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Abstract: This review has been summarized the data on the synthesis of new hybrid
derivatives based on alkaloid molecules. At the same time, there have been analyzed
methods for obtaining hybrid structures containing fragments of natural compounds
molecules in combination with other biologically active plant metabolites, as leading
compounds for the development of new pharmacologically valuable agents, with the aim
of creating new original drugs. The combination of pharmacophoric residues in one
molecule, namely various aromatic and heterocyclic substituents in the nucleoside
position of natural alkaloids, opens up new possibilities for both the subsequent chemical
modification of the polyfunctional derivatives obtained and their new diverse biological
activity. Effective methods of synthesis have been developed on the basis of directed
transformations of these compounds (or their precursors). A wide range of pharmaco-
logical properties of combined compounds of these series with a combination of low
toxicity is promising. Considering that the preparation of combined derivatives based on
alkaloid molecules has been insufficiently studied, the targeted synthesis of new com-
pounds is of interest both in terms of new medicinespreparation and the development of
new methods of organic synthesis, as well as the molecules stereochemistry determination
of a new series of compounds.

Key words: alkaloids, alkaloids derivatives, hybrid molecules, chemical modification,
cytisine, anabasine, ephedrine.

1. Introduction
Molecular hybridization is one of the modern widely used approaches in the
search for new and improvement of known medicines with a high level of action

Citation: Nurkenov O.A., Fazylov S.D., Mukusheva G.K., Minayeva Ye.V., Kulakov I.V.,
urmaganbetov Zh.S., Kishkentaeva A.S., Zhasymbekova A.R. Hybrid molecules based on
alkaloids. Chem. J. Kaz., 2021, 3(75), 67-82. DOI: https://doi.org/10.51580/2021-1/2710-
1185.40
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selectivity [1-4]. The combination in one molecule of two non-identical
pharmacophores, covalently linked into one molecule, leads to a new compound
that has the properties of both components. Hybrid molecules acting simulta-
neously on the receptor and on the enzyme can lead to powerful synergistic
effects. Thus, the design of hybrid compounds and their use as medicines is a
promising approach in the treatment of complex physiological disorders of the
body.

One of the promising directions of this strategy can be, in our opinion, the
combination of heterocyclic systems of natural alkaloids and pharmacophore
groups of other natural compoundsin one structure. The numerous data on the
manifestation by alkaloids derivatives of a wide spectrum of bioactivity [5-7] are
good prerequisites.Taking into account the valuable biological properties of
alkaloids and their derivatives, the search for new ways of chemical modification
of alkaloids is undoubtedly relevant, and the attention of researchers is attracted
by the obtaining of more and more complexly constructed heterocyclic systems.
Therefore, the introduction of alkaloids, fragments with biological activity into
the molecules composition, is an urgent task and is of scientific and practical
interest.

The methods development for the hybrid synthesis of various combined
derivatives of the known alkaloids, namelycytisine, anabasine, lupinine, etc. is
poorly studied and promising [7-10]. This approach allows us to expand the
possible ways to search for new medicines.

2. Results and discussion

In this article, we present some of the results of many years of research on
the chemical modification of quinolizidine and pyridine alkaloids with the
participation of carbohydrate molecules, flavonoids, dihydroquercetin, fullerene
and their modified derivatives. The combination of two physiological effects in a
hybrid molecule is intended to produce a synergistic effect (increased efficacy) in
the treatment of a disease or disorder. For example, the introduction of carbo-
hydrate fragments into the structure of physiologically active substances not only
increases their water solubility, but also significantly reduces toxicity, which
makes it possible to recommend the method of glycosylation of a physiologically
active compound at the glycosidic center of sugars as one of the possible ways to
obtain low-toxic drugs [10-20]. It is also known that carbohydrates in the form of
various derivatives are part of the cells of any living organism, playing here the
role of a structural material, a supplier of energy, substrates and regulators of
specific and biochemical processes. Carbohydrates, combining with nucleophilic
acids, proteins and lipids, constitute high-molecular complexes that underlie
subcellular structures and constitute the basis of living matter [19]. They are
widely used in the treatment of cardiovascular diseases, used as antitumor,
antimicrobial, and anticholinesterase agents [20].
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In this regard, it was of interest to obtain N-glycosylamines based on the
alkaloid cytisine and some monosaccharides for the subsequent study of their
biological properties. The synthesis of N-glycosylamines 1-4 was carried out by
the well-known classical method proposed by V. Sorokin in [21]. The conden-
sation of the cytisine molecule with the monosaccharides D-glucose, D-galactose,
D-xylose, and L-arabinose was carried out in the medium of absolute ethyl
alcohol (without the addition of a catalyst) 1-4:

AN N—™H EoH, 65-70°C
—
Sug(OH) + |
N
0
.
CH,OH H,OH
. $—o0 H o) o) H o)
sug=  ‘KOH ; H : @; OH
HO + ! HO
¥  OH OH OH OH
(D-Glc) (1) (D-Gal) (2) (D-Csy) (3) (L-Ara) (4)

N-glycosylcytisines obtained 1-4 have good solubility in polar solvents and
may be of interest as analogs of the respiratory analeptic “cytiton”, remedies for
smoking cessation “lobesil”, “tabex”, since, undoubtedly, they will have much
lower toxicity and prolongation actions due to their gradual hydrolysis in the
body.

As is known, glycosylisothiocyanates are important intermediate synthons in
the synthesis of various biologically active compounds [22]. The isothiocyanate
method makes it possible to introduce a thioamide group into the structure of
amines (alkaloids) and hydrazides with the formation of thioureas and
thiosemicarbazides, which not only expands the boundaries of these compounds
modification, but can also lead to the emergence of new types of bioactivity.
Glycosylthioureas are usually obtained by the Fischer reaction, that is interaction
of the corresponding amino compounds with glycosylisothiocyanate [22-24].

We carried out the interaction of 1-isothiocyano-1-deoxy-2,3,4,6-tetra-O-
acetyl-pB-D-glucopyranose 5 with cytisine and anabasine [7, 8]. It was found that
glycosylisothiocyanate 5 reacts quite easily with the indicated alkaloids in o-
xylene solution at room temperature. The compounds synthesized 6, 7 have been
obtained in 70-80% yields.
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NH CH,0Ac
N S
+ Ac H ”
N N—C—N
X
AcO
—O> OAc N A
H,0AC 6
o N=C=Ss o
AC — X CH,0Ac

Iz

+ o S
AcO N/ Ac H—g— N
OAc L
5 AcO
OAc N _
, \_/

The addition of hydrazides to isothiocyanates is one of the convenient
methods for the synthesis of thiosemicarbazides. It is known [25-27] that
thiosemicarbazide derivatives have a wide range of biological actions, namely
anticonvulsant, glypoglycemic, anti-inflammatory, and antibacterial ones.
Therefore, it was of interest to synthesize a new thiosemicarbazide derivative 8
based on N-anabasinylacetic acid hydrazide. Thus, a thiosemicarbazidederivative
8 based on N-anabasinyl-acetic acid hydrazide was synthesized by the
condensation of N-anabasinylacetic acid hydrazide with 1-deoxy-2,3,4,6-tetra-O-
acetyl-pB-D-glucopyranosyl-iso-thiocyanate 5 in an alcohol solution at an
equimolar ratio of the reagents used.

CH,0AC
o N=C=S &
" Ac ACOH2C5, .
X
N AcO 4
| J 1 . 5 OAC QA°
N CH, _— AcO 3

In [28], the results of hybrid synthesis of molecules combining fragments of
two alkaloids in the structure are presented. The synthesized hybrid derivatives of
I-ephedrine and d-pseudoephedrine with lupinine and epilupinine are of interest
not only for studying their biological properties.They are also interesting as chiral
catalysts in the formation of a new carbon-carbon bond in the production of chiral
pheromones.

