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Huceprariiiina poboTa mpuCBAYEHA CHHTE3Y, XIMIYHUM BIACTHBOCTSAM Ta
IPOTHO3YBAaHHIO OI0JIOrIYHOI aKTUBHOCTI aHEIbOBAaHUX IMMIPUIUHIB, a came
TiApOBaHUX XIHOMIHIB Ta TaJOTCHIOXIJHUX T1IPOBAaHMX aKpuAWHIB. OTpUMaHHS
TaKUX IMPOJYKTIB B3a€EMOMIEID €NEKTPO(UIBHUX areHTIB Ta TIeTEePOLMKITYHHX
CIOJIYK 3 TEMIHAJIbHUM pO3TAlllyBaHHAM AaTOMIB HITPOT€HY Ta OKCUTEHY €
MEPCIEKTUBHUM HAMPAMKOM CYyYaCHUX JOCIIJIKEHB 1 CTa€ aKTyaJIbHUM HaIPSIMKOM
byHIaMEHTaJIbHOI ~ OpraHiyHoi  Ximii.  JlocmigkeHHs  meperpymyBaHHS
NIECTUWICHHUX Ta I'ATUYWIEHHUX TEeTePOIUKIIYHUX CHUCTEM TMia  JIEI0
eNeKTPOPUIbHUX PEAreHTIB € BAXKJIMBOI Ta aKTYaJlbHOIO MPOOJIEMOIO, aJKe IIe
[UISX 70O OTPUMAaHHS HE JIUIIE CIOJIYK 3 IMHUPOKUM MOTEHITIATIOM (PapMaKoJIOT14HIX
BJIACTUBOCTEH, a TaKOX HOBUX OUIMIHT-OJIOKIB, IO J03BOJSATH PO3IMIUPUTH
HaIPSMOK MOIIYKY HOBUX CYOCTaHI[IM AJid (papMaKoJIoTii Ta HayKH 3arajoM.

Panime na xadenpi @ ra TOP IBH3 YAXTY Oymno BiZKpUTO HETPUBIAIbHE
neperpynyBanis  5',6',7',8'-terparinpo-1'H-coipo[uuknorekcan-1,2'-xiHa30iH|-
4'(3'H)-oHy muisixom Moro B3aeMoIii 3 peareHToM Binbcmaiiepa-Xaaka, 1110 IpUBEIIO
no yrBopeHHs 1,2,3,4,5,6,7,8-okrarinpoakpuanH-4-kapoonitpuny Tta  4,5-
nudopmin-2,3,6,7,8,10-rekcarigpoakpuanH-8a( 1 H)-kapOonitpuiy. OTtpuMaHHs
TaKUX PE3yJbTATIB MPUBEJIO 0 JOCTIHKEHHS MOI0HOTO MeperpynyBaHHs HE JIUIIE
Ha TPHUKJIa1 TeMIHAJILHUX a3WHIB, @ TAKOXK BUKOPUCTAHHS B SIK Mpekypcopis 1,3-
OeH3okca3uHiB, 3,1-0eH30kca3uHiB Ta 1,3-0€H30M10KCHHIB, 10 B pe3yJbTaTi

MIPUBEJIO IO OTPUMAaHHS HOBUX MOX1THUX KCAHTEHIB, aKPUJINHIB Ta XIHA30JIOHIB.



