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Majyu Cnaexu u oyy Padoeamny 3a cée mpeHymke naxcroe, Cmph.berbd
U pazymesarsa...






3axsamyjem ce npog. op Munany Jokcoeuhy Ha npeonodiceHoj
memu OOKmMopcKe oucepmayuje, Ha YKA3aHoM NoGepervy, CMmphn/berby
u ceecpornoj nomohu, Ha oCcHOBY Koje je 06a oucepmayuja YCneuiHo
peanusosana.

Ynanosuma komucuje, npog. op Braoumupy Ilasnosuhy, npog.
op Ceemnanu Mapkosuh u npogh. op Anexcanopy Teoooposuhy
dyayjem 3axeanHocm 3a c6e KOPUCHe cyzecmuje u cageme Koju Cy
donpunenu 60mem Keaaumemy 00OKmMopcke oucepmauuje.

Ha kpajy, nocebny 3axeannocm oyeyjem Munawny xoju je cee
mpeHymKke MOKOM OOKMOPCKUX cmyouja u uspaoe oucepmayuje
nO0enUo ca MHOM, KAO U HA NPYIHCEHO] /bY0asu u pasymesarsy.
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Cnucak cJIMKa M cxeMa:

Cimka 1.
Cauxka 2.
Cauka 3.
Cauka 4.
Cauka 5.
Cauka 6.
Cauka 7.
Cauka 8.
Cauxka 9.
Cauka 10.

Cauka 1la.

Cauka 11b.

Ciauka 12.

Ciauka 13.

Cauka 14.

Ciauka 15.

Cauka 16.
Ciauka 17.

CrpykTypHa hopmysna mupazona u 1-nmupa3onui-ataHuHa.

JlBa moryha TayromepHa 00JiMKa nupas3oJa.

PaznukoBame pernonzomepa nmomohy Hykneapror Overhauser-oBor edekra.
CrpykrypHa dpopmyina nupasoin-5-ona (24).

Moryhu TayTomMepHH OOIUIN HECYTICTUTYHCAHOT TUPA30JI0Ha.

TayromepHu o6muIH 4-aIMIITUPA30JI0HA.

[Mupazon-5-oHU ca HECYNICTUTYHCAHUM IIOJIOKAjeM 3.

PaznukoBamwe O-ankunoBaHux o N-aakuiaoBaHUX MPOU3BOJA.

Kpucranna ctpykrypa jequmemna 46a.

TayromepHu 00uIM 4-HATPO3UII-IEpUBATA TUPA30JIOHA.

ORTEP npmcasm 3a HDMCPI na auBoy BepoBaTHohe o1 50%, XxeTepoaTomMu
Cy OCEHYECHHU.

Humep dopmupan y ctpykrypu HDMCPI u Be3anu joau1, opraHn30BaH MpeKo
[IEHTpa CUMETPH] e M8

Onrtumu3oBaHe CTPYKType xuaparucanor tayromepa A (D) u npenasHa crama
TS1 u TS2.

PenpesenratuBHY rpad Koju mokasyje orncranak Hela hemuja Tokom 72 h'y
MPUCYCTBY pacTyhux KOHIIEHTpalyja jeanmema 15, 16, 20 u 21.
PenpesenratuBHu rpad Koju mokasyje orncranak K562 hemuja tokom 72 h'y
NpUCYCTBY pacTyhux KOHIIEHTpalyja jenumema 15, 16, 20 u 21.
PenpesentatuBHu rpad koju nokasyje oncranak MDA-MB-361 u MDA-MB-
453 henujckux nuHAja TOKOM 72 h y mpucyctBy pactyhux KOHIEHTpaluja
jenumema 39.

Pesynraru IRC npopauyna 3a TS4.

Pesyntatu IRC npopauyna 3a TS6.



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

CxeMma 5.

Cxema 6.
Cxema 7.
Cxema 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.

Jobujame nupaszona u3 1,3-qukeroHa.

PerunocenexkTuBHO 100Hjame 1-apuil-CyNCTUTYHCAHUX MTUPA30IIA.

Jobujame mupazona y peakiyju KaTaIu30BaHO] TaIaIijyMOM.

Jobujame eTrin-4-meTrin-3-aleTHInupa3oi-5-kapookcuiata (4).

Peaknuja nIMKIOKOHACH3A1IMj€ ACUMETPUYHOT eHAMUHOIMKETOHA Ca
KapOOKCUMETHUIXUAPA3UHOM.

Jlobujame mupazona u3 mpornruodeHOH-METHIXUIPA30Ha.

Enextpoduina cyncrurynuja momohy xanomeTuiieH-uMHHAjyMoBe cot (7).
Jlobujame XxamoMeTHIICH-UMUHI] YMOBE COJIH.

Jlobujame nupason-4-kapbanaexuza (8).

Mexanuzam Vilsmeier-oBor opmuioBama aretopeHoH-peHIXuaIpa3oHa.
AnTepHaTHBHU MeXaHW3aM (pOpMUIIOBama aneToeHoH-(HEeHIWIXUAPa30Ha.
Jlobujame mupazon-4-kapbanaexuaa (9) KOHBEHIIMOHATHUM TEPMUIKUM
MeTOoAaMa.

Cunresa 6ensonupano[4,3-c]oupasomna (10).

Hobujame 1 H-nupazon-4-kapookcunara 11 u3 xumgpa3ona -ketoecrapa.
3arBapame npcTeHa komepijaraum Vilsmeier-opum peareHcom.
CeMukap06a30HH [-KeToecTapa Kao Cyrncrparu 3a nooujame 1 H-mupazon-4-
kapOokcuiata (12).

Peaknuja 2,4-nuautpodeHnnxuapasona 4-apui-3-o6yren-2-ona ca Vilsmeier-
OBHM PEareHCOM.

Mexanuzam peakinuje 2,4-TMHATPOGEHUIXUIpa30Ha 4-apmin-3-0yTeH-2-0Ha ca
Vilsmeier-oBum peareHCOM.

Cunresa 4-popmunnupasona 14 nmpeko ABOCTpYyKOr (hopMuioBama
XUAPA30HCKOT UHTEpMEIrjepa.

Kongensanuja 4-¢popmunnupasosna ca METUIapUI-KETOHUMA.

Oxcunanyja 3-apuii-4-popMunupasona.

Cunre3a amuHO(OCHOHCKUX KucenuHa 17.

Jo6ujame 4-[2-apun(xerepoapui)eTeHu |mupasoa (18).
Baylis-Hillman-osa peaxiuja.

Konpaensanuja nupason-4-kapOaniexuia ca HHI0IMMa y IPUCYCTBY KHCEIIOT

katanuzaropa Amberlyst 15.



Cxema 26.

Cxema 27.

Cxema 28.
Cxema 29.
Cxema 30.
Cxema 31.
Cxema 32.
Cxema 33.
Cxema 34.

Cxema 35.

Cxema 306.
Cxema 37.
Cxema 38.
Cxema 39.

Cxema 40.
Cxema 41.
Cxema 42.
Cxema 43.

Cxema 44.
Cxema 45.
Cxema 46.
Cxema 47.

Cxema 48.

Konnenzanuja nupaszon-4-kapbanaexuia ca 0eH3eHOM y IPUCYCTBY TpuQIaTHEe
KHCEJIMHE.
[petBapame penonuux Schiff-oBux 6a3a 1,3-auapun-1H-nupason-4-
KapOaiaexuaa y 2-CyrncTutyncane oOen3okcasose 19.
Tayromepuja B-nukerona u NH-mupasona 21.
Jlobujame 3-amuHonMpasoa (22).
Jlobujame 3-aMHHOIIMPA30J1a MUKPOTAITACHUM O3PavYlBAHEM.
Peaxmuja 2-aponi-3-(AMMeTHIaMUHO )aKpUIOHUTPHIIA Ca XUIPA3HH-XAIPATOM.
Peaknuja xunpasuHa ca 3-0KCO-aJKMIHUTPUIAMA.
Peakmmja xuapa3oHOMI-XaJOT€HU/IA Ca aKTUBHUM METHJICHCKHM jeTUECHIMA.
CunTesa 3-aMuHONIUpa3ona nmpeMernrameM N-aMuHOoupasona y
OpOMOBOJIOHUYHO] KUCEITUHHU.
JlBa Mmoryha TayromepHa o0yinka 3-amuHONHpasona (23A) u S-aMHHOTUpa30JIa
(23B).
Knorr-oBa cuHTe3a mupasosoHa.
Cunresa 3-metui-1-penunnupason-5-ona (25).
CuHTe3a mupa3oioHa TpaHchopMalijoM THaaHa307Ia.
CuHTe3a MPBOT MUPA30JIOHCKOT JepuBaTa kKomOperactatuna A-4 (26) u
HBETOBUX IpEeKypcopa.
CuHTe3a Mupa3o0Ha MUKPOTAITACHUM 03PavYHBaHEM.
CuHresa 5-aMHMHOIIUPA30JI0HA.
CunTesa neprBaTa MMpas3ojioHa MoMohy yiTpas3ByKa.
[{uxyIoKOHIEH3aIMja XUIpa3HHa ca B-KeTO-eCTPOM Y3 YATPa3BYUHO
03payMBamE.
Tayromepnu o6suu 3-CyNCTUTYUCAHUX TTUPA30JIOHA.
Moryhu Tayromepan o0unu 1,3-AUCyIICTUTYHCAHUX TAPA30JI0HA.
Job6ujame 1-ankunmnupazosioHa.
AnkunoBame xuapokcumnupasona 36; a) BuLi (2 exs.), THF, —78 °C, 3atum Mel
(1 exB.), coona Temmeparypa; b) Mel, K,COs, CH3CN, cobna remmneparypa; C)
Mel, K,CO3, CH3CN, pedmykc.

a) EDC (1-etun-3-(3-qumerninamunonpornui)-kapooauumu), DIPEA (auuzo-
DCM/DMF; b) LDA

HpOHI/IJICTI/IJIaMI/IH) ) N ) O -AUMCTUIIXUAPOKCHUIIAaMUH,

(murujym-gumzonpormnamun), EtOAc, THF, —78 °C; C) mumeTHaxuapasuH,
3



Cxema 49.
Cxema 50.
Cxema 51.
Cxema 52.
Cxema 53.
Cxema 54.

Cxema 55.
Cxema 56.
Cxema 57.
Cxema 58.

Cxema 59.

Cxema 60.

CxeMma 61.

Cxema 62.

CxeMma 63.

Cxema 64.
Cxema 65.

nupunus, 90 °C; d) Pd(OACc),, CsOAc, DMF, tpu-(dbypun)docdun, Ar-Br wiu
Ar-l1 125 °C; e) NBS, DCM; f) Pd(Dppf), (Dppf = 1,1-bis(audennndocdu-
Ho)deporien), nuokcan, 2M Na,COs, apui(xerepoapui)00pOHCKa KUCEITHHA.
Peakuuja popmunioBama 1-ankunnupazosnoHa.

Vilsmeier-oBo ¢popMuIIOBame MUPa30JIOHCKOT jeTUHCHHA.

TayroMepHHU 00JHI POPMHUIIOBAHUX JICpUBaTa MUPA30J-5-0Ha.

Hobwujame 1-anmn-3-xuapokcu-1H-nupazona, 39.

Jobujame 4-anmi-gepuBaTa MUpa3oI-5-oHa.

a) NaOMe/MeOH,; b) 2,3-enokcunponanon/auerin azoaukapookcunat/PhsP/
THF (Mitsunobu-oBu ycioBn); €) enuxsiopoxuaput (y BUIIKY); d) enuxiopo-
xuaput (1 exs.), DMF; €) R?R®NH.

CtpykTypHH TayToMepH 4-anui-tipasononckux Schiff-opux 6asa.

Cunresa 4-ammn-nupasononckux Schiff-opux 6aza 46a-e.

Jlobujame 4-HUTPO3UII-IepUBaTa MHUPA30JIOHA.

Pearencu u yciosu: 8) PANHNH,, EtOH; b) POCI3/DMF; ¢) xomorenusaiuja y
asany, uspctd NaOH, 3atum MeOH, pedayxke, 2 h; d) NaBH,, 0-5 °C, motom 12
h, r.t., AcCOH.

Pearencu u ycnosu: @) PANHNH, EtOH, pedunykc; b) DMF, POCl; (3 eks.),
C.T.; C) a-amMmuHO-KucenuHa, NaOH, xomoreHusaiuja y aBaHy, C.T., 3aTUM
MeOH, pedayxkc, 2 h; NaBH,, 0-5 °C, motom 12 h, c.1., ACOH.

Job6ujame narepmenujepa HDMCPI.

JlBa moryha Tayromepha oosinka 3a HDMCPI y DMSO-dg pactBopy (oHOC
Tayromepa oxpeljen je unterpasemem "H NMR currana).

TayromepHU OOJIHUIH S-XUAPOKCH-3,5-TUMeTHI-1-S-MeTuIn30THOKapOaMOmII-
2-nipazonuaujym-katjona (HDMCP).

Mexanuzam ¢popmupama kapoanjona CAl, CA2 u CA3, npeko npenazHux
crama TS1, TS2 u TS3, pecriekTuBHO.

Moryhu mexanuzam popmupama AAMP-a.

TayroMmepHu o6uM S-Xuapokcu-3,5-gumeTui-1-Tnokapdamomn-2-
nupasonuHa. Ogroc rayromepa (E), 3,5-numeruin-1-tnokapbamoni-2-
NMPa30JIMHA U TI0JIa3HOT MUPA30JIMHCKOT jeIuberba oipel)eH je MHTerpajbeheM

"H NMR-curnana 3a METUJI-TpYTIE.



Cxema 66.

Cxema 67.
CxeMma 68.

Cxema 69.

Pearencu u ycnosu: a) RiNHNH, EtOH, pednyke, 3 h; b) DMF, POCI;,
3arpeBame, 80 °C, 1,5 h.

Pearencu u yciosu: RNH,, p-TsOH, EtOH, pedayke 2 h.

Moryhu TayromepHu 00111 aMUHOMETUIIMACHCKUX JepuBara 4-hopmui-
e/lapaBoHa.

Pearencu u ycnosu: 3a amune: p-1SOH, EtOH, pedaykc 2 h; 3a amuno-

kucenune: EtOH, peduykc 4 h.



Cnucak Taodeia:

Taobesaa 1.
Tao0eja 2.

Tao0eua 3.
Taoe1a 4.

Ta6ena 5.

Taobesa 6.

Tao0eja 7.

Taoesa 8.

Tabeaa 9.

Ta6emaa 10.

Taoesaa 11.

Tao0ea 12.

Ta6esa 13.
Tabesa 14.
Tabena 15.
Tabena 16.
Tabena 17.
Tabena 18.
Ta6ena 19.

[puka3 npucycTBa TayToMepa y uBpcToM cramy 1 y DMSO-dg pactBopy.
CuHTe3a mupa3oiiona 28 U THOAHWIHJCKOT JAepuBarta 29 ca u 6e3 yaTpa3ByqyHOTr
3pauema.

'"H NMR-Criexrpanan mogamm 3a 30 y pasiIHauTHM pacTBApadHMa.
ExcriepuMeHTaisy u uspauysaty, (GIAO-B3LYP), *C u >N NMR crexrpu

TayTOMEPHHX 00JMKa jenumerma 30.

'H NMR-Xemujcka nmomepama 3a opmo- 1 Mema-1uKIONeHTaIHESHCKE
IPOTOHE.

HuTepMorniekyicke HHTepaKkiyje y KpuctanHoj ctpykrypu HDMCPI-a.

In Vitro HUTOTOKCHYHA aKTUBHOCT jeInberba 1-9.

ICs0 (ug/ml) BpenHOCTH TeCTHpaHUX jebCHHA U CIS-TIaTHHE TOKOM 72 h
nenoBama Ha Hela, Fem-x u K562 henuje, onpehene MTT tectom.

ICso (ng/ml) BpeaHOCTH TeCTHPAHUX jeHIbEHba U CIS-TUTATHHE TOKOM 72 h
nenoBama Ha HelLa, MDA-MB-361, MDA-MB-453, K562 u LS174 henuje,
onpehene MTT TecTom.

ICs0 (ng/ml) BpeaHOCTH TeCcTHpaHUX jeUbCHHA U CIS-TTaTHHE TOKOM 72 h
nenoBamba Ha MDA-MB-361 u MDA-MB-453 henuje, ogpehene MTT tectom.
OcHOBHU KpucTaiorpadcKy MoAaly 1 MoIali Be3aHH 3a IPUKYIUbAE U
pelaBame CTPYKTYpPE jeanmbema 22.

Koopaunate aToMa 1 eKBUBaJICHTHU M30TpoITHE apamerpu, U(eq) 3a jennmeme

22.

(AH)M30TPOIHM NapaMeTpH 3a jeTumbene 22.

Koopaunare atoma BofoOHHKa 1 U30TporHu mapamerpu, U(iS0) 3a jeaumemne 22.
Jyxune Be3a (A) y jennmemy 22.

VYrnoBu Be3a (°) y jeaumeny 22.

Top3uonu yriosu (°) y jenumeny 22.

Pactojama (A) y jenumemy 22.

Bomornure Bese (A, °) y jemnmemy 22.



U3BOJ

VY OKBUpPY OBE JOKTOpCKE amcepraiuje cuHTeTH3oBaHa je cepuja N-[(1,3-mudenm-
nupaszoi-4-unm)metui] o-amuHO-kucenuHa U N-[(3-depouenun-1-henunnupaszon-4-wmn)-
METHJI| O-aMUHO-KUCENIMHA, YKJbydyjyhu u o00a ¢eHunananuacka exHantuomepa. ¥ NMR
CTyAMjaMa OpPraHOMETAJIHUX JepuBaTa 3alaXXeHO je Ja JO0AATHO IeName OpTo- M MeTa-
(EpOICHCKUX CUTHAJA M BbUXOB MYJITHILTUIIMTET 3aBHCE O] IPUPOE O-aMHHO-KHCEITHHCKOT
OOYHOT HH3a W HE MOTY C€ IMPUIICATH CaMO XMPATHOCTH O-aMHHO-KHCEJIMHE KOja je Be3aHa
3a mmpa3onoB mnpcTeH. Edekar MarHeTHe HEEKBHBAJECHTHOCTH 00a opmo-TIpOTOHA
CYNCTUTYHCAHE IMKJIOTICHTaJUEHCKE jeIMHHIIE HAPOYUTO j€ U3PAKEH Y jelUmeHhHMa ca
apOMAaTUYHUM WJIM XETepOapOMAaTUYHUM MPCTEHOBHMA. Y CEPHUHCKOM JIepHBATy J100MjEeHOM
3 3-¢pepouenmi-1-permmupaszon-4-kapoanaexuna Huje npuMeheHo pasaBajame opmo-
[IUKJIONCHTAINCHCKUX CHTHAJIa BEPOBAaTHO Kao Tocienuia (GopMmupama BOJOHHUYHE Be3e
nu3Mely XUIpOKCHIHE W KapOOKCHIIHE TIpyle, MITO YKa3zyje Ha IOCTOjambe HEeKe Jpyre
KOH(OpMalMje ca yMalkeHUM YTULAjeM XUAPOKCUMETHII-TpYIe Ha (EPOILICHCKU CHUCTEM.

Mexanuctnyka cryadja  gobujama  4-ametmin-3(5)-amubo-5(3)-MeTuinupaszona
(AAMP-a) yka3zama je Ha BeoMa J00po ciarame n3Mmel)y eKcriepruMeHTaTHO A00MjeHuX U
M3padyHaTHX JIY’)KWHA Be3a, YII0Ba Be3a M TOP3UOHHX YTIIOBA Y S-XUAPOKCHU-3,5-TuMETHII-1-
S-metunmzotuokapbamomi-2-nupazonuanjym-joruny  (HDMCPI), mro mnorsphyje na je
n3abpaHa payyHapcKka MeEToJa TIOTOJJHA 3a HCIIMTUBAKEC pEakidja OBOT jeIUIbCHA.
Tpancdhopmanmja S-XUapOKCH-3,5-TUMETHII-1-S-METHIM30THOKapOaMOUI-2-TTHPa30TMHHI] yM-
katjona (HDMCP) y 6a3H0j BOJieHO] CpEIMHN UCITUTHBAHA j€ MOMONY eKCIIEPUMEHTATHUX U
pauyHapckux wmetona. I[Ipumeheno je ma ce peakmmja usmelly HDMCP «katjona wu
XMJPOKCUIJIHOT aHjoOHa OJIBHja JIako 0e3 akTHBalMoOHe Oapujepe, y3 3HauajHy CTaOMIM3aLujy
cucreMa. Ha oBaj HaumH no0OWja ce MCKIbYYMBO XHUAPATHCAHU KETO-UMHHCKH TayTOMEp.
AKTHBAIlMOHA E€HEpruja MoTpedHa 3a W30MEpHU3aIfjy OBOT OO0JHMKAa y KETO-€HAMHUHCKHU
TayromMep 3HaudajHO je Beha y mopehemy ca nobujamem kapbanjona CA2 y 6a3HOj CpeauHH.
CA2 momiexe naboj mukmmzanuju y3 enumuHanujy MeSH majyhu AAMP. OncyctBo
AAMP-a kao mpou3Bojia y peakiyju aneTHIaleToHa ca THOCEMUKapOa3uIoM yMecTo ca S-
METHJIU30THOCEMUKAPOA3HIOM MOXKE C€ 00jaCHUTH OJICYCTBOM KETO-MMHUHCKOT OOJMKa Y

TayTOMEPHO] PAaBHOTEXKHU Koja Ou omoryhwia dopmupame kapOaHjoHA MOTPEOHOT 3a JaJby



mukn3anyjy. OBuM je moTBpheHa KJbyyHa yJiora KEeTO-MMHHCKOI TayToMepa y AoOHjamy
AAMP-a.

W3BenenHa je M cHMHTE3a CeaMHAECT CTPYKTYPHO PA3INYUTUX aMUHOMETHIIMICHCKUX
nepuBaTta 4-QpopMmieapaBoHa W W3BpIIEHA KapakKTepHu3alrja MOMONy CIEKTPOCKOICKUX
MeToZla U ejleMeHTapHe aHanuze. [lopen enapaBoHCKe, CHHTETH30BaHA je U cepuja 4-aMHHO-
METHJIUICHCKUX JiepuBaTa 3-(heHun-2-nmupa3onud-5-ona u 1,3-nudenmn-2-nupa3zonuH-5-oxa.
VY peakiuju 4-GopMUIIHPA30IOHCKUX MPEKypcopa ca aMHHUMAa TPUCYCTBO KaTaJHTHYKE
KOJIMYMHE p-TOYECHCYI(POHCKE KUCEITNHE € HEOMXO/THO /Ia CIIPEYH CHOJU3AIN]y KapOOHWITHE
rpyIie U MoMepame TaAyTOMEPHE PaBHOTEXKE MMPEMa TaAyTOMEPHOM OOJIMKY Ca €r30UUKINIHOM
JIBOCTPYKOM BE30M.

Pesynaratn aHTHnponmdepaTHBHE aKTHBHOCTH IIOKa3yjy Ja HEKa jeIumermha U3
MAPA30JICKE W THPA30JIOHCKE CEpHje MOCEAy]y HMUTOTOKCHYHU TMOTECHIMjal KOJU CE€ MOXKE
MNOPEIUTH ca peEepeHTHUM HUTOCTATHIIMMA Kao IITO CYy JOKCOPYOMIIMH M CiS-TUIaTHHA Y

MHXUONIKjY henujcKuX TMHMja HEKUX TUIOBA KaHIIepa.



SUMMARY

Within this doctoral thesis a series of N-[(1,3-diphenylpyrazol-4-yl)methyl] a-amino
acids and N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl] a-amino acids including both
phenylalanine enantiomer derivatives were synthesized. NMR studies of the organometalic
compounds revealed that additional splitting of the ortho and meta ferrocene signals as well
as their multiplicities depend on nature of a-amino acid side chain and cannot be attributed to
the chirality of pyrazole-linked a-amino acid alone. The effect of magnetic nonequivalence of
both ortho protons of substituted cyclopentadiene (Cp) unit is particularly pronounced in
compounds containing aromatic or heteroaromatic rings. In serine derivative of 3-ferrocenyl-
1-phenylpyrazole-4-carboxaldehyde there is no appearance of splitting of ortho Cp signals
probably as a consequence of hydrogen bond formation between hydroxyl and carboxylate
group indicating a presence of an alternate conformation with reduced influence of CH,OH
moiety on ferrocene scaffold.

The mechanistic study of formation of 4-acetyl-3(5)-amino-5(3)-methylpyrazole
(AAMP) revealed that the agreement between experimentally obtained and calculated bond
distances, bond angles, and torsion angles of 5-hydroxy-3,5-dimethyl-1-S-methylisothio-
carbamoyl-2-pyrazolinium iodide (HDMCPI) is very good, confirming that the selected
computational method is suitable for investigating the reactions of HDMCPI. The
transformation  of  5-hydroxy-3,5-dimethyl-1-S-methylisothiocarbamoyl-2-pyrazolinium
cation (HDMCP) in alkaline aqueous solution was investigated using experimental and
computational methods. It was shown that the reaction between the HDMCP cation and
hydroxyde anion proceeds smoothly, without activation barrier, and with significant
stabilization of the system. In this way the hydrated keto-imine tautomer is formed, at 100 %
yield. The activation energy for the isomerization of this form into keto-enamine tautomer is
significantly higher in comparison to the formation of carbanion CA2 in alkaline medium.
CA2 undergoes further cyclization and elimination of MeSH, thus yielding AAMP. The
absence of AAMP as a product of the reaction between acetylacetone with thiosemicarbazide
instead of S-methylisothiosemicarbazide can be explained with the absence of keto-imine

form in the tautomeric equilibrium, which would allow the formation of a carbanion for



further cyclization. This fact confirms the crucial role of the keto-imine tautomer in the
formation of AAMP.

Seventeen structurally different aminomethylidene derivatives of 4-formyledaravone
were prepared and characterized using spectroscopic techniques and elemental analysis. Also,
a series of 4-aminomethylidene derivatives of 3-phenyl-2-pyrazolin-5-one and 1,3-diphenyl-
2-pyrazolin-5-one were synthesized. In the reaction of 4-formylpyrazolone precursor with
amines the presence of catalitical amount of p-toluenesulfonic acid is necessary to prevent
enolization of carbonyl group and a shift of tautomeric equilibria towards tautomeric form
with exocyclic double bond.

The results of antiproliferative activity show that certain compounds of the pyrazole
and pyrazolone series exhibit a cytotoxic potential comparable to referent cytostatics such as

Doxorubicin and cisplatin against different malignant cell lines.
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Jlokmopcka oucepmayuja-Onwmu 0eo

1.1. Ilupa3o,u - UCTOPUjaT U 3HAYA]

[Mupaszonn TpeACTaB/bajy KIacy XETCPOIMUKIMYHMX apOMATHYHHX OPTaHCKHX
jenumbea Koja y TPCTEHY caapke aBa cycenHa aroma aszorta (1, cimka 1). 300r cBoje
CTPYKType U (apMaKoJIOMIKUX eekara CBPCTaHH Cy y TPYITy aJKaJIOH]a, HaKo Cy y IPHUPOIU
BeoMa peTku. [IpBu mpupoaHu mupas3odn, l-nupasonui-ananus (2, ciuka 1), ©30J10BaH je U3

ceMeHKH J1yoenuue 1959. roxuue.’

J .
J \ N o)
H OH

NH,
1 2

Cauka 1. CmpyxmypHna ¢hopmyna nupaszona u I-nupazonun-aiaHumna.

[Mupazonicka jenWHUIIA TPEACTaBIba YECT CTPYKTYPHHU CETMEHT y CHHTETHYKUM
OMOJIOIIKM aKTHBHUM jenumbemhuMa. Heka on ®BHX MNpoydyaBaHa Cy y IUJbY JIeUeHa
HeypoereHepatuBHux nopemehaja, momyt Alzheimer-ose u Parkinson-ose 6onectu. [Topen
TOTa, IEPUBATU MHPA30JIa MMOKa3yjy M MIMPOK CIIEKTap APYrHX OMOJIOIIKUX aKTHBHOCTH, Kao
IITO Cy aHTUTYMOpPCKA, aHTHOAKTepHjcka W aHTUMHKpoOHa. llle3neceTnx romnHa MpoNLIOT
BeKa, 00aBJbEHA je KIIMHUYKA CTyHja O aHTUTYMOPCKOM JI€jCTBY IHPa30ia, alld Ce IMOKa3aio
Ja OHM HMMajy TpPEBHIIE TOKCHMYaH e(dekar Ha 4YoBeKa. Y NWJbYy MpPEBa3HIaX)ema OBOT
npobiema, TokoM cieaehux JeneHnja CHHTETU30BaH je BeJIMKU Opoj MUpa30JICKUX JIepuBarTa,
y KOjuMa ce MaHH(ECTyje 3Ha4aj OBOT XETEPOIUKINIHOT (hparMeHTa.

[Mupasonicka jeaumema ce Kopucre Jjom u  kao anamreruid (Celecoxib),
AHTUTTUPETHIIN, 32 JICUCHE PEYMATOUIHOT apTPUTHCA, ajli U Kao XepOuuan, QyHTHIuAn |
MHCEKTUIIMIM, O]1 KOjUX je Hajno3HaTuju Fipronil, 3atum y uaayctpuju 6oja u, Ha Kpajy, Kao

AHAJIUTUYKU pCArcHCH.
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HHokmopcka oucepmayuja-Onwmu 0eo

1.1.1. MeToae 3a 1o0ujame nmupa3ona

[Mupazonu ce MOry CHUHTETH30BaTU U3 1,3-IMKETOHCKUX MpeKypcopa. Y peaxiuju

alleTUIANETOHA ca XUApPa3sMHOM nobuja ce 3,5-mumetwmnnupaszon (3) y mpuHocy on 80%

H,C
CH;COCH,COCH; + NoH, —— n
N CHs
|

H
3

(cxema 1).

Cxema 1. /lobujarwe nupazona uz 1,3-ouxemona.

OBOM METOZIOM MOXe€ ce MOCTUhM N3Yy3€THO BUCOKA PETHOCEIEKTUBHOCT IIPU CUHTE3H

2 .
l-apun-cyncruryncanux mwmpaszona.” Peakumja wmsmely 1,3-aukeroHa u apwixuzapasuHa
onBuja ce Ha coOHoj TemmnepaTypu y N,N-aumerunaneramuny (DMAC) npu uemy Hactaje

oarosapajyhu nupaszon y 100pom mpuHocy (cxema 2).
R R

o o
)]\/[]\ . 0,5 exv. HCI A\
N ~ * NHNHAr* HC LN + N A

DMAc, r.t.*, 24 h N Ar Ar' N Ar

R = Me, CF3, CF2H
* eHe. room temperature - cobHa TemnepaTtypa

Cxema 2. Pecuocenexmusno oodujarve 1-apun-cyncmumyucanux nupasona.

CyncTuTyucanu XUIpa3uHU MOTY JIaTH HHPa30je U MPEKO YeTBOPO-KOMIIOHEHTHOT
KYIUIOBaWka y PEaKIUjU y KOjOj YYECTBYjy TEPMUHAIHHU alIKWH, YTJb€H-MOHOKCH]I M apui-

jonun, y3 MpUCYCTBO NajaJljyMOBOT KaTaju3aropa (cxema 3).2

Ar
1 mol-% PdCl,(PPh)s, CO / \
Ph—== + RNHNH, + Al » N
1,2 ekv. 3 ekv. THF / Hy0 (1:1) N Ph
rt.,24-36h II?

Cxema 3. [Jobujare nupazona y peakyuju kKamaiuz08aHoj naniaoujymom.

14



HHokmopcka oucepmayuja-Onwmu 0eo

Peaknmjom eTwmn-muaszoarneraTa ca areTWIAlleTOHOM Jo0Hja ce eTWi-4-MeThi-3-

ale THINMHUPa30J1-5-kapOokcuiar (4) mpeko MUpa3oIMHCKOT HHTEpMeaujepa (cxema 4).

o o EtOOC OH EtOOC CH;
7 CH, o T
2
N,CHCOOEt + M — N — N
N COCHj4 N COCHj3
H H
4

Cxema 4. Jlobujarwe emun-4-memun-3-ayemunnupaszon-s5-xkapooxcurama (4).

Cepuja 4-cyncturyncanux |H-nupa3on-5-kapOokcunata (5) mobujeHa je peaxiujom
IUKJIOKOHJICH3allljeé  AaCHUMETPUYHOT  CHAMHHOAWKETOHAa  ca  tert-Oyrunxuapasus-
XUAPOXJIOPHUIOM UM KapOOKCHMETUIXHUIpa3uHOM. Peakiuja je pernocnenuduyHa y3 BeoMa

4
BHCOKE NPUHOCE MUPA30JICKUX JIepuBara (cxema 5).

0
O 0 EtOH \ Ar
+  NHoNHCO,Et —tlh o
Ar CO,Et N CO,Et
1,2 eKv. |
Me,N (5302Et

Cxema 5. Peakyuja yukiokonoensayuje acumempuino2 eHamuHoOuKemona ca

KapOOKCUMEMUIXUOPASUHOM.

Peakumja xeToH-apui-xuapazoHa ca Gochop-TpUXIOPUIOM U METUJI-alleTOalleTaTOM

naje 2-ankenuanupaszoi-3(2H)-ou (6, cxema 6).

NNHCH 0
3 o) 0
)J\/U\ = \
+ —_— -
OCH,8 CH3CH=PhCN__ o
N 3
CH3 I
CH;
6

Cxema 6. /[obujare nupazona u3 nponuogpeHoH-memuixuopasona.

15



Jlokmopcka oucepmayuja-Onwmu 0eo

1.1.2. CunTe3a nupa3soia noa Vilsmeier-opum ycjioBuma

Vilsmeier-oBa anaexunna cuHTe3a, omHocHO Vilsmeier-Haack-oBo dopmunoBame
yobuuajeHa je MeTojia 3a Jo0Hujame alfexuia y Kojoj ce€ KOPUCTH peareHe 3a (hoOpMHIIOBaHbE
nobujen u3 popmamuaa u POCl;. Ona npeacrasiba moceban tun Friedel-Crafts-ose peakimje
KOja ToApasymMeBa eICKTPOMWIHY CYICTUTYIMjy aKTHBHPAHOT apOMATHYHOT IPCTCHA

noMohy xaroMeTHuIeH-UMUHI] yMOBe couu (7, cxema 7).

NMe, NMe,
+
cl
Hhic—ci S
| NM62
NMez

Cxema 7. Enexmpogunna cyncmumyyuja nomohy xanromemuneH-umunujymose conu (7).

[Mpumena Vilsmeier-oBor peareHca HUje OrpaHUYEHa CaMO Ha PEaKIIUje apOMaTHYHOT
dbopmuiioBama. Benuku Opoj pa3iMUMTUX aJKeHAa W aKTHBUPAHUX METHII- M METHIICHCKUX
rpymna moka3yje PeakTHBHOCT MpeMa OBOM pPEareHCy, Kao U HEKH KHUCEOHHYHH W a30THH
Hykiaeopumu. M3Bpmene cy OpojHe TpaHcdhopmalije MMHHHJYMOBUX COJIM Y TPOHU3BOJE
pa3MuuTe OJf ANJeXHIa IITO je Y3POKOBAJO TMPOIIMPEHEC TOApYydYja JelioBama U
pasnoBpcHocTH npumene Vilsmeier-Haack-ose peakiuje. /loOujame, CTpyKTypa U mpupoja

XaJIOMeTPIJIeH'I/IMI/IHI/IjYMOBe COJIM TIpUKa3aHu Cy Ha CXEMHU 8.

Cl

Me H _
)<H . \;,:< ci
/

Me,N~  OPOCl, Me OPOCI,

N\

Me H _ Me H _
\Kj=< OPOCl, —= \N{ OPOCI,
me” Cl me” Cl

Me\ H
N« + POCI;
Me/ (6]

Cxema 8. JJobujarve xanomemuneH-uMuHujymose coiu.

16



HHokmopcka oucepmayuja-Onwmu 0eo

Kira m capagHuim W3BeNHM Cy CHUHTE3y Nupasoi-4-kapOamiexuna, 8, TpeTupamem

arieropeHoH-penmnxuapasona ca DMF/POCI; komiurekcom (cxema 9).5

@70 CHO
H
/7" bwmFPOCH I\

N L N N

N \N

NH

O d

Cxema 9. /lobujarwe nupaszon-4-xapoanoexuoa (8).

Moryhu mexanuszam oBe peakiigje oOyxBara ABe y3acTonmHe Vilsmeier-oBe peaxiuje
Ha METWI-TPYyNHU areropeHoH-QeHwIxuapa3ona npaheHe MUKIN3alUjoM y3 CJIMMHHAIU]Y

nuMetninamuna (cxema 10).

g
_NH N—N N—N
N / ¢ ® /
DMF/POClI CH=NMe
S e 5 e,
CHs 2
CH (IJH
|
NMe, CNMeZ
N—N N—N
/ /
— F — VY
ﬁH CHO
$N'Vlez

Cxema 10. Mexanuzam Vilsmeier-ogoe ¢hopmunosarna ayemoghenon-genunxuopazona.

AntepnatuBHo, Beh (opmupanu 1,3-nuapunmnupason pearyje ca eleKTpoPHIHIM

pearencom omoryhasajyhu dopmutoBame mupasosckor cucrema (cxema 11).
17
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Jlokmopcka oucepmayuja-Onwmu 0eo

»@/r/\

_NH ~NH HaC H o
:NH \
- L + /NAé OPOCl, —>»
H I
a—H CH, © c
@ NH
7
HN (& - HCI
—
A\ _NMe, O*/\NM%
H
/
N—N N—N
[ [ NG
NMe, <> ) “NHMe, -
H
$©
N—N N—N
D)
/ 4
— — ) — Y —
H
H n.
e Cl NMe, Cﬂ/ NMe,
e OPOCl,
CI
N— N—N
/ /
o, /
(6\
H 0

H L{NMe

Cxema 11. Anmepnamusnu mexanuzam gopmuiosarba ayemogeHoH-pheHUIXuopasona.



HHokmopcka oucepmayuja-Onwmu 0eo

Taxohe je u3BeneHa u cunre3a 4-ankwmi-1,3-guapuinupasona (9) ca DMF u POClj,

6
KoprcTehn KOHBEHIIMOHAIHE TEPMHUKE MeToe (cxema 12).

R? R’
\Q;_/ RS
N/ DMF/POCI; / \
R3 :

MWI*, 30-50 s

um A, 4-5 h R3 :
R4

9
MWI 49-70%; A, 41-76%
* eHr. MicroWave Irradiation - MMkpoTanacHo o3payvBan-e

Cxema 12. Jlooujarwe nupaszon-4-kapoanoexuoa (9) KOHBeHYUOHATHUM MEPMUYKUM

memooama.

Cunte3a Oensonupano[4,3-C]nupasona (10) omoryhena je Vilsmeier-oBom nukiu-
3alMjOM  o-XuApoKcHaleToheHOH-peHUIXuapa3oHa, mpaheHa TtpeTupameM J0OHjEHOT

7
nupaso-4-kapbaiaexuaa MUHEPAIHOM KHCEIHHOM (cxema 13).

O,N O,N NO,
H
2 DMF/POClI;
R CH — R / /
3 rt.,4h
CHO
1
R OH OH
:O/ )/H , CH3CH,OH
N/N
R2
53-76%
R o} OCH,CH,4
10

Cxema 13. Cunmesa denzonupanol4,3-Clnupaszona (10).
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HHokmopcka oucepmayuja-Onwmu 0eo

Xuapa3zoHu -keToecTapa TpEeTHpameM ca TpH ekBuBasieHTa Vilsmeier-oBor peareHca
najy 1H-nupazon-4-kapookcuiare 11 cnenehum moctymimma:

1. 3arpeBamem Ha 80 °C 3-4 vaca

2. O3paunBameM peakuuone cmeule y Buiky DMF-a

3. YkiamameM pacTBapaua HclapaBameM, Koje je nmpaheHo 03paunBameM peaklnoHe

cmee Ha SiO; (cxema 14).°

H
| R COOR
N—N—CgH3(NO,), a) DMF/POCI;
MWI 3-5 min A\
Rll : N\
unm b) DMF/POQI3
COOR' SIOZ/MW| 3-5 min CSHS(NOZ)Z
11

A -70-88%, 83-92%, 87-94%

Cxema 14. Jlooujarwe 1 H-nupazon-4-xapooxcurama 11 uz xuopaszomna fp-kemoecmapa.

[uknuszanmje cy Moryhe u ca komepiujaaHo A0cTymHuM Vilsmeier-opum peareHcom

(cxema 15).
R" COOR' . R COOR'
7_/ (CicH=NMeCr
~ N

N  H 70-80°C, 6 h ~

rae, R=CgH3(NO,), T 85-92%
R

Cxema 15. 3amsapare npcmena komepyujannum Vilsmeier-osum peacencom.

[Ipumenom cemukapOa3oHa [-ketoectapa Kao cyrncrpara, fooujenn cy 1H-mupazon-

4-xapookcwiatu 12 enumunarmjom —CONH, rpyre nocie Heyrpanusaiuje (cxema 16).

R" COOR' ) R COOR'
7_/ (CCH=Meo T
N

-

N  H 70-80°C, 6 h ~
T roe, R=H

CONH,

| 86%
H
12

Cxema 16. Cemurapbazonu f-kemoecmapa kao cyncmpamu 3a oooujarne 1H-nupazon-4-

kapooxcunama (12).
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HHokmopcka oucepmayuja-Onwmu 0eo

Peakmmjom 4-apun-3-0yreH-2-oH-2,4-muHuTpodenmnxuapazona ca Vilsmeier-opum
pearencom n06mjajy ce oxrosapajyhu  1-(2,4-munurpodenun)-3-(2-apunerenmn)-1H-

nupa3zon-4-kapbanaexuau (13) y ommmunnM npuHocumMa (cxema 17).

N02 N02
N —NH N— N
DMF/POCI3 / >
Y%
CHO
13  72-85%

Cxema 17. Peakyuja 2,4-ounumpoghenun xuopasona 4-apun-3-6ymen-2-ona ca Vilsmeier-
0B8UM peazeHCOM.

MexaHu3aM peakliiyje MpeCTaBJbeH je Ha cxeMu 18.

H
s \
AT \lN NI/ SAr
H
CcCA—
" g, DMF/POCI; ~ C|:|/ Sive,
HC
NM62

CHO

Cxema 18. Mexanuzam peaxyuje 2,4-ounumpogpenunxuopasona 4-apun-3-6ymen-2-ona ca

Vilsmeier-osum peazencom.
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1.1.3. Peakuuje 1,3-nupenniimupa3sosi-4-kapoanaexuna

[Tpumena Vilsmeier-Haack-osor pearenca (POCls/DMF) npu ¢popMuiioBamy BeTHKOT
Opoja apoMaTUYHUX M XETEPOAPOMATHYHUX jCIUIbCHA JCTaJbHO je JOKyMEHTOBaHA Y
mureparypi.” TIOMEHYTH pearcHC je WHTEH3HBHO NPHMEHHBAH 33 Pa3iHdIHTE XCMHjCKe
TpaHnchopmalrje Apyrux Kiaca jeIumberha, TP YeMy MHOTE O/ TUX peakiihja MpeACcTaBbajy
HOBE M KOHBCHIMOHAIHE ITyTEBE 33 CHHTE3y PA3IMYMTHX XCTCPOIMKIMYHHX jeumbersa.
Jenan 3Hauajan mpumep mnpumeHe Vilsmeier-Haack-oBor peareHca y XeTepOIHMKINYHO]

XeMUjU je cuHTe3a 4-popMuimnupasona 14 mpexko ABOCTpyKOT (GOPMHIOBaKkA XHUIPA30HCKOT

uHTep-Meaujepa (cxema 19).°

Q NNHPh Ar CHO
)]\ PhNHNH, Py POCI, / DMF T\
—_— ’ o
AT Me Ar Me  50.60°C Ny
|
Ph
14

Cxema 19. Cunmesa 4-chopmunnupaszona 14 npexo osocmpykoe gpopmunosarsa

XUOpazoHcKoe unmepmeoujepa.

Annexunna rpymna 4-gpopMuinupasona Hajuenihe je kopuirheHa 3a Moau(UKaIujy ca
Pa3ITUYUTUM CTPYKTYPHUM (PparMeHTHMA.

Jenna on mogudukanuja 3-apun-4-gopmMunnupasona 3acCHUBA C€ HA KOHJECH3AIU]U ca
MeTunapui-ketonnMa aajyhu 1-apui-3-[3-apuin-4-nupasonui Jnponenon (15), xoju gasom
peaxiujoM ca HeHUIXHIPa3HHOM BoaH 10 hopmupama 1-henwnn-3-apui-5-(4-mupazonun)-2-

11
nupasonuHa (cxema 20).

Ro
O \N
R4 CHO 1o R, N R R, N/
/ \ / \ 2 PhNHNH, / \ \
N * > N — > N Ph
N N H5;C R, -H,0 AN N N
I I

N

I
Ph Ph Ph
15

Cxema 20. Konoenzayuja 4-¢hopmunnupasona ca memunapui-kemouuma.
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Hctu ayTole2 U3BEIM Cy OKcuiauujy 3-apui-4-GpopMuimnupazona ca KajlujyM-
MepMaHraHaTOM Yy BOJEHOM MUPUIUHY 10 OAroBapajyhux 3-apunmnupasoi-4-kapOOoKCHITHUX

kucenuna 16, koje cy, MpeKko KUCEIMHCKHX XJIOpHIa, KOHBepTOBaHe y amue (cxema 21).

o)
R, CHO R4
OH
7\ KMnO, I\ socl,
N N
) |
Fl’h Ph
o)
Ry . R
| 253 NR2R3
. N/ \ R?R°NH N/ \
N N
| |
Ph Ph

16

Cxema 21. Oxkcuoayuja 3-apun-4-gpopmunrnupa3zona.

Kao HactaBak CBOjUX CHHTETHYKUX CTyAHMja O MOryhHocTMMa jaepuBaTuzanuje 4-
dbopmunmupasona Bratenko u CapallHI/IHI/I13 W3BEJHU Cy CHHTE3Y aMUHO(POCHOHCKUX KHUCETHHA
17 y peakumju N-Oen3un[3-apui-4-nupa3oini|MEeTaHUMHUHA ca TUETUIPOCHUTOM MPH YEMY
HacTajy oAroBapajyhu auerundensmiamMuno|3-apui-4-nupazonun|-4-metundocPoHatu Koju

ce JlaJbe XUIPOIH3Yjy 10 aMHHO(POCHOHCKHX KUCeTuHa (cxema 22).

R CHO R CH=NCH,Ph
/ \ PhCH,NH, / \ HP(OEt),
N ————— N_ —_— >
| |
Ph Ph
NHCH,Ph NHCH,Ph
R R
P(OEt P(OH
\ ”( )2 18% HCI / \ ”( )2
—» N 0 g N\ 0]
| |
Ph Ph 5

Cxema 22. Cunmesa amunogocghonckux xucenuna 17.
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Jom jenna nepuBaTH3alMja aleXUIHE IPyNe BOJAU MPEKO peAyKIHje ca HATPUjyM-
oopxuapuaomM majyhu 3-apui-4-XuIpOKCUMETHINIHPA30je KOju ce Tpanchopmumy y 4-
XJIOPOMETHII-IEPUBATE TPETMAHOM ca THOHWI-XJopuaoMm (cxema 23). Cnemehm Kopak
moapasymeBa peaknujy ca TtpudpeHwipochuHOoM Tpu uemy HacTaje TpudeHm(4-
nupa3oaraMeTi)pochonujym-xaopua koju ce, Wittig-oBom peaximjom ca apoMaTHYHHM
WIH XeTepoapoOMaTUIHUM NJICXUINMA, TpaHchOpMHUILIE y 4-[2-

apuii(xerepoapun)erenwi|mupason (18).1

Ar CHO Ar CH,OH Ar CH,CI
W_X NaBH, ﬂ sOCl, I\ PhsP
N —_— N —_— N —_—
N N N
T : N

Ph Ph Ph
=+ -
Ar CH,PPh;CI Ar X Ar(Ht)
J\ (HHAFCHO I\
—_— N\ —_— N N
) |
Ph Ph
18

Cxema 23. /lobujarve 4-[2-apun(xemepoapun)emenun]nupazona (18).

[IpoyuaBambeM peakTUBHOCTU (HOPMHI-TPYIE y MOJ0Xajy 4 MUPA30JCKOT TPCTEHA
JIOIIIJIO C€ JO0 3aKJbydKa Jla je Mupa3oi-4-kapOanaexuja pelaTHBHO WHEPTAH CYICTpaT 3a
Baylis-Hillman-oBy peakuujy. ¥ Behunu ciiydajeBa oBa peakxiivja 3aXxTeBa JyKe PEaKIIMOHO

15
BpeMe Jia OM ce IOBUCHIIM IIPUHOCH anykarta (cxema 24).

Ph Ph
/ /
[
N AN
R CHO R
7 7 1o

EWG
a) CH,=CHEWG*, 1,4-ana3abuuunkno[2,2,2]JoktaH, cobHa Temnepartypa, Bpeme og 4 oo 25 naHa

* eHe. Electron Withdrawing Group - enekTpoH-npuBnayHa rpyna

Cxema 24. Baylis-Hillman-osa peaxyuja.
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Ckopuje je myOJIMKOBAaHO Ja ce cepuja mHHpa3oi-4-kapOangexuja KOHJIEH3yje ca
uHgonmuMa y n0opum npuHocuMa (77-96 %) xopucrtehu Kucese Karanm3aTope Kao IITO je

Amberlyst 15 (cxema 25).'®
H

4
R /
/ \ : N Amberlyst 15 /\ Q
N_ + / > R y

\

Cxema 25. Konoenzayuja nupazon-4-kapoandexuoa ca uHOOIUMAa y npucycmaey

kucenoe kamaauzamopa Amberlyst 15.

[Topen Tora, mupasoi-4-kapOangexuad MOTY Ce KOHIEH30BaTH ca OEH3eHOM Y
npucyctBy tpudarhne kucenune CF3SO3H y peaknuju koja mpenacrasba npumep Friedel-
Crafts-oBe koHBep3Hje MO3HATE Kao XHUAPOKCHAJIKWIOBame (cxema 26). Oxprosapajyhu
CYICTUTYHCAHH THPA30JId TOMICKY IMKIU3AMMOHO] PEaKIMji TPEKO JIMKATjOHCKOT
CNEKTPOPHMIIHOT HMHTEPMEIMjepa YWjH j€ HacTaBaK YCIOBJbEH IPHCYCTBOM IOMEHYTE

Brensted-oe “cynepkucemmue”.t’

0 @ OH
Ph Ph Ph
I\ ToRsoM L { MoEsoM LT\ M Gt
AN CeH H/N\ D H/N\ -H*
N 6''6 N N
b L b
Ph OH Ph * Ph Ph
Y A G Y 2 JF
H—™ \N -H,O H™ \N H™ \N
b b b

Cxema 26. Konoenzayuja nupason-4-xapoanoexuoa ca 6eH3eHOM Yy npucycmey mpughiammue

KucejuHe.
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Oxcupanuja ¢enonnux Schiff-oBux 6aza 1,3-muapun-1H-nupason-4-kapbangexuaa
ca jomOeH3eHauaIeTaToM oMoryhaBa HacTajambe 2-CYNCTUTyHCaHUX OeH3okcaszona 19 mpeko

- 18
HHTpPaMOJIEKYJICKe nuKau3aiuje (cxema 27).

Y.

Ph

/

N
[ N

CHO
X NH, X N Y
\C{ / \ EtOH
" N
N

Y

Ph

X N N/Ph
N |
Phl(OAc), o —=N
e
MeOH

Y
19
Cxema 27. [Ipemsaparve penonnux Schiff-osux 6aza 1,3-ouapun-1H-nupazon-4-

A Ao
Kkapoanoexuoa y 2-cyncmumyucatne benzoxcasone 19.

1.1.4. TayTomepuja nupa3oJia

Mertoze Koje ce HajBUIIEe KOpHCTE MpU olpehuBamy XeMHUjCKe CTPYKType MOJeKysa
cy HykieapHa-marHetHa pesoHannuja (NMR) u penareHcka CTpyKkTypHa aHajim3a Koja ce
KOPHCTH 3a oApehuBamy penaTuBHE U ancoiyTHe KoHpurypamuje. Octane pu3nyke METOAE,
MaKo KOPHUCHE, HE TIPYKajy J0BOJbHO MH(OpMAIHja O CTPYKTYPHHM OCOOMHAMa jeTUCHA.

NMR-CnekTpockomnuja je Hallla HIMPOKY MPUMEHY U NpH ojpehuBamy CTpyKType
MTUPA30JICKUX jez[mberbalg HUCTOBpeMEHO oMoryhaBajyhu CcBe0OYXBaTHO MCTPaKUBAE
wuxose Tayromepuje. [Ipe pazBoja NMR-a kopumthene cy npyre mMeToje 3a IpoydyaBame

TayTOMEpHje THpa3oyia, Kao IMTO je oapehuBame KHCEIMHCKO-0a3He paBHOTEXKE
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MOTEHIIMOMETPUJCKM HWJIM  CHEeKTpopoTOoMeTpujcku, anu je Tek yBohemem NMR
CIIEKTpOCKOMHje OM0 Moryhe NOTIyHHje IpoydYaBaTh CTPYKTYPY MUPA30JICKUX jeUHCHA.
[IpunukoM mnpoyyaBama TayTOMEpHje NHpa3ojia MOXKE Ce IOCTaBUTH ojpeheHa

aHanoruja ca [-nukeronnmMa 20 (cxema 28), Majia IOCTOje ¥ BeOMa jaCHE pasJinKe.

H H H H
R R R R R R
O. O O .0 O O
\H/ \H/

20A 20B 20C + NyH,
- 2H,0
H H H. H
R-3" X _-R R\%/R R R
—_— — -
\\)ﬁ/ = I =\ |
N—N\ N—N N—N
H H
21A 21B 21C

Cxema 28. Taymomepuja f-ouxemona u NH-nupasona 21.

JenHa o HajBaKHMjUX pas3jiMKa NMPOUCTHYE M3 YMIbEHUIIEC Ja MUPA30JICKU TayTOMEp
21C Huje HUMKaJa JETEKTOBaH, 3a PA3IUKy OJ JUKETO-TayToMepa. Pasnor nexu y ToMe 1To
cy TayromepHu obmmmm 21A u 21B apomaTnuHa jeMmbema 32 Pa3IMKy O] KeTO-CHOJHUX
tayromepa 20A u 20B. Ilopen tora, pasmeHa nporoHa u3mel)y /Ba KHCEOHHKA Yy KETO-
€HOJIMMa MHTPaMOJIEKYJICKH je MpOoIec, IOK je KO nupa3oia TpaHcdep mpotoHa usmely nsa
aToMa a30Ta MHTEPMOJIEKYJICKH MPOLEC.

Kon cumerpuunmx nupaszoia (R3 = Rs) 6e3 cyncturyenta Ha N1 atomy (ciuka 2),
CUTHaIM 3a npoToHe y mnonoxajuma C3 um CS5 y '"H-NMR CIEKTPY Cy WJICHTUYHH
3axBasbyjyhu ynpaBo TayToMepHju; MPOTOH y 1noioxkajy C4 oOUYHO je Ha BUILIEM MarHeTHOM
nosby. Kon N-cymerutyucanux mmpasosia, ca pa3IUUTUM CYNCTUTYEHTHUMA Yy MOJIOXKajuMa

C3 u C5, NMR-criekTpockomnuja ce KOPHCTH 3a pa3IMKOBame JiBa Moryha tayTtomepHa

06mka. >
Rs Ry Rs Ry
2 N\N Ry ° N\N Rs
1 '
R, R,

Camka 2. /[sa mocyha maymomepna ob1uka nupasoa.
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Onpehena mpaBuia MokKasana Cy ce€ KOPUCHUM IIpH onpehuBamy CTpyKType
n3oMepHux nupasona. Kox jenumema rie Rz # Rs u Ry # H, koHCcTaHTa KymuioBama 3JH4H5
Beha je ox KoHcTaHTe $iams W pacTte ca TOPAacTOM EJIEKTPOH-TIPUBIAYHE CITOCOOHOCTH
cyrctuTyeHTta y nojoxajy N1. Curaan koju oArorapa mpoToHy y mosioxajy C3 oO6udHO je
IIMPOK 300T HYKJIEapHOT KBaAPHUIIOIHOT penakcanroHor edekTa a3ota. Kana R4 # H, curnan
3a IpoToH y nojoxajy C3 MamHu je oJ] curHana npoTtoHa y noioxajy C5, a kaga je R4 = H,
curHan Ha C3 mokasyje cnabujy pe3oaynujy o1 curaana Ha CS.

y B¢ NMR-criekTpy HECYICTUTYUCAHU TTUPA30JI TTOKa3yje jeaan win aBa muka 3a C3
u C5, mTo 3aBHCH MPBEHCTBEHO O] TEMIIEpAType H, Y U3BECHO] MEpH, OF BPCTE pacTBapauya.
IIpucyctBo cyncrtutyenata Ha N1 momepa curnane C3 u CS5 xa BUIIUM O BpeIHOCTUMA,
HAPOUYUTO Ca IOPACTOM EIEKTPOH-IIPUBIAYHOT KapaKTepa CyncTuTyeHara. Y mopehemy ca "H
NMR, *C NMR-criekTpockommja npyxa mpeiusHije nHpopManmje 3a pasnKoBambe 1Ba
n3omepa, Ha mpumep, 3-CHs y omqrocy Ha 5-CH3 unmu N-CHs.

Hykneapuu Overhauser-oB edexkar (NOE) ce Moke HCKOPUCTHTH 3a MEpEHEe
MPOCTOPHUX HMHTEpakija u3Mely mpotoHa Ha C5 aToMy NpcTeHa W MPOTOHA BE3aHUX 3a
cynctutyeHt y monoxkajy N1.2' Jemma on mpuMeHa oBor edeKTa je M pasiMKOBAEe JBA

22
peruousomMepa’™ Kao IITO Ce MOXKE BUICTH Ha CIIUIH 3.

Hema NOE N/\ \ o~ N/\ \

Cauka 3. Paziuxosarve pecuousomepa nomohy Hyxneapnoz Overhauser-osoe egpexma.

1.1.5. AMMHONIHPA30JIM U HbUXOB 3HAYAj

. . . 23
XeMmuja aMHHONHMpa30Jia MOCIeBUX je eleHnja IeTaJbHO IpoydaBaHa” Ipe CBera
3aTO IITO OBa jeAMIbEHa IMpENCTaBibajy NMpeKypcope 3a Jolujame JIepuBara nupasoia U

a30JI0MMPa30Ja ca 3HauajHOM OMOJIOIIKOM aKTUBHOIINY.
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Jeman oj Haj3HAUAjHUJUX XETEPOLUMKIMYHMX TeMIIaTa j€ S-aMUHOMHPA30JICKH
cUCTeM, KOju ce Beh roaMHama yHa3ajq KOPHCTH Y (apmareyTcko] W arpoxeMHjCcKoj
MHAYCTPU]JH, aJTH U Ka0 aHTUOAKTEPH]CKHU areHc.

Xemuja 3-amMuHONHUpA30jia HUje OWia JOBOJPHO WCIHWTHBaHA CBE JO OTKpuha
JiepuBaTa KOjU Cy C€ IMOKa3ald Kao aHTUTYMOPCKU areHCH Ca H3PaKEHUM TepareyTCKuM

MIOTEHIIU]aJIOM.

1.1.5.1. lobujame 3-amuHONIMPa3o0Jia

YobuuajeHn HaYMHM 3a 10o0Wjame 3-aMHHOMMpa30jia Cy peKiHje Xuapa3uHa ca o,p-

27-30 .
Kao U peakuuja

nesacihennM HuTprIiMa,” ?® 3-OKCOANKMITHATPHIA Ca XHAPa3HHIMA
XHIPA30HONI-XaIH/Ia Ca AKTHBHIM METH/ICH-HUTPIIAMA. >

Peakmmja o,f-HezacuheHnx HuTpWiIa ca XHIpasMHMMa Hajyemhu je HauumH 3a
nobujame 3-amuHomupaszona. Cam  3-amuHomupaszon (22) gobwja ce  peakifjoM
aKPWIOHHUTPHUIIA Ca XUAPA3UH-XUIAPATOM, paheHOM IMKIN3aMjoOM U JEXUAPOr €HU3AIIN]OM,

. . 2 .
yuMe ce J00Huja JKeJbEHO _]CI[I/IH>6H>€.3 HcTo jenumeme MOXKE CE€ U JTUPEKTHO JOOUTH W3

. 33
XJIOPAaKPUJIIOHUTPHUIIA, KAO IIITO j& ¥ MPUKA3aHO Ha cxemu 29.

CN  NHoNH,* H,0 CN H,SO,/EtOH [\
/ > /S L e NH- H,SO
- H,NHN 98 % HoN N S

H
a) p-TsCl, NaHCO3
6) NaO-'Pr, PrOH

cN NH2NH2 ¢ H20
—_—
< H,N \N/NH
Cl

22

Cxema 29. Jlobujarve 3-amunonupaszona (22).

[Nocnenmux roaMHA NpEACTaBIbEHA je peakiuja 3a JoOujame 3-aMUHOIHMpA30Jia U3
apWIXuJpa3dHa y YCJIOBMMa MHKpOTajacHOr o3paumBama (cxema 30). YV 0BOj peaknuju
3a0enexeH je Ojar mopacT NMpHHOCA y OJHOCY HAa PEaKIHjy HU3BEACHY Y3 TEPMUYKO

34
3arpeBame.
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CN

CN
( ArNHNH, / \
— > N
EtOH, A SN NH,
EtO CN i EtOH, Mwi |
Ar

Cxema 30. Jobujare 3-amunonupasona MUKpOmMaiacHUM 03paAyuU8arbeM.

VY peakuuju 2-apomii-3-(IUMETHIAMHHO ))aKPIWIIOHUTPUJIA Ca XUAPA3UH-XHIPATOM, Y

3aBHCHOCTH OJ1 BPCTE CYNCTUTYEHTa MOXe c€ JOOUTHU jeaH oj JBa Moryha mpou3Boja, UiH

IUXO0Ba cMeca (cxema 31).35'37

o) R NH, NC R
CN NH2NH2 : Hzo

Ar > / \N + / \N

N/ '

N
NMe, H H

Cxema 31. Peaxyuja 2-apoun-3-(0umemuiamuno)aKkpuioHumpuila ca Xuopa3uH-xuopanmom.

Peaknmja xuapasunHa ca 3-0KCO-aTKUI-HUTPUIMMA JOII je/laH je euKacaH Ha4MH 3a

nobujame amuHonupaszosioHa. Ilpu Tom ce nobuja cmeca oaroapajyher amuHomupasoia U
38,39

aMHHOIHpa30JioHa (cxema 32).

R, =Ph, H
R2 = Het.

Cxema 32. Peaxyuja xuopasuna ca 3-0Kco-anKuIHUMpUIUMA.
Peaxnuja Xxuapa3oHOMI-XaJOTeHHUA Ca aKTUBHIM METHJICHCKUM jeINb-eHhIMa Takohe

je jeman oj yoOM4YajeHuX HauyMHa 3a J100ujame 3-aMI/IHOHI/Ipa3OJ'Ia.31 HoBuju mpumep ose

. . 4
peaknyjeC NpeACTABJbCH J€ Ha CXEMU 33. 0
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0
Ar R
EtzN
Ar Br , NC___COR I\
EtOH N NH;
NNHAr, |
Ar1

Ar = 4-FC6H4, 2,4-C|206H3
Ar1 = 4-02NC6H4

Cxema 33. Peakyuja XuopazoHoun-xano2enuod ca akmusHuM MemuieHCKUM jeOurberpuma.

[lopen HaBeneHMX, MOCTOjU jOII HAYMHA 32 CHHTE3Y 3-aMHHOIHpPA30Jia, Kao MITO je

npemernTarme N-aMIHOIEPa301a y GPOMOBOIOHIYHO] Kicenunu (cxema 34). "

//N NH2
/ \ 48 % HBr / \
N\ —_— —_— /N
N 140 °C NH N
I | I
NH, | NH, | H
33%

Cxema 34. Cunmesa 3-amunonupaszona npemewmarbem N-amMuHonupaszona

V 6POMOBOOOHUUHO] KUCETUHU.

1.1.5.2. Tayromepuja 3(5)-amuHonmupa3oja

Tayromepuja 3(5)-amuHONMpa3ona MoXe ce MOCMaTpaTH ca JBa acrekra. [IpBu ce
OJTHOCH Ha aMHHO-TPYIy U JOOPO je MO3HATO Jla OBa jeUbCHha MOCTOje Y aMHHO-00HKY, a
HUKaIa y O0JUKY umuna, Jpyru acnekT npeacTaBjba aHyJIapHa TayTOMEpPH]ja, Tj. TTOJI0XKA]
NH-potona y mpcreny. Cnydaj aHynapHe TayToMepuje mpoydaBaH je Ha cepuju 3(5)-
amuHn0-5(3)-apumupasona 23 y UBPCTOM CTamy H y pacTBopy.” OBa jefHibemba PasiuKyjy
Ce caMo IO BPCTHU CYIICTUTYEHTA Y napa-1oiioxkajy OCH3eHOBOT npcTeHa (cxema 35).

OnpehuBame cTpykType (Tabena 1) 6mio je moryhe 3axBasbyjyhu YnmBEeHUIIN J1a CY 3a
MeT O/ WIECT jeuIeHha JO0OMJeHH MOHOKPUCTAIM 32 PEHATN€HOCTPYKTYpHY aHaiuszy. Tpu
jeIumbeha MocToje y 00Ky 3-aMuHO-TayTOoMepa - 23a, 23¢, 23d, jenumeme 23f Hanasu ce y

00HKy 5-amuHO-TayTOMEpa MOK ce 23e Haimasu y oOnuky oba tayromepa. CPMAS (ene.
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Cross Polarization Magic Angle Spin) *C NMR-ciiekTpn 0BHX jeumberba y 4BPCTOM CTaby
HNOTBPAWIIM Cy Kpuctaiorpadcke mogatke, mTo je omoryhuno oxapehuBame CTpyKType

npeocTajor jeaumbema 23b 3a koje Huje 6umo moryhe qo6uTH oarosapajyhu kpucrai.

