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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 o- and
y-cyclodextrins. Schemes of proton correlation with protons through three carbon atoms (‘H-'H) and HMQC (‘H-
BC) 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, o- 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.
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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].

— ) ——



ISSN 2224-5286 1. 2019

HO 7 3
13\3,//“\\‘;\\4/ g
H.C 9| D NH
314\\0/ \\\Lh/:; \\6/1
13 |
CH
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-d;, 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 (5;)
and in the composition of the supramolecular complex (5)

Atomléumber Group - S |ppm — - S, ;ipm — : §8 5 80|, ppm1 =

Connectionsl

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

3 CHx 3.14 24.87 3.15 24.97 0.01 0.10
CH,, 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 50.46 434 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 5.44 549 0.05

3 OH 5.38 541 0.03

6 OH 4.42 447 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 (3;)
and in the supramolecular complex (3)

Atomléumber Group o S |ppm o o S, ;ipm o : §8 5 80|, ppm13C

Connectionsl

2 CH.x 2.76 38.85 277 38.93 0.01 0.08
CH,, 2.83 2.82 -0.01

3 CH.x 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 432 50.46 434 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 14725 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

v-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 347 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 446 451 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 o- and y-CD, we observe insignificant
changes in proton chemical shifts AS 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-
iclusive 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

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

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 CHEKTPOCKOINHUACHI 9AICIMEH HUKJIOJEKCTPUHIAEPMEH CAJIBCOJIMH
AJTKAJTOUJATAPBIHBIH CYITIPAMOJIEKYJIAPJIBI KEINEHAEPIH AJTY KOHE 3EPTTEY

Aunnoramust.'H, °C sxone DEPT 6ip emmemai SIMP sxone COSY (‘H-'H), 'H-'H TOCSY. 'H-'H ROESY,
HMQC (‘H-"C) xome 'H-">C HMBC ogicTepiMeH ankajions CalbCOTHHHIH,OHBIH LHKIIBIK TIOTHCAXAPH O-3KOHE Y-
OUKJIOACKCTPHHACPMCH CYIPAMOJICKY JLIPIIBIK KCIICHACP] 3epTTeAal. 3CPTTCACTIH amKkatoux MoyeKy macsiaaa COSY
('H-'H) »ome HMQC ('H-’C) 6ip GaifaHBIC apKbUThI KOMIpPTEKTi aTOMIAPMEH MPOTOHIAP KOPPEIAIMACHIHEIH,
COHMal-aK YII OaiaHbIC ApPKBUIBI MPOTOHIAPHI Oap MPOTOHAAP KOPPEILILMACHIHBIH CXEMANaphl YCHIHBIIFAH.
3eprTeleTin atKaTOMATH colikecTeraipy kesimae COSY (‘H-"H), '"H-"H TOCSY, 'H-'H ROESY, HMQC (‘H-"’C)
xome 'H-’C HMBC exi emmeMmai CHEKTPOCKONHA MYMKIiHTIKTEDIH NaHmamaHy MHKIIK TOTHCAXAPHITI
PCUCITOPIAPMEH CYTPAMOJICKY JIAPIIBIK ©3MITIHCH KIHAYIBIH CYOCTPATHIHBIH KYPBUIBIMBIH JYPHIC JKOHE Oip MOHII
CofKecTeHIIpyre MyMKIiHIIK Oepai. [oMOsIepIiK sKoHEe rereposapombik koppemsmusa SIMP COSY (‘H-'H) sxome
HMQC ('H-"C) a - XoHE y-IMKIONEKCTPHHACPIIH IUKIABIK TOTHCAXAPHATEPIHIH KYPHUIBIMBI MEH KYPAMBIH
COUKCCTCHAIPY JKOHC pacTay MaKCATBIHAA KOJATAHBUIABL PeHenTopiapablH imMKi JKOHE CBIPTKBI OCTiHIH
aMH(pATHKATBIK XKOHE THAPOKCHIBII MPOTOHIAPHIHBIH XHMHSIBIK ©3repicTepi ambikTanasl. Camscomumuuin' H sxomHe
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BC SMP cnekrprepine, 0- JKOHE Y-IUKIOACKCTPHHICPIE KOHE ONAPIBIH CYMPAMONCKYIAPIBIK KEIICHICPIHE
CaJBICTRIPMANTBI TANAAY SKYPTi3iimi. Camscomuunin'H xoue °C STPOJTAPBIHBIH XHUMHESIBIK BIFBICYBI MOHACPIHIH,
COHZTaH-aK CyINPaMOJICKY JLIPIIbI KENICHACPACT] O-K9HE Y-IUKJIOACKCTPHHACPAIH 63repyl anbIkranapl. CyocTpar neH
peuenropaapasiy, AMP 'H CIICKTPIHACTI MPOTOHABI HHTCTPAIIBI KAPKBIHIBLTBIFBIHBIH IIAMACHI OOHBIHINA O~ KOHE Y-
OHUKIOJCKCTPHHACPMEH — CANBCONIMHHIH —CYNMPAMOJCKYJIANbIK O3JiriHEH JKHHAYBI AJKAJOWMA JKAFbIHAH 14,
OUKIOJCKCTPHHACD JKAFBIHAH 14 THAPOKCHIBIAI TONTAPABIH MOJCKYJIAApalbIK ©3apa 9peKeTTeCyi (CHIPTKBI)
dcep IepAiH KOMETIHCI3-aK, KemeHACPAiH naiaa 0omysIMeH kypeai. byr perre TysineTin cyna epurtiH arperarrap
cyOCTpaT MOJICKY TACHIH HHKIIFO3UBTIK EMEC KEIICH KYPY apKbIIbI COMFOOMIN3ANMIIAYFa KabiaeTTi.
KiaT cesaep: caixbConImH aIKaIOUIbl, IMKIOACKCTPHHACP, CY IPAMOJIEKY JSIPIIBIK KEIICHAEP.
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MNOJYYEHME H HCCJIEJOBAHHUE CYIPAMOJIEKYJIAPHBIX KOMIIIEKCOBAJIKAJIOUJA
CAJBCOJHUHA CIHUKJOAEKCTPHHAMHA METOAOM CHEKTPOCKOIINH SAMP

