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THocebna mu je wacm u 3a0080/6cmME0 0a ce 080M NPULUKOM HAJMONIUJE 3aXEATUM CBOM MEHMOPY,
npogpecopy Op Cpelixy Tpughynoeuhy, xaxo Ha npeonodceHoj memu u HECEOUUHOM AH2ANCOBAILY
MOKOM Yyese uspade OOKmMopcKe oucepmayuje, mako U Ha OUBHOJ capaorvll U pa3ymesars) .

Ynanosuma xomucuje, npoghecopuma op lopany Kanyheposuhy, op Tubopy Caboy, op Hebojuu
Apcenujesuhy u op buwmanu I[lemposuh 3axeamyjem na KOPUCHUM CyeeCmujama u Ha mome cmo cy ce
paoo npuxeamuiu oyexe 08oz paoa, a nocedono op I opany Kanyheposuly xome dyzyjem 6enuxy auuny
U npoghecuoHanny 3axeamrHocm 3a npysceny nomoh, noopuwiKy, noocmuyaree u caeeme KoOju Cy
donpunenu Keaiumemy paoad.

Taxohe, 3axeamyjem ce Konecama u npujamemuma us rabopamopuje xao u op bojanu 3mejxoscku na
nomohu Koja je npucymua o0 camoz nouemxa 0OKmopcKux cmyouja.

Ha kpajy, 3axeamyjem ce ceojoj nopoouyu na cmpnversy u 6e3epanuitoj byoasu.
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LUKJIONEHTUIT

IIUKIIOXEKCHIT

erunengamua-N,N,N',N'-rerpaaneraro jon
errneHaramua-N,N'-1ranerato jon
erunenauamMu-N,N'-au-3-npomanoaTo joH
errneHauamMua-N,N'-1u-2-pomanoaTo joH
erunenanamMut-N,N'-1u-2-(4-MeTHI)-1IeHTaHOaTO jOH
ermnenauamun-N,N'-u-2-(3-meTin)-0yranoaTto jon
nponuienauamud-N,N'-quaneraro jou
eTriieHInaMiH-N-MOHOAIIeTaTo jOH

eTUJICHIUaMUH

JIe30KCUPUOOHYKIIENHCKA KUCETNHA

O-anterun

N-(2-XxuapoKCcHeTHIT)eTHIICH ANaAMIH
N,N'-6uc(2-XxuapokcueTi)eTUIeHIMaMUuH
(1R,2R)-1,2-nMKn0XeKCaHAMUH
3-(4,5-mumetrnTrazon-2-uin)-2,5- 1 eHUI-TETPa30Inj yM-
-Opomu

CTaHJap/Ha JeBHjaLnja

MoHOHYKJeapHe henuje nepudepne kpau (engl: Peripheral
Blood Mononuclear Cells)

¢buTOXEMaraTyTUHUH

XyMaHa hemnujcka JMHMja aIeHOKapITHOMA MaTepuLe
XyMaHa henyjcka JMHMja MaJUTHOT MeTaHOMa
XxyMaHa henujcka JMHMja MH]jeJIOUTHE JeyKeMuje
henuje XxpoHHUHE TUMQOLUTHE JIEyKEMH]je

xyMmaHa hemnujcka JMHHMja KOJIOPEKTAIHOT KapliMHOMa
XyMaHa henujcka JTMHHja JOJKU

xyMmaHa hemnujcka TMHHMja J0jKU

xyMaHa henujcka nuauja akytHe T numdonnTHe neykemuje
eKcTpahennjcKUM CUTHAJIOM peryiucaHa KnHas3a
PEaKTHBHU KUCEOHUYHU HHTEPMEIH]epH

ajyioe eMOJIUH
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(S.5)-Etpeddl (L1)
(S.5)-Preddl (L2)
(S.5)-Buseddl (L3)
(S.5)-Peseddl (L4)
[(S.5)-H2iPreddip]Cl,
[(S,S)-H.iBuzeddip]Cl,
[(S,5)-H.cPeseddip]Cl,
[(S.5)-HCyzeddip]Cl,
[HaiProeddp]Cl,
[H2iBu,eddp]Cl,
[(S,8)-H2iPraeddI]Cl,
[(S,S)-H.iBu,eddI]Cl,
[PACI,{(S.S)-Et,eddl}]
[PACI,{(S.S)-Proeddl}]
[PACI,{(S.S)-Buseddl}]
[PACI,{(S.S)-PeseddI}]
[PLCL{(S.5)-EteddI}]
[PLCL{(S.5)-ProeddI}]
[PLCL{(S.5)-BuzeddI}]
[PLCL{(S.5)-Peeddl}]
[PLCL{(S.5)-EteddI}]

[PtCL{(S,S)-ProeddI}]

HyKJIeapHA MarHEeTHO-PE30HAHITMOHA CIIEKTPOCKOIIH]a
HH(]paIpBeHa CIIEKTPOCKOIH]ja
O,0'-muerun-(S,S)-erunenauamun-N,N'-1u-2-(4-meTin)-
-[IEHTaHOAT
O,0'-munponun-(S,S)-erunenauamun-N,N'-qu-2-(4-metmn)-
-[IEHTaHOAT
O,0'-mudyrun-(S,S)-erunenauamun-N,N'-1u-2-(4-meTun)-
-[IEHTaHOAT
O,0'"-munponun-(S,S)-erunenauamun-N,N'-qu-2-(4-metmn)-
-[IEHTaHOAT
O,0'-muusomnponui-(S,S)-etunenauamus-N,N'- 1u-2-
-[IPOIAHOAT TUXUAPOXIOPHU/
0O,0'-muu3o0ytui-(S,S)-erunenauamua-N,N'- qu-2-
MPOIMAHOAT JUXHUIAPOXIOPHUT
O,0'-munuknonentu-(S,S)-etunenauamMmua-N,N' - 1u-2-
-[IPOIAHOAT TUXHUAPOXIOPHU/
O,0'-puruknoxexcui-(S,S)-erunenanamua-N,N'- u-2-
-[IPOMAHOAT TUXUAPOXIOPHU/I
O,0'-mum3onpormnermiesanamuHa-N,N'- 1u-3-pormanoar
JIMXHIPOXJIOPHU]T
0O,0'-mum3o0yrunermnenaunamua-N,N'-qu-3-npomanoar
JIMXHIPOXJIOPHU]T
O,0"-muusomnponui-(S,S)-etmnenaunamus-N,N'- iu-2-
-(4-mMeTwIT)-IeHTaHOAT UXHUIPOXIOPHUT

0,0’ ’-muu300ytuin-(S,S)-etunenguamun-N, N - 1u-2-
-(4-MeTwIT)-IeHTaHOAT UXHIPOXIOPHUT
muxaopuno(O,0'-muetnn-(S,S)-erunenauamun-N,N'-qu-2-
-(4-metwmn)-nenranoat)nanandjym(1I)

muxstopuno(O,0'-munponui-(S,S)-erunenguamun-N,N'- qu-2-

-(4-metmn)-nearanoat)nanaaujym(1I)
muxopuao(0,0'-muoyrun-(S,S)-erunenauamun-N,N'-u-2-
-(4-metwmn)-nearanoat)nananujym(1I)

muxstopuno(O,0'-munentu-(S,S)-etmienanamud-N,N'- u-2-

-(4-metwmn)-nenranoat)nanandjym(1I)
muxnopuao(O,0'-muernn-(S,S)-erunenauamun-N,N'-qu-2-
-(4-metun)-nenranoat)miatuaa(Il)

muxstopuao(O,0'-qunponui-(S,S)-erunenguamun-N,N'-au-2-

-(4-meTun)-nientanoar)miatuaa(1l)
muxsopuno(0, O -mubytun-(S,S)-etunenauamun-N, N - nu-2-
-(4-meTun)-nientanoar)miatuaa(ll)

muxstopuao(O,0'-qunponui-(S,S)-etunenguamua-N,N'- u-2-

-(4-meTun)-nientanoar)miatuaa(1l)
terpaxiaopuao(0,0'-muetnn-(S,S)-etunenauamun-N,N'-1u-
-2-(4-metwmin)-nientanoar)miatuHa(lV)
terpaxaopuao(0,0'-munponui-(S,S)-etunenanamuna-N,N'-
-nu-2-(4-metwi)-nientanoar)miatuHa(lV)



[PLCL{(S.5)-BuzeddI}]
[PLCLA{(S.5)-Peeddl}]
[PtC{(S,S)-iPr,eddip}]
[PtCl{(S.S)-iBu,eddip}]
[PtCL{(S,S)-cPeseddip}]
[PLCl4(iPr2eddp)]
[PLCl4(iBuseddp)]
[PLCL{(S,S)-iProeddip}]
[PLCL{(S,S)-iBuseddip}]
[PLCL{(S,5)-cPeseddip}]
[PACI,{(S.S)-iPr,eddip}]
[PACI{(S,S)-iPreddip}]
[PACI,{(S.S)iBuzeddip}]
[PACI,{(S.S)cPezeddip}]
[PACI,{(S.S)-Cy,eddip}]
[PACI,{(S.S)-iProeddl}]
[PACI,{(S.S)-iBuseddl}]
[PtCl,(Bu,eddp)]
[PtCly(Bu,eddp)]

[PtCl4(Peseddp)]

terpaxiaopuno(0,0'-mubyrun-(S,S)-etunenauamun-N,N'-1u-
-2-(4-metun)-nientanoar)miatuaa(lV)
terpaxiaopuno(0,0'-munentui-(S,S)-erunenguamun-N,N'-
-u-2-(4-metuin)-neatanoar)miatuda(IV)
terpaxiaopuno(0,0'-muuzonponui-(S,S)-eTuineH uaMuH-
-N,N'-nu-2-nportanoar)miarura(IV)
terpaxiaopuno(0,0'-muu3o0yrui-(S,S)-eTuineHuaMuH-
-N,N'-nu-2-nportanoar)miarura(IV)

terpaxiaopuno(0,0'- muiukinonenTui-(S,S)-eTuieH uaMuH-
-N,N'-nu-2-nporanoar)miaruaa(IV)
terpaxnopuno(O,0'-muuzonponmieruieHauamua-N,N'-mu-
-3-nipomaroar)miatuHa(IV)
tetpaxnopuno(O,0'-muuzodyrmiernnerauamua-N,N'-u-3-
-nponanoat)miatuHa(lV)
muxsiopuao(O,0'-muusonponui-(S,S)-etmienanamus-N,N'-
-nu-2-npornanoat)miatuaa(1l)
nuxsopu0(0,0'-muu3o0ytmi-(S,S)-ernnenguamua-N,N'-
-nu-2-npornanoat)miatuaa(1l)
auxsiopuo(O,0'-nuiukioneHTi-(S,S)-eTHICH IMaMIH-
-N,N'-au-2-nportanoar)miaruna(Il)

nuxsopuao(0, O - nuusonponui-(S,S)-eruinenguamun-N, N -
-nu-2-tiponanoar)nananujym(Il)
xsopuno(O-uzonponui-(S,S)-etunenuamun-N,N'-1u-2-
-nponanoat)mnanaaujym(Il)
nuxsopu0(0,0'-muu3o0ytmi-(S,S)-ernnenguamua-N,N'-
-nu-2-npornanoar)nananujym(Il)
auxsiopuo(O,0'-nuiukinoneHTi-(S,S)-eTHICH IMaMIH-
-N,N'-nu-2-nponanoar)nanaaujym(1l)
auxsiopuno(O,0'-nuiukinoneHTi-(S,S)-eTHIICH IMaMIH-
-N,N'-nu-2-nponanoar)nanaaujym(1l)
muxstopuao(0O,0'-muusonponui-(S,S)-etmnenanamus-N,N'-
-u-2-(4-metwn )-nentanoar)masaauj ym(1l)
muxaopuo(0,0'-muu3o0ytmi-(S,S)-etunenguamMua-N,N'-
-u-2-(4-metwn )-nentanoar)maitaauj ym(1l)
nuxaopuao(O,0'-mubyrun-erunenauamMua-N,N'-u-3-
-nponianoar)miaruaa(ll)
tetpaxnopuno(O,0'-mudyTmi-ermwienuamua-N,N'-u-3-
-nponianoar)miatuHa(lV)
tetpaxiopuno(O,0'-munentmn-ermieHauamMmua-N,N'- u-3-
-nponanoat)miatuHa(lV)






MN3BOJ

CHUHTE3A, KAPAKTEPU3ALIMJA U HOTEHLUJAJTHA
LIUTOTOKCUYHOCT O,0'- TUAJIKUJI-(S,S)-ETUJTEHIUAMMUH-
-N,N'-JIM-2-(4-METHJI)-TIEHTAHOATA U OJITOBAPAJYRUX
NAJAJIUIYM(I1), TNIATUHA(I1) U INIATHHA(1V) KOMILIEKCA

Y 0BOj JOKTOPCKO] JAMCEpTalUju OIMCaHa j€ CUHTe3a, KapakTepusauuja u
noteHnyjanHa nutotokcuuHoct O,0'-mmankun ecrapa (S,S)-etwnenauamud-N,N'-qu-2-(4-
-metui)-nientancke kucenune, [(S,S)-Hseddl]Cl,, xao u oarosapajyhux mnamamujym(ll),
wiatuHa(ll) 1 matuaa(lV) komiekca.

Ecrpu (S,S)-Rzeddl-2HCI (R = erwuin, n-nponmi, N-OyTHA U N-TIEHTWIT) Cy TOOHjCHU
yKaIlaBambeM THOHHJI-XJIOPUIA y OJroBapajyhu arcojyTHU ajaKoXoJj, a MOTOM pediyKTOBaHH
y3 monarak (S,S)-erunenauamun-N,N'-1u-2-(4-metmn)-neHrancke kucenuHe. CBU ecTpu Cy
nobujern y  obmuky  guxumapoxiopuma:  (S,S)-Eteddl-2HCI,  (S,S)-Preeddl-2HCI,
(S,5)-Buseddl-2HCI,  (S,S)-Pe,eddl-2HCI.  Ectpu cy okapakTepucaHH eJIEMEHTATHOM
anamu3oMm, IR u NMR cnekrpockomujom, a y ciyuajy (S,S)-Proeddl-2HCI crpykrypa je
noTBpheHa 1 peHAreHCKOM CTPYKTYPHOM aHAJIH30M.

Kommuteken — mamamujyma(ll):  [PACI{(S,S)-Et,eddl}],  [PACI{(S,S)-Pr.eddl}],
[PACI{(S,S)-Buseddl}] wu [PdCI{(S,S)-Peseddl}] mobujerm cy y peakuuju Kaaujym-
-rerpaxnopuponananara(ll) ca HaBemeHMM ecTpuMa M OKapaKTEPHCAHH EIEMEHTAIHOM
anam3oM, IR 1 NMR cnekrpockonujom.

Kommiexcu wiatuae(11): [PtCI{(S,S)-Et.eddl}], [PtCI{(S,S)-Pr.eddl}],
[PtCI{(S,S)-Buseddl}] wu [PtCI{(S,S)-Peseddl}] nmobujenn cy y peaxiuju Kaaujym-
-rerpaxinopunomnaruHara(ll) ca HaBegeHMM ecTpuMa M OKapaKTEPHCAHH EIEMEHTATHOM
anam3oM, IR 1 NMR cniekrpockonujom.

Kommexcn wratuHe(IV): [PtCI4{(S,S)-Et,eddl}], [PtCI{(S,S)-Pr.eddl}],
[PtCI{(S,S)-Buseddl}] wu [PtCl4{(S,S)-Peseddl}] nmobujenn cy y peakuuju Kaaujym-
-xekcaxyopunoruiatuaata(lV) ca HaBeneHMM ecTpMa W OKapaKTEPUCAHU EJIEMEHTATHOM

anam3oM, IR 1 NMR cniekrpockonujom.
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DFT mpopauynu pahenu cy 3a cuatetucane komruiekce miatune(Il) u miarune(IV) u
yctanoBsbeHO je 1a je (R,R)-N,N -koH}purypanmuonu uzomep HajHIKE CHEpruje, Ipu 4emy je
dbopMupame caMO jegHOTr H30Mepa OYeKMBaHO jep je y carmacHoctu ca NMR
CIIEKTPOCKOIIH]OM.

[luToTOKCHMYHA AaKTUBHOCT CHHTETHCAHUX jeAumbema ojpehena je Ha henujama
xponuuHe ymmporutHe jeykemuje (CLL) u xymanum henujckuM IHHUjaMa: KOJIOPEKTaTHOT
kapunHoma SW480, kaprunoma nojku (MDA-MB-361 u MDA-MB-453), akytHoj T
TUMQOIUTHO] JIEyKEMHU]jH JypKaT ¥ XpOHHYHO] MUJeIIONIHO] Jeykemuju K562 y nopehemy ca
akTHBHOIIhY HUCIIaTHHE, Kao pedepeHTHHM aHTHUKaHLIEpOoreHHM JjekoM. CBa jenumema
nokasyjy akTuBHOCT Behy on nucrutatude npema CLL henujama. HaheHo je na nHajaktuBHHje
jemumeme kxomruiekc miaatuHe(Il) ca n-Bu rpymom y ecrapckom nanmy. Komrmexkcu
wiatune(IV) umajy OoANMYHY HHUTOTOKCHMYHY aKTHUBHOCT y uHxuounuju Jypkar u K562

henujckux JNMHUja KOja je BeOMa CIMYHA OHOj KOjy MOKa3yje akTUBHOCT LUCIUIATHHE.

Kwyune peuu: (S,S)-erunenauamun-N,N'-qu-2-(4-metun)neHrancka kucenuna, (S,S)-Roeddl
nuranay, Roedda muranau, mnatuna(IV) komruteken, miatuaa(Il) kommiekcn, namamujym(Il)

KOMIUIEKCH, KpUCTaIHA CTpyKTypa, DFT npopadyHu, TUTOTOKCUYHOCT
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SUMMARY

SYNTHESIS, CHARACTERIZATION AND POTENTIAL
CYTOTOXITY OF O,0'-DIALKIL-(S,S)-ETHILENEDIAMINE-N,N'- DI-
-2-(4-METHYL)-PENTANOATE AND THE CORRESPONDING
PALLADIUM(II), PLATINUM(I1) AND PLATINUM(IV) COMPLEXES

This works describes synthesis, characterization and potential cytotoxity of O,0'-
-dialkyl-(S,S)-ethylenediamine-N,N'-di-2-(4-methyl)-pentanoic acid, [(S,S)-Hseddl]Cl,, as
well as their corresponding palladium(Il), platinum(I1) and platinum(IV) complexes.

Esters (S,S)-R.eddl-2HCI (R = ethyl, n-propyl, n-butyl and n-pentyl) were obtained by
instillation of thionyl chloride in an appropriate absolute alcohol, and then refluxing with
addition of (S,S)-ethylenediamine-N,N'-di-2-(4-methyl)-pentanoic acid. All of the esters were
obtained as dihydrochlorides: (S,S)-Et,eddl-2HCI, (S,S)-Preeddl-2HCI, (S,S)-Bu,eddl-2HCI,
(S,5)-Peseddl-2HCI. Esters were characterized by elemental analysis, IR and NMR
spectroscopy, and in the case of (S,S)-Pr,eddl-2HCI the structure was confirmed by X-ray
structural analysis.

Complexes of palladium(ll):  [PACI{(S,S)-Et.eddl}], [PdCI{(S,S)-Pr.eddl}],
[PACI{(S,S)-Buseddl}] and [PACI{(S,S)-Pe,eddl}] were obtained by reaction of potassium-
-tetrachloridopalladate(ll) with synthesized esters and characterized by elemental analysis, IR
and NMR spectroscopy.

Complexes of  platinum(ll):  [PtCL{(S,S)-Et,eddl}],  [PtCl{(S,S)-Pr.eddl}],
[PtCI{(S,S)-Bu,eddl}] and [PtCI{(S,S)-Pe,eddl}] were obtained by reaction of potassium-
-tetrachloridoplatinate(ll) with these esters and characterized by elemental analysis, IR and
NMR spectroscopy.

Complexes of platinum(lV):  [PtCL{(S,S)-Et,eddl}], [PtCl.{(S,S)-Pr.eddl}],
[PtCI{(S,S)-Bu,eddl}] and [PtCI4{(S,S)-Pe,eddl}] were obtained by reaction of potassium-
-tetrachloridoplatinate(ll) with mentioned esters and characterized by elemental analysis, IR
and NMR spectroscopy.
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DFT calculations were performed for the synthesized complexes of platinum(ll) and
platinum(IV) and it was found that the (R,R)-N,N’-configuration isomer is with the lowest
energy and formation of only this isomer should be expected, which is consistent with NMR
spectroscopy.

Cytotoxic activity of synthesized compounds was determined against chronic
lymphocyte leukemia cells (CLL) and human cell lines: SW480 colorectal cancer, breast
MDA-MB-361 and MDA-MB-453, Jurkat T leukemia and K562 chronic myelogenous
leukemia compared with activity of cisplatin, as a reference anticancer drug. All compounds
showed higher antitumoral activity then activity cisplatin against CLL calls. It was found that
the most active complexes is complexes platinum(ll) with n-Bu group in the ester chain.
Complexes of the platinum(lV) have an exellent citotoxic activity in the inhibition of Jurkat

and K562 cell lines, with is very similar to that shown by activity of cisplatin.

Keywords: (S,S)-ethilenediamine-N,N'-di-2-(4-methyl)pentanoic acid, (S,S)-Rzeddl ligands,
R.edda-type ligands, palladium(ll) complexes, platinum(ll) complexes, platinum(lV)

complexes, crystal structure, DFT calculations, cytotoxicity
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1. YBOIT



Veoo

Hocanamma H3ydyaBamba KOMIUICKCHHX jEHIbEHba €JIeMEHaTa IUIATHHCKE TpyIe
MeTala U HhHXOBa MPUMEHAa Y MEIWIMHH 3arouena ¢y oa PosenbGeprosor (B. Rosenberg)
otkpuha KBaIpaTHO-IJIAHAPHOT KOMIUIEKCa IuiaTuHe, Cis-auammubauxiaopugoruiatuaa(ll),
cis-[PtCl(NHs),], mosnaror mox mmenom mwucriatuHa 1964. roauue [1]. Hakon otkpuha
AHTUTYMOPCKE aKTUBHOCTH IUCIUIATHHE, CHHTETUCAHO j€ MHOTO KOMIUIEKCA TUIATHHE Y [TUJbY
MpoHaakema 00JbEr JIeKa ca Marmbe Hel0XKeJbHUX edeKara.

Hexkn xommexkcu minatuHe(Il) m mmatuae(IV) ca NN OumeHTaTHUM Juranauma, a
HAapOYMTO Ca aMUHCKUM JIMTaHJUMa TIOKa3adl Cy 3Ha4ajHy aHTHTYMOPCKY aKTHBHOCT.
Kommekcn mnatune(IV) cy uneptauju ox xomruiekca miatuHe(Il) mu Mory ce xopuctutu
opanno. Kommnekcu manaaujyma(ll) cy Takohe neo aHTUTYMOPCKHX HCTpakhBama jep Cy
CTPYKTypHH aHano3u komiviekcuMa tuiatuHe(ll), wuMmajy cnmune Xemujcke o0coOHHE
(dS-CI/ICTCM, rpajie KBaapaTHO-IJIaHAPHE KOMILJIEKCE), OCHM INTO jeaumerma manaaujyma(ll)
nokasyjy oko 10° myra Behy peakTHBHOCT.

C o03upom Ha Manu Opoj KOMIUIEKCHHUX jenumema minatuHe(IV), mmarune(ll) u
nanagujyma(ll) ca NN Oumenrataum Roedda-tumom nuranama (amkwn ectpu edda-tuma
JUraHajga), oJ WHTEpeca je UCHUTaTH MOTyhHOCcTH 1o0Wjama OBHUX jE€IUE-CHA, YTBPIUTH
IUXOBY H30MEPH]y M HCHOHUTATH IN VIIr0 aHTHTYMOpPCKY aKTHBHOCT, KAa0 W MEXaHH3aM

YHUIIITaBamka TyMOpCKHX henuja.
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2.1. AHTUTYMOPCKA AKTUBHOCT KOMIIVIEKCA IIJIATUHE

2.1.1. Ucropujar orkpuha

Otkpuhe kBagpatHo-muianapaor Cis-[PtCla(NHs),], (tmwmcmnaruna), (Cnuka 1),
komruiekca 1845. rogune, mosnator kao Ilejponos xmopuna (Peyrone’s chloride) [1-3],
OWII0 je 0/ BETUKOT 3Hayaja y pa3Bojy OMOHEOpraHcke XeMuje. buololika akTHBHOCT
OTKpHBeHa je ciyudajuo 1964. rogune. buoduszuuap Pozenbdepr (B. Rosenberg) u merosu
capaJHUIU ca MHUYUTEHCKOT YHHBEP3UTETAa MCIUTHBAIU Cy YTHIA] €ICKTPUYHOT 10Jha
Ha neo0y u pact Oakrtepuje Escherichia coli, u nmpu Tome ycraHoBmim na je neoda
0akTepHje 3ayCTaBJbEHA, JIOK C€ HEH PacT HOPMAJIHO oJBHjao. CMaTpaiu cy Jia Cy OBH
eeKTH mocnenuia yTuiaja eJIeKTPHYHOT T0Jba, MehyTHM, HAKOH JyXKeT pa3Marpama,
YCTaHOBWJIM Cy Jia je 10 OJIoKHpama Jaeo0e¢ OakTepuja JIONUIO TMOA yTUI@jeM Cis-
-[PtCI>(NHs3),] xomriekca, Koju ce Harpajno y TOKY eKCIIEpUMEHTa Y peakiuju u3mehy
IUTATUHCKE €NIEKTPO/Ie U XPaHJBbUBOI MeMjyMa ca aMOHHMjauyHUM mydepom. Pozenbepr je
OBO jEeUICHE TECTHPAOo, a pe3yaTar je OMo crekrakynaapaH. Jlo3upame IHCIIaTHHE
JTUPEKTHO y abJJOMEH MWINa ca WMIUIAHTHpPAaHUM TyMopoMm Sarcoma-180, moseo je 3a
HEKOJIMKO JlaHa [0 CMamea, YaK M HecTajaa TyMmopa. Jlek Ha3BaH IUIaTHHOM, ca
TeHEepUYKUM MMEHOM ILHMCIUIaThHA, of 1979. roauHe je yBeJeH y XEMHOTEpanujy Kao
IUTOCTATHK Yy JIeUehy MOjeMHUX BpPCTa TyMopa. PaHO je 3amakeHO Ja IHMCIUIATHHA
HajOoJbe Jeinyje Ha renuToypuHapHe Tymope [4-9]. EdukacHa je u y Tepanuju Tymopa

rnaBe U Bpata [10,11], kao u mpu Jiedyery HEKMX MAIMTHUX OosiecTr KpBu [12] u Hekux
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obnuka kapuuHoma tiyha [13], mok orpaHuyeHy KIMHHYKY aKTHBHOCT UMa Y JICUCHY

TyMOpa JI0jKH H jehaKa.

H;N,,, Wl
‘Pt
/
N \Cl

Cnuka 1. lucninatuHa

YHOpKoc BETMKOM yCIexy IpH Jedely TyMmMopa, IHCIUIaTHHA T[OKaszyje |
HeXeJbeHe edekTe MOomyT BelIMKe He(POTOKCHUYHOCTH, HEYPOTOKCHMYHOCTH, H3a3UBa
noBpahame M 00Jb€ M3a3MBa PE3UCTEHIN]Y KOJA HEKMX BpcTa Tymopa. PesucteHTHOCT
TyMOpa Ha HUCIUIATHHY C€ jaBJba, KAKO Ce MoKa3ao, 300r:

1) cMmameHOT HaroMIIaBama IIATHHE yHYTap henuje;
2) nopacra J1eTOKCU(UKALMOHOT €]CTBA IPOTEUHA IUTOILIA3ME;
3) nosehama Tonepannuje JJHK penapaze mnatuna JJHK-agykra.

JenHo on pemiera OMIIO je CHHTE3a HOBHX KOMITEKCA aHAJIOTa IUCIUIATHHU KOjH Ce
0aBe HEKUM WJIM CBMM NOOpOjaHUM MEXaHU3MHMa 3a MPEBA3UIIAKEHE PE3UCTEHTHOCTH.
VY npBoj ¢a3u panuio ce Ha 3aMEHU XJOPUIHHUX aHjOHA JPYTMM aHjOHCKUM JIMTaHJuMa.
Tako cy CUHTETHCAHU muammuH[ 1,1-1ukno0yTaH-
-nmukapookcunato(2-)-k2]-0,0'-mnaruna(ll) (kapbomnaruna, Crnuka 2, a) u Cis-
-muammuH(Tarkonaro-0, 0 )mnaruna(ll) (Hepamnaruna, Ciuka 2, 6). Takohe, pamuio ce
u Ha 3ameHd NHj nuranjga HekuM JpyruM aMUH JMTaHAnMa, Kao y ciydajy (Cis-L-
-TMaMMuHIEKI0XekcaH JokcanaromtatuHa(ll) (okcanunnaruna, Ciuka 2, B). MelyTum,
710 TaHAC C€ y CBETY OJ1 KOMIUIEKCa MeTalla, OCUM ITUCIUIATHHE Y JISYSHY TyMOopa jeNHO
yrnotpebsbaBajy kapOomiatuHa W okcanuruiaTuHa [14], koju mpencraBibajy Apyry

TeHepallnjy aHTUTYMOPCkux Kominiekca ratuae(ll).
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0 0 H, 0
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Cnuxa 2. CTpyKTypa jeIuiberba TO3HATHX Y MEJMIIMHE Kao kapOoriaTtuHa (a), Heaamiatuaa (0)

1 OKCaJHIIIaTHHA (B)

Benukum Opojem ucTpakuBama y 0BOj oOiacTu mpuMmeheHo je na mocToju Besa
usmel)y crpykrype komiuiekca rmiatuae(ll) W BHXOBe aHTUTYMOPCKE AaKTHBHOCTH.
AKTHBHHMjU KOMIUICKCH CJIMYHH CY LHCIUIATUHH: EJEKTPOHEYTpaJIHU ca CiS-
IeOMETPH]CKOM CTPYKTYPOM, MMajy JABa JaOMJIHa MOHOJIEHTaTHA aHJOHCKA JIMraH/Aa WIN
jeman nabwiaH OWAEHTATHH JIMraHa, W Takohe, y CIS MOJOXKajy Cy HHEPTHH a30T-
JIOHOPCKH JIUTaHIU ca HajMame jeaqaoM N-H Be3om.

[IpaBUIO CTPYKTYpa-aKTUBHOCT j€ AWKTHUPAJIO Pa3BOj HOBUX MMOTEHIIH]aTHUX
IUTATUHCKUX JIeKoBa mpeko 20 roauHa, IITO CE€ OAPa3swyio U Ha KIMHUYKY MPUMEHY
TaKBUX KOMIUIeKca. MelyTuM, moctano je OUurieHo Ja MHOTH aHAJIO3U LUCIUIATHHE U
KkapOorutatuHe Hehe MOHYIUTH OWUTHY KJIMHUYKY TPEIHOCT Yy OAHOCY Ha moctojehe
nexoBe. Benuku Opoj nctpakuBaya je KpeHyo JpYrMM IIyTEM Yy JAM3ajHUpamy JEKoBa Ha
0a3u MIaTHHE U HapyILIUO je IPaBUIO CTPYKTYpa-akKTUBHOCT. HeKn TakBU KOMIUIEKCH Cy
MOKa3aJIi aKTUBHOCT. Jla/by MOKyIaju OWiIM Cy yCMepeHHU Ka Ju3ajHUpamby KOMIUIEKca
ca cremupUIHUM KapaKTepuCcTUKamMa TOMyT: MOTYhHOCT 3a OpajaHy MNpHMEHY WIH
n30eraBame MEXaHU3Ma PE3UCTEHIIM]€ Ha JIEKOBE IIJIaTUHE.

Panuja uctpaxuBama cy nmokasana aa trans-[PtCl,(NHs),] (tpancratuna, Cinka
3), y nopehemy ca IUCIUIATHHOM IMOKa3yje HIKY IN VItro u in VivO aHTUTYMOpCKY
akTuBHOCT [15]. I3 THX pa3nora cMHTe3a KOMIUIEKCA IUTATHHE ca trans reomMeTpujoM je
nyxe BpeMe Ouia 3aneMapena, cse 10 1990. ronune kafa cy 00jaBJbeHU MPBU 3HAYAJHU
pesynraru [16,17]. [ToceObno obGehasajyhe pe3ynrare npyskajy KoMIuiekcu trans-riatuae
ca XETepOUUKIMYHUM, anudatuyHuM, GochopHUM M HMUHOETPHUMA Kao JIHMTaHAKMMA.

Ckopuju pe3yiaTaTd Ha IHUTOTOKCHYHY aKTUBHOCT MOTBPhyjy Ja MpakTUYHO HE MOCTOje
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CTPYKTypHa OrpaHHYemha Ha MOTEHIHUjalHE TEepalujCKu aKTHBaHEe KOMIUIekce trans-

riatune [18,19].

H3NII"1, \\\\\\Cl
’ XY

Cnuka 3. TpancriaTuHa

NH,

Tpehy renepanujy aHTUTYMOPCKHUX KOMITJIEKCa IJIATHHE, KOjU ce BehHOM Hasaze
y NPEeIKIMHHYKOM HMCIUTHBaWY, YnHe Komruiekcu muatuae(IV), komruiekcu ca trans-
T€OMETPHjCKOM CTPYKTYpoM, mosnuHykieapuu miatuHa(ll) koMIiekcn uiM KOMILIEKCH
KOjU Y CBOM CacCTaBy Ca/Ip)Ke JIMTAH]| Ca aCHMETPUYHHUM YIJbEHHMKOBUM aToMoM. M3 oBe
rpymne u3zBajajy ce Komiuiekcu ca 1,2-muamuHimkioxekcaHom (dach) xao wHepTHHM
JMTaHIoM, JIOK yiory ojiazehux nuranama Mory uMaTti cyidaT, MAJIOHATH U IPYTH.

VY nocnenme BpeMe cBe je Behe mHTepecoBame 3a komiuiekce miatuae(1V) koju
cy uHepTHUjU y nopehemy ca xkommiekcuma ruiatuHe(ll), umajy ymameHy TOKCHYHOCT
TOKOM XeMHuoTepanuje mTo omoryhaBa opajqHy NIpPHUMEHY OBHUX JEIUIEHa Kao
IIUTOCTaTHKA. Y KPBOTOKY, INIATHHA OCTaje Y BUIIEM OKCHJAI[IOHOM CTamby, IITO 3HATHO
yMamyje peakTUBHOCT, a 300T HHEpTHE KMHETHKe Beha je KOJMUMHA JIeKa Koja CTUTHE 10
nusbHOT MecTa [20-24]. Kommnekcu mnatune(IV) Mory umatu u Behy AumouiIHOCT IITO
omoryhaBa 00JpH TIpoJia3ak Kpo3 henujcke MeMOpaHe.

Mamu 6poj mratuHa(lV) komIulekca Cy HWCIOUTHBaHM Kao TMOTCHIIMjaTHU
UTOCTATHIH Y ofHocy Ha matiHa(ll) koMmIekce, a HeKH O[] BbUX Cy YIUTH Y KIMHUYKA
ucnuthBama. Mnporutatuna, (Cis,trans,cis-[PtClo(OH)2(iPrNHy)2]),  (CHIP, JM-9),
(Cnuka 4, a) kojy cy cuHTetHcanu Tobe u capaguunm [25], je omabpana 300r cBoje
BEJIMKE PACTBOPJHUBOCTH, Al j€ TOKOM KJIMHUYKHX CTyJIWja OTKPUBEHO /a je 3HATHO
Mame akTuBHa oj ImciuiatuHe [24]. Terparatuna, [PtCly(chda)], (opmariatuna),
(Cnuka 4, 6), je moka3ayia BeIMKY aKTUBHOCT Y NMPEIKIMHUYKAM UCTIMTHBAKUMA, aJH je

KacHHje HaIyIiTeHa 300T BelUKe HEYpPOTOKCUIHOCTH [ 26].
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OCOCH,
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Cnuka 4. CTpyKTypa jeumbetha 03HATUX Kao HIpoIuiaThHa (a), TeTpariatuta (0) u

carparuiatuHa (B)

On Bemukor Opoja KIMHHUYKH MCIUTHBAHUX KOMIUIEKCA IUTATHHE CaMo je
carpamaruna,  Cis,trans-[PtCl,(OAC)2(NH3)CyNH,],  okraemapcku  mmatuna(IV)
komruiekce [20,21] (JM-216, Crnuka 4, B) 3a caja MHTEpPECAHTHA 3a JiaJba W HAmpeaHuja
KJIMHAYKA UCTPAXKMBAIbA.

CBe OBO HAaBOAM HCTPaXKHWBAye IMUPOM CBETA Ja CHHTETHINY H HCIHTY]y
jenumema Koja OM MoOrJa MOCTaTH OOJbM IUTOCTATHIIM y CMHCITY AaKTHBHOCTH H
CEJIEKTUBHOCTH IIpeMa MalMrHUM heiujama W ca IuTo je Moryhe Mame HeraTHBHHX

edekara o 3apase hemmje.

2.2. CHHTE3A Y CTPYKTYPA KOMILIEKCA MMAJAJTAJYM(II),
IUIATUHA(I1) U TUIATUHA(1V) CA JIUTAHIUMA
EDDA -THIIA

Jluranau edda-tuna npencrasibajy N- wiu C- cyncrutyucane nepuBare edda-
-IUTaHJa WM HEroBe XOMOJIOTE KOjH CaapXKe IPOJY)KEeHEe JIaHIle, Ha TNpUMep:
erunenauamua-N,N'-mucupherna  kucenuna  (Hzedda);  erwnenamamun-N,N'-nu-3-
-mponiancka kucenuna (Hzeddp); 1,3-npommnenauamun-N,N'-nucupherna KuceianHa

(Hzpdda). Yecro ce y nurepaTypu 3a CBe OBE JHraHjae KOpUCTH ckpahenuria edda-Tum
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JMrafaa, 300r IpeTXOJAHUX UCTpaKuBama Ha OBy Temy [27]. YV Tabenu 1 mpukasanu cy

Heku Jmranau edda-tumna.

