MHUHHUCTEPCTBO OBPA30BAHUSA PECITYBJIMKHU BEJIAPYCb
BEJIOPYCKHI I'OCYJIAPCTBEHHBIV YHUBEPCUTET
XUMUYECKHU ®AKYJIbTET

Kadenpa Heoprannyeckon XuMmu

BEPBNJIO
KMPUJIJII MAPATOBUY

CHUHTE3 U UCCJIEJOBAHUE MEXAHU3MA
AHTUBAKTEPUAJIBHON AKTUBHOCTH 1,4-IU3AMEIIEHHBIX
1H-1,2,3-TPUA30J10B METOJAMMU MOJIEKYJISIPHOI'O
MOIEJUPOBAHUA

JlunimomHas pabota

Hay4Hb1i1 pyKOBOIHTS:
Kangupnar xumudeckux
HayK, TOLEHT

A.B. 3ypaes

JomnyuieHa x 3amure

« _» 2022 r.

3aB. kadeapoit HeOpraHMYeCKOM XUMHUHN
KanauaaT XuMU4ecKuX HayK, TOIEHT

E.N. BacuneBckasa

Munck, 2022



PED®EPAT

Jluniomuast pabota comepkuT: 68 cTpanwmil, 22 pucyHka, 4 Tabmuibl, 75
JTUTEPATYPHBIX UCTOUYHUKOB.

KaroueBbie cioBa: 1H-1,2,3-tpuazonsl, OWojorudeckas aKTUBHOCTD,
aHTUMUKpOOHast akTUBHOCTh, Esherichia coli, Staphylococcus aureus,
MOJIEKYJISIPHOE MOJICIMPOBAHKUE, MOJIEKYJSPHBIA JOKHUHT, JIMTaH[-O€IKOBbIC
B3aUMOJICUCTBUS, MEIAUITMHCKAs XWUMHUS, (papMameBTHUYECKas XUMUS, MEIb-
KaTaJIu3upyeMoe a3u1-alIKHHOBOE [3+2]-1ukionpucoe AMHEHKE,
MOJIETUPOBAHUE 110 TOMOJIOTUH.

O0bexkT wucciaenoBanus. 14-mm3amerniennsie 1H-1,2,3-Tpuazonsr u
MpOosIBIIsIEeMasi UMU aHTUMUKPOOHAs! aKTUBHOCTb.

Heab padoThl: CUHTE3 U OMNpECICHUE MEXaHU3Ma aHTUOAKTepUATbHOU
akTuBHOCTH psna 1,4-mu3amemenanix 1H-1,2,3-Tpra30ioB MO OTHOIICHHUIO K
NMaTOreHHBIM ITamMMaMm MukpoopranmsmoB E.coli ATCC 25922 u S.aureus
ATCC 6538 meTogaMu MOJIEKYISIPHOTO MOAEIUPOBAHUSL.

Metoabl ucciaenoBanus: crnexrpockonus SAMP '"H u “H, Xpomaro-
MacC-CHEKTPOCKOMNHUs, MeTOJ (YHKIMOHATA IJIOTHOCTH, MOJECKYJISPHBIMI
JIOKUHT, MOJICKYJISIPHOE MOJICTMPOBAHUE, HCCIEIOBAHUE AHTUMUKPOOHOM
aKTUBHOCTU METOAOM IudPy3uu B arap.

