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ABSTRACT
The report contains 90 pages, 9 tables, 13 figures, 73 sources, and 7 attachments.

PIPERIDINE, ESTERS, FLUOROBENZOATES, ADAMANTANECARBOXYLIC ACID, NAPHTHYLOXYPROPARGYL-PIPERIDINES, DRUG, ANTIMICROBIAL ACTIVITY, SYNERGISM, CYTOTOXICITY, ANTIVIRAL ACTIVITY

Research subjects: preparations under the codes AIP, belonging to the class of C- and N-substituted piperidine derivatives with a potential anti-infectious activity.

The aim of the work is to elaborate synthetic methods to obtain new organic structures with a potential anti-infectious activity and/or an ability to cause a reversal of drug sensitivity, to identify structural fragments and their combinations in exhibiting one or another bioactivity by the method of directed molecular design.

Research methods: the methods of classical organic chemistry, IR, NMR spectrometry, thin layer chromatography, cytotoxicity determination in vitro on the MDCK cell line, determination of an antiviral activity in the cell culture.

Results of the work and their novelty: Promising pharmaceutical substances (ligands) with an anti-infectious activity of a number of polyfunctional substituted piperidines have been identified. The novelty of the research lies in the development of scientific foundations for the molecular design of the new derivatives of the azacyclic series.

Areas of application of the results: Fine organic synthesis. Medical chemistry. Medicine.

Recommendations for the implementation of the research results: New polyfunctional piperidine derivatives as potential medicinal preparations.

Predictive assumptions for the development of the research subjects: The compounds under the code AIP are recommended for the in-depth preclinical research.
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DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS
In this research report, the following terms and definitions are used:
	ATCC
	– American type culture collection 

	CTK50 
	 cytotoxic concentration at which 50% of cells die

	СDC
	– Centers for disease control and prevention (USA Centers for Disease Control and Prevention)

	DMSO 
	 – dimethyl sulfoxide

	DMEM 
	 minimal medium Needle modified by Dulbecco

	EDTA 
	 ethylenediaminetetraacetic acid

	IR 
	–  infrared spectrum

	in vitro 
	– experience outside a living organism (on glass)

	IV 
	– test substance

	MDCK 
	– madin darbin canin kidney (dog kidney cells)

	mg 
	milligrams

	ml 
	milliliter

	mcg 
	microgram

	min 
	 minutes

	NMR 
	 nuclear magnetic resonanc

	ppm 
	 parts per million

	PC 
	 positive control

	m.p. 
	melting temperature

	Rf
	– partition coefficient in chromatography

	StD
	– standard deviation

	TLC 
	 thin layer chromatography

	TCID50 
	 dose of the virus infectious for 50% of cells (tissue cytopathic dose)

	β-CD
	– β-cyclodextrin


INTRODUCTION
Relevance of the Research work
For the past several decades, an intensive growth in the research, aimed at developing new and improving many existing medicinal preparations, has been observed. Researchers have always strived to create an “ideal remedy” and even formulated the requirements, which it should meet: efficacy, safety, minimum side effects, selectivity and a sufficient duration of exposure. Any medicinal preparation affects both the pathological and normal biochemical processes. At the same time, it should be borne in mind that the processes of creation, study, production and widespread use of medicinal preparations should be sufficiently related, and the specialists in each of these areas should understand each other to an adequate degree. [1-4].
The pharmaceutical market of the Republic of Kazakhstan is represented by 90% by imported medicinal preparations. Small and medium-sized firms with low capitalization have an insufficient potential for the technical re-equipment and implementation of modern high-tech processes.

At the same time, one of the most important tasks of modern pharmaceutical science is the creation of new medicinal substances and preparations for ensuring national security. The success of drug therapy is associated not only with the creation of modern original and safe preparations, but also with the development and improvement of the optimal composition and technology of the preparations, which have been already used in the pharmaceutical industry, having a wide range of activities, which  do not cause the emergence of resistant microorganisms [5-8].

As it is known, the drug development process includes the two main phases - preclinical studies and clinical trials. Herewith, clinical trials are a very long stage, and in force of a number of objective reasons it is rather difficult to accelerate it. Therefore, the main contribution to the optimization of the drug development process can be made precisely in the preclinical research phase.
New piperidine derivatives have undoubted prospects for solving the urgent problem of modern medicine - the search for new drugs with anti-infectious activity.

The purpose of this stage is to identify promising pharmaceutical substances (ligands) with anti-infective activity of a number of polyfunctional substituted piperidines.

Subjects of research: drugs under the AIP codes, belonging to the class of C- and N-substituted piperidine derivatives with potential anti-infective activity.

This work aims at conducting a primary screening of the new heteroorganic derivatives on the cell culture, as well as the identification of antiviral and antimicrobial properties, as a result of which it is possible to achieve the ultimate goal of any pharmaceutical research - to obtain a new medicinal preparation. 

This report is the result of the third year of a three-year R&D cycle on the topic: "Development of original domestic innovative pharmaceutical substances (ligands) with anti-infectious activity" (IRN project AP05131065, state registration № 0118RK00079).

Title of the work stage for 2020: Identification of promising pharmaceutical substances (ligands) with anti-infectious activity of a number of polyfunctional substituted piperidines.

The name of the stage of work for 2018: Development of the foundations of scientific and information support for the project "Development of original domestic innovative pharmaceutical substances (ligands) with anti-infective activity", synthesis of potential anti-infectious drugs (interim report for 2018, inventory number: 0218RK00720).

The title of the stage of work for 2019: Development of the basis for the targeted molecular design of pharmaceutical substances (ligands) with anti-infectious activity and / or the ability to cause a reversal of drug sensitivity of substituted piperidine derivatives (interim report for 2019, inventory number: 0219RK01115).
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THE MAIN PART OF THE REPORT ON SCIENTIFIC RESEARCH WORK
1 Literature review

Influenza occupies a special place in human infectious pathology, unmatched in the prevalence and frequency of cases. Of the currently known genera of influenza viruses A, B, and C, the viruses of the genus A are of the greatest epidemic importance, since they are mainly the cause of major epidemics and pandemics of influenza [9-14]. According to the World Health Organization (WHO, 2018), 20-30% of children and 5-10% of adults are down with influenza in the world every year, 3-5 million severe cases, and from 250 to 500 thousand people die annually of influenza [15].

In Kazakhstan, from 600 thousand to 1.0 million cases of acute respiratory diseases are registered annually. During the epidemic season, from 3.5 to 10% of the population suffers influenza [16].
In Kazakhstan, from 600 thousand to 1.0 million cases of acute respiratory diseases are registered annually. During the epidemic season, from 3.5 to 10% of the population is down with influenza [16].

Influenza is the cause of high morbidity and mortality with the involvement of all age and social groups of the population. Influenza provokes serious complications such as pneumonia, bronchitis, complications from the nervous and cardiovascular systems, and also causes exacerbation of chronic diseases. During epidemics, influenza causes an increase in the incidence of miscarriages, premature births, stillbirths and fetal congenital anomalies [17-25].

The urgent character of the problem of fighting influenza lies in the fact that the influenza A viruses have a unique feature of changing the antigenic structure. The state of “antigenic drift” is characterized by small changes in the structure of the surface proteins (hemagglutinin and neuraminidase) of the virus as a result of the accumulation of point mutations. Such strains of the virus cause annual flu epidemics. An “antigenic shift” is less observed and occurs as a result of the replacement of an entire gene segment. In this case, the virus strains appear with a new antigenic subtype of the corresponding protein. The probable mechanism for the emergence of the “antigenic shift” is genetic reassortment as a result of the interaction of the human and animal influenza A viruses. Such strains lead to an influenza pandemic with high morbidity and mortality of the population [26-31]. 

The influenza pandemics have been reported for several centuries. The best known are the influenza pandemics in 1918 (the Spanish flu) caused by the virus A (Hsw1N1), in 1957 (the Asian influenza) – A (H2N2) and in 1968 (the Hong Kong flu) - A (H3N2). According to the experts, another pandemic is expected, although it is not known when it may start [32-35].

In connection with the growing awareness of the threat of an influenza pandemic, the large-scale nature of the disease, the high incidence of complications and mortality from influenza, and great socio-economic damage, the problem of combating influenza is becoming an important task.

At present, there are three main methods to control influenza: preventive vaccination, non-specific chemoprophylaxis and chemotherapy.

Vaccination is the main method to prevent influenza and reduce the impact of annual epidemics. The WHO recommends an annual immunization for people from the risk groups, considering it the most cost-effective strategy to reduce morbidity and mortality from influenza [36-38]. The list of already produced and developed influenza vaccines, accounting for the methods of production and use, includes more than 10 different options. These are live attenuated vaccines, subunit vaccines, conjugate vaccines, vaccines with an adjuvant, recombinant vaccines, DNA vaccines, peptide vaccines, mucosal (mucoid) vaccines, and others [39-41].

However, constant changes in the influenza virus in the form of an “antigenic drift” and “antigenic shift” necessitate the constant search and identification of potential epidemic strains, which, accounting for the technological peculiarities, makes it impossible to prepare a vaccine in the sufficient quantity by the beginning of an influenza epidemic (pandemic). In addition, influenza vaccination has, unfortunately, a narrow focus [42-46].

On the other hand, the influenza vaccination coverage is always very low in all countries. For example, in Kazakhstan it averages 5% [41]. Vaccination efficacy is also limited. As a result of these circumstances, a significant part of the population is infected with the influenza virus every year.

In this connection, the development of the preparations, which are used both for the treatment and prevention of an influenza infection, is underway. Today there is a whole arsenal of such preparations. However, they are not free from the shortcomings: they cause side effects on the function of organs and systems, the resistance of strains to the preparations is rapidly developing, and other preparations are toxic. Besides, the protective effect of many preparations is not high enough due to low bioavailability.

In light of the foregoing, the studies of an anti-influenza activity of the new preparations, obtained synthetically or from environmentally friendly natural raw materials, are important and relevant.

This research aims at screening for a biological activity of the new compounds, assessing the cytotoxic effect, and studying their antiviral activity, using the H1N1 influenza virus model.

2. Discussion of the results of the experimental studies
2.1 Search for anti-infectious preparations in the series of the substituted derivatives of aryloxypropargylpiperidines

Substances with an antibacterial activity are of great value for medicine. Despite the large number of medicinal preparations, the search for new antimycobacterial preparations is an urgent task, related, first of all, with the a high adaptability of pathogenic organisms to various antibiotics. Today, quinolones are considered as one of the most important groups of antibacterial preparations, and among them fluoroquinolones surpass many antibiotics, including the third generation cephalosporins, and other chemotherapeutic agents in terms of the level of their activity and spectrum of an antibacterial activity. Also, the literature data show, that fluorine-containing compounds of the 3-fluoroaryl-3-ketoesters series exhibit a high mycobactericidal activity.

The chemistry of organofluorine compounds is of great theoretical and practical importance [47-51].
Numerous studies have confirmed a high biological activity of a number of fluorinated organic compounds, as a result of which such preparations as fluoroquinolone antibiotics, risperidone, fluorophenazine, haloperidol, etc. have been created and successfully used.

The number of publications and especially patents in this area is rapidly increasing, and a significant number of them refer to aromatic and heterocyclic compounds with fluorine-containing substituents [52].

This interest is caused by the significant improvement in the pharmacological properties of fluorinated compounds. The introduction of a fluorine atom into the molecules of the organic compounds increases their bioavailability, metabolic stability, lipophilicity, and also improves the ability of these substances to interact with the target proteins [53].
Besides, fluorine can change basicity of the compound. Like other electrically negative atoms, fluorine has a strong effect on acidity or basicity of the functional groups. A change in pKa affects the pharmacokinetic properties of the molecule and their binding affinity. Highly basic groups may have a limited effect on bioavailability. A fluorine atom, introduced close to the main group, reduces its basicity; this leads to a better penetration into the membrane of the compound and thus to improved bioavailability.

The current situation in organic chemistry reflects a shortage of new leader- structures, which can be optimized to the therapeutically useful preparations. Scientific research, aimed at creating new materials for practical medicine and agriculture is relevant and topical all over the world.

The basis for these studies has been a high biological activity of the previously synthesized esters of 1-(2-ethoxyethyl)-4-hydroxy-4-[3-(aryloxy)propin-1-yl] piperidines [54], as well as piperidine-containing esters of cyclopropanecarboxylic acid [55-57].

This section of the work aims at the directed synthesis of new derivatives of aryloxypropargylpiperidines with a potential biological activity, in particular, a anti-infectious activity, varying the nature of the acyloxy group and introducing additional pharmacophore fragments into the molecules - 4-fluorobenzoyloxy, cyclobutane, cyclohexanecarbonyls.

Condensation of 1-(2-phenylethyl)-piperidin-4-one (2.1) with phenoxypropargyl and 1-propyl-piperidin-4-one (2.2) with naphthyloxypropargyl under the conditions of the Favorsky reaction [58-60] leads to the formation of tertiary phenoxypropynyl (2.3) and naphthyloxypropynyl (2.4) alcohols.
The optimal reaction parameters have been: piperidone:phenyloxypropine = 1:5, absolute benzene, five-fold excess of technical potassium hydroxide, with which aryloxypropynylpiperidols have been obtained in good yields.

Acylation of phenoxypropynyl piperidol (2.3) with 4-fluoro-benzoyl chloride, cyclobutanecarbonyl chloride of naphthyloxypropynyl alcohol (2.4), 4-fluoro-benzoyl chloride and cyclohexanecarbonyl chloride, taken in excess, is carried out at the room temperature or under heating (60°C) in absolute dioxane (Аttachment E). 
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Esters of 4-fluorobenzoic acids (2.5,2.7), cyclobutane-, cyclohexanecarboxylic acids (2.6,2.8) represent crystalline powders of white, yellowish color, well soluble in water, ethanol, acetone.

The composition and structure of the synthesized compounds (2.5-2.8) have been confirmed by the data of elemental analysis, IR spectroscopy, 13C NMR spectroscopy, individuality - by thin layer chromatography (Table 2.1.1, 2.1.2).
Table 2.1.1 – The yields and physicochemical characteristics of the compounds 2.5-2.8
	Compound
	Yield, %
	Rf
	Melting point,

(С
	IR spectrum, cm-1
	Chemical formula

	
	
	
	
	OH
	С=О ester
	

	1
	2
	3
	4
	5
	6
	7

	2.5
	53,0
	0,81
	173-176
	-
	1702
	С29Н29NО3FCl

	2.6
	36,84
	0,91
	77-80
	-
	1736
	С27Н32NО3Cl

	2.7
	73,13
	0,86
	118-120
	-
	1728
	С28Н29NО3FCl

	2.8
	71,72
	0,83
	152-154
	-
	1742
	С28Н36NО3Cl


The IR spectrum of piperidols (2.3, 2.4) shows absorption bands of stretching vibrations of the hydroxyl group in the region of 3414 cm-1, of the aromatic ring at 617-774 cm-1. Intense absorption bands at 1702-1742 cm-1, caused by C = O vibrations of the ester group, indicate the formation of target esters of 4-phenoxypropynyl and 4-naphthoxypropynyl piperidol-4-s of 4-fluorobenzoic (2.5, 2.7) cyclobutane-, cyclohexanecarboxylic acids ( 2.6, 2.8). 
Table 2.1.2 shows the values ​​of chemical shifts, respectively, of carbons, which fully confirm the carbon composition of the esters of 4-phenoxypropynyl, 4-naphthoxypropynyl piperidol-4-s 4-fluorobenzoic (2.5, 2.7), cyclobutane, cyclohexanecarboxylic acids (2.6, 2.8) . 