X
HoN
Z\3 3
N/ \ 5 __— N/ \ 5
\"1Il \":\l NH,
H X H
23A 23B

Cxema 35. /[sa moeyha maymomepua obauka 3-amunonupaszona (23A4)

u S-amunonupasona (23B).

IlIto ce Tnue ogpehuBama CTPYKType y pacTBopy, HaheHo je na B¢ NMR-cniekrap
jenumerma 6e3 CYICTUTYeHTa Ha OEH3eHOBOM MpCTeHy, cHuMaH y DMSO-ds, caapxu curuase
o0a TayromepHa o6muka. OmHOC aBa Tayromepa IMOTBpheH je u momohy 'H NMR-
CIIEKTPOCKOIIHjE, jep je OBO jelUmeHe Aayio JaBa curHana koju oxaromapajy NH m NH;
rpynama. ¥ tabenu 1. mpukaszaH je NMpOIEHAT 3-aMHHO-TayTOMepa MPUCYTHOT Y pacTBOPY

DMSO-dg, 3a CBaKO HCITUTUBAHO jSTUHCHHE.

Tab6ena 1. Ilpuxas npucycmea maymomepa y uspcmom cmarwy uy DMSO-0g pacmesopy.

Jenumense % 3-AMHHO TayTOMepa Tayromep npucyTan

y DMSO-ds pacTBOpy Y UYBPCTOM CTaBy

23a: X=H 54 3-aMuHO

23b: X =Me 58 3-amMuHO

23c: X =MeO 55 3-aMHHO

23d: X =ClI 42 3-aMuHO

23e: X=Br 34 3-aMHuHO + 5-aMHUHO

23f: X =NO, 0-1% 5-amuuO0

Takohe, ypahena je u onTumu3zanyja reomeTpuje 3- U S-aMUHO-TayTOMEpa HA CEMU-
EeMIIMPHjCKOM HUBOY. 3a CBa jeAumbema HaljeHo je aa 3-aMHHO-TayTOMEp Iocenyje HUXKY

eHeprujy 3a npubnmxHo 2 kcal mol ™.
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1.2. IIupa3o10HH — HCTOPHjaT U 3HAYA]

[Mupa3onoHn Cy XETEpOIMKIMYHH JIAaKTaMH ca JBa CyceJHa aToMmMa a3oTra ¢
KapOOHWIIHOM TpynoM y npcreHy. Hajuemrhe ce mox oBUM Ha3MBOM MOJpazyMeBajy MUPa30Il-
5-oHH, 24, KOju ce MOry joml AepHHHUCATH M Kao OKCO-jelMIeHmha H3BeaeHa u3 4,5-

auxuaponupasona (ciauka 4). OBo je yjeqHO M HajaeTaJbHUje MpOydyaBaHAa U Haj3HA4YajHH]jA

H
24

rpyIa Mupa3oJoHa.

Cauka 4. Cmpykmypna gpopmyna nupazon-5-ouna (24).

Yop3o wakon mmro je Emil Fischer orkpuo denmnxuapasun 1883. rogune, meros
acuctent Ludwig Knorr je, y mokymajy aa CHHTETH3yje XWHOJHMHCKH JEpPHBAT, T0OHO
MTUPA30JIOH KOjH je Ha3BaH aHTUIMPHUH. Y HAapeIHUX J[BAJECET TOANHA, aHTUITUPHUH j& TTOCTa0
HAjIPO/IaBaHUjU JIGK Ha CBETY, IOKA3aBIIM CE€ Kao YCIElIaH y JeueHkhy TPO3HHIEC |
pecrnupaTopHUX UHPEKITH]a.

JlepyBaTi THpa30jOHA TIO3HATH Cy jJOII M KAao AHTHIHUPETUIIM, AHAITETHUIH,

aHTI/II/IH(i)JIaMaHTOpHI/I 1 aHTUTYMOPCKH arc¢HCH.

1.2.1. Metoae 3a n1o6ujame NUPa30JOHCKUX AepUBATA
1.2.1.1. Knorr-oBa meToja 3a 1004jame MUPa30JI0HA

Knorr-oBa cuHTe3a mpeicTaBiba peakiujy usmely XuapasuHa WIH CYNCTHTYHCAHOT
XHIpa3uHa u 1,3-IUKapOOHUIIHOT jeAHbEHha, TIPU YeMy C€ MOXKE JOOUTH MHUPA30JICKU WU
MAPA30JIOHCKHU )IepI/IBaT.46 [Tupazononu ce m00Hjajy y peakiuju Xuapa3uHa U -keroecrapa
(cxema 36). Peakmnmja ce obuuno oxBuja Ha temmepatypu on 0-100 °C, y momapaum
MPOTHYHUM pacTBapayrMa, Kao IITO Cy: METaHOJ, €TaHOJ, U3OMPOIMI-AIKOX0I U Boja. Y

onpehenom 6pojy ciayyajeBa 3a HUKIU3aLM]y MOTpebaH je noaarak Oase.
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R3 R’ R3 R’ R3
el o I\ /
RNHNH, + - N\N oH =~ N\N O
I I
R R

R! OR?

R = H, ankui, apui, Xxerepoapui, alu...

Cxema 36. Knorr-osa cunmesa nupazonOna.

Ha oBaj naumn je 1883. rommne nobujen 3-metmi-l-GpeHunmupazon-5-on (25),

peakiujom u3mel)y heHuIxuapa3rHa u eTui-ameroanerara (cxema 37).

/

o o
N
QNHNHZ ¥ Moa — W

25

Cxema 37. Cunmesa 3-memun-1-gpenunnupaszon-5-ona (25).

1.2.1.2. Tpanchopmanuja Tuaguazosia

Tuamuazonu cuHteTnzoBanu Hurd-MOri-jeBoM NHKIH3AIHjOM KOPHCTE C€ Kao
WHTEpMEIU]jepH 3a JoOUjamhe IPYrux xeTepoulleana.47

Kucenuucku Xmopua THaana3ola KOHBEPTYje ce moMohy Xuapa3uHa y oAroBapajyhu
xuapa3zoH. Hakon Tpetupama 0a3oM, XUIpa30H Jaje MHUPa30JI0H, KOjU c€ MOXKE aJKUIOBATH

in situ (cxema 38).

0 0
cl RNHNH O
N N
RNHNH, t-BuOK
\_RNHNH, - \ B, Y
S/N S/N DMSO N SR

Cxema 38. Cunmesa nupazonona mpaucgopmayujom muaouasona.

34



HHokmopcka oucepmayuja-Onwmu 0eo

1.2.1.3. lo0ujame U3 CyNCTUTYMCAHNX MPONMEHCKUX KUCEJINHA

[Mupazononn ce wmory pobutu u mnonazehu onx 3-CyNCTUTYHMCaHUX WM 2,3-

JTUCYTICTUTYHUCAHUX MPOMEHCKHUX KUCEIHHA (CXema 39).%8

HO
RO AcO
(0]
e e
H
N\ o (€00, \

Ac,0, EtzN M» COcClI
MeO + >
70h CH,Cl,
MeO 0-25°C MeO
MeO 2h
COH MeO OMe MeO OMe
MeO
NH,NHCO,Me
CH2C|2, Py
0-25C
17 h
CI;OzMe AcO ?OzMe
N
A\Y
N
NBS, Py
25°C, 10 min
0O —————
MeO OMe MeO OMe

1. NaOH / MeOH
CH2C|2 / MeOH

25°C,31h
2. HCI

Cxema 39. Cunmesa npsoe nupaszononckoe oepusama komopemacmamuna A-4 (26)

U Fe2o8uUx npexkypcopa.

Came kucenmune podujajy ce Perkin-oBom peakmujom wu3mely onrosapajyher
anjexuaa M CyrncTutyncane cupherHe kucenuue. /la Ou ce HacCTaBUIIO ca JaJbuM U3BOhEHEM

peakije, HEONXOAHO je 3alITUTUTH €BEHTYaJHO MPUCYTHE (YHKIMOHAIHE Tpyre. Y OBOM
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CcJlyyajy U3BpILIEHA je 3aIITuTa (peHosHe rpyIe aleTuiaoBameM. JJoOujeHa KuceauHa ce 3aTUM
NpeTBapa y XJIOpU, KOjU ca METUIIKap0a3aToM Jiaje TUCYIICTUTYHCAHU XUAPA3H]I, a FheTOBOM
OKCHJaIjoM Ao00uja ce onroapajyhu nmazeH. [{uknmzanmja nuaseHa ce MOKe W3BPIINUTH
nomohy ZrCl, Ha cobHoj Temmeparypu. Mehytum, mokasano ce ja 3a 3aTBapame IMpcTeHa
HUje HeomxoaHa Lewis-oBa kwucenuHa, Beh ce MMKIW3alMja MOXE W3BPUIUTH U
peduIyKTOBameM y MeTHIIeH-Xyopuay. [locinenmu Kopanu cy XUApoju3a eCTapcke rpyre u
nekapOokcunaiyja nmpahena ocinobahamem 3aITUTHE TPyIe, YuMe ce J00Mja MUPa30JT0HCKU
JepuBaT KoMOperacTaTuna, 26.

KombOperactatun A-4 mo3HaT je MO BHMCOKO] IIMTOTOKCMYHOCTH IpEeMa XyMaHUM
KaHILIEpOT€HUM hennjaMa.49 tberoB riaBHM HeJOCTaTak je MOryhHOCT m3oMepu3almje Cis-
obmka C=C Be3e y Mame akTuBaH trans-oomuk. Jla Ou ce 3aapikaia KeJbeHa CTepeoXeMuja,
M3BpIICHO je crajabe KomOpeTtactatuHcke C=C Be3e ca NETOWIAHWM IHPA30JIOHCKUM

MIPCTEHOM, YUMe je OHeMoryheHa u3omepusarmja.

1.2.1.4. CunTe3a 0e3 mpucycTBa pacTBapaya

Behuna mo3natux wMeToma 3a  J00Wjamke JepuUBaTa MHPA30JIOHA  YKIBYUY]Y
KOHACH3aIMjy  [-keroecTapa WIM  [-KeToaljgexwjaa ca  CYNCTUTYUCAHUM WU
HECYIICTHTYUCAHNM XHapasuHuMa.”’ OBa METONOJIOrHMja, MpeMia IOroJHA 3a AOOHjare
Pa3HOBPCHHX JepuUBaTa MHUPa30Ji0Ha, Hajuenihe 3axTeBa peUIyKTOBaWkE M Jyra peakimoHa
BpeMeHa, y HajoosbeM cirydajy 3-10 wacosa. M3Haja cBera, kopumiheme pacTBapada y BHIIKY
U BETroBa pereHepaiiyja Mory IpeCcTaB/baTH BEJIMKU SKOJIOIIKK MPOoOJieM, Ipe CBera Kaja ce
CHUHTETH3Y]jy BEJIMKE KOJHUYMHE Mpou3Boja. M3 Tor pasora, yjaaraHu Cy BEJIMKHA HANOPH Y
W3HATKCHY AITCPHATUBHUX HAYMHA CUHTE3¢ OWOJIOIIKM M CHHTCTHYKH 3Ha4YajHUX
jenumema. MUKpoTallacHa CHHTE3a jeHa je O] 00JIacTH Yy KOjOj je OCTBapeH 3HauyajaH
Hanpenak.” IbeHa HajBaXHHMja IPUMEHAa OCTBAPEHA je V Clydajy peakiuja 6e3 IpUCyCTBa
pactBapaua. Pangu ce o anTepHaTHBHOM MPHUCTYIy y KOM C€ CMella peakTaHara Oe3
pacTBapaua W3JaKe MUKPOTAJACHUM 3paiuMa. Bpeau HariacuTé Ja ce Ha OBaj Ha4YHH
eTMMUHUIIE MOTYNHOCT pa3zapama peakTaHaTa WIM TPOW3BOJA PEakivje, 0 KOojer HHade
7I0J1a31 TIpY KJIACHYHOM 3arpeBamy 0e3 mpucycTBa pactBapava. Hajsehe mpenHocTn oBakBor
HayMHA CHUHTe3e Ccy mnoBehaHum mpwHOCH, Kpaha peakiMoHa BpEeMEHa W jeIHOCTaBHU]E

npeunirhaBame 100MjeHUX TPOU3BOJIA.
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Ha OBaj HAaYWH IHUPA30JIOHU CC MOTY [[06I/ITI/I MHUKPOTAJIACHUM O3pavUuBaAkHLCM CTUII-

arerata U GeHUIXUIApa3uHa, y ogHocy 1:1 (cxema 40).52

R! R
R2NHNH, —
o MuKpoTanacHo spaderse  HN
EtO o 2-4 MyHyTa \N O
1o

Cxema 40. Cunmesa nupasojiona MUKpomaaaCHum o3paduearbem.

Peakumja Tpaje 2 MuHyTa, a TPUHOC je TOOOJBbIIAH MPOIYKABAEM PEAKIMOHOT
BpemeHa Ha 4 munyta. Ilokymiaj masser moboJsblama mpuHOca MoBehameM ynazHe cHare
MHUKPOTAJIACHOT 3pavyemba JOBEO je 0 BErOBOTI CHIKAaBamba, HajBEpPOBATHH]E MPOY3POKOBAHOT
JIeTMMUYHUM PacrajoM HacTajor mpou3Bona. Pamu mopehema, ucra peakuuja u3BeneHa y
KOHBEHIIMOHAITHUM YCIIOBUMaA, pedIyKTOBameM Yy MeTaHoiy, 3axTeBa 10 wacoBa. Mana
MHUKpOTaJlacHa CHHTE3a Y OBOM CIIyuajy He JOHOCH HOBHMHE I10 MUTaky MPUPOE MPOU3BOAA U
MpUHOCa, OHA 3Ha4ajHO cKpahyje BpeMe peakimje, a u3beraBa ce U Kopuimheme pacTBapaua,
Kao M JIyro 3arpeBambe. MukpoTanacHUM O3payMBamkEeM MOTry ce€ J00uTH U 5-
aMUHOIUPA30JIOHN PEakIMjoM EKBUMOJAPHUX KOJMYMHA eTHI-I[MjaHoalerata u 2-
xnnpa3HH6eH3oma30J1a.53 Cmeca ce wuznaxke 3padewy 2 MUHYTA, Najyhu mpousBoa y
BrcokoM TipuHOCY (88 %, cxema 41, a). inenTnuHa peakiyja u3BeIeHA PU yOOHUYajeHOM
TEPMUYKOM

3arpeBamy Tpajaia je 4 4aca u aana npousBoj 27 y Hemro HrkeM mpuHocy (80 %, cxema 41,

b).

o)
S avwimb
NC\)R + />—NHNH2 — S N o
OFEt N 7/ N

a : 6e3 pacteapada, MWI, 2 min,130 °C (88%)
b : 6e3 pactBapaya, yrbaHo kynatuno, 4 h, (80%)

Cxema 41. Cunmesa 5-amunonupa3zonoua.

ITopen Mukporanaca, joll jeAaH Ha4MH CHHTe3€¢ 0e3 MpUCYCTBa pacTBapaya jecte U

Kopumtheme yaTpa3By4YHEe Hpaaujailje, 3axBajbyjyhu Ko0joj je MOCIeOHUX TOAWHA BEITUKH
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Opoj OpraHCKuX peakiyja MoOOJbIIaH Yy CMHUCIY MPHHOCA, PEAaKIMOHOT BPEMEHa U OJIaXHx
yenosa.” Ha oBaj Haums Mory ce D0OMTH W oxroBapajyhu mmpasononn. Y ycIoBEMa
YITPa3By4YHOI O03paunBama eTUI-0€H30MIaleTaT TPETUPaH jeé MEeTHIXUAPA3UHOM Jajyhu Kao
npou3BoJ 3-heHun-1-MeTmi-2-mupa3oiuH-5-oH (28, cxema 42), y OJJIUYHOM TPHHOCY H 32
Kkpalie peakIMoHO BpeMe Y 0HOCY Ha yoOmdajeHe peakiuone yeiose (taberna 2).”> J[o6ujeHo
jeaMmemhe ce MOXKE Jajbe JACpPHBATU30BaTH Takohe MOMOhy ynTpa3BydyHOr 3payema (cxema
42). Tako ce, ca ¢denwmsornonrjanaroM, y DMF-y, y mpucyctBy KOH, Ha coOHO]
TemmepaTypu 1o0uja amyKT y OOJIMKY KajhjyMOBE COJNH. TpeTMaHoM ca pa30iaxeHOM

XJIOPOBOJOHUYHOM KHCEJIMHOM JI00Hja ce oaroapajyhu gepuBaT Tnokapookcanmimaa 29.

PhHN
Ph PhNCS Ph SK
DMF/KOH /
) / D) )
PhCOCH,COOEt + MeNHNH, —— —_—
N 0 N
N ~ 0
I N
CH éHg
28 L _
PhHN
Ph yam
HCI /
- N
N
T 0
CHs

29

Cxema 42. Cunmesa ()epu(;ama nupasojiona I’l()J*l()hy yampaseyKdad.

Tabena 2. Cunmesa nupazonona 28 u muoanunuockoe oepusama 29 ca u 6e3 yimpazeyunoz

spaderva.
VYiTpa3By4qHO 3pauekhe Knacnyna cunTesa
Jenumeme
Bpeme (MuH) [punoc (%) Bpewme (h) [punoc (%)
28 2 97 1 80
29 60 92 24 70

[TocToju jormr mocTta mpuMepa IUKIOKOHACH3AlMje€ XHUApa3hHa ca [-KeToecTpuma y3

56
yaTpa3By4Ho o3pauuBame’ (cxema 43). I[lpu exkBUMOJIAPHUM KOJMYMHAMA peaKTaHATa
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peakiuja Tpaje 2-20 MHHyTa y3 HMHTEH3UTET 3padewma y omcery o 40-90%, momohy

WHCTpyMEHTa ca ¢ppekBeHnujom o 24 kHz u caarom ox 460 W.

R? R3S
o) o)
+  NH,NHR! - N/
R2 OR NN o}
I

R® R’

R = Et; R" = H, Ph, 2,4-(O,N),-Ph, 4-CI-Ph, CONH,
R? = Me, Pr, i-Pr, Ph, CF3, TueH-2-un

R3 = H, Et; R?, R® = -(CH,),-

a : 6e3 pactBapayua, yntpasByk, 2-20 min (84-95%)

Cxema 43. [JuxnoxonOeH3ayuja Xuopa3una ca [-kemoecmpom y3 yimpazeyuHo 03pa4usarbe

1.2.2. Tayromepuja

dusnuke, XeMUjCKe, ali U OHOJIOUIKE KapaKTepUCTUKE NMUPA30JIOHCKUX JIepHUBaTa 3aBUCE
on Moryhux tayromepHux ¢opmu. Ha mpumep, HykiaeopmIHN KapakTep U 6a3HOCT a30TOBUX
aToma y 3-beHmImupason-5-oHy ce Memba y 3aBUCHOCTH OJI TAyTOMEPHOT o6mnuka.”’ Behuna
MUPA30JIOHCKUX JepuBaTa KCIOJbaBa TAYyTOMEPH]Y Yy NIPCTEHY, a Yy 3aBUCHOCTU O] BpCTE
CyNCcTUTyeHaTa, U y Oounom Hu3y. IlpoydaBame TayTroMepHje NUpa30joOHA jeAHA je Ol
HajcTapujux npumena NMR-a, mpe cBera '"H NMR-a, y oBe cBpxe. [IpBu pax Ha oBy TeMy
oGjaBber je 1966. rommme,” a 3aTHM Cy yclemma M ga/ba pOydaBama,” Koja ce JaHac

cMaTpajy OCHOBHOM JINTEPATypOM y OBOj 00JIACTH.

1.2.2.1. TayromepHja HeCyNICTUTYHCAHUX MUPA30JI0HA

OppehuBame TayTOMEpHOT cacTaBa HECYNCTUTYHCAHOT IHPA30JIOHA OTEXKAHO je

. 60
MOCTOjabeM OCaM Pa3IMYUTHX TAYTOMEPHUX O0JIMKa (CiHKa 5).
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/l //l I/ll\ I /3\
\

c D
W oH NN oH N on "\ OH
N N N
H
F G H

Cauka 5. Mocyhu maymomepnu obauyu HeCyncmumyucanoz RUpasoJiond.

Ha ocHoBy curnana y Bc NMR-criekTpy UCKIJbY4YEHO je mpUcycTBO Tayromepa B, C,
F, G u H. Jlasme, xemujcka nomepama y "N NMR-crextpy (—126,5 ppm u —192,0 ppm)
eNMMHHUCATA Cy TayToMep A, jep ce y oBoMm ciydajy 3a =CH-NH- arom odekyje 3HaTHO
HUXKE XEMU])CKO nmvlepaH,e.61 PasnmukoBame D m E oOmmka takole HHje jeaHOCTaBHO.
ITopehemem XxeMHujCKUX Momepama y Bc-u N NMR-cnektpuma, kao u 3J(H,H) xorcranTn
KYIUIOBama ca oJrosapajyhum N-q)eHI/IJI-aHaHOSI/IMa62, 3aKJbY4EHO je aa y pactBopy DMSO-
ds, D tayromep mpeosnaljyje. Mnak, mpucycTBO APYyrux TayroMmepa, y MamO] MEpH, HHUje

UCKJbYYEHO.

1.2.2.2. Tayromepuja nepuBaTa NUPa30J0HA €A CYNICTHTYEHTOM Y MOJI0XKAajy 3

3a mnupa3oJioHE ca CYINCTUTYEHTOM Y TOJ0Xajy 3 MOry ce HamucaTh YeTUpu
TayTOMEpHE CTPYKType (cxema 44).63 Ha ocHoBy mojaTaka no06ujeHux U3 B¢ NMR-cniekrapa
(DMSO-dg) 3a jenumema 30 u 31, gomnwio ce 10 3aKJbydKa Jia y pacTBopy mocroje kao OH-
tayromepu. C gapyre crpaHe, kopucrehu N NMR u TeopHjcka u3pauyyHaBama 3a 30,
nobwujero je na ce OH/NH tayromep Gosbe ciake ca CBUM NPHUKYIUbEHUM Toganuma. Ha
OCHOBY CIIMYHUX XEMH]jCKHX IMOMepama 3a 31, mpernocTtaBibeHo je na u on nocroju y OH/NH
00JIHKY.

Tayromepuja 3-metmimnupason-5-ona (30) netasbHO je mpoydaBaHa Kopuctehu
pasimunte TexHuke, kao wro cy 'H, *C u ® N NMR, amu u DFT (”Density Functional
Theory*) CTyz[Hja.57 N NMR-CnekTpockonuja MMa BEIUKY MpPUMEHY Yy H3ydaBamby

. . . 64
TayToMepHje KOJ XeTEPOLUKINYHUX JeAHHEHha KOja caipkKe a30T.
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R R R R
\N (0] \N OH \N (0] \N OH
| | |
H H H
CH OH NH OH/NH
30 R=Me
31 R=Ph

Cxema 44. Taymomepnu obauyu 3-cyncmumyucanux nupazoiond.

DFT mnpopauyHn mokaszanu cy na je Hajcradmmauju tayromep CH. Pazmmumtn
COJIBAaTallMOHU €(DEeKTU yTUUY Ha MMOMEpamhe TAyTOMEPHE PABHOTEkKE TAKO J1a Cy y MOJAPHUM
pacTBapaunma BpcTe ca BehuMm JUMONapHUM MOMEHTOM cTaOuiHHje. MHUKpOCOIBATAlMOHU
e(dhexTH, MPeKo BOJOHUYHHMX Be3a, BHUIIEC CTaOWmM3yjy xuapokcu-tayromepe OH u OH/NH.
OBO ce MOXK€ YCTaHOBUTH CHUMAHEM 'H NMR-cniekrapa y pa3snuuuTUM pacTBapayuma. Y
tabenu 3. mMpUKa3aHa Cy XEMHjCKa romepama aobujeHa cHumamweM y DMSO, CDCl; u

CMCIIH OBa [IBa pacTBapayia.

1
Tabeaa 3. "H NMR-Cnexmpannu nooayu 3a 30 y paznuuumum pacmeapaquma.

Acurnanuja CDCl; (ppm) DMSO-ds (ppm) CDC'(s/ Dnhf)SO-de
OH 10,43 (mupok) 10,25p(pmnp01<)
NH Huje netekroBan 10,43 (mupok) 6,5 (Beoma MmIUpOK)
=CH 531 5,33
-CH, 3,11 3,12
-CHj3 2,09 2,17 2,19/2,07

VY neyrepoxiopodopMy yCTaHOBJbEHA j€ CaMO jeJJHa TaAyTOMEpHa BpCTa Koja Jaje Ba
curHana Ha 3,11 u 2,09 ppm. OBu cUrHAIM Cy MPUNKUCAHU METUIEHCKO] U MeTui-rpynu CH-
TayroMepa. Y CMeEILIM pacTBapaya JeTeKToBaHa cy JBa Tayromepa. [Ipsu je CH-TtayTromep, a
IpYroM OAroBapajy ABa curHaia Ha 5,33 u 2,19 ppm, koju npunazaajy ojieuHCKOM IIPOTOHY
u Metwi-rpynu. Tayromep ca onepUHCKAM NPOTOHOM OJroBapa XHUAPOKCH-OOIHKY. Y
TUMETUIICYA(POKCHYy JETEKTOBAaH je caMO XMIpOKCH-TayTomep. 300r Op3e M3MeHe MPOTOHA

u3mely Ttayromepa, unu mak 300T mpHCycTBa TparoBa Bojie y pacTBapaudy, 3a NH u OH
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JIETeKTOBaH je camo jedaH curHai Ha 10,43 ppm. OBa u3MmeHa Takole yruye ¥ Ha HIMPUHY
CUTHaJIa.

[Ipupona oBUX TayTOMEpPHUX BpCTa HWCIUTHBAHA j€ U MOMONY BC u PN NMR. V
tabenu 4. mpuKa3zaHa Cy €KCIEPUMEHTATHO Mo0WjeHa M TEOPUjCKH HM3padyHaTa XEMH]jcKa

noMepama y pactBapady Bucoke nosiapHocta (DMSO-dg).

Tao6ena 4. Excnepumenmannu u uspavynamu, (GIAO-B3LYP), Bcu®™N NMR-cnexmpu

maymomepHux ooauxa jeourserva 30.

AcurHanmja CH OH OH/NH NH ExenepamerTa

noAanu

N1 73,7 67,7 165,7 37,8 143,2

N2 229,7 181,2 76,4 10,9 80,0

C3 159,6 153,8 140,2 144,7 139,9

C4 40,0 84,2 89,0 100,1 89,1

C5 159,6 156,8 167,3 163,8 161,3

C6 16,8 13,8 10,3 11,2 11,3

Ha ocHoBy monartaka u3 tabene 4 MOXKe ce 3aKJbyYHTH Ja je JOMHHAHTHa BpCTa
xunapokcu-rayromep (OH/NH). ExcnepuMeHTamHu M W3padyHaTH TMOAAIM MOKAa3ald Cy
n00po HoKJaname, a jeJJMHa BeJMKa pasiuka je npucyrHa 3a N1 (22,5 ppm). Y3pok mory
OuTH coyiBaTallMoHW €dEeKTH, Ka0 W BeJIMKa KOHIIEHTpaIlija pacTBOpa KOju je KOopHImheH 3a
CHUMame CIEeKTpa. Y KOHIEHTPOBAHUM pAacTBOPHUMA BaXKHY YJIOTy urpa QopMmupame
arperata y o0nuky numepa. Tako, u3Mel)y JOHOPCKOT MPOTOHA MOMYT XUAPOKCWIHOT U N1
aToMa MO)Xe J0hM 0 MHTEpaKuuje MpeKo BOJOHMYHE Beze. DopMupame BOJIOHUYHE BE3e

JIOBOJIM JI0 TIOMEpama CUTHajda, 4yuMe ce Mo)ke oOjacHuTh pasnuka 3a N1 y OH/NH

TayTOMEpy.

1.2.2.3. Tayromepuja 1epuBaTa NUPAa30J10HA ca CYNICTUTYeHTHUMA

y nosao:xajy 1 u 3

3a 1,3-gucyncTuTyrucaHe mUpas3oi-5-oHe MOCTOje caMo TpU TayToMepa (cxema 45).63

3C NMR-nozauu (CDCl3) mnokasanu cy nma goOujeHa jeaumera mocroje y ooiuky CH-
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tayromepa. OBo je morBpheno u nmomohy DEPT u 'H CIIEKTapa y KOM C€ JBa IPOTOHA

METHUJICHCKE TpyIe cyceHe KapOOHUITHO] TPYIH jaBJbajy y BUlY CUHIJIETA.

R R R
\T (@] \T OH \T (0]
R CH R’ OH R’ NH
32R =Me -
33R = Ph R' = ankun

Cxema 45. Mozyhe maymomepnu obauyu 1,3-0oucyncmumyucanux nupazonoud.

3a oBa jenumECHa CHUMJBEHU Cy U 'H u 13C-CHGKTpI/I y TOJapHHUjEM pacTBapavy
DMSO-ds, y kome ce oHa Hamaze y 00auky OH-rayromepa. Curnan Ha oko 85 ppm oarosapa
C4 yripenukoBoM atomy. Ha ocnoBy DEPT cnekrpa ytBpheno je ma ce pagu o CH-rpynm,
mro notephyje u cunrier m3mehy 5 u 6 ppm y npoTtoHckoM crektpy. [lomeHyTH curHanmm

kopenumry ce y CH COSY cnekrpy.

1.2.3. Xemujcke TpancopManuje Ha MUPA30JTOHCKOM MPCTEHY

1.2.3.1. AnkmiioBame U apujioBame JepuBaTa Nupa3ojioHa

Y aureparypu ce HajBUIIE IoJaTaka O NHpa30JOHMMAa OAHOCHM Ha 1-
(heHMIIIMpa3oJIoHe, jep Ce OHM BeoMa JIaKo J00Hjajy Beh onmrcaHoM peakiinjoM B-ketoecTpa u
denmnxunpasusa.” C apyre crpae, 1-alKHIIHPA30NOHH HHUCY HH NPHOIIKHO TOJIHKO
MpPOy4YaBaHU, jep C€ AIKWIXHIPA3UHU TEIIKO I[06Hjajy66 U Majgo je OHHX KOjU CYy
KOMEpIHUjaJIHO JTOCTYIHHU. JeIHOCTaBHUjU HAuuH 3a J00Mjame |-aJKHiInmupa3olioHa jecTe
QJIKUJIOBame MHUpa30JioHa ago0ujeHux Knorr-oBom MeTozoM (cxema 46).2y peakuuju eTui-
areroarieTaTa, OJHOCHO, €THJI-OCH30MJIaIeTaTa ca XHApPa3WHOM J00Wjajy ce 3-MeTHi-5-
nmupa3osion (34) um 3-penmn-5-nupazonon (35), pPECHEKTUBHO. AJKWIOBAakmE CE BPIIU
3arpeBameM CMellle TUPa30JI0OHa U aJKWI-OpOMHUJA Y JUOKCAHY 10 KIbydama. AJKHIOBAHEM

jenumema 34 nobujeHo je oko 70 %, a 3a jenumeme 35 oxo 40 % npousBoza. [lokymaju na
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ce oBW mpuHOCH TMoBehajy mpomeHoM pacTBapada (etanoin, DMF), kao u mpomyxaBamem
PEaKIMOHOT BpeMEHa OWIM Cy HeyCHelHu. Teoprjcka u3pauyHaBama cy mokasana aa je N1
cnabuju nykiaeodpwn y 3-peHwt, Hero y 3-MeTuImnupas3oi-5-ony. OBO je BEpOBATHO PE3yNTaT

3 . 2
3ameHe SP~  xuOpuauzoBaHor C-atomMa  METWI-TPyNE  €JIEKTPOHETATUBHUJUM  SP

XHUOPUIUZ0BAHUM.
R R
o o J R'Br/ R'CI J
NH5>NH, N (CH,CH,0),, 48 h N
RN ¢ AN O
R OEt CH3CH,OH T T
H R'
34 R=Me
35R=Ph

Cxema 46. /Jooujare 1-ankunnupaszonona.

AJnkuiioBambeM Xuapokcumnupazona 36 (cxema 47) momohy jenHOT EKBHBaJICHTa
QJIKMJI-XaJIOTeHN1a Ha COOHOj TeMmIepaTrypu y aneToHuTpuiy aoouja ce cmeca N1- u O3-

aJIKMJIOBaHUX ITpou3Boaa 36a,b.

FoC Ar FaC Ar FoC Ar
S . _ . —
- —_——
R/N\N/ OH H/N\N/ OH H/N\N/ OR
36a 36 36b
C
F3C Ar F3C Ar
N * N/ \
RN\, Z SOR ~ OR
) |
36¢ 37

Cxema 47. Anxkunosamwe xuopoxcunupasona 36, a) BuLi (2 exs.), THF, =78 °C, 3amum Mel (1
exs.), coona memnepamypa, b) Mel, KoCOs, CH3CN, cobna memnepamypa;
¢) Mel, K,CO3, CH3CN, pegpryxc.

44



HHokmopcka oucepmayuja-Onwmu 0eo

TankocnojHa xpomaTorpaduja je mokasana fa ce Ha noderky creapa N1-amkunoBaHu
MpOM3BOJ, JOK mocie 5-48 dvacoBa mpeosnal)yje O-aJIKWIOBaHM TPOU3BOA. YKOJIHMKO Ce
peareHc 3a aJKWJIOBamKk€ HAJIa3W y BHIIKY M TEMIIepaTypa MOBHCH 10 pediykca, 1oduja ce
cmeca N1,03- (36¢) u N1,05- (37) nuankuioBaHUX MPOU3BOJA, IPH YEMY CE MPBH HAJa3H y
BUIIIKY.

ApuiioBame MUPa30JIoHA MOXE CE€ HW3BPIIMTH OpPOMOBaKkEM MHPA30JIoHa ToMohy
NBS-a, npahenum SuzuKi-jeBUM KyIJIOBamkEM MM HEIITO JUPEKTHHJHUM MPUCTYIIOM, IIyTEM
aktuBanuje C—H Bese mupaszonoHa momohy manaaujyma y MPHCYCTBY apui-OpoMuaa Wid

apri-jonuna (cxema 48).%

O O O
N N
| \ OH a,b | \ OEt c
e —
= G
N N
Me
Me
Me / Me /
“N—N Ny—N
0 o)
N ~ N S
| N dunmne,f N
— — | :
= P
N N

Cxema 48. a) EDC (1-emun-3-(3-oumemunamunonponun)-kapooouumuo), DIPEA
(ouuzonpo-nunemunamun), N,O-oumemunxuopoxcunamun, DCM/DMF; b) LDA (rumujym-
ouuzonpo-nunamuo), EtOAc, THF, =78 °C; ¢) oumemunxuopazun, nupuoun, 90 °C; d)
Pd(OAc),, CsOAc, DMF, mpu-(pypunr)pocgpun, Ar-Br unu Ar-1 125 °C; e) NBS, DCM; )
Pd(Dppf), (Dppf = 1,1'-bis(oupenunpocguno)pepoyen), ouoxcan, 2M Na,COs,

apus(xemepoapun)60poHCKaA KUCETUHA.

1.2.3.2. ®opmujioBame IepruBaTa MUPA30J10HA

dopmiioBame | -aJKHIMMPa30I0Ha BPIIK ce TToMohy xsopodopma y 6a3HOj CpeTrHA
(cxema 49).°® Tpunocu ce kpehly y pacrmony msmely 40 u 65 %, HE3aBHCHO OX BpCTE

JiepUBaTa.
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/ CHCl;/NaOH_ //
AN (@] 70°C o N O

Cxema 49. Peaxyuja popmunosarsa I-arkuinupazonoua.

JlepuBaTi TmMpa3zojioHa O€3 CyNCTUTyeHaTa y TMoJoxkajy 4, Takohe momiexy

Vilsmeier-opom (1)0pMI/IJIOBaHay.68 Ha cxemu 50 npuka3zano je popmuioBame aHTUTTUPHHA.

Me Me Me CHO
/ Mel — DMF, POClg 2 NaHCO4 . ; T

N\N o Q/IO%QE Me/N\N o 65°C Me” \T o)
gh gh Ph

Cxema 50. Vilsmeier-oso ghopmunosarse nupazononckoe jedursera.

3a GopMUII-IeprBaTe MOTY CE HAIMCATH YETHPH TayTOMepHa oOimka (cxema 51). ¥V
neyrepoxsiopopopmy (CDCl3) onu mocroje y ooauky CO/OH Tayromepa. OBo je qOHEKIE
uzHenal)yjyhe, jep 4-anetmi- u 4-0eH30MI-IepUBaTH MUPa30JioHa TocToje y obiuky OH-

tayromepa.®®

H H H
R R o R / OH
N/ \ N/ = N/
NN OH NN 0 NN 0
FL- OH ,lq- co/co ,L- CO/OH

Cxema 51. Taymomepnu obauyu popmunoganux oepueama nupazon-9-oHd.

dopmun-gepuBatu pactBopern y DMSO-dg takohe umajy CO/OH crpykrypy, ca
BEOMa MaJIOM Pa3MKOM y XEMHjCKMM IIOMepamuMa y3pOKOBAaHHM IPOMEHOM pacTBapaya.
3aMeHa METWI-TPYIE y MOJ0Xajy 3 (GeHHI-rpyrnoM, HeMa HHKaKaB yTHIA] Ha MPETXOIHO

IIPE/ICTABJbEHY TAYTOMEPHY PABHOTEXKY.
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1.2.3.3. AunjioBame JepuBaTa NUPa30Jd0Ha

1.2.3.3.1. loOujame 1-aumni-gepuBaTa nupa3osi->-oHa

Metona 3a pobujame l-anmn-3-xuapokcu-lH-mupaszona 3acHHBAa Ce Ha PEaKIHjH
XUApa3uHa ca OKCAa30JIOHCKMM JepuBatuMa 38, mpu ueMy ce A00ujajy XuIpa3uHO-
MeTHIIeHOKca301-5(4H)-oHu 1 oaroBapajyhu mupas3ogoHCKH JlepI/IBaTI/I.70 Ha ocHoBy Tora, y
cllydajy XWapasuja, O4YeKHBaHO je Owino ma ce mobujy 1-amwi-1H-nupazon-5(2H)-ouu,
MOIITO j& HEKOJHMKO CTAaOMITHUX jeAHIbEeha OBOT TUMa Beh Omito no3naro.®’ Mebhyrum, HaKOH
n3BOhema peakifje OKCa30JIOHCKOT JepuBaTa 38 ca ogadpaHuM XHIpa3HIuMa, U30JI0BaHU Cy
[IPOM3BOIU IIpeMelTama, 1-anmi-3-xuapokcu-1H-nupazonu 39, y BUcokoMm npuHocy (cxema
52)."" HaBenena jenumema nocroje y 3-OH-TayroMepHOM 00IHKY, IITO je y CKIagy ca
MPETXOTHO 00jaB/bEHUM pe3ylITaTUMa mpeMa KojuMa je OBaj OOJMK JOMHHAHTaH Y
KPHCTAIIHOM OGJIHKY M y apOTHYHEM pacTBapaunma.’ IlocTojame OBOT 06JIHKA ZOATHO je

1y 1
nokaszaHo nmomohy "H u %C NMR eKCIlepUMeHara.

HCwvv OEt HCwvv Nli ; NHCOPhH
_—~CXR

N—( R'CXNHNH, N—( N =

/ rymrad B | - —
1,4-guokcaH H HN

Ph o O Sher + Ph o 0 NN o}
2 h kibyyane
38 i CXR'

112,1-115,4
\ NHCOPh

1 19,2—122,8"\‘

N
4
RIXC” N K OH
39 155,3-158,1

Cxema 52. Jlobujamwe 1-ayun-3-xuopokcu-1H-nupasona, 39.
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1.2.3.3.2. looujame 4-anuia-gepuBaTa NUpa3oa-S-oHa

4-Anun-nepuBatd mupason-5-oHa mory ce mobutu Claisen-oBoMm KoHIEH3aIH]jOM
ecrtapa ca TUPa3o-5-OH-OM, y TMPHUCYCTBY HATPHUjyMOBE COJIM CHUphETHE KHCEIWHE WIIN
HATPH]yM-ETOKCH/IA Ka0 KaTaansaTopa.’ Meljyrum, Ha 0Baj HAa4KH je caMO OKCAJIWI-IEPHBAT
no0ujeH y 100poM MPHUHOCY, JOK je 3a OcTajie, Kao IITO Cy aleTui- U OeH30WI-IepUBATH,
MPUHOC OMO BEOMa HH3aK.

3aTo je pa3BUjeHa JApyra MeToja 3a J00Hjare OBHUX HepI/IBaTa.73 Hajmpe je
pasmatpano Fries-oBo mpememtame OJ-amwi-nepuBata g0 C4-auui-nepuBara MoMohy
aHXUAPOBAHOT IMHK-XJopHaa. O5-AIUIOBaHH JCPUBATH MMUPA30JIOHA MOTY CE JIAaKO JOOUTH
Schotten-Baumann-osum aruioBameM. Mako cy jkeJbeHH NPOU3BOJM JOOWjeHH HA OBaj
Ha4yWH, KOJIMUYMHA TOOHMjEHUX CTIOPETHUX MTPOU3BOAa OWIIa je BeJIUKa.

[Tokazano ce ma CycreH3Hja KaJllMjyM-XHAPOKCHAA y THOKCaHY, Y3 BpJIO Maiu
JI0JATaK BOJIE, MOXKE jeAHAKO J0OPO, aKO He U 60Jbe, 1a MOCIyXKH Kao Katanusarop. - Ha Taj
HAYMH JIOIUIO CE JIO AUPEKTHE CHHTE3€ Y jeTHOM KOpaKy, TPETUPAkEM PacTBOpa MUpa3oi-5-
OHa y JTMOKCaHy, KOjU CaJp)KH CYCIICHJOBAHH KAIIUjyM-XHIPOKCUJ Kao KaTalu3arop, ca
XJIOPUIOM MM aHXHAPUIOM KuceinHe (cxema 53).° OBOM MeTomoM 100Hja Ce KOMILIEKC
KaJIjymMa ca 4-alliInmupa3ooHuMa KOojH je ctabmiiaH y 0a3HOj CPEeIMHU U MITUTH JOO0HjSHU

JIEpUBAT OJ1 HAKHAJTHUX pPeaKiuja.

R
H3C H3C H3C O
/ n-CeH13Br / RCOCI/Ca(OH)2 / \
—_—
N\ o  AvokcaH N\ o JVOKCaH N\ OH
T KIbyyare T KIbydame T
H CeH13 CeH13

Cxema 53. J[ooujarwe 4-ayun-oepusama nupazon-S-oua.

1.2.3.3.3. Tayromepuja 4-anuuianupa3oioHa

Koxa 4-amwimupa3oiioHa CYNCTHTYSHT Yy IMOJOXkajy 4 Takohe MoXke Ja ydecTByje y
TayTOMEPUjU, Ka0 M Yy CTaOWIM3ALMjU MPEKO MHTPAMOJICKYJICKUX BOJOHHMYHHUX Be3a, 300r

4era ce MOpajy y3eTH y 003Up U JOJIaTHU TAyTOMEPHU OOJIHIIHU (CIIUKA 6).62
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R3 R3 R3 HO
R? o R o) R? ) on R? y, R3
N \ N \ N/ N/
\N OH NN OH \N () N o)
I | | |
R? R R R
A B D E
R3 R3
R2 =~J0) R2 o
\
J \H
N/ \ / H N/ ~
U
\N o) \N o]
I |
R R
A D

Camka 6. Taymomepnu obauyu 4-ayunnupaszonona.

Craydaj Kama je MmoJsiokaj 3 HecymncTtuTyucaH (ciuka 7) Beoma je crenuuvan jep
BOJIOHMKOB aToM Yy OBOM monoxajy mMoxke outn y NOE ekcmepumeHTHMa YKIbYYeH Y
pasnuunta *H, °C crimcka kymioBama. BpegHocT 0aroapajyhnx KOHCTAHTH KYILIOBamba 1

MIPOMEHE Y3pOKOBaHE CTPYKTYPHUM M3MEHaMma, MOTY 1IaTh OpojHe KOpuCHE HHOpMaIHje.

R* R* R*
___ 4143 | R*
N@w Nw\w N//j\OMe Me—" N\io gOMe
| | | |

a

b

c COPh
d CO(2-TneHun)

e COCH=CHPh (E)

Ph Ph Ph Ph
40 41 42 43

Camka 7. [lupazon-5-onu ca Hecyncmumyucanum nouodxcajem 3.

1.2.3.4. AnxkuiioBame aniI-nmupa3ojioHa

AnkunoBamweM 4-alllINMUPA30JIOHA MOTY c€ JOOUTH pa3IUuUTH CYNCTUTYLHOHHU

MPOM3BOJM, TJi€ PEruoceIeKTUBHOCT peakldje 3aBHUCH O]l CyICTpara, peareHca 3a
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QJIKMJIOBAabe M PpEaKIMOHUX ycjoBa (cxemMa 54), mpu deMmy ce decTto Jo0ujajy cmece
npousBoza.

VY peakuuju anuinupaszoiiona (y oOJMKy HaTPUjyYMOBHX COJIM) ca €MUXJIOPXUAPUHOM
Y BHIIKY U CYKIIECUBHHM TPETUPAHEM MHTEPMEIH]EPHOT EMOKCHIa ca aMHHOM J00Hjajy ce
N-cyncturyucanu nupaszononu. C qpyre cTpaHe, y peakiuju ca eKBUBAICHTHOM KOJIUYHHOM
enuxjopxunpuaa y DMF-y, u HakHalHUM TpeTHpameM aMUHOM, 100Ujajy ce O-alKHUI0BaHU
npou3Boau, 44. OOjammerme 3a OBAaKBO IOHAIMIAKE MOXKE OWTH TO IITO y CIy4ajy
PaBHOTE)KHUX YCIIOBa (BHINAK peareHca) 1ojla3d 10 CTBapama CTaOWIHHjEr NPOU3BOA.
Cemuemmupujcka MO (MoyekyiIcKo-opOHTaTHa) M3padyHaBama TMokazama cy aa cy N-
aNKWIOBAaHU TMPOUM3BOAU, 45, TEepMOAMHAMHMYKUA CTaOUITHUjU, JOK cy O-alKWIOBaHU
MIPOU3BOIM KHHETHUYKH (PaBOPU30BAHU]H.

0]
H5;C R4

H5;C

H/N\

obnuk B |
R

R1=Me, Ph; R2=R3=iPr; R2=H, R3=iPr, nPr, nBu, tBu; R4=CH,CH,Ph, Ph, 2-

THUCHUJI

Cxema 54. a) NaOMe/MeOH; b) 2,3-enoxcunponanon/ouemun azoouxkapbokcuiam
[PhsP/THF (Mitsunobu-osu ycrosu); ) enuxnopoxudpun (v uwxy);
d) enuxnopoxudpun (I exs.), DMF; €) R°R*NH.

PaznukoBame O-ankunoBanux o1 N-anKuiioBaHUX MPon3Boaa Moryhe je 3axBasbyjyhu
BC NMR XeMHjCKMM ToMepamuMa, pazauuu y NOE exkcnepuMeHTHMa U CENEeKTUBHUM

INEPT excniepumenTrma (CJ(C-5, 5-OCHy,) 3a 44 1 ®J(C-5, N1-CH,) 3a 45) (ciuka 8).
50



Jlokmopcka oucepmayuja-Onwmu 0eo

ppm N R2R3

OH 44
INEPT

Hema NOE

Cauka 8. Paznuxosare O-anxkunoganux o0 N-ankunio8anux npouseooa.

1.2.3.4.1. Jlo6ujame Schiff-oBux 6a3a anui-nupas3osiona

Schiff-ose 6a3e mupa3oIOHCKUX JepUBaTa MOCEOHO CYy 3aHMMJBHBE 3a MPOydYaBambe,
jép MHOre OJi HHX HWCIO0JhaBajy KETO-CHOJHY TayToMepHujy, 300r dyera Tmocemyjy
77
MHTEPECAHTHE CTPYKTYPHE U CIIEKTPOCKOIICKE OCOOMHE.

Schiff-oBe 0aze noOujeHe w3 1-apun-4-alManupasoNioHa W apuIaMHUHA MOTY

R

MOCTOjaTH y TIET TayTOMEPHUX o0JinKa (cxema 55):
%ﬁ %ﬁ
OH ‘— N

1-UMnH-on 1-uMuH-oH (1) 1-umuH-oH (Il) 1-amuH-oH (1) 1-amuH-oH (Il)

pd

Cxema 55. Cmpyxkmypuu maymomepu 4-ayun-nupaszononckux Schiff-osux 6asa.

TayTromepHe MOJNEKYJICKE CTPYKTYpe KOje MOCTOje Yy pacTBOpy oOWuyHO ce ojapehyjy
NMR wmeromama, mMaga je oBO oapehuBame 4ecTO OTEkKAaHO HCTOBPEMEHUM MPUCYCTBOM
HEKOJIMKO TayTOMEpPHUX OOJIMKa, WM JETEKIMjOM IMPOCEYHMX CHUTHAJIa JOOWjeHUX 300T

Op31UX UHTEPKOHBEP3H]a.
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Anammsom H-NMR cnektapa cHuMmaHux y CDCl; netexkToBaH je CHHIJIET
3ajeJHUYKH 32 CBa jeumbea y odmactu 6 = 12,96-13,12 ppm. Jlomatkom D,O oBaj cunrier
ce Tyom mTOo ykasyje ma je y murtay OH- wmm NH-mporon. MHTerpamujom curaaiza
MOKa3aJi0 ce Ja OH OJAroBapa TayHO jeIHOM MPOTOHY, IITO 3HAYM Ja OBa jeAMIbEHA Y
pacTBOpy MOCTOj€ caMo y OOJIUKY jeqHoT Tayromepa. Ha ocHOBY mpoydaBama TayToMepHje y
YBPCTOM CTamy OBaj CUIHaJN HpunucaH je NH-nmporoHy, Maga ce He MOXKE ca CHrypHOIIhy
HCKJbYUNUTH HU MOTYhHOCT 11a ce unak paau o OH-npotony.

Kpucranorpapckom aHain3oM MOHOKpHCTana ojpeheHe Cy MOJEKYJICKE CTPYKType
jenumema. OBH TOJAIK CY BeoMa OUTHU jep MOKa3yjy Y KOM C€ TayTOMEPHOM OOJIMKY JaTo
JeIMIbCHE Halla3u KaJia je Y YUBPCTOM CTamy. Ha OCHOBY yxnHa Be3a yTBph)eHo je 1a ce paau
o keto (amunu-oH) 00HKYy (I).

3a Schiff-oBe 6ase 1-apwi-4-anunnupa3oiiona, Jg00HMjeHE KOHACH3AIMjOM ca

78
ankuiamMmuanMa (cxema 56), Takohe Baxke TayToMepHHU OOJUIIM TIPUKA3aHU y CXeMH 55.

H3C HSC R
/ R

H3C o HsC NH -

J/ a -CHy-2-Py

/ /
EtOH

+ NH,R > b -(CH,),-CH
N\N (0] 2 krbyyane, 30 min N\N o (CH,);-CHs
¢ -(CHy)>-CH;
d -(CH3),-NH;
e -(CHy)3-NH,

46a-e

Cxema 56. Cunmesa 4-ayun-nupasononckux Schiff-osux 6aza 46a-e.

CrpykTypa nobujeHux jeaumema y pactBopy CDCl; unentudukopana je kao aMuH-
ou (1) popma, xopuctehn H, 3¢, COSY, HMQC n HMBC NMR CIIEKTPOCKOIICKE METOJIE.

HNurtepecantHo je mcrahm ma moryhe ciiabuje BOJOHMYHE Be3€ KOj€ TOTHYY O]
a3otoBux (46a,d,e) ogHOCHO KHCEOHUKOBHX atoma (46C) ankmi-rpyne Schiff-ose 6ase, nmajy
MaJId WJIM HUKaKaB eekar Ha TeOMEeTpHjy, OJJHOCHO TAYTOMEPH]Y AaTHX jeIUHEHha.

Jla O6u ce oapenunia CTPYKTypa MOJEKyJda y UBPCTOM CTamy, H3BpIICHA je
KpucTamorpadcka aHaliu3a MOHOKpHUCTasa jenumema 46a (cauka 9). Ha ocHOBY m00HjeHHX
roJlaTaka JIOIuIo Ce JI0 3aKJby4Ka Jia ce pajau o aMuH-0H () CTpyKTypH, HICTOM TayTOMEPHOM

00JIMKY KOja TIOCTOjH U Y pacTBOpy (cxema 55).
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Cauxka 9. Kpucmanna cmpykmypa jeourserna 46a.

Kpucranorpadcku nonanu, takohe molpikaBajy TeopHjy J1a jaka BOJOHUYHA Be3a
u3melly amuackor Bomonuka, N(3)H, u kuceonmka kapoonwnane rpyme, O1, momaxe

CTaOMIIN3alKjy OBOT TAyTOMEPHOT 00JIHKa.

1.2.3.5. JoOujame HUTPO3WJI-IEePUBATA TUPA30JI0HA

YBohewme HUTPO3WI-TPYIIe BPIIA CE NMOMONY HATPHjyM-HUTPHUTA y KHUCEIIO] CPEIUHHU
(cxema 57).79 VY ciiydajy ankwImupaszojioHa HEOIXO0/IaH YCIOB KOJH C€ MOpa MCIYHUTH 1a OU
70 peaklyje JONUIO jecTe Taj Na ce Mpe AoJaTKa HATPUjyM-HUTPHUTA CYICTpPAT Mopa

oxmaautu Ha 0 °C.

R R NO
/ NaNO,/H* /i
N ——> N
\,il O 0° \,il o)
R R

Cxema 57. /[ooujare 4-numpo3sun oepusama nupazoioud.

3a oBa jequmema Moryha cy Tpu TayromepHa obnuka (cimuka 10). B¢ NMR-Cnekrpu
nokasyjy curHai Ha 157 ppm (CS), Ha ocHOBY Kora ce Moke 3akjbyuuTH na je OH-o6muk
nomuHauTad. ‘H NMR-Cnektpu caapxke curHaal Ha OKO 15 ppm, Koju oxarorapa
XHJPOKCUIIHO] TPYNHU Koja Tpaau BogoHW4HY Bedy ca NO-cymcrutyeHToM. OBO je J0Ka3aHo
CHMMameM IPOTOHCKHUX CIIEKTapa NpU Pa3IUYUTHM KOHIIEHTpalujama, MpH YeMmy Huje

JOILIO 10 IPOMEHE XEMUjCKOT IOMEpamba.
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NO NOH NO
N \ N HN
\,Ij OH \,Ij (0] \lil @)
R(H) R(H) R(H)
OH TayTomep OKCMMMHO TayTomep NH Taytomep

Cauxka 10. Taymomepnu obnuyu 4-numposun-oepusama nupasonoHa.
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2.1. YBoa

3axBasbyjyhu IMIUPOKOM CHEKTPY (hapMaKoJIOMIKE AaKTHUBHOCTH, MHPA30JICKH U
IMPa30JIOHCKH (PPArMEHTH HMMajy 3HAYajHY YIOTY y OHOIONIKH AKTHBHAM jeMmbernuMa,’
%! Ha cammM THM 10GHjae HOBHX JIepPHBATA OBMX XETEPOLMKANA 3ay3HMa MOCEOHO MECTO Y
opranckoj cuHre3n. KomOuHaIja OpraHCKHX W OpraHOMETaJIHHX jeJUIbEHha Koja caapike
XETepOLMKINYHY JeMHUIy ca Onomonekynuma kao mro cy DNK, yribenn xuapaTti, aMuHO-
KHCEJIMHE W TIENTHIU TMOCIEeIBUX TOJUHA Ce Halla3h y (OKYCy OpPraHCKHX CHHTETHYapa.
OBakBU OMOKOHYTaTH, HAPOUUTO Ca AMUHO-KHCEIMHAMa WM MENTHIUMA O]l BEJHKOI CYy
MHTEpeca Kao CTPYKTYPHH MUMETHULIM PUPOAHUX MENTHIA.

VY cBeTily NOMEHYTHUX 3allaXkama, y OKBUPY OBE JUCEpTalijeé CUHTETH30BaHE Cy HOBE
N-cymcrutyucane audeHWI-Hpa3zoiicke U (EepONCHUI-TUPA30IICKE (-aMUHO-KUCEIINHE Y
no6puM  npuHocuma. % YcraHoBbeHa je  peNaTHBHO  jeJHOCTABHA  CHHTETHYKA
METOZ0JI0THja Koja HajBehum nenom oOyxBaTa KOHJIEH3AIU]y MHUPA30JICKOT alAexujia U o-
aMHHO-KMCeIMHA 0e3 MPUCYCTBa pacTBapaya a 3aTUM U OOPXUAPUAHY PENYKIM]Y Y METaHOILY
0e3 M30J0Bamka WHTEpMeAHjepHOr MMUHA. KOMIIeTHa acurHammja CBHUX 'H u *C NMR
curana ypaheHa je Ha 0a3u JIBOJUMEH3HMOHAIHE XOMO- W Xerepokopenanuone NMR-
CHEKTPOCKOMHje.

VYBoheme aneTui-rpyne y noioxkaj 4 3-aMUHOMHMPA30JICKUX JIepuBaTa MMa rnocedaH
CUHTETHUYKH 3HaYaj, C 003UPOM Ha TO Ja IpemMa HalleM JUTEPAaTYPHOM Ca3HambYy MOCTOJHU JOIIT
caMmo jenaH HauuH cuHTe3e 4-aueti-3(5)-amuHo-5(3)-metnnnupasona (AAMP) monasehn

104 .
Y ToM 1wy je€ JAeTalbHO

on nuanetwi-kereH-N,S-anerana W XuJpaswH-XUApaTa.
UCIUTUBAH MeEXaHM3aM peakiuje y Kojoj AAMP Hacraje OTBapameM LHMKIUYHOT 5-
XUAPOKCH-3,5-TuMeTHI-1-S-MeTHIN30THOKapOaMOnI-2-TUPA30JIMHA]yM-joauaa Yy 0a3Hoj
cpeaunu. [TocTojame KETO-MIMUHCKOT TayTOMEpa KOJU j€ HEOIMXO/IaH MPEIYCIIOB 3a HACTAjamhe
Kpajwer mpousBona, yrBphero je NMR-cmekrpockonujom u objammeno DFT (Density
Functional Theory) metomom.'®

Tpu cTpykTypHO pazinmyuta W (GapMaKoJIOIIKKA 3HAYajHA JepHBaTa MUPa30j-5-oHa
dbopmuoBana ¢y y nojioxajy 4 y ycnosuma Vilsmeier-Haack-ose peaxmuje. Paspaljena je
epuKacHa CHHTETHYKA METOIOJIOTHja 32 KOHICH3alN]y T0OUjeHUX alfexuia ca MpuMapHUM

aMHHHMa U 0-aMHUHO-KHCCIINHaMa I(OjOM HaCTajy 4-aMI/IHOMCTI/IJII/II[eHCKI/I ACPpHUBATHU MMUPA30JI-
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5-oHa. [loceOHa naxkwa nocseheHa je nmpoyuyaBamby TayTOMEpPH)€ OBUX jeIUIEHA Y YBPCTOM
cramy u 'y pactsopy DMSO-ds momohy IR u NMR-CHGKTpOCKOHI/Ij6.106'107

Ha xpajy, umajyhu y By OMOJIOIIKY NOTEHIIM]jaJl CBUX CUHTETU30BAaHUX jeUbCHHA,
W3BPIICHO je WCIHUTUBAmE FHHXOBE AHTUIPOIU(PEPATHBHE AKTHBHOCTH HA Pa3IHYUTHM

henujckuM HMHUjaMa HEKUX BpCTa KaHIepa, IpU YeMy CY y HEKMM Cly4ajeBUMa JOOUjeHU

pe3yiTaTt ynopeauBu €a CTaHAapAHUM HUTOCTAaTUIIUMA I[OKCOp}/'6I/II_II/IHOM U CiS-IUIaTHHOM.
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2.2. CuHTe3a JepuBaTa MUPA30.J1a

Konnenszauujom o-amuHO-KUcennHa ca 1,3-audenunmmnupazon-4-kapOangexuaoM y
npucyctsy NaOH nobujene cy unrtepmenujepue Schiff-oe 6aze. Ilomro cy a-ammHO-
KHCEJIMHE CJIa00 pacTBOPHE y ajJKOXOJHHUM pacTBapaumma, (popmupame Schiff-oBe 6aze je
CIopo, y3 JoOMjame HHMCKMX IpHUHOCAa 4Yak U mocie pediaykroBama cmece. /la Ou ce
KOHZeH3aIMja yop3ana, kopuiiheHa je meroga 6e3 paCTBapaqa,108 TPETMAaHOM AIJEXUJA, O-
amuHo-KucennHe 1 NaOH y mopuenanckoM aBaHy CBE 10 BUAJBHBOT NPECTaHKa W3/Bajamba
BOJIC M CTBapama XOMOTeHe Oelie mpamikacte cyncranine. KoHjaeHsanuja je moTom JoBpIieHa

IoJaTHUM pedIyKTOBamk-eM TOKOM 2 caTa y CyBOM MeTaHoIy (cxema 58).

CH, CH,
N
0 - ’ \O

R
CHO R \)\ e
N COO
B J . 8
— N\ + N e — N\

N H:N" ~coo N

1R=H 6 R = CH3SCH,CH,
2R = (CH5),CH 7 R = CH,3SCH,
3 R = (CH,),CHCH, 8 R = HOCH,
3" 2" 3" 2"
4R =L-% G 9R = HO—X v
]
5R = D-PhCH, 2 19

Cxema 58. Peacencu u ycnosu: @) PANHNH,, EtOH; b) POCI3/DMF; ¢) xomoeenuzayuja
v asany, wepcmu NaOH, zamum MeOH, pegaykce, 2 h; d) NaBHy,
0-5°C, nomom 12 h, r.t., AcOH.
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Crabunnoct noOujenux Schiff-oBux 06a3za 3aBucu ox Buiie ¢akropa, MOMYT
IONAPHOCTH ~ AMUHO-KHCEIMHCKOT  Gounor Husa,'”® wmerama, pH, pacrapaua wu
temmeparype.'™ TIpoGiieM CTaGHIHOCTH ce MOXe M30ehn BHXOBOM PEIyKIHjOM, UAME Ce
nobujajy MHOTO (hJICKCUOWIIHU]U aMUHU, YMECTO PUTHUIHUX, TUIAHAPHUX jEeIUbCHA. YTIPABO
W3 TOT pasnora u3BpiieHa je penyknuja Schiff-oBux 6a3za, 6e3 nzonoBama, momohy BuUIKa
NaBH,;, mpu uemy cy Hacranme HoBe N-[(1,3-mudenunmnupazon-4-wi)MeTui]| o-aMHHO-
kucenune (1-9).

CTpyKkTypa CBHX HOBUX jeIUICHA MOTBPHEHA j€ BUXOBUM CIIEKTPATHUM I10alMa
(IR, 'Hu BC NMR) u enemenrapuom ananuzom. IR-Cnextpu cy moTBpAuiIM IPHUCYCTBO
BaneHIMoHnX Bubparmja NH," mmelyy 2650 i 2300 cm™ y 061mKky BeoMa IIHpOKe Tpake ca
BHIIIE TTMKOBAa Y HHUCKO(PPEKBEHTHO] 00JIACTH KOja C€ HacTaBba J0 Oko 2200 cm™, wro
yKa3dyje Ha mHBHXOBY ZWitter-joHcky mpupoay. AcuMmeTpudHe BHOpammje vas (COO)
JIETEeKTOBaHE Cy y BUIY WHTEH3WBHE, IIMPOKE Tpake Koja ce Hanmazu usmely 1628 u 1601

cm™, 10K chuMeTpHuHe BaleHIHOHe BHOparmje v{(COO) oxroBapajy Tpamu Cpember

MHTeH3uTeTa Ha oKko 1410 cm™ M Jlpyre kapaktepucTuuHe Beoma jake Tpake y IR-
criekTpuMa npunucane cy nupaszoickom npcreny: v(C=C) u v(C=N) uzmely 1601 u 1547
cm™ kao u § (C=C) oko 1503 cm™.**?

'H NMR cBux Jenumbema CaIpKu KapakTepuctuial AB cuctem, 0CuM KO jeTuberbha
1, m ABX cucrem 3a 4, 5, 7, 8 u 9. Takohe, 3anakeHO je MPUCYCTBO KapaKTEPUCTHUIHOT
CHHIJIETA KOJU je MPUIUCAH MHpa3ojickoM npcreHy usmely 7,97 u 8,67 ppm, 3aBHCHO O
IPHMEE-CHOT CHCTeMa pacTBapaua. Komruierna amanmsa ceux curaama (*H u B3C NMR) Koja
j€ ata y eKCIepuMEeHTaTHOM JielTy u3BeieHa je momohy 1D u 2D xoMo- u xeTepo-HykiieapHe
kopenarmone NMR-cnekrpockonuje (ITpuitor, ciuka I11).

Cunresa jenumema 10-21 u3BeneHa je mpema cxemu 59. AnpexugHu mpeKypcop 3-
¢beponenni-1-penmnnupason-4-kapdanaexu Koju je KopuinheH 3a KOHAEH3alWjy ca o-
aMUHO-KHCEeJIMHaMa JI0OWjeH je u3 anetwidepoleH-peHmxuapazona nmomohy Vilsmeier-

113
Haack-oBor ¢opmuioBama, Mo MPETXOJAHO OMKMCAHOM IOCTYIIKY.

VY mnocnenwoj dazu
yIoTpe6/beHa je MeToxa 0e3 pacTBapada’ C CIMYHA NPETXOAHO ONHCAHO] TPETMAHOM
angexuaa, o-amuHo-kucenuae 1 NaOH y moprienanckom aBaHy 10 (hopMHpama XOMOTCHE
HapaH[acTe Mpankacte cyrncranie. KonpeHsanuja je qoBpiieHa J0JaTHUM pedIyKTOBambeM
TokoM 2 h y cyBom Meranoay. Moryhu mpobGiem ca necrabumnomihy Schiff-oBux 6asa

OTKJIOWEH je HemocpenHoMm peaykiujom ca NaBH,, mobujajyhu Tako kesbeHa jenumbema y
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3ag0BoJbaBajyheM npuHocy, 41-84 %. CTpykType CBUX HOBHUX jeAMmbema cy norsphene IR-

CHGKTpOCKOHHjOM, ABOJVMCH3HNOHAJIHOM NMR ananuzom u CICMCHTAPHOM aHAJIN30M.

