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Supramolecular inclusion complexes of functionally substituted N-benzylidene-
and allylidene- isonicotinohydrazides with oligosaccharides and their properties

This paper presents the results of a study of the synthesis and structural features of supramolecular inclusion
complexes of N-benzylidene- and allylidene- isonicotinohydrazides with cyclic oligosaccharides (with p- and
2-hydroxypropyl-B-cyclodextrins). The results of studying the synthesis and structural features of supramolec-
ular inclusion complexes of N-benzylidene and allylideneisonicotinohydrazides with cyclic oligosaccharides
(B- and 2-hydroxypropyl-B-cyclodextrins) are presented. The structure of the obtained supramolecular inclusion
complexes was studied using one-dimensional *H, 3C and DEPT NMR and two-dimensional spectroscopy of
COSY (*H-'H), HMQC (*H-'3C) and TOCSY (*H-'H). The formation of supramolecular inclusion complexes
was established on the basis of changes in the chemical shifts of the NMR of the substrate and receptor atoms.
Based on the analysis of spectral data, the proposed schemes of the obtained supramolecular inclusion com-
plexes are presented. It was found that the interaction of the studied hydrazone substrates with cyclodextrins
forms inclusion complexes 1:1 and 1:2 with the entry of the substrate molecule into the internal cavity of the
receptor. The resulting products are able to dissolve in water or form stable aqueous dispersions. The antiradical
effect of the synthesized supramolecular inclusion complexes with respect to the 2,2-diphenyl-1-picrylhydra-
zide radical was evaluated. Under the conditions of this test system, antiradical activity was detected in the
supramolecular complex of N-(diethylamino)benzylidene-isonicotinohydrazide. The concentration of the com-
plex was determined, capable of reducing the optical density of 100 uM of the test system solution by 50 %.
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Introduction

A well-known drawback of many modern drugs is the rapid decrease in their plasma levels after reaching
peak metabolic destruction in the stomach of the body. This fact necessitates an increase in dose loads and,
accordingly, increases the likelihood of side effects. In this regard, one of the most important attributes of drug
delivery systems is the controlled release profile of the latter in the patient's body. Every year, many researchers
find that biologically active substances cannot be obtained from clinical trials [1-3]. Therefore, one of the
urgent tasks of modern pharmacological science is the targeted delivery of drug systems. Currently, biode-
gradable oligosaccharides (cyclodextrins) have been used to transport drugs [4—6]. Cyclodextrins (CDs) are
complex natural cyclic oligosaccharides consisting of D-glucopyranose residues connected by an a-1,4-
glycosidic bond. On the basis of wide distribution and commercial use, a-, - and y-cyclodextrins were ob-
tained, the macro rings of which consist of 6, 7 and 8 residues of D-glucose, respectively. They are unique
natural nanostructures equipped with a hydrophobic internal cavity and a hydrophilic external surface. They
are able to form various forms: micelles, vesicles and more complex forms. The formation of all these complex
forms is governed by a hydrophobic effect.

These are «molecular containersy that are capable of holding non-polar, non-ionized molecules of the
«guesty» substance in the internal cavity. This leads to the formation of complexes, which include a hydrophobic
molecule of the «guest» substance, a unique property to dissolve in the agueous phase due to the hydrophilic
outer surface of the molecular container [7-12]. Molecules of cyclodextrins contain both polar and non-polar
parts. They form very complex structures: micelles, vesicles, layers and more complex forms. The formation
of all these complex forms is governed by the hydrophobic effect [8-11].

The most common type of complex includes cyclodextrin and the drug/cyclodextrin (D/CD) complex in
a 1:2-1 ratio, which contains one drug (D), which forms a complex with one cyclodextrin (CD) molecule [13—
15]:
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K1

Cyclodextrins can form higher-order drug / cyclodextrin complexes, depending on the nature and struc-
ture of the ligand-substrate, in a 1:2 ratio:

Ko
D/CD +CD <~—= D/CD,

Currently, CDs are widely used in the food, cosmetic, pharmaceutical industries, in analytical chemistry,
and in protecting the environment from ecotoxicants and others [9-12]. Further prospects for the use of diabetes
in pharmacology and medicine are associated with the development of so-called targeted drugs for antitumor and
gene therapy [16-19]. If the receptor acts as a target, then the bioactive drug will be a ligand with respect to it,
i.e. a compound specifically interacting with the active center of the receptor. The formation of such a supramo-
lecular complex causes high selectivity and lower toxicity of the drugs. In this regard, in recent years, CDs and
their derivatives have been actively used for targeted drug delivery in the form of a molecular container. Such
encapsulation protects the «guest» molecule from damage by various reactive molecules and thereby reduces the
rate of oxidation, steric rearrangements, hydrolysis, racemization and enzymatic degradation, as well as enhances
its water solubility and, as a result, a more effective pharmacological effect.

