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SYNTHESIS, STRUCTURE AND ANTI-RADICAL ACTIVITY
OF 6-METHYL-4-OX0-4H-CHROMEN-3-ACYLHYDRAZONES

Abstract. This paper demonstrates data on synthesis of 6-methyl-4-ox0-4H-chromen-3-acylhydrazones with
condensation of substituted 3-formylchromones and acylhydrazides. It is testifed to the fact that 4-oxo-4H-chromen-
3-carboxaldehyde with hydrazides of isonicotinic and o- and n-hydroxybenzoic acids in isopropanol at boiling a
reaction mixture for 2 h lead to the relevant chromen-containing hydrazones. Structures of the synthesized
compounds were investigated with methods of 'H and ?C NMR spectroscopy. and data on two-dimensional (‘H-'H)
COSY and ("H-">C) HMQC spectra. Values of the chemical shifts, multiplicity and integrated intensity of 'H and '°C
signals in one-dimensional NMR spectra were defined. Homo- and heteronuclear interactions confirming structure of
the investigated compounds were determined with ('H-'H) COSY and (‘H-'’C) HMQC spectra. Data on an
antiradical activity of synthesized 6-methyl-4-oxo-4H-chromen-3-acylhydrazones were showed. It was shown that
the above compounds in the final concentration of 50 uM reduce the optical density of the initial solution of the
DPPG radical by 27.5%, 25.2% and 8.8%, respectively, therefore, do not show pronounced antiradical activity under
the conditions of this test system.

Key words: acylhydrazides, condensation, 4-oxo-4H-chromen-3-carboxaldehyde, '"H and *C NMR spectra,
two-dimensional ("H-"H) COSY and (‘"H-'>C) HMQC spectra, antiradical activity.

Introduction

Chromone (4H-1-benzopyran-4-one) is a parent of the class of oxygen-containing heterocyclic
compounds — flavonoids widespread in flora. The flavonoids and chromone derivatives isolated from
plants and fungi possess various types of the biological activity such as antitumoral, antifungal,
antioxidant, P-vitamin, etc. [1-3]. Chromone cyclic system takes an important position among oxygen-
containing heterocyclic systems. Some of the synthetic chromone products show a wide range of the
biological activities such as antifungal, anticancer, antimicrobial and inhibit human immunodeficiency
virus and mushroom tyrosinase virus [6-8]. It is natural that the chromen-containing derivatives are the
valuable intermediate products in synthesis of new biologically active compounds including the
pharmaceutical products. It should be noted that a chromone system is a part of flavonoids (quercetin,
dihydroquercetin, etc.) belonging to group of antioxidant substances [1]. By reason of low toxicity for
mammals and essential solubility, a chromone fragment is one of the exclusive structural blocks to
develop the pharmacological important substances [9-20].

Experimental part

Referring to a large scientific interest to flavonoid compounds and their prospects in the applied
relation and search the new antioxidant products, the synthesis of 6-methyl-4-oxo-4H-chromen-3-
acylhydrazones (1-3) was performed by correlation of 6-methyl-4-oxo-4H-chromen-3- carboxaldehyde
with hydrazides of isonicotinic and o- and p-hydroxybenzoic acids. It is demonstrated that at boiling in
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isopropanol for 2 h the reaction proceeds smoothly and leads to the corresponding chromen-containing
hydrazones with high yields.
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Reaction products of 1-3 are the light yellow powders soluble in many organic solvents, and a yield of
compounds makes 63-98%.

Results and discussion

The structure of compounds 1-3 was confirmed with data of 'H and °C NMR spectroscopy, and two-
dimensional ("H-"H) COSY and (‘H-"C) HMQC spectra.