B po6oti npoBeneno cuuTe3 noxigHux 1,4-miazacmipo[4.5]nekan-2-oHy, K
HOBHX MOJICIbHUX TETePOLMKIIYHUX IT'ATUWICHHUX CHOJYyK 3 TEeMIHAJIbHUM
pO3TalIyBaHHSIM aTOMIB HITPOT€HY, IIIJIIXOM KHUII SITIHHS IPOTATOM 18 rojiuH amiay
TJIIWHY 3 BIAMOBITHUMH KETOHAMHU TMPHU JOJAaBaHHI EKBIMOJBHOI KUIBKOCTI
TpUETUIIaMiHy B MeTaHoJI1. JIOCIIIPKeHO 1X B3aEMO/IiI0 3 peareHToM Binbcmaliepa-
Xaaka. BcraHoBieHO, MO0 TpPU BUKOPUCTAHHI TPUKPATHOTO  HAJUIMILIKY
(bopMITIOI0UOTO areHTa BiA0YyBaEThCS MEPETPYITYBAHHS BUXIAHUX CIIONYK ILISXOM
pPO3pUBaHHA 1MIJA30IIAMHOBOTO IHMKIY Ta HACTYNHE NPHUENAHHS EKBIBAJICHTY
GOpMUTBHOI TPymHM 3 TMOJAJBINOI PEIUKIII3AMIEI0 Ta YTBOPEHHSM paHIIIe
HEBI1JIOMHUX aHEJIbOBAHUX 3-aMIHOMIPUIUHIB.

JIJist  BCTAHOBJICHHS 3aKOHOMIPHOCTEH TeperpymyBaHHs TOXigHUX 1,4-
niazacmipo[4.5]aexkan-2-oHiB MiJ Ji€l0 €IeKTpO(UILHUX pEeareHTIB MPOBEICHO
peakxiiito 3 3aMiHOI0 XJIOpokHucy Gocdopy Ha PBr; y pearenti Binbcmaiiepa-Xaaka.
Byno oTpumaHO aHanoTiuHI NPOAYKTH PEAKIIil ajie BKe He XJIop-3aMilleHi, a Opom-
3aMillIeH] aHeIbOBaHI MIPUAUHU. 3alpPONOHOBAHO CXEMY HOBOI'O NEPETBOPEHHS,
3T1JTHO SIKOT CIIOYATKY MPOXOAUTH (POPMUTIOBAHHS MTPOMIKHOI COJII IMIAOUTXJIOPUIY
0 aTOMy HITPOr€Hy aMiHO TpPymnd Ta NoJanblmii po3pus 3B’s3ky N!'-C? 3
HACTYITHUM TIEPETPYITyBAHHSIM JI0 TIOX1THUX aMIHOXIHOJIHIB.

KirogoBoro  BIIMIHHICTIO B peakIliiHINA 37aTHOCTI ToXimHux 1,4-
niazacmipo[4.5]nexan-2-oniB  Big 5',6',7'.8'-Terparigpo- 1'H-cnipo[ukiorekcan-
1,2'-xinazomin]-4'(3'H)-onHy € He po3Mmip TeTepOIMKIIYHOr0 ¢GparMeHry, a
riopuausais aromy Hitporeny N'. B nmoximaux 1,4-miazacmipo[4.5]nekan-2-onax
arom Hitporeny N' 3HaXoauThCs B Sp>-ribpUaM30BaHOMY CTaHi, Toxi K y 5',6',7',8'-
terparigpo-1'H-cnipo[uuknorekcan-1,2'-xinazomin]-4'3'H)-osi  — y  sp*-
riopunu3zoBanoMmy crtani. lle o3nauae, mo HEIlI aromy wHitporeny y 1,4-
niazacmipo[4.5]nekan-2-onax mae Ounbiny eneprieto HibK HEIT aromy HiTporeny
nipuUMiTuH-4-0Hy, SKa 3HAXOAHWTHCS Ha P-OpOiTali 1 CHpsDKeHA 3 TMOABIHHUM
3B’s13k0M. Lle mpuBOAUTH 10 POPMITIOBAHHS aTOMY HITPOTEHY Yy BUIAJKY CIHOJYK

1,4-nia3acmipo[4.5]nekan-2-onax 3 (opMyBaHHSM MMO3UTUBHOTO 3apsiy Ha IIbOMY



aromi. CaMme 11€ IPUBOJMTE J0 PO3KPUTTA 3a 3B’ 13k0M N'-C?, 4oro He BinOyBaeThCs
y BUMAJIKY CIIOTYKH MipUMITUH-4-0HY.

