AHOTAILISA

Tynuyak Muxkona AmwxatomiioBud. 1,3-/IumoJispHi peareHTHM y CHHTe3i
a3zoJiB. — KamidikamiitHa HayKoBa Mmpails Ha IpaBax PyKOIHCY.

Jluceprarris Ha 3M00YTTS HAYKOBOTO CTYIIEHS OKTOpa ¢imocodii y ramysi 10 —
[Tpupoanuyi Hayku 3a cremianbHicTIO 102 — Ximis. JIbBIBChKMI HaIllOHATBHUN
yHiBepcuteT imeHi [Bana @panka, JIpBiB, 2022.

Po3pobka eexkTUBHUX 1 XEMOCEJICKTUBHUX METOJIB CHUHTE3y, IO
BIJIMOBIAAIOTh KPUTEPISIM «3€JIEHOI XIMii», Ta 3a JOMOMOIOI SKHX MOXHA
KOHCTPYIOBAaTH CKJIQAHI MOJEKYJSPHI TETEePOUUKIIYHI CHUCTEMH 3 JIOCTYIMHHUX
pEareHTiB  3aCTOCOBYIOYM MAaJIOCTA/IMHI CHUHTETHUYHI TMIAXOIAH, € BaXXJIUBOIO
npo0JIeMOI0 OpraHiyHoOi XiMli Ta MEIUIMHU. 3acCTOCYBaHHS y IIHUX METOJaxX
BHCOKOPEAKIIIMHO3ATHUX MPEKYPCOPIB JTO3BOJISIE CKOPOTHTH dYac IEPETBOPCHHS,
30UTBIIUTH BUXOJIM MIPOYKTIB Ta ONTUMI3yBaTu BUTpatu. Cepel TaKUX peareHTiB BCe
OIbIIOT  TOMYJISIPHOCTI  HaOyBarOTh 1,3-AUNONBHI  CHOJMYKH, IO JO3BOJISIOTH
e(eKTUBHO OJHOCTAIIMHO (OpMYyBaTH PI3HOMAHITHI IISITHWICHHI TeTEPOLUKIIH,
30KpemMa, a30JIu.

HMucepraiiitna po0OoTa mNpUCBAYEHA pO3pOoOLI HOBUX BaplaHTIB pPeaK1i
1,3-munoNiIpHOTO0  UMKJIONPUEIHAHHS, TIOE€IHAHHIO peakmii  1,3-aumnossipHOro
[AKJIONPUEIHAHHS Yy TaHAEMH 3 IHIIUMH XIMIYHUMH TIE€PETBOPCHHIMHU  JIsI
OTPUMaHHS HOBHX a30JiB Ta 1X KOHJCHCOBAaHUX TMOXIATHMUX 3 KOPHUCHUMU
BJIACTUBOCTSIMH, a TaKOX BHUBYEHHIO BJIACTUBOCTEH OTpUMaHUX crHoiyk. Taki
JOCIIJKEHHSI aKTyaJIbH1 ISl CTBOPEHHS! HOBUX JIIKIB Ta BHOCSATh BaroMHWil BKJIaJ Y
TEOPETUYHY Ta CHHTETUYHY OpPTaHIuHYy XIMIfO.

OcHoBHa yBara y poOOTI 30cepe/pkKeHa Ha OIpaIfoBaHHI HOBUX HAIpPSMIB
BUKOPUCTAHHSI OPraHivYHUX a3ufiB sK epexTtuBHUX 1,3-munoiniB y peakuisx [3+2]-
IUKJIONPUEIHAHHS, cuHTe31 1,2,3-Tpra3oiiiB Ta iXHIX KOHACHCOBAHMX ITOXITHUX, a
TaKOX BHBYCHHI TIIOBEJIHKM aJbTEPHATUBHUX a3ujaMm 1,3-TUMONIB Y TaKuX
MEePETBOPCHHSIX.

Posmpeno Mexi 3acTOCyBaHHS TEpPMIHAIBHUX alKiHIB y peakmiax 1,3-
JTUTIOJISIPHOTO ITUKJIONIPUETHAHHS OPTaHIYHUX a3uAiB JI0 TEPMiHAJBHUX alleTUJICHIB

(CuAAC). Brepmie B CUAAC-peakitiii O0yB BBeneHUN 3-(METUICYIb(GOHLT)Ipon-1-uH.
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3’sicoBaHO, 1[0 3aCTOCYBaHHS katamitTnyHoi cucremu Cul/NEt; mossoste

oTpumyBatu HOBI 4-(Metwicynb(oninmermn)-1H-1,2 3-tpuazonn 3 goOpumu
BUXOJaMH. BUSBIICHO, IO TaKe MEPETBOPEHHS Ma€ JesKi CHHTETHYHI OOMEKEHHS y
BUKOPHUCTaHHI BUX1THUX a3UiB, 30KpeMa, 3-a3uI0IIPUIUHY.

Hocnimkeno ocoOnuBocTi moBeAiHKK Oic-ankiHiB 'y CUAAC-peakuii 3
apuiasujgaMu. BctaHoBIIEHO, 1IT0 B3a€MOJIisl AUIPOIIApTriIaMOHIA OpoMily 3 a3ujaamMu
BiZOyBaeTbCsi  periocenektuBHO 3 yrBopeHHsMm  6ic((1H-1,2,3-tpuazon-4-
UT)MeTWI)aMiHy SK TpU HEAOCTaul, TaK 1 3a HAIMIIKY a3umay. l[Ipoaykris
MOHOIIPUEIHAHHS Yy LHUX PEAKIIAX He BUSABWIM. [IpMUMHOI0 Takoi CENeKTHBHOCTI
peakiii,  BOYEBHIb, € T€, IO  YTBOPEHUH  MPOMDKHUNA  HPOIYKT
MOHOLMKJIONPUEAHAHHS BUCTyNae e(peKTUBHUM JHraHaoM s iowis Cu’, umm
3YMOBIIIOE aBTOKATaI3 peaKIlii.