NMR spectrum of compound 1 was studied in detail. '"H NMR spectrum of compound 1 is
characterized with strong pole area at 2:41 ppm of a singlet signal with intensity 3H belonging to protons
H'" of a methyl substituting group. A multiplet signal with intensity 6H belonging to two symmetric
protons H* ' of a methyl substituting group of an aromatic system, to proton H’ of this aromatic nucleus,
two symmetric protons H'> * of a pyridine cycle, and to proton H'? at sp>-hybridized carbon atom were
observed in aromatic area of a spectrum at 7.61-7.88 ppm. The unscreened protons H*”* ** of a pyridine
cycle and protons HC close by oxygen atom were shown as a multiplet at 8-48-9.80 ppm with integrated
intensity 3H. Protons H'* of a hydrazine fragment of a molecule were observed as a broadened singlet
with integrated intensity 1H in the lowest pole area of spectrum at 142.11 ppm.
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In >C NMR spectrum of the compound 1 the methyl carbon signals were found at 20.97(C'") ppm.
Carbon signals of an aromatic nucleus were shown at 118.37 (C°), 119.02 (C7), 124.93 (C'%), 136.25 (C%),
136.34 (C*) and 154.56 (C*) ppm. Carbon atom C’ condensed with an aromatic nucleus of the heterocyclic
oxygen-containing cycle not connected with oxygen atoms was observed at 123.48 ppm. Because of the
shift of electronic density on carbon atoms as a result of correlation with ¢lectronegative oxygen the
signals of C° and C* atoms passed into a low pole area of spectrum and were at 155.18 and 175.43 ppm
respectively. Equivalent couple of atoms of pyridine fragment C'** with low shift of the electronic
density on carbon nucleus was found at 122.02 ppm. Whereas other couple of pyridine carbons C**** with
low screening of carbon nucleus was observed in lowest pole arca at 150.26 ppm. Carbon atom C'* of
pyridine nucleus resonated at 140.67 ppm. The signal with a chemical shift at 142.32 ppm belongs to a
carbon atom connected with double bond with nitrogen atom. In low pole area at 161.86 ppm the signal of
carbonyl atom C'” was observed.

The structure of compound 1 was confirmed with methods of two-dimensional NMR spectroscopy,
('H-"H) COSY and (‘"H-"C) HMQC to establish the homo- and heteronuclear spin-spin interactions (Fig. 1
and 2).
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Figure 1 — Recording of HMQC spectrum of compound 1
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Figure 2 — Recording of COSY spectrum of compound 1
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The observed correlations in a molecule are presented on the scheme. Spectra of 'H-'H COSY of
compound demonstrate the spin-spin correlations through three proton bonds of next methine groups H'*
».H** of a pyridine ring with cross-peaks at 8.75, 7.80 and 7.78, 8.75.

The heteronuclear interactions of protons with carbon atoms through one bond were determined with
'"H-"C HMQC spectroscopy for all couples of compounds: H'-C'7 (2.39, 21.59), H'-C’ (7.62, 19.55), H'-
C*(7.61, 136.70), H?-C'* (7.62, 142.30), H™ #-C" *(7.79, 122.73), H'*-C'° (7.85, 125.37), H** *-C* **
(8.74, 151.28) and H°-C°(8.78, 155.70).

One - and two-dimensional NMR spectra of molecule 2 — isomer of compound 3 in size of the
chemical shifts 'H and °C NMR have big analogy. However change of a hydroxyl group position in an
aromatic ring from the symmetric position in the asymmetrical corresponding to compound 2 slightly
changed the size of the electronic density on the studied nucleus 'H. As a result of it some signals of NMR
protons, earlier presented as doublet, passed into areas of other spectra and were as multiplets. So, 'H
NMR spectrum of compound 2, &, ppm: 2.34 s (3H, H'), 6.74-7.92 m (8H, H*'*'>**%), 8.48-8.80 m
(3H, H*"*), 8.58 s (1H, H°), 11.84 s (1H, NH). °C NMR spectra of the studied isomers were very
identical. This result was predicted. So, the studied molecules have two aromatic cycles which signals of
protons are very similar and thus there is a high probability of their superposition at each other. The
general integrated intensity of protons of the studied isomers did not change.

