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ABSTRACT

Report 40 pp., 3 figures, 2 tables, 42 sources, 8 appendices
ALKALOIDS, COLUMN CHROMATOGRAPHY, SPECTRAL ANALYSIS, CHEMICAL MODIFICATION, BIOLOGICAL SCREENING
The research object: alkaloid-bearing plants of the Kazakhstani flora.
The research aim is to chemically study plants for the alkaloids content, to optimize the methods for isolating alkaloids, to determine the reactivity of individual fragments in alkaloid molecules, to produce new derivatives with potential pharmacophore groups.
The research has allowed obtaining the following results:
We’ve studied chemically 11 plant species of the families Ranunculaceae Juss., Asteraceae Dumort., Gentianaceae Juss., Papaveraceae Juss. for the alkaloids content, and 16 alkaloids have been thereby isolated and identified. For the first time, the pyridine alkaloid gentianin and the indole alkaloid harmine have been siolated and identified from Gentiana decumbens L.; diterpene alkaloid-delphinopholine from Aconitum monticola Steinb., delcosine - from Aconitum anthoroideum DC. 
We’ve modified chemically cytisine and harmine molecules, synthesizing 16 new derivatives through them; the molecules structure has been determined from the elemental analysis and spectral data (UV-, IR-, 1Н-, 13С-  NMR) and XRS.
We’ve performed the biological screening of isolated alkaloids and their derivatives for neurotropis, analgesis, antimicrobial, and cytotoxic activity. The research results have showed diterpenoid alkaloid delfinofolin to have a pronounced neurotropis, delcosin and lappaconitine antimicrobial, 8-acetylhydrazone harmine-pronounced analgesic activity.
The findings of the experiment on the model of Alzheimer's and Parkinson's disease have allowed determining harmine derivatives to have an inhibitory effect on the acetylcholinesterase enzyme, and also to have shown an inhibitory effect on the tyrosinase enzyme.
A laboratory procedure for the isolation of the echinopsine alkaloid from the white-stemmed thistle (Echinops albicaulis Kar. & Kir) has been elaborated.
	Field of application: bioorganic chemistry, pharmacology and pharmaceutical production.







ТҰЖЫРЫМ

Есеп: 40 бет, 3 сурет, 2 кесте, 42 дереккөз, 8 қосымша.
АЛКАЛОИДТАР, БАҒАНАЛЫҚ ХРОМАТОГРАФИЯ, СПЕКТРЛІК ТАЛДАУ, ХИМИЯЛЫҚ ТҮРЛЕНДІРУ, БИОЛОГИЯЛЫҚ СКРИНИНГ
Зерттеу нысандары: Қазақстан флорасының алкалоидты өсімдіктері. 
Зерттеу мақсаты – өсімдіктерді алкалоидтарды қамту тұрғысынан химиялық зерттеу, алкалоидтарды бөліп алу әдістерін оңтайландыру, алкалоид молекулаларындағы жеке фрагменттердің реакциялық қабілетін анықтау, әлеуетті фармакофорлық топтарға ие жаңа туындыларды алу.
Ғылыми-зерттеу жұмысты орындау барысында келесі нәтижелер алынды:
Ranunculaceae Juss., Asteraceae Dumort., Gentianaceae Juss., Papaveraceae Juss. тұқымдас 11 өсімдікке алкалоидтарды қамту тұрғысынан химиялық зерттеу жүргізіліп, 16 алкалоид бөліп алынды және сәйкестендірілді.
Алғаш рет Gentiana decumbens L. өсімдігінен генцианин пиридинді алкалоиды, гармин индолды алкалоиды, Aconitum monticola Steinb. өсімдігінен дельфинофолин дитерпенді алкалоиды, Aconitum anthoroideum DC. өсімдігінен делькозин бөліп алынды және сәйкестендірілді.
Цитизин және гармин молекулаларына химиялық түрлендіру жүргізілді, олардың негізінде 16 жаңа туынды синтезделді, молекулалардың құрылысы мен құрылымы элементтік талдау және спектрлік деректер (УК-, ИҚ-, 1Н-, 13С- ЯМР) мен РҚТ негізінде дәлелденді.
Бөліп алынған алкалоидтар мен олардың туындыларының нейротропты, анальгетикалық, микробқа қарсы, цитоуытты белсенділігіне биологиялық скрининг жүргізілді. Зерттеу нәтижелері дельфинофолин дитерпенді алкалоиды айқын нейротроптық, делькозин мен лаппаконитин микробқа қарсы, гарминнің 8-ацетилгидразоны айқын анальгетикалық белсенділікке ие екенін көрсетті.
Альцгеймер және Паркинсон аурулары моделіндегі эксперимент нәтижелері бойынша гармин туындылары ацетилхолинестераза ферментінде ингибиторлық әсерге ие екендігі, сондай-ақ тирозиназа ферментінде ингибиторлық әсер көрсеткені анықталды.
Ақ сабақты лаңсадан (Echinops albicaulis Kar. & Kir) эхинопсин алкалоидын бөліп алудың зертханалық регламенті жасалды.
Қолдану саласы: биоорганикалық химия, фармакология және фармацевтикалық өндіріс.
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This R&D report uses the following abbreviations and designations:
HPLC - high performance liquid chromatography
Hz - Hertz
IR - infrared spectrum
SSCC - spin-spin coupling constant
MHz - mega Hertz 
ppm - parts per million
NCSSTE – national center of state scientific and technical expertise
PMR-proton magnetic resonance
Act.R. - activity rate
TLC - thin layer chromatography
Mp - melting point (° С)
UV - ultraviolet spectrum
XRS - X-ray structural analysis
CMS - chromatomass spectrometry
CNS - central nervous system
NMR 1Н -nuclear magnetic resonance (proton)
NMR 13С -nuclear magnetic resonance (carbon)
Al2O3-aluminum oxide
CDCl3-deuterochloroform 
EtOH - ethyl alcohol
HMBC (1H-13C) - experiment on 2- and 3-bond through heteronuclear multiple bond correlation
HMQC (1H-13C) - experiment on 1-bond through heteronuclear single-quantum correlation
H2SO4 – sulfuric acid 
HSQC (1Н-13С) - two-dimensional heteronuclear NMR spectroscopy
KBr - potassium bromide
NaOH - sodium hydroxide
Na2SO3 - sodium sulfite 
NBS - N-bromosuccinimide
NIS - N-iodosuccinimide
NOESY (1Н-1Н) - two-dimensional homonuclear NMR spectroscopy
pH - acid value 
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The flora of Kazakhstan is described in terms of a variety of different herbal substances, many types thereof can be used commercially. The need for highly effective and low-toxic herbal extracts settles down in the study of bioactive substances and the production of medicines from crude plants. This systematically reduces the dependence of the Republic's healthcare system on imported medicines. For the purpose of this objective, it is necessary to use our own production facilities, primary resources, and scientific and technical potential. In this regard, the following is seen relevant: searching for potential sources of bioactive compounds, developing a substance technology from herbal substances.
The herbal extracts, among which about 30% contain alkaloid compounds, their functional or other nitrogen-containing derivatives have been found to be dominant among medicines.
The relevance of this paper is to search for new alkaloid-bearing plants in the flora of Kazakhstan, isolate alkaloids and synthesize new compounds from them, and produce alkaloid substances - the basis of new reference medicinal products.
The scientific novelty is to isolate alkaloids from previously unexplored plant products and synthesize from them new derivatives with analgesic and neurotropic activity.
The practical significance is associated with the isolation and synthesis of new alkaloid compounds with neurotropic and analgesic effects for the production of the substance of reference medicinal products.
The choice of the research trend is based in the study of the Kazakhstani plant chemical composition for the alkaloids content - sources of new drugs. To solve the problems posed in this paper, we’ve used improved methods for isolating alkaloids from plant products, know-how of alkaloids samples, established their fine chemical structures using spectral data (UV, IR, 1Н-, 13С-  NMR) and X-ray structural analysis. 
The aim is to study chemically plants for the alkaloids content, improve methods for isolating alkaloids, determine the reactivity of individual fragments in alkaloid molecules in terms of the production of new derivatives with potential pharmacophore groups.
In this paper, according to the 2018-2020 calendar plan (Appendix A) the following main objectives have been fulfilled:
1. Study chemically and isolate alkaloids from plants of the families Ranunculaceae Juss, Gentianaceae Juss, Asteraceae Dumort;
2. Improve methods for isolating alkaloids from prospective wild plant species;
3. Synthesize new alkaloid derivatives to produce potential pharmacoactive agents with heterocyclic substituents;
4. Determine the structure of new isolated alkaloids and their synthetic derivatives using spectral methods;
5. Conduct bioscreening of plant-isolated alkaloids and their synthetic derivatives.
When fulfilling the main objectives under the AR05135304 project "Chemical study of alkaloid-bearing plants as promising sources of bioactive substances" according to the 2018-2020 calendar plan (Appendix A), the following main results have been obtained:
- 11 plant species of the families Ranunculaceae Juss., Asteraceae Dumort., Gentianaceae Juss., Papaveraceae Juss. have been studied chemically for the alkaloids content, and 16 alkaloids have been thereby isolated and identified. For the first time, the pyridine alkaloid gentianin and the indole alkaloid harmine have been siolated and identified from Gentiana decumbens L.; diterpene alkaloid-delphinopholine from Aconitum monticola Steinb., delcosine - from Aconitum anthoroideum DC. From Echinops albicaulis Kar. & Kir. The total extractive substances have been generated and echinopsin has been isolated.
- The quantitative content of diterpene alkaloids has been determined: songorine of 0.48% to 18.8%, delcosine of 7.51% to 17.7%, lappaconitine of 0.25% to 2.81% in extracts of plants of the genus Aconitum L.; the main component of Aconitum monticola Steinb. has found to be songorin, Aconite soongaricum Stapf. and Aconite anthoroideum DC. - delcosine, songorine, Aconitum villosum Reichenb. and Aconite altaicum Steinb.  - delcosine.
- 16 new derivatives have been synthesized from harmine and cytisine, the molecular structure thereof has been found from elemental analysis, spectral data (UV, IR, 1Н-, 13С-  NMR) and X-ray structural analysis.
- Biological screening of isolated and synthesized compounds has been performed. The experiment findings have allowed determining samples of extracts of Gentiana decumbens L., Gentiana barbata Froel. and Echinops albicaulis Kon&Kir. to produce analgesic activity.
- Alkaloids and harmine derivatives isolated from plants of the genus Aconitum L. have neurotropis, antimicrobial, analgesic activity. Where delphinofoline has a pronounced neurotropic activity, and 8-acetylhydrazone harmine has a pronounced analgesic activity.
The findings of the experiment on the model of Alzheimer's and Parkinson's disease have allowed determining harmine derivatives to have an inhibitory effect on the acetylcholinesterase enzyme, and also to have shown an inhibitory effect on the tyrosinase enzyme.
A laboratory procedure for the isolation of the echinopsine alkaloid from the white-stemmed globe-thistle (Echinops albicaulis Kar. & Kir) has been elaborated.
The report has been performed by 5 employees, including 1 doctor of chemical sciences, professor, 2 masters of engineering and technologies, PhD-doctoral student, master's student. All performers of the report are experienced in this area.
According to the research results the performed T.S. Borovik has successfully defended a thesis for the degree of candidate of biological sciences, the performer M.S. Aytmagambetova - Master's thesis.
During the 2018-2020 reporting period, a patent of the Republic of Kazakhstan 2020/0159 for (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole with analgesic activity was applied from 10.03.2020 (Appendix B).
7 scientific papers have been published, 2 articles thereof - in peer-reviewed scientific journals, indexed and having percentile of 27 and 31 according to CiteScore in the Scopus database, 2 articles - in a domestic edition recommended by COXON and 3 abstracts (Appendix B). 
The 2018-2019 interim reports were registered with NCSSTE JSC in conformity with applicable rules (inv. No. 0218RK01059 and inv. No. 0219RK00727).
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	Plants of the family Ranunculaceae Juss. are a rich source of semi – functional heterocyclic-diterpene alkaloids. But the most important, plants of the genus Aconitum L. are characterized by a wide range of pharmacological activity-antiarrhythmis, neurotoxis, central nervous system stimulating, and according to folk and traditional medicine, tinctures and ointments of these plant species are antitumor [1-4].
	More than 70% of modern homeopathic remedies are produced from herbal substances. Plants of the genus Aconitum L. are among the most homeopathic. The homeopathic Pharmacopoeias of the top global countries  (Germany, France, the USA and others) include Aconite preparations produced from the following plant species: Aconitum napellus L., Aconitum ferox Wall, Aconitum lycoctonum L. 
Georgian researchers chemically studied the subterranean organs of Aconitum orientale Mill. and Aconitum nasutum Fisch. ex Rchb, thus isolating alkaloids: aconitine (1), lappaconitine (2), caracoline (3), gigactonine (4). The total alkaloids in the underground parts of Aconitum orientale Mill. and Aconitum nasutum Fisch. ex Rchb. in vitro showed cytotoxic activity against cell lines A-549 (lung carcinoma), DLD-1 (intestinal adenocarcinoma) and WS-1 (normal human fibroblasts) [5-6].





   

   (1)                              (2)                           (3)                        (4)

Chinese researchers intensively study plants of the genus Aconitum L., where these plants are part of medicines of the traditional Chinese medicine, for example, a new C19-diterpene alkaloid of the aconitine type atropurpursin was isolated from the roots of Aconitum hemsleyanium E. Pritz. [7].
The above-ground part of Aconitum smirnovii Steinb. gives to isolate C19-diterpene alkaloids - aconitine (1), songorine (5), songoramine (6), aconiacarmicine A (7), benzoylaconine (8), 14-benzoyl-8-O-methylaconine (9), and two new alkaloids smirnotine A (10) and smirnotine B (11); the molecular structure has been determined from spectral data (1Н-, 13С-  NMR). These alkaloids have shown antiarrhythmis, cytotoxis, and antimicrobial activity [8-9]. 




           
                (5)                        (6)                              (7)                                  (8)




           
                      (9)                             (10)                                       (11)

Russian researchers [10] have developed a method for isolating diterpene alkaloids from Aconitum kirinense Nakai., which grows on the Primorye Region. Alkaloids are separated through gas and high-performance liquid chromatography (GC and HPLC) with mass spectrometric detection of separated peaks and fragmentation in APCI, API-ES, and electron impact modes. The LC-MS method with fragmentation in APCI and API-ES mode has allowed identifying in Aconitum kirinense Nakai 6 diterpenoid alkaloids: 8-acetylecholine, tugiaconitine, akiramine, kirinine, lepenine.
[11] describes a chemical study of the roots of Aconitun kirinense Nakai, thereby isolating and identifying new C18-diterpene alkaloids of the ranaconitine type kirizine (AD), lappaconitine type kirizine E, C20-diterpene alkaloids of the denudative type kirizine (F-L) and napelline type kirizine (M-O). The isolated compounds were tested for neuroprotective and inhibitory acetylcholinesterase activity. 
The crushed raw material of Aconitum anthoroideum DC is extracted with 95% ethanol, once the alcohol is removed, the alkaloids are extracted with 10% HCl, then alkalized and extracted with ethyl acetate, resulting in the total alkaloids, which is chromatographed on a silica gel column. The chromatographic separation produced a new diterpenoid alkaloid antorodin A (12); bisdyterpene alkaloid, connected by single carbon-carbon bond antorodin B (13); three C20-diterpene alkaloids of the racemulosine type (14-16), hetidine type (17), three getizine types antorodine C-I (18-20) [12]. 



        
                        (12)                                             (13)                         (14-16)




          
             (17)                       (18)                               (19)                              (20)

Aconitum talassicum M. Pop. was extracted with chloroform, preliminarily alkalizing the product with Na2CO3, then the extract was acidified with H2SO4 and the alkaloids were separated with chloroform. The total alkaloids were eluted with a chloroform-methanol mixture (100: 1) on a silica gel column, followed by recrystallization with methanol, and the alkaloids of thalassamine, talatizamine, 14-O-acetylthalatizamine, isothalatizidine, isoboldine, talatizidine, crystallin hydrochloride [13-14] were thereby isolated.
Researchers of the Institute of Organic Chemistry, Ural Branch of the Russian Academy of Sciences (Ufa) isolated from Aconitum neosachalinense H. Lev. 6 previously known alkaloid hypaconitine, mezaconitine, neoline and three aporphine alkaloids glaucine, N-methyllaurotetanin and isoboldine. Extraction was performed with water in the presence of Na2CO3 followed by column separation [15]. 
The genus Anemone (family Ranunculaceae Juss.), which includes more than 150 species, has long been used in the folk medicine. Morphologically and phytochemically, it is closely related to Pulsatilla, Clematis, and Hepatica [16]. The genus Anemone contains triterpene saponines with anti-cancer activity. Anemone extracts have immunomodulatory, anti-inflammatory, antioxidant, and antimicrobial effects [17-22].
Anemone altaica Fisch. ex. C.A. Mey., an endemic plant species with the chemical composition poorly studied, grows on the East Kazakhstan. Chinese researchers as follows from the study of the chemical composition of Anemone altaica Fisch. ex. C.A. Mey. isolated 9 compounds, resulting in a new carboline type alkaloid of 4- (9H-β-carbolin-1-yl) 4-oxo-butyric acid isolated [23]. The Chinese medicine has been using the underground part of Anemone altaica for the treatment of epilepsy, neurasthenia and arthritis. 
Echinops L. is one of the most systematically multi-species genera of the dicotyledonous plants in the family Asteraceae Dum.  It includes more than 250 species of plants, widespread in Eurasia and North Africa, and 18 species of Echinops in Kazakhstan [24].
Foreign research centers are known to be studying the chemical composition of representatives of the genus Echinops L, from which alkaloids have been isolated. Extracts of these plant species have a strong inhibitory activity against stophylococcus, are active against gram-positive organisms and molluscs. Thiophenes of the species Echinops transiliensis, Echinops spinosissimus, and Echinops latifolius show anticancer activity [25-26].
In Kazakhstan, the works by N.G.Gemedzhyieva, N.Kurbatova, N. M.Mukhitdinov, N.Duysenova are worth of noting. They identify the biological and phytochemical features of the species Echinops sphaerocephalus, Echinops chantavicus [27].
Quinoline  alkaloids, sesquiterpenoids, flavonoids, sterols, triterpenes have been identified in plants of the genus Echinops L. [28-29]. The quinoline alkaloid echinopsin (21) is the most readily available alkaloid of plants of this genus: its content in the Echinops fruits can be 2%. In addition to echinopsine (21), the following 7 more alkaloids with a quinoline skeleton were isolated and identified from the Echinops: echinopsidin (22), echinorin (23), 7-hydroxyequinosolinone (24), and 2 quinoline glycoalkaloids (25,26) [30-31].





              
                (21)                 (22)               (23)                 (24)                        (25-26)

Thy chemical study of bioactive substances from endemic plant species of the genus Echinops L., Aconitum L., Anemone L. growing in Kazakhstan, the determination of the qualitative, quantitative content and biological activity of the main groups of BAS and the development from them of new medicinal substances are promising.
One of the promising synthons in terms of modification and production of new biologically active substances is the plant alkaloid harmine (27) [32], which shows a wide spectrum of biological activity, in particular, it induces cell proliferation of β-cells in vitro and in vivo by activating the intracellular protein kinase enzyme DYRK1A [33-35]. In this regard, harmine is advantageous for the production of neurological treatment agents, and antidiabetic agents [36-38]. 
	As a result of the literature analysis it is possible to determine that the isolation and chemical transformation of alkaloids is advantageous for the search for new medicinal substances and the development of the substance of reference herbal formulations from them.
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During the АР05135304 project "Chemical study of alkaloid-bearing plants as promising sources of biologically active substances" in 2018, the following results have been produced: 
Chemical screening of plants of the families Ranunculaceae Juss., Asteraceae Dumort., Gentianaceae Juss has been performed for the alkaloid content.
Plants of the family Gentianaceae Juss have been studied chemically. Indole alkaloid - harmine (27), pyridine alkaloid - gentianine (28) have been isolated and identified for the first time from Gentiana decumbens L. 
From the plant product of Thalictrum foetidum L.- glaucin (29), N-methylcanadine (30); from Thermopsis lanceolata R. Br. – cytisine (31); from Chelidonium majus L. – protopine (32), coptisine chloride (33), L-stylopine (34).




                 
              (28)                               (29)                    (30)                             (31)



          
                           (32)                          (33)                                  (34)

The quantitative alkaloid content in extracts of plants of the genus Aconitum L.
5 new derivatives of harmine and cytisine molecules were synthesized, with the structure established from spectral data (UV-, IR-, 1Н-, 13С -NMR) and X-ray structural analysis.
The analgesic activity of the total extractives from plants of the families Ranunculaceae Juss., Asteraceae Dumort., Gentianaceae Juss was studied.
Screening of the model of Alzheimer's and Parkinson's disease showed  harmine derivatives to have an inhibitory effect on the acetylcholinesterase enzyme, and to exhibit an inhibitory effect on the tyrosinase enzyme.
The 2018 interim report was registered with “NCSSTE” JSC in conformity with applicable rules (inv. No. 0218RK01059).
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The following results were attained during the AP05135304 project "Chemical study of alkaloid-bearing plants as promising sources of biologically active substances" in 2019: 
A chemical study of plants of the genus Aconitum L. made it possible to isolate and identify diterpene alkaloids - aconitine (1), songorine (5), delcosine (35) from Aconitum soongаricum Stapf., songoramine (6), delcosine (35), atisinium chloride (37) from roots of Aconitum monticola Steinb., aconitine (1) from the above-ground part of Aconitum altaicum Steinb. It was first isolated and identified from Aconitum monticola Steinb. - delphinofoline (37), from Aconitum anthoroideum DC. - delcosine (35). 
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                     (35)                              (36)                                      (37)

The spatial structure of the crystal molecular structure (1α, 4β, 6β, 7α, 8β, 14α, 16β) -20-ethyl-16-methoxy-4- (methoxymethyl) -aconitan-1,6,7,8,14-pentaola (37) was studied with X-ray structural analysis.
5 new derivatives of harmine were synthesized, with the molecular structure determined from spectral data (UV-, IR-, 1Н-, 13С-, 19Ғ-NMR) and X-ray structural analysis.
We’ve conducted biological screening of isolated and synthesized compounds: derivatives of harmine 2-fluorochalcone, 8-acetylhydrazone, N-(2)-(3,4-dichlorophenacyl) harminium bromide show moderately expressed antimicrobial, 4-methoxychalcone harmine derivative, and diterpene alkaloids delcosine and lappaconitine have an antimicrobial activity, 2,3,4-trimethoxychalcone-, 2-fluorohydrazone harmine derivatives show neurotropic activity.
The 2019 interim report was registered with “NCSSTE” JSC in conformity with applicable rules (Inv. No. 0219RK00727).
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A chemical study of the above-ground part of Aconitum villosum L. collected in the Altay during the budding period in the Pechi village area, East Kazakhstan region, involved the isolation of biologically active components from plants of the genus Aconitum L.
The air-dry crushed raw material of the above-ground part of Aconitum villosum L. weighing 0.9 kg was exhaustively extracted with ethanol, and, once the extractant was stripped off in vacuum, the total extractives were thereby isolated. The derived total extractives were dissolved in hot 96% 70°C ethanol constantly stirred, and purified water heated to a similar temperature was added (total substances-ethyl alcohol ratio 1:2; ethyl alcohol-water ratio 2:1). The derived aqueous-alcoholic solution of the extract was filtered off. Water-alcohol treatment was performed twice. The combined filtrates were treated with chloroform 3 times (filtrate-chloroform ratio 3:1). In this case, total extractives were obtained. Once chloroform was removed, the alkaloids were extracted with 5% Н2SO4, then alkalized with aqueous Na2CO3 and extracted with chloroform. 8.73 g of the total alkaloids were obtained. 
The total alkaloids derived were chromatographed on a Al2O3 column (II Act. R.) at the amount-carrier ratio 1: 20. When the column was eluted, total alkaloids of 5.42 g were isolated using a step gradient of the hexane-chloroform elution mixture (9:1; 1:1).
The total alkaloids derived were re-chromatographed on a Al2O3 column (II Act. R.) by elution with a hexane-ethyl acetate mixture (9: 1) and 0.03 g of crystal substance (2) of the С34Н47NО11 composition, 216-2180С m.p. (СНCl3) were isolated. 
UV spectrum (EtOH), λmax/нм (lg ε) (2): 223 (2.58), 252 (3.05),  311 (3.34).
IR spectrum (КВr, ν, сm-1) (2): 3550, 3528 (ОН), 3009 (N-H), 2928 (СН3), 1698 (С=О), 1684, 1585, 1504, 1414 (CH2), 1375 (СН3), 1318, 1270, 1160, 1084 (C-O), 1000, 968, 876, 764.
1Н NMR spectrum  (500 MHz, CDCl3, , ppm, J/Hz) (2): 1.2 (3H, d., NCH2CH3, J=7.2) 1.6 (1Н, d.d., Нb-6, J1=15.2, J2=8.3), 1.82 (1Н, t., Нb-3, J=13.5), 1.95 (1H, m., Нb-12), 1.99 (1H, m., Нb-15), 2.08 (1Н, d.d., Н-10, J1=12.6, J2=4.4), 2.13 (1Н, m., Н-7) 2.14 (1Н, m., Нb-2), 2.20 (3H, s., NHCOCH3), 2.26 (1Н, m., Нa-2), 2.35 (1Н, m., Н-13), 2.37 (1Н, m., Н-5), 2.38 (1Н, m., Н-15), 2.46 (1Н, d.d., Нa12, J1=14.5, J2=4.7), 2.48 (1Н, m., Нb-21), 2.52 (1Н, m., Нb -19), 2.53 (1Н, m., Нa-21), 2.63 (1Н, m., Нa-3), 2.67 (1Н, d.d., Нa-6, J1=15.2, J2=7.3), 2.85 (1Н, m, Н-1), 3.0 (1Н, s., Н-17), 3.05 (1Н, m., Н-5, J=4.5), 3.21 (1Н, t, Н-11), 3.16 (1Н, d.d., Н-1, J1=10.4, J2=6.7), 3.27 (1Н, m., Н-16), 3.27, 3.28, 3.38 (3H each, all s., 1-, 16-, 14- СН3О, respectively), 3.44 (1Н, d., Н-14, J=5.1), 3.56 (1Н, d., На-19, J=11.4), 7.01 (1Н, d.d.d., Н-5', J1=8.0, J2=7.4, J3=1.1), 7.49 (1Н, d.d.d., Н-4', J1=8.8, J2=7.4, J3=1.5), 7.90 (1Н, d.d ., Н-6', J1=8.0, J2=1.5), 8.65 (broad doublet, 1Н, Н-3', J=8.8), 11.02 (1H, broad singlet, NHAc).     
The 1Н NMR spectrum of the isolated compound (2) contains signals of a three-proton triplet of the NCH2СН3 groups at δ 1.2 ppm. with SSCC of 7 Hz, a singlet of the СОСН3 groups at δ 2.2 ppm. The signal of the H-17 proton as a singlet is observed at δ 3.0 ppm, singlets of three ОСН3 groups at δ 3.27, 3.28, 3.38 ppm. (at C-1, C-14 and C-16, respectively), and a doublet with SSCC of 5.1 Hz. at δ 3.44 ppm refers to the H-14 proton signal. Signals of the H-5 'and H-4' aromatic protons are manifested by doublet triplets at δ 7.01 with SSCC of 8.0 and 1.1 Hz and δ 7.49 ppm. with SSCC of 8.5 and 1.5 Hz, doublet doublets of the Н-6' proton at δ 7.9 ppm with SSCC of 8.0 and 1.5 Hz, and the H-3 'proton with a broad doublet at δ 8.64 ppm with SSCC of 8.8 Hz. The proton signal from Ar-NH-COR appears as a singlet at 11.02 ppm.   
13С NMR spectrum  (125 MHz, CDCl3, , ppm) (2): 169.21 (Cq, COCH3), 167.41 (Cq, C-7'), 141.77 (Cq, C-10, 134.59 (CHf, C-5), 131.14 (CH, C-6'), 122.45 (CH, C-4'), 120.34 (CH, C-3'), 115.70 (Cq, C-20), 90.10 (CH, C-14), 84.56 (Cq, C-4), 84.09 (CH, C-l), 82.88 (CH, C-16), 78.50 (Cq, C-9), 75.68 (Cq, C-8), 61.62 (CH, C-17), 58.06 (OCH3, C-14), 56.68 (OCH3, C-l), 56.28 (OCH3, C-16), 55.75 (CH2, C-18), 51.02 (Cq, C-ll), 49.76 (CH, C-5), 49.24 (CH2, C-19), 48.49 (CH, C-7), 47.56 (CH, C-10), 44.89 (CH2, C- 15), 36.37 (CH, C-13), 31.79 (CH2, C-3), 29.78 (CH2, C-12), 26.33 (CH2, C-2), 25.67 (CH3, Ac), 24.12 (CH2, C-6), 13.48 (CH3, C-20).  
The 13С NMR spectrum of the isolated compound (2) contains signals of three ОСН3 groups at δ 58.06, 56.68, and 56.28 ppm, corresponding to signals of the C-1, C-14, and C-16 atoms. The Ar-С=О signal appears at δ 167.41, and NHC=O at δ 169.21 ppm. The carbon signals of the acetylantronic acid residue appear at δ 115.7 -131.1 ppm, and the signals of the N-ethyl fragment with the nitrogen atom at δ 13.48 (for CH3) and 49.24 ppm (for CH2).
Based on the physicochemical constants, IR, UV and NMR spectra, the isolated compound (2) was identified as a diterpene alkaloid — lappaconitine [6]. 
The quantitative content of alkaloids was determined in the total extract of the aboveground part of Aconitum villosum L. The content was: aconitine (1) - 0.05%, lappaconitine (2) - 0.25%; songorine (5) was not found in this total extract.

