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Study of supramolecular inclusion complexes of pseudoephedrine, lupinine,
anabasine and cytisine with B-cyclodextrin by NMR spectroscopy

The 'H, "*C and DEPT one-dimensional NMR and two-dimensional spectroscopy methods COSY-('H-'H),
HMQC ("H-"*C) and TOCSY ('H-'H) were used to study the alkaloids pseudoephedrine, lupinine, anabasine
and cytisine and their supramolecular inclusion complexes with cyclic polysaccharide B-cyclodextrin. The
proton-proton correlation patterns are presented through three bonds and the proton-carbon correlation pat-
terns through one bond, namely COSY ('H-'H) and HMQC ("H-"*C) in the molécules of the alkaloids under
study. The use of the capabilities of two-dimensional spectroscopy COSY ('H-'H), HMQC ('H-"C) and
TOCSY ('H-'H) to identify the studied alkaloids allowed us to correctly and unambiguously identify the
structure of substrates of the supramolecular self-assembly with a cyclic polysaccharide receptor.
Homonuclear and heteronuclear correlation NMR COSY (‘H-'H) and HMQC ("H='>C) is also used to identify
and confirm the structure and structure of the cyclic polysaccharide B-cyclodextrin. The chemical shifts of the
aliphatic and hydroxyl protons of the inner and outer surfaces of the receptor were determined. A comparative
analysis of the 'H and *C NMR spectra of pseudoephedrine, lupine, anabasine and cytisine, B-cyclodextrin
and their supramolecular inclusion complexes was carried outChanges in the chemical shifts of "H and *C
nucleus of pseudoephedrine, lupinine, anabasine, and cytisine, and B-cyclodextrin in inclusion complexes
were determined. The proton integral intensities of the substrate and.receptor in the "H NMR spectra deter-
mined that the supramolecular interaction of the studied pseudoephedrine, lupinine, anabasine and cytisine
with B-cyclodextrin is accompanied by the entry of hydrophobic fragments of 1 substrate molecule into the
inner cavity 1 of the receptor molecule.

Keywords: pseudoephedrine, lupinine, anabasine, cytisine, 3-cyclodextrin, inclusion complexes, NMR spec-
troscopy.

Introduction

NMR spectroscopy is currently one of the most informative methods for studying the structure and in-
termolecular interactions in/inclusion complexes [1]. Therefore, this research method was chosen to study
the supramolecular inclusion complexes of pseudoephedrine 1, lupine 2, anabasine 3 and cytisine 4 with
B-cyclodextrin (B-CD). The inclusion of alkaloids 1-4 in the cavity of the host molecule will increase the
solubility of the substance, improve bioavailability and physico-chemical stability, and protect against bio-
degradation [2]. Among the currently known biologically active compounds, encapsulating receptors such as
cucurbiturils, crown ethers, calixarenes, and others, 3-CD [3] has a number of remarkable properties due to
its structure. This is a relatively readily available compound derived from a renewable source, namely starch.
B-CD is a cyclic'oligosaccharide containing 7 glucopyranose units. The B-CD molecule has the shape of a
truncated cone,on the inner surface of which hydrophobic binding protons H-3 and H-5 are located, and on
the outer surface — H-2 and H-4.
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The most important feature of B-CD is its ability to hydrophobically bind the guest molecule in its cavi-
ty in an aqueous medium.

Results and Discussion

The study by NMR spectroscopy of supramolecular inclusion complexes 5—8 obtained respectively on
the basis of alkaloids 1-4 and B-CD is based on determining the difference in the values of chemical shifts of
'H and "C substrates (1-4) and receptor (B-CD) in free condition and composition of complexes as a result
of intermolecular interaction. According to the magnitude of chemical shifts of internal or external protons of
B-CD, one can judge the formation of internal or external complexes, respectively. The change in the chemi-
cal shifts of 'H and "°C in the spectra of substrates makes it possible to determine the direction of the latter
entering the B-CD cavity [4].

