oxopiperidines in the ring was carried out, including the reactions of phosphorylation, aldol-croton condensation, and heterocyclization. The conditions for obtaining complexes of inclusion of biologically active substances with pectic acid and pectin have been developed. Studies have been conducted to recommend extended preclinical bio-studies of drug candidates. The new compound BIV-104 is promising for conducting further in-depth pharmacological studies to confirm leukopoiesis-stimulating properties.
Recommendations for the specific use of research results. The results of this work will be used to expand the list of new substituted 4-oxopiperidines, as well as their complexes with β-CD, pectin, and pectic acid for further use in medicine and/or agriculture. In addition, the knowledge gained in the research area under study will supplement the knowledge in the field of TOC of heteroorganic compounds and the chemistry of biologically active substances and is used to issue recommendations for conducting extended preclinical bio-studies of candidates for pharmaceuticals.
Technical and economic level in comparison with the best achievements in this area. Cut level ltatov is confirmed by the bioscreening data of a number of synthesized substances, which have myelo-stimulating, plant growth (seed germination) stimulating, exceeding that of the drugs used and low acute toxicity.
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1.3 On the topic of the project: No. AP05131486 "Fine organic synthesis in increasing the efficiency and reducing the toxicity of BAS".
1.4 The total amount of the project is 27 180 000  (twenty seven million one hundred eighteen thousand) tenge, including with a breakdown by years, for the performance of work in accordance with clause 3:
- for 2018 - in the amount of 9 000 000 (nine million) tenge;
- for 2019 - in the amount of 9 081 000 (nine million eighty-one thousand one hundred) tenge;
- for 2020 - in the amount of 9 099 000  (nine million ninety-nine thousand) tenge.
2. Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Direction of work: Chemistry of biologically active substances.
2.2 Application: Chemical sciences and medicine
2.3 End result:
- for 2018: Development of simple and accessible experimental ways of introduction into the molecules of initial compounds of structural fragments that increase pharmacological activity and / or reduce toxicity. 2 articles will be published in rating domestic (Chemical Journal of Kazakhstan and / or others) scientific journals with a non-zero impact factor and patent protection of an effective drug will be carried out in the Kazakhstan Patent Office;
- for 2019: Development of ways to immobilize BAS on natural medical polymers. The results of research work will be published in the form of article in domestic scientific journal (Chemical Journal of Kazakhstan and / or others) and an article in a foreign journal (Scopus or Thomson Reuters) with a non-zero impact factor and patent protection of an effective drug will be carried out in the Kazakhstan Patent Office;
- for 2020: Bioassessment of in vitro complexes of BAS with natural polymers in comparison with the original BAS. The experimental choice of the method of obtaining candidates for medicinal preparations. The results of research work will be published in the form of article in domestic scientific journal (Chemical Journal of Kazakhstan and / or others) and 2 articles in a foreign journals (Scopus or Thomson Reuters) with a non-zero impact factor and patent protection of an effective drug will be carried out in the Kazakhstan Patent Office.
2.4 Patentability: Research results are patentable, effective drugs will be protected by the title of protection of the Republic of Kazakhstan.
2.5 Scientific and technical level (novelty): Development of simple and accessible experimental ways of introducing structural fragments into the molecules of the initial compounds that increase the pharmacological activity and / or reduce the toxicity; as well as ways of immobilizing biologically active substances on natural medopolymers (dextrins, arabinogalactan and / or pectin); in vitro bio-assessment of complexes of biologically active substances with natural copper polymers in comparison with the initial biologically active substances; on the implementation of an experimental selection of the method for obtaining candidates for drugs.
2.6 The use of scientific and technical products is carried out: by the Contractor.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: Reports, publications, patents, presentations at conferences, symposia of chemical and medical profile.
3. Name of work, terms of their implementation and results
	Code of the task, stage
	Name of work under the Contract and the main stages of its implementation
	Deadlines
	Expected result



	
	
	Beginning
	Completion of work 
	

	1.
	Development of simple and accessible experimental ways of introduction into the molecules of initial compounds of structural fragments that increase pharmacological activity and / or reduce toxicity
	January 2018


	till 1st November 2018
	Simple and accessible experimental ways of introducing structural fragments into the molecules of the parent compounds that increase the pharmacological activity and / or reduce toxicity will be developed.