Fe Fe Fe
a b
- - CHO
o} N\N/H N\N
R V
10 H 18 Hoc:H2
11 (CH,),CH R
12 (CHa),CHCH, 19 HO @ >—Cooe
3 2 HoN®
l/\)_ N/ \
N
14 DL-PhCH, N
15 D-PhCH,
16 CH,SCH,CH,
17 CH5SCH, 21
10-21

Cxema 59. Peacencu u ycrosu: @) PANHNH, EtOH, pegnyxc; b) DMF, POCI; (3 exs.), r.t.;
C) a-amuno-kucenuna, NaOH, xomocenuszayuja y asany, r.t., samum MeOH, pegnyxc, 2 h;

NaBH,, 0-5 °C, nomom 12 h, r.t., ACOH.

Ob6mnact y IR-criektpy m3mely 2300 u 3600 cm™ KapaKTEePUCTHYHA j€ 32 BAJICHIIOHE
Bubpanyje BogonnyHo Besannx O-H m NH,' rpyna ca GuHOM CTPYKTYpOM MyJITHIUIUTETA.
Cnabe Ttpake cmemtene Ha 2300-2600 cm™ oxHOCe ce Ha Mame BEpOBATHE Mpenas3e ma cy
CIIEKTpaJHEe JIMHH]E CIa0Wjer MHTEH3UTETa, JIOK je Tpyma arncopIIUOHUX Tpaka y Jeny O]
2600-2800 cm™" BepoBaTHO TMOCTEAMIA KOMOHHOBAHNX BUOpammja. " Jake Tpake JOIHpaHe
u3mehy 1630 u 1612 cm™ MOTy OWTH TMpUMNHCAHE ACUMETPUYHUM BHUOpalMjamMa aHjOHCKE

kapOokcwiHe rpyne. OBa Tpaka je KapakTepucTH4Ha 3a ZWitter-joncku o0mauk N-cyrcTu-
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TYUCAaHMX (-aMHUHO-KHCEJIMHA jep HEeIBOCMHCIEHO IMoKa3yje Aa je KapOOKCWIHA TIpymna
npucyTHa y jonnzoBaHoM COO™ o0nuky. ¥ IR-criekTpuma CBHUX jeubemha MOCTOje U BeoMa
Jake KapaKTepUCTUYHE allCOPIIIMOHE TpaKe Koje oJroapajy mupaszoiickoMm mnpcteny: v(C=C)
1 v(C=N) m3mehy 1600 u 1553 cm™ kao u 8(C=C) na oxo 1505 cm™.1?

vy H NMR-cnektpy rimmuHckor aepuBara 10 1Ba mpoToHa METHIICHCKE TpyIie
BE3aHe 3a MMPA30JICKU CUCTEM IPUCYTHA cy Y 00iuKy cunriera Ha 3,98 ppm (IIpusor, cianka
[12). Y cBuM octanuMm aepuBaTUMa, Kao Mocjaena XupaiHor yIJbeHUKOBOI aTOMa Be3aHe o-
aMUHO-KHCEJIMHE, OBa JIBa MPOTOHA Cy JWjacTepeoTonHa U najy AB cucrem ca BeauKkom
FeMUHATHOM KOHCTaHTOM KyroBamwa (13,51-14,01 Hz). W3 ucror pasnora npucycTBo
XUPAJIHOT YTJb€HUYHOT LIEHTPA Y 0-aMMHO-KHCEJIMHU CTBapa JBE XEMUJCKU HEEKBUBAJICHTHE
IMjacTEpPEOTONIHE CTpPaHE MOJIEKYJa, Ma IMPOTOHM U aTOMH YIJbEHUKA CYNCTUTYMCAHOT
UKJIONEHTAINEHCKOT TPCTeHa Jajy BHIIE TMHKoBa Yy mopehemy ca TIMIMHCKAM
;[epI/IBaTOM.115 Yak u Ha 500 MHz HuCY CBU cUrHaNIM 3a HUKJIONEHTaAUEHCKE IIPOTOHE Y 'H
NMR crekTpy jeaHako g00po pa3aBojeHH, na ¢y y Behunu nepusara (12, 16, 17, 19 u 20)
3ana)ieHa TPU CJIOXKEHAa CUTHaJla ca CJIOKEHUM KyIUIOBakKMMa M uMHTe3uTetuma 1:1:2, nok
¢denmnananuacku u Tpuntodancku aepusatu (13-15 u 21) najy yeTrpu pa3BojeHa CUTHAJIA
ca unrensureruma 1:1:1:1 (Ilpunor, ciauxa I13). OBo momatHO nenawmwe opmo- U mema-
(epOICHCKHUX CUTHANA, Ka0 U BbUXOB MYJITUIUIMIIUTET, TaKol)e 3aBUCH O] IPUPOJIE O-aMHHO-
KHUCEJIMHCKOT OOYHOT HU3a M HE MOXKE C€ INPUIIUCATH CaMO XMPAJIHOCTU (.-aMUHO-KUCEIUHE
nose3aHe ca nupazonoM. EdexaT MarHetHe HEEKBHBAJIEHTHOCTH 00a opmo-TpOTOHA
CYNICTUTYHCAHE IMKJIONECHTAAUCHCKE jeIWHUIIE HAPOYHMTO je M3PAXKEH y jeUmbehuMa ca
apOMAaTUYHUM WIH XETepOAPOMATHUYHUM NPCTEHOBUMA (Tabena 5). YTHUIA] T-€IEKTPOHCKOT
cUcTeMa Ha XEeMMJCKO TIOMepame, Lenambe W MYIATHIUIMIUTET opmo- W Mema-
LUKJIONEHTAIUEHCKUX IPOTOHA 3aBUCH OJ1 BUILE (DAKTOpa, Kao IUTO Cy MHAYKTHUBHH e(eKarT,
MOTYhHOCT pe30HaHLMjeé M JONPUHOC MAarHeTHE aHW30TpOoNHje. 3aHUMIBMBO j€ Ja HHjE
npumeheHo pasnBajambe opmo-IMKIONECHTAMCHCKUX CUTHANA Y CepuHCKOM nepuBary (18)
BEpPOBAaTHO Kao Imocjeauua ¢opMmupama BOJOHMYHE Be3e u3Mel)y XUApOKCHIIHE U
KapOOKCHIIHE Tpyle, IITO yKa3yje Ha TMOCTOjame JojJaTHe KoHbopMaldje ca yMameHUM
yrunajem CH,OH rpyne Ha ¢epouencku ocrarak (IIpunor, ciuka [14). ATomMu BojoHUKa
HECYIICTUTYHCAHOT LUKJIONEHTAJUCHCKOT NMPCTEHA jaBJbajy ce Yy OOJMKY CHHIJIETa 3a CBa

jenumema.
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1 .
Tabena 5. "H NMR xemujcka nomeparsa 3a opmo- u Mema-yukioneHmaoueHckKe npomone.

Jenumeme | Opmo-H; opmo-H; Adopmo mema-H, | mema-H, AO yema
10 4.827 - 4.344 -
11 4.910 - 4.321 -
12 4.876 4.887 0.011 4.329 -
13 4.669 4.707 0.038 4.241 4.263 0.022
16 4.875 4.885 0.010 4331 -
17 4.849 4.877 0.028 4334 -
18 4.848 - 4.336 -
19 4.648 4.701 0.053 4.286 -
20 4.731 4.779 0.048 4.295 i
21 4.388 4,553 0.165 4.100 4.165 0.065

Bc NMR-Mepewa yka3zyjy nda XeMHujcka Iomepama opmo- U mema-C-aToma

CYIICTUTYHUCAHOT U HECYNCTUTYHUCAHOT IUKIONEHTAIUEHCKOT MPCTEeHA Jajy CUTHAJE KOjU ce

HE pa3lIMKy]y 3Ha4ajHO y OJIHOCY Ha BPCTY O-aMHHO-KHcelnHe. MehyTum, met pa3nmuanTux

curHana y Behunm nepuBara yka3yjy Ha MarHeTHO HeekBUBaJIeHTHE C-aToMe CYNCTUTYHCAaHE

TUKIJIOIICHTAJUCHCKEC je,Z[I/IHI/II_[e 300r NOpUCYCTBA XUPAJHOI HEHTpA Y O-aMHUHO-KHUCCIIMHCKOM

1 13 .
neny moJiekyna. Cu octanu curHanu y “H u “C NMR-criekTpuMa CBUX jeIUbeHa Halla3e ce

y ouekuBaHUM obsiactuma o-Bpennoctu (IIpusor, couka I15).
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2.3. MexaHMCTHYKA CTyANja CHHTe3€e 3-aMHUHONUPA30JICKOT JepUBaTa

Naxo je cunresa 4-anetmi-3(5)-amuuo-5(3)-metuinupaszona (AAMP) o0jaBibeHa jorr
Ipe J1Be z[eueHI/Ije,l16 JaHalIHbU (PapMaKOJIOMIKK U METUIIMHCKY 3HaYa] HHULUPAO je MOTpedy
JeTaJbHUjeT TIpoyvaBarmka MEXaHHW3Ma HEroBOI J00Hjalkba M3 PEJaTUBHO jE€IHOCTABHHUX
npekypcopa. OBaj 3-aMHHONMMPA30JCKH JEPUBAT NPEICTaB/ba MPEKypcop 3a A00ujame
BEJIMKOT Opoja pasiuYuTUX JIepUBaTa ca MOTEHIIWjaTHOM criocoOHOhy HHXUOUIM]e KUHA3a,
3axBasbyjyhu paznmuumTM MoryhHOCTMMa 3a TpaHcdopMmanujy auneTHj-rpyne Be3aHe 3a
MTUPA30JICKH MTPCTEH.

Cunresa 4-anetmin-3(5)-amuno-5(3)-metunnupaszona (AAMP) on aneruiamnerona u S-
METHJIH30THOCEMHUKAPOA3H I-XUIPOjOTUIA JOIII j& paHuje 06jaBJB€Ha,116 aJe je MHTepMeIujep
MOTPELIHO OKAaPAaKTEPHCAaH CaMO Ha OCHOBY €JIEMEHTAapHE aHaJlU3€ Kao aleTHJIALleTOH MOHO-
S-meTmnnzotnoceMukap0azoH. 3axBajbyjyhul J00MjeHUM MOHOKpPUCTAIMMa IOTOAHUM 32
PEHITCHCKY CTPYKTYPHY aHAJM3y U MOMONY CHEKTPOCKOIICKHUX METOJ.la, MHTepMEaHjep je
KapakTepUCaH Kao [UKINYHO JeIUEBCHE S-XUAPOKCH-3,5-IuMeTw-1-S-metunu3orno-

kapOamomi-2-nupaszonunaujym-joaua (HDMCPI, 22, cxema 60; [Tpuitor, ciuka I16).

ZT

1
NH, = 5 N NH, -
H2N/ \”/ H2N/ Y HZN\C

Cxema 60. /Jobujarwe unmepmeoujepa HDMCPI (22).

Ha ocHoBy kpucranorpadcke anaause yrBpheHo je /1a je JOAUIHU aHjOH BOJOHHYHOM
BE30M IOBe3aH ca opranckuM aenoM npeko O5-HS5--11 u N7-H7A--11 untepakuuja (ciauka
11a, Tabena 6). Koeduuujent nakopamwa je 65,7 %. OcHOBHa IpaJivBHA jeJUHMIIA KpUCTAJIa
je muMep OpraHu30BaH IMpPeKo IeHTpa cumeTpuje (cimka 11b, Tabena 6). H7B je BomoHuKOB
aTOM KOjH y4YeCTBYj€ U y MHTPAMOJIEKYJIICKIM U Y MHTEPMOJIEKYJIICKUM BOJJOHWYHUM Be3aMa
ca O5 aromuma kuceonuka. CyceqHu auMmepH ce Jpke 3ajeqHo mnpeko crnadbux C—H:-O

WMHTEpaKIIHja.

64



Jlokmopcka oucepmayuja-Hawu paoosu

c8

Canka 11la. ORTEP npw<a3117 3a HDMCPI na nusoy seposammuohe 00 50%,

xemepoamomu Cy OCEHYEeHU.

Cauxka 11b. Jumep gpopmupan y cmpyxmypu HDMCPI u sezanu joouo, opeanuzosan

. 118
npexko yenmpa cumempuje.
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Ta6ena 6. Humepmonexyncke unmepaxyuje y kpucmainoj cmpykmypu HDMCPI-a.

D-H..A Tun D-H H..A D..A D- Onepanuja
[A] [A] [A] H..A cuMeTpuje

[’]

N7-H7B...05 Hntpa 0.86 2.37 2.903(3) 121

O5-H5...11 V acum. 0.82 2 62 3.399(3) 159

JeTUHUITH
N7-H7A...11 Wurep 0.86 2.83 3.612(3) 153 X, 1+y,z
N7-H7B...05 Wurep 0.86 2.23 3.003(3) 149 1-x,1-y,1-z
C51- ~1/2+x,1/2-y,

Wntep | 096 | 3.05 3.993(4) 167

H51A...11 —-1/2+z

C8 HBA..IL | Wnmrep | 0.96 | 3.05 3.886(5) 146 | 1/2-x,1/2+y,32 2

Crpykrypa HDMCPI penponykoBana je kopumhewsem DFT (Density Functional
Theory) mpopadyHa, ca IH/beM J1a C€ TecTHpa MOJOOHOCT MPUMEHEHE pauyHapCKe METO/IE.
JloOujeHe nyXMHE Be3a, YIJIOBH Be3a M JUEIAAPCKU YIVIOBH JAaTh Cy y EKCreprMMeHTaHOM
neny (tabene 15-17). Cpenmwa penaTuBHA Tpellka 3a YIJIOBE Be3a, OJIHOCHO JHMEIapCKe
yrinose u3nocu 0,89 u 0,45 %, pecnexkruBHo. Cpeama pelaTUBHA TpEIIKa 3a JTYy)KHHE Be3a
n3Mehy HeBogoHmuyHux aroma je 0,99 %. OBakBo ciarame u3Mel)y excrepuMeHTaniHe U
uzpauynate crpykrype HDMCPI notepl)yje nogobuoct kopuuthene DFT metone.

Bpennoctu myxuHa Beza m3Mmel)y yribeHHMKa M JjBa a30TOBa aromMa S-METHIIM30THO-
KapOaMOWJI-TpyIe yKa3yjy Ha JEJIOKaJIN3alH]y TO3UTUBHOT HAeJEKTPHUCamka MPEKO CBa TPU
aToma y uBpcToM ctamy. Ilopen Tora, NBO (Natural Bond Orbital) anamuza HDMCPI-a
nokasyje jaky aemokanmsammjy p-opoutana N7 m S atoma y m antuBesuBHy NI1-C6

045 opburane aroma Sy G antuBe3uBHy C6-N7 opOwurany, mTo moTBphyje

opOuTainy, u Sp
JCTOKAIN3aII]y Y S-MeTHIN30THOKapOaMouiaHoj rpynu. Melyytum, y pactBopy DMSO-ds,
H NMR-cniektpu u3y3eB a8a cunriiera (C3-Me u C5-Me) u jennor AB cuctema ox mpoToHa
MUPA30JIMHCKOT TIPCTeHA, Caap)Ke M JBa CHHIVIETAa of S-Me MpoToHa, Kao W JBE TpyIe
CUTHaJa Ha HIbKeM noJby. [IpBa rpymna, oHOCHO JBa IIMPOKA CUHTIJETa, jeaaH Behu Ha 7,73

ppm U jelaH MamkK Ha 7,52 ppm pelaTUBHOT MHTEH3UTETa 1, MOTY OWTH MPHUIIUCAHH JIBEMA

Pa3IMUYUTUM XUJIPOKCWIIHUM MPOTOHMMA. [[pyra rpyma oa Tpu IMpoKa IHKa, jeaHor Beher
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Ha 8,80 ppm u aBa Mamwa Ha 8,96 u 9,42 ppm, yKynnHOT PEJaTUBHOI MHTEH3UTETA 2, MOTY
OUTH NMPUMKHCAHU a30TOBUM NpoToHnMa. OJIHOC MHTEH3UTETa TPU Mama nuka je 1:1:1, mok cy
Behu curnanu Ha 8,80 1 7,73 ppm y onnocy 2:1, peciektuBHO. OBE YMIEHUIIE YKA3Y]y Ja Y
DMSO-y ne nocroju camo jeana opma HDMCPI-a. Jla 6u ce pa3marpaina o0jalrmema oBe
'H NMR cnoxenocr, MOpa Ce y3eTH y 003up MOCTOjamke APYruX TayTomMepa ca MOryhHUM
pazmuuutuM NMR crniekTpuma, a udja KOHIEHTpalldja Bapyupa y 3aBUCHOCTH O] u3abpaHor
JeyTepucaHor pactBapauya. Ha mpumep, mpoToH ce MoXke IIOMEPUTH ca er30IUKIMYHOT a30Ta
Ha a30T y MPCTEeHY, Najyhu CTPYKTypy ca TPU XEMHJCKA HECKBHUBAJICHTHA IIPOTOHA Ca UCTUM

uHTeH3uTeTHMA (cxema 61).

H/O 4
1 —_—
HON ® _N_ o
Sc# \N Me
© | 2
SMe
64 % 36 %

Cxema 61. /[sa mozcyha maymomepna obauxa sa HDMCPI y DMSO-dg pacmeopy

: 1
(oonoc maymomepa oopehen je unmeepamservem "H NMR cuenana).

Honatkom D,O y DMSO-dg nona3u g0 npesnacka AB cucteMa y CHHIJIET U HECTaHKA
N-H u O-H mpotona 360r muxoBe Op3e mamene ca D,O. V ucrto Bpeme, jenaH CHHIJIET
npunucad S-Me npoToHMMa MpUCYTaH je ymecto nBa cunrieta y DMSO-ds pactBopy. Ha
Kpajy, y unucrom D,O pacTtBopy cBM curHamu 1mojaBibyjy ce camo kao cuHrieru (IIpuior,
ciuka I17).

PacrBapamem HDMCPI y 6a3znom BogeHom pactBopy (pH > 13) HeodekuBaHO ce
nobuja AAMP mocne oko 15 yacoBa crajama Ha COOHO] TeMIlEpaTypH, y OOJIUKY Oenux
urimmyactux kpucrana. Jla Om ce peakmuja ycmopwia panu npahema Tpeko 'H NMR,
HDMCPI je pactBopen y D,O u pD nozpemen na 9,5 naxxseuBum gogarkom NaOD. Nmajyhu
y BUIY J1a cy THoceMHuKap0Oa3oHu 1,3-TuKapOOHUITHHUX jeUI-ECHha KOMIJIEKCHU CHCTEMH ca
BUIIIE TAyTOMEPa, MOIJIa CE OYEKHBATH PAaBHOTE)KHA CMeCa BHUIIIE OTBOPEHHX TayTOMEPHHX
00JIMKa y pacTBOpY, YKJbYUyjyhH W NUKIUYHY, ca JTOMUHAIIMjOM KETO-CHAMHHCKOT OOJIHKA.
119,120

[lo3nato je Takohe, mAa cy TayToMepHE pPaBHOTEXE BeoMa oceTibuBe Ha pH wu

MOJApHOCT paCTBapalqa.121 MehyTtum, nociie aHaimze '"H u °C NMR crnekrapa Ha pH = 9,5
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3ama)ceHo je Ja je jenumemne y DoO npucyTHo caMo y 00JIMKy KeTO-UMHHCKOT TayToMepa A

(Cxema 62).
o y
C q ¢ HaoN SMe
o H,N._ . SMe 2 HoN._ _SMe
H= pD=9.5 \[r mN/ \ll/
) DO No == He » = _N
HN ® /'N\ . 2 o] I\I o N OH r~.I
T N Me )J\/I\ )J\/k /J\/I\
SMe , |
: 9 299 _
qugl . ,*‘J @ J‘IJLS?’,.‘, 31-692.'1',;’3‘J
g e W ) = _ 90_0 i “
JJ\J \ — j‘\) ) — J .,. ‘,‘ 2 “/‘J
° ‘-\. ) \ _ '
),J-J S + 9 "j P,
HDMCP | KeTO-UMUH (A) KeTo-eHaMWH (B) eHon-uMuH (C) !

100 %
Cxema 62. Taymomepnu obnuyu S5-xuopokcu-3,5-oumemun-1-S-wemunuzomuoxapoamoun-2-

nupaszorunujym kamjona (HDMCP).

[IpucycTBO KETOMMMHCKOI TayToMepa A y pacTBOpy HOTBpheHo je BC NMR-
CIEKTPOM, Y KOM C€ PEe30HAHLMOHU CUTHAJI Ha BUCOKO] & BpenHocTH oX 214,3 ppm Hanasu y
00JlacTH KapakTEPUCTHUYHO] 3a anudaTuyHe KETOHE, a HEe KETO-€HAMUHCKE WJIH €HOJI-

UMHHCKe 00muKe. %

Japu nmokasu Koju moTBphyjy CTpYyKTypy A Jojaze Ol U30MEPHUX
NMUKOBA METHJI-TpyNe THUIMYHE 3a S-aJIKWIOBaHE THOCEMHKapOa3oHe, 30or Cis/trans-
mzomepuje og C=N npBoctpyke Besze (IIpummor, cimka 1’[8).123 B¢ NMR-Crnekrap Takohe
CaJpKU CJIOXEH, MUpok curHai Ha 50,1 ppm koju oaroBapa yribeHHKY usMmely kapOoHMITHE
u uMmuHO-rpyne. Ocranu Jetabu '"H u B°C NMR CIIeKTapa OJIroBapajy KETO-UMHUHCKO]
TayTOMEPHO] (POPMHU.

OBe uMmEHUIIE Cy IOJCTaKie HCTpakKMBambe MEXaHW3Ma HacTajama OO0JMKa A U3
HDMCP kartjona xopucrehn DFT npopauyse. Axo ce Gibbs-osa cio6onna enepruja (G**%)
y3Me Kao Mepa TayToMepHe CTaOMITHOCTH, IPOM3MIIa3u Ja je A Mame ctabwian on B u C, 3a
18,1 u 2,8 kJ/mol, pecnextusro. G**®-Bpensoctn y cKiaay Cy ca OCHOBHHM XEMHjCKHM
pa3MaTpameM 3aCHOBAaHHM Ha YME-EHUIM aa cy B u C crabunn3oBaHM jakuM BOJOHHUYHUM
Be3ama. Ha OCHOBY OBora, mpuCyCTBO TayTomMepa A Kao jeIMHOT OOJIMKAa Y TayTOMEPHO]
PaBHOTEKU HUj€ OYEKUBAHO.

Jla 6u ce oOjacHMIa OBa HEOUYCKMBAHA EKCIEPUMEHTA]IHAa OTKpuha, pazmaTpaHe Cy

moryhe unrepakuuje uzmehy HDMCP katjona u xuapokcuaHor aHjona. McrpaxxuBama HUCY
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OTKpWJIa HHUjEJHO Tpela3Ho cTamwe 3a peakuuoHu nyr usmehly HDMCP katjona u
XUAPOKCUAHOT aHjoHa. C Jpyre CTpaHe, MOKYIa] ONTUMHU3AIMje CTPYKTYpe Koja ce cacToju
on HDMCP katjoHa W XUIPOKCUIHOT aHjOHA PE3YJITOBAO j€ Y CIIOHTAHOM MPEHOCY MPOTOHA
(1j. 6€3 akTHBanMoHe Oapujepe) ca xunapokcmiaHe rpynie HDMCP katjona Ha OH™ anjon. OBo
NpeMeIITalke YKIbydyje OTBapame npcreHa U Qopmupame crpykrype D (cnmka 12), y3
crabunm3anujy cuctema 3a 143,2 kJ/mol. Bpenno je Hamomenytu na je crpykrypa D y
CTBapH XUIpAaTHCAaHU 00JUK TayTromMepa A. OO0k A Moxke OuTH TpaHchopmrucaH y B mpeko
npenasHor crama TS1, Koje 3axTeBa aktuBannony 6apujepy oa 185,0 kJ/mol, nok ce B moxe
npemectuty y C mpeko mpenasHor crama 1S2, 3axTeBajyhu akTHBaIMoOHy eHeprujy ox 14,8
kJ/mol (cnuka 12). Peakimonu myt 3a tpancdopmaiujy A y C Huje otkpuBeH. Ha ocHOBY
JaTUX aKTUBAIMOHUX EHEpPruja MOKE C€ 3aKJbYYUTH Jla je jeIlMHU MyT TpaHcdopmaiuje
HDMCP katjona y 0a3Hoj cpenunu popmupame Tayromepa A. Ha oBaj HauuH o0jalimeHo je

MPUCYCTBO A Kao jeJMHOT 00JIMKA Y TAYTOMEPHO] PAaBHOTEKH.

9

1.965 "
#9106 J. ) 1.197’,1 d
- > 4
P b 2797
2 a Y,

H 1.279
J/JO‘ Py

152

Cauka 12. Onmumusosane cmpykmype xuopamucanoe maymomepa A (D)

u npenasua cmarva TSI u TS2.

Hame wuctpaxkuBame Mokasyje na y 0a3HO] CpeawHH TayToMep A Moke mnomyiehu
dbopmupamy kapOanjoHa. Hawmme, kucemn mnpoTOHM O0OIMKa A MOTY JEIOKaTU30BaTH
HaeJIeKTPHCamke XHUIPOKCHIHOr aHjoHa Qopmupajyhu crpykrypy E (cxema 63). Tpu
peakIMoHa MyTa OTKpUBEHa cy 3a TpaHchopmarnjy E, nmpu uemy ce dpopmupajy kapOanjoHn
CA1l, CA2 u CA3. AxtuBanmone enepruje 3a ¢popmupame CAl, CA2 u CA3 usHoce 4,9, 8,8
u 31,3 xkJ/mol, pecnekTuBHO.

Kao mTo je u o4eKkuBaHo G 33 CA2 umxke je on CAl u CA3,3a 27,1 u 61,3 xkJ/mol,
pecreKkTuBHO. Y3umajyhu y 003Mp HHUCKY aKTHBAIMOHY CHEPTHjy W HM3Pa3UTy CTAOMIHOCT

CA2, mpetnocTaBka je Ja je TJaBHH PEAKIMOHHW TYT 3a TpaHchopmanujy A dopmupame
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CA2. [lakne, mMoCTOjambe TAYyTOMEPHOT O0JIMKa A TJIaBHH je YCIIOB 3a qoOujame KapOaHjoHa

CA2 y 6a3H0j CpeIuHH.
9

D1.362

‘§ <2 1.301
9

3

Cxema 63. Mexanuzam ¢popmuparea xapoanjona CAI, CA2 u CA3, npexo nperasnux cmarea

TS1, TS2 u TS3, pecnekmusHo.

NRA-Anamu3a (ene. Natural Resonance Analysis) 3a CA2 otkpuna je moryhHoct
HETOBE PE30HAHIMOHE cTabunm3anuje. [ maBHe pe3oHaHmone cTpykrype 3a CA2 npukaszane

cy y cxemu 64. bpojeBn mcnox pe3oHAHIMOHHX CTPYKTYpa MPEICTaBibajy PE30HAHLIUOHY
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TEXUHY y paBHOTEXHO] reomeTpuju CA2. OuurienHo je Ja pe3oHaHIMOHA CTPYKTypa ca
25,3 % pe3oHaHLMOHE TEeXHHE TOMUHUPA Y PE30HAHIIMOHOM XxuOpuay, omoryhyjyhu yciose

3a HyKJ1€o(UITHU Hamaj U 1ajby HUKIN3A1H]y.

H:N . SMe H2N\C,SMe H,N_ __SMe
I I I
N\ N\ ~
O N o® N
I ~a I - —_—
H'5 30 H 10.4% H83%

9
J‘g) e NH NH,
1719% NH, . =
Y 2 MeSH . \
- N NH & NH == / N
N N N

Cxema 64. Mozyhu mexanuzam popmuparna AAMP-a.

Kapbanjoncka crpykrypa mnpyxka MOTyhHOCT WHTPaMOJICKYJICKOT HYKJICO(QUITHOT
Hamajza Ha Beoma enekTtpodmwiaH yribeHUK C=N Trpymne, Koju BoAHM Ka (opMupamy
oaroBapajyher HUKIMYHOT NMUPA30JIUHCKOT jenumbera. OBaj peaknMOHM KOpak O/BHja ce
IpeKo mpeasHor ctama TS6 (cxema 64) u 3axTeBa akTUBaIMOHY Oapujepy ox 115,7 kJ/mol.
Enmnvunanuja MeSH nako ce oaBuja y ajikaiiHoj cpeawHu, mpaheHa HepujaTHUM MHUPHCOM
MepKarnraHa, jajyhu TayToMmepHy paBHOTEKY OAroBapajyhux HI/Ipa3OJIa.124

Jla OM mMOTBPIWJIM XHIOTE3y O KJbYYHO] VYIO3M KETO-UMHHCKOT TayToMepa,
eKCTIEPHMEHT je MIOHOBJBEH Ca THOCEMHUKApPOa3uaI0M YMECTO S-METHIN30THOCEMUKapOasuia y
peaKIyju ca aleTUIaeTOHOM, TIPH YeMy HACTaje FHEeroB IUKINIHHA aHAJIOT S-XHIPOKCH-3,5-
ImMeTHI-1-THOKapGaMomII-2-iMpa3ouH (cxema 65) 1o mosHatom moctynky. Ilocie 15 h
CTajama y jako ajmkaiaHoM pactBopy (pH > 13) nuje 6mno Hu TparoBa AAMP-a. 3atum je pD
noJiemeH Ha 9,5 ¥ TOTOBO KBaHTHTAaTHBHO HAcTaja Oeja CyNCTaHIa aHaIM3UpaHa je momohy
'"H u *C NMR meroza y UCTHM YCJIOBHMa paju mopehema ca S-MEeTUIOBaHUM JCPUBATOM.
YCTaHOBIBEHO j€ Ja je TJIaBHH OOJUK Y PABHOTEKHOM cTamy y pactBopy DMSO-dg monasto
UKITHYHO jeTUbembe (cxeMa 65).

Kero-enamuncku o6nuk (G) y NMR-cnekTpy cMece mpucyTaH je y 00JUKY CHTHaia

0J1 BUHWJIHOT TpoToHa Ha 6,48 ppm, aC-aroma BUHUIHE Tpyne Ha 84,98 W curHama Koju
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notude ox C-aroma KomyromaHe kapOoHmiHe rpyne Ha 183,04 ppm. OBu monamu cy y

122,12
CarjJJaCHOCTH Ca CIEKTpAaJIHUM IIoJallMMa MHOIMX €HaMHHa. °
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Cxema 65. Taymomepnu ooauyu 5-xuopoxcu-3,5-oumemun-1-muokapbamoun-2-nupazonuna.
Oonoc maymomepa (G), 3,5-oumemun-1-muoxapbamoun-2-nupazonuna u noiazHoe

: : 1
AUPA30IUHCKO2 jedurbera oopeher je unmeepamservem ~H NMR-cuenana 3a memun-epyne.

OuurieaHo je aa 0ICyCTBO KeTo-uMUHCKOT 00irka (F) y TayroMepHoj paBHOTEX M HE
7103BOJbAaBa HMKAaKBY MOryhHOCT (hopmMupama KapOaHjoHa 3a HYKJICO(DUIHHM Hamax M Jajby
uuknu3andjy. Takohe, nerexkroBad je 3,5-muMerunnupason-l-tuokapOokcaMua Koju HacTaje
Kao TOCJIeINIIA JASXHIpaTaliije MUPa30JIMHOJICKOT jennmberma. CTPYKTypa OBOT jeAWbCHA
notBphena je ynopehuBamem meroBux NMR-criekrapa ca crieKTpuMa ayTeHTHYHOT y30pKa.
[IpumeTHO je na je MUKINYHU MUPa30IUHOI (cXeMa 65) BeoMa HECTAaOMITHO jeAUbEHHE, YaK U
y UBpPCTOM cTamy. IberoBo pacnajgame nounme Mocie HeKOJIMKO YacoBa Ja Ou ce, rmocie JBe
HeJleJbe CTajama, MOTIYHO TpaHchopmucao y 3,5-muMeTninupa3oi-1-TnokapOoKkcaMuI.

Cnarame u3Mmel)y ekcriepuMeHTaIHo JOOUJeHUX U M3padyHaTHX Jy>KHHA Be3a, yriioBa
Be3a W TOP3UOHHX YIJIOBA  S-XHIPOKCH-3,5-THUMeETHI-1-S-MeTHIN30THOKApOaMOWMII-2-
nupazonuuaujym-jonuga (HDMCPI) Beoma je noOpo, mTo moTBphyje na je wu3abpaHa
padyHapcka MeToja TOTOHA 3a MPOYyYaBame peakifja OBOT jelumera. [lokazaHo je n1a
peaknuja usmehy HDMCP katjoHa ¥ XHAPOKCHIHOT aHjOHA TeYe JIaKO, 0€3 aKTHUBAIMOHE
Oapujepe W ca 3HAYajHOM cTa0wim3anujoM cuctemMa. Ha oBaj HaumH (Qopmmpa ce

XUJPATUCAHU KETO-UMHUHCKH TayTomep A, y npuHocy ox 100 %. AxTuBanuoHa eHepruja
72



Jlokmopcka oucepmayuja-Hawu paoosu

notpe0OHa 3a U30MepH3alnjy A y KETO-eHaMUHCKU TayTomep B 3HauajHO je Beha y nmopehemy
ca eHeprujom akTuBaiuje 3a hopmupame kapoanjona CA2 y 6a3Hoj cpeauan. CA2 mojexe
nab0j IMKIM3andju  u  enuMmuHanuju - MeSH, nmajyhm  4-anermi-3(5)-amuno-5(3)-
metumupazon (AAMP). EberoBo o/cycTBO Kao mpou3Bojia peakiyje u3Mel)y amnerunianeToHa
U TUHOceMHKapOasujga yMecTo S-MEeTHIU30THOCEMUKapOa3uaa, Moxe ce 00jacHUTH
OJICYCTBOM KETO-MMHMHCKOT OOJMKa y TayTOMEpPHO] paBHOTEXH, KOju Ou omoryhuo
dhopmupame kapOaHjoHa 3a gajby muKIu3anujy. OBa 4yMmbeHUIA TOTBphyje KIbYUHY YJIOTY

KEeTO-UMHHCKOT TayTomepa A y popmuparwy AAMP-a.
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2.4. CuHTe3a epuBaTa MUPA30JI-5-0HA

[Mupazon-5-onn  kopuIIheHH 3a CHHTE3y jequmbema 23-64 nobujeHn cy mnpema
MI03HATO] PeaKlMju KOHJeH3aluje P-keTo-ectapa u ¢eHunxuapasuna. [lox Vilsmeier-opum
yCIIOBMMa ITHPa3oi-5-oH Tpanchopmucad je y hopmuoBanu aepusat peaknujom ca POCl; u

DMF (cxema 66).'%°

R=Me, R;=Ph
R=Ph, Ry=H
R=Ph, R;=Ph
Cxema 66. Peacencu u ycrosu: a) RINHNH, EtOH, xysare, 3 h; b) DMF, POCls;,

sazpesarve, 80 °C, 1,5 h.

Jenumema 23-39 mobujena cy npema cxemu 67. AJNIEXHIHN TPEKYpPCOp pearoBao je
ca n3a0paHUM TPUMApHUM aMUHUMA Jajyhu KeJbeHe aMUHOMETHJIMIEHCKE aepuBate 4-
¢bopmunienapaBoHna (23-39) y 106puM 10 OAJIMYHUM IPUHOCUMA.

JloGujame aMHUHOMETHIMIECHCKUX JepuBaTta 4-GopMmuienapaBoHa 3aJ10BoJbaBajyhe
yrctohe HHje Ouio Moryhe KJIaCH4HOM PeakjoM KOHJIeH3auuje usmehy angexuaa u aMuHa
y €KBHMOJIAPHOM OJTHOCY WJIM y MPHUCYCTBY OJiaror BHUINKA jeJHOT Of peakraHata. Hawmme,
MIOCTOjabe YETUPU TayTOMEpHA 00JInKa 4-¢)opMHnenapaBOHa127 MOJKE M3a3BaTH roreuikohe y
nobujamy 4-aMMHOMETWIMICHCKUX nepuBaTa 23-39 y BUCOKMM NpPUHOCHMMA M 0e3 jJajber
npeunimhaBama. Ha moderky, peakiuja angexuaa ca NMpUMapHUM aMHUHOM HM3BElICHA je Y
MPUCYCTBY OJaror BHIlIKa aMMHCKOT peareHca (10 %) anu je riaBHU NpU3BOJ KOHTAMUHUPAH
XUJIPOKCUMETUIIMHCKMM TayTOMEpPOM IMoJjia3Hor anjexuaa. Kanma je peaxiuja u3BeneHa ca
aMHHUMAa y OOJHMKY HHXOBUX XHIPOXJOPHAHUX COJIM, J00MjeHa je BeluKa KOJIMYMHA
XUJIPOKCUMETUIIMHCKOI TayTOMEpa U BPJIO MaJlo XKeJbeHOr mpousBoja. [lasbe, peakuuja je
WCIIUTHBAaHA Yy aJkaiHUM ycioBuMa kopuctehu 1 exkBuBasieHT LiOH u uBpcra cymncranna je
npeunithena ctyoOHOM xpomaTorpadujoM fga Ou ce JoOMIO YHUCTO jenumbene. Mehyrum, kana

je peaKqua N3BCACHA Ca [IBa CKBUBAJICHTA NPHUMAPHOTI aMHWHA Yy HNPUCYCTBY KATAJIUTUYKC
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KOJIMYMHE p-TonyeHcyndoHcke kucenuHe (p-TSOH), u3oi0BaHa cy uucTa jeaumema y
I00pOM 10 OIUTMYHOM TPUHOCY 0e3 MPUCYCTBAa OMIIO KOjer TayTOMEPHOT OOJIMKA MOJIa3HOT
ajjexuaa WM aMUHCKOr peareHca. Takole, M3BENEH je 3akJbydyak Jia je €TaHOJI Haj0oJbu

pacTBapad 3a u3Boheme peakiyje y npucyctBy p-1SOH kao kucenor kataimsaropa.
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Cxema 67. Peacencu u ycrosu: RNH,, p-TSA, EtOH, xysame, 2 h.

Kao u angexugHu mpekypcop, aMHHOMETHIIMICHCKH JiepuBaTH 4-hopmuiieqapaBoHa
23-39 Mory ImocrojaTh y YETHPH TayToMepHa o0iuka (cxema 68) y 3aBUCHOCTH Of

CKCIICPUMCHTAJIHUX YCJIOBA.
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Cxema 68. Mozcyhu maymomepHu o0O1uyu aMuHOMEMUIUOEHCKUX depusama

4-hopmuneoapasona.
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IR-Cniextpu cBux jenumema 23-39 caapxke jaky TpaKy KOHYrOBaHE KapOOHHWIIHE
rpyne u3mehy 1658 u 1674 cm™, 3ajeHO ca IMHUPOKOM ariCOPIIIMOHOM TPaKOM BaJICHITHOHE
BHOpAIMje UHTPAMOJIEKYJICKH BOJOHUYHO Be3aHor N—H Ha oko 3440 cm™, ykaszyjyhu na je
tayromep B goMuHaHTHM 00nMK y uBpcTOM cramy. OBa 3amaxama 3a N—H BajieHuuoHe
BuOpamyje y caryacHocTH cy ca |R-cnekTpuMa HEKHX aMHHOMETHWIHMJICHCKHX JepuBaTa
Mpa3on-5-0Ha ca er30LMKIMYHOM ABOCTPYKOM Be3oM Ha mosioxajy C4.’* Pemmrencka
CTPYKTYpHa aHAJIN3a CIIMYHUX JeIUBCHa TOOM]eHNX KOHIeH3aIjoM 4-hopMuienapaBoHa u
2-aMHHOETaHOJIa TOTBphyje IMOCTOjame KETO-aMHHCKHX TAayTOMEPHHX OOJIMKAa y YBPCTOM
cramy.'?

Mogamm go6ujenn n3 "H NMR cnekrapa y DMSO-ds pactBopy cy mokasamu naa
jemumema 23-35 mocroje y HajBehoj Mepu y oOJMKY cTpykrype B crabwimsoBane
MHTPaMOJICKYJICKMM BOJOHHMYHUM Be3ama. JlyOsieT Koju ce jaBjba Kao MOCJIEINIIAa KYyTUIOBamkha
u3Mely IpoToHa Ha er30LMKINYHOM YTJb€HUKOBOM aTOMY M aMHUHO-TIPOTOHA MOTBphyje oBYy
XUIIOT€3y M HCKJbydyje TMPHCYCTBO JPYIMX TayTOMEpPHHX CTpyKTypa. Hako uename
erzouukinyHnX CH mpoTtoHa Huje 100pO pas3iokeHO KOJl CBUX jeIHIbEHa, UCTa CTPYKTYpa
6u Tpebano ga Oyae MpUCyTHA 300T MCTOT MM BeoMa OJMCKOT XEMH]CKOT MOMepama OBOT
npotoHa. Illta Bumie, moryha je Op3a paBHoTexHa n3Mmena usmelhy B u C Tayromepa, mro
pesyatyje mojaBoM mpocedyHor NMR-curnana. Jenumema 36-39 moka3yjy WHTEH3HBaH,
OILITap CHHIJVIET KOjU ToTWde of erzouukiandyHor CH-mpoToHa M jako pa3By4eH CHUTHAI,
m3MewmuB ca D,O, Ha HHUXKEM TTOJBbY, IITO YKa3yje Ha MOCTOjame TayToMepHe cTpykType C kao
nomuHantHe y DMSO-dg pactBopy. OBa BpeIHOCT XEMHjCKOT TOMEpama HCKIbydyje
tayroMep D jep 61 y ToM citydajy OMIIO OUEKHBAHO MPHCYCTBO a30TOBOT IPOTOHA U3 MPCTEHA

Ha 3HAaTHO BHIIEM IIOJBY.
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Jlpyru aepuBaTH MUpa3oi-5-0Ha, KOjU ce O]l eJapaBOHa pa3jiMKyjy Ha ocHOBY R u R

cyncruryenara 40-64, nobujeHu cy mpema cxemu 69.
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Cxema 69. Peacencu u ycnosu: 3a amune: p-1SOH, EtOH, kysare, 2 h; 3a amuno-xucenune:

EtOH, kysare 4 h.

JloOujeHn angexuau Ccy Jajbe pearoBaad ca 3-aMHUHONUPA30JiiMa W aMHUHO-
KucenuHama jaajyhu xesbeHe 4-aMUHOMETHIIMACHCKE NepuBaTe mHpa3on-5-oHa, 40-64, y
I00pUM W OUTMYHUM NpPUHOCHMA. Y peakiuju 4-(hopMIIIUPa30IOHCKOT TpeKypcopa ca 3-
AMHUHOITUPA30JIMMa TIPUCYCTBO KATAIUTHYKE KOJIUYHMHE pP-TOMYCHCYI(OHCKE KHUCETHHE
HEOMXOJHO j¢ Ja CIpeYd EHOJW3alrjy KapOOHWJIHE Tpylne M TIOMEpame TayTOMEpHE

PaBHOTCIKE Ka IMMOJIA3HOM TayTOMCPHOM 06JII/IKy Ca Cr30UKIINIHOM ABOCTPYKOM BC30M.

77



Hokmopcka oucepmayuja-Hawu paoosu

AMUHOMETHIIUICHCKU JepuBatu 4-hpopmuinupason-5-ona 40-64 mory mocrojata y
YeTHpHU TayTOMEpHa 00JIMKa Kao IITO je MpUKa3aHo Ha cxeMu 69, y 3aBUCHOCTH O] TIOJI0%kKaja
M BPCTE CYNCTUTYCHTa Ha MUPA30JIOHCKOM je3rpy, CTPYKType 3-aMHHOIHMPA30JICKOT OCTaTKa
Y TIOJIAPHOCTH pacTBapaya.

IR-CniekTpn aMHHCKHIX JepuBaTa caJpike JBe KapaKTePUCTHYHE TpaKe y 00JIaCTH O
3415-3436 cm ™ u 1656-1680 Cm_l, KOje MOr'y OWTH MpHUMKCAaHe BAJICHIIMOHUM BHUOpaljama
v(N-H) u v(C=C), pecnektuBHO, ITO YyKa3yje na je Tayromep B ca ersommkinuHom
JIBOCTPYKOM Be30M jaoMuHaHTaH. Kao koj amuua, y |IR-crekTpuma aMHHO-KHCEIMHCKUX
JlepUBAaTa IPUCYCTBO Hajjaue alcopIpoHe Tpake Ha 1650-1670 cm™ npumucaso je v(C=0)
BUOpalMjamMa MUPa30JIOHCKOT TpcTeHa NMOoTBphyjyhu mocrojame TayroMepHUX obiuka By
YBPCTOM CTamy. Takohe, aMHHO-KHCEIMHCKH JICPUBATU J1ajy HMIMPOKY TPaKy BaJCHIMOHUX
Bubparja O—H rpyne y obmacti ox 3220-3285 cm™, 1ok cy kapGOHMIHE BajeHIMOHE
BUOpaIyje NpUcyTHe y 00JUKY Tpake cpelmer uarensutera usmehy 1710 u 1736 cm™. Osa
3amaxkama cy y ckiaay ca IR crnekTpuMa HeKUX aMUHOMETWIIMICHCKUX JepuBaTa Mupa3oi-5-
ona’® koja cy TOTBpl)eHa PEHATEHCKIM CTPYKTYPHIM aHATH3aMa CIHYHHX jeIHbeHha. 2

Ha ocHoBy monartaka moOujeHUX U3 'H NMR-cnekrtapa aMUHCKMX JepuBara y
DMSO-dg pacTBOpy, MOXE C€ 3aKJbYYHTH J]a CaMo jenumbeme 45 1mocroju y TayrToMepHOM
00Ky B 300r mojaBe ny6nera ersouukinyaux CH u NH npoToHa, kao pe3ynTaT BUXOBOT
y3ajaMHOT KYIUTOBama ca PEJIATUBHO BEJIMKOM T€MHUHAJTHOM KOHCTAHTOM KyrioBama of 13,0
Hz. CBu octanm aMMHCKH JepuBaTH 00a MMPa30i-5-0HA U aMUHO-KHUCEIMHCKH JIepUBaTH 3-
benm-2-nupazonuH-5-ona npucytau cy y oonuky OH (C) wiu NH (D) tayromepa. NH (D)-
TayToMep 3axXTeBa [IPUCYCTBO CHTHANIA HA BUILIEM T10JbY — KOjU HHje puMeheH y crieKTpuMa,
npeMa MPUCYCTBO MPOCEYHOI CHUTHAJla HE MOXKE OUTH HCKJbYYEHO Kao mocienuia Op3e
xemujcke mmene mmely OH (C) mm NH (D) Ttayromepa.’” Baxwo je mcrahm na je oBaj
curHan y BehwHH ciydajeBa OMO jako pa3BydeH 300T HMHTPAMOJECKYJICKOT BOJAOHUYHOT
Be3MBama ca Jpyrum N/O aTomuma.

MelhytuM, aMUHO-KUCETUHCKH AepuBaTH 1,3-mudeHu-2-mupa3oanH-5-0Ha MOCTOje
HCKJPYUMBO y TayToMepHOM oOimKky B. CBa oBa jenumema 1ajy MyOJsieT 3a er30IUKINnIHI
CH-nporon u BunuHaiHu NH-nporon. IlltaBuine, koA METHHCKOT IPOTOHA aMHUHO-
KHUCEJIMHCKOT OCTaTKa JOJIa3u JI0 JIOJATHOT Iienama ayonera ayonera (dd) y ddd 36or
KyIIOBama ca BUIIMHATHUM NH-1poToHOM, ymMecTo odyekuBaHor nprcyctsa dd 3a 610 koju

npyru tayromepuu o0iuk (Ilpunor, couke I19 u I110).
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2.5. buojonika aKTHBHOCT CHHTETU30BAHUX jeINIbEeHha

3a HOBOCMHTETH30BaHa jenumema 1-9 mcnmrana je In Vitro aHTu-nponudepaTuBHA
akTHBHOCT Ha henmje xymane neykemuje (K562), anenokaprunoma nebdenor upesa (HT-29),
kapruaoma 1epukca (Hela) u wopmamnor d¢erannor ¢udpormracta miyha (MRC-5)
kopuctehu cyndpopogamuu-B (SRB) tecr® u Doxorubicin (Dox) xao pedepeHTHH

LIUTOCTAaTUK. Pe3ynratu cy nmpukaszanu y rabenu 7.

Ta6ena 7. In vitro yumomokcuuna akmusnocm jeourserva 1-9.

ICso (nM)*

Jenumeme K562 HelLa HT29 MRC-5
1 8,89 > 100 > 100 > 100
2 > 100 9,21 > 100 > 100
3 4,17 > 100 72,31 > 100
4 1,02 14,43 8,31 > 100
5 0,97 11,97 6,45 > 100
6 6,37 > 100 > 100 > 100
7 > 100 7,64 > 100 > 100
8 4,69 96,34 > 100 > 100
9 3,25 > 100 67,32 > 100

Dox 0,36 1,17 0,51 0,32

? KoHIeHTpalja TeCTUPAHOT jeum-¢Hba II0TpebHa 32 HHXMOUIHM]y pacta hemuje 3a 50%

Manurna henujcka imuamja K562 Ouna je HajoceT/bMBHja, MPU YeMy j€ 3HayajHA
IIUTOTOKCUYHOCT 3amakeHa KOJ celaM OJi JIEBET TECTHPAHUX jelUIbeha. Jenumema ca
O6eH3mwi-rpynoM (4 u 5) mokaszana cy Hajjauy LUMTOTOKCHYHY AaKTMBHOCT IpeMa hemnujckoj
JTUHUjU XyMaHe jeykemuje, K562. 3amenom GeH3mi-rpyne y jenumeny 4 ca XxuapopobHom
M300yTHII-TPYIIOM, YUME je TOOHJeHO jeNUmbemhe D, 3aapikaBa ce MOTyhHOCT XuapodoOHOT
BE3MBama, y3 opehene crepHe pasnuke. [lopeheme NMTOTOKCHYHOCTH jenumbema 4 u 5 ca
jenumemeM 3 ykadyje na ¢y 4 u 5 aktuBHUjU y mHXUOUIMjU oBux hemmja. Kamga ce 60ounun

JaHaI] 3aMEHU Ca HM3OMPOMUI-TPYNOM (2) jeNumbeme je MOTIMYHO HeaKTHBHO mpema K562.
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YMepeHa akTHBHOCT c€ MOCTHXe yBolemeM J10aTHOT XeTepoaroma y 6ounu HH3 (6). Oe
pa3iMKe y IHMTOTOKCHYHOCTH MOTY OWTH TOBE3aHE Ca HHUXOBOM KOHPOPMALUjOM H
BEJIMYMHOM CYIICTUTYeHTa. BomymuHo3Ha wusomponui-rpyna (2) u arom cymmopa (7)
CMEIITeHH y ONU3WHN aMHHOKapOOKCHJIATHOT CKEJIeTa Y3POKY]Y CMambeHmhe IMUTOTOKCHYHE
aKTUBHOCTH, BEPOBATHO CIIpeyaBajyhu cTBapamke WHTEPMOJIEKYJIICKE WHTEpakiuje ca
henujckum  penentopoM. IlopehemeM IIMTOTOKCHYHOCTH —jeUI-EHa JOOMjEHUX W3
pa3IMuYNTUX eHaHTHOMepa (heHWIaJaHWHA BHIU ce na D-(eHWIaNaHuH TOKa3yje CIUYHY
aKTUBHOCT Y OJHOCY Ha L-(peHmmanaHuHCKH eHaHTHOMep. Takohe ce Moke MPeTHOCTaBUTH
na cy 4 u 5 HajakTUBHU]U 300T CBOj€ IUIAHAPHOCTH U XUAPOPOoOHUX ocoOrHa. OBH pe3ynTaTu
yKa3yjy Ha TO Ja IPOCTOPHU €(eKTH U IyKMHa OOYHOT JIaHIla Mopajy OUTH 3HauyajaH (axTop
MIpH TUTaHUpaky Oynyhux Monekymna. 3aHUMJBHBO je ucTahu na jenumema 8 u 9 ca moJapHUM
XUJIPOKCWIIHUM TpylaMa MMajy ciabujy akTUBHOCT of 4 u 5, yka3yjyhu na eleKTpOHCKHU
KapakTep MoXe OUTH Mame 3HavajaH y OJJHOCY Ha XUIApOoPoOHE 3aXTEBE aMUHO-KHCEITMHCKOT
nena Moiekyna. Jenumema 4 u 5 takohe cy aktuBHa mpema Hela m HT-29 henujckum
JMHHUjaMa, PECIICKTUBHO, alld j€ HMXOBa AKTUBHOCT 3HA4YajHO HWXKA Yy OJHOCY Ha
Doxorubicin. C gpyre ctpaHe, HUJETHO JeUIbECHE HUJE MOKA3a10 ITUTOTOKCHYHOCT MPOTUB
MRC-5 henmjcke numamje. [lakime, xuapodoOHHM KapakTep W CTEpPHH €(PEKTH aMHHO-
KHUCEJIMHCKOT JIeJla TMPEeJCTaB/bajy KJbYyYHE MapaMmeTpe IEeMOHCTPUpPaHE aKTUBHOCTH Ipema
K562 henujckoj nuHuju.

In vitro antutymopcka akTuBHOCT jenuiberba 10-21 oapehena je momohy MTT Ttecta
npema Hela, memanomy (Fem-x) u xymanoj neykemuju (K562).""! TaGena 8 npencrasiba
pesynaTaTe UTOTOKCUYHE aKTUBHOCTH, JOK Ccy Ha cinukama 13 u 14 ngate MUTOTOKCHUYHE
kpuBe u3 MTT Tecra koje nokasyjy oncranak Hela u K562 henuja Tokom 72 h y npucycTtBy
pactyhux koHueHtpanuja D-penunananunckor (15), mernonunckor (16), xuctuaunckor (20)
u tpunrodanckor (21) nepuBarta.

CaM QeporieH HEMa aHTUTYMOPCKY aKTHUBHOCT, aiu yBohewe N-peHwmnmnupaszoicke
JenUHUIE Jaje MPOUM3BOJ Ca H3PAXKCHUM IUTOTOKCHYHMM oOcoOuHama. Moaudukamnujom
aNJIeXUIHOT TIpeKypcopa (cxeMa 59) ca pa3nuuuTHM o-aMUHO-KHCENWHama, 100ujajy ce
MPOM3BOAM ca TOOOJBIIAHOM IIMTOTOKCUYHOM aKTHBHOIINY y mopehemy ca monasHuM
Matepujanom. Kao mro je npukazano y taGenu 8, manurHa henujcka nuauja K562 Beoma je
ocerspuBa. HajakTuBHHMja jeumbema Cy METHOHMHCKHM, XUCTUIMHCKH M TPUNTO(AHCKU

nepuBatn 16, 20 u 21, pecnekTHBHO, KOjU C€ OJIUKY]y OObMM LUTOTOKCHYHHM
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MOTEHIMjaJIoM y TMopehemy ca mojasHUM IpeKypcopoM 3-¢eporeHni-1-henmmnupason-4-

kapOamaexunom (FPCA).

Tao6ena 8. 1Csy (ug/ml) speonocmu mecmupanux jeourserwa u Cis-niamurne moxkom 72 h

oenosama na HelLa, Fem-x u K562 henuje, oopehene MTT mecmom.

Jequmeme HelLa FemX K562
1Cs0 (M)
10 46,71 £5,94 41,42 +2,91 41,01 +1,56
11 48,52 +1,18 67,04 £ 4,92 61,24 £ 11,37
12 25,13+ 7,33 17,36 + 4,62 11,78 £ 4,63
13 10,69 £5,00 19,14 + 1,16 7,29 + 2,86
14 11,51 £2,93 16,82 + 2,31 6,92 + 2,04
15 10,92 + 2,38 16,67 + 1,43 7,78 £ 2,84
16 21,71 + 2,88 12,66 + 3,59 6,29 +1,15
17 31,80 + 4,56 22,16 £ 2,11 11,64 £ 5,92
18 24,91 +1,04 16,37 + 5,69 12,67 £ 2,07
19 20,95 + 2,16 19,88 + 2,08 8,13 £ 2,65
20 10,08 + 1,30 16,76 + 4,43 6,16 + 0,43
21 7,95+1,42 9,78 £ 0,27 6,34 £ 1,24
deporieH > 100 > 100 > 100
FPCA 15,68 £ 0,03 10,11 £ 0,27 7,91+0,43
Cis-ruiaTuHa 2,10+ 0,20 4,70 £0,20 5,90 £ 0,20
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HeLa
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Cauxka 13. Penpeszenmamusnu epagh xoju nokasyje oncmanax HelLa heauja moxkom 72 h y

npucycmasy pacmyhux konyenmpayuja jeourserva 15, 16, 20 u 21.
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Camka 14. Penpeszenmamusnu epagh koju noxasyje oncmanax K562 heauja moxom 72 h y

npucycmaey pacmyhux konyenmpayuja jeourserva 15, 16, 20 u 21.
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Panuje je o0jaBibeHO Aa MopacT JUMOPUIHOT KapakTepa Koia (epoileHa pe3yiryje
GosboM ruToTOKCHYHOM aktiBHomhy.'** VY HammM ekcrepEMeHTHMa, CYIPOTHO OBHM
3aKJpydlliMa, Hal)eHO je Ja CepHHCKM W THpO3WHCKH nepuBatk 18 m 19 ca momapHum
XHJIPOKCHUIIHUM Tpynama HMajy clla0Hujy akTHBHOCT OJ jelUIEHha Cca apoOMaTHYHHM H
HapOUYUTO XETEPOAPOMATHUYHUM IPCTEHOM, IITO YKa3yje Ja TUNO(UIHA KapaKTep UMa Mambu
3Ha4yaj y OJHOCY Ha NoTpely 3a IUIAaHapHUM apoOMAaTUYHUM aMHHO-KHUCEIMHCKUM J1EJI0M
Monekyna. Heka  wHTepecaHTHa  OTKpuha  caommrTeHa cy 3a  cepujy  N-
(peporieHIIT)OCH3OMIANIIEITUIHNX ~ €cTapa, YKasyjyhn Ha CHIKEHE IIUTOTOKCHYHE
AKTHBHOCTH Y 3aBHCHOCTH OJ TMOPACTA JIy)KHHE AJKHIHOT JIAHIA O-aMHHO-KHCenuHe. >
MehyTum, CBM OBHM MOJAIM J0ja3€ O] Pa3IMUUTHX KaHLEPOreHUX heiaujcKuX JUHMja ILITO
otexxkaBa mopeheme ca HammM pesyntatuma. [lag nurToTrokcuune aktuBHOCTH 3a 11 m 17 y
nopehewy ca 12 m 16, pecnekTHBHO, MOXKe OWTH y BE3W Ca BCIMYMHOM W CTCPHUM
(baxTopuMa MpOCTOPHO BeuKe u3onponmwi-rpyme (11) u BomymuHo3HOT atoma cymmopa (17)
y OJIM3MHU aMUHOKAapOOKCUIIHOT OcTaTKa. [IUTOTOKCMYHE aKTUBHOCTHU jeIUIbEHha JOOUjeHUX
3 o0a eHaHTHOMepa (peHHIANaHWHA, YKJbY4yjyhu M paiieMar, mokasyjy JAa HeMa 3HauajHe
pasiuKe y BUXOBO] aKTUBHOCTH y OJIHOCY Ha CBE TPHM TeCTHpaHe BpcTe henujckux JHHHjA.
OBH pe3yaTaTu Cy MOTBPIWJIM 3HA4Yaj MPUPOJAE AMHHO-KHCEITMHCKOT OCTAaTKa M CTEPHHUX
edekara 3a TOTEHIHMjan crpedaBama pacta K562 henujcke nuHHMje. XUCTUAMHCKU H
tpuntopancku nepuBatu 20 u 21 mokazanu cy HajOo/by HMHXHOUIM]Y CBE TpPH BpCTE
KaHIepOreHnX NeNMjcKuX JuHHja, aau je akTUBHOCT 21 Ha Fem-x manurne henuwje Ouna
roroBo uaentnyHa ca FPCA. Csa ocrana jenumerma cy Ouina ymepeHo aktuBHa npema Hela
u Fem-x henmjama.

3a cuHTeTH30BaHA jequmbeba 23-39 UCIUTHUBAHA j€ aHTUNPOIU(EpaTUBHA aKTHBHOCT
npema Hela, K562, xymanom kauuepy nojke (MDA-MB-361 u MDA-MB-453) u xymanom
kapiuHomy aebernor npesa (LS174), ca cis-tutaturom (Cis-DDP) kao pedepeHTHHM IHMTO-
cratukoM. Tabema 9 caapku pesynTate IMTOTOKCHYHE AaKTUBHOCTH, JOK ciuka 15
NpeJCTaB/ba LUTOTOKCHYHE KpuBe nobujeHe momohy MTT Tecta m mokasyjy omcraHak
MDA-MB-361 1 MDA-MB-453 henuja TokoMm 72 h, y npucycTBy pacTyhux KOHLIEHTpaluja

jenumema 39.

83



Jlokmopcka oucepmayuja-Hawu paoosu

Ta6ena 9. 1Cs (ug/ml) speonocmu mecmupanux jeourserva u Cis-nramune moxom 72 h oeno-
sarwa na HelLa, MDA-MB-361, MDA-MB-453, K562 u LS174 henuje, oopehene

MTT mecmowm.

Jennmema Hela MDA-MB-361 MD:;;V'B- K562 LS174
1Cs0(LM)
23 185,67+0,02 H.T >200 154,50+0,96 H.T
24 72,91+0,78 H.T 91,53+0,06 72,79+£2,21 H.T
25 86,32+0,96 H.T >200 137,08+1,65 H.T
26 >200 H.T 169,20+£1,76 | 168,02+1,80 H.T
27 183,75+0,21 H.T 176,74+4,02 | 115,62+0,93 H.T
28 184,15+1,43 H.T >200 167,26+£1,08 H.T
29 180,06+1,11 H.T >200 185,15+2,35 H.T
30 62,76+0,25 H.T 110,90+0,53 | 87,18+1,08 H.T
31 148,58+1,84 H.T 98,18+0,23 80,51+6,24 H.T
32 69,18+1,69 H.T 117,42+1,59 | 86,82+1,18 H.T
33 >200 H.T >200 158,92+1,39 H.T.
34 188,97+0,11 H.T 178,47+0,43 | 187,18+0,95 >200
35 124,10+0,34 H.T 74,24+0,24 75,65+£2,89 | 88,165+3,55
36 83,71+1,22 H.T 44,75%0,12 79,91+0,69 | 64,825+3,70
37 130,56+2,23 H.T 91,06+5,11 79,77£0,65 | 89,61+1,27
38 174,19+0,98 H.T. 88,84+1,72 | 166,39£0,24 | 126,81+1,44
39 35,79+2,35 13,63£3,56 10,51+0,09 22,13+3,85 | 169,48+1,01
EnmapaBon | 195,28+0,33 H.T. 99,36+0,22 | 108,59+1,35 | 92,87+5,34
Cis-mmatuna | 2,41+0,14 14,74+0,36 3,75+0,12 7,9£0,20 7,95+0,32

H.T.: HI/Ije TECTUPAHO
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Camuka 15. Penpezenmamusnu epag xoju noxasyje oncmarnax MDA-MB-361 u MDA-MB-

453 henujcrxux aunuja moxkom 72 Ny npucycmay pacmyhux konyenmpayuja jedurserva 39.

Tayromepuja Ou Moria Ja wWMa BaXkKHY yJOTY y aHTUTYMOPCKO] aKTUBHOCTH CBHUX
TECTHPAHUX JeIUCHha TIPeMa HEKOJIMKO hellnjcKux JuHuja. YonmTeHo ropopehu, jennmema
36 u 39 koja caapke 3-aMHUHOIIMPA30JICKH OCTATaK U Koja 1ocToje y TayromepHoj hopmu C
MOKa3yjy Hajjady aHTHNPOJIH(EepaTHBHY aKTHBHOCT, HAPOUYUTO IMpema henwjama XymaHOT
KapIMHOMa Jojke. Jenumeme 39 je UCMOJbUIIO0 jauy HUTOTOKCHYHOCT y nHXubuuuju MDA-
MB-361 tuma henujckux nuHHja y nopehemy ca Cis-mumatuHoM. [Ipyrd BakaH YCIIOB 3a
cy30mjame pacta henuja jecte BpcTa CyniCTUTYeHTa Ha mmosioxajy C5 mupa3osickor npcreHa 3-
amuHOTHMpa3oicke (apmakodope. OuurieHO je na XETepoapoOMaTHYHH M IUIAHAPHU
apoMaTUYHU TpcTeHOBH y monoxajy C5 mupazoncke jequnuie (36 u 39) eduxacHuje
uHxubupajy pact MDA-MB-453 henuja ca ICsp BpeanoctuMa 2 u 9 myrta, pecrneKTUBHO,

HIDKUM O]l BPEIHOCTH 3a jeoumeme 37 KOje CcaapKu METWI-rpyny y mnojoxajy CS.
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ITopehewmem jenumema 34 u 35 y uctoM tayromepHoM 00Ky B, 3amaskeHo je na MeTHII-
rpyna Ha nonoxajy C5 uma apacTH4yaH TPEH]] CMameHha IMUTOTOKCUYHE aKTUBHOCTH IpeMa
cBuM henujckum nuHrjama. MHTEpecanTHo je jou uctahu a caM ejapaBoH MoKa3yje 3HaTHO
HWKY aKTUBHOCT O] jeinmberba 39.