Interpretation of the 'H NMR spectrum of the pseudoephedrine 1 molecule in the free state showed the
presence of strong-field signals in the form of a three-proton doublet with °J 6.4 Hz at 0.67.ppm and three-
proton singlet at 2.26 ppm, which can be attributed to the protons of the methyl groups H-12, 12, 12 and
H-11, 11, 11, respectively.
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One-proton quintet signal at 2.53 ppm from *J 6.4'Hz can be correlated to protons H-9. One-proton
doublet at 4.19 ppm from *J to 7.2 Hz corresponds to the methane hydrogen atom H-7. Protons of the phenyl
radical resonate in the low-field region of the spectrum. Proton H-4 was detected in the form of one-proton
multiplet at 7.17-7.22 ppm. The remaining protons of the aromatic nucleus H-2, 6, 3, 5 resonate as multiplet
at 7.26-7.27 (4H) ppm. Hydroxyl and imine protons H-8 and H-10 fell into the region of resonance of resid-
ual protons of the solvent and appeared along with them as broadened singlet at 3.25 ppm. Similar signals
are observed in the PMR spectrum of the pseudoephedrine complex with B-CD 5.

In the carbon NMR spectrum of an individual pseudoephedrine, signals of methyl atoms C-12 and C-13
are observed in the strong field region at 15.77 and 33.90 ppm, respectively. Asymmetric carbon atoms C-9
and C-7 correspond to doublet signals with chemical shifts of 61.10, 61.30 and 76.72—76.94 ppm, respective-
ly. Aromatic carbon atoms resonate at 127.35 (C-3, 5), 128.07 (C-4), 128.44 (C-2, 6) and 144.10 (C-1) ppm.
In the supramolecular complexes of pseudoephedrine with B-CD in comparison with the free substrate, the
signals of °C nuclei (£AJ) are shifted both to the weak and strong fields (Table 1). This is due to the dis-
shielding and shielding of carbon nuclei during the formation of supra complexes when the interacting nuclei
approach each other.

Table 1
Chemical shifts NMR 'H and "*C 1 and B-CD in the free state and in complex 5
The value of 9 in the free The value of & Change in chemical shift
Atom Group .
Aumber : state, ppm - 1n1 the complex, 1193pm : AS(8- dy), ppl}l3
CH, H C H C H
1 2 3 4 5 6 7 8
Pseudoephedrine

1 =C< — 144.10 — 144.02 — -0.08

2 =CH- 7.27 128.44 7.27 128.48 0 0.04

3 =CH- 7.26 127.35 7.26 127.35 0 0

4 =CH- 7.20 128.07 7.20 128.09 0 0.02

5 =CH- 7.26 127.35 7.26 127.35 0 0

6 =CH- 7.27 128.44 7.27 128.48 0 0.04

7 >CH- 4.19 76.94 4.19 76.88 0 -0.06
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Continuation of Table 1

1 2 3 4 5 6 7 8

9 >CH- 2.53 61.10 2.53 57.03 0 -4.07
-CH,4 2.26 33.90 2.26 33.82 0 -0.08

12 -CH,4 0.67 15.77 0.67 15.71 0 -0.06

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.68 0.02 0.25

2 >CH- 3.27 72.87 3.29 72.92 0.02 0.05

3 >CH- 3.49 73.54 3.59 73.68 0.10 0.14

4 >CH- 3.30 82.00 3.34 82.14 0.04 0.14

5 >CH- 3.45 72.52 3.55 72.65 0.10 0.13

6 -CH,- 3.57 60.40 3.61 60.57 0.04 0.17

The NMR spectrum of an individual B-CDD (Fig. 1) is characterized by the manifestation of six groups
of signals in the region 3.23-3.32; 3.45-3.60; 4.47-4.49; 4.77-4.78; 5.66; 5.71-5.73 ppm.
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Figure 1. "H NMR spectrum p-CD

The lowest-field doublet:signal in the range of 5.71-5.73 ppm with the splitting of 4 Hz belongs to the
proton of the hydroxyl group at the C-2 atom. Also in the weak field region, the proton of the OH group of
the neighboring atom (QH=3) resonates in the internal cavity of the 3-CD molecule (6 = 5.66 ppm, doublet).
The doublet signal in the region of 4.77—4.78 ppm corresponds to the proton H-1 f-CDD. The location of the
indicated proton in'a weaker field compared to the protons of other CH groups is due to the influence of the
oxygen atom. The hydroxyl group OH-6 resonates splitting into a triplet with a center at 4.48 ppm. In the
field of a strong field at 3.49-3.60 ppm signals of protons H-6a, b of the methylene group are observed. High
intensity signal at 3.45 ppm corresponds to the protons H-3 and H-5 of glucopyranose link. In the range from
3.23to 3.32 ppm metinic protons H-2 and H-4 appear.

