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U3BOJ

HcnutuBame KOMILIEKCA TUIATHHE 3HAYAjHO je ca OMOJIOMIKOT U MEIMIIMHCKOT aCIeKTa.
JloOpo je mo3Hato ma ce Heku komiviekcu mwratuHe(ll) joHa, Kao MWITO Cy IMCIUIATHHA,
KapOoIUIaTUHA M OKCAIMIUIATHHA, WHTEH3UBHO KOPUCTE Y XEMHUOTEpANHjH Kao aHTUTYMOPCKH
pearencu. [locnenmux 40 roguHa Benuku Opoj apyrux jeaumema matune(ll) curreTrcano je
ca IIMJbEM JIa C€ MOCTUrHEe 00Jba aKTMBHOCT U Mama TOKCHYHOCT Y OJIHOCY Ha nucruiatuny. OBa
UCTpaKUBamka Cy MPOIIMPEHa M Ha CHHTE3y M KapaKTepH3aldjy HEKJIaCHYHUX KOMIUIEKCa
IUIATHHE, Kao mTo cy komiuiekcu miatuHe(lV) wim nomunykineapan komiuiekcen ruiatune(ll).
MexaHHu3aM Ha OCHOBY KOTa KOMIUIEKCH IIJIATHHE UCIIOJhaBajy aHTHTYMOPCKY AKTHBHOCT jOII
yBEK HHje MOTnyHo jacan. CMarpa ce Ja je TO TMOCienulla HHTEpaKiHje KOMIUIeKca ca
mosiekynom JIHK. ExcnepuMenTH cy mokasainu Jia jé KOOpJWHOBAHE IHCIIATHHE 32 MOJICKYT
JIHK xunetnuyku kKoHTpojucaH mnpoiec. Ca apyre cTpane, ynorpeda aHTUTYMOPCKHUX jeUHEHA
IJIaTHHE Y MEIUIMHU OrpaHWYeHa j€ TI0jaBOM MHOTOOpOjHUX cropenHux edekara u
pesucTeHTHOCTH. Takohe, mMana pacTBOPJHMBOCT y BOAM j€ JOAATHH MPOOJEM KOjU yMamyje
KJIMHUYKY yIOTpeOy OBUX jeIUCHA.

VY xuBuM cuctemuma, mopen Mmosekyna JIHK koju mpencraBibajy riaBHY MeETy
KOMIIJIEKCa IJIaTHHE, ITOCTOJU BEJIMKH Opoj APYrux OMOMOJIEKYyNa KOjU MOTEHLHUjaJIHO MOTY Ja
pearyjy ca kommuiekcuma tuiatuae(ll) u miarune(lV). Ty cnamajy aMHHOKHCETMHE, MENTHIH,
NPOTEHHH W eH3uMH. Beh y kpBH, Kaia aHTUTYMOPCKO jeumberhe Ha 0a3u KOMIUIeKCa TIaTHHE
JI0CTIEBA TAPEHTEPATHO WK UH(Y3UjOM, IPUCYTHH CYy OMOMOJIEKYJIM KOjU Ce MOTY BE€3aTH 3a jJOH
wiatuHe. CyMIiop-JOHOPCKA OMOMOJICKYJIH MMajy BEIMKH aQUHHUTET MpeMa joHy IIaTHHE, a
HaCTajla jeNbekha Cy jako cTaOWiiHa. YTpaBo ce MHTepakiuja u3Mel)y KOMIUIeKca IUIaTUHE U
OuomMosieKysia KOju caJpe aToM CyMIIopa JOBOJIE y Be3y ca II0jaBOM CIIOPEIHUX HEraTUBHMX
epexaTta TPUIMKOM Tepamdje, Kao ITO Cy. HEPPOTOKCHYHOCT, TacCTPOTOKCUIHOCT,
OTOTOKCHYHOCT, KapTUOTOKCUYHOCT U HEYPOTOKCHYHOCT.

Ha ocHoBy Benukor 0poja myOJIMKOBaHUX PaJioBa y OBOj 00JIACTH OpOjHU MCTPaKUBAYH
Cy yBHUAEIU MpoOiieMe Be3aHE 3a CTPYKTYPY, XE€MHJCKO M OHMOJIOIIKO TMOHAIIAKke KOMIUIEKCa
wiatuHe. Y Wby NpoHANacka Be3e u3Mel)y CTPYKType M TOTEHIMjallHE aHTHTYMOPCKE

aKTUBHOCTH KOMIUIEKCA IUIATHMHE, Ka0 U y LWJbY NpEeBa3HaXekha MHOTOOPOJHUX CHOPEIHUX
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edekara, y OKBHPY OBE IOKTOPCKE [HCEpTallfje TMPEICTaBJbeHH Cy Pe3yiTaTH HCIUTHBAmba
peaknuja pasmuunTux kKomiwiekca rmiatuHe(ll) w ruatmme(lV) ca OWoJoOmIKM 3HAYA HUM

muranauMa. JloOujeHn pe3ynTaTty npeCTaBbeH! Cy cienehuM perocieaom:

e Pesynrarm wucnuruBama cyncrutynnonux peakiuja [Pt(dach)Ci] u [Pt(en)Ch
KOMIUIEKCa ca OMOJIOIIKH 3HAYajHUM a30T-IOHOPCKUM JIMTaHIuMa, Kao mto ¢y 5'-GMP u
L-His. Peakumje cy msyuaame mnomohy Uv-Vis crmekrpodoromerpuje, 'H NMR
ciekrpockonuje 1 HPLC metome. UV-ViS crniekrpoOoTOMETPHjCKH OBE peakimje Cy
H3ydyaBaHe Kao peakimje nceydo-npBor peaa, Ha 37 °Cy 25 mM xenec nydepy (pH =
7,2) u 10 mM NaCl, kako Ou ce crpeumsia XHAPOJH3a KOMIUIEKca. Pe3yaratu cy
nokazanu jna komiuieke [Pt(en)Ch] pearyje Opxe y omnocy Ha [Pt(dach)Cl] kommiexkc,
ITO TIOTBPlyje YHIbEHMIlY Ja peakTHBHOCT mcnutuBanux miatuHa(ll) kommiekca jako
3aBUCH OJ1 CTPYKTYpe MHEPTHOT OuaeHTaTHOT urana. Takohe, L-His je peaktuBHUju 011
5-GMP. Peakumje [Pt(dach)Cl] u [Pt(en)C}] kommuekca ca L-His cy ucnurusane
nomohy "H NMR crekrpockommje. Jlobujene KOHCTaHTe Op3MHA Cy y CArIACHOCTH ca
BpeIHOCTHMa Koje cy mobujeHe momohy UV-Vis crmekrpodoromerpujcke merone. Ha
OCHOBY pe3yiTara ucnuraBama nomohy HPLC metozne Moxe ce 3ak/byuuTH J1a je y CBUM

M3y4aBaHUM CHUCTEMHMa MPUCYTaH CaMmo jeJaH MPOU3BOJ peakKiyje.

* Pesynrartu ucnutuBama CyncTUTYIIMOHUX peaknuja komiuiekca miatuae(lV), [Pt(en)Cl]
u [Pt(dach)CJ], ca 5-GMP u L-His nomohy pa3in4uTux eKCIepUMEHTAIHUX METOJA.
Uv-Vis criektpodOTOMETPHjCKH OBE peakiihje Cy MCIUTHBAHE IMOJ YCIOBHMA PEaKIldje
nceyoo-tipsor pena Ha 37 °Cy 25 mM xenec nydepy (pH = 7,2)u 10 mM NacCl.
Peakmmja cyncrurynuje komiekca [Pt(bipy)Cl] ca 5’-GMP je ucnutuBana moj UCTHM
EKCIEPUMEHTAIHUM ycloBuMa. Y peakuuju ca 5'-GMP peakTHBHOCT KOMIUIEKCa omana y
uu3y: [Pt(bipy)Cl] > [Pt(en)Clh] > [Pt(dach)Cl]. [Tonamame [Pt(bipy)Cl] xommuiekca y
peaknujama CyNCTUTYIMje 3aBUCH, NPE CBera, OJ T-aKIENTOPCKUX OCOOMHA MHEPTHOT
2,2'-0unvpuaviH JIMTaHaa, Koju nosehaBa eJIeKTPOPUIHOCT jOHA METajla, a CAMUM TUM H
peaktuBHocT Komiuiekca. Komrieke [Pt(en)Cl] pearyje 6pxe y oxnocy nHa [Pt(dach)Cl]
komiiekc. Takohe, L-His je Gomu nykneodpwn ox 5-GMP. Ha ocHoBy pesynrara

. 1 . .
nooujenux "H NMR cnekrpockonujom mnoTBpheHa je MpeTnocTaBKa Jia c€ MOJa3HU
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komiuieke twiatuae(lV) pemykyje y TOKy mpolieca CYNCTHTYIHje OO Oarosapajyher
komiuiekca riatuHe(ll). Peakuwmje cy takohe wucnutuBane momohy HPLC wmerone.
JloGujene mpoMeHe y MHTEH3UTETY CUTHAJa M BHXOBO PETEHIMOHO BpeMe IMOKa3yjy Ja

Ha Kpajy mpolieca CylncTUTYIHje y CUCTEMY IIOCTOjU caMo jeiaH MPOU3BOJ peaKlyje.

Pesynratn ucnutHBama mporeca peaykiuje tuiatuHa(lV) komruiekca, [Pt(bipy)Cl],
[Pt(dach)Cl] u [Pt(en)Cl], y peakimju ca GSH, L-Cysu L-Met nomohy stopped-flow
criekrpodoromerpujcke merojae Ha pH = 2,0 ¢ 0,01M HCIO,) u va pH = 7,2 ¢ 25 mM
xerec nydepy). Cse peaknuje cy ucnutuBane Ha 37 °Cy mpucyctsy 0,2 M NacCl.
Kunernuka mepema cy BpIlleHa IO YCIOBUMA peakiuje nceyodo-mpBor peaa. Jodujenu
pe3yiTaTi Cy TMOKa3alu Jia TeHICHIMja 33 PEAyKIHjy KOMIUICKCa omaja y HHU3Y:
[Pt(bipy)Cl] > [Pt(dach)Cl] > [Pt(en)Ch]. Pemociaen peakTHBHOCTH H3ydaBaHHX
JWraHaja je UCTHU 3a CBaKM U3y4yaBaHU KOMIUIEKC U onaja y Huzy: GSH > L-Cys > L-Met.
OBakaB peloCliell PEaKTHBHOCTH JIMTAHAJa Ce MOXE I[OBEe3aTH Ca pPa3sIHuUuTHM
MPOTOJIMTHYKUM OOJIMIIMMA JIUTaHa a y KHCEeNoj U HeyTpaiHo] cpenuHu. CBe peakimje
msmel)y wucnmruBanux tiatuHa(lV) KOMIUIEKCa M CyMITOpP-JIOHOPCKHAX OHOMOJIEKYJIa
MOJUICKY MPOLeCy peAyKTHBHE enumuHanyje. [Iporec ykibydyje HyKIeO(DUITHN Hamaja
pelyKTaHTa Ha jeqaH oA Moryhux trans KoopAWHOBaHUX XJIOPHUJIO JIMTaHa/a, IPEKo Kora
ce Bpmu Tpanchep enekrpona. Konaunu mpousBoa peaxiyje je oaropapajyhu KoMIuiekc
wiatuae(ll) u  okcuaoBaHW 00MMK sMraHga. I[IpECYCTBO OKCHIOBAaHOT  OOJHKa
rnyratioHa, GSSG,y peakiuonoj cmenmm usmely [Pt(en)Clh] xommiaexkca u GSH

notepheno je momohy *H NMR crektpockomnuije.

Cunretucanu cy HoBu auHykiaeapuu tratuaa(ll) xomrutekcu, [{trans-PtCI(NHs)o}2
(u-mmupasun)](ClOy)2 (Ptl), [{trans-PtCI(NHs)2}2(u-4,4'-0ummupunnn)](ClOs4), - DMF
(Pt2) u [{trans-PtCI(NHs),} 2(u-1,2-6uc(4-mupuann)eran)](ClOy), (Pt3). Pesymratu
J0OWjeHN UCTTUTHBAEM PEaKiMja CYICTHUTYIHje TIOMEHYTHX KOMIUICKCA ca JIMraHIuMa
kao mto ¢y Tu, GSHu 5-GMP na pH = 2,5u pH = 7,2cy npuka3anu. Peaknuje cy
npahieHe Mo yCIoBHUMa peakitfje nceyoo-mnpeor pena nmomohy stopped-flown kmacuune
Uv-Vis crekrpodoromerprje. ‘H NMR crekrpockonmja je kopuuilicHa 3a H3ydaBarbe

nporieca CYIICTHUTYIIH]E XJIOPUIO  jOHA y [{ trans-PtCI(NH),} 2(u-4,4'-
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ounupunn)|(ClO4), - DMF (Pt2) kommiekcy momohy mosnekyna 5’-GMP mon yciaosuma
peakmuje apyror peaa. Pesynratu cy mokasanu jJia MOCTHHU JIMTaHJ MMa 3Ha4ajaH YTHIA]
Ha PpEaKTUBHOCT JUHYyKJIeapHOr Komiviekca ruiatuHe(ll) mnpema onmaOpanum
HyKJIeopuimma. Cyncrurynuja XJIOpUIO  jOHA y [{ trans-PtCI(NH;)2} 2
(u-1,2-6uc(4-mupummn)etan)|(ClO4), (Pt3) kommiuekcy ca 5-GMP je wucnuruBana
nomohy "H NMR criextpockomnuje. JloGujerne cy BeomMa CIMUHEe BPEAHOCTH 33 KOHCTAHTY

Op3uHe y oiHOCY Ha BpeaHocTu nodujere UV-VIS criekTpooTOMETpHjCKH.

Hcnutuana je umurotokcuunoct [Pt(bipy)Cl], [Pt(dach)Cl], [{trans-PtCI(NHs)2}2
(u-mupasun)](ClO4), (Ptl), [{trans-PtCI(NHs)2} 2(u-4,4"-oumupuaun)](ClO4), - DMF
(Pt2) u [{trans-PtCI(NHs)2} 2(1-1,2-6uc(4-mupumun)eran)](ClO,), (Pt3) xomruiekca.
PesynraTtu cy nokasaiy Jia OBa jeMbCHa HCI0JbaBajy BEIUKY IUTOTOKCHYHY aKTUBHOCT
npema henujckoj muHUjU TyMopa jajuuka TOV21G,a Huky akTUBHOCT npema heinnjckoj

muHAju Tymopa aebenor npea HCT116npu uctum KOHIEHTpaIMjama.
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SUMMARY

The chemistry of platinum complexes is importaotrrbiological and medical point of
view. It is well known that some complexes of platn(ll), such as cisplatin, carboplatin and
oxaliplatin, are frequently used in chemotherappms&nticancer reagents. In the last 40 years a
large number of other platinum(ll) compounds anatlsgsized in order to achieve higher activity
and lower toxicity in relation to cisplatin. Thestudies were extended to the synthesis and
characterization of some non-classical platinum mglexes, such as platinum(lV) complexes or
polynuclear platinum(ll) complexes. Based mechanismvhich platinum complexes exhibit
antitumor activity is not clear yet. But, a numloépublished results explain that the antitumor
activity of platinum compounds is a result of coeylinteractions with DNA molecule.
Experiments have shown that the coordination oplatsy to DNA molecule is kinetically
controlled process. On the other hand, the appmitadf platinum anticancer compounds in
medicine is limited by the numerous side effectd msistance. Also, low solubility in water is
another problem which reduces the clinical uséne$¢ compounds.

In living systems, except DNA molecules which ahe tmain target for platinum
complexes, there are a number of other moleculdgsctin potentially react with platinum(ll) and
platinum(lVV) complexes as well. These include amauids, peptides, proteins and enzymes.
When the antitumor platinum-based compound reagiasnteral or by infusion, present
biomolecules in the blood can bind to the platiniem Sulfur donor biomolecules have great
affinity for platinum ion and resulting compoundse avery stable. Namely, the interaction
between platinum complexes and biomolecules wharttatn sulfur atom are associated with
negative side effects during treatment, such ashmoégxicity, gastrotoxicity, ototoxicity,
cardiotoxicity and neurotoxicity.

Based on the large number of published papersignadiea, a lot of researchers have
realized numerous issues associated with the steycthemical and biological behaviour of
platinum complexes. For the purpose to find theneation between the structure and potential
antitumor activity of platinum complexes and in @rdo overcome many side effects that occur,

here we presented the results of investigation réections of different platinum(ll) and
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platinum(lVV) complexes with biologically relevanigdnds. The results are presented in the

following order:

The results of investigation of substitution reas of [Pt(dach)G] and [Pt(en)C]
complexes with biologically important nitrogen-denkigands, such as 5-GMP and
L-His. The reactions are studied using Uv-Vis sprtiotometryH NMR spectroscopy
and HPLC method. By Uv-Vis spectrophotometry thesactions were followed as
pseudo-first order reactions at 37 °C in 25 mM hepesd&ufpH = 7,2) and 10 mM NacCl,
in order to prevent hydrolysis of the complexese Tiesults showed that complex
[Pt(en)C}] reacts faster than [Pt(dach)itomplex, what confirms the fact that reactivity
of platinum(ll) complexes strongly depends on tlreicdure of inert bidentate ligands.
Also, L-His is more reactive than 5'-GMP. The reats of [Pt(dach)G] and [Pt(en)C]
complexes with L-His were investigated usityNMR spectroscopy. The obtained rate
constants are in good agreement with the valueserdeted by Uv-Vis
spectrophotometry. Based on the results obtainedRIyC can be concluded that in all
of studied systems is present only one final praduc

The results of substitution reactions of platinlf)(lcomplexes, [Pt(en)G] and
[Pt(dach)Cl], with 5-GMP and L-His using different experimahmethods. By Uv-Vis
spectrophotometry these reactions were studiedrypsdado-first order conditions at 37
°C in 25 mM hepes buffer (pH = 7,2) and 10 mM NaS8ubstitution reaction of
[Pt(bipy)Cl] complex with 5-GMP was investigated under thensaexperimental
conditions. In the reaction with 5'-GMP the reaityivof complexes decreases in order:
[Pt(bipy)CL] > [Pt(en)Ck] > [Pt(dach)C]]. The behaviour of [Pt(bipy)G] complex in
substitution reactions depends, above all, on #faEceptor properties of inert 2,2'-
bipyridine ligand, which increases electrophilicty metal ion and simultaneously its
reactivity. The complex [Pt(en)glreacts faster than [Pt(dach)Ctomplex. Also, L-His
is a better nucleophile than 5-GMP. Based on tasults obtained byH NMR
spectroscopy can be confirmed the assumption igastarting platinum(lV) complexes
undergo reduction in the process of substitutiontite corresponding platinum(ll)

complex. Reactions were also examined by HPLC ndetidbserved changes in signal
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intensities and their retention times show thahatend of substitution in all systems is

present only one final product.

The results of investigation of reduction of platm(lV) complexes, [Pt(bipy)G],
[Pt(dach)Cl}] and [Pt(en)], in the reactions with GSH, L-Cys and L-Met bypped-
flow spectrophotometry at pH = 2,0 (in 0,01 M HGJ@nd at pH = 7,2 (in 25 mM hepes
buffer). All reactions were studied at 37 °C in theesence of 0,2 M NaCl. Kinetic
measurements were monitored unggsudo-first order conditions. The obtained results
showed that the tendency for reduction of selecmuiplexes decreases in the order:
[Pt(bipy)CLl] > [Pt(dach)C]] > [Pt(en)Ck]. The order of reactivity of the studied ligands
is the same for each studied complex and followottser: GSH > L-Cys > L-Met. This
can be associated with different protolytic fornidigands in acidic and neutral media.
All of studied reactions between platinum(IV) coexgs and sulfur donor biomolecules
undergo reductive elimination process. This procegslves the nucleophilic attack of
reductant to thérans chloride ligand, through which the transfer ofoflens occurs. The
final products of the reaction are the correspogditatinum(ll) complex and oxidized
forms of ligand. The presence of oxidized form bftathione, GSSG, in the reaction
mixture between [Pt(en)@l complex and GSH, was confirmed b{H NMR

spectroscopy.

A new dinuclear platinum(ll) complexes, t{ans-PtCI(NHs),} 2(u-pyrazine)](ClQ),
(Pt1), [{trans-PtCI(NHs)2}2(u-4,4’-bipyridine)](CIQy), - DMF (Pt2) and [{trans
PtCI(NHg)2} 2(u-1,2-bis(4-pyridyl)ethane)](CIQ), (Pt3) were synthesized. The obtained
results for substitution reactions these complexék ligands such as Tu, GSH and
5-GMP at pH = 2,5 and pH = 7,2 are shown. Reastimere monitored under the
pseudo-first order conditions by stopped-flow and convemal Uv-Vis
spectrophotometryH NMR spectroscopy was used to study the processitodtitution
of chloride ion in [frans-PtCI(NHs),} 2(u-4,4’-bipyridine)](CIQy), - DMF (Pt2) complex
with 5'-GMP under second order reaction conditiomBe results showed that the
bridging ligand has a significant effect on the cteaty of dinuclear platinum(ll)

complexes toward selected nucleophiles. Substitutiof chloride ion in



Summary

[{ trans-PtCI(NHs)2} 2(u-1,2-bis(4-pyridyl)ethane)](CIQ), (Pt3) complex with 5-GMP
was investigated b{H NMR spectroscopy. The obtained values for the cainstant are

very similar with values determined by Uv-Vis.

The cytotoxicity of the following complexes [Pt(g)Cls], [Pt(dach)Cl], [{trans-
PtCI(NHz)2} 2(u-pyrazine)](ClQ), (Ptl), [{trans-PtCI(NHs)2} 2(1-4,4’-bipyridine)](CIQy),

- DMF (Pt2) and [{trans-PtCI(NHs)2} 2(u-1,2-bis(4-pyridyl)ethane)](ClQ), (Pt3) is
investigated as well. The results showed that tlesepounds exhibit high cytotoxic
activity against ovarian cancer cell line TOV21QGlanlower activity against the tumor
cell line HCT116 at the same concentrations.
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CKPAREHUIE N O3HAKE
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N Asorazpos 6poj (6,022 107 mol™?)
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P

HPUTHCAK
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UIPOILIATHHA JTUXUIPOKCOMXI0puaoouc(n3onponmwiamun) miatuHa(1V)

carparuiaTuHa ouc(aneraTo) aMuH(IUKIOXCKCUITAMUH)
nuxstopuaoriatuaa(1V)

JHK J€30KCUPUOOHYKIICHHCKA KUCETHHA

L-Met L-MeTHOHNH
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YBOJ

[Ipena3Hu MeTanu W BHUXOBE Peakifje WMajy BakKHY YIOTY y TEXHHYKHM IpOIecHMa
(kataym3a, excTpakiyja, WTH.), y Ouojoruju u MeaunuHu (OMONOIIKH TpaHChep eICKTPOHA,
TOKCHKOJIOTHja, Kopuilthemhe KOMILISKCa joHa MeTalla Kao JiekoBa). JOHM MeTaja Hayase cBe Behy
npUMeHy y OHWOJIOIIKMM CHCTEMHMa KakO 3a TEepaneyTrcKy aruliKalujy Tako H  Kao
JMjarHoCcTUYKa cpeacTBa. [103HATO je /1a ce KOMIUIEKCH HEKHUX jOHA MEeTaia KOPUCTE 3a JICUCHe
Oosiectu (kaHuep, apTpuTHC, aujaberec, AumxajMepoBa OoJecT, WTA.), ald je MEXaHU3aM
FbUXOBOT JIEJIOBAba Y GHOJIOMIKAM CHCTEMHMA jOII YBEK HEMO3HAT. "2 Je/laH OJ1 IJIaBHHX LHIbeBA
OMOHEOpraHCKEe XEMHje j€ pasjallmhaBakeé MEXaHHu3ama JIeJoBama KOMIUIEKCa joHa MeTaja y
GHOJIOLIKKM CHCTeMa. >

OtkpuheM aHTUTYMOPCKHX KapaKTepHUCTHKA KOMIUIEKCA IUCIUIATHHE KPajeM IIe3IeCeTHX
TOMHA MPOLLIOT BEKA 3aI0¥eNa Cy HHTCH3UBHA HCTPAXUBAIHa y 00/IACTH jeAiibeba IIaTHHe. "
Ycenex mUCIIaTHHE U3a3Bao je BEJIMKO MHTEPECOBambe 3a pa3Boj HoBUX Komiuiekca ruiatune(ll).
Tako ce ngaHac LUCIUIATHHA, KapOOIUIaTHHA M OKCAIWIUIATHHA WHTCH3MBHO KOPHUCTE Kao
AHTUTYMOPCKH JIeKoBH. HakoH Tora cy MHOroOpojHa UcTpaknBama Oujia ycMepeHa Ha CUHTE3Y
HOBUX KOMIUIEKCA IUIaTMHE, ca IIWJbeM Jo0Hjama jJeIumema Koje Ou umamo Oosbe
KapakTepucThke, Behy aHTUTYMOpCKY aKTHBHOCT, a Mamy TOKCHYHOCT Yy OJIHOCY Ha
[UCTUIATHHY.

Kommnekcu rmatuae(ll) cy THOWYHYM MPEICTABHUIM KBaIPATHO-TUIAHAPHUX KOMILIEKCA,
nok twiatuHa(lV) joH rpamu okraemapcke komiwiekce. 3a Heke komiuiekce matuHe(lV) ce
MoKa3ano Ja uMajy 00Jby aHTUTYMOPCKY aKTMBHOCT OJ LHMCIUIaTHHE. FbMxoBa mpemHocT y
omHocy Ha kommmexce miarnue(ll) ce ormena y Behoj cTaGHIHOCTH H HIDKO] TOKCHYHOCTH.”

