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Analytics

NAS RKis 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.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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OBTAINING AND RESEARCH OF THE SUPRAMOLECULAR
COMPLEXES OF ALKALOID SALSOLINE WITH
CYCLODEXTRINS BY NMR SPECTROSCOPY

Abstract. One-dimensional NMR 'H, "*C and DEPT and two-dimensional spectroscopy COSY ('H-'H), 'H-'H
TOCSY, 'H-"H ROESY, HMQC ('H-"C) and 'H-"*C HMBC were used to study the alkaloid salsoline, as well as its
supramolecular components, and the supramolecular components of the HMBC spectroscopy polysaccharides a- and
y-cyclodextrins. Schemes of proton correlation with protons through three carbon atoms (‘H-'H) and HMQC (‘'H-
(C) in the initial state of the alkaloid under study. The use of the possibilities of two-dimensional spectroscopy
COSY ('H-'H), 'H-'H TOCSY, 'H-'H ROESY, HMQC ('H-"C) and 'H-"C HMBC when studying the alkaloid
under study correctly and uniquely identify the structure of the substrate of supramolecular self-assembly with cyclic
fields. Homonuclear and heteronuclear correlation NMR COSY (‘H-'H) and HMQC (‘H-"C) are also used to
confirm the structure and structure of the cyclic polysaccharides of a- and y-cyclodextrins. The chemical shifts of the
aliphatic and hydroxyl protons of the inner and outer surfaces of the receptors were determined. A comparative
analysis of the 'H and *C NMR spectra of salsoline, a- and y-cyclodextrins and their supramolecular complexes was
carried out. Certain changes have the chemical shifts of 'H and "C nucleus of salsoline, as well as o- and y-
cyclodextrins in supramolecular complexes. The proton integral intensities of the substrate and receptors in the 'H
NMR spectra were definitely that the supramolecular self-assembly with alpha and y-cyclodecrins occurs with the
formation of complexes without including (external) due to the intermolecular interaction of hydroxyl groups from
both the alkaloids and cyclodextrins . The water-soluble aggregates formed during this process are capable of
solubilizing the required substrate through non-inclusive complexation.

Keywords: alkaloid salsoline, cyclodextrins, supramolecular complexes.

Introduction

Supramolecular self-assembly of alkaloids complexes with cyclodextrins (CD) allows to increase the
solubility of a substance in water, to improve their bioavailability and physical and chemical stability, to
protect against biodegradation and to reduce toxicity [1-5]. CDDs are relatively affordable compounds,
produced from renewable raw materials - starch. The most common are a-, -, y-CDA-containing,
containing, respectively, 6, 7 and 8 glucopyranose units. The increased interest in CD-us is due to their
cyclic structure and the ability, due to the internal hydrophobic cavity, to form supramolecular inclusion
complexes of the host-guest type (receptor-substrate) in an aqueous medium [6—8].

The choice of salsoline 1 as a substrate for the supramolecular self-assembly of complexes with a-
and y-CD is determined by the presence of a wide spectrum of biological activity of the alkaloid and its
poor solubility in water [9-12].

— (4 ——



ISSN 2224-5286 1. 2019

Hcl)z“\g/?‘b.:\\q /3\‘\2
(I
NS NP
13 |
T
1

Supramolecular complexes 1 with a- and y-CD were obtained by interaction of equimolecular
amounts of substrate 1 with a- and y-CD receptors in ethanol solutions of the reactants at 65-70°C for 7
hours, followed by separation of the supra complexes by drying.

Results and discussion

The NMR spectroscopic study of supramolecular inclusion complexes 1, obtained on the basis of
CDs, is based on determining the difference in the chemical shifts of the 'H and C substrates (1) and
receptors (CDs) in the free state and in the complexes as a result of intermolecular interaction. In terms of
the magnitude of the change in chemical shifts of internal or external protons of CDDs, it is possible to
judge the formation of internal (inclusion complexes) or external (without inclusion) complexes,
respectively. The change in the chemical shifts of "H and ">C in the spectra of the substrate makes it
possible to determine the direction of the latter’s entry into the cavity of the CDs [1-8].