2 articles will be published in rating domestic (Chemical Journal of Kazakhstan and / or others) scientific journals with a non-zero impact factor and patent protection of an effective drug will be carried out in the Kazakhstan Patent Office.

	1.1
	Experimentally justify the choice of structures-leaders
	January 2018

	March 2018
	The choice of leading structures will be experimentally substantiated

	1.2
	Develop samples of starting BAS and / or substances of the drugs used
	April 2018
	June 2018
	Samples of starting biologically active substances and / or substances of used drugs will be produced 

	1.3
	Develop optimal methods for introducing pharmacophore groups into the molecules of the initial azaheterocycles
	July 2018
	September 2018
	Optimal methods for introducing pharmacophore groups into the molecules of the starting azaheterocycles will be developed

	1.4
	Carry out  bioscreening in vitro of new azetherocyclic derivatives.
	October 2018
	Till 1st November 2018
	In vitro bioscreening of new azaheterocycle derivatives

	2.
	Development of ways to immobilize BAS on natural medical polymers
	 January 2019
	Till 1st November 2019
	Ways of immobilizing BAS for natural medical polymers will be developed. The results of research work will be published in the form of article in domestic scientific journal (Chemical Journal of Kazakhstan and / or others) and an article in a foreign journal (Scopus or Thomson Reuters) with a non-zero impact factor and patent protection of an effective drug will be carried out in the Kazakhstan Patent Office. 

	2.1
	To develop methods for obtaining complexes for the incorporation of BAS with cyclodextrins
	January 2019


	March 2019
	Methods for the preparation of BAS inclusion complexes with cyclodextrins will be developed

	2.2
	Establish fine chemical structure of new BAS inclusion complexes with cyclodextrins.
	April 2019
	June 2019
	Fine chemical structure of new BAS inclusion complexes with cyclodextrins will be established

	2.3
	Develop conditions for obtaining complexes of BAS with arglabinogalactan and / or pectin
	July 2019
	September 2019
	Conditions for the preparation of BAS complexes with arglabinogalactan and / or pectin will be developed

	2.4
	Establish fine chemical structure of BAS complexes with arglabinogalactan and / or pectin
	October 2019
	Till 1st November 2019
	fine chemical structure of new BAS complexes with arglabinogalactan and / or pectin will be established

	3.
	Bioassessment of in vitro complexes of BAS with natural polymers in comparison with the original BAS. The experimental choice of the method of obtaining candidates for medicinal preparations
	January 2020
	Till 1st November 2020
	A bioassessment of in vitro bioassay complexes with natural polymers in comparison with the original BAS will be carried out. The experimental choice of the method of obtaining candidates for medicinal preparations. The results of research work will be published in the form of article in domestic scientific journal (Chemical Journal of Kazakhstan and / or others) and 2 articles in a foreign journals (Scopus or Thomson Reuters) with a non-zero impact factor and patent protection of an effective drug will be carried out in the Kazakhstan Patent Office.

	3.1
	Conduct bioscreening in vitro of BAS complexes with natural medical polymers in comparison with the initial BAS
	January 2020

	March 2020
	Bioscreening in vitro of BAS complexes with natural polymers will be carried out in comparison with the initial BAS

	3.2
	The experimental choice of the method of obtaining candidates for medicinal preparations
	April 2020
	September 2020
	There will be an experimental choice of the method of obtaining candidates for medicines

	3.3
	Issuance of recommendations for extended pre-clinical bio-research of candidates for medicinal products
	July 2020
	Till 1st November 2020
	Recommendations will be issued for conducting extended preclinical bioassays of candidates for medicines


	From customer :                                                                                      

Chairman of the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan 

______________  ABDRASILOV B.S. 
м.п.


	From the Contractor :

General director
JSC "A. B. Bekturov Institute of Chemical Sciences"

____________  Academician of NAS RK

E.E. ERGOZHIN
м.п.                
Familiarized with:

Scientific supervisor of the project
___________________  Malmakova A.E., PhD

(signature)
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REPORT

Presently drugs with myelosuppressive effects are used in medical clinical
practice. In particular, all cytostatics are used in cancer practice (as a result of
which the patient dies from acute myelosuppression), anti-tuberculosis drugs
(Streptomycin, Thiacetazone, Isoniazid, P-aminosalicylic acid,
Dimethylcarbazine), Storddart solution (oil distillation product), trinitrotoluene,
pesticides, especially organochlorine drugs, lindane (gamma-
hexachlorocyclohexane) and DDT (dichlorodiphenyltrichloroethane) also cause
severe pancytopenia - a simultaneous decrease in the number of white blood cells,
platelets, and red blood cells below physiological norms. However, the choice of
effective myelostimulating (leucopoiesis -, erythropoiesis -, thrombocytopoiesis -
stimulating) drugs that can raise count of peripheral blood and bone marrow
myelograms in a short period of time is very limited. And they are mainly
represented by compounds of plant and animal origin. Thus, the search for
myelostimulating drugs of synthetic origin is relevant today. In addition,
myelostimulators find wide application in ophthalmology, surgery, cosmetology
and biotechnology.

Research on the synthesis of new mono - and bicyclic derivatives of
piperidine has been carried out for a number of years in the laboratory of chemistry
of synthetic and natural medicinal substances of JSC "A.B. Bekturov Institute of
chemical research". Previously, it was shown that some N,N-disubstituted
bispidins have an immunostimulating effect. In this regard, it was of interest to
synthesize new  3,7-diazabicyclo[3.3.1]nonans containing pharmacophore
fragments in their structure, and to investigate their ability to improve peripheral
blood parameters. And it was also examined the newly replicated
aminophosphonate and fluoro-substituted derivatives dianon.

Table 1 — Codes and formulas of compounds

Ne | Comp | Formula Title m, T Solubi
ound lity
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Materials and methods.

Model of myelosuppression.

Studies on myelostimulating activity were performed on healthy sexually
mature animals — white laboratory rats of both sexes, 10-15 weeks of age,
weighing 210-280 g. The variation in the groups by initial body weight did not
exceed £10%. Animals of the Faculty of biology and biotechnology of al-Farabi





[image: image33.png]Kazakh National University. Before and during the experiment, control and
experimental animals were kept in the same standard conditions, 6 individuals per
cage. All types of experiments were carried out in compliance with
chronobiological principles and in accordance with the "Rules of preclinical (non-
clinical) studies of biologically active substances" [Order of Minister of health of
the Republic of Kazakhstan dated November 19, 2009 Ne 745 "On approval of
Rules of preclinical (non-clinical) studies of biologically active substances"].
Blood sampling was performed from the orbital vein of rats that were anesthetized
with weak ether anesthesia at 09.00 am. Blood analysis was performed on a
hematological analyzer for laboratory animals "Abacus junior vet" (Diatron,
Denmark). Control of the blood leukogram was performed by microscopy of a
smear stained according to Romanovsky-Giemsa [Giemsa G., 1904] on a
SA3300C microscope for microscopy and digital Micrography under immersion
(magnification 7x100) of 500 cells per smear. Myelosuppression was induced by
administration of the cytostatic agent cyclophosphamide sodium (Endoxan Baxter
(Baxter Oncology GmbH) Kantstrasse 2, D-33790, Halle/Westfallen, Germany,
Reg. Ne 014446/02-2002, series 8G166D) at a dose of 30 mg/kg of animal weight,
dissolved in saline solution in a volume of 0.5 ml three times at intervals of a day.
Further, on 6, 8, 10 days of observation, once a day intramuscularly administered:
from group 1 to group 17 the studied compounds under the code BIV in a dose of
5 mg/kg (for all the studied compounds, the solvent was saline) in a volume of 0, 5
ml, the 18th group of animals was administered the comparison drug methyluracil
in a dose of 0, 4 mg/kg in a volume of 0, 5 ml, the 19th group — placebo (saline
solution) in a volume of 0, 5 ml and the 20th group of animals was intact.
Statistical data processing was performed with the Student's confidence interval.

Method for determining the level of acute toxicity in Artemia Salina L.
crustaceans.