[Mopen moHoHyKIeapHuX KomIuiekca riatuHe(ll), mocineqmux roJMHa BelUKa MaXska je
ycMepeHa mpeMa KOMIUJIEKCHMa KOjU Yy CBOjOj CTPYKTYpPH MMajy BHIIE joHa MmeTana. Paszior 3a
BEJIMKUM HMHTEPECOBAKEM IpeMa MOJUHYKICAPHUM KOMIUIEKCHMMa IUIATHHE j€ HhHXOBa
cnocobHocT na ca mosiekynom JIHK dbopmupajy mpousBojie Koju ce CTPYKTYPHO Pa3HKYjy O
OHUX Koje (opmHpajy HUCIUIATHHA U CIMYHU KOMIUIEKCH, IITO HCTOBPEMEHO IOApa3yMeBa

MOTITYHO JAPYyrauynje aHTUTYMOPCKO MOHAIIAbE.
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W3 momeHyTHX pasfora HEONXOJHO je ACTajbHO IO3HABAKEe MEXaHHW3Ma XEMH]jCKUX
peaknuja komruiekca tiatuae(ll) u miatuae(lV) ca 6uomonekynuma. Y OKBHPY OBE TOKTOPCKE
JMCEepTaIje MCIUTHBAHU Cy MOHOHYKJICAPHU U JIUHYKJIeapHHu koMmiuiekcu miatuHe(ll), kao u
Heku koMiuieken iatuae(lV) y peakiujama ca paznuautuM ouomosiekynuma. Y Onwmem Oeny
JIeTaJbHO Cy OTHCAHE CYNCTUTYIIMOHE PeaKilje KBaIpaTHO-TUIAHAPHUX KOMIUIEKCa ca OCCOHUM
OCBpPTOM Ha OpojHE (akTope KOju yTW4y Ha mpoliec cyrncturynuje. Takohe, omnucaH j€ HAYUH
anTuTYMOpCKor nejcrBa komiuiekca marune(ll). TlpeacraBibeH je nerabaH OMHC KOMILICKCA
wiatuae(lV), kao u HHM3 ¢akTopa KOjH YTHYy Ha MEXaHHW3aM pEakifje W aHTHTYMOPCKY
aKTHBHOCT OBUX je[UibeHa. JlaT je mperiien nocalanimbuX MyOJIMKOBAHUX pPE3ylTara Ha MOJbY
uHTepaknuja komiuiekca ruiatuHe(lV) ca  paznMyMTEM  CyMIop- H  a30T-J0HOPCKHAM
ouomosiekynuma. [Ipukazane cy ocobune nonuHykieapaux komiuiekca miatuHe(ll) u onmcane
BUXOBE HMHTEPAKIMje ca pa3IMYUTAM CyMIIOp- W a30T-JOHOPCKUM OHOMOJEKynmnMa. Y
Excnepumenmannom Oeny Cy Topel HauMHA NpUNpeMe KOpUIIhEHUX peareHaca W pacTBOpa,
OIMKCaHe MEeToJle KOpHIIheHe MPHUIMKOM HCIUTHBAaKka Peakifja, Kao U METOJEe 3a M3Yy4aBame
Xxuaponuse IuHykieapHux komiuiekca tuatuHe(ll). VY nornasmy Pezyammamu u Ouckycuja
pesyimama TPUKA3aHU Cy PE3yNTaTH UCIHUTHUBAMKba KHMHETHKE M MEXaHW3Ma CYICTUTYIMOHUX
peaknuja xommiekca [Pt(dach)Cl] u [Pt(en)Ch] ca L-His u 5-GMP, kao u pesynaratu
ucnutuBama cyncrurynuonux peaknuja [Pt(dach)Cl] u [Pt(en)Cl] xommiekca ca L-His u
5’-GMP, npuMeHOM pa3IUYUTHX EKCIIEPUMEHTAITHUX METO/Ia. Pe3yntaTi HCuTHBamba KHHETHKE
u Mexanusma cyncturynuone peakiuje [Pt(bipy)Cl] xomruiekca ca 5-GMP cy Ttakolhe
NpUKa3aHU y OBOM Jieny. JleTasbHO cy OMUCaHu pe3ynTaTH J0OWjeHH MCIUTHBABEM KHHETHUKE
penokc-peaknuja komiuiekca [Pt(bipy)Cl], [Pt(dach)C)] u [Pt(en)Ch] ca cymmop-moHOpCcKuM
muranauma GSH, L-Cys, L-Metna pazmuuutum pH BpemHoctuma. Y TOKY HM3paje OBe Te3e
CHHTETHCaHa cy Tpu HoBa guHykieapHa komruiekca tatune(ll), [{ trans-PtCI(NHs)2}2
(u-mupazun)](ClOy4), (Pt1), [{trans-PtCl(NHs)2} 2(1-4,4’-6unmupunun)](ClOy), - DMF (Pt2) u
[{ trans-PtCI(NHs)2} 2(u-1,2-6uc(4-mupuaun)eran)|(ClO4)2,  (Pt3). Ompehene cy  mwuxose
KOHCTaHTE KHCEJIOCTH M HCIHUTAHE CY peakidje CYICTUTYIHje MOMEHYTHUX KOMILUICKCa ca
paznuuuTiM oromosiekyimuma Tu, GSH, 5-GMPna pH = 2,5u pH = 7,2.Ha kpajy ce Hanasze
pe3yiITaTH UCIIUTUBAKbA IUTOTOKCUYHOCTH 0a0paHuX KOMILICKCA.

PesynTtaTu oBe mOoKTOpCKE nucepTalyje 00jaBJbeHH CY y OKBHPY S HAYUYHHUX PaJIOBa.
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1. OMUITH JIEO

N3ydaBame MexaHHM3Ma peakiivje uMa 3a Wb yTBphUBaE €IEMEHTApPHUX PEaKIMOHHUX
KOpaka KOjU BOJ€ Ka HACTaHKy NPOW3BOJA peakiuje, 3aTHUM YTBphHUBame Op3UHE KOjOM Off
peakTaHaTa HacTaje MPOU3BOJ PEaKIMje W Ha Kpajy yTBphUBamEe YTHIAja PEaKIIMOHUX YCJIOBa
(mpoMeHa KOHIEHTpallMje peakTaHaTa, IPOMEHA TeMIlepaType U MpPHUTUCKA, yBohewme
Katanu3aTopa, PH, joHcka jaunHa pacTBopa, UT/.) Ha Op3uHy peakiuje. OnpehuBame MexaHn3Ma
peakiyje Takohe moapasymeBa aHanM3y HAYMHA HAa KOJH CE XEMHjCKa Be3a pacKu/a U HAaYMHA Ha
KOjU ce HOBa Be3a Gopmupa. [lomro cBaku eneMeHTapHH KOpakK peakilfje uMa CBOj MEXaHU3aM,
KOMIIJIETHO 00jalllibehe PEaKIIMOHOT MEXaHN3Ma j€ TEIIKO JTIOCTHKAH 1NJb.

VYV Illemn 1.1 cy mpuka3aHd CBH YHMHHOIM KoOje TpebOa y3eTh y 003Up NPHIMKOM

. . 6
oJpehuBama MeXaHN3Ma XeMHU)CKE peaKimje.

Kunetuka peakuuje Mexanu3aM peaknmje
A

3aBHCHOCT OX.
KOHIleHTpauuje, pH,

Mepeme KOHCTaHTe Op3nHE ———» TemmepaType, NPUTHCKA, HTIL.

EMmnupujcku 3akoH Op3uHe IIpenJioxxenn MexaHn3am

\ / Teopuja

TeopeTcku 3aKoH Op3uHe

Ilema 1.1. Kopayu y oopehusarby mexanuzma xemujcke peaxyuje
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[IpoyuaBame MexaHH3Ma HEOPraHCKHUX PEaKi(fja HArjio 3alovHib-e Ca pa3BOjeM HOBUX
excriepuMenTanHux TexHuka (Uv-Vis cnextpodoromerpuje, NMR cnektpockonuje, stopped-

flow criekrpodoromerpuje, HPLCmetone, utn.).
1.1. CyncTuTyunoHe peaknuje KOMIUIEKCHUX jeIHbemha

CyICTUTYIIMOHE peaKilhje KOMIUICKCHHUX jelUibeha MOry Out enektpoduane (Sg) u
Hykiaeodmine (Sy), y 3aBUCHOCTH O TOTa Jia JIM y MPOLECY CYNCTUTYIHjE J0JIa3u 10 3aMeHe
LEHTPAHOT jJOHA METAaJIa UJTU JIMTaHaja. Y KOJIMKO C€ y TOKY peakiifje CYNCTUTYHINE JOH MeTalia
Tj. erexTpodwmi, y MUTaky je peaknuja ejaekTpoduine cymncturynuje, jenqHaunHa (1.1.1), a
YKOJIMKO C€ BPIIIM 3aMeHa JIMTaHajia, KOMIUIEKC MOJIEKE PEeaKIiju HyKIeopIHe CYIICTUTYIIH]E,

jennaumHa (1.1.2).

[ML,] + M'=—> [M'L,] + M S (1.1.1)
[ML;] + X = [ML,1X] + L NS (1.1.2)

HykieoduiHe cyncTuTymoHe peaxuuje, mpema Jlaurdopny (Langford)u I'pejy (Gray)/
OJIBHjajy ce 1o Tpu paznnunurta mexanusma (Llema 1.2):
» JluconmjatuBHOM Mexauusmy (D),
» AconujaTuBHOM MexaHu3My (A) u

» Mexanusmy usmene (1)
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| Mexanuzam

Hlema 1.2. Mexanuzmu nyxkieoguine cyncmumyyuje KOMIIAEKCHUX JeOUrberbd

Kox nmucommjatuHor wMexanmsma (D) y mpBoM CTymmby peakiuje J0Jia3d 10
TUcolMjanrje jeaHor jguraHga L w3 koopauHammoHe cdepe KOMIUIEKCa, MPH YeMy HacTaje
WHTEPMEIHjep ca CMakbeHUM KOOPJAWHALMOHUM Opojem. Y cienehem cTynmwy yma3Hu Jurag X
ce Be3yje 3a IEeHTPaIHM JoH MeTasa. [IpBu cTynam peakiuje je cCopuju U oH ofpehyje ykynHy
Op3uHY peakiije CynCTUTYIIH]e.

Kon aconumjatuBHOr Mexanmsma (A) y mpBoj ¢a3um ymasHu jwmrang X ce Besyje 3a
LEHTpAJIHA JOH MeTana, rpaachu mHTepMenujep ca moBehaHUM KOOpPIAMHAIIMOHUM OpojeM, a
3atuMm, y aApyroj (asm ommazehu nurann L HanmymTa KOOpAUHAIMOHY cdepy KOMILIEKCA.
Peakuuja rpahema uHTepMEanjepa ca nmoBehaHuM KOOpIMHAIMOHMM OpoOjeM je Cropuja U oHa
onpehyje ykynny Op3uHy mpolieca CyrncTUTyIuje.

Mexanuszam usmene () je mporec kox xora ce, y npBoj $hasu, yna3uu yurang X Besyje
CIIEKTPOCTATHYKUM CHJIaMa 32 CIIOJballllhy KOOPIMHAIMOHY cepy KoMmiuiekca. [lotom nonasu
70 MUTpaluje yJIa3HOT JIMTaHAa W3 CIOJhAllllbe y YHYTpallkhy KOOPAMHAIMOHY cdepy V3
UCTOBPEMEHY MUrpanujy ojnaseher ymranaa L U3 yHyTpalime y CHOJbAIlbY KOOPAUHAIIMOHY
chepy. Kpajuu mpouec je packumame Beze u3mel)y komruiekca u ojrazeher nuranma. OBaj
MeXaHH3aM, 3a Pa3JIMKy O NMPETXOHA J[Ba, HEMa HHTEpMeIrjepa, allid TIOCTOjH MPesla3Ho CTamke,

Tj. IpOIIEC MOCEayje CBOjJY €HEprHjy akTUBUpama. MexaHn3aM H3MeHe ce MOXe MOAEIUTH Ha la
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U lgMexanusme. YKOJIHMKO MPOIeC pacKuaama Be3e uMel)y IeHTpaHoT joHa MeTaia u ojajaseher
nura"ja L uma Behu ytunaj Ha Op3uHY peakuyje, MexaHu3aMm ce obesekaBa ca lg, a yKOJIMKO
npouec popMHpama HOBE Be3e U3Mel)y HeHTpaIHOT joHa MeTaja U yjaa3Hor Juragaa X uMa sehu

yTHIaj Ha GP3UHY XeMHjCKe Peakiije, MeXaHn3aM ce obenexasa ca la.

1.2. AKTMBAIIMOHU MApPaAMeTPH

OnpehuBame MexaHHM3Ma XEMHUjCKE peaklMje 3acHHBa C€ Ha aHalIM3M JOOMjeHuX
BPEIHOCTH TepMOAMHAMUYKMX napamerapa (AH*, AS’, AV®) koju kapakrepumy oxpeljeHu
nporiec. Jeaan o OMTHHX IMOJATaka je BPEIHOCT KOHCTaHTe Op3uHEe XeMujcke peakuuje K, 3a
yje oapehuBame MOCTOjU BEIMKU OpOj EeKCIepHMMEHTANIHUX Meronaa. M30op oarosapajyhe
METOJIE 3aBHCH Kako 0] Op3uHE Ipoleca KOju ce MpoydaBa, TaKO M OJl OCOOMHA y4yecHHKa
XEMH]CKe peaKL{I/Ije.g Jenan on kputepyjyma 3a oapehuBame MeXaHU3Ma j€ T03HABAE
BPEIHOCTH IPOMEHE eHTpOmHuje akTHBHpama, AS’. TIomTo je eHTpONHja aKTHBHPAA MEPHIIO
HeypeheHoCTH cucTeMa, a Ha OCHOBY Ca3Hama Ja Ce KOJ Pa3IMYMTUX MexaHu3ama (opmwupa
MHTEpMeaujep ca BehoMm win MamoM HeypeheHomhy, oBaj mapamerap omoryhaBsa neduHuCambEe
MeXaHu3Ma cyrnctutynuje. Y ciaydajy D mexanu3zMa nomTo HacTaje MHTepMEIjep ca CMambeHUM
KOOpP/IMHAIIMOHNM OpojeM, oxHocHO, nosehasa ce Heypehenoct cuctema, AS™ nMa 1mMo3UTHBHY
BpenHoct. Kox acomujaTMBHOr MexaHM3Ma HacTaje HHTepMenujep ca mnoBehanum
KOOP/IMHALIMOHNM OpojeM, OJHOCHO, cMamyje ce HeypeheHocT cuctema, na AS™ nma HeraTHBHY
BpentocT. Y ciydajy | Mexannsma AS je mpuOITIKHO jeIHAKA HYIIH.

Jla 61 ce ompenmia BpeaHocT 3a AS™ HEOIXOIHO je NMO3HABAH-€ BPEIHOCTH KOHCTAHTE
Op3WHE XEMHjCKEe peakiMje Ha pa3Iu4uuTUM Temiieparypama. [IpBo ce onpehyje BpemHocT

eHepruje akTHBHpama, B, momohy Apernjycose (Arrhenius)jegnaunse (1.2.1)%*3

k =k,expE,/RT) 41)

y k0joj je K xoHcTaHTa Op3uHEe XeMujcke peakiyje, Ko paktop ydectanoctd, R racHa koHcTaHTa
u T Ttemmeparypa Ha Kojoj je oxapeheHa BpeIHOCT KOHCTaHTe Op3uHe. JlorapuTmoBamem

jennaunne (1.2.1)n06wuja ce uzpas
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Ink = Ink, - E, /RT D)

y KOMe NOCTOjH JInHeapHa 3aBucHOCT INK y dynkimju 1/T. OBa 3aBHCHOCT je JIMHEapHa y yKeM
temneparypHoMm uHTepBany on 30 — 40 °C.To 3Hauu ja MO3HABaKHEM BPEIHOCTH KOHCTAHTE
Op3uHE XeMHjCKe peakiiyje 3a HajMambe TPU TeMIepaType, rpa@UIKiM IyTeM ce MOXKe OAPEIUTH
. 9,12
BpeaHocT wiana —E/R, omHOCHO, BpeiHOCT eHepruje akTHBUpamba.

IIpomeHa enTanmnuje akTuBupama, AH*, oapehyje ce u3 jennaunne (1.2.3).

AH* =E_-RT (1.2.3)

[IpoMeHa eHTpomuje akTHBHpama, AS’, mpencTaBmba npoMeHy cioGoaHe I'mbcoe

(Gibbs) enepruje, AG”", ca npomeroM TemmepaType T, ITO ce MOXe ce M3pasuTH ToMohy

jennaunne (1.2.4)

(d(A(?)j - _AS (1.2.4)
dT

Bpennoct 3a AS” onpeljyje ce na ocroBy Ejpunrose (Eyring) jeauaunse (1.2.5)

#
K :%ex;{— A:Tj 1.2.5)

C o63upom 1a ce AG” moxe m3pasutu npeko AH” u AS', jennaunna (1.2.6)

AG” = AH* - TAS (Bp

3ameHoM y m3pasy (1.2.5)mo0uja ce jennaunna (1.2.7)
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£
k= %exr{%}exp{— ARHT j (1.2.7)

JlorapurmoBameM jeanauunne (1.2.7)mo6uja ce uspas

z F4
|n(5j - |n(ﬂj +AS _AH (1.2.8)
T Nh)T R ORT

Ha ocnoBy u3pasa (1.2.8)Buau ce na nmocroju auHeapHa 3aBucHocT wiana IN(k/T) y byakuuju
1/T, 1j. rpaduuky, Ha OCHOBY OBE jeqHA4YMHE, U3 Harnba nodujeHe mpase oapelyje ce BpemaHOCT
3a AH”, a 3 ojiceuka npase n3pauyHasa ce BpenHocT 3a AS. [Ipeu unan y jennauunny, In(R/Nh),
je xoHctanTa u Ha 25 °CusHocH 23,8415

Hajmoy3nanmju xputepujym 3a oapehuBame MexaHuW3Ma j€ BpPEIHOCT TMPOMEHE
sanpemuse aktuBupama, AV”. 'O V3umajyhu y 063up BpeTy HHTepMenmjepa KO pasIHYHTHX
MexaHHu3aMa, noehame nputHcka he yopzaBaTu peakiyje Koje ce Jemanajy mo A MexaHusmy, a
ycropasati peakmuje o D Mexamm3my. 3ato, HeratuBHa BpeaHoCT 3a AV ykasyje Ha A i |,
MeXaHH3aM, a [o3uTHBHA BpeaHoct AV® ykasyje ma D mim lg Mexanmsam cymcrturyumje. Y
cinydajy | MexaHu3ma , MpUTUCAK He yTHYE 3HaYajHU]j€ HAa Op3UHY CYIICTUTYIIH]E.

T[ToBe3aHOCT KOHCTAaHTe Op3mHE Xemujcke peakimje u AV nara je Bant Xogoom

(Vant Hoff) jexmaummom (1.2.9)

d(ink)) _ _AV®
( JT_ RT .

Bpennoct 3a AV® no6uja ce mpahemeM IPOMEHe KOHCTAaHTE Op3MHE XEMHjCKe peakimje y

3aBHCHOCTH O] IPUTUCKA, HA OCHOBY jeanaunHe (1.2.10)

AV* = -bRT (1.2.10)
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y Kojoj b mpencraBiba Harn6 npase INK y GpyHkuuju nputrcka, P.3anpemnna aktuupama, AV,

cacToju ce u3 JBa wiaHa, jenHauuna (1.2.11).
AV7 = AV + AV g (1.211

IpBu wian AV OQHOCH ce Ha IPOMEHE Y HHTEPHYKJICAPHHM PACTOjaIbHMA M YIIOBHMA
Be3a NPHJIMKOM HACTajarba aKTUBHPAHOT KOMILIEKCa, 0K ApyrH wiaH AV s onmcyje nmpoMene y
HACJIEKTPHUCAkY, KA0 U JHUIOJHE WHTEPAKIHje Y aKTUBUPAHOM KOMILICKCY. YKOJHMKO pearyjy
HAEJIEKTPUCAHH jOHM JONPHHOC APYror WiaHa Moxe Outi Behu o mpBor, ma BpeaHoct 3a AV”
HUJe TOy3JaH KpUTEpHjyM 3a ojapehuBambe MexaHuzMa. MelyTuMm, Kama y TOKy Tmpolieca
CYNCTHUTYIIMje HEMa IMpPOMEHAa y HaeJeKTpHcamwy, Ipyru wiaH y uspasy (1.2.11) ce moxe
3aHEMApUTH, Tj. Taja 3alMpeMHUHA AaKTHBUpama 3aBUCH camo o AV Y ToM ciydajy je

BpeaHocT 3a AV HajnoysnaHuji KpuTEpHjyM 3a oapehuBame MexannsMa cyncrutymmje. Ot

1.3. CyncTutyuoHe peakumje KBaJAPaTHO-MJIAHAPHUX KOMILTIEKCA

KBajpaTHO-IUIAHADHE ~KOMIUIEKCE Tpaje jOHH Merama ca OF  eIeKTpOHCKOM
koH(purypamujom. Y oy rpyny cnaznajy jouu Pt(Il), Pd(Il), Au(lll), Ir(l), Rh(l) m Ni(ll) (y
NojeIMHUM cliydajeBuMa). OnmTa GopMyia KBaJApaTHO-TUIAHATHUX KOMIUICKCHHUX jeIUECHA &
[ML1L,TX], omHOCHO, OHH Ce cacToje Oj LEHTPATHOI joHa MeTana W uyeThpH juranma. Opa
rpyna KOMIUIEKCHUX jelluibea noceayje Dan rpyny cumerpuje, Tako Ja Cy Be3e MeTal-JTUTraHI
yeMepeHe Jyxk X- u y-oce.™

Cyncrurynuone peakimje komrutekca Ir(1), Rh(l), Pd(ll) u Au(lll) omurpasajy ce Beoma
Op30 3a pas3IKMKy O] CYICTUTYIHOHUX peakiiyja komiuiekca miatuae(ll), koje cy 3HaTHO criopuje.
U3 tor pasnora cy CyncTUTyIIMOHe peaknuje komiuiekca miatuae(ll) HajBuire mpoydasane, jep
Ce OJUrpaBajy IOBOJHHO CHOPO Ja OM Cce MOIJIe NMPUMEHUTH PA3IUYUTE EKCIIEPUMEHTATHE
METO/IE 32 ’hUXOBO Hpaherbe.l6

PeaKqua CyrICTI/ITYI_II/Ije JIMranaa KoJ KBaApaTHO-IJIAaHAPpHUX KOMHHGKCEI?’S IIpUKa3aHa je

Ha llemu 1.3.
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S §E
T—M—X + Y — T—M—VY + X

Hlema 1.3. Peaxyuja cyncmumyyuje 1ueanoa K00 K8aOpamuo-niaHapHux KOMNieKca

Ha ocHoBy llleme 1.3 Moe ce BHIETH J1a Y KOOPJMHAIMOHO] chepr KOMIUIEKca J0J1a3u
70 CyNCTUTYyIHje auranga X ynazHuM jgurangoM Y. Jlurana T ce Hamasu y trans-mosioxajy y
onHocy Ha oaazehu nmurang X.

CyncTutynnoHe peaknuje KBaJpaTHO-TUIAHAPHUX KOMIUIEKCA OJIBHjajy Cc€ IO JBa
KHHETHYKA MyTa. JedaH je JUpeKTHa HyKJIeo(puIHa CYNICTUTYIIH]a OKapaKTepucaHa KOHCTAHTOM

opsune Ky, jennaumna (1.3.1).

ko (np
[ML{L,TX] + Y == [MLL,TY] + X

JlpyTu myT je CONBOJMTHYKH MYT, OKapaKTepHCcaH KOHCTaHTOM Op3uHe Ki, o xome ce y
npBoj (asu BpIIM CYNCTUTyIMja juranjga X pacTBapadeM S, a moTtoM ce, y apyroj ¢asm,

MOJICKYJ pacTBapada CYICTUTYHUIIC JIMTAaHAOM Y.

Ky
[ML1LoTX] + S <= [MLL,TS] + X (1.3.2)

N3spa3 3a ykynHy Op3uHy CYNCTUTYLIMOHE peakiivje, Koju o0yxBara 00a KHHETHUYKA ITyTa,

npukasad je jeanadnaom (1.3.4).

BRZINA = k,[ML,L,TX] +k,[ML ,L,TX][Y] (1.3.4)

OJHOCHO

-10 -
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BRZINA = (k, + k,[Y])[ML ,L,TX] (1.3.5)
Ha Illemu 1.4 mpukaszaH je MeXaHHW3aM CYICTUTYIMj€ JHWTaHJIa U €HEPreTCKU Mpodu

peaKque CYHCTI/ITYI_II/Ije KBaJApaTHO-IIJIaHAPHHUX KOMILJICKCA.

A
E
4
A
7\
// N
SN
7/
. 2 Y \\\ 6
>~ J \ —
H SN J N / AN 8
1 = 1 \ / N
AN / \ / N\ —
:/ > \ / N 4 \
\ / N 9
] 3 \ ’ N/ \
! N v \
/I v \v/ 7 \\
1 1 \
) v 5 X N\
1 | /’ 0 L \\
/ T—M—X L, X E L2 \
1/ L/ /. T——M—Y N\
1 1 4 \
B M 4 \
L2 | S Ly \
T7M X Ly 9 s
) T—M—Y
Ly

Hlema 1.4. Mexanuzam cyncmumyyuje iueanoa u eHepeemcku npoghui peakyuje cyncmumyyuje

K8aO0pAMHO-NIAHAPHUX KOMNTIEKCA
N3 Ileme 1.4 moke ce BUACTH Ja YJa3HU Jurasj Y TpHIa3H MOJa3HOM KBaJpaTHO-
IUTAHAPHOM KOMIUICKCY O] HOpPMaliHuUM yriioMm, (opmupajyhu kBaaparHy nupamuay (3).

Hacrana kBampartHa mupamuia ce TpaHchopmuiie y TpuroHanny ounmpamuay (5), a motom

MOHOBO y KBajapatHy mupamunay (7), anu ca omrazehum smrangom X Ha BpXy nupamuae. Ha

Kpajy Ipoiieca CyNCTUTYIHje pacKuIameM Beze u3Mel)y joHa meTana u juranga X MOHOBO ce
(9). Tlpemasna crama Ccy OKapakTepucaHa

dopMmupa KBaApaTHO-TUIAHAPHH  KOMILIEKC

noJyoxkajuma 2, 4, 6u 8.

-11-
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1.4. Yrunaj paznuyutux ¢paxkropa Ha Op3MHY CYNCTUTYIHje

KBAa/IPATHO-INIAHAPHUX KOMILJICKCA

Ha mpouec cyncrurynuje kBajpaTHO-IUIaHAPHUX KOMILIekca yTude Behu Opoj daktopa,
Kao mTo cy: edekar omrazeher nuranga, edekar ynasHOT JTUraHia, YTHIA] JUTaHAa KOjU CE

HaJsla3y y trans-mosoxkajy y oxHocy Ha oanasehu murann (trans-edexar) u np.

1.4.1. Edexar yaa3nor u onjia3eher suranga

bp3uHa CyncTHTYIIMOHE peakiyje KBaJApaTHO-TUIAHAPHUX KOMIUIEKCA 3aBHCH O] BPCTE,
OJTHOCHO HYKJICOMHIIHOCTH yia3Hor juranga. Kama cy y nurtamy xkomiuiekcn ruiatunae(ll) jona
HYKJICO(DMITHOCT yJa3HOT JIMTaHJa JaKo 3aBHCH OJI HETOBUX ,,TBPJIO-MEKHUX KapaKTEPUCTHUKA.
JacHo je ma he Behy peaxtuBHOCT mpema tuiatuau(ll) joHy, Kao ,MeK0]” KHCEIMHH, UMATH

13,14

,,Meke” Oasze. 3a ogabpaHy cepujy JuraHaja HykKJIeo(pUIHOCT pacTe y HU3Y:

H,0 < NHs< ClI' ~py <NQ <Br < <SR <SCN<CN ~CO < PR

VYkonuko je yma3Hu jurasj ,,Meka’ 0asa, To je U merora HykiaeodmiHa peakTuBHOCT Beha. Ha
pUMep, y CIIy4ajy XaJoreHuaa Hykieo(uiHa peakTuBHOCT pacte y Hu3y ClI' < Br < I, a to je
yj€IHO U CMep Y KOMe pacTte ,,MeKoha” OBHUX JIUTaHaJa.

Bp3una peakuuje cyncTutynmje KBaJpaTHO-TUNIAHAPHUX KOMILJIEKCA 3aBUCH U OJ] TIPUPO/IC

4,15

1 . .
onnaseher nurasna. IITo je Be3a Meran-oiasehu nurann ciaabuja, To he ommazehu nurana

OutH nadbwiHuju. Y ciyvajy komiuiekca ratuHe(ll) joHa 1aOmitHOCT auranana omnaaa y HU3Yy:

H;0 > CT > Br > I"> N3 > NO,” > SCN > SC(NH), > SR> PR, > NO ~ CO ~ CN

Mornekyn Boje, Ka0 M XaJIOTEHH, JIAKO C€ CYICTUTYHILY, TOK C€ CYMIIOpP-AOHOPCKH

JIUTaHAU U UjaHUIHU JOH CYIICTUTYUIILY 3HATHO TEXKe.