The 13С NMR spectra (Table 2.2) of 4-fluorobenzoic (2.5,2.7), cyclobutane-, cyclohexane (2.6, 2.8) carbonyloxy derivatives contain singlet signals of carbon atoms of the carbonyl ester in the region 163.45-173.64 ppm, singlet signal С4 of the piperidine ring resonates in the region of 69.37-82.39 ppm, the carbon atom of the methylene group of the propyne moiety appears in the region of 47.18-56.70 ppm. The low-field region (115-163 ppm) of the spectra is "populated" with signals from aromatic carbons. Signals at 115.42-166.28 ppm and 25.02-37.93 ppm. assigned to carbons of 4-fluorophenyl, cyclobutane, cyclohexane rings. In addition, a doublet set of signals for carbons C3.5 and C2.6 is observed at 32.98-33.98 ppm, respectively. and 42.75-49.40 ppm. piperidine cycle associated with delayed inversion of the latter due to bulky substituents at C4.  

Table 2.1.2 – The values of chemical shifts of carbon atoms in the 13C NMR spectra of esters of 4-[phenyloxy-, naphthyloxy-]-propynylpiperidin-4-ols of 4-fluorobenzoic, cyclobutane-, cyclohexanecarboxylic acids (2.5-2.8) 
	Com-

pound
	Chemical shifts (CDCl3), δ, ppm.

	
	C3,5
	C2,6

	C4
	R2
	C=O
	(С-СН2
	С4-C≡
	O-CH2
	OR1

	N-R


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2.5
	33,22
	47,20


	72,46
	115,42; 121,88

133,14; 164,56
4-fluorinephenyl
	163,45
	82,39
	85,68
	56,50
	116,29; 121,82;

129,19;157,56
	29,89; 56,68; 129,19; 129,94;137,54

N-CH2CH2Ph

	2.6
	33,57


	47,99


	69,37


	37,93; 18,21;

25,02  cyclobutane
	173,24
	82,88
	86,05
	55,94
	115,51; 121,81;

129,97; 157,63
	30,10; 56,67; 127,26;

129,15; 137,78

N-CH2CH2Ph

	2.7
	3,39

33,98
	47,56

49,40


	82,39


	115,97; 116,24; 132,86; 135,26;

166,28

4-fluorinephenyl
	165,17
	84,23
	85,50
	56,70
	107,35;121,40; 121,73; 122,24;

126,01; 126,35;

127,10; 128,10;

153,63; 163,58
	58,13;

15,21;

11,05

N-CH2CH2CH3

	2.8
	32,98

	42,75


	71,24


	25,11-28,85

cyclohexane

	173,64
	81,67
	86,38
	47,18
	106,90;121,28; 121,91;125,51; 125,86;126,00; 126,42;134,61; 153,05; 153,19
	56,64;

17,16;

11,46N-CH2CH2CH3


1-(2-Phenylethyl)-4-(3-phenoxypropin-1-yl)-4-fluorobenzoyloxypiperidine hydrochloride (2.5, A7), 1-propyl-4-(3-naphthyloxypropin-1-yl)-4-(p-fluoro) benzoyloxypiperidine (2.7, PIP-40), 1-propyl-4-(3-naphthyloxypropin-1-yl)-4-cyclohexanecarbonyloxypiperidine hydrochloride (2.8, PIP-39) have been studied for an antimicrobial activity. The results of the biological tests are presented in Tables 2.1.3, 2.1.4. 

Table 2.1.3 – An antimicrobial activity of A7
	Compound
	Staphylococcus aureus
	Bacillus subtilis
	Escheriсhia coli
	Pseudomonas aeruginosa
	Сandida albicans

	1
	2
	3
	4
	5
	6

	А7
	16±0,1
	14±0,1
	-
	-
	14±0,1

	Gentamycin
	24 ± 0,1
	21 ± 0,2
	26 ± 0,1
	27±0,1
	-

	Nystatin
	-
	-
	-
	
	21 ± 0,2


As it is seen from the data in Table 2.1.3, the compound under the code A7 exhibits a moderately pronounced antibacterial activity against the strains of gram-positive bacteria Staphylococcus aureus, Bacillus subtilis, while nystatin is not active in relation to these microorganisms.
Table 2.1.4 – An antimicrobial activity of PIP-39, PIP-40
	Code of the compound
	Strain, MIC, µg/ml

	
	Escherichia coli ATCC 25922
	Escherichia coli ATCC-BAA-196
	Klebsiella pneumonia ATCC 10031
	Klebsiella pneumonia ATCC 700603
	Staphylococcus aureus ATCC 6538-P
	Staphylococcus aureus ATCC-BAA-39
	Candida albicans ATCC 10231

	1
	2
	3
	4
	5
	6
	7
	8

	2.7, PIP -40
	2000
	2000
	2000
	2000
	НА
	2000
	НА

	2.8, PIP -39
	НА
	НА
	НА
	НА
	НА
	НА
	НА

	NА – not active


Based on the data in Table 2.1.4, PIP-40 (2.7, 1-propyl-4-(3-naphthyloxypropin-1-yl)-4-(p-fluoro)benzoyloxypiperidine hydrochloride, has an antimicrobial activity against the five museum strains of microorganisms, taken in the experiment: Escherichia coli ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC-BAA-39 in the concentration (MIC 2000 μg/ml), PIP-39 (2.8, 1-propyl-4-(3-naphthyloxypropin-1-yl)-4-cyclohexanecarbonyloxypiperidine) hydrochloride has not shown any antimicrobial activity.

During the reporting period, the studies of the process of complexation of the polyfunctional piperidine derivatives with organic compounds for the creation of new finished dosage forms, and the studies of bioactivity have been carried out.

The final stage of any synthetic research to find new effective safe medicinal preparations is the identification of substances among the synthesized compounds, which have valuable pharmacological properties. Their solid complexes with (-cyclodextrin ((-CD) have been obtained for the conduction of pharmacological studies. 

The inclusion of a drug molecule in the cyclodextrin molecule is in fact a true molecular encapsulation, which leads to significant changes in the physicochemical and even biological properties of the drug molecule, namely: an increase in stability of the molecules, a decrease in volatility, an improvement in its solubility and bioavailability. In this case, a prolongation of the therapeutic effect and a weakening of the unwanted side effects of the latter are observed. In the inclusion complex, the resistance of medicinal substances to the effects of various environmental factors: temperature, light, oxidizing agents increases, the manifestation of some side effects, including toxicity, weakens, which ultimately leads to an increase in therapeutic effectiveness.  

In connection with the aforesaid, a number of compounds of the piperidine derivatives and amides in the form of complexes with (-cyclodextrin have been studied for an antibacterial activity under the codes PMP-1 – PMP-10 in relation to the strains of gram-positive bacteria Staphylococcus aureus, Bacillus subtilis, gram-negative strains of Psudomonasi aeruginosa, the study for an antifungal activity has been carried out against the yeast Candida albicans by the method of diffusion in agar (wells). The reference preparations have been benzylpenicillin sodium salt for the experiments with the bacterial strains, taken in vitro, and nystatin for the yeast Candida albicans.
As a result of the conducted biological studies, it has been established, that all samples of AMP-1 - AMP-9 exhibit an antibacterial activity against the presented gram-positive and gram-negative test strains. At the same time, the compounds AMP-1 and AMP-9 have a pronounced antibacterial activity against the gram-positive Bacillus subtilis strain ATCC 6633. The preparations AMP-1, AMP-3, AMP-4, AMP-5 - PMP-9 exhibit a moderately pronounced activity against the gram-positive strain Staphylococcu saureus ATCC 6538. The compounds AMP-1, AMP-6, AMP-9 exhibit a moderate antibacterial action against the gram-negative test strain of Escherichia coli ATCC 25922. The compounds ATM, AMP-3, AMP-6, AMP-9 have an antifungal activity against the yeast Candida-albicans. As a result of the study of cytotoxicity, it has been shown, that the samples under the codes AMP-1 – PMP-9 exhibit cytotoxicity in relation to the larvae of the crustaceans Artemiasalina (Leach). Herewith, cytotoxicity of PMP-1 and PMP-9 is higher than that of the other compounds.

Thus, the introduction of a fluorine atom at various positions of the phenyl ring in the molecules of piperidine and amide derivatives leads to exhibiting an antimicrobial activity to different extent. 
2.2  Synthesis of N-substituted tertiary naphthoxypropargyl alcohols and some of their transformations 

One of the principles of the search for new biologically active substances is the development of methods for the synthesis of compounds, which have structural fragments in their molecule, responsible for exhibiting one or another type of activity. And the main effect of the preparation is determined by the character and nature of the individual fragments of the molecule of the studied compound [61-63].

It is also important at what distance and in what conformational position in relation to each other they are.

On the basis of the previously conducted joint research of the Laboratory of Chemistry of Synthetic and Natural Medicinal Substances of A.B. Bekturov Institute of Chemical Sciences JSC and the Laboratory of Microbiology of the Scientific Center for Anti-Infectious Preparations JSC, it has been shown that the combination of the naphthoxypropine and piperidine fragments in one molecule leads to an expansion of the range of an antibacterial activity. A number of preparations with an antimicrobial activity have been determined in the series of naphthoxypropynyl piperidols and their derivatives [64–67].
As a continuation of these joint studies, N-phenylethyl analogs of the active antibacterial compound, 1-methyl-4-naphthoxypropynylpiperidin-4-ol hydrochloride (PIP-7), have been synthesized.

At the first stage, the syntheses of the starting 1- and 2-naphthoxypropines have been carried out.

The corresponding propargyl ethers have been synthesized by the interaction of 1- and 2-naphthols with propargyl bromide. The synthesized substances have been purified by distillation of α-isomer (2.9) and recrystallization for the β-isomer (2.10). On the basis of the boiling points (1360С/5 mm Hg) and melting points (64-660С), IR spectroscopy (3300 cm-1), the structures of propyne have been proved.
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Thus, the starting naphthoxypropyne 2.9 and 2.10 have been obtained in the amount of 20 g of each.

The synthesis of the target 1- (2-phenylethyl)-4-naphthoxypropynylpiperidin-4-ol hydrochloride (2.12) has been carried out in two stages: at the first stage, the base 2.11 has been obtained by the condensation of 1-(2-phenylethyl)-4-oxopiperidine (2.1) [68] with 1- naphthoxypropine (2.9) under the conditions of the Favorsky reaction, which has been converted into the corresponding hydrochloride (2.12) by the action of an ethereal solution of hydrogen chloride (Аttachment E). 
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The structure of 1-(2-phenylethyl)-4-[3- (naphth-1-yloxy)prop-1-yn-1-yl] -4-oxypiperidine hydrochloride 2.12 has been confirmed by the elemental analysis data, IR, 1H NMR, 13C NMR spectroscopy, and individuality - by thin layer chromatography. The IR spectrum of piperidol shows absorption bands of stretching vibrations of the hydroxyl group in the region of 3444 cm-1 (Table 2.2.1). 
Table 2.2.1 – The yield and physicochemical characteristics of the compound 2.12

	Compound
	Yield, %
	Rf
	Melting point,

(С
	IR spectrum, cm-1
	Chemical formula

	
	
	
	
	C≡C
	OH
	

	1
	2
	3
	4
	5
	6
	7

	2.12
	68,0
	0,35
	139-141
	2100
	3444
	С26Н28NО2Cl


The synthesis of 2-naphthyloxypropynyl isomer (2.14) of the compound 2.12 has been carried out.
The interaction of 1-(2-phenylethyl)-4-oxopiperidine (2.1) with 2-naphthoxypropine (2.10) has been carried out according to the Favorsky method in absolute diethyl ether in the presence of powdered technical KOH at atmospheric pressure, which has led to the formation of 1-(2-phenylethyl)-4-[3-(naphth-2-yloxy)prop-1-yn-1-yl]-4-oxypiperidine (2.13) with the yield of 55.0% of theoretical, the product in the form of the base 2.13 has been converted by the action of ethereal hydrochloric acid into hydrochloride 2.14, since it is known that medicinal preparations should be well soluble in water and the most appropriate water-soluble forms are hydrochlorides.
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Table 2.2.2 – The yield and physicochemical characteristics of the compound 2.13

	Compound
	Yield, %
	Rf
	Melting point,

(С
	IR spectrum, cm-1
	Chemical formula

	
	
	
	
	C≡C
	OH
	

	2.13

	55,0
	0,33
	94-96
	2100
	3608
	С26Н27NО2


The melting point of 1-(2-phenylethyl)-4-[3- (naphth-2-yloxy) prop-1-yn-1-yl] -4-hydroxypiperidine hydrochloride (2.14) is equal to 173-175 °C.

An absorption band for stretching vibrations of the carbonyl group of the initial ketone (2.1) is absent in the region of 1720 cm-1 in the IR spectrum of piperidol (2.13) (Table 2.2.2), and the absorption bands, characteristic for the hydroxyl groups, appear in the region of 3608 cm-1.  

2.3 In-depth study of the specific activity of the identified promising drugs and ligands with anti-infective activity
The purpose of this section of the work was to determine the cytotoxicity of the studied drugs in vitro on the MDCK cell line, to study the antiviral activity in cell culture, as well as to identify antiviral and antimicrobial properties, as a result of which it is possible to achieve the ultimate goal of any pharmaceutical research - to obtain a new drug. 

Materials and research methods
Research subjects and reference preparations
Research subjects

The research subjects are a number of the new heteroorganic derivatives, under the codes AIP-15-AIP-29:

- substance AIP-15 (1-benzyl-4-(p-fluoro-benzoyloxyimino)piperidine hydrochloride) - white powder, odorless;

- substance AIP-16 (1-benzyl-4-(m-fluoro-benzoyloxyimino)piperidine hydrochloride) - white powder, odorless;

- substance AIP-17 (1-benzyl-4-(o-fluoro-benzoyloxyimino)piperidine hydrochloride) - white powder, odorless;

- substance AIP-18 (1-benzyl-4-(2,6-difluoro-benzoyloxyimino)piperidine hydrochloride) - white powder, odorless;

- substance AIP-19 (1-benzyl-4-(p-trifluoromethyl-benzoyloxyimino)piperidine hydrochloride) - white powder, odorless;

- substance AIP-20 (1-benzyl-4-(naphthoyloxyimino)piperidine hydrochloride) - white powder, odorless;

- substance AIP-21 (1-benzyl-4-(adamantanecarbonyloxyimino)piperidine hydrochloride) - white powder, odorless;

- substance AIP-22 (1-(2-ethoxyethyl)-4-(2,6-difluoro)benzoyloxypiperidine hydrochloride) - white powder, odorless;

- substance AIP-23 (a complex with 1-(2-ethoxyethyl)-4-(p-trifluoromethyl) benzoyloxypiperidine hydrochloride) - white powder, odorless;

- substance AIP-24 (complex with 1-benzyl-4- (p-trifluoromethyl) benzoyloxypiperidine hydrochloride) - white powder, odorless;

- substance AIP-25 (1-methyl-4-carboxy-4-hydroxypiperidine hydrochloride) - white powder, odorless;

- substance AIP-26 (a complex with 1-methyl-4-(o-fluorobenzoyloxy)piperidine-4-carboxylic acid hydrochloride) - white powder, odorless;

- substance AIP-27 (1-propyl-4-carboxy-4-hydroxypiperidine hydrochloride) - white powder, odorless;

- substance AIP-28 (1-benzyl-4-cyclopropanecarbonyloxypiperidine-4-carboxylic acid hydrochloride) - white powder, odorless.

