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Ancrpaxkr

[Ipenmer oBe HOKTOpPCKEe aucepTandje oOyxBaTa CHHTE3y, KapaKTepu3alujy u
UCTIMTUBAkbE aHTUMUKPOOHE M IIUTOTOKCUYHE aKTUBHOCTH OcaM HOBHX Komiuiekca cpedpa(l)
ca a30JIMMa KOjH c€ KOPHCTE 3a JeUeHme TJbUBHYHUX MH(MEKIHja (KIOTPHUMa3oil, €KOHA30JI U
BOPHUKOHA30]). 3a KapaKTepu3allnjy CHHTETHCAHUX KoMIuiekca kopumrhere cy NMR, IR u UV-
Vis CIIeKTpOCKOIICKE METO/Ie, MaceHa CIIEKTPOMETpHja U IHUKINYHa BoaTamerpuja. CactaB u
yrcroha KOMIUIEKCa Cy MOTBpEHU MPUMEHOM eJIeMEHTaTHE MUKPOAHAIIN3E, JIOK j€ KPHCTaIHa
CTpyKTypa oxapeheHa MeTOIOM pEeHIreHCKEe CTPYKTypHEe aHanm3e. KBaHTHO-MeXaHWYKH
NpopavdyHH Cy KOpUIINEeH! y HUJbY yTBphHBamka TEPMOANHAMUYKH HAJIIOBOJEHU]E CTPYKTYpE
KOMIUIEKCa y pacTBopy. McnuTruBaHa je akTHBHOCT CHHTETHCAHUX KoMIutekca cpedpa(l) mpema
pa3IMYUTUM OaKTEPUjCKUM U TJBMBHYHUM COJEBHMA, IPU 4YeMy Cy yTBpheHe MUHHMMAIHE
unxubutopHe konuenrpamnuje (MIC) y oncery ox 0,01 — 49,2 uM, noK je HUTOTOKCHYHU
noteHnujan oapehen Ha 3apaBoj henujckoj maUju Gubpodiacta miyha, ca ICso BpemHocTrMa
on 10 — 36,1 puM. Ilopen Tora, uCHUTHBaHA je U CHOCOOHOCT MHXMOMIMjEe (hopMHpara
OonopmIMOBa, IpH YeMy je 3a0eTIerKeHO cCMamemne popmupama ornopunma ox 77 1o 90%.

VY OmnmrreM feny qucepTanyje NpuKa3aH je Mperiies JIEKOBa KOjU Ce KOPUCTE Y Teparuju
[JBMBHYHUX HWH(QEKIHja, y3 TmocebaH OCBPT Ha TI0jaBy M pacT pPE3HCTEHTHOCTH
MHKpPOOpPraHU3aMa Ha KOHBEHIIMOHAIHE aHTUTJbMBUYHE JIEKOBE. AKIIEHAT je CTaBJbCH M Ha
3Ha4ya] KOMIUIEKCHUX jeAWbEha Yy MEIUIMHH ca (OKyCOM Ha aHTHMHKPOOHA CBOjCTBa
komruiekca cpedpa(l). dpyru neo aucepranmje oOyxBara METOAOJIOTH]Yy CHHTE3€ KOMILIEKCa
cpebpa(l) ca azonnma U MeTO/E CHEKTPOCKOICKE, Kpuctajgorpad)cke U OMOJIONIKE aHAIIU3E.
3aBpIlHU J1e0 aAucepraluje nocBeheH je AMCKyCHju pe3yiTara, yKibyuyjyhu UHTeprpeTanyjy
CHEKTPOCKOIICKUX M KpUCTalorpad)CKux ToJaraka, Kao W NPOIECHYy AaHTHUMUKPOOHE H
IIUTOTOKCHYHE aKTHUBHOCTH CHHTETHCAHUX jEANHCHA U PE3YJITaTa TEOPHjCKUX MTPOpadyHa.

KibyuyHe peun:
*  Asomu
*  Kommnekcu cpedpa(l)
* I'sbuBuuHe uHbekHje
*  CHekTpocKOICKE METOo/e
* Jludpaxkiuja X 3paka ca MOHOKpUCTAIA
* DFT npopauynu
*  AHTUMHKpPOOHA aKTUBHOCT
* I[uTOoTOKCHYHA AKTUBHOCT
*  buodunm
*  MexaHu3aM JeJI0Bamba



Abstract

The subject of this doctoral dissertation is related to the synthesis, characterization, and
evaluation of the antimicrobial and cytotoxic activities of eight new silver(I) complexes with
azoles used in the treatment of fungal infections (clotrimazole, econazole, and voriconazole).
The synthesized complexes were characterized using NMR, IR, and UV-Vis spectroscopic
methods, mass spectrometry, and cyclic voltammetry. The composition and purity of the
complexes were confirmed by elemental microanalysis, while their crystal structures were
determined by single crystal X-ray diffraction analysis. Quantum-mechanical calculations were
employed to determine the thermodynamically favorable structures of the complexes in
solution. The activity of the synthesized silver(I) complexes was tested against various bacterial
and fungal species, with minimum inhibitory concentration (MIC) values ranging from 0.01 to
49.2 uM. The cytotoxic potential was assessed on a healthy human lung fibroblast cell line,
yielding ICso values in the range of 10 — 36.1 uM. In addition, the ability of the complexes to
inhibit biofilm formation was investigated, revealing a reduction in biofilm formation of 77 —
90%.

The Introductory section of the dissertation provides an overview of antifungal drugs
currently used in therapy, with particular emphasis on the emergence and increasing resistance
of microorganisms to conventional antifungal agents. Special attention is also given to the
importance of coordination compounds in medicine, focusing on the antimicrobial propreties
of silver(I) complexes. The second part of the dissertation describes the syntetics procedures
for the preparation of silver(I)-azole complexes, as well as the spectroscopic, crystallographic
and biological methods applied for their characterization. The final section of the dissertation
is devoted to the discussion of the results, including the interpretation of spectroscopic and
crystallographic data, as well as the evaluation of antifmicrobial and cytotoxic activities and
theoretical calculations.

Keywords:
* Azoles
» Silver(I) complexes
* Fungal infections
* Spectroscopic methods
» Single crystal X-ray diffraction
* DFT calculations
* Antimicrobial activity
* Cytotoxic activity
* Biofilm
* Mechanism of action
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Jlokmopcka oucepmayuja Onwmu deo

1.1. AHTHI/bMBHYHH JIEKOBH

Mukpoopranusmu, Mehy kojuma ce yOpajajy OakTepuje, BUPYCH U TJbUBHIIE,
Npe/ICTaBIbajy 3HAUajHE MATOreHE KOjU Cy CIOCOOHU J]a M3a30BY IIUPOK CIIEKTap 000JbeHha KO
Jeyu. [ JpuBHIIE Cy €yKapUOTCKH OPraHU3MHU KOjH c€, Ha OCHOBY henujcke rpalhe, kinacupukyjy
Ha jemHohenmjcke (kBaciie) u Buimehenujcke (tuiecHu). OHe MOTy MPEACTaBIbATH 3HAYAjaAH
3IpaBCTBEHH PHU3HK, TOCEOHO KO/I MalljeHaTa ca UMyHOCYIIPECH]OM, YKIbY4yjyhu oco0e HaKOH
TpaHCIUIaHTAIM]j€ OpraHa, CIOKEHUX XUPYPUIKUX 3aXBaTa, Ka0 U KO/ 000X 01 pa3InIUTUX
o6muka nmyHonedunujennuje.! I'puBnune nH}pEKIMje, MO3HATE KA0 MUKO3€, KIacu(puKyjy ce
Ha TIOBPIIMHCKE U CUCTEMCKE, Y 3aBUCHOCTH O JTyOWHE IMPOoJ0pa U aHATOMCKE JIOKAIHU3allnje
uHpexuje. [ToBpmmHcke ribuBuvHEe HHPEKIMje Hajuenhe cy y3pokoBaHe AepMaTohuTuMa u3
ponoBa Epidermophyton, Microsporum w Trichophyton, xoju ipuMapHO WHOUIHUPAJY KOKY,
kocy M HokTe.” Mako yIIaBHOM He H3a3UBajy 030MJbHE KOMIUIMKALMjE, KOJ
MMYHOKOMITPOMHUTOBAHMX NanujeHara, nomyt HIV-nosutuBaux ocoba (HIV je Bupyc xymane
uMyHOAehUIMjeHIIN]e; €HIT. human immunodeficiency virus), TOBPIIMHCKE TJbUBHUYHE
uHdekuuje Mory npehu y cucremcke (MHBasuBHe) ca MoryhuM cMpTHuUM ucxogoMm.’ Hanme,
CHUCTEMCKE MUKO3€ 3aXBaTajy YHYTpallllkhe OpraHe WM BHILE CUCTeMa OpraHa, u Hajuemihe ce
jaBJbajy Kao MoCieIuIa IMYHOIe(DUIIMjEHTHUX CTamka KOJI MalyjeHaTa.

o nanac je uaeHTuguKoBaHO MpUOIMKHO 1,5 MUITMOHA BpcTa IJbUBUIIA, OJ KOJUX je
sume oj 200 mome3aHo ca uHpekimjama kox sbyau.* Mely Hajuenrthum y3pounuima
IJbUBUYHMX MH(DEKIMja u3ABajajy ce npeacraBuunu cieaehux ponosa: Candida (C. albicans,
C. glabrata, C. krusei, C. parapsilosis, C. tropicalis, C. kefyr u C. gulliermondii), Aspergillus
(A4. flavus, A. niger u A. fumigatus), Cryptococcus (C. neoformans), Fusarium (F. oxysporum,
F. moniliforme w F. solani) u Pneumocystis.’ TlpemMa enujeMHOJOIIKMM IIOJalliMa, Ha
TOJUIIKBEM HUBOY C€ IIMPOM CBETa MpHjaBibyje BuIIe oA 1,5 MUIMOHA CMPTHHX MCXOJa
Y3POKOBaHMX IbMBHYHUM HHpeknHjama.’ Bucoka cToma MOpTaIMTETa YIIIABHOM Ce IPHIUCYje
KaCHOJ TMjarHOCTHUIIM U OTpaHUYEHUMa MOCTOjehuX aHTUTJBMBUYHKX Tepaluja, Koje Cy 4ecTo
MIOBE3aHEe ca TOKCUYHOIINY, YCKUM CIIEKTPOM aHTUTJHPHBHYHE aKTHBHOCTH U CBE yUECTAJIH]OM
T10jaBOM PE3MCTEHIMj€ KOJ MaTOreHMX TJbMBHMIA.. Pa3Boj HOBMX aHTHMIJbMBHYHHX JIEKOBA,
3ajeHO ca yHampehemeM aujarHOCTMYKMX METO/a, MpeACTaB/ba KJbYUHY CTpaTeTHjy 3a
CMambelhe MOPTAINUTETa M MOO0OJbIIAKE KIMHUYKOT MCXOJa KOJ MalujeHaTta o0oJIenux oJ
IJbUBUYHHUX UH(QEKLIH]A.

Hcropujcku raeaHo, r'JbUBUYHE HHEKIUje Cy IPerno3HaTe Kao y3pok 000sbema joIl y
paHuM ¢azama pa3Boja MEAHUIIMHE, AU CY UCTPAKHUBAKHA U Pa3B0j ehUKACHUX aHTUTJBUBHYHHUX
JIEKOBa 3HAYajHO 3a0CTajasId Y OAHOCY Ha aHTHOakTepujcke jJekoBe. OBaj (heHOMEH ce MOXe
00JaCHUTH YHMICHUIIOM Ja cy hNenujcKu U MOJIEKYJapHU MpollecH KOJl TJbUBHIA, Kao
€YKapHOTCKUX OpraHu3ama, CIMYHU WIM MJISHTHUYHM OHUMa KOJ XyMaHux henwuja, ynme ce
3HATHO OTexkaBa ojpeluBame LUBHOI MecTa JeloBama aHTHr/buBMuUHOr neka. Jla 6u
onpehenu ek Ouo mpeno3HaT kao epuKacaH aHTUMUKOTHK, MOpa OMTH CEJIEKTUBAH, OHOCHO
MoOpa TIOKa3WBaTH 3HA4YajHy aKTUBHOCT MCKJbYYMBO NMPEMa TJbUBHUIIAMA, Y3 MUHUMAIHY HIIH
3aHeMapJbHBy TOKCMYHOCT MO JbyACKM oprausam.’ McTpaxuBama cy Mokasana [a
AHTUOMOTHIIM HE MOKa3yjy 3HauyajHy aKTUBHOCT Npema henujama IJbHBHUIA, IITO CE MOXKE
00jaCHUTH 3HAYAjHUM pa3IuKaMa y CTpyKTypH henujckor 3uia usmely ribupuna u 6akrepuja.’
henujcku 3un rpuBuna U3 poma Candida mpenctaBiba CIOXKEHY CTPYKTypy u3rpaheny on
XUTHHA, KOJU Cce Hana3u yHyTap marpukca f-1,3 u f-1,6 rmykana. Criosbalimby €10j YUHE
TJIMKO3WJIOBAHU NMPOTENHU U MaHAHU (MAaHO3HU MOJIMCAXapuIH ), KOjU UMajy YJIOTY Y aJXe3UjH,
MMYHOJIONIKOM H30eraBamy M KOMYHHKaluuju ca hemujama nomahuna.'® Jenna o 3HauajHux
paznuka u3Mely henmmjckux CTpyKTypa TJbMBHUIIA M XyMaHHX hendja OJHOCH Ce Ha cacTaB
henujcke MemOpaHe, OJJHOCHO BPCTY CTepojia KOju ce y HoOj HaiasH. J[ok je y JbyAcKum
henvjamMa TJIaBHM CTEpOJ XOJIECTEPOJd, KOJA TJbMBHIIA Ty YJIOTY HMa HEroB aHalor,
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eprocrepon.!! YmpaBo Ta cTpykTypHa pasiuka oTBapa MOryhHOCTH 3a [M3ajH HOBHX

AQHTUTJPUBHYHUX JICKOBA.

Crnenn¢u4HOCT JenoBamba, OAHOCHO CIIOCOOHOCT Jla C€ CEeJNEKTUBHO WHXHOMPAjy
BUTaNHE (DYHKIIM]jE ITPUBUYHUX, a HE XyMaHUX henuja, kibyuHa je 3a epuxacHoct u 6e36e1HoCT
aHTUTJbMBHYHE Tepanuje.” JIo naHac je 3a KIMHAYKY NPUMEHY 0J00pEHO MeT IVIaBHUX Kilaca
AQHTUTJPMBUYHUX JIEKOBa, KJIACH(UKOBAHMX IpEMa HHUXOBUM XEMHJCKHM CTPYKTypama H
MEXaHNU3MYy JIeJIOBamba U TO: a30JIH, ITOJHECHHU, EXHHOKAHANHY, IMIaAMIHNA U aHTUMETa0O0IUTH
(Cnuxa 1).!2

1) Azonu npencTaBsbajy jeHy O TIIaBHUX KJlaca aHTUTJbUBUYHHX JiekoBa. Kopucre ce
y JIe4e’my pPA3NUUYUTUX TJbUBUYHUX HMH(EKIHja, NMPH YeMy CBOje JENIOBAamE MHCIO0JbaBAJy
WHXUOHUIMjoM eH3uMa JaHocTepon l4a-memerunasze (CYPS1), koju umMa KJby4dHy YJIOTY Y
OMOCHMHTE3M €procTepoia, OCHOBHE KOMIOHEHTe henujcke MemOpaHe IubuBHIA.'! Aszonm
UCIOJbaBajy CeJNEeKTUBHO JaejcTBO MHxuOunujom ensuma CYPS51, koju je kibydaH 3a
OnocuHTE3y eprocreposia y ribuBunama. llpu Tepamnujcku peileBaHTHUM KOHIICHTpaldjama,
a30J1M MHXMOMpPAjy CHHTE3Y eprocreposia, IITO JOBOIU J0 CMamCHa HEroBe KOIWYHHE Y
MeMOpaHH, Kao W J0 aKyMyJallHhje JIAHOCTeposia u Apyrux l4-mermnoBanux crepona. OBaj
nopemehaj nasse yruue Ha OpojHe pyHKuUMje eproctepona y henmjckoj MeMOpaHH IJbUBHIIA,
noBojehu 10 u3MeHa y ieHoj prmynaHocT u uHTerpurery. Kao nmocienuma, MmemOpana nocraje
Mame CTa0MITHA U ITOJUI0KHH]ja omTehembuMa, ITO T0JaTHO YTHYE Ha aKTUBHOCT MEMOPaHCKUX
€H3UMa OJITOBOPHUX 3a TPAHCIOPT XPaHJBbUBHUX MaTepHja, CHHTE3y XUTHHA, Ka0 U Ha pacT U
nponudepanujy ribusuuHnx henuja. !

VY 3aBUCHOCTH OJ XEMHjCKE CTPYKTYpe, a30JId ce Jejie Ha MMHaaszose (ca aBa aroma
a30Ta) U Tpuasone (ca Tpu aroma azora). imunazonu ce Hajueurhe GopMynuiny 3a JTOKAIHY
OpUMeHy, IITO je TOCIeANIa HUXOBE IOTCHIMjaTHE TOKCHYHOCTH WM  ciabe
OuopacnonoxuBoctu. HacympoT Tome, Tpuasonu ce, 300T MOBOJBHUjUX (PapMaKOKHMHETHYKUX
CBOjCTaBa, KOPHMCTE Y CUCTEMCKOj Tepalyji MHBA3HMBHUX IJbUBUYHMX MH(ekuuja.'* Azomu ce
4eCTO NMPUMEBY]Y OPaJHO U OAJHUKY]y C€ HHUCKHM CTENEHOM HeXeJbeHUX edekara, IITO UX
YHHH MHUPOKO MPUMEHUBAHUM y KIMHUYKO] Tpakcu. Mmak, yOop30 HAKOH BUXOBE KIMHUYKE
IpUMeEHe, MoYeNn Cy Ja Ce IM0jaBJbyjy M3BEIITajH O HEYCIELIHOM JIeJ0Bamy a30iia, KOjU ce,
YIJIaBHOM, TIpUIHCY]y pas3Bojy pesucrenmuje.'” ! ITopen Tora, pasiosu 3a OBy II0jaBy
YKJbY4y]y GYHrHCTaTHUKO (yMmMecTOo (yHTHIUIHOT) JeJoBame a3oja, Kao M Moryhy
XEMaTOTOKCHYHOCT, IITO JOJATHO OrpaHuyaBa mHXoBy edukacHocT.”’ Orpanuyena
e(pUKacCHOCT a3oja y Jiedelhy MHBA3UBHHUX IJbMUBUYHMX HMH(EKIMja HarjamaBa MoTpedy 3a
pa3BojeM HOBHUX aHTHMHUKOTHKA Ca JPYradydjuM MEXaHW3MOM JeJOBama, KOju OM Morao na
npeBasule nocrojeha orpaHnuema U CMambU HEXeJbeHe e(PEeKTe TPEHYTHO TOCTYITHUX JIEKOBA.

2) Ilonuenu, kao mro cy amdorepuunH b um HHUCTaTHH, MpeacTaBibajy aMmdoTepHe
MaKpoJUIHE AHTUMHUKOTHKE. CyNmpoTHO CHHTETHYKHUM | TIOJYCHHTETHYKAM JIEKOBHUMA,
MOJIMEeHHU ce T0OHjajy Kao MPOU3BOJ CeKyHAapHOT MeTaboau3Ma ['paM-o3uTHBHUX OakTepHja
u3 pona Streptomyces.”! Amdpotepurua b je modeo KIMHMUKK 1@ C€ KOPHCTH CPEIHMHOM
IPOILJIOT BeKa W cMaTpa ce ,,3J1aTHUM CTaHAapAOM” y Jieuelhy CUCTEMCKHX MHKO03a, YIIPKOC
yBoljemy HOBHX aHTUMHKOTHKA Y KIMHMYKY Ipakcy.”’ MeXxaHu3aM [eloBama MOIHMEHa Ce
3aCHMBA HAa HMXOBOM CEJICKTUBHOM BE3UBAamY 32 €procTeposa, IITO JTOBOIAM O CTPYKTYPHUX
npoMeHa y henmmjckoj MemMOpaHW, W 3a TOCIEOUIly MMa FhEeHY Jemnojiapu3anujy, nmopehany
TIPONYCT/LUBOCT M HapyIlaBamke OCMOTCKOT MpuTHcKa.”> OBH MpolecH J0BOJE 10 HCTHIAHbA
MHTpaleIyJapHOT cajapkaja, AoBojaehu 1o neHatypamuje u iuse ribuBuuHe henmje. [lopen
TOTa, MOJMEHN MOTY M3a3BaTH M OKCUIATHBHA olTehema, ITO JOJATHO JTONPUHOCH HBUXOBOM
¢ynrumuasom epekry.?* Mako cy BeoMa e(pUKacHU y Jedery CHCTEMCKMX MHKO03a, BUXOBA
OpUMEeHa je OrpaHMyeHa yclea H3paKeHe TOKCUYHOCTH, MOCEOHO HEPPOTOKCHUHOCTH, U
MapeHTepaTHOT HauiHA npuMeHe. > 360r Tora ce 071 HeIaBHO pa3BHjajy TUMKAHE popMyaruje
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amorepunuHa b, yMja mpuMeHa uMMa 3a LWJb CMambeHhe TOKCUYHOCTH, Y3 3aJpKaBambe
TeparneyTcke eUKaCHOCTH.

3) ExuHOKaHAMHHU, Kao IITO Cy Kacno(yHIuH, aHUIyJaQyHIMH U MHUKa(yHIUH,
NPe/CTaBIbajy KJaCy aHTUMUKOTHKA U3BEJICHY M3 CEKYHJIapHUX MeTaboinTa MOAU()UKOBAaHUX
(unamMenTo3HUX rJbUBHIA.*® Y BMXO0BOj CTPYKTYPH je NPUCYTaH LUKIMYHM XEKCAMENTU | ca
JTUNUIHAM XUApOoPOOHUM JIaHIleM, Koju uM o00e30ehyje Be3uBame 3a hemmjcky memOpaHy
rsbuBHYHeE henuje.”” MexaHu3aM Je/I0Bamba eXMHOKAHIMHA CE 3aCHUBA HAa MHXUOUIM]H CH3MMa
UDP-rnyko3a f-1,3-riykan-f-(3)-rnyko3unrpancdepase, Onokupajyhu cunrtesy f-(1,3)-
IJIyKaHa, jefHe O] KJbYYHHX KOMIOHEHTH henujckor suma rubusuna.”® IMocieauma osor
mpoleca Cy CTpyKTypHE poMeHe y henmujckoM 3uTy, Koje J0BOJIE JI0 Jin3e TJbuBUYHE henuje.
[Tomro henmujcku 3ua XymMaHwx hendja He caap)XW [f-TIOyKaHe, €XWHOKAHJIWHU TIOKa3yjy
3HayajHy CEJEKTUBHOCT M MOBOJbAH TepaneyTcku npodui.’ YIpKoc ToMe, eXMHOKAHIUHH
HEMajy LIUPOK CIIEKTap JelioBama, 300r yera ce, Hajuemihe, KOpUCTE y TEpalluju UHBA3UBHE
KaHJUAMja3e ¥ aclepruiio3e, moceOHO KO/ ManrjeHaTa Ko KOjHuX OCTOjH KOHTPauHIUKAIIH]ja
3a TIPUMEHY JIPYruX aHTMMHKOTHKA. JEJHO O]l OrpaHHMYEHa y HHXO0BOj IPHMEHHM je ciada
opajiHa OHOPACIONIOKUBOCT, 300T Yera ce MOpajy NPUMEHWUBATH HHTPABEHCKUM ITyTEM,
CJINYHO Kao U ampoTepuuuH b.

4) Anunamunu, Kao mTo cy TepOuHaduH, HaQTUGUH U OyTeHaduH, MPEACTABIbA]Y
KJIaCy aHTUMUKOTHKA KOjU MTHXUONPA]y €H3UM CKBaJeH-eMoKCuaa3y, 0mokupajyhu Onocunresy
eprocrepona. MicroBpemMeHo, anmuiaMuHi HHXUOUPA]y CHUHTE3Yy XOJIECTepoia, IITO JOBOAU 10
aKyMyJnaluje cKBajeHa, Koju je TokcuuaH 3a ribusuuHe hemuje.?” ITopen Tora, HemocraTak
eprocrepoiia JIOBOJH J0 NMPOMEHA y CTPYKTYpH M QyHKnuju henmjcke memOpaHe, HapyIiaBa
nepMeaOuIHOCT M TPAHCIOPT XPaHJbUBUX CYICTaHIM, aoBojehu 10 nuchyHKUMje U CMPTH
henuje.’! 3a pasnauxy on azona, Koju yriaaBHOM Jelyjy (QYHIMCTATHUKH, alUIaMUHU UMAjy
(GyHrUIUIHO e0Bambe, IITO MX YMHU ePUKACHUM Y Jleueby JepMaTopurosa.?

5) AHTEMETa0OIUTH MIPEACTABIbA]Y KJIACY aHTUTJHUBUYHUX JIEKOBA KOJU CY CTPYKTYPHO
CIIMYHM EHJOTEeHHM MOJIeKyJuMa NPUCYTHUM Yy 3]paBUM henujama, aau JAenyjy Kao
MHXHOUTOpU oApeheHnx MeTaboIMUKHUX Mpolieca, oMeTajyhu CUHTe3y HYKJIEMHCKUX KHCETuHA
i npoteuHa. [IpencraBHuk oBe kiace je (payluTO3MH, TUPUMHUIMHCKY aHTUMETA00IUT KOjU
HEMa aHTUMHUKOTHYKO JI€JCTBO, Beh ce akTuBHMpa yHyTap IjbuBHYHe henuje, mpenasehu y
aKTUBHM MeTaboiuT, S-(hayopouuTo3uH. Ympkoc eduKacHOCTH (IyLUTO3MHA, HEroBa
IpPUMEHA j€ OrpaHUYeHa 300T HEroBe MUJETOTOKCUYHOCTH M I0jaBE PE3UCTEHTHOCTH, 300T
yera ce, Hajuemhe, KOPUCTH y KOMOMHALMJU ca APYTUM AaHTUMHKOTUIMMA, IOMYT
amporepununa b.%
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Camka 1. CtpykrypHe dhopmyJie MpeICTaBHUKA TJIABHUX KJIaca aHTUTJbUBHYHUX JIEKOBA

[locnenuma nosehane nmpUMeHe aHTUIJBMBUYHHUX JIEKOBA jJ€ pa3BOj PE3UCTEHTHOCTHU
IJbMBHIIA HAa HbUX, INTO MpPEJCTaB/ba 030MJbaH 3/APABCTBEHU MpoOJIEeM, KOjU 3HAYajHO
orpaHnyaBa e(UKacHOCT Tepanuje rbMBMYHUX MH(eknuja.>® V uuby npepasunaxema 0BOT
npobiema, 3HauajHa Makkba Ce MOpa YCMEPUTH Ha JeTajbHUje HCIUTHBAKE MeXaHH3aMma
AHTUMHUKPOOHE PE3UCTEHTHOCTH, Kao U yHanpehuBame METO/1a 3a lbeHO PaHO OTKPHUBAHE, KAaKO
61 ce Ha BpeMe MPMIIAro/Iuia Tepanuja U u30eriu HesxesbeHn epextu.>

1.2. A30JM KA0 AaHTUI/bUBUYHM JE€KOBH

A30aM mpeAcTaBibajy TPYMy XETEPOUUKINYHUX apOMAaTHUHUX JeIUI-EHha, IPUPOIHOT
WIA CUHTETHYKOTI MOpPEeKJa, Koja ce OJJIMKY]y KapaKTepUCTHUYHHM XEMHUJCKUM U (PU3UUKUM
CBOjcTBMMA. A30/lM Cy TNeTOWwIaHa apoMaTU4YHA XETEpOLUKINYHA JeUIbEemha, uHja
apOMAaTUYHOCT MOTHYE O] JeJIOKAIN3alije T-€JIEKTPOHA y MPCTEHY. Y CTPYKTYpPH HHXOBOT
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IpcTeHa Mory ce Hahu /10 MeT aroma a30Ta, IpU YeMy MOTY CaJp:KaBaTy U aTOM CyMIIOpa Wiu
kuceonuka.>> Ha ciurm 2 mpukasaHe ¢y CTpyKTypHe GopMyJie HEKUX NPECTaBHUKA a3071a.

! [y [N [ & J B Z_\\N VARV ARY
A S S A A S

H H H I|-I H H H

TTHPOJ nMpasosl  MMHAason 1,2 3-rpuazon 1,2,4-TpHason  TeTpazon  MEHTa30I
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N N N /_\ N—N
/ > /o [\ 4 \ VAR 4 )
o o o o o~ o
0OKCason n30Kcazom 1,2 3-okcaguazon 1,2,4-okcapmason  ¢ypaszar 1,3.4-okcammazon
B) N N N N—N
O o O DO
S <« N S/ %/ \S/ S
THA30JT w3otnason 1,2.3-tmaguazon 1,2, 4-tuaguazon 1,2.5-tmaguazon 1,3,4-THaguazon

Cauka 2. CtpykrypHe dhopMyJlie a30Jia KOjU Y CBOM IPCTEHY CaAPKE a) caMo a3oT, 0) a30T U
KHUCCOHHK U B) @30T M CYMIIOp

benszumuiaszon npeacrasiba jeHO O/ MPBUX a30JHUX JEAUIEHA KOJ KOjUX je youeHa
aHTUI/bUBUYHA akTHBHOCT.>® [IpuMeHa a30i1a y KIMHMYKeE CBpXE 3anounibe 1958. romune, kaga
je yrnorpebsbeHa MacT XJIOPUMHUIA30J1 ca JIOKAJTHUM JiesioBambeM. HakoH Tora, CHHTEeTHCaHa Cy
TPU HOBA aHTUIJbUBHYHA JIEKa: KJIOTpUMa30Jl (ctz), MUKOHA30J (MCcz) U eKOHa3o1 (ecz), Koju
ce joIl yBek KJIMHUYKHU IPUMEmbY]y 3a Jiederhe TJbUBHYHUX uHdekuuja.’’ JIekoBU KOjU y CBOjOj
CTPYKTYpU caJp>ke HMMHUIA30JI0B IMPCTEH, 300T CIMYHE CTPYKTYpe M (U3MUKO-XEMHU]CKHX
0coOKMHa, CBPCTaBajy ce y MPBY IeHepalldjy aHTHIJbUBHYHUX a30i1a.>® HakoH npuMene azona
MpBe TeHepalyje, MoAu(UKaIMje HUXOBE CTPYKTYpe JOBeNe Cy J0 MpOIIMpEma CIEKTpa
JieNloBamka M pa3Boja HOBe TeHepanyje azona. [lopexa Tora, a3onu ce, nmpema CTpyKTypH, MOTY
MOJISNIUTH Ha UMHU/IA30JIe U Tpuazosne. Heku o1 HajBaKHUjUX aHTHTJbUBUYHUX a30Ja KOJU y
CB0jOj CTPYKTYPH CaApKe UMHUIA30JI CY:

1) Kuorpumason (ctz; Cnuka 3) npeacraBiba CHHTETHYKH a30J1 KOJU Y CBOjOj CTPYKTYpHU
noceayje YeTUPHU apoMaTUyHa IIPCTeHa, O] KOJUX je jenan umuaa3onos. [lokazyje Bpio 1o0py
in Vvitro aKTUBHOCT INpPHU HUCKUM KOHIIEHTpalWjamMa IMpeMa IIUPOKOM CIEKTPY IJbHBHIIA.
OyHTHCTATHYKA aKTHBHOCT KIIOTPHMA30JIa CE€ MOXKE MOBE3aTH Ca HErOBHUM JICIOBAambEM Ha
OMOCHHTE3y eprocTepoia, YUMe Cce cripeyaBa pacT IJbUBHIIA, 300T Yera ce IpuMemyje y JeUehy
BYJIBOBarMHAJIHE U opodapuHreansHe KaHIuAWja3e, KOXHUX HHPEKIHja W3a3BaHUX
nepMatoQUTUMa U Pa3sHUX APYTHX TIJbUBHYHUX uHpekimja.’® Tlopex Tora, KIoTpHMAa3oln
nokasyje in vitro akTUBHOCT TNpeMa [ paM-TIO3UTUBHUM OaKkTepHjaMa, JOK IPH BPJIO BUCOKHM
KOHILIGHTpalkjamMa Jelyje M Ha Mapasurcke IpoTo3oe poaa Trichomonas.*® Tomukanxa
MpUMeHa KIOTHPUMa3oJjia y 00JIHKY KpeMa, MacTH M JIOCHOHA 0JJ00peHa je 07 CTpaHe AMepHIKe
ynpaBe 3a xpany u jekoBe (FDA, enrn. U.S. Food and Drug Administration). Hexu nexoBu Ha
0a3u KJI0TpUMa3oJia yKJbY4yjy JIaKTaT Kako Ou ce mo0oJbIaa leropa pacTBOPJHMBOCT. JIakTaT
Moxe ytunatu Ha pusunonorujy C. albicans rpUBHIE U BEHY OCETJBUBOCT Ha JIEKOBE, CITykehn
Kao M3BOP YIJbeHUX XHJpara 3a ribupuie.”!
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2) Mukona3zou (mcz; Cnuka 3) je CHHTETHYKY JepUBaT MMH1a30J1a KOjJU YTJIABHOM JICITyje
(GYHIMCTATHUKK, ald TPU BUIIMM KOHIIEHTpalMjaMa Moke Outh ¢yHrunugad. Hberos
MeXaHHU3aM JIeJIOBamka YKIbydyje noBehame yHyTaphellnjCKuX peaKTHBHUX KHCEOHUYHUX BPCTa
(reactive oxygen species, ROS), mto 1oBoau 10 OKCUIATUBHOT cTpeca U omrehema henuja.
[IpeTnocraBsba ce na oBaj edekar MOXe OUTH MOBE3aH ca WHXUOMIIMjOM aHTHOKCHAATHBHUX
eH3MMa, Kao IITO Cy KaTajasa i nepokcuaasa.*? Kopuctu ce 3a neyeme ribUBUUHEX HH(EKIH]a
CITY30KO0’K€, YKJbY4y]yhul OpajiHy ¥ BarnHaJIHy KaHIUI1ja3y, Kao ¥ UHPEKIIH]je KOXKE U HOKTH]Y
w3a3BaHe Bpctama Trichophyton m Epidermophyton.*>** MukoHa30n ce KIMHHYKH MOXKE
NPUMEHUBATA TONMMKAIHO WJIM MHTPAaBEHCKH, IPH Y€MY je€ MHTpaBEHCKa Tepamuja mnpaheHa
HEXXEJbCHUM PeaKijama, Kao IITO Cy MyYHHHA, TEMIIepaTypa U KapJUOTOKCUIHOCT MpU Op30j
nady3ujn.* TomukaaHu mpenapaTd Ha 6a3y MHKOHA3071a Cy Hajuermrhe MOCTYMHH y OOIHKY
KpeMe, Tefa, pacTBOpa WM CIpeja y KoHUeHTparuju of 1%.%*> V oBom ciyudajy, 036u/bHH
HEXXEJbEHH SPEKTH Cy BeOMa PETKH, a TIOBPEMEHO CE jaBJ/ba LPBEHHIIO KOXE U aJICPTH]jCKH
KOHTAKTHH JICPMATUTHC.

3) Ekonazon (ecz; Camka 3) je MMHIA30JHH AHTUTJBUBUYHH JICK CTPYKTYPHO CIIUYaH
MHKOHA30/1y*® M KopucTu ce yriaBHOM 3a Jeueme KokHux wuHpekuumja.’’ Opaj nex je
KOMEPIIMjaJTHO JIOCTYIaH y OOJIMKY KpeMe M MacTd 3a TONUKAIHY NpuMeHy. 300r HUCKE
pPacTBOPJEMBOCTH €KOHA30J1a, OTPAHUYEHA je IerOBa KOHIICHTPAllKja Ha MECTY JeJIOBamba, Kao
U nepmeabmiHOCT. Jlpyra HexesbeHa JejCTBa, Kao MITO Cy WPUTAIH]ja, [PBEHUIIO, TIEIKAKE U
cBpab, npujabibeHa cy ko 1 — 4% nanujenara.*® Taxole, (pyHTUIMAHA AKTUBHOCT €KOHA3071a
3aBUCH OJI KOHIICHTpAllMje M BpEeMEHa H3jiarama, 300r 4era JieUeHhe MPUMEHOM OBOT
AHTUMMKOTHUKA 3aXTeBa JyroTpajuy Tepanujy.* Tlopen Tora, oBaj ek ce 6p30 MeTabonuIIe U
Besyje 3a MPOTEUHE Y KPBH, IITO JOBOJU [0 HEMOBOJHHOT (hapMakokuHeTuukor npoduna.>’ C
003MpOM Ha OBY YHIHCHHUILY, MOTPEOHO j& pa3BUTH HOBE (pOopMyJammje OBOT aHTUTJbUBUIHOT
JieKa y IiJby 1Mo00JbIIamha BEroBe ehUKacHOCTH.

4) Keroxonazon (ktz; Cnuka 3) npBu je npeCTaBHUK Ipyre reHepalnje aHTUTJbUBUYHUX
a30J1a, KOjU MOPeJl UMHUIA30J1a Y CTPYKTYPH CaJp>KU U TUOKCOIAHCKY (DYHKIIMOHAIHY TPYITY.
3a pa3nuKy O]l MPETXOIHO MTOMEHYTHUX a30Ji1a, FheroBa MpUMeHa Hije Oujla orpaHruyeHa camo Ha
JIeUeHhe TOBPITUHCKUX MUKO03a, Beh je 0Baj aHTUMHUKOTHK OMO M TIPBU OPATHO JOCTYIaH a30J
3a Jeueme CHCTeMCKUX IJbMBHYHMX MH(ekimja.!!>!"? Mexanusam nenoBama KETOKOHA3051a
3aCHMBA ce Ha MHXMOUIMju OuocuHTe3e eprocrepona y hemmjckoj memoOpanu C. albicans
rpuBuLe.”>>* MelhyTum, jenan of IJaBHHMX HeJOCTAaTaka MPMMEHE KETOKOHA301a je Heroa
M3y3€THO cllaba pacTBOPJBUBOCT y Boau.” Kao ciaba 6a3a, KETOKOHA30J ce I0Opo pacTeapa y
KHcesoj cpeanHu, omoryhasajyhu 6oy ancopnuujy neka. Hacynpot Tome, npu Bucokum pH
BPETHOCTH OCTaje HEIMOTIYHO pPAacTBOPEH, INTO JOBOJHM IO 3HATHO CMarmbeHE arcopIIyje.
VYnpaBo oBa M3pakeHa 3aBUCHOCT PacTBOPJBUBOCTH KeTOKOHaszosna o pH BpeaHoctu 3a
pe3yaTaT uMa HeTpeIBUINBY arlCOPIIIHI]Y ¥ IIMPOKH OTICET OpaliHe OMOPACIIONIOKUBOCTH, KOja
ce xpehe o1 37 10 97%.%%7 360r Tora je HeonmxoaHO MpeIy3eTH Mepe Koje he HCTOBpeMeHO
nosehaTu pacTBOPJLMBOCT M OPaHy GHOPACHOI0KUBOCT oBor jeka.”® ITopen Tora, yrBpheHo
je na TepamMja TJbMBHYHMX HWHQEKIMja KETOKOHA30JIOM 4YecTo wu3a3uBa mnopemehaje
TracTpOMHTECTHHATHOT ~TpakTa, Kao M XemaToToKkcmuHocT. OBa HeXeJbeHa JIejCTBa
KETOKOHA30J1a, Ka0 M CMameHa €(PUKACHOCT JIeUeHa JI0BeJa Cy 10 HEeroBe 3aMEeHE HOBHJUM U
e(pMKACHMjUM TPUA30IHMM AHTMIJUBHYHMM JieKoBuUMa.! Mak, KeTOKOHA30l ce M Jajbe
KOPHUCTH y OOJIMKY KpeMa U IaMIioHa 300T 100pe akTUBHOCTH TpeMa KOXXHUM MuKo3ama. Kao
2% mammoH, epuKacaH je y Jedewmy ce00pejHOT JEpPMATHTHCA, a KOPUCTH CE M 3a TPeTMaH
MacHe KOe U TepyTu.>’
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Cauka 3. CtpykrypHe dhopMylie KIHHUYKH OJ00OPEHUX aHTUTJbUBUYHHX JIEKOBa Ha 0a3u
MMUJa30I1a

Kao mro je Beh momeHyTo, MMHIA30/IM TIPENCTaBIbajy jEAHY OJ TJIABHUX Kilaca
AHTUIJBMBUYHUX JIEKOBa Ha 0a3u a3ojia M 3HAYajHO Cy JONPHUHENH JeUehy MOBPIIMHCKUX U
CHCTEMCKHUX TJbUBUYHHUX WHOeEKIja. Mel)yTiM, MHOTH aHTUTJbUBUYHU JICKOBH M3 OBE TpyIIe
UMajy OTpaHHYeHy NpUMEHY 300T YCKOI CIIEKTpa JieloBama, ciade pacTBOPJBUBOCTH WU
MojaBe HeXeJbeHux edekata. Y NWbY TMpeBa3wIaKekha OBUX HEJOCTaTaka, HOBHja
UCTpaXMBamka yCMEpPEeHa Cy Ha pPa3BOj HOBUX JepuBaTa umunaszona. [lopexn ummpaszona,
TPHUA30JIM TIPENICTaBIba]y 3HAYAjHY KJIaCy aHTHUTJBMBHYHHX JIEKOBA Ha 0a3W a30ja W HHXOBA
NpUMEHA je J0BeNa JI0 3HAYAjHOT HANpeTKa y Jedery TbUBMUHUX uHbpeknuja.’’ Y nopehemy
ca MMHJA30JMMa, TPUA30JId OOWYHO TMOKAa3yjy IIUPU CHEKTap aHTUIJbMBUYHE aKTHUBHOCTU U
CMameHy TOKCHYHOCT, IITO WX YMHH MOTOJHHUM 33 KIMHWYKY NpuMeHy. McTpakuBama cy
nokasaja Ja Ha e(pUKACHOCT TPHa30ja, OCUM a30JIHOT MpCTeHa, YTU4Y U ApPYyre CTPYKTypHE
KOMITOHEHTE Y MOJIEKYJIy M CTEPEOU30MEepHja, MTO OMoryhaBa qu3ajH HOBUX, CPUKACHU]UX U
Mamhe TOKCHYHHX aHTUIJbUBMYHHUX JekoBa.’®? Tpuasomu nenyjy kao unxubutopu CYP51
€H3MMa, KOjH j€ KJby4aH 3a CHHTE3Y eprocreposia, eCeHIIUjaTHOT cTeposta hemujcke MmeMOpaHe
IJbMBHIA. TpHazonu cy yriiaBHOM (YHIMCTAaTHIIM, OCUM BOPHKOHA30JIa U UTPAKOHA30J1a KOjU
Mory nenoBatu ¢yarumuaHo. I[lopex Tora, Behm aduauTeT Tpmazoma mpema CYPS1
M30JI0BAHOM M3 TJbMBHIIA OMOryhaBa HWHUXOBY 00JbY AHTUIJBMBHUYHY aKTUBHOCT U Mamby
TOKCHYHOCT. Hekn o] HajBa)XHMjUX aHTHUTJPUBHUYHUX JIEKOBA Ha 0a3W Tpuasoya, ddje Ccy
CTPYKTYpHE (opMyJie MpUKa3aHe Ha CIUIHU 4, Cy:

1) ®nykonazon (fcz) je 1994. roqune omobpeH ox ctpane FDA 3a opanHy nmpumeny y
Tepanuju BaruHanHe kauauaujase.® Ilopen Tora, e(ukacaH je y NpPEBEHIUjH U JIEUEHY
NOBPIIMHCKMX M MHBasUBHMX uH(pekuuja wusasBanux Candida Bpcrama.’*®  Osaj
AQHTUTJBHBUYHHU JIEK U3 TPYIE TPUA30Jla y CBOjO] CTPYKTYPH CaApKu JUQIIyOopPEeHUIHY TPyITy

8 Mua Cmanxoesuh



Jlokmopcka oucepmayuja Onwmu deo

(Cnuka 4), xoja JOTMPUHOCH HETOBOj CTAOMIIHOCTH M PacTBOPJbUBOCTH. CTENEH aIrCoOpIIIHje
Jeka je 3HaTHO Behm y mopehemy ca JpyruMm a3onuma, IITO je HajBepOBaTHHUje IMOCIenuia
merose Behie pacTBOPJLUBOCTH y BOJIM M HUCKOT apMHMTETA MpeMa MpOoTeMHUMa Tu1asme. *

2) Wrpakonaszon (icz) mpeicTraBba HpPBH OpPATHO JOCTYNaH AaHTUTJbUBUYHU JIEK cCa
u3pakeHoM akTuHomNy mpema Bpcrama u3 Aspergillus pona.®®® Tlpumama rpymnu
TUIO(GUIHUX JIEKOBA, a IberoBa CTPYKTypa 00yXBaTa TPUA30JIHU PCTEH, TUOKCOJIAHCKY TPYITY
u xjopdenmwinu ocrarak (Cinuka 4), mTo o06e36elhyje 3HaUajHy CTAOMIIHOCT U cHerudUIHO
BE3MBambE 3a CH3UME U3 rpyme nuroxpoma P450. Jlenyje GpyHrucratnyky wim QyHTHIHIHO, Y
3aBUCHOCTH O/ IPUMEH-CHE KOHICHTpAlMjeé M BPCTE TIJbMBHILE. 3axBasbyjyhn IIUPOKOM
CIIEKTPY ACJIOBakha U MOBOJFHOM (hapMaKOJIOMIKOM MTPOdUITy, UTPAKOHA30J MPEACTABIbA jeJaH
01 Haj3HAUAJHUjUX JIEKOBA y TEpalHju CHCTEMCKUMX M cyOkyTanux muko3a.® ITopex Tora,
KIMHUYKE WHAWKALUje 3a IPUMEHY HUTpaKkoHa3o0ja oOyXBarajy WMHBAa3MBHE W XPOHUYHE
rJpUBMYHE  uH(peknuje, ykbydyjyhu  pecnupatopHe  HH(EKIUje U AIEPrUjCKy
OpOHXOITyJIMOHAJIHY ~aclepruwiody. HauymH mnpuMeHe WTpaKoHa30jla 3aBUCH O]l BPCTE
uH(]eKuuje, a JeK je AOCTymaH y OOJMKY OpajHOI pacTBOpa, Karcyja W HHTPABEHCKHX
dbopMmyanuja. ATICOPIIHMja UTPAKOHA30JIa YCIOBJbECHA j€ KUCeIoIThy JKeTyJaqHoT caapiKaja v
11060JbIIIABA CE IPUMEHOM JIeKa y3 0OpoK.