TpeTiit po3aia poOOTH NPHUCBAYCHO NIeperpynyBaHHio 3,1-0€H30KCa3uHIB I
niero pearenty Binbcmaiiepa-Xaaka (POCl;, DMF a6o PBr;, DMF) 3 yrBopeHHsM
BIIMOBIHUX XJIOp- Ta OpOMakpuauHIB. BCTaHOBIIEHO, IO TPH BUKOPHUCTaHHI
€KBIMOJIbHOT KUJIBKOCT1 €JICKTPO(IILHOIO areHTy B PEaKIlisaX BiIOYBA€ThCS JIUIIE
YTBOPEHHS MOXIJHUX aKPUIOHIB, a MPH TPHOKPATHOMY HAIJHUIIKY (HOPMIITIOI0YOTO
peareHTy BiI0yBa€ThCS MEPETPYIYBAHHS 3 BUIJICHHSIM rajloreHaKpUANHIB.

[Tomampmie AOCHIDKEHHS XIMIYHMX  BJIACTUBOCTEH TajlOTeHAKPHIMHIB
nojsirayio B ix (QyHKIOHami3alii akuentopamMu Mixaenss TakumMu — SK  N-
apunmaneimizamu 1o sp® C-H 38 s3ky. Taka momu@ikamis MOXKINBA 338 PaXyHOK
HasBHOCTI IMIH-€HaMIHHOI TayTOMEpli y BUXIJIHHMX TaJloreHakpuauHax. Peakuis
POBOIMIIACH HAarpiBaHHAM BuxigHux cyocrpatiB y IMCO npu temnepartypi 100-
120°C npotsarom 4 roaun 6e3 gomaBaHHs KaTajiizaTopiB. B pe3ynbTaTi B3a’emonii
rajioreHakpuAuHiB 3 N-apriiManeiMilaMy B TPOAYKTaxX peakiii, 3aBAsSKA HassBHOCTI
JIBOX  XIpaJbHUX LEHTPIB, BiOYBA€ThCSA YTBOPEHHS J3€PKaJbHOI Mapu
niactepeoMepiB y criiBBigHomeHH1 1:1 (S,R/R,S), 110 6yio 10Be1eHO 3a JOMOMOTO10
"H SIMP cniekTpockorii Ta peHreHOCTPYKTYPHOI'O JOCHIIKEHHS.

B pesynbraTi aHanizy Mac-CeKTPOMETPUYHHUX JaHUX BCTAHOBIICHO, IO
OCHOBHMM  HAampsMKOM  (parMeHrtauii € perpopeakuis Mixaens, ska
CYNPOBOJKYEThCS  BimmieruieHHs M  1-(2-"iTpodenin)-1H-mipony-2,5-niony 1
OPUBOAUTH JO YTBOpPEHHs 10HY m/z 231. Bucoka IHTEHCHBHICTh TMIKIB ILIHMX
dbparmenTHHX 10HIB (100%) MOSICHIOETHCS BUCOKOIO CTaOIIBHICTIO KOH'IOTOBAHO1
CTPYKTYPH TApPHOi €IEKTPOHHO-HEUTPATHHOI YaCTUHKH, KA BIAMICTUTIOEThCS. Taka
KapTuHa (hparMeHTallli CoCTePIra€ThCsl TAKOXK JJIsl IHIIUX CIIONYK.

Bizomo, 1110 mpoTAroM OCTaHHIX POKIB 3'SBISEThCS Oararo iH(opmariii mpo
CUHTE3, OYyIOBYy, (papMakoJIOTi4HI BJIACTUBOCTI T4 BHUKOPUCTAHHS Y MEIUYHIN
MPaKTULl CHONYK, [0 MICTATh Y CBOIM CTPYKTYpl aKpUAMHOBHUM (X1HOJIHOBUH)
dbparment. Taki peyoBMHUM MAIOTh IMUPOKHI CIEKTP TEpaneBTHYHOI [ii, M0

