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Pedepar:

1. Cupora H.O. 4,5-JIudyskuionanizosai [1,2,3]-Tpuazonu B CUHTE3i HOBUX [1,2,3]-TpUa300aHEIbOBAHUX
nipuauHiB, mia3eniHiB Ta TiazemniHiB. — KBanidikaniiiHa HaykoBa palis Ha IpaBax pykonucy. Jlucepranis Ha
300yTTsI HAYKOBOTO CTyIIeHs JoKTopa ¢inocodii 3a cnenjanbhicTio 102 «Ximisy. — HanioHanpHUM yHiBEpcUTET
«KueBo-MorusnsiHcbKa akafeMisny, InctutyT opranivnoi ximii HAHY, Kuis, 2023. lucepTauiiHa po60oTa IpUCBsYeHa
CTBOPEHHIO €(PEKTUBHUX Ta IPENAPATMBHO 3pYYHUX METOMIB CUHTE3Y 4,5-0i(pyHKLiOHAI30BaHMX NOXiHUX 1,2,3-
TPUa30JIy Ta NOCIIIKEHHIO iX CHHTeTUYHOTO [IOTEHLiajy B IIPOLieCcax KOHCTPYIOBAHHS 6ionpuBabInBUX MOXITHUX
[1,2,3]-Tpua3onoaHenbOBaHUX CEPENHIX reTepoLMKIIiB. PO3p0o6eHo onTuMabHi yMoBU ofep>kaHHs 4-(N-Boc-
amiHo)-1,2,3-Tpuasosn- 5-kapb6asbaerizis, 4-amiHo-1,2,3-Tpra3oy-5-Kap60HOBUX KUCIIOT, S-amiHO-N-(2,2-
numertokcueTtun)-1H-1,2,3-Tpuazon-4-kap6okcamizis Ta 4-(N-Boc-amino)-1H-1,2,3- Tpuazosnxkap6oTtioamifis -