Ta6ena 1. Heku terpamentaTan nuranaan edda-tuma

Ha3us u popmyna auranga Cxpahennna
erunegguaMui-N,N'-quarerar dd
edda
"‘OOCCH,;NHCH,CH;NHCH,COO
etmenauamMua-N,N'-qu-3-npomanoar id
e
"‘O0CCH,CH;NHCH,CH,;NHCH,CH,COO® P
1,3-nponanguamun-N,N'- tuanerar 1,3-pdda
"O0OCCH;NHCH,CH,CH,NHCH,COO (tmdda)
N,N'-qumermin-erwinennuamun-N,N'-nuarnerar
dmedda
"O0OCCH;N(CH3)CH,CH,;N(CH3)CH,COO
(S,S)-erunenanamun-N,N'-tu-2-niponanoar )
. . (S,5)-eddip
"O0C(CH3)C HNHCH,CH;NHC H(CH3)COO"
N,N'-quetnn-ermiienguamuua-N,N'- quarierar
deedda
"O0OCCH;N(C;Hs5)CH,CH,;N(C,Hs)CH,COO
N,N'-bis-(2-aMrHOETHI ) ITUIIMHAT ]
i-dtma
(H2NCH,CH,), NCH,COO"
N,N'-mn6ensnn-etnnenaguamuna-N,N'-namerar dbedd
edda
"O0OCCH;N(CH,C¢Hs)CH,CH,;N(CH,C¢Hs)CH,COO

Came kucennHe ce 3a JOHE MeTajla KOOPJIMHY]Y TeTpaJeHTaTHO, ®N,N',k?0,0", a
ecTepru(UKOBaHH JI€PUBATH OUJIEHTATHO, NN

Kucenune ce nmako MOry CHHTETHCATH 1O METOJHU KOjy je mareHTupao bepcBopt
(Bersworth), jorn 1955. romune (Llema 1, A) [28]. duectpu OBHX KHCEIHHA MOTY CE

nooutH kopuiihemwem yoonuajere merose (Illema 1, B) [29].
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Br o
NaOH; Br/\/ HO. N\)J\
A) HO - > \n/\ N OH
2 3-5h; HCI; pH 4 5
o]
socl,
a ROH ' 0
B) o N\)]\ RO /\/N\)-L 2HCI
Y\ NN OH \[(\ N
o
o]
o HCl,,,

Hlema 1. Yobuuajene metone cunresa Hpedda kucenuue (A) u Redda-tuna ecrapa (B)

2.2.1. Kommiaexkcu miaatune(Il) mu maatune(IV)

[Mnaruna(ll) w mnaruna(lV) komiuiekce ca edda nurangom je npBd TyT

cunterucao Jlumy (Liu) 1963. roguue (Illema 2.) [30]. Haheno je na ce edda moxe

KOOPJIUHOBATH OMJCHTATHO U TeTpaneHTaTHo 3a miatuHa(ll)-joH, mok ce 3a miatuny(l1V)

KOOpJMHY]j€ TPUACHTATHO WIN TE€TPaJ€HTATHO.

0
HOJ\‘
K,[PtCly]

H.edda

K,[PtClg]

Hlema 2. Cunresa mwiatuna(ll) u matuna(1V) edda komriexca
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Cnuxa 5. ORTEP npesenranuja crpykrype miaruna(lV)-edda xommiekca

Jolley u capamgnuim [31] mpukasanmu cy cunredy Hekosnmko rmiatuHa(ll) u
mwratuHa(lV) KoMIuiekca ca  XHUAPOKCHAIKHWI WM KapOOKCHAJIKWII JepUBaTHMa
erunenanamuaa. Mely kopurthennm nuranauma je u edda 3a kojy je yrBpheHo aa je
KoopauHOBaHa OungentatHo 3a miatuHy(ll), a okcupanujom mnoMOhy BOJOHHK-
-epokcuna nodujeH je komiuieke rmiatuHe(lV) ca TeTpaseHTaTHO KOOPAMHOBAHOM
edda, [PtCl,(edda)], mro je moTBpheHo peHAreHCKOM CTPyKTypHOM aHanmu3oM (Crnka
5). V nurtepatypu je Takohe ommcaHa W KpuctanHa cTpyktypa (ermnenmuamuH-N,N'-
-muarieraro)miaruaa(Il) kommiekca [32].

Kommreken mnarune(lV) u mmatunae(ll) ca eddp u 1,3-pdda nuranguma cy
cuHTeTHCaHH TmpemMa Beh omucanoj mpouenypu kojy je mao Liu  [30,33-37].
Ectepuduxamnmjom MOMEHYTHUX KHCEJIMHA nobujajy ce OuIeHTaTHH
Ouc(ankunkapOOKCHATKUIAMUHO)ETaH WM -TIPOTaH JIMTaHAW, Yy peKaluju ca
0JIroBapajyhiuM amcoNyTHUM aJKOXoJIOM y TpucycTtBy THoHmit-xjopuaa (Illema 1., B)
[29,38].

[Tnatuna(IV) koMmruiekcu ca OMJICHTaTHUM KZN,N' Roedda ectpuma (R = Me, Et,

n-Pr) cy cuarerncanu Ha cobHoj Temneparypu [39,40]. Crpykrype Pt(IV) xomruiekca ca
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Mesedda u Etyedda murammgmma (Ciouka 6) oapehieHe cy peHATEHCKOM CTPYKTYPHOM
aHaAJIM30M, TIpU YeMy je Hal)eHO Ja je KpUCTallHA pelieTKa KOMIUIeKCa CTaOMIIM30BaHa
HHTPAMOJICKYJICKUM BOJOHMYHAM Be€3ama, IITO j€ y CarjJaCHOCTH Ca MPETXOTHHM

pesyitaTuMa JA00UjeHHM 3a aHaJIOTHE CTPYKTYpe ca TeTpajeHTatHuM edda juraHauMa

[33,34].

Cnuxa 6. Diamond nipesentanuja ctpykrype Pt(IV) kommekca ca Meedda (1) u Et,edda (11)

KoopaunoBamem Rjedda 3a ruiaTHy a30TOBH aTOMHU IOCTajy XUPAIHU  IITO
TEOPHjCKU Jaje MOTYNHOCT 3a HacTajame TpH cTepeon3omMepa: aBa eHantuomepa (R,R) u
(S,S) u jeman mmactepeomsomep (R,S), omnocHo anti u syn (Cnmka 7.). IIpuiukom
cunrese mwatuHa(lV) kommiekca ca Etpedda nodujena je (R,R) u (S,S) panemcka cmeria
U y YBPCTOM CTalky M y pacTBOpy, INTO je TOTBPHEHO PEHATCHCKOM CTPYKTYPHOM
aHammzoMm u  NMR  cmektpockommjom. Jla Om ce  oOjacHWO  pasyor

nuactepeocenektuBHocTH, pahenn cy DFT mpopauynu 3a R,R (anti; S,S enantmnomep
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ucre euepruje kao u R,R) u R,S (syn) uzomepe xopunihewem MPWI1PW9L dyukiuje
(Cnuka 8.). Haheno je ma je y cayuajy anti usomepa N—H--Cl enextpocraruuka

MHTEpaKILFja HEeIITO jaya, ITO MOXKe OUTH J0BOJbAH PA3JIoOr 3a IUACTEPEOCENICKTUBHOCT
[40].

R H R
Ry \(S), \(S)  ,H
c, > —:MCIn— %—[—/Mu— [ "
N,
R H / (8)"H /(R)
(RR) (S,9) (R,S)

M = Pt(1V), Pt(11), Pd(I1)

Cnuxa 7. Moryhu crepeonsomepu [PICl (R.edda-tuma)], (n = 2, 4) u [PACI,(R.edda-Tuma)]

KOMIIJICKCa
\\/
H12, H1Y B h ’
NI : :
M s —&. c1 : = 4. C1
\ ‘\k, i M g =y . H13_N \
. - .\' . -..» II & A ™
Hisd H13', oz : e
' LHa UL Pt

\
\
ce@P

a) anti - 0 kcal/mol

Hi1

M2 Jce

1/
\\ c-uzf \Ctﬁ/z\./\‘a“/
& p e

¢) anti - 0 keal/mol d) syn - 0.2 keal/mol

Cnuka 8. Ctpykrype oapelene na 6asu DFT npopauyna 3a [PtCl,(Et,edda)] kommaexc

(a,b:n=4;c,d:n=2)
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DFT npopauynun pahenn cy u 3a kommiekc rtwiatune(ll) ca Etyedda,
[PtCly(Etedda)] [23]. AkcujamHu aTOMU XJIopa Cy HCKJbYYEHH, a CaMHM THM U
crabumsyjyhe N—H--Cl BogonuuHe Bese, 300r came CTpyKType jeiumema. Pesynaratu
Cy MOKa3aJid 3HATHO Mame CHepreTcke pasiuke u3melhy Syn m anti auactepeomsomepa,
yyMe je IMOKa3aHO Ja HaBelacHe ciekrtpoctarnuke uHTepakiuje N-H--Cl yruuy Ha
crepeocenektuBHocT (Crmuka 8). Crora, y cnydajy tutatuHa(ll) kommiekca ca
ounentatauM N,N' nmranauma TpeGa odekuBaTH (QOpMUpAEKE CBa TpPU H30MEpa
(R,R)/(S,9)-anti u (RS = SR)-syn (Cnmuka 8). (R,R)/(S,S) enmantnomepu wumajy C,
MOJIEKYJICKY CHMETpH]jy, 3a pasauky oxa (R,S) aujactepeomsomepa ca C; MOJIEKYJICKOM
CHMETPHjOM, IITO 3HAYM Jla Cy KOJ HUX €CTapCKe Ipyle MarHeTHO HeekBuBaieHTHeE. C
003upoM Ha cTpykTypHy ciauuHocT miatuHa(ll) u manamujym(Il) komruiekca, ucro ou

Tpebasio ouekuBaTh U 3a Ryedda kommuiekce nanaaujyma(ll).

o
Cl
o 5%
0 R = Me, Et, n-Pr [ Pt~
/ | N
K,[PtClg] N 0
o @ : %\
Ccl H,N LioH a N,
100 °C
@
N H, C? R = n-Bu, n-Pe RO (|:l
O -N_ Cl
o [ > Pt i
o Na,|[PtClg], LiOH N | ~a
OR R = Et, n-Pr RO c

Hlema 3. Cuntesa xomiuiekca miatune(1V) ca R,eddp-nurananma

VY peaknuju Roeddp nwranma y 3aBUCHOCTH 01 R-Tpyma, KOOpAMHOBameM 3a
wiatuay(IV) nonasu mo ¢gopmupama pazauuutux mnpousBoma. 3a R = Me, Et, n-Pr,
J0TIa3U 10 XHJPOJU3€ €CTapCKHUX rpyla yume ce nobuja [PtClz(eddp-KzN,N',KZO,O')]
komruieke (Illema 3.), a peHAreHCKa CTPYKTypHa aHaJM3a je MOTBPIWIA Ja je ped O
trans-muxnopuno reomerpujckoM uszomepy [39]. Kaga je R = n-Bu wim n-Pe, ecrapcke

rpylle HUCY XHAPONHM30BaHe, a no0ujen je cnexchu mpomssox [PtCly(R.eddp-k”N,N"],
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(Lllema 3.). Melhyrum, kaga je kopuirhen Nay[PtClg] Ha cobHOj TemmepaTypu H00H]eHH

cy auetwn u aunponui ectpu eddp-a koopaunosanu 3a miatuny(1V) [40].

2.2.2. Kommiexcen nanagujyma(ll)

Hanagujym(I1) u miatusa(ll) jorn uMajy cimube xemujcke ocobuse (d°-cucrem,
rpajie KBaJapaTHO-IUTaHApHE KoMIuiekce). Moske ce pehn na cy jenumema nanaanjyma(ll)
CTPYKTYpHHU aHayo3u jeaumberbuma riatuae(ll), ocum mro cy jenumema magaaujyma(ll)
oko 10° myra peakTHBHHjA, OHOCHO NaGwiHWja. IlprwiMyaH Opoj KOMILIEKCA
nanagujyma(ll) ca nwranauma koju cagpxe N u O arome je CHHTETHCAH H
okapaktepucan u 1o ca EDTA [41-43], etmnenauamunom [44,45], ka0 u ca HEKHM
amuHOKHcenuHaMa [46-48]. Cunte3a komriuiekca manamujyma(ll) ca terpamerun wu
terpaetun ectpuma EDTA mpukaszana je Ha Illemn 4. Y HOBHje Bpeme 00jaBibeHE CY
KpHUCTaJHe CTpykType oBuUX Komiuiekca [49] (Cnuka 9.). ly>)xuHe Be3a U yIJOBU CY Y

CarJlaCHOCTH ca JIUTepaTypHuM mojaaruma [41-48].

A, %T

J\/ NN /\H/OR PdCIZIHCI (

"y fk

R = CHg-, CH,CH,-

Ilema 4. Cuntesa xominiekca nananujyma(ll) ca rerpamern u tetpaernn ectpuma EDTA
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Cnuka 9. ORTEP npesenranuja ctpykrype komiuiekca nanaaujyma(ll) ca rerpaerun (1) u

terpamerun (11) ectpuma EDTA

HenasHo cy cunTeTncanu komriekcu nanaaujyma(ll) ca ecrpuma (S,S)-
erunenauamun-N,N'-mu-2-npomancke  kucenune ((S,S)-Hzeddip) [50]. Tlpu rpahemy
KOMILUTEKCA €CTPH ce KOop/uHyjy 6unentatro k°N,N' 32 MeTainHe joHe, OCHM y CiIydajy
jemHor komriuiekca nananujyma(ll) roe je qomwio 10 TpUASHTATHOT BE3UBAaka H3OTPOTTHIT
ectpa (S,S)-erunenauamun-N,N'-1u-2-nponancke kucenune. Haume, y UCTO] pekauuju
¢dopmupana cy ce JBa KOMIUIEKCA: jeJJlaH ca OMIEHTaTHO BE3aHUM HEXMJPOJIM30BAHUM
€CTPOM M IPYTHU ca TPHIECHTATHO BE3aHUM €CTPOM KOJI KOTa j€ JOMLIO JI0 XHIPOIN30Bakha

jenne uzonponui rpyme (Illema 5.).
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~N
[ Pd
/ AN

> Y O N /CI
)\ O Sy Cl
o’ B

K,[PACI,]

LiOH

>(S) /<O

O

N\
— [ pd
)\ O Sy cl
O)E(

Illema 5. Peaknuja nodujama asa komriekca namaaujyma(Il) ca [(S,S)-H,iPr.eddip]Cl,

Takolhe, my0aMKOBaHa je M KpUCTaIHA CTPYKTypa Xjopuao(O-uzompomnmi-(S,S)-

erunenauamun-N,N'-mu-2-npomanoar)nanaaujym(ll), [PACI{(S,S)-iPreddip}] [50].

[PACI{(S,S)-iPreddip}] kpucranuiie y MOHOKIMHHYHOM KPUCTATHOM CHCTEMY, Ca

npoctopHoM rpynom P2;. Monekyicka crpyktypa npukasaHa je Ha Cmumm 10, a

onabpaHe Jy)KHHE Be3a U YTJIOBH Be3a JaTu cy y Tabenu 2.

AToM mnamagujyma uMa KBaJpaTHO-IUIAHApHY KOOPIMHALIMOHY TE€OMETpHjy ca

jemaum [(S,S)-iPr)eddip] nmuraHmoM KOOpPAMHOBAaHWM MPEKO jEIHOT KapOOKCHIHOT

2 1 .
KHCEOHHKOBOT aromMa u jaBa a3oroBa atoMa (k°N,N',xO koopmunanuja). IIpeocrano

KOOPIMHAIIMOHO MECTO je 3ay3eTo XJopo ymranaom. Haheno je na je y mutamy (R,R)—

N,N' uzomep.

Jlokmopcka oucepmayuja
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Cnuxa 10. ORTEP mpesenranuja [PACI{(S,S)-iPreddip}]

Pd-N Bese (1,995(5) u 2,047(6) A) cy xpahe Hero kox oaroeapajyhux
nanajdjyMOBHX  KOMIUIeKca ca  edta  TeTpaaqkumi  €CTapCKMM  JIMTaHIMMa
(2,098(4)-2,106(7) A) [41-43,49]. Pd-N1 Be3a oarosapa orcery AyKHHa Be3a HafeHHX
xox Pd(II) xommiekca ca erunenamamuaoMm (2,03-2,09 A) [44,45]. Pd-O Besa on
2,019(5) A je y rpanunama Bpeanoctu ox (1,999(6) — 2,105(3) A) koje cy o6jaBibene 3a
neTo4saHe U miecTowiane xenare Koju caapxke Pd—O Bese [51,52]. Jdyxuna Bese Pd—Cl
(2,325(1) A) omropapa mumreparypuum mojamuma 3a  [PdCly(Rsedta)] m
[PACly(Haedta)]-xH,0 xommuexce (R = Me, Et; x = 5, 6; 2,287(2)-2,298(2) u 2,30(1) A)
[42,43,49].
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JlyxuHe Be3a (A) Yrinosu Be3a (°)
Pd-N2 1,995(5) N2—-Pd-N1 86,3(2)
Pd-0O4 2,019(5) N2—Pd—Cl 177,1(2)
Pd-N1 2,047(6) 0O4-Pd—-N1 167,7(2)
Pd—ClI 2,325(1) O4-Pd-ClI 95,2(1)
C1-01 1,190(1) N1-Pd-ClI 96,6(1)
C1-02 1,314(1) N2-C10-C11 108,2(6)
C4-02 1,441(1) N1-C11-C10 108,9(5)
C7-03 1,216(8) C3-C2-N1 112,0(6)
C7-04 1,316(8) N2-C8-C9 113,0(5)
C10-N2 1,476(8) Cl11-N1-Pd 106,9(4)
C11-N1 1,508(8) C7-04-Pd 113,7(4)

Wutpamonekyncke BojgoHumuHe Bese NI1-H---02 (N1:--02 = 2,838(9) A,

N1-H---02 = 102°) u wuntepmosiekyiacke N1-H---O3 Bomonuune Beze (N1---O3 =
=2.997(8) A, N1-H---O3 = 170°) cy ox 3Hauaja.

2.3. IUTOTOKCUYHOCT TUIATHHA(I ), ITATHHA(IV) |

IMAJTAAARIYM(I1) KOMIIVIEKCA

AnTtutyMopcko nejetBo komiutekca miatune(ll) ornena ce y EUXOBOM Be3HBamby

3a monekyn JJHK, npu uemy ce 3aycraBsba leHa TpaHCKpUILIMjA U PEIIUKaLM]a, a TUME

onemoryhaBa ymHOxaBame hemuja Tymopa [53-59]. TTopemehaj HopmanHor hesujckor

UKIyCa, OAHOCHO OHCMOFyrlaBaH)C pCHJ'II/IKaI_II/IjC AKTUBHpPA HACTAHAK ,,IIPOTrpaMHpPAHC

heHI/IjCKC CMpTI/I” - aroImTo3c€. I[aKJ'IC, jenaH on MOTth/IX MeEXaHu3aMa LUTOTOKCHYHOT

nenmoBama komiutekca riaruue(ll) je wWHAyKNMja amonTo3e TYMOpCKHMX —henuja

JIEJIOBAa-EM Ha PEIUIMKAIIN]y U TPAHCKPHUIILH]Y.

PCBI/ICTCHI_[I/Ija Ha OUTOCTATUKE MOXXEC HAaCTaTu Kao TOJ'ICpaHI_[I/Ija TYMOPCKC heJII/IjC

Ha JIHK omrehewma onHOCHO MoOXe HacTaTH Yy ycJIOBMMa Kaja TyMopcka henmja
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akTuBupa yHyraphenujcke mexanm3me nonpaske JIHK omrehewma kojum perynwmiie
PEIUTHKAIIH]Y ¥ HOPMAaJIU3Yje CONCTBEHU NeNjCKU IUKITYC.

Kanma xommieke miiatune yhe y henujy, HajlmoBOJBHUJU MPOIIEC j€ XUAPOIH3A U
IUpekTHO Be3uBambe 3a Moiiekyn JIHK. C o63upom ma je xonmentparuja Cl jona y
exkcrpanenyiaapHoj tednoctu oko 100 mM, a y wunHTpanemynapuoj ox 5-10 mM,
XUIPOJIN3a KOMIUIEKCa j€ MPOoLeC KOju Urpa BaxkHy yjory. 300T BHCOKE KOHIIEHTpaIlUje
XJIOpH/Ia Yy KpBM IMCIUIATHHA J0Ja3u 10 henuje Tymopa HEM3MEHmEHa YKOJIMKO HUje
JICaKTUBUPAHa HEKUM OMOMOJICKYJIOM (HIp. MPOTEMHHM KOju caimpke SH rpymy), a kafg
yhe y henujy dopmupajy ce akBa KOMIUIEKCH Mel)y KojuMa je HajaKTUBHUJU
[PtCI(H,0)(NHs3),]" xatjon [60-63].

Kanma xommieke mocne mo monekyna JIHK, moryhHoctn 3a xoopawHanujy cy
pasnmuunrte. BesuBame komiuiekca 3a JIHK ce mpBeHcTBeHo nemraBa mpeko N7 atoma
ryaHUHA, JOK je Mame 3acTymbeHo Be3uBame 3a N7 u N1 agenmna m N3 nurosuna
[64,65]. O63upom na wmoaekya JIHK y cBojuM KOMIUIEMEHTapHHM CIHPATHUM
CTpYKTypamMa CaJpKd pa3JIMdUTy CEKBEHIly ITyPUHCKHX W TNUPHUMHIAHCKHAX 0a3a,
YCTaHOBJBEHO je ja je ca 60% 3acrymbeHa koopauHaimja komiuiekca tuna 1,2-(GpG),
OJTHOCHO Be3a NPEKO JBa MOJIEKYyJla T'yaHO3WH-S'-MOHO(docdara, KOju ce Haja3u Ha
cynporauM janiuma JTHK. Oko 25% je 3actymbena Besa tumna 1,2-(ApG), Tj. Be3a ca
a/IeHO3UH-5'-MOHO(ochaTOM U Ir'yaHO3UH-5'-MOHO(OCHATOM CMEIITEHUM Ha CYNpPOTHUM
JHK nanmuma. Octanu HadMHHA Be3uBama (MOHO(YHKIIMOHAIIHO BE3MBAamEe KOMILIEKCA,
Bese tumna 1,3-(GpG), Bese Mpeko I'yaHO3WHA CMENITEHHX Ha HUCTOM JIaHIly MOJEKyJa
JIHK, wta.) cy mame 3actymubend. Ha cmumm 11 npukasaHd Cy pa3iduuTH HaYHMHA

Be3MBama HUCIIIATHHCKOT ¢parmeHTa 3a mojiexkyn JJHK.
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Cnuka 11. Moryhu Haunnu Be3uBama nuciuiatiae 3a JJHK xenuke [66].

[Ipouemeno je ga ce mame o 1% mucnnatune koja yhe y henujy Besyje 3a JTHK
U3 jelpa, IOK ce mpeocTalia KOJIMYMHA Be3yje 3a MPOTEHHE U ipyre ouomosekye [67].

[Toce6bHo BenmukM  adUHUTET KOMIUIEKCHM IJIaTMHE  TOKa3yjy  Ipema
OMOMOJIEKYJTHMA KOJU CaJIpKe CYMIIOP, KAaKO Y THOJHOM TaKO M Y THOETAPCKOM OOJIHKY.
Hauwme, nnatuna(ll) kao “mexa* JlyncoBa kucenuHa rpajay jako cTaOWIIHA jeUbCHha ca
cymnop noHopuma (“mexum Jlyncosum 6azama). Hacrana jenumema cy oAroBopHa 3a
nojaBy TokcMuHHUX edekara. [TomTo je KoHLEHTpalMja THOMA, YKIbYYy]yhH TIyTaTHOH U
L-IIMCTEeNH, Y UHTpalenylapHoj TeyHocTu oko 10 mM, npernocrasiba ce aa je Behu neo
KOMIUIEKCA TUIATHHE WHAKTHBHPAH BE3MBAHEM 3a CyMIIOp M3 OMOMOIIEKYJa, Mpe HEero
wto nohe o monekyna JJHK [65,67,68].

BesuBamwe KOMIUIEKca IUIaTMHE 3a CYMIOpP U3 THOETpa j€ KHHETHYKH
daBopuzoBan npomnec. Hacrana Pt-S (Tmoerap) Be3a Moke ce paCKUHYTH y TPUCYCTBY
monekyna JIHK, T1j. N7 arom ryano3un-5-monodocdara Moxke Ja CyNCTUTYHILE
MOJICKYJT THOETpa U3 HAcTajor jefaumema [69]. M3 tux pasnora ce jenumerma tuna Pt-S
(Troerap) cMmaTpajy ‘“pezepBoapoM‘’ KOMIUIEKCA IUIATUHE y OpPraHu3My, Tj. MOTOJHUM

uHTepMenujepoM y peakiuju kommiekca miatuae(ll) u JTHK. Pt-S (tnoerap) Be3a moxke
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Ce PACKMHYTH M y MPHCYCTBY MOJICKYJIa THOJIA, Tj. CYMIIOp W3 THOJIA CYICTUTYHIIC
CyMIIOp W3 THOETpa, HpW dYeMy je Hactama Pt-S (Twmonm) Be3a TepMoIWHAMUYKH
crabuinnuja. Takohe moxe nohm m 10 aupekTHOr BesuBamwa miatuHe(ll) 3a cymmop u3
MOJICKYJIa THOJIa, a HacTana Pt-S Besa je jako crabwiHa u Temko packuauba. Cmarpa ce
na je rpaheme jenumerma Tuna Pt-S (THOJ) 0AroBOpHO 3a MOjaBy TOKCHMYHHMX edekaTa
TOKOM Kopumihema KOMIUIEKCa MIaTHHE Ka0 aHTHTYMOPCKUX peareHaca. 3a pacKHlIame
Pt-S (Tuomn) Be3e maHac ce KOPUCTE jeANbCHha MO3HATA KA0 “3aIITUTHU areHCH, a TO Cy
jenumema Koja  caapke CyMIOp M KOja Cy BpJIO  jJaKH  HYKJICO(PHIH
(nuetunauTuoKkapOamar, THOypea, THOCyndaT, TIyTaTHOH, L-IUCTeUH, OWOTHH WT/.)

[68-70] (LLlema 6.).

/-—)

CyTICTHTYLIH]
3-CHs ca N7

- T
CYNCTHTYLIH] A v
N7 ca GEH Pt_s\
R MHTOXOHIp Hj e

| \ XHAPOIH3a
CyTICTHTYLH]a
8-CHycaSH ~ R-S-CH,4

N IIITOIMIA3MA
Pt(II)-xovmmmeke|  [Cl] ~ 5-10 mM

HS-R

PH(I)-SR

ddtc [CI] ~ 100 mM

Llema 6. Yuyraphenujcku nporecy NpWIMKOM IPUMEHE aHTUTYMOPCKHX areHaca Ha 0a3u

IJIaTHHE
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,,For every cell, there is a time to live and a time to die.”

Tymopcke henwmje, ycnen aejcTBa MUTOTOKCHYHUX KOMILJIEKCA, MOTY Jla yMpY Ha
JIBa HaYMHA: HEKPO30OM M aronTto3oM. Hekposa mpencraBiba HEKOHTPOJIMCAH M MAacCHUBaH
mporec Koju OOMYHO 3axBaTa BEJMKW Opoj henmja, JOK je amonTo3a KOHTPOJIMCAH U
CHEepPreTCKU-3aBUCTaH TPOIeC KOjU 3axBara jeJAHy WM Hekoiuko henmuja. Hekposa
HacTaje Kao mocienuna 3HaTHOr omrtehema henmje Hajuemthe y3pokoBaHOT (PH3UYKO-
XEMH|CKUM areHCHMa, JIOK je amornTo3a mporpaMmmupana hemujcka cMmpt, Bun hemmjcke
ayTOJECTPYKIIHj€, OHOCHO henrjcKkor caMmoyOuCTBa.

Hekpo3za je HemokesbaH BUJA henmujcke CMPTH ¢ O03MPOM Ja TOKOM HEKpO3e
henmje monasum o mpckama henujcke MeMOpaHe, alnu HEpeTKO U A0 pynrtype hemmjckux
opraHesna, ma ce HaKOH PYNType JIM3030Ma OpPOjHH JTM3030MAIHU €H3UMH MOry Hahw y
EKCTpaIellyJJapHOM MAaTPHKCY TZI€ Y3POKY]y NECTPYKIHMjy OKOJHHMX henuja ¥ TKHUBA.
TokoMm Hekpose, henuje omreheHe GU3MUKOXEMUJCKMM areHCUMa IMPOJia3e KPo3 Cepujy
KapaKTepUCTHYHUX TpoMeHa: henuje m WUXOBe opraHene OyOpe, jep je CHOCOOHOCT
henmjcke MeMOpaHe Ja KOHTPOJIMIIE PABHOTEKY TEYHOCTU M EJICKTPOJUTA HApYIICHA;
hemujckm canmpxkaj ce ocnobaha m mocmeBa y wmehyhemmjckum mpocTop, MHAYKYje
nHGIaMaIH]y | TOCIEINYHY IECTPYKIIH]Y OKOJIHOT TKHBA.

ArmonTo3a je moxesbaH BUJ henujcke CMPTH jep MpeAcTaBiba T3B. MPOTpaMUpPaHy
hemujcky cmpt, HU3 forahaja rae oa3ud 10 ayToAEeCTpykiuje hemmje 6e3 pynrype
hemnjcke mMemOpane, camMmuM TUM 0€3 u3JIacka yHyTaphenmujckor caapikaja y
eKCTpalenyIapHu mpoctop. To je mpoiec eITMMUHHCama HePYHKIMOHAIHUX hemnuja.
henuja Moxe akTUBHO, Y3 YTpOILIaK €HEpruje, 1a MOKpeHe BIacTUTy cMpT. CacTaBHU je
neo (pU3MONIONMIKUX TpoIleca M OATOBOpP je Ha ojapeheHa Mmarosolka cTama. AMOnTo3a,
yMUpame HU3HYTPa, j€ BHUCOKO pPETYJIHCaH MpoIeC KOju ce JeliaBa y jeaHo] henuju
HE3aBUCHO O] OKOJIHUX JemiaBama. CBETIOCHA U €JIeKTPOHCKAa MHKPOCKOIIMja TOKa3aje
cy MHore mopodorike npoMere Ha henuju TokoM anonTose [71]. Ha mouetky npoueca
aronTo3€¢ CBETIOCHOM MHKPOCKOIHjOM Cy, Kao TpPBU 3HAIM arolTo3€, BUIJHHBH
cMexypaBame hendje u mukHo3a jeapa [72]. Renuje rybe BoayMeH, UTOMIa3Ma IOCTaje
rymha, a opranene 30ujeHo pacnopehene. IIukHO3a je mocneauua KOHIEH3aIMje

XpOMaTuHa, U jeapo yecto noluja obmuk moTkoBuue. Jlonasu no uHBep3uje hemujcke
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MeMOpaHe IITO BH3YEIHO 3a0KPYIJbYje aloNTOTCKH HM3MeleHy henmjy. Y ucTto Bpeme
pazapa ce henmjcku wmatpukc, ¢parmentuine jeapo u pacmapuyaBa JHK. Oso je
SHEePreTCKU 3aBHUCTaH IPOILEC 3a Pa3uKy ol HeKkpoze. OBe MpoMeHe OJUrpaBajy ce Ha
HUBOY henuje u He qo071a3u A0 ociobahama uHTpanenyrapHor caapxkaja. Cienu 0yopeme
henmnjcke MemOpaHe W oJBajama JelioBa henmje y amonToOTCKa Tejalia. 1 esaria
caJip>ke IIUTOIUIa3My M TYCTO CIIaKOBaHE OpraHelne, Kao M (parMeHte jeapa. 3anabeHcKa
peakiyja M30CTaje jep amomnToTrcke hemuje He ocnmobahajy caapxkaj y mehyhemwjcku
IIPOCTOP, a armomnTOTCKa Tenala ouBajy 6p3o daromuroBana (Couka 12) [73,74]. Oxko
10 munujapau henwja ymupe MyTeM amonTo3e CBakOr JaHa y MPOCCYHOM JbYJICKOM
opraam3my [75,76]. Amonto3a 006e30ehyje paBHOTEeXKY M3Mel)y HacTaHka W ymHpama
henmja m mMma BaxHY yiory y eMOpuoreHe3w. Y eMOpPHOHAIHOM pa3BOjy aronTos3a
nornoMaxe Gpopmupame oprana (HIp. 0/iBajame MPCTHjy TOKOM eMOpHOreHe3e 0/IBUja ce
CTPOro KOHTPOJMCAHMM MeXaHM3MHMa amnomnTose). hemujcka cMmpt 0e3 mpareher
nH(IaMaTOPHOT OJTrOBOpA jelaH je oA HajO0oJpMX HAauMHA 33 Pa3JIMKOBAIE aIoNTO3€ U
HEKpOo3e.

Arnonto3a uMa KJbY4YHY yJaory y ¢opMupamy HMyHCKOT pereproapa. T u B
TUMQOIUTH, Ka0 HOCHOIM creln(uyHe UMYHOCTH TOKOM Hpolieca ca3peBama KOjH ce
onsuja y tumycy (T hemuje) m xoctHoj cpxu (B mumdbonutu) peapaHxupajy cBoje
peuentope. Ilpomecom amonro3e €IUMUHHUILY C€ OHHU JIUM(QOUUTH KOJU CY
HEe()YHKIIMOHAJIHU M OHHU JIMM(OIUTH KOjJU IOKa3yjy CKJIOHOCT Ka ayTOJAECTPYKLUjH,
OJTHOCHO, oHe henuje koje cy crocoOHe /1a pearyjy IpoTHB COIICTBEHUX aHTUreHa. Jlakie,
arornrTo3a je OJroBOpHA 3a eNMMUHAIIN]Y ayTopeakTUBHUX kioHoBa T u B mumdonura u

MIPEBEHIIN]y HACTaHKa ayTOUMYHCKHUX O0JIECTH.
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Cnuka 12. lllemaTcku ipuka3 cMpTH helije armonTo3om

2.3.1. HHuroroxkcuunocT komiuiekca miaaruHe(Il) m nmarune(IV) ca

edda- u Redda-Tunmom jJuranaga

Ca edda-tumnom suranaza, cauano JM-216, mratuaa uma CloN,O, monopcku cert
aroma. Maxo ca ectpima Ryedda-Tumna miatiHa HeMa TaKBO KOOPIHHAIIMOHO OKPYXKEHeE,
Beh Cl4N,, unak ecrepudukoBanu nepusatu ooehaajy y obnactu paspoja mnarura(IV)
JICKOBA MPOTHB PaKa.

Kommieken mnatune(ll) w mmatune(lV) ca nuranamma Koju cy JepuBaTé
eTHJICHINaMIHA N-(2-XuIpOKCHETHIT) e TUIICHIMAMUH (heen), N,N'-6uc(2-
xugpokcuetwn)etunenauamua - (hezen), ermnenaumamuH-N,N'-mucupherHa  kucenunHa
(Hzedda) u erunennnamuu-N-monocupherHa kucenuHa (Hedma) cy ucnuTtanu Ha mert
henujckux nuHMja xymaHor KapuuHoma jajumka: CHI1, A2780, Skov-3, CHIcisR u

A2780cisR, ox xojux cy mocienme JIBE PE3UCTEHTHE Ha ImcruiaTuHy (6 m 12 myra
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pesucrentHe) [31]. Heku om oBuMX KOMIUIEKCa TIOKa3yjy YMEpPEeHY aHTHTYMOPCKY
aKTUBHOCT, Q]I j€ Ta aKTUBHOCT U J]aJb€ 3HATHO Mama HEro OHa KOjy MMajy IUCIUTaTHHA
u JM-216.

HcnutuBama xomiuiekca miatude(ll) u miatune(lV) ca ecrapckum nepuBatuma
eddp (Cmmka 13, a), (Tabema 3.) cy moKasama Ja Cy HajaKTUBHHU]H
terpaxiopunomiaruta(lV) xomrmiekcu: (1) mpema henujama Hela oko mer myra Mame
aKTHUBHM OJ] IucIiaTuHe U (2) mpeMa henujama xymane mujenongHe jeykemuje K562,
AxTuBHOCT je ymopehena ca mucruiatmHoM. OBH KOMIUIEKCH HW3a3MBajy CMpT henmja

aronTo3om [74].

Tabena 3. 1Csy (uM)? ma Hela, K562 henujama, na PBMC n PBMC crumynucanux ca PHA,
oapehene MTT tectom (72 h), 3a [PtX,(R,eddp)] ( X = CI, Br, |) u 3a uucrarusy.

Jenumemse \ henujcka ICs0 + SD

NMHAjA Hela K562 PBMC PBMC+PHA
[PtCl4(Buseddp)] 15+3 7+2 15+6 11+4
[PtBrsCl(Buseddp)] 37+2 16 £4 44+ 6 25 +38
[PtCl,1,(Buseddp)] 89+ 8 36+3 110+13 75+19
[PtCl4(Peseddp)] 16+3 6+2 17+7 11+5
[PtCl,(Buseddp)] 76 +2 59+7 >100 76 + 14
HUCIUIATHHA 45+03 58=+03 33,6 26+ 6

Cpenma Bpeanoct + SD U3 TpH 10 YETHPH EKCTIEPUMEHTA

Hekonuko nnatuna(ll) u nnatuna(IV) xommiekca je ucnutuBaHo Ha henujckum
JMHMjaMa Tymopa mumjer ¢pudpocapkoma 1929 u xymanor actpouutoma U251 [63]. In
Vvitro antutymopcka aktuBHoCT uiatuHa(IV) komrutekca ca Roeddp auranguma, (R = n-
oyrun u n-nentui), [PtCly(R.eddp)] (Cnuka 13, a), je Takohe ucnuTHBaHa Ha 00€
henujcke nuauje. Haljeno je na je mpouec henujcke cMpTH M3a3BaH OBUM KOMILIEKCHMA
3HaTHO OpXM y OJHOCY Ha OHAj KOJU je U3a3BaH aKTUBHOLINY IUCIUIATHHE.
HctpaxuBama cy nokasana na [PtCls(Buseddp)] u [PtCly(Pezeddp)] nzasusajy Hekposy,
MOCPECTBOM KHCEOHMYHUX paaukana, He3aBucHO oJ ERK, 3a pasznuky onx nucriatuie
koja n3aszuBa ERK-3aBucHy henmujcky cMpT anonto3oM 0e3 OKCHIaTUBHOT cTpeca [75].