For analysis of supramolecular inclusion complexes, the methods of proton magnetic resonance spectros-
copy on *H nuclei and nuclear magnetic resonance spectroscopy on *3C nuclei are mainly used. The most
informative method for confirming the formation of inclusion complexes is *H NMR spectroscopy [13-15,
20-24]. This analysis method allows one to fix a pronounced chemical shift in the vibrational spectra of H3,
H5 B-CD protons oriented inside the torus cavity, which is due to the placement of the «guest» substance
molecule in the hydrophobic cyclodextrin cavity. In this case, insignificant chemical shifts are observed in the
vibrational spectra of the H1, H2, and H4 atoms localized on the outer surface of the molecule.

The BC-NMR spectroscopy method allows one to detect chemical shifts in the electronic environment of
carbon atoms of the cavity of a cyclodextrin molecule resulting from the van der Waals and electrostatic inter-
action of the molecules of the «guest» substance with the molecules of the host substance [13-15]. With an
increase in the concentration of the «guest» substance in the system, a proportional increase in the chemical
shift in the vibrational spectra is observed, due to a shift in the equilibrium state towards the formation of
inclusion complexes [19-28].

Experimental

a-, B-, y- and 2-Hydroxypropyl-p-cyclodextrins were used by Fluka, 99 % pure. The *H and **C NMR
spectra of the compounds were recorded on a Jeol INM-ECA 400 spectrometer (399.78 and 100.53 MHz on
'H and **C nuclei, respectively) in a DMSO-ds solution at room temperature. Chemical shifts are measured
relative to the residual signals of protons or carbon atoms of DMSO-de.

In this work, we selected spectroscopic methods to study supramolecular complexes for the inclusion of
functionally substituted isonicotinic acid hydrazone with cyclodextrins (B-CD, 2-hydroxypropyl--CD). Hy-
drazones — N-(diethylamino)benzylidene isonicotinohydrazide (1), N-(2-bromo-3-phenyl)allylidenisonico-
tinohydrazide (2) and N'-((5-nitrofuran-2-yl) methylene) was chosen as hydrazone substrates isonicotinohy-
drazide (3). The procedures for the preparation of inclusion complexes of functionally substituted N-benzyli-
dene- and allylidene- isonicotinohydrazide (1-3) with - and hydroxypropyl-f-cyclodextrins were described
by us in [29-31].

Preliminary bioprognosis (1-3) using the PASS program showed high rates of their manifestation of an-
tituberculosis, antimycobacterial, antioxidant activity and inhibitors of glutaminophenylpurivate transaminase
and threonine aldolase. The above compounds (1-3) are characterized by their poor solubility in water. The
inclusion of substrates (1-3) in the cavity of the host molecule will increase the solubility of the substance,
improve bioavailability and contribute to obtaining more in-depth data on their biological properties.
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Results and Discussion

The NMR spectroscopic study of supramolecular inclusion complexes (4-6), obtained on the basis of
functionally substituted hydrazone (1-3) of isonicotinic acid and cyclodextrins, is based on determining the
difference in the values of chemical shifts *H and *C of substrates and receptor (a-, p -, y-CD) in the free state
and in the composition of complexes as a result of intermolecular interaction.

The NMR spectrum of an individual B-CD (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 of B-CD

Doublet signal in the range 5.71-5.73 ppm with a splitting of 4 Hz, it belongs to the proton of the hydroxyl
group at the C-2 atom. The proton of the OH group of a neighboring atom (OH-3) located in the internal cavity
of the B-CD molecule (6=5.66 ppm, doublet) also resonates in the low-field region. Doublet signal in the region
of 4.77-4.78 ppm corresponds to the proton H-1 3-CD. The location of this 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 region 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 the glucopyranose link. In the range from 3.23 to 3.32 ppm. methine protons H-
2 and H-4 are manifested [8, 11, 23, 29, 30].

The carbon NMR spectrum of B-CD (Fig. 2) represents six signals of **C nuclei of the elementary unit.
In the strong-field part, the signal of the C-6 carbon atom appears at 60.41 ppm. Signals at 72.49, 72.85 and
7351 ppm are caused by C-5, C-2 and C-3 atoms, respectively. In the region of a weaker field at 82.02 and
102.41 ppm signals of carbon atoms C-4 and C-1 are observed, respectively, directly connected to the adjacent
glucopyranose link through the oxygen bridge.

Studying the one-dimensional spectra of -CD in the free and bound state) reveals the pattern of displace-
ment of all *H and *3C signals of the host molecule to the weak field region, which confirms the non-valent
binding with the guest.