Possibility to identify isomers on position of a hydroxyl group in an aromatic nucleus was shown with
a homonuclear correlation of COSY ('H-"H) NMR spectroscopy. The spin-spin correlations through three
proton bonds of next methine groups H*-H*' (7.39, 6.90; 6.91, 7.37) and H**-H> (7.83, 6.87; 6.88, 7.81)
were observed in isomer 2 in an aromatic fragment (Fig. 3). Such homonuclear correlation of NMR
spectroscopy corresponds to isomer compound 2.

Figure 3 — Correlation scheme in COSY spectra of compound 2

In order to investigate the pharmacological activity of the synthesized compounds 1-3 the screening
of antiradical activity based on interaction of compounds with stable chromogen-radical 2,2- diphenyl-1-
picrylhydrazil (DPPH) was performed. The methanol solution DPPH (100 uM) was used to evaluate
primary the antiradical activity of the studied samples in test with the DPPH —radical. In order to select
substances with the antiradical activity, 2 ml of the DPPH methanol solution (100 uM) was mixed with 20
uL of the studied object dissolved in DMSO in concentration 5 mM. Thus, the final concentration of the
studied substance in reactionary mixture made 50 uM. The reduction in optical density at 515 nm was
measured in 10 min after addition of the studied substance solution to the DPPH radical solution. The
substances, which are able to reduce optical density more 30%, were tested for interaction with the DPPH
radical in the final concentration of the studied substances (100, 75, 50, 25, 20, 10 and 5 uM). Then
concentration of the studied substance reducing an optical density by 50% - 1Cso(DPPH) was determined.
In control 20uL. solvent (DMSQO) was added in 100 uM DPPH solution. Research results of biological
activity of compounds 1-3 are presented in the table.

This table demonstrates that compounds 1, 2 and 3 in final concentration 50 uM reduce the optical
density of the initial DPPH radical solution by 27.5%, 25.2% and 8.8%, respectively. Thus they do not
show the expressed antiradical activity in the conditions of this test system.
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Table — The optical density values of the DPPH radical solution (100 pM) after 10 min incubation with
the studied substance in final concentration 50 uM

Comp.No. Optical Value of decrease in optical density
Name of compound PUc of initial solution DPPH-radical,
density 6
in % from control
1 N’-((6-methyl -4-oxo0-4H- chromen-3-il) methylene)
isonicotinohydrazide 0.814 27.5
2 2-hydroxy-N’-((6-methyl-4-ox0-4H-chromen-3-il)
methylene)benzohydrazide 0.839 252
3 4-  hydroxy-N’-((6- methyl-4-ox0-4H- chromen-3-il)
methylene) benzohydrazide 1.023 8.8
4 Control (DPPH solution without the studied substance) 1.122 -

Experimental part

"H and ”C NMR spectra were recorded on INM-ECA Jeol 400 spectrometer (frequency 399.78 and
100.53 MHz respectively) with using of DMSO-ds solvent. The chemical shifts were measured concerning
signals of residual protons or carbon atoms of dimethyl sulfoxide-ds. The control of the reaction and purity
of the received compounds was performed by Thin Layer Chromatography method on Silufol UV-254
plates in isopropyl alcohol-benzene-ammonia system (10:5:2). Plates were processed with iodine vapour.

N’-((6-Methyl-4-0x0-4H-chromen-3-il)methylene) isonicotinohydrazide (1). To 0.5g (0.0027 mol)
of 6-methyl-4-oxo0-4H-chromen-3-carboxaldehyde in 10 ml of ethanol at stirring was added 0.36 g (0.0027
mol) of hydrazide of isonicotinic acid in 5 ml of ethanol (hot). The reactionary mixture was boiled for 1 h.
The yellow residue dropped out, was cooled, filtered and recrystallized from ethanol. The yield of the
product was 0.8 g (96% from theor.), m.p. 210-211°C. 'TH NMR spectrum, 5, ppm: 2.41 s (3H, H'"), 7.61-
7.88 m (6H, H™*'*'>1%%%) '8 48-8.80 m (3H, H>***), 12.11 s (1H, NH). "“C NMR spectrum, 5, ppm: 20.97
(C), 118.37 (C°), 119.02 (C7), 122.02 (C"*%), 124.93 (C'), 136.25 (C°), 140.67 (C'"), 142.32 (C"),
150.86 (C***%), 155.18 (C°), 161.86 (C"), 175.43 (CY).