B pabGote mosydyeH psij paHee HE omMCaHHBIX |,4-mu3aMerteHHbIx 1H-
1,2,3-Tpra3oi0oB W HCCIEIOBaHA WX AaHTUMUKPOOHAs AaKTUBHOCTH II0
OTHOIIICHHUIO K MATOTEHHBIM IITaMMaM Mukpoopranm3moB E.coli ATCC 25922
n S.aureus ATCC 6538. B pesymprare aHanmm3a JaHHBIX O MeEXaHU3Max
JNEUCTBUS ~ COBPEMEHHBIX  AaHTHUMHKPOOHBIX  TMpemapatoB  BhIAEICHA
MIPEANOJIOKUTEIbHAS MUIIICHb aHTUMUKPOOHOTO neicTBHs 1,4-mr3aMeneHHbIX
1H-1,2,3-Tpnazomnos — 0eok ypunuaaudocdar-N-
AlleTUJICHOJIMUPYBUWITIIIOKO3aMUH ~ peaykTaza (MurB). Ha  ocHoBanum
MOJIyYeHHBIX B pe3yJibTaTe JOKHHIa KoHpopmauuii psaa 1,4-nu3aMenieHHbIX
1H-1,2,3-1pna3ojoB B aKTHBHBIX IeHTpax Oemka MurB mukpoopraHmzmos
E.coli ATCC 25922 u S.aureus ATCC 6538 ycTaHOBJICHBI O€JIOK-CyOCTpaTHBIC
B3aUMO/ICHCTBUS, OTIPECIISIONTHE aHTHOAKTEPUAITBHYIO AKTHUBHOCTH
3ameméuubix  1H-1,2,3-TpuasonoB. Aunanuz npeononazaemozo MexaHumda
Oeticmeusi u OCOOCHHOCTEH OeNOK-CyOCTpaTHBIX B3aUMOJACHCTBUM MEXKIY
MOJIY4YEHHBIMU COoeMHeHUsIMU U Oenkamu MUrB, a maxorce cesasu cmpyxmypa-
Oeilicmeue  TIO3BOJIWII  onpeoelums  HANpAeieHusi  (OYHKYUOHAIU3AYUU
1,4-ouzamewennvix 1H-1,2,3-mpuazonos c yenvro co30amusi Ha UX OCHOB8€
HOBbIX 3(hheKMUBHLIX AHMUOAKMEPUATILHBIX NPENAPAmMO8.



POD®EPAT

JlprmumomHuas pabora 3msmmaae: 68 crapoHak, 22 peiCyHKi, 4 Tabmitel, 75
JTapaTypHBIX KPBIHILI.

KimouaBeisi ciaoBbl: 1/H-1,2,3-Tpbia3onel, OisjariyHasi akThIYHACIb,
aHTBIMIKpOOHasi  akThIyHacub, Esherichia coli, Staphylococcus aureus,
MaJeKyJIsipHae MaJdJIIBaHHE, MAJEKYJSIPHbI JIOKIHT, JITaHI-OSIKOBBIS
Vy3aeMaa3esHHl, MEHBIIBIHCKAs XiMisd, (apMalpPyTeIyHas XiMis, MeI3b-
Katamizyemae aszifg-aikiHaBae [3+2]-IbIKIagalyddHHE, MaJdJsIBaHHE TIa
rama’orii.

AO0'exkt gacaemnaBanHHs. 14-geBamermyanbis 1 H-1,2,3-Tppia3onsr i
npasyisgHas iM1 aHTBIMIKPOOHAs aKThIYHACIb.

MbTra mpanbl: CIHT33 1 BBI3HAUDHHE MEXaHI3MY aHTBIOAKTIPbIMHAN
aKkThIyHAcIi mmpary 1,4-ne3amenrdansix 1H-1,2,3-Tpera3zonay ma agHociHax aa
naTareHHbIX mTamay Mikpaapranizmay E.coli ATCC 25922 i S.aureus ATCC
6538 MeTagaMi MaJIeKyJIsipHara MaadJisiBaHHS.

Meraabl gacaenaBanHs: cnekrpackamiss AMP 'H i PH, Xpamara-mac-
CHEeKTpackamisi, MeTaJ (QYHKUbISIHATY I[IYbUIbHACLI, MAJIEKYJSIPHBI JOKIHT,
MaJjeKyJspHae MaJdJIIBaHHE, [acjlelaBaHHE AaHTBIMIKPOOHAl AaKTBIYHACII
MeTaaam abidy3ii ¥ arap.