[bookmark: _Toc54688626]4.2 Isolation of alkaloids from Anemone altaica Fisch.ex. C.A. Mey

We’ve chemically studied the underground part of Anemone altaica Fisch. ex. C. A. Mey collected in the East Kazakhstan region.
To isolate biologically active components from Anemone altaica Fisch. Ex. C.A. Mey, the product was extracted five times with chloroform. The derived total alkaloid extract was concentrated in a vacuum evaporator. The chloroform extraction was treated with a 5% solution of H2SO4; after the phase disengagement, the sulfuric acid extract of alkaloids was separated. The sulfuric acid solution of alkaloids was alkalized with Na2CO3 saturated solution to pH 8-9, and was extracted with chloroform. The chloroform solution was evaporated. The yield of the total extractive substances was 24.13% (based on air-dry products).  
The derived total extractive substances were chromatographed on the Al2O3 column (II Act.R.) at the amount-carrier ratio of 1: 20. When eluting a column using a step gradient of the chloroform-methanol elution mixture (9:1; 1:1), the total alkaloids of 14.5 g were isolated. 

[bookmark: _Toc54688627]4.3 Isolation of alkaloids from Echinops albicaulis Kar. & Kir.

During the expedition trips, commercial thickets were identified and raw product inventory of Echinops albicaulis Kar.et Kir. on the Balkhash district and in the Kerbulak village area, Almaty region was accounted.  
White-stemmed thistle (Echinops albicaulis Kar. et Kir., the family Asteraceae Dumort) is found in the Turgay (South), Aral, Kyzyl-Orda regions, Betpakdala, Muyun Kum, near Balkhash lake, Kzylkum (North).
Air-dry crushed raw material of the aerial part (buds, flower baskets, leaves) of Echinops albicaulis Kar. & Kir. with mass of 0.5 kg was exhaustively extracted with 80% ethanol. After evaporation of the extractant under vacuum, 0.75 l of a water-still residue was obtained. The water-still residue of the extract was alkalized with 25% Na2CO3 solution to pH 8-9, then the alkaloids were extracted four times with chloroform. The chloroform extraction was treated with a 5% H2SO4 solution; after the phase disengagement, the sulfuric acid extract of alkaloids was separated. Sulfuric acid solution of alkaloids was alkalized with the saturated Na2CO3 solution to pH 8-9, and was extracted with chloroform. When the derived total alkaloids were purified with hexane, benzene and acetone, a light yellow crystalline powder was obtained with 149-1500С m.p., С10Н9NO composition; the yield was 0.17% (based on the weight of air-dry products).  
The IR spectrum of compound (21) contains intense absorption bands of 3403, 3062, 1624, 1574, 1156 cm-1 peculiar to -С=О, N-СН3, С=С, С-N groups, respectively.
The UV spectrum of compound (21) exhibits absorption maxima at quinoline cycle wavelengths of 212, 238, 324, 337 nm. 
1Н NMR spectrum (500 MHz, CDCl3, , ppm, J/Hz) (21): 3.78 (3H, s, N-CH3), 7.37 (1Н, d, J=6.88, Н-3), 7.39 (1Н, d, J=8.41, Н-6), 6.24 (1Н, d, J=7.64, Н-8), 7.49 (1H, d, J=7.64, Н-2), 7.66 (1Н, d, J=8.41, Н-7), 8.44 (1Н, dd, J=8.41, 1.91, Н-5). 
The 1Н NMR spectrum of the isolated compound (21) exhibits a methyl three-proton singlet at  3.78 ppm, shifted to the low field due to the proximal nitrogen atom, the oxygen atom also shifts to the low field signals of H-6, H-7, H-8 aromatic protons, as doublets at   7.39, 7.66 and 6.24 ppm with SSCC of 8.41, 8.41, 7.64 Hz, respectively, also the proton signal at C-5 which is closest to the oxygen atom is shifted at of   8.44 ppm with SSCC of 1.91, 8.41 Hz. The H-3 and H-2 proton signals of the heterocyclic ring appear as doublets at   7.37 and 7.49 ppm with SSCC of 6.88, 7.64.
13С NMR spectrum (СDCl3, δ, ppm) (21): 178.43 (s, С-4), 143.83 (d, С-2), 140.69 (s, С-8a), 132.33 (d, С- 7), 127.08 (s, C-4a), 126.98 (d, C-6), 123.89 (d, C-5), 115.42 (d, C-8), 110.09 (d, C-3), 40.77 (k, CH3). 
In the 13С NMR spectrum of the isolated compound (21), the signal of the C-4 carbon atom, the most shifted to the low field due to the close proximity of the oxygen atom is displaced at  178.43 ppm, the C-5, C-6, C-7, C-8 signals are at 123.89, 126.98, 132.33, 115.42 ppm as doublets, the signals of C-4A, C-8A carbon atoms at  127.08, 140.69 ppm accordingly have chemical shifts typical for aromatic carbon atoms. The signals of heterocyclic ring C-2 and C-3 carbon atoms appear at  143.83 and 110.09 ppm as doublets. The chemical shift is at  40.77, the methyl group signal is displaced due to the nitrogen atom. 
From physicochemical constants, IR, UV, and NMR spectra, the isolated compound (21) was identified as a quinoline alkaloid - 1-methyl-1,4-dihydroquinoline-4 (1H) -one (echinopsine) [24].










[bookmark: _Toc54688628]5 Chemical modification based on 8-acetylharmine. Study of the molecular structure of synthesized derivatives

The analysis of the Mulliken charge distribution on non-hydrogen atoms using semi-empirical methods of quantum chemistryAM1 and PM3 has shown that the harmine molecule (27) behaves electrophilically. The N2, C4, C6 and C8 atoms are relatively preferred reaction sites for an electrophilic substitution.
The 8-acetylharmine molecule contains a carbonyl group, which can be used for addition and reduction reactions. Hydrazine and its derivatives, and aromatic aldehydes, can interact with carbonyl compounds to produce hydrazone and chalcon derivatives of harmine.
We have studied how 8-acetylharmine (38) interacts with hydrazine hydrate. The chemical modification has allowed for the synthesization of (Z) -8- (1-hydrazonoethyl) -7-methoxy-1-methyl-9H-pyrido [3,4-b] indole (39), which is of considerable interest for further modifications. 


                                   (27)                                                          (38)



                                         (39)                                                       (40)
              
The compound structure (39) was determined from NMR, IR, mass spectra, XRS and elemental analysis. The signals in the NMR spectrum were assigned from 1H, 13С NMR spectra and the 1H-15N (HMBC) correlation spectrum. The 1H-15N data were used to unambiguously assign the singlet signals of methyl groups with the C-1 atom of pyridine ring and hydrazone substituent. The upfield signal of the methyl protons (C-13) (δ 2.12 ppm) interacts with the nitrogen atom of hydrazone substituent (C=N) (δN 309 ppm). The signal of CH3 protons with the C-1 atom (δ 2.71 ppm) and a H-3 proton (doublet, δ 8.15 ppm) interact with the nitrogen atom of pyridine ring (δN 279 ppm).
The compound (39) molecular structure is shown in Figure 1. The intermolecular interactions were analysed using the PLATON and MERCURY programs.

[image: ]
Figure 1 - Molecular structure and atomic numbering of the compound (39) (thermal ellipsoids are with a probability of 30%)

The geometric molecule parameters of the compound (39) stand for the average values and, within 3, coincide with those in the closest structural analogs, harmine derivatives: 8-formylharmine and 8-acetylharmine. The compound (39) molecule is almost flat; the root-mean-square deviation from the plane through all non-hydrogen atoms of the tricyclic fragment is 0.027 Å. The ethylenic bond C10=N12 has a Z-configuration (the torsion angle C8C10N12N13 is 2.2 (2)°). The nitrogen atom N13 is pyramidally shaped, its out-of-plane with the H and N12 atoms is 0.23 (1)Å. Crystallized compound (39) molecules stack due to π-stacking interactions. Figure 2 shows a stack packing of crystallized molecules along the b axis. 
Adjacent stacked molecules are arranged as a head-to-tail; 6- and 5-membered heterocyclic fragments are involved in π-stacking; the intercentroid distance in Cg ... Cg stacks varies from 3.536 (1) to 3.864 (1) Å, and the interplanar distance varies from 3.428 (1) to 3.458 (1) Å. The stacks are interconnected due to weak hydrogen bonds of the N-H ... N and C-H ... O types. The hydrogen bond parameters are given in Table 1. The remarkable thing is that a similar packing appears in 8-acetylharmine.

Table 1-Intermolecular hydrogen bonds of the compound (39)

	Hydrogen bond
	Parameters

	
	D-N
	N…А, (Å)
	D…А, (Å)
	D-N …А, (°)

	N9-H9a   N12
	0.86
	2.27
	3.126(2)
	176

	N13-H13a   N2
	0.87(2)
	2.25(2)
	3.107(2)
	168(2)

	N13-H13b   N2
	0.87(2)
	2.54(2)
	3.318(2)
	149(2)

	C4-H4a   O1
	0.93
	2.55
	3.418(3)
	155



[image: ]
Figure 2 - Stack packing of crystallized molecules of the compound (39) 
The derived hydrogen bonds involving the N-H group of pyrrole cycle are also confirmed from IR spectra. The IR spectrum of the parent 8-acetylharmine ν the pyrrole ring NH appears as an associated band at 3406 cm-1. The IR spectrum of hydrazone (39) shows NH stretching bands shifted to the low-frequency region (ν NН 3327, 3220 cm-1 narrow bands). These results are consistent with the reported data obtained when studying the IR spectra of substituted heterocyclic compounds: imidazoles [39] and 1,2,4-triazoles [40].  
The parent compound was 8-acetylharmine (29), with the gross formula of C15H14N2O2, with 152-153 ° C m.p. The 8-acetylharmine (38) source is the alkaloid harmine (27), which is contained in the product of reference Péganum harmala L., which is widespread in the Southern Kazakhstan [41].
8-acetylhydrazone harmine (38) interacted with functionally substituted 2,4-dimethoxybenzaldehyde during boiling in methanol, makes (E) - 1-(2,4-dimethoxyphenyl)hydrazone) ethyl) - 7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl (40).
(Z) -8- (1-hydrazonoethyl) -7-methoxy-1-methyl-9H-pyrido [3,4-b] indole (39). 0.5 g solution (1.96 mol) of 8-acetylharmine (38) in 25 ml of ethanol is added dropwise with stirring with hydrazine hydrate excessed to 2.94 g (0.06 mol). The reaction mixture was stirred over 7-8 hours at 60 ° C. The derived precipitate was filtered off and recrystallized from EtOH. Substance (39) in  69% yield, yellow fine-crystalline powder, 207-209 ° C m.p., [α]24D -187.5° (с 0.16; СНCl3). UV spectrum (EtOH), λmax/nm (lgε): 213 (2.85), 243 (2.99), 302 (2.66), 328 (2.22), 341 (2.17). IR spectrum (КВr, ν, сm-1): 3327, 3220, (-NH), 3170, 3096, 2890, 2827 (-С-Н), 2983, 2927, 2915, (-ОСН3 of phenyl fragment), 1617 (-С=N), 1569, 1446, 1418 (-С-С), 1293, 1222, 1202 (-С=N-N), 1113 (-N-N). 1Н NMR spectrum  (500 МHz, DMSO, , ppm, J/Hz): 2.12 (3H, s, СH3С=N),  2.71 (3H, s, -СH3), 3.86 (3H, s, -OCH3), 7.04 (1H, d, J=8.2, H-6), 7.81 (1H, d, J=5.8,  H-4), 8.03, 8.05 (2Н, s, NH2), 8.12 (1H, d, J=8.2, H-5), 8.15 (1H, d, J=5.8, H-3), 10.51 (1Н, broad singlet, NН).  13С NMR spectrum (125 МHz, CDCl3, , ppm): s.141.58 (С-1);  d. 137.24 (С-3); d. 112.1 (С-4); s. 116.47 (С-4a); s. 129.02 (С-4b); d. 123.31 (С-5); d. 105.0 (С-6); s. 156.81 (С-7); s. 105.82 (С-8); s. 138.67 (С-8a); s. 135.64 (С-9a); quar. 18.51 (CH3С=N); quar. 55.55 (-OCH3); quar. 21.94 (-CH3); s. 145.95 (C=N).  Mass spectrum, m/z (Irel, %): 277 (100), 308 (37), 237 (22), 278 (18), 236 (15). Found, m/z: 268.1319 [M]+. C15H16N4O. Analyzed, m/z: 268.1298. Elemental Analysis: Found, %: С 69.10; Н 7.17; N 17.8. C15H16N4O. Analyzed, %: С 67.16; Н 7.00; N 17.87.    
(Z) -1- (2,4-dimethoxyphenyl) hydrazone) ethyl) -7-methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl (40). 0.186 g (1.12 mol) 2,4-dimethoxybenzaldehyde in 5 ml  methanol are added dropwise with stirring to a 0.15 g (0.56 mol) solution of (Z) -8- (hydrazonoethyl) -7-methoxy-1-methyl-9H-pyrido [3,4-b] indole (39) in 20 ml methanol. The reaction mixture is stirred over 4 hours at 60-650С. The derived precipitate is filtered off and recrystallized from ethanol. The substance (40) in 75% yield, C24H24N4O3 composition, [α]24D +125° (s 0.16; chloroform). UV spectrum (EtOH, λmax/nm (lg ε): 216 (2.78), 236 (3.26), 293 (2.26), 317 (2.17). IR spectrum (КВr, ν, сm-1): 3220 (-NH), 3178, 3107, 3004, 2851, 2837 (-С-Н), 2970, 2926 (-ОСН3 of phenyl fragment), 1623, 1606 (-С=N), 1570, 1462, 1421 (-С-С), 1290, 1271, 1226 (-С=N-N), 1173 (-N-N). 1Н NMR spectrum (500 МHz, CDCl3, , ppm, J/Hz): 2.54, (3H, s, СH3СN);  2.68 (3H, s, -СH3); 3.70 (3H, s, -OCH3); 3.71 (3H, s, -OCH3); 3.95 (3H, s, OCH3); 6.18 (1H, d.d., J = 8.7, H-3'), 6.32 (1H, d, J = 8.8, H-6'),  6,94 (1H, d, J=8.7, H-6); 7.73 ppm (1H, d, J = 5.3, H-4),  8.04 (1H, d, J = 8.7, H-5), 8.32 (1H, d, J = 5.3, H-3),  8.69 (1H, d, J = 6.8, H-5’), 8.76 (1H, broad singlet, H-16), 10.56 (1H, broad singlet, NH).  13C NMR spectrum (125 МHz, CDCl3, , ppm): s.129.1 (С-1'); d.139.28 (С-3); d.112.43 (С-4); s.115.49 (С-4a); s.117.07 (С-4b); d.123.31 (С-5); d.105.34 (С-6); s.162.34 (С-7); s.110.60 (С-8); s.141.73 (С-8a); s.135.65 (С-9a); quar. 24.33 (CH3СN); quar. 56.40 (OCH3); quar. 55.57 (OCH3); quar. 56.52 (OCH3); quar. 20.31 (CH3); d.98.39 (С-6'); d. 28.52 (С-3',5'); d.155.01 (CН=N); s.163.59 (C=N). Mass spectrum, m/z (Irel, %): 385 (100), 416 (32), 386 (26), 237 (11), 417 (9). Found, m/z: 416.1843 [M]+. C24H24N4O3. Analysed, m/z: 416.1840. Elemental Analysis: Found, %: С 68.99; Н 6.34; N 13.03. C24H24N4O3. Analysed, %: С 69.21; Н 5.82; N 13.45.
The X-ray diffraction study of a chloroform crystallized single crystal (39) was performed at 296 (2) K. An absorption correction was implemented using the SADABS program. The structure was decoded through a direct method using the SHELXS-97 program [42] and refined in the anisotropic-isotropic (for H atoms) approximation using the SHELXL-2014/7 program. The positions of hydrogens other than NH2 group H atoms were analysed geometrically, and the parameters of hydrogen atoms were refined in the isotropic approximation in the riding model. The NH2 group H atoms are localized from difference synthesis. Crystals (39) were rhombic and had a Pbca space group with the following crystallographic parameters: a = 15.4978(6), b = 7.6172(3), c = 22.7784(8) ,  V 2689.0(2) 3, Z = 8, C15H16N4O, dan = 1.326 g/cm3,  = 0.087 мм-1,  sample size 0.15×0.80×0.80 mm, maximum angle 2 55.1, the transmission of 0.7052 to 0.7456. The intensities of 3081 independent reflections (Rint = 0.030) were measured. Definite refinement parameters: R = 0.0565, wR2 = 0.1362, S = 1.083 for all independent reflections and R = 0.0463, wR2 = 0.1250 for 2585 F > 4. Refined parameters were of 189 and 2 restrictions. Atomic coordinates, bond lengths, and angles were deposited with the Cambridge Crystallographic Database, CCDC 2005036. (deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).
Thus, we have proposed a simple method for a new harmine derivative – (Z)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole (39), with the structure determined by one-dimensional 1Н, 13С and DEPT NMR methods, by two-dimensional COSY, HMQS, HMBC spectra, elemental analysis and mass spectra, and x-ray diffraction analysis. 

Synthesis of a chalcon-containing harmine derivative  

The chemical modification of harmine (27) at the aromatic ring gave 8-8-acetylharmine (38), with the condensation under the Claisen-Schmidt method with aromatic aldehyde in EtOH in the presence of aqueous NaOH solution that generates chalcone derivative harmine (E) -1- (7- methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl) -3- (3-bromo-4-fluorophenyl) prop-2-en-1-one (41) in 49% yield.



                   (27)                                  (38)                                   (41)

 (E) -1- (7-methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl) -3- (3-bromo-4-fluorophenyl) prop-2-en-1 -on (41). A 1 g mixture  (0.15 mmol) of compound (38) and 7.8 mmol 3-bromo-4-fluorobenzaldehyde were dissolved in a minimum amount (~ 15 ml) of EtOH, and 5 ml 25% aqueous NaOH solution (25 ° С) was added dropwise. The reaction mixture was stirred over 3 h at 25 ° C and  additionally 1 h at 60 ° S, cooled and neutralized with concentrated HCl. The derived precipitate was filtered off and recrystallized from EtOAc. When chalcone was produced, the neutralized precipitate was separated and chromatographed on silica gel (CHCl3 eluent). Substance (41) in 49% yield, yellow fine-crystalline powder, 201-2030С m.p.  
UV spectrum (EtOH), λmax/нм (lgε) (41): 202 (3.19), 208 (3.17), 232 (3.29), 269 (2.90), 276 (2.88), 321 (2.66), 363 (2.67).
The IR spectrum (41) shows (NH) group absorption bands at 3403 cm-1, the bands at 2980, 2915, 2924, 2859, 2848 cm-1 were related to ν (C-H) aromatic and aliphatic stretchings. Aromatic stretchings of the (C = C) bond were about 1602, 1577, 1495 cm-1 other than the 1643 band due to (C = N). The compound (41) gives strong absorption at 1743 cm-1 related to conjugated carbonyl group. It should be noted that the (C = C) band intensity was usually higher than the (C = O) band for most chalcones.
1Н  NMR spectrum (500 МHz, CDCl3, , ppm, J/Hz) (41): 2.84 (3H, s., СH3 at С-1); 4.13 (3H, s., OCH3); 6.96 (1H, d., J = 8.6, H-6); 7.18 (1H, t., J = 8.31, J = 8.34, J = 8.38, H-5'');  7.58 (1H, d. quar., J1 = 2.15, J2 = 4.69, J3 = 8.48, H-6''); 7.71 (1H, d.,  J =15.6, b-CH); 7.74 (1H, d., J = 5.3, H-4); 7.85 (1H, d.d., J 1=2.15, J2 = 6.55, H-2''); 7.91 (1H, d., J = 15.6, a-CH); 8.20 (1H, d., J = 8.6, H-5); 8.36 (1H, d., J = 5.3, H-3);10.79 (1H, broad singlet, NH).
The 1Н  NMR spectrum (41) shows  a methyl signal at 2.84 ppm, relevant to the C-1 proton signal as a singlet. The methoxyl proton signal of C-7 carbon atom appears as a singlet at  4.13 ppm respectively. The signals of H-3, H-4, H-5, H-6 phenyl substituent protons appear at  8.36, 7.74, 8.20, and 6.96 ppm. with SSCC of 5.3; 8.6 Hz respectively. The NH proton signal appears at 10.79 ppm. as a broad singlet. The signals characteristic of H-2'' H-5'' and H-6'' aromatic ring protons appear at  7.18, 7.71, 7.58 ppm. accordingly, the proton signals of trans substituted double bond appear at  7.85–7.91 ppm, confirming the derived chalcone structure. 
The 13С NMR spectrum (41) contains 10 singlet, 7 doublet, and 2 quartet signals. Typical signals of three carbon atoms (δС-2 '128, δС-3' 133, δС = O 190 ppm), confirming the chalcone structure formed. 
13С NMR spectrum (125 МHz, CDCl3, , ppm) (41): quar. 20.41 (CH3 at С-1); quar. 56.84 (OCH3); d. 104.61 (С-6); s. 110.02 (C-3''); s. 110.55 (С-8); d. 112.22 (С-4); d. 117.01 (C-5''); s. 117.50 (С-4a); s. 127.61 (С-4b); d. 128.67 (С-5); d. 128.82 (С-a); d. 129.14 (C-6''); s. 129.20 (С-8a); d. 133.18 (C-2''); s. 134.93 (С-9a); d. 139.41 (С-3); d. 139.76 (C-b); s.142.18 (С-1); s. 142.56 (С-1''); s. 159.02 (С-4''); s. 161.44 (C-7); s. 190.76 (C=O).
The 19F NMR spectrum of compound (41) in the range -104.2 shows a single signal of the phenyl fragment fluorine.
Mass spectrum, m/z (Irel, %) (41): 265 (100), 266 (15), 250 (10), 440 (10), 438 (9). Found, m/z: 438.0366 [M]+. С22H16 BrFN2O2. Analysed, m/z: 438.0374. Elemental Analysis: Found, %: С 62.04; Н 4.88; N 6.42. Analysed, %: С 60.27; Н 3.65; N 6.39. С22H16 BrFN2O2.
To assign chemical shifts of carbon atoms other than hydrogen atoms, the methods of long-range heteronuclear correlation were used: HMBC 1Н–13С (figure 3 а). Correlation spectra for long-range bonds, which uniquely identify all carbon atoms in the molecule other than hydrogen atoms, fully confirmed the synthesized compound structure [41]. 
HMBC 1Н–13С has a correlation peak of the H-2 ''aromatic ring protons with C-4 '' and C-3 ' atoms. The H-6 '' proton interacts with the C-5 '' and C-3 'atoms, and the protons of the trans substituted H-2' double bond interacts with the C-3 'and C = O atoms, the H-3' proton interacts with C-6 '' and C-5 '' atoms. This experiment confirms the chalcone structure formed. 
To correlate the nuclear spins, the nuclear Overhauser cross-relaxation is used during the mixing period. The derived spectrum is similar to COZY, with diagonal peaks and cross-peaks. Using NOESY (figure 3b), we can observe signals between nuclei in space in close proximity, based on the dipole-dipole interaction, due to the nuclear Overhauser effect.
The NOESY spectra’s (41) cross peaks conforming to the close spatial arrangement of corresponding atom groups were observed between the signals of the cyclic H-3 and H-4, H-4 and H-5, H-2 'and H-3' , H-2 '' and H-6 '', H-5 '' and H-6 '' protons.
All these data allows for suggesting that the synthesized compound (41) has the following structure (figure 3 a, b).
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                                    (а)                                                       (b)
Figure 3 - Confirmation of the carbon and hydrogen arrangement within the structure using HMBC (a) and hydrogens within the structure using NOESY (b) 3-bromo-4-fluoro-chalcone (41).	
Thus, we have synthesized for the first time 3-bromo-4-fluoro-chalcone (41). The synthesized compound (41) structure has been determined through 1Н, 13С  and DEPT NMR methods, and through the two-dimensional COZY, HMQS, HMBS, NOESY spectra, elemental analysis and mass spectra.