2-hydroxy-N’-((6-methyl-4-ox0-4H-chromen-3-il)methylene) benzohydrazide (2) was received
similarly to compound 1. The vyield of the product 2 was 77%, m.p. 206-207°C. 'H NMR spectrum, §,
ppm: 2.34 s 3H, H''), 6.74-7.92 m (8H, H"*'*1>%%) 8 48-8.80 m (3H, H**"**), 8.58 s (1H, H%), 11.84 s
(1H, NH).

4-hydroxy-N’-((6-methyl-4-0x0-4H-chromen-3-il)methylene) benzohydrazide (3) was received
similarly to compound 1. The yield of the product 3 was 83%, m.p. >350°C. "H NMR spectrum, &, ppm (J,
Hz): 2.39 s (3H, H"), 6.80 d (2H, H***, *J 5.5), 7.59 d (1H, H"®, °J 10.4 Hz), 7.77 d (2H, H"*, *] 6.0
Hz), 7.86 s (1H, H'"), 8.55 s (1H, H"?), 8.72 s (1H. H°), 10.10 s (1H, OH), 11.69 s (1H, NH). °C NMR
spectrum, &, ppm: 21.00 (C'7), 115.54 (C***), 118.83 (C°), 119.04 (C7), 123.54 (C°), 124.12 (C"*), 124.96
(C"), 130423 (C"), 136.21 (C°), 136.25 (C*), 136.94 (C'?), 154.64 (C°), 161.26 (C**"), 163.06 (C") and
175.56 (CY).
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6-METHJI-4-OKCO-4H-XPOMEH-3-AITITHAPA3OHIAPALIH CHHTE3L KYPELILICEI MEH
PAIMKAJITAPFA KAPCEI BEJICEH/ILIITT

Annoramust. Kympicra 6-metun-4-okco-4H-xpomeH-3-auunaruapazosaapasl  PyHKIHOHANABI dybICKAH 3-
(HOPMIIIXpPOMEHACP MCH ANMITHAPASHATEPIAIH KOHACHCAIMACH APKBLUIBI CHHTC3ACY HOTIDKCICPI KCATIPUITCH. O-
MeTHI-4-0kco-4H-XpomeH-3 -kapOOKCaIbACTHIHIH H30HUKOTHH KOHE 0- MCH /-THIPOKCHOCH30H THAPA3HATEPIMEH
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PEeAaKIMAIBIK KOCHMACHIH H3OIPOIAHON CpiTKimiHAe 2 carar OOWbI KAWHATY OJAPIABIH COMKEC XPOMEHKYPAMIBI
THAPA3OHIAPBIHBIH TY3iNyiHe okeseTiHi kepcerinren. CHHTC3ICTIHIN ANBIHFAH 3aTTapIbIH Kyphuibictapsl SIMP 'H
nen °C crextpockormms, coHmai-ak COSY (‘H-'H) xome HMQC (‘H-"’C)-mpix exi emmemmi crekTprcpiveH
seprreiren. SIMP Gipemmemai cmexrpiepinaeri 'H sxome '’C aTOMIADBIHBIH XHMHSUIBIK SKbUDKBIMATAPBIHBIH,
MY IBTHILICTTiTK JKOHE HHTETPAIIbl CHTHANIAPHIHBIH MoHAEpi anbikramran. COSY (‘H-"H) sxome HMQC (‘H-*C)
(hopMaTHIHIAFHI CHEKTPIIEP OOHBIHINA 3EPTTEIYINL 3aTTAPABIH KYPHUIBICHIH JONICIACHTIH TOMO- MEH T€TEPOSAPOIIBIK
opekertecyiep aHpKraaFaH. CHHTE3NCHIHIN anblHFaH  6-MeTHI-4-0Kco-4H-XpoMeH-3-auuiarnapa3oHaapabiH
paguKaIIapra Kapcel OCICCHOUTIKTEP] Typambl aepekrep kenripinren. OCHI skoFapbia aliTeuraH 3attap 50 uM ey
TOMCH KOHICHTpanuAchiHaa Oactanksl DI -paaukaIbIHBIH CPITIHIICIHIH ONMTHKAIBIK THFBI3IBEFRH 27,5%, 25,2%
skoHe 8,8%-Fa TemeHzerenmi, ol ceOemTi, ONap OCHI TECTIK >KyHE >KAarAaHbIHIA AWKBIH pPaAMKANIIApFa Kapchl
OeIceHaIMIKTE Pl KOpCeTHEH .