Cnuyan xoMIutekcH riatuae ca Rpedda ymecro Rieddp [PtCly(R2edda)] (R =

Me, Et u n-Pr), cy takohe ucnutuBanu na OM ce OTKpUO yTHUIlA] CyncTuTyeHTa R Ha In
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Vitro anTHIposMdepaTuBHY aKTHBHOCT. VcnuThBama Cy BpIICHA Ha Pa3IUYUTHM
tymopckuM hemujckum snwmaujama:  1411HP, H12.1 (xanuepu Ttectuca), DLD-1
(xaprHOM neGernor npesa), 518A2 (menanom), A549 (kapuuHoMm 1utyha) u Jaumocapkom
[40]. AkTHBHOCT KOMILICKCA 3aBHCH 01 Opoja yIr/bEHMKOBHX aTOMa y eCTapCKOM JIaHiy R
— IITO je JYXHW JaHar, Beha je akTUBHOCT. Nenujcka JIMHUja KapiuHoMma J1e0esor Ipesa
DLD-1, pesucrenTHa Ha MUCIUIATHHY, je OWIa jeIMHA KOja HE TMOKa3yje OBaKaB TPEH].
Cse henujcke nunuje, nzyseB henuja DLD-1, cy nokasane henujcky cMpT amonTozom
kaga cy ce kopuctuiie 1Cqp kormentparje komiutekca [40]. Kommuekcu [PtCl4(Etedda)]
u [PtCly(Proedda)] cy muroTokcuukd eQUKAaCHHjU Ha MUCILIATHHA-PE3UCTEHTHUM
1411HP hemujama (ICsp ~ 3540 uM) y mnopehemy ca mHXOBHUM edeKkToM Ha
iucriaTuHa-oceTsbuBuM H12.1 henujama (ICso ~ 58-59 uM) wiu DLD-1 henujama (1Cso
HUje oapeheHa y kopumheHHMM EKCIIEPUMEHTATHHM YCIOBMMa). PadyBacTd JIUTaH.
npekypcopu  (S,5)-R.eddip-2HCI  ((S,S)-eddip = (S,S)-etunenauamun-N, N -au-2-
npormmanoar; R = iPr wum iBu) wu ogaroeapajyhu muxnopupomnarusa(ll) wu
terpaxinopuaomiaruna(lV) kommiekcu, [PtCl,{(S,S)-R.eddip}] (n = 2, 4; Ciuxka 13. B),
TECTUPaHH Cy Ha IN VItro anTunposrdepaTuBHy aKTUBHOCT IpeMa XyMaHuUM helujcKumM
JUMHMjaMa aJieHoKapIuHoMmMa Marepuue Hela, xymanum henujckuMm JTUHHMjaMa
myjenonsiHe neykemuje K562, xymanum henujckum auHMjaMa MaaUrHor mMenaHoma Fem-
X W TmpeMa HOPMaJHUM HMYHOKOMIIETEHTHUM hennjamMa - MOHOHYKIieapHe henuje
nepudepue kpeu (PBMC), kao u na PBMC henujama (PBMC+PHA) kopucrehu KBR
tect [76]. Haheno je na je najaktuBHuje jenumbeme kKoMiuteke miatuae(1V) [PtCl{(S,S)-
iProeddip}]. OBo jenumeme HajakTuBHHje je npema K562 henujama u mokasyje ymona
Mamy aKTUBHOCT O] UCIIaTHHE. MICTO jenmberhe oKa3yje BeUKY CeJICKTUBHOCT IpeMa
K562 u Fem-x hemmjama. Kommiekcn matune(ll) cy Takohe mnokaszanu 3HavajHy
AQHTUTYMOPCKY aKTUBHOCT W CEJEKTHBHOCT alld Mamy y OJHOCY Ha oarosapajyhe

mnatuHa(IV) kommiekce.
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Cnuxa 13. Kommiekcu Pt(1V) u Pt(1l) ca R,edda-tumom nuranana

[Tonazna Tayka AeTaJbHUJUX HCIHUTHUBAKA Cy PE3YNITaTU JOOUjEHH MPOydaBahHEM
wiatuHa(IV) kommiekca ca ectpuma eddp mpema L929 u U251 henujama. OnpehuBana je
AKTUBHOCT KOMOWHOBAHOT JICjCTBa aHTPAXMHOHCKOT JepuBaTa aroe emoduna (AE) ca
mucriatuaoM win [PtCly(Buseddp)] vHa onabpanum henujckum nunujama [77]. Jooujenun
pe3ynTaTé yKasuBald cy Ja KoMOuHOBame AE ca HUCIIATUHOM MOXE YMambHTH
aHTUTYMOpCKH edekaT came nuciatune, jep ce cyzouja ERK-3aBucna henmjcka cmpr.
VYmecro Tora, komOnHOBameM AE ca miuaTmHCKMM jenumemnMa Koja He 3axteBajy ERK
3a COICTBEHY IIMTOTOKCHYHY aKTHBHOCT, Kao mTo je [PtCls(Buseddp)], usriena Bpeano
Jla ce pa3MOTpHU Kao aJlTepHATUBHU TepaneyTcku npuctyn. Ca apyre cTpaHe, YHOLICH~E
AE y onBojeHo Bpeme Kao MOMONHO CpelCTBO y Tepanuju IUCIIIATUHOM MOXKe OUTH
n00ap HAuMH 3a 3aITHTY HOPMAJIHOT TKMBA OJ TOKCHYUX edekara mucmuiatiuae [77]. In
VIVO HCTpakMBama aKTHBHOCTH OBHUX KOMOWHAIIH]ja CY Y TOKY.

Cnuynan KoMIuTekcH miatute ca Roedda ymecro Roeddp [PtCl4(Roedda)] (R = Me,
Et u n-Pr), (Cauka 13, 6), cy Takohe uWcnuTHBaHM 1a OM CE YCTAHOBHO YTHIIQ]
cyrncrutyeHta R Ha in vitro anTunponudepatuBHy akTUBHOCT. VMciuTHBama Cy BpIIeHA
Ha pa3Iu4YUTUM TyMopckuM henujckum nuaujama: 1411HP, H12.1 (kanuepu tecrtuca),
DLD-1 (xapuunom peGenor 1mpesa), S18A2 (memanom), AS549 (xapuuHom miuyha) u
nunocapkoM [40]. AKTHBHOCT KOMILIEKCa 3aBHCH OJ] Opoja YIJbeHHKOBHX aToMma y
ecrapckoM JaHIy R — mrTo je ayxu nanai, Beha je akTHUBHOCT. henujcka JnHUja
kapuuHoMa nebenor npea DLD-1, pe3ucTenTHa Ha MUCTUIATHHY, j¢ OuUila jeInHa Koja He

nokasyje oBakaB TpeHl. CBe hemmjcke nunuje, u3y3eB hemuja DLD-1, cy mnokasane
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henujcky cMpt amonTo3oM Kanaa cy ce kopuctuie ICqy kKoHIeHTpanuje komiuiekca [40].
Kommekcu [PtCly(Etedda)] u [PtCly(Proedda)] cy nuroTokcnyku eduKacHUju Ha
nucruiatuaa-pesuctenTHuM 141 1HP hemmjama (ICsg ~ 35-40 uM) y nopehemy ca
BUXOBUM edeKTOM Ha IuciiaTuHa-ocetsbuBuM H12.1 henujama (ICsp ~ 58—59 uM) unm
DLD-1 henujama (ICsp Huje oapeheHa y KOpuntheHuM eKCIIepUMEHTATHUM yCIIOBUMA).

Y ckopujoj cryauju ucnutuBaHa je 1TUTOTOKCHYHOCT NN  OmmeHTaTHHX
wiatuHa(IV) xomrekca ca nueTus u gunponui ectpuma eddp, Kao U caMux ectapa Ha
JIECET Pa3IUYUTUX TyMopckux henujckux smaHja: A2780 (jajaurm), A431 (rpauh
Mmatepurie), S18A2 (memanom), A549 (mnyha), FaDu (rnmaBa u Bpar), HT-29, HCT-§,
DLD-1, 8505C, SW480 (nedeso upero) [78]. Ectpu cy nmokaszajiu HUCKY aHTUTYMOPCKY
aKTUBHOCT, JIOK CY KOMIUICKCH TOKa3aJll BEIMKY aKTHBHOCT Ha TYMOPCKHM hemujcKkum
nuHWjama, a HajBehy Ha A2780 u A431 nunujama (Tabena 4.).

Ta6ena 4. 1Cs, Bpemnoctn [uM] 3a Et,eddp, Proeddp, [PtCl(Eteddp)], [PtCl4(Pr.eddp)] u

LUCILIaTUHY

E}z‘;ﬁi%é%gf [PtCl(Eteddp)]  [PICli(Preddp)]  mwcrmamuna
A2780 13.78 £ 037 8.60 £ 0.23 05
A431 32,30 £ 0,21 19,62 + 0,48 0,6
518A2 43.95+2.57 17.99 + 2,38 1,5
A549 35.06+ 027 20.81 + 047 1,5
FaDu o195 4820 + 047 3124 + 045 1,2
HT-29 38.23 + 0.90 32.80 + 0.35 0,6
HCT-8 36,24+ 031 31,78+ 0,55 1,5
SW480 35.48 + 2.54 2624 + 4,61 3,2
8505C 48.04 + 4.76 2523+ 1.73 5
DLD-1 89.26 = 1.17 49.03 + 4.02 5

Taxohe je paljen Tect mHTEpaKIHje oBUX KomIuiekca ca pBR322 mrazmumom JJTHK
y OJCYCTBY, Ka0 U y MPHCYCTBY acKOpOWHCKE KHCEIHHE, KOja MOXe Ja peayKyje
komruiekce Pt(IV) mo xommuiekca Pt(Il) u naheno je ma u Pt(IV) u Pt(II) komruiekcu
untepearyjy ca DNK [78]. To 3maum ma ce oBu Komruiekcu Iutatuae(lV) mory

KOPHCTHUTH U Ka0 ,,IPOJIEKOBH ‘ M KAO JIEKOBH IPOTUB PaKa.
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2.3.2. IMTOTOKCHYHOCT KOMILTeKca najgaaujyma(ll)

OTtkpuhe aHTUTYMOPCKHX OCOOWMHA IMCIUIATUHE M CIMYHUX KOMIUICKCA TUIATHHE
je moBehano wHTepec mpema ao0Wjamy joml epUKACHHJUX KOMIUIEKCa APYTUX jOoHa
MeTaja M JuraHaga. Mely NOpBUM KOMIUIEKCHMMa KOpPUIINEHUM Yy KIMHHYKUM
UCIUTHBaKUMA NPOTUB TyMmMopa Owmn cy mnamaaujym(ll) anamo3m wnucmnaruhe,
[PdCl,(en)] u PdCly(dach),]. Mamamgujym(ll) u muatuna(ll) cy mexe Jlyucose (Lewis)
KHcennHe U GopMHpajy jade Be3e ca a30TOBUM aroMuma (OJHOCHO MeKMM Lewis-oBum
0azama). Yommreno roBopehun, mmaruHa(ll) koMIUIeKCH Cy TEpMOIMHAMHYKA U
kuHeTnuku ctabuiaauju o nanamujym(ll) ananora. IMananujym(ll) xoMruiekcu momiexy
XUAPOIM3H ¥ W3MeHH nuranaxa 10° nyra Opxe Hero oxaroBapajyhu miartuna(ll)
KOMIUIEKCH, INTO oOjamimbaBa HWKY aHTUTyMOpcky aktuBHocT [PdCly(en)] wu
[PdCl,(dach);] y mopehewy ca mumaruna(ll) anamo3uma, a Takohe ¥ HUXOBY BEJIHMKY
ToKcH4HOCT [79].

Nako npBOOUTHHU pe3yiTaTu HUCY OwiaHM oxpadpyjyhu, KOMIUIeKCH Manaaujyma
UIak cy MHoro mmwmpe npoydasanu. [anagujym(ll) mepuBatu cy CKOpo yBeK MOKa3HBaIN
HI)KY aHTUTYMOPCKY aKTHBHOCT HEro IMCIUIaTHHA, 300T HUXOBE BEIUKE JIAOMIIHOCTH
[80,81]. Cmarpano ce na Op3a u3MmeHa nurananga oHemoryhaBa na mnamaaujym(ll)
KOMIUIEKC CTHTHE /10 OHOJIOIIKE MeTe HENpOMEmeH M Ja ce mnoBehaBa pH3UK O]
HEMOBOJBHUX edekaTa Ha OMOXEMHUjCKe Mpoliece KOju ce HOPMaJIHO 0JIBUjajy y henujama.
Jla 6u ce oBU mpoOIEMH TPEBA3UIILTH, HeKH ayTopu [82] cy mpemiaranu ga 6u ymorpeba
XENaTHUX JINTaHaJa MOTJIa YMAamHTH PEaKTHBHOCT NAallaJMjyMOBOT IIEHTpa. Ycmex
JexoBa Ha 0a3u KOMIUIEKCA MeTajla BEOMa je MOBe3aH ca M300poM JIMraHaza, jep oA HbHX
3aBUCU PEAKTHBHOCH U JMMO(QUIHOCT, Ka0 U CTaOMIN30Bamke OJpeheHNX OKCHIAIMOHUX
crama Metana, Wik Moryhaoct cymcrurynuje [83,84]. Jlo cama jemuHa mnpuMeHa
najagrjymMa y MEIHIMHY je y Jieuerwny Op3opactyher kaHiepa npocrare u To kopucrehu

paMOaKTUBHU U30TOII 103py [85,86].
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Cnuxa 14. Kommnekc nanaaujyma(ll) ca nepuBatom kymapuHa, aktuBHUjU ~7800 myTa of
KapOoIuTaTHHE

Hexn xommuiekcn manamujyma(ll) mmak mmajy Beoma BHUCOKY HUTOTOKCHYHOCT
KOja je yrmopeauBa ca MUCIUIATHHOM U KapOoraTuHOM. JeaH o1 n3y4aBaHuX KOMIUIEKCa
(Cnuka 14.) je yak ~7800 myTta akTUBHHjH 011 KapOorutaTune pema A549, HeLa u K562
henujama, a nuraHa y oBoM ciiydajy je aepusar kymapuna (Cnuka 14.) [80,81]. Usrnena
Jla ca BOJIYMHHO3HUM M JTUMOQUIHUJUM JuraHauMa komiuieken nanaaujyma(ll) mokasyjy
00Jby aAHTUTYMOPCKY akKTUBHOCT. [lpunmuan Opoj namaaujym(ll) xomruiekca ca
HEYTpaJHUM JIMTAHIMMa, Kao mTo cy jaepuBaru nupuauna [82,83], dochonarHu
nepuBati xuHoiuHa [84,85] mnm nepuBatu mupaszona [86], cy MCIUTHBAHU U FHHXOBA
3Ha4ajHa IIUTOTOKCUYHA aKTUBHOCT j€ JOKa3aHa.

HenaBHo je 00jaBibeH pam y KOME Cy OINKMCAHE CHUHTE3a W KapaKTepusaluja
komruiekca manaaujyma(ll) ca R,edda-tunmosuma ecrapa (S,S)-etmnenanamua-N,N'-qu-2-
npomancke kucenune, (S,S)-Reddip-2HCI (Cnuka 15. a, 6) [87,88], u u300yTun ecrap
(S,S)-erunennnamun-N,N'-mu-2-(4-metmn)-nenrancke  kucenune (S,S)-(iBuy)eddl-2HCI
(Cnuka 15. B) [89]. Ectpu (S,5)-R.eddip-2HCI u oxrosapajyhu mnamaaujym(ll)
komruiekcu [PACI{(S,S)-R.eddip}], (R = iPr, iBu, cPe, Cy; Cauka 15. a) xopurtheru cy

3a in Vitro anTuTyMopcka ucnutuBama [87].
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Cnuxa 15. Tanagujym(IT) kommekcu ca R,edda-tunmosuma nuranana

Habheno je ma je ecrap [(S,S)-H2Cy.eddip]Cl, aymmo aktuBuuju mpema K562

henujama Hero oarosapajyhu xomriutekc nanaaujyma(ll), [PACIL{(S,S)-Cy.eddip}]. CBu

WCIUTHBAaHU TaJIaJIjyMOBU KOMIUIEKCH IOKa3yjy Cpedmy aKTUBHOCT, a HajaKTUBHUJU

komiuieke [PACI{(S,S)-Cy.eddip}] nma oko 10 myra Mamy akTUBHOCT HErO LUCILIATHHA

npema K562 henmjama. Kako pacte NUMOGUIHOCT €CTapCKUX TIpyma, TaKo pacTe U

akTUBHOCT. Mako cy o00jaB/beHH pPaJOBH y KOjUMa Cy OIMCAHH BEOMa AaKTHBHH

KOMIUIEKCH TajaJnjymMa, y OBOM CJy4yajy je HHak mnoTBpheHo mpaBmwio ga 300r

JTaOUITHOCTH KOMIUIEKCH MajiaiijyMa He [M0Ka3y]y 3HauajHy aHTUTYMOPCKY aKTUBHOCT.
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2.4. 1INJb U BAJJATAK JJOKTOPCKE JIMCEPTALIMJE

[Tojayan wHTEpeC 3a KOMILICKCE MpeNiasHuX MeTana ca auranauMa edda-tuma u
IBUXOBUM JISPUBATHMA JaBHO CE Yy MPOIILIO] ACIICHU]JU Ka/ia je YTBpHEHO J1a OBa jeIUbCHha
UMajy XHIPOJIMTUYKO JIJCTBO HAa MOJIEKYJIE HYKJIEMHCKMX KHCEIMHA W 3Ha4YajHy
AHTUTYMOPCKY aKTUBHOCT, & Mamhe HEXKEJbeHEe ePeKTe, OJHOCHO TOKCHYHOCT Ha TI0jeTUHE
opraHe, y OJIHOCY Ha IIUCIUIATHHY KOja ce Beh mpuMemyje y MEIUIIUHN Kao IIUTOCTATHK.

I{wb oBor pana je cunresa (S,S)-etmnenauamMud-N,N'-au-2-(4-MeTrI)-IEHTaHCKE
kucenune, [(S,S)-Hseddl]Cl,, onrosapajyhux amecrapa u xommiekca nanaaujyma(ll),
mwiatuae(ll) w mnatuae(IV) kao w kapakrepusanuja W oapehuBame AHTUTYMOPCKE
AKTUBHOCTH CUHTCTHCAHHX jCIUHCHHA.

VY okBHpPY OBE Dokmopcke ducepmayuje, peaBuleHu cy cienehu 3aganu:

- Cunrerucatu TerpaaeHTatHu nurany (S,S)-etunenaunamud-N,N'-1u-2-(4-metun)-
-neHTaHcky kucenuny, [(S,S)-Hseddl]Cl,

- Cunretucatu  O,O'-mmankun  ectpe  TerpaaeHTtatHor  Jsmmranga  (S,S)-
-erunenguaMui-N,N'-qu-2-(4-metun)-nentancke kucenune, (S,S)-Rqeddl, (R =
etun, Et; nponmn, n-Pr; 6ytu, n-Bu; menTw, n-Pe)

- Cunrerucarn ogarosapajyhe mnamaaujym(Il), mmaruna(ll) u nnaruna(IV)
koMmIuiekce ca HaenaeHuM O,O'-nmuankui ectpuma

- CacraB nuraHaia ¥ KOMIUIEKCAa YTBPAMTH Ha 0a3u pe3ynraTa eleMEHTaTHe
MUKpOaHaIN3e

- Crpykrypy Iuranaga u Harpa)eHUX KOMIUIEKCAa MPEABUACTH HAa 0a3u HUXOBUX
nHQpapPBEHUX M HYKJICapPHO-MarHETHUX CIIEKTapa

- Crpykrypy nuranana u Harpal)eHUX KOMIUJIEKCa MOTBPAUTH Ha 06a3u peHATreHCKe
CTPYKTYpHE aHallu3e, TJie ToJ je TO Moryhe

- Hchnurath aHTHTYMOPCKY AaKTHBHOCT HaBEJACHHMX JIUTaHaga W HarpaheHumx

KOMIIJICKCa MECTaJjia.
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3.1. CUHTE3E JIMT'AHAJTA

3.1.1. Cynre3a (S,S)-ernaenauamMmun-N,N'-1u-2-(4-MeTHI)-IEHTAHCKE

KkuceJauHe, (S,S)-Hyeddl

(S,S)-erunenanamun-N,N'-u-2-(4-meTwin)-ientancka kucenuna, (S,S)-Hjeddl, je
CHHTETHCAaHa Ha OCHOBY MO (HUKOBAHOT paHuje omrcaHor moctynka [90].

VY pactBop koju caapxku 10,000 g (0,250 mol) Hatpujym-Xuapokcuaa arato ce,
y manum noprmjama gozaaje 32,780 g (0,250 mol) S-neynuna. PactBop ce peduykryje y3
ykamaBame 23,480 g (0,125 mol) 1,2-nubpomerana u uctoBpeMeHo nonaaBame 13,240 g
(0,125 mol) Ge3Boanor Hatpujym-kapOoHaTa. PacTBOp ce peduykTyje joumr Tpu cata.
Haxkon xnalema peakiimone cMeiire u nojemasama PH Ha 4 momohy pacteopa HCl/Bona
(1/1) wmznmaja ce uBper, Oeau mpomsBoj, (S,S)-ermnerauamun-N,N'-1u-2-(4-MeTr)-
MIEHTAHCKA KHCEINHA, KOjU Ce TPOIIEIH, J0O0pO HCIepe BOJAOM U OCYIIM Ha Ba3IyXy, MPU
YeMy KPHCTAHIIE Kao JUXUApoxIopua Mmonoxuapar. [Tpunoc 42,500 g (89,63%).

EnemenTanna ananusa: uspauynato 3a (S,S)-H.eddl-2HCI-H,0O = C14H32N,0sCly:
C, 44,33; H, 8,50; N, 7,38%. Haljero: C, 44,69; H, 8,10; N, 7,49%. ‘H NMR (200 MHz,
D,0, ppm): 0,94 (d, 12H, C*'H3), 1,65 (M, 4H, C*Hy), 1,72 (m, 2H, C°H), 3,18 (m, 4H,
C'Hy), 3,75 (t, 2H, C*H). *C NMR (200 MHz, D,0, ppm): 23,79 (C*'H3), 24,93 (C°H),
27,04 (C*H,), 42,66 (C'H,), 56,29 (C?H), 178,39 (COO). IR (cm™): 3451, 3083, 2957,
2871, 1579, 1470, 1396, 1063, 798, 673, 540.
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3.1.2. Cunre3se quankui (S,S)-R,eddl (L1-L4) ecrapa
(S,S)-etunenauamur-N,N'-1u-2-(4-MeTHI)-TIeHTAHCKE KUCEJTHHE,

(S,S)-Hoeddl

Huankun ectpu (S,S)-erunenguamun-N,N'-au-2-(4-MeTHIT)-IEHTAaHCKE KUCETHHE,
(S,S)-Hoeddl, ce mobujajy y obmuky muxuapoxmiopuaa: L1: O,0-aumerwmn-(S,S)-
erunerauamMut-N,N'-u-2-(4-metun)-nenranoar, (S,S)-Eteddl, L2: O,0'-mumnpornwi-
(S,S)-erunenauamun-N,N'-u-2-(4-metwn)-nenranoar, (S,S)-Preddl, L3: O,0'-qudyrui-
(S,S)-erunenanamun-N,N'-1u-2-(4-metun)-nearanoar, (S,S)-Bueddl u L4: 0,0'-
munent-(S,S)-etunenanamud-N,N'- 1u-2-(4-MeTHI)-IeHTaHoaT, (S,S)-Peseddl, a
CUHTCTHCAHU CY 110 JI0JIe HAaBEICHO] OIIITO] METOIH.

Y Gason ox 150 cm® koju cagpxu 50 cm® oxrosapajyhier arcolyTHOr alKoXola
(eTanon, N-pomanon, N-0yraHou, N-meHTaHon) oxiaaheHor Ha 0°C y JeIeHOM KyIaTHTy
JaraHo ce ykamasa THoHuI-xjaopu (4,0 cm3, 55 mmol) Tokom jeaHor cara. Hakou Tora y
o6amon ce moma 2,00 g (554 mmol) (S,S)-erunenauamun-N,N'-au-2-(4-metun)-
MEHTAaHCKe KUceanHe nuxuapoxiopuna, (S,S)-Hzeddl2HCI, u cycnensuja ce pedaykryje
16 catm Ha TemmepaTypu KJbydama ojaroBapajyher amkoxorna. Cmemna ce Mporenu,
¢unTpar octaBu y GpuxkHIEpy HEKOIMKO AaHa. J[oOujeHu Oesm mpou3BoOJ ce Mpoley,
ucrepe oroBapajyhum aakoxojioM u OCylId Ha Ba3nyxy. Hymeparuja atoma je nata Ha

cimmu 16.

L1-2HCI-H,0: TIpunoc 1,120 g, 48,78%. EnemenTanna ananusa: uspauyHato 3a (S,S)-
Et,eddl = C1gH3sN,04Cly-H,0: C, 49,65; H, 9,25; N, 6,43%. Haljeno: C, 49,73; H, 8,79;
N, 6,44%. 'H NMR* (200 MHz, D,0, § ppm ): 0,96 (d, 12H, /i1 =5,68, C®"H3), 1,33 (t,
4H, C°H3), 1,79 (m, 4H, C*H,), 1,92 (m, 2H, C°H), 3,49 (s, 4H, C'H,), 4,17 (m, 2H,
C?H), 4,35 (g, 4H, C®H,). *C NMR* (50 MHz, DO, & ppm): 16,1 (C°Hs3), 23,7 u 24,9
(C®"H3), 27,1 (C°H), 41,2 (C*H,), 45,3 (C'H,), 62,2 (C*H), 66,8 (C®H,), 173,02 (COOR).
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IR (cm): 3457, 2975, 2719, 2622, 2527, 2403, 1737, 1546, 1476, 1216, 1066, 1015,
803.

L2-2HCI-0.5H,0: IIpunoc 0,980 g, 40,90%. EneMenranHa aHanuM3a: M3padyyHaTo 3a
(S,S)- Proeddl = CyoH42N204Cly-0.5H,0: C, 52,86; H, 9,54; N, 6,16%. Hahero: C, 52,74;
H, 9,21; N, 6,36%. 'H NMR* (200 MHz, D0, & ppm ): 0,93 (t, 6H, C*°H3), 0,95 (d,
12H, *Jy 1 =6,10, C®"Hs), 1,60-2,00 (m, 6H, C*H,, C°H), 1,76 (m, 4H, C°H,), 3,51 (s, 4H,
C'H,), 4,15 (m, 2H, CH), 4,25 (t, 4H, *Ji = 6.48 C®H,). *C NMR* (50 MHz, D,0, &
ppm): 14,0 (C'°Hs), 25,1 (C°H,), 25,6 u 28,4 (C*'Hs), 28,7 (C°H), 42,6 (C*H.), 46,6
(C'Hy), 63,7 (C*H), 73,6 (C®Hy), 174,3 (COOR). IR (cm™): 3453, 2966, 2721, 2621,
2528, 2407, 1735, 1547, 1472, 1210, 1065, 927, 802.

L3-2HCI-H,0: IIpunoc 1,020 g, 39,38%. EnemenTanna aHanusa: uspauyHato 3a (S,S)-
Buzeddl = C5,H4sN204Clo-H20: C, 53,75; H, 9,84; N, 5,69%. Haljero: C, 53,29; H, 9,48;
N, 5,78%. *H NMR* (200 MHz, D,0, & ppm ): 0,91 (t, 16H, C*Hs), 0,95 (d, 12H, /iy
=5,04, C%Hs), 1,38 (m, 4H, C'°H,), 1,60-2,00 (m, 6H, C*H,, C°H), 1,69 (m, 4H, C°H,),
3,47 (s, 4H, C'H,), 4,15 (m, 2H, C?H), 4,30 (t, 4H, C®H,). *C NMR* (50 MHz, D,0, &
ppm): 15,8 (C*Hs), 21,5 (C*H,), 23,7 u 25,0 (C*'H3), 27,2 (C°H), 32,7 (C°H.), 41,3
(C*H,), 45,4 (C'H,), 62,2 (C?H), 70,4 (C®H,), 173,3 (COOR). IR (cm™): 3455, 2963,
2716, 2619, 2526, 2405, 1736, 1546, 1470, 1209, 1062, 925, 803.

L4-2HCI-H,0: IIpunoc 0,960 g, 35,05%. EnemenTanna aHamu3a: uspauyHato 3a (S,S)-
Peseddl = Ca4HsoN20,4CloH,0: C, 55,47; H, 10,08; N, 5,39%. Haljeno: C, 55,32; H, 9,83;
N, 5,14%. '*H NMR* (200 MHz, D,0, & ppm ): 0,91 (t, 6H, %/ = 7,20, C**Hs), 0,99 (d,
12H, *Jun = 5,40, C®'Hs), 1,36 (m, 8H, C'**H,), 1,60-2,00 (m, 6H, C*H,, C°H), 1,74
(m, 4H, C°H,), 3,53 (s, 4H, C'Hy), 4,22 (m, 2H, C?H), 4,32 (t, 4H, C®H,). °C NMR* (50
MHz, D,0, & ppm): 16,15 (C'?Hs), 23,25 (C*Hs), 26,94 (C'°H,), 30,27 (C°H,), 24,51
(C®"H3), 24,99 (C°H), 41.,37 (C*H,), 45,40 (C'H,), 62,24 (C°H), 70,62 (C®H,), 173,36
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(COOR). IR (cm™): 3452, 2960, 2726, 2623, 2525, 2401, 1736, 1543, 1470, 1211, 1066,

956, 798.

Cnuxka 16. Hymepanuja atoma kopumthenux 3a auckycujy NMR criekrapa
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3.2. CUHTE3E KOMIVIEKCA

3.2.1. Kommiekcu namaaujyma(ll): [PdCI,L1]:
auxaopuao(0,0'-quernin-(S,S)-erminenamamun-N,N'-q1u-2-(4-mMeTHI)-
-nenranoat)najaaaujym(Il), [PdC1,{(S,S)-Et,eddl}], [PdACI,L2]:
auxaopuao(O,0'-munponuia-(S,S)-erunenauamuu-N,N'-qu-2-(4-meTn)-
-meaTanoaT)nanaaujym(Il), [PdCL{(S,S)-Pr,eddl}], [PdCI,L3]:
auxaopuao(0,0'-muoyTua-(S,S)-erunenguamuu-N,N'-qu-2-(4-meTna)-
-nenTanoaT)nanagujym(Il), [PdC1{(S,S)-Bu,eddl}], [PACI,L4]:
puxgaopuao(O,0'-munentmii-(S,S)-erwinenauamMua-N,N'-1u-2- (4-meTHII)-

-nenranoat)najaaaujym(Il), [PAC1,{(S,S)-Pe,eddl}]

Kommneken manaaujyma(ll) cy mobujenn memamem 10 cm® Bozxenor pacTBopa
K;[PdCl4] (0,200 g, 0,610 mmol) u oarosapajyhux nuranaga ((S,S)-Et,eddl-2HCI-H,0:
0,267g, 0,610 mmol; (S,S)-Preddl-2HCI-H,O: 0,277g, 0,61lmmol; (S,S)-
-Bugeddl-2HCI-H,O: 0,301 g, 0,610 mmol; (S,S)-Peseddl-2HCI-H,O: 0,318g,
0,610mmol). Toxom Memama ox 2 cara, y peakIHOHy cMmelry ce ykamaBa 10 cm?
BoneHor pactBopa LIOH (0,0293 g, 1,220 mmol). Hakon ykamnaBama T0OHjeHU CYy KYTH
TaJI03M KOMILJIEKCa, KOjU ce TMPOIIee, HCIIepy ca MaJIo JISJICHE BOJIC M OCYIIIE Ha Ba3IyXy.
[PACI;L1]-0,5H,0: TIpunoc 0,260 g, 80,00%. EnemenTanHa aHanu3a: u3padyHato 3a
[PACI{(S,S)-Et,eddl}] = CigH3N204Cl,Pd-0,5H,0: C, 40,73; H, 7,02; N, 5,27%.
Hafjero: C, 40,83; H, 6,93; N, 5,44%. Vzomep A: *H NMR* (200 MHz, CDCls, & ppm):
0,94 (d, 12H, *Jun =3,66, C®'Hs), 1,28 (t, 6H, *Jun = 7,10, C°Hs), 1,60-2,10 (m, 6H,
C*H,, C°H), 2,52 (m, 4H, C*H,), 3,48 (g, 2H, C°H), 4,33 (m, 4H, C®H,), 6,30-6,50 (s, 2H,
NH). °C NMR* (50 MHz, CDCls, § ppm): 14,1 (C°Hs), 21,7 (C®"Hs), 24,6 (C°H), 37,7
(C*H,), 48,9 (C'H,), 59,6 (C*H), 61,6 (C®H,), 169,6 (COOR). HUzomep B: *H NMR* (200
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MHz, CDCls, § ppm): 0,92 (d, 12H, /i1 =3,66, C*Hs), 1,39 (t, 4H, *Jun = 7,14, C*Ha),
1,60-2,10 (m, 6H, C*H,, C°H), 2,80 (m, 4H, C'Hy), 3,73 (q, 2H, C*H), 4,19 (m, 4H,
C°H,), 5,85-6,05 (s, 2H, NH). *C NMR* (50 MHz, CDCls, & ppm):14,2 (C°Hs), 22,7
(C*"Ha), 24,6 (C°H), 38,9 (C*Hy), 49,3 (C'H,), 59,6 (C°H), 60,4 (C°H,), 171,6 (COOR).
IR (cm™): 3088, 2960, 2872, 1739, 1468, 1370, 1239, 1194, 1143, 1024, 934, 849, 774.
[PACI,L2]: TIpunoc 0,300 g, 89,45%. Enemenramna aHanmM3a: HW3padyyHATO 3a
[PACI{(S,S)-Proeddl}] = CaHaoN204ClPd: C, 43,68; H, 7,33; N, 5,09%. Halero: C,
43,33; H, 7,12; N, 5,03%. Usomep A: *H NMR* (200 MHz, CDCls, & ppm): 0,92 (d,
12H, *Jun = 3,74, C¥'H3), 1,07 (t, 6H, %y = 6,82, C'°H3), 1,60-2,10 (m, 6H, C*H,,
C°H), 1,70 (m, 4H, C°H,), 2,54 (m, 4H, C*H,), 3,48 (q, 2H, C°H), 4,25 (m, 4H, C®H,),
6,30-6,50 (s, 2H, NH). *C NMR* (50 MHz, CDCls, § ppm): 10,4 (C'°Hs), 21,9 (C®"Hs),
22,7 (C°H,), 26,0 (C°H), 37,8 (C*H,), 49,3 (C'H,), 60,3 (C?H), 67,2 (C®H,), 171,5
(COOR). Usomep B: *H NMR* (200 MHz, CDCls, & ppm): 0,92 (d, 12H, /i1 = 3,74,
C®'Ha), 1,25 (t, 6H, *Jun = 6,82, C'°Hs), 1,60-2,10 (m, 6H, C*H2,C°H), 1,70 (m, 4H,
C°Hy), 2,82 (m, 4H, C'Hy), 3,72 (q, 2H, C?H), 4,08 (m, 4H, C®Hy), 5,85-6,05 (s, 2H, NH).
3C NMR* (50 MHz, CDCls, & ppm): 10,4 (C*°H3), 21,6 (C®'Hs), 23,7 (C°Hy), 24,7
(C°H), 38,9 (C*H,), 48,9 (C'H.), 59,6 (C*H), 67,1 (C®H,), 169,8 (COOR). IR (cm1):
3143, 2961, 2875, 1739, 1468, 1389, 1241, 1195, 1144, 1057, 946, 845, 775.

[PACI,L3]: TIpunoc 0.330 g, 93.19%. Enemenrtanna aHanmM3a: HW3padyyHATO 3a
[PACI{(S,S)-Busedd}] = CzHasNo04ClPd: C, 45,72; H, 7,67; N, 4,84%. Haheno: C,
45,49; H, 7,78; N, 4,77%. Usomep A: *H NMR* (200 MHz, CDCls, & ppm): 0,93 (d,
12H, 3Ji4 14 = 6,60, C®'H3), 1,08 (t, 6H, *Jun = 7,40, CHs), 1,40 (sex, 4H, C*°H,), 1,60-
2,10 (m, 6H, C*H,, C°H), 1,70 (m, 4H, C°H,), 2,55 (m, 4H, C'H,), 3,20 (m, 2H, C*H),
4,28 (t, 4H, C®H,) 6,20-6,60 (m, 2H, NH). *C NMR* (50 MHz, CDCls, & ppm): 13,6
(C'H5), 19,1 (C%"Hs), 21,6 (C*°H,), 25,9 (C°H), 30,4 (C°H,), 38,9 (C*H,), 48,9 (C'H,),
60,3 (C?H), 65,5 (C®H,), 171,5 (COOR). Msomep B: *H NMR* (200 MHz, CDCls, &
ppm): 0,93 (d, 12H, *Jy 1 = 6,60, C®'H3), 1,08 (t, 6H, *Ju 1 = 7,40, C*Hs), 1,40 (sex, 4H,
C™H,), 1,60-2,10 (m, 6H, C*H,, C°H), 1,70 (m, 4H, C°H,), 2,81 (m, 4H, C*H,), 3,20 (m,
2H, C?H), 4,12 (t, 4H, C®H,), 5,60-6,10 (m, 2H, NH). **C NMR* (50 MHz, CDCls, &
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ppm): 13,7 C*H3), 19,1 (C%'Hs), 22,6 (C™°H,), 24,6 (C°H), 30,5 (C°H,), 37,7 (C*H,),
49,1 (C'H,), 59,5 (C*H), 65,3 (C®H,), 169,8 (COOR). IR (cm™): 3133, 2960, 2872, 1740,
1466, 1369, 1241, 1197, 1143, 1089, 938, 844, 736.

[PACI,L4]-2,5H,0: TIpunoc 0,290 g, 72,72%. EnemeHranHa aHaimW3a: MW3padyyHaATo 3a
[PACI{(S,5)-Peseddl}] = Ca4HagN204ClPd-2.5H,0: C, 44,27; H, 8,20; N, 4,30%.
Haheno: C,43,79; H, 8,01; N, 4,57%. WU3omep A: 'H NMR* (200 MHz, CDCls3, 6 ppm):
0,91 (t, 6H, *Ju 1 = 6,60 C*?H3), 1,03 (d, 12H, 31y 4 = 6,60 C*"Hs),1,33 (m, 8H, C**MH,),
1,60-2,20 (m, 6H, C*H,, C°H), 1,66 (m, 2H, C°H), 3,20 (m, 4H, C'H,), 3,84 (m, 2H,
CH), 4,19 (t, 4H, C®H,). 5,90-6,10 (s, 2H, NH). *C NMR* (50 MHz, CDCls, § ppm):
13,8 (C'?H3), 22,1 (C®'H3), 2,7 (C*Hy), 24,9 (C'°H,), 27,9 (C°H,), 28,0 (C°H,), 40,9
(C*H,), 42,8 (C'H,), 55,4 (C*H), 66,0 (C®H,), 172,3 (COOR). HUzomep B: *H NMR* (200
MHz, CDCls, & ppm): 0,91 (t, 6H, ®Jiy 4 = 6,60 C'2H3), 1,03 (d, 12H, *Jiy 1 = 6,60, C®'Hs),
1,33 (m, 8H, C'H,), 1,60-2,2, (m, 6H, C*H,, C°H), 3,64 (m, 4H, C'H,), 3,84 (m, 2H,
C?H), 4,23 (t, 4H, C®H,), 6,30-6,50 (s, 2H, NH). *C NMR* (50 MHz, CDCls, & ppm):
13,8 (C'2H3), 22,1 (C*'Hs), 22,7 (C*Hy), 24,9 (C™H,), 27,9 (C°H,), 28,0 (C°H), 40,9
(C*H,), 42,8 (C'H,), 55,4 (C?H), 66,0 (C®H,), 164,9 (COOR). IR (cm): 3139, 2959,
2870, 1741, 1466, 1369, 1229, 1197, 1129, 1070, 971, 730.
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3.2.2. Kommuekcu minatune(Il): [PtClL1]:
auxaopuao(0,0'-quernin-(S,S)-erminenamamua-N,N'-qu-2-(4-mMeTHI)-
-nenranoar)miaruna(ll), [PtCL{(S,S)-Et,eddl}], [PtCl,L2]:
auxaopuao(O,0'-qunponuia-(S,S)-erunenauamuu-N,N'-qu-2-(4-meTn)-
-nenranoar)miaruna(ll), [PtCL{(S,S)-Pr,eddl}], [PtCI,L3]:
auxaopuao(0,0'-muoyTua-(S,S)-erunenguamuu-N,N'-qu-2-(4-meTna)-
-nenranoar)maaruna(ll), [PtCL{(S,S)-Bu,eddl}], [PtCI,LA4]:
puxgaopuao(O,0'-munentmii-(S,S)-erwinenauamMua-N,N'-1u-2- (4-meTHII)-

-nenranoat)maaruna(ll), [PtCL{(S,S)-Pe,eddl}]

Kanujym-rerpaxmopunoriaturar(ll), K;[PtCls], (0,200 g, 0,240 mmol) ce

pacteopu y 10 cm® Bome a 3arum ce jgoma oxrosapajyhm mrasx  ((S,S)-
-Et,eddl-2HCI-H,0: 0,105 g, 0,240 mmol; (S,S)-Pr.eddl-2HCI-H,0O: 0,109 ¢, 0,240
mmol; (S,S)-Buzeddl-2HCI-H,0: 0,118 g, 0,240 mmol; (S,S)-Pe,eddl-2HCI-H,0: 0,125 g,
0,240 mmol). TokoM Memama o JBa Yaca y PeakIHOHy cMelly ykamasaHo je 10 cm®
Bojenor pacrBopa LIOH (0,0115 g, 0,480 mmol). Vkonuko aohe m0 cTBapama
CMOJIACTOT JIeTia, 10J1a ce MaJo areToHa. HakoH crajama Ha COOHOj TeMIIepaTypy OJ map
JaHa I[O6I/IjeHI/I CYy CBCTJIO KYTH TaJIO3U KOMIUJICKCA, KOjI/I cc Imponenac, ucluepy ca Majio
JICACHC BOAC U OCYILIC HA Ba3AyXy.
[PtCI,L1]-(CH3),CO: Tlpunoc 0,065 g, 44,46%. EnemeHTanHa aHaau3a: U3padyyHaToO 3a
[PtCI{(S,S)-Et,eddl}] = CigH36N.04CIPt:(CH3),CO: C, 37,73; H, 6,33; N, 4,19%.
Haheno: C, 37,40; H, 5,84; N, 4,52%. *H NMR (200 MHz, CDCls, 5 ppm): 0,97 (d, 12H,
3Jun = 4,40, C®"Hy), 1,29 (t, 6H, *Jun = 6,80, C°Hs), 1,70-2,10 (m, 6H, C*H,, C°H), 2,38
(m, 4H, C*H,), 3,01 (q, 2H, C?H), 4,29 (m, 4H, C®H,). 6,15-6,75 (s, 2H, NH). *C NMR
(50 MHz, CDCls, & ppm): 13,9 (C°H3), 22,3 (C%'Hs), 25,7 (C°H), 30,3 (C*H,), 51,7
(C*H,), 61,6 (C?H), 68,2 (C°H,), 171,5 (COOR). IR (cm™): 3138, 2959, 2872, 1737,
1469, 1369, 1241, 1195, 1136, 1025, 934, 853, 775.
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[PtCI,L2]: TIIpunoc 0,067 g, 43,95%. EnemenrtamHa aHaau3a. H3padyyHATO 3a
[PtC1{(S,5)-ProeddI}] = CaoHaoN,04CLPt: C, 37,62; H, 6,31; N, 4,39%. Haljeno: C,
37,87; H, 5,95; N, 4,29%. '"H NMR (200 MHz, CDCls, & ppm): 0,93 (d, 12H, %y =
4,82, C*'Hs), 1,03 (t, 6H, *Jun = 7,34, C°Hs), 1,60-2,10 (m, 6H, C*H,, C°H), 1,71 (m,
4H, C°H,), 2,41 (m, 4H, C'H,), 3,48 (q, 2H, C*H), 4,15 (m, 4H, C®H,), 6,10-6,70 (s, 2H,
NH). **C NMR (50 MHz, CDCls, & ppm): 10,4 (C*°Hs), 21,9 (C®"Hs), 23,7 (C°H,), 25,8
(C°H), 29,6 (C*H,), 51,3 (C'H,), 60,3 (C*H), 67,2 (C®H,), 171,5 (COOR). IR (cm™):
3144, 2961, 2874, 1737, 1468, 1385, 1238, 1193, 1137, 1057, 932, 839, 743.