The B-CD'NMR spectrum (Fig. 2) consists of six signals from "*C nuclei of the elementary link.

The signal of carbon atom C-6 appears at 60.41 ppm in the high-field part. The signals at 72.49, 72.85
and 7351 ppm resonate due to the C-5, C-2 and C-3 atoms, respectively. Signals of carbon atoms C-4 and
C-1, respectively, are observed in the weaker field at 82.02 and 102.41 ppm, which are directly connected
with the neighboring glucopyranous unit through the oxygen bridge.

The study of the one-dimensional spectra of -CD in the free and bound state (Table 1) made it possible
to identify the pattern of displacement of all "H and "*C signals of the host molecule to the weak field, which
confirms non-valent binding to the guest. For proton spectra, the greatest difference in the chemical shift
values (Ad=+0.10 ppm) is characteristic of the H-3 and H-5 inner-sphere protons, on the basis of which it can
be concluded that an internal (inclusive) complex with pseudoephedrine is formed. In the case of the carbon
spectrum, the difference is more significant and ranges from 0.05-0.25 ppm.
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Figure 2. C NMR spectrum B-CD

Analysis of two-dimensional NMR spectra in COSY (‘H-'H) and HMQC (*H-"C) formats (Fig. 3
and 4) allowed us to establish homo- and heteronuclear interactions in pseudoephedrine molecules in both
the free state 1 and in the composition of the supramolecular inclusion complex 5.

Figure 3. Correlations of COSY (‘H-'H).in molecule'1 Figure 4. Correlations of HMQC (‘H-"C) in molecule 1

Thus, the formation of supramolecular inclusion complexes is confirmed on the basis of changes in the
chemical shifts of NMR of the stibstrate and receptor atoms. Comparison of the integral intensities of the 'H
signals of the receptor molecules and the substrate in individual and encapsulated forms showed that there
was 1 receptor molecule in thednclusion complexes 5 per 1 substrate molecule. Considering that the greatest
displacements of atoms'in the substrate molecule are observed for the aliphatic fragment, we can assume the
following picture of the inclusion of pseudoephedrine in the internal cavity of B-CD (Scheme 1):

Scheme 1. The formation of the inclusion complex 1 with f-CD

In the spectra of free lupinine in the strong field at 1.03—1.64 and 1.75-1.91 ppm multiplet signals with
an intensity of 10H and 4H, respectively, of protons H-6, 4, 4, 3, 3, 8, 8, 5, 7, 7, and H-9, 9, 2, 2 condensed
ring systems are observed. The doublet-like multiplet signal at 2.65-2.67 ppm with integral 2H can be at-
tributed to the protons H-10, 10. The two-proton multiplet at 3.47-3.59 ppm belongs to the methylene pro-
tons H-11, 11. Hydroxyl protons H-11 resonated with a broad one-proton singlet at 4.23 ppm.
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Carbon atoms resonate at 21.62 (C-3), 25.40 (C-8), 25.75 (C-6), 27.40 (C-7), 29.35 (C-4), 41.00 (C-5)
in the ?C NMR spectrum of substrate 2. The weakest field signals are at 57.28, 60.45 and 64.66"ppm can be
attributed to carbon atoms with a nitrogen heteroatom of C-2, 10, C-9 and secondary C-11, respectively.

Analysis of the two-dimensional spectra of COSY (‘H-'H) and HMQC ('H-"C) (Fig. 5, 6) allowed us
to establish homo- and heteronuclear interactions in the substrate molecule. The COSY correlations carried
out through three bonds are determined between the protons of the system of condensed nuclei of the
lupinine molecule.

Figure 5. Correlations of COSY (‘H-"H) in molecule 2 Figure 6. Correlations of HMQC (‘H-"C) in molecule 2

Nonvalent bonding of atoms occurs in the process of supramolecular interaction. This is reflected in the
chemical shifts of the interacting nuclei. Equivalent signals of protons of condensed nuclei of lupinine appear
in the spectrum of the inclusion complex with B-CD (6) in the ranges 1.00-1.62 and 1.76—1.92 ppm. The sig-
nal of the methylene proton in the OH group as a result of complexation shifts to 3.49-3.50 ppm.