3) Bopukonazon (vcz) mpeacTtaBjba MPBH TPHUA30JHU AHTUIJBMBHYHU JIEK JIpyre
reHepalyje Maje MOJIEKYJICKEe Mace, PaCTBOPJbUB Y BOJM, M OJ00pEH 3a Tepamnujy HHBAa3UBHE
acreprunose u esogareande kanaumujasze.’’? ITokasyje e]uKacHOCT mIpemMa BpcTama U3
Aspergillus, Fusarium u Candida pona (yxkseyuyjyhu Bpcre C. glabrata u C. krusei xoje cy
PE3UCTEHTHE WM Mame oceTsbuBe Ha (uykoHason). Ilopen Tora, akTHBaH je y Tepamuju
uHdeKuuja n3asBauux Fusarium u Scedosporium BpcTaMa, Koje ce CMaTpajy TeIIKo JIEUHBUM. >
Hexesbenn edexT Tepanuje BOPHKOHA30JIOM YKJbYYYjy TI0jaBy OCHIIA HA KOKU M TIOBUIIICHE
HUBOE TPaHCAMMHA3a, eHIeaonaThjy WiIn XalyuuHauje.”>

4) IlocakoHazon (psz) IpUMEWYje ce Y MPEBEHIUJU MHBA3UBHUX MH(QEKIIM]ja N3a3BaHUX
KBacIlUMa M IJIECHUMA, YKJbYydyjyhy MHBa3UBHY aclepruiio3dy Koj MalyjeHaTra ca BHCOKUM
pusukoM ycien umyHocynpecuje. [TocebHo je edukacan y yeuerwmy MHBa3UBHUX MH(QEKIM]a
u3a3BaHux ribuuiama Candida n Aspergillus.”® Jlex je y moderky 6MO JOCTyNaH y OOIHKY
OpaJiHe CyCIeH3Hje, Mel)yTHM BberoBy KIIMHUYKY IIPUMEHY Cy OrpaHHYaBaJId HETPEIBUINBH U
IpOoMeHJbUBHU npodun arncopmuyje. [IpucycTBo ¢iryopdeHuIHOr ocTaTka Mopes TpHa3oaIHoTr
IpCTeHAa Yy CTPYKTypH oOBOr aHTUMHKOTHKA (Cnuka 4) ycloBJbaBa HEIOBY H3pPaXEHY
aunopuiIHOCT, 300r dera armcopriyja Jieka y 3HauajHO] MepU 3aBUCH O] OpOjHUX
racTpOMHTECTUHANHUX (¢akropa, ykibyuyjyhu pH Bpennocr. Ilopex Ttora, cnaba
PacTBOPJEUBOCT TIOCAKOHA30JIa Y BOJIM YCIIOBJbaBa MOTPEOyY 3a HETOBOM IPHUMEHOM Y3 XpaHy
6oratrom Mactuma.’””? HaBeJieHH HeIOCTAallU y alCOPIIMjU MPEJICTaBbald Cy OCHOBY 3a
pa3Boj HOBOT (hapmarieyTcKor 00JIMKa, y BUAY TabyieTa ca mpoyKeHUM ocio0ahameM, Koje cy
y nopehemy ca opaHOM CycCIlieH3ujoM oMoryhmiie mocTu3zame Behux KOHIIEHTpaluja JeKa y
KpBH. Y Op30 HAKOH TOTa, pa3BHjeHA j€ U UHTPABEHCKa (popMytaiiyja mocakoHa3ojia, HAaMEeHheHA
nalMjeHTIMa KoJl KOjuX opaiHa npuMeHa Huje moryha. Kox o6e ¢popmynamuje HeonxoaHa je
npuMeHa Behe J103e IpBOr 1aHa Teparnuje paau OpxKer MOCTH3amka TEPAIjCKUX KOHLIEHTpallrja,
1ITO HUje GUIIO0 U3BOAIBMBO KOJ OpajHe cycrensuje.’®
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Cauka 4. CtpykrypHe dhopMylie KIHHHYKH OJ00PEHUX aHTUTJFUBUYHHX JIEKOBa Ha 0a3u
TpHaszoJia

1.3. MeauuuHCKHU 3Ha4aj KOMILUIEKCHHUX jeIMbemha

C 0063upom Ha MmopacT aHTUMUKPOOHE PE3UCTEHTHOCTH, HEOMXOIHO j€é CHUHTETHCATH
HOBa jelUIEHha ca MOTEHIMjaTHUM aHTHIJBMBHYHUM JefioBameM. [locnenmux TroanHa
HCTpaXMBamwa Cy CBE BUIIIE yCMEPEHa Ha jeIUbEeHha Koja caapike joHe MeTana. Mako ce meranu
YECTO MOBE3Y]y ca MHAYCTPHJCKOM MPUMEHOM U MOTEHIIMjaIHOM TOKCUYHOIINY, TO3HATO je /1a
Cy MHOTH Ol HHX €CEHIMjaJHU 3a HOpManHO (yHKIHOHHMCame opranuzma.®’ Ecenrmjamnu
MeTaJju, Kao IITO cy rBoxkhe, Xpom, MaHTaH, KOOANT, IIMHK, OaKap ¥ MOJUOIEH, HEONTXOIHU Cy
3a HU3 BUTAJIHUX Ipolieca, YKibydyjyhu metabonnuke peakuuje, OoTOCUHTE3Y, PacT U pa3Boj,
henujcko mucame, MummhHy KOHTPaKIMjy, IPEHOC HEPBHUX UMITyJIca M (Gukcamujy a3ora.t05?

Metanu W BWUXOBA jeUIbEHA IPUMEHkY]Y C€ Y MEIULMHU Kpo3 HCTOpUJy
nuBmIM3aIyje. TokoM nmocneamux AelieHr]ja cBe Behu Opoj HCTpakBama ycMepaBa MakKmby Ha
KOMILJIEKCE MeTajla ca OpPraHCKUM JIMTaHAMMa, NPU YeMy HaCTajy jelumbemha Koja 4YecTo
MoKasyjy 3HaTHO Behy euKacHOCT y OJTHOCY Ha JIEKOBE 3aCHOBAHE UCKJbYUYHMBO HA OPTaHCKUM
Monekyauma. Kommiekcu metana ieinyjy Ha MUKpOOpraHU3Me Ha BUIIIE HAUKHA, IITO YKIbyUyje
OTITYIITakhe WU CYNCTUTYIHM]y JUTaH/Aa, Kao W CTBapame PEaKTHBHHUX BPCTa KHUCEOHHKA,
noBosaehu 1o omrehewma henuje. JoH MeTana 3HayajHO YTHYE Ha CTPYKTYPY M TE€OMETPH)Y
KOMIUIeKca. TpOAMMEH3MOHATHA CTPYKTypa OBHX KOMILIEKca omoryhaBa OHOJIOMIKY
aKTUBHOCT KOja ce pasiuKyje ol aKTMBHOCTM CaMHX OpraHckux nuranana.’3* 36or csoje
CIIO)KEHE TIPOCTOPHE CTPYKType U crHenuduvHe TeOMeTpHje, MeXaHW3aM JelIOBamka
KOMILIEKCHUX JeTUCHa YECTO j€ TEeUIKO y MOTIYHOCTH pa3jaCHUTH, IPU YeEMY c€ YIpPaBo Ta
reoMeTpHrja cMaTpa OJTrOBOPHOM 3a FHHXOB JIPyrayMju MEXaHW3aM JIeJoBama y OJHOCY Ha
KInacuuHe opracke nekone.’**> BpojHa uctpaxuBama y 061acTH IpUMeHe KOMILIEKCa MeTasa
y MEIMIIMHY JIOBEJA CY JIO pa3Boja Hay4YHEe NUCITUILTHHE TI03HATE Ka0 HEOPraHCKa METUITMTHCKA
xemunja.!® Usmely ocranor, oa obmacT XeMmHuje ce OaBU NPOYYaBAEEM PA3IUUUTHX
MeXaHW3amMa JelloBama KOMIUIEKCa MeTana y mopehemy ca OpraHCKHM jeAumemuMa H
IbUXOBUX MHTEPAKIIMja ca MPOTEMHUMA, MENTHIMMA U aMUHOKHCETMHAMA.
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Otkpuhe anTuTymMopcke aktuBHOCTH 1tuctiatuHe (cis-[Pt(NH3)2Clz]; Cnuka 5a) 1969.
romuue®’ U3a3Bao je 3HaYAjHO MHTEPECOBaME 3 MPUMEHY KOMILIEKCA MeTana y MeIUILMHH,
KaKo y JIMjarHOCTUYKE, TaKO U y TepaneyTcke cpxe.®® Mako ce y MeIUIMHI KOPUCTH jOLI OJ1
1970. rogune, HMCIUIATHHA, IO KOMepIijarHiuM Ha3uBoM Platinol, 3Bannuno je 1978. rogune
onobpena o ctpane FDA 3a nedeme TyMopa TecTrca, jajHuKa, rparha maTepuiie u MokpahHe
6emmuxe.®?! Mexanusam nenoBama IUCIIIATHHE 3aCHUBA CE HA HEHOj MHTEpaKuju ca DNA,
Ipu 4YeMy HaKOH yiacka y hemujy monmasu 1O CyNCTUTYLMje XJIOPUAHUX JIMTaHA/IA aKBa
JUTaHAMMa, KOJU Ce J1aJbe CYNCTUTYHIY aTOMUMa a30Ta U3 MypuHCKUX 06a3a y DNA, unme ce
WHXUOMpA peruIMKainja TYMOPCKUX henrja, 0JHOCHO JI0J1a3| JI0 porpaMupaHe cMpTH henuja
(anomro3e).”? MelhyTum, 360r 3HauajHe TOKCUYHOCTH M HEXeJbeHHX e(eKaTa, Kao IITO Cy
omrehema ciyxa, HapyllaBamba aHaTOMCKE CTPYKType KOWITaHe CpKH H mopemehaja
dusnonomke Gpynkuuje 6yopera,” ncTpakuBama Cy ycMEpeHa Ha Pa3B0j HOBUX IIUTOCTATUKA
Ha 0a3u 1uiatuHe, Mehy kojuma ce u3aBajajy kapoOorutatuHa (Ciuka 50) M OKCalIMIUIaTHHA
(Cnuxa 58B). MehyTum, u oBu komminekcu wiatuae(Il) nokasyjy TokcH4HO aenoBamse.t’

0) o) B)
H, o)
o]
Cluy,,  NH3 HaN 7 Nx‘ /0
Pt Pt Pt

Cl/ \NH3 H3N/ \o "”'II/N" \o

H, 0
0]

Cauka 5. CtpykrypHe dopmyiie IucIiaTuHe (a), kapoomnatune (0) v okcanuriaaTuHe (B)

a)

AHTHTYMOPCKY aKTHBHOCT TpeMa oipel)eHnM BpcTama TyMOpcKuX henuja mokazanu cy
U KOMIUIEKCH TrajiijyMa, pyTeHHjyMa, TUTaHa, OCMHUjyMa, NanagujyMa, UpUanjyma, U IpyTux
merana.!’ Y nponanaxemy KoMIUIeKca MpeNasHuX MeTana Koju 61 IoKa3aau 60Jby aKTHBHOCT,
Behy CeNEeKTHBHOCT M Mamy TOKCHMYHOCT y oJHOcy Ha komiuiekce rutatuHe(Il), kommiekcn
pyrennjyma(1l/IIT) uzaBojuiu cy ce kao HajaaekBaTHHUja 3ameHa (Cnuka 6). Tako je koMIuiekc
pyrenujyma(Ill), [HIm]{¢rans-[RuCls(Im)(dmso-S)]} (NAMI-A, Im = umuaazon; Crnuka 6a)
M0Ka3ao in vivo epUKacHOCT mpemMa MeTacTazupajyhum Tymopuma miyha, JOK je KOMILIEKC
[HInd] {¢rans-[RuCl4(Ind)>]} (KP1019, Ind = unnazon; Cnuka 60) nokazao 1o0py aKTUBHOCT
npeMa TyMOpHMa PE3UCTEeHTHUM Ha IMCIUIATHHY, HAPOYUTO KO KOJOPEKTATHOT KapImHOMAa
(xapuuHOM J1e6enor upeBa).94
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Cauka 6. Ctpykrypae dpopmyie kommiekca pyrenujyma(lll) NAMI-A (a) u KP1019 (6)

Kommiekcu 3nata(Ill), m30CTpyKTypHU U U30€IEKTPOHCKU KoMiuiekcuma ruiatune(1l),
MMajy 3HauajHy YIOTYy y HCIUTHBAaHUMAa aHTHTyMOpCKe akTuBHOCTH.”> Hapoumto ce kao
MOTEHIIMjaJTHU aHTUTYMOPCKU areHcH ucnuTyjy komruiekcu snata(lll) ca muranmuma koju
calpke JIOHOPCKE aToMe a30Ta, Kao INTO Cy MOJMaMHHU, NOPGUPUHH U JepUBATH
(enantponuna, Gunupuauua u Teprupuauna.”>?® Iopen kommnekca 3nara(lll) u xommuekcu
3nata(l) mokasyjy 3HauajHy OMOJIOIIKY aKTUBHOCT, rpu 4eMy je K[Au(CN):] aktuBan nmpema
Mycobacterium tuberculosis Gaxrepuju,”’ nok ce aypanodun (Ciuka 7) KOPUCTH y JieUemy
peyMaTouHor apTpuTHca.’

Cauka 7. CtpykTypHa (opMyia aypaHo(puHa KOjU ce IPUMEbY]je y Tepaluju peyMaTOUTHOT
apTpUTHCa

Bakap ¥ IMHK Cy eceHIMjaTHM MeTald HEONXOJHH 3a MPABUIHO (DYHKIIMOHHCAHE
OpojHMX OWOJOMIKMX TpoIeca y JbYJACKOM oOpraHu3My. HemaBHO je CHHTETHCAHO TIeT
komriekca Oakpa(ll), xoju cagpxe AUMETHI-UPUINH-4,5-TUKApOOKCUIIATHE €CTpe Kao
muragae  (Cmuka  8),  [Cu(NOs)(py-2tz)(H20)3:]NO3,  [Cu(NO3)2(py-2metz)(H20)],
[Cu(NO3)2(py-2py)(H20)]H20 [CuCla(py-2tz)]> u [CuCla(py-2metz)], (py-2tz je numeTui-2-
(Tnazon-2-wn)nupuauH-4,5-qukapOokcunar, py-2metz  je  IuMeTui-2-(4-MeTuiaTHa3o-2-
WI)OUPUANH-4,5-1uKapOOKCHIaT u py-2py = TUMETHIN-2,2’ -ounupuana-4,5-
nukap6okcunar).” KpucTanHe CTpyKType OBUX KOMILIEKca cy ogpeheHe NpuMeHOM
penareHcke  crpykrypHe anamm3e. Kommiekc  [Cu(NO3)(py-2tz)(H20);]NO3  uma
JUCTOPTOBaHy OKTAaelapcKy TEeOMETpHjy, JOK NPeocTalld KOMIUIEKCH JAHCTOPTOBaHY
KBaJIpaTHO-IUpaMUuJalHy TeomeTpujy. HMcnutuBana je aHTtuOakTepHjcka aKTHUBHOCT
KoMmIuiekca npema ['pam-nio3utuBHOj (S. aureus) u I'pam-HeratuBHOj 6akTepujckoj Bpctu (P.
aeruginosa), Kao M \BUX0Ba aHTUTJbUBHYHA aKTUBHOCT ipeMa niBe Candida Bpcte (C. albicans
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u C. parapsilosis). AHTUMUKpPOOHA aKTHBHOCT KOMILIEKCa je ymopehuBaHa ca HHUXOBOM
anTunpordepaTHBHOM akTHBHOIIhY mpema 31paBoj henujckoj nuHUju Gubdbpodnacra miyha
(MRC-5; ICso nmpencraBiba KOHIEHTpAIM]y jenbeha Koja naxubupa pact henuje 3a 50%).
Komruiekcu cy mokasaiy yMepeHy aHTUTJbUBUYHY aKTHBHOCT, TIPH Y€MYy je HajO0Jha aKTUBHOCT
youeHa 3a komiuiekce [Cu(NOsz)(py-2metz)(H2O)] u [CuCla(py-2metz)], (MIC = 31,25
pug/mL). hemuje C. albicans ATCC 10231 cy TpeTupane CcyOMHXUOUTOPHUM KOHIICHTpaIjama
KOMIUIeKca, pu yeMy je HaheHno ma kommuiekcu [Cu(NO3)(py-2tz)(H20)3]NOs u [CuCl(py-
2tz)]> ckopo MOTIyHO MHXHOUpajy cTBapame xuda HakoH 120 h mukybamuje. Ilopen Tora,
[Cu(NO3)(py-2tz)(H20)3]NO3 xomrmuiekc naxubupa dopmupame 6uoduima 3a 70%, 10K je
edekar komruiekca [CuCly(py-2tz)] mamu (50%).

ouo2 _| H,0
WOH; NO; N,,, WOH; - N,” WOH,
s \N/l 'ONO, /| 'ONO,
ONO, ONO,
Cu(NO3)(py 2tz)(H,0)3;]NO; C11(NO3) (py-2metz)(H,0)] Cu(NO3)3(py 2py)H,0)] H,0
|
00O
S5 B _
,—(_ c
o = 3"
| s Ny, oCl
N, i, _,\\\\“CI 7 "'..c i
W Y — e
\=/ C|///,,” I \.\\\\N\ S 2 Z
“cu”
o N Ao g
= o} — | —In
o
I
[CuClLy(py-2t2)], [CuClLy(py-2metz)],

Cauka 8. CtpykrypHe dhopmyie komiuiekca 6akpa(ll) koju cagpike numeTun-nupuana-4,5-
IUKapOOKCUTIaTHE €CTPE Kao JIMTaHe

HcnutuBaHa je aHTHJbMBMYHA aKTUBHOCT Komruiekca Oakpa(ll) ca duykonaszonom
{[CuClz(fcz)2]'5SH20}, (Cnuka 9) npema ripuBudHuUM Bpctama (C. albicans ATCC 10231, C.
parapsilosis ATCC 22019 u C. krusei ATCC 6258), kao u npema uetupu uzonata C. albicans
(C. albicans 1c, C. albicans 1f, C. albicans 11 n C. albicans 13).!°° ITopex Tora, onpehena je
UTOTOKCUYHOCT ~OBOI KoMmIiekca Ha 3apaBuM  MRC-5 hemmjama.  Kommuieke
{[CuClz(fcz)2]'5SH20}x je mokazao 2,7 myTta 60Jby aKTUBHOCT MIpeMa KIMHUYKUM u3onatuma C.
albicans on ¢pnykonazona (UM xoHneHTpanuje). Mehytum, kommneke 6akpa(ll) je Tokcuunuju
npema MRC-5 henmnjama y omHocy Ha oaroBapajyhu azon. Mnak, yrBpheHo je 1a je BpeaHoCT
unzaekca cenektuBHOCTH (SI) {[CuCly(fez)2] SH20 ) komIIekca mpeMa KITMHUYKUM W30J1aTUMa
C. albicans 41. Uaxubunyja punamenrtanuje C. albicans ripusuue je npahena npu 0,5 x MIC
BpenHoctu {[CuCly(fcz)2]'SH20}, xomruiekca, mpu 4emy je yTBpheHO Ja OBaj KOMIUIEKC Y
MOTIYHOCTH MHXUOUpa hopmupame xuda.
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Cauxka 9. CtpykrypHa ¢popmyira komruiekca 6akpa(ll) ca pmykonazonom

HcnutuBana je aHTUTJBPMBUYHA aKTHBHOCT Komrutekca muHka(Il) ca ¢urykonaszonom
{[ZnClx(fcz)2]-2C2HsOH}, (Cauxka 10) nHa Tpu Bpete ribuBuna (C. albicans ATCC 10231, C.
parapsilosis ATCC 22019 u C. krusei ATCC 6258), kao 1 npemMa KIMHUYKUM u3osnatuma C.
albicans (lc, 1f, 11 u 13).!'° Kommnekc {[ZnClx(fcz):]'2C2HsOH}, je moka3ao 6osby
aktuBHOCT mpema u3onatuma C. albicans on fcz nwranpma (2,7 myra). AHTUTJBMBHYHA
aktuBHOCT {[ZnCly(fcz)2]-2C2Hs0H } kommiekca je ynopehusana ca anHTunposndepaTuBHOM
aktuBHOIIhy Ha 3apaBoj] MRC-5 henujckoj munuju (ICso), mpu yemy je yTBpheHo na je
KOMILJIEKC TOKCUYHUjHU 0] (piykoHazona. Mnak, SI kommiekca npema KIMHUYKAM H30J1aTUMa
C. albicans w3nocu 73. Ilopen Tora, UCTIMTHBAH j€ YTHIIA] OBOT KoMmIuiekca Ha anaxe3ujy C.
albicans Ha henuje Tymopa miayha (A549) y npucycrsy MIC BpeaHocTH, mpH 4eMmy ce Ha
OCHOBY J00HMjeHHMX pe3yiaTaTa Moxe 3akbyuuTu na {[ZnCl(fcz):]'2CoHsOH}, xommiexc
3HaYajHO yTHue Ha cy3bujame anxesuje C. albicans.'®

/_ * 2 C;HsOH
F
N

Qqqn u""l,, Cl //__, \\N

< Z“\N\/\N N;Zn”“{N\/ >
/ HO _ )
. ndN Y
\N/ \/N\
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| .,
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{[ZnCly(fcz),]-2C,H;OH},,

Cauxka 10. CtpykrypHa popmyna komruiekca iuaka(Il) ca pmykonazonom
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CunreTtrcana cy W Ouosomku TecTupaHa Tpu Komruiekca nuHka(ll) (Couka 11)
[ZnCl2(qz)2], [ZnClx(1,5-naph)], u [ZnClx(4,7-phen):] (qz je xunHazomuH, 1,5-naph je 1,5-
HadTupuauH u 4,7-phen je 4,7-penantponun).'”! Ucnurusana je anTu6akTepHjcka aKTHBHOCT
CHUHTETUCAHUX KOMIUIeKca, oaroapajyhux nuranaza u ZnCl, npema ['pam-no3utuBHUM (S.
aureus u L. monocytogenes) u I'pam-HeratTuBHUM Oaktepujama (E. coli u P. aeruginosa), xao
U BHUXOBa aHTUIJbMBHYHA akTUBHOCT Ha C. albicans wu C. parapsilosis. CuHTeTHCAHU
KOMIUIEKCH Cy TOKa3aJld YMEpPeHy HHXUOMTOPHY aKTUBHOCT mpema S. aureus, IpU 4emy
[ZnCl»(4,7-phen);] koMIUIeKC MoOKazyje HajOOJby aHTHOAKTEpUjCKYy akTUBHOCT. [lopen Tora,
OB3j KOMIUIGKC y TIOTIIYHOCTH HWHxuOMpa ¢uramentamujy npu MICy u  MICgo
KOHI[EHTpallMjaMa M TIOKa3yje CHHEPTrUCTUYKH edekar y KOMOWHAIMjH ca KIMHUYIKA
KopumheHM aHTUMUKOTUKOM HucTaTHHOM. !

(|3I
Z
NGO |
N) & N/ cr—én—m

[ZnCly(q2),] [ZnCl,(1,5-naph)], [ZnCl,(4,7-phen),]

Cauka 11. Crpykrypae popmyie komruiekca ruaka(ll) ca apomatuaaum
N-XeTepOoIUKINIHUM JIUTaHIIMa

HenaBHo je cuHTeTHcaHO TeT HOBUX Komruiekca cpedpa(l) xoju caapike Hampen
MOMEHYTE JAUMETUI-IUPUANH-4,5-TuKapOOKCUIIaTHE eCTpe Kao JIMraHjae y  Iuby
TpOHaJaXKemha HOBUX aHTUMHKPOOHHUX arenaca (Crmuka 12).'92 CunTeTrcanu KomIeKkcH cy
noKasajau J100py akTHUBHOCT mpema tectupanuM ribuBunama (C. albicans, C. glabrata, C.
krusei u C. parapsilosis), ipu 4eMy je Haj0OJba aHTUTJPUBUYHA aKTUBHOCT youeHa npema C.
parapsilosis (MIC = 1,56 pg/mL). [lopen Tora, Haj00Jba aHTUTJPUBUYHA AKTUBHOCT MpeMa
uzonary C. albicans 1b je youena 3a komrekce [Ag(NOs3)(py-2metz)], (MIC = 0,12 pg/mL) u
[Ag(py-2metz)2]BF4 (MIC = 0,25 pg/mL). Cunrerucanu kommiekcu cpedpa(l) cy mokazanu
n00py akTUBHOCT U mpeMa uzonatuma Prototheca (MIC on 1,56 no 4 mg/mL). Kommuiekcu
[Ag(NO3)(py-2metz)|n u [Ag(py-2metz)2|BF4 naxubupajy dopmupame xuda, 10K KOMILIEKC
[Ag(py-2metz)2]BF4 Moxxe cMamuTH BHUPYJICHLHU]Y U chpeudTH uHpeknuje uzazpaHe C.
albicans cojem. C papyre crtpaHe, cuHTeTHCaHH Komiuiekcu cpebpa(l) cy mokaszamu mo0py
aHTUOAKTEePH)CKy aKTUBHOCT, ToceOHO mpema uzonary S. agalactiae (MIC BpenHOCTH y OTICery
ox 1,56 10 16 pg/mL).'%?
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Cauxka 12. CtpykrypHe popmyne komiuiekca cpedpa(l) koju mokasyjy aHTUMUKPOOHY
AKTUBHOCT

1.4. Komnaekcu cpeopa(l) ca azoimMa Kao JUraHaumMa

C 003upoM Ha MOPACT aHTUMUKPOOHE PE3UCTEHTHOCTH Ha CBE KJIace aHTUTJbUBUYHUX
JIEKOBA, HEOIIXOJHO j€ CHHTETHCATH HOBE areHce 3a Jieuewme nHpekunja. Ctora ce a3o0iu Koju
ce MpUMEemY]y y Tepaluju TJbUBUYHUX MH(peEKIHja MOry KoopauHoBaTH 3a cpedpo(l) jone y
[IIJbY TPOHATIAKEHa HOBUX aHTUTJPHBHYHHX areHaca.

HcnutuBana je aHTHOAaKTepHjcKa AaKTUBHOCT 4YeTHUpU Komruiekca cpebpa(l) ca
mukoHazosioM (Cnuka 13), onroBapajyhux cpedpo(l) conmu (AgNO3, AgClO4, AgBFsu AgSbFs)
U MUKOHa30ja npema ['pam-nosutuBHuM (S. epidermidis, S. aureus, B. cereus, B. subtilis, E.
faecalis u Micrococcus luteus) n I'pamM-HeraTuBHUM OakTepujckuM Bpctama (P. aeruginosa, E.
coli, Salmonella typhimurium, Klebsiella pneumoniae u Proteus mirabilis), ka0 1 HHUXOBa
aHTUTJpMBHYHA akTUBHOCT mipema Tpu Candida Bpcre (C. glabrata, C. albicans u C.
parapsilosis).'**1% Cunterncanu xommnekcu cpebpa(l) cy nokasamu 60Jby aHTHOAKTEPUjCKY
aKTUBHOCT npema ['paM-no3uTUBHUM OaKTEpHjCKUM BpcTama y oaHocy Ha coiu cpebpa(l) u
cpedpo(l)-cyndaanazun (AgSD), aHTUMUKPOOHM areHC KOjU C€ KIWHUYKU TpUMEBmY]je.
Kommekcu cpedpa(l) ca Mukonazonom mokaszyjy MIC Bpennoctu 10 23 myTa Mame y OJTHOCY
Ha AgSD u oxarosapajyhe cpedpo(I) comu. Kommuekc [Ag(NOs3)(mcez):] nokasyje Hajo0Iby
aHTHOakTepujcKy akTUBHOCT npema M. [uteus npu MIC oz 0,49 uM (MIC 3a mcz nurann je
1,18 uM). Kommuiekc [Ag(mcez)2]ClO4 unxubupa pact S. aureus u S. epidermidis npu MIC on
1,90 uM, oxHOCHO TIOKa3yje akTUBHOCT koja je 11,5 myra Beha y omnocy Ha AgSD (MIC =
21,85 uM) mpema S. aureus, omnocHo 23 myta Beha npema S. epidermidis (MIC = 43,70 uM).
Muxkona3zon naxubupa pact oBux 6akrepuja npu MIC Bpennoctu oz 1,18 uM. C npyre ctpane,
[Ag(NO3)(mcz)2], [Ag(mcz):]ClO4, [Ag(mcz):]BFs u [Ag(mcz):]SbF¢ kommuiekcu cy
MOKa3aJld YMEPEHY aKTUBHOCT TpeMa WCIHUTHUBAaHUM | pam-HeraTUBHUM OaKTepwjama, MpH
yeMy je Haj0oJba aKTUBHOCT youeHa npema E. coli. Ilopen Tora, oBU KOMIUIEKCH Cy MOKa3aiu
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J0OpYy aHTUTJBUBUYHY aKTHBHOCT, TIpU YeMy cy uaxuoupanu pact C. parapsilosis, C. glabrata
u C. albicans (MIC on 0,10 no 0,12 pM).
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Cauka 13. Crpykrypae popmyne komruiekca cpedpa(l) ca Mukonazonom

CuHTeTHuCaH je U CTPYKTYPHO OKapakTepucaH koMiieke cpedpa(l) ca aHTUrIbUBUYHUM
arercom, urpakonazonom (icz), [Ag(icz)2]NO3'H20 (Cnuka 14). KpucranHa cTpykTypa OBOT
KOMILUIEKCa je oJipeheHa NpUMEHOM pPEHATCHCKE CTPYKTypHE aHaiau3e. Y KpPHCTAIHO]
CTPYKTYpPH KOMIUIEKCa, BA MOJIEKyJla UTPAKOHA30j]a Cy MOHOJAEHTaTHO KOOPJWHOBaHA 3a
cpedpo(I) jom mpeko aroma azora W3 TpHasonoBor mpcreHa (opmupajyhu [Ag(icz)]"
KOMILJIEKCHH KaTjOH, JIOK C€ y CIOJhallllb0] KOOpAMHAIMOHO] cepu Hamazu NOs~ aHjoH H
Monekyn Boje.'®> VcnuruBaHa je aHTUIJbMBMYHA aKTHUBHOCT cpebpo(l) Kommiekca M icz
muranza npema C. albicans, C. parapsilosis, C. krusei u C. glabrata.'® Kommnexc cpe6pa(l) je
nokaszao Behy aktuBHOCT npema Candida Bpcrama (MIC ox 0,19 no 0,39 uM) y ogHocy Ha
utpakonaszon (MIC oz 0,44 no 1,77 uM). [Ipumenom nmpoToyHe LUTOMETpHje, Hah)eHo je aa je
nporeHaT (OPMHPAHUX PEAKTHBHHUX BPCTa KHCEOHWKA y MPHUCYCTBY KoMmiuiekca y hemuju C.
albicans 5,6 myTta Behu y 0JJHOCY Ha KUXOB IPOIIEHAT y MPUCYCTBY oArosapajyher azona. Ha
OCHOBY HCHHTHBama in vivo eMOPHOTOKCUYHOCTH U TeparneyTcKor noreHuujaita cpedpo(l)
KOMIUIEKCa, MOXe ce 3akbyuuTu na je [Ag(icz):]NO3HO He3HaTHO TOKCHYHHUJU Of

utpakoHazona.'®
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Cauka 14. CtpykrypHa popmyna komiekca cpedpa(l) ca utpakonazonom

®nykonazon (fcz) je xopumiheH kao nuranj 3a CHHTE3y JBa Komiuiekca cpebpa(l),
[Ag(fcz)(NO3)|n 1 {[Ag(fcz)2](ClO4)}n (Cnuka 15), umja je aKTHBHOCT MCIIMTHBAHA MpeMa
miect Bpcta ribuBuna (C. albicans, Saccharomyces cerevisiae, Rhizopus tolonifer, Penicillium
uniculosum, Mucor mucedo n A. niger)."’ Hajpeha aHTUT/bUBHYHA aKTUBHOCT KOMILIEKCA je
youena nipema C. albicans (MICgo = 0,25 pg/mL). Kommekc [Ag(fcz)(NO3)]n (MICgo = 5
pg/mL) mokasyje 0osby akTUBHOCT y oaHocy Ha {[Ag(fcz)2](ClO4)}n (MICgo = 10 pg/mL)
npema A. niger. Ilopen Tora, oBU KOMIUJIEKCH TOKa3ald Cy YMEPEHYy aKTUBHOCT mpema P.
uniculosum (MICgo = 10 pg/mL), koja je 6,4 myTta Beha y ogHocy Ha daykonazon (MICgo = 64
pg/mL).'06

QN2 F N i
n {3 [/\N = “agt]n " ncio,
Ag\ N\/ fez”
fcz
OH
0
[Ag(fez)(NO3)], >.| _ {[Ag(fcz),J(CIO )},

Cauka 15. Ctpykrypae popmyre kommekca cpedpa(l) ca dpykonazonom
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Nudekunja ce neduHume Kao Mpolec yigacka MAaTOTeHHMX MHKpPOOpraHu3ama y
opranuzam goMahuHa, TJie OHM MOTY Jia OTIICTaHy, pa3MHOKaBajy c€ U OCTBAapE CBOj MATOT€HU
notennujan.'"’ [Tatorenu Mory GUTH pa3IMYMTE BPCTE MUKPOOPraHU3ama, GaKkTepHje, BUPYCH,
IJBHMBHIIE M IPOTO30€, U PA3IIMKY]jy C€ IO CBOjOj MOP(HOJIOTHjHU, BETMYUHH, TEHETUYKO] Irpahu u
Ha4MHY JIeJ0Baka Ha opranusaM.'®® Yipaso Te pasiuke yTudy Ha TUII MHQEKIH]e KOjH MOTY
M3a3BaTH, a CaMUM TUM WU Ha CHUMITOME M TOK Oojectu. MHpekTuBHE Oonectn u majbe
Ipe/ICTaB/bajy 3HAa4YajaH M3a30B 32 CABPEMEHY MEIUIMHY M 3JIPaBCTBEHE CHCTEME LIMPOM
ceta. Maxko je y mocieamnuM JielieHrjamMa pa3BrjeH BeuKu Opoj eprukacHuX aHTUMUKPOOHHUX
JekoBa, cBe Behu mpoOiieM mpejicTaBiba 1M0jaBa PE3UCTEHIM]jE KOJ MUKPOOPTaHHW3aMa, IITO
0TexKapa Jieuerhe U cMamyje euracHocT noctojehux Tepanuja.!?’ U3 tor pasnora, HeonxonHa
Cy KOHTUHYHpPaHa HCTPAXWBamkha U Pa3BOj HOBUX, HANPETHUJUX JIEKOBa Koju he obe30enutu
TIOBOJFHHjH KJIMHIYKH MCXOJ M YCIIEIIHO KoHTponucaty nndeknuje. !

Pa3nuuurte BpcTe TJbMBHUIIA KOje NMPOAMPY y opraHusaMm nomahuHa mnpeacraBibajy
y3pOUYHHKE MHKO3a, MH(]EKIHje Koje ce Hajuemhe jaBibajy KOJ MMYyHOKOMIIPOMHTOBAHUX
ocoba. OBe nHdeKIINje MOTY MIPEeICTaB/baTh 030MJbaH 3[PaBCTBEHH MPOOIIEM, a Y KOMOMHAIUU
ca JPyrHM CHCTEMCKHM OOJecTHMa, MOTY JIOBECTH 0 CMPTOHOCHMX mnocieiuna.'!'! Ha
TPXKHIITY je TOCTYNaH IIMPOK CIEKTap aHTUMUKOTHKA KOjH Cy ITOKa3aIi €(hUKACHOCT y JICUCHhY
oBux uHpeknuja. Mehyrtum, pactyha mojaBa pe3ucCTeHIMje TJbMBHIIA HA aKTYEIHE JICKOBE
nokpehe O6pojHa ncTpakruBama Koja ce (OKycHpajy Ha CTPYKTYpHY MOaudUKaInjy moctojehunx
AHTHUMUKOTHKA, Ka0 ¥ Ha pa3B0j HOBUX aHTUMHUKPOOHMX areHaca KOju OM MOTJIH TOHYIUTH
00Jbe pellerse Y Jeuery IbUBUUHNX HHpeknuja, 12113

A3zonu mpeAcTaBibajy jeqHY Ol Haj3acTYIUCHHMjUX KJlaca aHTUTJPMBUYHHMX areHaca,
3axBaJjbyjyhu CBOM HIMPOKOM CHEKTPY aHTHIJbMBHYHE aKTHMBHOCTH M IOBOJEHOM Hpoduiry
ToKcHYHOCTH.>® MexaHu3aM JIeJI0Bamba OBHX jelHEbEHha MOoApa3syMeBa MHXUOMIHU]y eH3UMa
nuroxpom P450, koju cy yKJby4eHUM Y CHHTE3y €procreposia, riiaBHe KOMIOHeHTe henmjcke
MeMOpaHe TJbMBHIA.® MehyTum, y HocnenmuM elieHrjaMa J0IIo je 10 3HaYajHOr nopacTa
Opoja cojeBa IJbUBHUIA KOJU CY pa3BWIM PE3UCTEHLIU]Y HA a30Jie yciel TyroTpajHe U IIUPOKO
pachpocTpameHe KIHHMYKe npuMmeHe.''* V KOHTEKCTy OBMX H3a30Ba, MOCTOjU 3HAYajHA
notpeda 3a pa3BOjeM HOBUX AHTUIJBMBUYHMX areHaca Koju Mory mnpeBasuhu mnocrojehy
pE3UCTEHIMjy. JemaH O] aKkTyeNHUX IpaBala WCTPAXKHWBamba je CHUHTE3a W HUCIHTHUBAIHC
AHTUTJbMBUYHE aKTUBHOCTH KoMIUlekca Merana.'!'> KoopauHalja opraHcKux jeldmema ca
pENaTHBHO IUTAHAPHOM CTPYKTYPOM 32 jOHE MeTajia BOAM (OpMHpamy KOMILIEKCa, KOjU
Hajuemhe MMa TPOJUMMEH3HOHAIHY CTPYKTypy, IITO HMMa 3HauyajaH yTHIA] Ha OHOJIOUIKY
aktusHOCT.>*** Hamme, KOMIIEKCH MOTYy HMAaTH 3HA4ajHO MOOOJbIIaHA (HAPMAKONOIIKA
CBOjCTBa y nopehemy ca caMiM OpraHCKuM jenumemuMa. [lopen Tora, koopAnHaIMja JIMraHaa
3a JOH MeTajla CMamyje MOJapHOCT KOMIUIeKca M moBehaBa HEroBy JUNOMUIHOCT, HITO
onakmapa eroBy audysujy kpo3 hemmjcky memOpany Mukpoopranmsma.'' Hakon miro
KOMILJIEKC JlocTie yHyTap hemnuje, Moxke u3a3BaTi GOopMHUpame peakKTUBHUX KHCEOHUYHHUX BPCTA
¥/WJIM MHTEPAroBaTH ca BaKHUM OMOMOJIEKYIIMMA, LITO JOBOAU 10 cMpTHU henuje martorena.!'!”

VY3umajyhu y 003up unmeHHIIe A2 a30J11 UMajy 3Ha4ajHy aHTUTJBUBUYHY aKTUBHOCT, U
na xomruiekcu cpebpa(l) mokazyjy aHTUMHUKPOOHO JI€jCTBO, MPEIMET OBE JTOKTOPCKE
JcepTalije ce OAHOCH Ha CHHTe3y HOBUX Komruiekca cpebpa(l) ca kKaMHUYKK KopuITheHuM
azolMMa Kao JIMTaHauMa. Y JUCEepTalMjH je ONMCaHa CHHTe3a OCaM HOBUX KOMILIEKCA
cpebpa(l) ca aHTUTJBMBHYHMM a30JMMa, KIOTpUMaszoioM (ctz), ekoHazonoMm (ecz) u
BOPHKOHA30J10M (vcz) Kao nuranauma (Agl — Ag8), uunje cy cTpykrypHe hopmylie mpuka3aHe
Ha ciuuu 16.
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Cauka 16. Ctpykrypae popmyie Agl — Ag8 komruiekca

CHHTETHCaHU KOMILIEKCH Cy OKapaKTepPHCaHU HPUMEHOM MaceHe criekTtpomeTpuje, 'H
NMR, UV-Vis u IR cnektpockonuje, MUKIMYHE BOITAMETPH]€ U PEHITCHCKOM CTPYKTYPHOM
anamuzoM. [lpumenom DFT mnpopaduyna mpeasuleHe Cy HajcTaOWUIIHHUJE CTPYKType
cuHTeTHCaHUX KoMIuiekca y DMSO pactBopy. In vifro akTuBHOCT KomIulekca Agl — Ag8,
3ajeqHo ca azonmma u cpedbpo(l) conmnma koju cy KopuirheHu 3a BbUXOBY CHHTE3Y, HICITUTHBAHA
je Ha maHeny Oakrepujckux u Candida BpcTa, JIOK je HBUXOBA IIUTOTOKCUYHOCT ojpeheHa Ha
3apaBoj MRC-5 henujckoj nmunuju. [lopen Tora, ICHUTHBAH je YTHIIQ] KOMIUJIEKCA HA TpoIece
¢dunamenranyje u Gpopmupama onoduiama (rJbUBUYHOT U OAKTEPHjCKOT). Y NUIbY J€TaJbHUjETr
UCIIUTHBama yTuiaja Agl komrmiekca Ha natorenesy Candida ribuBuIle, IpOyYaBaH j€ HEroB
epexar Ha anxe3ujy C. albicans na AS549 henmje (xymane henmje Tymopa ruiyha), kao
uHuIMjanHe ¢asze y uHBa3uju heiarja MUKpoopranusma.
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3.1. XemuKka/dje U peareHcH

XeMHKallije U peareHCH KOpPHITheH! MPUIMKOM H3pajie OBE JOKTOPCKE JUCEpTAIHje,
cpedpo(l)-xekcadyopoantumonat(V) (AgSbFs), cpedbpo(l)-merancyndonar (AgCH3S03),
cpebpo(l)-terpaduryopodbopar (AgBFs), cpedbpo(l)-xexcadmyopodocdhar (AgPFs), cpedpo(l)-
tpuduryopmerancyiadponar (AgCF3SO3), kmorpumazon (ctz), ekoHa3on (€cz), BOPUKOHA3OI
(vcz), eraHon, MeTaHOJd, aneToHuTpwi, aumetrwicyndokcuny (DMSO), aeyrepo
mumermicyndokeun (DMSO-ds) u pocharau mydep (PBS) xymsbenu cy on mpowussohaua
Sigma-Aldrich Chemical Co u Acros Organics. CBe xemukanuje cy KopuirheHe 0e3 majber
npeunmhaBama.