Bromolupinine was used as a synthonfor the synthesis of N-lupinan-I-
ephedrine 9 and N-lupinan-d-pseudoephedrine 10, and epilupinine bromide was
used for N-epilupinan-l-ephedrine 11 and N-epilupinan-d-pseudoephedrine 12
synthesis. The reactions were carried out in a sealed ampoule in a metal container
(bomb) filled with glycerol.
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CHNT ey, CH,~N CH,
CH, CH,
N N
11 12

The authors of [29] studied a hybrid reaction of transamidation of d-
pseudoephedrine cycloamidophosphite 13 with anabasine alkaloid. It was found
that cycloamidophosphite 13 is an effective phosphorylating agent, the use of
which makes it possible to introduce the oxazaphospholane cycle into the
backbone of the anabasine alkaloid. Further, the cycloamidophosphite 14 obtained
was modified by interaction with sulfur into a 2-thione-derivative of
amidophosphate 15.

Ph //,,,“ O\
/P_ N(C,Hg), + A —
N | N - (C,Hg)NH
H

Me
| =
Me N
13
Ph ,, \
> P—N +S >
/
Me T
Me

"\ /

14
Recently, a new class of heterocyclic compounds with a basic 1,4-dihydro-

pyridine base, possessing high antihypertensive and nootropic activity, has begun
to be widely used in medical practice [30].

71



XUMHYECKHH )KYPHAJI KA3AXCTAHA

The Hantzsch method applied for the synthesis of symmetric 1,4-dihydro-
pyridines has a wide variation of used practically available aliphatic, aromatic or
heterocyclic aldehydes, various derivatives of acetoacetic ester and ammonia (or
primary amines), which makes it very promising for further search for new
biologically active compounds and their chemical modification.

In [31], the corresponding diethyl 4-(4-phenyl)-2,6-dimethyl-1,4-dihydro-
pyridino-3,5-dicarboxylate 16, which was used further for the subsequent reaction
of halogenation and substitution,was synthesized by the Hantzsch method, in 60%
yield by the three-component condensation of 2 moles of acetoacetic ester,
benzaldehyde and 25% aqueous ammonia solution. Bromi-nationof compound 16
was carried out using a mild brominating agent, namely bromosuccinimide, at
room temperature in methanol according to the method described in [32]. Using a
double excess of bromosuccinimide, the corresponding dibromomethyl derivative
was obtained 17. The resulting dibromomethyl 1,4-dihydropyridine derivative 17
turned out to be quite reactive in the nucleophilic substitution reaction. Thus, the
products of alkylation 18-20 were isolated in the interaction of a benzene solution
of 14 with a double amount of alkaloids anabasine, cytisine, and d-pseudoephe-
drine. The reactions were carried out in the presence of an excess of triethylamine
at room temperature and vigorous stirring during the day.

) NBS C,H:00C COOC,H; + 2HN<3§
S
MeOH I I
BrH,C lil CH,Br
H
17
s P
.
N CoHs CH,
| N 19), “CH-H (20).
Ho _CH,

Phenothiazine with a condensed tricyclic system isone of the poorly studied
objects in combination synthesis with alkaloids. It is widely studied in the
synthesis of insecticidal and antihelminthic drugs [33]. In addition, phenothiazine
itself, like many sulfur-containing derivatives, has very low toxicity for warm-
blooded animals [34]. In [7,8,35], the authors synthesized previously unknown
phenothiazine derivatives of cytisine, anabasine, l-ephedrine, and d-pseudoe-
phedrine 21-24 alkaloids:
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@ 0= o0 =

O—CCHZCI

—»CED

O—CCHZ—N
21-24

CeHs\ /CH3
X CH—HG,
§>N— - N @ / \ @3

_ | N—CH,

N |

CSH% CH,
/CH—HC\ 24)
HO N—CH

Alkylation of cytisine, anabasine, I-ephedrine, and d-pseudoephedrine
alkaloids with 10-(2-chloroacetyl) phenothiazine was carried out in boiling
toluene in the presence of triethylamine. Column chromatography and re-preci-
pitation of hydrochlorides into the base were used to purify the target products.

In order to further study the structure-activity relationship, N-alkaloid-
propionyl derivatives of phenothiazine were also obtained 25-28, since 10-ami-
nopropionyl derivatives of phenothiazine have high cholinergic and adrenolytic
activity, antianginal and antiarrhythmic action [34].

O==CCH,CH,—/— O==CCH,CH,—/— N

25 26

>4 J@ S

CH

/ CHz _I / CHj3
O—CCHZCHZ—N‘i O==CCH,CH,—N
Ce H5 ”"",CGHs

27 HO 28 HO
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A very new and interesting direction in the alkaloids hybrid synthesis is their
fullerene derivatives. Fullerenes attract the attention of researchers by their
potential for practical application in science, biology, and medicine, in semicon-
ductor technology and nanoelectronics [36-38]. The main directions of obtaining
new materials and biologically active compounds based on fullerenes are
associated with their functionalization using various reagents. Analysis of the
literature data shows that the synthesis of organic fullerene Cg derivatives
containingpharmacophore groups is of the greatest interest [39-43]. Fullero-
pyrrolidines obtained by the Prato reaction are the most widely studied in the
fullerene chemistry. There is very little information in the scientific literature on
the chemical modification of natural compounds with the participation of Cg
fullerene. In [44, 45], we described the synthesis of a new fullerene-containing
derivative of the alkaloid cytisine 29. The synthesis of a new fulleropyrrolidine
compound with the participation of fullerene Cg, was carried out in a three-
component medium with sarcosine and 4-cytisinobenzaldehyde in boiling toluene
for 4 h according to the following scheme:

AN
C60 4+ CHZNHCH,COOH > N
o]

After the reaction, unreacted starting materials and the reaction product 29
were separated by column chromatography on SiO,, eluting with toluene and then
with pyridine. In this case, the starting unreacted fullerene Cgowasisolated, and
then the target fulleropyrrolidine 29 was isolated with a yield of 38%.

A probable scheme for the formation of fulleropyrrolidine 29 was proposed
as a 1,3-dipolar addition to fullerene Cg, through the intermediate formation of
active azomethinylides: condensation of aromatic aldehyde with sarcosine occurs
at the first stage of the reaction as a result of nucleophilic addition of the amino
group of sarcosine to the carbonyl group of the aldehyde. Further, water is first
eliminatedin the adductformed, and then decarboxylation occurs with the
formation of azoylide, which nucleophilically attacks the fullerene core at the
bond (6-6). As a result of the azoylideaddition to the bond (6-6) of the fullerene
core, a pyrrolidine ring appears.
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The synthesis of hybrid molecules, including fragments of natural com-
pounds with the participation of flavonoids and alkaloids, can open the way to a
wide range of new compounds with potential biological activity. Flavonoids
represent a large group of natural compounds, among which dihydroguercetin
(DHQ) and quercetin (Q) and their derivatives, possessing powerful antioxidant,
hepatoprotective, antitumor, immunomodulating, and other properties, occupy a
special place [46]. Interest in dihydroquercetin and quercetin is due to the fact that
these flavonoids are actively used in the food industry and medicine. Both
flavonoids belong to the group of phenolic compounds with antioxidant effects. In
medical practice, dihydroguercetin and quercetin are used to treat radiation
sickness, septic endocarditis, to prevent capillary lesions, etc. [47]. In recent
years, quercetin has been found to be active against HIV-1 reverse transcriptase
and integrase, as well as an inhibitory effect against the herpes virus [48]. The
high biological activity and low toxicity of dihydroquercetin compounds make it
possible to refer them to the group of leading compounds for chemical trans-
formation in order to synthesize new hybrid polyfunctional pharmacologically
active compounds.