For proton spectra, the largest difference in the values of the chemical shift (Ad = + 0.10 ppm) is charac-
teristic of the intraspheric protons N-3 and N-5, on the basis of which it can be concluded that an internal
(inclusion) complex with a substrate is formed. In the case of the carbon spectrum, the difference is more
significant and ranges from 0.05-0.25 ppm. Thus, the formation of supramolecular inclusion complexes is
established on the basis of changes in the NMR chemical shifts of the substrate and receptor atoms [28-33].
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Figure 2. 1*C NMR spectrum of B-CD

The study by NMR spectroscopy of supramolecular complexes is based on determining the difference in
the chemical shifts of H and **C of substrates (12-14) and receptors (B-CD, 2-hydroxypropyl -B-CD) in the
free state and in the composition of the complexes as a result of intermolecular interaction. By the magnitude
of the chemical shifts of the internal or external protons of the receptor, it is possible to reveal the formation
of internal (inclusion) or external (without inclusion) complexes, respectively. A change in the chemical shifts
of H and **C in the spectra of the substrates allows us to determine the direction of their entry into the cavity

of CD.

The structure of substrates for supramolecular self-assembly (1) and (2) was established based on the
results of *H and *C NMR spectroscopy obtained in DMSO-dg (Table 1, 2 (1) and 1, 3, 4 (2). One-dimensional
!H and C NMR spectra (1) and (2) was confirmed by two-dimensional correlation data of *H-'H COSY, H-

13C HMQC NMR spectra (Table 1).

Table 1
1H, 18C, 'H-'H COSY NMR spectroscopy data, H-3C HMQC substrates (1) and (2)
Sub- 3, ppm, J, Hz
strate H 13C 'H-'H COSY 'H-13C HMQC
1 2 3

1 1.06 t (6H, H-20,22, %J 6.9),
3.31-3.35 m (4H, H-19,21),
6.66 d (2H, H-14,16, %] 8.7),
7.48d (2H, H-13,17, %1 8.7),

7.77d (2H, H-3,5, 3] 4.6),
8.25s (1H, H-23), 8.72d (2H,

H-2,6, %] 4.6), 11.72 s (1H, H-9)

12.96 (C-20,23), 44.26

(C-19,21), 111.56 (C-14,16),

120.76 (C-12), 122.00
(C-3,5), 129.56 (C-13,17),
141.37 (C-4,11), 149.57
(C-2,6), 150.41 (C-15),
161.48 (C-7)

4
H1921-§2022 (1,03,
3.33; 3.32, 1.05);
HI317-[1416 (6,65,
7.48; 7.48, 6,66);

H35-H26 (7.76, 8.72;

8.71,7.77)

5
H?20:22_ (20,22 (1.03,
1293) Hl4,16_c14,16
(6.63, 111.53);

HlS,l?_clS,ﬂ (745’
129.54); H35-C35 (7.76,
121.92); H26-C%(8.70,

150.73)

2 | 7.38-7.43m (3H, H-15,19,17),
7.67 s (1H, H-13), 7.77 d (2H, H-
3,5,%1.8), 7.84 d (2H, H-16,18,
3)6.4),8.34 s (1H, H-11), 8.75 d
(2H, H-2,6), 12.19 s (1H, H-9)

119.50 (C-12), 122.07
(C-3,5), 128.99 (C-15,19),
130.01 (C-17), 130.34
(C-16,18), 135.04 (C-14),

139.37 (C-13), 140.85 (C-4),

149.53 (C-11), 150.90 (C-
2,6), 162.27 (C-7)

H16,18_H15,17,19 (740,
7.84;7.83, 7.43);
H26-H35 (7.76, 8.75;
8.74,7.77)

H519_ (1519 (740
129.31); HB3-C3 (7.67,
139.39); H35-C3° (7.76,

12207), HlG,lS_clS,lB
(7.85, 130.14); HH-C
(8.32, 119.49); H26-C2®

(8.74, 150.97)
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The ratio of the integral intensities of protons in the compounds under consideration corresponded to the
presented structures (1) and (2).
'H and C NMR spectra of B- and 2-hydroxypropyl-B-CD in the free state and supramolecular complexes
(4-6) based on them with substrates (1) and (2) are presented in Tables 2—4.

