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Pedepar:

1. luceprariifine mOCJiKeHHS CIIPSIMOBAHE HAa CTBOPEHHSI BiITBOPIOBAHUX i MACIITAOOBAHUX CUHTETUYHUX METO]IIB
ofiep>kaHHs QYHKIIOHAJi30BaHUX MMOXiAHUX MipOJIiINHY Ta KOHIEHCOBaHUX OiLIUKIIIYHMX CUCTEM Ha MOr0 OCHOBI,
11O € NNOTEeHUINHUMU Sp3-36arayeHUMHU OyAiBebHUX 610KaMU AJ1s1 MEAUYHOI xiMii. 3pocTaHHs iHTEpecy 40 TaKUx
CTPYKTYp 3yMOBJIEHE iX IoKpameHuMHU (i3uKO-XiMiUHNMU Ta MEeTa60JIiIYHUMU BIIACTUBOCTSIMU MTOPIBHSIHO 3
«IIJIACKUMU» sp2-aHajioramu. BopHoyac ix mpakThyHe BUKOPUCTAHHS YCKIIAAHIOETHCSI OOMEKEHOIO JOCTYIHICTIO
e(EeKTUBHUX Ta YHIBEpCAJIbHUX CUHTETUYHUX NigX0xiB. Y 1ill po60Ti c()OPMOBAHO 3 KOMIIJIEMEHTAPHI HANIPSIMU
IOCJIiIKEHHS, CIPSIMOBaHi Ha pO3IMKPEHHS JOCTYIY 10 MOXiTHUX MipOJiAUHY i 1Or0 KOHIEHCOBAaHUX CUCTEM.
[Tepunii HanIPsIM CTOCYETHCS ofep>kaHHs (GIIyOpOBaHUX MIPOJIAVHIB Ta CIIOPITHEHUX CUCTEM, IO MICTSTD
¢dparment CHF20. Po3po6seHo nmifxif, KIo4oBUM eTanoM sikoro € Cul-kaTasisoBaHe ajKiJlyBaHHS 32 JOIIOMOIOIO
FSO2CF2CO2H cnupToBoi rpynu y N-3axuileHUX a30TOBMICHUX F€TEPOLMKIIIYHUX CIIMPTAaX i3 YOTUPU-, IISITU- Ta
LIECTUYIEHHUMHU UMKIAMU. JJOCTIIPKEHO i ONTMMI30BAaHO YMOBHU pEaKii 1J1s1 BAKOPUCTAHHS TaKMX 3aXUCHUX IPYIl

Ha aTOMi HIiTporeHy sik TpeT-6yToKCcHUKap6oHinbHa (Boc) Ta 6eH3nnokcukapooHinbhHa (Cbz). CuHTe30BaHO Ta



