[image: ]
[image: ]
4

5

[bookmark: _Hlk52889508]РЕФЕРАТ
Есеп      70 бет,    8 кесте,   10 сурет,. 30 әдеби көздер,   3 қосымша
ЭЛЕМЕНТТІ (N-,О-,S-,P- МЕН/НЕМЕСЕ F-)ОРГАНИКАЛЫҚ ЖҮЙЕЛЕР, БИОГЕНДІ МЕТАЛДАР ИОНДАРЫ БАР КЕШЕНДЕР, БИОБЕЛСЕНДІЛІК, ӨСІМДІКТЕР ӨСУІН ЫНТАЛАНДЫРҒЫШ, ҚҰРҒАҚШЫЛЫҚ, АДАПТОГЕН
Зерттеу объектілері элементті (N-,О-,S-,P- мен/немесе P-)органикалық заттар класы мен кейбір биогенді металдар иондары бар кешендерге жататын синтетикалық өсімдіктер өсуін ынталандырғыштар болып табылады.
Мақсаты: Элементті органикалық жүйелер қатарынан өсімдіктер үшін первентивті заттар мен/немесе адаптогендердің бағытталған дизайны. 
Жұмыс жүргізу әдісі мен әдістемесі. Қазақстандық-10, Северянка және Мирас үш бидай сорттарының өсімшелерінің өсуі мен дамуын реттейтін элементті (N-, O-, S-, P- мен/немесе F-)органикалық молекулаларын рационалды жобалау тәсілдері.
Жұмыс нәтижелері мен олардың жаңалығы. Нафтилксантогенат эфирлері мен нафтиламинбисдитиокарбамин қышқылының ацетилен, тиоангидридтер, феноксиалкил және алкил эфирлерін үш компонентті «one-pot» синтездеу жағдайлары жасалған.
Жаңа пирролидин-1, индолин-1, иминодибензил-1 және этилпиперазин-1 натрий карбодитиаттары синтезделді. нуклеофильділігі төмен азот атомды аминдер (индолин және иминодибензил) CS2-мен 43 және 31% шығыммен өнімдер береді, ал пирролидин мен этилпиперазин жоғары шығыммен (95% және 81%) мақсатты молекулаларға әкеледі. Co2+, Mn2+, Zn2+ және Cu2+ иондарымен синтезделген карбодиотиаттар кешендерінің синтезделу жағдайлары жасалды. Кобальт пен марганец иондарының координациялық саны 6, мырыш пен мыс 4 болатын кешендер түзетіндігі анықталды.
CAB-3, CAB-20 және CAB-23-ке бидайдың өсуі мен дамуының стимуляторлары, сондай-ақ (CAB-14, CAB-15, CAB-27 және CAB-32) тиімді ингибиторлар ретінде өсімдіктер үшін первентивті заттар мен/немесе адаптогендерге үміткерлерге кеңейтілген далалық зерттеулер жүргізу бойынша ұсыныстар берілді.
Қолданылу аймағы: жаңа гетеро(N-, S- мен/немесе P-) органикалық жүйелер және олардың металл кешендерін өсімдіктердің табиғи және техногенді күйзелістік жағдайларға қарсы (өсімдіктер адапогендері) қорғаныш қызметін күшейтетін өсімдік өсімінің стимуляторлары, ретерданттары мен/немесе құралдар ретінде қолдануға болады. 
Потенциалды тұтынушылары ретінде Қазақстанның нәзік органикалық синтезі мен агрокешені мекемелері бола алады. 

ANNOTATION
Report    70  p.,    8 tables,   10 pictures, 30 references,  3 Appendixes.
ELEMENTO(N-,O-,S-,P- AND/OR F-)ORGANIC SYSTEMS, COMPLEXES WITH BIOGENIC METAL IONS, BIOACTIVITY, PLANT GROWTH STIMULATOR, DROUGHT, ADAPTOGEN
The objects of research are synthetic plant growth regulators related to a family of elemento (N-, O-, S-, P- and/or F-) organic substances and some complexes with biogenic metal ions.
Purpose: Targeted design of preventive agents and/or adaptogens for plants in a family of organoelement systems.
Method and methodology of Research. Approaches for the rational design of an element(N-, O-, S-, P- and/or F-)organic molecule regulating the growth and development of seedlings of three wheat varieties Kazakhstanskaya-10, Severyanka and Miras.  
Research results and their novelty. The conditions for the three-component "one-pot" synthesis of naphthyl xanthate esters and acetylenic, thioanhydrides, phenoxyalkyl and alkyl esters of naphthylamine bisdithiocarbamic acid have been elaborated.
Novel pyrrolidine-1, indoline-1, iminodibenzyl-1 and ethylpiperazine-1 sodium carbodithioates have been synthesized. It has been shown that amines with a reduced nucleophilicity of the nitrogen atom (indoline and iminodibenzyl) with CS2 form products in 43 and 31% yields, while pyrrolidine and ethylpiperazine lead to the target molecules in high (95% and 81%) yields. The conditions of the synthesis of complexes of carbodithioates with Co2+, Mn2+, Zn2+, and Cu2+ ions have been developed. It was found that cobalt and manganese ions form complexes with coordination number 6, zinc and copper - 4.
Recommendations have been issued for conducting extended field studies of candidates for preventive agents and/or adaptogens for plants SAV-3, SAV-20 and SAV-23 as stimulators of wheat growth and development, as well as effective inhibitors (SAV-14, SAV-15, SAV -27 and SAV-32).
Using area: novel hetero(N-, S- and/or P-) organic systems and their metal complexes can be used as plant growth stimulators, retardants and/or agents that enhance their protective functions to natural and man-made stress situations (adaptogens for plants ).
Potential consumers can be enterprises of fine organic synthesis and agricultural complex of Kazakhstan.
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DEFINITIONS

In this R&D report, the following terms are used with appropriate definitions:

	Modification
	-
	(late Lat. Modification - change, from Lat. Modus - measure, type, image and facio - I do), modification, transformation, the emergence of novel properties

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

	Micro(trace)elements
	-
	chemical elements necessary for life in very small quantities. This includes boron, cobalt, copper, iodine, magnesium, manganese, molybdenum, and zinc. They are required for reactions involving enzymes and hormones.

	Biogenic elements
	-
	chemical elements that are constantly included in the composition of organisms and perform certain biological functions.

	Vital (irreplaceable)
	-
	biogenic elements that make up hormones, enzymes, vitamins, etc. (H, O, C, N, Ca, P, K, S, Cl, Na, Mg, Zn, Fe, Cu, I , Mn, V, Mo, Co, Se).

	Plant growth stimulant
	-
	a natural or synthetic compound that enhances the growth processes in plants.

	Retardant
	-
	a synthetic substance of various chemical nature that inhibits the growth of stems and shoots. They are one of the varieties of growth regulators. The main purpose of using retardants is to obtain plants with a strong stem and a powerful root system.










TERMS AND ABBREVIATIONS
In this R&D report, the following terms and abbreviations are used :

	R&D
	-
	Research and Development Project 

	FOS
	-
	Fine organic synthesis

	h
	-
	Hour 

	min
	-
	minute

	IR
	-
	Infra-Red spectra

	NMR
	-
	Nuclear Magnetic Resonance

	СDCl3
	-
	Deuterochloroform

	m.p.
	-
	melting temperature

	ТLC
	-
	thin layer chromatography

	β-CD
	-
	β- cyclodextrin

	
	
	

	
	
	

	
	
	

	
	
	





INTRODUCTION
The objects of research are synthetic plant growth regulators related to a family of elemento (N-, O-, S-, P- and/or F-) organic substances and some complexes with biogenic metal ions.
Purpose: Targeted design of preventive agents and/or adaptogens for plants in a family of organoelement systems.
Objectives:
-  scientific information support of research;
- to develop methods for improving the properties of candidates for preventive agents and/or adaptogens for plants;
- to study the relationship: reactivity - structure - physical and chemical properties;
- issuing recommendations for conducting extended field studies of candidates for preventive agents and/or adaptogens for plants.
This report is the result of the third (final) year of a three-year R&D cycle on the theme: "Target design of the preventive preparations and/or adaptogenes for plants in the organoelement systems family" (IRN project AP05131025, State Registration number 0118 RK 00109).
Stage of 2018: “Scientific bases of synthetic assembly of pharmacophore heteroatomic fragments, synthesis of potential preventive agents and/or adaptogens for plants” (Inventory number 0218RK00696).
Stage 2019: "To modulate synthetically systems: element (N-, O-, S-, P- and/or F-) organic compound+microelement" (Inventory number 0219RK00992).
[bookmark: _Hlk52868814]Stage 2020: " Basic scientific principles of target fine organic synthesis of novel preventive agents and/or adaptogens for plants in a series of organoelement systems".
Method and methodology of Research. The Research uses approaches to the rational design of an element (N-, O-, S-, P- and/or F-)organic molecule that regulates the growth and development of three wheat varieties Kazakhstanskaya-10, Severyanka and Miras.
Relevance. One of the main ways to increase the efficiency of fertilizers is the use of various additives modifiers in the form of plant growth regulators. The synthetic search for modifiers of mineral and organic fertilizers is most intense in the field of creating a molecule capable of not only stimulating plant growth, but also enhancing their protective functions against natural and man-made stress situations (adaptogens for plants).
Results of Research and their novelty. Novel potential growth stimulators and/or adaptogens for plants with a required nitrogen heterocycle (piperazine, indoline, pyrrolidine, iminodibenzyl), as well as naphthylamine and other pharmacophoric groups: propargyl, carbodithioleate, phenoxyalkyl and other biogenic metal ion and/or group.
Among the synthesized novel elemento(N-, O-, S-, P- and/or F-)organic systems, samples have beene found that stimulate seed germination, growth and development of seedlings of three wheat varieties (Kazakhstanskaya-10, Sereryanka and Miras.
[bookmark: _Hlk53135921]Chapter 1.1 Scientific information support of Research. It has been established that with an increase in demand for complex compounds of transition metals, the process of creating novel or modifying existing complex compounds that can be used as novel highly effective biological preparations or plant growth stimulants increases. There is a possibility to change the properties of a complex compound by changing the ion of one metal to another, which increases the prospects of using complex compounds in various industries. The addition of transition metal ions can compensate for their deficiency in living organisms and plants, and the organic ligand, in addition to its biological activity, helps the transition metals to pass into an accessible and rapidly assimilated form for living organisms and plants.
Chapter 1.2 To develop ways to improve the properties of candidates for preventive agents and/or adaptogens for plants. The conditions for three-component one-pot synthesis of aliphatic and aromatic esters of naphthylxanthate and acetylenic, thioanhydrides, phenoxyalkyl and alkyl esters of naphthylaminebisdithiocarbamic acid as potential growth regulators (retardants) of wheat have been developed. The IR spectra of O-naphthyl-1-S-3-phenoxypropylcarbonodithioate and O-naphthyl-1-S-2-ethoxyethylcarbonodithioate contain absorption bands of stretching vibrations of the C=S group in the region of 1145, 1037 cm-1, and at 689, 667 cm-1 shows an absorption band of the C-S bond. The spectrum of sodium dithiocarboxylate (naphthalen-1-yl) carbamodithioate is characterized by the presence of intense absorption bands in the field of 1158 cm-1 and 609 cm-1, indicating vibrations of C=S and C-S thiocarbonyl groups. In the propargyl derivative, the stretching vibrations of the ≡CH bond appear as a narrow intense absorption band in the region of 3251 cm-1. The IR spectrum of the thioanhydride contains an absorption band of the C=O group at 1772 cm-1. The NMR spectra confirm the assigned structure of the synthesized substances.
Chapter 1.3 To study the relationship: reactivity–structure–physicochemical properties. Novel pyrrolidine-1, indoline-1, iminodibenzyl-1 and ethylpiperazine-1 sodium carbodithioates have been synthesized. It was shown that amines with a reduced nucleophilicity of the nitrogen atom (indoline and iminodibenzyl) with carbon disulfide form products in 43 and 31% yields, while pyrrolidine and ethylpiperazine easily interact with CS2, forming target molecules in high (95% and 81%) yields. The conditions for the synthesis of complexes of pyrrolidine-1, indoline-1, iminodibenzyl-1, and ethylpiperazine-1 carbodithioates with Co2+, Mn2+, Zn2+ and Cu2+ ions have been developed. It had been found that cobalt and manganese ions form complexes with coordination number 6, zinc and copper - complexes with coordination number 4. In the IR spectra of substituted sodium carbodithioates in the field of 1117, 1159, 1066, 1018 cm-1 there is an absorption band of stretching vibrations С=S groups, at 997, 929, 912, 750 cm-1 ˗ C-S bond. The IR spectra of complexes of dithiocarbamates with metal ions do not show the absorption bands of the C=S group (1120 ˗ 1020 cm-1) and C-S bonds (990 ˗ 700 cm-1), or are shifted to the low-frequency region.
Chapter 1.4 Issuance of recommendations for carrying out extended field research of candidates for preventive agents and/ or adaptogens for plants. Bioscreening of elemento(N-, O-, S-, P- and/or F-) organic systems on seeds and seedlings of spring wheat varieties Kazakhstanskaya-10, Severyanka and Miras showed that pre-sowing treatment of seeds with SAV-37 ˗ SAV-44 plant height The highest percentage of suppression of plant height by an average of 10% and root length by an average of 50% was observed when processing SAV-48 plants. Recommendations have been issued for carrying out extended field studies of candidates for preventive agents and/or adaptogens for plants SAV-3, SAV-20 and SAV-23 as stimulators of wheat growth and development, as well as effective inhibitors (SAV-14, SAV-15, SAV-27 and SAV-32), consisting of: 1) expanding the varietal diversity of wheat (5-10); 2) in carrying out phenological observations at different stages of wheat development (seedlings - tillering - going into the tube - heading - flowering - grain filling - ripening) in comparison with the control experiment; 3) in carrying out a structural analysis after harvesting, including the determination of the plant height and the main elements of productivity - the mass of grain per plant and the mass of 1000 grains.
The planned Research was fully completed in accordance with the 2020 calendar plan. Published: 1 monograph, 5 articles, incl. 2 - in international journals with IF 2.197 (WoS Q2, Scopus percentile 64%) and IF 2.029 (WoS Q2, Scopus percentile 50%) and 3 articles in Kazakhstani journals recommended by CCSES. Research results have been reported at 3 international conferences. Received 2 patents of the Republic of Kazakhstan for a useful model.
Area of Application. Chemistry of biologically active substances. Target synthesis of polyheteroorganic compounds and from complexes with microelements.
Cost-effectiveness or value of Research. The significance of the Research lies in the development of methods for the synthesis of novel hetero-elemento(N-, O-, S-, P- and/or F-) organic systems+microelement with biological activity - stimulating seed germination, growth and development of the stem and roots of wheat. 2 RK patents for a useful model have been received.
Predictive assumptions about the development of the Research object. This report is final in a synthetic search for new preventive agents and/or adaptogens for plants in the family of elemento(N-, O-, S-, P- and/or F-) organoelement systems+microelement. 
APPENDIX A: Project publications 
APPENDIX B: Project Calendar Plan
APPENDIX C: Report  of  SAVs approbations

