Table 2
Chemical shifts of *H and *C nuclei of the substrate (1)
and 2- hydroxypropyl-g-cyclodextrinin the free state (80) and in the complex (4) (8)
nﬁrtﬁl;ner Group q . oM 3C q .ppm 30 1q 455 |80 1380
Substrate (1)
2 CH 8.72 149.57 8.71 150.75 -0.01 1.18
3 CH 7.77 122.00 7.76 121.99 -0.01 -0.01
4 C 141.37 141.69 0.32
5 CH 7.77 122.00 7.76 121.99 -0.01 -0.01
6 CH 8.72 149.57 8.71 150.75 —-0.01 1.18
7 C 161.48 163.82 2.34
9 NH 11.72 11.63 -0.11
11 CH 141.37 141.69 0.32
12 C 120.76 120.94 0.18
13 CH 7.48 129.56 7.48 129.55 0 -0.01
14 CH 6.66 111.56 6.68 111.60 0.02 0.04
15 C 15041 151.53 1.12
16 CH 6.66 111.56 6.68 111.60 0.02 0.04
17 CH 7.48 129.56 7.48 129.55 0 -0.01
19 CH> 3.35 44.26 3.36 44.27 0.01 0.01
20 CHs 1.06 12.96 1.00 12.84 -0.06 -0.12
21 CH; 3.35 44.26 3.36 44.27 0.01 0.01
22 CHs 1.06 12.96 1.00 12.84 -0.06 -0.12
23 CH 8.25 8.26 0.01
2-HP-B-CD
1 CH 4.79 102.33 4.80 102.29 0.01 -0.04
2 CH 3.26 72.56 3.28 72.94 0.02 0.38
3 CH 3.70 73.56 3.73 73.55 0.03 -0.01
4 CH 3.18 82.11 3.21 82.20 0.03 0.09
5 CH 3.56 72.56 3.60 72.30 0.04 -0.26
6 CH; 3.56 60.40 3.60 60.43 0.04 0.03
Table 3
Chemical shifts of *H and *3C nuclei of the substrate (2)
and B-cyclodextrin in the free state (80) and in the complex (5) (8)
nﬁ;?tr)gr Group H b BC H 2 PR B5C H fom BC
1 2 3 4 5 6 7 8
Substrate (2)
2 CH 8.75 150.90 8.38 150.98 -0.37 0.08
3 CH 7.77 122.07 7.95 124.49 0.18 2.42
4 C 140.85
5 CH 7.77 122.07 7.95 124.49 0.18 2.42
6 CH 8.75 150.98 8.38 150.98 -0.37 0.08
7 C 162.27
9 NH 12.19 12.19 0
11 CH, 8.34 149.53 8.38 0.04
12 C 119.50
13 CH. 7.67 139.37 7.95 0.28
26 BecTHuk KaparaHgmMHCKoOro yHusepcureTa
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Continuation of Table 3

1 2 3 4 5 6 7 8

14 C 135.04 133.50 -1.54
15 CH 7.43 128.99 7.53 129.42 0.10 0.43
16 CH 7.84 130.34 7.95 131.17 0.11 0.83
17 CH 7.43 130.01 7.53 132.11 0.10 2.10
18 CH 7.84 130.34 7.95 131.17 0.11 0.83
19 CH 7.43 128.99 7.53 129.42 0.10 0.43

B-CD
1 CH 4,77 102.40 4,79 102.46 0.02 0.06
2 CH 3.26 72.83 3.27 72.93 0.01 0.10
3 CH 3.58 73.54 3.60 73.57 0.02 0.03
4 CH 3.28 81.98 3.31 82.07 0.03 0.09
5 CH 3.50 72.50 3.51 72.56 0.01 0.06
6 CH, 3.58 60.42 3.60 60.45 0.02 0.03
Table 4

Chemical shifts of *H and *3C nuclei of the substrate (2)
and 2- hydroxypropyl-p-cyclodextrin in the free state (80) and in the complex (6) (8)

nﬁrt&?; ; Group do, PpmM o, ppm AS=0-8¢
lH | 13C 1H | 13C lH | 13C
Substrate (2)

2 CH 8.75 150.90 8.78 149.72 0.03 -1.82
3 CH 7.77 122.07 7.87 124.04 0.10 1.97
4 C 140.85 140.25 —-0.60
5 CH 7.77 122.07 7.87 124.04 0.10 1.97
6 CH 8.75 150.98 8.78 149.72 0.03 -1.82
7 C 162.27 163.61 1.34
9 NH 12.19 12.19 0

11 CH, 8.34 149.53 8.38 149.72 0.04 0.19
12 C 119.50

13 CH. 7.67 139.37 7.87 139.64 0.20 0.27
14 C 135.04 131.18 -3.86
15 CH 7.43 128.99 7.52 129.00 0.09 0.01
16 CH 7.84 130.34 7.87 129.42 0.03 -0.62
17 CH 7.43 130.01 7.52 129.42 0.09 -0.59
18 CH 7.84 130.34 7.87 129.42 0.03 -0.62
19 CH 7.43 128.99 7.52 129.00 0.09 0.01

2-HP-B-CD

1 CH 4.79 102.33 4.80 102.36 0.01 0.03
2 CH 3.26 72.56 3.28 72.91 0.02 0.35
3 CH 3.70 73.56 3.73 73.53 0.03 -0.03
4 CH 3.18 82.11 3.21 82.01 0.03 -0.10
5 CH 3.56 72.56 3.60 72.91 0.04 0.35
6 CH; 3.56 60.40 3.60 60.66 0.04 0.20

Comparison of the integral intensities of *H NMR signals of substrate molecules (1 and 2) and receptors
(B- and 2-hydroxypropyl-B-CD) in supramolecular complexes (4-6) showed that in all cases «guest-host»
complexes are formed. During the formation of the supramolecular complex (4), changes in proton chemical
shifts in the cyclodextrin molecule Ad occurred to a greater extent in the internal hydrophobic protons H-3, H-
5, H-6. The protons H-1, H-2 and H-4 located in the outer hydrophilic surface have insignificant changes.

