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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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COMPLEXES OF INCLUSION OF FUNCTIONALLY-SUBSTITUTED
HYDRASONS OF ISONICOTHIC ACID WITH CYCLODEXTRINES AND
THEIR ANTIRADICAL ACTIVITY

Abstract. In the present work, supramolecular complexes based on N- (diethylamino) benzylidenisone-
kotinhydrazide and N- (2-bromo-3-phenyl) allylidenisononotinhydohydrazide and cyclodextrins (B-CD, 2-GP-B-CD)
were first obtained and studied. Comparison of the integral intensities of the 'H NMR signals of substrate
(hydrazone) and - and 2-GP-B-CD-p receptors in supramolecular complexes showed that in all cases complexes of 1
guest molecule composition are formed for 2 host molecules. It was found that during the interaction they form an
inclusion complex with the entry of the substrate molecule into the inner cavity of the receptor by the methylamine
end. The resulting products form a mixture capable of dissolving in water or forming stable aqueous dispersions. The
antiradical effect of synthesized supramolecular complexes on the DPPH radical was estimated. A concentration
capable of 50% lowering the optical density of a 100 pM solution of DPPH radical was determined. For a
supramolecular complex based on N-(diethylamino)-benzylidenisonocinate-hydrazide and 2-GP-B-cyclodextrin,
IC50 (DPPH) was found to be 46.4 uM.

Key words: B-cyclodextrin, 2-hydroxypropyl-cyclodextrin, supramolecular inclusion complexes, antiradical
activity.

Hydrazones obtained on the basis of known isonicotinic acid hydrazide are used as antibacterial and
antitubercular drugs, analytical reagents and dyes [1]. However, some of them have low solubility in
water. At present, various ways of increasing the solubility of medicinal substances in water are developed
and used: the use of special auxiliaries, including the inclusion of drugs in the complex of cyclodextrin
[2].

Cyclodextrins (CD) are cyclic oligosaccharides that have a hydrophobic internal cavity and a
hydrophilic outer shell [3]. Cyclodextrins (CD) are cyclic oligosaccharides that have a hydrophobic
internal cavity and a hydrophilic outer shell [4]. By forming the inclusion complex, it is possible to
increase the stability of low molecular substances sensitive to the action of light and air oxygen, increase
their solubility in water, bioavailability, and reduce toxicity. Due to this, CSDs are widely used in the
food, cosmetic, pharmaceutical industry, in the production of dyes, in analytical chemistry, in the
elimination of environmental pollution by ecotoxicants, etc. [5-7].

The stability of the complexes is caused by the formation of a variety of non-covalent forces of
interaction between the molecules of cyclodextrin and the "guest": Van der Waals, hydrophobic and etc.
Cyclodextrin in the complex protects the guest molecule from damage by various reactive molecules and
thereby reduces the rate of oxidation, steric rearrangement, hydrolysis, racemization and enzymatic
degradation [8, 9].
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It is promising to use the obtained hydrazones as a constituent supramolecular system (substrate) with
a cyclic oligosaccharide - B-cyclodextrin (receptor) having a truncated cone molecule with internal protons
H; and Hs and external H, and H, protons (Fig. 1). The possibility of including the active substance in the
capsule of B-cyclodextrin is due to hydrophobic interactions between the BAS and the complexing agent.
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Figure 1 - Schematic representation of the structure of f-cyclodextrin molecules

As hydrazones, N-(diethylamino)benzylidenisonconitinohydrazide (1) and N-(2-bromo-3-
phenyl)allylidenisonicotinhydohydrazide (7) were selected as substrata for supramolecular self-assembly,
which, according to the bioprospecting data, have high antituberculous, antimycobacterial activity and
inhibitors of glutamine-phenylurea transaminase and threonine aldolase (see below), as well as poor
solubility of the latter in water.
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Supramolecular chemistry is dominated by the size and shape or geometric complementarity of the
interacting components, therefore B-CD and its 2-hydroxy derivative-2-GP-B-CD were used to obtain
inclusion complexes with substrates 1 and 2.