-12 -



Onwmu deo

1.4.2. Trans-edekat

Kon kBajpaTHO-NJIaHapHUX KOMIUIEKCAa Ha Op3WMHY peakldje CYINCTUTYIHUj€ BEIHKH
yTHLA] UMA MHEPTHH JIMraH] KOju ce Hajla3u y trans-mosoxajy y OQHOCY Ha ojylazehu Jurasa.
Taj edexar je mosmar kao trans-epexar. ¥'*'* Ha ocHoBy excrepumenTamuux mogaraka

JUraHA# ce MOTy opehaTu 1o jaunnu trans-egexra Ha cienehu HauuH:

HO <OH<NH3<CI <Br<I'~CNS~NG, ~ SR <SC(NH), < PRR<NO ~CO ~CN

TTomapu3aGUIHOCT THraHzaa y trans-mosoxKajy JOBOIM 10 mojase trans-epexara.’® IITo je
nojapu3abuiIHOCT Juranja Beha, trans-egexar je jaun. Edexar je HHAYKTHBaH U NIPEHOCH ce ca
uneptHor juranna (I) Ha jon metanma (M), a ca jona merana Ha nabwinu ymrang (L). Ha oBaj

Ha4MH JIMTaH/I1 G-JOHOPH UCTI0JhaBajy trans-edekar.

VY caydajy nuranaga m-IoHOpa Jojiazu o rpahema nonatHe m-Bese m3Mmel)y nwmrannpa y
trans-monokajy u joHa MeTana, MpU 4eMy ce CTa0win3yje Tpesia3HO CTame, Tj. aKTUBUpPAHU
KOMIUIEKC CTPYKType TpUroHajmHe Ounmpamuje. Taga ce y eKBaTOPHjaIHO] paBHU aKTHBHPAHOT
KOMIJIEKca Hamasze ojyiazehu nuranj, ynasHu JUTaHI ¥ JIUTaH]l KOju je Ouo y trans-mosnoxajy y

. . 1417
OJHOCY Ha o/u1a3ehu, YnMe je OJaKIaHa T-eJIeKTPOHCKa KOMYHHUKAIIH]a.

1.5. Jonm npesia3HUX MeTAJIA Y MeUIIUHH
JoHu mpena3zHuX MeTana MMajy 3Ha4yajHy MPUMEHY y TEXHHUYKHUM IMpoIlecuMa, OMOJIOTHjU

1 MCIUIIUHU. I[aHac je IIO3HATO Ada C€ BCIMUKH 6p0_] KOMILJIICKCa jOHa MMpCiIa3HuX METaJIa KOPUCTHU

y Jieuery pasnuuuTHX Oonectd (KaHIepa, apTpuTHca, aujabereca, AJxajMepoBe 0O0JIECTH,

-13-
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uTa.). MelhyTuM, MexaHu3aM JefoBamba BehMHE KOMIUICKCHHX jEIHIbEHba y OHMOJIOMIKUM
CHCTEMIMa jOII YBEK HHj¢ AeTa/bHO Pa3jalliheH.

[maBHM 1MIp TpU U3ajHUpAaY OWOJIOIIKM AKTUBHUX KOMIUIEKCHUX jEAMIbEHA je
MOCTH3akbe KOHTPOJIe TOKCUYHUX (criopeHux) edekara U ycMepaBame JIejCTBA jOHA MeTala Ha
onpeheno TkuBo, opran wiu henujy. Hajuemhe ce jonm merana yBoje y OMOJIONIKE CHUCTEME
Kako OM WCHOJbMIIM TepaneyTcko 1ejcTBo. Heku ce mpumemyjy M y JIMjarHOCTHYKE CBpXE.
bruomenuuuHcKa HEOpraHcKa XeMHja MMa 3a I[Jb CUHTE3Y HOBHX TEPaINleyTCKUX KOMIUIEKCHUX
JenMIBbeha KOJU MOTY CTYIUTH Yy MHTEPAKIHM]y ca Pa3IndUTUM OMOMOJICKYJIMMA W HCTIOJHUTH
OTCHIHjaIHy GHONOLIKY aKTHBHOCT. " 22

Ha Cnumm 1.1 cy o3HaueHu joHH MeTasa Yrja Cy jeubeha Halllla 3HauyajHy MPUMEHY Y

MCIUIIMHCKE CBpPXE, IIPC CBCra y JICUCHY KaHIIEpa.

I _18
H 2 13w 15 1w 1| He
Li | ge B|C|N|O|F|Ne

NafMg|l 3 ¢« 5 6 7 8 o 1 n 12 |A|Si|P|S |CI|Ar
K|Ca|lSc| Ti|V |Cr| MnlzE o Ni | Cul| Zn H Ge| As| Se| Br| Kr
Rb| Sr|Y | Zr| Nb|Mo| Tc B8l Pd| Ag| Cd| In | Sn| Sb| Te | | Xe
55 |56 |57 || 72

Cs|Ba|La||Hf| Ta|W | ReieEl Ir M@l - | Hg| TI | Pb| Bi | Po| At | Rn
87 |88 |80 |[104

Fr | Ra| Ac

58 58 B0 B4 62 63 64 65 BB 67 68 69 70 71
Ce| Pr{Nd|Pm|Sm|Eu| Gd|Tb |Dy |Ho | Er | Tm Yb| Lu

Th| Pa|U |Np|Pu| Am Cm| Bk | Cf | Es| Fm|Md | No| Lr

Cnuka 1.1. Ilepuoonu cucmem enemenama y Kome cy 000jeHU eleMeHmU Huja jeOurberba

NOKA3yjy aHmumymopcKy aKmugHoCm

OtkpuhieM  aHTUTYMOPCKHMX  KapakTepucThka  CiS-muamunauxiopugoruiaruae(ll)
komiiekca, CiS-[PtCl(NH3),], mosnarujer kao nucrmiatuna mpe oko 40 roawHa, 3amovnibe

4,23,24

Pa3BOj MEIMITMHCKE HEOPTAHCKE XEeMHU]e. Takolhe je mo3HaTO 1a MPUMEHOM IUCIIATHHE, KA0

AHTUTYMOPCKOI' ar¢Hca, A0Jia3su 1o HOjaBC HHU3a HCXKCIbCHUX C(i)eKaTa, Ia ¢ MoCICAmLUX I'OJHHA
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J0CcTa pajii Ha CHHTE3W HOBUX KOMILJICKCA IUIATHHE KOju O MCroJbaBaid Behy aHTUTYMOPCKY
AKTHBHOCT, a Maky TOKCUYHOCT. 32 Pa3lUKy O] HUCIUIaTHHE, HheH u3omep trans-[PtCL(NH3),],
TPaHCIUIATHHA, HE TIOKa3yje aHTUTYMOPCKY akTuBHOCT. Ha Cruim 1.2 cy npukasaHe CTpyKTypHE

¢dbopMyIie oBa JBa reOMETpHjCcKa U30Mepa.

H 3N y,, \\\\\ NH 3 H 3N 1y i, \\\\\\CI
_ Pt C P
CI/ \Cl CI/ \N Hs

Cis[PtCh(NH3),] trans-[PtChL(NH3);]
yucniamurHa mpaHcniamuna

Cnuka 1.2. Cmpyxkmyphe ¢hopmyne yucniamune u mpancniamume

1.6. Kommiexcu niiatune(l ) ka0 aHTUTYMOPCKH areHCH

AHTHTYMOpCKa aKTHBHOCT KoMmiutekca ruratuae(ll) 3acHuBa ce Ha BUXOBOj HHTEPAKIIH]H
ca mosiekysom JIHK, u To npBerctBeHo ca reHerckom JIHK, koja ce Hanasu y HykJeycy, JOK je
MHTepaKIija ca MuroxonapujamHoM JHK Mame OArOBOpHA 3a aHTHTYMOPCKY aKTHBHOCT.Z
ITpBo, kama xomiuteke wiatune(ll) mocne y henujy, kao mocieania pa3uyute KOHIECHTPAIIH]E
XJTOPH/IO jOHA y eKCTPAIeNyIapHOj ¥ HHTPAIETYIapHO] TEUHOCTH, T0Ia3| 10 Xuapommse.” 22y
npoiiecy xuapoiuse ¢opMupa ce akBa KOMIUIEKC KOjU j€ PEaKTUBHHUJH y OJHOCY Ha IMOJIa3HU
XJIopuI0 KoMmIulekc. HakoH xuaponuse MoryhHocty 3a koopauHauujy ca monekyiaom JIHK cy
pasnuunte. BesuBame komriekca nucruiatiHe 3a JIHK ce npBenctBeno paemaBa mpexo N7
aToMa ryaHWHa, JIOK je Mame 3acTymbeHo Be3uBame 3a N7 i N1 atome amenmna u N3 atom
urosnma.?®?’

C o63upom nma monekyn JJHK y cBojuM KOMIJIEMEHTapHUM CIHMPAIHUM CTPYKTypama
CaJip’KH Pa3InUUTy CEKBEHILY ITyPUHCKUX U MUPUMHUANHCKUX 0a3a, yCTaHOBJBEHO je 1a je ca 60%
3aCTyIUbCHA KOOpauHaInja komiuiekca tuna 1,2-(GpG),omHoCHO, Be3a MPEKO JBa MOJICKYJIa

ryaHo3uH-5'-MoHodocdara, 5’-GMP, koju ce Hanaze Ha cynpotHuM JaHuuma JJHK monekyna.

Oxo 25% je 3acrymbena Besa tuma 1,2-(ApG) T1j. Besa ca ameHO3uH-5'-MoHOMOChATOM,
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5-AMP, u 5-GMP cmemrenum Ha cynporauM JIHK nanmmma. Octany HaYWMHHM BEe3WBamba Cy

MamkC 3aCTYIJbCHHU. Ha CJ'II/IHI/I 1.3 IIpUKa3aHnu CYy PpasJMiIuTU HAYUHU KOOpJAUHOBAbA

LIUCIIJIATAHE 332 MOJIEKYJI Z[HK.ZS’29

Cnuka 1.3. Hauunu xoopounosara yucniamune 3a J{HK cnupany

Mebhyrtum, y henuju ce Hanmasze u Ipyru OGMOMOJIEKYNIN KOjU Takole Mory nia pearyjy ca
komriekcuMma ttatuae(ll). IMocebno Bemuku apunuter komruiekcu miatuHe(ll) mokasyjy npema
OHnoMoJIeKyIUMa KOjU CaJipske CyMIOp, KaKo y THOJIHOM Tako M 'y THOeTapckoM o0iuky. Hanwme,
iatuHa(ll) joH Kao Meka” KUCeIMHA TPpaayl jako cTaOWiTHA jeqUIbeHha ca CyMIIOp JAOHOpUMA
(,,mexuM” Oazama). Hacrama jemumema Cy yIpaBo OJrOBOpPHA 3a MOjaBy TOKCHYHHX edekarta
(HepPOTOKCHYHOCT, HEYPOTOKCUYHOCT, PE3UCTEHTOCT, UTA.). [lomTo je KOHIeHTpauuja THoIja,
yksbydyjyhu rayratnon, GSH,u L-nucreun, L-Cys,y untpanenynapHoj Teunoctu oko 10 mM,
NPETIOCTaBJba ce ja je Behu neo kommiekca miaatuHe(ll) Besan 3a cymmnop u3 OnoMosiexysa mpe
HEro IITO JI0CTe A0 MOJIEKYJa I[HK.26'28’29

KoopaunoBame komriutekca miatute(ll) 3a atom cymmopa w3 THOETpa je KHMHETHUKH
daBopusosan nporec. Hacrana Pt-Sfuoerap) Be3a Moxe ce paCKUHYTH Y TIPHCYCTBY MOJICKYJIa
JHK, tj. N7 atom u3 5-GMP Moxe ga CYICTHTYHIIE MOJIEKYJ] THOETpAa H3 HACTalor
je,Z[I/IH>6H>a.30 W3 Tux pasiora ce jenumema Tuna Pt-Suoerap) cmatpajy ,pesepBoapom”’
KOMIIJIEKCA IUIATUHE y OPTaHU3MY, Tj. OHU CY IOTOJHU MHTEPMEAUjepH y PeaklUju KOMIUIeKca

wiatuae(ll) u JJHK. Pt-Stroerap) Beza Moke ce paCKHHYTH U Y TIPUCYCTBY MOJIEKYJIa THOJIA, Tj.
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CYMIIOp U3 THOJIa MOXE Jia CYIICTHTYHIIE CYMIIOp M3 THOETpa, NpU YeMy je Hactaia Pt-Sfuon)
Be3a TePMOJIMHAMUYKH cTabmiHuja. Takohe, Moxe jgohu u 10 mupekTHOr Be3uBama riatuHe(ll)
JOHA 3a aTOM CYMIIOp M3 MOJICKYJia THOJA, a HacTaia Pt-S{uoi) Be3a je jako cTaOHIIHA U TEIIKO
packumuBa. Cmatpa ce jga je rpaheme jenumema Tuna Pt-SEuon) oxroBopHo 3a mojaBy
TOKCHYHHX eeKaTta TOKOM mpuMeHe komiuiekca miatuHe(ll) kao aHTUTYyMOpCKHX peareHaca. 3a
packuname Pt-S{uoun) Be3e maHac ce KOpUCTe jeiiberba Mo3HaTa Kao ,,3alITHTHH areHCH’, a TO
Cy jenMmema Koja caJpKe aToM CyMIopa H KOja Cy BpJO jaku HykIeoduau
25,28,30

(mueTmnauTHOKapOamMart, THOypea, OMOTHH, UTII.).

ITpouecu koju ce oaurpanajy y henuju y TOKy pUMeHe aHTUTYMOPCKUX areHaca Ha 6a3u

komruiekca iatuae(ll) mpukasanu cy va Couu 1.4.

MUTOXOHPH]a

9

XH/IPOJIu3a

[CH] =4 mM

‘E/ Pt(11)-kommrekc

yaas - [CI]=104mM.

~ DDTC _
H3Jy4YuBame

Cnuka 1.4. Yuymaphenujcku npoyecu 00 Kojux 001a3u NpUiuKomM npuMeHe aHmumymopCcKux

azenaca na 6aszu komnaexca naamune(ll)
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1.7. Peaknuje cyncTuTyuje OKTaeJapCcKuX KOMILJIEKCa

KommuiekcHa jenmumema ca KoOOpAMHAIMOHUM OpojeM 6 Hajuenthe mocenyjy OKTaeaapcKy
reomerpyjy. OBa rpyna KOMIUIEKCHUX jenumema uma On rpymy cumerpuje. Bemuku Opoj
eJIeMeHaTa Pa3IMYUTUX EJIIEKTPOHCKUX KOH(UTYpaluja uMa MOTYRHOCT Ja rpajau OKTaeaapcKe
KOMILJIEKCE.

Taxo, jorn Nau M@, koju ciazajy y rpyiy S-elieMeHara, rpajie OKTaeaapcKke KOMILIEKCE,
K0 M HEKH P-cleMeHTH momyT cymmopa u cummmjyma (SR u [SiFe]?).”®' Mehyrum,
HajOPOjHHUjH Cy OKTaeAapCKH KOMILICKCH Mpea3Hux d-eaeMeHara.

[Tpouec cyncTutynuje IuraHazaa KoJi OKTaeIapckUX KOMIUIEKCa pa3jMKyje ce o]l Impoleca
CYNCTUTYIIMj€ KOJ KBaJlpaTHO-TUIaHApHUX Komruiekca. Ca jemHe cTpane, [P, opOuTana joHa
MeTala, Koja je KOJ KBaJpaTHO-TUIAaHAPHUX KOMIUIEKCA JOCTYIHA J1a MPUMH E€JIIEKTPOHCKU Tap
YJIa3HOT JIMTaHJa y MPOIeCy CYNCTUTYIM]je TT0 A MeXaHU3MY, KOJ OKTaeJapCKUX KOMILIEKCa je
nonymeHa. Ca Jpyre crpaHe, BOJYMHHO3HOCT OKTaeJapCKUX KOMIUIEKca je Beha y ogHOCy Ha
KBaIpaTHO-IUIAHAPHE, 14 j¢ U NPHJIa3 YIa3HOT JHraHa oTexan.?

Peakmje cyncTutyiyje okraenapckux KOMILIEKCa MOTy ce, Takohe, omBujatu mo D, A
i | MexaHusmy, kao mro je omucaHo y aeny 1.1. YHyTpamime-opOUTaIHH OKTaelapCKu
komiuteken (0°SP° xubpuansanmja) unju joH MeTana uMa elekTpoHcky koudurypaunjy o, dt, of
ka0 u 0" eIeKTPOHCKY KOH(HUIYpALMjy BHUCOKOT CIHHA CY KOOPAMHALMOHO HesacuheHu, Tj.
uMajy npasHe yHyrtpammbe d-opouraie. [lakie, OBH jOHH MeTaja moceayjy MoryhHocT aa nmpume
€JIGKTPOHCKH Tap YJIa3HOT JIMTaHjaa, Koju Ou, mo A MexaHH3My, Harpajauo WHTEpMEaujep ca
KOOpJIMHAIMOHUM Opojem 7. Mehyrtum, 3a crnospamime-opOuTamHe OKTaelapcke KOMIUIEKCe
(sp’d® xubpummsanuja) ce ouexyje D Mexanusam cyncrutymuje. Hajsehu Gpoj CymCTHTYIHOHIX
peakija OKTaelapCcKuX KoMIuiekca aemaBa ce mo D wmmm |y mexanusmy, moxk Ha Op3uHy
CYIICTUTYIIMj€ BEJIMKH YTHUIId] UMajy TIpUpoa oasiazeher turanaa u npupojia HHEPTHOT JIMTaH/a.

VY ciydajy OBUX KOMIUIEKCA, CTEPHE CMETHE Cy Mabe 3HAUajHE.
1.7.1. Yruuaj onnaseher amranga

VYrunaj oqnazeher nuranna Ha Op3UHY CYNCTHTYIIH]E€ OKTaeIapCKUX KOMILJIEKCa MOXKE ce

0GjacHUTH Ha pUMepy Kucele Xuapomse komuiekca tuna [Co(NHs)sX] '
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[CO(NHg)sX]** + HO — [Co(NHg)s(H,0)]*" + X

Bbp3una xojom oanazehu nurang X Hamymra KOOpAMHALKUOHY chepy 3aBUCH OJ1 jaYMHE XEMU]CKE
Be3e u3Mel)y joHa MeTalia M MOCMATPaHOT JIMTaHJa. YKOJIHUKO Cy y NMUTalky JUTaHIN UCTOT
HaeJIeKTpHUCama, Op3WHa peakifje CYNCTUTYIHje pacTe ca MOpacTOM BEJIWYMHE JIMTAHJA.
MehytuM, ako moOcMaTpaMoO JIMTaHIE PA3JIMYUTOT HAEJNEeKTpUCama, Op3WHAa peakiuje

CYICTHUTYIIHj€ OTIajJa ca IopacToM HaeleKTpucama oiaseher muranaa.
1.7.2. YTHuaj HHEPTHOT JIMTaH/Aa

Ha 6p3uny peakiyje CyncTuTyluje OKTaeJapcKkux KOMIUIEKCa 3Ha4ajHO YTHUYE U IPUPOIa
JWraHaj a Koju ce Hajase y CiS wim trans mososxajy y oaHocy Ha omtasehu nurana. Ha nmpumepy
xommiekca [Co(enyXCI]", rae je ca X o3HaueH MHepPTaH aHjOHCKHM JIMTAHJ, MOXE ce 00jaCHUTH
oBaj edexar. Hamme, qurang X Moke ga yrude Ha nabwinHoct omnaseher Cl nuranma, mo
cienehem penocieny:

VYxomnuko ce X Hanasu y trans monoxajy y ogHocy Ha Cl” mabuiHoCT omnaga y Hu3Yy:
OH > NGO, > Ny > CN > Br > Cl > SQ* > NCS

VYkoauko ce X Hajgasu y CiSmojoxajy y ogaocy Ha Cl mabwiHoct onazna y Hu3Y:
OH > CI'> Br> NO, > SQ” > NCS

Kowmriekcu ca CiS reoMeTpHjcKOM CTPYKTypoM BehrHOM pearyjy Opike Hero oarosapajyhu trans
KOMIIJIEKCH, ocuM y ciydajy kazna je X = NO; mnu N3'. V npuHuuny, pasiuke y peakTUBHOCTH

INOMCHYTa ABa FGOMeTpl/IjCKa Hn30McEpa Cy BpJio Maﬂ€.31
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1.7.3. CtepHe cMeTH€

VKOJIMKO TIOCTOje CTEPHE CMETHE OKO IICHTPAIHOT jOHA METajia PeaKilfje CYICTHUTYIH]e
OKTaeJapCKUX KOMIUIEKCa ce 0/BHjajy mo D mexanusmy, MoK ce A MexaHHM3aM Mopa3yMeBa 3a
crepHO Hesamtruhene komuiekce. Ha mpumep, peakimja XUapoJin3e 3a MeZ0 00JUK KOMILIeKCa
[Co(bn)Cly]", (bn je6yrunenauamun), je oxo 30 myTa 6pxa y omHocy Ha cMemy d u | o6nuka,

3aTo MITO je MeZo OOIUK BUIIE CTEPHO samrruhen.’

1.7.4. Penokc-peakuuje oKTaeJapckuxX KOMILIeKca

OxTaemapcku KOMIUIEKCH, TIOpel peakldja CYINCTHTYIHje, TOMJIKY | PEIOKC
peakuujama. IlocToje nBa HauMHA MO KOjUMa Ce JIENIaBajy peoKC peakiyje. Peakimje crosbHe
cdepe cy peaknmje MpBOT peda y OAHOCY HAa OKCHIAHT M PEAYKTAHT. Y MPEITa3HOM CTamby
OKCHUJAHT M PEIyKTaHT 3a/pKaBajy CBOje KOOpIWHAIMOHE cdepe HETaKHyTe, a MPEeHOC
€JIEKTPOHA j€ 3HaTHO Op’KU OJI MpoIieca CYINCTUTYIM]e JIMTaHaaa, KOju MOXKe, ajlid ¥ He Mopa, Jia
npatu peaokc mnpoiec. Kog peakuuja ynytpamme chepe nonasu 10 popmupama Mocta uzmehy
OKCHJIaHTa M PEIyKTaHTa MPEKO KOra ce BPIIM MPEHOC eJIEKTPOHA. 3a MEXaHHW3aM YHYTpallihe
cdepe HeonmxoAHO je Aa Oap jeiaH o peakraHaTa Oy/e CYNCTHTYIIMOHO JIAOWIIAH U J]a OKCHJIAHT
roceyje JIMraH/1 Moro/IaH 3a yJoTy MOCTHOT Jiranaa. Koncranta Op3uHe OBe peakifje 3aBUCH
01 IPUPOJIe MOCTHOT JHrana. ™

ITocToje MHOTE peAoOKC peakiMje y KojuMa Cy pPEaKTaHTH M TMPOAYKTH Yy TMOTIIeTy
CYIICTUTYII]j€ JIAOWIIHY, a TPOMEHE Y KOOPAMHAIIMOHO] chepr MOTY Jia c€ JJOTOJIe TP WIIU TOCTe

mpoleca NpeHoca €JNEeKTpoHa. Y TOM ciydajy HHje Moryhe jacHO pa3jiMKOBaTH peakliyje

criosballllbe cdepe o peakiiyja yHyTpalme chepe.

1.8. Kommiaekcu miuature(lV) ka0 aHTUTYMOPCKH areHCH

Yopkoc BelmkoM ycrexy jeaumema ratuHe(ll) y seuemy KaHIepa, IojaBa
PE3MCTEHTHOCTH W APYIHX HEXKE/bEHHX cropeaHux edekara (moBpahame, HE(PPOTOKCHYHOCT,
KApMOTOKCHIHOCT, OTOTOKCHYHOCT, UT/I.) OPAHHYMIIA j¢ HHXOBY Ja/by IPUMEHY. 2>V Iby

MpOHAJacKa jeumbekha ca MTO O0JbUM aHTUTYMOPCKHM KapaKTEepUCTHKaMa, alld M ca MamuM
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criopeHUM e(deKkThMa, BeJIMKHW Opoj HMCTpakMBamkba YCMEpPEH je Ka pa3Bojy KOMILIEKCHUX
jenumema Koju he y opraHu3my MMaTH yJIOTy NpeKypcopa, T3B. Ipo-ieka. OBa jequmema y
nporecy Metabonn3Ma uMajy CliocOOHOCT J1a ce TpaHcopMmulry a0 obirka koju he mokazuBaTu
aHTUTYMOPCKY AaKTMBHOCT. AKTHBalMja mpo-jeka Hajuemhe ce BpIHM (OTOXEMHU)CKUM
nporecnma,>’ OKCHIAIMjOM WIM PEAyKIMjOM, 4 y HEKHM CIy4ajeBUMa M CYICTHTYIHOHHM
peakuyjama. 3aTo je 3a JAM3ajHUpame HOBUX jEUECHA HEONXOJHO IO3HABAaHE KOHCTaHTE
Op3uHE CYNCTUTYIMOHUX peaklMja, peJOKC MOTEHIH]jala, (OTOXEMHUjCKUX KapaKTepUCTHKA, Kao
¥ T03HaBame e(eKTa KOOPAMHOBAHMX JIMTAHAAA y CTPYKTYPH KOMIUIEKCa.> 'Y OBy rpymy

jeMmbema CBPCTaHa Cy (POTOAKTHBHA KOMIUIEKCHA jEIUEHCHHA mratuae(1V), ¥ kommiexcua

: . . 42-44
jenumema wiatuae(lV) koja peaykiujoM mpenase y aktuBHe kKoMiutekce miatuae(ll), Kao H

noJuHyKJIeapHu koMiutekcu riatuHe(ll) jOHa.3

Jlo cana je cunterrcaHo ¥ ucnutaHo oko 3000 pa3nuuuTHX KOMIUIEKCA IUIATHHE ca
MJbeM Jia ce TpoHale jenumeme ca JO0OpUM aHTUTYMOPCKUM KapaKTepHUCTHKaMa, CMambeHOM
TOKCUYHOIIINY, Ka0 U ca nmoBehaHUM OICEroM JeNI0Bamka, Tj. CMAlkEHOM PE3UCTEHTHOIINY Tocie
nyxe ymnorpebe. Mehyrtum, camo oko 30 KOMIUIEKCA je HAILIO MPUMEHY Y KIMHHYKOM
nedersy. >’ Kommnexcn miartune(lV) MMajy orpoMaH HOTEHIHjal KA0 aHTHTYMODPCKH arcHCH, Y
CMHCITy BUCOKE aKTUBHOCTH M HUCKE TOKCHUYHOCTHU. | eHepaliHO, Bepyje ce Jla Cy OBH KOMIUIEKCH
MHEPTHH]U y CYICTHTYLHOHNM peaKiijaMa y OHOCY Ha aHanorse kommiekce miarune(ll). 4849
buxoBa mnoBehana crabumHOCT ce MoOXe O00jaCHUTH CTAOWJIIHOM HHCKO-CIIMHCKOM o
eNIEKTPOHCKOM KOoHGurypamujom. Takohe, mo3Hato je Aa Cy OBM KOMIUIEKCH CTaOWJIHHH Yy
oaHocy Ha aHanorae komriekce ruiatuue(ll) y kxwucemoj cpeawnu, mro omoryhaBa mBHXOBY
opayiHy nipuMeHy. Ha 0CHOBY KIIMHHYKHMX MCIUTHBamba MpuMeheHo je 1a ce opaaHoM MPUMEHOM
AHTUTYMOPCKHX JiekoBa Ha 0a3u komiuiekca riatuHe(lV) Beoma Mmana KOJMYMHA jeHE-CH-a
JIeaKTUBHpA MOCJIE yJlacKa y hennjy.39'49 To je moTBpheHo y citydajy caTparuiaTuse, trans,cis,cis-
[Pt(OCOCH),Clx(NH3)(CeH11NH2)], xoja je TpenytHo ymuia y tpehy ¢asy kimmHMYKOT
ucrtrBama.”C [oTeHIMjalHa IpeaHOCT KoMIutekea miaTure(lV) ce 3acHHMBA M HA UMEHCHHIM
1a, 300r BUXOBE Mamhe PEaKTUBHOCTU OHU y KPBOTOKY OCTajy Y HEPOMEHEHOM CacTaBy, LITO
CMamYyje HU3 HEKEJbEHUX peakilfja Kojeé MOTY JIOBECTH JI0 TOKCHUHUX edekara. [lopen muxose
CTaOMIIHOCTH, TPEIHOCT OBUX jEIME-CHha CE Orjiea WU y TOME Ja MPUCYCTBO JIBa J0JaTHA

. 51
KOOpJIMHAIIMOHA MecTa oMoryhaBa Moaudukanujy hapMakKOKHHETHUYKHX OCOOMHA KOMILIEKCA.