0XapaKkTepr30BaHO MiHi-6i6J1ioTexy 3 21 criosyku Ha OCHOBI MipoJiAuHY (IIPOJIiHY), a3€ TUAUHY, MTiIepUANHY, a
TaKOX HU3KY GILMKIIYHMX CUCTEM — 2-a3abiuukio[2.2.1]rentany i 8-azabinukio[3.2.1Jokrany. [TokazaHo, 1mo
BUOpaHi IpeJCTaBHUKU CePii MOXKYTb OyTU BiITBOPIOBAHO OTPHUMaH] y JeKarpaMoOBUX KiJIbKOCTSIX i3 KOMEPLiIHO
IOCTYIIHUX CIUPTIB. [Ipyruii HanpsiM NpUCBsIYEHUI NOOYA0BI OiLJMKIIIYHUX MiPOJIINHIB Yepes
BHYTpilIHbOMOJIEKYIIpHY C(sp3)-H n-nakramisanito. JJociigskeHo MOXIINBOCTI Ta MexXi 3acTocyBaHHs C(sp3)-H
aMiflyBaHHS Ha [IpUKJIaLi 9 HaCUYeHUX KapOo- Ta FeTEPOLMKIIIYHUX OLTOBUX KUCJIOT, 115 IKUX PO3PO06JIEHO
eeKTUBHI Ta MacIITabOBaHi METOAMKY [0 CUHTE3y BUXITHUX TiIPOKCAMOBUX KMCJIOT. OTpUMaHi ripoKcaMoBi
KUCJIOTU YCIIIIIHO NepeTBOPeHO Ha 1,4,2-niokca3os-5-0HU, Ta AOCiIKeHa iX BHYTPIilIHbOMOJIEKYJISIpHA LIMKJIi3allis
B npucyTHocTi Fe(I)-¢ranouianinoBoro (PcFe(ll)) karanizaropa. BctaHoBieHo, mo y 6inbmocti Bunaaxis C(sp3)-H o-
JlaKTaMmisalisi IpuBoAMJIa 40 YTBOPEHHS OiLIMKIIIYHUX MiPOJIiANHIB i3 BUCOKOIO 1IC-CTEPEOCEIEKTUBHICTIO Ta
BHCOKMMMU BUXOJAMH, X04a B OKPEMUX BUINAJKAX CIIOCTEPIrajucs JOMIlIKM TPAHC-i30MePiB ab0 MOGIUHI IPOLYKTH.
[IponeMOHCTPOBaHO, IO BUKOPUCTAHHSI €HAaHTIOMEPHO YACTUX BUXIIHUX KUCJIOT LO3BOJISIE OEPKyBaTU
€HaHTIOMEePHO YUCTi GII[UKIIIYHI JJaKTaMU 3 BUCOKMM €HaHTIOMEPHUM HAJIJIUIIKOM. TakKuM YUHOM, OfePsKaHO Cepito
HOBUX OiLJMKJIIYHUX NMiPOJIJIMHIB, TAKUX CUCTEM SIK OKTarinpo-2H-inpgosy, rekcarigponipano[3,4-b]nippoy,
rekcarigpomnippono[2,3-b]nippoiy, Terparinpo-1H-dypo[3,4-b]nipposy ta rekcarigpo-5H-¢dpypo[2,3-b]mippoany i3
XOPOIIMMU BUXOJIAMU Ta CTEPEOCENEKTUBHICTIO. Ha OCHOBI ofiep>kaHUX KOHAEeHCOBAHUX MiPOIiAMHOHIB
BifIpaliboBaHO e(EeKTUBHI i MacCIITAOOBaHi CUHTETUYHI MiTX0! iX OAAIbIIOr0 IEPETBOPEHHS Ha OilIUKITiYHI
NOXiHI O- Ta O-NIPOoJIiHy. [J1s1 OKpeMUX NPEACTaBHUKIB IIPOJIEMOHCTPOBAHO OJIEP>KaHHS y 6araTorpaMoBUX