Investigation by NMR spectroscopy of supramolecular complexes is based on the determination of
the difference in the values of chemical shifts of '"H and °C substrates (1, 2) and receptors (B-CD, 2-GP-p-
CD) in the free state and in the complexes as a result of intermolecular interaction. By the magnitude of
chemical shifts of internal or external proton protons, it is possible to detect the formation of internal
(inclusion) or external (without inclusion) complexes, respectively. The change in chemical shifts of 'H
and "°C in the spectra of substrates makes it possible to determine the direction of occurrence of the latter
in the CD cavity [10, 11].

The structure of substrates of supramolecular self-assembly 1 and 2 was established based on the
results of 'H and "C NMR spectroscopy obtained in DMSO-ds (Tables 1, 2 (1) and 1, 3, 4 (2). The
correctness of assigning one-dimensional NMR spectra of 'H and "°C 1 and 2 was confirmed by two-
dimensional correlations of the NMR spectra of 'H-'H COSY, "H-""C HMQC (Table 1).
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Table 1 -NMR data of 'H, 1°C, 'H-'H COSY, 'H-*C HMQC substrates 1 and 2

Substr S, ppm, J, Hz
ate 'H Bc "H-'H CcOSY 'H-"C HMQC
1 1.06 t (6H, H-20,22, °J 6.9), 3.31- | 12.96 (C-20,23), 44.26 (C- | H*?I-H™**(1.03, | H***2-C***(1.03, 12.93);
3.35m (4H, H-19,21), 6.66 d 19,21), 111.56 (C-14,16), 3.33;3.32, 1.05); H14 16.Cc!16 (6.63,
(2H, H-14,16,°18.7), 7.48 d (2H, | 120.76 (C-12), 122.00 (C- | H"™*'"-H'*'® (6.65, 111.53); H'*" B
H-13,17,%1 8.7), 7.77 d (2H, H- 3,5), 129.56 (C-13,17), 7.48; 7.48, 6,66); (7.45, 129.54); H>*-C>?
3,5,°14.6), 8.25 s (1H, H-23), 141.37 (C-4,11), 149.57 (C- | H**-H>¢ (7.76, (7.76, 121.92); H>6-C>*
8.72d (2H, H-2,6, °1 4.6), 11.72s | 2,6), 150.41 (C-15), 161.48 | 8.72;8.71, 7.77). (8.70, 150.73).
(1H, H-9). (C-7).
2 7.38-7.43 m (3H, H-15,19,17), 119.50 (C-12), 122.07 (C- | H'*B-H™T (7,40, | H>P-C (7 40,
7.67 s (1H, H-13), 7.77 d 2H, H- | 3,5), 128.99 (C-15,19), 7.84; 7.83, 7.43); 129.31); H"*-C" (7.67,
3,5,°J1.8), 7.84 d (2H, H-16,18, | 130.01 (C-17), 130.34 (C- | H*%-H> (7.76, 139.39); H*3-C3* (7.76,
3J6.4),8.34s (1H, H-11),8.75d | 16,18), 135.04 (C-14), 8.75; 8.74,7.77). 122.07); H'®18.C'618
(2H, H-2,6), 12.19 s (1H, H-9). 139.37 (C-13), 140.85 (C- (7.85, 130.14); H''-C"!
4), 149.53 (C-11), 150.90 (8.32, 119.49); H**-C*¢
(C-2,6), 162.27 (C-7). (8.74, 150.97).