8-acetylharmine halogenation reaction 

We’ve performed the 8-acetylharmine (38) halogenation reaction under various conditions.
8-acetylharmine (38) with N-bromosuccinimide (NBS) (1.8 eq.) in dichloromethane (molar ratio 1:1.8) had been brominating over 24 hours and resulted in the mixture of 6-bromo-8-acetylharmine (42) and 4.6-dibromo-8-acetylharmine (43) isolated with column chromatography on silica gel in 72 and 19%, yield, respectively. Using a 2-fold excess of NBS and reducing the reaction time to 18 h result in a mixed monobromo-(42) and dibromo-β-carbolines (43) in 90 and 7.5% yield. We’ve found that the NBS-silica gel (molar ratio 1:4) has been brominating while completely converted over 12 hours and resulted to mixed bromine derivatives (42) and (43) isolated in 41 and 23% yield, respectively (Table 2). 




                      (27)                                        (38)                                 (42-43)

8-acetylharmine (38) with liquid bromine (4 equiv.) in acetic acid (molar ratio 1: 4) was brominated over 6 h and resulted in the mixture of 6-bromo-8-acetylharmine (42) and 8-acetylharmine (38 ) isolated with column chromatography on silica gel in 33.8 and 23% yield, respectively. 



                               (38)                                                           (42)

8-acetylharmine and N-bromosuccinimide reaction under various conditions:
Reaction in solution: 8-acetylharmine (38) and N-bromosuccinimide (NBS) in dichloromethane at a ratio of 1: 1.2 (24 h). The 1.25 g (7.0 mmol) N-bromosuccinimide solution in 50 ml dichloromethane was added dropwise with mixing to the 1 g (3.9 mmol) 8-acetylharmine (38) solution in 30 ml dichloromethane. 0.6 eq. NBS was added then. The reaction mixture was stirred over an additional 14 h at an ambient temperature at zero light, the reaction was monitored with TLC. The reaction mixture was washed with 0.1 n sodium hydroxide (3x15 ml) and then with water (3x15 ml). The organic layer was dried over magnesium sulfate, filtered and stripped off in vacuum, then a brown residue was obtained. The residue was purified with column chromatography on silica gel, (eluent-chloroform). 6-bromo-8-acetylharmine (42) was isolated in 72% yield. When the eluent polarity increased (chloroform:ethanol 100:1) 4,6-dibromo-8-acetylharmine (43) was isolated  in 19% yield. The results are shown in Table 2.
8-acetylharmine (38) and N-bromosuccinimide (NBS) reaction in dichloromethane at a 1: 2 ratio (18 h). The 0.2 g (0.79 mmol) substrate and 0.28 g (1.6 mmol) NBS were mixed very carefully over 3-5 minutes. Then the reaction mixture was dissolved in dichloromethane. The reaction mixture was stirred over 18 h at zero light and at an ambient temperature; the reaction was monitored with TLC. The reaction mixture was washed with 0.1 n sodium hydroxide (3x15 ml) and then with water (3x15 ml). The organic layer was dried over magnesium sulfate, filtered and stripped off in vacuum, then a yellow residue was obtained. The residue was purified with column chromatography on silica gel, eluent-chloroform. 6-bromo-8-acetylharmine (42) was isolated in 90% yield. When the eluent polarity increased (chloroform:ethanol 100:1) 4,6-dibromo-8-acetylharmine (43) was isolated in 7.5% yield. The results are shown in Table 2.
Reaction in solution: 8-acetylharmine (38) and N-bromosuccinimide (NBS) in dichloromethane in the presence of silicon dioxide at a ratio of 1: 4 (12 hours). 15 g silicon dioxide was added to 0.5 g (1.9 mmol) 8-acetylharmine (38) solution in 50 ml dichloromethane, followed by 1.39 g (7.8 mmol) N-bromosuccinimide solution in 75 ml dichloromethane. The reaction mixture was stirred over 12 h at zero light and at an ambient temperature, then the reaction was monitored with TLC. Acros Organics silicon dioxide of chromatographic quality (60-200 µm, 60A, pH ≥5) was dried at 1200С before use.  The reaction mixture was then filtered and the silicon dioxide was washed with dichloromethane (3x15 ml) and 1/1 ethyl acetate-ethanol mixture (3x15 ml). The combined extracts were washed with 0.1 n (3x15 ml) sodium hydroxide, then with water (3x15 ml); the organic layer was dried over magnesium sulfate, filtered and stripped off in vacuum, then a yellow residue was obtained. The residue was purified with column chromatography on silica gel, eluent-chloroform. 6-bromo-8-acetylharmine (42) was isolated in 41% yield. When the eluent polarity increased, (chloroform:ethanol 100:1), 4,6-dibromo-8-acetylharmine (43) was isolated  in 23% yield. The results are shown in Table 2.
8-acetylharmine - liquid bromine reaction: 1 g (3.9 mmol) 8-acetylharmine (38) was dissolved in 20 ml acetic acid, then 1 ml (15.7 mmol) liquid bromine at a ratio of 1: 4 was added while being dissolved in acetic acid, stirred at room temperature over 6 hours. The reaction mixture was filtered, then the residue was washed with water and dried. The residue was separated by a flash column (wet method) on silica gel, (eluent – chloroform). The 6-bromo-8-acetylharmine hydrobromide and 8-acetylharmine mixture was isolated in 91% yield.  When the reaction mixture was treated with ammonia and extracted with chloroform, the 6-bromo-8-acetylharmine (42) and 8-acetylharmine (38) mixture was isolated in 46.8% yield. The mixture was separated by a flash column (wet method) on silica gel, (eluent – chloroform). 6-bromo-8-acetylharmine (42) was isolated in 33.8% yield. When the eluent polarity increased, (chloroform:ethanol 100:1), 8-acetylharmine (38) was isolated in 23% yield. 

Table 2 - Bromination of 8-acetylharmine with N-bromosuccinimide

	No
	Molar equivalent
	Time, h.
	Conversion,%
	1-product,%
	2-product,%

	1
	1:1,8
	24
	100
	72
	19

	2
	1:2
	18
	100
	90
	7,5

	3
	1:4/ silica gel
	12
	100
	41
	23



6-bromo-8-acetylharmine (42). Light yellow powdery substance. M.p. 151-1530С. UV spectrum (EtOH), λmax/nm (lgε): 379 (2.28), 291 (2.46), 232 (3.13). IR spectrum (КВr, ν, cm-1): 3401 (-NH), 2924, 2853 (phenyl fragment -ОСН3), 1656 (-С=N), 1096, 972, 899, 724, 594.
1Н NMR spectrum (500 МHz, CDCl3,, ppm, J/Hz): 2.80 (3H, s, СH3); 2.85 (3H, с, СH3); 4.01 (3H, s, OCH3); 7.67 (1H, d, J = 5.8, H-4); 8.36 (1H, d, J = 8.2, H-5); 8.43 (1H, d, J = 5.8, H-3); 10.56 (1H, broad singlet, NH). 13С NMR spectrum (125 МHz, CDCl3, , ppm): 20.20 (CH3); 31.98 (CH3); 62.77 (OCH3); 109.07 (С-6); 112.44 (С-4); 115.81 (С-8); 120.74 (С-4a); 126.03 (С-4b); 131.56 (С-5); 135.05 (С-9a); 139.77 (С-3); 139.86 (С-8a); 142.50 (С-1); 158.38 (С-7); 199.99 (C=O).
 Mass spectrum, m/z (Irel, %): 335 (14), 334 (99), 333 (15), 332 [M]+ (100), 319 (20), 317 (21), 304 (8), 302 (8), 291 (6), 289 (6), 238 (5), 180 (6). Found, m/z: 332.0151 [M]+. C15H13N2O2Br. Analysed, m/z: 332.0155.
4,6-bromo-8-acetylharmine (43). Light yellow powdery substance. M.p. 157-1590С. UV spectrum (EtOH), λmax/nm (lgε): 356 (2.36), 342 (2.30), 298 (2.69), 251 (3.16), 245 (3.16), 201 (2.87). IR spectrum (КВr, ν, сm-1): 3423 (-NH), 2994, 2929, 2848 (phenyl fragment -ОСН3), 1611 (-С=N), 1567, 1536, 1441, 1394 (-С-С), 1288, 1209, 1035, 983, 822, 754, 586.
1Н NMR spectrum (500 МHz, CDCl3,, ppm, J/Hz): 2.83 (3H, s, СH3); 2.90 (3H, s, СH3); 4.06 (3H, s, OCH3); 7.91 (1H, d, J = 8.2, H-5); 8.45 (1H, d, J = 5.8, H-3); 10.62 (1H, broad singlet, NH). 13С NMR spectrum (125 МHz, CDCl3, , ppm) (2): 20.20 (CH3); 31.98 (CH3); 63.25 (OCH3); 108.82 (С-6); 116.47 (С-5); 119.34 (С-4); 119.64 (С-8); 128.93 (С-4a); 129.56 (С-4b); 130.40 (С-3); 135.36 (С-9a); 138.83 (С-8a); 144.15 (С-1); 156.11 (С-7); 199.64 (C=O).
 Mass spectrum, m/z (Irel, %): 414 (45), 412 [M]+ (100), 410 (46), 334 (58), 333 (41), 332 (61), 331 (31), 319 (25), 318 (30), 317 (31), 316 (38), 315 (39), 313 (34), 302 (27), 301 (29), 275 (28), 273 (29), 260 (33), 209 (46), 180 (26), 179 (62), 42 (42). Found, m/z: 409.9264 [M]+. C15H12N2O2Br2. Analysed, m/z: 409.9260.
Bromine bromination requires very excessed bromine, which is consumed for 8-acetylharmine hydrobromide. The optimal condition for 6-bromo-8-acetylharmine (42) is bromination with N-bromosuccinimide. 

8-acetylharmine - N-iodosuccinimide reactions under various conditions

Iodizing 8-acetylharmine (38) by N-iodosuccinimide (NIS) in СН2Сl2 was not successful. However, iodization in trifluoroacetic acid allowed the selective synthesis of 6-iodine-8-acetylharmine (44) and 6,8-diiodacetylharmine (45) (48% and 10.5% yield, respectively).  


                              (38)                                             (44)                        (45)

Reaction in a 8-acetylharmine (38) and N-iodosuccinimide solid mixture in dichloromethane at 1: 2 ratio (18 h). 0.5 g (1.96 mmol) substrate and 0.88 g (3.9 mmol) NIS were mixed very carefully over several minutes. Then the reaction mixture was dissolved in dichloromethane and the reaction was monitored with TLC. The reaction mixture was stirred over 18 hours at an ambient temperature. The reaction mixture was washed with 0.1 n sodium hydroxide (3x 15 ml) and then water (3x 15 ml), followed by sodium thiosulfate (3x 15 ml) and water (3x 15 ml). The organic layer was dried over magnesium sulfate, filtered and stripped off in vacuum; only the parent material was isolated.
20 ml trifluoroacetic acid was added to 1 g (3.9 mmol) compound (38) and mixed until completely dissolved, then 1 g (4.4 mmol) of N-iodosuccinimide was added dropwise in 3 ml trifluoroacetic acid over 30 minutes. The reaction mixture was stirred over 6 h at room temperature, poured into 120 ml cold water, alkalinized with NH4OH conc. to pH 11, then the reaction products were extracted with chloroform (3×40 ml), the combined extracts were washed with saturated sodium bicarbonate solution, dried with MgSO4, evaporated, in order to produce 1.14 g solid mixture. The residue was dissolved in a minimal chloroform and chromatographed on silica gel (eluent-chloroform:ethanol (100: 2). 6-iodine-8-acetylharmine (44) was isolated in 48% yield. When the eluent polarity increased, (chloroform:ethanol 100:4) 6,8-diiodoacetylharmine (45) was isolated in 10.5% yield.
6-iodo-8-acetylharmine (44). 48% yield. Light yellow powdery substance. M.p. 162-1640S. UV spectrum (EtOH), λmax/нм (lgε): 381 (2.18), 292 (2.33), 236 (2.99). IR spectrum (КВr, ν, сm-1): 3401, 3066 (-NH), 2990, 2955, 2921, 2851 (phenyl fragment -ОСН3), 1650 (-С=N), 1586, 1554, 1448, 1360 (-С-С), 1268, 1212, 1049, 973, 813, 748, 554.
1Н NMR spectrum (500 МHz, CDCl3,, ppm, J/Hz): 2.80 (3H, s, СH3); 2.85 (3H, s, СH3); 4.01 (3H, s, OCH3); 7.67 (1H, d, J = 5.8, H-4); 8.36 (1H, d, J = 8.2, H-5); 8.43 (1H, d, J = 5.8, H-3); 10.56 (1H, broad singlet, NH). 
13С NMR spectrum (125 МHz, CDCl3, , ppm): 20.20 (CH3); 31.98 (CH3); 62.77 (OCH3); 109.07 (С-6); 112.44 (С-4); 115.81 (С-8); 120.74 (С-4a); 126.03 (С-4b); 131.56 (С-5); 135.05 (С-9a); 139.77 (С-3); 139.86 (С-8a); 142.50 (С-1); 158.38 (С-7); 199.99 (C=O). 
6,8-diiodoacetylharmine (45). 10,5% yield. Light yellow powdery substance. M.p.  173-1750С. UV spectrum (EtOH), λmax/nm (lgε): 356 (2.36), 342 (2.30), 298 (2.71), 251 (3.19), 245 (3.18). IR spectrum (КВr, ν, сm-1): 3408, 3014 (-NH), 2994, 2950 (phenyl fragment -ОСН3), 1646 (-С=N), 1571, 1559, 1449, 1361 (-С-С), 1278, 1218, 974, 817, 723, 565. 
1Н NMR spectrum (500 МHz, CDCl3,, ppm, J/Hz): 2.85 (3H, s, СH3); 3.91 (3H, s, OCH3); 7.83 (1H, d, J = 5.15, H-4); 8.17 (1H, d, J = 5.15, H-3); 8.54 (1H, s, H-5); 10.56 (1H, broad singlet, NH). 
13С NMR spectrum (125 МHz, CDCl3, , ppm): 18.83 (CH3); 60.36 (OCH3); 71.92 (С-6); 79.08 (С-8); 112.99 (С-4); 120.52 (С-4a); 128.12 (С-4b); 132.02 (С-5); 135.25 (С-9a); 137.85 (С-3); 141.01 (С-8a); 142.85 (С-1); 158.54 (С-7). 
Thus, 8-acetylharmine (38) was tried and tested as a renewable material for the synthesis of new biologically active compounds. Conditions for halogenating the 8-acetylharmine molecule (38), involving the formation of 6-bromo-8-acetylharmine (42) and 6-iodo-8-acetylharmine (44), were fitted in 90% and 48% yields, respectively.









[bookmark: _Toc54688629]6 Bioscreening and Pharmacological Study of Isolated Alkaloids and Their Derivatives

We’ve studied the analgesic, neurotropic and cytotoxic activities of the isolated alkaloids: songoramine (6), echinopsine (21), delphinifoline (37), and harmine derivatives: 8-acetylharmine (38), (E) -8- (hydrazonoethyl) -7-methoxy -1-methyl-9H-pyrido [3,4-b] indole (39), (E) -1- (2,4-dimethoxyphenyl) hydrazone) ethyl) -7-methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl (40), (E) -1- (2-fluorophenyl) hydrazone) ethyl) -7-methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl (46), (E) -1- (methoxyphenyl) hydrazone) ethyl) -7-methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl (47), 2,3,4-trimethoxychalcone (48).
                       



                                 
           (46)                                        (47)                                  (48)

The analgesic activity of harmine derivatives was determined in vivo: 8-acetylharmine (38), (E) - 1-(2,4-dimethoxyphenyl) hydrazone) ethyl) - 7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl (40), (E)-1-(2-fluorophenyl)hydrazone)ethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl (46), (E)-1-(methoxyphenyl) hydrazone)ethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl (47), while (E)-8-(hydrazonoethyl)-7-methoxy-1-methyl-9h-pyrido[3,4-b]indole (39) at a dose of 50 mg/kg showed pronounced analgesic activity from the mouse acetic writhing test (Appendix C). 
Delphinifoline (37) at a dose of 10 mg / kg has a pronounced neurotropic effect (Appendix D).
The biological screening in vivo has determined that harmine derivatives E) - 1-(2-fluorophenyl)hydrazone) ethyl) - 7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl (46), (E) - 1-(methoxyphenyl)hydrazone) ethyl) - 7-methoxy-1-methyl-9H-pyrido[3,4-b]indole-8-yl (47) produce a moderate neurotropic effect (Appendix E).
Moderate cytotoxicity of larvae of crustaceans Artemia salina (Leach) under in vitro cultivation conditions is shown by the following samples: delphinopholin (median lethal dose = 65.9 μg / ml) (37), (E) -8- (hydrazonoethyl) -7-methoxy- 1-methyl-9H-pyrido [3,4-b] indole (median lethal dose = 73.8 μg / ml) (39), (E) -1- (2,4-dimethoxyphenyl) hydrazone) ethyl) -7-methoxy -1-methyl-9H-pyrido [3,4-b] indol-8-yl (median lethal dose = 86.3 μg / ml) (40), 1- (4,6-dibromo-7-methoxy-1-methyl -9H-pyrido [3,4-b] indol-8-yl) ethanone (median lethal dose = 79.5 μg / ml) (43), (E) -1- (2-fluorophenyl) hydrazone) ethyl) -7- methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl (46) (median lethal dose = 68.2 μg / ml), (E) -1- (methoxyphenyl) hydrazone) ethyl) -7 -methoxy-1-methyl-9H-pyrido [3,4-b] indol-8-yl (median lethal dose = 58.3 μg / ml) (47) (Appendix F).
Thus, the study of the isolated alkaloids and their derivatives for biological activity has revealed promising compounds for their further study in order to produce effective analgesic and neurotropic agents from them.




































[bookmark: _Toc54688630]7 Elaboration of laboratory regulations for echinopsin isolated from white-stemmed thistle (Echinops albicaulis Kar. & Kir)

Echinopsin has neurotropic, analgesic, cytotoxic, hepatoprotective activity. By studying biologically active substances and developing medicinal substances from raw products on their basis, we were able to expand the range of medicinal plants and meet the need for highly effective and low-toxic plant extracts.
Description: the target product-1-methyl-1,4-dihydroquinoline-4(1H) - one (21) isolated from aerial part (buds, flower baskets, leaves) of white-stemmed thistle (Echinops albicaulis Kar. & Kir), is a light yellow powdery product, tasteless and odorless, with molecular weight of 159.2, m.p. 149-1500С, С10Н9NO composition, in 0.17% yield (based on air-dry products). The substance (21) is highly soluble in ethanol, chloroform, acetone, ethyl acetate, diethyl ether, almost insoluble in water.
A laboratory regulation has been elaborated for alkaloid echinopsin isolated (21) from the above-ground (flowers and leaves) white-stemmed thistle (Echinops albicaulis Kar. & Kir), collected on the Balkhash region during the period of butanization and flowering in the Kerbulak village area, Almaty region. 
The  laboratory process for isolating 1-methyl-1,4-dihydroquinoline-4 (1H)-it contains the following steps:
· TP.1 - Producing a liquid extract of the white-stemmed thistle
0.5 kg crushed air-dry products (0.5-1 cm in size) of the aboveground part (buds, flower baskets, leaves) of white-stemmed thistle (Echinops albicaulis Kar. & Kir.) are put into an extraction flask and filled with a 4.0 kg extractant. The operation is performed when heated to 75,0C over 4 hours six times, and each subsequent fill is equal to the previous drain.
· TP. 2 - Producing commercially pure echinopsin;
A saturated soda solution is added to the water-alcohol residue to a pH 8-9. The alkaline solution is re-extracted 4 times with chloroform. The chloroform extraction is treated with a 5% Н2SO4 solution at a ratio of 1: 4. The sulfuric acid alkaloid solution is treated 2 times with chloroform. The sulfuric acid extraction is alkalized with a saturated soda solution to pH 8-9. The alkaline solution is extracted with chloroform at a ratio of 1: 4. The chloroform extraction is stripped off in vacuum, resulting in commercially pure echinopsin. 
· TP.3 Recrystallizing commercially pure echinopsin.
The obtained technical echinopsin is dissolved in ethyl acetate, then left for 12 hours. The precipitated powder is washed with acetone.  Based on physical and chemical constants and spectral data, the isolated substance was identified as the alkaloid echinopsin (21), in 0.17% yield (by weight of air-dry products). According to HPLC results, the purity of echinopsin (21) is 98.67% (Appendix G). 


[bookmark: _Toc54688631]CONCLUSION

The analysis of domestic and foreign scientific and technical literature, patent materials of 2010 to 2020 (Appendix I) is indicative of the prospects and relevance of the topic under research, dedicated to the alkaloid structure isolated and determined from plants, their molecules chemically modified, and new alkaloid-based drugs developed. The revealed inventions and scientific and technical information can be more or less useful in solving such problems as extraction of plant products, isolation and determination of the alkaloid structure, chemical modification of their molecules, study of physiological activity and production of medicines based on alkaloids and their derivatives.
When fulfilling the main objectives under the AR05135304 project "Chemical study of alkaloid-bearing plants as promising sources of bioactive substances" according to the 2018-2020 calendar plan, the following main results have been obtained:
1. Chemical screening of 10 plant species of the families Ranunculaceae Juss., Asteraceae Dumort., Gentianaceae Juss. has been performed for the alkaloid content.
2. 11 plant species of the families Ranunculaceae Juss., Asteraceae Dumort., Gentianaceae Juss., Papaveraceae Juss. have been studied chemically for the alkaloids content, and 16 alkaloids have been thereby isolated and identified. For the first time, the pyridine alkaloid gentianin and the indole alkaloid harmine have been siolated and identified from Gentiana decumbens L.; diterpene alkaloid-delphinopholine from Aconitum monticola Steinb., delcosine - from Aconitum anthoroideum DC. From Echinops albicaulis Kar. & Kir. The total extractive substances have been generated and echinopsin has been isolated.
3. 16 new derivatives have been synthesized from chemical modification of the molecules of harmine and cytisine alkaloids, the molecular structure thereof has been found from elemental analysis, spectral data (UV, IR, 1Н-, 13С-  NMR) and X-ray structural analysis.
4. Biological screening has allowed determining samples of extracts of Gentiana decumbens L., Gentiana barbata Froel. and Echinops albicaulis Kon&Kir. to produce analgesic activity.
The isolated alkaloids and harmine derivatives have neurotropic, antimicrobial, analgesic activity, and 8-acetylhydrazone harmine has produced thereby a pronounced analgesic activity, and delphinofolin produce a pronounced neurotropic activity.
The findings of the experiment on the model of Alzheimer's and Parkinson's disease have allowed determining harmine derivatives to have an inhibitory effect on the acetylcholinesterase enzyme, and also to have shown an inhibitory effect on the tyrosinase enzyme.
A laboratory procedure for the isolation of the Echinopsin alkaloid from the white-stemmed thistle (Echinops albicaulis Kar. & Kir) has been elaborated.
During the 2018-2020 reporting period, a patent of the Republic of Kazakhstan 2020/0159 for (E)-8-(1-hydrazonoethyl)-7-methoxy-1-methyl-9H-pyrido[3,4-b]indole with analgesic activity was applied from 10.03.2020.
7 scientific papers have been published, 2 articles thereof - in peer-reviewed scientific journals, indexed and having percentile of 27 and 31 according to CiteScore in the Scopus database, 2 articles - in a domestic edition recommended by COXON and 3 abstracts. 
According to the research results the performed T.S. Borovik has successfully defended a thesis for the degree of candidate of biological sciences, the performer M.S. Aytmagambetova - Master's thesis.
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Appendix 1.9
to the Supplementary Agreement
№2  dated _______2018
for grant funding

TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN

Under agreement №79 dated March 02, 2018

1. JSC “International Research and Production Holding “Phytochemistry”

1.1 The priority direction: 1. “Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and constructions”. 
1.2 The specialized scientific direction: 1.10 “Biomedical materials and biologically active substances”.
1.3 On the topic of the project: №АР05135304 “Chemical study of alkaloid-bearing plants as promising sources of biologically active substances”.
1.4 Project amount: for 2018 year – 10 000 000 (ten millions) tenge; for 2019 year – 10 090 000 (ten million ninety thousand) tenge; for 2020 year – 10 110 000 (ten million one hundred ten thousand) tenge.
2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Field of work: Chemistry of natural compounds, technology of drugs.
2.2 Area of application: Chemistry, pharmacology. 
2.3 Final specific result for 2018-2020: Alkaloids samples, scientific publications, laboratory regulations.
2.4 Patentability: Patentable.
2.5 Scientific and technical level (novelty): High.
2.6 The use of scientific and technical products is carried out by:  the Contractor.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: scientific publications, samples of alkaloids, reports, application for a title of protection.
	Code of objectivestage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	
Expected result

	
	
	start
	end
	

	1
	Chemical screening of 10 plant species of the Ranunculaceae Juss, Gentianaceae Juss, Asteraceae Dumort families for alkaloids content

	January 2018
	1 quarter
2018
	Chemical screening of 10 plant species of the Ranunculaceae Juss, Gentianaceae Juss, Asteraceae Dumort families for alkaloids content will be carried out.
Data of chemical screening of 10 plant species of the Ranunculaceae Juss, Gentianaceae Juss, Asteraceae Dumort families for alkaloids content. 

