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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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SYNTHESIS AND ANTIRADICAL ACTIVITY OF SUBSTITUTED
CHALCONES AND THEIR DERIVATIVES

Abstract. The antiradical activity of synthesized chalcones, pyrazolines and
flavonones was studied in the article by a method based on the interaction of
compounds with the stable chromogen radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH or DPPHe).

Data on the antiradical activity of the synthesized chalcones, pyrazolines and
flavonones were showed. It was found that among a series of new compounds,
some derivatives of (E)-1-(2-hydroxyphenyl)-3-(3-ethoxy-4-hydroxyphenyl)
prop-2-en-1-one and 4-[5-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazole-3-il]
benz-1,3-diol showed a high antiradical activity for DPPH radical. Results of the
studying of an antiradical activity are coordinated with the homolytic O-H bond
dissociation energies calculated with a quantum-chemical method of density
functional.

Quantum chemical calculations were performed using the Gaussian 09w
(Revision D.01) program by the density functional (DFT) method. We used a
hybrid B3LYP functionality with a basic set of 6-31+G (d,p). The solvent effect
was taken into account within the framework of the polarizable continuum
(PCM) model.
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Values of the chemical shifts, multiplicity and integral intensity of signals
in one-dimensional '"H and *C NMR spectra were determined. Homo- and
heteronuclear interactions confirming structure of the studied compounds were
defined with ("H-'H) COSY and ("H-"*C) HMQC spectra. Chemical shifts are
measured relative to the signals of residual protons or carbon atoms DMSO-d6.
Control over the course of the reaction and the purity of the obtained compounds
was carried out by thin-layer chromatography on SilufolUV-254 plates in the
isopropyl alcohol-benzene-ammonia system, 10:5:2.

Key words: chalcones, pyrazolines, flavonones antiradical activity, 'H - and
BC- NMR spectroscopy.

M.K. UopaeB"”, O.A. Hypkenos', 7K.b. Paxum0epaunoBa’,
3.T. lllynwray?®, A.T. TakuoaeBa', M.b. Uca6aeBa‘, A.A. KesibMmsiiieHe!

'KaparaH/ipl MEMJICKETTIK TeXHHUKAJIBIK YHHUBepcUuTeTi, Kasakcran, Kaparaupr,
’Kazakcran PecryOnuKachIHbIH OPraHUKAJIBIK CHHTE3 JKOHE KOMIP XHMHUSCHI
nHCcTUTYThI, Kazakcran, Kaparanpr;

S¥ITTHIK OMOTEXHONOT S OpTalbIFbl, KazakcraH, AcraHa;
*Kaparanpl MeauiinHa yauBepceuteti, Kasakcran, Kaparauabl.
E-mail: mkibr@mail.ru

OYHKIIMOHAJIAbI AIMACTBIPBIJIFAH AJIKEHJAEP MEH
OJIAPIBIH TYBIHABIJIAPBIHBIH CUHTE3I )KOHE PAJIUKAJI/1bI
EMEC BEJICEHALJIIT'T

AHHOTamusi. Makanaga TypakThl XpOMOTCH-paaukan 2,2-mudeHu-
I-nukpunruapasuimed (DFPG  nemece DPPHe) xkocwuibicTapabiH  e3apa
OpeKeTTeCyiHe HETI3/IeJreH CHUHTE3/IeNIreH aJlKeHJEpIiH, NUPa30IUHAEPAIH
XKoHE ()IaBOHOHAAPIBIH pPaTUKaIIsl emec OenceHaumiri 3eprrenred. JKana
KOCBUIBICTap cepHsAChIHbIH imiHae TysiHabuap (E)-1-(2-ruppoxcudennn)-3-
(3-aToKCcU-4-TUapOoKcudenHn) npon-2-eH-1-oH xoHe 4-[5-(4-meTokcudenun)-
4,5-muruapo-1H-nupazon -3-un] 6ens-1,3-muon pamukanasr DPPH-re kapcwr
YKOFaphl paJrKasIbl OCIICEHIUTIKTI KOPCETTI.

