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JIMCTA CKPAREHUIA U TEPMUHA KOPUIIREHUX Y TEKCTY
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uaentuduxaronu 6poj PHK (enr. RNA Integrity Number)

peaKTUBHE KUCEOHHUYHE BpcTe (eHr. Reactive Oxygen Species)

KBaHTUTATUBHA IOJIMMEPa3Ha JIaHYaHA PEaKilhja y PeaHOM BPEMEHY
(enr. Real-Time quantitative Polymerase Chain Reaction)
OJTHOC CTPYKTYpPE U aKTUBHOCTH (€HT. Structure-Activity Relationship)

CTaHJap/Ha JeBHjalnja

CYIIEPOKCHUJ JUCMYyTa3a
cyndoHmI-bis(2,4-muxunpokcudeHmns )METAaHTUOH
henujcka MuHMja KapIMHOMA Ae0elor peBa
henujcka TuHMja KapIIMHOMA PEKTyMa
nponuipocHuHCKN aHUAPUA (AaHXUAPUI TPONUIPOCHOHCKE KUCEITUHE)
henujcka TuHMja aeHOKapLUHOMA J10jKe
tris-anieratan EDTA mydep

TeTpaxuapodypan

UHXUOUTOP MeTajlonpoTenHase 3

TPUMETHIICHIINI XJIOPU

tris(XMIPOKCUMETIIT )aMUHOMETaH
4-tonmyeHcyn(hOHNT XJIOPU

TPUCTHIITAMHUH

i



uv yITpasbyOM4acTy PEeruoH arCOpPIIIMOHOT CIIEKTpa

VEGFA BacKyJIapHU eHjaoTenujanHu ¢aktop pacta A (enr. Vascular Endothelial
Growth Factor A)

Vis BUJIJbHBH PETHOH arlCOPIIIMOHOT CIIEKTPa

JIHK JIe30KCUPHOOHYKJIEMHCKA KucennHa (eHr. Deoxyribonucleic acid)

eKB. €KBUBAJICHT

KOHII. KOHIICHTPOBaH

PHK puOOHYKIIEMHCKA KucenuHa (eHr. Ribonucleic acid)

C.T. coOHa TemrmepaTypa

v



Chnucak cJImKa

Cauka 1.
Cauka 2.
Camuka 3.
Cauka 4.
Camuka 5.
Cauka 6.

Ciauka 7.

Ciauka 8.

Ciauka 9.

Ciauka 10.

Ciauka 11.
Ciauka 12.

Ciauka 13.

Ciauka 14.

Ciauka 15.

Ciauka 16.

Ciauka 17.

Ciauka 18.

Ciauka 19.

CTpyKTypHH H30MEpHU THAIHA307Ia.

MakpolMKINYHH IepuBaT 2,5-n1uamuHo- 1,3,4-Tuaauasona.

Komepuujanuo goctynau 1,3,4-Traauna3oiacKy JEKOBH.

1,2,4-Tuannazoncku antubuotuk Lledo3zompam.

[To3naTn UHXUOUTOPU KapOOaHXHIpa3a.

Xemujcka cTpykrypa (E)-3-(4-metoxcudenmn)-N-(5-(4-meTokcudenmn)-
1,3,4-tuanuason-2-uin)aKpuiamMmuia.

XeMHjcKe CTPYKType S-cyrnctutryucanux 2-(2,4-muxunpoxcudennn)-1,3,4-
THA/INA30J1a KOJU MOKa3yjy 100py aHTUIPOIU(pEpaTHBHY aKTUBHOCT.
Xewmujcka cTpykrypa (E,E)-2,5-bis[4-(3-1uMeTHI-aMUHOIPONOKCH )CTUPHII |-
1,3,4-tuaguaszona.

XeMujcka  CTpyKTypa  jAepuBata  uHjponui-1,3,4-tmagmaszona  Kao
MOTEHIINjaJTHIX aHTUTYMOPCKUX areHaca.

OenonHe kucenuHe: xuapokcubenzojee (HBA) u  xumpokcunumerHe
kucenune (HCA).

CrtpykTypHe Qopmyse TUXUAPOKCHOEH30j€BUX KUCEIHNHA.

Cepuje HOBHX jaepuBata 1,3,4-Tmamua3ona KOju y CBOjOj CTPYKTYPH CaIpiKe
(beHomHe XUIPOKCUITTHE TPYIIE.

Edexar naBameceruerBopoyacoBHOr Tpermpama HL-60 hemuja ICa
KOHIIEHTpanyjama jenumema 3B, 3'B, 3'0 u 3'r Ha mpoaykuujy ROS-a
uHAyKoBaHy 5 mM-uum pactBopoMm H2O». Pesynratu cy npeacraBbeHH Kao
cpenma BpenHoct = SD 1Ba He3aBHUCHA €KCIIEPUMEHTA.

[Ipomene y ¢a3noj pacnonenn hemmjeckor mukiayca HL-60 henuja
tpetupanux ICso (A) u 2ICso konnenrpauujama (b) jequmema 3B, 3'B, 3'e u
3'x TokoM 24 h. PesynrtaTu mnpexacraBibajy cpedmy BpenHocT + SD Tpu
He3aBUCHA ekcrepuMeHTa. CTaTMCTHUKM 3HayajHe pasiuke u3Mehy
KOHTPOJIHUX M TpeTupanux henuja oznayene cy ca * (p<0,05).
dortomukporpaduje aKpUJIMH-OPaHX/€TUAN] yM-OpOMHIOM 000jeHux
koHTpomHux HL-60 hemuja u  HL-60 hennja wuznoxenux 2ICso
KOHIIEHTpalljamMa jenumemna 3B, 3'B, 3'e u 3'xk Tokom 24 h (20x yBehame).
VYTunaj cneuuduunux uaxuouropa kacnasza (Z-DEVD-FMK — unxuburop
kacrnaze 3, Z-IETD-FMK - unxubutrop kacmaze 8, Z-LEHD-FMK -
uHxuouTOop Kacmaze 9) nHa mnpouenar HL-60 hemuja y cy6l'l dasu
tpetupanux 2ICso koHIeHTpanrjama jenumema (A) 3B, (B) 3'B, (B) 3'e u (I)
3'x.

®ortomukporpadpuje koHTponHux EA.hy926 hemmja u EA.hy926 henuja
u3noxxkeHux cyorokcnyHuM ICzo KOHIIEHTpaljaMa jeanmbema 3B, 3'B, 3'e u
3'x Tokom 20 h.

[Tpomene y HuBouma excrpecuje rena (A) MMP2, (B) MMP9 n (B) VEGFA
y HL-60 henmjama tpetupanum cyOTtokcuunuM [Cyo KoOHIEHTpanujama
jenumema 3B, 3'B, 3'e u 3"k Tokom 24 h.

Edextn nBamecerueTrBopouacoBHOT Tpetupama Hela hemmja ICy
KOHIleHTpanyjama 1,3,4-Tuaana3on-xaJKoHCKuX xubpumga 6a, 6B, 6h) u 64
(10 uM 3a cBako jenumeme) Ha npoaykuujy ROS-a unnykoBany 10 mM-
HuM pactBopoMm H>O> (A) u HuBoe engoreHor ROS-a (B). Pesynrtatu cy
NpeICTaBJbEHH Kao Cpe/iba BpeaHocT + SD Ba He3aBHUCHA eKCIIEpUMEHTA.
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Ciauka 20.

Ciauka 21.

Ciauka 22.

Ciauka 23.

Ciauka 24.

Ciauka 25A.

Ciauka 255.

Ciauka 26.

Ciauka 27.

Ciauka 28.

IIpomene y pacniogenu (aza hemujckor nukiayca HelLa henuja makon 24 h
tpetmana ICso (A) um 2ICso kounenrpanujama (B) 1,3,4-tnaamason-
XaJIKOHCKUX XuOpuma 6a, 6B, 6l) u 6.1. Pesynraru mpencraBibajy cpenmy
BpenHoct = SD Tpu He3aBucHa excnepuMmeHTa. CTaTHCTHYKH 3HAYajHE
paznuke u3Mel)y KOHTpONHMX W TpeTrupaHux henuja o3HaueHe cy ca *
(p<0,05).

Yrunaj 21Cso koHIIEHTpaIija UCITMTUBAHKUX jeubema 6a (A), 6B (b), 65 (B)
u 6 (I') 6e3 u y mpucyctBy cneuupuyHux MHXUOUTOpa Kacmase 3 (Z-
DEVD-FMK), kacmnaze 8 (Z-IETD-FMK) u kacnaze 9 (Z-LEHD-FMK) na
npornenat HeLa henuja) y cy6l'l ¢a3u henujckor nukiyca.

IIpomene nuBoa ekcmpecuje (A) MMP2, (B) MMP9, (B) TIMP3 u (I')
VEGFA tena y Hela hemujama wusnoxenum ICyo KoHIEHTpamujama
jenumema 6a, 6B, 6h) u 641 (10 uM 3a cBako jenumbeme) TokoM 24 h.
®ortomukporpadpuje koHTponHux EA.hy926 hemmja m EA.hy926 henuja
usnoxxeHux cyotokcuunuM [Cyo KOHIIEHTpaIjama jeinmema 6a, 6B, 61 (6,5
UM 3a cBako jemumene) u 6.1 (8 pM) Tokom 20 h.

[Tpomene y HuBouma excrnpecuje (A) miR-21, (b) miR-133b, (B) miR-155 u
(I') miR-206 y HeLa henujama nznoxenum [Coo KOHIIEHTpaljamMa jenmbemha
6a, 6B, 6h) 1 6.1 (10 uM 3a cBako jeaUmBEHE) TOKOM 24 h.

ITpomene y UV-Vis ancopnuuonom cnektpy C7-DNA (95 pM) nHakoH
UHTEpaKIMje ca  pa3lM4UTUM  KOHIeHTpanujama  1,3,4-Tmanuason-
xalkoHCkux xubOpupa. Ilanenn A-I': UV-Vis ancopnuuoHu coekTpu
jenumema 6a, 6B, 6h) u 641 (konuentpanuje 10 pM, 20 uM u 40 uM sa cBako
JeIMIbEHHE), PECIIEKTHBHO, TIPe U TIocie uHTepakiuje ca CT-DNA.

[Ipomene y UV-Vis ancopnuuonom cnektpy C7-DNA (95 pM) HakoH
MHTEpaKIMje ca  pa3IM4UTUM  KOHIEeHTpauujama  1,3,4-Tmanuason-
xankoHckux xubpuaa. ITanenu JI-2K: mopehewme ancopnuuje Ha 259 nm
usmel)y CT-DNA-1,3,4-Tnaana3on-XajJkoOHCKUX JeIumbema U 30UpHHUX
BpenHoctu CT-DNA u 1,3,4-Tnaana3on-xaaKkoHCKUX jeTUHEba.

Kpuse ancopnuuone tutpauyje jenumema (A) 6a, (b) 6B, (B) 6 u (I') 6a
KOHCTaHTHE KoHueHTpaunuje (40 pM) ca pactyhum konnentpauujama CT-
DNA (2,2, 4,4, 6,6, 8,8, 11 u 13 x 107° M); lomatau rpadunu: oapehusame
KoHCTaHTe Be3uBama (Kb) Ha ocHoBy rpaduka 3aBucHoctu [[JHK]/(ea — &f)
on [HAHK]; Crpenuma mnoka3yje mnpoMeHe amcopOaHile npu moBehamy
konuunHe CT-DNA.

UctuckuBamwe Hoechst 33258 Besane 3a JIHK jenumemuma (A) 6a, (B) 6B,
(B) 6h u (I') 6. Emucuonu cnextpu (Aex = 350 nm) Hoechst 33258 Goje (2,8
x 10> M) Besane 3a CT-DNA (1 x 10* M, ropma nunHja) U KBeHUOBame H-
CT-DNA cuctema jemumemnuma pactyhux xonnentparnuja (0 — 2,2 x 10° M,
KpuBe oOnI Bpxa ka HaHwke). JomatHu rpadumm: Kpuse 3aBucHOCTH
dayopecueniuje o crerneHa kBeHuoBama Hoechst 33258 Bezane 3a CT-DNA
Ha Amax = 444 nm 1,3,4-THaana30I-XaIKOHCKUM JeUEHUMA;, I =
[jenumeme]/[CT-DNA].  Crpenuua  Tmokaszyje Ja Ce  HHTE3UTET
dayopecrieHIje cMamyje ca moBehameM KOHIIEHTpAIM]je KOMILUIEKCa.
[Tponiena omrehewa AHK (% JHK y peny) nmpumenom Komer Tecra Ha
MRC-5 henujama TpeTupanum jeaumemuMa 6a, 6B, 6h) u 61 Tokom 24 h
(3,125 — 25 uM). Kao neraruBHa koHTposa kKopuiheH je pocdaruu mydep,
1ok je HoOz (50 uM, uznarame TokoM 5 MUHYTa) KopulIheH Kao MO3UTHBHA
KoHTpojna. Ha y-ocu Hamaze ce cpenme Bpennoctu + SD omrehema JJTHK
no0ujeHe Ha OCHOBY MHTEH3UTETA ,,perna‘’ KoMeTe.
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Ciauka 29.

Ciauxka 30.

Enexrpodoperckn npukas miazmuaa pUCI9 tperupanor 1,3,4-tmanuaszon-
xankoHckuM xuopuauma: (A) miazmug pUC19 (12 nM) 6e3 (tpaka P) u ca
jemumemeM 6a xonuentpamuja 0,05 mM, 0,1 mM, 0,15 mM, 0,2 mM, 0,25
mM, 0,3 mM u 0,4 mM (tpake 1, 2, 3, 4, 5, 6 u 7, pectiektuBHO); (B) edexrn
jenumema 6a, 6B, 6) u 64 Ha omrehewe minasmmma pUC19 wm3a3BaHO
reoxhem (II), mpu MOJICKUM OHOCHMAa MCIHMTUBAHHUX jelUI-EHa U TBOXNa
1:1m1:2.

[Tpouenar naxudumuje (A) DPPH u (B) ABTS-a npahen Tokom 90 MunyTa
peaknuje 3a jeaumema 9B U 93, mporokarexymHcKy kucenuny (PCA) u
NDGA.
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Choucak cxema

Cxema 1.
CxeMma 2.
Cxema 3.
Cxema 4.

CxemMma 5.
Cxema 6.
Cxema 7.
CxemMma 8.
Cxema 9.
Cxema 10.
Cxema 11.
Cxema 12.

Cxema 13.
Cxema 14.

Cxema 15.

Cxema 16.

Cxema 17.
Cxema 18.

Cxema 19.
Cxema 20.
Cxema 21.
Cxema 22.
Cxema 23.

Cxema 24.

Cxema 25.

Cxema 26.

Cxema 27.
Cxema 28.
Cxema 29.
Cxema 30.

TayTtomepne Gpopme N-cyncTutyucanux 2-amuHo-1,3,4-tnaanasona.

Nobujame 1,3,4-Tnaanazona u3 anuixuapasuna wim 1,3,4-okcannasona.
Hob6ujame 1,3,4-Tranua3ona u3 THOXUAPA3HHA.

,»One-pot*“ cunte3a 1,3,4-Tnaguasona W3 aUWIXHApPa3HMHA W KapOOKCHITHUX
KHCEJIHHA.

Hobujame 1,3,4-Tnaanazona u3 AUaIMIXUIPA3UHA.

MexaHu3aM HUKIU3AIHje THOCEMUKapOa3uia.

Jlobujame 1,3,4-Tmannazona U3 THOCEeMHKapOa3uaa moMohy (A) KHCETMHCKHX
xsiopua 1 (Bb) kapOOKCUITHUX KHUCETHHA.
JloGujame 1,3,4-Tnaguasona us3
reoxhe(Ill)xnopuna.

Ho6ujame 1,3,4-Tamuazona peakuyjoM THOCEMUKapba3uaa ca CcyadOoHHII-
bis(2,4-auxuapokcueHII)METAaHTHOHOM.

Cunresa 2-penunxuapasuno-1,3,4-Tnaauasosna u3 THOKapOa3ua.

Hobujame 2-pernn-5-pennnxuapazuto-1,3,4-tnaanazona u3 THokapOa3oHa.
Peakuuja Tnokap0a3uia U Xuapa3oHOWI XaJIOTeHU A 3a Jo0ujame (A) nepuBara
1,3,4-tnannazona u (B) bis(1,3,4-Tnaaua3on-2-win)xuapa3oHa.

YomuiteHa peakiiyja 3a 1o0ujame IuTHOKapbasara.

Cuntesa 1,3,4-tmaguazona monazehu onx autuokapbOaszara podujeHor u3 (A)
ammuixuapasuaa u (b) amioBamem THOXHIpa3UIA.

Hob6ujame 2,5-nmudenm-1,3,4-tnannazona y peakiydjaMma THOOCH3XHApa3uaa ca
(A) 6enzannexunom u (B) 6eH30HUTPUIIOM.

(A) Hobujame nutroypee y peakiyju n30THolLMjaHaTa u xuapasuta u (b) mena
[UKIIoIeXuapaTanuja 1o 2,5-muamuno-1,3,4-tuaaua3zona.

Hobujame 1,3,4-Tnaanazona MUKIN3aU]jOM TUTHOYPEE BOJOHUK-TIEPOKCHIOM.
(A) Hob6mjame 1,3,4-tnagmazona mnonazehu ox 1,3,4-oxcagmnazona u (b)
MPETIOCTaBFEHH MEXaHU3aM peaKifyje.

Omnmre peaknuje 1,3,4-Tuagna3zona.

[Mupomuza N-(5-unjanomerni-1,3,4-tuanuaszon-3-uin)kapobamara.

JlBa Moryha myTa nuponuse 2-(tert-0yTunnntio)-5-metui-1,3,4-tuannazona.
Peakumje ankunoBama 1,3,4-Tuaguazona Ha a30TOBOM aTroMy IpcTeHa (A)
nuknonponuaMeTin 6pomuaom u (B) anun 6pomuaom.

JloGujame XUAPOKCUAIKWI JepuBaTa y peaklyjaMa aJKWIOBama
Ttuaamnaszona (A) pacrtBopoM 6pomeranona u (b) popmangexumom.
Enextpodunna cynctutynmja Ha yrJb€HHKOBOM atoMy 1,3,4-THaamazosicKkor
npcreHa (A) Mosekynom ©Opoma u (B) pasauuuTM  (XeTepo)apui
XaJIOTeHUIMA.

Enextpodunna cyncrutynuja XajoreH-cyncTutryucanux 1,3,4-tuaamaszona
TpetupameM (A) Hatpujym MertokcuaoM, (B) 4-xmop6ensentuonom, (B)
cexkyHaapHuM amuHoM H (I') auetnn manonarom.

Enextpodunna cyncrurynuja cymnopuux rpyna 1,3,4-Truannaszona TpeTUpamEeM
(A) nuerun nuHKoM U (B) HATPUjyM aTKOKCUIOM.

Sandmeyer-oBa peaxiuja 2-amuHo-1,3,4-THanuazona.

JwnazotoBame 2-amuHO-1,3,4-THaanasomna.

Diels-Alderova peakuuja 1,3,4-tuaanazona ca HOpOOPHAIUEHOM.
OyHKIMOHANMMU3alMja METHII rpyne/a 2,5-aumerun-1,3,4-tnagua3ona agungjom

THOCEMHUKapOasuaa  KopuimhemeM

1,3,4-
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Cxema 31.
Cxema 32.
Cxema 33.
Cxema 34.
Cxema 35.
Cxema 36.
Cxema 37.
Cxema 38.
Cxema 39.
Cxema 40.
Cxema 41.
Cxema 42.
Cxema 43.
Cxema 44.
Cxema 45.
Cxema 46.
Cxema 47.
Cxema 48.
Cxema 49.
Cxema 50.
Cxema 51.
Cxema 52.

Cxema 53.

Cxema 54.

Cxema 55.

Cxema 56.

Cxema 57.

aNaexua.

OyHKIMOHANMM3aMja MeTWI Tpymne 2,5-aumertmi-1,3,4-tnaanazona ecrpuma
apoOMaTHYHUX KapOOKCUIIHUX KUCEIIHNHA.

Cno601HOpaIMKAJICKO XaJIOreHOBamke 2-MepKanTo-5-metui-1,3,4-tuaauazona.
N-OyHKIMOHaTU3anuja 2-amMmuHo-1,3,4-Tnaauasona.

Peaknuje nua3zoroBama U KyIjioBama 2-aMuHO-1,3,4-THaguazona.

Peakmuja 2-amuno-1,3,4-Tnaauazona ca ajaaexuauMma.
Peakumje  amynmamuje  2-ammHO-1,3,4-THamuazona  ca
enextpoduima.’®’!

O-AnunoBame nepusara 1,3,4-tuaauazon-2(3H)-ona.
Hemerunopame 2-meTokcu-1,3,4-tnaauasona.
S-AnkuiaoBame S-amMmuHo-1,3,4-THaana3oi-2-Tuoja.
S-AnkunoBame S-amuHo-1,3,4-Tnanuazon-2(3 H)-tuoHa.
S-JlemerunoBame 2-(metwicyndannn)-1,3,4-tnaauaszona.
AnunoBame 1,3,4-tnamuazon-2(3H)-tuoHa.

Oxcupamja  2(5)-mepkanro-1,3,4-tnanqua3ona npu demy ce nobuja (A)
onrosapajyhu cyndon; (B) nucynduano jenumemne.

Cunresa 2,6-gumeTnnumuaas3ol2,1-b][1,3,4]tnaguasona.

Cunresa N-(2,4-Iumerundennn)-5-(4-aurpodennn)-1,3,4-tuagnazon-2-aMuHa.
Cunresa 3,6-mucyncruryucanux 1,2,4-tpuazono|3,4-b][1,3,4]rnagnazona.
CuHTe3a THOTHUX M aMUHOTHONHUX JAepuBata 1,3,4-Tuagna3ona Koju Mokasyjy
AQHTHOKCHIATUBHY aKTHBHOCT.

CuHreza  xaloreHCyln(pHUAHUX JepuBara  THAAHA30Ja
WHXUOUTOPHY aKTHBHOCT TpeMa KapOoaHXupa3ama.
Cunreza Tuosnckux nepuBara 1,3,4-tnagmazona kao mnoreHuujamHux CA
WHXUOUTOpA.

CuHnresa ameramMmugHux jaepuBata 1,3,4-Thagmazona Koja TOKasyjy ao0py
IUTOTOKCUYHY aKTHBHOCT.

Cuntesa aepuBara 1,3,4-tuannazona (161a-j) koju y cB0joj CTPYKTYpH cajipke
MUPA30JICKA TTPCTEH.

Pearencu u ycnosu: 1) POCI3, Tnocemukap6azun, 1 h, pedaykc; i) RCOCI,
THF, 24 h, c.t. wiu nuokcan, 12 h, pedaykce.

Pe3onanTta crabunmszanuja pagukajga HAcTaJor HAKOH arfcTpakidje aroma
BojoHMKa ca (A) aroma kuceonuka u (b) aroma azora 1,3,4-Tnamuazonckor
nepuBata cepuje A.

Pearencu u ycnoBu: i) POClz, c.r., HONHNC(=S)NH», 1 h, pedaykc; ii)
cyncrutyucanu aneropenonu, NaOH, MeOH, 2 h, pednykc, HCI; iii) SOClo,
DMF, CHCly, 2 h, c.1.; iv) 2, nuokcan, 12 h, pedayxec.

Pe3onanTta crabunmsanuja pagukaiga HACTAJOr HAKOH arCTpakiHje aroma
BoZioHHKa ca (A) atoma kuceonuka u (b) aroma azota 1,3,4-THanuazonckor
nepusara cepuje b.

Pearencu u ycnosu: 1) POCI3, c.T., THocemukap6asun, 1 h, pedaykc; i1) 3.,4-
JTUXUAPOKCUOCH30MIT XJIOpHU, UOKCaH, 24 h, peduykc.

Pearencu wu ycmosu: 1) 3,4-muxuapokcubenzannexun, AcOH, EtOH, 18 h,
pednykce; i) NaBH4, MeOH, 1 h, c.T.

aMOUIEHTATHUM

KOjuU  TOKa3zyjy
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Chnucak raoesaa

Taoena 1.
Taobena 2.
Taoena 3.

Taoena 4.
Taobena 5.

AHTHOKCHIATHBHA aKTUBHOCT JepuBaTa 1,3,4-tuamua3ona cepuje A.*

In vitro TMTOTOKCUYHA aKTUBHOCT jeINbEHha 3a-k 1 3'a-k.*

AHTHOKCHIATHBHA aKTUBHOCT 1,3,4-TMaqua3oi-XxallKOHCKUX XuOpHIa cepuje
b.*

In vitro TUTOTOKCHUYHA aKTUBHOCT jeU-CHa 6a-J1.*

Pesynraru  DPPH u ABTS TtecroBa 3a oapehuBame aHTHOKCHIATHBHE
akTuBHOCTH 1,3,4-TMaguasona 9a-m, 10 m 11.2



n3BOJ

VY OKBHpY OBe AMCEpTallUje ONHCAHH Cy CHHTE3a, CTPYKTYpHAa KapakTepu3aluja u
pe3yiTaTi HMCIHUTHBaMka aHTHOKCHIATHBHE M I[MTOTOKCHYHE aKTUBHOCTH HOBHX JIepHBaTa
1,3,4-Traarasona KOju y CBOjOj CTPYKTYpH cajpxe (pEeHOJIHE XHAPOKCUIHE Tpyne. Y Muiby
onpehuBama MexaHW3Ma aHTHTYMOPCKOT JEJOBamba, 3a oJadpaHa je[Mibemha U3BPIICHA Cy
JoJlaTHA MCIUTHBAamka TOMYT aHamu3e pacrojene ¢asa henwjckor mukiyca, UCIHTHBAEmHA
yTunaja Ha ctBapame ROS-a y manurnum henmjama ycien aejcTBa BOAOHHUK-TIEPOKCHIA,
Mopdosonike aHanu3e TUMa henujcke cMpTH, oapehuBama NUBHUX Kaclasa, aHaln3e

eKCIpecHje reHa, Kao U UCIIuTHBamba nHTepakiuja ca JJHK.

CuHTeTH30BaHe Cy TPU CepHje jeUbeha Koje YKYNHO caapxe 44 amuaHa JepuBaTa
1,3,4-tnafnazona, mnonazehu ox QeHonmHux kucenuHa. IIpBe gaBe cepuje ammza
CHUHTETHU30BAHE Cy KYIUIOBAHEM S-CyNCTUTYHCAaHUX-2-aMUHO-1,3,4-THaana3ona U3BEIACHUX
n3 (peHOTHUX KHCENHMHA ca Pa3IMYUTHM XJIOPHINMa KHCEIHHA, KOjHU Cy y ciy4ajy cepuje by
CBOjO] CTPYKTYpPH CaApXkalld M XaJKOHCKy jeaunuily. Tpeha cepuja amuaHux aepuBara
no0ujeHa je peakuujoM xjopuaa (EeHOTHE KHUCEIMHE ca CYNCTUTYHCaHUM 2-amMuHO-1,3,4-
tnagnazonmuma. (CBa HOBOCHHTETH30BaHA jeIUIEHa CTPYKTYPHO Cy OKapakTepucaHa

npuMeHoM NMR u IR cniekTpockonckux merona.

AHTHOKCHIaTUBHA aKTUBHOCT CBUX CHHTETM30BaHUX 1,3,4-THaqua30JCKUX JepuBara
ucnutana je npumenom DPPH merone, a noOujenu pesynratu ynopeheHu cy ca 1nozHaTum
AHTHOKCHJIaHATUMa, aCKOpPOMHCKOM W/WJIM  HOPAUXUJIPOrBajJapETUHCKOM  KHCEJIUHOM.
Jenumema cBe TpH cepHje IoKaszaia Cy yMEpeHy /10 100py akTUBHOCT HeyTpaiucawa DPPH
panukanza. AHTHOKCHIATHBHU KallalUTEeT CUHTETU30BaHMUX jeHIbEHha MOXeE ce 00jaCHUTH
MoryhHomthy craOunuzanuje paaukana, (GOpMHUpPaHOI HAKOH AalCTpaklMje BOJOHHUKOBOT
atoma DPPH paagukanom, paenokanm3aniijoM HECMapeHOT eJleKTpoHa mpeko 1,3,4-
THA/IMA30JICKOT IpcTeHa. Mcnurana je u akTuBHOCT HeyTpanucamwa ABTS panukan-katjoHa
aMMJIHUX JepuBara cepuje B, a noOujeHm pesynraTu cy MOKa3aid Ja CHHTETU30BaHA
jenumema, mopea Kamanurera 3a neyrpanuzaiujy DPPH panukana, nmajy 6056y crmocoOHOCT
HeyTpanucama ABTS paamkan-katjoHa y oIHOCY Ha acKopOuWHCKYy kucenuHy, NDGA u

nonasny 3,4-TUXuIpPOKCHOEH30je€BY KUCETUHY.
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AHTHTYMOpPCKa aKTUBHOCT 1,3,4-THaana3oyickux aepuBaTa cepuja A u b ompehena je
WCIUTUBAKEM ILUTOTOKCUYHOCTU in Vitro mpeMa henujckuM JMHHjamMa aJeHOKapIMHOMa
uepsukca (HeLa), kapuuaoma mnyha (A549) u akytHe npomujenonutHe neykemuje (HL-60)
U J00MjeHH pe3ynTaTu yrnopeheHu cy ca MUTOTOKCHYHOM aKTHBHOIINY IUCIUIATHHE, jeTHOT
on Hajuenmthe KOpUIINEHWX XEMHUOTEPANEYTCKUX JieKoBa. Y 1iby oapehuBama
CEJICKTUBHOCTH U TepaneyTCKor MOTEHIMjala OBUX JeIMIbeHha HCIUTaHa je M HHXOBa
TOKCUYHOCT TIpeMa HopMaiHoj hemmjckoj nmuauju pudpodmacra miyha (MRC-5). lepuBatu
cepuje A ToOKa3anM Cy HajCHAXXHU]y aKTHBHOCT mpema henwjama akyTHE HMPOMH])EIOIUTHE
neykemuje (HL-60) u henujama xaprimnoma myha (A549). Jenumema ca aqaMaHTHI TPYIIOM
Kao CYNCTUTYEHTOM, TOpEJ] HajCHa)KHUje aKTUBHOCTH HeyTpanucama DPPH pagukana,
mokaszajia cy ce u kao HajakTuBHHja mpema HL-60 henujckoj munuju. epusatu cepuje b
MOKAa3aJii Cy YMEPEHY JI0 100py MUTOTOKCUYHY akTuBHOCT nipema HL-60 u Hela henwjckum
nuHrjama. O03upoM J1a pe3yNTaTH He MOKa3yjy 3HadyajHe pa3inuke usmely yTuiiaja enekTpoH-
MPUBJIAYHUX U EJIEKTPOH-IOHOPCKUX CYIICTUTyeHaTa aneTodeHOHCKE Tpyle, MOXKe ce
3aKJBYUYHTH J1a THAAWA30J-XaJIKOHCKa (hapMakodopa aepuBaTta OBE CepHje UTpa KIbYyUHY
YIIOTY y lbUXOBOM IIUTOTOKCHUYHOM JIEJIOBamky. LIMTOTOKCHYHOCT CBUX JiepuBata cepuje A u
BehuHe jenumema cepuje b npema henujckoj muuuju pudpobdiacta mwiyha (MRC-5) 3HauajHO
je HIWKa y OJHOCY Ha IIOMEHyTe MallurHe hemnujcke JMHHMje, LITO yKa3yje Ha Ja00py
CEJIEKTUBHOCT OBHX jenumema. [lopen Tora, cBa HMCIUTUBaHA jeIUIEHA IOKa3yjy Mame
M3pakeHy LUTOTOKCHYHY akTuBHOCT npema MRC-5 henujckoj nuHHMjU 01 pedepeHTHOr

XCMHUOTCpAINICyTUKA, MUCIIJIATUHEC.

HaBenenu ocTBapeHu pe3ydaTaTd, Kao W PE3yATaTH JOAATHUX HCIUTHBAHKA
MeXaHu3Ma IMTOTOKCHYHOT JeJioBama YyKa3yjy Ha obOehaBajyha aHTUTymMOpcKa CBOjCTBa

HOBOCHHTCTHU30BAHUX NCpUBATA 1,3,4—TI/IaI[I/IaSOJ'Ia HN3BCACHUX U3 q)eHOJ'IHI/IX KHCCJIMHA.
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SUMMARY

Within this study, the synthesis, structural characterization, and evaluation of the
antioxidant and cytotoxic activities of novel 1,3,4-thiadiazole derivatives containing phenolic
hydroxyl groups in their structure were described. In order to elucidate the mechanism of the
antitumor activity, additional tests were performed for the selected compounds, such as cell
cycle phase distribution analysis, investigation of their influence on ROS generation in
malignant cells due to the action of hydrogen peroxide, cell death type morphology analysis,

target caspase determination, gene expression analysis, and DNA interaction assays.

Three series containing a total of 44 1,3,4-thiadiazole amide derivatives were
synthesized starting from phenolic acids. The first two series of amides were synthesized by
coupling 5-substituted-2-amino-1,3,4-thiadiazoles derived from phenolic acids with different
acid chlorides, which in the case of series b contained a chalcone unit in their structure. The
third series of amide derivatives was obtained by the reaction of the phenolic acid chloride
with substituted 2-amino-1,3,4-thiadiazoles. All newly synthesized compounds were

structurally characterized using NMR and IR spectroscopic methods.

The antioxidant activity of all synthesized 1,3,4-thiadiazole derivatives was examined
using the DPPH method, and the obtained results were compared with well-known
antioxidants, ascorbic and/or nordihydroguaiaretic acid. Compounds of all three series
showed moderate to good DPPH radical scavenging activity. The antioxidant capacity of the
synthesized compounds can be explained by the possibility of stabilizing the radical formed
after abstraction of the hydrogen atom by the DPPH radical, via delocalization of the
unpaired electron across the 1,3,4-thiadiazole ring. ABTS radical cation scavenging activity
of amide derivatives of series B was also investigated and the obtained results showed that
the synthesized compounds, in addition to the DPPH radical scavenging capacity, have a
better ABTS radical cation scavenging ability compared to ascorbic acid, NDGA and starting
3,4-dihydroxybenzoic acid.

The antitumor activity of 1,3,4-thiadiazole derivatives of series A and b was evaluated
by examining in vitro cytotoxicity against cervical adenocarcinoma (HeLa), lung carcinoma
(A549) and acute promyelocytic leukemia (HL-60) cell lines and the obtained results were

compared with cytotoxic activity of cisplatin, one of the most commonly used
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chemotherapeutic drugs. In order to determine the selectivity and therapeutic potential of
these compounds, their toxicity towards the normal lung fibroblast cell line (MRC-5) was
also examined. Derivatives of series A showed the strongest activity against acute
promyelocytic leukemia (HL-60) cells and lung carcinoma cells (A549). Compounds with the
adamantyl group as a substituent, in addition to the strongest DPPH radical scavenging
activity, have also been shown to be the most active against the HL-60 cell line. Derivatives
of series b showed moderate to good cytotoxic activity against HL-60 and HeLa cell lines.
Since the results show no significant difference between the effects of electron-withdrawing
and electron-donating substituents of the acetophenone group, it can be concluded that the
thiadiazole-chalcone pharmacophore of this series plays a key role in their cytotoxic activity.
The cytotoxicity of all derivatives of series A and most of series b against the lung fibroblast
cell line (MRC-5) is significantly lower relative to the mentioned malignant cell lines,
indicating good selectivity of these compounds. In addition, all tested compounds showed
lower cytotoxic activity against MRC-5 cell line than the reference chemotherapeutic agent,

cisplatin.

The described results, as well as the results of additional evaluation of the cytotoxic
activity mechanism, indicate the promising antitumor properties of the newly synthesized

1,3,4-thiadiazole derivatives derived from phenolic acids.
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ﬂ OKnopckKa ouc epmayuja Onwmu 0eo

1.1. Tuagna3o0Jim — HCTOPHUJAT U 3HAYA]

Tuanuazonu mnpencTaBbajy Kiacy XETCPOIMKIUYHUX apoOMaTHYHHX OPTaHCKUX
jeIvbeha YMjU IETOWIAHH MIPCTEH CaJIP’KU aTOM CYMIIOpa | JIBa aToMa a30Ta. Y 3aBUCHOCTH
on mehycoOHor pacnopeaa aroma S u N, y NpUPOIU MOCTOj€ YSTHPU HU30MEpHA OOJIMKA

traaunazona: 1,2,3-tuanuazon, 1,2,4-rmaauazon, 1,2,5-tuaguazon u 1,3,4-tmaguason (Cnuka

).
N N—\\ //—\\ N—N
(N W N )

S S
1,2,3-Tnagnason 1,2 4-Tuaguason 1,2,5-Tuaguason 1,3,4-Tuagunason

Cauka 1. CmpykmypHu uzomepu muaouazona.

Bpojun myOnukoBaHM pagoBH KOjU ce Mory Hahu y nuTepaTypu roBope y HpPHIIOT
YUBEHUIM Ja ¢y 1,3,4-Tuagua3onu mpoydaBaHM 3HATHO BUIIE OJ] ocTalux uzomepa. Kao
pas3yor ToMe MOXKE CE€ HABECTH LIUPOK CHEKTap OMOJOMIKMX aKTUBHOCTU KOj€ OBaj M30MeEp
nokasyje, HOIyT aHTUMUKPOOHE, ! aHTUTYOEpKyJI03He, aHTHOKCHUJIATHBHE,>
anTMuH(IaMaToOpHe,' AHTUKOHBYJI3MBHE,” aHTUTyMopcke,’ aHTH(QyHramHe’ M MHOIHMX
IpYyTHUX.

PazBoj xemmje 1,3,4-Tmasmazona oTmouyeo je OTKpuheM  XuOpa3uHa H
denunxuapazuHa o crpaHe Hemaukor xemuuapa Emil-a Fischer-a kpajem neBeTHaector
Beka. OH je 1882. romumne ommcao mnpBu 1,3,4-TMannaszoii, amd Cy CTBapHY MPUPOIY
npcreHacTor cuctema npeu npeactaBuau Freund u Kuh 1890. ronune. Hekonuko rogmHa
kacHuje, 1894. rogune, Busch ca cBojoM rpynom 3amounme ca MCTPaXUBAuUKUM pPaZoM Y
OBOM IMOJbY M Y BEJIMKO] MEpH JONPUHOCH Op30j EKCHaH3UjU XEeMHUje THaaua3ojia TOKOM
MIPBUX JIEIIEHH]a BAJECETOr BEKa.

VYnpaBo 300r NpeTxoAHO NOMEHYTHX OMOJIOIIKMX aKTUBHOCTH, 1,3,4-THanuazonu cy
MOCTAJIM Ba)KHA Kjaca XETePOUMKIMYHUX jequmera. OcuM y (apmaleyTckoj, HalLIH Cy

IpPUMEHY U Y XeMHUjU MaTepujana, Kao U y arpoXxeMuju.



Onwmu 0eo K. Jakosmwesuhi

1.2. Tayromepuja 1,3,4-Tuaagmna3zosia

Kama je mnpcrenactm cucrem 1,3,4-Tnaguaszona, Koju y ceOM caapKd TpHU
XeTepoaTomMa, y TOTIYHO] KOHjyramuju, HE I0Jla3u JO IojaBe TayTtomepuje. Mehytum,
TayroMepuja je moryha y mpucyctBy oapeheHux cymncrutyeHara. Tako, Ha mpumep, HaKo
2-amuHO-1,3,4-THaana301M MOCTOje UCKIBbYYNBO Y aMuHO (hopmu (A, Cxema 1) y pacTBOopy U
y UYBpPCTOM CTamy, OpojHa JuTepaTypa yKa3yje Ha TOCTOjalbe TayTOMEPHUX OOJIMKa
N-cyncrutyucanux 2-amuHo-1,3.4-tnagnazona (A u b, Cxema 1) y o0e daze, mro mMoxe
OMTH O] M3Y3€THOT 3Hauaja 3a Guonomky akTusHOCT.® [IpaBarl IpoMeHe PaBHOTEXE 3aBUCH

OJ1 IPUPOJIE CYNICTUTYEHATa IPUCYTHUX HA THATAUA30JCKOM IPCTEHy.’

NHR NR
S/\< s/<
N NH
S S
N N
HO OH HO OH
AMMHCKK TayTOMep (A) UmuHckun TayTomep (B)

Cxema 1. Taymomepne ¢popme N-cyncmumyucanux 2-amuno-1,3,4-muaduazona.

1.3. Metoae 3a nooujame 1,3,4-Tuaguasona

[locroju BUIIE MeTOAa YHMjOM TPUMEHOM CE€ MOXKE U3BpPUIUTH CHHTE3a
1,3,4-tuanmuazona.  Hajuemthe ce  goOujajy  ommToM ~ METOJAOM  IUKJIM3AIH]e
MOHOAIWIXUapazuHa u N, N'-muanuixujpasuHa WA METOJA0M  TpaHcdhopmaiiuje

1,3,4-oxcanunazona (Cxema 2).
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0] S

Jo b e J i s
2
R; N/ 2 R, N/ \n/
H H
@)
OvaunnxuapasvH ¢

s
P
_NH N—N
"B 2 R1/<S)\R2 - R1/<O>\R2

0 f 1,3,4-Okcagumason

AuumnxuagpasuH

Cxema 2. /lobujame 1,3,4-muaduazona uz ayunxuopasuna uiu 1,3,4-okcaouazona.

Taxohe, 1,3,4-Tuaguazonu ce MOry CHHTETH30BaTH Mosazehu on THOXHApa3uHa, Kao
IITO Cy THOCEeMHKapOa3uIu, THOKapOa3uIu, JUTHOKAPOA3UIN, THOXUIPAZUAN U JUTHOYPEE

(Cxewma 3).

S
R1\N)I\N/NH2
H H

Tuocemukap6asug
S l S
PN
RSN SN R No 2
! N— - 1
Tuokapbasupg X"( )"‘Y Tuoxuapasug

) / \ s
1 NP
R NH
1\8 N/ 2 1\N N/
H H H

Outuokapbasar Outunoypea

N

T

S

X = NHR;, NHNHR;, SR, R,
Y = H, NHR,

Cxema 3. Jlobujare 1,3,4-muaduazona uz muoxuopasuHa.
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1.3.1. loounjame 1,3,4-THaqna301a U3 ANWIXUAPA3MHA

Kao mTo je mperxomHo mpukazano y Cxemu 2, 1,3,4-Tmaana3onm ce MOTy JOOUTH
cyndypamujom oxarosapajyhux 1,4-mukapOoHWI WM alui TIpeKypcopa Kopuinhemem
dochop nenracynduma (P2Ss) u Lawesson-osor pearenca (LR).! Mehytum, oBe yobuuajene
METOJIe TOAPa3yMEBajy PHUTOPO3HE peaklMOHEe YycioBe, a Takohe cy uecro mpahene

(dbopMupameM CIIopeTHUX MPOU3BO/IA.

1.3.1.1. Jo0ujame 1,3,4-Tuaqna301a U3 MOHOAUJIXHUIPA3ZUHA

[Iporeknux aenieHrja MPeAICTaBIbEHO j€ BHIIE BPCTA ,,0ne-pot™ peakiyja 3a J00ujame
1,3,4-tnagnasona, momohy Kojux je m30erHyTa 3aXxTeBHA KJIACHYHA BHIIECTENICHA CHHTE3A.
Hako cy MHOre oa OBHX METOJa JOHENe 3HaTHO MOOOJbIIame, Heke Mehy mHuMa u naibe
3aXTeBajy pUTOPO3HE PEaKIIMOHE YCIIOBE.

Augustine u capagHUIM TyOJIMKOBAIA Cy ,,0one-pot cuHTe3y 1,3,4-Tnaamazona
TUPEKTHO U3 KapOOKCHIIHE KHCEIWHE M MOHOAIMJIXUIpPA3WHA Yy MPHUCYCTBY TPUETHIAMHHA
(TEA) u npomundochonckor anxuapuaa (T3P), koju y oBOj peakuuju UMa yJory Kako

Kynyjyher, Tako U MKIOAeXHApaTalMOHOT pearenca (Cxema 4). !!

Q Q T3P (1,2 ekB.) N—N
)]\ )]\ _NH, TEA@25exs) N /4 )\
R, OH + R, N T Ry s R,

LR unun P,S5 (1,5 eks.
5h

1a-B 2a-B ) 3a-B
a: Ry = 4-Me-Ph, R, = 3-F-Ph (92%)
6: Ry = 4-CN-Ph, R, = 5-Br-nupnauH-3-un (86%)
B: Ry = UuknoneHtun, R, = 3-Me-4-NO, (93%)

Cxema 4. ,,One-pot“ cunmesa 1,3,4-muaduazona u3z ayuixuopasuna u KapooKCUIHUX

KucejluHa.

1.3.1.2. lodujame 1,3,4-Tuagua3zona u3 IanuJixuapa3uHa

Huknuzanuja N,N'-auanuiaxuapa3siHa jeé BeoMa IMOroJHa M YecTO NpHUMEHUBaHA

MeTtona 3a nooujame 1,3,4-tmagnazona. Cyndyparnujom auammixuapasuna (4a-r, Cxema 5) y
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npucycTBy Lawesson-oBor peareHca, mpalleHOM OKCHIATHBHOM IHUKJIHM3ALHjOM Y
pa3IUUUTEM pacTBapaunma (Kao IITO Cy TeTpaxuapodypaH, TOJIyeH, TMOKCAH WU KCHIICH)
no6ujajy ce unmomui-1,3 4-tuaguazomn (Sa-r, Cxema 5).'?> Haj6osbu NPUHOCH TIOCTHTHYTH

CY PEaKIijoM y aHXUPOBAHOM TETPAXUAPOPYypaHy.

R2
/N\
@) N
L Y
Ry N R, R _ R
\ THF, pednykc \
N N
H H
4a-r Ry=H, Br 5a-r

Ry = 4-N(CH3),CgHy; 3,4,5-(CH30)CeH,

Cxema 5. /[obujame 1,3,4-muaduazona uz ouayuixuopasuma.

Knacuune metone 3a noOujame THaaua3oja OOMYHO 3axXTeBajy Jyra peakiHoHa
BpEMEHa M BHUCOKY TEeMIIeparypy, ynorpeldy pearcHaca 3a cyidypaiujy, kKao u Kopuirheme
AQHXUJAPOBAHUX YIJHOBOJOHHYHMX pacTBapadya, INTO WX YHHH BeOMa HEMOBOJHHUM 3a
XKHUBOTHY cpenuny. [lopen Tora, yecto cy mpahieHe HUCKUM MPUHOCHMA M HYCIPOHM3BOIUMA.
Ocum jenHocTaBHHje oOpaje W JakIIer W3Bohema, 3HayajHe MPEJHOCTH peakiuja 0e3
MPHUCYCTBa pacTBapada MOTy OWUTH CMambeihe 3araljerba JKHBOTHE CPEIMHE, Ka0 W HUXKH
tporkoBu. Kopurrheme MUKpOTAIacHOT 3payucihba Ka0 HEKOHBEHIIMOHAIHOT U3BOpa EHEPIHje
MOKa3aJI0 Ceé BeoMa KOPUCHHMM y OBOj oOmactu. MelhyTum, mporec mpukasan y Cxemu 5
U3BEJICH y TPUCYCTBY Lawesson-oBor peareHca y yciioBuMa 0e3 pacTBapaya, KOpUIINeHeM
MUKpPOTAJaCHOT 3payerma, /a0 J€ CMeCy KEeJbeHOT Thaauaszoja (5a-r) W CHopeIHux
npoussosa.'? IIpema Tome, oAroBapajyhu peakimoHu yClIOBH MOTY JONPHHETH 0O0JbIIAY

PCAKTHUBHC eq)I/IKaCHOCTI/I, Y3 IPpUMCHY CHGI_II/I(I)I/I‘-IHI/IX pcarcHaca.

1.3.2. loounjame 1,3,4-Tuaqna3zosia u3 THOXHAPA3ZUHA

1,3,4-Tuanuazonu ce MOTy MOOWTH W IMKIU3AIM]OM THOXHUJpa3WHA WIH HETOBUX
aHajora. THOXuApa3uHU Ce MOTY KJIAaCH(UKOBATH Ka0 THOCEMHUKapOa3wau, THOKapOa3uu,

IUTHOKapOa3aTh, THOXUAPAZUIM, AUTHOYPEE U JAPYTH.
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1.3.2.1. Jooujame 1,3,4-Tuaqnazosia u3 THOCEeMUKapOa3uaa

Huknuzanuja THOCEMUKapOa3uaa Wik CyNCTUTYHCAHUX THOCEMHUKapOas3uaa Beoma je
ebukacHa Merona 3a nobujame 2-ammuO-1,3,4-THammazona.’*'® V gmrepatypu ce uecto
jaBipajy 2-ammHO-1,3,4-THanua30nM Kao WHTEPMEIUjepU Yy CHUHTE3H OpOjHHUX JepUBaTa
1,3,4-tmagnazona. Ilpomec mmkIM3anyje THOCEeMHUKapOa3uga 3alo4ylibe allUIOBambEM
0-aMHHO TPYIIE WJIM BeHOM KOHACH3aIUjoM IpHu Yemy ce dhopmupajy Schiff-ose 6aze. Hakon
TOra ce, ycliel JejcTBa HEKOr O]l cpeiacTaBa 3a jaexuapaTtanujy kao mto cy TMSCI
(tpumetmiicumn xnopua), TsCl (4-tomyencyndonun xmopun), PPhs (tpudenundochun),
SOCIL (tnonmn xmopun), PCls (pochop menraxmopum) u apyru, no0ujajy oxarosapajyhu

tranuazonu (Cxema 6).

H+
S o) N—N
RCOX + H,N J\ H N ¥ _NH, ——> /<>\
— H,N R
2 \N NH, R H/ \"/ 2 _H,0 2 S

S

Cxema 6. Mexanusam yukiuzayuje muocemuxapoazuod.

3a nobujame THaJMa3oja HAa OBAj HAYMH YECTO Ce€ KOpUCTE YOOHWYajeHHW areHcH 3a

aIuIoBame, MoMyT xjopuaa kucemusa'> 1% unm came kap6oxcunne kucemuue!”'® (Cxema 7).
O S N—N
Y T g N
A RT Cl + HNT ONT 2 — HNT N TR
H
6a-B 7 8a-B
a: R = CHs; 6: R = 6eH3un; B: R = yuknonponun
S N—N
b R{ J]\ ~NH; M» R\ /4 )
N~ N N"Ng
H H H
9a.6 10a,6

a:R=Ph;6:R=H
Cxema 7. [lobujare 1,3,4-muaduazona uz muocemuxapoazuoa nomohy (A) kucerunckux

xnopuoa u (b) kapboxcunnux Kucenuna.

Mertanau okcuganTu, kao mro je reoxhe(Ill) xmopun, mory ce Takohe kopucTUTH 32

nobujame THaguasona w3 THocemmkapOasuma (Cxema 8).!° Takxohe, peakimjom
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cyndonun-bis(2,4-muxunpoxkcudenun)merantuona (STB) ca  Ttwocemukapbaszugom y

MeTaHoIy, Jobuja ce oaromapajyhm N-cynctutyucaHu S-amuHo-1,3,4-tmaamazon (Cxema
9) 20

s

Ph N )J\ R FeCl /< )\ R
N7 N
H H
11a,06 12a,6

a:R=H;6:R=CH;

Cxema 8. [looujamwe 1,3,4-muaouazona uz muocemuxapbazuoa xopuuthersem eeoxche(Ill)

Xnopuoa.
S
J@i N
MeOH, 3h
e pednykc, >/NH
N ~N R
13

R = ankun, apun, mopdonuHoapun
Cxema 9. /lobujamwe 1,3,4-muaduazona peakyujom muocemuxkapoazuoa ca

cyngornun-bis(2,4-ouxudpoxcugherun) memanmuoHom.

1.3.2.2. looujame 1,3,4-Tuaqnazosia u3 Tuokapoéasuaa

Peaknuja 3a nobujame 1,3,4-Tuanuaszosna u3 THokapobasuaa o/BMja ce npeMa CInyHOM
MEXaHM3My Kao M peakluja TUOceMuKapOa3uia. JeauHa paziauka orjiena ce  y
CYIICTUTYEHTHMA KOjU CE OBUM peaKIlfjama yBOJIe Ha THAINA30JICKH MPCTEH.

Ykonmuko ce denuntuokap6basun (14, Cxema 10) 3arpeBa y HpUCYCTBY MpaBbe
KHCEJIMHE, J0Ja31 J0 HEeroBe KoHBep3uje y (peHmixuapasuno-1,3,4-tnaguazon (15, Cxema
10).2!

S N—NH

H HCOOH
HZN\ )j\ /N\ 4 )\ / \

14 15

Cxema 10. Cunmesa 2-ghenunxuopazumno-1,3,4-muaduazona uz muoxkapbdbazuoa.



Onwmu 0eo K. Jakoesmwesuh

Ha wuctn nHaumn ce, nonazehu ox 1-dbenmn Genszantrokap6azona 16, Moxe n0OUTH

2-tennn-5-enunxuapazuno-1,3,4-ruamuazon 17 (Cxema 11).2!
N—NH
R K e PO
HCOOH
Ph/\N/ \ﬂ/ \N/ A e PhH S N/ \Ph
16 17

Cxema 11. JJobujare 2-ghenun-5-gpenunxuopasuno-1,3,4-muaduazona uz muokapobazoua.

Sayed je y cBOM pajay IOKa3ao Ja Ce TPETUPAameM THOKapOa3uaa ca pas3IuduTUM
xuapa3zoHoun xamoreHuanma (18a-e, Cxema 12A) noOujajy oxaromapajyhu TtHamuazonu
(19a-e, Cxema 12A)*2 V wmucrom paiay, ayrop je Takohe NpeIcTaBUO M J00Hjame

bis(1,3,4-tnagnazon-2-mwn)xuapazona (21, Cxema 12b) kopumhemem ncre Metoze.

Br S RYS NH;
H J\ — || =N
A )\ N + H2N\N N/NHZ -HBr N N

R N Ar ~
H H -NH,NH; \
Ar
18a-e 19a-e
a: R = 4-CH3;CgHy; A: R = 2-pypanun;
6: R =4-FCgHy; 0: R = 2-Tnenun;
B: R = 4-CICgH,; e: R =2-nupnaun
rrR= 3-BrC6H4; Ar = 4-N02C6H4
C > H,NN NNH,
Cl ., H.N J\ NH, Y \(
B PhHNN N N >—<
H o H HC N NN
NNHPh -NH,NH, ph” Ph
20 21

Cxema 12. Peaxyuja muoxkapbaszuoa u xuopa3oHoul xaio2enuoa 3a oooujare (A) oepusama
1,3,4-muaouazona u (b) bis(1,3,4-muaouaszon-2-un)xuopasona.
1.3.2.3. Jodujame 1,3,4-Tuaagmazosia u3 1uTruokapoasara
Jlutnokap6a3atu ce MOTy JIOOWTH y peakIuju yrJbeH AUCYI(duaa ca XuapasuHOM,

XUAPA3UIOM, XHUIPA30HOM, THOCEMHUKApOA3WJAOM WM THOANWIXUAPA3UHOM Y Oa3HUM

ycnoBuMma (Cxema 13).
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S
H
HN. _R KOH K. )]\ N
s=c=s + °* >N =— g N” R
H EtOH H

Cxema 13. Yonwmena peaxyuja 3a oodbujarwe oumuoxapoaszama.