The ratio of the integrated intensities of the protons in the compounds in question corresponded to the
structures 1 and 2 presented. NMR spectra of 'H and ">C B- and 2-GP-B-CD-nanov in the free state and
supramolecular complexes 3-5 on their basis with substrates 1 and 2 are presented in Tables 2-4.
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Table 2 — Chemical shifts of the '"H and *C nuclei of substrate 1
and 2-GP-B-cyclodextrin in the free state (8y) and in the complex 3 ()

Atom Group 8o, ppm. S, ppm. Ad=6-3y
number "H B3¢ 'H Bc "H B3¢
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 150.41 151.53 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 CH, 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 CH; 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 the "H and *C nuclei of substrate 2
and B-cyclodextrin in the free state (3y) and in the complex 4 (3)
Atom Group 89, ppm. d, ppm. Ad3=5-3,
number "H | Bc "H Ke 'H Ke
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 0.18 242
4 C 140.85
5 CH 7.77 122.07 7.95 124.49 0.18 242
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
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
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Table 4 — Chemical shifts of the 'H and *C nuclei of substrate 2
and 2-GP-B-cyclodextrin in the free state (30) and in the complex of 5 (8)

Atom Group 8o, ppm. S, ppm. Ad=6-3y

number 'H | Bc 'H | Bc 'H | Bc

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 7291 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 7291 0.04 0.35
6 CH, 3.56 60.40 3.60 60.66 0.04 0.20

Comparison of the integrated intensities of the signals of "H NMR of the molecules of substrates 1
and 2 and the receptors of B- and 2-GP-B-CD in supramolecular complexes 3-5 showed that in all cases
complexes of the composition of the guest molecule are formed for 2 host molecules.

In the formation of the supramolecular complex 3, as a result of the supramolecular self-assembly 1
with 2-GP-B-CD, changes in the proton chemical shifts in the cyclodextrin AS molecule occurred to a
greater extent in the internal hydrophobic protons H-3, H-5, H-6 than in the the external hydrophilic
surface of protons H-1, H-2 and H-4. In molecule 1, the largest changes in proton spectra are observed in
diethylamine protons H-20, H-22, H-19, H-21 and located closer to the above protons in the phenylidene
protons H-14 and H-16. The proton also undergoes screening in the process of complexation, the aromatic
pyridine hydrophobic protons H-2,6 and H-3,5. It can be assumed that the greatest supramolecular
interaction of host and host molecules is realized by means of the above protons during the formation of
complex 3 (Fig. 2).

Figure 2 - Supposed supramolecular inclusion complexes 3
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Screening of external cyclodextrin protons is probably due to the intermolecular interaction of
hydrophilic protons with external hydroxyl groups of 2-GP-B-CD-N, as well as the possible slight
formation of external complexes [12-15]. The water-soluble aggregates formed in this way are capable of
solubilizing the molecules of substrates through non-inclusive complexation [16-18]. A significant change
in the chemical shifts of the imine proton H-9 is probably due to the hydrophilic interaction of its hydroxy-
group receptor.

Supramolecular self-assembly of substrate 2 with B- and 2-GP-B-CDs with the formation of
supracomplexes 4 and 5 was also accompanied by a change in internal hydrophobic protons of CD and
insignificant screening of external proton receptors. In molecule 1, the largest changes in proton chemical
shifts occurred in the phenyl and pyridine fragments. When B-CD-3 was used as the receptor, the greatest
changes in proton chemical shifts were observed in the protons of the pyridine fragment of complex 4,
whereas the use of 2-GP-B-CD in supramolecular self-assembly with substrate 2 leads to the greatest
change in the chemical shifts of the protons of the phenyl radical in the supracomplex 5.

The proposed models of supracomplexes 4 and 5 are similar in structure and are shown in Figure 3. In
order to study the biological activity of the obtained supramolecular inclusion complexes 3-5, their
antiradical effect on the DPPH radical was evaluated. The antiradical action of the presented samples was
investigated with respect to the radical 2,2-diphenyl-1-picryl hydrazyl (DPPH ¢) [19].

Figure 3 - Supposed supramolecular inclusion complexes 4 and 5

A methanol solution of DPPH (100 uM) was used for the initial evaluation of the antiradical activity
of the samples under study in the DPPH-radical test. For the selection of substances with a pronounced
antiradical activity, 2 ml of a 100 uM methanolic solution of DPPH was mixed with 20 pl 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 pM. 10 minutes after the solution of the test compound was added to the
DPPH radical solution, the optical density reduction at 515 nm was measured. For substances capable of
reducing the optical density by more than 30%, an interaction test with DPPH radical was carried out at
the final concentrations of the test substances 100, 75, 50, 25, 20, 10 and 5 uM. Then, the concentration of
the test substance was determined, which was able to reduce the optical density by 50% - ICs, (DPPH)
(Table 5). In control, a 100 uM solution of DPPH was added with 20 pl of a solvent - DMSO.