Annoramus, Merogamu SIMP omxsomeproit 'H, '°C u DEPT u asymepsoii cnexrpockormun COSY('H-'H), 'H-
'"H TOCSY, 'H-'H ROESY, HMQC (‘H-"C) 1 '"H-"CHMBC mcc1eI10BaHbI ANKATOH CAIBCOIHH, 4 TAKKS Cr0
CYIPAMOJICKY IIPHBIC KOMIUTCKCHI ¢ IHKIAYCCKHMH IOTHCAXAPHIAMH (- H Y-IUKJIOACKCTpHHAMH. [IpencTaBicHs
CXEMbl KOPpEJLUi MPOTOHOB C MPOTOHAMH YEPE3 TPU CBI3H M CXEMBbI KOPPE/LILMHA MPOTOHOB C YIVIEPOIHBIMH
aromamu uepe3 omny cBasb COSY('H-'H) m HMQC (‘H-*C) B Moiekynze HCCIEAyeMOTo AaaKaIomia.
UcnonpzoBanne mpu HIACHTHQHKAIMAN HW3YYAEMOTO AIKAJOMJA BO3MOMKHOCTEH JBYMEPHOH CHEKTPOCKOIHMH
COSY('H-'H), 'H-'H TOCSY. 'H-'H ROESY, HMQC (‘H-"*C) u 'H-°CHMBC no3BomHMIO HPAaBHIBHO H
OMHO3HAYHO HWACHTH(HIMPOBATH CTPOCHHC CyOCTpara CympaMOJCKYIAPHOH CaMOCOOPKH € MHKIHYCCKAMH
TOJHCAXAPHIHBIMA PeLienTopamMu. [ oMosepHas 1 reteposaepras koppemmus SIMP COSY(‘H-'H) u» HMQC (‘H-
BC) MPUMCHEHA TAKKE U1 HWICHTUPUKAOUM W TOATBEPKACHHA CTPOCHUS M CTPYKTYPHl LUKIHYCCKUX
MOTUCAXAPHIOB O~ M Y-OHKIOACKCTPHHOB. DBITH ONPCOCICHBI XHMHYCCKHC COBHTH ATH(PATHICCKHX U
THIPOKCHUIBHBIX IMPOTOHOB BHYTPECHHEH M BHEHIHCH NMOBEPXHOCTH PELENTOPOB. IIPOBEICH CPABHUTEIBHBIN AHATH3
cnektpos SIMP 'H u °C cambcomuma, o- M Y-IHKIOIEKCTPHHOB M HX CYyNPAMONEKYJAPHBIX KOMILICKCOB.
OmnpenencHbl M3MCHCHUSI 3HAUCHUIH XHMHYCCKHX CIBUTOB SACp '"H u PC  camscomuma, a Tamke O- H v-
LUKJIOJACKCTPUHOB B CYNPaMOJICKY JIPHBIX KOMIUICKCAaX. 110 BEIMUMHE MPOTOHHBIX MHTEIPAIbHBIX HHTCHCUBHOCTEH
cy6eTpaTa | penenTopos B ciekTpax 'H SIMP GBII0 ONpeeicHo, UTo CyMpPaMOIeKy IAPHAACAMOCOOPKACATHCOTHHA
C O- W Y-OUKJIOJCKCTPHHAMH MPOHMCXOJUT C OOpa30BAHHEM KOMILUICKCOB O3 BKIFOUCHHWS (BHEIIHMX) 33 CUCT
MEKMOJICKY ISIPHOTO B3aHMOJCHCTBHS THAPOKCHJIBHBIX TPYII KAK CO CTOPOHBI AIKAJIOHIA, TAK H CO CTOPOHBI
OUKI0ACKCTPHHOB. OOpa3yeMBIC TPH 3TOM BOJOPACTBOPHMEBIC aTPerarhl CIIOCOOHBI COMFOOHITH3HPOBATh MOJICKY Iy
cyOcTpaTa Yepe3 HCHHKIIFO3HBHOCKOMILICKCOOOPA30BaHHE,

Kimio1ueBbie ¢10BA: aTKaIOW CATbCOIMH, IHKIOICKCTPHHBI, CYTPAMOIICKY JLIPHBIC KOMILICKCHL
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