BUKJIMKAE J0 HUX TMiABHUIINCHUH 1HTepec. [loximHi mipomiauH-2,5-110HIB BiJIOMI



CBOEIO 010JI0T19HOIO aAKTUBHICTIO: MIPOTUPAKOBOIO, aHAJIBT13yI0YO0I0,
aHTUOAKTEPIATHHOIO, IPOTUTYOEPKYIHO3HOIO, MPOTU3ANAIBHOIO Ta
HeliponpoTekTopHoto. Ilipomaun-2,5-1i0H Ta Horo 1,3-3aMilmieHi MOXIIHI
BUSIBIIIIOTHCS MOTIEPEAHUKAMU (hapMaKOJIOTYHOT aKTUBHOCTI.

Po3pobisieHo MeToAM CUHTE3Y HOBUX PEUOBHMH, 110 MICTSTh Y CBOEMY CKJIaji
aKpUJIMHOBUHN TPUIMKI Ta MIPOMIAUH-2,5-T10HOBUH (parMEeHT Ta MPOBEICHO
MOIIYK Ha X OCHOBI HOBHX PEYOBHH 3 HEOOXITHOIO 010JIOTTUHOIO aKTUBHICTIO.

JIist mpoTHO3YyBaHHsI O10JIOTYHOI aKTHUBHOCTI METOJOM MOJIEKYJISIPHOTO
JOKIHTY Oylio 00paHO OTpHUMaHl CYKIMHIMIAHM, IIO MICTSITh y CBOil CTPYKTYpl
dbparMeHTH aKpuAUHYy Ta MIPONiAUHY. /{7 MOpIBHSHHSA MOKA3HUKIB 010J0T1YHOT
aKTUBHOCTI TakoX Oyno oOpaHo cTpyktypy N'-riapokcu-1,2,3,4,5,6,7,8-
OKTariipoakpuanH-4-kapOOKCUMIIaM1 — MOX1AHE aKpUAUHY 0€3 MipOJiJUuHOBOrO
dbparMeHTa CMHTE30BaHe NUIIXOM B3aeMoii 1,2,3,4,5,6,7,8-okTariapoakpuanH-4-
KapOOHITPUITY 3 T1JIPOKCUIAMIHOM.

B pe3ynbrarti HOCTIIKEHHS MOJICKYJISIPHOTO JOKIHTY areTHIIXOJIIHECTepas3H
JUTSL IBOX CIIOJIYK OYJIO BUSIBIICHO 3B’ SI3yBaHHS JIMIIIE 3 OJTHUM 13 TPhOX HEOOX1THUX
amiHokucnoTHux 3anumkiB (His440) ta (Serl22). A 4YoTupu CHONYKH BXKe
MIPOJIEMOHCTPYBAJIK OJIOKYBaHHS JBOX aMiHOKUCIOTHUX 3anumikiB Ser200 (122) ta
His440. Takox ojjHa CIIOyKa Ma€ BUIINNA MTOKAa3HUK BIILHOT €HEprii 3B’ I3yBaHH (-
13,7 xkan/mMoib).

AHami3 JOCHIJKEHHS MOJIKYJSIPHOTO JIOKIHTY OyTHPWIXOJIIHECTEpa3H
MOKa3aB, [0 HaWKpallla BUIbHA €HEPTisl 3B'A3yBaHHs Oyya MpPOJAEMOHCTpPOBaHA 3-
(11-x50p-7,8,9,10-TeTpariapo-6H-miuknorenTa[b]xiHomiH-6-11)-1-(3-HiTpodeH1N)
MIpOMiANH-2,5-110HOM, a TaKOX HAasIBHICTIO B3a€EMOJIi 3 aMIHOKHCIOTHUM
saymmikom His438.