HcroBpeMeno, nutnokap0azatu MOJJICKY peaklHjd aluioBama Koja ce OJBHja Y3
UKIIOIeXUApaTannjy (AEXUAPATAIIHOHO CPEJCTBO je Hajuemhe KOHIICHTPOBAHA CyMIIOpHA
KHCEJIMHA, MaJla c€ MOBPEMEHO KOPUCTH W TpuduryopocupheTHa KHCEIWHA), IPU YeMy ce
nobujajy 2-tron/TuoH 1,3,4-Tuaauazon.

Wei m Kadi ca cBojum capagHunuMa ITyOJMKOBAaIM Cy OIINTY METOAY 3a
CUHTCTH30Bamke JauTHOKapOaszara u 1,3,4-tmaamaszona nonazehu ox amuixuapasuna (Cxema
14A).23’24 1,3,4-Tuaguazonu ce Mory I10OUTH Ha JPYTHM HAUYMH allMJIOBambeM THOXHUApA3uIa

25 npu yeMy ce Hajupe QGopmupa AUTHOKapOazaT Koju ce moroMm nexunparuiie (Cxema
14B).%

A o N—N
R o cs )J\ N S /\
~ 2 e H2804 /k )\SH
\ﬂ/ NHz “konewon. R N \ﬂ/ K R S
0 S
22 23 24

R = Ar, HetAr, agamaHTun
S
/ﬁ]/ .
)]\ CH,CI NaHCO3

O
25 26 27

HsCS NHNH, _° 5 HsCS

Cxema 14. Cunmesa 1,3,4-muaouazona nonrasehu o0 oumuokapbazama oooujeroe us (A)

ayunxuopasuoa u (b) ayunosarem muoxuopasuoa.

Panuje npukazana jenmumema 19a-e m 21 (Cxema 12) ce Takohe mory no0utu

peakIujoM IUTHOKapbasaTa ca Xuapa3oHomn xanorenuanuma (18a-e n 20, Cxema 12).2

11



Onwmu 0eo K. Jakosmwesuhi

1.3.2.4. lodujame 1,3,4-Tuannazosia u3 THOXMAPA3HIA

OO03upoM 51a €y THOXHAPAa3HOHM TI0  XEMHJCKOj  CTPYKTYpH  CIMYHHU
THOCeMHUKapOazuauMa (pa3ivKa je y 0-aMHHO TPYIH), TaKo j€é W MeXaHHu3aM J00Wjama
1,3,4-Tnagnaszona u3 THOXHIpa3uaa CIMYaH MEXaHH3MY Peakifje ca THOCEeMHUKapOa3uauma.
[Ipoec ce cacroju w©W3 amwioBama THOXHIApa3uAa (KapOOKCHIHUM KHCEIMHAMA,
KHCEJIIMHCKUM XaJIOTCHUMMA WM aHXUIpUArMa KuceauHa) wim popmupama Schiff-oBe 6aze
(ca ammexuaoMm), OJHOCHO XHJpa3oHa (ca  HHUTPUIOM), HAKOH 4era CJeau
UKIIOIeXUIpaTanuja in situ paau nodujama onrosapajyhux 1,3,4-ruagua3zona.

Tperupamem TnobeH3xuapazuaa 28 6enzanaexuaom (Cxema 15A) nobuja ce nepuBar
THOXUIpa3uAa 29 Koju JajboM IuKIoxexuapatauujoM y mnpucyctBy KoS:Og  maje
2,5-nudpennn-1,3,4-tuaguazon 30. ¥ peakuuju tHOOeH3XHApa3uga 28 ca OESH30HUTPUIOM
(Cxema 15b) majmpe ce nobuja tmobOeH3omiIOeH3amuIpa3oH 31, KOju Jajbe y MPHUCYCTBY

OKCHJIaHTa J1aje ucTu npoussos 30.2°

i PhCHO A K2S,0
A )J\ NH, _0>Ph—§ \>—Ph —E /4 )\
Ph N 94% 50%  Ph Ph
H S H
28 29 30
S HN—NH N—N
E )J\ NH Me3AI PhCN Br2/I'Iv|p|/|p,|/|H /4 )\
Ph NT 2 Hzo 76% ) 0°C, 55-90% C,55-90% Ph s Ph
H
28 31 30

Cxema 15. JJooujare 2,5-oughenun-1,3,4-muaouazona y peaxyujama muoben3xuopazuoa ca

(A) b6enzandexudom u (b) 6enzonumpunom.

1.3.2.5. Jooujame 1,3,4-Tuagmazosia u3 guruoypea

Jutnoypea ce Moxe JAOOUTH y peaklHju H30THOIHMjaHaTa ca xuapasuHoMm (Cxema
16A) nmu Trocemukap6azunoM.’’ JlaJboM IMKIOAEXHAPATAIAjOM JUTHOYpee a00Hja ce
2,5-muamuHo-1,3,4-TaMa301  KOjU  je  BaKaH IpeKypcop 3a Jo0Hujambe  ApYTux
2,5-mucyncrutyucanux 1,3,4-tuannazona. dopmupame THaIMa3zojla MOXe ce 00jacHUTH

MHTPAMOJIEKYJICKUM HYKJI€O(UIHUM HalajgoM cymmopa u3 2-THONHE Wik a3ora u3 -NH

12
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rpyIie Ha yrJbeHUKOB atoM U enumuHaijom RNH> wim HoS, kao mto je npukaszano y Cxemu
16b. EnumuHanujoM aHWIMHA WM aJlWJaMUHAa J00Hja Cc€  S5-CyNnCTUTyHCaHH
3H-[1,3,4]tuamnazon-2-tuon (33, Cxema 16b), mok ce emumuHanujom H>S nobuja
N,N'-nucyncruryucanu-[1,3,4|tnaguazon-2,5-nuamu (34, Cxema 16]5).28

S

A A
_N_ _NHR

A 2R-N=C=S +H,N-NH, —» RHN N \"/
\ 4 H

S
N—NH
A
RHN S
-RNH, S
HN—NH HN—N 33
B s=< }-—NHR —_— RHN—§ \>—NHR
NH S S HS
| AN
R RHN s NHR
-H,S
34

Cxema 16. (4) [obujare oumuoypee y peaxyuju uzomuoyujanama u xuopasuna u (b) wena

yuxknodexuopamayuja 0o 2,5-ouamuno-1,3,4-muaduasona.

Ykonuko ce autuoypea Tpetupa 3%-THUM BOJOHHK-TIEPOKCHUIOM, BpIIU C€
UKIu3anyja ao 2,5-nuamuno-1,3,4-tuaauaszona (35, Cxema 17).29
S
s HN—{ A
/ H20, /4 >\
>—NH NH, — > HN s NH,

HoN
35

Cxema 17. JJobujare 1,3,4-muaduazona yuknuzayujom oumuoypee 6000HUK-NePOKCUOOM.

1.3.3. doounjame 1,3,4-Tuagnaszona u3 1,3,4-oxkcaguasona

Tpanchopmanivja enokcuaa 10 enucyilduga MOXKE €€ HU3BPIIUTH JIEIOBaKEM
TUOIIMjaHaTa WJIA THOypee, MPU YeMy y TOMEHYTHM XETepPOIMKIMMA J0Ja3u JO 3aMeHe
aToMa KHCEOHHMKa aToMoM cymmopa. WMmak, y auTeparypu TOCTOJU Majio IojaTaka o
koHBep3uju 1,3,4-okcanuaszona a0 1,3,4-tnammazona.’’ Padmavathi n CapaJHUIM YCIEITHO
Cy u3Benu MHTepKOHBep3ujy 1,3,4-okcaamnaszona (36a-B, Cxema 18A) ca tuoypeom y THF-y

npu yemy cy poounu 1,3,4-tmaguazone (37a-B, Cxema 18A) y BHCOKHUM NpUHOCHUMA

13



Onwmu 0eo K. Jakoesmwesuh

(70-78%). IlpernocraBka je nma wexaHu3am oBe peaknuje (Cxema 18b) mnounme
HyKJIeODUITHUM HamajaoM artomMa cymnopa THoypee Ha C2 wmm  C5 1monoxkaj
1,3,4-okcamuazona, yclueda dYera Jollasw J0 OTBapama MpcTeHa u  (opmupama
THOYpOHHjyMOBe coii. OBa cO Aajbe MOAJIEKE M3MEHH /10 OKCOYPOHHjyMOBE COJIM, HAKOH

yera ce 3aTBapameM IIPCTeHa y3 eJIMMHUHAILM]y MOJIeKyJa ypee no0uja oarosapajyhu
31

THAANA30]I.
\©\V >’\ H,NCSNH \©\( >’\ v
S/NH T 2, N\N
O O
36a-B 37a-B
R R
a:R=H;6:R=Me;B:R=Cl
b N—N NH,

R%OM( _>R/</ \>\R' — /</ >\
N >=NH2 V

H,N ANH,

NH N—N L
O=<NH2 ' R/<s\ RO R/<<\>\R'
HoN —g§+

NH,

Cxema 18. (4) [obujarve 1,3,4-muaouazona nonaszehu oo 1,3,4-oxcaouasona u (b)

npemnocmae/beHu MexXanusam peam;uje.

1.4. PeakTuBHocT 1,3,4-TMaguasoia

NuaykTuBHY edeKTH BUILE XeTepoaToMa y MPCTeHY YMHE THaAHua3oje, kKao U Behuny
azona, BeoMa ciabum Oa3zama. Hecynctutyucanm 1,3,4-THaana3oiCKu TMPCTEH TEIIKO
MOJJIeKE peakiujama HYKJIeO(HIIHE CYNCTUTYIH]E, JOK eleKTpoduiHa CYNCTUTYIHja HA

YTIJbCHUKOBOM aTOMY HI/IjC JAOBOJBbHO IIO3HATa. C Apyre CTpaHe, CYIICTUTYHCAaHU TUAAHUA30JI1

14
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MOJUTOKHU Cy HYKJICO(DUIHOM Hamaay Ha yribeHHKOB aTOM IIpU YeMy ce oiiiasehe rpyre
NaKko enuMuHUIIY.>? A30TOBM aTOMM HPCTEHa MOTY OMTH MeTa eleKTpo(HIHOr Hamaja y
3aBHCHOCTH O]l TayTOMEpPU3aOMIIHOCTH CYIICTHTyeHaTa Ha mojoxajuma 2 u 5. Kako je
eNIeKTPO(MIIHN HamaJl Ha aTOM CyMIIOpa PEJaTHBHO PEJaK, MOXe ce pehn Ja peakTUBHOCT
1,3,4-Tnagnasona nmoTuye o HyKICOPUIHUX LEHTapa JIOKAIM30BAaHUX Ha aTOMHMa a30Ta U
Ol ENCKTPOQHWIHMX IIEHTapa JIOKAIM30BaHMX Ha YIJbCHHKOBUM aromuMa. JlonatHa
PEaKTHUBHOCT MOXKE MOTHULATH O MOTYRHOCTH TpaHC(oOpMaluje CYNCTHUTyeHaTa BE3aHUX 32
YIJbEHUKOBE aTOME Ha ToJiokajuMa 2 u 5. 3axBasbyjyhu oBuM cBojcTBUMA 1,3,4-THaana3onu

MpEACTaBIbajy MOTOAHE TOJA3HE CYIICTpaTe 3a J00Hjalkhe pasInuuTuX jeaumema (Cxema 19).

N—N
3
. Rs R s~ TCHR, N
N—N C-cyncTUTyucaHu aepusar /( )\ R,

/4 )\ 1,3,4-Tuagmnasona R, s”

R1 S RZ S (\\)
. T O/ n=0-2
1,3,4-TvagmnasonujymoBa co \ S-CyncTUTYyncaHu aepuBat

/ 1,3,4-Thagmnasona
HN—NH

. +
o* E S
/k )\ 0“ - ‘ .‘Q -_
I?1 S |?2 “\\\\\ r’ k ,/’lgi I§L\\ IQ2
Ve
— R N7 TN

N-cyncTutyncaHu gepuBar
1,3,4-Tvaguasona

...
z
c
z
|
z

1,3,4-TnagunasonuauH

N—NH
BN .
R/k R * * NN
1 S 2 ”o. 1,3,4-Tvaanazon "” \ /4 )\
1,3,4-THagna3onuu /...""""""““ \ A ° -

XeTepOoLUMKITMYHO CYNCTUTYNCaHK
Aepwuear 1,3,4-Tnaguasona Makpouuknu unu nonumepu

MeTanokoMnnekc
Cxema 19. Onwme peaxyuje 1,3,4-muaduasona.

g .
L] .
“Cappauns®

&
L
Ll
L
L]
[l
[
L]
L]
-
.
.
.
.
*

1,3,4-okcagunason

1.4.1. ITupoau3za 1,3,4-Tuagua3ojiCKux JepuBara

1,3,4-Tuannazonu nouiexy MUPOIMTUYKO] (hparMeHTAIMjU KOja c€ MOXKE YIOPEIUTH
ca OHOM Koja je mpumeheHa y MaceHoj CIIEKTPOMETPH]jH.
[Muponuza N-(5-umjanomerun-1,3,4-tuaguazon-3-un)kapbamata (38) y racoButrom

cramy (Cxema 20) onBuja ce MPEKO HIECTOWIAHOT MPETa3HOI CTama, MPH YeMy ce Kao
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KpajibH MIPOMU3BOIN nobujajy €TCH, YIJbEHAMOKCHU]T u

5-amuHo-1,3,4-Tnannason-2-un-anetoHutpui (39).%3
N—N Q
BN P I S
A =

) .

N—N
S -
NCH2C/<S NH, CO,
39

Cxema 20. [luponuza N-(5-yujanomemun-1,3,4-muaouason-3-un)kapoamama.

[Tuponuzom moa BUCOKUM BaKyyMoM 2-(tert-OyTUIAUTHO)-S-MeTwi-1,3,4-Tuannaszona
(40, Cxema 21) monazehu on cobne temreparype no 900 °C, mobujajy ce 2-MEeTHIIIPOIICH,
nzotuonrjancka kucenuna (HNCS), tuaguazon 42, yriwen aucyiadun (CSz), aeTOHUTPHI
(CH3CN) u oxpehene cymmnopue Bpcre.* IlpucycTBO 2-METHINpONEHA MOKE OUTH
Y3pOKOBAaHO [-€IMMUHAIMjOM BOJOHMKA. Y OBOj pEaKUMju HacTaje aucyipuaHu
untepmenujep (41, Cxema 21) xoju nasbe mojyiexe (GpparMeHTa|ju MPEeKo /IBa TIaBHA MyTa
(A u B). ¥V peakunoHom nyty A ¢parMeHTanuja Jucyia(uIHOr AepuBaTa THaaMa3oa aaje
MOJIEKYJl CyMmopa M 2-Mmepkanrto-5-metuin-1,3,4-tnaguazon 42 koju ce Ha TeMmIepaTypu
m3Haa 500 °C pasnaxe va CH3CN, HNCS, CS; u cymnop. Ilyt b pesynryje nupextHom
enuMuHaIjoM Sy u3 unrepmeanjepa 41 npu yemy ce noo6ujajy HNCS u CH3CN.

MeCN
Me—_S\__8 Me—_°\_-8 B N
N - N 7/ \. —> HNCS
\ s \ S
N—N PRy N—N S5
40 HpyH #
Sy
A (n=2,4,6,8)
S (S)
e e
N—NH HNCS
42 S

Cxema 21. /[sa moeyha nyma nuponuse 2-(tert-oymunoumuo)-5-wemun-1,3,4-muaouaszona.
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1.4.2. Enexrpoduinu Hanax Ha atome a3ora 1,3,4-Tuaana3osicKor npcreHa

Enextpodunnu Hamag Ha atome a3ora y npcteHy 1,3,4-Thagmazosia MOTY BPUIUTH
Pa3IUYUTH eNeKTPOUIH, Kao HITO Cy XaJIOreHHUIU (aJIKWII XaJIOTeHU I, OEH3UI XaJIOTeHU/IH,
AUl XalOreHMIH, XHAPOKCHANKMI XaJOTeHHIM U XEeTEePOLMKINYHM XajoreHumm),>>36
TPUMETUIICHIHIMETH TpihIyopoMeTaHcyn(oHaT, hopMaiexus u Apyru.’’

2-Tpudayopoaneramua-S-tert-oytun-1,3,4-tnaguazon (43, Cxema 22A) ce Moxe
anKuiaoBaTH 1ukiIonponuwiMeTwn Opomuaom (CPMB) npu wemy ce oaroapajyhm
aNKUIOBaHU TpousBox (44) nmobuja y Bucokom mpunocy (91%).%° Merun xamorenmmm
(jomumu m OpommaM) ce dYecTo Kopucre 3a nobujame 3-mertmi-1,3,4-tmaamazomna 'y
anpOTUYHUM pacTBapauuMa kao mrto je DMF*** y mpucycrsy K>COs.*® Polvonov u
capaJHUIM Cy W3BPIIMIN aJKUJIOBamke S-CyncTUTyucaHux 1,3,4-Tuaana3onnH-2-THOHA
(45a-B, Cxema 22b) ammn OpoMuaOM W Kao TJaBHH MPOW3BOA J0OWIM onrosapajyhe

N-anunosane nepusare (46a-B).>

N/N\ N—N
| >—NH | >=N
CPMB, Nal
A S >—CF ’ > S >—CF
3 K,COs, DMF, c.T. 3
o) o)
43 44

. /Z_B'; CH,=CH-CH.Br __ '/"_N/\\\
KOH,DMF /< )§
R N\g” =S R N\g” =S
45a- 46a-B

a: R = PhNH (78%);
6: R = 4-MeCgH,NH (73%);
B: R = O(CH,CH,),N (70%)

Cxema 22. Peaxyuje anxunosarwa 1,3,4-muaduazona Ha azomogom amomy npcmena (A)

yuxnonponuimemun opomudom u (b) anun 6pomuoom.
Tperupamem amuHOTHaAMazona (47a,06, Cxema 23A) pactBopoM OpomeraHoIsa

n06ujajy ce oarosapajyhu xuapoxcuankun tuaguasonu (48a,6).% ITopen Tora, popmanaexun

Takole 1aKo Jaje XUIPOKCHMETHI eprBaTe THaauaszona (Cxema 235).375¢
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N—N N—N/\\OH
BrCH,CH,OH
A /4 >\ g /4 )§
R s NH,  Pedmykc, 3h R S NH- HBr

47a,6 48a,6

a: R = CH,CH,S (59%):;
6: R = CH;CH, (56%)

/\OH
N—NH CH,O, EtOH _ N—N
B /4 \A\ ACOH /4 )%
R S S RS S S
49a,6 50a,0

aR= C12H25 (93%),
6: R = Me (82%)

Cxema 23. /Jobujarve Xuopokcuaikui oepusama y peakyujama aikuio8arsd

1,3,4-muaouaszona (A) pacmeopom 6pomemanona u (b) popmanoexuoom.

1.4.3. Enexkrponjinu Hanaj Ha aToM yribeHnka 1,3,4-tuagua3osickor

NpCcTeHa

VYcnen mane eeKTpoHCKe I'YCTHHE Ha aToMy yribeHuka 1,3,4-Taguasofia peakuuje
eNeKTPOPIIIHE CYNCTUTYIH]E Cy jako peTke. Mmak, eaexkTpoguiiHa CyNnCTUTYIH]ja CE MOXKE
W3BPIIATH HM3MEHOM HWHTEPMENUJEPHOT O-KOMIUIEKCAa THUAAMA30JIMjyM COJIM, Ha TpPUMED,
paluKaJICKUM XaJIOTEHOBAaKkEM, IpH YeMy ce J00ujajy XJOpOBaHM WJIM OpOMOBaHM
2-XaN0-5-CyNCTUTYUCAHN THaaua30iu.>> EjekTpo(uiHe BpcTe Cy OOMYHO IONAPM30BaHH
areHcu 3a XJIOpOBame KOjU y MPHUCYCTBY KaranuzaTopa (wiu 0e3 mera) Aajy oAronapajyhu
XaJIOHUJYM JOH.

EnexTpouiiHOM CyNCTUTYLIMJOM Ha YIJbeHUKOBOM aToMy 2-aMHuHO-1,3,4-Tnannazona
(106, Cxema 24A) monexkynom Opoma mobuja ce 2-Opom-5-amuHo-1,3,4-tnaamazon (51,
Cxema 24A).%° JlupextHo apunopame 1,3,4-THamuazona HNpeko aToMa YrjbeHHKa MpCTeHa
MOXe ce wu3BecTH y mnpucyctBy Pd/Cu xkaranuzatopa kopumihemeMm pa3iHuauTHX
(xeTepo)apun joauma, Opomupa u Tpudmata (tpudmyopmerancynponar).’’  Osa
metoponoruja (Cxema 2b) Moxe OUTH KOpHUCHA 3a CYIICTpaTe KOJU CagpXKe Kako
€JIEKTPOH-IOHOPCKE TaKO M EIEKTPOH-TIPUBJIavHe CYIICTUTYEHTE, a Takole je moroaHa u Kaua

ce KOPUCTE apuJl XaJIOTEHUIU KOjH 300T CBOj€ CTPYKTYpe MOTY JJOBECTHU J0 CTEPHUX CMETHU.
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N—N
/4 )\ Bry, NaOAc / koHL, AcOH /4 >\
A H,N H,N S Br

c.T., 3h
106 51
N—N
/i )\ Pd(OAc),, KcanTdoc, )\
S s” TH. (HetArx 520, (He)Ar-X
| Cul, agnokcaH,
// 105 °C, 12h
R
52
R=H, Me, CI
X =1, Br, OTf

Cxema 24. Enekmpogpunna cyncmumyyuja na y2mwenukosom amomy 1,3,4-muaouazonckoz

npcmena (A) monexynrom opoma u (b) pazruuumum (xemepo)apui xanoeeHuouma.

1.4.4. Enexrpopnyinu Hanag Ha aToMm cymmnopa 1,3,4-tuaanazosickor

NpCcTeHa

[Ipumepu nupeKkTHE OKcHaamuje cymmopa y mpcreny 1,3.4-tmagmazona 1o
cynpokcuga  wim  cyndona  Hucy — HabheHwm. 1,3,4-Tuaguazonuu-1-okcuag  u

1,3,4-tnanuazonus-1,1-AMOKCHU]T c€ MOTY JOOUTH IPYTHMM UHIUPEKTHUM Mertomama.*!

1.4.5. Hykyieopuiau Hanax Ha aToM yribeHuka 1,3,4-Tuaguas3osickor

MpcTeHa

3axBasbyjyhu enexkTpoH-aepUUIUTapHO] NPUPOIM MpPCTEHa, [0 HYKICO(PUIHUX
peakimja Ha aToMy yribeHuka 1,3,4-Tuaanazonckor mpereHa Joaas3u Jako.

EnlekTpoHeraTHBHOCT aroMa XaJloTeHa y XallOTeH-CYICTUTYHCAaHUM THAIAa30JIiMa
CMamyje EJIEKTPOHCKY TyCTHHY Ha aTOMy YIJb€HHKa 300T uUera OH MOCTaje TMOJJIOKHUjH
HYKJIe(UIHUM HamaJuMma KOjuMa aToM XajoreHa OMBa UCTUCHYT U3 Mojekyna. [Ipema Tome,
XaJIOTeH-CYTICTUTYHUCAHN THUAJMA30JIM Cy BeOMa PEaKTHBHU M MOTY pearoBaTd ca BEIMKUM
OpojeM paznmunTuX Hykiaeodwra. Hajuemhe cy TO KuceoOHWYHH (HIIp. ajaKOXOJ), a30THU

(HOp. amMuAM, XUAPA3HIH, XETEPOIMKIMYHA JeIUIbemha Koja caapxke aroM(e) azora) u
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CYMIIOpHH (HIIp. THOYpea, MEpKalTO jeHbeHha) HYKICODUIM, Kao M KW WIA apuil
jenumbema.

Tperupamem 2-xnop-cyncruryucanor 1,3,4-tuaguaszona (54, Cxema 25A) Hatpujym
METOKCHIIOM y METaHONy a06Hja ce oxroapajyhu 2-merokcu-1,3 4-tmammazon (55).4 Y
peakuuju  2-xjop-S(tpuxmnopomermi)-1,3,4-tnaguazona (56, Cxema  25b) «ca
4-x0pOeH3eHTHONOM 100uja ce oarosapajyhu cyndun (57).* Ocum Tora, THOypea pearyje
ca XanoTHaaMa30IuMa TIpH deMy ce ao6ujajy 1,3,4-tnamuazon-2(3H)-tuonn.*** Tuaguazon
54 (Cxema 25B) pearyje ca IUKIMYHUM CEKYHAAPHHUM aMHHHMMAa Kao IITO Cy MUIEPUIMH,
nUrepasuH ¥ MOpQoOJIMH, NMPU 4YeMy ce A00ujajy oAaroBapajyhu CymnCTHUTYHCAHH JCPUBATH
(58) y npunocy oz 80-85%.%° Tloa ciiu4HuM ycoBUMa, HCTU THAIMA30I Pearyje ca XuapasuH
XUApaToM U Jaje  oxarosapajyhm TuaguasonxugpasuH  y  97%-tHom  mpuHocy.t
2-bpom-1,3,4-tuaguazomm (59a,6, Cxema 251") pearyjy ca IUETHI MaJIOHATOM Y MPHUCYCTBY
0aze mpu ueMy ce 100ujajy oaroBapajyhu 2-cyncrutyrcanu manonatu (60a,0) Koju HaKOH
nexapOoOKcuiIanuje U XUIpoian3e 1ajy oaropapajyhe gepusare Thaanazolna ca KapOOKCHIHOM

rpynom (61a,6).*®
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N—N
A N / >\ MeONa, MeOH _ )\
A Cl OMe
\ S cT., 4h
N
\
O,N Me

55%

cl
© e SN
Cl,C cl : > ClC s s
iPrOH, 0 °C, 1h
0,
56 S5% 57
N—N N—N
B N A )\ RNH, EtOH N A )\ R
\ S Cl pednykc, 30 min \ S '\{
N, 80-85% N, R
O,N Me O,N Me
54 58
r
N—N
/4 )\ CHa(COEY, /4 \ COEt K,CO, /( \
"NaOEt, EtOH S
CO,Et CO,Et
59a,6 60a,6 61a,0

a: Ry = Me (58%)
6: Ry = Ph (44%)

Cxema 25. Enexmpogunna cyncmumyyuja xanoeen-cyncmumyucanux 1,3,4-muaouazona
mpemupareem (A) nampujym memoxcuoom, (b) 4-xnopbenzenmuonom, (B) cexynoaprum

amurnom u (T') ouemun manonamonm.

CyMIOpHU CYNICTUTYEHTH OMJIO Ha MOJIOXKA]y 2 MU 5 THAAHa30JICKOT MIPCTeHA Takohe
MoOTy OUTH CYNCTUTYHCAaHU OpOjHUM HyKieopuiuma. THOTIHMKOIHA THA/IMA30JICKAa KHCEIHHA
(62, Cxema 26A) pearyje ca IUETHJ LIMHKOM Yy HpucycTBY Ni-KaTaau3aTopa IpU 4yemy ce
nobuja  2-etun-5-metun-1,3.4-tuamuazon  (63).* CyndonmmHa Tpyma Moxke OHUTH
CYNCTUTYHCAaHa KOpUIITNEHEM HATPUJYM aJIKOKCHIa TpH deMmy ce nooujajy etpu (Cxema

26B)* wiu a30THUM HyKIeouIMMa IIPK YeMy HACTajy oaropapajyhu amuno nepusaru.>’
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N—N , N—N
EtZn wnu Et,Zn, (MePh,P),NiCl
I 'S T )
Me s SCH,CO,H THF, 50 °C, 16h Me s Et

93%
62 63
A NaOR, ROH NN
E tBu / )\ /Me ; ) 5 — > Bu / )\
S pednyke, 3 min OR
" S 56-84% s
O
HO HO
t 4
Bu 64a-r Bu 65a-r

a:R=Me; 6: R=FEt:B: R =Pr;r: R="Pr
Cxema 26. Enexmpoguina cyncmumyyuja cymnopuux epyna 1,3,4-muaduazona

mpemupareem (A) ouemun yunxom u (b) nampujym ankokcuoom.

2-AmuHo-1,3,4-Tnamuazonu momiexy Sandmeyer-oBoj peakidju y KOjoj Ce Kao
npou3Boau  gobujajy  2-xano-1,3,4-tmaguazonu.  Sandmeyer-oBuM — OpoMoBameM
2-amMuHO-5-(Tpudmyopomerun)-1,3,4-tuaguazona (66, Cxema  27)  ngobuja  ce

2-6pomo-5-(Tpudmyopomerun)-1,3,4-tuamuaszon (67) y npunocy ox 54%.°!

N—N N—N
e e e )
FsC S NH2  NaNO,, NaOH(agq)  F3C S Br
5 0,

%

66 67

Cxema 27. Sandmeyer-oea peaxyuja 2-amuno-1,3,4-muaouaszona.

JnazoroBamweM 2-amuHO-1,3,4-THannaszona koje je mpaheHo KHCEIoM XHIPOIU30M
WHTEPMEIUjePHUX HUA30HUjyMOBUX conu, nobujajy ce 1,3,4-tuagmazon-2(3H)-onu. Ha
npuMep, THaguasogamuH (68, Cxema 28) je 0BOM NpoLeaypoM MpeBesieH y THaaa30I1H (69)

y npuHOCy o 75%.>

N—N N—N N—NH
O,N / >\ O.N / >\ +| O / \A\
S NH; \Ej:l\s N2 S ©
—_— —
NO, NO, NO,
68 B - 69

Cxema 28. /[luazomosare 2-amuno-1,3,4-muaouasona.
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1.4.6. Diels-Alder-oBa peakumja 1,3,4-Tuagmna3zoJia

2,5-Bis-tpudnyopomernn-1,3,4-tuaauazon (70, Cxema 29) MOJITIeKE
Diels-Alder-oBoj peaknuju ca HOPOOPHAAMEHOM I10J] BUCOKMM IPUTUCKOM IPU YEMY CE
nobuja HectabuimHu 1UKI0aaAyKT (71) koju Op3o ryOm arome aszota u Qopmupa
1,3-nmunonapaun uaTepMmeanjep (72). Luknoaaunujom naTepMEeanjepa 72 ca IpyruM allKeHOM

n06uja ce mpoussoz 73 y npunocy on 29%.

S CFs
N—N / N
3 =LAy | —
FsC S CFs N
FsC
70 71
S CFs
/
s —_— Vi
FsC
72 73

Cxema 29. Diels-Alderova peaxyuja 1,3,4-muaouazona ca Hopbopuaouenom.

1.5. PeakTHBHOCT CYyIICTUTYeHATA BE3aHMX 32 YI/bEHHKOB aTOM

1,3,4-Taana30JCKOr MpCTEHA

1.5.1. C - cyncruryeHTH

OyHKIMOHANMM3aMja MeTU1 rpyne 2-meTtui-1,3,4-Tuanmasona Moxe ce mnoctuhu
TPETUPAEM jakoM 0a30M HAKOH dYera Joja3d [0 aauuuje eiekTpoduna. Y peakuuju
2,5-mumetnn-1,3,4-tnaguazona ca Jautdjym auusonpormiamunom (LDA) wu  agutnujom
anexua Wik KeToHa J100H1jajy ce mono- win bis-XuIpoKcu apuiioBanu npou3Bou (75 u 76,

Cxema 30), y 3aBHCHOCTH OJ1 IoJiaTe KojinduHe Oase.>
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1.LDA (1 exB), -78°C /( )\)\
2. PhCHO (1 exs.) Me S Ph

\

OH N—N OH
74 1.LDA (5 ek.), 78 °C )\/4 )\)\
2. PhCHO (5 exs.) Ph S Ph

Cxema 30. @ynxyuonanuzayuja memun epyne/a 2,5-oumemun-1,3,4-muaouazona aouyujom

anoexuod.

Tperupamem 2,5-mumerni-1,3,4-tuaguasona ecTpumMa apoMaTHYHUX KapOOKCHITHHX

KHCENMHA Y TOJIyeHY, y MPHUCYCTBY HATpUjyM XHIpHAa, A00Hjajy ce oaromapajyhu apoun
nepuBaty THaauasona 78a-e (Cxema 31).%

N—N Q
/4 )\ )]\ _~ 1.NaH, TonyeH, pe¢>ny|<c /4 M
Me + Ar Me s Ar

2. AcOH, H,0

77a-e 78a-e

4-NO,Ph (0%);
3-Py (54%);
3,5-(CH5),Ph (44%)

a: Ar = 2-CH,Ph (73%); o Ar
6: Ar = 3-OCHsPh (69%);  #j: Ar
B: Ar = 3-CIPh (69%); e: Ar
r: Ar = 2,4-Cl,Ph (60%);

Cxema 31. @ynxyuonanuzayuja memun epyne 2,5-oumemun-1,3,4-muaouazona ecmpuma

apomamuirux Kap601<cwmux KucejiuHa.

bp3o u CENIEKTUBHO cJ10001IHOPaIUKAJICKO MOHOXJIOPOBaH€
2-mepkanTo-5-metui-1,3,4-tnaguazona (79, Cxema 32) noctuxe ce TpeTUpPAmHEM HATPUjyM

XHIOXJIOPUTOM y3 KOpHUIIheme MUKPOTAIACHOT 3padema.”’

N—N

8, s o JY

Mo N\g~ SH 89% SH
79

Cxema 32. C10600HOpaouxaicko xaioeeHosare 2-mepkanmo-5-wemui-1,3,4-muaouaszona.
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1.5.2. N-CyniCTUTYeHTH

2-Amuno-1,3,4-THaana3onn Moka3yjy amMOMJIGHTaTHO HYKJICO(PMIHO TOHAIIAkmEe W
celieKTUBHA (YHKIMOHATIM3alMja Er30IUKIMYHUX aToMa a30Ta MOXe ce Jlako mocTtuhu.
Crora, moryhe cy MHOTe cTaHaapaHe Tpancopmaiyje xerapuwiamuna (Cxema 33), 300r yera
OBM JICpUBATH THAIMA30Jia UMAjy BEIMKH 3HAuUa] Kao MPEKYpPCOPH 3a JOOHjame Pa3IuIUTHX
nepusara 1,3,4-tuaguasodna.

Ersouuxinynum  N-aJKujaoBakbeM aMHHOTHAAMA30jla HACTajy CEeKyHJIApHH WIH
Tepuujapuu amuuu (82, Cxema 33),°’ anumnoBamem ce n00ujajy oarosapajyhu ammmu
(83a-B),°%%! y peakuuju ca murpuauMa dopmupajy ce amumunu (84a-1),%? nox peaximjom

aMUHOTHAMa3071a ca U30IMjaHaTiMa J0na3u 10 hopMupama ypea (85).9

X
o A s OO
o 70

R, = CHs; R; = Ph (73%)
82

R,COX )\\Rz

R1
a: Ry = SH; R, = Me; Ry = Me (91%)

N—N
/4 )\ R 83a-8 . 6: Ry = SH; R, = Me; Ry = Et (88%)
R s N B: Ry = SH; Ry = Me; R3 = Pr (89%)

81
[T S
Rz
H

a: R, =Bu; R, = 4-O,NCgH, (55%)
84a-n 6: Ry = Bu; R, = 2-nupuaunn (77%)

B: Ry = CF3, R, = 4-nupuaun (62%)

r: Ry = Bu; R, = CCl; (67%)

A: R= CF3; R, = CCl; (53%)

@)
RoNCO /Z_B\ )\\N/Rz

Re=H R S N H R, = H; R, = Bn (94%)

85

Cxema 33. N-@yukyuonanuzayuja 2-amumno-1,3,4-muaouazona.

VYV peakuuju 2(5)-amuno-1,3,4-tnaguazona (86a,0) ca HaATpUjyM HHUTPUTOM U
XJIOPOBOJIOHUYHOM KHCEITMHOM JI0JIa3u JI0 JMAa30TOBama, MPHU YeMy c€ J00HMjajy THaIUa30]1
nua3oHujyMoBe coiid. OBe COJIM MOTy 3aTHM pearoBaTd ca pasIuyuTUM Kymuryjyhum
areHcuMa ycjeJ 4era Jiojia3u 10 gopMmupama ojaropapajyhux azo nepusara (87a,6 u 88a,0,

Cxema 34).%4
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¢)eHon /4 )\ ZN

N
N N SR 87a,6
NaNO, \ OH
H N/< 3 R Hel >—-S -
2 S m+ cl” OH
86a,6 N | 2- HaCbTOJ'I /4 )\
a:R=SH; 6:R=SCH; 88a,6

Cxema 34. Peakyuje ouazomosarsa u Kyniosara 2-amuno-1,3,4-muaduazona.

Peakumja u3mehy S-cyncrutyucanor 2-ammnO-1,3,4-tramuazona (89, Cxema 35) u
onropapajyher apomarumusnor ammaexuaa (90a-m) oxurpaBa ce HWHHIHjATHUM HACTajabeM
UMHUHA TMpaheHMM HMHTPaMOJICKYJICKOM LUKIU3AIMjOM Yy TMPHCYCTBY BHIIKA THOTJIHKOJIHE

KHCEIIMHE Y TOIyeHy, IIpH ueMy ce J00Mjajy oarosapajyhu nepusatu tuasonuauna (91a-u).%

0
F F Q FF Y\s

S S N
NH
?/ ? | = H HSCH,COOH \ 7/
—N S TOnyeH N—N J/ \
)\ 90a-un )\ 91a-n /R
o} O
a:R=H; :R=3-F;
89 6:R=2:N0y o o at
B: R=3-NOy; x R=2-OMe;
rR=4-NOy 3:R=3-OMe;
ao:R=2-F; u: R = 4-OMe
Cxema 35. Peaxyuja 2-amuno-1,3,4-muaduazona ca andexuouma.
Ynorpeba aMOUICHTaTHUX enexTpoduia y peakijama ca

2-amuHO-1,3,4-THanna3zonuma oMmoryhasa anynanujy Thaguasosickor npcreHa. Y Cxemu 36

TIPUKA3aHU Cy HEKH O] MHOTOOPOjHUX MO3HATHX mpumMepa.’®’!
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CO,Me

.
| \>< NN MeO,C—==—CO,Me N/N\
A Ry = H; R, = Et R Ry = Me; R, = H )\>
S N S R,HN R 0 N
Et 2 S 1
o 94
NC._CO,Et
P205, MsOH
0
| N/N\>7
A
N S
95

Cxema 36. Peaxyuje anyrayuje 2-amuno-1,3,4-muaduaszona ca ambuoenmamuum

eleKkmpoguiuma.

MakporMkInyHy  (TajolyjaHaTH BeIMKE MOJIEKYJICKE Mace € MOry JoOuTH
peaknujoM MHKIU3anuje 2,5-muamMuHo-1,3,4-Tnanuasona. JmamMuHOTHAMMA307 pearyje ca
onroBapajyhum TUUMUHOM3OMHIOIMHOM WX AUAMUHOIUPOINHOM y 2-€TOKCHETAHOIy Ha
temneparypu o 135 °C y tpajamy on 24h, npu yemy ce nobujajy makpouukiau 100, 101 u

102 (Cnuxa 2) y npunocuma o 54%, 15% u 38%, pecrnekTuBHO. 2

27



Onwmu 0eo K. Jakosmwesuhi

/ NH N—N HN

102
100 Bu 101 Ar = 4'Bu-Ph

Camka 2. Maxkpoyuxnuunu depusamu 2,5-ouamuno-1,3,4-muaduazona.

1.5.3. O-cyncruryeHTu

Peaknuja anunoBama 1,3,4-tmaanazon-2(3H)-oHa ce MOXE€ HU3BPIIUTH HAa aToOMy
KHCEOHUKa, JOK Ce alKWIoBame OOMYHO 0/BMja Ha N-3 aToMy mpcTeHa Tuaauaszoia. Tako,
TpeTupameM S-(ammnamuHo)-1,3,4-tnaanazon-2(3H)-ona (103, Cxema 37) OeH3omn
XJIOPUAOM WJIM aHXUJPHUIOM cupheTHe KucenuHe a00ujajy ce oarorapajyhu ectpu (104a,6),
Kao pesynrar O-anmiioBama. Y ciy4ajy S-amuHo-1,3,4-tnamuazon-2(3H)-ona (105, Cxema
37) nonasu A0 alMiIOBamka U Ha aTOMY KHCEOHUKA U Ha aTOMY a30Ta aMUHO TpyIie, IpU YeMy

ce 1061ja KCTH MPOU3BOJ Kao y MPeTXoaHoM npumepy (104a).”

0 _ _
7 /[(N /ZSiLOchox //( )\\ ReCOX_ X /Z ;LO

Rz-R1 H, s

103 104a,6 105

a:R; =R, =Ph;
6: R; =Ph; R, = Me

Cxema 37. O-Ayunosamwe oepusama 1,3,4-muaduazon-2(3H)-oua.

2-Metokcu-1,3,4-tnaguazonu (106a-3, Cxema 38) ce MOTY IeMETHIIOBATH Y KUCEITHM
ycinosuma y3 dopmupame 1,3,4-tnagnazon-2(3H)-ona (107a-3) y BUCOKUM MpUHOCHMA. 3a

0Baj TUII Peakiija MOTy OMTH HOTrOJHE jOJOBOJOHMYHA * M XIOPOBOAOHUYHA KMCEIUHA
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Taxobe, O-neMEeTHIIOBabEM 5-merokcu-1,3,4-tnagnazon-2(3H)-ona  mobuja ce
3,4-muxuapo-1,3,.4-tuagnazon-2,5-muon (108, Cxema 38).”* TIpu nokyuajy AeankuIoBamba
2-metokcu-1,3,4-tuaguazona npuMeheHo je MmpeMemTame METUJ Tpyle ca KUCEOHHKAa Ha

a30T (Chapman-oBo npemernrame) u godujame 3-metui-1,3,4-tuaguazon-2(3H)-ona.””

HN—NH
/4 )\OMe -CH4 /4 )§O R = OMe OZ\S%O
106a-3 107a-3 108
a:R=H; r: R=Bn; e: R = 2-cdbypun;

6: R = Me; A: R=CClj; x: R=CFj;
B: R = Pr; B:R=CH,CN; 3:R=Ph

Cxema 38. /lememunosare 2-memokcu-1,3,4-muaduazona.

1.5.4. S-cyncruryeHtu

CyncTutyeHTH KOju CaJip)Ke aTroM CyMIopa Be3aH 3a YIJbEHHKOB aTOM
1,3,4-THana3oICKOr MPCTEHA CTyNajy y OpojHE peakiuje Koje cy yoOudajeHe 3a OBaKBE
rpyre MpHUCYyTHE y APYTHM CYJI(haHWIOBAaHUM XETEPOUMKINMA. Tako, MOUIeKY peaxiimjama
aNKUIIOBAkha, JealKUIOBaka U MOTY ceé KOHBepToBaTH y cyndokcune? um cynpone™* y
3aBHCHOCTH O]l OKCUIAIIMOHUX YCIOBA. AJIKUJIOBAaKkE CE€ YECTO U3BOJIM MTOMONY amKui joaAuaa
y TIpUCycTBY 0ase y eTaHONy, Kao pacTeapauy.* V peakuujama 3a 1o0Hjame cynpoKkcHaa Ui
cyloHa Kao OKCHIAIMOHA CPEJICTBA YECTO C€ KOPUCTE 3-XJIOPIEPOKCHOEH30jeBa KUCEIHA
(MCPBA)* u kanujym nepmanranar.®*

PactBapamem 5-ammno-1,3,4-tnanguazon-2-tuona (86a, Cxema 39) y BoJeHOM
pacTBOpy KallljyM XHUJIPOKCHJIA U TPETUPAHEM Pa3IUUYUTUM AJIKWI XaJIOr€HUIuMa 100ujajy

ce oarosapajyhu S-ankuiaoBaHu JepuBaTtu 2-aMHHO-5-cyndonmi-1,3,4-tuaanazona (860,
109a-).”¢

/k )\ 1. KOH, H,0 /4 )\
H,N SH > H,N SR

2. RCI
6a 866, 109a-B

a:R="Pr;6:R=Pr;B: R=Bz
866: R = SCH;

CxeMma 39. S-Anxunosarwe 5-amuno-1,3,4-muaouaszon-2-muoa.
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VY npucyctBy xuapokcuna, 1,3,4-tuagnazon-2(3H)-tnonu (110a-I), Cxema 40) mako
MOJUIeXKY JCTPOTOHOBAaWY, IPH YEMy CE€ HACTalld aHjOHH MOTYy S-aJKWJIOBaTH
aNKkui-xanoreHuauma dopmupajyhu nputom onrosapajyhe tuoerpe (111a-l)) y nmpunocuma

o 35-92%.* OBOM peaxiMjoM peayKOBAHM THANMA3O0IMHCKH TPCTEH J00Mja apOMaTHUHH

KapakTep.
N—NH N—N
By / \A\ 1.NaOH, THF  'Bu / )\
s S » s SR
2. RClvunu RI
HO HO
Bu 110a-h By 111a-h
a: R=CH,CF3; r:R=Bn;
6: R="Pr, a: R = CH,CH,oNH,;
B: R ='Pr; : R = CH,CH,NEt,

Cxema 40. S-Anxkunosarve 5-amuno-1,3,4-muaouaszon-2(3H)-muona.
Tperupamem 2-(metmicyndanun)-1,3,4-tnaguazona (112, Cxema 41) HaTpujym

MetuituonaroMm y N,N-gumetundopmamuay Ha 80 °C nonasu 10 HEroBor S-I1eMeTHIOBamba

u popmupama 1,3,4-tuaguazon-2-tuona (113) y npunocy on 85%.”’

NN NaSMe, DMF A
aSMe,
Bu / )\ 80 °C, 4h ‘Bu / )§
SMe ! » S
S S
85%
HO HO
112 113
Bu Bu

Cxema 41. S-/lememunosarwe 2-(memuncyngpanun)-1,3,4-muaouazona.

AnunoBamweM 1,3,4-tuaguazon-2(3H)-tuona (114, Cxema 42) amun 6poMuIoM, Kao
IJIaBHU Tpou3BoJ no6uja ce N-anmun aepusar (115), nok je oarosapajyhu S-gepusar (116)
npucytad |y TparoBuMma. IlltaBume, mokazaHo je ga ce Tmpu  pedaykcy |y
N,N-pumetundopmamuay THaauazon 116 koHBepTyje A0 THaauazoi-2-tuoHa 115

tro-Claisen-oBum npememTamem. >
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N—NH o~ Br_KOH DVF N \A
//l\ /)§§ 150-153 °C //(\ /}§§ //(\ /)\\
PhHN s 70-78%  PhHN PhHN

S

114 115 116

Cxema 42. Anunosarve 1,3,4-muaouaszon-2(3H)-muona.

Jomr jenna yoOuuajena peakmuja 2(5)-mepkanrto-1,3,4-Tuaguasona je okcuiaiyja
MEpKanTo rpyre KopuiihemeM jakuX OKCHIaHaTa, Kao INTO Cy TaCOBHUTH XJIOP, BOJOHHK
nepokcu u joxa. Pernerstorfer m capamnuiy cy mokasanu nBa Moryha HaunmHa 3a J100Hjame
cynpona 118 (Cxema 43A). Tuamuazon 117 ce MOXKe jeIHOCTABHO OKCHIOBATH BOJOHUK
MEPOKCHIIOM Y CHUpheTHO] KUCEIWHU, IPH 4YeMy y3 JI0JaTak BOJE JOJa3u J0 (GopMmupama
tajora jeaumema 118, mTO OBY METOAYy YMHH IOTOJHUJOM Yy OJHOCY Ha Jpyry

npezmo;ery.ma

OxcupanujoM oaroBapajyher mepkanTaHa joAoM y 0a3HOM pacTBOPY
nobujajy ce mucyiduHa jeqUmBEemha KOja Cy OCETJhbHBA Ha KUCEOHHK U JIAKO CE MOTY JaJbe
OKCHIOBaTH 710 oxrosapajyhux cyndoxcuma (Cxema 435).7%° Ommra Merona 3a mobujame
mucynduaa moapasyMeBa OKCUJATHBHO KyIUIoBame momMohy 30%-THOT BOJOHHK IEpPOKCHIA
y CMECH BOJa/€TaHOJI; peakiyja ce OJBHja JIaKO, a MPOM3BOAM c€ A00Hjajy y BUCOKHUM
npuHocuMa (80-90%).7%¢ TIpucycTBo jake eqeKTPOH-TIPHBIAYHE MEpKanTo rpyne uuHu C2,
onHocHo C5 arom 2(5)-mepkanro-1,3,4-Tuagua3zona eaekTpoH-AepUIUTapHUjUM, YCIIea Yyera
j€ HykJIeo(UITHU Hama ] 3Ha4ajHO OJIaKIIaH.

Cl,/MeOH/H,0

F%C\S//l\ ;&\\S/CH3 kgc\s // ;&\\S/CH3
H,0,/AcOH O o o)
117 118

K>CO5, MeOH, |
N—N /;LQL—~\j\\ N—N N—N
N < s7 5TST g
79 Tpuetunamux, MeOH, |, 119

Cxema 43. Oxcuoayuja 2(5)-mepkanmo-1,3,4-muaduazona npu yemy ce ooouja (A)
oozosapajyhu cyaghon, (b) oucyrghuorno jeourserve.
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1.6. PeakTHBHOCT CYNICTUTYEHATA Be3aHUX 32 XeTepoaToMe MpPCcTeHa

CyncTutyeHTH Ha a30TOBOM aroMy IIpCTeHa dYecTo Mory mnomjiehu peakuuju
nukmm3anyje popmupajyhu Ttako dysuonucane 1,3,4-tnagmazone. Tako, TpeTupamem
1-(2-amuno-5-metun-3-[1,3,4]-tnaguazonmn)anerona (120, Cxema 44) GPOMOBOJIOHUYHOM
KHCEIIMHOM J1061ja ce 2,6-nuMeTunnmuaaso[2,1-b][1,3,4]tuaguazon (121).°

@]
—N' : _ Xy Me
;\j N Me 1. HBr, pecbnykc /Z N/Y
> >—_N
Me/QSKNH'HCI 2. NH,OH Me S
120 121

Cxema 44. Cunmesa 2,6-oumemurumudaszof2,1-bJ[1,3,4]muaouazona.

1.7. buoJjomka aktuBHocT 1,3,4-Tnaauazojia

1,3,4-Tuanua3onu cy NOCTaau BajkHa KJlaca XeTEPOLUKINYHUX J€IUBECHA 0] BEJIUKOT
MHTEpeca 3a UCTpaKuBade 300r MIMPOKOI CIEKTpa OMOJIOMIKMX aKTUBHOCTH KOj€ MOKasyjy,
MOMyT AHTUMHUKPOOHE, aHTHTYOEpKyJO3HE, aHTHHH(JIaMaTOpHEe, AaHTUKOHBYJI3HBHE,
aHTUXUIEPTEH3MBHE, AHTU(YHIallHe, aHTUTYMOpPCKE, AHTUOKCHJATHBHEe W Jpyrux. Huje
n3HeHal)yjyhe na Tmanma3zonu mokasyjy 3HauyajaH TepaneyTCKH MOTEHIHjal ako Y3MEMO Yy
003U YNILEHHUILY Jla CY OBa JeINbeHha OMON30CTepH MUPUMHINHA U OKcaauazoa. OHu cTora
nenyjy kao uedanocnopunu Tpehe m uerBpre remepanmje.’’ 3axpambyjyhu Me30joHCKO]

8182 rmanuasonu Mory nmpohu kpo3 hemujcky MeMOpaHy M CTYHNMTH y MHTEPaKIHU]y

IPUPOJIH,
ca OuosnomkuM Merama. Takohe, 100pa JTUMOCOTYOMIIHOCT aToMa CyMIIOpa y BEIMKO] Mepu
JOTIPUHOCH OHMOJIOIIKO] aKTMBHOCTU U (PapMaKOKMHETHYKUM OCOOMHAMa jeIMIbema Koja
cajJpKe TUAaUa30JICKH MpcTeH. 300T cBera HaBeNeHOT, 1,3,4-THaanazoICcKy MPCTEH MOCTAo je
Ba)KHA I'PaJMBHA JeIMHULIA IPU JIM3ajHY U pa3Bojy HOBUX JiekoBa. Ha Caunu 3 nat je mpukas
HEKUX KOMEpIHjaHO AOCTYNnHHX 1,3,4-THazna3olCKuX JIEKOBA KOjH € KOPHCTE Y Tepanuju
riiaykomMa, 0OJIeCTH CraBama, KaHIepa, a IPUMEYjy Ce U Kao aHTHOMOTHUIN 32 TPETUPAHE

6pojuux 6axrepujckux uHpekmnuja.t>
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AL ISP BEs ;% b

AueTasonaMM.q MeTtaszonamupg Me Merason
H
)\ \>—NH /\[( z S
N __~ S S
Cynd \f / Me
yndameTnson
COO0 N—
LledasenoH H N
OMe
N - _S
F /\N :
N—N N /
/ _\\\\ \N;N

[0)]
(@]
(@]
pd
4‘”
n
\
<
D

NH,

dunaHecun6 LledbasonuH

Cauka 3. Komepyujanno docmynnu 1,3,4-muaouasoncku iexosu.

Bpenu narnacutu ga je 3a pasnuky of 1,3,4-TMamna3oficKuX JepuBaTa Ha TPXKHUINTY
JIOCTYTIaH CaMo jeJIaH JIEK KOJU y CBOjO] CTPYKTypH caapxu 1,2,4-Tuanna3oiicku MPCTEH, a TO

je antubmnotuk Ledozonpam (Cauxa 4).88

Ay

H2N

\ 12
L

Llecdozonpam

Cauka 4. [,2,4-Tuaouaszoncku anmubuomux Llegpozonpam.
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1.7.1. AHTHOKCHIATHBHA AKTUBHOCT AepuBara 1,3,4-Tuaguaszona

AHTHOKCUIAHTU Cy JelIUIElka KOoja MOTY YKIOHHUTHU CJI000JIHO-paJHKaICKe
UHTEpPMEIUjepe M3 OKCHIAIMOHMX peakifja M TUME IMPEKUHYTH JaHYaHE peakiuje Koje
u3a3uBajy omreheme wim cmpt henmje. Yecto cy To pemykyjyhu areHcw, MOMyT THOIA,
acKopOMHCKe KucenuHe win nomudenona.® Ocum xeMujckum anTHOKCHIAaHTUMA, hemyje cy
3amTuheHe OJf OKCUAATUBHOI CTpeca W MpPEXKOM AaHTUOKCUIATHUBHUX €H3MMa, IOIYyT
cynepokcun aucmyrtaze (SOD), karamaze (CAT), rayrarmon mnepokcumaze (GSHPx) wu
rmyratuon penykrase (GR).® YV nurepaTypu ce HepeTko jaB/ba M AHTHOKCHIATHBHA
akTUBHOCT 1,3,4-THaANa30JICKUX JIepUBaTa.