[PtCI,L3]: IIpunoc 0,058 ¢, 36,63%. EnemenTtanna aHajgM3a: H3padyyHaTo 3a
[PtC1{(S,5)-Buseddl}] = CHuN204CloPt: C, 39,64; H, 6,65; N, 4,20%. Haheno: C,
39,37; H, 6,70; N, 4,16%. *H NMR (200 MHz, CDCls, § ppm): 0,90 (d, 12H, *Jun =
4,40, C%"Hs), 0,98 (t, 6H, *Jun = 6,60, C*Hs), 1,34 (m, 4H, C°H,), 1,57-2,04 (m, 6H,
C*H,, C°H), 1,66 (m, 4H, C°H.), 3,05 (m, 4H, C'H,), 4,13 (m, 2H, C°H), 4,24 (t, 4H,
C®H,), 6,10-6,70 (m, 2H, NH). **C NMR (50 MHz, CDCls, 8 ppm): 13,5 (C''H3), 18,9
(C®"H3), 21,5 (C™°H,), 23,1 (C°H), 24,9 (C°H,), 30,2 (C*H,), 38,9 (C*H,), 60,8 (C*H),
66,5 (C®H.), 168,9 (COOR). IR (cm%): 3139, 2960, 2872, 1736, 1468, 1388, 1244, 1195,
1135, 1061, 938, 846, 737.

[PtCI,L4]-2H,0: TIpunoc 0,056 g, 32,24%. EnemeHranHa aHaaW3a: H3pavyyHATO 3a
[PtCI{(S,5)-PeseddI}] = CasHasN,04CloPt-2H,0: C, 39,45; H, 7,17; N, 3,83%. Haljero:
C, 39,34; H, 7,31; N, 4,18%. *H NMR (200 MHz, CDCls, & ppm): 0,91 (t, 6H, %/ =
6.20 C**Hs), 1,00 (d, 12H, /iy = 4,80 C®'H3), 1,33 (m, 8H, C***H,), 1,63-1,95 (m, 6H,
C*H,, C°H), 1,75 (m, 2H, C°H), 3,08 (m, 4H, C'H,), 4,12 (m, 2H, C*H), 4,23 (t, 4H,
C®H,). 6,10-6,80 (s, 2H, NH). *C NMR (50 MHz, CDCls, & ppm): 13,9 (C'?H3), 21,7
(C®"Hs), 22,2 (C™H,), 23,7 (C'°Hy), 25,1 (C°Hy), 25,9 (C°H), 28,1 (C*H,), 51,3 (C'Hy),
61,0 (C®H), 65,8 (C®H,), 171,5 (COOR). IR (cm%): 3131, 2958, 2871, 1735, 1467, 1398,
1244, 1193, 1137, 1046, 967, 729.
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3.2.3. Kommiexcu maatune(I1V): [PtCl,L1]:
terpaxyiopuao(O,0"-muerna-(S,S)-ermaenguamuu-N,N' - u-2-
-(4-meTman)-nenranoar)mwiaruna(lVv), [PtC1{(S,S)-Et,eddl}], [PtCI4L2]:
terpaxjopuao(O,0"-munponni-(S,S)-ernaenauamun-N,N"-xu-2-
-(4-meTman)-nenranoar)miaruna(lVv), [PtCL{(S,S)-Pr.eddl}], [PtCI4L3]:
terpaxjopuao(O,0"-muoyrni-(S,S)-ernaenauamun-N,N" - xu-2-
-(4-meTman)-nenranoar)miaTuHa(lVv), [PtCL{(S,S)-Bu,eddl}], [PtCl,L4]:
terpaxjopuao(O,0"-munentia-(S,S)-eTunenguavmuu-N,N*-qu-2-

-(4-meTman)-nenranoar)miaruHa(lv), [PtCL{(S,S)-Pe,eddl}]

Kanmujym-xekcaxnopunomnaruaat(IV), K;[PtClg], (0,100 g, 0,206 mmol) ce

pacTBOpH y IITO Mamke BOJIE HAa BOJCHOM Kymartwiy. Y NOOHMjeHH pacTBOp ce Joja
eKBUMoOJIapHa KoiuymHa oxarosapajyher muranga ((S,S)-Et.eddl-2HCI-H,O: 0,086 g,
0,206 mmol; (S,S)-Preeddl-2HCI-H,0: 0,092g, 0,206 mmol; (S,S)-Bu,eddl-2HCI-H,0:
0,097 g, 0,206 mmol; (S,S)-Pe,eddl-2HCI-H,0: 0,103g, 0,206 mmol). Peakmrona cmermia
ce Memra 12 catu u 3a To Bpeme ce goxaje 10 cm® Bogewor pacreopa LiOH (0,0099 g,
0,412 mmol) y manum nopijama. HakoH Tora pacTBop ce ymnapu Ha BOJACHOM KYITaTHITy
710 TIOYETKA TaJIOKEHha KOMIUIEKCA U OCTaBU y (pprkuIepy, a MOTOM MPOIICIH, HCIiepe ca
MaJio JIeZIeHEe BOJIC M OCYILU Ha Ba3IyXy.
[PtCI4L1]: TIpuroc 87,520 mg, 62,42%. EnemeHTanHa aHamW3a. H3pavyyHaTo 3a
[PtCI4{(S,S)-Et,eddl}] = CigH3sN204Cl4Pt: C, 31,73; H, 5,33; N, 4,11%. Haheno: C,
31,40; H, 5,50; N, 4,42%. '"H NMR (200 MHz, CDCls, & ppm): 0,97 (d, 12H, /4y =
5,60, C®'Hs), 1,29 (t, 6H, *Jun = 7,20, C°Hs), 1,60-2,10 (m, 6H, C*H,, C°H), 2,97 (m,
4H, C'H,), 3,46 (g, 2H, C*H), 4,29 (m, 4H, C®Hy,). 6,65-6,95 (s, 2H, NH). **C NMR (50
MHz, CDCls, & ppm): 13,8 (C°Hs), 21,4 (C*Hs), 23,6 (C°H), 38,9 (C*H,), 50,4 (C'Hy),
62,2 (C*H), 63,1 (C®H,), 171,9 (COOR). IR (cm): 3132, 2961, 2872, 1731, 1470, 1371,
1329, 1247, 1198, 1126, 1027, 909, 852, 744.
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[PtCI4L2]'H,0O: IIpunoc 92,430 mg, 61,75%. EnemeHTanHa aHajwW3a: M3padyyHaTo 3a
[PtC14{(S,S)-ProeddI}] = C20H4N,04ClsPtH20: C, 33,02; H, 5,82; N, 3,85%. Haljeno: C,
32,84; H, 5,70; N, 4,03%. '"H NMR (200 MHz, CDCl; & ppm): 0,95 (d, 12H, *Jun =
7,80, C®"Hs), 1,01 (t, 6H, %Iy = 4,60, C*°H3), 1,60-2,10 (m, 6H, C*H,, C°H), 1,71 (m,
4H, C°H,), 3,02 (m, 4H, C'H,), 3,46 (q, 2H, C*H), 4,22 (m, 4H, C®H,), 6,10-6,70 (s, 2H,
NH). **C NMR (50 MHz, CDCls,  ppm): 10,4 (C*°Hs), 21,6 (C®"Hs), 23,2 (C°H,), 24,9
(C°H), 25,9 (C*H,), 38,7 (C'H,), 59,9 (C*H), 68,9 (C°H,), 168,8 (COOR). IR (cm™):
3133, 2962, 2874, 1734, 1472, 1395, 1329, 1254, 1197, 1128, 1058, 933, 744.

[PtCI4L3]: TIpunoc 98,740 mg, 65,07%. EnemenTanHa aHamu3a: H3pavyyHaTO 3a
[PtCL{(S,S)-Buseddl}] = CyHasNoO4Cl4Pt: C, 35,83; H, 6,01; N, 3,80%. Haljeno: C,
35,75; H, 5,53; N, 4,00%. 'H NMR (200 MHz, CDCls, & ppm): 0,91 (d, 12H, %/ =
5,60, C®'Hs), 0,98 (t, 6H, *Jun = 6,20, C*Hs), 1,38 (m, 4H, C°H,), 1,58-2,04 (m, 6H,
C*H,, C°H), 1,67 (m, 4H, C°H.), 3,05 (m, 4H, C'H,), 4,24 (m, 2H, C°H), 4,54 (t, 4H,
C®H,) 6,60-6,90 (m, 2H, NH). *C NMR (50 MHz, CDCls, & ppm): 13,5 (C'Hs), 18,9
(C®"H3), 21,4 (C™H,), 23,1 (C°H), 24,9 (C°H,), 30,1 (C*H,), 39,1 (C'H,), 62,3 (C*H),
66,8 (C®H.), 172,1 (COOR). IR (cm%): 3129, 2960, 2872, 1731, 1466, 1390, 1330, 1250,
1196, 1126, 1064, 937, 834, 743.

[PtCI4L4]: TIpunoc 94,520 mg, 60,01%. EnemenTanHa aHaimu3a: H3pavyyHATO 3a
[PtCL{(S,S)-Peseddl}] = CasHigN204CLPt: C, 37,66; H, 6,32; N, 3,66%. Haljeno: C,
37,27; H, 6,43; N, 3,89%. 'H NMR (200 MHz, CDCls, & ppm): 0,91 (t, 6H, /i1 = 6,60
C'H3), 1,00 (d, 12H, *Jun = 4,80 C®'Hs), 1,33 (m, 8H, C*M*H,), 1,63-1,95 (m, 6H,
C*H,, C°H), 1,68 (m, 2H, C°H), 2,77 (m, 4H, C*H,), 4,16 (m, 2H, C*H), 4,20 (t, 4H,
C®H,). 6,10-6,80 (s, 2H, NH). *C NMR (50 MHz, CDCls, & ppm): 13,9 (C'?H3), 22,1
(C®"Hs), 22,2 (C™H,), 22,3 (C'°Hy), 24,6 (C°Hy), 27,8 (C°H), 28,0 (C*H,), 39,5 (C'Hy),
52,3 (C?H), 66,9 (C®H,), 170,0 (COOR). IR (cmY): 3231, 2959, 2871, 1739, 1467, 1401,
1228, 1193, 1133, 1046, 961, 729.
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3.3. MEPEBHA

3.3.1. EnemMeHTa/IHA aHAJIM3A

Enemenranue anamuse (C, H, N) cy ypahene y3 momoh CHNS-932 (LECO)
Elemental Analyzer unu Vario EL 111 C, H, N, S Elemental Analyzer.

3.3.2. UndpaupBeHu cnekTpu

WudpanpBenu criekTpu cy cHUMIJbeHH moMohy criekrpodoromerapa Perkin-Elmer

FTIR 31725-X u Perkin-Elmer Spectrum One FTIR (KBr textuka), (4000-300 cm ™).
3.3.3.'"H 1 °C NMR cnekrpn

'H 1 C NMR cnexrpu cauMann cy na Varian “Gemini 2000” (200 MHz) NMR

CIIEKTPOMETDY.
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3.4. PEHAI'EHCKA CTPYKTYPHA AHAJIU3A

3.4.1. O,0"-Junponmia-(S,S)-erunenauamMur-N,N'-qu-2-(4-meTn)-
-nmeHTaHoar yuxuapoxiaopusu, (S,S)-Preddl-2HCI

benuvacTi MpOBHIHK KPUCTAIM TIOTOJHU 32 PEHIAICHCKY CTPYKTYPHY aHAJIU3y
nobujenu cy pactBapameM (S,S)-Preddl-2HCI y mTo mame Tormie Boje U CTajambeM
pacTBopa HEKOJIMKO J]aHa Ha COOHO] TeMIepaTypH.

[Moganm 0 MOHOKpHCTANy MPHUKYIUbeHH cy Ha audppakromerpy CrysAllis CCD
[91] xoju je cmyxkuo 3a oxpehuBame mapamerapa jenuHH4YHE henuje ¥ MPUKYIIbAHkE
MHTeH3uTeTa AuppakuuMoHuxX Makcumyma. Kopumheno je CuK/a (A = 1.54184 A)
3pauemke MOHOXPOMATH30BaHO TpadUTHHUM MOHOXpomaropoMm. KpucramHa crpykrypa
pelieHa je AMPEKTHUM Meroxama Kopuinhewem Sir2002 [92,93]. Anuzorpomnuja
HajMamKX KBajapata peannsoBana je y3 SHELXL-97 [94]. T'eomerpujcku npopadyHu cy
ypahenu ca PARST97 [95], a monekyscku rpadunu ca ORTEP [96], 1 Mercury [97].

JletasbHUjU oAy natu cy y Tabenu 5.
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Ta6ena 5. OcHoBHu kpuctanorpadceku nogaiw 3a (S,S)-Proeddl-2HCI

EMHI/IijCKa (bOpMyJIa Czo C|2 H42 04 Nz
M 445,469
Temneparypa (K) 293

TanacHa ayxuna (A) 1,54184
Kpucranuu cucrem Terparonaian
[Ipoctopna rpyna P4,

a(A) 16,562 (2)

b (A) 16,562 (2)
c(A) 5,224 (1)

a(®) 90

£ () 90

7 (%) 90

V (A% 1432,9 (3)

VA 2

2 (mm™) 2,215

F(000) 484

Bennunna kpucrana (mm) 0,0702 x 0,0235 x 0,0111
N3mepene pedaekcuje 8570
HeszaBucue peduekcuje 2869

R(int) 0,0663

R1, WR2 [1 > 26(1)] 0,0769, 0,1911
ATICONTyTHH CTPYKTYpPHH TIapaMeTap 0,05 (6)

3.5. DFT TIPOPAYYHMU

I'eomerpuje cBuX cTpykTypa cy motmyHo ontumu3zoBane DFT wmeromom, mpu
YeMy C€ eJEeKTPOHCKAa EHEeprhja ONTHUMH3Yyje Yy OJHOCY Ha EJIEKTPOHCKY TYCTHHY.
W3pauyHaBama Ccy u3BefcHa kopuiihemem mporpama Gaussian 03 [98]. Cee crpykrype
cy ontumuzoBane kopuctehu MPWI1PW9I1 ¢ynkumonan [99]. ¥V mpopauyHmma je

ynotpedsben SDD 6asuc cet 3a cBe atome [100].
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3.6. IN VITRO AHTUTYMOPCKA AKTUBHOCT

3.6.1. heamjcke anHuje

Kao mmwpHe henmjcke nuauje y Hamem pany kopumihene cy: SW480 (hemwmjcke
JMHUje XYMaHOT KOJIOpEKTaHOr ajaeHokapuuHoma), MDA-MB-361 1 MDA-MB-453
(henujcke MuHKUje XyMaHOT KapIimHOMa ja0jke), Jurkat (akyTHa neykemuja T numdornura),
K562 (xponnuyna mujenougHa neykemuja) U kao CLL henmje (henuje xponuune B

auM(DOLIUTHE JIEYKEMH]je U30JI0BaHe U3 TiepudepHe KpBU 000JIeNNX).

3.6.2. XpaH/bUBH MeIUjyM

3a pact u ogpxaBame CLL henuja, Jurkat u K562 henujckux nunuja KopuinheH
je xpansbuBu MeanjyM RPMI 1640 ca 10% unakTuBHcanuM cepymom roseueta (FBS), L-
-TIIyTaMHUHOM, Tako Ja (UHaTHa KOHUeHTpauuja Oyne 3 mM, 3atum ca 100 IU/mL
nenummaa, 100¥g/mL crpentomunaa u 25 mM Hepesa, pH je momemeno Ha 7,2
OukapOoonatHuMm pactBopoM. 3a MDA-MB-361 u MDA-MB-453 henujcke nunuje
kopuirheH je MCTH MeAHWjyM, camo ca gojgaTkom riykosze 1,11g/L mommore. SW480

henuje cy pyruncku oapxxaBaice y DMEM menujymy.

3.6.3. Tperman heujckux JuHHja

HUcnutuBana jenumema cy Hajupe pactBopeHa y DMSO-y, nmo mTok
koHHeHTpanuje onq 20 mMM. Hakon Tora, jeaumema Ce Yy XpamHBOM MEIUjyMy
pa3bnaxyjy 10 oxaropapajyhux pagHMX KOHILIEHTpaiuja. ¥ TecToBHUMa 3a ojpehuBame
hemmjckor npexussbaBaba (MTT n KBR Tect) kopumthene cy Mukporutap miode ca 96

oynapuha (Nunc, Nalgene, Danska). henuje cy paBHOMepHO 3acejaBaHe y oareapajyhoj
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ryctunn. ['yctuna Jurkat henuja je 6una 15000 henuja mo 6ynapuhy y 100 puL momore,
MDA-MB-361 henuja 7000 henuja o Oynapuhy y 100 pL nomore, ryctuna MDA-MB-
-453 henmja 3000 henuja mo O6ynapuhy, y 100 uL mommore, rycrura K562 henuja 5000
hemuja mo 6ynapuhy y 100 pl mommore a SW480 henuja 5000 henuja mo Gynapuhy; xao
cierna mpoba kopuinheH je XpaH/bUBH MeIWjyM. 24 yaca HaKOH 3acejaBama henwja, y
Oynapuhe ca maiurauMm henmjama kao u y oxaromapajyhe cieme mpoOe, A07ato je 1o
50 pL mer paznuuuTHX KOHIEHTpAallMja UCTIMTUBAHKX jEeAHbEHA, a Ha KOHTpoJIHE hemnmje
u cuene npode, noxato je mo 50 pL cBexxer xpamuBor Meaujyma. Mzysetno, ko K562
henuja koje pacTy y CyCHEH3UjU, UCIIUTUBAHA jeU-CHa Cy JI0/laBaHa 2 yaca HAKOH
cahema y MukpoTtuTap IuiejToBe. DUHATHE KOHIEHTPALMje WCIUTUBAHUX [CIUHCHA
IPUMEHCHE Ha IMJbHE ManurHe henuje ome cy: 5, 10, 25, 50 u 100 uM ocum 3a SW480
henmuje: 1,60; 3,12; 6,25; 12,5; 25; 50 u 100 uM. henuje cy unkybupane 72 h y CO,
uHkyOaTtopy Ha 37 °C. Hakon unky6Oauuje, y cBaku OyHapuh je gomaro mo 20 pb MTT
pactBopa (5 mgMTT/mL PBS), a 4 h kacuuje je nogaro 100 uL pacteopa 10% SDSa.
Cneneher nana, abcopOanua je Mepera Ha 570 nm Ha ELISA uutauy. ¥ excnepumeHty
je mpaheH aHTHUNponauQepaTUBHU eQeKaT HCIUTUBAHUX jJeAHIemha y OJIHOCY Ha
KOHTPOJIHY TIpyly MAalWrHUX henuja paciux y CBeXeM MenujyMmy. henujcko
NIPEXHUBJbABAE j€ U3PAUyHATO TAaKO IITO ce abcopOaHIa y3opaka ca CIernoM MpodoM,
(As), omy3uma ox abcopOaHIie y3opaka ca Tpetupanum henujama (At), MTOMHOXH ca CTO,
U Ha Kpajy mojenu ca abcopbaniiom kouTpoie, (AK-AS).

S(%)= (At-As)x100 / (Ak-As)

ICs0 KoHIIEHTpanMja ce JeuHUIIe Ka0 KOHIEHTpaluja cyncradie koja 3a 50%

MHXUOUpa hennjcko MpeXnBIbaBamkhEe Y OJTHOCY Ha HETPETUPAHY KOHTPOITY.

3.6.4. CLL heanje

Xponnuna B nmumdonutna neykemuja, CLL-B je Hajuertha xpoHuuHa eykemuja
onpacnux y 3emsbama EBporie u CeBepue Amepuke. Kapakrepuiie ce akymynainujoM Ha

m3raen 3penux B mamdorura (IgM, IgD, CD23, CD19, CD20, CDS5) y kpBu, tumbHUM
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YBOPOBHMa, KOCTHO] Cp)KH, INTO je mpaheHo JeyKomuTo30M, JHUMQaICHOIATH]OM,
XETaTOCIUICHOMETATNjOM TUC(YHKIIMjOM KOCTHE CP)KH, PEKYpEHTHHM HH(EKUIujama H
4ecTo ayTouMyHCKUM nopemehajuma (16 pesujcku npukas). Oxo 80% CLL je yapyxeHo
ca KapaKTepUCTUIHUM XpoMo3oMcKkuM abeparjama (13q14 koju campke 2 miRNA mir-
-15a mirl6-1; 11g23 xoju komupa ATM; 17p13koju xoaupa p53). Takohe nmpucyrhe cy
enureHeTcke mnpomene: xumomermnanyja BCL-2; mernnanuja mpomoropa 3a DAPKI,
MOJIEKyJIa KOju y Cllydajy cTpeca henmje, HeqocTaTka (hakTopa pacta W3a3uBa armomnTo3y
Wi ayrodarujy y 3aBucHocTH o1 henmuje u okpysxerma [101].

Caaka Tepanujcka mepa CLL npaheHa je pa3BojeM pesucteHuuje. Pesucrennuja
CLL henwmja je 3a cama HajOOJbE MTOBE3aHa ca JICTCIUjoM WK abeparujoM pS3, manujeHT:
KOjU MMajy MyTallMje€ Y OBOM I'eHy Cy PE3UCTEHTHH Ha TEpaIujy U UMajy JIOUTy IPOTHO3Y
[102]. PesucreHuuju AOMPHHOCH M IENyJapHO MHUKpookpyxkewe, CLL hemuje 1o
M30JIalUjU U3 MalujeHTa Bpio O0p3o ynasze y anonrto3y. CLL unTeparyjy ca henujama u
conyounmauM (pakropuma y nauM(HOM YBOpY M Tako 100Hjajy mposmpepaTuBHE H
antuanonToroyHe curHaine. [lokazano je na je unrepakmuja CD40:CD40L mopen
curnana ca BCR-a BaxHa 3a nponudepanujy CLL henuja. In vitro ce passuja 100 myrta
jada pesuctenuuja Ha Bcl-2 unxubutope ako ce CLL henuje xyntusumy ca henujama

KOj€ IMUTHUPAjy BUXOBO MPUPOTHO MHUKPOOKpYxere [103,104].

3.6.5. OapehuBame hesmmjckor npexxuB/HLaABAKHA

3.6.5.1. MTT mecm

MTT Tectr je Merona KOjOM ce HHAMPEKTHO ofpelyje BujabuimHocT henmja
[105,106]. MTT (Cnuka 17), 3-(4,5-mumernnrnason-2-ui)-2,5-1udeHUITeTpa3onnym
opomun (Sigma Aldrych, Hemauka), je kpuctain skyre 00je, pacCTBOPJbUB y BOJIH, KOjU
300r MO3UTHBHOI HaeJeKTpucama JIako mposiazu Kpo3 hemmjcky MmemOpany. VY
MeTabonuuku akTUBHUM henujama ce MTT peaykyje 10 HeconyOMIHMX JbyOMYACTHX

kpucrtaga (Qopmaszana (Crmuka 18). MutoxonapujaiHa peaykTasza (CyKIIMHAT
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JNEeXUAPOTreHas3a), akTUBHA caMO y XMBHM henujama, KaTalu3yje OBY peakiujy, ma je
peayKija MPBOOMTHOT jelui-ela A0 (GopmasaHa AUPEKTHO MPOIMOPLHOHAHA Opojy

*uBUX henmja.

/8~ CHy
<\_> /"_N %"“fh 3
\_/ \N:N & }

N

Cnuxa 17. Xemujcka ctpykrypa MTT
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Cnuxa 18. OcHOBHa CTPYKTypa TeTPa30JIMjyMCKE COJIM U HbEHa pelyKiuja 10 00ojeHor
¢dopmazana. Mime TeTpasonmjym moTHYe OJ MPHCYCTBAa YETHPH A30TOBAa aToOMa y METOUWIAHOM
npcrery. R', R" u R"™ cy cyncTuryeHTH Koju 3aMmemyjy TJIOMasHy CTPYKTYpHY Gopmyiy
tetpasonujymcke conu. (Ciuka 17) Oamax HaKOH PeIyKIIHje TETPa30JIijyMCKH IPCTEH Ce 0TBapa
W KBaTepHapHM aMUH CE€ KOHBEPTYyje Yy TepLHjapHH aMUH. JeaaH O aMHHA ce Be3yje 3a aToM
BOJIOHHKA.
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Edexar ucnutuBane cymncranue ce oapehyje nopehemwem nHTeH3UTETa 00j€ KOJU
najy hemuje wmsnmaraHe camMo MEIUjyMy W HWHTCH3UTETa KOjU 1ajy henuje wuznaraHe
ucnutuBaHoj cymnctanud. @Popmupanu QopmazaH ce pacTBapa |y OpPTraHCKUM
pacTBapaunMMa W HMHTEH3UTET 0oje ce oxapelhyje cnekTpodOoTOMETPHjCKH Ha TajacHO]
Ty>kuHu o 570 nm.

VYTHnaj ucnutuBaHUX Komiuiekca Ha BujadbmimHocT DPSC henmja je ompehuBan
MTT tecrom. henuje y eKCIOHEHIH]jamHOj a3y pacTta cy MPHUKYIUbeHE U3 ¢uiacka a opoj
je onpehen kopumihermsem Neubauer-oBe komope y3 HCKJbyuerme MPTBHX henuja Tj.
henuja 060jeHux Tpumas miaaBuM. Tpuman maaBo je 60ja Koja MOXke Ja mpohe caMmo Kpo3
omreheny henujcky memOpany HeBujabuimHNX henuja u 60ju TUTOILUIA3MYy, JAOK je KO
BujabuinHux henuja oBa moryhuHoct wuckibyuena [107]. Thenwmje cy pasbOnaxkene 0
rycrune 3x10* hemuja/mL. V Mukporutap miode ca 96 otBopa je cumano 100 pL (3.000
henuja) cycnieHsuje o oTBopy. Y nocebHe oTBOpeE je cumaH Meaujym Oe3 henuja kako Ou
ce oJpeauiia ONTHYKa TyCTHHA caMOor MeAmjyma, ciena npoba. Ilmoua ce mpexo HOhm
uHKybupana Ha Temneparypu og 37 °C u y npucyctBy 5% CO,. 3a 24 cata cy ce henuje
noJienuiie, ma je MeAMjyM OAJUBeH U 3amemeH ca 100 pl paacTBOpa HMCHUTHBAHOT
KOMILIEKca. 3a CBaKy KOHIEHTpauujy paheH je Tpurumkar. Y KOHTPOJHE OTBOpE je
MIOHOBO CUMNaH YUCT MeaujyM. [Inoya je maKyOupana 72 caTa 1oJi ICTUM YCJIOBUMA.

ITo ucrexy 72 cara, u3 cBux OyHapuuha je yKJIOWEHa TEYHOCT M J0JaTO je MO0
100 pL grcror DMEM-a ca 15 % MTT pactBopa (5 mg/mL y PBS-y, Pxosphate buffer
saline). Ilmoue cy uHKyOHupane jorr 2 10 4 cara. [To ucTeky WHKyOanuje MEAUjyM je
OJNTMBEH M Yy CBaKkH OTBOp je cumaHo mo 150 puL aumernn cyndoxcuaa (Sigma Aldrich,
Hemauka) m 20 plL rmumuackor mydepa (pH=10,5). Ilmode cy BopTekcoBaHE IO
pacTBapama KpucTana ¢opMasaHa W ONTHYKAa TYCTHHA Yy30paka je MepeHa
MYATH(QYHKIMOHATHUM 4YHTa4eM MuUKpotuTap Iuiouda, Zenytx 3100. IIpomenar
BUjabuimHUX henuja je u3pauyHaT Ha OCHOBY ¢opmyne: % BujabunHux henuja =
(E-B)/(K-b)*100; E - o3HauaBa OTBOp ca MCIIMTUBAHHUM CyIICTaHIaMa; b — ciemna npoba;

K -otBOp ca HeTpeTupanum henujama.

61

Jloxmopcka oucepmayuja Jenena M. Byjuh



Excnepumenmannu oeo

3.6.5.2. Kpucman euonem — Konopumempujcku mecm

henujcka OOPKUBOCT HAKOH H3JIAaramka TECTHPAHHX [CIUICEa MEpeHa je
KoJiopuMeTpujckuM TecToM — Kpuctan Buosner. CLL henuje momemane cy ca meaujymom
1 x 10° hemuja/mL, amuxsoruma (5 x 10° henuja/100 pl) ¥ cMelITeHH y MHKPOTHTAp
io4e ca 96 oTBOpa M MHKYOHMpaHe pa3IMYUTHM KOHIIEHTpanujama y pactony o 250 pM
no 8,4 uM na 37 °C y 5% CO,. Hakon 72 carta henuje cy HakoH oarosapajyhux
TpeTtmana ucnupane PBS-om kako Ou ce oxactpanmie MpTBe henuje. Ycimeauna je
¢dukcanuja 3ayersbeHux henuja meranonoM 10 MmuHyTa Ha COOHO] TEMIepaType, a TOTOM
u 0ojeme Tako Gukcupanux hemmja pacrsopom Kpucran Buonera (0,05%) y tpajamy on
10 muHyTa Ha COOHOj Temreparype. Hakon Tora cy OyHapunhu WHTCH3MBHO MCIHPAHU
BOJIOM, J1a Ou ce oJcTpaHuiIa cBa 0oja Kojy HUCY npuMuie ¢pukcupane henuje. OnTuuka
rycTuHa je MmepeHa Ha 595 nm Ha nmerektopy Zenyth 3100 a HHMTOTOKCHYHOCT je

n3pauyHaTa kopuctehu ucty popmyiny xao u 3a MTT Tecr.

3.6.6. Tect 3a kBanTHUKanujy anonto3e (AnnexinV/Pl)

AnonTo3y KapakTepHile TpaHcilokanuja ¢pochaTuania cepuHa ca yHyTpallmbe Ha
crnospally crpany henujcke memopane. Annexin V-FITC je dayopecrientHa npoba koja
ce Besyje 3a pocharuaun cepuH, u3noxkeH Ha henujckoj memOpanu. [Iponuanjym joaun,
Pl ce Besyje 3a JJHK mnpucyrny y henuju camo yKOJIMKO je HMHTErpuTeT henujcke
MemOpane HapyiieH. Cmatpa ce na cy Annexin V (-); Pl (-) henuje sxuBe, annexin V (+);
Pl (-) henuje cy y panum (azama anontose u Annexin V (+); Pl (+) cy y kacaum ¢azama
amonrroze [108]. V excnonennujannoj ¢asu pacta cy henmje mpecejane Ha 9 HOBUX
¢nackoBa. Kana cy henuje npekpuie 70% nHa ¢driacka, MEIHjyM je 3aMEHEH PacTBOPOM
KoMmIuiekca y Menujymy. Konrponne henuje Hucy usnarane KOMIUIEKCHMA, MEIUjyM je

3aMEmEH CBEXXMM KOMIUIETHUM MeaujymoM. HakoH 24 cata u3m0KeHOCTH KOMIUJIEKCUMA
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henmnje cy mnpykmbeHe U3 QuiackoBa, ompaHe 2 MyTa y KOMIUIETHOM MEIUjyMy H
pecycnienoBane y nydepy koju omoryhasa BesuBame Annexin-a V (10X nydep: 0.1 M
HEPES, pH 7,4; 1,4 M NaCl; 25 mM CaCl,) no rycrune 1.000.000 hemxuja/mL. Y 100
puL TakBe cycmensuje momato je mo 5 pl Annexin-a V (BD Pharmingen, Cjenumene
Hpxase) u 5 puL Pl (50 pg/mL PBS-a) (Sigma Aldrich, Hemauka). ITocie ucreka 15
MUHYTa WHKyOanuje Ha COOHOj TeMmreparypu W y Mpaky, momaro je mo 400 pL 1X
nydepa 3a BesuBame. Ananusupano je 20000 morahaja na Facscalibur BD nporounom

UTOMETPY, a mojanu cy oopahenn y Winmdi 2.9 nporpamy.

3.6.7. Anaau3a heaujckor mukJjiyca

[wbhe henmuje (MDA-MB-361 1 MDA-MB-453 ka0 u Jurkat u K562 henuje) cy
aHaJTM3UpaHe KOPUIINEHEM MMPOTOYHOT IIATOMETPa HAKOH 0Ojera MPOIUIAH]YM JOIHIOM,
(PI) (Ormerod 1997.) (Becton Dickinson FAC-Scan flow cytometer, Becton Dickinson,
San Jose, CA, USA) 3a Mepeme edekTa CHHTETHCAHUX jeAHmCHa HAa TUCTPUOYLH]Y
henmjckor nukiyca.

OBa MeTofa je 3acHOBaHa Ha OCOOWHHU TMPOMHUAUJYM JOAHMAA Jla WHTEpKaIUpa y
3aBojuunly JIHK unMe ce Ha OCHOBY KOJMYMHM Be3aHe 00je, Koja je MpoIoplLHOHAIHA
komnunan JIHK, henmje passpcraBajy mo ¢azama henujckor muxmyca. Ilogaum ce
100Mjajy METOZIOM MPOTOYHE IUTO(IyopuMeTpuje, a nuctpudbynuja henuja no dazama
henujckor nukiIyca ce ounTaBa Ha XUCTOTPaAMY.

Hupae henuje (3x105 henuja) cy rajeHe y xpamuBoM Menujymy y six well plejtu
TokoM 24 h wmukyOammje y CO; unkybaropy. Hakon Tora, agxepentHe hemuje cy y
eKCIIOHEHIMjaTHO] (a3l pacTa U3JIOKEHE JEjCTBY HWCIUTHBAHUX JEIUIEHA Y
konnenTpanuju 1Csg, mpu gemy je 1Cso onpenena kopumhemem MTT tecta. Kon henuja
Koje pacty y cycnensuju (K562 henuje) ucnutuBaHa jenumema Cy JojaBaHa 2 yaca
HaKoH caljema y miejToBe ca mect orBopa. henuje cy nuukyoupane y CO, uHKyOaTopy Ha
37 °C, y XpambUBOM MeIUjyMy ca Wih 0e3 HCHUTHBAaHUX jeumema, 24 h. Hakon Tora,

henuje cy mocmarpaHe MoJi CBETJIOCHUM MUKPOCKOIOM, MPHUKYIJbEHE Y EMPYBETY U IO
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nmoTpedu TpUIICHHHU3UpaHe, a 3aTuM neHTpudyrupane Ha 2000 rpm, 10 munyra. Tamor

henuja je pecycniennoBan u uctpas y pocheraom mydepy (PBS)-y.

3.6.8. [Ipunpema y3opaka 3a anajau3y hejujckor nukiayca Ha

NPOTOYHOM HUTOMETPY

Tamor anHamm3upanmx hemwuja, (H0OMjeH W3  NPEAXOJHOT  HCIHPAFHA)
pecycnennoBad je y 200 pL PBS-a u ¢ukcupan ca 2 mL nenenor 70 % eraHona y3
Melame Ha BOpTeKcy. henmuje ce MHKyOHMpajy y €TaHoily M Ha Jieay MUHUMainHo 30
MUHYTa, a TaKO NPUIPEMJbEHH Y30pLH MOTY C€ 4YyBaTH Helesby JaHa mpe 0ojema H
aHaJIM3e Ha MPOTOYHOM muToMmeTpy. Hakon dukcamnuje, hemuje ce jour jeqHoM ncmpajy
y PBS-y, cynepnarant ce omuje, a tanor pecycnenayje y 800 pL PBS-a. 3atum ce
y3opuu uHKYOHpajy 30 muuyra Ha 37 °C y mpucyctBy 100 pL pactBopa RNaze A
(xonnentparmje 1 mg/mL). Ha kpajy, Hakon tpetmana RNazom A, y y3opak ce jgonaje
100 pL pactBopa nporuaujym joauaa (PI) (Becton Dickinson FAC-Scan flow cytometer,
Becton Dickinson, San Jose, CA, USA) konuentpanuje 400 pg/mL. O6ojeHa cycniensuja
henuja, npeaxoaHo npomyhkaHa Ha BOPTEKCY, aHAJIU3UPaA C€ HA IPOTOYHOM LIUTOMETDY.
Amnanuza hemujckor muknyca 1 DNK cagpxkaja ypaheHa je Ha IpOTOYHOM LIUTOMETPY
(Becton Dickinson FAC-Scan flow cytometer, Becton Dickinson, San Jose, CA, USA), a
DNK xwucrorpam je anamuszupan kopunihemem CellQyestR codtepa, 3a MuHUMYM

10000 henuja mo y30pKy.
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Peszynmamu u ouckycuja

4.1. CUHTE3E JIMT'AHA 1A

4.1.1. Cunre3a (S,S)-ermaenauamu-N,N'-1u-2-(4-MeTHi1)-neHTaHCKe

kuceaune, (S,S)-Hyeddl

(S,S)-erunenanamun-N,N'-u-2-(4-meTwin)-ientancka kucenuna, (S,S)-Hqeddl, je
N00MjeHa y peaknuju HaTpujymMoBe coyin S-meyiuHa W 1,2-mubpomerana [90].
[Monemasamem pH pacTBopa oMoryheHo je TajaoKerme U3 MaTHYHOT PacTBOpa y OOJIHUKY
"zwitter" jona. Jlobujena (S,S)-H.eddl xucenuHa je mpekpucranucaHa U3 jako KHCeEIe
cpenune (pH~1) y3 momaTak KOHIIEHTPOBAHE XJIOPOBOJOHWYHE KHCEIHHE MPU YEMY je

HaBeJIeHa KHCEJIHHA M30JI0BaHa Kao JUXHAPOXJopua mMounoxuzapar, (S,S)-H.eddl-2HCI-
H,O (Illema 7.).