1 Basic scientific principles of target fine organic synthesis of novel preventive agents and/or adaptogens for plants in a series of organoelement systems
1.1 [bookmark: _Hlk52435232]Scientific information support of Research
Due to the fact that part of R&D project is dedicated to synthesis of metal-containing derivatives synthesized polyfunctional compounds, publications review about biogenic metal ions role in plant and live organisms growth was held.   
Higher plants that contains chlorophyll as photostabilizer for nutrition and tissue synthesis consume from air and soil components (for example, CO2, O2, H2O, NO3-, SO42-, Cl-, Ca2+, Mg2+, Fe 2+, Mn2+, CO32- and etc.). These elements can be classified by three categories depends on plants requirements: macro-, micro- and usefull nutrition substances.
Macro- and nutrition substances (macroelements) are elements that need for plants in quantity from few until hundreds kg/ha. These elements are hydrogen, oxygen, nitrogen, carbon, phosphorus, calcium, magnesium and sulfur that related to “s” and “p” elements. Micro- and nutrition substances (Mn, Fe, Co, Ni, Cu, Zn, Mo, B) related to “d” elements except B (“s” element). These elements play important role in plants and microbiological life processes (Table 1.1). Participation in enzymatic systems is the most widespread role of given elements. 
All elements of macroelements include in number of most wildspread elements in nature, and micro- and nutrition substances considering as less common elements except iron. Higher plants requirements to hard acidic ions as Ca2+, K+, [PO2], can be obtained from soil components, and also from artificial fertilizers as Ca(NO3)2, (NH4)2SO4, Ca(H2PO4)2, K2SO4, KNO3 and etc. Micro- and nutrition substances considered as soft and bordering elements except Fe3+ and B3+. 
Indicated elements occur in nature as following compounds: magnesium – oxides, silicates and carbonates; iron – oxides, sulfides and silicates; cobalt – sulfides and silicates; nickel – sulfides and silicates; copper – sulfides, hydroxycarbonates and oxides; zinc – sulfides, carbonates and silicates. Molybdenum can be find as sulfides, oxides and molybdites. 
Human body contains about 60 detected chemical elements, but just 28 from them well-known as important elements as thought to participated in healthy functioning of organism. Dependence on concentration and dose elements, show beneficial, or harmful effects. Lots of elements that need for bacteria and plants not necessarily need directly to human. Six elements (C, H, O, N, S and P) contain about 98% all atoms that contain in proteins, nucleic acids, carbohydrates and other biological molecules. Consequently, all of them called biogenic elements, and they combine with each other to form molecules that are building blocks of the body [2]. 

Table 1.1 - Some microelements functions in higher plants

	Microelement
	Functions in plant

	Magnesium
	Activates the enzymes decarboxylase, dehydrogenase, and oxidase; an important element in photosynthesis, nitrogen metabolism, and nitrogen assimilation

	Iron
	Present in several peroxidase, catalase, and cytochrome oxidase enzymes; contained in ferredoxin, which participates in oxidation reduction reactions (for example, reduction of NO3- и SO42-, nitrogen fixation; an important element in chlorophyll

	Cobalt
	Necessary for nitrogen fixation; contained in vitamin

	Nickel
	Required as a component of a urease enzyme

	Zinc
	Present in several enzymes: in dehydrogenases, proteinases and peptidases; promotes the production of growth hormones and the formation of starch; promotes the maturation and production of seeds

	Molybdenum
	Present in enzymes with nitrogenase (nitrogen fixation) and nitrate reductase; necessary for nitrogen fixation and high oxidation state

	Boron
	Activates certain dehydrogenase enzymes; facilitates the movement of sugar, synthesis of nucleic acids and plant hormones; necessary for the formation and development of cells

	Copper
	Present in laccase and some other oxidase enzymes; important for photosynthesis, protein and carbohydrate metabolism, and probably nitrogen fixation



V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, F, Se, I elements belong to important microelements that in general contained in animals, plants and bacteria. Although these elements are necessary in small amount, but they play an important role in maintaining of effective work of organism [3]. Microelements that contains in human organism constitute just 0,01% of body mass. Each microelement concentration differs in different tissues of live organism. In particular, metalproteins represent about one third from all structurally characterized    proteins with biological activity, and more than 40% of all enzymes contain metals. These elements are necessary for supporting of brain biochemistry. Their fungible prevalent ionic forms and affinity to functional groups that encountered in proteins, are unique properties of transition metals that do their useful in biochemical oxidation-reduction reactions. Also, metals responsible for geometrics of enzymatically active centers, act as centers of reaction ability of enzymes and operate as biological factors that facilitates to oxidation-reduction. Transition metals that exist in several oxidation states serve as electrical carriers as oxidation transport accelerator, and as sites in which enzymatic catalysis happens. Sometimes equivalent reactions catalyst by proteins with different metallic centers; sites and metal sequestration proteins were developed separate for each type of metallic center.  Furthermore, any from microelements can be toxic, if inject it in large enough quantities, but for most of microelements normal physiological or dietary conditions extremely implausible for reach this kind of levels [2, 3]. 
Metalloorganic compounds (МОС) are substances that have bond between atom of metal and atom of carbon in molecules. By the type of bond MOC divided in two: 1) with σ-bond (for example, (СН3)3Al, C2H5MgI, C4H9Li) and 2) with π-bond (for example, ferrocene and bis-π-allyl-nickel). In first case MOC formed in general non transition metals, in second – transition. In this work interest represents the second type.
Compounds of transition metals – π-complexes – contain π-bonding organic ligands (for example, olefinic, acetylenic, allyl and etc.). In these MOC metal-organic ligand bond carried out as a result of interaction filled orbitals of ligand with vacant orbitals of metal (donor-acceptor of component) and as a result of reserve    supplying of electrons from metal orbitals to inferior vacant orbitals of ligand (dative component). In complexes metal can interact with all atoms of carbon with π-electronic system or just with several of them. Transition metals stabilize unsustainable organic molecules, ions and free radicals during coordination. Chemical properties of π-complex MOC depends mainly from ligand nature and    less from nature of central metal atoms. From the nature of metal and its oxidation state depends distribution of electronic density. Stoichiometry of many π -complexes obeys to effective atomic number rule (EAN, also Sidgwick rule). In accordance with it number of valent electrons of metal in complex should be equivalent to number of electrons in nearest shell to given metal inert gas. Rule determines metal atom’s ability most fulfilling use during bond formation with ligand it’s valent orbitals nd, (n+1)s and (п+1)p which can be filled with 18 electrons in sum. For counting EAN to number of electrons in external shell of metal atom (or ion) adds number electrons that formally transferable to metal atom from ligands. By these principle organic ligands classified to one-, two-, threeelectronic and etc. Deviation from rule occur for metal complexes that complete d-rows, for example, Cu, Ag, Au, or during the increasing metal’s oxidation state, i.e. in that cases when energetic gap between d- and distant s- and p-orbitals is increased. Nevertheless, EAN rule helps detect new compounds formulas. MOC of transition metals are stoichiometrically non-rigid (i.e. they undergo fast intramolecular regroupments) [4]. 
МОС applied in catalysis (for example, Ziegler–Natta catalyst) as reagent for nucleophilic alkylation or acylation in organic synthesis,  medication production and etc. [5]. 
To date in literature meets a lot of publications devoted to biological activity of metalloorganic compounds. Metalloorganic complexes constitute as anti-tumor preparations, catalysts, perspective new therapeutic agents. [6]. 
Phosphorus is one of the most important elements in live organisms. Although, from one side, phosphorus compounds can maintain life (endogens compounds), heal and prevent diseases (medications), from other side, they can restrict growth or destroy unwanted plants, insects and fungus (pesticides) or even people (nerve agents) [7]. 
Thousands of phosphorus compounds responsible for right functionating of human organism. However, phosphorous constitute about 1% from human weight, which shows that is has more biochemical functions than any other element. The largest amount of phosphorous present in bones and teeth (about 85%), 14% - in soft tissues, and left 1% - in blood and outvascular liquid [7]. 
α-Aminophosphonates are important class of compounds that in general have structural similarity with mutually similar α-aminoacids that often applied as enzyme inhibitors, antibiotics and pharmaceutical agents. Kabachnik-Fields reaction is one of the most convenient approaches for obtaining α-aminophosphonates [8]. 
The main method of obtaining α-aminophosphonates, valuable synthetic equivalents and biological active substrates includes condensation of primary and secondary amines, carbonyl compound (aldehyde or ketone) and dialkylphosphite [9].




α-Aminophosphonate acids considered as phosphorous analogs of α-aminoacids attract a big attention in medicine researches due to their low toxicity for mammals. They are considering as important targets during formulation of antibiotics, antiviral drugs,  antihypertensive and anti-tumor drugs based on their properties as inhibitors of GABA-receptors, enzymes and antimetabolites inhibitors. Diaryll-α-aminophosphonate derivatives are selective and highly effective inhibitors of  serine proteases, and therefore, can serve as intermediate element during pathophysiological processes of cancer growth, metastasis, osteoarthritis or heart failure. Dialkylglicyndecarboxylase and  leucineaminopeptidase also inhibited by α-aminophosphonates. Cyanoakryllic and amidic derivatives α-aminophosphonates are active antiviral compounds and deactivator of tobacco mosaic virus. It has been proven, that some α-aminophosphonates suited for device development with continuous release of medications due to their ability to increase membrane permeability for hydrophilic probe molecules [9]. 
α-Aminophosphonates possess lower amount of toxicity and a great ability to substitute natural aminoacids (mimetics), due to this they demonstrate high perspective applications in live organisms. They are also potential antioxidants, hypothetical radioproof agents, possible candidates to pesticides, herbicides or plant growth regulators, valuable instrumets for 31P-NMR-research of pH changing during biological processes in live organism, carriers or indicators (aminophosphonates based on chalic arene) for zwitterionic aminoacids. Also, compounds can be applied during separation and concentration of metal ions (due to complex formation ability of aminophosphonates), and also during inhibiting corrosive processes in pipe [10]. 
Insecticide О,O-dimethyl(1-hydroxyethyl-2,2,2-trichloro)phosphonate 1.1, widely known as trichlorphone or metriphonate is well-known α-hydroxyphosphonate which synthesized in 1950s, and   stopped applicableness due to it’s toxicity. Trichlofon 1.1 is prodrug which relatively easy transform into 2,2-dichlorovinyldimethylphosphate (DDVP) (1.2) and acts to flies, ticks, fleas and cockroaches. Pyrimidilcarboxylic acids form well-known family of herbicides. Synthesized new family of α-hydroxyphosphonates that contains pyrimidive skeleton and tested as herbicides from weeds. It’s shown that compound 1.3 possess highly activity regarding to Amaranthus retroflexus (type of relatively sustainable non-lethal weed [11]). 
The most well-known bioactive property of α-hydroxyphosphonates is their antibacterial activity. It’s indicated that α-hydroxyphosphonate 1.4 based on quinoline is effective antibiotic from gram-positive (Staphylococai, Bacillus megtesium-), and also, gram-negative (E.coli, Salmonella typhi и Proteus vulgaris) bacteria. Quinoline-3-carbaldehyde showed modest activity, but, with transferring it for relevant α-hydroxyphosphonate, bioactivity increased significantly. During the annelation tetrazolic ring to 4-similar ring compound was synthesized new class of antibacterial and antifungal α-hydroxyphosphonates (for example, 1.5). It was identified that deputies in benzene ring indicate effectiveness of compounds  against to studied strains. Phosphonate 1.5 showed high activity regarding to gram-positive Bacillus subtilis and gram-negative E.coli. Regarding to cytotoxicity as potential anti-tumor agents were α-hydroxyphosphonates family that bearing hydroxy group in aromatic ring.
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Obtained compounds were tested on two lines of human’s cancer (A594 and KB), and some from derivatives (including 1.6) showed excellent activity against both cell lines. Positive testing application of α-hydroxyphosphonates as antioxidants contributed to their universal usedness in organic chemistry and biochemistry. 1.7 and 1.8 derivatives were demonstrated high activity in absorption of free radicals same as ascorbic acid [7].
Tripeptides that contain α-hydroxyphosphanate part have been perspective inhibitors of human’s renin. 
Types of ligands including some organophosphorus compound that contain phosphoric acids and their esters, pyridine or quinoline derivatives and their metallic complexes demonstrate significant biological and pharmacological activity. These compounds can be considered as analogs of occurring in nature phosphates. In recent years a big attention received to synthesis of N-heterocyclic phosphonates and their platinum (II) and palladium (II) complexes due to their potential application and significant anti-tumor properties. 
Accordingly, coordination compounds with transition metals based on diethyl(pyridine-3-yl)methylphosphonate (3-pmpe) were synthesized. 