	2
	Isolation and production of alkaloids from Thalictrum foetidum L., Chelidonium majus L., Thermopsis lanceolata R. Br.

	2 quarter
2018
	2 quarter
2018
	Alkaloids from Thalictrum foetidum L., Chelidonium majus L., Thermopsis lanceolata R. Br. will be isolated and produced. A method of isolating alkaloids from Thalictrum foetidum L., Chelidonium majus L., Thermopsis lanceolata R. Br.

	3
	Chemical study of plants of the Gentianaceae Juss family.
Chemical modification based on alkaloids.
	3 quarter
2018
	3 quarter
2018
	A chemical study of the plants of the Gentianaceae Juss family will be carried out.
Chemical modification based on alkaloids will be carried out. Data on a chemical study of plants of the Gentianaceae Juss family. New synthesized derivatives of alkaloids.

	4
	Biological screening of extracts of alkaloid-bearing plants.
Preparation of a scientific publication and annual report.
	4 quarter
2018
	November 1,
2018
	Biological screening of extracts of alkaloid-bearing plants will be carried out. Biological screening data of extracts of alkaloid-bearing plants.
A scientific publication will be published in a peer-reviewed domestic scientific publication with a non-zero impact factor. Annual report.

	5
	Isolation of alkaloids from the Aconitum soongoricum Stapl., Aconitum altaicum Steinb.
	January
2019
	1 quarter
2019
	Alkaloids will be isolated from Aconitum soongoricum Stapl., Aconitum altaicum Steinb. Alkaloids samples. Data on the structure of the isolated compounds by IR-, UV-, NMR 1H-, 13C- spectroscopy. 

	6
	Isolation of alkaloids from Aconitum monticola Steinb., Aconitum anthoroideum DC.
	2 quarter
2019
	2 quarter
2019
	Alkaloids will be isolated from the Aconitum monticola Steinb., Aconitum anthoroideum DC. Alkaloids samples. Data on the structure of alkaloids isolated from plants.

	7
	Chemical modification based on alkaloids.
Production of alkaloids samples for biological screening.
	3 quarter
2019
	3 quarter
2019
	Chemical modification based on alkaloids will be carried out.
Samples of alkaloids for biological screening will be produced.

	8
	Biological screening of isolated alkaloids and their derivatives.
Preparation of a scientific publication and annual report.
	4 quarter
2019
	November 1,
2019
	Biological screening of the isolated alkaloids and their derivatives will be carried out.
Biological screening data of alkaloids and their derivatives.
An article will be published in a peer-reviewed foreign scientific journal, indexed in the Web of Science, Springer or Scopus databases with a non-zero impact factor. Annual report.

	9
	Isolation of alkaloids from Aconitum villosum Reichenb., Anemone altaica Fisch.ex. C.A. Mey, Echinops albicaulis Kar. & Kir.
	January
2020
	1 quarter
2020
	Alkaloids will be isolated from the Aconitum villosum Reichenb., Anemone altaica Fisch.ex. C.A. Mey, and Echinops albicaulis Kar. & Kir. Alkaloids samples. Data on the structure of the isolated compounds by IR-, UV-, NMR 1H-, 13C- spectroscopy.

	10
	Chemical modification based on alkaloids.
Study of the molecular structure of isolated and synthesized alkaloids.
Preparation of a scientific publication
	2 quarter
2020
	2 quarter
2020
	Chemical modification based on alkaloids will be carried out. The molecular structures of the isolated and synthesized alkaloids will be studied. New derivatives of alkaloids. An article will be published in a peer-reviewed domestic scientific journal with a non-zero impact factor.

	11
	Study of neurotropic, nootropic, analgesic activity and cytotoxicity of isolated alkaloids.
Preparation of an application for a title of protection.
	3 quarter
2020
	3 quarter
2020
	The neurotropic, nootropic, analgesic activity and cytotoxicity of the isolated alkaloids will be studied.
Data on the biological activity of the isolated alkaloids.
Application for a title of protection.

	12
	Development of laboratory regulations for the isolation of a pharmacologically active alkaloid from plant raw materials.
Preparation of a scientific publication and a final report.
	4 quarter
2020
	November 1,
2020
	Laboratory regulations for the isolation of a pharmacologically active alkaloid from plant raw materials will be developed.
An article will be published in a peer-reviewed foreign scientific journal, indexed in the Web of Science, Springer or Scopus databases with a non-zero impact factor.
Final report.



	From the Сustomer :                                                                                      
Acting Chairman of the State Institution 
“Science Committee of the Ministry of 
Education and Science of the Republic of Kazakhstan”

_______________    R.S.  Nurseitov
 stamp here

	From the Contractor :
Chairman of the Board of
JSC “IRPH “Phytochemistry”

________________   S.М.  Adekenov     
              stamp here
Acquainted :
Scientific supervisor of the project
___________ А.Zh.Turmukhambetov 
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APPENDIX B
[bookmark: _Toc54688634]
LIST OF PUBLICATIONS
Patents and Applications
1. Application for a patent 2020/0159.1 dated 10.03.2020. (E) - 8-(1-hydrazonoethyl) - 7-methoxy-1-methyl-9H-pyrido[3,4-b]indole with analgesic activity / Adekenov S. M., Zhanymkhanova P. Zh., Seidakhmetova R. B., Amanzhan A. (in Russian).  
Scientific articles and abstracts
1. Adekenov S.M., Zhanimkhanova P.Zh., Nurmaganbetov Zh.S., Amanzhan A., Chernov S.V., Turmukhambetov A.Zh., Bagryanskaya I.Yu., Gatilov Y.V., Shults E.E. Synthetic modifications of carboline alkaloid harmine: Synthesis of 8-substituted derivatives // Chemistry of Heterocyclic Compounds. – 2019. -Vol.55. - Iss.2. - P. 135-141. (impact factors 1.401), according to the Scopus database, Percentile 30. (in Eng.).  
2. A. Amanzhan, P.Zh. Zhanymkhanova, I. Yu. Bagryanskaya, E.E. Schults, A. Zh. Turmukhambetov, S.M. Adekenov. Structure and stereochemistry of 8-acetylhydrazone harmine // Journal of Structural Chemistry. - 2020. - Vol. 61. - No. 11. - P. 1780-1785. IF - 0.745 according to the Scopus database, Q4. Percentile 27. (in Russian). 
3. Amanzhan A., Zhanymkhanova P. Zh., Bagryanskaya I. Yu., Schults, E. E., Turmukhambetova A. Zh., Adekenov S. M. Synthesis and structure of hydrazone derivatives of harmine// NAS RK Bulletin (chemistry and technology series). - 2020. - No. 3. - P. 88-95. (impact factors 0.06). (in Eng.).  
4. Zhanymkhanova P.Zh., Gabdullin Ye.M., Turmukhambetov A.Zh., Adekenov S.M. Alkaloid-bearing species of the genus Aconitum L. // NAS RK Bulletin (chemistry and technology series) 2018. –No.4. - P.170-180 (impact factors 0.06). (in Eng.).  
5. Amanzhan А., Aitmagambetova М.S., Abdraimovов А.М., Zhanymkhanova P.Zh., Turmukhambetov А.Zh., Seidakhmetova R.B., Adekenov S.М. Diterpene alkaloids from species of the Aconitum L. genus and their biological activity //  In book: XIII International Symposium «Actual problems of chemistry, biology and technology of natural compounds». – Shanghai. – 2019. – Р. 61. (in Eng.).  
6. Amanzhan А., Zhanymkhanova P.Zh., Turmukhambetov А.Zh., Seidakhmetova R.B., Rustembekov К.Т., Adekenov S.М. New hydrazone derivatives of harmine // In book: XIII International Symposium «Actual problems of chemistry, biology and technology of natural compounds». – Shanghai. – 2019. – Р. 62. (in Eng.).  
7. Zhanymkhanova P.Zh., Amanzhan А., Aitmagambetova М.S.,  Turmukhambetov А.Zh., Adekenov S.М. Pharmacologically active alkaloids of Aconitum // In the collection: "Science, education and production in the conditions of the Fourth Industrial Revolution" Karaganda, 2018. - P. 180-184. (in Russian).  
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Analgesic activity of isolated and synthesized derivatives
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Neurotropic activity of isolated alkaloids
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Neurotropic activity of synthesized derivatives
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Cytotoxic activity of isolated and synthesized derivatives
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LABORATORY REGULATIONS
for the isolation of the alkaloid echinopsine from plant raw materials of Echinops albicaulis Kar. & Kir. 
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APPENDIX I
CONCLUSIONS ON THE SEARCH REGULATIONS

The analysis of scientific and technical literature and patent materials have revealed information concering focal points of the research project "Chemical study of alkaloid-bearing plants as promising sources of biologically active substances" (АР05135304).
The analysis of the patent and scientific - technical literature for 2010-2020 has not revealed any information disproving the novelty of working-outs based on the topic. 10 years patent information literature search is quite sufficient.
Researches in similar areas are performed in a number of well-known research centers, such as Xinhuang University (China), Kobe Pharmaceutical Institute (Japan), Antonio Gonzalez Institute of Bioorganic Chemistry (Spain), Dartmouth College (USA), University of Albert (Canada), N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry (Russia), Institute of Plant Chemistry (Uzbekistan), University of Karachi (Pakistan), Tbilisi State Medical University, I. Kutateladze Institute of Pharmacochemistry (Georgia) where alkaloid plants are under research. Data on the study of plants of the families Ranunculaceae Juss., Asteraceae Dum., new alkaloids, methods of isolating and determining the molecular structure of alkaloids, synthesis on their basis and their biological activity are evidenced by the absence of duplication, patent purity. The research is being carried out for the first time.  
The materials found are indicative of the prospects and relevance of the search for new alkaloids in plants of the genera Aconitum L., Anemone L., Echinops L.  since compounds from this taxon species produce pronounced neurotropic, antiarrhythmic, antispasmodic, antitumor, muscle relaxant, anti-inflammatory, local anesthetic, psychotropic activity. 
The revealed inventions and scientific and technical information can be more or less useful in solving such problems as extracting plant products, isolating and determining the structure of alkaloids, modifying them chemically, studying physiological activity and creating drugs based on alkaloids and their derivatives.
Thus, the purposeful study of alkaloid-bearing plants of the Kazakhstani flora and the production of reference herbal medicinal products based on them is a promising trend, both scientifically and practically.
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Регламент Поиска № 

____________________________
Дата составления регламента

                          выполняемого по научно-исследовательской программе
«ХИМИЧЕСКОЕ ИЗУЧЕНИЕ АЛКАЛОИДОНОСНЫХ РАСТЕНИЙ, КАК ПЕРСПЕКТИВНЫХ ИСТОЧНИКОВ БИОЛОГИЧЕСКИ АКТИВНЫХ ВЕЩЕСТВ» (АР05135304)                                                                                                       

Наименование работы (темы) «Химическое изучение алкалоидоносных растений, как перспективных источников биологически активных веществ»                                                                                                       
Номер и дата утверждения задания 			 Этап работы 										
Цель поиска информации (в зависимости от задач патентных исследований, указанных в задании) 
Анализ научно-технического уровня в области фитохимического изучения алкалоидоносных растений, выделение и способы получения алкалоидов и их производных					

Обоснование регламента поиска Исследование компонентного состава растений, выделение и изучение биологических свойств алкалоидных соединений и определение на их основе фундаментальных физико-химических констант обусловлена необходимостью ускорения поиска новых отечественных лекарственных препаратов природного происхождения и получения их синтетических аналогов.

Начало поиска  2018 г.                        Окончание поиска  2020 г.
	Предмет поиска (объект исследования, его составные части, товар)
	Страна поиска
	Источники информации, по которым будет проводиться поиск
	ретроспективность
	Наименование информационной базы (фонда)



	
	
	патентные
	НТИ
	конъюктурные
	другие
	
	

	
	
	наименование
	классификационные рубрики: МПК (МКИ), МКПО, НКИ и другие
	наименование
	Рубрики УДК и другие
	наименование
	Код товара ГС, СМТК, БТН
	наименование 
	Классификационные индексы
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Форма отчета о поиске

В.1 Поиск проведен в соответствии с заданием 												должность и фамилия ответственного руководителя работы
№ 		от 			 и Регламентом поиска № 		 от			
В.2 Этап работы 										
				При необходимости
В.3 Сведения о выполнении регламента поиска (указывают степень выполнения регламента поиска, отступления от требований регламента, причины этих отступлений)
В.5 Предложения по дальнейшему проведению поиска и патентных исследований
В.6 Материалы, отобранные для последующего анализа

Таблица В.6.2 – Патентная документация

	Предмет поиска (объект исследования, его составные части)
	Страна выдачи, вид и номер охранного документа. Классификационный индекс)*
	Заявитель (патентообладатель), страна. Номер заявки, дата приоритета, конвенционный приоритет, дата публикации*
	Название изобретения (полной модели, образца)
	Сведения о действии охранного документа или причина его аннулирования (только для анализа патентной чистоты)

	1
	2
	3
	4
	5

	Химическое изучение алкалоидоносных растений, как перспективных источников биологически активных веществ
	Патент 
№ CN101697983,
Китай, МПК
A61K36/185;
 B01D15/36.
	Chai J., Li R., Wu J.
Заявл. 31.05.2007.
Опубл. 28.04.2010.
	Method for separating Peganum harmala total alkaloids by ion exchange resin   

	Действует

	
	Патент № CN101921277,
Китай, МПК
C07D487/04

	Wang J., Du H., Ren F.,
Su Y., Jun Zh. 
Заявл. 09.08.2010. 
Опубл. 22.12.2010.
	Method for simultaneously preparing vasicine and vasicinone from Peganum harmala 

	Действует

	
	Патент №CN101780123,
Китай,  МПК
A61K36/185; 
A61K9/20;
A61P17/04; 
A61P21/00;
A61P25/00;
A61P31/04;
	Qin D., Wang L.
Заявл. 13.11.2009. 
Опубл. 21.07.2010.
	Peganum  harmala L. extract chewable tablets and preparation method there of
	Действует

	
	Патент №WO2010036567,
США,  МПК
A61K31/437; 
A61P13/12; 
A61P19/10; 
A61P35/00;
A61K31/437; A61K31/59; 
	Debra E., William R.
Заявл. 25.09.2008.
Опубл. 01.04.2010.
	Harmine compounds for promoting bone growth 

	
Действует
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	5

	
	Патент №WO2010080756
США,  МПК
A61K31/437;
A61P3/00; 
	Debra E., William R.
Заявл. 06.01.2009.
Опубл. 15.07.2010.
	Harmine derivatives for reducing body weight  

	Действует

	
	Патент №CN101792442, Китай, МПК
C07D471/04.
	Chen H., Chen X., Cui J., Lu Ch.
Заявл. 27.01.2010.
Опубл. 04.08.2010. 
	Production method based on harmel alkaloid physical and chemical properties
	Действует

	
	Патент № US20100226863A1, 
США, MPK
A61K 9/12 
A61K 33/36
	Roberto Piraino
Заяв. 08.11.2007
Опубл. 09.09.2010

	Homeopathic medicament useful for immunomodulation

	Действует

	
	Патент № US20100226863A1, 
США, MPK
A61K 9/12 
A61K 33/36
	Roberto Piraino
Заяв. 08.11.2007
Опубл. 09.09.2010

	Homeopathic medicament useful for immunomodulation

	Действует

	
	Патент РФ № RU2428200C2
A61K 36/714
A61P 35/00

	Костенникова З.П., Чубарова Г.Д.,
Мальдов Д.Г.,
Самылина И.А.
Заяв. 08.04.2009
Опубл. 10.09.2011
	Препарат для лечения онкологических заболеваний
	Действует

	
	Патент №KR20110094572, Китай, МПК
A61K8/30; 
A61K8/37;
A61Q19/00;
A61Q19/02
	Joon L.S., Young P.S., Hun K.Y.,
Hee K.Y.
Заявл. 17.02.2010.
Опубл. 24.08.2011.
	Composition including beta-carboline alkaloid for stimulating melanin production   

	Действует

	
	Патент РФ 
№A61K35/78 
	Панкрушина Н.А., Ломовский О.И., Шульц Э.Э., Винокурова Е.Ю., Толстиков Г.А., Болдырев В.В.
Опубл. 11.08.2011.
	Способ получения препаратов из растительного лекарственного сырья.
	Действует

	
	Патент РФ 
№A61K31/435
	Савина А.А., Толкачев О.Н., Лаская О.Ф., Шейченко В.Н., Либизова Л.Ф., Копылова И.Е. Кабанов В.С. 
Опубл. 20.05.2011.
	Способ получения сангвиритрина.
	Действует

	
	Патент № 
CN102579612A
Китай, MPK
A61K 36/714
A61P 29/00
A61K 125/00
	Zhang Fan,  Cai Dongmei, Liu Yue, Yang Lijuan
Заяв. 27.03.2012
Опубл. 18.07.2012
	Method for extracting total alkaloid of Aconitum soongaricum
	Действует
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	1
	2
	3
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	5

	
	Патент РФ 
A61K45/00 
A61K47/48  
A61K47/32 
A61K31/485   
A61K31/138   
A61P25/30 
A61P25/00
	Лосев М.В., Троицкий А.В., Либман М., Золотарский В.
Заявл.25.01.2011. 
Опубл.20.12.2013
	Лекарственные препараты, содержащие активные ингредиенты, не отнесенные к группам 31/100
	Действует

	
	Пат. №IAP 04737 РУз. 03.10.2013, Бюл. №3.- 10с.
	Садиков А.З., Сагдуллаев Ш.Ш., Джахангиров Ф.Н., Валиев Н.В.
Заяв. 12.12.2011
Опубл. 09.02.2013
	Способ получения средства, обладающего антиаритмическим действием
	Действует

	
	Патент №
CN102078394B, Китай, MPK
A61K 36/714
A61P 5/14
A61P 11/00
A61P 13/08
A61P 15/00
A61P 17/06
A61P 19/08
A61P 29/00
A61P 31/14
A61P 35/00
A61P 37/08
	Davreti Buick Nurshahan, Gu Lihan Khan Ayati Buick, Polati Macabili
Заяв. 24.12.2010
Опубл. 13.03.2013
	Aconite extract-containing medicinal composition, preparation method and application thereof
	Действует

	
	Патент CN103254239
Китай, МПК
A61K31/555; 
A61P35/00;
C07F15/00
	Tan C., He L., Mao Z., Huang H., Ji L.
 Заявл.   20.03.2013. 
Опубл. 21.08.2013.
	Аryl ruthenium-beta-carboline complex and its preparation method and application 
	Действует

	
	Патент РФ 2518742
А61К36/714
В01D11/02
	Самородов В.В.
Заявл.  20.09.2013.
Опубл 10. 06.2014.
	Способ промышленного получения аллапинина
	Действует

	
	Патент CN103896947
Китай, МПК
C07D487/04
	Feng X., Cai L.
Заявл. 31.12.2012.
Опубл. 02.07.2014.
	Method for preparing natural alkaloid indoline and pyrrolidine compound  
	Действует

	
	Пат. №IAP 04803 РУз. 23.05.2014, Бюл. №2.- 7с.
	Садиков А.З., Сагдуллаев Ш.Ш., Джураев О.Т.  
Заявл. 31.12.2013.
Опубл. 23.05.2014
	Способ получения аконитина
	Действует

	
	Патент, CN103275106
 Китай, МПК  A61K31/475; 
A61K31/55; 
A61P35/00; 
A61P35/02; 
C07D471/20; 
	Chen H., Ye W., Zhang D., Chen M., Xiao X., Xu N., Lei X., Hu J.
Заявл. 19.04.2013.
Опубл. 30.09.2015.
	Indole alkaloid adduct, and preparation method and application thereof in preparing anti-tumor drug

	Действует
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	Патент РФ 2545799
А61К36/714
В01D11/02
	Воскобойникова И.В., Дружинин С.В.
Заявл. 20.06.2014.
Опубл. 10.04.2016
	Способ получения лаппаконитина гидробромида
	Действует

	
	Патент CN104529891, 
Китай, МПК 
A61P35/00; 
C07D215/20
	Liu Y., Sun L., Nie J, Tian L.
Заявл. 21.01.2015.
Опубл. 22.04.2015.
	Preparation and application of quinoline alkaloid in scolopendra subspinipes mulilans as tumor treatment medicine  
	Действует

	
	Пат. RU2593362C2 
A24B15/16
	Чжэнь Чжисюань
Заявл. 10.08.2015.
Опубл. 10.08.2016
	Никотинозамещающая цитизиновая оральная атомизируемая жидкость и способ ее получения
	Действует

	
	Патент №
CN105837506A
Китай, MPK
C07D 221/22
A61P 35/00
	Aji Aikebair Aisa, Outer Nikari Kamili, Zhao Bo
Заяв. 29.04.2016
Опубл. 10.08.2016
	Preparation method and application of diterpene alkaloid in Aconitum soongaricum 
	Действует

	
	Патент № 
US20170042865A1, США, MPK
A61K 31/437
A61K 31/12
A61K 31/11
A6IK 36/9066

	Gene H. Zaid, Thomas W.   Burgoyne
Заяв. 28.10.2016
Опубл. 16.02.2017

	Therapeutic compositions containing curcumin, harmine, and isovanillin components, and methods of use thereof
	Действует

	
	Патент № US20170290873A1,
США, MPK
A61K 36/714
A61K 36/28
A61K 36/56 
A61K 33/28 
A61K 36/185 
	Walter Tatch
Заяв. 08.04.2016
Опубл. 12.10.2017

	Method of using homeopathic kit containing gel, rinse and spray for management of post-oral surgical recovery and maintenance of oral health
	Действует

	
	Патент № WO2019136320A1
США, MPK
C07K 14/72 
C12N 9/12 
C12N 5/06 
C12N 9/48 
	Andrew F. Stewart, Ackeifi C., Peng Wang, Bob Devita
Заяв. 05.01.2018
Опубл. 11.07.2019

	Method of increasing proliferation of pancreatic beta cells, treatment method, and composition
	Действует

	
	Патент №
WO2019144888A1
Китай, MPK
C07D 221/22
A61K 31/439
A61P 9/04

	Wang Fengpeng, Yan Yuefei, Jian Xixian, Chen Donglin, Yan Fueng
Заяв. 23.01.2019
Опубл. 01.08.2019
	Method for preparing mesaconine and related intermediaries

	Действует

	
	Патент №
WO 2020/006115 A1
США, MPK
A61K 31/41 
A61K 31/417
	Tam Betty, Bossard Carine, Chiu Kevin Tseng, Chung Heekyung Заяв. 26.01.2019
Опубл. 02.01.2020
	Metods of treating cancer using a CLK inhibitor
	Действует


				*заполняется при необходимости
Таблица В.6.1 – Научно-техническая, конъюктурная, нормативная документация и материалы государственной регистрации (отчеты о научно-исследовательских работах)

	Предмет поиска
	Наименование источника информации с указанием страницы источника
	Автор, фирма (держатель) технической документации
	Год, место и орган издания (утверждения, депонирования источника)

	1
	2
	3
	4

	Химическое изучение алкалоидоносных растений, как перспективных источников биологически активных веществ
	Four new nor-diterpenoid alkaloids from Aconitum brachypodum
	Yong Shen, Ai-Xue Zuo, Zhi-Yong Jiang, Xue-Mei Zhang, Hong-Ling Wang, Ji-Jun Chen
	Helvetica chimica acta. –2010. – Vol.93. – P.863-869.

	-//-
	Разработка способов выделения алкалоидов индольного ряда из листьев Сatharanthus roseus 
	Ромашко С.Н., Молчан О.В., Юрин В.М.
	Сборник научных трудов  БГУ. - 2010. - Т. 4. - С. 1-9.

	-//-
	Современное состояние природных зарослей гармалы обыкновенной на территории Южного Казахстана 
	Baitulin I.O., Adekenov S.M., Egeubaeva R.A., Saparbaeva N.A.
	Известия НАН РК. Серия биологическая и медицинская.  – 2010. – N 5. – Р. 55-59.