For B-CD protons, the formation of an inclusion complex is accompanied by the displacement of all 'H
nuclei into the region of a weak field. The largest difference in chemical shift values (Ad=+0.10-0.12 ppm) is
characteristic of the H-3 and H-5 inner-sphere protons, on the basis of which it can be concluded that an in-
ternal B-CD complex is formed lupinine (Table 2).

In the case of carbon spectra of substrate 2, the receptor and their complex 6, a more significant shift of
signals is observed. To.the carbon atoms of the condensed system, lupinine molecules correspond to signals
at 21.59, 25.40, 27.35 and 29.33 ppm. The C-6 signal of the methine group is observed at 25.69 ppm. The
weak field signalsof the C-2; 10, C-9 and C-11 atoms also underwent slight shifts on the chemical shift scale
and appear at 57.28, 64.62 and 60.56 ppm, respectively. The difference in the values of changes in chemical
shifts ranges from 0.03—0.25 ppm for carbon atoms of f-CD (Table 2).

Table 2
Chemical shifts NMR 'H and *C 2 and B-CD in the free state and as part of complex 6

The value of & in the free | The value of 6 in the com- Change in chemical shift
Atom Group
number : state, ppm - : plex, ppm - : AS(5-8), ppr{l3
CH, H C H C H C
1 2 3 4 5 6 7 8
Lupinine
2 -CH,-N 1.90 57.29 1.92 57.28 0.02 -0.01
3 -CH,- 1.36 21.62 1.34 21.59 -0.02 -0.03
4 -CH,- 1.34 29.35 1.32 29.33 -0.02 -0.02
5 >CH- 1.58 41.01 1.57 41.03 -0.01 0.02
6 >CH- 1.17 25.58 1.20 25.69 0.03 0.11
7 -CH,- 1.65 27.40 1.64 27.42 -0.01 0.02
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Continuation of Table 2

1 2 3 4 5 6 7 8

8 -CH,- 1.37 25.40 1.38 25.40 0.01 0

9 -CH,- 1.82 64.66 1.83 64.62 0.01 -0.04
10 -CH,-N 2.66 57.29 2.66 57.28 0 -0.01
11 -CH,0H 3.56 60.45 3.55 60.49 -0.01 0.04

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.68 0.02 0.25
2 >CH- 3.27 72.87 3.30 72.90 0.03 0.03
3 >CH- 3.49 73.54 3.61 73.69 0.12 0.15
4 >CH- 3.30 82.00 3.33 82.15 0.03 0.15
5 >CH- 3.45 72.52 3.55 72.66 0.10 0.14
6 -CH,- 3.57 60.40 3.61 60.56 0.04 0.16

Thus, the formation of supramolecular inclusion complexes is confirmed on the basis of changes in
chemical shifts of the characteristic atoms of the substrate and receptor. Comparison of the integral intensi-
ties of the 'H NMR signals of the receptor molecules and the substrate in the free and encapsulated forms
showed that in the 6 per 1 inclusion molecule complexes there is 1 receptor molecule. Taking into account
that the greatest displacements of atoms in the substrate molecule are observed uniformly for the atoms of
the entire lupinine molecule, the following variants of encapsulating lupinine into the f-CD cavity can be
assumed (Scheme 2).

6a 6b

Scheme 2. Possible options for encapsulating 2 in -CD

In the spectrum of molecular anabasine 3 in the range from 1.25 to 1.52 ppm NMR 'H observed signals
4 protons, which.can be correlated to the CH,-groups with atoms of C-4 and C-5 of the piperidine system.
The protons of two neighboring methylene groups of the heterocycle resonate at 1.76 (H-3, multiplet), 2.61
(H-2ax, triplet of doublets, °J 11.7, °J .7 Hz) and 2.99 (H-2eq, doublet, *J 13.7 Hz) ppm. Proton H-6 was
manifested by a‘one-proton doublet of doublets at 3.54 with *J 10.8 and *J 2.5 Hz. In the weak-field region of
the spectrum, protons of the pyridine cycle at 7.26 (H-11), 7.68 (H-12), 8.38 (H-10) and 8.50 (H-10) ppm
manifested themselves in the multiplet signals.

o

]

1 2

11/ ?%?/G\N/
| [
1u\§/ﬁa 1

24 BecTHuk KaparaHgmHckoro yHusepcurteTa



Study of supramolecular inclusion complexes...