Ha OCHOBY HY6J'II/IKOBaHI/IX pe3yiTara J0Ka3aHO je da C€ BapupambCeM aKCI/IjaJ'IHI/IX )51
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CKBATOPHJjATHUX JIMTAHA/a y CTPYKTYypH KoMiuiekca miatuie(lV) Memajy pemoke CBOjCTBa OBHX
KOMIIIEKCHHX jE/IHIbEHbA, IITO 3HAYAJHO yTHUE HA HHXOBY OHOJIONIKY AKTHBHOCT. >

Hakon ymacka y henmjy mocroje 1Ba MeTabonmuka myrta 3a komiuiekce rmiatiae(IV)
(Cnuxa 1.5).TIpBu myT mpecTaBiba AUPEKTHY HHTEpAKIHjy ca Monekynom JIHK y jesrpy,”® ok
APYTU IyT ONHKCYje PEAyKIHjy KOMIUleKkca 1o oarosapajyher xommuiekca miuartune(ll), koja ce
OJIBMja y MIPHUCYCTBY PEeIyKIMOHUX areHaca kao mto cy: GSH, L-Cys,ackopOuHCKa KUCelnHa,

uTHa. ITocne peI[YKI_II/Ije MeTaboIu3aM KOMILIEKCa CE OI[BI/Ija Ha Beh ommcaH HayMH 32 KOMILIEKCE

mmaruse(ll). >

a O
j‘ JQO JMPEKTHA MHTEPAKIM]a
o

Pt(IV)

acCKOpOMHCKA
KHCEeNnHA

IIIyTaTUOH ‘.

Pt(ll)

Cnuxa 1.5. /[sa memabonuuxa nyma komnnexca niamune(I1V)
Bepyje ce na je peaykuuja komruiekca riatuae(lV) mo xomriekca matune(ll) xpyuna

3a BUXOBO aHTHTYMOPCKO fejcTBO.°>® C THM y Besd, GHONOIIKA AKTHBHOCT jaKO 3aBHCH O

nakohe kojom ce kommekcu mwiatuae(1V) peaykyjy.
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Benuku Opoj xommiekca miatuHe(lV) je CHHTETHCAHO M HMCHOHTHBAHO j€ HHUXOBO
noHaiame y in vitro yciosuma. CtpykrypHe ¢opmyne komiuiekca miatuHe(lV) koju cy

YKJbYYEHHU Y XeMHOTepanujcka HCIUTHBaWba cy npuka3ane Ha Ciuiu 1.6.

OH

OH HAN
PN P
:>———H2N ‘ Cl H3N ‘
OH
cistrans,cis-[PtClL(OH),((NH,CH(CH),),] cistrans,cis[PtCl,(OH)>(NHs),]

OCOCH3

Cl
\\\\

//,
/
OCOC%

trans,cis,cis-[Pt(OCOCH,),Cly(NH3)(CgH11NH))]
Cnuxa 1.6. Cmpyxkmype komniexca niamune(lV) yrwyuenux y xemuomepanujcka ucnumuearsa

Wnpomnaruna, Cistrans,cis-[PtCL(OH),((NH2CH(CHs)z2)2], je okTaemapcku KOMILIEKC
KOjU C€ OMJIMKYje BHCOKOM pacTBopsbMBOIINy. 3axBasbyjyhu Tome, MIpOIUIaTHHA je ylula y
KJIMHAYKa (papMakOKMHETHYKa M MeTa0oJMuYKa HCIUTHBaWa, ajld je YTBphEeHO 1a mocenyje
AHTHTYMOPCKY aKTHBHOCT Mamby OJ LHCILIaTHHE. VIIpOIIaTHHA Caap:Ki XUAPOKCO JTHIAHE Y
aKCHjaJIHOM IOJIOXKa]y U MOCEayje HEraTUBHUjU PeAYKIMOHHN noTeHuujal. Beha konnuuna oBor
JeKa ce He Mema y iN VItro u in Vivo ycioBuMa, INTO je y CKJIady ca HUCKOM TOKCHYHOIIhy
komIiekca. IlpernocraBiba ce Ja ce A€o0 MIPOIUIATHHE JIaKIIe pelyKyje y HMHTpaleidylapHo]
TEYHOCTH HET0 y KPBHO] IJIa3MHU.

Carpamiatuna, trans,cis,cis[Pt(OCOCH).Clx(NH3)(CsH11NH2)], je mnpBu opanHo
ynotpeOsbeH JIeK Yy KIMHUYKOM Jiedery. lma T1oBoJbHE (U3HUKO-XEMHUJCKE OCOOMHE
yKJbY4yjyhu pacTBOpJBMBOCT y BOAM M CTaOMJIHOCT y Kucenoj cpeauHu. Edukacan je xon
Jledera TYMOPA KOjH Cy PE3MCTEHTHH Ha ynoTpeOy wuciiatiue.”” McnuTiBama cy okasana a

CE Kao IJIaBHU MeTabOJMT OBOT KoMIUIeKca noouja ananorau ratuna(ll) xomruieke. Mehyrum,
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y TOKy MeTabojm3Ma OBOT jeMibeha WIACHTHU(PUKOBAHO j€ W TMPHCYCTBO HEKOJIUKO IPYTHX
wiatuaa(lV) komruiekca.

Okcorutatuna, Cistrans,cis-[PtClL(OH),(NHs),], je Ttakohe oxraemapcku KoMIUIEKC
CTPYKTYPHO CIIMYaH IUCILIATHHY. McUTHBama Cy TOKa3aia Ja ce 0Baj KOMIUIEKC MeTa0oJuIe
y 4eTHpH pa3IM4MTa MPOW3BOJA, OX KOJUX je jeqaH IucIuaTHHA.”® OIIMKYje Ce BHCOKOM
crabmnHomhy mto omoryhaBa meroBy opaiHy ymnoTpeOy. MHEpTHOCT W HHU3aK PElIOKC
MOTEHIIHjaT y3pOKYjy CHOPO BE3MBamE 3a MPOTCHHE Y IUIa3MH, TAKO Ja jelaH BEIHKH €0
KOMIUIEKca JtocneBa y henunjy y HenpoMemheHOM cTamy. To moapa3ymeBa a ce KOMIUIEKC MOXe

. .. 60
JUPCKTHO BE3aTH 3a MOJICKYJI I[HK, MaJia C€ O0B4a) MpouecC OJiBHja Jako CIIOPO.

1.9. CtpykTypa M peayKIHOHH MOTeHIHja] Komiiekca miaatune(lV)

YTBpheHo je 1a peAyKIMOHU MOTEHIMjal JHaMHHCKUX Komiuiekca miatuae(lV) 3aBucu
Ol NPHPOJC AaKCHjaHMX U eKBaTopujanHux juraHaga.’’ Taxohe je mpumeheHo ma Bpcra
aKCHjaTHUX JIMTaHa/Ja MMa Behu yTuIla] Ha BPEAHOCT penokc morenmujana. Y Tabemm 1.1 cy
npuKazaHe OpOjHE BPEIHOCTH PEIOKC MOTEHIMjajda y 3aBUCHOCTH oJ Bpcte smranaa (X) y
aKCHjaJJHOM TM0JIOXkajy 3a Komiulekc tuma Cistrans-[Pt(en)ChX,]. Penykumja ce nHajraximie
OJIBHja y Cllydajy KajJia Cy aKCHjaJIHO KOOPJIMHOBAHU XJIOPHJIO JIMTAH/IH, a TeXKE KaJla ce paau O
KapOOKCHJIATO WM XHIPOKCO JIMTaHAMMA Yy aKCHUjaJHOM IOJIOKajy. Maiie mpoMeHe y TyKUHU
KapOOKCHJIATO JIMTaHJa HE3HAaTHO YTHYy Ha pEAYKIHOHH IOTEHIHMjajl KOMILIEKCa, JTOK

npupoJa JOHOPCKOT aTOMa JIuranaa uMa 3HaTHO Behn YTI/ILIaj.47

Tadena 1.1. BpegHocTy peoKc MOTEHIHUjala y 3aBUCHOCTH O] BPCTE akchjasHor jmranga (X)

3a KOMILIEKCe TrIa Cis,trans-[Pt(en)ChX 5] *’

Jlurang (X) Ep (mV)
Cl -4
OC(O)CH -326
OC(O)CHCH; -301
OC(O)CHCH,CHs -273
OH -664
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[IpoMeHa ekBaTOpWjaJIHUX AMHHCKHX JIMTaHa/Ja y KOMIUIEKCHMA OIIITe (Gopmylie
cis[PtCl4(NRH);] (R = H, Me, Et, Pr, Bu, CHPh)uma mepspuBe, anu He 1 3HadajHe eekTe HA
Op3uHYy peAyKIIHje KOMIUIEKCA.

[Tomrto cTpyKTypHE NPOMEHE EKBATOPHjallHUX JIMTaHa/Ja WMajy Mainu edekar Ha
PEAYKIIMOHM TIOTEHIIMjal KOMIUIeKca, Npu Oyayhem [au3ajHUpamy KOMIUIEKca Ha 0a3u

wiatuHa(lV) jona Behy maxmy Tpeda MocBEeTHTH N300py aKCHjaTHUX JINTaHAIA.

1.10. PexykuMOHHU MOTEHI[Hja] U OHOJIOMIKA AKTUBHOCT

komIuiekca miatune(lV)

Ha ocHoBy my0GsimkoBaHuX pe3ynTara npuMeheHo je 1a He MOCTOjH jeJTHOCTABHA U OMIIITa
MOBE3aHOCT M3Mel)y peayKIIMOHOT TMoTeHIrjana komiuiekca miatuae(lV) u muxose in Vitro u
iN VIiVO aHTUTYMOpCKE aKTMBHOCTH. Tako, Ha mpuMmep, TETparUIaTHHA, ca aKCHUjaTHUM XJIOPHUJIO
JIMTaHIMMa U BUCOKUAM PEIYKIIHOHHM MOTEHIIMjaJIoOM, PEayKyje ce BpJio Op30 y iN ViVO ycioBruMa
najyhu Bpio aktuBHe komruiekce miatuae(ll). Ca apyre crpane, KOMIUIEKC HIPOIIATHHA CE
JTAJIEKO TeXKE PeIyKyje, alli TIoce1yje 3Ha4ajHy aKTHBHOCT. 62

VYTBpheHo je a ako ce caMo aKCHjaJIHU JIMTAHIN Y KOMILJIEKCY MEHajy, a €KBaTOPHjaIHU
0CTajy HETIPOMEHEHH, IUTOTOKCHYHOCT KOMILJIEKCa pacTe ca moBehameM BUXOBOT PeAyKIIHOHOT
norennujana.>?

Pesynraru ykasyjy na dapmakokuneTHka komiuiekca miatuae(lV), mpe cBera, 3aBucH 01

Op3uHE BHUXOBE PEIyKIMje, ald U O] Kapaktepuctuka ananora ruiatuae(ll) xoju Hactajy y

MPOIIECY PEIYKIIH]e.
1.11. JTlunoduanoct kommiekca miarune(lV)

Y HM3y wuUCTpakuBama IpuMeheHo je Ja je BeJuka henMjcka IMpOImyCTJ/HUBOCT
carparuiature (JM216) noBesana ca BucokoM nunodumHowhy osor kommiekca matune(IV). %
Ca npyre crpane, Op3a peaykiMja TOMEHYTOI KOMILIEKCa y IN ViVO ycioBuma, mnpahena
ryOMTKOM aKCHjaJIHUX JIMTaHaja, CMamyje HEroBy JUMO(MIHOCT, YUME c€ YIpaBo o0jallmaBa

pasiiMKa y akTHBHOCTH Y iN Vitro u in vivo yciioBuma.
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Jlunmodunaoct (nnm xuapodoOHOCT) aHTHTYMOPCKUX jeIUIbCHbA Ce, HAaKOH OTKpuha
AKTHBHOCTH IIMCIUIATHHE, IMpOydYaBa Kao BaxkaH (AKTOp 3a XEMHOTEpAreyTCKy MPUMEHY
komiiekca maruHe(ll). IIpernmoctaBiba ce na je jeman on pasiiora Pe3HCTEHTHOCTH YIIPAaBO
CMameHa aKkymyjamnuja jeka y hemuju. Mepa 3a nunouiIHOCT je MapTUIHOHU Koe(HIIMjeHT,
logP, xoju mpencTtaBiba peENATUBHY PACTBOPJHUBOCT KOMILICKCA Y CHUCTEMY BOJAa-OKTAHOIL.
IMozamu 3a pacTBopibHBOCT Hekux miatiHa(lV) KoMIuIeKca 00jaBJbCHH Cy penaTHBHO paHo.’*
MoandukanujoM akcujadHUX JuraHana y crpykrypu miatuHa(lV) xomiuiekca Mmema ce
PacTBOPJHEMBOCT KOMIUIEKCA M H-EroBa CIOCOOHOCT Aa yhe y Tymopcke henmje, mpe Hero mro ce
penykyje no aktuBHor riatuHa(ll) jenumemna.

[TokazaHo je nma kama ce jemaH aKCHjaJlHU KapOOKCHIIATO JIMTaH] 3aMEHU XJIOPHI0
nurangoM y cepuju  (mumamun)memparxuc(kapookcunaro)miaruna(lV) komrmuiekca, logP ce
CMaH>yje.65'66 OuekuBano, logP pacre ca mosehamem ayKuHE JaHIla KApOOKCHIIATO JIMTAHIA Y
kapGokcmnato komruiekcenma riataae(lV).®® VcrnurmBama je aHTHTYMOpPCKa aKTHBHOCT
komiiekca (1,2-imamuHnukioxekcan)mempaxuc(kapookcunaro)mwiatuaa(lVvV) wu (1,2-muamun
uKIIox ekcan)6uc(kapookcunaro) nuxuapokcoriatuaa(lV)  komruiekca Ha pasmuuntiM |logP
Bpe,HHOCTI/IMa.67 I'enepaiHo, HE MOXeE Ce YCIIOCTaBUTH jacHa Be3a m3Mmel)y BpeaHoctu 3a l0gP u
aKTUBHOCTH KOMIUIEKCA, jep JUNO(DWIHOCT HHUje jJeAMHM TapaMmeTap KOju YyTHYe Ha
AHTUTYMOPCKO JejcTBO. JlunmodumHoct je daktop o Kojem Tpeba BOAUTH padyHa IMpH
JM3ajHUPaby HOBUX jenniberba Ha 0asu muatuHa(lV) joHa, anmu ce Mopajy y3eTd y 003up U CBH

MNpEeTXOAHO HAIIOMCHYTH e(beKTI/I.

1.12. Unrepaknuje kommiekca miaatude(lV) ca a30T-10HOPCKUAM JIMTAaHIHAMA

bruomornexynu npucyTHH y KpBU M henujama pasiukyjy ce y CTPYKTYpH U XEMU]jCKOJ
peakTUBHOCTH. bpojHM OHMOMOJEKynH, MOMYT MNpPOTeMHa W €H3MMa, MOy Ja pearyjy ca
komrutekcuMa tuiatuHe(lV) m ma moBeny no muxose penykuuje. Ca npyre crpaHe, IOMITO CY
koMIutekcH tiaTuHe(lV) penaTHBHO MHEPTHH y MPOIECHMA CYIICTHTYLIU]€, BbUXOBE pEaKLuje Cy
peTko mpoydaBaHe. MelyTum, 300T MOTEHIMjaTHE aHTUTYMOPCKE aKTUBHOCTH HWIMAK je OMio
HHTEPECAHTHO HCIUTHBaWme MOryhHOCTH KoopauHanuje komiuiekca miatuHe(lV) 3a monexyn

JTHK.
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JIHK ce cmatpa kpajlbuM LMJbEM IHMCIUIATHHE U WHEHUX aHanora. BepoBartHoha na
xomrutekcu tuiatuHe(lV) mohy nmo momekyna JJTHK 3aBucu on muxoBe craOwiHOCTH. Benmkn
Opoj OMOMoOJeKylTa MOXEe Ja pelyKyje WIM Ja Cce Yy DPa3IMuuTOM CTeNeHy KOOpAMHYje 3a
wiatuHa(lV) joH, Tako nma xonmumHa roiatuHa(lV) jenummema Koja OCTaje paclojIoKuBa 3a
peakuujy ca /IHK je mama y 0JHOCY Ha YHETY KOJIHYHHY.

[Tosnaro je nma ce Hexu komruiekcu atuHe(lV) mory Besaru 3a JJHK dparmente 6e3
nperxomue peaykimje 10 xommaekca miatune(l).%® erpaxusama cy mokasama ma ce cu
komiiekcu riatuHa(lV) joHa He MOHAINajy Ha MCTH HAYMH M Jla BbUXOBA PEAKTHBHOCT 3aBHCH
npe cBera oJ] NPUPOJe JIMraHaga M PEaKkIHMOHUX YCJIOBa. MeTa0OoNIWYKH MPOM3BOA KOMILIEKCA
trans,cis,cis-[Pt(OCOCH,),Cl(NH3)(CsH11NH)] Huje camo meros miartuna(ll) amamor, Cis-
[PtCL(NH3)(CsH11NHy)], Beh u Hekonmko apyrux KomIuiekca mwrature(1V). % 3a pa3uKy on
mwera Cistrans,cis-[PtClL(OH),(NHz)(CsH11NH>)] He pearyje ca monekynom 5’-GMP. Pasnor je
MPUCYCTBO aKCHjATHUX XHUIPOKCO JIUTaHa/la KOJU CHI)KaBajy BPEIHOCT PEIOKC MOTEHIMjana, a
caMUM TUM H© peaKTI/IBHOCT.m Uctu  edexar je mpumehen ©u Kom  KOMIUIEKca
cistrans-[Pt(en)CE(OH),], xao u kox cistrans[Pt(en)Ch(OCOCHR),], xoju y akcujasHOM
nonokajy mma xBa TpuduyopoaneratHa murapma.’ - Takohe Cy HMCIMTHBAHH KOMILICKCH
wiatiuae(lV) koju y CB0jOj CTPYKTYpH cajpske XeaaTHu juran 1,2-muaMuHnukioxekcan (dach)
U pa3iuuuTe aHjoHCKe nuraHne. tbuxosa peaktuBHOCT npema (parmentuma JJHK 3aBucu of
NPUpPOJIe aHjOHCKUX JiMraHaaa, kao u ox moaena JIHK 6asze. V peakimju trans-[Pt(ox)(dach)Cl]
ca wmomekyiom 5-GMP  nHacraje camo  cymcruryucanm — miatuHa(ll)  mpomykr,
[Pt(dach)(5’-GMP)]. Mehytum, ako ce jeaaH XJIOPUAO JHMTAH[ 3aMEHH Ca KalpOHWII TPYIIOM,
najyhu  trans-[Pt(ox)(dach)CI(OCOGH;1;)] kommuekc, peaykigja ce ojBuja OpxkKe, JOK
xommieke trans-[Pt(ox)(dach)(OCOGHo),] e pearyje y 3Hauajuoj mepu.”> HemTo mHepTHH]H
komiuieke [Pt(en)(OCOCH),] ca uctuM a30T-JOHOPCKUM JIMTAHIOM MOCJE HEKOJIHMKO Helesba
dopmupa  [Pt(en)(OCOCH)3(5'-GMP)].”? Crpykrypue dopMyle HEKHX OX OMEHYTHX

KOMIIJICKCA IMTPHUKA3aHE CYy Ha CJ'II/ILII/I 1.7.
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[Pt(en)(OCOCH),] trans-[Pt(ox)(dach)Cj]

Cauxka 1.7. Cmpykmypue ghopmyne paznuuumux komniexca niamure(l\V)

Taxohe je mpumeheHo 1a BpcTa HHEPTHOT JIMTAH/Ia UMa BEJIUKHU YTUIA] HA Op3UHY KOjOM
ce ojBHja nporec cyncrutyiuje komruiekca matune(1V) ca 5’-dGMP. Ynopehusamem Opojarx
BPEIHOCTH KOHCTAaHTH Op3uHa npuMeheHO je na peakTUBHOCT omaaa y cieiaehem Huzy:
[PtCL,(NH3);] > [Pt(en)Cl] > [Pt(dach)Cl], mTo je y ckiagy ca CTepHHM CMeTHama Koje
pOy3poKy]jy nHepTHH nurangn.’ - Ha Cimup 1.8 cy mprkasaHe cTpyKTypHE hOpMyIie HaBeICHHX

KOMIIJICKCA.

Cl

HZN// \\\\CI HZN///,, HaNy, ", \\\CI

\\CI

/ ‘ \ CI /‘ \
[Pt(dach)Cj] [Pt(en)C}] [PtCly(NH3),]

Cauxka 1.8. Cmpyxmype naiamuna(l\V) xomniexca ca paznuuumum uHepmHum I1Ueanouma

HcnuruBano je noHamame komiviekca [Pt(dach)Cl] y peakiujama ca pasnuuutimM a3oT-

JIOHOPCKUM OnomoJsiekyianuma. Ha ocCHOBY myOnMKOBaHUX pe3yiaTaTa IOKaszajo ce Ja OBaj
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komiieke okcuayje 5-dGMP u 3-dGMP, a na ce npu ToMe caM peaykyje y KOMILIEKC
[Pt(dach)C}]. Mexanuzam peakuuje ykJbydyje JABa KOpaka: CYNCTUTYLH]y H TpaHchep
enektpona. CrnmuHo komruiekcuma riatuHe(ll), m xommnekcu miatuue(lV) ce koopaunyjy
npeko N7 atoma azora u3 ryaHosuna. [Ipu Tome Hactaje Pt(IV)-G untepmenujep y kome ce
BpIM TpaHcdep aBa enektpona g0 ¢unanHor mwiaruHa(ll) komruiekca. Enextponu nmotpeOHu 3a
MpoIeC PenyKIje MoTHYy M3 ImiehepHe KOMIIOHEHTE, TayHUje W3 HYKIeO(PHUIHE Trpyrne Ha
5'-I03HIMjH y MOJIEKYITy HyKJIeOTHa.

VYnopehuBameM KOHCTaHTH Op3uWHE peakilyje CYINCTUTYIMje YOueHa je jJBa IyTa Beha
peaktuBHocT 3-dGMPy onnocy Ha 5’-dGMP. VY monekyny 5’-dGMP docdartna rpymna nzasusa
Behe crepHe cMeTme y nopehemy ca 5'xuapokcunaom rpymnom kox 3'-dGMP. Uctu pemocien
PEaKTHBHOCTH HYKIICOTH/IA j¢ JJOKA3aH U y IPOLECY eIeKTPOHCKOr Tpancdepa.’ -

Peakmmje cyncturynuje xkomiuiekca matuie(lV) n3ydaBaHe Cy Wy MPUCYCTBY Beoma
Mayie KosmunHe Komiuiekca miuatuHe(ll), umja je ymora y OBHM peakiidjaMa KaTaIHTHYKA.
Cmarpa ce ma 13B. bacomo-ITupconos (Basolo-Pearson, BR)exanusam, xoju omucyje jeany
ayTOKaTaJn30BaHy peakiyjy, rmojapazymeBa GopMupame MOCTa u3Mel)y 1Ba joHa IUIaTHHE MPEKO
akcujaaHoT Jimranaa u3 komiuiekca miatuae(lV). Tlpu Tome nos1a3u 10 mpeHoca JBa eleKTpoHa
on uykimeoruaa mnpeko miatuHe(ll) mo mmarure(lV) joma, mok 5-dGMP mpenasu y cBoj
oKcuoBaHM 00nuK. Hawmme, enekTpoHM TOTPeOHW 3a peayKIWjy MOTHYy wu3 mehepHe
KOMITOHEHTEe HyKJIeoTHaa. BaxkHo je Hamomenytu na komruiekcu ruiatuae(ll) He mMopajy Outn

aHajorau ca komruiekcuma ratuae(lV) na Ou eukacHo yop3anu oBaj nporec. MexaHu3aMm OBe

peakuuje je npukazad Ha Illemu 1.5.

A///,,- ||‘\\\\\B A//,,PQ/\\\\\ °

A//,,’ P, {\\\ 2, PI{\\\ A/ Tt\B A/ | \B
A/ > R Vg = ,,le\\\\\D c, le\\\\\D -

Y Tf\D R4 Tt\o “. I &

X L X — - / \D

IlTema 1.5. Basolo-Pearson mexanuzam
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VYcnocraBmame Mocta u3Mely nBa joHa Merasna je HajOpke Kazua Cy JOHW XajloreHuaa
aKCHjaJTHO KOOPJMHOBaHHM y OKTaeqapckoMm komruiekcy. Hamme, komruiekcn riatune(lV) koju
MoceTyjy akcujajsHe OpOMUI0 JIUTaHe pearyjy Opike ca a30T-IOHOPCKUM JIMTraHAUMa y OJTHOCY
Ha KOMIUIEKCE KOjU aKCHjaTHO cajJpxe XJIopuao guranae. OBo ce Moke 00jaCHUTH YHEHCHUIIOM
Jla BOJIYMHUHO3HHMJU U TOJIAPU3A0MIHUJU OpOMUIO JIMTaHIU MOCenyjy OopOuTane Ha HEeUITO
HIDKMM €HeprujaMa Koje MOTy y4ecTBOBAaTH y (GOpMUpamy MOCTa 3a MpeHoc enekTpoHa. [Topex
yTHIaja TIPUPOJIC AKCHjaTHUX JIMTAHAJa HA MEXaHW3aM peakiiuje, JOCTa je M3ydaBaH M YTHIIA]
WHEPTHUX Juranana y komiuiekcuma ruiatuae(lV). Ha BpeaHocT KoHCTaHTe Op3uHE HAjOUTHH]Y
yIIOTy UMa BHUX0Ba CTPYKTypa. Haume, Mambe BOJIYMHHO3HH WHEPTHH JIMTAHIU CTBAPajy Mambe
crepHe cMeTie 3a (opmupame mocta usMmel)y mmatune(ll) u mmatuae(lV) joma. 3ato cy
KOMIUICKCH Ca Marme BOJIYMHHO3HHMM WHEPTHHM JIMTAaHAMMA PEaKTHBHHUjU y peakiujama

CYTICTUTYIIH]E.