Hlema 7. Ctpyxrypa (S,S)-erunenguamud-N,N'-qu-2-(4-MeTrIT)-TIEHTAaHCKE KUCETHHE
auxuapoxiopuaa, (S,5)-H.eddl-2HCI
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4.1.2. Cunrese quaakuia R,eddl2HCI ecrapa (S,S)-ernnenauamun-N,N'-

-qu-2-(4-MeTH1)-NeHTAaHCKe KHCeJTHHe

Huankun ectpu, (S,5)-R.eddl-2HCI (R = Et, n-Pr, n-Bu, n-Pe), nobujern cy
peakuujoM onromapajyher amcoJXyTHOT aiKoxXxojsla ¥ THOHWI-XJOPHUZA a IOTOM
nonasameM (S,S)-Hyeddl muxuapoxiaopuaa, (Ilema 7) [109].

Peaknmja ce Takohe Moke ~W3BOAMTH M KJIAacMYHOM — DuiepoBom
ecTrepuuUKalMjoM, ca afcoJIyTHUM aJKOXOJIOM KOju je 3acuheH TacoBUTUM

xnmoposogonukom (I1lema 8.).

SOCl,, ROH, 16h 0o

) o
/< NH, C ROH, HCI S
wind -HCly Nuy

T

(S,5)-Hzeddl-2HCI (S,5)-R2eddl-2HCI
(R = Et, n-Pr, n-Bu, n-Pe)

Ilema 8. Cunresa O,0'-auankun ecrapa (S,S)-erunenauamun-N,N'-1u-2-(4-MeTHIT)-TICHTaHCKE

kucenune, (S,5S)-R,eddl-2HCI
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4.1.3. Cunrese nanagujym(l1), mmaruna(ll) u nimaruna(lV) kommniekca

Kommnexcn nanagujyma(ll), mnarune(Il) u mnatune(IV) cy nobujenn peaxiyjom
BOJICHUX pacTBopa Kanujym-rerpaxiopuaonanagata(ll), KaJuj yM-
terpaxyopuaomnatuHata(ll), kammjym-xekcaxmopunoruiatuHata(lV) u oarosapajyhux
ecrapa y MpUCYCTBY JIUTHjYM-XUIPOKCHIA Y MOJICKOM oniHOcy 1:1:2, mpu ueMy ce ecTpu
koopauHyjy OummenratHo k°N,N' 3a MeranHe joHe, mTo je mnpuKasaHo ciexchum

peakuujama (Llema 9.) [109-111]:

Ko[PACLy] + (S,5)-Raeddl-2HCI + 2LIOH — [PACL{(S,S)-Roeddl}] + 2LiCl + 2KCI +
2H,0

Ko[PtCla] + (S,9)-Roeddl-2HCI + 2LIOH — [PtCI{(S,S)-Roeddl}] + 2LiCl + 2KCI +
2H,0

K,[PtCls] + (S,5)-R.eddl-2HCI + 2LIOH — [PtCL{(S,S)- Roeddl}] + 2LiCl + 2KCI +

2H,0
(R = Et, n-Pr, n-Bu, n-Pe)
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ectpuma (S,S)-R,eddl-2HCI

Illema 9. Cunresa nanaaujym(l1), mmatume(Il) u mrature(IV) xoMiuekca ca oarosapajyhum

Jenena M. Byjuh
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4.2. AHOPAIIPBEHU CIIEKTPU

VY Tabenu 6 nate cy HajBaxXHHje Tpake Yy UHPPAIPBEHUM CIIEKTPUMA U30JIOBAHOT
(S,5)-Hzeddl muranma, omrosapajyhmx ecrapa kao u oxrosapajyhux mamamujym(Il),
wiatuHa(ll) u mnatunaa(lV) xommiekca. Y uH(paIpBEHUM CIEKTPHMa H30JOBAHUX
ecrapa youeHe Cy cienehe BaKHE allCOPIIIMOHE TpaKe: 3a CEKyHIapHE aMOHHUjyM TpyIie
v(RoaNHy"), 3a amkun rpyme v(CH,), ecrapcke rpyme v(C=0) u v(C-O). Ipummxom
KOOp/AMHAIMje 1oJa3u 10 popMupama cexkynaapHe amuHo rpymne. Y Tabenu 6. natu cy
MOJIOXKAJH TUX TPaKa 3a CBE M30JIOBAHE €CTPE M KOMILICKCE.

Nudpanpeenu crekTpu ecrapa U KOMILIEKCa MOKa3yjy ojarorapajyhe Tpake koje
Cy Yy CKIaay ca HHUXOBHM IPETIOCTABJbEHUM CTPYKTypama. Tpake Koje oJroBapajy
CeKyHIAapHUM aMOHHjyM Tpylama 3a e€CTpe Cy y CIEKTpHMa KOMIUIEKCa Ha TaJaCHUM
OpojeBUMa KOjU OAroBapajy CEKyHIAapHUM aMHHO TpylamMa, IITO YyKaszyje Ha
KOOpJIMHAIIHM]Y MPEKO aToMa a30Ta. Tpake Koje MOTUYY O]l aCHMETPUYHHX BaJICHIIMOHHX
BHUOpanuja kapOOHUIIHE IpyIe Hajla3e ce Ha MPUOIMKHO HCTUM BPEIHOCTHMA 3a €CTpe U
oxrosapajyhe kommrekce (1700-1750 cm™), mro morephyje mpermocraBky na Huje
JIOLUIO 70 KOOpJWHAIMje MpPEeKo aToMa KHCeoHHKa. MehyTum, pasiauuuTd MOJI0Kaju
Tpaka y uH@panpsenum cnektpuma (Tabena 6) koja motuuy ox -NH rpyna cyrepumry Ha
nenpotonoBame -NH," rpyma y ectpuma Roeddl-tunma kao u HHXOBO KOpAHHOBamE

IMPEKO a30TOBUX aTOMa OBHUX €CTapa 3aj0He McETaia.

Jloxmopcka oucepmayuja & Jenena M. Byjuh
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Ta6ena 6. Baxxnuje Tpake y nHQpanpBeHUM CIIEKTPUMa CHHTETUCAHUX JINTAHA/Ia M KOMILIEKCa

JInrana v(NH,") vw(CH,) v(C=0) v(C-O)
(S,S)-Hzeddl-2HCI 3451 2957 1579 1396
(S.5)-Et,eddl-2HCI 3457 2975 1737 1216
(S,S)-Proeddl-2HCI 3453 2966 1745 1210

(S,S)-Buzeddl-2HCI 3455 2963 1736 1209
(S,S)-Peseddl-2HCI 3452 2960 1736 1211
Kommieke v(NH) v(CH;) v(C=0) v(C-0)
[PtCI{(S,S)-Et,eddl}] 3132 2961 1731 1247
[PtC14{(S,S)-Proeddl}] 3133 2962 1734 1254
[PtC1{(S,S)-Buseddl}] 3129 2960 1731 1250
[PtC1{(S,S)-Peseddl}] 3231 2959 1739 1228
[PtCI{(S,S)-Et,eddl}] 3138 2959 1731 1247
[PtCI,{(S,S)-Preddl}] 3144 2961 1737 1238
[PtCI,{(S,S)-Buseddl}] 3139 2960 1736 1244
[PtCI{(S,S)-Peseddl}] 3131 2959 1735 1244
[PACI{(S,S)-Et,eddl}] 3088 2960 1739 1239
[PACI{(S,S)-Preddl}] 3143 2961 1739 1241
[PACI{(S,S)-Bu,eddl}] 3133 2960 1740 1241
[PACL{(S,S)-Peseddl}] 3139 2959 1741 1229

4.3.'"H M1 ®C NMR CIIEKTPH

VY Tabenu 7 mare cy BPEAHOCTH XEMH|CKHX MoMmepama (6 y ppm) 3a mojeauHe
rpyne y ‘H NMR (y omHOoCy Ha TeTpaMeTHICHIAH Kao CTaHAapa) M BC NMR
criektpuma 3a (S,S)-Hzeddl u onrosapajyhux (S,S)-Rzeddl ecrpe (L1-L4), (Hymepanuja
atoma je nara ma Cimm 16). Y H NMR criektprMa JHranazga IpeKypcopa CHTHAIM
MPOTOHA CBUX METWJ rpyna Hanaze ce y omncery ox 0,8 no 1,3 ppm. BogonukoBu atomu

CTUWJICHANAMUHCKOT ACJIa MOJICKYJIa HOKaByjy XCMI/IjCKa InmoMepamka Ha OKO 3,5 ppm, AOK
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ce curHanu 3a CH u CHj; rpyne jeynurHcKor gena MoJieKysia Hajlaze Ha oko 1,8 ppm. ¥V

1 .
H NMR cnekrpuma ectapa CUrHaJIM 3a BOJOHMKOBE aTOME CEKYHIApPHMX aMOHH)YM

rpyna Halhenu cy y omncery 9,5-10,5 ppm.

y BC NMR CIIEKTpHUMa OBHX €CTapa 3araxka ce jJa je Opoj curHaia je JIBOCTPYKO

MamHU OJf YKYIHOT Opoja YIJb€HMKOBUX aTOMa M3 4era ce 3ak/bydyje Ja je MOJEKYJ

cumerpudad. [lomepame Koje ce Haia3u Ha oko 170 ppm jacHO ykasyje Ha MPUCYCTBO

YIJBEHUKOBOT aToMa y okBHpy ectapcke —COOR rpyme.

Tabesa 7. Xemujcka nomepamba (S,S)-H,eddl u oarosapajyhux (S,S)-R.eddl ecrapa

(L1-L4) y '"H u ®C NMR crexrpuma, (Hymeparmja atoma je nata xa Cimr 16)

(S,S)-H,eddl L1 L2 L3 L4

1H 13C lH 13C lH 13C 1H 13C 1H 13C
C7h, 0,91(t) | 10,8
-C"H, 0,91(t) | 15,8 | 1,36(m) | 14,5
-C°Hs | 0,94(d) | 23,7 | 0,96(d) | 23,7 | 0,95(d) | 25,6 | 0,95(d) | 23,7 | 0,99(d) | 18,4
-C'Hs | 0,96(d) | 23,7 | 0,96(d) | 24,9 | 0,95(d) | 28,4 | 0,95(d) | 25,0 | 0,99(d) | 19,2
-C°H | 1,72(m) | 24,9 | 1,95(m) | 27,1 | 1,97(m) | 28,7 | 1,94(m) | 32,7 | 1,.96(m) | 25
-C™H, 0,93(t) | 14,0 | 1,38(m) | 21,5 | 1,36(m) | 19,6
-C’H, 1,31(t) | 16,1 | 1,76(m) | 25,1 | 1,69(m) | 27,2 | 1,74(m) | 21,9
-C*H, | 1,65(m) | 27,0 | 1,65(m) | 41,2 | 1,60(m) | 42,6 | 1,60(m) | 41,3 | 1,65(m) | 35,9
-C'H, | 3,18(s) | 42,7 | 3,49(s) | 453 | 3,51(s) | 46,6 | 3,47(s) | 45,4 | 3,53(s) | 40,0
-C°H | 3,75(t) | 56,3 | 4,17(m) | 62,2 | 4,15(m) | 63,7 | 4,15(m) | 62,2 | 4,22(m) | 57,0
-C?H, 433(q) | 66,8 | 4,25(t) | 73,6 | 4,30(t) | 70,4 | 4,32(t) | 655
-COO° 178,4 173,0 174,3 173,3 167,9
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Y 'H NMR criekTpuMa kKomruiekca manaaujyma(ll) curHamm 3a BOJOHHMKOBE
aToOMe CeKyHJapHHX aMOHHU]jyM Tpyna HalheHu cy y omcery 5.8-6.6 ppm (y nopehemy ca
L1-2HCI-L4-2HCI: 9.5 - 10.5 ppm). Curnanu CH; npoToHa 01 eTHICHIMaMHHCKOT Jeja
MOJIEKYJIa IOMEPEHH Cy Ka BHIIEM MarHeTHOM II0JbY Y OJHOCY Ha JIMTaHJe MPEeKypcope
(om 0,1-0,9 ppm), mro ykasyje Ha KOOPAMHAIIM]y A30TOBHX aTOMa 3a IIEHTPaJIHU
MeTanHu aroM. CHTHAJIM MPOTOHA MOPEKJIOM M3 CBUX METWJI Ipyla Hajla3e ce Y OICery
on 0,86 - 1,13 ppm 3a cBa jenmumema. Mehyrum, mpucycTBO N1Ba ceTa CHTHaia 3a
NpoTOHe Yy chekTpuMma komruiekca mnananujyma(ll) ykasyje Ha moctojame [Ba
nuacrepeonsomepa (Tabena 8.).

vy ¥C NMR CIEKTpMMa KOMIUIEKCA CUTHAJIM 34 YIJbEHUKOBE aTOME Yy OKBHPY
ecTapcke Trpyle Haja3e ce Ha NPHUOIMKHO HCTHM IIOJIOKajuUMa Kao M Yy CIEKTpUMa
nuranana npekypcopa oko 170 ppm, mrto nmotBphyje na HHMje AONLIO A0 KOOpJUHAIIM]E
KHCEOHMKOBUX aToma 3a IIEHTPaJIHU METaIHHU joH. Takohe, MpHCycTBO JBa ceTa CHTHala
y crnekrpuma nanaaujym(ll) komruiekca (y mpuOIHKHO jeTHAKOM OJHOCY) yKasyje Ha

bopMupame qruacTepeon3oMepa.
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TaGena 8. Xemmjcka momepama mamammjym(Il) xommrekca y "H n *C NMR cmextpuma,
(Hymeparmja atoma je nara Ha Crui 16)

[PACI,L1] [PACI,L2] [PACI,L3] [PACI,L4]
1H 13C 1H 13C 1H 13C 1H 13C
CPH, 0,91(t) 13,8
-CHMH, 1,08(t) | 13,6 | 1,33(m) | 22,7
13,7

C®Hs | 092(d) | 21,7 |0092(d) | 21,6 | 0,93(d) | 191 | 1,03(d) | 221

C'Hs | 0,94(d) | 22,7 | 0,92(d) | 21,9 | 0,93(d) | 19,1 | 1,03(d) | 221

C°H | 2,10(m) | 24,6 |2,05(m)| 247 |2,05(m)| 246 | 2,15(m) | 28,0

26,0 25,9

-CH, 1,07(t) | 104 |140(m)| 216 | 1,33(m) | 249
1,25 22,6

CH, | 1,28(t) | 141 |1,70(m)| 22,7 |[1,70(m)| 259 | 1.66(m) | 27,9
1,39 14,2 23,7 30,5

-C*H, |1,60(m)| 37,7 [1,65(m)| 37,8 [1,65(m)| 37,7 | 1,60(m) | 40,9
38,9 38,9 38,9

CH, |2,52(m)| 489 |254(m)| 489 |255(m)| 489 | 3.20(m) | 428
280 | 493 | 282 | 494 | 281 | 491 3,64

C’H | 3,48(q) | 59,6 | 348(q) | 59,6 |3,20(m)| 595 | 3,84(m) | 554
3,73 372 | 60,3 60,3

C®H, | 4,19(m)| 60,4 |4,08(m)| 67,1 | 412(1) | 65,3 4,19 66,0
433 | 616 | 425 | 672 | 428 | 655 | 4,23(t)

-COO 169,6 169,8 169,8 164,9
171,6 171,5 1715 172,3

Y Tabemn 9 u TaGemn 10 mara cy xemmjcka momepama y "H u *C NMR
criektpuMa 3a komiiekce rarune(ll) u miatuae(IV) ca HaBenenum ectpuma (L1-14).

Haheno je na cBaku aToMm MMa Jipyrauuje IoMepame, ITo je Mocaeula HacTaHKa jeTHOT
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nzomepa Y 'H NMR criekTpuMa koMmriuiekca miaatuHe(Il) curuanu 3a BOJOHUKOBE aToMe
KOjU TIpHIajzajy a3oTOBHM aTroMuMa Hahienm cy y omcery 5.2-6.8 ppm. V 'H NMR
ciekTpuma Komiuiekca muatuae(IV) curHamu 3a BOJZOHMKOBE aTOME KOjH MPUIIAAAjy
a30TOBUM aToMHuMa HaleHu cy y omcery 6.1-6.9 ppm. Curnanu 3a METHJICHCKE MPOTOHE
eTHJICHMaMHHCKOT JIela MOJIeKyJa Takol)e cy moMepeHH Ka BUIIEM MarHeTHOM I0JbY Y
ogHocy Ha juranne npekypcope (mo 0,1-0,9 ppm), mro ykasyje Ha KOOpAUHALIU]Y
a30TOBUX aTOMa 3a LEHTPAIHM MeTaqHU aToM. CUTHaIM MPOTOHA CBUX METHII Tpyla
Hanaze ce y oncery oz 0,86 - 1,13 ppm 3a cBa jequmema.

Y B3C NMR criekrprMa KOMILIEKCA CHTHAIM 32 YIJbCHUKOBE ATOME M3 ECTAPCKUX
rpyra Hajlaze ce Ha MPHOJMKHO UCTUM MOJI0XKajuMa Kao M y CIEKTPHMa JINTaHaJa OKO
170 ppm, mro yka3yje Ha TO Ja HHj€ JOILIO 10 KOOPAMWHAIM]e KHCEOHUKOBUX aToMma 3a

OCHTPAaJIHU MCTAJIHAU jOH.

TaGena 9. Xemmjcka nomepama mmatuna(ll) xommaexca y 'H u *C NMR cnextpuma,
(Hymepanja atoma je nara Ha Cauiu 16)

[PtCl,L1] [PtCI,L2] [PtCI,L3] [PtCl,L4]
1H 13C lH 13C 1H 13C 1H 13C
-C"H;, 0,91(t) | 13,9
-CHMH, 0,98(t) | 13,5 [1,33(m)| 22,2
-C°H; | 0,97(d) | 22,3 [093(d) | 21,9 |090() | 189 | 1,000) | 217
-C'Hs | 097(d) | 22,3 ]093d) | 21,9 |090(d) | 189 | 1,000) | 217
-C°H [205(m)| 257 [210m)| 258 |[204(m)| 231 [1,95(m)| 259
-CH, 1,03() | 104 [1.34(m)| 215 [1,33(m)| 237
-C°H, | 12900 | 139 [1,71(m)| 23,7 [166(m)| 249 |[1,75m)| 251
-C*H, |1,70(m)| 30,3 [1,65(m)| 296 |157(m)| 30,2 |[1,63(m)| 281
-C'H, | 238(m)| 51,7 [241(m)| 51,3 [305m)| 389 |[3,08m)| 51,3
-C’H | 3,01(q) | 616 |348(@q) | 603 |413(m)| 608 |412(m)| 61,0
-C®H, |4,29(m)| 682 |415(m)| 67,2 | 4,24(t) | 66,5 | 4,23(t) | 658
-COO" 171,5 171,5 168,9 171,5
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(aymepanuja atroma je nara Ha Cavnu 16)

Peszynmamu u ouckycuja

KOMILJIEKCa Y 'H u ®C NMR CIIEKTPUMA,

[PtCl,L1] [PtCl,L2] [PtCl,L3] [PtCl,L4]

1H lSC 1H 13C 1H 13C 1H 13C

-CPH,4 0,91(t) 13,9
-C'H, 0,98(t) | 135 [1,33(m)| 22,2
-C°H; | 0,97(d) | 21,4 |095d) | 216 |0091(d) | 189 | 1,00d) | 22,1
-C'Hs | 0,97(d) | 21,4 |095(d) | 216 |0091(d) | 189 | 1,00d) | 22,1
-C°H |[2,05(m)| 236 [210m)| 249 [204m)| 231 [1,95m)| 278

-C™H, 1,01(t) | 104 [1,38(m)| 21,4 [1,33(m)| 22,3
C°H, | 1,29(t) | 13,8 [1,71(m)| 232 [1,67(m)| 249 |[168(m)| 246
-C'H, [1,70m)| 389 [1,65(m)| 259 |[1,58(m)| 30,1 |[1,63(m)| 28,0
-C'H, [297(m)| 504 [302(m)| 387 |[3,05m)| 391 |[277(m)| 395
-C°H [ 346(q) | 622 |346(q) | 59,9 |[4,24(m)| 623 [416(m)| 523

-C°H, [4,29(m)| 631 [422(m)| 689 | 454(t) | 66,8 | 4,20(t) | 66,9
-COO 171,9 168,8 172,1 170,0
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4.4. KPUCTAJIHA CTPYKTYPA
0,0"- TUITPOIIMNJI-(S,S)-ETUJIEHIUAMMH-N,N'-JTH-2-
-(4-METWJ1)-TEHTAHOAT JUXUIPOXJIOPHUJIA,
(S,S)-Preddl-2HCI

PenarenckoM cTpyKTypHOM aHain3oMm noTBphena je crpykrypa O,0'-gunponmi-
-(S,S)-erunenmuamuu-N,N'-1u-2-(4-metun)-nientanoar  guxuapoxiopuaa (Ciumka 19)
[112]. (S,S)-Preddl2HCI kpucramuiie y TeTparoHaJHOM KpPUCTAJIHOM CHUCTEMY, ca
npoctopHoM rpyniom P4,. Oca apyror pena koja mpoja3u Kpo3 ISHTap C10-C10', (i=-x
+ 1, =Y, Z), OJIOBK MOJICKYJI Ha JIBC MJICHTUYHE jeauHuIe. [I03UTHBHO HACICKTPHCAHE
MOJIEKYJIa €CTpa je HEYTpaliCaHo XJIOPUAHMM aHjoHuMa. M3abpane myxune Besa (A) u
yriaoBu Be3a (°) matu cy y Tabemu 11. Ilpema BpegHOCTMMa TOP3MOHUX YIIIOBA
C7-C6-C5-N1, C6-C5-N1-C10, C5-N1-C10-C10' u N1-C10-C10'-N1', (i = —x + 1,
=Y, Z), kKoju ¢y y pacrnony ox —167,2(9) mo —178,8(8)° xoudopmarmja anmndarnaHux
JaHala je omnucaHa Kao moTmyHo u3ayxkeHa. Atomu C5/C6/C7/N1/C10 ¢parmenata cy

xo-1anapuu ca 0,037(6) A.

Cnuxa 19. Ctpykrypa monekyina (S,S)-Pr.eddl-2HCI
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Ta6esna 11. Onabpanu reomerpujcku napametpi (S,S)-Proeddl-2HCI

Jyxune Be3a (A) VYrioBu Be3a (°)

C4-01 1,479(18) C5—-C6—C7 113,5(6)
C4-02 1,324(10) C4—C5-N1 107,0(6)
C5-N1 1,491(8) C5-N1-C10 115,8(5)
C5—C6 1,541(9) 01-C4-02 125,7(9)
C6—C7 1,531(9) C5-C4-01 127,4(8)

Mornekyncka koHpopmanuja je cTadWIM30BaHa JBEMa MPUIUYHO cIabum
MHTPAMOJICKYJICKUM BOJIOHMYHUM Be3ama Hactanux u3Mely N—H u3 nnamuna u C—H u3
M30MIPOITWII TPpyTa U KHCeOHUKa u3 ectapcke rpyne (Tabena 12). ¥V nmakoBamy KpucTayia
JOMUHHPAjy BOJOHMYHHE Be3e HacTajle wu3Mel)y MOMEHYyTHX KOMIIOHEHTH, a30Ta
npotoHoBaHe amuHo rpyne u Cl anjona. O6e N—H amuHO rpyne ydecTByjy Yy
BOJOHHYHOM BesuBamy. OBe aBe Beoma jake N—H--Cl wunrepakimje (Tabema 11)
noBe3yjy monekya. [lopen N—H:--Cl BogoHm4yHmx Be3a, MOJIEKynu cy MelycoOHO
noBe3ann C5—H--O1 wuntepakimjama (Cnuka 20(a)). Mako ce C5—H--Ol cmarpajy
CEeKyHIapHUM HHTEepaKInjaMa, UlaK oKasyjy nmoBosbHa ycmepema (Tabena 12).

Ha coumu 20(6) mpukazaHo je Qopmupame TPOAUMEH3UOHATIHE IOPO3HE

CTPYKTYpE, ca IMapajeIHUM KaHaJuMa IPOIIUPEHUM y C CMeEpYy.

Tabena 12. leomerpuja BonoHn4HUX Be3a (A, ©).

D-H DA H-A |D-H-A
C7-H7...02' 0,98 3,111(11) | 2,57 114
C10-H10a...01' | 0,97 3,119(10) | 2,58 115
N1-Hla...CII' 0,90 3,133(8) |2,25 166
N1-H1b...Cl1" 0,90 3,106(8) | 2,25 158
C5-H5...01" 0,98 3,303(10) | 2,35 164
i=—x+1,-y,z
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» S -
220 %" Yoo O
AL ‘. PN .n‘A

(6)

Cnuxka 20. (a) Untepmonekysicke N—H...Cl u C—H...O Bomonuune Bese. (6) Jleo

TPOAUMCH3NOHAIHEC IMOPO3HE KPUCTAITHE CTPYKTYPC MOJICKYJIa
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4.5. DFT IPOPAUYYHUA

Jla Ou ce MCTpaxmia CEICKTHBHOCT Tpaljera HMCKIbBYYHMBO jETHOT H30MeEpa y
ciydajy komiiekca miatuae(ll) u xommiuekca miatuae(1V) pahenu cy DFT npopauymm.
(S,5)-R2eddl nuranau xoopaunyjyhu ce 3a jone miatude(ll) u mnarune(IV) Teopujcku
najy moryha tpu aujactepeonsomepa (R,R), (R,S) u (§,5).

OntumusoBane cTpyktype komiuiekca ruiatuae(ll) nmpukasane cy na Crmkama

21.u 22.

R R R
3 3 N H
Rooc/(s)\(R) H o ROOC/S)\(S) " o R'ooc/(s)\(’\'ls{\\\ .
7
Cp———— [ Pt — [ Pt — “pt
~ci N al
ROOC\(\((R) H R'OOC (S)/(s) H R'OOC ($/(r)'H
R R
(RR) (S,S) (R,S)

R =i-Bu; R' = Et, n-Pr, n-Bu, n-Pe

Cnuxa 21. [lujactepeonsomepu komruiekca riatuae(ll).

W3spauynara crpykrypa komiutiekca [PtCl,L1], na npumep, nata je va Coaunum 19.
CTpyKType Cy y MOTIIYHOCTH ONTUMH30BaHE 0€3 MKAKBUX CHUMETPHjCKUX OIpaHHUYCHA U
npoHalleHO je Ja TpeacTaBibajy CTPYKTYpHY pPaBHOTEXY. M3pauyHaTa CcTpyKTypa
nokazyje nma je (R,R) (kondurypammja N aTtoma) amjacrepeom3omMep CTPYKTYPHO
M3BO/UBMBA 3a CBE KOMIUIEKce. 3a cBe wu3pauyHate crpykrype (S,S) um (R,S)
nujactepeonsomep uMajy Bumre eHepruje ox (R,R), AEss)-rRr) = 4,34,4; AERrs) RR) =
4,9 kcal/mol, u ¢popmupame oBux m3omepa He Tpeba ouyekuBaTH. Pasnmke y eHepruju
mmely (S,5) u (R,S) m3omepa cy 0,5-0,6 kcal/mol, mro ynasu y moryhy rpemky DFT

npopauyna. Pesynratu m3 NMR cnekrpockonuje (y rpanmmama ocetsbuBocTH NMR
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CHEKTPOCKOIIH]€) MOKa3yjy MpUcycTBO camo jeaHor uzomepa u DFT npopauynu ykaszyjy

na je (R,R) xondurypanuja N atoma Moxe OUTH JOJe/hEHA OBOM H30MEPY.

Cnuxa 22. I/I3paquaTeLCprKType: (R,R); (S5.9); (R,S) (c meBa na mecHo) xomruiekca [PtCl,L1].

Onrumu3oBaHe cTpykrype komiuiekca miatiuae(lV) npukasane cy Ha Ciaunun  23.
VY cayuajy kommiekca miature(lV) mponaheno je aa je (R,R)-N,N’-kon¢purypaunonu
u3omep Hajcrabunuuju (Tabena 13) y ognocy Ha (R,S) u (S,S) usomepe ca 2,9-3,2 u 8,0—
8,2 kcal/mol. Pesynratm cy Takohe y carmacHocTu ca pesyararuma u3 NMR

CIIEKTPOCKOITH]€.

(RR)-1

Cnuxka 23. PaBHOTEXHA CTPYKTypa aujacTepeonsomepa komrmrekca [PtCl4L1].
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Ta6esa 13. Penatusne enepruje kommiekca miatuae(IV) y keal/mol

Kommiekcu (R,R) (R,S) (S,S)
[PtCIl4L1] 0,00 3,21 8,14
[PtCI4L2] 0,00 3,18 8,15
[PtCI4L3] 0,00 2,91 8,03
[PtCl4LA4] 0,00 3,02 8,18

4.6. IN VITRO AHTUTYMOPCKA AKTUBHOCT

4.6.1. Pe3yaraTu in VitrO NMTOTOKCHYHE AKTHBHOCTH Mpema heujama

xpoHnuHe JuMpouutHe Jeykemuje (CLL)

[{uToTOKCHMYHA AaKTUBHOCT CBHMX CHHTETM30BaHUX jelumema onpeheHa je Ha
henujama xpornune numporutHe neykemuje (CLL). Ectpu u muxoBu oarosapajyhun
kommieken  nanaaujyma(ll), mmatune(Il) w  mmatune(IV) mokasyjy  ymepeHy
IIUTOTOKCUYHY akKTHBHOCT npema IusbHuM CLL henujama (Tabema 14). Illto ce tuue
JUraHaaa npeKypcopa, YMHU ce 1a je nosehame nunoduiHoctu ecrapeke rpymne (Et <n-
-Pr < n-Bu < n-Pe) pesynrtupano Bumom nurorokcuuHorihy (ICso ox 114 - 29. uM).
Kommieken nananujyma(ll) ca Et u n-Bu rpynama y ecrapckum jaHiuMa nokasyjy 2,8 —
4,8 myTa HI)KY aKTHBHOCT HETO KOMIUTEKCH ca N-Pr wim n-Pe rpynama. Behnna akTnBHEX
jemumema cy L4-2HCI (1Cso = 29 + 2 uM) u [PdCI,L2] (IC50 = 19 = 6 uM). Pe3yarartu
yKa3yjy Ja cBa MCIUTHUBAaHA jeU-CHA UMAjy 3HATHO jauy IUTOTOKCUYHY aKTHUBHOCT y

nopehemwy ca akruBHomhy mucmatuae (1Cso = 263,7 uM).
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3amenom  mamagujym(ll)-jora  mmaruna(ll)-jonom  mpumehena je  Beha
uToTokcnyHa akTuBHOCT. I1Csp BpennocTu 3a komiuiekce miatune(ll) cy 2-17 nmyra Behu
nero ICsy BpemHoctu oxromapajyhux kommiekca mnamamujyma(ll). Omx ucnutuBaHmX
komruiekca TutatuHe(ll) HajMama akTHBHOCT je 3a0elekeHa KOJ KOMIUIEKCY ca
Hajkpahum ectapckum manneMm. 3amenoM Et ca n-Pr wmam n-Bu rpymom y ecrapckom
naniy koj komiuiekca ruiatuae(ll) moBehaBa ce MUTOTOKCHYHA AKTUBHOCT. JeIUHCHE
[PtCI,L4] xoje uma n-Pe rpymy y €CTPCKOM JIaHIly MOKa3yje CIMYHY aKTHBHOCT Kao
[PtCI,L2] u [PtCI,L3]. AktuBHOCT KOoMIUTeKkca matuHe(ll) mpema CLL henujama Guna je
3Ha4YajHO BHIIA y OJHOCY Ha IucIUiaTuHy. Hucka aktuBHOCT nucruiatiae npema CLL
henmjama je y carilacHOCTH ca paHujuM ucTpaxuBambuMma [113-117]. OnHoc cTpyKTypa-
AKTHBHOCT C€ MOJKE 3alla3iTh M Yy CarjacHOCTH je ca IpeTXogHuM cryaujama [87]: in
vitro aktuBHoCT ce mosehasa y cienchem penocieny Ln2HCI < [PdCl,Ln] < [PtCl,Ln].
Hamm npenmumunapau nogamu o CCL henujama uzonoBanux u3 nepudepHe KpBH TPU
MaIyjenTa, Mmokas3yjy na xomruiekcu miatnHe(IV) He u3a3uBajy 3HadajaH MUTOTOKCHYHHU
edpekar. Takohe, mokazano je ma oxropapajyhu mamaamjym(Il) KoMIuiekcu mokasyjy
3HATHO Belly HUTOTOKCHYHY aKTHBHOCT npema ucnutiBanuM CCL henmujama (32,1+7,8 —

92,1+11,7) ox akTuBHOCTH KoMIutekca ruiatuae(IV).

4.6.2. PesyaTaT in Vitro MMTOTOKCHYHE AKTHUBHOCTH NPpeMa UJbHUM
Maauraum hesmjama (SW480, MDA-MB-361, MDA-MB-453,
Jurkat n K562)

[{uTOTOKCHYHA AaKTUBHOCT CBHX CHHTETH30BAaHHMX jeIUI-CHA €CTapa, HHUXOBUX
onrosapajyhux xommiekca nanaaujyma(ll), mnatune(Il) u nnatune(IV) onpehena je u Ha
henujckoj NUHMjM XyMaHOT KosiopeKTanHor kapruHoma SW480. Pesynrat oBux
eKkcriepuMeHara npukazanu cy y TabGemu 14 xao ICsy BpeaHocTH (KOHIIEHTparuja
Jjenrmbema Koja JOBOAM JO CMamema IMpeXuBIhbaBama ManurHux hemuja 3a 50%)

onpehene MTT TecToM npu KOHTUHYUPAHOM JI€JCTBY jEIU-EHa HAKOH 72 h uHKybGammje.
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VcnutrBaHa jeumbema MoKa3yjy J03HO 3aBHCAH IIMTOTOKCHYHHU edekat mpema SWA80
henujama [118]. Ilpu Bumum koHueHtpamnujama (y omcery ox 500 uM mo 62,5 uM)
JUTaHAM TIPEKypcopH TOKa3zyjy 3HadajHo Behy wnurTorokcmuHocT mpema SW480
hemnjama. Takohe, 1Cso BpemnocTn yka3yjy Ha To na cy auranau L3 u L4 nBa omHOCHO
YeTupH myTa akTuBHUjH on ymranana L1 u L2. Ox kommiekca nmanagujym(Il) jenumeme
[PACI,L4] xoje uma n-Pe rpymy y ecTpcKOM JIaHILy IMOKa3yje CIMYHY aKTHBHOCT Kao
[PACI,L2]. HajaktuBuuje jemumeme komiviekca matune(ll) je [PtCIL3] ca n-Bu
rpynoM y ectapckom jaHIily. O63upom ja je akTUBHOCT komruiekca ruiatune(IV) npema
SW480 henujama Omia 3Ha4yajHO BMILA Yy OJHOCY HAa aKTUBHOCT IcratuHe Ha Ciumnu
24. (a) mpeAcTaBbEHU Cy perpe3eHTaTHMBHU Tpaduiy mnpexuBibaBama SWA80 henuja

HakoH 72 h aejcTBa ucnutrBaHux Komiuiekca iatuae(I1V).

SW480

120
100

$%

20 1,6 3,125 6,25 12,5 25 25 50 100
c(um)

——[PtClAL1] ——[PtCl412] —&—[PtCl413] ——[PtCl4L4]

Cnuxka 24(a). PenpesenratuBau rpaduim npexupibaBama SW480 henunja nakon 72 h nejcrsa

HCIINTHBAHKMX KoMILIekca miatuae(1V).
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Ta6ena 14. 1C5, (UM) 3a 72 h jgenoBama HCIUTHBAHHMX jCIUbCHA: JIUTAHAIA MPEKypcopa,
nanagujym(Il), mnaruna(ll) u maruua(IV) xomrutekca Ha CLL henujama u henujckoj JTUHUjU
SW480, oapehennx MTT tectom

Jequmema CLL heauje SW480
L1-2HCI 114,6 +27,34 120,37 + 5,38
L2-2HCI 81,93 + 15,48 107,97 + 0,80
L3-2HCI 70,19+ 19.58 42,66 £ 9,77
L4-2HCI 29,11 +2,09 25,83 + 4,57

[PACI,L1] 88,12 + 25,69 121,16 + 35,75

[PdCI,L2] 19,34 +6,54 4,69 + 2,32

[PdCI,L3] 92,14 +11,68 80,33 + 16,32

[PACI;L4] 31,18 +7,76 6,57 + 4,29
[PtCl,L1] 22,35+ 5,62 20,70 + 3,47
[PtCl,L2] 9,85+1,55 23,11+ 9,16
[PtCI,L3] 539+1,12 4,02 +1,53
[PtCl,L4] 10,37 + 4,78 21,59 + 2,74
[PtCl,L1] >100 5,09 + 4,44
[PtCl4L2] 96,56+10,59 2.32+0,18
[PtCI4L3] 63,70+8.88 3,95+0,76
[PtClsL4] >100 0,74+ 0,20

NHUCIIATHHA 263,75 + 33,36 31,92+ 13,86

CBa cuHTeTHCaHA jeubeha Takohe Cy MCIUTaHa Ha IIUTOTOKCHYHY aKTHBHOCT
npema henmjama xymanor kapuumHoma nojke MDA-MB-361 u MDA-MB-453, henuje
xymane T neykemmje Jypkar um henuje xymane mujenouane jneykemuje K562 ca
LUCIJIATUHOM Kao pedepeHTHUM LuTocTaTukoM. |Csyp BpeIHOCTH HMCIHUTUBAHHUX
KOMIUIeKca Tmpukazanu cy y Tabemm 15. Ha cioumum 24(06) mnpeacTtaB/beHU CYy
penpe3eHTaTHBHU Tpaduild MpekUBJbaBaba HABEACHHUX MalWTHUX hendja Hakon 72 h

JiejcTBa MCTIUTUBAHUX HAJaKTUBHUJUX jEAUIHEHHA.
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MDA-MB-361 MDA-MB-453

120 120

100 ’[ 100 l,l

80 13 80
2 60 \‘\ :::;Z.La? €0 \ \\ ——[PdCI2L3]
? 40 \ \ [ProuL3] by \ \ —s—[PtC2L3]

( \ “© L \ [PtCL3]
20 20 \
0 \.\'\L 4 0 \\:\“"— ;
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Jurkat K562
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|
Zz \\ —— [PACI2L3] :Z \\ e [PociaLy
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40 \ [PICiaL3] 40 \ [PICI4L3]
20 20

e W b
0 5 ‘ = 0 =7 " n

0 50 100 150 200 250 0 50 100 150 200 250
c(uM) c(uM)

Cnuxa 24(6). Penpe3entaTuBHU rpaduiy MpexBIbaBamka MaTUTHUX henrja HakoH 72 h nejcTBa
VCTIUTHBAHUX HAJaKTHBHUJUX jEIUHEHHA.