Jlns oTpuMmaHHs aHajiora oOic-Tpuaszoiy, SKMA OM HE MICTHB aMIHOTPYIIH,
BUKOPHUCTAIM Oic-ajJKiH, OJIEpKaHUN B3a€EMOJIEI0 KHUCIOTH MenbapymMa 3 JIBOMa
eKBiBaJIeHTaMHu mpomapriiopominy. Peakuiro 2,2-gumetwi-5,5-au(npomn-2-un-1-i1)-
1,3-nmiokcan-4,6-1i0Hy 3 a3UJA0M TPOBOIWIH Yy JIOKCaHI 3 JO/IaBaHHSIM €KBIBAJICHTA
IIEPBMHHOIO aMiHy (OeH3uIaMiH Ta ajigaMid) 3a HasBHOCTI 5 Moi.% Cul mpu 50 °C.
3a yMOB peaxiiii pO3KpPUTTS LUKIY KUCIOTH Menbapyma He BiIOYJIOCS, a €IUHUM
POJIYKTOM B3aeMOAll OyB BIAMOBITHUN Oic-TpUaA30j, JTY>KHUU TIAPONI3 SKOTO 3
HACTYITHUM JIEKOPOOKCHIIIOBAHHSIM AaB 3Mmory otpumatu 1,3-6ic(1H-1,2,3-tpuaszon-
4-11)ITpOTIaH 3 BUCOKUM BHXOJIOM.

Y CuAAC-peakii 3 a3ugamMu JOCTIKYBajdd TaKOX paHillle HEOMUCAHUMN
2-(npon-2-un-1-inokcun)-6H-6en3o[C|xpomen-6-o1, oTpumanuii O-anKiTIOBaHHAM
2-riapokcnu-6H-6en30[C]xpoMen-6-ony  mpomaprinOpomigom.  Bussieno, 110
ontuMaibHi yMoBu Juid 1i€i peakuii — Cul/Et3N y cymimi po3unnuukis JM®PA/H,0.
3a mmx ymoB yrBoproroThes  2-((1-R-1H-1,2,3-tpuason-4-in)merokcu)-6H-
Oenzo[C]xpomeH-6-onn 3 Buxomamu 68-81%. CunrezoBani 2-((1-R-1H-1,2,3-
Tpuazoj-4-ir)MeTokcu )-6H-6eH30[C]XxpoMeH-6-0HM TOCIIKYBaI HA IIUTOTOKCUYHY
IO MO0 MYyXJIMHHUX KJIITUH JIIOAWHU: KIITUHU Mienojieiko3y moauau HL-60,
KIITHHA KapuuHOMHU TOBCTOI Kuiku moauan HCT116 ta cyoninii HCT116 p53-/- 3

BUJaleHHs M TeHa P53, kmiTuHM paky se€dyHuKa JoguHU  Skov3, KIITHHU
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rimo6nacroMu JoauHu U251, KIITHHY aeHOKAPIIMHOMH MOJIOYHOI 3aJ103U JIFOIMHU

MDAZ231. IUTOTOKCHYHY aKTHUBHICTH CIOJYK BUMIPIOBAIU 32 JOMOMOIOIO TECTY
MTT. Haiikpame inriOyBaB pict myxiauHHHX KiitiH 2-((1H-1,2,3-tpua3zon-4-
11)MeTOKCH )-6H-6eH30[C]xpoMeH-6-0H 13 3-TIPUIUIBHUM 3aMICHUKOM (KJIITUHH
neriko3y moauHu HL-60, 1Csq = 79,5 MxM). 3aramom, xmitaan HL-60 BusBumuch
HAaWYyTIMBINIMMA 0  JAii  JocaiypkyBaHux — cnomyk. Ille  aBi  cmosyku
poJIeMOHCTpyBa/IU akTUBHICTH 3 1Csq MeHme 100 MxM. IHIIa KIITHHHA JIiHISA, sSKa
pearyBaia Ha aifo mux croinyk — HCT116 p53-/- (1Csq = 83,6 MxM 1 84,8 MkM u1st
JIBOX HaWaKTUBHIMUX CMOJykK). KpiM Toro, ogHa crojiyka BUSBUJIA ITUTOTOKCUYHY
aktuBHICTH o0 KaiTHH HCT116 3 ICsq = 86,6 MkM. binbie 69% >KUBUX KIIITHH
HEMyXJMHHUX KepatuHonuTiB joauHu JiHii HaCaT Oyno Bussieno npu 100 MM
KOHIIEHTpAIlii JOCITIIKYBaHUX 2-((1-R-1H-1,2,3-tpuazon-4-ia)meTokcu)-6H-
0eH30[C]xpoMeH-6-0HIB.

Po3pobinieno 3pyuHuil METOJ CHUHTE3Y 2-a3ua0-3-apUilpoNaHOBUX KUCIOT 13
3aCTOCYBAaHHSIM  pEakilii TaJOreHapUJIIOBaHHA €CTEPIB  aKpUJIOBHX  KHCIOT
N1a30HIEBUMH COJIIMH 32 MeepBeHOM 3 MOAANbIINM HYKJICO(UIBHUM 3aMilIEHHIM
TaJIoTeHy a3ujorpyrnor Ta Tiapoyi3oM. Takuii MeTon MO03BOJIIE OTPUMYBATH Yy
IPaMOBHX KITBKOCTSAX 2-a3W70-3-apWINPOIMAHOBI KHCIOTH — pearcHTH IS
CTBOPEHHS KOMOIHATOPHUX 010J10TEK.

3’sCOBaHo, M0 2-a3u/10-3-apUIITPOIIAHOB] KUCIOTH B3aEMOIIIOTH 3 JI1€TUIIOBUM
€CTEepOM allCTHWJICHANKAPOOHOBOT KHUCJIOTH B YMOBAaX HEKATAIITUYHOL ITUKJIi3allii
X’103reHa 3 YTBOPEHHSM 3-apuii-2-TPUa3oaiUINpONnaHOBUX KUCIOT. [lomambInoro
TpaHcopMmaliiero 1UX Kuciaor Oynu oTpumani mnoxigHi [1,2,3]rpuazono[1,5-
ajmipazuny. I[Hmmit cuHTeTMYHUU Tiaxig go [1,2,3]rpuasomno[l,5-a]mipa3zuniB
MOJIsSITa€ B OJICPXKAHHI MponaprijiaMifiB 2-a3ua0-3-apuiInpornaHOBUX KHUCIOT 1 IXHIH
BHYTPIIIHOMOJEKYJISIPHIA LMKII3alii OpyU KU SITIHHI B TOJYOJII BOPOJOBX 24 TOJ.
[lorpaena, y 1wsoMy Bumaaky [1,2,3]rpuazosno[l,5-a]mipasuHu yTBOpIOBAIKCS 3
HEBUCOKMMH BHUXOJAMHM, IUKJII3allisl CYIPOBOKYBalach MOOIYHUMH MMOJTIMEPHUMHU
IIPOTYKTaMHU.

