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Production of cyclodextrin nanocomplexes based on
N’-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide and research
of their structure by physical and chemical methods

In the present work, the supramolecular complexes of N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide
with B-cyclodextrin (B-CD) and 2-hydroxypropyl-B-cyclodextrin (2-HP-B- CD)were first obtained and studied.
The NMR methods of one-dimensional *H, $3C spectroscopy confirmed the structure of the obtained inclusion
complexes. The structure of the compounds was also studied by two-dimensional NMR spectroscopy COSY
(*H-H) and HMQC (*H-13C), which allows one to establish spin-spin interactions of a homo- and heteronuclear
nature. Comparison of the integral intensities of the H NMR signals of the initial substrate and - and 2-HP-
B-CD in supramolecular complexes showed that in both cases complexes of the composition of one substrate
molecule per one receptor molecule are formed. It was found that the interaction of N'-((5-nitrofuran-2-yl)meth-
ylene)isonicotinohydrazide with the studied B-cyclodextrins forms inclusion complexes with the penetration of
the substrate molecule into the internal cavity of the receptor by the pyridine fragment in the case of using p-
CD and the furanose cycle in the case of 2-HP-B-CD. The resulting supramolecular complexes can dissolve in
water or form stable aqueous dispersions.

Keywords: hydrazones, N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide, -cyclodextrin, 2-hydroxypro-
pyl-B-cyclodextrin, inclusion complexes, NMR spectroscopy, supramolecular complexes, COSY (*H-H),
HMQC (*H-3C).

Introduction

Hydrazones obtained on the basis of the well-known isonicotinic acid hydrazide are used as antibacterial
and anti-tuberculosis drugs, analytical reagents and dyes [1]. However, some of them have low solubility in
water. At present, various ways have been developed and are used to increase the solubility of drugs in water:
the use of special excipients, including the inclusion of drugs in the structure of water-soluble polymers [2].

A possible solution to the problem of water solubility of hydrophobic substances is the use of complexa-
tion technology with cyclodextrins. Using the complexation method to obtain biologically active substance
clathrates with cyclodextrins will increase the water solubility of hydrophobic and slightly soluble substances,
their bioavailability and chemical stability [3]. This will extend the half-life of the active component and,
therefore, reduce the dose of the drug used.

Cyclodextrins (CDs) belong to the group of water-soluble compounds, but do not have high solubility at
normal temperature due to the relatively strong intramolecular hydrogen bonds in the crystal lattice [3, 4]. The
lowest solubility among all natural cyclodextrins has B-cyclodextrin. Being in a dry crystalline state, cyclodex-
trins do not have high hygroscopicity [5]. However, in the process of crystallization of cyclodextrins from
aqueous solutions, water molecules are actively included in the torus cavity, and are also present in the crystal
structure of the substance, binding to the outer surface of the molecules.

The structure of the cyclodextrin crystals is stabilized by intermolecular hydrogen bonds. In the crystal-
line hydrate state, the aggregates of cyclodextrin molecules have a tubular or network shape, and, due to dif-
ferent orientations, form particles resembling needle-like or prism-like agglomerates in appearance (Fig. 1).

The crystal shape of the cyclodextrin molecules depends on the degree of hydration. With the removal of
water, the crystals become amorphous [6]. During the formation of inclusion complexes, water molecules are
displaced from the cavities of the cyclodextrin torus as a result of incorporation of the corresponding «guest»
substance into the torus cavity.
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Figure 1. The structure of the cyclodextrin crystals

Cyclodextrins are insoluble in most organic solvents, but are also able to dissolve in some polar aprotic
solvents [7]. The temperature dependence of the solubility of cyclodextrin may vary as a result of the com-
plexation process with the molecule of the «guest» substance. Inclusion complexes may have greater solubility
in water than intact cyclodextrins, provided that the molecules of the «guesty substance are readily soluble in
water. And, on the contrary, during the formation of inclusion complexes with hydrophobic molecules of the
«guesty» substance, the solubility of cyclodextrins in water may decrease [6]. Despite the decrease in the solu-
bility of cyclodextrin molecules («matrix» molecules), the solubility of a hydrophobic compound in aqueous
systems in the inclusion complex may increase [8].

The stability of the formed complexes is due to the formation of various non-covalent forces of interaction
between the cyclodextrin and «guest» molecules: van der Waals, hydrophobic, etc. Cyclodextrin in the com-
plex protects the «guest» molecule from damage by various reactive molecules and thereby reduces the oxida-
tion rate of steric rearrangements, hydrolysis, racemization and enzymatic destruction [3].