Pesynaratn cy mokazanu ga komiuiekcu 1uatuHe(lV) wumajy  3HauajHy
UTOTOKCHYHY akTUBHOCT, |1Csy BpeaHoctu y omcery ox 0,74 mo 70 uM, nmpema cBum
TecTupaHuM henujckum smHHjama. Iloce6Ho, kommiekcu [PtClsL2], [PtCl,L3] wu
[PtCI4L4] moka3yjy jaky HHUTOTOKCHYHOCT y MHXHOuIMju Jypkat m K562 hemujckux
JMHM]ja KOja je Beoma CJIMYHA OHOj KOjy TMokazyje nuciatuHa. [Ipumehena je nemro
Mama, ald BeOMa 3HayajHa aKTUBHOCT jelIMICHha IpeMa aaxepeHTHHM hemujama
comunaux Ttymopa (MDA-MB-361 [119] wu MDA-MB-453). Opx wucnuTHBaHUX
KOMIUIEKCa HajMama aKTUBHOCT je 3a0eliexeHa KO/ KOMILUIEKCY ca HajkpahuM ecTapcKkuM
nmaHueM. 3ameHoMm Et ca n-Pr wmm n-Bu rpymnoMm y ectapckoM jaHIly KOJ KOMILIEKCA
noBehaBa ce LUTOTOKCHMYHA AaKTHBHOCT, TaKo Ja KOMIUIEKCH ca N-Bu rpymom y

€CTapCKOM JIAHITy TIOKa3Yjy HajBUIILY LIUTOTOKCUYHY aKTUBHOCT.
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Ta6ena 15. I1C5, (UM) 3a 72 h genoBama HCIUTHBAHHX jEUbCHA: JIUTaHaIa IMpeKypcopa,
nanaaujym(Il), mnatuna(Il) n mnaruna(IV) kommiekca Ha MDA-MB-453, MDA-MB-361,
K562 u Jurkat henujckum nunujama, ogpehennx MTT Tectom

Jemumema | MDA-MB-453 | MDA-MB-361 K562 Jurkat
L12HCI >200 >200 >200 157,31+3,41
L22HCI 86,18+2,18 78,12+2,61 103,72+1,23 66,17+1,34
L32HCI 28,015+0,04 40,64+2,01 31,62+3,26 24,56+0,95
L4 2HCI 180,44+1,67 180,37+1,58 191,98+1,74 156,63+1,55
[PACI,L1] >200 >200 >200 135,71+0,82
[PACI,L2] 93,04+3,76 86,44+2 41 102,91+2,38 65,54+0,76
[PACI,L3] 35,31+2,99 48,67+3,57 31,75+1,85 20,32+1,58
[PACI,LA4] 48,43+0,27 56,77+3,86 38,66+0,36 27,66+2,88
[PtCI,L1] 96,42+1,62 147,55+0,12 118,73+0,84 45,83+3,21
[PtCI,L2] 37,87+0,24 46,62+3,49 27,05+0,24 18,03+1,05
[PtCI,L3] 7,64+0,63 8,31+0,68 6,42+1,93 6,67+0,94
[PtCI,L4] 195,31+0,56 181,41+0,58 121,37+2,46 46,12+1,22
[PtCI4L1] 44.98+1,19 70,06+1,19 22,53+3,41 25,51+2,19
[PtCI4L2] 16,42+0,58 29,14+0,51 8,51+1,67 9,61+0,87
[PtCI4L3] 23,19+1,48 25,95+1,26 12,68+1,39 9,93+0,42
[PtCl4L4] 22,75+3,81 24,03+0,21 13,15+0,58 11,41+0,68
HUCILIATHHA 3,75+0,12 14,74+0,36 8,52+0,09 7,79+0,83

4.6.3. Pe3yJaTaTH TecTa 3a KBaHTH(HUKALM]jY anonro3e
(AnnexinV/PI)

Haheno je na cy xommiexcu rnatune(ll) Hajepuxacuuju npema CLL henujama,
cTora cy Jajbe KOopuIIheHu y eKcliepuMeHTUMa ojipeluBameM Tumna henujcke cMptu. Tun
henujcke cmptu je oapehen ananuzupamem TpeTupanux henuja o6ojeHux Anekcunom B
u 7-AAJl nporouHom nuToMmerpujoM. Pesyntatu cy mnokasalud Aa CBU KOMIUIECKCH
wiature(ll) naaykyjy anonto3y y hemmjama CLL (cnuka 25(a) u 25(6)). CLL henuje
Tpetupane cy 24 h ca konuentpammjom komriekca riatuna(ll) ox 25, 125 u 250 uM.
Jlo3Ha 3aBHCHOCT LIUTOTOKCHYHOT edexTa koMmiuiekca miaatuHe(ll) mpema CLL henujama
je Takohe morBpheHa oBum tectoM. [pu konnentpanuju ox 25 pM kommiekcu [PtCloL1]
u [PtCl,L2] nokasyjy cmameHo nejctBo Ha hemuje m Behu Opoj henmja He mojiexe

amonrrosu ( [PtCl,L1]: 78%; [PtCI,L2]: 71%) (ciuka 25(a)). C mpyre cTpaHe, KOMIICKCH
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[PtCI,L3] wu [PtCl,L4] ca ucrom xoHueHTpaIyjoM uMajy Behu yTuilaj Ha IpeXHBIhaBambe

CLL henuja u uanykyjy Behu mporenar anontorckux henuja. Beha konuentparuja (125

uM) xommiekca [PtCI,L1] u [PtCl,L2] je m3asBama amomro3y Beher mporenta CLL

henuja ca mpuOIMKHO UCTUM MpolieHTOM henuja y panoj u kacHoj amonro3u ([PtCl,L1]:

29, ~ [PtCI,L2]: 40) (cnuka 25(6)). CBa yeTupu KOMILIEKCA IIPU KOHIEHTpanuju o 250

UM cy Bucoko TokcuyHu 3a hemwmje. Konmentpamumja ox 250 pM Ha KoMIuiekce

iatune(I) u3a3uBa BUCOKM mpolieHAaT HeKpoTHYHUX henuja (AnekcuH B (-); 7-AA]]

(1)), ca moTmyHUM ryOMTKOM IL1a3Me MeMOpaHe.

25 M
100
&0 ==
L]
&0 T ¥ g
) T
20 SE
; celm i ﬁ
[PtC1L1] [PtClL2] [PtCLL3] [PtClLL4]
[ paHz AMONTe:EN K2CHE AMONTes2 O #HEe: Aemme
125 pM
100
80 T
G0 T
== 40 T
g5 is!
0
[PtCLL1] [BtC1L2] [FtCLL3] [PtCLL4]
O paHa amomTosa B E3CHE ANonToiE O wwes femme

100
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0

[FtCLL1]

[PtCLL2] [FtClLL

3] [BtCLL4]

D pana anorrozPeacka anonrozalepee femme

Cnuka 25(a). TlporieHaT paHe anomnrTo3e, KaCHE aronTo3e u xusux hennja nakon 24 h tpermana

CLL henuja xomruiekcuma ruiatuae(l1)
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[D AND D] FL1 LogFL4 Log - ADC
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Cnuxa 25(6). Kourponne henuje u henuje tperupane ca 125 pM xomrutekca mnaruae(1l) o6ojene

anekcuH B u 7-AAJI.
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4.6.4. heamjcku nUKIyC

Anamm3upan je edekaT nMraHaga mpeKypcopa M HBHXOBHX KOMIUIEKCA
nanagujyma(ll), mnatuae(ll) n mnatune(IV) Ha mpomene henmjckor mukiIyca MUBHHUX
manmuraux henuja [120]. Edekar ananusupanux jenumera npaheH je HaKOH TpeTMaHa
henuja oarosapajyhum koHienTpaurjama komiuiekca. Ha Criukama 26 u 27 npukasasa je
muctpubynja ¢gasza henujckor nukiryca MDA-MB-361, onnocno MDA-MB-453 henuja
HakoH 24 h, umHKyOanmje npu KoHueHTpauuju ICsp WMCIHUTHBAHUX HAjaKTUBHHJUX
JjeIUmbemha.

[Tokazano je ma je in Vitro MUTOTOKCHMYHA aKTUBHOCT YAPYXKECHA ca 3HAYajHOM
akymynanujoM henuja y sub-Gl ¢a3u henujckor nukiyca y3 onagame npoueHTa hemnmja
y S u G2/M ¢a3u hemujckor muxiyca. OBO jacHO yka3yje Ha TO Ja aHalIM3MpaHa

jeIumbemha HHIIYKY]Y arloITo3y.
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Cnuka 26. Hutodmyopomerpujcku npodun nejcrea komruiekca miatnae(1V) xza MDA-MB-361
henuje. Y oca: penatuBan 0poj henuja, X oca: DNK canpskaj yrBpheH NponuanjyMm joIuI0M.
MDA-MB-361 henuje cy uukyOupane 24 h y mpucyctBy wiau ojacyctBy jemumerma (ICsp) u
MpUIPEeMIbEHE 3a aHaU3y (asza heamjckor nukKiyca mpoTouHuM nuromerpom. llpouenar henuja
y G1, S u G2/M je mpeyseT U3 jeTHOT PEeNPe3eHTAaTUBHOT EKCIIEPUMEHTA.
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Peszynmamu u ouckycuja
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Cnuxa 27. LlutodiryopomeTpujcku npouil IejcTBa HajaKTUBHUjUX KomIuiekca nanaaujym(Il) u
mwiatuHa(Il) nva MDA-MB-453 henuje. Y oca: penartuBan Opoj hemuja, X oca: DNK canpxkaj
yrBpher nponunujym jomunom. MDA-MB-453 henunje cy makyOmpane 24 h y npucyctBy mim
oncyctBy jenumema (ICsp) n nmpunpemibeHe 3a aHanusy ¢asza henujckor HUKIyca MPOTOYHUM
nutomerpoM. [Iponenar henwja y G1, S u G2/M je mpey3er M3 jeIHOT peNnpe3eHTATUBHOT
EKCTIEpUMEHTA.
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5. 3AK/bYUYAK



3akmyuax

Y 0BOj JOKTOPCKO] OMCEpPTAIlMjU OINMCaHA j€ CHHTE3a, KapakTepuzaluja u

noteHiujanHa nurorokcuunoct O,0'-muankui ectapa (S,S)-etmienaunamud-N,N'-1u-
2-(4-metun)-nenrancke  kucenune, [(S,S)-Hzeddl]Cl,, xao wu  oxmrosapajyhunx
namaaujym(11), mnatura(ll) u mraruaa(lV) kommekca.
CHHTETHCAHO je W OKapaKTepucaHo ueThpu HoBa ectpa u TO: (S,S)-Etzeddl-2HCI,
(S,S)-Proeddl-2HCI,  (S,S)-Bujeddl-2HCI,  (S,5)-Pe,eddl-2HCI;  werupu  HoOBa
kommuiekca  manmagujyma(ll):  [PACI{(S,S)-Eteddl}],  [PACI{(S,S)-Pr.eddl}],
[PACI{(S,S)-Buseddl}] wu [PdCIL{(S,S)-Peseddl}]; uwerupm HOBa KOMILIEKCA
wiatune(Il): [PtC1{(S,S)-Et,eddl}], [PtCI{(S,S)-Pr.eddl}], [PtCI{(S,S)-Bu.eddl}] u
[PtCI{(S,S)-Peseddl}] xao u uwetmpu nHoBa komriutekca matuae(IV): [PtCI{(S,S)-
-Etyeddl}], [PtCL{(S,S)-Preeddl}], [PtCL{(S,S)-Buseddl}] u [PtCL{(S,S)-Peseddl}].

Csa noOMjeHa jequWIbEHha OKapaKTepHUCaHa Cy CJICMEHTAJTHOM aHaIM30M,
undpanpeerom u NMR crekrpockonujom, a y cuy4ajy (S,S)-Proeddl-2HCI,
CTPYKTypa je ToTBpheHa U peHAreHCKOM CTpyKTypHOM aHanmu3oMm. DFT mpopauynu

pahenu cy 3a cunrerucane komiuiekce ratuHe(Il) u marune(1V).

Ha ocHoBy oBux aHanu3a notepheHo je cienehe:

1. Pesynratu eneMeHTAIHMX aHajHM3a Cy y CarJlaCHOCTH Ca MPEeTIOCTaBJbEHOM
CTEXHOMETPHUJOM JEeIUIHEHHA.

2. UndpaupBern cnextpu ynyhyjy Ha OHIEHTaTHY KOOpPAMHAIM]Y TPEKO
a30TOBHUX aTOMa 3a LIEHTPAIIHU METAJIHHU jOH.

3. NMR crpekTpu cy Takohe y carjacHOCTH ca CTpYKTypama CBUX jelUbCHA.
Ha cBuMm cmnektpuma KomIulekca TmpuMmehyje ce ToMepame CHUrHaja
METHJICHCKMX IPOTOHA ETHJICHIMAMHHCKOT Jiela MOJIEKyJia IMpeMa BHIIEM
MarHeTHOM ToJby (y OAHOCY Ha CIEKTpe JIMraHajaa), IITO yKa3yje Ha
OUJEHTAaTHY KOOPJAMHALIM]y TPEKO a30TOBHUX aToMa. Y ciydajy KOMIUIEKca
wiatuae(ll) u matuue(IV) npumehen je jeman cet curaana, 0K ce y CIy4ajy
nananujym(Il) komrekca Mory mpuMETHTH IO JIBa CETa CUTHAJIA, IITO yKa3yje
Ha opMupame AUacTepeon3oMepa ycie] HacTajamha HOBUX CTEPEOIIeHTapa Ha

a30TOBHUM aTOMHMaA.
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4. Judpakuujom X-3paka moTBpheHa je mpermocraB/beHa CTpyKTypa 3a (S,S)-
Proeddl-2HCI.

5. DFT mnpopauynu pahenu cy 3a cunTetucane komiuiekce tmiatuHe(ll) u
wiatuae(IV) npu yemy je ycranossbeno aa je (R,R)-N,N'-xondurypannonu
M30Mep HajCTaOUIHU]HU, IITO je y cariaacHocTH ca NMR criekTpockomujom.

6. lluToTOKCHMYHA aKTHBHOCT CHHTETHCAHHX jeUbeHha oapeleHa je Ha hemujama
xpouunune mumponutHe neykemuje (CLL) n xymanum henmujckum jauHUjaMa:
KosopekTaHor kapraoma SW480, kapruaoma gojku (MDA-MB-361 u
MDA-MB-453), akytHoj T nuMQouHTHO] JieyKeMUju JypKaT U XPOHHYHO]
MmujenouiHoj neykemuju K562 y nopehemy ca aktuBHOIINY IUCIUIATHHE, Kao
pedepeHTHUM aHTHKaHIEPOTeHNM JiekoM. CBa jenbera MOKa3yjy akTUBHOCT
Behy on nucmmatuhe npema CLL henujama. Haheno je na HajakTuBHHjE
jemumeme komriuiekc tuiatuHe(Il) ca n-Bu rpymom y ecrapckom naHiy.
Kommnexkcn mmarune(IV) umajy OANMYHY UUTOTOKCUYHY AaKTHUBHOCT Y
naxuoumju Jypkar u K562 henujckux nuHHja Koja je Beoma CIIMYHA OHOJ
KOjy IIOKa3yje akTUBHOCT LIUCIUIaTUHE.

Pesyntatn oBe OOKTOpCKe AMcepTalje cy BepU(PHUKOBAHU OO0jaB/bHBAEKEM Y

o0JIMKY YeTHpU Hay4yHa pajia y YyacolUCHMa ca UMMAKT ¢akrtopoM (1Ba M21, jenan
M22 wu jeman M23) u Beher Opoja caommTema Ha JomahuM U MehyHapoaHUM

KOH(]epeHIHjama.
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Four novel bidentate N,N'-ligand precursors, including 0,0’-dialkyl esters (alkyl = ethyl, n-propyl, n-butyl
and n-pentyl), L1-2HCI-L4-2HCI, of (S,S)-ethylenediamine-N,N'-di-2-(4-methyl)-pentanoic acid dihy-
drochloride [(S,S)-Hseddl]Cl; and the corresponding palladium(Il) complexes 1—4, were prepared and
characterized by IR, 'TH NMR and >C NMR spectroscopy and elemental analysis. In vitro cytotoxicity of all
compounds was determined against chronic lymphocytic leukemia cells (CLL). The compounds were

found to exhibit higher antitumoral activity than cisplatin. The most active compound 2, [PdCly{(S,S)-
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nPryeddl}], was found to be 13.6 times more active than cisplatin on CLL cells.

© 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

The simple and well known platinum(II) complex cisplatin has
been the most commonly used antitumor platinum-based drug for
several decades. The antitumor activity of platinum based drugs
still captures the attention of scientists worldwide, and new
potential drugs are being synthesized and investigated [1-5]. To
date, apart from cisplatin, metal-based anticancer agents that are in
worldwide clinical use include carboplatin and oxaliplatin [6].

Complexes with other central metal ions such as palladium
[7—9], ruthenium [10,11], gold [12,13], titanium [14,15] and tin
[16,17] have been investigated as potential antitumor agents. In
principle, the aim of developing non-platinum anticancer
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Wittenberg, Kurt-Mothes-Strafle 2, 06120 Halle, Germany. Tel.: +49 345 5525678/
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(G.N. Kaluderovic).

0223-5234/$ — see front matter © 2010 Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.ejmech.2010.05.005

complexes is that of overcoming the main limits of platinum drugs:
narrow range of activity, acquired resistance after treatment, and
severe toxicity on healthy tissue [1-5]. Non-platinum complexes
may exhibit anticancer activity and toxic side-effects markedly
different from that of platinum based drugs for a number of obvious
reasons, as they are expected to have different chemical behaviour,
hydrolytic rates, and mechanism(s) of action.

Research on palladium(II) complexes should be pointed out due
to their structural analogy with platinum(Il) complexes. The use of
Pd(II) and its complexes in medicine is limited. The only application
is of 13pd as a radioactive isotope in the treatment of rapidly
growing high-grade prostate cancer [18,19].

Initially, palladium complexes showed lower in vitro antitu-
moral activity when compared with platinum(Il) complexes. This
could be correlated to the more labile nature of palladium(II)
relative to platinum(Ill) complexes [20,21]. As a consequence of
rapid ligand exchange, the probability of palladium(Il) complexes
to reach the biological target in organisms unchanged is low.
Several reports have indicated that using chelating ligands may
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reduce the reactivity of the palladium ion [22]. The proper choice of
ligands is crucial, as they play an important role in modifying
reactivity and lipophilicity, in stabilizing specific oxidation states
and in imparting substitution inertness [23,24].

Nowadays, some palladium(Ill) complexes are found to have
high cytotoxicity comparable to cisplatin and carboplatin. It has
been reported that one of the complexes is many times more active
than carboplatin [25,26]. A number of palladium(Il) complexes
with neutral ligands such as pyridine derivatives [27,28], phos-
phonate derivatives of quinoline [29,30] or pyrazole derivatives
[31] have been investigated and their significant cytotoxic activity
has been proved. With bulky and more lipophilic ligands palladium
(II) complexes tend to exert better antitumoral activity.

In our earlier work we investigated a number of platinum(II/IV)
complexes with bis(carboxyalkylamino)ethane and -propane
ligands, and their derivatives [32—36]. In vitro antitumor activity of
some complexes was compared to that of cisplatin [37—39], and as
aresult of these findings N,N bidentate esters, Ryedda-type ligands,
are now mostly used in our studies.

Recently, we have reported on the synthesis and characteriza-
tion of the palladium(Il) complexes with Ryedda-type esters of (S,
S)-ethylenediamine-N,N’-di-2-propanoic acid dihydrochloride, [(S,
S)-HoRyeddip]Cl, (Fig. 1. A, B) [7,40] and isobutyl ester of (S,S)-
ethylenediamine-N,N’-di-2-(4-methyl)-pentanoic acid dihydro-
chloride, [(S,S)-H2iBuyeddl]|Cl; (Fig. 1. C) [41]. Furthermore, esters of
(5,5)-HaRpeddip]Cly as well corresponding palladium(Il) complexes,
[PACIx{(S,S)-Roeddip}], (R = iPr, iBu, cPe, Cy; Fig. 1. A) have been
used in the study of in vitro antitumoral investigations [7].

This study is focused on the synthesis, characterization and
antiproliferative activity of four novel Ryedda-type ligand precur-
sors: 0,0’-diethyl- (L1-2HCIl) 0,0’-dipropyl- (L2-2HCI) 0,0’-dibu-
tyl-(L3-2HCl) 0,0’-dipentyl-(S,S)-ethylenediamine-N,N’-di-2-(4-
methyl)-pentanoate dihydrochlorides (L4-2HCl) and their
corresponding palladium(Il) complexes: dichloro(0,0’-diethyl-(S,
S)-ethylenediamine-N,N’-di-2-(4-methyl)-pentanoate)palladium
(I), (1), dichloro(0,0’-dipropyl-(S,S)-ethylenediamine-N,N’-di-2-
(4-methyl)-pentanoate)palladium(Il) (2), dichloro(0,0’-dibutyl-(S,
S)-ethylenediamine-N,N’-di-2-(4-methyl)-pentanoate)palladium
(Il) (3), dichloro(0,0’-dipentyl-(S,S)-ethylenediamine-N,N’-di-2-
(4-methyl)-pentanoate)palladium(Il) (4).

2. Results and discussion
2.1. Chemistry

Esters L1-2HCI—L4-2HCl and neutral palladium(Il) complexes
1—4 were prepared by using appropriate modifications of known
methods [7,33—38]. These esters are not soluble in chloroform, but
rather in water, methanol, dimethyl sulfoxide and hot alcohols used
in individual esterification reactions. Complexes were synthesized
by combining aqueous solutions of K3[PdCly] and the
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A B C

Fig. 1. Palladium complexes containing Ryedda-derived ligands.

corresponding esters (Scheme 1). The resulting complexes are
soluble in chloroform and dimethyl sulfoxide, but not in water.

2.2. Spectroscopic measurements

IR spectra are similar to those of the previously reported
compounds [40,41]. Absorption bands for secondary amino groups
were found for 1—4 at 3088, 3143, 3133, 3139 cm™ ', respectively,
indicating coordination via nitrogen atoms (for ligand precursors
only bands for secondary ammonium groups can be observed;
L1-2HCI—L4-2HCI: v(R;NH3) at 3457, 3453, 3455, 3452 cm™ ). All
other specific bands were found at similar positions for corre-
sponding ligand precursors and complexes, thus indicating that no
other atom was coordinated to the palladium center. This is shown
by the following data — for complexes 1—4: v(C=0) at 1739, 1739,
1740,1741 cm ™, v(C—0) at 1194, 1195, 1197,1197 cm ™~ and v(CH3) at
2960, 2961, 2960, 2959 cm™', respectively. As compared to ligand
precursors L1-2HCI-L4-2HCI, the following bands were found: v
(C=0) at 1737, 1735, 1736, 1736 cm™ !, v(C—0) at 1216, 1210, 1209,
1211 cm ™! and v(CH3) at 2975, 2966, 2963, 2960 cm ™.

The expected signals were found in H and 13C NMR spectra. In the
TH NMR spectra of 1—4, the broad signals of hydrogen atoms
belonging to secondary amino groups occur between 5.8 and 6.6 ppm
(comparing with L1-2HCl—L4-2HCl: 9.5-10.5 ppm). The signals of
CH, protons of the ethylenediamine bridge showed coordination
induced shifts in spectra of 1—4 (up to 0.9 ppm) giving a clear indi-
cation of nitrogen coordination. Signals for all methyl protons were
found within the range of 0.86—1.13 ppm for all compounds.

In 13C NMR spectra ester carbon atom resonances were found as
expected, at around 170 ppm for all compounds verifying that
oxygen is not a ligating atom. For the complexes NMR spectroscopic
measurements uphold their constitution. Two sets of signals were
found for complexes 1—4 (in an almost equal ratio except in the
case of complex 4, ratio 3:2) indicating the formation of diaste-
reoisomers. Coordination of L1-2HCI-L4-2HCI to the PdCl, frag-
ment induced formation of two extra chiral centers on ligating N
atoms. Thus, three diastereoisomers should be expected for
[PACIx{(S,S)-Rzeddl}] (R = Et, nPr, nBu, nPe; (R,R), (RS=S,R) and (S,
S), Fig. 2). Two of the three possible diastereomers, (S,S) and (RR),
will give rise to (due to C; symmetry) one set of resonances. The
third diastereoisomer, (R,S), should give rise to two sets of signals
since the ester branches are inequivalent. These signals may over-
lap by chance.

2.3. Cytotoxicity

Ligand precursors L1-2HCI—L4-2HCl and corresponding palla-
dium(Il) complexes 1—4 along with cisplatin, for comparison
purposes, were tested for cytotoxic activity on chronic lymphocytic
leukemia cells (CLL). The tested compounds showed a dose-
dependent antiproliferative effect toward CLL cells (Fig. 3).

Ligand precursors showed cytotoxicity dependence on the chain
length (Fig. 3, Table 1). Namely, as the ester chain was longer the
higher activity was observed. The compounds L1-2HCI-L3-2HCI had
low to medium activity against the selected cell type
(IC50 = 70.2—114.6 uM), but L4-2HCI exhibited the activity consider-
ably higher than that of other ligand precursors (IC5p = 29.1 uM). In
general, it seems that as the lipophilicity of the ester groups increases
(Et < nPr < nBu < nPe), cytotoxicity becomes higher. On the other
hand, different behavior was noticed for the corresponding palladium
(II) complexes. Complexes 1 and 3 with Et and nBu groups, respec-
tively, in ester chains showed lower activity by 2.8—4.8 times than
complexes having nPr (2) or nPe groups (4). Taking in consideration
standard deviations of the compounds, no change in the in vitro
cytotoxic activities of parental ligand L1-2HCI and corresponding
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Scheme 1. Synthesis of the esters L1-2HCI-L4-2HCI and palladium(Il) complexes 1—4.

palladium(Il) complex (1) was observed, nor in the case of L3-2HCI/3
and L4-2HCl/4. Conversely, upon coordination of ester with nPr
chains (L2-2HC], 2) cytotoxicity was found to be 4.2 times higher. All
the tested compounds, ligand precursors and palladium(Il)
complexes showed higher activity than cisplatin (IC5g = 263.7 uM).
The previously reported results are in agreement with our findings on
the cytotoxicity of cisplatin [42—46]. In order to confirm the results
obtained with MTT assay, the cytotoxicity test was repeated with
acrystal violet assay for the compound 4 and cisplatin. The IC5¢ values
calculated using the crystal violet assay (ICso: 4, 27.62 + 9.16 uM;
cisplatin, 218.58 4- 30.78 uM) were not significantly different from the
values calculated by the MTT assay (Table 1).

Recently was reported that palladium complexes with the similar
ligands (S,S)-Rpeddip (esters of (S,S)-ethylenediamine-N,N'-di-2-
propanoic acid; R = iPr, iBu, Cy, cPe — cyclopentyl) expressed
generally lower activity than ligand precursors [7]. Some structur-
e—activity relationships were concluded: the order of activity is
related to the R substituent in (S,S)-Roeddip, namely on raising the
lipophilicity of the ester groups (Cy > cPe > iBu > iPr) the cytotoxic
activity increases in both, esters and in the palladium complexes,
(R = Cy > cPe > iBu > iPr); when the central metal ion is changed
from palladium(Il) to platinum(II/IV) cytotoxic action increase
significantly [7,36]. For the ligand precursors from this study the
same was noted regarding cytotoxicity—lipophilicity relation, but in
the case of palladium(Il) complexes irregularity was observed what
at the moment cannot be explained. On the other hand, improve-
ment of the cytotoxicity of palladium complexes was demonstrated
here, which was similar or higher than that for ligand precursors.
Further studies will focus on the corresponding platinum(II/IV)
complexes and structure—activity relationships for Rpeddl
compounds.

3. Conclusions
Ligand precursors L1-2HCI—L4-2HCl and corresponding palla-

dium(IlI) complexes 1—4 were synthesized and characterized. NMR
spectroscopy showed the presence of two diastereoisomeric forms.

The cytotoxic activity of all the synthesized compounds was
determined on chronic lymphocytic leukemia cells (CLL). The esters
and their corresponding palladium(ll) complexes exhibited
moderate to low cytotoxic activity against selected CLL cell line. As
for ligand precursors, it seems that increasing lipophilicity of the
ester groups (Et < nPr < nBu < nPe) resulted in higher cytotoxicity
(ICs0 from 114 to 29 uM). Complexes with Et (1) and nBu (3) groups
in ester chains exhibited 2.8—4.8-fold lower activity than
complexes having nPr (2) or nPe groups (4). The most active
compounds are L4-2HCl (ICso 29 + 2 uM) and 2
(IC50 = 19 & 6 uM). All compounds exhibited higher activity than
cisplatin (IC50 = 263.7 pM).

4. Experimental
4.1. Materials and measurements

(S,S)-ethylenediamine-N,N’-di-2-(4-methyl)-pentanoic acid
dihydrochloride, [(S,S)-Hgzeddl]|Cl;, was prepared using similar
methods described in literature [47]. K3[PdCl4] was purchased from
Merck and used without further purification. Alcohols were dried
by standard methods. Infrared spectra were recorded by a Per-
kin—Elmer FTIR 31725-X and Perkin—Elmer Spectrum One FTIR
spectrophotometer using the KBr pellet technique (4000-
400 cm™ ). 'H and 3C NMR spectra were recorded by a Varian
“Gemini 2000” (200 MHz) spectrometer in D,0 (ligand precursors)
and CDCl3 (palladium(ll) complexes) using tetramethylsilane as
internal standard. Elemental analyses for C, H and N were per-
formed by a Vario EL Il C, H, N, S Elemental Analyzer.

4.2. Chemical synthesis

4.2.1. Synthesis of 0,0’-dialkyl esters of [(S,S)-H4eddl]Cly,
L1-2HCI-L4-2HCI

The esters were prepared using the esterification reaction
previously described [48,49]. Thionyl chloride (4 cm?, 55 mmol)
was introduced into a flask containing 50 cm? of corresponding ice

R R R
R'0OC TN, H R'00C 7N, H R'OOC TN H
N ~ /Cl N ~ /Cl N ~ 7
c, —o— — N — G . S [—/ Pd — [ P
| N’ cl
R'O0C \(ﬁ(,'?'@"' H €l R'00C @(};ﬂ* H “ R'00C \(SJ{( ®“H
R R R
(R,R) (5.5) (R,S)

R = iBu; R' = Et, nPr, nBu, nPe

Fig. 2. Diastereoisomers of palladium(Il) complexes 1—4.
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Fig. 3. Representative graphs of CLL cell survival after 72 h of cell growth (MTT assay)
in the presence of ligand precursors L1-2HCI—-L4-2HCl, palladium(II) complexes (1—4)
and cisplatin.

cooled alcohol (ethyl, n-propyl, n-butyl or n-pentyl; anhydrous
conditions) for 1 h. After addition of the 2 g (5.54 mmol) [(S,S)-
Hyeddl|Cl, the reaction mixture was refluxed for 16 h, filtered off
and the filtrate was left for a few days in a refrigerator at 4 °C. The
esters were recrystallized from the hot alcohol used for each
reaction. Numbering of carbon atoms is shown in Fig. 4.

L1-2HCI-H,0, yield 112 g, 48.78%. Anal. calcd. for
C18H3gN204Cl,-Hy0: C, 49.65; H, 9.25; N, 6.43%. Found: C, 49.73; H,
8.79; N, 6.44%. '"H NMR (200 MHz, D0, 3 ppm): 0.96 (d, 12H, 3,
1 = 5.68, C®7H3), 1.31 (t, 6H, C°H3), 1.65—2.00 (m, 6H, C*H,, C°H),
3.49 (s, 4H, C'H,), 417 (m, 2H, C?H), 4.33 (q, 4H, C%H,). °C NMR
(50 MHz, D0, & ppm): 16.1 (C°Hs), 23.7 and 24.9 (C®"H3), 271
(C°H), 41.2 (C*Ha), 45.3 (C'Hy), 62.2 (C?H), 66.8 (C°H,), 173.0
(COOR). IR (cm™'): 3457, 2975, 2719, 2622, 2527, 2403, 1737, 1546,
1476, 1216, 1066, 1015, 803.

L2-2HCI-0.5H,0, yield 098 g, 40.90%. Anal. calcd. for
Cy0H4oN>04Cl-0.5H50: C, 52.86; H, 9.54; N, 6.16%. Found: C, 52.74;
H, 9.21; N, 6.36%. '"H NMR (200 MHz, D,0,  ppm): 0.93 (t,1 6H,
C%H3), 0.95 (d, 12H, 3Jyn = 6.10, C57H3), 1.60—2.00 (m, 6H, C*Ha,
C°H), 1.76 (m, 4H, C°H3), 3.51 (s, 4H, C'H3), 4.15 (m, 2H, C2H), 4.25 (t,

Table 1
ICso (uM) for the 72 h of action of investigated compounds on CLL cells, as deter-
mined by MTT assay.

Compound CLL cells
L1-2HCI 114.6 + 27.34
L2-2HCI 81.93 + 15.48
L3-2HCI 70.19 + 19.58
L4-2HCl 29.11 + 2.09
1 88.12 + 25.69
2 19.34 + 6.54
3 92.14 + 11.68
4 31.18 + 7.76
Cisplatin 263.75 + 33.36

Fig. 4. Numbering of compounds used for NMR data.

4H, 3Jy y = 6.48, C®H,). 3C NMR (50 MHz, D,0, 3 ppm): 14.0 (C1°H3),
25.1 (C°Hy), 25.6 and 28.4 (C5%"H3), 28.7 (C°H), 42.6 (C*H,), 46.6
(C'Hy), 63.7 (C*H), 73.6 (C3Hy), 174.3 (COOR). IR (cm™~1): 3453, 2966,
2721, 2621, 2528, 2407, 1735, 1547, 1472, 1210, 1065, 927, 802.

L3-2HCI-H,0, yield 1.02 g, 3938% Anal. calcd. for
C22H46N204Cl5-Hy0: C, 53.75; H, 9.84; N, 5.69%. Found: C, 53.29; H,
9.48; N, 5.78%. 'H NMR (200 MHz, D,0, 5 ppm): 0.91 (t, 6H, C''Hs),
0.95 (d, 12H, *Jy i = 5.04, C®7Hs3), 1.38 (m, 4H, C'°Hs), 1.60—2.00 (m,
6H, C*H,, C°H), 1.69 (m, 4H, C°H,), 3.47 (s, 4H, C'H,), 415 (m, 2H,
C%H), 430 (t, 4H, C%H,). 3C NMR (50 MHz, D,0, 3 ppm): 15.8
(C'"H3), 21.5 (C'°Hy), 23.7 and 25.0 (C®7H3), 27.2 (C°Hy), 32.7 (C°H),
413 (C*Hy), 45.4 (C'Hy), 62.2 (C?H), 70.4 (C®Hy), 173.3 (COOR). IR
(cm™1): 3455, 2963, 2716, 2619, 2526, 2405, 1736, 1546, 1470, 1209,
1062, 925, 803.

L4-2HCI-H,0, yield 096 g, 35.05% Anal. calcd. for
C24H50N204Clo-H20: C, 55.47; H, 10.08; N, 5.39%. Found: C, 55.32;
H, 9.83; N, 5.14%. "H NMR (200 MHz, D,0, 3 ppm): 0.91 (t, 6H, 3],
H = 7.20C"’H3), 0.99 (d, 12H, *Jun = 5.40, C57Hs3), 1.36 (m, 8H,
C'1%11H,), 1.60—2.00 (m, 6H, C*H,, C°H), 1.74 (m, 4H, C°H,), 3.53 (s,
4H, C'H,), 4.22 (m, 2H, C?H), 4.32 (t, 4H, C®H,). 13C NMR (50 MHz,
D,0, 3 ppm): 10.8 (C'?H3), 14.5 (C''H,), 18.4 and 19.2 (C®7H3), 19.6
(CH,), 21.9 (C°Hy), 25.0 (C°H), 35.9 (C*H>), 40.0 (C'Hay), 57.0 (C?H),
65.5 (C®H,), 167.9 (COOR). IR (cm™'): 3452, 2960, 2726, 2623,
2525, 2401, 1736, 1543, 1470, 1211, 1066, 956, 798.

4.2.2. Synthesis of the palladium(ll) complexes, 1—4

Complexes were obtained by mixing Kj[PdCly] (0.2 g,
0.61 mmol) and equimolar amount of the L1-2HCI-H,0 (0.267 g,
0.61 mmol), L2-2HCI-H,0 (0.277 g, 0.61 mmol), L3-2HCl-H,0
(0.301 g, 0.61 mmol) or L4-2HCI-H,0 (0.318 g, 0.61 mmol) esters.
During the 2 h of stirring 10 cm> of water solution of LiOH (0.0293 g,
1.22 mmol) was added in small portions to the reaction mixture.
Within this period, pale yellow precipitates of the complexes 14
were obtained, filtered off, washed with cold water, ethanol and
ether and air dried.

