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[ Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of chemistry
and technologies scientific journal has been accepted for indexing in the
Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in
the Science Citation Index Expanded, the Social Sciences Citation Index,
and the Arts & Humanities Citation Index. The quality and depth of content
Web of Science offers to researchers, authors, publishers, and institutions
sets it apart from other research databases. The inclusion of News of NAS
RK. Series of chemistry and technologies in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential
content of chemical sciences to our community.

Kasakcma+ Pecnybnukacbl YnmmblK fbiibiM  akademusicel «KP  ¥FA
Xabapnapbl. XuMusi )XeHe mexHO02usi CEPUSIChI» FbINbIMU XYypHarbiHbiH Web
of Science-miH xaHanaHfaH Hyckacbl Emerging Sources Citation Index-me
uHOekcmeryee KabbindaHraHblH xabapnaldel. byn uHdekcmeny bapbicbiHOa
Clarivate Analytics komnaHusickl XypHarndbl o0aH api the Science Citation Index
Expanded, the Social Sciences Citation Index xxeHe the Arts & Humanities Citation
Index-ke Kabbinday macerneciH kKapacmbipyda. Webof Science sepmmeywinep,
asmopnap, 6acnawbiiap MeH MeKemernepee KOHmMeHm mepeHOiei MeH
canacbiH ycbiHaobl. KP YFA Xabapnapbl. XUMUS )XOHE MEXHO/I02UsT Cepusicbl
Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH €H 63eKmi
JKoHe bedendi xumusinbiK FolribiMOap bolbiHWa KOHMeHmMkKe adarnobifbiMbi30bi
6indipedi.

HAH PK coobwaem, ymo Hay4Hbil xypHan «3eecmuss HAH PK. Cepusi
XUMUU U mexHosioauliy 6bi npuHsm 0ns uHdekcuposaHusi 8 Emerging Sources
Citation Index, obHoeneHHou eepcuu Web of Science CodepxxaHue 8 3mom
UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics Onsi OanbHelweao npuHIMuUs XypHana e the Science Citation
Index Expanded, the Socia1 Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kayecmeo 8 251ybuHy KOHmeHma
ona uccrnedosamernel, asmopos, uisdamesnel u y4pexoeHul. BkroveHue
Uzeecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawy
MpusepPXeHHOCMb K Haubornee akmyanbHOMY U 6/1USIMENIbHOMY KOHMEHMY o
XUMUYECKUM Haykam 0rs1 Hawezo coobuecmea.
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OTBIH, KaTaJIH3 )KOHE HJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
nokTopsl, podeccop, KP ¥FA akanemuri, « Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTtopiabslH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JoKTOpbI, ipodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XUMHUsICbl MHCTUTY TBIHBIH KYPMETTi
nupekropsl (Munck, benapycs) H =13
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on-Dapabu areigars! Ka3¥Y Y-npiy 6ipianm npopextopsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixynut, Ceren ynuBepcuteriniy ®PapmaueBruxa ¢axysnpreTiHin Papmakornosus
KadenpacsHEIH MeHrepymIici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH AUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTanbi¥bl, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSTHCKHAW Buranmii, $punocodus gokropsr (PhD, apmariesr), Peaunr yHuBepCHTETIHIH
npodeccopsl (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
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Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMUSUIBIK TeXHONOTHsS HMHCTHTYTHI (Bimkek,
Keipreizcran) H = 4
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npe3ueHT HaronansHol akafgemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
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«Duroxumus» (Kaparanga, Kazaxcran) H= 11

ATABEKOB B nagumup EHokoBHY (3aMeCTHTENb IIABHOTO PENAKTOPAa), JOKTOP XUMHYECKHUX
Hayk, npodeccop, akanemuk HAH Benapycu, moderHslit aupextop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Musnck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBenyromuii 1abopatopueii HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTkaan, ITOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuT, 3aBenyromnit kapenpoit ®apmaxornozun dapmarieBrniyeckoro (akyisrera
VYansepcurera Cerena, aupexTop MeXIUCIMINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAILHOTO IEHTPa HAYYHBIX
HCCIIEJOBAaHUH PACTUTEIBHBIX MPONYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHX HayK, Ipodeccop, WieH-KOPPECTIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H= 13