2-A3u10-3-apuimnponaHoBl KUACIOTH JOCTIIWIN B yMOBaX HEKATaITUYHOL

YOTUPUKOMIIOHEHTHOI peakuii Yri. 3’sCOBaHO, IO aAyKTH YTI1 YTBOPIOIOTHCS HpPH
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3MIITyBaHHI peareHTiB (KUCJIO0Ta, amiH, ajbJerif, 130HITPWI) y METaHOoJl 3a

KiMHaTHOT Temneparypu BOpoaoBxk 20-30 xB. LlinboBi mpoaykTu HE MOTPeOYIOTH
J0JJaTKOBO1 OYHCTKH, Ta BIJIOKPEMITIOIOTHCS 3 PEAKIIHHOI cyMimll (iIbTpyBaHHIM Y
BUMISIAL 1HAMBIAYaNbHUX OUIMX KPUCTAIIYHUX PEUYOBHUH. 3 METOI (hOpMyBaHHS
[1,2,3]rpuazomno[1,5-a]mipazuHoBoi CHUCTEMU BHYTPIIITHHOMOJICKYJIIPHOIO
UKJII3AIIEI0 aayKTy YT1 BUKOPUCTANIU MpOMApriiamMiH SK aMiHHY KOMIIOHEHTY. Y
pesyibTaTi peakiii Vri y M’SKHX yMOBax OmepxKyBaan 2-a3umo-3-apmi-N-(2-(R*-
aMiHO)-Z-OKCO-l-RZ-eTI/IJ'I)-N-(HpOHapFiJ'I)HpOHaHaMiI[I/I. [HuxnonpuenHaHHs
asunorpynu g0 C=C-3B’s3ky (umkimizamis X’rOCreHa) BiOyBaJloCsl MpHU KUIT ATIHHI
[UX CIOJYK y TOJYyOJIi BOPOAOBX 24 roa, npuuomy 4,5-nuriapo-[1,2,3 Jtpuazono|1,5-
aJmipasuH-6(7H)-oHu yTBOpIOBANIMCh 3 BHUXOJaMH, OJM3BKUMH JO KUIBKICHHX.
ITokazaHo TakoX, 110 00KBa IporecH — peakilii Y1i 1 X FocreHa MoHa IMO€IHATH B
oxHOpeakTopHOMY (ONne-pot) BapianTi. Takuii CHHTETHYHHIA TiAX11 ONTHMI3Y€ BTpaTH
miJ] 4ac BHJAUICHHS NPOMDKHOTO MPOAYKTY Ta € €(PEKTUBHUM Yy BHUIAJIKY, KOJIH
MPOMIXKHI alWKIIIYHI aayKTH YT1 J00pe pO3YMHHI Y METAHOJI, 10 YCKIAJIHIOE 1X
BUJIUICHHS.

AnbpTEepHATUBHUHN IUISAX KOHCTPYIOBAaHHS mosi3zamimenux [1,2,3]rpuasomnof1,5-
a|mipasuH-6(7H)-0oHOBHX cHCTeM MU peai3yBalil BBEACHHSM y peakuito Yri (Z)-2-
OpomMo-3-dheHiTakpoJieiHy SIK HOCIS JUMOISIPOGIIBHOI KOMIIOHSHTH JUIS IMKJIi3arii
X’10CcreHa.

Hamni  pgocmijkeHHs OynM  CKEpOBaHI TakoXX Ha  PO3UIMPEHHS  MEX
BUKOPHUCTAHHS 1,3-numnomniB y  peaKIsax [3+2]-uukionpuegHaHHS 3
METUJICHAKTUBHUMU CTIOJyKaMHU, 30KpeMa, METUJICHAKTUBHUMU HiTpuiaMu. Brepie
y Takii peakuii Oynu BunpoOyBani 2-(3-apui-1,2,4-okcaaiazoin-5-in)aneToHiTpuIIM.
Ix OJICP)KYBajJM B3a€EMOJIEI0 ApOMATHYHHMX aMigokcuMiB 3 3-(3,5-mumerwn-1H-
nipa3os-1-11)-3-0KCOMPOMAHOHITPUIIOM TPU KHWIT ATIHHI Yy JlokcaHl. Peakiiiiny
3/IaTHICTD 2-(3-apun-1,2,4-okcasia3oi-5-11)ae TOHI TPHIIIB BUBYAIN B
eKCTIEpUMEHTax 3 apuijazujamMu. BUKOPHCTaHHS OJHOTO €KBIBAJICHTAa METHIIATY
HATpPilO0 SIK OCHOBHOTO KaTaii3aTopa 3a0e3Meyusio YTBOPEHHS LUIbOBUX S-aMiHO-
1,2,3-TpuazoniB TpH TEpPEeMIlTyBaHHI BHXIJIHUX KOMIIOHEHTIB B METaHOJI 3a

KIMHATHOI TeMIIepaTypu BIPOAOBK 5—15 XB.
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3 Meroro i3octepHOi 3amiHu 1,2.3-TpHUa30JIbHOTO IUKIY Ha Mipa3ojdbHUA B

po3po0Ili KoMOiHATOpHUX O10TIOTEK I CKPUHIHTY O10J0TiYHOI aKTHBHOCTI MH
3MIACHUIM 3aMiHy a3WAiB HITPWIIMIHAMH Ta BHUBYWIM MOXJIHMBICTH IXHBOTO
3aCTOCYBaHHA Y MOJIOHIM CHHTETMYHIM cXeMl. ApPWITiIpa3oHLUI XJIOPHU/IH,
MOTEPEAHUKN HITPUIIMIHIB, OTPUMYBAIH B3a€EMOJIEI0 2-XJIOPO-3-OKCOOyTaHOATy 3
BIJIIOBIIHUMH /Tia30HIEBUMH COJIIMH. APWJITiIPa3oHLI XJIOPUAM pearyBaid 3 2-(3-
apui-1,2,4-okcaaiazon-5-11)aleToHITpUIaMU Y PO3YMHI METaHOJTY 3a HassBHOCTI JIBOX
CKBIBAJICHTIB METWJIaTy HATpil0 SK OCHOBH TMpH KIMHATHIM TemmepaTypi 3
YTBOPEHHSAM (DYHKITIOHATI30BaHUX 5-aMIHOIIPA30JIiB BIPOJOBK 5—15 XB 3 BUCOKMMU
BUXOJaMH Ta 0e3 moOiuHuX npoAyKTiB. Takum yuHOM, 3amiHa 1,3-IHUNIOABHOTO
peareHTa He 3MiHWJIa HAMPSIMOK peakIlii, a BAXOJU MPOIYKTIB € CIIIBMIPHHUM.

CuHTte3oBaH1 MOXIiJHI S-amiHo0-1,2,3-Tpua3ony Ta 5-aMiHOMIPA30Iy MPOUIILITU
B1I0Ip Ta mnepeOyBalOTh Ha JOCHIIKEHHI iXHbOI MPOTUPAKOBOI AKTHUBHOCTI ¥y
HarionansHomy iHcTUTYTI paky (beresna, Mepinena, CILA).

