MIHICTEPCTBO OXOPOHM 3/IOPOB'SI YKPATHU
HALIIOHAJIbHWI MEJIAYHWI YHIBEPCUTET
IM. O. 0. BOTOMOJIBIIS
®APMAILEBTUYHUN GAKYIIHTET

Kadenpa dapmakornosii Ta 60TaHiKu

KBAJII®IKAIIMHA BUITYCKHA POBOTA

Ha temy: Cunrte3 HOBOI cepii noxXiHux 4,7-aAuMeTHII-5-

T1APOKCUKYMApPUHY, IO MICTATH MINEPa3sHHOBUN (PparMeHT

Bukonana: 3100yBauka BHIOi OCBiTH 5 Kypcy, rpymnu 11802

HaMpPSIMY TiATOTOBKH (CHEI[iaTbHOCTI)

226 «Papmariisg, IpoMUCIOBa (apmarris»

OCBITHBOI IIpOrpamMu (apmarlis

s T. I1.

HayxkoBwuii kepiBHHK: K. ¢apm. H., foueHt [liquenko B.T.

Peuensent: k. papm. H., norieHT Adanacenko O.B.

Kuis — 2026 pik



3MICT

PO3IJT I. OI'JIA/L
1.1. Jlrkepema MPUPOTHUX KYMAPHHIB. . ...\ euutenteenreeneenneenneeaneenneenneeanans 8

1.2. BukopucTaHHs NPUPOJHUX Ta CHHTETUYHHUX MOXITHUX KyMapHUHiB B

Y1071 9
1.3. BruiuB moxigHUX Minepa3suHy Ha CEPOTOHIHEPTI1YHI CUCTEMM................. 12
1.4. Jlikapchki 3acO0M Ha OCHOBI MOXITTHUX KYMAPHUHIB. .. .eevueenreenneennnnns. 24

PO3AUI II. MATEPIAJIN I METOIU

P2 B O 10Xa3 4 abi (0T 101 > 031 5 6 S 28
PRV W o) 81107 G v BN 121 0 01 R 28
PO3AI III. PE3YJIBTATU TA OBI'OBOPEHHSA JOCIIAXEHD............ 31
3.1 TIPOIEC CHHTEBY ... .eeeeentee ettt e e e e e et e e e e e e e e aee e 31
3.2. CuexTpalbHUM aHaTI3 OTPUMAHUX KYMAPHHIB.....vteirteeenreeennneeeannnnns 33

3.2.1. 5-(2-rimpokcu-3-(4-(2-propdenino)minepazut- 1 -iy10)IpOMOKCH )-

4,7-mametrun-2H-XpoMeH-2-0H (1)....cvvieiiiiii e, 34
3.2.2.  5-(2-rimpoxcu-3-(4-(2,3-auxnopodenino)mninepasuH- 1 -im)mporo-
KCH)-4,7-1uMeTHIT-2H-XPOMEH-2-0H (2) .. ..vveeiiiiiii e, 37

3.2.3. 5-(2-rigpokcu-3-(4-(3,5-numerunodeniyio)ninepasuH- 1 -i1)mporo-

KCH)-4,7-muMeTr-2H-XpOMEH-2-0H (3)...evoeieeiieiiiieeie e, 40
BUCHOBK. ... 43
CIIMCOK BUKOPUCTAHUX JIKEPEJL. ..o, 44
SUMM AR ..t e 49
D (@ 1 7 N 1N 2 51



CIIMCOK YMOBHIX CKOPOYEHDb

BAP — 610710T19HO aKTUBHI PEYOBHHH
I'Eb — remartoennedaniuauii 6ap'ep
JI3 — nmikapchKi 3aco0u

MC — mac-crieKTpoMeTpist

THIX — ToHKomapoBa Xxpomatorpadis
ITHC — neHTpanbHa HEpBOBA CHCTEMA
KT — nutyHKOBO-KHILIKOBUN TPAKT
SAMP — snepHuit MarHiTHUN pe30HAHC
KT — nUTyHKOBO-KMIIKOBUM TPaKT