N.V. Koshelevoy et al. [49] obtained a mixture of mono- and disubstituted
derivatives 30 and 31 in a ratio of 2:1 (according to the HPLC method data),
using the example of the interaction of DHQ, cytisine and formaldehyde accor-
ding to the Mannich reaction in a molar ratio of 1: 1.4: 1.4 by adding a mixture of
reagents to the substrate. Authors obtained a mixture of mono- and disubstituted
DHQ derivatives in a 2:1 ratio with a two-fold excess of reagents and the reverse
addition. It was shown that the formation of the disubstituted derivative 31 is
associated with the higher basicity of the alkaloid cytisine.
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In order to simplify the direction of the reactionstudied, we introduced a
significant change: dihydroquercetin was replaced by a complex with cytisine.
Complex 32 was obtained by short-term contact of equimolecular amounts of the
starting reagents and it spontaneously separates from the reaction mixture.
According to its properties, the adduct is not a salt like ammonia derivatives
formed due to the interaction of one of the phenolic hydroxyls of dihydro-
quercetin with the nitrogen atom of the cytisinealkaloid.

Complex 32 was reacted with formaldehyde at room temperature in 2-
propanol. In this case, the expected reaction product was isolated in the form of
an individual yellowish powder 30.

OH
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HO o} O =z
+ R
N
OH
o 0
OH oH
OH * HN
/
HO 0 N +CH,0
O —4—— 30
_—
32 o
OH
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The presence of several hydroxyl groups, two aromatic rings and a pyrone
ring in the quercetin molecule allows its chemical modification in order to obtain
a number of new biologically active derivatives of interest for medicine. Thus, we
were interested in the synthesis of an aminomethyl derivative of quercetin 33
based on the physiologically active alkaloid cytisine. The synthesis was carried
out in a dioxane medium by adding an equimolar amount of a mixture of
paraform and cytisine in dioxaneto quercetin.

Recently, 1,2,3-triazoles have been actively used as a linker fragment
connecting two pharmacophores due to their exceptional pharmacokinetic
characteristics: the ability to form hydrogen bonds and increase the solubility of
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compounds, stability in vivo [50, 51]. The attractiveness of 1,2,3-triazoles is due
to the versatility of their reactivity, as well as the practical use of derivatives of
1,2,3-triazoles as drugs, technical reagents and “building blocks” in
supramolecular chemistry. It should be noted that the 1,2,3-triazole fragment has
established itself as the most significant pharmacophore group; therefore, the
modification of alkaloids by introducing such a substituent is one of the priority
areas of organic and medicinal chemistry. In this regard, we have synthesized a
new biologically active compound 34 containing simultaneously fragments of the
alkaloids cytisine, lupinine and pharmacophoric 1,2,3-triazole. We have chosen
an effective modern method of azide-alkyne cycloaddition catalyzed by copper
compounds. N-propargylcytisine was used as an alkyne component of this
cycloaddition reaction. The starting lupinineazide was obtained by the reaction of
nucleophilic substitution with the azide ion of the corresponding mesylate of the
lupinine derivative. The reaction of lupinineazide with N-propargylcytisine was
carried out by heating (85°C) the reagents in DMF in the presence of
CuS0O,4*5H,0 and sodium ascorbate. The combination of Cu (1) with sodium
ascorbate provided regioselective formation of 1,2,3-triazole; in this case, sodium
ascorbate acted as a reducing agent, excluding the homocombination product
formation.

H2= N3 —
7 ] CHC=CH " AcNa/cuso,*5 H,0
_—
N

N DMFA (85°C)

N
o]
N,
Hc——N" '\
— N

—_— \

N CH2™N

34

Thus, the material presented in this article testifies to the feasibility and
prospects of searching for new hybrid biologically active compounds based on
plant alkaloids.

Hybrid synthesis with the participation of natural alkaloids and fragments of
various physiologically active compounds is a new promising scientific direction.
Hybrid molecules acting simultaneously on the receptor and on the enzyme can
lead to powerful synergistic effects. Hybrid synthesis medicines can be obtained
by combining ligands belonging to completely different pharmacophores. Hybrid
molecules can be obtained by combining two components with different activity
(associative synthesis) or from a compound with a double action. The
combination of two non-identical pharmacophores in one molecule leads to a new
compound that has the properties of both components.
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YCHIHBUIFAH INONTyJa ajKaJIOHI MOJEKylIaJapblHAa HETI3ZeNTreH jkaHa THOpHITi
TYBIHIBUIAPBIH CHHTE31 Typalbl MANIMETTep >KMHaKkTaiuraH. bym perre xana Oipereit
JOpUITIK TpernapaTrrappl jKacay MakcaTblHAa aHa (apMaKOJOTHUIBIK KYH/bl areHT-
Tepai 93ipiiey VINiH KembacuIsl KOCBUIBICTap pPEeTiHAe Oacka OWONIOTHSUIBIK OeJICeHIl
eciMIiK MeTabonuTTepi MEH YiieciMae TaOuMFu KOCBUIBICTap MOJEKYJIaJaphIHBIH (par-
MeHTTepl Oap THOPMATI KyphUIBIMIApABI aly onicTepi TanmaHFaH. TaOWFM ajKaow[I-
TapAblH HYKJICO3M/ITI JKarAalblHIAFbl Op TYPJ apoMaTThl )KOHE TeTEPOLHKII aaMac-
THIPFBIIITAPABIH Oip MOJEKyJanarbl yiieciMi anblHFaH MOMU(GYHKINOHAIIB TYBIHIBI-
JapAbl KEHIHrT XUMUSIIBIK MOJIU(UKAMSIAYIbIH JKaHA MYMKIHIIKTEPIH JKOHE OJIap/IbIH
JKaHa 9p TYPJi OMOJIOTHSIBIK OeiceHmimiria amaapl. OCchbl KOCBUIBICTAP/IBIH OaFbITTANIFaH
TYpJICHIIpyJIepl Heri3iHae CUHHTE3/iH THIMII aaicTepi a3ipaensi. Ockl KaTapiaa OipikTipii-
TeH KOCBUIBICTAPBIHBIH (hapMaKOJOTHSIIBIK KACUETTEPiHIH KEeH CHEKTPi MepCIeKTUBAIIBI
60pIm TaOBIIABL. AJTKATONI MOJIEKYJIATapsl HeTi3iHae OipiKTipiNreH TYBIHABLUIAPIBI Ay
JKETKITIIKTI 3epTTENIMETEHIH eCKepe OTHIPHII, )KaHa KOCHUIBICTAPABIH OaFbITTalFaH CHHTE31
JKaHa JOPUTIK 3aTTapAbl aly TYPFHICHIHAH Ja, OPTAaHUKAJIBIK CHHTE3MIH JKaHa OIICTEepiH
Kacay, COHJail-aKk KOCBUIBICTApIbIH JKaHa KAaTapbIHIAFbl MOJIEKYJaJap/blH CTePEOXH-
MUSICBIH @HBIKTAY TYPFBICBIHAH J]a KbI3BIFYLIBUIBIK TYABIPA/IbI.