In the case of the carbon spectrum of anabasine, a similar picture is noted — the signals of *C nuclei of
the piperidine fragment are observed in the region of a strong field, while the pyridine cycle gives signals in
the weak-field part. Methylene atoms C-2, C-3, C-4 and C-5 of a saturated heterocycle are signals with
chemical shifts at 47.20, 25.97, 25.81 and 35.38 ppm, respectively. The methine atom C-6 resonates at
59.37 ppm. Carbon atoms in the o-position of the pyridine ring give signals in the region of 148.26—148.86
ppm m-Atoms C-7 and C-11 resonate at 141.60 and 123.66 ppm, respectively. The carbon atom C-12 ap-
peared at 134.52 ppm. It should be noted that the presence of asymmetric carbon atoms in the molecule 3
leads to the splitting of ?C NMR signals due to the presence of antipodes in the molecules studied.

Homo- and heteronuclear correlations in the anabasine molecule were established using the two-
dimensional spectra of COSY (‘H-'H) (Fig. 7) and HMQC ('H-"C) (Fig. 8).

Figure 7. Correlations of COSY (‘H-"H) in molecule 3 Figure 8. Correlations of HMQC ("H-"C) in molecule 3

An insignificant strong-field shift was observed (Aé = —0.01 ppm) for protons of the piperidine ring of
molecule 3 during complexation. In the supracomplex, the signals ‘of the protons of the pyridine system are
observed at 7.27, 7.68, 8.38 and 8.49 ppm. Since the signals of the piperidine fragment of the substrate un-
derwent the greatest change in the process of complexation, the assumption was made that the protons were
bound to the protons of B-CD.

For 'H cyclodextrin cone nuclei, the formation of a complex is accompanied by a shift of all signals to
the weak field region. The largest difference in the chemical shift values (A6=+0.11-0.12 ppm) is character-
istic of the protons of the internal cavity H-3 and H-5, on the basis of which it can be concluded that the for-
mation of the supramolecular inclusion complex 7 of the'cyclic polysaccharide with molecule 3 (Table 3).

Table 3
Chemical shifts NMR 'H and *C 3 and B-CD in the free state and as part of complex 7
Group The value of 9, The value of & Change in chemical shift
Atom number in the free state, ppm in the complex, ppm AS(6-8), ppm
CH, H | ErS H | ErS) H | Ers)
Anabasine
-CH, 4 2:61 2.61 0

2 CHa 299 47.20 299 47.16 0 -0.04
3 <CH,- 1.76 25.97 1.75 25.95 -0.01 -0.02
4 -CH>- 1.45 25.51 1.44 25.48 -0.01 -0.03
5 -CH,- 1.38 35.24 1.37 35.21 -0.01 -0.03
6 >CH- 3.54 59.37 3.56 59.33 0.02 -0.06
7 >C= — 141.60 — 141.57 — -0.03
8 -CH=N 8.50 148.26 8.49 148.28 -0.01 0.02
10 -CH=N 8.38 148.62 8.38 148.62 0 0

11 -CH= 7.26 123.66 7.27 123.70 0.01 0.04
12 -CH= 7.68 134.52 7.68 134.66 0 0.14

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.66 0.02 0.23
2 >CH- 3.27 72.87 3.30 72.96 0.03 0.09
3 >CH- 3.49 73.54 3.61 73.68 0.12 0.14
4 >CH- 3.30 82.00 3.34 82.16 0.04 0.16
5 >CH- 3.45 72.52 3.56 72.65 0.11 0.13
6 -CH,- 3.57 60.40 3.63 60.57 0.06 0.17
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Based on the values of the integral intensities of the signals of the protons of CD, consisting of seven
glucopyranose units and 6—7 water molecules released during complexation, it can be assumed that one mol-
ecule 3 is inserted into the internal cavity of one -CD molecule with the piperidine fragment of the substrate
entering the internal cavity of the receptor (Scheme 3):