	-//-
	Studies on novel D-ring substituted steroidal pyrazolines as potential anticancer agents 
	Banday A.H., Mira B.P., Lonea I.H., Surib K.A., Sampath H.M.
	Steroids. - 2010. - Vol. 75. - P. 805-809.

	-//-
	Chemical constituents of Gentiana macrophylla Pall.
	Zhi-Bo Jiang, Hong-Li Liu, Ji-Ning Shang, Jia-Rui Zhao, Cheng-Shan Yuan
	Natural Product Research. - Vol.24. -2010. –P. 1365-1369

	-//-
	Separation of alkaloids from herbs using high-speed counter-current chromatography 
	Fang L., Liu Y., Yang B., Wang X., Huang L.
	J. Sep. Sci. - 2011. - V. 34. - P. 2545-2558.

	-//-
	Convertion of songorine into related alkaloids of some Aconitum species
	Salimov B.T., Abdullaev N.D.
	Abstracts of 9th International Symposium on the Chemistry of Natural Compounds (SCNC). - Urumgi Xinjiang, 2011. - P. 224.

	-//-
	Иследование алкалоидов корней Aconitum monticola 
	Бурдельная Е.В., Жунусова М.А., Турмухамбетов А.Ж., Сейдахметова Р.Б., Шульц Э.Э., Гатилов Ю.В., Адекенов С.М.
	Химия природ. соедин. - 2011. - №6. 
- С. 895-897.

	-//-
	Химия пептидных алкалоидов спорыньи. 1. Классификация и химия эргоалкалоидов 
	Комарова Е.Л., Толкачев О.Н.
	Химико-фармацевтический журнал. - 2011. Т. 35. - №9. - С. 37-45.

	-//-
	Химия пептидных алкалоидов спорыньи, ч. 2. Аналитические методы контроля эргоалкалоидов 
	Комарова Е.Л., Толкачев О.Н.
	Химико-фармацевтический журнал. - 2011. Т. 35. - №10. - С. 18-24.

	-//-
	Патофизиологическая характеристика действия аконита каракольского на сердечно-сосудистую систему у экспериментальных животных
	Карымшаков А.
	Автореферат Карымшакова А. к.б.н. – Бишкек. -  2011. - 25с.
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	-//-
	Chemical constituents of the aerial parts of Aconitum kongboense
	Jian-Jun Fu, Jiang Qin, Qi Zeng, Hui-Zi Jin, Wei-Dong Zhang
	Химия природ. соедин. - 2011. - № 5. - С. 746.

	-//-
	Динамика накопления алкалоидов в растении Aconitum Talassicum
	Эшматов Ж.М., Султанходжаев М.Н., Нигматуллаев А.М.
	Химия природных соединений. - 2011. -№1. - С.133.

	-//-
	Караконитин – новый С19- нордитерпеноидный алкалоид из корней Aconitum karakolicum
	Усманова С.К., Aisa H.A.
	Химия природ. соедин. - 2011. - № 2. - С. 242-243.

	-//-
	Analytical studies of (+)-chelidonine, protopine, and l-stylopine in Chelidonium majus growing in georgia using high-performance liquid chromatography
	Anna Bozhadze, Vakhtang Mshvildadze, Valentina Vachnadze, Vladimer Tsitsishvili, Aliosha Bakuridze


	Химия природ. соедин. - 2011. - № 3. - С. 424-426.

	-//-
	Separation of alkaloids from herbs using high-speed counter-current chromatography 
	Fang L., Liu Y., Yang B., Wang X., Huang L.
	J. Sep. Sci. - 2011. - V. 34. - P. 2545-2558.

	-//-
	Convertion of songorine into related alkaloids of some Aconitum species
	Salimov B.T., Abdullaev N.D.
	Abstracts of 9th International Symposium on the Chemistry of Natural Compounds (SCNC). - Urumgi Xinjiang, 2011. - P. 224.

	-//-
	Echinops acetylenes A and B, new thiophenes from Echinops transiliensis 

	25 Nakano H., Cantrell C.L., Mamonov L.K., Osbrink W.L.,  Ross S.A.
	Organic Letters. – 2011. – N 13 (23). – Р. 6228-6231.

	-//-
	Preparative separation and purification of alkaloids from Rhizoma coptidis by high-speed counter-current chromatography 
	Zhang Sh., Wang M., Wang Ch.
	Separation and Purification Technology. - 2011. - V. 76, №3. - Р. 428-431.

	-//-
	A review on medicinal importance, pharmacological activity and bioanalytical aspects of beta-carboline alkaloid harmine 
	Patel K., Gadewar M., Tripathi R., Prasad S. K., Patel D. K.  
	Asian Pac. J. Trop. Biomed. – 2012.      –Vol. 2, Is.8.           -Р.660-664.

	-//-
	Structure-activity relationship in the antitumor activity of 6-, 8- or 6,8- substituted 3-benzylamino- β-carboline derivatives 
	Ikeda R., Kimura T., Tsutsumi T., Tamura S., Sakai N., Konakahara T.
	Bioorg. Med. Chem. Lett. –2012. –Vol. 22. Is.10.       –Р.3506-3515.

	-//-
	Алкалоиды Chelidonium majus, произрастающего в Грузии
	Вачнадзе Н.С., Божадзе А.Д., Берашвили Д.Т., Бакуридзе А.Дж.
	Химия природ. соедин. - 2012. - № 5. - С. 815.

	-//-
	Алкалоидоносные растения Казахстана и перспективы их использования 
	Гемеджиева Н.Г.
	МОН РК. -Алматы: Институт ботаники и фитоинтродукции, 2012. - 312 с.

	-//-
	Краткая характеристика эргоалкалоидов и источники их получения (обзор) 
	Савина Т.А., Барсегян А.Г., Бобылева Р.И., Шаин С.С.
	Вопросы биологической, медицинской и фармацевтической химии. - 2012. - №1. - С. 81-92.

	-//-
	Ionic liquid-supported solid-liquid extraction of bioactive alkaloids. I. New HPLC method for quantitative determination of glaucine in Glaucium flavum Cr. (Papaveraceae) 
	Bogdanov M.G., Svinyarov I., Keremedchieva R., Sidjimov A.
	Separation and Purification Technology.  - 2012. - V. 97, №3. - Р. 221-227.

	-//-
	Противоопухлевая активность настойки Aconitum soongaricum (Ranunculaceae) на модели карциномы Эрлиха 
	Алефиров А.Н., Беспалов В.Г., Стуков А.Н., Муразов Я.Г.
	Раст. ресурсы. – 2012. – № 3. – С. 428-442.
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	-//-
	Противоопухлевая активность настойки Aconitum soongaricum (Ranunculaceae) на модели карциномы Эрлиха 
	Алефиров А.Н., Беспалов В.Г., Стуков А.Н., Муразов Я.Г., Семенов А.Л., Крупская Е.О.
	Раст. ресурсы. – 2012. – № 3. – С. 428-442.

	-//-
	Растительные источники хинолизидиновых алкалоидов на территории Республики Башкортостан. Алкалоиды Thermopsis schischkinii и Thermopsis lanceolata SSP. Sibirica (Fabaceae) в условиях интродукции.
	Цыпышева И.П., Галкин Е.Г., Каримова О.А., Байкова И.П. и др.
	Химия растительного сырья. – 2012. - №4. – С. 181-186.

	-//-
	Chemical constituents from Echinops nanus and Echinops transiliensis 
	Nakano H., Cantrell C.L., Mamonov L.K., Kustova T.S., Fronczek F.R., Ross S.A.
	Biochem. Syst.&Ecol. –V. 45. -2012. –P. 127-129

	-//-
	HPLC fingerprint and LC-TOF-MS analysis on extract from roots of Gentian macrophylla
	SU Qi, ZHANG Ping-ping, ZHANG Yong-min, JIA Na, HE Jiao, ZHAO Wen-na, SUN Wen-ji
	Chinese Herbal Medicines. -V. 4(3). -2012. –P. 245-251.

	-//-
	Anti-hepatoma activity in mice of a polysaccharide from the rhizome of Anemone raddeana 
	Liu Y., Li Y., Yang W.
	Int.J.Biol. Macromol.      – 2012. –  N 50 (3). – Р. 632–636.

	-//-
	Synthesis and structure-activity relationships of harmine derivatives as potential antitumor agents 
	Cao R., Fan W., Guo L., Ma Q., Zhang G., Li J., Chen X., Ren Z., Qiu L.
	Eur. J. Med. Chem. –2013. – Vol.60.      –Р.135-143.

	-//-
	Identification of diterpene alkaloids from Aconitum napellus Subsp. firmum and GIRK channel activities of some Aconitum alkaloids  
	Kiss T., Orvos P., Bаnsаghi S., Forgo P., Jedlinszki N., Tаlosi L., Hohmann J., Csupor D.
	Fitoterapia. –2013.     – Vol.90. - P. 85-93.

	-//-
	Protective effect of Echinops galalensis against CCl4-induced injury on the human hepatoma cell line (Huh 7)

	Abdallah H.M., Ezzat S.M., Salah el Dine R., Abdel-Sattar E.
	Phytochem. Lett. –V.6. -2013. –P. 73-78

	-//-
	Chemical constituents from Echinops integrifolius 

	Senejoux F., Demougeot C., Karimov U., Muyard F., Aisa H. A., Girard-Thernier C.
	Biochem. Syst. Ecol. - 2013. - Vol. 47. - P. 42-44.

	-//-
	Растительные источники хинолизидиновых алкалоидов на территории Республики Башкортостан. Алкалоиды Thermopsis schischkinii.
	Цыпышева И.П., Галкин Е.Г., Ерастов А.С., Каримова О.А., Байкова И.П. и др.
	Химия растительного сырья. – 2013. - №4. – С. 55-60.

	-//-
	Определение алкалоидов в траве чистотела большого и листья маклеи сердцевидной методом ВЭЖХ
	Моисеев Д.В.
	Бутлеровские сообщения. - 2013. -Т.36. №11. С.134-138. 

	-//-
	Screening of Echinops ellenbeckii and Echinops longisetus for biological activities and chemical constituents 
	Hymete A., Iversen T.-H., Erko B.
	Phytomedicine - 2013. - V. 12. - P. 675-679.

	-//-
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Таблица В.6.3 – Перечень покупных комплектующих изделий, по которым запрошена документация

	Дата запроса. Реквизиты письма запроса
	Наименование и обозначение покупных комплектующих изделий
	Запрашиваемая документация (Ответ о ПИ, выписка из Отчета, ТУ, ПФ, выписка из ПФ)*. Цель получения запрашиваемой документации
	Вид и номер документа, полученного при запросе или причина отказа. Реквизиты письма-ответа.
	Наименование запрашиваемой организации или предприятия с указанием местонахождения (адрес)

	Комплектующие изделия не имеются. Запрашивать сведения о комплектующих не требуется.



*ПИ – патентные исследования ТУ – технические условия ПФ – патентный формуляр	

Таблица В.6.4 — Количество опубликованных охранных документов по годам (изобретательская активность)

	Объект техники и его составные части
	Страна подачи заявка
	Количество патентов, опубликованных заявок по годам подачи заявки (исключая патенты-аналоги)


	1
	2
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2019
	2020

	
	Россия
	
	3
	
	1
	1
	
	2
	
	
	

	
	Китай
	4
	1
	1
	2
	1
	
	
	
	1
	

	
	США
	4
	
	
	
	
	
	
	2
	1
	1

	
	Узбекистан
	
	
	
	1
	1
	
	
	
	
	



 Таблица В.6.5 — Взаимное патентование

	Национальная принадлежность заявителя
	Страна патентования
	Количество патентов
	Всего

	
	
	Национальных патентов
	Запатентовано в других странах
	

	1
	2.1
	2.2
	2.3
	2.4
	2.5
	2.6
	2.7
	2.8
	3
	4
	5

	
	Не обнаружено



Таблица В.6.6 — География патентования объектов промышленной собственности исследуемыми фирмами (по патентам-аналогам)
	Наименование
фирмы-патентовладельца

	Наименование технического решения (изобретения)
	Номер первичной заявки

	Дата приоритета

	Дата публикации первичной заявки

	Номера выданных патентов (поданных заявок) по странам выдачи


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	
	
	
	
	
	Не выявлено
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Briepaiie 43 OcHOBe WNADIHOTO BIKATONTE TEPHNN CHITESHPORRHO CFO THAPESONTONIHORHOE -
(Z81-ruapasonosriun)T-erokci-1owerin-OH-nipiao3 A-BlANn0. CTDOCHHE  CHITESHPORIHKOTO
COBRHCHS YETAHORIEHO o AAHHA CrekTpOB TMP, MACE-  PEHTIEHOCTPYKTYPHOTO GHaTHSA

Kaioueame  caoma:  rapwin,  AUCTWITIpWAN,  THIPEIOWTPONIBOINOE  S-aueTnrapua,
petTenoCTpyTYpUA AT

BBEIEHUE

Tapasin 1 ero mpomBOXble HIBeCTHS ewd ¢ Wavaa XX-beKa Kax Aerko AOCTYMmAME
UIMOTOTWMECKH  AKTHBHME  BEWSCTSA  WWPOKOTO  crekrpa  AeHcTBWA,  OGMAlMOUME
IPOTHBONHKPOGHOR,  TPOTHBOBPYCHOR, MPOTHBOOMYXOTEBOH H APYTHMH BHIAMH aKTHBHOCTH.
osectibie & wacTosulewy spevew CBEIEHAS O METOLAX CHMTEIM COCINHEMWE WA ocHOBE
~AIPRINION CBACTENLETEYIOT O BOIMORHOSTH NIOTYHEHHA Ha HX OCHOBE GHOTOTHYECKH aKTHBHBIX W
AKTHHECKH LIEHHBIX BEUIECTS.

M 5 EPSTIEKTHBNAIX CHNTOHOB B FTaMHE MOTHGHKALLH W COSaHHA HOBKIX GHOTOTHYECKH
aKTHBHMIX BellecTs ABARETCs pacTTensHuA ankanon rapwih (1). [apuin oG1azacT panooGpasmoit
GHOTOTHAECKOH AKTHBHOCTSIO, B WACTHOCTH HHAYUHPYET KIETONHYIO MPOTHEpaUO B-KICTOK in
ViIPD W in Vivo OGECTBOM aKTHBALLAH BHYTPAKTETONHOTO (Bepmeira npoTedsinassi DYRK 1A [1].
B CBOM © OTHM apMMW TDEICTABTAET WWTEPEC L% COMIAMMA ACHTOB ATA AcHeHWR

Weliponorwsecinx aGonesanni (2], a Taioke awTwaaGeruecku cpeacrs [3].

OBCYAJIEHHE PE3YJIBTATOB

B NpOIOTKEHHE WCCTCIOBaHHA N0 HSYWCHIO XMMYECKOH MOIMDHKALMH TapMMHA MO
apoNaTHsecKOMy KoRbiLy [4], Haw HCCE108aHO BSAHMOTEACTBHE B-aueTHATapHKA (2) C rHTpasHI

© Asarwan A, Kansnixanosa [1K., u 1p., 2020
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ruapaTom. B pesysTaTe peakutin cuntesuposan (2)-8-(1-ruapasonosTua)-T-uetokcu-1-vewa-OH-
MpHAO[3,4-Blwi0n (3), KOTODA pENCTABIRET IHASMTCISHbH MMTEDeC LN AATAHEALI
WanpasiienH TpaHCOpMaLLIH.

Crpyrypa cosamienns yorawomicna s zamwx SMP, HK, wacc- cnextpos, PCA
anemeTHOrD anana. Omiecenne chrnanos b crexpe SIMP BUTOTHEHO Ha OCHOBAHHH SAHHHX
cnextpon P 'H, °C i xoppeauosoro crextpa (HMBC) 'H-'*N. M narsix 'H-'"N o
OHOMAHOE OTHECCHHE CHIFIETHLX CHPHATON METWTHSIX TPYR AP aTOME C-1 THDHIHOBOTO
KOnba H rHApESONHOTO saecTITEns, CHAHONO TS CHIHAX TPOTOHOB MeTwTsHOR rpyTS (C-13)
(5212 4.0 OGHapypacT s3aHMOSHCTBHE G GTOMOM 8307 rHApAIONOBOTD sawecTiTent (C=N) (B
309 w.1). Chrman nporonon CH, rpyns npy arowe C-1 (6 271 w2 w nporow H-3 (ay6iner, 6 815
ML) MPOABISIOT BIAHNOREHCTEHE ¢ aTONO 230Ta MHPHAHOSOTO (B 279 ..

Monexyaphax CrpyKTypa cocaumernnt (3) MpHBCACHS Ha DHC.1. AHATHS MERMOTEKYIAPHLX
‘ssanmoneicront sumonwer ¢ nowousio nporpase PLATON (5] MERCURY [6].

P 1, MoRekyAapiak TPy Wy arowon cocaunes (3) (118 VIHTCORAN TPHCIENS
seposioctio 30%)

Teowerpmicoie  napaverpH  Monewyl  cocmumcwsa  (3)  coommercrayior
cpeanecTaTHeTNEcKkiM BemHaM [7] W 8 MpEAEAaX 30 COMMATIIOT C TAKOBMNH 8 GTIKaHINX K
oMy CTPYKTYPHIIX GHATOFaX, MPOMSBOINX rapyra: 8-GOpuIIFapue H 8-aueTTrapuHe [4].
Monicya coesneitin (3) MPAKTHIEEKI IIOCKAS, CPEICKBAIPETSHOE OTKTOHEHHE OT TIOCKOCTH,

TPOBEAEHHOR YEpES CE HEBOAOPOTILIE STOMSH TPHLHKTNNECKOFO hparwenTa cocTaanser 0027 A.
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OBpasosanie bonopoawsix casaeh ¢ yuacruew N-H rpymmsi mupponsioro wnxia
noaTBepxaseTes Takoke aanbii MK crextpos. B UK crexrpe nexoanoro 8-auerwarapwasa v NH
IMPPOTLHOTO KOTBIA MIPORRTAETEA B BHAE ACCOLMHPOBAHHIH NoTock! npw 3406 e, B MK cnextpe

TMAPEIOHA 3 HAGTIOTAETCR CABME IO7OC aTEHTHAIX KoneGaNk NH b HHIKOHACTOTHYIO 0B1ACTS (v

NH 3327, 3220 ou" ysxie nonocs). DT PESYASTATH COTTACYIOTCA ¢ THTEATYPHIMH JAHHBINH,
nosyueHHbiMH MpH w3yewn HK-CTIEKTPOB SaMeIIeHHbX TCTEPOLMKIHYECKHX COCTMHENMI:

‘mMnza0108 [8] w 1,24-pHasonos [9)

JAKIIOUEHHE

‘Taxiw 06pasow, Hauw mpesioeit SGexTABHAIH METOX NIONYICHHS HOBOTD MPOHIBOLHOTO.
rapunna 8-(1-rWapasonosTI)-T-eTokeH: | etk 9H-upuaof3 4-bluwaona (3) wa ocwose -
KapOOTMHOBOTO  ATKAIOWIA rapwHHa. VETaHOMTeHa (Z}KOHOMTYPALMA HOBOFO TIpAI0NE B
KpHCTaie. CTpOcHME CHHTESHPOBAHHOTO CORTHHEHHS OXEPAKTEPHIOBAHO MeTonaum MK, SIMP ( 'H.
C u "™N), anewentHoro awanusa, wacc-cnexTpos. [1poBeIEH aHATH3 MOTEKYAHOR CTPYKTYP

‘meronom PCA.

IKCHEPHMEHTATbHAS HACTh

Crekrpsl IMP 'H 1 "C sapercrpuposans wa crextpowerpe JEOL INM-ECZR 500 MHz
(500 M s "H w 125 M "C). Jlns othecens carvanos o crextpax SIMP ncromsaosasst
MeTonst oHoMepHok (DEPT) i 18ymepHofi criexrpockonii SIMP (COSY, HMBC, HMQC). a
Tacxe crexrp AMP 'HVN xoppensuan, Crexrp AMP 'H-N nanysen wa npu6ope JEOL INM-
ECZR 500 MHz ("N 50.68 MT'u) 5 CD;0D ¢ HerionsoBaHmes GOPMaMHIa B KaecTBe CTanIGpTa.
Mace-crieKTpel BHEOKOTO. pAspellEs HanHcansl a wace-crektpowerpe DFS Thermo Scienific,
resneparypa Werapuens 190 °C, wowksaus Y (70 9B). Tewneparypa riaeaess onpesereia wa

npuGope Opti Melt. HK-crexrp crmvarn Ha npwGope «Bypse — crektpoweTp Hdpaxpacisi)
«Avatar 360 ESP», YO-crieTps chimaTh Ha npyGope «Cary 60 UV-Visy. PewTrenoctpywryphsii
(PCA) skcnepuvien swncawen wa audpaxrowerpe KAPPA APEX 11 (Bruken) (MoKa-sinyienme,
rpadToBH MoHONpONATOp, CCD-serexrop). Xox peatuan owrpornposan werozon TCX ha
naacTunax. *Sorbil" ITCX-AG-A-Y®. Jlin npossienns coeanserns (3) HenoTLa0RATH peastve
lparenopda. [TpoayKT peakiuil BHLAETEN METOI0M KoToWouHOR xpovaTorpadn wa AL, (1l cr
),

B KaNECTOE HCXOIHOTO COSIMHENHS METOTM0BaH S-aucTirapwni (2), GpyTTO-Gopm

CisHiuN;Oy, T:na. 152-153°C. HCTOuMMKOM AR Moy MEHIS -alicrwarapwha (2) amaseres amsanows
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rapwin (1), conepKaumics 5 Cuipbe rapwamsi obsHoBcHHO (Peganum harmala L), umpoxo
pacnpocTpaKEHof & Koswom Kasaxcrase [10].

(@-8-(1-rwapasonorru)-T-weroxen-I-mernr-9H-nupuzof3 d-blwnzon (3). K pactaopy 0.5
© (196 wuom) B-aueTirapwima (2) b 25 WA STAHOT MPA NEpEMEIHBAHAN MPHKANNBIOT &
HIBHTKE 2.94 T (59 MMOTL) FHAPEIH TUAPETA. PEAKLIIONHYIO CNECt NEpENEILIBAIoT B Tevene 7-8
pH TewnepaType 60°C. OBpaOBBLIHACS OCRIOK OTGHITPOBHIBAIOT H MEPEKPHCTATIIOBBIEAIOT 3
EXOH. Bixoa 69%, XENTuil MeaKoKpHCTATIHYCCKHH NOpOLOK, T.rn. 207-209°C, [a]'ty -187.5° (¢
0.16; CHCh). Y-cnextp (EIOH), hous/iw (1ge): 213 (2.85), 243 (299), 302 (2:66), 328 (2.22), 341
(2.17). HK-criextp (KB, v, ew'): 3327, 3220 (-NH), 3170, 3096, 2890, 2827 (-C-H), 2983, 2927,
2015, (OCH; esmassoro Gparwenra), 1625 (NHy), 1617 (C=N), 1569, 1446, 1418 (-C-C), 1293,
1222, 1202 (-C=N-N), 1113 (:N-N), 809, 786, 762 (<CH-Ar), 668 (NHy). Crexp AMP 'H (500 T,
DMSO, 3, w2, JTw: 2.12 (3H, ¢, CHC=N), 2.71 (H, <, -CHy), 3.86 (GH, ¢, -OCH,), 7.04 (1H, 2.
1282, H6), 781 (I, 1, J=5.8, H4), 803, 8.05 H, ¢, NHy), 8.12 (1H, 2, 1-8.2, H-5), 8.15 (1H, 1,
J=5.8, H-3), 1051 (1H, yure, NH). Crextp IMP "C (125 MT, CDCy, 6, w): .141.58 (C-1; 2.
137.24 (3% & 1121 (C-4); . 11647 (C-4a); c. 129,02 (C-4b); 2. 12331 (C-5); 1. 105.0 (C-6); .
156,81 (C-7); c. 10582 (C-8) . 138.67 (C-8a); . 135.64 (C-98); kn. 18.51 (CH,C=N); kb, 55.55 (-
OCH) k8. 21.94 (-CHy); c. 145.95 (C=N). Haltzero, mz: 268.1319 [M]". C1sHieN.O. Buranceno,
miz: 268.1298. Snewesii anan: Haiaeno, %: C 68.10; H 7.17; N 17.8. C\H,N,O. Butucneno,
%:C 67.16;H 7.00:N 17.87.

PeuTrenocTpYKTYpHOE HEETEIOBANHE MOMOKDHETALAA (3), 107yHEHHOTO KPHETANIHILHEH

W3 X1opopopa, mposcacwo mpm Temneparype 296(2) K. Bacxena nonpaska Wa mornoumenme o
nporpavsie SADABS [11], Crpyxtypa paciubposaria npassin seTozow no mporpawsie SHELXS-
97 [12] n yroumena » aoTponHo-HsoTpONHON (11a aTowos H) MpWSWKEHHM O MpOTpAMME
SHELXL-2014/7 (13], Tlosusn sonopozos, kpowe atowon H » NHyrpymne paccurmrams
"COMETPH4ECKH, NPAMETPH GTOMOB BOIOPOTE YTOHATH & HIOTPOTHOM MDHGTHKEHHH B MOZETH
naesziorka, ATows H 8 NHrrpyme fOKGTHIOBMHS H3 paHOCTHOTO chTEsa. Kpweraimst
cocmenus (3) poMwiccie W MMeIOT TpOCTPaRCTREHNYIO rpyTny Pbea co GAeayoumMH
KPHCTAATOMpABHHECKHMH napaveTpav: a = 154978(6), b = T6172(3), ¢ = 22.7784(8) A ¥
2689.002) K, Z= 8, CHiN.O, du

W, MK 371 20 55,15, Tpancasccun 01052 - 07456, Howepuan mrncuanocrs 3081
¥ oo

326 riew’, 1 = 0.087 ", paswep oGpasua 0.15x0.80<0.80

esascbIX orpaxeni (Rint = 0.030). OKowSaTesHE apaueTps! yrosens: R = 00565, wR, =
01250 215 2585 F > 4o

0.1362,5 = 1.083 113 scex nesasciomsix oTpaxennt u R = 0.0463, wR;

HEA0 yTOUHSeMbiX napawerpos 189 2 Orpaienss. ATOMHSIE KOOPIHHATH, AWM Coxseh 4 ¥TTsd
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ncnowmposanss 5 Kewbpupxoxyo  Gasy  crpyrypewx  amwx,  CCDC 2005036,
(Geposit@ssde cam.ac.uk Win htp:/svow cede. com.ae.uk).