Tyiinai ce3aep: amkanouaTap, aNKaJIOUATAP TYBIHABUIAPEI, THOPHITI MOJIEKyaiap,
XUMUSUIBIK TYPJICHAIPY, UUTU3WH, aHa0a3uH, Qe puH.
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Pe3ome
T'UBPUJIHBIE MOJIEKYJIbI HA OCHOBE AJIKAJIOUJ1OB
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JK.C. Hypmazanoemos', A.C. Kuwuxenmaesa', A.P. JKacvimbexosa *
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B mnpexncraBneHHOM 0030pe 000OILIEHBI AaHHBIE CHHTE3a HOBBIX TMOPHIHBIX IIPO-
M3BOJHBIX Ha OCHOBE MOJIEKYJ ajKaJouaoB. [IpM 3TOM NpoaHaIM3WPOBAaHBI METOJBI
NIOJTy4YEeHUS THOPUAHBIX CTPYKTYP, COllepKauX (hparMeHThl MOJICKYII IPHPOIHBIX COCIHU-
HEHUH B COYETaHHU C IPYIHMMH OWOJIOTHYECKH AKTUBHBIMH PAaCTUTEIBHBIMH MeTabo-
JUTaMH, B KAa4eCTBE COCIMHEHUH-JIMICPOB Ui Pa3pabOTKU HOBBIX (HapMaKOJIOTHYECKH
LIEHHBIX areHTOB, C LEJbI0 CO3AaHNs HOBBIX OPUTHHAIBHBIX JIEKAPCTBEHHBIX MTPEIapaToB.
Coueranue B OfHOI Moiekylie GhapMako(OPHBIX OCTATKOB, & UMEHHO Pa3IM4HBIX apo-
MaTHYECKUX M TeTEPOLUKINYECKUX 3aMECTHTEIeH B HyKJICO3UIHOMIIOIOKEHUH IPHPOLI-
HBIX aJIKaJIOMJIOB PACKpPbIBAET HOBHIE BO3MOXXHOCTH KaK MOCIEAYIOIEH XUMHUYECKOU
MOJM(UKAIMY TTOTYYEHHBIX MOJU(PYHKIIMOHAIBHBIX POU3BOIHBIX, TAK U HOBYIO Pa3HO-
00pa3Hyl0 MX OHOJIOTMYECKYI0 aKTHBHOCTh. Ha OCHOBE HampaBJIEHHBIX IPEBpaIleHUH
9THX COEAWHEHWH (WM WX IIPeIIIECTBEHHHKOB) pa3paboTaHbl 3((EKTHBHBIE METOJBI
cuHTe3a. [lepCreKTHBHBIM SIBISIETCS IIMPOKHH CIEKTp (apMaKoJIOrHMYeCKUX CBOMCTB
KOMOHMHHPOBAHHBIX COCIUHEHUIl TaHHBIX PSJOB NPU COYCTAHUHM HHU3KOW TOKCHYHOCTH.
VYuuTeIBast, 4TO MOJy4YeHHE KOMOMHHPOBAHHBIX IIPOM3BOIHBIX HA OCHOBE MOJICKYJI aJIKa-
JIOMJOB HU3y4YEHO HENOCTAaTOYHO, HAIPaBJICHHBIH CHHTE3 HOBBIX COCIMHEHHH IPEACTAaB-
JISIeT HHTEePeC KaK B IIaHEe TIOJY4YEHUS HOBBIX JIEKapPCTBEHHBIX BEIECTB, TaK M Pa3pabOTKH
HOBBIX METOZOB OPraHWYECKOTO CHHTE3a, a TAKXKe OIPENeTIeHHs CTePEOXUMUH MOJIEKYII
HOBOTO psiJia COeAMHEHUH.

KaioueBsbie ciioBa: ajkajoubl, IPOU3BOIHbBIE aJIKAJIONI0B, THOPUIHBIE MOJIEKYJIbI,
XUMHYeCKast MOTUGUKAIHSL, TUTU3KH, aHA0a3uH, 3peapuH.
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Founvimu srcapuananvimoapoviyy IMUKacol

Penakuusaiabik anka skoHe "Ka3aKCTAHHBIH XMMHSl SKYpPHAJbl'" FhLILIMH
JKypPHaJBIHBIH (0yaaH api — Kyphnan) 6ac pexakrops! "/Kapusanansimaap ‘keHingeri
ITHKA KomMuTeTi" (Committee on Publication Ethics - COPE)
(http://publicationethics.org/about), "Eyponaiabik FHUIBIMH peaaKkTopjiap KaybIMaac-
ToiFbl" (European Association of Science Editors — EASE) (http://www.ease.org.uk)
JKoHE "FL1pIMu JKapHUsIaHBIMIAP anedi sKoHiHgeri KOMHUTETTIH"
(http://publicet.org/code/) kadbLIIaHFAH XaNBIKAPAJIBIK CTAHAAPTTAPAbI YCTAHA/IBI.

Bacna kpI3MmeriHzeri ofinerciz ToxipuOeHi OomnbplpmMay MakcarelHaa (IUIaruar,
JKaJIFaH aKIaparThl YCBIHY >XOHE T.0.) KOHE FBUIBIMH JKapHSIaHBIMAAPIBIH JKOFaphl
carmachklH KAMTaMachl3 €Ty, aBTOPJBIH aJFaH FBUIBIMH HOTHIKEJIEPiH KYPTIIBUIBIKIICH TaHY
MaKCcaTBIHAA PEeNaKIISUIBIK KCHECTIH opOip MyIIeci, aBTop, peleH3eHT, COHai-aKk Oacma
npolLeciHe KaTbICAThIH MEKEMeIep dTUKAJIBIK CTaHAAPTTApAbl, HOpMaiap MEeH epexernepi
CaKTayFra JKoHE OJIapIblH Oy3bUTYBIH OOJIbIpMay YIIIH OapiblK MIapaiapiasl KaObuigayra
MiHgerTi. Ocbl IpoLecke KaThICYIIbUIAPABIH OapibIFBIHBIH FBUIBIMH JKapUsUIAHBIM 3TH-
Kachl epekeliepiH caKTaybl aBTOPIAPIbIH 3UATKEPIIK MEHIUIK KYKBIKTAPbIH KaMTaMachl3
eTyre, 0AacbUIBIM CalachlH apTTHIPYFa JKOHE aBTOPJIBIK MaTepHalapibl JKEKe TyJiFanap-
JIbIH MY/JJIEC] YIIIH 3aHChI3 Maijaiany MYMKIHAICH O0JIABIpMayFa bIKIaT eTe/l.

Pepakuysira xenin TyckeH OapiibIK FBUIBIME Makajanap MIHAETTI TYple €Ki jKaKThl
monynan erteni. JKypHall penakiuschl MakaJaHBIH JKypHall NpodwuiiHe, pecimuey Ta-
JIANTapblHA COMKECTITIH OENTiNeH i XOHEe OHBI KOJDKa30aHBIH FHUIBIMH KYHIBUIBIFBIH
AMKBIHAAATHIH JKOHE MaKala TAKbIPbIObIHA HEFYPJbIM JKaKblH FBUIBIMH MaMaHIaH-
JBIpyJIapel Oap €Ki TAyelnci3 PeleH3eHT — MaMaHAapAbl TaraHbIHIANTHIH JKypHAaJIbIH
JKayanThl XaTIIBICHIHBIH OipiHMIN KapayblHa >kiOepemi. MakamamapIsl peleH3UsIIayabl
PEIaKIMSIBIK KeHeC >KOHE PENaKIMSIBIK ajKa MyIlelepi, coHAaai-ak 0acka ennepliH
LIAKBIPBUIFAH PELIEH3EHTTEP1 XKy3ere acbipaabl. Makanara capanrama Xypri3y yiiiH Oen-
rini O6ip peueH3eHTTI TaHuay Typajibl memimai bac penakrop kadbuiaiiiel. Penensusuiay
Mep3imi 2-4 antaHbl Kypaiiapl, 0ipak peleH3eHTTIH OTiHill OOWBIHIIA OJ Y3apThLIYbI
MYMKiH.