TPSA — Tonosoriyaa noJyisipHa moBepXHs



BCTYII

Kymapuaun — wne mnpuponni OiosoriyHo aktuBHI pedoBuHu (BAP),
noxigHi OeH30-0-MipoHy, SKi MIMPOKO TOIIMPEHI Y POCIMHHOMY CBITI Ta
NPUBEPTAIOTh 3HAYHY YBary JOCHIJHUKIB 3aBASKH PI3HOMAHITHOCTI iX
¢dapmakonoriyaux — BiaacTuBocTed. CHOJNyKM 1BOTO  KJacy  BUSIBISIOTH
AHTHOKCHUJAHTHY,  MpOTH3alajibHy, aHTUKOATyJISHTHY, MPOTHUMIKPOOHY,
IPOTUIYXJIMHHY Ta aHTHAPUTMIYHY aKTHBHICTb. 3aBISKU TaKOMY IIMPOKOMY
CHEeKTpY JAil KyMapuWHU aKTUBHO BUKOPHCTOBYIOThCS Yy (apMaleBTUUHIH
MPAKTHII Ta € MEPCIIEKTUBHUMH 00’ €KTaMU JJIsl CTBOPEHHSI HOBUX JIIKAPCHKHUX
3ac001B.

ditonpenapaTd Ha OCHOBI KyMapWHIB 3aCTOCOBYIOTH JUIsl JIIKYBaHHS
ncopiazy, BiTUIIro, TpoMOodaediTIB, TPOMOO3IB Ta CEpPlLEBO-CYIUHHUX
3axBoptoBanb [1]. Jleski mpupoaHi W CHHTETHYHI TOXiAHI KyMapuHy
BUKOPHUCTOBYIOThCSl SIK AHTHUKOAryJIIHTH Ta aHrionpoTekTtopu. OKpiM LBOTO,
OCTaHHIMHM pOKaMM 3HayHa yBara MPUAUIAETHCS BUBYEHHIO  BIUIUBY
KyMapHHOBUX CIIOJIyK Ha LEHTpajbHy HEPBOBY cHucTeMy. BcTaHoBieHo, 110
OKpeMi TMpPeICTaBHUKH IOTO KJIacy MOXYTh BIUIUBATH HAa CEPOTOHIHEPTivHY,
nodaminepriuny Ta TAMK-epriuny cucrtemu, 1o BiAKpHBA€E MEPCIEKTHBH X
3aCTOCYBAaHHSA TMpH JIIKYBaHHI Jemlpecii, TPUBOXHHUX pPO3JaAiB, eMiIencii,
xBopoOu Anbireiimepa ta [lapkincona [18].

[lcuxiuHi Ta HeWpoJereHepaTHUBHI 3aXBOPIOBAHHS € OJHIEI0 3
HalaKTyalpHIIIMX TPOoOJieM cydacHoi MenuimHu. He3Bakaroun Ha HasBHICTH
3HaYHOI KUIBKOCTI JIKapChbKUX 3acO0iB AJIs JIKyBaHHS JACTIPECHBHUX CTaHIB 1
HEBPOJIOTIYHUX TMATOJOTiH, 06araTo 3 HHUX XapaKTEepPHU3YIOThCS HEIOCTATHHOIO
e(EeKTUBHICTIO, PO3BUTKOM MOOIYHUX peakiiil abo (HopMyBaHHSIM 3aJICKHOCTI.
CamMe TOMy IIOIIYK HOBHUX OIOJIOTIYHO aKTUBHUX CIIOJYK 13 BHCOKOIO
TEPANeBTHYHOK AaKTHBHICTIO Ta HU3BKOI TOKCHUYHICTIO 3aJIUIIAE€THCS

BOXJIMBUM HaNpsMOM cydacHoi Qapmarii. Y 1bOMY KOHTEKCTI TOXIJTHI
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KyMapHHy CTaHOBJIATh 3HAUHMIM HAYKOBUN IHTEpPEC K MEPCIEKTHBHI CIOJIYKU
JUTSL CTBOPEHHSI HOBUX JIIKaPChKUX 3aCO0iB.