N-(2,4-Iumetundenun)-5-(4-uutpodennn)-1,3,4-tnanuazon-2-amun (124), uduja je
cuHTe3a mnpukazaHa y OCxemu 45, mnokasyje BHIIY AaKTUBHOCT Y HEyTpalu3aluju
CYNEPOKCUIHOT aHjoHa, ogHOcHO HWXKY ICso BpemaHOCT (KOHIICHTpalWja TECTUPAHOT
jemumema Koja cMamyje konnuanny nodetHor DPPH panukaina 3a 50%) (ICso = 94,84 ng/mL)
on pedepentHor antuokcuganta nponwi ramara (ICso = 106,34 pg/mL). 3a pasnuky of
DPPH (2,2-mudenunn-1-nukpunxuapasui) pagukana, CynepoKCcUI T0BoIU 10 (opmupama
HETaTUBHO HAEJEKTPUCAHOT aayKTa, A C€ AaKTHUBHOCT IPHKA3aHOI THAIMAa30Jla MOXeE
MIPUTIMCATH TPUCYCTBY jaKe eNEeKTPOH-TIpUBIadHe rpyne (kao mro je NO»2) koja crabuinusyje

HACTAJIH TIPOU3BOJL. ° |

o o)
_NH,
oH 1-MeOH/H,SO, 5 N
2. NH,NH, - H,0 / EtOH
O,N O.N
2 122 2 123
N=c=s
HaC CHs
CHs
N—N
/ )\
N
S H
CHs
O,N
2 124

Cxema 45. Cunmesa N-(2,4-Humemungpenun)-5-(4-numpoghenun)-1,3,4-muaouazon-2-amuna.
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Chidananda u capaJHHIN cy CHHTETHU30BAIH 1B cepuje
1,2,4-tpuazono[3,4-b][1,3,4]tTnagnazona W  UCHUTAIM  BHHUXOBY  aHTHOKCHJIATHBHY
akTuBHOCT.”? Jemumema 129a-, 131r u 131x (Cxema 46) mokasyjy penaTHBHO H00pY
aHTHOKcHIaTuBHy aktuBHOCT ca ICso Bpemnoctuma on 40,56-62,91 pg/mL. [lobpa
AHTHOKCHJIATUBHA AaKTHUBHOCT C€ TakKohe MoOKe JOBEeCTH y Be3y ca IPHUCYCTBOM jaKe
enekTpoH-npunadne rpyne (NO2) uinu para cynctutyucanux GpeHui rpyna. Jenumema 128,
129r u 131a-B (Cxema 46), koja y CB0jOj CTPYKTYpH CcaJpke XJIOpPO H METOKCH
(GyHKIIMOHATTHE Tpyme, MoKaszyjy O0osby aHtuokcuaatuBHy akTtuBHOCT (ICso = 35,85-52,67

ug/mL) y nmopehemy ca ackOpOMHCKOM KHCEIMHOM Kao pedepeHTHHM ctaHmapaoMm (ICso =

87,67 ng/mL).”

Br
Nab H,O/EIOH_ _NH; _CS,/KOH _ SK
"~ 78Cc N "EtoH, 78 °C_ \n/
MeO MeO

127
H NHsH,0 | 100 °C, 4h
Br
N—NH
. ReCHO, koHu. HyS0, / )'§s

N

EtOH, 78 °C |
MeO NH,

128
130a-p
Rz

R{COOH POCI;
80 °C
PTSA DMF, 152 °C

N
N/ \>\S
Br \

)\O Ea®
[ P

131a- Ry 129a-r Ry
A MeO
a: R = 2-CIPh; 6: R = 4-CIPh; B: R = 3-CIPh; a: R = 3,5-Cl,Ph; 6: R = 4-NH,Ph;
r: R=4-NO,Ph; a: R = 4-OMePh B: R = 4-NO,Ph; r: R = 3,5-(NO,),Ph

Cxema 46. Cunmesa 3,6-oucyncmumyucanux 1,2,4-mpuazono/3,4-b][1,3,4]muaouazona.

TvonHM W aMHMHOTHOJIHM JAepuBaTH M3BeAcHM M3 1,3,4-TManmazona mokasanu cy
3HaTHO OOJbM AHTHOKCHJATHBHM TNOTeHUMjan npu HeyTpanusauuju DPPH paaukana on

onrosapajyhux anasnora uzBeneHux u3 oensoruaamnazona. [Cso Bpennoctu ox 0,053 pg/mL 3a
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jenumeme 134a (Cxema 47) u 0,11 pg/mL 3a jenumeme 135a (Cxema 47) ykasyjy Ha jeTHAKY
Wi 00JbYy aHTUOKCHJIATHBHY aKTUBHOCT OBHX JICPHBATa y OJHOCY Ha pe()EePEHTHO jEeHHCHE
amudoctur (WR-2721), xoje moxkasyje 1Cso Bpemroct oa 0,100 pg/mL.3 IIpernocTaBka je na
apOMaTHYHU TIPCTEH MOXKE OMETaTH HEyTpalucame paauKala, Tako Aa 00Jba aKTUBHOCT

THaguasoJjia o1 6€H30TI/I3I[I/1330J'I3 MOJKE OUTH nocjceaunua ;bbUX0BC Pas3IMINTEC e(bI/IKaCHOCTI/I.

H,NCSNH,

N—N N—N N—N
EtOH/pednykc
R ) v G N
R N\g NH, U RN TGl -(HN),C=0 R N\g SH

132a,6 133a,6 134a,6
a: R = CHsCH,S: 6: R = CH5CH, %5’95"}98/7 N—N
/7.1/4@ /( \

R N\g NH(CH,),SH* HCI

135a,6

Cxema 47. Cunmesa muoanux u amunomuoanux oepueama 1,3,4-muaouazona koju noxkazyjy

a%tmuoxcudamuemy AKmMmueHocni.

1.7.2. AHTUTYMOpPCKA aKTUBHOCT aepuBara 1,3,4-Tuaguasosia

Manurau TymMopu MpeAcTaBbajy 030MJbHY NMPETHY MO0 31paBibe Jbyau. [lo3HaTo je ga
MHOTa jeIumeHha Koja Yy CBOjOj CTPYKTYpPH CaAp)Ke THAAMA30JICKH HPCTEH IOCenyjy
aHTUTYMOPCKY aKTMBHOCT in Vitro. Y nuTeparypu ce Mory Hahu OpojHM THAAMA30JICKU
JIepuUBaTH KOjU MOKa3yjy OJJIMYHE aKTUBHOCTH IIpeMa HU3Y henujckux JuHuja kaHuepa. Kako
J€ HEKOHTpPOJMCaHa peruMKaIja ne3okcupudonykienncke kucenune (JIHK) 3nak manmuramx
Oosectu, A00pa aHTUTYMOPCKAa aKTUBHOCT OBUX jeAUI-EHa MOXKE C€ 00JaCHUTH HHUXOBOM
cnocobHouthy na unreparyjy ca JJHK u ycnope mnm crnpeue HekoHTposiucaHy henmjcky
neo0y. XeTepoaToMH THAIUA30JCKOT TMPCTEHA HMajy CHOCOOHOCT J1a YYecTBYjy Y
WHTEpakKiujama, Kao ITO je rpaleme BOJOHWMYHHMX Be3a, ca OHMOJOIIKUM MeTama IOIyT
KMHa3a KoOjeé HMajy KJbY4YHY YJOry Yy TymoporeHe3u. OcuM Tora, pasiluuTe BpCTE
CYIICTUTyeHaTa Koju cy Be3aHu 3a C2 mwimu C5 atoM THaAMa30JICKOr MpcTeHa, nmonyT -NHa,
-SOsH u apyrux, Mory y BeIMKO] Mepu JONPHHETH AHTUTYMOPCKO] AKTUBHOCTH OBHX
jenumema.

Kap6oanxunpaze (CA), MeranoeH3MMH NPUCYTHH Yy BehHMHHU >XUMBUX OpraHusama,

KaTanu3yjy peBep3uOuinHy unHTepkonBep3njy CO; nu HCO;™, mro uMm aaje BaxHy yJOTry Y
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mporiecy aucama, perynamuje pH u xomeoctasu. MHOrH H303MMH  KapOOaHXHIpa3a
MPEJICTaBIbajy TepareyTcKe MeTe Yy TPeTUpamy HHU3a nmopeMehaja Kao mrTo cy eieM, rI1ayKoM,
roja3HoCT, emnujiencuja, ocreonopo3a u kanuep. Ha mpumep, CA IX je yBek mpekomMepHO
eKkcnpuMupaHa y hemujama kaHiepa yclieA dera Joja3d IO XUIIOKCHje (CTama CMambeHe
KoJIMYMHe Kuceonuka y hemmjama), mro CA IX 4iHU TOrOJHOM METOM y TPETMaHy OpOjHHUX
kapiaoMa.”® CyndoHaMuHA TPyHa CIMYHA je MO CBOjOj MPHPOAM KapOOHATHOM aHjOHY M
MOJK€ M3BPIINTH KOMIIETATHMBHY WHXMOWIM]y €H3MMa KapOoaHxujapasze. Jenumema Koja y
CBOjOj CTPYKTYpH CaJpKe THAIUA30JICKH MPCTeH, OCH3EHCKN OMomn30cTepH, Takolhe mokasyjy
BHUCOKY MHXMOUTOPHY aKTHBHOCT Kaja IMOCelyjy Be3aHy cyidoHamumHy rpymny. [lo3Hatu
uHXHOUTOpU KapOoaHXuApasza, Kao MTO cy anerazonamun (AZA), Oenzomamun (BZA),
xnmop3onamua (CHL) u wmerazomamun (MZA) (Cinuka 5), mpexacraBipajy cyidoHaMuae
1,3,4-tnagnazona u mokazyjy MHXHOWTOpHY akTHBHOCT mpema CA IX, anmm 0e3 BUCOKe

cesntekTuBHOCTH y ofHocy Ha CA II (ocHoHa CA).”>

N—N N—N
oy N o U\
HN I LN _s
s” 87 N S s” N7l
I H I H O
0 0
AZA BZA
/
N—N N—N o
o J \ o
\ﬁ S)D 2 \ﬁ s N
o 0
Cl
CHL MZA

Camuxka S. Ilosnamu unxubumopu kapboanxuopasa.

[lies n capanHUIIM CHHTETH30BAJIM Cy HEKOJIUKO CyJI(OHAMHIA U UCIUTAIN HBUXOBY
NOTeHIUjanHy TpuMeHy kao umuxuoutopa CA (Cxema 48).°° AQMHHTET CHHTETH30BaHHX
jemumema npema CA ce 3HayajHO moBehaBa Kaja y CBOjOj CTPYKTypH HMMajy IMPHCYTaH
1,3,4-tnagnazoncku npcteH. OBU pe3ynTaTd Cy MOKa3ald Jla THAAWA30JICKU MPCTEH HMMa

MIPETHOCTH Y OJJHOCY Ha O€H3€H Y KOHTEKCTY MHXHOUIM]je KapOoaHXuapase.
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NHCOCH; NHCOCH; N—N
AN
ACZO _Hoso,Cl_ HN™ g7 7SONH, -
136a-r 137a-r
SO,CI
a:X=H;6: X=F;
B:X=Clr: X=Br 138a-r
HZO/H+ N—N
/k )% A
HzCOCHN SO,HN SO,NH, H,N SO,HN s SO,NH,
X 139a — X 140a-n
1396-r ICI
1390 (X = |) <-— HCI/H,0,;
unu HBr/H,O,;
wnu ICI/AcOH
Y
N—N
aX=F;Y=CI B X=CLY =1 /()\
6:X=F;Y=Br; e X=Br;Y-=B8Br
BIX=F Y=l wX=BryY=l HoN SOHNT g "SONH;
rX=CLY=Cl, s3:X=Y=I
A:X=ClY =8Br 141a-3
X

Cxema 48. Cunmesa xanoeencyrgpuonux oepusama muaouasona Koju noKasyjy uHXuOumopHy

AKMUBHOCM npema Kapooanxuopazamad.

Taxobhe, THaaMa30ICKK MPCTEH MOKazyje npenHocty y naxuounuju CA u'y onHocy Ha
npyre xeteponukie. Ha npumep, Almajan u capanHuuu cy Au3ajHUPaId U CUHTETU30BAIN
JIBE Cepuje Thola Koju canpke Tuaauaszoicku (Cxema 49) unau TpUA30JCKH TPCTEH H

. 96
UCIHUTAIN HBHUXOBY crnocoOHocT maxubuuuje CA.” Jlonum cy no oTrkpuha ja THaauazonu
TeHEpaJIHO Moceayjy 00Jby aKTHBHOCT y MHXMOMIMjU cBUX ucnutuBaHuX CA. Jenumeme

1426 ce nokazano kao hCA I cenekTuBHU HHXUOUTOP.
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Joxmopcka oucepmauuja

9 N—N
)]\ /4 \ a: R = CgFs;
R N SH 6:R=2-Py,
RCOCI unm H S B: R = 3-HOOC-Py-2-un:
(RCO0),0 142a-r r: R = Ph,N
unu R,NCOCI

N—N
o A
R” THN SH
RSCI S
N—N _— 143  R=4-0,NCgH4

RSO,CI

s
86a T \\///k)\
SH

144a,6 a:R=2-O;NCgHy;

RNCO
6: R = aHsun
9 N—N
CISO,NCO R /4 )\
~
N7 SNTTNg sH
H H
" 145 R= 3,4-C|2C6H3
N—N N—N
*Akiy\m A;ﬁﬂkiy\
s TSH T g~ SH
146 147

Cxema 49. Cunmesa muoackux oepusama 1,3,4-muaouaszona kao nomenyujannux CA

uHxubumopa.

Yang u capaJHUIM CUHTETU30BAJIM Cy U HCIHUTAIM CEPHU]Y JeAUIEHA, NPU YEMY je
1,3,4-tnannazoncku nepusar 148 (Cnuka 6) moka3ao 3HauajHy aHTUTYMOPCKY aKTHBHOCT
npema henujckum nuHujama aneHokapuunoma nojke (MCF-7) u kaprunoma muryha (A549) ca
ICso Bpeanoctuma ox 0,28 pg/ml, ognocuo 0,52 pg/ml.*” JleTabHuje GHOTOIIKO HCIMTHBAHE

MOKAa3aJIo je Ja OBO JeIULEH-E JIeTyje Kao MOTeHTHU HHXUOUTOP MoJIMMepHu3anuje TyOynHa,

KJbYYHOT KOpaka y hemnjckoj neodwu, ca ICso Bpennomthy ox 1,16 pg/ml.

N—N o)
P
S H
HsCO OCHj
148

Camka 6. Xemujcka cmpykmypa (E)-3-(4-memoxcugenun)-N-(5-(4-memokcughenu.n)-

1,3,4-muaouazon-2-un)axpuramuoa.
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Matysiak w  capagHuuM — M3BpPIIWIM Cy  CHHTE3y  Cepuje  JiepuBara
2-amuHO-5-(2,4-muxuapokcudennn)-1,3,4-Tuaana3ona Ha HaYWH KOJU je mpukazaH y Cxemu
9 ¥ WCHOMTAIM HUXOBY aHTUIpoiupepaTuBHy akTuHOCT.? Jemumeme 149 (Crmuka 7)
MoKa3aJio je 100py aHTHNpoJH(epaTUBHY aKTUBHOCT Ipema henujckuM JuHHMjaMa KaHIepa
oemmke (HCV29T), pexkryma (SW707) u nojke (T47D) ca ICso Bpennoctuma ox 6,2, 3,6,
onHocHO 4,2 pg/ml, kao u mpema oxapeheHuM henujckuM JIMHHM]jamMa KaHIEpa EHTPATHOT
HepsHOT cuctema.’ lllTaBuine, yrepheHo je 1a 0BO jeIubemhe He T0Ka3yje TOKCHIHOCT IpeMa
HOpMaJIHUM henujama, IITO yKasyje Ha HeroB BUCOK cTemeH cenextuBHocTH.” Matysiak je
Takohe HCIMTUBajJa Ha KOJU HAYUH CTPyKTypa cymnctutyeHara Ha C5 mnonoxajy
2-(2,4-nuxuapoxcudenmn)-1,3,4-tuaguazona yTude Ha aHTUNPOIU(EPATUBHY AKTUBHOCT
OBUX jelMIbeHa NpeMa pa3IMuuTHM XyMaHuUM hemwjckuMm IMHUjamMa Kanuepa.”® 1Cso
BpemaHocT ox 3,0 ug/ml mpema henujckoj nuaMju paka nojke (T47D) 3a jenumeme 150
(Cnuka 7), 2-(2,4-nuxunpoxkcudenn)-5-(4-metokcubeH3unokcu)-1,3,4-tuaanaszon, Qymo je
HUXKa 0]l OHEe Kojy mokasyje mucratunaa (0,7 pg/ml) koja je kopumrheHa kao pedepeHTHU

III/ITOCTE[TI/IK.98

F
OH  N—N OH  N—N
/i )\ i )\
N S o)
S H
HO OCH
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Cauka 7. Xemujcke cmpykmype 5-cyncmumyucanux
2-(2,4-0uxudpokcugenun)-1,3,4-muaouasona xoju nokasyjy 006py anmunpoiupepamusHy

aKmueHocm.

Chou um capasHWUIIM CHHTETH30BAJIH CY HEKOJMKO HOBHX jEIWIEHha M HCHHUTAIH
HBUXOB LIUTOTOKCHMYHM edeKkaT Ha xyMmaHe henuje paka ruiyha (A549), kopumthewem MTT
tecta (enr. Microculture Tetrazolium Test).” Jemumeme 151 (Cnuka 8), koje y CB0jOj
CTPYKTYPH CaIp>Xd THATWA30JCKH TPCTEH, TOKa3allo ce Kao HajedpukacHuje mehy
CUHTETHU30BaHUM jeJH-elhUMa TpemMa henujckuM nauHUjaMa paka toryha (AS549), mpocrarte
(PC3) u jerpe (HA22T) ca ICso Bpemnoctuma on 6,8, 6,3, onHocHo 9,7 uM. OBo jenumeme
uHAYyKyje anontoly AS549 hemuja y panoj ¢asu cunaznom perynanujom Bcel-XL nporenna
(enr. B-cell lymphoma-extra large) w y kacHO] ¢a3u y3JIa3HOM peryJalrjoM eKCIpecHje
Bax-a (enr. Bcl-2-associated X protein), xao u wuaxubunujom axtuBanuje Akt/PKB-a

(nporeuncke kunase b).%

40



ﬂ()KlH()/)CKCI ()LICGDI'HCIUZI/.CI Onwmu 0eo

N—N
/@/\/4 >\/\©\
S
\N/\/\O O/\/\N/

| 151 |

Cauka 8. Xemujcka cmpykmypa

(E,E)-2,5-bis[4-(3-0umemun-amunonponoxcu)cmupun]-1,3,4-muaduazona.

Kumar u capaJIHALU W3BEJH cy CHHTE3Y cepuje JepuBaTa
5-(3-unponun)-1,3,4-tnagua3ona M UCHUTAIU HUXOBY LMTOTOKCHUYHY AaKTHUBHOCT IIpeMa
xyMaHuM henujckum nunujama paka npocrare (PC3, DU145 u LnCaP), paka nojke (MCF7 u
MDA-MB-231) u paka nankpeaca (PaCa2).!? Jenumema 1526,1,: (Cnuka 9) nokasana cy
3HaYajHy  [UTOTOKCHYHOCT Tipema Behem  Opojy  hemmjckmx  nuHHMja  paka.
WNunomun-1,3,4-tnagnazon (152a, Cnuka 9) je Mely CHHTETH30BaHHM jeqUE-CEH-MMa OHO
HajakTUBHMjU mpema henujckoj nmuuuju PaCa2, ca ICso Bpennomhy od 1,5 uM. Jenumema
152r,j,k (Cnuka 9) nokasana cy BUCOKY celeKTHUBHOCT npema henujckum nunujama MCF7 u
MDA-MB-231. Pe3ynratu ucnutHBama OgHOca u3Mel)y CTpyKType W aKTHBHOCTH (€HT.
Structure-Activity Relationship, SAR) yka3dyjy nma cymncrutyucana ¢eHwn rpyna wHa C2
nonoxajy 1,3,4-TMaqua3oickor NpPCTeHa y BEJIMKO] MepU JONPHHOCH LIUTOTOKCHYHO]
aKTUBHOCTH jeIMIbera, NMpu 4yemy mnpucyctBo -OMe u -OPh cyncturyenara noBoau 10

nosehama aKTHBHOCTH CUHTETU30BaHUX jepuBata 1,3,4-Tuanuaszona. 12

\ g @ R=HR;=CeHs X: R = H, R; = 4-BnO-3-OCH5CgHs;
6: R =H, Ry = CH,CgHs; 3: R =H, Ry = 3-nupugun;
R B: R=H, Ry = 4-CICgH,; u: R =H, Ry = 4-nupngun;
\ R =H, R, = 4N,N-(CHy),CeHy; j: R = Br, R; = 4-N,N'-(CH3),CgHy:
a.R=H, R1 = 3,4- (OCH3)2C6H3, K. R=B R = 3,4,5- (OCH3)3C6H2,
N T]: R=H, R1 =345 (OCH3)3C6H2, n:R=Br R = 4-Bn0O-3- OCH3C6H3
H e:R = H, Ry = 3,4-(OCH,0)CgHs;

152a-n

Camka 9. Xemujcka cmpykmypa oepusama unooaun-1,3,4-muaouazona kao nomenyujaiHux

AHMUMYMOpCKuUx azcenaca.

Aliabadi u capagHuUIIM CHHTETH30BaJM Cy cepujy jaepusara 1,3,4-tmanmazona
(155a-k, Cxema 50) 1 yTBpAMIU J1a OBa jeAMHCHA UMa]y 00JbY HMTOTOKCHYHY aKTUBHOCT
npema MDA-MB-231 henujckoj 1MHUjU KaHIlepa JOjKe y OJHOCY Ha Jpyre henujcke TuHUje

kaunepa.'% Jenumema 155k (ICso = 11 pM), 155u (ICso = 10 pM), 155j (ICso= 11 uM) u
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155k (ICso = 8 uM) moka3yjy 0oJ/by HHMTOTOKCHYHY akTUBHOCT mpema MDA-MB-231
hemujckoj muHUjK y opehemy ca pedeperTum crangapaom, umatuauoom (ICso = 20 M),

KOjH ce TIpHMemyje y Tepanuju kauiepa.'®

H;CO HsCO
o} N—N
+ /4 )\ EDC, HOBt A )\
oH N s SH CH CN SH

153 86a CH,CI
KOH, EtOH | N
24 h, pednykc
pecny ) =
R
H,CO \
a:R=2Cl;, e R=3-0CH; o N—N
6:R=3-Cl, % R=4-OCHj /4 )\
B: R =4-C|; 3:R=2-F; N s A
rR=2NO, u:R=3F; HoS | R
. R=3-NO,;, j: R=4-F; =
B R=4NO,, kR=H 155a-k

Cxema 50. Cunmes

N

ayemamuonux depusama 1,3,4-muaduazona koja nokasyjy 0oopy

UUMOMOKCUYHY AKMUBHOCNI.

Pesynraru uciutuBama nepusara 1,3,4-Traaua3olia KOju y CBOjOj CTPYKTYPH CaJIpiKe
nupaszosncku npcreH (16la-j, Cxema 51) ykadyjy Ha obGehaBajyhy antunponudepatuBHy
aKTHBHOCT CBHMX TECTHPAHUX jeHIbEHha MpeMa XyMaHuM hemujckum auHujama paka: HEPG2
(henujcka nunHMja paka jerpe), SW1116 (henmjcka nuHMja paka aeGenor upesa), HelLa
(henujcka nuHmja paka rpaumha marepune) u BGC823 (hemmjcka nunuMja paka skemyna).'o!
Jenumeme 161k mocenyje Hajoosby aktuBHOCT ca ICso Bpemnoctuma ox 0,78 puM 3a
naxubunujy pacta HEPG2 henuja, 1,47 uM 3a uaxubunujy pacra SW1116 henuja, nok 1Cso
BPEJIHOCT 32 MHXMOUIIM]y aKTUBHOCTH TeinoMepasze u3Hocu 1,24 uM. Ha ocHoBy pe3ynrara
WCIIUTHUBAKa aronoTo3e MOXKE C€ 3aKJbyUYUTH Jila € OBO JECUIbCHE MOTCHIHjaTHU

aHTHTyMOpcKH areHc. !
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0
N COOH N NH
A AN OCH; NH2NHzH,0 (85%) A NT 2
| MeOH, H,SO, | eTaHon _ | H
N/ pecnykc, 8-12h N/ pednykc, 8-12 h &
156 157

N
158

Ry MeOH, KOH
CS,, c.T.

Br
N’N

R, >\SH
K,CO3, aueToH [ H2804 [ \ﬂ/
pednykc, 1 h
—N a: R1 F Rz—R3—R4—H; e: R3—C| R1 Rz—R4—H;
>\ R3 6:R;=Cl,R,=R3=Rs=H; X R3=Br,R{=R;=R;=H;
B:R;=Br,R,=R;=R,=H; 33:R1=R3=F, Ry =Rs=H;
rRz—Cl R1 R3—R4— ) MR1_R4_FR2_R3=H;

B Ry=Br, R =Rs=R,=H; IRi=Rp=R3=Rs=H

1613-] h R3—F R1 Rz—R4—H'
CxeMa 51. Cunmesa depusama 1,3,4-muaouasona (161a-j) xoju y ceojoj cmpykmypu

caopoaice NUPA30JICKU NPCMEH.

1.8. ®eHoOIHE KHCEJIUHE

OKCUIaTUBHHU CTpeC ce MOXKe JeQHHHCATH Kao HapyllaBame paBHOTEXKE H3Mely
PEaKTUBHHUX BpCTa M CIIOCOOHOCTH OpraHu3Ma Jia c€ CYNpPOTCTaBU HUXOBOM JIEJIOBambYy
CBOJUM aHTHOKCHJATUBHUM oJ0pamOenuMm cucremoMm. Ilpouemyje ce na je mojaBa
OKCHJATHBHOT CTpeca MOBE3aHa ca BUIIIE 0J1 CTO BpcTa 00JIecTH, OMII0 Kao HHXOB Y3POK HITH
nocneauna.' %1% AutnokcuaaTuBHO NenoBame jeNUBbEHa MOAPA3yMeBa HEroBy CIIOCOOHOCT
Ja CMamHM HHBO OKCHAATHUBHOI crpeca, yruuyhum tume nHa JIHK wmyramuje, manurae
Tpancdopmanuje, kao M JApyre mnapamerpe omrehema henuja HacTanux JeloBambeM
PEaKTHBHHX BPCTA.

Bpojna enmmaemuononmka ucTpakuBama ToKazajia Cy MOoCTojame Bese m3Mehy yHoca
Boha, moBpha M *uTapHlla U y4ecTaIOCTH KOpPOHApHUX OojecTH cpia U ojapeheHnx TUmona
paka. Ynore Boha u nmoBpha y NpeBeHLUjU Pa3InUUTUX OOJIECTH MPUIHCAHE CY, JETUMHUYHO,
AHTHOKCHU/IATHBHUM CBOjCTBHMA HMXOBHX CacTojaka, momyT nonmdenona, Butamunaa E u 1]

kapoteHonaa. HemaBHe cTynmje yka3yjy Ha TO Ja Cy MHOra mpexpamOeHa ¢deHoirHa
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jenumema 1001jeHa n3 Onsbaka epruKkacHUju aHTHOKCUAAHTH ol BuTamuHa E u 11 u ma mory
3HA4YajHO JIOTNIPHUHETH 3AIITUTHOM eeKTy in vivo.

®enonne kucenune (PhA) cy jenumema Koja caipike HajMame jeaH apoOMaTUYHH
MIPCTEH Y KOMeE je Oap jenaH aToM BOJOHUKA CYNCTHUTYHUCAH XHIPOKCHIIHOM TPYIOM. 3ajeTHO
ca (IaBoHOWJAMMA YHMHE HAJBAXHHU]Y TPYNy CEKYHJApPHUX METa0oJuTa W OHOAKTHBHHX
jenumema y Ombkama.'® Tepmun ,,beHonHe KucemuHe® 3alpaBo O3HauaBa ()eHONE KOjH
Moceyjy jenHy KapOOKCHIIHY TPYITy, a Pa3JioT 32 BbHXOBO YKJbYUHBAKE Y MTOPOAUILY OMIBHUX
noyineHoa JIOKU Y YUHCHUIM Ja MPEICTaBbajy OMompeKypcope moiaudeHonaa u, mTo je
jour BakHHWje, MeTabomuTe nojudenosna. OeHONHEe KUCETUHE Cy NMPUCYTHE Y TOTOBO CBHM
OWJbHUM HaMHpHHIIMMa 300r 4yera 4YMHE 3Ha4ajaH N0 JbyJACKe ucxpane. [Ipoceyan yHoc
(deHoMHUX KUCeNMMHA Ko Jbyau u3Hocu oko 200 mg jaHEeBHO (KOJIMYMHA Bapupa y
3aBUCHOCTH 0J] HaBuKa M ckioHoctH).!”” Buibke mpousBoie (eHONHA je/uEema, Y Koja
cnamajy v (eHoiaHe KucenawHe, paau 3amrtute ox UV 3pavema, MHCEKara, BUpyca U
6aktepuja. [loctoje wak u oxapeheHe Bpcre Omibaka Koje CTBapajy (eHONHA jeAUmbEeHmha 3a
cy30ujame pacTa MapasuTHUX OMJBHHMX Bpcra (anenomnaruja). IlpucycTBO OBHX jelumbema
MOBE3aHO j€ ca CEH30PHHM KBAIUTETOM (00jOM, TEKCYpOM, MHUPHUCOM, YKyCOM) Kao M ca
HYTPUTHBHUM U aHTHOKCHJIATHBHHM CBOjCTBMMA Ousbaka. %

VY 3aBUCHOCTH O] CTPYKType, (DeHOJIHE KMCEIHMHE C€ MOTY CBPCTaTH y JBE BEJIMKE
rpyne: xuapokcubenzojeBe (HBA) u xuapoxcunumerne (HCA) xucenmune (Cauka 10).
XUJIPOKCUIIMMETHE KUCEIMHE TTPOyYaBaHe Cy BHUIIE HETO XUIPOKCHOEH30jeBe, BEPOBATHO jeP
YHHE 3HAYajaH JIe0 JbYJCKE UCXpaHe (OHE MPEeACTaBibajy Yak TpehuHy Haller yKYImHOT YHOCa
denonnux jemumena).'”” Ca apyre cTpane, KOHIEHTpalUja XHAPOKCHOEH30j€BUX KHCEIHHA

108,109

y Bohy U MoBphy je reHepaiHO HUCKa, M3y3€B y HEKOM I[PBEHOM BOhy, IIPHO] POTKBH,

JAyKy W Kopu Kpommupa.''!:

MehyTtum, BUXOBa yiora y 3alUTUTH OpraHu3Ma oOj
OKCHJAaTHBHOI CTpeca, YKJIamameM CI000JHUX paJuKala, HUje Mame BaXKHAa O yJore

XUAPOKCUIUMETHHUX KUCCIIMHA.
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Cauxka 10. @enonne kucenune: xuopokcubensojeee (HBA) u xuopoxcuyumemne xuceiune

(HCA).

AHTHOKCHIaTUBHE OCOOMHE MPUPOAHUX MPOU3BO/IA YECTO CY TMOBE3aHE Ca HUXOBUM
. 112115 . h .
YKYITHUM cajip>kajeM (eHoda. Onmre je mpuxBaheHO na Cy KJby4yHH (DaKTOPH KOjH
JIONPUHOCE AHTUOKCUAATHBHOM KaranuTeTy (heHONHUX jenumbema cienaehu:
1. PenaruBHO Hucka eHTannuja qucouujauuje O—H Bese (ene. Bond dissociation energy,
BDE),!16-121 koja onakimasa peakiumjy amcTpakiyje BOJOHHKOBOI aToma H3Mely
AQHTUOKCHUJIAaHTA U PaJINKaa;

2. PenaTtuBHO BHCOKa eHepruja jonusauuje (ewe. lonization potential, 1P),'2%12!

Koja
cMamyje Op3uHy IpeHoca eJIeKTpoHa M3Mel)y aHTHOKCHaHTa U KUCEOHHKa M Ha Taj
Ha4YMH CMamyje MPOOKCUIaTUBHY MOh aHTHOKCHIAHTA;

3. CrabunaH paavkal aHTUOKCHJAHTAa HACcTa0 HAKOH AalCTpakldje BOJOHHKOBOT

122,123

aToMma, KOjI/I CMaI-By_je TOKCUYHOCT aHTHOKCHUAAaHTa 1

4. Opnroapajyha pacteopsbusocr, 2123

KOja Mo0oJbllIaBa MOOMITHOCT aHTHOKCHaHATa
n3mehy MemOpaHa 1 TMIONPOTENHA.

Cwmarpa ce a1a cy XUAPOKCUIIHE TpyIle Ha apOMAaTUYHOM MPCTEHY HajBUILE OJrOBOPHE
3a aHTHOKCUJATHBHY aKTUBHOCT OBHX jellumema. 2® 3a opelene eHomHe KHCenMHe MOCToje
JI0Ka3M Jia CYNICTUTYEHTU Ha MPCTEHY YTHYY Ha BUXOBY CIHOCOOHOCT YKJIamama CI000THUX
paaukana. Paznuuute KucenvHe MMajy paziMuMTe CIIOCOOHOCTH YKIamama pajuKala, IITO
yKa3aje Ha BEJIMKH YyTHIA] CTPYKType Ha aKTUBHOCT OBUX jelqumema. CmaTrpa ce Ja
AHTUOKCHUJIaTUBHA aKTMBHOCT XHUJAPOKCHOEH30jeBUX KHCENuHa (10 aHaJOTHjHu ca JIPYyTUM
(eHOTHUM jenHmbemuMa) 3aBUCH O/l 6poja XMAPOKCUIHUX IpyIa y Monekyiy,'?” npu uemy ce
akTUBHOCT TIoBehaBa ca mopacToM Opoja XHUIPOKCHIHHX Tpymna (MOHOXHAPOKCH <
JTUXUAPOKCH < TPUXHAPOKCH).'?® AHTHOKCHAATMBHM KamamuTeT (eHoJa TeHepaaHo ce
128

npumnucyje GopMupamy pe30HaHTHO CTaOMIN30BaHUX (PEHOKCU pajuKaia, - a akTUBHOCT Ce

noBehaBa MNpHCYCTBOM Jpyre XUAPOKCHIHE TIpyle, Kao Yy cilydajy KapeuHcKe U
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MPOTOKATEXYMHCKE KHCEIIMHE, TNIe N0JIa3u 10 (opMuUpama HHTPAMOJIEKYJICKE BOJOHUYHE
Bese. JlepuBatm mmxuapokcuOensojeBe kucenuHe (DHBA) mnpencraBmajy moarpyiy
xunapokcudensojeBux kucennHa (HBA). Iloctoju mect riaaBHHX AMXUIPOKCHOECH30jE€BUX
KHCennuHa Koje ce MehycoOHO pasnukyjy y mosioxkajy xuapokcwiaux rpymna (Crmuka 11):
2,3-muxuapokcrOeH30jeBa KHcelnnHa (2-TTMpOKAaTeXyMHCKA KHCEJIMHA WM XHITOTATHHCKA
KHCEJINHA), 2,4-muxunpokcudeH3ojeBa KHCEJIMHA (B-pezoprmnnaa KHCEIIMHA),
2,5-muxuapokcrOen3ojeBa KUceIMHa (TeHTUCHMHCKA KHUCENIHHA), 2,6-TuXuIpOoKCHOeH30jeBa
KHCEJIMHA (y-pe3opumiHa KHCEIMHA), 3,4-muxuapoxkcuOeH3ojeBa KHCEIMHA

(TIpoToKaTexyWHCKa KHUCENHHA) W 3,5-muxuapokcuOeH30jeBa KHCENIHHA (0-pe3opIiuiHa

HO._ O HO._ O
OH OH f OH
OH HO

OH

KHCEJIMHA).

HO )

2,3-DHBA 2,4-DHBA 2,5-DHBA
HO ) HO ) HO )
HO OH %
OH HO OH
OH
2,6-DHBA 3,4-DHBA 3,5-DHBA

Cauka 11. Cmpyxmypue gpopmyne ouxuopoxcuben3ojesux Kuceauna.

Nako cy Bpcta u Opoj cyncTuTyeHaTa yHyTap OBe MOArpyIe ICHTUYHU, aKTUBHOCTH
JTUXUAPOKCUOCH30j€BUX KHUCENTHMHa ce Mel)ycoOHO Beoma pasnukyjy. [IpermocraBsba ce na
KamaluTeT aHTHOKCUIATUBHOT JIeTIOBamkha TUXUAPOKCHOCH30jeBUX KUCEINHA Y BETUKO] MEPU
3aBHCH OJ] y3aJaMHOTI' T0JIO)Kaja JB€ XMJpOKCcHiHEe Tpymne. McnuTtuBama cy mokazana Ja
TUXUIPOKCHOEH30jeBe KHCEIMHE KOJl KOJUX j€ jellHa XUIPOKCUJIHA Tpyna y orto WiM para
MOJIOKA)y Yy OJIHOCY Ha Jpyry, umajy OoJjba aHTHOKCHUAATHBHA CBOjCTBA IpemMa
CYNEPOKCHIHOM pajuKaily, y nopehemy ca AUXUIPOKCHOEH30jeBUM KUCETMHAMa KOJ KOJHX

je jenHa XMApOKCUIA TpyTNa y meta TION0Xkajy y ogHocy Ha apyry. 2 30V ckmany ca tum,
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2,5-nuxuapokcuOeH30jeBa KUceanHa mokasyje 100py, ok 2,6- u 2,4-1uxuapokcuOeH30jeBe
KHCEJIMHE TI0Ka3yjy CJIa0ujy aHTHOKCHJIATHBHY aKTHBHOCT.

deHONMHE KHUCENWHE, Kao U BehnHa (eHONHUX jequmbema, MMajy OpojHe KOpHCHE

ebexkTe Ha  JBYJACKO  3paBjbe  3axBajbyjyhum  mHXOBUM  aHTHTyMOpcKmM, '3!3

137,138 139 126,132,140-146

aHTI/I6aKTepI/Ij CKHUM, aHTI/II/IH(bJ'IaMaTOpHI/IM n AHTHOKCHUJaTHBHUM

aktTuBHOCcTHMa. Hajehu Opoj mcrpakuBama (POKycHpaH je Ha aHTHOKCHIATHBHA CBOJCTBA
OBHX jeIUCHA, OJHOCHO HHXOBY CIIOCOOHOCT YKJIamamka CI000JHIX pagrKaa.
Kim je wucnuTMBao TamHy KHCETMHY U Hamao Ja OHAa ToKasyje 1o0py

AHTUMCIIAHOI'CHY M aHTHUOKCUIATHBHY aKTI/IBHOCT.147 OBa kucenmHa TaKOhC noxasyje u

148

aHTUTYMOPCKY aKTUBHOCT ITpeMa helnjckoj JIMHUJU paka IpocTaTe, - a OCUM Tora MHIyKyje

cMmpt henuja paka rpnuha marepune (HeLa) amonTtosoM u Hekposom.'*® Hahena je jomr u

obechaBajyha akTmBHOCT ranHe kKucenuHe kao aHTU-HSV-2 (ewe. Herpes simplex virus)

areHca.lso

3a p-XxuapoKcHOEeH30jeBy KMCEIUHY HaheHo je 1a I0Ka3yje aHTHOKCHAATUBHY ' 2® kao u
151
n00py aHTUMHKPOOHY aKTUBHOCT.

[IpoTokaTexyHHCKa KHCEIHUHA TOCETyje HEKOIMKO OMOJIOMKMX aKTUBHOCTH KAo IITO

152,153 154,155 156 157

Cy AQHTHOKCHIAaTHUBHA, aHTI/IMI/IKpO6Ha, OUTOTOKCHYHA, XEMHUOIIPCBCHTUBHA,

HEypOIpPOTEKTUBHA *® 1 IpyTe.

[luMeTHa KHCelMHAa MOKasyje 100ap AaHTMOKCHIATHUBHU  ToTeHuujan, ' 2%!%2

151,154

aHTHOAKTEPHUjCKy aKTHBHOCT, Ka0 M AHTUTYMOPCKY AaKTHUBHOCT mpeMa henujcKkum

nmunnjama paka miayha (NCI-H460),'°>!13¢ neGenor upesa (HCT15) u rpmuha marepuie
(HeLa).!**
N p-kymapuHcKa KHMCENMHA Ce MoKasajla Kao j006ap aHTHOKCHIAHT,'?® kao

AHTUTYMOPCKH areHc npema henujckum auHujama paka gojke (MCF7), uryha (NCI-H460) u

ne6esor npesa (HCT15),'% a Takohe je nmokasana u 106py anTubGakTepujcKy akTupHoCT. 22160

146, 161

3a ko(euHCKyY U (PepyTUHCKY KUCEIUHY je, Ope]] aHTHOKCUIATUBHE, HaheHo na

nocezyjy jour u 106py aHTUOAKTEPHUjCKy aKTUBHOCT. ' >*
VY nurtepatypu ce, mopea HaBeleHUX, MOTy Hahu OpojHa MCIHUTHBAKA Pa3IMUUTUX
OMOJIOIIKMX aKTUBHOCTU (DEHONHUX KHCENMHA Koje y BehMHM ciydajeBa Aajy Jo0pe o

OVIMYHEC PE3YyJITATC.
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2.1. YBoa

Jenan on KJbyYHHX acrekara MEIUIIMHCKE XEMH]je M0IpasyMeBa MPHUMEHY OpraHCKUX
jemumema y TepaneyTcke cBpxe. [lo3HaTo je Ja aHTHOKCHIAHTH CIIpeuaBajy CiIo00IHE
panukaie Ja u3a3oBy omrehema OMONOMIKMX MaKpPOMOJIEKyJa KOjU Cy H3JI0XKEHHU JIEjCTBY
OKCHJATHBHOT CTpeca, cmpedaBajyhm TuMe mBHUXOBY okcuiauujy, mytaumuje JIHK, xao u
MasurHe npomene.'® denonue KucenuHe, Koje ce Mory Hahu y Bohy u MoBphy, IpUBYyKIIE Cy
nmoceOHy MaXky 3axBabyjyhn XHIPOKCHIIHUM TpymamMa Koje JAOMPHHOCE HHHUXOBOM
aHTHOKCHIATUBHOM HoTeHnujany. > Mmajyhu y BuAy 1a OKCHIATHBHH CTPEC MTPA BAKHY
yIOTY Yy Pa3Bojy OpojHuX 000JbeHa, aHTUOKCUAAHTU TOKa3yjy U MPEBEHTUBHU edekar Ha
crpedaBame pazBoja pazmuuutux 6onectu.'**1% Kao mro je Beh ucraknyro y Onwmem oeny,
1,3,4-THaMa307ICcKa je/IMEEemha TT0Ka3yjy MIUPOK CIIeKTap OMONOIIKMX aKTUBHOCTH, % a Heku
O]l OBHX JepuBaTa Cy HalUId NpUMEHY y (apMmanuju W MEAWLIUHHU TIE Ce KOPUCTE Y
tepaneytcke cBpxe.t ¥ Hsmely ocranor, jenumerma Koja y CBOjOj CTPYKTYpH CajpiKe
1,3,4-TMagna3onCcKy TPCTEH IMOKasyjy mAo0ap aHTHOKCHIATHBHU NOTEHLHWjal, Kao U

166 360or uera

AHTUTYMOPCKY aKTHBHOCT MpeMa pa3InYuTUM henujcKuM JIMHWjamMa KaHIepa,
no0ujame HOBUX JIEpUBaTa OBOT XETEPOLIMKIIA 3ay3UMa BaKHO MECTO Y OPTaHCKOj CHHTE3H.

Nmajyhu y BuIy IOMEHyTE€ YHHECHUIE, HJ€ja NpPU HU3paJud OBE JIOKTOPCKE
aucepTanyje Ouia je cuHTe3a HOBUX JepuBata 1,3,4-Tmanuazona, y Luiby M0OOJbIIAEKA
OWJIOIIKE aKTUBHOCTH OBE TIpyle jenumema. Mako mnocenyjy 3HayajaH aHTUTYMOPCKH
MOTEHLIMjajl, TJaBHU HejocTaTak JepuBara 1,3,4-TMaguazona mpeAcTaBba HHUXOBA
TOKCHYHOCT KOjy MOKa3yjy Tpema 3zipasuM henujckum nunmjama.'®” ITpernocraska je na
MoJIeKyJlapHa XuOpuau3aluja aBa OHOJOUIKM aKTHUBHA jelUIEHa MOXE JIOBECTH [0
noBehawa aKTUBHOCTM W/WIM CEJIEKTUBHOCTH, NpU uYeMy OW HOBOHACTalIM JI€pUBAT
MOCEI0BAa0 TOBOJbHUJU TEpaleyTCKU TNoTeHuWjan y mnopehewmy ca mojeiMHayYHUM
OMOaKTHUBHMM mpekypcopuma. OO03upoM Ja ca acnekTa OHOJOUIKOr TMOTEHIHjajda
1,3,4-tnagnazonu U peHoHe KUCETUHE MPEACTaBsbajy BaXKHE KJIACe OPTaHCKUX jeIUbCHA,
MOXKE€ C€ OYEKHMBATU Jla C€ HHXOBUM KOMOMHOBAaWKEM MOTY J0OMTH JAepuBaTH Koju he
MOoKa3aTu 00JbY OMOJIONIKY aKTHBHOCT.

VY 0oKBHpPY OBE€ TOKTOPCKE AMCEpTaIlije CHHTETU30BaHE Cy TPH HOBE CEpUje aMUIHHUX
nepuBata 1,3,4-Traamnas3ona Koju y CBOjOj CTPYKTYpH caiapxe (peHOIHE XUAPOKCUIIHE IpyTie

(Cnuka 12).
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Camuka 12. Cepuje Hosux oepusama 1,3,4-muaduazona Koju y c60joj cmpykmypu caopaice

¢henonne xuopoxkcunme spyne.

CBU CHHTETM30BaHM aMuJHU JepuBatd  1,3,4-Tmaguaszona CTPYKTYpHO Cy
okapakrepucanu nmpumeHom NMR u IR cnekrpockonckux merona. Kao penpeseHTaTuBHU
npumepu gatu cy 'H u *C NMR cnektpu no jenHor jemumema u3 cake cepuje (35, 6a u 9a,
Bunetu [lpunoe).

AHTHOKCUIATUBHU TIOTEHIIMjaJl CHHTETH30BAHUX jEIUH-CHA HCIUTAH j€ NMPHUMEHOM
DPPH metone u noOujeHu pesyntaTu ymnopeheHu cy ca aHTHOKCHUIATHMBHOM aKTHBHOIIhY
MO3HATUX AHTHOKCHAaHATa, Kao peepeHTHUX jeAnmbema. 3a oJabpaHa jeaumema Takohe je
UCIIUTaHa U AHTHOKCHUIaTUBHA aKTUBHOCT Kopuuthemem ABTS
(2,2'-a3unH0-bis(3-eTHIIOEH30THA30UH-60-CyI)OHCKA KHUCETWHA)) METo/Ae, NpPH dYeMy Cy
noOujeHu pe3yaTatu ynopeheHu Kako ca aHTHMOKCHJATUBHOM AaKTHBHOLINY CTaHIApIHUX
aHTHOKCHJIaHTa, TaKO U ca pe3ynTtaruma aoodujenum npumenom DPPH merone. Ocum Tora,
3a jeaumema ceprje A u b koja cy nokasana Haj00Jby aHTHOKCHJIATUBHY aKTUBHOCT UCIUTAH
jé U HUXOB MOTEHIMjaTHU e(eKaT Ha CTBApame PEaKTHMBHUX KHCEOHHYHHUX BpCTa (EHT.
Reactive oxygen species, ROS) y manmuraum henmjama, ycien 1ejcTBa BOJIOHUK-TIEPOKCHIA.
N3y3eB aHTHOKCHJATHBHE aKTUBHOCTH, ojJpeheHa je M aHTUTyMOpPCKa aKTHBHOCT
CHUHTETH30BAaHUX jelNIbema ceprja A U b ucnutuBameM HUXOBE LIUTOTOKCUYHOCTH in Vitro
npema henujckuM TuHUjaMa ajgeHokapimHoma repsukca (Hela), kapunnoma mmyha (A549)
n akytHe mpomujenonutHe neykemuje (HL-60). V mumpy ompehuBama CENeKTUBHOCTH H
TepaneyTCKOr MOTEHIMjajla OBUX jeIMIeHha HCIUTAHA j€é UM HUXOBAa TOKCHYHOCT IpeMa

HopMmainHo] henujckoj nuuuju ¢ubpobnacta miayha (MRC-5). AHTHTyMOpCKa aKTHBHOCT
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CUHTETHU30BaHUX jeIUIbCHha yrmopeheHa je ca aKkTUBHOMINY IHUCILIATHHE KOja IpelCTaBiba
jenaH ol Hajuemhe KOPUITNEHHX XEMHOTEpaneyTCKUX JiekoBa. HajakTuBHU]a jeaumbema U3
obe cepuje omabpaHa Cy 3a JeTajbHUje UCIUTHBAKHE MEXaHH3Ma FHHXOBOT aHTHTYMOPCKOT

ACJIOBamba, IPUMCHOM pPa3JIMIUTHX METOA.

2.2. Cepuja A

VY mornaripy /.8. MCTaKHYTO je Ja IUXUAPOKCUOCH30jeBE KUCEIHMHE KOJ KOjUX Ce
jeoHa XHIPOKCWIIHA Tpyla Hala3u y opmo- WIN napa- TOJIOXKajy Yy OIHOCY Ha IpyTy,
MOKa3yjy Haj0oJba aHTHOKCHJIaTUBHA CBOjCTBa. us TOT pasiora cy
2-amuHO-1,3,4-Tnagna3onu, CymncTpatd 3a JoOWjame JepuBara cepuje A, H3BEIACHH U3
2,3-TUXUAPOKCUOCH30jeBE, OJHOCHO 3,4-TMXUAPOKCHOCH30jeBE KHUCEIHWHE. HbuXoBUM
KOMOMHOBAKEM Ca Pa3TUIUTAM XJIOPHIMMA KapOOKCHITHUX KUCEIIMHA JOOU]JEHO je IeCHASCT
HOBUX aMHUAHUX JepuBara 1,3,4-Tmanuasona. 3a cBa CHHTETH30BaHA jeIUI-EHa OBE cCepHje

HU3BPLICHO je HUCIIUTUBAKLC BIbUXOBOI' aHTUOKCUAATUBHOT U aHTUTYMOPCKOT! HOTCHHI/IjaJIa.

2.2.1. Cunre3a amuanux aepusara 1,3,4-tuaguasosia cepuje A

Cunresa HOBUX 1,3,4-THaaua3oICKUX JAepuBaTa U3BE/ICHA j€ Yy ABa KOpaka, Kao MITo je
npukazano y Cxemu 52. YV mnpBoM Kopaky no0ujeHu cy 2-amuHO-1,3,4-THagna3zoncku
IIpeEKypcopu (2 u 2" peakiujom 3,4-muxuapokcuOeH30jeBe, OJIHOCHO
2,3-muxupoKcOeH30jeBe KHCEIMHE ca THOCEMHUKapOasuaoM Yy MpHUCYCTBY (ocdopui
xnopuaa.'® Crnenehu kopak y cHHTe3M NpejcTaBba peakldja KyIIOBama JOOHMjEeHHX
5-cyncrutyucanux-1,3,4-tnagnazon-2-amuHa (2 v 2') U pa3aMuruTUX XJI0pHIa KapOOKCUITHUX
KHUCEeNIMHA Y TeTpaxuApodypaHy WM TUOKCaHy, IPU YeMy ce A00ujajy (UHATHH aMUIHU
nepuBatu 1,3,4-tmamuazona  3a-sk u  3'a-k (Cxema 52). Pagm HeyTpanm3aiuje
XJIOPOBOJIOHUKA ocioOoheHor TokoMm oBe peakinuje kopuirhen je uBpct NaHCOs. 3a
nobujame aepusata 3r, 3e, 3'0, 3'r u 3'e, peakuuja THAAMAZ0JICKUX TIpeKypcopa 2 u 2' ca
XJIOpUAMMa KapOOKCUIIHMX KHCENMHa 3axTeBajla je Iy>Ke pEeakIMOHO BpeMe, YakK U MpHU
peduykcy, TOK je 3a MOTHYHY KOHBEp3HMjy CyIlcTpara OWwIo MOTpeOHO J0AaTH XJIOPUA

KapOOKCHJIHE KUCEIMHE Y BUILKY.
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Cxema 52. Peacencu u ycrosu: i) POCIl3, muocemuxapbdasuo, 1 h, peghnyrc, ii) RCOCI, THF,
24 h, c.m. unu ouoxcan, 12 h, peghnyxc.

NzyseB nepuBata 3 u 3'h, cBa octana jequmema CHHTETU30BaHa Cy 10 MPBU YT, a
HUXOBE TIPETIIOCTaBIbeHe CTPYKType noTBphene cy crekrpanauM mogaruma (IR, 'H u 13C

NMR) 1 eneMeHTapHOM aHAIH3OM.

2.2.2. AHTHOKCHIATHBHA aKTUBHOCT JepuBara 1,3,4-tuaguasoJsia cepuje A

Kao mro je peueno y Onwmem Oeny, nocaaaiima UCTpaOXKHBAba YKa3zyjy Ha J100py
AHTUOKCUJATHBHY aKTHBHOCT 1,3,4-Tnasua3ona, (EHOTHMX KHCETMHA W joml Oo0Jby
aKTHBHOCT JepuBaTa (PEHOJHMX KHCeNuHa. Pe3ynTatd WCIUTHBamba aHTHOKCHIIATHBHE
akTHBHOCTH cepHje ecTapa'®® u amuna'® cyrepumy na je cnopuje meyrpamucame DPPH
pamukaiza TOJa3HOM TIPOTOKATEXYWHCKOM KHCEIIMHOM Y OJHOCY Ha IheHE JepHuBare
MoCNIeANIA JMCOLHUjallije eNEeKTPOH-IPUBIaYHe KapOOKCHIHE Tpyme, Koja BOIU 10
dopmHpama  €IeKTPOH-JAOHOPCKOI  KapOOKCWJIATHOT  aHjoHa. Ycien — JUcOLMjanuje

Kap6OKCI/IJ'IHC Tpyne n0ojiasu 10 CMambClha CJ'ICKTpO(I)I/IJ]HOCTI/I (I)OpMI/IpaHOl" XHWHOHA, 300T yera

OH TI0CTaje Mam-e MOJI0kKaH HyKJIeo(HIHOM Hamaxy Mojekyna pactsapaua.!’® TTopen Tora,
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00Jba AHTUOKCUJATHBHA AaKTHUBHOCT JiepuBara (EHOJHE KHUCEIMHE KOjU  CajpiKe
1,2,4-tpuaszoncku'’! u 1,3,4-oxcagnazonckn'’? mpcreH y nopehemy ca MonasHOM KHCEITHHOM
NpUIucyje ce ydemhy XeTepOUMKIMYHOT CKelleTa Y PE30HAHTO] CTaOMIM3alMjU paIuKaia
¢dopmupanor xomonutudkuMm nenameM O-H um N-H Beza DPPH pagukamom, mTo je
notBpheno u DFT (eng. Density functional theory) mnpopadyHuMa 3a JepHUBaTe
1,2,4-tpuaszona.'’! Ilo aHanoruju ca HaBeJICHUM YHHEHHIAMA, AHTHOKCHIATHBHYU KaMaIuTeT
1,3,4-Tnagnazona u3BEACHUX W3 (EHOTHUX KHCEIMHA MOXKE C€ TOBE3aTH Ca HHUXOBOM
ciocobHomhy 1@ oTmycTte aToM BOJOHHMKA, OMJIO ca aToMa a30Ta MM KUCEOHUKA, Kao U
MoryhHomhy pe3oHaHTHE craOuiau3ainuje 100ujeHor paaukaia. JJooujeHn GeHOKCUITHU WITH
a30THH paJiMKall je BUCOKO CTa0MIIM30BaH pe30HaHIujoM, Oyayhu a ce HacTanu HeclapeHH
€JIEKTPOH MOJKE JIOIATHO JIEJIOKaIN30BaTu mpeko 1,3,4-Traamas3oickor nmpereHa, Kao mro je

npukazaHo y Cxemu 53.