KiJIPKOCTSIX, IO MiATBEPAKY€E MPUIATHICTD MiTX0AY 10 MacIiTabyBaHHs 06e3 3HUKeHHs BUXOiB. TpeTiil Hanpsam
OXOILJIIOE PO3POOKY MOIYJIBHOTO ITOCIiJOBHOTO CUHTE3y KOHAEHCOBaHUX IipoJliZi-2-0HiB i3 KapOOKCUIIBHOIO
TPYIIOI0 Y BY3JIOBOMY IIOJIOXKEHHI 3a 3 JIETKOAOCTYIHUX LUKJIIYHUAX O-KeToecTepiB. ONTUMI30BaHO MPSAMY
JlaKTaMizallilo 0-KeToecTepiB B yMOBaX BiJHOBHOTO aMiHyBaHHS 3 alleTaTOM aMOHIIO Ta 11iaHOOOPripuaoM HaTpilo,
110 MifBUIIYE BUXOAM JlakTaMiB Ha 10-15% i mo3BoJise BUAiNATH ix nepeBaxkHo 6e3 xpomaTorpadii. ¥ pesysbraTi
OTPUMAaHO CiM HOBUX OilJMKJIIYHUX MiPOJIUHOBUAX CUCTEM i3 QYHKIIOHAIBHO NOCTYIIHOO KaPOOKCUJILHOIO TPYIIOI0
y [IOJIOKEHHI 33, IPUYOMY OiIBLIICTh MPOMDKHUX CIIOJIYK BUIIISATINCS MPOCTUMHU (PISMMHUMU METOAAMHU, 10
niaTBepAXye MaciTaboBaHiCTh NMifgxony. [TokazaHo nojasnbuly AepuBaTU3allilo By3/10BOi KApOOKCUIIBbHOI (PYHKIIi,
30KpeMa IIepeTBOPEHHSI Ha aMiH yepes neperpynyBaHHs Kypiiyca 3 nepexogom o Cbz-3axucTy yepes CTepUYHi
obMesxeHHs Boc, a TakoXK BiJHOBJIEHHS [IO CIIUPTY 3 [104aJbIIMMHU [IEPETBOPEHHSIMU J10 ajbAeriny 3a CBEpHOM, 10
amMmiHy 4epe3 a3uj Ta peakuito llltayninrepa, i o cylbPoxXaopuy 4epes TioeCcTep 3 OKUCHEHHSIM N-
xsopcykuuHiMinom y npucyrHocti HCL. ITini6pani 3axucHi cTpaTerii cipontyoTh BUAiJIEHHS IPOAYKTIB i
3MEHUIYIOTh NOTPedy B XpoMmaTorpadivyHOMy OUUIIEHHI Ha Gi/IbIIOCT] €TamiB, 110 € KpUTUIHUM [1J15
MacITaboBaHOCTi CUHTETMYHUX LIJISXiB. ByZj0By Ta cTepeoxiMilo CHHTE30BaHUX CIIOJIYK BCTAHOBJIEHO KOMIJIEKCOM
¢isuko-ximiuHux meTtogiB. OCHOBHUM iHCTpyMeHTOM igeHTudikauii 6yna IMP-cnexkrpockonis Ha siapax 1H, 13C Ta
19F, nonosueHa 2D SIMP-ekcnepumentamu (COSY, HSQC, NOESY, TOCSY), 1110 [103B0JIsIJIO HiTBEPIKYyBaTH
IIPOCTOPOBI B3aeMOJii y OiIMKIIIYHUX cucTeMax. Jl0JaTKOBO BUKOPUCTOBYBAIM XPOMATO-Mac-CIIEKTPOMETPIilo Ta
CTaHJAPTHI XxpoMarorpa@diuyHi METOIM KOHTPOJIIO, IO 3a6€3M€4NJI0 KOPEKTHY XapaKT€PUCTUKY CIIOJIYK i JOBOILUIIO

