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1. CunTes, ximiuHi Ta 6iosnoriyHi BnactuBocri 2,3-aurinpo-1H-niponizusis Ta 5,6,7,8-TeTparigpoingonizuHiB Ha
OCHOBI 0,0-HEHACUYEHNX (PJIyOPOATIKiJIKETOHIB

2. Synthesis, chemical and biological properties of 2,3-dihydro-1H-pyrrolizines and 5,6,7,8-tetrahydroindolizines
based on o,0-unsaturated fluoroalkyl ketones

Pedepar:

1. KninkoB A. A. Cunre3, ximiuHi Ta 6iosoriyHi BnactuBocrti 2,3-gurigpo-1H-niponisusis Ta 5,6,7,8-
TeTParigpoiHI0i31HIB HAa OCHOBI O0,0-HEHACUYEHUX (HITYOPOAIKIJIIKETOHIB. — KBasi(ikaniliiHa HayKoBa Ipals Ha
IIpaBax pykonucy. JlucepTallist Ha 3M00yTTsI HAYKOBOTO CTyIIeHs! JoKTopa ¢inocodii 3a cnenjanbhicTio 102 «Ximis»
(10 - TIIpupopnudi Haykn) — Hanionansuuii yHiBepcureT «KueBo-MorussiHebKa akagemis», Kuis, 2023. Tucepratis
MIpUCBsIYEHA po3po01i e(PeKTUBHUX METOIVK IIPENAapaTUBHOTO CUHTE3Y HOBUX NOJi(IyOopOasKiIBMiCHUX MipOJIiB,
30kpema 2,3-purinpo-1H-niponizusis Ta 5,6,7,8-TeTparinpoinfoi3uHiB, Ha OCHOBI JIETKOZOCTYIHUX N-(O-
tpudyopoauetu)sidia (TFAV) noxigHuX 0-aMiHOKUCIIOT, TAKOX JOCTIIKEHHIO MOXJINBOCTEN QyHKIioHai3awii Ta
6ioMeIMYHOTr0 3aCTOCYBAaHHS CUHTE30BAaHUX CIOJYK. Byslo gocaimkeHo B3aeMmogio N-(o-
TpUGIIyOpOaLeTUII)BIiHINPOIIiHY 3 PSIIOM [I€TiIpaTyIouMX PeareHTiB i 3'1COBaHO, 10 BUKOPUCTAHHS OLITOBOTO abo

TpUIIyOPOOLTOBOrO aHTiAPUAIB IPU3BOLUTS 10 CEJIEKTUBHOTO YTBOPEHHS LIiJIbOBOTO 7-(TpudayopomeTin)-2,3-