AnTunponudepaTiBHa akTUBHOCT jenumema 40-64 onpehena je Tectupamem mpema
MDA-MB-361 (ectporen-zaBucie) u MDA-MB-453 (ecTporeH-He3aBUCHE) XyMaHUM
KaHieporenum henmjama gojke, ca Cis-ruratunom  (Cis-DDP)  kao  pedepeHtHUM
muToctaTukoM. BaxkHo je ucrahm ma je MDA-MB-361 henujcka nuHWja oTHOpHA TpeMa
mmpoko kopumtheHuM 1uroctatuiiMa kao mro cy Paclitaxel, Doxorubicin u 5-

fluorouracil.***

VY tabenu 10 nmpeacTaBibeHE Cy BpEAHOCTH IUTOTOKCUYHE aKTUBHOCTH.
Jenumema nobujeHa u3 1,3-mudennn-2-nmupa3onun-5-ona (45-49 u 57-64) umana cy
Hajjady aHTUIPOIU(EpaTUBHY aKTUBHOCT IpeMa aBemMa henmjckum nuHHjaMa. Jennmema 46,
47, 49, 57, 58, 59 u 60 nokazana cy jauy nuroTokcmuHocT mpema MDA-MB-361 henujckoj
JUHUjU o CiS-TaTuHe, ca jenumemeM 47 Kao HajakTHBHUjUM. EcTporeH-He3aBHCHa
kaHueporeHa henujcka nuauja MDA-MB-453 6una je Mame oceT/bHBa Ha NMPUMEHY OBE
TpyIe jequmkemha, ad j€ PeJlaTHBHA aKTHUBHOCT JEIUIEHa OJlpKaHa. Y OBOM CIy4ajy,
HajaKTHBHH]jE je OWI0 jenumeme 49, Koje y CBOjOj CTPYKTYPH CaapKu S-(QeHMIMTUPA30ICKH
octarak, ca ICsy BpenHomrhy oko 2 myra Behom of Cis-tuatune. C apyre cTpaHe, jeIUmbCHa
nobujeHa u3 3-peHun-2-nupazonuH-S5-ona (40-44 u 50-56) mokaszama cy 3HATHO HHUXKY
aKTUBHOCT TipeMa oOema henwjckum nuHHjaMa. [[UTOTOKCHYHOCT pacte camMo 1o yBohemy
¢benmn-rpyne y nupasoiicku octatak (44). HapaBHO, HE MOXe ce UCKJbYYUTH HU YTHIIA]
TayTOMEpHje Ha aHTUNPOJIH(EpPaTUBHY aKTUBHOCT, alld PE3YyJITATH KOJU CY OBJIE M3JIOKECHH
MoKa3yjy na yBoheme napyre (QeHwI-rpyne MO)Ke HaJABIAJaTH YTHUIA] TayToMepuje Ha
LUTOTOKCUYHOCT, yKazyjyhu Ha mnoTpely 3a IUIaHApHUM apoOMaTHMYHMM TIpylaMma paau
no0oJpIIamka aKTUBHOCTH. Y AW(EHWINMHMPA30JI0OHCKUM JIepUBaTHMa IPUCYCTBO JIOJATHE
(beHu-rpyne MoXke JOBECTH W 10 I0jadyaHOr yTHUIaja aMHHO-KHCEITMHCKOT OCTaTKa ca
aTOMOM CYMIIOpA, IITO AOBOJAU /10 00JbHMX MOTYNHOCT 32 MHTEPAKIH]Yy ca Pa3HUM aKTHUBHUM
neHrpuma. OBo je aprymenroBaHo BuUIIOM ICsy BpenHomhy 3a METHOHMHCKM U S-

METHJIIIMCTENHCKH nepuBat 51 u 52 y onHocy Ha oarosapajyhe 59 u 60.
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Ta6ena 10. 1Csy (ug/ml) epeonocmu mecmupanux jeourera u Cis-niamune mokom 72 h

oenosarwa na MDA-MB-361 u MDA-MB-453 henuje, oopehene MTT mecmom.

MDA-MB-361 MDA-MB-453
Jeqnmema
1Cs0 (LM)
40 120,57+6,44 74,61+4,41
41 63,71+2,69 20,86+2,01
42 96,05+1,17 93,00+2,83
43 95,34+3,16 74,86+0,98
44 42,66+2,71 11,53+0,96
45 24,65+0,36 19,35+2,90
46 13,36+1,31 12,36+2,23
47 9,98+1,35 10,24+0,41
48 51,01+2,93 34,66+1,51
49 12,17+0,07 8,75+0,08
50 67,05+5,62 94,78+3,40
51 105,11+5,33 42,15+2,35
52 97,36+1,33 105,23+0,31
53 104,61+6,77 23,69+0,09
54 61,06+1,39 29,77+2,75
55 113,33+0,71 73,89+4,88
56 93,63+2,02 41,66%5,11
57 11,53+0,66 10,43+1,74
58 11,88+0,28 9,66+2,14
59 12,47+1,35 9,43+0,74
60 14,22+1,78 9,46+1,05
61 52,75%3,97 49,01+3,31
62 24,79+2 88 10,92+0,43
63 87,24+1,66 71,11+0,58
64 33,86+0,87 9,75+1,01
Cis-tuiatuHa 14,74+0,36 3,75+0,12
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[lomTo oBa jeaumema HUCY TIOKa3aja JOBOJbHO BHCOKY aHTHOKCHUAATUBHY
aKTHUBHOCT, NIPETIIOCTABILEHO j€ J]a BbUXOB MEXaHM3aM JIeJIOBaba HUje TIOBE3aH ca CI000AHO-
paIuKaICKOM aKTHBHOIINY. 3ato je MEXaHU3aM JIeTIOBamba WCTIUTUBAH
IUTOQIIYOPUMETPHJCKOM  aHaJIM30M. Pempe3eHTaTMBHA aHanmmM3a heaMjcKor HUKIyca

KaHIEpOoreHuX henmjcKux JIMHUja yKa3yje Ja TeCTHpaHa jeAbeha MHIYKY]Y aronTo3y.
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3.1. du3uyka Mepema

Tauke ToIbEHa CBHX CHHTETH30BaHHMX jeauibela ojapehene cy wa Mel-Temp
amapary, mogen 1001 m Hucy kopuroBane. Ontuuka poramnuja je oapehena na Rudolph
Research Analytical ayromarckom nomapumetpy Autopol IV. Exemenrapna anammza (C, H,
N, S) cBux jenmumema ypaheHa je momohy craHmapaaux wetoga y LleHtpy 3a
WNuctpymentanne ananuze, Xemujckor (axynrera y beorpany. Mudpanpsenu cnextpu
caumanu cy Ha Perkin Elmer Spectrum One FT-IR cnekrpodoTtomeTpy ca KBr quckom. Cu
Hu BC HyKJIeapHO-MarHeTHo-pe3oHaHonn (NMR) crektpu cHumanm cy Ha Varian
Gemini 200 u Bruker Avance I11 500 MHz criektpomerprma. XeMujcKa moMepama ata ¢y y

onHocy Ha TMS (TpuMeTwiIcHIaH).

3.2. [locTynak 3a cuHTE3y jenumema 1-9

PactBop anerodenona (30 g, 0,25 mol) u penmnxuapasuna (27 g, 0,25 mol) y 60 ml
EtOH 3arpesan je 1 yac Ha Bogenom kymarminy (70 °C). Hakon xnahema, 700HUjeHH TaJOT je
nporehen, ucrpan ca mano xmagHor EtOH u ocymieH y ekcukaTtopy mpeKko aHXHIPOBAHOT
CaCly,. Ipunoc: 45,7 g (87 %). Jobujenu anerodpeHon-penmnxuapason (36,08 g, 0,17 mol)
pactBopeH je y 34 ml DMF-a u narano nogasan cmecu DMF (32,7 ml, 0,42 mol) u POCl;
(38,8 ml, 0,42 mol) y3 xmahewe nHa 0 °C. Peakuuja je mOBpIIEHA 3arpeBameM Ha
temmneparypu o 70-80 °C tokoMm 5 yacoBa. CMeca je HakoH XJsahema pa3diiakeHa BOJAOM U
XUJIPOJIM30BaHa JonaBameM 3acuheHor pactBopa Nap,COs. JloOujenu Tanor je mporehes,
UCIIPaH Cca BEIMKOM KOJIMYMHOM BOJIE U OCYILECH y eKCHKaTopy npeko anxuapoBanor CaCl,.
IMpunoc: 35,0 g (83 %).

1,3-Iudenunnmupason-4-kapoannexun (0,62 g, 2,5 mmol), a-amuno-kucenuna (2,75
mmol) u NaOH (0,11 g, 2,75 mmol, 3a 9 0,229, 5,50 mmol) memnianu cy y mopienaHCKOM
aBaHy paju no0OWjamka XOMOTeHe Oelie TMpaliKacTe CYICTAHIIE CBE JOK HHjEe IMPECTalo
u3aBajambe Boje. JloOujeHa cmeca je mpenuBeHa y OanoHy ca 50 ml cyBor mertaHona u
pedurykToBaHa TokoM 2 cara. [lociie xmahema y JeeHOM KynaTily, JOAAT je HATPHjyM-
oopxuapun (0,11 g, 3 mmol) u3 Buie nopuuja y3 Memiame. PacTBop je meran jorr 2 yaca Ha
COOHOj TeMIepaTypH, 3aTuM je pazonaxen ca 50 ml gejoHn3oBane BoJie M OCTaBJbEH J1a CTOjH

jom 12 wyacoma. Ilocie Tora, MakKJbUBUM JI0/1aBaleéM TJalldjaliHEe CUphETHE KHUCETUHE
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nobujeH je Oenu Ttanor. Uspctu mpousBoj je mpeumimtheH pactBapameM y 1M NaOH u
MMOHOBHUM TaJIOXKEeHeM Momohy riamnujanHe cuphetne kucenuue. JloOujern Oenm Tajor je
nporehen Ha Bichner-oBom JieBky, UcCrpaH ca A0CTa BOJE U OCYIICH y €KCHKATOPY MPEKO

aaxuaposanor CaCl,.

3.2.1.
O~ 1: Bena amopdua cymncranna; npunoc: 0,56 g (73%); T.T.
. ﬁj\cooe 190-191 °C (pasnarame); IR (KBr, cm%): 3063 v (C—H)a,
N/\ \ W H 2960 u 2820 v (C—H)ai, 26502400 v (NH"), 1626 vis
1N (CO0O), 1601 v (C=C)ar, 1547 v (C=N)a, 1502 5 (C=C)ar,
:@ 1453 § (C=N)a, 1412 v4(COO"), 1066 & (C-H)ip, 758 5 (C-
¢ H) oop; 'H NMR (200 MHz, mupuaun-ds/D,0, 9/1 viv):

4,19 (s, 2H, CH,-COO0), 4,74 (s, 2H, Pz-CH,), 7,40-7,71 (m, 6H, 1H ma C-4, 1H na C-4', 2H
na C-3/5 u 2H na C-3'5Y), 7,97 (d, 2H na C-2/6, J = 8,00 Hz), 8,00 (d, 2H na C-2/6', J =
8,00 Hz), 8,94 (s, 1H, Pz): ®°C NMR (mupumnn-ds/D,0, 9/1 viv): 41,87 (Pz-CH,), 50,13
(CH,-COO), 113,09 (C-4, Pz), 119,15 (C-2/6), 127,31 (C-4), 128,66 (C-2/6"), 129,08 (C-4'),
129,46 (C-3/5"), 130,02 (C-3/5), 130,40 (C-5, Pz), 132,42 (C-1'), 139,72 (C-3, Pz), 152,50
(C-1), 170,83 (COO). Hspauynato: CisH17N30; (307,35 g/mol): C, 70,34; H, 5,58; N, 13,67;
Haeno: C, 70,12; H, 5,62; N, 13,55.

3.2.2.
2: bena amopdmna cymncranna; npunoc: 0,72 g (82%); T.T.

: I . 198 °C (pasnarame); [0]o® = +12.77 (c = 1,096 -10°°
N “H o0 g/cm3, mupuaua/H,0, 9/1 viv); IR (KBr, cmfl): 3059 v (C-

By
b H)a: 2965 1 2876 v (C-H)ai: 2600-2400 v (NH,"): 1614
@ vas (COO7); 1600 v (C=C)ar, 1550 v (C=N)a, 1504 §
4 (C=C)ar, 1451 5 (C=N)ar, 1411 v; (COO"), 1069 5 (C-H)i

756 & (C-H)oop; "H NMR (200 MHz, mapummu-ds/D,0, 9/1 viv): 1,16 (d, 3H, J = 6,62 Hz,
CHs ), 1,19 (d, 3H, J = 6,56 Hz, CHs), 2,31 (m, 1H, (CHs3),CH), 3,55 (d, 1H, J = 5,46 Hz,
CH-COO), 6a = 4,31 1 g = 4,01 (AB cucrem, 2H, Jag = 13,50 Hz, Pz-CH,), 7,33-7,62 (m,
6H, 1H Ha C-4, 1H na C-4', 2H na C-3/5 u 2H ua C-3'/5), 8,02 (d, 2H ua C-2/6, J = 8,00
Hz,), 8,36 (d, 2H na C-2/6', J = 8,00 Hz,), 8,55 (s, 1H, Pz); **C NMR (mupuans-ds/D,0, 9/1
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v/v): 18,81 (CHgs), 19,95 (CHgs), 31,78 ((CH3).CH), 43,25 (Pz-CH,), 67,49 (CH-CQO),
118,80 (C-2/6), 120,14 (C-4, Pz), 126,46 (C-4), 128,33 (C-4"), 128,56 (C-2'/6"), 128,98 (C-
35", 129,14 (C-5, Pz), 129,85 (C-3/5), 134,13 (C-1"), 140,46 (C-3, Pz), 151,93 (C-1), 177,01
(COOQO). Uspauynaro: Cy1H23N30, (349,43 g/mol): C, 72,18; H, 6,63; N, 12,03; Haheno: C,
72,02; H, 6,68; N, 11,86.

3.2.3.
. 3: bena amopdua cyncranna; npunoc: 0,82 g (86%); T.T.
‘ ’ /5\ 184 °C (pasmarame); [o]p®® = —6.09 (¢ = 1,313- 10°°
1N/ \ H/ﬁ\H coo® glem®, mupuaun/H,0, 9/1 viv); IR (KBr, cm™): 3065 v
\1N (C-H)ar, 2956 u 2869 v (C-H)ai, 2550-2300 v (NH,"),
@ "0 1612 vas (COO™), 1600 v (C=C)ar, 1560 v (C=N)ar, 1503 &
™ (C=C)ar, 1454 § (C=N)a, 1412 vs(COO"), 1076 & (C-H)ip,

755 & (C-H)oop; 'H NMR (200 MHz, mapumm-ds/D;0, 9/1 viv): 0,92 (d, 3H, J = 6,72 Hz,
CHs ), 0,96 (d, 3H, J = 6,74 Hz, CHa), 1,89 (m, 2H, CH-CH,-CH), 2,16 (m, 1H, (CH3).CH),
3,87 1 3,90 (2d, 1H, J = 6,36 Hz 1 J = 6,60 Hz, NH-CH-COO), d = 4,42 u Jg = 4,15 (AB
cucrem, 2H, Jag = 13,50 Hz, Pz-CH,), 7,32-7,61 (M, 6H, 1H na C-4, 1H na C-4', 2H ua C-
3/5 1 2H na C-3'5"), 8,03 (d, 2H na C-2/6, J = 8,00 Hz), 8,36 (d, 2H na C-2/6', J = 8,00 Hz),
8,67 (s, 1H, P2); C NMR (mmpuun-ds/D,0, 9/1 VIV): 21,17 (CH3), 21,94 (CHy), 24,14
((CH3).CH), 41,38 (CH-CH,-CH), 41,62 (Pz-CH,), 59,50 (CH-COO), 117,67 (C-2/6),
118,20 (C-4, Pz), 125,36 (C-4), 127,23 (C-4"), 127,43 (C-2'/6"), 127,67 (C-3'/5), 128,22 (C-5,
Pz), 128,71 (C-3/5), 132,66 (C-1), 139,28 (C-3, Pz), 150,78 (C-1), 176,47 (COO).
Vspauynato: CpsHyp7N303 (381,48 g/mol): C, 69,27; H, 7,13; N, 11,02; Habero: C, 68,99; H,
7.21; N, 10,89.

3.24.

4 (L-Enantuomep) u 5 (D-emantmomep): bema amopdna
cyncranmna; npuroc: 0,95 g3a 4 u 0,93 g3a 5 (88% 3a 4 u
869 3a 5); T.T. 185-186 °C (pasnarame); [o]p® = 1,82 (c =
1,100-10° g/cm3, nupuaun/H,0O, 9/1 viv) 3a 4 u [OL]DZO =
@ a0 +1,82 (¢ = 1,100-10 " g/cm®, mupumun/H,0, 9/1 v/v) 3a 5; IR

(KBr, cm™): 3062 v (C-H)a, 2972 u 2853 v (C-H)ai,
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2620-2380 v (NH,"), 1619 v,s (COQ), 1599 v (C=C)ar, 1553 v (C=N)ar, 1503 § (C=C)ar,
1453 8 (C=N)ar, 1412 v (COO"), 1072 & (C-H)ip, 754 & (C-H)oop; 'H NMR (200 MHz,
nupuanH-ds/D,0, 9/1 VIV): a = 3,42, dg = 3,21 u dx = 4,04 (ABX cucrem, 3H, Jag = 13,59
Hz, Jax = 5,15 Hz, Jgx = 8,26 Hz, CH-CHy), da = 4,29 u g = 3,99 (AB cuctem, 2H, Jag =
13,50 Hz, Pz-CHy), 7,28-7,62 (m, 11H, Ar-H), 7,93 (d, 2H na C-2/6, J = 8,00 Hz), 8,20 (d,
2H na C-2'/6', J = 8,00 Hz), 8,29 (s, 1H, Pz); *C NMR (mmpumns-ds/D,0, 9/1 viv): 40,10
(Ph-CHy), 42,88 (Pz-CH,), 63,30 (CH-COO0), 118,77 (C-2/6), 120,66 (C-4, Pz), 126,36 C-4"),
126,78 (C-4), 128,19 (C-4"), 128,50 (C-2'/6"), 128,69 (C-3"/5"), 128,75 (C-5, Pz), 128,96 (C-
375", 129,78 (C-3/5), 130,05 (C-2"/6"), 134,18 (C-1, 139,35 (C-1"), 140,48 (C-3, Pz),
151,76 (C-1), 176,98 (COO). Uzpauynaro: CsH27N304 (433,51 g/mol): C, 69.27; H, 6.28; N,
9.69; Haheno: C, 69.51; H, 6.31; N, 9.74.

3.2.5.
6: bena amopdua cyncrania; npusnoc: 1,18 g (89 %); T.T.
oo 1857186 °C (pasnarame); [a]o® = —6,94 (c = 1,296-10°
g/lem®, mupuaun/H,0, 9/1 viv); IR (KBr, cm™): 3291 v (O-H,
z @ « Acome 5o HPOK), 3060 v (C-H)ar; 2916 u 2853 v (C-H)ai, 2600-2440
v (NH,"), 1681 v (C=0), 1607 vas (COO"), 1598 v (C=C)ar,
1558 v (C=N)ar, 1504 & (C=C)ar, 1452 & (C=N)a,, 1412 v4(COO"), 1067 & (C-H);p, 756 & (C-
H)oop; *H NMR (200 MHz, mupuaun-ds/D,0, 9/1 viv): 2,04 (s, 3H, CHs-S ), 2,43 (s, 3H,
CH5-COO), 2,53 (m, 2H, CH-CHy), 3,00 (t, 2H, J = 6,09 Hz, CH,-S); 4,13 (t, 1H, J = 5,60
Hz, CH-CHy), 0a = 4,58 u Jg = 4,35 (AB cucrem, 2H, Jag = 13,50 Hz, Pz-CH,), 7,36-7,70
(m, 6H, 1H na C-4, 1H na C-4', 2H na C-3/5 u 2H na C-3/5'), 8,03 (d, 2H na C-2/6, J = 8,00
Hz), 8,21 (d, 2H na C-2'/6', J = 7,52 Hz); 8,66 (s, 1H, Pz); *C NMR (mupuaun-ds/D,0, 9/1
VIV): 14,92 (CHs-S), 23,38 (CH3-COO0), 30,91 (S-CHy), 32,70 (S—~CH,—CH,), 42,28 (Pz-
CH,), 62,92 (CH-COO), 117,35 (C-4, Pz), 118,95 (C-2/6), 126,74 (C-4), 128,59 (C-2'/6),
128,64 (C-4"), 129,18 (C-3/5Y), 129,90 (C-3/5), 130,05 (C-5. Pz), 133,35 (C-1'), 140,11 (C-3,
Pz), 152,10 (C-1), 177,02 (COO), 177,39 (CHz—COO). Uspauynato: CpzH37N30eS (531,63
g/mol): C, 51,96; H, 7,02; N, 7,90; S, 6,03; Haheno: C, 51,86; H, 6,94; N, 7,82; S, 5,93.
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. . _s 7: Bena amopdmna cyrcranna; npunoc: 0,88 g (92 %); T.T.

: ﬁlwoe 187 °C (pasmarame); [o]p™® = —11,04 (c = 1,177-10° g/em?,
"/\N\ A mapumma/H;0, 9/1 viv); IR (KBr, cm™): 3051 v (C-H)ar,
2@ * H,0 2923 u 2853 v (C-H)a; 2601-2388 v (NH,"), 1628 vqs
’ (CO0), 1599 v (C=C)ar, 1549 v (C=N)ar, 1504 5 (C=C)ar,
1451 & (C=N)ar, 1413 v (COO"), 1067 & (C-H)ip, 757 & (C-H)oop; 'H NMR (500 MHz,
mupuan-ds/D,0, 9/1 viv): 2,20 (s, 3H, CH3-S ), da = 3,25, dg = 3,16 u Jdx = 4,01 (ABX
cucteM, 3H, Jag = 13,50 Hz, Jax = 5,73 Hz, Jgx = 7,27 Hz, CH-CH,), ao= 4,34 u g = 4,14
(AB cucrem, 2H, Jag = 13,50 Hz, Pz-CH,), 7,29 (t, 1H, J = 7,50 Hz, C-4), 7,44 (t, 1H, J =
7,50 Hz, C-4"), 7,50 (t, 2H, J = 7,50 Hz, C-3/5), 7,57 (t, 2H, J = 7,50 Hz, C-3'/5"), 8,01 (d, 2H,
J = 8,00 Hz, C-2/6), 8,35 (d, 2H, J = 8,00 Hz, C-2'/6"), 8,53 (s, 1H, Pz); *C NMR (tmpuaus-
ds/D,0, 9/1 viv): 16,35 (CH3-S), 38,08 (S-CHy), 43,02 (Pz-CH,), 61,60 (CH), 118,93 (C-2/6),
120,69 (C-4, Pz), 126,52 (C-4), 128,41 (C-4"), 128,74 (C-2'/6"), 128,98 (C-5, Pz), 129,12 (C-
375", 129,95 (C-3/5), 134,43 (C-1'), 140,75 (C-3, Pz), 151,96 (C-1), 175,98 (COO).
N3pauynato: CyoH23N303S (385,48 g/mol): C, 62,32; H, 6,01; N, 10,90; S, 8,32; Haheno: C,
62,49; H, 5,99; N, 10,92; S, 8,35.

4

3.2.7.
A . HO 8: bena amopdua cyncranua; npunoc: 0,71 g (80%); T.T.
¢ ® o 190-191 °C (pasnarame); [a]o® = +3,96 (c = 1,263-10°
'S W glem®, mapuman/H,0, 9/1 viv); IR (KBr, cm™): 3445 v (O-

2 @ “h,0 H, mmpox), 3055 v (C-H)ar, 2961 1 2853 v (C-H)ai, 2600-

4 2390 v (NH,"), 1628 v, (COO7), 1600 v (C=C)a;, 1547 v
(C=N)ar, 1504 § (C=C)as; 1452 5 (C=N)a, 1417 v5 (COO"), 1074 & (C-H)ip, 752 & (C-H)oop;
'H NMR (500 MHz, NaOD/D,0): da= 3,71, dg = 3,65 1 dx = 3,17 (ABX cucrem, 3H, Jag =
11,50 Hz, Jax = 4,66 Hz, Jgx = 6,09 Hz, CH-CH,), da = 3,37 u g = 3,62 (AB cuctem, 2H,
Jas = 13,50 Hz, Pz-CH,), 7,35 (t, 1H, J = 7,50 Hz, C-4), 7,44-7,52 (m, 5H, 2H na C-3/5, 1H
Ha C-4' u 2H na C-3'/5"), 7,58 (d, 2H na C-2/6, J = 8,00 Hz), 7,60 (d, 2H na C-2'/6', J = 8,00
Hz), 8,05 (s, 1H, Pz); *C NMR (NaOD/D,0): 43,88 (Pz-CH,); 65,67 (CH,-OH), 67,22 (CH),
121,65 (C-4, Pz), 122,09 (C-2/6), 129,75 (C-4), 130,69 (C-2/6'), 131,32 (C-4'), 131,58 (C-

35", 132,13 (C-5, Pz), 132,33 (C-3/5), 134,68 (C-1'), 141,78 (C-3, Pz), 154,57 (C-1), 181,84
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(COO). Mspauynaro: CiHa1NsO4 (355,39 g/mol): C, 64,21; H, 596 N, 11,82; S, 8,32;
Habeno: C, 64,40; H, 5,94; N, 11,81.

3.2.8.

9: bena amopdHua cyncranna; npunoc: 0,85 g (79%); T.T.
190-191 °C (pasnarame); [a]o®® = —6,00 (¢ = 1,166-10°
glem®, mupuana/H,0, 9/1 viv); IR (KBr, cm™): 3418 v (O-
H, mmpok), 3061 v (C-H)a, 2957 u 2812 v (C-H)a,
2622-2400 v (NH,"), 1611 v, (COO"), 1597 v (C=C)a,
1559 v (C=N)ar, 1504 § (C=C)ar, 1451 & (C=N)a,, 1410 v,
(CO0"), 1072 & (C-H)ip, 757 & (C-H)oop; *H NMR (500 MHz, NaOD/D,0): 5a = 2,80, Jg =
2,63 u ox = 3,28 (ABX cucrem, 3H, Jag = 13,75 Hz, Jax = 5,67 Hz, Jgx = 7,83 Hz, CH-
CH,), 0a= 3,75 u 0g = 3,54 (AB cucrem, 2H, Jag = 13,50 Hz, Pz-CH,), 6,54 (d, 2H na 3", J
= 8,00 Hz), 6,91 (d, 2H ma 2", J = 8,50 Hz), 7,37 (t, 1H na C-4, J = 7,50 Hz), 7,49 (m, 7H,
2H na C-3/5, 1H na C-4', 2H na C-3/5' u 2H na C-2/6), 7,61 (d, 2H na C-2/6', J = 8,00 Hz),
7,97 (s, 1H, P2): ©*C NMR (500 MHz, NaOD/D,0): 40,84 (Ph-CH,), 43,62 (Pz-CH,), 67,60
(CH), 121,38 (3"), 121,64 (C-4, PZ), 122,24 (C-2/6), 126,28 (1), 129,81 (C-4), 130,72 (C-
2/6"), 131,35 (C-4"), 131,63 (C-3'/5'), 132,15 (C-5, Pz), 132,39 (C-3/5), 133,03 (2"), 134,60
(C-1'), 141,83 (C-3, Pz), 154,77 (C-1), 167,28 (4", 184,13 (COO). Uspauynato: CosH2sNz04
(431,48 g/mol): C, 69,59; H, 5,84; N, 9,74; Haheno: C, 69,69; H, 5,82; N, 9,74.

3.3. llocTtynak 3a cunTe3y jenumema 10-21

PactBop anermndeporena (2,28 g, 10.00 mmol) u denunxunpasuna (1,15 g, 1,25
mmol) y 10 ml EtOH y3 nonarak nse kanu rianujaaae AcOH peduykrosan je 1,5 h u motom
oxmalhjen Ha cobHy Temmeparypy. Jlooujenu tajor (2,96 g, 93 %) je duarpupaH, ucmpaH
xmagauM EtOH (5 ml), ocymen y ekcukaropy npeko anxuapoanor CaCl, Tokom jemmor
qaca, pactBoper y DMF-y (15 ml) y unepTHO] atMocdepu aproHa u oxialjeH y JieqeHOM
kynatiiy. Y oxnahen pactBop ykamaBan je POClz (2,25 ml, 27,22 mmol). Hakon 30 min
KYNaTWIo je YKIOHEHO U peakiroHa cMeca je Memana 18 h Ha coOHoj TemmnepaTypu. 3aTUM

je cmeca mpenuBeHa y cya ca jgeaom (30 g) u Bogom (30 ml), xumponu3oBaHa JiaraHUM
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nonaBamweMm NayCOs; (40 g) pactBopenor y 100 ml Boje u Memana TOKOM 3 4aca Ha COOHO]
temneparypu. JloOujern  Ttamor  3-depoueHmi-1l-penmmmpason-4-kapOangexuna  je
npoueheH, HcmpaH ca BEJIMKOM KOJIWYMHOM BojJe, cycrneHaoBaH y Boau (100 ml) u
excTpaxoBaH ToiyeHoM. llocie cymema (anxuapoBanu NaySO,), pacTBapad je ucnapeH u
YBpPCTHU OcTaTak npekpucranucan u3z EtOH. Ilpunoc: 2,99 g, (84 %).
3-Depouenui-1-penmnnupason-4-kapobangexun (0,445 g, 1,25 mmol) a-amuno-
kucenuna (1,375 mmol) u NaOH (0,055 g, 1,375 mmol, for 19 0,11 g, 2,75 mmol) memanu
Cy y TIOpLIEJTaHCKOM aBaHy paju A00Hjama XOMOTeHe HapaH[IacTe MPalIKacTe CyNCTaHIe CBe
JIOK HHj€ MPECTallo u3/Bajame Boje. JJoOujeHa cmenia mpenruBeHa je y 6amony ca 25 ml cyBor
MeTaHoJa U pedaykToBaHa TokoM 2 yaca. [locne xnahema y neqeHOM KymaTuiry, 10Jat je
Hatpujym-6opxuapua (0,057 g, 1,5 mmol) u3 Buie nopiuja y3 memiame. PactBop je Meman
jom 2 daca Ha COOHOj TeMIEpaTypH, 3aTUM je pa30iaxkeH ca 25 ml nejoHu3oBaHE BOAC U
ocTaBJbeH J1a cToju jou 12 gacosa. Ilocne Tora, nonaBameMm rianujaiHe cupheTHe KUCeInHe
N00MjeH je HapaHpacTu Tajor. 3a jenumema 10-21 mpousBox BUcCOKe uncTohe NOOHjeH je
pacTBapameM y MeTaHOJICKOM pacTBopy ca 1 ekBuBajieHToM NaOH u mOHOBHMM TaloXemeM

nomohy rianyujaiHe cupheTHe KucenuHe.

3.3.1.

@ 10: Kyto-Opaon amop¢ua cymncranua; npunoc: 0,40 ¢
Fo H (74%); T.T. 140-141 °C (pasnarame); IR (KBr, cm): 3430
N/ \ H/ﬁ\)H\COOS v(O—-H), 3084 v(C-H)ar, 2926 u 2852 v(C—H)aj, 27912379
SN v(NH,"), 1628 v,(COO"), 1599 v(C=C)ar, 1556 v(C=N)ar,
@ * H0 1504 5(C=C)ar, 1464 5(C=N)ar, 1407 vs(COO ), 1059 5(C—
H)ip, 757 8(C-H)oop, 507 m 489 vus(Cp-Fe-Cp); 'H NMR
(500 MHz, CD3;0D, Na-co): 3,34 (s, 2H, CH,-COOQ), 3,98 (s, 2H, Pz-CH,), 4,12 (s, 5H, Fc),
4,34 (t, 2H, J = 2,00 Hz, mera-Fc,), 4,83 (t, 2H, J = 2,00 Hz, opto-Fc), 7,29 (t, 1H, J = 7,50
Hz, p-benun), 7,48 (t, 2H, J = 7,50 Hz, m-¢penun), 7,75 (d, 2H, J = 7,50 Hz, o-dpenun), 8,16
(s, 1H, Pz); *C NMR (125 MHz, CD;0D, Na-co): 44,83 (Pz-CH,), 54,10 (CH,-COO), 68,58
(2C, opmo-Fc), 69,96 (2C, meta-Fc), 70,57 (5C, Fc), 79,02 (Fc, unco), 120,08 (2C, o-dpennn),
120,72 (C-4, Pz), 127,40 (p-denuin), 129,23 (C-5, Pz), 130,68 (2C, m-bennn), 141,51 (C-3,
Pz), 151,63 (N-cymcr. denwmn), 179,06 (COO). Uspauynato: CxH3N3OsFe (433,28 g/mol):

C, 60,99; H, 5,35; N, 9,70; Haheno: C, 60,78; H, 5,37; N, 9,67.
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3.3.2.

11: Hapanyacro-6paon amopdHa cyncranna; npuHoc: 0,50

F©e jf g (84%); T.T. 163 °C (pasmarame); [o]p® = + 17,02 (c =

Q?/—ﬁﬁm c00® 1116 .10 glem®, MeOH/CH,Cl,, 1/1 vAv): IR (KBr, cm™):

N 3435 v(O-H), 3093 Vv(C-H)a, 2965 u 2876 v(C-H)a,

@ " a0 2642-2386 v(NH,"), 1630 v4s(COO ), 1599 v(C=C)ar, 1570

v(C=N)ar, 1505 (C=C)ar, 1466 5(C=N)a;, 1403 v{(COO"),

1061 3(C-HYip, 757 3(C-H)oop, 507 1 486 vas(Cp-Fe-Cp); *H NMR (500 MHz, CD;0D, Na-

co): 1,03 (d, 3H, J = 6,50 Hz, CHs ), 1,05 (d, 3H, J = 6,50 Hz, CH), 1,93 (octet, 1H, J = 6,50

Hz, (CH3);CH), 2,97 (d, 1H, J = 6,50 Hz, CH-COO), 84 = 4,02 u 55 = 3,80 (AB cuctem, 2H,

Jag = 13,51 Hz, Pz-CH,), 4,11 (s, 5H, Fc), 4,32 (m, 2H, meta-Fc), 4,91 (m, 2H, opro-Fc),

7,29 (t, LH, J = 7,50 Hz, p-bermmn), 7,48 (t, 2H, J = 7,50 Hz, m-dermn), 7,74 (dd, 2H, J = 7,50

u 1,00 Hz, o-bermn), 8,13 (s, 1H, P2); 3C NMR (125 MHz, CD;0D, Na-co): 20,02 (CHs),

20,60 (CHs), 33,02 ((CHs),CH), 44,32 (Pz-CH,), 68,79 (opro-Fc), 68,81 (opro-Fc), 69,81

(mera-Fc), 69,83 (mera-Fc), 70,52 (5C, Fc), 71,87 (CH-COO), 79,19 (Fc, urico), 120,08 (2C,

o-dermn), 121,65 (C-4, Pz), 127,28 (p-dbemmn), 129,51 (C-5, Pz), 130,65 (2C, m-cherm),

141,57 (C-3, Pz), 152,00 (N-cymct. denun), 182,41 (COO). Uspauynato: CsHaoN3OzFe
(475,36 g/mol): C, 63,17; H, 6,15; N, 8,84: Haljero: C, 63,27: H, 6,13; N, 8,83.

3.3.3.

@ /5\ 12: HapanyacTto-Opaon amopdna cyrncranua; npusoc: 0,48
N ®

Fe g (78%); T.T. 149 °C (pasnarame); [o]o?® = + 45,45 (c =
Q?/—QN\H coo” 1078 10~ g/cm®, MeOH/CH,Cl,, 1/1 v/v); IR (KBr, cm™):
N 3435 v(O-H), 3084 v(C—H)a, 2958 u 2869 v(C-H)a,

@ *H0 26732391 v(NH,"), 1622 v4(COO7), 1600 v(C=C)a,, 1555
v(C=N)ar, 1505 §(C=C)ar, 1466 5(C=N)a;, 1409 v{(COO"),

1059 8(C-H)ip, 755 8(C-H)oop, 507 1 486 v45(Cp-Fe-Cp); *H NMR (500 MHz, CD;0D, Na-
co): 0,95 (d, 3H, J = 6,50 Hz, CH3), 1,00 (d, 3H, J = 6,50 Hz, CHs), 1,48 (m, 1H, CH-CH,-
CH), 1,58 (m, 1H, CH-CH,-CH), 1,87 (nonet, 1H, J = 6,50 Hz, (CH3),CH)), 3,28 (t, 1H, J =
6,50 Hz, CH-COO), 55 = 4,04 u 8g = 3,82 (AB cuctem, 2H, Jag = 13,51 Hz, Pz-CH,), 4,12 (s,
5H, Fc), 4,33 (m, 2H, mema-Fc), 4,88 (m, 1H, opto-Fc), 4,89 (m, 1H, opmo-Fc), 7,29 (t, 1H,

J = 7,50 Hz, p-dermn), 7,48 (dd, 2H, J = 7,50 u 1,00 Hz, m-dernn), 7,74 (dd, 2H, J = 7,50 u
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1,00 Hz, o-denmn), 8,15 (s, 1H, Pz); *C NMR (125 MHz, CD3;OD, Na-co): 23,45 (CHs),
23,57 (CHs), 26,50 ((CHs3).CH), 43,81 (Pz-CHy), 44,92 (CH-CH,-CH), 64,53 (CH-COO),
68,66 (opto-Fc), 68,77 (opmo-Fc), 69,85 (mema-Fc), 69,91 (mema-Fc), 70,55 (5C, Fc), 79,10
(Fc, unco), 120,08 (2C, o-¢enun), 121,28 (C-4, Pz), 127,32 (p-dpenwnn), 129,40 (C-5, Pz),
130,66 (2C, m-dpenmn), 141,55 (C-3, Pz), 151,82 (N-cymcr. ¢denun), 183,20 (COO).
Nspauynaro: CpsH31N3OsFe (489,39 g/mol): C, 63,81; H, 6,38; N, 8,59; Haheno: C, 63,80;
H, 6,37; N, 8,59.

3.34.

13 (L-Enantromep), 14 (DL) u 15 (D-enantuomep): XKyto-
HapaHyacte amopdHe cyrcranne; npunocu: 0,50 g 3a 13,
0,49 g3a 14 u0,49 g3a 15 (76% 3a 13, 75% 3a 14 u 75% 3a
15); T.T. 156-157 °C (pasnmarame); [o]p® = + 13,99 (c =
1,072-10 2 g/cm®, MeOH/CH,Cly, 1/1 v/v) 3a 13 u [a]p® = —
14,13 (c = 1,054-10"% g/cm®, MeOH/CH,Cl,, 1/1 v/v) 3a 15;
IR (KBr, cm™): 3447 v(O-H), 3085 v(C-H)a;, 2926 u 2854
v(C-H)a, 2731-2389 v(NH,"), 1621 v,(COO), 1600 v(C=C)a;, 1568 v(C=N)a, 1504
3(C=C)ar, 1456 5(C=N)ar, 1410 v5(COO"), 1060 6(C-H)ip, 755 8(C-H)oop, 507 1 486 vas(Cp-
Fe-Cp); *H NMR (500 MHz, CD;0D, Na-co): 2,82 (dd, 1H, J = 8,50 u 13,50 Hz, Ph-CH,),
3,12 (dd, 1H, J = 5,50 u 13,50 Hz, Ph-CH,), 3,47 (dd, 1H, J = 5,50 u 8,50 Hz, CH), da = 3,96
u dg = 3,77 (AB cuctem, 2H, Jag = 14,01 Hz, Pz-CHy), 4,05 (s, 5H, Fc), 4,24 (m, 1H, mema-
Fc), 4,26 (m, 1H, mema-Fc), 4,67 (m, 1H, opmo-Fc), 4,71 (m, 1H, opmo-Fc), 7,19 (t, 1H, J =
7,50 Hz, 1H wa 4'), 7,27 (m, 3H, 2H na 3' u p-denwn), 7,34 (dd, 2H, J = 7,50 u 1,00 Hz, 2H
Ha 2", 7,46 (t, 2H, J = 7,50 Hz, m-¢denun), 7,63 (dd, 2H, J = 7,50 u 1,00 Hz, o-penwnn), 7,82
(s, 1H, Pz); *C NMR (125 MHz, CDsOD, Na-co): 41,71 (Ph-CH,), 43,92 (Pz-CH,), 67,31
(CH-COO0), 68,59 (opmo-Fc), 68,62 (opmo-Fc), 69,80 (mema-Fc), 69,85 (mema-Fc), 70,50
(5C, Fc), 79,01 (Fc, wmmco), 120,09 (2C, o-dpenmn), 121,34 (C-4, Pz), 127,29 (p-dpenmnn),
127,40 (4", 129,19 (C-5, Pz), 129,47 (2C, 3", 130,59 (2C, m-dpenun), 130,71 (2C, 2'), 141,08
(1", 141,45 (C-3, Pz), 151,76 (N-cymct. dpennn), 181,92 (COO). Uzpauynato: CrgHo9N3O3Fe
(523,40 g/mol): C, 66,55; H, 5,58; N, 8,03; Haheno: C, 66,43; H, 5,60; N, 8,05.
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3.3.5.
@ - 16: Hapanyacro-6paon amopdna cyrcranma; npunoc: 0,49
Fe S/j\ g (77%); T.T. 155-156 °C (pasnarame); [a]po®® = + 41,21 (c
%5\* coo® = 1092.10°% glcm®, MeOH/CH,Cl,, 1/1 viv); IR (KBr,
N cm Y): 3436 v(O-H), 3082 v(C-H)ar, 2918 1 2853 v(C-H)al,
@ " R0 2658-2406 v(NH,"), 1619 v4(CO0 "), 1600 v(C=C)a;, 1558

V(C=N)ar, 1505 8(C=C)ar, 1464 5(C=N)ar, 1409 v4(COO),
1059 8(C-H)ip, 756 5(C-H)oop, 507 1 486 vas(Cp-Fe-Cp); ‘H NMR (500 MHz, CD3;0D, Na-
co): 1,92 (m, 1H, CH-CH,), 2,00 (m, 1H, CH-CH,), 2,10 (s, 3H, CH3-S ), 2,67 (t, 2H, J =
7,50 Hz, CH,-S), 3,34 (t, 1H, J = 6,50 Hz, CH-CHy,), 64 = 4,04 u g = 3,84 (AB cucrem, 2H,
Jas = 13,51 Hz, Pz-CH}), 4,12 (s, 5H, Fc), 4,33 (t, 2H, J = 1,00 Hz, meta-Fc), 4,87 (t, 1H, J =
1,00 Hz, opro-Fc), 4,88 (t, 1H, J = 1,00 Hz, opro-Fc), 7,29 (t, 1H, J = 7,50 Hz, p-bennn),
7,48 (t, 2H, J = 7,50 Hz, m-¢pennn), 7,74 (d, 2H, J = 7,50 Hz, o-¢penun), 8,16 (s, 1H, Pz); 1*C
NMR (125 MHz, CD3OD, Na-co): 15,44 (CHs-S), 32,15 (S-CH,), 35,03 (CH-CH,), 43,93
(Pz-CH,), 64,79 (CH-COO), 68,70 (opro-Fc), 68,75 (opro-Fc), 69,87 (mera-Fc), 69,90
(meta-Fc), 70,54 (5C, Fc), 79,12 (Fc, umnco), 120,09 (2C, o-dpennn), 121,25 (C-4, Pz), 127,32
(p-benmn), 129,44 (C-5, Pz), 130,65 (2C, m-dpennn), 141,55 (C-3, Pz), 151,83 (N-cymcr.
¢ennn), 182,18 (COO). Uspauynaro: CysHagN3O03SFe (507,43 g/mol): C, 59,17; H, 5,76; N,
8,28; S, 6,32; Hahewno: C, 59,25; H, 5,77; N, 8,30; S, 6,32.

3.3.6.
@ s 17: Hapanpacta amopdna cyncranmna; mnpuHoc: 0,46 ¢

Fe - j\ (75%); T.T. 156-157 °C (pasnarame); [a]o® = + 0,98 (c =
%’3\H co0® 1 023.10°° glcm®, MeOH/CH,Cl,, 1/1 viv): IR (KBr, cm™):

N 3436 v(0-H), 3092 v(C-H)ar, 2921 u 2853 v(C-H)aj, 2746-

@ " 10 2385 v(NH,"), 1628 vs(COO7), 1599 v(C=C)a, 1557

v(C=N)ar, 1505 §(C=C)ar, 1465 (C=N)a,, 1411 v4(COO"),

1057 8(C-H)ip, 756 3(C-H)oop, 507 11 486 vas(Cp-Fe-Cp); *H NMR (500 MHz, CD;0D, Na-
c0): 2,12 (s, 3H, CH3-S ), 2,79 (dd, 1H, J = 13,50 u 7,50 Hz, S-CHy), 2,94 (dd, 1H, J = 13,50
1 5,00 Hz, S-CHy), 3,41 (dd, 1H, J = 7,50 1 5,00 Hz, CH), 55 = 4,09 1 55 = 3,91 (AB cuctewm,
2H, Jag = 14,01 Hz, Pz-CH;), 4,12 (s, 5H, Fc), 4,33 (t, 2H, J = 1,50 Hz, meta-Fc), 4,85 (m,

1H, opro-Fc), 4,88 (m, 1H, opro-Fc), 7,29 (td, 1H, J = 7,50 u 1,00 Hz, p-benmn), 7,48 (dd,
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2H, J = 7,50 Hz, m-¢ennn), 7,74 (dd, 2H, J = 7,50 u 1,00 Hz, o-penun), 8,21 (s, 1H, Pz); 1*C
NMR (125 MHz, CD30OD, Na-co): 16,10 (CHs-S), 39,55 (S-CH,), 43,76 (Pz-CH,), 64,05
(CH-COO0), 68,65 (opro-Fc), 68,74 (opro-Fc), 69,89 (meta-Fc), 69,94 (mera-Fc), 70,57 (5C,
Fc), 79,07 (Fc, urco), 120,05 (2C, o-denmn), 121,08 (C-4, Pz), 127,34 (p-dennn), 129,46 (C-
5, Pz), 130,67 (2C, m-dpenun), 141,54 (C-3, Pz), 151,81 (N-cymct. ¢penumn), 180,59 (COO).
Nspauynaro: CyHo7N3O3SFe (493,40 g/mol): C, 58,42; H, 5,52; N, 8,52; S, 6,50; Haheno: C,
58,35; H, 5,50; N, 8,52; S, 6,49.

3.3.7.

@ "o 18: XKyra amopdna cyncranua; npusnoc: 0,40 g (69%); T.T.
= j\ 167 °C (pasnarame); [a]p® = — 6,18 (c = 1,133-10 2 g/cm?,
%’3\” €00°  MeOH/CH,Cl,, 1/1 viv); IR (KBr, cm™%): 3431 v(O-H),
N 3073 v(C-H)ar, 2961 1 2852 v(C-H)a;, 2703-2462 v(NH,"),
@ "o 1628 v4(COO"), 1598 v(C=C)a, 1554 v(C=N)a, 1504
3(C=C)ar, 1463 5(C=N)ar, 1401 v4(COO "), 1057 3(C-H)ip,
758 8(C-H)oop, 508 1 487 v,5(Cp-Fe-Cp); "H NMR (500 MHz, CD;0D, Na-co): 3,35 (dd, 1H,
J=6,00 u 4,50 Hz, CH-CQOO), 3.76 (dd, 1H, J = 10,75 u 6,00 Hz, CH-CH), 3,85 (dd, 1H, J =
10,75 u 4,50 Hz, CH-CHy), 5= 4,09 u 65 = 3,92 (AB cuctem, 2H, Jag = 14,01 Hz, Pz-CH,),
4,12 (s, 5H, Fc), 4,34 (m, 2H, merta-Fc), 4,85 (m, 2H, opro-Fc), 7,29 (t, 1H, J = 7,50 Hz, p-
¢benwn), 7,48 (t, 2H, J = 7,50 Hz, m-denun) 7,75 (d, 2H, J = 7,50 Hz, o-penun), 8,20 (s, 1H,
Pz); *C NMR (125 MHz, CD;0D, Na-co): 43,92 (Pz-CH,), 65,12 (CH,-OH), 66,71 (CH-
CO0), 68,57 (opro-Fc), 68,64 (opro-Fc), 69,92 (mera-Fc), 69,94 (mera-Fc), 70,57 (5C, Fc),
79,08 (Fc, unco), 120,07 (2C, o-dpenun), 121,19 (C-4, Pz), 127,34 (p-dpenmnn), 129,38 (C-5,
Pz), 130,67 (2C, m-dpenwn), 141,56 (C-3, Pz), 151,69 (N-cymcr. dpennn), 180,07 (COO).
Nspauynaro: Cp3HasN3O4Fe (463,31 g/mol): C, 59,63; H, 5,44; N, 9,07; Haheno: C, 59,87;

H, 5,42; N, 9,10.
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3.3.8.
HO_ , & 19: Hapanniacto-6paon amopdHa cyrcrasia; npunaoc: 0,56 g
(83%); T.T. 168 °C (pasmarame); [o]p® = + 7,97 (c =
= . . 0502:107° glcm®, MeOH/CH,Cly, 1/1 v/v); IR (KBr, cm™):
%N\H e 3430 v(O-H), 3092 v(C-H)ar, 2923 u 2853 v(C-H)aj,

N

oho 2691-2369 v(NH,"), 1612 v4(COO"), 1599 v(C=C)a,, 1563

V(C=N)a;, 1516 u 1505 &(C=C)a;, 1464 5(C=N)a;, 1409
v(COO7), 1057 3(C-H)ip, 755 8(C-H)oop, 507 1 486 vas(Cp-Fe-Cp); 'H NMR (500 MHz,
CD30D, Na-co): 2,66 (dd, 1H, J = 13,50 u 9,00 Hz, CH-CH,), 3,04 (dd, 1H, J = 13,50 u 4,50
Hz, CH-CH,), 3.46 (dd, 1H, J = 9,00 u 4,50 Hz, CH-COO), éa = 3,97 u &g = 3,80 (AB
cucrem, 2H, Jag = 14,01 Hz, Pz-CH,), 4,07 (s, 5H, Fc), 4,29 (m, 2H, meta-Fc), 4,65 (m, 1H,
opro-Fc), 4,70 (m, 1H, opro-Fc), 6,63 (d, 2H, J = 8,00 Hz, 2H na 2", 7,03 (d, 2H, J = 8,00
Hz, 2H na 3", 7,27 (t, 1H, J = 7,50 Hz, mapa-dennn), 7,49 (t, 2H, J = 7,50 Hz, meta-bennn),
7,67 (dd, 2H, J = 7,50 u 1,00 Hz, opro-denun), 7,85 (s, 1H, Pz); *C NMR (125 MHz,
CD3;0D, Na-co): 40,81 (Ph-CH,), 43,89 (Pz-CH,), 67,41 (CH-COO), 68,56 (2C, opto-Fc),
69,84 (mera-Fc), 69.94 (mera-Fc), 70,51 (5C, Fc), 78,96 (Fc, unco), 119,59 (2C, 3", 120,01
(2C, opro-denmn), 121,27 (C-4, Pz), 125,92 (1", 127,21 (mapa-dpennn), 129,01 (C-5, Pz),
130,67 (2C, mera-ennn), 131,14 (2C, 2'), 141,42 (C-3, Pz), 151,67 (N-cymcrt. denmn),
165,58 (4'), 182,25 (COO). Uspauynaro: Cy9HagN3O4Fe (539.40 g/mol): C, 64,57; H, 5,42;
N, 7,79; Haheno: C, 64,73; H, 5,40; N, 7,82.

3.3.9.

&

SN 20: Hapanyiacto-6paon amopgHa cymncranna; npuaoc: 0,31 ¢
? HNE/? (41%); T.T. 178 °C (pasmarame); [a]o® = + 4,50 (c =

. 11111072 g/em®, MeOH/CH,Cly, 1/1 viv); IR (KBr, cm™):

'$ W aas v(0-H), 3144 v(N-H) o 3087 v(C-H)ar, 3009

| e ncotte 3o V(C-H)imumason, 2924 1 2853 v(C-H)a;, 2791-2465 v(NH,"),

@ 1701 v(COO )aerars 1631 va(COO), 1599 v(C=C)a, 1556

v(C=N)ar, 1505 5(C=C)a, 1463 8(C=N)a, 1410 v(COO"), 1053 (C-H)ip, 757 8(C-H)oop,
502 u 485 v4(Cp-Fe-Cp); *H NMR (500 MHz, CD;0D, Na-co): 1,90 (s, 3H, CHs, acetate),
2,86 (dd, 1H, J = 14,50 u 8,00 Hz, CH-CH,), 3,09 (dd, 1H, J = 14,50 u 5,50 Hz, CH-CH,),

3,46 (dd, 1H, J = 8,00 u 5,50 Hz, CH-COO), da = 4,01 u dg = 3,82 (AB cucrem, 2H, Jag =
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13,51 Hz, Pz-CH,), 4,07 (s, 5H, Fc), 4,29 (m, 2H, meta-Fc), 4,73 (m, 1H, opto-Fc), 4,78 (m,
1H, opro-Fc), 6,89 (s, 1H na 5, 7,28 (t, 1H, J = 7,50 Hz, mapa-denun), 7,47 (t, 2H, J = 7,50
Hz, mera-dpenwnn), 7,53 (d, 1H, J = 2,00 Hz, 1H na 3"), 7,70 (dd, 2H, J = 7,50 u 1,00 Hz, opto-
denmn), 8,02 (s, 1H, Pz); *C NMR (125 MHz, CD;0D, Na-co): 24,40 (CHs, auerar), 31,96
(CH-CHy), 43,84 (Pz-CHy), 65,63 (CH-COO), 68,61 (2C, opro-Fc), 69,87 (2C, mera-Fc),
70,53 (5C, Fc), 79,04 (Fc, umco), 120,03 (2C, o-dpenmn) 121,25 (5' na C-4, Pz,
npeknombenn), 127,30 (mapa-penmn), 129,34 (C-5, Pz), 130,64 (2C, mera-dpennn), 134,33
(1, 136,00 (39, 141,50 (C-3, Pz), 151,76 (N-cyncr. dpennn), 180,62 (COO, auerar), 181,67
(COOQO). Uspauynaro: CpgHssNsO;Fe (609,45 g/mol): C, 55,18; H, 5,79; N, 11,49; Haleno: C,
55,16; H, 5,78; N, 11,53.

3.3.10.
21: HapanuyacTto-OpaoH amopdHa cyncrania; npuxoc: 0,31 g
(41%); T.T. 178 °C (pa3znarame); [a]p® = + 4,50 (c =
S 1,111-102 g/cm®, MeOH/CH,Cl,, 1/1 v/v); IR (KBr, cm™):

3415 v(O-H), 3144 v(N-H)ummmson 3087 v(C-H)ar, 3009
V(C-H)uuason 2924 1 2853 v(C-H)al, 2791-2465 v(NH,"),

. 24,0 1701 v(COO )ayerars 1631 v5(COO ), 1599 v(C=C)ar, 1556
@ V(C=N)ar, 1505 6(C=C)ar, 1463 6(C=N)ar, 1410 v¢(COO),
1053 3(C-H)ip, 757 3(C-H)oop, 502 1 485 v45(Cp-Fe-Cp); 'H NMR (500 MHz, CD30D, Na-
co): 1,90 (s, 3H, CHg, anerar), 2,86 (dd, 1H, J = 14,50 u 8,00 Hz, CH-CH,), 3,09 (dd, 1H, J =
14,50 u 5,50 Hz, CH-CH,), 3,46 (dd, 1H, J = 8,00 u 5,50 Hz, CH-CQOO), 65 = 4,01 u 6g =
3,82 (AB cucrem, 2H, Jag = 13,51 Hz, Pz-CHy,), 4,07 (s, 5H, Fc), 4,29 (m, 2H, meTa-Fc),
4,73 (m, 1H, opto-Fc), 4,78 (m, 1H, opro-Fc), 6,89 (s, 1H na 5'), 7,28 (t, 1H, J = 7,50 Hz,
napa-enwn), 7,47 (t, 2H, J = 7,50 Hz, mera-denwn), 7,53 (d, 1H, J = 2,00 Hz, 1H Ha 3'),
7,70 (dd, 2H, J = 7,50 u 1,00 Hz, opro-hennn), 8,02 (s, 1H, Pz); °C NMR (125 MHz,
CD30D, Na-co): 24,40 (CHs, auerar), 31,96 (CH-CH,), 43,84 (Pz-CH,), 65,63 (CH-COO),
68,61 (2C, opro-Fc), 69,87 (2C, mera-Fc), 70,53 (5C, Fc), 79,04 (Fc, umnco), 120,03 (2C, o-
¢benmn) 121,25 (5' ma C-4, Pz, npeknombenn), 127,30 (nmapa-dpennn), 129,34 (C-5, Pz),
130,64 (2C, mera-penumn), 134,33 (1'), 136,00 (3", 141,50 (C-3, Pz), 151,76 (N-cymcr.
¢benmn), 180,62 (COO, auerar), 181,67 (COO). Uspauynaro: CygH3zsNsO7Fe (609,45 g/mol):
C, 55,18; H, 5,79; N, 11,49; Haheno: C, 55,16; H, 5,78; N, 11,53.
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3.4. ITocTtynak 3a cuHTe3y jeAnmbema 22

Cwmeca tnocemukap6asuaa (9,10 g, 100 mmol) u metun-joguaa (15,05 g, 106 mmol)
y amncoiaytHoM etanoay (40 ml) pedaykroana je 45 munyra. ITocie 12 yacoBa, HacTamu
O0enmu  KpHCTaId S-METHWIM30THOCEMHKApOa3UI-XUAPOjoArIa Cy mpoleheHn, wucnpanu
etaHojoM u Kopuithenu y cienehem kopaky 6e3 paseer npeunirhaBama. [Ipunoc: 15,1 g (65
%). Cwmema S-merwiuszornocemukapbasua-xuapojomquna (11,65 g, 50 mmol) u
arnermnarerona (19,50 g, 195 mmol) y anconytHom etanony (20 ml) pedaykroBana je 5
munyTa. [locie xmahema Ha coOHO] TemrepaTypu, KpucTaau3amuja je M3a3BaHa TPJhambEeM
3ugoBa cyaa nomohy craxseHor mranuha. brenoxytu kpuctamu cy npouehenu, ucnpanu

TpH myTa ca o 5 ml eTpa u ocyIeHH Ha Ba3ayxy.

3.4.1.
Me 22: Brenoxyra kpuctaiaHa cyncrania; npuaoc: 10,0 g (63 %);
H/Oﬂ\ T. T. 157 °C; IR (KBr, cm%): 3331, 3266, 3191, 3161, 3132,
HZN\\%;N\N/ 3 Me 2980, 1635, 1629, 1557, 1427, 1372, 1328, 1254, 1113, 733; 'H
M NMR (200 MHz, DMSO-dq): 1,68 (3H, s, CHs-C-OH), 2,04

(3H, s, CH3—C=N), 2,55 u 2.62 (3H, aBa s, CH3-S), 64=3,24 u 0g=3,14 (2H, AB cucrtem, Japg
19.7 Hz, CHy), 7,52 u 7,73 (1H, nBa bs, OH), 8,80, 8,96 u 9,42 (2H, Tpu bs, nporonu Ha
asory); °C NMR (DMSO-dg): 14,4 (CH3-S), 16,7 (CHs—C=N), 24,7 (CHs;~C—OH), 52,8 (C-
4), 96,2 (C-5), 164,9 (NH,—C(N)-S), 165,3 (C-3).

NMR mogamu 3a 22 y D,0: *H NMR (200 MHz, D;0): 1.83 (3H, s, CHz~C—OH),
2,13 (8H, s, CHs;—C=N), 2,65 (3H, s, CHs-S), 3,32 (2H, s, CH,); *C NMR (D;0): 16,3
(CHs-S), 18,5 (CH3—C=N), 26,8 (CH3—C—-OH), 55,2 (C-4), 98,9 (C-5), 168,5 (NH,—C(N)-S),
168,7 (C-3).

NMR momarm 3a 22 na pD = 9.5 (Tayromepua dopma A): 'H NMR (200 MHz,
NaOD/D;0): 1,95 u 2,07 (3H, aBa s, CH3—C=N), 2,17 u 2,30 (3H, nBa s, CH3;—CO), 2,38 u
2,44 (3H, mBa s, CH3-S); **C NMR (NaOD/D,0): 15,2 u 15,4 (CH3-S), 19,9 u 24,8 (CHs—
C=N), 31,2 u 32,6 (CH3-CO), 50,1 (kommuekcan curnai, CHy), 163,4 (CH;-C=N), 163,8
(NH,-C(N)-S), 214,3 (CO).
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3.5. IocTynak 3a cuHTE3y jeaumema 23-49

Cwmeca oaroBapajyher 4-dopmmanupason-5-ona (0,303g, 1,5 mmol), mpumapsHor
amuaa (3 mmol) u monoxuapara p-toayencoiadyncke kuceaune (0,011g, 0,06 mmol) y
eranoiy (10 ml) pednykroBana je 2 waca. [locie xmahemwa, Tanor je mpoueheH, ucrnpan ca

MaJIo XJIaTHOT €TaHoJIa U OCYILEH y BakyyMy npeko anxuapoanor CaCly.
3.5.1.

182-183 °C; IR (KBr, cm™): 3435, 1667, 1628, 1596, 1551,

Me

/Q 23: XKyra amopdua cyncranna; mpunoc: 0,39 g (89 %); T.T.

N

J e 1492, 1285, 750; 'H NMR (200 MHz, DMSO-dg): 2,29 (s, 3H,
N

CHsy), 2,37 (s, 3H, CHj3), 7,10-7,18 (m, 2H, Ar-H), 7,30-7,44 (m,

4H, Ar-H), 7,74 (d, 1H, J = 8,2 Hz, Ar—H), 8,00 (dd, 2H,J=7,4

u 1,2 Hz, Ar-H), 8,75 (d, 1H, J = 12,4 Hz, =CH-N), 11.62 (d,
1H, J = 12,4 Hz, NH). *C NMR (50 MHz, DMSO-dg): 12,68, 16,93, 102,36, 115,99, 117,98,
124,08, 125,51, 127,09, 127,56, 128,98, 131,35, 137,15, 139,19, 146,24, 148,99, 165,67.
Nspauynato: C1gH17N30 (291,35 g/mol): C, 74,20; H, 5,88; N, 14,42; Haheno: C, 74,70; H,
5,93; N, 14,41.

3.5.2.

24: Kyra amopdna cymncranna; npuroc: 0,35 g (80 %); T.T.
/O\ 103-104 °C (pasnarame); IR (KBr, cm™): 3436, 1664, 1628,
Me

Z N
N/\ oH 1602, 1545, 1493, 1301, 755; *H NMR (200 MHz, DMSO-
N
ds): 2,29 (s, 3H, CHj3), 2,34 (s, 3H, CH3), 7,03-7,05 (m, 1H,
Ar-H), 7,13 (t, 1H, J = 7,4 Hz, Ar-H), 7,31-7,40 (m, 5H,

Ar-H), 7,99 (dd, 2H, J = 7,4 u 1,2 Hz, Ar-H), 8,59 (d, 1H, J
= 9,0 Hz, =CH-N), 11,25 (d, 1H, J = 9,0 Hz, NH); *C NMR (50 MHz, DMSO-ds): 12,72,
21,08, 101,94, 11520, 117,86, 118,22, 123,97, 126,32, 128,98, 129,73, 138,81, 139,29,
139,61, 145,89, 149,21, 165,20. Uspauaynato: CisH17NsO (291,35 g/mol): C, 74,20; H, 5,88;
N, 14,42; Haheno: C, 74,59; H, 5,84; N, 14,39,
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Me 25: XKyra amopdna cyncranna; npunoc: 0,35 g (80 %); T.T.
Me _ /©/ 165-166 °C: IR (KBr, cm%): 3437, 1670, 1652, 1593, 1486,
N

‘P 1293, 1284, 754; *H NMR (200 MHz, DMSO-ds): 2,28 (s,
N 3H, CHa), 2,30 (s, 3H, CHs), 7,13 (t, 1H, J = 7,4 Hz, Ar—H),
@ 7,25 (d, 2H, J = 8,2 Hz, Ar—H), 7,35-7,49 (m, 4H, Ar—H),

8,00 (dd, 2H, J = 7,4 u 1,2 Hz, Ar—H), 8,56 (d, 1H, J = 10,8
Hz, =CH-N), 11,31 (d, 1H, J = 10,8 Hz, NH). *C NMR (50 MHz, DMSO-ds): 12,70, 20,51,
101,66, 117,83, 117,95, 123,92, 128,96, 130,29, 135,02, 136,56, 139,34, 145,93, 149,16,
165,17. Uspauynato: Ci1gH17N3O (291,35 g/mol): C, 74,20; H, 5,88; N, 14,42; Haleno: C,
74,49; H, 5,87; N, 14,40.

3.5.4.

Me

26: Hapannacra amop¢ua cyrcranna; npunoc: 0,43 g (89 %);
/Q T.T. 238-239 °C (pasmarame); IR (KBr, cm™): 3436, 1672,

Z N
N/ oH NO, 1624, 1599, 1331, 1306, 1257, 1161, 747; *H NMR (200 MHz,
N DMSO-dg): 2,31 (s, 3H, CHa), 7,15 (t, 1H, J = 7,4 Hz, Ar-H),
@ 7,35-7,46 (m, 3H, Ar-H), 7,87 (td, 1H, J = 7,4 u 1,4 Hz, Ar-H),

7,97 (dd, 2H, J = 7,4 u 1,2 Hz, Ar-H), 8,16 (d, 1H, J = 8,0 Hz,
Ar-H), 8,27 (dd, 1H, J = 8,2 u 1,2 Hz, Ar-H), 8,71 (d, 1H, J = 8,4 Hz, =CH-N), 12,68 (d,
1H, J = 8,4 Hz, NH); 3C NMR (50 MHz, DMSO-dg): 12,18, 105,58, 117,92, 118,67, 124,24,
124,87, 126,47, 129,04, 135,09, 136,29, 137,16, 138,91, 144,20, 149,51, 164,61.
Nspauynato: C17H14N4O3 (322,32 g/mol): C, 63,35; H, 4,38; N, 17,38; Haheno: C, 63,32; H,
4,38; N, 17,40.

3.5.5.
27: Cperno-HapaHjacTa amopdHa CYIICTaHIA; MPUHOC:
Me = N/O\Noz 0,46 g (95 %); T.T. 181-182 °C (pasznarame); IR (KBr,
N/\ OH cm 1): 3435, 1671, 1643, 1597, 1530, 1502, 1355, 1313,
| 1292, 738; 'H NMR (200 MHz, DMSO-dg): 2,29 (s, 3H,
@ CHy), 7,13 (t, 1H, J = 7,4 Hz, Ar-H), 7,40 (t, 2H, J = 8,0

Hz, Ar-H), 7,67 (t, 1H, J = 8,0 Hz, Ar-H), 7,97 (m, 4H,
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Ar-H), 8,52 (t, 1H, J = 2,2 Hz, Ar-H), 8,64 (bs, 1H, =CH-N), 11,36 (bs, 1H, NH); *C NMR
(50 MHz, DMSO-dg): 12,81, 103,36, 112,61, 117,82, 119,55, 124,05, 124,69, 128,98, 131,02,
139,14, 140,58, 145,69, 148,97, 149,52, 164,83. Mspauynato: Ci7H14N4O3 (322,32 g/mol): C,
63,35; H, 4,38; N, 17,38; Haheno: C, 63,41; H, 4,40; N, 17,43.