- substance AIP-29 (1-(2-phenylethyl)-4-cyclopropanecarbonyloxypiperidine-4-carboxylic acid hydrochloride) - white powder, odorless. Samples have been provided as dry substances.
Reference preparations

The following preparations have been taken as reference preparations upon studying an antiviral activity:

- Rimantadine-STI, produced by Irbit Chemical and Pharmaceutical Plant OJSC, Russia.

- Tamiflu, produced by Cenexi SAS, France. 

Test-systems
Cell culture 
A monolayer passaged culture of the MDCK cells (Madin Darby Canine Kidney Cells), obtained from the Laboratory of Cell Biotechnology of the Research Institute of Biological Safety Problems, the National Center for Biotechnology of the Ministry of Education and Science of the Republic of Kazakhstan, have been used in this work.

Viruses 
The influenza virus, strain A/Swine/Iowa/30 (H1N1), obtained from the collection of ATCC, USA has been used in this work. The virus has been propagated in the passaged culture of the MDCK cells for 72 h at 35°C. The virus titer in the culture fluid has made up 107.7 TCD50 ml.
Research methods
Virus infectivity 
The influenza virus infectious titer was determined by titration on the MDCK cell culture, using the limiting dilution method. It was judged of the presence of the influenza virus by the results of the hemagglutination reaction. The viral infectivity titer was calculated by the Reed and Muench method [69].
A hemagglutinating activity of viruses was determined according to the standard method, using 0.75% suspension of human erythrocytes (group 1)  [70].
Passaging and storage of the cell cultures 

To determine the quantity of viable cells, 20.0 μl of the cell suspension was mixed in an Eppendorf tube, Germany, of the volume of 1.5 ml, with 20.0 μl of a 0.4% trypan blue solution. 20.0 μl of the mixture was introduced under the cover glass of the hemocytometer. The cells were counted. The percentage of living cells was calculated using Formula (1):
	Percentage of living cells =
	 N1×100%                                                      (1)
      N


where    N1 – the number of unstained cells in 4 large squares;

N – the total number of cells in 4 large squares.

The contents of the cryovial were transferred to a mattress with a growth medium. Incubated at 37 ° C, 5% CO2. The MDCK cell culture was cultured with the addition of 10% fetal serum and antibiotics. 

The cultivation of the monolayer cultures was carried out as follows: the nutritional medium was discarded, the monolayer was washed with a phosphate-saline solution or Hanks solution, treated with a 0.25% trypsin-EDTA solution, and the cell monolayer was removed. The detached cell suspension was carefully poured into a sterile test tube. The cells were centrifuged at 125 g for 10 min. 

After the centrifugation, the supernatant was removed from the tubes. 1-5 ml of nutritional medium was added to the test tube with the cell sediment. The number of cells was counted in a hemocytometer, using Formulas (2):
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where    C1 – the initial cell concentration  

N – the total number of the unstained cells in 4 large squares; 

2 – a dilution factor; 

104 – a conversion factor for the hemocytometer.

The cells were scattered at a density of 4х104. 

Determination of cytotoxicity of the substances in vitro 

An assessment of cytotoxicity of the test substances in vitro was carried out using the MTT test [49]. The cells were scattered into 96-well plates in the concentration of 2.5 x 105 cells in 1.0 ml. The plates were incubated in a thermostat at 37°C and 5.0% CO2. After 24 hours of incubation, the growth medium was removed from the plate wells and 200.0 μl of the DMEM medium, containing the substances in the studied concentrations, was added. 200.0 μl of the incomplete DMEM nutritional medium were introduced into the wells with the negative control.
After 72 h, the medium with the substance was removed from the wells and 200.0 μl of fresh nutritional medium and 50.0 μl of the MTT working solution were added, the plate was incubated for 4 h at 37°C. After the incubation period, the supernatant was removed. 100.0 μl of DMSO was added to each well. The optical density in the wells was measured on a Tecan Sunrise RC.4 microplate reader (Austria) at the wavelength of the main filter equal to 540 nm and of a reference filter equal to 620 nm. The results were calculated, using Formulas (3) - (5):
- the calculation of the arithmetic mean value of the optical density (
[image: image10.wmf]Y
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where:    
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 – the result of OD measurement at each subject of the group; 
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 – the number of subjects in the group;
- the percentage of the surviving cells for each replication of each concentration of the test substance was calculated according to Formula (4):  

	Percentage of cell viability =
	 N1×100%                                                      (4)
      N


where    Yi – the result of OD change for each group; 

YNC– the OD arithmetic mean value (Y) for the negative control;

- the calculation of the arithmetic mean value of the percentage of the surviving cells (Y) for each concentration of the test substance was carried out according to Formula (3); 

- CTC50 (the concentration of substances at which 50% of the cells die) for each test substance was calculated by Formula (5):

	
	 CTC 50 =  [
	X1 – 50

X1 – X2
	× (Mx2 – Mx1) ] + Mx1                                            
	
	(5)


where    X1 – more than 50 % of the surviving cells; 

X2 – more 50 % of the surviving cells; 

Mx1 – the concentration of the substance, where more than 50% of the cells survived; 

Mx2 – the concentration of the substance, where less than 50% of the cells survived.

Determination of an antiviral activity of the test substances in vitro against the influenza A virus

An antiviral activity of TS in the experiments in vitro was determined according to a therapeutic scheme against the influenza A/Swine/Iowa/30 (H1N1) virus, using the MDCK cell model.

The cell suspension was scattered into 96-well plates in the concentration of 2.5 x 105 cells/ml, 100.0 μl per well. The cell culture plates were incubated at 37°C and 5.0% CO2 until a complete monolayer is formed. The virus was used to infect the cell culture at a dose of 100 ID/0.2 ml.

To determine a therapeutic activity, six TS concentrations were used with a dilution factor of two, starting with a value of 1/2 of the CTC50. 200.0 μl of the working dilution of the virus was added in the corresponding plate wells. 200.0 μl of the DMEM culture was added in the wells with the TS control, negative and positive controls. For the virus adsorption, the plates were incubated for 1 h at 37°C. 

After the incubation period, the contents of the wells were removed and 200.0 μl of the TS final dilutions was added. 200.0 μl of the DMEM medium was added in the wells with the negative control. 200.0 μl of the virus working dilution was added in the wells with the positive control. The plates were incubated for 72 hours in a CO2 incubator at 37°C and 5.0% CO2. All studies were conducted in five replicates. 

A therapeutic activity of the substances against the influenza virus was detected as a result of a decrease in the infectivity titer of the residual virus in the hemagglutination reaction. 

Methods for statistical processing of the results 
The results of the conducted quantitative studies were processed, using the method of one-way analysis of variance (One-Way ANOVA), followed by an analysis, using the GraphPad Prism 5 application software programs.  

2.3.1 Determination of cytotoxicity of the studied preparations in vitro on the MDCK cell line
The safety of medicinal preparations is of paramount importance upon studying the properties of developed preparations. To determine the maximum concentrations, which do not have toxic properties, we studied a cytotoxic effect of the fifteen heteroorganic derivatives (AIP-15, AIP-16, AIP-17, AIP-18, AIP-19, AIP-20, AIP-21, AIP-22, AIP-23, AIP-24, AIP-25, AIP-26, AIP-27, AIP-28, AIP-29) and the reference substances Rimantadine and Tamiflu. Due to the fact, that viruses are very sensitive to the cultivation conditions, a monolayer passaged cell culture - MDCK, specially adapted for the research on the influenza virus model was used for assessing toxicity. 

A quantitative assessment of a toxic effect of the studied preparations was carried out, using the MTT test. The data were taken after 72 h of exposure to the compounds. Based on the data obtained, the values of CTC50 were calculated. The results of a cytotoxic effect of the test substances are presented in Table 2.3.1 and Figures 2.3.1-2.3.10. 

Table 2.3.1 – Assessment of a cytotoxic effect of the test substances on the MDCK cell culture model

	Test substance
	The value of CTC50, mg/ml

	1
	2

	AIP-15
	0,07

	AIP-16
	0,16

	AIP-17
	4,00

	AIP-18
	0,13

	AIP-19
	0,20

	AIP-20
	0,012

	AIP-21
	0,013

	AIP-22
	1,25

	AIP-23
	0,19

	AIP-24
	0,07

	AIP-25
	7,80

	AIP-26
	12,00

	AIP-27
	9,50

	AIP-28
	3,70

	AIP-29
	0,16

	Rimantadine
	0,16

	Tamiflu
	0,66
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Figure 2.3.1 – A cytotoxic effect of the heteroorganic derivatives AIP-15, AIP-18 on the MDCK cell culture
	[image: image15.png]%, viability

1204}

100

80

60

40

20

0.00 0.05 0.10 0.15 0.20 0.25

Concentration, mg/ml




Figure 2.3.2 – A cytotoxic effect of the heteroorganic derivative AIP-16 on the MDCK cell culture
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Figure 2.3.3 – A cytotoxic effect of the heteroorganic derivatives AIP-17, AIP-22, AIP-23, AIP-28 on the MDCK cell culture
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Figure 2.3.4 – A cytotoxic effect of the heteroorganic derivative AIP-19 on the MDCK cell culture
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Figure 2.3.5 – A cytotoxic effect of the heteroorganic derivatives AIP-20, AIP-21 on the MDCK cell culture
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Figure 2.3.6 – A cytotoxic effect of the heteroorganic derivatives AIP-24, AIP-29 on the MDCK cell culture
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Figure 2.3.7 – A cytotoxic effect of the heteroorganic derivative AIP-26 on the MDCK cell culture
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Figure 2.3.8 – A cytotoxic effect of the heteroorganic derivatives AIP-25, AIP-27 on the MDCK cell culture
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Figure 2.3.9 – A cytotoxic effect of Rimantadine on the MDCK cell culture
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Figure 2.3.10 – A cytotoxic effect of Tamiflu on the MDCK cell culture


It was shown that the compounds AIP-17, AIP-25, AIP-26, AIP-27, and AIP-28 possess the lowest toxicity for the MDCK cells among all studied heteroorganic derivatives.

The range of toxicity for the test substances against the MDCK cell culture, from less toxic to more toxic, is shown in Figure 2.3.11.
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Figure 2.3.11 – A toxicity series for TS in relation to the MDCK cell culture
2.3.2 Study of an antiviral activity of the test substances in the in vitro experiments
In the further experiments, the antiviral properties of the test substances were assessed on the influenza A/H1N1 virus model. In view of the fact, that the reference substances Rimantadine and Tamiflu were used in clinical practice mainly as therapeutic agents, an antiviral activity of the heteroorganic derivatives was also studied according to the therapeutic regimen of drug administration.

To study an antiviral activity of the test substances, the MDCK cell culture was infected with the influenza virus strain A/Swine/Iowa/30 (H1N1) at a dose of 100 ID/0.2 ml, then the substances were added in the specified concentrations. To assess the activity, six concentrations of the test substances were used with a dilution factor of two, starting with a value of 1/2 of the CTC50. The results of the antiviral activity of the test substances were recorded after 72 hours. A therapeutic activity of the substances against the influenza virus was detected by the change in the infectivity titer of the residual virus in the hemagglutination reaction. For the test substances AIP-21, AIP-23 and AIP-28, a comparative assessment of the antiviral activity was carried out in relation to the commercial preparation Rimantadine (Table 2.3.2).
Table 2.3.2 – The results of assessing a therapeutic activity of the test substances AIP-21, AIP-23 and AIP-28 on the influenza A/Swine/Iowa/30 (H1N1) virus model.   
	Test substance
	Concentration, mg/ml
	Titer in HAUТ, 
log2 ± StD
	Titer in HAU for PC, 
log2 ± StD

	1
	2
	3
	4

	AIP-21
	0,0065
	5,0±0
	5,0±0

	
	0,0033
	5,0±0
	

	
	0,0016
	5,0±0
	

	
	0,0008
	5,0±0
	

	
	0,0004
	5,0±0
	

	
	0,0002
	5,0±0
	

	AIP-23
	0,095
	5,0±0
	5,0±0

	
	0,048
	5,0±0
	

	
	0,024
	5,0±0
	

	
	0,012
	5,0±0
	

	
	0,006
	5,0±0
	

	
	0,003
	5,0±0
	


Table continuation 2.3.2

	1
	2
	3
	4

	AIP-28
	1,850
	3,8±1,1
	5,0±0

	
	0,925
	4,4±0,6
	

	
	0,463
	5,0±0
	

	
	0,231
	5,0±0
	

	
	0,116
	5,0±0
	

	
	0,058
	5,0±0
	

	
	
	
	

	Rimantadine
	0,080
	4,2±0,4
	6,0±0

	
	0,040
	4,2±0,4
	

	
	0,020
	4,2±0,4
	

	
	0,010
	4,2±0,4
	

	
	0,005
	4,2±0,4
	

	
	0,003
	4,2±0,4
	


In the course of the experiments, it was shown that the compound AIP-28 suppressed the replication of 100 infectious doses of the virus by 1.2 log2 in comparison with the control group only in the maximum studied concentration - 1.85 mg/ml. In other studied concentrations, the compound AIP-28 did not show any statistically significant therapeutic activity against the influenza A/Swine/Iowa/30 (H1N1) virus in the MDCK cell culture.

The heteroorganic derivatives (AIP-21 and AIP-23) in the studied concentrations did not have a therapeutic activity against the influenza A/Swine/Iowa/30 (H1N1) virus. The virus titer in the hemagglutination reaction remained unchanged and the same in comparison with the positive control. At the same time, the commercial preparation Rimantadine in all studied concentrations suppressed the reproduction of 100 infectious doses of the influenza virus by 1.8 log2.   