Table 5 - Optical density of the solution of a 100 uM DPPH radical
after a 10-minute incubation with the test substance at a final concentration of 50 pM

Ne Connection cipher Optical density The decrease in the optical density of the initial
solution of DPPH-radical, in% of the control

1. 3) 0,535 52,3

2. ) 1,094 2,5

3. 5) 1,058 5,7

4. Control (DPPH solution without

1,122 -

test sample)

— 62 ——
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From Table 5 we see that Compound 3 in the final concentration of 50 uM reduces the optical density
of the initial solution of DPPH radical by 52.3%, which means it is promising for further studies. The
remaining compounds showed no pronounced antiradical activity under the conditions of this test system.

In the second series of experiments, we studied the ability of compound 3 at various concentrations
(from 5.0 to 100 uM) to interact with the DPPH radical (Table 6).

Table 6 - Optical density of the solution of a 100 uM DPPG radical after a 10-minute incubation with 3
at the final concentrations in the reaction mixture of 100, 75, 50, 25, 20, 10 and 5 uM

Ne | The final concentration of 3 in the reaction mixture, uM Optical density

1. | 100 0,079

2. |75 0,275

3. 150 0,491

4. |25 0,723

5. 120 0,798

6. | 10 0,907

7. |5 0,963
Control (DPPH solution without test sample) 1,042

Using the constructed calibration curve (Fig. 4), the concentration of Compound 3 was determined,
capable of 50% decrease in the optical density of a 100 uM solution of DPPH radical. For compound 3,
ICso (DPPH) was found to be 46.4 uM.

120 V=33,25x2 - 141, 7x + 111,2

100 - R? = 0,999
80 \

) e

40 \

20

0 T T T T T 1
50 0 0,2 0,4 0,6 0,8 1 1,2

Figure 4 - Dependence of the optical density of the DPPH radical solution on the concentration of 3

Using the constructed calibration curve (Table 7, Fig. 5), the concentration of ascorbic acid, capable
of 50% lowering the optical density of 100 uM DPPH radical solution, was determined. For ascorbic acid,
IC5o (DPPH) was found to be 21.14 uM.

Thus, supramolecular complexes based on the functionally substituted N-benzylidene- and allylidene-
isonicotinohydrate with cyclodextrins (B-CD, hydroxypropyl-B-CD) were obtained and their structures
studied by NMR spectroscopy. It is shown that the products obtained from a mixture that is capable of
dissolving in water or forming stable aqueous dispersions.

Table 7 - Optical density of the solution of a 100 uM DPPG radical after a 10-minute incubation with ascorbic acid at the final
concentrations in the reaction mixture of 25, 20, 10 and 5 uM

Ne The final concentration of ascorbic acid in the reaction mixture, uM Optical 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
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Figure 5 - Dependence of the optical density of the DPPH radical solution on the concentration of ascorbic acid

The antiradical effect of synthesized supramolecular inclusion complexes against DPPH radical was
estimated. Antiradical activity under the conditions of this test system was shown in Sample 3, for which a
concentration was determined capable of 50% decrease in the optical density of a 100 uM solution of
DPPH radical. For compound 3, IC50 (DPPH) was found to be 46.4 uM.

According to our data, the IC50 (DPPH) (uM) for the reference sample, in this case for ascorbic acid,
was 21.1 uM. The activity of the sample of Compound 3, for which IC50 (DPPH) was 46.4 uM is inferior
to the reference sample of ascorbic acid.

According to the literature data [20] IC50 (DPPH) (uM) for ascorbic acid is 27, for glutathione - 49,
for hydroquinone - 27, for trolox - 28, for a-tocopherol - 28. Thus, the activity of compound 3 is
comparable with activity known antioxidant - glutathione.