IIepCIeKTUBHUX OyiBeIbHUX OJIOKIB 1J1s1 I0OYA0BU HOBUX (PYHKLIIOHATBHO3AMIIIEHMX TUIIIB KOHJIEHCOBAHUX



TpuasoJiiB. BctaHoBieHo, mo B3aemopis 4-(N-Boc-amino)-1,2,3-Tpuasosn-5- kapbasberifis 3 neHTaH-2,4-1ioHOM
(aeTunalneTOHOM), MaJIOHITPUJIOM, IIUKJIUYHUMU KETOHAMU Ta O-AUKETOHAMU B yMOBax peakuii ®pinneHnepa
IIPUBOAUTD 1O YTBOPEHHS (PYHKIIOHAI30BaHUX Ta KAapOOLMKIIIYHUX NOXigHUX [1,2,3]Tprasoso[4,5-b]nipunuHis, a
IIMKJIOKOHZEHCallisl i3 MPOoINaH/1ioBOI0 (MaJIOHOBOIO) KUCJIOTOIO 260 2,2-numeTun-1,3-niokcan-4,6-n1ioHoM
(xkucnoroio Menpapyma) nae 5-okco-4,5-purinpo-1H-[1,2,3]rpuasosno[4,5-b]nipuarH-6- Kap6OHOBI KUCIOTH.
[TokaszaHo, mo 5-amiHo-N-(2,2-numeTtokcuetui)-1H-1,2,3-Tpuazosn-4- kapboKkcamiil B pO3urHI MypaIlInHOI
KUCJIOTHY 32 KIMHATHOI TeMII€paTypPy CXUJIbHI 10 BHYTPIlIHbOMOJIEKYJISIPHOI IMKJli3allii y S-rifpokcu3amilieHi
[1,2,3]Tpuasono[4,5-¢][1,4]miazeninu. BuspneHo, mo cMHTE30BaHi 5-TizpokcuBMicHi Tpuazono[4,5-e][1,4]niazeninu
npu Aii S-HyKeoiNbHUX peareHTiB JIeTKO IIEPeTBOPIOIOTHCS Y BiflIOBiAHI 5- cybdaHiiTpruazosoaiaserniiy, sKi
TaKOX MOXYTb OYTH OTpMMaHi OJIHOPEaKTOPHUM IepeTBOPeHHIM N-(PyHKLiOHaIbHO3aMIIlEHUX
aMiHOTPHMA30JIKapOOKCaMiZliB B METAHOBIN (MypallVHil) KUCJIOTI 3a IPUCYTHOCTI S-HyKy1eodisiB. 3alIpOIIOHOBAHO
HOBUH Minxin mo noxinaux 1,4,6,7- tetparigpo[l,2,3]tpuasono[4,5-¢][1,4]niazenin-5,8-nioHy, kuil nosarae B
TpaHCcPOpMyBaHHiI 4-amiHO-1,2,3-Tprazosi-5-KapObOHOBUX KUCJIOT il Ji€lo rifpoxIopuny eTUIrinyHaTy B
IIPUCYTHOCTI HaJ/IMIIKY Kap6oHinaiimigazosy (CDI) y BigmoBifgHi amiiy Ta BHYTPilIHOMOJIEKYJISIPHIN
LMKJIOKOHZEHCAllii OCTaHHIX Yy Li/IbOBi IPOLYKTU MPM 3HATTI 3axucHOi N-Boc-rpynu ta o6po6senHi NaOEt. Haykosa
HOBHM3HA OfIep>XKaHMX pe3yJibTaTiB. [loKkasaHo, o penapaTuBHO JOCTYIHI 4,5-6ipyHKLioHai30BaHi noxingHi 1,2,3-
TPHUa30Jly € 3pyYHUMHU CUHTETUYHHUMU cKadosgamu /1Jis 1100yI0BY NE€PCIIEKTUBHUX 1J1s1 6i0MeIMYHUX OCTiIKEeHb
TPHA30J10aHEeIbOBAaHUX FE€TEPOLIUKIIIB. 3HaIAEHO, 10 LUKIOKOHeHcalisd 4-(N-Boc-amino)-1,2,3-tprnason-5-
KapOasbJIeTifliB i3 METUIEHAKTUBHUMU CIIOJIyKaMU € €(PEKTUBHUM METOOM OTPUMAaHHS QYHKILIOHA/Ni30BaHUX Ta