A N—N N=N N=N
BN .
/ .
s” 'NH s” "NH AN\
- - /g
o R o) 0 R o 0 R 0
OH OH OH
B N—N N=N N=N
BN N A
OH R 0 OH R 0 OH R 0
OH OH OH

Cxema 53. Pezonanma cmabunuzayuja paouxkaia Hacmaioe HakoOH ancmpaxyuje amoma
sodonuxa ca (A) amoma xuceonuxa u (b) amoma azoma 1,3,4-muaduazonckoe oepusama

cepuje A.

HoBocunTternzoBanu amuanu aepuBat 1,3,4-THaanazona cepuje A MOABPTHYTH CY
DPPH Ttecty panu yrBphuBama BUX0OBE CIIOCOOHOCTH HEYTpau3alyje cI000AHUX paJnKaa.
I'enepanHo, cBH JepuBaTH TMOKAa3yjy yMepeHy [0 OJJIUYHY aHTHOKCHUIATHBHY aKTUBHOCT
(Tabenma 1), ca ICso Bpemnoctuma y omcery onx 17,85-52,97 uM 3a npepuBare
3,4-nuxunpoxkcudenszojeBe kucenune (3a-x) u 14,21-111,32 upM 3a pgepuBare

2,3-muxuapokcuden3ojese kucenuHe (3'a-xk).
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. *
Tabena 1. Anmuokcuoamusrna akmusrnocm depuseama 1,3,4-muaouasona cepuje A.

Jenumeme ICs0+ SD (uM) Jenumeme ICs0+ SD (uM)
3a 23,36 £0,71 3'a 111,32 £2,22
30 37,28 £0,92 3'0 19,88 £0,52
3B 17,85 £ 0,46 3'B 14,21 £ 0,34
3r 21,29 + 0,64 3'r 20,89 + 0,56
3n 36,05 £ 0,88 3'n 16,6 + 0,39
3h 23,39+0,74 3'p 22,28 +£ 0,68
3e 33,97 £0,81 3'e 27,09 +£ 0,77
3k 52,97 £ 1,43 3K 30,17 £ 0,78
AcCKOpOMHCKA KHCEeJTHHA 38,02 £ 0,62
NDGA 20,75 +£0,48

* Pe3ynTaTi IpeacTaBIbajy cpeamby BpenHocT + SD 3a Tpu Mepema.

Pesynratu DPPH Tecra yka3yjy Ha cHaxaH ytunaj npupoae R-cymcrutyeHara Ha
Kananurer ykiamwawa DPPH pagukana, a koju cy m3zabpaHu Tako Ja MOCeLyjy pa3inyuTe
€JIEKTPOH-JIOHOPCKE, EJIEKTPOH-NIPUBJIAYHE U CTepHe ocobuHe,. Ha ocHOBy pesynrara
npukasaHux y Tabenu 1 Moke ce NpUMETUTH Ja Ccy 3a 00e Ipyle jaepuBara THAAMAa30Ia,
jemumema 3B U 3'B, KOja Y CBOjOj CTPYKTYPH HMMajy EJIEKTPOH-IOHOPCKY aJaMaHTAHCKY
rpyiy, IMokas3aja HajooJby aHTHOKCHUIATHBHY akKTUBHOCT, ca ICso BpeaHOCTHMa 3HA4ajHO
HwkuM  ox  ICso  BpemHocTH — pedepeHTHHUX  CTaHAapAa,  acKOpOMHCKe U
HopauxuaporsajapetuHcke kucenune (NDGA). Pe3ynaratu aHTHOKCHIaTUBHE aKTUBHOCTH 32
nepuBate 2,3-muxuapokcuden3ojeBe kucenuHe (3'a-mxk) cy y carmacHoctu ca edeKkTuma
CYNCTUTYEHATa Ha PE30HAHTY CTaOWIIU3AIIN]y, Ca U3y3E€TKOM jeInberha 3'a, Koje je moKa3alo
HI)KY aHTHOKCHJIATUBHY aKTUBHOCT 0J1 oueKuBaHe. Takole, peocie] akTHBHOCTH jEIHEbEHa
3'h u 3'e je cynpoTaH oA MpPETIIOCTABILEHOT, jep jeaumbembe 3'e y CB0joj CTPYKTypHU HMa
€JIEKTPOH-IOHOPCKY METHJI TPyIy Koja moBehaBa €NeKTPOHCKY TYCTHHY Ha PaJuKaJICKOM
LEHTPY U THUME€ YTUYe Ha PE30HAaHTHY CTaOWIM3aiujy, 300r 4yera ce o4eKyje merora 0osba
aktuBHOCT oX nepuBara 3'l). Pesynratu DPPH Tecra 3a nepuBare Tnaguasosa U3BEACHUX U3
3,4-muxuapokcuOeH30jeBe KHCEIMHE He I0Ka3dyjy Hajoojbe ciarame ca edekTuma
CYNICTUTY€HAaTa Ha pe30oHaHTHY crabmmsanujy. OBO je HajBepoBaTHHUjE IMOCIEINIIA
MocTojama Apyrux (akropa KOju MOTYy JOBECTH [0 MPOMEHa Y aHTHOKCHIATHBHOM
MOTEHIMjally jeANIbeha, MOMYT yTHUIlaja pacTBapadya WM HHTEPMOJIEKYJICKUX BOJIOHUYHHUX

Besa.!”?
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2.2.3. [InTOTOKCHYHA AKTHUBHOCT AepuBara 1,3,4-Tuaguasona cepuje A

[{uTOoTOKCHYHA AaKTUBHOCT HOBOCHHTETH30BaHUX JCpHBaTa cepuje A HCIHUTaHA je
nmpeMa XyMaHUM MaJUrHUM helrjcKuM JIMHHjaMa aKyTHE TPOMHU]JEIIOIUTHE JICYKEMH]|e
(HL-60), anmenoxapumaoma nepBukca (HelLa) m xapmunoma tiyha (AS549). V by
onpehuBama CENEKTUBHOCTH M TEPANEYyTCKOT MOTEHIMjajla OBHX jeINbCHa UCIUTAHA j€& U
IBUXOBa IMMTOTOKCHUYHOCT IIpeMa HOpMaiHO] henujckoj nuHUjU Qubpodiacta miryha
(MRC-5). 3a onpehuBame HHTEH3UTETA IIMTOTOKCUYHE aKTUBHOCTH KopuiiheH je MTT tect
(eur. Microculture Tetrazolium Test), a noOujeHn pe3ynTatu ynopeheHu cy ca akTUBHOIINY

nucmatune. JJodujene 1Cso BpeqHocT npukaszane cy y Tabenn 2.

. . B3
Ta6eusa 2. In vitro yumomoxkcuuna axmugrnocm jeourseroa 3a-sc u 3'a-sic.

Jenqumeme IC50£SD (uM)
HL-60 HeLa A549 MRC-5
3a 42,5+0,2 124,7+14,2 132,6+194 58,659
30 8.8+1,1 345+22 16,3+3,3 24,0 +£0,3
3B 74+03 16,1 +1,1 13,0+3,0 20,1 £1,7
3r 120+1,3 88,6 £9,7 154+33 30,7+ 4,4
3n 17,4 £2.4 51,3+6,4 21,2+1,3 30,9+2,0
3h 17,6 £2,5 23,3+3,0 13,0+£2,3 274 +4,0
3e 10,5+ 1,1 67,1 £1,7 11,8 +0,5 27,1 +3.5
3k 14,7+22 473+3,4 14,6 £ 3,1 30,6 £4,0
3'a 49,0+4,3 176,7+21,3 200,0+0,0 155,6=+13,5
3'0 7,9+0,4 91,6 +7,0 11,0+0,8 70,3+14,2
3'B 7,3+0,5 21,4+42 12,8+1,3 27,7+43
3'r 139+1,1 120,0+ 18,9 11,8+ 1,0 45,3 +£4,1
3'n 112+1,2 117,0+14,5 10,5+0,3 33,9+ 6,1
3'h 20,7 +0,7 21,8 +23 123+1,0 232+23
3'e 10,6 £ 1,4 134+25 11,3+0,5 33,2+3.0
RE S 9,6 +0,4 13,0+2.2 9,5+0,5 18,7+1,9
Hucnaatuna 3,4+0,1 2,2+0,5 14,4+ 0,7 9,2+0,2

" PesynraTu IpeicTaBIbajy cpefiiby BpeaHocT + SD 3a Tpu Mepemsa.

W3 pesynara mpukazanux y Tabenu 2 Moxke ce 3aKJby4MTH Ja o0e cepuje JepuBara

Tuaanazona (u3BeneHux U3  3,4- u  2,3-TUXUAPOKCUOCH30jeBE KHCEIHMHE) HMajy
HAjU3pAKEHHU]y aKTUBHOCT mpema henujama akyTHe mpomujenouutHe seykemuje (HL-60).
[Topen aHTHOKCHIATUBHE aKTHBHOCTH, jeIUIEHA Ca aJaAMAaHTAHCKUM CYNICTHTYCHTOM, 3B H

3'B, mokazana cy MU HajOOJby UMTOTOKCHYHY AaKTHUBHOCT IpeMa OBOj NeIujcKoj JUHUJU

57



Hawu /)(l()()@ll K. Jakosmwesuh

kaHuepa. Mnak, He MOCTOjU 3HA4ajHa pa3nuka u3Mely yTuiiaja eleKTpOH-NPUBIAYHUX U
€JIEKTPOH-TOHOPCKUX CYIICTUTyEeHaTa KoOJ jenumema 3e U 33, a moceOHO y ciyuajy
jemumema 3'e w 3":K, Ha IUTOTOKCHYHY akTUBHOCT mpema HL-60 m A549 henujckum
nuHWjama. [lepuBatu Koju caapxke HHUKIOXekcwa rpymy, 30 u 3'0, mokasamu cy Takohe
BHUCOKY LIMTOTOKCHMYHY akTUBHOCT npema HL-60 henmjama, nok cy jenumema ca (peHun
TPYIIOM CYTICTHTYHCAHOM y p-TIoyioxkajy, 3e, 3'e u 3"k, HajakTuBHUja Mehy jenumemuma ca
apOMAaTUYHUM TIPCTEHOM y CBOjoOj CTpyKTypu. CBU ucnuTHBaHu aepusatu 1,3,4-tuaamnasona
cepuje A, m3y3eB jenumema 3a u 3'a, moceayjy A00ap IMUTOTOKCHYHU TOTEHIMjal MpemMa
ManurHuM henujama kapruHoma muryha AS549. Jenumemwa 3B, 3h) u 3e, Kao U CBU JAepHUBaTH
1,3,4-Tuanmazona usBeAeHu U3 2,3-IUXUIPOKCHOEH30jeBe KHCEIUHE, OCUM jelumhema 3'a,
MOKa3aJIi Cy CIWYHY WM HEeImTO 00Jby HUTOTOKCHYHOCT Yy Hopehemy ca HUCIIIATHHOM Kao
pedepeHTHUM XemuoTepaneyTukoM. HajOospa akTHBHOCT y OBOM citydajy npumehena je 3a
jenumemne 3"K, Koje Y CBOJO] CTPYKTYPH CaapKu p-xyopodeHun rpymny. OBo jenumemne je
Takohe mokazano U 100py aKkTUBHOCT mpemMa henujckoj JIMHUJU aaeHoKapuuHoMa Tpiuha
matepuiie (HelLa). Moxe ce 3ak/byunTH Ja HajOOJBM IIUTOTOKCHYHU TOTCHIIMjal Ipema
HL-60 henmjckoj nMHMjU TOCEAyjy jeIUbeHa KOja calap)ke BOJYMHUHO3HE aJaMaHTWI U
IUKIIOXEKCUJI CYTICTUTYeHTe, 10K cy Hela henuje HajoceTspuBHje Ha JepuBaTe THAAMA30J1a
u3BeneHe U3 2,3-TuXuIpoKCUOeH30jeBe KUCEINHE KOJH Y CBOjOj CTPYKTYPH MMajy IJIaHapHe
apoMaTU4He TNpcTeHoBe. Mmak, W3 mNpuKa3zaHUX pe3yiTara ce MOXKe BHACTH Ja je OBa
henujcka TuHUja MOKa3ajga HajMamky OCET/BUBOCT HA IIUTOTOKCHYHY aKTHBHOCT UCITUTHBAHUX
tuaanasona. l{lutoTokcuyHOCT mpema HopMmanHuM henujama gubpodnacra miuyha (MRC-5)
3Ha4YajHO je€ HWXa 3a CBa TeCcTHpaHa jeaumema y mnopehewmy ca nucruiatuHom. Cu
ucriutuBanu 1,3,4-Traauasonu, u3y3eB jeanmemna 3a u 3'a, mokazanu ¢y Behy UTOTOKCUYHY
aKTUBHOCT npema Manurauma henujckum auaujama A549 u HL-60 Hero npema HOpMaIHUM

MRC-5 henujama, mITO yKa3yje Ha 100py CEIEKTUBHOCT OBUX jE€AUEHA.
2.2.4. llutonporexktuBHu edpexTu nepusara 1,3,4-ruaauazosia cepuje A
O63upoM na cy jeaumema 3B, 3'B, 3'0 u 3'r nokasasia HajOOJbY aHTHUOKCUIATHUBHY
aKTHBHOCT, 0JjadpaHa Cy 3a HCINTHBAKE HHHXOBOT MOTyher IUTONPOTEKTHBHOT edeKTa Ha

crBapatbe ROS-a y HL-60 henujama ycien nejcTBa BOJOHUK-TIepokcuaa. Manurae henuje

aKyTHE NPOMHJEJIOUUTHE JIEyKeMHje TpeTHpaHe Cy HETOKCHYHUM KOHLEHTpaljama
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onabpaHux jenumerma (6,5 UM 3a 3B, 6 uM 3a 3'B 11 6,25 uM 3a 3'6 u 3'T) Tokom 24 h, HaKOH
Yyera je CakyIUb€HHMM W wHcrpaHuM hemmjama momat 2',7'-muxiiopoauxuapodiryopecierH
auanerar. 3aTuM cy henmje u3nnokeHe pacTBOPY BOAOHHUK-TIEPOKCHIA KOHIIEHTpauje S mM,
tokoM 30 mmuyta. CTBapame pEakTUBHUX BpCTa KHUCEOHMKa y henmujama WHAYKOBaHO
BOJIOHHMK-TIEPOKCUAOM oipeheHo je momohy HediyopecreHTHOT, MeMOpPAaHCKH IPOIYCHOT
2", 7'-muxaopoauxuapodIyopecienH auarerata, KOju c€ y IMPHCYCTBY HMHTpAICTyIapHOT
ROS-a oxcumyje mo0 ¢ayopecuentHor 2',7'-nuxnopodnyopecuensa.!’””?  Uuresuter
dayopecuieHje Hactanor auxiopoduryopeciienHa oapeheH je MeToAoM TPOTOYHE
LIUTOMETPH]E.

Kao mro ce moxe Buaeru Ha Ciaunu 13, Tpetupame henuja jenumemem 3'6 1oBeno je
70 HE3HaTHOT cMamema HuBoa ROS-a, uWje je cTBapame M3a3BaHO JIjCTBOM
BOJIOHUK-TIEpOKcHIa, Y mopehemy ca HuBooM ROS-a y HL-60 henmjama koje cy pacie y
XPaHJBUBOM MEAHMjyMY TOKOM 24 h U 3aTUM M3II0KEHHM JICjCTBY BOJOHUK-TIepokcuaa. Huso
ROS-a y henujama tpetnpanum jeaumemeM 3'T npubimkHO je jeqHak HuBoumma ROS-a
MepeHHM y henrjaMa M3JI0’)KeHUM CaMO BOJOHHK-TICPOKCHAY, JIOK je mHKyOarnuja hemuja ca

jemumemuMa 3B U 3'B Jj0BeNa 10 3HAYAjHOT moBehama HUBoa HHTparenyinapaor ROS-a.

HL-60

- - N
o 9. o
A I

3]
&

WMHTeH3UTeT drnyopecueHuuje
(reomeTpmnjcka cpeaunHa)

Cauka 13. Egpexam 0sadecemuemesopouacosrnoe mpemuparoa HL-60 henuja 1C2
KOHYyeHmpayujama jeourserba 36, 3'é, 3'0 u 3'2 na npooyxyujy ROS-a unoykosawny 5 mM-num
pacmeopom H>O». Pesynmamu cy npedcmasmenu kao cpedra epeornocm £+ SD 0ea

He3da6UCHA ekcnepumenma.
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2.2.5. YTunaj Ha nucrpudyuujy heaujckor nukiayca

HajaktuBHmju nepuBatu THamuaszona, 3B, 3'B, 3'e m 3"k, uzabpanu cy 3a aajbe
UCIUTHBAKkE MEXaHH3Ma BUXOBOT aHTHTYMOPCKOT JIeioBama. AHaiM3a helujckor muKiyca
IPOTOYHOM IIUTOMETPHjOM IIOKa3aja je€ Jia CBAaKO OJ YETHPH HUCIHUTUBAHA jeIUIbEHA,
npuMmemeHo y 1Cso i 21Cso KoHIIeHTpaljaMa, JOBOIU 0 3Ha4dajHor noBehama 6poja HL-60
henmnja mpomujenonutHe jJeykemuje y cyol'l da3m hemmjckor mukiyca, y mopehemy ca
y3opkoM KoHTpoiHuX henuja (Cnuka 14). [lopen 3nauajHor moBehama mporieHta henuja y
cyol'l da3u, Tpetupame jenumemeM 3'B M3a3Balio je cMameme npomenta HL-60 hemmja y C
(2ICs0 xonmenTpanmja) u 1'2/M ¢dazama hemmjckor muxiyca (ICso u 21Cso KoHIIEHTparmje).
Mely Tectupanum jenumeruma HajBehe nmoeehame nporenta HL-60 henuja y cy6l'l dazu

henujckor nukiyca u3a3Balio je jequmemne 3'B.
g y Je)

A B = cy6r1
HL-60 ICs, 24h HL-60 2IC5, 24h =
704 I C
e . r2/m
50-
*
.% '% 404 * *
g E 30+ ¥
B R 20- *
104 *

KOHTpona 3B 3'B e 3K KOHTpona 3B 3'p e 3K
Cauka 14. [Ipomene y gpasnoj pacnooenu henujcxoe yukayca HL-60 henuja mpemupanux
ICso (A) u 2ICso xonyenmpayujama (b) jeourverva 36, 3's, 3'e u 3'sc moxom 24 h.
Pezynmamu npeocmasmajy cpedrwy apeonocm + SD mpu nezasucra ekcnepumeHma.
Cmamucmuuku 3HayajHe paznuxe uzmely KoumpoaHux u mpemupanux heauja osnauene cy ca

* (p<0,05).

2.2.6. Mopd@oJiomka aHaausza tuna heamjcke cMpru

Mopdomnomka anamuza BpcTe henwjcke CMPTH HWHIYKOBAaHE JIEJIOBAEM YETHUPH
omabpana 1,3,4-tmagmazona cepuje A Ha HL-60 hemuje BpreHa je ¢ayopeciieHTHOM
MHUKPOCKOIH]jOM, KOpHUIIhemeM aKpHIMH-OpaHk/eTuanjyM opomuaa 3a 6ojeme henuja. Cpa

UCIHUTHBaHA jeumbera, npuMemeHa y 21Cso KoHueHTpanjama TokoM 24 h, mokasana cy
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crocoOHOCT fa nHAyKyjy anmonto3e y HL-60 henujama (Cnuka 15). YV tperupanum henujama
npumeheHe cy yoOudajeHe Mop(OIOIMIKe KapaKTEPUCTHKE aloNTOTCKe henmujcke cMpTH,
MOMYyT  KOHJEH3allMje  XpoMaThHa, ¢parMeHTaluje jeapa, Kao ¢ IPHCYCTBa

HapaHIIaCTO-IPBEHO 000jeHuX henrja y kacHUM (azama arnonTo3e Wik CEKyHIapHe HEKpo3e.

KOHTpoOna

Camka 15. Qomomuxpoepaguje akpuoun-opanic/emuoujym-opomuoom obojeHux
koumpoanux HL-60 henuja u HL-60 henuja usnoscenux 2I1C50 konyenmpayujama jeourserba

36, 3'6, 3'e u 3'nc moxom 24 h (20x yseharve).

2.2.7. OnpehuBame mexannzma henujcke cMpTu

VY mwby pazjamimea MexaHu3Mma henmjcke CMpPTH KOjy Cy TeCTHpaHa jeANmbera
n3azBana 'y HL-60 henujama, ucnutanu cy edekTd TpeTHpama henuja creuuGuyHuM
MHXHOUTOpUMa Kacmasza. Y Ty cBpxXy npuMmemwenu cy Z-DEVD-FMK, uaxubutop kacnase 3,
Z-IETD-FMK, wunxubutop kacnaze 8 u Z-LEHD-FMK, wnxubutrop kacmaze 9, y
xoHIentparujama on 40 pM.!” 'V cnyuajy kama cy HL-60 henmje mpso TpetmpaHne

MHXHOUTOPOM Kacmase 3, a MOTOM U3JoXKeHe jenumeruMa 3B, 3'B, 3'e u 3"k, 1omwio je a0
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cMamema nporeHTa henuja y cyol'l ¢dasu, y omHocy Ha mpouenar henuja y ucroj dhasu 3a
Y30pKe KOjU HUCY NPETXOAHO MHKYOupaHu ca oBuM uaxuoutopoM (Cruka 16). [Topen Tora,
MOKa3aJIo ce Ja MpeATpeTMaH MHXHOUTOPOM Kacmase 8 cmamyje mporeHat hemmja y cy6l'l
¢da3u Kox y3opaka H3JIOKEHHX CBAaKOM O] TECTHpaHHX jeaumema. Ca japyre crpase,
MPETXOJHO TPETHPAmhEe MHXHOUTOPOM Kacmaze 9 HHje MMaio eeKTa, HUTH je TOBEIO JI0
noBehama nporeHTa henuja y cy6l'l ¢azu. JlobujeHn pesynratu ykasyjy Ha YHHBEHUIY Ja
aroriro3a y henujama akytHe npomujenonutHe neykemuje (HL-60), n3a3Bana uCuTHBAaHUM
THAMA30JIuMa, 0ap JeTMMHUYHO 3aBUCH O/ aKTHBHpama Kacnase 3 u kacmaze 8. Ocum Tora,
ocTraje MOTYhHOCT J1a OBa jeIMb-Eha MOTY M3a3BaTH aroNTo3y KOja He 3aBUCH OJ1 aKTUBHOCTH

Kacrnase, aju u apyre tunose henujcke cmptu y HL-60 henujama.

A 3B B s
40+ 401
= [ kouTpona < [ koHTpona
) ] mm 3. T . 3s
€ 304 < 304 "
= B 38+ZDEVDFMK B8 3'B+Z-DEVD-FMK
'«g [ 38+Z-IETD-FMK 3 [ 3'+ZJETD-FMK
g 201 [ 3B+Z-LEHD-FMK 2 201 O 3'5+Z-LEHD-FMK
s o
= =
5 104 5 104
= =
® ‘ \ =
0= 04
B 3'e r 3%
401 40+
] kouTpona [ koHTpona
H 3e 30- 3k
307 B8 3'e+Z-DEVD-FNMK @ 3'%+Z-DEVD-FMK
[ 3'e+Z-IETD-FMK 1 3'%+Z-IETD-FMK
20 [ 3'e+Z-LEHD-FMK 1 3'%+Z-LEHD-FMK

% henuja y cy6lM casn
% henuja y cy6l1 dasu
3

Camka 16. Ymuyaj cneyugpuunux unxubumopa xacnasa (Z-DEVD-FMK — unxubumop
kacnaze 3, Z-IETD-FMK - unxubumop kacnaze 8, Z-LEHD-FMK - unxubumop xacnaze 9) na
npoyenam HL-60 henuja y cy6l’l ¢hazu mpemupanux 21Csg konyenmpayujama jeourseroa (A)

36, (b) 3’6, (B) 3'e u (T') 3"xc.

2.2.8. AHTMAHTHOT€HeTCKa CBOjcTBa AepuBara 1,3,4-Tuaguasona cepuje A

Moryha aHTHaHTMOTEHETCKa CBOJCTBA 0/1a0paHUX JepuBaTa THagHa30ja UCIIUTaHA Cy
IIPMMEHOM eKCIiepuMenTa (popMupama TyOyna — Tube formation assay.'’*'> Kao mro ce
Moxke Buietn Ha Couum 17, jenumewma 3B u 3'B, npumemeHa y cyOoTokcmuHuM [Cao

koHUeHTpaurjama (30 pM), mokasana cy CHa)XKHE aHTUAHTHOTeHETCKe edekTe in Vitro.
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NukyOanuja ennorenujanaux EA.hy926 henuja, xoje cy paciie Ha NMOBPLIIMHM MaTPUKCHOT
MaTpurena, ca jeaumemuma 3B u 3'B, epukacHo nHXMOUpa nznyxuBame EA hy926 henuja,
IBUXOBO Clajalkbe W TpaHchopMmanujy y KamwiapHe TyOynapHe CTPYKType, KOje ce MOXKe
OPUMETUTH Y Yy30pIHMMa KOHTponHuX henuja. Jenumema 3'e um 3"k, mpumemeHa y
cyorokcnuHuM ICro xkoHueHTpanujama (50 uM), umajy nNpuiaIndHoO €1ad aHTHAHTMOTEHETCKU
edekar, anu Moka3yjy CIOCOOHOCT MHXHMOUIM]e CTBapama MpeXe KalujaapHO-TyOyJapHUX
CTPYKTYypa. In vitro aHTHAHTHOTEHETCKa e(pUKACHOCT HOBUX JepuBata 1,3,4-tnanuazona 3B u
3'B yKka3dyje Ha BHHUXOB 3HAuYajaH XEMHOIPEBEHTHUBHH M KaHIIEP-TEPAIUjCKU MOTEHIIM]jal,
umajyhu y BUly YMHCHHUILY J1a MHXMOUTOPH aHTMOTeHe3e MPeACTaBibajy BaXXHY TEpanujcKy

CTpaTerujy 3a cy3Oujame pacra, LIMpemha U METacTa3upamba MATUTHUX TyMOpa.

KOHTpona KOHTpona

Cauxka 17. @omomuxpoepagpuje konmponnux EA.hy926 henuja u EA.hy926 henuja
usnogicenux cyomorkcuunum 1C29 xonyenmpayujama jeourverva 36, 3'e, 3'e u 3'»#c moxom 20

h.
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2.2.9. YTunaj nepusara 1,3,4-tuaguasona cepuje A Ha HUBOE eKCIpecHje

resa y HL-60 heaunjama

Takohe, wcnuranu cy u edexTd ogadbpaHuUX [epuBaTa THATUA30JIa HA HHUBOEC
eKCIpecHje TeHa MaTPUKCHUX MeTranonporenHasa 2 u 9 (MMP2 u MMPY) n BackynapHOT
engorenujamHor gakropa pacta A (VEGFA) y henujama akyTHE IPOMH]EJIOLUTHE JICYyKEMHU]€
HL-60. Ilo3naro je na mamumrae hemwje wusnyuayjy MMP2, MMP9 u VEGFA xoju cy
YKJbydeHH y pacTy henmja, MUIpalyju, MHBAa3HjHu, MeTacTasupamy H anruorexesu.'’’!78
henuje akyTHe MPOMHjEIOIUTHE JICYyKEMHjE TPETUPAHE Cy CyOTOKCHYHUM KOHIIEHTpAIlHjaMa
jenumema 3B, 3'B, 3'e u 3"k TokoMm 24 h, a Mepeme HUBOA EKCIpeCHje T'€Ha BPIICHO je
npuMeHoM kBaHTUTaTUBHOT RT-PCR-a y peamHoM BpemeHy (KBaHTMTAaTHUBHA IOJIMMEpa3Ha
nanyana peakuuja) 1 TagMan® TectoBuMma excnpecuje rena.!” Husou excrpecuje rena y
tpetupanuM HL-60 henujama ynopelheHu cy ca HMBOMMAa y KOHTPOJHHM, HETPETHPAHUM
HL-60 henujama, mro ce moxke Buaetu Ha Cnuru 18. CBa TecTupaHa jeumberma, a moceOHO
jenumema 3'B, 3'e u 3"k, okaszana cy CHoCOOHOCT Jia CMame HUBOE ekcrpecuje rena MMP?2
y Tpetupanum HL-60 henujama, y nopehemy ca y3opruuma KOHTpoaHHX henuja, mTo ykasyje

Ha HUXO0BA aHTHMETACTATCKa CBOJCTBA in Vitro.

A B B

MMP2 VEGFA

-
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aTUBH
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o © © o
» o
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°
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Cauka 18. IIpomene y nusouma excnpecuje cena (A) MMP2, (b) MMP9 u (B) VEGFA y
HL-60 henujama mpemupanum cyomoxcuunum 1C>p konyenmpayujama jeourseroa 36, 3'e, 3'e

u 3"ac moxom 24 h.
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2.3.Cepuja b

Kao mTo je paHuje UCTaKHYTO, XUOPUIHU MOJICKYJIH KapaKTEPUCTUYHU CY MO TOME
IITO CajpXKe JIBE WM BUIIE DPA3UYUTHX, KOBAJICHTHO IMOBe3aHUX (apMmakodopa, UYHjuM
KOMOMHOBAaWkbEM YECTO JI0JIa3W JI0 MOOOJbIIaka TEPANeyTCKOr MOTCHIHjala (OPMHUPAHOT
jenumema y mnopehemy ca mojenmHauYHUM OMOAKTUBHUM IpeKypcopuMa. MolekyiapHa
xubpuausaiuja Moxe OUTH 100ap HAUMH Ja ce M0O0JbIIa AKTUBHOCT UM CEJIEKTUBHOCT, all
Y npeBa3ul)y HyCIojaBe MOBE3aHe ca HEKUM O] JeIUI-EHha KOJU Y 0] YUeCTBY]y. XaIKOHU Ce
gecTo OMpajy Kao jeaHa O] CTPYKTypa 3a XuOpuau3anujy 300T 3HAYaJHOT aHTUTYMOPCKOT

180.181 " ApTMOKCHIATMBHA M IMTOTOKCHYHA

MOTEHIMjajla W peNlaTHBHO JIAKe CHHTE3e.
akTUBHOCT 1,3,4-THanua3olickux JAepuBara cepuje A, KOjU Cy U3BeIeHU U3 (HEHOITHHUX
KHCENMHa, HaBelle Cy Hac Ja M3BPIIMMO KoMOMHOBame 1,3,4-Tmaamaszonia ca XaaKOHCKOM
JEIUHUIIOM Yy IHJBY JOOHjakba HOBOT XHOPUIAHOT MOJIEKyJa IOTOJHOT 33 HCTOBPEMEHO
[UJbabe BUIIIE NMATOTEHUX MexaHu3ama. KoBajieHTHa Be3a yCHOCTaBJbeHA je (popMHpameM
aMH/ia y peakifju aMUHO Tpyle XeTepPOLUKIa U KapOOKCHIIHE Ipyle XaJIKOHCKOT aHajora
KOja je IpeTXOJHO TpaHchopMmHCcaHAa y KUCEIMHCKH XJopui. 2-AmuHo-1,3,4-Tnagmazonu
KOjU Cy KOpHUIINEHH Kao CyICTpaTH 3a OBy CEpH]y JeAWEHa U3BEICHU Cy W3
npotokatexyuHcke kucenuHe. Kao mro je peuero y Onwmem deny u 'y mioriiaBjby 2.2., oBa
TUXUAPOKCUOEH30jeBa KHCEIIMHA, KOJ KOje Cy XWAPOKCHIIHE rpyne y mehycoOHoM orto

M0JI0KAajy, Ka0 M HEeHH JIepUBaTH, TO0Ka3yjy JoO0pe aHTHOKCHIAaTHUBHE 0cOOMHe, 300T yera je

ynpaBo OHa ojJa0paHa 3a CHHTe3y HOBUX XUOpUAHUX JepuBata 1,3,4-THanuaszona.

2.3.1. Cunre3a amuanux aepusara 1,3,4-tuaaua3zosia cepuje b

Tpunaect HoBux xubOpumnux 1,3,4-THannMa30ICKUX JepuBaTa KOjU Y CBOJjOj
CTPYKTYPH CaJpXe XaJIKOHCKY jeIMHUIly, CHHTETU30BaHU Cy Yy TpPH KOpaka, Kao ILITO je
npukazaHo y Cxemu 54. V mpBOM KOpaKy CHHTETHM30BaHHM CYy XAJIKOHCKH aHAJIO3M Sa-j1
npumenomM peaknuje Claisen-Schmidt-oBe konaeH3ammje 4-popMudeH30jeBe Kucenuue 4 ca
n3abpaHuM, CYNCTUTYHCaHMM arerodeHoHHMMa y mpucyctBy NaOH, mpema nenuMuyHO
M3MEmEHOj, Mo3HaToj npoueypu.'*? Jlobujenn xankonu Sa-i cy aejcrsom SOCL npesenenu
y amWi XJOpUIe, KOju Ccy, 0e3 TPEeTXOAHOT H30JI0Bamka, YKJBYUYEHH Y peakiujy ca

4-(5-amuHo-1,3,4-tnaguazon-2-uin)0en3en-1,2-nuomom 2 y AMOKcaHy, Aajyhu mpu Tome
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¢unanHa xubpuaHa jenumema (6a-1) y ymepenuMm 10 1o0pum npunHocuma (53-87%).
Tuaamazoncky aepuBaT 2 CHHTETHU30BaH j€ IpeMa IMOCTYNKY OMHUCAHOM Yy MoriaBiby 2.2.1.
Nako cy KHCETMHCKU XJIOPHJM BPJIO PEaKTUBHA jeIHIbCHA, 32 (OpPMHpaAkE aMuaa OWIo je
MOTPEOHO IYro PeakiroHO BPEME M BHUCOKA TeMIlepaTypa yclies ciiade HyKIeo(hUITHOCTH
amuHo rpyne 1,3,4-Tmagmazonia, mrTo je OMO ciyda] WU KOJ J0OMjarka HEKUX aMHUIHHUX
nepuBata cepuje A. Ckopo cBa J00HMjeHA jeIMb-CHha Cy HAKOH 3aBpIICTKA peakiuje H
M30JI0Baba jOII YBEK caJpkalia 3HA4ajHy KOJIMYMHY JMOKcaHa. HberoBo ykiamame
W3BPIIEHO j€ pacTBapameM cupoBor mpousBoga y DMF-y mmu DMSO-y U meroBum

HaKHAaIHHUM TaJIOXKCHEM JOAaTKOM BOJEC, UJIM paCTBapamkEeM y THF-y U BCIOBHUM IIOTIIYHUM

yhnapaBambeM.
COOH
NH2
N—N O
\ SN
N
m, iv S H
P Ar
6a-n
HOOC /[ j HOOC/@/\)J\
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CH3 OCH3
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Cxema 54. Peacencu u ycnosu: i) POCIls, c.m., H-NHNC(=S)NH:, 1 h, peghnyxc, ii)

cyncmumyucanu ayemodgernonu, NaOH, MeOH, 2 h, pe¢hnyxe, HCI; iii) SOCl,, DMF,
CH>Cl, 2 h, c.m.; iv) 2, ouokcan, 12 h, peghrykc.
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CTpyKType CBHX jequmema mnorepheHe cy mpumedoM IR, 'H m *C NMR
CIIEKTPOCKONMje U €JIeMEHTapHOM aHain3oM. OnepUHCKM NMPOTOHU XAJIKOHCKE JBOCTPYKE
Bese y xubpuauma 6a-iI, Kao M HMXOBMM Orospajyhum mpekypcopuma 5a-ia, y 'H NMR
CIeKTpuMa cy Ounu npucyTHu y o0nuky AB cuctema. Ha ocHOBY BpeaHOCTH KOHCTaHTHU
kymioBawa (J = 15,6-16,0 Hz), jenumema 6a, 6B, 6r, 6I), 6e u 63-1 cy m3zojgoBaHa M
OKapakTepucaHa y oonuky E-uzomepa. MehyTtum, jenumema 60, 6r u 63K, Ka0 U HUXOBH
XaIIKOHCKH Tpekypcopu (56, Sr u 5ik), KOI KOJHX j€ BPETHOCT KOHCTAaHTE KYIUIOBama y
oncery on 7,0 no 8,2 Hz, oarosapajy mame cTaduiHoj, Z-konurypamuju.'s> Opa Bpcra
reoMeTpHje XaJIKOHCKE JBOCTPYKE Be3e HMje yecTa W Oyayhu na CBU HaBEIECHU JAepHUBATU
cazpke orto-CyncTUTyHncaHe aneTo(peHOHCKe IpyIe y CBOjOj CTPYKTYpH, HajBEpOBATHH]E je
Z-koHpurypanuja (aBopuzoBaHa CTEpHUM (akTopuMa. ApOMATHYHU TPOTOHH KOjH
npunanajy GeHoOIHO] TPYIU jaBJbajy ce y orcery oxa 6,86-7,44 ppm-a, najyhu mybner 3a H-5,
nyoner nybnera 3a H-6 u apyru ny6ner 3a H-2. IlpoToHu koju mpumanajy Aeny MoOJeKysa
KOju moTude oj OeH30jeBe KHUCeIMHe Cy N00po pe3oiyucaHu y obmuky AB cucrema 3a

BehuHy neprBata Tnaanasona cepuje b.

2.3.2. AHTHOKCHIATHBHA aKTHUBHOCT 1,3,4-THaaNa30/1-XaJIKOHCKHUX

xubpuaa cepuje b

Pesynratn aHTHOKCHUAATHBHE aKTUBHOCTH nepuBara 1,3,4-tmamuaszona cepuje b,
m3paxenu [Cso BpegHocTuma, npukazanu cy y Tabenu 3. Ha ocHOBy pesynrara ce Moxe
3aKJPYUUTH Jla CBH CHHTETH30BaHM XHOPHIHU MOJEKYIH TOKa3yjy O0Jby CHOCOOHOCT

neytpanuzanuje DPPH panukana y ogHocy Ha pedepeHTHY aCKOPOMHCKY KHCEIIUHY.
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. *
Tabena 3. Anmuokcuoamusrna akmusrocm 1,3,4-muaouazon-xaiKoHckux xubpuoa cepuje b.

Jenumeme ICs0+ SD (uM)
6a 12,03 £ 0,50
60 11,66 £0,41
6B 17,17 £0,38
6r 11,81 £0,31
6n 9,76 £ 0,75
6h 10,33 +£ 0,30
6e 17,86 £ 0,03
62k 13,91 £0,32
63 17,82 £ 0,65
6u 18,04 £ 0,23
6j 14,01 £ 0,34
6K 13,45+ 0,09
621 11,06 + 0,24
ACKOpPOMHCKA KHCeJIUHA 20,23 +0,14

* PesynTaTH Ipe/cTaBibajy cpeamby BpeaHocT + SD 3a Tpu Mepema.

Kao u koj mperxomHe cepuje aepuBara THAAMA30J1a, aHTUPAAUKAICKH MOTCHIH]asl
cuHTeTH30BaHuX 1,3,4-THanua3oiickux XuOpuma cepuje b AUPEeKTHO je ToBe3aH ca
crocobnomnthy amncrpakmuje BojoHukoBor atoma DPPH pamukamom, Owmimo ca aroma
KHCEOHMKa wuuM aTtoma asora.!’! dopMmupaHum paaukan ce M y OBOM CIydajy MOKe
CTa0MJIN30BaTH JICIOKAIN3ALMjOM HECHapeHOor eJeKTpoHa mpeko 1,3,4-Tuaanazoyickor

npcreHa (Cxema 55).
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Cxema 55. Pezonanma cmabunuszayuja paouxkaia Hacmaioe HaKOH ancmpaxyuje amoma
sodonuxa ca (A) amoma xuceonuxa u (b) amoma azoma 1,3,4-muaduazonckoe oepusama

cepuje b.

Haskanoct, momro cy cBa jeAumema U3 cepuje b roroBo HepacTBOpHA y METaHOIY,
yobuuajeHoM pacTBapauy 3a uzBohewe DPPH TecTa, muXoBa akTUBHOCT y HEYTpaIU3alMju
panukana onpeheHa je y pa3OnakeHOM pacTBOpY JIuMeTHn cyidokcuna. Mehytum,
OTKpUBEeHO je na ynorpedba DMSO-a kao pacTtBapaua JOBOAM [0 3HAYAjHOT CMambea
AHTUPAANKAICKOT KalalyTeTa acKOpOMHCKE KHCENWHE ycieq rpalema MHTEPMOJICKYICKHX
BOJIOHMYHMX Be3a U (opMupama MOIEKyJIckor kommiuekca ca DMSO-om.'®* Takobe,
yTBpheHH Cy ApacTUYHM eQeKTH pacTBapaya Ha Op3MHY alcoOpIlKje BOAOHHUKOBOI aToMa U3
denonnux jenumema.'s’ V ckmamy ca OBUM YME-EHMIIAMA, Y OJBOjEHMM €KCIIEpUMEHTHMA
youeHa je 3HayajHO HIKa aKTHBHOCT HEyTpaiu3aldje pajukala T[pud  BHUIIHM
KoHIeHTpauujama DMSO-a, mro ykaszyje Ha (opMupame MOJEKYJICKOT KoMILiekca umely
DMSO-a u ucnutuBaHor jeaumema. M3 tor pasnora Huje 6uino moryhe oJIpeauTH yTUIa]

XQJIKOHCKE TIpyle ca pa3IM4ATHM EJIEKTPOH-JOHOPCKUM U €IEKTPOH-IPUBIAYHUM
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CYIICTUTYEHTHMA U HaMpaBUTHU Nopeheme ca npyrum 1,3,4-Tuaagua3zonckum jeumbembuma Koja

cazapke (peHoIHe XUAPOKCUIIHE TPyTIE.

2.3.3. IuTOTOKCHUYHA aKTUBHOCT AepuBara 1,3,4-tuaguasona cepuje b

[{uToTOKCHYHA aKTHUBHOCT M OBe cepuje AepuBara 1,3,4-TManuaszosna HCIUTaHA je
npeMa MaJuTHUM helujcKuM JIMHWjaMa akyTHe mpomujenorutHe jeykemuje (HL-60),
aneHokapimHoMa 1iepukca (Hela) u kapumnoma turyha (A549), kao u mpemMa HOpPMAITHO]
hemujckoj nmuaUju ¢dudpodmacta miyha (MRC-5) pamum yrBphuBama CEIEKTHBHOCTH
UCIUTUBAHUX jJequmbemha. 3a oapehuBambe HMHTEH3UTETa LUTOTOKCUYHE AaKTHBHOCTHU
kopuither je MTT Tect, a 7o6ujeHn pe3ynraTu ynopehenu cy ca akTuBHOIINY IIUCIIaTHHE.

Ho6wujene ICso BpenHocTr npukasane cy y Tabemu 4.

. . *
Ta6euna 4. In vitro yumomoxcuuna axmueHocm jeourberoa 6a-i.

Jenumeme MERE D 0,

8 HL-60 | HeLa | A549 | MRC-5
6a 8,40+1,44  937+0,86  42,75+2,77  36,00+1,10
66 7,62+1,40  9,12+1,19  21,80+2,55  18,56+2,25
68 8,39+1,39  9,63+1,26  27,87+4,05  34,25+4,88
6r 8,44+1,52  11,2042,32  26,35+1,90  33,72+3.35
6 11,97+1,27  10,2240,73  50,23+5,35  48,01%6,43
6h 9,92+40,50  9,98+0,99  92,14+6,64  42,54+3,88
6e 16,35+0,87  57,55+7,58  89,1049,35  81,33+9,25
6K 8,88+1,32  11,08+2,10  46,89+1,71  39,58+4,82
63 10,63£0,96  17,75+0,17  89,33+2,99  45,81+3,38
6u 9,74+1,54  40,2243,64  87,74+6,82  38,24+4.95
6j 11,1740,52  54,76+2,77 127,75+8,37  39,44+3,49
6K 6,92+0,53  11,04+2,41  2323+1,37  21,17+1,23
61 15,7241,66  12,724324  47,85+1,92  68,52+7,69
Hucnuiatuna | 2,8840,34 | 4,91+0,74 | 13,21+0.89 | 9,35+1,29

* PesynTaTH TIpe/IcTaBIbajy cpeamby BpeaHocT + SD 3a TpH Mepema.

CBa TecTupaHa jeUIbECHA MOKa3ajla Cy Haj00Jby IMTOTOKCHMYHY aKTHBHOCT IpeMa
henujcko) nuHUjM akyTHe npomujenouutHe jeykemuje (HL-60) ca 1Cso Bpeanoctuma y
orcery on 6,92 mo 16,35 uM. Jenumema 6a, 6, 6:k, 6k u 641 Takohe cy mokaszana u 100py
nuToTokcnyHocT npema HeLa henujama, ca ICso Bpennoctuma o 9,12 no 12,72 uM. henuje
kapuuHoma miyha (A549) Oune cy HajMambe OCeT/bHBE Ha IUTOTOKCHYHY AKTUBHOCT OBHX

XUOPUAHUX JeNbEa, Koja Cy MoKa3zaja YMEpPEeHY WIM HUCKY aKTUBHOCT LIUTOTOKCHUYHOT
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JieioBama npemMa oBoj henujckoj nmuHuju. M3 pesynrara mpukazanux y Tabemn 4 Moxe ce
3aKJPYUYUTH Ja HEMa 3HauajHe pa3iuke wu3Mely yTulaja eleKTpPOH-IPHUBIAYHUX U
€JIEKTPOH-IOHOPCKUX CYTCTUTyeHaTa aneTo(peHOHCKE Tpyle Ha IUTOTOKCHYHO JIeNIOBAME
npema henmujckuM — JWHHMjamMa  KaHmepa. M3 oBora ce MOXE 3aKJbyddTH  JIa
THaMa30J-XalKoHCKa (hapmakodopa, MPUCYTHA Y CTPYKTypaMa CBUX TECTUPAHUX jeAUbCHA,
¥Ma MPeCcy/IHy YJIOTY Y lbUXOBOM IIUTOTOKCHYHOM JiefoBamy. CBa jeAnmbemha U3 OBE cepuje
MoKasaja Cy JBa 0o 4etupu myta Behy murorokcuuynoct npema HelLa u HL-60 henwjckum
JMHMjaMa KaHIepa y OAHOCY Ha aKTUBHOCT npema HopManHuM MRC-5 henuwjama, ca
M3Yy3€TKOM jenumema 6e, 6m u 6j npema Hela hemujckoj muamju. Ilopen Tora, cBm
WUCIIUTUBAHU JIEPUBATH Mame Cy TOKCMYHM mpema HopmaiaHum MRC-5 henujama Hero

[UCIUIATHHA, KOja je y3eTa Kao pe)epeHTHH XeMHOTEepaCyTHK.

2.3.4. IlntonporexktuBum edpextn nepusara 1,3,4-ruaanazosia cepuje b

O063upoM aa cy THaaMa30JICKU JEPUBATH U OBE CEpUje jeUIberha MoKa3alu Aodap
AQHTHOKCHUIATUBHH TIOTEHIIN]aJl, H3BPIICHO j€ NCIUTHUBAKE IUXOBOT yTHlaja Ha HUBO ROS-a
y xymanuMm henujama ageHokapuunoma rpauha matepuiie (Hela). Jenumema 6a, 6B, 61) u 6.1
onabpaHa Cy 3a CBe Jajbe aHaiIM3e 300T M3pa3UTE IUTOTOKCHYHE AKTUBHOCTU M J0OpE
CEJIEKTUBHOCTH Y IIUTOTOKCHMYHOM JnenoBamy (Tabena 4). Pesyntatu ucnuTHBama yTHIlaja
TECTUPAHUX jefbeha Ha HUBO ROS-a n3a3BaHOT BOJOHUK-TIEPOKCHIOM, Ka0 ¥ Ha €HI0TeHE

HuBoe ROS-a y HelLa henujama, npukazanu cy Ha Ciunu 19.
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Cauka 19. Egpexmu 0sadecemuemesopouacosnoz mpemuparea HelLa henuja IC2g
KoHyenmpayujama 1,3,4-muaouason-xarkonckux xuopuoa 6a, 66, 6h u 61 (10 uM 3a ceaxo
jeourere) na npodykyujy ROS-a unoykosany 10 mM-num pacmeopom H>O:> (A) u nusoe
enooeernoz ROS-a (B). Pesynmamu cy npedcmasmeHnu kao cpeora epeonocm = SD osa

He3aeUCHAa ekcnepumerma.

Ha Coumu 19A Moke ce youuTH Ja IOCTOjU 3HadajHa akymynanuja ROS-a y
henujama TpeTHpaHUM BOJOHUK-TIIEPOKCHIOM, IITO YKa3yje Ha YMECHUIY Ja JOJAaTKOM
BOJIOHMK-TIEPOKCHIA JI0JIa3u JO0 aKTUBUpama eHporede mpoxaykiuje ROS-a. Ilperxomno
tpetupame Hela henmja cyOtokcnunum 1Cro koHLIEHTpaljaMa jeaumema 6a u 6h) (10 uM
32 CBAKO jeUICHE) J0Beso je no Omaror mosehama HHMBoa ROS-a umje je crBapame
M3a3BaHO BOJOHHUK-TIEPOKCUIAOM, JOK MPETXOJHO TPETHPAKE jeIUubehuMa 6B 1 6J1 Ha mera
HUje uMmano yrtuiaj. Paaukancke Bpcre (momyT (EHOKCHMIIHOT pajauKaia), Hacrale
OKCHJAIMjOM jelumbera 6a u 6l) BOJOHUK-TIEpOKCHIOM, BeOMa Cy pPEaKTUBHE U MOTY
noJyiehy Aajboj OKCHIAIM]H MPU YeMy J10j1a3H 70 HacTaHKa XMHOHCKUX jeiumema. Hacranu
XUHOHHU Cy U JaJb€ PEaKTHMBHH U MOTY C€ CTaOWUIIM30BATH MHTEPAKLHUJOM Ca HYKJIEHHCKUM
kucemuuama.'®® Opa peakuuja je oaroBopHa 3a TOKCMYHH HPOOKCHUIATUBHU edekar
jemumema 6a u 6l) ycnen kor moxe nohm 1o omrehema henujckux KOHCTUTyeHarTa, MOMYT
JIHK, nHayKOBameM OKCHIATHBHOT LIUTOTOKCHYHOI CTpeca, KOjU aKTUBUpA MPOTrpamMHUpaHy
henujcky cMpT — anonTo3y.

Y Hela henmjama xojuma Huje nomaBadn H>O», ABajecT4eTBOPOYACOBHHM TPETMaH
jenumemuMa 6a, 6B, 6I) 1 641 je n3a3Bao cMameme HUBOA HHTpauerynapHor ROS-a y onHocy
Ha HUBO ROS-a y konTponHuMm henujama. OBakBO IMOHAIIAke TECTUPAHUX jeUIBCHA, a

noceOHO JnepuBara 6B, pe3ynaTaT j€ HUXOBOI AaHTHUPAJUKAICKOI MOTEHIMjala 3a

72



ﬂ()Kl’H()DCKCI ()ucep/namt/'a Hawu pa()()(su

HeyTpanuzaiujy ocHoBHOor ROS-a y Hela henujama (Cnuka 19b). Heke henuje paka ce y
HaIlpeaHOM CTaJujyMy OOJIECTH MPUIIAroJie OKCHJIATHBHOM CTPECY 3axBajbyjyhul CBOjJHUM
AHTUOKCUJIATUBHUM 0A0paMOeHUM crocoOHocTuMa. To je pasjior pe3ucTeHLHje HEKHX
MaIMrHUX henuja Ha JIeKOBe KOjU HMHIYKYJy CTBapame HHTpauerynapHor ROS-a, momyt

187 HpeMa TOME, CIIOCOOHOCT  JIeKa Ja CMambHu

NMaKjJIuTaKkcena W JOKCOpYyOMIIMHA.
AHTUOKCUJIATHBHH TIOTCHIIMjal Yy KOMOMWHAIIMjU Ca OKCHIAIMOHUM areHCuMa, MOXe OuTH
KOpHCHA y aHTUTYMOpCKUM Tepanujama. [Ipoaykuuja noBossHe komumunHe ROS-a koja Moxe
Jla M3a30B€ aroNTO3y, Ka0 U CMambHUBalkbe HUBOA aHTHOKCHIaHATa, MOTY OMTH N0OpU HAaYHMHU
3a yOujame henmja paka Koje Cy OCeTJbUBHj€ Ha €r30reHU OKCHJIATHBHH CTPEC y OJHOCY Ha

HopMaiHe henuje.

2.3.5. YTunaj Ha nucrpudynujy heaujckor nukiayca

Y uuby HCIUTHBaKa MEXaHHW3Ma IMTOTOKCHYHE AKTUBHOCTH YETHUPU OjaaldpaHa
1,3,4-Trannazon-xaikoHcka xubpuaa, 6a, 6B, 6h) u 6.1, pazmarpane cy npoMeHe y MOjeTUHUM
¢dazama hemmjckor mmkiayca wmanuraux Hela hemumja, tperupanux ICso um  2ICso

KOHIIEHTpallljaMa OBHX jeAbEeHha TOKoM 24 h.

A HeLa ICs, 24h = HeLa 2ICs, 24h
50 50
60-
* ) cyor 3 cyor

504 = M =
w i * = C == C
g == r2/M == MM
8 30-
= 20-

104 * % * *

KOHTpona 6a 68 6h 6n KOHTpona 6a 68 6h 6n

Cauxa 20. [Ipomene y pacnodenu gpaza henujckoe yuxnyca HelLa henuja naxon 24 h
mpemmana [Csg (A) u 21Cso konyenmpayujama (b) 1,3,4-muaouazon-xarkoHckux xubpuoa
6a, 66, 6l u 6.1. Pezynmamu npedcmasmajy cpeorvy epeonocm = SD mpu nezasucha
excnepumenma. Cmamucmudky 3Havajue paziuxe usmely KOHmpoaHux u mpemupanux

henuja o3nauene cy ca * (p<0,05).