In this regard, the use of cyclic oligosaccharides, B-cyclodextrins (receptor), as a component of the su-
pramolecular system for obtaining a water-soluble complex with hydrazone (substrate) is promising. The pos-
sibility of inclusion of the active substance in the capsule of B-cyclodextrin is due to hydrophobic interactions
between the BAC and the complexing agent.

When complexing with cyclodextrins, the molecules of the «guest» substance transform into a nanostruc-
tured («encapsulatedy) state, in which each substrate molecule is placed in the cavity of a native or modified
cyclodextrin molecule [6]. This causes significant changes in the physicochemical properties of the molecules
of the substance bound by cyclodextrins: the stability of compounds sensitive to oxygen or light increases [6];
the reactivity and activity of the substrate molecules changes; stabilization of easily volatile compounds occurs
[9]; the solubility of a number of substances increases [9]; the possibility of converting liquids into powder
form is realized [2]; the resistance of the substrate to biodegradation by microorganisms increases [9]; disa-
greeable odors and taste are masked [10]; the color or color intensity of the compounds changes; the catalytic
activity of cyclodextrins, etc., can be observed [9]. Such properties of cyclodextrins and their derivatives makes
them suitable for use in analytical chemistry, agriculture, pharmaceuticals, food and cosmetic production [10].

The aim of this work was to obtain inclusion complexes N'-((5-nitrofuran-2-yl)methylene)isonicotinohy-
drazide 1 (Fig. 2) with B-cyclodextrin (B-CD) and 2-hydroxypropyl-p-cyclodextrin (2-HP-B-CD), as well as
the establishment of structural features of the obtained supramolecular complexes.
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Figure 2. N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide (1)

Experimental

B-Cyclodextrin (B-CD) and 2-hydroxypropyl-p-cyclodextrin (2-HP-B-CD) were used by Fluka, 99 %
pure. H and 3C NMR spectra were recorded on a Jeol INM-ECA 400 spectrometer (399.78 and 100.53 MHz
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on 'H and 3C 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.

To obtain complexes for the inclusion of functionally substituted N'-((5-nitrofuran-2-yl)methylene)-
isonicotinohydrazide 1 with B-cyclodextrins, the coprecipitation method was chosen, since this method is
simple and easy to implement. A concentrated solution of 3-cyclodextrin in water was added dropwise to a
concentrated solution of N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide 1 in DMF in the ratio 1:1.
Then they were interfered with a magnetic stirrer at a temperature of 50-60 °C. The identity of the proposed
complexes was checked by thin-layer chromatography on Silufol UV-254 plates in the isopropyl alcohol
system — 25 % ammonia-water solution 7:2:1. The final product was dried at a temperature of 350 °C in
vacuum drying at atmospheric pressure of 0.4 kgf/cm? The inclusion complex of hydrazone 1 with
B-cyclodextrin was obtained in powder form. The yield of product 2 was 71.6 %, mp. 300-303 °C. The
inclusion complex 3 N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide 1 with 2-hydroxypropyl-p-cyclo-
dextrin was obtained similarly. The product yield was 70.5 %, mp. 289-292 °C.

Results and Discussion

In supramolecular chemistry, the size and shape or geometric complementarity of the interacting compo-
nents play a decisive role; therefore, B-CD and its 2-hydroxy derivative, 2-hydroxypropyl--CD, were used to
obtain inclusion complexes with substrate 1.

To analyze the physicochemical properties of inclusion complexes of cyclodextrins with substances from
various classes of organic and inorganic compounds, as well as aggregates of inclusion complexes, various
instrumental methods are used [11]. The choice of specific analysis methods is determined by the physico-
chemical properties of the complexant substance and the state of aggregation of inclusion complexes [6].
Nanostructures of inclusion complexes formed as a result of substrate-ligand interaction of guest substance
molecules with cyclodextrin molecules can be studied and characterized both in dry crystalline form and in the
state of solutions [12].

To determine the change in the properties of the ligand substance and the substrate as a result of the
formation of nanocomplexes of cyclodextrincavitates obtained in the crystalline state, thermal analysis meth-
ods, microscopy methods, spectral, chromatographic methods, etc. can be used [13-15]. To control the physi-
cochemical properties of inclusion complexes It is recommended to use the methods of thermal analysis, scan-
ning electron microscopy, X-ray diffraction analysis, IR spectroscopy, NMR, CD, EPR spectroscopy, micro-
calorimetry and etc.