Experimental part

B- and 2-GP-B-CDDs were used by Fluka companies with a purity of 99%. 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
nuclei, respectively) in a DMSO-dg solution at room temperature. Chemical shifts are measured relative to
the residual signals of protons or carbon atoms DMSO-d.

Preparation of inclusion complexes (3-5) of functionally substituted N-benzylidene- and allylidene-
isonicotinhydrazide (1, 2) with B- and hydroxypropyl-pB-cyclodextrin. We chose the method of
coprecipitation, since this method makes it possible to obtain a very pure preparation of the inclusion
complex in a crystalline form. In a 1: 1 ratio, a saturated solution of cyclodextrin in water was added
dropwise to a concentrated solution of the functionally substituted N-benzylidene- and
allylidenisonicotinhydrazide in an organic solvent (ethanol, dioxane, DMF, etc.). After that, they
interfered with a magnetic stirrer at a temperature of 85-90°C. The individuality of the proposed
complexes was checked by thin-layer chromatography on Silufol UV-254 plates in isopropyl alcohol-25%
ammonia-water 7:2:1 solution. The final product was dried at a temperature of 600°C in vacuum drying at
atmospheric pressure of 0.4 kgf/cm2. The inclusion complexes of hydrazones with cyclodextrins were
obtained in the form of a powder.

The work was carried out with the financial support of the Committee of Science and the Ministry of
Education of the Republic of Kazakhstan on "Grant Financing", No. Registration 0115PK01782,
AP05131054 "Development of scientific bases and effective methods of creation of new polyfunctional
pyridine compounds with the purpose of search on their basis of potential biological active substances for
medicine".

— (4 ——



ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

REFERENCES

[1] Wiseman B, Carpena X, Feliz M, Donald LJ, Pons M, Fita I, Loewen PC. Isonicotinic acid hydrazide
conversion to Isonicotinyl-NAD by catalase-peroxidases // J Biol Chem., 2010, 285(34):26662-26673. DOI:
10.1074/jbc.M110.139428. (In Eng).

[2] Judge V, Narasimhan B, Ahuja M, Balzarini J and etc. Isonicotinic acid hydrazide derivatives: Synthesis,
antimicrobial activity, and QSAR studies // Med Chem Res, 2012, 21:1451-1470. DOI 10.1007/s00044-011-9662-9.
(In Eng).

[3] Okumura H, Kawaguchi Y, and Harada A. Preparation and Characterization of Inclusion Complexes of
Poly(dimethylsiloxane)s  with ~ Cyclodextrins ~ //  Macromolecules, 2001, 34 (18), pp  6338-6343.
DOI: 10.1021/ma010516i. (In Eng)

[4] Wenz G, Han B, and Muller A. Cyclodextrin Rotaxanes and Polyrotaxanes // Chem. Rev., 2006, 106 (3),
pp 782-817. DOI: 10.1021/cr970027+. (In Eng).

[5] Liguori A, D’auria M, Emanuele L, Scrano L, Lelario F, Bufo S. Reactivity of rimsulfuron in newly
formed inclusion combinations by using cyclodextrin and zeolite // Int. Journ. Of Environmental Analit. Chem..
2007. V.87. P.1043-1052. DOI: 10.1080/03067310701440874. (In Eng).

[6] Zimmer S, Grebe A, Bakke S, Bode N and etc. Cyclodextrin promotes atherosclerosis regression via
macrophage reprogramming // Science Translational Medicine, 2016, V. 8, Issue 333, pp. 333ra50. DOI:
10.1126/scitranslmed.aad6100. (In Eng).

[7] Loftsson T, Brewster M.E. Pharmaceutical applications of cyclodextrins: basic science and product
development // Journal of Pharmacy and Pharmacology. 2010. V. 62. P. 1607-1621. DOI: 10.1111/j.2042-
7158.2010.01030.x. (In Eng).