Bupuena noeeninka Oipynkmionanbaux 3-(1H-mipon-2-in)/(1H-iamon-3-im)-3-
OKCOINPOMAHOHITPWIIB Y  peakuii  1,3-AunoyisipHOrO  IUKIONPUEAHAHHA 3
HITpWIIMiHAHU. BuxigHi 3-OKCOMpPONMAaHOHITPWIM OTPUMYBAIM  AIMIFOBAHHAM
N-MeTWIIipoay Ta 1HA0JY 11aHOOLUTOBOIO KUCIOTOK Y PO3YHMHI OLITOBOTO aHTIIPUIY
npu  HarpiBamui 3a  temmeparypu 60-70°C. 3’scoBaHo, IO  peakilis
oipynkiionanbaux 3-(1-metun-1H-mipon-2-in)-3-okconponanonitpuiny ta 3-(1H-
1H710J1-3-1J1)-3-0KCONPOTNaHOHITPIITY 3 TiIPa30HiI XJOPUIAMHU Y PO3UHHI METAHOITY 32
HAsSIBHOCTI JIBOX €KBIBAJCHTIB METWJIATY HATPil0 BiOYBA€THCS PEriOCENICKTHUBHO 3
YTBOPEHHSIM 5-aMiHOIIPA30IiB 3 BACOKUMHU Buxoaamu. [lipazoin-4-kapOoHITpuin npu
[IOMY HE YTBOPIOIOTHCSI.

HasBHICTh B 0pmo-TIONOXKEHH] a3U1y €CTEPHOI UM HITPUIIHHOI TPYI MPUBOIUTH
hi (e} CIIOHTAHHO] LIHKJTI3a11 YTBOPEHOTO BHACIIIJIOK 1,3-nunonsipaoro
[UKJIONPUEIHAHHS ~ 5-aMIHOTPUA30Jly 3  YTBOPEHHSM  TPUA30JIOMIPUMIAMHOBOI
cuctemu. Cepesl pi3HOMAHITTS aHENbOBAHUX MIPUMIJIMHIB 3HAYHY MEPCIEKTUBY SK
OPOTHUPAKOBI areHTd MarwTh TieHOo[1,2,3]rpuazono[l,5-ajnipumiguHu. 3 METOIO
PO3IIMPEHHS] KOMOIHATOpHOT OI10MIOTEKW TakuxX CHOJYK BBelAeHHAM 1,2,4-

OKCaJ1ia30JIbHOr0 (pparMeHTy MH PO3POOMIIM JOMIHO-peakiiio, B skiii 2-(3-apwui-
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1,2,4-okcania3on-5-11)alleTOHITPUIN  B3aEMOJIIIOTh 3 €TWi 2-a3ujoTiodeH-3-

KapOokcunatamu. 2-A3unoTiopen-3-kapOOKCHIaTH OTPUMYBAIM 3  BIAMOBIIHUX
2-aminoTiodenis Tesampma. Ili asumu pearyrors 3 2-(3-apui-1,2,4-okcamiazon-5-
11)alleTOHITPUIAMH Y METaHOJBHOMY PO3YMHI 3a HAsSBHOCTI OJHOTO E€KBIBaJCHTa
METHJIATy HATPiIO0 MPH KIMHATHINA TemmepaTypi, IO JO3BOJMIO BIEPIIE OTPUMATH
3-(3-apun-1,2,4-oxamia3on-5-im)rieno[3,2-€][1,2,3 Jrpuazomno| 1,5-aJmipumiana-5(4H)-
oHHU. [liTbOBI MPOAYKTH BUAULIM 13 PEAKIIMHOI CyMIIIl y YHUCTOMY BHIJISIII
¢biapTpyBaHHSIM 0€3 JTOJATKOBOI OYMCTKH, IO Y3TOJDKYETHCS 3 KOHIICTIIISIMU KITIK-
xiMii Ta 3eneHoi ximii. Peakiiisi BinOyBaeThCs 3a MPHUHITMIIOM JIOMIHO: Ha TEPIIii
ctanii mpoxoauTh 1,3-mTumnossipHe HUKIONPUEIHAHHS 3 YTBOPEHHSIM S-amiHo-1,2,3-
TPHUA30JIiB, SIKI 3a3HAIOTh CIIOHTAHHO1 BHYTPIIIIHBOMOJIEKYJIIPHOT IUKJIII3AIli 32 y4acTi
€CTEpHOI Ta aMmiHO rpym 3 (GopMyBaHHSIM MIPUMIAMHOBOTO LUKIY. I omepxaHUX
TakKuM YHHOM TieHo[3,2-e][1,2,3]rpuazomno[1,5-aJnipumiana-5(4H)-oHiB mpoBeaeHO
CKPHHIHT MPOTUPAKOBOI akTHBHICTI y HamioHanmsHOMY iHCTUTYTI paky (CILA).

B ananoriuHy JOMiHO-peakIlito BJagocsi BBECTH 1 HITpUJIIMiHU. Tak, B3aeMomdis
(2)-2-(2-(1-x10p0-2-eTOKCH-2-0KCOCTHIIIICH )T1Ipa3uHiI ) TiIopeH-3-KapOOKCHIaTIB 3
2-(3-apmii-1,2,4-okcamia3oia-5-11)aneToHIiTpUIaMi Y METaHOJIBHOMY DO3YMHI 32
HasBHOCTI JBOX €KBIBAJEHTIB METWJIATy HATpPil0 NpU KIMHATHIA Temmeparypi
MPUBOIMIIA bi (o) YTBOPEHHS 5-okco-3-(3-apuin-1,2,4-okcagiazon-5-imn)-4,5-
murigpomipaszono[ 1,5-a]rieno[3,2-eJmipumiaunie. Ha  BiamiHy  Big  a3uiB,
TIEHUIT1IPA30HII XJIOPUIM BCTYNAJIM Yy PEAKLII0 3HAYHO MOBUIBHINIE, MO MOXHA
MOSICHUTH  JIC3aKTHBAII€I0 TIOPEHOBUM  SAPOM  XJIOPTIAPA30HHOI Tpymu Ta
JOJTATKOBUMHU CTCPUYHUMH YTPYIHEHHSIMH. TpHBANIMA Yac peakilii CIPHUSB TaKOXK
MOOIYHUM peakiisiM nepeectepudikarii.