DAPYK Acana [lap, mpodeccop komiemka Bocrounodt memummuel Xampaapia ans-Mamkuza,
¢axynsreT BocTouHoit MenuuuHb! yHuBepeuTeTa Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBHY, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHcTHTYTa OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactuTyT Xumun u xumudeckoit texaonornd HAH KP (bumukek, Keipreiscran) H = 4

XAJIMKOB [Ixypa6aii XaJaukoBW4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, akazemuk AH
Tamxukucrana, Vuctutyt xumun umenn B.W. Hukutuna AH PT (dymran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX Hayk, mpogeccop, akanemuk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYysKaronieit
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Z.M. Muldakhmetov', S.D. Fazylov'", A.M. Gazaliev', O.A. Nurkenov',
O.T. Seilkhanov?

Institute of Organic Synthesis and Coal Chemistry, Karaganda, Kazakhstan;
*Kokshetau University of the name of Sh. Ualikhanov, Kokshetau, Kazakhstan.
E-mail: i0su8990@mail.ru

THE SYNTHESIS OF NEW INCLUSION COMPOUNDS
COMPLEXES CYTISINE: B-CYCLODEXTRIN

Abstract. The results of a physicochemical study of the encapsulation of the
cytisine alkaloid with B-cyclodextrin are presented. Cytisine is a promising sinton
for modification and creation of new biologically active substances. Obtaining
supramolecular inclusion complexes of cytisine and its new derivatives will
allow creating their new medicinal water-soluble form with prolonged action.
The use of microwave treatment in an aqueous-alcohol medium made it possible
to obtain cytisine inclusion complexes with B-cyclodextrin with high yield.

Microphotographs of cytisine: B-cyclodextrin clathrate complexes were
obtained. Micrographs were taken using a Tescon Mira3LMN scanning electron
microscope at an accelerating voltage of 3 and 7 kV (SEM MAG 537x-8.06
kx). The photos of the samples show the structure of B-cyclodextrin and the
pattern of the cytisine: B-cyclodextrin clathrate at various magnifications. The
spectral properties of the inclusion complexes were characterized by FT-IR, 'H
NMR spectroscopy data. Analysis of the '"H and *C NMR data showed that the
formation of the inclusion complex cytisine: -cyclodextrin leds to a shift of all
"H B-cyclodextrin signals to the downfield region. The greatest difference in the
values of chemical shifts of protons in B-cyclodextrin was observed in the atoms
H-3 (0.15 ppm.) and H-5 (0.15 ppm.). The formation of inclusion complexes
was also confirmed by analyzing the two-dimensional spectra COZY ('H-'H)
and HMQC ('H-C). The determining role in the formation of the clathrate
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complex belongs to nonspecific weak van der waals, hydrophobic and dispersion
interactions.

Key words: cytisine, inclusion complex, clathrate, B-cyclodextrin, substrate,
clathrate complex.

3.M. Moanaxmeros', C.JI. ®@a3blioB'’, A.M. Fazaimes', O.A. HypkeHos!,
O.T. Ceiinxanos?

!OpranukaibIK CHHTE3 KOHE KOMIP XUMHUSICHl HHCTUTYTHI,
Kaparangsl, Kazakcran;
. YanuxaHoB ateinaarbl Kekieray yuusepcureti, Kekmeray, KazakcraH.
E-mail: 10su8990@mail.ru