Oco0nuBy yBary mpHUBEpTaloTh (YHKIIOHATBFHO 3aMilEHl TOXIiJIHI
KyMapuHy, CTPYKTypa SKHX MOXe OyTh Monau(ikoBaHAa NUIIXOM BBEICHHS
PI3HHX 3aMICHHKIB. 3MiHa XIMIYHOI OyIOBM Ja€ MOKJIWBICTh BIUIMBATH Ha
(G13UKO-XIMIYHI BJIACTMBOCTI PEYOBHUH, iX OI10J0CTYIHICTH, (HapMaKOJOTIUYHY
aKTUBHICTH Ta TOKCUYHICTb.

CyuacHl JOCHDKEHHS CBIO4aTh, W10 TOE€JHAHHSI KyMapHHOBOIO
¢dbparMeHTa 3 IHIIUMHU TETEPOLMKIIYHUMH CHUCTEMAMH MOXE TPUBOIUTH [0
YTBOPEHHS CIIOJIYK 13 MOCUJICHOIO 010JI0T1YHOI0 aKTHBHICTIO. Taki KoMOiHOBaH1
CTPYKTYpH  3/JaTHI  NPOSBISTH  aHTUACTIPECUBHY,  aHTHOKCHUIAHTHY,
IPOTUMIKPOOHY Ta MPOTUNYXJIUHHY Ait0. OcoOMuBUI 1HTEPEC BHUKIMKAIOTh
MOXiAHI, IO MICTSITh a30TOBMICHI TE€TEPOLMKIN, OCKIIBKM BOHU MOXYTh
B3a€EMOISTH 3 PI3HUMH O10JOTIYHMMHU MIIICHAMU Ta TPOSBISATH BUPAKECHUN
BILIUB Ha LIEHTPAJIbHYy HEPBOBY CUCTEMY.

AKTyanpHICTh JITaHOT POOOTH MOJSTa€E y HEOOXITHOCTI MOUIYKY HOBHX
eheKkTUBHUX 1 Oe3rmeyHuX O10JOTIYHO AaKTUBHHMX PEYOBHH CEpell IMOXIITHHUX
kymapuny. JlochaipkeHHs iX  QIBUKO-XIMIYHMX Ta  (apMakKoJIOTTYHHX
BJIACTHBOCTEH JI03BOJISIE PO3MIMPUTH YSABICHHS MPO MOMJIMBOCTI 3aCTOCYBaHHS
UX CHOJYK y MeaunuHi Ta (apmarii. OTpuMaHi pe3yibTaTH MOXYTb OyTH
BUKOPHUCTaHI JJIsi TOAANBIIONO0 CTBOPEHHS HOBUX JIKapChbKUX 3aco0iB 13
IMIMPOKUM CHEKTPOM (PapMaKoJOri4HOI il Ta MEHIIOK KIIBKICTIO MOOIYHHX
eeKTiB.

Mera poOotu — cuHTe3 HOBOI cepii mnoxigaux 4,7-AUMeTHn-5-
rAPOKCUKYMapUHYy, 1110 MICTATh MiNepasuHOBUHN (parMeHT i3 TpboMa pI3HUMHU

3aMICHUKAMMU.



Jnst  mocsATHEHHST TIOCTABJIEHOI Il OynM  3arulaHOBaHI  HACTYIIHI
3aB/IaHHS:

1. Cunre3yBaTd HOBI MOXIAHI apWIIINEpPa3suHKyMapuHy 3a JOMOMOTOI0
peakuii  5-(2,3-emoKcUNPONOKCH)-4,7-TUMETUIIKYMapUHyY 3  PI3HUMHU
MOX1THUMH (PeHUTIMINepa3uHy.

2. OuucTuTH  OTPUMAHI  CIOJYKH 32  JOINOMOIOK  KOJIOHKOBOI
xpomaTtorpadii.

3. OuiHUTH BUX1J OTPUMAHUX CITOIYK.

4. TlinTBepAUTH CTPYKTYpPH OTpUMaHHX crodyk metogom SIMP ta MC.
O06'exTamMu JOCTiIKeHHA Oy MMOX1IH1 4,7-muMeTHI-5-

TAPOKCUKYMapUHY, 1110 MICTSATb MINEPa3UHOBHI (PparMeHT.