KapboaHeIbOBaHUX Tpra300[4,5-blnipuaunis. Po3pobsieHo opuriHaipHU BapiaHT CUHTE3y S-TipOKCU- Ta 5-
cynbdanin1,2,3]rpuazono[4,5-€][1,4]nia3enixis, M0 6a3yeTbCsl HA BHYTPIlIHbOMOJIEKYJISIPHIN LMKIIi3allii S-aMiHO-N-
(2,2-numertokcuerun)-1H-1,2,3- Tpuazosn-4-kapbokcaMifiiB B pO34MHI METAHOBOI (MypaIINHOI) KUCJIOTH Ta MPU [
BiANOBiTHO S-HyKIeodiniB. Bu3HaueHO onTUMasbHi YMOBU CEJIEKTUBHOTO BiTHOBJIEHHS TiIPOKCUIIBHOI Ta
KapOOHIIIBHOI I'PyIl 5-TiJpOKCUTPHA30J10ia3eMNiHiB OTPUMAaHHS [0 BiAIOBITHUX TeTparigpo- Ta
rekcarigpo[1,2,3]tpuazono[4,5-€][1,4]niazeniniB, CAHTETUYHUI NIOTEHLiaJl SIKUX OyJI0 BUBYEHO Y PeaKlisix
auustoBaHHs. [TokazaHo, mo 4-(N-Boc-amino)1,2,3-Tpra3on-5-kap60HOBI KUCJIOTHU € IPUHIUIIOBO HOBUMU
peareHTaMu B IBOCTaIilHOMY CHUHTe3i paHillle HeBinoMux Tprasosio[4,5-e][1,4]niazemnin-5,8-1ioHiB.
3anponoHOBaHO NPeNapaTUBHO 3PYYHUN Ta ePEKTUBHUI LUISIX 10 MOXiIHUX HOBOI F€TEPOLMKIIIYHOI CUCTEMU
[1,2,3]Tpuazono[4,5-e][1,4]riazeniny, sikuit nependayae 5-tiokapbamoinoBanHs 4-(N-Boc-amino)-1,2,3-Tpua3ois Ta
nojasblie S-ajKiTyBaHHS i BHYTPIIHbOMOJIEKYJISIPHY LIMKITi3aL[iI0 OTPUMAaHUX S5-TioiMifaTiB. [IpakTryHe 3HA4YEHHS
OJlep>KaHUX pe3yJIbTaTiB [0JIsirae y CTBOPEHHI HOBUX Ta IIpeNapaTyMBHO AOCTYIIHUX METO/iB cUHTe3y [1,2,3]-
TPHa30JI0aHEIbOBAHUX MiPUAMHIB, Aia3eliHiB Ta Tia3eMiHiB, JOCiI>)KeHHI iX XiMiYHOTO Ta 6i0JI0TiYHOrO MOTEHLiaTYy.
MeTonamu 6i0CKpUHIHTY cepeli CHHTE€30BaHUX CIIOJIYK BUSBJIEHO PEYOBUHU i3 IOMIPHOIO aHTUOAKTEPiaIbHOIO Ta
IIPOTUTPUOKOBOIO aKTUBHOCTSIMU. Kitto4oBi cioBa: 4-(N-Boc-amiHo)-1,2,3-Tpuazonu, 4-(N-Boc-amino)-1,2,3-
Tpuazos-5-Kapbanbaeriny, 5-amiHo-N-(2,2-nuMmeTtokcuerun)-1H-1,2,3-tpuazon-4- kapbokcamiau, 4-(N-Boc-
amino)-1H-1,2,3-Tpuasosnkap6orioaminu, 4-(N-Boc-amiHo)- 5-TioimigaTu, 4-amino-1,2,3-Tprazon-5-KapOooHOBi
KUCJIOTH, BHYTPIlIHBOMOJIEKYJISIPHA LMKIIi3aLis, peaknis Opinnennepa, [1,2,3]rpuasonol[4,5- b]nipuguHmy,
[1,2,3]Tpuasosno[4,5-b]nipuanH-6-Kap60HOBI KUCIIOTH, [1,2,3]Tpraszono[4,5-¢e][1,4]miazemniny, [1,2,3]Tpuasono[4,5-
e][1,4]riazeninm.