PaGoma asinomena no zpaumosomy npoexmy NeAPOSI3S304 Xuvuueckoe wrienue
QIKAIOUDOHOCHSEX acmenll KGK NEPENEKUAHN UCMOHLKO8 GUOOLINECKI GRMUSHN SeiecmE,
unancupyesiozo Kosaumemos naysu MOH Pecnybuusu Kasaxeman.

Aamopu ewpaxcaom_61a200apuocms XuMiMecKoMy CepaucCkONY ENMPY KOXIeKTILGNOZ0
nomosanun  HHOX CO PAH 30 nposedewse  cnexmpamwnix  ucciedosamu u
penmzenocmpysmypuozo ananisa.
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SYNTHESIS AND STRUCTURE
OF HYDRAZONE DERIVATIVES OF HARMINE

Abstract. The present paper deals with chemical syathesic based on $-acetylharmine. It was estbliched that
interacion of §-acetylharmine with hydrazine hydrate produces (E)-3-(1 hydrazonoethy)-T-methosy-1 methyl 9.
‘pyrido[3 4-blindole in 2 ield of 69%. 1t was shown, hat reaction of (E)-8-(1-hydrazonoethyl)T-methory-L-methyl.
9H.pyido[3 4-bndole with functonally substtued aromatic aldehydes (anizaldehyde, 2-fuorobenzaldeyde,
24 dmethoxybensaldshyde) by boiing in methamol leads to fhe formstion of the comerponding N
‘arylidenshydrazones sith 56-82% yields. The sructure of the synthesized compounds was characterized on the basis
of one-dimenvionsl 'H. °C and DEPT NMR methods, 52 well 32 dats fom fwo-dimencional COSY. HMQC, mnd.
HIMBC spectr, clemental analysis and mass specra. Conelaton spectroscopic methods provided information for
identification of hree bond profons-profons 2nd one bond protoss-carbons comelations COSY (' -'H) and EMQC
(B-HC, H-N), Homo- and heteromuclear inferactions, confirming the structures of new derivatives of harmine, are
determined. The we of modern physicochemical and spectioscopic research methods in the present work allowed.
selisble 3nd umsisbigron: charscteizaton ofthe tructure snd properies of the obtsined compousd:.

ey words: harmine, kydrzzone derivative of $-acetylharmine, N-aryldenshydrazones, ', "C-NMR spect,
two-dimensions] NMR spactrs.

Tntroducion. T is well Enown that modification of alialoids gives a wide oppormaity to obtain
compounds whose biological activiry spectrua s signiicantly expanded and modified i comparion with
e aring sobetace.

In rder to search fr new synthons and biclogicllysctve compovads and o fad effective drugs ofa
given spectrum of actviy. a chemical modifcation of the allaloid pamine was caried out [1]. Allaloid
of pcarboline fype hanmiae 1 is contained in the plaat Peganmm harmala L. widely disrboted on the
ety of Republic of Kazakbstan:

According to the leranwe dita, the indole allaloid harmine 1 bas o wide spectum of
pharmacological actviy. Harmine affects the central nervous system. showing neuroprofecive aciy
neurological disesses. Derivatves of bamine have aewotropic activity, and its water-soluble form.
e bydrocklorde. has antdepressant, autyporic (kypobaric hypoxia) and auti-Parkinson effects
1
[ﬂmms,nwummAmmmmmonymmmdgm
atenton ot only becamse ofthe significant biologcal actviy ofthe target compovnds, but also because
e possible synthess o various heterocscles based onthem. including energy-infenive mateias

T this regard, our aim s to contiane resesech on the trausfomition of the availabe alkaloid
havunine i orde o obtaa new bilogicaly active omponds.

‘Experimental pare, Eacier, we published effecive methods for the synthess of derivatives of
p-catbolne alialods §-formyharmine aud S-acetylhamuine. By the condensation of §-scerylbamine 2
it srontic sldehydes the conesponding chalcones were syuthesized, the teaction of which with
‘ydeagine hydate in acetic acd reulied in 3 substitted 1 aceryfpyrazolines [1-11]
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In contimation of s work, new derivatives o th alkaloid harmine 1 were symthesized; on th basis
of Sacetylamine 2. Sacetylhydrazone humine 3 was symbesized and a mmber of
N-arytidenehydrazones harmine 4.6 were obiained with a yield of 56-82% (scheme 1),

The strucrue of the synthesized compounds was characteized by the complex of physicochemical
‘methods: IR, UV, one-dimensional NVR 'H. “C and DEPT and two-dimensional COSY speciroscopy
(8 -H, HMQC, HMBC (H-5C, and 'H"N) mass spectromety and elemeatal anlysis data.

Materials and research methods. The'Hmd 'C NMR spectra were recorded on a JEOL TNM-
ECZR 500 MHz spectrometer (500 MEz ‘H and 125 Melz “C). The °F NVR spectrum of compovad
5 was recorded on a JEOL INM-ECZR. 500 MHz spectrometer (82 MHZ) in CDCh. The N NMR
spectra were obtained on a JEOL INM-ECZR. 500 MHz (60.84 MHz) in CD:OD using CESNO. as
‘monitor sample & 167.6 ppm.

Diffeent types of proton.proton and casbor-proton comelation spectioscopy were wsed o assign
sigaals in the NMR specia (COSY, DEPT, HEMBC, HMQC). High resolution mass specta were recorded
on a DFS Thermo Scienific mass spectromete, evaporators temperanse 150-240 °C, EI ionization
(70 €V). Meling poiats were determined on Opti Melt spparans. The reacton progress was monitored by
TLC method on Silufol UV-254 plates. Forthe detection of alkaloids dervativs the DragendordFs reagent
525 used. The reaction products were isolated by column chromatography on ALO; (sage Il act).

Resuls of the study. We have establshed that the interaction of 8-acetylhamine 2 with an excessive
amount ofhydrazine ydiste in chanol leads to the fonmation of (£ 8(1 ycragonoeiyl) T metbosy 1
‘methy1-9F-pyrdof3 4-bliadole 3, yild 69%, composition CisHdN-0, meling point 207-209 C. [a] '3 -
1875 (c 0.16; CHCE).

Marylidenehydrazones of hamine 4-6 were prepared (vield 63.83%) starting from
(B)-8-(1-bydrazonoetsy])-T-methoxy-1-methyl- OH-pyrido[3.4-bindole 3 which easily reacted with
fonctionally  substited  aromatic  aldehydes  (anisaldebyde, 2-fiuorobenzaldeliyde,
2.4-dimethoxybenzaldehyde).

‘The IRespecirum of compounds 3-6 contain infense siretching bands at 3327-3220 car’, which
‘belong to the (-NH) grovp, and at 3178-2827 car’ (C-H aromatic and methoxy groups).In the spectra of
all compounds, a set of absorption bands was observed in the region of 16171606, and 15691418 cai’,
corresponding to the presence of aromatic groups in the structure (C=N) and (C=C). The bending
ibrations of the C=N-N groups correspond to bands 12931202 and 1113 e
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In the 'Hl NMR spectrum of (E)-5-(1-hydrazonoethy)--methosy- L methyl- 9F-pyrido[3.4-blindole 3.
single signals were observed i the tegion of 3 2.71 and 2.12 ppm. comesponding {0 proton signals of the
‘methyl gxoups at C-1 and C-12. Sigaals of protons of the methosy gxoup at C7 were observed in the
region of 5 3.86 ppm in a form of singlet. The proton signals H.3, H.4, H.5, HL6 of the P-carboline core
appear at & 8.15. 751, 8.12 and 7.04 ppm. with coupling of 58 55 8.2; 8. H. respectively. The
characteristic signal of NHL: groups was observed in the lov field in the region of 5 §.03 and 8.03 ppm.
The proton signal of the N-H group of the pymole ring was observed i the low magnetic field at
51051
"1 P NMR spectrm of compouad 3 contained  singlet signal at 1647, 12336, 13564, 13867
141,58, 15681 ppm. characeristic for carbon atoms C-4a and C-4b, C-9a, C-8a. C- 1, C-7, as well a3
5 doublet sigaats at 5 105,00, 105,82, 129,02, 137.24 ppm related to carbon atoms C-6, C-8, C-4, C-5,
C-3, respectively. The signals of carbon atoms related to CEGCN, -CH, -OCH;. were observed at 3 18.51.
21,84, 55.55 ppa. inthe Zorm of quartets. The carbon atom C=N appears 2 a singlet at & 145.95 ppm.

For assignment of all 'H and C NMR signals. a mumber of wo-dimensional spectroscopic methods.
were used: 'H-H COSY. 'H-"C HSQC, 'H-"C HMBC, and ‘H-"N HMBC.

The 'H and “C NMR specira of symthesized derivatives of hamuine 4-6 contained a set of
Characterstc signals of protons and carbon atoms of the p-carboline core and the comesponding
substituent. The proton CH= of side chain in the ‘H NMR. spectrum of compouads 4-6 tesonated 2 2
‘broadened singlet in the region of § 8.73-8.32 ppum. Signals, characterisic for the protons of the aromatic
ring H.3-5 appeared at 5 6.16-8.69 ppmn. respectively. The characteistic signals of carbon atoms in the
BC NMR spectra belonging to -CH;C=N, -CHj, (-OCH,), (-OCHy); grovps occurred ia the regions of
5 19.84-19.94, 2021-20.42. 55.56-56.43 ppmn. respectively. as quartet. Doublet (d) signal related to the
‘CH=N subsiruent was observed at 5 150.43-157.20 ppm. The singlet signal of the -C=N group in the C-
substituent shifed to the low magnetic Seld relaive o the location in the spectrum of hydrazone 3 and
were detected at 5 163.59-167.68 ppm.

The comect assigament of signals in the 'H NMR spectrum of compound 3 confirm the fwo-
dimensional 'H-'H COSY conelation spectra (Fi. 1)

For componad 3, the 'H-H COSY spectrum shows the spin.spin comelation between the protons of
‘methine groups: -3 and .4 of the pyrdine ring with a cross peak of 8,15, 7.81 ppm (doublets vith
7='5.8 Hz) and between H.5 and H.6 of the aromatic ring vith the correlation of signals at 5 8,12, 7.04

‘ppm (J covpling of 8.2 Ha),

Figure 1 - Two-mensions 5'E COSY specrum of compamd

Figue 2 Twodimensiona spectum HMBC (F1.°C) of compound 3
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Figre 3 - Too-dmensions specirm HMBC (%) of compound 3

The sssgmumeat of siznals in the PN NMR spectra was caried out sccording o the fwo-dimensional
spectrum of the inverse comrelation of 'H-""N on the long-range interactions (HMBC). To assign the
chemical sifts of carbon atoms tha are ot related {0 ydrogen atoms, heteromuclar conelation methods
forlong-range bonds were appled: - C HMBC (Fiz. 2) and 'F-N HVBC (Fie. 3 [19]. Wth the help
of the conelation spectr for loag-rauge bonds al carbon stoms that are not connected with hydrogen
Stous in the molecule were iy deternined, thereby completely confinming the stuctue of e
Sbtained compounds .6

The *H-"C HMBC showed correlation peaks of the CH; protons (C-13) with C-8 and C=N atoms.
(B, protons (C-10) inerscted with atoms C-1 and C-3. Protons of OCE (C-11) comelated with the
'C-7 atom. This experiment confirmed the assignment of the methyl groups.

An analysis of the "H-""N HMBC spectra showed that the CH: proton (C-13) (5 2.12 ppm), showed.
correlation with the nitrogen atom of the group C=N at 310 ppm. Proton H-3 (doublet. 5 8.15 ppm), and.
the CH; protons (C-10) (3 2.71 ppm). showed interaction with a nitrogen atom in position 2 of the
pysidine ing (6 250 ppum)-

Al of these data suggest thatth syntbesized commpouad s the following strcture (5w 4),

S

Figars - The maincorelstions i e E.°C snd ' EMEC spacs ofcompound 3

Experimental part. (E)--(1-hydrazonoethyl)-T-methoxy-1-methyl-SH-pyrido[3 4-blindole (3).
Solution of 0.5 g (1.96 mol) S-acefylharmine 2 in 25 ml of ethanol was stirred. and meanwhile 294 &
(0.06 mol) of hydrazine hydrate was added dropwise in excess. The reaction mixture was stired for
7-8 hours at a temperatuse of 60 °C. The precipitate formed was filtered and recrystallized from EfOH.
Yield 69%, yellow pawrocrystalline powder, melting point 207-209 °C. [a]'%> -1875 (c 0.16; CHCL)
UV-spectrum (EOH), Juw/im (Iog 2): 213 (285), 243 (299), 302 (266), 328 (222), 341 (217). R~

(KB, v, car’): 3327, 3220, (-NH). 3170, 3096, 2890, 2827 (-C-H), 2083, 2927, 2015, (-OCH; of
‘pheny1 fragment), 1617 (-C=N), 1569, 1446, 1418 (-C-), 1293, 1222, 1202 (C=N-N), 1113 (N-N),
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*H NMR spectrum (500 MEz DMSO, 5. ppen. JH): 2.12 GHL 5, CELCN), 2.71 GH. 5. CHy). 3.86 GH.
s, OCH), 704 (IH. &, /=82, H6). 781 (IH. d, J=58, H4) 803, 805 O, 5, NHy, $12 (IFL d, /=82,
H5), 815 (IEL d. J=5.8, H3), 1051 (1E. br. 5. NH). “C NMR.specirum (125 Mz, CDCL. 5. pp):
5. 14158 (C-1); d. 137.24 (C3): d. 112.1 (C4); 5. 11647 (C-da): 5. 129.02 (C-4b): d. 12331 (C-5):
41050 (C-6) 5. 15681 (C-7); 5. 10582 (C-8); 5. 138,67 (C-8a); 5. 135.64 (C-9a): q. 1851 (CHLO-N);
g 55.55 (OCH:): q. 21.94 (CH): 5. 14595 (C=N), s (G, %): 277 (100). 308 (7).
35702, 278 (19, 56 (19, Fowad. e 268 1519 M- CuFNi0. Calulted, miz 2681398
‘Elemental analysis: found, %: C 69.10; H 7.17; N 17.8. CHiN-O. Calculated, %: C 67.16: H 7.00;
N1787

7-Methoxy-$-()-1-(E)-(-methosybenzylidene)hydrazono)ethyl)- 1 methyl OF-pyrido3.4
Blindole (4). To a safution of 0.1 g (037 mol) of (E)-8-(I-hydrazonoetbyl)-T-methoxy-1-methyl. OF-
‘pyrido[3.4-bindole 3 in 10 ml of methanol, while stiring 0.151 g (112 mol) of anisaldehyde was added
dtopwise in 5 ml of methanol. The reaction mxfure was strred for 4 hours at 60-63 °C. The precipitte
‘Sormed vas filtered off and recrysallized from ethanol. C:sHN.Os. yield 56%, melting poiat 171-172°C.
[a]"% +250 (c 0.16; CHCE). UV-spectrum (EtOH. Aauw/om (log - 215 (278), 238 (282), 305 (274)
IR-specirum (KB +. car’): 3235 (-NH), 3006. 2841 (-C-E). 2964, 2077, (-OCH; of phen! fragmen).
1618, 1605 (-C=N). 1572, 1513, 1462, 1424 (-C-C), 1283, 1249 (.C=N-N). 1175 (N-N).

*H NMR spectrum (500 MHz, CDCh, 5, ppm. J/Hz): 272, (3H. s, CH:CN), 2.79 GH. 5, -CH), 3.89
(GH. 5, -OCH), 4,00 GH. s, -OCH), 696 (IH. d. 87, F.6). 699 (IH. g, J=6.8, H3), 701 (I g
=68, H.5), 7.73 ppm (1H. d, J=53, H4), 784 (IH. q =88, H.2), 7.86 (IH. q /=88 H.6), 807 (IH,
4,67, H5), 832 (1H. d.J=5.3. H3), §32 (1. br 5 H-16), 1051 (1EL br. 5. NH). “C NMR spectrum
(125 MHz. CDCls, 5. ppmy): 5. 1416 (C-1): d. 1390 (C3); d. 1123 (C-4): 5. 1169 (C4a): 5. 128.14
(C-db): 12429 (C-5): d. 105.44 (C-6); 5.162.05 (C-7): . 110.22 (C-8): . 14033 (C-8a): 5. 13486 (C-
9a): q 19.84 (CH:CN); q 55.56 (OCH:); q 56 44 (OCH:): q. 20.42 (CH): 5. 167.24 (C=N): d. 1572
(CHN): 5. 1281 (C-1: d 114.40 (C-315): d. 13027 (C-2.6). Mass-spectrum. m= (I, %): 355 (100).
336 (22). 386 (20), 387 (5). Found, me: 386.1739 [M]". CsHoN:O: Calculated. m=: 386.1737.
‘Elemental analysis: found, %: C 71.07. H 6.13; N 1432 CsHzNiO; Caleulated. %: C 71.45; H 5.72;
N1asL

5.(E}1-(B)-(2-Muorobenzylidene)hydrazono)etlyi)-T-methosy-1-methyl- SH-pyrido3.4-
Blindole (5). To a salution of 0.1 g (037 mol) of (E)-8-(L-hydrazonoetbyl).T-methoy-1-methyl. OF-
‘pyrido[3.4-bindole 3 in 10 ml of methanol, while siing 0.092 g (2 mol) of 2-fluorobenzaldelyde was
added dropwise in 5 ml of methanol. The reaction mixfure was stirred for 4 hours at 60-65 °C. The
precipitate formed was filtered and recrysallzed from ethanol. Yield 82%, C:xHioNeOF. meltng poiat
166.168 °C, [af"s +62.5 (c 0.16; chloroform). UV-spectrum (EfOH), Jamfam (log 2): 200 (3.03), 245
(3.08). 300 (2.87). 342 (2.69) nm. IR-spectrum (KB v.cax’): 3274 (NH). 304, 2840 (.C-H), 2997, 2977
(OCH; of pheayl Sragment), 1622, 1604 (-C=N). 1577, 1484, 1459 (-C-0). 1295, 1283 (C=N-N), 1236
(C-F), 1170 (N-N). 'H NMR spectrum (500 MHz, CDCL, 5, ppm. J/Hz): 272, (GH. s, CHiCN), 281
(GH. 5, CHy), 401 (GH. 5, OCH;), 697 (IH. &. J=87, H6), 716 (1K, ddd, /=103, 84, 09, H3) 727
(I td, 776,09, H.5). 746 (I dddd J=84,76, 54, 16, Hd), 774 (IH & J=5.4, H4) 8.09 (IH. d,
87, H5). 819 (IH. 14, =76, 16, H.6), 834 (1H. & J=5.4, H.3), 873 (1H. brs, H-16), 10.53 (IH.
e, NH). 5C NMR spectrum (125 MHz CDCh, 5. ppm): 51416 (C-1); d. 139.0 (C3): & 1123 (C-4):
5. 11697 (C4a): 5. 12820 (C-db): d. 12461 (C-5), . 105.47 (C-6); 5. 160.10 (C-7): 5. 109.98 (C9):
5. 140.40 (C-8a): 5. 134.86 (C-9a): q. 19.94 (CELCN): q. 20.21 (CE): o 56.43 (OCH): 5. 167.68 (C=N):
415043 (CH=N): . 122,49 (C-1' =9 8) 5. 16216 (C-2. Jy=5.). 4. 116.14 (3. J=2.1) d. 13260
(G4, J=8.5);d. 124.56 (C-5% r=3.): . 127.77 (C-6. Jr=2.5). I the “F NMR spectrum. the caly signal
of the flvorine pheny] Sagment of the compound (E)-1-(2-uorophenyDhydrazone)etyl)-T-methoxy-1-
‘methy1.9H.pyridof3,4-blindole-8-y 5 was observed. Mass mz (f, %): 343 (100), 374 (58).
344 Q3), 257 1), 375 (15). Found, m/z 3741537 [M]". CoHFN.O. Calculated, m: 3741535
‘Elemental analysis: found, %: C 69.61: H 561 N 14.40. CHisFN:O. Calculated, %: C 70.47: H 5.11:
N1436

S((B)-1((E)(2.4-dimethosybenzylidene)hydrazono)ethyl)-T-methosy-1-methyl 9L pyrido[3.4-
Blindole (6). To a safuticn of 0.15 g (0.56 mol) of (E)-8-(1-hydrazonoettyl)T-methory- -methyl. OF-
oyrido[3 4.5] indole 3 in 20 m of methanol 0.186 2 (1.12 mol) of 2.4 dimethoxybenzaldehyde was added
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ropwise with stiing in 5 ml of methanol The reaction mixtue vas stizred fo 4 hours at a temperatuze
0f 60.65 °C. The precipitate formed was filtered and recrystallized from ethanol. Yield 75%, CHaNeOs,
[e]' +125 (c 0.16: chloroform). UV-specirun (E1OH. Jauwiom (Iog 0: 216 (2.79). 236 (3.26), 293 (226).
317 (2.17). IR-spectrum (KBr, v, cor’): 3220 (-NH), 3178, 3107, 3004, 2851, 2837 (.C_H), 2970, 2026
(-OCH; of pheny! fragment), 1623, 1606 (-C=N). 1570, 1462, 1421 (-C-), 1290, 1271, 1226 (-C=N-N).
1173 (NN).

H NMR spectrum (500 MHz, CDCly, 3, ppm, J/Hz): 254, (3H. 5, CHiCN): 2.68 (GHL. 5, -CH); 370
(GH, s, -OCHs): 3.71 (3H. 5. -OCH;): 3.95 (3H. 5. OCHs); 6.18 (IH. dd. J = 87, H-3), 632 (IE. d.
J=88 H). 694 (IH d. /87 H6): 7.73 (IH, d. /=53, H4), 804 (IH. d. /=87, H-5) 832 (1L d.
7=53.H3), 869 (IH.d. /=65, H.5), 876 (IH. br. 5. E-16). 10.56 (1EL br. 5. NH). "C NMR spectrum
(125 MHz, CDCL, 5, ppm): 5.129.1 (C-1); d.139.28 (C-3); d.112.43 (C4); .115.49 (C-4a); 5.117.07
(C-4b); 412331 (C-5); d.105.34 (C-6): 5.162.34 (C-7); 5.110.60 (C-8): 5.141.73 (C-8a); 5.135.63 (C-9a):
92433 (CH,CN): .56.40 (OCH,); q.55.57 (OCH;): 4.56.52 (OCH;); 92031 (CHy): 4.98.39 (C-6):
42852 (C3.5); 415501 (CH-N); 5163 59 (C=N). Mass spectrum. m (L, %): 385 (100), 416 (32)
386 (26). 237 (11). 417 (9). Fouad. m=: 416.1843 [M]'. CHoNiOs. Calculated, m: 416.1840.
‘Elemental analysis: found, %: C 68.99: H 6.34; N 13.03. CoHuNiOs. Caleulated. %: C 6921 H .82
N1345.

In conchusion, new methods for the preparation of hamine derivatives substfuted at position C-§
e elaborated which allow subsequent modifcaton of §-acetylhamine to new N-arylidenehydrazones
of hammine. the molecular structure of which was established on the basis of elemental analysis and
spectral data (R UV-, L, °C., *F-, "N NMR).

The authors thank the Science Committee of the Minisry of Education and Science o the Republic of
Kazakhstan for financial support of grant project No. ARDS135305, as well as the Chemical Service
Center for Collectve Use of the NIOC SB RAS for spectal sudie.
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| roxmensy xamsxapams rmoas oxzpierix xonzusriy AK, Kaparaazs, Kanaxeras:
*PFA C5 H H. Bopoasos arscezarss HosocaSapes opramusais xinus macrry s, HosocuSpes, Pecei

TAPMIH [TLTPA30H TYBIETBLIAPBIHBIH CITHTE 3] KSHE KYPBLTSICH!

AmmoTamus. ATAIORITIPIE NOTKTITPNE TYpIeIPY SHOTOTEATX Sercemsiric caerTpi Gacram
TSR CamCTApFREAA UTSPANKTS KeRSReTiE i TYPI SATSPeTIE OCKIRICTIPA AT KeR NYMKIERIX Geperisi
Searini.

ama camronzap e 5T Sencemi KOCATCTIPIN 236y XoRe ORIPINE ReriiEze scep ey cHEXTPI
earineares Tiinai 2apinix SYPATAI PAECTIpY MIKCATARIA FIPAEE KO IENE TIDCEATAX TYPACKIPITYI
ayprisizai f-rapSoms Tamres rapuis aakanonzs: OFrycTix KasikCrissa emises TSpaieas Keziuri aapacass,
(Pegamum harmala L) maxisamscmss sypwasaza seaecesi.

‘Gz66u aepesrepre coikec FIPMER TRIOTI KO X IPHICITLLIE SerceRTiTE cneTPiRe 5o
Tapaaxs mefpororasmis aypyrap sesiaze SekporpoTesTopTE SexceRaiis TamsTen, oprava xyixe Zyieciae
cep erexi, A Mosoammmoxcnzas2Rs Texeizi. [apas TYRETTAPS: MEXPOSA Kapest SencemziTERe He, 41 ORX
B g A ———
‘Sapramcommere xapes: scepi 3.