1.13. UuTepakuuje kommiaekca miatude(l V) ca cyMnop-10HOpCKHAM JIMTAaHIAMA

Kao mro je momeHnyro panuje, Apyrn Meraboimyku myT komiuiekca matuae(lV) je
BUXO0Ba PEIyKIMja Koja ce MOKEe OJIBHjaTH y IPUCYCTBY yHyTaphenujckux peaykyjyhux areHaca
(GSH, L-Cys, L-Met,ackopOuHcka kucenuna, uti.). Ha oBaj HauMH ka0 KOHAYHU TPOU3BOIH
HacTajy aHaJorHu Komruiekcu ruatuHe(ll) xoju 3aTUM WcHoJbaBajy aHTUTYMOPCKY aKTHBHOCT
uHTepakuujom ca monekyinom JIHK na Beh ommcan HaumnH. 3060r TOora cy HHTEpakuuje
komiiekca twiatuae(lV) ca paszauyuTuM OMOMOJIEKYJIHMa, KOjH HMMajy YJIOTy peaykKyjyhux
areHaca, Ouie npeMeT MHOTHX HCTPaXKUBaba.

I'nyratnon (GSH) je ynyraphenujcku THON KOju OpaHH OpraHW3aM OJ TOKCHHA H
OKCHJAaHATa M KOJU MOXE JEaKTUBHPATH €JIEeKTPOPUIHE JIEKOBE YKIbY4yjyhH U JEeKoBe
XeMHuoTepaneyTckor Tuna. Ha npumep, mucriatuHa pearyje ca riiyTaTHOHOM, YUMe ce CMambyje
AKTHBHA KONIMYMHA jeMIelma Koja nocmea no JHK momexyma.* V ciyuajy xommiexca
wiatuae(lV) ucnuTHBama Cy mokasana jJa je peakinuja TerpamiatuHe ca mosekyiom JIHK
crniopa. Mehytum, ykonmko ce nonajy nBa ekBuBaieHta GSH peakiuja mocraje 3HaTHO OpiKa,
ITO yKa3zyje Ha mpucyctBo mpoieca penykimje twiatuae(lV) xommiaekca mo miatuHa(ll)
ananora.”’ Takohe je npumeheno na Op3uHa koopauHanuje komiuiekca miatuHe(lV) 3a Monexkyn

JHK omnana npu xonuentpanujama GSH BehuM o1 oHE Koja je CTeXHOMETPHjCKU MOTpeOHa 3a
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penykuujy kKomiwiekca. OBa mojaBa ce oOjamrmaBa jgeaktuBanujom Hactanux riatuHa(ll)
amanora BesuBameMm 3a Bumak GSH!® Ilokasamo je ma momarak GSH y cucrem ca
TeTparylaTUHOM ToBehaBa HWEHYy IIMTOTOKCMYHOCT [0 BPEJHOCTH KOj€  OJroBapajy
nUTOTOKCHIHOCTH Heror miatuna(ll) anamora.’® Taxohe, yTBphEeHO je Ja moctoju Be3a umehy
yHytaphenujcke koHmneHtpanuje GSH wu  muroroxkcnuynoctn komriekca —ruiatuae(1V)
(unporatnHe w  Tetparuiathee), amum He U martuHa(ll) kommiekca (mucmatuHEe WH
kapbortarune).”’ OBO Omaxarme HAe y IPHIOr TEOPHjH Aa iN VIVO PeayKIMjoM KOMILIEKCa

mnatune(lV) Hacrajy akrusau mwiatnsa(ll) anamosm.’®

Emmunaroa (Elding) rpyma capammuka’>®

je JeTajbHO WCIUTHBAIA PEAYKIH]Y
pasmmuntux komiuiekca rwiatuae(lV) y mpucyctBy thona (GSH, L-Cys, DLxomorucrenna,
utn.). Hamme, nokazano je nma ce Hajehu Opoj OBHMX peakidja OJBHja MPEKO MEXaHU3Ma
peayKTHBHE-CIMMHUHAIIM]E, KOjU je mpaheH TYOMTKOM JBa akcHjaiHa JjuraHga. Kao riaBHH
NpOM3BOJ peakije jgobuja ce amaigoran komiuiekc tuatuae(ll), kao mro je mnpukazaHO

cienehoM jeTHaYMHOM
Pt(IV) + 2RSH— Pt(ll) + RSSR + 2H

bp3una kojom ce Hekn komiuieke ruatuHe(lV) penykyje HajBHIIE 3aBUCH O] H-EroBe
crpykrype.t® Ha upumep, penykumjom transtranstrans-[PtCl(OH)x(NHs)(CsH1iNH,]
(IM335) ca GSH Hactaje trans-[Pt(OH)(NH3)(CeH11NH2], mok ce meros uszomep Cistrans,cis-
[PtCL(OH)x(NH3)(CsH1:NH2] (JM149) mox ucrum yenosuma He peaykyje.® To je u ouexuBano
3aTo0 WITO ¢y Yy KoMmiulekcy JM149 xnopuno nuranan y trans-mosioxajy y OJHOCY Ha TEIIKO
omnazehe rpyne (aMuHO Juranze). Y ToM citydajy OM peIyKTHBHA eMMUHALIM]a IPEKO XJIOpUaa
Ouna eHepreTcku HemoBoJbHA. To mojpasymeBa Ja je 3a epHUKacHy peAyKIHjy KOMIUIEKca
wiatrHe(lV) HEeonmxXoHO MOCTOjamke /IBa XaJloreHa JUranaa y trans-nosioxajy.

HcnutuBaH je yTHIAQj HPUPOJE aKCHjaJHMX M E€KBAaTOpHjalHUX JIMraHaga Ha Op3uHY
penykumje Hm3za Kkommiekca miatume(lV) ca acKOpGMHCKOM KHCETHHOM.”2 Pesynratm cy
MoKa3alii Ja ce Op3uHa peaykiyje moBehaBa y HH3Yy HCIHUTHBAHUX aKCHjaJHUX JIUTaHala Ha
cienehn Haunmn: OH < CH;COO < CI < CRCOQO, mro yjeqHo mpatu peaociieli BHXOBHX
penokc moTeHnujana. OBaKkBO TOHAIIAkE C€ JOBOAM Y Be3y ca eJIeKTpOHeraTUBHOIINY

JOHOPCKHUX aToOMa JIMraHazaa, _]ep eHeKTpOHeraTI/IBHI/IjI/I JIMTaHa1 I[GCTa6I/IJ'II/13yjy KOMIIJIICKCEC
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wiatuae(lV) u  omoryhaBajy makmy penykuujy g0 komiuiekca ruiatuue(ll).  Taxobe,
CKBATOPHUjAJTHHU JIMTAHM MOTY MMAaTH yTHUIIaja HAa OP3UHY PEyKIUje, alli Y 3HATHO Marb0j MEpH.
Hawme, BOTyMHHO3HUjH €KBATOPHjaJTHH MOJICKYJIH CTBapajy Behe cTepHe CMeTHhe U Ha Taj HAaYUH
nectabwim3yjy okragnapcke komiuiekce riatuae(lV).

I'enepanno, moxe ce pehu ga mocroju Bemuku Opoj akTopa Koje Tpeda y3eTu y o03up
npu cuHTe3n HOoBUX Komiuiekca matuHe(lV), jep moromHuM W300pOM JIMTaHada ce MOTY

HpCBaSI/IhI/I Temkohe Y CMUCITY BbUXOBC PAaCTBOPJbUBOCTH U HOTGHL[I/IjaJ'IHI/IX TOKCHUYHHUX e(beKaTa.

1.14. lonunykjieapHu koMiuiekcn miaarune(l|)

VY Ttpehy renepaijy KoMmIuiekca IjiaTHHE KOjU UCIOJbaBajy aHTUTYMOPCKY aKTHBHOCT

. 83
nopen komiuiekca twiatuHe(lV) cnamajy w momunykieapHu komiuiekcu riatuHe(ll).”” Osa
JeMIbEma y CBOjOj CTPYKTYPH MOTY Jia CaJpsKe JBa WM BUIIE jOHA MeTajia Koju ¢y Mel)ycoOHO
noBesann nomohy moctemx smranaga.®*®! Kao MoCTHH jMraHaM HajBHIIe Cy 3acTYIJbCHH
¢drexkcnOmIHN anudaTHYHU AUAMHHU WIA KPYTH MOCTHH JIMTAH/IM, KA0 IITO Cy MOJICKYIIH a30Jia

84,85,92-94
U a3uHa. 11

pBe ujeje 0 yBohemwy Apyror joHa MeTalla y MOJIEKYJIe KOjU Cy aHTUTYMOPCKH
aKTHBHH jaBWJIE Cy ce mpe Buwe roaumHa ox crpane Papema (Farrell)®® Pasinor Bemukor
MHTEPECOBamba 32 N3yUaBamheM MOJMHYKICAPHUX KOMIUIEKCA TUIATHHE j€ ’hIXO0Ba CIOCOOHOCT J1a
ca Mmonekyiaom JIHK c¢opmupajy mpousBojae Koju ce CTPYKTYPHO pa3iMKyjy OJl OHUX Koje
(dbopmupajy MUCTUIATHHA U CIIMYHU komrutexen.”*°

Haxko je mo3HaTo Ja ce JaHac y TepallijcKe CBpXeE MpH JIeUeHhY PAa3IMIUTUX BPCTa TyMOpa
HajBHIIIE KOPHCTE MOHOHYKJIeapHH KomIutekcH miatune(ll), mojaBa pe3ucTeHTHOCTH OrpaHHYaBa
BUXOBY KIMHUYKY ynorpeOy. 3a pa3nuky OJ MOHOHYKJICAPHHX KOMIUIEKCa IUIaTHHE,
JIMHYK/ICApHH KOMILIGKCH MOTY YMAmHTH I0jaBy orrnopHoctH hemmja Tymopa.'?® Ipmmmkom
uHTepakuyje mucriatuae u moiekyna JJHK 3actymspeHa je koopamwHandja KOMIUIEKCAa TMPEKO
nBa monekyina 5'-GMP koju ce namaze Ha ucrom JIHK manny. Kondopmamnmone mpomene,
HacTajle Kao TOCJeIuIla OBOI HAauyWHA KOOpAMHAIMjE Cy YIPaBO OJArOBOPHE 3a TII0jaBy
pesucteHTHOCTH. To 3HauM na KomIuiekcu koju ca modekynom JIHK pearyjy Ha apyrauuju
HaunH Mory mpesasuhu mojaBy pesucrenmuje.'® Tako, QHHYKICAPHH KOMIUIEKCH, ¢ 0G3HPOM Ha

BEJIMYMHY MOJIEKYJa, ce Mory Be3atu 3a mosiekyn JJHK Ha jomr qa Hauwna, a o cy: 1,3-(GpG)

1,4-(GpG)koopaunanuja. O0a HauWHA MOJAPA3yMeBajy Be3WBame MPEKO JaBa Moyiekyaa 5-GMP
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. 92,102-104
Koja ce Hajaze Ha cynpoTHumMm Jnannuma JIHK.

[TomTo myXMHA MOCTHOT JIMTaHIA
JUHYKJICApPHOT KOMIUIEKCAa 3HauajHo moBehaBa (IeKCHOMIHOCT HACTalor TMPOHM3BOJA,
MOJIMHYKJICAPHU KOMIUIEKCH TI0Ka3yjy BHCOKY aKTHBHOCT IpeMa hendjama Tymopa Koje cy
OTIIOpHE Ha UCIUIATHHY. O

JIuHyKJIeapHU KOMIUIEKCH KOjH Y CBOM MOJIEKYJIy HMajy KOOPJIMHOBAHE WCTE
MOHO(DYHKIIMOHAITHE TPYIIC 32 CBAKU JOH METaJla MOTY Jia IOCTOje Kao CiS u trans reoMeTpujcKu
m3omepy. JlokasaHo je 1a Cy CiS M30MEepH KHHETHYKH HHEPTHHjH y peakumjama ca JJHK, 100108
BaxHo je HamoOMeHYTH Ja c€ KOJ LUCIUIATHHE M CTPYKTYPHO CIMYHUX KOMIUIEKCA IIpe
koopauHanuje 3a ¢parmente JJHK Bpmm xuaponmusza Pt-ClBese u ma oBaj mpouec 3HauajHO

109 .
Kon nuHykneapHuX KoMIUIeKca Op3uHa peakiuje

yTH4e€ Ha Op3uHy CYICTUTYIIH]E.
cyncruryije ca 5-GMP Huje y xoopenanuju ca Op3uHoM xuaponuse. OBie je TOMHUHAHTaH
(daktop, Koju AUKTUpa Op3UHY peakirje Ko 00a n3omepa, crepHH edekar rpyre Koja ce Hajiasu
y CiS ronosxajy y omrocy Ha moctau uram. 00

[Tomro monmMHyKI€apHU KOMIUIEKCH Y pacTBOpMMAa TIOCTOj€ Y KaTjOHCKOM OOJIUKY
FIXO0BA PACTBOPJEMBOCT Y BOJM je Beha y 0HOCY Ha HeyTpajiHe MOHOHYKIICApHE KOMILIEKCe.

C 003upoM Ja OBM MOJMHYKJIE€APHU KOMIUIEKCH TUIATHHE TNPEICTaBJbajy HOBHU]Y Kiacy
jenumena, Aa OM ce MOCTUria mTo 0oJkba CTpaTerrja y Mpolecy Iu3ajHupama HOBUX JIEKOBA
HEOIXOJHO je TO3HABAaTH HAYMH HAa KOjU OHU pearyjy ca pa3iu4uTUM OHOMOJICKYJIMMa TPHU
Pa3IUYUTHM  €KCIEPUMEHTAIIHUM  YCJIOBMMAa. 3HadajHe HHpOpMandje O  HHUXOBUM
MHTEpaKIMjaMa J00ujeHe Cy U3 BEJIMKOT Opoja IMyOIMKOBaHUX pe3ysTaTa CIPOBEICHHX Y iN Vitro
ycinoBuMa, Mehy KojumMa je UCHUTHBAWKE CYNCTUTYIMOHUX peakifja TOJWHUKICAPHUX
KOMIUIEKCA TUIATHHE Ca PAa3JIMYUTUM CYMIOpP- M a30T-JOHOPCKUM Onomosiekynuma. McnurruBane
CY CYICTUTYLIMOHE PeaKliije TPUHYKJIEapHOT KOMIUIEKCa KOjH je ylao y apyry (pas3y KIMHUIKOT
ucnutuBama,  [{ trans-PtCI(NHg)2} of u-trans-Pt(NHs)2(NH2(CH2)eNH2)2H(NO 3)s, BBR3464
(Caiuka 1.9) ca a30T- W CyMIOP-JOHOPCKHM  OHOMOJICKYJIMMA, TIPH  Pa3IUYUTHM
eKCIIePHMEHTATHIM ycioBnMa. 2 Y peakmmju ca 5'-GMP koopauHanuja ce octapyje npexo N7
atroma ryanuHa. OBa peakiuja ce OJBHja TaKoO IITO C€ MPBO 3aMemyje jellaH XJIOPUIO JIUTaH]]
HYKJICOWIOM, a 3aTHM C€ CYICTUTYHIIE U JIPYTHd XJOPUAHU JHTaHd. 3a pasiuKy OJ TOTa,
peakuyje ca THOypeoM U L-Met, kao cymnop-10HOpCKUM JUraHanMa, cy npaheHe pasjiarambeM

KOMILJIEKCa 70 MOHOHYKJICAPHHUX jeAMHHIA. Y TPBOM KOpaKy CYICTUTYIHM]E 3aMemyjy ce ola

JlabnitHa XJIOpUa0 Jura”Hja H}’KJ'IGO(bI/IJ'IOM, JAOK Yy JpyromM KOpaKy [Jo0J1adu A0 J'Ia6I/IJ'II/IBaI_II/Ij€
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MOCTHOT JINTaH/a, KOja HACTaje Kao pe3ysTarT CHaxHor trans-edekra KOOPAMHOBAHUX CYMIIOP-
noHopckux Jmranana. Ilpumeheno je na ce opaj komiuiekc Opke Besyje 3a mozekyn JHK y
OJHOCY Ha LHUCIUIATUHY. Y TOM mpouecy ce rpaae ¢piekcubunau JHK mpousBoau ca BHCOKUM
MpOLEHTOM 3acTymubeHoctr Bese Tuma 1,2-(GpG)™'*™* Ha ocmoBy oBux pesynrara ce
IPETIOCTaBUJIO Ja OBaj TPUHYKJIEAPHUM KOMIUIEKC HCIOJbaBa BHCOKY LIUTOTOKCHYHOCT IIpeMa
henujama koje cy OTHOpHE Ha LUCILIATUHY. MelyTuM, KIMHUYKA HCIUTHBAaWba Cy MoKa3ana jaa
xomiiekc BBR3464ue ncnosbaBa akTHBHOCT IpeMa JbYICKUM KaHIIEpOreHnM henujama u 3aTo

Cy JaJba HCIHTHBAKA 00YCTaBIbeHA.

4+

H3N//,//,/ \\\\N H,(CH,)gH 2N/// ” \\\\\\\ NH5 H3N 1, ", ‘\\\\\\CI

Pt Pt Pt
CI/ \NH3 H3N/ \NHZ(CHZ)GHZN/ \NH

3

Cnuxka 1.9. Cmpyxmypra gpopmyna mpumnykieaproe komniexca BBR3464

[Tonamame AWHYKICAPHUX KOMIUIEKCA Y CYNCTHTYLMOHHUM peakifjama je HUIACHTHYHO
MOHAIIAlkY TPUHYKIEApHUX KoMmIulekca. Hawmme, mpumeheHo je na peakTUBHOCT je€THOT
mwiatuaa(ll) jona 3aBucu ox okonumue apyror miaruHa(ll) joHa, mITO JTOBOAM 10 Pa3TUUNUTHX
TEPMOJTUHAMUYKIX ¥ KHHETHYKHX KapaKTEepUCTHKA y MPBOM U JPYIOM PEAKIMOHOM KOpaKy.
Wutepakuuje TUHYKICApHUX KOMIUICKCA IUIATHHE BEOMa 3aBUCE OJ pacTojama u3Mel)y jona
MeTaja, 0K y 3HaTHO Mam0j] MEepu yTU4e MPHUpOJa apOMATUYHOT WIH alr(aTHUIHOT MOCTHOT
murasza.

Cunretucann cy u wucnutuBand komiuiekcn tuna  [Pt(N,N,N’,N’-mempakuc
(2-mupuaunmeran)muamMuH(Cl)2](ClO,), u muxoBu nuakBa aHano3u. OBM KOMILICKCH Y CBOjOj
CTPYKTYpH ¥Majy MOCTHE JIMTaHJIC Ca pa3IMYUTOM JTYKHUHOM alu(aTH4YHOr JIaHIA
(Cruka 1.10)‘:96 Tako, KOMIUIEKCH Ca MOCTHHM JIMTaHAMMA KOjU cajpike 5 wim 7 METHUICHCKUX
rpyna Tj. KoJ Kojux je kpahe pactojame usmely jona metana, uMajy Behy peakTHBHOCT 0J1 OHUX
ca JIy»HM JIaHIIeM. Y O4€HO je M Jia Ce TOCJIe CYICTUTYIHU]E jeHOT JIAOWIHOT JIMraHa YKYITHO
HaeJIeKTPUCAke KOMIUIEKCa CMamyje, ITO Takohe yThye Ha HHHXOBO Jajbe IOHALIAmkE.

CMameme yKyMHOT HaelleKTpucamba KOMIUIEKCHOT jOHA Y3pOKyje CMameme Op3MHE peakiifje
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CYNCTUTYIMje Npyror yabuiaHor jurannaa. [lopex Tora, koa KomIjiekca ca BehuM pacTojambem
n3Mel)y joHa MeTana je yodeHa CYNCTHUTYIHja CaMO jeHOT JaOWIHOT JIMraHja, Kao Mocenuma
cnabe mHTepakuuje uzMely joHa MeTana. Y OBOM Ciydajy, CMambeHe YKYIHOT HaeleKTpHUCamba
KOMIUIEKCa HeMa 3HadajaH edpexar. 18

Pesynratu HOKa3yjy aa KOMIUIEKCH THIA [Pt(N,N,N",N’- mempaxuc
(2-mupuaunmeran) mamMuH(Cl)2](ClO4)2 pearyjy ca a30T- JOHOPCKHM JIMTaHIMMAa HA UCTH HAYMH
Kao U TpuHyKieapHu komiuiekc BBR3464,1j. Bpum ce cyncrurynuja oba jgaOwiHa Jurasaa
nomohy N7 atoma u3 ryanuHa. 3a pa3jiuKy OJi TOra, CyMIIOP-IOHOPCKH JIMTAHAH, Kao IITO CY
tHoypea u L-Met, 3amemyjy o0a nabuiHa XJIOpUAO JIMraHJa HMCTOBPEMEHO, a 3aTUM 300T

n3paxeHor trans-edexra gonaszu 0 AexelaTU3alldje KOOPJAMHOBAHOT TEPIMjapHOT aMHHA, MPHU

quyje HCKJbYYCHA J'Ia6I/IJ'II/ISaLII/Ija MOCTHOTI JIUradgja.

2+

N
c— I:Dt—N—(CHZ)n— N—||31—CI
N

n=57 10

Cnuxa 1.10. [unykneapnu xomniekcu niamuHe ca pasiuyumum aiu@amuyHum HU30M Kao

MOCHHUM TULAHOOM

JluHyKJI€apHU KOMILIEKCH TUIATHHE KOJH y CBOjO] CTPYKTYpU MMajy OuJIeHTaTHE WHEPTHE
JMraHje Cy Takolhje MCIUTHBAHU y pPeakKidjaMa ca HEKHM OMOMOJICKYIMMa MPH (HU3HOIOIIKUM
ycnoBuma. Tako, xomiuteke [{Pt(en)Cl}o-u-{HN(CHp)sNH2}Cl, (Camka 1.11) ca GSH y
CTEXHMOMETPHjCKOM oaHocy 1:1 kao TJaBHM MNPOAYKT maaje Makpoxenar [{Pt(en)},-u-
{H2oN(CH)sNH2}- 1-SG)]. OBaj makpoxemat ce ¢opMupa MPEKO XEKCaJIUCHCKOT MOCTa M

tuosatHor obimka GSH. Y mnpucyctBy Bumka GSH kao r1iaBHM TpHO3BOJ HacTtaje
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[{Pt(en)SGh-u-{HN(CH2)sNH}], y xome ce 3a caku matuna(ll) jon Besyje GSHM® 3a
pasnuKy ojn trans auHyKJIeapHHX KOMIUICKCA, KOJ KOMIUIEKCa ca CiS KOH(HUTrYpaIjom
CYIICTUTYIIHOHE DEaKIMje ca CYMIIOP-IOHOPCKHUM JIMTaHAWMa HUCY mpaheHe aerpaaarujoM

CTPYKTYpC KOMHHGKC&.lZO

2+
H2N///// \\\\\CI Cl/// j

/ \N H2(CH2)6H2N/ \

Cnuxa 1.11. Cmpyxmypna gopmyna komnaexca [{Pt(en)Cl}o-u-{HoN(CH2)eNH2}] %

BaxxHo MecTo y Ipynu aHTUTYMOPCKHX jeuberha Ha 0a3W IUIAaTHHE MMajy KOMIUIEKCH
KOJH y CBOjOj CTPYKTYpH mocenyjy mosiekyn 1,2-tmamunnukinoxekcan (dach). Dachimurang je
crienuduyaH MO TOME IITO CAqPXKH JIBa ACHMETPHYHA YIJHEHHKOBA aTOMa U MOXKE J]a TIOCTOjU Y
o6y Tpu nzomepa: Cis-R,S-dach, trans-R,R-dachu trans-SS-dach.Kommtekcu matune(ll) ca
cissR Sdach nuranmom cy mokasamu HajMamy, a ca trans-SS-dach majsehy antutrymopcky
aKTHBHOCT. McnuTHBaHO je ToHamame OM(PYHKIMOHATHHX JAMHYKICApPHUX KOMILIEKCa THIA
[{Pt(dach)Cll-u-Y]™Cly (Y = HaN(CH2)sNHx(CH2)4NHz,  HoN(CHy)sNH2(CHz)sNH,,
HoN(CH,)sNH2(CHy)NH2(CH,)eNHy) (Cnuka 1.12)y npucyctBy 5-GMP nipu paznuautum pH
BpeqHocThMa. [lpm ToMmMe je 3amaxeHo Jga npu  (U3MOJOMIKMM YCIOBHMA JOJa3d J0
CYNICTUTYIIje 00a XJIOpHIO jOHA, JTOK C€ TMOCIEe HW3BECHOT BpEeMEHa jaBJba MOTYNHOCT
IUKJIM3aIHje Koja je (haBopuzoBaHa npu BummM PH. Y mporecy nukim3aiyje jeial joH iaTuHe

CC XCJIaTHO B€3yj€ 3d OCHTPAJIIHY U TCPMHUHAJIHY aMUHO I'PYIly MOCTHOT JIMT'aH1a. 121
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3+
H2 N /), ", \\\\\\Cl C | 7, 1, \\\\\ NH 2
/ Pt“\ Pt
H,N NH,(CHy)sNH,(CHo)4H,N NH;
[{ cis-Pt(dach)Clh-u- HoN(CH,)sNH,(CH,)NH**
3+

Cl Cl NH
\\\\ /////,, \\\\\\\\ 2

W

P, Pt
HZN/ \NHz(CHz)aNHz(CHz)aHzN/ \NHZ

H,oN
2 //// %,

[{ ci S'Pt(daCh)Clb'lu' H-N (C Hz)eN HZ(C Hz)GN Hz] 3+

A4+

HoN,, Cl
7 \ Cl WNH
///,% “\\\\\ 7, 3 \\\\\\\\ 2

" Pz Pt\

Pt
NHa(CHR)GNHACHYNHACHIGHNE \NHZ
[{ ci S'Pt(daCh)CIk-lu- HoN (C Hz)GN Hz(C H2)2N Hz(C Hz)aN H2] a
Cnuxa 1.12. Jlunykneapanu komnnexcu muna [{Pt(dach)Cl}o-u-Y]™

Kao mTo je panuje HaBel€HO, Yy CHHTE3U AMHYKJICAPHUX KOMIUIEKCAa Ka0 KPYTH MOCTHH
JIMraHIy ¢y ecto KopumheHn Monekyiu asuna.">? CTpyKTypHe (pOpMyiIe HEKHX THHYKICAPHUX
komruiekca matune(ll) ca mupa3sMHOM U HBEeroBHM CYNCTUTYHMCAHHUM JICpUBATHMA MPHKA3aHE CY
Ha Cmumm 1.13. YnopehuBane cy BpeaHOCTH 3a KOHCTaHTE Op3WMHE pPEaKIHja CYMCTUTYIHUjE
HaBEJICHNX KOMIUIEKCa ca THOYPEeOM M HeHHM JepuBatuMa. Ha ocHOBY noOMjeHUX pe3ynirarta
Moxke ce pehm nma yBohemeM MeTHn rpyna y MOJIEKYJd MUpa3suHa, ¢ OO3UpOM Ha HHHXOB
O-HHAYKTHBHH edeKar, J0Jia3u 10 cMamema peaktuBHocTr tuiatuHa(ll) jona. Kao pasmor ce
MOJKE€ HaBeCTH noBehame eIeKTPOHCKE TYCTHHE OKO jOHa MeTaja U noBehame CTEpHUX CMETHH,

. . 101
YHMeE j€ yJIa3HOM JIMraHy OTeXaHo Ja npule 10 HeHTPaIHOr joHa MeTaa.
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Cnuka 1.13. [Juuxneapru komniexcu muna [{trans-Pt(NH3)2(H,0)} 2(u-azn)]

Ha ocHOBY cBera HaBeJJEHOT MOKE€ C€ BUJIETH Jla Cy UCTpaKHBamba y 00JacTU CUHTE3E U
KapakTepu3alnje KOMIUIGKCHUX jeluibeha Ha 0a3uW IUIaTUHE BPJIO 3acTylUbeHa Mehy
uctpaxuBaunma. [lopen Tora, Ha OCHOBY BEJMKOT Opoja IMyOJMKOBAaHUX pe3yjTara MOTy ce Ha
HEKW HAYHMH MPEJABHJIECTH KapaKTEPUCTHKE HOBHX KOMIUIekca. Melytum, Bemmku Opoj edekara
ce Mopa y3eTd y 003up MPUIMKOM M300pa MHEPTHHUX U JIAOWIIHUX JIUTaHa/a, jep OHM 3HA4ajHO
nepunury ocobuHe (pacTBOPJEMBOCT, PEHOKC MOTEHIHUjad, JUHNOQHIHOCT M Jp.) HOBUX
jenumerma. C 003MpOM Jla Cy HCTPaKHBama y 00JacT OKTaeAapckux komiuiekca miatuae(lV) u
nonunaykieapaux miatuHa(ll) komruiekca Mame 3acTyIUbCHa y OJHOCY Ha MOHOHYKJICApHE
komruiekce rature(ll), Hama uCTpaXkMBama Cy yIpaBo OMila yCMepeHa Ka CHHTE3H U JIeTaJbHOM
UCIIUTHBAY pEaklyja CYICTHTYLHUje M peAyKIHje Hekux Komiuiekca riatuHe(lV), kao u
yrnopeljuBamy BUX0BHX KapakrepucTtrka ca ratuna(ll) anamosuma. [Topen Tora, y 0Boj Te3u Cy
NpUKa3aHW M Ppe3yTaTH HCIUTHBAkba HEKUX AuHyKIeapHuX komiuiekca tatune(ll) vy
peaknujama ca OMOJIOMIKYA 3HaYajHUM Juranauma. CMaTpamo Ja pe3ysTatu J00UjeHH Yy OKBUPY
OBe Te3¢ MOT'Y 3HauajHO JONPUHETH O0JHEM pa3yMeBamby KapaKTepHCTHKA KOMIUIEKCA TUIATHHE U

MEXaHH3Ma BUXOBUX UHTEPAKIIMja ca MPUMApHUM OMOMOJIEKYIuMa.
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3AJIATAK PAJIA

IIpenmer oBe NOKTOpCKE AucepTalyje OMO je MCIUTHBAKE CYNCTUTYLMOHUX peakiuja

MOHOHYKJICAPHUX M JAWHYyKIeapHux komiviekca tuiatuae(ll), kao W ucnuTHBame peakiuja

CYNCTHUTYIIje M penaykinuje komruiekca matune(lV) ca OMONOMIKM 3HAYajHUM JIMTaHIMMA.