nurigpo-1H-niposisuny. Hamu 6yJ10 3aipOIIOHOBaHO MEXaHi3M YTBOPEHHS TPU(DIIyOPOMETHUIIBMICHUX MOXiTHUX
MipOJIi3MHY, KJIIOYOBOIO CTAJi€I0 SIKOTO € BHYTPIlIHLOMOJIEKYJISIPHA 671-€JIEKTPOLIMKIIYHA PeaKllisl 3 yTBOPEHHSIM
HoBoro C-C 3B's13Ky, 1110 6yJI0 MiATBEPAKEHO pe3ysbTaTami in silico mogemntoBaHHs. Baaemopieto N-(o-
TpUPIIyOpOaLEeTHI)BiHIIIINEKOIHOBOI KUCJIOTY 3 OLTOBUM aHTiApUAOM 0yJI0 OTPMMAHO TETPAriApOiH01i31H, 10
MICTUTb TPUQIYOpOALETUIbHY TPYILY i alleTaTHUI ()parMeHT B CBOIll CTPYKTYPi. YTBOPEHHSI Pi3HUX IIPOLYKTIB
peaxlii B 0HaKOBUX YMOBax MOe OyTH MOSICHEHO Pi3HOI0 KOH(GOPMALiIIHOIO [10BEIiIHKOI 5- Ta 6-YJI€eHHUX LIUKJIIB.
HinboBuii 1-(tpudsryopometu)-5,6,7,8-TeTparigpoinfoisuH 6yj10 OTPMMaHO retepouukiizaunieto N-(o-
TpUPpIyOopOaLeTHII)BiHIININEKOIIHOBOI K1c0TH gielo TFAA. ba3ylounch Ha Ofep>XKaHUX €KCIIEPUMEHTAIBHUX
IAHUX, po3po0JieHi MeToy reTepoLMKIi3alii 6yJIo IPOTeCTOBAHO HA MUPUIOMY KOJIi BUXiIHUX CIIOJYK.
ExcriepuMeHTH 3acBifumiy, o y BUNAAKy €eHaMiHOHiB, o MicTsaTb CF2H-, CF2Cl-, Ta CF2Br-rpynu, 11inb0Bi
CIIOJIYKU He 6YJI0 0flepyKaHO >KOAHUM 3 METO/iB. 36iblIeHHs JOBXUHYU NoJidyopoankisibHoro 3amicHuka (C2F5,
n-C3F7) y BUuxigHOMy cy6CTparti 3a yMOB LIMKJIi3allii 3 OLTOBUM aHTiIpUIOM MPU3BOAUTD 10 YTBOPEHHS CIIOJYK, IO
MICTATB aljeTaTHUN PparMeHT Ta 1osidryopoaleTuabHy IPyIy B CBOill CTPYKTYpi. B peaysbraTi peakiii 3 TFAA
0yJI0 CUHTE30BaHO MipoJIy, SIKi MiCTSITh [0J1i(IyOPOAJIKiNbHI 3aMiCHUKU. 306iIbIIEHHS] CTEPUYHUX PAKTOPIB
NOJiOHMM YMHOM IIPOSIBJISIETHCS y BUNaaky N-3amilleHux rilinuHiB. HacTynHuM eTarnom po6oTu 6yJia po3podka
meTogiB dyHKIioHanizauii purinpomniposiznHoBoi cuctemu. IIpoBeeHi fOCiIpKeHHS IIoKa3ay, 110 CUHTEe30BaHi
TpudIyopoMeTUIBMIiCHI Niposin MO>XXKHA PYHKLIOHAJI3yBaTU 3a O-II0JIOKEHHSM MipOJIbHOrO (pparmMeHTa 3a
IOTIOMOTOI0 peakuii anumosaHHs 32 Opinenem-KpagrcoM. ['anorenyBaHHs MipoJbHOIO LUKy N-
raJloreHOCYKLMHIMIZIaMu BinbyBaeThCs 1erko B nosiokeHHs 5 7-CF3-gurigpomniponizuHoBoi niatdopmu 3a
KiMHaTHOI Temnepatypu. B peakuito 3 NBS 6ys10 BBeieHO 0-3aMillleHi JUrinponiposiznHy i ofepkKaHo CIIONYKU 3
IBoMa (QyHKIiOHAIbHUMU IrpynaMu. Bysio IpoBeieHO METAIIOBaHHS 5-6poMo-7-(TpudiyopomeTn)-2,3-aurigpo-
1H-niponi3uHy 3 BUKOPUCTAHHIM H-OyTUJIITIIO. YTBOPEHY JITilOpraHiyHy MoxifHy 0ys0 4OCiIKEeHO B peakiisx 3
PAIIOM eJIeKTPO(diIbHUX peareHTiB. SIK pe3ysbTaT, 0yJI0 ofep>kaHo JUTigpoIipoIi3uHy 3 pisHUMU
(dyHKLiOHaNbHUMU IpynaMu. TakuM YMHOM, BUKOPUCTAHHS METAJIOOPTaHiuHMX CIIOJIYK € TMIOTY>KHUM METOJIOM
Moau@ikauii 0-nos0KeHHs 3a3HAaY€HO] reTEPOLUKIIYHOI cucTeMu. Y X0 MiI60Py YMOB KaTaJiTUYHO BiTHOBJIEHHS
ipOJIbHOTO LMKJTy AUTiIPOMNiPOJIi3MHOBOrO KapKacy 6ys0 JOCTiIKeHO psif, KaTaai3aTopiB Ta BIMB Ha Mepeoir
peakuii iHmmx napametpis. Bysio BcranosiseHo, mo 10% Pd /C Ta onToBa KMCI0Ta SIK PO3YMHHUK € HAaNOibII
eeKTUBHOIO CUCTEMOIO. B pe3ysibTaTi Bliepiie ofepXaHo JiaCTepeoMePHO YUCTUIM TPUPIyOpOresioTpUIaH 3 LUC-
KOHQirypauiero XipaJbHUX LEHTPIB Y TPaMOBUX KiJIbKOCTSIX. LIs criosiyka € pryOpOBMiCHUM aHAJIOTOM FeJlioTpUAaHy
- 6a30BOi CTPYKTypH PsiAy NPUPOIHIX MipOsi3NINHOBUX aJIKajoiniB. [I71s1 mocCiipKeHHs IPOTUMIKPOOHOI aKTUBHOCTI
OyJ10 06paHo Habip 3 13 cuHTe30BaHUX y poboTi crionyK. Ha ocHoBi po3pobsieHoi perpeciiinoi QSAR-mozeni 6yiio
BiflibpaHo 6 CIOJIYK 3 LIbOTO HAOOPY, SIK NEPCIEKTUBHUX MOXiAHUX AJ1S BU3HAYEHHS in vitro ix mpoTumikpo6Hoi
aKTUBHOCTI. 3rilHO OTPMMAaHUX PE3yJIbTATIB, JOCIIIPKyBaHi peYOBMHY BUSBUINCS €(PEKTUBHYMYU CUHTETUYHNMU
aHTUMIKPOOHMMU areHTaMu 3 LIMPOKUM CIIEKTPOM aHTUMIKPOOHOI Jii, B TOMY YKCJIi IPOTH MYJIbTUPE3UCTEHTHUX
IPaMIIO3UTUBHUX Ta FPaMHEraTUBHUX OAKTepiaJbHUX NMATOreHiB. Takox 0yJI0 LOCIiIKeHO in vivo rocTpy
TOKCHAYHICTb TPU(PIYyOPOMETUIBMICHUX MIPOJIiB HA MOJeJIi rifpo6ionTa D. magna. 3a pesysibTaTaMy LUX
€KCIIEPUMEHTIB CIIOJIYKU BiIHOCSITBCS 1O KaTETrOpii IOMiIpHO- Ta MallOTOKCUYHMX. Kit04oBi cy0Ba:
TpUdIyOopOMETUJ1, EHOHU, EHAMiHOHH, FreTePOLMKIIi3allisl, MeXaHi3M, IipoJli3yH, iH01i31H, MipoJl, aMiHOKUCIIOTH,
AHTHUMIKPOOHA aKTUBHICTb.