Analyzing the data obtained on the antiviral activity of the AIP heteroorganic compounds against the influenza A virus, one can conclude on the degree of efficacy the substances against the influenza A/H1N1 virus in comparison with the reference preparation Rimantadine (Figure 2.3.12). 
It can be seen from the data, presented in Figure 12, that the antiviral activity of the heteroorganic compound AIP-28 is comparable to that of the reference preparation Rimantadine in concentrations, corresponding to ½ of the CTC50.
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Figure 2.3.12 – A comparative therapeutic activity of Rimantadine and the heteroorganic compound AIP-28
Note - The ordinate shows the survival rate of the influenza A/H1N1 virus after the interaction with the test compounds in the maximum test concentration ½ of the CTC50 

A comparative assessment of the action of the test substances AIP-15, AIP-16, AIP-17, AIP-18, AIP-19, AIP-20, AIP-22, AIP-24, AIP-25, AIP-26, AIP-27 and AIP -29 was carried out in relation to the commercial preparation Tamiflu (Table 2.3.3).
Table 2.3.3 – The results of assessing a therapeutic activity of the test substances on the influenza A/ Swine/Iowa/30 (H1N1) virus model
	Test substance
	Concentration, mg/ml
	Titer in HAUТ, 
log2 ± StD
	Titer in HAU for PC, 
log2 ± StD

	1
	2
	3
	4

	AIP-15
	0,0350
	6,0±0
	6,0±0

	
	0,0175
	6,0±0
	

	
	0,0088
	6,0±0
	

	
	0,0044
	6,0±0
	

	
	0,0022
	6,0±0
	

	
	0,0011
	6,0±0
	

	AIP-16
	0,0800
	6,0±0
	6,0±0

	
	0,0400
	6,0±0
	

	
	0,0200
	6,0±0
	

	
	0,0100
	6,0±0
	

	
	0,0050
	6,0±0
	

	
	0,0025
	6,0±0
	


Table continuation 2.3.3
	1
	2
	3
	4

	AIP-17
	2,000
	5,0±0
	5,0±0

	
	1,000
	5,0±0
	

	
	0,500
	5,0±0
	

	
	0,250
	5,0±0
	

	
	0,125
	5,0±0
	

	
	0,063
	5,0±0
	

	AIP-18
	0,0650
	4,0±0
	6,0±0

	
	0,0325
	4,0±0
	

	
	0,0163
	6,0±0
	

	
	0,0081
	6,0±0
	

	
	0,0041
	6,0±0
	

	
	0,0020
	6,0±0
	

	AIP-19
	0,1000
	6,0±0
	6,0±0

	
	0,0500
	6,0±0
	

	
	0,0250
	6,0±0
	

	
	0,0125
	6,0±0
	

	
	0,0063
	6,0±0
	

	
	0,0031
	6,0±0
	

	AIP-20
	0,0060
	6,0±0
	6,0±0

	
	0,0030
	6,0±0
	

	
	0,0015
	6,0±0
	

	
	0,0008
	6,0±0
	

	
	0,0004
	6,0±0
	

	
	0,0002
	6,0±0
	

	AIP-22
	0,625
	5,0±0
	5,0±0

	
	0,313
	5,0±0
	

	
	0,156
	5,0±0
	

	
	0,078
	5,0±0
	

	
	0,039
	5,0±0
	

	
	0,020
	5,0±0
	

	AIP-24
	0,0350
	4,0±0
	6,0±0

	
	0,0175
	5,0±0
	

	
	0,0088
	5,0±0
	

	
	0,0044
	6,0±0
	

	
	0,0022
	6,0±0
	

	
	0,0011
	6,0±0
	


Table continuation 2.3.3

	1
	2
	3
	4

	AIP-25
	3,90
	5,0±0
	5,0±0

	
	1,95
	5,0±0
	

	
	0,98
	5,0±0
	

	
	0,49
	5,0±0
	

	
	0,24
	5,0±0
	

	
	0,12
	5,0±0
	

	AIP-26
	6,00
	5,0±0
	5,0±0

	
	3,00
	5,0±0
	

	
	1,50
	5,0±0
	

	
	0,75
	5,0±0
	

	
	0,38
	5,0±0
	

	
	0,19
	5,0±0
	

	AIP-27
	4,75
	4,0±0
	5,0±0

	
	2,38
	4,4±0,6
	

	
	1,19
	5,0±0
	

	
	0,59
	5,0±0
	

	
	0,30
	5,0±0
	

	
	0,15
	5,0±0
	

	AIP-29
	0,0800
	4,0±0
	6,0±0

	
	0,0400
	4,8±0,5
	

	
	0,0200
	6,0±0
	

	
	0,0100
	6,0±0
	

	
	0,0050
	6,0±0
	

	
	0,0025
	6,0±0
	

	Tamiflu
	0,33
	2,4±0,5
	5,0±0

	
	0,17
	2,4±0,5
	

	
	0,08
	3,0±0
	

	
	0,04
	3,0±0
	

	
	0,02
	4,0±0
	

	
	0,01
	4,0±0
	


In the course of the experiments, it was shown that the compound AIP-18 suppressed the replication of 100 infectious doses of the virus by 2.0 log2 in comparison with the control group in concentrations of 0.065 and 0.0325 mg/ml. The compound AIP-24 in  the concentration of 0.035 mg/ml suppressed 100 infectious doses of the influenza A/H1N1 virus by 2.0 log2, and in the concentrations of 0.0175 and 0.0088 mg/ml by 1.0 log2. The compound AIP-27 is capable of suppressing 100 infectious doses of the virus by 1.0 log2 only in the maximum concentration of 4.75 mg/ml. The compound AIP-29 had a pronounced activity in the concentrations of 0.08 mg/ml and 0.04 mg/ml, suppressing the virus activity by 2.0 log2 and 1.2 log2, respectively. 

The rest of the heteroorganic derivatives (AIP-15, AIP-16, AIP-17, AIP-19, AIP-20, AIP-22, AIP-25 and AIP-26) in the studied concentrations did not show a significant therapeutic activity against the influenza A/Swine/Iowa/30 (H1N1). The virus titer in the hemagglutination reaction remained unchanged in comparison with the positive control. At the same time, the commercial preparation Tamiflu in the concentrations of 0.33 and 0.17 mg/ml suppressed the reproduction of 100 infectious doses of the influenza virus by 2.6 log2. In the concentrations of 0.08 and 0.04 mg ml, the suppression of 100 infectious doses of the influenza virus by 2.0 log2 is observed. A decrease in the reproduction of 100 infectious doses by 1.0 log2 is observed in the last two studied concentrations of Tamiflu (0.02 mg/ml and 0.01 mg/ml).

Analyzing the data obtained on the antiviral activity of the heteroorganic compounds AIP-18, AIP-24, AIP-27 and AIP-29 against the influenza A virus, one can conclude on the degree of efficacy of the substances against the influenza A/H1N1 virus in comparison with the commercial preparation Tamiflu (Figure 2.3.13). 
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Figure 2.3.13 – A comparative therapeutic activity of Tamiflu and the heteroorganic compounds AIP-18, AIP-24, AIP-27, AIP-29
Note - The ordinate represents the survival rate of the influenza A/H1N1 virus after the interaction with the test compounds in the maximum test concentration ½ of the CTC50 

It is seen from the data, presented in Figure 13, that the antiviral activity of the heteroorganic compounds AIP-18, AIP-24, AIP-27 and AIP-29 is slightly lower than the therapeutic activity of the reference preparation Tamiflu in the concentrations corresponding to ½ of the value of CTC50. The compounds AIP-18, AIP-24, and AIP-29 have similar antiviral activity against the influenza A/H1N1 virus in the maximum studied concentration (1/2 of CTC50). The compound AIP-27 showed an insignificant antiviral activity against the influenza A/H1N1 virus in comparison with the reference preparation Tamiflu. 

3 Recommendations for carrying out a complex of preclinical studies of the compound AIP-1 (F-7)
3.1 Recommendations for a complex of preclinical studies of the compound AIP-1 (F-7)
As a result of the biological studies, the most promising antimicrobial preparation (1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride), studied under the code AIP-1 [RK Utility Model Patent No. 3822, published 05.04.2019, Bul. No. 14] and under the code F-7 [J.Drug Invention Today – vol. 10 - issue 9 – 2018 - pp.1842-1847], has been identified and recommended for the further in-depth research.
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	1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride under the laboratory code AIP-1 has been studied in vitro for an antimicrobial activity in relation to the gram-positive, gram-negative microorganisms, in relation to the museum strains of microorganisms S. aureus ATCC 6538-P, test strain E. coli ATCC 8739 and culture C. albicans ATCC 10231, and under the laboratory code F-7, it has been studied in vitro for sn antimicrobial activity in relation to the museum strains  


of microorganisms Cryptococcus neoformans ATCC 90113, Pseudomonas aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 700603. The data have been compared with those of Fluconazole and Amphotericin B.  

The compound AIP-1 exhibits a bactericidal activity in relation to staphylococcus in the  concentration of 62.5 μg/ml, and a bacteriostatic activity has been observed at 31.25 μg/ml, while ampicillin exhibits a bactericidal activity in the concentration of 1000 μg/ml, thereby the AIP compound-1 surpasses 16 times the reference preparation ampicillin. 

The compound AIP-1 exhibits an antimicrobial activity in relation to the strains of E. coli ATCC 8739 in the concentration of 62.5 μg/ml, while a bactericidal activity of ampicillin is 2000 μg/ml, it follows that an antimicrobial activity of the compound AIP-1 is 32 times higher than that of the reference preparation ampicillin. The study of a fungicidal activity of the compound AIP-1 has shown that the compound has the most pronounced effect in comparison with the commercial preparation fluconazole. The minimum bacteriostatic concentration (MBC) of the compound AIP-1 is equal to 62.5 μg/ml, while the MBC of fluconazole is 2500 μg/ml.

 The compound has statistically demonstrated a significant antimicrobial activity in relation to C. albicans as compared with the commercial preparation fluconazole, the compound AIP-1 is 40 times more fungicidal than fluconazole. The compound F-7 has a pronounced antimicrobial activity in relation to the strains of Cryptococcus neoformans, comparable to Fluconazole and Amphotericin B.

Thus, in the course of the microbiological studies, carried out in the experiments in vitro, it has been shown that 1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride (AIP-1, F-7) is effective against all museum strains of microorganisms, taken in the experiment, and is a candidate for a preparation, which is promising for the further in-depth research, and it is recommended for conducting a full complex of preclinical studies: 

- as a substance to combat the pathogen S. aureus;

- as a substance to combat the pathogen E. coli;

- as a substance to combat the pathogen C. albicans;

- as substances to combat the pathogen Cryptococcus neoformans.

The compound AIP-1 (F-7) can be used as an effective antimicrobial preparation, especially in terms of a fungicidal activity. and is recommended for a full complex of preclinical studies.
3.2 Recommendations for carrying out a complex of technological studies of the compound AIP-1
The initial semi-product for the preparation of the compound AIP-1 is commercial 1-benzyl-piperidone-4.

The synthesis route, which consists in the two successive stages: reduction of 1-benzyl-piperidone-4-one with sodium borohydride in isopropanol and acylation of 1-benzyl-4-hydroxypiperidine with adamantanecarboxylic acid chloride with the formation of 1-benzyl-4-adamantanecarbonyl hydrochloride, is taken as the basis for the development of the laboratory technological regulations for obtaining the compound AIP-1.

Description of the stage of obtaining AIP-1

Stage 1. Obtaining 1-benzyl-4-hydroxypiperidine.
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1.0 g (0.0264 mol) of sodium borohydride in 10 ml of anhydrous isopropyl alcohol is placed in a three-necked retort, equipped with a reflux condenser, a dropping funnel and a thermometer. 5 g (0.0264 mol) of 1-benzyl-4-oxopiperidine in 30 ml of abs. isopropanol is added dropwise upon stirring. Herewith, a slight heating of the reaction mixture is observed. Then the mixture is heated upon stirring for 1 h at 55-60 °C, cooled, diluted (1:1), hydrochloric acid is added dropwise to the cooled solution to reach pH ~ 2-3. Then the solution is made alkaline with a saturated NaOH solution to reach pH ~ 10-11 and extracted several times with benzene. The extract is dried with MgSO4, the desiccant is filtered off, the solvent is distilled off to obtain 5.02 g (99.50% of the theoretical value) of 1-benzyl-4-hydroxypiperidine in the form of a thick colorless liquid with Rf 0.24 (eluent benzene-dioxane - 3:2). 
IR spectrum, cm-1: 3608 (OH).

Found,%: C 74.94; H 8.87. C12H17NO.

Calculated,%: C 75.35; H 8.96.

Characteristics: Sodium borohydride (sodium tetrahydride borate) 

Colorless crystals, easily soluble in water and polar organic solvents. Flash point: 187 °C. Used in organic synthesis as a reducing agent. It is used to restore carbonyl compounds to alcohols, imines to secondary amines, nitro compounds, etc. It is toxic when taken orally, irritates the skin. It causes severe skin burns and eye damage. Sodium borohydride dust is especially dangerous. The skin is also irritated by sodium borohydride solutions in liquid NH3, amines, etc.

Characteristics: Isopropyl Alcohol (Isopropanol)

A colorless mobile liquid with an alcoholic odor, stronger than that of ethyl alcohol. Flash point: 11.7 °C. Lower explosion limit in air is 2.5% by volume (at 25 °C). Autoignition temperature 456 °C. It is widely used as an industrial alcohol for glass cleaners, office equipment, etc. and as a solvent in industry. It belongs to the substances of the 3rd hazard class (moderately hazardous substances) in terms of the degree of the impact on the body, has a narcotic effect. The MPC limit for the isopropanol vapors in air is 10 mg/m³. It is irritating to eyes and respiratory tract.

Step 2: Obtaining 1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride
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Hot solutions of 2.2 g (0.0115 mol) of 1-benzyl-4-hydroxypiperidine in chloroform are mixed with a solution of 6.85 g (0.0345 mol) of adamantanecarbonyl chloride. The reaction mixture is kept for 24 h at the room temperature. The reaction progress is controlled by TLC. The formed precipitate is filtered off, washed with diethyl ether, the residue is recrystallized from isopropyl or ethyl alcohol. 3.99 g (89.1% of the theoretical value) of 1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride is obtained, melting point is 203-205 0C, Rf 0.88 (Al2O3, eluent benzene:dioxane - 4:1).

Found,%: C 71.11; H 7.97 C23H32NO2Cl

Calculated,%: C 70.84; H 8.27.

Characteristics: 1) Recrystallization is carried out from a minimum amount of ethyl alcohol, by adding at the end a “seed” and a small amount of isopropyl alcohol to reduce the solubility of the preparation.
2) Recrystallization can be difficult in the case of obtaining a highly resin-contaminated product. Besides, the contaminated product is hygroscopic. 
3) To facilitate recrystallization, it is recommended to carry out the process in the ice bath: the precipitate is dissolved in a sand bath and cooled to the room temperature, a “seed” or a small amount of isopropyl alcohol is added and rubbed with a glass rod to form the crystallization centers, and then it is left in the cold for 5-6 hours. The precipitate is washed several times on the filter with diethyl ether. It is dried in a vacuum desiccator or drying gun.

4) For TLC, 1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride is transformed to a base, since the product in the form of a salt has a low affinity for the polar sorbent Аl2О3, i.e. it remains upon eluting at the start. To do this it is necessary to add to the sample taken from the reaction flask, a few drops of water, a small amount of soda or alkali to reach pH of 8-9, then to add a few drops of benzene and to mix everything thoroughly. A benzene layer, containing 1-benzyl-4-adamantanecarbonyloxypiperidine, is applied to the chromatographic plate.
Stage 3. Physicochemical and spectral characteristics of the compound AIP-1.

To identify and determine the purity of the obtained compound AIP-1, the standard procedures are carried out: the melting point is determined, elemental microanalysis of the substance is carried out, and the IR and NMR spectra are recorded.

Melting temperature - 203-205 0C (from the mixture of ethyl and isopropyl alcohols).

The microanalysis data:

Found,%: C 71.11; H 7.97 C23H32NO2Cl

Calculated,%: C 70.84; H 8.27.

IR spectrum, cm-1: 1724 (C = O ester).