Tyiiin co3jep: anuIrHapasuaTep, KOHACHCAIHs, 4-0kco-4H-xpomen-3-kapbokcanpaerun, IMP 'H- men °C-
ciekrprep, exiemmemai COSY (‘H-"H) mer HMQC (‘H-"°C) cniexrpriepi, pamuxanmapra Kapchl OeICeHIimKTeD.

O.A. Hypxenos'?, M.K. H6paes®, T.M. Ceii;ixanop’,
3.T. Mly.mray®, C.J. ®azeuios’, A.T. Takn6aena’
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CHHTE3, CTPOEHHE U AHTHPA/IUKAJIBHAA AKTUBHOCTD
6-METWI-4-OKCO-4H-XPOMEH-3-AIIWJIT'HAPA3OHOB

Annoramusa., B padotre mpuBEACHBI JAHHBIC MO CHHTE3Y O-MCTHI-4-0KC0-4H-XpoMeH-3-auuaruapa3oHoB
KOHACHCAUMEH ()yHKIHOHAIBHO 3aMEIICHHBIX 3-(DOPMUIXPOMOHOB M aIMiIruapa3uaAoB. I1okazaHo, uTo peakuuu 4-
oxco-4H-xpomen-3-kapOokcanpaeTHAA C THAPAZHIAMH H30HHKOTHHOBOH H 0- U n-THAPOKCHOCH30HHON KHCIIOTAMH B
H30IPOTIAHOJIC NPH KUILTUCHUM PECAKIMOHHOW CMECH B TCUCHHE 2 Y MPHBOJUT K 0OPA30BAHUIO COOTBETCTBYFOIIMX
XPOMEHCOCPKAIIMX THAPA30HOB. HICCIeIOBAHBI CTPOCHHS CHHTE3HPOBAHHBIX COeIMHEHIi MeTogamu SIMP 'H u °C
CTICKTPOCKOIHH, 4 TAKKS JAHHBIME AByMepHbIX criektpos COSY (‘H-'H) u HMQC (‘*H-"C). OnpeerneHs! 3HAUCHUS
XHMHYECKHX CIBHTOB, MyJIbTHIUIETHOCTh M HHTCTPATHHAS MHTCHCHBHOCTh CHTHATOB 'H m °C B OJHOMEpHBIX
criekrpax SIMP. C momompro criekrpos B dopmarax COSY (‘H-'H) u HMQC (‘H-"’C) ycranoBncHbl romMo- u
TETEPOSACPHBIC B3AMMOJCHCTBHS, IOATBEPKAAIONINE CTPYKTYPY HMCCIEIYEMBIX COeIUHCHHUH. [IpuBeacHBI JaHHBIC
MO0 AHTHPAAUKATPHON AKTUBHOCTH CHHTE3HPOBAHHBIX 6-METHI-4-0kco-4H-xpomen-3-anmnruapasoros. ITokasaHo,
YTO BBINICYKA3aHHBIC COCAWHCHHS B (DMHANBHOH KOHUIEHTpamuu 50 pM CHI)KAIOT ONTHYECKYIO ILIOTHOCTH
ucxoxuoro pacreopa APDII -paxukana Ha 27,5%, 25,2% u 8,8%, COOTBCTCTBCHHO, CIICIOBATCIBHO, HC MPOSBIISIOT
BBIPAYKCHHOW AHTHPATUKAIBHON AKTUBHOCTH B YCIOBHAX JAHHOM TECT-CHCTEMBL.