The structure of compound 1 was established on the basis of the results of 'H and “C NMR
spectroscopy obtained in DMSO-ds (Tables 1 and 2). The correctness of the assignment of one-
dimensional 'H and °C 1 NMR spectra was confirmed by the data of two-dimensional correlations of the
'H-"H TOCSY NMR spectra, 'H-'H ROESY, 'H-">C HMQC and 'H-">C HMBC.

The 'H and >C NMR spectra of a- and y-CDA in the free state and the supramolecular complexes
based on them with 1, obtained in DMSO-dg, are presented in Tables 1 and 2.

Table 1 — Chemicalshifts "H and *C NMR of compound 1 and a-CD-na in the free state ()
and in the composition of the supramolecular complex (8)

Atomr&umber Group . o rpm e o 0, plpm e : }?6 0 50|, ppm13C

Connectionsl

2 CH,, 2.76 38.85 2.76 38.94 0 0.09
CH,, 2.83 2.81 -0.01

3 CH,x 3.14 24.87 3.15 24.97 0.01 0.10
CHq 3.28 3.23 -0.05

4 C 124.28 124.28 0

5 C 124.87 124.97 0.10

6 CH 4.32 50.46 4.34 50.58 0.02 0.12

7 CH 6.55 115.51 6.54 115.55 -0.01 0.04

8 C 146.47 146.48 0.01

9 C 147.22 147.25 0.03

10 CH 6.75 110.36 6.74 110.39 -0.01 0.03

11 CH; 1.53 19.74 1.52 19.81 -0.01 0.64

14 CH; 3.69 56.31 3.70 56.35 0.01 0.04

12 OH 9.17 9.09 -0.08

a-Cyclodextrin

1 CH 4.76 102.48 4.76 102.46 0 -0.02

2 CH 3.24 72.64 3.23 72.60 -0.01 -0.04

3 CH 3.73 73.78 3.73 73.78 0 0

4 CH 3.34 82.59 3.34 82.60 0 0.01

5 CH 3.53 72.64 3.54 72.60 0.01 -0.04

6 CH, 3.60 60.55 3.60 60.50 0 -0.05

2 OH 5.44 5.49 0.05

3 OH 5.38 5.41 0.03

6 OH 4.42 4.47 0.05
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Table 2 — Chemical shifts 'H and *C NMR of compound 1 and y-CD-na in the free state (8,)
and in the supramolecular complex ()

Atomr(ljumber Group " o |[,Dm e - 0, plpm e : ﬁ& o 80|, pmeC

Connections1

2 CH,x 2.76 38.85 2.77 38.93 0.01 0.08
CH,, 2.83 2.82 -0.01

3 CH, 3.14 24.87 3.16 24.95 0.01 0.08
CH,, 3.28 3.28 0

4 C 124.28 124.28 0

5 C 124.87 124.93 0.06

6 CH 4.32 50.46 4.34 50.58 0.02 0.12

7 CH 6.55 115.51 6.54 115.55 -0.01 0.04

8 C 146.47 146.49 0.02

9 C 147.22 147.25 0.03

10 CH 6.75 110.36 6.74 110.39 -0.01 0.03

11 CH, 1.53 19.17 1.52 19.80 -0.01 0.63

14 CH; 3.69 56.31 3.70 56.35 -0.01 0.04

12 OH 9.17 9.09 -0.08

y-Cyclodextrin

1 CH 4.83 102.20 4.85 102.18 0.02 -0.02

2 CH 3.28 73.11 3.28 73.10 0 -0.01

3 CH 3.54 73.44 3.54 73.44 0 0

4 CH 3.30 81.46 3.31 81.41 0.01 -0.05

5 CH 3.47 72.69 3.48 72.68 0.01 -0.01

6 CH, 3.58 60.53 3.58 60.48 0 -0.05

2 OH 5.69 5.75 0.06

3 OH 5.66 5.72 0.06

6 OH 4.46 4.51 0.05

Comparison of the integral intensities of the 1H NMR signals of the salsoline molecule with a- and y-
CDA in supramolecular complexes showed that alkaloid 1 with both CDA forms 1: 1 complexes.