Specifically for the analysis of ecotoxicity of highly mineralized soils and
waste dumped into the seas and oceans, the "Methodology for determining the
toxicity of highly mineralized surface and waste water, soils and waste by the
survival rate of saltwater crustaceans Artemia salina L" FR 1.39.2006.02505 is
currently updated. The method developed by the staff of LETAP and the laboratory
of water toxicology of M.V. Lomonosov Moscow State University is
recommended for determining the acute toxicity of highly mineralized water
extracts from soils and waste, surface and wastewater, by the reaction of brackish-
water crustaceans Artemia Salina L. with a salinity level of 6% or higher. The
method is designed to determine the Ecotoxicity of wastewater, where it is
necessary to determine the level of toxicity of the compound and determine the
hazard class of the compound and there is no need to determine the acute toxicity
of the compound to hundredths of a decimal point. Based on this statement and our
experience, we can reasonably say that this method is not statistically accurate and
reliable for determining the acute toxicity of pharmacological compounds with the
level of acute toxicity determination up to hundredths of a decimal point.

The Gill-legged crustaceans Artemia Salina L. (a widespread euryhaline
species) are being tested. The body of Artemia is elongated, has no shell, consists




[image: image34.png]of numerous, clearly distinguishable segments, and is well divided into sections:
the head, trunkus bearing leaf-like legs (11 pairs), and telson (or abdomen). Head
with two stalked compound eyes and one unpaired nauplial eye. The 2nd antenna
in males is large and hook-shaped, turned into a prehensile organ. The abdomen
ends with a furcus consisting of 2 furcal plates covered with bristles. (Lipin A. S.
Determinant of freshwater invertebrates..., 1995). Body size: 0.5 — 1.5 cm (from
nauplium to adult). These crustaceans have expressed sexual dimorphism, males
and females differ in color, structure and size of the antennae, which are much
larger in males.

Obtaining the raw material, the cultivation of culture, the content.

Feeding the initial material for biotesting on Artemisia is nauplia up to 24
hours old, obtained in the laboratory from resting eggs. Nauplii Artemii is easily
obtained in a very wide range of salinity from eggs (cysts), which can be stored for
a long time in the refrigerator. Dry eggs of Artemia are filled with standing tap
water (1-3 g of eggs per 500 cm® of water). After 30 minutes, drain the layer of
water over the settled eggs, while removing the floated non-viable eggs and empty
egg shells. Cleaning is repeated several times. Then the eggs are washed several
times with sea water. Washed eggs placed in termoluminescent for hatching. At a
temperature of (23+2)°C nauplii appear in 24-36 hours. To synchronize the culture,
the first nauplii are discarded. The experiment uses crustaceans obtained during the
next hour and aged for 2 hours (thus, the age of crustaceans at the beginning of the
experiment is 2.5+0.5 hours). In the first days of life, nauplii are on endogenous
nutrition, so if acute toxicity is detected at 48 hours of exposure, it is not necessary
to feed the fry.

Preparation of sea water.

For hatching Artemia, you can use a solution of common (non-iodized) salt
(NaCl), or sea salt. Prepare the initial solution with a salinity of 30%: the salt is
dissolved in distilled water, then settled and aerated for at least a week. No later
than a day before the start of the experiment, the initial solution is diluted with
distilled water to the required salinity, settled and aerated. There are a number of
ways to increase Artemia hatching. The simplest of them is freezing. Even one day
in the freezer of the refrigerator shortly before incubation can increase the
percentage of crustacean hatching. Activation of biological processes by cold in
invertebrates is designed to simulate the winter dormancy period. The best results
are obtained by freezing Artemia eggs at a temperature of minus 20-25°C in a
saturated salt solution for 1-2 months in the freezer. Before incubation, the eggs are
removed from the freezer and left for 3-4 days at room temperature. Another
method is treatment with hydrogen peroxide. The eggs are soaked in a 3%
peroxide solution for 15-30 minutes, then washed and placed in an incubator. You
can dry some of the eggs and store them for a few days for a portion bookmark. In
the absence of a freezer, this method is the best.

Cultivation of Artemisia.