Nuxybanmja ca 00e TecThpaHe KOHIEHTpaIMje jeAubEha H3a3Baja je 3HadyajHoO

noBehawe mnpornenta Hela hemmja y cy6l'l ¢asu, y nopehewmy ca HeTpeTUpaHUM,
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KOHTposiHUM y3opiuMa hemuja (Cnmka 20). OBH pesydaTaTH yKaszyjy Ha CIHOCOOHOCT
WCIIUTUBAHUX jeArbema J1a n3a3oBy hemujcky cmpt Hela henuja. Ocum Tora, jenumemne 6B,
npumemeHo y ICso KOHUeHTpanmju, Kao M jeaumeme 6, mnpumemeHo y 2ICso
KOHIICHTPALIWjH, Yy3pOKOBaJIM Cy 3HauyajHo mnosehame mnpouenta hemwja y [2/M dasu
henujckor 1uKITyca y OJJHOCY Ha OBaj IporeHaT y KoHTpoiaHuM henujama. Makyb6anuja HelLa
hemmja ca gocTpykum ICso KOHIIEHTpaIjaMa jenumbema 6a, 6B u 6l) Takohe je moBena 1o
akymynangje henmja y I'2/M ¢dasu, Maga te pasnuke HHCY OWiie CTaTUCTHYKU 3HAYajHE.
Jobujenn pesynrati ykasyjy na y Hela henmjama Tectupana jeaumema H3a3UBajy
3aycraBibamke henujckor nuknyca y 1'2/M ¢dasu, unMe je cripedeH yiaszak henmje y MUTo3y,
IITO Ha Kpajy JoBoau 10 anonrto3e. J[Boctpyka ICso KOHIIEHTpanyja jeaumema 6a u 6.1, kao
u ICso m 2ICsp KOHIIGHTpAIHje jeUbeha 6B, M3a3BaC Cy 3HAYAJHO CMAambEHE IMPOICHTA
tperupanux HeLa henuja y I'l ¢asu henujckor nukinyca y nopehemy ca mporeHTOM HCTUX Y
KOHTPOJIHHUM y3opiuma henuja, mTo ykasyje Ha noBehany ocerspuBocT henuja 'y I'l ¢a3u Ha
IIUTOTOKCUYHO JICJIOBAlbE¢ HCIUTHBAHUX jeluiberha. OBH peE3ysiTaTH Cy y CarjacHOCTH ca
JTUTEPATypHUM TOJAllMMa, TpeMa KOjuMa jeAWmCHha KOoja y CBOjOj CTPYKTYPH Caipike
OMOAKTUBHY XaJKOHCKY CTPYKTYpy HW3a3WBajy 3aycTaBjbame henmujckor mukiyca y [2/M

dasu u anonrosy y henujama kannepa. '

2.3.6. OgpehuBame mexanusma henujcke cMpTH

VY uuiby McnuMTHBamka MeXaHu3Ma henanjcke CMpPTH KOjy TECTUPAaHA JeIUIbEHha MOTY
n3a3Batu y Hela henujama, one cy 2 h npe nonaBama jequmemha TpeTHpaHe CIeIUPUUHUM
NeNTUIHUM HMHXMOMTOpHMa Kacmaze 3, kacmasze 8 wiam kacmaze 9. Edextu cnenuduunmx
MHXUOMTOpa Kacla3a Ha aKTUBHOCT TECTHUPAaHUX jelumema ojpeheHn cy aHaau3oM

hemujckor nukmyca (Cnuka 21).
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Camka 21. Ymuyaj 21Cso konyenmpayuja ucnumusanux jeourverna 6a (A), 66 (b), 6h (B) u
61 (T) 6e3 u y npucycmay cneyuguunux unxuoumopa «acnase 3 (Z-DEVD-FMK), kacnasze
8 (Z-IETD-FMK) u xacnaze 9 (Z-LEHD-FMK) na npoyenam HeLa henuja) y cyol'l ¢paszu

henujckoe yuknyca.

Ha Caumu 21 ce Mmoxxe youuTH 3HauajaH naj nporeHTta Hela henuja y cy6l'l dasu
henujckor nukiyca y y3opuuma henmja koje cy NpeTxoHO TpeTUpaHe HHXMOUTOPOM Kacrase
3, kacmase 8 wiu Kacmase 9, a 3aTUM U3J0KEHE jenmbemhuMa 6a, 6B, 61) u 6.1, y mopehemy ca
y3opiuMa Hela henuja xoje Hucy Tperupane MHXHOMTOpUMA TIpe J0JaBama jeInmerma. 13
noOMjeHNX pe3ysTara ce€ MOXK€ 3aKJbyYWTH Ja HCHUTHUBaHU 1,3,4-THManna3oi-XaJIKOHCKU
XxuOpuau mokpehy amonTo3y akTHBalMjoOM Kacmase 8, Koja je YKJby4YeHa y CIHOJbaIlbU ITyT
aronTo3e M Kacmase 9, yKJbydeHe y yHyTpalllku myT anonTto3e. CBa 4eTHpH TecTHpaHa

JjeIMIbea aKTUBHMpalla cy Kacmasy 3, Koja je riaBHa eeKTopCcKa Kacrasa.

75



Hawu /)(l()()@ll K. Jakosmwesuh

2.3.7. Yruuaj 1,3,4-tuagna3oii-xaJKoHCKUX xuodpuaa cepuje b Ha HuBoe

excnpecuje reda 1 MukpoPHK y HeLLa hetujama

Ilopen martpukcHux MetanonporenHasa MMP2, MMP9 wu  BacKyJapHOT
enpotenujanHor ¢akropa pacta A (VEGFA), noMeHyTHX y noriasiby 2.2.9, moBehanu HUBOU
tunmuaHuX oHKOTeHnX MUKpPOPHK (enr. miRNA) (miR-21 u miR-155), koje cy npekomepHO

9

CKCIIPUMHUPAHC Y PA3JIMIUTHM THIIOBHMA KaHuepa,18 Ka0 N1 CMalbCHHUM HHBOU I/IHXI/I6I/ITOpa

MatpuKkcHe MeTanonpotennase 3 (TIMP3),'° noseszanu cy ca pacrom hemuja, Murparujom,
ENUTENTHO-ME3EHXUMCKOM TPAH3UIMjOM, MHBA3MjOM, METACTa3HpameM M aHruoresesom.'”!
[To3nato je na ce y ciydajy KaHuepa npocrare HUBo miR-133b cmamyje, 10K KoJ KaHIEpa
rpmuha martepure osa MukpoPHK nokasyje nporymopcky aktusroct.!”? Takohe je mo3maTo
na je HuBo mMiR-206 HmxM koj KaHuepa rpiuha marepune'™ M 1a HeHa NOpeKoMepHa
eKCIIpecHja MHIyKyje anonrosy. >t

Panu neraspHUjer yBuaa y MoOJEKyJNapHE MEXaHU3ME€ ITUTOTOKCHYHE aKTUBHOCTH
THAJNa30JICKUX JiepuBara cepuje b, ucmuTane cy u HpoOMEHE y HHBOMMA EKCIIpecHje
MmeTtanomnproennaza MMP2 n MMPY, koje nMajy crocoOHOCT aerpaaanuje excrpahenujckor
Matpukca, TIMP3 koju nHXHOUpa MATPUKCHY METAJIONPOTCHHA3Y U PETYJIUIIEC TPOTEOTUIY
eKcTpahenamjckor MaTpuKca, Kao U IPOMEHE Y HUBOMMA EKCIpecHje MoKpeTaya aHrMoTreHe3e
VEGFA w Hexkonmuko MukpoPHK, miR-21/133b/155/206 y xymanum henujama
aZicHOKapimHoMa Tpinha Marepulle, TpeTupaHuM cyOTokcnyHuUM [Cyo KOHIIEHTpalujama
WCIIUTUBAHUX JeIUHECHA.

Cpa ncnuTrBaHa jequmemba (6a, 6B, 61) 1 6.1) 10BoJE 10 CMamkemha HUBOA EKCIIPECH]e
MMP2 w TIMP3 rena, anu u a0 noBehama HuUBoa MMP9 reHa y OJHOCY Ha HHUBOE
eKCIpecrje OBHMX TIeHa y HeTperupanuM, kKoHTposnuMm Hela henujama. ITlopen Tora,
jenumeme 6a HesHaTHO noBehaBa HUBO ekcripecuje VEGFA, nok jenumema 6k u 64 Giaro
cMamyjy excrpecujy oBor reHa y HeLa hennjama (Cnuka 22). Hucku HUBOUM eKCIipecHje reHa
VEGFA y Hela henujama u unxubuiuja Gopmupama TyOynapHux crpykrypa y EA.hy926
hemnjama, kao Tmocienuie JAelioBama jeaumema 6f) m 64, ykazyjy Ha yMmepeHy

AHTHAHTUOTEHETCKY aKTUBHOCTOBHX jenumbera (Ciuka 23).
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Cuamka 22. I[Ipomene nugoa excnpecuje (A) MMP2, (5) MMPY, (B) TIMP3 u (I') VEGFA
eena y HelLa henujama uznoocenum 1Cr konyenmpayujama jeourseroa 6a, 68, 6k u 6 (10 uM

3a c8axo jeourveroe) mokom 24 h.

KOHTpoIna KOHTpona

Camka 23. Qomomuxpoepaguje koumponnux EA.hy926 henuja u EA.hy926 heauja
uznosxcenux cyomoxcuunum 1C>p konyenmpayujama jeourserva 6a, 68, 6l (6,5 uM 3a ceaxo

jeourserve) u 611 (8 uM) moxom 20 h.
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CnocobHoct wucnuTuBaHUX 1,3,4-THanna3zon-XaIKOHCKUX XUOpuAa Ja OJIpKaBajy
HU3aKk HUBO ekcmpecuje MMP2 rena y Hela hemujama moke yka3uBaTh Ha HHXOBO
CYIIPECMBHO JICjCTBO Ha WHBA3WBHOCT MAaJUTHUX henwja W HacTaHaK MeTacTasa.
HctpaxuBame koje cy cnpoBenu Kato um capagHuuu cyrepuie Jaa TOCTOju OJmcka
noBe3aHocT u3Melhy excrnpecuje MMP2 rena u uHBa3uBHE criocoOHocTy henuja paka rpaunha
marepuiie.'” TIpUMETHO je Jla cBa TeCTHpaHa je[M-EHa J0BOJE 10 3HAYajHOr MmoBehama
HuBOa ekcrpecuje MMP9 rena y Hela henujama. MMP9 ren je moBe3aH ca mnoBehanom
WHBA3WBHOWINY M METacTasupameM, Il TOped OBE MPOTyMOPCKE YJore, IOCTOje
eKCIIEpUMEHTAIHU J10Ka3u 1a MMP9 Moxxe uMaTH, opell aHTUAHTMOTEHETCKOT M 3allITUTHO
JIejcTBO Ha TMPOrpecHjy KaHiepa M mojaBy meracrtasa.'’®!®” Wcrtpakuame BuinecTerneHe
KapIuHOreHe3e koxe, m3azBane HPV16 onkoreHom, Ha MOjelly MHINA, MOKa3ajio je Ja
TPAHCTEHU MUIICBH Ca HEIOCTaTkoM reHa MMPY umajy cMameHy CTOIy Mpoiudepanuje
KEepaTHHOLUTAa U TOKa3yjy Mamby YYecTaJocT pPa3Boja MHBA3MBHUX TyMoOpa KOJU HUMajy
arpecuBHUjU (EHOTHUII, JOK MHILIEBU KOJ KOJUX J0JIa3H 10 ekcrpecuje rena MMPY pas3Bujajy
Behu 6poj Tymopa, koju mMajy Mame arpecusa (enorumn.'”’ Ilopen Tora, MMP9 Mmoxe
Cy30MTH  fJajbe  HampeloBame ~ MaJUTHUX  TymMoOpa  CTBapameM  Pa3IHuUTHX
AHTHAHTMOTEHETCKUX TENTH/a, TIOMyT aHMMOCTaTUHA M TyMmcTaTuHa.'”® M3 cBUX HaBeaeHMX
UCTpaXMBamba MOXKE C€ MPETIOCTaBUTH Ja moBehawe HUBOa ekcrpecuje MMP9 rena y
TYMOPCKO] CTPOMH, KOjeé HCIHMTHBAHA JEIUIE€Ha MOTYy H3a3BaTH, MOXE JIONPUHETH
cy30Hjamy pacTa v Mporpecuje Tymopa.

Ha Cnuuu 24 Mosxe ce BUIETH /12 jelMbebe 6a n3a3uBa CMambemhe HUBOA EKCIpecH]je
Tpu Kiby4yHa oHkoreHa, MUKpoPHK, miR-21/155 u mpotymopckor miR-133b, y henujama
paka rpiuha Martepuue, aad JoBoAM 10 Onaror mnoBehama HHMBOA eKcrpecuje
TyMop-cynpecuBHe miR-206 y ogHocy Ha HUBoe oBe MUKpOPHK y koHTponHum henujama.
Jenumeme 6B 3HauajHO je mosehano HUBoe excrnpecuje miR-206 u miR-155 y nopehemwy ca
koHTponHMM Hela henmjama u cmamuio excnpecujy nporymopcke miR-133b. Tperman
jenumemuma 6B u 6y noseo je no Gnaror nosehama excrnpecuje miR-21 y HelLa henujama.
Nznoxenoct jenumemy 6h) y3pokoBana je cMameme excripecuje miR-133b u miR-155, y3
noBehamwe HHBoa ekcrnpecuje miR-206. Jenumeme 6J1 CHU3WIO je HUBOE EKCIPECHje CBE
yetupu ucnutuBane MUKpoPHK y onmHocy Ha koHTposnne hemuje. Hame wuctpaxuBame
MOKa3aJlo je Ja jeAnbema 6a u 61 n3a3uBajy 3Ha4ajHO CMamkbEeHhE HUBOA EKCIIPECH]e OHKOTCHE
miR-21, mTo MoXke pe3yaTupaTd CMameHOM MpoiudepannjoM, MUTPAIMjOM W WHBAa3UjOM

henuja kapruHoma rpiauha Marepure.
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Cauxka 24. [Ipomene y nusouma excnpecuje (A) miR-21, (b) miR-133b, (B) miR-155 u (T')
miR-206 y HeLa henujama usnosxcenum 1Cr konyenmpayujama jeourseroa 6a, 66, 6k u 61 (10

UM 3a ceaxo jeourwerve) moxom 24 h.

HcTpaxuBama Cy IMOKaszaja Ja Cy OBH TyMOP-CYNPECOPCKH €(QEeKTH PperyiucaHu
nomohy docdarasza u Tensun xomonora (enr. Phosphatase and tensin homolog, PTEN).!%
AHTUDpONM(EpaTUBHU MOTEHLMjal UCHUTHBaHUX 1,3,4-TManua3on-XxaJKoOHCKUX XuOpHaa
JI0JIaTHO je MOTBpheH BUXOBOM criocoOHomhy ja cMambe HUBO oHKoreHe miR-133b, 3a kojy
je HaheHO da je ykJby4yeHa y MojadaHy npoiudepanujy u (opMmupame KoloHHuja henmja
KaHIepa Trpiauha maTtepuiie, Kao W y Jajb0j MPOTPECHju KapIMHOMa Tpiuha maTtepuiie U
HacTtaHKy Mertactaza, yruuyhu Ha AKTI1 (enr. Serine-threonine xinase 1) m ERK (eHr.
Extracellular-signal-Regulated Kinase) curnanue mnytese.'”” IlltaBuiie, jenumema 6a, 6h) u
61 cHmxkaBajy HuBoe ekcrpecuje miR-155, koja je y TKUBY KapuuHOMa IE€pBHKCA
MIPEKOMEPHO H3pa’keHa, MoJcTHYe npoiudepannjy henuja u iMa OHKOT'€HO J€JCTBO, YUME CE
noTBphyjy HHX0Ba TyMop-cynpecopcka cBojcTsa.”” ITpoanonToTcku eekT jemumema 6a,
6B u 6h) mory ce, Oap nmenMMUYHO, IpuUnUcatu noBehaHoj ekcrpecuju TyMOp-Cynpecopa
miR-206 y tperupanum HeLa henujama. 3a miR-206 je naheno na m3aszusa anonto3zy HelLa
henuja, koja je moBe3aHa ca MHXUOUIMjOM XOMOJIOTa MMPOTENHA 3 HEYPOJIOIIKOT JIOKYyca (eHT.

Neurogenic locus notch homolog protein 3, Notch 3).1%*
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Tectupana jenumema 1 MUKpOPHK mpomenmin cy HHUBOE eKcpecHje MCIIUTUBAHUX
reHa. TIMP3 je norBphena mera 3a miR-21, MMP9 je mera 3a miR-133b, nok je VEGF
mRNA mera 3a miR-206, npema TargetScan Human 7.0.2°!

2.3.8. MuTepakumje ca JHK

Ho6po je no3naro aa unrepakuuje JHK ca mamum Monekyiuma Mory J0BecTH 110
NPOMEHAa Yy BPEIHOCTH ancopOaHuy M TOJI0XKAjy IUKOBA Y AarCOPIIMOHOM CIEKTpY.
XUnepxpoMu3aM W XHIIOXPOMH3aM CMarpajy c€ CIEKTPAIHUM JOKa3uMa CTPYKTypHE
npomene nBoctpykor xenukca JIHK npum wuHTepakumju ca JapyruMm  MoJieKyJuMa.
XunepxpoMu3zaM HacTaje yclea JecTabWin3aluje CeKyHIapHe CTPYKType JBOCTPYKOT
xemukca JIHK?? nox xumoxpomusam motude on crabumusanuje JJHK xenmukca, 6uio
MHTEPKAJIALMjOM MIIH EIEKTPOCTAaTHUKMM edeKTuMa Manux Monekyna.’??% Enextponcku
ariCOpPIILMOHN CHEKTPU OHMOJOIIKM HajakKTUBHUjUX 1,3,4-THannazol-XalKoHCKUX XuOpuaa
CHUMJbEHHU IPU PA3IMUYUTHM KOHIIEHTpalujamMa, ca Wi 0e3 KOHCTaHTHE KOHLEHTpaluje
JHK wm3onoBane u3 roseher tumyca (eHr. calf thymus DNA, CT-DNA), npukasanu cy Ha
Cmumm 25A. UV-Vis chekTpu CBUX jeIMIbEHa I[0Ka3alu Cy CIMYHa IoMepama
aTriCOPMIIMOHUX Tpaka. ATICOPIIIMOHM MAaKCUMYMHU 3a jelumema 6a, 6B, 61 u 61 Hanaze ce Ha
309 nm, 310 nm, 305 nm, oxHocHo 323 nm. Popmupame cucrema jeaumeme-CT-DNA,
yciesn UWHTepakije TecTHpaHor jenumewma ca CT-DNA, oxsuja ce 0e3 momepama
ariCOpPIIIMOHOT MakcuMyMa Ha 259 nm. JlerasbHe arcopriuoHe NpPOMEHE HWHIYKOBaHE
Be3UBameM jenumema 3a CT-DNA u3padyHate Cy U3 eKCIepUMEHTanHuX nojartaka (Ciuka
25B). Bpennoct 36upa ancopbaniu Ha 259 nm cinobogHor jeaumema u cinodbogne CT-DNA

pasnuKyje ce 0J1 BpeAHOCTH ancopOaHIe 3a jenumeme-CT-DNA cuctem.
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Camka 25A. IIpomene y UV-Vis ancopnyuonom cnekmpy CT-DNA (95 uM) naxon
uHmepaxKyuje ca paiuuumum Konyeumpayujama 1,3,4-muaouazon-xaikoHcKux xubpuoa.
Hanenu A-I': UV-Vis ancopnyuonu cnekmpu jeourserva 6a, 68, 6l u 61 (xonyenmpayuje 10
UM, 20 uM u 40 uM sa ceaxo jeourveroe), pecnekmusHo, npe u nocie uHmepaxyuje ca

CT-DNA.

XumoxpoMuszaMm y BpenHocTH oA oko 13% npumeheH je mnpu  HUXKUM
KOHIIEHTpaljama jenumema 6a (Ciouka 25b, [Tanen /), A0k je majx MHTE3UTETa arcopiiuje
Ha 259 nm OMO Mame W3pakeH MpHU BUIIUM KOHILIEHTpalujama. Y ciydajy jeiumema 6B
(Cnuxka 25b, [Tanen 'B), mpumehena je nojaBa xunepxpomusma (-13,7%, -7,36% u -4,9% nipu
koHieHTpanujama ox 10 uM, 20 uM u 40 pM, pecnekTuBHO). XUNEPXpoMHU3aM je Takohe
npuMehen u y ciaydajy jenumema 64 (Cnuka 25b, Ilanen 2K), nmpu yemy je BepoBaTHO
M3paKEHUjU TpU HIWKUM KOHIeHTpauujama. Hajmame mnpomeHe mnpumehene cy npu
unrtepakuuju JJHK ca jenumemem 6l (Cnuka 256, [Tanen E) (cnabu xunoxpomuzam H3HOCHO
je 2,4% mpu HaJHIKO] KOHIICHTPAIIUjH jeubema). [IpeTxoaHa ncrpaxxkuBama Cy mokasania aa
je 3HauajaH XUMOXPOMHHM edekar npaheH LPBEHUM MOMEPAEM yCiie/l Be3UBamba JIMTaHa 3a
JIHK, TunuyHa KapakTepucTHKAa y clydajy uHTepkanamuje.’>?% Xumoxpomuu edektu y
cny4ajy jenumema 6a u 6h) m xunepxpomHu edeKkTH y Ciy4ajy jeaumema 6B u 64, 0e3
L[PBEHOT TIOMEepama, HajBepOBaTHHUjE OJpa)xkaBajy MPOMEHE y KOH(POpMaLUju U CTPYKTYpHU

CT-DNA HakoH Be3MBama jeIMbECHa y Mallo] Opa3au Xenukca, GopMupameM BOJIOHUYHHX
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Be3a u3Mehy xuapokcuimaux rpyna 1,3,4-thanna3on-XaaKoHCKOT jeInbemha U JocTynmHUX AT

0a3HUX TapoBa.
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Camuka 25B. Ilpomene y UV-Vis ancopnyuonom cnekmpy CT-DNA (95 uM) naxon
uHmMepaxkyuje ca pastuvumum Konyeumpayujama 1,3,4-muaouazon-xaiKoHckux xuopuoa.
Ianenu /I-7K: nopeherve ancopnyuje na 259 nm uzmehy
CT-DNA-1,3,4-muaouaszon-xarkonckux jeourserva u 30uprux epeonocmu CT-DNA u

1,3,4-muaouazon-xankoHCKux jeourberd.

CrabunHocT cucteMa Hactanor BesuBameM CT-DNA u 1,3,4-Tnanna3oin-XalIKoOHCKUX
jenumema oapeheHa je CIeKTPOCKOTICKOM TUTpAIjoM. ATICOPIIIMOHU CHEKTPU jeIUbCHA
6a, 6B, 6)) u 641, 6e3 U ca CT-DNA, nipu pa3IuYUTUM KOHIIEHTpalujama, MpUKa3aHu Ccy Ha
Cauuu 26 (ITanenu A-T'). Ancop6anna Ha 259 nm npaheHa je 3a cBaky koHIeHTpauujy JHK
(momatuu rpadumm y oxBupy Cnmke 26 noOujeHu Cy HakoH NuHeapusanuje). KoHncrante
Be3uBama Kb 3a jenumema 6a, 6B, 6) u 61 uszpauyHate cy kopuirhewmeM jeqHauuHe (2)
(Excnepumenmannu 0eo) Tpu 4deMy cy aobujene BpemHocTd ox 1,09x103 M™!, 0,74x103
M, 0,71x103 M ' u 1,01x103 M1, pecniekTuBHO. OBE BPEAHOCTH 3a KOHCTAHTE BE3UBAA
Cy yIopeauBe ca paHuje 00jaB/beHHM BPEIHOCTHMA 32 aHTPAaXUHOH-XanKoHcke xubpune’”’ n
Jpyra CTPYKTYpHO pa3iiHyuTa jenmemna.’’>?" MelyTum, penatuBHO HUCKH KOe(HIH]jeHTH
Kopenanuje yKa3yjy Ha cnaby  jaumHy BE3WBaKbHA npu WHTEPaKIHjU

1,3,4-Tnangna3on-xankoHckux xubpuaa ca xemukcom CT-DNA.
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Cauka 26. Kpuse ancopnyuone mumpayuje jeourserba (A) 6a, (b) 66, (B) 6h u (T') 6.1
KoHcmaHmue konyeumpayuje (40 uM) ca pacmyhum konyenmpayujama CT-DNA (2,2, 4,4,
6,6, 8,8, 11 u 13 x 107 M); Jlooamnu epaguyu: oopehusarve koncmanme gesusarsa (Kb) na
ocnogy epagura 3asucnocmu [[{THK]/(ea — ¢f) 00 [[IHK]; Cmpenuya nokasyje npomene

ancopboanye npu nogehary xonuuune CT-DNA.

Paqu  nobujama  Oosver  yBuga y  uHTepakumje  usmehy  JJHK wu
1,3,4-Tnanna3on-xalkoHCKUX xuOpuaa, ypaheHo je ucnutuBame kopuutheweM Hoechst
33258 6oje koja ce Besyje y Maioj Opasznu aBosianuaHor xenwkca. Hoechst 33258 (H) ce
BE3yje CH@XHO M CEJIEKTHMBHO ca BHCOKUM aduuHuTeToM mnpema B-DNA 1BolaHYaHO]
CTPYKTYpPHU M MOIYT APYTUX jelUEECHA KOja ce Be3yjy y Malloj Opa3/y, Npeno3Haje HajMame
yetupu mapa AT 0a3a. Haumn Be3uBama oBe 00je mpencTaBba KOMOWHAIM]Y Tpahema
BojoHMYHE Be3ze, van der Waals-oBuX wWHTepakiuja ca 3uJ0BMMa Maje Opazae u
eNeKTPOCTATHYKMX MHTepakiuja u3Mel)y meHe KaTjoHcke crpykType u JIHK.?'? Osa
uHTepakiyja npahena je excruranyjom Ha 350 nm, ca MakcuMyMoM ¢uryopecueHiyje Ha 444
nm. UnTensurer dpayopecuenuuje Hoechst-CT-DNA cuctema Ha 444 nm ce 3HaTHO CMamyje
ca noBehameM KOHIIEHTpallMje WCIUTUBAHUX jeaumema (Cnuka 27), 0K je MHTEH3UTET
¢nyopecuenimje cucrema H-CT-DNA-jenumere, Npd  MaKCUMAIHO] MPUMEHEHO]
KOHIIEHTpAaIlUjU jefnmbema 6a, 6B, 6h) u 64, usnocuo 58%, 60%, 55%, ogHocHo 51% on

natensuteta ancopruuje H—CT-DNA cuctema. Ilpumeheno cmameme QuryopecieHiimje
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yKa3yje Ha ckioHOCT 1,3,4-THaama3on-XajJKoHCKHX XHOpuaa 1a ce Belyjy y Maioj Opa3au
JHK. Jdonatau rpadunm Ha Crnunu 27 npencrabibajy rpaduke KBEHUYOBamba KOJU MOKa3yjy
na je ksenyoBame Hoechst 0oje Besane 3a CT-DNA TecTUpaHUM jeIUbCHUMA y CarJlaCHOCTH
ca nmuHeapHoM Stern-Volmer-oBoM jennaunHoM (3) (Excnepumenmantu 0eo) 3a UCTTUTUBAHE
oTicere KOHIEHTpalja jenumema. Oparosapajyhe koHcranTe KBeHuoBama H—CT-DNA
cuctema 3a 6a, 6B, 6h) u 6,1 u3padyHare cy JMHEAPHOM pPErpecujoM rpauKoHa 3aBUCHOCTH

1o/l 00 [jenumweme]/[ CT-DNA] n uznocuine cy 3,30, 2,95, 3,95 u 4,66, pecrieKTUBHO.

WHTeH3uTeT dhnyopecyeHymje
WHTeH3UTET hnyopecuyeHlmje

400 450 500 550 400 450 £00 550
TanacHa ayxuHa (nm) TanacHa gyXvuHa (nm)

WHTensuTer hnyopecuyexumje
WHTeHznTeT hniyopecuenumje

t T T ) 0+ T T \
400 450 500 550 400 450 500 550
TanacHa gyxuHa (nm) TanacHa gy*uHa (nm)

Cauxka 27. Ucmuckusarwe Hoechst 33258 eesane 3a /[HK jeourweruma (A) 6a, (b) 68, (B)
65 u (T) 6a. Emucuonu cnekmpu (Aex = 350 nm) Hoechst 33258 6oje (2,8 x 107 M) sezane 3a
CT-DNA (1 x 107 M, 2opmwa nunuja) u xeenuosare H-CT-DNA cucmema jedurseruma
pacmyhux kouyenmpayuja (0 — 2,2 x 10° M, kpuse 00 épxa xa nanudice). Jooamuu 2pagpuyu:
Kpuse 3asucnocmu ¢ghnyopecyenyuje 00 cmenena keenuosarba Hoechst 33258 eezane 3a
CT-DNA Ha Amax = 444 nm 1,3,4-muaouazon-xaikoHcKum jeOurberuma, r =
[jeoumwemwe]/[CT-DNA]. Cmpenuya nokasyje 0a ce unmesumem Quyopecyeryuje cmarwyje ca

noseharoem KOleleHmpClI/!uje Komnjiekcda.

YnopehuBameM BpeTHOCTH KOHCTAaHTH KBeHUOBama (K) J00MjeHNX eKCTIepuMEHTIMA
HCTHUCKUBAaKka, MOXKE C€ 3aKJbYUHUTH Ja C€ JeTUIEHe 6.1, ca THOEHCKUM MPCTEHOM y CBOjO]
CTPYKTypH, edukacHuje Be3yje y Majmoj Opa3au o7  OCTaMX  HCIUTUBAHUX

1,3,4-Tnaanason-xaJKoHCKUX XUOpHIA, KOJU y CBOjOj CTPYKTYpHU caJpke OeH3eHOBe
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npcteHoBe. MehyTum, y3umajyhu y 003up creneH uHTepakimje jenumema ca CT-DNA, Moxe
ce 3aKJbYYHTH Ja Ce MCIUTUBAHA jelumberma Bedyjy 3a JJTHK mpeko mane Opasne ca ciabom
jaurMHOM Be3uBama. Takole, pe3ynTatu Cyrepuily Aa paszilKe y CYNCTUTYHCAHO] (heHu
TpynH yTHUYYy Ha BE3WBAHE, KA0 U Ja CE BE3MBAKHE y MaJIoj Opa3au HajBEpOBAaTHU]E OJUTPaBA
(dbopmupameM BOJOHUYHHX Be3a n3Mel)y XuIpOoKCHIIHUX Tpyna 1,3,4-Traauna3o1-XalkoOHCKIX

jenumema u noctynmaux AT mapopa 6a3a.

2.3.9. Komert TecT

Komer Tect (ren enexrpodopesa nojenunaunux hemmja)?!'! je morogma u ocersbupa
MeToJla 3a JeTeKiujy U Mmepeme cremnena omrehema JHK y cmucny jenHonanyanux u
JBOJIAHYAHUX IpeKuja Hu3osa Imnasmuaa y moisekyny JHK. V mupy nponene crenena
omtehema JIHK koje je n3a3Bano omaOpaHuM jeUH-CEHIMA, KOMET TECTOM CYy aHAIM3HPAHE
MRC-5 henuje koje cy Omiie TpeTUpaHe pa3IMuYUTHM KOHIEHTpalyjama jelumbema 6a, 6B, 61
u 621, Tokom 24 h. U3 pesynrara npukazanux Ha Crouiy 28 Moke ce BUJIETH Ja CY jeIUbECHha
nzazBana omrehema JIHK, o wemy cBemounm mopact mpouenta JIHK y ,,peny” komere.
HcnutuBama cy mokasana Jia CBakO O] TeCTUpaHuX jenumema y MRC-5 henujama wn3a3uBa
omreheme JIHK koje 3aBucu on mpumemeHe KoHIeHTpamuje. [Ipu HajBHUINO] TECTHUPAHO]
KOHIIEHTpallUju jeaumbema 6a (25 uM) merektoBano je omrtehewme JIHK on 45%, nok je y
ciydajy jenumema 6B omteheme JIHK wmsnocuno 38%. Hwmwxku crenen omrehema JIHK

npuMeheH je y ciayuajy jeaumemna 641 u 6h) u nsnocuo je 25%, ogqaocuo 20%.
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Cauxa 28. Ilpoyena owmehersa /[HK (% JHK y peny) npumernom Komem mecma na MRC-5
henujama mpemupanum jeournerouma 6a, 66, 6h u 61 moxom 24 h (3,125 — 25 uM). Kao
HeaamusHa Koumpoaa kopuuthen je ghocgpamnu nyghep, ook je H>0> (50 uM, uznazarve
moxkom 5 munyma) kopuwher kao nozumusna koumpoaa. Ha y-ocu nanase ce cpeore

gpeonocmu = SD owmehera [JHK 0obujene na ocnogy unmeHnzumema ,,pena‘‘ komeme.

2.3.10. Murepakumje ca niaazmuaom pUC19

[Tommro je y henmjckoj kynTypu nerektoBano cinado omreheme JJHK, y namsem Toky
HCTpaXUBamba U3BPILEHO je UCTIUTUBAE CIOCOOHOCTH HajaKTUBHUjUX
1,3,4-Tnaanason-xaaKoHCKUX XUOpH/Ia 1a N3a31Bajy NMPEKUIe HU30Ba HYKIEHHCKE KUCETHHE.
WuTepaknuje cy npahene enekrpodope3om Ha arapo3HoMm reny u kopumhemem DMSO-a kao
pacTBapaya 3a jeNmbEma y MPUMEHEHOM oricery KoureHntpamuja (o 0,5-20%), mro Huje
yrunano Ha konpopmanujy JJHK (pesynraru nucy npukazanu). Konrpoanu miazmun pUC19
(Ciiuka 29A, tpaka 1) cactoju ce on cynepyBujeHe ¢opme FI m oTBOpene mmpkynapHe
dopme FII, ca mamum ynenom nuneapHor obnuka FIII. Ca jenmumema cy TecTUpaHa H
pe3yaTaTH Cy TOKa3aJid Ja HeMma 3HadajHuX TpaHchopmaruja Ha miasmuny pUCIH9, y
IPUMEHEHOM pacrnoHy KoHleHTpauuja. Ha Cioumm 29A npukaszanu cy pesyinraTH J00HjeHH
UCIUTUBAKEM jelmbeha 6a. Beoma ciuyHmM pesydaratd 10OMjeHH Cy U HCIUTHUBAHEM
jenumema 6B, 6h) u 6.1. Cnenehu kopak je mpeacTaB/bajlo WCIUTHUBAKE IIENama JIaHala y

peaykyjyhum ycnoBuma, oaHocHo y npucyctBy raoxkha(ll). I'Boxhe(Il) je camo mo cedbu
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ykbydeno y omteheme JIHK,>'? a pesynratm omrehema pUC19 meroBuM aenoBameM
npukazanu cy Ha Crnunm 29b, kao tpake P+Fe(Il) (1:1) u P+Fe(Il) (1:2). Kama cy jenumemne
u rBOXhe mpuMmemeHn y MoickoM oxanocy 1:1 (Cnuka 29b, tpake P+6a+Fe(Il) (1:1),
P+é6s+Fe(Il) (1:1), P+6h+Fe(Il) (1:1) u P+6a+Fe(Il) (1:1)) u y monckom ognocy 1:2 (Crnuka
29B, tpake P+6a+Fe(Il) (1:2), P+6B+Fe(Il) (1:2), P+6h+Fe(Il) (1:2) u P+6a+Fe(Il) (1:2)),
1,3,4-Tnaina3on-XaJIKOHCKH XHOpuau aHyimpanu cy edekre rTBoxha, HajBEpOBAaTHH]E
dbopmupameM KOMIUIEKCA W/WIM AHTUOKCHJIATMBHHUM JICJIOBAbEM KAaTEXOJHE TpyIe.
I'Boxhe(Ill) Huje MMaIO HUKAKaB yTUIA] HU MOJ KOJUM YCIOBUMA, ILITO CE MOXE BUAETH Ha
Cmunu 295, tpake P+6a+Fe(Ill) (1:2) u P+Fe(Ill) (1:2). [Ipuka3anu pe3ysiratu mokasyjy nia
nename JIHK He Moxe OUTH y3pOK IMTOTOKCMYHOCTH UCHUTHBAHUX jeIuibea. J(oOujeHu
pe3yinratd Koju ykasyjy na 1,3,4-Tuaama3ofi-XaaKOHCKH XUOpHUIUM HMajy TMPOTCKTHBHY
aKTUBHOCT, MOTY C€ YIOpEeIUTH ca paHuje 00jaBJbeHHUM pe3yiTatumMa JOOMjeHHM 3a

AHTPAXHWHOH-XaJIKOHCKE XI/I6pI/II[e.207

A
AN WD AN WD, N RO D
A Yo & e
° \\\\\ \\\ ,}e\\\?\e\\\\@\\\\@\\\g \\\; \\\\ e\\\ N ?a\\\\\ %
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Cauka 29. Enekmpoghopemcku npukas naazmuoa pUCI19 mpemupanoe
1,3,4-muaouaszon-xankoncxkum xuopuouma: (A) nrazmuo pUCI9 (12 nM) 6e3 (mpaxa P) u ca
jeourerem 6a konyenmpayuja 0,05 mM, 0,1 mM, 0,15 mM, 0,2 mM, 0,25 mM, 0,3 mM u 0,4
mM (mpaxe 1, 2, 3, 4, 5, 6 u 7, pecnekmusno), (b) echexmu jeourverva 6a, 66, 6f u 61 Ha
owmeherse naazmuoa pUC19 uzazearno 2eodichem (1), npu moackum 0OHOCUMA UCTIUMUBAHUX

jeourserva u 26oxcha 1:1 u 1:2.
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2.4.Cepuja B

Amunau nepuBatu 1,3,4-tnaamazona ooe nperxoaHo npukazane cepuje (Cepuja A u
Cepuja b) nobujeHu cy y peakiyju aMUHO TPYIe XETEPOIMKIIA U PAa3IMUUTUX KUCETUHCKHUX
XJIOpUJIa, KOjU y ciy4ajy cepuje b caapike xankoHcKy jenuHuily. Kao mTo ce Moxe BHIETH
Ha Crnuim 12, cBu nepuBatu cepuja A 1 b 'y aMUHCKOM J1eTy MOJIeKyJia CaapKe XHIPOKCUITHE
rpyne koje moTudy u3 (eHONHMX KucenmnHa. Moxke ce pehm ga cy y oba cioydaja
1,3,4-THanna3oiaCcKu aMMHU W3BEJEHU M3 (PEHOIHHMX KHUCENMHA, a 3aTUM JIepUBATU30BaHU
peakuujomM Ha amuHO Tpymu. O03upoM ma cy nobujenu 1,3,4-THanua3zoyicku JIepUBaATH
MOKAa3aJli CHaXKaH AHTHOKCHJATUBHU ITOTCHIIMjaJl, U3BPIIWIA CMO CHHTE3Y HOBE cepHje
amMuaHuX 1,3,4-THaaua3oicKux JepuBaTa U UCIUTAIN HBUXOBY aHTHOKCHIATUBHY aKTUBHOCT
kopumthetsem DPPH Mmertone, kao u xon mperxogHux cepuja, anu takohe u ABTS wmerone.
3a pa3nuKy Ol IPETXOJHO IMOMEHYTHX CepHja, IepuBaTH cepuje B moOujeHn cy peakiujom
Pa3IMYUTHX S-CyNCTUTYUCAHUX 2-amuno-1,3,4-Tnaanazona u XJ0pHUIa
3,4-nuxunpokcubenszojeBe KuceiaumHe, 300r dYera (UHAIHM aMUAM cajapxe (eHonHe

XUAPOKCHUIIHC I'pYyII€ Y KUCCIIMHCKOM JICJIy MOJICKYJIA.

2.4.1. Cunre3a amuanux aepusara 1,3,4-tuaguaszosia cepuje B

[Ternaect noBux 1,3,4-Tnaanazonckux amuaa cepuje B (9a-m) moGujeHo je y nBa
KOpaka, Kao ITo je npukazaHo y Cxemu 56. Hajmpe cy, MeTooM koja je kopuitheHa u npu
J00Mjay NMPETXOIHE JIBE CepHje JepuBaTa, CHHTETU30BaHU 1,3,4-THaqua30ICcKu IPeKypcopu
(8a-m), y peakuuju oarosapajyhe kapOokcuiaHe kucenune (7a-M) ca THOCEMUKApOa3uIoM y3
ynoTpeOy dochopun xmopuna kao peareHca u pactBapada. ¥ cienehem Kopaky, 100HjeHH
5-cyncturyucanu-1,3,4-tnanuazon-2-amuan - (8a-m) CcTynmwiM cy |y  peakumjy ca
3,4-muxXuApoKCUOEH30MT  XJIOpUAMMA  (XJIOpPUIMMA MPOTOKATEXYHMHCKE KHCEIMHE) Y
AHXWJIPOBAHOM JIMOKCAHY Kao pacTBapady, Jajyhu mpu TOME Kpajihe aMuHEe JAepuBare 9a-m
y yMepeHuM 10 no0pum mnpuHocuMma (51-75%). Peakmuja kymioBama wu3BeleHA je Y
npucyctsy NaHCOs, pagu HeyTpanusanuje XJIOPOBOJOHHMKA KOJU €€ TOM HPUIMKOM
ocinobaha. Kao m KoA mpeTxoAHO oOmMCaHUX CHHTe3a JepuBara 1,3,4-Tmanuazona, 3a
nobujame amuaa OWIO je TOTpeOHO AYro PEeakIMOHO BPEME M BHCOKAa TeMIlepaTypa, yCien

cnabe HykieopumHocTH amuHOo rpyne 1,3,4-tnagmazona. [lopex Ttora, 6mo je moTpeban u
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BHUIIIAK XJIOpUJA MPOTOKATEXYNHCKE KHCEITMHE KaKko OU ce peaklinja komruietupana. OuHanHa
jenumema J100MjeHa Cy ca 3aa0BoJhbaBajyhoM 4YmMcTOhOM, alu paju J00Hjama jeIUbCHa
BHCOKE uncTohe, M3BPIICHO j€ HUXOBO MpedHiihaBame PEKPUCTAIU3allMjoM H3 Bpyher
BozieHor pactBopa EtOH. CBa jenumema cepuje B cuHTeTH30BaHa Cy 1O MPBU MYT U HHUXOBE
ctpykrype notsphene cy nomohy IR, 'H u *C NMR crekrpockomnuje, Kao U eleMeHTapHOM
aHamm3oM. CrekTpagnu mnojaru pobujern m3 'H NMR chekTapa mokasanu cy Ja ce
apOMAaTUYHU MPOTOHU KOJU OATOBapajy (PEHOJIHO] TPYIU I0jaBJbYjy Y OYEKHBAHOM OIICETY
ppm ckane (6,82-7,97 ppm), najyhu 3a Behuny jenumema cuariet 3a H-2 u 1Ba qybiera koja
onrosapajy H-5 nu H-6 nmporonuma. [IpoToH koju mpunaga amMmuaHo] GyHKIIMOHAIHO] TPYIH
Ce OYEKHMBAHO MOjaBUO Ka0 CHHIJIET Ha HajBUIINM O-BpeanocTuma (12,12-12,88 ppm) 3a ca
jenuMmema, OCUM 3a JepuBaT 91, rae je Jouuio 10 ¢GopMHpama IIUPOKOT, Pa3BYyYEHOT

CHHIJIETA yClie[] KOMOMHOBama CUTHANA KOju motudy of nporona ase OH u jemne NH rpyre.

o)
OH
(Ar)R)]\OH — (Ar)R/< )\NHz (Ar)R/< )\
7a-m 8a-m 9a-m OH
HsCO
R(Ar): —< > —<\ > —< ; —< >— —<\ >
7-9a 7-98B
OCH,

7-9j 7-9b 7-9m

Cxema 56. Peacencu u ycnosu. i) POCI3, c.m., muocemuxapbasuo, 1 h, pepnyxc; ii)

3,4-0uxuopokcubenzoun xa0puo, ouoxca, 24 h, peghnyxc.

Nmajyhu 3a mws  oapehuBame pompuHOoca amuaHe (YHKIMOHATHE TpyTe
AQHTUOKCUJIATUBHO] AKTHBHOCTH CHHTETH30BAaHUX JepuUBaTa, W3BPIIMIA CMO CHHTE3Y
onrosapajyher umuno (10) u amuno (11) anamora 1,3,4-trmanuazonckor amuaa 9a (Cxema

57). Y mnpBoM Kopaky je xeJbeHu nepuBar 1,3,4-TMaanazona KOjU CajpKd HWMUHCKH
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(dbparmeHT (10) nobujeH KOH/JICH3aI1jOM 3,4-TUXUIPOKCUOCH3AIACX U 1A
(mportokarexyannaexum) u S-penunn-1,3,4-tnaguazon-2-amuHa 8a, y IpuCyCTBY KaTaIUTHUKE
KOJIMYMHE TJaljaiHe cupheTrHe KucenuHe. 300r CMameHe PEaKTUBHOCTH aMUHO TpyIe
1,3,4-THana3oIcKor JepuBaTa, 3a KOMIUICTHPAE pPEakije OWIM Cy HEONXOJHU BUIIAK
anJexusia U MpoJy>KeHO PeaKIHoHO Bpeme. AMHHCKHM aHanor 11 no0ujeH je jeqHOCTaBHOM
penayKIMjoM HWMHUHCKor jaepuBara 1,3,4-tmaamazonma 10, xopumihemem NaBHs kao
PEAYKIIMOHOT CPEJICTBA, Y METaHOIY Ha cOOHOj TemnepaTypu. @unanau npoussoan, 10 u 11,
Takol)e Cy CHHTETH30BaHH 1O MPBH MYT U HBUXOBE CTPYKTYype MOTBpheHe cy KopuinhemeM
nperxoaHo nomenytnx merozaa (IR, 'H u >C NMR wu enemenTtapHa ananusa). IIpucycTBo
cunrinera Ha 8,79 ppm-a, xoju oxrosapa mpotony u3 CH=N rpyne, y 'H NMR cnekrpy
nepusata 10, MOTBpAMIIO je MPEUIOKEHY CTPYKTYpy UMHUHCKOT nepuBata. Ca npyre cTpane,
"H NMR cnekrap jemumema 11 mokasao je xyoner Ha 4,35 ppm-a, IITO 0AroBapa NpOTOHUMA
METHJICHCKE TpyIe, KOju ce KyIulyjy ca cyceniHuM NH mpoTOHOM, HNPUCYTHUM Y OOIUKY

Tpuruieta Ha 8,34 ppm-a.

N—N N—N
[ j/ /\/ S>\NH2 — [ j/ (\/ S)\N//\[ j: N i,
8a 10 OH
;\I—N
M S)\H/\QiOH
11 OH

Cxema 57. Peacencu u ycnosu: i) 3,4-ouxuopoxcudensandexuo, AcOH, EtOH, 18 h, pegnykc;
ii) NaBH4, MeOH, 1 h, c.m.

2.4.2. AHTHOKCHIaTUBHA AaKTHUBHOCT AepuBara 1,3,4-Tnaauazoua cepuje B

OnpehuBame aHTHOKCHIATUBHOT MOTEHIIMjajla CHHTETU30BaHUX jeIubeba ceprje B,
U3BpIIEHO je momohy aBe Hajuemnthe mpumemuBane merone — DPPH u ABTS. Pesynratu
crocobnoctn Heytpanuzauuje DPPH pagukana u ABTS pagukan kxaTjoHa, uU3pakeHH Yy
KOHIEHTpAlLlMjU TECTUPAHOI jequmema Koja cMmamyje 50% (ICso) DPPH u ABTS Bpcra,
npukazanu cy y Tabemu 5. Kao mro ce Moke 3aKkJbydyuTH M3 JOOMjEHUX pe3yiTara, CBU

WCIHUTHBAHU JEpUBATH MOKA3alIM Cy BUCOK MOTEHIM]jal 3a HeyTpanucame DPPH panukana u
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ABTS panukan xatjoHa, y mopehemy ca Mo3HaTUM aHTUOKCHUIAHTHMA, aCKOPOMHCKOM U
HOpauxuaporeajapeTuckoM kuceauHoM (NDGA). 36or Beoma ciabe pacTBOPJEMBOCTH
BehnHe AepuBara y MeTaHomy, oJpehuBame aHTHOKCHIATUBHE aKTUBHOCTH aMU/1a BPILIEHO je
y pazonaxenom DMSO-y. Mehytum, pactBopspMBOCT jenumema 9a, 10 u 11 Ouna je
noBosbHa aa omoryhu uszBoheme DPPH Tecta u y meranomny. [lomTo cy oBa Tpu jenumermba
onabpaHa 3a HCIUTUBalkE U Topeheme yTuilaja aMuI0, UMHHO M aMHUHO ¢parmeHaTa
MOJIEKyJla Ha aHTHOKCHUAATUBHY AaKTHBHOCT, Ha OB3j HAUYMH CMO JKEJelu Ja H30erHeMo
moryhe edexre pacTBapaua Ha 6p3uHy ancrpaxoama H atoma u3 heHONHUX jeaumema. &
DPPH Tect je moka3ao na cBa HCIUTHBAaHA jeIUI-CHA IMOCEAY]y 3Ha4yajHO OO0JbY
AHTHOKCHJIATUBHY AaKTHBHOCT O] pepepeHTHE AacKOpOMHCKE KHUCEIMHE U II0JIa3He
3,4-muxunpokcubdensojeBe kucenune, A0k je NDGA mokazana Behu wiu nmpuOIMKHO jeTHAK
noteHIMjan 3a Heyrpanusanujy DPPH paaukana y ogHOCY Ha CHHTETH30BaHa jenmbema. R
CYIICTUTYeHTH Yy aMUJHO] cepuju u3adpaHu Cy Tako Ja TOCenyjy pa3IuyuTe
CIIEKTPOH-TOHOPCKE,  ENEKTPOH-NIpUBIIa4YHe U  cTepHe ocoOuHe. Haheno je na
eJIEKTPOH-IOHOPCKE Tpyre moBehaBajy elIeKTPOHCKY TYCTHHY Ha PaauKaJICKOM IICHTPY
(hopMHpaHOM HAKOH ariCTPAKIIHje BOJOHHUKOBOT aTOMa ca aTOMa KUCEOHHKA UJIH a30Ta, yCie.
yera JoJa3u JI0 crabuiu3aiyje cioO0JHO-paauKalnckux uHrepmenujepa. Y Tabemu 5 ce
MO’K€ BUJETH J1a, Y CKJIaJy ca OBOM YHMH-E€HHUIIOM, HajBehu MOTEHIMja] 3a HeyTpaau3alujy
DPPH panukana moka3yjy AepuUBaTH KOJU y CBOjO] CTPYKTYpH CaJpiKe €IEeKTPOH-IOHOPCKE
QJIKWJ TpyTe Be3aHe 3a GpeHwtHu npcereH (9B, 9r, 9k u 9ib). Mehy wuMma, jenumemne 9B, ca
ICso Bpennomhy ox 3,53 puM, mokasano je HEMTO 0OJbY AaHTHOKCHUIATUBHY aKTMBHOCT Y
onHocy Ha crangapaHu aHTtuokcuaant NDGA (ICso = 3,57 uM). lepuBatu koju caapxe
€JIEKTPOH-TIPUBJIAUYHE XJIOPO-CYIICTUTYEHTE (9:K-M) MOKa3aiu cy ci1adujy aHTHOKCHIATUBHY
akTUBHOCT 0Nl pedepentHor crtanaapaa NDGA. Jenumema 9a-e ca METOKCH TPYIOM Yy
CTPYKTYpH, KOja C€ y orto- U para- NOJ0XKajy MOHAIla Kao eJeKTPOH-IO0HOp, JOK y meta
M0JI0Kajy M3paxkaBa eJeKTPOH-TPUBIAYHU eekar, Takole MoKa3yjy HHKY aKTUBHOCT ycien
HETaTUBHOT MHAYKTHUBHOT eekTa kuceonnka. Ha ocHOBy pe3ynrara npuka3zanux y Tabemnu 5
MOXE C€ 3aKJbyUHTH JIa J€ W T0JI0XkKA] CYCTUTYyEeHaTa Ha (PEHWIHOM MPCTEHY Takohe yTHIao
Ha M3MEpEeHYy aKTHUBHOCT MOJIEKYJa, NPH 4YeMy mela-CylCTUTYHCAaHU JAEpPUBATU TOCEAY]Y
HajBehn nmotenuujan Heyrpamucawa DPPH pangukana. Kao mto je peueHo u3Haj, jenumema
10 u 11 cuHTeTH30BaHA Cy paJd UCHUTHBAaMma yTHUIAja aMHI0 IPyle HAa aHTUOKCHUAATHUBHY
aKTUBHOCT TecTHpaHne cepuje. Ob0a jeaumema MOCeAY]y HIDKY aKTHBHOCT HayTpaau3alluje
DPPH panukana y ogHOCY Ha aMHJIHM aHajlor, alu umak Behy y ogHocy Ha moia3Hy

3,4-nuxuapokcuOen30jeBy U pedepeHTHY aCKOPOMHCKY KHUCETHHY.
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Tabena S. Pesyimamu DPPH u ABTS mecmosa 3a oopehusarve aHmMuokcuoamueHe

axmuerocmu 1,3,4-muaouaszonra 9a-m, 10 u 11.°

Jennmeme L D,
DPPH' | ABTS™
9a 434+0,33  31,22+0,72
4,48 +0,06°
96 431+0,24  27,67+0,05
9B 3,53+0,25  30,31+0,27
9r 3,82+0,11  2721+2,08
9 5,44 + 0,22 -
95 4,93 +0,01 -
9e 5,08 + 0,35 -
9k 457+0,21  27,73+0,03
93 3,97+0,13  27,13+0,46
9n 454+0,16  33,00+0,56
9j 4,50 + 0,47 -
9k 3,73+0,04 27,86+ 0,02
91 4,05 + 0,03 -
9 3,85 + 0,04 -
M 4,15+ 0,08 -
10 520+0,17°  2590+0,11
11 6,08+ 0,07° 21,69+ 0,20
PCA® 7,81 +0,29 99,72 + 0,88
AckopOuHcka kucesiuHa 14,26 £0,36 125,44 + 1,86
NDGA 3,57+0,04 45,78+0,11

¢ PesynTaTu peicTaBibajy cpeamy BpeaHocT £ SD 3a Tpu Mepema.