During the formation of supramolecular complexes 1 with a- and y-CD, we observe insignificant
changes in proton chemical shifts Ad in cyclodextrin molecules to the same extent both for internal
hydrophobic protons H-5 and H-6 that are closest to the edge of the cylindrical rim, and for located in the
outer hydrophilic surface of protons H-1, H-2 and H-4. In both CD-new molecules, there is no change in
the chemical shift of '"H NMR of the internal hydrophobic proton H-3. The greatest change in the proton
spectra of cyclodextrins occurs in hydroxyl protons 2-OH, 3-OH and 6-OH. In the alkaloid molecule 1, the
change in the proton spectra is also insignificant. The greatest change in the proton spectra is observed at
the hydroxyl proton H-12. These results indicate that the supramolecular self-assembly of salsoline with
CD-nam leads to the formation of complexes without the inclusion of (external) [3, 13] due to the
intermolecular interaction of hydroxyl groups from both the alkaloid and the CD-n (Fig. 1). The water-
soluble aggregates formed during this process are able to solubilize the substrate molecule through non-
inclusive complexation [14].

As a result of a comparative analysis of the 'H and "C NMR spectra of salsoline, a- and -
cyclodextrins and their supramolecular complexes, as well as by the value of the proton integrated
intensities of the substrate and receptors in the 'H NMR spectra, it was determined that supramolecular
self-assembly of salsoline with a- and y-cyclodecryns occurs with the formation of complexes without the
inclusion of (external) due to the intermolecular interaction of hydroxyl groups from both the alkaloid and
cyclodextrins. The water-soluble aggregates formed during this process are capable of solubilizing the
substrate molecule through non-inclusive complexation. This allows you to increase the solubility of the
substrate in water. The resulting salsoline supra complexes are essentially nanocomplexes of the latter and
can be used in nanomedicine in the future.
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Figure 1 — Estimated supramolecular complexes without the inclusion of molecule 1 with a- and y-CD-us

Experimental part

o- and y-CDs were used by Fluka, 99% pure. The 'H and *C NMR spectra were recorded on a Jeol
JNM-ECA 400 spectrometer (399.78 and 100.53 MHz on 'H and "C cores, respectively) in a DMSO-dq
solution at room temperature. Chemical shifts are measured relative to the residual signals of protons or
carbon atoms DMSO-dg.

Obtaining the inclusion complexes of salsoline alkaloid with a- and y-cyclodextrins. We have chosen
the coprecipitation method, since this method allows to obtain a very pure preparation of the inclusion
complex in crystalline form. To a concentrated solution of salsoline alkaloid in ethanol in the ratio of 1: 1
a saturated solution of cyclodextrin in water was added dropwise. Then stirred with a magnetic stirrer at a
temperature of 65-70 ° C. The individuality of the proposed complexes was checked by thin layer
chromatography on Silufol UV-254 plates in the system of isopropyl alcohol - 25% ammonia-water
solution 7:2:1. The final product must be dried at a temperature of 60°C in a vacuum dryer at an
atmospheric pressure of 0.4 kgf / cm®. The inclusion complexes of salsoline with cyclodextrins were
obtained in the form of a powder.
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AMP CHEKTPOCKOIIUSACHI 9AICIMEH HUKJIIOJAEKCTPUHJAEPMEH CAJIBCOJIMH
AJIKAJIOUATAPBIHBIH CYITPAMOJIEKYJIAPJIBI KEINEHJEPIH AJTY )KOHE 3EPTTEY