[8] Kurkov S.V, Loftsson T. Cyclodextrins // International Journal of Pharmaceutics. — 2013, V. 453, pp 167-
180. DOI:10.1016/.ijpharm.2012.06.055. (In Eng).

[9] Nowakowski M, Ejchart A. Complex formation of fenchone with a-cyclodextrin: NMR titrations // J. Incl.
Phenom. Macrocycl. Chem.. 2014, V. 79. P. 337-342. DOI: 10.1007/s10847-013-0356-4. (In Eng).

[10] Maheshwari A, Sharma M, Sharma D. Complexation of sodium picosulphate with beta cyclodextrin:
NMR spectroscopic study in solution // J. Incl. Phenom. Macrocycl. Chem., 2013, V. 77, pp 337-342. DOL:
10.1007/s10847-012-0251-4. (In Eng).

[11] Huang Y.D. Comments on "Novel molecularly imprinted polymer based on B-cyclodextrin@graphene
oxide: Synthesis and application for selective diphenylamine determination" // J Colloid Interface Sci. 2018., P.
31042-31047. doi: 10.1016/j.jcis. 2018.09.001. (In Eng).

[12] Maheshwari A., Sharma M., Sharma D. Complexation of sodium picosulphate with beta cyclodextrin:
NMR spectroscopic study in solution // J. Incl. Phenom. Macrocycl. Chem., 2013. V. 77, pp 337-342. DOLI:
10.1007/s10847-012-0251-4. (In Eng).

[13] Demarco P.V, Thakkar A.I. Cyclohepta-amilose Inclusion Complexes. A Proton Magnetic Resonanse
Study // J. Chem. Soc., Chem. Commun, 1970. P.2-4. DOI: 10.1039/c29700000002. (In Eng).

[14] Hazra S, Hossain M, Kumar G.S. Studies on a-, B-, and y-cyclodextrin inclusion complexes of
isoquinoline alkaloids berberine, palmatine and coralyne // J. Incl. Phenom. Macrocycl. Chem., 2014, V. 78, pp 311-
323. DOI: 10.1007/s10847-013-0301-6. (In Eng)

[15] Loftsson T, Masson M, Brewster M.E. Self-association of cyclodextrins and cyclodextrin complexes // J.
Pharm. Sci. 2004. V. 93. P. 1091-1099. DOI: 10.1002/jps.20047. (In Eng).

[16] Zhao D.G., Liao K.I., Ma X.Y., Yan X.H. Study of the supramolecular inclusion of B-cyclodextrin with
andrographolide // J. Inclusion Phenom. Macrocyclic Chem. 2002. V. 43. Ne 3-4, pp 259-264. DOLI:
10.1023/A:1021223407297. (In Eng).

[17] Nacsa A, Ambrus R, Berkesi O.J., Szabo-Révész P, Aigner Z. Water-soluble loratadine inclusion
complex: analytical control of the preparation by microwave irradiation // Pharm. Biomed. Anal.. 2008. V. 48. Ne 3.
P. 1020-1023. DOI: 10.1016/j.jpba.2008.07.001. (In Eng).

[18] Cirri M, Maestrelli F, Mennini N, Mura P. Physicalchemical characterization of binary and ternary
systems of ketoprofen with cyclodextins and phospholipids // J. Pharm. Biomed. Anal., 2009, V. 50, pp 683-689.
DOI: 10.1016/j.jpba.2008.11.003. (In Eng).

[19] Brand-Williams W., Cuvelier M.E., Berset C. Use of a free radical method to evaluate antioxidant activity
// Lebensm Wiss Technol, 1995. V. 28. P. 25-30. DOI: 10.1016/S0023-6438(95)80008-5. (In Eng).

[20] Plattner S. et al. Studying the reducing potencies of antioxidants with the electrochemistry inherently
present in electrospray ionization-mass spectrometry // Anal Bioanal Chem., 2014, pp 213-224. DOI:
10.1007/s00216-013-7445-5. (In Eng).