1-0.5H,0: Yield 0.26 g  80.00%. Anal. caled. for
C18H36N204ClPd'0.5H20: C, 40.73; H, 7.02; N, 5.27%. Found: C,
40.83; H, 6.93; N, 5.44%. Isomer A: "H NMR (200 MHz, CDCls,
d ppm): 0.94 (d, 12H, 3y = 3.66, C®7Hs3), 1.28 (t, 6H, >y = 7.10,
C°H3), 1.60—2.10 (m, 6H, C*H,, C°H), 2.52 (m, 4H, C'Hy), 3.48 (q, 2H,
C%H), 4.33 (m, 4H, C®H,). 6.30—6.50 (broad s, 2H, NH). 3*C NMR
(50 MHz, CDCl3, 8 ppm): 14.1 (C°Hz), 21.7 (C5"H3), 24.6 (C°H), 37.7
(C*Hy), 48.9 (C'Hy), 59.6 (C?H), 61.6 (C®H3), 169.6 (COOR). Isomer B:
TH NMR (200 MHz, CDCl3,  ppm): 0.92 (d, 12H, *Jy 5 = 3.66, C®7H3),
1.39(t, 6H, 3Jy 4 = 7.14, C°H3), 1.60—2.10 (m, 6H, C*Ha, C°H), 2.80 (m,
4H, C'H,), 3.73 (q, 2H, C?H), 4.19 (m, 4H, C®H>), 5.85—6.05 (broad s,
2H, NH). 3C NMR (50 MHz, CDCl3, 8 ppm):14.2 (C°H3), 22.7 (C®"H3),
24.6 (C°H), 38.9 (C*Hy), 49.3 (C'Hy), 59.6 (C°H), 60.4 (C®H,), 171.6
(COOR). IR (cm’1): 3088, 2960, 2872, 1739, 1468, 1370, 1239, 1194,
1143, 1024, 934, 849, 774.
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2 Yield 0.30 g, 89.45%. Anal. calcd. for C;oH49N204CloPd: C, 43.68;
H, 7.33; N, 5.09%. Found: C, 43.33; H, 7.12; N, 5.03%. Isomer A: 'H
NMR (200 MHz, CDCl3, 3 ppm): 0.92 (d, 12H, *Jiy y = 3.74, C57H3),1.07
(t, 6H, 3Ji 4 = 6.82, C'°H3),1.60—2.10 (m, 6H, C*Hy, C°H), 1.70 (m, 4H,
C°H,), 2.54 (m, 4H, C'Hy), 3.48 (q, 2H, C?H), 4.25 (m, 4H, C%Hy),
6.30—6.50 (broad s, 2H, NH). 3C NMR (50 MHz, CDCl3, 5 ppm): 10.4
(C'°H3), 21.9 (C®7H3), 22.7 (C°Hy), 26.0 (C°H), 37.8 (C*Hy), 49.3
(C'Hy), 60.3 (C?H), 67.2 (C®Ha), 171.5 (COOR). Isomer B: TH NMR
(200 MHz, CDCl3, 3 ppm): 0.92 (d, 12H, 3y i = 3.74, C57H3), 1.25 (t,
6H, 3Jyn = 6.82, C'°H3), 1.60—2.10 (m, 6H, C*H,, C°H), 1.70 (m, 4H,
C°Hy), 2.82 (m, 4H, C'Hy), 3.72 (q, 2H, C?H), 4.08 (m, 4H, C%H,),
5.85—6.05 (broad s, 2H, NH). 13C NMR (50 MHz, CDCl3, 3 ppm): 10.45
(C'°H3), 21.6 (C57H3), 23.7 (C°Hy), 24.7 (C°H), 38.9 (C*Hy), 48.9
(C'Hy), 59.6 (C*H), 67.1 (C®H,), 169.8 (COOR). IR (cm~1): 3143, 2961,
2875,1739, 1468, 1389, 1241, 1195, 1144, 1057, 946, 845, 775.

3Yield 0.33 g, 93.19%. Anal. calcd. for Co3H44N204ClyPd: C, 45.72;
H, 7.67; N, 4.84%. Found: C, 45.49; H, 7.78; N, 4.77%. Isomer A: H
NMR (200 MHz, CDCls, d ppm): 0.93 (d, 12H, 3Jj 4 = 6.60, C57H3),
1.08 (t, 6H, 3Jy i = 7.40, C''H3), 1.40 (sex, 4H, C!°H,), 1.60—2.10 (m,
6H, C*H,, C°H), 1.70 (m, 4H, C°H>), 2.55 (m, 4H, C'H3), 3.20 (m, 2H,
C%H), 4.28 (t, 4H, C®H;) 6.20—6.60 (m, 2H, NH). 13C NMR (50 MHz,
CDCl3, & ppm): 13.6 (C''H3), 19.1 (C%7H3), 21.6 (C'°Hy), 25.9 (C°H),
30.4 (C°Ha), 38.9 (C*Hy), 48.9 (C'Hy), 60.3 (C*H), 65.5 (C®Hy), 171.5
(COOR). Isomer B: TH NMR (200 MHz, CDCls, 3 ppm): 0.93 (d, 12H,
Jun = 6.60, C57H3), 1.08 (t, 6H, Juu = 7.40, C''H3), 1.40 (sex, 4H,
C'%H,),1.60—2.10 (m, 6H, C*H,, C°H), 1.70 (m, 4H, C°H>), 2.81 (m, 4H,
C'H,), 3.20 (m, 2H, C?H), 4.12 (t, 4H, C®H>), 5.60—6.10 (m, 2H, NH).
13C NMR (50 MHz, CDCl3, 8 ppm): 13.7 (C''H3), 19.1 (C57H3), 22.6
(C'°Hy), 24.6 (C°H), 30.5 (C°Hy), 37.7 (C*Hy), 49.1 (C'Hy), 59.5 (C2H),
65.3 (C®Hy), 169.8 (COOR). IR (cm ™ 1): 3133, 2960, 2872, 1740, 1466,
1369, 1241, 1197, 1143, 1089, 938, 844, 736.

423H0: Yield 029 g 72.72%. Anal. caled. for
C24H43N204C12Pd'2.5H201 C, 44.27; H, 8.20; N, 4.30%. Found: C,
43.79; H,8.01; N, 4.57%. Isomer A: THNMR (200 MHz, CDCls, d ppm):
0.91 (t, 6H, 3Ji 11 = 6.60 C12H3), 1.03 (d, 12H, 3Jy py = 6.60 C®H3), 1.33
(m, 8H, C'®1"H5),1.60—2.20 (m, 6H, C*H,, C>H), 1.66 (m, 2H, C°H), 3.20
(m, 4H, C'H,), 3.84 (m, 2H, C2H), 4.19 (t, 4H, C3H,). 5.90—6.10 (broad
s, 2H, NH). 3C NMR (50 MHz, CDCls, 3 ppm): 13.8 (C'?H3), 22.1
(C5H3), 22.7 (C'Hy), 24.9 (CI°H,), 27.9 (C°H,), 28.0 (C°H), 40.9
(C*H3), 42.8 (C'H3), 55.4 (C*H), 66.0 (C®H>), 172.3 (COOR). Isomer B:
TH NMR (200 MHz, CDCls, 3 ppm): 0.91 (t, 6H, 3Jyy = 6.60 C2H3),
1.03(d, 12H, 3Jy = 6.60, C%7H3),1.33 (m, 8H, C1®11H5), 1.60—2.20 (m,
6H, C*H,, C°H), 1.66 (m, 2H, C°H), 3.64 (m, 4H, C'H;), 3.84 (m, 2H,
C%H), 4.23 (t, 4H, C®H,), 6.30—6.50 (broad s, 2H, NH). 13C NMR
(50 MHz, CDCl3, 3 ppm): 13.8 (C'?H3), 22.1 (C57H3), 22.7 (C'H,), 24.9
(C'°H,), 27.9 (C°Hy), 28.0 (C°H), 40.9 (C*Hy), 42.8 (C'Hy), 55.4 (C°H),
66.0 (C3H>), 164.9 (COOR). IR (cm™1): 3139, 2959, 2870, 1741, 1466,
1369, 1229, 1197, 1129, 1070, 971, 730.

4.3. In vitro activity

4.3.1. Preparation of drug solutions

Stock solutions of the tested palladium complexes and ligand
precursors were made in dimethyl sulfoxide (DMSO) at a concen-
tration of 20 mM, filtered through a 0.22 mm Millipore filter before
use, and diluted by a nutrient medium to various working
concentrations. The concentration of DMSO in the most concen-
trated working solutions was 1% (v/v). The nutrient medium used
was HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
buffered RPMI-1640 supplemented with streptomycin (100 mg/
ml), penicillin (100 IU/ml) and 10% fetal bovine serum (FBS). MTT,
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide
was dissolved (5 mg/ml) in a phosphate buffer saline (PBS) having
a pH of 7.2, and filtered through the 0.22 mm Millipore filter before
use. All reagents were purchased from Sigma Chemicals.

4.3.2. Cell preparation

Chronic lymphocytic leukemia cells (CLL) were obtained from
the heparinized whole blood of patients with chronic lymphocytic
leukemia who had not received therapy during the previous six
months. CLL cells were separated by density gradient centrifuga-
tion using Histopaque 1077 (Sigma). The cells were washed three
times in haemaccel and resuspended in RPMI 1640 (10% FBS,
100 IU/ml penicillin G and 100 pg/ml streptomycin). Cell number
and viability were determined by trypan blue staining. The study
was approved by the Ethics Committee of the Clinical Center
“Kragujevac”. Patients signed the informed consent forms.

4.3.3. Cytotoxicity assays

4.3.3.1. MTT assay. The effects of the test compounds on cell
viability were determined using MTT colorimetric technique [50].
CLL cells were diluted with medijum to 1 x 10° cells/ml and aliquots
(5 x 10° cells/100 pl) were placed in individual wells in 96-multi-
plates. In addition, each well received 100 pl of different
compounds, which had been serially diluted 2-fold in the medium
to concentrations ranging from 250 uM to 8.4 uM. The cells were
incubated at 37 °C in a 5% CO; incubator for 72 h. Upon incubation,
multiplates were centrifuged, supernatant was removed, MTT
solution (5 mg/ml in PBS, 10 pl) was added to each well and the
plates were incubated for additional 4 h. The multiplates were
centrifuged, the cell-free supernatants were suctioned off, and
DMSO (150 pul) was added to dissolve the crystals. The plates were
shaken for 10 min. The optical density of each well was determined
at 595 nm using microplate multimode detector Zenyth 3100. The
percentage of cytotoxicity was calculated using the formula: %
cytotoxicity = 100—((TS — BGO)—E/(TS — BGO) x 100), where “BGO”
stands for background of medium alone, “TS” for total viability/
spontaneous death of untreated target cells, and “E” for experi-
mental well.

4.3.3.2. Crystal violet assay. Cell viability after exposure to tested
compounds was measured by the crystal violet assay. CLL cells were
diluted with medium to 1 x 10° cells/ml, aliquots (5 x 10* cells/
100 pl) were placed in individual wells in 96-multiplates and
incubated in the presence of different concentrations, ranging from
250 pM to 8.4 uM, of compounds at 37 °C in a 5% CO,. After 72 h
cells were washed twice with PBS to eliminate dead cells. Viable
cells were then stained by addition of 50 ml of 0.05% crystal violet
solution for 10 min. The wells were rinsed with water and dried and
cells were lysed with 100 pl of methanol. The optical density (OD)
was measured at 595 nm using microplate multimode detector
Zenyth 3100 and cytotoxicity was calculated using the same
formula as for MTT assay.
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Platinum(Il) complexes (1—4) with bidentate N,N’-ligands, 0,0’-dialkyl esters (alkyl = ethyl, n-propyl, n-
butyl and n-pentyl), of (S,S)-ethylenediamine-N,N’-di-2-(4-methyl)pentanoic acid were synthesized and
characterized by IR, "H NMR and >C NMR spectroscopy and elemental analysis. DFT calculations were
performed for the complexes and it was found that only one diastereoisomer could be formed. Cytotoxic
activity of complexes 1—4 was determined against chronic lymphocytic leukemia cells (CLL) and
compared to the activity of ligand precursors L1-2HCI-L4-2HCl and corresponding palladium(II)
complexes, [PACI,L] (L = L1-L4). The complexes were found to exhibit significantly higher antitumor
activities than cisplatin on CLL cells. Cytotoxic effect of platinum(Il) complexes on CLL cells was higher
compared to corresponding palladium(Il) complexes. In addition the mode of cell death induced by
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platinum(Il) complexes was determined.

© 2011 Elsevier Masson SAS. All rights reserved.

1. Introduction

The starting point of the ever increasing field of bioinorganic
chemistry of platinum(Ill) complexes was Rosenberg’s accidental
discovery of antitumor activity of cisplatin, cis-[PtCl,(NHs3),] [1-3].
As a drug, cisplatin was established against diverse tumor types
including testicular, ovarian, head and neck, bladder, esophageal,
and small lung cancer cells (SCLC) [4]. However, cisplatin exhibits
only limited activity against tumors like colon and breast cancer,
and in time resistance frequently occurs [5]. Also cisplatin does not
differentiate between normal and cancerous tissues, resulting in
emphasized side effects including potentially fatal renal failure,
bone marrow suppression and compromised immunity, severe
nausea and toxicity [6].
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Serbia. Tel.: +49 345 5525678, +381 11 3336735; fax: +49 345 5527028, +381 11
636061.

** Corresponding author. Tel.: +381 34 300263; fax: +381 34 335040.
E-mail addresses: goran@chem.bg.ac.rs, goran.kaluderovic@chemie.uni-halle.de
(G.N. Kaluderovic¢), srecko@kg.ac.rs (S. R. Trifunovic).
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The next generation of platinum(Il)-based drugs used in the
clinical treatmentsincludes carboplatin, with similar cytotoxicity
but less side effects than cisplatin, and oxaliplatin, with anti-
proliferative effects even in cancers insensitive to cisplatin (for
example, advanced colorectal tumors [7]). Because of the proven
cytotoxicity of these platinum(Il) compounds, a great number of
new platinum complexes are continuously being prepared and
tested for antitumor activity [8—10].

The synthesis and characterization of platinum(IV) complexes
with NN bidentate ester ligands, Ryeddp (eddp = ethylenediamine-
N,N'-di-3-propanoate; R = n-Bu, n-Pe; Fig. 1A), have recently been
reported [11]. The antitumoral investigation was carried out on
human adenocarcinoma Hela cells, human myelogenuos leukemia
K562 cells and normal immunocompetent cells (PBMC) and when
used [PtClg(n-Buyeddp)] cytotoxicity was actually comparable to
that of cisplatin. A powerful in vitro antitumoral activity of these
two compounds was shown on L1929 fibrosarcoma and U251
astrocytoma tumor cells [12]. The kinetics of the tumor cell death
process induced by using these platinum(IV) complexes was
considerably faster in comparison to the classical platinum(Il)-
based drug cisplatin [13]. Furthermore, the complexes of
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Fig. 1. Complexes of Pt(IV), Pt(Il) and Pd(II) with Ryedda-type ligands.

ethylenediamine-N,N’-diacetato esters [PtCl4(Rzedda)] (R = Me, Et,
n-Pr; Fig. 1B) were tested on human tumor cell lines 1411HP, H12.1
(both testicular germ tumor cells), DLD-1 (colon carcinoma), 518A2
(melanoma), A549 (lung carcinoma) and liposarcoma [14,15]. The
complexes showed mild activity against the tested tumor cell lines.
Furthermore, the mode of cell death, kinetics, platinum uptake and
interaction of [PtCl4(Et,eddp)] and [PtCly(n-Proeddp)] (Fig. 1A) with
pBR322 plasmid DNA were studied and compared to that of
cisplatin [16].

Chiral ligand precursors [(S,S)-HaRpeddip]Cl,  [(S,S)-
eddip = (5,5)-ethylenediamine-N,N’-di-2-propanoate; R = i-Pr and
i-Bu] and the corresponding dichloroplatinum(ll) and tetra-
chloroplatinum(IV) complexes, [PtCl,{(S5,S)-Ryeddip}] (n = 2, 4;
Fig. 1C), were tested for in vitro antiproliferative activity against
tumor cell lines of human adenocarcinoma HeLa, human myelog-
enous leukemia K562, human malignant melanoma Fem-x and
normal immunocompetent cells, i.e., mononuclear PBMC cells in
human peripheral blood [17]. High selectivity was observed for the
complex [PtCl4{(S,S)-i-Pryeddip}] against K562 and Fem-x cell lines
although it was some 2—4 times less active on the investigated cell
lines than [PtCly(n-Peyeddp)]. However, the antitumoral activity of
[PtCl4{(S,S)-i-Proeddip}] against K562 is half that of [PtCly(n-
Peyeddp)], possessing activity comparable to cisplatin, as stated
above.

Due to these findings investigations progressed resulting in
synthesis of more lipophilic chiral Ryedda-type ligands precursors
and their complexes. Thus, four novel NN bidentate ligand
precursors, (R = Et, n-Pr, n-Bu, n-Pe) of (5,S)-ethylenediamine-N,N’-
di-2-(4-methyl)pentanoic acid dihydrochloride [(S,S)-Hseddl]|Cl,
and the corresponding palladium(Il) complexes (Fig. 1D) were
prepared and characterized [18]. In vitro cytotoxicity of all
compounds was determined against chronic lymphocytic leukemia
(CLL) cells [18]. The palladium(II) compounds were found to exhibit
higher antitumoral activity against CLL cells than cisplatin. The
most active compound, with n-Pr ester, was found to be remarkably
14 times more active than cisplatin on CLL cells. CLL is convenient
for in vitro studies as shown with the good correlation between
in vitro cytotoxicity and in vivo response in CLL patients when
chlorambucil is used [19]. The standard first line therapy includes
purine analog-based combinations (fludarabine, cladribine, pen-
tostatin) e.g. fludarabine, cyclophosphamide with or without

PN 0 /L
RO% *

RO )
_KalPCly) Cl
2HCL — =

R

L1-2HCI-L4-2HC1
R =Et, n-Pr, n-Bu, n-Pe

Scheme 1. Synthesis of the platinum(Il) complexes 1—4.

rituximab (FC or FCR; in physically fit patients) or alkylating agent
(chlorambucil in co-morbid patients). The other protocols for CLL
treatment include steroids, vincristine, doxorubicine, mitoxantrone
and monocolonal antibodies (alemtuzumab), but not cisplatin [20].

Since palladium(Il) complexes with these esters provided
surprising results, the next step was to change the central metal
atom and use platinum(Il) in order to investigate the possibility of
even greater cytotoxic action.

Herein, the synthesis, characterization and cytotoxic activity
against CLL cells of four novel platinum(ll) complexes:
dichloro(0,0’-diethyl-(S,S)-ethylenediamine-N,N’-di-2-(4-methyl)-
pentanoate)platinum(Il), (1), dichloro(O,0’-dipropyl-(S,S)-ethyl-
enediamine-N,N'-di-2-(4-methyl)pentanoate)platinum(II) (2),
dichloro(0,0’-dibutyl-(S,S)-ethylenediamine-N,N’-di-2-(4-methyl)
pentanoate)platinum(Il) (3), dichloro(0,0’-dipentyl-(S,S)-ethyl-
enediamine-N,N'-di-2-(4-methyl)pentanoate)-platinum(II) (4)
were described.

2. Results and discussion
2.1. Chemistry

Ligand precursors L1-2HCI—-L4-2HCI were obtained by reported
procedure [18]. Platinum(ll) complexes 14 were prepared by
using appropriate modifications of known methods [13—18,21,22].
Complexes were synthesized by combining aqueous solutions of
K5[PtCly] and the corresponding esters (Scheme 1). The complexes
are soluble in chloroform and dimethylsulfoxide, but not in water.

2.2. Spectroscopic measurements

The previously reported complexes of Ryedda-type ligands in
the IR spectra showed some characteristic absorption for aliphatic
esters (COOR strong absorption stretching bands »(C=O0):
1710—1745 cm ™! and asymmetric CHj stretching vibrations »(CHz):
2950—-2990 cm~!) [18,21]. A similarity is found among the IR
spectra of complexes 1—4 and those of the previously reported
compounds [18,21]. Absorption bands for secondary amino groups
for 1-4 at 3138, 3144, 3139 and 3131 cm~!, respectively, are
assigned to the complexes, suggesting coordination via nitrogen

atoms (ligand precursors show only bands for secondary
R R R
Rooc’\m}, o ROOC/)\fSJ o R'ooc’:s}\ﬁl..«H a
L
C—o>—[— Ptf c;, —o——r Pt— Pt
[ cl [ “ci : NT
ROOC{{/;R) H R'OOC (S);g™H RIOOC (S} "H
R
(R.R) (S.8) (R.S)

R = i-Bu; R' = Et, n-Pr, n-Bu, n-Pe

Fig. 2. Diastereoizomers of complexes 1—4.
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Fig. 3. Calculated structures 1c: (R,R); (S,S); (RS) (from left to right) of complex 1.

ammonium groups; L1-2HCI-L4-2HCl: »(R;NHF) at 3457, 3453,
3455, 3452 cm™!, respectively). All other specific bands are
observed at similar positions for corresponding ligand precursors
and complexes, thus implying the absence of coordination of any
other atom to the platinum(Il) ion, as indicated by the following
data for complexes 1—4: »(C=0) at 1737, 1737, 1736, 1735 cm,
»(C—0) at 1195, 1193, 1195, 1195 cm~' and »(CH3) at 2959, 2961,
2960, 2958 cm™ !, respectively. In comparison to ligand precursors
L1-2HCI-L4-2HC], the following bands are observed: »(C=0) at
1737,1735, 1736, 1736 cm™ !, »(C—0) at 1216, 1210, 1209, 1211 cm ™!
and »(CH3) at 2975, 2966, 2963, 2960 cm .

The expected signals are detected in 'H and '>C NMR spectra. In
the '"H NMR spectra of 1—4, hydrogen atoms of secondary amino
groups show broad signals at 6.1—6.8 ppm (as compared to
L1:-2HCl-L4-2HCL.: 9.5-10.5 ppm). Coordination induced shifts in
1—4 spectra (of up to 0.9 ppm) are referenced to the signals of CHy
protons of the ethylenediamine bridge, clearly showing nitrogen
coordination. All methyl protons show signals at 0.86—1.13 ppm for
all compounds. In the 3C NMR spectra, ester carbon atom reso-
nances are found at the expected position, at around 170 ppm for all
compounds, confirming the fact that oxygen is not a ligating atom
and that the ester moiety is conserved.

2.3. Quantum chemical calculations

The coordination of the (S,S)-Ryedda-type ligands, through
k2N,N' coordination mode, to the dichloroplatinum(Il) moiety yield
chiral N atoms and formation of three diastereoisomers may be
expected: (RR), (5,S) and (R,S) (Fig. 2). In order to determine which
isomer is formed for 14, quantum chemical calculations were
employed. DFT calculations were conducted for the isomers arising
from coordination of L1—L4 to dichloroplatinum(Il) fragment.

Table 1

ICs0 (uM)? for the 72 h of action of investigated compounds,
ligand precursors and palladium(II) complexes [18] on CLL
cells, as determined by MTT assay.

Compound CLL cells
L1-2HC1 114.6 +£27.34
L2-2HCl 81.93 + 15.48
L3-2HCl 70.19 + 19.58
L4-2HC1 29.11 £ 2.09
[PdCI;L1] 88.12 + 25.69
[PdCI,L2] 19.34 + 6.54
[PdCL,L3] 92.14 + 11.68
[PdCI,L4] 31.18 + 7.76
1 22.35 + 5.62
2 9.85 + 1.55
3 539 +1.12
4 10.37 + 4.78
Cisplatin 263.75 + 33.36

2 Mean values + SD (standard deviation) from three

experiments.

Calculated structures of complex 1 (defined as 1c), as example,
are shown in Fig. 3. The structures were fully optimized without
any symmetry constraints and were found to represent equilibrium
structures. The calculated structures showed that (R, R) (configu-
ration of N atoms) diastereoisomer appeared to be structurally and
synthetically feasible for all complexes. For all calculated structures
the (S,S) and (R S) diastereoisomers are higher in energy than (R,R),
AE(ss)(RR) = 4.3—4.4; AERs)—(rR) = 4.9 kcal/mol, and formation of
these isomers should not be expected. Differences in energy
between (S,S) and (R,S) isomers are 0.5—0.6 kcal/mol (1c—4c), being
within the error of DFT calculations. The results from NMR spec-
troscopy (within the sensitivity limits of NMR spectroscopy) show
the presence of only one isomer of 1—4 and DFT calculations may
indicate that (R,R) configuration of the N atoms could be assigned to
this isomer. The introduction of one CH,CH(CH3), group in ami-
nocarboxylato arm seems to influence the diastereoselectivity in
the reaction between K,[PtCly] and Ryedda-type ligands compared
to the related compounds [22].

2.4. Cytotoxicity

In order to investigate in vitro cytotoxic potential of the plati-
num(Il) complexes various concentrations of complexes were
applied to freshly isolated CLL cells and the cell survival was
determined after 72 h action by MTT assay. The results on the
cytotoxicity of ligand precursors, L1-2HCI-L4-2HCI, as well as
corresponding palladium(Il) complexes and cisplatin are included
for comparison (Table 1). All complexes showed a dose-dependent
cytotoxic effect against CLL cells (Fig. 4).

By coordination of ligands to dichloropalladium(Il) moiety, an
increase in cytotoxicity has been observed [18]. On the other hand,
when palladium(Il) is exchanged with platinum(Il) ion, higher
cytotoxic activity is achieved. The ICs5y value of platinum(ll)
complexes 1—4 is 2—17 times lower than that of corresponding
palladium(Il) complexes. From the investigated platinum(II)
complexes the lowest activity was observed for the compound with
the shortest ester chain (1). Changing Et by n-Pr or n-Bu group in

CLL
120
100
80 ——1
E 60 —-—2
? 40 —A—3
20 —A—4
0
0 7.8 15.625 31.25 62.5 125 250
c [uM]

Fig. 4. Representative graph of CLL cell survival after 72 h cell growth in the presence
of platinum (II) complexes 1—4.
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ester chain of the platinum(Il) complexes (1 — 2 — 3) cytotoxic
activity increased. The compound 4 having n-Pe group in ester
chain showed similar activity as 2 and 3, when standard deviations
are taken in consideration. It is interesting to observe that the
increased length of the ligands alkyl side chain is apparently
associated with the higher activity of complexes 2—4 relative to
complex 1. Thus, it seems that impact of larger (S,S)-Reddl ligand
coordinated to dichloroplatinum(Il) moiety has positive influence
on the in vitro antitumor activity. The higher activity was noted for
compound 3 with the n-Bu group in ester chain. It may be possible
that the highest activity of 3 could be associated with the higher
intercellular accumulation what was found for the similar
complexes recently reported [23]. Activity of 1—4 toward CLL cells
was significantly higher in comparison to cisplatin. Low activity of
cisplatin against CLL cells is in agreement with earlier investiga-
tions [24—28]. Some structure—activity relationships could be
observed, which is in accordance with previous studies [22]: the
in vitro activity is increasing in the following order
L-2HCI < [PdCL,L] < [PtClL] (L = L1-L4).

2.5. Mode of cell death induced with complexes 1—4 on CLL cell line

The mode of cell death was determined by flow cytometric
analysis of treated cells stained with Annexin V FITC and 7-AAD.
Results showed that all platinum(Il) complexes induced apoptosis
in CLL cells (Figs. 5 and 6). The CLL cells were treated for 24 h with
25, 125 and 250 pM concentration of complexes 1—4. The dose-
dependent cytotoxic effect of platinum(Il) complexes against CLL
cells was also confirmed by this assay. At a concentration of 25 uM,
complexes 1 and 2 had low impact on the cells and most of them
were viable (1: 78%; 2: 71%). On the other hand, complexes 3 and 4
with the same concentration had greater influence on CLL cells and
induced larger number of apoptotic cells (Fig. 5). The higher applied
concentration (125 uM) of complexes 1 and 2 induced superior
apoptotic effect with approximately the same number of cells in
early and late apoptosis (1: ~29, 2: 40) (Fig. 6). Most cells treated
with the same concentration of complexes 3 and 4 were in late
apoptosis (Fig. 6). All four complexes at a concentration of 250 pM
were highly toxic for cells. The concentration of 250 uM of 14
induced a high percentage of necrotic cells (Annexin V (-); 7-AAD
(+)), with the complete lost of plasma membrane.

3. Conclusions

Four novel platinum(Il) complexes 1—4 were synthesized and
characterized by IR, 'H NMR and *C NMR spectroscopy and
elemental analysis. DFT calculations indicate that the most stable
isomer with (RR) configuration of N atoms could explain diater-
eoselectivity of the reaction between Ky[PtCly] and L1-2HCI —
L4-2HCl ligand precursors. All investigated compounds were tested
for in vitro cytotoxic activity against chronic lymphocytic leukemia
cells (CLL). In vitro activity is increasing in following order
L-2HCl < [PdClL] < [PtClL] (L = L1-L4). The platinum(ll)
complexes exhibit higher activity than cisplatin. The most active
compound is complex 3 (IC50 = 5 + 1 pM). Compounds 1—4 are able
to induce apoptosis on CLL cells with concentrations up to 125 uM,
but they are highly toxic at concentration of 250 pM.

4. Experimental
4.1. Materials and measurements
Dialkyl esters of (S,S)-ethylenediamine-N,N’-di-2-(4-methyl)

pentanoic acid dihydrochloride, (L1-2HCI-L4-2HCI), were
prepared as previously reported [17,18,29]. K,[PtCl4] was obtained

by Merck and used without further purification. Infrared spectra
were recorded by a Perkin—Elmer FTIR 31725-X and Perkin—Elmer
Spectrum One FTIR spectrophotometer using the KBr pellet tech-
nique (4000-400 cm~'). 'H and >C NMR spectra were recorded by
a Varian “Gemini 2000” (200 MHz) spectrometer in CDCl3 using
tetramethylsilane as internal standard. Elemental analyses for C, H
and N were performed by a Vario EL IIl C, H, N, S Elemental
Analyzer.

4.2. Synthesis of the platinum(ll) complexes, 1—4

K>[PtCls] (0.1 g, 0.24 mmol) was dissolved in 10 mL water and
equimolar amount of the L1-2HCI-H,O (0.105 g, 0.24 mmol),
L2-2HCI-H,0 (0109 g 024 mmol), L3-2HCI-H,0 (0.118 g,
0.24 mmol) or L4-2HCI-H,0 (0.125 g, 0.24 mmol) esters were
added. During 2 h of stirring, 10 mL of water solution of LiOH
(0.0115 g, 0.48 mmol) was added in small portions to the reaction
mixture. If necessary, acetone was added to prevent it from sticking.
For several days at room temperature, pale yellow precipitates of
the complexes 1—4 were obtained, filtered off, washed with water,
and dried on air. Numbering of carbon atoms is shown in Fig. 7.

1-(CH3),CO: Yield 0.065 g, 44.46% Anal. calcd. for
C1gH36N204CloPt-(CH3),CO: C, 37.73; H, 6.33; N, 4.19%. Found: C,
37.40; H, 5.84; N, 4.52%. "H NMR (200 MHz, CDCls, 6 ppm): 0.97 (d,
12H, 35y 4 = 4.40, C57H3), 1.29 (t, 6H, 3311 = 6.80, C°H3), 1.70—2.10
(m, 6H, C*H,, C°H), 2.38 (m, 4H, C'H>), 3.01 (q, 2H, C2H), 4.29 (m, 4H,
C8H,). 6.15—6.75 (broad s, 2H, NH). 13C NMR (50 MHz, CDCls,
6 ppm): 13.9 (C°Hs), 22.3 (C®7H3), 25.7 (C°H), 30.3 (C*Hy), 51.7
(C'Hy), 61.6 (C*H), 68.2 (C®H,), 171.5 (COOR). IR (cm™~1): 3138, 2959,
2872, 1737, 1469, 1369, 1241, 1195, 1136, 1025, 934, 853, 775.

100 25 M
80
60
40

20
‘'ml = 10 x

125 M

% of gated cells
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60
40
20

0 — - = ——

1 2 3 4

m early apoptosis

% of gated cells

late apoptosis viable cells

Fig. 5. Percentages of early apoptotic, late apoptotic and viable cells after 24 h of
treatment with platinum (II) complexes 1—4 (concentrations: 25, 125 and 250 uM)
determined by flow cytometry. Data from the three experiments.
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2: Yield 0.067 g, 43.95%. Anal. calcd. for CoH40N204CloPt: C,
37.62; H, 6.31; N, 4.39%. Found: C, 37.87; H, 5.95; N, 4.29%. 'H
NMR (200 MHz, CDCl3, 6 ppm): 0.93 (d, 12H, 33dyy = 4.82,
C57H3), 1.03 (t, 6H, 33y = 7.34, CI°H3), 1.60—2.10 (m, 6H, C*H,,
C°H), 1.71 (m, 4H, C°H>), 2.41 (m, 4H, C'H>), 3.48 (q, 2H, C*H), 4.15

(m, 4H, C®H>), 6.10—6.70 (broad s, 2H, NH). 13C NMR (50 MHz,
CDCls, 6 ppm): 10.4 (C'°Hs), 21.9 (C57H3), 23.7 (C°Hy), 25.8 (C°H),
29.6 (C*Hy), 51.3 (C'Hy), 60.3 (C*H), 67.2 (C®H,), 171.5 (COOR).IR
(cm~1): 3144, 2961, 2874, 1737, 1468, 1385, 1238, 1193, 1137, 1057,
932, 839, 743.

[D AND D] FL1 Log/FL4 Log - ADC

10°

APC

72

T
10? 10°
FITC
[D AND D] FL1 Log/FL4 Log - ADC [D AND D] FL1 Log/FL4 Log - ADC
108 < 10% =,
E'4| 2 B4 72
102—5 102—5
g 10" = E 101 =
< = < E
10° = 10°=
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[D AND D] FL1 Log/FL4 Log - ADC [D AND D] FL1 Log/FL4 Log - ADC
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1 Z2 =1 2
102—E 102—:
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10° 10° 10' 10° 10°
FITC FITC

3
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Fig. 6. Representative FACS dot plots show control cells and cells treated with 125 pM platinum complexes stained with annexin V and 7-AAD. Z2 region represents cells in late
stages of apoptosis (blue), Z4 region represents cells in early stages of apotosis (red). (For interpretation of the references to color in this figure legend, the reader is referred to the

web version of this article.)
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Fig. 7. Numbering of compounds used for NMR data.

3: Yield 0.058 g, 36.63%. Anal. calcd. for Cy2H44N204CloPt: C,
39.64; H, 6.65; N, 4.20%. Found: C, 39.37; H, 6.70; N, 4.16%. TH NMR
(200 MHz, CDCl3, 6 ppm): 0.90 (d, 12H, 33y i = 4.40, C57H3), 0.98 (t,
6H, 33y 1 = 6.60, C1'H3), 1.34 (m, 4H, C'°H,), 1.57—2.04 (m, 6H, C*H,,
C°H), 1.66 (m, 4H, C°Hy), 3.05 (m, 4H, C'H3), 4.13 (m, 2H, C?H), 4.24
(t, 4H, C®Hy), 610—6.70 (m, 2H, NH). *C NMR (50 MHz, CDCl;,
6 ppm): 13.5 (C''H3), 18.9 (C57H3), 21.5 (C'°H,), 23.1 (C°H), 24.9
(C°Ha,), 30.2 (C*H,), 38.9 (C'Hy), 60.8 (C°H), 66.5 (C°H,), 168.9
(COOR).IR (cm™1): 3139, 2960, 2872, 1736, 1468, 1388, 1244, 1195,
1135, 1061, 938, 846, 737.

4-2H,0: Yield 0.056 g, 32.24% Anal. caled. for
C4H4gN204CloPt-2H,0: C, 39.45; H, 7.17; N, 3.83%. Found: C, 39.34;
H, 7.31; N, 4.18%. 'TH NMR (200 MHz, CDCls, 6 ppm): 0.91 (t, 6H,
38uu = 6.20, C'2H3), 1.00 (d, 12H, 35 1 = 4.80, C®7H3), 1.33 (m, 8H,
C'91H,) 1.63—1.95 (m, 6H, C*H,, C°H), 1.75 (m, 2H, C°H), 3.08 (m,
4H, C'H3), 412 (m, 2H, C?H), 4.23 (t, 4H, C®H>). 6.10—6.80 (broad s,
2H, NH). 13C NMR (50 MHz, CDCls, 6 ppm): 13.9 (C'?H3), 21.7
(C57H3), 22.2 (C'Hy), 23.7 (C'°Hy), 25.1 (C°Hy), 25.9 (C°H), 28.1
(C*H,), 51.3 (C'Hy), 61.0 (C°H), 65.8 (C3H3), 171.5 (COOR).IR (cm~1):
3131, 2958, 2871, 1735, 1467, 1398, 1244, 1193, 1137, 1046, 967, 729.

4.3. Computational details

Geometry optimizations were performed by the Gaussian 03
package [30]. All structures were optimized using the MPW1PW91
functional [31]. The SDD basis set for all atoms was employed in the
calculations [32,33]. All systems have been optimized without
symmetry restrictions. The resulting geometries were characterized
as equilibrium structures by the analysis of the force constants of
normal vibrations. Supplementary data associated with quantum
chemical calculations can be obtained from the authors upon request.

4.4. In vitro studies

4.4.1. Preparation of drug solutions

Platinum complexes were dissolved in DMSO at a concentration
of 20 mM and filtered through a 0.22 mm Millipore filter. These
stock solutions were diluted in culture medium immediately before
use. The nutrient medium used was RPMI-1640 supplemented with
streptomycin (100 mg/mL), penicillin (100 IU/mL) and 10% fetal
bovine serum (FBS). MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide was dissolved (5 mg/mL) in a phos-
phate buffer saline having a pH of 7.2, and filtered through the
0.22 mm Millipore filter before use. All reagents were purchased
from Sigma Chemicals.

4.4.2. Cell preparation

Chronic lymphocytic leukemia cells (CLL) were isolated from the
heparinized blood samples of patients with chronic lymphocytic
leukemia who had not received therapy during the previous six
months. CLL cells were separated by single step continuous
density-gradient centrifugation with Histopaque1077 (Sigma). The
cells were washed three times with culture medium RPMI 1640 and
finally resuspended in RPMI 1640 supplemented with 10%, 100 U/

mL penicillin G and 100 mg/mL streptomycin. Cell number and
viability were determined by trypan blue staining. The study was
approved by the Ethics Committee of the Clinical Center “Kragu-
jevac”. Patients signed the informed consent forms.

4.4.3. Cytotoxicity assay (MTT)

The cytotoxic effects of the four platinum complexes and ligands
on CLL lymphocytes were determined using MTT colorimetric
technique. MTT assay is suitable for the detection of alterations in
cellular metabolism or proliferation. It evaluates the mitochondrial
dehydrogenase activity and depends on the percent of live cells
[34,35]. MTT is converted to formazan by living cells, and the color
intensity is directly proportional to the mitochondrial activity.
Briefly, CLL cells (5 x 10° cells/100 pL were placed in individual wells
in 96-multiplates in RPMI 1640 supplemented with 10% fetal bovine
serum (FBS) and incubated in the presence of 100 uL of platinum
complexes in various concentrations (0—250 uM) at 37 °Cina 5% CO;
incubator for 24 and 72 h. Upon incubation, multiplates were pel-
leted, supernatant was removed, MTT solution (5 mg/mL in PBS,
10 pL) was added to each well and the plates were incubated for
additional 4 h. The multiplates were pelleted, the cell-free super-
natants were suctioned off, and DMSO (150 pL) was added to
dissolve the crystals. The plates were shaken for 10 min. The optical
density of each well was determined at 595 nm using microplate
multimode detector Zenyth 3100. The percentage of cytotoxicity
was calculated using the formula: % cytotoxicity = 100-((TS—BGO)—
E/(TS—BGO) x 100) where “BG0” stands for background of medium
alone, “TS” for total viability/spontaneous death of untreated target
cells, and “E” for experimental well. IC50 values were calculated
from dose—response curves using representative triplicate assays.