3.2. ®usuuka Mepema 3a KoMmiIiekce cpedopa(l)
3.2.1. Enemenmanna Mukpoanaiu3a

[Tpouenatr C, H u N y cpebpo(I) xomruiekcuma Agl — Ag8 onpehen je nmpumeHoM
eJeMeHTaIHe MuKpoaHanuse Ha uHcTpyMeHTty Perkin-Elmer 2400 Series II (CHN).

3.2.2. Macenu cnekmpu

MaceHu CrieKTpH Cy CHUMJbEHH HaKOH pactBapama 0,1 mg oaroapajyhux komruiekca
cpedpa(l) y 1,0 mL aneronutpuna va Agilent 62224 accurate MAaCEHOM CIICKTPOMETPY.

3.2.3. IR mepemwa

NudpanpBenn cnekTpu CHHTETHCAHUX KomIulekca cpedbpa(l) cy cHuMIbeHU y orcery
TanacHux 6pojesa 4000 — 450 cm™! na Perkin Elmer Spectrum 2 cniektpomerpy (KBr TexHuka).

3.2.4. 'H NMR mepera

'"H NMR cnekTpu cy CHUMJbEHH Ha COOHOj TeMIepaTypu Ha CHEKTpoMeTpy Varian
Gemini 2000 na 200 MHz, nakon pactBapama 5,0 mg komruiekca cpedpa(l) y 600 pL
DMSO-ds. Myatunmunuter curdana y 'H NMR crekTpuma je o3HaueH Kao CHHIJIET (s),
nyoner (d), nyoner nyonera (dd), nyoner tpurera (df), Tpuruiet (¢), TpuruieT ayounera (id),
KBapTeT (¢) U MyINTUIUIET (m).

3.2.5. UV-Vis meperna

UV-Vis cnektpu cuHTeTucanux cpedpo(l) xommiekca cy caumibenn Ha Shimadzu UV-
1800 cmextpodoTtomerpy y ormcery TamacHuX ayxuHa 1100 — 200 nm HakKOH HHUXOBOT
pactBapaba y DMSO Ha coOHOj Temmeparypu. 3a oBa Mepemwa, kopumiheHe cy cnenehe
KOHIIeHTpaIuje pacTBopa kommekca cpedpa(l): c(Agl) =4.8 x 10* M, c(Ag2) = 6,4 x 104 M,
c(Ag3) =1 x 10> M, c(Agd4) =1 x 10> M, c(Ag5) = 7,4 x 10* M, c(Ag6) = 8,3 x 10 M,
c(Ag7) =63 x10* M u c(Ag8)=7,7 x 10* M.

3.2.6. Hcnumuearwe cmadbunnocmu komnaexca cpeopa(l) y pacmeopy
Crabunnoct cpedpo(l) kommnexkca y DMSO u ememmin DMSO/PBS (v/v 7 : 3) nmpahena

je mpumenoMm UV-Vis cnektpodoromerpuje TokoM 48 h, nok je crabminoct Agé — Ag8
KoMIIIeKca foaatHo npahena nmpumenom 'H NMR cnektpockonuje y pactBopy DMSO-ds y
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nepuony on 9 mana Ha cnekrpomeTrpy Bruker Ascend nma 400 MHz na ®apmarieyTckom
dakynrery YHuBep3urera y beorpany.

3.2.7. Boamamempujcka mepersa

Huknuana Bonramerpujcka (CV) Mepema Cy BpIIeHa Ha MOTCHIIMOCTATY/TAIBAHOCTATY
AutoLab PGSTAT204 npumenom henuje ca TpOEISKTPOIHUM CHCTEMOM, KOjU C€ CaCTOJH OJ1
craknactor yribenuka (GC) kao panne enekrpoze, 3acuhene Ag/AgCl kao pedepentHe u
TUTATUHCKE JKUIE Kao moMohHe enexkrpozae. Kao mpoBogHM enekTpoiuT je kopumiheH Terpa-n-
oyrunamonujym-xekcapayopodochar (TBAHP). Konmentpammja pactBopa KOMILIEKCa
cpebpa(l) y DMSO 3a CV mepema usnocuna je 1,0 x 107 M.

3.3. Cunrese Agl — Ag8 komIIekca

Kommekcu Agl — Ag8 cy cuHTeTHCaHu MO MOAU(UKOBAHOM TMOCTYNKY KOJjH je
00jaBJbeéH y JIATEpaTypH 3a CHHTE3y KoMmiuiekca cpebpa(l) ca wuTpakoHa30iI0M,
[Ag(icz)2]NO3H20.!% Cunte3a u crpykrypHa kapakrepusamuja Agl — Ag8 koMmiiekca
JIeTaJbHO j€ ONKCaHa y HAyYHHM paJOBUMa KOjU Cy MyOJMKOBAHU y OKBHUPY OBE JTIOKTOPCKE
L[I/IcepTauI/Ije.ng'lzo

3.3.1. Jlobujamwe [Ag(ctz)2]SbFs(Agl) komnnekca

¥ 10,0 mL eranona pacrBoputu 0,5 mmol (172,4 mg) ctz u y nodbujenu pactBop
Jl0JlaBaTy y KaluMa pacTBOp J00WjeH pacTBapameM ekBUMoisiapHe koianuuHe AgSbFs comun
(171,8 mg) mperxogHo pactBopeHe y 5,0 mL eranomna. bamon ca peaknuoHOM CMENIOM
3alITUTUTH OJ] CBETJIOCTH M OCTAaBUTH Ha COOHOj TemmepaTypu y3 Memamwe 3 h. Kpucramm
koMmIuiekca Agl 1o0ujeHr Cy HaKOH TMpeKpucTaau3amuje Oenor Tajora y CMeENn
aneronuTpui/eranon (v/v 1:1) u mocne ynapaBama TOr pacTBopa 3 — 5 naHa Ha COOHO]
temneparypu. U3nBojene Oene kpucrane Agl onsojutu uehemem M CyIIUTH Ha COOHOJ
TeMIIepaTypu y oJcycTBy cBetsiocTu. [Ipunoc je 73% (188,6 mg).

Agl

N3pauynato 3a Agl = C44H34AgClhFs¢N4Sb; M, =1033,27: C, 51,14; H, 3,32; N, 5,42. Haheno:
C, 51,07; H, 3,35; N, 5,35%. HRMS-ESI (CH3CN): m/z uspauynaro 3a [CasH3sAgCLN4]"™:
795,1206; maheno 795,1209. IR (KBr, v, cm™!): 3177w, 3162w, 3140w, 3108w, 3089w, 3037w
(W(Crpuasor—H) 11 v(Car—H)), 2927w (v(C-H)), 1603w, 1568w, 1530w, 1505m, 1495m, 1465w,
1447m, 1433m (W(Ca=Car) 1 V(Car=N)), 1276m, 1225m (S(Car—H)) 11 f(Cruazor—H), 1130m (v(C—
0)), 1093s (W(Ca—Cl)), 765s, 753s, 748s (y(Car—H)), 655vs (V(SbFe)), 633m (y(Car—H)). 'H
NMR (200 MHz, DMSO-ds): 6 = 7,83 (s, 1H, C2H), 7,57 (dd, J="1,7, 2,0 Hz, 1H, C8H), 7,51
(d,J=1,7Hz, 1H, C10H), 7,46 (m, 2H, C14H, C15H), 7,42 (m, 5H, C9H, C16H, C20H, C21H,
C22H), 7,15 (m, 1H, C13H), 7,09 (m, 3H, C17H, C19H, C23H), 7,06 (d, J= 1,7 Hz, 2H, C4H,
C5H), 6,94 ppm (dd, J=17,7, 1,5 Hz, 1H, C11H). UV-Vis (DMSO, Amax, nm): 260 (¢ = 1,7 x
10° M Tem™).

Kaorpumasoau (ctz)

IR (KBr, v, cm™): ~3000w (V(Crpuasor—H) 1 W(Car—H)), 2970w (v(C-H)), 1673m, 1566m, 1547m,
1494m, 1467m, 1443m (V(Ca=Car) m v(Ca=N)), 1262m (v(C—N)), 1210m (B(Ca—H) u
S(Crpuazor—H)), 1114vs, 1081s, 1041m (B(Ca—H)), 903m (S(Crpuason—H)), 824m (6(C-N)), 765s
(y(Ca—H)), 672s (p(Ca—H)), 660m (medopmaruje TpuazonoBor mpcreHa), 633s (v(C—Cl)),
529m (meopmannje npcrena). 'H NMR (200 MHz, DMSO-de): 6 = 7,52 (dd, J =42, 3,1 Hz,
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1H, C2H), 7,47 (m, 1H, C8H), 7,44 (dd, J=2,5,1,3 Hz, 1H, C10H), 7,41 (m, 2H, C14H, C15H)
7,37 (m, 5H, C9H, C16H, C20H, C21H, C22H), 7,10 (dt, J = 5,3, 2,1 Hz, 4H, C13H, C17H,
C19H, C23H), 6,97 (m, 1H, C4H), 6,87 (m, 1H, C5H), 6,80 ppm (¢, J = 1,4 Hz, 1H, C11H).
UV-Vis (DMSO, Amax, nm): 255 (¢ =7,9 x 10° M 'em™).

3.3.2. /[ooujamwe [Ag(ecz):]SbFs (Ag2), [Ag(ecz):]CF3803 (Ag3) u [Ag(ecz):]PFs (Ag4)
KoMnieKca

V¥ eranony (10,0 mL 3a Ag2 u 30,0 mL 3a Ag3 u Ag4) pactBoputu ecz, 0,5 mmol (190,8
mg) 3a Ag2 u 1,0 mmol (381,7 mg) 3a Ag3 u Ag4. Y noOujeHn pacTBOp I0JaBaTH y KarmuMma
pacTBOp J00MjeH pacTBapameM eKBUMOJIapHE KonunHe oArosapajyhe comu cpebpa(l) (171,8
mg AgSbFs 3a Ag2, 256,9 mg AgCF3SO; 3a Ag3 u 252,8 mg AgPFs 3a Ag4), npeTxoaHo
pactBopere y 5,0 mL eranona. banoH ca peakIimoOHOM CMEIIOM 3aIITUTUTU O/ CBETIIOCTH U
OCTaBUTH Ha COOHO] Temreparypu y3 memame 3 h. Kpucranm norogHum 3a peHIrEHCKY
CTPYKTYpHY aHaJIM3y KOMIUIeKca Ag2 MoOWjeHH Cy HaKOH IITO je Oelr Talor U3 peakxiiyje
NPEKPUCTATIMCAH y alUeTOHUTPWIY, AOK je y Cclydajy Komiuiekca Ag4, Oenu Tajor
npekpucranucan y 20,0 mL cmeme aneronutpun/meranon (v/v, 1 : 1). Hakon 3 — 5 nmana
u3JIBOjeHe Oene kpucrane xkomiuiekca Ag2 u Ag4 oaBojutu nehememM U CyluTH Ha COOHO]
TEMIIEPATypH y 0JICyCcTBY cBetioctu. [Ipunoc je 76% (210,3 mg) 3a Ag2, 71% (362,2 mg) 3a
Ag3 u 78% 3a Ag4 (369,3 mg).

Ag2

Uzpauynato 3a Ag2 = CisH30AgCleFsN4O2Sb; Mr = 1106,96: C, 39,06; H, 2,73; N, 5,06.
Haheno: C, 39,35; H, 2,79; N, 5,43%. HRMS-ESI (CH3CN): m/z wu3padyyHaro 3a
[C36H30AgClsN4O2]": 866,9545; naheno 866,9583. IR (KBr, v, cm™!): 3146m, 3101w, 3090w,
3072w, 3051m (V(Cauasor—H) u v(Car—H)), 2939w, 2899w, 2871w, 2861w (v(C—H)), 1599m,
1589m, 1561m, 1524s, 1492s, 1470s, 1439m, 1407m (V(Ca=Car) u v(C=N)), 1246m, 1225m
(B(Car—H) u p(Cuuazon—H)), 1109s (v(C-0)), 1094vs (v(Car—Cl)), 838m, 830m, 819m, 810m,
788m, 761m, 720w, 696w (y(Car—H)) u ((Casor—H)), 656vs (v(SbFe)). 'TH NMR (200 MHz,
DMSO-ds): 0 = 7,80 (s, 1H, C2H), 7,68 (d, J= 2,0 Hz, 1H, C4H), 7,48 (dd, J= 8,4, 2,0 Hz, 1H,
C10H), 7,37 (dd, J = 7,3, 5,2 Hz, 2H, C5H, C13H), 7,33 (s, 1H, C12H), 7,22 (s, 1H, C17H),
7,20 (s, 1H, C19H), 7,16 (s, 1H, C16H), 7,01 (s, 1H, C20H), 5,01 (¢, /= 5,3 Hz, 1H, C7H), 4,40
(m, 2H, C6H), 4,29 ppm (d, J = 12,4 Hz, 2H, C14H). UV-Vis (DMSO, Amax, nm): 271 (¢ = 1,2
x 10° M em™).

Ag3

N3pauynato 3a Ag3 = C37H30AgClsF3N4OsS; M, = 1020,31: C, 43,56; H, 2,96; N, 5,49.
Haheno: C, 43,48; H, 2,85; N, 5,43%. HRMS-ESI (CH3CN): m/z uzpauyHaTo 3a
[C36H30AgClsN4O2]": 866,9551; naheno 866,9536. IR (KBr, v, cm™): 3138w, 3123w
(V(Cuasonr—H) 1 v(Car—H)), 2924w, 2900w (v(C—H)), 1623w, 1589w, 1563w, 1541w,
1521w, 1491m, 1470m, 1457w, 1438w, 1408w (W(Ca=Ca) m Vv (C=N)), 1262vs
(vas(S0O3)), 1153s (vs(CF3)), 1110s (vas(CF3)), 1094vs (v(Ca—Cl)), 1032s (vs(SO3)), 865w,
840w, 829m, 817m, 789m (»(Car—H)) 1 (»(Cauasor—H)). 'H NMR (200 MHz, DMSO-dj): 6
=17,83 (s, 1H, C2H), 7,70 (d, J = 2,0 Hz, 1H, C4H), 7,50 (dd, J= 8,4, 2,1 Hz, 1H, C10H), 7,41
(d,J=5,8Hz, 1H, C5H), 7,36 (dd, J= 5,4, 3,4 Hz, 2H, C12H, C13H), 7,25 (¢, /= 1,3 Hz, 1H,
C17H), 7,20 (d, J = 8,5 Hz, 2H, C16H, C19H), 7,04 (s, 1H, C20H), 5,03 (¢, /= 5,4 Hz, C7H),
4,42 (t, J =1,5 Hz, 2H, C6H), 4,33 ppm (¢, J = 8,4 Hz, 2H, C14H). UV-Vis (DMSO, Amax,
nm): 271 (¢ =8,3 x 10°M 'em™).
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Ag4

Nzpauynato 3a Ag4 = C3sH30AgCleFsN4O2P; M, =1016,18: C,42,55; H,2,98; N, 5,51. Haheno:
C 42,48; H 2,91; N 5,43%. HRMS-ESI (CH3CN): m/z uzpauaynaro 3a [C3sH30AgClsN4O2]"
866,9551; naheno 866,9547. IR (KBr, v, cm™): 3176w, 3142w, 3090w (W(Cmasor—H) 1 V(Car—
H)), 2948w, 2919w, 2900w (v(C—H)), 1618w, 1589w, 1561w, 1525m, 1492m, 1470m, 1442w,
1408w (W(Ca=Car) u v(C=N)), 1094vs (V(Ca—Cl)), 831vs (v(PF¢)), 789m, 760m (y(Ca—H)) u
((Cuasor—H)). 'TH NMR (200 MHz, DMSO-ds): 6 = 7,83 (s, 1H, C2H), 7,70 (d, J=2,0 Hz, 1H,
C4H), 7,50 (dd, J = 8,4, 2,1 Hz, 1H, C10H), 7,41 (d, J= 5,8 Hz, 1H, C5H), 7,39 (d, J= 2,1 Hz,
1H, C13H), 7,35 (s, 1H, C12H), 7,24 (d, J = 1,2 Hz, 1H, C17H), 7,22 (s, 1H, C19H), 7,18 (s,
1H, C16H), 7,03 (s, 1H, C20H), 5,03 (¢, J = 5,4 Hz, C7TH), 4,42 (t,J = 7,6 Hz, 2H, C6H), 4,35
(d,J=3,4 Hz, 1H, C14H), 4,31 ppm (d, J = 12,3 Hz, 1H, C14H). UV-Vis (DMSO, Amax, nm):
271 (6=1,0x10° M 'em™).

Exona3zou (ecz)

IR (KBr, v, cm™): 3115w, 3091w, 3064w (V(Cauasor—H) 1 v(Car—H)), 2981w, 2969w, 2946w
(V(C—=H)), 1590m, 1564m, 1505s, 1489s, 1473m, 1432m (V(Ca=Car) u V(C=N)), 1233s, 1200m
(B(Car—H) u A(Cpazon—H), 1107s (v(C-0)), 1090vs, 1046m, 1032m (v(Car—Cl)), 800m, 787m,
733m, 661m, 626m (y(Car—H)) 1 (Y(Cmazor—H)). 'H NMR (200 MHz, DMSO-ds): 6 = 7,68 (d,
J=2,0 Hz, 1H, C2H), 7,50 (m, 1H, C4H), 4,56 (d, J= 2,0 Hz, 1H, C10H), 7,38 (dd, J = 4,8,
2,8 Hz, 2H, C5H, C13H), 7,34 (m, 1H, C12H), 7,21 (s, 1H, C17H), 7,17 (s, 1H, H19), 7,04 (¢,
J=1,1 Hz, 1H, C16H), 6,86 (s, 1H, C20H), 4,99 (dd, J= 6,4, 4,4 Hz, CTH), 4,39 (m, 2H, C6H),
4,26 ppm (m, 2H, C14H). UV-Vis (DMSO, Amax, nm): 255 (¢ =4,1 x 10> M lem™).

3.3.3. /obujarwe {[Ag(vcz)2/SbF6}n (AgS), {[Ag(vcz)(H20)]CH3S503}, (Ag6),
{[A8(vcz)2 | BF 4} (Ag7) u {[Ag(vcz)2] PFeln (Ag8)

V¥ 5,0 mL eranona pactsoputu 0,25 mmol (87,3 mg) vez nuranaa. Jlodujenu pactsop
JOJlaBaTH y KamuMma pacTBOPY KOjU je J0OMjeH pacTBapameM €KBUMOJApHE KOJHUYHUHE
oarosapajyhe cpedpo(l) conu (85,9 mg AgSbFs3a AgS, 50,7 mg AgCH3SOs 3a Ag6, 48,7 mg
AgBF43a Ag7 u 63,2 mg AgPF¢ 3a Ag8) y 5,0 mL eranona. banon ca peakiiuOHOM CMeEIIoM
3aIITUTUATHU O] CBETJIOCTH U OCTaBUTH J1a ce Meria 3 h Ha coOHOj Temrniepatypu. benu tamor AgS
— Ag8 xomruiekca Koju ce popMupao TOKOM MeIlIama MPOIEIUTH U MPEKPUCTATUCATH Y CMEIIH
aneroHuTpwi/eranon (v/v, 1 : 1) 3a AgS, 0JHOCHO y alleTOHUTPIIIY 32 OCTajie KOMILUICKCE.
W3nBojene Oene kpuctane komriekca AgS — Ag8, HacTtane ynapaBameM pacTBOpa HaKOH 3 — 5
JlaHa, OJIBOjUTH IiehemeM U cymuTu Ha coOHOj TemriepaTypu. [Ipunoc je 71% (92,5 mg) 3a
AgS, 61% (87,0 mg) 3a Ag6, 68% (75,9 mg) 3a Ag7 u 71% (84,4 mg) 3a Ag8.

AgS

N3pauynato 3a AgS = C3HasAgFi12N10O2Sb; Mr = 1042,26: C, 36,88; H, 2,71; N, 13,44.
Haheno: C, 36,79; H, 2,68; N, 13,38%. HRMS-ESI (CH3CN): m/z u3pauyHato 3a
[C1sH17AgF3NO]": 497,0467; naheno 497,0447. IR (KBr, v, cm™'): 3415br (v(O-H)), 3192w
(W(Car—H)), 2992w, 2943w, 2976w (v(C—H)), 1618s, 1596s, 1524m, 1499s, 1457m, 1423m,
1406vs (V(Car=Car) 1 v(C=N)), 1291m (6(O-H)), 1242w, 1218w (S(Car—H) u S(Crpuazor—H)),
1132m (v(C-F)), 966m (v(C-0)), 852m, 827w, 804w, 781w, 756w, 737w (y(Ca—H)) u
((Crpuasor—H)), 660vs (V(SbFs)), 622m (B(Car—F)). '"H NMR (200 MHz, DMSO-ds): 6 = 9,06
(d, J =129 Hz, 1H, C18H), 8,87 (d, J = 2,1 Hz, 1H, C20H), 8,32 (s, 1H, C5H), 7,68 (s, 1H,
C3H), 7,27 (m, 1H, C9H), 7,18 (m, 1H, C12H), 6,93 («d, J = 8,5, 2,5 Hz, 1H, C10H), 6,01 (s,
1H, OH), 4,83 (d, J = 14,3 Hz, 1H, C6H), 4,36 (d, J= 14,2 Hz, 1H, C6H), 3,94 (¢, J = 7,0 Hz,
1H, C14H), 1,12 ppm (d, J = 7,0 Hz, 3H, C15H). UV-Vis (DMSO, Amax, nm): 292 (¢ = 1,1 X
10° M tem™).
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Agb6

N3pauynato 3a Agb = C34H3sAgoFsN10010S2; M, = 1140,60: C, 35,80; H, 3,36; N, 12,28.
Haheno: C, 35,68; H, 3,28; N, 12,32%. HRMS-ESI (CH3CN): m/z wu3padyHaTo 3a
[C16H14AgF3NsO]": 456,0201; naheno 456,0193. IR (KBr, v, cm™): 3418br (v(O-H)), 3108m,
3037w (W(Crpuasor—H) 1 v(Ca—H)), 2984w, 2941w (V(C-H)), 1619s, 1597s, 1559w, 1526m,
1501s, 1464m, 1457m, 1436m, 1407s (V(Car=Car) 1 v(C=N)), 1293m (6(O-H)), 1211vs, 1196vs
(vas(SO3)), 1131m (v(C-F)), 1039s (vs(SO3)), 867w, 846m, 824w, 773m (y(Ca—H)) m
((Crpuasor—H)), 622m (B(Car—F)). 'H NMR (200 MHz, DMSO-ds): 6 = 9,06 (d, J = 2,9 Hz, 1H,
C18H), 8,87 (d,J=2,2 Hz, 1H, C20H), 8,34 (s, 1H, C5H), 7,70 (s, 1H, C3H), 7,26 (dt,J= 6,9,
2,1 Hz, 1H, C9H), 7,19 (m, 1H, C12H), 6,93 (td, J= 8,3, 2,4 Hz, 1H, C10H), 6,02 (s, 1H, OH),
4,83 (d,J=14,2 Hz, 1H, C6H), 4,37 (d,J= 14,3 Hz, 1H, C6H), 3,93 (d, /= 6,9 Hz, 1H, C14H),
1,10 ppm (¢, J = 8,7 Hz, 3H, C15H). UV-Vis (DMSO, Amax, nm): 291 (¢ =9,4 x 10> M 'em™).

Ag7

N3pauynato 3a Ag7 = C3oHasAgBF10N1002; M, =893,32: C, 43,03; H, 3,16; N, 15,68. Haheno:
C,42,87; H, 3,04; N, 15,82%. HRMS-ESI (CH3CN): m/z uzpauaynaro 3a [C32HasAgFeN1002]":
807,1352; maheno 807,1324. IR (KBr, v, cm™): 3371br (W(O-H)), 3139w, 3118w, 3074w,
3063w (W(Crpuason—H) 1 v(Car—H)), 2994w, 2981w, 2939w, 2910w (W(C-H)), 1618s, 1596s,
1525s, 1500vs, 1458m, 1440m, 1422m, 1407vs (V(Car=Car) 1 v(C=N)), 1293m, 1281m, 1272m
(0(0O-H)), 1132m (V(C-F)), 1059vs (v(BF4)), 853s, 829w, 793w, 787w, 736w, 721w, 710w
(7(Ca—H)) 1 ()(Crpuason—H)), 621m (B(Car—F)). 'H NMR (200 MHz, DMSO-d): 6 = 9.05 (d, J
= 2,9 Hz, 1H, C18H), 8,86 (d, J =2,1 Hz, 1H, C20H), 8,29 (s, 1H, C5H), 7,66 (s, 1H, C3H),
7,27 (m, 1H, C9H), 7,18 (m, 1H, C12H), 6,92 (¢td, J= 8,5, 2,5 Hz, 1H, C10H), 6,01 (s, 1H, OH),
4,82 (d,J=14,3 Hz, 1H, C6H), 4,35 (d,J= 14,2 Hz, 1H, C6H), 3,93 (d, /= 7,6 Hz, 1H, C14H),
1,15 ppm (¢, J = 13,2 Hz, 3H, C15H). UV-Vis (DMSO, Amax, nm): 291 (¢ =1,3 x 10° M 'em™).

Ag8

Uzpauynato 3a Ag8 = C3oHasAgF12N1002P; M, =951,45: C, 40,40; H, 2,97; N, 14,72. Haheno:
C, 40,28; H, 2,91; N, 14,81%. HRMS-ESI (CH3CN): m/z n3pauynaro 3a [CisHisAgF3NsO]":
456,0201; naheno 456,0188. IR (KBr, v, cm™): 3415br (v(O-H)), 3196w, 3147w (W(Crpuasor—H)
u v(Ca—H)), 2992w, 2980w, 2943w (v(C-H)), 1618s, 1596s, 1524m, 1499s, 1422m, 1406s
(W(Ca=Car) m v(C=N)), 1292m, 1280m (6(O—-H)), 1132m (v (C-F)), 838vs (v(PFs)), 853s, 781w,
755w, 737w, 722w, 713w (y(Car—H)) 11 (P(Crpnasor—H)), 621m (B(Car—F)). '"H NMR (200 MHz,
DMSO-ds): 0 = 9,06 (d, J = 2,9 Hz, 1H, C18H), 8,87 (d, J = 2,2 Hz, 1H, C20H), 8,31 (s, 1H,
C5H), 7,68 (s, 1H, C3H), 7,22 (m, 2H, C9H, C12H), 6,94 (m, 1H, C10H), 6,01 (s, 1H, OH),
4,82 (d, J= 14,2 Hz, 1H, C6H), 4,36 (d, J = 14,3 Hz, C6H), 3,91 (¢, J= 6,9 Hz, C14H), 1,12
(d,J=1,1Hz, 3H, C15H). UV-Vis (DMSO, /max, nm): 292 (¢ = 1,1 x 10> M 'em™).

Bopuxonasou (vez)

IR (KBr, v, cm™): 3196br (v(O-H)), 3120w, 3047w, 3017w (W(Crpuasor—H) 11 W(Car—H)), 2995w,
2979w, 2941w (W(C-H)), 1619s, 1587vs, 1507s, 1496vs, 1451vs, 1408vs (V(Cu=Ca) 1
W(C=N)), 1278s (6(0O-H)), 1249m, 1210m (B(CarH) 1 S(Crpuasor—H)), 1132s (W(C-F)), 1054m
(W(C-0)), 858s, 825w, 787w, 779m, 724m, 718m (y(Ca—H)) 1 (Y(Crpasor—H)), 622m (B(Car
F)). 'H NMR (200 MHz, DMSO-ds): 6 = 9,05 (d, J = 2,9 Hz, 1H, C18H), 8,86 (d, J =2,2 Hz,
1H, C20H), 8,24 (s, 1H, C5H), 7,62 (s, 1H, C3H), 7,29 (dd, J=9,0, 6,9 Hz, 1H, C9H), 7,18
(m, 1H, C12H), 6,92 (td, J = 8,6, 2,4 Hz, 1H, C10H), 5,98 (s, 1H, OH), 4,81 (d, J = 14,3 Hz,
1H, C6H), 4,34 (d, J = 14,3 Hz, C6H), 3,93 (¢, J = 6,9 Hz, C14H), 1,12 (d, J = 7,0 Hz, 3H,
C15H). UV-Vis (DMSO, Amax, nm): 256 (¢ = 8,6 x 10° M'em™).
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3.4. PeHareHcka CTpyKTypHa aHajim3a KoMiuiekca Agl, Ag2 u AgS — Ag8

Kpucranu kommiexkca Agl, Ag2 nu AgS — Ag8 ucnuTuBaHu Cy NIPUMEHOM PEHATCHCKE
CTpYKTypHe aHanm3e Ha temrieparypu oa 150 K. Jlooujern kpuctanorpadCku moIay cy AaTtu
y Ttabemama 1 — 4. Hatensurer pediiekcuje Kpucrtaia je u3MepeH Ha SuperNova
nudpakromerpy ca Atlas merextopom (MoKa 3pageme, A = 0,71073 A).!2! Crpykrype
KOMILIEKCa Cy peEIIeHe MPUMEHOM IupeKTHuX Mmetona kopumhemeM SHELXT u Olex2
nporpama.'?? Ytaumapame je BpuieHo HoMohy MeTojle HajMamKX KBajaparta Ha 6azu F~ (myHa
matpuna) kopumrhemem Olex2 mmu SHELXL-2018/3.'%° CBum aroMuMma pa3iM4uTHM OJ
BOJIOHMKA JaTH CYy aHU30TPOIHU MapaMeTpH, JIOK Cy aTOMHM BOJOHHKAa CMEIITEHH Ha
u3pauyHaTHUM pacTojalbUMa U Jjajbe yTaumaBaHH KopuiihemweM ,riding” monena. Ilporpam
MERCURY je ynorpe6beH 3a Npukas cTpyKType KoMriekca. '

Ta6ena 1. Kpucranorpadcku noganu 1001jeHN peHITC€HCKOM CTPYKTYpHOM aHann3oMm Agl

KOMILIEKCa
Monexkyncka Gopmyna Cy4H34AgCLFsN4Sb
MounekyJiicka maca 1033,27
Kpucranuu cucrem, mpocTopHa rpymna opropombuuan, Fdd2
a (A) 31,1679(12)
b (A) 30,6135(11)
c(A) 8,4227(5)
a (°) 90
pC) 90
Y ) 90
V(A3 8036,7(6)
Fooo 4096,0
Z 16
X-3pauewe, A / A Mo-Ka 0,71073
Temneparypa / K 150(10)
W3spauynata ryctuna (g/cm?) 1,708
Apcopnuuonu koeduiujest (mm™) 1,359
Jumensuje kpucrana (mm) 0,15 x0,10 x 0,01
0 omcer (°) 5,184 no 54,95
Ormncer unneka h, k, [ -38 <h <40,
-24 <k <38,
-83<1<10
Bpoj npukynspenux peduiexcuja 9529
Bpoj HezaBucHux peduiekcuja 3778 [Rint = 0,0170,
Rsigma = 0,0175]
[Toganu / orpannuema / napameTpu 3778/3/273
Konaunu R nHnexcu R; =0,0252,
[[>20(])] wR2 =0,0566
Konaunm R nHIekcn R =0,0286,
(cBM moanm) wR2 = 0,0582
Apmax, Apmin (¢/A%) 0,30/-0,61
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Ta6esa 2. Kpucranorpadcku noaauu 1001jeHH pEHATEHCKOM CTPYKTYPHOM aHAIH30M

KoMIulekca Ag2 u Ag4
Ag2 Agd
Mornekyincka popmyna C36H30AgCleF6sN4O,Sb | Cs3cH30N4O,F6PClsAg
Mosnekyiicka maca 1106,96 1016,18

Kpucranuu cucrem, npoctopHa
rpymna

MoHOKIuHKMYaH, P21/n

MOHOKJIMHUYaH, P2(/c

a(A) 15,8651(10) 16,1833(11)
b (A) 9,0452(4) 8,8929(4)
c(A) 16,4734(12) 16,2356(9)
a (°) 90 90
B(°) 188,245(9) 119,131(8)
v (°) 90 90
V(A% 2082,5(3) 2041,0(2)
Fooo 1088,0 1016,0
Z 2 2
X-3paueme, A / A Mo-Kq 0,71073 Mo-Kq 0,71073
Temmneparypa / K 150(10) 150(10)
W3zpauynara ryctuna (g/cm?) 1,765 1,653
Apcoprimonu koedurujent (mm!) 1,569 0,992

Jlumensuje kpuctana (mm?)

0,20 x 0,05 x 0,05

0,30 x 0,20 x 0,20

0 oncer (°)

4,91 no 54,966

5,018 o 54,962

Oncer naaekca A, k, [ -20<h <20, -19<h <21,
-11<k<1l1, 9<k<11,
-20<1<21 21<1<17

bpoj npukynsseHux peduiekcuja 17804 18215

bpoj HezaBucHUX peduiekcuja

4711 [Rint = 0,0365,
Rsigma = 0,0384]

4683 [Rint = 0,0709,
Rsigma = 0,0764]

IToganu / orpannuema / napameTpu 4711/0/256 4683/2/275
Konaunu R unaexkcu R;1=0,0434, R;=0,0717,
[/>2c(])] wR> = 0,0994 wR> =0,1450
Konaunu R nHaexcu R1=0,0757, R;=0,1275,
(cBM mo1anm) wR2=0,1125 wR2=0,1652
ApPmax, Apmin (e/A%) 0,97/-0,78 1,36/-0,84
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Ta6esa 3. Kpuctanorpadcku noaauu 1001jeHH pEHATEHCKOM CTPYKTYPHOM aHAIU30M

KoMIUIeKca AgS u Ag6
AgS Agb6
MOHGK}’HCK& q)OpMy.Ha C32H28AgF12N10028b C34H38Ag2F6N1001082
Mornekyiicka maca 1042.,26 1140,60
Kpucranuu cucrem, npoctopHa TPUKJIMHUYAH, P1 MOHOKJIMHWYaH, 12
rpyna
a(A) 6,4313(3) 21,3625(6)
b(A) 9,8300(5) 6,38920(10)
c(A) 15,7404(5) 32,5369(8)
a (°) 100,272(3) 90
B (°) 99,905(3) 93,740(2)
v (°) 97,173(4) 90
V(A% 952,05(7) 4431,48(18)
Fooo 512,0 2288.0
Z 1 4
X-3paueme, A / A Mo-Kq 0,71073 Mo-Kq 0,71073
Temmneparypa / K 150(10) 150(10)
W3pauynara ryctuna (g/cm?’) 1,818 1,710
Apcopriuonu koedurujent (mm) 1,328 1,068
Jlumensuje kpuctana (mm?) 0,10 x 0,10 x 0,025 0,25 x 0,10 x 0,10
0 oncer (°) 5,368 o 54,964 4,706 mo 54,956
Ormcer nanekca h, k, [ -8<h<8, -27<h<27,
-12<k <12, -8 <k<8,
-20<1<20 -40<1<42
bpoj npukynseeHux peduiekcuja 14307 25385
bpoj He3zaBucHUX peduiekcuja 7998 [Rint = 0,0355, 9314 [Rint = 0,0285,
Rsigma = 090577] Rsigma = 0,0336]
[Tonamu / orpanndema / mapamMeTpu 7998/57/527 9314/1/585
Konaunu R naaekcu R;1=0,0306, R;=0,0267,
[1>206(])] wR2 = 0,0540 wR2 =0,0599
Konaunu R nnaekcu R;1=0,0361, R;=0,0304,
(cBU moj1ann) wR> =0,0562 wR> =0,0612
Apmax, Apmin (e/A%) 0,35/-0,55 0,90/-0,66
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Ta6esa 4. Kpucranorpadcku noaanu A001jeHH pEHATEHCKOM CTPYKTYPHOM aHAIU30M

KoMIuiekca Ag7 u Ag8
Ag7 Ag8
Monexkyncka Gopmyra CsHysAgBF 10N 0O, | C3HpgAgF12N19O,P
Mornekyicka maca 893,32 951,48
Kpucranuu cucreM, npocropHa TPUKIMHUYAH, P1 TPUKIMHUYAH, P1
rpyna
a(A) 6,3243(2) 6,3775(4)
b (A) 10,0422(4) 9,9811(7)
c(A) 15,0179(7) 15,3969(10)
a (°) 98,193(4) 98,368(5)
B (°) 101,627(3) 101,275(5)
v (°) 96,697(3) 97,285(5)
V(A3) 914,23(6) 938,68(11)
Fooo 448.0 476,0
Z 1 1
X-3paueme, A / A Mo-Kq 0,71073 Mo-Kq 0,71073
Temmneparypa / K 150(10) 150(10)
WUzpauynara ryctusa (g/cm?’) 1,623 1,683
Apcopnuuonu koeduiujent (mm™) 0,648 0,685
Jumensuje kpucTana (mm?) 0,30 x 0,20 x 0,20 0,20 x 0,20 x 0,05
0 omcer (°) 5,39 no 54,97 5,384 no 54,96
Ormcer nnnekca h, k, [ -8§<h<8, -8§<h<6,
-13<k<13, -10<k <12,
-19<1<19 -19<1<19
bpoj npukynsseHux peduekcuja 19743 7408
bpoj He3aBucHUX peduiekcuja 8064 [Rint = 0,0392, 5308 [Rint = 0,0344,
Rsigma = 0a0557] Rsigma = 0,0718]
IToganu / orpannuema / napameTpu 8064/3/461 5308/3/527
Konaunu R nunaekcu R;1=0,0504, R =0,0442,
[1>20c(])] wR2 =0,1194 wR> =0,0892
Konaunu R unpexcu R;1=0,0543, R; =0,0485,
(cBU moTanM) wR2 =0,1234 wR> =0,0937
Apmax, Apmin (€/A%) 1,34/-0,77 0,85/-0,92

3.5. buojsomka ncnuTHBamkba
3.5.1. Hcnumuearwe aHmumukpoone akmusnocmu

Bpeanoctu munumanne maxubutopHe koHneHtpanuje (MIC) 3a xommuekce Agl —
Ag8, onrosapajyhe conu cpedpa(l) (AgSbFs, AgCF3S03, AgPFs, AgCH3SO3 u AgBF4) u a3zona
(ctz, ecz u vcz) oapeleHe cy Ha OCHOBY CTaHJapJIHUX TECTOBA KOje mpenopyuyje Hanmonanau
komuteT 3a CTaHgapje KIMHUYKHX OakTepuoiomkux jgabopatopuja (M07-A8) u EUCAST
(EBporickn KOMHUTET 3a HCTIMTHBAK-E OCETJLUBOCTA HAa aHTUMHKPOOHE JIeKoBe; Bepauja 7.3.1).
MUKpOOpraHu3Mu KOju Cy KOpuIINeHH 3a HCIUTUBAKE AHTUMUKPOOHE AaKTMBHOCTHU
CHHTETHCAaHUX jemumema cy u3 cieachux xonekmuja, NCTC (National Collection of Type
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Cultures) u ATCC (American Type Culture Collection). 3a WCIUTHBakEe aHTUMHKPOOHE
aKTUBHOCTH KopuinheHne cy ['pam-mo3utuBHe Oaktepujcke Bpcre (Staphylococcus aureus
ATCC 25923 u Listeria monocytogenes NCTC 11994), I'pam-HeratuBHe OaKTEpHjCKe BPCTE
(Pseudomonas aeruginosa PAO1 NCTC 10332 u Escherichia coli NCTC 2001), xao u Bpcte
Candida rmeuBuna (C. albicans ATCC 10231 u RPF SC5314, C. parapsilosis ATCC 22019, C.
krusei ATCC 6258 u C. glabrata ATCC 2001). Hajseha xoHueHTpaiuja 3a HUCIHUTUBAE
AHTUTJPUBHYHE aKTUBHOCTH Omia je 250 mg/mL (umu 500/250 uM), mok je 3a MCIUTHBAKE
anTHOaKkTepujcke akTuBHOCTH m3Hocuaa 200 mg/mL (umu 500 uM).

BpenHOCT MHOKYTyMa 3a GakTepujcke KynType je m3Hocuma 5 x 10° cfu/mL, 1ok je
unya0kyM 3a Candida cojese pasbnaxen 1o 1 x 10° cfu/mL ontuuke ryctune. MIC BpeaHoct
UCTIUTUBAHUX jEUIbEha TMPEJICTaB/ba HajMaky KOHIIEHTPAIIHM]Y KOja Y IOTIYHOCTH HHXHUOHpa
pact HakoH 24 h wumnkyOammje Ha 37 °C, a oapehena je momohy Epoch Microplate
Spectrophotometer, BioTek unctpymenra. Pesynraru cy npahenu craTHCTHYKOM aHATH30M.

3.5.2. Hcnumueamwe uumomoKcuuHocmu

[Mutorokcuynoct komruiekca cpebpa(l) oapehena je mnpumeHOM cTaHAAPAHOT
KOJIOPUMETPH|CKOT MTT TecTa MTT  je 3-(4,5-gumeTunTrazon-2-mn)-2,5-
nupenuterpazonujymM-opomun)'®® na xymanum henujama ¢u6pobmacra mayha (MRC-5).
henmwje cy mocraBjbeHE Yy MHKPOTHUTApCKy Imiody ca 96 OyHapuha ca paBHHM ITHOM Y
KoHLeHTpauuju o 1 x 10* henuja no 6ynapuhy. Cse henujcke nuHuje cy y3rajane y BJIaHO]
atmochepu ox 95% Bazmyxa u 5% CO; Ha 37°C y RPMI 1640 noyio3u koja je campkaBaia
UCIUTHBAaHA je[Nbeha. BpileHa cy cepujcka pa3biakema CBAaKOT MCIUTHUBAHOT jeIUCHA,
IpH YeMy je MakCUMallHa KOHIleHTpamuja komruiekca cpeopa(l) m3nocmma 50 uM, mok je
KOHIIEHTpaluja BopukoHaszona uzHocmia 1000 uM. 3a cBako ucnutuBaHo jeaumeme, MTT
TECT je M3BEJEH JBa IyTa y YeTHUpPU NOHABJbama, MPU 4yeMy je mporeHar pexykuuje MTT
jenumema npahen Ha 540 nm (Epoch Microplate Spectrophotometer, BioTek Instruments,
Inc.,USA). [IUTOTOKCHYHOCT TpeACTaB/ba KOHIIEHTpAIM]y jeIUbeha Koja MHXHOWUpa pacT
henuja 3a 50% (ICs0) y ogHOCY Ha KOHTPOITY.