In molecule (1), the largest changes in the proton spectra are observed for the diethylamine protons H-20,
H-22, H-19, H-21, and also for the phenylidene protons H-14 and H-16. Screening during complexation re-
quires protons and aromatic pyridine hydrophobic protons H-2.6 and H-3.5. It can be assumed that the higher
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supramolecular interaction of guest and host molecules is carried out using the above-mentioned protons in
the process of complex formation (4) (1: 2) (Figure 3).

Figure 3. Estimated supramolecular inclusion complexes (4)

The screening of external cyclodextrin protons is probably due to the intermolecular interaction of hy-
drophilic protons with the external hydroxyl groups of 2-hydroxypropyl--CD, as well as the possible slight
formation of external complexes [19-24]. A significant change in the chemical shifts of the imine proton H-9
is probably due to hydrophilic interaction with its hydroxy groups of the receptor.

The supramolecular self-assembly of the substrate (2) with B- and 2-hydroxypropyl-p-CDs with the for-
mation of supracomplexes (5) and (6) was also accompanied by a change in the internal hydrophobic protons
of the CDs and a slight screening of the external protons of the receptor. In molecule (1), the largest changes
in proton chemical shifts occurred in the phenyl and pyridine fragments. When using B-CD-receptor as the
receptor, the greatest changes in proton chemical shifts were observed in the protons of the pyridine fragment
of the complex (5), while the use of 2-hydroxypropyl-B-CD in supramolecular self-assembly with substrate 2
leads to the greatest change in the chemical shifts of protons phenyl radical in the supracomplex (6). The
proposed models of supramolecular complexes (5) and (6) are similar in structure and are presented in Figure
4.

Figure 4. Estimated supramolecular inclusion complexes (5) and (6)

In the *H NMR spectrum of compound (3), the proton H4 of the furan fragment appeared as a single-
proton doublet at 7.29 ppm. with 3J 4.4 Hz. The remaining furan proton H3 resonated together with the pyri-
dine protons H15.19 with a three-proton multiplet at 7.76—7.79 ppm. The pyridine protons N-16.18 manifested
themselves as a two-proton doublet at 8.77 ppm. with 3] 5.6 Hz. The proton H8 at the unsaturated carbon atom
and the amide proton H10 appeared as single-proton singlets at 8.36 and 12.41 ppm. respectively.

In the *C NMR spectrum of compound (3), the signals of the carbon atoms of the furan fragment appeared
at 115.08 (C3), 11.61 (C4), 151.83 (C5) and 152.59 (C2) ppm. The signals of the carbon nuclei of the pyridine
ring are observed at 122.07 (C15.19), 140.35 (C14) and 150.99 (C16.18) ppm. The unsaturated carbon atom
C8 resonated at 137.20 ppm. Chemical shift signal at 162.53 ppm corresponds to the carbon atom C11 of the
urea group [28-30].

The structure of compound (3) was also confirmed by the methods of two-dimensional NMR spectros-
copy COSY (*H-1H) and HMQC (*H-*3C), which allows one to establish spin-spin interactions of a homo- and
heteronuclear nature. The observed correlations in the molecule are shown in Figure 5. In the *H-'H COSY
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spectrum of compound (3), spin-spin correlations are observed through three bonds of the neighboring me-
thine-methine protons of the H4-H3 furan ring (cross-peak coordinates, ppm: 7, 28, 7.76 and 7.76, 7.28) and
aromatic protons H15.19-H16.18 (coordinates of cross peaks, ppm: 7.78, 8.76 and 8.7, 7.77) pyridine ring.
Heteronuclear interactions of protons with carbon atoms through one bond were established using *H-*C
HMQC spectroscopy (Figure 5) for all pairs present in the compound: H4-C4 (7.27, 116.62), H3-C3 (7.75,
115, 04), H15.19-C15.19 (7.76, 122.10), H8-C8 (8.35, 137.21), H16.18-C16.1 (8.77, 150.96).

As a result of the studies, the supramolecular complexes (7) and (8) were first obtained on the basis of
functionally substituted N '- ((5-nitro-furan-2-yl) methylene) isonicotinohydrazide with cyclodextrins (B-CD
and 2-hydroxypropyl-B- CD).

a b
Figure 5. Correlation scheme in the spectra of HMQC (a) and COZY (b) compounds (3)

The study of supracomplexes with 3-CD (7) and 2-hydroxypropyl-p-CD (8) showed that in both cases
substrate inclusion complexes (3) with a cyclodextrin receptor cavity are formed. The greatest change in the
chemical shifts of protons in the process of formation of supra-molecular complexes occurs with the internal
protons H-3 and H-5 of the cyclodextrin cavity. In the formation of a substrate inclusion complex (3) with
B-CD, the greatest change in chemical shifts occurs with protons of the pyridine fragment. In the case of using
2-HP-B-CD, a proton of the furan cycle undergoes a greater change in chemical shifts. This indicates the entry
of the substrate molecule into the cyclodextrin cavity by the pyridine fragment in the case of using f-CD-Na
(Scheme 1) and the furanose cycle in the case of 2-HP-B-CD (Scheme 2).