OUTU3UH-B-HUKJIOJEKCTPUH KEHIEHIHIH ’KAHA
KOCBIJIBICTAPBIHBIH CUHTE3I

AnHoTtanusi. [UTH3WMH anKaJouAbIH [-IUKIOACKCTPUHMEH WHKAIICYIIS-
uusIayabpl  (GU3MKa-XUMUSUIBIK 3€pTTEY HOTIDKENepi YChIHbUIFaH. LuTtusun
KaHa OWOJIOTHSUIBIK OCJICEH/I 3aTTapAbl CHHTE3[Cy MEH Monudukarusiayaa
MaHBI3IbI CHHTOH Oonbin ecenreneni. [[UTU3MHII KOHE OHBIH KaHA TYBIH/IbI-
JApBIHBIH CYNpaMOJIEKyIalbIK KEeUIeHAEpiH aly oJapIblH Y3aKKa CO3bLIAThIH
ocepi Oap cyma epuTiH jKaHa JOPUTIK (OopMAchH KacayFa MYMKIHIIK Oepei.
Cy-ciupT opTachlHAa MHUKPOTOJKBIHABI OHJEYAl KOJNJaHy LUTHU3UHHIH
B-IIUKITONEKCTPUHMEH KOCBIIFAaH KEIICHCPiH )KOFaPHI IIBIFBIMIBUIBIKIICH aTyFa
MYMKIHIIK Oepi.

Hutu3un: B-IUKIOAESKCTPUHII KJIATPATTHIK KEMIEHAEPIHIH MHUKPOGhOTO-
rpadusaps! anerHbl. Mukpodotorpadusiap Tescon Mira 3LMN a351eKTpOH BT
MHUKpOCKOTIbIHAa 3 JkoHe 7 KB ymerkim kepueyne skacanbiHiasl (SEM
MAG 537x-8.06 kx). YurinepaiHn ¢otocypertepinie [B-LHUKIOAEKCTPUHHIH
KYpbUIBIMBI koHEe IUTU3MH: B-LJI KiaTpaTblHBIH OpTYpJi YIKEHTY Ke3iHAeri
CyperTepi KenTipinreH. AJBIHFaH KJaTpaT KemeHepiHiH 0eTKi Mop(]oIoruschl
CKaHEepJIEyIIl 3IEKTPOHIbI MHKPOCKONTHIH KOMETIMEH curarTayiFaH. Kocwimy
kemeHaepiniy cnekrpiaik kacuerrepi FT-IR, 'H NMR crnekTpocKonuschiHbIH
nepekrepiMer cunartanabl. NMR 'H sxone *C crekrpriepiHiH AepeKTepiH
Tajaay MUTH3UH-P-IIUKIOACKCTPUHMEH KOCY KeIlIeHIHIH Maiia 60mysl 6apibIk
"H B-CD curnanmapbiHbIH 9JICi3 6pic alilMarbiHa aybICYbIHA OKEJITCHIH KOPCETTI.
B-LIuKIONEeKCTPUHHIH MPOTOHIAPBHIHBIH XUMUSJIBIK BIFBICY MOHJIEPIHAETI €H
yikeH avpipmambuibikTap H-3 (0.15 m.1.) sxone H-5 (0.15 m. a.) aromaapeiaga
Oaiikanapl. Kocbuty KemeHaepiniH Ty3inyl ocsl 3artapsiH eki 6ipiikti COZY
('H-'H) u HMQC ('H-C) cnekrpnepin tammaymeH ae mgonenacHmai. Kimarpar
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KeUIeHIHIH KaJbIMTaCybIHAAFbl IIEHIYII pPeJ HAKThl eMec ICi3 BaH-Jep-
BaaJIbCTI, THAPOGOOTHI KOHE AUCTICPCHUSIIBIK ©3apa OpPEKETTECyIepre jKaTaibl.