3.5.6.
No, 28: bpaon amopdna cyncrania; npunoc: 0,43 g (89 %);
Me o~ O/ T.T. 204-205 °C (pasmarame); IR (KBr, cm): 3421, 1664,
N/\ 0"' 1636, 1591, 1509, 1498, 1339, 1279, 749; 'H NMR (200
N MHz, DMSO-dg): 2,30 (s, 3H, CH3), 7,15 (t, 1H, J = 7,4 Hz,
@ Ar-H), 7,42 (t, 2H, J = 7,4 Hz, Ar-H), 7,82 (d, 2H, J = 9,2

Hz, Ar-H), 7,97 (dd, 2H, J = 7,4 u 1,2 Hz, Ar—H), 8,29 (d,
2H, J = 9,2 Hz, Ar-H), 8,64 (bs, 1H, =CH-N), 11,41 (bs, 1H, NH); *C NMR (50 MHz,
DMSO-dg): 12,78, 104,46, 117,89, 118,26, 124,24, 125,59, 129,05, 132,89, 138,98, 143,92,
144,90, 149,62, 164,74. Uspauynarto: Ci7;H14N4O3 (322,32 g/mol): C, 63,35; H, 4,38; N,
17,38; Haheno: C, 63,66; H, 4,39; N, 17,43.

3.5.7.

oH 29:)Kyra amopdHna cyrcrania; npuroc: 0,38 g (86 %); T.T.
e /O/ 277-278 °C (pasnarame); IR (KBr, cm™): 3411, 1665,
N

O 1650, 1596, 1522, 1485, 1306, 1267, 752: 'H NMR (200
" MHz, DMSO-dq): 2,26 (s, 3H, CHs), 6,83 (d, 2H, J = 9,0
@ Hz, Ar—H), 7,11 (t, 1H, J = 7,4 Hz, Ar—H), 7,35-7,43 (m,

4H, Ar-H), 8,00 (dd, 2H, J = 7,4 u 1,2 Hz, Ar—H), 8,45 (bs,
1H, =CH-N), 9,62 (s, 1H, OH), 11,36 (bs, 1H, NH); *C NMR (50 MHz, DMSO-ds): 12,69,
100,93, 116,29, 117,80, 119,77, 123,83, 128,96, 130,88, 139,47, 146,18, 149,01, 155,80,
165,20. Wspauynato: Ci7H1sNsO5 (293,33 g/mol): C, 69,61; H, 5,15; N, 14,33; Hafeno: C,
69,94; H, 5,19; N, 14,38.
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3.5.8.
Me N\ _ 30: Cgemno-xyra KpucraimHa cyrcradmna, mnpuHoc: 0.28 ¢
N/\ OH s/ (62%); T.T. 116-117 °C; IR (KBr, cm™): 3446, 3283, 1662,
I 1621, 1593, 1553, 1499, 1308, 1286, 1254, 758, 701, 693; 'H
@ NMR (200 MHz, DMSO-dg): 2,17 (s, 3H, CH3), 4,83 (s, 2H,

CH,), 7,02-7,16 (m, 3H, 2H(Thi) u 1H(Ar)), 7,32 (t, 2H, J =
7,4 Hz, Ar—H), 7,52 (dd, 1H, J = 5,2 u 1,2 Hz, Thi-H), 7,96 (dd, 2H, J = 7,4 u 1,2 Hz, Ar—H),
8,13 (d, 1H, J = 12,0 Hz, =CH-N), 9,89 (bs, 1H, NH); *C NMR (50 MHz, DMSO-ds): 12,52,
47,00, 99,50, 117,66, 123,53, 126,60, 127,03, 127,47, 128,86, 139,67, 140,42, 148,55,
153,05, 165,16. Uspauynaro: Ci6HisN3OS (297,38 g/mol): C, 64,62; H, 5,08; N, 14,13; S,
10,78; Haljero: C, 64,90; H, 5,09; N, 14,15; S, 10,83.

3.5.9.

Me NN / 31: Bena kpucranna cyncranna; npunoc: 0,28 g (63%); T.T.

?/:gH/\QNj 92-93 °C (pasmarame); IR (KBr, Cm_l): 3422, 3205, 1668,

1628, 1593, 1547, 1500, 1488, 1440, 1345, 1238, 759; 'H

@ NMR (200 MHz, DMSO-dg): 2,18 (s, 3H, CHs), 4,68 (s, 2H,

CHy), 7,07 (t, 1H, J = 7,4 Hz, Ar-H), 7,35 (t, 2H, J = 7,4 Hz,

Ar—H), 7,42 (aBa d, 1H, J = 4,8 u 5,8 Hz, Py—H), 7,82 (dt, 1H, J = 5,8 u 1,6 Hz, Py—H), 7,98

(dd, 2H,J =7,4 u 1,2 Hz, Ar—H), 8,17 (d, 1H, J = 8,2 Hz, =CH-N), 8,54 (dd, 1H, J=4,8 u

1,6 Hz, Py-H), 8,62 (d, 1H, J = 1,6 Hz, Py-H), 9,90 (bs, 1H, NH); *C NMR (50 MHz,

DMSO-dg): 12,57, 50,09, 99,57, 117,65, 123,50, 123,95, 128,86, 133,75, 135,78, 139,73,

148,66, 149,23, 149,40, 153,68, 165,16. N3spauynaro: C;7H16N4O (292,34 g/mol): C, 69,85;
H, 5,52; N, 19,16; Haheno: C, 70,01; H, 5,54; N, 19,21.

3.5.10.
Me NN _ 32: XKyro-napanyacta amopdna cyncranna; npusoc: 0,16 g
N/\ OH o/ (38%); T.T. 110-111 °C; IR (KBr, cm™): 3436, 3290, 16686,
| 1625, 1593, 1502, 1487, 1310, 1299, 761; 'H NMR (200
@ MHz, DMSO-dg): 2,17 (s, 3H, CHs), 4,67 (s, 2H, CH,), 6,42-

6,48 (m, 2H, Fur—H), 7,08 (t, 1H, J = 7,4 Hz, Ar—H), 7,36 (t,

2H, J = 7,4 Hz, Ar-H), 7,68 (dd, 1H, J = 2,6 u 1.0 Hz, Fur-H), 7,96 (dd, 2H, J = 7,4 u 1,2 Hz,
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Ar-H), 8,10 (d, 1H, J = 8,8 Hz, =CH-N), 9,75 (bs, 1H, NH); *C NMR (50 MHz, DMSO-ds):
12,50, 45,24, 99,56, 108,65, 110,97, 117,67, 123,55, 128,86, 139,65, 143,53, 148,51, 150,72,
153,44, 165.20. Uzpauynaro: Ci6H1sN3O, (281,31 g/mol): C, 68,31; H, 5,37; N, 14,94,
Haheno: C, 68,67; H, 5,38; N, 14,97.

3.5.11.
s 33: Kyra amopdua cyncrania; npunoc: 0,30 g (77%); T.T.
Me i 7 H)I\NHz 227-228 °C (pasnarame); IR (KBr, cm Y): 3438, 3358, 3319,
N\N ) 3178, 1671, 1633, 1608, 1597, 1498, 1233, 1163, 1004, 756; 'H
NMR (200 MHz, DMSO-dg): 2,25 (s, 3H, CHg), 7,16 (t, 1H, J =
@ 7,4 Hz, Ar-H), 7,42 (t, 2H, J = 7,4 Hz, Ar-H), 7,92 (dd, 2H, J =

7.4 u 1,2 Hz, Ar-H), 8,63 (bs, 1H, =CH-N), 9,38 (s, 1H,
C(=S)NH), 9,55 (s, 1H, C(=S)NH), 11,44 (bs, 1H, NH); *C NMR (50 MHz, DMSO-dy):
12,59, 106,37, 118,00, 124,55, 129,14, 138,69, 144,01, 150,06, 164,02, 181,66. MspauyHaro:
C12H12N4OS (260,32 g/mol): C, 55,37; H, 4,65; N, 21,52; S, 12,32; Habero: C, 55,49; H,
4,65; N, 21,53; S, 12,37.

3.5.12.

mMe 34: XKyra amopdna cyncranua; npunoc: 0,36 g (74 %); T.T.
Me)%”“ 274-275 °C (pasnarame); IR (KBr, cm%): 3444, 3254, 1674,

e — N 1644, 1619, 1593, 1535, 1494, 1321, 1271, 951, 584; *H NMR
NS0 (200 MHz, DMSO-ds): 2,27 (s, 3H, CHs), 2,45 (s, 3H, CH3),
2,56 (s, 3H, CHy), 7,14 (t, 1H, J = 7,4 Hz, Ar—H), 7,41 (t, 2H, J

@ = 7,4 Hz, Ar-H), 7,98 (dd, 2H, J = 7,4 u 1,2 Hz, Ar-H), 8,43

(d, 1H, J = 12,6 Hz, =CH-N), 12,40 (d, 1H, J = 12,6 Hz, NH), 13,11 (s, 1H, NH, Pz); ©*C
NMR (50 MHz, DMSO-dg): 12,48, 12,66, 29,66, 103,43, 108,10, 117,83, 124,04, 129,01,
139,16, 142,35, 144,24, 149,06, 149,23, 164,78, 193,88. Mspauynaro: Ci7H17NsO; (323,35
g/mol): C, 63,15 H, 5,30: N, 21,66; Hahero: C, 63,20; H, 5,31; N, 21,69.
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3.5.13.
o 35: XKyra kpucranna cyncranna; npunoc: 0,33 g (65%); T.T.

CZHSOJf\NH 244-245 °C (pasnarame); IR (KBr, Cm_l): 3439, 3352, 1661,
Me A~ SN 1611, 1601, 1541, 1279, 1089, 751; 'H NMR (200 MHz,
H

!
N, o DMSO-de): 1.36 (t, 3H, J = 7,2 Hz, CHa), 2,54 (s, 3H, CHy),
4.32 (q, 2H, J = 7,2 Hz, CHy), 7,13 (t, 1H, J = 7,4 Hz, Ar-H),
7,41 (t, 2H, J = 7,4 Hz, Ar-H), 7,98 (dd, 2H, J = 7,4 u 1,2 Hz,

Ar-H), 8,38 (d, 1H, J = 1,8 Hz, Pz-H), 8,44 (d, 1H, J = 12,2
Hz, =CH-N), 11,78 (d, 1H, J = 12,2 Hz, NH), 13,45 (s, 1H, NH, Pz); *C NMR (50 MHz,
DMSO-dg): 12,58, 14,33, 60,42, 101,11, 103,42, 117,87, 124,08, 128,99, 134,10, 139,10,
142,78, 147,96, 149,16, 162,79, 165,10. Uspauynaro: C17H:7NsOs (339,35 g/mol): C, 60,17;
H, 5,05; N, 20,64; Habero: C, 60,28; H, 5,02; N, 20,64.

3.5.14.
~, 36: Xyra kpucranna cyncrania; nputoc: 0,35 g (70%); T.T.
N0 230-231 °C (pasnarame); IR (KBr, cmY): 3446, 3231, 1671,
= 1614, 1596, 1542, 1498, 1400, 1320, 753; *H NMR (200

NH
Mel AN SN MHz, DMSO-dg): 2,27 (5, 3H, CHs), 6,65 (two d, 1H, J = 2,0
H

!

N, Ao u 1,6 Hz, Fur-H), 6,79 (d, 1H, J = 2,0 Hz, Fur—H), 6,87 (d,
1H, J = 3,2 Hz, Pz-H), 7,13 (t, 1H, J = 7,4 Hz, Ar-H), 7,41 (,
2H, J = 7,4 Hz, Ar-H), 7,82 (d, 1H, J = 1,6 Hz, Fur—H), 7,99

(dd, 2H, J = 7,4 u 1,2 Hz, Ar—H), 8,49 (s, 1H, -CH=N), 11,18
(bs, 1H, OH), 13,29 (d, 1H, J = 2,0 Hz, NH, Pz); *C NMR (50 MHz, DMSO-dg): 12,64,
90,91, 101,83, 107,69, 112,12, 117,90, 124,03, 129,00, 135,68, 139,26, 143,67, 144,34,
145,70, 149,13, 149,23, 165,13. Uspauynato: C1sH1sNsO, (333,35 g/mol): C, 64,86; H, 4,54;
N, 21,01; Haheno: C, 65,00; H, 4,86: N, 21,07.
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3.5.15.
me 37: XKyrta amopdua cyncranna; npunoc: 0,26 g (62 %); T.T.
= 213-214 °C (pasnarame); IR (KBr, cm™): 3437, 3245, 1669,
Ve~ N SN 1620, 1595, 1548, 1499, 1320, 1302, 755; *H NMR (200 MHz,

i
N o DMSO-de): 2,24 (s, 3H, CHsg), 2,25 (s, 3H, CHs), 6,25 (d, 1H,
J=1,4 Hz, Pz-H), 7,12 (t, 1H, J = 7,4 Hz, Ar-H), 7,40 (t, 2H,
J=7,4Hz, Ar-H), 7,98 (dd, 2H, J = 7,4 u 1,2 Hz, Ar-H), 8,39

(s, 1H, —-CH=N), 11,17 (bs, 1H, OH), 12,45 (s, 1H, NH, Pz);
3C NMR (50 MHz, DMSO-ds): 10,82, 12,62, 93,31, 101,35, 117,89, 123,97, 128,98, 139,32,
140,88, 145,64, 148,44, 149,02, 165,18. Uspauynaro: CisH1sNsO (281,32 g/mol): C, 64,04;
H, 5,37; N, 24,89; Haheno: C, 64,44; H, 5,40; N, 24,94,

3.5.16.

_—= 38: XKyta kpucranna cyncranma; npuaoc: 0,36 g (90 %); T.T.

NH
/

Memﬂ =N 221-222 °C (pasnarame); IR (KBr, Cm_l): 3446, 3215, 1658,

N\N o 1605, 1551, 1499, 1484, 1285, 756; 'H NMR (200 MHz,

DMSO-dg): 2,26 (s, 3H, CH3), 6,51 (t, 1H, J = 2,2 Hz, Pz—H),

@ 7,13 (t, 1H, J = 7,4 Hz, Ar-H), 7,40 (t, 2H, J = 7,4 Hz, Ar-H),

7,78 (t, 1H, J = 2,2 Hz, Pz-H), 7,98 (dd, 2H, J = 7,4 u 1,2 Hz,

Ar-H), 8,46 (s, 1H, —-CH=N), 11,40 (bs, 1H, OH), 12,77 (s, 1H, NH, Pz); *C NMR (50 MHz,

DMSO-dg): 12,65, 94,14, 101,48, 117,89, 123,99, 128,99, 131,05, 139,29, 145,86, 148,40,

149,06, 165,17. Uzpauynato: Ci4Hi13NsO (267,29 g/mol): C, 62,91; H, 4,90; N, 26,20;
Haheno: C, 62,98; H, 4,93; N, 26,21.

3.5.17.
ph  39: XKyra kpucranna cyncranua; npunoc: 0,47 g (91 %); T.T.
= 263-264 °C (pasnarame); IR (KBr, cm™): 3445, 3238, 1671,
Me Z =N 1615, 1595, 1550, 1498, 1482, 1404, 1321, 743; *H NMR (200

N

)/ H

N\N o MHz, DMSO-dg): 2,28 (s, 3H, CH3), 6,95 (d, 1H, J = 1,8 Hz,
Pz-H), 7,13 (t, 1H, J = 7,4 Hz, Ar-H), 7,37-7,54 (m, 5H, Ar—
H), 7,75 (dd, 2H, J = 7,0 u 1,4 Hz, Ar-H), 8,00 (dd, 2H, J =

7.4 w 1,2 Hz, Ar-H), 8,49 (s, 1H, -CH=N), 11,19 (bs, 1H,
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OH), 13,26 (s, 1H, NH, Pz); **C NMR (50 MHz, DMSO-dg): 12,66, 91,65, 101,73, 117,92,
124,03, 124,06, 125,40, 129,00, 129,02, 129,36, 139,27, 144,18, 145,72, 149,06, 149,29,
165,21. Mspauynaro: CyoHi17NsO (343,39 g/mol): C, 69,96; H, 4,99; N, 20,39; Haheno: C,
70,10; H, 5,03; N, 20,44.

3.5.18.

40: Ceemiio-kyta amopdHa cyrcrania; npuroc: 0,37 g (75
%); T.T.231-232 °C; IR (KBr, cm%): 3422, 3314, 3110,
1710, 1679, 1626, 1574, 1295, 771; 'H NMR (200 MHz,
DMSO-dg): 1,36 (t, 3H, J = 7,2 Hz, CH3), 4,32 (q, 2H, J =
7,2 Hz, CHy), 7,49 (m, 3H, Ar-H), 7,67 (dd, 2H,J=7,8 u
1,6 Hz, Ar—H), 8,38 (s, 1H, Pz—H), 8,45 (s, 1H, CH=N), 11,62 (s, 1H, NH-C-0), 12,05 (s,
1H, OH), 13,36 (s, 1H, NH, Pz); *C NMR (50 MHz, DMSO-dg): 14,38, 60,36, 100,84,
101,09, 127,21, 128,94, 129,06, 132,37, 134,26, 142,55, 147,81, 148,78, 162,44, 168,62.
Nspauynato: C16H15N503 (325,33 g/mol): C, 59,07; H, 4,65; N, 21,53; Haheno: C, 59,48; H,
4,75; N, 21,64,

3.5.19.
=, 41: Cemo-xyra amopdHa cyncranna; npuHoc: 0,27 ¢

\_© (56 %); T.T. 203-204 °C: IR (KBr, cm%): 3429, 3199,

= 3153, 1659, 1612, 1489, 1300, 1278, 955, 781; ‘*H NMR

N <~ (200 MHz, DMSO-dg): 6,63 (dd, 1H, J = 3.2 u 1,8 Hz,

N/\N OH Fur—H), 6,83 (d, 1H, J = 3,2 Hz, Fur-H), 6,86 (d, 1H, J =
y 3,2 Hz, Pz-H), 7,49 (m, 3H, Ar-H), 7,71 (dd, 2H, J = 7,8

u 1,6 Hz, Ar-H), 7,80 (d, 1H, J = 1,8 Hz, Fur—H), 8,45 (s, 1H, ~CH=N), 11,59 (s, 1H, NH—
C-0), 11,90 (bs, 1H, OH), 13,23 (s, 1H, NH, Pz); *C NMR (50 MHz, DMSO-de): 90,95,
99,03, 107,55, 112,03, 127,34, 128,72, 128,95, 132,62, 135,64, 143,45, 144,37, 145,66,
148,73, 148,98, 168,77. Mspauynaro: Ci7H1sNsO, (319,32 g/mol): C, 63,94; H, 4,10; N,
21,93; Habeno: C, 64,19; H, 4,16; N, 22,07.
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3.5.20.
me 42: Cetmo-xkxyra amopdna cyncranna; npuHoc: 0,21 g
f< (52%); T.T. 191-192 °C (pasmarame); IR (KBr, cm™):
%N \N’NH 3421, 3190, 3152, 1665, 1622, 1579, 1487, 1404, 1302,
N/\N o 753; 'H NMR (200 MHz, DMSO-ds): 2,22 (s, 3H, CHs),
b 6,25 (s, 1H, Pz—H), 7,48 (m, 3H, Ar—H), 7,68 (dd, 2H, J =
7,8 1 1,6 Hz, Ar—H), 8,6 (s, 1H, -CH=N), 10,95 (bs, 1H, OH), 11,55 (s, 1H, NH-C-0), 12,39
(s, 1H, NH, Pz); *C NMR (50 MHz, DMSO-ds): 10,88, 93,35, 98,56, 127,28, 128,68,

128,96, 132,70, 140,76, 145,74, 148,31, 148,66, 168,76. N3pauynato: C14H13NsO (267,29
g/mol): C, 62,91; H, 4,90; N, 26,20; Haheno: C, 63,24; H, 4,99; N, 26,44.

3.5.21.

_ 43: XKyra amopdna cyncrania; npunoc: 0,20 g (53 %);
_ J:N\/”” T.T. 207-208 °C (pasnarame); IR (KBr, cm™): 3415,
N
J 0“ 3306, 3189, 1673, 1614, 1596, 1399, 1385, 742; *H NMR
N
N
.L

(200 MHz, DMSO-de): 6,50 (d, 1H, J = 2,4 Hz, Pz-H),
7,45 (m, 3H, Ar-H), 7,69 (dd, 2H, J = 7,8 u 1,6 Hz, Ar-H), 7,74 (d, 1H, J = 2,4 Hz, Pz-H),
8,43 (s, 1H, -CH=N), 11,40 (bs, 1H, OH), 11,57 (s, 1H, NH-C-0), 12,69 (bs, 1H, NH, P2);
3C NMR (50 MHz, DMSO-dg): & = 94.26, 98.71, 127.31, 128.71, 128.96, 130.97, 132.69,
145,67, 148,26, 148,74, 168,77. U3pauynaro: C13H1:NsO (253,26 g/mol): C, 61,65; H, 4,38;
N, 27,65; Haheno: C, 61,95; H, 4,43; N, 27,81.

3.5.22.
ph  44: Ceerno-xkyra amopdHa cyrcranna; npunoc: 0,38 ¢
% f<NH (76%); T.T. 210-211 °C (pasmarame); IR (KBr, cm™Y):
Z N ~N 3427, 3169, 1658, 1609, 1586, 1487, 1405, 1299, 1280,
N/\N oH 954, 783; 'H NMR (200 MHz, DMSO-dg): 6,99 (s, 1H,
|!| Pz—H), 7,46 (m, 6H, Ar—H), 7,73 (m, 4H, Ar—H), 8,47 (s,

1H, ~CH=N), 11,58 (bs, 1H, OH), 11,63 (s, 1H, NH-C-0), 13,21 (bs, 1H, NH, Pz);. *C
NMR (50 MHz, DMSO-ds): 91,70, 98,97, 124,95, 125,35, 127,39, 128,80, 128,83, 129,04,
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129,26, 132,68, 144,22, 145,72, 148,80, 149,16, 168,88. Nspauynarto: CigH15sNsO (329,36
g/mol): C, 69,29; H, 4,59; N, 21,26; Haheno: C, 69,30; H, 4,59; N, 21,44,

3.5.23.

45: XKyra amopdua cyncrania; nputoc: 0,45 g (74%); T.T.
N 244-245 °C (pasmarame); IR (KBr disc, cm™): 3421, 3377,
3234, 3156, 1672, 1614, 1595, 1490, 1340, 1283, 776; *H
NMR (200 MHz, DMSO-de): 1,37 (t, 3H, J = 7,2 Hz, CHj),
4,34 (q, 2H,J=7,2 Hz, CHy), 7,21 (t, 1H, J = 7,4 Hz, Ar-H),
7,53 (m, 5H, Ar-H), 7,79 (m, 2H, Ar-H), 8,07 (d, 2H, J =
7.8 Hz, Ar—H), 8,41 (d, 1H, J = 1,8 Hz, Pz—H), 8,54 (d, 1H, J = 13,0 Hz, =CH-N), 12,14 (d,
1H, J = 13,0 Hz, NH), 13,44 (s, 1H, NH, P2); 3C NMR (50 MHz, DMSO-ds): 14,37, 60,45,
101,17, 101,27, 118,38, 124,60, 127,67, 128,99, 129,16, 129,59, 131,43, 134,10, 138,84,
143,91, 147,62, 149,66, 162,58, 165,19. Uspauynaro: C,Hi9NsO3 (401,42 g/mol): C, 65,83;
H, 4,77; N, 17,45; Haheno: C, 65,98; H, 4,82; N, 17,54.

3.5.24.

== 46: Ceemmo-xyra amopdua cymcrania; npunoc: 0,42 g (71
V0 o): TT. 247248 °C (pasnarame): IR (KBr, cm Y): 3436,
% i/NH 3250, 3117, 1677, 1620, 1485, 1399, 1327, 752; 'H NMR
N/ < B (200 MHz, DMSO-dg): 6,65 (dd, 1H, J = 3,6 u 1,8 Hz, Fur—
OO H), 6,85 (d, 1H, J = 3,6 Hz, Fur-H), 6,87 (d, 1H, J = 3,2 Hz,
@ Pz—H), 7,21 (t, 1H, J = 7,4 Hz, Ar-H), 7,52 (m, 5H, Ar-H),
7,81 (d, 1H, J = 1,8 Hz, Fur-H), 7,83 (m, 2H, Ar-H), 8,10
(d, 2H, J = 7,8 Hz, Ar—H), 8,54 (s, 1H, -CH=N), 11,94 (bs, 1H, OH), 13,31 (s, 1H, NH, Pz);
B3C NMR (50 MHz, DMSO-dg): 91,53, 99,54, 107,62, 112,02, 118,45, 124,55, 127,84,
128,99, 129,07, 129,39, 131,69, 135,57, 138,99, 143,49, 144,23, 146,58, 148,74, 149,71,
165,26. Uzpauynaro: Cy3H17Ns0, (395,42 g/mol): C, 69,86; H, 4,33; N, 17,71; Haheno: C,

70,01; H, 4,40; N, 17,77.
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3.5.25.
Me 47: Cperno-KyTa KpucTaiHa cyrcranna; npunoc. 0,31 g

“ N (61%); T.T. 221-222 °C (pasnarame); IR (KBr, cm™?): 3420,
~. 7/

¢ NN 3269, 1680, 1617, 1602, 1522, 1482, 1402, 1331, 754; H
N\

NT O NMR (200 MHz, DMSO-dg): 2,23 (s, 3H, CHs), 6,29 (s, 1H,
@ Pz-H), 7,19 (t, 1H, J = 7,4 Hz, Ar—H), 7,50 (m, 5H, Ar—H),

7,79 (m, 2H, Ar—H), 8,09 (d, 2H, J = 7,8 Hz, Ar—H), 8,45 (s,
1H, —CH=N), 11,83 (bs, 1H, OH), 12,47 (s, 1H, NH, Pz); **C NMR (50 MHz, DMSO-dg):
10,84, 93,95, 99,09, 118,42, 124,49, 127,77, 128,97, 129,07, 129,36, 131,77, 139,05, 140,78,
146,35, 148,05, 149,65, 165,28. Uspauynaro: CaoH17NsO (343,39 g/mol): C, 69,96; H, 4,99;
N, 20,39; Haheno: C, 70,14; H, 5,03; N, 20,65.

3.5.26.

f\NH 48: Crermno-xyra amop¢na cymcrania; npunoc: 0,30 g (61
— N =N %); T.T. 214-215 °C (pasmarame); IR (KBr, cm™%): 3435,
Ny o 3232, 1656, 1629, 1597, 1481, 1401, 1344, 756; 'H NMR

(200 MHz, DMSO-dg): 6,55 (s, 1H, Pz-H), 7,19 (t, 1H, J =

7,4 Hz, Ar-H), 7,51 (m, 5H, Ar-H), 7,79 (s, 1H, Pz—H), 7,80
(m, 2H, Ar—H), 8,09 (d, 2H, J = 7,8 Hz, Ar—H), 8,52 (s, 1H, —-CH=N), 11,94 (bs, 1H, OH),
12,79 (s, 1H, NH, Pz); *C NMR (50 MHz, DMSO-ds): 94,88, 99,24, 118,43, 124,51, 127,80,
128,99, 129,08, 129,37, 130,96, 131,76, 139,05, 146,59, 148,03, 149,71, 165,28.
N3pauynato: C19H15Ns0 (329,36 g/mol): C, 69,29; H, 4,59; N, 21,26; Haheno: C, 69,55; H,
4,63; N, 21,33.

3.5.27.
Ph 49: Cpernmo-kyTa KpucTaigHa cyrcTaHina, npunoc. 0,44 ¢

~ N (73%); T.T. 287-288 °C (pasnarame); IR (KBr, cm?): 3434,

¢ NN 3212, 1672, 1623, 1598, 1488, 1481, 1403, 1333, 755; H
N\

NT 0 NMR (200 MHz, DMSO-dg): 7,02 (s, 1H, Pz—H), 7,21 (t, 1H,
@ J =74 Hz, Ar—H), 7,47 (m, 8H, Ar—H), 7,40 (d, 2H, J=7,0

Hz, Ar—H), 7,83 (m, 2H, Ar—H), 8,09 (d, 2H, J = 7,8 Hz, Ar—
H), 8,55 (s, 1H, —CH=N), 11,37 (bs, 1H, OH), 13,29 (s, 1H, NH, Pz); *C NMR (50 MHz,
115



Jlokxmopcka oucepmayuja-Excnepumenmanuu deo

DMSO-dg): 92,25, 99,44, 118,52, 124,62, 125,35, 127,85, 128,86, 129,04, 129,13, 129,19,
129,25, 129,45, 131,73 139,02, 144,16, 146,64, 148,93, 149,71, 165.35. U3pauyHnato:
C2s5H19N50 (405,46 g/mol): C, 74,06; H, 4,72; N, 17,27; Haheno: C, 74,19; H, 4,81; N, 17,44.

3.6. IocTynak 3a cunTe3y jenumema 50-64

Cwmeca oxaroBapajyher ammexuma (1,5 mmol) u a-amuno-kucenuue (1,8 mmol) y
eranoiny (10 ml) sarpeBana je ma kibyda 4 daca. Ilocrie ucmapaBama pacTBapada IO
CHIKEHUM TIPUTUCKOM, j01aTo je 40 ml Boje u cycrneHsuja je memrana jour 1 yac Ha cOOHO]
Temmneparypu. Tajor je mporeheH, ucmpan ca mano XJagHor XjopodopMa M OCYIIEH Yy

Bakyymy npeko auxuaposanor CaCl,.

3.6.1.
50: Ceetmo-xyra amopdHa cyncrania; npuroc: 0,40 g (76
%); T.T. 137-138 °C (pasmarame); IR (KBr, cm™): 3413,
= N~ coon 3352, 3152, 1710, 1659, 1590, 1507, 1400, 1306, 1283, 771;
N 'H NMR (500 MHz, DMSO-dg): 3,08 (dd, 1H, J = 14,0 u
) "M 85 Hz, CH-CH,), 3,29 (dd, 1H, J = 14,0 u 4,5 Hz, CH-
CHy), 4,71 (dd 1H, J = 8,5 u 4,5 Hz, CH-COOQ), 7,24-7,38 (m, 10H, Ar-H), 7,65 (s, 1H, —
CH=N), 10,09 (bs, 1H, OH), 11,25 (s, 1H, NH-C-0), 12,79 (bs, 1H, COOH); *C NMR (125
MHz, DMSO-dg): 38,81, 61,43, 96,42, 126,91, 126,94, 128,24, 128,55, 128,63, 129,72,
132,75, 136,19, 148,25, 152,89, 168,61, 171,57. U3pauynaro: CigH19N30,4 (353,38 g/mol):
C, 64,58; H, 5,42; N, 11,89; Haheno: C, 64,28; H, 5,60; N, 11,82.

3.6.2.

\s/j\ 51: Xyta amopdua cyncrania; npunoc: 0,32 g (62%); T.T.
[ . 1.
A coon 107-108 °C (pasmarame); IR (KBr, cm'): 3420, 3170,

N/\ o 1720, 1662, 1606, 1505, 1400, 1280, 769; 'H NMR (500

l *H0  MHz, DMSO-dg): 2,05 (s, 3H, CHa); 2,07 (m, 1H, CH-

H

CH,); 2,15 (m, 1H, CH-CH,); 2,50 (m, 2H, S-CH,); 4,46 (dd, 1H, J = 8,0 u 5,0 Hz, CH-
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COO0), 7,39 (t, 1H, J = 7,0 Hz, Ar-H), 7,44 (t, 2H, J = 7,0 Hz, Ar—H), 7,61 (dd, 2H, J= 7,0 u
1,5 Hz, Ar-H), 8,10 (s, 1H, -CH=N), 10,23 (bs, 1H, OH), 11,30 (s, 1H, NH-C-0), 12,85 (bs,
1H, COOH); *C NMR (125 MHz, DMSO-dg): 14,54, 29,07, 32,20, 59,75, 96,68, 127,00,
128,25, 128,66, 132,91, 148,18, 153,33, 168,73, 172,02. MUspauynaro: Ci5H1sN30,S (337,40
g/mol): C, 53,40; H, 5,68; N, 12,45; S, 9,50; Haheno: C, 53,27; H, 5,88; N, 12,41; S, 9,84.

3.6.3.
_s 52: Cpemio-xyra amopdHa cyncranna; npunoc: 0,20 g (44
j\ %); T.T. 164-165 °C (pasmarame); IR (KBr, cm™): 3413,
Z N~ COOH L
N/ H 3256, 1731, 1662, 1605, 1506, 1400, 1304, 771; "H NMR
~ o
E (500 MHz, DMSO-ds): 2,11 (s, 3H, CHa), 3,03 (dd, 1H, J =

14,0 u 7,0 Hz, CH-CH,), 3,08 (dd, 1H, J = 14,0 u 4,5 Hz,
CH-CHy,), 4,66 (dd 1H, J = 7,0 u 4,5 Hz, CH-COO), 7,39 (t, 1H, J = 7,0 Hz, Ar—H), 7,45 (t,
2H, J = 7,0 Hz, Ar-H), 7,61 (d, 2H, J = 7,0 Hz, Ar-H), 8,14 (s, 1H, —CH=N), 10,22 (bs, 1H,
OH), 11,32 (s, 1H, NH-C-0), 12,84 (bs, 1H, COOH); **C NMR (125 MHz, DMSO-dg):
15,43, 37,06, 60,00, 96,73, 126,99, 128,32, 128,72, 132,89, 148,26, 153,43, 168,74, 171,02.
N3pauynato: C14H15N303S (305,36 g/mol): C, 55,07; H, 4,95; N, 13,76; S, 10,50; Haheno: C,
54,85; H, 5,14; N, 13,62; S, 10,27.

3.6.4.
HO 53: XKyra amop¢Ha cymncrania; nputoc: 0,18 g (44 %); T.T.
_ Nj\COOH 178-179 °C (pasmarame); IR (KBr, cm™): 3421, 3226,
N/\ OH 1715, 1661, 1616, 1603, 1400, 1255, 772; ‘H NMR (500
E MHz, DMSO-dq): 3,79 (dd, 1H, J = 11,0 u 3,5 Hz, CH-

CHy), 3,84 (dd, 1H, J = 11,0 u 4,5 Hz, CH-CH,), 4,47 (m,
1H, CH-COO0), 5,45 (bs, 1H, CH,—OH), 7,39 (t, 1H, J = 7,0 Hz, Ar-H), 7,44 (t, 2H, J = 7,0
Hz, Ar-H), 7,60 (d, 2H, J = 7,0 Hz, Ar—H), 8,10 (s, 1H, -CH=N), 10,27 (bs, 1H, OH), 11,27
(s, 1H, NH-C-0), 12,89 (bs, 1H, COOH); *C NMR (125 MHz, DMSO-dg): 62,24, 62,31,
96,58, 126,96, 128,22, 128,72, 132,98, 148,19, 153,61, 168,69, 170,85. MspauyHaro:
C1sH13N304 (275,26 g/mol): C, 56,72; H, 4,76; N, 15,27; Haheno: C, 57,01; H, 4,67; N,
15,10.
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3.6.5.

HO

Z N COOH

'i‘ * H,0
H

54: Csetrno-xyra amopdHa cymcranma, npunoc: 0,42 ¢
(75%); T.T. 155-156 °C (pasmarame); IR (KBr, cm™):
3401, 3296, 3204, 1735, 1656, 1609, 1591, 1514, 1331,
1284, 776; *H NMR (500 MHz, DMSO-dg): 2,92 (dd, 1H, J
=13,5u 9,0 Hz, CH-CH), 3,17 (dd, 1H, J = 13,5 u 4,5 Hz,
CH-CH), 4,60 (dd 1H, J = 9,0 u 4,5 Hz, CH-COO), 6,72

(d, 2H, J = 8,5 Hz, Ar-H), 7,02 (d, 2H, J = 8,5 Hz, Ar—H), 7,41 (m, 3H, Ar—H), 7,53 (m, 2H,
Ar-H), 7,55 (s, 1H, -CH=N), 9,38 (bs, 1H, Ar—OH), 10,09 (bs, 1H, OH), 11,22 (s, 1H, NH-
C-0), 12,86 (bs, 1H, COOH); **C NMR (125 MHz, DMSO-ds): 38,45, 61,54, 96,27, 115,32,
126,91, 128,17, 128,63, 128,73, 130,75, 132,75, 148,25, 152,76, 156,44, 168,57, 171,64.
N3pauynato: C19H19N305 (369,38 g/mol): C, 61,78; H, 5,18; N, 11,38; Haheno: C, 61,48; H,

5,28: N, 11,16.
3.6.6.
/=N
HN
—
/ Y COOH
N\N o
y

55: Ceetno-xyra amop¢Ha cyncrania; npunoc: 0,21 g (43
%):; T.T. 232-233 °C (pasmarame); IR (KBr, cm™): 3235,
3151, 1711, 1670, 1635, 1591, 1350, 1300, 1273, 775; H
NMR (500 MHz, DMSO-dg): 3,04 (dd, 1H, J = 15,0 u 8,0
Hz, CH-CHy), 3,18 (dd, 1H, J = 15,0 u 4,0 Hz, CH-CH,),

4,63 (dd 1H, J = 8,0 u 4,0 Hz, CH-COOQ), 6,95 (s, 1H, His—H), 7,38 (m, 1H, NH, His), 7,43
(m, 5H, Ar-H), 7,70 (s, 1H, -CH=N), 7,78 (s, 1H, His-H), 10,17 (bs, 1H, OH), 11,21 (s, 1H,
NH-C-0), 12,89 (bs, 1H, COOH); *C NMR (125 MHz, DMSO-dg): 31,14, 60,24, 96,22,
116,56, 126,85, 128,13, 128,62, 128,96, 132,86, 135,11, 148,15, 152,78, 168,51, 171,68.
N3pauynato: C16H15Ns03 (325,33 g/mol): C, 59,07; H, 4,65; N, 21,53; Haheno: C, 59,23; H,

4,55; N, 21,44.
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3.6.7.

56: Csetmo-xyra amopdHa cymncranna; npunoc: 0,49 g (84
%); T.T. 163-164 °C (pasmarame); IR (KBr, cm™): 3399,
3220, 1723, 1657, 1595, 1503, 1340, 1284, 744; 'H NMR
(500 MHz, DMSO-dg): 3,19 (dd, 1H, J = 14,5 u 9,0 Hz,
CH-CH,), 3,43 (dd, 1H, J = 14,5 u 4,0 Hz, CH-CH,), 4,66
(dd 1H, J =9,0 u 4,0 Hz, CH-COO), 7,00 (t, 1H, J = 7,0 Hz,
Ar-H), 7,13 (m, 3H, Ar-H), 7,20 (d, 1H, J = 2,0 Hz, Trp—H), 7,30 (m, 3H, Ar-H), 7,41 (s,
1H, -CH=N), 7,43 (m, 1H, Ar—H), 7,58 (d, 1H, J = 8,0 Hz, Ar-H), 10,22 (bs, 1H, OH), 11,05
(d, 1H, J = 2,0 Hz, N-H, Trp), 11,20 (s, 1H, NH-C-0), 12,77 (bs, 1H, COOH); *C NMR
(125 MHz, DMSO-dg): 29,77, 60,83, 96,04, 108,45, 111,56, 118,41, 118,73, 121,23, 124,79,
126,71, 126,90, 128,00, 128,56, 132,77, 136,33, 148,14, 152,48, 168,55, 172,04.
N3pauynato: Cy1HyoN4O4 (392,41 g/mol): C, 64,28; H, 5,14; N, 14,28; Haheno: C, 64,17; H,
5,08; N, 14,44,

* H,0

3.6.8.

57 (L-Enantuomep) m 58 (D-enantuomep): XKyrte amopdHe
cyncranie; npurocu: 0,55 g 3a 57 u 0,43 g 3a 58 (89 % 3a
57 u 69 % 3a 58); T.T. 235-236 °C (paznmarame); IR (KBr,

N/\N o cmY): 3445, 1731, 1656, 1597, 1574,1494, 1353, 1258,
1188, 758, 698; *H NMR (500 MHz, DMSO-dg): 3,15 (dd,
1H, J = 14,0 u 8,5 Hz, CH-CH,), 3,34, (dd, 1H, J = 14,0 u

4,5 Hz, CH-CH}), 4,83, (ddd, 1H, J = 9,0, 8,5 u 4,5 Hz, CH-C0O0), 7,16 (t, 1H, J = 7,5 Hz,
Ar-H), 7,28 (m, 3H, Ar—H), 7,35 (t, 2H, J = 7,5 Hz, Ar—H), 7,40-7,45 (m, 7H, Ar-H), 7,77
(d, 1H, J = 13,5 Hz, =CH-N), 8,04, (d, 2H, J = 7,5 Hz, Ar-H), 10,21 (dd, 1H, J = 13,5 1 9,0
Hz, NH), 13,63 (bs, 1H, COOH); *C NMR (125 MHz, DMSO-dq): 38,73, 61,50, 96,92,
118,08, 124,05, 126,98, 127,34, 128,56, 128,74, 128,82, 128,94, 129,71, 131,69, 135,96,
139,09, 149,08, 153,97, 165,29, 171,29. Uspauynato: CasHayN3Os (411,46 g/mol): C, 72,98;
H, 5,14; N, 10,21; Habero: C, 72,96; H, 5,18; N, 10,29.
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3.6.9.

~s 59: )Kyra amopdHa cyncranna; npunocu: 0,43 g (73%); T.T.
/j\ 167168 °C (pasmarame); IR (KBr, cm™): 3436, 3285, 1731,

"/\N o 1655, 1598, 1572,1494, 1351, 1281, 758; ‘H NMR (500
MHz, DMSO-dg): 2,06, (s, 3H, CHs); 2,18, (m, 2H, CH-
CH,); 2,54, (m, 2H, S-CH,); 4,62, (ddd, 1H, J = 9,0, 8,0 u

3,5 Hz, CH-COO0), 7,17 (t, 1H, J = 7,5 Hz, Ar-H), 7,43 (t, 2H, J = 7,5 Hz, Ar—H), 7,48-7,53,
(m, 3H, Ar—H), 7,75 (dd, 2H, J = 8,0 u 1,5 Hz, Ar—H), 8,07 (d, 2H, J = 8,0 Hz, Ar—H), 8,26
(d, 1H, J = 13,5 Hz, =CH-N), 10,31 (dd, 1H, J = 13,5 u 9,0 Hz, NH), 13,48 (bs, 1H,
COOH); *C NMR (125 MHz, DMSO-de): 14,50, 29,01, 31,67, 59,75, 97,32, 118,14, 124,09,
127,50, 128,76, 128,80, 129,01, 131,87, 139,10, 149,10, 154,62, 165,44, 171,75.
Nspauynato: Cy1H21N303S (395,48 g/mol): C, 63,78; H, 5,35; N, 10,63; S, 8,11; Haheno: C,
64,02; H, 5,25; N, 10,79; S, 8,26.

3.6.10.

_s 60: XKyra amopdna cyncranna; npunocu: 0,37 g (64 %);

7 NJ\COOH T.T. 149-150 °C (pasnarame); IR (KBr, cm *): 3421, 3116,

"/\ o 1736, 1650, 1598, 1574,1496, 1349, 1183, 767; 'H NMR
N

(500 MHz, DMSO-dg): 2,13 (s, 3H, CH3); 3,10 (dd, 1H, J =

14,0 u 7,0 Hz, CH-CH}), 3,14 (dd, 1H, J = 14,0 u 4,5 Hz,

CH-CH;), 4,76 (m, 1H, CH-COO), 7,17 (t, 1H, J = 7,0 Hz,
Ar-H), 7,43 (t, 2H, J = 8,0 Hz, Ar—H), 7,47-7,54 (m, 3H, Ar-H), 7,74 (d, 2H, J = 7,0 Hz, Ar—
H), 8,07 (d, 2H, J = 8,0 Hz, Ar-H), 8,27 (d, 1H, J = 13,5 Hz, =CH-N), 10,37 (dd, 1H, J =
13,51 9,0 Hz, NH), 13,62 (bs, 1H, COOH); *C NMR (125 MHz, DMSO-de): 15,36, 36,82,
60,07, 97,24, 118,13, 124,10, 127,46, 128,76, 128,85, 129,04, 131,86, 139,11, 149,11,
154,56, 165,44, 170,81. Mspauynato: CooHisNsOsS (381,46 g/mol): C, 62,97; H, 5,02; N,
11,02; S, 8,41; Haheno: C, 63,05; H, 4,95: N, 10,98; S, 8,35.
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3.6.11.

HO 61: Xyra amopdna cyncranna; npunocu: 0,32 g (61 %);
j\ - o . -1y.
; _ v coon T.T. 106-107 °C (pasmarame); IR (KBr, cm °): 3410, 3232,
N o 1734, 1657, 1598, 1495, 1348, 758; *H NMR (500 MHz,
N

DMSO-dg): 3,83 (m, 1H, CH-CHy), 3,88 (dd, 1H, J = 10,5 u

3,5 Hz, CH-CH,), 4,56 (m, 1H, CH-COO), 5,45 (bs, 1H,

CH,-OH), 7,17 (t, 1H, J = 7,5 Hz, Ar-H), 7,43 (t, 2H, J =
7,5 Hz, Ar—H), 7,48 (m, 3H, Ar-H), 7,73 (d, 2H, J = 7,0 Hz, Ar-H), 8,08 (d, 2H, J = 8,0 Hz,
Ar-H), 8,25 (d, 1H, J = 13,5 Hz, =CH-N), 10,39 (dd, 1H, J = 13,5 u 8,5 Hz, NH), 13,40 (bs,
1H, COOH); °.C NMR (125 MHz, DMSO-ds): 62,18, 62,42, 97,14, 118,10, 124,03, 127,43,
128,76, 128,83, 128,99, 131,96, 139,20, 149,09, 154,73, 16545, 170,64. MspauyHaro:
C1H17N3O4 (351,23 g/mol): C, 64,95; H, 4,88; N, 11,96; Haheno: C, 65,25; H, 4,82; N,
11,69.

3.6.12.
HO 62: XKyra amopdna cyncranna; npunoc: 0,51 g (80 %); T.T.
209-210 °C (pasmarame); IR (KBr, cm%): 3517, 3420, 3204,
1732, 1655, 1596, 1516, 1494, 1351, 1175, 760; 'H NMR

S (500 MHz, DMSO-dg): 2,99 (dd, 1H, J = 14,0 n 9,0 Hz, CH-
N

CH,), 3,23 (dd, 1H, J = 14,0 u 4,0 Hz, CH-CH),), 4,83 (ddd,

1H, J = 9,0, 9,0 u 4,0 Hz, CH-COO), 6,75 (d, 2H, J = 8,5

Hz, Ar-H), 7,06 (d, 2H, J = 8,5 Hz, Ar-H), 7,16 (t, 1H, J =
7,5 Hz, Ar-H), 7,40-7,47 (m, 7TH, Ar—H), 7,66 (d, 1H, J = 13,0 Hz, =CH-N), 8,05 (d, 2H, J
= 8,0 Hz, Ar-H), 9,41 (bs, 1H, OH, Tyr), 10,19 (dd, 1H, J = 13,0 1 9,0 Hz, NH), 13,61 (bs,
1H, COOH); *C NMR (125 MHz, DMSO-ds): 38,28, 61,75, 96,77, 115,37, 118,08, 124,03,
125,79, 127,36, 128,74, 128,78, 128,92, 130,82, 131,71, 139,13, 149,14, 153,80, 156,50,
165,30, 171,40, Mspauynato: CpsH»iNsOs (427,46 g/mol): C, 70,25; H, 4,95; N, 9,83;
Habero: C, 69,95; H, 5,01; N, 9,79.
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3.6.13.
/N 63: XKyra amopdna cyncranna; npunoc: 0,42 g (70 %); T.T.

HN
\)j\ 214-215 °C (paszmnarame); IR (KBr, cm_l): 3420, 3155, 1715,
7 N~ coon 1653, 1598, 1570,1499, 1347, 1333, 762; H NMR (500

N o MHz, DMSO-dg): 3,12 (dd, 1H, J = 15,0 8,5 Hz, CH-CH),),
3,23 (dd, 1H, J = 15,0 u 4,0 Hz, CH-CH,), 4,73 (m, 1H, CH-
COO0), 7,02 (s, 1H, His-H), 7,16 (t, 1H, J = 7,5 Hz, Ar—H),

7,42 (t, 2H, J = 8,0 Hz, Ar-H), 7,46-7,52 (m, 4H; 3H, Ar—H u 1H, NH, His), 7,57 (d, 2H, J =
7,0 Hz, Ar—H), 7,86 (m, 2H, =CH-N u 1H, His), 8,05 (d, 2H, J = 8,0 Hz, Ar-H), 10,31 (m,
1H, NH), 13,54 (bs, 1H, COOH); *C NMR (125 MHz, DMSO-dg): 30,77, 60,47, 96,83,
116,43, 118,07, 123,97, 127,36, 128,72, 128,80, 128,91, 131,86, 132,70, 135,17, 139,18,
149,09, 153,93, 165,27, 171,44. Wspaaynato: CasH1sNsO3 (401,42 g/mol): C, 65,83; H, 4,77;
N, 17,45; Habeno: C, 65,52; H, 4,80; N, 17,33.

3.6.14.
64: XKyra amopdna cyncranna; npunoc: 0,50 g (74 %); T.T.
234-235 °C (pasmarame); IR (KBr, cm): 3399, 3220, 1723,
1657, 1595, 1503, 1340, 1284, 744; *H NMR (500 MHz,
DMSO-dg): 3,28 (dd, 1H, J = 14,5 u 8,5 Hz, CH-CHy), 3,45
(dd, 1H,J =14,5u 4,5 Hz, CH-CH,), 4,79 (ddd 1H, J = 9,0,
8,5u 4,0 Hz, CH-COO0), 7,00 (t, 1H, J = 7,5 Hz, Ar—H), 7,12
@ (t, 1H, J = 7,5 Hz, Ar-H), 7,16 (t, 1H, J = 7,5 Hz, Ar-H),
7,25 (m, 3H; 2H, Ar-H u 1H, Trp—H), 7,35-7,43 (m, 6H; 5H, Ar—H u 1H, =CH-N), 7,58 (m,
2H, Ar-H), 8,04 (d, 2H, J = 7,5 Hz, Ar-H), 10,28 (dd, 1H, J = 13,5 u 9,0 Hz, NH), 11,07 (s,
1H, N-H, Trp), 13,58 (bs, 1H, COOH); *C NMR (125 MHz, DMSO-dg): 29,37, 60,72,
96,70, 108,03, 111,56, 118,08, 118,38, 118,74, 121,27, 124,01, 124,91, 126,84, 127,17,
128,66, 128,72, 128,79, 131,69, 136,31, 139,13, 149,02, 153,70, 165,31, 171,74
Nspauynaro: Cy7H22N4O3 (450,50 g/mol): C, 71,99; H, 4,92; N, 12,44; Haheno: C, 71,77; H,
4,92; N, 12,30.
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3.7. PeHareHcKa CTpyKTypHA aHA/IN3a

Jenumeme 22, S5-xumpokcu-3,5-auMeTHII-1-S-MeTHIN30THOKApOaMOWII-2-THPa30JIv-
Hujym-joaun (HDMCPI), no6ujero o nmpeTxoaHo OMHCaHOM MOCTYIIKY, KPHCTAINCAIIO j& U3
eta”ona. Oxromapajyhu Oiiejo’)KyTH NMPU3MATHYHU MOHOKPHCTAT TOTONAH 3a PEHATSHCKY
CTPYKTYpHY aHaJIN3y JOOHjEH je MPEeKPUCTAIN3aIIjOM U3 UCTOT pacTBapaya.

Pesyaratu cy cakymbenn Ha 293(2)K momohy OXFORD DIFFRACTION KM4
SAPPHIRE CCD mudpakromerpa kopucrehn MoKea (A = 0.71073 A) 3paueme MoHOXpOMa-
THU30BaHO TpaUTHUM MOHOXpomaTtopoM. l[IpuMemeHa je ceMHeMIUpHjCKa arcopHioHa
KOpEKIMja, 3aCHOBaHA HAa HWHTEH3UTETHMMa EKBUBAJICHTHUX peduiekcuja (MUHUMATHU U
MaKCcUMajHu TpaHcMucHOHHM (akTtopu u3Hocuiau cy 0,53295 m 1,000), a momamm cy
KopuroBaHu u 3a JIopeHI0Be, mojapu3anuoHe U mo3aauHcke edekre. CTpyKTypa jenmbemha
pemeHa je aupekTHMM Metonama (SIR-92) kopucrehm mporpamcku maker WinGX*® u

noGoJpiana anmsorpornanm full-matrix least-squares mponexypama (SHEXL-97).1%°

Tab6ena 11. Ocunosnu xpucmanocpagpcku nodayu u noodayu 6e3aHu 3a NPUKYNbAILE U

peuiasarbe cmpykmype jeourerba 22.

dopmyna C7H14IN30S F(000) 616
M 315,17 Bennuunna kpucraza (mm) | 0,23 x 0,37 x 0,69
Kpucrannu cuctem MoHOKITUHIYaH T (K) 293
IIpocropHa rpyna P21/n (No. 14) A (A) 0,71073
12,204(5) Omin, Owviax (°) 3,5; 29,1
a, b, c(A) 6,417(5) N3mepene pedrexcuje 5002
15,995(5) HesaBucue pediekcuje 2680
90 3anaxeHe peduiekcuje 2187
o B,y 110,402(5) Kpurepujym > 26(l)
90 Bpoj napamerapa 122
V (A3 1174,0(11) Aprmin, Apmax (€ A7) -0,39; 0,34
z 4 R 0,0210
Dc (g cm™) 1,783 Rw 0,0490
w(mm™) 2,876 S 1,05
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Tabena 12. Koopouname amoma u exeusaienmuu uzomponuu napamempu, U(€q)

3a jeourbere 22.

Atom X y z U(eq) (A%
St 0.16062(6) 0.52221(10) 0.59898(5) 0.0482(2)
05 0.44122(12) 0.2748(2) 0.49165(10) 0.0388(5)
N1 0.24831(15) 0.3465(3) 0.48952(12) 0.0351(6)
N2 0.15227(15) 0.2130(3) 0.47497(13) 0.0393(6)
N7 0.35445(16) 0.6256(3) 0.56489(13) 0.0406(6)
C3 0.16074(19) 0.0674(4) 0.42415(15) 0.0389(7)
ca 0.2678(2) 0.0778(4) 0.3992(2) 0.0508(9)
c5 0.32413(17) 0.2861(3) 0.43624(14) 0.0351(7)
C6 0.26457(18) 0.4986(3) 0.54847(15) 0.0338(7)
c8 0.2142(3) 0.7415(5) 0.6700(2) 0.0750(12)
C3l 0.0709(2) -0.0988(4) 0.3928(2) 0.0592(10)
C51 0.3162(2) 0.4427(4) 0.36453(16) 0.0478(8)
I 0.48504(1) 0.07606(2) 0.69777(1) 0.0441(1)
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Tabena 13. (An)uzsomponnu napamempu 3a jeournerve 22.

Atom | U(L)mm U | U(22.2) U(3,3) U(2,3) U(L,3) U(L,2)
S1 | 00427(3) | 0.0561(4) | 0.0576(4) | -0.0115(3) | 0.0325(3) | -0.0109(3)
O5 | 0.0279(8) | 0.0533(10) | 0.0371(8) | 0.0061(8) | 0.0136(6) | 0.0018(7)
N1 | 0.0274(9) | 0.0416(10) | 0.0387(10) | -0.0057(9) | 0.0146(8) | -0.0071(8)
N2 | 0.0296(9) | 0.0440(11) | 0.0461(11) | -0.0052(10) | 0.0153(8) | -0.0102(8)
N7 | 0.0348(10) | 0.0468(11) | 0.0466(11) | -0.0131(9) | 0.0224(9) | -0.0097(8)
C3 | 0.0344(12) | 0.0412(13) | 0.0397(12) | -0.0007(11) | 0.0113(10) | -0.0052(10)
C4 | 0.0477(15) | 0.0520(15) | 0.0604(16) | -0.0176(13) | 0.0286(13) | -0.0117(12)
C5 | 0.0274(10) | 0.0464(13) | 0.0340(11) | -0.0034(11) | 0.0139(9) | -0.0012(9)
C6 | 0.0303(11) | 0.0376(11) | 0.0350(12) | 0.0004(10) | 0.0133(9) | 0.0005(9)
cs 0.083(2) 0.081(2) | 0.090(2) | -0.0415(19) | 0.0667(19) | -0.0326(17)
C31 | 0.0486(16) | 0.0562(17) | 0.0696(19) | -0.0141(14) | 0.0166(14) | -0.0189(12)
C51 | 0.0383(13) | 0.0688(18) | 0.0352(12) | 0.0085(13) | 0.0114(10) | 0.0011(12)
11 0.0401(1) | 0.0551(1) | 0.0374(1) | -0.0022(1) | 0.0140(1) | -0.0028(1)
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Ta6ena 14. Koopouname amoma eodonuxa u uzomponuu napamempu, U(iS0) 3a jeourserpe

22.

AtoM X y z U(iso) (A%
H4A 0.32030 -0.03680 0.42560 0.0610
H4B 0.24740 0.07280 0.33490 0.0610
H5 0.44750 0.19610 0.53350 0.0470
H7A 0.36460 0.72420 0.60330 0.0490
H7B 0.40300 0.61000 0.53720 0.0490
H8A 0.16460 0.76730 0.70400 0.0980
H8B 0.21470 0.86170 0.63440 0.0980
H8C 0.29230 0.71350 0.70970 0.0980
H31A 0.01850 -0.09130 0.42560 0.0770
H31B 0.10840 -0.23260 0.40200 0.0770
H31C 0.02770 -0.07980 0.33040 0.0770
H51A 0.23580 0.46280 0.32810 0.0620
H51B 0.34900 0.57270 0.39140 0.0620
H51C 0.35890 0.39250 0.32830 0.0620
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Ta6ena 15. Jyocune éeza (B) y jeouremy 22.

Excn. H3pau. Excn. H3pau.
S1-C6 1.732(3) 1.756 C4-C5 1.525 (4) 1.544
S1-C8 1.783(4) 1.826 C5-C51 1.503 (3) 1.524
05-C5 1.396(3) 1.397 C4 - H4A 0.9700 1.095
O5-H5 0.8200 0.985 C4 - H4B 0.9700 1.091
N1 - N2 1.404(3) 1.395 C8 - H8A 0.9600 1.089
N1-C5 1.511 (3) 1.529 C8 - H8B 0.9600 1.090
N1-C6 1.323 (3) 1.329 C8-H8C 0.9600 1.089
N2 -C3 1.266 (3) 1.284 C31-H31A 0.9600 1.094
N7 - C6 1.317 (3) 1.329 C31-H31B 0.9600 1.089
N7 -H7B 0.8600 1.005 C31-H31C 0.9600 1.094
N7 - H7A 0.8600 1.007 C51 - H51A 0.9600 1.090
C3-C4 1.495 (4) 1.505 C51 - H51B 0.9600 1.091
C3-C31 1.486 (4) 1.487 C51 - H51C 0.9600 1.091
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Tabena 16. Venosu sesa (°) y jeourvery 22.

Excn. H3pau. Excn. | U3pau.

C6-S1-C8 101.57 (14) 101.96 C3-C4-H4B 111.00 | 112.36
C5-05-H5 109.00 111.24 C5-C4-H4A 111.00 | 111.16
N2 -N1-C5 112.95 (17) 112.73 C5-C4-H4B 111.00 | 111.97
N2 -N1-C6 118.51 (19) 119.70 H4A - C4 - H4B 109.00 | 107.90
C5-N1-C6 128.47 (19) 127.55 S1-C8-H8A 109.00 | 111.72
N1-N2-C3 107.84 (19) 108.15 S1-C8-H8B 109.00 | 103.93
H7A - N7 - H7B 120.00 118.59 S1-C8-H8C 109.00 | 111.37
C6-N7-H7B 120.00 119.05 HB8A - C8 - H8B 109.00 | 108.60
C6 - N7 -H7A 120.00 121.41 HB8A - C8 - H8C 110.00 | 112.09
C4-C3-C31 123.6 (2) 123.89 H8B - C8 - H8C 109.00 | 108.74
N2-C3-C4 114.4 (2) 114.30 C3-C31-H31A 109.00 | 109.97
N2 -C3-C31 122.0 (2) 121.78 C3-C31-H31B 110.00 | 110.95
C3-C4-C5 104.7 (2) 103.89 C3-C31-H31C 109.00 | 110.06
0O5-C5-N1 110.35 (16) 110.83 H31A -C31-H31B | 110.00 | 110.95
0O5-C5-C4 115.09 (18) 115.80 H31A - C31-H31C | 109.00 | 109.38
05-C5-C51 107.37 (18) 108.18 H31B - C31 - H31C | 109.00 | 109.35
N1-C5-C4 99.33 (18) 99.13 C5-C51 - H51A 109.00 | 111.40
N1-C5-C51 111.71 (18) 109.55 C5-C51-H51B 109.00 | 108.65
C4-C5-Ch1 112.9 (2) 113.01 C5-C51-H51C 109.00 | 110.24
S1-C6 - N7 123.18 (17) 122.97 H51A - C51 - H51B | 109.00 | 108.66
N1 -C6 - N7 120.4 (2) 119.94 H51A - C51 - H51C | 110.00 | 108.99
S1-C6-N1 116.40 (17) 117.09 H51B - C51 - H51C | 109.00 | 108.85
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Ta6ena 17. Topsuonu yenosu (°) y jedursery 22.

ExcnepuMmeHTAIHU HU3pauynaTu
C8-S1-C6-N1 -179.31 (19) -176.61
C8-S1-C6-N7 -0.8 (2) -3.56
C5-N1-N2-C3 4.3 (2) 7.81
C6-N1-C5-C4 168.7 (2) 168.92
N2-N1-C5-C4 -8.1(2) -12.76
C6-N1-N2-C3 -173.0 (2) -173.72
N2-N1-C5-05 -129.43 (17) -134.96
C6-N1-C5-05 47.5 (3) 46.72
N2 - N1-C6-N7 179.14 (19) 174.76
C6-N1-C5-C51 -71.9 (3) -72.58
N2-N1-C6-S1 -2.3 (3) -5.40
C5-N1-C6-N7 2.4 (3) 7.02
N2-N1-C5-C51 111.2 (2) 105.74
C5-N1-C6-S1 -179.06 (16) -172.81
N1-N2-C3-C31 -178.1 (2) -179.73
N1-N2-C3-C4 2.1(3) 1.38
C31-C3-C4-C5 172.9 (2) 172.17
N2-C3-C4-C5 -7.3 (3) -9.51
C3-C4-C5-05 126.2 (2) 130.68
C3-C4-C5-Ch1 -110.1 (2) -103.74
C3-C4-C5-N1 8.4 (2) 12.14
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Ta6ena 18. Pacmojara () y jeoureny 22.

11 .05 3399(3) [C6 .H5 3.0300
1T N7_e 3613(3) |C6 .H51B 3.0700
II .C8e 3835(5) |C8 .H7A 2.4300
11 H5 26200 |C51 .H7B 2.8000
11 .H7A e 28300 | H4AA H5 2.4000
11 .H8C_e 33600 | H4B .H51A 2.5100
11 .H8A g 3.0500 | H4B .H51C 2.4800
1T .H51A h 3.0500 | H5 .H4A 2.4000
S1 N2 2782(3) |H5 .11 2.6200
05 N7 2903(3) |H5 .C6 3.0300
05 .11 3399(3) |H7A .C8 2.4300
05 N7.a 3.003(3) |H7A .H8B 2.2400
05 .05.a 3.196(3) |H7A .HSC 2.1700
05 .H7B 23700 |H7A 11b 2.8300
05 .H7B_a 22300 |H7B .05 2.3700
05 .H51B_a 27700 |H7B .C51 2.8000
N2 .Sl 2.782(3) |H7B .H51B 2.2000
N7 11D 3613(3) |H7B .C5 2.6000
N7 .05 2.903(3) |H7B .05.a 2.2300
N7 .C51 3.290(4) |HBA .I11_d 3.0500
N7 .05 a 3.003(3) |H8B .N7 2.7900
N7 .H8B 27900 | H8B .H7A 2.2400
N7 .H8C 27400 | H8C .11 b 3.3600
N7 .H51B 27700 | H8C .N7 2.7400
C8 .ILb 3.835(5) |HSC .H7A 2.1700
C51 .N7 3.290(4) |H31B .C6_e 3.0000
C5 .H7B 2.6000 | H51A .IL_f 3.0500
C6 .H31B c 3.0000 | H5IA .H4B 2.5100
H51B  .N7 27700 | H51B .H7B 2.2000
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H51B .C6 3.0700 H51C .H4B 2.4800

H51B .05_a 2.7700

Tabena 19. Booonuune sese (R, °) y jeouremy 22.