Stoichiometry of investigated complexes established from element analysis and  metal content determination. Analytical and spectroscopic results demonstrated that 3-pmpe is ligand that can form coordination compounds with nitrate salts of two valent metals that have molar relevance of metal ion to ligand 1:2. New series of synthesized nitrate complexes of transition metals that contains 3-pmpe as ligand  have general formula: [M(3-pmpe)2(H2O)2](NO3)2 (M = Cu2+, Co2+ and Ni2+) and [Zn(3-pmpe)2](NO3)2. Ligands that contains two donor atoms, heterocyclic atom of nitrogen and phosphorous atom of oxygen bind with bidentate bridging way through pyridine nitrogen atom and phosphoric oxygen. Magnetic behaviour of complexes Cu2+, Ni2+, Co2+ in range of temperature (1,8-300 K), and also, their spectroscopic properties allow to predict polymeric structure of all complexes with general formula {[M(3-pmpe)2(H2O)2](NO3)2}n (M=Cu2+, Ni2+, Co+2) and {[Zn(3-pmpe)2](NO3)2}n  and existence of weak antiferromagnetic exchanged bond between paramagnetic centers into linear chains with bridging  [M(3-pmpe)2M]n. 
Results showed that nitrate complexes of Cu2+, Ni2+, Co2+ with 3-pmpe ligand are sixcoordinated  formed by two N, O-bridging 3-pmpe ligands and two water molecules (chromophore MN2O4). Zn2+  compounds are fourcoordinated (chromophore ZnN2O2) [12]. 
Apart from nitrate complexes, also, synthesized other two phosphonates of transition metals, Cd2[OOCC5H3NPO3H]2·H2O and Zn[OOCC5H4NPO3]·H2O based on 5-phosphononicotine acid by hydrothermal reactions with fluorescent properties. 


Difraction of X-rays on monocrystal showed that Cd2+ is sixcoordinated with five atoms of oxygen and one atom of nitrogen (Figure1). 
[image: ]
Figure 1 – Ellipsoidal view of Cd2[OOCC5H3NPO3H]2·H2O [13]
Zn+2 is fourcoordinated with four atoms of oxygen (Figure 2) [13].
[image: ]
Figure 2 – Ellipsoidal view of Zn[OOCC5H4NPO3]·H2O [13]
Transition metal complexes based on glutamic acid were synthesized.2-Aminoglutamic acid is one of the 20 most widespread natural aminoacids, that counted one of the building blocks in protein synthesis. Triple complexes  obtained based on glutamic acid and L-arginine as ligands, and also, metalcarbonates CoCO3·3Co(OH)2, NiCO3·2Ni(OH)2·4H2O, CuCO3·Cu(OH)2· H2O and 2ZnCO3·3Zn(OH)2 [14]. Optimized geometry showed in Figure 3. Based on values of these triple complexes offered distorted octahedral structure for nickel, cobalt and zinc complexes, and square plane for copper complex [15]. 

[image: ]

Figure 3 – Optimized structure of Co2+ and Cu2+ complexes with most stable ligand orientation (Ni2+ and Zn2+ complexes have the similar geometry with Co complexes [15])

Therefore, it’s confident to assume that creation of new complexes with transition metals are relevant topic in nowadays. With increasing of demand to these kind of compounds, respectively increased creation process of new or modification existing complex compounds that can be applied as new high effectively biological drugs or plants growth stimulators [16-17].
In addition, it is possible to change properties of complex compound by changing one metal ion to other which increased perspectivity of application complex compounds in different fields. Addition of transition metal ions can compensate their lack in live organisms and plants, and organic ligand apart from it’s biological activity helps to transition metals switch to available and fast internalized form for living organisms and plants.

1.2 To develop ways for improving of the properties of the candidates for the preventive agent and/or plant adaptogens
Aromatic amines are important synthons in the synthesis of various biologically active substances. Pesticides, plant growth regulators and drugs were obtained on their basis. Compounds with a naphthyl radical remain poorly studied among aromatic amines.
[bookmark: _Hlk50637869]Naphthalene, a cytotoxic moiety, is a widely studied aromatic conjugate system with use in various pathophysiological conditions, namely, anticancer, antimicrobial, anti-inflammatory, antiviral, antituberculosis, antihypertensive, antidiabetic, antineurodegenerative, antipsychotic, anticonvulsant, and antidegenerative. Naphthalene epoxides and naphthoquinones are the most reactive metabolites of naphthalene and are responsible for covalent interaction with the aminoacid cysteine of cellular proteins. There are many bioactive phytoconstitutions obtained from naphthalene, including podophyllotoxins (etoposide, teniposide), bis-ANS 82, rifampicin, justyprocumin A, B, patentiflorin A in nature. Naphthalene molecules, namely nafiron, tolnaftate, naftifine, nafcillin, terbinafine, propranolol, and also nabumetone, nafimidone, naproxen, duloxetine, lasofoxifene, bedaquiline, etc. the FDA are marketed as therapeutic agents [18, 19]. 
Schiff bases - (Z) -N- (2-chlorobenzylidene)naphthalene-1-amine (CBN) and (Z)-N-(3-nitrobenzylidene)naphthalene-1-amine (NBN) were synthesized by the reaction of 1-naphthylamine with 2- chlorobenzaldehyde or 3-nitrobenzaldehyde. Electrochemical methods using potentiodynamic polarization and electrochemical spectroscopy have shown that they are excellent inhibitors of steel corrosion.




Poly-1-naphthylamine nanocomposites (1-PNC) with high photocatalytic activity were prepared in one stage by chemical oxidative polymerization of 1-naphthylamine in a nitric acid medium with ammonium peroxodisulfate in the presence of a copper ion. The obtained composites exhibit good catalytic activity in respect of borohydride. Copper 1-PNC composites exhibit increased dielectric constant and electrical conductivity [20].
The authors of [21] developed and synthesized a new simple DA sensor based on 1,8-diaminonaphthalene (DA), which was investigated for colorimetric and fluorometric detection of Cu + 2 in a wide pH range in DMSO / H2O in the environment, food and beverages. DA was synthesized by the interaction of naphthalene-1,8-diamine and 4-(diethylamino)-2-hydroxybenzaldehyde in ethanol at reflux for 6 h.


 
2-Naphthyl-scuramide, 3-methoxy-4-(2-naphthalenylamino)-3-cyclobutene-1,2-dione (SQ-NPh1) and bis-3,4-(2-naphthalenylamino)-3-cyclobutene-1, 2-dione (SQ-NPh2) were obtained by condensation of dimethylsquarate and 2-naphthylamine [22].




Both scuramides have an ultravisible (220-370 nm) and near-infrared (780-800 nm) fluorescence absorption. In addition, NIR fluorescent dyes have a fairly high thermal stability, and can be used as a highly stable advanced photochemical material.
Thus, derivatives of the naphthalene series possess a wide spectrum of activity and have a high potential for the synthesis of new biologically active compounds.
Depending on the nature of the functional groups, naphthol-containing compounds are widely used both in agriculture as fungicides, herbicides, retardants and plant growth regulators [23-25], and in medicine as antiviral, antimicrobial, antitumor drugs and inhibitors of various enzymes [ 26-28]. Derivatives of naphthols are also used as synthons in the preparation of polymer materials for solar cells, semiconductors, conductors and power supplies [29, 30].
We had developed “one-pot” conditions for the three-component synthesis of aliphatic and aromatic naphthylxanthate esters in order to synthesize new sulfur-containing derivatives of naphthol.
The reaction of α-naphthol with carbon disulfide and phenoxypropyl and ethoxyethyl halides was carried out in acetonitrile at room temperature for 2.5 - 4 h.



Isolation of the product from the reaction mixtures was carried out by column chromatography on aluminum oxide, eluent acetone - hexane (1:10). O-naphthyl-1-S-3-phenoxypropylcarbonodithioate (2.1) O-naphthyl-1-S-2-ethoxyethylcarbonodithioate (2.2) was obtained in 50% yields.
The IR spectra of compounds 2.1, 2.2 contain absorption bands of stretching vibrations of the C = S group in the region of 1145, 1037 cm-1. The absorption band of stretching vibrations of the C-S bond appears in the region of 689, 667 cm-1.
In the NMR spectra of the compounds 2.1, 2.2, the protons of the methylene group bound to the oxygen atom resonate in the region of 4.16, 4.25, and 3.32 ppm. The signals of the protons of the methylene group, bound directly to the sulfur atom, in the form of a triplet are shifted to the weak field region - 2.85 and 3.68 ppm. Signals of protons of phenoxy groups of ethers and protons of naphthalene nucleus are located in the weak field region of 6.76-8.27 ppm. Analysis of the 13С NMR spectra (Table 2.1) confirms the structure of the compounds 2.1, 2.2.
The chemical shift of the carbon atom of the methylene group bound to the sulfur atom is found in the region of 32.63-36.63 ppm. In the spectra of phenoxyalkyl ethers low-field signal at 65.36, 66.59 and 68.90 ppm is assigned to the carbon atom of the methylene group bound to the oxygen atom. Signal in the high-field region of 15.32 ppm. refer to CH3. The signals of the carbon atoms of the phenoxy group and the naphthalene ring 2.1, 2.2 are found in the region of 104.95-154.69 ppm. The carbon atom of the C = S bond resonates in the weak field regions at 223.33 and 224.20 ppm.


Table 2.1 - 1Н and 13С NMR spectra data of the compounds 2.1, 2.2 

	Compound
	1H NMR spectrum (δ, ppm, J (Hz)
	13С NMR spectrum (δ, ppm)

	
	SСН2
(СН2O)
	naphthyl
	ОС6Н5
(СН3)
	SСН2
(СН2O)
	naphthyl
	C=S
	[bookmark: _Hlk50538550]ОС6Н5
(СН3)

	2.1
	2,85;
(4,16)
	6,94-8,35
	7,02- 7,10; 7,41- 7,43
	32,63
(65,36)
	153,39;105,52;
125,51; 21,28; 126,51;125,71;
122,22; 21,70;
127,58;134,65;
	223,33
	114,74; 121,16; 129,77; 158,91

	2.2
	3,68;
(4,25; 3,32)
	6,76-8,27
	(1,16)
	36,63
(66,59; 68,90)
	154,69;104,95;
125,18; 20,48; 126,45;125,90;
122,24; 21,43;
127,46;134,55;
	224,20
	(15,23)



Thus, new potentially biologically active phenoxypropyl and ethoxyethyl esters of naphthyl xanthagenate were obtained as a result of "one-pot" three-component synthesis.
The synthesis and production of α-naphthylamine dithiocarbamate salt was carried out. α-Naphthylamine dithiocarbamate salt with a yield of 96% was synthesized by the interaction of α-naphthylamine with sodium hydroxide and carbon disulfide in anhydrous alcohol at room temperature. 



In the IR spectrum of the obtained compound 2.3, the presence of an intense absorption band in the region of 1158 cm– 1 and 609 cm– 1 indicates the vibrations of C=S and C–S thiocarbonyl groups.
Continuing our research, the reaction of propargylation and acylation of sodium dithiocarboxylate(naphthalen-1-yl)carbamodithioate 2.3 was investigated in order to study the reactivity and synthesis of new derivatives of naphthylamines and other analogs. The propargylation and acylation reactions were carried out by the interaction of sodium dithiocarboxylate(naphthalen-1-yl)carbamodithioate 2.3 with propargyl bromide and benzoic acid chloride in acetone at room temperature: 



As a result, prop-2-yn-1-ylnaphthalen-1-yl((prop-2-yl-1-ylthio)carbonothioyl)carbamo-dithioate 2.4 and benzoic dithiocarboxylate(naphthalen-1-yl)carbamodithione thioanhydride 2.5 were synthesized in 91% and 66% yield, accordingly.
In the IR spectra of compounds 2.4, 2.5, absorption bands of stretching vibrations of the С = S group are found in the region of 1146, 1027 cm– 1. The absorption band of stretching vibrations of the C-S bond appears in the region of 678, 669 cm-1. In compound 2.4, the stretching vibrations of the CH bond appear in the form of a narrow intense absorption band in the region of 3251 cm–1. The presence in the IR spectrum of compound 2.5 of the intense absorption band of the C=O group at 1772 cm–1 indicates the formation of a thioanhydride. 
In the 1H NMR spectrum of prop-2-yl-1-ylnaphthalen-1-yl((prop-2-yn-1-ylthio)carbonothioyl)carbamodithioate 2.4, the signal of the acetylene proton appears as a triplet in the strong field region of 2.20 ppm. The protons of the methylene group resonate as a singlet at 3.79 ppm. The protons of the naphthalene ring resonate in a weak field 7.37-8.03 ppm. In the PMR spectrum of benzoic dithiocarboxylate(naphthalen-1-yl)carbamodithione thioanhydride 2.5, the protons of the naphthalene and benzene rings are found at 7.34-8.04 ppm. 
In the 13C NMR spectrum of the compound 2.4, the carbon atom of the C = S bond resonates as a singlet at 211.98 ppm. The signals of the carbon atoms of the acetylene bond appear at 70.58 and 71.96 ppm, signals at 122.69; 123.63; 125.62; 127.27; 127.46; 127.55; 127.85; 128.57; 129.25; 134.01 ppm are assigned to the carbon atoms of the naphthalene ring. The signals of the carbon atom of the C=O and C=S groups appear in the low-field region (205.10 ppm and 207.39 ppm), the signals of naphthalene and benzene carbon atoms are found in the spectral region of 122.67-137.98 ppm in the spectrum of compound 2.5.
The reaction of sodium dithiocarboxylate(naphthalen-1-yl)carbamodithioate 2.3 with 2-methoxyethyl-, 2-ethoxyethyl, phenoxypropyl-, phenoxyethyl bromides was carried out in acetone at room temperature for 1.5-2 h. 