3.5.3 bBuocunmesa epzocmepona

HcnuTuBal je yTuiaj CMHTeTHCaHnX KoMiuiekca cpedpa(l) u jenumema kopuitheHux y
BUXOBO] CUHTE3U MpH CyOMHXMOUTOPHO] KoHIEeHTpauju (0,5 X MIC) Ha yKyIHY KOJTUYUHY
eproctepona kox C. albicans ATCC 10231. YkynHa KoJu4yrHaA eprocrepoia je oapehena
cnekTpodoToMeTpujcku MepemeM ancopbanie uzMely 240 u 300 nm kopuctehu Ultrospec
3300pro nakoH 18 h unky6aruje Ha 37 °C Ha poTanuoHoM mejkepy (180 rpm).!2°

3.5.4. Huxuobuuyuja punamenmanyuje C. albicans ATCC 10231

Ucnutusano je popmupame xuda kon C. albicans ATCC 10231 coja y npucycrBy
CyOMHXMOUTOPHUX KOHIEHTpalMja CHHTETHCaHUX Komiuiekca cpebpa(l) u jenumema
kopuithennx y suxoBoj cunresu (0,5 x MIC). hemuje C. albicans ATCC 10231 cy y3rajane
y SAB (Sabouraud) noano3u npexko Hohu Ha 37 °C u ucipaHe ca CTepUIHUM pacTBopoM PBS
7110 KoHauHe KoHieHTparuje o 0,5 x MIC. Cycnensuja je uaky6upana Ha 37 °C Toxom 72 h.'?’
Mopdonomxke npomene C. albicans ATCC 10231, xoje ykibyuyjy popmupame xuda, mpahene
cy kopunrhemeM MUKpockora ca cBeTiauM mojbeM (Olympus BX51) u ysehamem o 20 myTa.
Kao konTpomna, kopumthene cy henuje rperupane DMSO pactBapauem.
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3.5.5. Hcnumuearwe ymuuyaja komnaexca na ouoguam Candida cojesa

HcnutuBana je wuHxuOuIMja QopmMupama W paszapame MNPeTXoaHo (opmMupaHor
onodunma Candida cojeBa (C. albicans ATCC 10231 u C. parapsilosis ATCC 22019) y
npucycTBy komiuiekca cpebpa(l) wm  oxroeapajyhmx azona y  MOJMHCTHPEHCKUM
MHUKPOTHTPAIIMOHUM IUI04ama ca 96 Oynapuha ca paBHUM JHOM, y CKJIQAy Ca MOCTYIKOM KOjH
je panmje omucad y autepatypu.'>!2 Rennje u3 kynType, y3rajane npexo Hohw cy cakyIubeHe,
ucnpane 1Ba mmyta crepuwitHuM PBS pactBopom u pecycniengoBane y RPMI 1640 noano3u koja
caapxu 2% raykose (w/v). Unokynym C. albicans ATCC 10231 coja 3a TecroBe HHXHOUIH]E
Gopmupama u pazapama 6uoduama je 6uo 1 x 10° cfu/mL, 10k je BpexHocT HHOKYIyMa 32 C.
parapsilosis ATCC 22019 coj nznocuna 1 x 10° cfu/mL. [ToueTHe KOHIIEHTpalUje KOMIIIEKCa
cy 5 uM. Kako 6u ce omoryhuno dopmupame Ouodunma, cycnensuje Candida cojeBa cy
unkyoupane TokoMm 48 h na 37 °C. Pact OuoduimMa je aHanuszupan 00jemeM aJIXEPEHTHUX
hemuja 6ojom ,,crystal violet” (CV), mpu uemy je amcoprnmuja Ha 590 nm wm3MepeHa Ha
unctpymenty (Epoch Microplate Spectrophotometar, BioTek Instruents, Inc., USA).
@opmupann OunodunMm je wuHKyOupan 24 h y mnpucycTBy omaaajyhe KOHIEHTpaImje
UCIUTHBAHUX jeubema. PacT OnoduimMa je kBaHTU(UKOBaH 00jemeM aaxepeHTHUX henuja,
npu yemy je oapehena ancopnmmja Ha 530 nm (Epoch Microplate Spectrophotometar, BioTek
Instruents, Inc.)

3.5.6 Hcnumuesarmwe ymuyaja komniekca na ouogpuam S. aureus ATCC 25923

Tect wunxubummje Ouopmnma S. aureus ATCC 25923 coja je wusBeneH y
MUKPOTHTPAIIMOHUM TuToYaMa ca 96 OyHapuha ca paBHuM aHOM. Kyntype Oaktepuja cy
y3rajane npeko Hohu u pasbnaxene 10 5 x 107 cfu/mL y Luria-Bertani (LB) noanosu. Hakon
tora, 100 pL nobujene cycnensuje je nomato y OyHapuhe y NpPHCYCTBY HCIUTHBAHUX
jenumemwa i DMSO (0.1%, v/v). Hakon nnky6anuje 24 h va 37 °C, ¢popmupanu 6uopuim
je uctpan crepwinuM PBS pactBopom u anxepentre henuje cy 6ojene CV 6ojom.

VY npyrom excnepuMmeHTy (aucnepsuja Ouoduiama), HakoH 24 h nnkyOanyje, noanora
je ykiomeHa, hemuje cy wucrnpaHe aBa nmyra PBS pacTtBopoM u TpeTHpaHe pa3iMuuTUM
KOHIIEHTpallMjaMa HUCIHUTUBAHUX jelUmbeHha TOKOM nofgaTHUX 24 h. 3a kBaHTuduUKauumjy
6uodunma xopuntheno je CV 0ojeme.

3.5.7. Hcnumuearwe aoxepenyuje

Cnoco6noct hennja C. albicans SC5314 xoje excripumupajy UpBeHH (IyOopecleHTHU
npoteun (RFP, enrn. red fluorescence protein) na unduuupajy henuje tymopa miayha A549
(mo6mjene n3 ATCC konekiuje) mpoydaBaHa je€ aJIXe3MOHUM TECTOM, y CKJIaJy ca METOJAOM
Koja je paHuje onucaHa y muteparypu.' >3

Tennje A549 cy ysrajane Ha nokpoBHUM cTakiuMa y RPMI 1640 nono3u Tokom 48
h, HakoH yera cy ko-uHKyOHupaHe ca henujama C. albicans SC5314 y nnouama ca Oynapuhuma
tokoM 1 h y RPMI 1640 nonmno3u Ha 37 °C u 5% CO,. Heanxepentne henuje C. albicans cy,
HAKOH KO-MHKyOaluje, ykiomeHe ucnupameM. Renuje A549 cy obojere y mpaky nomohy 1
pg/mL 2-(4-amuannodennn)-6-ungonkapodbamunun auxuapoxiopuaa (DAPI) tokom 10 min.
hemuje A549 u C. albicans SC5314-RFP henuje cy ananuzupane KopuiihemeM
dayopectieaTHOr MuKpockormna (Olympus BX51) ca ysehamewm o 20 myTa.
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3.5.8 Ananuza Xupuwigpunoosux nospuiuna

Anammza Xupmowmigosux mnoBpmuHa (HSA, enrn. Hirshfeld surface analysis)
KopuitheHa je y [ujby aHaJIM3€ ¥ BU3YEIN3allije HHTEPMOJICKYJICKUX HHTEPAKIHja KOje UMajy
Ba)XHY YJIOTY y CTaOMJIM3alliju KPUCTATIHE CTPYKType, mpuMeHoM nporpama Crystal Explorer
21.58" u CIF nmatoreka moOMjeHMX PEHITEHCKOM CTPYKTypHOM aHanm3oM. OBa aHanmm3a je
YKJbyYHBaJla MpPOILEHY HOPMAIN30BaHE KOHTAKTHE YJOAJEHOCTU (dnorm) MOBpIIMHA U
reHepucame 2D rpaduka ,,otucka npcra”’. OBaj mapameTap T€HEpHCaH je ca CTaHIapIHOM
MOBPIIMHCKOM PE30JIyLIHjOM U M3padyHar npema cienehoj jenHaunHu:

(d +r‘vdW) (d _rvdW)
dnorm = lr'vdll/v - rvdif\/

1 e

rae 7™ wu P npencrasmajy Bam nep Bancoe pammjyce omrosapajyhmx aroma

YHYTpAIIBUX U CHOJFANIBLUX Y OJHOCY HAa HoBpmuHy.'>? Bpennoctu de. u di npejcTaBibajy
Mepeme pacTojama u3Mely XupuiduagoBe MOBpIIMHE U HAjOIMKET aToMa KOjU ce Hala3| ca
CIIOJBAIIELE OJHOCHO YHYyTpallikhe crTpaHe mnoBpmuHe. [lapamerap dhorm €€ KOpPUCTH 3a
Kpeupamwe Tpoaumensnonanue (3D) Xupmdunnose nospuvHe ca crnekTpoMm 0oja (LpBeHa,
Oena M IIaBa), ca KOHCTAHTHOM cKajoM y pacrony ox 0,42 A (upsena) mo 1,6 A (mnasa).
JIBOIMMEH3HOHAIHY IMjarpaMy OTHCKa MPCTa, 3aCHOBAaHU Ha d. U d; pacTojambuMa (Orcer oJl
0,6 — 2,6 A), omoryhaajy kpanTHuKauujy Mel)yMoneKyIapHUX HHTEpaKLHja KOje JOIPUHOCE
YKYIHO] CTAaOUITHOCTH KpHUCTaa.

3.5.9. Keanmmno-mexanuuxku npopauynu

l'eomerprje WCIUTHBAHMX KOMIUIEKCA Cy ONTHMH30BaHE IPHUMEHOM TEOpHje
¢yukunonana ryctune (DFT, enr. Density functional theory). 3a Agl, Ag2 u AgS xomIiekce,
kopumher je ADF'* mporpam y Amsterdam Modeling Suite (Bepsuja 2023.104)'3* u
anpokcumaija ZORA (Zeroth Order Regular Approximation).'*>'3" Consaranmonu monen
COSMO"13% koju je ummmnementupan y ADF mporpamy'®’ ca DMSO pacTtBapauem,
KopuutheH je y 1ujby MCIUTHBaKa yTUIAja OBOI pacTBapaya Ha reOMETpHjy KOMILIekca. 3a
ONTUMH3AIM]y TeoMeTpHje KoMIlekca kopuinheH je ¢ynkuuonan BP86-D4.'*1-144 33 cpe
atome je kopumrhen TZP 6a3Hu ckyn, 10K cy (peKBeHLMje MU3payyHaTe Ha MUCTOM HUBOY
teopuje. BuOpammona ananm3a ca KOpEKIMjaMa WHTEPIOJIAlUjeé pOTOpa Ha HHCKO]
BuOpanuonoj Qpexsenuuju,'*>146 xopumhena je 3a mpoleHy yHyTpalmmbHX eHepruja u
enTponujckux edexara ['mbcose (Gibbs) cnoboane enepruje Ha 298 K (rpannyna ppexkBeHIm]a
uzHocu 100 cm ™). Tlpumersena je kopekiuja 360r KOHBep3Uje cTaHaapaHor cTama (1 atm Ha
1 mol/dm? craunapaHor crama pactBopa; 1,89 kcal/mol Ha cio6oany eneprujy Ha 298 K). 3a
DMSO, usBpiieHa je kopekirja cioboaHe eHepruje 300r KOHBEp3Uje Y CTaHAApIHO CTame
pactBapauya (3,46 kcal/mol, nma 298,15 K). Enekrtponcke eHepruje xopumiheHe 3a
u3pauyHaBame ['ubcoBe croboane enepruje cy oxpehene mpumenom MNI15'47 u TPSSh-
D4148.199 " yera-xubpumuux  ¢pynkunuonana Ha ZORA-BP86-D4/TZP-COSMO (DMSO)
ONTUMHU30BAHUM I'eOMeTpHjama. 3a U3padyHaBambe eJIeKTPOHCKUX eHepruja kopuurhen je TZ2P
0a3HU CKYII 3a CBE aTOMeE. 3a CBa M3pauyHaBama koja kopucte MN15 pynkunonan kopunrhena
je LibXC 6ubnuoreka.'>

3a Ag3, Ag4 u Agb — Ag8 xomruiekce, puMemeH je copTBepcku nakeT Gaussianl6 y
KoMOMHaIMju ca porpamoM GaussView 6.0.16 3a rpadudku mpukas cTpykTypa.'>! Ipomena
I'u6coe cnobomue enepruje (AG®) u koHcrautu paBHoTexke (K) (opMmupama wumm
JUcoliMjalje KoMIuiekca oapehene cy ontuMusanujoM reomerpuja peaktanata (G peaxmanmu)
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u 1ipou3BoJia (G upoussoou) TpuMeHOM MO06-2X dyHKumoHana u 6azHor ckyna 6-311+G(dp) 3a
CBE aTOMe, OCHM 3a aTOM cpedpa, 3a Koju je kopumhen 6asuu ckyn LANL2TZ(f).1%153 Monen
CPCM (Conductor-like Poralizable Continuum Model) xopuniheH je y Huby UCIHUTHBAKbA
yrunaja DMSO pacTBapaya Ha TeoMeTpHjy MCIUTHBAHMX jelumema. >t Ilpumemenn
COJIBATAllMOHM MOJeNl BeoMa e(UKACHO HWCHHTYyje YTHIA] COJBaTaldje Ha HEYTPAIHE H
Tnonapu3oBaHe Monekyie. 3>

IIpomena AG° je onpehena omysmmameMm 36Mpa I'MOCOBMX eHepruja Npou3BOJA
(G®npouseoou) o1 30upa I'mbcoBux enepruja peakranarta (G°peaxmanmu), KOj€ Cy TOOHMjeHE HAKOH
ONTUMH3ALMje TeOMETPHUje UCTIMTHBAHUX KoMILlekca: !>’

0 0 0
AG = ZGproducts _ZGreactants
KoHcTanTa paBHOTEKE HCIHUTHBAHUX peakiuja onpeheHa je kopumhemem cienehe
jennaunne (T =298,15 K; R = 8,314 J K 'mol™!):

_AG,
K=e RT

BubpaunoHu crekTpu KOMIUIEKCa HCIUTHBAHU Cy NPHUMEHOM aHaIU3e pacrojelie
norenuujanse enepruje (PED) u codrepa FCART Bepsuje 7.0."°% Xemujcka nomepama
IPOTOHA MCIUTHBAHMX jemumema y 'H NMR chektpy onpeheHa cy NIpHMEHOM METOJIE
He3aBucHe aToMcke opouTtaine (GIAO) y DMSO pacrsapauy.'>® UV-Vis ciekTpu MCOUTHBAHUX
jenumema J00MjeHr Cy KopulhewmeM Teopuje (yHKIMOHAIa TYCTHHE 3aBHCHE O]l BpeMeHa
(TD-DFT) y DMSO.!'®° Kputuune rauxe Bese (BCPs, enri. Bond Critical Points) koMiuiekca
Ag6 — Ag8 onpehene cy mpumenom ananuze KBantHe teopuje aroma y monekynuma (QTAIM)
kopumhemeM coprBepckor nakera Multiwfn, 6!

3.5.10. Monekyacku 0okunz

Codrepckn mporpam AutoDock 4.0 je xopumrheH 3a oapehuBame uHTEpakiyja
u3Mel)y ucnutuBaHux Komiiekca cpedpa(l) u nusbHOr eH3uma (JBa uzomepa uuroxpom P450
crepon l14a-nemerunaze CYP130 u CYP51B).!9? Tpoaumensnonansa kpucransa CTpyKTypa
CYP450 je nobujena uzs RCSB Protein Data Bank y PDB ¢opmary.!'¢*!%* Codreepcku mporpam
Discovery Studio 4.0 je xopumniheH 3a BU3yenu3alldjy W aHAIW3y MHTEpAKIMja JUTAHIA U
npotenna.'® Boja u Apyru MONEKyIH KOjH KO-KPUCTAIHINY Cy YKIOHEHH TOKOM IIpolieca
npunpeme nporenHa. Monekyn nporonopdupuna [X xoju cagpxu Fe (HEMS580) ce 3aapxkaBa
y CTPYKTYpH NpOTeHHa 300T KJbyUHE YyJIOre y KaTaJUTUYKO] aKTUBHOCTH M HMOTEHIM]jaTHUX
MHTEpaKIMja ca UCIUTUBAHUM jeIUHEHUMA.

AutoDock codTBep KOpHUCTH CEMHU-EMIIMPH]CKO MOJbE 3a MpOleHy KoHpopmaruja
TOKOM CHMyJaluja y LWy ojpehuBama TEepMOJUHAMHYKUX TMapamerapa usmMely
MCIIMTHBAHUX jellbela U TpoTenna. % Tepmomunamuuku napamerap (AGbind) PEACTaBIba
CI1000/IHY €HEprujy Be3WBama M OJHOCH C€ Ha C€HEPrujy ocioboheHy TOKOM HHTEpaKIIHje
u3Mel)ly HMCIHUTHBaHMX jelWIbelha M aMHHOKHCEMHCKHX oOcTaTaka mporenHa. AutoDock
codTBep U3padyHaBa OBY BPEJHOCT Ha OCHOBY cliefiche jeTHaunHe:

AGbind = AGinter + AGtotal + AG[OV* AGunb

rae je AGiwr cnobomna Top3uoHa eHepruja, AGiow yKyImHA yHyTpamma eHepruja, AGunb
cinoboaHa eHepruja y cucteMy U AGinter HHTEPMOJIEKYJICKA €HEPrUja KOja MpeAcTaBiba 301p
eHepruje aucnep3uje u oadbujama (AGvaw), eHepruje BomoHUYHE Be3€ (AGhbond), CHEPTH]E
pactBapama (AGaesolv) U elekTpocTaTHuke eHepruje (AGeiec).'?’
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AGinter = AGvdW+hbond+desolv + AGelec

Hpyrn 3HayajaH TepMOJAMHAMUYKHM TlapamMeTap je KoHcTaHTa wuHxuOunuje (Kj).
AutoDock nporpam u3padyHaBa oBe BpeHOCTU POieHOM AGhbind TOMONY jeTHaunHE:

AGpind = RTIn(K;)

rze je R racua xoncranTa (R = 1,99 cal/molK), a T anconyTtna Temmnepatypa (298,15 K).!%8 Opa
jelIHaynHa MOXE Ce MaTeMaTH4Ku TpaHchopmucatu na Ou ce goOuia jeqHadymHa Koja ce
KOPHUCTH 3a U3pauyHaBame KOHCTAaHTE UHXUOULIH]E:

AGyng
Ki =e RT

3.5.11. Cmamucmuyxku npopauynu

CraTtuctnyka aHanm3a je oapehena ynopehupamem cpelibuX BPeJHOCTH + CTaHIapIHE
nesujanuje (SD) uzmel)y ekciepuMeHTaIHUX U KOHTPOJIHUX Tpyma mpuMeHoM f-tecta (Two-
Sample Assuming Equal Variances) u anamusze One-way ANalysis of VAriance (ANOVA,
Single Factor) ca @umeposum tectom (Fisher’s Least Significant Difference (LSD) post-hoc
test). Bpemnoct BepoBatHohe, p < 0,05, cTaTUCTHYKH je 3Ha4YajHA. AHAIM3a CTATUCTUYKUX
nojaraka je ypahena nomohy Microsoft Excel Spreadsheet codrsepa.
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4. PESYJITATU U IUCKYCUJA
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4.1. Cunre3a, KapakTepH3aluja 1 aHTHMHKPOOHA aKTUBHOCT KoMILIekca cpedpa(l)
ca KJIoTpuMasojom’

Kommekc [Ag(ctz)2]SbFs (Agl) (ctz je kimoTpumazon) AO0OHjeH je Yy peakiuju
cpebpo(l)-xekcadyopoantumonata(V) ca KIIOTpuMazoiaoM y 1 : 1 MOJICKOM OJTHOCY y €TaHOITY
Ha coOHOj TemmepaTypu y ozcyctBy csernoctu (Crmka 17).!'® Kpucranm xommnekca cy
JO00WjeH! TPEKPUCTAIHU3AII]OM OCIIOT TAJIOTa U3 PEaKIuje y CMEIIH alleTOHUTPHIT/eTaHod (V/v
1 : 1) u ymapaBamweM 100MjE€HOT pacTBOpa Ha COOHO] TEMIIEPATYPH Y MpaKy.

1:1 Moncku ogHoc

AgSbF ¥ ctz ctz W SbFe

- Ag
C;HsOH, t=25"C

Ag1

Cauxka 17. lllemaTcku npuka3 peaknuje 3a cuaresy Agl xommiekca. Hymepanuja aroma y
KIOTpuMasony je kopuihena 3a 'H NMR crneKTpocKoncKy KapakTepu3aiujy

4.1.1. Onuc kpucmanne cmpykmype Agl xomnnekca

VY xommuiekcy Agl, nBa ctz muranjia cy MOHOAEGHTATHO KoopiuHoBaHa 3a cpedpo(l) jon
TpeKo MMKIa3010Bor aToMa azota N3 (Cinuka 18).!'® Ha opaj nauun, HacTaje KOMILIEKCHH
KaTjOH JIMHEapHe reoMeTpHje, Koju je HeyTpayncaH SbFe joHOM, KOjU ce Haas3u y CrioJballibho)
KOOpAMHAIMOHO] cepu. Haunn koopauHanuje kiotpumasoia 3a cpedpo(l) joH je y cxiamy ca
KOOPJIMHAIIM]OM UTpaKoHa3oJia (icz), KOju KOOPAUHAIIM]OM 32 OBaj JOH METaJa Jiaje JIMHeapaH
[Ag(icz)2]NO3H20 xommekc (Cnuxa 14).!%° 'V ognocy Ha KoMIIeKce ca icz Iurasaom, Bese
Ag-N cy HesnatHo kpahe y Agl xommiuekcy um usHoce 2,090(3) A. V crpykrypu Agl
KOMIIIEKCA MOYe Ce TPHMETMTH elNeKTPOHCKAa TycTMHa Ha mpubmmxno 1,6 A ox atoma
yribeHuka Cl4, mTo onroBapa moryhoj ynasmseHoctu Ca—Cl, 300r dyera je arom XxJjopa
MoOJIeJIOBaH Tako ja 0yne Heypehen (Besan 3a C8 u C14 y ognocy 92% : 8%, pecrieKTUBHO).

"Pesynraru oBOr UCTpakuBama Cy o0jaBibenu y pany M. Stankovi¢ et al., Dalton Trans., 53 (2024) 2218-2230.
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Cauka 18. Kpucranna crpykrypa komiuiekca Agl. TepMudku enurnconny cy JaTi Ha HUBOY
BepoBatHohe 011 35%. AToMu BOJOHUKA Cy H30CTaBJbEHU Kao B Heypeh)eHOCT aToma Xjiopa
CI8. Jlyxune Be3a u yriosu usmely Besa (°): Agl-N3=2,090(3) A, N3-Agl-N3’ =177,3°

[IperpaxxkuBamem kpucranorpadcke 6aze CSD (Cambridge Structural Database;
WebCSD),!” yrepheno je na je ykymHo 21 KOMIUIEKC MeTana ca KIOTPHMA30JIOM
OKapakTepucaH MPUMEHOM PEHIrCHCKE CTpPYKTypHe aHaimse (6 komruiekca Oaxpa(ll), 5
komruiekca pyreHujyma(ll), 3 xommnekca nwmaka(ll), 2 kommiekca 3mata(Ill) u mo jeman
komruiekc riarune(ll), managujyma(Il), pogujyma(Ill), manrana(Il) u kagmujyma(ll)). [open
TOTa, HEJAABHO j€ MyOJIMKOBAaHA KPHUCTATHA CTPYKTYpa fac-Tpukapoonmnpenujym(l) komruiekca,
KOJjU caapKd [JIBa pa3U4HWTa JIMTaHAa, MOHOJEHTATHO KOOPJWHOBAH KIOTPUMA30Nl U
OUIEHTaTHO KOOpAMHOBaH 2,2 -6unupuus.'

4.1.2. Cnexmpockoncka Kapakmepusayuja

IR cnekrap Agl xoMmIuiekca y CKIaay je ca HEroBOM CTPYKTypoM ojpeheHom
PEHITEHCKOM CTpYKTypHOM ananu3om.''® OBaj cmekrap caapku Tpake Koje IOTUYY OJ
KapaKTepUCTUYHUX BUOpalrja KOOPAMHOBAHOT KJIOTPUMA30Jia, Ka0 U Tpake Koje MOTHYY O
SbFs” koHTpa-aHjoHa. Y cKjady ca THM, BeOMa MHTEH3MBHA Tpaka Ha 655 cm™ y IR cmekTpy
Agl xoMmmekca oarosapa HekoopauHoBaHoM SbFe anjony,!’”! mro je y carmachoctu ca IR
CIIEKTPOCKOIICKUM ToAamnuma 3a nperxoano onucanu [Ag(1,7-phen)2]SbF¢ xommexc (1,7-
phen je MoHOEHTaTHO KOOpAMHOBaH 1,7-henantponun).'’? Tlopen Tora, Tpake Ha ~3100-3000
cm! motuuy ox Co—H Banenumonux Bu6panuja,'’> 1ok Tpake y oncery ox 1618 1o 1406 cm’!
oxrosapajy Budpanujama apoMaTHaHux rpcteHoBa (V(Ca=Car) 1 V(C=N)).!7*

UV-Vis cniekrap komiuiekca Agl je ciumibeH y DMSO Ha coOHoj TemniepaTypu (Cimka
19a) .!'"® 360r cnuunoctu y o6auxy UV-Vis cniekrapa kommiekca cpebpa(l) u k1oTpumasosna,
MOXK€ C€ 3aKJbYYHTH Ja allCOPIIMOHN MAKCUMyM KOMIUIeKca Ha 260 nm motuye of npenasza
yHyTap nuranazna. OBo je y carnacHocTd ca UV-Vis CIeKTpOCKONCKMM 0cOOMHaMa MPETXO0AHO
ny6auKoBaHUX KoMIuiekca cpebpa(l) ca pasauuuTHM a30T- U CyMIIOP-JOHOp Auranuma.!’>17
AncopnuuoHn MakcuMyM Agl KomIuiekca Iokasyje 0aToXpoMHO (IJpBEHO) MOMEpame y
OJIHOCY Ha alCOPHIMOHH MaKCHUMyM KJIOTpUMazoiia (Amax = 255 nm). UV-Vis cnextpu
KOMIUIeKca cy, Takohe, cHumibeHu 24 u 48 h HakoH pactBapawa y DMSO u cmemm
DMSO/PBS (v/v 7 : 3; Cniuka 1906).

39 Mua Cmanxosuh



ﬂoxmopcz«z ()ucepmauuia Pe3wzmamu u 0UKCVCUfa

(@

0.8

0.4 4

0 T T T T T
258 263 268 273 278 283
A (nm)

®

0 T T T T |. - 1

258 263 268 273 278 283 288
A (nm)

Cauka 19. UV-Vis cnexktpu Agl komiuiekca chumibenn y DMSO (a) u DMSO/PBS
(v/v 7 : 3, 6) Ha COOHOj TeMIIepaTypH y pa3INuYUTHM BPEMEHCKUM MHTEpBaIuMa

Hucy youene 3HauajHe npomeHe u3Melly mouetHor UV-Vis crnekTpa M crekTpa
CHUMJbEHOT nocie 48 h, ocuM HE3HAaTHOT CMamkelha MHTEH3UTETa alCopIIMOHOT MaKCUMyMa
(Cnuka 19). Ha ocHOBY Tora ce MOXe 3aKJby4HUTH Jia KIIOTPUMAa30J1 0CTaje KOOPAUHOBAH 32 JOH
cpeopa(l) y pactBopy. Ympkoc TOoMe, MOXE Ce€ MpEeTHocTaBUTH na he ce joH cpebdpa(l)
ocnoboautu u3 [Ag(ctz)]” joHa mpu (QU3HOJIOIIKMM YCIOBUMA y MPUCYCTBY NPOTEUHA W
npyrux henujckux OWOMOJIEKyJa, jep Cy HHTepakiuje u3Mel)ly oBor joHa wmeTtana u
OMOMOJIEKYJIa O/ITOBOPHE 32 IETOBY aHTHMUKPOOHY aKTUBHOCT.' '

"H NMR cnekrap kommnnekca Agl je caumiben y DMSO-ds (Cnuka 20) u aHanmu3upas
Ha OCHOBY ojroBapajyhux mojaraka 3a kioTpumason uuju je 'H NMR chekrap mpeTxomHo
caumsben.!’* Behnna curHana 3a KOOpAMHOBAHM KIOTpUMa3on y Agl KOMIUIEKCY je moMepeHa
Ka HH)KEeM MoJby (Behe BpeTHOCTH XeMUjCKOT TOMEepama) y OAHOCY Ha ojroBapajyhe curnaie
HEKOOpMHOBaHOT nuraHaa. Y HekuM ciyuajeBuMa A('H)eoord KOOPAMHAIIMOHA TIOMEPaHha
curHana (oznpehenn y oJHOCY Ha moMepama 3a kiioTpumazon y DMSO-ds ) Hucy 3HadajHa, mro
je ouekuBana NMR cnekrpockoncka ocobuna cpebpo(l) kommuekca y DMSO-ds.!7817
XeMHujcka ToMepama CUTHAJIA, Y BEIMKOj MEPH, 3aBHCE O/ IMOJI0Kaja oaroBapajyher mporoHa
y OJHOCY Ha a30T, KOju je koopauHoBaH 3a cpedbpo(l) jon. Hajeehe xemujcko momepame of
+0,31 ppm je youeHo 3a MPOTOH KOjH j€ cyceaaH KOOpAMHOBaHOM aTomy azorta, C2H.
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Camuxa 20. 'H NMR cnektpu kommiuekca Agl u knotpumaszona y DMSO-ds Ha co6HO]
temneparypu u 200 MHz

Macenu cniektap 3a Agl KOMIIIeKC T0AaTHO MOTBphyje KOOpAUHAIN]Y KIOTPUMa30ia
3a cpebpo(l) jou y pactBopy.

4.1.3. DFT npopauynu

[Tpumenom DFT mpopauyHa mpernocraB/beHa je TepMOAMHAMHUYKHM HajlIOBOJbHU]jA
ctpykrypa Agl xommiexca y DMSO pactsopy.!!® ITonasehu on cTpykrype Kkoja je oapehena
NPUMEHOM pPEHJreHCKE CTPYKTYpHE aHalu3e, HU3BpIIEHa je ONTHMHU3ALMja TeOMETpHje
koMmiuiekca Ha ZORA-BP86-D4/TZP-COSMO (DMSO) nuBoy Teopuje. EHepruje enektpona
kopuurthene 3a mpopauyH ['mbGcoBe cinoboaHe eHepruje UCIUTUBAHMX KOMIUIEKCHUX BpCTa
onpehene cy momohy nBe Teopujcke meroae, ZORA-MN15/TZ2P-COSMO (DMSO) u ZORA-
TPSSh-D4/TZ2P-COSMO (DMSO), a nobujenu pe3ynrtatu cy aaTa Ha cauim 21. Moxe ce
3akpyuuTH Aa je Agl kommuiekc crtabunman y DMSO, 3aapxkaBajyhu cBojy JnHeapHY
TEOMETPH]Y y3 MOHOACHTATHO KOOpIMHOBaHa fBa ctz nuranaa (Cruka 21).
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Peaknmuja MNI15/TZ2P TPSSh-D4/TZ2P
ctz)] + = o]+ 2ctz +11, +14,
Ag “+2DMSO = [Ag(DMSO),]" + 2 11,2 14,4

Camka 21. Ctpykrypa [Ag(ctz)2]" komruiekcHor Katjona ontumusosana Ha ZORA-BP86-
D4/TZP-COSMO(DMSO) nusoy teopuje. [Ipomena cinoboaue 'nbcose enepruje (kJ/mol)
Ha ZORA-MN15/TZ2P-COSMO (DMSO)/ZORA-BP86-D4/TZP-COSMO(DMSO) u
ZORA-TPSSh-D4/TZ2P-COSMO (DMSO)/ZORA-BP86-D4/TZP-COSMO(DMSO)
HUBOHMMA TE€OPHje 3a pPeaKiujy CYICTUTYIH]je Ctz TUTraHaaa MOJIEKYyJIOM pacTBapaya

4.1.4 Enexmpoxemujcko nonawarse

VY by 60Jber pasyMeBama CTAOMITHOCTH M OMOJIONIKE aKTUBHOCTH j€IbEHha, BeoMa
J€ BaXKHO UCIUTATH HEroBe pepokc ocobune. L{uknnyna BontameTpuja oapelyje noTeHujan
TIPH KOjeM jeIMI-EHe MOKe OMTH PeTyKOBaHO M/uiu okcuaoBano. " [ukimdany BosTaMorpam
Agl xoMIuiekca je CHUMJbeH Ha crakiiactoM yribeHuky (GC enextpoma) y DMSO u 0,1 M
TBAHP kao nomMohHOM eneKTpoauTy npu cieaehum ycnoBuma, Enoverno = —2,0 V, Expajime = 2,0
V, 6p3una ckeHupama = 50 mV/s (Cruxa 22).!1* V Bontamorpamy komiekca Moske ce yOuuTH
jeaaH OKCUAALMOHHU MUK [, Ha 1,47 V, mITo ce Moe npumnucartu npouecy okcuaanuje cpedpo(l)
jona y cpebpo(Il) y ckmamy ca nauTeparypHUM MOJallMMa 3a PENOKC aKTHBHE KOMIUIEKCE
cpebpa(1).!%181182 C npyre cTpane, y KaTomMHOM cMepy ce MOT'Y HPUMETHUTH JBa PeAyKIIHOHA
nuka I 1 I Ha —0,40 u —1,04 V (Cnuka 22), Koju ce MOTy NPUIKCATH IPOLieCUMa PETYKIU)e
cpebpo(Il) — cpedpo(I) u cpebpo(I) — cpedpo(0), pecnektusHo.'*>18L182 Basxno je
HAIIOMEHYTH Ja cpedpo MOKe TOKa3aTh OWOJIONMIKY aKTUBHOCT Y CBHM OKCHIAIIHOHHM

cramuma, 83185
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Cuamka 22. [{uxmmunu Bontamorpam 3a Agl komiuieke cauMibed Ha GC enextpoan y DMSO
u 0,1 M TBAHP kao nomohuu enekTpoiut mpu Op3uHu ckeHupama 50 mV/s

4.1.5. Hcnumuearwe anmumuxpoone u yumomokcuune akmuenocmu Agl xomnnekca

Kao mro je momenyto y Ommrem ey JOKTOPCKe AucepTaliyje, komruiekcu cpedpa(l)
NOKa3yjy 3Ha4ajHy aHTUMUKPOOHY aKTUBHOCT, JIOK Cy HeJlaBHA UCTPaKUBamwa, Takohe, ykazana
Ha FBUXOB IUTOTOKCHYHH W T€HOTOKCHYHH TOTEHIWjaT MpeMa HOPMAIHUM H TYMOPCKUM
hennjama.'®1%7 vV mopehemy ca mpoctum conuma cpebpa(l), xommaekcu cpebpa(l) ca
OpraHCKUM JIUTaHAuMa TI0Ka3yjy pasHOBPCHHja XeMujcka cBojctpa.'*® ITopen Tora, mpumena
npoctux coiu cpebpa(l) je orpanmuna 300r mwuUXOBe Op3e aucoldjandje, Koja MpuU
(U3HOJIOMIKUM yCIIOBUMA JOBOJM 10 Tajoxkema cpedpo(l)-xmopumga, ynme ce crpeudaBa
aHTUMHKPOOHO JieioBame jona cpedpa(l).!”’

Jla 6u ce ytBpano yrunaj jona cpedpa(l) Ha aHTUMHKPOOHY akTUBHOCT Ag1 KOMITIEeKca,
Mo0WjeHr pe3yNTaTi OMOJOIIKUX UCITUTUBAKka OBOT KOMILIEKca nmopehenu ca oarosapajyhum
pesynaratuma 3a  kiotpumaszon (TaGena 5).!'® Kommmexc Agl mokasyje 3HauajHy
AHTUTJBUBUYHY U YMEPEHY aHTHOAKTEePHjCKy aKTMBHOCT. Y Topehemy ca HEKOOPAMHOBAHUM
KJIOTPUMA30JI0M, OBaj KoMmIuiekc nokasyje 9 myta (C. glabrata), 22 niyta (C. albicans), 47 myta
(C. krusei) u 1020 nyta (C. parapsilosis) Behy akTUBHOCT y oJiHOCY Ha kjoTpumazoi (Tabena
5).

Ta6ena 5. AuTumukpoOHa aktusHocT (MIC, uM) Agl xommiekca, kiorpumasona u AgSbFs
npema ucnutuBaHuM Candida w 0GakTepHjckUM cojeBUMa y mopehemy ca HUXOBOM
nuToToKcYHOM aktuBHoIIhy (ICso, pM)?

Agl ctz AgSbFs

C. albicans ATCC 10231 0,12+0,03 2,60+0,15 3,64 +£0,20
C. parapsilosis ATCC 22019 0,01 +0,001 10,20 £ 0,28 0,09 £ 0,01

C. krusei ATCC 6258 0,03 + 0,01 1,40 £ 0,09 4,66 +0,19
C. glabrata ATCC 2001 0,97 £ 0,06 9,10+0,19 2,33+£0,07
P. aeruginosa NCTC 10332 12,1 +£0,22 >500 36,38+ 0,11
E. coli NCTC 2001 12,1 +£0,17 >500 18,19+ 0,15
S. aureus ATCC 25923 2,61 +0,20 290,00 £ 0,02 36,38+ 0,07
L. monocytogenes NCTC 11994 12,1 £0,27 >500 36,38 +£ 0,22
MRC-5 henmje 16,0+ 0,9 8,7+04 18,3+0,3

ICso je KOHLIEHTpaLMja jenberna, Koja nuxuoupa 50% pacra henuja nHakon 48 h.
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Jobujenun pe3ynratu cy y ckiaaay ca pesyiaratuma 3a [Ag(icz)2]NOs3H20 komruiekc,
koju je 2,3 u 4,5 nyra aktusHHju of icz npema C. albicans u C. glabrata, pecnextusno. "
Bpemnoctu MIC (uM) 3a AgSbFs cy, Takohe, HaBenene y tabenu 5. Mako cy oBe BpeIHOCTH
yHopeauBe ca oAroBapajyhuM BpegHoCcTMMa 3a KioTpumaszod u  cpedpo(l) kommexc,
MOTEHIMjajlHA TIPUMEHA OBE COJIM j€ OrpaHHuYeHa ycien Op3e aucouujanuje u GopMupama
tanora AgCl, xao mro je Beh HaBeneHo.!”’

Koopaunanuja pa3auuuTHX OPraHCKUX JMraHaga 3a joH cpebpa(l) moBoam 10
dopmupama pa3TUUYATHX KOMIUIEKCAa KOjU TMOKa3yjy 3Ha4yajHy aHTHOAKTEPH]jCKY
aktupHoct.' 177188y nopehemy ca knorpumaszonom, Agl KoMIiekc Hokasyje 3HauajHo Behy
aHTHOAKTEPHjCKy aKTUBHOCT ITPeMa CBUM MCIIMTHBAHUM COjeBUMa y orcery ox 2,61 — 12,1 uM
(Tabena 5). OBaj KoMIUIEKC TTOKa3yje Hajehy akTUBHOCT mpema ['paM-TIO3UTUBHO] S. aureus
6axrepuju, npu yemy je MIC Bpeanoct 2,61 uM. BaxxHo 1a je HATOMEHYTH /12 ¥ KIIOTPHUMAa30JI
MOKa3yje aKTUBHOCT CaMo MIpeMa 0BOj OJ] CBUX UCITUTUBAHUX OaKTEPUjCKUX COjeBa.

Ha ocnoBy ICsp BpemHocTH mpuKazaHuX y Ta0enu 5 MOXke ce 3akbyuutu na Agl
KOMILJIEKC MMa TIOBOJbHHjH PO TOKCUYHOCTH Y OJIHOCY Ha KIIOTpUMa3oll (KoMIuiekc je 1,8
yTa Mame TOKCHYaH of a3zona). M3padynar je nnaekc cenekruBHoctd (SI) 3a Agl koMmIuieke
u ctz gememeM [Cso ca MIC Bpennomhy (Tabena 6). Bpemnoctu SI 3a koMIuiekc Ha
uctutuBaHuM Candida cojeBuma cy y pacrony ox 1600 (3a C. parapsilosis) no 16,5 (3a C.
glabrata). Tlpumepa panu, SI BpenHocT 3a kiauHHUYKH Kopuiithenu cpebpo(l)-cyndaaunazun

usHocu 4 ipema C. parapsilosis u C. krusei.'>

Tabeana 6. Bpennoctu unaekca cenekrusHoctu (SI) 3a Agl xommiieke, kinotpumason u AgSbFs
npema ucnutuBanuM Candida cojeBuma

Hcnutupanu cojeBu C. albicans C. parapsilosis C. krusei C. glabrata

Jenumeme ATCC 10231 ATCC 22019 ATCC 6258 ATCC 2001
Agl 133,3 1600 533,3 16,5
KIIOTpUMa307 (ctz) 3,3 0,8 6,2 1,0
AgSbFs 5,0 203,3 3,9 7,8

C 003upoM 1a KIMHMYKH KOPHMITNEHM a30IIM yTH4y Ha OHOCHHTE3y eprocrepoia
MHXHOUpameM 1uToxpoma P450,'° ucnutunan je epexar Agl xoMiiekca, KIOTpUMAa3ona U

AgSbFe na oaj nponuec (Crmuka 23).!'* Kao mro ce Moxe Bumeru, Agl KOMIIEKC 3HAYajHO
cMamyje KOJMYUHY eprocrepoiia, 10k ctz 1 AgSbFs camo HesHaTHO yTHUy Ha Y. Ha ocHOBY
OBOI'a, MOX€ C€ 3aKJbYUYHMTH J1a aHTUIJBMBHYHA aKTUBHOCT OBOT' KOMILJIEKCA MOKE JIOBECTH Y
B€3y ca MHXUOMIIM]OM OMOCUHTE3E eprocrepoia.
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Cauka 23. Konmunna eprocrepoda 3a coj C. albicans ATCC 10231 y npucycty 0,5 x MIC
komruiekca Agl, ctz m AgSbFs onpehena npumenom UV-Vis cnekrpodoToMeTpuje y orcery
TajnacHux ayxuHa ox 240 1o 300 nm

4.1.6. Tecm cpunamenmauuje C. albicans ATCC 10231 coja

Mopdonomka Tpanchopmarmja u3 kBacua y dopmy xude 3a C. albicans TIbUBHILY
TpeicTaB/ba jellaH OJl BaXHHX acrekara meHe martorenese.'’! HemasHo je yTBpheno na
MPUCYCTBO pa3NIn4YUTUX KoMmIuiekca cpedpa(l) moxe naxubuparu henujeky nudepeHnujanmjy
Candida tmusuna.'”> V ckmagy ca TuM, HCIUTHBaH je edekaT CyOMHXMOMTOPHHUX
koHueHTpanyja (0,5 x MIC) Agl xomruiekca, ctz u AgSbFs Ha popmupame xuda C. albicans
coja (Ciuka 24).''8 Cpa ucnuTuBana jenumema y MOTIYHOCTH HHXUOUPajy GopMHUpame Xupa
y UBPCTOj MOJJIO3H, YaK U TOKOM AYXeT u3jarama a0 72 h.

AgSbF, DMSO
K-}
&
=
g
=
N

Cauka 24. YTunaj cyounxuoburopuux konuentpanuja (0,5 x MIC) Agl komruiekca,
ctz u AgSbF¢ Ha dhopmupame xuda C. albicans ATCC 10231 coja mocne 24,48 u 72 hy
nopehewy ca DMSO koHTposiOM
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4.1.7. Ymuuaj na ouogpuam C. albicans ATCC 10231 coja

Tpanchopmanuja kBacma y xude MpencTaB/ba BaKaH MPOIEC TOKOM TJbUBUYHE
nHdeKIMje n nHUIMjanHa je daza y hopMupamy 6uoduama Candida reusuna.'> Kommiexce
Agl unxubupa popmupame 6nopunma C. albicans ATCC 10231 coja npu 0,5 x MIC 3a 86%.
Y nopehewy ca ctz (79%), unxubunuja hopmupama OuoduimMa je nosehana 3a oarorapajyhu
KOMIIIEKC, yKasyjyhu Ha mosutusan ytuuaj jona cpebpa(l).''® C npyre crpane, Hu jenHo on
WCIIUTUBAHUX jeIU-EHha HUje yTuliaino Ha Beh hopmupanu 6uobunm C. albicans ATCC 10231
coja.