% TecTupaHa jeIMEEHa PaCTBOPEHA Y METAHOIY

¢ PCA — mpoTokaTtexyuHcka kucenuHa (3,4-muxuipokcu0eH30jeBa KUCeanHa)

3a najbe UCIUTUBAKE aHTUOKCUAATUBHOI MOTEHLMjala n3a0paHo je JEeCeT jeANbEemha
(9a-r, 9xk-u, 9k, 10 u 11) Ha OCHOBY pe3yiTaTa aHTHOKCHUIATUBHE aKTUBHOCTH J00UjEHUX
nomohy DPPH Tecra. ABTS Tect je moka3ao Aa cBa MCHUTHMBAHA jelUmbeHba UMajy 00iby
crocoOHOCT HeyTpanucama ABTS panukan-kaTjoHa y OJIHOCY Ha aCKOPOMHCKY KHCEIUHY,
NDGA wu 3.,4-muxunpokcubeH3ojeBy KucenuHy. I[IpumMeHoM oBe MeToAe, CYNpPOTHO
pesyntaruma nodujenum y DPPH tecty, Hajpeha aktuBHOCT npumMeheHa je 3a jenumema 10 u
11, ca ICso Bpenmnoctuma oz 25,90 u 21,69 uM, peciektuBHo. OBO je mpuOMKHO 2 70 5 myTa
CHa)KHHja aKTHBHOCT Y OJIHOCY Ha aKTUBHOCTH pehepeHTHUX aHTHOKCHIATHBHUX jeIUEHCHA.
YrnopehuBamem pesynrara MOXe C€ 3aKJbYUUTH Ja Cy jeAUbEmha aMHUJIHE CEepHje Mambe
epukacHa npunukoMm Heytpanuzanuje ABTS-a, ca ICso Bpennoctuma usmely 27 u 33 uM,
aJli WIMaK aKTUBHHUja O]l HAajCHAXHMjET MCHUTHUBAHOT pedepeHTHOr aHTHoKcuaanta NDGA

(ICso = 45,78 uM). Hoobujene ICso BpemHocTu nokaszyjy aa jenumema 10 u 11, ca Hajo0IBHM
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MOTeHIMjajloM 3a ykiamame ABTS-a, mocenyjy Hajcnabujy CrocoOHOCT HEyTpaaucama
DPPH panukana mehy cunTeTH30BaHMM jenumemuma cepuje B. OBe pasnuke ce Mory
MPUITICATH PA3TUYUTUM MOTYhHOCTMMa CTEpHOT MPUCTyNa aHTHOKCHIAHATa PaJUKaJICKOM
uentpy monexyna DPPH u ABTS-a.?!3

AHTHOKCH/IaTUBHA aKTUBHOCT jequmbema 9B U 93, Koja Ccy ImoOKazajga BHCOK
AHTUOKCUJIATUBHM TIOTEHIIMjall y 00¢ mpuMemeHe MmeTtone, npahena je Tokom 90 min u
pesynratu cy ynopehenu ca aktuBHocTUMA 3,4-muxuapokcuden3ojeBe kucenmune u NDGA.
[Tpomene y npouenty naxubunuje DPPH u ABTS Bpcra npu KOHIEHTpAIUji UCIIUTUBAHUX
jenumema oa 100 uM npukazane cy Ha Crnunu 30. YV 00e npuMemene Meroze, pehepeHTHH
antnokcuianT NDGA mnokasao je HajBehu mporeHat uHxuounuje (oko 60%) Ha mo4eTky
peaknmje. [Ipouenar naxubunuje ABTS-a 3a jenumema 9B 1 93 6uo je mpubmmkHO 60%
HaKoH 5 min nHKyOanuje, 1ok cy y DPPH meronu nporieHTn MHXHOUIMjE 3a OBa jeIUmHCHA
HAaKOH HCTOr BpeMmeHa Ounm 76,45, onocno 80,36. NDGA je mokazana MaKCUMAaJHY
aKTUBHOCT y HeyTpanuzauuju DPPH panukana nocie 15 min peakuuje, 10K cy AepuBata 9B
1 93 CBOjy MaKkCUMallHy akKTUBHOCT MOKa3alu 25 min HaKoH nmoueTka peakuyje. Llto ce Tnue
aKTUBHOCTH HeyTtpanucama ABTS pamukan-katjoHa, mpolieHaT WHXUOUIMje 32 9B u 93 je
Harno pactao A0 20 min, y3 Omaru mopacT MHXUOHUIMje 0 Kpaja uHkyOamwuje. [Ipouenar
uHxubmunyje koju nokasyje NDGA y ABTS meroau 6uo je roroBo uctu o 0 mo 90 min.
3,4-JIluxunpokcuOeH30jeBa KHCEIMHA TOKa3aja j€ DPa3jIu4uTO TOHAIIAkEe y HHXUOWUIIM]U
DPPH u ABTS-a y nopehewy ca jenumemuma 9B, 93 u NDGA. V peaknujama ca DPPH u
ABTS-om, 3,4-nuxunpokcuOeH3ojeBa KUCENMHA je MoKa3ajla CKOpo JHMHeapHO mosehame
nporeHTa MHxuOuIuje oBux pamukaiza og 0 mo 90 min peakuuje. OBo cyrepuiie aa
3,4-nuxuipokcuOeH30jeBa KUCEIMHA pearyje MHOTO CIIOpHje ca UCIUTHUBAHUM paTuKaiuMa
Hero pedepeHTHH aHTHOKCUIAaHT NDGA u jenumema 9B 1 93, mTo yka3yje Ha 3HaTHO 00Jba
AHTHOKCHJIATUBHA CBOJCTBA HOBOCHMHTETHU30BAaHUX aMUIHHUX JEpUBaTa y OJHOCY Ha MOJA3HYy

3,4-MUXuAPOKCUOEH30j€BY KUCEIHHY.
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3.1. Puzuuka Mepema

Tauke TOIJbEHa CBUX CHHTETH30BaHUX JepuBara 1,3,4-tnaamaszona oxpehene cy Ha
Mel-Temp anapary, monen 1001 u Hucy xopuroBane. Enmemenrapna anamuza (C, H, N, S)
jemumema ypaheHa je mpuMeHOM craHmapaHux meroga y Llentpy 3a HMHcTpymeHTanmHe
aHammsze Xemujckor dakynrera y beorpamy. YiarpasbyOudacTu CHEKTPH CHUMJBCHH CYy
kopunthemem Agilent Technologies UV-Vis cnekrpodoromerpa cepuje Cary 300.
NudpanpBern cnektpu cHUMBeHH cy Ha Perkin  Elmer Spectrum One FT-IR
cnektpodoromerpy ca KBr muckom. CBu 'H crekTpu HykjeapHe MarHeTHE pe30OHAHIIE
CHMMaHH Cy Ha MHCTpyMeHTy Varian Gemini ma 200 MHz , nokx cy C NMR cnexrpu
CHHUMJbEHU Ha HUCTOM amnapaty Ha 50 MHz y neyrepucaHoM mumerwi CyJla(QoOKCUIy Y3

TCTPaMCTUJI CHJIaH KaO0 HHTCPHU CTaHAapId.

3.2. [locTynak 3a cuHTeE3y jeanmema 2 u 2'

Cwmeca 3,4-muxunpoxcuben3ojeBe kucenmuHe 1, winm  2,3-TUXHIPOKCHOEH30jeBe
kucenune 1', (0,308 g, 2,00 mmol) u POCI; (0,8 mL, 8,56 mmol) memana je Ha coOHOj
temreparypu TokoMm 20 MuHyTa. 3aTuM je monaat Tuocemukapo6asua (0,228 g, 2,50 mmol) u
nobujeHa cycmnensuja je peduykroBaHa 1 cat. Hakon mro je Oamon oxmnaheH y jeaeHOM
Kymnatuity, gojato je 3,0 mL nejonusoBane Boje U pedIyKTOBamkE j€ HACTaBJbEHO jou 1 cart.
OxnalheHnoj cMmecu je 3aTuM AoAaBaH 3acuheH BojeHH pacTBop NaOH 1ok Huje MOCTHrHyTa
pH BpenHoct on 8,5, HakoH yera je cCycleH3Mja MellaHa TOKOM | cara Ha coOHOJj
temneparypu. @opmupanu tanor oarosapajyher 1,3,4-tuannaszosnckor aepusara (2 u 2') je
nporehen u ocymieH y ekcukaropy usHaj anxuapoBanor CaCly. [IponsBoau Brcoke yrctohe

nobujenu cy pekpucranmszaiujom u3z 50%-nor BogeHor pactsopa EtOH.
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3.2.1. 4-(5-Amuno-1,3,4-muaouazon-2-un)oenzen-1,2-ouon x H>0 (2):

bex mpamkacra cyncranua; npunoc: 0,31 g (68%); T.T. >

N—N
N\
S)\NH 250 °C; '"H NMR (200 MHz, DMSO-de): 6,77 (d, 1H, J =
2
8,2 Hz, Ar-H); 6,98 (dd, 1H, J = 8,2 u 2,0 Hz, Ar-H); 7,18
HO (d, 1H, J = 2,0 Hz, Ar-H); 7,20 (s, 2H, NH,); 9,30 (s, 1H,
OH

OH); 9,38 (s, 1H, OH); 3C NMR (50 MHz, DMSO-ds):
113,36, 116,03, 118,47, 122,56, 145,69, 147,25, 157,04, 167,49; IR (KBr, cm™"): 3430, 3318,
2926, 1625, 1605, 1509, 1444, 1297, 1260, 764; Uspauynato 3a CsH7N30.SxH,0 (227,24
g/mol): C, 42,28; H, 3,99; N, 18,49; S, 14,11; Haheno: C, 42,35; H, 3,98; N, 18,55; S, 14,06.

3.2.2. 3-(5-Amuno-1,3,4-muaouazon-2-un)oenzen-1,2-ouon x H;0 (2'):
N—N CaetnoOpaoH nparmkacta cyrncrania; npuaoc: 0,29 g (64%); T.T.
4 s )\NHz 228-229 °C (pasnarame); 'H NMR (200 MHz, DMSO-ds): 6,72 (t,
1H, J="7,8 Hz, Ar-H); 6,83 (dd, 1H, J=7,8 u 1,4 Hz, Ar-H); 7,20
OH (dd, 1H, J = 7.8 u 1,4 Hz, Ar-H); 7,33 (s, 2H, NHa); 9,52 (s, 1H,
OH OH); 10,37 (s, 1H, OH); 3C NMR (50 MHz, DMSO-de): 116,32,
117,08, 117,87, 119,63, 143,57, 146,02, 155,78, 168,55; IR (KBr, cm™): 3392, 3330, 3222,

3075, 1642, 1538, 1501, 1274, 1260, 774; U3pauynaro 3a CsH7N30,SxH>0 (227,24 g/mol):
C,42,28; H, 3,99; N, 18,49; S, 14,11; Haheno: C, 42,25; H, 4,00; N, 18,47; S, 14,13.

3.3. [locTtynak 3a cuHTe3y jeanmbemna 3a-xk u 3'a-K

Xopuayu KucenuHa NMOTpeOHHU 3a peakuujy T00ujeHH cy in situ, IpeMa JIUTepaTypHoj

2 PactBopy oxaropapajyhe kucemune (1,00 mmol) y aHXuapoBaHOM

npouexypu.'’
nuxaopmetany (4,0 mL) nonaxo je nonaBan SOCI: (0,3 mL, 4,00 mmol), a 3aTum u 1BE Kanu
N,N-pumetundopmamusia U noOujeHa cMeca MellaHa je Ha coOHOj TeMmIepaTypu TOKOM 2
cara. HakoH Tora, pactBapau je ymapeH IOJ| CHIKEHHM NpuTHckoM, a Bumak SOCI: je
YKJIOHEH a3€0TPOIMHOM JECTHIIALMjOM ca ToilyeHOM. DOpMHUpPaHU KHUCEIWHCKU XJIOPUAU
KopuIheHH cy 1ajbe y peakiuju 6e3 MpeTXoAHOT U30J10Bamba.

Memooa A. Tloctynak 3a cuure3dy 3a-B, 31, 3h, 3k, 3'a, 3'B, 3'n, 3'h u 3"k
PactBopy onromapajyher kucenunckor xmopuga (1,00 mmol) y aHxuzpoBaHOM

terpaxuapodypany (10,0 mL) nonatu cy 1,3,4-tuaguazon 2 wm 2' (0,209 g, 1,00 mmol) u
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NaHCOs3 (0,336 g, 4,00 mmol) u nobujena cmeca je MeniaHa Ha COOHO] TEMIEPaTypH TOKOM
24 carta. Hakon Tora, pacTBapad je ymnapeH IoJi CHUKCHUM MPUTUCKOM, & OCTAaTKY je I0JIaTO
15,0 mL Bome. ®opmupana cycreH3nja Memana je 1 cat Ha coOHOj TeMIepaTypH, HaKOH 4era
je Tamor mponeheH m ocymeH y ekcukaropy wusHajn anxumapoBaHor CaCly,. ®unanHu
MPOM3BOIM JTOOM]EHHU Cy ca 3a/i0BOJbaBajyhom uncrohoMm, anu aa Ou ce goOuia jenumema
BUCOKe yrcTohe, MONBPTHYTH Cy JajbeM mpeuninhaBamy pekpuctaiu3anujoM u3z 50%-Hor
BozieHOT pacTBopa EtOH, 3a jenumema 3a, 36, 3B u 3, 70%-unor EtOH, 3a 3a, 3k, 3'n, 3'h u
3"k 1 96%-nor EtOH, 3a 3'a u 3'B.

Memooa b. Iloctynak 3a cunre3y 3r, 3e, 3'0, 3'r u 3'e. PactBopy oarosapajyher
kucenuHckor xmopuaa (2,00 mmol) y anxunpoBanom aumokcany (10,0 mL), momatu cy
1,3,4-tnagmnazon 2 wim 2' (0,209 g, 1,00 mmol) u NaHCOs3 (0,336 g, 4,00 mmol) u nobujena
cMmeca je pedaykroBana TokoM 12 catu. HakoH Tora, pacTBapad je ymapeH I0J CHH)KEHUM
MIPUTUCKOM, a OCTaTKy je nonaro 15,0 mL Boxe, kao u uBpctu NayCOs3 1o noctuzama pH on
9,5. ®opmupaHa CycleH3Hja je 3aTHM MellaHa Ha COOHOj TemmepaTypu TokoMm 30 MHUHYTa,
HAaKOH dera je Tajor mporehen u ocymeH y ekcukatopy wusHaj anxuapoanor CaCly.
Onrosapajyha kapOOKCHIIHA KUCEIIMHA, KOja jé KOpHUIIheHa y BHIIKY, MOXE Ce TOOUTH W3
¢dunrpara 3akucesbaBambeM IoMohy XJIOpoBoJOHWYHE KucenuHe. Kao m y Memoou A,
(¢buHaTHU MPOM3BOAU Cy J100WjeHH ca 3aj0BoJbaBajyhoM umcTohoM, a jeaumema BHCOKE
yrcrohe Mory ce nobutu pexpucranuzauujom u3 50%-nor BogeHor pactsopa EtOH, 3a 3r,

70%-uor EtOH, 3a 3e, 3'0 u 3'r u 96%-uor EtOH, 3a 3'e.

3.3.1. N-(5-(3,4-quxuopoxcugpenun)-1,3,4-muaouazon-2-un)ayemamuo * H>O (3a):

N—N 0 bex mpamkacra cyncranna; npunoc: 0,15 g (56%);

/ >\ /”\ T.T. > 250 °C; 'H NMR (200 MHz, DMSO-d¢): 2,19

° N CHa (s, 3H, CHz); 6,83 (d, 1H, J = 8,0 Hz, Ar-H); 7,18

HO (d, 1H, J = 8,0 Hz, Ar-H); 7,33 (s, 1H, Ar-H); 9,49
OH (s, 2H, OH); 12,49 (s, 1H, NH); '3C NMR (50 MHz,

DMSO-de): 22,56, 113,82, 116,33, 119,18, 121,68, 145,97, 148,22, 157,43, 162,22, 168,62;
IR (KBr, cm™): 3412, 3244, 2921, 2774, 1670, 1571, 1532, 1321, 1290, 779; Uspauynaro 3a
Ci10HoN303SxH20 (269,28 g/mol): C, 44,60; H, 4,12; N, 15,60; S, 11,91; Haheno: C, 44,72;
H,4,11;N, 15,55; S, 11,95.
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3.3.2. N-(5-(3,4-Huxuopokcugpenun)-1,3,4-muaouazon-2-un) yuKioxeKcankapookcamuo *

2H;0 (36):

N—N o CetyiocrBa TMpamikacrta CyINncTaHia; MPUHOC:

/ )\ 0,17 g (48%); T.T. > 250 °C; '"H NMR (200

° N MHz, DMSO-d¢): 1,19-1,49 (m, 5H, CyHXx);

HO 1,66-1,86 (m, 6H, CyHx); 6,84, (d, 1H, J = 8,0
OH Hz, Ar-H); 7,18 (d, 1H, J = 8,0 Hz, Ar-H); 7,32

(s, 1H, Ar-H); 9,42 (s, 1H, OH); 9,55 (s, 1H, OH); 12,42 (s, 1H, NH); '*C NMR (50 MHz,
DMSO-dg): 25,10 (2C), 25,35, 28,84 (2C), 43,48, 113,78, 116,26, 119,06, 121,67, 145,92,
148,14, 157,44, 162,14, 174,29; IR (KBr, cm™): 3258, 3157, 2924, 2853, 1702, 1556, 1529,
1447, 1291, 992, 776, U3pauynaro 3a C15sH17N303S*x2H>0 (355,41 g/mol): C, 50,69; H, 5,96;
N, 11,82; S, 9,02; Haheno: C, 50,72; H, 5,95; N, 11,85; S, 9,04.

3.3.3. N-(5-(3,4-Auxuopoxcugpenun)-1,3,4-muaouaszon-2-un)adoamanman-I1-kapooxcamuo

(38):

N—N 0] CBeTiiOXKyTa Mpanikacta CyrncTaHiia; MpUuHOC:

/ )\ 0,20 g (54%); T.T. 242-243 °C; "H NMR (200

° M MHz, DMSO-de): 1,69 (s, 6H, Ad); 1,95 (s,

HO 6H, Ad); 2,01 (s, 3H, Ad); 6,84 (d, 1H, J =
OH 8,2 Hz, Ar-H); 7,18 (dd, 1H, J=8,2 u 2,0 Hz,

Ar-H); 7,32 (d, 1H, J = 2,0 Hz, Ar-H); 9,41 (s, 1H, OH); 9,55 (s, 1H, OH); 12,12 (s, 1H,
NH); '3C NMR (50 MHz, DMSO-dg): 27,68 (3C), 35,95 (3C), 37,74 (3C), 40,89, 113,90,
116,33, 119,10, 121,84, 145,98, 148,18, 158,20, 162,28, 176,07; IR (KBr, cm™): 3430, 3242,
2909, 2852, 1660, 1641, 1526, 1456, 1294, 816; U3zpauynaro 3a CioH21N303S (371,46
g/mol): C, 61,44; H, 5,70; N, 11,31; S, 8,63; Haheno: C, 61,37; H, 5,71; N, 11,29; S, 8,66.

3.3.4. N-(5-(3,4-quxuopoxcugpenun)-1,3,4-muaouazon-2-un)-2-gpenunayemamuo (32):

N—N o bex mpamkacra cyncranua; npusoc: 0,17 g

/ )\ (52%); T.T. 249-250 °C (pasnarame); 'H

s N NMR (200 MHz, DMSO-de): 3,83 (s, 2H,

HO CHa); 6,83 (d, 1H, J = 8,2 Hz, Ar-H); 7,18
OH (d, 1H, J = 8,2 Hz, Ar-H); 7,26-7,33 (m, 6H,

Ar-H); 9,51 (bs, 2H, OH); 12,77 (bs, 1H, NH); *C NMR (50 MHz, DMSO-d¢): 41,77,
113,84, 116,35, 119,20, 121,61, 127,09, 128,62 (2C), 129,47 (2C), 134,79, 146,01, 148,32,
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157,48, 162,59, 169,55; IR (KBr, cm™): 3524, 3475, 3382, 2872, 2764, 1667, 1561, 1444,
1317, 1298, 727; U3pauynaro 3a CisHi13N303S (327,36 g/mol): C, 58,70; H, 4,00; N, 12,84;
S, 9,80; Haheno: C, 58,75; H, 3,99; N, 12,80; S, 9,82.

3.3.5. N-(5-(3,4-Quxuopokcugpenun)-1,3,4-muaouazon-2-un)-2-ghenoxkcuayemamuo (30):
N—N o Ceerno0exx  mpalmikacta  CyICTaHIIa;
/S)\N)]\/O npudoc: 0,20 g (58%); T.T. >250 °C

H \© (pazmarame); 'H NMR (200 MHz,

HO DMSO-ds): 4,92 (s, 2H, CHy); 6,84 (d,

OH 1H, J = 8,2 Hz, Ar-H); 6,95-7,01 (m, 3H,

Ar-H); 7,19 (dd, 1H, J = 8,2 u 2,0 Hz, Ar-H); 7,28-7,35 (m, 3H, Ar-H); 9,50 (bs, 2H, OH);

12,76 (bs, 1H, NH); '*C NMR (50 MHz, DMSO-de): 66,33, 113,83, 114,73 (2C), 116,30,

119,19, 121,41, 121,48, 129,63 (2C), 145,96, 148,31, 157,02, 157,83, 162,57, 167,32; IR

(KBr, cm™): 3520, 3424, 2852, 2726, 1714, 1594, 1440, 1317, 1291, 758; N3pauynato 3a

Ci6H13N304S (343,36 g/mol): C, 55,97; H, 3,82; N, 12,24; S, 9,34; Haheno: C, 55,79; H,

3,81; N, 12,22; S, 9,33.

3.3.6. N-(5-(3,4-Auxuopokcugpenun)-1,3,4-muaouazon-2-un)oenzamud x H>O0 (3h):

bena mpamkacra cyncranna; npunoc: 0,27 g

N—N o
/ »\ (81%); T.T. >250 °C (paznarame); 'H NMR (200
SN MHz, DMSO-de): 6,86 (d, 1H, J = 82 Hz,
HO Ar-H); 7,24 (dd, 1H, J = 8,2 u 2,0 Hz, Ar-H);
OH

7,38 (d, 1H, J = 2,0 Hz, Ar-H); 7,52-7,69 (m,
3H, Ar-H); 8,13 (dd, 2H, J = 8,2 u 2,0 Hz, Ar-H); 9,44 (s, 1H, OH); 9,59 (s, 1H, OH); 13,04
(s, 1H, NH); '*C NMR (50 MHz, DMSO-de): 113,96, 116,43, 119,31, 121,71, 128,57 (2C),
128,79 (20), 131,91, 133,07, 146,07, 148,38, 158,62, 162,62, 165,44; IR (KBr, cm™): 3406,
3242, 2924, 1650, 1603, 1535, 1462, 1303, 708; U3pauynato 3a CisHi1N3O3SxH>0 (331,35
g/mol): C, 54,37; H, 3,95; N, 12,68; S, 9,68; Haheno: C, 54,32; H, 3,96; N, 12,70; S, 9,65.
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3.3.7. N-(5-(3,4-Quxuopoxkcugpenun)-1,3,4-muaouazon-2-un)-4-memunoenzamuo (3e):

N—N 0 Cernio0paoH  Mpalikacta CyICTaHILa;

/ S)\N npunoc: 0,19 g (57%); T.T. >250 °C; 'H

H NMR (200 MHz, DMSO-ds): 2,39 (s, 3H,

HO CHs CHs3); 6,86 (d, 1H, J = 8,0 Hz, Ar-H); 7,23
OH (dd, 1H, J = 8,0 u 2,0 Hz, Ar-H); 7,36 (d,

2H, Jas = 8,0 Hz, Ar-H); 7,38 (d, 1H, J = 2,0 Hz, Ar-H); 8,03 (d, 2H, Jga = 8,0 Hz, Ar-H);
9,52 (bs, 2H, OH); 12,92 (bs, 1H, NH); '3C NMR (50 MHz, DMSO-ds): 21,02, 113,64,
116,12, 118,94, 121,50, 128,33 (2C), 128,94, 129,08 (2C), 143,11, 145,78, 148,03, 158,50,
162,16, 165,01; IR (KBr, cm™): 3431, 3407, 2921, 1649, 1612, 1544, 1533, 1323, 1301, 742;
Nzpauynato 3a CisH13N303S (327,36 g/mol): C, 58,70; H, 4,00; N, 12,84; S, 9,80; Haheno:
C, 58,75; H, 4,01; N, 12,80; S, 9,82.

3.3.8. 4-Xnopo-N-(5-(3,4-ouxuopoxcugpenun)-1,3,4-muaouazon-2-un)oenzamuo *x 2H>0
(321¢):

CetyioOpaoH  mpamkacta  CYIICTaHIIA;

N—N o
/ )\ npunoc: 0,20 g (52%); T.T. >250 °C; 'H
° H NMR (200 MHz, DMSO-dg): 6,86 (d, 1H, J
HO Cl = 8,0 Hz, Ar-H); 7,23 (d, 1H, J = 8,0,
OH

Ar-H); 7,38 (s, 1H, Ar-H); 7,64 (d, 2H, Jas
= 8,2 Hz, Ar-H); 8,13 (d, 2H, Jsa = 8,2 Hz, Ar-H); 9,46 (s, 1H, OH); 9,60 (s, 1H, OH); 13,13
(s, 1H, NH); *C NMR (50 MHz, DMSO-de): 113,81, 116,30, 119,16, 121,51, 128,82 (2C),
130,41 (2C), 130,84, 137,88, 145,97, 148,31, 158,74, 162,40, 164,65; IR (KBr, cm™): 3511,
3435, 3133, 2928, 1660, 1595, 1536, 1316, 1278, 744; N3pauynaro 3a CisH1oCIN303Sx2H,0
(383,81 g/mol): C, 46,94; H, 3,68; N, 10,95; S, 8,35; Haheno: C, 46,90; H, 3,67; N, 10,93; S,
8,37.

3.3.9. N-(5-(2,3-quxuopoxcugpenun)-1,3,4-muaouazon-2-un)ayemamuo (3'a):
N—N o) CeetnioOpaoH mpamkacta cyncrania; npunoc: 0,14 g
/ >\ )I\ (56%); T.T. > 250 °C; 'H NMR (200 MHz, DMSO-ds):
S N CHs 2,20 (s, 3H, CH3); 6,77 (t, 1H, J = 7,6 Hz, Ar-H); 6,90 (d,
OH 1H, J = 7,6 Hz, Ar-H); 7,58 (d, 1H, J = 7,6 Hz, Ar-H);
OH

9,84 (s, 1H, OH); 10,18 (s, 1H, OH); 12,43 (s, 1H, NH);
13C NMR (50 MHz, DMSO-de): 22,61, 116,69, 117,56, 117,75, 119,78, 143,61, 146,16,
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158,44, 159,76, 168,68; IR (KBr, cm™): 3432, 3388, 2918, 2800, 1692, 1561, 1474, 1318,
1291, 788; Uzpauynato 3a CioHoN3O3S (251,27 g/mol): C, 47,80; H, 3,61; N, 16,72; S,
12,76; Haheno: C, 47,72; H, 3,60; N, 16,78; S, 12,73.

3.3.10.  N-(5-(2,3-Huxuopoxcugpenun)-1,3,4-muaouazon-2-un) yuKioxeKcankapookcamuo

(3'0):

N—N o bexx mpamikacra cyncranima; npunoc: 0,21 g (66%);

/ >\ T.T. 235-236 °C (pasnarame); 'H NMR (200 MHz,

° N DMSO-dg): 1,24-1,50 (m, 5H, CyHx); 1,66-1,87 (m,

OH 6H, CyHx); 6,77 (t, 1H, J = 7,8 Hz, Ar-H); 6,90 (d,

OH 1H, J=7,8 Hz, Ar-H); 7,57 (d, 1H, J = 7,8 Hz, Ar-H);

10,02 (bs, 2H, OH); 12,24 (bs, 1H, NH); 3C NMR (50 MHz, DMSO-ds): 25,10 (2C), 25,36,
28,88 (2C), 43,45, 116,70, 117,62, 117,66, 119,69, 143,67, 146,14, 158,68, 159,67, 174,37,
IR (KBr, cm™): 3434, 3157, 2932, 2858, 1695, 1541, 1446, 1269, 1167, 726; Hspauynaro 3a
Ci5H17N30sS (319,38 g/mol): C, 56,41; H, 5,37; N, 13,16; S, 10,04; Haheno: C, 56,47; H,
5,35; N, 13,15; S, 10,06.

3.3.11. N-(5-(2,3-Huxuopoxcughenun)-1,3,4-muaouazon-2-un)adamanman-1-kapooxcamuo

(3's):

bena mnpamkacra cyncranna; mnpunoc: 0,19 g

N—N O
/ )\ (51%); T.T. >250 °C; 'H NMR (200 MHz,
° N DMSO-de): 1,70 (s, 6H, Ad); 1,96 (s, 6H, Ad); 2,02
OH (s, 3H, Ad); 6,77 (t, 1H, J = 7,8 Hz, Ar-H); 6,90
OH

(dd, 1H, J= 7.8 u 1,4 Hz, Ar-H); 7,57 (dd, 1H, J =
7,8 u 1,4 Hz, Ar-H); 9,85 (bs, 1H, OH); 10,12 (bs, 1H, OH); 12,06 (s, 1H, NH); '°C NMR
(50 MHz, DMSO-de): 27,60 (3C), 35,90 (3C), 37,70 (3C), 40,80, 116,67, 117,61, 117,71,
119,68, 143,64, 146,12, 158,78, 160,28, 176,08; IR (KBr, cm™): 3431, 3407, 3336, 2910,
2852, 1685, 1525, 1475, 1305, 1292, 726; U3pauynaro 3a C1oH21N303S (371,46 g/mol): C,
61,44; H, 5,70; N, 11,31; S, 8,63; Haheno: C, 61,37; H, 5,71; N, 11,29; S, 8,67.
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3.3.12. N-(5-(3,4-/luxuopoxcugenun)-1,3,4-muaouazon-2-un)-2-gpenunayemamuo (3'2):
N—N 0 bexx mnpamkacta cyncranma; npuHoc: 0,23 g
/ )\ J\/Q (70%); T.T. >250 °C; 'H NMR (200 MHz,
s N DMSO-de): 3,84 (s, 2H, CHa); 6,77 (t, 1H, J = 7,8
OH Hz, Ar-H); 6,90 (d, 1H, J = 7,8 Hz, Ar-H);
OH 7,26-7,35 (m, 5H, Ar-H); 7,59 (d, 1H, J = 7,8 Hz,
Ar-H); 10,15 (bs, 2H, OH); 12,44 (bs, 1H, NH); '3C NMR (50 MHz, DMSO-ds): 41,70,
116,74, 117,55, 117,69, 119,72, 126,96, 128,52 (2C), 129,35 (2C), 134,82, 143,63, 146,14,
158,64, 159,70, 169,49; IR (KBr, cm™): 3451, 3436, 2910, 2853, 1701, 1553, 1474, 1306,
1270, 728; Uspauynato 3a Ci16H13N303S (327,36 g/mol): C, 58,70; H, 4,00; N, 12,84; S, 9,80;

Haheno: C, 58,67; H, 4,01; N, 12,82; S, 9,77.

3.3.13. N-(5-(3,4-/luxuopoxcugenun)-1,3,4-muaouazon-2-un)-2-gpenoxcuayemamuo
x H>0 (3'0):
N—N O bexx mpamkacra cyncranna; npunoc: 0,25 g
/ »\ JI\/O (69%); T.T. 210-211 °C; 'H NMR (200 MHz,
° H \© DMSO-ds): 4,92 (s, 2H, CHy); 6,78 (t, 1H, J =
OH 7,8 Hz, Ar-H); 6,91 (dd, 1H, J= 7,8 u 1,6 Hz,
OH Ar-H); 6,96-7,00 (m, 3H, Ar-H); 7,32 (t, 2H, J
=17,8 Hz, Ar-H); 7,61 (dd, 1H, J= 7,8 u 1,6 Hz, Ar-H); 9,86 (s, 1H, OH); 10,20 (s, 1H, OH);
12,72 (s, 1H, NH); '*C NMR (50 MHz, DMSO-ds): 66,30, 114,73 (2C), 116,76, 117,48,
117,67, 119,72, 121,39, 129,61 (2C), 143,56, 146,12, 157,83, 158,63, 159,22, 167,20; IR
(KBr, cm™): 3434, 3407, 3303, 3248, 1697, 1560, 1547, 1486, 1242, 728; UspauyHaro 3a
Ci6H13N304SxH>0 (361,38 g/mol): C, 53,18; H, 4,18; N, 11,63; S, 8,87; Haheno: C, 53,14;
H, 4,17; N, 11,65; S, 8,89.

3.3.14. N-(5-(3,4-Auxuopokcugpenun)-1,3,4-muaouaszon-2-un)oenzamuo (3'h):

CeernoOex mpamikacta cyrncranna; npusoc: 0,19 g

N—N 0
/ )\ (61%); T.T. > 250 °C; 'H NMR (200 MHz,
S N
H DMSO-de): 6,80 (t, 1H, J = 7,8 Hz, Ar-H); 6,93 (d,
OH 1H, J = 7,8 Hz, Ar-H); 7,53-7,71 (m, 4H, Ar-H); 8,14
OH

(d, 2H, J = 7,8 Hz, Ar-H); 9,87 (s, 1H, OH); 10,24 (s,
1H, OH); 12,96 (s, 1H, NH); '*C NMR (50 MHz, DMSO-de): 116,90, 117,75 (2C), 119,84,
128,53 (2C), 128,74 (2C), 131,93, 132,96, 143,82, 146,23, 159,10, 160,62, 165,33; IR (KBr,
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cm™): 3407, 3294, 3153, 2941, 1648, 1536, 1315, 1270, 1249, 710; Wspauynato 3a
Ci5H11N3OsS (313,34 g/mol): C, 57,50; H, 3,54; N, 13,41; S, 10,23; Haheno: C, 57,46; H,
3,55; N, 13,43; S, 10,21.

3.3.15. N-(5-(3,4-/luxuopoxcugpenun)-1,3,4-muaouazon-2-un)-4-memunoenzamuo (3'e):

CaernoOpaoH mpamikacta CymncTaHla; HPUHOC:

N—N o
/ . )\N 0,26 g (79%); T.T. > 250 °C; 'H NMR (200
H MHz, DMSO-ds): 2,40 (s, 3H, CH3); 6,80 (t,
OH CHs 1H, J= 7,6 Hz, Ar-H); 6,92 (d, 1H, J= 7,6 Hz,
OH

Ar-H); 7,37 (d, 2H, Jas = 8,0 Hz, Ar-H); 7,63
(d, 1H, J = 7,6 Hz, Ar-H); 8,05 (d, 2H, Jsa = 8,0 Hz, Ar-H); 10,06 (bs, 2H, OH); 12,87 (bs,
1H, NH); *C NMR (50 MHz, DMSO-ds): 21,20, 116,74, 117,60, 117,74, 119,74, 128,52
(20), 129,04, 129,27 (2C), 143,28, 143,70, 146,15, 158,88, 160,63, 165,06; IR (KBr, cm™):
3405, 3152, 3025, 2923, 1672, 1649, 1534, 1305, 1267, 724; Uspauynato 3a CisHi3N303S
(327,36 g/mol): C, 58,70; H, 4,00; N, 12,84; S, 9,80; Haheno: C, 58,67; H, 4,01; N, 12,87; S,
9,77.

3.3.16. 4-Xnopo-N-(5-(3,4-0ouxudpokcugpenun)-1,3,4-muaouazon-2-un)oenzamuo x 2H>0
(3'c):

Bbpaon mnpamkacra cymncranna; npunoc: 0,23 g

N—N O
/ )\ (60%); T.T. > 250 °C; 'H NMR (200 MHz,
° N DMSO-d6): 6,80 (t, 1H, J = 7,8 Hz, Ar-H); 6,93
OH Cl (dd, IH, J= 7.8 u 1,2 Hz, Ar-H); 7,63-7,67 (m,
OH

3H, Ar-H); 8,14 (d, 2H, J = 8,6 Hz, Ar-H); 9,88
(s, 1H, OH); 10,24 (s, 1H, OH); 13,05 (s, 1H, NH); '*C NMR (50 MHz, DMSO-d6): 116,80,
117,56, 117,73, 119,76, 128,82 (2C), 130,41 (2C), 130,80, 137,86, 143,69, 146,16, 158,83,
160,66, 164,42; IR (KBr, cm™): 3419, 3150, 3027, 2927, 1670, 1594, 1540, 1492, 1314,
1296, 729; Uspauynato 3a CisHioCIN3O3Sx2H>O (383,81 g/mol): C, 46,94; H, 3,68; N,
10,95; S, 8,35; Haheno: C, 46,97; H, 3,67; N, 10,96; S, 8,33.

105



Excnepumenmannu deo K. Jakosmwesuli

3.4. IlocTtynak 3a cMHTe3y jeaumbema Sa-j

Cmeca 4-popmmnbensojeBe kucenune (0,345 g, 2,30 mmol), oxarosapajyher
cyncrutyucanor amneropenona (2,00 mmol) u uBpcror NaOH (0,184 g, 4,60 mmol) y
aaxuapoanoM meranony (10,0 mL) pednykroBana je Tokom 2 cata. Hakon xmahema 10
cobHe Temnepatype, cMecH je poaaro 5,0 mL necrunoBane Bone u pH pactBopa je moxerieH
Ha 4,5 nmomaBameM BojieHOT pactBopa HCl-a (2 M), npu yemy je gomuio a0 dhopMmupama
TaJyora XeJheHUX jenumema Sa-1. CycreHsuja je 3aTuM Memana TokoMm 30 MHUHYTa, HAaKOH
gera je Taimor mpoueheH, ocymieH y ekcukaropy wu3Ham asmxuapoanor CaCl, wu

pexpucranucad u3 MeOH.

3.4.1. (E)-4-(3-Oxco-3-penunnpon-1-en-1-un)oenzojeea kuceauna (5a):
o "H NMR (200 MHz, DMSO-d¢): 7,55-7,69 (m, 3H,
AN Ar-H); 7,78 (d, 1H, Jas = 15,8 Hz, CH=); 8,00 (s,
O O 4H, Ar-H); 8,06 (d, 1H, Jsa = 15,8 Hz, CH=); 8,18
HOOC (d, 2H, J = 7,4 Hz, Ar-H); 13,16 (bs, 1H, OH); 13C

NMR (50 MHz, DMSO-de): 124,44, 128,71 (2C), 128,95 (4C), 129,83 (2C), 132,26, 133,40,
137,51, 138,88, 142,63, 166,93, 189,32.

3.4.2. (Z)-4-(3-Oxkco-3-(o-monun)npon-1-en-1-un)oenzojeea kucenuna (56):
o) '"H NMR (200 MHz, DMSO-d¢): 2,39 (s, 3H, CH3);

N 7,31-7,38 (m, 2H, Ar-H); 7,44 (d, 1H, Jas = 7,0 Hz,

O CH=); 7,53 (s, 1H, Ar-H); 7,68 (d, 1H, Jsa = 7,0 Hz,
HOOC HsC CH=); 7,90 (d, 2H, Jas = 8,2 Hz, Ar-H); 7,97 (d, 2H,
Jsa = 8,2 Hz, Ar-H); 13,13 (bs, 1H, OH); '3C NMR (50 MHz, DMSO-ds): 20,13, 125,88,
128,35, 128,60, 128,85 (2C), 129,84 (2C), 131,03, 131,41, 132,32, 136,76, 138,55, 138,62,
143,24, 166,89, 194,77.

3.4.3. (E)-4-(3-Okco-3-(m-moaun)npon-1-en-1-un)oensojesa kucenuna (56):

o) 'H NMR (200 MHz, DMSO-de): 2,42 (s, 3H, CHs);

N 7,42-7,51 (m, 2H, Ar-H); 7,77 (d, 1H, Jas = 15,6 Hz,

O CH=); 7,96-8,04 (m, 6H, Ar-H); 8,05 (d, 1H, Jga =

HOOC 7,0 Hz, CH=); 13,81 (bs, 1H, OH); 3C NMR (50
CH;
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MHz, DMSO-ds): 20,99, 124,50, 125,92, 128,79, 128,95 (2C), 129,11, 129,81 (2C), 132,22,
134,01, 137,55, 138,37, 138,91, 142,45, 166,93, 189,30.

3.4.4. (E)-4-(3-Oxco-3-(p-moaun)npon-1-en-1-un)oenzojesa kuceauna (52):
O '"H NMR (200 MHz, DMSO-de): 2,40 (s, 3H,
AN CHs); 7,38 (d, 2H, Jas = 7,8 Hz, Ar-H); 7,78
O O (d, 1H, Jas = 15,6 Hz, CH=); 7,99 (s, 4H,
HOOC CHs  Ar-H); 8,03 (d, 1H, Jsa = 15,6 Hz, CH=); 8,09
(d, 2H, Jea = 7,8 Hz, Ar-H); 13,09 (bs, 1H, OH); 3C NMR (50 MHz, DMSO-de): 21,36,

124,42, 128,92 (2C), 128,98 (2C), 129,55 (2C), 129,88 (2C), 132,21, 135,04, 139,00, 142,32,
143,96, 167,02, 188,70.

3.4.5. (Z2)-4-(3-(2-Memokcughenun)-3-oxconpon-1-en-1-un)oenzojeea kucenuna (50):

O "H NMR (200 MHz, DMSO-ds): 3,88 (s, 3H, OCH3);

AN 7,07 (t, 1H, J= 7,2 Hz, Ar-H); 7,20 (d, 1H, Jap = 8,2

O Hz, CH=); 7,46-7,63 (m, 3H, Ar-H); 7,53 (d, 1H, JBa

HOOC HsCO = 8,2 Hz, CH=); 7,85 (d, 2H, Jap = 8,2 Hz, Ar-H);

7,97 (d, 2H, Jsa = 8,2 Hz, Ar-H); 13,09 (bs, 1H, OH); *C NMR (50 MHz, DMSO-ds): 56,07,
112,60, 120,79, 128,70 (3C), 129,14, 129,85, 130,00 (2C), 132,18, 133,52, 138,94, 141,05,
158,11, 167,00, 192,05.

3.4.6. (E)-4-(3-(3-Memoxkcugenun)-3-okconpon-1-en-1-un)oenzojesa kuceauna (5h):
0 '"H NMR (200 MHz, DMSO-d¢): 3,85 (s, 3H,

(t, 1H, J = 8,0 Hz, Ar-H); 7,63 (s, 1H, Ar-H); 7,77
(d, 1H, Jas = 15,6 Hz, CH=); 7,79 (d, 1H, J = 8,0
Hz, Ar-H); 7,98 (d, 2H, Jas = 8,6 Hz, Ar-H); 8,02
(d, 2H, Jsa = 8,6 Hz, Ar-H); 8,04 (d, 1H, Jsa = 15,6 Hz, CH=); 13,09 (bs, 1H, OH); '*C
NMR (50 MHz, DMSO-de): 55,56, 113,29, 119,53, 121,33, 124,43, 129,09 (2C), 129,89
(20), 130,12, 132,31, 138,92, 138,97, 142,78, 159,78, 167,03, 189,04.

O N OCHs); 7,25 (dd, 1H, J = 8,0 u 2,2 Hz, Ar-H); 7,50
HOOC

OCH,
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3.4.7. (E)-4-(3-(4-Memokcugenun)-3-okconpon-1-en-1-un)oenzojesa kuceauna (5e):
O '"H NMR (200 MHz, DMSO-dg): 3,87 (s, 3H,
AN OCHs3); 7,09 (d, 2H, J = 9,0 Hz, Ar-H); 7,74
O O (d, 1H, Jas = 15,6 Hz, CH=); 7,99 (s, 4H,
HOOC OCHs  Ar-H); 8,06 (d, 1H, Jsa = 15,6 Hz, CH=);
8,19 (d, 2H, Jsa = 9,0 Hz, Ar-H); 13,11 (bs, 1H, OH); 3C NMR (50 MHz, DMSO-d¢): 55,75,

114,25 (20), 124,43, 128,93 (2C), 129,87 (2C), 130,45, 131,21 (2C), 132,10, 139,12, 141,85,
163,56, 167,03, 187,46.

3.4.8. (Z)-4-(3-(2-Dnyopoghenun)-3-oxconpon-1-en-1-un)oensojeea kuceauna (5sx3c):
O "H NMR (200 MHz, DMSO-ds): 7,36 (d, 1H, Jag =
AN 7,6 Hz, CH=); 7,38-7,44 (m, 1H, Ar-H); 7,52-7,74
O O (m, 2H, Ar-H); 7,68 (d, 1H, Jga = 7,6 Hz, CH=); 7,81
HOOC F (t, 1H, J = 7,6 Hz, Ar-H); 7,91 (d, 2H, Jas = 8,2 Hz,
Ar-H); 7,99 (d, 2H, Jsa = 8,2 Hz, Ar-H); 13,07 (bs, 1H, OH); C NMR (50 MHz,
DMSO-de): 116,85 (Jcr = 22,2 Hz), 125,05 (Jcr = 3,3 Hz), 126,79 (Jcr = 12,9 Hz), 127,70

(Jer = 3,7 Hz), 128,99 (2C), 129,98 (2C), 130,74, 132,53, 134,67 (Jcr = 8,8 Hz), 138,50,
143,20, 160,50 (Jcr = 250,6 Hz), 166,94, 188,91.

3.4.9. (E)-4-(3-(4-®ayopogenun)-3-okconpon-1-en-1-un)oenszojesa kuceauna (53):
O "H NMR (200 MHz, DMSO-ds): 7,42 (t, 2H, J =
N 8,8 Hz, Ar-H); 7,78 (d, 1H, Jag = 15,6 Hz, CH=);
O O 7,96-8,01 (m, 4H, Ar-H); 8,08 (d, 1H, Jga = 15,6
HOOC F' Hz, CH=); 8,28 (m, 2H, Ar-H); 13,15 (bs, 1H,
OH); *C NMR (50 MHz, DMSO-ds): 115,99 (2C, Jcr = 21,8 Hz), 124,16, 129,08 (2C),

129,87 (2C), 131,80 (2C, Jcr = 9,3 Hz), 132,33, 134,21 (Jcr = 2,4 Hz), 138,88, 142,83,
165,33 (Jcr =250,8 Hz), 167,00, 187,80.

3.4.10. (E)-4-(3-(4-Bpomogenun)-3-okconpon-1-en-1-un)oenzojesa kuceauna (5u):
'"H NMR (200 MHz, DMSO-de): 7,79 (d, 1H,

(@)
N Jas = 15,6 Hz, CH=); 7,80 (d, 2H, Jas = 8,4 Hz,
O O Ar-H); 7,96-8,05 (m, 4H, Ar-H); 8,05 (d, 1H,
HOOC Br Jsa = 15,6 Hz, CH=); 8,12 (d, 2H, Jsa = 8,4 Hz,
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Ar-H); 13,17 (bs, 1H, OH); '*C NMR (50 MHz, DMSO-de): 124,01, 127,67, 129,10 (2C),
129,84 (2C), 130,77 (2C), 132,02 (2C), 132,45, 136,47, 138,77, 143,15, 166,97, 188,40.

3.4.11. (E)-4-(3-(4-Humpodghenun)-3-oxconpon-1-en-1-un)oenzojeea kucenuna (5j):
O '"H NMR (200 MHz, DMSO-de): 7,82 (d, 1H,
AN Jas = 15,6 Hz, CH=); 8,00 (s, 4H, Ar-H); 8,06
O O (d, IH, Jsa = 15,6 Hz, CH=); 8,37 (s, 4H,
HOOC NO2  Ar-H); 13,18 (bs, 1H, OH); 13C NMR (50

MHz, DMSO-de): 123,97 (3C), 129,22 (2C), 129,85 (2C), 130,09 (2C), 132,64, 138,54,
142,17, 144,09, 150,04, 166,93, 188,39.

3.4.12. 4-(3-(Aumpauen-1-un)-3-oxkconpon-1-en-1-un)oensojeea kuceauna (5x):

o '"H NMR (200 MHz, DMSO-ds): 7,54-7,68 (m, 3H,

AN Ar-Hampanen); 7,74 (d, 1H, Jap = 16,0 Hz, CH=); 7,86

O O (d, 1H, Jsa = 16,0 Hz, CH=); 7,96 (d, 2H, Jap = 8,4

HOOC O Hz, Ar-H); 8,00 (d, 2H, Jsa = 8,4 Hz, Ar-H);
8,10-8,18 (m, 3H, Ar-Haumpauen); 8,35 (d, 1H, J= 8,6

O Hz, Ar-Haumpanen); 8,71 (s, 1H, Ar-Haurpanen); 9,13 (s,

1H, Ar-Haurpanen); 13,17 (s, 1H, OH); '3C NMR (50

MHz, DMSO-de): 124,32, 124,76, 126,43 (2C), 127,25, 127,76, 128,03, 128,54, 128,79,

128,98 (2C), 129,30, 129,92 (2C), 131,31, 131,61, 132,22, 132,35, 133,10, 135,62, 138,80,
143,30, 166,99, 193,52.

3.4.13. (E)-4-(3-Okco-3-(muoghen-2-un)npon-1-en-1-un)oensojeea kuceauna (51):
0 "H NMR (200 MHz, DMSO-de): 7,33 (t, 1H, J = 4,4
X S Hz, Ar-Huogen); 7,76 (d, 1H, Jag = 15,6 Hz, CH=);
\ / 8,00 (s, 4H, Ar-H); 8,01 (d, 1H, Jsa = 15,6 Hz, CH=);
8,09 (d, 1H, J = 4,4 Hz, Ar-Huuogen); 8,38 (d, 1H, J =
4.4 Hz, Ar-Huogen); 13,15 (s, 1H, OH); *C NMR (50 MHz, DMSO-dy): 124,24, 129,06 (3C),
129,88 (20), 132,31, 134,20, 136,02, 138,77, 141,87, 145,44, 166,99, 181,66.

HOOC

109



Excnepumenmannu deo K. Jakosmwesuli

3.5. IlocTtynak 3a cMHTe3y jeaumbema 6a-i

PactBopy onromapajyher xamkona 5 (1,00 mmol) y aHXuapOBaHOM IHUXJIOPMETaHy
(4,0 mL) monako je momaBan SOCIl> (0,3 mL, 4,00 mmol), a 3atum u JBe Kamu
N,N-mumerundopmaMua U A00MjeHa cMeca MeIIaHa je Ha COOHOj TeMIlepaTypud TOKOM 2
cara. Hakon Tora, pactBapau je ymapeH NOJ| CHIDKEHHM NpuTHcKkoM, a Bumak SOCI: je
YKJIOKEH a3€0TPOIMHOM JIECTUIIALUjOM ca ToidyeHOM. DOpMUPaHOM KHUCEIMHCKOM XJIOPUAY
cy, 0e3 mpeTXoaHOT U30JI0Bama, J01aTu 2-amuHo-1,3,4-tnaauazomn, 2 (0,227 g, 1,00 mmol) u
aaxuapoBanu nuokcad (20,0 mL) u cmeca je 3aTum pedurykroBaHa TokoM 12 caTtu. 3aTtuMm je
oxnaheHoM pactBopy narano npoaasano 20,0 mL nejoHU30BaHE BOJIC Y3 CHAKHO MEIIAkE HA
cOOHOj TeMIepaTypu, TOKOM uera Jaojiasu 110 (opmupama Tajaora >XeJbEHUX |JeAUbCHA
(6a-s1). Memame je HacTaBJbeHO TOKOM | cara, HaKOH uera je Tajor mpoiueheH, ucrpan
BOJOM M OCyIIeH y ekcukaropy m3Han anxuapoBaHor CaCly. Cea jenumema (ocuMm 61)
calpkaya Cy Mamy KOJMYUHY JAHOKCaHa KOjH HHUje YKIOHEH YaK HU HAaKOH cyliema Ha 110
°C TokoM 12 catu. Jla 61 ce quOKcaH y NOTIYHOCTH YKJIOHHO, (pUHANHA jeubena 6u u 6k
pactBopeHa cy y N,N'-numerundopmamuay, a jeAumene 6j y TumeTu cyiadoKCcuay, HaKOH
gera je pacTBOPY JOJaBaHa JISJOHM30BAaHA BOJA, MPU YeMy Joja3u J0 (Gopmupama Tajora
KOJU je 3aTuM (UITPUPAH, UCHPAH BOJAOM U OCYIIEH y €KCHUKAaTOpy HM3HaJ aHXHIPOBAHOT
CaCl,. CBa ocrana jenumema (6a-r, 65)-3 u 6J1) Cy, paau ykiiamama JUOKCaHa, PacTBOPEHA

y TeTpaxuapodypaHy 1 pacTBapad je HOTOM yIapeH JI0 CyBa MOJl CHUKEHUM HPUTHUCKOM.

3.5.1. (E)-N-(5-(3,4-Auxuopoxcugpenun)-1,3,4-muaouazon-2-un)-4-(3-oxco-3-gpenunnpon-
1-en-1-un)oenzamuo x H>O (6a):

N—N o} bex mparmkacra cyrncraHia;

npunoc: 0,31 g (68%); T.T.

S N O O > 250 °C; 'H NMR (200

HO Z MHz, DMSO-ds): 6,87 (d,

OH 0 1H, J = 8,2 Hz, H-5genomm);

7,24 (dd, 1H, J = 8,2 u 1,6 Hz, H-6¢eromm); 7,39 (d, 1H, J = 1,6 Hz, H-2¢enomm); 7,55-7,73 (m,

3H, Ar-H); 7,80 (d, 1H, Jas = 15,6 Hz, CH=); 8,09 (d, 2H, J = 7,4 Hz, Ar-H); 8,12 (d, 1H,

Jea = 15,6 Hz, CH=); 8,18-8,22 (m, 4H, Ar-H); 9,45 (s, 1H, OH); 9,61 (s, 1H, OH); 13,13 (s,

1H, NH); 3C NMR (50 MHz, DMSO-ds): 113,86, 116,34, 119,21, 121,58, 124,57, 128,74

(20), 128,93 (2C), 129,00 (4C), 133,05, 133,41, 137,50, 138,94, 142,48, 146,00, 148,33,
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158,58, 162,53, 164,76, 189,26; IR (KBr, cm™): 3435; 2925; 1666; 1655; 1601; 1533; 1309;
1296; 1219, 747; Uzpauynaro 3a C24H17N304SxH>0 (461,50 g/mol): C, 62,46; H, 4,15; N,
9,10; S, 6,95; Haheno: C, 62,54; H, 4,14; N, 9,07; S, 6,97.

3.5.2.  (Z)-N-(5-(3,4-Huxuopokcugpenun)-1,3,4-muaouazon-2-un)-4-(3-oxco-3-(o-monun)
npon -1-en-1-un)oenzamuo x 1,5H,0 (60):

N—N O CBeTno)KyTa  mpamnikacra

/ S )\N HsC cyncranna; npusoc: 0,41 g

H O O (85%); T.T. > 250 °C; 'H

HO 7 NMR (200 MHz,

OH o DMSO-de): 2,41 (s, 3H,

CHs); 6,86 (d, 1H, J = 8,0 Hz, H-5¢enomu); 7,24 (d, 1H, J = 8,0 Hz, H-6¢enommn); 7,33-7,38 (m,

2H, Ar-H u 1H, H-2¢enomm); 7,45 (d, 1H, Jag = 7,0 Hz, CH=); 7,58 (s, 2H, Ar-H); 7,72 (d,

1H, Jsa = 7,0 Hz, CH=); 7,98 (d, 2H, Jas = 8,0 Hz, Ar-H); 8,17 (d, 2H, Jsa = 8,0 Hz, Ar-H);

9,45 (s, 1H, OH); 9,61 (s, 1H, OH); 13,11 (s, 1H, NH); *C NMR (50 MHz, DMSO-ds):

20,18, 113,87, 116,34, 119,21, 121,58, 125,87, 128,47, 128,68, 128,88 (2C), 129,04 (2C),

131,06, 131,43, 133,14, 136,83, 138,52, 138,69, 143,04, 146,00, 148,33, 158,60, 162,54,

164,81, 194,68; IR (KBr, cm™): 3466; 3173; 1667; 1630; 1606; 1532; 1450; 1301; 1275; 807;

Mzpauynato 3a CsHi9N304Sx1,5H,0 (484,53 g/mol): C, 61,97; H, 4,58; N, 8,67; S, 6,62;
Haheno: C, 61,99; H, 4,59; N, 8,65; S, 6,63.