B pesynbTaTi 10CH1PKEHHS MOJIEKYJISIPHOTO JOKIHTY CHHTE€30BaHUX CIIOJIYK 3
[IOI'-2, sk mpoTW3amajdbHUX 3acO00IB — BCTAHOBJIEHO, IO OTPUMAaHI CIOIYKH
MOKa3aju BUIbHY €HEPrilo 3B’sI3yBaHHS B Jiama3oHi Bif -7,9 mo -9,7 kkan/Moib; 1

BOHU 3B'S3YIOTHCSl 3 aMIHOKHCIOTHUM 3ayiuikoM GInl192. Haitkpammii moka3HUK



BIJTbHOI €Heprii 3B sA3yBaHHS OCHII)KYBaHUX CHOJYK JOPIBHIOE -9,7KKay/MOb, a
TaKOXX HAsSBHICTh BOJTHEBOTO 3B'S30KY 3 aMiHOKHCIOTOO GIn192.

[Ipu pocnimkeHHl MOJEKYJISIPHOro JOKIHTY oTpuMaHux crnoiyk 3 'AMK-
amMiHOTpaHc(epasoro, K MPOTUCYTOMHHX 3aC001B BCTAHOBJICHO, L0 BiMOBIIHO J10
BUIBHOI €HEPTii 3B’ A3yBaHHS, JIMIIIE OJIHA CIIOJIyKa Oy/1e HAlO1IbII MEPCIEKTUBHOIO
JUISL TOAQIIBIIKMX O10JI0TIYHUX BUIMPOOYBAHb.

Knwouosi cnosa: meperpynyBaHHs, peareHT Bimbcmaiiepa-Xaaka, 1,4-
niazacripo[4.5]nexan-2-oH, 9-6pom-1,2,3,4-TeTpariipoakpuanH, aKIEIToOp

Mixaeist, MONeKyJIApHUN JOKIHT, alleTUIIXOJIiHeCTepa3a, OyTHPUIIXOJIiHECTEpa3a.



ABSTRACT

Smetanin MV Synthesis and reactions of annulated pyridines.— Qualifying
scientific work, the manuscript.

Thesis for a PhD degree in specialty 102 Chemistry (10 Natural sciences). —
State Higher Education Institution “Ukrainian State University of Chemical
Technology”, Dnipro, 2021.

The dissertation is devoted to the synthesis, chemical and pharmacological
properties of annelated pyridines, namely hydrogenated quinolines and halogenated
hydrogenated acridines. Obtaining such products by the interaction of electrophilic
agents and heterocyclic compounds with the heminal arrangement of nitrogen and
oxygen atoms is a promising area of modern research and is becoming an important
area of fundamental organic chemistry. The study of the rearrangement of six-
membered and five-membered heterocyclic systems under the action of electrophilic
reagents is an important and urgent problem, because it is a way to obtain not only
compounds with wide potential pharmacological properties, but also new building
blocks to expand the search for new substances for pharmacology and science in
general.

Earlier, a non-trivial rearrangement of 5',6',7',8'-tetrahydro-1"H-spiro
[cyclohexane-1,2'-quinazoline]-4'(3'H) was discovered at the F and TOS of USUCT.
it by its interaction with Vilsmeier-Haack reagent, which led to the formation of
1,2,3,4,5,6,7,8-octahydroacridine-4-carbonitrile and 4,5-diformyl-2,3,6,7, 8,10-
hexahydroacridine-8a (1H) -carbonitrile. Obtaining such results led to the study of
such rearrangement not only on the example of heminal azines, but also the use as
precursors of 1,3-benzoxazines, 3,1-benzoxazines and 1,3-benzodioxins, which
resulted in new derivatives of xanthenes, acridines and quinazolones.

The synthesis of 1,4-diazospiro[4.5]decan-2-one derivatives as new model
heterocyclic five-membered compounds with the hemispherical arrangement of

nitrogen atoms was carried out by boiling glycine amide with the corresponding



ketones for 18 hours with the addition of an equimolar amount of triethylamine. in
methanol. Their interaction with Vilsmeier-Haack reagent was studied. It has been
found that the use of a threefold excess of formylating agent rearranges the starting
compounds by breaking the imidazolidine ring and then adding the equivalent of the
formyl group, followed by recycling and the formation of previously unknown
annelated 3-aminopyridines.