MOYKJIMBICTb iX II0[1aJIbIIOr0 BUKOPUCTAHHS K OyZAiBeIbHUX OJIOKIB [J1s1 MeIUYIHOI XiMil.

2. The dissertation research aims to develop reproducible and scalable synthetic methods for preparing
functionalized pyrrolidine derivatives and pyrrolidine-based fused bicyclic systems, which are potential sp3-
enriched building blocks for medicinal chemistry. Interest in such structures is driven by their improved
physicochemical and metabolic properties compared to flat sp2 analogues. Their practical application is limited by
the availability of efficient and universal synthetic approaches. In this work, three complementary research
directions were established to broaden access to pyrrolidine derivatives and their fused systems. The first
direction focuses on the preparation of fluorinated pyrrolidines and related systems containing a CHF20 fragment.
An approach was developed in which the key step is Cul-catalyzed alkylation of the hydroxyl group in N-protected
nitrogen-containing heterocyclic alcohols with four-, five-, and six-membered rings using FSO2CF2CO2H. The
reaction conditions were investigated and optimized for the use of N-protecting groups such as tert-
butoxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). A mini-library of 21 compounds was synthesized and



characterized based on pyrrolidine (proline), azetidine, and piperidine, as well as a range of bicyclic systems - 2-
azabicyclo[2.2.1]heptane and 8-azabicyclo[3.2.1]Joctane. It was shown that selected representatives of the series
can be reproducibly obtained on a decagram scale from commercially available alcohols. The second direction is
devoted to the construction of bicyclic pyrrolidines via intramolecular C(sp3)-H o-lactamization. The scope and
limitations of C(sp3)-H amidation were investigated using nine saturated carbo- and heterocyclic acetic acids, for
which efficient and scalable procedures for the synthesis of the corresponding hydroxamic acids were developed.
The resulting hydroxamic acids were successfully converted to 1,4,2-dioxazol-5-ones, and their intramolecular
cyclization was studied in the presence of an Fe(Il) phthalocyanine (PcFe(1I)) catalyst. It was established that in
most cases C(sp3)-H o-lactamization afforded bicyclic pyrrolidines with high cis stereoselectivity and high yields,
although in some cases impurities of trans isomers or side products were observed. It was demonstrated that the
use of enantiomerically pure starting acids enables the preparation of enantiomerically pure bicyclic lactams with
high enantiomeric excess. Thus, a series of new bicyclic pyrrolidines was obtained, including octahydro-2H-indole,
hexahydropyrano[3,4-b]pyrrole, hexahydropyrrolo[2,3-b]pyrrole, tetrahydro-1H-furo[3,4-b]pyrrole, and
hexahydro-5H-furo[2,3-b]pyrrole systems, with good yields and stereoselectivity. On the basis of the obtained
fused pyrrolidinones, effective and scalable synthetic approaches were developed for their further conversion into
bicyclic o- and o-proline derivatives. For selected representatives, preparation on a multigram scale was
demonstrated, confirming the suitability of the approach for scale-up without loss of yields. The third direction
covers the development of a modular sequential synthesis of fused pyrrolidin-2-ones bearing a carboxyl group at
the bridgehead 3a position from readily available cyclic o-ketoesters. The direct lactamization of o-ketoesters under
reductive amination conditions with ammonium acetate and sodium cyanoborohydride was optimized, which
increases lactam yields by 10-15% and allows their isolation mainly without chromatography. As a result, seven
new bicyclic pyrrolidine systems with a functionally accessible carboxyl group at position 3a were obtained, and
most intermediates were isolated by simple physical methods, confirming the scalability of the approach. Further
derivatization of the bridgehead carboxyl function was demonstrated, including conversion to an amine via the
Curtius rearrangement with a switch to Cbz protection due to steric limitations of Boc, as well as reduction to an
alcohol followed by transformations to an aldehyde via the Swern oxidation, to an amine via an azide and the
Staudinger reaction, and to a sulfonyl chloride via a thioester with oxidation by N-chlorosuccinimide in the
presence of HCI. The selected protecting strategies simplify product isolation and reduce the need for
chromatographic purification at most stages, which is critical for the scalability of the synthetic routes. The
structures and stereochemistry of the synthesized compounds were established using a set of physicochemical
methods. The primary identification tool was NMR spectroscopy (1H, 13C, and 19F), complemented by 2D NMR
experiments (COSY, HSQC, NOESY, TOCSY), which enabled confirmation of through-space interactions in bicyclic
systems. In addition, chromatographic-mass spectrometric methods and standard chromatographic control were
used, demonstrating the feasibility of their further use as building blocks for medicinal chemistry.
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Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi

BaacHe IlpizBuime Im's [10-6aTbKOBI Mariiiuyk Bacunp Crenanosid
rOJIOBH pajgu

Bnacwue IpizBume Im's [1o-6aTbKOBI Mariitayk Bacunb Crenanosnd
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY ’Kak Osbra BononnmupisHa
00JIIKOBHX JJOKYMEHTIB

Peectpartop IOpuenko TeTtsiHa AHaToiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