For analysis of inclusion complexes, the methods of proton magnetic resonance spectroscopy 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 [9]. This analysis method allows
you to fix the pronounced chemical shift in the vibrational spectra of H-3 and H-5 protons oriented inside the
torus cavity, which is due to the placement of the «guest» substance molecule in the hydrophobic cyclodextrin
cavity. Moreover, insignificant chemical shifts are observed in the vibrational spectra of H-1, H-2, and H-4
atoms localized on the outer surface of the molecule [16]. The 3C-NMR spectroscopy method allows one to
record chemical shifts in the electronic environment of carbon atoms of the cavity of a cyclodextrin molecule
resulting from the van der Waals and electrostatic interaction of the molecules of the «guest» substance with
the molecules of the host substance [17-20]. 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 [21].

The synthesis of the initial N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide 1 (substrate) was
previously described by us in [11-13]. The substance during screening studies showed pronounced
antimicrobial and antifungal activity.

In the *H NMR spectrum of compound 1, the proton H-4 of the furan fragment appeared as a single-
proton doublet at 7.29 ppm. with 3] 4.4 Hz. The remaining furan proton H-3 resonated with the pyridine protons
H-15,19 with a three-proton multiplet at 7.76—7.79 ppm. The pyridine protons H-16,18 were manifested by a
two-proton doublet at 8.77 ppm. with 3] 5.6 Hz. The proton H-8 at the unsaturated carbon atom and the amide
proton H-10 appeared as single-proton singlets at 8.36 and 12.41 ppm. respectively.

In the 13C NMR spectrum of compound 1, the signals of the carbon atoms of the furan fragment appeared
at 115.08 (C-3), 11.61 (C-4), 151.83 (C-5) and 152.59 (C-2) ppm. The signals of the carbon nuclei of the
pyridine ring are observed at 122.07 (C-15,19), 140.35 (C-14) and 150.99 (C-16,18) ppm. The unsaturated
carbon atom C-8 resonated at 137.20 ppm. Chemical shift signal at 162.53 ppm corresponds to the carbon
atom C-11 of the urea group.
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The structure of compounds 1 was also confirmed by the methods of two-dimensional NMR spectroscopy
COSY (*H-H) and HMQC (*H-1C), which allows one to establish spin-spin interactions of a homo- and het-
eronuclear nature. The observed correlations in molecule 1 are presented in Figure 3.

In the spectra of the *H-'H COSY compound, spin-spin correlations are observed through three bonds of
the neighboring methine-methine protons of the H*-H2 furan ring (cross-peak coordinates, ppm: 7.28, 7.76 and
7.76, 7.28) and aromatic protons H'>°-H618 (coordinates of cross peaks, ppm: 7.78, 8.76 and 8.7, 7.77) of the
pyridine ring. Heteronuclear interactions of protons with carbon atoms through one bond were established
using *H-*CHMQC spectroscopy (Fig. 3b) for all pairs present in the compound: H*-C* (7.27, 116.62), H*-C?
(7.75, 115.04), H>19-C>19(7.76, 122.10), H8-C® (8.35, 137.21), H'®18-C1618(8,77, 150.96).

a)
Figure 3. Correlation scheme in the spectra of HMQC (a) and COSY (b) of compound 1

As a result of the studies, the supramolecular complexes 2 and 3 based on the functionally substituted N'-
((5-nitrofuran-2-yl)methylene)isonicotinohydrazide with cyclodextrins (3-CD, 2-hydroxypropyl-p-CD) were
first obtained. The study of supracomplexes with 3-CD 2 and 2-HP-B-CD 3 showed that in both cases, inclusion
complexes of substrate 1 with a cyclodextrin receptor cavity are formed. The greatest change in the chemical
shifts of protons in the process of formation of supramolecular complexes occurs with the internal protons H-
3 and H-5 of the cyclodextrin cavity. In the formation of the inclusion complex of substrate 1 with -CD, the
greatest change in chemical shifts occurs with protons of the pyridine fragment. In the case of using 2-HP-§-
CD, a proton of the furan cycle undergoes a greater change in chemical shifts. This indicates the incorporation
of the substrate molecule into the cyclodextrin cavity by the pyridine fragment in the case of using p-CD
(Fig. 4) and the furanose cycle in the case of 2-HP-B-CD (Fig. 5).