4.1.8. Tecm aoxepenuyuje

Y uuiby netasbHHjer u3yudaBama edexta Agl komriuiekca Ha marorene’y Candida
IJbUBUIIA, HCIIUTHUBAH j€ HEeroB yThIla] Ha aaxepeHnujy C. albicans na A549 tymopcke hemmje
(Cnuka 25). Ose henuje cy momioxHe HHDEKIHUjHU, jep MOKa3yjy MPEKOMEpPHY EKCIpPecHjy
MyLMHAa ¥ KOpHIINEHE Cy Kao MOJeNu Yy TpoydaBamy OaKTEpUjCKUX M TIbUBHYHUX
I/IH(beKuI/Ija.lg“'l%

Kao mro ce Ha ciuuum 25 moxe npumetutd, y DMSO KOHTpoiM jacHO Cy BUJbUBE
henuje C. albicans y ¢dunamento3noj popmu, Bezane 3a MoHocnoj A549 henuja. Ynopenuna,
i HEIITO Mame m3paxeHa ¢uimamento3Ha aaxesuja C. albicans SC5314-RPF youena je y
npucycTBy Komiuiekca Agl, 1ok je HajuspaxeHuje cMameme anxesuje C. albicans SC5314-
RPF henuja npumeheno y npucyctBy knorpumaszonia (Ciuka 25).!'8 Tlpumerno mama u
cBeiiMja jesrpa cy nmpumehena Ha A549 monociojy y mpucyctsy Agl komruiekca, HaKOH
6ojema ca DAPI jemumewmem (DAPI je 2-(4-ammamHOeHMN)-6-UHIOIKAPOAMUTIH
muxuapoxnopuna). OBo je unankanyja 1a A549 henuje Hucy Ouie xuBe npe pukcaiyje, HOUITOo
ce DAPI o6uuHO KOpuCTHM 3a aHamuM3y MOpPQOJIOIIKUX TMPOMEHa Yy jelpy, Kao IITO je
KOHJIeH3aIja XpoMo3oMa y anonToTuukuM henujama. Konuenrpanmja Agl xommiekca y
TecTy amxepenuuje 6wmna je mpexko 100 myra mama ox ICso Bpennoctu onpehene na MIC-5
henujama, mro ykasyje Ha Behy OCeTJbUBOCT TyMOPCKHX henuja mpema OBOM KOMILUIEKCY U
ucTHYe a OM ce OH MOTao0 Jlajbe TECTHPATH Ka0 aHTUTYMOPCKH areHc. BaskHo je Harmacutu aa
Cy jeaumema Koja HCTOBPEMEHO IOKa3yjy pa3iMyuTe BpCT€ OMOJIOIIKUX AaKTHBHOCTU
(aHTUTYMOPCKY, aHTUTJBUBUYHY, aHTHOAKTEPH)CKY ) TOCEOHO HHTEPECAHTHA, Jep XeMoTeparnuja
OOMYHO CabM HUMYHH CHUCTEM OpraHuszMa, 300r dYera je HEONXOJHA 3allTHTa OJ
undekuuja, 1%

Agl (1 x MIC) ctz (1 X MIC)

Camuka 25. Undexnuja A549 tymopckux hennja ruryha (mmaBo o6ojena jeapa) C. albicans
SC5314-RPF henujama (1ipBeHo 060jeme) y npucyctsy DMSO, Agl kommiiekca u ctz npu
MIC Bpennoctuma (yBehame 20 myTa)
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4.2. CuHre3a, KapakTepu3anuja u OM0JI0IIKA AKTHBHOCT KoMILIekca cpedpa(l) ca
€KOHA30J10M>

Y npyrom neny JOKTOPCKE AMCEpTallMje, CHHTETHCaHa Cy Tpu Komiuiekca cpedpa(l) ca
exoHa3osioM (ecz), [Ag(ecz)2]SbFs (Ag2), [Ag(ecz):]CF3SOs3 (Ag3) u [Ag(ecz):]PFs (Agd) y
CKJIay ca TMOCTynKOoM omucaHuM y ExcnepumentanHom aeny (mormaBibe 3.3.2. m Cimka
26).118:120 33 kapakTepusaiujy OBHX KOMILIEKCA NMPUMEH-EHA je eIeMEHTHA MHUKPOAHAIIN3a,
Macena crektpomerpuja, 'H NMR, UV-Vis u IR crekTpockomyja, IMKINYHA BOATAMETPH]a 1
DTF npopauyHu, 10K ¢y CTpyKType Ag2 u Ag4 KoMIIeKkca NoTBpheHe MpUMEHOM pEeHATCHCKE
CTPYKTYpHE aHaJIM3eE.

1:1 MorcKu oaHOC ™ _
ecz Ag ecz—l X X = SbFg Ag2

C,HsOH, t=25"C CF;S0; Ag3
PFs  Agd

AgX +

ecz

Cuamka 26. llemarcku npukas peakiyje 3a CUHTe3y koMiiekca Ag2 — Ag4. Hymepanuja
aToMa y eKoHa3oqy je kopumnhena 3a 'H NMR cHeKTpocKOICKy KapakTepH3alijy KoMILIeKca

4.2.1. Onuc Kpucmannux cmpykmypa

VY xommnekcuma Ag2 u Ag4, 1Ba ecz IMranja ¢y KOOpJMHOBaHa MOHOAECHTATHO 3a jJOH
cpedpa(l) npeko mmmmasonmosor aroma aszora N3, dopmupajyhu [Ag(ecz):]” xomruiekcHu
kaTjoH (Cruka 27).!"8120V cnospammoj koopaunanuonoj chepu Ag2 Hanasu ce SbFs KoHTpa-
aHjoH, 0K je PFs yrpahen y kpucranny pemerky Ag4 komruiekca. /[Ba atoma a3ora u3 jBa
ecz MraHja cy HojjeHako yaabena ox jona cpebpa(l), (d(Agl-N3) = 2,089(4) A 3a Ag2 u
d(Agl-N3) =2,083(4) A 3a Agd), koju uma ujeanny nuneapny reomerpujy (N3—-Agl—-N3’ =
180°).

2PesynTaTi OBOT UCTPaXKHBamba Cy 00jaB/beHn y panosuma M. Stankovié et al., Dalton Trans., 53 (2024) 2218-
2230. u M. Stankovic et al., J. Mol. Struct., 1321 (2025) 140118.
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N3’ agq
N3

Ag2 Ag4

Cuuka 27. Kpucranse ctpykrype komiuiekca Ag2 u Ag4. TepMudku enuncouu cy
JaTH Ha HUBOY BepoBaTtHohe o1 50%. 300T jacHUjer npeacTaBibamkba HUCY MPUKA3aHU aTOMH
BOJIOHMKA

Anammza XupmuigoBuX TOBpIIMHA je ypahena y mwby KBaHTH(UKALHWjE
MHTEpPaKIIUja Koje JOIPHHOCE YKYITHO] CTAOUIHOCTU KPUCTAIHE CTPYKType Agd kommiekca. 2
Pesynratu HOpMalM3oBaHe yAaJbeHOCTH (dnorm) 3ajeHO ca 2D rpaduka ,,oTrcka mpcra” 3a oBaj
KOMILIEKC MpHKa3aHu cy Ha ciuiu 28. LlpBeHe obnactu oarosapajy kpahum WHTEpakijama
u3Mel)y aToMa akmenTopa u JIOHOpa, KOje Cy OKapaKTepHCaHE HEraTUBHOM djorm BpeIHOIINY,
KOja 03Ha4aBa pacTtojame kpahe on BaH nep BancoBux (van der Waals; vdW) npeunuka. C
Ipyre CTpaHe, IuiaBe o0JacTH OJroBapajy MHTEpaKIHjamMa Koje Cy JyXe o] 30upa BaH Jep
BancoBux npeuHuka U UMajy O3UTUBHY dnorm BPETHOCT. bere o0acT 03HauaBajy KOHTAKTe
TJIe Cy pacTojama jeqHaka 30upy BaH nep BajacoBux mpeyHuka v uMajy duorm BPEIHOCT HyJIA.

27.1% o 24.2% ; 15.29% ‘ 11.7%
*|He--C1/C1-H & goH d,"| HenC/CH &|*Fo-H/H.F d;,

0.6 0.8 1.0 LY 14 16 18 20 22 214 06 08 10 1.2 1.4 1.6 1.8 20 22 24 0.6 08 1.0 12 1.4 1.6 1.8 20 22 24 06 08 10 1.2 14 16 18 20 23 24

Cauka 28. 3D Xupmdungose nospumune u 2D rpadunu ,,0Tucka nmpcra’ ca NpoleHTyaTHOM
3acTymbeHolhy HHTepaKlyja y KpUCTAIHO] CTPYKTYpH Ag4 KOMILIEKca
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Jenan on mpuMapHuX (pakTopa OJrOBOPHHX 3a CTAOMIIM3AIN]y KPUCTATHE CTPYKTYpe
Ag4 xommuiekca je mpucyctBo H---H, H---Cl u C---H untepakuumja. Ha crabunmsauujy
KPUCTAJIHOT MMaKoBama OBOTI KomIuiekca 3HauajHo ytuuy H---Cl/Cl---H unrepaxuuje (27,1%:;
Crnuka 28). Unarepakuuje H---H umajy BaxxHy yJory y ozpkaBamy CTaOMIHOCTH KPUCTATHOT
nakoBama Komruiekca (24,2%), nok C---H/H---C unrepakuuje nonpunoce 15,2%. Ilopex Tora,
MakcumymH 2D rpaduka ,,otricka mpcta’ ¢y 6saro 3a005peHU 300T e(heKTa XUIIePKOH] yraIyje.
[Tpumeheno je u mpucyctBo F---H/H---F untepakumja (11,7%), 10K ce MUHUMAaIHU YTHIA]
HekoBalieHTHUX C---C HMHTEpakiyja MOXKE TNPHUIKCATH HEAOCTATKY HEKOBAICHTHHX 7-T
MHTEpaKIHja KOju CTaOUIN3yjy CTPYKTYypY.

4.2.2. Cnexmpockoncka kapakmepu3zayuja

Y IR cnektpuma komiiekca Ag2 — Ag4 yodaBajy ce Tpake oj BHOpaiuja
KOOpIMHOBaHOT ekoHaszona'” u oxrosapajyher konrpa-amjona.!’!?%-292 y IR cnektpy Ag2
KOMIIIEKCA youaBa ce BeoMa MHTEH3MBHA Tpaka Ha 656 cm’™!, 1o je y cKiIamy ca YMHeHHIIOM
na ce SbF¢~ aHjoH Hanasy y Crosballmboj KoopAUHALUoHoj cdepu kommiekca.!”! Takohe, Beoma
MHTEH3MBHE TPaKe KOje MOTUIY O/ aCHMETPHUYHHUX M CUMETPHUYHUX BAICHIIMOHUX BUOpammja —
SO; rpyna tpuduara npucyTHe ¢y Ha 1262 1 1032 cm™ y IR cnekTpy kommiekca Ag3, mTo
noTBphyje MpUCYCTBO OBOT aHjOHA Y CIOJbALI0j KOOPAUHAIMOHO] chepu kommuekca.”?%2! 33
KoMIlekc Ag4, MOXke ce BHIETH BeoMa MHTeH3uBHa Tpaka Ha 831 cm’! xoja mormue o
BaleHIIMOHNX BUOpamuja PF¢ koHTpa-aHjoHa, mTO je y ckmangy ca IR crmekTpockomckum
nonanuMa 3a auHykieapHu [Agx(1,8-naph)2(H20)12](PFs)2 xommekc (1,8-naph je 1,8-
HadTupuun). !

Ynopenuu '"H NMR crekTpu Ag2 KOMIUIeKca U ecz Iuranaa, cHumibenu y DMSO-ds
Ha cOoOHOj TeMIepaTypH, NpHMKa3aHH cy Ha ciuiu 29, 1ok cy oarosapajyhm 'H NMR
CHEKTPOCKOIICKM MoJalM HaBeleHW y ExcrnepuMeHTanHOM Jeny aucepranuje (MoriaBibe
3.3.2).118120y pehunu ciayuajepa, 'H NMR curaany 3a KOOpIMHOBAHHU €CZ Y KOMILIEKCHMA Ag2
— Ag4 nomepeHH Cy Ka HUXKeM M0JbYy Y OJJHOCY Ha oJiroBapajyhe curaase 3a cio00IHH JIUTaHI.
Haj3nauajuuje nomepame ox +0,18 ppm (3a Ag2) u +0,20 ppm (3a Ag3 u Ag4) youeHo je 3a
C4H npoToH KojH je Be3aH 3a aTOM YIJbeHMKa U3 UMHUAa30JI0BOT MPCTEHA HMHUIA301a KOJHU je
cycenad N3 KOOpJMHOBAHOM aTOMy a30Ta.

DMSO je xopumrhen kao pactBapau 3a cHuMamwe UV-Vis criekrapa komiuiekca Ag2 —
Ag4 Ha coOHOj TemmepaTypu OJMax HAKOH pacTBapama, kao M HakoH 24 u 48 h (Cnuka
30).118:120 Kao mrro je manpen HaBeneHo 3a Agl KOMILIEKC, aCOPIIIMOHN MAKCUMYM Ha Amax =
271 nm je mocieauiia mpeHoca eJIeKTPOHa YHyTap a30Jia U MoKazyje 0aToXpOMHO TTIOMEPAkE Y
OJIHOCY Ha HEKOOPJAWHOBAHU €KOHA30M (Amax = 255 nm). Ha cnunu 30 npukazanu cy UV-Vis
cnektpu Ag2 xommekca y DMSO u cmemin DMSO/PBS (v/v 7 : 3) Ha coOHOj TemniepaTypH y
Pa3IMYUTUM BPEMEHCKUM HHTEpBalMMa. 3a CBE KOMILJIEKCE, MOXKE C€ MPUMETUTH HE3HATHO
CMameHhe MHTCH3UTETA arcopIiyje, MTO yKa3yje JAa OHU 3aJpkaBajy cTpykrtypy y DMSO
pacTBOpy, Tj. Ja €KOHA30J OCTaje KOOpAMHOBaH 3a joH cpedpa(l) TokoM ucnHUTHBAHOT
BPEMEHCKOT Iepro/a.

Bpennocrtu m/z 3a curnane y MaceHum criektpuma komruiekca cpedpa(l) y CH3CN cy
y CKJIajly ca M3padyHaTUM BpeaHocTuMa 3a [Ag(ecz):]’, mro ykasyje ma je 0Baj KOMIUIEKCHH
KaTjOH IPUCYTaH Yy pacTBOPY.
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Cauka 29. '"H NMR crektpu Ag2 KoMmiiekca U ekoHa3oa y DMSO-ds Ha coOHOj
temneparypu (200 MHz)
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Cauka 30. UV-Vis cnektpu kommiekca Ag2 y DMSO (a) u DMSO/PBS (vv 7 : 3, 6)
Ha COOHO] TeMIIEpPATypH y pa3IMUUTUM BPEMEHCKUM MHTEpBaIuMa

4.2.3. Enexmpoxemujcko nonawarse

[MuknnuHu Bonramorpamu 3a kKomiuiekce Ag2 — Ag4 cHumibeHu cy nomohy GC
enektpoae y DMSO u 0,1 M TBAHP xao nomohsor enekrponuta npu Enovemno = -2,0 V, Expajive
=2,0 V, u npu 6p3unu ckeHupama = 50 mV/s. (Cmuka 31).!"8120 Kao mrro ce Moske Buetn ca
cnuke 31, y aHOTHOM cMepy je MpUCYTaH jejaH OKCUIaluonu nuk I, Ha 1,27 V (3a Ag2) u 1,45
V (3a Ag3 u Ag4), xoju ce mosxe npunucatu Ag(l) — Ag(Il) okcuparmonom npotecy. ' 0% 181:182
C npyre cTpaHe, y KaTOJJHOM CMepy, IPUCYTHA Cy JIBA peIyKIHOHA nuka /. v I.> Ha -0,28 n
-0,92 V (3a Ag2) u -0,41 u -0,95 V (3a Ag3 u Ag4) Koja MoTHYY O]l peAYKLMOHUX IpoIeca
Ag(Il) — Ag(I) u Ag(I) — Ag(0), peciektupno.'0>181.182
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1(4) ;

Cnuxka 31. [{uxnnusau Bositamorpamu 3a Ag2 — Ag4 xomruiekce cHuMIbeHu Ha GC
enektpoau y DMSO u 0,1 M TBAHP ca 6p3uHom ckenupama o1 50 mV/s

4.2.4. DTF npopauynu

OntumunzoBane reomerpuje Ag3 u Ag4 KomILieKca y racoBuToj (ha3u nmpukasaHe cy Ha
caunu 32. 3a 06a komitekca, gyxune Ag—N Besa (Agl-N3 =2240 A u Agl-N3>=2242 A
3a Ag3; Ag2-N3=2210 A u Ag2-N3’=2,212 A 3a Ag4) onTUMH30BaHUX CTPYKTYpa y CKIaLy
Cy ca eKCIIepHMEHTAIIHO oapeheHuM aykruHama Be3a 3a Ag4 KOMIUIEKC. Y 0USHO je He3HATHO
oncryname N3—Agl—N3’ yria on uaeanHe InHeapHe reoMeTpuje 3a 06a komruiekca (177° 3a
Ag3 u 176° 3a Ag4).!?°

Cauxka 32. 'eomerpuje Ag3 u Ag4 xomIuiekca y racoBUTOj ¢a3yu ONTUMH30BAHE TPUMEHOM
MO06-2X ¢pynkimonana u 6-311+G(d,p) 6a3ucHor ckyna 3a cBe aTomMe, OCUM 3a aTOM cpedpa
3a koju ce kopuctu LANL2TZ(f) 6a3nu cer. Jlerenna: C (cusa), H (6ena), O (1ipBena), N
(mnaBa), Cl (3enena) u Ag (CBeTJIO IJIaBa)

Cumynmupann IR cnexktpy Ag3 u Ag4 KoMIuIeKca, H3padyyHaTH HAa OCHOBY
ONTUMM30BAHUX TE€OMETpHja, MpHUKa3aHU Cy Ha ciauuu 33 3ajeqHo ca ojarosapajyhum
eKcIepUMeHTanHuM crekTpuma.'”’ Pagu cMmamema OICTYNama Koja NpOU3UIA3e U3
CHUCTEMATCKHX Tpelllaka y TEOPHJCKOM MpopadyHy BUOpaMOHUX (pEKBEHIUja, IPUMEHEH je
dakTop ckanupama. BpemHocT (akropa ckamupama oapeheHa je Ha ocHOBY mopehema
eKCIIEPUMEHTATHUX U TEOPHJCKUX BPEIHOCTH TasacHUX OpojeBa u usHocu 0,95501. Takohe,
Ba)XHO je uctahu nma Teopujcku IR cmekTpu, y ckiamy ca MpUHIMIIAMA KBAaHTHOXEMM]CKUX
npopauyHa, caapke 3HaTHO Behu O0poj BUOpaimoHux Tpaka y nopehemy ca eKCrepuMeHTATHUM
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BPEAHOCTUMA, INTO j€ TMOCICIUIla MATEeMAaTHYKH HACAIM30BAHOT MOjeNa MoJieKyia 0e3
MHTEPAKIIHja KOje TOCTOje Y PEaTHOM CUCTEMY.

W

TpancmuTaHa (%)

Tpascvuranna (Yo)

Ag3 Agi

4000 3400 2800 2200 1600 1000 400 4000 3400 2800 2200 1600 1000 400
Tasacuu 6poj (cm™) Tanacuu Gpoj (cm™)

Cauxka 33. ExcniepeMenTanau (I[pHO 000jCHH) U TEOPHjCKH M3padyHaTH (TaBo odojenn) IR
criekTpu Ag3 u Ag4 xoMIUIeKca

Kana ce ananusupajy IR cnextpu, yoOuuajeHo je aa ce npy»u cBeoOyXBaTaH Mperies
ca HarjackoM Ha WJISHTH(UKANWjy W TyMademe KapaKTepUCTHYHUX BUOpammja. VY
eKCHepUMEHTATHUM U cuMynupaHuM IR crnektpuma komiuiekca Ag3 u Ag4 youeHe cy Tpu
jacHo neduHUcane crekTpainHe odmactu (Cruka 33). [IpBa obmacT, koja 00yxBaTa ClIEKTpaITHA
oncer 0714000 —2800 cm ™!, onrosapa Bubpanujama uctesama C—H Be3a. Y 0BOM jielty crieKTpa
NPUCYTHE Cy KapaKTEPUCTUYHE TPAaKe MMHIA30JI0BOT TPCTEHA, KOj€ C€ y eKCIIePUMEHTATHUM
creKTpuMa jaBibajy Ha 3138 cm ' 3a Ag3 1 3176 cm™! 3a Ag4. Teopujcku NpopadyH OBe Tpake
TIO3UIIOHKPA Yy BEOMa YCKOM M 106po neduHucaHoM uHTepBany, 3156 — 3123 cm ! 3a Ag3 u
3178 — 3160 cm™!' 3a Agd, ca momuHaHTHHM yaeidoM (>97%) umctux C-H ucrexyhux
BuOpanuja npcreHa. Bubpauuje wucrezama C-H Be3a apoMaTuyHMX NIPCTEHOBA
CYNICTUTYHUCAHUX  XJOPOM, KOHKpeTHO  2,4-nuxyiopo- U 4-XJopo-iepuBara, Yy
eKCIIepMMEHTAIIHUM CHEKTpHMa jaBjbajy ce Ha 3123 cm™' 3a kommekc Ag3, IOK ce KoJ
KoMmriekca Agd youasajy jse Tpake Ha 3142 1 3090 cm ™. Teopujcku IR crekTpu nokasyjy na
OBE Tpake WMMajy 3HATHO MIMPYy paclojely, IITO je mocieauia Beher Opoja HOpMaTHUX
BuOpaiuja 1001jeHNX KBaHTHOXEMHU]CKUM MpopauyHoM. Tako ce 3a Ag3 ose C—H Bubpanuje
jaBibajy y untepBany o1 3310 10 3086 cm™!, nok cy xoq Ag4 y oncery 3116 — 3073 cm™!, mpu
YyeMy CBaKa Tpaka HOCH JJOMHHAHTaH yneo BuOpanuja ucrezamwa C—H, Behu on 97%. {onatue
C-H BuGpanuje uctesama y eKCllepuMEHTaIHUM CIIEKTpUMa youeHe cy Ha 2948/2919 cm ™! 3a
Ag3 1 2924/2900 cm ! 3a Agd. Y TeopujckuM IpopadyHHMa ce OBe Tpake Halase y 001acTu
BHIIIE EHEPTHje, Ma ce KoJ KoMmriekca Ag3 jaBibajy y oncery 3032 — 2904 cm™!, a kox Agd y
unTepsany 3030 — 2949 cm!. Mako oBe Tpake He MOTHUY HCKJbYunBO of jenHe spcre C—H
BUOpanuja, Beh mpencraBibajy KOMOMHAIM]y BHIIE JONpPUHOCA, cBe caapxke Buiue on 30%
yuemtha BuOpanuja ucrezama C—H Besa, mro omoryhasa jacHO OBE3MBabE CUMYJIUPAHUX U
EKCTICpUMEHTATHUX TPaKa.

Cpenmu jieo crektpa, of 1600 g0 1000 cm™!, yrnasnoM je nepunucan Bubpanujama
ucrezama C—C u C—N Be3a, Kao U CaBHjambeM apOMaTUYHUX MPCTEHOBA, IITO j€ y CKIaay ca
CTPYKTYPHHUM KapaKTepUCTHKaMa OBUX KOMILJIEKCA. Y OBOM PErHOHY ITOCEOHO ce UCTHYE TPaKa
Ha 1262 cm ™! 3a Ag3, koja notuye oz uctesama S—O Be3a U Koja je J0CIeHO PEnpoLyKoBaHa
y CUMYJIHpPaHOM CIEKTpy, IJie ce jaBba Ha 1288 cm™! ca momunanTHUM yienom o 91%.
Bu6panuje C—F Be3a Takole nokasyjy n00py Mokjianame TEOPHjCKUX U eKCIIEPUMEHTAIHUX
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pesynTara: ekcriepuMeHTanHe Tpake Ha 1153 u 1110 cm™! mpare cumynnpase BpeHOCTH Ha
1197 u 1175 cm!'. Cmuuno Tome, C—Cl ucresxxyhe BuGpauuje, youene Ha 1094 cm' y
EKCIICPUMEHTATHUM CIIEKTPUMA, TIOTBpheHE Cy Y TEOPHjCKUM MPOpavYyHUMa, KOJH HX CMEIITA]y
Ha 1092/1089 cm ! 3a Ag3, onnocuHo Ha 1079/1077 cm ™! 32 Ag4.

Tpehu neo IR criektpa, koju o6yxBaTa obmactu ucrox 1000 cm™!, yrimaBHOM opaxasa
KOMIUIEKCHE TOp3HOHE U nedopMaiimone Buodpanuje, ykibyayjyhu H-C-C-H, C-C-C-H, H-
C-N-C, H-C—C—Cl u H-C-N-Ag Bubpanuje. Y 0B0j 007aCTH HAPOUUTO j& MPEMO3HATIHHBA
BuOpanuja ucre3ama F-P Bese ko koMitekca Agd: eKcriepuMeHTaIHa Tpaka Ha 831 cm™! uma
JacHy KOpenanujy ca CUMYJIUPaHUM CIEKTPOM, Y KOjeM ce jaBJbajy JBe Tpake Ha 882 u 873
cm !, Jlobpa carmacHocT u3Melly TEOPMjCKHUX M EKCIIEPUMEHTAIHUX I10JaTaka y CBUM
HaBEeJICHUM o0JacTMMa yKasyje Jla TPUMEHCHU TEOPUjCKM MOJEN aJIeKBaTHO OIUCYje
CTPYKTYpy ¥ BHOpalHMOHa CBOjCTBA KOMIUICKCA, Ka0 M Ja ONTHMH30BAaHE TI'E€OMETPH]je
NPE/ICTaBIbajy MOY3/laHy OCHOBY 3a TyMaueHh¢ lbUXOBUX CIIEKTPOCKOIICKAX KapaKTEPUCTHKA.

4.2.5. Cmaéunnocm y pacmeopy

Crpykrype koMmIiuiekca Ag3 u Ag4, HaKOH MHUIMjaJHE ONTHMU3ALUje y TaCOBUTO]
¢a3u, MOHOBO Cy ONITHMHU30BAHE Y PACTBOPY MPUMEHOM UCTOT TEOPHjCKOT HUBOA, TIPU YeMY je
JTUENeKTPUYHO OKpyXkewe MozenoBaHo ummuiutHuM CPCM nocrynkom ca DMSO kao
pactBapauem.'?’ [Topen Tora, U3BpIIEHA je M ONTUMH3ALMja CUCTEMA Y KOjeM Cy aHjOHH
CF3S0;™ u PF¢ ykiomweHH, kako OU ce MCHMTHUBAIO MOHAIIAke KOOPAMHAILMOHOT je3rpa y
oJ1icycTBY joHCKHX napoBa (Ciuka 34). OnTuMH30BaHe TEOMETPH]jE Y pacTBOPY MOKazyjy 01aro
ckpaheme nyxuna Ag-N Be3a (Ag-N3=2.201 Au Ag-N3’=2,200 A) y omHocy Ha cTpyKType
ONTUMHU30BAHE y TacCy, MTO je y CKIaay ca OYeKMBaHUM CTaOmim3yjyhum egexrom mojapHor
pactBapaya. lcroBpemeno, yrao N3—Agl-N3’ uszHocum 179°, mro npenacraBjba I'OTOBO
ujealHy JIMHEapHy KOOpAWHALM]y M yKa3yje Ha TO Jla pacTBapay HE HapyllaBa OCHOBHY
reoMeTpHjy KomIuiekca, Beh je JoaatHo ctabuimsyje.

Canka 34. OnTuMHU30BaHa TeOMETPHja JIMHEAPHOT KaTjOHCKOT Komiuiekca [Ag(ecz)2] "y
DMSO kopumhemem M06-2X pynkunonana y komounanuju ca 6-311+G(d,p) 6azucaum
CKYTIOM 3a CBE aTOMe OCHM 3a aToM cpebpa 3a koju ce kopuctu LANL2TZ(f) 6a3uu cer.
Jlerenna: C (cuBa), H (6ena), O (ipBena), N (mmaBa), Cl (3enena) u Ag (cBeTIio TuiaBa)

VY tabenu 7 npukaszane cy BpeaHocTu AGr Kkoje ce ofHoce Ha popMupame Ag3 u Agd y
peakuujama coian AgCF3SO; u AgPFe ca ecz. Bucoke enaeproncke Bpeanoctu AGr (>50,7
kJ/mol) u Bpennoctu Ky Humxe on 1, cyrepumy na je dopmupame Ag3 u Agd y DMSO
TEpPMOJIMHAMHYKN HEMOBOJbHO. CympoTHO ToMe, kaja cy aHjonu CF3SOs™ u PFs ynasmenu o
KOOPJIMHAIIMOHOT je3rpa, moBehaBa ce BepoBaTHoha (opmupama JHMHEAPHOT KaTjJOHCKOT
Komruiekca [Ag(ecz)z]". OBaj 3akibydak Mpou3niIa3u U3 HeraTUBHUX BpeaHoctu AGr (< —4,2
kJ/mol), kao u KyBpennoctu Behux on 1, mro ykasyje 1a je HacTaHaK OBOT KaTjoHa y MOJIApPHOM
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pacTBapadyy TepMOJAMHAMHUYKH ITOBOJbaH. [lopen Tora, HICIIUTaHH CYy W MPOIECH TUCOIUjallHje
[Ag(ecz):]" katjona y mpucyctBy DMSO. Enneproncka Bpennoct AGq° ox 33,1 kJ/mol, xao u
BpEIHOCT KOHCTaHTe auconujanuje Kq ox 6,24 x 10°, cyrepuimy sa je GopMUpaHU KAaTjOHCKH
KOMILIEKC CcTabWjIaH y JaTOM pacTBapady, W Jla HE MOCTOjU 3HAa4yajHa TEHJCHIIMja HEroBOT
pasnarama y pactBopy. OBH pe3yitaTH Ccy Yy CKIaay ca HCTpaXHBamHUMa, Y KOjUMa je
muconyjanvja komiviekca Ag2 y DMSO wucnurana ZORA-MN15/TZ2P-COSMO(DMSO)
MozenoM, Takohe Mmokasana eHjeproHcky mpupoxy mponeca (AG = 39,7 kJ/mol).!'® Taksa
CarJacHOCT MOTBphyje Aa MPUMEHEHU TEOPH)CKU MOJIEN MOY3AaHO OMHCYje TEPMOIUHAMUIKO
MIOHAIIake HCITMTHBAHUX KOoMIUTeKkca cpedpa(l) y momapHoMm pacTBapady.

Tabena 7. [Ipomena cnoboane I'n6core (Gibbs) enepruje (T = 298,15 K, kJ/mol) popmupama
(AGP)/mucommjarmje  (AGs’) kao u koHcrante ¢opmupama (Kp)/mucommjarmje (Ka)
UCIUTHBaHUX KoMmIiuiekca Ag3 u Ag4 wuspauynate mnomohy MO06-2X dyHkmoHana y
komOuHarmju ca 6-311+G(d,p) 6a3HMM ceToM 3a CBE aTOMe, OCHM 3a aTOM cpedpa 3a KOju ce
kopuctuo LANL2TZ(f) 6a3uu cet

Kommuekc | Peaxiuje popmupama/nuconujanuje kommiaekca | AGP/AG Kr/Ka
Ag3 AgCF3S03 + 2ecz = [Ag(ecz)2]CF3S0s3 54,4 2,90 x 1071°
AgCF;S0; + 2ecz = [Ag(ecz)2]" + CF3S03 -16,7 8,29 x 10?
Agd AgPFs+ 2ecz = [Ag(ecz)2]PFs 50,7 1,34 x 107
AgPFg+ 2ecz = [Ag(ecz)2]” + PFs -4,2 5,49 x 10°
Ag3/Ag4 | [Ag(ecz):]" +2DMSO = [Ag(DMSO),]" + 2ecz 33,1 6,24 x 10°

Jluneapua reomerpuja kartjoHa [Ag(ecz)]” y DMSO mnotsphena je mnopehemem
eKCIIEpUMEHTAIHUX U CUMYJIMpaHUX XeMHUJcKUX noMepama y NMR cnekrpuma, mpu yemy je
terpameruncunad (TMS) xopuimthen kao uaTepHM crangapi.'’’ Pesynratu mpouemeHux
XEMHJCKUX TOMepama IpHKa3aHu cy y Tabenu 8. Bucok cremen kopenauuje usmehy
eKCIepUMEHTATHUX U Teopujckux BpeaHocTH (R = 0,992), kao u HUCKa BPEAHOCT Cpeme
anconytHe rpemike (MAE < 0,151 ppm), cHaxHO yKa3yjy /1a IpUMEHEHU TEOPUJCKU MOJET
a/IEKBAaTHO OIUCY]j€ CTPYKTYpYy KOMILJIEKCAa Y pacTBOPY U IOJpKaBa MPETIOCTAaBKY O HET0BO)
nmuHeapHoj reomerpuju. 'H NMR crektpu no1aTtHO noTBplyjy CTPYKTYpHE KapaKTEpHUCTHUKE
KOMIIJIEKCHOT KaTjoHa. YOuUeHe Cy JIBE jaCHO pa3/iBojeHe rpymne curnaia. [Ipsa rpyna, koja ce
JaBJba MPU HUKUM XEMH]CKUM ITOMepamuMa, IOTUYE O] IPOTOHA MeTUIeHCKe rpyne. OHu ce
Hayasze y uHtepBaiy o 4,31 no 5,03 ppm y eKCEpUMEHTAIHOM CHEKTPY, AOK Ce TEOPU]CKU
nobujene Bpeanoctu kpehy ox 4,23 no 4,70 ppm, mTo nokasyje 1o0py noayaapHoct. Jpyra
rpyrna cursajia ooyxaara apoMaTHYHe IPOTOHE, KOjHU C€ Y eKCIIEPUMEHTATHOM CIIEKTPY Hajlaze
usmehy 7,03 u 7,83 ppm, 10K ce TEOPUJCKH MOAEIIOM J00H]jajy BPEIHOCTH Y HEIITO BHUIIEM
uHTepBaiy, ox 7,30 no 7,96 ppm. Youena pasnuka o mnpubmmwkHo 0,30 ppm usmeby
eKCIIEPUMEHTATHUX M TEOPHUJCKUX XEMHUJCKHX IOMepama MOXKE C€ MPUIMCATH YMNOTpeOu
UMIUTMIIUTHOT MOJIeJla pacTBapaya, KOju He oOyxBaTa cnenuduuHe uHTepakuuje usmely
KoMIuiekca 1 Mosiekysia DMSO. NUnmak, ynpkoc 0BOM OrpaHHueHY, 3Ha4ajaH MPOIICHAT Cllarama
u3Mel)y J1Ba cKyma mojiaTaka rnpyxa J0JaTHy MOTBPAY MPELU3HOCTH MPUMEHEHOT TEOPH]jCKOT
MPUCTYyIA Y ONUCHUBAKY CTPYKTYPE KOMILIEKCA y pacTBOPY.
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Tabena 8. ExcnepumeHTaiHa U TeopHjcka Xxemujcka nomepama (M06-2X dyHkuonan y
koMOuHanmju ca 6-311+G(d,p) ocHOBHU CET 3a CBE aToMe, OCUM 3a aToM cpebpa 3a Koju ce
kopuctu LANL2TZ(f) ocrosHu cet) y 'H NMR criektpy Ag3 u Ag4 KoMIiekca

ExcnepumenTtannu, o (ppm) Teopujcku, 0
Hporou AD3 Agd (ppm)
H14 4,33 4,31 4,23
H6 4,42 4,42 4,39
H7 5,03 5,03 4,70
H20 7,04 7,03 7,30
H16 7,20 7,18 7,35
HI19 7,20 7,22 7,39
H17 7,25 7,24 7,38
HI12 7,36 7,35 7,37
H13 7,36 7,39 7,85
H5 7,41 7,41 7,32
H10 7,50 7,50 7,49
H4 7,70 7,70 7,66
H2 7,83 7,83 7,96
R 0,992 0,992 /
MAE 0,149 0,151 /

[Topeheme excnepumenTannux u cumynupanux UV-Vis ciekrapa npyska JgoaaTHe JoKase
KOjU TMOJpKaBajy IpPHCYCTBO KOMILIEKCHOT KaTjoHa [Ag(ecz):]" y pactBopy DMSO.'?° Ha
ciuiy 35 npukaszanu cy komOunoBanu UV-Vis criekTpu, re cy eKCIepUMEHTAHU TTOaIH 3a
komruiekce Ag3 (1pHa nuHuja) 1 Ag4 (MaBa JUHMjA) yropeheHu ca TEOpHjcKH JT00UjeHUM
criekTpoM (mpBeHa nuHUja). Oarosapajyhe TajmacHe Ay>KWHE W HAj3HAYAJHU]JH €JEKTPOHCKH
npenasu, npe cBera oHu koju ykipyuyjy HOMO (Highest Occupied Molecular Orbital) n
LUMO (Lowest Unoccupied Molecular Orbital), npukazanu cy y Tadenu 9. OBakBo nopeheme
omoryhaBa J1a ce IUPEKTHO OLIEHH YCKIIal)eHOCT eKCIIepUMEHTAIHHUX allCOPIIIMOHMX OIIcera ca
TEOPUJCKUM TMpeABUhamuMa, IITO je OJ KJbYYHOI 3Hadaja 3a IMOy3JaHy BepuUKalujy
€JIEKTPOHCKE CTPYKTYpe M CTAOMITHOCTH KOMIUIEKCHOT KaTjoHa y pacTBOpY.
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Cauka 35. Excnepumenrtannau (Ag3 — upHa nmuHuja u Ag4 — miaBa JMHUja) ¥ TEOPH)CKU
(M06-2X ¢ynkunonan y komOunanuju ca 6-311+G(d,p) ocHOBHUM CETOM 3a CBE aTOME, OCUM
3a aToM cpebdpa 3a koju ce kopuctu LANL2TZ(f) ocHoBau ceT) UV-Vis cekTpu 3a
[Ag(ecz)2]". CumO0a 3Be31MIIE * Ce KOPUCTH KA0 O3HAKA 3a NPEICTAB/bALE HHTE3UTETA
OCLIMJIATOPHE jaUylHE

Tabena 9. EkciepuMeHTalIHE U TEOPH)CKE BPESAHOCTH TAJIACHUX JyKUHA (Amax), OCIIMIIATOPHE
jaunne (f), 1 xeMujckux npenasa 3a [Ag(ecz)2]”

Excnepumentaine Teopujcke BpeIHOCTH
BPEAHOCTH Mnm) f ITpena3s enexTpoHa
269 0,398 HOMO — LUMO (21%)
HOMO-2 — LUMO (46%)
271 273 0,213 HOMO — LUMO+2 (35%)
HOMO-2 — LUMO+2 (37%)
279 0,135 | HOMO—4 — LUMO+1 (34%)

Ha cmumm 36 nmpukazane cy HOMO u LUMO wmonekyicke opburtane Koje JONpPHHOCE
HAj3HAYajHUJUM EJIEKTPOHCKUM IIpesasuMa M TUMe ojpelyjy monoxaj amncopHiMoHUX
makcumyma y UV-Vis cnektpuma. 3ajeqHO ca BU3YEJNHUM NPHKA30M opOHTaia, Aara je u
eHepreTcka pasnuka u3mehy muxosux HuBoa, ofHocHo HOMO-LUMO ja3, koju npencraBiba
KJbYUHU [TapaMeTap y pazyMeBamby €IeKTPOHCKE CTPYKTYpE U ONTUYKUX CBOjCTaBa KOMILIEKCA.
OBu nopanu omoryhasajy TUPEKTHO MOBE3UBaKE €KCIIEPUMEHTAIHO YOUSHHUX allCOPIIIMOHUX
orcera ca CHnenuUYHUM EJIEKTPOHCKUM TperasuMa Koju ce jaBibajy yHyTap [Ag(ecz):]

KOMIIJICKCA.
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Camka 36. Eneprercku npodpun HOMO u LUMO monekysnckux opOuTania yKJbydeHUX y
IJIaBHE JIEKTPOHCKE npenase 3a [Ag(ecz):]|” KoMILIEKC ca BpeqHOCTHMA OPOUTAIHE EHEPTHU]je
(upHa 60ja, €V) u eHepreTckor jasza (upBeHa 60ja, eV)

Homo4 ©'%

Kao mro je Hanpen HaBeneHo, y ekciepuMeHTanHoM UV-Vis criekTpy KoMIuiekca Ag3
1 Ag4 youeH je MUHTEH3MBaH alCopILUOHN MaKCUMyM Ha 271 nm, 10K CUMYJIHpPAHU CIIEKTap
3a [Ag(ecz):]" koMIUIeKc ToKasyje Tpu 3HauajHa modyhena crama Ha 269, 273 u 279 nm. Oa
nobyheHa crama MpeAcTaBibajy Pe3yJiTaT BHUIIE €IEKTPOHCKHUX Mpesiasa, MPU YeMy CE MOXKE
cMaTpaTd Ja eKClepUMEHTaJTHOM MakcuMyMy Ha 271 nm oxaroapajy mpBa jaBa noOyhena
ctama. [IpBo moOyheno crame, koje uma Hajehum wuHTeHszurer ocumnanyje (f = 0,398),
JIOMUHAHTHO je oapeheno enextporckum npenazuma HOMO-2 — LUMO (46%) u HOMO —
LUMO (21%). dpyrom nobyheHom cramy, ca HEIITO MalkbUM UHTEH3UTETOM ocLmianuje (f =
0,213), oxnrosapajy npenazu HOMO — LUMO+2 (35%) u HOMO-2 — LUMO+2 (37%).
[IpeBoj y excriepuMeHTaTHOM CHEKTpY y obnactu oko 280 nm oxrosapa tpehem nmodyhenom
CTaly CUMYJHUPAHOT CIIeKTpa Ha 279 nm, koju ce npumnucyje nperasy HOMO—4 — LUMO+1
(34%). Bucox mpoueHar crnarama usMel)y eKCnepUMEHTaTIHUX M TEOPHUJCKU NpeaBubeHux
AIICOPIIMOHUX OIICETa, Ka0 U JOCIEAHOCT I0AE€JbEHUX EIEKTPOHCKUX Mpenas3a, y carjJacHOCTH
je ca 3akJby4KoM ja je y pactBopy DMSO komriuiekcHu KaTjoH [Ag(ecz)2]" ToMHHAaHTHA BpCTa.
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4.2.6. Hcnumueare duonouike akmuenocmu komniexca Ag2 — Ag4

AHTHMUKpPOOHAa aKTUBHOCT KomIuiekca Ag2 — Ag4 mnopehena je ca akTuBHOUIhy
muraza ecz u comu cpebpa(l), AgX (X = SbFe, CF3SO;™ u PF¢).!'®12° Ucnmrusame je
obOyxBaraio uyetnpu KIMHUYKH BakHa Candida coja (C. albicans, C. parapsilosis, C. krusei n
C. glabrata), nse I'pam-nio3utuBHe (S. aureus u L. monocytogenes) u npe I'paM-HeraTHBHE
6akrtepuje (E. coli u P. aeruginosa). Pesyntatu cy m3paxkenu kao MIC Bpegnoctu (UM) u
npuka3zanu cy y tabemu 10. Y Behunu ciydajeBa, y OJHOCY Ha €CZ, CBa TPH KOMILIEKCA CY
noKa3alia 3HauajHO 000JbIIaHy aHTHUTJbUBUYHY aKTUBHOCT, IITO je OWJIO HAPOUUTO U3PAKEHO
kox cojeBa C. parapsilosis n C. glabrata, Tne je 3a0enexeHo nmoBehame akKTUBHOCTH 10 6,4
nyTta. Kommieke Ag4 ce u31B0juO Kao HajaKTHMBHUJU, TToKazyjyhu 1,8 myra Behy akTmBHOCT
npema C. albicans u 1,1 nyT Behy aktuBHOCT nipema C. krusei y mopehemy ca eKOHA30JI0M.
Opnrosapajyhe AgX conu, kopuitheHe y cuHTe3u koMmiuiekca Ag3 u Ag4, Takohe cy nokasaie
3HavyajHy aHTu-Candida akTUBHOCT, y TOjeIMHUM Cly4ajeBUMa 4ak W Behy oX eKoHa3oja
(Tabena 10). Mmak, muxoBa IUpPEKTHA MPUMEHA Kao AHTUMHKPOOHMX areHaca oOcCTaje
orpaHMueHa ycien Op3e aquconujanyje u ranoxkema AgCl, mTo 1oBoau 10 TyOHUTKa OHOIONIKE
edukacuoctu.'”’