IIpeamer noc/igzKeHHs1 — TONIYK HOBHX NOXITHUX 4,7-TAMETHI-S-
rAPOKCUKYMapUHY, 1110 MICTATh MiNepasuHOBUMN (parMeHT i3 TpboMa pI3HUMHU
3aMiCHUKaMH.

MeToau 10CTi/IKEHHA:

Jns cuHTedy  moxigHUX  4,7-TMMETUI-S-TIAPOKCUKYMapuHy 3
dbparMeHTOM Tipepa3uHy BUKOPUCTOBYBAJIM MIKPOXBUIBOBHH peakTop. Jlms
BU3HAUEHHS TMepeliry peakiii BUKOPHUCTOBYBAJIM METOJ TOHKOIIAPOBOT
xpomarorpadii (TLLX) 3 BUKOpUCTAHHSAM CHJIIKarejaeBUX TUIacTUH. OUUIIEHHS
OTPUMAaHUX  NOPOAYKTIB  MPOBOJWIOCH 32  JIOMOMOIOK  KOJOHKOBOT
xpomatorpadii. CTpyKTypu CHHTE30BaHMX MOXITHUX OYyIM MiATBEpIKEHI
METOJIOM SIJIEPHOTO MarHiTHOro pe3oHancy (JAMP) ta mac-cnexkrpomerpii (MC).

HaykoBa HOBH3HA Ta 3HAYEHHSI OJEpPKAHUX Ppe3yJabTaTiB. Bnepuie
OyJO CHHTE30BaHO TPH HOBI MOXiAHI 4,7-TUMETHI-5-TIAPOKCUKYMApPUHY, IO
MICTSTb MiNepasuHOBUI (HparMeHT 13 TpboMa Pi3HUMH 3aMICHUKAMMU:

1. 5-(2-rigpoxcu-3-(4-(2-bropdenino)minepaznn- 1 -1J10 )IpOIOKCH)-
4,7-numetun-2H-xpomeH-2-0H;
2. 5-(2-rigpokcu-3-(4-(2,3-nuxaopodeHino)mninepa3ut- 1 -1a)npomno-

Kkcn)-4,7-numeTtmn-2H-xpomeH-2-0H;



3. 5-(2-rigpoxcu-3-(4-(3,5-numeruniodeH1so)minepasun- 1 -ia)mpomno-
kcn)-4,7-gumetnn-2H-xpomeH-2-0H.

Ocobucruii BHecok 3a00yBauya. JlochimKeHHS € 1HIWBIAyaTbHOIO
mparero aBTopa, 3failicHeHoro y 2025-2026 pp. Ta OXOIUIIOE BCi MPOBEICHI
OoTaHiuHi Ta (apMaKOrHOCTHYHI eKCHepuMeHTH. Bukonana Ha 6a3i
Bapmascbkoro meauuHoro yHiBepcuterty, PecmyOumika [lonsima (M. Bapiasa),
Ha kadeapi opraniuyHoi Ta ¢izuyHOi Ximii. HaykoBuil KOHCYIBTaHT K. GapM. H,
npod. Kiara OcTpoBchKa.

Anpodaniss pe3yiabTaTiB po0oTu. OCHOBHI TOJOXEHHS JOCIHIKCHHS
MaricTepchkoi poOOTH MPEACTABISIUCS Ta OOTOBOPIOBAIMCS Ha 3aciIaHHSIX
kadeapu papmakorHosii Ta O0TaHIKK, a TAKOXK MPEJCTABICHI y BUIJIS/II TE3 Ta
momoBial B Mexax 86-1 BceeykpaiHChbkoi HayKOBO-TIPAKTHYHOI KOH(epeHIii
MOJIOJIMX BUEHHX Ta CTYJICHTIB 3 MDKHAPOIHOK Y4acTIO “AKTyalibHi MUTaHHS
cydacHoi Meaunuau Ta dapmaiii 2026, M. 3anmopiFoKs.