Isolation of the esters (2.6-2.9) from the reaction mixtures was carried out by column chromatography, eluent acetone - hexane (1: 5). The esters was isolated in the following yields: 2-methoxyethyl(((2-methoxyethyl)thio)carbonothioyl)(naphthalen-1-yl)carbamodithioate 2.6 - 71%, 2-ethoxyethyl(((2-ethoxyethyl) thio carbonothioyl ) (naphthalen-1-yl)carbamodithioate 2.7 - 88%, 3-phenoxypropylnaphthalen-1-yl(((3-phenoxypropyl)thio)carbonothioyl)carbamo dithioate 2.8 - 77% and 2-phenoxyethylnaphthalen-1-yl(((2- phenoxyethyl)thio)carbonothioyl) carbamodi-thioate 2.9 - 80%.
In the PMR spectra (Table 2.2) of compounds 2.6-2.9, the signal of the protons of the methylene group bound directly to the sulfur atom appears as a singlet at 3.22-3.58 ppm. Singlets in the region of 3.55 - 4.57 ppm are assigned to the protons of the methylene group bound to the oxygen atom. The protons of phenoxy groups of ethers and protons of the naphthalene nucleus resonate in the region of a weak field (6.87-8.17 ppm).

Table 2.2 - Data of 1H NMR spectra of esters 2.6-2.9 

	Com-pound 
	1H NMR spectrum (δ, ppm, J (Hz)

	
	SСН2
	СН2O
	СН2
	OСН3
(СH3)
	naphthyl 
	ОС6Н5

	2.5
	3,27
	3,55
	-
	1,33
	7,35-8,07
	-

	2.7
	3,20
	4,50; 3,52
	-
	(1,27)
	7,26-7,95
	-

	2.8
	3,22
	4,57
	2,82
	-
	7,48-8,00
	6,87- 6,89;
7,22-7,76

	2.9
	3,58
	4,25
	-
	-
	7,45-8,17
	6,95-6,97;
7,32-7,35



Analysis of the 13C NMR spectra data (Table 2.3) confirms the structure of the compounds 2.6-2.9. The carbon atom of the methyl group of ethers 2.6, 2.7 resonates at 15.22, 58.74 ppm. The chemical shift of the carbon atoms of the methylene group bound to the sulfur atom is found at 32.84-35.62 ppm. In the spectra of naphthylaminebisdithiocarbamic acid esters, the low-field signal at 66.36-70.65 ppm is assigned to the carbon atom of the methylene group bound to oxygen. The signals of the carbon atoms of the naphthyl and phenyl rings of naphthylaminebisdithiocarbamic acid esters 2.6-2.9 are found at 114.80-158.88 ppm. The carbon atom of the C = S bond resonates at 214.39-214.55 ppm. 

Table 2.3 - 13С NMR spectra data of the compounds 2.6-2.9 

	Сom-pound
	13С NMR spectrum (δ, ppm)

	
	SСН2
	СН2O
	СН2
	OСН3
(CH3)
	naphthyl
	ОС6Н5
	С=S

	2.5
	35,45
	70,14
	-
	58.74
	122,64;123,53;125,52;127,19; 127,47; 127,78;127,85;128,50; 129,35; 134,11
	-
	214,53

	2.7
	35.62
	66,36;
70,24
	-
	(15.22)
	122,51;123,46; 125,49;127,14; 127,42;127,73;127,89; 128,46; 129,17; 133,93
	-
	214.46

	2.8
	32,84
	70,65
	28.43
	-
	122,35;123,46;126,35;127,84; 128,37;128,70;129,00; 129,20; 129,98; 134,11
	114.89;
121,11;
129,98;
158,88
	214.55

	2.9
	35.16
	70,49
	-
	-
	122,86;123,69; 125,63; 127,33; 127,60; 127,91; 128,62; 129,40; 129,72; 134,12
	114.80;
121,35;
129,72;
158,49
	214.39



1.3 To study the relationship: reactivity - structure - physical and chemical properties
Sodium dithiocarbamates based on pyrrolidine, indoline, iminodibenzyl, 1-ethylpiperazine were synthesized in order to search and create new organoelement systems.
The synthesis of sodium dithiocarbamates was carried out by the interaction of heterocyclic amines (pyrrolidine, indoline, iminodibenzyl, 1-ethylpiperazine) with carbon disulfide in the presence of sodium hydroxide in ethanol at room temperature (~ 22 ° C).



Isolation of the synthesized dithiocarbamates from the reaction mixture was carried out by recrystallization from acetonitrile. As a result, were isolated in appropriate yields sodium pyrrolidine-1-carbodithioate (95%), sodium indoline-1-carbodithioate (43%), sodium iminodibenzyl-1-carbodithioate (31%) and sodium 1-ethylpiperazine-1-carbodithioate (81%). 
There is an absorption band characteristic for stretching vibrations of the C = S group in the range of 1117, 1159, 1066, 1018 cm-1 in the IR spectra of compounds 2.10-2.13. The absorption band of stretching vibrations of the C-S bond appears in the region of 997, 929, 912, 750 cm-1.
Conditions for the synthesis of complexes of sodium pyrrolidine-, indoline-, iminodibenzyl-, 1-ethylpiperazindithiocarbamates with metal ions Co2+, Mn2+, Cu2+ and Zn2+ were developed in order to synthesize new organoelement systems. The complexes were synthesized by the interaction of aqueous solutions of sodium dithiocarbamates with salts of microelements Co2+, Mn2+, Cu2+, and Zn2+ at room temperature for 2 h.


As a result, complexes of dithiocarbamates with metal ions were synthesized in corresponding yields: Co2+ (86.7; 90.6; 92.7%), Mn2+ (60.5; 91.4; 58.7%), Cu2+ (81.9; 88.1; 75.08%) and Zn2+ (80.8; 72.5; 86.1%).
Analysis of the IR spectra of dithiocarbamates complexes with the metals Co2+ and Mn2+ showed that due to the symmetry of the formed complexes do not appear the absorption bands of vibrations of the C = S group in the region of 1120-1020 cm-1 and C-S bonds in the region of 990-700 cm-1. These absorption bands are shifted to the low-frequency region in IR spectra of complexes with the metals Zn2+ and Cu2+. It confirms the formation of complexes with metals.
The content of metals in the complexes was determined by the atomic adsorption spectrometry. The coordination number and the nature of the formation of complex compounds were determined according to the quantitative content of metals. Thus, the following cobalt content was found in cobalt-containing complexes: 12.2% (2.10), 4.4% (2.11) and 9.52% (2.13), that corresponds to the calculated theoretical one and confirms the formation of complexes with the coordination number of cobalt 6. Manganese in the process of complexation with dithiocarbamates also forms complexes with a coordination number of 6, as evidenced by the corresponding calculated determined Mn content: 13.0% (2.10), 7.82% (2.11), and 10.2% (2.13). Manganese in the process of complexation with dithiocarbamates also forms complexes with the coordination number of 6, that evidenced by the corresponding calculated determined Mn content: 13.0% (2.10), 7.82% (2.11) and 10.2% (2.13).
Manganese in the process of complexation with dithiocarbamates also forms complexes with a coordination number of 6, as evidenced by the corresponding calculated determined Mn content: 13.0% (2.10), 7.82% (2.11) and 10.2% (2.13). In zinc-containing complexes, the zinc content 17.5% (2.10), 6.51% (2.11) and 14.8% (2.13) confirms the formation of the complexes with dithiocarbamates with a zinc coordination number 4. In copper-containing complexes, the copper content is 17.2% (2.10), 10.8% (2.11) and 13.0% (2.13) correspond to the complexes with a copper coordination number of 4.

[bookmark: _Hlk22809055]1.4  Issuance of recommendations for carrying out extended field studies of candidates for preventive agents and/or adaptogens for plants
[bookmark: _Hlk52542780]Biotests of samples of synthesized substances under the code SAV have been carried out at the Institute of Plant Biology and Biotechnology by Candidate of Biological Sciences T.E. Li.
One of the main methods of increasing the yield of grain crops is the preparation of seed material in order to disinfect it, protect seedlings from external pathogenic factors and increase resistance to them, as well as stimulate the growth and development of plants, both during the germination of seeds and during the growing season by processing them growth regulators.
Plant height and root length were measured in 15 plants. The Tables show the mean and standard deviation for each SAV versus control.
Pre-sowing treatment of seeds SAV-37-SAV-40 did not reveal any noticeable differences in germination of wheat of three varieties against the background of control (water) (Figure 4).
                    [image: ]
                     Control      SAV-37        SAV-38       SAV-39     SAV-40
Figure 4 - 2-day-old wheat seedlings with pre-sowing treatment with SAV-37-SAV-40 against the background of control (water)

            [image: IMG-5869]
             Control                SAV-37          SAV-38         SAV-39        SAV-40
Figure 5 - 10-day-old wheat seedlings of varieties Kazakhstanskaya-10, Miras and Severyanka treated with SAV-37-SAV-40

The results of the experiments showed that the pre-sowing treatment of the SAV-37 – SAV-40 seeds inhibited the plant height from 6% to 24%, and the root length decreased from 12% to 25% in Kazakhstanskaya-10. In the Severyanka variety, the inhibition of plant growth and root length was noticeably lower - from 2% to 6% and from 7% to 16%, respectively. For the Miras cultivar, no noticeable effect of SAV-37-SAV-40 on plant growth was recorded, but it affected the length of the roots - growth inhibition was observed by about 15%. Treatment of seeds and plants with CAB-40 led to the greatest inhibition of the stem length and root length in the Kazakhstanskaya-10 variety, by about 25% (Table 2.4).
It has been showed that the treatment of seeds and plants with SAV-41 – SAV-44 led to a decrease in the height of plants and the length of roots to one degree or another. The highest percentage of suppression of plant height by an average of 12% and root length by an average of 32% was observed when processing CAB-41 plants (Figure 6, Table 2.5).
Table 2.4 - Biometric data of wheat of three varieties in the control and in the presence of SAV-37, SAV-38, SAV-39 and SAV-40; n = 15

	SAV

	Kazakhstanskaya-10
	Severyanka 
	Miras 

	
	Stem length

	Root 
length
	Stem length

	Root 
length
	Stem length

	Root 
length

	Control
	23,07± 1,15
	8,07±1,9
	21,03±1,79
	7,88±1,86
	19,53±1,26
	8,91±2,5

	SAV-37
	21,69±1,24
6%
	6,22±1,1
23%
	19,79±1,29
6%
	7,35±1,87
7%
	19,47±1,22

	7,41±2,12
17%

	SAV-38
	20,09±0,97
13%
	7,18±1,27
12%
	20,19±1,35
4%
	7,06±1,11
11%
	20,26±0,87

	7,47±1,74
16%

	SAV-39
	19,91±1,05
14%
	6,88±0,91
15%
	20,59±1,4
2%
	6,59±0,86
16%
	18,81±1,22

	7,77±3,95
13%

	SAV-40
	17,69±1,4
24%
	6,06±0,57
25%
	20,13±1,49
4%
	6,73±0,9
15%
	20,71±1,72

	7,79±1,21
13%


[bookmark: _GoBack]
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          Control                SAV-41                  SAV-42                SAV-43        SAV-44 
Figure 6 - 10-day-old wheat seedlings of varieties Kazakhstanskaya-10, Miras and Severyanka with treatment of seeds and plants SAV-41 – SAV-44.

Pre-sowing seed treatment with SAV-45 – SAV-48 did not reveal noticeable differences in germination of wheat of three varieties against the background of control (data not shown).

Table 2.5 - Biometric data of wheat of three varieties in the control and in the presence of SAV-41, SAV-42, SAV-43 and SAV-44; n = 15

	SAV

	Kazakhstanskaya-10
	Severyanka
	Miras

	
	Stem
length
	Root
length
	Stem
length
	Root
length
	Stem length
	Root
length

	Control
	19,71±1,13
	9,29±1,35
	19,5±1,29
	10,27±1,97
	17,96±1,05
	11±2,06

	SAV 41
	18,91±1,14

	6,56±1,03
29,4%
	17,38±1,11
11,9%
	7,08±0,96
31,1%
	17,53±0,74

	7±0,77
36,4%

	SAV 42
	19,53±1,17

	8,06±0,57
13,2%
	17,63±1,37
9,6%
	8,63±1,38
16%
	17,71±0,67

	10,44±1,66
5%

	SAV 43
	19,65±1,42

	8,53±1,27
8,2%
	17,91±1,2
8,1%
	7,23±1,51
29,6%
	19,09±0,83

	9,38±1,21
14,7%

	SAV 44
	19,07±0,93

	7,6±1,69
18,2%
	16,5±1,83
15,4%
	9,46±1,91
7,9%
	18,39±0,81

	9,25±1,77
16%



The results of the experiments showed that the treatment of seeds and plants of wheat varieties Kazakhstanskaya-10, Miras and Severyanka SAV-45-SAV-48 led to inhibition to one degree or another of plant height and root length. The highest percent inhibition of plant height by an average of 10% and root length by an average of 50% was observed when plants were treated with SAV-48. The root system in plants treated with SAV-48 was fibrous and markedly shortened.
Table 2.6 shows data on screening SAV-45 – SAV-48.