IR spectrum (KBr), cm-1: 1724 (carbonyl ester - C = O);

In the IR spectrum of the compound AIP-1, the absorption band of the OH stretching vibrations (3608 cm-1) disappears, and the absorption bands of carbonyl (1724 cm-1) of the ester group appear. 

13С NMR spectrum, ppm. (CDCI3): 26.82 (С3,5), 27.82 (С19,21,23), 36.40 (С20,22,24), 38.71 (С18,25,26), 46.77 (С2,6), 49.64 (С17), 59.01 (С7), 64.10 (С4), 129.12 (С9,13), 129.94 (С8,11), 131.90 (С10,12), 175.89 (С15). 1H NMR spectrum, ppm. (CDCI3): 1.58-2.14 м (19Н, Н3,5,18-26), 1.86-3.03 м (2Н, Н2ax,6ax), 3.20-3.30 m (2Н, Н2eq,6eq), 4.25 dd (2Н, Н7, 2J32.5 Hz, 4J4.6 Hz,), 4.74-4.88 m (1Н, Н4), 7.40-7.41 m (3Н, Н10,11,12), 7.59-7.63 m (2Н, Н13), 11.27 (1Н, H27). 

For the development of the laboratory regulations for obtaining the compound AIP-1, it is recommended to use the above-described method (Аttachment G).
CONCLUSION
The results of assessing the completeness of the solutions to the assigned tasks 

Research and development works, planned for the years 2018-2020, have been completed in full in accordance with the calendar plan (Аttachment B, C, D). 

The following results have been obtained:

The main results for the year 2018: 
A scientific literature search has been carried out in order to study the technical level of scientific achievements in searching for new medicinal preparations with an anti-infective activity.

A number of potentially biologically active cyclic amides have been synthesized according to the Schotten-Bauman method. A chemical modification of the molecules of a number of N-substituted 4-oxopiperidines and compounds-leaders has been carried out in order to obtain new innovative pharmaceutical substances (ligands). 4,4-disubstituted derivatives have been synthesized on the basis of N-(alkyl-, hydroxyalkyl-, alkoxyalkyl- and arylalkyl)-4-oxopiperidines. Piperidine-containing esters and amides of adamantanecarboxylic acid have been synthesized. 

1-(2-hydroxyethyl)-4-hydroxy-4-carboxypiperidine has been obtained by acid hydrolysis of 1-(2-phenylethyl)-4-ketopiperidine cyanohydrin, and 1-(2-phenylethyl)-4-carboxy-4-cyclopropanecarbonyloxypiperidine hydrochloride has been obtained by the acylation of the latter.

A study in vitro of cytotoxicity of the heteroorganic derivatives AIP-1, AIP-2, AIP-3, AIP-4, AIP-5, AIP-6, AIP-7, AIP-8, AIP-9, AIP-10, AIP-11 , AIP-12, AIP-13, AIP-14 has been carried out on the MDCK cell line.

A therapeutic activity in vitro of the heteroorganic derivatives AIP-1, AIP-2, AIP-3, AIP-4, AIP-5, AIP-6, AIP-7, AIP-8, AIP-9, AIP-10, AIP-11, AIP-12, AIP-13, AIP-14 has been studied in relation to the strain of A/Swine/Iowa/30 (H1N1). It has been shown that the compound AIP-1 inhibits the development of the influenza virus by 1.2 log2 only in the maximum studied concentration of - 0.0055 mg/ml.

A study of an antimicrobial (antimicrobial and fungicidal) activity of the heteroorganic derivatives AIP-1, AIP-2, AIP-3, AIP-4, AIP-5, AIP-6, AIP-7, AIP-8, AIP-9, AIP-10, AIP-11, AIP-12, AIP-13, AIP-14 in relation to the museum test strains has been carried out. 

The heteroorganic derivatives AIP-5 and AIP-6 have exhibited the highest antimicrobial (bactericidal) activity in relation to the museum test strain S. aureus ATCC 6538-P in the concentration of 125 μg/ml and 250 μg/ml, respectively.

The derivatives AIP-5 and AIP-13 have shown the greatest activity in relation to the museum test strain E. coli ATCC 8739 in the concentration of 500 μg/ml.

A fungicidal activity in relation to the culture C. albicans ATCC 10231 has been established for the heteroorganic derivatives of AIP-5 in the concentration of 250 μg/ml and AIP-3, AIP-4, AIP-6 in the concentration of 500 μg/ml.
Out of the heteroorganic derivatives, insoluble in the aqueous medium, the compound AIP-1 has shown the highest activity in relation to all museum microorganisms, taken in the experiment in the concentration of 62.5 μg/ml. The compound AIP-10, which has an antimicrobial activity in relation to the studied microorganisms, also should be noted. Suppression of the growth of the cultures S. aureus ATCC 6538-P and E. coli ATCC 8739 has occurred in the concentration of 1250 μg/ml, and that of the cultures C. albicans ATCC 10231 in the concentration of 625 μg/ml.

The main results for the year 2019: 
With the purpose of searching for new medicinal preparations in the series of piperidine derivatives on the basis of [1- (2-ethoxyethyl) -, 1- (3-ethoxypropyl) -, 1- benzyl] -piperidin-4-ones the corresponding secondary alcohols have been obtained by the reduction with sodium borohydride in isopropanol.

Acylation of 3-fluoro-, 2,6-difluoro-4-(trifluoromethyl) benzoylchlorides has been carried out on the basis of [1-(2-ethoxyethyl)-, 1-(3-ethoxypropyl)-, 1-benzyl -] - 4-hydroxypiperidines, with the formation of the corresponding hydrochlorides of esters of fluorobenzoic acids, having one, two and three fluorine atoms in the aromatic ring.

The synthesis and obtaining of ketoxympiperidine, as an intermediate reaction product for the further transformations, have been carried out by the interaction of hydroxylamine hydrochloric acid with 1-benzyl-4-oxopiperidine in the presence of alkali in ethanol.    

For the purpose of introducing one, two, and three fluorine atoms, a naphthoyloxy group and an adamantane fragment into the structures of piperidines, as well as elucidating the effect of the compounds on an anti-infective activity hydrochlorides of esters of fluorobenzoic acids have been synthesized by acylation of the resulting ketoxime with 1-benzyl-4-oxopiperidine 4-fluoro-benzoyl chloride, 3-fluoro-benzoyl chloride, 2-fluoro-benzoyl chloride, 2,6-difluorobenzoyl chloride, 4-(trifluoromethyl) benzoyl chloride, and by hydrochlorides of esters of fluorobenzoic acids were synthesized, and the corresponding hydrochlorides of esters of naphthoic and adamantanecarboxylic acids have been obtained by acylation of N-benzylpiperidineketoxime with naphthoyl chloride and adamantanecarbonyl chloride. 

Cyanohydrin synthesis, as the simplest preparative method for introducing a carboxyl group into the piperidine molecule, has been used to obtain potentially biologically active piperidinecarboxylic acids with alkyl and arylalkyl radicals at the nitrogen atom of the piperidine ring. Crystalline cyanohydrins [1-methyl, 1-propyl-, 1-benzyl-, 1-(2-phenylethyl-)] - 4-ketopiperidines have been obtained with 75.5-83.3% yields by the interaction of the corresponding piperidin-4-ones with acetone cyanohydrin. The reaction has been carried out at the room temperature without solvent, with the addition of a small amount (2-3 drops) of water. Further, to obtain amino acids, their acid hydrolysis has been carried out with the formation of [1-methyl, 1-propyl-, 1-benzyl-, 1-(2-phenylethyl-)] - 4-hydroxy-4-carboxypiperidines. Cyanohydrin hydrolysis has been carried out with concentrated hydrochloric acid and at the room temperature.
With the purpose to study the reactivity of the hydroxyl group and, subsequently, to elucidate the effect of the nature of the acyl residue, particularly, the introduction of a cyclopropane fragment and a fluorophenyl fragment into the piperidine structures, on the pharmacological properties, esters of cyclopropanecarboxylic and o-fluorobenzoic acids have been synthesized at the hydroxyl group of N-substituted 4-hydroxy-4-carboxypiperidines.

A study in vitro of an antimicrobial (antimicrobial and fungicidal) activity of the heteroorganic derivatives AIP-15, AIP-16, AIP-17, AIP-18, AIP-19, AIP-20, AIP-21, AIP-22, AIP-23, AIP-24, AIP-25, AIP-26 in relation to the museum test strains has been carried out.

The heteroorganic derivatives AIP-15, AIP-16, AIP-17, AIP-23, AIP-29, and AIP-21 have shown an antimicrobial (bactericidal) activity in relation to the museum test strain S. aureus ATCC 6538-P in the concentration from 1000 μg/ml up to 125 μg/ml. The derivatives AIP-23, AIP-29 have shown an activity in relation to the museum test strain E. coli ATCC 8739 in the concentration of 500 μg/ml and 1000 μg/ml, respectively.

A fungicidal activity in relation to the culture C. albicans ATCC 10231 has been established for the heteroorganic derivatives AIP-18, AIP-22, AIP-23 in the concentration of 1000 μg/ml, for AIP-15, AIP-16, AIP-17 in the concentration of 500 μg/ml, for AIP-21 and AIP-24 in the concentration of 250 μg/ml, for AIP-19 and AIP-20 in the concentration of 125 μg/ml.

A bactericidal activity in relation to the multi-resistant Staphylococcus aureus ATCC BAA-39 has been established for AIP-15 and AIP-16 in the concentration of 31 μg/ml and 63 μg/ml, respectively.
A bactericidal activity of AIP-23 has been established in relation to the multiresistant strain Escherichia coli ATCC BAA-196 in the concentration of 250 μg/ml.

The study in vitro of the combined effect of the antifungal preparation nystatin with the heteroorganic derivatives in relation to the strain Candida albicans ATCC 10231, it has been found that AIP-19, AIP-20 and AIP-21 exhibit a synergistic effect, reducing the values ​​of the minimum fungicidal concentrations of the two components.

A mutual enhancement of an antimicrobial activity has been also observed in case of the combined effect of AIP-15 with gentamicin, AIP-15 with amoxicillin, and AIP-16 with gentamicin in relation to the multiple-resistant test strain Staphylococcus aureus ATCC BAA-39, exhibited as synergism.

The main results of the year 2020: 
A nucleophilic addition of monosubstituted acetylenes [3-phenoxypropine-1, 3-(1-naphthyloxy)prop-1-yne, 3-(2-naphthyloxy)prop-1-yne] at the keto group of 1-alkyl-, 1- (2-phenylethyl)-4-oxopiperidines, the corresponding acetylene-containing alcohols and some of their esters have been obtained. The preparations with an antimicrobial activity in relation to all strains of microorganisms taken in the experiment have been identified among the synthesized compounds.

It has been found that the substituted naphthyloxypropargylpiperidines are a promising class of compounds for the search and development of innovative domestic anti-infective preparations.

The structure of the synthesized substances has been established on the basis of IR spectroscopy and 1H and 13C NMR spectroscopy.

A study in vitro of cytotoxicity of the heteroorganic derivatives AIP-15, AIP-16, AIP-17, AIP-18, AIP-19, AIP-20, AIP-21, AIP-22, AIP-23, AIP-24, AIP-25 , AIP-26, AIP-27, AIP-28 and AIP-29 on the MDCK cell line has been carried out. The compounds AIP-17, AIP-25, AIP-26, AIP-27, and AIP-28 have been shown to have the lowest toxicity for the MDCK cells among all investigated heteroorganic derivatives.

A therapeutic activity of the heteroorganic derivatives AIP-15, AIP-16, AIP-17, AIP-18, AIP-19, AIP-20, AIP-21, AIP-22, AIP-23, AIP-24, AIP-25, AIP-26, AIP-27, AIP-28, AIP-29 has been studied in vitro in relation to the influenza A/Swine/Iowa/30 (H1N1) virus. It has been shown that the compound AIP-28 inhibits the replication of 100 infectious doses of the virus by 1.2 log2 in comparison with the control group only in the the maximum studied concentration - 1.85 mg/ml. The compound AIP-18 inhibits the replication of 100 infectious doses of the virus by 2.0 log2 in comparison with the control group in the concentrations of 0.065 and 0.0325 mg/ml. The compound AIP-24 in the concentration of 0.035 mg/ml suppresses 100 infectious doses of influenza A/H1N1 virus by 2.0 log2, and in the concentrations of 0.0175 and 0.0088 mg/ml by 1.0 log2. The compound AIP-27 is able to suppress 100 infectious doses of the virus by 1.0 log2, and the compound AIP-29 by 2.0 log2 only in the the maximum usable concentration of 4.75 mg/ml and 0.08 mg/ml, respectively. 

The results of assessing the technical and economic efficiency of the development. 

As a result of the research and development work for the years 2018-2020, the promising pharmaceutical substances (ligands) with an anti-infectious activity of a number of polyfunctional substituted piperidines have been identified.

In the course of the conducted microbiological studies of 14 compounds under the codes AIP-1-AIP-14 and experiments in vitro, it has been shown that the following compounds can be selected for the further studies on resistant museum and clinical strains:

AIP-5 and AIP-6 as the substances in relation to S. aureus pathogen;

AIP-5 and AIP-13, as the substances in relation to E. coli pathogen;

AIP-5 and AIP-3, AIP-4, AIP-6, as the substances in relation to C. albicans pathogen.
The greatest activity has been shown by AIP-1 in relation to all museum microorganisms taken into the experiment in the concentration 62.5 μg/ml. 

The study of a fungicidal activity of AIP-1 has shown that the compound has the most pronounced effect in comparison with the commercial preparation fluconazole. The MBC value of AIP-1 has been 62.5 μg/ml.

A piperidine-containing derivative of adamantanecarboxylic acid under the code AIP-1 has been identified, which has pronounced fungicidal, antimicrobial and antiviral activities. The compound AIP-1 can be used as a fungicidal, antimicrobial, antiviral preparation.

In the course of the conducted microbiological studies of 15 compounds under the codes AIP-15-AIP-29 in experiments in vitro, it has been shown that the following compounds can be selected for the further studies on the clinical strains: 

AIP-15, AIP-16, AIP-17, AIP-21, AIP-23 and AIP-29, as the substances in relation to S. aureus pathogen;

AIP-23 as substance in relation to E. coli pathogen;

AIP-17, AIP-19, AIP-20 and AIP-21, as the substances in relation to C. albicans pathogen.

As a result of the study of the combined effect of the reference antimicrobial preparations and ligands, it has been found that the compound AIP-15 exhibits a synergistic effect in combination with gentamicin in relation to the multi-resistant test strain Staphylococcus aureus ATCC BAA-39. AIP-15, AIP-19, AIP-20 and AIP-21 in combination with nystatin also exhibit a synergistic effect against fungi of the genus Candida. With these combinations, the values ​​of the minimum inhibitory antimycotic concentrations are reduced by 4 times.

1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride (AIP-1) is a promising pharmaceutical substance (ligand) with an anti-infectious activity of the series of polyfunctional substituted piperidines, which is effective in relation to all museum strains of microorganisms taken in experiment. It is a candidate for the further studies, and is recommended for carrying out a full range of preclinical studies:

- as the substance in relation to S. aureus pathogen;

- as the substance in relation to E. coli pathogen;

- as the substance in relation to C. albicans pathogen;

- as the substances in relation to Cryptococcus neoformans pathogen.