Pemakuusi MeH peleH3eHT Kapayra kiOepuireH kapusuiaHOaraH MaTepHaIAapIbIH
KYIMSUIBUIBIFBIH CaKTayFa Kenuimik Oepeni. JKapusuiay Typanbl HIEHNNMIL KypHAUIIBIH
pelaKIMsIbIK ANKACHl peleH3MsIayiaH KeiliH KaOwbuinaiapl. Kaker OonraH xarnaiijga
KoJpkaz0ba aBTOpjlapFa PpELEH3EHTTEp MEH pEAaKTOpJapAblH ecKepTyliepi OoibIHIIa
MIBICBIKTayFa KiOepineni, coJan KeiiH oNl KalTa pereH3usUIaHanbl. Pemakiis 3Tuka epe-
JKeNepiH Oy3FaH JKar[aia MaKaJaHbl JKapusUlaylaH 0ac TapTyra KyKputel. Erep akrma-
paTTHI IJIaruaT Jer caHayFa KEeTKUTIKTI HeTi3 0oJica, jKayamnTsl peJaKkTop KapusiuiayFa jKOJl
6epmeyi Kepek.

ABTOpJIap pefaklysAFra YCHIHBUIFaH MaTepUaIJap bl XKaHa, OYphIH skapHsiIaHOaraH
JKOHE TYITHYCKA CKCHIITHE KUK Oepeai. ABTOpIap FhUIBIMH HOTHXKEICPIiH CEeHIMIi-
JITi MEH MaHBI3/IbUIbIFbIHA, COHJAl-aK FBUIBIMH JTHKAa KaFWAaTTapblH CaKTayFa, ararl
aiiTKaH/a, FRUIBIMU STHKaHBI Oy3y (akTijepine sxoi Oepmeyre (FBUIBIMH JEpEKTEp.i Ty-
KBIPBIMAAY, 3ePTTEY JePEKTEepiH OypMaiayra oKeJeTiH Oypmaiay, Ilaruar KoHe KajFaH
TEH aBTOPJIBIK, KalTanay, 6acka ajgamaap/blH HOTHIKEJIEpiH HeMJIeHY JKaHe T. 0.) jkayan-
TBI OOJIA/IBL.

MakasaHsl peakuusFa xidepy aBTopJiapblH MaKaJaHbl (TYITHYCKala HeMece 0acka
Tinmepre HeMmece 0acka Tinmepre aymapbUIFaH) Oacka >KypHamra(KypHaimapra) Oepme-
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TeHiH XoHe OyJ1 MaTepuall OYphIH JKaprsutaHOaFaHBIH OlUTipesni. OWTece, Makaixa aBTop-
Japra aBTOPJBIK KYKBIKTBI OY3FaHbl YIIIH MakajaHbl KaObLigamay TYpajibl YCHIHBICIICH
nepey Kaitapeuiaabl. backa aBTop >XyMbICBIHBIH 10 maiibI3bIHaH acTaMblH OHBIH aBTOP-
JIBIFBIH JKOHE JIEPEeKKe3re ciareMeciz ce30e-ce3 Keurpyre xoi Oepinmeiii. AbIHFaH
(hparMeHTTEep HEMECe MAJIiMIEMeNIep aBTOp MEH 0acTanKel KO3/l MIHAETTI Typae KepceTe
OTBIpBIN acanybl kepek. lllamaman Thic Kemripy, COHIail-aK Ke3-KEIreH HbICAHIaFbl
IUTarMAT, OHBIH 1IIIHIE PACIMICIMEreH AOUEKCO3Aep, 63repTy HeMece Oacka ajaaMaapabiH
3epPTTEYJICPiHIH HOTHXKEJICPIHE KYKBIKTAp HEMJCHY O3THKAIBIK €MEC JKOHE KOJAKChI3.
3eprTey OapbichiHa KaHmad na Oip Typlae ocep STKeH OapiiblK agaMaapiblH YJICCIH
MOMBIH/IAY KaXKET, aTall aiiTKaHIa, MaKajiajia 3epTTey JKYPri3y Ke3iHae MaHbI3[bl OOJIFaH
KYMBICTAapFa cinTeMesep YChIHBUTYbI Kepek. Kocallkel aBTopiapIblH apachblHAa 3epTTey-
re KaTbICIaFaH afaMaap/bl KepceTy OoIMaibl.

Erep xympicTa Kate TabblUIca, peJakToOpra Te3 apana xabapiay Kepek koHe Oipre
TY3€Ty Typabl meniM KaObliaay Kepek.

Komxka3zbanbl sxapusiaynaH 0ac TapTy Typajbl IIEHIM PEIEeH3ESHTTePAiH YCbI-
HBIMIapbIHA COMKEC PelaKIMsIIbIK ajKa OTBIPBICHIH/IA KaOblIIaHaabl. PeakiisIbIK aka-
HBIH IIeImiMiMeH JKapusulayFa YCHIHBUIMaraH Makajda KaiTa Kapayra KaObIimaHOanzipl.
XKapusinaynan Oac Tapry Typasibl xabapiama aBTOpPFa AJIEKTPOHABIK IOIITa aPKbUIbI
xibepinesni.

Pepakuusiiblk ajika MakaidaHbl JKapusuiayFa xkiOepy Typalisl menriM KaObliiaFraHHaH
KeWiH penakuus OyJ1 Typaibl aBTOpFa Xadapiiai/pl KoHe >Kapuslay Mep3iMiH KepceTesi.
PerneH3usutap/ipIH TYMHYCKaJIaphl )KypPHAIbIH PEJaKIMsICHIHIA 3 KbUT OOWBI caKTanaipl.
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Imuxa nayunvlx nyoaukauuil

PeI[aKIII/IOHHaﬂ KOJIJIETHSl U TJIaBHBIH PECIAKTOP HAYYHOI'O KypHaJa «XHMH-
yeckmiixkypuan Ka3zaxcrana» (nanee — JKypHas) NpuIepKHUBAIOTCH HNPUHATHIX
MeKAYHApoaHbIX cTaHAapToB «Komurtera 3Tkn mo myomukamusv» (Committee on
Publication Ethics — COPE) (http://publicationethics.org/about), «EBpomneiickoii
accouMaluy HayYHbIX pegakropos» (European Association of Science Editors — EASE)
(http://www.ease.org.uk) u «KomuTera mo OJTHKe HAYYHBIX HyOJIHKAIMIT»
(http://publicet.org/codel).