K./moueBble ¢/10BA; AMITHAPAsHIb, KOHACHCAnus, 4-oxco-4H-xpomen-3-kapbokcamsaerun, SIMP 'H- u °C-
criekrpsl, aByMepHbie criektpsl COSY (‘H-"H) 1 HMQC (‘H-'°C). anTHpagukaibHas aKTHBHOCTS.

Information about the authors:

Nurkenov O. A. — Doctor of Chemical Sciences, Professor, Institute of Organic Synthesis and Coal Chemistry of the
Republic of Kazakhstan, e-mail: nurkenov_oral@mail ropurkenov_oral@mail.ru, orcid.org /0000-0003-1878-2787,

Ibraev. MK. - Doctor of Chemical Sciences, Professor, Karaganda State Technical University, e-mail:
mkibr@mail rumkibr@mail.ru orcid.org/0000-0003-0798-5562orcid.org/0000-0003-0798-55620rcid.org/0000-0003-0798-
5562 https://orcid.org/0000-0003-0798-5562;

Seilkhanov T.M. - Candidate of Chemical Sciences, Sh. Ualikhanov Kokshetau State University, e-mail:
tseilkhanov@mail.rutseilkhanov@mail. ru, orcid.org /0000-0003-0079-4755. https://orcid.org/0000-0003-0079-4755;

Shulgau Z.T. — Candidate of Medical Sciences, Associate Professor, RSE “National Center for Biotechnology”, e-mail:
zarina4006@mail ruzarina.shulgauw@nu.edu.kz, orcid.org /0000-0003-0079-4755. https://orcid.org/0000-0001-8148-0816;

Fazylov S.D. — corresponding member of NAS RK, Doctor of Chemical Sciences, Professor, Institute of Organic Synthesis
and Coal Chemistry of the Republic of Kazakhstan, e-mail: i0su8990@mail ruiosu8990(@mail.ru, orcid.org /0000-0002-4240-
6450;

Takibayeva A.T. — Candidate of Chemical Sciences, Karaganda State Technical University, e-mail:
altynarai81(@mail rualtynarai8 1 @mail.ru, orcid.org/0000-0003-0536-0817.




ISSN 2224-5286 4. 2019

REFERENCES

[1] Plotnikov M.B., Tyukavkina N.A., Plotnikova T.M. Drugs based on diquertine. Tomsk: Publishing house of Tom.Uni-
ty, 2005. 228 p.

[2] Palchaudhuri. R., Hergenrother P.J. // Curr. Opin. Biotechnol. 2007. Vol. 18 (6). P. 497-503. DOI:
10.1016/j.corbio.2007.09.006.

[3] Piao L.Z., Park HR., Park Y .K., Lee S.K., Park J.H., Park M.K. // Chem. Pharm. Bull. 2002. Vol. 50 (3). P. 309-311.

[4] Bennet C.J., Caldwell S.T., Mephail D.B., Morreci P.C., Dutyie G.G., Hartly R.C. // Bioorg. Med. Chem. 2004. Vol. 12.
P.2079-2082.

[5] Ragab F.A., Elsayed N.A., Fissa A.A., El-Kerdawy A.M. // Chem. Pharm. Bull. 2010. Vol.58. P. 1148-1156.
doi.org/10.1248/cpb.58.1148.

[6] Abdou WM., Barghash RF. Bekheit M.S. // Arch. Pharm. 2012. Vol 345 (11). P. 884-895.
doi.org/10.1002/ardp.201200142 doi.org/10.1002/ardp.201200142.doi.org/10.1002/ardp.201200142

[71 Abdou WM., Kamel A.A., Shaddy AA. // Fur. J. Med. Chem. 2010. Vol. 45. P. 5217-5224.
doi.orgdoi.org/10.1016/].ejmech.2010.08.036/10.1016/j.ejmech.2010.08.036.