2. Klipkov A. A. Synthesis, chemical and biological properties of 2,3-dihydro-1H-pyrrolizines and 5,6,7,8-
tetrahydroindolizines based on o,o0-unsaturated fluoroalkyl ketones. - Qualification scientific work on manuscript
rights. Dissertation for Doctor of Philosophy degree by specialty 102 “Chemistry”. National University of "Kyiv-
Mohyla Academy", Kyiv, 2023. The thesis is devoted to the development of preparative methods for the synthesis
of new polyfluoroalkyl-containing pyrroles, in particular 2,3-dihydro-1H-pyrrolizines and 5,6,7,8-
tetrahydroindolizines, based on readily available N-(o-trifluoroacetyl)vinyl (TFAV) derivatives of o-amino acids, as
well as research into the possibilities of functionalization and biomedical application of synthesized compounds.
The interaction of N-(o-trifluoroacetyl)vinylproline with a number of dehydrating reagents was investigated and it
was found that use of acetic or trifluoroacetic anhydrides leads to selective formation of target 7-(trifluoromethyl)-



2,3-dihydro-1H-pyrrolysine. We proposed a mechanism for the formation of trifluoromethyl-containing
derivatives of pyrrolizine. The interaction of N-(o-trifluoroacetyl)vinylpipecolic acid with acetic anhydride led to
tetrahydroindolizine containing a trifluoroacetyl group and an acetate fragment. The formation of different
reaction products under the same conditions can be explained by different conformational behavior of the 5- and
6-membered rings. Finally, the target 1-(trifluoromethyl)-5,6,7,8-tetrahydroindolizine was obtained by
heterocyclization of N-(o-trifluoroacetyl)vinylpipecolic acid under the rection with TFAA. Further, the developed
heterocyclization methods were tested on a wider range of starting compounds. Experiments proved that in the
case of enaminones containing CF2H-, CF2Cl-, and CF2Br-groups, the target compounds were not obtained by any
of the methods. Increasing the length of the polyfluoroalkyl substituent (C2F5, n-C3F7) in the substrate leads to the
formation of compounds containing an acetate fragment and a polyfluoroacetyl group in their structure when
acetic anhydride was used as a condensing agent. Pyrroles containing polyfluoroalkyl substituents were
synthesized by reaction with TFAA. An increase in steric factors is similarly manifested in the case of N-substituted
glycines. The next part of the work was the development of methods for the functionalization of
dihydropyrrolizine system. The conducted studies showed that synthesized trifluoromethyl-containing pyrroles
can be functionalized at the n-position of the pyrrole fragment using an acylation Friedel-Crafts reaction.
Halogenation of the pyrrole cycle by N-halogenosuccinimides occurs easily at the 5 position of the 7-CF3-
dihydropyrrolizine platform at room temperature. Based on observations, o-substituted dihydropyrrolizines were
used in the reaction with NBS for preparation of compounds with two functional groups. Metalation of 5-bromo-7-
(trifluoromethyl)-2,3-dihydro-1H-pyrrolizine using n-butyllithium was also carried out. The formed organolithium
derivative was investigated in reactions with various electrophilic reagents. As a result, dihydropyrrolizines with
different functional groups were obtained. In this way, the use of organometallic compounds is a powerful method
of modifying the o-position of outlined heterocyclic system. In the course of selection conditions for the catalytic
reduction of the pyrrole cycle, a number of catalysts and the influence of other parameters of the reaction were
investigated. 10% Pd /C and acetic acid as solvent was found to be the most efficient system. As a result,
diastereomerically pure trifluoroheliotridane with cis-configuration of the chiral centers was obtained for the first
time in gram scale. This compound is a fluorine-containing analogue of heliotridane - the parent structure for a
number of naturally occuring pyrrolizidine alkaloids. A set of 13 compounds synthesized in the work was selected
for the study of antimicrobial activity. Based on the developed QSAR model, 6 compounds from this set were
selected as promising derivatives for in vitro determination of their antimicrobial activity. According to the
obtained results, compounds turned out to be effective synthetic antimicrobial agents with a wide spectrum of
antimicrobial activity, including multiresistant gram-positive and gram-negative bacterial pathogens. The in vivo
acute toxicity of trifluoromethyl-containing pyrroles was also investigated in the D. magna hydrobiont model.
According to the results of these experiments, the compounds belong to the category of moderately and slightly
toxic. Keywords: trifluoromethyl, enones, enaminones, heterocyclization, mechanism, pyrrolizine, indolizine,
pyrrole, amino acids, antimicrobial activity.
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