Bo wu3bexanne HeZOOPOCOBECTHOM INPAKTUKU B ITyONHMKAI[MOHHOW AEATEIIbHOCTH
(mnaruaTt, U3JI0’KeHNE HEJIOCTOBEPHBIX CBEICHUH U JIP.) U B LIENSIX 00eCIIeUeHHsI BBICOKOTO
KayecTBa HAayYHBIX IyOJMKAlMi, NPU3HAHKUS OOIIECTBEHHOCTBIO, NMOJTYYSHHBIX aBTOPOM
HayYHBIX PE3YJIbTATOB, KOXKABIH WICH PEAAKIIMOHHOTO COBETA, aBTOP, PELIEH3CHT, a TaKKe
YUPEKICHHUS, YIaCTBYIOIIUE B M3ATEIBCKOM IpoLecce, 00s3aHbl COOMIONaTh ITHUECKUE
CTQHJAapThl, HOPMBI M MpaBWIa M NPHHUMAaTh BCE Mephl Ul NPEIOTBPAIlCHUS HX
HapyweHuid. CoOllofieHne NpaBWJl STUKU HAay4HBIX ITyOJIMKAalMid BCEMH YYaCTHHKAMH
3TOTO IpOIIecca CIIOCOOCTBYET OOECIIEYSHUIO IPaB aBTOPOB Ha MHTEIIIEKTYaTbHYIO CO0-
CTBCHHOCTD, IMOBBIIICHUIO KauCCTBa U3JaHHUA W HCKIIOYCHHUIO BO3MOXHOCTH HEIIPaBO-
MEPHOT'O UCIIOJB30BaAHNA aBTOPCKHUX MAaTEPpUAIOB B UHTEPECAX OTACIIbHBIX JIMII.

Bce HayuHble cTaThbu, NOCTYNHMBIIME B PEAAKIHIO, IOUIEKAT 00s13aTEIBHOMY
JIBOMHOMY CIIETIOMY perieH3upoBanuio. Penakiust JKypHaia ycraHaBIMBaeT COOTBETCTBUE
crateu npodwno JKypHana, TpeOoBaHUSAM K O(QOPMIICHHIO W HAlpaBisieT €e Ha IepBOe
paccMOTpeHHEe OTBETCTBEHHOMY cekperapio JKypHayia, KOTOPBIH ompenensier Hay4dHYIo
LEHHOCTh PYKONHMCH M Ha3HA4yaeT ABYX HE3aBUCHUMBIX DPELCH3CHTOB — CIICLHAIIHCTOB,
UMEIOIINX Hanbosee ONM3KUE K TeMe CTaThbU Hay4HBIE CIICIMaN3aluu. Penen3upoBanue
cTaTeil OCYLIECTBIIASTCS WICHAMU PEJaKLIMOHHOTO COBETA U PENAKIHMOHHON KOJUIETHH, a
TaKKe MPUITIAIICHHBIMHA PELEH3CHTaMH APYTHX cTpaH. PemieHue o BeIOOpE TOro WM
HMHOTO PEleH3EHTa Ul MPOBEACHHS SKCIIePTH3bI CTaTbU NMPUHHUMAET IJIaBHBIH PENaKTop.
Cpok peleH3upOBaHMs COCTABIISCT 2-4 HEJCIH, HO IO MPOCHOE PEIEH3EHTa OH MOXKET
OBITH TPOJIJICH.

Penakumsi M peleH3eHT rapaHTUPYIOT COXpaHEHHe KOH(WIECHIMAIBHOCTH He-
OITy0JINKOBaHHBIX MaTepUallOB IIPUCIIAHHBIX Ha pacCMOTpeHue pabot. Penienue o myomm-
Kalli TPUHUMAETCsl pEeAaKIMOHHOW Koyuterneil JKypHama mnociie pereH3upoBaHUs.
B ciryyae He00X0IMMOCTH PYKOIIMCh HAINpaBisIeTCsl aBTOpaM Ha JOpabOTKy IO 3ame-
YaHUSAM PELEH3CHTOB U PENAKTOPOB, IIOCJIE YEero OHa MOBTOPHO peleH3upyercs. Penak-
LU OCTAaBIISIET 32 cOOOHM MpaBO OTKIOHUTH ITYOJHMKAIMIO CTaThbH B Cly4ae HapyIICHUS
npaBil STUKH. OTBETCTBEHHBIH PEIaKTOp He JOJDKEH JOMYCKaTh K IyOJMKanuu HHOOp-
MaLUIo, €CIIN UMEETCs JOCTaTOYHO OCHOBAHHH 110J1araTh, YTO OHA SIBJIAETCS IUIATHATOM.

ABTOPBI TapaHTUPYIOT, YTO IPEACTABICHHBIC B PEJAKLMIO MaTepUajbl SBISAIOTCS
HOBBIMH, paHEe HEOIyOJMKOBaHHBIMH M OPHIMHAJIBHBIMH. ABTOPHI HECYT OTBETCT-
BEHHOCTH 32 JJOCTOBEPHOCTh M 3HAUMMOCTb HAay4YHBIX PE3yJIbTaTOB, & TAKXKe COOJI0/IeHHE
NPUHIUIIOB HAYYHOW 3THUKU, B YaCTHOCTH, HEIOMyIeHHE (HaKTOB HAPYIICHHUS HAy4HOH
oTuKK ((abpukanusi HAy4HBIX AaHHBIX, Qanbcudukaiys, Beaylas K HCKaKeHUIO HCClle-
JIOBaTEIbCKUX JIAaHHBIX, IJIarMaT W JIO)KHOE COaBTOPCTBO, AyOJIMpOBaHWE, NPHCBOCHUE
Yy)KUX Pe3yJbTaTOB U Jp.)

Hamnpanenune craTby B peakLUIO O3HAYAET, YTO aBTOPHI HE MEPEAaBaln CTaThio (B
OpHTHHAJIC WM B IIEPEBOJIC HA APYTHUE A3BIKK WIH C IPYTUX S3BIKOB) B IPYToi *KypHa(bl)

135


http://publicationethics.org/
http://publicationethics.org/
http://publicationethics.org/about
http://www.ease.org.uk/
http://publicet.org/code/

XUMHYECKHH )KYPHAJI KA3AXCTAHA

W 4TO 3TOT MaTepuan He OblI paHee OMyOJMKOBaH. B NMpOTMBHOM ciydae cTaThs He-
ME/JICHHO BO3BPAIAETCsl aBTOpaM C PEKOMEHJAIMEl OTKIOHWTH CTaThiO 32 HapylLICHHUE
aBTOPCKUX MpaB. He momyckaeTcst mocimoBHOE KommupoBaHue 6osee 10 mporeHToB padoTh
JIpyroro aBTopa 0e3 yKa3aHHS €ro aBTOPCTBA U CCHIJIOK Ha MCTOYHHK. 3aMMCTBOBAHHBIC
(parMeHTHl WIN YTBEPXKICHUS NOJDKHBI OBITH O(QOPMIIEHBI C 00sA3aTeNIbHBIM yKa3aHUEM
aBTOpa M IEPBOMCTOYHMKA. Upe3aMepHble 3aMMCTBOBAHUS, a TAKXKE IUIArMaT B JIIOOBIX
(dopmax, BkIroYas Heo()OPMIICHHBIE IIMTATHI, NepepaspoBaHUe WM IIPUCBOCHHUE IIPaB
Ha pE3YyJbTAaTbl YYXKHUX HCCJ’IC}IOBaHHﬁ, HEOTUYHBI U HCTIPUCMIICMBI. HCO6XO[I,I/IMO npu-
3HaBaTh BKJIaJl BCCX JIMI], TaK WJIW HHA4YC IIOBJIMABIIMX Ha XOJ HUCCJICAOBAHUA, B 4aCT-
HOCTH, B CTaThe JOJDKHBI OBITh TPEICTABIEHBI CCHUIKM Ha pabOThl, KOTOPHIE HWMEIH
3Ha4YeHHEe NP NPOBEACHUH HccienoBaHus. Cpeayu coaBTOPOB HEJOIYCTHMO YKa3bIBaTh
JIMILI, HE Y4aCTBOBABIIMX B NCCJIEJOBAHHH.

Ecmu obHapykeHa omuOka B paboTe, HEOOXOAUMO CPOYHO YBEAOMHTDH PEIaKTOpa
BMeECTE NPHUHATH PEIIeHHEe 00 UCTIPABICHUH.