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

O.A. HYpKEHOBl, C.. (I)ZBBIJ'IOBl, AJK. l/lcaeBal,
T.M. Ceiixanos’, T.C. )Kusorosa', 3.T. lllyaray’, ’K.M. Koxuna*

1KP OpraHuKabIK CHHTE3 XKOHE KOMip XUMIICE HHCTHTYTHI, Kaparannsr k., Kazakcran Pecybmukacsr;
’[II. YonuxaHnoB atsiHzarsl Kexueray MemiexerTik yuusepcnteri, Kasakcran PecryGnmkachr;
3 KP BFM FK «¥ntTe1K 6noTexuonorus optansirby LIDKK-narer PMK, Acrana k., Kazakcran Pecny6nukacsr;
‘JLH.T YMUJICB aThIHIaFbl Eypasust YITTHIK yHUBEpCUTETI, AcTaHa K., Kasakcran PecniyOiinkacst,

OYHKIINOHAJIIBIK-OPBIHBACBIJIFAH N30OHUKOTHH KbIIIKbIJIBIHBIH T IPA30OHIAPBI
MEH HUKJIOJEKCTPUHJAEPAIH KOMIIJIEKCTIK KEIHEHIEPI ’)KOHE OJIAP/IbIH
AHTHUPAJIUKAJIIBIK BEJICEHAUIIKTEPI

Annoranus. bepinren >xympicta amram per mukmoaekcrpunaepaeri (B-LIA, 2-I'TI-B-L1) N-(aumyTrmamuHO)
OCH3WITNIEHN30HUKOTHHOTHAPA3UA koHe N-(2-Opomo-3-(heHrn)auminIeHH30HUKOTHHOTHIPA3HIiHIH HeTi3iHAer]
CYTIPaMOJIEKYIIPIIBIK KEMICHACPAiH PeaKkIusiIapbl KapacThIPBUIBI, 3epTTenmi. - xone 2-I'TI-B-LIJ1 penentopraps
MeH cyGcrparTap (rMapasoHzap) MoneKynanapbibie H SIMP  MHTErpamiblK KapKbIHIBUIBIK 1aObUIIApPEIH
colikecTeHIIpy Ke3iHae OapiiblK jkardaiina 1 KOHaK MOJIEKYJIACHIHBIH 2 PEIeNnTOPbIH MOJEKYIachl KYpaMbIHJIA
OonaTeIH KemieHaep Ty3uleTiHi Oalikanapl. OmapablH cyOCTpaT MOJEKYJAChIHBIH METHIAMHUHIIK TOOBI >KaFbIHAH
peLenTopAbIH IIIKI KarblHa Kipyl apKbUIbl KOCBUTY KEHICHIH TY3€TiHI aHBIKTAIAbl. AJIBIHFaH OHIMJEp Cyla epu
aJlaThIH KOCIA Ty3el HeMece Cya TYpakThl mucrnepcusuiap tyseai. ConbimMen Katap, DI -pagukaibsl KaThICIHIA
MUKIOACKCTPUHICPACTI TUAPA3OHIAPIBIH CYHNPaMOJICKYISAPIBIK KEIICHIHIH aHTUPAIUKAIABIK ocepi OaraimaHIbl.
J@IIT -panukaneiaeiy epiTiagiciHig 100 pM onTHKaNbIK THFBI3IBIKTE S0%-Fa NIeiiiH TOMECHIETE alaThiH KOHIICH-
TPaNUACHl AHBIKTANABI. N-(IU3THIAMUHO)-OCH3MINACHU30OHUKOTHHOTHApasuai MeH 2-I'TI-B-nukinogekcTpuHHIH
cynpamonekyspislK kemeHi ymiH [Cso(DPPH) 46,4 pM TeH.

Ty#iin cjaoBa: B-IIUKIOAEKCTPHUH, 2-THAPOKCHIIPOIII-B-IIUKIOACKCTPHH, CYIPaMOJEKYISPIBIK KOCBITY
KeIIeH epi, aHTUPAIUKAIABIK OCICeHAITIK.