©) ®)

Scheme 2. Formation of a supramolecular complex (8)
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The *H and **C NMR spectra of compound (3) in the free state and in the composition of supramolecular
complexes (7) and (8) obtained in DMSO-ds are presented in Tables 5 and 6.

Table 5
Chemical shifts of *H and *C nuclei of the substrate (3)
in the free state (60) and in the complexes (7) (81), (8) (62)
Atom Group 3¢ 'H
number o) o9 o1 Ad1= 81—09 02 Ad2= d2—09
2 >C< 152.59
3 CH 115.08 7.78 7.77 -0.01 7.90 0.12
4 CH 140.35 7.29 7.28 -0.01 7.26 -0.03
5 >C< 151.83
8 =CH 137.20 8.36 8.35 -0.01 8.38 0.02
10 NH 12.41 12.41 0
11 >CO 162.53
14 >C< 140.35
15 CH 122.07 7.78 7.75 -0.03 7.78 0
16 CH 150.99 8.77 8.75 -0.02 8.75 -0.02
18 CH 150.99 8.77 8.75 -0.02 8.75 -0.02
19 CH 122.07 7.78 7.75 -0.03 7.78 0

A comparison of the integral intensities of *H NMR signals of molecule (3) with B- and 2-hydroxypropyl-

B-CD in supracomplexes showed that in both cases complexes of the composition of one substrate molecule
per one receptor molecule are formed. The resulting products form a mixture capable of dissolving in water or
forming stable aqueous dispersions.

To obtain inclusion complexes of functionally substituted N'-((5-nitrofuran-2-yl)methylene) isonicotino-
hydrazide (3) with B-cyclodextrins, we chose the coprecipitation method, since this method is simple and easy
to implement.

Table 6
Chemical shifts of H nuclei of p- and 2-hydroxypropyl-g-CD
in the free state (60) and as part of complexes (7) (81) and (8) (82), ppm
B-CD 2-HP-B-CD
Atom number do o1 Ad1= 81~ do o ) Ad2= 8,- 8o
1 4.77 4.77 0 4.79 4.79 0
2 3.26 3.25 -0.01 3.26 3.27 0.01
3 3.58 3.52 —0.06 3.70 3.73 0.03
4 3.28 3.28 0 3.26 3.27 0.01
5 3.50 3.58 0.08 3.54 3.50 -0.04
6 3.58 3.55 —0.03 3.56 3.58 0.02
7 3.26 3.26 0
8 3.70 3.70 0
9 0.98 0.96 -0.02

In order to study the biological activity of the obtained supramolecular inclusion complexes (4-6), we
evaluated their antiradical effect against 2,2-diphenyl-1-picryl hydrazide (DPPH). The antiradical effect of the
presented samples was investigated in relation to the radical 2,2-diphenyl-1-picryl hydrazide (DPPH?).

For the initial assessment of the antiradical activity of the studied samples in the test with the DPPH
radical, a methanol solution of DPPH (100 pM) was used. To select substances with a pronounced anti-radical
activity, 2 ml of 100 uM DPPH methanol solution was mixed with 20 ul of the test object dissolved in DMSO
at a concentration of 5 mM. Thus, the final concentration of the test substance in the reaction mixture was 50
uM. 10 minutes after adding the solution of the test compound to the solution of the DPPH radical, we measure
the decrease in optical density at 515 nm. For substances capable of reducing the optical density by more than
30 %, a test was carried out for interaction with the DPPH radical in the final concentrations of the investigated
substances 100, 75, 50, 25, 20, 10, and 5 uM. After that, the concentration of the test substance was determined,
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capable of 50 % reduction in optical density — 1Cso (DPPH) (Table 7). In a control in a 100 uM DPPH solution,
20 pl of a DMSO solvent was added.

Table 7
The optical density of a solution of 100 pM DPPH radical after 10-minute incubation

with the test substance in a final concentration of 50 pM

No Connection cipher Optigal The_ r_nagnitut_je of the decrease in_optiqal density
B density of the initial solution of the DPPH radical, in % of control
1 4 0.535 52.3
2 (5) 1.094 2.5
3 (6) 1.058 5.7
4 Control (DPPH solution 1.122 -
without test sample)

From Table 7 we see that compound (4) in a final concentration of 50 uM reduces the optical density of
the initial solution of the DPPH radical by 52.3 %, and therefore, is promising for further studies. The remain-
ing compounds did not show pronounced antiradical activity under the conditions of this test system.