HaBe;[eHa HCIIUTUBAKbA MOTY CC IOACTIUTHU Ha CJIG,I[GhI/I HA4YUH:

X3

*

HcnutuBame cynctutyonux peakiuja komiuiekca [Pt(dach)Cl] u [Pt(en)C}] ca azor-
noHopckuM Jsmranauma L-His u 5-GMP momohy Uv-Vis crnekrpodoromerpuje,

IH NMR cnektpockornuje 1 HPLC meroze.

HcnutuBame MexaHW3Ma CYICTUTYIHMOHMX peakinuja komiuiekca [Pt(bipy)Cl],
[Pt(dach)C)] u [Pt(en)Ck] ca asor-moHopckum Jsmranauma mnpumenom Uv-Vis

criekrpodoromerpuje, "H NMR crexrpockomuje u HPLC meToze.
HcnutuBame KUHETHKE W MexaHusma penokc-peakidja [Pt(bipy)Cl], [Pt(dach)Cl] u
[Pt(en)Ch] xommekca ca cymmnop-mgonopckum yuranaguma GSH, L-Cysu L-Met momohy

Uv-Vis stopped-flowcniekrpodoromerpuje va pH = 2,0u pH = 7,2.

CI/IHTGBa, KapaKTepI/ISaL[I/Ija N MCXaHU3aM CYIICTUTYHHOHUX peaKqua JAUHYKJICapHUX

KOMIIJIICKCa HJ'IaTI/IHe(”) Ca a30T- U CyMIIOp-AOHOPCKUM JIMT'aHAUMaA.

HUcnutuBame OUTOTOKCHYHOCTH KOMIIJICKCA HJ'IaTPIHe(lV) U JUHYKJICApHUX KOMIIJICKCA

wiatuae(ll).
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2. EKCOEPUMEHTAJIHA JEO

2.1.Pearencu u pacTBopu

Kommnekcu [Pt(bipy)Ch], [Pt(dach)Cj], [Pt(en)Ch], [Pt(bipy)Cl], [Pt(dach)Cl] wu
[Pt(en)Chk] cy cunTeTMCaHm mO paHWje MyOJIMKOBAHUM HOCTyHHHMa.61'73’123’124 Yucroha
NIOOHjEeHNX jeluiberha MOTBpheHa je eneMeHTanHoM aHamm3oM, UV-VIS criektpodoTroMeTpujoM,
IR u *H NMR criexrpockommjom.

K>PtCly (Strem Chemicals)rans-[PtCL(NHs),] (Acros Organics), BO (Deutero GmbH
99 %), N®H (Merck), NaCl (Zorka Sabackenec nydep (N-2-XHIpOKCHETHINHIIEPA3HUH-
N’-2-erancynduana kucenuna) (Aldrich), H,O, (Zorka Sabac}y xopuinhenn 6e3 npeaxomHor
npeuninhaBama.

L-xuctuaun, L-His, (Merck), ryanosun-5'-monodochar, 5-GMP, (Acros Organics),
rnyratinod, GSH, (Acros Organics)ruoypea, Tu, (Acros Organics), 2,Buanupuaud, bipy,
(Aldrich), erumenmmamun, en, (Merck), 1,2mamunnukioxekcan, dach, (Acros Organics),
L-mcrenn, L-Cys, (Aldrich), Lmetnonusn, L-Met, (Aldrich), numetundopmamun, DMF, (Acros
Organics) u anjoH etwiaeHauamuHTeTpacupherne kucenude, EDTA, (Acros Organics),
Kopuithenu cy, Takohe, 6e3 mpeaxoaHor npeynnhaBama.

[lpu cuHTE3W HOBUX IUHYKJICAPHUX KOMIUJICKCHHUX jeIUbEHa Ka0 MOCTHH JIMTAaHIH
yrnoTpedibenu ¢y nupasut, 4,4’ -ounmupuaus u 1,2-6uc(4-mupunun)eran (Acros Organics).

Peaxnuje kommiekca [Pt(dach)Cl], [Pt(en)C}h], [Pt(bipy)Cl], [Pt(dach)Cl], [Pt(en)Cl]
Kao U auHykieapHux komiiekca marune(ll) cy m3ydaBane y 25 mM xenec mydepy. [lopen
tora, peakiuje xomiiekca [Pt(bipy)Cl], [Pt(dach)Cl], [Pt(en)Clk] usyuamane cy y 0,01 M
HCIO; (Merck), nok cy cymnctuTynuoHe peakiuje auHykieapHux komiuiekca rtuiatuae(ll)
uzoherne y 0,01 M NaClQ, (Merck). IlepxmnopatHa cpeamHa je omaOpaHa 3a H3y4aBame
peakimja jep je MO3HATO Ja ce IepXJIOpaTHH joH He koopauHyje 3a miatuay(ll) jon.'?® Ceu
BOJICHU PAacTBOpHU MpHUIpeMaHu cy y OuaectunoBanoj Boau. 3a HPLC meTony kao emyeHTH Cy
kopuithenu anerouutpuit, MeCN, (J. C. Bakeny soma HPLC unctohe.

3a HCIUTHBAKE IUTOTOKCUYHOCTH KOMILIEKca KopulnheHe cy henujcke TMHHje XyMaHOT

tymopa jajuuka (TOV21G) u nebenor mpesa (HCT-116) (American Type Culture Collection).
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Xymane meseaxumanne mMatuane hemuje (MSC) us nepudepne kpeu cy nobujene ox ap uane

byrapcku (Memuumncku dakynrer, Y auBepsureT y beorpany, Cpouja).
2.1.1.CunTe3a KOMILIEKCA

1. Cuntesza kommiekca [Pt(bipy)Ch]: V Bonmenu pactBop xommuiekca KoPtClL (0,1 g,
0,24 mmol)monar je jeman exBuBanenT nuranga 2,2 -ounupuauna (bipy) (0,037 g, 0,24 mmol).
Tako noGujeHa cycneH3Mja je MellaHa Ha coOHOj Temmeparypu 2 cara, a 3aTUM je npoueheHa
kpo3 Millipore ¢unrepe. lobujenu tamor )xyrte 00je je UCIPaH €TaHOJIOM M €TPOM U OCTAaBJHEH
na ce cymu Ha Bazayxy. Ilpunoc: 0,073 g (72 %)MH 3pauynato 3a PtCbN,CioHs: C, 28,45;
H, 1,91; N, 6,64Haheno: C, 27,98; H, 1,87; N, 6,53.

2. Cunresza xomruiekca [Pt(dach)Cl]: V Bomenu pactBop xommuiexca KoPtCl (0,1 g,
0,24 mmol) noxat je jeman exBuBaneHT guranma 1,2-nmamuHnukioxekcana (dach) (0,027 g,
0,24 mmol).Tako nobujeHa cycreHsuja je MemaHa Ha cOOHOj TeMmepaTypu 2 cara, a 3aTHM je
npouehena kpo3 Millipore ¢unrepe. lobujeHu Tanor xxyre 60je je UCTIpaH €TAaHOJIOM U €TPOM U
OCTaBJbEH Ja ce cymu Ha Ba3ayxy. Ilpunoc: 0,068 g (74 %)MU3pauynato 3a PtChN,CgHi4:
C, 18,98; H, 3,71; N, 7,3Haheno: C, 18,87; H, 3,67; N, 7,35.

3. Cunte3a xommiekca [Pt(en)Chl: ¥V Bomenu pactop rxomiuriekca KoPtCl (0,1 g,
0,24 mmol) nonar je jeman ekBuBajJeHT Jmranaa ertwieHmuamuna (en) (16 pl, 0,014 g,
0,24 mmol).Tako noOujeHa cycneH3uja je MelaHa Ha COOHOj TeMmIepatypu 2 cata, a 3aTHM je
npouehena kpo3 Millipore ¢unrepe. lobujenu Tanor xxyre 00je je UCTIpaH €TAaHOJIOM U €TPOM U
OCTaBJbCH Ja ce cymm Ha Bazayxy. Ilpunoc: 0,059 g (75 %)MU3pauynato 3a PtChLN,CyHsg:
C, 7,37, H, 2,47; N, 8,5%aheno: C, 7,28; H, 2,39; N, 8,30.

4. Cunresa xomiuiekca [Pt(bipy)Cl]: Kommieke [Pt(bipy)Ch] (0,073 g, 0,17 mmolje
pacrBoper y 0,1M NaClua pH = 2 (0,01 M HCI), aatum je gomato 5 cnt 30 % HO,. Tako
No0HMjeHa cMmela je MemaHa Ha coOHoj Temmeparypu 30 MuHyTa , a 3aTUM je pedIyKTOBaHA
10 munyTa y3 3arpeBame. [locie xnmalhema, cycnensuja je npouehena kpo3 Millipore dunrepe.
JloOujenu Tanor xkyte 00je je UcrpaH €TaHOJOM U €TPOM U OCTaBJbEH Jla CE€ CYIIM Ha Ba3ayXy.
IMpunoc: 0,068 g (80 %)Uspauynaro 3a PtCLN,CioHg: C, 24,36; H, 1,64; N, 5,6&]aheno:
C, 23,98; H, 1,76; N, 5,64.
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5. Cuntesa xomiutekca [Pt(dach)Cl]: Kommeke [Pt(dach)Cl] (0,068 g, 0,179 mmolje
pactBoper y 0,1M NaClua pH = 2 (0,01 M HCI), aatum je nomato 5 cnt 30 % HO,. Tako
noOujeHa cMmemia je mMemaHa Ha coOHOj Temmeparypu 30 MUHYTa , a 3aTUM je pedIyKTOBaHA
10 munyTa y3 3arpeBame. [locie xnahema, cycnensuja je npouehena kpo3 Millipore ¢unrepe.
Jlobujenu Tasor xyTe 0oje je MCIpaH €TaHOJOM U €TPOM M OCTaBJHEH Jla C€ CYIIHM Ha Ba3dyXy.
[Mpunoc: 0,065 g (82 %)U3pauynaro 3a PtCLN2CeH14: C, 15,98; H, 3,13; N, 6,2Taheno:
C, 15,68; H, 3,11; N, 6,18.

6. Cunreza kommiekca [Pt(en)Cl]: Kommrexe [Pt(en)C}] (0,059 g, 0,180 mmolje
pactBoper y 0,1M NaClua pH = 2 (0,01 M HCI), aatum je nomato 5 cn? 30 % HO,. Taxo
N00MjeHa cMmela je MemaHa Ha coOHoj Temmeparypu 30 MuHyTa , a 3aTUM je pedIyKTOBaHA
10 munyTa y3 3arpeBame. [locie xnahema, cycnensuja je npouehena kpo3 Millipore ¢unrepe.
JloOujenu Tanor xyte 0oje je UCIpaH €TaHOJOM U €TPOM M OCTaBJbEH Jla CE€ CYIIM Ha Ba3ayXy.
IMpunoc: 0,046 g (64 %)MUspauynaro 3a PtCLN,C,Hg: C, 6,05; H, 2,03; N, 7,06Hahewno:
C, 6,14; H, 2,05; N, 6,99.

Nunykneapuu komiutekcn  [{ trans-PtCI(NHg)2} o(u-mupasun)](ClO,), (Ptl), [{trans
PtCI(NHz)2} 2(u-4,4 -ounupuaun)|(ClO4), - DMF (Pt2) wu  [{trans-PtCI(NHs)2} 2
(u-1,2-6uc(4-mupuaun) etan)|(ClOy), (Pt3) cy cunTeTncanu mpema mporeaypy Kojy je 00jaBuo
Punajx (Reedijk)?? Kao monasni koMIiekc 3a cHHTE3y IOMEHYTHX JHHYKICAPHAX KOMILIEKCA
wiatuae(ll) kopumrhen je trans-[PtCI(NH3z)2(DMF)](CIOy).

1. Cuntesa xommiekca trans[PtCI(NH3)2(DMF)](CIO4): V pactBop Komiuiekca
trans-[PtCl(NHs)2] (0,1 g, 0,33 mmol)y 5 cn® DMF nogar je jenan exsusanenr AgCIO,
(0,069 g, 0,33 mmohakohe y DMF. Tako nmoOujenu pacTBop je MeliaH npeko Hohu y Mpaky u
Hactamu Oemu tanor AQCl je mpouehen kpo3 Millipore d¢unrepe. Hacramm pactBop
trans-[PtCI(NH3)2(DMF)](CIO,4) xyte 60je je kopuinheH Kao MONa3HW KOMIUIEKC 33 CHHTE3Y
auHyKIeapHux Komruiekca riatuae(ll).

2. Cunte3a wxomiuiekca [{trans-PtCl(NHs)z} 2(u-upa3un)](ClO4), (Ptl): V pactBop
komiuiekca trans-[PtCI(NH3)(DMF)](ClO,4) (0,145 g, 0,33 mmol)e moxar y kamuma pactBop
moctHor juranaa nupasuaa (0,013 g, 0,165 mmol) DMF y oanocy 2 : 1 oMIuteke : MOCTHH
nurann). Tako noOMjeHM pacTBOp je MelIaH Ha COOHOj Temmeparypu 3 cata y mpaky. [locie
ynapaBama Ha BaKyyM yHapuBady HacTalld TaJoOT CBETJIO XKyTe 00je je UCIpaH AUETUIIETPOM, a

3aTUM OCTaBJbEH Ja ce cymu Ha Ba3ayxy. llpunoc: 0,141 g (52,80%).M3pauynaro 3a
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C4H16N6PHCl4Og: C, 5,94; H, 2,00; N, 10,4Maleno: C, 6,38; H, 2,10; N, 9,95H NMR (D,0,
25°C) 6 (ppm) 2,0 (m, 2H, Nb), 8,63 (m, 1H, CHupupasun).

3. Cunresa komiuiekca [{ trans-PtCI(NHs),} 2(u-4,4’-6unupunun)](ClO,), - DMF (Pt2):
VY pactBop komiuiekca trans-[PtCI(NHs)2(DMF)](ClO,) (0,145 g, 0,33 mmolk nonar y kanuma
pactBop MocTHOr ymranna 4,4'-ounupumuna (0,025 g, 0,165 mmoly DMF y omnocy 2 : 1
(komrutekc : MocTHH Jurany). Tako 1o0HjeHH pacTBOp je MelIaH Ha COOHO] TemrepaTypu 3 cara
y mpaky. [locie ynapaBama Ha BakyyM ylapuBady HACTalld TAJOT CBETJIO XKyTe 0Oje je McrpaH
JMETUIICTPOM M OCTaBJBCH Ja ce Cylnn Ha Ba3ayxy. [Ipunoc: 0,220 g (69,64%)3pauyHato 3a
Ci13H2:NPuCl4O0: C, 16,31; H, 2,84; N, 10,2#aljeno: C, 16,79; H, 2,80; N, 10,084 NMR
(D20, 25°C) 5 (ppm) 2,0 (m, 2H, Nb), 2,93 (s, 1H, Ckl DMF), 7,28 (m, 1H, CH, 4mpuaun),
8,02 (s, 1H, CHO, DMF), 8,59 (m, 1H, CH, dipunun).

4. Cunresa komruiekca [{ trans-PtCI(NHg)2} 2(u-1,2-6uc(4-mupumun)eran)](ClO,), (Pt3):
VY pactBop komruiekca trans-[PtCl(NHz)(DMF)](CIO4) (0,145 g, 0,33 mmol) je momar y
Karmuma pacTBop MoctHor jurauga 1,2-6uc(4-mupummn)erana (0,030 g, 0,165 mmol DMF y
ogHocy 2 : 1 fomruiekc : MOCTHM Jurana). Tako m0OHjeHH pacTBOp je MemIaH Ha COOHO]
Ttemreparypu 3 cata y Mpaky. [locie ymapaBama Ha BakyyM ymapuBady HACTald TaJOT CBETIIO
XKyTe 0oje je WCIpaH JMETUIIETPOM, a 3aTUM OCTaBJbEH Jla C€ Cylmu Ha Bas3nyxy. [IpuHOC:
0,195 g (64,78%)U3zpauynaro 3a CioHouNgPHCl,Og: C, 15,80; H, 2,65; N, 9,21Haheno:
C, 15,16; H, 2,71; N, 9,06H NMR (D;0, 25°C) & (ppm) 2,0 (m, 2H, Nk) 2,88 (m, 2H, Chj
ertan), 7,28 (m, 1H, CH, 4mpunun), 8,59 (m, 1H, CH, 4aupuaun).

[IpeBohewe auHykIeapHux komiuiekca Ptl, Pt2 wu Pt3 y guakBa joHe
[{ trans-Pt(NHs)2(H20)} 2(u-mupazun)]** (Ptla), [{trans-Pt(NHs)o(H20)}2(u-4,4'-6umupuaun)]**
(Pt2a) u [{trans-Pt(NHs)a(H20)}o(1-1,2-6uc(4-mupunun)eran)]*  (Pt3a) je mocrurayro
nonatkoM 1o jaBa ekBuBasieHta AQCIO, y pacTBope XJIOpUI0 KOMILIEKCA U 3arpeBambEeM CMeEIIe
8 catu Ha 50 °C y3 menpecrano mewame. Hacramu tanor AgCl je mpouehen kpos Millipore
dunTepe, Npu YeMy ce HapOUUTO BOAWIIO padyHa Aa y GuiTpaTy Hema Tparosa Ag’ jona, Tj. na
CY AUXJIOPHUIO0 KOMIUIEKCH MOTIYHO MPEBEICHN y ANaKBa YECTHIIE.

Cunresa akBa kommnekca miatune(lV), [Pt(en)Ch(H.0)]", je mocturayTta momatkom
jennor exBuBaieHta AQCIO, y pactBop kommiekca [Pt(en)Cl] y mepxiiopHOj KHCEIMHH Ha
pH = 3,0,mMemamem y Mpaky Ha coOHOj Temmeparypu, 2 cata. Hactamu Oenu tanor AgCI je

npouehen kpo3 Millipore durrepe.
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2.2.AHcTpymMeHTH

3a mepewe PH pactBopa kopumhen je Jenway 4330 phertap ca koOMOMHOBaHOM
JenwayctakieHOM eNeKTPOJIOM CcTaHaapau3oBaHoM nmomohy Fischercranmapnuux mydepa unju
je pH =4,00; 7,00; 10,00.

Enemenranne anammze (C, H, N) pahene cy momohy Carlo Erba Elemental Analyser
1106.

Uv-Vis cnektpu cHumanu cy mnomohy Perkin Elmer Lambda 35 Uv-Vis
criekrodoTomerpa ca tepmocratupanom 1,00 cmxksapunom Suprasilkuserom. Stopped-flow
Mepema BpieHa ¢y nomohy Applied Photophysics SX.18MV stopped-flaictpymenTa.

'H NMR crekrpu crumanu cy ma Varian Gemini-200, BrukeAvance DPX 20G: 400
WB cmektpomerpy, mok cy pD mepema Bpuena momohy inoLab Sen TiX Mic pH
MHKPOEJIEKTPO/IC.

HPLC ananmuza BpmeHa je Ha amapatry Shimadzu LCca SDP-M20A diode array
JETeKTOpoM. 3a pasnBajame je kopuinhena anamuthuka koioHa NUCLEOSIL 100-5 Gg

(250 x 4, 5um).

2.3. Kuneruuka Mepema

2.3.1.Cyncrurynnone peaknuje kommiekca miatude(ll) u niaarune(lV)

Kunetuka peaknuja cyncruryiuje [Pt(dach)Ci], [Pt(en)Ch], [Pt(dach)Ci] u [Pt(en)Cl]
komriuiekca ca 5’-GMP u L-His, kao u [Pt(bipy)CL] xommiekca ca 5'-GMPwu3syuasane cy Uv-Vis
cnekTpodoromerpujcku. CBe peakiuje Cy MpOoydaBaHE Kao peakldje nceyoo-TIpBOT pejaa Ha
temneparypu ox 37 °Cy 25 mMxenec nmydepy (pH = 7,2)y3 mogarak 10 mM NacCl.

PagHa TamacHa nyxuHa ojnpeheHa je CHUMameM CICKTapa peaklHOHEe CMelie Yy
onpeheHMM BPEeMEHCKUM MHTEPBAJIMMA Yy OICery TanacHux ayxuHa usmehy 220u 450 nm.Kao
pajHa TalacHa JAy)KMHa y3MMa C€ OHa TajJacHa Ay)KHHa Ha Kojoj je Hajeha mpomena y
ancopO1ju pactBopa ca BpemeHoM. CyINCTUTYIIMOHE peaKIfje Cy 3arovere MeEIIameM HCTHUX
3alpeMHHa PacTBOpa KOMILIEKca M pactopa juranma (mo 1,5 cni). Konuentpammja nuranma

Ouna je y BenukoM BHIIKY (HajMame 10 myTa) y OHOCY Ha KOHIICHTPAIHN]y KOMIUIEKCa, KaKo OH
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ce 00e30emunu ycioBH peakiuje nceyoo-npBor peaa. CrneKTpodoToMeTpHjcKo ojapehuBame
KOHCTaHTe Op3WHE peakiiyje ncey0o-mpBor peaa, Kopsg BpIu ce npahemeM mpoMeHe arncoponuje

pactBopa A ca BpeMeHOM t Ha oapelyeHoj TanacHoj ,I[y)KI/IHI/I,s Ha OCHOBY jenHaunHe (2.3.1.1).
In(A, -A_.)=In(A, - A_)—k .t (2.3.1.1)

3asucHocT IN(A; — Ag) o1 BpemeHa t je TnHeapHa, Tako Ja ce U3 HaruOa mpase J00Hja BPEIHOCT
3a Kopsg Benmmunua Ap mpezcraBsba ancopOIHjy pacTBopa HAKOH ,,06CKOHAYHO" JIyror BpeMeHa
(oGuuno mocie 8-10 momyBpemena peaximje).” Jlo6HjeHa BPEIHOCT 3a KOHCTAHTY Op3HHE
peaknuje nceydo-mpBOr pena, Kopsq IpeacTaBiba Cpelmy BpeaHOCT 4 10 5 He3aBHCHUX

KHHETHYKUX MepeHba.
2.3.2. Penokc-peakuuje komimiexca niaarune(lV)

Penykimja xommiaekca [Pt(bipy)Cl], [Pt(dach)Ci] u [Pt(en)Ck] momohy cymmop-
noHopckux Jguranaga (GSH, L-Cys, L-Met) npahena je mnomohy Uv-Vis stopped-flow
ciekrpodoromerpuje. Peakije cy mszyuaBane Ha pH = 2,0 (0,01 M HCIQ) u va pH = 7,2
(25 mM xemnec mydep) y mpucyctsy 0,2 M NaCl. [lomenyre peakiidje Cy UCIHUTHBAHE U Yy
oncyctBy NaCl, mok cy peakiuje ca GSH Ha pH = 7,2u3y4aBaHe y MPHCYCTBY Pa3TUUUTHX
konnentpanuja NaCl. CBa kuHeTHYKa Mepema Cy BpineHa mpahemeM MpOoMEeHe arcoporuje
pacTBOpa Ha oarosapajyhoj TamacHoj ayxuHH y ¢pyHkuuju Bpemena Ha 37 °C.Panna TanacHa
Iy’KHMHA 3a CBaK{ IIPOy4YaBaHU CUCTEM je ojpeleHa Ha HauMH Kao IITO je onucaHo y aeny 2.3.1.
Peakumje cy 3anmovere MenrameM MCTHX 3allpEMUHA pacTBOpa KOMIUIEKCA M JIMTAHAAA JTUPEKTHO
y anapary. KnHeTHka HCIMTHBAaHUX peakiyja je nmpaheHa moj ycioBUMa peakiuja nceyoo-1pBor
pena (konnentpanuja ymranaga je Omnma 10-30 myra Beha y omHOCY Ha KOHICHTpPAIU)Y

KOMILJICKCA).
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2.3.3.Peakuuje nuHyKJeapHux komiuiekca Ptl, Pt2u Pt3 m muxoBux namaksa

anajora Ptla, Pt2am Pt3aca Tuoypeom, riiyTaTHOHOM H I'yaHO3UH-5- MOHO(ochaToM

KuneTrka u MexaHM3aM CYICTUTYLMOHUX peakilvja TUHYKJIeapHUX Komiuiekca [{ trans-
PtCI(NHz)2} 2(u-tupazun)|(ClO,4),  (Ptl), [{trans-PtCI(NHs)2} 2(u-4,4’-6unupunnn)](ClO,),
DMF (Pt2) u [{trans-PtCI(NHs)2} 2(u-1,2-6uc(4-mupumun)eran)](ClOa4), (Pt3) u muxoBux
mmakBa amanora  [{ trans-Pt(NHs)a(H20)}o(u-mmpasum)]**  (Ptla), [{trans-Pt(NHs)2(H-0)},
(u-4,4'-6umupuaun)]** (Pt2a) u [{ trans-Pt(NHs)2(H20)} 2(1+1,2-6uc(4-mmpummn)eran)]** (Pt3a)
ca Tu, GSHu 5-GMP usyudaBane cy cnektpopoToMeTpujcKku npahemeM MPOMEHE arcopOIluje
pacTBOpa ca BpPEMEHOM Ha pajHO] TajacHoj nyxuHH. Peakumja komruiekca Ptla ca Tu
u3yyaBana je nmomohy stopped-flowMerone. ¥ cBuM cucremMuma KOHIICHTpaIMja JUranaa Ouia
je y BemukoM BHUIIKY (HajMame 10 myTa) y OHOCY Ha KOHICHTPAIH]y MOJa3HOT KOMILIEKCA,
Kako O ce 00e30equn yCiaoBH peakije nceyoo-npBor pena. Peakiuje cy npahene na 37 °C,
u3y3eB peakiuja ca 5'-GMP, koje cy usyuyaBane u Ha 25 °C u 45 °C.Peakuuje xiaopuio
KOMILIeKca u3y4aBane ¢y Ha pH = 7,2 (25 mMxenec nydep) y3 nogarak 20 mM NaCl,nok cy

peakiyje aHajIorHux auakea komiuiekca ucrmruBane y 0,01M NaClQ, va pH = 2,5 (HCIQ).
2.4."H NMR mepema

Peaxmwmje cyncrurynuje [Pt(dach)Cl] u [Pt(en)Ch] kommiekca ca L-His, kao u peakimje
cyncruryumje [Pt(en)Ch] u [Pt(dach)Cl] kommekca ca L-His u 5’-GMP usyuasare cy 'H NMR
CHEeKTpocKonujoM y mojapHoM oxHocy 1 : 1. [lodyeTHe KOHIIEHTpalMje peakTaHaTa Owie cy
5 mM. CyncTutyiioHe peakiyje AuHykiIeapaux komiuiekca Pt2 u Pt3 ca 5’-GMP npahene cy y
MoOJIapHOM ojHOcy 1 : 2, mpu 4emy je MoueTHa KOHIICHTpamMja KoMmiuiekca Oowina 10 mM, a
muranga 20 mM. Peaknunja msmely [Pt(en)Ch] xommuiekca 1 GSH je Takohe m3ydaBaHa y
MoJIapHOM OJiHOCY 1 : 2,21 je y OBOM cllyuajy MmoueTHa KOHIIEHTpalija KoMIiekca ouna 2 mM,
a suragga 4 mM.