The compound AIP-1 can be used as an effective antimicrobial substance, especially in terms of a fungicidal activity and is recommended for carrying out a full range of preclinical studies.

The synthesis route, which consists in the two successive stages: the reduction of 1-benzyl-piperidone-4-one with sodium borohydride in isopropanol and the acylation of 1-benzyl-4-hydroxypiperidine with adamantanecarboxylic acid chloride to form 1-benzyl-4-adamantanecarbonyl hydrochloride has been determined as the basis for the development of laboratory technological regulations for obtaining AIP-1 (ATTACHMENT G). 

The results of assessing the scientific and technical level of the completed research work in comparison with the best achievements in this area. 

The scientific and technical level of the research is determined by the availability of international cooperation, publications in the International and Republican peer-reviewed scientific journals, availability of the patents, confirming the practical value of the research, as well as the published speeches at the International Conferences in the field of the ongoing research.

29 scientific papers have been published on the research results (Attachment C), of which:

12 papers (4 - international, 3 of which are included in the Scopus and Thomson Reuters databases), as well as 9 papers in the Republican editions), 

13 Abstracts of the International Conferences. 

4 Patents are received: 4 Utility Model Patents of the Republic of Kazakhstan (Attachment D) 
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3. Name of work, terms of their implementation and results

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

	
	
	Start
	Ending
	

	1
	Scientific and information support of the project "Development of original domestic innovative pharmaceutical substances (ligands) with anti-infective activity", synthesis of potential anti-infective drugs
	January 2018

	Until November 1, 2018
	Scientific and information support of the project "Development of original domestic innovative pharmaceutical substances (ligands) with anti-infectious activity" synthesis of potential anti-infective drugs

	1.1
	Analysis of scientific, scientific, technical and patent literature on: a) methods of obtaining and properties of complex heterocyclic systems; b) pharmaceutical substances (ligands) with anti-infective activity and / or the ability to cause a reversal of drug sensitivity
	January 2018

	September 2018
	An analysis of scientific, scientific, technical and patent literature will be carried out on: a) methods of obtaining and properties of complex heterocyclic systems; b) pharmaceutical substances (ligands) with anti-infective activity and / or the ability to cause a reversal of drug sensitivity

	1.2
	Synthesis and production of intermediate and key initial products, pre-preparation of research objects
	April 
2018
	September 2018
	Synthesis and production of intermediate and key initial products, pre-preparation of research objects will be carried out

	1.3
	Synthetic design of new reactive polyfunctional systems into biologically active substances of targeted action type and their biological screening
	July 
2018
	September 2018
	A synthetic design of new reactive polyfunctional systems into biologically active substances of a targeted type of action and their biological screening will be carried out  

	1.4
	Study of samples (5-10) of synthesized compounds for anti-infective activity
	October 2018
	Until November 1, 2018
	Bioscreening of samples (5-10) of synthesized compounds for anti-infective activity will be carried out

	2
	Targeted molecular design of pharmaceutical substances (ligands) with anti-infective activity and / or the ability to induce reversal of drug susceptibility of substituted piperidine derivatives
	January 2019

	Until November 1, 2019
	The fundamentals of targeted molecular design of pharmaceutical substances (ligands) with anti-infective activity and / or the ability to induce reversal of drug sensitivity will be developed substituted piperidine derivatives

	2.1
	The development of starting synthons for the rational design of innovative polyfunctional piperidine derivatives of the mono- and bicyclic series
	January 2019

	March 

2019
	The development of starting synthons for the rational design of innovative polyfunctional piperidine derivatives of the mono- and bicyclic series will be carried out

	2.2
	Development of ways to obtain new C-, O- and N-substituted piperidines with fragments of simple, complex ether, aminopropargyl, phenoxy, naphthoxypropargyl, oxime, fluorine derivatives and screening studies
	April 
2019
	June 

2019
	Ways of obtaining new C-, O- and N-substituted piperidines with fragments of simple, complex ether, aminopropargyl, phenoxy-, naphthoxypropargyl, oxime, fluorine derivatives will be developed and screening studies will be carried out

	2.3
	Study of the fine chemical structure of the synthesized compounds, the relationship "structure-activity"
	July 
2019
	September 2019
	The fine chemical structure of the synthesized compounds and the structure-activity relationship will be studied

	2.4
	Study of samples (5-10) of synthesized compounds for anti-infective activity. Revealing the synergistic action of active synthesized compounds with drugs of antimicrobial action
	October 2019
	Until November 1, 2019
	The study of samples (5-10) of the synthesized compounds for anti-infectious activity, identification of the synergistic action of active synthesized compounds with drugs of antimicrobial action will be carried out

	3
	Promising pharmaceutical substances (ligands) with anti-infective activity a number of polyfunctional substituted mono and bicyclic piperidines
	January 2020

	Until November 1, 2020
	Promising pharmaceutical substances (ligands) with anti-infective activity will be identified a number of polyfunctional substituted mono and bicyclic piperidines

	3.1
	Development of simple and accessible methods for the synthesis of identified ligands with anti-infectious activity and / or the ability to induce a reversal of drug sensitivity
	January 2020

	March 

2020
	Simple and accessible methods for the synthesis of identified ligands with anti-infective activity and / or the ability to induce a reversal of drug sensitivity will be developed

	3.2
	Study of the process of complexation of polyfunctional piperidine derivatives with organic and inorganic compounds for the creation of new finished dosage forms, study of bioactivity
	April 
2020
	June 

2020
	The processes of complexation of polyfunctional piperidine derivatives with organic and inorganic compounds will be studied to create new finished dosage forms, studies on bioactivity will be carried out

	3.3
	In-depth study of the specific activity of the identified promising drugs and ligands with anti-infective activity
	July 
2020
	September 2020
	An in-depth study of the specific activity of the identified promising drugs and ligands with anti-infective activity will be carried out

	3.4
	Recommendations for a full range of preclinical studies and development of technological regulations in order to create a medicinal product
	October 2020

	Until November 1, 2020
	Recommendations will be issued for a full range of preclinical studies and development of technological regulations in order to create a drug
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2. G.S. Akhmetova, U.B. Issayeva, K.D. Praliyev, N.V. Korotetskaya, O.T. Seilkhanov. Synthesis of new derivatives of phenyloxypropargyl piperidines // Chemical Journal of Kazakhstan. - 2018.- No. 3.- P.273-278. IF 0.158 (In English).

3. D.A. Abdambayev, U. M. Datkhayev, M.T. Omyrzakov, G.S. Akhmetova, K.U. Esetova. The technology for producing 1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride and its acute toxicity // Pharmacy of Kazakhstan.-2018.-No.9 (206) .- P.46-48 (In Russian).
International articles:

4. Daniyar Abdambayev, Ubaidilla Datkhayev, Manas Omyrzakov, Gulmira Akhmetova, Yerkebulan Orazbekov, Kaldybai Praliyev, Samir A. Ross. Anti-infective activity of new piperidine derivatives // Drug Invention Today- Vol.10- Issue 9 - 2018-P.1842-1847. (Scopus) IF 1.64 (In English).

5. Akhmetova G.S., Abdambayev D.A., Omyrzakov M.T., Seilkhanov O.T., Datkhayev U.M., Praliyev K.D. The search for new drugs in the series of adamantanecarboxylic acid amides // Coll. Proceedings of the X Eurasian Scientific Forum FUNCTIONAL FOOD IS A COMMON PROBLEM OF A HEALTHY LIFESTYLE OF THE POPULATION OF THE EURASIAN STATES - St. Petersburg, November 22-23, 2018, pp. 25-28 (In Russian).
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1. Akhmetova G.S., Issayeva U.B., Korotetskaya N.V., Abdambayev D.A., K.D. Praliyev Fluorine-substituted aroyloxypiperidines as anti-infective drugs / XXX International Scientific and Practical Conference "Prospects for the Development of Science and Education" - Moscow, June 29, 2018, pp. 309-311 (In Russian).

2. Akhmetova G.S., Issayeva U.B., Praliyev K.D., Abdambayev D.A., Seilkhanov O.T., Korotetskaya N.V. The search for new antibacterial agents in the series of substituted piperidines - synthetic analogs of biologically active natural compounds // International Conf. "Medicinal preparations based on natural compounds" - Tashkent, September 18-19, 2018 P.79 (In Russian).

RK patent application for utility model

1-Benzyl-4-adamantanecarbonyloxypiperidine hydrochloride possessing antiviral and antimicrobial activity / G.S. Akhmetova, D.A. Abdambayev, M.T. Omyrzakov, U. M. Datkhayev, A. I. Ilyin, K. D. Praliyev, I. S. Korotetsky, N. V. Korotetskaya (In Russian).
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Posted:
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1.G.S.Akhmetova, K.D. Praliyev, A.M. Maksatova, U.M. Datkhayev, M.T.Omyrzakov, N.V. Korotetskaya, T.M. Seilkhanov. The search for anti-infective drugs in a series of substituted derivatives of aryloxypropargylpiperidines // Chemical Journal of Kazakhstan. - 2019.- No. 2.- P.190-200. IF 0.158 (In Russian).

2. U.B. Issayeva, U.M. Datkhayev, K.D. Praliyev, G.S. Akhmetova, M.T. Omyrzakov. Synthesis of biologically active phenoxypropargylpiperidines with fragments of small cycles // Bulletin of KazNMU - 2019.- №1. - S. 481-484 (In Russian). 
International articles:

3. U.B. Issayeva, G.S. Akhmetova, W.M. Datkhayev, M.T. Omyrzakov, K.D. Praliyev, Samir A. Ross. The search for biologically active compounds in the series of N-ethoxyethylpiperidine derivatives // Eurasian Chemico-Technological Journal –Vol. 21.-2019. - No. 2.- P.125-133. (Scopus, Web of Science) (In English)
Abstracts of reports at international conferences

1. Maksatova A.M. (Scientific advisers: Doctor of Pharmaceutical Sciences, Prof. UM Datkhayev, PhD, Omyrzakov MT) Search for antimicrobial drugs in the series of aryloxypropargylpiperidines // XX International scientific-practical conference "Chemistry and chemical technology in the XXI century" students and young scientists. Professor L.P. Kuleva with international participation, May 2019, Tomsk, Russia, pp. 317-318 (In Russian).

2. Issayeva U.B., Akhmetova G.S., Praliyev KD, Datkhayev U.M., Omyrzakov M.T., Abdambayev D.A., Seilkhanov O.T. The search for new drugs with antimicrobial action in the series of adamantanecarboxylic acid amides / International Scientific Conference "Polyfunctional Chemical Materials and Technologies", May 22 - 25, 2019, Tomsk, Russia, Vol. 2.- p. 12-13 (In Russian).

3. Maksatova A.M. (Scientific advisers: Doctor of Pharmaceutical Sciences, Prof. UM Datkhaev, PhD, Omyrzakov MT) Study of the antibacterial activity of naphthoxypropargyl-substituted derivatives of N-phenethylpiperidine // XIV international scientific-practical conference of young scientists and students "SCIENTIFIC DISCUSSION: TOPICAL ISSUES, ACHIEVEMENTS AND INNOVATIONS IN MEDICINE ", April 19, 2019, Dushanbe, Tajikistan, p.374 (In Russian).
4. Akhmetova G.S., Praliyev KD, Maksatova A.M., Datkhayev U.M., Omyrzakov M.T. Piperidines with a fragment of adamantane / XXI Mendeleev Congress on General and Applied Chemistry, Saint Petersburg, September 9-13, 2019, p. 135 (In Russian).

5. Issayeva U.B., Akhmetova G.S., Datkhayev U.M., Omyrzakov M.T., Praliyev K.D. Synthesis of biologically active piperidinecarboxylic acids and their derivatives / XXI Mendeleev Congress on General and Applied Chemistry, Saint Petersburg, September 9-13, 2019, p. 175 (In Russian).

6. G.S. Akhmetova, K.D. Praliyev, A.M. Maksatova, U.M. Datkhayev, M.T. Omyrzakov Piperidines with adamantane fragment / ХХI Mendeleev Congress on General and Applied Chemistry,  Saint Petersburg, 9 –13 September, 2019, P.101 (In English). 
7. U.B. Issayeva, G.S. Akhmetova, U.M. Datkhayev, M.T. Omyrzakov,  K.D. Praliyev Synthesis of biologically active piperidincarbonic acids and their derivatives / ХХI Mendeleev Congress on General and Applied Chemistry,  Saint Petersburg, 9 –13 September, 2019, P.146 (In English). 

8. Issayeva U.B., Akhmetova G.S., Datkhayev U.M., Omyrzakov M.T., Praliyev K.D. Search for new drugs in the range of piperidine derivatives / Proceedings of the X International Beremzhanov Congress on Chemistry and Chemical Technology, Almaty, October 24-25, 2019, pp. 129-130 (In Kaz).

RK patent for utility model

1. Patent of the Republic of Kazakhstan for a useful model of the Republic of Kazakhstan No. 3822 1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride with antiviral and antimicrobial activity / Akhmetova GS, Abdambyaev DA, Praliyev KD, Ilyin AI, Datkhayev U. M., Korotetskiy I. S., Zubenko N. V. Kuznetsova T. V., Korotetskaya N. V., Dzhumagaziyeva A. B., Iskakbayeva Zh. A., Omyrzakov M. T .; publ. 04/05/2019, Bul. No. 14 (In Russian). 