Cultures of single-celled algae Phaeodactylum uviella (exuviella) and
Nephrochloris salina are recommended as feed (Temporary guidelines..., 1999). In
addition to seaweed feed, you can use dry Baker's yeast. To prepare the




[image: image35.png]suspension, 0.3 g of yeast is dissolved in 100 ml of sea water and settled for some
time until the turbid sediment settles. Yeast suspension is stored in the refrigerator
for no more than 3 days. Artemia is fed at the rate of 1 ml of suspension per 500 ml
of water. Adult crustaceans are able to lay winter eggs — cysts. To do this, simply
leave the aquarium with Artemia until the water is completely dry. This action
simulates the natural drying of reservoirs, and increasing the salinity of the water
encourages crustaceans to lay cysts.

The procedure for the bioassay on Artemia salina.

Determination of the toxicity of each sample without dilution and each
dilution is carried out in five parallel series. Five parallel series with the test
connection are used as a control. Biotesting is carried out in compliance with the
requirements for temperature — (23+2)°C, and the quality of cultivation water. For
bioassay, backprints or other wide-necked vessels are used, in which 10-15 ml of
the test liquid or cultivation water is poured (control). 4 individuals of Artemia are
placed in each of the 5 backprints, so in General, 20 individuals are used in each
experiment and control. Vessels with crustaceans are left for 48 hours at a
temperature of (23+2)°C. After this time, the survivors and dead individuals are
counted. Survivors are considered Artemia, which move freely in the water
column. Immobilized individuals are considered dead. The results of observations
are recorded in the work log. After the results of the experiment are taken into
account, all Artemia is thrown away, the dishes are washed with water (the
temperature is not higher than 40°C), and rinsed with distilled water.

Processing and presentation of results.

When determining the acute toxicity of the test samples, as well as their
dilutions, the following is established: the average lethal multiplicity of dilution of
the sample, which causes the death of 50% of individuals over a 48 - hour
exposure-LDsg. Samples calculate the percentage of dead individuals (A, %) using
the formula

A = (Xi/Xt)-100, where Xi - the number of original individuals; Xt - the
number of dead individuals in the test water after 48 hours. The arithmetic mean of
the results of five parallel definitions is taken as the measurement result.

Results and discussion.

Intact animals had hematological parameters corresponding to the values of
conditionally healthy animals, the total red blood cell index was (7.09+0.05)
“10"/L of blood with hemoglobin (138.5£1.21) g/L of blood. The hematocrit index
was (30.95+0.5) %, which is the lower limit of normal values, but blood sampling
was carried out in the morning and animals were deprived of food 12 hours before
blood sampling. Therefore, this value is the norm. The total leukocyte index was
(10.74+0.04) -10%/L of blood with an absolute value of neutrophils (4.13+0.5)
-10%/L of blood and an absolute value of lymphocytes (5.72+0.3) -10%L of blood,
the leukogram indicators fit into the standard scale for animals free of pathogenic
microflora. The platelet level was (561.0+6.71) -10°/L of blood, which is the
optimal indicator. Thus, the main blood parameters of white laboratory rats fit into
the standard values.




[image: image36.png]After administration of the cytostatic drug cyclophosphamide sodium, the
following changes were registered in the blood hemogram. Reduction of the
erythrocyte index from the value of intact animals (7.09£0.05) -10'%/L of blood to
(4.2240.3) -10'¥/L of blood, i.e. by 1.68 times. The value of the hemoglobin level
from the value of intact animals (138.5£1.21) g/L of blood decreased to
(78.33+3.33) g/L of blood by 1.77 times. The blood hematocrit index decreased
from the value of intact animals (30.95£0.5) % to (22.31+0.67) % by 1.39 times.
The average concentration of hemoglobin in red blood cells also decreased by 1.28
times. The total leukocyte index from the value of intact animals (10.74+0.04)
-10%L of blood fell to the value (3.75+0.7) -10%L of blood by 2.86 times. The
decrease in relative values of leukocyte subpopulations in the blood leukogram was
not as significant as the absolute values of granulocytes and agranulocytes. But it is
the absolute values of granulocytic and agranulocytic leukocytes that have
diagnostic significance. A significant decrease in the absolute neutrophil index
from the value (4.13£0.5) -10%L of blood to the value (1.22+0.1) -10%L was
observed in 3.38 times. Reduction of absolute lymphocytic index from the level of
intact animals (5.72+0.3) -10°/L of blood to the value (2.4240.01) -10°/L of blood
by 2.36 times. The total platelet count from the value of intact animals
(561.0+6.71) -10°/L of blood decreased to (267.33+7.33) -10%/L of blood by 2.1
times. Thus, as a result of the introduction of the cytostatic cyclophosphamide
sodium in animals, pancytopenia developed with the defeat of primarily leukocyte
cells, which was expressed by leukopenia against the background of neutropenia
and lymphopenia. There was also a decrease in all indicators of red blood cells and
platelets.