AHTHpaTUKAIBIK OCJICEHIUTIKTI 3€PTTEy HOTIKETEPl THIFBI3IBIK (DYHKIIMO-
HaJIBIHBIH KBAaHTTBIK XHUMISUTBIK dticiMeH ecenrrenreH O-H GaiinaHbICTapbIHBIH
TOMOJIUTHKAJIBIK JTUCCOLMAIUSCBIHBIH JHEPTHIChIMEH Yiineceni. KBaHTTHIK
xuMusIbIK - ecenteynep Gaussian 09w (Revision D.01) OGarnapmamacblHBIH
KkeMeriMeH ThIFBI3ABIK ¢yHkuuoHansl (DFT) omicimen xyprisinmi. B3LYP
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ruOpuaATi GyHKIHOHANILIFBIH 6-31+G (d,p) HEri3ri KUBIHTHIFFIMEH KOJIAHIBI.
EpitkimTin acepi nossipaaHatelH KOHTUHYYM (PCM) Mozeni asicbIH1a eCKepiIi.

Kympicta GyHKIIMOHATABI TYPAE aTIMACTBIPBUIFAH aJKeHAEP MEH OJap/IbIH
TYBIHABUIAPBIH CHHTE3IEY TypaJibl MalliMeTTep KentipiireHn. IMP 'H- xone *C
-CIIEKTPOCKOIHS JJICTEPIMEH CUHTE3CITCH KOCBUIBICTAPIBIH KYPBUIBIMBIH,
conmaii-ak exi emmemai COSY ('H-'H) sxone HMQC ('H-*C) cmexrprepinig
JEpEKTEpiH 3epTTey. XWMHSIBIK BIFBICYIApPAbIH MoHACpi, SIMP 'H sxone
BC cmekrpriepiHae CUTHAIIAPBIHBIH MYJIBTHILICTTUIIN JKOHE HHTETPAJIIbI
KApKBIHABUIBIFBL Oip emmiemAal aHbikTananel. Crektpnep kemerimeH COSY
("H-'H) sxone HMQC ('H-"*C) dopmarTapbiHia 3epTTEICTIH KOChLIBICTAPIABIH
KYPBUIBIMBIH PACTAaNTBIH TOMO J>KOHE TETEpOSIPONIBIK ©3apa opeKeTTecysep
OpHATBIIAIBL.

XUMHUSUITBIK BIFBICYJIAP KAJIIBIK MPOTOHAapabiH Hemece DMSO-d6 kemipreri
aTOMJapbIHbIH ~CHUTHAJJapblHa KaTBICTHl eJmieHeai. Peakius OGapbIChIH
JKOHE aJIbIHFaH KOCBUIBICTApAbIH Ta3albIFbIH OaKbUIdy M30IMPOINUI CIHPTI-
oenszon-ammuak kyiecinaeri SilufolUV-254 takranmapeiHma xkyka KaOaTTh
XxpoMarorpadus d9aiciMeH xy3ere acbpbuiabl, 10:5:2.

TyiiiH ce3nep: aJIMacTBIPBUIFAH XOLI HWICTI albJETHJ], ajKeH, MUPa30JIMH,
(h1aBOHOH, aHTUPAIUKAIIBI1 OCJICEHILTIK.

M.K. UopaeB", O.A. Hypkenos?, 7K.b. Paxum6epiunosa’, 3.T. lllyabray’,
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'KaparanauHckuii TeXHHUeCKuil yuuBepeutet, Kaszaxcran, Kaparanna;
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CHUHTE3 U AHTUPAIUKAJIBHAJIbHAA AKTUBHOCTbD
OYHKIIMOHAJIBHO 3AMEIIEHHBIX XAJIKOHOB 1 UX
IMPON3BOJHBIX

AHHoTanus. B cratbe n3ydeHa aHTUpaauKajdbHas aKTUBHOCTh CHUHTE3HPO-
BaHHBIX Xa&JKOHOB, MHMPA30JIMHOB U ()IABOHOHOB METOAOM, OCHOBAaHHBIM
Ha B3aUMOJEHCTBMM COEIUHEHHUH CO CTaOWIBHBIM XPOMOI€H-PaJMKaJIOM
2,2-mudennn-1-nukpmwiruapasuiom (JAPIIT uau DPPHe). Yeranosneno, uto
cpeau cepuM HOBBIX coenuHeHuil npousBoanble (E)-1-(2-ruppoxcudenn)-
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3-(3-3Tokcu-4-runpoxkcudennn) mnpon-2-eH-1-on u  4-[5-(4-metoxcudenun)-
4,5-nurunpo-1H-nupazon-3-ni] 6en3-1,3-auon IIOKa3aJId BBICOKYIO
AHTUPAJMKAIbHYI0 aKTUBHOCTH B oTHOIIeHMU DPPH panukana.