To establish the regularities of the rearrangement of 1,4-diazospiro[4.5]decan-
2-one derivatives under the action of electrophilic reagents, a reaction was
performed with the replacement of phosphorus chloride by PBr3 in Vilsmeier-Haack
reagent. Similar reaction products were obtained but no longer chlorine-substituted
but bromo-substituted annelated pyridines. A scheme of a new transformation is
proposed.

The third section is devoted to the rearrangement of 3,1-benzoxazines under
the action of Wilsmeier-Haak reagent (POCl;, DMF or PBr;, DMF) with the
formation of the corresponding chlorine and bromoacridines. It was found that when
using an equimolar amount of electrophilic agent in the reactions there is only the
formation of acridone derivatives, and with a threefold excess of the formulating
reagent there is a rearrangement with the release of haloacridines.

A further study of the chemical properties of haloacridines was their
functionalization by Michael acceptors such as N-arylmaleimides via the sp® C-H
bond. This modification is possible due to the presence of imine-enamine
tautomerism in the original haloacridines. The reaction was carried out by heating
the starting substrates in DMSO at a temperature of 100-120 °C for 4 hours without
the addition of catalysts. As a result of the interaction of halides with N-
arylmaleimides in the reaction products, due to the presence of two chiral centers,
the formation of a mirror pair of diastereomers in the ratio 1: 1 (S,R/R,S), which was
proved by 'H NMR spectroscopy and X-ray diffraction research.

The analysis of mass spectrometric data revealed that the main direction of
fragmentation is the Michael retroreaction, which is accompanied by cleavage of 1-

(2-nitrophenyl)-1H-pyrrole-2,5-dione and leads to the formation of the ion m/z 231.



High peak intensity of these fragment ions (100%) 1s due to the high stability of the
conjugated structure of the paired electron-neutral particle, which is cleaved. This
pattern of fragmentation is also observed for other compounds.

It is known that in recent years there has been a lot of information about the
synthesis, structure, pharmacological properties and use in medical practice of
compounds containing in its structure acridine (quinoline) fragment. Such
substances have a wide range of therapeutic effects, which is of great interest to
them. Derivatives of pyrrolidine-2,5-diones are known for their biological activity:
anti-cancer,  analgesic, antibacterial, anti-TB, anti-inflammatory  and
neuroprotective. Pyrrolidine-2,5-dione and its 1,3-substituted derivatives were
precursors of pharmacological activity.

Methods for the synthesis of new substances containing acridine tricycle and
pyrrolidine-2,5-dione fragment have been developed and a search for new
substances with the required biological activity has been carried out on their basis.

To predict biological activity by molecular docking, the obtained
succinimides containing fragments of acridine and pyrrolidine were selected. To
compare the indicators of biological activity was also synthesized N'-hydroxy-
1,2,3,4,5,6,7,8-octahydroacridine-4-carboximidamide - a derivative of acridine
without a pyrrolidine fragment by the interaction of 1,2,3,4,5,6,7,8-
octahydroacridine-4-carbonitrile with hydroxylamine.

A molecular docking study of acetylcholinesterase for the two compounds
revealed binding to only one of the three essential amino acid residues (His440) and
(Ser122). And four compounds have already shown blocking of the two amino acid
residues Ser200 (122) and His440. One compound also has a higher free binding
energy (-13.7 kcal / mol).

Analysis of the study of molecular docking of butyrylcholinesterase showed
that the best free binding energy was demonstrated by 3- (11-chloro-7,8,9,10-
tetrahydro-6H-cyclohepta [b] quinolin-6-yl) -1- (3 -nitrophenyl) pyrrolidine-2,5-

dione, as well as the presence of interaction with the amino acid residue His438.