Table 2.6 - Biometric data of wheat of three varieties in the control and in the presence of SAV-45, SAV-46, SAV-47 and SAV-48; n = 15

	SAV

	Kazakhstanskaya-10
	Severyanka
	Miras

	
	Stem length
	Root
length
	Stem length
	Root
length
	Stem length
	Root
length

	Control
	19,87±1,01
	11,6±1,71
	20,78±1,32
	8,75±1,3
	18,06±0,7
	11,18±1,84

	SAV-45
	18,63±0,58
6,2%
	8,5±0,74
26,7%
	18,81±1,67
9,5%
	9,08±1,15

	17,5±1,09
3,1%
	9,32±1,03
16,6%

	SAV-46
	18,75±0,95
5,6%
	8,95±0,91
22,8%
	19,74±1,51
5%
	8,92±1,41

	17,22±1,1
4,6%
	10,46±1,16
6,4%

	SAV-47
	18,91±1,23
4,8%
	10,23±1,16
11,8%
	19,97±1,01
3,9%
	8,82±0,92

	17,68±1,21
2,1%
	10,07±0,9
10%

	SAV-48
	17,41±0,96
12,4%
	5,03±0,45
56,6%
	18,09±1,3
13%
	5,15±0,45
41,1%
	16,76±1,06
7,2%
	4,59±0,84
58,9%



Thus, bioscreening of elemento(N-, O-, S-, P- and/or F-) organic systems on seeds and seedlings of spring wheat varieties Kazakhstanskaya-10, Severyanka and Miras showed that the pre-sowing treatment of seeds with SAV-37–SAV-40 lowered the plant height from 6% to 24%, and the root length decreased from 12% to 25% in the Kazakhstanskaya-10 variety. In the Severyanka variety, the inhibition of plant growth and root length was noticeably lower: from 2% to 6% and from 7% to 16%, respectively. For cultivar Miras, no noticeable effect of SAV-37 – SAV-40 on plant growth was recorded, but there was an inhibition of root growth by about 15%. Treatment of seeds and plants with SAV-40 led to the greatest inhibition of stem length and root length in the Kazakhstanskaya-10 variety, by about 25%. Treatment of seeds and plants with SAV-41 – SAV-44 resulted in inhibition, to varying degrees, of plant height and root length. The highest inhibition of plant height by an average of 12% and root length by an average of 32% was observed when plants were treated with SAV-41. The highest percentage of inhibition of plant height by an average of 10% and root length by an average of 50% was observed when plants were treated with SAV-48.
Bioscreening (2018) of wheat varieties Kazakhstanskaya-10, Severyanka and Miras showed significant stimulation of growth and development in the presence of SAV-3 - the stem by about 30% and the root by 20%. And at the beginning of April 2020, experiments were laid at the Kazakh Research Institute of Agriculture and Plant growing field station, Almalybak settlement. Sowing of spring wheat of three varieties Kazakhstanskaya-10, Severyanka and Miras with pre-sowing treatment of seeds with a growth stimulator SAV-3 against the background of control without treatment. Phenological observations were carried out in different phases of the growing season before harvest at the end of July 2020 (Figure 7,8). The results of a comparative analysis of the main structural elements of the yield (grain weight per plant, 1000 grain weight, etc.) with pre-sowing treatment with SAV-3 against the background of control plants are presented in Table 2.7.
              [image: IMG-2960]
Figure 7 - Sowing of spring wheat at the field station Kazakh Research Institute of Agriculture and Plant growing, Almalybak settlement 

In Figure 7, it can visualize a noticeable difference in the growth of wheat plants without SAV-3 seed treatment (rows on the left) and with pre-sowing seed treatment with SAV-3 (rows on the right). Plants with pre-sowing seed treatment with SAV-3 were noticeably higher than control plants in the tillering phases (tube emergence). Subsequently, the structural analysis of the yield showed a significant increase in the main elements of productivity - the mass of grain per plant and the mass of 1000 grains in plants with pre-sowing treatment of seeds with SAV-3 (Table 2.7).
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Kazakhstanskaya-10     Kazakhstanskaya-10+SAV-3
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  Miras                        Miras +SAV-3 
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                                          Severyanka                             Severyanka +SAV-3     


Figure 8 - Growth and development of wheat plants Kazakhstanskaya-10, Severyanka and Miras in the tillering phase - exit into the tube

Table 2.7 - Comparative structural analysis of the main elements of productivity of three wheat varieties Kazakhstanskaya-10, Severyanka and Miras with pre-sowing (+ SAV-3) and without pre-sowing seed treatment

	Variety
	Number
of plants
	Plant
height, cm
	Grain weight
from 1 plant, g
	Weight of 1000 grains, g

	Kazakhstanskaya-10
	15
	110,2
	1,3
	36,16

	Kazakhstanskaya-10+SAV-3
	15
	102,9
	1,34
	37,32

	Severyanka
	15
	113,3
	1,26
	39,88

	Severyanka +SAV-3
	15
	108
	1,45
	40,4

	Miras
	15
	108,4
	0,94
	38,4

	Miras +SAV-3
	15
	104,3
	1,26
	42,28



There was an increase in productivity elements with pre-sowing SAV-3 treatment by 3% in Kazakhstanskaya-10 by grain weight per plant and 1000 grain weight; Severyanka has 15% by weight of grain per plant and 1.3% by weight of 1000 grains; Miras has 34% by weight of grain per plant and 10% by weight of 1000 grains. The greatest stimulation effect on the main elements of productivity during the pre-sowing treatment of SAV-3 seeds was observed in the Miras cultivar - in terms of grain weight per plant by 34% and 1000 grain weight by 10%.
Thus, preliminary tests on pre-sowing treatment of wheat seeds of varieties Severyanka and Miras with the SAV-3 stimulator showed a significant increase in the main elements of productivity - grain weight per plant from 15% to 34% and 1000 grain weight from 1.3% to 10% (Table 2.7).
The increase in productivity in terms of grain weight per plant by 34% in the Miras variety with the pre-sowing treatment of seeds with SAV-3 gives us a good reason to recommend the use of SAV-3 as a very effective stimulator of wheat growth and development.
Additionally, at the experimental site of the Institute of Plants Biology and Biotechnology in pots wheat seeds of varieties Kazakhstanskaya-10, Severyanka and Miras were sown in three variants: 1) control; 2) coated in hydrogel + SAV-3; 3) coated in a hydrogel. Figure 9 shows wheat plants in the tillering phase. Visually, there was no noticeable difference in the growth and development of plants of varieties Kazakhstanskaya-10, Severyanka and Miras in the tillering phase in the control and pelleted seeds.

               [image: IMG-6150]
                            Miras                        Severyanka                  Kazakhstanskaya-10
Figure 9 - Growth and development of wheat plants of varieties Kazakhstanskaya-10, Severyanka and Miras in the tillering phase: 1 row - seeds coated in hydrogel gellan; 2nd row - seeds coated in gellan hydrogel + SAV-3; 3) Control (seeds without treatment)

Table 2.8 shows the experimental data for the plant heights of the control and coated samples.
It is theoretically expected that pelleting wheat seeds into a hydrogel should ensure sufficient watering of seeds during germination and further growth of the plant, and even more so if there is a lack of water in the soil - during drought; additional seed treatment with SAV-3 was supposed to stimulate plant growth to an even greater extent than just pelleting into a hydrogel, which was found in experiments (Figure 10, Table 2.8).

Table 2.8 - Height of wheat plants of varieties Kazakhstanskaya-10, Severyanka and Miras at pelleting seeds into hydrogel and hydrogel+SAV-3

	Wheat varieties
	Control
	Pelleting

	
	
	Hydrogel
	Hydrogel+SAV-3

	Kazakhstanskaya-10
	52,6±1,7
	50,8±5,7
	52±4,8

	Severyanka 

	50±2,7

	58,7±3,7 9
17%
	71,3±8,6
43%

	Miras 
	48±3,1

	56,2±4,9
17%
	64,2±6,8
34%
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Figure 10 - Growth and development of wheat Kazakhstanskaya-10, Severyanka and Miras
in the grain filling phase, from left to right: 1) Control; 2) seeds pelleted in hydrogel + SAV-3; 3) seeds pelleted in hydrogel without SAV-3

[bookmark: _Hlk52869964]In varieties Severyanka and Miras, pelleting seeds into a hydrogel before sowing stimulated plant growth by 17%, while pelleting into hydrogel + SAV-3 led to stimulation of plant growth by 43%, and in Miras - by 34% (Table 2.8). The exception was the standard variety Kazakhstanskaya-10 - seed pelleting did not have a noticeable effect on plant growth and development, in contrast to varieties Severyanka and Miras (Figure 9). Thus, pre-sowing pelleting of seeds in hydrogel + SAV-3 leads to more efficient growth and development of wheat plants.
Encouraging results have been obtained in field testing of SAV-3 on three spring wheat varieties Kazakhstanskaya-10, Severyanka and Miras, therefore further extended field research is needed with those SAVs that have already proven themselves as good plant growth stimulants (SAV-3, SAV -20 and SAV-23) and, conversely, proved to be effective inhibitors (SAV-14, SAV-15, SAV-27 and SAV-32).
Recommendations for Extended Field Testing:
1) Expand varietal diversity - try more varieties, about 5-10. Sowing according to the scheme: 5-7 rows - Control; 5-7 rows with SAVseedbed preparation.
2) Phenological observations should be made at different stages of wheat development and a comparative analysis with control plants:
seedlings - tillering - going into the tube - heading - flowering - grain filling - ripening.
3) After harvesting, carry out structural analysis, mainly to determine the plant height and the main elements of productivity - grain weight per plant and 1000 grain weight, in order to evaluate the yield of the variety in control plants and treated with SAV. 

[bookmark: _Hlk52864968]2 EXPERIMENTAL
2.1 Chemical experimental
IR spectra were recorded on a Nicolet 5700 spectrometer in a KBr pellet. NMR spectra in CDCl3 or (CD3)2SO - on a JNM-ECA400 spectrometer, Jeol (Japan), with operating frequency 400 MHz (1H) and 100.8 MHz (13C), internal standard HMDS. Monitoring of the reactions was carried out by TLC on aluminum oxide or on plates "SilufolUV-254" with the development of spots by iodine vapor. 
O-Naphthyl-1-S-3-phenoxypropylcarbonodithioate (2.1). To the solution of 5.0 g (0.034 mol) α-naphthol and 1.33 g (0.034 mol) NaOH in 40 ml of acetonitrile is added dropwise 5.26 g (0.034 mol) of carbon disulfide. Then, after 30 minutes of stirring, 7.4 g (0.034 mol) of phenoxypropyl bromide is added, the reaction mixture is stirred for 1 hour. Then the precipitate is filtered off and the solvent is distilled off in a water-jet vacuum pump. The yield was 6.1 g (50%), Rf 0.54 (acetone:hexane = 1:5).
O-Naphthyl-1-S-2-ethoxyethylcarbonodithioate (2.2) was synthesized in a similar way. The yield was 5.01 g (49.6%), Rf 0.58 (acetone: hexane = 1: 10).
Dithiocarboxylate(naphthalen-1-yl)carbamodithioate sodium (2.3). To the solution of 14 g (0.097 mol) of α-naphthylamine in 30 ml of ethanol and 7.8 g (0.097 mol) of NaOH, dissolved in 2.8 ml of water. Then, while stirring at room temperature, 14.88 g (0.097 mol) of CS2 in 5 ml of ethanol was added dropwise over 10 minutes. The reaction mixture was stirred for 2 h, then was concentrated. The residue was washed with hexane. It was obtained 33 g of crystalline product, the yield was 96%, m.p. 62-65 ° C, Rf 0.89 (ethanol: water = 2: 1).
Prop-2-yn-1-ylnaphthalen-1-yl((prop-2-yn-1-ylthio)carbonothioyl)carbamodithioate (2.4). To the solution of 3 g (0.0088 mol) of sodium dithiocarboxylate(naphthalen-1-yl)carbamodithioate in 25 ml of acetone was added dropwise 2.08 g (0.017 mol) of propargyl bromide in 5 ml of acetone at room temperature. The reaction mixture was stirred for 3 h, then was concentrated. The residue was washed with hexane, the yield was 2.99 g (91%), Rf 0.7 (acetone: hexane = 1: 5).  
Benzoic dithiocarboxylate(naphthalen-1-yl)carbamodithione thioanhydride (2.5) was synthesized in a similar way, the yield was 2.9 g (66%), Rf 0.52 (acetone: hexane = 1: 10).
2-Methoxyethyl(((2-methoxyethyl)thio)carbonothioyl)(naphthalen-1-yl)carbamodithioate (2.6) was synthesized in a similar way, the yield was 2.58 g (71%), Rf 0.56 (acetone: hexane = 1: 5).
2-Ethoxyethyl (((2-ethoxyethyl) thio) carbonothioyl) (naphthalen-1-yl) carbamodithioate (2.7) was synthesized in a similar way, the yield was 3.88 g (88%), Rf 0.62 (acetone: hexane = 1: 10).
3-Phenoxypropylnaphthalen-1-yl(((3phenoxypropyl)thio)carbonothioyl)carbamodithioate 2.8 was synthesized in a similar way, the yield was 3.79 g (77%), Rf 0.5 (acetone: hexane 1: 5).
2-Phenoxyethylnaphthalen-1-yl(((2-phenoxyethyl)thio)carbonothioyl)carbamodithioate 2.9 was synthesized in a similar way, the yield was 5.06 g (80%), Rf 0.69 (acetone: hexane 1: 5).
Sodium pyrrolidine-1-carbodithioate 2.10. 4.4 g (0.11 mol) of NaOH was added to the solution of 7.11 g (0.1 mol) of pyrrolidine in 30 ml of ethanol. Then, with stirring, 8.38 g (0.11 mol) of CS2 in 5 ml of ethanol was added dropwise over 10 minutes. The reaction mixture was stirred for 2 hours, then was concentrated. The residue was washed with hexane. The yield was 18 g (95%). Rf 0.16 (ethanol: water = 5: 1).
Sodium indoline-1-carbodithioate 2.11 was synthesized similarly. The yield was 43%, Rf 0.13 (ethanol: water = 5: 1).
Sodium iminodibenzyl-1-carbodithioate 2.12 was synthesized similarly. The yield was 31%. Rf 0.11 (ethanol: water = 5: 1).
1-Ethylpiperazine-1-sodium carbodithioate 2.13 was synthesized similarly. The yield was 81%, Rf 0.18 (ethanol: water = 5: 1).
Complex of pyrrolidine-1-carbodithioate with cobalt. To the solution of 1.69 g (0.01 mol) sodium pyrrolidine-1-carbodithioate in 30 ml of water was added 0.78 g (0.003 mol) cobalt hexahydrate chloride (CoCl2 * 6H2O). The reaction mixture was stirred for 2 h at room temperature. The precipitated complex was filtered off, was washed with water and was dried. The yield was 4.35 g (86.7%). Co - 12.2% (found), 11.77% (calculated).
The complex of indoline-1-carbodithioate with cobalt was synthesized similarly. The yield was 90.6%. Co - 4.4% (found), 9.14% (calculated).
The complex of 1-ethylpiperazine-1-carbodithioate with cobalt was synthesized similarly. The yield was 92.7%. Co - 9.52% (found), 9.36% (calculated).
The complex of pyrrolidine-1-carbodithioate with manganese was synthesized similarly. The yield was 60.5%. Mn 13.0% (found), 11.06% (calculated).
The complex of indoline-1-carbodithioate with manganese was synthesized similarly. The yield was 91.4%. Mn 7.82% (found), 8.57% (calculated).
The complex of 1-ethylpiperazine-1-carbodithioate with manganese was synthesized similarly. The yield was 58, 7%. Mn - 10.2% (found), 8.78% (calculated).
The complex of pyrrolidine-1-carbodithioate with zinc was synthesized similarly. The yield was 80, 8%. Zn - 17.5% (found), 18.7% (calculated).
The complex of indoline-1-carbodithioate with zinc was synthesized similarly. The yield was 72.53%. Zn - 6.51% (found), 14.34% (calculated).
The complex of 1-ethylpiperazine-1-carbodithioate with zinc was synthesized similarly. The yield was 86.14%. Zn - 14.8% (found), 14.66% (calculated).
The complex of pyrrolidine-1-carbodithioate with copper was synthesized similarly. The yield was 81.94%. Cu - 17.2% (found), 17.75% (calculated).
The complex of indoline-1-carbodithioate with copper was synthesized similarly. The yield was 88.1%. Cu - 10.8% (found), 13.99% (calculated).
The complex of 1-ethylpiperazine-1-carbodithioate with copper was synthesized similarly. The yield was 75.08%. Cu - 13.0% (found), 14.31% (calculated).