Ta6ena 10. AutumukpoOna akrusHocT (MIC, uM) kommnekca Ag2 — Ag4, oaroapajyhux
AgX comu (X = SbFs, CF3SOs~ u PFs) u exonazona (ecz) mpema cojeuma Candida n
oJabpaHuM OaKTEPUjCKUM COjeBHMA, y3 Mopeheme ca lUXOBUM IIMTOTOKCUYHUM JICIIOBAHEM
Ha 311paBe xymane ¢pudpoodacte MRC-5 (ICso, uM). CTangapaHa 1eBHjaimja 3a CBE BPEAHOCTH
u3Hocuina je 0 — 2%

Ag2 Ag3 Ag4 AgSbFs | AgCF3S03 AgPFs ecz

C. albicans 2,25 10,07 3,84 3,64 2,41 2,45 7,0

C. parapsilosis 2,25 1,67 0,61 0,09 0,12 0,24 39
C. krusei 27,10 40,32 12,30 4,66 0,12 0,63 14,1

C. glabrata 11,29 16,80 12,30 2,33 6,23 6,33 56,2
P. aeruginosa 22,6 33,61 49,2 36,38 10,51 10,68 >500
E. coli 11,3 16,75 12,3 18,19 10,51 10,68 >500

S. aureus 2,71 3,98 3,07 36,38 2432 24,72 225
L. monocytogenes 22,6 33,61 24,60 36,38 48,65 49 .44 >500
MRC-5 10 19 11 18,3 43 29 10

HcnutuBanu xkommekca cpebpa(l) cy mnokasama HMCTYy WIM HE3HATHO Mamy
utoTokcnyHocT Ha MRC-5 henuje y ognocy Ha ecz (Tabena 10). Munexc SI je uspadyHat kao
konmnuHuK 1Cso u ogrosapajyhe MIC Bpeanoctu. Jlobujene SI BpenHOCTH KpeTaie cy ce of
HajnoBosbHUjUX 18 3a kommekc Ag4 npema C. parapsilosis no 0,4 3a komruieke Ag2 npema C.
krusei.

Wmajyhu y Buy ONIITH MEXaHU3aM JIENOBaka AHTUIJBUBHYHUX a301a,°%° HCIUTHBAH
je yrunaj komruiekca Ag3 u Ag4 Ha GuocunTe3y eprocrepona (Cnuka 37). O6a koMIiekca cy
JI0BeJa J0 3HAYajHOI CMamema HUBOA eprocrepoiia mpu KoHueHtpauuju ox 0,5 x MIC, y
nopehemy ca HeTpeTupanum KoHTpoTHUM Tipodama (C. albicans ATCC 10231 u DMSO), kao
U ca eKkoHa3oioM. OBaKBO CMAameHE CyrepHile Jla Ce MeXaHH3aM JIeJOoBamba KOMILIEKCa
cpeopa(l) Gap menrMMUYHO MOXE TOBE3aTH Ca MHXHOWIMjOM CHHTE3€ €procrepolia Wiu
TIOTEHIMjaTHOM HHTEPAaKIUjOM ca caMuM cTeposiom. ! 18120

20
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Cauxka 37. UV cnektpodotomerpujcku npoduiiu eprocrepona y omncery 240-300 nm 3a
kynrype C. albicans npu xoruenTpanujama ox 0,5 x MIC kommuiekca Ag3 u Ag4,
onrosapajyhux AgX conu u eKkoHazona

Crennduuna kapaktepuctuka supyieHuuje coja C. albicans jecte CHOCOOHOCT
dbopmupama OnoduiMa, CTPYKType Koja je u3pa3suTo PE3UCTCHTHA Ha KIIMHUYKU KOpHUITheHe
AHTUMHKOTHKE. Y CKIIa/ly ca THM, UCTIUTHBAH je edekar komriekca Ag3 u Ag4, oarosapajyhux
AgX comu, Kao u ecz, Ha uHXHOUIMjy hopmupama onodunma coja C. parapsilosis ATCC
22019.!20 Pesynratu cy nokasanu 1a UCIIUTHBAHA jeJUIbEH-A HE TI0KA3Yjy 3HAUajHy aKTHBHOCT
y cripevaBamy Gpopmupama onodrima (Ciuka 38).
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Cauka 38. Uuxubuimja popmupama 6uodbunma C. parapsilosis ATCC 22019 y npucyctBy
komruiekca Ag3 u Ag4, onroapajyhux AgX comnm, kao u exoHazoina (ecz). DMSO je
KopuiheH Kao HeraTuBHa KOHTpOJIa

[Topen uzpaxenor antu-Candida norenuyjana, Komruiekcu Ag3 u Ag4 nokaszanu cy u
3Ha4YajHy aHTHOAKTEPHjCKy aKTHBHOCT, HAPOUYMTO IMpema [ 'paM-NO3UTUBHOM COjy S. aureus
(Tabena 10).'?° Koopaunanuja ecz 3a jon cpebdpa(l), koja moBoau 10 crBapama Ag3 u Agd
KOMILJIEKCa, UMa 32 pe3yJITaT 3HayajHO MOO0JbIIAKE BEerOBOT aHTUOAKTEPH)CKOT TOTEHIIHM]jajIa.
Hajuzpaxennju edekar youeH je npema cojy S. aureus ATCC 25923, rne je akTUBHOCT €cz
noOoJbliana 56 myTa y cirydajy komruiekca Ag3 u yak 73 myta kox komriekca Ag4. O6e AgX
COJIU Cy, Takohe, Mmokasaje NMpUMeTHY aHTuOakTepujcky akTuBHOCT (Tabena 10), mTo jacHO
ykazyje na je jon cpeOpa(l) riaBHM Hocuian OHOJOIIKE akTMBHOCTHU. Mmnak, youeHa je
3aHMMJbHBA pacrojiena akTuBHOCTH: AgX conu Oniie cy akTUBHH]e 01 KoMIUIekca mpemMa ['pam-
HEraTUBHHUM COjeBUMa, 0K cy Ag3 1 Ag4 KOMIUIEKCH TOKa3ajly 3HayajHy aKTUBHOCT IpemMa
['pam-nmozutuBHUM Oaktepujama. Paznuumre nebspuHe W cactaB hemmjckux 3ugoBa I 'pam-
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NO3UTUBHUX W ['pamM-HeratuBHUX OakTepuja MOTy OWUTH pasjor 3a YOUEHY pas3JIuKy Y
aktuBHOCTH u3Mel)y komrekca cpebpa(l) u comu. OBa pa3nmka MOXe ce 00jaCHUTH
CTPYKTYpHUM ocoOnmHama hemujckor 3uma Oaktepuja. ['paM-mo3uTuBHE OakTepHje MOCEAy]y
nebJbH CII0j MENTHIOTINKAaHA, KOjU HOCH HETAaTHMBHO HAClIEKTpUCama U MOXE 3aJIpiKaTu
cno6oane jone cpebpa(l), orpannuasajyhu genosame mpoctux AgX comn.?’**% Cymporno
Tome, Ag3 u Ag4 KOMIUIEKCH, KaO0 HEYTPaJlHE WM Mamke HaeIeKTpUCaHE BpCTE ca
crienupuIHUM JTUITOQUITHUM KapaKTEepUCTHKaMa, BEpOBaTHUjEe MOTY Ja npeBasul)y Oapujepy
NENTUIOTIIMKAHCKOT CJI0ja, IITO PE3YNTyje HUXOBOM IMOOOJBIIAHOM aKTHUBHOLINY mpema S.
aureus. [loGospIIaHa aHTHOAKTEPH]CKAa aKTUBHOCT KoMIUTeKca Ag3 u Ag4, HapouuTo npema S.
aureus, yka3yje Jla OBe KOMIUICKCHE BpPCTE MMajy TOTCHIHWjal Ja ePUKaCHHUje MPOJapYy Yy
henujcku 3un ['pamM-mo3uTUBHUX OakTepuja y ogHOCY Ha jemHocTtaBHe conu cpedpa(l). OBu
pe3yaTaTtd Cy y CKIaay ca HaIllUM HPEeTXOJHUM HCTpaKUBambHMa, KOja Cy IOKasaia Ja
KOMIUIEKCHpame ekoHa3zona ca jonuma 3nara(lll) moBoam no moBehane anTtuOakTepHjcke
eukacuoctu.!”

Qopmupame Ouoduima 3HauajHo mnoBehaBa ormopHocT Oakrepuja, uMHehw uX
HApOYHTO PE3UCTCHTHUM Ha JIeJI0OBamke aHTHOMOTHKA. CTOTra je MCIUTHUBAH yTHIIA] KOMILIEKCa
Ag3 u Ag4 na Gopmupame u aucnepsujy 6uodunma coja S. aureus (Cnuxe 39 u 40).!2°
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Canka 39. Unxubunuja popmupama onodpunma S. aureus ATCC 25923 y npucyctBy
koMmIuiekca Ag3 u Ag4, onrosapajyhux AgX conu u ekonazona. DMSO je xopunthen kao
HeraTMBHa KOHTpoJa

Kommnexkcn Ag3 u Ag4 mnokaszaiu Cy H3pa3uTO jaKy AaKTHUBHOCT HHXHOUIIM]je
dbopmupama bnodpunma, y pacrony oa 80 — 90% npu kornenTpamujama ox 12,5 1o 200 uM. v
nopehemy ca ecz 1 AgX conuma, OBU KOMIUIEKCH Cy MOKa3ald CIWYHY aKTHBHOCT, IITO C€
HajBepOBaTHU]€ MOXKE MpHUIUCATH JejoBamy joHa cpedpa(l). Hakon ymacka y henwjy, joHn
cpebpa(l) mory na omerajy ButanHe henujcke (yHKIMje MyTeM Be3UBamba 3a BUIIE MUIBHUX
nportenna u ens3uma,’’®?"’ mTo M0BOAM 0 3HAYAJHOT CMamEma CIOCOOHOCTH GakTepHja 1a
bopmupajy 6nopuIM.

Nnak, nako cy komriekcn Ag3 u Ag4 eprkacHo MHXUOMPATTN HHULIH]JTHO (hOpMUpakhe
O6uoduimMa, HUCY ycnenu jaa pasnoxe Beh Gpopmupanu 6nopunm (Cruka 40). Objammemne ce,
HajBEpPOBATHH]€, 3aCHMBA HA UMILEHUIIH J1a 3pesia MaTpulia 6nodunma npeacraBba GUINUKY U
XEeMHU]jCKy OapHjepy Koja 3HauajHO orpaHnyana AM(y3ujy akTHBHUX jeANbEHba U IPYKa BUCOKH
crenen ornopHocTu.

CarnenaBajyhu MexaHu3zam JejoBama, JOOWJEHU pe3yJTaTH yKa3yjy Ja KOMIUIEKCH
cpebpa(l) ca exonazonmom, Ag3 u Ag4, npumagajy rpynu jeIumbema Koja e(pEeKTUBHO
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MHXUONPajy hopMmupame onoduama y panum ¢azama, aii Hemajy crocoOHOCT aa Hapyie Beh
dopmupanu 6rnopuIM.
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Cauka 40. Jlucnepsuja ouodunma S. aureus ATCC 25923 y npucycTBy KOMILIEKca
Ag3 u Agd4, onrosapajyhux AgX comu u ekonazona. DMSO je kopumniheH kao HeraTuBHa
KOHTpOJIa

4.2.7. MoneKyacku 00KuHz

Jla 6u ce pa3jacHHO MOoryhum MexaHW3aM aHTUIJBMBUYHOI' JIelIOBamba CHHTETHCAHHUX
koMmIuiekca cpedpa(l) u exkoHazo1a, METOJOM MOJICKYJICKOT JJOKHHTA WCITUTUBAHA j& HHXOBa
uHTepakiuja ca uuroxpomom P450 51B (CYP51B), kjbydyHUM €H3UMOM Yy OHMOCHUHTE3U
eprocreposna. MHxubunyja oBor eH3uma JOBOAM 10 CMamemha HHBOA €procreposia, IITO 3a
nociaeqully uMa Jecrabuinuzaiujy TJbuBHYHe henmjcke MemOpaHe, mnoBehame HeHe
nepmeadbmwiIHOCTH W Topemehaj paga MeMOpaHCKH BE3aHUX €H3MMa, Kao M aKyMyJalujy
tokcuunor dekocrepona.’®*1? TTopex CYP51B en3uma, MHXHOUTOPHO JIEjCTBO MCIMTUBAHKX
jenumema aHanu3upano je u npema ensumy CYP130, 3a koju je mo3HaTo Aa ca €KOHa30JI0M
Ipaju KpUCTAJIHY CTPYKTYpy, LITO je oMoryhmio moysjgaHy BaluJalujy Mojena J0KOBamba.
[IpunrkoM MOIEKyJICKOT TOKHUHTa, KopuliheH je komiuiekcHU [Ag(ecz)2]" (Ag) kaTjoH, jep je
eKCIepUMEHTAIHO MOTBphEeHO J1a yrnpaBo OBa BPCTa JOMUHUPA y MOJApPHUM CpeAMHama, U Jia
TpeJIcTaBIba AKTUBHY 00K Ag3 u Ag4 kommekca.'?’

Pesynratn npukazanu y Ttabenmu 11 yka3yjy na [Ag(ecz):]” KOMIUIEKCHH KaTjoH
MCII0JbaBa U3pAKEHN]€ MHXUOUTOPHO J1€JCTBO Yy OJIHOCY Ha caM ecz, kako nmpema CYP130, tako
u npema CYP51B, mTo je y carjlacCHOCTH ca eKcliepuMeHTaTHUM pasyiaTtatuma (Cruka 37).
[Topen Tora, oBaj 3aKkJby4aK j€ y CKJaay Ca BPEAHOCTHMA KJbYYHHX TEPMOIMHAMUYKHUX
napamerapa, nocebHo cioboaHe eHepruje BesuBama (AGbind) M KOHCTaHTe HHXHOUIM]jE (Ki),
KOj€ yKa3yjy Ha CTaOWJIHHje BE3WBamkE KOMIUIEKCHOT KaTjoHAa Yy OJHOCY Ha JUTaH[A. YKYyITHa
PEaKTUBHOCT HCIUTHUBAaHMX CHUCTEMa IpeMa €H3UMHMa omnajaa y ciexeheMm pepocieny:
CYP51B-Ag > CYP130-Ag > CYP51B—ecz > CYP130—ecz mTo noka3zyje 1a KOopJaAuHaIuja
ecz 3a joH cpeOpa(l) 3HayajHO mMoOjauaBa HErOB MHXUOUTOPHM KalalUTET, MOCEOHO MmpemMa
IpUMapHOj MOJIEKyJIcKoj MeTH, eHnsumy CYPS51B.
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Tabena 11. Bpemnoctu peneBaHTHMX eHepreTckux mnapamerapa (kcal/mol) noOujenmnx
MOJICKYJICKUM JIOKMHTOM 32 HajII0BOJbHH]jEe KOH(pOpMaIije KOMIUIeKCHOT [Ag(ecz):] karjoHa
(Ag) u exonazona y aktuBHOM MecTy CYP130 u CYP51B enszuma

KOHCbopMaHI/IjC AGhina K; AGiner AGvaw+ib | AGelec AGiotal AGior AGuny
(HM) ond-+desolv

CYP130-Ag -9,60 9,24x1072 -13,44 -13.,49 0,05 -2,84 3,84 -2,84

CYP130-ecz | 8,94 | 2,79x107 | -10,59 | -10,59 | 0,00 | -1,66 | 1,65 | -1.66

CYP51B-Ag | -14,76 | 1,52x107 -18,60 -18,55 -0,05 -2,09 3,84 | -2,09
CYPS51B—ecz -9,59 9,42x1072 -11,23 -11,24 0,01 -1,53 1,65 | -1,53

TepMoMHAMUYKY HAjTIOBOJFHHU]E MECTO Be3MBama [Ag(ecz):]"” KOMILIEKCHOT KaTjoHa y
CKJIaJly je ca aKTHMBHMM MECTOM KOoMepliHjamHor jeka ekoHa3zona (Crnuka 41). OBO aKTUBHO
MECTO 00yxBaTa aMHHOKHCEIIMHCKE OCTaTKe y HemocpenHoj ommsuau xem rpyne HEM1048
(CYP130) u HEM580 (CYP51B), xoju umajy KJbY4HY YyIOTY Yy Be3HBamy CylcTpaTa H
KaTajau3u eH3MMCKUX peaknuja. [loBehana maxuburopHa aktTuBHOCT [Ag(ecz):]"” koMImekca
MOJKE€ C€ MPUIHUCATU HETOBOj CTPYKTYPH, Kao U yno3u joHa cpebpa(l) kao meHTpamHor joHa
metana. [Ipema pe3ynraruMa TOKUHT UCTIUTUBAA, j€1aH MOJIEKYJI €CZ Y KOMIUIEKCY Gpopmupa
JTUPEKTHE UHTEPAKIIMje ca aMHHOKHCETMHCKUM OCTalliMa y aKTUBHOM MECTY €H3MMa, JIOK Ce
JPYTH MOJIEKYJI CTa0MIIN3Yje MyTeM -1 HHTePaKIKja ca Mop(GUPHUHCKUM MPCTEHOM XM TpyIie
HEM1048 (CYP130) u HEMS580 (CYP51B), y 3aBucHOCTH OJ OpHjeHTallMje JUraHga y
AKTUBHOM MECTY.
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Canka 41. HajnoBosbHHjE€ JOKHMHI OpHjeHTallMje eKoHa3oja (ecz, JIeBO) M KOMIUIEKCHOT
[Ag(ecz):]|" katjoHa (necHO) y akTuBHOM MecTy nuToxpoma P450 CYP130 (PDB kox: 2UVN;
(a) u (0)) u uutoxpoma P450 crepon 14a-gemerunaze CYP51B (PDB kon: 4UYM; (B) u (1)).
Jluranny cy mpuKasaHd y OONHMKYy mTanmuha, mpW 4eMy Cy pas3iHuduTH aTOMU O3HAuYCHH
ctanaapanum 6ojama: C (cua), N (tamHomnasa), O (upBeHa), F (cBeTnonnasa) u Ag (miasa).
Panu jacHuje BU3yenu3aiiyje, mMpeocTaliu ISJIOBH CTPYKTYPE MPOTEHHA CY YKIOHEHU

Pe3ynraTi MoJeKyJICKOT JOKHMHTA YKa3yjy /1a XuApohoOHe HHTEepaKI1je UMa]y KIbYUHY
yJIOTY y CTaOWIM3alUju UCHUTHBAHUX jeaumema y akTuBHOM Mecty CYP130 (Cnuka 42a).
MMua3010B IPCTEH €KOHA30J1a U 4-XJIOP-CYTICTUTYHCAHN ApOMAaTUYHU ITPCTEHOBU KOMILIIEKCA
cpebpa(l) ydecTByjy y BUIIE T-TT WHTEpaKiHja ca MOPPUPUHCKHM CHUCTEMOM XEM TpyIie
HEM1048. Ilopen n—mt uHTEpaKiyja, KOMILIEKCH Cy T0JJaTHO CTA0MIIN30BaHU KPO3 alKHII-, T—
AIKWI- U T—XJOPHUJIHE HMHTEpakiyje ca cieqehuM aMMHOKHCETMHCKUM ocrtanuma: PROS7,
MET91, PHE236 u VAL393. UcroBpemeno, xem rpynma HEM1048 octBapyje m—KkatjoHCKe
MHTEpaKIHje ca apOMaTHYHUM HMHU/IAa30JI0BHM IpcTeHoM ekoHaszona (3,20 A), xao u ca 4-xiop-
CYIICTMTYHCAaHHM apoOMaTHYHUM IIpcTeHoBHMa Kowmmiekca cpebpa(l) (3,90 A), mpu uemy
neHTpaiaHu joH cpebpa(l) yuectByje y ctabunuzanuju oBOor HHTEpaKTUBHOT cuctema. [lopen
TOTra, KUCEOHUK KapOoHMIIHE Tpyre amuHokucennne MET89 ¢popmupa xanoreHy HHTEpaKLInjy
ca 4-XJ10p-CyICTUTYHCAaHUM MPCTEHOM €KOHAa30/a Ha pacTojamy on 3,04 A. Amanmorso Tome,
amuHokucenuHa VAL190 ocTBapyje UCTy BpCcTy HHTEpakiyje ca 2,4-TuxXI0pCynCcTUTYHCAaHUM
apOMaTHUYHUM IIPCTEHOM KOMIUIEKCHOT [Ag(ecz)z]'kaTjoHa, Ipu YeMy je U3MEPEHO PacTojame
o1 3,76 A.

HcnuTtuBana jenumema cy yHyTap aktuBHor Mecra ensuma CYPS1B mpumapno
crabmin3oBaHa xuapodoOHuM wuHTepakuujama (Crnuka 426). JlOMHHAaHTHH THUIIOBH
WHTEpaKiMja o0yXxBaTajy aiKui-, 7M—aJKWl- W 7—C HHTEpPaKiyje ca craeaehum
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amMuHOKHcenuHCKkUM ocTtanmuma: LEU91, LEU92, VALI135, PHE234, ALA303, ALA307,
ILE373 u LEUS503. Maxubutopan edekaT HCIUTUBAHUX jeIUCHA JO0JATHO j€ TojadaH
WHTEpaKIfjaMa apoMaTHYHUX CHCTEMa ca MPOTONMOP(GUPHHCKUM TIPCTCHOM XEM TIpyIie
HEMS508. NuTepaknuje - ce yCrnocTaBibajy u3Mely MMUAA30JHOT MPCTEHa €KOHAa3ola U
NOPPUPUHCKOT CUCTeMa, Kao U m3Mely 2,4-IuXJIOPCYNICTUTYUCAHOT apOMAaTHYHOT TPCTEHA
komrmiekca cpebpa(l) m xem rpyme. AmuHokucenuHcku octarak PHES04 rpagm m—n
MHTEPaKIHjy ca eKOHA30JI0M Ha pacTojamy ox 5,65 A, nox PHE234 (5,31 A) u TYR136 (5,49
A) ydecTByjy y MHTepakiMjama ca apoMaTHIHUM IIpcTeHoBMMa Komiiekca cpedpa(l). Tlopen
xuapooOHUX HMHTEpaKifja, JojaTHa crabWiu3anuja y akTUBHOM MecTy oOe3Oehena je
XaJIOTeHUM MHTEpaKijama u3mMely aroma xiopa ekonasona u amuHokucenuaa SER375 (3,21
A)nLEU304 (3,41 A), xao u BogornuHoM Be3oM u3Mel)y octatka TYR 136 1 aToma KiceoHHKa
xomiiekca cpebpa(l), mpu pacrojamy ox 2,42 A.

a)
MET 39

MET 9| ci.. .5 UZ

6) LEU 304
ALA 307 -
W 4 3 i
432" s,
3_2].‘_3.49“ :5.43 a 5

[ Konsermmonania sonorvaia resa [ |n-Karjon[ Jn-Cysiop [ |n-Anxson/ Aman/n-ClL [n-n-Crararse [ n-Crirua
I:IXa.'wDeH (Cly I:’ VYI/beHuK BOJOHMYHA Be3a

Cauka 42. 2D npuka3 uHTepakxiyja usmel)y exkonazona (ecz, 1eBo) u KoMruiekcHor [Ag(ecz)z]*
KaTjoHa (ecHo) y akTuBHOM Mecty nutoxpoma P450 CYP130 (PDB koa: 2UVN; (a)) u
utoxpoma P450 crepon 14a-nemermnaze CYPS1B (PDB xox: 4UYM; (0)), ca mpuka3zaHuM
MelyyaTOMCKHM pacTojambuma JoOMjeHUM HaKOH MOJIeKyJICKoT JokuHra. Xem rpyne HEM 1048
u HEMS580 npencrasibajy nporonopdupun IX koju canpxku Fe. Paznuuure 6oje o3HauaBajy
pa3IuYHNTEe THIIOBE aTOMa

4.3. Cunre3a, kKapakTepu3anuja i OM0JI0IIKA AKTHBHOCT KoMILIekca cpedpa(l) ca
BOPHKOHA30J10M

AHTHIJGUBHYHM JIEK BOPHKOHA301 (VeZ) KOpHIIheH je Kao JIMraH 3a CUHTE3Y YETHPH
HOBa KOOpJMHAIIMOHA noyimMepa cpebpa(l), {[Ag(vcz)2]SbFs} s (Ag5),
{[Ag(vcz)(H20)]CH3SO3}, (Ag6), {[Ag(vcz)2]1BF4}, (Ag7) u {[Ag(vcz):]PFs}n (Ag8) (Cnuka
43). 18119 TTocTymak cuHTe3e OBMX KOMIUIEKCA ONHMCAH je y EKCIepHMeHTalTHOM Jely OBe
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JOKTOpCKE nucepranrje. MoHokpucTain AgS KoMIuiekca 100MjeHH Cy MPeKpUCTAIN3ali]oM
TaJIOTa HACTAJIOT TOKOM peakiyje y cMelH aneronutpwi/eranon (v/v 1 : 1), 1ok je y ciydajy
KoMIuiekca Ag6 — Ag8 kopuiheH aleTOHUTPUI 33 TPEKPUCTATH3AIIN]Y.

Agl”)a;

Ag7 Ag8

Canka 43. KpucranHe ctpykType KoMmIiuiekca AgS — Ag8 ca omgabpaHuM oO3HaYaBambeM
xeTepoaroma. TepMHUKHU €IUIICOUI Cy TIPHKa3aHu Ha HUBOY BepoBaTtHohe o1 35%, oK cy
aTOMH BOJIOHMKA U30CTaBJbEHU paJid 00Jbe MPErJIeAHOCTH

CrpyktypHa 6a3a momaraka CSD caapxu ykynHo 10 KomIiekca MeTana ca
BOPHKOHA30JI0M, U TO YETUPHU KOMIUIEKca Oakpa, Tpy KOMILIEKca cpedpa 1 1o jelaH KOMIUIEKC
KaaMujyMma, koOanrta u 3nata. Tpu ucnuTuBaHa komiuiekca, AgS, Ag7 u Ag8, u30CTpyKTypHU
cy Meljyco6HO, Kao U ca paHHje 06jaBbeHHM KOMILIeKcoM ca TpudaatauM aHjoHoMm.”!! Atomu
a30Ta y BOPUKOHA30Jy KOjU cy sp? XuOpuan3oBaHu omoryhaBajy pasiuuuTe HauuHE
KoopauHanuje ca jonuma cpebpa(l). V onmmcaHuM KOOpAWHAIIMOHUM IOJIUMEPHMA, 32 jOH
cpebpa(l) kooparHOBaHA Cy YETHPH aTOMa a30Ta, MPH Y€MYy OBaj JOH MMa JUCTOPTOBAaHY
terpaeaapcky reomerpujy (Cnuka 43). [Tomumepnn nanim GopMupajy ce Tako IITO TPHUA30JI0B
MPCTEH BOPHKOHA307a Jelyje Kao MOCTHH nuranj usmely nBa cycemna jona cpedpa(l).
[Ipeocrana nBa mecta y koopauHaimoHoj chepu cpedbpo(l) jona 3ay3mmajy aTtom azora
GIIyOpOnMPUMHUIMHCKOT MPCTEHA CYCETHOT MOJIeKYJIa, KOj! JOMPUHOCH YMpPEKaBamwy JaHalla,
Kao M aTOM a30Ta TPHUA30JIOBOT TPCTEHA JPYyror (TEPMHHAIHOT) MOJEKYJa BOPHKOHA30JIa.
OBakBa KOOp/IMHAIM]ja UMa 32 Pe3yNTaT YKyITHH CTEXHOMETPU]CKH OJJHOC MeTal : vez = 1 : 2.

YV 0BOj TIOKTOPCKO]j THUCEpTaIMju, YTBpheHa je HOBa CTPYKTypa MeTaHCYyI(pOHATHE COJIH
kommekca cpedpa(l) ca Bopukonazonom (Ag6 kommekc; Ciuka 43).!" V oBom kommiekcy,
CTEXMOMETPH]JCKU OHOC MeTal : vcz u3HocH 1 : 1. Mako cy aHuana apxuTekTypa u oOpasarg
yMpeKaBama KapaKTEePUCTUIHHU 32 OCTaIe KOMIUIEKCE, Y OBOj CTPYKTYPH APYTH (TEPMUHAIIHU)
MOJIEKYJI a30J1a 3aMEH-CH j€ MOJICKYJIOM BOJIe. Y KPUCTATHO] CTPYKTYpU HACHTH(PUKOBAHE CYy
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nBe mymbnHe 3anpemuna 43 A’ u 33 A3, xoje campxke mpeocTany eneKTPOHCKY T'yCTUHY
uHTerpucany Ha 12, omnocHo 11 enextpona. Ilokymaju MoaenoBama OBHX HIYIJBHHA
MOJIEKYJIMMa BOJIE, €TAaHOJIA WM AaleTOHUTpWiIa, OWI0 ca IMyHOM WM JEITUMHYHOM
HoIymheHomny, HuCYy Oumu ycnemHu. 300T Tora je 3a yKJIamame IpeocTaie eIeKTPOHCKE
IYCTHHE U3 CTPYKTYpHOI' Mojiella NpuUMemeHa (QyHKIHMja 3aTaMmbelba pacTBapada (solvent
mask) y nporpamy Olex2. [Ipa3auHe y KpUCTAIHO] CTPYKTYpU Ag6 KOMILJIEKCa MpHUKa3aHe Cy
Ha caunu 44.

Cinka 44. [Ipa3HuHe y KpUCTaJIHO] CTPYKTYpH Ag6 KoMILIeKca MocMaTpaHe ayx b oce

Anamm3om IR cniektapa komruiekca AgS — Ag8 y oncery Tanacuux 6pojesa ox 4000 o
450 cm™! youene cy kapakTepucTHuHe Tpake Koje HOTHYY 0/ KOOPMHOBAHOT BOpPHKOHA30a>!?
U Monekyna Boje,!”’ kao m Tpake Koje OAroBapajy NpPHCYTHMM KOHTpa-aHjoHHMa SbFg
CH3S0;57, BFs~ u PFe 171202213215 [[[ypoka ancopmimona Tpaka y o6macta oko 3400 cm™!
npunucyje ce O—H BajeHunoHUM BuOpalrjaMa BOpPUKOHA301a KO/ CBa TPU KOMILJIEKca, Kao U
KOOPJMHOBAHOM MOJIEKYIy Bojie y Ag6 xommiekcy.!’*?1? Tpake y o6mactuma ~3100 — 3000
ecm! u oko 2900 cm!' oaromapajy apomatuunum C-H, omHocHo amudarmunum C-H
BalleHIMOHUM BuOpanujama.' > Ilomepame Tpaka Koje IOTHYY 0J] BUOpalHja IeCTOYIaHUX U
neTowraHux apomaTuuHux npcreHoBa (V(Ca=Car) u V(C=N)) kox xomruiekca Ag5 — Ag8, y
0/IHOCY Ha HEKOOPIMHOBAHH BOPMKOHA30J1, TIOCMATpaHO y uHTepBany 1619 — 1406 cm!, 173
yKa3yje Ha HberoBy KoopauHaiujy 3a joH cpebpa(l). Beoma nHTeH3uBHa Tpaka Ha 660
cm! y IR crnextpy AgS KomIuiekca ojroBapa HekoopauHoBaHoM SbFe anjomy.!”! Kox
KoMmIiekca Ag6, BeoMa MHTeH3MBHe Tpake Ha 1196 m 1039 cm!, koje oaromapajy
ACHMETPUYHHM M CHMETPUYHHAM BaJCHIMOHWM BuOpamujama —SO3; rpyme, mTo je y
carjacHOCTH ca MojalluMa 3a MeTaHcy/lpoHcKky kucenuny.”'> 3a kommiekce Ag7 u AgS,
uHTeH3uBHe Tpake Ha 1059 cm ™' u 838 cm™! motuuy on BF4~ u PF¢ amjona.?>214215 [lo6ujenn
IR monamu 3a oBa JjBa KOMILJIEKCA y CKJIaJy Cy ca CHEKTPOCKOIICKUM KapaKTepUCTHKaMa paHuje
okapaktepucanux cpedpo(l) kommiekca, kao mro cy {[Ag(1,6-naph)(H20)](BF4)}nu [Aga(1,8-
naph)2(H20)12](PFe)2 (rae 1,6- u 1,8-naph o3nauasajy 1,6- u 1,8-sadrupumun).20!-216
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4.3.1. Hcnumueare nonawarna komniaexca Ag5 — Ag8 y pacmeopy

UV-Vis cnektpu komiuiekca AgS — Ag8 cuumibenu cy y DMSO Ha coOHOJ
temmneparypu (Cnuxa 45, AgS xommekc).! 311 Ancoprmponyn MakcuMyM y OBHM CIeKTpHMa
KOjH C€ jaBJba HA Amax ~ 290 nm MO’Ke ce MPUITHCATH MpeTa3uMa yHyTap Jurasaa. Y nopehemy
ca arncopHIIMOHMM MaKCUMYMOM HEKOOPIWHOBAHOT BOPHKOHA30J1a (Amax = 256 nm), cBH
koMmIuiekcu cpedpa(l) mokazyjy u3paxkeHo 0aTOXPOMHO MOMEpame, ITO yKa3zyje Ha U3MEHY
€JICKTPOHCKE CTPYKType JMTaHAa yclel HeroBe KoopauHamnuje 3a joH cpedpa(l). YV muspy
UCTIMTHBAamba CTa0MIIHOCTH y pacTBopy, cHuMame UV-Vis crekrapa komruiekca AgS — Ag8
MTOHOBJLEHO j€ HAKOH CTajama onarorapajyhux pactsopa 24 u 48 h Ha coOHOj TemMmeparypu y
mpaky. Kako ce Buam Ha ciaumm 45, yOuyeHO je caMO HE3HAaTHO OMNaJamke WHTEH3UTETa
ancopniyje (3 — 7%), mTo ykasyje Ha 3a/10BoJbaBajyhy cTaOUITHOCT UCIIUTHBAHUX JEIUIEHHA Y
pacTBOpy y OJCYCTBY OHMOMOJEKyJa, Kao INTO Cy MPOTEHMHH KOJU CaapKe THOIHY
dbynkimonanny rpymny. Kao mto je Beh HanmomeHyTo, 03HATO je 1a uHTepakiyje jona cpedpa(l)
ca THOJIHUM TpylaMa y TpOTeHHIMA JIOBOJIE 10 BbHXOBOT 0cinobal)ama U3 KOMILIeKca, ITOo je
TI0BE3aHO Cca HCIO0JbaBakeM aHTUMUKpOOHOT ejcrpa.!”’

A
0,8 - —0h
24 h
—48h
0,4 -
0 T T 1
280 300 320 340
A (nm)

Cauka 45. UV-Vis cnextpu AgS xomiuiekca y DMSO Ha co6HOj Temmiepatypu y
pa3IMYUTUM BPEMEHCKUM MHTEpBAINMA

ESI-MS crnektpu xomruiekca AgS — Ag8, CHUMJbEHHM y alleTOHUTPHIIY, TOKa3y]Jy
JTOMHUHAHTHE curHane Ha m/z = 497,0447 (AgS), m/z = 456,0193 (Ag6), 807,1324 (Ag7) u
456,0188 (Ag8).!"!"” Ope BpennocTH cy y m00p0Oj cariacHOCTH ca M3padyHATHM m/z 3a
katjoHe [Ag(vez)|" (m/z = 456,0201 3a Ag6 u Ag8), [Ag(vcz)(CH3CN)[" (m/z = 497,0467 3a
AgS), u [Ag(vcz)]" (m/z=807,1352 3a Ag7), miTo yKasyje 1a cy y pacTBOpY, MO/ YCIOBUMA
ESI-MS ananu3se, npucyTHe MOHOHYKJICApHE KaTjOHCKE jeTMHHIIE.

'"H NMR cnekrpu xommnekca Ag5 — Ag8 u c1000JHOr JMraHga BOPHKOHA30J1a
cHUMIbeHH ¢y Y DMSO-ds Ha co6H0j Temnepatypu (Ciuka 46, AgS kommekc).! 8119 TH NMR
CTHEKTpU KOMIUIEKCAa TOKa3yjy HE3HaTHa IOMepama CHTHaJla TMPOTOHA y OJHOCY Ha WCTE
IPOTOHE HEKOOPAMHOBAHOT BOpPUKOHa30J7a. HajuszpakeHHja KOOpAMHAIMOHA IOMepamba,
AS('H)coord, M3padyHaTa y 0JHOCY Ha CJI0001HU BOPHKOHA30J, u3Hoce +0,08 ppm 3a Ag5, +0,10
ppm 3a Ag6, +0,05 ppm 3a Ag7 u +0,07 ppm 3a Ag8 u oxHoce ce Ha HS npoToH Tpuazonaosor
NPCTEHA, KOjH je Ha YTJbeHUKOBOM aTOMY CYCEIHOM KOOPAMHOBAHOM aTOMY a30Ta.
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Cauxa 46. 'H NMR cnektpu Ag5 xoMiIekca 1 BopukoHasona y DMSO-ds Ha coOHO]
temneparypu (200 MHz)

YV Luby HMCIMTHBAaEKa CTaOMIHOCTH Yy pacTBopy, cHumama 'H NMR crekrapa
KoMIuiekca AgS — Ag8 moHoBJbeHA Ccy 9 NaHa HAKOH CTajama OJroBapajyhux pacTBopa Ha
co6HOj Temnepatypu y Mpaky (Ciuka 47, kommieke Ag6).!'®!1° Kao mrro ce moske Buneru, He
n0na3y 710 1ojase HoBUX curHana y 'H NMR cHekTpy KoMILIeKca, Ha OCHOBY Yera ce MOKe
3aKJBYYMTH Jla VCZ OCTaje KOOpIMHOBaH 3a joH cpebpa(l) y HCIHUTHBAaHOM BPEMEHCKOM

nepuomay.
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Cauka 47. '"H NMR crektpu Ag6 KOMILIEKCA CHUMJ/BEHH Y Pa3IMIUTHM BPEMEHCKMM
untepBanuma y DMSO-ds Ha co6HOj Temnepatypu (200 MHz)

4.3.2. DTF npopauynu

Pamu cBeoOyxBaTHe aHanmM3e CTPYKTypa M OCOOMHA CHHTETHCAHMX KOMILIEKCA
cpebpa(l) ca BopukoHazonom (Agé — Ag8) y DMSO, ucnurana je TepMoarHaMuKa Moryhux
peakiuja BUXoBOr Gopmupama u quconujamuje.! !’ OnTuMusoBane TeTpaenapcke reoMeTpuje
ucnuTHBaHUX KomIiekca y DMSO npukasane cy Ha ciunu 48, 10k ¢y oarosapajyhe muHeapHe
reoMeTpHuje npuKazaHe Ha ciunu 49.
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Cauka 48. OnTuMH30BaHe TETpaeaapcke reoMeTpuje komriekca Ago — Ag8 y DMSO,
nobujere nmpuMmeHoM (yHkimonana M06-2X y komOuHaIuju ca 6a3HuM CKymmoBuma 6-
311+G(d,p) 3a atome C, H, O, N u F u LANL2TZ(f) 3a Ag atom. Hcnpekunane nunHuje
o3HayaBajy BojoHuuHe Bese. Jlerenaa: C (cusa), H (6ena), O (upBena), N (TamHormiaBa), Ag
(cBetnomaBa)
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Cauka 49. OnTuMu30BaHe JTWHEApHE TeoMeTprje KoMiuiekca [Ag(vez-N2)(vez-N19)[" (Ag6),
[Ag(vcz-N2)(vez-N4)]" (AgT7) u [Ag(vez-N4):2]" (Ag8) y DMSO, nobujeHe npumeHOM
¢ynkunonana M06-2X y komOuHanuju ca 6azaum ckynosuma 6-311+G(d,p)3a C, H, O, N u
F atrome u LANL2TZ(f) 3a Ag arom. Ucnipekuane TuHUje 03HaYaBajy BOJOHUYHE BE3e.
Jlerenpna: C (cuBa), H (6ema), O (pBena), N (ramHoruiaBa), Ag (CBETIIOIUIaBa)

Bpennoctu AG (298 K) 3a peakumje dopmupama (A/G°) u nucoumjammje (AsG°)
komruiekca Ago — Ag8 y DMSO wuspauynate cy kao pasnuka ['mbGcoBe cinobonne eHepruje
u3Mmely mpousBoja M peakTaHaTa, IpuMeHOM ¢yHkiuoHara MO06-2X y koMOMHanuju ca
6a3HuM ckynoBuma 6-311+G(d,p) 3a cBe arome ocuMm cpedbpa u LANL2TZ(f) 3a Ag atom
(Tabena 11).

Tab6ena 12. IIpomena cnobonne I'mbcose enepruje (T = 298,15 K, kJ/mol) popmupama
(AG)/ muconujaumje (AGs’) xao u xoHcrante Qopmupama (Ky)/mucomujanmje (Ka)
UCIUTHBAaHUX KoMIuiekca Agé — Ag8, m3pauyHate npumeHoMm ¢yHkuuonana M06-2X y
KoMOuHanuju ca 6a3aum ckynosuma 6-311+G(d,p) 3a arome C, H, O, N u F u LANL2TZ(f) 3a
Ag

Kommnexke Peaxnmje Gpopmupama/auconyjamije KoMIuIeKca AGY/AGY Ky/Ka
AgCH;S0; + 2vez = [Ag(vez-N2)(vez-N19)|" (Ag6a) + CH;SO5 -32,5 4,93 x 10°
Agé [Ag(vez-N2)(vez-N4)(vez-N19)(H,0)]" = [Ag(vez-N2)(vez-NI19)]" + -44.6 6,42 x 107
vez + H,O
[Ag(vez-N2)(vez-N19)]* (Ag6a) + 2DMSO = [Ag(DMSO),]" + 2vez 49,9 1,83 x 107
AgBF, + 2vez = [Ag(vez-N2)(vez-N4)] (AgT7a) + BFy -15,9 6,19 x 102
Ag7 [Ag(vez-N2)(vez-N4),(vez-N19)|" = [Ag(vez-N2)(vez-N4)|™ (AgTa) + -20,9 4,59 x 103
2vez
[Ag(vez-N2)(vez-N4)]" (AgTa) + 2DMSO = [Ag(DMSO),]™ + 2vez 39,5 1,83 x 1077
AgPFg + 2vez = [Ag(vez-N4),]" (Ag8a) + PFs -14,3 3,23 x 10?
Ag8 [Ag(vez-N2)(vez-N4)(vez-N19)|" = [Ag(vez-N4):]" (Ag8a) + 2vez -15,9 6,10 x 10?
[Ag(vcz-N4),]" (Ag8a) + 2DMSO = [Ag(DMSO),]" + 2vez 23,0 9,43 x 107
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HcnutuBane cy peakuuje hopmupama koMmiuiekca Agb — Ag8 usmely conu cpedpa(l)
koputthennx y cuaresu (AgCH3SOs3, AgBFs u AgPFs) 1 BopukoHa307a y CTEXHOMETPH)CKOM
omaocy 1 : 2.1 Jlobujenu pesynTaTu mokasyjy Ja cy cBe peakiyje mpaheHe HeraTUBHHM
BpeIHOCTUMA ITpoMeHe cinoboane enepruje (AG°r< 0), mTo yka3yje Ha BbUXOBY CIIOHTAHOCT H
TEPMOJMHAMHUYKY IOBOJHbHOCT. Ha OCHOBY Tora moxe ce 3ak/byduTH Ja je (hopMmupame
JuHEeapHUX KomIuiekca cpebpa(l) TepmoamHaMuuky  (aBOpPU3OBAHO, MPH YEMy Yy
KOMIUIEKCHPay yUYECTBY]y aTOMHU a30Ta U3 apoOMaTHUYHOT TpHa3oyioBor npcreHa (N2 3a Ag6,
N2 u N4 3a Ag7 u nBa N4 atoma 3a Ag7), Kao 1 aToM a3oTa nupuMuAMHCKOT npcreHa (N19 3a
Ag6). Peakinje koMIUIEKCHpamba KapaKTepUIILy BUCOKE BPEIHOCTH KOHCTaHTH opmupama (Kr
> 10?), mTo yKa3syje Ha IOBOJFHO U CTAOUIIHO BE3HBAH-€ BOPUKOHA301a 3a joH cpedpa(l).