Scheme 3. The formation of the inclusion complex 3 with f-CD

The cytisine 4 alkaloid in the low-field part of the proton spectrum exhibits two doublet at 6.00 (1H,
H-5,°] 6.8 Hz) and 6.16 (1H, H-3, °J 6.8 Hz) ppm and one triplet signal at 7.27 (1H, H-4, *J 6.8 Hz) of the
pyridine core. In the area of 3.63-3.80 ppm (2H) the resonances of the protons H-10ax and H-10eq are not-
ed, and the signal of the axial proton is shifted to the strong-field part of the spectrum. Four protons H-11,
11, 13, 13 methylene groups associated with the NH-group, and the methine proton'H-7 give signals in the
range of 2.73-2.90 ppm (5H), splitting under the influence of neighboring atoms into triplets and a multiplet,
respectively. Widened singlet signals in the high-field part of the spectrum at.1.77 (2H) and 2.20 (1H) ppm
correspond to protons H-8 and H-9.

Analysis of the DEPT format spectra indicated the presence of four CH,-signals and five CH-group sig-
nals in the carbon spectrum. Spectra at 139.19, 115.60 and 104.36 ppm correspond to the C-4, C-3 and C-5
atoms of the methine groups of the a-pyridine system. Two other signals of tertiary carbon atoms appear in
the region of 35.33 and 27.75 ppm and are due to C-7 and C-9 atoms, respectively.

The signals of the methylene groups of the bicyclic system appeared at 26.41 (C-8), 49.98 (C-10),
53.16 (C-11) and 54.07 (C-13) ppm. In the weakest field at 152.95 and 162.85 ppm low-intensity signals of
quaternary carbon atoms C-6 and C-2, respectively, appear.

The results of the analysis of two-dimensional spectra in the formats COSY (‘H-'H), TOCSY ('H-'H)
and HMQE (*H-"C) indicating homo- and heteronuclear interactions in molecule 4 are presented in the dia-
grams below (Fig. 9—11).

Figure 9. Scheme of the COSY Figure 10. Scheme of TOCSY Figure 11. Scheme of HMQC
(‘H-"H) correlations in molecule 4 (‘H-"H) correlations in molecule 4 (‘H-"C) correlations in molecule 4
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According to Table 4, it can be noted that all protons of the glucopyranose -CDA link in the complex
are shifted towards a weaker field compared to similar protons of the individual receptor, with the largest
difference in chemical shift values (AS('H)=0.15 m.e.) are observed in the protons of the internal cavity of
the toroidal molecule H-3 and H-5. That serves as evidence of the formation of an inclusion complex 8.
Comparison of the proton integral intensities of the substrate and receptor indicate the formation of a
supramolecular complex of 1:1 composition (Scheme 4).

Table 4
Chemical shifts NMR 'H and *C 4 and B-CD in the free state and as part of complex 8
Group The value of 9, The value of & Change in chemical shift
Atom number in the free state, ppm in the complex, ppm AS(6-8), ppm
CH, H | ErS H | k1S H | k1S
Cytisine

2 >C=0 — 162.85 — 162.92 — 0.07
3 =CH- 6.16 115.60 6.17 115.62 0:01 0.02
4 =CH- 7.27 139.19 7.28 139.27 0.01 0.08
5 =CH- 6.00 104.36 6.01 104.51 0.01 0.15
6 >C= — 152.95 — 15289 — -0.06
7 >CH- 2.76 35.33 2.76 35.27 0 -0.06
8 -CH,- 1.77 26.41 1.78 26.35 0.01 -0.06
9 >CH- 2.20 27.75 2.21 27.69 0.01 -0.06
10 -CH,- 3.76 49.98 3.76 49.98 0 0

11 -CH,- 2.84 53.16 2.86 53.08 0.02 -0.08
13 -CH,- 2.80 54.07 2.81 54.01 0.01 -0.06

B-cyclodextrin

1 >CH- 4.77 102.43 4.79 102.49 0.02 0.06
2 >CH- 3.27 72.87 3.29 72.97 0.02 0.10
3 >CH- 3.45 73.54 3.60 73.60 0.15 0.06
4 >CH- 3.30 82.00 3.31 82.12 0.01 0.12
5 >CH- 3.45 72.52 3.60 72.59 0.15 0.07
6 -CH,- 3.57 60.40 3.62 60.49 0.05 0.09