Haykoea nosusna odepicanux pe3yivmamie

Bnepme nocmimxeno 3-(metwicynbdoHuT)npon-1-un Ta 2-(nmpon-2-uH-1-
i1okcn)-6H-6en30[C]xpomen-6-o8 B CUAAC-peakrii. 3’scoBaHi 0COOJIHBOCTI
B3aeMoJli Jau(npon-2-uH-1l-um)aMiny 3 apwiasujaMu Ta CHUHTE30BaHO HOBI Oic-
Tpuazonu. OJnep)kaHO paHille HeomucaHi KoH’roratu  1,2,3-Tpuazony 1

6H-6en3o[C]xpomeH-6-0HY Ta AOCTIHKEHO iX MPOTUPAKOBY AKTUBHICTD.
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BCT&HOBJ’ICHO, IO MIPOAYKTH TaJOICHAPUIIOBAHHS aKpI/IJ'IaTiB 3a peaKuiem

MeepBeiiHa € 3pydyHUMH peareHTamH Il CUHTE3y 2-a3ua0-3-apuiInporaHOBUX
KucnoT. Buxomsunm 3 2-a3ugo-3-apHINpoNaHOBUX KHUCIOT, PO3POOJICHO METOAM
orpumanas  2-(1H-1,2,3-tpuazon-1-i1)-3-apriImponaHoBUX — KHUCJIOT Ta  iXHIX
MOX1/THUX, a TaKoX 4,5,6,7-TeTpariapo-[1,2,3]rpuazono[ 1,5-a]mipa3uHis.

3anmpornoHOBaHO HOBHMM MiAXia g0 cuHTE3y 3amimieHux [1,2,3]rpuazoino[1,5-
ajmipa3uHiB  IUIIXOM  IO€AHAHHA  YOTHUPUKOMIIOHEHTHOI  peakiii VY11 Ta
HEKATAIITUYHOT ITUKJTi3arii X 10CTeHa, 10 T03BOJIsI€ OTPUMYBATH IIJTLOBI TPOTYKTH 3
BHCOKMMH BUXOJ]aMU 0€3 3aCTOCYBaHHS KaTalli3aTopiB.

OnucaHo  HOBMM  NpHKIaA  KIIK-peakuli  Tigpa3oHUIrajJoreHiaiB 3
METUJICHAKTUBHUMU HITPUJIAMH. 3’s1cOBaHo, 1o HITPWIIMIHU €
BHUCOKOPEAKIIMHO3IaTHUMH  pEareHTaMd Yy B3aeEMOJAII 3 METUJICHAKTHBHUMHU
HITPUJIAMH, Ta MOXKYTh OyTH 3aCTOCOBaHI y CHHTE31 K aJbTEpHATHBHI a3uaam 1,3-
JUIIONI, JJIs 130CcTepHUX 3amiH 1,2,3-Tpua3oyibHOrO HUKIY [H-mpa3onbHUM, IO
PO3LIMPIOE CHHTETHYHI MOXJIUBOCTI PO3POOIEHUX METOAIB, 30KpeMa JJI CKPUHIHTY
Ha OIlOJIOTIYHY aKTHBHICTh OJEp)KaHUX crnoiyk. OTpHMaHO paHille HEONHCaHI
4-(1,2,4-okca3on-5-i)-5-amino-1H-mipasonu ta 4-(1,2,4-okcazon-5-in)-5-amino-1H-
1,2,3-tpuazonu. Ilokazano, mo B3aemomis 3-(1H-mipon-2-im)/(1H-imnon-3-11)-3-
OKCOTIPOTIAHOHITPWIIIB 3  HITPWIIMIHAMU  BiIOYBA€ThCS  PETIOCENEKTUBHO 3
YTBOPEHHSIM 5-aMiHOMIPa30iB.

Po3pobiieno goMiHO-peakiiifo, B SKii 2-amiHOTiIO(eH-3-KapOOKCUIIaTH YU
2-(2-(1-x110p0-2-€ TOKCH-2-0KCOCTHIII IcH )TiApasuHiT) TioeH-3-kapOoKCHIIaTH
B3a€MOJIIOTh 3 2-(3-apmi-1,2,4-okcania3on-5-in)aleToHITpuIaMu 3 YTBOPCHHSIM
TieHo[3,2-e][1,2,3]tpuazono[ 1,5-a]mipumiaun-5(4H)-oHiB Ta niipa3ono[ 1,5-
aJrieno[3,2-e]mipumiaua-5(4H)-oHiB.

Knrwuoei cnosa: 1,3-punonspHi peareHty, 1,3-AUN0oIIpHE ITUKIONPUETHAHHS,
asunu, HiTpwimiag, 1,2,3-tpuaszonu, mipazonu, [1,2,3]tpuazono[l,5-a]mipazunu,
Tieno[3,2-¢e][1,2,3]tpuazono[1,5-a]nipumianHu, CUAAC-peaxiiis, IIAKT13a11s
X’rocreHa,  2-a3uj10-3-apuiponaHoBl  KUCIOTH, O€H30[C]XpoMeH-6-0HH, COJIl

J11a30H10, MPOTUIYXJIMHHA aKTUBHICTh, KPUCTAJIIYHA CTPYKTYpA.



SUMMARY

Tupychak M. A. 1,3-Dipolar reagents in the synthesis of azoles. —
Quialification research paper published as the manuscript.

Thesis for the scientific degree of Doctor of Philosophy, specialty 102 —
Chemistry, Ivan Franko National University of Lviv, Lviv, 2022.

The development of efficient and chemoselective methods of synthesis that
meet the criteria of “"green chemistry”, and which can be used to construct complex
molecular heterocyclic systems from available reagents using low-step synthetic
approaches, is an important problem in organic chemistry and medicine. The use of
highly reactive precursors in these methods can reduce conversion time, increase
product yields and optimise costs. Among such reagents, 1,3-dipolar compounds that
allow the efficient one-step formation of various five-membered heterocycles,
(particularly azoles), are becoming increasingly popular.

This dissertation is focused on the development of new variants of 1,3-dipolar
cycloaddition reactions. It also explores a combination of 1,3-dipolar cycloaddition in
tandem with other chemical transformations in order to obtain new azoles and their
condensed derivatives with useful properties, and study of the properties of the
obtained compounds. The research is relevant to the development of new drugs and
makes a significant contribution to theoretical and synthetic organic chemistry.

The main focus of the work is on the development of new directions for the use
of organic azides as effective 1,3-dipoles in [3+2]cycloaddition reactions, synthesis
of 1,2,3-triazoles and their condensed derivatives, as well as studying the behaviour
of alternative azides 1,3-dipoles in such transformations.