A study of the molecular docking of the synthesized compounds as anti-
inflammatory drugs revealed that the obtained compounds showed a free binding
energy in the range from -7.9 to -9.7 kcal / mol; and they bind to the amino acid
residue GIn192. The highest energy index of the studied compounds is -9.7 kcal /
mol, as well as the presence of a hydrogen bond with the amino acid GIn192.

In a study of the molecular docking of the obtained compounds as
anticonvulsants, it was found that according to the free binding energy, only one
compound will be the most promising for further biological testing.

Key words: rearrangement, Vilsmeier-Haack reagent, 1,4-diazaspiro [4.5]
decan-2-one, 9-bromo-1,2,3,4-tetrahydroacridine, Michael acceptor, molecular

docking, acetylcholinesterase, butylcholinesterase.
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ta Mojoaux BueHUX «CydacHi mpobnemu ximii» (Kuis, 20-22 tpaBus 2020 p.) —
Kuis, 2020. — C.182

Ocobucmuii enecox asmopa: 30ip ma cucmemamuzayis J1imepamypHux
0anux, cuummes OLNLUOCMI BUXIOHUX CHOAVK [ YLIbOBUX NPOOYKMIB, Y4aACMb 8
iHmepnpemayii CneKmpaibHUxX OaHUX i HaNUCAHHI mes.

6. CMetanin M.B. MonekynspHuii TOKiHT 010J0T1YHOI aKTUBHOCT1 MOXITHUX
rigpoakpuauHiB (xiHomiHiB) / M.B. Cmeranin, C.B. Tokapesa, C.A. BapennueHko,
O.K. ®apar, B.I. MapkoB // XimiuHi npoOJeMU ChOTOACHHS: Te3u J0moB. IV
Mixunaponna (XIV Vkpaincbka) HaykoBa KOH(EpeHIlisl CTYJEHTIB, acCMipaHTIB 1
Mostofux yueHux (Biaawuig, 23-25 6epesns 2021 p.) — Binawuis, 2021. — C.85

Ocobucmuii enecox asmopa: 30ip ma cucmemamuszayis J1imepamypHux
O0aHux, cunmes OLIbUIOT YACMUHU CNOJIVK, YU4ACMb 6 HANUCAHHI me3.

7. Cwmeranin M.B. CuHre3 Ta mnporHo3yBaHHsA In silico OiojoriyHOi
aKTUBHOCTI MOXIAHMX TiApoakpuauHiB (xiHomiHIB) / M.B. Cwmeranin, C.B.
ToxkapeBa, C.A. Bapenuuenko, O.K. ®apar, B.I. MapkoB // Te3u momos. V
Bceykpaincbka HaykoBa KOH(EpEHIIS «aKTyallbH1 3a/iadl XiMii: JTOCTIKEHHS Ta
nepcnexktuBmy (Kutomup, 15 kBiTHsa 2021) — Kutomup, 2021. — C.296

Ocobucmuii 6necoxk asmopa: 30ip ma cucmemamu3ayis aimepamypHux
O0auux, cunmes OLNbUWIOT YACMUHU CNONYK, YYaACmb 8 i0eHmugixayii cuHme308aHux
CHONYK, 002080peHHI pe3yIbmamie 00CNi0HCEeHH MA HANUCAHHS me3.

8. Cwmeranin M.B. HoBuii wmeron cunre3y (3s/4r)-3-[(31/4s)-9-

XJIOpaKpUANH(X1HOJ1H)-4-111]-1-(n-apun)miponiaun-2,5-nionie / M.B. CwmeraHiH,



C.A. Bapenunuenko, K.B. 3anizna, O.K. ®apar, B.I. Mapkos // Te3u monos. XXII
MixnaponHa KoH(MEpeHIisl CTYIeHTIB, acIipaHTIB Ta MOJOauX BueHUX «CydacHi
npobaemu ximii» (Kuis, 19-21 tpasus 2021) — Kuis, 2021. — C.123

Ocobucmuii  6necox aemopa: aemopa: 30ip ma cucmemamusayis
JIMepamypHux OAaHux, Y4acmev ) 6UKOHAHHI YACMUHU eKCHePUMEHMAIbHO20
mamepiany, 6CMAHOGIEHHI ONMUMANbLHUX VMO8 Ol  nepebicy  peakyil,
i0enmugbikayii ompumanux cnouayk, 002080pPeHHI pe3yIbmamié O0O0CHIONCEeHHS |
HanucauHs mes.