Com manmpn rupawsmp cmtel mscmms rocmcrpmm  smpnaal Sosormmx
Gencemzitivines raEa ewec, OTPINE HeTiiEe SPIYP TeTSpOTEKTIEI ORSE imide JEepTEA cHEENAN
aTepuaTaap I CETerReY MYNKIRIIFINGR 26 T3P YIPTITRELR I OTEER 9K,

Ociran Gaimamstcrss SRR TIPITAAGRTIR IR GHOTOTRLTA SICeRA KOCMTHCTIP Y MAKCIREIL
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6ip sxmexai 'H, C aeme DEPT SMP sxicrepines, commaia COSY, HMQC, HMBC exi smmewzi
cmeTprepisia. snewemTTiE Taiany aeme Macc-caerTpIepais aspertepives camsrrasess. TlporomaapaiE I
Gafizamsc apsmt mpovomIpMeR xoppersEs cxearapis ZeRe poroxzprsm COSY (H-H) xese HMQC
(BLUC, 'HLN) 6ip Gaiizamse 3pEacm soipresTi TOMIApNER XOPPETAIIS CxeMATIPS FMEMIFIR, FIPMEERIR
SRS TYREISpIENE KPR PICTIETICE TOMO PR TETEpORIPOTHE SIFS SPERETIACITED SERRTIITE.
HpOicTa soMmE QEMEITIX 9% CISCPOCKONEITAR JepTISy SECTepE Koy amras
ORI TR R PR MBS KICHETTSpi CEEbUZ 3P GipMATSCETS CHRSTIIYES MYNKIRZE 4P,

Tyin contep: rapaces, S-ameramrapsens raapomTyETses, N-apRTeRrIIpon Tysmmraps, IMP
cmextpaep, xi ommenci caexpazpi

A Ausmxos', IL, Kamscsanosa', 5. Adomyass',
3.3, Myaue, AZK. Trprvzanberos! , CAL Azeenos’

A0 Mexaysapozmask maymo-spomsoscraemmask xoxmiar «$urovimeass, Kaparamaa, Kasaseras:
*HosocaSmpers mmcriry oprsswescxof s s HH. Bopoazosa CO PAH, Hosocsapes, Poscas:

CIITES I CTPOEHIIE IT11PA30HTIPOI3BO THELY TAPMITHA

Ammoramns. Hizecrao, 750 MOT$EEATIE MOV TXIIORIOS T20% WEDOKYIO BOTMOREOCTS HOTYTERES
CoecmeRE, COeKTp GHOTGTESCKOR SKTESSOCTH KOTOPACX IHTETMEO PACTEPASICE X SHICEINGRISTCE 0O
cpaasemnn ¢ zexommne semecraon.

C memso momera momscx cmeToscs % Suoormecs ATERE: Coemmem § mMCRAEIE 5a KX ocose
>bberTmm: aexapeTIeRED: cperoTa JATEROTO caeTPa 2eHCTRNS TpORIGD ENeCKas MoTSTATIS
amazoua rapama. Amazous f-rapOTIGRORD TN FIPMIER COTEPITCS 3 CMPSe FIPMAT OSKERORRROR
(Peganum harmala L), mepoxo pacapocrpassimon » I0azox Kasaxcrase.

coomserersyom: N-apummaearazpasoscs ¢ moxozma 5682%. Crpoemme cmmewposammc: cosmmemzd
oxapasepuscaams weroxex AMP oxzouepsoi 'H, 'C x DEPT, 2 raxe aammso mymepmes caestpos COSY,
HMQC, HMBC, snewemmmoro asamna x xace-<nestpos. [lpexcrastoms cxewas Xoppessmsi mporosos &
‘Sporosisex sepes Tpa casa x cxenst KopperEIE HPOTOROR © YTAePORNE owEME Sepes oY cazam COSY
(H ) = HMQC (H.C. 'HVN), yeramoszemss roo.  rersposiepmsse s3muozeieras, ToxmsepRaiomss.
B — ew——
CRETPOCKOTEIACKIE: MeTOI08 RCCHEA0RARES TOIBOTLTL FAACKRO X OTIOHITHO OXIPITEPLIIITS CTPOSTEE T
soiersa moayemsc cosmmmem

Kaosesste caona: rapumm, rumpasomzpomommoe S-amersmmaparss, N-spamszesrampaiomss, AMP
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ALKALOID-BEARING SPECIES OF THE GENUS ACONITUM L.

Abstract. Anayicl review of bl bearing plats of he senus Aconi L bas been caried o The
btained dat il e s bsis o scienific esarch ofsom planispecie i the g Acoiun L. olaton of
ki ncluding bigh purty aconiine foreste 3 e dru subsanc.

1y idenifying speciic habiats of specesof(hisgenus i the flora of Kazakdstan, i s cstaiished tat most
hebarkm mteials have been collcod n mouniainous ot reions ofthe o of Kazakista, whic s
1he e 1 sty sampies of the enus o L. Tom e indiated loistic aes. The erbarom. fnd of the
IntenaionaResearch mnd Production Holdiag “Phytochemisy” ISC. (KG) includes hrbasum nateil of 9
Specie of the gonus Aconton L., of which the most comman species arcunto (eucostomun Worosh. and
Heomitun monicola Sicinh o o ickes e e

Keymwards: Aconiram L. slalids,chemica sy, hsbsru materisls, camerl st

Represcmativs of the genus Aconitm Libelong 0 ane of the most valuable alkaloid-bearing plans
of the fumily Ranunculaceae,and are rich source o polyfunciional heteroeyelic compounds - diterpene
lkaloids. Pants of the genus Aconim L. are accessblc and widely spread in Kazakhstan, CIS counris,
(China and Cental Asihoweverthey diffr i qualitaive composiion and contenudepending on the arca of
theie growih The increasd atention of esearchers to dierpenc alkaloids is due 1 the Kaown complexiy
of their structur resulin i  broad spectrum of pharmacological activity. Diterpene alkaloids have 3
Wide range of bilogieal activites aai-aflammatory, local ancsthei, sntiarehythmic, antspsmodic,
anttamor, and muscle relaxant, which allows them 1o be considered 35 & souce of promising
phamacoiogical compounds

“The pharmacologial stdy of plants of the genus Aconiun L. revealed that during the fowering
sage all the aeia pars - slks, leaves, and fowers are very poisonous. Moreover, he most deadly are
hizomes and wbers of he plant when the accumulaton of alkaloidsoccurs. I has been determined that in
pips of thisplan speciesthe amount of akaloids aradually increases during the whole vesetive period
und reaches its maximum i the sutumn,

Aconium species are of interet as medicial plants because they have numerous. isoprenoid
compounds a5 major secondary metbolies, Le. ttracyclie diterpencid alkalaids. The stnuctre of
isoptenoids of the genus Aconttumis unususl since the lowest terpenoids. (mono-C-10. and
Ssesquitapencs) are present oy in small amountin these plans, mainly in flowers, whereas all ther
pars aceumulate diterpenoid compounds of pecularssuctural typs.

Over 70% of modern homeopathie remedies are produced from medicinal plant materials. Plants of
ihe genus Aconitum L are one of the most popalar in homeopathy. Homeopatic Pharmacopocia of the
leading countrics of the world (Germany, France, the USA, and others) include aconite preparatons
obiained from the following plant species: Aconinum napells Lo Aconitum ferox Wall Aconitun
Ieoctonum L.

‘Acconding o the Floa of the USSR, there are over 300 Aconitan species all over the world, 70 of
Which ar i the eritory of he Tormer USSR, 1 turn, 14 spesies re found in the flra of Kazakhstan
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They grow i the mountains on forest and subalpine meadows, among bushes [12], N.G. Gemedshiyeva
i b rescarch [3-4] noted that al 14 specis belong o alkaloid beaing plas

‘Sccnists of a number of countiesar conducting rigorous sudis oF plants o the geaus.deoninun L
A srea contibution o the sty of plan specis of the genus Aconitumbas been made by Uzbek
researchers S.Yu. Vunusov, M.S. Yuausov, VA, Telnov, EF. Akbmetova, LA Bessonova, as well as
foreign scientss HTakayama, W S.Peleir, and atherswho detcmined the main composiion of
lkaloids. They developed cosk-sfTctive and savironmentlly-friendly production technologiss of the
Alapini on the basis oflappaconiine 1 rom he ro0s and rhizomes of Acoritun leucostomum Worosch.
andiconium sepientvionale Koelle, Antiarmindrag 2 fom the by-products of alapinia production
cumulativeandiarthythmic drugs ALlein from the aerial part of Aconium leucosiomum Worosch., and
Ahsariomin teom the thizomes oiconium sepienirionale Koelle. The production technology of the
eoniine bioreactant substance 3has been developed from the tbers of Aconium soongaricum SupEIS
1]

Thanks to the research of academicians-chemiss .Y, Yunusov and M.S. Yunusov and academician
candiologst E.L. Chazov alkaloid lappaconitine has firmlyiakenits place in o series of sniarhythmic
agents i the form of Alopinindrug, It is indicaied for supraventricula and venriular extssystoles,
patoxysmalforms of flckerand sl fater, achycandi. Lappaconitneis worth mentioninghecauseit
Rappened 1o be susceptible 1o the syatheti (ansformations resltingin subsances With the preserved
pharmacological ativity butwidiout major harmfulside effcts. It should b noted that the inzoduction of
4 bromine atom into slappaconitine molecule Ieadto 3 compound withs S imes lwer toxicity and 10 times
higher actvityas an anirehythmic deug. Lappaconitines producedby two specis Aeonitun fycocionun
L and Aconitum septennionate Koelle. Accorting to th research of apromineat botanst N.I Fedorov,
ol n he teriory of Bashkiia the available stk of the rots f Acontan Icociomun L. sufcient o
meetthe demmands ofthe healt cae sysem of Russis.

Several Aconitun species, ofwhich the most promising producer s Aconium  soangaricun
StpEeontain aconitine. Due 1 the highest toxicity this alkaloid has not been appled in medicine
However, experimental pharmacology could nor have been conceived without it Unlie other
antarrhyihmics whichinflunce only the calcium channels and cover both the caleium sad sodium
Channels o arthythmis, aconitine i a selecive sodium channel blocker. The studies of ntiarthythmic
s without aconiae e varelable

o 1520, Peschierwas the fist who poiated out hataconiacis present in the leaves of Aconitun
Geiger and Hess folated coniting fom the parts of Aconitun in 1535, and Morzon i 1530;while Plaita
in 1850 proposed a chemical fommula for smorphous aconiine [13]. Aconitine is one of the major
lkaloids related t some of th extremely toic oncs, which are contained n someconitun speccs [14]

‘Alkaloid songorincihas o more balanced structie nierms of fuactionalizatonit exhits an efect on
he contal nervous system. 1t is produced by Aconitum barbatum Persspread in Alai, which can be
cultivaed.
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Alkaloidsaconiine, mesaconiine, napellne, aconifne, 8-acetylexcelsinchave been isolatedduring the
hemical sudics of Aconitum Aarakolicun Rapaics., Aconitum olaicun Siciab.. and Aconitun Krinense
Nakii.Alaconitine and snovelakaloid scofincS huve been solated for the first time. from Aconitun
Karakolicum Rapsis. and Aconitum alaicu Steinb.. Aconltum soongaricun Siap. and Aconitum
Larakolicun Rapaics. speciesaee closely eltedio ach other morphologically [15-20].

Rescarchers isolsted alkaloids talassamine, talaizamine, 14-0-scetylulatzamine, isoalatizdin,
isoboldine, tlatizidine, crysialline hydrochlorde from Aconitum talassicum M. Pop. Extaction of
Aeonum alossicum M. Pop. was camied out with chloroform, with the faw mateial preiminarly
kalinized witbicarbonatum natrum, then the extact wasacidificd with sulfurc acid and the alkaloids
eparuted with chloroform. The sum of alkuoids was luted with 3 chloroform-methanol (100:1) mixture
o silia gel column folowed by eceysallzation with methanal [21-23]

Rescarchers ofthe lasiute of Organie Chemistry ofthe Ur RAS (UF) isolated 6 previously known
alkaloids  bypaconitine, - messconitne, nealine and three aporphine alkaloids _glaucine, N
methylurotetanine, and isoboldine from Aconium neosschalnense HLev.. The extacion was
performed with wate n the prsenc of aceone fllowed bysepaation on & columa [24]

“The Russian scientists [25] devsloped an fsolation method for th ditepene slkalods fom Acontun
Lirnense Naksi_ growing on the teretory of Primorsky Krai. The alkaloids were separated by s and high
performance liguid chromatography (GC and HPLC) methods. with mass spectometric detecion of
separted pesks and frsgmentation n amospheric-pressuce chemical ionization (APCI), amospheric-
pressre ionization - clectosprsy(API-ES). and clectron impact modes. Using liquid chromatogrsphy
mass spectroscopy(LC-MS) with fugmentaion in APCI and APL-ES modes,he following 6 diterpens
lkaloids were ienified in Aconitum Airinense Nakit: 8-aceylexcelsings, tgiaconiine?, akiramines,
irinine . lepeninet.

?;.

o 0
During the study of callus formation oFAconium barbatun Pers. theoptimal condicons for he coll
o
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culire of s plant were sclcted, callus culure vibilty was detrmined, the sum of alkaloids
Wasobiained fom th calls mass of intact plant raw materisl, individual diterpene alkaloidswercisolued
and purifed using a liquid colum chromatography. It has becn found tht he issue culire contains the
following alkaloids: songorine,songoramine, napeline, 12-ei-napelline N-oside,and mesaconitine [26]

“The Chinese scienists werethe st o isolate C10-diterpene lkaloids habacnine C, vilmorrianne C.
classicauline C from Aconitum abacnse W.T Wang. 27

Scicnists from Georgia conducted a chemical sudy of underground organs ofAconium orientale
Mill. and Aconttum nasatum Fisch. ex Reichenb. It was determined that both spesis Aconitum L. of the
fora af Georaia have lkalods sconitine, luppaconitine, and Krakoline. In Aconinun orientale ML, there
are bases of ranaconitine, gigactonine, licoctonine, and in Aconiu nasutumFisch. ex Reichent,
talizamine, cammaconine, aconisine [25.29]

Al conitumiterpens alkaloids are characterized by  high deasity of oxygen-containing functional
sroups, but aconitine molecule s 3o unconditional scord holde, 1 s kel that the highest suurtion by
These groupsis the reason fsn exteme toxieity of coniin.

Biosynthesis,pharmacological sctviy, and also the dynamics of sccumalation of ditespene alkloids
of some plant species of the genus Aconisumhave not been stdied in full. Biogenetiealy. the aconine
Bases are most Hkely derived from tetracyclic or pentacyelc dicrpencs in which the nittosen atom of
methylamine, ethylamine,or -sminoethanol binds o C17 and C19 inthe C19 dierpenoid skeleton,and to
€19 and €20 in the €20 ditrpencid skeleton to form 3 substiuted piperidine rig.That s why the
aconitine-ype compounds see considered as alkaloids sui goners, because thei nitogen is no derived
o an amino acidic metabolism. They ar defined s pscudo-alkaloids. Lile is knowa sbout how plants
symthsszethese alkalois, and amostaohin is Ko bout how i bosyahess i reulsed.

S

“Their biogenetic procursors are the diterpencids o the en-kauran and atisiran seies. In both cases,

— i —
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during the biosyathesis an additonal nitrogen-containing cycle is formed in such & way that the
heteroatom becomes a brdae between the C19 and C20 atoms. n this case, two stsctual subypes, C20
and C19, which s designated by the aumber of sarban atoms ofth syelic skeleton,ate distingushed. In
contrus, €20 slkaloids are derived fom two carbon frameworks 11 and 12. In spcifc subsances, hese
carbon skeletons a usually frmed by oxygen-<ontining subsituents, 3 n veathine13 and atizine 14,
Eiving the names o the conresponding subgroups of the C20 seies. n both cases, there are requent cses
of the Tormation of addional heteo- or carbocy el in addtion 1o hose lready present in stuctuees 13
and 14

ReHMe B

Addiional eyeles can aise by creating bonds between €20 and C7 atoms, as well as C20and C14
atoms. I the frstcase, u eyelic systm is construed lke in the alkaloids napeliinel and denudstincl,
The scond variant i eaized in he hedagine molecule 17.1n the strctures of the lter type, it s possible
1o form another yels by binding the nittogen atom 10 the C6 carban 35 i getsine 18, All compounds with
ihe carbon-aicogen skeleton ae classfied us th gersing aroup. In 3 small amily of snopteriatd, €20 and
C14 atoms s bouad by carbon-carbon bondio the at-kauran-type skelton. Alksloid delnudine20 also
belongs o the C20seres. s mlcul s & esul of the etsine precursor reamingement,

e,

® " w

The base of the strctuee of the dicepenoid lkaloids of the C1series s the rearanged carbon
skeleton of Kauran 21, alo calledaconane. Like in C20 compounds, a itogen biidge s formed between
the C17 and C19 aoms. By the name of the alkalod Iycoctonine22, carbon-nizagen skeletonin is base
is alsocaled lycoctonan. Witin the C19alkalod fumily, o mai subgroups are distinguished. Having
the same carbon-nitrogen skeleton, they diffr flom eich athe by the substtuon patter st C6 and C7

s
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atoms. To th Iycoctoninesubgroup ar reereed buses with s hydrosyl substiuent st the C7 postion and 8
Pemethosy one a the C6 atom. The presence of an o-lycol moiey i also characterisic fo this subgroup
of subsances. Aconitin s 3 epresentativ af the other Subgroup of C19 slkaloids beaing i name. There
ar no subsitents

a2 2

“The sroup of C19 dierpenoid alkaloids s quite sumerous. By 1987, 175 naural represeniativs of
this group had been Knowa. Over 150 of themwere solated from plants of the geners Aconiti L. and
Delphiniam L.

€19 and €20 dieepenoid bases in theic majority are highly poisonous substances. Thus, LD 50 of
aconiin i only 0.2 mgkg. Due t tis fct, Aconitums and Delphiiumsars among the deadliest planisol
the middie lrtudes. The toxe efec of thei nitrogen metabalits i ralized in a disruption of the nersous
system actvityand & hear function. In small doses, many of these substances exhibil ant-nflammatory,
analgesc,antarthyhmic, ani-eplepic properies. Morcover, different alksloids have heiowa spectrun.
of physiologcaleffcts. For instance, coniine is astong analgesic agent, whielycoctonine is compleely
depived of his actin, The practiesl spplication of ditepenoid lkaloids 35 drugs s restrietd due 1o
hepoisoning hasard in case of an overdose. Despite this fact. Allapnin (sppaconiie hydrobromide) is
produced in Russa and is known 2 one o te bes satiarhythnic drugs.

For a number of years, ISC Insrastional Research and Production Holding “Phytochemistry” have
heen working o isoltion 4ad sudy o alkaloids rom plant specie of the genus Acotuns L A gencral
production technolagy of alkaloids from plant raw materialshas been developedusing conventionsl
extraction techniues and & column chromatography. The isolton methodsare specficfor ach alkaloid
ind have thir own peculiartes, Which makes i possile 1o obiain alkaloids with 95.99.9% purity
acconding tothe HPLC anaysis resulis 30, 311

During the chemical study of toots of Aconium monicola Sicab. we have solaed and idenifed
akaloids songorine 4 (yield 0.1%), the sccompanying alkaloid songoramine 22, monticamine 23,
delcosine 24, Delcosine has been isolted fiom Aconitum monticolaor the first ime. The chemical
Compositon of Aconitum eucostomum Woroseh-has been studied and four main compovnds have been
isolated, they are a5 follows mesaconitine 25, lappaconidine 26, sepaconitine 27, lappaconitinel
diffaction analyss has been caried out for the frst time to detsmnine the sp
appaconiting malecule [32-34]
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The optimal conditons for separadon and analysis of alkaloids songorine, lappaconitne, and
associated components have been determined by HPLC. Themethod of quantiative analysis of the
investigated compounds has beea developed for the plants ofdconitum soongaricun Supt, Aconlun
anthoroideun D and Aconitum sillsun Reichens., seowing on the treory ofKazakhstan. The content
of akaloids in planis under study varis according o HPLC dat, .songorine from 0.01% 10 0.23%
appaconitine from 0.01% to 0.04% of theai-dry raw materils [35]

Phytochemical scrcening of the harvestedwild samples from the genus Aconiam L., allowed s 1o
establish the prononced anibacteril activity of the cumulative extact from.Acorisum anthoroidean DC...
an analgesic aciviy of the cumulaiveextact fromAconian leucostomum Worosch. and Aconlun
Villoum Reichent. and a cytotoxie sctvity of extracts romdconium monicola Sicinb. Aconlun
anthoraideun DC.. Aconitum leucostomum Worosch., snd Aconitum villoxum Reichenb. FL. AL, The
expressed antvisal ctiviy of appaconitine and the sus of alkaloids fromtconiiun monticols Siiab. and
Aconum anthorabave been determvined for th first time against he carivore plague virus and infectious
hinotsachets, which makes them promisingingrediens for th development ofanew drug [36].

16 has ben revealed that the main componeats of Aconimmonticola Stciab. are songorinedand
songoramine 22dconitum soongaricum Spt. - aconiine 3 anddelcosinedd;dcontium leucostomun
Woroseh. - Lappaconine 1.

1o the herbarum fund of ISC Interationsl Research and Production Holding"Phytochemistry” there
are collections of 9 species from the genus Aconitum, the most common of which are Aconlun
Lewcostomum Wotoseh. and Aconitun monticola Stcib.forming arge thickets i the wild

We have conductsd & cameral rcatment of hesbarium maerils of Aconium specis i the hesbariun
fund o JSC IRPH cPhytochemisteys (KG) to dendty the specifc habitats of plants from this genus n the
florsof Kazakhstan,

Acontium monicola

teiab. in FL URSS. 7 (1937) 730, 200, - Gamajun. in FL Kazakh 4 (1961) 32,
ab. 6, 1.~ Vorosch in Bull. Main bot_ garden, 72 (1969) 37. - A. pallidum auct. non Rehb : Kar_ et
Kir.in Bull Soc. Nat Mose. 15 (1842) 135.- A. Iycoctonum auct. non L0, et B, Fedtsh. in Te. Socity
nat Kazan. Univ. 33, 3 (1599 79, quoad var palidum. - O. et B. Fodisch. Consp. FL Tuek. 1 (1906) 22,
quosd var. palldum. Type in Leningrad

Herbarium collections: East Kazakbstan region, the Koksuridge, & fores meadow. 14VHIL2014;
Almaty region, Zhungarsky Alsta, in the viciity of Lepsinsk villge. the lower part of the avine
Rusachk. 10. VIL2000.

Acomium leweostomum Woroseh. Bull. Maia. bot. sarden, 11 (1952) 62, - A excelsum p. p. non
Relib. FLLUSSR, VIL (1937) 201; Kyl FL West. S ¥ (1931) 1151 - A. vlparia C.A. Mey. ex Lab. FL
AL (1530) 257, non Reb. Type in Vienna

Herbartum collections: Karsganda. region, the Karkaraly mountaing, in the visiity of Luke
Pushennoe, in the floodplain by the sream. 16.VLI976 (KG): East Kazakbstan region, in the

I
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neighborhood of Leninogorsk, anovsky ridge,lreh planting site. 21 VILI976 (KG); Karaganda rgion,
Karkalisk disi, he sureoundings of Shaian-Lullake, the shore by the sream. T.VIL 1984 (KG); East
Kazakhstan region, in the viciniy of Leninogors, the lnear albumen of the fild pit, the sole of the

mouatain 23 VIIL 1955 (KG): East Kazakhsan region, the road Ust-Kamen - Leninogors, in the viciaity
of Bystuha illage, the slopes of the mountsins. 23.VIILI98S (KG); Semipalatinsk region, near the
villge Alekscevka, the Turbugatsi mountsis. 10.VILI994 (KG) Almaty region, Aksai gorge of
Zaiiysky Alaiau 2200 m, along the Aksay river, 12.VI12000 (KG): East Kasakbhstan region, Lisvyaga
ridge, the Upper Katun districherb meadowsat fothill, 2100 m abovesca level 26.V11 2004 (KG); East
Kazakbstan aeea, Western Al vanovsky ridge, thinned lrch-cedar forest. H-1500 m. 11, VIIL 1997
(KUZ); Kazakhsian, East Kazakhstan region, Westem Al Ivanovskiy range. Fir-birch forest. H-1700
. 08.VILI1997 (KUZ); East Kazakhstan region, Western AL, Ivanovsky range, a temporaey wateréourse
Side. A highgrass spine mesdow. H=1900 m. 11VIILI99T (KUZ); East Kazakhstan region, Westem
Alti, Wanovsky range, 4 ki norl-gast. peaksof Vysheyvanovsky Belok. Alpine meadow. H-1900 m.
OR.VILI997 (KUZ):; East Kaakhstan resion, Westera Alui, vanovsky ringe, a temporary watereourse
side. A high-geus lpine mesdow. H=1900 m. 27.V1L1997 (KUZ).

Aconitum septentrionale Kosle 1756, Spcil. Observ. Acon. - 22 Frssen, 1993, F. Sib. .. 135

Herbarium colleciions: Kazakhstan, Pavlodar tegion, Bayanaul mouniains, glades at he forhills
05.VIIL2006. (KUZ).

Aconitum anthoroideum DC. i Syt na 1 (1515) 366, - Gamagun. in FL Kazakis 4 (1961) 53
7. 5. 3.- Voroseh.in Bull. Main Bot. gaden of the Acsdemy of Scences of the USSR, 72 (1969) 37. A
Anthora var. oiboroideum Rgl. in Iad. Sem. Hon. Pewopal. (1861) 41. - Keyl. FL Sib. Oceid. 5 (1931)
1147.- &, anthors uct. aon L 0. et B Fedisch. in Tr.Society Nat. Kazan_ Uni. 33,3 (1599) 9. - 0. et
B. Fedssch. Consp. F. Turk. | (1906) 22. - Steinb. in FLL URSS.7 (1937) 190, quoad pl. ex Dshung. et
Tatb. Type in London.