Ily6aikanii. 30ipHuk Te3 pgomoBimelr 86 BceykpaiHCbKOi HayKOBO-
MpaKTUYHOI KOH(MEpeHIli MOJOAUX BUEHHUX Ta CTYACHTIB 3 MIKHAPOIHOIO
y4acTi0 «AKTyaJdbHI THTAaHHS CydacHOi MemaunuHu 1 (apmamii — 2026»
(3amopi3bkuil  AepKaBHUM MEAUKO- (PapMalleBTUYHUN  YHIBEPCUTET, M.
3anopixxs, 14 - 15 tpaBast 2026 p.). — 3anmopixoks: 3 MDY, 2025. — 426 c.

Crpykrypa i o0csir podorn. Maricrepcbka poboTa CKJIalaeThecs 31
BCTYILYy, TPbOX PO3JALIIB, BUCHOBKIB, CIIUCKY BUKOPHUCTAHUX JKEPEN, AOAATKIB.
3aranbHuil 00CsAT poOOTH — 53 CTOPIHKM MalIMHOMUCHOTO TekcTy. Pobota

umrocTpoBaHa 3 cxeMmamu, 33 pucynkamu. bibmiorpadis HapaxoBye 32 mkepena.



BUCHOBKHA

3a JIOTIOMOT 010 peakiii 5-(2,3-enokcunpornokcu)-4,7-
JTUMETWIKYMapuHy 3 PI3HUMHU TNOXIAHUMHU  (EHUIIINEepa3suHy
CHUHTE30BaHO TPU HOBHUX MOXITHUX apWIMINEPa3sHHKyMapUHY.

. Meton komoHKOBOi Xpomarorpadii J03BOJMB OTPUMATH YHCTI
IPOAYKTH pPeaKiiii.

3acTocoBaHa METOJWKA JI03BOJIMJIA 3a0€3MEUUTH BUX1J CIIOJIYK Ha
piBHi 58-62%.

CTpyKTypH CHUHTE30BaHUX CHOJYK OYJIM MIATBEPIKEHI METOI0M
SAMP ta MC.

Crnuparourich Ha 3HaHHS 3 JTOCTYITHUX HAyKOBUX CTaTed, MOKEMO
IOPUITYCTUTH, 1[0 CHUHTE30BaHI CHOJIYKM MOXYThb MaTH BIUIMB Ha
LHEHTpaJbHy HEPBOBY CHUCTEMYy, WO NOTpeOye MOAAIBIINX

JTOCHIKEHD.
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Introduction. Both natural and synthetic coumarins have found wide
application in medicine, usually as glycosides, due to their antimicrobial,
antioxidant, anti-inflammatory, antiarrhythmic, antispasmodic, and antiviral
effects. Coumarins are considered promising agents for the treatment of
neurodegenerative and psychiatric disorders, including schizophrenia,
depression, epilepsy, as well as Alzheimer’s and Parkinson’s diseases. Interest
in these compounds is driven by their ability to modulate the serotonergic
system. Since serotonin receptors (5-HT) play a key role in the pathogenesis of
many neurological and psychiatric disorders, the search for and investigation of
compounds that affect this system represents an important direction in modern
science. The scientific literature describes the influence of coumarin derivatives
containing a piperazine moiety on the serotonergic system. Thus, the search for
new coumarin derivatives bearing a piperazine fragment remains highly
relevant.

Materials and Methods. Synthesis was carried out using a
Plazmatronika microwave reactor. Reaction progress was monitored by thin-
layer chromatography (TLC) using silica gel plates. Purification of the obtained

products was performed by column chromatography. The structures of the
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synthesized derivatives were confirmed by nuclear magnetic resonance
spectroscopy (‘"H NMR and *C NMR) and mass spectrometry (MS).