3 applications for the RK patent have been filed:

1. Application for a patent of the Republic of Kazakhstan for a utility model 2019 / 0564.2 dated 20.06.19g / 1- (2-ethoxyethyl) -4-adamantanecarbonyloxypiperidine hydrochloride with antimicrobial activity / Akhmetova G.S., Issayeva U.B., Praliyev K.D., Ilyin A.I., Datkhayev U.M., Korotetskiy I.S., Zubenko N.V. Kuznetsova T.V., Korotetskaya N.V., Dzhumagaziyeva A.B., Iskakbayeva Zh.A., Omyrzakov M.T., Seilkhanov T.M. (In Russian).
2. Application for a patent of the Republic of Kazakhstan for a utility model 2019 / 0565.2 dated 20.06.19 /1- (3ethoxypropyl) -4-adamantanecarbonyloxypiperidine hydrochloride with antimicrobial activity / Akhmetova G.S., Issayeva U.B., Praliyev K.D., Ilyin A.I., Datkhayev U.M., Korotetskiy I.S. , Zubenko N. V. Kuznetsova T. V., Korotetskaya N.V., Dzhumagaziyeva A. B., Iskakbayeva Zh. A., Seilkhanov T. M. (In Russian).
3. Application for a patent of the Republic of Kazakhstan for a useful model 2019 / 0566.2 dated 20.06.19g / 1- (2-phenylethyl) -4-adamantanecarbonyloxypiperidine hydrochloride with antimicrobial activity / Akhmetova G.S., Praliyev KD, Ilyin A.I. ., Datkhayev U.M., Omyrzakov M.T., Korotetskiy I.S., Zubenko N.V. Kuznetsova T.V., Korotetskaya N.V., Dzhumagaziyeva A.B., Iskakbayeva Zh.A., Maksatova A.M., Seilkhanov O.T. (In Russian).
Conclusions on the grant of a patent for a useful model were obtained:

1. Conclusion on the grant of a patent for a useful model from 20.11.2019 on application No. 2019 / 0564.2 dated 20.06.19g / 1- (2-ethoxyethyl) -4-adamantanecarbonyloxypiperidine hydrochloride with antimicrobial activity / Akhmetova G.S., Issayeva U. B., Praliyev K. D., Ilyin A. I., Datkhayev U. M., Korotetsky I. S., Zubenko N. V. Kuznetsova T. V., Korotetskaya N. V., Dzhumagaziyeva A. B. , Iskakbayeva Zh.A., Omyrzakov M.T., Seilkhanov T.M. (In Russian).
2. Conclusion on the grant of a patent for a useful model from 20.11.2019 by application No. 2019 / 0565.2 dated 20.06.19g / 1- (3ethoxypropyl) -4-adamantanecarbonyloxypiperidine hydrochloride with antimicrobial activity / Akhmetova G.S., Issayeva U.B. , Praliyev K.D., Ilyin A.I., Datkhayev U.M., Korotetskiy I.S., Zubenko N.V. Kuznetsova T.V., Korotetskaya N.V., Dzhumagaziyeva A.B., Iskakbayeva Zh.A., Seilkhanov T.M. (In Russian).
3. Conclusion on the grant of a patent for a useful model from 20.11.2019 by application No. 2019 / 0566.2 dated 20.06.19g / 1- (2-phenylethyl) -4-adamantanecarbonyloxypiperidine hydrochloride with antimicrobial activity / Akhmetova G.S., Praliyev K. D., Ilyin A.I., Datkhayev U. M., Omyrzakov M.T., Korotetskiy I.S., Zubenko N.V. Kuznetsova T.V., Korotetskaya N.V., Dzhumagaziyeva A.B. , Iskakbayeva Zh.A., Maksatova A.M., Seilkhanov O.T. (In Russian).
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Abstracts of reports at international conferences

1. Maksatova A.M., Akhmetova G. S., Praliev K.D., Datkhaev U.M., Omyrzakov M.T. Synthesis of fluorobenzoic esters of 1- (2-phenylethyl) -4-ethynyl-4-hydroxypiperidine / VIII All-Russian conference "Topical issues of chemical technology and environmental protection" dedicated to the 60th anniversary of PJSC "Khimprom", Cheboksary, April 16-17, 2020, p. 205. (In Russian).
2. Maksatova A.M., Akhmetova G. S., Praliev K.D., Datkhaev U.M., Omyrzakov M.T. Synthesis and development of a highly effective antimicrobial drug AIP-2 / III International scientific and practical conference "Formation and development prospects of the scientific school of pharmacy: the continuity of generations", Almaty, October 16, 2020, p. 222. (In Russian).
3. Ұ.B. Isaeva, K.D. Praliev, U.M. Datkhaev, M.T. Omyrzakov, G.S. Akhmetova, Seilkhanov T.M. Biologiiқ belsendi fluorobenzoyls қyshқyldardyk amidteri synthesis / III International scientific and practical conference "Formation and development prospects of the scientific school of pharmacy: continuity of generations", Almaty, October 16, 2020, pp. 223-224. (In Russian).
RK patents for utility model

1. Patent of the Republic of Kazakhstan for a useful model of the Republic of Kazakhstan No. 4780 Hydrochloride of 1- (2-ethoxyethyl) -4-adamantanecarbonyloxypiperidine, possessing antimicrobial activity / Akhmetova GS, Isaeva U.B., Praliev KD, Ilyin A.I. , Datkhaev U.M., Korotetskiy I.S., Zubenko N.V. Kuznetsova T.V., Korotetskaya N.V., Dzhumagazieva A.B., Iskakbaeva Zh.A., Omyrzakov M.T., Seilkhanov T.M. publ. 06/26/2020, Bul. No. 25. (In Russian).
2. Patent of the Republic of Kazakhstan for a useful model of the Republic of Kazakhstan No. 4781 Hydrochloride of 1- (3-ethoxypropyl) -4-adamantanecarbonyloxypiperidine with antimicrobial activity / Akhmetova GS, Isaeva U.B., Praliev KD, Ilyin A.I. , Datkhaev U. M., Korotetskiy I. S., Zubenko N. V. Kuznetsova T. V., Korotetskaya N. V., Dzhumagazieva A. B., Iskakbaeva Zh. A., Seilkhanov T. M. publ. 06/26/2020, Bul. No. 25. (In Russian).
3. Patent of the Republic of Kazakhstan for a useful model of the Republic of Kazakhstan No. 4782 / 1- (2-phenylethyl) -4-adamantanecarbonyloxypiperidine hydrochloride with antimicrobial activity / Akhmetova GS, Praliev KD, Ilyin AI, Datkhaev U. M ., Omyrzakov M.T., Korotetskiy I.S., Zubenko N.V. Kuznetsova T.V., Korotetskaya N.V., Dzhumagazieva A.B., Iskakbaeva Zh.A., Maksatova A.M., Seilkhanov O.T. publ. 06/26/2020, Bul. No. 25. (In Russian).
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ATTACHMENT E
EXPERIMENTAL PART

Experimental chemical part
The course of the reaction and the identity of the compounds were controlled by TLC on aluminum oxide of the third degree of activity, with the appearance of spots with iodine vapor. IR spectra were recorded on a Nicolet 5700 spectrometer in a thin layer between KBr plates. The 1H and 13C NMR spectra were registered on a JNM-ECA400 spectrometer from JEOL (400 and 100.8 MHz, respectively) in CDCl3, the internal standard is GMDS. 

1-(2-phenylethyl)-4-(3-phenoxypropine-1-yl)-4-hydroxypiperidine (2.3)

In a flat-bottomed flask on a magnetic stirrer, add 1.65 g (0.0295 mol) of powdered caustic potassium in 10 ml of absolute benzene and after 10 minutes, while stirring, dig in 3.79 ml (0.0295 mol) of 3-phenoxypropine-1 in 15 ml of absolute benzene. In this case, there is a slight heating and color change of the solution. After 30 minutes, 2 g (0.0098 mol) of 1-(2-phenylethyl is added)-piperidine-4-one (2.1) in 15 ml of absolute benzene. The reaction mixture is stirred for 7-8 hours at room temperature. The course of the reaction is monitored by TLC. 50 ml of dist is added to the reaction mixture. water that separates the layers. Water is extracted with benzene. Organic layers are combined and dried with magnesium sulfate. Filtered off the desiccant, the solvent is evaporated, the residue is recrystallized from hexane. Get 1.88 g (95.0 % of the theoretical) alcohol (2.3) in the form of white crystals with a t. PL. 112-114 0C, Rf 0.51 (eluent –benzene:dioxane–4:1). 

Found, % : C 78.91; H 7.91 C22H25NO2
Calculated, % : C 78.70; H 7.45

IR spectrum, cm-1: 613-755 (Ph); 3414(-OH).

1-(2-phenylethyl)-4-(3-phenoxypropine-1-yl) - 4-fluorobenzoyloxypiperidine hydroch-loride (2.5)

1.056 ml (0.0089 mol) of 4-fluorobenzoyl chloride in absolute dioxane slowly while mixing an influx of 2.0 g (0.0059 mol) of 1-(2-phenylethyl)-4-(3-phenoxypropine-1-yl)-4-hydroxypiperidine (2.3) in absolute dioxane. In this case, heating of the reaction mixture is detected. The mixture is kept for 24 hours at room temperature. For walking, reactions are controlled by TSH. Drive away the solvent. The rest is washed with diethyl ether, recrystallized from isopropanol. 1.56 g (53.0% of the theoretical) of 1 - (2-phenylethyl) - 4 - (3-phenoxypropin-1-yl) - 4-fluorobenzoyloxypiperidine (2.5) S. T. PL. 173-1760C, Rf 0.81 (Al2O3, eluent-benzene: dioxane - 3: 2).

Found,%: C 70.18; H 6.2 C29H29NO3ClF
Expressed,%: C 70,50; H 5.91.

Full-size image EF.).

1-(2-phenylethyl)-4-(3-phenoxyprop-1-in-1-yl)-4-cyclobutanecarbonyloxypiperidine hydrochloride (2.6)

0.7 g (0.0022 mol) 1-(2-phenylethyl)-4-(3-phenoxyprop-1-in-1-yl)piperidine-4-ol (2.3) is dissolved in a small amount of absolute dioxane, and a solution of 0.75 ml (0.0065 mol) of cyclobutanecarbonyl chloride in absolute dioxane is slowly added to this solution. Ratio piperita:acylating agent-1:3. The reaction mixture is heated for 15 minutes at a temperature of 600C and left at room temperature for 48 hours. The course of the reaction is controlled by TLC. During the week, the reaction mixture is heated at a temperature of 50-600C, the precipitate is filtered out, and the remainder is recrystallized from isopropanol. Get 0.35 g (36.84% of the theoretical) hydrochloride 1-(2-phenylethyl)-4-(3-phenoxyprop-1-in-1-yl)-4-cyclobutanecarbonyloxypiperidine (2.6) with t. PL. 77-800C, Rf 0.91 (Al2O3, eluent - benzene : dioxane - 3:2).

1-propyl-4-(3-naphthyloxypropine-1-yl)-4-fluorobenzoyloxypiperidine hydrochloride (2.7)

0.9 g (0.0028 mol) of 1-propyl-4-[3-(naft-1-yloxy)prop-1-in-1-yl]piperidin-4-ol (2.4) is dissolved in a small amount of absolute dioxane, then a solution of 1.32 g (0.0083 mol) of p-fluorobenzoyl chloride in absolute dioxane is slowly added to this solution with stirring. The reaction mixture is kept for 48 hours at room temperature. Monitoring the progress of the TLC reaction. The reaction mixture is washed with diethyl ether and the precipitate is filtered out and recrystallized from isopropyl alcohol. Get 0.98 g (73.13 % of the theoretical) of 1-propyl-4-(3-naphthyloxypropine-1-yl)-4-fluorobenzoyloxypiperidine (2.7) with a t. PL. 118-1200C, Rf 0.86 (Al2O3, eluent - benzene:dioxane - 4:1).

Found, %: C 69.54; H 6.76 C28H29NO3FCl.

Calculated, %: C 69.7; H 6.01.

1-propyl-4-(3-naphthyloxypropine-1-yl)-4-cyclohexanecarbonyloxypiperidine hydrochloride (2.8)

Mix solutions of 1 g (0.003 mol) 1-propyl-4-[3-(naft-1-yloxy)prop-1-in-1-yl]piperidin-4-ol (2.4) with a solution of 1.24 ml (0.01 mol) cyclohexanecarbonyl chloride. The reaction mixture is heated for 48 hours at 55-600C temperature in an oil bath. The course of the reaction is monitored by TLC. The reaction mixture is repeatedly washed with diethyl ether and the precipitate is filtered out and recrystallized from isopropanol. Get 1.04 g (71.72 % of the theoretical) of 1-propyl-4-(3-naphthyloxypropine-1-yl-4-cyclohexanecarbonyloxypiperidine (2.8) with t. PL. 152-1540C, Rf 0.83 (Al2O3, eluent - benzene:dioxane - 4:1).

Found, %: C 72.06; H 7.21 C28H36NO3Cl.

Calculated, %: C 71.55; H 7.72.

Synthesis of 3-(1-naphthyloxy)prop-1-in (2.9)

10 g (0.069 mol) of 1-naphthol is placed in a three-neck flask equipped with a mechanical stirrer, a drip funnel and a return refrigerator, 100 ml of anhydrous acetone is added and 12.35 g (0.089 mol) of calcined potash is added. When stirring, the reaction mixture is heated in a water bath at a temperature of 55-600C for 30 minutes. Then slowly dig in 9.158 ml (0.104 mol) of propargyl bromide. After adding the entire amount of propargyl bromide, the reaction mixture is stirred by heating until the 1-naphthol spot disappears completely according to TLC (only about 5 hours). After the reaction, acetone is distilled, the remainder is treated with 50 ml of an aqueous solution of 2% sodium hydroxide, extracted with 5x20 ml diethyl ether, and the combined ether extracts are dried over a desiccant (MgSO4). The solvent is evaporated dry and the remainder is distilled under vacuum (Kip. 140°C /1 mm Hg). 9.96 g of the substance is obtained with a yield of 78.8 %.

1-(2-phenylethyl)-4-[3-(naft-1-yloxy)prop-1-in-1-yl]-4-oxypiperidine 2.12

In a three-neck flask equipped with a mechanical stirrer, a drop funnel and a return refrigerator, 1.65 g (0.03 mol) of powdered technical KOH is added, 20 ml of absolute benzene is added, 5.378 g (0.03 mol) of 3-(1-naphthyloxy)prop-1-in (2.9) dissolved in 10 ml of absolute benzene is added to the mixture. After 30 minutes, slowly add 2 g (0.01 mol) of 1-(2-phenylethyl)piperidine-4-one in 10 ml absolute benzene. After the reaction, the mixture was decomposed with 10 ml of water when cooled with ice. The organic layer was separated, the water layer was extracted with 5x20 ml of benzene, and the benzene extracts were dried with a desiccant (MgSO4). After distilling the benzene, the residue, which is an oily substance, was converted to hydrochloride by the action of essential hydrochloric acid. 1-(2-phenylethyl)-4-[3-(naft-1-yloxy)prop-1-in-1-yl]-4-oxypiperidine 2.12 hydrochloride is a crystalline product of PL. 139-141 0C.

Found, %: C 73.84; H 6.45 C26H28NO2Cl.

Calculated, %: C 73.93; H 6.63.
1-(2-phenylethyl)-4-[3-(naft-2-yloxy)prop-1-in-1-yl]-4-oxypiperidine 2.13

2.19 g (0.04 mol) of powdered technical KOH is added to a three-neck flask equipped with a reverse refrigerator, a drip funnel and a stirrer, 20 ml of dry ether is added, and 3.585 g (0.0196 mol) of 3-(2-naphthyloxy)prop-1-in (2.10) dissolved in 15 ml of ether is added to the mixture. After 30 minutes, slowly add 2 g (0.0098 mol) of 1-(2-phenylethyl)piperidine-4-one in 10 ml of ether. After the reaction, the mixture was decomposed with 25 ml of water when cooled with ice. The ether layer was separated, the water layer was extracted with 5x20 ml of ether, and the ether extracts were dried with a desiccant (MgSO4). After distillation of the ether and recrystallization of the residue from the benzene-hexane mixture, 0.87 g of 1-(2-phenylethyl)-4-[3-(naft-2-yloxy)prop-1-in-1-yl]-4-oxypiperidine 2.13 was obtained, which is a crystalline product with a yield of 55 %, with a t. p. 94-96 0C.

Found, %: C 81.0; H 7.059 C26H27NO2.

Calculated, %: C 81.76; H 7.992  

1-(2-phenylethyl)-4-[3-(naft-2-yloxy)prop-1-in-1-yl]-4-oxypiperidine 2.14 hydrochloride

0.7 g of 1-(2-phenylethyl)-4-[3-(naft-2-yloxy)prop-1-in-1-yl]-4-oxypiperidine 2.13 is dissolved in diethyl ether, in the solution we drop Hcl in ether to a strongly acidic pH~1-2. White precipitation is observed. The crystals are filtered and recrystallized from isopropanol. 1-(2-phenylethyl)-4-[3-(naft-2-yloxy)prop-1-in-1-yl]-4-oxypiperidine 2.14 C t.PL. 173-175 0C is obtained.