Scheme 4. The formation of the inclusion complex 4 with -CD

Conclusions

From the-above results, it follows that all the alkaloids studied enter supramolecular self-assembly with
B-cyclodextrin with the formation of 1:1 inclusion complexes with the occurrence of the hydrophobic part of
substrates in the inner region of the receptor. This will increase the solubility of substrates in water. The re-
sulting supra complexes of alkaloids are essentially nanocomplexes of the latter and can be further imple-
mented in nanomedicine.
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IlceBno3dpenpun, 1ynuHuH, aHada3uH
7K9HE HIMTHU3NHHIH B-IUKI0AeKCTPHHMEH CYNPaMOJIeKYJIATbIK KOCBLIY
kemeHaepin AMP cnekTpockonus diciMeH 3epTrey

Bipemuemai 'H, *C, DEPT sxone exiemmemai COSY (‘H-"H), HMQC (‘H-'3C) sone TOCSY (‘H-'H) SIMP
CIIEKTPOCKOIHUSIIAPBI 9iCTePi apKbUIbI IIceBA03(EPHH, JIYIMHUH, aHA0a3MH )KOHE LIUTH3UH AJIKAJIOUITapHI,
COHBIMEH KaTap KypaMbIH/ia IUKJIIBIK MOJIMCaxapuibl 6ap P-IMKIOJEKCTPUH KOCBUTY KelleHAepi 3epTTeN.
3epTTeNin OTHIPFaH AIKaJOWA MOJICKYJIajJapblHIarbl MPOTOHAAPMEH YII OaiijlaHbIC apKbUIbl OIpiKKEH
TIPOTOH/IAPIBIH KOppesiust chizback sxore COSY ('H-'H) xone HMQC ('H-"C) 6ip Gaitnansicts kemipTex
aToOMJIapbl IPOTOHIAPBIHBIH KOPPEISLMACH KETIPUIreH. 3epTTEIi OThIPFaH alKaJIoHITap /bl CONKECTEHIIpY
kesinge COSY (‘H-"H), HMQC ('H-"°C) sxoune TOCSY ('H-'H) exiomuemai ciékTpockomis MyMKiHAiKTEpi
LMKJIAIK TOJNMCAXapuAThl PELEenTopbl Oap CympaMoJeKyJaiblK ©34iK JKWHAKTalFaH CyOCTpaTTapiblH
KYPBUTBIMEIH IYPhIC Opi HAKTHI COlfKecTeHmipyre MyMKinaik 6epai. Consmven katap COSY (‘H-'H) sxome
HMQC ('H-"C) SAMP-ThIH roMo- XOHE TIeTepOSAPONEl KOPPENALIACH - B-IHKIONEKCTPHH LMKIIIK
HOJIMCAXapUATBIH ~ KYPBUIBIMBI MEH KYpPBUIBICBIH COHKECTEHAIpyre JKOHe pacTayFa  KOJJAaHbBLIJbL.
[NceBnoadenpuH, TyNUHUH, aHA0A3MH, [IUTH3KH, B-IIMKIO0IeKCTPUHHIH JKSHE OJapIbIH KOCBUTY KEIIeHIePiHiH
SIMP criexTpiiepine caibIcThIpMaibl Tangay kyprisinai. IlceBrosdeapun, mynuHuH, aHaGaswH, IUTH3HH,
B-LIMKIIOIEKCTPHHHIH XKOHE OMapbIH KOChULy Kemennepinaeri 'Hikome “C sapomapabi XUMHSIIBIK KBLDKY
MoHJepiHiH e3repyi ampikranmsl. SIMP 'H crexTpriepinieri. cy6erpaT IeH peLEnTOpIBIH IIPOTOHIBIK
MHTErPAIBIK  KapKbIHABUIBIKTAPBIHBIH MOHI OOMBIHIA 3epTTeNill OTBIPFaH IICeBAOA(GEAPUH, JYHHHUH,
aHaba3WH »JKOHE IHUTU3MHHIH [-IHUKIOASKCTPUHMEH ~CYINPaMOJEKYyJIalblK opeKerTecyi Mosekyma |
ruapado0Th parMeHTiHIH PelenTop MOJIEKYTaChIHBIH, 1. i1l KybICBIHA CHYIMEH JKYPE/i.