Pemenne 00 oTkasze B ImyOnMKanyMy PyKONWCH NMPHHUMAETCS HAa 3aCEJaHNUH PENaK-
LIMOHHOM KOJUIETUH B COOTBETCTBHU C PEKOMEHIAIMAMH PELEeH3eHTOB. CTaTbs, HE PEKO-
MEH/JIOBaHHAsl PEIICHUEM PEIAKIHOHHOM KOJUIETMH K MyOJHKanud, K IOBTOPHOMY
paccMotpernnto He mpuHHMaeTca. Coobmierne 00 OTKasze B IyOJUKAIMH HaIpaBiIIeTCs
aBTOPY I10 3JIEKTPOHHOH 110YTE.

ITocne mpunsTUA penkosuiernei XKypHana pelieHus o JIONMycKe CTaThbM K IyOuu-
KallK peAakuusi HHPOPMHUPYET 00 ATOM aBTOpa M YKa3bIBaeT CPOKH ImyOnukanuu. Opuru-
HaJIBI peLeH3Uil XpaHsTcst B pepakiuy JKypHaia B TedeHue 3 JieT.

136



ISSN 1813-1107, elSSN 2710-1185 Ne 3, 2021

Ethics of scientific publications

The editorial board and editor-in-chief of the scientific journal “Chemical
Journal of Kazakhstan” (hereinafter - the Journal) adhere to the accepted
international standards of “the Committee on Publication Ethics” (COPE)
(http://publicationethics.org/about), “European Association of Science Editors -
EASE” (http://www.ease.org.uk) and“Committee on the Ethics of Scientific
Publications” (http://publicet.org/code/).

Public recognition of the scientific results obtained by the author, each member of
the editorial board, author, reviewer, as well as institutions involved in the publishing
process is obliged to comply with ethical standards, norms, and rules and take all
measures to prevent violations thereof. This is needed to avoid unfair practice in
publishing activities (plagiarism, presentation of false information, etc.) and to ensure the
high quality of scientific publications. Compliance with the rules of ethics of scientific
publications by all participants in this process contributes to ensuring the rights of authors
to intellectual property, improving the quality of the publication, and excluding the
possibility of illegal use of copyright materials in the interests of individuals.

All scientific articles submitted to the editorial office are subject to mandatory
double-blind review. The editorial board of the Journal establishes the correspondence of
the article to the profile of the Journal, the requirements for registration and sends it for
the first consideration to the executive secretary of the Journal, who determines the
scientific value of the manuscript and appoints two independent reviewers - specialists
who have scientific specializations closest to the topic of the article. Reviewing of articles
is carried out by members of the editorial board and editorial board, as well as invited
reviewers from other countries. The decision on choosing a reviewer for the examination
of the article is made by the editor-in-chief. The review period is 2-4 weeks, but it can be
extended at the request of the reviewer.

The editorial board and the reviewer guarantee the confidentiality of unpublished
materials sent for consideration. The decision on publication is made by the editorial
board of the Journal after reviewing. The manuscript is sent to the authors for revision
based on the comments of reviewers and editors if necessary. After which, it is re-
reviewed. The editors reserve the right to reject the publication of an article in case of a
violation of the rules of ethics. The executive editor should not allow information to be
published if there are sufficient grounds to believe that it is plagiarism.

The authors guarantee that the submitted materials to the editorial office are new,
previously unpublished, and original. Authors are responsible for the reliability and
significance of scientific results, as well as adherence to the principles of scientific ethics,
in particular, the prevention of violations of scientific ethics (fabrication of scientific data,
falsification leading to distortion of research data, plagiarism, and false co-authorship,
duplication, appropriation of other people's results, etc.).

The submission of an article to the Editorial Board means that the authors did not
transmit the article (in original or translation into other languages or from other
languages) to another journal (s), and this material has not been previously published.
Otherwise, the article is immediately returned to the authors with a recommendation to
reject the article for copyright infringement. Verbatim copying of more than 10 percent of
another author's work is not allowed without indicating his authorship and links to the
source. Borrowed fragments or statements must be made with the obligatory indication of
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the author and the source. Excessive borrowing as well as plagiarism in any form,
including unofficial quotations, paraphrasing, or appropriation of rights to the results of
other people's research, is unethical and unacceptable. It is necessary to recognize the
contribution of all persons, who in one way or another influenced the course of the
research in particular the article, should contain references to works that were of
importance in the conduct of the research. Among the co-authors, it is inadmissible to
indicate persons who did not participate in the study.

If an error is found in work, it is necessary to notify the editor and together make a
decision on the correction.

The decision to refuse publication of the manuscript is made at a meeting of the
editorial board by the recommendations of the reviewers. An article not recommended for
publication by the decision of the editorial board is not accepted for reconsideration. The
refusal to publish is sent to the author by e-mail.

After the editorial board of the Journal decides on the admission of the article for
publication, the editorial board informs the author about it and indicates the terms of
publication. The originals of the reviews are kept in the editorial office for three years.

138



ISSN 1813-1107, elSSN 2710-1185 Ne 3, 2021

Texunueckuii cekperaps K. JJ. Mycmagpunos

Bepcrka na xommbrotepe /[, H. Karkabexogoi

Tlogmucano B meuats 27.09.2021.
®opmat 70x100%6. 9,5 .. Bymara odcernas. Tupax 500.

TunorpadusTOO «LuxeMediaGroup»
2. Anmamut, yn. Cmanuciasckoeo, 43



	Address of the Editorial board: 050010 (A26F3Y1), Republic of Kazakhstan, Almaty,
	Sh. Ualikhanov str., 106, A.B. Bekturov Institute of chemical
	sciences awarded by the Order of Red Banner of Labor,
	Fax: 8(727)291-24-64.
	ics_rk@mail.ru
	2. Васнев В.А., Виноградова С.В. Новые направления в поликонденсации. Высокомо-лек. соед., 2000, 42Б, 3, 565-572.
	3. Мартыненков А.А. Синтез и свойства полиимидов с силоксановыми блоками в ос-новной цепи. Автореф. дисс. канд. хим. наук. СПб., 2001, 22 с.
	4. Русакова О.Ю. Влияние термообработки полиимидов с гидроксильными группами на их структуру и свойства. Автореф. дисс. канд. хим. наук. М., 2012, 22 с.
	5. Батуашвили М.Р. Формирование микроструктуры цепи при синтезе сополиимидов высокотемпературной поликонденсацией в расплаве бензойной кислоты. Автореф. дисс. канд. хим. наук. М., 2015, 24 с.
	6. Krutko E.T. Prospective Procuction ways of new heat-resisting materials based on Polyimides. Вестник Волгоградск. Гос. ун-та. Сер. 10. Инновац. деят., 2014, 3(12), 35-39.