2. Syrota N.O. 4,5-Difunctionalized [1,2,3]-triazoles in the synthesis of new [1,2,3]-triazoloannelated pyridines,
diazepines and thiazepines. - Qualifying scientific work equated to manuscript. Dissertation for the degree of
Doctor of Philosophy in specialty 102 "Chemistry", specialization "Organic Chemistry". - National University of
Kyiv- Mohyla Academy, Kyiv, 2022. The dissertation research is devoted to development of efficient and
preparatively convenient methods of synthesis of 4,5-bifunctionalized derivatives of 1,2,3-triazole and investigation
of their synthetic potential in processes of construction of bioattractive derivatives of [1,2,3]-triazoleannelated
middle heterocycles. Optimal conditions were developed for obtaining 4-(N-Boc-amino)-1,2,3- triazole-5-
carbaldehydes, 4-amino-1,2,3-triazole-5-carboxylic acids, 5-amino-N-(2,2- dimethoxyethyl)-1H-1,2,3-triazole-4-
carboxamides and 4-(N-Boc-amino)-1H-1,2,3- triazolecarbothioamides, promising building blocks for the



construction of new functional-substituted types of condensed triazoles. It was determined that the interaction of
4-(N-Boc-amino)-1,2,3-triazole-5- carbaldehydes with acetylacetone, malonitrile, cyclic ketones and o-diketones
under the conditions of the Friedlander reaction leads to the formation of functionalized and carbocyclic
derivatives of [1,2,3]triazolo[4,5-b]pyridines, while cyclocondensation with malonic acid or Meldrum's acid gives 5-
ox0-4,5-dihydro-1H-[1,2,3]triazolo[4,5- b]pyridine-6-carboxylic acids. It was shown that 5-amino-N-(2,2-
dimethoxyethyl)-1H-1,2,3-triazole-4- carboxamides in formic acid solution at room temperature are prone to
intramolecular cyclization to 5-hydroxy-substituted [1,2,3]triazolo[4,5-€][1,4]diazepines. It was found that the
synthesized 5-hydroxy-containing triazolo[4,5- e][1,4]diazepines under the action of S-nucleophilic reagents are
easily converted into the corresponding 5-sulfanyltriazolodiazepines which can also be obtained by single- reactor
conversion of N-functionally substituted aminotriazolecarboxamides in formic acid in the presence of S-
nucleophiles. A new approach to the derivatives of 1,4,6,7-tetrahydro[1,2,3]triazolo[4,5- €][1,4]diazepine-5,8-dione
is proposed which consists in the transformation of 4- amino-1,2,3-triazole-5-carboxylic acids under the action of
ethyl glycinate hydrochloride in the presence of excess carbonyldiimidazole (CDI) in the corresponding amides
and intramolecular cyclocondensation of the latter to the target products by removing the protective N-Boc group
and treatment with NaOEt. Scientific novelty of the obtained results. Preparatively available 4,5- bifunctionalized
1,2,3-triazole derivatives were shown to be convenient synthetic scaffolds for the construction of promising
triazoloannelated heterocycles for biomedical research. Cyclocondensation of 4-(N-Boc-amino)-1,2,3-triazole-5-
carbaldehydes with methylene active compounds was found an effective method for producing functionalized and
carboannelated triazolo[4,5-b]pyridines. An original variant of the synthesis of 5-hydroxy- and 5-sulfanyl-[1,2,3]-
triazolo[4,5-¢e][1,4]diazepines was developed based on intramolecular cyclization of 5-amino-N-(2,2-
dimethoxyethyl)-1H-1,2,3-triazole-4-carboxamides in formic acid solution and under the action of S-nucleophiles,
respectively. Optimal conditions were determined for the selective reduction of the hydroxyl and carbonyl groups
of 5-hydroxytriazolodiazepines to the corresponding tetrahydro- and hexahydro[1,2,3]triazolo[4,5-
e][1,4]diazepines the synthetic potential of which was studied in acylation reactions. It was shown that 4-(N-Boc-
amino)-1,2,3-triazole-5-carboxylic acids are fundamentally new reagents in the two-stage synthesis of previously
unknown triazolo[4,5-¢€][1,4]diazepine-5,8-diones. A preparatively convenient and efficient way to derivatives of
the new heterocyclic system [1,2,3]triazolo[4,5-€][1,4]thiazepine was suggested by 5- thiocarbamoylation of 4-(N-
Boc-amino)-1,2,3-triazoles and subsequent S-alkylation and intramolecular cyclization of obtained 5-thioimidates.
Practical significance of the results is the development of new and preparatively available methods for the
synthesis of [1,2,3]-triazoloannelated pyridines, diazepines and thiazepines, the investigation of their chemical and
biological potential. Substances with moderate antibacterial and antifungal activity were found among the
synthesized compounds by bioscreening methods. Keywords: 4-(N-Boc-amino)-1,2,3-triazoles, 4-(N-Boc-amino)-
1,2,3-triazole- 5-carbaldehydes, 5-amino-N-(2,2-dimethoxyethyl)-1H-1,2,3-triazole-4- carboxamides, 4-(N-Boc-
amino)-1H-1,2,3-triazolecarbotothioamides, 4-(N-Boc- amino)-5-thioimidates, 4-amino-1,2,3-triazole-5-carboxylic
acids, intramolecular cyclization, Friedlander reaction, [1,2,3]triazolo[4,5-b]pyridines, [1,2,3]triazolo[4,5-
b]pyridine-6-carboxylic acids, [1,2,3]triazolo[4,5-¢][1,4]diazepines, [1,2,3]triazolo[4,5-¢][1,4]thiazepines .
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JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUANYHOI 0COOH: JIbBiBCHKMI HALIOHAILHUI YHiBEpCUTET iMeHi IBana Opanka
Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. YHiBepcurteTchka, 6ya. 1, JIpBiB, 79000, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Byp6an Anartomniii ®aBiaHOBUY

2. Anatolii Burban

KBasigikamis: x. 1. v., npodecop, 05.17.18

ImenTudikarop ORCID ID: 0000-0001-9345-5749

JoparkoBa iHdpopmamist:

IIoBHe HafIMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COOM: HaujoHambHuit yHiBepcutet "KueBo-MorunsgHcbKa akagemis”
Kopg 3a €IPIIOY: 16459396

Micuesnaxo,zm(eﬂna: ByJ. . CkoBopony, 6yz. 2, Kuis, 04070, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak/1104Hi BiZOMOCTI

Biacue IpizBume Im's I[1o-6aThKOBI Fony6 Onexcaunp Anpipiiiosud
rOJIOBH pajau

Biacue IlpizBume Im's ITo-6aThKOBI Tony6 Onexcanap AnzipiioBuy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBigaibHUH 32 MiZTOTOBKY Bacenko Onena EnyappisHa

00JIIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