3.5.3. (E)-N-(5-(3,4-Auxuopoxcughenun)-1,3,4-muaouazon-2-un)-4-(3-oxkco-3-(m-moaun)
npon-1-en-1-un)oenzamuo (66):

N—N 0 CH, /Kyra npaikacra cyrncraHia,

/ )\ npunoc: 0,38 g (82%); T.T.

S N O O > 250 °C; 'H NMR (200

HO 7 MHz, DMSO-ds): 2,44 (s,

OH o 3H, CH3); 6,88 (d, IH, J =

8,0 Hz, H-5¢enomm); 7,26 (dd, 1H, J = 8,0 u 2,0 Hz, H-6¢cuomm); 7,40 (d, 1H, J = 2,0 Hz,

H-2¢enomm); 7,44-7,53 (m, 2H, Ar-H); 7,81 (d, 1H, Jas = 15,6 Hz, CH=); 7,96-8,24 (m, 6H,

Ar-H); 8,12 (d, 1H, Ja = 15,6 Hz, CH=), 9,46 (s, 1H, OH); 9,62 (s, 1H, OH); 13,14 (s, 1H,

NH); '3C NMR (50 MHz, DMSO-de): 20,98, 113,84, 116,31, 119,17, 121,54, 124,67, 125,94,

128,79, 128,97 (4C), 129,12, 133,01, 134,03, 137,52, 138,37, 138,97, 142,29, 145,97, 148,30,

158,52, 162,50, 164,74, 189,26; IR (KBr, cm™): 3426; 3169; 1644; 1653; 1607; 1532; 1309;
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1297; 1254, 758; N3pauynato 3a CosH19N304S (457,51 g/mol): C, 65,63; H, 4,19; N, 9,18; S,
7,01; Haheno: C, 65,61; H, 4,18; N, 9,20; S, 7,02.

3.54. (E)-N-(5-(3,4-Huxuopoxcughenun)-1,3,4-muaouazon-2-un)-4-(3-oxco-3-(p-moun)
npon-1-en-1-un)oenzamuo (62):

0 Kyta mparkacra

N—N
/ )\N CH; cymncradma, MOpUHOC:
S
H O O 0,38 g (84%); T.T. >
F 1
HO 250 °C; 'H NMR
OH 0

(200 MHz, DMSO-de):
2,71 (s, 3H, CH3); 6,87 (d, 1H, J = 8,2 Hz, H-5¢pesomm); 7,24 (dd, 1H, J = 8,2 u 1,8 Hz,
H-6¢enomm); 7,39 (d, 1H, J = 1,8 Hz, H-2¢enomm); 7,39 (d, 2H, Jas = 7,8 Hz, Ar-H); 7,78 (d,
1H, Ja = 15,6 Hz, CH=); 8,06-8,13 (m, 4H, Ar-H); 8,11 (d, 1H, Jga = 15,6 Hz, CH=); 8,20
(d, 2H, Jsa = 7,8 Hz, Ar-H); 9,46 (s, 1H, OH); 9,61 (s, 1H, OH); 13,13 (s, 1H, NH); *C
NMR (50 MHz, DMSO-d¢): 21,31, 113,88, 116,34, 119,20, 121,59, 124,61, 128,96 (6C),
129,49 (20), 132,97, 135,01, 139,02, 142,09, 143,92, 146,00, 148,33, 158,59, 162,53, 164,78,
188,67; IR (KBr, cm™): 3434; 3192; 2920; 1668; 1654; 1609; 1533; 1308; 1296; 1210; 759;
Nzpauynato 3a C2sH19N304S (457,51 g/mol): C, 65,63; H, 4,19; N, 9,18; S, 7,01; Haheno: C,
65,60; H, 4,20; N, 9,17; S, 7,00.

3.5.5. (Z)-N-(5-(3,4-Auxudpoxcugpenun)-1,3,4-muaouazon-2-un)-4-(3-(2-memokcughenun)-
3-oxconpon-1-en-1-un)oenzamuo x 2H0 (60):

N—N O Kyrto-3enena  mpamkacra

/ )\ HsCO cyncranna; npunoc: 0,36 g

S k O O (70%); T.T. > 250 °C; 'H

HO 7 NMR (200 MHz, DMSO-de):

OH o 3,89 (s, 3H, OCH;); 6,86

(d, 1H, J = 8,2 Hz, H-5¢eromm); 7,08 (t, 1H, J = 7,4 Hz, Ar-H); 7,22 (d, 1H, Jas = 8,2 Hz,

CH=); 7,23 (d, 1H, J = 8,2 Hz, H-6¢enomm); 7,38 (s, 1H, H-2penonm); 7,54 (d, 1H, Jea = 8,2

Hz, CH=); 7,58 (s, 3H, Ar-H); 7,93 (d, 2H, Jas = 8,2 Hz, Ar-H); 8,17 (d, 2H, Jsa = 8,2 Hz,

Ar-H); 9,45 (s, 1H, OH); 9,61 (s, 1H, OH); 13,11 (s, 1H, NH); 3C NMR (50 MHz,

DMSO-ds): 56,03, 112,56, 113,87, 116,34, 119,22, 120,72, 121,60, 128,62 (2C), 128,73,

129,10 (20), 129,28, 129,76, 132,99, 133,41, 138,95, 140,84, 146,00, 148,33, 158,06, 158,59,

162,51, 164,81, 192,00; IR (KBr, cm™): 3434; 3236; 2934; 1661; 1607; 1536; 1448; 1315;
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1295; 1245; 747; Uzpauynaro 3a C2sHi19N30sSx2H>0 (509,54 g/mol): C, 58,93; H, 4,55; N,
8,25; S, 6,29; Haheno: C, 58,95; H, 4,57; N, 8,26; S, 6,27.

3.5.6. (E)-N-(5-(3,4-Auxuopoxcugpenun)-1,3,4-muaouazon-2-un)-4-(3-(3-memokcughenun)-
3-okconpon-1-en-1-un)oenzamuo x H>O (6h):

N—N O OCH, TamHOXyra  mpamkacra

/ S )\N cyncranna; npunoc: 0,38

H O O g (78%); T.T. > 250 °C; 'H

HO Z NMR (200 MHz, DMSO-de):
OH o 3,86 (s, 3H, OCHz); 6,87

(d, 1H, J = 8,0 Hz, H-5¢cnomm); 7,23-7,27 (m, 1H, Ar-H u 1H, H-64enomm); 7,39 (s, 1H,
H-2¢enomsm); 7,51 (t, 1H, J = 8,0 Hz, Ar-H); 7,65 (s, 1H, Ar-H); 7,80 (d, 1H, Jag = 15,6 Hz,
CH=); 7,82 (d, 1H, J = 8,0 Hz, Ar-H); 8,09 (d, 2H, Jas = 8,6 Hz, Ar-H); 8,10 (d, 1H, Jga =
15,6 Hz, CH=); 8,20 (d, 2H, Jsa = 8,6 Hz, Ar-H); 9,45 (s, 1H, OH); 9,61 (s, 1H, OH); 13,13
(s, 1H, NH); *C NMR (50 MHz, DMSO-ds): 55,54, 113,32, 113,88, 116,35, 119,23, 119,46,
121,30, 121,61, 124,59, 129,04 (4C), 130,06, 133,06, 138,94 (2C), 142,56, 146,01, 148,34,
158,63, 159,74, 162,55, 164,78, 189,00; IR (KBr, cm™): 3434; 2937; 1663; 1607; 1538;
1448; 1317; 1293; 1259; 759; Uzpauynaro 3a CosH19N305SxH20 (491,52 g/mol): C, 61,09;
H, 4,31; N, 8,55; S, 6,52; Haheno: C, 61,11; H, 4,29; N, 8,57; S, 6,53.

3.5.7. (E)-N-(5-(3,4-Auxuodpoxcughenun)-1,3,4-muaouazon-2-un)-4-(3-(4-memokcughenun)-
3-oxconpon-1-en-1-un)oenzamuo x 0,5H>0 (6e):

N—N O CBemiokyTa

/ )\ OCH5; mpamrkacra

S N
H O O CYIICTaHIIA,;
P

HO npunoc: 0,34 g
OH o (70%); T.T. > 250
°C; 'TH NMR (200 MHz, DMSO-dg): 3,88 (s, 3H, OCHs); 6,87 (d, 1H, J = 8,2 Hz, H-5¢enonm);
7,10 (d, 2H, Jas = 9,0 Hz Ar-H); 7,24 (dd, 1H, J = 8,2 u 2,0 Hz, H-6¢enomm); 7,39 (d, 1H, J =
2,0 Hz, H-2penomn); 7,76 (d, 1H, Jag = 15,6 Hz, CH=); 8,08 (d, 2H, JaB = 8,4 Hz, Ar-H); 8,13
(d, 1H, Jea = 15,6 Hz, CH=); 8,20 (d, 2H, Jsa = 8,4 Hz, Ar-H); 8,21 (d, 2H, Jsa = 9,0 Hz,
Ar-H); 9,46 (s, 1H, OH); 9,61 (s, 1H, OH); 13,12 (s, 1H, NH); 3C NMR (50 MHz,
DMSO-ds): 55,71, 113,84, 114,20 (2C), 116,32, 119,18, 121,56, 124,62, 128,46, 128,89 (2C),
128,98 (2C), 130,42, 131,17 (2C), 139,14, 141,61, 145,98, 148,31, 158,48, 162,52, 163,53,
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164,78, 187,40; IR (KBr, cm™): 3406; 3173; 2940; 1670; 1654; 1605; 1593; 1533; 1307;
1263; 1172; 765; U3pauynaro 3a C2sH19N305S%x0,5H>0 (482,52 g/mol): C, 62,23; H, 4,18; N,
8,71; S, 6,64; Haheno: C, 62,25; H, 4,19; N, 8,72; S, 6,65.

3.5.8. (Z)-N-(5-(3,4-luxuopoxcugpenun)-1,3,4-muaouaszon-2-un)-4-(3-(2-gpnyopoghenun)-
3-okconpon-1-en-1-un)oenzamuo x H>O (6sc):
N—N O Kyra parKacTa
/ S )\N F cyncranua; npusoc: 0,26 g
H O O (54%); T.T. > 250 °C; 'H
HO Z NMR (200 MHz, DMSO-dy):
OH > 6,86 (d, 1H, J = 8,2 Hz,
H-5¢enomm); 7,24 (dd, 1H, J = 8,2 u 1,6 Hz, H-6¢cnomm); 7,37 (d, 1H, Jap = 7,6 Hz, CH=);
7,39-7,44 (m, 1H, Ar-H u 1H, H-2¢enomm); 7,58-7,80 (m, 2H, Ar-H u 1H, CH=), 7,83 (t, 1H, J
= 7,6 Hz, Ar-H); 7,99 (d, 2H, Jag = 8,2 Hz, Ar-H); 8,18 (d, 1H, Jea = 8,2 Hz, Ar-H); 9,46 (s,
1H, OH); 9,61 (s, 1H, OH); 13,14 (s, 1H, NH); '3C NMR (50 MHz, DMSO-de): 113,86,
116,33, 116,78 (Jcr = 22,2 Hz), 119,21, 121,57, 124,97 (Jcr = 3,3 Hz), 126,76 (Jcr = 12,8
Hz), 127,81 (Jcr = 3,7 Hz), 128,92 (2C), 129,10 (2C), 130,70 (Jcr = 2,1 Hz), 133,34, 134,59
(Jcr = 8,8 Hz), 138,51, 142,97, 146,00, 148,33, 158,64, 160,46 (Jcr = 250,8 Hz), 162,51,
164,79, 188,84; IR (KBr, cm™): 3405; 2928; 1671; 1662; 1611; 1539; 1451; 1317; 1293;
1268; 755; Uzpauynato 3a C24H16N304SFxH>0 (479,49 g/mol): C, 60,11; H, 3,96; N, 8,76;
S, 6,69; Haheno: C, 60,13; H, 3,95; N, 8,78; S, 6,70.

3.5.9.(E)-N-(5-(3,4-{uxuopoxcugpenun)-1,3,4-muaouazon-2-un)-4-(3-(4-payopogpenun)-3-
okconpon-1-en-1-un)oenzamuo x 2H>0 (63):

N—N o) Kyra Iparikacra

/ )\ F cyncrasua; IIPUHOC:

° M O O 0,31 g (63%); T.T. >

HO - 250 °C; 'H NMR (200
o MHz, DMSO-de): 6,87

(d, 1H, J = 8,2 Hz, H-5penomm); 7,24 (dd, 1H, J = 8,2 u 1,6 Hz, H-6genomm); 7,38 (d, 1H, J =
1,6 Hz, H-2penomm); 7,42 (t, 2H, J = 8,8 Hz, Ar-H); 7,81 (d, 1H, Jas = 15,6 Hz, CH=); 8,09 (d,
2H, Jag = 8,4 Hz, Ar-H); 8,14 (d, 1H, Jsa =15,6 Hz, CH=); 8,20 (d, 2H, Jga = 8,4 Hz, Ar-H);
8,31 (m, 2H, Ar-H); 9,45 (s, 1H, OH); 9,61 (s, 1H, OH); 13,13 (s, 1H, NH); *C NMR (50

OH
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MHz, DMSO-de): 113,84, 115,93 (2C, Jcr = 21,6 Hz), 116,31, 119,18, 121,55, 124,32,
128,99 (2C), 129,02 (2C), 131,76 (2C, Jcr = 9,4 Hz), 133,06, 134,17 (Jcr = 2,6 Hz), 138,88,
142,61, 145,98, 148,31, 158,50 (Jcr = 6,7 Hz), 162,51, 164,73, 165,28 (Jcr = 250,8 Hz),
187,75; IR (KBr, cm™): 3225; 3071; 2951; 1668; 1654; 1603; 1538; 1508; 1308; 1220; 831;
N3pauynato 3a Co4Hi16N304SFX2H20 (497,50 g/mol): C, 57,94; H, 4,05; N, 8,45; S, 6,44;
Haheno: C, 57,92; H, 4,06; N, 8,43; S, 6,45.

3.5.10. (E)-N-(5-(3,4-Huxuopoxcughenun)-1,3,4-muaouazon-2-un)-4-(3-(4-opomoghenun)-
3-okconpon-1-en-1-un)oenzamuo *x 2H>0 (6u):

Kyro-3enena

N—N 0
4 )\ B ;
N r OpamkKacTa CyICTaHIa;

S
H O O npunoc: 0,49 g (87%);
/ 1
HO T.T. > 250 °C; 'H
OH 0]

NMR (200 MHz,
DMSO-ds): 6,87 (d, 1H, J = 7,6 Hz, H-5¢penomm); 7,24 (d, 1H, J = 7,6 Hz, H-6¢enomm); 7,39 (s,
1H, H-2¢enomm); 7,79 (d, 2H, J = 8,4 Hz, Ar-H); 7,80 (d, 1H, Jas = 15,6 Hz, CH=); 8,05-8,21
(m, 6H, Ar-H u 1H, CH=); 9,46 (s, 1H, OH); 9,61 (s, 1H, OH); 13,13 (s, 1H, NH); '3*C NMR
(50 MHz, DMSO-de): 113,85, 116,32, 119,19, 121,55, 124,20, 127,63, 129,00 (2C), 129,08
(2C), 130,75 (2C), 131,99 (2C), 133,14, 136,46, 138,83, 142,95, 145,99, 148,32, 158,59,
162,53, 164,69, 188,37; IR (KBr, cm™): 3406; 3033; 2923; 1662; 1655; 1600; 1584; 1534;
1305; 1214; 759; Uzpauynaro 3a C24H1sN304SBrx2H>0 (558,41 g/mol): C, 51,62; H, 3,61;
N, 7,52; S, 5,74; Haheno: C, 51,64; H, 3,60; N, 7,54; S, 5,75.

3.5.11. (E)-N-(5-(3,4-Auxudpokcugpenun)-1,3,4-muaouazon-2-un)-4-(3-(4-numpoghenun)-
3-oxconpon-1-en-1-un)oenzamuo x 4H,0 (6j):

bpaon  mpamkacra

N—N o
BN o —
> CYIICTaHIla; IIPHHOC:

S N
H O O 0,30 g (53%); T.T. >
/ 1
HO 250 °C; 'H NMR
OH o}

(200 MHz, DMSO-dc):
6,86 (d, 1H, J = 6,4 Hz, H-5¢penomm); 7,24 (d, 1H, J = 6,4 Hz, H-6penomm); 7,38 (s, 1H,
H-2gpenomm); 7,86 (d, 1H, Jap = 15,6 Hz, CH=); 8,09-8,19 (m, 4H, Ar-H u 1H, CH=); 8,40 (s,
4H, Ar-H); 9,45 (s, 1H, OH); 9,61 (s, 1H, OH); 13,16 (s, 1H, NH); '*C NMR (50 MHz,
DMSO-de): 113,84, 116,31, 119,18, 121,54, 123,95 (2C), 124,22, 129,02 (2C), 129,23 (20),
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130,09 (2C), 133,36, 138,61, 142,18, 143,91, 145,98, 148,33, 150,07, 158,59, 162,51, 164,71,
188,42; IR (KBr, cm™): 3404; 3165; 2930; 1664; 1655; 1607; 1590; 1523; 1306; 1298; 1212;
747; N3pauaynaro 3a Ca4Hi6N4OsSx4H20 (560,54 g/mol): C, 51,43; H, 4,32; N, 10,00; S,
5,72; Haheno: C, 51,45; H, 4,31; N, 9,98; S, 5,73.

3.5.12. (E)-4-(3-(Aumpauyen-1-un)-3-oxconpon-1-en-1-un)-N-(5-(3,4-ouxuopoxcugpenun)-
1,3,4-muaouaszon-2-un)oenzamuo x H>O (6k):
(d, 1H, J = 8,2 Hz, H-5

N—N
SN
S N
H
HO
OH
q)eﬁonﬂu); 7,25 (d, 1H, J=28.,2

Hz, H-6¢cnomm); 7,39 (s, 1H, H-2genomm); 7,55-7,70 (m, 3H, Ar-Haurpanen), 7,78 (d, 1H, Jag =
15,8 Hz, CH=); 7,92 (d, 1H, Jsa = 15,8 Hz, CH=); 7,98-8,22 (m, 4H, Ar-H u 3H,
Ar-Haypanen); 8,37 (d, 1H, J= 8,4 Hz, Ar-Haurpawen); 8,73 (s, 1H, Ar-Haurpauen); 9,16 (s, 1H,
Ar-Haumpanen); 9,46 (s, 1H, OH); 9,62 (s, 1H, OH); 13,14 (s, 1H, NH); '*C NMR (50 MHz,
DMSO-ds): 113,90, 116,36, 119,24, 121,62, 124,27, 124,72, 126,38 (2C), 127,21, 127,72,
127,99, 128,65, 128,74 (2C), 128,93 (2C), 129,05, 131,28, 131,58, 132,19, 133,10, 135,57,
138,82, 143,06, 146,02, 148,35, 158,63, 162,54, 164,80, 193,43; IR (KBr, cm™): 3405; 3047;
2930; 1655; 1607; 1538; 1510; 1302; 1290; 1255; 1201; 749; W3pauynato 3a
C32H21N304SxH>0 (561,62 g/mol): C, 68,43; H, 4,13; N, 7,48; S, 5,71; Haheno: C, 68,40; H,
4,14; N, 7,50; S, 5,73.

TamHoHapaHyacra

npamniKacra CYIICTAHIIA;
npunoc: 0,43 g (76%);
T.T. > 250 °C; 'H NMR
(200 MHz, DMSO-ds): 6,87

3.5.13. (E)-N-(5-(3,4-Huxuopoxcughenun)-1,3,4-muaouazon-2-un)-4-(3-oxco-3-(muoghen-2

-un)npon-1-en-1-un)oenzamuo (6.1):

N—N O 2KyTa npamikacra cyrncrasua;
/ )\ npunoc: 0,28 g (62%); T.T.
S N
H / \ > 250 °C; 'H NMR (200
=
HO S MHz, DMSO-ds): 6,87 (d,
OH O lH, J= 8,2 HZ, H-Sq)enomm);

7,24 (dd, 1H, J = 8,2 u 1,8 Hz, H-6genomm); 7,34 (t, 1H, J = 4,4 Hz, Ar-Hunogen); 7,39 (d, 1H, J
= 1,8 Hz, H-2genomm); 7,79 (d, 1H, Jag = 15,6 Hz, CH=); 8,06 (d, 1H, Jsa = 15,6 Hz, CH=);
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8,08 (d, 2H, Jas = 8,4 Hz, Ar-H); 8,10 (d, 1H, J = 4,4 Hz, Ar-Huopen); 8,20 (d, 2H, Jsa = 8,4
Hz, Ar-H); 8,41 (d, 1H, J = 4,4 Hz, Ar-Huuogen); 9,47 (s, 1H, OH); 9,62 (s, 1H, OH); 13,13 (s,
1H, NH); 3C NMR (50 MHz, DMSO-ds): 113,85, 116,33, 119,20, 121,55, 124,44, 129,01
(5C), 133,07, 134,18, 135,99, 138,80, 141,66, 145,39, 145,99, 148,32, 158,55, 162,53,
164,81, 181,63; IR (KBr, cm™): 3406; 2927; 1671; 1654; 1595; 1540; 1413; 1317; 1292;
1189; 760; Nzpauynato 3a CoHisN304S, (449,51 g/mol): C, 58,78; H, 3,36; N, 9,35; S,
14,26; Haheno: C, 58,80; H, 3,34; N, 9,36; S, 14,21.

3.6. [locTynak 3a cuHTe3y jeaumema 9a-m, 10 u 11

Ilocmynak 3a cunme3sy jeourerwa 8a-m. Cmeca oarosapajyhe kucenuse (2,00 mmol)
u POCl;3 (0,8 mL) memana je Ha coOHO] Temmeparypu TokoM 20 MUHYTa. 3aTHM je J0JaT
tnocemukapbasun (0,182 g, 2,00 mmol) u pesynryjyha cycnensuja je pedaykroana 1 car.
Hakon mTo je OanoH oxmaljeH y JneAeHOM KymaTuiy, HaxkJbuBo je nomato 2,4 mL
JIeJOHU30BaHe BOJIE U peIyKTOoBame je HacTaB/beHOo jour 1 cat. CMeca je 3aTuM oxialheHa
no cobOHe Temmeparype, aoaaBaH je Boaenm pactBop NaOH mo pH 8,5, makon dera je
CyclleH3Mja MelllaHa Ha CcoOHOj Temmeparypu TokoM | cara. dopmupanHu Tanor
onroapajyhux pgepuBara 2-amuHo-1,3,4-Tnamuazona (8a-m) je mpouehen, ocymeH y
excukaTopy wu3Haj anxuapoBaHor CaCl, u mpousBon je pekpucramucad u3 50%-Hor
pactBopa EtOH.

Ilocmynaxk 3a cunme3sy jeourwerva 9a-m. Cmecu 3,4-TUXUIPOKCUOEH30j€BE KHCEIINHE
(0,308 g, 2,00 mmol) y auxuapoBanom auxsiopmetany (8,0 mL) monako je nogaBan SOCI,
(1,5 mL, 20,00 mmol), a 3atum u nBe kanu N,N-numetundopmamuaa u go0OujeHa cMmeca
MelllaHa je Ha cOOHOj TemmepaTypu TOkoM 2 cata. HakoH Tora, pactBapau je ymapeH Moj
cHWKEHUM TpuTHCKOM, a BHumAak SOCIl; je YKIOHmEH a3e0TPOITHOM JECTHIIAINjOM ca
ToryeHoM. POpPMHUPAHOM KHCETMHCKOM XJIOPHIY Cy, 0€3 NMPEeTXOTHOT HM30J0Bamka, IO0JaTH
onropapajyhu cyncrutyucanu 2-amuHo-1,3,4-tranuazon, 8a-m (1,00 mmol), NaHCO;
(0,168g, 2,00 mmol) u anxuaposanu auokcad (12,0 mL) u cmeca je 3aTuM peduryKToBaHa
ToKOM 24 cara. HakoH Tora, pacTBapau je ymnapeH MoJl CHHKEHUM IMPUTHCKOM, OCTAaTKy je
nogato 15,0 mL Bone, kao u uBpctu NaxCOsz kako 6u ce mocturao pH 9. ®@opmupana
cycneHsuja Mmemana je TokoM 30 MuHyTa Ha cOOHOj TeMIlepaTypd, a 3aTUM j€ Tajor

npoueheH, ucrnpaH BOJAOM M OCYIICH Y eKCHKaTopy u3Haj anxuiapoBaHor CaCl,. @unamHu
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MPOM3BOIU JTOOM]EHHU Cy ca 3a/10BOJbaBajyhom uucrohom, anmm ga Ou ce qoOuia jeaumbermba
BHUCOKE 4YHCTOhe, MOTy ce€ MOJABPTHYTH JaJbeM IpeuriIhaBamy peKpUCTaIU3alijoM U3
50%-nor Boaenor pactsopa EtOH, 3a 9k, 65%-nor EtOH, 3a 96 u 9m, 70%-nor EtOH, 3a 9a,
98, 9) u 9, 75%-nor EtOH, 3a 9a, 80%-nor EtOH, 3a 9j, 85%-nor EtOH, 3a 9r u 9,
90%-nor EtOH, 3a 91 u 9e u 96%-nor EtOH, 3a 9:k u 93.

Ilocmynax 3a cunmesy jeourserba 10. Cmeca 3,4-nuxunpoxcudenzangaexuna (0,259 g,
1,87 mmol) u 2-amuno-5-pennn-1,3,4-tuaguazona (0,266 g, 1,50 mmol) y amcomytHOM
eranony (5,0 mLlL) je HakoH JojmaTka TpU Kamu TIalUjadHe CUPNETHE KHUCEIHHE
pedaykroBana TokoM 18 cartu. Ilocnme xmahema Oanona, momato je 10,0 mL nmecrtumoBane
BOJIe, HAKOH 4Yera je cycreHsuja memana 30 MuHyTa Ha COOHO] TeMIieparypu. Taior je 3aTUM
nporehen, ocymen y ekcukaropy u3Han anxuapoBator CaCly u pekpucTaincaH u3 aleToHa.

Ilocmynak 3a cunme3sy jeourwerna 11. Uspctu NaBHs (0,593 g, 15,67 mmol) je y3
MelIame MOJaKo JojaaBaH cycneH3uju (opmupanor umuna 10 (0,297 g, 1,00 mmol) y
metanony (10,0 mL), HakoH uera je Memame n0OUjeHE cMece Ha COOHOj TemrepaTypu
HacTaBbeHO jomr 1 cat. 3armm je momaro 20,0 mL nmecrunoBane Boxe, kao u 2M HCI no
noctusama pH 2. @opmupanu Tanor je MemaH Ha coOHOj TemmepaTypu jomr 30 MHHYTA.
Hakon xnahemwa OGanmona y dpmwxkuaepy TokoM 1,5 cara, Tamor je mpoueheH, ocylieH y

excukaTopy u3Haj anxuaposanor CaCly u pexpuctanucan u3 50% Boaenor pactsopa EtOH.

3.6.1. 3,4-/luxuopoxcu-N-(5-¢penun-1,3,4-muaouazon-2-un)oenzamuo x H>0 (9a):
N—N o bex mpamkacra cyncranma; npunoc: 0,20 g
©/<S )\N OH (64%); T.T. > 250 °C; 'H NMR (200 MHz,
H DMSO-ds): 6,86 (d, 1H, J = 8,2 Hz, Ar-H);
OH 753762 (m, 5H, Ar-H); 7,97 (s, 1H, Ar-H); 7,97
(d, 1H, J = 8,2 Hz, Ar-H); 9,44 (s, 1H, OH); 9,93 (s, 1H, OH); 12,81 (s, 1H, NH); '*C NMR
(50 MHz, DMSO-de): 115,22, 116,09, 120,94, 122,37, 126,89 (2C), 129,33 (2C), 130,39,
130,47, 145,26, 150,48, 159,56, 161,75, 164,73; IR (KBr, cm™): 3524, 3414, 3107, 1632,
1614, 1592, 1520, 1291, 754; Uzpauynaro 3a CisH11N3O3SxH>0 (331,35 g/mol): C, 57,50;

H, 3,54; N, 13,41; S, 10,23; Haheno: C, 57,48; H, 3,55; N, 13,39; S, 10,25.
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3.6.2. 3,4-/luxudpoxcu-N-(5-(o-monun)-1,3,4-muaouazon-2-un)oenzamuo (90):
CH3 N—N o bexx mnpamkacra cyncranna; npunoc: 0,20 g
©/(S)\N OH (61%); T.T. 246-247 °C (pasnarame); 'H NMR
H (200 MHz, DMSO-de): 2,53 (s, 3H, CH3); 6,86 (d,
OH 1H, J = 8,0 Hz, Ar-H); 7,31-7,42 (m, 3H, Ar-H);
7,55-7,62 (m, 2H, Ar-H); 7,70 (d, 1H, J = 7,0 Hz, Ar-H); 9,77 (bs, 2H, OH); 12,43 (s, 1H,
NH); *C NMR (50 MHz, DMSO-de): 21,27, 115,28, 116,11, 121,01, 122,46, 126,47, 129,57,
129,93, 130,12, 131,52, 136,41, 145,34, 150,55, 160,06, 161,31, 164,85; IR (KBr, cm™):

3404, 3154, 2955, 1685, 1604, 1527, 1300, 1204, 753; Uzpauynato 3a CisH13N303S (327,36
g/mol): C, 58,70; H, 4,00; N, 12,84; S, 9,80; Haheno: C, 58,72; H, 4,01; N, 12,82; S, 9,82.

3.6.3. 3,4-/luxuopoxcu-N-(5-(m-monun)-1,3,4-muaouazon-2-un)oenzamud * 0,5H>0 (96):
N—N O bex npamikacra cyncranua; npusoc: 0,24 g
HsC / >\N OH (74%); T.T. > 250 °C; '"H NMR (200 MHz,
° H DMSO-ds): 2,39 (s, 3H, CH3); 6,86 (d, 1H,
OH " y—82 Hz, Ar-H); 7,32 (d, 1H, J = 7,6 Hz,
Ar-H); 7,41 (t, 1H, J = 7,6 Hz, Ar-H); 7,56 (s, 1H, Ar-H); 7,61 (d, 1H, J = 8,2 Hz, Ar-H);
7,73-7,79 (m, 2H, Ar-H); 9,72 (bs, 2H, OH); 12,60 (s, 1H, NH); *C NMR (50 MHz,
DMSO-ds): 21,05, 115,29, 116,14, 121,02, 122,45, 124,12, 127,41, 129,26, 130,38, 131,19,
138,80, 145,35, 150,56, 159,59, 161,92, 164,78; IR (KBr, cm™): 3407, 3281, 3187, 1685,
1608, 1542, 1521, 1320, 1298, 1107, 749; Uspauynaro 3a CisH13N3035%0,5H20 (354,39

g/mol): C, 58,70; H, 4,00; N, 12,84; S, 9,80; Haheno: C, 58,71; H, 3,99; N, 12,87; S, 9,79.

3.6.4. 3,4-/luxuopoxcu-N-(5-(p-monun)-1,3,4-muaouazon-2-un)oenzamuo x 0,5H>0 (92):
N—N O bena mpamxkacra cyncranua; npunoc: 0,23
/@/(S >\N OH g (70%); T.T. > 250 °C; 'H NMR (200
H MHz, DMSO-ds): 2,36 (s, 3H, CHs); 6,86
HsC OH (@, 1H, J = 8,2 Hz, Ar-H); 7,34 (d, 2H, Jas
= 8,0 Hz, Ar-H); 7,55 (s, 1H, Ar-H); 7,59 (d, 1H, J = 8,2 Hz, Ar-H); 7,85 (d, 2H, Jga = 8,0
Hz, Ar-H); 9,54 (bs, 1H, OH); 9,74 (bs, 1H, OH); 12,75 (s, 1H, NH); '3C NMR (50 MHz,
DMSO-de): 19,04, 113,17, 114,03, 118,89, 120,34, 124,76 (2C), 125,63, 127,84 (2C), 138,31,
143,23, 148,42, 157,22, 159,77, 162,61; IR (KBr, cm™): 3397, 3168, 2956, 1682, 1609, 1532,
1459, 1309, 1298, 1206, 810; M3pauynaro 3a CicH13N3035%0,5H20 (336,37 g/mol): C,

58,70; H, 4,00; N, 12,84; S, 9,80; Haheno: C, 58,74; H, 4,02; N, 12,85; S, 9,81.
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3.6.5. 3,4-/[uxudpoxcu-N-(5-(2-memoxcugpenun)-1,3,4-muaouazon-2-un)oenzamuo
x 0,5H:0 (90):
OCH; N—N o bex mnpamkacta cyncranina; npuHoc: 0,23 g
©/(S\ N OH (68%); T.T. > 250 °C; 'H NMR (200 MHz,
H DMSO-d¢): 4,03 (s, 3H, OCH3); 6,86 (d, 1H, J =
OH 8.0 Hz, Ar-H); 7,13 (t, 1H, J = 8,0 Hz, Ar-H); 7,27
(d, 1H, J= 8,0 Hz, Ar-H); 7,50 (dd, 1H, J= 8,0 u 1,4 Hz, Ar-H); 7,55 (s, 1H, Ar-H); 7,70 (d,
1H, J = 8,0 Hz, Ar-H); 8,30 (dd, 1H, J = 8,0 u 1,4 Hz, Ar-H); 10,41 (bs, 2H, OH and 1H,
NH); 3C NMR (50 MHz, DMSO-de): 54,14, 110,37, 113,16, 113,99, 117,09, 118,85, 19,14,
120,46, 125,32, 129,60, 143,26, 148,41, 153,32, 154,45, 159,27, 162,60; IR (KBr, cm™):
3398, 3153, 2944, 1681, 1601, 1545, 1526, 1314, 1299, 1260, 1018, 747; UzpauyHaro 3a
Ci6H13N304S%0,5H,0 (352,37 g/mol): C, 55,97; H, 3,82; N, 12,24; S, 9,34; Haheno: C,
55,99; H, 3,81; N, 12,26; S, 9,35.

3.6.6. 3,4-/luxuopoxcu-N-(5-(3-memokcughenun)-1,3,4-muaouazon-2-un)oenzamud  x
0,5H:0 (9h):

N—N o CemioOpaoH  Mpaimkacta CyICTaHIIA;

HsCO / >\N OH  npunoc: 0,24 g (70%); T.T. > 250 °C

° H (pasmarame,); 'H NMR (200 MHz,

OH  DMSO-ds): 3,85 (s, 3H, OCHs); 6,86 (d,

1H, J = 8,0 Hz, Ar-H); 7,09 (d, 1H, J = 8,0 Hz, Ar-H); 7,40-7,62 (m, 5H, Ar-H); 9,68 (bs,

2H, OH); 12,72 (bs, 1H, NH); '3*C NMR (50 MHz, DMSO-ds): 55,49, 111,47, 115,27,

116,12, 116,65, 119,55, 121,00, 122,40, 130,60, 131,69, 145,33, 150,55, 159,78 (2C), 161,62,

164,79; IR (KBr, cm™): 3386, 3169, 2940, 1676, 1605, 1526, 1457, 1304, 1217, 1217, 1112,

745; Nspauynaro 3a CisHi13N3045%x0,5H,0 (352,37 g/mol): C, 55,97; H, 3,82; N, 12,24; S,
9,34; Haheno: C, 55,94; H, 3,83; N, 12,23; S, 9,31.

3.6.7. 3,4-uxuopokcu-N-(5-(4-memokcughenun)-1,3,4-muaouazon-2-un)oenzamuo * H>;0
(9e):

bex npamkacra cyncranna; npusoc: 0,18

N—N 0O
/@/QS )\N OH ¢ (51%); T.T. > 250 °C; '"H NMR (200
H MHz, DMSO-de): 3,83 (s, 3H, OCH);
HsCO OH 6,85 (d, 1H, J = 8,4 Hz, Ar-H); 7,08 (d,
2H, Jas = 8,8 Hz, Ar-H); 7,54 (s, 1H, Ar-H); 7,59 (d, 1H, J = 8,2 Hz, Ar-H); 7,90 (d, 2H, Jsa
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= 8,8 Hz, Ar-H); 9,66 (bs, 2H, OH); 12,65 (bs, 1H, NH); *C NMR (50 MHz, DMSO-ds):
55,56, 114,84 (2C), 115,27, 116,11, 120,96, 122,49, 123,00, 128,51 (2C), 145,33, 150,51,
159,04, 161,06, 161,61, 164,72; IR (KBr, cm™): 3397, 3181, 2937, 1663, 1607, 1521, 1462,
1305, 1258, 1178, 829; Uspauynato 3a Ci1sH13N304SxH20 (361,38 g/mol): C, 55,97; H, 3,82;
N, 12,24; S, 9,34; Haheno: C, 55,98; H, 3,80; N, 12,27; S, 9,36.

3.6.8. N-(5-(2-Xnopoghenun)-1,3,4-muaduazon-2-un)-3,4-ouxuopoxcudenzamuo > H>0
(921¢):
Cl N—N o bexx mnpamkacra cyncranna; mnpunoc: 0,21 g
©/(S )\N OH (61%); T.T. > 250 °C; 'H NMR (200 MHz,
H DMSO-de): 6,86 (d, 1H, J = 8,2 Hz, Ar-H);
OH 749.762 (m, 4H, Ar-H); 7,65-7,72 (m, 1H,
Ar-H); 8,12-8,17 (m, 1H, Ar-H); 9,59 (bs, 1H, OH); 9,80 (bs, 1H, OH); 12,85 (bs, 1H, NH);
3C NMR (50 MHz, DMSO-de): 115,28, 116,14, 121,05, 122,27, 127,90, 129,25, 130,64,
130,93, 131,16, 131,75, 145,34, 150,60, 157,86, 161,25, 164,84; IR (KBr, cm™): 3420, 3160,
2969, 1684, 1606, 1527, 1451, 1300, 1203, 753; Uzpauynaro 3a CisHioCIN3O3SxH>0O
(365,80 g/mol): C, 51,80; H, 2,90; N, 12,08; S, 9,22; Haheno: C, 51,82; H, 2,91; N, 12,10; S,
9,20.

3.6.9. N-(5-(3-Xnopoghenun)-1,3,4-muaouazon-2-un)-3,4-ouxuopokcuvenzamuo (93):
N—N O bena mpamkacra cyncranua; npusoc: 0,19 g
Cl / >\N OH (54%); T.T. > 250 °C; 'H NMR (200 MHz,
W DMSO-de): 6,86 (d, 1H, J = 8,2 Hz, Ar-H);
OH  753.7,63 (m, 4H, Ar-H); 7,87-7,95 (m, 1H,
Ar-H); 8,02 (d, 1H, J = 1,8 Hz, Ar-H); 9,42 (s, 1H, OH); 9,95 (s, 1H, OH); 12,88 (s, 1H,
NH); '3C NMR (50 MHz, DMSO-de): 115,26, 116,11, 121,01, 122,22, 125,78, 126,16,
130,24, 131,30, 132,35, 134,08, 145,32, 150,59, 160,08, 160,33, 164,74; IR (KBr, cm™):
3421, 3365, 3114, 1659, 1617, 1601, 1518, 1300, 1256, 1115, 753; WH3pauyHato 3a
Ci5H10CIN3O3S (347,78 g/mol): C, 51,80; H, 2,90; N, 12,08; S, 9,22; Haheno: C, 51,78; H,

2,89; N, 12,09; S, 9,23.
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3.6.10. N-(5-(4-Xnopogpenun)-1,3,4-muaouazon-2-un)-3,4-ouxuopoxcuoenzamuo (9u):
N—N o bena npamkacra cyncranna; npusoc: 0,22 g
/@/48 >\N OH  (64%); T.T. > 250 °C; 'H NMR (200 MHz,
H DMSO-de): 6,86 (d, 1H, J = 8,2 Hz, Ar-H);
Cl OH 755762 (m, 2H, Ar-H); 7,60 (d, 2H, Jas =
8,4 Hz, Ar-H); 7,99 (d, 2H, Jea = 8,4 Hz, Ar-H); 9,47 (bs, 1H, OH); 9,91 (bs, 1H, OH); 12,84
(bs, 1H, NH); '*C NMR (50 MHz, DMSO-ds): 115,19, 116,06, 120,96, 122,22, 128,50 (2C),
129,21, 129,35 (2C), 135,04, 145,25, 150,50, 159,80, 160,58, 164,66; IR (KBr, cm™): 3426,
3182, 1681, 1657, 1614, 1603, 1523, 1455, 1298, 1234, 829; Uzpauynaro 3a CisH10CIN3O3S
(347,78 g/mol): C, 51,80; H, 2,90; N, 12,08; S, 9,22; Haheno: C, 51,84; H, 2,90; N, 12,06; S,

9,19.

3.6.11. N-(5-(4-bpomogpenun)-1,3,4-muaouazon-2-un)-3,4-ouxudpoxkcudenzamuo
x 0,5H20 (9)):
N—N o CaeTiioKyTa mpaiikacTa CyrncTaHia; mpuHoC:
/©/(S>\N OH 0,21 g (54%); T.T. > 250 °C; 'H NMR (200
H MHz, DMSO-de): 6,85 (d, 1H, J = 8,2 Hz,
Br OH  Ar-H); 7,54-7,61 (m, 2H, Ar-H); 7,73 (d, 2H,
Jas = 8,4 Hz, Ar-H); 7,92 (d, 2H, Jea = 8,4 Hz, Ar-H); 9,48 (bs, 1H, OH); 9,89 (bs, 1H, OH);
12,84 (bs, 1H, NH); '*C NMR (50 MHz, DMSO-de): 115,26, 116,12, 121,01, 122,29, 123,83,
128,78 (2C), 129,63, 132,34 (2C), 145,32, 150,57, 159,90, 160,72, 164,76; IR (KBr, cm™):
3391, 3199, 1675, 1605, 1521, 1455, 1299, 1209, 1071, 749; W3pauyHato 3a
Ci5sH10BrN3O3Sx0,5H,0 (401,24 g/mol): C, 45,93; H, 2,57; N, 10,71; S, 8,18; Haheno: C,
45,92; H, 2,58; N, 10,73; S, 8,19.

3.6.12. N-(5-bensun-1,3,4-muadua3zon-2-un)-3,4-ouxuopoxcubenzamuo (9x):
N—N o CuBa mpamkacta cyncranua; npunoc: 0,19 g
@\/4 >\ oH (57%); T.T. > 250 °C (pasnarame); 'H NMR
s H)U (200 MHz, DMSO-de): 4,36 (s, 2H, CH>); 6,82
oH (d, 1H, J = 8,2 Hz, Ar-H); 7,24-7,37 (m, 5H,
Ar-H); 7,48 (s, 1H, Ar-H); 7,52 (d, 1H, J = 8,2 Hz, Ar-H); 9,38 (s, 1H, OH); 9,88 (s, 1H,
OH); 12,57 (s, 1H, NH); 13C NMR (50 MHz, DMSO-de): 35,20, 115,23, 116,04, 120,85,
122,48, 127,06, 128,84 (2C), 128,91 (2C), 137,92, 145,27, 150,40, 159,90, 163,53, 164,67,
IR (KBr, cm™): 3433, 3347, 3063, 1673, 1612, 1527, 1454, 1304, 1218, 750; N3pauynato 3a
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Ci16H13N303S (327,36 g/mol): C, 58,70; H, 4,00; N, 12,84; S, 9,80; Haheno: C, 58,65; H,
3,98; N, 12,80; S, 9,83.

3.6.13. 3,4-/Tuxuopoxcu-N-(5-(¢penokcumemun)-1,3,4-muaduazon-2-un)oenzamud (91):
N—N o bex npamkacra cyncranua; npusnoc: 0,26 g
O/<S>\N)k©:o"| (75%); T.T. > 250 °C; 'H NMR (200 MHz,
©/\ H DMSO-de): 5,51 (s, 2H, CH,); 6,84 (d, 1H,
OH ;- 82 Hz, Ar-H); 7,00 (t, 1H, J = 7,4 Hz,
Ar-H); 7,08 (d, 2H, J = 8,2 Hz, Ar-H); 7,33 (t, 2H, J = 8,2 Hz, Ar-H); 7,51 (s, 1H, Ar-H);
7,56 (d, 1H, J = 8,2 Hz, Ar-H); 9,43 (bs, 1H, OH); 9,89 (s, 1H, OH); 12,73 (s, 1H, NH); *C
NMR (50 MHz, DMSO-d¢): 64,22, 115,08 (2C), 115,26, 116,09, 120,97, 121,65, 122,31,
129,72 (2C), 145,32, 150,54, 157,48, 160,42, 160,73, 164,82; IR (KBr, cm™): 3391, 3178,
1684, 1601, 1531, 1497, 1455, 1299, 1231, 746; Uzpauynato 3a CicHi13N304S (343,36

g/mol): C, 55,97; H, 3,82; N, 12,24; S, 9,34; Haheno: C, 55,99; H, 3,83; N, 12,21; S, 9,35.

3.6.14. N-(5-l{uxnoxexcun-1,3,4-muaouaszon-2-un)-3,4-ouxudopoxcuoenzamuo (9»):
N—N 0o bexx mnpamkacra cyncranna; npunoc: 0,20 g
/ >\N OH (64%); T.T. > 250 °C; 'H NMR (200 MHz,
° H DMSO-de): 1,17-1,55 (m, 5H, CHaumoxexcun);
OH 1,62-1,79 (m, 3H, CHawmsoxerenn); 2,01-2,07 (m,
2H, CHauwxcnoxexenn); 2,97-3,10 (m, 1H, CHouuxnoxexenn); 6,83 (d, 1H, J = 8,2 Hz, Ar-H); 7,50 (s,
1H, Ar-H); 7,54 (d, 1H, J = 8,2 Hz, Ar-H); 9,59 (bs, 2H, OH); 12,52 (s, 1H, NH); '*C NMR
(50 MHz, DMSO-dg): 25,49 (2C), 25,58, 33,15 (2C), 38,84, 115,20, 116,05, 120,82, 122,65,
145,25, 150,32, 158,92, 164,66, 169,01; IR (KBr, cm™): 3391, 3294, 2932, 2855, 1686, 1614,
1552, 1524, 1312, 1293, 1193, 656; N3pauynaro 3a CisH17N303S (319,38 g/mol): C, 56,41;

H, 5,37; N, 13,16; S, 10,04; Haheno: C, 56,37; H, 5,38; N, 13,15; S, 10,05.

3.6.15. N-(5-(Aoamanman-1-un)-1,3,4-muaouazon-2-un)-3,4-ouxuopoxcuovenzamuo (9m):
N—N o} bena mpamkacra cyncranua; npusoc: 0,25 g
WS >\N OH (67%); T.T. > 250 °C; 'H NMR (200 MHz,
H DMSO-de): 1,75 (s, 6H, Hapavanmun); 2,02 (s,
OH' 9H, Hayavanmmn); 6,82 (d, 1H, J = 8,2 Hz, Ar-H);

7,50 (s, 1H, Ar-H); 7,54 (d, 1H, J = 8,2 Hz, Ar-H); 9,74 (bs, 2H, OH); 12,12 (s, 1H, NH);
13C NMR (50 MHz, DMSO-ds): 28,09 (3C), 36,07 (3C), 37,37, 42,90 (3C), 115,19, 116,03,
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120,80, 122,65, 145,26, 150,35, 158,84, 164,68, 173,44; IR (KBr, cm™): 3381, 3220, 2906,
2851, 1637, 1607, 1525, 1448, 1296, 1226, 744; Uspauynaro 3a CioH21N3O3S (371,45
g/mol): C, 61,44; H, 5,70; N, 11,31; S, 8,63; Haheno: C, 61,47; H, 5,69; N, 11,33; S, 8,65.

3.6.16. 4-(((5-®enun-1,3,4-muaouazon-2-un)umuno)memun)oensen-1,2-ouon (10):
N—N Kyrta mnpamkacra cyncranma; npuHoc: 0,24 g
©/(S %N/\Q:OH (53%); T.T. 228-229 °C (pasnmarame); 'H NMR
(200 MHz, DMSO-ds): 6,92 (d, 1H, J = 8,2 Hz,
OH " Ar-H); 7,39 (dd, 1H, J = 8,2 u 1,8 Hz, Ar-H); 7,51
(d, 1H, J = 1,8 Hz, Ar-H); 7,54-7,58 (m, 3H, Ar-H); 7,93-7,98 (m, 2H, Ar-H); 8,79 (s, 1H,
N=CH); 9,65 (s, 1H, OH); 10,18 (s, 1H, OH); 3C NMR (50 MHz, DMSO-d¢): 115,02,
115,84, 125,44, 126,23, 127,20 (2C), 129,38 (2C), 130,14, 131,11, 146,01, 151,96, 165,02,
168,56, 174,15; IR (KBr, cm™): 3533, 2924, 1603, 1585, 1516, 1297, 1291, 1192, 762;
Nzpauynato 3a C1sH11N302S (297,33 g/mol): C, 60,59; H, 3,73; N, 14,13; S, 10,78; Haheno:

C, 60,56; H, 3,74; N, 14,12; S, 10,76.

3.6.17. 4-(((5-®enun-1,3,4-muaouazon-2-un)amuno)memun)oenzen-1,2-ouon (11):
N—N Kyra npamkacra cyncranua; npunoc: 0,24 g
©/(S)\N OH  (80%); T.T. 217-218 °C (pasmarame); 'H NMR
H/\©: (200 MHz, DMSO-dg): 4,35 (d, 2H, J = 5,4 Hz,
OH CH,): 6,64 (dd, 1H, J = 8,0 u 1,6 Hz, Ar-H);
6,69 (t, 1H, J = 8,0 Hz, Ar-H); 6,79 (d, 1H, J = 1,4 Hz, Ar-H); 7,44-7,52 (m, 3H, Ar-H);
7,73-7,77 (m, 2H, Ar-H); 8,34 (t, 1H, J = 5,4 Hz, NH); 8,85 (s, 1H, OH); 8,94 (s, 1H, OH);
3C NMR (50 MHz, DMSO-dy): 48,21, 115,33, 115,52, 118,84, 126,38 (2C), 129,21 (2C),
129,28, 129,67, 130,99, 144,65, 145,28, 156,00, 168,56; IR (KBr, cm™): 3431, 3205, 3108,
2955, 1607, 1580, 1573, 1516, 1425, 1362, 1289, 1195, 761; U3pauynato 3a CisH12N302S
(299,35 g/mol): C, 60,19; H, 4,38; N, 14,04; S, 10,72; Haheno: C, 60,17; H, 4,39; N, 14,05;

S, 10,71.
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3.7. UcnintuBame anTHOKcHAATHBHE akTUBHOCTH DPPH TecTom

AHTHOKCH/IaTHBHA aKTUBHOCT CHHTETU30BaHUX JiepuBara 1,3,4-tuaaunazona oapehena
j€ IpuMEHOM MeTojie YKiIamama cinodoaanx DPPH panukana kojy cy onucaim Kumarasamy
u capagauun.>'* 3a onpehuBame akTHBHOCTH yKnamama DPPH pangukana, 1,0 mL pacTsopa
DPPH y meranoiny (0,2 mM 3a 3a-xk u 3'a-xk, 0,05 mM 3a 6a-i, 9a-m, 10 u 11) nomemano je
ca HMCTOM 3alpeMHHOM TECTHUPaHUX jeaumema (jenumema 3a-k u 3'a-xk, 9a, 10 u 11
pacTBOpeHa Cy y METaHOIy, a jelumema 6a-1, 9a-m y 1 v/v %-nom pactBopy DMSO-a y
metaHony). [Tociie nakyOaruje y mpaky Tokom 30 MHHYTa, MEpEHa je arcopOaHiia cMece Ha

517 nm. AxktuBHOCT ykiamama DPPH panukana u3padynara je xao:

% akTUBHOCT yKinawama DPPH panukana = % *® 100,
C

rae je Ac ancop6Oanra koutposie (DPPH y meranoiry) u As ancopbania y3opka. Pesynratu
cy m3paxkenu y oomuky ICso BpeqHOCTH, OTHOCHO KOHIICHTpAIMje jeIUbEHha Koja CMambyje
konnunny nouetHor DPPH panukana 3a 50%. Kao mo3uTuBHA KOHTpoia KopuiiheHe cy
acCKOpOMHCKa  KHCeIMHA WM  HOPAUXHUAPOTBajapeTHHCKa  KUcenuHa.  Pe3ynraty,
MIPE/ICTaBJbEHU Kao Ccpeliba BpeAHOCT + SD Tpu He3aBUCHA €KCIIEPUMEHTA, U3padyHaTH Cy

kopuithewem Microsoft Excel unu OriginPro8 cratucruukor cogrsepa.