PactBopu kommiekca u nuranaga cy npunpemanu y 300 pb D,O nenocpenHo mpe
moueTKa CHEMama crekrapa. Kucemoct pactopa, pD (pD = pH + 0,4¥?° nonemasana je
noxatkom 0,01-0,059M pacteopa NaODwunu DCI. Cea xemujcka momepama aara Cy y 0JJHOCY Ha

TSP @arpujym-TpuMmetwicwminponan-3-cyiadar). Ceu crnektpu cy cHumanu Ha 22 °C, a
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N00MjeHH pe3yaTaTh Cy aHaIu3upanu nomohy komijyrepckux mnporpama Origin 6.1u Microsoft

Excel 2003.

2.5. HPLC meToaa

HPLC meronma je obimk xpomarorpaduje Ha KOJOHHM M KOPUCTH C€ 3a DPa3/iBajame
KOMITOHEHTH M3 CMece Ha OCHOBY XEMH|CKHUX MHTEpaKIlfja n3Mel)y CyrncTaHIle Koja ce aHaJIM3upa
u crammoHapHe ¢asze y xosonu. [Ipunnun pama HPLC metonme ce 3acHMBa Ha pacroaenu
aHajM3MpaHe cyrcraHine u3Mel)y pactBapaua (MoOwiHe ¢ase) u anacopOerca (cTaroHapHE
¢dasze). Mana 3anpemuHa y3opka ce yoOaimyje y Tok MoOwmiHe ¢ase. Bpeme 3aapkaBama
KOMIIOHEHATa CMellle Ha KOJIOHU (PETEHIIMOHO BpEMe) 3aBHCH O] IPHPOJIC CYNCTAHIC Koja ce
aHaJM3upa, BpCTe cranuoHapHe ¢ase u cacraBa moomiHe (aze. HPLC meTona mma Benuke
MPETHOCTH Yy OJIHOCY Ha Jpyre xpomarorpadcke merone 300r Op3uHEe aHayiM3e, MOTyhHOCTH
pasnBajamba BEJIMKUX MOJIEKYJia W JOHCKHMX BpPCTa, BHUINECTPYKE YMOTpeOe KOJIOHA W BEIUKE
ocersbuBocTH UV merexktopa. Moryhe je KOpPUCTHTH H30KPaTCKO €NyHpame, KaJa ce cacTaB
MobOmiiHe ¢aze He Mema y TOKY Xpomarorpaduje, ¥ TpagujeHTHO eTyupame, IITO Moapa3yMeBa
MPOMEHY cacTaBa MOOUIIHE (ha3e y TOKy enyHupama.

Peaxmmje [Pt(dach)Cl], [Pt(en)C}], [Pt(dach)Cl] u [Pt(en)Ch] xommiekca ca L-His cy
n3ydaBaHe U30Kkpatcku. [Ipe moueTka mepema cuctem je kanubpucan enyentom MeCNu H,O 'y
Pa3IMYUTOM 3aIPEMHHCKOM OJIHOCY, rae je nmouetHu ogHoc 6mo MeCN : O = 100% : 0%Kao
MoOuinHa ¢aza je kopumheHa Bojga. CBU JpyrH mapamMeTpd Kao IITO Cy MPHUTHUCAK, Op3uHa
MPOTOKA U pajJiHa TaJacHa AYKMHA MOJICHICHH Cy Y 3aBUCHOCTH OJ ICTUTHBAHOT CUCTEMA.

3a cBaKy peakiifjy pacTBOpH KOMIUIEKca KoHueHTpauuje 5 MM u nuranga 100 mM cy
npunpemann y 25 mMxenec nydepy y3 nogarak 10 mM NaCl.Peaknuje cy npahene HEKOIHKO
JlaHa, a XpOMAaToTpaMH Cy CHHUMAaHHU y TayHO JAe()UHUCAHMM BPEMEHCKUM HHTEpBAIMMA. Y

Mel)yBpeMeHy pacTBOpH cy 4yBaHH y TepMo0OioKy Ha 37 °C.
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2.6.CnekTpodoromeTpujcka TuTpanuja joua Ptla, Pt2am Pt3a

Y muby onpehuBama pPKy BpenHOCTH, pacTBOpU JUHYKIICapHUX KoMIuiekca Ptla, Pt2a u
Pt3a TtutpoBanu cy momohy crangapanor pacteopa NaOHmna 25 °Cy omncery pHon 2 no 10,a
cactaB CHUCTeMa Yy 3aBHCHOCTH OJ TnpomeHe kwucenoctu mpahen je  Uv-Vis
criektpodoromeTpujcku. JoHCKa cpeauHa pactBopa noaemena je momohy 0,01 M NaClQi. [la
0u ce m3beryia KOpekIuja ycien pa3oiaXuBama, 32 TUTPAIH]Y je KOopullheHa BeTuKa MoyeTHa
sanpeMuHa pacTBopa Kommekca (250 cmi). IIpomena pH u3 2 y 3 MOCTUTHYTA j€ JOJaTKOM
TayHO oaMmepeHe koimumHe uBpctor NaOH, a3atum je pacTBOp THTPOBAaH CTaHAAPIHUM
pactBopoMm NaOH xonmnenrpammje 0,1 M mnomohy wukponunere. Pamu crnpeuaBama
KOHTaMHHAIIMj€ PacTBOpa KOMIUIEKCA yCJe/ ypamama CTAKJICHE eJEKTPOE, 32 CBAKO MEpeHme

Y3MMaHH Cy aIMKBOTH OJ1 110 2 CNT pacTBopa.

2.7.AcnutuBame MUTOTOKCHYHOCTH - MTT Teer

MTT TecT je MeTolla KOjOM C€ MHAMPEKTHO oipelyje mpoieHar mpexuBenux henwuja.
MTT wmu 3-(4,5auMerrnTraszon-2-un)-2,5-1upeHnnTeTpa3oimyM OpoMHU je KPUCTal KyTe
00je, pacTBOPJHUB y BOJH, KOjU 300T IMO3UTHUBHOT HAEJIEKTPUCAA JIAKO MpoJia3u Kpo3 henujcky
meMmOpany. Y Merabonnuku axkTuBHUM henujama ce MTT penykyje 10 HEpacTBOPHHX
JbyOHYacTHX KpucTana ¢opmazana. MUTOXOHIpHjaiHa peaykra3a (CyKIHMHAT ACXHApOreHasa),
aKTMBHA caMO Yy JKMBUM henujama, KaTajau3yje OBy peakiujy, Ha je peayKuuja MpBOOUTHOT
jenumema 10 ¢GopMmazaHa JUPEKTHO HponopLuoHanHa Opojy >kuBux henmja. bpoj hemmja y
eKCIIOHEeHIMjaltHOj (a3u pacra je oapehen xopumrhemem Neubauer-ose komope y3 UCKIbYyYCHE
MpTBHUX henuja, Tj., hemuja o0ojeHnx Tpumad rmiuaBuM. Tpuman miaBo je 0oja Koja MOXe Ja
npole camo kpo3 omreheny henujcky memOpany HeBujaOuinHux henuja u 60ju HUTOMIA3MY, 10K
je ko1 BujabuaHux henuja oBa MOryhHOCT HCKIJbyUeHa.

Edexar ucnuruBane cymncranine ce ozapehyje mopehemeM mHTEH3HUTETa 00je KOjU Hajy
henuje u3nmaraHe camMo MeIWjyMy M HHTEH3MTETa KOjU Aajy henuje u3naraHe MCIHUTUBAHO]
cyncrannu. [IponykoBanu opmazan ce pacTBapa y OpraHCKUM pCTBapauyrMa U UHTEH3HUTET 00je
ce oapehyje cneKTpopOTOMETPHjCKU Ha TajmacHoj AykuHH oA 595 nm.IIpoueHaT npexuBennx

henuja je m3pauynar nomohy popmyie (2.7.1):
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% npexusenux henuja = (E-B)/(K-b) x 100 @y

y k0joj E-o3HauaBa oTBOp ca HCIIMTUBAHUM cyICcTaHllama, b-6mank, a K-oTBop ca HeTpeTupanum
henunjama.

TectoBu cy m3BoheHM Ha XymMaHUM TyMopckuM hemujckum smHHjama (TOV-21G u
HCT-116),a kao koHTpoJia KopuinheHe cy XxymaHe MatuuHe Me3eHxumManHe henmje. Kynrype cy
oarajae y 1 : 1 cmemmm MCDB105u Medium 199 (TOV-21Gu DMEM (HCT-116) koja je
nonymena ca 10-15 % roseher cepyma, 100 jemmmmma/cm’ memmmummaa n 100 mg/cr
cTpentomuiinHa. 3aneheHa kpuo Bajiuia ca 1 cnt hemujcke cycniensuje je omiehena u campxaj
je mpebaueH y emnpysety ca 9 CNT KOMILIETHOT meanjyma u nerrpudyrupan 10 munyra va 125
G. CynepHaTaHT je OJUIMBEH, MCTAJIOKEHE helinje cy pecycrleHIoBaHe y 5 cnt KOMILUIETHOT
Meaujyma u npebadene y T-25 ¢dmack. henuje cy rajeHe y HMHKyOatopy ca CTaHIApIHUM
ycnoBuma (temenepatypa 37 °Cu mpouenryanau yaeo CO, y Bazayxy 5%). [ocie 24 cara
henuje cy TpeTupaHe ca W3abpaHUM KOHIIEHTpaIjama Komiuiekca 3 gana. Y moceOHe OTBOpE je
cunaH Meaujym Oe3 henmja kako Ou ce onapeawsia ONTHUYKA T'yCTHMHA caMmor menujyma. [locrme
WHKyOaIuje MeIrjyM KOju je caaprKao JieK je 0adeH M 3aMEHEeH CepyMoM 0e3 MeaujyMma KOju je
caapxkao 15 % MTT (5 mg/cr) Goje. ITocie unkybdamuje ox 4 cara na 37 °Cmeaunjym ca MTT
je ykiomeH u goaar je DMSO (150ul) ca roumun mydepom (20 pl), 1a 6u ce pacTBopmin 1iaBu
kpuctanu ¢opmazana. [lnode cy myhkane no pactBapama kpucrana ¢opmazana 10 munHyTa.
OnTudka TycTHHA y30paka je ojapeheHa MyITH(QYHKIIMOHAIHUM YUTa4€M MUKPOTHUTAp IIJI0Ya,

Zenyth 3100.
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3. PE3VIITATU U ITUCKYCHUJA PE3YJITATA

3.1. UcnuTnBame KHHETHKE CYyNCcTUTYHOHUX peaknuja [Pt(dach)Cly] u

[Pt(en)Cl;] kommiekca ca ryano3sun-5-moHogocdarom u L-XuCTHIHHOM

3.1.1. Uv-Viscnekrpodoromerpujcka Mepermha

Kunetuka cyncrurynuonux peakiuja [Pt(dach)Cl] u [Pt(en)Ch] kommiekca ca 5’-GMP

u L-His ucniutuBana je Uv-Vis cnekrpodoromerpujcku. Peaknuje cy u3ydaBane Kao peakiidje

nceyoo-tipBor pena Ha 37 °Cy 25 mM xenec nydepy (pH = 7,2).Xenec nydep je Hajuenrhe
yOO-TIpBOT" P y ypepy (P ydep je Haj

kopumthen mydep npu henujckom Tectupamy BesuBama JHK m anTuTymMOpckmx areHaca Ha

0asu komrutekca turatue(ll). Tloroman je jep je cTepHO 3amTWheH W HE KOOpIHMHYje Ce 3a

mratuay(ll) jou.?’Cee cyncrurynuone peakuuje usyuasase cy y npucycrsy 10 mM NaCl kaxo

ou ce cy361zma XHUApOJn3a KOMILICKCA. CprKTypHe (bOpMy.]'Ie HCIIMTUBAHUX KOMIIIICKCA H

nuranazga nate ¢y Ha Coumm 3.1.

2 N , Cl
\
7, 0, \\\\\\\

IS

Cl

[Pt(dachy)Cl

o]

H;N—CH—C—0H

I
XN 05
.f"_':.\\ o
{ 2} —NH
I'\_H lr-’ll
L-His

HaNy, o€
”, AN

py
H2N/ \Cl

[Pt(en)I
0
e N NH
\ \}:; S!/ ‘ _
N NH

5-GMP

Cnuka 3.1. Cmpyxmypne ¢hopmyne ucnumuanux KOMnIeKca u 1ueanaod
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Peakmmje cy m3y4yaBaHe MepemeM IPOMEHE arcopOaHIle pacTBOpa ca BpPEeMEHOM Ha
onrosapajyhoj pagHoj TanacHoj ayxuHH. JJoOujeHa mpomeHa ancopOaHIle je moka3ana Hajoosbe
clarame Kaja je IocMaTpaHa Kao eKCIOHEHLHWjanHa QyHKLIWja Apyror pexaa momohy
komitjyrepckor nporpama Origin 6.1.Ha Taj HauuH, 32 CBaku W3ydaBaHH CUCTEM Cy M3pavyyHare
JIBE BPEIHOCTH 32 KOHCTaHY Op3MHE peakimje ncey0o-mpBor pena, Kopsdih Kobsda

Ha ocHOBy noOujeHMX pe3yiTaTa 3ak/byd€HO je Ja Ce CYINCTUTYLIMOHE peakiiuje
u3yuyaBanux komiuiekca [Pt(dach)Cl] u [Pt(en)Ch] ca 5-GMP u L-His omurpasajy y nBa
y3acTOTIHA KOpaka. Y MpBOM KOpaKy yJia3HH JIMTaH[A CYICTUTYHINE jeJJaH XJIOPUIHU jOH U3
KOOpAMHAIMOHE c(epe MoJa3HOr KOMIUIEKCa, JOK Ce y JIPYroM KOpaKy BpIIM CYICTUTYIHja
apyror xjopuaHor joHa. CBaku KoOpak je peBep3uOMIIHA peakifja, IITO je MPHUKa3aHO
jennaumnama (3.1.1.1)u (3.1.1.2),y xojuma L o3HauaBa OupeHTaTHU MHEpTHH Jurana (dachwm
en), a Nu ynasau sumrang (5-GMP wim L-His). Peakiwmje mupexkTHe CYICTUTYIH]E
OKapakTepucaHe Cy KOHCTaHTaMa Kj, 3a pBu Kopak, u Kp, 3a Ipyru Kopak CynCcTUTYIHje, 0K CY

PEeBEP3UOMITHN TIPOLIECH OKapakTeprucanu KoHctantama K u Ko.

[PHLICL] + Nu —Z  [PHL)(CH(NU)] + CI (3.1.1.1)
K
[PHL)(CH(NU)* + Nut‘—2_~ PLLNG + CI (3.1.1.2)

-2
[ToBe3aHOCT KOHCTAaHTE Op3WHE peakimje nceydo-npBor pena, Kopsqi U Kopsgz ca
MOMEHYTHM KOHCTaHTaMa 3a JUPEKTHE U MMOBPATHE MPOIlece CYNCTUTYIH]E IaTe Cy jeHaYMHaMa
(3.1.1.3u 3.1.1.4):
Kobsd1= K1 + ki[Nu] (3.1.1.3)
Kobsd2= K2 + ko[Nu] (3.1.1.4)
Ha Cmumu 3.2, mpukasaHe Cy CKCIEPHMMEHTAIHO J00HjeHe 3aBHCHOCTH KOHCTAHTH

Op3uHEe peakiyja nceyoo-mpBor peaa 3a MpBH, Kopsds M 32 APYTH, Kopsda KOpak CYICTUTYIH]E Y

OJTHOCY Ha KOHIICHTpAIH]y yJIa3HOT JINTaH/a.
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10%Kgpsaz /5™

[Pt(dach)Cl ;]
APYru Kopak

L-His
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0.009

0.012

10°Kopsar /5™
obsd1 /S [Pt(dach)Cl ;]
8 1 nNpBu Kopak L-His 8]
6
*
5'-GMP
2]
5
[LYM
0 ‘ ‘
0 0.003 0.006 0.009 0.012 0
16 12
10%Kopsaz /5™ Pt
en)Cl
[Pt(en)Cl ;] L-His

NpBU Kopak

5-GMP

[LIM

10%Kopsaz/s™

[Pt(en)ClI ;]
ApYyrv Kopak

L-His

0 0.003

0.006

0.009
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0.003
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Cnuxa 3.2. 3asucnocm xoncmanme Op3une peaxyuja nceyoo-npeoe peoa 3a npsu, Kopsdy U 3a

opyeu, Kobsda
10 mM NacCl

Kopax cyncmumyyuje 00 Konyenmpayuje aueandda na 37 °C, pH = 7,2u

Ha ocnoBy Ciuke 3.2 MOXXe ce BUJIETH Jia j€ y CBUM CllydajeBUMa J0OMjeHa JHMHeapHa

3aBHUCHOCT KOHCTAHTC 6p31/IH€ peaKuI/Ijancey()o-anor pcaa on KOHLIGHTpaLII/Ije YyJ1a3HOr JiuraHaa.

Koncranre Op3une nupektHe peakipje cyrncrutyiuje (Ki m Kp) cy m3padynare u3 Harmba

NO00MjeHNX TMpaBd, JOK Cy KOHCTaHTe Koje Kapakrtepuiny noBpatHe mporece (Ki u Kop)

u3padyHare u3 ojacedka. JloOujeHe BpeTHOCTH 3a KOHCTaHTe Op3uHe aarte cy y Tabemu 3.1.
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Ta6ena 3.1.Koncranrte Op3uHe 3a NpBU U APYru Kopak peakuuje cyncrurynuje [Pt(dach)Cl] u
[Pt(en)Ch] xommuekca ca 5’-GMP u L-His na 37 °C, pH = 7,2 10 mM NaCl

IIpBu Kopak

L-His 5-GMP
unm | 10ky/M st 10°ky/s' | Mnm | 1Gky/M 7't 10° ky/st
10,5+0,3 7,0x2,0 6,5+0,2 25+04
[Pt(en)C}] 360 380
0,75+ 0,06
6,4+ 0,4 15+0,1 4,9+ 0,2 1,1+0,2
[Pt(dach)C}] | 360 325
0,68 + 0,02
JApyru kopak
L-His 5-GMP

Mnm | 10 k/MPst 10" ko/st | Anm | 10 kM st 107 ky/s?t

[Pten)Ch | 360 | 7,7+06 4202 380 | 55+02 32£10
[Pt(dach)C}] | 360 | 6,5+03 2,801 325 | 47+0,1 14+06

*Koncrante 6p3une oapelere momohy "H NMR criekrpockonmje Ha 22 °C

JloOpo je mo3HaATO /1a ce CYINCTUTYIMOHE peakifje KBaJApaTHO-TUIAaHAPHHUX KOMILIEKCa
OJIBMjajy MO JBa TMapajejiHa KUHETHUYKA IyTa: JUPEKTHa HYKJICO(pWIHA CYICTUTYLHja U
COJIBOJIUTHYKH ITyT. Y HAIIUM HW3y4aBaHUM CHCTEMHUMAa COJBOJHMTHUYKH ITYT j& €IMMHUHHCAH 300T
nonatka 10 mM NaCl. Mehytum, Ha rpadunuma npukasanum Ha Cimnu 3.2 noOujeH je
3HauYajaH 0JICEYaK, KOJH Ce, y OBOM CIIy4ajy, MOXke 00jaCHUTH T10jaBOM PAaBHOTESKHHX IpoIieca.
Hauwme, npahewmem mnpomene amncop6Oanine AA y (QyHKIHMjU KOHIIGHTpaIlMje yJaa3HOT JUTaHza
MOTBpheHO je MPHUCYCTBO PaBHOTSKHHX IMpoOIleca, jep MpoMeHa arcopOaHile ca moBehameM
KOHIIEHTpAIlMje yJIa3HOT JIMTaHJla omnaja 3HadajHHUje KOJ MPBE Peakiidje, y OJHOCY Ha CIIOpH]Y
npyry peaknmjy. Ha Commm 3.3 je mpukasaHa mnpoMeHa amncopOaHie ca mnoBehamem
konnentpamuje L-His 3a mpBu kopak peakije cyncrutyije komimiekca [Pt(en)Ch]. Ha oBaj
HA4YMH je OTBpheHa peBep3uOUIHOCT 00a CYNCTUTYIIMOHA KOpakKa, Ka0 U YMI-EHUIIA J]a j& IPBU

- 124,128,129
KOpakK CYICTHUTYIIMje 3HATHO OPKU OJ] IPYrorT Kopaka.
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Cnuka 3.3. [Ilpomena ancopbanye, AA, y Qyuxyuju Konyewmpayuje aueanoa 3a peaxyujy
[Pt(en)CL] komnnexca u L-Hisna 37 °C, pH = 7,2u 10 mM NaCl

Monekyn 5’-GMP moxe na ce koopaunyje 3a jone metana npeko N1 u N7 nqoHopckux
aToma. Y HeyTpaiHoj u ciabo kucenoj cpeaunu N1 atom y mosiekyiny 5-GMP  je npoToHoBaH,
pKaN1) = 9,3* nox je N7 atom, umja je xoucranta kucenoctu pKo(N7) = 2,48* y tum
ycJIoBMMa JETpOTOHOBaH. Ha Taj HauuH ce oOjammaBa (aBOPHU30BAHO BE3WBAILE jOHA MeETasa
npeko N7 aroma u3 5’-GMP y Guosomkum cucremuma. >33 Amunokucemnna L-His ce moxe
KoopauHOBaTH 3a joHe Metana npeko N1 u N3 aroma mmumazosnoBor npcrena. Ha pH = 7,2
KOOpAMHALH]a ce peBacxoaHo Bpi npexo N3 atoma (PK(N3) = 6,5)1341%

Ha ocHOBY n100ujeHHX BpeIHOCTH 3a KOHCTaHTY Op3uHe K; (Tabena 3.1) Mmoxe ce BumeTH
na [Pt(en)C}h] moxkasyje Behy peakTHMBHOCT MpeMa oja0OpaHMM JIMTaHAAMa y OJHOCY Ha
[Pt(dach)C}] xomruiekc. Pasnuka y peakTHBHOCTH OBa JBa KOMIUIEKCA C€ MOXE OOjaCHUTH
reOMETPHjOM M BoJyMHHO3HOIIhY wuHepTHuX JuraHama. Kommurekc [Pt(dach)Ci] mocenyje
BOJIYMUHO3HHUJU MHEPTHU JIMTAH/, 1A j¢ CAMUM THUM OTEXKaH IPUIIA3 YIA3HOT JIMTaH/a y MPoIecy
cyncrurynuje. Ca npyre crpane, mama peaktuBHocT [Pt(dach)CJl] kommiekca moxe ce
00jaCHUTH TMPHUCYCTBOM IO3UTHBHOT WHIYKTHBHOI €(EKTa MUKIOXCKCAHOBOI IMPCTEHA, KOjH
cMambyje enekTpoduIHOCT joHa Metana. >
Jpyru xopak cyncrurynuje je 3HaTHo criopuju (oko 10 — 15nyra) y oxHOCy Ha mpBH

kopak (Tabena 3.1). C 003upoM 11a je y CTPYKTYpH IOJIa3HOT KOMIUIEKCA jeaH XJIOPUIHH jOH
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Beh 3amMemeH BOJYMHHO3HUM YIJIa3HUM JIMTAHJOM, CYNCTHUTYIHMja APYTOT XJOPHUIHOT joHA je Y
OBOM CTYIIEbY 3HATHO OTEKaHa.

Penocnen peakTUBHOCTM KOpHUINNEHHMX yJIa3HUX JIMTAHajJa je HUCTH Yy Hpolecy
cyncrurynuje [Pt(dach)Cl] u [Pt(en)Ch] kommnekca. Amunokucenuna L-His je y cBum
ciy4yajeBUMa Ioka3ajga Behy peakTuBHOCT y omHocy Ha Moisekyn 5-GMP. Pasmuka y
PEaKTUBHOCTH OBa JIBa JIMTAH/Ja CE MOXE 00jaCHUTU Pa3IMKOM Yy HHXOBO] BOJIYMHHO3HOCTH,
Koja je y cimydajy moniekyna 5'-GMP 3natHo m3paxenuja. Takohe, N3 arom n3 monekyna L-His
je 3HatHO OasHuMju y omHocy Ha N7 atom m3 monekyina 5-GMP, ma je camum THM jauu
HYKJICO(UIL.

Koncranrte Op3uHe moBpaTHHX peakuuja, Ki u Ko, cy Oko Tpu pesia BeIMYMHE Mambe y

OJTHOCY Ha KOHCTAaHTE Op3WHE TUPEKTHHUX PEaKIlhja ¥ BeOMa MaJlo JOMPUHOCE YKYITHO] Op3HHHU.
3.1.2."H NMR kunernuka mepema

Kuneruka cyncruryimonux peakimja [Pt(dach)Cl] u [Pt(en)Ch] xommiekca ca L-His
ucruTrBana je 1 'H NMR crekrpockornujom. Peakumje cy mpalieHe y eKBHMOJIAPHOM OIHOCY
KoMIUIekca u juranaa Ha pD = 8,42y BpemeHckoM uHTEpBaidy o 5 naHa. Koncranta Op3uHe

peakuuje apyror pena, ki, y oBom cirydajy, onpehena je Ha ocHoBy jennauune (3.1.2.1):

X

Kt=—
ao(ao - X)

(3.1.2.1)

y KOjOj ap MpeJCTaBJba MOYETHY KOHIICHTpAIlM]y peakTaHaTa, a X KOHIICHTpalWjy MPOU3BOJA
cyncrutypone peakiuje. M3pauynaBarme KOHIEGHTpalMje MPOM3BOAA PEaKIlije je BPIICHO Ha
OCHOBY HHTeH3uTeTa oxroBapajyhux curmama y 'H NMR chmekTpy koju motudy of
KOOPAMHOBAHOT M cJo0oaHOr smranna (rpemka mporeHe je 5%). Bpeanoctn 3a KoHCTaHTe
6psune (Tabena 3.1) noGujajy ce u3 marmba ['yremxajmose (Guggenheim)mpase,’***® koja
npejcTaBjba 3aBUCHOCT X/&(89-X) y ¢ynkumju on Bpemena t (Cnmka 3.4). Ha ocHoOBy
M3payyHaTHX KOHCTAaHTH MOKE C€ TOTBPIUTH HCTH PEAOCIe]] PEaKTHBHOCTH HCIHTHBAHHX

koMmiIekca. [lopex Tora, koncrante nobujere "H NMR criekrpockomnmjom cy 8-12myra Mamse of
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BpeaHocTH Ao00ujennx nomohy UV-VIS criekTpodoTroMeTpuje, IITO ¢e MOXKE MPHUITUCATH YTHIA]Y

Temneparype, nmajyhu y Buny na cy 'H NMR excriepuments m3solenn na 22 °C.