Found, %: C 74.44; H 7.06 C26Н28NO2Cl.

Calculated, %: C 73.93; H 6.63       

Experimental biological part

a) the antimicrobial activity of compound 5 under the code A7 was studied in relation to strains of gram-positive bacteria Staphylococcus aureus, Bacillus subtilis, gram-negative strains of Escherichia coli, Pseudomonas aeruginosa and the yeast fungus Candida albicans by diffusion in agar (wells). Comparison drugs – gentamicin for bacteria and nystatin for the yeast fungus Candida albicans.

The cultures were grown on a liquid medium pH 7.3 ± 0.2 at a temperature from 30 to 350C for 18-20 hours. Cultures were diluted 1:1000 in a sterile 0.9% isotonic sodium chloride solution, 1 ml was added to cups with appropriate elective, nutrient media for the test strains under study, and sown using the "solid lawn"method. After drying, wells with a size of 6.0 mm were formed on the surface of the agar, into which a solution of the test samples, gentamicin, and nystatin was introduced. In the control, ethyl alcohol was used in equi-volume quantities. Thus, the test samples were tested in the amount of 1 mcg, and the comparison drug in the amount of 1 mg. Crops were incubated at 370C, and growing crops were recorded 24 hours later.
The antimicrobial activity of the samples was evaluated by the diameter of the growth retardation zones of the test strains (mm). The diameter of growth retardation zones is less than 10 mm and continuous growth in the Cup was evaluated as the absence of antibacterial activity, 10-15 mm – weak activity, 15-20 mm – moderate activity, and over 20 mm – pronounced. Each sample was tested in three parallel experiments. Statistical processing was performed using parametric statistics with calculation of the arithmetic mean and standard error.
b) Compounds (7,8) under the codes PIP-39, PIP-40 were studied for antimicrobial activity against Museum strains of microorganisms, the actions of these drugs were evaluated in vitro against Escherichia coli ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC 6538-p, Staphylococcus AUREUS ATCC-BAA-39, Candida albicans ATCC 10231. The research model includes the necessary minimum of tests with various degrees of sensitivity in vitro [72]. The research scheme is carried out in accordance with the methodological recommendations in force on the territory of the Republic of Kazakhstan, approved by the State Pharmacological Committee of the Republic of Kazakhstan [73].

Preparation of Museum cultures for research: reactivation, verification of viability and control of physiological and biochemical properties. Before the experiment, the microorganisms were subjected to reactivation (revival), followed by subcultivation. To determine the viability of the microorganisms taken in the experiment, the Koch method was used. All strains were found to have good viability exceeding 1011 CFU/ml. 

Determination of the minimum inhibitory concentration (MIC) of PIP drugs. Evaluation of the minimum inhibitory concentration (MIC) for the microorganisms taken in the experiment was carried out using the generally accepted method of double serial dilutions in Muller-Hinton broth. To prepare the base SOLUTIONS PIP-39, PIP-40 at a concentration of 4000 micrograms/ml, a sample of 0.2 g was dissolved in 50 ml of 0.9 % sodium chloride solution. Next was preparing two-fold serial dilutions from 2000 mkg/ml to 2 mkg/ml (2000 mkg/ml, 1000 mkg/ml, 500 mkg/ml, 250 mkg/ml, 125 mkg/ml, 63 mkg/ml, 31 mkg/ml, 16 mkg/ml, 8 mkg/ml, 4 mkg/ml, 2 mkg/ml). A freshly prepared suspension of the microorganism at a concentration of 106 CFU/ml was added to the prepared dilutions. The control was a test tube containing a nutrient medium with the tested strain. The crops were incubated in a thermostat at 37°C for 18-24 hours. After the incubation time has elapsed, each dilution is seeded on Petri dishes containing Muller-Hinton agar. Petri dishes with crops were incubated at 37°C for 18-24 hours. MIC was determined by the lowest concentration of PIP-39, PIP-40, which suppressed the visible growth of the tested microorganism.
In the control experiment, there was a plentiful growth of the tested strains.

Thus, it is shown that the directed introduction of a 4-fluorobenzoyl fragment into the structure of aryloxypropinylpiperidine led to compounds with antimicrobial activity, while the introduction of fragments of small cycles does not affect the manifestation of antimicrobial activity.
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work performed within the framework of grant funding for the project: "Development of original domestic innovative pharmaceutical substances (ligands) with anti-infective activity"

on the topic: "Conducting biological screening of new heteroorganic derivatives, studying samples of synthesized compounds for anti-infective activity"

Determination of antibacterial and mycotic activity was carried out on new heteroorganic derivatives synthesized at JSC “Institute of Chemical Sciences named after A.B. Bekturov "and provided under the codes:

- AIP-1 (1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride);

- AIP-2 (1- (2-phenylethyl) -4-adamantanecarbonyloxypiperidine hydrochloride);

- AIP-3 (1-methyl-4-adamantanecarbonyloxypiperidine hydrochloride);

- AIP-4 (1-propyl-4-adamantanecarbonyloxypiperidine hydrochloride);

- AIP-5 (1- (2-ethoxyethyl) -4-adamantanecarbonyloxypiperidine hydrochloride);

- AIP-6 (1- (3-ethoxypropyl) -4-adamantanecarbonyloxypiperidine hydrochloride);

- AIP-7 (complex with β-cyclodextrin of 1- (2-hydroxyethyl) -4-adamantanecarbonyloxy-piperidine hydrochloride);

- AIP-8 (complex with β-cyclodextrin adamantanecarbonyl amide piperidine);

- AIP-9 (complex with β-cyclodextrin adamantanecarbonylamide morpholine);

- AIP-10 (thiomorpholine adamantanecarbonylamide complex with β-cyclodextrin);

- AIP-11 (complex with β-cyclodextrin adamantanecarbonylamide phenylpiperazine);

- AIP-12 (complex with β-cyclodextrin adamantanecarbonylamide of diphenylmethyl-piperazine);

- AIP-13 (1- (2-phenylethyl) -4-carboxy-4-hydroxypiperidine hydrochloride);

- AIP-14 (1- (2-phenylethyl) -4-cyclopropanecarbonyloxypiperidine-4-carboxylic acid hydrochloride);

- AIP-15 - 1-benzyl-4- (p-fluorobenzoyloxyimino) piperidine hydrochloride;
- AIP-16 - 1-benzyl-4- (m-fluorobenzyloxyimino) piperidine hydrochloride;

- AIP-17 - 1-benzyl-4- (o-fluorobenzoyloxyimino) piperidine hydrochloride;

- AIP-18 - 1-benzyl-4- (2,6-difluorobenzyloxyimino) piperidine hydrochloride;

- AIP-19 - 1-benzyl-4- (p-trifluoromethylbenzoyloxyimino) piperidine hydrochloride;

- AIP-20 - 1-benzyl-4- (naphthyloxyimino) piperidine hydrochloride;

- AIP-21 - 1-benzyl-4- (adamantanecarbonyloxyimino) piperidine hydrochloride;

- AIP-22 - 1- (2-ethoxyethyl) -4- (2,6-difluoro) benzoyloxypiperidine hydrochloride;

- AIP-23 - 1 - (2-ethoxyethyl) - 4 - (p-trifluoromethyl)benzoyloxypiperidine hydrochloride;

- AIP-24 - 1-benzyl-4- (p-trifluoromethyl) benzoyloxypiperidine hydrochloride;

- AIP-25 - 1-methyl-4-carboxy-4-hydroxypiperidine hydrochloride;

- AIP-26 - 1-methyl-4- (o-fluorobenzoyloxy) piperidine-4-carboxylic acid hydrochloride;

- AIP-27 - 1-propyl-4-carboxy-4-hydroxypiperidine hydrochloride;

- AIP-28-1-benzyl-4-cyclopropanecarbonyloxypiperidine-4-carboxylic acid hydrochloride;
- AIP-29 - 1-(2-phenylethyl)-4-cyclopropanecarbonyloxypiperidine-4-carboxylic acid hydrochloride.

Samples were provided as dry substances. The data on the amount of the active substance in the substance were not provided, and in this regard, when preparing the base solutions of the tested substances, the initial substance was taken as 100%.

The study of antimicrobial (bactericidal and bacteriostatic) activity was carried out in accordance with the CLSI requirements. Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically; 11th ed. CLSI standard M07. Wayne, PA, USA, 2018.
The study of mycotic (fungicidal and fungiostatic) activity was carried out according to the CLSI requirements. Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts. 4th ed. CLSI standard M27. Wayne, PA, USA, 2017.

The study of the combined action of heteroorganic derivatives with reference substances (amoxicillin, gentamicin sulfate, nystatin) was carried out using the classical Checkerboard method in accordance with Eliopoulos G. and Moellering R. Antimicrobial combinations. In Antibiotics in Laboratory Medicine. 4th ed., Baltimore, MD, USA. pp. 331-396,1996.

The minimum bactericidal (fungicidal) concentration was considered the lowest concentration that suppressed the full growth of the test strain. The minimum bacteriostatic (fungiostatic) concentration was considered to be the concentration of heteroorganic derivatives that retarded the growth of the test strain.

Screening of new heteroorganic derivatives for anti-infective activity was carried out on the recommended sensitive test strains obtained from the collection of type cultures (ATCC, USA): Staphylococcus aureus ATCC 6538-P, Candida albicans ATCC 10231, Escherichia coli ATCC 8739.

The study of the combined action of new heteroorganic derivatives was carried out on multi-resistant forms of type cultures of Staphylococcus aureus ATCC BAA-39 and Escherichia coli ATCC BAA-196.

In the course of the conducted microbiological studies of heteroorganic derivatives in in vitro experiments, it was found that of the compounds AIP-3, AIP-4, AIP-5, AIP-6, AIP-7, AIP-9, AIP-13, AIP -14, AIP-17, AIP-22, AIP-23, AIP-25, AIP-26, AIP-27, AIP-28, the most promising for further study and targeting in relation to specific microorganisms can be identified:

• AIP-5, AIP-6, AIP-17, as substances to combat the pathogen S. aureus;

• AIP-5, AIP-13, AIP-23 as substances for fighting the E. coli pathogen;

• AIP-5, AIP-3, AIP-4, AIP-6, AIP-17, AIP-23 as substances for fighting the pathogen C. albicans.
AIP-23 should be noted, which exhibited bactericidal action against the susceptible E. coli ATCC 8739 and the multi-resistant E. coli ATCC BAA-196 on a par with the reference drug gentamicin sulfate at a concentration of 500 μg / ml and 250 μg / ml, respectively. ...

AIP-1, AIP-2, AIP-20, AIP-21 and AIP-8, AIP-10, AIP-11, AIP-12, AIP-15, AIP-16, AIP-18, AIP-19, AIP- 24, AIP-29 are insoluble in aqueous solutions, in this regard, solvents were used - ethyl alcohol and DMSO, respectively.

In this series of studied compounds, it is necessary to highlight the most promising for further study and targeting of specific microorganisms AIP-1, AIP-2, which have shown efficacy against sensitive test cultures Staphylococcus aureus ATCC 6538-P, Candida albicans ATCC 10231, Escherichia coli ATCC 8739, especially for C. albicans.

With respect to the multiresistant Staphylococcus aureus ATCC BAA-39, bactericidal activity was established for AIP-15 and AIP-16 at a concentration of 31 μg / ml and 63 μg / ml, respectively.

In an in vitro study of the combined effect of the antifungal drug nystatin with heteroorganic derivatives against the reference Candida albicans strain ATCC 10231, it was found that AIP-19, AIP-20 and AIP-21 exhibit a synergistic effect, reducing the values ​​of the minimum fungicidal concentrations of the two components from 4 to 8 time.

Mutual enhancement of antimicrobial activity manifested in the form of synergism is also observed with the combined action of AIP-15 with gentamicin, AIP-15 with amoxicillin, and AIP-16 with gentamicin against the multi-resistant Staphylococcus aureus ATCC BAA-39 test strain.
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ATTACHMENT G
Technology for obtaining substances f-7 and its quality specifications

To determine the technological and toxicological parameters of the leading compound F-7, it was necessary to synthesize it in large quantities in 3 series. Therefore, a chemical scheme for its production was developed, and then a technological and hardware scheme.

Chemical scheme for obtaining substance F-7
	Chemical synthesis scheme
	Process description
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       І by 45.24% 
	І. A solution of 3 g (0.0157 mol) of 1-benzyl-4-hydroxyperidine in chloroform and 3.43 g (0.0173 mol) of adamantanecarbonyl chloride in chloroform are mixed. Then weak heating of the reaction mixture is observed. The mixture is left overnight.
ІІ. 1-benzyl-4-adamantanecarbonyloxy-piperidine hydrochloride precipitates. The resulting salt is filtered and leached with diethyl ether. Recrystallizes from isopropanol. 

Raw material composition: 

1. 1-benzyl-4-hydroxypiperidine;
2. Adamantanecarbonyl chloride;
3. Chloroform; 
4. Diethyl ether; 
5. Isopropanol.


Technological scheme and installation for obtaining the substance F-7
Technological scheme and installation for obtaining substance F-7 The technological process for obtaining the F-7 substance consists of auxiliary works and main stages and their operations. Technological and hardware schemes for its production are presented in Figures G.1, G.2.
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Figure G. 2 - Hardware diagram of the production of substance F-7
Stage 1. Preparation of raw materials. 

We begin the preparation of the technological process, first of all, with auxiliary work. That is, we prepare the room, clean the desktop, rinse and wipe with 95% alcohol. Ventilation of premises and carrying out all cleaning activities (cleaning floors, all dust-collecting surfaces from dust). The cleanliness of staff and service clothes is checked. Serviceability and cleanliness of installations is checked. 

The raw materials are prepared for entering the unit, their compliance with the ND is checked. Excipients and materials are produced.

Stage 2. Carrying out the reaction. 

The raw material is placed in the installation. The reaction mixture is stirred. 

Stage 3. Sedimentation 

The reaction mixture is precipitated. 

Stage 4. Isolation of products. 

Stage 4.1. Filtration of sediment. 

Stage 4.2. Sludge washing. The precipitate is washed with diethyl ether. 

Stage 4.3. Recrystallization. The product is recrystallized from isopropanol. 

Stage 4.4. Product filtration. The product is filtered from isopropanol. 

Stage 4.5. Drying of the product. 

The product is dried in a drying plant. 

Product quality control is carried out. 

Stage 5. Folding, packing, marking. 

Stage 5.1. Flushing and drying of the bottle. 

Stage 5.2. Warehousing. 

Stage 5.3. Packaging marking.

In accordance with GOST 30288-95, the screw must place the substance in a glass bottle with a radiating neck and closed with a lid in accordance with ChS 6-09-5311-87. The container is wrapped outside with opaque paper in accordance with GOST 4665-62. Bottles are labeled with labeled labels. 
Finished product received. 
Thus, 1-benzyl-4-adamantanecarbonyloxypiperidine hydrochloride (F-7) goes through the stages of synthesis, substantiation of the structure, determination of biological activity, standardization, determination of stability, acute toxicity, the technology of its production as a substance has been developed.
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