3.8. UcnutuBame aHTHOKCUAATHBHE aKTUBHOCTH ABTS TecToM

AxTtuBHOCT yKnamamwa ABTS panukan-katjoHa jenumema 9a-r, 9:x-u, 9k, 10 u 11
onpeheHa je MO HE3HATHO HM3MEHEHO] MeTOAM Kojy cy omucanu Re u capaguunm.’’®
dopmupame ABTS™ nocturayro je momatkom NaxS:0s (2,45 mM) 7 mM-apHOM pacTBOpy
ABTS-a u unkybauujom y Mpaky TokoMm 16 catu. 3a morpebe ekcrepuMeHTa, JOOUjeHU
pacTBOp pa3biakeH je MeTaHOJIOM, Kako Ou ce mocturia ancopbanna on 0,70 + 0,02 va 734
nm. Tectupana jenumema pactBopeHa cy y DMSO-y Tako aa ce 1o0uje KOHIIEHTpaIuja o1
10 mM, a 3atum cy pa3z0ia)keHa METAaHOJIOM pajy T00Hjamka KOHIIEHTpanuja y omncery ox 20
10 40 uM. OnpehuBame akTuBHOCTH yKiIamama ABTS™ usspuieno je memamem 100,0 pL
pacTBOpa HMCIUTUBAHUX jEIUCHA, NMPUIPEMIBEHUX Y Pa3IMYUTHM KOHIIEHTpaldjama, ca
900,0 uL pactBopa ABTS "-a. Hakon unkyGanuje y Mpaky Ha COOHOj TeMIepaTypu TokoM 30

MUHYTa, MEpPEHa je amcopOaHlla Ha TajJacHo] My>XUHU o1 734 nm. IlponeHar akTUBHOCTH

HeyTpanucama ABTS panukan-katjoHa u3payyHar je Kao:
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% aKTUBHOCT yKjamama ABTS " = % » 100,
C

rae je Ac ancopbanna ABTS™ pactBopa 0€3 y30pKa TECTUPAHOT jeum-ela (KOHTpoa), a As
arcopOaHIla MCHUTHBAHOT Yy30pka. KoOHIIEHTpamuja TECTUpAHOT jeUIbECHha KOja CMambyje
MOYETHY KOJMuuHy ciobonnux paaukana 3a 50% (ICso), uzpauynara je kopuiihemem

jemHadnHe JT0OWMjeHe JMHEapHOM perpecuoHoM aHanmmu3oM y Microsoft Excel cratuctuukom

codrepy.
3.9. UcnuTuBame NUTOTOKCHYHE AKTHBHOCTH

[{uToTOKCHYHOCT jeaumema 3a-x, 3'a-k U 6a-1 ucnuTaHa je mpeMa Ha TPU XyMaHe
manurHe henujcke nunuje: Hela (amenoxapumnom uepBukca), HL-60 (akyTHa
MIpOMHjeIoNuTHA Jieykemuja) U A549 (kapruHoM muryha) , kao u mpema MRC-5 HOpMamHuM
xymanuM ¢pudpobimactuma ruryha xopucrehu MeTomy Kojy cy aerasbano onucanu Kperuh u
capaguunu.'” Cse Tectupane hemujcke nuuuje cy nopydene us komnanuje ATCC (eHr.
American Type Culture Collection, Manassas, VA, Cjenumene Amepuuke Jpxase). HeLa
(2000 hemuja mo Oymapumhy), A549 (5000 henmja mo Oynapuuhy) u MRC-5 hemmje (5000
henmuja mo Oynapuwuhy) 3acejane cy y OyHapumhe MUKpOTHUTApCKUX Tuioda ca 96 Oynapumha
KojuMa je HakoH 20 caTu J0AaTO MEeT pa3InUMTUX KOHLEHTpaluja jequmbemna (y Olcery oj
12,5-200 uM wnnu ox 6,25-100 uM 3a jenumema 3a-xk u 3'a-x u y oncery oxa 6,25-100 uM
numu 3,125-50 uM 3a jenumema 6a-i). Y30piu KOHTpOJHUX henrja MHKYyOUpaHU Cy caMo y
xpanspbuB0oj nomano3u. HL-60 hemmje (7000 henuja mo Oynapumhy) 3acejane cy 2 cara mpe
J0/laBamka pacTBopa jeaumera. OCHOBHU PAacTBOp jeub-elha HampaBibeH je y DMSO-y y
KoHIeHTpauuju ox 10 mM 3a jenumema 3a-k U 3'a-k M y KOHUEHTpauuju oj 5 mM 3a
jenumema 6a-1. Huso npexusspaBama henuja onpehen je momohy MTT Tecta y ckiany ca
IPETXOJHO YCHOCTaBheHoM Mosmann-oBoM Metonom,”'® kojy cy moauduxosamu Ohno u
Abe.?!” Kao no3uTHBHA KOHTPOJA y CBUM eKCIEpPMMEHTHMA KOpUIINeH je XeMuoTepaneyTcKu

JICK - TUCIIJIaTHHA.
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3.10. OnpehuBame HMBOa nHTpaneayaapuor ROS-a

Xymane wmamurie HL-60 henuje wuHkyOupane cy ca cyoTokcuyaum ICoo
KOHIICHTpaljama jeanmema 3B, 3'0, 3'B 1 3'm (6,5 uM 3a 3B, 6 uM 3a 3'B 11 6,25 uM 3a 3'0
u 3'1), nok cy xymane HeLa henuje nakyOupane ca cyorokcuunum ICzo KOHIIEHTpalujama
jenumema 6a, 6B, 6h) u 6 (10 uM 3a cBako jequmeme) TokoM 24 cara. Hakon Tora, henuje
cy cakymbeHe, ucrnpane ¢ocharnum mnydpepom (PBS) um wmakyOupane y 30 pM-apHoMm
pactBopy 2',7'-muxnopoauxuapodayopeciens auamerara (Sigma Aldrich) y PBS-y Ttoxom
45 munayTta Ha 37°C, mpema cTaHAApAHO] EKCIEPHUMEHTATHO] MPOIEAYPH KOjy CYy paHuje
onucanu Mihailovié u capamauun.'’”> Renuje cy sarum ucnpane PBS-om. Jleo y3opaka
henuja TpeTupaHux jequmemuma 6a, 6B, 6h) u 61 aHanM3upaH je oaMax, JAOK je IPYTH Je0
y30paka TPETUPaHUX OBHM jeIUIbEHUMA, Ka0 U y30pLHU TPETHPaHU jeaumbemiuma 3B, 3'0, 3'B
u 3'1, U3JI0KEH PacTBOPY BOJOHHK-TIEpoKcuaa (5 mM 3a henwmje TpeTupane jequmemruma 3B,
3'0,3'B u 3'n1 u 10 mM 3a henuje Tpetupane jequmemuMa 6a, 6B, 61 u 6J1) Tokom 30 MuUHyTa
Ha 37°C kako 6u ce uHaykoBajno crBapame ROS-a. Hakon unky6auuje ca H,O», henuje cy
cakylubeHe W wucrnpane PBS-om, a wuHTe3uter 3enieHe (iyopecleHIje KOjy eMHuTyje
reHepucanu auxyopodayopectent usmepeH je Ha FACSCalibur nporounom murometpy (BD
Biosciences Franklin Lakes, NJ, Cjenumene Amepuuke Jlpxkase). [logamu cy aHanusupanu

kopuithewem CELLQuest xomnjytepckor codraepa (BD Biosciences).

3.11. Anaausa ¢a3za hesqmjckor nukiyca

Xymane manurie HL-60 hemuje tperupane cy ICso u 2ICso xonuenTparujama
jenumema 3B, 3'B, 3'e u 3"k, nox cy xymane Hela hemmje tperupane ICso u 2ICso
KOHIIEHTpallMjama jenumema 6a, 6B, 6l) u 64 Tokom 24 cara. Hakon Tpermana, henuje cy
cakymsbeHe, ucnpase PBS-om u ¢ukcupane y 70%-THOM eTaHONy, MpeMa CTaHIapiHO]
npouenypu.’'® Vsopuu hemuja uyanm cy ma —20 °C HajMame Hejesby JaHa Ipe 0ojema.
Hakon Tora, henmje cy cakymbeHe neHTpudyrupamem, HCTpane, pecycnenaoBane y PBS-y
KOjU caJpxu puboHykieasy A u uakyoupane Ha 37°C tokoMm 30 muHyTa. henujama je 3aTum
J07aT pacTBOp MPONHMIMjyM joaunaa, Koju ciayxu 3a 6ojewe JIHK. Ilpomentn manuraux
hemja yayrap cnemmdudyaux ¢asza hemujckor mukiayca onapehenu cy kxopummhewmem BD

FACSCalibur nporounor nutoMerpa. AHanuze JOOMJEHUX IOJaTaka M3BeleHe cy MmoMohy
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CELLQuest xommjytepckor codrtepa. Ilomammm o auctpubyuuju henmmja mo ¢daszama
henujckor IMKIIyca MPENCTaBJbEHU Cy Kao cpeama BpemHocT +£SD 3a Tpu He3aBUCHA
excriepuMenTa. CTaTUCTUYKY 3HAuYajHA pasiuka u3mel)y KOHTpomHuX U henujckux y3opaka
onpehena je xopumthemem jemHocmepHor ANOVA u Dunnett-oBor Tecta. 3a CTaTUCTHYKH

3Ha4ajHe cMaTpaHe ¢y p BpeaHoctu ucrox 0,05.

3.12. Mopddosiomka anaiau3a tuna heamjcke cMpTu

Mopdonomika nporena Bpcte henujcke cMpTH M3a3BaHe jeanmbebuMa 3B, 3'B, 3'e u
3':;x wu3BpiieHa je dQuyopecueHTHOM Mukpockonujom HL-60 henuja oGojeHMX axpuIuH
OpaHK/eTUIMjyM GPOMUIOM, TIpeMa POy pH Kojy cy onmucamd Kperuh u capagnunn.!” 3a
Bu3yanmzaiyjy je kopumthen Carl Zeiss PALM MicroBeam mukpockorn ca Axio Observer.Z1

u AxioCam MRm kamepom (puntepu: Alexa 488 u Alexa 568).

3.13. OnpehuBame NM/bHUX Kacnasa

Y uuipy uCIHUTHBaKa MeEXaHM3Ma henujcke CMPTH, OJHOCHO HAEHTU(dUKauje
Kacrnasza ykJbydeHux y anonto3y HL-60 henuja uzaszany jenumemnma 3B, 3'B, 3'e u 3"k u
anonro3y HelLa henuja uza3Bany jenumemuma 6a, 68, 6I) u 641, ogpehen je mporeHaT OBUX
hemmnja y cyOI'l ¢da3u hemujckor nmkiyca, HakOH MHKyOalyje ca MHXMOUTOpUMa Kacrasa,
npema 1o3Hartoj npoueaypu.!’”> Manurae henuje cy mpBoOUTHO UHKYyOUpaHEe TOKOM 2 cata y
npucycTBy crenupuyHor mHxubOurtopa kacmaze: Z-DEVD-FMK, wuuxuburop kacmaze 3,
Z-IETD-FMK, wunxuburop kacnaze 8 u Z-LEHD-FMK, wunxubutop kacmaze 9, (R&D
Systems, Minneapolis, Cjenumene Amepuuke [pxase), udja je (uHaNHA KOHIEHTpalHWja

n3Hocuina 40 uM.
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3.14. In vitro ekcniepumeHT anruorenese — "endothelial cell tube formation"

Moryha aHTHaHTHOTE€HETCKa CBOjCTBAa jelUiberha HCIUTHBaHa cy Ha EA.hy926
henujckoj TUHUJKM KoOja je€ YCIOCTaB/beHA XHUOPHAM3AIMjOM IMPUMAPHUX XyMaHHX hemnuja
yMOUITMKATHE BEHE M THOTYaHHH-PE3MCTEHTHOT KIIOHA XyMaHuX henuja xapuuHoma ruryha
A549 174175219 Renuje EA.hy926 3acejame cy Ha MartpukcHoM Matpuredy (Corning®
Matrigel®, Corning: kartamomxu Opoj 356234) u uHKyOupaHe ca cybrokcmunuM ICao
KOHIICHTpallljaMa UCIUTUBAaHKX jenumbema (30 uM 3a 3B u 3'B, 50 uM 3a 3'e u 3"k, 6,5 UM

3a 6a, 6B 1 6) u 8§ UM 3a 6J1). [Tocne 20 catu unkydanuje, henmuje EA.hy926 cy mocmarpane

Ha MHBEPTHOM (pa3HO-KOHTPACTHOM MHKPOCKOMY U oTorpaducane.

3.15. Ananusa ekcnpecuje reia 1 MUKpoPHK

Manurne xymane hemuje HL-60 u Hela 3acejane cy y dumackoBuma 3a henujcke
KynType nospiune 75 cm? (5x10° HL-60 henuja mo 6omu 1 4x10° HeLa henuja o daacky).
Haxon 2 cara, HL-60 henuje Tpetupane cy cyotokcnyauMm [Czo KOHIIEHTpaljaMa jeInmbemha
3B, 3'B, 3'e u 3"x (6,5 uM 3a 3B, 6 uM 3a 3'B, 3'e u 3"k), 1ok cy HelLa henuje Tpetupane
IC20 xoHIIEHTpaIjaMa jequmbema 6a, 6B, 61) u 6.1 (10 UM 3a cBako jenumerme) HaKOH 24
cata. Kontponne hemuje cy pacie camo y XxpaH/buBOM Meaujymy. Ilocne
JIBaJIECETYCTBOPOYACOBHE MHKYOaluje, hemuje cy cakymibeHe, UCIpaHe U Y30PIU Cy 3aTUM
gyyBaHu Ha -80°C o nasbux ananuza. 3a nmoTpebe kBantutatuBHe PCR ananuze y peanHom
Bpemeny (RT-qPCR), ykynna PHK je wuzomoBana u3 HL-60, omnocno HelLa henwuja,
kopumthewem TRI Reagent®-a (Sigma) npema ymytcrBuma npousBohaua. RNA RIN (RNA
Integrity Number) onpehen je npumenom Agilent RNA 6000 Nano Kit-a (Agilent
Technologies) na amapary 2100 Bionalyzer, a xonuentpamuja PHK ogapehena je
cnektpodoToMeTprjcku Ha amapaTy BioSpec Nano (Shimadzu). Ekcmpecuwja rena
KBaHTH(HUKOBaHA j€ JBOCTETICHOM pEaKIMjOM PEBEp3HE TPAHCKPUIIIH]E HAKOH KOje je
ycnenuna meroaa kBantutatuBHor PCR-a y peannom Bpemeny (RT-qPCR). High Capacity
cDNA Reverse Transcription Kit (Thermo Fisher Scientific, Vilnius, JIutBanuja) kopunrhexn
je 3a nobujame npumapue kommemerapae JIHK (¢cDNA) ca ciyuajuum npajmepuma nomohy
RT-PCR-a. Kao y3opak 3a MultiScribeTM peBep3Hy TpaHCKpUNTa3zy KopuilheHO je 2ug
ykynHe PHK.
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Peaknuja ammiudukanuje kommuiemerapue JHK wu3Benena je mnpumeHom
exkcriepumenta 3a rene MMP2 (Hs01548727 ml), MMP9 (Hs00957562 ml), VEGFA
(Hs00900055 m1l) excnepumentuma, xkao u TIMP3 (Hs00165949 ml) excnepumeHTOM Yy
ciyuajy HeLa henmja Tpertupanux jenumemuma 6a, 6B, 6)) u 64, xopumhemem TagMan
texnosioruje. HuBom exkcnpecuje mukpoPHK y Hela hemmjama mepeHu cy npumMeHoM
Stem-loop peBep3ne Tpanckpumnuje 1 RT-qPCR, mpumenom Tagman ekcnepumenTa miR-21
(ID 000397), miR-133b (ID 002247), miR-155 (ID 002623) u miR-206 (ID 000510).
OnpehuBame excnpecuje reHa 3acHuBa ce Ha 20X memraBuan HeosHaueHUX PCR mpajmepa u
TagMan® MGB mnpo6u. Kao enmorene konTpone kopuimheHH Cy HHBOM eKCIpecHuje
ruepangexuna-3-bocdar gexuaporenaze (GAPDH), 3a kojy cy mnomamu noOujeHu
npumeHoM TaqMan-oBor Tecra (Applied Biosystems - Hs02758991 gl), xao u mamu
mykiaeapau  RNA-RNU6 B (ID001093). Bpemnoctu ekcrpecuje wu3padyHare Cy
kommapatuBHoM AACt meromom kopumthemem 7500 System SDS codrteepa (Applied
Biosystems, Foster City, Kanudopuuja, Cjenumene Amepuuke [[pxaBe). OBe ekcriepuMeHTe

Koju ykibyuayjy 1 PCR peakuuje netajbHuje cy onucanu Zec U capajHuiu.

3.16. Unatepakuuje ca JJHK

3.16.1. Caumame UV/Vis ancopnuuoHuX cneKkrapa

3a excnepuMeHTe je KopuilheHa Ae30KCHPHUOOHYKIENHCKA KHCEIMHA M30J0BaHA U3
roBeher TuMmyca (JIMIIONM30BaHa, TONUMeEpU30OBaHa, HabaBibeHa on Serva, Heidelberg)
(CT-DNA). OcHoBHu pactBop nooujen je pactBapameM JHK y Tris mydepy (10 mM
Tris-HCI pH 7,9) npexo nohu Ha 4 °C. OBaj ctanmapaHu pacTBop uyBaH je Ha 4 °C u
crabmial je Hekoiuko aaHa. Onnoc UV ancopOanim Ha 260 u 280 nm, A260/A280, pacTBOpa
CT-DNA je on 1,89-2,01, mro cyrepumie na je JJHK y noBosbHO] Mepu ocnmobOohena on
nporenHa. Konnenrpamuja JJHK (3,16 mg/mL) oapehena je na ocHoBy UV amcopbaniie Ha
260 nm kopumhemeM EKCTHHKIMOHOT KOEQHIMJEHTA £, = 6600 M ecm™.??° Xankoncku
nepusatu 1,3,4-tuaguazona, 6a, 6B, 6I) u 641, pacTBOpeHU Cy y AUMETUA CYI(OKCUIY, YUME
Cy 100MjeHU OCHOBHHU PAacCTBOPH OBUX jeIMIbEHHa, YMja j€ KOHLeHTpaluja 2 mM.

3a UV-Vis mepema, pactsopy JHK (10,0 uL C7-DNA) nonara je mana 3ampeMuHa

OCHOBHOT pacTtBopa jeaumema (20,0 ulL) a 3atum u 40 mM-apuu pactBop OMKapOOHATHOT
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nydepa, pH 8,4. Peakumona cmeca je unkyOupana Ha 37 °C tokom 90 mmHyTa ca
MOBPEMEHUM HMHTE3WBHUM MemambeM. UV-Vis crnekrap cauman je Ha UV-1800 Shimadzu
UV/Visible cnekrpodoromerpy ca omcerom on 200 go 800 nm, y KBapIHHM KHBETaMa
nyxkuHe 1,0 cm. CHUMaHu cy Takol)e M CHEKTPH jeIMIbEha MCTUX KOHIICHTpAIlja, Kao U
criektpu CT-DNA.

[IporieHaT xunepxpoMusma Wi Xumoxpomusma oapehen je uz jennauune (1):

ﬂ(En:m + EIE;[) - EB]f[EDNA + E]'E,:l.)} x 100 (1)

TN CY &pys CKCTHHKIMOHM KoeduuujeHT CT-DNA, £gq CKCTUHKIMOHH KOe(UIUjEeHT
CII000IHOT jeqUIbeHha U £ eKCTUHKINOHM Koe(HLUjeHT HacTajor kommiekca CT-DNA ca
JeIULEHHEM.

Tutpamuja ToKOM Koje ce MepHu amncopOaHIla je H3BeJeHa MpPH KOHCTAaHTHO)]
KOHIICHTPAILIMjU HCIUTHUBAHOT jEIAMIbCHA Y3 MOCTENEH MOPacT KOHIEHTpAIHje JBOJIAHYAHE
CT-DNA. 3a cBaky konuentpauujy JAHK mpahena je amcopbanna na 259 nm. Koncranra
BesuBama Ky, onpehena je kopuimhemem jennaunne (2).%!

[DNA] X (g, +&)7" =[DNA]X (g, —g) '+ K" X (g, — &)™ (2)

rIe je £, JeAHAKO OJHOCY amncopOaHua/[jeaumeme], £ jé EKCTUHKIMOHU KOe(pHLHUjeHT
CIO0OJHOr jelumbema U £, EKCTUHKIHOHM KOE(UIMJEHT Be3aHOI jeAumema. [padux
3aBucHoctu [DNA]/( g, — =) npema [DNA] nao je Haru0 u npecek mpase jenHak 1/(s, — &)
u (1/Kv)(1/(s, — £¢)), pecnektuBHo. KoHcTaHTa Be3uBama K, HM3pauyHaBa ce U3 OAHOCA

Haru0a u mpeceka mpase.

3.16.2. CHuMame (pJ1yopecleHTHIX CIeKTapa

KomnerutuHe untepakuuje 1,3,4-traana3on-xaJkoHCKUX Xubpuaa 6a, 6B, 6 u 6.
u ¢uyopectentnor Hoechst-a 33258 (H), ca CT-DNA nipoy4aBane cy npahemeM IpoMeHa y
uHTeH3uTeTy Quyopecuennuje pacrsopa H-JIHK nakon nonatka jenumema. Peakiuone
cmece koje caapxke 100 uM CT-DNA (m3pauynato npema docdary) y 1,0 mL 40 mM-apuor
pactBopa Oukapbonarta (pH 8,4) najmpe cy tperupane ca 1,5 pL 1%-nHor pactBopa H
(¢unanna xonnentpaunyja je 28 M) tokom 20 MUHYTa M CMeca je aHAJM3MpaHa MEPEeHEM
(dbayopecnieniigje. 3aTUM Cy CYKIIECMBHO JI0flaBaHe pacTyhe KOHIICHTpAIlHje jeNUmbermha, a
MIpOMEHE Yy HHTEH3UTETy (iyopecuieHnje MepeHe cy kopuutheweM Thermo Scientific

Lumina Fluorescence cnekrpomerpa (PuHCKA) ONMPEeMJbEHOT KCEHOHCKOM JIaMIIOM jauMHE
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150 W. IIpopesu 3a eKkCUMTAIMOHA U eMUCHOHU 3pak pukcupanu cy Ha 10 nm. CBa Mepema
U3Be/IeHa Cy eKCIUTOBameM Ha 350 nm U CHHUMameM €MHUCHOHHMX CIIeKTapa Yy OICEry O
390-550 nm. PactBop H-CT-DNA xopumihen je kao KOHTposna. PacTBopu camMuXx jequmerna
6a, 6B, 6h) u 641 HHCY MTOKa3au CIIOCOOHOCT (DITyOpECUEHIH]e MPU MPUMEHEHUM YCIOBUMA.
CBu 100UjeHN TIOIally aHATU3UPAHH cy rpeMa Stern—Volmer-oBoj jeqHaunnn (3):2%

I,/1 =1+K, 3)

rne lou [ npencrasipajy untensurere Quayopecuenuuje H-C7-DNA y oACyCTBY, OJHOCHO Y
MIPUCYCTBY jelNbEmha, K je KOHCTaHTa KBEHYOBamba, 0K je ¥ OJHOC KOHIICHTPAIKje Be3aHOT
jenumema u koHreHTpanuje Bezane JJHK (r = [jenumeme]/[CT-DNA]). BpenHocT KoHCTaHTe
K w3pauyHara je u3 ojHOca Haruba u npeceka npase y rpaduky onnoca lo/l npema r.

[IpuMapHH CHEKTPH CBUX CIIEKTPOMETPUJCKUX Mepema oOpahern cy momohy

OriginPro 9.0 copTBepckor nakera.

3.16.3. ExcnepumenTtu ca miazmuaaom JJHK

[Mnazmug pUCI19 (nyxune 2686 bp, xkymmseH ox Sigma-Aldrich-a, Cjenumene
Awmepuuke [lpxkaBe) no0ujeH je TpaHChOpMalMjoM y XEMHJCKHM KOMIIETEHTHMM henujama
Escherichia coli coj XL1 blue. Ammmdukaiuja KJIoHa U3BEJEHA j€ TpeMa MPOTOKOIY 3a
y3roj Escherichia coli xyntype npeko Hohu y LB (enr. Lysogeny broth) menujymy Ha 37
°C,’* a 3a npeunmmhapame je kopumhen kuT Qiagen Plasmid plus Maxi. Ha kpajy, JHK je
pactBopera y 10 mM-apaom Tris-HCI nydepy u cknagumrena Ha -20 °C. Konuenrpaiuja
mnasmuane JJHK (0,460 pg/ul) onmpehena je mepemem amcopbaniie pactBopa JHK nHa
TajacHoj My>KMHU ona 260 nm. JemHa omTUYKa jeAUHUIIA OJroBapa KOHIEHTpanuju ona S50
pg/mL nBonanuyane JJHK.

[Mnasmuana JJHK (1,0 pL, 460 ng/ul) nakyOupana je ca pa3nuuuTUM 3arpeMuHama 2
mM-apHoOr cTaHmapAaHoT pacTtBopa jeaumema (0,5, 1,0 1,5, 2,0 2,5, 3,0 u 4,0 uL) y 20,0 uL
peakimone cmece y 40 mM-apHom OukapOonatHom nydepy (pH 8,4) ma 37 °C, Toxom 90
MHUHYTa, y3 TIOBpEMEHO Mellame. Peakija je mpekuHyTa KpaTKUM HEHTPUPYTUpameM Ha
10000 obpraja mo mMuHyTy W momatkoM 5,0 puL mydepa 3a Hanomeme y3zopaka (0,25 %
opomdpennn mnaso, 0,25 % xcunen mujanon u 30% rmunepon y TAE nydepy, pH 8,24 (40

mM Tris-anierat, | mM EDTA)) u ananusupana eaextpodope3om.
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HNHuTtepakuuje Tectupanux jeaumema ca miasmuaoM pUCI9 y mpucyctBy Fe(Il) u
Fe(Ill) jona u3zBeaene cy Ha cieachu HaumH: pactBopu 3anpemune 20,0 uL koju cagpxe 1,0
puL wmm 2,0 uL FeSO4 (8 mM, cBeke HampaBJbeH PacTBOP Y CTEPUIIHO] BOAM), OJHOCHO 1,0
puL wm 2,0 ul FeCls (8 mM, cBexxe HampaBJbeH PacTBOP y CTEPUITHO] BOJM) HHKYOHPAHU Cy
Ha 37 °C ca 4,0 uL 2 mM-apHnor pactBopa 1,3,4-Tranna3on-xaJkoHCKUX XxuOpuaa 6a, 6B, 6h)
u 64 y bukapOonatHoM mydepy, TokoM 60 MuHyTa. HakoH Tora je peakinoHoj cMecH J0/1aT
1,0 uL pUC19 u unky6anuja je HacTaBsbeHa jour 90 muHyTa. Peakiimona cmeca je moBpeMeHo
MeIllaHa M peakuuja je mpekuHyTta nentpudyrupamem npu 10000 oOpraja mo MHHYTY U
nomaBaweM 5,0 pl mydepa 3a HaHOmeme Yy30paka, HaKOH 4Yera je aHalu3upaHa

eJeKTpodope3om.

3.16.4. Enextpodope3a Ha arapoO3HOM ety

VY3opuu cy aHanu3upaHu nomohy enekrpodopese Ha 1%-HOM arapo3HOM remy
(Amersham Pharmacia-Biotech, Inc) mnpumpemsserom y TAE nydepy pH 8,24.
Enextpodopesa je nzBenena npu koHcTaHTHOM HaroHy (80 V) cBe mok GpomQeHon miaBo
Hyuje npenuio npeko 75% rena. Kopumihena je Submarine Mini-gel Electrophoresis Unit
(Hoeffer HE 33) ca EPS 300 nanajameM. Hakon enextpodopese, rea je 60jeH Tokom 30
MUHYyTa TOTalambeM y BOJIEHH pacTtBop eruaujym Opomuma (0,5 pg/mL). O6ojenu ren
ocBeTibeH je momohy UV transilluminator Vilber-Lourmat (®panumycka) Ha 312 nm u
¢ororpaducan Nikon Coolpix P340 mururamsom kamepom kpo3 DEEP YELLOW 15
¢unrep (TIFFEN, Cjenumene Amepuuke Jlpxase).

3.16.5. UcnuTBamkbe Tre HOTOKCHYHOCTH KOMET TEeCTOM

Hopmanne xymane MRC-5 henmje Tpetupane cy ca UeTUpU pa3IdyHUTe
KOHIIEHTpallje ogabpaHux jeanmena, 6a, 6B, 6h) u 6 (25 uM, 12,5 uM, 6,25 uM u 3,125
UM 3a cBako jenumemne), TokoM 24 cata. Cyotokcuuna 1Cao konnenTpanuja, ogpehena MTT
TECTOM HAaKOH JIBaJIeCETYETBOPOYACOBHOI TpeTMaHa, Ouia je 25 puM 3a cBa uyeTtHpu

jenumema. Hakon nakybaruje, henuje cy cakyrbene, ucnpane pocharanm mydepom (PBS),
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CycIleHJ0BaHe Y Menujymy 3a 3amp3aBame (RPMI ca 10% DMSO-a u 20% FCS-a), a 3atum
cy y3opuu henuja 3anehenu Ha -80 °C.

3a mnpomeny omtehema wonekyna JIHK xkopumihena je ren enektpodopesa
nojenmnHaynnx hemmja,?** ca wms3Becumm Mmommdukanmjama. 3aneheme MRC-5  henwmje
oamp3nyte cy noaatkoM 1,0 mL PBS-a 3amp3nyrom anmukBoty on 0,5 mL u ogmax HakoH
oIMp3aBama cycrneHaoBaHe hemuje cy nenrpudyrupane 10 munyrta npu 2000 obpraja 1o
muHyty Ha 4 °C. llemer je cycnenmoBan y PBS-y u wucnmpame je IOHOBIJBEHO.
Konuenrpanuja henuja nogemena je PBS-om na 2,5%10°/mL u 30,0 uL cycnensuje henuja
nomemano je ca 140,0 pL 1%-tHe arapo3e Hucke Tauke Tombewma Ha 37 °C. JIBaHaect Kamu
(10,0 puL) cycnensuje arapo3e u henuja HaHEUIEHO je Ha IJIOYHUILY OOJIOKEHY arapo3oM.
henuje cy nu3upaHe moTamameM IUIOYMIIA Y pacTBop koju campxu 2,5 M NaCl, 0,1 M
Na;EDTA, 10 mM Tris ca 1% Triton X-100 (pH 10) Tokom 1 cata nHa 4 °C. Y3opuu cy
JICHATypHUCaHU MOTanameM Y pacTBop 3a enekrpodopesy (0,3 M NaOH, 0,001 M Na,EDTA)
y XOPU3O0HTAIHO] Kaauiy 3a enekrpodopesy, Tokom 20 munyta. Enextpodopesa je Tpajana
30 MuHyYTa TIpH BOJTAXHOM rpamujeHTy oa 1V/em mHa temmeparypu ox 4 °C. Yzopmm cy
3atuM ¢QukcupaHu TmotamameM y 70%-THU eraHonm TokoM 10 MuHYTAa, a 3aTUM U
JIECETOMUHYTHUM TOTanameM y arncoinyTHu eranoi. JIHK je o0ojena moranamem Iioyuiia y
pactBop 60je SYBR Gold (Invitrogen) Tokom 30 muHyTa y Mpaky. PactBop 3a 0ojeme
MIPUIPEMIbEH j€ MpemMa ynyTcTBY npousBohaya y 10 mM-apuom Tris-y, | mM-apnom EDTA
nydepy, pH 8. O6ojene mioumnnie cy HakoH 30 MHHYTa JBa TyTa HCIpPAaHE BOJOM H
OCTaBJbEHE y MpaKky Ja ce ocylle. AHalu3Mpame KOMETa H3BPIICHO je KopHIIhemeMm
M0JIyaTyoMaTH30BaHOr cHucTeMa 3a aHanu3y ciauke (Comet Assay IV, Perceptive
Instruments). Ha cBakoMm reny ananusupano je S0 Hykieoua, a pe3yaTaTH Cy U3paKeHU Kao
npoueHat uaresurera pena (% JHK y peny komere). CBu ekcriepiMeHTH TOHOBJHEHU Cy TPU
myTa, a cpeama BpenHocT 3a 50 KomeTa u3pauyHara je 3a CBaku AyIUIMKaT reia y
eKCIIepUMEHTY, HAaKOH 4Yera je H3padyHaTa Cpelmha BPEIHOCT JBE CPElIe BPEAHOCTH.
[Ipoceunu nponenar JIHK y pemny uspauyHar je U3 HE3aBUCHUX TPOCTPYKHX €KCIIepUMeHaTa

kopunthemem Microsoft Excel codrrepa.

134



4. 3AK/bYUYAK



ﬂ()KIH opcCKda 0 ucepmauuja 3axwyuax

Ha ocHoBy pesynrara npukazaHux y NnoriaBiby ,Hawu padosu”, Mory ce u3BeCTU

Cﬂeﬂehl/l 3aKJby4llu.

KoHneH3anujoM MpeTxolHO NPUIIPEMIbEHUX S-CYNICTUTyHUCAHUX 2-aMuHO-1,3,4-
THaJMa3oia M XJIOpHJa KUCEIMHA CUHTETH30BaHE Cy TpHU CepHUje aMUJIHUX JepuBara
1,3,4-Tnagnasona Koju y CBOjoj CTPYKTYpH cajapxke (HeHOIHe XUAPOKCUIHE Tpyre. Takohe je
cuHTeTH30BaH uMUHO aHajuor (10) amumnor 1,3,4-Tuaguazosickor gaepuBaTta 9a, a HEroBoM
penykiyjoM u oaroapajyhu amuno ananor (11). Ctpykrype HOBUX jeubeHmha MOTBpheHe cy

nmomohy NMR 1 IR ciekTpoCcKONCKHX TEXHHKA, Ka0 ¥ €JIEMEHTAPHOM aHaJTHU30M.

HoBocunrernzoBanu amugnu aepuBatu 1,3,4-TManuaszofia MoKa3alu Cy YMEpPEH 0
OJUIMYaH KanamurteT 3a HeyTtpanmsauujy DPPH pamukama y mopehewmy ca HEKUM 01
kopumheHnx pedepeHTHUX craHaapaa. Takxolhe, amuanu aepuBatu Tpehe cepuje mokaszanu
cy 00Jpy akTUBHOCT HeyTpanucama ABTS pamukan katjoHa oja mojasHe (PeHOJIHE KUCEIUHE,
Kao ¥ CTaHJapJHUX aHTHOKCHJAHATa, aCKOPOWHCKE KHCEIUHE M HOPAUXHUIPOTBajapETHHCKE

KHCCIIMHC.

Vcnurana je MUTOTOKCHYHA aKTUBHOCT nepuBata 1,3,4-tmaamazona cepuje A u b
mpemMa Tpu MajurHe henmjcke JIMHUje W mpemMa HopMaHoj henujckoj nmuHuju hudpodiacTa
wiyha, a pe3ynraTu cy ynopeheHu ca HMTOTOKCMYHOM akTHBHouIhy mucriatuse. JlepuBatu
cepuje A TOKa3allid Cy HajCHa)XHHU]Jy aKTUBHOCT Npema henujama akyTHE NMPOMU)EIOLUTHE
neykemuje (HL-60) u henujama xapumnoma turyha (A549), nok cy nepuBatu cepuje b
MOKa3ajy yMepeHy /10 JoOpy LIMTOTOKCHUYHY aKTMBHOCT IpeMa henujama ajeHOKapIMHOMa
rpiuha matepune (HelLa), a Takohe u mpema henujama akyTHE NMPOMHUjENOLMUTHE JIEyKeMHU]e
(HL-60). lutoTokcuuHOCT CBUX nepuBara cepuje A u Behune cepuje b mpema hemnujckoj
nunanju pudpodnacta mryha (MRC-5) 3HauajHO je HIDKAa y OJHOCY Ha MalWrHe henuje, mTo
yKa3yje Ha J00py CEJIeKTUBHOCT OBUX jeaumberma. OCUM Tora, CBa MCIUTHBAHA jeIUHCHA
MOKa3yjy HIXY IIMTOTOKCHYHY akTMBHOCT npema MRC-5 henujckoj nunuju oa pedepeHTHOT

XCMOTCpaIllCyTHKa, HUCIITIATUHE.

Tperupawe HL-60 henuja jenumemuma 3B u 3'B cepuje A 10BenO je 10 3HAUYaJHOT
nosehama HHMBOa uHTpauenynapHor ROS-a, umje je cTBapame H3a3BaHO JI€JCTBOM
BOJIOHMK-TIEPOKCHa, y nopehemy ca HuBoom ROS-a y kontponaum HL-60 henujama koje cy
pacie y XpaHJBMBOM Meaujymy TokoM 24 h W 3aTUM M3J0XKEHHM JI€jCTBY
BofioHUK-Tiepokcuya. [lperxomno Ttpetupawe Hela hemmja cyO6Tokcuunum  1Cao

KOHIIEHTpallijama jenumbema 6a u 6l cepuje b noseno je 1o 6maror nosehama HuBoa ROS-a
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I‘II/I_]'e je CTBapame N3a3BaHO BOAOHHUK-IICPOKCHUIOM, JOK je ABaJ€CTYETBOPOYACOBHU TPETMAaH
OBHUM jCIII/IHSeHSI/IMa, Oe3 JoJaBaka BOJOHHUK-IIEPOKCHIAA, H3a3Ba0 CMAamkbCHhEC HHUBOA

uHTpanenynapuor ROS-a y onnocy Ha HuBo ROS-a y konTponnum henmjama.

Tperman HL-60 henwja omabpanum jenumemuma cepuje A u Hela henmja
onabpanuM jenumemuMa cepuje b moBomu g0 mosehama mporienta ManurHux hemmja y
cyol'l ¢a3u hemmjckor nukinyca y nopehemy ca KOHTpoIHUM hennjama, yka3yjyhu tume Ha
CIOCOOHOCT MCIUTHUBAHUX jeAU-EHA Ja M3a30BYy NENMjCKYy CMPT y BUMa. RenujcKy cMpT y
HeLa henujama nepuBatu cepuje b n3asuBajy akTuBHpameM Kacmase 3, kacmase 8 U Kacrase
9, mox wHaykoBame hemujcke cmptu y HL-60 henmjama nepuBatuma cepuje A 0Oap

JEIIMMAYHO 3aBHICH OJ1 aKTHBAIIHj€ Kacmase 3 U Kacmase 8.

Jenumema 3B u 3'B cepuje A Ouna cy HajedeKTHUja y UHXUOUIIM]U aHTHOTEHE3E in

vitro.

OpnaOpanu nepuBaTH cepuje A JOBENIU Cy A0 CMamema HuBoa ekcrpecuje MMP2 u
VEGFA rena y HL-60 henujama y nopehewy ca HUBOMMA OBUX I€Ha y KOHTPOJHHUM
y30pIHMa, 0K Cy CBU 0J1a0paHu JiepuBatu cepuje b cHu3mmm HuBoe excrpecuje MMP2 rena
y Hela hemmjama, mTo yka3syje Ha HHXOBE CYNpPECHBHE €(EKTEe Ha HWHBA3WBHOCT H

MeTacTa3zupame MATUrHuX henuja in vitro.

Wcnuran je yrtuma) uyeTupu aMujHa JepuBara cepuje b Ha HuUBOe ekclpecuje
MukpoPHK y Hela henujama. CBako o TecTHpaHUX jeAMHCHA JIOBEJIO j€ /0 CHUXKEHA
HUBOA EKCIIpecHje HeKe Oof MCcIUTUBaHMX OoHKoreHnx MukpoPHK, mTo ykasyje Ha mHXoBa

obehaBajyha Tymop-cynpecopcka CBOjCTBa.

Pesynratu ncnutuBamwa uHtepakuuja ca JJHK cyrepunry na ce TMagna3on-xaakoOHCKH
xubpuan cepuje b crmabo Besyjy y manoj Opazmu xenukca CT-DNA, wHIyKyjy ciabo
omrehewe /IHK y henujckoj kyntypu u mrute miasmunny JHK ox omrehewa mzazBanor
reoxkhem (II). WUmak, ucrtuckuame ¢uyopecuente 6oje Besane 3a JIHK, axtuBHOCT
omrehema JIHK wu pesynaratm koMmer Tecta ykasyjy Ha IMOTEHIIMjall OBUX jEIUIbCHA 3a

omreheme JIHK.
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Canka I15. '"H NMR crekrap jequmema 9a y DMSO-y.
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Two 2-amino-1,3,4-thiadiazoles containing phenolic hydroxyl groups were combined with different car-
boxylic acid chlorides giving sixteen amide derivatives with good antioxidant and antiproliferative
potential. The compound 3'c with an adamantane ring displayed excellent DPPH radical scavenging activ-
ity and good cytotoxic activity against human acute promyelocytic leukemia HL-60 cells, while 1,3,4-
thiadiazole 3'h with 4-chlorophenyl moiety was found to be the most effective in inhibition of survival
of lung carcinoma A549 cells. All examined thiadiazoles except 3a and 3'a exerted higher cytotoxic activ-
ities on A549 and HL-60 cancer cells when compared with normal fibroblasts MRC-5, pointing to selec-
tivity in their antiproliferative action. Some of the most active novel compounds 3¢, 3'c, 3'g and 3'h
induced significant increase in the percentage of HL-60 cells in the subG1 cell cycle phase in comparison
with the control cells. The induction of cell death in HL-60 cells by these compounds was at least partially
dependent on activation of caspase-3 and caspase-8. The compounds 3¢ and 3'c exerted strong antiangio-
genic activity. Furthermore, compounds 3¢, 3'c, 3'g and 3'h showed the ability to down-regulate the
MMP2 and VEGFA expression levels in the treated HL-60 cells when compared with the control cell

samples.

© 2017 Elsevier Ltd. All rights reserved.

Antioxidants are compounds that, in low concentration, are able
to delay or prevent the oxidation of biomolecules (proteins, nucleic
acids, lipids, sugars) and inhibit oxidative stress, DNA mutations,
malignant changes and other forms of cell damage.! Phenolic com-
pounds are a large group of substances that have recently received
much attention due to their antioxidant properties. Numerous
investigations relating to their radical-scavenging activity include
structure-activity-relationship studies, reaction kinetics of
polyphenols with radicals, substituent influence, number and
arrangement of phenolic hydroxyl groups in the molecule and sol-
vent effects.”> Among phenolic compounds, the antioxidant activ-
ity of phenolic acids has attracted more attention because of their
ubiquitous occurrence in nature and as potential models for the
synthesis of new primary radical scavengers.° One of the most
important phenolic acids, protocatechuic acid (3,4-dihydroxyben-
zoic acid), found in edible plants, vegetables and fruits, is known
to exhibit potent antioxidant activity demonstrating the preven-
tive effect on malignant diseases that are associated with radical
species.*”~°
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Also, 2,3-dihydroxybenzoic acid, as a potent iron chelator,
exerts an important protective effect against the cytotoxic action
of H,0, significantly increasing cell survival.'® Moreover, the stable
antioxidant molecules neutralize reactive oxygen species (ROS) by
an electron transfer mechanism and diminish their DNA damaging
ability and cancer formation. Thus, compounds exhibiting both
antioxidant and antiproliferative potential are of great importance
in discovery of new anticancer agents.

One of the well-known pharmacophores is 1,3,4-thiadiazole
heterocyclic scaffold incorporated in many heterocyclic
compounds with various grades of antiproliferative activity.''""*
A series of 5-(2,5-dimethoxyphenyl)-1,3,4-thiadiazole-2-amino
derivatives has been synthesized and screened for cytotoxic activ-
ity against HT-29 and MDA-MB-231 cancer cells.'* New 2-ary-
lamino-5-aryl-1,3,4-thiadiazoles displayed potent anticancer
potential against several cell lines with ICsq values from 4.3 to
9.2 uM."®> Revelant et al. prepared novel 5-aryl-2-(3-thieny-
lamino)-1,3,4-thiadiazoles and tested them against a panel of
six cancer cell lines with ICso values from <10 puM in some
experiments.'® Finally, X.-H. Yang. et al. presented a series of
1,3,4-thiadiazole-2-amide derivatives as potential anticancer
agents with good potential in inhibition of MCF-7 and B16-F10 cell
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1. Introduction

Novel 1,3,4-thiadiazole-chalcone hybrids
containing catechol moiety: synthesis, antioxidant
activity, cytotoxicity and DNA interaction studiest

Katarina Jakovljevi¢,® Milan D. Joksovié¢,? Ivana Z. Mati¢,® Nina Petrovi¢,”®
Tatjana Stanojkovi¢,” Dusan Sladi¢, Miroslava Vuj¢i¢,® Barbara Janovic,®
Ljubinka Joksovi¢, @2 Snezana Trifunovi¢® and Violeta Markovi¢ @ *2

Hybrid compounds that combine the 1,3,4-thiadiazole-containing catechol moiety with a chalcone motif
were synthesized and examined for their antioxidant activity, cytotoxicity, and DNA-binding activity. A series
of thirteen compounds showed strong antioxidant and cytotoxic effects on human acute promyelocytic
leukemia HL-60 cells. Several compounds exerted good cytotoxic activities on cervical adenocarcinoma
Hela cells. The treatment of Hela cells with ICsq and double ICsq concentrations of the compounds 5a,
5¢, 5f, and 5m induced a statistically significant increase in the percentage of cells within a subG1 cell cycle
phase. The examined compounds caused G2/M cell cycle arrest in Hela cells. Each of these compounds
triggered apoptosis in Hela cells through activation of caspase-3, the main effector caspase, caspase-8,
which is involved in the extrinsic apoptotic pathway, and caspase-9, which is involved in the intrinsic apo-
ptotic pathway. All of the examined compounds decreased the expression levels of MMP2 in Hela cells
and levels of protumorigenic miR-133b. Compounds 5a and 5m lowered the expression level of oncogenic
miR-21 in Hela cells. In addition, compounds 5a, 5f, and 5m decreased the expression levels of oncogenic
miR-155 while the treatment of Hela cells with compounds 5a, 5¢, and 5f increased expression of tumor-
suppressive miR-206. Observed effects of these compounds on expression levels of four examined
miRNAs suggest their prominent cancer-suppressive activity. An investigation by absorption and fluores-
cence spectroscopy showed more efficient calf thymus DNA binding activity of the compound 5m in com-
parison to other tested compounds. Results of a pUC19 plasmid cleavage study and comet assay showed
DNA damaging activities of compounds 5a and 5c.

the sum of each individual compound.’ Chalcones are fre-
quently selected as one of several privilege structures because

Anticancer hybrid molecules incorporate two or more different
covalently linked pharmacophores with ability to modulate
multiple biological targets and improve therapeutic potential of
designed compounds in comparison to single bioactive precur-
sors. Using molecular hybridization techniques, it is possible to
synthesize numerous hybrids based on known anticancer scaf-
folds leading to a more favorable pharmacological profile than
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of their significant anticancer properties and facile preparation,
offering major advancements in the field of hybrid mole-
cules.>* Such chalcone hybrid analogues with promising anti-
cancer activity have already been synthesized by the coupling of
chalcones with various bioactive compounds including couma-
rin,** 1,2,3-triazole,’ retinoid,” naphthoquinone,® B-carboline,’
artemisinin,'® N-4-piperazinyl-ciprofloxacin,'" anthraquinone,'”
pyrazole-5-carboxamide,"? thiazole,'* and isoxazole."®

We selected 1,3,4-thiadiazole as a second bioactive com-
pound to combine with a chalcone unit to generate a new hy-
brid molecule suitable for simultaneously targeting several
pathogenic mechanisms. A covalent bond was established by
formation of an amide in the reaction of the amine group of
the heterocycle and a previously transformed carboxylic func-
tion into an acid chloride of the chalcone analogue. 1,3,4-
Thiadiazoles exhibited a wide spectrum of anticancer activi-
ties owing to high electron-donating ability of nitrogen atoms
to form hydrogen bonds or to coordinate metal ions.'®"’
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A series of 15 novel 1,3,4-thiadiazole amide derivatives containing a protocatechuic acid
moiety were synthesized and structurally characterized. In addition, the corresponding imino
(4) and amino (5) analogues of a phenyl-substituted 1,3,4-thiadiazole amide derivative 3a
were prepared to compare the effects of the structural changes on the radical-scavenging
activity. The obtained compounds were examined for their antioxidative potential by 2,2-
diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) assays. In addition, selected compounds were studied by density functional
theory (DFT) and cyclic voltammetry experiments. The tested compounds showed high po-
tential to scavenging DPPH radical and ABTS radical cation compared with the referent an-
tioxidants ascorbic acid and nordihydroguaiaretic acid (NDGA). On the basis of the calculated
thermodynamic parameters, it can be concluded that the sequential proton loss electron
transfer (SPLET) mechanism represents the most probable reaction path in a polar solvent for
DPPH radical—scavenging activity. On the other hand, the single electron transfer followed by
proton transfer (SET-PT) can be a likely mechanistic pathway in the case of an ABTS radical
cation.

© 2019 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction diseases [4], and neurodegenerative disorders [5]. Antioxi-

dants are substances that, in low concentration, can prevent

Reactive oxygen species (ROS), as products of cellular
metabolism, can have both beneficial and harmful roles [1].
Oxidative stress occurs as a consequence of overproduction
of reactive species and may cause significant damage to
molecules of high biological importance, thus contributing to
various health problems such as cancer [2], aging [3], heart

* Corresponding author.
E-mail address: markovicvioleta@kg.ac.rs (V. Markovic).

https://doi.org/10.1016/j.crci.2019.06.001

or slow down damage to cells caused by free radicals and
inhibit oxidative stress, DNA mutations, malignant changes,
and other forms of cell damage [6]. Among them, phenolic
compounds (including phenolic acids) have attracted much
attention because of their ubiquitous occurrence in nature
and pronounced free radical—scavenging activity attributed
to the radical-scavenging function of their phenolic hydroxyl
groups [7]. o-Dihydroxyl configuration (i.e., catecholic group)
is commonly considered to be a substantial characteristic

1631-0748/© 2019 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.



buozpaguja ca nooayuma o oocaoautrvem paoy

’ﬂi Karapuna JakoBsbeBuh je pohena 17. ¢ebpyapa 1991.

ronuae y Kparyjesny. OcHoBHy mikoisy ,,17. oxTtobap
3appumia je y Jaroguau 2006. ronuHe a UCTe TOAMHE Ce
ynucana y cpenmwy MeauuuHcKy mkony y Aynpuju kojy
je 3aBpmmia 2010. ronuHe kao Hocuial aumuiome Byk
Kapayuh. Ha IlIpupogHo-maremarnuku (Qaxkynrer y
KparyjeBuy, rpyna Xemuja, cMep UCTpaKUBambe U pa3Boj,
youcana ce 2010/11. rogune, riae je u gumuomupana 2015.
ca MPOCEYHOM oOlleHOM 8,76 u oa0paHuiIa 3aBPIIHU PaJl
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baBu ce ucTpakmBaykuM pajoM y OOJIACTH OpraHCKe, OMOOPraHCKE M MEIUITMHCKE
xemuje. [Ipenmmer mWwEHOT HCTpakMBamka Cy CHHTE3a, KapakTepu3alja W HCIUTHBAHKE
OMOJIOIIKE aKTUBHOCTH HOBUX XETEPOIMKINYHUX jeIM-EHha KOja Y IPCTeHY caapike a3oT. [[o
cajia uMa 4YeTupH o0jaBjbeHA HAyYHA paja y yacomucuma ol MehyHapomHor 3Hauaja (cBa
yeTupH W3 Kareropuje M22), nBa paga caommTeHa Ha MehyHapogHuM KoHQepeHIHrjama
(kareropuja M34) u Tpu pajga Koja Cy CaolIlTEHAa Ha HAIMOHATHUM KOH(pepeHInjama

(xaTeropuja M64).
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Oépaszay 1

H3JABA AYTOPA O OPHTHHA/THOCTH /IOKTOPCKE THCEPTAITHIE

Ja, Karapuna Jakopbeprh , U3]aBJbYjE€M Ja JOKTOPCKA

JUCcepTAIHja 101 HACTIOBOM:

CHHTe3a U BHONOIIKA AKTMBHOCT Hepeata 1.3.4 — THafMasona M3BeaeHHMX M3 (QeHOJIHHX

KHCEJIMHA

Koja je onbpamena Ha _lIpHpoaHO-MaTeMaTHIKOM daKynTeTy

Vuupepsuteta y KparyjeBuy npelicTapba OpuzuHaine dymopcKko 0eio HaCcTalI0 Kao Pe3ynTar

CONCMBEHOZ UCMPAICUBANKO2 PAOd.

Qsom Hzjasom maxohe nomaphyjem:

* a caM jedunu aymop vaBesieHe JOKTOPCKE AUcepTaiyje,

e ]1a y HaBEJICHO] IOKTOPCKO] AHCEPTAIH|H MuCaAM U3EPULLO/AA NOGPedy ayTOPCKOT HUTH
APYLOr NMpaBa HHTEICKTYATHE CBOJUHE JAPYTHX JIMIA,

¢ Jla YMHOXCHH DPHMEPAK JOKTOPCKe JUCEpTanyje y NITaMIIaHO] H €XEKTPOHCKO] GhopMH
y 4HjeM ce Ipuiory Hanasu osa H3jaBa caipXH JOKTOPCKY AHCEPTALMA]y HCTOBETHY
0J0pameHo] TOKTOPCKO] JHCEPTALIjH.

V_Kparvyjesuy , 2020. TO/UHE,
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Oopazay 2

HU3JABA AYTOPA O HCKOPHIITRABAIL Y /[OKTOPCKE /TUCEPTALTHJE

Ja, KaTapuna JakoBibeBuh ,

P J03BOJbaBaM

HEC n103BOJbaBaM

YHuBep3uTeTckoj oubnmorenu y Kparyjesily 1a HAYMHU J1Ba TpajHAa YMHOXKEHA IPUMEpPKaA y
SJIIEKTPOHCKO] (POPMH TOKTOPCKE JUCEPTAIH]e TIO]] HACTIOBOM:

Cunresa u OuoJiomKa akTUBHOCT aepuBara 1.3.4 — twanuasona us3BeAcHUX U3 (EHOJHUX

KHCCIIMHA

Koja je onOpamena Ha _[IpupoAHO-MaTeMaTHYKOM (QaKYITETY

VYuusep3uteta y Kparyjesity, v To y IEIHHH, KA0 U Ja MO jeJjaH IPUMEPAK TaKO YMHOXKEHE
JIOKTOPCKE JUCEpTalMjeé YYUHU TPajHO JIOCTYIIHHUM JaBHOCTH TYT€M JUTUTAIHOT
peno3uToprjyma YHuBep3uTeta y KparyjeBily W LEHTpaTHOT PEmo3UTOpUjyMa HAAJIEKHOT
MUHUCTApCTBa, TAKO Ja MPUITAIHUIM JABHOCTH MOTY HAYMHUTH TpajHE YMHOXEHE MPUMEpKe

y €JIEKTPOHCKO] (POpMHU HaBEJIEHE JJOKTOPCKE JUCEPTALIN]je ITyTEM Hpey3uMared.

OBom M3jaBoM Takohe

P JI03BOJbaBaAM

HE J103BOJbaBaM

! Ykonuko ayTop m3abepe Ja He T03BOJH NMPHIaIHAIUMA jABHOCTH Ja TAKO JOCTYIIHY JOKTOPCKY JUCEPTALH]y
KOPHCTE 101 yCIIOBMMa yTBpheHuM jennom ox Creative Commons TAICHIIN, TO HE UCKJbYYYje PaBO NMPUTIaTHUKA
JaBHOCTH Jla HaBEJICHY TOKTOPCKY JUCEPTAITH]y KOPUCTE Y CKIIaay ca oapendamMa 3aKoHa O ayTOPCKOM U CPOJTHUM
paBUMa.
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NPUIAJHALMMA jJABHOCTH Ja TAKO AOCTYIIHY AOKTOPCKY JAHCEPTAIM]Y KOPHCTE O] YCIOBUMA
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3) AytopcTeo - 6e3 Ipepaaa
4) AyTopcTBO - HEKOMEPIIH|aTHO
5) AYTOPCTBO - HEKOMEPIHJUIHO - JEIHTH N0 HCTHM YCII0BHMA

- 6) AYTOpPCTBO ~ HEKOMEPIIM]alHO - 6e3 npepana’

Y Kparyjesiy 2020 TOIHHE,
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TIOTIIHC ayTOpa

2 MomaMo ayTope KojH ¢y w3alpaiM 1a 103pojle NPHNATHAITHMA jaBHOCTH 1a TaKO JOCTYIIHY JAOKTOPCKY
JHCepTAnM]y KOPHCTE Mo ycnosHMa yrephessM jennoM on Creative Commons TALEHIH /12 320KPyXke jeHY Ol
norylenux manentE. JleTarban canpxaj HapeACHUX THI[EATTH TOCTYTIaH j& Ha: http://creativecommons.org.rs/
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