05 -- H5 .11 0.8200 2.6200 3.399(3) 159.00
N7 -- H7A .11

0.8600 2.8300 3.613(3) 153.00
1565
N7 -- H7B .05 0.8600 2.3700 2.903(3) 121.00
N7 -- H7B .05

0.8600 2.2300 3.003(3) 149.00
3 666
C8 - H8A .11

0.9600 3.0500 3.886(5) 146.00
2 556
C51 - H51A .11

0.9600 3.0500 3.993(4) 167.00
4 454

3.8. Pauynapcke metoae

Cpa m3pauyHaBama M3BeieHa cy momohy mporpama Gaussian 03,

B3LYP @yHKuHOHana.m'MO basucuu ckyn 6-311++G(d,p) kopumihen je 3a C, O, N, Su H,

Kopuirhemem

1ok je 6-311G(d,p) ynmorpebsben 3a |. ['eomMeTpujcku mapaMeTpy CBUX CTAI[MOHAPHUX Tadaka
ONTHMHU30BaHU Cy y Boau (¢ = 78.36), xopuctehu conBaTtallioOHH MOJEIN (CPCM).m’142
N3pauynaBamem (pekBeHIMja MOTBpPHEHO je 3a CBEe HW3paudyHaTe CTPYKTYpEe Ja Cy WU
paBHOTEXHE TeoMeTpHje (CBe peaiiHe BUOpaImone GpeKBEHIIH]e) WK Mpea3Ha cTama (jeIHa
uMarnHapHa BuOpanuoHa ¢pekBenimja). M3senenn cy IRC (ewe. Intrinsic Reaction
Coordinates) pauynu 3a OTKpHBEHa Ipeiia3Ha cTamkba. OBU pauyyHU Cy MOTBPAMIN Ja CBAKO

npejasHo CTame MmoBe3yje oarosapajyhe peakrante u npoussoge. NBO (ene. Natural Bond

Orbital) ananu3a je u3BeneHa 3a cBe CTPYKTYpe Ay PeakLUoHe KoopauHare.
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& G1:M41:V1 - IRC Plot
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Camka 16. Pezyimamu IRC npopauyna 3a TSA4.
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Camka 17. Pezyimamu IRC npopauyna 3a TS6.
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4. 3AK/bYUYAK







Iloxmopcka oucepmayuja-3axmsyuax

Ha ocHoBy pesynrara npuka3zanux y Ilornasspy ,,Hamm pagoBu®, Mory ce u3Bectu
cienehu 3akspydny.

Kongenzanujom o-amuHo-kucenuHa ca 1,3-nudennnnupason-4-kapOaniexugiom
cuaretu3oBane ¢y HoBe N-[(1,3-mudennnmupaszon-4-un)metwi] a-amuHo-kuceaune (1-9) y
nobpum  npuHOocuma. CTpykTypa OBHX jequmelba TNOTBpheHA je  TPUMEHOM
neogumensroHaiHux NMR texuuka. Vilsmeier-Haack-osum dopmuioBamem xuapasona 3-
aneTwi-peporieHa U3BpIIEHa j€ CHHTe3a alJeXUAHOT Ipekypcopa 3-peporeHuin-1-
benmnnupazon-4-kapbangexuna, 4YMja KOHJEH3alMja ca O-aMUHO-KHCEIMHaMa [aje
jemumema 10-21. CTpyKType HOBHX jelIMIbCHA MOTBPHEHE Cy HA OCHOBY CIICKTPATHHX
nmoJlaTaka M eJEMEHTAapHOM aHanmn3oM. [leTaJbHO je aHanM3WpaH YTUIA] T-€JIeKTPOHCKOT
CUCTEMa Ha XEMHJCKO TOMepame, LeNamke ¢ MYITUIUIMIUTET OpTO U MeTa
[UKIIOTIEHTAIUEHCKUX MTPOTOHA.

H3BpI1ieHO je N30J10Bake HHTEPMEjepa y CHHTE3U 3-aMuHonupasona (22) u merosa
MOTIyHA CIIEKTpaJlHA KapaKTepH3aldja, Kao M KapaKTepHu3alja METOJOM pEeHITeHCKe
CTPYKTypHE aHajm3e. MexaHuszaM oBe peakiuje pasmarpad je u nomohy DFT (Density
Functional Theory) merona koje y notmynoctu o0janimaajy nooujeae NMR pesynrate.

CuHTeTH30BaHU Cy 4-aMHUHOMETWJIUACHCKH JepuBaTH (23-64) Tpu CTPYKTYPHO
pasnmuuuTa TUPa30i-5-0OHa, KOHJEH3aIujoM oaroapajyhux 4-hopmuwimmpason-5-oHa ca
onabpaHMM TPUMApHUM aMHUHUMa W oO-amMuHO-KucenwHama. Ilomohy IR uw NMR-
CTHIEKTPOCKOIHje U3BPILECHA je JieTaJbHa aHallu3a TayTOMEPHOI' cacTaBa JJOOMjeHHUX jeANbEHha
y YBPCTOM cTamy u y pactBopy DMSO-ds.

CBa CHHTETH30BaHA jeIMCHA CY TECTHPAaHA HAa HEKOJHMKO TYMOPCKHX henujcKux
JUHWja Y3 aHajuu3y YyTHUIaja CIIEKTPOHCKMX W CTepHUX (akTopa Ha HHHXOB

aHTUTIPONH(EPATUBHU TTOTCHIIU]al.
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e R=D-PhCH,

a R = H f R= CH35CH2CH2 R
R = (CH;),CH g R=CH,SCH, & /L 5
¢ R=(CH;),CHCH, h R=HOCH, F\ w'n
N
~N
d R=L- Omz i R= HOOCHZ N
la-i

New N-[(1,3-diphenylpyrazol-4-yl)methyl]o-amino acids (la—i) have been synthesized and tested
in vitro for their antiproliferative activity against human myelogenous leukemia K562, colon adenocar-
cinoma HT-29, cervix carcinoma Hela, and normal fetal lung fibroblasts, MRC-5. Compounds derived
from both phenylalanine enantiomer precursors appeared to be the most active against myelogenous leu-

kemia K562 cell lines with a high cytotoxic potential.

J. Heterocyclic Chem., 47, 850 (2010).

INTRODUCTION

Arylpyrazole derivatives play an important role in
biologically active compounds and therefore represent
an interesting template for medicinal chemistry. These
compounds displayed diverse biological properties such
as antiparasitic [1], antifungal [2], antibacterial [3], and
antidiabetic [4]. Moreover, arylpyrazole derivatives have
shown several biological activities as seen in cyclooxy-
genase-2 [5], p38 MAP kinase [6], and nonnucleoside
HIV-1 reverse transcriptase inhibitors [7]. In the
research for antitumor agents, arylpyrazole derivatives
exhibited promising antiproliferative properties against
several kinds of human tumor cell lines [8—10].

The cytotoxic drugs, such as doxorubicin, 5-fluoroura-
cil, and camptothecins, can damage DNA or affect cel-
lular metabolic pathways causing indirect block of the
cell cycle. Unfortunately, these agents produce an irre-
versible damage to both normal and tumor cells, result-
ing in a significant toxicity and side effects [11-13]. In
this respect, it is desirable to synthesize new highly spe-
cific antitumor agents with comparable efficacy and
reduced toxicity than the currently available drugs. In

view of these observations and as a continuation of our
interest toward synthesis and biological activity of aryl-
pyrazole derivatives [14,15], some new N-[(1,3-diphe-
nylpyrazol-4-yl)methyl] o-amino acids were prepared
with the aim to have promising antiproliferative proper-
ties against several kinds of human tumor cell lines.

RESULTS AND DISCUSSION

In this work, condensation of the optically active L-
and D-amino acids (except la) with 1,3-diphenylpyra-
zole-4-carboxaldehyde in the presence of NaOH led to
the formation of Schiff base intermediates. As o-amino
acids are sparingly soluble in alcoholic solvents, the
Schiff base formation takes long time, and the reaction
gives lower yields even under reflux conditions. Thus, the
condensation reaction was accelerated using solventless
method [16] combining aldehyde, o-amino acids, and
NaOH in a porcelain mortar with pestle and aggregating
the dry solid mixture until a white powder was formed.
The condensation was completed by an additional heating
at reflux for 2 h in dry methanol (Scheme 1).

© 2010 HeteroCorporation
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Scheme 1. Reagents and conditions: (a) NaOH, continuous aggregating at rt, then MeOH, reflux, 2 h; (b) NaBH,4, 0-5°C, then rt, 12 h, AcOH.

CHO
R
7\
N\ + ® /'l\ =)
N H,N" cod
a R=H f R= CH3SCH2CH2
R =(CH;),CH g R=CH;SCH,

¢ R= (CHg)zCHCHZ h R= HOCH2

3" 2

-
d R=L-+ 1 . .
QCHZ i R= HO@CHz

e R=D-PhCH,

The stability of the formed Schiff base products
depends on several factors such as amino acid side chain
polarity [17], the metal, pH, solvent, and temperature
[18]. The problem with Schiff base instability can be
overcome by their reduction to give a more flexible
amine and not constrained compounds. In the light of
these facts, we have performed out the reduction with
an excess of NaBH, without isolation of Schiff base to
afford the novel N-[(1,3-diphenylpyrazol-4-yl)methyl]
o-amino acids.

The structures of the new compounds were confirmed
using different spectral data (IR, 'H, and B¢ NMR) and
elemental analysis. The IR spectra revealed the presence
of NHj stretching frequencies between 2650 and 2300
cm ' in the form of broad band with multiple peaks on
the low frequency wing, which continue until about
2200 cm ', confirming their zwitterionic nature. The v,
(COO) was related to the strong absorption band appear-
ing in the spectra between 1619 and 1601 cm ',
whereas the symmetric carboxylate stretches v, (COO)
correspond to the medium-strong peaks about 1410
cm~' [19]. The other characteristic very strong absorp-
tion bands in the IR spectra were those attributed to the
pyrazole ring: v (C=C) and v (C=N) between 1601
and 1547 cm™ ' as well as & (C=C) about 1505 cm ™'
[20].

The '"H NMR spectra of all compounds exhibited a
characteristic AB system except 1a and ABX system for
1d, 1e, 1g, 1h, and 1i. The 'H NMR spectra revealed

Journal of Heterocyclic Chemistry
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the presence of characteristic singlet peak attributed to
pyrazole ring proton appeared between 7.97 and 8.67
depending on the applied solvent system. The complete
assignment of all reported signals (‘H and '*C) in the
experimental part was carried out by means of 1D and
2D  homo- and heteronuclear correlated NMR
spectroscopy.

The newly synthesized compounds la-i were eval-
uated in vitro for their antiproliferative activity against
human myelogenous leukemia K562, colon adenocarci-
noma HT-29, cervix carcinoma Hela, and normal fetal
lung fibroblasts, MRC-5 using sulforhodamine B (SRB)
assay [21] and doxorubicin (Dox) as reference drug. The
results are presented in Table 1.

The malignant cell line K562 was the most sensitive,
where the pronounced cytotoxicity was achieved by
seven of nine tested samples. The compounds with ben-
zyl group 1d and le showed the most potent cytotoxic
activity against human myelogenous leukemia K562 cell
lines. The replacement of the benzyl group in 1d by a
hydrophobic isobutyl group leading to 1c would retain
potential hydrophobic bonding while creating spatial
property differences between the benzyl and isobutyl
group. The comparison of the cytotoxicity of 1d or le
with 1c indicates that 1d and le are more active in inhi-
bition of these cells. When the side chain was replaced
with an isopropyl group 1b, a complete inactivity
against K562 was observed. The moderate activity was
achieved when an additional heteroatom was

DOI 10.1002/jhet
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Table 1

In vitro cytotoxicity of compounds la—i.

ICso (uM)*

Compounds K562 HeLa HT29 MRC-5
la 8.89 >100 >100 >100
1b >100 9.21 >100 >100
1c 4.17 >100 72.31 >100
1d 1.02 14.43 8.31 >100
le 0.97 11.97 6.45 >100
1f 6.37 >100 >100 >100
1g >100 7.64 >100 >100
1h 4.69 96.34 >100 >100
1i 3.25 >100 67.32 >100

Dox 0.36 1.17 0.51 0.32

#1Csq is the concentration of compound required to inhibit the cell
growth by 50% compared to an untreated control.

incorporated into the side chain 1f. These differences in
cytotoxicity could be related to their conformation and
size of the substitutes. The bulky isopropyl group 1b
and voluminous sulfur atom 1g closely to aminocarbox-
ylate skeleton induce the decrease of cytotoxic activity,
probably preventing the formation of intermolecular
interaction with cell receptors. Comparison of the cyto-
toxicity of compounds derived from different enantiom-
ers of phenylalanine indicates that D-phenylalanine
demonstrated similar activity with respect to L-phenylal-
anine analog. We could also suggest that 1d and le are
the most cytotoxic compounds because of their planarity
and hydrophobic properties. These results indicate that
spatial effects and side chain length should be an impor-
tant factor in the design of future molecules. It is inter-
esting to note that the compounds 1h and 1i having po-
lar hydroxyl groups proved to be less active than 1d and
le, suggesting that electronic character could be dimin-
ished in comparison with hydrophobic requirements of
amino acid part of molecule. Compounds 1g and 1le
were also active against HeLa and HT29 cell lines,
respectively, but their activity was significantly lower
compared with doxorubicin. On the other hand, all com-
pounds were devoid of any cytotoxicity against the nor-
mal fetal lung fibroblasts MRC-5. Generally, the hydro-
phobic character and steric effects in amino acid moiety
appear to be the main factors for the growth suppressing
potential against K562 cell lines. Further modification of
compounds 1d and 1le, especially the transformation of
carboxylate group and identification of its molecular tar-
get, is under investigation.

Thermal analysis. Thermal analysis of pharmaceuti-
cal compounds is a very reliable method for purity con-
trol, and it is a necessary part of the characterization of
new compounds with potential bioactivity [22,23]. As
amino acid—water—protein interface interactions are very

Journal of Heterocyclic Chemistry

important in biological systems [24]; the thermal proper-
ties of these new amino acid derivatives may be of spe-
cial interest.

In the series of nine new compounds, two of them are
pure N-substituted amino acids, whereas the others crys-
tallize with different number of water molecules.

Thermal measurements reveal that the stability of
N-substituted amino acids 1a and 1b is rather high in both
atmospheres (in N, 200 and 205°C, respectively). Most
probably as a consequence of some sensitivity toward oxi-
dation, in air the thermal stability of the compounds is
somewhat less. The decomposition mechanism in inert
and oxidative atmosphere also differs (see Fig. 1).

The dehydration pattern of the hydrates does not
depend on the atmosphere. The dehydrated compounds
1c, 1g, 1h, and 1i are stable to above 200°C, with the
previous remark: their stability in air is less with about
5°C. Compounds 1d, le, and 1f decompose further
after dehydration, without giving a stable anhydrous
intermediate.

The decomposition of all samples was accompanied
by melting, observed visually. The decomposition mech-
anism of the first decomposition step of dry compounds
is proposed only on the basis of the mass loss. The frag-
mentation begins with that of the side chain, e.g., the
mass loss to the minimum in DTG curve of 1a amounts
14.5% in N, that agrees well with the loss of CO, mole-
cule (calcd. 14.32%). The valine 1b derivative most
probably decomposes by the loss of the methyl groups.
However, it is pointless to give a decomposition mecha-
nism in lack of coupled measurements. It is more impor-
tant to have a closer look to the dehydration process of
the hydrates from both the theoretical and practical point
of view. The mass loss with the corresponding tempera-
ture of the dehydration is given in Table 2 together with
the decomposition temperature of the anhydrous
compound.

Weight (%)
! Heat Flow (W/g)
Deriv. Weight (%/min)

1b in nitrogen| Lt
-=-==_1bin air

50 100 150 200 250 300 350

ExoUp Temperature { C) Universal V3,94 TA Instruments

Figure 1. Thermal decomposition curves of 1b in air and nitrogen.
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Table 2

Mass loss of the dehydration, the dehydration temperature, and the onset temperature of the decomposition of the anhydrous compound in N,.

Dehydration, Am (%)

Compound Exp. Calcd. tpenyp. (°C) tpecomp. (°C) Comments
1c 4.2 4.72 <105 215 Stable anhydrous compound
1d, 1e 7.3 8.31 <130 - Stepwise dehydration, continuous decomposition
1f 10.4 10.17 <135 - Stepwise dehydration, continuous decomposition
1g 1.3 4.67 <50 203 Crystal water
1h 2.2 5.34 <150 225 Structural water
1i 0.5 4.36 <30 235 Loosely bond crystal water

As the decomposition of the compounds 1d, le, and
1f is continuous to obtain better separated decomposi-
tion steps, quasi-isothermal [25] (SWI) measurement
was carried out. Figure 2 illustrates SWI curve of the
compound 1f. The five water molecules evaporate to
150°C (exp. 15.8%, calcd. 16.95%) in five clearly distin-
guished steps, not one by one, but through a complex
process governed by macroscopic properties of the sam-
ple (e.g., the rate of the diffusion) as well as by their
different bonding energy. The dehydration of this com-
pound is most probable followed by the evaporation of
CH3;COOH molecule. The difference in experimentally
determined mass loss and the theoretical one is most
probable because of the evaporation of the crystal water
at room temperature. The dehydration of 1d and 1le
derivatives shows similar complexity of the dehydration.
Derivative 1h, according to elemental analysis data, con-
tains both crystal and structural water, belonging to
more than one molecule. By TA only the structural
water is detected, because in air the compound lost its
crystal water completely. Compound 1i has some crystal
water left, while most of it has evaporated during the
storage time.

Taking into account the importance of the interactions
in the relation of amino acid—water—protein, the cytotox-
icity of the compounds might be related to H-bond-
forming capability in the molecules. This, indirectly,
may be investigated using TA data of hydrates. How-
ever, the correlation is not straightforward. TA data may
refer only to the preferences of an amino acid to bind
water molecules and the strength of the bond between
them [26].

CONCLUSIONS

In summary, a new class of N-[(1,3-diphenylpyrazol-
4-yl)methyl] o-amino acids were synthesized, and their
antiproliferative activity against human myelogenous
leukemia K562, colon adenocarcinoma HT-29, cervix
carcinoma HeLa, and normal fetal lung fibroblasts,
MRC-5 was evaluated. The nature, spatial effects and

Journal of Heterocyclic Chemistry

the distance of bulky substitutes from aminocarboxylate
part of molecule appeared to play an important role in
antiproliferative activity against different malignant cell
lines. The dehydration temperature is related to the
water bond energy and might be connected with the
active sites of some bioactive molecules.

EXPERIMENTAL

All chemicals were obtained from commercial sources
(Aldrich) and used as supplied. 1,3-Diphenylpyrazole-4-car-
boxaldehyde was synthesized by Vilsmeier-Haack reaction
[27].

Melting points were determined on a Mel-Temp capillary
melting points apparatus, model 1001, and are uncorrected.
Optical rotations were measured on a Rudolph Research Ana-
lytical automatic polarimeter Autopol IV. Elemental (C, H, N,
and S) analysis of the samples was carried out by standard
micromethods in the Center for Instrumental Analysis, Faculty
of Chemistry, Belgrade. IR spectra were recorded on a Perkin
Elmer Spectrum One FTIR spectrometer with a KBr disc. 'H
and '*C NMR spectra were recorded on a Varian Gemini 200
(200 MHz) and a Bruker Avance III spectrometer operating at
500 MHz. As a consequence of the poor solubility in DMSO-
dg, the NMR spectra were recorded in pyridine-ds/D,O and
NaOD/D,0 solvent system for 1h and 1i. Thermal measure-
ments were conducted using SDT Q600 TA Instruments’

105

100

954

N 3.50%
17

o
S

Weight (%)

4.1%
147°C

804 180°C

75

20 40 60 30 100 120 140 160 180 200
Temperature (°C)

Universal V398 TA Enstruments

Figure 2. SWI decomposition curve of 1g, illustrating the complexness
of its dehydration.
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thermal analyzer with about 2 mg sample masses and a heating
rate of 20°C/min in air and nitrogen atmospheres. The sample
holder and the reference cells were made of alumina.

General procedure for the preparation of la-i. 1,3-
Diphenylpyrazole-4-carboxaldehyde (0.62 g, 2.5 mmol),
o-amino acid (2.75 mmol), and NaOH (0.11 g, 2.75 mmol, for
1i 0.22g, 5.50 mmol) were milled using a porcelain mortar and
pestle to obtain a homogenous white powder until the release
of water was observed. This mixture was transferred into
50 cm® of dry methanol and heated to reflux for 2 h. After
cooling in an ice bath, sodium borohydride (0.11 g, 3 mmol)
was added in several portions with stirring. The solution was
stirred for additional 2 h at room temperature, then diluted
with 50 cm® of deionized water, and left for 12 h, after which
time the white precipitate had formed by addition of glacial
acetic acid. The crude product was purified by dissolving in
1M NaOH and precipitation with glacial acetic acid. Recrystal-
lized compound was collected by filtration, washed with plenty
of water, and dried over anhydrous CaCl,.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]glycine (1a). White
powder; yield: 0.56 g (73%); mp 190-191°C (Dec.); IR (KBr,
em™'): 3063 v (C—H)a,, 2960 and 2820 v (C—H)y,, 2650—
2400 v (NHj), 1626 v,y (COO7), 1601 v (C=C)a,, 1547 v
(C=N)a,, 1502 & (C=C)u,, 1453 & (C=N)a,, 1412 vq
(COO™), 1066 & (C—H);p,, 758 & (C—H)oops 'H NMR (200
MHz, pyridine-ds/D,0O, 9/1 v/v): 4.19 (s, 2H, CH,—COO),
4.74 (s, 2H, Pz—CH,), 7.40-7.71 (m, 6H, 1H at C-4, 1H at C-
4/, 2H at C-3/5, and 2H at C-3//5), 7.97 (d, 2H at C-2/6, J =
8.00 Hz), 8.00 (d, 2H at C-2'/6/, J = 8.00 Hz), 8.94 (s, 1H,
Pz); *C NMR (pyridine-ds/D,0O, 9/1 v/v): 41.87 (Pz—CH,),
50.13 (CH,—COO0), 113.09 (C-4, Pz), 119.15 (C-2/6), 127.31
(C-4), 128.66 (C-2'/6"), 129.08 (C-4"), 129.46 (C-3'/5"), 130.02
(C-3/5), 130.40 (C-5, Pz), 132.42 (C-1"), 139.72 (C-3, Pz),
152.50 (C-1), 170.83 (COO); Anal. Caled. for C;3sH;7N30,
(307.35 g/mol): C, 70.34; H, 5.58; N, 13.67; Found: C, 70.12;
H, 5.62; N, 13.55.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-valine (1b). White
powder; yield: 0.72 g (82%); mp 198°C (Dec.); [0]® =
+12.77 (¢ = 1.096 x 107 g/em?, pyridine/H,0, 9/1 v/v); IR
(KBr, cm™Y): 3059 v (C—H)a,, 2965 and 2876 v (C—H)a;,
2600-2400 v (NHJ), 1614 v, (COO7), 1600 v (C=C)a,,
1550 v (C=N)a, 1504 5 (C=C)a,, 1451 & (C=N)u,, 1411 vy
(COO™), 1069 & (C—H);p, 756 6 (C—H)oops 'H NMR (200
MHz, pyridine-ds/D,0, 9/1 v/v): 1.16 (d, 3H, J = 6.62 Hz,
CH;), 1.19 (d, 3H, J = 6.56 Hz, CHj), 231 (m, 1H,
(CH;),CH), 3.55 (d, 1H, J = 5.46 Hz, CH—COO), 5, = 4.31
and 8z = 4.01 (AB system, 2H, Jog = 13.50 Hz, Pz—CH,),
7.33-7.62 (m, 6H, 1H at C-4, 1H at C-4’, 2H at C-3/5, and 2H
at C-3'/5"), 8.02 (d, 2H at C-2/6, J = 8.00 Hz,), 8.36 (d, 2H at
C-2//6', J = 8.00 Hz), 8.55 (s, 1H, Pz); *C NMR (pyridine-
ds/D,O, 9/1 v/v): 1881 (CHj3), 1995 (CHj3), 31.78
((CH;3),CH), 43.25 (Pz—CH,), 67.49 (CH—COO), 118.80
(C-2/6), 120.14 (C-4, Pz), 126.46 (C-4), 128.33 (C-4), 128.56
(C-2'/6"), 128.98 (C-3'/5"), 129.14 (C-5, Pz), 129.85 (C-3/5),
134.13 (C-1"), 140.46 (C-3, Pz), 151.93 (C-1), 177.01 (COO);
Anal. Calcd. for C,;Hy3N30, (349.43 g/mol): C, 72.18; H,
6.63; N, 12.03; Found: C, 72.02; H, 6.68; N, 11.86.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-leucine = monohy-
drate (Ic). White powder; yield: 0.82 g (86%); mp 184°C
(Dec.); [0 = —6.09 (¢ = 1.313-x 107 g/em?, pyridine/
H,0, 9/1 v/v); IR (KBr, cm '): 3065 v (C—H)a,, 2956 and
2869 v (C—H)a1, 2550-2300 v (NHJ), 1612 v,, (COO™), 1600

Journal of Heterocyclic Chemistry

v (C=C)ar, 1560 v (C=N)a, 1503 & (C=C)a,, 1454
0 (C=N)a,, 1412 vy (COO™), 1076 & (C—H)y,, 755 &
(C—H)oops '"H NMR (200 MHz, pyridine-ds/D,0O, 9/1 v/v):
0.92 (d, 3H, J = 6.72 Hz, CH;), 0.96 (d, 3H, J = 6.74 Hz,
CHj), 1.89 (m, 2H, CH—CH,—CH), 2.16 (m, 1H, (CH3),CH),
3.87 and 390 (2d, 1H, J = 6.36 Hz and J = 6.60 Hz,
NH—CH—COO), 6, = 4.42 and 6 = 4.15 (AB system, 2H,
Jap = 13.50 Hz, Pz—CH,), 7.32-7.61 (m, 6H, 1H at C-4, 1H
at C-4', 2H at C-3/5, and 2H at C-3'/5'), 8.03 (d, 2H at C-2/6,
J = 8.00 Hz), 8.36 (d, 2H at C-2'/6', J = 8.00 Hz), 8.67 (s,
1H, Pz); '*C NMR (pyridine-ds/D,0, 9/1 v/v): 21.17 (CH3),
21.94 (CH3), 24.14 ((CH;3),CH), 41.38 (CH—CH,—CH), 41.62
(Pz—CH,), 59.50 (CH—COO), 117.67 (C-2/6), 118.20 (C-4,
Pz), 125.36 (C-4), 127.23 (C-4), 127.43 (C-2'/6'), 127.67 (C-
3'/5"), 128.22 (C-5, Pz), 128.71 (C-3/5), 132.66 (C-1), 139.28
(C-3, Pz), 150.78 (C-1), 176.47 (COO); Anal. Calcd. for
C,,Hyp7N305 (381.48 g/mol): C, 69.27; H, 7.13; N, 11.02;
Found: C, 68.99; H, 7.21; N, 10.89.
N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-phenylalanine
dihydrate (1d). White powder; yield: 0.95 g (88%); mp 185—
186°C (Dec.); [0]® = —1.82 (¢ = 1.100-x 10> g/em’, pyri-
dine/H,0, 9/1 v/v); IR (KBr, cm™'): 3062 v (C—H)a,, 2972
and 2853 v (C—H)a;, 26202380 v (NH;), 1619 v,, (COO™),
1599 v (C=C)a,, 1553 v (C=N)n,, 1503 & (C=C)x,, 1453 6
(C=N)a, 1412 v, (COO ), 1072 & (C—H)ip, 754 6 (C—H)oops
"H NMR (200 MHz, pyridine-ds/D,0, 9/1 v/v): 5, = 3.42, 5
= 3.21, and &6y = 4.04 (ABX system, 3H, Jog = 13.59 Hz,
Jax = 5.15 Hz, Jgx = 8.26 Hz, CH—CH,), 6, = 4.29 and
0 = 3.99 (AB system, 2H, Jag = 13.50 Hz, Pz—CH,),
7.28-7.62 (m, 11H, Ar—H), 793 (d, 2H at C-2/6, J =
8.00 Hz), 8.20 (d, 2H at C-2'/6/, J = 8.00 Hz), 8.29 (s, 1H,
Pz); 3C NMR (pyridine-ds/D,0, 9/1 v/v): 40.10 (Ph—CH,),
42.88 (Pz—CH,), 63.30 (CH—COQOO), 118.77 (C-2/6), 120.66
(C-4, Pz), 126.36 (C-4"), 126.78 (C-4), 128.19 (C-4"), 128.50
(C-2'/6"), 128.69 (C-3"/5"), 128.75 (C-5, Pz), 128.96 (C-3'/5),
129.78 (C-3/5), 130.05 (C-2"/6"), 134.18 (C-1"), 139.35
(C-1"), 140.48 (C-3, Pz), 151.76 (C-1), 176.98 (COO); Anal.
Calcd. for C,5Hy7N304 (433.51 g/mol): C, 69.27; H, 6.28; N,
9.69; Found: C, 69.51; H, 6.31; N, 9.74.
N-[(1,3-Diphenylpyrazol-4-yl)methyl]-D-phenylalanine
dihydrate (le). Yield: 0.93 g (86%); [a]X = +1.82 (c =
1.100-x 1072 g/em?®, pyridine/H,0, 9/1 v/v).
N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-methionine acetate
pentahydrate (1f). White powder; yield: 1.18 g (89%); mp
185-186°C (Dec.); [0]¥) = —6.94 (¢ = 1.296:x 10~° g/em’,
pyridine/H,O, 9/1 v/v); IR (KBr, cm ') 3291 v (O—H,
broad), 3060 v (C—H)a,, 2916 and 2853 v (C—H)y,;, 2600—
2440 v (NHJ), 1681 v (C=0), 1607 v, (COO7), 1598 v
(C=C)a;, 1558 v (C=N)a, 1504 & (C=C),,, 1452 &
(C=N)ar, 1412 v, (COO7), 1067 & (C—H);p, 756 & (C—H)oop;
'"H NMR (200 MHz, pyridine-ds/D,0, 9/1 v/v): 2.04 (s, 3H,
CH;—S), 2.43 (s, 3H, CH;—COO0), 2.53 (m, 2H, CH—CH,),
3.00 (t, 2H, J = 6.09 Hz, CH,—S); 4.13 (t, 1H, J = 5.60 Hz,
CH—CH,), 64, = 4.58 and 6 = 4.35 (AB system, 2H, Jog =
13.50 Hz, Pz—CH,), 7.36-7.70 (m, 6H, 1H at C-4, 1H at C-4/,
2H at C-3/5, and 2H at C-3'/5'), 8.03 (d, 2H at C-2/6, J =
8.00 Hz), 8.21 (d, 2H at C-2'/6, J = 7.52 Hz); 8.66 (s, 1H,
Pz); '*C NMR (pyridine-ds/D,0, 9/1 v/v): 14.92 (CH;—S),
23.38 (CH3;—COO0), 3091 (S—CH,), 32.70 (S—CH,—CH,),
42.28 (Pz—CH,), 62.92 (CH—COO), 117.35 (C-4, Pz), 118.95
(C-2/6), 126.74 (C-4), 128.59 (C-2'/6'), 128.64 (C-4"), 129.18
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(C-3'/5"), 129.90 (C-3/5), 130.05 (C-5. Pz), 133.35 (C-1"),
140.11 (C-3, Pz), 152.10 (C-1), 177.02 (COO), 177.39
(CH3—COO); Anal. Calcd. for C3H37N309S (531.63 g/mol):
C, 51.96; H, 7.02; N, 7.90; S, 6.03; Found: C, 51.86; H, 6.94;
N, 7.82; S, 5.93.
N-[(1,3-Diphenylpyrazol-4-yl)methyl]-S-methyl-L-cysteine
monohydrate (1g). White powder; yield: 0.88 g (92%); mp
187°C (Dec.); [a]X) = —11.04 (¢ = 1.177-x 10~ g/em?, pyri-
dine/H,0, 9/1 v/v); IR (KBr, cm™'): 3051 v (C—H)a,, 2923
and 2853 v (C—H),;, 2601-2388 v (NHJ), 1628 v,, (COO"),
1599 v (C=C)a,, 1549 v (C=N),,, 1504 & (C=C),,, 1451 6
(C=N)ar, 1413 v, (COO™), 1067 & (C—H);p, 757 & (C—H)oop;
'"H NMR (500 MHz, pyridine-ds/D,0, 9/1 v/v): 2.20 (s, 3H,
CH;—S), 84 = 3.25, 6 = 3.16, and oy = 4.01 (ABX system,
3H, ‘IAB = 13.50 HZ, JAX = 5.73 HZ, jBX = 7.27 HZ,
CH—CH,), 84 = 4.34 and 6 = 4.14 (AB system, 2H, Jap =
13.50 Hz, Pz—CH,), 7.29 (t, 1H, J = 7.50 Hz, C-4), 7.44 (t,
IH, J = 7.50 Hz, C-4'), 7.50 (t, 2H, J = 7.50 Hz, C-3/5), 7.57
(t, 2H, J = 7.50 Hz, C-3'/5), 8.01 (d, 2H, J = 8.00 Hz, C-2/
6), 8.35 (d, 2H, J = 8.00 Hz, C-2'/6'), 8.53 (s, 1H, Pz); °C
NMR (pyridine-ds/D,0O, 9/1 v/v): 16.35 (CH;—S), 38.08
(S—CH,), 43.02 (Pz—CH,), 61.60 (CH), 118.93 (C-2/6),
120.69 (C-4, Pz), 126.52 (C-4), 128.41 (C-4"), 128.74 (C-2'/
6), 128.98 (C-5, Pz), 129.12 (C-3'/5"), 129.95 (C-3/5), 134.43
(C-1), 140.75 (C-3, Pz), 151.96 (C-1), 175.98 (COO); Anal.
Calcd. for C20H23N303S (38548 g/mol) C, 6232, H, 601, N,
10.90; S, 8.32; Found: C, 62.49; H, 5.99; N, 10.92; S, 8.35.
N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-serine monohydrate
(1h). White powder; yield: 0.71 g (80%); mp 190-191°C
(Dec.); [0 = +3.96 (¢ = 1.263-x 10> g/cm®, pyridine/
H->0, 9/1 v/v); IR (KBr, cm_]): 3445 v (O—H, broad), 3055 v
(C—H)a,, 2961 and 2853 v (C—H)a;, 2600-2390 v (NHJ),
1628 v, (COO7), 1600 v (C=C)n,, 1547 v (C=N)4,, 1504 6
(C=0)ar 1452 & (C=N)4,, 1417 v; (COO™), 1074 5 (C—H);p,
752 & (C—H)oop: '"H NMR (500 MHz, NaOD/D,O): §, =
3.71, 6 = 3.65, and 6y = 3.17 (ABX system, 3H, Jop =
11.50 HZ, JAX = 4.66 HZ, JBX = 6.09 HZ, CH_CHQ), BA =
337 and 63 = 3.62 (AB system, 2H, Jag = 13.50 Hz,
Pz—CH,), 7.35 (t, 1H, J = 7.50 Hz, C-4), 7.44-7.52 (m, 5H,
2H at C-3/5, 1H at C-4/, and 2H at C-3'/5"), 7.58 (d, 2H at C-
2/6, J = 8.00 Hz), 7.60 (d, 2H at C-2'/6/, J = 8.00 Hz), 8.05
(s, 1H, Pz); >C NMR (NaOD/D,0): 43.88 (Pz—CH,); 65.67
(CH,—OH), 67.22 (CH), 121.65 (C-4, Pz), 122.09 (C-2/6),
129.75 (C-4), 130.69 (C-2'/6"), 131.32 (C-4), 131.58 (C-3'/5),
132.13 (C-5, Pz), 132.33 (C-3/5), 134.68 (C-1'), 141.78 (C-3,
Pz), 154.57 (C-1), 181.84 (COO); Anal. Calcd. for
C1oH1N304 (355.39 g/mol): C, 64.21; H, 5.96; N, 11.82; S,
8.32; Found: C, 64.40; H, 5.94; N, 11.81.
N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-tyrosine = monohy-
drate (1i). White powder; yield: 0.85 g (79%); mp 190-191°C
(Dec.); [ot]zD() = —6.00 (c = 1.166:x 1073 g/cm3, pyridine/
H,0, 9/1 v/v); IR (KBr, cm™'): 3418 v (O—H, broad), 3061 v
(C—H)ar, 2957 and 2812 v (C—H)a;, 2622-2400 v (NHJ),
1611 v, (COO7), 1597 v (C=C)4,, 1559 v (C=N)4,, 1504 6
(C=0)ar 1451 & (C=N)4,, 1410 v, (COO™), 1072 5 (C—H);p,
757 & (C—H)oop; 'H NMR (500 MHz, NaOD/D,0): 8, =
2.80, 6 = 2.63, and Oy = 3.28 (ABX system, 3H, Jap =
13.75 Hz, Jax = 5.67 Hz, Jgx = 7.83 Hz, CH—CH,), &, =
375 and 63 = 3.54 (AB system, 2H, Jag = 13.50 Hz,
Pz—CH,), 6.54 (d, 2H at 3", J = 8.00 Hz), 6.91 (d, 2H at 2",
J = 8.50 Hz), 7.37 (t, 1H at C-4, J = 7.50 Hz), 7.49 (m, 7H,
2H at C-3/5, 1H at C-4, 2H at C-3'/5', and 2H at C-2/6), 7.61
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(d, 2H at C-2'/6/, J = 8.00 Hz), 7.97 (s, 1H, Pz); '°*C NMR
(500 MHz, NaOD/D,0): 40.84 (Ph—CH,), 43.62 (Pz—CH,),
67.60 (CH), 121.38 (3"), 121.64 (C-4, Pz), 122.24 (C-2/6),
126.28 (1”), 129.81 (C-4), 130.72 (C-2'/6'), 131.35 (C-4"),
131.63 (C-3'/5"), 132.15 (C-5, Pz), 132.39 (C-3/5), 133.03
(2", 134.60 (C-1"), 141.83 (C-3, Pz), 154.77 (C-1), 167.28
(4"), 184.13 (COO); Anal. Calcd. for CosH,5sN30,4 (431.48 g/
mol): C, 69.59; H, 5.84; N, 9.74; Found: C, 69.69; H, 5.82; N,
9.74.

Biological evaluation. Three human tumor cell lines and one
human nontumor cell line were used in this study: K562 (chronic
myelogenous leukemia), HeLa (epitheloid carcinoma of cervix),
HT-29 (colon adenocarcinoma), and MRC5 (lung fetal fibro-
blasts). The cells were grown in RPMI 1640 (K562 cells) or
Dulbecco’s modified Eagle’s medium (DMEM) with 4.5% of
glucose (HeLa, HT-29, and MRCS5 cells). Media were supple-
mented with 10% of fetal calf serum (FCS, NIVNS) and antibi-
otics: 100 IU/mL of penicillin and 100 pg/mL of streptomycin
(ICN Galenika). All cell lines were cultured in flasks (Costar,
25 cm?) at 37°C in the 100% humidity atmosphere and 5% of
CO,. Only viable cells were used in the assay. Viability was
determined by dye exclusion assay with Trypan blue.

Cytotoxicity was evaluated by colorimetric SRB assay as
described by Skehan et al. [21]. Briefly, single cell suspension
was plated into 96-well microtiter plates (Costar, flat bottom):
1 x 10* of K562 and 5 x 10’ of HeLa, HT29, and MRCS
cells, per 180 mL of medium. Plates were preincubated for
24 h at 37°C, 5% CO,. Tested substances at concentration
ranging from 107° to 10™*M were added to all wells except to
the control ones. After incubation period (48 h/37°C/5% CO,),
SRB assay was carried out as follows: 50 pL of 80% trichloro-
acetic acide (TCA) was added to all wells; an hour later, plates
were washed with distillate water, and 75 pL of 0.4% SRB
was added to all wells; half an hour later, plates were washed
with citric acid (1%) and dried at room temperature. Finally,
200 pL of 10 mmol TRIS (pH = 10.5) basis was added to all
wells. Absorbance was measured on the microplate reader
(Multiscan MCC340, Labsystems) at 540/690 nm. The wells
without cells, containing compete medium only, acted as
blank.

Cytotoxicity was calculated according to the formula:

(1 — Aggst/AconTroL) % 100
and expressed as a percent of cytotoxicity (CI %).
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A series of new N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl] «-amino acids were prepared and charac-
terized by a range of spectroscopic techniques and cyclic voltammetry. The in vitro antitumor activity of
all synthesized compounds was investigated against cervix adenocarcinoma HeLa, melanoma Fem-x and
myelogenous leukemia K562 cell lines using the MTT method. Tryptophan derivative 1l exhibited the
highest cytotoxic activity in the cell growth inhibition of all three types of cell lines.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The organometallic ferrocenyl compounds are promising candi-
dates for conjugation with biomolecules due to their stability in
aqueous media, the possibility of a large variety of derivatives
and favorable electrochemical properties [1]. In the light of these
facts, investigation in the field of ferrocene chemistry has seen a
drastic increase in attention over the past years, particularly in area
peptide mimetic models. Conjugations of ferrocene scaffolds with
biomolecules such as DNA, carbohydrates, amino acids and pep-
tides are recognized to provide novel compounds by combining
the beneficial properties of each component [2-11]. These biocon-
jugates of ferrocene with amino acids or peptides are of great inter-
est as structural mimetics of natural peptides for protein folding
and construction of highly-ordered assemblies.

Ferrocene has been used as a cytotoxic agent in form of its fer-
ricenium salts [12]. Some of its derivatives have exhibited antitu-
mor potential [13-17] with greatly enhanced activity when
ferrocene compounds were bound to polymers as prodrugs
[18,19]. In an another medicinal application of ferrocene com-
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E-mail address: mjoksovic@kg.ac.rs (M.D. Joksovic).

0022-328X/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.jorganchem.2009.08.013

pounds, ferrocifen, a ferrocenyl derivative of hydroxytamoxifen
was widely prescribed for the treatment of hormone-dependant
breast cancer, as well as ferrociphenol which has been recently re-
ported to show a strong antiproliferative effect [20,21]. Moreover,
both compounds were found to possess a specific antiproliferative
effect on several malignant melanoma cell lines [22]. The low
reduction potential of these compounds is responsible for generat-
ing reactive oxygenated species under physiological conditions
resulting in anticancer activity [21].

The synthesis and structural characterization of ferrocenyl ami-
no acids and peptide bioconjugates bearing a heterocyclic triazole
moiety have been recently reported [23]. Herein, we have focused
our attention to synthesize ferrocenyl pyrazole o-amino acids
having in mind remarkable pharmacological importance of hetero-
cyclic pyrazole unit as a constitutive part of a number of biologi-
cally active compounds. Our intentions were based on the
synthetic combination of biomolecules with the known pharmaco-
phores in order to avoid toxic or other unwanted side effects and
prepare compounds with favorable properties for pharmacological
applications. In continuation with our recent studies on ferrocene
derivatives [24,25] we also report in this paper spectral character-
ization, electrochemical studies and test of their inhibitory effect
on tumor growth in order to investigate the structure-reactivity
relationship of this new antitumor class of compounds.
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2. Results and discussion

2.1. General synthesis of N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)-
methyl]x-amino acids

The synthesis of the targeted compounds was performed out
according to Scheme 1. Aldehyde precursor 3-ferrocenyl-1-phenyl-
pyrazole-4-carboxaldehyde (FPCA) used for condensation with
o-amino acids was prepared from acetylferrocene in a Vilsmeier—
Haack formylation by the previously described procedure [28]. In
the last step we applied a solventless method [29] combining alde-
hyde, a-amino acid and NaOH in a porcelain mortar with pestle
and aggregating the solid mixture until an orange powder was
formed. The condensation was completed by an additional heating
to reflux for 2 h in dry methanol. The potential problem with insta-
bility of Schiff bases was solved by subsequent reduction with so-
dium borohydride obtaining desired compounds in satisfactory
yields 41-84%. Structures of all new compounds were confirmed
by spectral data and elemental analysis.

2.2. IR and NMR spectral studies

The IR spectral region between 2300 and 3600 cm™! is typical
for superimposed hydrogen bonded O-H and NH,* stretching
bands of multiple fine structure. Weak bands positioned at
2300-2600 cm™! concern to overtones and combinational tones
while the group of absorption bands in the region of 2600-
2800 cm™! is probably caused by combinational vibrations [30].

The strong bands located between 1612 and 1630 cm™! may be
ascribed to largely asymmetric stretchings of the anionic carboxyl
group. This band is very characteristic for zwitterionic form of N-
substituted o-amino acids since it clearly shows that the carboxyl
group is present as the ionized COO~ form. In the IR spectra of all
compounds we also find very strong characteristic absorption
bands attributed to the pyrazole ring: v(C=C) and v(C=N) be-
tween 1553 and 1600cm™! as well as §(C=C) at around
1505 cm™! [31].

In the '"H NMR spectrum of glycine derivative 1a two protons of
methylene group attached to pyrazole nucleus were present as a
singlet at 3.98 ppm. In all other derivatives, as a consequence of
the chiral carbon atom of the bonded o-amino acid, these two pro-
tons become diastereotopic and give rise to an AB system with a
large geminal coupling constant (13.51-14.01 Hz). For the same
reason, the presence of chiral carbon center in the o-amino acid
generates two chemical nonequivalent diastereotopic sides of the
molecule and protons and carbons of the substituted cyclopentadi-
ene ring give more peaks compared to glycine derivative [23]. Even
at 500 MHz, not all signals for Cp protons in the '"H NMR spectra
are equally well resolved and in the most derivatives (1c, 1g, 1h,
1j and 1Kk) three complex signals with unresolved couplings and
intensities 1:1:2 are observed while phenylalanine and tryptophan
derivatives (1d-f and 11) exhibit four separated signals with
1:1:1:1 intensities. This additional splitting of the ortho and meta
ferrocene signals as well as their multiplicities also depend on nat-
ure of a-amino acid side chain and cannot be attributed to the chi-
rality of pyrazole-linked o-amino acid alone. The effect of magnetic
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b
% CHO
\ / \
1R lc
aH i HOCH,
b (CHa),CH == @
Pt " coo®
¢ (CHs),CHCH, HOC CH;
3 2'
: i
d L—dOCHZ
k /i \
N
e DL-PhCH, \N
f D-PhCH,

g CH3SCH,CH,

h CH3SCH,

Scheme 1. Reagents and conditions: (a) PhANHNH,, EtOH, reflux; (b) DMF, POCl; (3 equiv.), r.

NaBH,, 0-5 °C, then rt, 12 h, AcOH.

1a-l

t.; (c) o-amino acid, NaOH, continuous aggregating at rt, then MeOH, reflux, 2 h;
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Table 1
"H NMR chemical shifts of ortho and meta Cp protons.
Compound ortho-H; ortho-H, Adone meta-H;  meta-Hy,  Admeta
1a 4.827 - 4344 -
1b 4910 - 4321 -
1c 4.876 4.887 0.011 4.329 -
1d 4.669 4.707 0.038 4.241 4.263 0.022
1g 4.875 4.885 0.010 4.331 -
1h 4.849 4.877 0.028 4.334 -
1i 4.848 - 4.336 -
1j 4.648 4.701 0.053 4.286 -
1k 4,731 4.779 0.048 4.295 -
11 4.388 4.553 0.165 4.100 4.165 0.065

nonequivalence of both ortho protons of substituted Cp unit is par-
ticularly pronounced in compounds containing aromatic or hetero-
aromatic rings (Table 1). The influence of m-electron system on
chemical shift, splitting and multiplicity of ortho and meta Cp pro-
tons depends on several factor such as inductive effect, resonance
possibility and magnetic anisotropy contributions. Interestingly,
there is no appearance of splitting of ortho Cp signals in serine
derivative 1i probably as a consequence of hydrogen bond forma-
tion between hydroxyl and carboxylate group causing an alternate
conformation with reduced influence of CH,OH moiety on ferro-
cene scaffold.

The H atoms of unsubstituted Cp ring are observed as singlets
for all compounds. '*C NMR measurements show that the chemical
shift of the ortho and meta carbon atoms of substituted and unsub-
stituted Cp rings exhibit signals which do not vary significantly
from one o-amino acid to another. However, five distinct signals
in most derivatives indicate magnetically nonequivalent carbon
atoms of substituted Cp unit due to presence of chiral center in
the oi-amino acid moiety. All other signals in 'H and '>C NMR spec-
tra of all compounds are positioned in the expected region of -
values.

2.3. UV-Vis spectral studies

Electronic spectra of our ferrocene-based compounds were re-
corded in acetonitrile and methanol in the spectral range 190-
1000 nm. Appearance and data recorded in two solvents are, gen-
erally, similar. A slight batochromic shift of i,.x in MeOH is ob-
served. Due to poor solubility in acetonitrile of most compounds,
methanol appeared to be favorable solvent for the spectral
recordings.

Since first papers on ferrocene and its spectral characteristics
[32,33], numerous other report that ferrocenyl-based compounds
absorb (in the absence of a stronger chromofore), generally, as fer-
rocene alone - in 3-4 main bands. To test the system, especially in
view of the observation that the UV-Vis spectra of ferrocene were
influenced by the present impurities, external agents etc. [34], we
run the spectra of this commercially available compound in both
solvents. The bands in AN/MeOH at 199/205 nm, 320/323 nm
and 438/441 nm are fairly consistent with the literature data
[32,34]. The first band is assigned to m — =, the other two lie in
the region where d — 1" and d-d interactions are expected [34,35].

Spectra of our compounds (1a-1) follow, in general, the pattern
of the ferrocene spectrum. The band at ~200 nm is ©= — ©" ferro-
cene-based, the second at ~320-360 nm which is about 10 times
stronger than for pure ferrocene is MLCT, and the weakest one,
which is alike to the corresponding ferrocene band, is probably also
d-d origin. But, in these spectra two new close and strong bands
appear in the range of ~260-295nm. Obviously, these bands
may belong to other chromofores, such as pyrazole-based moieties.
In fact, T - 7 transitions of moderate intensity for pyrazole are re-
ported to be in MeOH at 208 nm [36] and for a number of substi-

tuted pyrazole ligands there are even two more transitions, at
about 250 and 290 nm [37]. The former high-energy transition in
our case might be well overlapped by the stronger ferrocene-based
absorption. Besides, the latter two absorptions (~260-295 nm) ap-
pear to be the only ones affected by addition of an equivalent
amount of NaOH per molecule (1a-1) causing deprotonation of
the —NH,*— group. As a result, the band at ~290 nm is red-shifted
for 2-3 nm and increased at the expense of the high-energy one.
Thus, it is believed to belong to lower energy ® » ©° and n » 7
pyrazole-moiety transitions which could be affected by the elec-
tronic changes in the neighboring atoms.

Finally, it can be concluded that no significant correlation is
established between particular spectral data and the structure of
1a-L It is not surprising because the changes in substituents exert
little effect on absorbing chromofores to which they are not linked
by a conjugation system.

2.4. Electrochemistry

Because of low solubility of the investigated compounds in ace-
tonitrile, a common solvent for this type of compounds, our vol-
tammetric experiments were carried out in DMSO and DMF. In
the available potential range with 0.1 M TEAP as supporting elec-
trolyte, i.e. —1.9V to +1.5V, our compounds display three oxida-
tion processes at potentials >+0.5V. The first one (~+0.6V) is
well defined oxidation process, the other two at ~+1.2V and
+1.3V are overlapped multielectron irreversible oxidations fol-
lowed by chemical reactions of product decomposition. The latter
two processes were out of scope of our work.

The main oxidation process (Fig. 1), common for ferrocenyl-
based compounds, is one of the most widely studied electrode
reactions. It is basically 1 — e~ reversible process, with possible ki-
netic complications depending on the solvent, supporting electro-
lyte or structural effects of substituents on the ferrocene moiety
[38,39]. In this potential range, our compounds, like most others
in similar solvents, undergo 1 — e~ process accompanied with
chemical complications. At Pt electrode, peak separation AE,, (i.e.
Ej — E}) varies from 80 mV (20 mV/s) to 140 mV (1 V/s), which is
greater than expected for a fully reversible 1 — e~ process [40]. Fur-
thermore, the current ratio i;/i; of 1.2-1.4 at low scan rates
(<50 mV/s), becoming ~1.1 at higher (>0.5 V/s), might be a proof
of a slow irreversible chemical reaction coupled to the oxidation
process. Leucine (1c) and tryptophan (11) derivatives seem to be
the most stable in this respect. Namely, as reported for a strong do-
nor system as DMSO, ferrocenyl compounds may be involved in a
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Fig. 1. Cyclic voltammogram for tryptophan derivative (11) in DMSO, 2 mM, Pt,
200 mV/s, air atmosphere.
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chemical reaction of a ferricenium cation with solvent molecule to
form Fe3* and other decomposition products [39,41]. On the other
hand, as reported recently, after this oxidation process carried out
in the presence of oxygen a new chemical complication, due to for-
mation of peroxo radical cation is observed, which in turn decom-
poses rapidly in some polar solvents to form ferrocene in about
50% yield [42].

In order to get a more precise insight into the extent of each
chemical complication, the role of oxygen, solvent and the elec-
trode surface, we performed experiments in DMSO and DMF, at
Pt and glassy carbon (GC) electrode, and in the presence of air oxy-
gen and in nitrogen atmosphere. The most pronounced chemical
effects were observed in air atmosphere for compounds 1d, 1g,
1i and 1j, at low scan rates (Fig. 2). Even in these cases, the newly
formed peaks at ~+0.2 V did not exceed 15% of the initial i;. As can
be seen from Fig. 2, oxygen affects the voltammogram only
slightly. In fact, both chemical complications cannot be observed
at scan rates higher than ~500 mV/s. In addition, DMF seems to
be less “aggressive solvent”, since the newly formed peak current
resulting from both kinds of chemical complications did not exceed
~5% of the initial i; at most. In DMF only the formed Fe*" ions can
be stabilized into [FeCl,]™ (reduced at ~+0.1 V) by adding of excess
LiCl [41], the peak of this complex reaches about 30% of initial ig.

Other characteristics of this oxidation process, such as current
function variations: i}/2'/2 and i /c- '/ in the applied range of
v (20 mV/s-2 V/s) and c(0.5-4.0 mM) are consistent with the elec-
trode process coupled to chemical complications [40]. Finally, the
obtained values of Ej, (taken as (Ej +E,)/2) (reported for Pt in
DMSO) varied in a narrow potential range from E;,=0.537V
(1d) to Ey;2 =0.570V (11). These potentials could be correlated to
electronic transitions at Ay = ~440-450 nm in the UV-Vis spectra
of our compounds. In both cases only slight variation of the main
process characteristics due to the changes in substituents of ferr-
ocenyl-pyrazolyl-moiety are observed. This is in agreement with
a number of reports concerning ferrocenylaminoacids and oligo-
peptides, where even greater changes than in our compounds did
not interfere much with the main process based on ferrocenyl moi-
ety reaction [43-46].

In DMF, the appearance of a new small oxidation peak at poten-
tials ~+0.4 V (close to E, of unsubstituted ferrocene) at scan rates
100 and 200 mV/s may be a proof that reaction pathway of chem-
ical decomposition leads through ferrocenyl moiety to Fe** as the
final product. Peak potentials and peak current characteristics in
DMF are generally similar to those in DMSO, only potentials are
about 15 mV more positive. Finally, from a comparison of Pt and
GC electrode kinetic data in DMF, a AE,, criterion, it appears that
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Fig. 2. Cyclic voltammograms for tyrosine derivative (1j) in DMSO, 1 mM, GC,
50 mV/s. in nitrogen (- - -) and air (—) atmosphere.

the processes at GC are much faster than at Pt (at =500 mV/s,
where the effects of a follow-up chemical reaction were apparently
eliminated, we registered ~95 mV at GC vs. ~135 mV at Pt elec-
trode). Besides, Pt surface was more prone to adsorption, therefore,
GC electrode appeared to be favorable for these measurements.

2.5. Biological studies

The in vitro antitumor activities of all synthesized compounds
were evaluated by MTT tetrazolium assay dye against cervix ade-
nocarcinoma HeLa, melanoma Fem-x and myelogenous leukemia
K562 cell lines. Table 2 represents the results of cytotoxic activity,
while Figs. 3 and 4 depict the cytotoxic curves from MTT assay
showing the survival of HeLa and K562 cell grown for 72 h in the
presence of increasing concentrations of p-phenylalanine (1f),
methionine (1g), histidine (1k) and tryptophan (11) derivatives.

Ferrocene alone shows no antitumor activity, but introduction
of N-phenyl pyrazole unit resulted in a product with powerful
cytotoxic properties. A modification of aldehyde precursor
(Scheme 1) with different amino acids produced compounds with
altered cytotoxic activity compared to the starting material. As
shown in Table 2 the malignant cell line K562 was very sensitive
while the most active compounds were methionine, histidine and
tryptophan derivatives 1g, 1k and 11, respectively, having a better
cytotoxic potential in comparison to the starting precursor 3-ferr-
ocenyl-1-phenylpyrazole-4-carboxaldehyde (FPCA).

It has been previously published that the increase in the lipo-
philic character on ferrocene results in better cytotoxic activity

Table 2
ICso (pg/ml) for the 72 h of action of investigated compounds and cisplatin on the
HeLa, Fem-x and K562 cells determined by MTT test.

Compound Hela FemX K562
ICsp (pg/ml)
1a 46.71 £5.94 41.42 +2.91 41.01 £1.56
1b 48.52+1.18 67.04+4.92 61.24+11.37
1c 25.13+7.33 17.36 £4.62 11.78 £ 4.63
1d 10.69 £ 5.00 19.14+1.16 7.29 +2.86
1e 11.51+£2.93 16.82 £2.31 6.92+2.04
1f 10.92 £2.38 16.67 +1.43 7.78 £2.84
1g 21.71+£2.88 12.66 +£3.59 6.29+1.15
1h 31.80 £4.56 22.16+2.11 11.64 £5.92
1i 2491 +1.04 16.37 £5.69 12.67 £2.07
1j 20.95 +2.16 19.88 £ 2.08 8.13+2.65
1k 10.08 £1.30 16.76 £ 4.43 6.16 £ 0.43
11 7.95+1.42 9.78 +0.27 6.34+1.24
Ferrocene >100 >100 >100
FPCA 15.68 £ 0.03 10.11 £0.27 7.91+043
Cisplatin 2.10+0.20 4.70+0.20 5.90+0.20
. HelLa
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Fig. 3. Representative graphs showing survival of HeLa cell grown for 72 h in the
presence of increasing concentrations of 1f, 1g, 1k and 11
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Fig. 4. Representative graphs showing survival of K562 cell grown for 72 h in the
presence of increasing concentrations of 1f, 1g, 1k and 11

[47]. In our experiments, opposite to these conclusions, we found
that serine and tyrosine derivatives 1i and 1j having polar hydroxyl
groups proved to be less active than compounds bearing aromatic
and especially heteroaromatic rings suggesting that lipophilic
character could be diminished in comparison with planar aromatic
requirements of amino acid part of molecule. Some interesting
findings were reported for a series of N-(ferrocenyl) benzoyl dipep-
tide esters demonstrating the lowering of cytotoxic activity in
dependence on increasing of amino acid alkyl chain length [48].
However, all these data come from different cancer cell lines mak-
ing the difficulty in accordance of their ICsg values with our results.
The decrease in cytotoxic activity in 1b and 1h in comparison with
1c and 1g, respectively, could be related to the size and steric ef-
fects of the bulky isopropyl group (1b) and voluminous sulfur atom
(1h) closely to aminocarboxylate moiety.

Cytotoxic data for compounds derived from both enantiomers
of phenylalanine including the racemic one indicated that there
was no significant difference in their activity against all three
tested types of cancer cell lines. These results confirmed the impor-
tant role of the nature of amino acid side chain and steric hin-
drance for the growth suppressing potential against K562 cell
lines. Histidine and tryptophan derivatives 1k and 1l appeared to
be the most potent in inhibition of all three kinds of cancer cell
lines but the activity of 11 on Fem-x malignant cells was almost
identical to FPCA. All other compounds were moderately sensitive
towards HeLa and Fem-x cell.

3. Conclusion

Twelve novel N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]
o-amino acids, including both phenylalanine enantiomer deriva-
tives were prepared using standard synthetic protocols. The struc-
tures of all compounds were determined by use of spectroscopic,
electrochemical and analytical methods. Compounds containing
heteroaromatic rings appeared to be the most active against mye-
logenous leukemia K562 cell lines with a better cytotoxic potential
than starting FPCA precursor indicating a pronounced influence of
the nature of amino acid moiety and steric effects on cytotoxic
activity.

4. Experimental
4.1. Physical measurements
Melting points were determined on a Mel-Temp capillary melt-

ing points apparatus, model 1001 and are uncorrected. Optical
rotations were measured on a Rudolph Research Analytical auto-

matic polarimeter Autopol IV. Elemental (C, H, N, S) analysis of
the samples was carried out by standard micromethods in the Cen-
ter for Instrumental Analysis, Faculty of Chemistry, Belgrade. Cyclic
voltammetric experiments were carried out on an AUTOLAB PST
050 instrument with a Pt-disc and GC-disc (diameter 3 mm) work-
ing electrodes, Pt wire counter electrode and a Ag/AgCl reference
electrode. All potentials are reported against this electrode. The
working electrodes were polished with finest alumina suspension
before each set of measurements and when necessary. The mea-
surements were performed in distilled (previously dried on molec-
ular sieves) DMSO and DMEF solutions, with 0.1 mol dm~3 TEAP as
supporting electrolyte. Experiments were carried out either in air
or in an inert atmosphere provided by purging nitrogen. Electronic
spectra of 1 x 107#-1 x 1072 mol dm~3 acetonitrile or methanol
solutions of the compounds (1a-1) were recorded on T 80+ UV/
Vis Spectrometer PG Instruments, Ltd., in the spectral range of
190-1000 nm. IR spectra were recorded on a Perkin-Elmer Spec-
trum One FT-IR spectrometer with a KBr disc. All 'H and '3C
NMR spectra were recorded on a Bruker Avance III 500 MHz spec-
trometer. As a consequence of very poor solubility, all compounds
were characterized by NMR in the form of their much better solu-
ble Na-salts by adding finely powdered solid NaOH in NMR tube
containing CDsO0D. The full assignments of all reported NMR sig-
nals were made by use of 1D and 2D NMR experiments such as
HSQC and HMBC heteronuclear correlation techniques.

4.2. General procedure for the preparation of 1a-1

3-Ferrocenyl-1-phenylpyrazole-4-carboxaldehyde (0.445 g,
1.25 mmol), o-amino acid (1.375 mmol) and NaOH (0.055g,
1.375 mmol, for 1j 0.11 g, 2.75 mmol) were milled using a porce-
lain mortar and pestle to obtain a homogenous orange powder un-
til the release of water was observed. This mixture was transferred
into 25 cm® of dry methanol and heated to reflux for 2 h. After
cooling in an ice bath sodium borohydride (0.057 g, 1.5 mmol)
was added in several portions with stirring. The solution was stir-
red for additional 2 h at room temperature, then diluted with
25 cm? of deionized water and left for 12 h, after which time the
precipitate had formed by addition of glacial acetic acid. The crude
product was collected by filtration, washed with plenty of water
and dried over anhydrous CaCl,. The obtained compound was sat-
isfactory pure but very high purity was achieved by its dissolving
in methanol solution of 1 equiv, of NaOH followed by precipitation
with glacial acetic acid.

4.2.1. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl|glycine
monohydrate (1a)

Yellow-brown powder; yield: 0.40 g (74%); m.p.: 140-141 °C
(Dec.); '"H NMR (500 MHz, CDs0D, Na salt): 3.34, (s, 2H, CH»-
CO0); 3.98, (s, 2H, Pz-CH,); 4.12, (s, 5H, Fc); 4.34, (t, 2H,
J=2.00 Hz, meta-Fc,); 4.83, (t, 2H, J=2.00 Hz, ortho-Fc); 7.29, (t,
1H, J=7.50Hz, p-phenyl); 7.48, (t, 2H, J=7.50 Hz, m-phenyl);
7.75, (d, 2H, J=7.50 Hz, o-phenyl); 8.16, (s, 1H, Pz); 3C NMR
(125 MHz, CDs0D, Na salt): 44.83 (Pz-CH,); 54.10 (CH,-COO);
68.58 (2C, ortho-Fc); 69.96 (2C, meta-Fc); 70.57 (5C, Fc); 79.02
(Fc, ipso); 120.08 (2C, o-phenyl); 120.72 (C-4, Pz); 127.40 (p-phe-
nyl); 129.23 (C-5, Pz); 130.68 (2C, m-phenyl); 141.51 (C-3, Pz);
151.63 (N-subst. phenyl); 179.06 (COO); IR (KBr, cm™!): 3430
v(0-H); 3084 v(C-H)a;; 2926 and 2852 v(C-H)a; 2791-2379
V(NH,*); 1628 v,5(CO07); 1599 v(C=C)ar; 1556 V(C=N)a;; 1504
0(C=C)ar; 1464 6(C=N)a;; 1407 v4(COO~); 1059 &(C-H)p; 757
3(C-H)oop; 507 and 489 v,(Cp-Fe—-Cp). imax (MeOH)/nm (log &/
dm?®mol~' cm™'): 206(4.48), 266(4.18), 286(4.11), ~326sh(4.48),
442(2.69). Anal. Calc. for CyH,3N303Fe (433.28 g/mol): C, 60.99;
H, 5.35; N, 9.70. Found: C, 60.78; H, 5.37; N, 9.67%.
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4.2.2. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]i-valine
monohydrate (1b)

Orange-brown powder; yield: 0.50 g (84%); m.p.: 163 °C (Dec.);
[0)2° = +17.02 (c=1.116 x 1073 g/cm?, MeOH/CH,Cl,, 1/1 v/v); 'H
NMR (500 MHz, CD5;0D, Na salt): 1.03, (d, 3H, J=6.50 Hz, CH3);
1.05, (d, 3H, J=6.50Hz, CHs); 1.93, (octet, 1H, J=6.50Hz,
(CH3),CH); 2.97, (d, 1H, J=6.50Hz, CH-COO); 64=4.02 and
op=3.80, (AB system, 2H, Jag=13.51 Hz, Pz-CH,); 4.11, (s, 5H,
Fc); 4.32, (m, 2H, meta-Fc); 4.91, (m, 2H, ortho-Fc); 7.29, (t, 1H,
J=7.50Hz, p-phenyl); 7.48, (t, 2H, J=7.50 Hz, m-phenyl); 7.74,
(dd, 2H, J=7.50 and 1.00 Hz, o-phenyl); 8.13, (s, 1H, Pz); '3C
NMR (125 MHz, CD50D, Na salt): 20.02 (CHz); 20.60 (CHs); 33.02
((CH3),CH); 44.32 (Pz-CH,); 68.79 (ortho-Fc); 68.81 (ortho-Fc);
69.81 (meta-Fc); 69.83 (meta-Fc); 70.52 (5C, Fc); 71.87 (CH-
COO0); 79.19 (Fc, ipso); 120.08 (2C, o-phenyl); 121.65 (C-4, Pz);
127.28 (p-phenyl); 129.51 (C-5, Pz); 130.65 (2C, m-phenyl);
141.57 (C-3, Pz); 152.00 (N-subst. phenyl); 182.41 (COO); IR
(KBr, cm™'): 3435 v(0O-H); 3093 v(C-H)ar; 2965 and 2876
V(C-H)ai;; 2642-2386 v(NH,™); 1630 v,(COO0™); 1599 v(C=C)ar;
1570 v(C=N)ar; 1505 §(C=C)ar; 1466 6(C=N)a,; 1403 v4(COO™);
1061 §(C-H)ip; 757 6(C-H)oop; 507 and 486 v,s(Cp-Fe-Cp). Amax
(MeOH)/nm  (log ¢/dm® mol~' cm™!):  204(4.57), 267(4.23),
287(4.15), 325(3.45), 443(2.50). Anal. Calc. for Cys5HgN30sFe
(475.36 g/mol): C, 63.17; H, 6.15; N, 8.84. Found: C, 63.27; H,
6.13; N, 8.83%.