In the second series of experiments, we studied the ability of compound (4) and of ascorbic acid at various
concentrations (from 5.0 to 100 uM) to interact with the DPPH radical (Tables 8, 9). Using the calibration
curves, we determined the concentrations of compound (4) and of ascorbic acid, capable of 50 % reduction in
the optical density of a 100 uM solution of the DPPH radical. For compound (4), the 1Cso(DPPH) was found
to be 46.4 um. For ascorbic acid, the ICso (DPPH) was found to be 21.14 uM.

Table 8

The optical density of a solution of 100 pM DPPH radical after a 10-minute incubation
with compound (4) in final concentrations in the reaction mixture of 100, 75, 50, 25, 20, 10 and 5 uM

The final concentration of compound (4) Optical

No . . . ;
in the reaction mixture, uM density
1 100 0.079
2 75 0.275
3 50 0.491
4 25 0.723
5 20 0.798
6 10 0.907
7 5 0.963
Control (DPPH solution without test sample) 1042

Table 9

The optical density of a solution of 100 pM DPPH radical after a 10-minute incubation
with ascorbic acid in final concentrations in the reaction mixture of 25, 20, 10 and 5 pM

No The final concentration of ascorbic acid Optical

B in the reaction mixture, uM density
1 25 0.429
2 20 0.545
3 10 0.792
4 5 0.914
Control (DPPH solution without test sample) 1.042

Conclusions

Thus, supramolecular complexes based on functionally substituted N-benzylidene and allylideneisonico-
tinohydrazide with cyclodextrins (B-CD, 2-hydroxypropyl-p-CD) were obtained and their structures were stud-
ied by NMR spectroscopy. It was shown that the products obtained form a mixture capable of dissolving in
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water or forming stable aqueous dispersions. The antiradical effect of the synthesized supramolecular inclusion
complexes with respect to the DPPH radical was evaluated. The antiradical activity in the conditions of this
test system was shown by the sample (4). The concentration was determined, capable of 50 % reduction in the
optical density of 100 uM solution of the DPPH radical. For compound (4), the 1Cso (DPPH) was 46.4 uM.

According to our data, ICso (DPPH) (uM) for the reference sample, in this case, for ascorbic acid was
21.1 uM. The activity of the sample of compound (4), for which the ICso (DPPH) was equal to 46.4 uM and is
inferior to the reference sample of ascorbic acid.

According to the literature [18-26], the ICso (DPPH) (uM) for ascorbic acid is 27, for glutathione is 49,
for hydroquinone is 27, for trolled is 28, for a-tocopherol is 28. Thus, the activity of the compound (4) is
comparable to the activity of the glutathione known antioxidant.
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DOYHKUMOHANIBI aybIcKaH N-0eH3UInIeH- JKIHe
AJIMIMIEHU30HUKOTUHTHAPA3HATEPAIH 0JTUT0caXapuATepMeH
CyNpaMoJIeKyJsIpPJbl KOChLIY KellleHepi skoHe oJIapAbIH KacueTrTepi

N-OeH3MIIICH- JKOHE AJUTMIIMACHU30HUKOTHHTHAPA3UATEPIiH IUKIIIK OJUrocaxapuarepMed (- xoHe 2-Tui-
POKCHTIPOIUII-B-IIMKIOAEKCTPUHAEPMEH ) KOCBLTY IBIH CYIIPaMOJIEKYIJIAPIIBIK KEIICHAEPiHiH CHHTE31 MEH KYpbI-
JIBIMJIBIK €PEKILIEIIKTEPiH 3epTTeY HOTHKENIEPi YCHIHBUTFaH. AJIBIHFaH CyTIPaMOJIEKYJIAPIIbI KOCY KeIIeHAepiHiH
KypbuIbiMbI IMP 6ip enmemai *H, 3C xone koc enmmemai COSY (*H-'H), HMQC (*H-'3C) sxone TOCSY (*H-
1H) cniekTpocKonHs SiCTEPiH KOJIIaHa OTHIPLII 3epTTeirel. CynpaMoIeKyJIapiibl KOCY KEUIEHAepiHiH Ty3iyi
cyOcTpar atroMaapbl MeH penentopiaapasH SIMP XUMUSIBIK BIFBICYBIHBIH ©3repy HeriziHzae OenrileHreH.
ChekTpJIik JepeKkTep/i Tajaay Heri3iHjae ajblHFaH CyNpaMOoJIEeKyISIpIbIK KOCBUIBIM KeIIeHIepiHiH 00mKaMIbl
cxemaiapsl OepiiareH. 3epTTeneTiH ruapasHHAi cyOcTpaTTapAblH HUKIOAEKCTPUHAEPMEH 63apa dpeKeTTecyi
Ke3iHze CyOcTpaT MOJIEKYJIaChIHBIH PEIeNTOP IBIH 1MIKi KybIChIHA eHyiMeH 1:1 sxoHe 1:2 kemmeHaepi Ty3ineTiHi
aHBIKTAJIFaH. AJIBIHFaH OHIMIEp CyJa epyre HeMece TYPaKThl Cy ITUCTIePCHsUIaphIH KypyFa KabinerTi. 2,2-am-
(enmt-1-muKpuI-ruipasu-pauKalFa KaThICThl CHHTE3/ICITeH CYIPaMOJIeKyJISIpIIbl KOCY KEIIeHIEPiHiH aH-
TUpaAUKaIIB! ocepi Oaramanapl. OCHl TeCT-XKyie KaFJaibIHAa aHTHPaTUKaIIbl OCICeHIUTIKTI TeK N-(auaTH-
JIAMHUHO)OeH3WINACHU30HUKOTHHOT UAPA3U/ CYTIPaMOJIEKYJIPIBIK KEIIeHi FaHa KOPCETTi.