The research has expanded the limits of application of terminal alkynes in
reactions of 1,3-dipolar cycloaddition of organic azides to terminal acetylenes
(CuUAAC). For the first time, 3-(methylsulfonyl)prop-1-yne was introduced in the
CUuAAC reaction. The outcome demonstrated that the use of the catalytic system
Cul/NEt; allows obtaining new 4-(methylsulfonylmethyl)-1H-1,2,3-triazoles with
good yields. This conversion has been found to have some synthetic limitations in the

use of starting azides, in particular 3-azidopyridine.
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The peculiarities of the behavior of bis-alkynes in the CUAAC reaction with

aryl azides have been studied. It was found that the interaction of di(prop-2-yn-1-
yl)ammonium bromide with azides occurs regioselectively with the formation of
bis((1H-1,2,3-triazol-4-yl)methyl)amine both in the absence and in excess of azide.
No monoaddition products were detected in these reactions. The reason for such
selectivity of the reaction, apparently, is that the formed intermediate product of
monocycloaddition is an effective ligand for Cu™ ions, which causes autocatalysis of
the reaction.

Bis-alkyne obtained by reacting Meldrum's acid with two equivalents of
propargyl bromide was used to obtain an bis-triazole analog that did not contain
amino groups. The reaction of 2,2-dimethyl-5,5-di(prop-2-yn-1-yl)-1,3-dioxane-4,6-
dione with azide was performed in dioxane with the addition of the one equivalent of
the primary amine (benzylamine and allylamine) in the presence of 5 mol.% Cul at
50°C. Under the conditions of the reaction, the disclosure of the Meldrum's acid cycle
did not occur, and the only product of the interaction was the corresponding bis-
triazole, alkaline hydrolysis of which followed by decarboxylation afforded 1,3-bis(1-
phenyl-1H-1,2,3-triazol-4-yl)propane with high yield.

The previously undescribed 2-(prop-2-yn-1-yloxy)-6H-benzo[c]chromen-6-one
obtained by O-alkylation with propargyl bromide of 2-hydroxy-6H-
benzo[c]chromen-6-one was also studied in the CUAAC reaction with azides. It was
found that the optimal conditions for this reaction are Cul/EtsN in a DMF/H,0O
solvent mixture. Under these conditions, 2-((1-R-1H-1,2,3-triazol-4-yl)methoxy)-6H-
benzo[c]chromen-6-ones were formed with yields of 68-81% . The synthesized
2-((1-R-1H-1,2,3-triazol-4-yl)methoxy)-6H-benzo[c]chromen-6-ones was studied for
cytotoxic effects on human tumor cells: human myelogenous leukemia HL-60,
human colon carcinoma cells HCT116 and subline HCT116 p53-/- with the removal
of the P53 gene, human ovarian cancer cells Skov3, human glioblastoma cells U251
and human breast adenocarcinoma cells MDA231. The cytotoxic activity of the
compounds was measured by the MTT test. The best suppressor of tumor cell growth
was  2-((1H-1,2,3-triazol-4-yl)methoxy)-6H-benzo[c]chromene-6-one  with  a
3-pyridyl substituent (human leukemia HL-60 cells, 1Csy = 79.5 uM). In general,
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HL-60 cells were found to be the most sensitive to the test compounds. Two other

compounds showed activity with an ICs of less than 100 uM. Another cell line that
responded to these compounds was HCT116 p53-/- (ICsq = 83.6 uM and 84.8 uM for
the two most active compounds). In addition, one compound showed cytotoxic
activity against HCT116 cells withlCsq = 86.6 uM. More than 69% of living cells of
non-neoplastic human keratinocytes of the HaCaT line were detected at 100 uM
concentration of the studied 2-((1-R-1H-1,2,3-triazol-4-yl)methoxy)-6H-
benzo[c]chromen-6-ones.

A convenient method for the synthesis of 3-aryl-2-azidopropanoic acids using
the halogenarylation reaction of esters of acrylic acids with diazonium salts according
to Meyerwein with subsequent nucleophilic substitution of halogen by azido group
and hydrolysis has been developed. This method allows to obtain in gram quantities
of 2-azido-3-arylpropanoic acids — reagents for creating combinatorial libraries.

2-Azido-3-arylpropanoic acids were found to react with diethyl but-2-
ynedioate under non-catalytic Huisgen cycloaddition to form 3-aryl-2-
triazolylpropanoic acids. Subsequent transformation of these acids yielded
[1,2,3]triazolo[1,5-a]pyrazine  derivatives. Another synthetic approach to
[1,2,3]triazolo[1,5-a]pyrazines is to prepare 2-azido-3-phenyl-N-(prop-2-yn-1-
ylpropanamides and their intramolecular cyclization by boiling in toluene for
24 hours. However, in this case [1,2,3]triazolo[1,5-a]pyrazines were formed with low
yields, and the cyclization was accompanied by polymer by-products.

2-Azido-3-arylpropanoic acids were studied under a non-catalytic four-
component Ugi reaction. It was found that Ugi adducts are formed by mixing
reagents (acid, amine, aldehyde, isonitrile) in methanol at room temperature for
20-30 minutes. The target products do not require further purification and are
separated from the reaction mixture by filtration as individual white crystalline
substances. Propargylamine was used as an amine component to form the
[1,2,3]triazolo[1,5-a]pyrazine system by intramolecular cyclization of the Ugi adduct.
Ugi reaction under mild conditions gave 2-azido-3-aryl-N-(2-ox0-1-R*-2-R%-ethyl)-N-
(prop-2-yn-1-yl)propanamides. The cycloaddition of the azido group to the C=C bond

(Huisgen cyclization) occurred by boiling these compounds in toluene for 24 h,
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producing 4,5-dihydro-[1,2,3]triazolo[1,5-a]pyrazin-6(7H)-ones in near-quantitative

yields. It is also shown that both Ugi and Huisgen reactions can be combined in a
one-pot version. This synthetic approach optimizes the losses during the isolation of
the intermediate and is effective when the intermediate acyclic admixtures of Ugi are
well soluble in methanol, which complicates their isolation.

An alternative way to construct polysubstituted [1,2,3]triazolo[1,5-a]pyrazine-
6(7H)-one system was implemented by reacting Ugi (Z)-2-bromo-3-phenylacroleine
as a carrier of a dipolarophilic component for Huisgen cyclization.