9. Cwmeranin M.B. CuHTe3 HOBHX TMOXIIHHX  CYKIHHIMIIIB
dynkiionamizamico 9-xjaopakpuauHiB mo sp® c-h 3B’a3ky n-apuimaneimigamu /
M.B. Cmeranin, C.A. Bapennuenko, K.B. 3amizna, O.K. ®apar, B.I. Mapkos // Te3n
nonoB. I MixHaponHa HaykoBa KOHQepeHLish «AKTyalbHI OpoOieMHu Ximii,
MaTepiano3HaBcTBa Ta exosorii» (JIympk, 12-14 tpaBusa 2021 p.) — JIyuek, 2021. —
C.92-93

Ocobucmuii enecox asmopa: 30ip ma cucmemamuzayis 1imepamypHux
O0aHux, CuHme3 BUXIOHUX CROJYK I YIIbOBUX NPOOYKMIB, yuacme 8 i0enmugikayii
CUHME308AHUX CNOJIYK, 002080PEHHI pe3YIbmamis 00CAI0HCeHHsl, HANUCAHHS Me3.

10. Cwmeranin M.B. CunHTe3 Ta MOJEKyJIsipHE MOJCIIOBAHHS TMOXITHUX
riIpOaKpuANHIB(XIHOMIHIB) B SKOCTI 1HTIOITOPIB  alleTHIIXOJIHECTEpa3u Ta
oytunxominectepazu / M.B. Cmeranin, C.B. TokapeBa, C.A. Bapennuenko, O.K.
®apar, B.I. Mapkos // Te3u gonoB. Mi>kHapoHa HAYKOBO-TIPAKTUYHA AUCTAHIIIITHA
koH(pepenuis, npucsyeHa 100-piuuto kapeapu anamtuunoi ximii HOaV «CyuacHi
aCIeKTH CTBOPEHHS JIIKapchKkux 3aco0iB» (Xapkis, 16 kBiTHA 2021 p.) — Xapkis,
2021. - C.175- 176

Ocobucmuii 8HecoK agmopa: y4acms Y npo8edeHHi MOJLEKYIAPHO20 OOKIH2Y,
CUHMe3 YACMUHU O0CTIOHCYBAHUX CNOTIYK, 002080PEHHI Pe3yIbMami6 00CIi0HCEHH S,
GdopmynI08aHHI BUCHOBKIB, HANUCAHHS Me3.

11. Cwmeranin M.B. besnpenenentHi neperpymnyBaHHs TeMiHaJIbHUX
okcazarerepounkiaigaux cucrem / O.K. dapar, M.B. Cmeranin, C.A. BapeanueHko,

K.B. 3amizna, B.I. Mapkos // Te3u nonos. Beceykpaincbka koHpEpeHI[isi HAyKOBHX



nociiaaukiB. Cekuist: BceykpaiHChkuii CUMIIO31yM 3 OPraHivyHOi Ta MEIWYHOI X1Mi,
npucssiueHuit  80-piuuto mpod. Banepis [AmutpoBuua Opnoa (JIbBiB, 19-25
BepecHs 2021 p.) — JIsBiB, 2021. — C.26

Ocobucmuii 6necox agmopa: cCunme3 Yacmunu Yilbosux npooyKmis, yuacnio
8 00CNIONCEHHI CNeKMPANbHUX XAPAKMEPUCTNUK OMPUMAHUX CHOTYK, 002080PEHHI

pe3yibmamis 00CHI0NHCEeHH S, HANUCAHHS Me3.