Tyiiin ce3aep: MUTH3MH, KOCBUTY KEIIIEH1, KJIaTpar, ITUKIOACKCTPUH, cyOcTpar,
KJIaTpaT KeIleHi.
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"MuctuTyT oprannyeckoro cuntesa u yruexumun PK, Kaparanga, Kazakcran;
’Kokmierayckuii yauBepcuret umenu 1. Yanuxanosa, Kokmeray, Kazaxcras.
E-mail: i0su8990@mail.ru

CUHTE3 HOBBIX COEJJMHEHU BKJIIOYEHUS KOMILJIEKCOB
OUTU3UH:B-HIUK/ITOJEKCTPUH

AnHotranus. IlpencraBnensl pe3ynbTaThl (U3MKO-XUMHUYECKOTO HCCIe-
JIOBaHUS PE3yIbTAaTOB WHKAIICYIMPOBAHMS alKajJouja LUTU3MHA C [-LMKIIO-
NeKCTpUHOM. LIUTH3UH sABIsIeTCS ePCIIEKTUBHBIM CHHTOHOM JJ1s1 MOJU(HKALIUN
U CO37aHME HOBBIX OMOJIOTMYECKHM aKTHBHBIX BemiecTB. [lomyuenue cympa-
MOJIEKYJISIPHBIX KOMITJIEKCOB BKJIFOUEHUS! IUTH3MHA U €T0 HOBBIX MPOM3BOAHBIX
MO3BOJIUT CO3/1aTh UX HOBYIO JIEKAPCTBEHHYIO BOJOPACTBOPUMYIO (GopMy C
MIPOJIOHTUPOBAHHBIM JIeiicTBHEM. [IpuMeHeHne MHKpPOBOJHOBOW 00pabOTKH
B BOJHO-CIIUPTOBOM Cpe/ie TMO3BOJIWIO TOJYYUTh KOMILIEKCHl BKJIIOYEHUS
LUUTU3MHA C B-IUKIOAEKCTPUHOM C BBICOKHM BBIXOJIOM.

Mopdosnoruss mOBEpXHOCTH MOTYYCHHBIX KJIATPAaTHBIX KOMILJIEKCOB ObLIa
OIHCaHa C MOMOUIbI0 CKAaHUPYIOIIETO 3JEKTPOHHOTO0 MUKpockomna. [lomyueHsl
Mukpodororpadun KIaTpaTHbIX KOMIUIEKCOB IIMTH3HH: [-IIUKIOACKCTPHH.
Mukpodortorpadpuu  ObUIM  CleNaHbl HAa CKAHUPYIOIIEM  3JIEKTPOHHOM
mukpockorie Tescon Mira3LMN npu yckopsitomiem HamnpspbkeHudn 3 U 7 kB
(SEM MAG 537x-8,06 kx). Ha ¢otorpadusx o0Opa3iioB BUAHA CTPYKTypa
B-UUKIONEKCTpUHA M KapTHHA Kjarpara IUTH3UH: [-IUKIOASKCTPUH TpHU
pa3nuuHbIX yBenuueHUsX. CHeKTpajbHble CBONCTBA KOMIUIEKCOB BKJIFOUEHHS
xapakrepuszoBanuch gaHHbiMu  FT-IR, 'H SIMP-cnekrpockonuu. AHanu3
nanabix SIMP 'H u "“C-cmektpoB mokaszasi, uto oOpa3oBaHHE KOMILIEKCa
BKJIFOUCHUSI [TUTU3UH: B-LIUKIOAEKCTPUH MPUBEJIO K CMEIICHUIO BCEX CUTHAJIOB
'"H B-umknomexkctpuna B obnacte ciaboro monss. Haubonblnas pasHuna B
3HAUEHUSIX XUMUYECKHUX C/IBUTOB MPOTOHOB Y [-IIMKIIOIEKCTPUHA HAOII01a1ach
y aromoB H-3 (0.15 m.x1.) m H-5 (0.15 m.x.). @opmMupoBaHue KOMILJIEKCOB
BKJIFOUECHHMSI TIOITBEPKIACHO TAKXKE MPU aHaAIMU3e AByMEpHbIX criekTpoB COSY
("H-'H) u HMQC ('H-"3C). Onpenensroias pojib B 00pa30BaHUH KJIaTPaTHOIO
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KOMITJIEKCA TMPUHAMJICKHUT Hecrenn(UuIeckuM ciIadblM BaH-Aep-BaalbCOBBIM,
ruIpoGOOHBIM U AUCTIEPCUOHHBIM B3aUMOJICHCTBUAM.