C apyre cTpaHe, HICIUTUBabE JAUCOLHjarije koMmruiekca cpedpa(l) ca BopukoHazonom
3amo4eTo je MojenoBameM xuaposmze Bpcra [Ag(vez-N2)(vez-N4)(vez-N19)(H20)]" (3a
koMIuiekc Ag6) u [Ag(vez-N2)(vez-N4)2(vez-N19)]* (3a xommiekce Ag7 u Ag8).
TepMoarHAMUKa eTMMHHALIN]E JIBA VCZ THTaHaa Ko Bpcte [Ag(vez-N2)(vez-N4)»(vez-N19)]*,
OJIHOCHO jeJIHOT VCZ JIMTaHAa U jeHOT MoJieKyna Boje Koa Bpcre [Ag(vez-N2)(vez-N4)(vez-
N19)(H20)]*, pesynrupa dhopMupameM TnHEapHUX KoMmIuiekca Agba — Ag8a. Ore peakmmje
KapakTepUIlly HeraTHBHE BPEIHOCTH HpoMmeHe ciobomaue enepruje (AG(’ < 0) u KoHCTaHTe
muconujanuje Ky > 1, mTo ykasyje ma je mporec AUCOldjaldje TeTpaeaapcKuxX BpCcTa U
dbopMupame TMHeapHUX KOMIUIEKCa TePMOIMHAMUYKY MTOBOJbaH. Hacynpot Tome, cTaGmiIHOCT
JMHeapHuX KoMIuiekca Agba — Ag8a y npucycrsy DMSO kapakTepuliie no3uTuBHA BPEIHOCT
npomeHe cioboane enepruje auconujauuje (AG° > 0) u Bpennoctu Ky < 1, mro ykasyje Ha
BUXOBY TEPMOJAWHAMHYKY CTaOMIIHOCT y pacTBOpy. Ha OCHOBY oBHX pe3ynraTa MOXe ce
3aKJbYYUTH Ja HMCNUTHBaHU Komiuiekcu cpebpa(l) ca Bopukonazonom y DMSO mocrtoje
MIPEBACXOJIHO Y OOJIMKY CTaOMIIHUX JIMHEApHUX BpcTa Agba — Ag8a.

Paqu onpehuBama reomerpujckux —mapamerapa komiuiekca  cpebpa(l) ca
BoprKkoHa3onoM y DMSO, cumynupana cy 'H NMR xemujcka HoMepama y OJHOCY Ha
terpameruicunad (TMS) kao wuHeptHu pedepentHu cranaapn (Tabema 13). Bucok
koedpunujeHt kopenamuje (R > 0,991) uzmely excriepuMeHTaTHUX U U3PAaYyHATUX XEMHU]JCKUX
NOMepama, Kao M HUCKe BPEIHOCTH cpeame ancoiayTHe rpemke (MAE < 0,60 ppm), jacHo
noTBpl)yjy IpUCYCTBO JIMHEAPHUX KOMIUIeKca Agba — Ag8a y nonapHom pactapauy DMSO.
OBu pe3ynTaTH yka3yjy /a NPUMEHEHU TEOPUJCKU MOJEN TMOYy3/1aHO OINHCYje CTPYKTYpY
CHHTETHUCAHUX jeIWbema y pacTtBopy. McroBpemeno, ymorpeba HMMIUIMIMTHOT MOJENa
pacTBapaya M 0JICyCTBO €KCIUIMIIUTHUX MHTEPAKIIM]ja ca MOJIEKYJIMMa pacTBapaya yClIoBbaBajy
HE3HaTHAa OJICTYyMarma Y BpETHOCTUMA XEMH]CKUX TTOMepama 3a apoMatuyHe nporone H9, H18
u H20, mTo je y ckiiagy ca o4eKHMBamblUMa 32 OBaKBE MOJIEJIE COJIBAaTAlIH]€.
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Tabena 13. ExcrnepuMeHTanHe U M3pauyHaTe BPEJHOCTH XeMHjCKUX momepama y 'H NMR
cnekTpuMma komriekca cpedpa(l) ca BopukoHazonoM, ao0HjeHe MpuUMEHOM (DyHKIMOHAIA
MO06-2X y komOuHanuju ca 6azuum ckynosuma 6-311+G(d,p) 3a C, H, O, N u F atome u
LANL2TZ(f) 3a Ag atom

ExcniepumenTanHo, ¢ (ppm) Teopwujcku, d (ppm)
[IpoTon

Agb6 Ag7 Ag8 Agba AgTa Ag8a
HI15 1,10 1,15 1,12 1,15 1,12 1,09
H14 3,93 3,93 3,91 4,73 4,38 4,68
H6 4,60 4,58 4,56 5,06 4,78 4,50
-OH 6,02 6,01 6,01 6,40 6,14 6,68
HI10 6,93 6,92 6,94 7,34 7,18 7,55
H12 7,19 7,18 7,22 7,47 7,01 8,29
H9 7,26 7,27 7,22 8,39 8,48 7,85
H3 7,70 7,66 7,68 7,75 7,86 7,94
H5 8,34 8,29 8,31 8,66 9,09 9,08
H20 8,87 8,86 8,87 8,98 9,38 9,64
HI18 9,06 9,05 9,06 9,75 9,80 9,90
MAE / / / 0,43 0,41 0,60
R / / / 0,991 0,991 0,995

[TpucycrBo komruiekca Agéa — Ag8a y DMSO nonatno je motBpheHo nopehemem
eKCIepuMeHTATHUX W cumynupanunx UV-Vis cnekrapa, npukasanux Ha ciaunu  S0.
[IpencraBibeHO je MpeKianame eKCIepUuMEeHTATHUX (LIpHa JIMHUja) U TEOPHjCKU U3pauyyHaTHX
(upena nuHuja) UV-Vis crnekrapa, M3pakeHUX Kao (yHKIMja amncopOaHije (0IHOCHO
OCLIMJIATOPHE CHAre) y 3aBUCHOCTH O] TaJlacHe OyXHHe (nm). YcariameHocT Iojioxkaja U
MHTEH3UTETa alcCopIIMOHUX Tpaka yKaszyje Ja NPUMEHEHH PadyyHCKHM MOJEN YCHEIIHO
penpoayKyje eNeKTPOHCKe Ipesiaze KOMIUIEKCa Y pacTBOpY, IITO JI0JAaTHO HOTBphyje na
koMmiuiekcn y DMSO noctoje y o0uKy JinHeapHuX BpcTa Agba — Ag8a.
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Cauxka 50. Excnepumenrtanau (1pHa auauja) u Teopujcku UV-Vis ciextpu (IjpBeHa JTHHM]A)
koMIuiekca cpedpa(l) ca BOpHKOHA30JI0M Y pacTBOPY, U3padyHATH MIPUMEHOM (hyHKIIMOHATIA
MO06-2X u 6a3nux ckynoa 6-311+G(d,p) 3a cBe atome ocum cpebpa u LANL2TZ(f) 3a Ag
atoMm, y3 DMSO kao mozen pactBapada. Cum0071 * 03HauaBa OCIUIATOPHE JaunHe
€JIEKTPOHCKUX Tpelas3a

KBaHTUTaTUBHE eKCIIEpUMEHTalHE U TEOPUjCKE BPETHOCTH  Haj3HAYajHUJUX
enekTpoHckux mpenaza uzmehy HOMO u LUMO opburana npukazase cy y Tabemu 14.
Excnepumenrtanau UV-Vis criektpu komiuiekca cpedpa(l) ca BopukoHa3010M NoOKa3yjy jeaH
JIOMMHAHTaH ariCOpPNIMOHU MaKCUMYM Ha TaJlaCHUM JykMHaMa o/ 291 nm 3a komruiekce Ag6
u Ag7 u 292 nm 3a kommiekc Ag8 (TaGena 14).

Ta6ena 14. ExcnepuMeHTaTHM M TEOPHUJCKU TMOJAIM 3a TajJacHe AyXKHHE MaKCuMyma
arcopriuje (Amax), OCUUIATOPHE cHare (f) U eHepruje eNeKTPOHCKHUX IMpea3a 3a KOMIUIEKCE
cpebpa(l) ca BopukoHnazomom

ExcniepnmenTanue Teopujcke BpeqHOCTH
Konrutexe Bp(ifufli:; . A (nm) f [Ipena3 enextpona

Ags 291 292 10,230 | HOMO-8 — LUMO+1 (60%)
297 10,439 HOMO — LUMO (52%)

Ag6 291 298 10,115 | HOMO-8 — LUMO+1 (60%)
304 |0,231 HOMO — LUMO (52%)

Ag7 297 296 |0,125 | HOMO-8 — LUMO+1 (60%)
298 10,324 HOMO — LUMO (52%)

VY cumynupanum UV-Vis criekTprMa yodaBa ce JOMHUHAHTAH allCOPIIIMOHN MaKCUMYM
KOjH ITOTUYE OJ1 JiBa IVIaBHA €JIEKTPOHCKa mpenasa. [lojaBa nmukoBa Ha TaJacHUM JyKHHAMa OJf
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292 nm (Ag6a, f=0,230), 298 nm (Ag7a, f=0,115) u 295 nm (Ag8a, /= 0,230) y TeopHujcKuM
cnekTpuma Moxe ce npunucartu yriaBaoMm HOMO — LUMO mpena3uma, ca yueuthem on
npubmkHo 60% (Cnuke 51 — 53).
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Cauka 51. Exeprercku nujarpamu HOMO n LUMO monekynckux opOuTana yKJbydeHUX y
TJIaBHE €JIEKTPOHCKE Mpesa3e 3a KOMIUIEKC Agba ca KapaKTepUCTUYHUM BpEAHOCTUMA
eHepruje opourane (1pHO, €V) U eHepreTckor jasa (IpBeHo, eV)
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Cauka 52. Eneprercku nujarpamu HOMO nu LUMO monekynckux opOuTana yKJby4eHUX y
IJIaBHE €JIEKTPOHCKE Mpesa3e 3a KOMIUIEKC Ag7a ca KapaKTepUCTUYHUM BPEAHOCTUMA
eHepruje opourane (1pHO, €V) U eHepreTckor jasa (IpBeHo, eV)
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Cauka 53. Eneprercku nujarpamu HOMO nu LUMO monekysnckux opOuTana yKJbydeHUX y
TJIaBHE €JIEKTPOHCKE Mpesa3e 3a KoMIuleke Ag8a ca KapaKTepUCTHYHUM BpEAHOCTHMA
eHepruje opourane (1pHO, €V) U eHepreTcKor ja3a (IpBeHo, eV)
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CymnpoTHO 0BOME, yOUEHHU NMUKOBHU Ha HEemTo BehuM tamacHuM nyxuHama: 297 (Agéa,
f=0,439),307 (Ag7a, f=0,231) u 295 (Ag8a, /= 0,230), ca Behum BperHOCTMA (DPEKBEHIIN]EC
ocruioBama Mory ce npunucaty HOMO-8 u LUMO+1 npenasuma (Cruke 51 — 53). Paznuka
u3Mel)y eKCIepUMEHTATHUX M TEOPH]JCKUX BPETHOCTH MOXE C€ MPUIHUCATH MPOpadyHy
€JIEKTPOHCKUX Ipelia3a y MOoJIapu3a0MIHOM 0e3 eKCIUTMIIMTHOT MOJEIHpama Creluu(puuHux
MHTEpaKIfja ca MOJEKyJuMa pacTBapauya. CBe HaBeACHO HAC y NPWIOT YUICHHLU 12
WCIUTHBAHU KOMIUIEKCH TOCey]y 3HauajaH Opoj peakTUBHUX MecTa KOja MOTY Jia yCIIOCTaBe
CHa)KHE MHTEPMOJICKYJICKE MHTEpAKIMje ca MOJIEKYyJMMa pacTBapaya M MPOMEHE I0JI0XKa]
€JIEKTPOHCKOT HUBOA.

[Mpumenom QTAIM ananu3e UCIUTUBAHE CY 3HAYAjHE HHTPAMOJIEKYJICKE HHTEPAKITHje
KOje HuMajy 3HayajHy YyJOry Yy CTa0WiM3aludju CTPyKTypa Komiuiekca cpebpa(l) ca
BopukoHazoioMm y DMSO. Ha cnumnu 54, Mory ce youuTH 3Ha4yajHe KpuTHuHE Tadke (bond
critical points, BCP, 1 — 4), nok Tabena 15 npejcraBba KBaHTUTATUBHE BPEIHOCTH 3HAYAJHUX
QTAIM mnapamerapa: enekrporcka rycruna (p(r)), Jlamnacujanosa (Laplacian) enekTpoHcka
rycruna (V2p(r)), yKynHa rycTHHa eHepruje enektpona (H(r)), onnoc notenuujana (V(r)) u
ryctuHa kunetnuke enepruje (G(r)) u enepruja uarepaxuje (Ein).

o Ag8a

Cauka 54. OntuMu3oBaHe reomerpuje komiuiekca Agba — Ag8a y DMSO ca
npenacraBbeHuM KpuTrnuHuM Taukama (BCP, 1 — 4) npouewennm QTAIM ananuzom
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Kputnune tauke BCP-1 u BCP-2 koj cBUX MCIUTHMBAHMX KOMILUIEKCA KapaKTEPHUILY
HEraTHBHE BPEIHOCTH JIOKAJIHE eHeprercke ryctune H(r), kao u ogHoc —G(r)/V(r) koju ce
Hanasu y omcery 0,5 < —G(r)/V(r) < 1. OBe Tauke Moka3yjy MOBHUIICHE BPEIHOCTH T'yCTHHE
enexTpoHa p(r) u Jlammacujanose rycrune V2p(r), mro ykasyje aa ce BCP-1 u BCP-2 mory
KJ1acu(UKOBATH Ka0 KOOPIMHAIIMOHE BE3€ ca U3PaKEHUM KOBaJIGHTHUM KapakTepoM. Enepruja
untepaknuje (Ein, kJ/mol) moBe3ana ca oBum Besama kpehe ce y untepBany ox —105,4 mo —
222,7 kJ/mol. Hacympor Tome, kputuune Ttauke BCP-3 u BCP-4 omiukyjy ce HUXUM
BpeHocTHMa p(r) 1 V2p(r), y3 6raro HeratuBHe Bpeanoctu H(r) u ognoc —G(r)/V(r) y uctom
oncery (0,5 < —G(r)/V(r) < 1). OBu mapameTpu yKa3yjy J1a c€ youeHE HWHTEpaKIHje MOTYy
KJIacu(hUKOBaTH Kao jake BOJIOHUYHE Be3e. BpegHOCTH eHepruije HHTepaKiyje 3a OBE KOHTAKTE
Hajase ce y pacnony ox —25,6 1o —31,6 kJ/mol.

Tabena 15. IIpouewene Bpeanoctu peneBanTHUX QTAIM mapamerapa 3a KpUTHYHE Taudyke
Bese (BCP 1-4) xon komiuiekca Agba — Ag8a, nobujene npumeHoM ¢pynknnonana M06-2X y
KoMOuHanuju ca 6a3uum ckynosuma 6-311+G(d,p) 3a arome C, H, O, N u F u LANL2TZ(f) 3a
Ag atrom

Kpurnune V(r G(r V(r H(r Eint
pTaqu p) (fé)) (kJ/I(nz)l) (kJ/fnz)l) (kJ/r(n())l) (GOTO) | 4 3mo)
Agba

1 0,062 | 0,296 208,12 -221,95 -13,83 0,94 - 111,0
2 0,060 | 0,280 197,22 -210,70 -13,48 0,94 -105.4
3 0,032 | 0,095 62,68 -63,23 -0,55 0,99 -31,6
4 0,026 | 0,078 51,29 -51,27 0,02 1,00 -25,6

AgTa
1 0,103 | 0,477 375,96 -438,86 -62,90 0,86 -219.4
2 0,103 | 0,492 | 384,20 -445,36 -61,17 0,86 -222.7
3 0,041 | 0,122 83,84 -87,89 -4,05 0,95 -43.9
4 0,034 | 0,105 71,35 -73,52 -2,17 0,97 -36,8
Ag8a
1 0,067 | 0,316 226,11 -244.82 -18,71 0,92 -122.4
2 0,067 | 0,317 | 226,54 -245.34 -18,80 0,92 -122.7
3 0,029 | 0,085 56,87 -57,79 -0,92 0,98 -28.9
4 0,029 | 0,085 56,75 -57,65 -0,91 0,98 -28,8

4.3.3. Hcnumueare anmuzpouguiHe akmugHocmu Kkomniaexca Ag5 — Ag8

Edextn koMIuiekcupamwa KIMHUYKN KOpUlTheHor BOpHKOHa30Ja ca joHoM cpedpa(l) u
in vitro anTurbuBMuHa aktuBHOcT (MIC BpemHOCTH) HpukasaHu cy y Tabemu 161811
HcnutBaHa jeaumerma IMOKa3ala Cy H3Y3eTHO HM3PaXEeHY AHTHIJBHBHYHY aKTHBHOCT. Y
nopehemy ca KIMHUYKH KOpUITheHUM BOPHKOHA30JI0M, KomIuiekcu cpedpa(l) ncnosbumm cy
3HayajHo mnoBehany aHtu-Candida axtuBHOCT. Komiuiekc AgS mokaszao je 140 myrta Behy
aktuBHOCT npema C. krusei u 9500 myta Behy aktuBHOCT nipema C. glabrata y omHOCY Ha VCZ.
Kommekc Ag6 mokazao je 256 myta Behy aktuBHOCT ipema C. albicans n yak 11440 myTa Behy
aktuBHOCT nipema C. glabrata y onnocy Ha vez. [lonamu 3a komruieke Ag7 ykasyjy Ha 199 myTa
Behy aktuBHOCT nipema C. albicans, 15 nyta Behy nipema C. parapsilosis, 11 myta Behy mpema
C. krusei u 9533 nyta Behy aktuBHocT nipema C. glabrata y nopehemwy ca vez. Kommieke Ag8
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Takohe je mokaszao 3HadajHO ToOoJpiiany aHTU-Candida axtuBHOCT, ca 105 myra Behom
aktuBHomthy npema C. albicans, 15 nmyta Behom npema C. parapsilosis, 11 myrta Behom npema
C. krusei u 545 nyta Behom aktuBHomthy npema C. glabrata y oqHOCY Ha BOPUKOHA30JI.

Tabeaa 16. Munnmanne naxuobutropae konnentpanuje (MIC, uM) kommutekca cpedpa(l) Ags
—Ag8, BopukoHnasona (vcz) u oadosapajyhux comu cpebpa(l) mpema Candida cojeBuma, y
nopehemwy ca muxoBum ICso BpemHoctuma (WM). BpemHocTu crangapIHHUX JeBHjalfja Cy
u3zmely 0 u 2%

HcnutuBanu C. albicans | C. parapsilosis C. krusei C. glabrata MRC-5
CojeBH ATCC 10231 | ATCC 22019 | ATCC 6258 | ATCC 2001
Jenumeme
Ag5 0,48 0,01 0,01 0,06 36,1
AgSbFs 3,64 0,09 4,66 2,33 18,3
Agb6 0,14 0,14 0,88 0,05 17
AgCH3S03 3,05 0,15 1,23 7,88 <6,25
Ag7 0,18 0,02 0,13 0,06 17
AgBF, 3,18 0,15 0,31 8,22 > 50
Ag8 0,34 0,02 0,13 1,05 23
AgPFs 2,45 0,24 0,63 6,33 29
\(4 35,8 0,30 1,4 572 859

JloOujenu pe3ynratu y CKiaay Cy ca paHuje o0jaBJbeHUM 3a komruiekce cpedpa(l) ca
BOPUKOHA30JIOM K0 JIMTaHA0M, Kao To cy {[Ag(vcz)2]Cl04}, u {[Ag(vez)2]NOs} .21 OBo
yKa3yje Jla KOMILIEKCHpamke KIMHUYKH KOPHITNEHOT aHTUMUKOTHKA BOPUKOHA30JIa ca jOHUMa
cpebpa(l) mpencraBiba NepCcHeKTUBaH MPUCTYII 3@ Pa3B0j HOBUX U €(PUKACHUJUX TEPANIEYTCKUX
CTpareruja y Jiedewy nH(peK1Mja n3a3Baiux spcrama u3 poaa Candida.

Counu cpebpa(l) koje cy kopuitheHe 3a CHHTE3y KOMILJIEKCa IIoKa3alie Cy U3paXkeH aHTH-
Candida noTeHuyjan v y mojeIMHUM CllydajeBUMa UCTIOJbUIIe 00JbY aHTUTJbUBUYHY aKTUBHOCT
y ogHOCY Ha vcz, mocebHo npema cojeBuma C. albicans n C. glabrata (Tabena 16). tbuxosa
antu-Candida akTUBHOCT je HEWITO Mama y nopehemy ca oxarorapajyhum Kommiekcuma
cpebpa(l). Wmak, mupektHa mnpumeHa mnpocTtux coiu cpedpa(l) y Tepanuju MHKpOOHHX
UHQEKIMja 3HAa4YajHO je OrpaHHueHa yciea HbHXoBe Op3e aucouujanyje y (hU3MOIOMKUM
yCJIOBHMa, IIITO IOBOIH J0 (hopMupama u Tajioxema ciado pactBopuor AgCl u, mocneauvHo,
710 CMar-eHe OHOpPACIOI0KMBOCTH U TeparneyTcke epukacHocTH.!”’

Kommekcu cpedpa(l) AgS — Ag8 nokazanu cy n3pakeHuju IUTOTOKCUYHU eeKar Ha
3npaBe MRC-5 henuje y nopehemy ca vez, npu yemy cy ICso BpenHocTH Oniie 3Ha4ajHO HIKE
0J1 oHUX 3a vcz. KoHKpeTHO, IUTOTOKCUYHOCT je Omita mpubmmkHo 50 myTta Beha 3a KoMIiekce
Ag6 u Ag7, 37 nyta Beha 3a Ag8 u 24 nyta Beha 3a AgS. Unak, uzpauynare SI BpeqHOCTH
(Tabena 17) 3a xomriekce AgS — Ag8 y onHocy Ha ucnuTuBaHe cojeBe poaa Candida ykazyjy
Ha MOBOJhAH OJHOC e(UKACHOCTH U HuToTOoKcMuHOCTH. SI BpemHoctu kpehy ce ox 19,3 3a
koMmruiekc Ag6 nipema C. krusei 1o 3610 3a komruiekc AgS nipema C. parapsilosis n C. krusei,
HITO yKa3yje Ha 3HauajaH TepareyTCKU MOTEHIIN]al OBUX jeAUEHbA.
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Tabeaa 17. Bpeqnoctu nnaekca cenektuBHocTH (SI) 3a kommuiekce AgS — Ag8 u vez mpema
uctutuBanuM Candida cojeBuma

HcnutuBanu cojeBu C. albicans C. parapsilosis C. krusei C. glabrata
ATCC 10231 ATCC 22019 ATCC 6258 ATCC 2001
Jenqumeme
Ag5 75,2 3610 3610 601,7
Agb 121,4 121,4 19,3 340
Ag7 94,4 850 130,8 283,3
Ag8 67,6 1150 176,9 21,9
BOPHUKOHA301 (VCZ) 24 2863 613,6 1,5

VY3umajyhu y o03up u3y3eTHo uspaxkeHy aHTH-Candida aKTUBHOCT W TOBOJbAH
TepaneyTCKu MOTeHIIMjad HOBUX KomIuiekca cpedpa(l) ca Bopukonazonom, koju umajy MIC
BpenHocTH y pacniony ox 0,01 no 1,05 pM, nasbe je MCIUTUBAH BUXOB TEPAINEYTCKU eekar Ha
C. albicans.''8!1°

Jocanamma ncTpaxuBama MoKa3aia Cy Jla IPUCYCTBO oApeeHuX joHa MmeTasa, Kao
mrro cy Ag(l), Mn(II), Cd(Il), Cu(Il) u Zn(II), mosxe nuxubuparu henujcky audepeHnnjanujy
cojeBa pona Candida.'*®'">218 YV cknany ca tum, yrunaj kommiekca cpebpa(l), AgS — Ag8, u
vcz Ha dopmupame xuda coja C. albicans UICIUTUBAH j€ MHUKPOCKOINICKOM aHanu3oM (Cnuka
55). AHann30M MUKPOCKOTICKMX CHUMaKa yO4eHO je J1a CBa NCIIUTUBAHA jeIUbCHA ITPH CBOJUM
MIC BpenHocTuMa y HOTHYHOCTH chopevaBajy (uinamentauunjy C. albicans. JloOujenu
pe3yaTaT y CarjlaCHOCTH Cy ca MPETXOJHUM HCIHUTHBAKEM KOje MOKa3yjy /Ja BOPUKOHA30J
epuxacHo unxubupa Tpancdopmanujy C. albicans u3 obauka kacua y unpasuse xude.>!*?2

Ag5 Ag6 Ag7 Ag8

vez DMSO

24 h

48 h

72 h

Canka 55. @unamenranuja coja C. albicans y npucyctBsy MIC KoHIIEHTpalnja KOMILJIEKca
Ag5 — Ag8 u BopukoHazona HakoH 24, 48 u 72 h, y mopehemy ca DMSO koHTposioM

I'muBunia C. albicans Beoma uecto ydectByje y (opmupamy Ouodpmima Ko
UMYHOKOMITDOMUTOBAHMX M MEAWIMHCKH KOMIIPOMHTOBAaHHMX TlallMjeHaTa, IMpH YeMy
dopmupame 6ropuIMa npeacTaBba jelal 0 KIbYYHHUX (PaKTopa BUPYIIEHIM]e TOKOM pa3Boja
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kanmuanjaza.’?! Kommnekcu Ag5 — Ag8 mokasamy Cy 3HAa4ajHY CHOCOOHOCT MHXHOMIHMje
dopmupama ouopunma coja C. albicans ATCC 10231 npu kornenrpamuju ox 0,5 x MIC, ca
creneHoM uHXuOULMje o 87% 3a Ag5, 79% 3a Ag6, 80% 3a Ag7 u 77% 3a Ag8.''811% Yy
nopehewy ca vez (62%) uaxubunmja dopmupama OuoduiMa y TPHUCYCTBY KOMIUIEKCA
cpebpa(l) je Beha, uctuuyhu ynory jona cpedpa(l). C apyre crpane Huje npumeheH yTHIaj
KOMIUIeKca U vcz Ha Beh ¢popmupane ouodpunmose C. albicans coja. [Topen Tora, KOMIIIEKCH
Ag5 — Ag8 y 3HatHO Behoj mMepu MHXUOMpajy OMOCHHTE3y €procrepojia y OJHOCY Ha
HEKOOPAMHOBAHU BOPUKOHA3O0JI.

4.3.4. Monekyncku 0okune

A3zonu, MUPUINHA ¥ TUPUMHIMHH UCTIOJbaBajy MHXHOUTOPHU eeKaT Ha €H3UM CTEePOIT
14a-nemerunaszy nuroxpoma P450 (CYPS1B, EC 1.14.13.70). Kao mro je Beh HanomeHyToO,
OBaj CH3UM KaTaJln3yje HU3 OKCHUAATUBHUX peakifja KojuMa ce ykiama 140-MeTui rpymna u3
LUKJIM30BaHUX MpPEKypcopa cTepoja M IMpeICTaB/ba KJbYYHY KOMIIOHEHTY OHOCHHTE3€
eprocrepona, IIaBHOT CTeposia MpUcyTHOT y henujckum Membpanama ribusuna.’”’ Cmameme
caJpkaja eprocrepoiia KMMa 3HAYajaH YTHUIQ) Ha CTPYKTYpy H (GyHKUU]y MeMmOpane,
yKIbyuyjyhu meHy (IynaHocT, mepMeaOMIIHOCT M aKTHBHOCT MEMOpPAaHCKUX €H3UMA.
MuXxuburopHa aKTHBHOCT BOPHKOHA30JIa je IIOBE3aHAa Ca HErOBOM KOOPIMHALMjOM 3a
reoxhe(Il) jou y xem rpymu (HEM 580) muroxpoma P450. ITopen Ttora, cmobomnu 1eo
MOJIeKyJla UHXMOUTOpA yCIIOCTaB/ba JI0/laTHE MHTEPAKLUje ca MPOTEHMHCKOM KOMIIOHEHTOM
eH31Ma, KOje y BEJIMKOj MepH ofipel)yjy cTeneH u crabunsoct naxubumuje.?!%222

HcnutuBame MHXUOUTOPHOT JejcTBa KomIuiekca cpebpa(l) ca BopukoHa301I0M mpema
enzumy CYPS51B, kao u meroso nopehemwe ca ”HXUOUTOPHOM aKTUBHOLINY HEKOOPIHHOBAHOT
BOPMKOHA30Ja, OJf HW3y3€THOI je 3Hayaja 3a pasjalliibaBalbeé MEXaHU3Ma HUXOBOT
AQHTUTJbUBUYHOT JI€JIOBaa. Y OBY CBPXY aHAJIM3UPAHU Cy KOMIUIEKCH Agba — Ag8a, mpu uemy
Cy A00MjeHHU pe3ysTaTH Impuka3aHu y tadenu 18. M3pauyHatu TepMOIMHAMUYKY MapaMeTpu
yKa3yjy Jia CBa HICIIMTUBaHA jeIUHEHha UCII0JbaBa]y TOBEhaHO MHXUOUTOPHO JI€JCTBO y OJHOCY
Ha BOPUKOHA30J1, ITO je y carJJaCHOCTH Ca eKCIIEPUMEHTAIHUM OMOJIOIKUM pe3yaTatuma. Ha
OCHOBY BpEIHOCTH ci0001He eHepruje Be3uBama (AGvind) U KOHCTaHTe umHXxuOuumje (Kj),
PEaKTUBHOCT MCIUTHBAHUX jelumema omnaaa y ciuenehem penocneny: CYP51B-Ag8a >
CYP51B-Ag6a > CYP51B—-Ag7a > CYP51B—vcz.

Tabena 18. Tepmonunamuuku napameTpu (AGvind €10001HA eHepruja Bese, Ki KOHCTaHTa
uHxuounyje, AGiotal YKyIHa yHyTpalimba enepruja, AGior Top3uoHa ciioboana enepruja, AGunb
HeBe3MBHA eHepruja cuctema, AGelec €IeKTpocTaTHUKA eHepruja U AGyqw+hbond+desolv J€ 30UP
nuctiepsuje u obujama (AGvydw), BogoHnuHe Be3a (AGhbond), ¥ AHUCONBAIMOHE E€HEPTHU]jE
(AGuesolv)) mpeBul)eHe 3a HajIIOBOJbHU]Y KOH(popManujy Komruiekca Agba — Ag8a u vez y
aktuBHOM MecTy CYPS1B enzuma

KOH(bOpMaque AGbind (Hlil/[) AGinter AGvdwihbonder AGelec AG'total AGlor AGunb
CYP51B—Agb6a -9,43 0,12 -13,27 -13,21 -0,06 0,04 3,84 0,04
CYP51B—Ag7a -9,37 0,13 -13,22 -13,10 -0,12 0,72 3,84 0,72
CYP51B—Ag8a -10,70 0,14 -14,54 -14,42 -0,12 -3,02 3,84 -3,02
CYP51B—vcz -7,61 2,66 -9,40 -9,34 -0,05 -1,86 1,79 -1,86
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Ha coumm 56 mnpukazane Ccy TepMOAWHAMUYKH HajcTaOMIIHHUjE KOHpOpMAIIHje
UCTIIUTUBAHUX jequbeba y akTuBHOM Mecty CYPS1B ensuma. Jenumema cy opHjeHTHCAHA
Tako Ja TPUA30JIOB IPCTEH, Ka0 W MaplMjalHO HETaTUBHO HAEJEKTPHUCAHU aTOMH Quiyopa
apOMaTUYHOT MPCTEHA, OCTBAPYjy MHTEPAKIH]je Ca XETEPOIUKINIHIM MPOTONOPHUPHHCKIM
IX mpcrenom (HEM 580) u nieHTpatHUM JOHOM MeTaja KpUCTaTM30BaHUM YHYTap CTPYKTYpe
POTEHHA.

Cauxa 56. HajnoBosbHMje KOHpOpMaLnje KkoMiiekca Agba — Ag8a u BopuKoHa3ona y
aktuBHOM MecTy CYP51B ensuma (PDB xox: 4UYM). Pasnuunte 6oje 03Ha4aBajy
pasnuuute atome: C (cuBa), N (tamHoruiaBa), O (upBeHa), F (cBetnomnasa) u Ag (ruiaBa).
Panu Gosbe mpernenHocTH, ocTaTak CTPYKType POTEHHA j€ N30CTaBJbeH

HcnutuBame wHTEpaknuja u3Mel)y mpoydyaBaHHWX jeTUE-CHa M aMHHOKHCEITHHCKHUX
ocTaTaka eH3MMa 0] KJbY4HOT je 3Hauaja 3a pasyMeBambe MEXaHW3Ma BUXOBOT JIeJI0Bamka U 3a
panuoHanaH au3ajH HOBUX JiekoBa. Cnumka 57 winyctpyje crnenudpudHe HWHTEPAKIMje Koje
JOTIPUHOCE CTAaOMIIM3AIMj1 UICIUTUBAHUX jeIUb-eha YHYTap akTUBHOT MecTa eH3uma CYPS5S1B.
KoHBeHIIMOHAIHE BOJOHMYHE Be3€ TMPEACTaB/bajy jedaH OJ Haj3HA4YajHUJUX OOJMKa
UHTEpaKIyja KOju JONPHHOCE YKYIHO] CTAOMIHOCTH KOMIUIEKCA M HUXOBOj MOTEHIIH]aTHO]
UHXUOUTOPHO] AaKTHMBHOCTU. Monekyn vcz ¢opmupa JABe BOJOHMYHE Be3e ca
amuHokucemHckuM octaTkoM SER 311, Ha pactojamuma o 2,68 A u 3,73 A. Kommnekc Agéa
OCTBapyje BOJOHUYHE B€3€ KOj€ YKIbYUy]y AeTMMHUYHO HEraTUBHO HAEJIEKTPpUCaH aToM (iyopa
apomaruugor mpcrena (2,01 A) u —OH rpyny (1,80 A) ca aMMHOKHCENTHHCKMM OCTaTKOM
TYR136. Kommnekc Ag8a dhopmupa Bogonnune Bese uzmely —OH rpyna aMuHOKUCENINHCKUX
ocrataka TYR68 (1,81 A) u TYR122 (2,84 A) u nenuMHYHO MO3UTHBHO HAENEKTPUCAHUX
aToMa a3oTa Tpuas3ojoBor mpcreHa. llopen BOJOHMYHUX Be3a, OCTAalM AMUHOKHCEIHMHA
VAL121 u LEU91 yuectByjy Yy dopMmHpamy cnenu(PUIHUX XaJOr€HUX HHTEpakiuja, Koje
HacTajy usMely o-pyrne (MO3UTHBHOI €IEKTPOCTATUYKOI MOTEHLMjaja) aToMa (ayopa y 5-
(GryopnHpUMHIMHCKOM IPCTEHY U apOMAaTUYHOT cucTeMa Komiuiekca cpedpa(l) mpeko atoma
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a3zora. XaJloreHe HHTEPAKIIHje Cy MIUPOKO M3ydaBaHe Mel)yMOJIEKyJICKe HHTEPAKIIM]Ee U UMAjy
3HaYajHy IPUMEHY Y 00JIaCTH KPHCTAIHOT HHKEHEPCTBA U CYIpaMoJeKylcke Xxemuje.” 224 y
KOHTEKCTY pAlMOHATHOT JIM3ajHa JIEKOBA, aTOMH XaJOreHa c€ YeCTO KOPHCTE pajau
noOoJblaba adUHUTETa BE3MBamka, MEMOpAaHCKE NEpMEabWIHOCTH W MeTabOoJIHuKe
CTaOUIHOCTH jeqnmbera.”>>*2® Ha ctabumnocT kommiekca cpebpa(l) y akTHBHOM MECTy eH3uMa
CYP51B nopatHo 3Ha4yajHO yTHUYy U XHAPO(HOOHU KOHTAKTH, YKIbY4yjyhH m—G MHTEpaKiuje
ca ocrantmma TYRI122, ILE373, ILE377 u LEUS503, m—ankun unatepakimuje ca ALA307,
ILE373,ILE376,ILE377 u LEU503, ka0 u T—7 HHTEpaKI1je ca aMUHOKUCEITMHCKIM OCTaIlliMa
TYR6S, VAL121, TYR136, HIS374 u PHES04.

Y€z Agba R,

: SER 375 )
'N\,\-"‘i.ss p—

348",

I

[ Conventional Hydrogen Bond [ -Cation [l Halogen (F) [[]n-Alkyl Bond lll-n-Stacked [ Iii-Lone Pair
[ JCarbon Hydrogen Bond [ n-Sigma

Camka 57. 2D npukas unrepakiuja uamehy komruiekca Agéa — Ag8a u BopukoHasomna u
aMMHOKHUCEJIMHCKUX ocTaTaka y akTuBHOM MecTy CYPS51 ensuma (PDB kox: 4UYM) ca
MelyaTOMCKHM pacTojameM J00MjeHUM HakoH MoJiekyckor qokunra. HEM580 je
pekpucTanu3oBaH npotonopuput IX koju caapxu Fe. Paznuuure 6oje o3HauaBajy
pa3nuynTe BpCTE HHTEPAKIINja

Jeran geo  Molnlekyla  HMCIUTHBAaHMX  jJeUIbEHA  OCTBapyje  KOHTAaKTe  ca
amuHOKHCcenmMHCKUM octanimma CYPS51B  en3uma, 10k S5-QimyopnmupUMUIUHCKH TMPCTEH
UHTEparyje ca XeTepouukiIuuHuM mnpotonoppupunckum IX mperenom (HEMS80) koju je
pekpucTanu3oBaH y CcTpykTypu mnporenHa (Cnuxa 58). IlopaBHame apomatuyHoOr 5S-
(biryopnMpUMHIMHCKOT TMPCTeHa KoMIulekca Ag8a ca mporonophupuHOM BoJM (OpMHparby
YeTHUpU T—T HHTEepakuuje ca umuaazoioBum npcteHoBuma HEMS80. LlenTpannu jon
reoxkha(ll) ca geIMMMYHMM  TIO3UTHUBHUM  HaeJeKTpUCameM  JI0JaTHO  (opmupa
KapaKTepUCTUYHY N—KAaTjJOHCKY MHTEpaKlujy ca apoOMaTHUYHUM S-QIyopnupUMUIUHCKUM
TpcTeHOM Ha pacTojamy of 3,21 A. Kommiexkc Ag8a y aktusnom mMecty CYP51B nozmatHo je
CTAOMIM30BaH WHTEPAKIIMjaMa ca MOPPUPHUHCKUM ITPCTEHOM ITyTEM T—CII000/1aH €IeKTPOHCKH
nap untepakuuje (2,94 A) u xanorene Bese (2,82 A). Hacynpot Tome, kommaexcu Agéa u Ag7a
OCTBapyjy orpanuyeH Opoj narepakuuja ca HEMS580, mro je mpukazano Ha cimmm 58. OBu
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pe3yiTaTH MOoKa3yjy jacHy Kopenaiujy ca uzpauyHatuM AGuind 1 Ki BpenHOCTHMA, yKa3yjyhu
na komiuieke Ag8a ucnospaBa HajBehy nHXUOUTOPHY akTUBHOCT npema CYPS51B enzumy.

AgTa
D Carbon Hydrogen Bond - n-Sigma [ ]n-Cation :]Halogen (F) -n—n—StaCked:' m-Lone Pair

Camka 58. 3D npuka3 untepakinuja usmehy S-ayopnupuMuARHCKOT IPCTEHA KOMILIEKCa
Agb6a — Ag8a u nporonopdupuna IX koju canpxu reoxxkhe (HEM 580). Paznuuaunte Goje
03HAuaBajy Pa3IMYUTe TUIIOBE UHTEPAKIIUja
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[Tpunrkom u3pajae JOKTOPCKE TUcepTalije CHHTETUCAHO je ocaM KomIutiekca cpeopa(l)
ca azoyimMa (KJIIOTPUMA30JI, €eKOHA30J1 M BOPUKOHA30JI) Kao nuranauma: [Ag(ctz)>]SbFs (Agl),
[Ag(ecz)2]SbFs (Ag2), [Ag(ecz)]CF3SOs; (Ag3), [Ag(ecz):]PFs (Agd), {[Ag(vcz)2]SbFs}n
(AgS), {[Ag(vez)(H20)]CH3SOs}n (Ag6), {[Ag(vez)2]BFajn (AgT) 1 {[Ag(vez)2]PFsin (Ag8).
CuHTETHCaHU KOMIUIEKCH CYy OKapakTepucaHHW MpuMeHoM crekTpockornckux (NMR, UV-Vis,
IR) 1 eneKTpoXeMHjCKHX METO/1a, M PEHATEeHCKE CTPYKTYpHE aHau3e, 10K je mpumenom DFT
popadyHa YTBpeHO KOje KOMIUJIEKCHE BPCTE CY TEPMOJIMHAMUYKY HajCTaOUIIHU]E Y PaCTBOPY.
[Tpumenom UV-Vis cnektpodoromeTpuje yTBpheHO je ma oarosapajyhm azon octaje
KOOpAMHOBaH 3a joH cpedpa(l) y pacTtBopy, 4ak u 10 9 AaHa HaKOH pacTBapama UCIUTUBAHOT
KOMILIEKCA.

AHTHUTJBMBUYHM JIEK KIOTpUMa3on (ctz) kopuinheH je Kao JMraHj 3a CHHTE3Y
MoHOHyKJIeapHor cpedpo(l) kommekca, [Ag(ctz)]SbFs (Agl). ¥ oBOM KOMIUIEKCY, JBa Ctz
JUTaHa Cy KOOpJMHOBaHAa MOHOJIEHTATHO 32 joH cpedpa(l) mpeko nMu1a3010BOr aTOMa a307a,
najyhu komruieke nuaeapHe reomerpuje. Kommieke Agl nokasao je 3HadajHy aHTUTJbUBUYHY
aKTUBHOCT IpeMa cBuM Tectupanum Candida cojeBuma, Hapouuto nipema C. parapsilosis (MIC
=0,01 uM) u C. krusei (MIC = 0,03 puM). ITopex Tora, akKTHBHOCT OBOT KOMITJIEKCaA je 9 myTa
(C. glabrata), 22 nyta (C. albicans), 47 nyta (C. krusei) n 1020 nyta (C. parapsilosis) Beha 'y
nopehemy ca KIOTPUMA30J0M, JOK je IUTOKCHYHOCT KOMIUIeKca Ha henmjckoj TUHUjU
¢ubpodnacta ryha 1,8 myra mama y oaHocy Ha kinoTpumasoi. [IpucyctBo Agl komruiekca
3HAYajHO CMamyje KOHIICHTPAIH]y €procTepolia, JOK je KJIOTPUMA30J1 U3a3Ba0 MHOTO Mambe
CMamEeHhe HUBOA eprocreposa y nopehemy ca KOHTposHUM y30pkoM. [lopen Tora, KOMIUIeKC y
noTmyHocT uaxuoupa popmupame xuda C. albicans Ha YBpCTOM MEIUjyMy, 4ak u 110 72 h.
Taxohe, oBaj koMmIuiekc je nHXUOUpao hopmupame onodpunma C. albicans npu 0,5 x MIC 3a
86%, oK je oaroapajyhu azon uHxuOHUpao popmupame duodpuima 3a 79%, mro ykasyje Ha
MoBOJbaH edekar npucycrsa jona cpedpa(l).