Thus, sodium cyclophosphamide caused myelosuppression and the most
sensitive cells were leukocyte cells and platelets. Among leukocyte cells,
lymphocytes, granulocytes, and then monocytes were the first to die. Then, against
the background of myelodepressive syndrome, the animals were injected with an
azoheterocyclic compound under the code "BIV".

The following results were obtained for myelostimulating activity.

A group of compounds with high activity

A unique leukopoes-stimulating activity was shown by the compound BIV-
104. The total leukocyte index increased to (16.42+1.2) -10%/L of blood against the
control group (4.15£1.2) -10%L of blood, by 3.96 times (p<0.01). Absolute
granulocytic and lymphocytic parameters in the BIV-104 group increased to (9.77
£0.1) -10%/L of blood and (7.17%1.2) -10°/L of blood, respectively. These values
exceeded the parameters of the control group: absolute values of granulocytes by
5.59 times, amounting to (7.17£1.2) -10°/L of blood against (1.2940.14) -10%L of
blood; absolute values of lymphocytes in 3.37 times, amounting to (8.77+0.1)
10%/L  of blood against (2.66+0.83) -10°/L of blood. Absolute monocyte values
were also higher in the BIV — 104 group, amounting to (0.48+0.01) -10%L of blood
versus (0.26+0.17) -10%L of blood. Relative monocyte values in the BIV-104 and
control groups did not differ significantly. The relative lymphocytic index was
(53.32 £6.5) % vs. (62.65+3.93) %, and the relative granulocytic index was (43.57
+2.6) % vs. (31.08+4.6) %, exceeding the control value by 1.4 times. Indicators of




[image: image37.png]animals with the introduction of the compound BIV-104 were higher than in the
intact group, i.e. higher than in healthy animals that were not subjected to
myelosuppression. The total leukocytral index (16.24+1.2) -10%/L of blood was
1.78 times higher than that of intact animals (9.1£2.51) -10%L of blood. The
absolute lymphocytic value was 1.97 times higher, amounting to (8.77+0.1) - 10%/L
of blood versus (5.46+1.1) -10%/L of blood. The absolute granulocyte index was
also 1.97 times higher, amounting to (7.17 £1.2) - 10%/L of blood versus (3.64+0.9)
-10%/L of blood. Indicators of red blood cells were comparably equal.

Red blood counts were also higher in the BIV-104 group. The erythrocyte
index was (6.91+0.1) -10'%/L of blood against the control value (4.69+1.36) -10'%/L
of blood. The hemoglobin level was 1.57 times higher, amounting to (134.82+5.8)
g/L versus (86.0+12.0) g/L of blood. The total platelet count was 2.01 times higher
than the control value, amounting to (639.21£62.3) -10%L of blood versus
(318.25£99.0) -10°/L of blood. Thrombocrit indicators also differed by 2 times:
(0.41+0.01) versus the control indicator (0.21+0.06). Thus, the BIV-104 compound
had a high leukopoiesis-stimulating activity. It was equally effective in stimulating
the proliferative activity of myeloid and lymphoid sprouts. If we refer to the
literature data, then no leukopoes-stimulating drugs used in modern medical
practice, except for polyoxidonium, have activity at the level of the new compound
BIV-104. Polyoxidonium has been studied and used in clinical practice since 2010-
2012. It is used as a drug that stimulates the proliferation of myeloid and lymphoid
cells in postoperative patients, burn patients, patients who have undergone long-
term radiation and chemotherapy, etc. Polyoxidonium was discovered in 2002-
2003, and it entered industrial production in 2012.