KuroueBble cj10Ba: IUTU3UH, KOMIUIEKC BKJIFOUEHHUS, KIaTpaT, -LIUKIOAEKC-
TPHH, CyOCTpAT, KJIaTPaTHbII KOMILIEKC.

Introduction. One of the most promising and intensively developing areas
of modern supramolecular chemistry is the preparation and study of inclusion
complexes of bioactive compounds with cyclodextrins (CD) (Kurkov, 2013;
Astray, 2009; Larsen, 2002; Loftsson et all, 2004). A promising synthon for
modification and creation of new biologically active substances is the well-known
alkaloid cytisine (Cyt) contained in the herb Thermopsys Lanceolata (Orechov,
1950; Gazaliev et all, 1992). Cytisine refers to substances of «ganglionicy» action
and is used in medicine as a respiratory analeptic. A solution of cytisine (cytiton)
can be used in shock and collaptoid conditions, with respiratory and circulatory
depression in patients with infectious diseases, etc. The above features of the
physiological action of Cyt suggest the prospect of searching for and the possibility
of creating effective inhibitors of proteases of the COVID-19 virus and the ACE2
receptor based on cytisine and its derivatives (Adekenov, 2021 Ulomskiy et all,
2017). For this reason, there is a need to obtain its new encapsulated water-
soluble forms with improved biofunctional properties. Currently, water-soluble
cyclodextrins (CD) obtained from starch are widely used as encapsulating agents
for vitamins and medicinal compounds (Crini, 2014; Martin, 2004; Duarte et
all, 2015) (Figure 1). Cyclodextrins (CD) are cyclic oligosaccharides that
have an inner hydrophobic cavity and a hydrophilic outer shell (Crini, 2014).
They are products of the biochemical transformation of starch. The CD family
includes three main products: a-, -, and y-CD, whose macrocircles consist of
six, seven, and eight glucopyranose residues, respectively. These macro rings
can be represented as a truncated conical structure with a hydrophobic cavity
(Duarte et all, 2015).

The encapsulation of pharmaceuticals allows the preparation of drugs with
prolonged action and increases the possibility of targeted transport of the drug
in the body directly to its site of action. Thus, in countries such as North Korea
and Japan, biologically active substances encapsulated with oligasaccharides
account for almost 50% of all manufactured pharmacological and food products,
in Europe, the USA and Russia - about 25-30% (Duarte et all, 2015). In
Kazakhstan, CD are not produced and have not yet found application in the
production of pharmaceutical products. In this regard, it is of interest to study
new methods of Cyt encapsulation and the properties of its inclusion complexes
with B-cyclodextrin. This is a new innovative direction in pharmacology, which
is of extremely important practical importance and social efficiency. B-CD is
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registered in the EU as a food additive E-459 (Commission Directive 2003/95/E,
2003) (Fenyvesi et all, 2016). Obtaining supramolecular inclusion complexes of
Cyt and its new derivatives will make it possible to create their new medicinal
water-soluble form with a prolonged action.
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Figure 1. Structural formulas of the alkaloid cytisine (a) and B-cyclodextrin (b)

Research materials and methods. We used the alkaloid cytisine (C, H,,N,O,
CAS code 485-35-8), which is a white crystalline substance (molar mass 190.24
g/mol, mp 152-153°C) («Shymkentbiopharmy», Kazakhstan); B-cyclodextrin
(99.5%) (molar mass 1135.0 g/mol, m.p. 299°C dec.), (compania «Flukay),
white crystalline substance. Inclusion complexes of Cyt:-CD (1:1; 1:2; 1:3)
were obtained in an aqueous-alcoholic medium. A mixture of Cyt and B-CD
(mmol) was reacted for 600 sec in an Anton Paar Monowave 300 microwave
oven at an irradiation power of 200W in 2-min increments at 80°C. After the
procedure, the solvents were evaporated under vacuum. The yields of clathrate
complexes Cyt:B-CD amounted to 73 (1:1), 82 (1:2), 80 (1:3)%.