2.2 Biological experimental
The studies were carried out on model samples of spring wheat Triticum aestivum varieties Kazakhstanskaya-10, Severyanka and Miras. Severyanka and Miras are drought tolerant varieties, and Kazakhstanskaya-10 was studied as a standard. Presowing treatment of wheat by CAB was carried out in Petri dishes with germinating seeds for 2 days. Then, the seedlings were transferred to rafts for germination in hydroponics up to 10 day old seedlings. Then biometric indicators were taken in comparison with control. Experimental samples were laid in 15 replicates for each culture and the tested growth regulator.
In addition, an experiment was carried out with the preparation SAV-3, which was used for pelleting seeds with gellan. After the presowing treatment of the pelleted seeds, the seedlings were transferred to the soil.
Gellan hydrogel was used for pelleting seeds. Gellan is a bacterial polysaccharide, well soluble in water and in the presence of potassium chloride, easily forms gels. Pelleting of seeds was carried out by layer-by-layer assembly. The layers are composed of gellan and potassium chloride.


CONCLUSION
Conclusions on the Research results in 2018:
1. Novel potential growth stimulators and/or adaptogens for plants belonging to the class of elemento(N-, O-, S-, P- and/or F-) organic systems – oxyphosphonates, fluorophenyl-containing diethylaminophosphonates, piperazine dithiocarbamates and aminomethyl1- (2-naphthoxy) -4-dialkylbut-2-ynes.
2. The fine chemical structure of the synthesized novel elemento(N-, O-, S-, P- and/or F-)organic systems is confirmed by using a complex of data of NMR and IR spectroscopy. The formation of a supramolecular complex of dimethyl [1-(benzyl-, 2-phenylethyl)-4-hydroxypiperidin-4-yl)]phosphonate with β-CD in a 1: 1 composition has benn established by 1H NMR spectroscopy, the guest molecule with its hydrophobic part interacts with the hydrophobic surface of the receptor, and the more hydrophilic part of the substrate molecule is located close to the outer hydrophilic part of the cyclodextrin receptor.
3. The conditions related to principles of green chemistry of the synthesis of acetylenic and phenoxyalkyl esters of methyl- and diphenylmethylpiperazindithiocarbamic acids have been elaborated by a three-component one-pot reaction of 1-(methyl-, diphenylmethyl-)piperazine with carbon disulfide and an alkyl halide in acetone in the presence of sodium phosphate at room temperature for 1.5 h. It has been shown that using a monoiodine copper  catalyst, aminomethylation of naphthoxypropyne with cyclic amines with paraform, benzaldehyde, or p-fluorobenzaldehyde leads to the target aminomethyl 1- (2-naphthoxy)-4-dialkylbut-2-ynes in 52-90% yields.
4.  Bioscreening of SAV-1-15 samples on seeds and seedlings of spring wheat varieties Kazakhstanskaya-10, Severyanka and Miras showed significant stimulation of growth and development in the presence of SAV-3 (stem by about 30% and root by 20%). SAV-14 and SAV-15 proved to be retardants, suppressing the action of phytohormones and inhibiting plant growth by about 50%, and root development by about 80%. Under simulated drought conditions, it was shown that SAV-5 had a stimulating effect on plant growth (both stem and roots); SAV-6 stimulated only the growth of the root system in the drought-resistant varieties Severyanka and Miras, in contrast to the standard variety Kazakhstanskaya-10. Pre-sowing treatment of wheat seeds with SAV-7, SAV-8 and SAV-9 significantly blocks the effects of drought stress by mobilizing the potential genotypically determined capabilities of the plants themselves. 
Conclusions on the Research results in 2019:
1. [bookmark: _Hlk22977247]  To give the molecule the properties of a wheat growth stimulant or a retartant, novel potential growth stimulants and/or adaptogens for plants with a mandatory nitrogen heterocycle (piperidine, piperazine, imidazole, pyrrolidine) and other pharmacophoric groups: phosphonate, propargyl, carbodithioate, fluorophenyl, phenoxyalkyl, biogenic microelement (metal) and/or another group, have been synthetically modeled.
2.  It has been found that the interaction of 4-(methyl- and diphenylmethyl-) piperazine-1-potassium carbodithioate (4-diphenylmethylpiperazine-1-potassium carbodithioate) with the salts of microelements Co2+, Mn2+, Сu2+ and Zn2+ at room temperature for 1 h leads to complexes of dithiocarbates with ions of biogenic metals in yields of 87; 89% (Co2+), 48; 74% (Mn2+), 72; 56% (Cu2+) and 88; 37% (Zn2+). The obtaining of complexes of cobalt and manganese with a coordination number of 6, zinc and copper - 4 has been proved by atomic adsorption spectrometry.
3. It has been found that 1-methylpiperazine, (diphenylmethyl) piperazine, 4-phenylpiperidine or pyrrolidine with 1-(prop-2-ynyloxy)naphthalene, benzaldehyde or m-methoxy-, 3-fluoro-, 2,5-dimethoxybenzaldehydes in absolute dioxane in the presence of Cu2I2 at 35-40°C for 2 h results in a 32-92% yield of novel aminomethyl derivatives, among which hydrochloride 1-(1-(4-fluorophenyl)-4-(naphthalen-1-yloxy)but-2-ynyl)-4-methylpiperazine exceeds the effect of local anesthetics - trimecaine, lidocaine and novocaine by 1.2; 1.5 and 1.57 times.
4.    A procedure has been developed for the preparation of organometallic complexes of 1-(2-ethoxyethyl)-4-hydroxy-4-(dimethoxyphosphoryl) piperidine with biogenic metal acetates using ultrasound promotion with the obtaining of complexes representing powders colored in different colors: a product with Co2+ is violet, the product with Cu2+ is turquoise, the product with Ni2+ is green, the product with Mn2+ is brown), the Mo2+ complex turned out to be white.
5.   Under the conditions of the Kabachnik-Fields reaction, a number of fluorine-containing α-aminophosphonates with pharmacophoric imidazole were obtained in a yield of 19-62%. 
6. The structure of the synthesized novel elemento(N-, O-, S-, P- and/or F-)organic systems and their complex are confirmed by using a set of data of NMR spectroscopy, spectroscopy of IR, TLC, atomic adsorption analysis.
7.    Bioscreening of samples of SAV-16 − SAV-35 preparations on seeds and seedlings of spring wheat varieties Kazakhstanskaya-10, Severyanka and Miras showed stimulation of growth and development during pre-sowing treatment of the seeds SAV-16, SAV-20 and SAV-23, SAV-32 proved to be a retardant, suppressing the effect of phytohormones and inhibiting plant growth and root development. Under the conditions of a simulated drought, it has been shown that SAV-16 − SAV-19 can be distinguished as the most promising for use as stimulators of wheat growth and development, and SAV-22, SAV-24 − SAV-27 for retardants (plant growth and development inhibitors), SAV-28 and SAV-32.
Conclusions on the Research results in 2020 г.:
1. [bookmark: _Hlk52874882]An increase in demand for complex compounds of transition metals is shown to lead to the strengthening of research and development work on the creation of new or modification of existing complex compounds for use as highly effective biological preparations or plant growth stimulants. The addition of transition metal ions can compensate for their deficiency in living organisms and plants, and the organic ligand, in addition to its biological activity, helps transition metals to pass into an accessible and rapidly assimilated form for living organisms and plants.
2. The conditions for three-component one-pot synthesis of aliphatic and aromatic esters of naphthylxanthate and acetylenic, thioanhydrides, phenoxyalkyl and alkyl esters of naphthylaminebisdithiocarbamic acid as potential growth regulators (retardants) of wheat have been developed.
3. Novel pyrrolidine-1, indoline-1, iminodibenzyl-1 and ethylpiperazine-1 sodium carbodithioates have been synthesized. It has been shown that amines with a reduced nucleophilicity of the nitrogen atom (indoline and iminodibenzyl) with carbon disulfide form products in 43 and 31% yields, while pyrrolidine and ethylpiperazine easily interact with CS2, preparing target molecules in high (95% and 81%) yields. The conditions for the synthesis of complexes of pyrrolidine-1, indoline-1, iminodibenzyl-1, and ethylpiperazine-1 carbodithioates with Co2+, Mn2+, Zn2+ and Сu2+ ions have been developed. It has found that cobalt and manganese ions form complexes with a coordination number of 6, zinc and copper ions form complexes with a coordination number of 4.
4. Recommendations have been issued for carrying out extended field studies of candidates for preventive agents and/or adaptogens for plants SAV-3, SAV-20 and SAV-23 as stimulators of wheat growth and development, as well as effective inhibitors (SAV-14, SAV-15 , SAV-27 and SAV-32), which consist of: 1) expanding the varietal diversity of wheat (5-10); 2) in carrying out phenological observations at different stages of wheat development (seedlings - tillering - going into the tube - heading - flowering - grain filling - ripening) in comparison with the control experiment; 3) in carrying out a structural analysis after harvesting, including the determination of the plant height and the main elements of productivity - the mass of grain per plant and the mass of 1000 grains.
Based on the results of Research (2018-2020), 1 monograph, 19 articles have been published, of which 4 in rating Journals with an impact factor (WoS, Scopus), 3 – the International Journals, 12 - Kazakhstan Journals, Abstracts of 22 Reports at the International Conferences. 6 Patents Kz for a useful model have been received.
Assessment of the completeness of the Objectives. The Objectives set in Research have been completely solved. For the first time, the synthetic design of novel elemento(N-, O-, S-, P- and/or F-)organic systems has been carried out, their structure has been determined by IR and NMR spectroscopy. The biological activity of a number of substances synthesized during the Project Research is shown. SAV-3 significantly stimulated the growth and development of spring wheat varieties Kazakhstanskaya-10, Severyanka and Miras under normal conditions.
Recommendations for the specific applications of Research results. The results of Research will be used in two directions: first, to expand the list of novel elemento(N-, O-, S-, P- and/or F-) organic systems, as well as their complexes with microelements; secondly, bioscreening of samples of novel substances to regulate the development of 5-10 wheat varieties and issuing recommendations for carrying out plot tests as growth and development stimulants, as well as retardants.
Technical and economic level in comparison with the best achievements in this area. The level of the obtained results is confirmed by the results of bioscreening of samples of synthesized substances possessing plant growth (seed germination, seedling development) activity regulating the growth and development of wheat.
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3 Malmakova Aygul Ye., Yu Valentina K., Begimova Zeyneb U., Praliyev Kaldybay D., Baktybaeva Layilia K. and Zhumakova Symbat S. Environmentally friendly syntheses of biological active azaheterocycle-containing phosphonates// Int.J. Pharm. Sci. & Scient. Res. – 2019. - Vol.5. – Issue 5. – P. 37-39 (in English).
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7 Malmakova A.E., Kaldybayeva A.B., Yu V.K., Praliyev K.D., Amirkulova M.K. Search for biologically active compounds related to α-aminophosphonates family // XXI Mendeleev Congress on General and Applied Chemistry. - Saint Petersburg, Russia. - September 9th - 13th, 2019. – P.187 (in English)..
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10   Sycheva E.S., Mukanova M.S., Imankulova K.N., Yu V.K. Synthesis of biologically active 4-phenylnaphthoxybutynylpiperazines // XXI Mendeleev Congress on General and Applied Chemistry. - St. Petersburg. - Russia. - September 9-13, 2019 .- P. 368 (in Russian). 
11 Sycheva Ye.S., Mukanova M.S., Imankulova K.N., Yu V.K. Synthesis of biologically active 4-phenylnaphtoxybutynylpiperazines // XXI Mendeleev Congress on General and Applied Chemistry. - Saint Petersburg, Russia. - September 9th - 13th, 2019. -Р. 361(in English).
12 Zazybin A., Zolotareva D., Belyankova Ye., Dauletbakov A., Yu V., Anapiyayev B., Mergenbaeva S., Tokenova Zh., Tolstova A. Synthesis and plant growyhstimulating activity of morpholine and piperidine ionic compounds. Book of Abstracts of 27th International Society of Heterocyclic Chemistry Congress. Kyoto, Japan. - September 1 - 6, 2019. - Р. 176 (in English).
13 Koshetova Zh.A.,    Zhumanova N.A.,  Zhumakova S.S.,  Malmakova A.E.,       Rakhimbekov Zh.,   Turaç Ersen,  Yu. V.K. Biopolymer Materials Containing New   Synthesized  Curcumin-Like 3,5-Bis-Arylidenpiperidones // «Ankarada düzenlenen  4 Uluslararası Gevher Nesibe Sağlık  Bilimlerine kongresine katılmıştır». - Ankara, Туркия.  - 2019. - P.243(in English).
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2020
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1 Malmakova A.E., Seilkhanov T.M., V.K. Yu, Kemelbekov U.S., Seilkhanov O.T., Praliyev K.D. β-Cyclodextrin and polymers containing it: synthesis and application // Monograph - Almaty: IP Beketaeva, 2020 .- 158 p. (ISBN 978-601-80496-3-7). (in Russian).