Pesynbrarel n3yueHusl aHTHPaAUKAIbHON aKTUBHOCTH COTJIACYIOTCSI C DHEP-
TUSAMH TOMOJIUTUYECKOW auccounarnuu cBszed O-H, paccunTaHHBIMU KBAaHTO-
BOXUMHUYECKUM METOIOM (YHKIMOHATa IUIOTHOCTH. KBaHTOBOXMMHUYECKHE
pacyeTbl BBIOJHSIM C TMoOMolIbi0 mporpammel Gaussian 09w (Revision
D.01) merogom ¢ynkuuonana miotHoctu (DFT). Mcnonbs3oBanu ruOpuIHbIM
¢dynknuonan B3LY P ¢ 6azucasiM Habopom 6-31+G (d,p). BiiusiHue pacTBopuTes
YUYHUTBIBAJIA B paMKax MOJIEIHN MOJsipu3yemMoro koHTuayyma (PCM).

B pabore mpuBeneHbl JaHHBIE TIO CHUHTE3Y (YHKIIMOHAIBHO 3aMEIICHHBIX
XaJIKOHOB W WX MPOU3BOJHBIX. MccinenoBaHO CTPOECHUS CHHTE3MPOBAHHBIX
coequnenuii meromamu SIMP 'H- u "“C-cniekrpockonuu, a Takke NaHHBIMHU
nBymephbix criektpoB COSY ("H-'H) u HMQC ('H-"*C). OnpeneneHbl 3Ha4eHUS
XAMHAYECKUX CIBUTOB, MYJBTUIUIETHOCTh W HHTETpalibHAasi MHTEHCHUBHOCTH
curHanoB 'H u C B ogHomepubix crnekrpax SIMP. C moMmormipio CreKkTpoB
B (dopmarax COSY ('H-'H) m HMQC ('H-C) ycraHOBICHBI TOMO- U
reTeposiICpHbIE B3aMMOACHCTBYSI, TIOATBEPKAAIOIINE CTPYKTYPY HUCCIETYyEMbIX
coeMHEHUl.  XUMHUYECKHEe CIBUTU H3MEPEHbl OTHOCHUTEIBHO CHTHAJIOB
OCTaTOYHBIX MPOTOHOB MM atoMoB yriepona JJMCO-d6. KonTpons 3a xogom
pEaKy W YUCTOTOM TMOJYYCHHBIX COEIWHEHHH OCYIIECTBISIIM METOIOM
TOHKOCJIONHON Xpomarorpaduu Ha mmaactuHkax SilufolUV-254 B cucreme
M30IPONIIOBBIN cCIUPT-0eH30m-ammuak, 10:5:2.

KiroueBble cjioBa: 3aMENICHHBI apOMAaTHYECKUN albJIETH], XaJKOH,
MUPa30IuH, (pJIaBOHOH, AaHTUPAIUKAIIbHAS AKTUBHOCTb.

Introduction. Recently the literature has a large amount of data on a key
role of free radical oxidation connected with active forms of free oxygen
radicals, having a high oxidizing ability (Awasthi et al., 2009:7). These radicals,
collecting in cell, lead to a toxic state which is called an oxidative stress. A
special role in the binding and reducing of the effect of free radicals is belonged
to substances — antioxidants. The search of compounds with an antioxidant
activity among chalcones and their heterocyclic derivatives is one of the
important applied problems of the modern medical chemistry (Achanta et al.,
2006:7). It should be noted that compounds with chalcone fragment have the high
antitumoral, antibacterial, antifungal, antivirus, antimalarial, hyperglycemic,
anti-inflammatory and immunomodulatory activities, and demonstrate the
chemoprotective and antioxidant properties. In addition some chalcone
derivatives have an ability to strengthen capillaries (Barford et al., 2002:7).