Results. The combined use of various methods to characterize the objects
under study, depending on the considered physical state, gives the best results in
terms of model reliability. Figure 2 shows micrographs of the clathrate complex
Cyt:B-CD (1:2) taken on a Tescon Mira3LMN scanning electron microscope. The
pictures were taken at an accelerating voltage of 3 and 7 kV (SEM MAG 537x-
8.06 kx). The photographs of the samples show micrographs of B-cyclodextrin
(a,b,c) and inclusion complexes Cyt:B-CD (d,e,f) at various magnifications
(Figure 2). As follows from the analysis of these images, there is a change in the
morphology of the crystals of samples of inclusion complexes (IC) (1:2) (Bulani
et all, 2016; Zou et all, 2017). Changes in the crystal surface morphology of the
studied clathrate ICs are one of the important evidence for the formation of an
inclusion complex (Bertacche et all, 2006; Miller et all, 2007; Aree et all, 2002).

The structure of the resulting IC was studied by FT-IR, '"H NMR, and "*C
spectroscopy. In the FT-IR spectra of the physical mixture of B-CD and cytisine,
their spectra overlap without any changes (Figure 3). When IC (1:2) is formed,
stretching vibrations of bonds of the “guest” molecule at 799.63, 1527.81,
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1142.00 cm™ do not appear. This may mean that these groups are masked by
very broad and intense B-CD bands in the same wavelength range. The observed
intensity of hydrogen bond stretching at 3300-3391 cm™ in IC is much stronger
compared to the B-CD spectrum (Figure 3). The shift of characteristic bonds to
higher frequencies, together with the expansion and decrease in their intensity,
can be attributed to the breaking of intermolecular hydrogen bonds associated

with crystalline molecules (Aree et all,

2002). This evidence may be related to

the formation of inclusion complexes Cyt:3-CD.

Figure 2. Scanned electron micrographs of B-CD (a,b,c) and Cyt:B-CD (1:2) inclusion

complex (d,e,f) at various magnifications (Tescon Mira3 LMN)
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Figure 3. FT-IR Spectra of B-CD (a), Cyt:B-CD (1:2) (b) and cytizine (c)
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It is known that the entry of a guest molecule into the cyclodextrin cavity is
accompanied by a strong change in the chemical shifts of its hydroxyl atoms
H-3 and H-5 (Duarte et all, 2015; Loftsson et all, 2004; El-Sonbati et all, 2021).
Analysis of 'H and *C NMR data showed that the formation of the IC inclusion
complex led to a shift of all '"H -CD signals to the downfield region. The greatest
difference in proton chemical shifts was observed for H-3 (0.15 ppm) and H-5
(0.15 ppm) atoms (Table 1) directed toward the inner part of the cyclodextrin
cone.

The formation of inclusion complexes was also confirmed in the analysis
of two-dimensional COZY ('H-'H) and HMQC ('H-"*C) spectra (Figure 4). An
analysis of the 'H and *C NMR spectral data indicates the absence of covalent
interactions between Cyt and internal functional groups of the -CD torus (Wen
et all, 2004; Kumar et all, 2009; Nurkenov et all, 2018; Seilkhanov et all, 2016).
The decisive role in the formation of the clathrate complex belongs to nonspecific
(dispersion, hydrophobic, and van der waals) interactions (Loftsson et all, 2004;
Duarte et all, 2015).