Our research was also aimed at expanding the use of 1,3-dipoles in
[3+2]cycloaddition reactions with active methylene compounds, in particular active
methylene nitriles. 2-(3-Aryl-1,2,4-oxadiazol-5-yl)acetonitriles were tested for the
first time in this reaction. They were prepared by reacting aromatic amidoximes with
3-(3,5-dimethyl-1H-pyrazol-1-yl)-3-oxopropanenitrile by boiling in dioxane. The
reactivity of 2-(3-aryl-1,2,4-oxadiazol-5-yl)acetonitriles was studied in experiments
with aryl azides. The use of one equivalent of sodium methylate as the main catalyst
ensured the formation of the target 5-amino-1,2,3-triazoles when the starting
components were stirred in methanol at room temperature for 5-15 min.

In order to isosterically replace the 1,2,3-triazole cycle with a pyrazole one in
the development of combinatorial libraries for screening biological activity, we
replaced azides with nitrileimines and studied the possibility of their use in a similar
synthetic scheme. Arylhydrazonyl chlorides, precursors of nitrileimines, were
prepared by reacting 2-chloro-3-oxobutanoate with the corresponding diazonium
salts. Arylhydrazonyl chlorides were reacted with 2-(3-aryl-1,2,4-oxadiazol-5-
yl)acetonitriles in methanol solution in the presence of two equivalents of sodium
methylate as a base at room temperature to form functionalized 5-aminopyrazoles for
5-15 minutes with high yields and no by-products. Thus, the replacement of the
1,3-dipole reagent did not change the direction of the reaction, and the product yields
are commensurate.

The synthesized derivatives of 5-amino-1,2,3-triazole and 5-aminopyrazole
have been selected and are being studied for their anticancer activity at the National
Cancer Institute (Bethesda, Maryland, USA).
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The behaviour of bifunctional 3-(1H-pyrrol-2-yl)-/(1H-indol-3-yl)-3-

oxopropanonitriles in the 1,3-dipolar cycloaddition reaction with nitriliminans has
been studied. The starting 3-oxopropanonitriles were prepared by acylation of
N-methylpyrrole and indole with cyanoacetic acid in acetic anhydride solution under
heating at 60—70 °C. It was found that the reaction of bifunctional 3-(1-methyl-1H-
pyrrol-2-yl)-3-oxopropanenitrile and 3-(1H-indol-3-yl)-3-oxopropanenitrile  with
hydrazonyl chlorides in methanol solution in the presence of two equivalents of
sodium methylate occurs regioselectively with the formation of 5-aminopyrazoles in
high yields. No pyrazole-4-carbonitriles are formed.

The presence of ester or nitrile groups in the ortho-position leads to the
spontaneous cyclization of the 5-aminotriazole formed as a result of 1,3-dipolar
cycloaddition with the formation of the triazolopyrimidine system. Among the variety
of annelated pyrimidines, thieno[1,2,3]triazolo[1,5-a]pyrimidines have significant
prospects as anticancer agents. In order to expand the combinatorial library of such
compounds by introducing the 1,2,4-oxadiazole moiety, we developed a domino
reaction in which 2-(3-aryl-1,2,4-oxadiazol-5-yl)acetonitriles react with ethyl
2-azidothiophene-3-carboxylates. 2-Azidothiophene-3-carboxylates were obtained
from the corresponding 2-aminothiophenes Gewald’s. These azides react with 2-(3-
aryl-1,2,4-oxadiazol-5-yl)acetonitriles in methanol solution in the presence of one
equivalent of sodium methylate at room temperature, which allowed for the first time
to obtain 3-(3-aryl-1,2,4-oxadiazol-5-yl)thieno[3,2-e][1,2,3]triazolo[1,5-a]pyrimidin-
5(4H)-ones. The target products were isolated from the reaction mixture in pure form
by filtration without further purification, consistent with the concepts of click
chemistry and green chemistry. The reaction proceeded on the domino principle: in
the first stage there is a 1,3-dipolar cycloaddition with the formation of 5-amino-
1,2,3-triazoles, which undergo spontaneous intramolecular cyclization with the
participation of ester and amino groups with the formation of the pyrimidine ring.
The thieno[3,2-e][1,2,3]triazolo[1,5-a]pyrimidin-5(4H)-ones thus obtained were
screened for antitumor activity at the National Cancer Institute (USA).

Nitrileimines were introduced into a similar domino reaction. Thus, the

interaction of (2)-2-(2-(1-chloro-2-ethoxy-2-oxoethylidene)hydrazineyl)thiophene-3-
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carboxylates with 2-(3-aryl-1,2,4-oxadiazol-5-yl)acetonitriles in methanol solution in

the presence of two equivalents of sodium methylate at room temperature led to the
formation of 5-0x0-3-(3-aryl-1,2,4-oxadiazol-5-yl)-4,5-dihydropyrazolo[1,5-
aJthieno[3,2-e]pyrimidine-2-carboxylates. Unlike azides, thienylhydrazonyl chlorides
reacted much slower, which can be explained by the deactivation of the thiophene
nucleus of the chlorhydrazone group and by additional steric difficulties. The long
reaction time also contributed to the transesterification side reactions.

The scientific novelty of the results.

3-(Methylsulfonyl)prop-1-yne and 2-(prop-2-yn-1-yloxy)-6H-
benzo[c]chromen-6-one were investigated for the first time in the CUAAC reaction.
The peculiarities of the interaction of di(prop-2-yn-1-yl)amine with aryl azides have
been elucidated and new bis-triazoles were synthesized. Previously undescribed
conjugates of 1,2,3-triazole and 6H-benzo[c]chromen-6-one were obtained and their
anticancer activity was investigated.

The haloarylation products of acrylates by the Meerwein reaction, which were
obtained from commercially available starting compounds, are convenient reagents
for the synthesis of 2-azido-3-arylpropanoic acids. Methods for the preparation of
2-(1H-1,2,3-triazol-1-yl)-3-arylpropanoic acids and their derivatives as well as
4,5,6,7-tetrahydro-[1,2,3]triazolo[1,5-a]pyrazines were developed on the basis of
2-azido-3-arylpropanoic acids.

A new approach to the synthesis of substituted [1,2,3]triazolo[1,5-a]pyrazines
by combining a four-component Ugi reaction and non-catalytic Huisgen cyclization
was proposed, which allows to obtain high-yield target products without the use of
catalysts.

A new example of the click reaction of hydrazonyl halides with active
methylene nitriles is described. It was found that nitrileimines are highly reactive
reagents in the interaction with active methylene nitriles, and can be used in the
synthesis as alternatives to 1,3-dipole azides, for isostere substitutions of 1,2,3-
triazole ring by 1H-pyrazole, which expands the synthetic capabilities of the
developed methods, in particular, for screening for the biological activity of the
obtained compounds. The 4-(1,2,4-oxazol-5-yl)-5-amino-1H-pyrazoles and 4-(1,2,4-
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oxazol-5-yl)-5-amino-1H-1,2,3-triazoles, which were not described previously, were

obtained. It is shown that the interaction of 3-(1H-pyrrol-2-yl)/(1H-indol-3-yl)-3-
oxopropanonitrile with nitrileimines occurs regioselectively with the formation of
5-aminopyrazoles.