Kinm ce3dep: onurocaxapuarep, TuApa3oOHIap, MIUKIOACKCTPHH, KOChUTY KemieHaepi, SIMP cniekTpockonuschl,
cybcTpar.

C.[. ®azpuios, O.A. Hypkenos, A.JK. Mykaiiesa,
T.M. Ceiinxanos, 3.T. lllynsray, A.M. XKanxyman

CynpamoJsiekyjasipHble KOMILUIEKCHI BKJI4YeHUs (PYHKIHMOHAIbHO-3aMelleHHbIX
N-OeH3u/IMIeH- U AJUTHIHAEHU30HUKOTHHOTHAPA3HI0B
€ 0JIMrOcaxapuJIaMM U UX CBOMCTBA

PaccMoTpeHsI pe3ynbTaThl H3yUeHUs CHHTE3a U CTPYKTYPHBIX OCOOCHHOCTEH CyIpaMOoIIeKy IIPHBIX KOMIIIEK-
coB BkoueHHs N-OeH3mmmieH- U TN ASHH30HUKOTHHOTUAPA3U/IOB C IIMKINIECKUMH OJIUTOCaxapHaaMu
(¢ B- n 2-rungpokcunponmi-B-nukaoaexcTpuHamu). CTpoeHue NoIydeHHbBIX CyTIPaMONIEKYIIIPHBIX KOMILUICKCOB
BKJIFOYEHHS U3YYEHO C IpUMeneHneM MetooB SIMP oxnomeproii *H, 3C u DEPT u gBymepHOit ciekTpocKo-
mau COSY (*H-H), HMQC (*H-13C) u TOCSY (*H-'H). O6pa3oBanue cynpaMoneKyIsSpHbIX KOMILIEKCOB
BKJIIOUCHHS BBISIBIICHO Ha OCHOBE M3MEHEHHI XxuMuueckux capuro SIMP atomoB cyGcerpata 1 penentopa. Ha
OCHOBAaHHUM aHAJIN3a CIIEKTPAJIbHBIX JAHHBIX NMPEICTABIEHBI IIPEANOJaraeMble CXeMbl MOJIYYEHHBIX CyIpaMo-
JIEKYJIAPHBIX KOMIUIEKCOB BKJIIOUEHMS. Y CTAHOBJICHO, YTO NPH B3aUMOAEHCTBUHM H3YyYaeMbIX THAPA30HOBBIX
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CcyOCTpaToB ¢ MUKJIOAEKCTPUHAMH 00pa3yloTCsl KOMIUIEKCH BKIodeHus 1:1 u 1:2 ¢ BXO)KIEHHEM MOJIEKYJIbI
cyOcTpara BO BHYTPEHHIOIO OJIOCTh perenTopa. [1oaydeHHbIe TPOAYKTHI CIIOCOOHBI PACTBOPATHCS B BOJIE MM
00pa3oBbIBATh YCTOHUMBBIE BOJHBIC AucniepcHu. OLEHEHO aHTUPaJUKAIbHOE ICHCTBHE CHHTE3UPOBAHHBIX CY-
MPaMOJIEKYJISIPHBIX KOMIUIEKCOB BKJIIOUSHHUS B OTHOLIEHHH 2,2 - i eHn- 1-mukpui-ruapasua-paaukaina. AH-
THpaIUKAITEHYI0 aKTHUBHOCTD B YCIIOBHSAX JAHHOH TECT-CHCTEMBI IPOSBIII TOJIBKO CYIIPAMOJICKYISIPHBIH KOM-
iekc N-(IuaTrIaMuHO )OS H3MIN ICHU30HUKOTHHOTUIpasu .

Kniouesvie cnosa: omurocaxapuabl, THAPA30HbI, IHUKIOJEKCTPHH, KOMIUICKCH BKJIIOUEHHUS, CIIEKTPOCKOIHS
SIMP, cybetpart.
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