Research Material and methods. 1H and 13C NMR spectra of compounds
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1-8 were recorded on JNM-ECA Jeol 400 spectrometer (frequency 399.78
and 100.53 MHz respectively) with using of DMSO-d6 solvent. The chemical
shifts were measured concerning signals of residual protons or carbon atoms of
DMSO-d6. 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 (Dao et al., 2011:7).

The quantum-chemical calculations were made with using of Gaussian 09w
(Revision D.01) program by method of density functional theory (DFT). B3LYP
hybrid functional with 6-31+G(d,p).basic set was used. Effect of solvent was
considered within the Polarized Continuum Model (PCM).

General procedure of the receiving of chalcones 1-4.

To 40% sodium hydroxide solution at stirring and a room temperature was dropped
the substituted acetophenone solution and aromatic aldehyde in ethanol. In process
of aldehyde addition the reactionary mixture had yellow colour. The reactionary
mixture was kept at the room temperature for 62-95 h. Then the reactionary mixture
was acidified with the diluted hydrochloric acid to neutral medium. The mixture was
kept for night in refrigerator. The dropped out light brown powder was filtered, dried
and recrystallized from benzene (Hsieh et al., 2000:8).

General procedure of the receiving of substituted pyrazolines 5, 6.

To substituted chalcone in ethanol was added an excess of hydrazine hydrate.
Mixture was heated at temperature 70-80°C for 4 h, then cooled and diluted
in 50 ml of water. A dropped out residue was filtered, washed with water and
recrystallized from ethanol.

General procedure of the receiving of flavanones 7.,8.

The reactionary mixture from 0.001 mol of substituted chalcone and catalytic
amount of triethylamine in 15 ml of ethanol (95%) was heated with backflow
condenser for 8 h. The dropped out residue was filtered. It was dried at a room
temperature.

Results and discussion. Some chalcones, pyrazoles, flavones were previously
synthesized, and their anti-inflammatory activity was investigated . In this paper,
a part of these compounds was again synthesized to perform the new biological
studies on their antiradical activity. Our received results are able to expand the
field of their practical application and to study “structure - biological activity”
correlation Chalcones (1-4) were received with a following reaction.

R o
/@f‘\cm N H>CQR4 +40% NaOH 0 Z O
R R ¢ R R, Rj R,
1-4 Rs
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R =HO; R, = H; R, =R, = CH;0; R; = H ().

R =HO; R, = HO; R, = Ry =H; R, = CH;0 (2).

R =H; R, =HO; R, =R;=H; R,=HO (3).

R = H; R, = HO; R, = H; Ry = C,H50; R, =HO (4).

The structure of the synthesized chalcones (1-4) was proved with IR- and 'H,
BC NMR spectroscopy IR spectrum of chalcones (1-4) demonstrates intense
absorption bands at 1595-1582 cm™ correspond to vibrations of C=C bond
attached to C=0. '"H NMR spectrum of compound of (4) shows the strong pole
high-intensity triplet signal with a chemical shift (1.33 ppm, *J 6.9 Hz) and
intensity of 3H belonging to protons of CH,” methyl group. Quadruplet signal
(4.11 ppm, °J 6.9 Hz) with 2H belong to CH_*methylene group. In a low pole
area of spectrum (6.83 ppm, *J 8.2 Hz) with intensity 1H were resonated protons
of aromatic H'” system with a doublet. A next aromatic proton H'® signaled at
7.27ppm as a doublet of doublets with integrated intensity of 1H (°J 8.2, 1.8 Hz).
Proton H? exhibited at 6.93 ppm as a triplet with intensity 1H (*J 8.2 Hz). Other
aromatic protons of H*¢and H'** gave multiplet signals at 7.50 and 7.75 ppm
according to an integrated intensity 2H each. Protons at sp*- hybridized carbon
H'" and H'? atoms give doublet signals at 8.19 u 6.97 ppm with intensity 1H with
an identical spin-spin coupling constant (*J 7.8 Hz).