The next compound that showed comparatively high activity was BIV-139.
It evenly stimulated the proliferation of red blood cells, white blood cells, and
platelets. The total leukocyte index reached the value (9.65+2.85) -10°/L of blood,
exceeding the value of the control group (7.28+1.26) -10%L of blood by 1.32
times, almost correlating with the value of the intact group (10.74+1.11) -10%/L of
blood. The absolute value of neutrophils was (3.55+1.08) -10%L of blood,
exceeding the indicator of the control group (2.17+0.64) -10°/L of blood by 1.63
times. The absolute lymphocytic index was quite high (5.79£1.72) -10%/L of blood,
exceeding the value of the placebo group (1.57+0.13) -10%L of blood by 3.68
times and slightly the control group (4.57+0.19) -10°/L of blood by 1.26 times.
Relative indicators of granulocytic and agranulocytic leukocytes reached the
optimal percentage. Red blood cell recovery was effective in the BIV-139 group. It
restored the total red blood cell count to the value (8.07+0.09) -10'/L of blood,
exceeding the value of the intact animal group (7.09£1.17) -10'%/L of blood and the
value of the control group (7.42+1.12) -10'%/L of blood. The level of hemoglobin
in the total blood volume in the group of administration of the compound BIV-139
was (148.5+4.5) g/l, correlating with the value of the control group. The hematocrit
index (34.25+0.95) % was higher than in the control group and almost reached the
value of the intact group. However, platelet recovery was not effective and reached
the value (204.2+3.54) -10%/L of blood, yielding to the value of the group of intact




[image: image38.png]animals (561.2+12.21) -10%L of blood by 2.75 times and the value of the control
group (340.2426.10) -10%L of blood by 1.65 times.

A group of compounds with average activity.

The compound BIV-134 showed myelo-stimulating activity, slightly
exceeding the activity of the comparison drug methyluracil. The total leukocyte
index reached the value (7.2-7.3) -10%/L of blood and was identical to the value of
the control group (7.28+1.26) -10%L of blood, but was lower than the value of
intact animals (10.74=1.11) -10%L of blood by 1.48 times. Absolute values of
neutrophils also increased from values in the intoxication group (1.72+0.18) -10°/L
to values (2.15+3.93) - 10%/L of blood. This indicator was at the level of the control
group (2.17+0.64) - 10°/L of blood.

A group of compounds with low activity.

Compound BIV-102. In these groups of animals, the total leukocyte index
was in the range (3.58-3.84) -10%/L of blood. There was a very low relative and
absolute lymphocytic index. But the granulocyte level was at the level of the
placebo group's blood index and was in the range of (1.27-2.03) -10%L of blood
with a relative value of (45.15-57.9) %. Thus, granulocyte values in these groups
slightly exceeded the placebo group.

The group of compounds BIV-135, BIV-136, BIV-137, and BIV-138 DID
not have myelostimulating activity. The blood hemogram values were significantly
higher than the placebo group values, but they were significantly lower than the
control group values.

The toxic group included only one compound BIV-131. Blood hemogram
values in these groups were lower than the values of all groups. Having determined
the level of toxicity, it became clear. These compounds, lacking milostivaya
activity, had a high toxicity. Due to the high toxicity, the blood parameters not only
did not recover at least physiologically, but also worsened. Animals died during
the experiment.

Acute toxicity.

The level of acute toxicity up to 500 mg/kg of animal weight showed
compound BIV-131.

The second level of acute toxicity in the range from 500 mg/kg to 1000 mg/kg of
animal weight was shown by the compounds BIV134, BI-138, and BIV-139.

The minimum level of acute toxicity over 1000 mg/kg of animal weight was shown
by the compounds BIV135, BI-136, and BIV-137.

CONCLUSIONS

The new compound BIV-104 is promising for further in-depth
pharmacological studies to confirm the leukopoies-stimulating properties. The
compound was equally effective in stimulating the proliferation of red blood cells
and white blood cells. Recovery of red blood cells took place with the restoration
of both cell volume and hemoglobin content. Recovery of leukocyte cells was
accompanied by intensive recovery of the lymphocyte value and moderate
recovery of the monocyte-granulocyte index. In terms of myelostimulating activity,
the compounds exceeded the activity of the comparison drug methyluracil.
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