Annoramns.'H, PC sxone DEPT 6ip emmemai SIMP sxoume COSY (‘H-'H), 'H-'H TOCSY, 'H-'H ROESY,
HMQC ('H-"C) sxone 'H-"C HMBC opicTepiMen anKanous canbCoTHHHIH,OHBIH IIUKILIBIK HOTHCAXAPHIL O-KIHE Y-
LUKJIOEKCTPUH/IEPMEH CYIIPaMOJIEKYJIAPIIBIK KeIeHaepl 3epTTeini. 3epTTeneTid ankaron Monekynackinaa COSY
(‘H-"H) xone HMQC ('H-"C) 6ip Gaiinanbic apKbiibl KOMIPTEKTi aTOMAApMEH MPOTOHAAP KOPPENSIHSICHIHBIH,
COHIal-aK yII OaillaHbIC apKBUIBI NPOTOHIAPHI O0ap NPOTOHIAP KOPPEJALMSACHIHBIH CXEMaJapbl YCHIHBUIFAH.
3eprrernerin ankanouaThl coiikectenaipy kesinze COSY (‘H-"H), 'H-"H TOCSY, 'H-'H ROESY, HMQC ('H-"C)
xone 'H-C HMBC eki OIIIeMi CHEeKTPOCKONHS MYMKIHIIKTepiH NaijanaHy NIHUKIIK MOJHNCAXapUATI
penenTopiapMeH CyNnpaMoJIEKyJISIPIBIK ©3IITrHEeH KHHAYIBIH CyOCTPaTBIHBIH KYPBUIBIMBIH IYPBIC JKoHE Oip MOHMI
coiikecTenaipyre MyMKingix Gepai. [omosieprik xoHe rereposaponbik koppersuus SMP COSY (‘H-'H) xone
HMQC ('H-"C) o - oHe y-LMKIOAEKCTPHHACPAIH LMKIABIK MOJTMCAXAPHATEPIHIH KypbUIbIMbI MEH KypaMbiH
COMKEeCTEHIIpY JKOHE pacTay MaKCaThIHAA KOJJAHBUIABL PerientopiapiblH IIIKI JKOHE CBHIPTKBI OETiHIH
anmupaTHKAIBIK KOHE THAPOKCHIBII MPOTOHIAPBIHBIH XUMHSIEIK o3repicTepi anbikTamasl. Canbcomuuuin'H sxkone
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BC SAMP chextpnepine, - oHE Y-LHKIOICKCTPHHICPre KOHE ONAPIBIH CYNMPaMOICKYIAPIbIK KelleHAepiHe
CANBICTHIPMAITB TAJNAy JKYPTi3iimi. Canmscommunin'H sxome °C SITPONIAPBIHBIH, XAUMUSUTBIK BIFBICYBI MOHCPIHIH,
COHJaI-aK CyIpaMOJIeKYJIISAPIIbl KeMeHISPICTI 0-KOHE Y-IIUKIONSKCTPUHACPIIH o3repyi aHbIKTanapl. CyOcTpaT neH
petterrropnap s, IMP 'H criextpiszeri mpOTOH/BI HHTErPaIabl KAPKBIHABUIBIFBIHBIH MIAMACH! GOMBIHIIA O KIHE Y-
LUKJIOJEKCTPUHAEPMEH  CalIbCOJNMHHIH ~ CYNpPaMOJICKyJIalblK ©3[IrHEH JKWHAybl alKajoOHIl JKarblHAaH JIa,
LUKJIONEKCTPUH/ED JKarblHAH Ja TUAPOKCHJIBII TONTAPIBIH MOJIEKYyJaapaiblK e3apa opeKeTTecyi (ChIPTKbI)
ocepiIepIiH KOMETiHCI3-aK, KEUICHISPIiH maiaa 0onysIMeH Kypeai. bysl perte Ty3uneTiH cyna epuTiH arperarrap
cyOCTpaT MOJIEKYJIAaChlH MHKITIO3UBTIK €MeC KEIICH KYPY apKbUIbl COTFOOMITH3aIsUIayFa KaOiieTTi.
KinT ce3nep: canbCconH ankaioubl, IMKIOJEKCTPUHAED, CYIPAMOJIEKYIISPIIbIK KEIeHep.

VYIK 547.94 +547.458.68+543.429.2

O.A. Hypkenos'’, T.M. Ceii;iixanos”, C.JI. ®a3bLi08’,
A.K. Ucaesa', O.T. Ceitxanos?, .11, JKakcoi6aeBa'

'MucTuTyTa oprannueckoro cuntesa u yrnexumun PK, Pecrry6nuka Kasaxcran, r. Kaparanna;
2KOKLueTayCKI/IfI rocyaapcTBeHHbIH yHUBepcuTeT uM. L. Yammxanosa, Kazaxcran

MNOJYYEHHUE U UCCJIEJOBAHUE CYIIPAMOJIEKYJISIPHBIX KOMIIJIEKCOBAJIKAJIONJA
CAJIBCOJIMHA CHUKJIIOAEKCTPHUHAMMA METO/IOM CIIEKTPOCKOIINU AMP