Figure 5. Scheme of the formation of supramolecular complex 3
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'H and **C NMR spectra of compound 1 in the free state and in the composition of supramolecular com-
plexes 2 and 3 obtained in DMSO-ds are presented in Tables 1 and 2.

Table 1
Chemical shifts of *H and *C nuclei of substrate 1 in the free state (80)
and in the composition of complexes 2 (81), 3 (82)
Atom Group B¢ 'H
number o) o) o1 Ad1= 81—0¢ 02 Ad2= 8200
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
Table 2

Chemical shifts of *H nuclei of - and 2-HP-B-CD in the free state (80) and in complexes 2 (81) and 3 (82), ppm

Atom B-CD 2-HP-B-CD
number o) 01 Ad1= 31—99 o) 02 Adr= d2—0p

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

A comparison of the integral intensities of *H NMR signals of molecule 1 with B- and 2-HP-B-CD in
supracomplexes showed that in both cases complexes of the composition of one substrate molecule per one
receptor molecule are formed. It was shown that the products obtained form a mixture capable of dissolving
in water or forming stable aqueous dispersions.

Conclusions

The supramolecular complexes of N'-((5-nitrofuran-2-yl)methylene)isonicotinohydrazide with B-cyclo-
dextrin (B-CD) and 2-hydroxypropyl-p-cyclodextrin (2-HP-B-CD) were first obtained and studied in the work.
Using the *H, *C NMR and two-dimensional NMR COSY (*H-'H) and HMQC (*H-1*C) spectroscopy, the
structure of the obtained inclusion complexes was confirmed, and spin-spin interactions of a homo- and het-
eronuclear nature were established. A comparison of the integral intensities of the *H NMR signals of the initial
substrate with 3-CD and 2-HP-B-CD-us in supramolecular complexes showed that in both cases complexes
are formed with the penetration of the substrate molecule into the internal cavity of the receptor by the pyridine
fragment in the case of B-CD and furanose cycle in the case of 2-HP-B-CD. It was shown that the obtained
supramolecular complexes are able to dissolve in water or form stable aqueous dispersions.
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N'-((5-nuTpodypaH-2-na)MeTHIEH)H30HHKOTHHOTHIPA3U/A Heri3inae
HMKJIOIEKCTPUH/IIK HAHOKeIIeHAep/li a1y ’KdHe 0J1apAbIH KYPbLIbIMbIH
(pu3NKAIBIK-XUMHUSIIBIK JIiCTEPMEH 3epTTey

Makanana N'-((5-HuTpodypan-2-11)METHIICH ) M30HUKOTUHOTHAPA3UATIH B-tiukinoaekcTpuamed (B-111) xouHe
2-ruapokcunponui-B-uukiaonekctpuaMer (2-T'TI-B-I11) cynpaMonekyspiblK KElIeHAep ajlbIHbIIN, 3epTTel-
ren. Bip emmemzi 'H, *C cniextpockorms SIMP oficTepiMeH albIHFaH KOCY KENIEHEPiHiH KYPHLIBICH Pac-
Tangel. ['oMo-3xoHe TeTeposiaep TaOUFATHIHBIH CIIMH-CITUHII 63apa OPEKEeTTeCyiH OpHAaTyFa MYMKIH/IIK OepeTiH
AMP COSY (*H-H) sxome HMQC (*H-'3C) exi emmemi CmeKTpOCKOMHs OmicTEPIMEH AHBIKTAJFaH.
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Cynpamonekynspisl kemenaepae ‘H SIMP curuangapbIHblH HHTErPAIIBIK KAPKBIHABLIBIFBIH B- sxoune 2-TTI-
B-LIJI-MeH canbIcTIpy €Ki JkaFmaiia Aa perentopiapabH Oip MOIeKyIachkiHa CyOCTPaTThIH Oip MOJICKYIachl-
HBIH KypaM KemreHi TysineriHmirin kepcerti.N'-(5-HuTpodypaH-2-uin)MeTHICH ) H30HUKOTHHOTHAPA3HITIH
3epTTeleTiH B-IUKIOeKCTPHHACPMEH 03apa apeKeTTecyi Ke3iHae cyOcTpaT MOJIEKYIachIHBIH PelenTOPABIH
KybICBIHA TUPHIUH (parMeHiMeH KipyimeH B-11/1 Konpanranaa sxoHe (ypaHO3ABIK HUKIMEH KipyimeH 2-TI'TI-
B-II1 xonmanFanaa KOCy KeImeHaepi naiaa 6oaTelHbI OaiKanabl. AJBIHFaH CyIpaMoJIeKyJIIPIIBIK KeIeHaep
CyZa epyl HeMece TYPaKTHI Cy IHUCIIEPCHsIIaphIH KYPYbl MYMKIH.