CnexTpockorncku u kpuctanorpadceku nmogaiu 3a [Ag(ecz)2]X kommekce (X = SbFg,
CFs;SO3™ u PFs; Ag2 — Ag4, pecrieKTHBHO) MOKa3aJIM Cy Ja CY Y OBUM KOMILJIEKCHMA B €CZ
JUTaH/Ia KOOPAMHOBAaHA MOHOJIEHTATHO 3a joH cpebpa(l) mpeko MMumIa30I0BOT aToMa a3oTa,
dopmupajyhu nuneapuu [Ag(ecz):]” KaTjoH, uHje je HaeJEeKTpUCambe HEyTPAINCaHO
oaroBapajyhum koHTpa-aHjoHOM. OBHM KOMIUIEKCH Cy TOKa3ajdW HajBehy aHTUTJbUBUYHY
aktuBHOCT nipema C. parapsilosis, ca MIC Bpennoctuma y obnactu ox 0,61 10 2,25 pM, u 6unu
cy aktuBHUJU o1 ekoHazona (MIC = 3,9 uM). [lopen Tora, 3HayajHa aKTUBHOCT YOU€HA je 3a
komriekce Ag2 u Agd4 npema C. albicans (MIC = 2,25, onnocno 3,84 pM). Mexanuzam
JIEJIOBamkha OBUX KOMIUIEKCAa MOXKE C€ TIOBE3aTH Ca WHXHOWIIMJOM CHHTE3€ eprocrepolia Hiu
JTUPEKTHOM HHTEPAKITHjOM Ca OBUM CTEPOJIOM, C 003MPOM Ha TO JIa Cy OBH KOMIUICKCH 3HAYAJHO
CMambUJIM CaIp>Kaj eprocreposia Npu cyoOuHXMOUTOpHUM KoHLeHTparujama (0,5 x MIC).

Kpucranorpadpcka  amammza  komruiekca  cpebpa(l) ca  BopuKOHA30J0M,
{[Ag(vcz)2]SbFsin (AgS), {[Ag(vez)(H20)]CH3SOs}n (Ag6), {[Ag(vcz)2]BFain (Ag7) u
{[Ag(vcz)2]PFes}n (Ag8), moka3zana je aa cy y YBPCTOM CTarby OBU KOMITJIEKCH MTOJIMHYKJI€apHH,
npu demy joHu cpebpa(l) umajy nedopmucane tetpaemapcke reomerpuje. Hacympor Tome,
DFT mnpopauynu cy yka3anu pga cy JauHeapHe BpcTe [Ag(vez):]" TepMoaMHAMHYKH
HajcTabunmHUje y pactBopy. OBH KOMIUIEKCH Cy TIOKa3aid 3HAYajHy AaHTUTJbUBUYHY
e¢pukacHoct, ca MIC Bpennoctuma y obnactu oa 0,01 go 1,05 pM. IToceGHo je 3amaxxeHo n1a
Cy OWIIM akKTHUBHUjU O] BOpHUKOHa301a, Hapouuto nipema C. albicans n C. glabrata cojeBuma.
[Topen Tora, KOMIUIEKCH Cy y TIOTIYHOCTH HHXHOUpanu hopmupame xuda xoa coja C. albicans
W 3Ha4yajHO uWHXHOWpamu ¢dopMmupame OuOPUIMAa OBOT CoOja MPH CYOMHXUOUTOPHUM
KoHIeHTpauyjama. [lopen unxubunuje Gopmupama O6modunma, cpedpo(l) xommuexcu ca
BOPUKOHA30JI0M Cy e]uKacHUje MHXUOMpanun OWOCHHTE3y eprocrepona y mnopehemy ca
HEKOOPAMHOBAHUM aHTHMHKOTHKOM.
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Moske ce 3aKJbYYUTH JJa KOOpJAWHAIHM]a aHTUTJbUBUYHHUX a30J1a 3a cpedpo(l) jor noBoau
10 (GopmMupama KOMIUIGKCHHUX JeUIbCHA KOja IOKa3yjy MOO0OJbIIaHy aHTUMHKPOOHY
aKTHBHOCT Yy OJHOCY Ha ciobOomHe azone. YoueHu cuHeprmsam usmely cpebpa(l) u
AHTUTJBUBUYHUX JICKOBA TIPEJICTaB/ba Hampedak y OopOM MpOTHB aHTUMHUKPOOHE
PE3UCTEHIIM]E, KOja TpeICTaBba pacTyhm ri00adHu 3apaBCTBEHH MpodieM. Jlabe
UCTPaXUBAE OBAaKBUX CHCTEMa HMMa BEIUKM TOTEHIMjal 3a pa3BOj HOBE TEHepaluje
AQHTHUTJPMBUYHUX JICKOBA CIIOCOOHHMX J1a peBa3ul)y TPEHyTHA TepareyTcKa OrpaHnYCHA.
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7. HPAJIOT



Jlokmopcka oucepmayuja Ilpunoe

JIMCTA CKPAREHULIA U TEPMUHA KOPUII'REHUX Y TEKCTY

HIV BUPYyC XyMaHe wuMmyHoaedunujeHuuje (eHrin. Human
Immunodeficiency Virus)

CYPs51 naHocrepou 14a-nemeruinasa

UDP ypunuH-1udocdar

FDA Amepruka ynpaBa 3a xpany u JekoBe (enrn. U.S. Food &
Drug Administration)

DNA JCOKCHPUOOHYKIICMHCKA KUCEIMHA

ROS peakTUBHE KUCEOHUYHE BpCTe (EHIII. reactive oxygen species)

MIC MUHHMaJHa HHXUOUTOPHA KOHLIEHTAPIH]ja

IC20/1Cs0 KOHIIEHTpalllja jelumbema Koja MHXxuOupa pact henuje 3a
20%/50%

SI UH/IEKC CEJIEKTUBHOCTHU

ATCC American Type Culture Collection

NCTC National Collection of Type Cultures

RPMI Roswell Park Memorial Institute

in vitro UCIHUTHBAKkE BaH KHUBOI OpPraHU3Ma

in vivo HUCIIUTUBAKE Y )KUBOM OPTaHU3MY

ctz KJIOTPUMA30J1

ecz €KOHa30J1

mcz MHKOHAa30J1

ktz KETOKOHA30J1

icz UTPAaKOHA30JI

ctz KJIOTPHUMA30JI

vez BOPUKOHA30]1

psz MTOCAKOHA30J1

AmB amdorepuliuH B

AgSD cpebpo(l)-cyndanuazun

A549 henujcka muHMja TyMopa miyha

RFP LPBEHU (IIyOpPECIIEHTHU TPOTEUH

MRC-5 3npase henuje pudbpodracra miyha

HepG henujcka muHUja TymMopa jeTpe

Balb/c 3T3 muilja ¢pudbpobiacTHa henujcka TuHMUjA

DMSO JTUMETUIICYTI(HOKCHT

DMSO-ds JeyTepo TUMETHIICYI(HOKCHUT

Im HUMHIa30J1

Ind MHJa30J1

py-2tz TUMETHII-2-(THa30J1-2- W)U puInH-4,5-1ukapookcuaaT

py-2metz JTUMETHI-2-(4-MEeTUIITHA30II-2 -1 ) TUPUAUH-4,5-
nuKapOokcuiar

py-2py IUMETHI-2,2’ -ounupuana-4,5-mukapOokcunaT

qz XHHA30JIHH

phen (beHaHTpoNIuH

naph HaTUPUIUH

P450 uuroxpom P450

IR cmekTpockomnuja WH(]paIpBeHa CIIEKTPOCKOIHja

"H NMR IIPOTOHCKA HYKJI€apHa MarHeTHa pe30HaHIa

UV-Vis cnektpodoToMeTprja yITpajbyOHM4acTa-BUIJbHBA CIIEKTPOPOTOMETPH]a
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DFT

PBS
ESI-HRMS
GC

Ccv
EUCAST

MTT

DAPI
HSA

CSD
TBAHP
T™MS
ppm
AG

Eint

K¢/ Kq
QTAIM
BCP
MAE

Ki

teopuja (yHKIHOHANa ryctuHe (eHrn. Density Functional
Theory)

dhocdarau mydep

€JIEKTPOCTIPE)-jOHN3AIOHA MAaCeHA CIIEKTPOMETPHja
CTaKJIACTH yTIJbEHUK

[UKINYHA BOJITAMETPHja

EBpornickM KOMHUTET 3a WCHUTHBAKE OCCTJBUBOCTH Ha
AHTUMHUKPOOHE JIEKOBE
3-(4,5-qumeTnn(Trazon-2-mi)-2,5-1upeHuI-TeTpa3oIu] yM-
Opomu

2-(4-amuauHOGEHNN )-6-MHAOTKApOAMUIUH JUXUIPOXIOPHUT
Xupmpungosa ananusa nospiuHa (eHri. Hirshfeld Surface
Analysis)

KemOpuuka cTpykrypHa 6a3a
TeTpabyTuiaMoHujyM-Xekcadayopodocdar
terpaMeTUIICHIaH

JICJIOBH HA MUJTOH

npoMeHa ciioboane ['mbcore enepruje

€HEepryja MHTEPAKITH]e

KOHCTaHTa (opMupama / JUCoIjaryje

enri. Quantum Theory of Atoms in Molecules

KpUTUYHA Tauka Be3e (eHri. Bond Critical Point)

cpenba arcoayTHa rpemka (eHria. Mean Absolute Error)
KOHCTaHTa UHXHOUIIH]e
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Hoxmopcka ducepmayuja Ilpunoe
CIIUCAK CJ/IUKA

Pennu 0poj Ha3us cauke Crp.

CJIHKe

Cauka 1. CrpykTypHe QopMmyJie MpeACcTaBHUKA IJIaBHUX KJlaca aHTUTJbUBUYHUX JIEKOBA 5

Cauka 2. CrtpykTypHE hopMyJie a3071a KOjU y CBOM IIPCTEHY CaJipike a) caMo a3oT, 0) a3oTr 6
U KHCEOHHUK, U B) @30T U CYMIIOP

Cauka 3. CrpykrypHe popmylie KIMHUYKH OZ00PEHUX aHTUTJbUBUYHUX JIEKOBAa HA 6azn 8
uMuaa30Ja

Cauka 4. CrpykrypHe popmMyIie KIMHUYKN OJ00pEHNX aHTUTJBUBUYHHX JIeKoBa Ha 6a3u 10
TpHuazoina

Cauka 5. CrpykTypHe dopMmyiie nuciuiatuae (a), kapooruiatune (0) u okcamuruiatuae 11
(8)

Cauka 6. CrpykrypHe popmyine komiekca pyreanjyma(lll) NAMI-A (a) u KP1019 (6) 12

Ciauka 7. CtpyktypHa d¢opmyna aypaHopuHa KOjU ce TMpuUMemyje y Tepanuju 12
PEYMaTOUIHOT apTPUTHCA

Ciuka 8. CrpyktypHe dhopmyne komiuiekca 6akpa(ll) koju cagpxe numeruwin-nupuana- 13
4,5-mukapOOKCUIaTHE €CTPE KA0o JIUTaH/Ie

Ciamuka 9. CrpyktypHa popmyna komriekca 6akpa(ll) ca ¢pnykonazonom 14

Cauka 10. CrpykrypHa popmyna komruiekca uaka(Il) ca gurykonazonom 14

Ciauka 11. CrpykrypHe ¢opmyne kommuiekca unuHka(ll) ca apomarmunum N- 15
XETePOLMKIMYHIM JIUTAaHIIMa

Ciamuka 12. CrpyktypHe dopmyne komruiekca cpedpa(l) koju mokazyjy aHTUMUKpoOHYy 16
AKTUBHOCT

Cnuxka 13. CrpykrypHe popmyie komiiekca cpedpa(l) ca MukoHazoI0M 17

Cauka 14. CrpyxkrypHa ¢popmyna komruiekca cpedpa(l) ca nrpakonazomom 18

Canuka 15. CrpykrypHe popmyie kommekca cpedpa(l) ca paykonazonom 18

Cauka 16. CrpykrypHe ¢popmyie Agl- Ag8 komruiekca 21

Cnuxka 17. [lemarcku npukas peakuyje 3a cuarely Agl komruiekca. Hymepanuja atomay 38
KJIOTpUMa30iy je kopumhena 3a 'H NMR crieKTpocKOICKy KapaKTepu3aIujy

Cnuka 18. Kpucranna crpykrypa xommuiekca Agl. Tepmuuku enuncouau cy natu Ha 39
HUBOY BepoBaTHOohe on 35%. AToMM BOJOHHKAa Cy M30CTaBJbEHH Kao M
HeypeheHnoct atoma xiopa Cl18. ly>xune Be3a u yriosu uzmely Besa (°): Agl—
N3=2,090(3) A, N3-Agl-N3’=177,3°

Cnuxka 19. UV-Vis cnektpu Agl xomiuiekca caumsbenn y DMSO (a) u DMSO/PBS (v/iv 40
7 : 3, 06) Ha COOHO] TeMIIepaTypH y pa3INuuTUM BPEMEHCKUM WHTEpBAIMMA

Cauka 20. '"H NMR cnekrpu xommiekca Agl u kinorpumasona y DMSO-ds Ha cobHoj 41
temnepatypu u 200 MHz

Cauka 21. Crpykrypa [Ag(ctz):]" koMIuiekcHOTr KatjoHa onTuMu3oBana Ha ZORA-BP86- 42
D4/TZP-COSMO(DMSO) HnuBoy Tteopuje. IIpomena cnobonne I['mbcose
enepruje (kJ/mol) na ZORA-MN15/TZ2P-COSMO (DMSO)/ZORA-BP86-
D4/TZP-COSMO(DMSO) " ZORA-TPSSh-D4/TZ2P-COSMO
(DMSO)/ZORA-BP86-D4/TZP-COSMO(DMSO) HuBomMMa TeopHje 3a
peakiMjy CyNCTUTYLIMje ctZ IUraHaja MOJIEKyJIOM pacTBapaya

Cauka 22. [uknuunn Bonramorpam 3a Agl kommuiekc cHumibeH Ha GC enektpomn y 43

DMSO u 0,1 M TBAHP xao nomohHu eIeKTpoauT Mpu Op3uHU cKeHupama 50
mV/s
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Ciauka 23.

Cauka 24.

Ciauka 25.

Cauka 26.

Cauka 27.

Ciauka 28.

Ciauka 29.

Cauka 30.

Ciauka 31.

Ciauka 32.

Ciauka 33.

Ciauka 34.

Cauka 35.

Cauka 36.

Cauxka 37.

Ciauka 38.

Komnuuna eprocrepona 3a coj C. albicans ATCC 10231 y npucycty 0,5 X
MIC xommuiekca Agl, ctz u AgSbFs oapehena mnpumenom UV-Vis
CreKTpo(OTOMETPHU]jE Y OICery TalacHuX AykuHa o 240 mo 300 nm

Yrunaj cyonaxubutopaux kounentpamuja (0,5 x MIC) Agl komruiekca, ctz u
AgSbFs na popmupame xuda C. albicans ATCC 10231 coja mocne 24, 48 u 72
h y mopehewy ca DMSO koHTposIOM

Nudexnuja A549 tymopckux henuja ruryha (mmmaBo o6ojena jenpa) C. albicans
SC5314-RPF henujama (upBeHo obOojeme) y mnpucyctsy DMSO, Agl
koMmrIuiekca u ctz mpu MIC Bpennoctuma (yBehame 20 myTa)

[IlemaTcku mpuUKa3 peakiyje 3a cuHTe3y koMmiuiekca Ag2 — Ag4. Hymepanuja
atToMa y eKkoHasony je kopumhesa 3a 'H NMR  cHekTpockomcky
KapaKTepHu3alHjy KOMILJIeKca

Kpucranne crpykrype kommiekca Ag2 u Ag4. TepMuuku enurncouu cy Aatu
Ha HUBOY BepoBatHohe o 50%. 300r jacHUjer npeacTaBbamba HUCY IPUKa3aHu
aTOMH BOJIOHUKA

3D XwupumpunnoBe mnospmmHe u 2D rpapumm ,,0THcka mnpcrta’ ca
IPOLIEHTYAJTHOM 3acTyIJbEHOILINY MHTEepaKIyja y KPUCTAIHO] CTPYKTYpu Ag4
KOMILJIEKCa

'"H NMR cnektpu Ag2 Komiuekca u ekoHazoma y DMSO-ds Ha coGHO]
temneparypu (200 MHz)

UV-Vis cnektpu komiiekca Ag2 y DMSO (a) u DMSO/PBS (v/v 7 : 3, 6) Ha
COOHOj TeMIIepaTypH y pa3IUuuTHM BPEMEHCKUM HHTEpBAIUMA

[Muknuyau Bosramorpamu 3a Ag2 — Ag4 xomiuiekce cHumibeHHM Ha GC
enektpoau y DMSO u 0,1 M TBAHP ca 6p3uHom ckenupama o1 50 mV/s
['eometpuje Ag3 u Ag4 KOMIUIeKCa Yy TacoBHTO] (a3u ONTUMHU30BAHE
npumenoM MO06-2X ¢ynknumonana u 6-311+G(d,p) 6a3ucHor ckyma 3a cBe
aToMe, OCUM 3a aToM cpebpa 3a koju ce kopuctu LANL2TZ(f) 6a3nu cer.
Jlerenna: C (cuBa), H (6ena), O (upBena), N (mnaBa), Cl (3enena) u Ag (cBeTiio
TJ1aBa)

ExcniepemenTtanau (1ipHO 000jeHH) U TEOPH]CKU M3padyHaTH (I1aBO 000jE€HN)
IR cnextpu Ag3 n Ag4 xomIuiekca

OnTuMHU30BaHa TEOMETPHja JIMHEAPHOT KaTjoHCKOr Komruiekca [Ag(ecz):]" y
DMSO kopumthemem M06-2X ¢pynknuonana y komobunanuju ca 6-311+G(d,p)
0a3uCHUM CKYIIOM 3a CBE aTOME OCHM 3a aTOM cpelpa 3a KOJju C€ KOPHUCTH
LANL2TZ(f) 6a3uu cet. Jlerenna: C (cuBa), H (6ena), O (upBena), N (m1aBa),
Cl (3enena) u Ag (cBeTJIO TIaBa)

Excnepumenrtanuu (Ag3 — upHa 1uHUja U Ag4 — 1u1aBa JIMHUja) U TEOPH]jCKU
(M06-2X ¢yuknuonan y komOunanuju ca 6-311+G(d,p) ocHOBHUM ceToM 3a
CBE aToMe, OCUM 3a aToM cpedpa 3a koju ce kopuctu LANL2TZ(f) ocHoBHH
cer) UV-Vis cnektpu 3a [Ag(ecz):]". Cumbon 3Be3auie * ce KOPUCTU Kao
O3HaKa 3a MPeJICTaBJbabe MHTE3UTETAa OCLIUIIATOPHE jaulHe

Eneprercku npodpun HOMO u LUMO monekyickux opOuTana ykJby4eHHX y
[JIaBHE EJEKTPOHCKe mpenase 3a [Ag(ecz):]” KOMIUIEKC ca BpeAHOCTHMA
opOutanHe eHepruje (1pHa 60ja, eV) u eHepreTckor jasa (1pBeHa 6oja, eV)
UV cnekrpodoToMerpujcku nmpodumu eprocrepona y omncery 240-300 nm 3a
kynrype C. albicans npu xonunentpamnujama ox 0,5 x MIC komrmiekca Ag3 u
Ag4, onrosapajyhux AgX conu u eKkoHazola

Nuxubunuja ¢dopmupama Ouodunma C. parapsilosis ATCC 22019 vy
npucycTBy Komiiekca Ag3 u Ag4, oaroapajyhux AgX conm, Kao U eKoHa30j1a
(ecz). DMSO je xopumiheH ka0 HeraTUBHA KOHTPOJIa
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Nuxubumnuja popmupama ouodbunma S. aureus ATCC 25923 y mpucyctBy
komriekca Ag3 u Agd4, oarosapajyhux AgX comu u exonazoma. DMSO je
KopuilheH Kao HeraTuBHA KOHTPOJIa

Hucnepsuja ouopunma S. aureus ATCC 25923 y npucycTBy komiuiekca Ag3 u
Ag4, onrosapajyhux AgX comum um ekoHazonma. DMSO je kopumiheH kao
HEeraTHBHA KOHTPOJIa

HajmoBoJbHHje TOKWMHT OpHjeHTaIlje eKOoHa3oa (€cz, J€BO) U KOMILJIEKCHOT
[Ag(ecz)2]" karjoHa (mecHO) y akTHBHOM MecTy muToxpoma P450 CYP130
(PDB xom: 2UVN; (a) u (0)) u mmutoxpoma P450 crepon 14o-nemerunase
CYP51B (PDB kox: 4UYM; (B) u (1)). Jluranau cy npukaszaHu y OOJIMKY
mrranuha, Ipy YeMy Cy pa3iMuuTH aTOMHU O3HA4YeHH cTaHAapAHuM Oojama: C
(cuBa), N (tamuomuiara), O (upsena), F (cBernomnasa) u Ag (ruasa). Panu
jacHuje BU3yeNnu3aluje, IpeocTalu AeOBH CTPYKTYpE MPOTEHUHA CY YKIOHEHU
2D mnpuka3 wuHTepakuuja ui3Mely ekoHazona (ecz, JEeBO) W KOMILIEKCHOT
[Ag(ecz):]" katjoHa (mecHO) y akTMBHOM MecTy IuToxpoma P450 CYP130
(PDB kox: 2UVN; (a)) u nutoxpoma P450 crepon 14a-gemermnaze CYPS1B
(PDB kom: 4UYM; (6)), ca mnpukazaHuMm MeljyaTOMCKHM pacTojambuMa
NOOMjeHNM HaKOH MOJIEKYJICKOT pokuHTa. Xem rpyne HEM1048 u HEMS580
npenctaBibajy nporonopdupun IX koju cagpxku Fe. Pazmuuute 060je
03HauyaBajy pa3IM4nTe TUIIOBE aTOMA

Kpucranue crpykrype xomiiekca AgS — Ag8 ca ogabpaHuM O3HaYaBambEM
xerepoaToma. TepMUYKH eTUTICOUIN Cy MTPUKa3aHu HAa HUBOY BepoBaTHOhe 01
35%, nok cy aToMH BOJJOHMKA U30CTaBJbEHU PaJid 00JbE MPErJIeJHOCTH
[Ipa3HuHE y KpUCTAIHO] CTPYKTYPH Ag6 KOMILIEKca mocMaTpaHe Iy b oce
UV-Vis cnekrpu AgS komiuiekca y DMSO Ha coGHOj Temmeparypu y
pa3IMYUTHM BPEMEHCKUM HHTEPBAIMMa

'"H NMR cnektpu Ag5 komIuekca M BOpHKoHa30ma y DMSO-ds Ha cOGHO]
temneparypu (200 MHz)

"H NMR cniektpy Ag6 KOMIUIEKCA CHUMJbEHH Y PasIMdUTHM BPEMEHCKHMM
untepBanuma y DMSO-ds Ha co6HOj Temnepatypu (200 MHz)

OnTuMu3oBaHe TeTpaegapcke reomeTpuje Komiuiekca Agoe — Ag8 y DMSO,
nobujeHe mpumeHoMm ¢yHknuoHama MO06-2X y komOuHauju ca Oa3HUM
ckynoBuma 6-311+G(d,p) 3a atome C, H, O, N u F u LANL2TZ(f) 3a Ag atom.
Ucnpexnnane nuHuje o3HauaBajy BojonwuHe Bese. Jlerenma: C (cuBa), H
(6ema), O (upBeHa), N (TamHOIUIaBa), Ag (CBETIOIIAaBA)

OntuMu3oBaHe JUHEapHe TeoMerpuje Komruiekca [Ag(vez-N2)(vez-N19)]*
(Ag6), [Ag(vcz-N2)(vez-N4)]" (Ag7) u [Ag(vcz-N4):]" (Ag8) y DMSO,
nobujeHe mpumeHoMm ¢GyHknuoHama MO06-2X y komOwHauju ca Oa3HHM
ckynosuma 6-311+G(d,p) 3a C, H, O, N u F arome u LANL2TZ(f) 3a Ag aTom.
Ucnpexknnane nuHUje o3HauaBajy BojgoHwuHe Bese. Jlerenma: C (cuBa), H
(6ema), O (upBena), N (TamHOIUIaBa), Ag (CBETIOIIIAaBA)

Excnepumentannu (upHa nauHuja) u Teopujcku UV-Vis cnektpu (upBeHa
JuHKja) KomIuiekca cpebpa(l) ca BOPHMKOHA30JI0M Yy pacTBOpY, M3pavyyHaTH
npumeHoMm ¢yuknuonana M06-2X u 6azHux ckymnoBa 6-311+G(d,p) 3a cBe
atome ocuM cpebpa u LANL2TZ(f) 3a Ag atom, y3 DMSO kao monen
pactBapava. Cum0O0J1 * 03Ha4aBa OCIUIATOPHE JaulHE €JIEKTPOHCKUX Tpesiaza
Eneprercku nujarpamu HOMO n LUMO mosekysckux opouTaia yKiby4eHuX
y TJaBHE EIIEKTPOHCKE Ipelia3e 3a KOMIUIEKC Agba ca KapaKTepHUCTHIHUM
BpEIHOCTHMA eHepruje opourane (1pHo, eV) 1 eHepreTcKor jasa (LpBeHo, eV)
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Ciauka 52.

Cauka 53.

Ciauka 54.

Cauka 55.

Cauka 56.

Ciauka 57.

Ciauka 58.

Eneprercku aujarpamu HOMO u LUMO MosieKyJIcKuX opouTaa yKJbYy4eHUX
y TJaBHE EJIEKTPOHCKE IpeJia3ze 3a KOMIUIEKC Ag7a ca KapaKTepUCTUYHUM
BpEIHOCTHMA €Hepruje opouTaie (pHo, €V) U eHepreTckor jaza (pBeHo, eV)
Eneprercku nujarpamu HOMO u LUMO monekyackux opouTana yKiby4eHuX
y TJIaBHE €JIEKTPOHCKE Ipelia3ze 3a KOMIUIeKC Ag8a ca KapaKTepUCTHUHUM
BPEIHOCTHMA €Hepruje opouTase (1pHo, eV) u eHepreTcKor jaza (IjpBeHo, eV)
OntuMmu3oBaHe TeoMeTpuje KomIiuiekca Agbéa — Ag8a y DMSO ca
npejacTaBbeHUM KputuyHuMm Tadukama (BCP, 1 — 4) mpouewenum QTAIM
aHAJIU30M

OwramenTanyja coja C. albicans y npucyctBy MIC KoHIIEHTpalM]ja KOMITJICKCa
Ag5 — Ag8 u BopukoHazona HakoH 24, 48 u 72 h, y nopehemy ca DMSO
KOHTPOJIOM

HajnoBosbHHje kKoH(pOpMalje Komiuiekca Agba — Ag8a u BopHKoOHa30la y
aktuBHOM Mecty CYP51B ensuma (PDB kox: 4UYM). Pasmuumre 6oje
o3HauaBajy paznmuuute atome: C (cuBa), N (tamuoruiaBa), O (upBena), F
(cBernomiaBa) U Ag (mnaBa). Pangu 6osbe mperiieqHOCTH, OCTaTak CTPYKTYpE
MPOTEUHA j€ U30CTaBbEH

2D npuka3 uHTepakuyja uzMely komriekca Agba — Ag8a u BopukoHazoia u
aMHHOKHUCEIIMHCKUX ocTaTaka y akTuBHOM mecty CYPS51 ensuma (PDB kox:
4UYM) ca wmelyaTOMCKUM pacTojambeM JJOOMjeHMM HAaKOH MOJICKYCKOT
nokunra. HEM580 je pexpucranuzoBan npotonopdupun X koju cagpxu Fe.
PaznuunTe 6oje 03HauUaBajy pa3NUUMUTE BPCTE HHTEPAKIUja

3D npuka3 unrepaxiyja usmelhy S-payopnupuMuIMHCKOT IPCTEHAa KOMIUIEKCa
Ag6ba — Ag8a u mporonopdupuna IX xoju caapxu rBoxhe (HEM 580).
Pasnuunte 60je 03HAUaBajy pa3IMYUTE TUIIOBE HHTEPAKIIMja

77

77

78

81

83

84

85

104 Mua Cmanxosuh



ﬂoxmopcmx ()ucepmauuia

Ilpunoe

CIIMCAK TABEJIA

Pennu 0poj
Tabese

Ha3sus Tadene

Crp.

Tabeaa 1.

Tabema 2.

Tabexaa 3.

Taoeaa 4.

Taobeaa 5.

Tao0eua 6.

Tao0eaa 7.

Tao0eua 8.

Taobeaa 9.

Tao6eaa 10.

Tao6ena 11.

Taoeaa 12.

Taoeaa 13.

Kpucranorpadcku noganu 1o01jeHH peHATEHCKOM CTPYKTYPHOM aHATHU30M
Agl komIuiekca

Kpucranorpadcku nogaiu 1o01jeHH peHATEHCKOM CTPYKTYPHOM aHATHU30M
KoMmIulekca Ag2 u Ag4

Kpucranorpadcku nogaiy 1o01jeHH peHATEHCKOM CTPYKTYPHOM aHATHU30M
KoMIUIeKca AgS u Ag6

Kpucranorpadcku nogaiu 1o01jeHH peHATEHCKOM CTPYKTYPHOM aHATHU30M
KoMIuiekca Ag7 u Ag8

AntumukpoOHa aktuBHocT (MIC, uM) Agl xomIuiekca, KIOTpUMas3oiaa U
AgSbF¢ mpema ucnutuBanuM Candida W 0OaKkTepHjCKUM COjeBUMA Y
nopehemy ca ’BUXOBOM IUTOTOKCHYHOM akTuBHOIIhY (ICso, pM)?
Bpennoctu unaekca cenektuBHOCTH (SI) 32 Agl KOMIUIEKC, KIOTPUMA30JI U
AgSbF¢ npema ucniutuBanum Candida cojeBuma

[Tpomena cnobomue ['mbcoe (Gibbs) enepruje (T = 298,15 K, kJ/mol)
dopmupama (AG)/nuconnjanuje (AGe’) kao u koHcTaHTe (hopMHpama
(Kp)/mucommjanmje (Kg) ncnutuBanux xomruiekca Ag3 n Ag4 m3padyHate
nomohy M06-2X ¢yHnkimonana y komOunauuju ca 6-311+G(d,p) 6aznum
CETOM 3a CBE aTOMe, OCHM 3a aToM cpedpa 3a koju ce kopuctuo LANL2TZ(f)
0a3Hu cer

ExcniepumenTanHa u Teopujcka xemujcka nomepama (M06-2X dpyHKInoHam
y komOuHauju ca 6-311+G(d,p) OCHOBHH CeT 3a CBE aToMe, OCHUM 3a aTOM
cpebpa 3a koju ce xkopucth LANL2TZ(f) ocHoBHu cet) y 'H NMR cnekrpy
Ag3 n Ag4 xomIuiekca

ExcriepuMeHTallHE MW TEOPHjCKEe BPEAHOCTH TANACHUX JYXKHUHA (Amax),
ocuUIaTOpHE jaunHe (f), U XeMHUjCKHUX Tperasa 3a [Ag(ecz)]”
AnTuMukpoOHa aktuBHoct (MIC, upuM) kommnekca Ag2 — Agd,
onrosapajyhux AgX comu (X = SbF¢~, CF3SOs™ u PFs ) n ekonazona (ecz)
npema cojeBuMa Candida u opabpaHuM OaKTEpUJCKUM COjEeBHUMA, V3
nopeheme ca HUXOBUM IIMTOTOKCHYHUM [IEJIOBakbEM Ha 37paBe XyMaHe
¢ubpodiacte MRC-5 (ICso, uM). CTangapiHa 1eBrjaiyja 3a CBe BpeITHOCTH
u3zHocuia je 0 — 2%

Bpennoctu peneBanTHHX eHepreTckux napamerapa (kcal/mol) nobujenux
MOJIEKYJICKAUM JIOKMHI'OM 3a HajloBOJbHMjE KOH(OpMaIyje KOMIUIEKCHOT
[Ag(ecz):]" katjoHa (Ag) u exoHazona y aktuBHOM Mecty CYP130 u
CYP51B enzuma

[Ipomena cnobonue I'mbcose enepruje (T = 298,15 K, kJ/mol) popmupama
(AG)/ muconmjaumje  (AGs’) ka0 W KOHCTaHTe  (OpPMHUpamba
(Ky)/mucounjanuje (Ks) ucnutuBanux komiuiekca Agé — Ag8, nzpadynare
npuMeHoM pynkunonana M06-2X y komOuHanuju ca 0a3HUM CKyIoBUMa 6-
311+G(d,p) 3a atome C, H, O, N u F u LANL2TZ(f) 3a Ag
ExcriepuMeHTaTHe U M3padyHaTe BPEJHOCTH XEMMjCKHX MoMepama y 'H
NMR cnektpuma komriuiekca cpebpa(l) ca Bopukonazomom, moOujeHe
npuMeHoM pynkunonana M06-2X y komOuHanuju ca 0a3HUM CKyIoBUMa 6-
311+G(d,p)3a C, H, O, N u F arome u LANL2TZ(f) 3a Ag aTom
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Tabena 14. ExcriepuMeHTaTHH ¥ TEOPHJCKH TOJAIM 3a TajacHE JYKHHE MaKCUMyMa 75
ancopniyje (Amax), ocumiaropHe cHare (f) M eHEpruje eIeKTPOHCKUX
npesasa 3a koMmruiekce cpedpa(l) ca BopukoHazonom

TabGena 15. Ilponewene BpenHoctu peneBaHTHUX QTAIM mapamerapa 3a kputuuhe 79
tauke Beze (BCP 1-4) ko kommiekca Agba — Ag8a, noOujeHe npuMeHOM
¢ynkumonana MO06-2X y koMmOMHauuju ca Oa3HMM CKyNoBHMa 6-
311+G(d,p) 3a atrome C, H, O, N u F u LANL2TZ(f) 3a Ag atom

Ta6ena 16. MunumanHe wuHXuOUTOpHE KOHIEeHTpauuje (MIC, pM) xommuiekca 80
cpebpa(l) AgS —Ag8, Bopukonazona (vcz) u oadosapajyhux conu cpedpa(l)
npema Candida cojeBuma, y mopehemy ca muxoBuMm [Cso BpegHOCTHMA
(uM). Bpennoctu cranaapaHux aesujanuja cy usmehy 0 u 2%

Tabena 17. Bpeanoctu unjaexca cenektuBHocTy (SI) 3a komriekce AgS — Ag8 u vez 81
npema ucnutuBanuM Candida cojeBuma

Ta6ena 18. Tepmomunamuuku mapameTpu (AGpind CIO0OTHA eHepruja Bese, Ki 82
KOHCTaHTa MHXUOULUje, AGioal YKyNHa yHyTpamima eHepruja, AGior
TOop3uoHa ciioboaHa eHepruja, AGunp HeBe3uBHA eHepruja cucreMa, AGelec
enekTpoctatuyka eHepruja U AGydqw+hbond+desolv J€ 30Mp Iucmep3uje U
obujama (AGvdw), BomornuHe Be3a (AGhbond), M IUCOJBAIIMOHE E€HEPTHje
(AGqesolv)) penBul)eHe 3a HajIOBOJbHU]Y KOH(POpMaILIH]y KOMILIeKca Agha
— Ag8a u vcz y aktuBHoM Mecty CYPS51B en3zuma
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buorpadmuja ca noganuma o gocagammeM paxy

Mpua CrankoBuh je pohena 10. mapta 1989. ronune y CapajeBy. OCHOBHY IIKOJIY
,,boxxunap Bykosuh — [Toaropuaanun” y [loaropuiiy 3aBpinuia je ca OJJTMYHUM YCIIEXOM Kao
nobutHuna aumiome ,,JIyda”. HakoH ocHoBHe mikone, ynucana je Cpenmby MEIUIUHCKY
mKoiny, cMep (papmanmja, Kojy je, Takohe, 3aBpiinia Kao T0OMTHHUIA AuIuioMe ,,Jlyda”. Ha
Mertanypmko-texaonomku (akynrer y Ilogropumm ynucana ce 2008/09 rogune rae je
3aBpILNJIa OCHOBHE, CIIELUJAIUCTUUKE U MAarucTapcke CTyAuje, CMEp XeMU]CKa TEXHOJIOIH]a.
Maructpupana je 2013. roguae o10paHUBIIN MarucTapcKy Te3y MoJ HacJI0BOM ,,[Ipupoanu u
CHUHTETHYKH 3€0JIUTH Ka0 CPEJCTBA 32 YKJIambambe TEIKUX MeTalla U3 OTIaJHUX BOJA U BOJE 3
nuhe” ca mpoceuynom orieHoM 9,80. JIokTopcke akaieMCcKe CTy/IHje XeMUje yIucaa je MKOJICKe
2015/16. ronune Ha [IpupogHo-matematnukoM (akyntery y Kparyjesiy, momyn Heoprancka
xemuja. [IpunpaBarukn cTax je 3aBpmwia y MHcTHTYTY 3a jaBHO 31paBibe Llpue ['ope y
1a0opaToOpUjU 3a CAHUTAPHY XEMH]Y, UCIUTUBABE XpaHe, BOJE U IIPEIMETa OMILUTE yrnoTpede
2013. roguae. HakoH Tora paamia je Ha MO3WIHMjaMa XEMHUjCKH HHXCHEP y KOMIAHHjH
»Jannad noo” y Iloaropuuu m XeMHUjCKU TEXHOJIOT y BUHapUju ,,Jlunosar” Ha Lletumy of
2014. no 2017. romuue. Ox 2017. roguHe 3amocieHa je Ha MeTamypIIKO-TEXHOJIOIIKOM
¢axyntery, Ha Kateapu 3a onmty ¥ HEOpraHckKy XeMujy, Kao CapaJHUK y HaCTaBH.

[Ipeamer HayuyHoucTpakuBadkor paga Mwue CrankoBuh oOyxBara CHHTE3Y U
CTPYKTYpHY KapakTepusauujy komiuiekca cpebpa(l) ca a3zonuMa kKao MOTEHIHjaHUM
TEpaneyTCKUM areHcuMa 3a Jieuere nHdpeknuja. O6jaBuia je meT HaydHuX pajioBa y HAyYHUM
yaconucuma o] MelhyHaponHor 3Hayaja (jemaH pajn M3 kareropuje M2la, Tpu pana u3
kareropuje M21 u jenan pan u3 xkareropuje M22).
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Oopazau 1

H3JABA AYTOPA O OPHTHHA/THOCTH /JOKTOPCKE THCEPTAIIHJE

M3japibyjem ja J0KTOpCKa AUCEPTali]a Mo HACIOBOM:

CTpyKTypa H AHTHMHKDPOOHA aKTHBHOCT KoMILIekca cpebpa(l) ca HeKHM KIHHHYIKH

kopumhennm azoauma

NpeacTaBba OPUSUHANIHO dYMOPCKO 0eto HacTallo Kao pe3yaTaT concmeeHoe UCMpANCUCHHKO2

paoa.

Ogom Hzjason marxohe nomephyjem.:

e 14 caM jeounu aymop HaBejeHe TOKTOpPCKE AHCepTaluje,
*  Jlay HABEIEHO] JOKTOPCKO] MTUCEPTALM]H HUCAM UZBPULUILA NOGPED)

ayTOPCKOT HHUTH OPYTOT TIpaBa HHTEJIEKTYalHe CBOjHHe APYIrUx JHia

VY Kparyjesity, 23.02.2026. roauHe,

/
/ Ve

/ / /L
/ HoyIIHe pyTOpa




Oobpazay 2

H3JABA AYTOPA O HCTOBETHOCTH LUTAMIIAHE H EJTEKTPOHCKE BEP3HJE
JOKTOPCKE JJUCEPTAITHJE

M3jaBibyjem /1a cy IITaMIaHa i eJeKTPOHCKA Bep3Hja JOKTOPCKE JHCEpTalli]je O]

HaCI0BOM:

CTpyKTypa ¥ aHTAMHKPOOHA aKTHBHOCT KoMILiekea cpebpa(l) ca HeKHM KIMHHYKH
kopumheHuM a301uMa

HCTOBETHE.

V¥ Kparyjesity, 23.02.2026. rogune,

/ | .‘I. '/Ll.w //—\’/-_‘_‘—-‘_
7

o fync aytopa
/



Oépazau 3

HU3JABA AYTOPA O HCKOPUHIIIRABAR Y /JOKTOPCKE JUCEPTAITHJE

Ja, Mua Ctaakosuh,

M nossosbaBam

O ue 103BoJbABAM
YuusepsuteTckoj oubmmorenu y Kparyjesily 1a HaunHM ABa TpajHa yMHOKEHA IIPUMEpKa y
ENIEKTPOHCKO] (DOPMH TOKTOPCKE AUCEPTAIH]€ TT0]] HACIOBOM:
CTpyKTYpa M aHTUMHKPOGHA AaKTHBHOCT Komilexca cpebpa(l) ca HekuM KINHHYKH

Kopumhenum azouma

M TO y HMETHHH, K0 H Jia 110 jeaH MPUMEPaK TAKO YMHOXEeHe JOKTOPCKe JHCEPTaLje yUHHH
TpajHO JOCTYIMHUM jaBHOCTH Iy TEM JAMTHTAIHOT PEIO3UTOpHjyMa YHuBep3uTeTa y Kparyjesiy
H IEHTPATHOT PEMO3UTOPHjyMa HAJUIENKHOT MHHHCTAPCTBA, TAKO /Ja IPUIAIHUIHA JaBHOCTH
MOTY HAYMHHUTH TPAjHE YMHOXKEHE IIPUMEpKE y €IeKTPOHCKO] (GopMH HABEICHE NOKTOPCKE

JNHCEpTAIF]e IYTEM Npey3uMarsd.
Ogrowm M3jasom Takobe

M no3BoJbaBaM

O we 703B0/BABAM

NPHOAIHHIAMA jABHOCTH 14 TAKO JOCTYIIHY JOKTOPCKY IMCEPTALH]y KOPHUCTE MO yCIOBHMA

yrephenuM jemsaom oa caenehux Creative Commons THLEHIIN:

' Vxonuko aytop u3adepe 1a He 103BONM NpHNaIHHLKMA JaBHOCTH JIa TaK0 JOCTYMHY NOKTOPCKY
IMCepTalmjy KOpucTe noj yenosuma yrepherin jeanom on Creative Commons TULEHIH, TO HE HCKIbYYYje
NPAaBO NPHIAAHMKA jABHOCTH [ HABEIEHY IOKTOPCKY AHCEPTALMjy KOpHCTE y ckiady ca oapeadama 3akoHa o
ayTOPCKOM M CPOAHMM MpaBHMa.



1) AyTopcTBO
@Ayropcmo - IGTUTH [OJT HCTHM YCJIOBUMA
3) AytopctBo - Oe3 npepaja
4) AYTOPCTBO - HEKOMEPIIH]aJIHO
5) AYyTOpCTBO - HEKOMEPIIH]ATHO - JACTUTH 10 MCTHM YCIIOBHMA

6) AyTOPCTRBO - HEKOMEPIHjaTHO - 6e3 Tpepasia’

Y Kparyjesiy, 23.02.2026 roaune,

noyiipc aytopa

.

> Monumo ayTope Koju cy n3adpaiu Aa J03B0Me NPUNAIHHLIMMA jJaABHOCTH JId TAKO A0CTYIHY
JOKTOPCKY INCEPTALM]Y KOPHCTE Mok yenoBuma yrephenun jennom on Creative Commons THUEHUH Aa
3a0KpyKe jeaHy oa nonyheuux anuenun. JlerasbaH caapiaj HABEAEHHX TULEHIUM JOCTYEH je Ha:
http://creativecommons.org.rs/
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