Annotamusi. Meronamu SIMP oxsomeproii 'H, °C u DEPT u xBymepHoit cnexrpockormmu COSY('H-'H), 'H-
'H TOCSY, 'H-'H ROESY, HMQC (‘H-"*C) u 'H->CHMBC wuccieoBanbl ankaIoui CanbCONHH, a TAKKE ero
CYIIPaMOJIEKyJISIPHbIE KOMILIEKCH C LUKJIMYECKHMH TOJMcaXxapuaaMi O- U Y-IMKIOAEKCTpHUHAMHU. [IpencraBieHb
CXEMBbI KOPPEISIIM MPOTOHOB C MPOTOHAMH Yepe3 TPU CBSI3HM W CXEMbI KOPPEIALUHA MPOTOHOB C YIIIEPOJHBIMU
aromamu uepes ommy cmasp COSY('H-'H) u HMQC (‘H-"C) B MOJIEKyJIe HCCIEAyeMOTo aiKaJouza.
Hcnonp3oBanue NpH HACHTH(OUKALMHME HM3y4aeMOTo ajKaloOWAa BO3MOXHOCTEH IBYMEpHOH CIIEKTPOCKONUH
COSY('H-'H), 'H-'H TOCSY, 'H-'H ROESY, HMQC ('H-"C) u 'H-"CHMBC mnosBonmio mnpaBuibHO ©
OJTHO3HAYHO MJICHTU(QHULIUPOBATH CTPOCHUE cyOcTpara CyNpaMoOJIEKYJIIPHOH CaMOCOOPKM C LUKJINYECKHUMHU
ToJIMCAaXapHIHBIME pelienTopamu. IoMosiepHas i rereposaepHas koppemsmus SIMP COSY('H-'"H) u HMQC ('H-
13C) NPUMEHEHa TaKKe IS MISHTU(QHUKAMM W TOATBEPXKACHHUS CTPOCHUS M CTPYKTYpbl LUKJINYECKHX
MOJMCaxXapuloB O- M Y-IMKIOAEKCTPUHOB. bBBUTM omnpenesieHbl XUMHYECKHE CIOBUTH alu(aTHYeCKuX u
THJPOKCHIBHBIX ITPOTOHOB BHYTPEHHEW M BHEIIHEH MOBEPXHOCTH penentopos. IIpoBeneH cpaBHUTEIBHBIN aHAIN3
cnextpos SIMP 'H u C cambconuma, o- M Y-IMKIOJIEKCTPHHOB M MX CyIPaMOJEKYJSPHBIX KOMILIEKCOB.
OnpejieneHbl H3MEHEHHs 3HAYCHHI XHUMHYecKuX capuroB sgep 'H m °C  canbconmua, a Takke o- M Y-
LUKJIOJEKCTPUHOB B CYNPaMOJIEKYJSIPHBIX KOMIUIEKcax. [10 BEMUMHE MPOTOHHBIX WHTErPAJIbHBIX WHTEHCHBHOCTEH
cybeTpara u perentopos B criektpax 'H SIMP Gbio ompeeneHo, 4to CymnpaMoNeKy IspHascaMocO0pKacaabCoNMHa
C 0- M Y-IMKIOACKCTPHHAMH MPOHCXOJUT C OOpa30BaHWEM KOMIUIEKCOB 0Oe3 BKIIOYCHHS (BHEIIHMX) 3a CUET
MEKMOJIEKYJISIPHOTO  B3aMMOJEHCTBHS THAPOKCHIBHBIX TPYNIT Kak CO CTOPOHBI alKaJoOHIa, TaK U CO CTOPOHBI
muKIoekcTpuHoB. O0pa3zyemMble TPH 3TOM BOJOPACTBOPUMEBIE arperatbl ClIOCOOHBI COMOOMIN3NPOBATh MOJIEKYITY
cyOcTpata yepe3 HeMHKIII03UBHOEKOMILIEKCOOOpa3oBaHHe.

KaioueBble ci10Ba: ankajaoun]1 canbCOIMH, HUKIOJEKCTPUHBI, CYITPaMOJIEKYJISIPHbIE KOMILIEKCHI.
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