4.2.3. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]i-leucine
monohydrate (1c)

Orange-brown powder; yield: 0.48 g (78%); m.p.: 149 °C (Dec.);
()% = +45.45 (c=1.078 x 1073 gjcm® MeOH/CH,Cl,, 1/1 v/v); 'H
NMR (500 MHz, CDs0D, Na salt): 0.95, (d, 3H, J=6.50 Hz, CHs);
1.00, (d, 3H, J=6.50 Hz, CH3); 1.48, (m, 1H, CH-CH,-CH); 1.58,
(m, 1H, CH-CH,-CH); 1.87, (nonet, 1H, J=6.50 Hz, (CH3),CH);
3.28, (t, 1H, J = 6.50 Hz, CH-COOQ); 55 = 4.04 and &g = 3.82, (AB sys-
tem, 2H, Jap=13.51 Hz, Pz-CH,); 4.12, (s, 5H, Fc); 4.33, (m, 2H,
meta-Fc); 4.88, (m, 1H, ortho-Fc); 4.89, (m, 1H, ortho-Fc); 7.29, (t,
1H, J = 7.50 Hz, p-phenyl); 7.48, (dd, 2H, J=7.50 and 1.00 Hz, m-
phenyl); 7.74, (dd, 2H, J=7.50 and 1.00 Hz, o-phenyl); 8.15, (s,
1H, Pz); '3C NMR (125 MHz, CD50D, Na salt): 23.45 (CH3); 23.57
(CH3); 26.50 ((CHs3),CH); 43.81 (Pz-CH;); 44.92 (CH-CH,-CH);
64.53 (CH-COO); 68.66 (ortho-Fc); 68.77 (ortho-Fc); 69.85 (meta-
Fc); 69.91 (meta-Fc); 70.55 (5C, Fc); 79.10 (Fc, ipso); 120.08 (2C,
o-phenyl); 121.28 (C-4, Pz); 127.32 (p-phenyl); 129.40 (C-5, Pz);
130.66 (2C, m-phenyl); 141.55 (C-3, Pz); 151.82 (N-subst. phenyl);
183.20 (COO0); IR (KBr, cm™1): 3435 v(O-H); 3084 v(C-H)a:; 2958
and 2869 v(C-H)a;; 2673-2391 v(NH,™); 1622 v,4(COO0~); 1600
V(C=C)ar; 1555 v(C=N)ar; 1505 56(C=C)ar; 1466 5(C=N)a; 1409
vs(CO0™); 1059 6(C-H)ip; 755 8(C-H)oop; 507 and 486 v,s(Cp-
Fe-Cp). /max (MeOH)/nm (loge¢/dm>®mol'cm™!): 206(4.52),
267(4.20), 285(4.15), 325(3.45), 443(2.48). Anal. Calc. for
Cy6H31N303Fe (489.39 g/mol): C, 63.81; H, 6.38; N, 8.59. Found:
C, 63.80; H, 6.37; N, 8.59%.

4.2.4. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]i-phenylalanine
monohydrate (1d)

Yellow-orange powder; yield: 0.50 g (76%); m.p.: 156-157 °C
(Dec.); 02 = +13.99 (c=1.072 x 1073 g/cm*, MeOH/CH,Cl,, 1/1
v/v); TH NMR (500 MHz, CD50D, Na salt): 2.82, (dd, 1H, J=8.50
and 13.50 Hz, Ph-CH,); 3.12, (dd, 1H, J=5.50 and 13.50 Hz, Ph-
CH,); 3.47, (dd, 1H, J=5.50 and 8.50 Hz, CH); 6,=3.96 and
og=3.77, (AB system, 2H, Jag = 14.01 Hz, Pz-CH;); 4.05, (s, 5H,
Fc); 4.24, (m, 1H, meta-Fc); 4.26, (m, 1H, meta-Fc); 4.67, (m, 1H,
ortho-Fc); 4.71, (m, 1H, ortho-Fc); 7.19, (t, 1H, J=7.50Hz, 1H at
4); 7.27, (m, 3H, 2H at 3’ and p-phenyl); 7.34, (dd, 2H, J=7.50
and 1.00 Hz, 2H at 2’); 7.46, (t, 2H, J=7.50 Hz, m-phenyl); 7.63,
(dd, 2H, J=7.50 and 1.00 Hz, o-phenyl); 7.82, (s, 1H, Pz); '3C

NMR (125 MHz, CD5;0D, Na salt): 41.71 (Ph-CH,); 43.92 (Pz-CH,);
67.31 (CH-COO); 68.59 (ortho-Fc); 68.62 (ortho-Fc); 69.80 (meta-
Fc); 69.85 (meta-Fc); 70.50 (5C, Fc); 79.01 (Fc, ipso); 120.09 (2C,
o-phenyl); 121.34 (C-4, Pz); 127.29 (p-phenyl); 127.40 (4');
129.19 (C-5, Pz); 129.47 (2C, 3'); 130.59 (2C, m-phenyl); 130.71
(2C, 2'); 141.08 (1'); 141.45 (C-3, Pz); 151.76 (N-subst. phenyl);
181.92 (COO); IR (KBr, cm™1): 3447 v(O-H); 3085 v(C-H)a; 2926
and 2854 v(C-H)a;; 2731-2389 v(NH,"); 1621 v,(COO~); 1600
V(C=C)ar; 1568 v(C=N)ar; 1504 5(C=C)p;; 1456 6(C=N)a,; 1410
v5(CO0™); 1060 6(C-H)ip; 755 8(C-H)oop; 507 and 486 v,5(Cp-
Fe-Cp). /max (MeOH)/nm (loge/dm3 mol~'cm™'): 206(4.52),
267(4.11), 287(3.94), ~326(3.40), 445(2.44). Anal. Calc. for
Ca9H29N303Fe (523.40 g/mol): C, 66.55; H, 5.58; N, 8.03. Found:
C, 66.43; H, 5.60; N, 8.05%.

4.2.5. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]Di-
phenylalanine monohydrate (1e)
Yield: 0.49 g (75%).

4.2.6. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl|p-phenylalanine
monohydrate (1f)

Yield: 0.49g (75%); [0)2 =—-14.13 (c=1.054 x 1073 g/cm®,
MeOH/CH,Cl,, 1/1 v/v).

4.2.7. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl].-methionine
monohydrate (1g)

Orange-brown powder; yield: 0.49 g (77%); m.p.: 155-156 °C
(Dec.); 02 = +41.21 (c=1.092 x 1073 g/cm*, MeOH/CH,Cl,, 1/1
v/v); 'TH NMR (500 MHz, CD50D, Na salt): 1.92, (m, 1H, CH-CH,);
2.00, (m, 1H, CH-CH,); 2.10, (s, 3H, CHs-S); 2.67, (t, 2H,
J=7.50Hz, CH,-S); 3.34, (t, 1H, J=6.50 Hz, CH-CH,); 5 =4.04
and g =3.84, (AB system, 2H, Jag=13.51 Hz, Pz-CH,); 4.12, (s,
5H, Fc); 4.33, (t, 2H, J = 1.00 Hz, meta-Fc); 4.87, (t, 1H, J = 1.00 Hz,
ortho-Fc); 4.88, (t, 1H, J=1.00Hz, ortho-Fc); 7.29, (t, 1H,
J=7.50Hz, p-phenyl); 7.48, (t, 2H, J=7.50 Hz, m-phenyl); 7.74,
(d, 2H, J=7.50Hz, o-phenyl); 8.16, (s, 1H, Pz); 'C NMR
(125 MHz, CD50D, Na salt): 15.44 (CH5-S); 32.15 (S-CH,); 35.03
(CH-CH,); 43.93 (Pz-CH,); 64.79 (CH-COO); 68.70 (ortho-Fc);
68.75 (ortho-Fc); 69.87 (meta-Fc); 69.90 (meta-Fc); 70.54 (5C, Fc);
79.12 (Fc, ipso); 120.09 (2C, o-phenyl); 121.25 (C-4, Pz); 127.32
(p-phenyl); 129.44 (C-5, Pz); 130.65 (2C, m-phenyl); 141.55 (C-3,
Pz); 151.83 (N-subst. phenyl); 182.18 (COO); IR (KBr, cm™!):
3436 v(O-H); 3082 v(C-H)ar; 2918 and 2853 v(C-H)a;; 2658-
2406 v(NH,*"); 1619 v,5(CO07); 1600 v(C=C)ar; 1558 v(C=N)a;
1505 6(C=C)ar; 1464 5(C=N)a;; 1409 v(COO™); 1059 &(C-H)ip;
756 6(C-H)oop; 507 and 486 v,(Cp-Fe-Cp). Amax (MeOH)/nm
(logg/dm®mol ' cm™'):  207(4.00), 217(4.04), 267(4.03),
288(4.00), 327(3.76), 444(2.53). Anal. Calc. for CpsH,9N303SFe
(507.43 g/mol): C, 59.17; H, 5.76; N, 8.28; S, 6.32. Found: C,
59.25; H, 5.77; N, 8.30; S, 6.32%.

4.2.8. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]|S-methyl-1-
cysteine monohydrate (1h)

Orange powder; yield: 0.46 g (75%); m.p.: 156-157 °C (Dec.),
(% = +0.98 (c=1.023 x 10~ g/cm®, MeOH/CH,Cl,, 1/1 v/v); 'H
NMR (500 MHz, CD;0D, Na salt): 2.12, (s, 3H, CH3=S); 2.79, (dd,
1H, J=13.50 and 7.50 Hz, S-CH,); 2.94, (dd, 1H, J=13.50 and
5.00 Hz, S-CHy); 3.41, (dd, 1H, J = 7.50 and 5.00 Hz, CH); 6 = 4.09
and 6 =3.91, (AB system, 2H, Jap = 14.01 Hz, Pz-CH,); 4.12, (s,
5H, Fc); 4.33, (t, 2H, J = 1.50 Hz, meta-Fc); 4.85, (m, 1H, ortho-Fc);
4.88, (m, 1H, ortho-Fc); 7.29, (td, 1H, J=7.50 and 1.00 Hz, p-phe-
nyl); 7.48, (dd, 2H, J=7.50 Hz, m-phenyl); 7.74, (dd, 2H, J=7.50
and 1.00 Hz, o-phenyl); 8.21, (s, 1H, Pz); 3C NMR (125 MHz,
CD30D, Na salt): 16.10 (CHs3-S); 39.55 (S-CH,); 43.76 (Pz-CH>);
64.05 (CH-COO0); 68.65 (ortho-Fc); 68.74 (ortho-Fc); 69.89
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(meta-Fc); 69.94 (meta-Fc); 70.57 (5C, Fc); 79.07 (Fc, ipso); 120.05
(2C, o-phenyl) 121.08 (C-4, Pz); 127.34 (p-phenyl); 129.46 (C-5,
Pz); 130.67 (2C, m-phenyl); 141.54 (C-3, Pz); 151.81 (N-subst. phe-
nyl); 180.59 (COO0); IR (KBr, cm™'): 3436 v(0-H); 3092 v(C-H)ar;
2921 and 2853 v(C-H)a;; 2746-2385 v(NH,"); 1628 v,,(CO07);
1599 v(C=C)a;; 1557 V(C=N)ar; 1505 6(C=C)a,;; 1465 5(C=N)a;
1411 v{(CO07); 1057 &(C-H)ip; 756 6(C-H)oop; 507 and 486
Va(Cp-Fe-Cp).  imax  (MeOH)/nm  (log ¢/dm® mol ' cm™!):
204(4.57), 267(4.20), ~287(4.11), ~327sh(3.43), 444(2.50). Anal.
Calc. for Cy4H,7N303SFe (493.40 g/mol): C, 58.42; H, 5.52; N,
8.52; S, 6.50. Found: C, 58.35; H, 5.50; N, 8.52; S, 6.49%.

4.2.9. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]i-serine
monohydrate (1i)

Yellow powder; vyield: 0.40g (69%); m.p.: 167 °C (Dec.);
[0)2° = —6.18 (c=1.133 x 103 g/cm®, MeOH/CH,Cl,, 1/1 v/v); 'H
NMR (500 MHz, CDs;0OD, Na salt): 3.35, (dd, 1H, J=6.00 and
4.50 Hz, CH-CO0O0); 3.76, (dd, 1H, J=10.75 and 6.00 Hz, CH-CH,);
3.85, (dd, 1H, J=10.75 and 4.50 Hz, CH-CH,); éx=4.09 and
o =3.92, (AB system, 2H, Jag = 14.01 Hz, Pz-CH,); 4.12, (s, 5H,
Fc); 4.34, (m, 2H, meta-Fc); 4.85, (m, 2H, ortho-Fc); 7.29, (t, 1H,
J=7.50Hz, p-phenyl); 7.48, (t, 2H, J=7.50 Hz, m-phenyl); 7.75,
(d, 2H, J=7.50Hz, o-phenyl); 8.20, (s, 1H, Pz); '>C NMR
(125 MHz, CDs;0D, Na salt): 43.92 (Pz-CH,); 65.12 (CH,-OH);
66.71 (CH-COO); 68.57 (ortho-Fc); 68.64 (ortho-Fc); 69.92 (meta-
Fc); 69.94 (meta-Fc); 70.57 (5C, Fc); 79.08 (Fc, ipso); 120.07 (2C,
o-phenyl) 121.19 (C-4, Pz); 127.34 (p-phenyl); 129.38 (C-5, Pz);
130.67 (2C, m-phenyl); 141.56 (C-3, Pz); 151.69 (N-subst. phenyl);
180.07 (COO); IR (KBr, cm™!): 3431 w(0O-H); 3073 v(C-H)a,; 2961
and 2852 v(C-H)a;; 2703-2462 v(NH,™); 1628 v,4(CO0™); 1598
V(C=C)ar; 1554 V(C=N)a;; 1504 5(C=C)ar; 1463 6(C=N)a,; 1401
vs(CO0™); 1057 §(C-H)ip; 758 6(C—H)oop; 508 and 487 v,s(Cp-Fe-
Cp).  ‘max (MeOH)/nm (loge/dm3mol'cm™'): 198(4.08),
267(3.60), 286(3.34), 325(2.90), 446(1.96). Anal. Calc. for
Cy3H,5N304Fe (463.31 g/mol): C, 59.63; H, 5.44; N, 9.07. Found:
C, 59.87; H, 5.42; N, 9.10%.

4.2.10. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]i-tyrosine
monohydrate (1j)

Orange-brown powder; yield: 0.56 g (83%); m.p.: 168 °C (Dec.);
(02 = +7.97 (c=0.502 x 1073 g/cm®, MeOH/CH,Cl,, 1/1 v/v); 'H
NMR (500 MHz, CD3;0D, Na salt): 2.66, (dd, 1H, J=13.50 and
9.00 Hz, CH-CH,); 3.04, (dd, 1H, J=13.50 and 4.50 Hz, CH-CH,);
3.46, (dd, 1H, J=9.00 and 4.50Hz, CH-COO); ,=3.97 and
55 =3.80, (AB system, 2H, Jag = 14.01 Hz, Pz-CH,); 4.07, (s, 5H,
Fc); 4.29, (m, 2H, meta-Fc); 4.65, (m, 1H, ortho-Fc); 4.70, (m, 1H,
ortho-Fc); 6.63, (d, 2H, J=8.00Hz, 2H at 2'); 7.03, (d, 2H,
J=8.00Hz, 2H at 3'); 7.27, (t, 1H, J=7.50 Hz, p-phenyl); 7.49, (t,
2H, J=7.50Hz, m-phenyl); 7.67, (dd, 2H, J=7.50 and 1.00 Hz,
o-phenyl); 7.85, (s, 1H, Pz); '3C NMR (125 MHz, CD50D, Na salt):
40.81 (Ph-CH;); 43.89 (Pz-CH,); 67.41 (CH-COO); 68.56 (2C,
ortho-Fc); 69.84 (meta-Fc); 69.94 (meta-Fc); 70.51 (5C, Fc); 78.96
(Fc, ipso); 119.59 (2C, 3'); 120.01 (2C, o-phenyl); 121.27 (C-4,
Pz); 125.92 (1'); 127.21 (p-phenyl); 129.01 (C-5, Pz); 130.67 (2C,
m-phenyl); 131.14 (2C, 2'); 141.42 (C-3, Pz); 151.67 (N-subst. phe-
nyl); 165.58 (4'); 182.25 (COO); IR (KBr, cm™'): 3430 v(0-H); 3092
V(C-H)ar; 2923 and 2853 v(C-H)a; 2691-2369 v(NH,"); 1612
vas(CO07); 1599 v(C=C)a;; 1563 v(C=N)a; 1516 and 1505
3(C=C)ar; 1464 5(C=N)a;; 1409 v4(COO~); 1057 &(C-H)yp; 755
0(C-H)oop; 507 and 486 v,(Cp-Fe-Cp). /max (MeOH)/nm
(log e/dm® mol~' cm™'):  201(4.80), 224sh(4.46), 268(4.32),
284(4.28), 3.26s5h(3.54), 445(2.58). Anal. Calc. for CgHp9N304Fe
(539.40 g/mol): C, 64.57; H, 5.42; N, 7.79. Found: C, 64.73; H,
5.40; N, 7.82%.

4.2.11. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl]i-histidine
acetate trihydrate (1k)

Orange-brown powder; yield: 0.31 g (41%); m.p.: 178 °C (Dec.);
[)2 = +4.50 (c=1.111 x 1073 g/cm®, MeOH/CH,Cl,, 1/1 v/v); 'H
NMR (500 MHz, CD30D, Na salt): 1.90, (s, 3H, CHs, acetate); 2.86,
(dd, 1H, J=14.50 and 8.00 Hz, CH-CH,); 3.09, (dd, 1H, J=14.50
and 5.50 Hz, CH-CH,); 3.46, (dd, 1H, J=8.00 and 5.50 Hz, CH-
CO0); 6a=4.01 and 65 = 3.82, (AB system, 2H, Jag = 13.51 Hz, Pz-
CH,); 4.07, (s, 5H, Fc); 4.29, (m, 2H, meta-Fc); 4.73, (m, 1H, ortho-
Fc); 4.78, (m, 1H, ortho-Fc); 6.89, (s, 1H at 5'); 7.28, (t, 1H,
J=7.50Hz, p-phenyl); 7.47, (t, 2H, J=7.50 Hz, m-phenyl); 7.53,
(d, 1H, J=2.00 Hz, 1H at 3); 7.70, (dd, 2H, J = 7.50 and 1.00 Hz, o-
phenyl); 8.02, (s, 1H, Pz); '3C NMR (125 MHz, CDs0D, Na salt):
24.40 (CHs, acetate); 31.96 (CH-CH,); 43.84 (Pz-CH,); 65.63 (CH-
C0O0); 68.61 (2C, ortho-Fc); 69.87 (2C, meta-Fc); 70.53 (5C, Fc);
79.04 (Fc, ipso); 120.03 (2C, o-phenyl) 121.25 (5’ and C-4, Pz, over-
lapped); 127.30 (p-phenyl); 129.34 (C-5, Pz); 130.64 (2C, m-phe-
nyl); 134.33 (1’); 136.00 (3'); 141.50 (C-3, Pz); 151.76 (N-subst.
phenyl); 180.62 (COO, acetate); 181.67 (COO0); IR (KBr, cm™'):
3415 v(0-H); 3144 v(N-H)imidazole; 3087 v(C-H)ar; 3009 v(C-
H)imidazole; 2924 and 2853 v(C-H)a; 2791-2465 v(NH,*); 1701
V(COO acetate; 1631 vo(CO07); 1599 v(C=C)ar; 1556 V(C=N)a;
1505 8(C=C)as; 1463 6(C=N)as; 1410 v{(COQ ™% 1053 ACH), - 757
3(C-H)oop; 502 and 485 v,(Cp-Fe-Cp). Amax (MeOH)/nm (log &/
dm?® mol~! em™'): 208(4.59), 267(4.23), 286(4.23), ~328sh(4.48),
444(2.57). Anal. Calc. for C;gH35N505Fe (609.45 g/mol): C, 55.18;
H, 5.79; N, 11.49. Found: C, 55.16; H, 5.78; N, 11.53%.

4.2.12. N-[(3-ferrocenyl-1-phenylpyrazol-4-yl)methyl].-tryptophan
dihydrate (11)

Orange-brown powder; yield: 0.58 g (80%); m.p.: 148-149 °C
(Dec.); [o]2° = —46.00 (c=1.000 x 103 g/cm*, MeOH/CH,Cl,, 1/1
v/v); '"H NMR (500 MHz, CD30D, Na salt): 2.97, (dd, 1H, J = 14.50
and 9.50 Hz, CH-CH,); 3.37, (dd, 1H, J=14.50 and 4.00 Hz, CH-
CH,); 3.68, (dd, 1H, J=9.50 and 4.00 Hz, CH-COO); 64 =3.93 and
op=3.72, (AB system, 2H, Jag = 14.01 Hz, Pz-CH,); 3.97, (s, 5H,
Fc); 4.10, (m, 1H, meta-Fc); 4.16, (m, 1H, meta-Fc); 4.39, (m, 1H,
ortho-Fc); 4.55, (m, 1H, ortho-Fc); 7.02, (t, 1H, J=7.50 Hz, 1H at
7'); 712, (t, 1H, J=7.50 Hz, 1H at €'); 7.17, (s, 1H at 2'); 7.25, (t,
1H, J = 7.50 Hz, p-phenyl); 7.38, (d, 1H, J=8.00 Hz, 1H at 8'); 7.42,
(t, 2H, J=7.50 Hz, m-phenyl); 7.46, (d, 2H, J = 7.50 Hz, o-phenyl);
7.66, (s, 1H, Pz); 7.81, (d, 1H, J=8.00Hz, 1H at 5); >*C NMR
(125 MHz, CD30D, Na salt): 31.44 (CH-CH,); 43.87 (Pz-CH,);
65.71 (CH-COO); 68.31 (ortho-Fc); 68.49 (ortho-Fc); 69.70 (meta-
Fc); 69.84 (meta-Fc); 70.44 (5C, Fc); 78.84 (Fc, ipso); 112.60 (8');
113.23 (17); 119.93 (7'); 119.97 (2C, o-phenyl); 120.04 (5');
121.10 (C-4, Pz); 122.57 (6'); 124.79 (2'); 127.20 (p-phenyl);
128.94 (C-5, Pz); 129.09 (9'); 130.59 (2C, m-phenyl); 138.54 (4');
141.36 (C-3, Pz); 151.68 (N-subst. phenyl); 182.40 (COO); IR
(KBr, cm™1'): 3420 v(0-H); 3371 v(N-H)indole; 3081 v(C-H)ar;
2925 and 2853 v(C-H)a;; 2747-2383 v(NH,™); 1621 v,(COO™);
1599 v(C=C)ar; 1570 V(C=N)a;; 1504 §(C=C)a;; 1459 6(C=N)a;
1411 v(COO™); 1060 &(C-H)ip; 749 6(C-H)oop; 507 and 492
vas(Cp-Fe-Cp).  imax  (MeOH)/nm  (log ¢/dm® mol~' cm™'):
209(4.63), 217(4.62), 270(4.25), 288(4.20), ~327sh(3.43),
444(2.50). Anal. Calc. for C3;H3;N404Fe (580.46 g/mol): C, 64.15;
H, 5.58; N, 9.67. Found: C, 64.16; H, 5.58; N, 9.67%.

4.3. In vitro studies

4.3.1. Drugs and solutions

The MTT (3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide) was dissolved (5 mg/ml) in phosphate buffer saline
pH 7.2 and filtered (0.22 pum) before use. The RPMI 1640 cell cul-
ture medium, fetal bovine serum (FBS), and MTT, were purchased
from Sigma Chemical Company, USA.
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4.3.2. Cell lines

Cervix adenocarcinoma HelLa and melanoma Fem-x cell lines
were maintained in monolayer culture, and myelogenous leukemia
K562 cells in suspension culture, in nutrient medium RPMI 1640,
with 10% (inactivated at 56 °C) FBS, 3 mM of L-glutamine, and
antibiotics.

4.3.3. Treatment of cell lines

Stock solutions (10 mM) of compounds were made in dimethyl-
sulfoxide (DMSO), and were dissolved in corresponding medium to
the required working concentrations. Target cells HeLa, (2000 cells
per well), Fem-x (2000 cells per well), or K562 cells (3000 cells per
well) were seeded into wells of a 96-well flat-bottomed microtitre
plate. Twenty hours later, after the cell adherence, 50 pl of the
investigated compounds was added to cells in final concentrations
(6.25,12.5, 25, 50, and 100 puM), except in the control wells, where
only nutrient medium was added to the cells. Exceptionally com-
pounds were applied to the suspension of leukemia K562 cells 2
hours after the cell seeding. The intensity of agents action on can-
cer cell survival was determined 72 h later by MTT test [26], mod-
ified by Ohno and Abe [27]. Briefly, 20 pl of MTT (5 mg/ml) dye was
added to each well. After incubation for further 4 h, 100 pl of 10%
SDS were added to extract the insoluble product formazan, result-
ing from conversion of the MTT dye by viable cells. The number of
viable cells in each well is proportional to the intensity of the
absorbance of light, which was then read in an ELISA plate reader
at 570 nm. To achieve cell survival (%), absorbance at 570 nm of
a sample with cells grown in the presence of various concentra-
tions of agent was divided with absorbance of control sample
(the absorbance of cells grown only in nutrient medium), having
subtracted from absorbance of a corresponding sample with target
cells the absorbance of the blank. IC50 is used as the measure of
the toxic agents action and is determined from the graph
S(%) =f(c), as the concentration of the agent which induces de-
crease in cell survival to 50%.
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The structure of 5-hydroxy-3,5-dimethyl-1-S-methylisothiocarbamoyl-2-pyrazolinium iodide (HDMCPI),
a cyclic intermediate for a 3-aminopyrazole derivative, was determined by means of X-ray analysis and
spectroscopic techniques. In a treatment of HDMCPI in alkaline aqueous solution, 4-acetyl-3(5)-amino-5
(3)-methylpyrazole (AAMP) was unexpectedly yielded. The reaction of HDMCPI was monitored by 'H and
13C NMR spectroscopy. It was shown that keto-imine tautomer appears as the only tautomeric form.
Density functional theory explained the spontaneous formation of keto-imine tautomer, whose existence
is the main condition for generating a carbanion in alkaline medium. The carbanion further undergoes
Reaction mechanism cyclization and elimination of MeSH, thus yielding AAMP. In the reaction of acetylacetone with thio-
Keto-imine tautomer semicarbazide instead of S-methylisothiosemicarbazide, there were no traces of AAMP. This result can be
DFT attributed to the absence of keto-imine form in the tautomeric equilibrium, which would provide the
3-Aminopyrazole formation of a carbanion for a nucleophilic attack and further cyclization.
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Crystal structure

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The chemistry of 3-aminopyrazole has remained largely
underdeveloped until the discovery of its derivatives as antitumor
agents with their great therapeutic potential against various
proliferative disorders in the role of chemical inhibitors of cyclin-
dependent kinases (CDKs), a family of enzymes involved in
controlling normal cell proliferation.! = The frequent deregulation
of cell cycle progression in cancer has intensified search for kinase
inhibitors with high affinity and specificity over the past several
years.>”/ PHA-739358, a small molecule of 3-aminopyrazole
derivative with strong activity against Aurora kinases and cross-
reactivities with some receptor tyrosine kinases, exhibits
significant antitumor activity in a wide range of cancers and shows
a favorable pharmacokinetic and safety profile.® Recently, a series of
3-aminopyrazole based Aurora kinase inhibitors with a pyrimidine
scaffold led to a class of very potent inhibitors of cellular
proliferation in treatment of chronic myelogenous leukemia or
Philadelphia chromosome-positive acute lymphoblastic leukemia.’
Very recently, a selective 3-aminopyrazole MK2 kinase inhibitors
were discovered and profiled to show potent inhibition MK2
activity and reasonable cellular activity.'®

* Corresponding author. E-mail address: mjoksovic@kg.ac.rs (M.D. Joksovi¢).

0040-4020/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2010.05.093

Although the synthesis of 4-acetyl-3(5)-amino-5(3)-methyl-
pyrazole (AAMP) has been reported about two decades ago,!! the
recent discoveries in the field of 3-aminopyrazole derivatives and
their pharmacological and medicinal importance prompted us to
shed much more light on the mechanism of formation of AAMP,
starting from relatively simple precursors. In the present study we
have focused our attention on theoretical and mechanistical as-
pects of the synthesis of this 3-aminopyrazole derivative, as a high
versatile precursor for preparation of a number of potential kinase
inhibitors bearing in mind the great possibilities of transformation
of acetyl group linked to 3-aminopyrazole scaffold.

2. Results and discussion

2.1. The crystal structure of 5-hydroxy-3,5-dimethyl-1-S-
methylisothiocarbamoyl-2-pyrazolinium iodide (HDMCPI)

The crystal data, details of structure determination and
refinement of HDMCPI are given in the Supplementary data.
The iodide anion is hydrogen bonded to the organic moiety by the
05—H5---11 and N7—H7A---11 interactions (Fig. 1a, Table 1). The
packing coefficient is 65.7%, there is no residual solvent accessible
void. The basic building unit of the crystal is a dimer organized by
the symmetry centre (Fig. 1b, Table 1). H7B is a bifurcated hydrogen
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(@)

C8

(b)

Figure 1. ORTEP representation' of HDMCPI at 50% probability level, heteroatoms are
shaded. (b)The dimer formed in the structure of HDMCPI and the connected iodide
organized by the symmetry centre.'

Table 1
Intermolecular interactions in the crystal structure of HDMCPI

D—H:--A Type D-H H---A D---A D—H:--A Symmetry
[A] [A] [A] °] operation
N7—H7B---05 Intra 0.86 237 2903 (3) 121
05—H5---11 Inasym 0.82 2.62 3399(3) 159
unit

N7—H7A---11 Inter 0.86 2.83 3.612(3) 153 x, 14y, z

N7—H7B:--05 Inter 0.86 2.23 3.003 (3) 149 1-x,1-y,1-z

C51—-H51A---11 Inter 096 3.05 3.993(4) 167 —1/2+x, 1/2—y,
-1/2+z

C8—HB8A--11 Inter 096 3.05 3.886(5) 146 1/2—x, 1/2+y,
32—z

H
N NH, N NH,
Mel
H2N/ T H2N/ Y
¢ H
S SMe

PN 1

atom, taking part in both intramolecular and intermolecular
hydrogen bonds to 05 oxygen atoms. The graph set description'? of
the ring formed by the hydrogen bonds is R*y(6). The neighboring
dimers are kept together by weak C—H---O interactions. A herring
bone arrangement can be observed from the crystallographic a di-
rection in the packing diagram (Supplementary data).

The structure of HDMCPI was reproduced using density func-
tional theory (DFT), in order to test the suitability of the applied
computational method. The obtained bond lengths, bond angles,
and dihedral angles are provided in Tables S5—S7 of Supplementary
data. The average relative errors for bond angles and dihedral an-
gles amount 0.89 and 0.45%, respectively. The lengths of the bonds
including hydrogen are overestimated, whereas the average rela-
tive error for bond lengths among heavy atoms equals 0.99%. Such
agreement between the experimental and computed structure of
HDMCPI confirms the applicability of the used DFT method.

2.2. Mechanistic studies

The synthesis of 4-acetyl-3(5)-amino-5(3)-methylpyrazole (AAMP)
starting from acetylacetone and S-methylisothiosemicarbazide
hydrogen iodide has been already described,'! but the intermediate
was incorrectly presented, only on the basis of elemental analysis, as
acetylacetone mono-S-methylisothiosemicarbazone. Now, we have
obtained single crystals suitable for X-ray analysis, and using spectro-
scopic methods completely characterized this compound as the cyclic
compound 5-hydroxy-3,5-dimethyl-1-S-methylisothiocarbamoyl-2-
pyrazolinium iodide (HDMCPI) (Scheme 1).

The values of bond lengths between the carbon and two nitro-
gens of S-methylisothiocarbamoyl group indicate delocalization of
positive charge through all three atoms in the solid state. In addi-
tion, the natural bond orbital (NBO) analysis of HDMCPI shows
strong donation of density from the p orbitals on N7 and S to the 7=
antibonding N1—C6 orbital, and from the sp®*> orbital on S to the
o* antibonding C6—N7 orbital, thus confirming the delocalization
in the S-methylisothiocarbamoyl group. However, in DMSO-dg so-
lution, the '"H NMR spectra, except for two singlets (C3—Me and
Cs—Me) and one AB system for the pyrazoline ring protons, shows
two singlets for S—Me protons, as well as two groups of signals at
lower field. The first, two broad singlets, one bigger at 7.73 ppm and
a smaller one at 7.52 ppm of the total relative intensity 1, can be
attributed to two kinds of hydroxyl protons. The second set of three
broad peaks, one bigger at 8.80 ppm and two smaller at 8.96 and
9.42 ppm of the total relative intensity 2 can be assigned to the
nitrogen protons. Three smaller peaks were in an intensity ratio of
1:1:1 while bigger signals at 8.80 ppm and 7.73 ppm were in an
intensity ratio 2:1, respectively. These facts suggest that not only
one form of HDMCPI was present in the DMSO-dg solution. In order
to consider an explanation of this 'H NMR complexity, we must
take into an account the existence of other distinct tautomers with
possibly different NMR spectra whose concentration will vary with
selected deuterated solvent. For example, a proton could be moved
from the exocyclic nitrogen onto ring nitrogen atom giving
a structure with three chemically nonequivalent protons with the
same intensities (Scheme 2).

O (@]

HN._® _N
NN e
l@ | 2

SMe )

Scheme 1. Synthesis of HDMCPI (I).
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64%

Scheme 2. Two possible tautomeric forms of HDMCPI in DMSO-dg solution (the ratio of tautomers is determined by integration of '"H NMR signals).

Addition of D,0 to the DMSO-dg solution caused the collapse of
the AB system to a singlet and disappearance of the N—H and the
O—H protons because of fast exchange of these protons with D,0.
Simultaneously, one singlet attributable to the S—Me protons was
observed instead of two singlets in DMSO-dg solution. Finally, in
pure D,0 solution all signals appeared only as singlets.

Dissolving HDMCPI in an alkaline aqueous solution (pH>13)
unexpectedly affords AAMP after about 15 h of standing at room
temperature, in the forms of white needle-like crystals. In order to
slow this reaction for 'H NMR monitoring, we dissolved HDMCPI in
D,0 and adjusted pD to 9.5 by careful addition of NaOD. Bearing in
mind that thiosemicarbazones of 1,3-dicarbonylic compounds are
complex multitautomeric systems, we could expect an equilibrium
mixture of several open-chain tautomeric forms in the solution, in-
cluding the cyclic one with predominance of keto-enamine form.!>16
It has been known that the tautomeric equilibria are very sensitive to
pH and the polarity of the solvent.I” However, after analyzing the 'H
and 3C NMR spectra at pD=9.5 we have observed surprisingly that
this compound is present in D0 only in the form of keto-imine tau-
tomer A (Scheme 3). The presence of the keto-imine tautomer A in

1

6207

H/O
HN
C

36%

respectively. The G?%8 values are in agreement with a simple

chemical reasoning, based on the fact that B and C are stabilized
with strong hydrogen bonds. On the basis of these facts, the pres-
ence of tautomer A is not expected as the only form in the tauto-
meric equilibrium.

To explain this unexpected experimental finding, we examined
possible interactions between the HDMCP cation and hydroxide
anion. All examined pathways are here presented. Our inves-
tigation did not reveal any transition state for a reaction pathway
between the HDMCP cation and hydroxide anion. On the other
hand, our attempts to optimize a structure consisting of the HDMCP
cation and hydroxide anion resulted in a spontaneous transfer of
a proton (i.e., without activation barrier) from the hydroxyl group of
the HDMCP cation to the OH™ anion. This rearrangement includes
a ring opening, and formation of the structure D (Fig. 2), with the
stabilization of the system of 143.2 kJ/mol. It is worth pointing out
that structure D is actually a hydrated tautomeric form A. The
tautomer A can be transformed into B via transition state TS1, re-
quiring an activation barrier of 185.0 k]J/mol, whereas B can rear-
range into C via transition state TS2, requiring an activation energy

SMe H,N SMe
H/O D 93 \"/ \Ir ’ \"/
Lo N == H. N = N
~\@ N 0 "N OH N7
I A PPN
SMe
).) 2 9 200 - ] 2
g " ‘Q S & JO"“'B?"‘ J"ja 3 1692 4 JJ
“ &, @, D_0 9 Ty y- |
“\ d [ ) jJ\ " 1 J [ 2 A - o o
J& j’ 2 o ﬁ‘ 9 970 1) 9
HDMCP keto-imine (A) keto-enamine (B) enol-imine (C)

100%

Scheme 3. Tautomeric forms of 5-hydroxy-3,5-dimethyl-1-S-methylisothiocarbamoyl-2-pyrazolinium cation (HDMCP).

solution is unambiguously indicated by the >C NMR spectrum, in
which a resonance signal at the high ¢ value of 214.3 ppm is in the
range characteristic of aliphatic ketones, not that of keto-enamines or
enol-imine forms.'® Further evidences, confirming the structure of A
result from a systematic pattern of isomer peaks of the methyl group
typical for S-alkylated thiosemicarbazones due to cis/trans isomerism
from the C=N double bond.® The 3C NMR spectrum also has com-
plex broad signal at 50.1 ppm corresponding to the carbon between
carbonyl and imino group. Other details of the 'H and >*C NMR spectra
agree with keto-imine tautomeric form.

This finding motivated us to investigate the mechanism of the
formation of A from the HDMCP cation using DFT calculations. If
Gibbs free energy (G*%8) is taken as a measure of tautomer stability,
it turns out that A is less stable than B and C by 18.1 and 2.8 kJ/mol,

of 14.8 kJ/mol (Fig. 2). A reaction path for a transformation of A into
C was not revealed. One can conclude, on the basis of the presented
activation energies, that the only pathway for transformation of the
HDMCP cation in alkaline medium is the formation of the tautomer
A. In this way the presence of A as the only form in tautomeric
equilibrium is explained.

Our investigation shows that in alkaline medium tautomer A can
undergo pathways that lead to the formation of carbanions. Namely,
the acidic hydrogens of A can delocalize the charge of the hydroxide
anion, forming structure E in Scheme 4. Three reaction pathways
were revealed for the transformation of E, where the carbanions CA1,
CA2,and CA3 were formed. The activation energies for the formation
of CA1, CA2, and CA3 amount 4.9, 8.8, and 31.3 kJ/mol, respectively.
As expected, G*°8 of CA2 is lower than those of CA1 and CA3 by 27.1
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J

29
)
TS5

and 61.3 kJ/mol, respectively. Taking into account low activation
energy and pronounced stability of CA2, we assume that the main
reaction path for the transformation of A is the formation of CA2.
Thus, the existence of tautomeric form A is the main condition for
generating the carbanion CA2 in alkaline medium.

152

CA3

Scheme 4. Mechanism of formation of carbanions CA1, CA2, and CA3, via transition states TS3, TS4, and TS5, respectively.

The natural resonance analysis of CA2 revealed the possibility of
its resonance stabilization. The major resonance structures of CA2
are presented in Scheme 5. The numbers below the resonance
structures denote the resonance weights in the equilibrium geom-
etry of CA2. It is obvious that the resonance structure with the 25.3%
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Scheme 5. Possible mechanism of formation of AAMP.

resonance weight dominates in the resonance hybrid, thus pro-
viding the conditions for nucleophilic attack and further cyclization.

The carbanion structure (that with the highest resonance
weight) gives the possibility for intramolecular nucleophilic attack
on the very electrophilic carbon of the C=N group, leading to the
formation of the corresponding cyclic pyrazoline compound. This
step of the reaction proceeds via transition state TS6 (Scheme 5),
and requires activation barrier of 115.7 kJ/mol. The elimination of
MeSH takes place easily in an alkaline medium, followed by an
unpleasant mercaptane odor, yielding the tautomeric equilibrium
of corresponding pyrazoles.?°

In order to confirm our hypothesis about the crutial role of
keto-imine tautomer, we repeated the same experiment with

on® - _
C o Me NS HN -8 N s
L —0 hid \|/ h
< NH H
H,N N) VY 11?_(?9’) OHNl = 0"H\N/_- o~ I/NH
2 3 =
SN T AT AT R
S 66.2% keto-imine (D)  keto-enamine (E)  enol-imine (F)
.0 - 19.9% -
-Hj
Me
H,N N
\N/ Me
S 13.9%

carbon atom of the conjugated carbonyl group at 183.04 ppm.
These data agree with the spectra of many enamines.'®?! It is
evident that the absence of the keto-imine form (F) in the tauto-
meric equilibrium does not allow any possibility of the formation
of a carbanion for a nucleophilic attack and further cyclization.
Also, we detected 3,5-dimethylpyrazole-1-thiocarboxamide as
a consequence of the dehydration of pyrazolinol compound. The
structure of this compound was confirmed by comparison with
authentic sample. It is notable that cyclic pyrazolinol (Scheme 6) is
a very unstable compound even in the solid state. Its
decomposition begins after several hours and all material was
transformed into 3,5-dimethylpyrazole-1-thiocarboxamide after
two weeks of standing.

Scheme 6. Tautomeric forms of 5-hydroxy-3,5-dimethyl-1-thiocarbamoyl-2-pyrazoline. The ratio of tautomer (E), 3,5-dimethylpyrazole-1-thiocarboxamide and starting pyrazoline

compound was determined by integration of "H NMR signals of the methyl groups.

thiosemicarbazide instead of S-methylisothiosemicarbazide in the
reaction with acetylacetone preparing its cyclic analogue 5-hydroxy-
3,5-dimethyl-1-thiocarbamoyl-2-pyrazoline (Scheme 6) according to
the known procedure.!®

After 15 h of standing in highly alkaline solution (pH>13) there
were no traces of AAMP. Then we adjusted pD at 9.5, and the
almost quantitatively formed white solid was analyzed by 'H and
13C NMR in the same conditions for comparison with S-methylated
derivative. We established that the main form in the state of the
equilibrium in DMSO-dg solution is the starting cyclic compound
(Scheme 6) The keto-enamine form (G) in the NMR spectrum of
the mixture was presented as vinyl proton signal at 6.48 ppm as
well as the a-carbon of the vinyl group at 84.98 and a signal for the

3. Conclusion

The agreement between experimentally obtained and calcu-
lated bond distances, bond angles, and torsion angles of 5-hydroxy-
3,5-dimethyl-1-S-methylisothiocarbamoyl-2-pyrazolinium iodide
(HDMCPI) is very good, confirming that the selected computational
method is suitable for investigating the reactions of HDMCPIL. In this
work, the transformation of 5-hydroxy-3,5-dimethyl-1-S-methyl-
isothiocarbamoyl-2-pyrazolinium cation (HDMCP) in alkaline
aqueous solution was investigated using experimental and com-
putational methods.

It was shown that the reaction between the HDMCP cation and
hydroxyde anion proceeds smoothly, without activation barrier,
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and with significant stabilization of the system. In this way the
hydrated keto-imine tautomer A is formed, at 100% yield. The ac-
tivation energy for the isomerization of A into keto-enamine tau-
tomer B is significantly higher in comparison to the formation of
carbanion CA2 in alkaline medium. CA2 undergoes further cycli-
zation and elimination of MeSH, thus yielding 4-acetyl-3(5)-amino-
5(3)-methylpyrazole (AAMP).

The absence of AAMP as a product of the reaction between
acetylacetone with thiosemicarbazide instead of S-methyl-
isothiosemicarbazide can be explained with the absence of keto-
imine form in the tautomeric equilibrium, which would allow
the formation of a carbanion for further cyclization. This fact con-
firms the crucial role of the keto-imine tautomer A in the formation
of AAMP.

4. Experimental section
4.1. General methods

IR spectrum was recorded on a Perkin—Elmer Spectrum One
FT-IR spectrometer with a KBr disc. 'H and '*C NMR spectra were
obtained using a Varian Gemini 200 spectrometer. Melting point
was determined on a Mel-Temp capillary melting points apparatus,
model 1001.

4.2. Procedure for the preparation of HDMCPI

4.2.1. 5-Hydroxy-3,5-dimethyl-1-S-methylisothiocarbamoyl-2-pyr-
azolinium iodide (HDMCPI). A mixture of thiosemicarbazide (9.10 g,
100 mmol) and methyl iodide (15.05g, 106 mmol) in absolute
ethanol (40 mL) was refluxed for 45 min. After 12 h, the separated
white crystals of S-methylisothiosemicarbazide hydrogen iodide
were filtered, washed with ethanol and used in the next step
without further purification. Yield: 15.1 g (65%). A mixture of S-
methylisothiosemicarbazide hydrogen iodide (11.65 g, 50 mmol)
and acetylacetone (19.50 g, 195 mmol) in absolute ethanol (20 mL)
was refluxed for 5 min. After cooling to room temperature, the
crystallization was induced by rubbing the walls of the vessel with
a glass stick. The light yellow crystals were filtered, washed three
times with 5 mL of ether, and dried in air. Yield: 10.0 g (63%). Mp
157 °C. The suitable single crystals of HDMCPI for X-ray analysis
were obtained by recrystallization from ethanol.

4.2.1.1. Spectral data for HDMCPL IR (KBr, cm~'): 3331, 3266,
3191, 3161, 3132, 2980, 1635, 1629, 1557, 1427, 1372, 1328, 1254,
1113, 733; 'H NMR (200 MHz, DMSO-dg): ¢ 1.68 (3H, s,
CH3—C—O0H), 2.04 (3H, s, CH3—C=N), 2.55 and 2.62 (3H, two s,
CH3—S), 64=3.24 and 63=3.14 (2H, AB system, Jag 19.7 Hz, CHa),
7.52 and 7.73 (1H, two br s, OH), 8.80, 8.96, and 9.42 (2H, three br
s, nitrogen protons); >C NMR (DMSO-dg): 6 14.4 (CH3—S), 16.7
(CH3—C=N), 24.7 (CH3—C—OH), 52.8 (C-4), 96.2 (C-5), 164.9
(NH,—C(N)—S), 165.3 (C-3).

4.2.1.2. NMR data for HDMCPI in D;0. "H NMR (200 MHz, D,0):
6 1.83 (3H, s, CH3—C—OH), 2.13 (3H, s, CH3—C=N), 2.65 (3H, s,
CH3-S), 3.32 (2H, s, CH3); 3C NMR (D20): é 16.3 (CH3—S), 18.5
(CH3—C=N), 26.8 (CH3—C—0H), 55.2 (C-4), 98.9 (C-5), 168.5 (NH,—C
(N)=S), 168.7 (C-3).

4.2.1.3. NMR data for HDMCPI at pD=9.5 (tautomeric form A). 'H
NMR (200 MHz, NaOD/D,0): 6 1.95 and 2.07 (3H, two s, CH3—C=N),
2.17 and 2.30 (3H, two s, CH3—CO), 2.38 and 2.44 (3H, two s,
CH3—S); 3C NMR (NaOD/D,0): 6 15.2 and 15.4 (CH3—S), 19.9 and
24.8 (CH3—C=N), 31.2 and 32.6 (CH3—CO), 50.1 (complex signal,
CHy), 163.4 (CH3—C=N), 163.8 (NHy—C(N)—S), 214.3 (CO).

4.3. X-ray data collection and structure refinement

A light yellow prism shape single crystal of the compound 5-
hydroxy-3,5-dimethyl-1-S-methylisothiocarbamoyl-2-pyrazolinium
iodide (HDMCPI) was selected and mounted on glass fiber. Dif-
fraction data were collected on an OXFORD DIFFRACTION KM4 four-
circle goniometer equipped with SAPPHIRE CCD detector using
graphite monochromated Mo Ko X-radiation (1=0.71073 A) at 293
(2) Kin the range 3.45 <f<26.37°. The crystals to detector distances
were 45.0 mm. Crystal data: C;H4IN30S, Fwt.: 315.17, size:
0.69x0.37x0.23 mm, monoclinic, space group P2i/n, a=12.204
(5)A b=6.417(5) A, c=15.995(5) A, $=110.402(5)°, V=1174(1) A3,
T=293(2) K, Z=4, F(000)=616, Dy=1.783 Mgm >, u=2.876 mm .
Cell parameters were determined by least-squares of the setting
angles of 5004 (3.05<0<29.1°) reflections. A total of 4625 re-
flections were collected of which 2366 were unique [R(int)=0.0118,
R(0)=0.0183]; 1998 reflections were >2¢ (I). Completeness to
260=0.989. The data were reduced using the Oxford Diffraction
program CrysAlis?®??2 A semiempirical absorption-correction
based upon the intensities of equivalent reflections was applied
(the minimum and maximum transmission factors were 0.53295
and 1.000), and the data were corrected for Lorentz, polarization,
and background effects. Neutral atomic scattering factors, together
with anomalous-dispersion corrections, were taken from the In-
ternational Tables for X-ray Crystallography. The structures were
solved by direct methods (SIR-92) using program package
WinGX,?* and the figures were drawn using ORTEP?®® and MER-
CURY." Anisotropic full-matrix least-squares refinement (SHEXL-
97)%% on F? for all non-hydrogen atoms yielded R1=0.0199 and
wR2=0.0447 for 1998 [I>2¢(I)] and R1=0.0275 and wR2=0.0464
for all (2366) intensity data (goodness-of-fit=1.064; the maximum
and mean shift/esd 0.002 and 0.000). Number of parameters=122.
The maximum and minimum residual electron density in the final
difference map was 0.302 and —0.385 e A3, All hydrogen atomic
positions could be located in the difference maps. The final re-
finement included atomic positional and displacement parameters
for all non-H atoms. The isotropic displacement parameters of the
hydrogen atoms were approximated from the U(eq) value of the
atom they were bonded. The weighting schemes applied was w=1/
[02(F5)+(0.0247P)?+0.00648P] in 3, where P=(F2+2F2)/3.

Crystallographic data (excluding structure factors) have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication number CCDC 755236. Copies of this
information may be obtained free of charge from The Director,
CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK (fax: +44 1223
336033; e-mail: deposit@ccdc.cam.ac.uk or www: http://www.
ccdc.cam.ac.uk).

4.4. Computational methods

All calculations were carried out using the Gaussian 03 pro-
gram?’ using the B3LYP functional.?®3° The 6-311++G(d,p) basis
set was used for C, O, N, S, and H, whereas 6-311G(d,p) was
employed for I. The geometrical parameters of all stationary points
and transition states were optimized in water (¢=78.36), using the
conductor-like solvation model (CPCM).3"32 All calculated struc-
tures were confirmed to be local minima (all positive eigenvalues)
for ground state structures, or first-order saddle points (one
negative eigenvalue) for transition state structures, by frequency
calculations. The intrinsic reaction coordinates (IRCs), from the
transition states down to the two lower energy structures, were
traced using the IRC routine in Gaussian in order to verify that each
saddle point is linked with two putative minima. The results of the
IRC calculations for two crucial transition states, TS4 and TS6, are
presented in Figs S2 and S3 of Supplementary data. Evolution of
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relevant bonds along the reaction pathway was estimated using the
natural bond orbital analysis.>3
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A series of aminomethylidene derivatives obtained from 4-formyledaravone were synthesized and char-
acterized by IR, NMR and elemental analysis. All the compounds were screened for their antitumor activ-
ity. The compound containing 5-phenylpyrazole moiety (3q) exhibited remarkable antitumor activity in
in vitro assays, especially against human breast cancer MDA-MB-361 and MDA-MB-453 cell lines. The
most important whole-molecule descriptors for antitumor activity on MDA-MB-453 cells belong to the
group of quantum-chemical descriptors.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

The increasing interest in biological studies of pyrazol-5-ones in
the last decade is a consequence of their wide use as the pharma-
ceutically important class of compounds. Among them, edaravone
(3-methyl-1-phenyl-2-pyrazolin-5-one, Radicut®, Mitsubishi Tan-
abe Pharma Corporation) represents an example of one of the
prominent drugs which acts as a potent cerebral neuroprotectant
that readily scavenges reactive oxygen species and inhibits proin-
flammatory responses after brain ischemia in the treatment of pa-
tients in the acute stage of cerebral infarction [1,2].

Unlike edaravone, its derivatives synthesized by functionaliza-
tion of the C4 position of pyrazol-5-one ring have been reported
to provide a diversity of synthetic and pharmacological possibili-
ties as pyrazol-5-one is the core structure of numerous biologically
active heterocycles. Knoevenagel-Michael reaction of two equiva-
lents of edaravone with various aromatic aldehydes afforded 4,4'-
(arylmethylene)bis(1H-pyrazol-5-ols) (I, Fig. 1) with excellent
activity against peste des petits ruminant virus (PPRV) [3]. Conden-
sation of edaravone with pyrimidine nucleoside resulted in gener-
ation of the novel 5-substituted pyrimidine nucleosides (II, Fig. 1)
with potent in vitro antivirial activity against representative ortho-
poxviruses [4]. Several rigid edaravone derivatives (III, Fig. 1) were
recently synthesized by condensation of 4-formyledaravone with

* Corresponding author.
E-mail address: mjoksovic@kg.ac.rs (M.D. Joksovic).

0045-2068/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bioorg.2010.10.003

secondary amines and evaluated as inhibitors of Mycobacterium
tuberculosis, the causative agent of tuberculosis [5].

The derivatives of pyrazol-5-one have already been discovered
as antitumor agents. For example, thiadiazole substituted pyra-
zol-5-ones (IV, Fig. 1) were identified as potent KDR kinase inhib-
itors in regulating angiogenesis which is crucial for the
proliferation of tumor cells [6]. It has also been discovered that
edaravone itself enhances the antitumor effects of CPT-11 in mur-
ine colon cancer by increasing apoptosis [7] and also reacts with a
pterin derivative to produce a cytotoxic substance that induces
intracellular reactive oxygen species generation and cell death
[8]. A new derivative of edaravone, 4,4-dichloro-1-(2,4-dichloro-
phenyl)-3-methylpyrazol-5-one (V, Fig. 1), was identified as a po-
tent blocker of human telomerase and is considered to be a
valuable substance for medical treatment of cancer and related dis-
eases [9]. In spite of widely surveyed pharmacological action of
series of edaravone derivatives, antitumor screening of compounds
obtained by condensation of 4-formyledaravone with primary
amines has not been so far reported. The particular attention in this
work is focused on introduction of the known antitumor 3-amino-
pyrazole pharmacophores [10,11] at C4 position of the edaravone
moiety and their in vitro antitumor evaluation.

However, the mechanism of antitumor action of edaravone
derivatives synthesized in this work, containing pyrazol-5-one as
a core, has not been rationalized yet. Thus, we have performed
quantitative structure-cellular activity relationships study in order
to investigate the structural features of edavarone analogs that
may be important for antitumor activity and therefore to get some
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Fig. 1. Some pyrazol-5-one derivatives with pronounced biological activity.

basic direction for further investigation of the mechanism of action
and optimization of these compounds.

2. Experimental
2.1. Physical measurements

Melting points were determined on a Mel-Temp capillary melt-
ing points apparatus, model 1001 and are uncorrected. Elemental
(C, H, N, S) analysis of the samples was carried out by standard
micromethods in the Center for Instrumental Analysis, Faculty of
Chemistry, Belgrade. IR spectra were recorded on a Perkin Elmer
Spectrum One FT-IR spectrometer with a KBr disc. All 'H and '3C
NMR spectra were recorded on a Varian Gemini 200 spectrometer.

2.2. General procedure for the preparation of 3a-q

A mixture of 4-formyl-3-methyl-1-phenyl-2-pyrazolin-5-one
(2,0.303 g, 1.5 mmol), primary amine (3 mmol) and p-toluenesul-
phonic acid monohydrate (0.011 g, 0.06 mmol) in ethanol (10 mL)
was heated to reflux for 2 h. After cooling, the precipitate was fil-
tered off, washed with a little cold ethanol and dried in vacuo over
anhydrous CaCl,.

2.2.1. 3-Methyl-4-{[(2-methylphenyl)amino|methylidene}-1-phenyl-
4,5-dihydro-1H-pyrazol-5-one (3a)

0.39g (89%); yellow powder; Mp=182-183°C. 'H NMR
(200 MHz, DMSO-dg): 6=2.29 (s, 3H, CH3), 2.37 (s, 3H, CH3),
7.10-7.18 (m, 2H, Ar—H), 7.30-7.44 (m, 4H, Ar—H), 7.74 (d, 1H,
J=8.2 Hz, Ar—H), 8.00 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 8.75 (d,
1H, J=12.4 Hz,=CH—N), 11.62 (d, 1H, J=12.4 Hz, NH). 3C NMR
(50 MHz, DMSO-dg): 6=12.68, 16.93, 102.36, 115.99, 117.98,
124.08, 125.51, 127.09, 127.56, 128.98, 131.35, 137.15, 139.19,
146.24, 148.99, 165.67. IR (KBr disc, cm™'): 3435, 1667, 1628,
1596, 1551, 1492, 1285, 750. Anal. Caled for C;gH;7N30
(291.35 g/mol): C, 74.20; H, 5.88; N, 14.42. Found: C, 74.70; H,
5.93; N, 14.41.

2.2.2. 3-Methyl-4-{[(3-methylphenyl))amino|methylidene}-1-phenyl-
4,5-dihydro-1H-pyrazol-5-one (3b)

0.35 g (80%); yellow powder; Mp = 103-104 °C (dec). '"H NMR
(200 MHz, DMSO-dg): 6=2.29 (s, 3H, CHs), 2.34 (s, 3H, CHs),
7.03-7.05 (m, 1H, Ar—H), 7.13 (t, 1H, J = 7.4 Hz, Ar—H), 7.31-7.40
(m, 5H, Ar—H), 7.99 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 8.59 (d,
1H, J=9.0 Hz, =CH—N), 11.25 (d, 1H, J=9.0 Hz, NH). '3C NMR
(50 MHz, DMSO-dg): 6=12.72, 21.08, 101.94, 115.20, 117.86,
118.22, 123.97, 126.32, 128.98, 129.73, 138.81, 139.29, 139.61,
145.89, 149.21, 165.20. IR (KBr disc, cm™'): 3436, 1664, 1628,
1602, 1545, 1493, 1301, 755. Anal. Caled for C;sH;7N50
(291.35g/mol): C, 74.20; H, 5.88; N, 14.42. Found: C, 74.59; H,
5.84; N, 14.39.

2.2.3. 3-Methyl-4-{[(4-methylphenyl)amino]methylidene}-1-phenyl-
4,5-dihydro-1H-pyrazol-5-one (3c)

0.35g (80%); yellow powder; Mp=165-166°C. 'H NMR
(200 MHz, DMSO-dg): 6 =2.28 (s, 3H, CHs), 2.30 (s, 3H, CHs3), 7.13
(t, 1H, J= 7.4 Hz, Ar—H), 7.25 (d, 2H, J = 8.2 Hz, Ar—H), 7.35-7.49
(m, 4H, Ar—H), 8.00 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 8.56 (d,
1H, J=10.8 Hz, =CH—N), 11.31 (d, 1H, J = 10.8 Hz, NH). *C NMR
(50 MHz, DMSO-dg): é=12.70, 20.51, 101.66, 117.83, 117.95,
123.92, 128.96, 130.29, 135.02, 136.56, 139.34, 145.93, 149.16,
165.17. IR (KBr disc, cm™'): 3437, 1670, 1652, 1593, 1486, 1293,
1284, 754. Anal. Calcd for C;gH;7N30 (291.35 g/mol): C, 74.20; H,
5.88; N, 14.42. Found: C, 74.49; H, 5.87; N, 14.40.

2.2.4. 3-Methyl-4-{[(2-nitrophenyl)amino Jmethylidene}-1-phenyl-
4,5-dihydro-1H-pyrazol-5-one (3d)

0.43 g (89%); orange powder; Mp = 238-239 °C (dec). 'H NMR
(200 MHz, DMSO-dg): 6 =2.31 (s, 3H, CHs), 7.15 (t, 1H, J = 7.4 Hz,
Ar—H), 7.35-7.46 (m, 3H, Ar—H), 7.87 (td, 1H, J=7.4 and 1.4 Hz,
Ar—H), 7.97 (dd, 2H, J=7.4 and 1.2Hz, Ar—H), 8.16 (d, 1H,
J=8.0Hz, Ar—H), 8.27 (dd, 1H, J=8.2 and 1.2 Hz, Ar—H), 8.71 (d,
1H, J=8.4 Hz, =CH—N), 12.68 (d, 1H, J=8.4Hz, NH). 3C NMR
(50 MHz, DMSO-dg): 6=12.18, 105.58, 117.92, 118.67, 124.24,
124.87, 126.47, 129.04, 135.09, 136.29, 137.16, 138.91, 144.20,
149.51, 164.61. IR (KBr disc, cm™'): 3436, 1672, 1624, 1599,
1331, 1306, 1257, 1161, 747. Anal. Calcd for C;7H;4N403
(322.32 g/mol): C, 63.35; H, 4.38; N, 17.38. Found: C, 63.32; H,
4.38; N, 17.40.

2.2.5. 3-Methyl-4-{[(3-nitrophenyl)amino]methylidene}-1-phenyl-
4,5-dihydro-1H-pyrazol-5-one (3e)

0.46 g (95%); light orange powder; Mp = 181-182 °C (dec). 'H
NMR (200 MHz, DMSO-dg): 6=2.29 (s, 3H, CH3), 7.13 (t, 1H,
J=7.4Hz, Ar—H), 7.40 (t, 2H, J=8.0Hz, Ar—H), 7.67 (t, 1H,
J=8.0Hz, Ar—H), 7.97 (m, 4H, Ar—H), 8.52 (t, 1H, J = 2.2 Hz, Ar—H),
8.64 (bs, 1H, =CH—N), 11.36 (bs, 1H, NH). *C NMR (50 MHz,
DMSO-dg): 6=12.81, 103.36, 112.61, 117.82, 119.55, 124.05,
124.69, 128.98, 131.02, 139.14, 140.58, 145.69, 148.97, 149.52,
164.83. IR (KBr disc, cm™'): 3435, 1671, 1643, 1597, 1530, 1502,
1355, 1313, 1292, 738. Anal. Calcd for Ci7H{4N405 (322.32 g/
mol): C, 63.35; H, 4.38; N, 17.38. Found: C, 63.41; H, 4.40; N, 17.43.

2.2.6. 3-Methyl-4-{[(4-nitrophenyl)amino|methylidene}-1-phenyl-
4,5-dihydro-1H-pyrazol-5-one (3f)

0.43 g (89%); brown powder; Mp = 204-205 °C (dec). 'H NMR
(200 MHz, DMSO-dg): & = 2.30 (s, 3H, CHs), 7.15 (t, 1H, J = 7.4 Hz,
Ar—H), 7.42 (t, 2H, ] = 7.4 Hz, Ar—H), 7.82 (d, 2H, J = 9.2 Hz, Ar—H),
7.97 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 8.29 (d, 2H, J=9.2 Hz,
Ar—H), 8.64 (bs, 1H, =CH—N), 11.41 (bs, 1H, NH). '>*C NMR
(50 MHz, DMSO-dg): 6=12.78, 104.46, 117.89, 118.26, 124.24,
125.59, 129.05, 132.89, 138.98, 143.92, 144.90, 149.62, 164.74. IR
(KBr disc, cm™"): 3421, 1664, 1636, 1591, 1509, 1498, 1339,
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1279, 749. Anal. Calcd for C;7H14N403 (322.32 g/mol): C, 63.35; H,
4.38; N, 17.38. Found: C, 63.66; H, 4.39; N, 17.43.

2.2.7. 4-{[(4-Hydroxyphenyl)amino Jmethylidene}-3-methyl-1-
phenyl-4,5-dihydro-1H-pyrazol-5-one (3g)

0.38g (86%); yellow powder; Mp=277-278°C. 'H NMR
(200 MHz, DMSO-dg): 2.26 (s, 3H, CHs), 6.83 (d, 2H, J=9.0 Hz,
Ar—H), 7.11 (t, 1H, J=7.4Hz, Ar—H), 7.35-7.43 (m, 4H, Ar—H),
8.00 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 8.45 (bs, 1H, =CH—N),
9.62 (s, 1H, OH), 11.36 (bs, 1H, NH). '*C NMR (50 MHz, DMSO-
dg): 6=12.69, 100.93, 116.29, 117.80, 119.77, 123.83, 128.96,
130.88, 139.47, 146.18, 149.01, 155.80, 165.20. IR (KBr disc,
cm™'): 3411, 1665, 1650, 1596, 1522, 1485, 1306, 1267, 752. Anal.
Calcd for C;7H5N30; (293.33 g/mol): C, 69.61; H, 5.15; N, 14.33.
Found: C, 69.94; H, 5.19; N, 14.38.

2.2.8. 3-Methyl-1-phenyl-4-{[(thiophen-2-ylmethyl)-
amino]methylidene}-4,5-dihydro-1H-pyrazol-5-one (3h)

0.28 g (62%); light yellow crystals; Mp = 116-117 °C. 'H NMR
(200 MHz, DMSO-dg): 6=2.17 (s, 3H, CHs), 4.83 (s, 2H, CH,),
7.02-7.16 (m, 3H, 2H(Thi) and 1H(Ar)), 7.32 (t, 2H, J=7.4Hz,
Ar—H), 7.52 (dd, 1H, J=5.2 and 1.2 Hz, Thi—H), 7.96 (dd, 2H,
J=7.4 and 1.2 Hz, Ar—H), 8.13 (d, 1H, J=12.0 Hz, =CH—N), 9.89
(bs, 1H, NH). '3C NMR (50 MHz, DMSO-dg): &=12.52, 47.00,
99.50, 117.66, 123.53, 126.60, 127.03, 127.47, 128.86, 139.67,
140.42, 148.55, 153.05, 165.16. IR (KBr disc, cm™!): 3446, 3283,
1662, 1621, 1593, 1553, 1499, 1308, 1286, 1254, 758, 701, 693.
Anal. Calcd for C;6H;5N30S (297.38 g/mol): C, 64.62; H, 5.08; N,
14.13; S, 10.78. Found: C, 64.90; H, 5.09; N, 14.15; S, 10.83.