A domino reaction has been developed in which 2-aminothiophene-3-
carboxylates or (2-(1-chloro-2-ethoxy-2-oxoethylidene)hydrazineyl)thiophene-3-
carboxylates react with 2-(3-aryl-1,2,4-oxadiazol-5-yl)acetonitriles with the
formation of thieno[3,2-e][1,2,3]triazolo[1,5-a]pyrimidin-5(4H)-ones and
pyrazolo[1,5-a]thieno[3,2-e]pyrimidines.

Keywords: 1,3-dipolar reagents, 1,3-dipolar cycloaddition, azides,
nitrileimines, 1,2,3-triazoles, pyrazoles, [1,2,3]triazolo[1,5-a]pyrazines, thieno[3,2-
e][1,2,3]triazolo[1,5-a]pyrimidin-5(4H)-ones, CUuAAC, Huisgen cycloaddition,

2-azido-3-arylpropanoic acids, diazonium salts, antitumor activity, crystal structure.
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CIIUCOK ONNYBJIIKOBAHUX MPAIb 3A TEMOIO JJUCEPTAIIII

Cmammi y HayKoux nepioouuHux 6UOAHHAX IHO3EMHUX 0eprHCas, W0 IHOEKCOBAHI
8 MIJICHAPOOHUX HAYKomempuyHux dazax oanux (Scopus ma Web of Science)

1. Shyyka O. Ya.,, Martyak R. L., Tupychak M. A., Pokhodylo N.T.
Obushak M.D. Facile synthetic route to benzo[c]chromenones and thieno[2,3-
c]Jchromenones. Synth. Commun. 2017. Vol. 47. Iss. 24. P. 2399-2405. DOI:
10.1080/00397911.2017.1380833. KBaptuab — Q3; Ocobucmuti snecox 3000ysaua
nonsieae y nposeodeHHi eKCnepuMeHmanbHux 00CNiOJCeHD (cunmes
benzo[c]xpomenonis), pobomi 3 Jaimepamypoio, iHmepnpemayii pe3yaibmamie
00Ci0JHCeHb, Ni020MO8YI cmammi 00 OPYK).

2.  Tupychak M. A., Shyyka O. Ya., Pokhodylo N. T., Obushak M. D.
Nitrileimines as an alternative to azides in base-mediated click [3+2]cycloaddition
with methylene active nitriles. RSC Adv. 2020. Vol.10. P. 13696-13699. DOI:
10.1039/d0ra01417f. KBaptuab — Q2; Ocobucmuii énecok 3000ysaua noaseac y
NPOBeOeHHI eKCNEePUMEHMANIbHUX 00CAi0dceHb (cunmes S-amino-1,2,3-mpuaszonie ma
S-aminonipaszonig), pobomi 3 aimepamyporlo, IHmepnpemayii  pe3yibmamis
00Cni0xdCeHb, ni020mosyi cmammi 00 OPYKY.

3. Tupychak M. A., Obushak M. D. New methods for the synthesis of
substituted 4,5,6,7-tetrahydro[1,2, 3]triazolo[1,5-a]pyrazines (microreview). Chem.
Heterocycl. Compd. 2021. Vol. 57. P. 1164-1166. DOI: 10.1007/s10593-021-
03037-8. KBaptuab — Q3; Ocobucmuii enecox 3000y8aua nojsieae y auanizi

Jimepamypu, niocomosyi cmammi 00 OpyKy.

Cmammi y naykosux ghaxoeux euoanuax Ykpainu
1. [Mwuitka O. 4., Iloxomuno H. T., Tymuuak M. A., O6ymax M. /.
TieH11TaMIHOTIIPA30HU: CUHTE3 Ta JOCIIKEHHSI PEaKIii IUKII3aIii Ha X OCHOBI.
Bicnuk JIbBiB. yH-TY. Cep. xim. 2017. Bun. 58. Y. 2. C. 253-260. Ocobucmuii énecok
3000y6aua nojsicae 'y NpPOoBeOeHHI eKCNePUMEHMAIbHUX O0CHIONCeHb (CuHmes
MIEHINLIOPA3onin Xaopudis), pobomi 3 aimepamyporo, iHmepnpemayii pe3yibmamia

00CNi0MHCeHb, ni020Mosyi cmammi 00 OPYKY.
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2. Tynuuak M., Iloxogmno H., OO6ymak M. Cunre3 I-3aminieHux-4-

(metuncynbdhoninmetmn)-1H-1,2,3-tpuazonis  peakmiero CUAAC. Bicuuk JIbBiB.
yH-Ty. Cep. xim. 2021. Bun. 62. C. 202-208. DOI: 10.30970/vch.6201.202.
Ocobucmuii  6Hecok 3000y8aua NoOAsA2A€ y NPOBEOCHHI eKCNePUMEHMATbHUX
00Ci0IHCEeHD (cunmes 1-3amiwenux-4-(memuncynrvhoninmemun)-1H-1,2,3-
mpuaszonis), pobomi 3 nimepamyporo, iHmepnpemayii pe3yibmamié 00Cai0NCeHD,
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1. Tupychak M. A., Finiuk N. S., Stoika R. S., Martyak R. L., Pokhodylo N. T.
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Jimepamyporo, iHmepnpemayii pe3yaibmamié 00Ci0NHCeHb, Ni020mosyi cmammi 00

OpPYKY.
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nom. XIII Beeykpaincbkoi koH(bepeH i MOJOIUX BUEHUX Ta CTYJEHTIB 3 aKTyaJIbHUX
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2. Tynuuak M. A., llluiika O. 4., [Toxonuno H. T., O6ymak M. JI. Peakmii 1,3-
JUTIONIB 3 JUMEPOM MAJIOHOJAMHITPUIY B CHHTE31 HOBUX MOXITHUX a30JI03WHIB. Te3u
non. XX HaykoBa MononikHa koHpepeHiis «IIpobiemMu Ta AOCSITHEHHS Cy4acHOT
ximii». Oneca, 27-28 Bepecus 2018. C. 20.

3. Tymnuak M., IToxonuno H., O6ymak M. 3-Apuii-2-a3ugonponaHoBi KUCIOTH
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Marepianu gom. HOBineitHoi XXV VYkpainchkoi KoH(peEpeHIii 3 opra”iyHoi Ta
6ioopraniunoi ximii. Jlynek, 16-20 Bepecus 2019. [1-12.
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