Table 1. 'H and "*C NMR chemical shift values for B-CD in the absence and
the presence of cytisine molar ratio

Proton B-CD (5,) B-CD-Cyt (3) A5 (5-3,)

5('H) 3(°C) 5('H) 3(°C) 5('H) 3(°C)
H-1 477 102.43 4.79 102.49 0.02 0.06
H-2 3.27 72.87 3.29 72.97 0.02 0.10
H-3 3.45 73.54 3.60 73.60 0.15 0.06
H-4 3.30 82.00 3.31 82.12 0.01 0.12
H-5 3.45 72.52 3.60 72.59 0.15 0.07
H-6 3.57 60.40 3.62 60.49 0.05 0.09

Figure 4. Correlations of COZY (a) and HMQC (b) in the Cyt molecule

Conclusion. Encapsulated inclusion complexes of cytisine alkaloid with
B-cyclodextrin have been obtained. The use of microwave treatment in a water-
alcohol medium made it possible to obtain inclusion complexes of cytisine with
B-cyclodextrin in high yield. The synthesized cytisine:B-cyclodextrin complexes
belong to inclusion compounds of the «guest:host» type. The decisive role in the
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formation of the clathrate complex belongs to nonspecific weak van der waals,
hydrophobic, and dispersion interactions. The data of FT-IR, 'H NMR, *C
spectroscopy, as well as SEM analyzes of cytisine clathrates with B-cyclodextrin
indicate their formation.
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NMAMATU YYEHbIX

NAMATU
JNIENECOBA KAMBAPA
KA3SbIMOBUYA

Ee3BpeMeHHo yIIed U3 JKU3HU M3BECTHBIM YYCHBIN-3IEKTPOXUMHK,
KaHAMIAT XUMHYeCKuX Hayk, npodeccop JlemecoB Kambap KazpimoBuu.
bonbmiasg yacte €ro HayyHOW NEATENBHOCTM IIpouula B creHax MHcruryra
OpraHMYeCcKoro Karanusa u anekrpoxumuu um. /1.B. Coxonbckoro.

Kamb6ap KazsiMoBuu pomuics B 1947 r. B AkTroOuHCKoi obmactu. B 1971 r,
[0CJIe OKOHYAHUS HHXEHEPHO-(PU3UKO-XMMHUYECKOT0 (haKyinbTeTa MOCKOBCKOTO
XUMHUKO-TEXHOJIOTYecKoM uHctutyra um. .M. MeHnneneeBa, moctynuia B
acnupaHTypy WHcTuTyTa oOpraHMuYeckoro karaiausa u snexkrpoxumun AH
KazCCP mo cmenmambHOCTH «TeOpeTHYecKas 3Jekrpoxumusi». B 1975 T
3alUTII KaHAWJATCKY0 auccepranmio o teme «lccnenoBaHue KMHETUKU U
MEXaHN3Ma NOHM3alUU BUCMYTa, MEIXM U UHAMS Ha BPAIAIOIIEMCS JUCKOBOM
anektpoae ¢ koisiom». C 1974 no 1987 rr. paboran B MOKD AH Ka3zCCP
B JIOJDKHOCTHM MJIQJIIIETO, 3aT€M CTapllero HayyHoro corpyanuka. C 1987 mno
2007 r.r. — 3aBenytoutuii Jaboparopueit 3auThl MeTauIoB oT Koppo3uu MOKD
um. /[.B. Cokonbckoro (B 2001 . meperMeHoBaHa B J1a0OPaTOPHIO MPUKIATHON
ANEKTPOXUMHH U KOPPO3HH).

PesynerareinccnenoBannii K.K. JlenecoBaBo61acTH3MEKTPOXUMUN METAIIJIOB,
IIOJIyYE€HHBIE METOAOM JIHMCKOBOIO 3JIEKTPOAA C KOJIBLIOM, KJIACCUYECKOH H
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HECTallMOHAPHOU BOJIBTaMIIEPMETPHUH, IT03BOJIUIIN BBIIBUTH OCHOBHBIE 3aKOHO-
MEPHOCTH 00pa30BaHUS TPOMEKYTOUHBIX POYKTOB — MOHOB METAJJIOB HU3IIEH
BaJICHTHOCTU B Ipolleccax pas3psiia-MOHU3ALMU MOJUBAJICHTHBIX METAJJIOB U
YCTaHOBUTH MPOTEKAHUE CTAIUHHBIX SJIEKTPOAHBIX PEAKLUN C yYaCTHEM HOHOB
METaJJIOB IPOMEKYTOUHOI U HEOOBIYHOM BAJIGHTHOCTH B XMMHUECKHUX PEAKIUIX
JUCTIPONIOPIIMOHUPOBAHUS M PETTPONOPIIMOHUPOBAHUS, KOMIUIEKCOOOpa30BaHUS
B 3aBUCHMOCTH OT IPUPO/IbI METaJJIa U aHHOHOB PAacTBOPA, AKTUBHOCTHU BOJIbI B
JIEKTPOJIUTE.