Kinm ce30ep: runapsunrep, N'-((5-HuUTpo(dypaH-2-UI)METHICH)U30HUKOTHHOTHAPA3U, PB-IHKIOICKCTPHH,
2-THPOKCUTIPONUI-B-IUKIONEKCTPHH, Kocy KemeHzaepi, SIMP cHeKkTpocKOIHACH], CYHPOMOJIEKYIISAPIIBI Ke-
wenznep, COSY (*H-H), HMQC (*H-%3C).

O.A. Hypkenos, C.JI. ®a3buioB, T.M. Ceitnxanos, A.JK. Mykaresa,
I'.K. KapunoBa, A.T. TakubaeBa, A.I'. TomabaeBa

IosyyeHne NUKI0AeKCTPHHOBBIX HAHOKOMILIEKCOB HA OCHOBE
N'-((5-HuTpodypaH-2-HI)MeTHIEH) N30 HUKOTHHOTHIPA3H/1a
1 HCCJIeIOBAHIE HX CTPYKTYPHI PU3HKO-XUMHYECKHMH METOAaAMHM

B crartee BHepBblc ObUIM IOJMYyYCHBI M H3Y4YCHBI cympamounekyisipabie koMmiuiekchl N'-((5-autpodypan-
2-WIT)METHIICH ) M30HUKOTHHOTHApasuaa ¢ B-rukinoaexcrpuom (B-LIJI) u 2-runpokcunponmi-B-nuKioaex-
crpunom(2-T'TI-B-11/T). Metonamu H, 13C SIMP criekTpockonuu 6bUI0 TIOATBEPKIEHO CTPOEHHE MOTYYEHHBIX
KOMIUIEKCOB BKJIOUeHUsI. CTpOEHHE COeIMHEHNH OBUIO H3YUeHO TAaKKe METOaMH IBYMEPHOH CIIEKTPOCKOIIHI
SIMP COSY (*H-'H) 1 HMQC (*H-13C), no3Bosisironeil ycTaHOBUTh CMH-CIIMHOBBIE B3aUMOIEHCTBUS TOMO-
Y reTeposaepHoii Ipupoasl. CONOCTaBIEHNE MHTETPAILHBIX MHTEHCHBHOCTEH curaanos *H SIMP ucxoaHoro
cyoctpara ¢ - u 2-I'TI-B-L1/I-Hamu B cynpaMoNeKyIIpHBIX KOMIUIEKCaX MOKa3alo, YT0 000HX ciaydasx oOpa-
3YIOTCS KOMIUIEKCBI COCTaBa: OJJHA MOJICKyJia cyOcTpara Ha OHY MOJICKYJY pelentopa. Y CTaHOBICHO, YTO
npu B3aumozeiicteun N'-((5-HuTpObypaH-2-HI)METHICH)M30HUKOTHHOTHIPA3HIa C H3y4aeMbIMU B-IIHKIIO-
JEKCTPHUHAMHU 00pa3yIOTCs KOMITIEKCH! BKIFOUESHUS C BXOXKICHUEM MOJIEKYJIBI CyOcTpaTa BO BHYTPEHHIOIO 110~
JIOCTh pelenTopa NUPUANHOBBIM (parMEeHTOM B ciIydae ucrosb3oBanus B-11J1 u ¢pypaHO3HBIM HUKIOM — B
ciryqae 2-I'TI-B-L1J1. ITomyyeHHbIe cynpaMoieKyIsIpHbIe KOMIUIEKCHI CIIOCOOHBI PACTBOPSTHCS B BOJIE MU 00-
Pa30BBIBATH YCTONYHMBBIC BOAHBIC TUCIICPCUH.

Knroueswie cnosa: runpazuist, N'-((5-HuTpOQypaH-2-HIT)METUIIEH ) H30HUKOTHHOTHAPA3H, B-IHKIOJEKCTPHH,
2-THIPOKCUTIPONUI-B-IUKIOIEKCTPHH, KOMIUICKCHI BKIIOYEHHUS, crieKTpockonus SIMP, cynpomosnekyJspHbie
xommiekcel, COSY (*H-'H), HMQC (*H-13C).
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