Kinm co30ep: ncepnoadenput, JynuHUH, aHaOa3WH, LUTHU3UH, B-IMKIOJCKCTPUH, KOChUTy KerieHi, SIMP
CIIEKTPOCKOIHUSACHI.
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HccaenoBanue cynpamMmoJieKyJAPHbIX KOMILIEKCOB BKJIKYECHUS
ncesao0d¢eapuHa, TyNMHNHA, AaHA0A3UHA U HUTU3HHA
¢ P-uUMKJI0AEKCTPUHOM MeTO0M cnieKTpockonuu SIMP

Meronamu SIMP oxromeproii 'H, *C u DEPT n geymepHoii crextpockomrn COSY (‘H-'H), HMQC
(‘H-C) u TOCSY ('H-'H) nccnenoBanbl ankanomipl nceBo3¢eApyH, JTYNUHUH, aHa0a3uH M IIUTU3UH, a
TaKkKe HX CyNpaMoJIeKyJSIPHbIC KOMIUIEKCHI BKJIIOYEHMS C LHUKIMYECKHM IIOJMCAXapUIOM [-LMKIOACK-
cTpuHOM. [IpeacraBieHs! cXeMbl KOPPEAIIH IPOTOHOB C IPOTOHAMH Yepe3 TPH CBSI3H M CXEMbI KOppeIIsInit
IIPOTOHOB'C YI/IEPOAHBIME aToMaMH depe3 oauy cBaszk COSY ('H-'H) u HMQC ('H-"C) B monekymax uc-
CIIeTyeMbIX alKkatounoB. Mcronp3oBaHue HpH HACHTU(GHKAINN HM3ydaeMbBIX aJKaJOHJOB BO3MOXKHOCTEH
AByMepHoii cnexrpockomu COSY ('H-'H), HMQC (‘H-"*C) u TOCSY ('H-'H) 1no3Boauino npaBuiIbHO
OJIHO3HAYHO HJICHTU(HUIUPOBATH CTPOCHUE CYOCTPATOB CYNPAMOJICKYJSPHONH CaMOCOOPKH € LUKINYECKHM
TOTACAXapHAHBIM pererropoM. [oMosepHas i reteposaepHas koppensuus SMP COSY (‘H-'H) u HMQC
(*H-"*C) npumenena Taxke 11s HACHTHUKAUMK K TOATBEPYKACHUS CTPOCHUS U CTPYKTYPhl IMKITHUECKOTO
HoJyicaxapua B-UUKI0eKCTpUHA. BbutH onpenesieHbl XUMHYECKHE CIBUIM alnu(aTHuecKuX U THIPOKCHIIb-
HBIX TIPOTOHOB BHYTPEHHEH M BHEIIHEH MMOBEPXHOCTH penenrtopa. [IpoBeneH CpaBHUTENBHBIN aHAIN3 CHEK-
tpos SIMP 'H u "°C ncesnosdenpuna, nynuHuHa, aHa0a3uHa U MUTH3HHA, B-LUKIOAEKCTPHHA M HX CYIpa-
MOJIEKYIISPHBIX KOMIUIEKCOB BK/IOUeHHs. OMpe/Ie/eHbl H3MEHEHHs 3HAUYECHHIT XHMHUECKUX CIBUIOB snep 'H
u C ncesnosdenpuna, nynuHuMHA, aHAGA3MHA M [UTH3MHA, 3 TAKKE P-LHMKIOJEKCTPHHA B KOMILIEKCAX
BKMo4eHHs. [lo BelnunHe MIPOTOHHBIX MHTETPalbHBIX HHTEHCHBHOCTEH CyOCTpaTa M perenTopa B CIeKTpax
'H SIMP 6b110 OTpEeNENICHO, YTO CYNPaMOJIEKYJIIpHOE B3aUMOACHCTBUE UCCIEAyeMBbIX NceBRo3(enpuna, y-
NHUHUHA, aHaba3uHa ¥ HUTU3UHA C B-IMKIOASKCTPUHOM COIIPOBOXKAACTCS BXOXKICHHEM THAPoOoOHBIX (ppar-
MEHTOB | MOJIeKyIbl cyOcTpaTa BO BHYTPEHHIOIO TOJIOCTh 1 MOJIEKYJIBI peienTopa.

Kniouesvie cnosa: niceBrnodpenpuH, TynuHUH, aHA0A3UH, IUTH3UH, B-IIMKIOJIEKCTPHH, KOMITIEKCH! BKIIOUe-
Hus, cnekrpockonus SAMP.
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