WM BriepBbIe OBLIO MOKa3aHO U 00OCHOBAHO MPUMEHEHUE METO/1a TUCKOBOTO
3JIEKTPOJAa C KOJIBLIOM JUIsl MCCIIEOBaHUS KOMIUIEKCOOOpa30BaHMsI HOHOB
METaJIOB IIPOMEKYTOUHOM U BBICIIEH BaJIEHTHOCTU B PACTBOPAX.

K.K. JlenecoB sBsuICS BBICOKOKBATH(HUIIMPOBAHHBIM CIEIIUATUCTOM B
00JIaCTH MCCIICIOBAaHUA KUHETHKH U MEXaHHM3Ma JJICKTPOXUMHYECKUX U KOp-
PO3HOHHBIX MPOLECCOB METAIJIOB M Pa3pabOTKU METONOB 3allUThl OT KOp-
po3un. OH ObUT OTBETCTBEHHBIM MCIIOJIHUTENEM Hporpammsl «Pa3paborarhb
KOMIIO3UILIMOHHBIE (DeppUTHBIE AHTUKOPPO3HMOHHBIE MaTepUallbl HA OCHOBE MPO-
IYyKIIMM U BTOPUYHBIX pecypcoB mnpeanpusituii Kazaxcrana» 2003-2005 rr,
HMHHOBALIMOHHOM nIporpaMMbl « OpraHu3anus ONbITHOTO IPOU3BOJCTBA UMIIOPT-
3aMEeIAONINX CPEACTB AIEKTPOXMMHUYECKON 3alUThl CTAJbHBIX KOHCTPYKIIHIM
ot koppo3um» 2003-2005 T.r., psi1a X0310TOBOPHBIX padOT 1O KOPPO3HUH.

ITo pe3ynpraram uccieqoBaHUM pa3pabOTaHbl AHTUKOPPO3HMOHHBIE COCTABBI
JIAKOKPACOYHBIX MAaTEpUajioB C Pa3IMYHBIMU J100aBKaMH, MOBBILIAOIIME KOP-
PO3MOHHYIO CTOMKOCTb MOKPBITUH B BOJHO-COJIEBBIX U KHCIIBIX CPEAAX, KOTOPHIE
HaITM TPUMEHEHHUE TMPHU 3alIUTE BOJAOBOIOB B PA3IUYHBIX PETHOHAX.

Jlenecos K.K. — aBrop 6onee 300 HayuHbIX myOnukanuii, 1 MoHOrpaduu u 28
naTeHToB Ha n3o0perenus. Cpean ero yueHUKoB 8 kanaunaaroB Hayk ¥ 1 PhD.

[IpupoxxaeHHBIN TaJdaHT MCCIEAOBATENsl B COYETAHMM C HEHUCUEpIaeMou
TBOPUYECKOW HEPrueil 1 ryOoKo# Spyauiueii Onpeaenuin ero OoNbIIoN BKIa
B Pa3BUTHE XUMUYECKON HAYKH.

OH Bcerna ocTaHeTcsl JJi HAC TAJIAHTIIMBBIM YUYEHBIM, MYJIPbIM YUUTEIEM U
XOPOLIMM JIPYIOM.

Konnexkmus AO « Uncmumym monausa, Kamaauza u 31eKmpoxumun
um. /[.B. Coxonvckoeo» svipasicaem 2nybokoe cobonesHosanue
POOHBIM U ONUKUM.
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