4.4.4. Apoptosis detection assay (Annexin V/7-AAD)

Apoptotic cells were detected using The Annexin V-FITC
Apoptosis Detection Kit (Beckman Coulter). Annexin V-FITC is
a fluorescent probe which binds to phosphatidylserine. At the onset
of apoptosis, phosphatidylserine, normally found on the internal
part of the plasma membrane becomes translocated to the external
portion of the membrane and becomes available to bind to the
annexin V-FITC. 7-AAD bind to the cellular DNA in cells where the
cell membrane has been totally compromised [36]. It is considered
that annexin V-FITC (—); 7-AAD (—) cells are viable, annexin V-FITC
(+); 7-AAD (—) cells are in early stages of apoptosis and annexin V-
FITC (+); 7-AAD (+) cells are in late stages of apoptosis. After 24 h of
treatment with platinum complexes at concentrations 25, 125 and
250 uM cells (0.5 x 10%/mL) were collected, washed in PBS and
resuspended in ice cold binding buffer. AnnexinV—FITC and 7-AAD
were added to each sample and incubated in the dark for 15 min.
Twenty thousand events were analyzed on FC500 Beckman Coulter
flow cytometer and percentage of early and late apoptotic cells was
determined using and CXP Cytometer software.
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Synthesis of four new platinum(IV) complexes 1-4, with bidentate N,N'-ligand precursors 0,0’-dialkyl
esters (alkyl = ethyl, n-propyl, n-butyl and n-pentyl), of (S,S)-ethylenediamine-N,N'-di-2-(4-methyl)pen-
tanoic acid dihydrochloride [(S,S)-H4eddl]Cl, were reported. The composition of the novel platinum com-
plexes was determined by elemental analysis and characterizations were performed by infrared, 'H and
13C NMR spectroscopy. DFT calculations indicate formation one (R,R) from three possible diastereoiso-
mers (S,S; RS). Complexes 1-4 displayed potent anticancer activity. ICso values range from 0.74 to
70 uM, against tested cell lines, except for CLL cells. The antitumoral activity of 2-4 was found to be con-
siderably stronger to Jurkat and K562. Cell cycle analysis of cell lines showed G1 arrest in the presence of

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Many platinum complexes have been synthesized not only in or-
der to investigate their chemistry but also to identify novel com-
plexes with improved antitumoral properties in comparison to
the drug cisplatin [1,2]. The antitumor activity of cisplatin has been
proved over many years in the treatment of various types of cancer
[3-8]. Platinum(II) based anticancer drug cisplatin has been consid-
ered as one of the most effective chemotherapeutic agents, display-
ing clinical activity against a wide variety of solid tumors [9-11].

There has been a special interest in platinum(IV) complexes, as
their greater inertness in comparison with platinum(Il) complexes
[12,13] may allow for the oral administration of the drugs, reduce
the toxicities associated with platinum-based chemotherapy and
decrease the amount of the complex lost or deactivated through
reactions on the way to the target site [2,8]. One of the likely can-
didates for clinical application is the first orally available plati-
num(IV)-containing anticancer drug satraplatin (JM216) [14].

* Corresponding authors. Tel.: +49 345 5525678; fax: +49 345 5527028

(G.N. Kaluderovic), tel.: +381 34 300263; fax: +381 34 335040 (S.R. Trifunovic).

E-mail addresses: goran.kaluderovic@chemie.uni-halle.de, goran@chem.bg.ac.rs
(G.N. Kaluderovic), srecko@kg.ac.rs (S.R. Trifunovic).

0020-1693/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.ica.2012.03.048

The selection of satraplatin for clinical studies was based on its
potent in vitro growth-inhibitory properties against several tumor
cell types, and its in vivo oral anticancer activity that was largely
comparable to that of administered cisplatin or carboplatin in a
variety of murine tumor models [8,15]. Satraplatin entered clinical
trials in 1992 and is now undergoing phase 3 evaluation [8,15].

Earlier, cytotoxity of platinum(IV) complexes with ethylenedia-
mine-N,N'-di-3-propanoato (eddp) ligand, trans-[Pt(eddp)Cl,] and
trans-[Pt(eddp)Br;] (configuration index OC-6-13; Fig. 1A) has been
investigated [15,16] against A2780 and A2780cisR cells and found to
be low. In order to increase the antitumor action ONNO-tetradetnate
ligands were substituted with NN-bidentates by esterification of the
H,eddp-2HCI. Synthesis and characterization of platinum(IV) com-
plexes with NN bidentate esters, Ryeddp (R = n-Bu, n-Pe; Fig. 1B)
ligands was reported [17]. Furthermore, the complexes of ethylene-
diamine-N,N'-diacetato esters [PtCl4(R,edda)] (R=Me, Et, n-Pr;
Fig. 1C) were tested on human tumor cell lines 1411HP, H12.1 (both
testicular germ cell tumors), DLD-1 (colon carcinoma), 518A2 (mel-
anoma), A549 (lung carcinoma) and liposarcoma [18,19].

Herein the synthesis, characterization and antiproliferative
activity against human breast cancer (MDA-MB-361 and MDA-
MB-453), T-leukemia (Jurkat), chronic myelogenous leukaemia
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Fig. 1. Complexes of Pt(IV) with edda/R,edda-type ligands.

(K562), colorectal cancer (SW480) cell lines and CLL cells, of four
novel platinum(IV) complexes: tetrachlorido[0,0’-dialkyl-(S,S)-
ethylenediamine-N,N'-di-2-(4-methyl)pentanoate]platinum(IV)
(alkyl = ethyl, 1; n-propyl, 2; n-butyl, 3 and n-pentyl, 4) are de-
scribed. The cell cycle distribution was determinated by cytoflu-
orometric analysis.

2. Experimental
2.1. Materials and measurements

Potassium hexachloroplatinate(IV) was obtained from Merck
and used without further purification. (S,S)-ethylenediamine-N,N’'-
di-2-(4-methyl)pentanoic acid dihydrochloride [(S,S)-H4eddl]|Cl,,
was prepared as previously reported [20]. Synthesis of 0,0'-dialkyl
esters of [(S,5)-H4eddl|Cl,, L1-2HCI-L4-2HCl were prepared using
the esterification reaction previously described [21,22].

Elemental analyses for C, H and N were performed by a Vario EL
11 C, H, N, S Elemental Analyzer. Infrared spectra were recorded by
a Perkin-Elmer FTIR 31725-X and Perkin-Elmer Spectrum One
FTIR spectrophotometer using the KBr pellet technique (4000-
400cm™!). 'H and '3C NMR spectra were recorded by a Varian
“Gemini 2000” (200 MHz) spectrometer in CDCl3 using tetrameth-
ylsilane as internal standard.

2.2. Chemical synthesis

2.2.1. Synthesis of the platinum(IV) complexes, 1-4
K5[PtClg] (0.1 g, 0.206 mmol) was dissolved in 10 ml water and
equimolar amount of the L1.2HCI-H,O 0.086 g, 0.206 mmol),
L2-2HCIH,0 (0.092g, 0.206 mmol), L3-2HCI-H,O (0.097 g,
0.206 mmol) or L4-2HCI-H,O 0.103 g, 0.206 mmol) esters were
added. The reaction mixture was heated on a steam bath for 12 h
during with period 10 cm® of water solution of LiOH (0.0099 g,
0.412 mmol) was added in small portions. The solution was then fil-
tered and evaporated on a steam bath until precipitation starts.
After cooling, the precipitate was filtered off, washed thoroughly
with water, and air dried. Numeration of atoms is presented in Fig. 2.
1: Yield 87.52 mg, 62.42%. Anal. Calc. for C;gH3gN,04CI4Pt: C,
31.73; H, 5.33; N, 4.11%. Found: C, 31.40; H, 5.50; N, 4.42%. 'H
NMR (200 MHz, CDCls): 6 0.97 (d, 12H, 3Jyy = 5.60, C®7H3), 1.29
(t, 6H, 3y = 7.20, C°Hs), 1.60-2.10 (m, 6H, C*H,, C°H), 2.97 (m,
4H, C'H,), 3.46 (q, 2H, C?H), 4.29 (m, 4H, C®H,). 6.65-6.95 (broad
s, 2H, NH). 13C NMR (50 MHz, CDCl5): & 13.8 (C°Hs), 21.4 (C57H3),
6
O 4 J\s
12 10 8 4,5 7
11 9 h’ /Cl
'[Pt
N~ | ~Cl
AO0LAH
0]

Fig. 2. Numbering of complexes used for NMR data.

23.6 (C°H), 38.9 (C*H,), 50.4 (C'H,), 62.2 (C*H), 63.1 (C®H,), 171.9
(COOR). IR (cm~1"): 3132, 2961, 2872, 1731, 1470, 1371, 1329,
1247, 1198, 1126, 1027, 909, 852, 744.

2.H,0: Yield 9243mg, 61.75%. Anal. Calc. for
C20H4oN,04Cl4Pt-H,0: C, 33.02; H, 5.82; N, 3.85%. Found: C,
32.84; H, 5.70; N, 4.03%. '"H NMR (200 MHz, CDCl5): § 0.95 (d,
12H, *Jyu =7.80, C®7H;), 1.01 (t, 6H, *Jy; = 4.60, C'°Hs), 1.60-
2.10 (m, 6H, C*H,, C°H), 1.71 (m, 4H, C°H,), 3.02 (m, 4H, C'H,),
3.46 (q, 2H, C?H), 4.22 (m, 4H, C®H,), 6.10-6.70 (broad s, 2H,
NH). '*C NMR (50 MHz, CDCl5): 6 10.4 (C'°Hs), 21.6 (C®7H3), 23.2
(C°Hy), 24.9 (C°H), 25.9 (C*H,), 38.7 (C'Hy), 59.9 (C?H), 68.9
(C®H,), 168.8 (COOR). IR (cm™1): 3133, 2962, 2874, 1734, 1472,
1395, 1329, 1254, 1197, 1128, 1058, 933, 744.

3: Yield 98.74 mg, 65.07%. Anal. Calc. for Cy;H44N;04Cl4Pt: C,
35.83; H, 6.01; N, 3.80%. Found: C, 35.75; H, 5.53; N, 4.00%. 'H
NMR (200 MHz, CDCl3): 6 0.91 (d, 12H, 3J;;4 = 5.60, C57H3), 0.98
(t, 6H, *Jun = 6.20, C''Hs), 1.38 (m, 4H, C'°H,), 1.58-2.04 (m, 6H,
C*H,, C°H), 1.67 (m, 4H, C°H,), 3.05 (m, 4H, C'H,), 4.24 (m, 2H,
C?H), 4.54 (t, 4H, C®H,) 6.60-6.90 (m, 2H, NH). '3C NMR (50 MHz,
CDCl3): 6 13.5 (C''Hs), 18.9 (C5H3), 21.4 (C'°H,), 23.1 (C°H), 24.9
(C°H,), 30.1 (C*H,), 39.1 (C'H,), 62.3 (C?H), 66.8 (C®H,), 172.1
(COOR). IR (cm™'): 3129, 2960, 2872, 1731, 1466, 1390, 1330,
1250, 1196, 1126, 1064, 937, 834, 743.

4: Yield 94.52 mg, 60.01%. Anal. Calc. for Cy4H4gN,04ClyPt: C,
37.66; H, 6.32; N, 3.66%. Found: C, 37.27; H, 6.43; N, 3.89%. 'H
NMR (200 MHz, CDCl5): & 0.91 (t, 6H, 3y = 6.60 C'?H3), 1.00 (d,
12H, 3J 4 = 4.80 C57Hs), 1.33 (m, 8H, C'®!'H,), 1.63-1.95 (m, 6H,
C*H,, C°H), 1.68 (m, 2H, C°H), 2.77 (m, 4H, C'H,), 4.16 (m, 2H,
C2H), 4.20 (t, 4H, C8H,). 6.10-6.80 (broad s, 2H, NH). '3C NMR
(50 MHz, CDCl5): 6 13.9 (C'2Hs), 22.1 (C57Hs), 22.2 (C''Hy), 22.3
(C'°H,), 24.6 (C°H,), 27.8 (C°H), 28.0 (C*H,), 39.5 (C'H,), 52.3
(C?H), 66.9 (C®H,), 170.0 (COOR). IR (cm™'): 3231, 2959, 2871,
1739, 1467, 1401, 1228, 1193, 1133, 1046, 961, 729.

2.3. Computational details

Geometry optimizations were performed by the caussian 03
package [23]. All structures were optimized using the MPW1PW91
functional [24]. The SDD basis set for all atoms was employed in the
calculations [25,26]. All systems have been optimized without sym-
metry restrictions. The resulting geometries were characterized as
equilibrium structures by the analysis of the force constants of nor-
mal vibration. Supplementary data associated with quantum chem-
ical calculations can be obtained from the authors upon request.

2.4. Biological experiments

2.4.1. Complexes and solutions

Stock solutions of investigated complexes, were prepared in
DMSO at concentrations of 20 mM and afterwards they were di-
luted with complete nutrient medium (RPMI-1640 without phenol
red) supplemented with 3 mM L-glutamine, 100 pg/mL streptomy-
cin, 100 IU/mL penicillin, 10% heat inactivated fetal bovine serum
(FBS), and 25 mM: 2-[4-(2-hydroxyethyl)1-piperazino]ethanosulf-
onic acid (Hepes) adjusted to pH 7.2 by bicarbonate solution.
RPMI-1640, FBS, Hepes, and L-glutamine were products of Sigma
Chemical Co., St. Louis, MO. The MTT (3-(4,5-dimethyl-thiazol-2-
y1)-2,5-diphenyl tetrazolium bromide) was dissolved (5 mg/ml) in
phosphate buffer saline pH 7.2 and filtered (0.22 pm) before use.
The RPMI 1640 cell culture medium, fetal bovine serum (FBS),
and MTT, were purchased from Sigma Chemical Company, USA.

2.4.2. Cell culture

Human breast cancer (MDA-MB-361 and MDA-MB-453), T-leu-
kemia (Jurkat), chronic myelogenous leukaemia (K562) cells were
grown in RPMI-1640 medium (Sigma). Human colorectal cancer
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(SW480) cells were routinely maintained in DMEM medium
(Gibco). Both media were supplemented with 10% fetal bovine
serum, L-glutamine, and penicillin-streptomycin (Sigma). CLL
lymphocytes were separated from the heparinized blood samples
of patients with chronic lymphocytic leukemia and resuspended
in RPMI 1640 supplemented with 10% fetal bovine serum (FBS).

2.4.3. Treatment of cell lines

Target cells MDA-MB-361 (7000 cells/well), MDA-MB-453
(3000 cells/well), Jurkat 15000 cells/well), K562 (5000 cells/well)
and SW480 cells (5000 cells/well) were seeded into wells of a
96-well flat-bottomed microtitre plate. Twenty-four hours later,
after the cell adherence, five different concentrations of investi-
gated complexes were added to the wells, except for the control
cells to which a nutrient medium was added only. Final concentra-
tions achieved in treated wells were 5, 10, 25, 50 and 100 pM;
exceptionally, for SW 480 cells were 1.60, 3.12, 6.25, 12.5, 25, 50
and 100 pM. The final concentration of DMSO solvent never ex-
ceeded 0.5%, which was non-toxic to the cells. Especially, com-
plexes were applied to the suspension of Jurkat and K562 cells
2 h after the cell seeding. All concentrations were set up in tripli-
cate. Nutrient medium with corresponding concentrations of
investigated complexes, but without cells, was used as a blank, also
in triplicate. The cultures were incubated for 72 h.

2.4.4. Determination of cell survival

The effect of the four platinum complexes on cancer cell sur-
vival was determined by the microculture tetrazolium test (MTT)
according to Mosmann [27] with modification by Ohno and Abe
[28], 72 h after addition of the complexes, as described earlier.
Briefly, 20 pL of MTT solution (5 mg/mL phosphate-buffered sal-
ine) was added to each well. Samples were incubated for a further
4 h at 37°C in a humidified atmosphere of 95% air/5% CO, (v/v).
Then 100 pL of 100 g/L sodium dodecyl sulfate was added to ex-
tract the insoluble product formazan resulting from conversion of
the MTT dye by viable cells. The number of viable cells in each well
was proportional to the intensity of the absorbance of light, which
was read in an enzyme-linked immunosorbent assay (ELISA) plate
reader at 570 nm. The absorbance (A) at 570 nm was measured
24 h later. To determine cell survival (%), the A of a sample with
cells grown in the presence of various concentrations of the inves-
tigated complexes was divided by the control optical density (the A
of control cells grown only in nutrient medium) and multiplied by
100. It was implied that the A of the blank was always subtracted
from the A of the corresponding sample with target cells. ICso was
defined as the concentration of an agent inhibiting cell survival by
50% compared with a vehicle-treated control. As a positive control,
cisplatin was used. All experiments were done in triplicate.

2.4.5. Patients with CLL, cell isolation and cell survival detection
Samples from 3 patients with CLL were studied. Primary leuke-
mic lymphocytes from patients diagnosed with CLL according to
the World Health Organization classification were isolated by Fi-
coll/Hypaque sedimentation (Seromed) and resuspended in RPMI
1640 supplemented with 10% fetal bovine serum (FBS). Informed
consent was obtained from three patients in accordance with the
Declaration of Helsinki and the Institutional Ethics Committee of
the Hospital Clinic (Kragijevac, Serbia). The cytotoxic effects of
the four platinum complexes on CLL lymphocytes and SW480 cell
line were determined using MTT colorimetric technique [29]. A
100 plL of CLL cells suspension (5 x 10° cellsjwell) were placed in
96-multiplates and incubated in the presence of 100 ul of platinum
complexes and cisplatin in various concentrations (0—100 uM) at
37 °Cin a 5% CO, incubator for 72 h. Upon incubation, supernatant
was removed. MTT solution was added. After additional 4 h of
incubation medium with MTT was removed and DMSO (150 pL)

with glycine buffer (20 puL) was added to dissolve the crystals.
The plates were shaken for 10 min. The optical density of each well
was determined at 570 nm.

2.4.6. Flow cytometry analysis

Cellular DNA content and cell distribution were quantified by
flow cytometry using propidium iodide (PI). Cells (3 x 10> cells/
well) were seeded in 6-well plates and incubated with or without
2 x ICsp concentration of investigated complexes for 24 h. After
treatment, the cells were collected by trypsinization, and fixed in
ice-cold 70% ethanol at —20 °C overnight. After fixation, the cells
were washed in PBS and pellets obtained by centrifugation was
treated with RNAse A (100 pg/mL) at 37 °C temperature for
30min and then incubated with PI (40 pg/mL) for at least
30 min. DNA content and cell cycle distribution were analyzed
using a Becton Dickinson FAC-Scan flow cytometer. Flow cytome-
try analysis was performed using a CellQuestR (Becton Dickinson,
San Jose, CA, USA), on a minimum of 1 x 10* cells per sample [30].

3. Results and discussion
3.1. Chemistry

Complexes were synthesized by combining aqueous solutions
of Ky[PtClg] and the corresponding ester dihydrochlorides (S,S)-
Ryeddl-2HCI (Scheme 1). The resulting complexes are soluble in
chloroform and dimethylsulfoxide, but not in water.

3.2. Spectroscopic measurements

The IR spectrum shows specific absorption bands v(C=0) at
1731, 1734, 1731, 1739 cm™! (strong), (typical absorption for ali-
phatic esters), v(C—0) at 1198, 1197, 1196, 1193 cm~! and
v(CH3) at 2962, 2961, 2960, 2959 cm™', respectively.

The expected chemical shifts for such class of platinum(IV)
complexes are observed in 'H and '3C NMR spectra. In the 'H
NMR spectra of 1-4, hydrogen atoms of secondary amino groups
show broad signals at 6.1-6.9 ppm. Coordination-induced shifts
in spectra of 1-4 (of up to 0.9 ppm) are referenced to the signals
of CH, protons of the ethylenediamine bridge, clearly implying
nitrogen coordination to platinum(IV). All methyl protons are ob-
served between 0.86 and 1.13 ppm for all complexes.

In the '>C NMR spectra, ester carbon atom resonances are found
at the expected position, at around 170 ppm for all complexes (at
the similar positions of the ligand precursors), confirming that oxy-
gen is not a ligating atom and that ester bond is preserved. For the
complexes, NMR spectroscopy confirmed their constitution.

3.3. Quantum chemical calculations
(5,5)-Ryeddl ligand by coordination to platinum(IV) ion addi-

tionally form chiral centers on nitrogen atoms and might yield
three diastereoisomers: (R,R), (RS) and (S,S) (Fig. 3). However,

9 A~ o A

RO7(s)'_H ROJ\f H Cl
N one P TN T o
N. LiOH [ /Pt\(:l
ro_sl H S
ROUSAH |
K o)
L12HCI-L4-2HCI 14

R = Et, n-Pr, n-Bu, n-Pe

Scheme 1. Synthesis of the platinum(IV) complexes 1-4.
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Table 1

Energies of the calculated structures relative to the most stable (R,R)-N,N configured

diastereoisomer.

(RR)1
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(R,S)1

Fig. 3. Equilibrium structures of diastereosisomers of complex 1 (hydrogen atoms are omitted because of clarity).

Complex RR RS S.S

1 0.00 3.21 8.14
2 0.00 3.18 8.15
3 0.00 2.91 8.03
4 0.00 3.02 8.18

T-leukemia (Jurkat), chronic myelogenous leukemia (K562), colo-
rectal cancer (SW480) cells and CLL lymphocytes along with cis-
platin as referent cytostatic. The ICso values of the studied
complexes are presented in Table 2, while Fig. 4 depicts the cyto-
toxic curves from MTT assay showing the survival of cell grown
for 72 h in the presence of increasing concentrations of complexes
1-4. Results showed that the complexes demonstrated excellent

our efforts to crystallize the platinum(IV) complexes were unsuc-
cessful and in order to circumvent this problem, density functional
theory (DFT) calculations were carried out for diastereoisomers of
1-4. In case of all complexes the most stable is found to be (R,R)-
N,N'-configured isomer by 2.9-3.2 and 8.0-8.2 kcal/mol than (R,S)
and (S,S) isomers (Table 1), respectively. Results obtained from
DFT calculations are consistent with NMR spectra in which only
one diastereoisomer was observed.

3.4. Biological evaluation

3.4.1. In vitro antitumor activity
The complexes 1-4 were evaluated for their cytotoxic activity
against human breast cancer (MDA-MB-361 and MDA-MB-453),

cytotoxic activity, ICso values range from 0.74 to 70 pM against
all the tested cell lines, except for CLL cells. Complexes 2-4 exhib-
ited stronger cytotoxicity against Jurkat and K562 cell lines, thus to
be very similar to that observed for cisplatin. On the other hand
slightly lower activity of complexes 1-4 toward MDA-MB-361
(resistant toward widely used cytostatic drugs such as paclitaxel,
doxorubicin and 5-fluorouracil) [31] and MDA-MB-453 cells was
noticed. Nevertheless, it is evident that complex 1 shows a two
to three times lower cytotoxicity of 2, 3 and 4. The cytotoxicity in-
creases upon introduction of n-propyl (2), n-butyl (3) or n-pentyl
(4) groups. On the other hand, no significant difference in the activ-
ity of complexes 2-4 was noted.

Furthermore, obtained data indicate that compound 1-4 exhib-
ited stronger cytotoxicity in cisplatin resistant SW480 type cell
line. Nevertheless, the obtained values are comparable to those
reported for other platinum(IV) complexes [32]. Contrary, our

Table 2
Concentrations of complexes 1-4 that decreased by 50% cell survival, ICso (uM)" after 72 h of incubation, in MDA-MB 361, MDA-MB-453, Jurkat, K562, SW480 and CLL cells.
Compound MDA-MB-361 MDA-MB-453 Jurkat K562 SW480 CLL cells
1 70.06 £1.19 4498 +1.19 25.51+2.19 22.53 £3.41 5.09 +4.44 >100
2 29.14 +0.51 16.42 £0.58 9.61 £0.87 8.51+1.67 2.32+0.18 96.56 + 10.59
3 25.95+1.26 23.19+1.48 9.93+0.42 12.68+1.39 3.95+0.76 63.70 + 8.88
4 24.03 +0.21 22.75+3.81 11.41 £ 0.68 13.15+£0.58 0.74+0.20 >100
cisplatin 14.74 £0.36 3.75+0.12 7.79 £0.83 8.52 +£0.09 31.92 £ 13.86 >100
" Mean value + SD.
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Fig. 4. Representative graph of MDA-MB-361, MDA-MB-453, Jurkat, K562, SW480 and CLL cells survival after 72 h cell growth in the presence of platinum(IV) complexes 1-4.
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Fig. 5. Cell cycle distribution after 24 h of continuous action of platinum(IV) complexes 1-4 in MDA-MB-361 cell lines (as an example).

Table 3
Effect of platinum(IV) complexes 1-4 on cell cycle phase distribution.

Apoptotic cells sub-G1 G1 S G2/M
MDA-MB-361
Control 2.94 62.05 12.25 18.58
1 21.78 58.35 6.34 7.23
2 23.48 57.13 5.81 7.64
3 24.54 54.50 7.17 7.22
4 25.65 56.36 5.94 6.16
MDA-MB-453
Control 222 50.10 16.79 21.80
1 17.11 44.84 18.23 13.98
2 16.35 44,55 18.69 14.37
3 18.21 39.31 18.24 17.58
4 14.88 45.82 18.46 15.50
Jurkat
Control 1.69 52.67 12.60 29.05
1 12.42 51.55 16.27 14.93
2 28.93 41.28 13.62 10.21
3 28.56 45.23 13.53 6.91
4 25.54 42.90 14.52 11.29
K562
Control 2.87 51.33 20.18 20.72
1 13.28 58.17 14.62 7.42
2 24.99 49.93 13.72 4.51
3 18.23 53.96 15.34 4.87
4 15.96 57.20 14.87 491

Effect of compounds on cell cycle phase distribution. MDA-MB-361, MDA-MB-453,
Jurkat and K562 cell lines were exposed to compounds (2 x ICsp) for 24 h and then
collected for analysis of cell cycle phase distribution using flow cytometry. Per-
centage of cells under different stages of cell cycles (sub-G1, G1, S, G2/M) is shown.

preliminary data on the CLL cells isolated from three patients show
that complexes do not induce a significant cytotoxic effect on CLL
cells. Surprisingly corresponding palladium(Il) complexes exhib-
ited higher antiproliferative activity against same cells
(32.1£7.8-92.1 £ 11.7) [20] than complexes 1-4.

3.4.2. Cell cycle analysis

As a result of the observed cytotoxic action of investigated cells
(with exception CLL cells), it is tested whether complexes 1-4
would alter or interrupt the cell cycle status of malignant cells. Cell
cycle was assessed by cytofluorimetric analysis, using propidium
iodide to label DNA and results are given in Fig. 5 and Table 3. After
treatment of MDA-MB-361, MDA-MB-453, Jurkat and K562 cells
with 1-4 (2 x ICsp), the cells were harvested and analyzed with a
FACScalibur flow cytometer. It is observed that in vitro cytotoxic
activity was accompanied by an important sub-G1 fraction of all
cell lines after treatment with complexes. Namely, treatment of
1-4 leads to an increase in sub-G1 phase along with concomitant
decrease in S and G2/M, supporting a G1 phase arrest. Thus, indi-
cating that the tested compounds might induce apoptosis. In gen-
eral, the cytotoxicity of platinum compounds in cancer cells can be
related to the inhibition of DNA synthesis or to saturation of the
cellular capacity to repair Pt-DNA adducts. Covalent bindings be-
tween platinum complexes and DNA decrease rate of replication,
transcription and following translation. DNA can be additionally
destroyed in secondary process by free radicals, which are also
responsible for apoptosis induction after treatment with platinum
compounds [33]. Our data suggest that the G1 phase cell cycle ar-
rest, observed in treated cell lines, most likely involved engage-
ment of the G1 checkpoint that is mediated by p53. It seems that
1-4 complexes act in this manner.

4. Conclusion

Four novel platinum(IV) complexes 1-4 were synthesized and
characterized by IR, '"H NMR and '*C NMR spectroscopy and ele-
mental analysis. All investigated complexes were tested for
in vitro cytotoxic activity against panel of malignant cell lines. All
complexes showed significant cytotoxic activity, against all cell
lines tested, except for CLL cells. In the cell growth inhibition of
Jurkat and K562 cells compounds 2, 3 and 4 showed a cytotoxic
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potential comparable to cisplatin. In vitro antitumor activity was
accompanied by an important apoptotic fraction of tested cell lines
after treatment with complexes 1-4.
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Abstract: Bidentate N,N'-ligand precursor, O,O’-dipropyl ester of (S,S)-
ethylenediamine-N, N'-di-2-(4-methyl)-pentanoic acid dihydrochloride, [(S,S)-
H,eddl]Cl,, was prepared and its crystal structure is given herein. It crystallizes
in a P4, space group of tetragonal crystal system with a = 16.5620 (2) A, b =
16.5620 (2) A, ¢=5.2240 (1) A and Z=2.

Keywords: crystal structure, tetragonal crystal system; O,O’-dipropyl ester of
(S,8)-ethylenediamine-N,N’-di-2-(4-methyl)-pentanoic acid dihydrochloride.

INTRODUCTION

R,edda-type esters (edda = ion of ethylene-diamine-N, N'-diacetic acid) are of
interest as ligands for a variety of opportunities for coordination of metal ions.
Recently, synthesis and characterization of platinum(Il) and platinum(IV)
complexes with N, N'-bidentate R,eddp (R,eddp = O, O’-dialkyl-ethylene-diamine-
N,N'"-di-3-propionate) and halide ligands was reported."® The work was extended
by synthesizing chiral branched-chain esters, (S,S)-R,eddip, and the
corresponding platinum(I/IV) complexes.” Furthermore, the most of the
prepared have been used for the synthesis of the corresponding plalladium(II)
complexes.* '’ Some of complexes, specially platinum(II) and platinum(IV) with
NN bidentates, have demonstrated significant antitumoral activity.””

* Corresponding author. E-mail: srecko@kg.ac.rs
# Serbian Chemical Society member.
doi: 10.2298/JSC120208041V
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Although a large number of Ryedda-type esters has been synthesized up to
now we were able to obtain the single crystals suitable for X-ray analysis only in
the case of 0,0’-diisopropyl-(S,S)-ethylenediamine-N,N’-di-2-propanoate.’

The preparation and spectral characterization O,O'-dipropyl ester of (S,S)-
ethylenediamine-N, N'-di-2-(4-methyl)-pentanoic  acid dihydrochloride was
published earlier.® This paper reports single crystal X-ray structure determination
of  O,0'-dipropyl-(S,S)-ethylenediamine-N, N'-di-2-(4-methyl)-pentanoic  acid
dihydrochloride, [(S,S)-H,Pr,eddl]Cl,.

EXPERIMENTAL
Chemistry

All reagents were of grade purity. (S,S)-ethylenediamine-N,N'-di-2-(4-methyl)-pentanoic
acid dihydrochloride, [(S,S)-H,eddl]Cl,, was prepared as previously reported."'

Synthesis of O,0'-dipropyl-(S,S)-ethylenediamine-N,N'-di-2-(4-methyl)-pentanoic acid
dihydrochloride, [(S,S)-H,Pr.eddl]Cl,,

The ester was prepared using the esterification reaction previously described.® The ester
was recrystallized from the warm propanol and after cooling at room temperature and
standing for several days, crystals suitable for X-ray measurements were obtained.

X-Ray crystal structure determination

The diffraction data from a selected single crystal of [(S,S)-H,Pr,eddl]|Cl, were collected
at room temperature on Oxford Diffraction Xcalibur Gemini S diffractometer equipped with
CuKa radiation (A = 1.54184 A). Data were processed with CrysAlis software'> and corrected
for absorption by analytical numeric method.” Crystal structure was solved by direct
methods, using Sir2002'* and refined using SHELXL." The refinement of the crystal structure
revealed high isotropic displacement parameters for the carbon atoms of the propyl ester
group indicating a severe disorder of this fragment. All attempts to model the disorder were
unsuccessful and the temperature factors of the propyl ester C atoms were refined as isotropic.
All H atoms were placed at geometrically calculated positions with the D-H distances fixed to
0.98, 0.97 and 0.96 A from methine, methylene and methyl C(sp’) respectively and 0.90 A
from N atom. The corresponding isotropic displacement parameters of the hydrogen atoms
were equal to 1.2 U,y and 1.5 U, of the parent C and N atoms. Geometrical calculations were
performed with PARST97'® and molecular graphics with ORTEP " and Mercury.” The
details of the X-ray structural analysis are given in Table I.

RESULTS AND DISCUSSION

The title compound (Fig. 1) crystallizes in the chiral space group P4, with
one-half of the molecule representing the asymmetric unit. The molecular halves
are related by twofold axis which is passing through the mid-point of the central
C10-C10' bond (i = —x + 1, —y, z). The charge of the protonated ester molecule
is balanced by chloride anions. The selected geometrical parameters are given in
Table II. According to the values of the torsion angles C7—C6—C5—-NI,
C6—C5-N1-C10, C5-N1-C10-C10' and N1-C10—C10'-N1' which are ranging
from —167.2(9) to —178.8(8)° the conformation of the aliphatic chain can be
described as fully extended. The atoms of the C5/C6/C7/N1/C10 fragment are
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co-planar within 0.037(6) A. Similar extended conformation of the chain as well
as the co-planarity of the constituent atoms have been observed in previously
reported R,edda-type esters.””'® In the present compound the dihedral angle
between the C5/C6/C7/N1/C10 best planes from the two molecular halves is
equal to 32.6(5)° indicating a slight mutual twist trough the molecular center.
Although severe disorder prevents the clear localization of the C atoms of the
propyl ester group one can observe that the planar ester fragment C5/C4/01/02
(rms deviation of fitted atoms is 0.01) takes a significant turn with respect to the
C5/C6/C7/N1/C10 plane. The dihedral angle formed between the corresponding
best planes is equal to 74.1(3)°.

The molecular conformation is stabilized by two rather weak and bent
intramolecular hydrogen bonds formed between the diamine and isopropyl C—H
groups as donors and the oxygens of the ester group as acceptors (Table I1I). The
crystal packing is, as expected, dominated by the hydrogen bonds formed
between the charged components, the protonated amino nitrogen and the CI
anion. Both available N—H fragments of the amino group are utilized in the
hydrogen bonding. These two rather strong N=H...ClI interactions (Table III)
connect the molecules into the ribbon. In addition to N—H...Cl hydrogen bonds
the molecules are interconnected by C5—-H...Ol interaction (Figure 2a).
Although regarded as a secondary interaction the C5—H...O1 displays a
favorable directionality (Table III). Owing to the twofold symmetry the
molecules generate the identical set of interactions running in the opposite
direction and reinforcing the connection between them. In general, two molecules
inside the ribbon are connected with: four N—H...Cl interactions forming a motif
described by Etter’s graphset notation®® as R*,(14) and two C—H...O interactions
forming a larger ring-like motif described as R%(18) (Fig 2a). The interactions
link the parallel molecules in ¢ direction; however taking into account the
molecule length and its extended conformation, one can observe that the formed
molecular ribbon expands through the entire ac plane. The described N—H...Cl
hydrogen bonds, which engage the most polar parts of the molecules, are the
main non-covalent interactions in this crystal structure. The similar contacts,
leading to the similar molecular arrangement, were also observed in the crystal
packing of two previously reported Roedda-2HCI esters.”’ In the present crystal
structure the ribbons related by fourfold axis direct their propyl ester fragments
each to another, maximizing the nonbonding C—H contacts. As a result one can
observe a formation of three-dimensional porous structure, with the parallel non-
polar channels extended in ¢ direction (Fig 2b).

CONCLUSION

0,0'-dipropyl-(S,S)-ethylenediamine-N, N'-di-2-(4-methyl)-pentanoic  acid
was crystallized in the form of the dihydrochloride in a P4, space group of
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tetragonal crystal system. The crystal form and the crystal packing are
determined by strong intermolecular NI1-HIA...Cll, NI1-HI1B...Cll and
C5—-HS...01 hydrogen bonds.

Supplementary data. CCDC 863095 contains the supplementary
crystallographic data for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html ~ (or  from  the  Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax:
+44 1223 336033).
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U3BOJ

CTEPEOCIIEHM®UYHU JTUTAHIU U BBUXOBU KOMIIJIEKCH XIV. KPUCTAJTHA
CTPYKTYPA 0,0'-IUITPOITNII ECTPA (S,S)-ETUWJIEHOUAMUH-N,N'-TU-2-
-(4-METWI)-ITEHTAHCKE KUCEJTUHE OIUXTTOPXUJPATA

JEJIEHA M. BYJHR', SANTIAGO GARSIA-GRANDA’, LAURA MENENDEZ-TABOADA®,
CNIABAHA B. HOBAKOBHR® M CPERKO P. TPHOYHOBHE'
1Aiponomcxu paxyniueni, Ynusep3uttiewi y Kpaiyjesuy, Llapa HQywana 34, 32000 Yauax, ZUniversily of
Oviedo, Faculty of Chemistry, Spain, " Huctiuitiy i 3a HykaeapHe nayxe ,Bunua”, Jlabopatwiopuja 3a
pusuxy Kongensosarne mamiepuje,Ynusep3uiieii y beoipagy, ui. tip. 522, 11001 Beoipag u
Hncmuiuyw 3a xemujy, [Ipupogno—maitiematmiuury Gaxynimeli, Ynusepsuiiewi y Kpaiyjesuy,
Pagoja Jomanosuha 12, 34000 Kpaiyjesay,

Cunretucan je OupeHtatHu N,N' nuranp npexypcop, O,0'-munponun ectap (S,S)-
-eTuaeHAuaMuH-N,N'-11-2-(4-MeTw)-IIeHTaHCKe KUCEMHe OUXJI0pXUIpaTa U UCIIMTUBaHa je
BEroBa KpHUCTaJHAa CTPyKTypa. HaBe#meHW NWraHp KpUCTaIuile y IPOCTOPHOj rpynu P4
TETPAroHATHOT KPUCTAJTHOT CUCTEMA Ca AWMeH3WjaMa jeguHuuyHe henuje a = 16.5620 (2) /°\,
b=16.5620 (2) A, c=52240 (1) Auz=2.

(TTpumisero 8. pedpyapa, pesunupano 24. anpuna 2012)
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6 VUIIC et al.

FIGURE CAPTIONS

Fig. 1. Molecular structure of [(S,S)-H,Pr,eddl]Cl, with the atom labeling
scheme. The displacement ellipsoids are plotted at the 40 % probability
level. The twofold axis is passing through the middle of C10—C10’ bond.

Fig. 2. (a) Intermolecular N—H...Cl and C—H...O hydrogen bonding
relates the molecules into ribbons. (b) Segment of three-dimensional
porous crystal structure.
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Fig. 2.
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TABLE CAPTIONS

Table I. Crystal data and structure refinement for [(S,S)-H,Pr,eddl]Cl,

Table II. Selected bond lengths and angles.

Table I1I. Hydrogen bonding geometry (A, °).

Table 1. Crystal data and structure refinement for [(S,S)-H,Preddl]Cl,.

Empirical formula
Formula weight
Wavelength / A
Crystal system
Space group

Unit cell dimensions
a=b/A

clA

viA

Z

w/ mm’”

F(000)

Dcalc / g Cm_s
Temperature / K
Crystal size / mm’
Reflections collected
Independent reflections
Absolute structure
parameter
Goodness-of-fit on F”
Rint

Ry, WR, [I>2G(I)]

C20Cl,H4,04N,
445 47

1.54184
Tetragonal

P4,

16.562(2)
5.224(1)
1432.9(3)
2

2215
484
1.032
293

0.07 x 0.02 x 0.01
8570
2869
0.05(6)

0.814
0.0663
0.0769, 0.1911
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Table II. Selected bond lengths and angles.

Bond lengths (A) Bond angles (°)

C4-01 1.479(18) C5-C6—-C7 113.5(6)
C4-02 1.324(10) C4—-C5—-N1 107.0(6)
C5-N1 1.491(8) C5-N1-C10 115.8(5)
C5-Co6 1.541(9) 01-C4-02 125.7(9)
C6—C7 1.531(9) C5—C4-01 127.4(8)

Table I1I. Hydrogen bonding geometry (A, °).

D-H D.. A H..A D-H..A
C7-H7..02" 0.98 3.111(11) 2.57 114
C10-H10a...01' 0.97 3.119(10) 2.58 115
N1-Hla..CIl" 0.90 3.133(8) 2.25 166
N1-Hlb...Cl1" 0.90 3.106(8) 2.25 158
C5-H5...01" 0.98 3.303(10) 2.35 164

Symmetry codes: (i) =x,y, z; (i) =X, y, z+1.
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