International article indexed by Web of Science or Scopus databases:
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Materials and Abstracts of international conferences:
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Appendix  1. 9
to Agreement №__  _______2018 
on grant financing

TECHNICAL SPECIFICATIONS AND
PROJECT CALENDAR PLAN 

On Agreement №_______________________2018 

1 JOINT-STOCK COMPANY
" A.B. BEKTUROV INSTITUTE OF CHEMICAL SCIENCES "

1.1 Priority: Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and designs
1.2 Subpriority: Fundamental and applied research in the field of chemical science
1.3 Project theme: №AP05131025 «Target design of the preventive preparations and/or adaptogenes for plants in the organoelement systems family»
1.4 The total amount of the project is 27,718,000.0 (twenty-seven million eighty-six thousand) tenge, including the breakdown by year, for the implementation of the work in accordance with paragraph 3:
      - for 2018 - in the amount of 9 000 000.0 (nine million) tenge;
- for 2019 - in the amount of 9 081100,0 (nine million eighty one hundred thousand) tenge;
- for 2020 - in the amount of 9 099 000.0 (nine million ninety nine thousand) tenge.

2 Characteristics of scientific and technical products on qualifying signs and economic indicators

2.1 Directions: Chemistry of biologically active substances
2.2 Area of application: Chemical sciences and agriculture
2.3 The Final Result:
-  for 2018: Development of a synthetic collection of pharmacophore heteroatomic fragments, synthesis of potential preventive drugs and/or plant adaptogens;
- for 2019: Development of theoretical bases of synthetic variations of elemento(N-, O-, S-, P- and/or F-)organic systems with microelements for enhancement of adaptogenic properties of plants;
- for 2020: Development of basic scientific principles of fine organic synthesis of new preventive drugs and/or adaptogens for a number of elemental organic systems.
2.4 Patentability: The results of research patentability, effective drugs will be protected by RK documents.
2.5 Scientific and technical level (novelty): Development of new modifiers for biomineral and bioorganic fertilizers based on the element (N-, O-, S-, P- and/or F-) organic systems and their complexes with trace elements; methods of synthetic collection of pharmacophore heteroatomic fragments to increase plant resilience to stressful situations; non-traditional approaches to the synthesis of preventive agents and or adaptogens, capable of enhancing the protective functions of plants.
2.6 Use of scientific and technical products is carried out by: Research Project members 
2.7 Type of use of the result of scientific and (or) scientific and technical activity: Reports, publications, patents, presentations at conferences, symposiums of chemical and agricultural profile

3. Research titles, terms of their realization and Results
	Task code, stage
	Research titles under the Agreement and the main stages
of  their realization
	terms of realization
	Expected Results

	
	
	started
	ending
	

	1
	Scientific basis of the synthetic collection of pharmacophore heteroatomic fragments, synthesis of potential preventive agents and/or adaptogens for plants.

	January
2018

	upto November, 1, 2018
	There will be developed the basis of a synthetic collection of pharmacophore heteroatomic fragments, the synthesis of potential preventive agents and/or plant adaptogens.
The results of Research will be published as articles in domestic scientific journals, 1 article in foreign (Scopus or Thomson Reuters) scientific journals and patent protection of an effective remedy in the Kazakhstan Patent Office.

	1.1
	Synthetically construct novel elements (N-, O-, S-, P- and/or F-)organic systems
	January
2018

	upto November, 1, 2018
	Novel elemento(N-, O-, S-, P- and/or F-)organic systems will be synthesized by constructing from pharmacophore heteroatomic fragments 

	1.2
	To study the fine chemical structure of novel elemento(N-, O-, S-, P- and / or F-)organic systems. To investigate the specifics of their synthesis
	April
2018

	June
2018
	The fine chemical structure of novel elemento(N-, O-, S-, P- and/or F-)organic systems and the specifics of their synthesis will be studied.

	1.3
	To develop green methods for obtaining elemento(N-, O-, S-, P- and/or F-)organic systems
	July
2018

	September2018
	The green methods for obtaining elemento(N-, O, S-, P- and/or F-)organic systems  will be developed

	1.4
	To carry out bioscreening of novel elements (N-, O-, S-, P- and / or F-) of organic systems in plant seeds
	October
2018

	upto November, 1, 2018
	The bioscreen of novel elemento(N-, O-, S-, P- and/or F-)  organic systems will be carried out  on plant seeds in molecular experiments. And candidates in preventive remedies and/or plant adaptogens will be identified.

	2
	Theoretical basis of synthetic variations of the elemento(N-, O-, S-, P- and/or F-)organic systems with microelements to enhance the adaptogenic properties of plants
	January
2019

	upto November, 1, 2019
	Theoretical basis of synthetic variations of the elemento(N-, O-, S-, P- and/or F-)organic systems with microelements to enhance the adaptogenic properties of plants will be elaborated. 
The results of Research will be published as 2 articles in domestic scientific journals with non-zero impact-factor, and patent protection of an effective remedy in the Kazakhstan Patent Office. 

	2.1
	Synthetically to model systems: elemento(N-, O-, S-, P- and/or F-)organic compound+ microelement
	January
2019

	upto November, 1, 2019
	Systems: elemento(N-,O-,S-, P- and/or F-)organic compound+ microelement  will be synthetically to modeled

	2.2
	To identify a fine chemical structure of novel systems: elemento(N-, O-, S-, P- and/or F-) organic connection+microelement
	April
2019

	June
2019
	A fine chemical structure of novel systems: elemento(N-, O-, S-, P- and/or F-) organic connection+microelement  will be identified

	2.3
	To develop the optimal conditions for obtaining systems: elemento (N-, O-, S-, P- and/or F-)organic connection+microelement
	July
2019

	September2019
	The optimal conditions for obtaining systems: elemento (N-, O-, S-, P- and/or F-)organic connection+microelement  will be developed

	2.4
	To carry out bioscreening of novel systems: elemento (N-, O-, S-, P- and/or F-)organic connection+microelement
	October
2019

	November, 1, 2019
	The bioscreening of novel systems: elemento (N-, O-, S-, P- and/or F-)organic connection+microelement  will be carried out

	3
	Basic scientific principles of fine organic synthesis of novel preventive agents and/or adaptogens for plants in a family of elementoorganic systems
	January
2020

	upto November, 1, 2020
	Basic scientific principles of fine organic synthesis of novel preventive agents and/or adaptogens for plants will be elaborated in a family of elemento organic systems
The results of Research will be published as 1 article in domestic scientific journals, 2 articles in foreign (Scopus or Thomson Reuters) scientific journals? Analytical review as article and/or monograph/chapterin Book in  Kazakhstan Publishing House  and patent protection of an effective remedy in the Kazakhstan Patent Office.

	3.1
	Scientific information support of Research 

	January
2020

	upto November, 1, 2020
	Research will be   supported by scientific information 

	3.2
	To develop ways to improve the properties of candidates for preventive agents and/or adaptogens for plants 

	April
2020

	June
2020
	The ways to improve the properties of candidates for preventive agents and/or adaptogens for plants will be developed. 


	3.3
	To study the relationship: reactivity–structure–physicochemical properties 

	July
2020

	September2020
	The relationship: reactivity–structure–physicochemical properties will be studied

	3.4
	Issuance of recommendations for carrying out extended field research of candidates for preventive agents and/ or adaptogens for plants.

	October
2020

	November, 1, 2020
	The recommendations for carrying out extended field research of candidates for preventive agents and/or adaptogens for plants will be issuance


	


	From   Customer :                                                                                      
_________________________________
Chairman of the State Institution "Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan"

______________Abdrasilov B.C. 
Seal

	From Executor :
General Director 
JSC «A.B.Bektyrov Institute of ChemicalSciences»,academician of NAS RK,
_______________________ Ergozhin E.E.
Seal


Get acquainted:
Project Research Supervisor, 
Doct. of Chem Sci., Full professor ______Yu V.K.
__                                              (singature)
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3. Results and discussion

3.1. Structural characterization

3.1.1. Structure description of [Cd,(00CC,H,NPO H),(H,0)] (1)
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Report of SAVs approbation
under contract No. 15 for the period from March 02, 2020 until Oetober 14, 2020
“Study the impact of effective SAVs on germination, growth and development of scedlings and
on grain productivity of wheat in a field

Abstract

The cfficiency of application of new growth regulators from the group of synthetic analogs of
alkaloids on sceds and seedlings of spring wheat Triticun aestivum varicties Kazakhstanskayal0,
Severyanka and Miras has been studied. The results of the experiments showed that the pre-sowing
reatmen of the sceds CAB37-CABA0 inhibited the plant height from 6% to 24%, and the root
length decreased from 1296 10 25% in the Kazakhsianskayal0. In the Severyanka variety, the
inhibition of plant height and root length was noticeably lower - from 2% to 6% and from 7% to
16%, respectively. For cultivar Miras, no noticeable effect of CAB37-CAB40 on plant growth was
recorded, but there was an inhibition of root growth by about 15%. The highest inhibition of plant
height by an average of 10% and root length by an average of 50% was observed when plants were
treated with CAB4S. The study of the effectiveness of the use of CABS in a field station showed an
increase in the main clements of productivity in Kazakhstanskayal0 - by 3% by grain mass per
plant and 1000 grain mass; Severyanka has 15% by mass of grain per plant and 1.3% by mass of
1000 grains. The greatest effect of stimulation on the main clements of productivity during pre-
sowing treatment of sceds by CAB3 was observed in the Miras cultivar - by 34% in the grain mass
per plant and 10% i the mass of 1000 grains.