Results. For the synthesis of new derivatives of 5-(2,3-epoxypropoxy)-
4,7-dimethylcoumarin, reactions with different phenylpiperazines were
employed, namely: (2-fluorophenyl)piperazine, (2,3-dichlorophenyl)piperazine,
and (3,5-dimethylphenyl)piperazine. As a result, derivatives were obtained in
relatively high yields of 58—62%. This approach enabled the obtaining of three
new coumarin derivatives with different phenylpiperazine substituents:

1. 5-(2-hydroxy-3-(4-(2-fluorophenyl)piperazin-1-yl)propoxy)-
4,7-dimethyl-2H-chromen-2-one;

2. 5-(2-hydroxy-3-(4-(2,3-dichlorophenyl)piperazin-1-
yl)propoxy)- 4,7-dimethyl-2H-chromen-2-one;

3. 5-(2-hydroxy-3-(4-(3,5-dimethylphenyl)piperazin-1-
yl)propoxy)- 4,7-dimethyl-2H-chromen-2-one.

Conclusions. The reaction of 5-(2,3-epoxypropoxy)-4,7-
dimethylcoumarin with different phenylpiperazine derivatives enables the
formation of new arylpiperazine coumarin derivatives. Based on the literature
data, it is possible to make a preliminary prediction of the potential effects of
the synthesised compounds on the central nervous system. To confirm the
potential effects of the new derivatives on the central nervous system, further

research is required.
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Introduction. Both natural and synthetic coumarins have found wide application in
medicine, usually as glycosides, due to their antimicrobial, antioxidant, anti-inflammatory,
antiarrhythmic, antispasmodic, and antiviral effects. Coumarins are considered promising agents
for the treatment of neurodegenerative and psychiatric disorders, including schizophrenia,
depression, epilepsy, as well as Alzheimer’s and Parkinson’s diseases. Interest in these
compounds is driven by their ability to modulate the serotonergic system. Since serotonin
receptors (5-HT) play a key role in the pathogenesis of many neurological and psychiatric
disorders, the search for and investigation of compounds that affect this system represents an
important direction in modem science. The scientific literature describes the influence of
coumarin derivatives containing a piperazine moiety on the serotonergic system. Thus, the
search for new coumarin derivatives bearing a piperazine fragment remains highly relevant.

Aim of the study. To continue research through the synthesis of new derivatives of 4,7-
dimethyl-5-hydroxycoumarin containing a piperazine fragment.

Materials and Methods. Synthesis was carried out using a Plazmatronika microwave
reactor. Reaction progress was monitored by thin-layer chromatography (TLC) using silica gel
plates. Purification of the obtained products was performed by column chromatography.
The structures of the synthesized derivatives were confirmed by nuclear magnetic resonance
spectroscopy ('"H NMR and *C NMR) and mass spectrometry (MS).

Results and Discussion. For the synthesis of new derivatives of 5-(2,3-epoxypropoxy)-
4,7-dimethylcoumarin, reactions with different phenylpiperazines were employed, namely:
(2-fluorophenyl)piperazine, (2,3-dichlorophenyl)piperazine, and (3,5-dimethylphenyl)piperazine.
As a result, derivatives were obtained in relatively high yields of 58-62%. This approach
enabled the obtaining of three new coumarin derivatives with different phenylpiperazine
substituents:

1. 5-(2-hydroxy-3-(4-(2-fluorophenyl)piperazin-1-yl)propoxy)-4,7-dimethyl-2H-
chromen-2-one;

2. 5-(2-hydroxy-3-(4-(2,3-dichlorophenyl)piperazin- 1-yl)propoxy)-4,7-dimethyl-2H-
chromen-2-one;

3. 5-(2-hydroxy-3-(4-(3.5-dimethylphenyl)piperazin- 1-yl)propoxy)-4,7-dimethyl-
2H-chromen-2-one.

Conclusions. The reaction of 5-(2,3-epoxypropoxy)-4,7-dimethylcoumarin with different
phenylpiperazine derivatives enables the formation of new arylpiperazine coumarin derivatives.
Based on the literature data, it is possible to make a preliminary prediction of the potential
effects of the synthesised compounds on the central nervous system. To confirm the potential
effects of the new derivatives on the central nervous system, further research is required.
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