BC NMR spectrum of the studied compound (4) in the strong pole area of
spectrum demonstrates the signals belonging to carbon atoms of ethoxy group
at 15.26 (C°) and 64.82 (C®) ppm. The low pole area shows other signals of *C
nuclei of the studied molecule. Atoms of benzene nucleus of the ethoxy phenyl
radical resonated at 114.1 (C*), 118.45 (C%), 126.16 (C°), 136.67 (C®), 147.77
(C" and 153.13 (C?) ppm.

Carbon atoms of other benzene nucleus resonated at 116.37 (C'7), 119.36
(C*), 121.14 (C"¥), 125.35 (C™), 146.59 (C") and 162.59 (C'%) ppm. Signals at
118.06 and 131.28 ppm maybe belong to sp’- hybridized C!' and C'?atoms. The
lowest pole signal at 194.17 ppm belongs to C'*carbonyl atom.

The structure of compound (4) 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. The observed correlations in
molecule of (4) are presented in Figure 1. Spectra of '"H-'"H COSY of compound
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(4) demonstrate the spin-spin correlations through three proton bonds of next
methine groups of two aromatic H'7-H'®, H"”-H*’, H*-H* systems and hydrogen at
double bond of H''-H'? atoms. All simple proton interactions with carbon atoms
through one bond were determined with 'H-3C HMQC spectroscopy (Hamdi et
al., 2011:8).

Figure 1: Scheme of correlations in COSY (a) and HMQC (b) spectra of compound 4

Further on the basis of the received chalcones 1, 2, some pyrazole derivatives
5, 6 were received for the biological studies.

N—NH

o
I
=
R R, R; R; R R; Ry R3
1,2 5,6

EtOH, t

b

R =HO; R, = H; R, = Ry = CH;0 (5).
R = HO; R, = HO; R, = H; R; = CH;0 (6).

The structure of compounds 5, 6 was determined with methods of the IR-
and NMR- spectroscopy. Thus, IR spectra of pyrazolines 5, 6 demonstrate an
average intensity strip of C=N-group of a pyrazoline nucleus at 1601-1605 cm''.

'"H NMR spectrum of 4-[5-(4-methoxyphenyl)-4,5-dihydro-1H-pyrazole-3-
ilJbenz-1,3-diol (6) shows signals of methylene (8(H_)=2.84 ppm, S(ch)=3.43
ppm) and methine (4.68 ppm) groups of a five-membered nitrogen cycle. The
three-proton signal with chemical shift (3.70 ppm) could be attributed to protons
of the methoxy substituent of a benzene ring. The low pole area of spectrum
(6.27-7.32 ppm) demonstrates the resonating CH-groups of aromatic systems
(Litvinenko et al.,1995:8).

In *C NMR spectrum of compound 6 the secondary and tertiary carbon atoms
of a diazocyclic system give the signals at 41.59 and 61.86 ppm respectively.
The signal of methoxy group is observed at 55.62 ppm. The united carbon atoms
C'*1eand C'*!7 of a methoxyphenyl radical resonated at 114.35 and 128.39 ppm
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respectively. Signals with the chemical shifts at 102.92, 107.50 and 129.40 ppm
could be attributed to methine carbon atoms C®, C'® and C'" of an aromatic ring.
Quarternary carbon atoms give signals at 109.44 (C®), 134.76 (C'?), 153.87 (C?),
159.09 (C°), 159.74 (C"®) and 162.10 (C”) ppm. Flavonones 7, 8 were developed
from the received the 2-hydroxyl chalcones 3, 4 for further studies (Miranda et
al., 2000:8).

0
G
O O EtOH, t
OH OH
3,4 R

R =H (3,7); C,Hs0 (4, 8).

'"H NMR spectrum of flavonone 7 demonstrates the strong pole area of
spectrum (2.73 ppm) of a doublet of doublets with intensity 1H (3J 16.7 Hz
and °J 3.2 Hz) of an axial proton of methylene group in the condensed system
H**. An equatorial methylene proton of the six-membered cycle H* has the
spin-spin interactions through 2 and 3 bonds. This proton is in a low pole area
in comparison with an axial atom (3.18 ppm) of a doublet of doublets with 1H
(3J 16.7 Hz and °J 12.8 Hz). Near methylene proton H? resonates a doublet of
doublets at 5.48 ppm with the integrated intensity 1H (*J 12.8, 2.8 Hz).