0.A. HypKeHOBl, C.JI. ®a3bLi0B’, A. K. Ucaesa',
T.M. Ceiiaxanos’, T.C. JKuporosa', 3.T. Illyasray,® %K.M. Koxuna*

'MucTuTyT oprasmueckoro cuntesa u yriexumun PK, r. Kaparanna, Pecry6mika Kasaxcran;
2K01<u1eTaly01<1/1171 rocynapcTBeHHbI yHuBepcuteT uM. 111, Yanuxanosa, Pecriyonuka Ka3zaxcran;
3PI'I na I[TXB «HaruoHasHbIi ueHtp ouorexnonorum» KH MOH PK, r. Actana, Pecrry0nuka Kaszaxcram,
*EBpasuiickuii HauuoHanbHbIA yauBepcuteT uM. JL.H. ['ymunesa, r. Acrana, Pecny6iuka Kasaxcran,

KOMIIJIEKCHI BKIIIOYEHUSA @ YHKIIMOHAJIBHO-3AMEIINEHHBIX TH/IPASOHOB
W30HUKOTUHOBOM KUCJIOTHI C IUKJIOJAEKCTPUHAMU
N UX AHTUPAIUKAJIBHASA AKTUBHOCTbH

AHHoTanus. B Hactosmei paboTte BrepBble ObIIIN MOMYYEHBI U N3yUYEHBI CYyNPAMOJIEKYJISIPHbIE KOMIIJIEKCH Ha
ocHOBe N-(IMATHIAMHUHO)OCH3WINACHU30HU-KOTUHOTHApa3uaa U N-(2-0pomo-3-(heHnn)auminaeHn30HUKOTH-
Horujpasuaa u umkiaopekcrpuHamu (B-LJ, 2-TTI-B-LIJI). ConocraBneHne HHTETpalbHBIX HHTEH-CUBHOCTEH
curnanos 'H SIMP monekyn cy6crpartoB (ruapasoHoB) i peuentopos B- u 2-I'TI-B-IJI-Ha B cynmpaMoseKyIspHbIX
KOMIUIEKCaX MOKa3aJlo, YTO BO BCEX CIIydasx 00pa3yloTcs KOMIUIEKCHI COCTaBa 1 MoJeKysa rocTs Ha 2 MOJIEKYJIbI
X035MHA. Y CTaHOBIICHO, YTO IPH B3aMMOJICHCTBUN OHU 00pa3yloT KOMIUIEKC BKIIIO-UEHHS C BXOXKIAEHHEM MOJIEKYJIBI
cyOcTpaTta BO BHYTPEHHIOIO OJIOCTh PEIeNTOpa METHJIAMUHHBIM KOHIIOM. [Toy4eHHbIe TpogyKThl 00pa3yloT cMech,
CHOCOOHYIO pacTBOPSITHCS B BOJIE WJIM 00pa30BBIBATh yCTOWYMBBIE BOJHBIE Auctepcui. OIEHEHO aHTHPaAUKaIbHOE
JIefiCTBAE CHHTE3WPOBAHHBIX CYIPaMOJICKYISIpHBIX KoMIulekcoB B oTHomeHmn @I -pagmkana. Ompenenena
KOHLIEHTpalusi, crocooHass Ha 50% cHkate onTHdeckyro mioTHocTs 100 uM pactBopa @I -paankana. s
CyNpPaMOJIEKYJIIPHOTO KOMIUIEKCa Ha OCHOBE N-(AMATHIAMHHO)-OCH3WIHIEeHH30HUKOTHHOTHApasuna u 2-I'TI-f-
nukinoaexcrpuna, ICso(DPPH) oxa3zanace paBHoit 46,4 uM.

KioueBble  cjoBa:  [B-IUKIOAEKCTPUH,  2-THUAPOKCHIIPOMII-B-IMKIONEKCTPUH,  CYHIPaMOJICKyJISIpHBIC
KOMILJIEKCHI BKIIFOUCHHS, aHTUPpAaAUKaJIbHasA aKTUBHOCTb.
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