	15. Потаенкова Е.А. Синтез и исследование свойств полиимидов и сополиимидов на основе [(2-амино-)- или (2-аминометил)бицикло[2.2.1]гепт-3-ил)]анилинов. Автореф. дисс. канд. хим. наук. Волгоград, 2010, 22 с.
	20. Kravtsova V., Umerzakova M., Iskakov R., Korobova N. Electrical properties of fluoro-containing alicyclic polyimides. J. Chem. and Chem. Eng., 2015, 9, 1, 31-37.
	2. Vasnev V.A., Binogradova S.V. New directions in polycondensation. Vysokomolek. soed. Polym. Sci., 2000, 42B, 3, 565-572. (in Russ.).
	3. Martynenkov A.A. Sintez i svoyistva poliimidov s siloksanovymi blokami v osnovnoyi tsepi. Avtoref.diss. kand. khim. nauk. [Synthesis and properties of polyimides with siloxane blocks in the main chain. Authoref.diss.cand.chem.sci]. St.Petersburg, 2001, ˜
	4.  Rusakova O.Yu. Vliyanie termoobrabotki poliimidov c gidroksilnymi gruppami na ikh strukturu i svoyistva. Avtoref. diss. kand. khim. nauk. [Effect of heat treatment of polyimides with hydroxyl groups on their structure and properties. Authoref.diss.cand˜
	5. Batuashvili M.R. Formirovanie mikrostruktury tsepi pri sinteze sopoliimidov vysoko-temperaturnoyi polikondensatsieyi v rasplave benzoyinoyi kisloty. Avtoref.diss. kand. khim. nauk. [Formation of the chain microstructure during the synthesis of copolyimi 
	6. Krutko E.T. Prospective Procuction ways of new heat-resisting materials based on Poly-imides. Vestnik Volgogradsk. Gos. Univers. Ser. 10. Innovats. deyatel. Bulletin of Volgograd University. Series 10. Innovation, 2014, 3(12), 35-39.

	10. Korikov A.P., Vygodskiy Ya.S., YampolskiyYu.P. Transport properties of carded polyimides: homo- and copolymers. Vysokomolek. soed. Polym. Sci., 2001, 43, 6, 1025-1034 .(in Russ.).
	15. Potaenkova E.A. Sintez i issledovanie svoyistv poliimidov i sopoliimidov na osnove [(2-amino)- ili (2-aminometil)bitsiklo[2.2.1]gept-3-il)]anilinov. Avtoref. diss. kand. khim. nauk. [Syn-thesis and study of the properties of polyimides and copolyimides 
	20. Kravtsova V., Umerzakova M., Iskakov R., Korobova N. Electrical properties of fluoro-containing alicyclic polyimides. J. Chem. and Chem. Eng., 2015, 9, 1, 31-37.
	влияние природы модификатора на сорбционные свойства шанканайского цеолита
	5-сурет ‒ Мыс иондарының сорбция процесінде ln(1 – F)-тің τ-ға тәуелділігі.

	4. Viegas-Junior C., Danuello A., da Silva Bolzani V., Barreiro E.J., Fraga C.A.M. Molecular Hybridization: A Useful Tool in the Design of New Drug Prototypes. Curr. Med. Chem., 2007,            14, 1829-1852. doi: 10.2174/092986707781058805.
	5. Shafran Yu., Glukhareva T., Dehaen W., Bakulev V. Recent Developments in the           Chemistry of 1,2,3-Thiadiazoles. Adv. Heterocycl. Chem., 2018, 126, 109-172. doi: 10.1016/bs.aihch.2017.12.001.
	6. Xu Zh., Zhao Sh.-J., Lv Z.-Sh., Gao F., Wang Y., Zhang F., Bai L., Deng J.-I. Fluoroquinolone-isatin hybrids and their biological activities.Eur. J. Med. Chem., 2019, 162,             396-406. doi: 10.1016/j.ejmech.2018.11.032.
	7. Nurkenov O.A., Kulakov I.V., Fazylov S.D. Sinteticheskietransformaciialkaloidacitizina [Synthetic transformations of cytisine alkaloid]. Karaganda: Glasir, 2012, 210 p.
	8. Nurkenov O.A., Fazylov S.D., Kulakov I.V., Musina L.A. Alkaloid anabazin i ego proizvodnye [The alkaloid anabazine and its derivatives]. Karaganda: Glasir, 2010, 224 p.
	9. Seidakhmetova R.B., Kulakov I.V., Nurkenov O.A., Akhmetova S.B., Zhambekov Z.M. Synthesis, antibacterial and antifungal activity of thiourea derivatives of anabazine alkaloid. Himiko-farmacevticheskijzhurnal– Chemical and pharmaceutical journal, 20...
	10. Kulakov I.V., Nurkenov O.A., Arinova A.E., Turdybekov D.M., Talipov S.A., Ibragi-           mov B.T. Synthesis of acetylated glycosyl-containing thiourea derivatives based on cytisine and anabasine alkaloids and the spatial structure of N-cytisine...
	11. Kulakov I.V., Nurkenov O.A., Il'in A.I., Kulmanov M.E. N-aminoglikozidy: metodysin-teza, stroenie i biologicheskajaaktivnost' [N-aminoglycosides: synthesis methods, structure and biological activity]. Karaganda: Glasir, 2010, 156 p.
	12. Nurkenov O.A., Gazalieva M.A., Kulakov I.V., Bessonov D.V., Ainabaev A.A. Chemistry and pharmacology of some monosaccharides and their derivatives. Bulletin of Karaganda University .Chemistry Series – Vestnik Karagandinskogo universiteta. Ser. che...
	13. Stepanenko B.N. Himija i biohimijauglevodov: Monosaharidy [Chemistry and Biochemistry of Carbohydrates: Monosaccharides]. M.: Vyssh. shkola, 1977, 223 p.
	50. Shafran E.A., Bakulev V.A., Rozin Ya.A., Shafran Ya.M. Condensed 1,2,3-triazoles (review). Chem. Heterocycl. Compd., 2008, 44, 1040-1069. doi: 10.1007/s10593-008-0155-9.
	51. de Carvalho da Silva F., do Carmo Cardoso M.F., Garcia Ferreira V.F. Biological Properties of 1H-1,2,3- and 2H-1,2,3-Triazoles. Top. Heterocycl. Chem., 2015, 40, 117-165. doi: 10.1007/7081_2014_124.
	1. Экологический кодекс Республики Казахстан от 2 января 2021 года № 400-VI ЗРК. https://adilet.zan.kz/rus/docs/K2100000400 (по состоянию на 13.08.2021).
	6. Fiorica C.,  Palumbo F.S.,  Pitarresi G., Gulino A.,  Agnello S., Giammona G. Injectable in situ forming hydrogels based on natural and synthetic polymers for potential application in cartilage repairhttps://pubs.rsc.org/en/Content/ArticleLanding/2015/Rg

	13. Буду Г.В., Тхоряк А.П. Комплексообразование серебра с некоторыми гетероцикли-ческими аминами в водно-этанольных растворах. Журн. неорг. Хим., 1980, 25(4), 1006-1008.
	14. Буду Г.В., Назарова Л.В., Тхоряк А.П. Комплексообразование серебра и кадмия с гексаметилентетрамином в водных и водно-органических растворах. Журн. неорган. Хим., 1975, 20(11), 2094-2097.
	15. Аминджанов А.А., Сафармамадов С.М., Мабаткадамова К.С. Комплексные соеди-нения кадмия(II) с 1-метил-2-меркаптоимидазолом. Доклады АН Республики Таджикистан, 2010, 53(1), 40-44.
	2. Ercoli M., Mina L., Canu Boido C., Boido V., Sparatore F., Armani U., Piana A. Synthesis of novel alkaloid derivatives from vinyl ether of lupinine and PH-addends. II Farmaco, 2004, 59, 101-108.
	2. Ercoli M., Mina L., Canu Boido C., Boido V., Sparatore F., Armani U., Piana A. Synthesis of novel alkaloid derivatives from vinyl ether of lupinine and PH-addends. II Farmaco, 2004, 59, 101-108.
	Құрманалиев М.Қ., Женисбек Ш. Ннегіздегі төмен аниониттердегі мыс және
	никель иондары сорбциясының ерекшеліктері........................................................................... 47
	Ғылыми жарияланымдардың этикасы
	Этика научных публикаций