The equivalent protons of aromatic system H''> and H'*'%, having near
hydrogen atoms, which are able to split spectrum, were shown with doublet
signals at 6.77 (}J 8.2 Hz) and 7.30 (*J 8.3 Hz) ppm with intensity 2H. The proton
H!" of the studied aromatic cycle, which having no near hydrogen atoms, signaled
by a singlet at 6.71 ppm with intensity 1H. Nonsymmetrical aromatic protons H””
were observed as multiplet signal at 7.00-7.05 ppm with the integrated intensity
2H. Other protons H* and H'® were shown as a triplet at 7.52 ppm (°J 8.2 Hz)
and a doublet at 7.75 ppm (°J 7.9 Hz) with the integrated intensity 1H each. The
hydroxyl protons OH'® were observed as a broadened singlet in the lowest pole
area of spectrum at 9.48 ppm.

In C NMR spectrum of compound 7 the methylene and methine signals of
heterocycle were at 43.94 (C*) and 79.40 (C?) ppm respectively. Signals with the
chemical shifts at 115.82 (C"), 115.92 (C"), 118.76 (C"?), 121.19 (C°), 128.54
(C?), 128.91 (C'%), 129.69 (C'), 136.80 (C*), 158.19 (C') and 161.77 (C°®) ppm
belong to carbon nuclei of two aromatic rings. In the lowest area of spectrum at
192.40 ppm resonated a carbonyl carbon atom C*.
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The structure of compound 7 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. The observed correlations in molecule
are presented in Figure 2. Spectra of 'H-'H COSY of compound 7 demonstrate
the spin-spin correlations through three proton bonds of next methine groups
H79-H%1°, H'215-H'3"® and methine- methylene groups H>-H?. The heteronuclear
proton interactions with carbon atoms through one bond were determined with
'"H-BC HMQC for all couples in bond: H?-C?, H'>!6-C'>16, H3-C!3 | H'"*-C'5,
H7,9_C7,9, HS_CS u HlO_ClO'

-
-

a b
Figure 2: Scheme of correlations in COSY (a) and HMQC (b) spectra of compound 7

In order to research the synthesized compounds 2-8 the screening of antiradical
activity based on interaction of compounds with the stable chromogen radical
2,2-diphenyl-1-picrylhydrazyl (DPPH).

The DPPH methanol solution (100 uM) was used to evaluate the antiradical
activity of the studied samples in the 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 pL of the studied object dissolved in methanol
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
50%, were tested for interaction with the DPPH radical in the final concentration
of the studied substances (50, 25, 20, 15, 10, 5 and 2.5 pM). Then concentration
of the studied substance reducing an optical density by 50% - IC, (DPPH)
was determined. Research results of the biological activity of chalcones 2-4,
pyrazolines 5, 6 and flavonones 7, 8 are presented in Table 1.
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Table 1: The optical density values of the DPPH radical solution (100 uM) after 10 min
incubation with the studied substances 2-8 in final concentration 50 uM

No. Compound The optical density
1 2 0.856
2 3 0.941
3 4 0.188
4 5 0.851
5 6 0.120
6 7 0.911
7 8 1.005
8 Control (DPPH solution without the studied substance) 0.852

Table 1 demonstrates that compounds 4 and 6 reduce the optical density of the
initial DPPH radical solution more 50%. Thus they are perspective for further
researches. Other compounds did not have a high antiradical activity in this test

system.

The second series of experiments studied the ability of compounds 4 and 6 in
various concentrations (2.5 - 50 uM) to interact with the DPPH radical. Research
results of antiradical activity of compounds 4 and 6 are shown in Table 2.