[8] Bhat A.S., Whefstone J.L., Bruggemier R.-W. // Tetrahedron Lett. 1999. Vol. 40. P. 2069-2017. doi.org/10.1016/S0040-
4039(99)00167-7 doi.org/10.1016/S0049-4039(99)00167-7.doi.org/10.1016/30040-4039(99)00167-7doi.org/10.1016/S0040-
4039(99)00167-7doi.org/10.1016/S0040-4039(99)00167-7doi.org/10.1016/S0040-4039(99)00167-7doi.org/10.1016/S0040-
4039(99)00167-7

[9] Kumar D., Reddy V.BReddy V.B., Sharad SSharad S, Dube UDube U, Kapur SKapur S. // Eur. J. Med. Chem. 2009.
Vol. 44. P. 3805-3809. doi 10.1016/j.ejmech.2009.04.017.

[10] Khan K. M., Ambreen N., Mughal U.R., Jalil S., Choudhary M.L. // Eur. J. Med. Chem. 2010. Vol. 45. P. 4058-4064.
doi.org/10.1016/).ejmech.2010.05.065 doi.org/10.1016/].ejmech.2010.05.065doi.org/10.1016/j.ejmech.2010.05.065.

[11]TuQ.D.,LiD., Sun Y., Han X.Y., Yi F., Ren Y.L., Ding MW _, Feng L.L., Wan J. // Bioorg. Med. Chem. 2013. Vol.
21. P.2826-2831. DOI: 10.1016/j.bmc.2013.04.003.

[12] Kaldybekova A.Zh., Amangazyeva A.T., Halmenova Z.B., Umbetova A.K. // News of the National Academy of
Sciences of the Republic of Kazakhstan. Series Chemistry and Technology. 2018. Vol. 5, No 431. P. 74-81.
doi.org/10.32014/2018.2518-1491.10.

[13] Utegenova L.A., Nurlybekova A K., Duysebaeva ML.A., Jenis J. // News of the National Academy of Sciences of the
Republic of Kazakhstan. Series Chemistry and Technology. 2019. Vol 1, No 433. P. 32-38. doi.org/10.32014/2019.2518-
1491.5.

[14] Ferreira I.P.A., Silva V.L.M., Elguero J., Silva A.M.S. // Tetrahedron Letters. 2013. Vol. 54 (39). — P. 5391-5394.
https://doi.org/10.1016/j.tetlet.2013.07.120

[15] Safrygin A.V., Irgashev R.A., Barabanov M.A., Sosnovskikh V.Y. // Tetrahedron. 2016. Vol. 72 (1). P. 227-233.
DOI:10.1016/j.tet.2015.11.037 https://doi.org/10.1016/j.tet.2015.11.037

[16] Abuhashem A.A., Gouda M.A., Badria F.A. // Medicinal Chemistry Research. 2018. -Medicinal Chemistry
ResearchVol. 27 (1). P.2297-2311. DOIL: 10.1007/s00044-018-2236-3.

[171Li M., ChuR., Zhao Y., Hu W., Liu S.Li, M.Li. M.Chu, R.Zhao, Y .Liu, SLiu, S // Tetrahedron. 2018. Vol. 74 (35). P.
4551-4557. DOIL: 10.1016/j.tet.2018.07.001.

[18] Chavan R., Hosamani K.M., Kulkarni B.D., Joshi S.D.Chavan, R.R.*Hosamani, K.M.*Email AuthorKulkarni B.D.
Joshi, S.D.° // Bioorganic Chemistry. 2018. Vol. 78. P. 185-189. DOT: 10.1016/j.bioorg.2018.03.007.

[19] Luo G., Chen M., Lyu W., Zhao R., Xu Q., You Q., Xiang H. // Bioorganic and Medicinal Chemistry Letters. 2017.
Vol. 27 (12). P. 2668-2673. DOI: 10.1016/1.bmel.2017.04.029.

[20] Kamath P.R., Sunil D., Ajees A.A., Pai K.S.R. // European Journal of Medicinal Chemistry. 2016. Vol. 120. P. 134-147.
DOI: 10.1021/ar0400995.