Introduction

An important element of moder agronomic technologies in crop production is the use of
plant growth regulators. In small doses, they are able to influence the metabolic processes in
plants, which leads o significant changes in the growth and development of plants. In modern
technologics, the great practical importance of growth regulators is determined by many
ciroumstances: by influencing the processes of plant growth and developmen, they can
significantly accelerate the growth or increase the yield of most agricultural crops. At the same
time, growth regulators are considered as an environmentally friendly and_economically
profitable way 10 inerease the productivity of agricultural crops, allowing more full to realize
the potential of plant organisms. Thus, the study of the influence of new generation growth
regulators on the yield and grain quality of spring wheat, taking into account specific soil and
climatic conditions. is relevant [1-3]. One of the main methods of inercasing the yield of grain
crops s the preparation of seed material in order to disinfect t, protect secdlings from extemal
pathogenic factors and increase their resistance to them, as well as stimulate the growth and
devclopment of plants, both during seed germination and during the growing season. This is
achieved by dressing  seeds, processing them  with  growh regulators
The wse of synthetic growth regulators and their further use in the technology of wheat
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regulators and their futher use i the technology of wheat cultivation in the agro-clmatic
conditions o the Almaty region i a modem task of successful agricultural production

Purpose of the work: Bigscrsening of effective regulators among CAB3T-CABAS forthe
‘spovth and development of pring wheat varieies Kazakhstanskaya 10, Seyeryasla and Misas
Study the impactof the most effective CAB-3 onthe growth and gain productiity of heatn a
feldstation Selection based onthe reals of screening candidatesforpreventive agents and | or
adaptagens forplants

Tasks:
1. To study the effect of growth regulators CAB37-CAB4S on gemmination, growth and
development of wheat in model experiments

2. To study the effec o the stimulant CAB3 on the growth and grainproductiviy of wheat
inthe condiions of field tation KazNIIZR, Almalybak sttlement

3. To study the effect of the strmulant CABS on the growth and development of wheat
when pellting seeds o a hy rogel

4. Tssuance of ecommendations for conductng extended feld studies of candidates for
preventive agents and / or adaptogens for plants

Material and research methods

The studies were caried out on modelsamples of spring wheat [fjzun asstivign vaetes
Kazakhstanskayal0, Severyapka and Vfas, Severyapka and ) sas are drought olerat varetes
and Kazakhstanskayal O was studied a a standard.Presgwing reatment of wheat with SAVs was
carred out in Petn dishes with gemmination of seeds for 2 days. Then, the seedlings were
transfemredtorats for gemminationin hydroporic up to 10 day old seedlings. In a field station,
seedlings were planted direcly into the soil prepared for sowing. Gell hy drogel was used for
pelleting seeds. Gello i a bacterial polysaccharide that s highly soluble in water and easily
fomms gls n the presence of potassium chloride. Peleing of seeds was carried out by layer.by-
layer assembly. The layers are composed of gellan and potassium chlorde. Grosith regulators
were provided by Yu VK according to Contract No. 15. Experimental samples were aidn 15
xeplicates for each cuturs and the tested grovth regulator

Results and discussion

Biosssesuing of wheat vareties Kazakhstanskaya-10, Seyeryapka and Migas showed
Sgnificant samulation of growth and developmentnthe presence of CABS - the stem by about
0% and the root by 20%

There was 2 noticeable 2-3-fold stimulation in the process of seed genmination with
additives SAV-G and SAV-7, in comparison with genmination on water (Fgure 1). But during
the growth and development of seedlings up to 10 days,the ifference leveled off, except that
CAB-7 stimulated root Gowth by about 6.6%

Figure 1- The effect of stimulation of SAV-6 and SAV-7 of the process of germination of wheat
Seeds: seedlings grown on SAV-6 and SAV- are 2-3 times higher and with more developed
roots.
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SAV-14 and SAV-15 suppressed the growth of Kazakhstanskayal0, Severyanka and Mims
‘wheat plants by about 0% and he development of the raot system by about 80% (Figure 2),ie.
they are retardants that suppress the action of phytoheRTOnES.

Figure 2- Suppression of growth (0%) and development of the root system (80%) in
Kazakhstanskaya-10, Severyanka and Miras wheat in the presence of SAV-14 and SAV-15

Siggificant inhibition on plant height and root length was exerted by SAV-27 and SAV-32
- stemlength by an average of 30%, and root length by an average of 50%

The results of the experiments showed that the pre-sowing treatment of the seeds by
SAV37-SAV40 inhibited the plant height from 6% to 24%, and the root length decreased from
12%t0 25%in the Kazakhstanskaya10. Inthe Seysryapka variety, the inhibition of plant growth
‘andzoot length was noticeably lower —. from 2% to 6% and from 7% to 16%, respectively. For
cultivar Miras, no noticeable effect of SAV37-SAV40 on plant growith was recorded, but it did
affect the length of the roots - growth inlibition was observed by about 15%. Treatment of seeds
and plants with CAB40 led to the greatest inhibition of stem length and root length in
Kazakhstanskaya10 culivar, by about 25% (Table 1).

‘The results of the experiments showedthat the treatment of seeds and plants with SAVA1-
SAVA41ed to inhibition to one degree o anotherin the height of the plants and the length of the
ro0ts. The greatest percentage of suppression of plant height by an average of 12% and oot
Length by an average of 32% was abserved when processing SAV41 plants (Figure 3, Table 2).

Tabls,, Biometric data of wheat of three varicties in the conirol and in the presence of
SAV37, SAV3S, SAV30 and SAVA0: n=15

Sav | Kazskbsamkayal0 Seveanks

Contral

sAV3

sAvV3s

8815102
SAV39

20712112
SAV-40
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‘Sevaryanka with treatment of seeds andplants by SAV41-SAV44,

Control

e
il kit

SAVAL SAV42 SAV43 SAV44
Figwe. 3 — 10-day-old wheat seedlings of varieties Kazakhstanskaya10, Mirgs and

Tabls 2. Biometric data of wheat of three varicties n the control and in the presence of SAV41
SAV4Z, SAV43 and SAV44: n=15

sav | Kazakhstanskayal0 Sevemaka Vs
Stemlength
Control 19,5129
738111
sava 11,9%
Tre=1s
sava2 9.6%
T791=12 0095083
savi3 5.1%
16,521,853 8392081
savis 180% | Iss% 7.9% 16%

Pre-sowing seed teatment with SAV43-SAVAS did not reveal noficeable differences i
‘gemmination of wheat ofthree varieties against the background of conirol (data not showm). The
zesults of the experiments showed that the treatment of seeds and plants of wheat varieties
Kazakhstanskaya10, Miras and Seyeryanka SAV43-SAV4S led to inhibition to varying degrees
of plant height and 100t length. The greatest percentage of inhibition of plant height by an
average of 10% and oot length by an average of 50% was observed when plants were freated
ith SAV4S (Table 3). The root systemin plants treated with SAV4S was fibrous andnoficeably
shortened.

Tabls 3, Biometric data of wheat of three varicties n the control and in the presence of SAVA4S

SAV4G, SAVAT 1 SAV4S: n=15
Kazakhstanskayal0 Sevemamia Mias.
sav
Stemlength [ Rootlength | Stemlength | Rootlength | Stemlength [ Root length
Contral 116=171 [ 20782132 [ 875213 11185184
5082115
sAVaS
$90=141
SAV46
B
sAV47
5152045
savag 41,1%
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In addition to model experiments camied out in the laboratory on 10-day-old wheat
Seedlings, in early April 2020 experiments were camied out at the KazNIIZIR, field station,
Almalybak setflement. The sowing of spring wheat of three varieties Kazakhstanskaya10
Severyanka and Miras, was camied out with pre-sowing treatment of seeds with a growth
stimulator SAV-3 against the background of control without treatment. Phenslogical
‘observations were camied out in different phases of the growing season before harvest at the end
of July 2020 (Fig. 4). A comparative analysis of the main structural elements of the crop (grain
weight per plant, 1000 grain weight, etc.) with pre-sowing treatment with CAB-3 against the
background of control plants (Table 4) was camied out

TnFigure 4, you can visualize a noticeable differencein the growth of wheat plants without
seed treatment with SAV-3 (rows on the left) and with pre-sowing seed treatment with SAV-3
(zows on the right). Plants with pre-sowing seed freatment with ‘were noticeably higher
than control plants in the tillering - tube emergence phases. The structural analysis of the yield
Iater showed 2 significant increase in the main elements of productivity - the mass of grain per
plant and the mass of 1000 grains in plants with pre-sowing seed treatment with SAV-3 (Table
.

Sevevarka Severvakar SAVS
Figure 4 = Growth and development of wheat plares Kazakstarskayal0, Sxeryana and Misasin

the phase of tillring - going into the tube, field station KazNIIZiR. Almalybak. 2020
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‘Tabls, 4, Comparative structural analysis of the main elements ofproductivity ofthree wheat
varieties Kazakhstanskayal0, Seyeryanka and Miras with pre-sowing (-SAV3) and without pe-
'sowing seed treatment (SAV3)

Noghsiof | R bright, | Gramveight | Weightof
Variety plants o from 1 plant, g | 1000 grains. g
TazakhsmaalOwihowt | 15

savs 1102 13 3616
Kazakhsiansbayal0 i S

savs 1029 134 2
SeveyaaviiowSAvs |13 133 126 3558
Severyankavih SAV 1 108 3 04
Mias vithout SAV- 1 1084 051 354

Mis with SAV-3 T 1013 126 322

There was anincrease n productivity elements with pre-sowing reatment with SAV-3 by 3%
inKazakhstanskaya10 by grain weight per plant and 1000 grain weight; Seysryapka has 15% by
weight of grain per plant and 1.3% by weight of 1000 grains: Miras has 34% by weight of grain per
‘plant and 10%by weight of 1000 grains. The greatest effect of stimulation onthe main elements of
productivity during pre-sowing freatment of SAV-3 seeds was observed in the Miras cultivar - by
349% in the grain weight per plant and 10%n the weight of 1000 grains.

‘Thus, preliminary tests on pre-sowing reatment of wheat seeds of varieties Severyanka and
Miras with a stimulator SAV-3 showed a significantincrease n the main elements of productivity -
‘grain weight per plant from 15% to 34% and 1000 grain weight from 1.3% to 10% (Table 4,).

Anincreasein productivity by grain weight per plant by 34% in the Miras variety during pre-
Sowing reatment of SAV-3 seeds gives usa good reason to recommendthe use of SAV-3 a3 a very
effective stimulant of wheat growth and development,

Addiionally, wheat seeds of varieties Kazakhstanskayal0, Sexeryanka and Miras were sown
in pots in the experimental plot of IPBB in three variants: 1) control: 2) pelleted in hydrogel +
SAV-3; 3) coated in 2 hydrogel.

Figue 5 shows wheat plants in the filsring phase. Visually, there was no noticeable
differenceinthe growth and development of plants of varieties Kazakhstanskaya10, Seysryanka.
‘and Misas in the filering phase in control and coated seeds (Fig. 5).

Mias. Severyanka Kazl0

Figure 3, = Growith and development of wheat plants of varieties Kazakhstanskaya 10,
Severyania and Miras n the tillering phase: 1 10w - seeds pelleted in gellan hydrogel; 2nd
1w - seeds pelleted in gellan hydrogel + SAV-3; 3) control (seeds without treatment)
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Theoretically, it was expected that pelleting wheat seeds into a hydrogel should ensure
sufficient watering of seeds during germination and further growth of the plant, and even more
Sowhenthereis a lack of water in the soil during drought; additional seed treatment with SAV-3
should have stimulated plant growth to an even greater extent than simply pelleting info
Bydrogel, which was found in experiments (Table 5, Fig. 6). In Severyanka and Miras, pelleting.
of seeds into 2 hydrogel before sowing stimulated plant growth by 179%, while pelleing nto
Bydrogel - SAV-3 led to stimulation of plant growth by 43%, and in Miras by 34% (Table 5).

The exception was the standard variety Kazakhstanskaya10 - seed pelleting did not have a
noticeable effect on plart growth and development,in contrast to varieties Seysryanka andMiras
(Fig. 6). Thus, pre-sowing peleting of seeds in hydrogel + SAV-3 leads to more efficient growth
and development of wheat plants,

Table 5 shows the experimental data of the plart heights of the control and coatedsamples.

Table 5. Height of wheat plants of varieties Kazakhstanskaya10, Seysryanka and
Miras when pelleting seeds into hydrogel and hydrogel + SA'

Variety Contral
Hydrogel +SAV3
526517
Kazakhstanskayal0
Sevsmianka
Mir;





image48.png
Figure 6 - Growth and development of Kazakhstanskayal 0, Seysryapka and Mias in the
‘grain loading phase, from left to right: 1) control; 2) seeds pelleted into a hydrogel + SAV3; 3)
seeds pelleted in hydrogel without SAV3

Issuance of recommendations for conducting extended field studies of candidates for
preventive agents and / or adaptogens for plants

Since encouraging results were obtained in field station with SAV-3 on three varieties of
spring wheat Kazakhstanskaya10, Severyanka and Miras (Table 4, Fig. 4), there is an urgent
needto conduct further extended field studies with those SAV that have already proved to be
go0d plant growth stimulators SAV3, SAV20 and SAV23 and, conversely, which proved to be
effective infibitors, . SAV14, SAVIS, SAV27 and SAV32

Recommendations for Extended Field Testing.
1) Expand varietal diversiy - ry more vaieties 5-10. S¥ing. g
5.7 rows siing.

") Phensiogical observations should be made at different tages of wheat development and

3 comparative analysi with control plants

g o the tube - heading - fowering - gain iling - ipering
3} Afte harvest, cany out astructural analysis, maiiy to deterrine the plant height and
the main elements of productiviy - the mass of gain per plant and the mass of 1000 seeds, in
orderto evaluate the sield of the varety in control lants and treated CABs.

Conglusions.

I Bioscreening of pe elemenis OV, O- S- P- and/ or F-) arganis systems an seeds and
seedlings of swring wheat vasietes Kazakhetanskayal 0, Sexeryanka and Minas shavwed that pie.
sosingeatment of seeds with CAB3T-CAB40 lowered the lass hight fiom 6% 10 24%, and
the leneth of the roats decizased fiom 12% 10 25% in the Kazakbstanskaya variety 0. In the
Severyanka vaniry, the intibition of plant govth and soat lngth was naticeably loies - fom
22610 6% and from %10 16% tespectively. Ear cultvax Miras, no natceable cffest of CAB:
‘CAB40 onplans gl wasiesanded butthere a3 an ikubition of sost gt by about 15%
Treatment ofseeds and lans with CAB4O ed tothe gxeatest ntibiion of stem length and sost
length n the Kazakhstanskayal0 vagiery. by ahout 25%.

2, Trsatmensof seeds andplarts with CAB41-CABA1 led to inbibiton of plant height and
tootlength o one degree or another - the percentage of nfibition of plant height was abserved
by anaverage of 129% and oot length by an average of 32% when reating CAB41 plants. The
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