VY mpatbl aTpeiMaHbl II3par paHeil He amicaHbixX 1,4-ab3amentuanbix 1 H-
1,2,3-TphIs307ay 1 JaciaegaBaHa iX aHTBIMIKpOOHAs aKTBIYHACIh IMa aJHOCIHAX
Ja TaTareHHbIX ITamay Mikpaapranizmay E.coli ATCC 25922 i S.aureus
ATCC 6538. V BbIHIKY aHami3y AaJ3€HbIX a0 MeXaHi3Me€ J3€SHHS CY4YaCHbBIX
aHTBIMIKPOOHBIX MpANaparay BblA3€JIeHa MIIIDHb aHTbIMIKpOOHAra j3esitHus 1,4-
au3amenieHnbix  1H-1,2,3-tpuazonoB -  Osamok  ypeiabiHabidacdat-N-
alPTHUICHOJIIPYBUITIIOKa3aMiH paaykraza (MurB). Ha magcraBe arpeiMaHbIxX y
BBIHIKY JOKIHTY KaH(apMmaielii umpary 1,4-gs3amemvansix  1H-1,2,3-
Tpbla30Jiay y aKThIYHBIX I[PHTpax Osuikoy MurB mikpaapranizmay E.coli ATCC
25922 1 S.aureus ATCC 6538 ycraHoyneHbl  OsIIOK-CyOCTpaTHBISA
y3aeMaj3esiHHl,  SIKIS ~ BbI3HAYAIOIb  AHTHIOAKTAPBIMHYIO  AKTHIYHACIb
3amenryaneix 1H-1,2,3-Tpeiazonay. AHai3 MexaHi3My A3€siHHs 1 acabiiBacIsay
OsUIOK-CYOCTPATHBIX  y3a€MaA3€sHHSY IMaMDK AaTpbIMaHbIMi 3IY4YSHHSAMI 1
OsikaM 1 MurB, a Takcama cyBs31 CTPYKTypa-I3€siHHE Ja3BOJIy BBI3HAUBIIb
HanpamKki QyHKIbIstHaM3ane 1,4-np13amenryansix 1H-1,2,3 Tpblasonay 3 MaTai
CTBapAIHHS Ha 1X aCHOBE HOBBIX A(DEKTHIYHBIX aHTHIOAKTIPBINHBIX Mp3MapaTay.



ABSTRACT

Thesis, 68 pages, 22 figures, 4 tables, 75 references.

Keywords: 1H-1,2,3-triazoles, biological activity, antimicrobial activity,
Escherichia coli, Staphylococcus aureus, molecular modeling, molecular
docking, ligand-protein interactions, medical chemistry, pharmaceutical
chemistry, copper-catalyzed azide-alkyne [3+2]-cycloaddition, homology
modeling.

The research objects are 1,4-disubstituted 1H-1,2,3-triazoles and their
antimicrobial activity.

The aim of this work is synthesis and determination of the mechanism of
antibacterial activity of a number of 1,4-disubstituted 1H-1,2,3-triazoles against
pathogenic strains of microorganisms E.coli ATCC 25922 and S.aureus ATCC
6538 by molecular modeling.

Investigation methods: *H and **H NMR spectroscopy, chromato-mass
spectroscopy, density functional method, molecular docking, molecular
modeling, study of antimicrobial activity by diffusion into agar.

In this work, a number of previously undescribed 1,4-disubstituted 1H-1,2,3-triazoles were
synthesized and their antimicrobial activity against pathogenic strains of microorganisms
E.coli ATCC 25922 and S.aureus ATCC 6538 was tested. As a result of the analysis of data
on the mechanisms of the action of modern antimicrobial drugs, a putative target of the
antimicrobial action of 1,4-disubstituted 1H-1,2,3-triazoles, the protein uridine diphosphate-
N-acetylenolpyruvylglucosamine reductase (MurB), has been isolated. Protein-substrate
interactions that determine the antibacterial activity of substituted 1H-1,2,3-triazoles were
determined based on the conformations of a number of 1,4-disubstituted 1/-1,2,3-triazoles in
the active centers of the MurB protein of E.coli ATCC 25922 and S.aureus ATCC 6538
microorganisms. Analysis of the proposed mechanism of action and features of protein-
substrate interactions between the obtained compounds and MurB proteins, as well as
structure-action relationships, made it possible to determine the directions of

functionalization of 1,4 disubstituted 1H 1,2,3 triazoles to create new effective antibacterial
drugs.