2.2.9. 3-Methyl-1-phenyl-4-{[(pyridin-2-ylmethyl)-
aminoJmethylidene}-4,5-dihydro-1H-pyrazol-5-one (3i)

0.28 g (63%); white crystals; Mp=92-93°C (dec). 'H NMR
(200 MHz, DMSO-dg): 6 =2.18 (s, 3H, CH3), 4.68 (s, 2H, CH,), 7.07
(t, 1H, J = 7.4 Hz, Ar—H), 7.35 (t, 2H, J = 7.4 Hz, Ar—H), 7.42 (two
d, 1H, J=4.8 and 5.8 Hz, Py—H), 7.82 (dt, 1H, J=5.8 and 1.6 Hz,
Py—H), 7.98 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 8.17 (d, 1H,
J=8.2Hz, =CH—N), 8.54 (dd, 1H, J=4.8 and 1.6 Hz, Py—H), 8.62
(d, 1H, J=1.6 Hz, Py—H), 9.90 (bs, 1H, NH). '3C NMR (50 MHz,
DMSO-dg): 6=12.57, 50.09, 99.57, 117.65, 123.50, 123.95,
128.86, 133.75, 135.78, 139.73, 148.66, 149.23, 149.40, 153.68,
165.16. IR (KBr disc, cm™'): 3422, 3205, 1668, 1628, 1593, 1547,
1500, 1488, 1440, 1345, 1238, 759. Anal. Calcd for C;7H;6N40
(292.34 g/mol): C, 69.85; H, 5.52; N, 19.16. Found: C, 70.01; H,
5.54; N, 19.21.

2.2.10. 4-{[(Furan-2-ylmethyl)amino]methylidene}-3-methyl-1-
phenyl-4,5-dihydro-1H-pyrazol-5-one (3j)

0.16 g (38%); yellow-orange powder; Mp = 110-111 °C. 'H NMR
(200 MHz, DMSO-dg): 6 = 2.17 (s, 3H, CHs), 4.67 (s, 2H, CH>), 6.42-
6.48 (m, 2H, Fur—H), 7.08 (t, 1H, J=7.4 Hz, Ar—H), 7.36 (t, 2H,
J=7.4Hz, Ar—H), 7.68 (dd, 1H, J=2.6 and 1.0 Hz, Fur—H), 7.96
(dd, 2H, J = 7.4 and 1.2 Hz, Ar—H), 8.10 (d, 1H, J = 8.8 Hz, =CH—N),
9.75 (bs, 1H, NH). '3C NMR (50 MHz, DMSO-dg): 6 = 12.50, 45.24,
99.56, 108.65, 110.97, 117.67, 123.55, 128.86, 139.65, 143.53,
148.51, 150.72, 153.44, 165.20. IR (KBr disc, cm~!): 3436, 3290,
1666, 1625, 1593, 1502, 1487, 1310, 1299, 761. Anal. Calcd for
Cy6H15N30, (281.31 g/mol): C, 68.31; H, 5.37; N, 14.94. Found: C,
68.67; H, 5.38; N, 14.97.

2.2.11. 3-Methyl-1-phenyl-4-thioureidomethylidene-4,5-dihydro-1H-
pyrazol-5-one (3k)

0.30 g (77%); yellow powder; Mp = 227-228 °C (dec). '"H NMR
(200 MHz, DMSO-dg): 6 = 2.25 (s, 3H, CH3), 7.16 (t, 1H, J= 7.4 Hz,
Ar—H), 7.42 (t, 2H, J=7.4Hz, Ar—H), 7.92 (dd, 2H, J=7.4 and
1.2 Hz, Ar—H), 8.63 (bs, 1H, =CH—N), 9.38 (s, 1H, C(=S)NH), 9.55

(s, TH, C(=S)NH), 11.44 (bs, 1H, NH). '*C NMR (50 MHz, DMSO-
dg): 6=12.59, 106.37, 118.00, 124.55, 129.14, 138.69, 144.01,
150.06, 164.02, 181.66. IR (KBr disc, cm”): 3438, 3358, 3319,
3178, 1671, 1633, 1608, 1597, 1498, 1233, 1163, 1004, 756. Anal.
Calcd for C;5,H2N40S (260.32 g/mol): C, 55.37; H, 4.65; N, 21.52;
S, 12.32. Found: C, 55.49; H, 4.65; N, 21.53; S, 12.37.

2.2.12. 4-{[(4-Methoxy-5-methyl-1H-pyrazol-3-yl )Jamino]methyli-
dene}-3-methyl-1-phenyl-4,5-dihydro-1H-pyrazol-5-one (3l)

0.36 g (74%); yellow powder; Mp = 274-275 °C (dec). '"H NMR
(200 MHz, DMSO-dg):  =2.27 (s, 3H, CH3), 2.45 (s, 3H, CH3), 2.56
(s, 3H, CHs), 7.14 (t, 1H, J = 7.4 Hz, Ar—H), 7.41 (t, 2H, J= 7.4 Hz,
Ar—H), 7.98 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 843 (d, 1H,
J=12.6 Hz, =CH—N), 12.40 (d, 1H, J=12.6 Hz, NH), 13.11 (s, 1H,
NH, Pz). *C NMR (50 MHz, DMSO-dg): 6 =12.48, 12.66, 29.66,
103.43, 108.10, 117.83, 124.04, 129.01, 139.16, 142.35, 144.24,
149.06, 149.23, 164.78, 193.88. IR (KBr disc, cm™!): 3444, 3254,
1674, 1644, 1619, 1593, 1535, 1494, 1321, 1271, 951, 584. Anal.
Calcd for C;7H7N50, (323.35 g/mol): C, 63.15; H, 5.30; N, 21.66.
Found: C, 63.20; H, 5.31; N, 21.69.

2.2.13. 4-{[(4-Ethoxycarbonyl-1H-pyrazol-3-yl)amino]methylidene}-
3-methyl-1-phenyl-4,5-dihydro-1H-pyrazol-5-one (3m)

0.33 g (65%); yellow crystals; Mp = 244-245 °C (dec). "H NMR
(200 MHz, DMSO-dg): 6 = 1.36 (t, 3H, J = 7.2 Hz, CH3), 2.54 (s, 3H,
CHs), 432 (q, 2H, J=7.2 Hz, CH,), 7.13 (t, 1H, J=7.4 Hz, Ar—H),
741 (t, 2H, J=7.4Hz, Ar—H), 7.98 (dd, 2H, J=7.4 and 1.2 Hz,
Ar—H), 838 (d, 1H, J=1.8 Hz, Pz—H), 8.44 (d, 1H, J=12.2 Hz,
=CH—N), 11.78 (d, 1H, J = 12.2 Hz, NH), 13.45 (s, 1H, NH, Pz). 13C
NMR (50 MHz, DMSO-dg): § = 12.58, 14.33, 60.42, 101.11, 103.42,
117.87, 124.08, 128.99, 134.10, 139.10, 142.78, 147.96, 149.16,
162.79, 165.10. IR (KBr disc, cm™'): 3439, 3352, 1661, 1611,
1601, 1541, 1279, 1089, 751. Anal. Calcd for C;7H;7N503
(339.35g/mol): C, 60.17; H, 5.05; N, 20.64. Found: C, 60.28; H,
5.02; N, 20.64.

2.2.14. 4-({[5-(Furan-2-yl)-1H-pyrazol-3-ylJamino}methylidene)-3-
methyl-1-phenyl-4,5-dihydro-1H-pyrazol-5-one (3n)

0.35 g (70%); yellow crystals; Mp = 230-231 °C (dec). 'H NMR
(200 MHz, DMSO-dg): 6=2.27 (s, 3H, CHs3), 6.65 (two d, 1H,
J=2.0 and 1.6 Hz, Fur—H), 6.79 (d, 1H, J = 2.0 Hz, Fur—H), 6.87 (d,
1H, J=3.2 Hz, Pz—H), 7.13 (t, 1H, J=7.4Hz, Ar—H), 7.41 (t, 2H,
J=7.4Hz, Ar—H), 7.82 (d, 1H, J=1.6 Hz, Fur—H), 7.99 (dd, 2H,
J=7.4 and 1.2 Hz, Ar—H), 8.49 (s, 1H, —CH=N), 11.18 (bs, 1H,
OH), 13.29 (d, 1H, J=2.0 Hz, NH, Pz). '3C NMR (50 MHz, DMSO-
de): 6=12.64, 90.91, 101.83, 107.69, 112.12, 117.90, 124.03,
129.00, 135.68, 139.26, 143.67, 144.34, 145.70, 149.13, 149.23,
165.13. IR (KBr disc, cm™'): 3446, 3231, 1671, 1614, 1596, 1542,
1498, 1400, 1320, 753. Anal. Calcd for CygHi5N50, (333.35g/
mol): C, 64.86; H, 4.54; N, 21.01. Found: C, 65.00; H, 4.86; N, 21.07.

2.2.15. 3-Methyl-4-{[(5-methyl-1H-pyrazol-3-yl)amino Jmethyli-
dene}-1-phenyl-4,5-dihydro-1H-pyrazol-5-one (30)

0.26 g (62%); yellow powder; Mp =213-214 °C (dec). 'H NMR
(200 MHz, DMSO-dg): 6 = 2.24 (s, 3H, CH3), 2.25 (s, 3H, CHs), 6.25
(d, 1H, J=1.4Hz, Pz—H), 7.12 (t, 1H, J=7.4 Hz, Ar—H), 7.40 (t,
2H, J=7.4Hz, Ar—H), 7.98 (dd, 2H, J=7.4 and 1.2 Hz, Ar—H), 8.39
(s, 1H, —CH=N), 11.17 (bs, 1H, OH), 12.45 (s, 1H, NH, Pz). 13C
NMR (50 MHz, DMSO-dg): 6 = 10.82, 12.62, 93.31, 101.35, 117.89,
123.97, 128.98, 139.32, 140.88, 145.64, 148.44, 149.02, 165.18. IR
(KBr disc, cm™'): 3437, 3245, 1669, 1620, 1595, 1548, 1499,
1320, 1302, 755. Anal. Calcd for C;sH;sNs0 (281.32 g/mol): C,
64.04; H, 5.37; N, 24.89. Found: C, 64.44; H, 5.40; N, 24.94.



V. Markovic et al./Bioorganic Chemistry 39 (2011) 18-27 21

2.2.16. 3-Methyl-1-phenyl-4-{[(1H-pyrazol-3-yl)amino]methylidene}-
4,5-dihydro-1H-pyrazol-5-one (3p)

0.36 g (90%); yellow crystals; Mp =221-222 °C (dec). '"H NMR
(200 MHz, DMSO-dg): é = 2.26 (s, 3H, CH3), 6.51 (t, 1H, J=2.2 Hz,
Pz—H), 7.13 (t, 1H, J = 7.4 Hz, Ar—H), 7.40 (t, 2H, J = 7.4 Hz, Ar—H),
7.78 (t, 1H, J=2.2Hz, Pz—H), 7.98 (dd, 2H, J=7.4 and 1.2 Hz,
Ar—H), 8.46 (s, 1H, —CH=N), 11.40 (bs, 1H, OH), 12.77 (s, 1H,
NH, Pz). 3C NMR (50 MHz, DMSO-dg): 6 =12.65, 94.14, 101.48,
117.89, 123.99, 128.99, 131.05, 139.29, 145.86, 148.40, 149.06,
165.17. IR (KBr disc, cm™'): 3446, 3215, 1658, 1605, 1551, 1499,
1484, 1285, 756. Anal. Calcd for Ci4H;3N50 (267.29 g/mol): C,
62.91; H, 4.90; N, 26.20. Found: C, 62.98; H, 4.93; N, 26.21.

2.2.17. 3-Methyl-1-phenyl-4-{[(5-phenyl-1H-pyrazol-3-yl)amino]
methylidene}-4,5-dihydro-1H-pyrazol-5-one (3q)

0.47 g (91%); yellow crystals; Mp = 263-264 °C (dec). '"H NMR
(200 MHz, DMSO-dg): & = 2.28 (s, 3H, CHs), 6.95 (d, 1H, J = 1.8 Hz,
Pz—H), 7.13 (t, 1H, J=7.4 Hz, Ar—H), 7.37-7.54 (m, 5H, Ar—H),
7.75 (dd, 2H, J=7.0 and 1.4 Hz, Ar—H), 8.00 (dd, 2H, J=7.4 and
1.2 Hz, Ar—H), 8.49 (s, 1H, —CH=N), 11.19 (bs, 1H, OH), 13.26 (s,
1H, NH, Pz). *C NMR (50 MHz, DMSO-dg): &=12.66, 91.65,
101.73, 117.92, 124.03, 124.06, 125.40, 129.00, 129.02, 129.36,
139.27, 144.18, 145.72, 149.06, 149.29, 165.21. IR (KBr disc,
cm™!): 3445, 3238, 1671, 1615, 1595, 1550, 1498, 1482, 1404,
1321, 743. Anal. Calcd for CyoH;7N50 (343.39 g/mol): C, 69.96; H,
4.99; N, 20.39. Found: C, 70.10; H, 5.03; N, 20.44.

2.3. Treatment of tumor cell lines

Stock solutions (10 mM) of compounds were made in dimethyl-
sulfoxide (DMSO), and dissolved in corresponding medium to the
required working concentrations. Human cervix adenocarcinoma
Hela cells, human chronic myelogenous leukemia K562, human
breast cancer MDA-MB-361 and MDA-MB-453 cells and human co-
lon carcinoma LS174 cells were cultured as a monolayer, while
were grown in a suspension in the complete nutrient medium, at
37 °C in humidified air atmosphere with 5% CO,. For the growth
of MDA-MB-361 and MDA-MB-453 cells complete medium was
enriched with 1.11 g/L glucose. Neoplastic HeLa cells (2000 cells
per well), MDA-MB-361 cells (7000 cells per well), MDA-MB-453
cells (3000 cells per well), human colon carcinoma LS174 cells
(7000 cells per well), were seeded into 96-well microtiter plates.
Twenty-four hours later, after the cell adherence, five different,
double diluted, concentrations of investigated compounds were
added to the wells, except for the control cells to which a nutrient
medium only was added. K562 cells (3000 cells per well) were
seeded, 2 h before addition of investigated compounds to give
the desired final concentrations. Nutrient medium was RPMI-
1640, supplemented with r-glutamine (3 mM), streptomycin
(1001g/mL), and penicillin (100 IU/mL), 10% heat inactivated
(56 °C) FBS and 25 mM Hepes, and the pH of the medium was ad-
justed to 7.2 by bicarbonate solution. The cultures were incubated
for 72 h. At the end of this incubation period, antiproliferative
activity in vitro was determined by the MTT test [12] modified by
Ohno and Abe [13]. Results are presented as the mean * SD of three
independent experiments. ICsq is used as the measure of the toxic
agents action and is determined from the graph S(%) = f(c), as the
concentration of the agent which induces decrease in cell survival
to 50%.

2.4. QSAR analysis

The set of 18 compounds synthesized in this study, including
edaravone, (Scheme 1) was used for QSAR (quantitative struc-
ture-activity relationships) analysis. All structures were con-
structed using Spartan software [14]. Geometry optimization

was performed by the AM1 semi-empirical method implemented
in the Spartan software. Calculation of descriptors was performed
using Codessa software (Comprehensive Descriptors for Structural
and Statistical Analysis) [15]. A total of 450 descriptors were cal-
culated and divided into five groups: constitutional, topological,
geometrical, electrostatic and quantum-chemical. The heuristic
method (HM) implemented in Codessa software was used for
the selection of the most significant descriptors for antiprolifera-
tive activity of investigated edaravone derivatives on HeLa, MDA-
MB-453 and K562 cancer cells. HM, as an advanced algorithm
based on MLR, is suitable for preliminary studies of structural fea-
tures important for activity of ligands, when mechanism of action
of new compounds is not discovered yet. The advantage of HM is
based on its unique strategy of selecting descriptors on the basis
of their statistical significance: (a) first of all, all descriptors are
checked to ensure that values of each descriptor are available
for each structure, otherwise descriptors for which values are
not available in data set are discarded; (b) descriptors having con-
stant value for all structures in the data set are also discarded; (c)
thereafter all possible one-parameter regression models are
tested and insignificant descriptors are removed; (d) the program
calculates the pair correlation matrix of descriptors and further
reduces the descriptor pool by eliminating highly correlated
descriptors. Therefore, HM represents an excellent tool for
descriptor selection in preliminary analysis of structural features
affecting the activity of drugs [16]. In this work, we first per-
formed one-parameter heuristic analysis in order to investigate
the structural features that are most significant for antitumor
activity of compounds synthesized. Then we used heuristic 3-
parameter analysis to establish preliminary QSAR equations for
antiproliferative activity on HeLa, MDA-MB-453 and K562 cells
tested in this study (Table 1).

3. Results and discussion
3.1. Synthesis and spectral characterization

Compounds 3a—-q were prepared according to Scheme 1. Eda-
ravone 1 was synthesized by the known condensation reaction of
B-keto esters with phenylhydrazine. Under Vilsmeier conditions
with POCl; and N, N-dimethylformamide, edaravone 1 was trans-
formed into formylated derivative 2 [17]. Aldehyde precursor 2
was then reacted with selected primary amines affording the de-
sired aminomethylidene derivatives of 4-formyledaravone 3a-q
in good to excellent yields.

The preparation of the sufficiently pure aminomethylidene
derivatives of 4-formyledaravone was not possible by simple clas-
sical condensation reaction between aldehyde and amine in an
equimolar ratio or in a slight excess of one of the reactants.
Namely, the existence of four tautomeric forms of 4-formyledarav-
one 2 [18] can make some difficulties in preparation of 4-ami-
nomethylidene derivatives 3a-q in high yields and without
further purification. Initially, we tried the reaction of aldehyde 2
with primary amine in the presence of a slight excess of amine re-
agent (10%) but the major product was contaminated with
hydroxymethylene tautomer of starting aldehyde. When we car-
ried out this reaction with amines in form of their hydrochloride
salts, we found a large content of hydroxymethylene tautomer
and very low yield of the final product. Then, we investigated the
reaction in the alkaline conditions using 1 equivalent of LiOH and
a solid was subjected to column chromatography in order to obtain
the pure compound 3. However, when we performed this reaction
with two equivalents of primary amines in the presence of catalyt-
ical amount of p-toluenesulphonic acid (p-TSA), pure compounds
were isolated in good to high yields without presence of any
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Scheme 1. Reagents and conditions: (a) PhANHNH, EtOH, reflux, 3 h; (b) DMF, POCl;, heat, 80 °C, 1.5 h; (c) RNH,, p-TSA, EtOH, reflux, 2 h.

Table 1

ICs0 (pg/ml) for the 72 h of action of investigated compounds and cisplatin on the HeLa, MDA-MB-361, MDA-MB-453, K562 and LS174 cells determined by MTT test.
Compounds Hela MDA-MB-361 MDA-MB-453 K562 LS174
ICso (M)
3a 185.67 + 0.02 n.d. >200 154.50 + 0.96 n.d.
3b 72.91+0.78 n.d. 91.53 £ 0.06 72.79 £2.21 n.d.
3c 86.32 +0.96 n.d. >200 137.08 +1.65 n.d.
3d >200 n.d. 169.20 + 1.76 168.02 + 1.80 n.d.
3e 183.75+0.21 n.d. 176.74 + 4.02 115.62 +0.93 n.d.
3f 184.15+1.43 n.d. >200 167.26 +1.08 n.d.
3g 180.06 £ 1.11 n.d. >200 185.15+2.35 n.d.
3h 62.76 £ 0.25 n.d. 110.90 £ 0.53 87.18 +1.08 n.d.
3i 148.58 + 1.84 n.d. 98.18 £0.23 80.51+6.24 n.d.
3j 69.18 £+ 1.69 n.d. 117.42 +1.59 86.82 +1.18 n.d.
3k >200 n.d. >200 158.92+1.39 n.d.
31 188.97+0.11 n.d. 178.47 +0.43 187.18 £ 0.95 >200
3m 124.10+ 0,34 n.d. 74.24+0.24 75.65 +2.89 88.165 £ 3.55
3n 83.71+1.22 n.d. 44.75 £0.12 79.91 +0.69 64.825 £3.70
30 130.56 +2.23 n.d. 91.06 +5.11 79.77 £ 0.65 89.61+1.27
3p 174.19+0.98 n.d. 88.84+1.72 166.39 +0.24 126.81+1.44
3q 35.79+2.35 13.63 £3.56 10.51 £ 0.09 22.13+3.85 169.48 +1.01
Edaravone 195.28 +0.33 n.d. 99.36 £0.22 108.59 + 1.35 92.87 +5.34
Cis-DDP 241+0.14 14.74 £ 0.36 3.75+0.12 7.9+0.20 7.95+0.32

n.d.: Not determined.
" Concentrations of examined compounds that induced a 50% decrease in HeLa, MDA-MB-453, K562, and LS174 cell survival (expressed IC50 (uM)).
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Scheme 2. Possible tautomers of aminomethylidene derivatives of 4-formyledaravone.
tautomeric form of starting aldehyde or amine reagent. Also, it has Like aldehyde precursor 2, aminomethylidene derivatives of 4-

been observed that ethanol is the best solvent for carrying out this formyledaravone 3a—q can exist in four tautomeric forms (Scheme
reaction using p-TSA as an acidic catalyst. 2.) in dependence on experimental conditions.
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IR spectra of all compounds 3a-q in KBr disc contain the strong
band of the conjugated carbonyl group between 1658 and
1674 cm™! together with broad absorption band of intramolecu-
larly hydrogen-bonded N—H stretching frequencies at about
3440 cm~! indicating the tautomer B as a main form in the solid
state. These observations for N—H stretching frequencies are in
accordance with IR spectra of some aminomethylidene derivatives
of pyrazol-5-one with exocyclic double bond at C4 position [19].
An X-ray analysis of a similar compound obtained as a condensa-
tion product of 4-formyledaravone and 2-aminoethanol confirmed
the existence of keto-amine tautomeric form in the solid state
[20].

The information obtained from 'H NMR spectra in DMSO-dg
solution has shown that compounds 3a-m exist predominantly
as B structure stabilized by intramolecular hydrogen bonds. A dou-
blet observed as a result of couplings between protons attached to
exocyclic carbon atom and amino protons confirms this hypothesis
and rules out the presence of other tautomeric structures.
Although the splitting of exocyclic CH protons is not well resolved
in all homologs, the same structure should exist because it has the
same or very similar chemical shift for this proton. Even more, a
fast equilibrium change between B and C tautomers might be pres-
ent, resulting in appearance of an average NMR signal.

However, 5-substituted-3-aminopyrazole derivatives 3n-q dis-
played an intense, sharp singlet for exocyclic CH proton and a
strongly deshielded, exchangeable with D,O signal at the lower
field, suggesting the tautomer structure C as a dominant form in
DMSO-dg solution. This chemical shift value exclude tautomer D
since in this case, a location of the ring nitrogen proton at signifi-
cantly higher field should be expected.

3.2. Antitumor activity

All synthesized compounds 3a—q were evaluated for their anti-
proliferative activity against human cervix adenocarcinoma HeLa
cells, human chronic myelogenous leukemia K562, human breast
cancer MDA-MB-361 and MDA-MB-453 cells and human colon car-
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Fig. 2. Representative graph shows survival of MDA-MB-361 and MDA-MB-453 cell
grown for 72 h in the presence of increasing concentrations of 3q.

cinoma LS174 with cisplatin (cis-DDP) as referent cytostatic. Table
1 represents the results of cytotoxic activity, while Fig. 2 depicts
the cytotoxic curves from MTT assay showing the survival of
MDA-MB-361 and MDA-MB-453 cell grown for 72 h in the pres-
ence of increasing concentrations of 3q.

Tautomerism might play an important role in antitumor activity
of all tested compounds against several cell lines. In general, the
compounds 3n and 3q containing 3-aminopyrazole moiety and
existing in tautomeric form C showed the most potent antiprolifer-
ative activity, especially towards human breast carcinoma cells.
Compound 3q exhibited stronger cytotoxicity in inhibition of
MDA-MB-361 type cell lines in comparison with cisplatin. The sec-
ond important condition for the suppress of cell growth is kind of
substituent at C5 position of pyrazole ring from 3-aminopyrazole
pharmacophore. It is evident that the heteroaromatic and planar
aromatic rings at C5 of pyrazole unit (3n and 3q) more efficiently
inhibited the growth of MDA-MB-453 with respective ICsq value
being 2- and 9-fold lower than those observed for the compound
30 with methyl group at C5 position. Comparing the compounds
3l and 3m in the same tautomeric form B it has been observed that
methyl group at C5 shows a dramatic trend of lowering of cyto-
toxic activity against all type cell lines. It is interesting to note that
edaravone alone was found to be significantly less active than com-
pound 3q.

3.3. QSAR studies

The antiproliferative activity of edaravone against HeLa, MDA-
MB-453 and K562 cells occurs even without additional impact of
substituent at position C4. The mechanism of direct antiprolifera-
tive activity of edaravone on different cancer cells still remains un-
clear, but it could be supposed that, besides the antioxidant
activity for protecting normal cells, edaravone could inhibit hypo-
thetical target that is included in proliferation process of cancer
cells. It is noteworthy to emphasize that all our synthesized com-
pounds showed very low antioxidant activity in comparison with
edaravone. Regarding the structure of edaravone, possible mode
of action with hypothetical target could include H-bond interac-
tions with carbonyl group at position C5 in all possible tautomeric
forms, hydrophobic interactions with phenyl ring, as well as inter-
actions with nitrogen in position 2, depending on tautomeric form
of edaravone that is predominant in physiological conditions.
Introduction of different substituents at position C4 of edaravone
increased, more or less significantly, antitumor activity of all deriv-
atives against HelLa cells, and also antitumor activity of some C4-
substituted edaravone derivatives against MDA-MB-453 and
K562 cells. We tried to investigate the influence of substituents
on whole-molecule features of edaravone derivatives, as well as
features of substituents as fragments with respect to their antitu-
mor activity, since pyrazolin-5-one core, as well as substituents
introduced in position 4, could represent possible pharmacophores
for antitumor activity. So we applied heuristic method using
whole-molecule descriptors of edaravone derivatives, as well as
fragmental descriptors calculated for the substituents, where every
substituent at position 4 of edaravone represented one fragment.
Variations in antitumor activity of edaravone derivatives have been
quantitatively correlated with molecular structure features.

The results of the heuristic method applied on whole-molecule
descriptors for activity on Hela cells are shown in Table 2. The
most significant descriptors for antitumor activity on HeLa cells
mostly belong to the group of quantum-chemical descriptors,
showing that quantum-chemical features of derivatives are the
most important for binding to potential target. The most significant
descriptor is the average electrophylic reactivity index for C atom,
which indicates that electrophylic character of a C atom plays the
important role in antitumor activity of investigated compounds on
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Table 2

The most significant descriptors of edaravone derivatives for antitumor activity on HeLa cells.

Descriptor R? F Type of feature

1 Average electrophylic reactivity index for a C atom 0.4353 12.33 Quantum-chemical

2 Balaban index 0.4261 11.88 Topological

3 Min. total interaction for a N—N bond 0.3687 9.34 Quantum-chemical

4 Min. e-e repulsion for a N—N bond 0.3626 9.10 Quantum-chemical

5 Number of rings 0.3510 8.65 Constitutional

6 PPSA-1 Partial positive surface area [semi-MO PC] 0.3471 8.51 Quantum-chemical

7 Min. total interaction for a C—H bond 0.3286 7.83 Quantum-chemical

8 Max. n-n repulsion for a C—H bond 0.3262 7.75 Quantum-chemical

9 Min. n-n repulsion for a N—N bond 0.3225 7.62 Quantum-chemical
10 Max. total interaction for a C—H bond 0.3178 7.46 Quantum-chemical

Hela cells. Less electrophylic C at position 5 of edaravone deriva-
tives determines tautomeric form that is stabilized by intramolec-
ular H-bond and therefore sterically more suitable for binding,
whilst possibility of intermolecular H-bond interactions is re-
tained. The electrophylic reactivity index for C atom at position 5
of pyrazolyn-5-one (Eei(C5)) for all compounds was then calcu-
lated. The value of Eei(C5) for edaravone is 10.1 x 1073, whilst
Eei(C5) for compound 3q, showing highest activity on HeLa cells,
is 0.5 x 1073, No direct linear correlation was observed for antitu-
mor activity and Eei(C5) for all compounds, but from the values of
Eei(C5) for particular compounds it could be concluded that less
electrophylic C on position 5 favors tautomeric form C that is sta-
bilized by intramolecular H-bonds, providing bioactive geometry
of compound required for interaction with binding site, where for-
mation of intermolecular H-bonds with hypothetic active site is
still possible. The Number of rings, as constitutional descriptor,
also appears to have an influence on binding. It is likely that active
site of possible target possesses more than one binding site, there-
fore number of rings could be important for fitting in hydrophobic
pocket. Partial positive surface area might be important for polar
interactions with possible polar binding site of the target. The
example of such type of active site is exactly Cdc25B phosphatase
as target for 3-methyl-4-(0-methyl-oximino)-1-phenylpyrazolin-
5-one [21]. Topological descriptors describing the atoms connec-
tivity are also significant for antitumor activity. Balaban index
was well correlated with antitumor activity on HeLla cells
(R?=0.4261).

Applying 3-parameter correlation (the maximal number of
descriptors in equation should not exceed 3, regarding the number
of compounds), following QSAR equation for antitumor activity on
Hela cells has been obtained:

log(1/IC50(HeLa)) = 1.4772 - Ey,(CH) + 48.0430 - VI
—36.0390 - Eni™"(0)
—210.05 (n=16,R* = 0.8542) 1)

The descriptors included in Eq. (1) are presented in Table 3, and
they all belong to the group of quantum-chemical descriptors,
which confirms that quantum-chemical interactions with binding
site are most important for antitumor activity on HeLa cells.
Increasing the maximum total interaction for a C—H bond, and
decreasing the maximum valency of a C atom and the minimum
nucleophilic reactivity index for an O atom can lead to an increase

Table 3
Descriptors included in Eq. (1).

in cytotoxicity against HeLa. Nucleophylic character of O atom ap-
pears to be the most important factor determining cytotoxicity of
edaravone derivatives on HelLa cells.

The most significant fragmental descriptors (calculated for
every substituent at position 4 of edaravone as fragment) for anti-
tumor activity on HeLa cells are presented in Table 4. The results
are in accordance with supposition that there is another binding
site at target for interaction of edaravone substituents at position
4. The most significant descriptor is the relative negative charged
surface area, indicating polar interactions of substituents with
binding site. Other important descriptors belong to the topological
and constitutional group. The number of rings also indicates that
there is hydrophobic pocket of precise geometry which explains
why compound 3q shows considerably higher cytotoxicity on HeLa
cells. Introduction of nitro group in aromatic phenyl ring decreased
antitumor activity of compounds 3d, 3e and 3f, probably due to
conjugation of nitro group with phenyl ring, resulting in decrease
of hydrophobic interactions of phenyl ring and enlargement of
the plane area that perhaps could not fit with size of hydrophobic
binding site.

The most significant whole-molecule descriptors for antitumor
activity on MDA-MB-453 cells obtained by heuristic method are
presented in Table 5. Most of the descriptors belong to the group
of quantum-chemical descriptors, confirming that cytotoxicities
of these compounds appear to be mainly governed by quantum-
chemical factors. The Number of rings, as constitutional descriptor,
also plays significant role in antitumor activity on MDA-MB-453
cells.

Applying 3-parameter correlation for antitumor activity on
MDA-MB-453 cells, following equation has been obtained:

log(1/IC50(MDA-MB-453)) = —158.41 - Eei™™(0) + 0.0260
-9HDCA — 0.8817 - P8

—0.4107 (n=13,R* =0.9257)
@)

The descriptors included in Eq. (2) are presented in Table 6, and
they belong to the group of quantum-chemical descriptors.

Decreasing the electrophylic reactivity index for an O atom and
the average bond order of an O atom, and increasing the H-donors
charged surface area will increase the cytotoxicity of edaravone
derivatives on MDA-MB-453 cells. It appears that H-bonds interac-

Descriptor

Type of feature

N o=

Max. valency of a C atom (V&)

3 Min. nucleophilic reactivity index for a O atom (Eni™"(0))

Max. total interaction for a C—H bond (Ey«(CH))

Quantum-chemical
Quantum-chemical
Quantum-chemical
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Table 4
The most significant fragmental descriptors for antitumor activity on HeLa cells.

Fragmental descriptor R? F Type of feature
1 f-RNCS relative negative charged SA [semi-MO PC] 0.5080 15.49 Quantum-chemical
2 f-Balaban index 0.4290 11.27 Topological
3 f-FNSA-3 fractional PNSA (PNSA-3/TFSA) [semi-MO PC] 0.3794 9.17 Quantum-chemical
4 f-Max. n-n repulsion for a C—H bond 0.3775 9.09 Quantum-chemical
5 f-Max. total interaction for a C—H bond 0.3333 7.5 Quantum-chemical
6 f-FHBCA fractional HBCA (HBCA/TFSA) [semi-MO PC] 0.3280 7.32 Quantum-chemical
7 f-Max. resonance energy for a C—H bond 03177 6.98 Quantum-chemical
8 f-FNSA-3 fractional PNSA (PNSA-3/TMSA) [semi-MO PC] 0.3173 6.97 Quantum-chemical
9 f-PPSA-1 partial positive surface area [semi-MO PC]| 0.3155 6.91 Quantum-chemical
10 f-Number of rings 0.3128 6.83 Constitutional
Table 5
The most significant descriptors for antitumor activity on MDA-MB-453 cells.
Descriptor R? F Type of feature
1 Max. resonance energy for a C—H bond 0.5522 19.73 Quantum-chemical
2 Max. n-n repulsion for a C—H bond 0.5411 18.87 Quantum-chemical
3 Min. exchange energy for a C—H bond 0.4340 12.27 Quantum-chemical
4 Relative number of rings 0.4207 11.62 Constitutional
5 Average electrophylic reactivity index for a C atom 0.4032 10.81 Quantum-chemical
6 Min. (>0.1) bond order of a C atom 0.3930 10.36 Quantum-chemical
7 Max. exchange energy for a N—N bond 0.3762 9.65 Quantum-chemical
8 Max. total interaction for a C—H bond 0.3732 9.53 Quantum-chemical
9 Max. e-e repulsion for a N—N bond 0.3556 8.83 Quantum-chemical
10 Min. exchange energy for a N—N bond 0.3456 8.45 Quantum-chemical
Table 6
Descriptors included in Eq. (2).
Descriptor Type of feature
1 Max. electrophylic reactivity index for a O atom (Eei™**(0)) Quantum-chemical
2 HDCA H-donors charged surface area [semi-MO PC] (“HDCA) Quantum-chemical
3 Average bond order of a O atom (P'®) Quantum-chemical
Table 7

The most significant fragmental descriptors for antitumor activity on MDA-MB-453 cells.

Fragmental descriptor R? F Type of feature

1 f-Max. resonance energy for a C—H bond 0.6591 29.00 Quantum-chemical
2 f-Max. n-n repulsion for a C—H bond 0.6025 22.74 Quantum-chemical
3 f-Max. atomic state energy for a N atom 0.4792 13.80 Quantum-chemical
4 f-Max. exchange energy for a C—N bond 0.4691 13.25 Quantum-chemical
5 f-Average electrophylic reactivity index for a N atom 0.4647 13.02 Quantum-chemical
6 f-Average Information content (order 2) 0.4480 12.18 Topological
7 f-Number of rings 0.4259 11.13 Constitutional
8 f-Min. exchange energy for a C—H bond 0.4248 11.08 Quantum-chemical
9 f-Balaban index 0.4177 10.76 Topological

10 Max. coulombic interaction for a H—N bond 0.4176 10.77 Quantum-chemical

tions are most important for cytotoxicity of edaravone derivatives
on MDA-MB-453 cells.

The most significant fragmental descriptors for antitumor activ-
ity on MDA-MB-453 are presented in Table 7. They belong to the
group of quantum-chemical, topological and constitutional
descriptors. The results suggest existence of hydrophobic pocket
at binding site that is supposed to interact with certain substitu-
ents of edaravone derivatives increasing their antitumor activity
on MDA-MB-453 cells.

The most significant whole-molecule descriptors for antitumor
activity on K562 cells are presented in Table 8. They belong to
quantum-chemical and electrostatic descriptors. It indicates that
polar interactions of edaravone derivatives with target in K562
cells are important for the antitumor activity.

Applying 3-parameter correlation for antitumor activity on
K562 cells, following equation has been obtained:

log(1/1C50(K562)) = —119.51 - Eei®*%(0) + 28.24 - Eni™"(0)
—0.1486 - °RPCS — 1.4633
(n=18,R* = 0.7458) 3)

The descriptors included in Eq. (3) are presented in Table 9, and
they belong to the group of quantum-chemical and electrostatic
descriptors.

Decreasing the average electrophylic index for an O atom and
the relative positive charged surface area, and increasing the min-
imal nucleophilic reactivity index for an O atom the cytotoxicity of
the edaravone derivatives on K562 cells should increase.
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Table 8
The most significant descriptors for antitumor activity on K562 cells.

Descriptor R? F Type of feature
1 Average electrophylic reactivity index for a C atom 0.3352 8.07 Quantum-chemical
2 Max. resonance energy for a C—H bond 0.2890 6.50 Quantum-chemical
3 Max. n-n repulsion for a C—H bond 0.2859 6.41 Quantum-chemical
4 FNSA-3 Fractional PNSA (PNSA-3/TMSA) [semi-MO PC] 0.2296 4.77 Quantum-chemical
5 Min. exchange energy for a N—N bond 0.2243 4.63 Quantum-chemical
6 Min. total interaction for a C—H bond 0.2213 4.55 Quantum-chemical
7 Average electrophylic reactivity index for a O atom 0.2161 4.41 Quantum-chemical
8 Max. total interaction for a C—H bond 0.2080 4.20 Quantum-chemical
9 Min. total interaction for a N—N bond 0.1966 3.92 Quantum-chemical
10 RPCS relative positive charged SA (SAMPOS « RPCG) [Zefirov's PC] 0.1964 3.91 Electrostatic
Table 9
Descriptors included in Eq. (3).
Descriptor Type of feature
1 Average electrophylic reactivity index for a O atom (Eei‘“’g(o)) Quantum-chemical
2 Min. nucleophilic reactivity index for a O atom (Eni™"(0)) Quantum-chemical
3 RPCS relative positive charged SA (SAMPOS * RPCG) [Zefirov's PC] (“RPCS) Electrostatic
Table 10

The most significant fragmental descriptors for antitumor activity on K562 cells.

Fragmental descriptor R? F Type of feature

1 f-Max. n-n repulsion for a C—H bond 0.3972 9.88 Quantum-chemical

2 f-Max. resonance energy for a C—H bond 0.3806 9.22 Quantum-chemical

3 f-WPSA-1 weighted PPSA (PPSA1 + TFSA/1000) [semi-MO PC] 0.3545 8.24 Quantum-chemical

4 f-Balaban index 0.3519 8.14 Topological

5 f-RNCS relative negative charged SA (SAMNEG * RNCG) [semi-MO PC] 0.3358 7.58 Quantum-chemical

6 f-Structural information content (order 2) 0.3115 6.79 Topological

7 f-WPSA-1 weighted PPSA (PPSA1 + TMSA/1000) [semi-MO PC] 0.3017 6.48 Quantum-chemical

8 f-Average information content (order 2) 0.2922 6.19 Topological

9 f-Average electrophylic reactivity index for a N atom 0.2858 6.00 Quantum-chemical
10 f-PPSA-1 partial positive surface area [semi-MO PC] 0.2834 5.93 Quantum-chemical

These preliminary QSAR equations for antitumor activity of eda-
ravone derivatives on HeLa, MDA-MB-453 and K562 cells give us
insight about the importance of quantum-chemical and electro-
static factors for the prediction of cytotoxicity. It is clear that elec-
trophylic/nucleophylic ratio of O atom as well as polar surface
areas play very important role in antitumor activity of derivatives
investigated. Further investigation, including more derivatives and
detailed study of the particular fragments and atoms and their ef-
fects, could possibly provide reliable model for the prediction of
cytotoxicity of these derivatives.

The most significant fragmental descriptors for antitumor activ-
ity on K562 cells are presented in Table 10. They belong to the
group of quantum-chemical and topological descriptors. The dif-
ferences in selected descriptors comparing to those presented for
antitumor activity on HeLa and MDA-MB-453 suggest that interac-
tion of compounds with binding site on K562 cells partially differ
in nature and strength. From the descriptors presented in Table
10, it could be supposed that another interaction occurs with nitro-
gen at position 2 of edaravone. The target for these agents could be
the same or similar for all three types of cancer cells, but some dif-
ferences in cells intracellular environment may influence forma-
tion of predominant tautomeric form of compounds. Stronger
interactions of basic pyrazolin-5-one core with target in K562 cells,
possibly due to additional interactions with nitrogen at position 2,
could be possible explanation why all structures investigated show
some activity on K562 cells, no mater of substituent introduced.
Also, it appears that polar interactions are the most important for
antitumor activity on K562 cells.

Correlation of lipophilicity parameter log P with antitumor
activity of edaravone derivatives on Hela, MDA-MB-453 and
K562 did not give significant results (r* = 0.1858, r* = 0.0006 and

% =0.0466 for antitumor activity on HelLa, MDA-MB-453 and
K562, respectively), perhaps because the range of log P in this con-
generic set was not statistically representative. It remains to be
additionally investigated whether lipophilicity plays an important
role in antitumor activity, as well as transport to cells of
edaravone derivatives, by variation of lipophylic and hydrophylic
substituents.

The action mechanism of investigated cytotoxic compounds still
remains complicated since there are many factors that may influ-
ence activity of these agents. Here, we just offer some theoretical
considerations based on the QSAR heuristic approach expecting that
this results might give some guidance for further design and
improvement of antitumor activity of related derivatives. It is inter-
esting that cytotoxicities of these compounds against all three type
of cells investigated appear to be mainly governed by quantum-
chemical factors. Besides, it could be concluded that active site for
these compounds could be consistent of more than one binding site,
and that additional binding sites interact with ligands by hydropho-
bic and polar interactions, which might give some guidance in
searching for target of these potential antitumor compounds.

4. Conclusion

Seventeen structurally different aminomethylidene derivatives
of 4-formyledaravone were prepared and characterized using spec-
troscopic techniques and elemental analysis. Compound 3q was
found to be the most active against human breast cancer MDA-
MB-361 and MDA-MB-453 cell lines. In the cell growth inhibition
of MDA-MB-361 cells this compound showed a cytotoxic potential
practically comparable to cisplatin as referent cytostatic. The most
significant fragmental descriptors for antitumor activity on MDA-
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MB-453 cells belong to the group of quantum-chemical, topologi-
cal and constitutional descriptors.
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Twenty five 4-aminomethylidene derivatives obtained from 3-phenyl-2-pyrazolin-5-one and 1,3-diphe-
nyl-2-pyrazolin-5-one were synthesized and tested for their antiproliferative activity against human
breast cancer MDA-MB-361 and MDA-MB-453 cell lines. The compounds derived from 1,3-diphenyl-2-
pyrazolin-5-one exhibited the most remarkable activity in the treatment of both cell lines. In vitro
antiproliferative activities were accompanied by an important apoptotic fraction of both cell lines; also,
compounds inhibited key endothelial cell functions implicated in invasion and angiogenesis. QSAR
methods were performed in order to analyze the influence of structural features of the compounds inves-
tigated on the antiproliferative potential on MDA-MB-361 and MDA-MB-453 cancer cells. One-parameter
heuristic analysis was performed and different whole molecule and fragmental descriptors were consid-
ered for rationalization of mechanism of interaction of these compounds with active place of hypothetical
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target included in tumorigenesis.
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Chemistry and applications of pyrazolone derivatives represent
a very active research area due to a wide range of biological activ-
ities and outstanding pharmacological properties. Among them,
antipyrine (2,3-dimethyl-1-phenylpyrazol-5-one) and its analogs
aminopyrine, dipyrone and propyphenazone are known for a long
time as antipyretic, analgesic and anti-inflammatory substances.'
Recently, a new pyrazol-5-one compound, edaravone (3-methyl-
1-phenyl-2-pyrazoline-5-one, Radicut®, Mitsubishi Tanabe Pharma
Corporation) has been developed as a promising drug for the treat-
ment of brain ischemia,? and its pharmacological actions were
attributed to its antioxidant activity as a potent hydroxyl radical
scavenger.>

The importance of pyrazolone derivatives has also been in-
creased by their application as antitumor agents. For example,
certain diphenyl pyrazolone derivatives were studied for their
regulatory activity on TNF-a production in human promyelocytic
leukemia (HL-60) cells.* Some pyrazolone compounds derived
from edaravone inhibited the protease-resistant prion protein
accumulation, a component which is considered to be responsible
for the pathogenesis.” Furthermore, a new compound,

* Corresponding author. Tel.: +381 34 336223; fax: +381 34 335040.
E-mail address: mjoksovic@kg.ac.rs (M.D. Joksovic).

0960-894X/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2011.06.025

4,4-dichloro-1-(2,4-dichlorophenyl)-3-methylpyrazol-5-one is
found to be a specific potent catalytic blocker of human telome-
rase, and, therefore, a valuable substance for medical treatment
of cancer and related diseases.® It was discovered that thiadiazole
substituted pyrazol-5-ones were potent KDR kinase inhibitors in
regulating angiogenesis which is important for the proliferation
of tumor cells.”

It is known that toxic side effects of cytotoxic drugs are
manifested through production of an irreversible damage to nor-
mal cell lines affecting cellular metabolic pathways.8'° From this
point of view, it is important to minimize the toxic or other un-
wanted actions and retain favorable pharmacological potential of
the new antitumor compounds. For this purpose, we assumed that
incorporation of nontoxic biomolecule into the heterocyclic scaf-
fold could have attractive biological results, comparable with those
obtained by introduction of the confirmed antitumor pharmaco-
phore. In our intention to evaluate the efficacy of biomolecule
moiety, two classes of 4-aminomethylidene derivatives of two
pyrazol-5-ones were synthesized. The first class contains amino
acid moiety, while the second one is characterized by presence of
the known antitumor 3-aminopyrazole pharmacophore.!''2 The
substituents were selected to provide a good coverage of polar, ste-
ric, electron-donating or withdrawing properties for QSAR analysis.
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Indeed, we observed no significant difference in inhibition of
human breast cancer MDA-MB-361 cells between two pyrazol-5-
one derivatives with 5-methyl-3-aminopyrazole and phenylala-
nine moiety including both enantiomers of amino acid.

All pyrazol-5-one derivatives were synthesized according to
Scheme 1. Pyrazolone compounds (3-phenyl-2-pyrazolin-5-one
and 1,3-diphenyl-2-pyrazolin-5-one), obtained by the condensa-
tion reaction of B-keto esters with hydrazine or phenylhydrazine
were formylated under Vilsmeier conditions with POCl; and N,N-
dimethylformamide.!® The formed aldehyde was then reacted with
selected 3-aminopyrazoles and amino acids affording the desired
4-aminomethylidene derivatives of pyrazol-5-ones 1a-1y in mod-
erate to good yields.'* In the reaction of 4-formylpyrazolone pre-
cursor with 3-aminopyrazoles the presence of catalitical amount
of p-toluenesulfonic acid is necessary to prevent enolization of car-
bonyl group and a shift of tautomeric equilibria towards starting
tautomeric form with exocyclic double bond.

The aminomethylidene derivatives of 4-formylpyrazol-5-ones
1a-1y can exist in four tautomeric forms as depicted in Scheme
1. in dependence on the position and substituent kind of pyrazo-
lone nucleus, structural variations of 3-aminopyrazole moiety
and solvent polarity.

The IR spectra of amine derivatives exhibit two characteristic
bands in the range of 3415-3436cm™! and 1656-1680 cm™!
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which can be assigned to V(N-H) and v(C=0) and respectively,
indicating the tautomer B with exocyclic double bond as a predom-
inant form. Like amines, in the IR spectra of the amino acid deriv-
atives of pyrazol-5-ones, the presence of the strongest absorption
band positioned at 1650-1670 cm~! may be attributed to v(C=0)
vibrations of the pyrazolone ring confirming the tautomeric form
B in the solid state. In addition, amino acid derivatives show also
a wide band for the O-H stretch in the region of 3220-3285 cm
-1 while the carbonyl stretch appears as a medium intense band
between 1710 and 1736 cm™!. These observations are in accor-
dance with IR spectra of some aminomethylidene derivatives of
pyrazol-5-one'® and are consistent with the X-ray analysis of sim-
ilar compounds.'®

On the basis of information obtained from 'H NMR spectra of
amine derivatives in DMSO-dg solution, we can conclude that only
compound 1m exists in tautomeric form B due to appearance of a
doublet for exocyclic CH and NH protons as a result of the coupling
between them with the relatively large geminal coupling constant
of 13.0 Hz. All other amine derivatives of both pyrazol-5-ones and
amino acid derivatives of 3-phenyl-2-pyrazolin-5-one were pres-
ent in the form of OH (C) or NH (D) tautomer. The NH (D) form re-
quires a signal in the higher field'® that was not observed in our
spectra, although an averaged signal set can not be excluded as a
consequence of a rapid chemical exchange on the NMR timescale

N

R4

Ry
Cc

1m-y : R=Ph, R =Ph;

COOC,Hs
e TS IS Ty
et N NN N7 TCH, N *N7 Ph
H H o / H H

Scheme 1. Reagents and conditions: (a) PANHNH, or NH,NH;, EtOH, reflux, 3 h; (b) DMF, POCl3, heat, 80 °C, 1.5 h; (c) for amines

EtOH, reflux 4 h.
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between OH (C) and NH (D) tautomer.!” It is important to point out
here that this signal was strongly deshielded in most of the cases
because of intramolecular hydrogen bonding with other N/O
atoms.

However, amino acid derivatives of 1,3-diphenyl-2-pyrazolin-5-
one exist only in tautomeric form B. All these compounds display
doublets for exocyclic CH protons and vicinal NH protons. More-
over, for methine proton of amino acid moiety an additional dou-
blet of doublets (dd) splitting into ddd occurred because of
coupling with the vicinal NH proton, instead of expected dd for
any other tautomeric form.

Antiproliferative activity of all synthesized compounds 1a-1y
was evaluated against MDA-MB-361 (estrogen-dependent) and
MDA-MB-453 (estrogen-nondependent) human breast cancer cells
with cisplatin (cis-DDP) as referent cytostatic. It is noteworthy to
emphasize that MDA-MB-361 cell line is resistant towards widely
used cytostatic drugs such as Paclitaxel, Doxorubicin and 5-fluoro-
uracil.’® Table 1 represents the results of cytotoxic activity.

The compounds derived from 1,3-diphenyl-2-pyrazolin-5-one
(1m-1y) showed the most potent antiproliferative activity against
both cell lines. Compounds 1n, 1o, 1q, 1r, 1s, 1t and 1u exhibited
stronger cytotoxicity in inhibition of MDA-MB-361 type cell line
in comparison with cisplatin, with 10 as the most active one. Estro-
gen-nondependent cancer cell line MDA-MB-453 was less sensitive
to the application of this group of compounds, but generally keep-
ing the same relative activity. In this case, the most active one ap-
peared to be 1q, compound containing 5-phenylpyrazole moiety,
with ICsg value being approximately 2-fold higher than cisplatin.
On the other hand, compounds derived from 3-phenyl-2-pyrazo-
lin-5-one (1a-11) showed significantly lower activity regarding
both cell lines. The cytotoxicity increases only upon introduction
of phenyl group into pyrazole moiety (1e). Certainly, we did not ex-
clude the influence of tautomerism on antiproliferative activity,
but results reported herein showed that the introduction of the
second phenyl group can overcome the effect of tautomerism on

Table 1
ICs0 (UM) for the 72 h of action of investigated compounds and cisplatin on the MDA-
MB-361 and MDA-MB-453 cells determined by MTT test

Compounds MDA-MB-361 MDA-MB-453
ICsp™ (uM)
1a 120.57 £ 6.44 74.61 £4.41
1b 63.71 £ 2.69 20.86 +2.01
1c 96.05+1.17 93.00+2.83
1d 95.34+3.16 74.86 +0.98
1e 42.66 +2.71 11.53 £0.96
1f 67.05 +5.62 94.78 +3.40
1g 105.11+5.33 42.15+2.35
1h 97.36+1.33 105.23+0.31
1i 104.61+6.77 23.69 £ 0.09
1j 61.06 +1.39 29.77 +2.75
1k 113.33+0.71 73.89 +4.88
11 93.63 +£2.02 41.66 +5.11
1m 24.65+0.36 19.35+£2.90
1n 13.36 £1.31 12.36£2.23
1o 9.98 £1.35 10.24 £ 0.41
1p 51.01+2.93 34.66 +1.51
1q 12.17 £0.07 8.75+0.08
1r 11.53 £0.66 1043 +1.74
1s 11.88+0.28 9.66 +2.14
1t 1247 +1.35 9.43+0.74
1u 1422 £1.78 9.46 +1.05
1v 52.75+3.97 49.01 +3.31
1w 24.79+2.88 10.92 £0.43
1x 87.24+1.66 71.11£0.58
1y 33.86+0.87 9.75+1.01
Cis-DDP 14.74 £ 0.36 3.75+0.12

" Concentrations of examined compounds that induced a 50% decrease in MDA-
MB-361 and MDA-MB-453 cell survival (expressed ICso ([LM)).

cytotoxicity, suggesting planar aromatic requirements for better
cytotoxic activity. In diphenylpyrazolone derivatives the presence
of the additional phenyl group could also lead to the emphasized
contribution of the sulphur containing amino acid side chain, re-
lated to the beter possibilities for interactions with various active
centers. This is indicated by much higher ICsq values for methio-
nine and S-methyl cysteine derivatives 1g and 1h than the corre-
sponding 1t and 1u.

Since these compounds did not show significant antioxidant
activity, it was supposed that their mechanism of action is not con-
nected with free radical scavenging activity. Therefore, we chose to
examine the mechanism of action of 1a-1y by cytofluorimetric
analysis, using propidium iodide to label DNA. After treatment of
MDA-MB-453 and MDA-MB-361 cells with 1a-1y (ICsg), the cells
were harvested and analyzed with a FACScalibur flow cytometer.
A representative cell cycle analysis of cancer cell lines treated with
some compounds for 24 h is given in Fig. 1. We observed that
in vitro antiproliferative activity was accompanied by an important
sub-G1 fraction of MDA-MB-453 and MDA-MB-361 cell lines after
treatment with pyrazolone compounds. An increase in cells con-
taining sub-G1 amounts of DNA was observed, indicating that
the tested compounds induced apoptosis. Specially, the 1m-1y
showed the strongest increase in the percentage of the sub-G1
population in the both cell line, and led to a GO/G1 cell cycle block.
This was consistent with the compounds inducing apoptosis in a
cell cycle-dependent manner.

In order to examine the effect of our investigated pyrazolones
on angiogenesis in vitro, the tube formation assay was performed.
Angiogenesis involves endothelial cells proliferation, migration
and capillary tube formation. When seeded onto matrigel in the
presence of appropriate media MS1 cells start to reorganize, form-
ing polygon structures. In our experiment MS1 endothelial cells
were treated with sub-toxic concentrations of investigated com-
pounds in order to distinguish among growth inhibitory effect of
tested pyrazolones and their potential to inhibit tube-like struc-
tures formation. The strongest anti-angiogenic effect was observed
in the group of compounds exhibiting relatively low antiprolifera-
tive activity (up to 100 uM), which where applied at 30 pM con-
centration (compounds 1¢, 1g, 1h, 1i, 1k, 11). Some results are
presented in Fig. 2. Among the compounds applied at concentra-
tion of 3 uM, compounds 1r, 1p, 10, 1n, 1q show potential to inhi-
bit characteristics of angiogenic behavior of endothelial cells,
although this may account to their antiproliferative potential.
Other tested pyrazolones did not exhibit any significant anti-
angiogenic effect.

In this work, we performed QSAR analysis of newly synthesized
derivatives of pirazol-5-one which differ at position 1 and 4. Whole
set of 25 compounds was divided in two subsets: subset 1, com-
posed of compounds without substituent at position 1 (1a-11),
and subset 2, containing compounds with phenyl ring at position
1 of pyrazol-5-one (1m-1y). Heuristic analysis for calculation
and selection of the most significant descriptors was performed
for whole set and two subsets. Number of whole molecule and
fragmental descriptors were calculated and analyzed, where frag-
ments represented variable substituents connected to amino group
at position 4 of pyrazol-5-one.

The results of one-parameter analysis for activity of compounds
on MDA-MB-453 are presented in Table 2. The five most significant
descriptors calculated for all 25 molecules belong to the group of
topological, geometrical and quantum-chemical descriptors. Geo-
metrical descriptors such as ZX shadow (Sz, 1= 0.5405) and
Molecular Surface Area (MSA, * = 0.5038) were found to be impor-
tant factors for interaction with target, which indicates that size
and shape of the whole molecule play crucial role in binding to
hypothetical precise active site of enzyme. Polarizability of the
molecules, described by ALFA Polarizability descriptor (o,
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Fig. 1. Cell cycle distribution after 24 h of continuous action of (ICsg) compounds 1p, 10, and 1n in MDA-MB-361 cell lines. After a 24 h exposure to compounds concentration,

cells were harvested and subjected to PI flow cytometry.

r? =0.5244), as well as polar surface area described by Surface
Weighted Partial Positive Charged Surface Area (YWPSA-1,
% =0.5081), indicate the importance of polarity of the molecules
for antiproliferative activity. The most important descriptor which
is, as results show, Complementary Information Content ('CIC,
?=0.5571), derived from number of atoms and atomic layers in
the coordination sphere around given atoms, could be connected
with the size of molecule and connectivity of atoms which is
important for interactions with potential target. Fragmental
descriptors related to substituents of amino group at position 4
of pyrazol-5-one did not appear to be very significant in whole
set analysis.

As it was mentioned above, subsets 1 and 2 differ in phenyl sub-
stituent at position 1 of pyrazol-5-one. The most significant
descriptors calculated for subset 1 differ from the most significant
descriptors calculated for whole set, but for both sets is important
geometrical descriptor ZX Shadow (Szx). Regardless of existence of
substituent at position 1 and type of substituent at position 4,
geometry of the molecules is important for fitting to the main

cavity of active site. For subset 1, polarity again plays significant
role, as well as quantum-chemical properties described by descrip-
tor eLumos1, (2 = 0.3456), which describes the energy of the second
lowest unoccupied molecular orbit. The most significant descriptor
obtained by analysis of subset 2 include fragmental descriptors
(marked with prefix f- in the name of descriptor), therefore the
structural features of variable fragments connected to amino group
at position 4 play more important role in case of subset 2, probably
because planar phenyl group at position 1 influence a more favor-
able conformation of fragment during interactions with active site.
It indicates an existence of hydrophobic pocket at active place
interacting with phenyl ring, so that the substituent at position 4
is properly oriented and placed for interaction with other residues
of active site. Even more, we considered possible existence of more
than one active site for interactions with enzyme. The most signif-
icant descriptor is f-Fractional H-donor Charged Surface Area
(9-FHDCA, r* = 0.8129) which is indicative for hydrogen bonding
interactions between fragment and residues. Since correlation
coefficient is so high, it gives us some guidance in further synthesis
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1h

Fig. 2. Angiogenesis in vitro: tube formation on collagen. Representative micrographs of tube formation in MS1 cells treated for 24 h with tested compounds (1c, 1g, 1h) at

concentration 30 M, versus control.

Table 2

The most significant descriptors for antiproliferative activity on MDA-MB-453 cells selected by heuristic method

Whole set (n =25)

1a-11(n=12)

1m-1y (n=13)

1. ?=0.5571 F=28.93 'cic r? =0.3589 F=5.60 piax r?=0.8129 F=47.80 9f-FHDCA

2. 1?=0.5405 F=27.05 Szx ?=03518 F=543 RPCG ?=0.7190 F=28.15 °FPSA-3

3. 1*=0.5244 F=25.36 o ”=03458 F=5.29 Szx 1*=0.6548 F = 20.87 9f-FHBSA

4. ”=0.5081 F=23.76 9WPSA-1 1*=0.3456 F=5.28 ELumO+1 1*=0.6023 F = 16.66 f—vae

5. 1”=0.5038 F=2335 MSA ?=0.3145 F=459 P 1?=0.5689 F = 14.52 f — ER(CH)

ICIC—complementary information content (order 1); S;x—ZX Shadow; «—Alfa molecular polarizability; IWPSA-1—surface weighted partial positive charged surface area
(PPSA-1) [Semi-MO PC]; MSA—molecular surface area; Pj** —maximum bond order of a hydrogen atom; ‘RPCG—relative positive charge [Zefirov’s PC]; &rymo+1—energy of the
second lowest unoccupied molecular orbit; P”—ratio of polarity parameter (difference between the most positive and negative atomic charges in the molecule) to square
distance between the charge extremes—polarity parameter/square distance; 9FHDCA—fractional H-donor charged surface area [Semi-MO PC]; °FPSA-3—fractional partial
positive charged surface area (PPSA-3) [Zefirov's PC|; “FHBSA—fractional H-bonding charged surface area (HBSA) [Semi-MO PC]; V¢’ —average valency of a carbon atom;

Eg(CH)—maximum exchange energy for a C-H bond.
Note: f- prefix denotes a fragmental descriptor.

of new analogs. Descriptors such as f-Fractional H-bonding
Charged Surface Area (%-FHBSA, r? = 0.6548) also confirm the role
of hydrogen bond interactions of fragment.

One parameter analysis of descriptors significant for activity on
MDA-MB-361 cells for whole set and subsets 1 and 2 is presented
in Table 3. As for activity on MDA-MB-453 cells, fragmental
descriptors were not selected as the most significant for whole
data set. Regarding the most significant descriptors chosen by heu-
ristic method, such as Fractional H-bonding Charged Surface Area
(9FHBSA, 1?=0.7154), H-acceptor Dependent H-donor Charged
Surface Area relative to Total Molecular Surface Area (HA-dep
9HDCA-1/TMSA, r*=0.6843) and Fractional H-donor Charged

Surface Area (9FHDCA, r? = 0.6422), hydrogen bonding interaction
prevail in interaction with active site. Complementary Information
Content (2CIC, r? = 0.6767) is descriptor that is also chosen among
the most important descriptors, as it was in case of activity on
MDA-MB-453 cells. Polar surface area described by descriptor
Fractional Partial Positive Charged Surface Area is also significant
(°FPSA-3, r* = 0.7014). For subset 1, fragmental descriptors are also
not the most significant, and the activity of subset mostly depend
on topological factors, described by Average Structural Information
Content (*SIC,yg, 12 = 0.7905), Average Complementary Information
Content ('CIC,yg r*=0.7745) and Average Bonding Information
Content (ZBICan, 2 =0.7569), as well as geometrical factors such
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Table 3
The most significant descriptors for antiproliferative activity on MDA-MB-361 cells selected by heuristic method
Whole set (n = 25) 1a-11(n=12) 1m-1y (n=13)
1. ?=0.7154 F=57.81 9FHBSA ?=0.7905 F=37.74 2SICavg ?=0.7776 F=38.47 9f-FHDCA
2. ?=0.7014 F = 54.02 °FPSA-3 2 =0.7745 F=34.34 CICavg r?=0.6688 F=22.21 °FPSA-3
3. 2 = 0.6843 F=49.86 HA-dep ‘HDCA-1/TMSA ?=0.7569 F=31.13 2BICayg 1?=0.6284 F=18.60 f-HA-dep ‘HDCA-1/TMSA
4. ?=0.6767 F=48.13 2cIC ? =0.6659 F=19.93 Szx r?=0.5810 F=15.25 f-HA-dep 9HDCA-2/TMSA
5. ?=0.6422 F=41.28 9FHDCA ?=0.6371 F=17.55 Ve ?=0.5788 F=15.11 f-9HDSA

9FHBSA—fractional H-bonding charged surface area (HBSA) [Semi-MO PC]; °FPSA-3—fractional partial positive charged surface area (PPSA-3) [Zefirov's PC]; HA-dep “HDCA-1/
TMSA—H-acceptor dependent H-donor charged surface area relative to total molecular surface area (HDCA-1/TMSA) [Semi-MO PC]; >CIC—complementary information
content (order 2); 9FHDCA—fractional H-donor charged surface area [Semi-MO PCJ; 2SICa\,g—.elverage structural information content (order 2); 1CICa\,g—avera.ge comple-
mentary information content (order 1); 2BICKWg—average bonding information content (order 2); Szx—ZX Shadow; V"'C"g—average valency of a carbon atom; HA-dep YHDCA-2/
TMSA—H-acceptor dependent H-donor charged surface area relative to total molecular surface area (HDCA-2/TMSA) [Semi-MO PC]; 9HDSA—H-donors surface area [Semi-MO

PC].
Note: f- prefix denotes a fragmental descriptor.

as ZX Shadow (Szx 12 =0.6659). Concerning subset 2, fractional
descriptors appear to be more important, and they are connected
with hydrogen bonding donor/acceptor ability of the fragment at
position 4 of pyrazol-5-one, including: f-Fractional H-donor
Charged Surface Area (%-FHDCA, 1 = 0.7776), f-H-acceptor Depen-
dent H-donor Charged Surface Area relative to Total Molecular Sur-
face Area (f-HA-dep 9YHDCA-1/TMSA, r?=0.6284), f-H-donors
Surface Area (f-HDSA, 1 = 0.5788). The correlation coefficients of
those descriptors with activity are pretty high, which again indi-
cates that once the rest of the structure is fixed by additional
hydrophobic interactions of phenyl ring with hypothetical hydro-
phobic pocket of target, and size and shape of molecules basic
selection provides good fitting with active place, the activity on
the target mostly depends on fragment at position 4. Generally,
compounds from subset 2, containing phenyl ring, showed slightly
better activities on both cells tested.

In conclusion, QSAR analysis supported the hypothesis that
investigated compounds act by inhibiting the enzymes included
in tumorogenesis rather than as free radical scavengers. Heuristic
method showed that the most significant factors for activity of
the compounds are geometrical and topological, including size
and shape of the molecule. It could also be concluded that aromatic
ring at position 1 of pyrazol-5-one plays significant role in hydro-
phobic interactions, whilst substituents connected to amino group
at position 4 mainly interact by formation of hydrogen bonds with
active place.
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