Table 2: The optical density values of the DPPH radical solution (100 uM) after 10 min
incubation with the substances 4 and 6 in final concentration in reaction mixture (50, 25, 20, 15,

10, 5 and 2.5 uM)

No. Final concentration 4 and 6 in reaction mixture, uM The optical density
compound 4 |compound 6

L. 50 0.230 0.055
2. 25 0.794 0.351
3. 20 0.784 0.444
4. 15 0.835 0.557
5. 10 0.884 0.658
6. 5 0.951 0.763
7. 2.5 0.985 0.811
8. Control (DPPH solution without the studied substance) 1.038 0.907

Concentrations of substances 4 and 6 which are able to reduce by 50% the
optical density of the DPPH radical solution (100 uM) were defined with the
plotting calibration curves shown in Figure 3. IC, (DPPH) was equal 38.4 uM
for 4. IC, (DPPH) made 19.8 uM for 6.
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Figure 3: Dependences of the optical density of the DPPH radical solution on concentrations 4
(a) and 6 (b)

Literary data (Nurkenov, et al., 2019:8) reported that IC, (DPPH) (uM) for
ascorbic acid — 27, glutathione — 49, hydrochinone — 27, trolox — 28, a-tocopherol
— 28 and quercetin - 8. Thus, the activity of samples 4 and 6 is comparable to
activity of the known antioxidants.

The received (Sivakumar et al., 2011:8) views reported that interaction of
compounds with the DPPH radical, which having the phenolic hydroxyl groups,
was obtained with the homolytic decomposition of O-H bond, i.e. through
intermediate formation of a phenoxy radical:

DPPH' + ArOH — DPPH-H + ArO*

This stage is limiting (Plattner et al., 2014:8) therefore the reactionary ability
of a potential antioxidant ArOH with the DPPH radical has to be determined
with the homolytic O-H bond dissociation energy:

ArOH — ArO" + H', AH,

In order to verify this hypothesis the calculations were made for change of
enthalpy AH_ as a measure of O-H bond dissociation energy in compounds 2-8
with a quantum-chemical method of density functional B3LYP/6-31+G(d,p)
including effect of solvent (methanol) within the PCM model (Satyanarayama
et al., 2004:8). As a result of geometry optimization the inferior limits on a
potential energy surface (PES) of compounds 2-8, and on all possible phenoxy
radicals formed of these molecules were found out. It should be pointed out in
molecules 2, 3, 4, 6 containing two phenolic hydroxyls, the radicals ArO" are
formed at O-H bond dissociation in position 4 of a relevant benzene ring (Tiwari
etal., 2012:8). Energy of these stable radicals was a basis to calculate AH  values
of compounds 2, 3, 4, 6. The deep inferior limits on PES correspond to structures
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with possible forming of the intramolecular hydrogen bonds of OH-*N or OH~-O
(see Fig. 4). The calculation results demonstrate that the geometrical structure of
radicals ArO" differs moderately from a structure of the relevant initial molecules
(Volkov et al., 2009:8).

b

Figure 4: Structure of compounds 6 (a) and 8 (b) in methanol solution by geometry
optimization with using the method of density functional.

The O-H bond dissociation energies, which evaluated as enthalpies AH, for

the studied compounds, made 363.7 (2), 340.4 (3), 331.1 (4), 340.4 (5), 321.8
(6), 347.3 (7), 333.8 kJ/mol (8) (see Figure 5).

130
330
N .
F ] 4 5 “© 7 »

Figure 5: Heats of formation of phenoxy radicals AH, (kJ/mol) from compounds 2-8 according
to the quantum-chemical calculations data.
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Conclusion. Phenoxy radicals are easily formed of compounds 4 and 6
which coordinated with their observed antiradical activity (Tab. 1). Substituted
4.5-dihydropyrazole 6, showing the high antiradical properties among the
studied chalcones and their derivatives, has a value AHd 20-40 kJ/mol less than
inactive compounds 2, 3, 5, 7. Thus, a high tendency to the homolytic O-H bond
dissociation might be one of the basic reasons of the observed antiradical activity
of compounds 4 and 6. In addition, the change of an enthalpy AHd exceeds
by 2.7 kJ/mol for an inactive flavonone § then formation energy of a phenoxy
radical from very active chalcone 4. It seems that it is explained with the steric
effect of ethoxy group, blocking an interaction of a located hydroxyl (Fig. 4 b)
close with the DPPH radical. Its specific solvation with methanol, which is not
within the PCM model, might be other possible reason of absence of antiradical
properties in compound 8.
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