Herbarium collecrions: East Kazakbstan region, in the viciity of Leninogorsk down the road o
Boadanicha. 06. VIILI96 (KG) East Kazskhsan region, Alpine meadows neae the Topolovka river
(near Katun villuge) 28. V112004 (KG); East Kazakbsan region, in the viinity of Zavodinks vilge.
OLVIL2012 (KG); Esst Kasakbstan region, Western Als, Ivanovsky rdge, castern foothill ofthe
peaksVysheyvanosky Belok. Moraine. H-2000 m. 26 VILI29). VII (KUZ); East Kasakhstan region,
Westemn Alai, Ivanovsky rdge, norther spurs of Vysheyvanovsky Belok peak, tndrs. H-2100 m
2.V1L1997 (KUZ).

Acomitum soungaricum Stpt.in A BotGard.(Caleuts) 10 (1905) 141.- Sciab.fa FL URSS.7
(1937) 232. - Gamagun. in F1. Kazakh. § (1961) S, b, 7, g, 6, excl. pl. ¢ Alat. Tansil - Gamajun in
Vorosch. n Bull. Main Bot_garden, 72 (1969) 30, pro mas. . (excl.plantis loibus et pedunculis appeessi
pubescentibus). A alatavicun Vorosch. in. Bot Jouen 30,3 (1945) 137, i 11, b: fg 12, .- Voroseh. in
Bull Main Bor_garden, 72 (1969) 35.- A_ Napellus uct non L - Traut. in Bull. Soe. Nat Mose. 33, 1
(1860) 83 (ncl. formae 1,23). - O. ot B. Fedssch in Te. Saciety Nat. Kazan. Univ. 3, 3 (1899) 80, quosd
Pl Tarb. Alat Dshung. p.p. et Tian-Schan, pp. - O. et B Fedisch. Consp FL Turk_ | (1906) 23, quosd
Pl ¢ Tarb., Alu. Dsbung., pp. et Tian-Schan, pp. e ¢ excl. syn. - A. Karakolicun auet. non Rapes

Vorosch. in Bull. Main Bot_ garden 72 (1969) 39 pro min. p. (quoad plantas foribus et pedunculus
patente piloss). Cotype in Leningrad.

Herbartum collctions: Almaty region, Zailysky Alata, Kaskelen gorge, 1955m. sbove sea level
4FU0IAT E 076 *3T218% X017 (KG); Almaty region, Zaiiysky Alatas, Aksa gorge, slong the
Ak ive. 1500-2000 . abave sea level. A herbal and shrubs community. 12, VIL2000 (KG); Almaty
region, Zhungarsky Altau,th gorge Uigentss, 2200m. sbove sea level. 26.V1IL2014 (KG); Kszakhas
Almaty region, Alakol distrct, Zhongar-Altau Stae National Natural Park (SNNP), the upper esches of
e symsakty, he subalpine zone. 45 ° 24220NL, 50 °* 49 662EL, A-2226. 2AVHL20L4 ;
Kazakhstan, Almaty region, Alakel disuict, Zhongar-Alaau SNNP, the upper reaches of the siver
Sarymsakty, moraine lukes, apine meadow. 45 * 21 ITSNL, 50 48 442EL, A=2600. 25 VIIL2014

— e —
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Aconitum villosum Reicheb. Fl. A, IL, 282; Lab. Pl Ross. 1,65 - A.cilsee . polytichum DC.
Syst 1 (I818) 375.A. flaccidum Rehb. Uchers. (1519) 39 nom nud. - FL USSR, VI (1937) 213, - A
volubile var. villosum Rl Tad. Sem. Hort Bot. Petropol (1861 43; Keyl FL West. Sib. ¥ (1931) 1150,
Type in Vieana.

Herbarium collecrions: East Kazakhsian region, Listvysgaridge, 15 km down the vl
Shrubby herbal foest ede. 02.08.2004

Aconitum alaicun Steinb. FLLUSSR, VI (1937) 731,222 - A_ napellus vae. slpinum Rel nd.Sem.
HortBotPettopol. (1561) 45 p.p.: Keyl FL West .V (1931) 1149, Type in Leningead

Herbarium colectons: East Kazakhstan region Narymsky rdge, in the neighborbood of villige
Novaberezovka, vally of therver Terekiy. 1120 m. above sea level 26.VIILI9T6 (KG):; East Kazabhstan
region, inth viinity of Leninogorsk. 091X.1952 (KG).

Aconitum volublle Pall. ex Koclle, Spicl. Acon. (1755) 215 FL USSR, VII (1937) 213; Keyl FL
WestSib.V (1931) 1150, Type in London. - A. tortuosum Wild Enum. Hort. Bel. (1309) 76

Herbarium collctions: East Kazakhsan. region, branch of the sute fum Ulanovskiy, natrsl
boundary Katre 21.VIILI9SS (KG); Est Kazakhsta region, Riddeen the acighborhaod of the villuge
Kedrovka. 05.VIIL2012 (KG): East Kazakhstan region, Western Als, norther footkills of Ivanovsky
tidge,stow Gray Meadow, floodplai ofthe tver White Uba. H=1200 m. 14.V1IL1997 (KUZ)

Acomitum barbatum Pers. Sya. PLI (1507) 85; FIL USSR, VII (1957) 204 KiyL FL West Sib. V-
(1931) 1153 - A sibircun Pir. Encyel. meth. Suppl. 1 (1810) 113-A. hispidum DC. Syst. Nat. 1 (1815)
367, A Gelin Rebb. Usbers. Gatt. Aconitum (1819 6. - A. ochranthum C. &, M. i Ldb. FL AL I
(1530) 255, - A. Iycoctonum var. barbarum Rgl. Bull. Soe. Nat. Mose. XXXVL 3 (1861) 77. Type in
London

e Kegi, 5

Herbarium collctons: Semipalatios region, the neighborhood o the illuge Yuzhny, te southern
slope ofthe il 08, V111994 (KG).

“Thus, based on the resuls of cameral eatment o herbarium matrials i the hesbarium und of SC
IRPH “Phytochemisiey” (KG), thas been established that most herbarium collctionsuercharsested in
mountainous loristic regions o the flora of Kazakhstan, which highlights the need 1o study samples from

45 The herbarium fund contains hesbarium materisls of 9 species
oF the genus Aconium, of which the most common are Aconitum leucostomun Worosch. and Aconlun
moniicola Steab. forming laeg thickets o the natue

“The conducted analytial review il serve 25 & ground for phytochemical studies of plants of the
senus Aconitun. n he couese offuure researchwe plan 1o xtrat alkloids from some plas of the genus
Acontium and caey ou chemical eansTormations of these akaloids o obiain new subsiances with the

the genus Aconiumin these foistic 3

improved physico-chemical propeies, 3 more pronounced biologieal activiy, & lower toxicity, and &
prolonged action a compared to th originl natrsl snalogues. The promising sources or production of
bilogicaly active alkloids, inluding aconiin, ar-Acontum soomgaricum Stape Aconitum monicols
Suinb., and Aconitun feucostomam Worosch., growing inthe teaitory of Kazakbtan.
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Karnasiaiona [1K., s saSoparop i ancasonion
AN A MATHCTP, b1yt WHKCHCP 1ABOPATODHN Xy A1
AlTaranGeTons M.C., arwcrpaus, moksiep 2aB0paropin i axaionion
TypyNauGeron A K., X1, IpOeSEop, 5. aGoptopun Xuv wikasonion
AQ «Mesaymaporus aysmo-npore0ACTBHIAN Ko < DTN
Pecnyimka Kivaxeran, 1. Kaparaiza

\
PAPMAKOIOTHHECKH AKTHBHBIE ATKATORI ACONITUM ‘
AdtoTaln. B cTaTie TpUCICHN Tase 10 dapuIKOIOnISECKIN TR ATEpnHons
ikionton, sCIGHIL w3 pacrewni poxa conitum. HisecTio, ato. wworve. atcarous %
IPOMIOIIE OSATAOT BPCINOH GHOIOFIEEKO AXTHBNOCTIAD, TpeACTam I MCpot, 410§
OB EAOBILIO HOGAOIMOST T4yGOKOTO M B AATLHEALIN eCrEAORIE,
Kitoventic 108 Aconian, GAOAGESKa KTHRNOETY, AUTEpIGHOAE kTN,

Outoit Iy BTN 0184 COBpeNEIHOH NN RTRETER COVIANHE iscoNobexnEN
REKIPCTIEIILX CPGACTS 1 OBCneNE N AU YUPEAEHN 1 nace e

I ICUCHHI PAAA TIRE 1 S50 POCTITE NG CPEACTES SUVAIIT 104TH MOHOTQL S
POTORCINE. Tk, G CPCICTE, IIEHICNN D CIEIIN CepICaO-coey TN taGreaaml
RGO TESEH 0 KEIVAOHO: KHUHHOO TPIKTS, JEKSICTACHHC Mpenaparis s pacreuth
CocTaRIHOT T7%, watosex cpeacn - $0%, orxapRsiouy - 7%, ‘

Borarcroo iops Kewxcrana, waawe wa ero TeppTOpIN ol sapocici wnoris
ACKAPCTOCINAL AT 1 OrPOMHME HITPORyKILAOWIIAG BEMOEIOCTH iy, paionon ncsmasar
IPOKD VEO1LS084T1 PACTITEBME PESYEH b ACHEGHILN e

ATKRIONIM | pEICTINIIOT  Colo  BUCOROMNTUMINE  BeweCTIA ¢ iOnpaTeIbnM
BADNAKOIOTIECKIN JETCTEACH. KPATKO 0NapaxTepiionas. nce it fapuasosoricexolt xmimmocn
ALIKATONAON HEBOMORIO, T KIK 01N OB TAIAIOT NI PISHOOTAHLI 2ETCTIMEN: STy IMUICE A
N, YCITHRIOT TOMSC MATKN W CKCICTIEN ML OGARIOT CHAIOTIMGENIY, Gatey AU 1
IPOTHBOROETATTEIAN ACHCTIEN, CHIBKNOT AMIGNIE. PO, OKISIOT 1IN 1
AT BEKTH, INMCIT AHTINHKPOSHYIO W SHTHBHPYCINIO aKTHIOC . Moxami Acicrans
HEROTODIY AIKLIONION 1 OPTANN  UeIODCKA NOPOUQ Hylcis, 0. HenocpecTacHNDS. Nk
pediektopio mamnc m UC. ua SKTUNOCTL (epueiTon i Boserae e crcnpriceR:
PEICITOpb. HApINED, driocTiy, HEOTHENI i NS SHTHROTHITEPBIE heacras CHIKAOT
axmuaocT. aueruxoa.

B 10G7I1ICe s HOGTIOAAETS OBIICHIAH ITEDE K X  bpAAKOON I ATCPTCHONY
AKIONAOR, IPCKCE BCErO. s 8108 ACOMIAT, KIK TOTCILIATLIL HCTONWMKEN MO TEXCTRENIIEN
setuecrn [1-5].

Cpean amarowion pacreium Aconitim oSwapyakenss  scueerea,  ofmasamoune  mcokoi
UOPENORCINTION, PUTNOCHNO, AWTHIPMTAICEKOH, MPOTHBOBOCATHTEOR, CHsMOAHTICCKON,
AT PO, NTHOMCCTESHpYIOUE KepOTPOTIN  HeKXOTPOMHOR mnocT 2. 3. 1. 8, 9]
B uaponioii neamume Kumax w Cpeaneit Awnnpactenns Aconitum whpowo nenomsyiores s
IPOTIREHIN MO T b KaUCTIE GRICYTOTAIOMINX, APOTHRGOMYOJERLEX  NOTHOBOCTANTCAHI.
cpescr.
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AKT
HCMBITAHNS HA AHATLTETHYECKYI0 AKTHBHOCTE.

OnexTer neenenomamms:

1. Gar-A3 — T WIpa3oHIpOHIBORHOE rapMHHa.

2. Gar-A3-2F — 8(E)-1-(E)2-dropdenmn)rnapaion)stin)-7-Metoxcn-1-
Metn-9H-mapuzo[3,4-b]uszon.

3. Gar-A3-24D — 8~(E)-1-(E)42.4-anverokcpenn)riapason)oin)-T-
Mertokck-1-merin-9H-npuzof3,4-bluzon.

4. Am-17-19 — 3osropas.

5. Gar-A3-AA - (E)-l- (Merokendemun)ruapason)stn)-7-Metoken-1-
MeTw-9H-mapizo[3,4-bussnon-8-r.

6. 8-AcGar - 8-AueTwrapy.

7. Gar-116 — 2-F-Xa7KOHMpOH3BOHOE rapMHHa.

3anaun neenenopamms:

OLEHNTE aHATBTETHYECKYIO aKTHBHOCTS 0Bpasiion Gar-A3, Gar-A3-2F, Gar-
A3-2,4D, Am-17-19, Gar-A3-AA, 8-AcGar, Gar-116 5 TecTe «yKeycHsie Kopii.
Martepuaitbs u MeToxss eenezonanms:

Amatsrernieckue cpoficTsa OGpASUOB W3YNATH B TecTe XHMMAECKOTO
PasAPAXCHNA GPIOWMHH (TECT (YKCYCHBE KOPHiH») Ha GelbiX GeCropofHBX
Muimax. 0,75% pacTsop yKcycofi KMCTOTS! BBONWIM BHYTPHOPIOLIHHHO B
xomwsectse 0,1 w1 Ba 100 waces kupotHoro. 3a 30 MuMYT Mo mBexeHUA
YKCYCHOM KHCIIOT! BHYTPHKENYI04HO BROJWIH HCCTEAYeMble O6BOKTEL B f03e SO
Mr/kr. Cpasy mocie BREHHS DASIPEXHTENS NPOBOMWIA MOACHET KOpHeH B
Tesetme 30 MuHyT.

Asansresupylomwii opext ofpasua onpexenaTH mo  cnocoSHOCTH
YMEHbIIATS KONU4ECTBO «Kopdelt», MoxcunTatbix B Teserme 10, 15, 20 1 30
MUHYT, 70 CDABHEHMIO C COOTBETCTBYIOIMMH NOKA3ATENSMH y KHBOTHBX B
KOHTpOALHO rpynite. [Pykosodcmeo no skcnepumenmansomy (doknunuseckomy)
usyenuio noswx gpapmaxonozuueckix seujecme. — oo obujei pedaxyuei: wrena-
Koppecnondenma PAMH, npospeccopa P.V. Xatpuesa. — 2-¢ usdanue, nepepab. u
don. - M.: OAO «Hsdamensemeo « Medwyunay, 2005 - 832 c.].

Tpenapar cpasHesis «/IHKTOGEHaK RATPHAY, KOTOPEi TeCTHPOBAICH B 03¢
25 mr/r.
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OGheKTsi HeCneaoRaNHA:

1. Jlendmrncomnss (Am-45-46).

2. Ixumoncnis (Es-1).

3. 3onropamui (Am-17-19).

IKCNepHMENTH MpoBOZUH Ha 24 Geabix Kphicax camuiax maccoi 168-380 T,
KOTODHIE CONEPKATHCH B CTAHIADTHBIX YCTOBHAX BHBADHA MPH CCTECTREHHOM
CBETOROM pexcve, CBOGOIHOM JOCTYNE K BOJC i MM, HA CTAHAGPTHOM
NHLLIEBOM paitHoHe.

JIns 10CTOBEPHOI OLEHKH XapaKTepa, HACTOTH W CTEMeEHH MPOABTCHHA
HEHlpOTPONHOTO  AHCTBMS W MPOBENCHHA  CTATHCTH4ecKOH  00paGOTKM
IKCHIEPHMEHTATLHBIX JaHHBIX, KaXJlas FPYNNa COCTOANa 3 4 KHBOTHBIX, BCErO
HeenenoBao 24 kpbic.

KpoMe T0ro, NPOBOIIHCS HAGMIONEHHS 32 OGLIIM COCTORHHEM KHBOTHbIX:
H3MEHEHYEM MACCH Tefla KMBOTHBIX, ABHIATE/bHOM AKTHBHOCTSIO, ANMETHTOM,
peaKueli Ha BHeLINHE pa3ipaKHTENH.

CratieTneckas 06paGoTKa Pe3yTTATOR MPOBOAMIACE ¢ HCTIONEIOBAHHEM
nakera mporpamy «Statistica 8,0». IlonysenHsie pesybTaThi npeacTaBTeHbi B
BHIe  (CpElHee  IHAMCHHCLCTAWIADTHAA OLIMOKA CPEHEro  3HadeHHs.
MeXTpynnoBsic OTAMMAS OUCHHBATH HETAPAMETPHYCCKHM KPHTEpHEM Mann-
Whitney ~ U-test.  Jlis  NONGpHO  CBNMMHEIX  IPYNN  MCHOME3OBAIH
HenapameTpuseckuit KputepHii BITKOKcOHa.

Moneas neiiporponnoro aeiicraus.

DMOUMOHATEHbIH CTPECe MOETHPOBATH NOMELEHMEM KPEIC B TecHble
MAGCTHKOBLIE UMAWHIDH! C MOCTEAYIOUHM MOTPYXeHHEM X B BOZY 1O YPOBHS
wen (20°C ) Ha 2 waca exennesno b Tedewne 4 cyrok [1]. Maysaemsie seiliectsa
BBOIMAN KMBOTHbIM B TeeHue 7 JHEH 10 MOZETHPOBAHHA IMOLMOHATLHOTO
CTpecca i 3aTeM eXeHeBHO 3a | 4ac 0 MOMeLLEHMs KHBOTHEIX B MIACTHKOBbIE
LHARHAPEL B KauecTse mpenapata CpaBHEHMs HCMIONb30BATH «AMHTPHITHIHHY.
Bce npenapathl BBOAWAM BHYTPh B BIIE BOAHOTO PAcTBOPA B ofbeMe | Mi/kr B
Cleaylounx 103ax: AMHTPHITHARH — 10 Mr/kr; [2] H3yuaeble BewecTaa B A0%e
10 wrxr.

Ha 4 cyrkn kuporamx Tectupomaru  Tectax «[lpunoanssiii
KpecTooGpasHaill naGpiH» i «OTKpBITOE Moe. (3]
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Tettepansiii upeKTop
AO «MHITX «Drroxinmim»,

Mayuenne HeHpOTPONHOFO ACHETBNS MPO3BONNBIX ATKATONIOB
Car-A3-2F, Car-A3-AA, Car-110.

(OGbexTb HeeTEN0BAHMS:

1. (E)-1(2-ropdpernm)riapazon)stin)-7-metokci-1-vetun-9H-
nipiso[3 4-b)irnon-8-n (Car-A3-2F).
2 (E)-1-(MeTOKCHERH)rHApasoR)sTin)-T-MeToKcH-1-weTh-9H-

nipinof3 4-bJurnon-8-1w (Car-A3-AA).

3. 2,3,4-TpHMeTOKCHXATKOH-TIpOH3BOOE raphia (Car-110).

DKcnepHMeRTH MpoBOULIH Ha 24 GeThiX Kpbicax camuax Maceoli 230-380 T,
KOTOPHIe CONEPXATHCh B CTAHIEDTHBIX YCIOBMSX BHBADHA MPH CCTECTBEHHOM
CBETOBOM peiiMe, CBOGOAHOM AOCTYNe K Boje M MHIle, Ha CTAHIaPTHOM
niLeRoM paloHe.

Jlis 0CTOBEPHOH OIleHKM X2pAKTepa, HACTOTH! M CTENCHM MPOFBIEHHS
HeHpOTPONHOTO  NEMCTBMS W TOBENCHHS  CTATHCTHYECKOW  00PaGOTKH
IKCTIEPHVEHTATBHBIX JAKHBIX, KAKNaA TPYIa COCTOSNA U3 4 KHMBOTHBIX, BCETO
HecenoBato 24 KpBic.

Kpose Toro, nposoainch HabTionelis 32 OGILIM COCTORNHEM KHBOTHBIX:
MIMEHEHHEM MACCH TeNia KMBOTHBIX, JBHTATENSHOW KTHBHOCTEO, ANMETHTOM,
peakuliei Ha BHELIHHE Pa3APAKHTENN.

CratieTieckas oGpaBOTKa Pe3yTETATOB MPOBOMMACH C HCTIONEIOBAHHEM
naxeta nporpamm «Statistica 8,0». TloNy4eHHble pesyBTATH MPEICTABIEHE! B
BHIe «CpelHee 3HAYEHHEECTAHIAPTHAs OWMOKA CPEAHErO  3HAYEHHA.
MeXTpynTOBHIC OTAWNHA OLCHHBATH HENAPAMETPHYECKHM KPHTEpHey Mann-
Whitney ~ U-test.  JI14 TOMGpHO CBASHHBIX  IPYNn  HCTOMB30BATH
‘HemapameTpHyeckiit KpHTEpHHt BUIKOKCOHa.

Moness nefipoTpomsoro neiicTeus.

IMOLMOHANBHEI CTPeCC MOZENHPOBATH MOMELIEHHEM KpIC B TeCHbIe
IIACTHKOBBIE LMHAPH C TIOCIEAYIOUIM TIOTPYERHEM WX B BOAY A0 YPOBHE
wen (20°C ) Ha 2 Haca exXeHeBHO B Teuenue 4 cyrok [1]. Msyuaembie Beiectsa
BBONWTH KWBOTHBM B TedeHHe 7 Ml 1O MOMETMPOBAHUA SMOLHOHATEHOTO
CTpecca i 3aTeM XeAHEBHO 3a | Hac JO MOMeNIEHNS KHBOTHbIX B IIACTUKOBbIC
UnHHApSL. B KauecTse mpenapata CPABHEHHS HCTIONB30BANH «AMHTPHITHIHH).
Bce npenapaTsi BBOMIN BHYTP B Bitlle BOIHOTO PacTBopa b ofbeme | MI/KT B
creaylomx 103ax: AMHTpHIITHIIH — 10 Mr/kr; [2] H3ysaenbre Bemectsa B 0%
10 Mr/kr.
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AKT
ensiTannii oBpaston sewecta
Ha LHTOTOKCHYHOCTS B OTHOWICHHH THYHHOK
MOpCKHX pauxos Artemia salina (Leach)

OBbekter uceretonanus
Gar-A3 - (E)-8~(ruapasonoatin)-T-metokci-1-erina-9 H-nipuao[3,4-bluizon

Gar-AA - (E)-1-(MeToxcHgenmn)ruapason) 5tin)-T-vetoken- 1 -verin-9H-
nupizo[3 4-b)uson-8-un

Gar-2,4D - (E)-1-(24-MMETOKCHEHHT) rHAPEION )3T )-T-MeTOKCH- | -MeTi-
9H-npuzo[3 4-b)unnon-8-u1

Gar-2F - (E)-1-(2-¢ropierim)ruapason) 31iun)-7-meTokci-1-metni-9H-
nupiz0(3 4-bJuaon-8-un

8-AcGarBr2 - 1(4,6-116pow-7-ueTokeH- | -MeTnA-9H-nupnao[3 4-b]Hizon-8-
Hn)ITaHOH

8-AcGarSuz - 1-(7-wetokcn-6-(4-MeTokcderin)- 1 -MeTni-OH-nupuo[3 4-
b]unnon-8-u)sTanon

Am-45 - Jleagunndonitn

3anaua uecaeaosan

OUEHNTS UMTOTOKCHHOCTS O6PA3IL0B ATKATOHIOB B OTHOLICHHH THIWHOK
MOpCKUX paukos Artemia salina (Leach) B YCIOBHSX KySTHBHPOBAHMS in Vilro
[B.N. Meyer, N.R. Ferrigni, J.E. Pumam, L.B. Jacobsen, D.E. Nichols and J.L.
McLaughlin. Brine Shrimp: A Convenient General Bioassay for Active Plant
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OGHAPYKEHH CBEICHNA, UMEIOUIME OTHOLEHHE K OCHOBHBIN HAMPABICHHAM HayiHo-
HCCTETOBATE INCKOTO MPOEKTA «XHAHNECKOE WaYSEHHE ATKATOMIONOCHBX ACTCHMH, Kak
TEPCTIEKTHBHbIX HCTOMHHKOB GHOTIOTHECKN AKTHBHEX BewecTs» (APOS135304).

TlpoBerewibit anaTH3 MATEHTHON 1 Hay$HO - TeXHHYECKON MHTEPATYPH 3a 2010-2020
FO1 HE BBIABIAH CBEAEHHH, TIOPOUALLNX HOBIFIHY PA3pASOTOK, MOTOXCHHEIX B OCHOBY TN
Tty Gitia noMCKa NATEHTHO-HHAOPMALHOHHOR THTEPATYDSI 10 76T BTIOMHE AOCTATONHNE.

Hiccea0BaHi 10 AHATOTHUHEIN HAMDABIICHIAM IDOBOTATCA B PAE HIBECTHBIX HAYUHEIX
ueHTpOB, TaKix Kak yuusepcuter Cumixyan (Knta), Gapwauestaveckui uhctutyr Kooe
(Snomg), VINCTHTYT GHOOPIaHSecKofi Xuwin WM. AwTowo Tomcaneca (Mcnawns),
Hapmyroxuit Konemx (CLUA), yisepcuter AnsGepra (Kanana), HosocHGHpexwil HECTHTYT
oprasuseckoil it . H.H. Bopoxuosa (Poccis), MHCTHTYT XM pacTATETbHSX
seweers (YaGexicrai), Yaiepenrer Kapasn (Tlaxwctaw), TowTcekili rocyIapeTeesibii
MeTUIHCKHTT YHHBEpCHTET, UHCTHTYT Gapwaxoxiumn_av. MKyratename (Tpyans) rae
MPOBOIAT HCCACAOBAHHA ATKATOMIOHOCHSIX pacTemii. [TpHBEREHS! CHETCHMS MO HIYSEHHIO
pactennit cenelicts Ranunculaceae 1uss., Asleraceae Dum. HOBHM ATKAI0MIAM, CTOCOGaM
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