200 400
x/ag(ap-X) [Pt(dach)Cl ,] Xlag(ag-x) [Pt(en)Cl ;]
350 *

150 A 300

> 250
100 1 200 | ¢
N 150
50 1 > 100 *
*
* . ( ) 50 1
10° (s 5
o o ‘ ‘ ‘ ‘ 10° t(s)

0 0.5 1 15 2 25 0 1 2 3 4 5

Cnuxa 3.4. Guggenheinwsa sasucnocm Xlay(89-X) y @yuryuju 00 eépemena t 3a peaxyuje
cyncmumyyuje (5 mM) [Pt(dach)C]] u [Pt(en)Ch] xomnaexca ca (5 mM) L-Hisua 22 °C u na
pD = 8,42

Ananmu3oM no0OujeHHX crekrapa 3a peakimjy cyrncrurynuje [Pt(en)Ch] xommutekca u
L-His (Cnuka 3.5) Moke ce BHICTH Jla MHTCH3WTET CUTHaJa Koju motmde oj H2 mporona
cimoboaHor L-His na 6 = 7,930 ppnomaza, 1ok ce mocie 22 cara y CIEKTPy MOjaBbyje CHIHAT
H2 nporona koopaunoBanor L-His va 6 = 7,878 ppmuuju MHTCH3UTET ca BPEMEHOM paCTe.
[Tocne 5 nana, MHTEH3UTETH OBA JIBa CUTHAJIA CY TPUOIMKHO HCTH.

3a peakiujy [Pt(dach)Cl] kommiekca u L-His (Cnuka 3.6) Ha XeMHjCKOM MOMEparmby
o = 8,462 ppmmojaBibyje ce CUTHAI KOjU MOTHYE o H2 mpoToHa KOOPIWHOBAHOT JUTaHIA W
ICrOB MHTCH3UTET PacTe ca BpeMeHOM. McToBpeMeHO, WMHTEH3WTeT curHaia H2 mporona

ci10001HOT HMraHaa Ha 6 = 7,878 ppnonana.
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34 h

Bt /\me- 14 h

— T
7.950 7.900 7.850 PPmM

Cnuxa 3.5. *H NMRcnexmap peaxyuje cyncmumyyuje (5 mM) [Pt(en)Cl] komnaexca u (5 mM)
L-His na 22 °Cu pD = 8,42; (A) - H2 npomon cno6oooe L-His; (+) - H2 npomon xoopounosanoe
L-His

85 8.0 Ppm

Cnuka 3.6. 'H NMR cnexmap peaxyuje cyncmumyyuje (5 mM) [Pt(dach)Cl] xomnrexca u
(5 mM) L-Hisua 22 °Cu pD = 8,42; (\) - H2 npomon crob6oooe L-His; (x) - H2 npomon

koopounosanoz L-His
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3.1.3. HPLCMeTona

Cyncruryuuone peakuuje [Pt(dach)Cl] u [Pt(en)Ch] xomrutekca ca L-His uzyuasane cy
HPLC metonom. CBa ucnuTHBama BpIlIeHa Cy y BOAM y mpucyctBy 25 MM xemnec mydepa
(pH = 7,2)y3 nomarak 10 mM NaClua 37 °C.Peakimje cyncTuryyje cy 3amnodere MelambeM
UCTUX 3ampeMuHa pactBopa komiuiekca (5 mMM) u nmuranga (100 mM).V tauno nedunucanum
BpeMeHckuM mHepBanuMma (30, 90, 150, 300, 1440, 2880mHyTa) y KOJIOHY je UEEKTOBAHO 10
20 ul TepMocTaTupane peakIMoOHe CMeTIIe.

Hakon mouna cara ox mouetka peakuuje usmehy [Pt(dach)Cl] kommuekca u L-His Ha
Xpomarorpamy cy npumeheHa 1Ba curHajia yuja cy peTeHIMoHa BpemeHa Ha 2,1 u 2,5 muHyTa
(Cnuka 3.7). Untensurer curhHama Ha 2,1 MHUHYyTa, KOjH MOTHYE OJ IOJA3HOT KOMILIEKCA,
BPEMEHOM OTaJia, JOK MHTCH3UTET CHTHalla MPOM3BO/Ia CYNCTUTYIH]jE HA 2,5 MUHYTa BpEMEHOM
pacte. HakoH 1Ba naHa mpoliec CYICTUTYIH]E j€ TOTIIYHO 3aBpIIEH, jJep C€ Ha MOCIEIHEeM

XpoMaTorpamy IojaBjbyje caMO CUTHAJ MPOU3BOJIa peaKIlyje.

+
+
A 48 h
+
24 h
* *
5h

%*|

3h

1.5 h

_J+

5h

—
1 2 3 4 5 6 7 8 gmin)

mAU

0.

Cnuxa 3.7. HPLC xpomamoecpam 3a peaxyujy cyncmumyyuje (5 mM) [Pt(dach)Cl| komnrexca
u (100 mM) L-Hisua 37 °C, pH = 7,2u A = 360 nm; (J - [Pt(dach)Ch] xomnrexc;

(+) - npoussoo peaxyuje
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Ha ocHoBy amamm3e xpomatorpama 3a peakiujy [Pt(en)Ch] xommiaekca u L-His
(Cnuka 3.8)mocre nosna cara oJ] OYeTKa peaknuje npuMehenn cy ciueneh curHaim: CHrHANI ca
pereHIMOHMM BpeMeHoM 2,0 MHHYTa, KOjH MOTHYE OJ IOJIA3HOT KOMILJIEKCA, W CHTHAI ca
pETEeHIIMOHUM BpeMeHOM 2,4 MMHYTa, KOjU MOTHYe o] Npoaykra peakuuje. Ilocie 24 cara,
MHTCH3UTETH MOMEHYTHX CUTHaja Cy TOTOBO HJICHTHUYHHM, JIOK CE IOCIE J[Ba JIaHA y CHCTEMY

MOXC I/II[GHTI/I(l)I/IKOBaTI/I caMo IPOnU3BOa peaKque.

* 4
*
+
*
::“
3 . 48 h

=

—

Cnuxa 3.8. HPLC xpomamoepam 3a peaxyujy cyncmumyyuje (5 mM) [Pt(en)C] xomnnexca u
(100 mM) L-Hisua 37 °C, pH=7,2¢ A = 360 nm; (J - [Pt(en)Cb] xomnarexc; (+) - npouzeoo

peaxyuje

Ha ocHoBy pesynrara no6ujennx npumenom HPLC mertonme motBpheno je ma ce y

WCIIUTUBAHUM CHCTEMUMA JT0OWja caMo jeIaH KpajibH MPOU3BO/] CYTICTUTYIIH]E.
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3.2. UcnntuBame cyncrurynuonux peakmnuja [Pt(bipy)Cly], [Pt(dach)Cly] n

[Pt(en)Cly] xoMmiaekca ca a30T-T0OHOPCKHUM JTUTAHIUMA

3.2.1. Uv-VisciekTpodoToMeTpHjcKa Mepema

HcnutuBame cynctutynnonnx peaknuja komiuiekca [Pt(bipy)Cl] ca 5-GMP u
komiuiekca [Pt(dach)Cl] wu [Pt(en)Cl] ca L-His u 5-GMP Bpmena cy Uv-Vis
cnekTpodoromeTpujcku npahememM MpoMeHe arcopOaHIle pacTBopa Ha oJrosapajyhoj pamHoj
TaJacHOj AYXMHU y (QYHKIMjU BpemeHa. Peakuuje cy 3amodere MeIIameM HCTHX 3allpeMUHA
pactBopa KoMmIuiekca u smranzaa (mo 1,5 cnf) y KBapIiHoj kuBetu. KoHIIEHTpamuja JIuranaa je
yBek Owna y Bumiky (Hajmame 10 myrta) y 0JJHOCY Ha KOHIIEHTPALMjy KOMIUIEKCA, Kako Ou ce
00e30euan  yCIIOBH peakuuje nceyoo-npBor pena. CrpykrypHe (opMylie HCIHTHBAHUX

KomIuiekca aare cy Ha Ciuiu 3.9.

‘ N CI al
= N///// \\\\CI 2N// \\\\\C l [ H ZN///, 2 \\C|
/ |N / ‘ \, / ‘
AN
[Pt(bipy)Cly] [Pt(dach)Cl] [Pt(en)Cl]

Cnuka 3.9. Cmpykmypre ghopmyie ucnumuaHux KOMniexcd

Peaknuje cy ucnuruBane Ha 37 °Cu pH = 7,2y npucyctsy 25 mM xenec nydepa y3
noxatak 10 mM NacCl. [lobujena nmpomena ancopOaHiie je mokasana HajOooJbe Clarame Kajaa je
rmocMaTpaHa Kao €KCIOHEHIMjalHa (YHKIMja MPBOT peaa NMoMohy KOMITJyTepCKOTr mporpama

Origin 6.1,mTo je npukazano va Cuim 3.10.
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—— | eKcnepuMeHTarnHo
0.0327 — |n3payyHato
0.030 -

0.028 -
A 0.026-
0.024 -
0.022 -

T T T T T T 1

0 50 100 150

t(min)

Cnuxa 3.10. I'pagux 3asucnocmu ancopbanye 00 eépemena 3a peaxyujy usmehy (0,2 mM)

[Pt(bipy)Cly] xomnrexca u (10 mM) 5’-GMPra 37 °C,A = 320 nm, pH = 7,24 10 mM NaCl

['enepaiHo, CyncTUTyIHja omabpaHux OKTaemapckux komruiekca ratuae(lV) ce moxe
npenctaputu nomohy Illeme 3.1. Y mpBoM Kopaky ce jemaH oOJl XJIOPUIHHX joHA W3
KOOpJIMHAIIMOHE cepe MOJa3HOT KOMIUIEKCAa CYNCTUTYHINE YiIa3HUM JuranaoM. OBaj KOpak je
jako cIop W OKapakTepucaH je KoHcTanToMm Op3uHe Kp. Hakon Tora ciemu Op3a peaknuja

pPEeAYKTHBHE €JIMMHUHAIIN]E, a KOHCTAaHTa Op3MHE OBOT Ipolieca HUje oapehena.

C|Z| Cl
N K, N Nu N Nu
< Pt< N —— < >|Lt< brzo < >Pt<
N | kg | N Cl
Cl Cl

N-N = dach, en, bipy
Nu = 5-GMP, L-His

Illema 3.1.
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Koncranra Op3uHe peakimje nceydo-npBor pena, Kopsq oapehena momohy mporpama Origin 6.1,
MocMaTpaHa je y 3aBUCHOCTH OJ KOHIICHTpalMje JuraHjga. Pe3yiaratd Ccy NpHKa3aHd Ha
Cmumm 3.11, Ha OCHOBY KOjHX C€ MOXKE BHJCTH Jia j€ 3aBHUCHOCT KOHCTaHTE Kopsg O
KOHIICHTpAIlMje JIMTaHaJa JIMHeapHa Yy CBHM ClIyYajeBUMa. BpeaHOCT KOHCTaHTe Op3uHe

mupektHe peakuuje (Kp) ompehyje ce m3 marmba mpaBe Kopsg = f([L]), Ha ocHOBY jemnaumne
(3.2.1.2).

Kobsa= Ki[CI] + ko[L] (32)

Koncranta Ki, koja omucyje moBpatHy peakmujy, oapelyje ce W3 ojceyka W OHA je y CBUM

Clly4ajeBHMMa NPUOIMKHO jefiHaKa Hynu. M3padyHare BpeHOCTH 3a KoHCTaHTe Ko 1 Ky mate cy y

TabGenu 3.2.

4 -1 .
N 107 ko /s [Pt(bipy)Cl ,] - 10* kapsa/s ™ [Pt(dach)Cl 4]
5-GMP
6 3
| |
5 ]
4 2
3
21 1
N
10% [LYM 10° [LY/M
0 0
0 2 4 6 8 10 12 ] 2 4 6 8 10 12
4
10" Kopsals™ [Pt(en)Cl 4]
L-His

3

2 5-GMP

1

3
. 10% [L)/M

0 2 4 6 8 10 12

Cnuxa 3.11. 3asucnocm koncmamme 6p3une peakyuje nceyoo-npeoz peod, kKopsg 00
konyenmpayuje nueanoa 3a peaxyuje cyncmumyyuje [Pt(bipy)Cl], [Pt(dach)Cl] u [Pt(en)Cl]
xkomnnexca na 37 °C, pH = 7,24 10 mM NacCl
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Tabena 3.2. Koncrante Op3uHe 3a cyncturynuone peakiuje komriekca [Pt(bipy)Cl] ca
5'-GMP u xommutekca [Pt(dach)Cl] u [Pt(en)Clk] ca L-His u 5-GMP na 37 °C, pH = 7,21
10 mM NacCl

L-His 5-GMP
Mnm | 10° k/Ms? 10° ki/s* | Mnm | 10° k/M's* 10° ky/s*
[Pt(bipy)CL] - - - 320 59+0,3 84 + 20
[Pten)Cl] | 250 | 3,29+0,05 1,103 | 360 | 2,04+0,04  0,7+0,03
[Pt(dach)Cl] | 360 | 3,04+ 0,09 23t 6 360 | 1,93+0,08 1245

Ha ocHOBYy n00MjeHHX BPEJHOCTH KOHCTAHTH Op3WHA MOXE CE YOUHTH Ja PEAKTUBHOCT
HCIIUTHBAHUX KOMILIEKCa mpema Hykieotunay omama y Hmsy [Pt(bipy)Cl] > [Pt(en)Cl] >
[Pt(dach)Cl]. Monamame [Pt(bipy)Cl] xommiaekca y peakijamMa CyNCTHTYLHj€ 3aBUCH O]

137,138
Kao pesynrar nomeHnyror

T-aKIIEITOPCKUX OCOOMHA MHEPTHOT 2,2'OUNUPUINH JIMTraHaa.
edekta nmoehaBa ce eneKTpo(UIHOCT jOHA MeTalla, a ca THM M HeroBa peakTUBHOCT. Takole,
MOYe ce youuTu He3HaTHO Beha peakruBHoct [Pt(en)Clh] xommiekca y oxnocy na [Pt(dach)Cl]
KoMIiekc. To ce Moxke oOjacHUTH yropehuBameM CTPYKType HMHEPTHUX a30T-IOHOPCKHX
nuranaga enu dach.C o63upom na je dachBoyMHHO3HHjU Y OJTHOCY Ha €N,0TEXAaH je MpHUiia3
yJIa3HOT JIMTaHJa JOHY MeTaia, ma je mpolec cynctutynuje crnopuju. Ca apyre ctpaHe, Mama
peaktuBHocT [Pt(dach)Cl] kommuiekca Moxe OWTH TOCHEOHIIA TMPHCYCTBA TMO3UTHBHOT
WHIYKTUBHOT e(eKTa IMKIOXEKCAHOBOI TIPCTEHA, KOJU CMamyje eIeKTPOPHIHOCT joHa
merana.'?* [lo6ujenn pesyinrati ce y OTIYHOCTH ClIaXy ¢a paHHje yOIMKOBAHUM MOAALUMA.

Ha ocHoBy noOujeHux pesynirata Moxe ce mpumeTutu jaa je L-His Oosbu Hykneopwn y
omHocy Ha 5-GMP. Pasnuka y peakTUBHOCTHM OBa JBa JIMTaHAA j€ IMOCIEAMIIA PA3TUUUTE
BOJIYMUHO3HOCTH OBa JBa Moiekyia. [lopen tora, N3 arom u3 L-His je 6asumju (pKy(N3) =
6,5°*13 y omnocy Ha N7 atom u3 5'-GMP (pKy(N7) = 2,48%), unme ce Takohe oGjammasa
pasiinKa y peakTHBHOCTH IOMEHYTHX OHOMOJICKYJIa.

Mexanuzam CyrncTutyndje wucnutuBanux komiuiekca mmatuae(lV) ca 5-GMP je

npuka3al Ha [llemn 3.2.Peakuuje cy usyqyaBane na pH = 7,2,a Beh je y onesbky 3.1006jammeno

na ce mouiekysn 5’-GMP y HeyTpanHOj ¥ €1ab0 KUCENOj CPeIMHU KOOPIHMHYjE 3a jJOHEe MeTajia
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npeko N7 aroma. Y caydajy kommiekca tatune(lV) koopauHaiija ce ocTBapyje Ha HCTH
HauuH. [locne BesuBama wmonekyna 5-GMP 3a mmatuna(lV) jon monmasu jmo Hamana
KnceoHHKOBOT atoma ¢ocdarne rpyne Ha C8 monoxkaj mypuHcke 0aze. OBaj Hamaj y3pokyje
Tpancdep enexTpoHCKor mapa aBorybe Beze Ha N7 arom, ycnen dera J1ojla3u 10 PEAYKTUBHE

emuMuHanje u (Gopmupama KBaapatHo-muiaHapHor rtuiatuHa(ll) komIuiekca, Koju  je

CYICTUTYUCAH MoJieKyJaoM 8-0X0-5-GMP. OBaj mexaHuM3aM peakliyje je y carjlacHOCTH ca
53

MEXaHU3MOM KOjH je paHuje MPeIoKEH.

CN\ Cl

NH,

Hlema 3.2. Mexanuzam cyncmumyyuje niamuna(lV) xomnaexca ca 5’-GMP

Mexanuzam cyrcrutynuje komiuiekca riatuae(lV) ca L-His npukasan je na Illemu 3.3.
Y oBoM cny4ajy, HaKOH KOOpJAMHAIlMje MOJIEKylna amMuHOkucennHe mnpeko N3 aroma 3a
wiatuaa(lV) joH, noja3u 10 mpeHoca eJIeKTPOHCKOT Mmapa JBOryOe Be3e MPEeKo aToMa a30Ta Ha

JOH MeTaia, 1Mo MeXaHu3My yHyTpaiume chepe. IIpumajyhu enextpone miuaruna(lV) jon ce
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penykyje y miatuay(ll) joH W Kao Kpajibu MPOM3BOJ Peakildje HAcTaje KBaAPATHO-IIAHAPHU

mnatuna(ll) KOMIUIEKC CyTICTUTYHCAH HMHA300HCKHM aepuBatom L-His *°

HN—CH-C—OH H,N—CH—C—OH NH,—CH—C—OH
N Tl 7 f T e
~ C' N
Gy = Ctipy =0y
Lo %NH ju
HZO\_) o o)

Hlema 3.3. Mexanusam cyncmumyyuje niamuna(lV) xomnaexca ca L-His
3.2.2.'HNMR cmekTpocKomcka Mepema

Cyncrurynuone peakuuje [Pt(dach)CJ] u [Pt(en)Ch] xommiekca ca L-His u 5-GMP
M3y4yaBaHE Cy IPUMEHOM H NMR cnektpockonuje Na 22 °Gy D20. Peakuje cy u3yuaBaHe Kao
CUMETPUYHE peakiyje Ipyror penaa, KopuirhemheM eKBUMOJAPHUX KOHIICHTpaIlfja KOMIUIEKCa
muranaga (5 mM). Ha 'H NMR crextpy 3a peakuujy cyncrutymuje [Pt(en)Ch] kommiekca ca
L-His (Cnuka 3.12), cHumsbeHOM Tocie 24 cata oJ Melllama IMOJa3HUX pPacTBOpa, yodaBa ce
HNIMPOK cUTHAI y obnactu & = 7,8 - 7,9 ppmgoju oxnrosapa H2 nmporoHy aMHHO KHCEIIHHE.
Hakon 48 cati momMeHyT CHTHaJ ce pa3/iBaja Ha J[Ba CUTHAJA, jeIaH KOjU MOTHYE O] CIIOO0HOT U
APy Koju motude ona KoopauHoBaHor L-His. Tlocme 7 pama curman H2 mportona
KOOPAMHOBAHOT JIMTAaHJa Hanma3u ce Ha o = 7,878 ppm,a curnan H2 mporona crmoGoaHOT
auranga Ha 6 = 7,930 ppmAHanmm3om criektapa npukaszanux Ha Ciunu 3.12moke ce, Takohe,
MPUMETHUTH JIa c€ y TOKY peakifje CBU CHTHAJM IOMEepajy Ka BHIIUM BPEIHOCTHMA XEMH)CKOT
noMepama. To ce JemiaBa Kao MOCIEIHIa MPOMEHE KHUCEIIOCTH pacTBopa. Y oBOM ciydajy pD
pactBopa onazna ox 8,0na 7,5.

Ha Cnumu 3.12 ipBeHoM 00joM je O3HA4YeH CIEKTap JOOHjeH MCIUTUBAKEM PEaKIIHje

cyncruryiije [Pt(en)Ch] xommurekca ca L-His (Omesmak 3.1). Ha oBaj HauuH je moTBpheHa
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NpeTnocTaBka aa ce y Toky peakiuje [Pt(en)Ch] xommekca ca L-His, mopen cymncrurynmje,

JeliaBa u peayknuja 10 oarosapajyher miaruna(ll) komruiekca.

A *

.L [ ]
M [Pt(en) Cl,] + L-His
AP AR bl ond™ T Tt i A e i A s

A
*
: ,J \ M [Pt(en) Cl,] + L-His 7 dana

[Pt(en)Cl,] + L-His  48h

e et e, ST

[Pt(en) Cl,] + L-His  24h

- o P— it N el

T T | B T T L T L T T ]
8.1 8.0 79 T8 1.7 76 ppm

Cnuxa 3.12. *H NMR cnexmap 3a peaxyujy (5 mM) [Pt(en)Cl] komnrexca ca (5 mM) L-His y

D,0 na 22 °C;ypeenom 6ojom je npukazan cnekmap 3a peaxyujy [Pt(en)Ch] komnnexca u L-His
v D20 na 22 °Cnocae 7 dana; (A) - cro6ooan L-His; (x) - koopounosanu L-His

CrnmameM "H NMR crexrapa exumonapue cmee [Pt(en)Ch] xommnekca u 5’-GMP
MOJKE C€ YOUMTH CUrHai Ha O = 8,225 ppmgxoju oarosapa H8 mpoToHy M3 HEKOOPAMHOBAHOT
Mmoekyna 5’-GMP, u curnan Ha 8 = 8,768 ppmgkoju oaroapa H8 npoTtoHy U3 KOOpAMHOBAHOT
monekyna 5’-GMP (Cnuka 3.13).Ha Counu 3.131upBeHoM 00joM je 00emekeH crieKTap 100ujeH
npahemeM cyrncTutynuje kpaapatHo-mianapaor [Pt(en)Ch] kommuiekca u 5’-GMP nox uctum
CKCIIEPUMEHTATHUM yciioBrMa. CHrHaIM CIIOOOTHOT M KOOPJIMHOBAHOT JIMTAH/A Haja3e ce Ha
HCTUM XEMH]CKUM TIOMepamuMa y 00a cuctema, mTo NoTBplyje YMIHEHUILY Ja j€ CYTIICTUTYIH]a

[Pt(en)Clh] xommiekca ca 5’-GMP npahiena pelyKTHBHOM €JTMMUHALIN]OM.
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[Pt(en)Cl ] + 5-GMP
Mw | TP T W e R s e i

A
h [Pt(en)Cl ] + 5'-GMP _-A 5 dana
* A
,‘| [Pt(en)Cl ] + 5-GMP j\ 48 h
g skl b i Ly

* A [Pt(en)Cl ] + 5-GMP 24 h

s
T g ot A S e g "

" i,

rrrrr [ R ey J e o ML i L LA AN S S N A s D Eum | A e s

8.9 8.8 8.1 8.6 8.5 84 8.3 8.2 ppm

Cnuxa 3.13. *H NMR cnexmap 3a peaxyujy (5 mM) [Pt(en)Cl] komnaexca ca (5 mM) 5-GMP

v DO na 22 °C;ypsenom 6ojom je npuxazan cnexkmap 3a peaxyujy [Pt(en)Ch] xomnrexca u

5-GMP noo ucmum ycnosuma nocne 5 oana; (A) - crobodan 5-GMP; (x) - koopounosanu

5-GMP

'H NMR crextpockonmjom je m3ydaBana u peaxumja [Pt(dach)Cl] kommnekca ca L-His.

Ha Cnmunm 3.14 cy npukazanu nooujeHu cnextpu. Ha xemujckoMm momepamy 6 = 8,462 ppm

Hajla3n CC CHUIrHala KOjI/I IIOTHYC O H2 IpOTOHA KOOPAWMHOBAHOI JIMI'aHJd U BbCT'OB MHTCH3UTCT

pacrte ca BpemeHoM. Takohe, curnan H2 nporona cinoboanor nuranaaa Ha 6 = 8,180 ppnre y

TOKY peaklyje nomepa ka ciaaOujeM moJby, Ia ce rnocje 7/ AaHa Hajasu Ha & = 8,360 ppmiuro je

nocienuua npomere PD cuctema ox 8,0 Ha 7,5. YV oxmespky 3.1 cy mpukazaHM pe3ynaaTaTé

ucnuTuBama peakuuje cyncruryiyje [Pt(dach)Cl] kommnekca u L-His, mox uctum peakunoHum

ycnouma (Crmka 3.6). [IpucyctBo curnana va & = 8,462 ppmxkoju oaroapa H2 mpotony

KOOPJIMHOBAHOM JIMTaH[y, TOTBphyje Na je CYNCTUTYIHMja OKTaeJapCcKOT KoMmIuiekca mpahena

PEAYKIINjOM.
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Cnuxa 3.14. *H NMR cnexmap 3a peaxyujy (5 mM) [Pt(dach)C] komnaexca ca (5 mM) L-Hisy
DO na 22 °C; Q) - crobodan L-His; (+) - koopounosanu L-His

3a peakuujy usmely [Pt(dach)CJ] kommuekca u 5-GMP (Cimka 3.15) unTeH3uTeT
curHana Ha 6 = 8,200 ppmgoju oarorapa H8 mpoToHy c1000HOT JHMraHaa TOKOM PEaKIiyje
omaja, 0K MHTeH3uTeT curHana Ha & = 8,630 ppmkoju oaroBapa H8 npoTony KoOpAMHOBaHOT
JWTraHaa pacte ca BpeMeHoM. Ha modeTky peakiivje CUTHaAI KOOPIUHOBAHOT JINTAHIA j€ 3HATHO
HIMPH, IITO MOKE OMTH MOCTIEINIA YHbEHUIIE J1a je MoJekyn 5’-GMP napumjamHo KOOpAMHOBAH
3a matura(lV) u mwiatnsa(ll) kommiexe.”® Beh mocie HeKoIMko aHa OBaj CUTHAJ MOMpPUMA
u3riaesa jacHor cuHrieta. M y oBom ciydajy je moTBpheHo 1da je y TOKY peakije, Hopen

CynCTI/ITYI_II/Ije, 34CTYIIJbCHA U peHYKL[I/Ija II0JIa3HOT' KOMIIJICKCA.
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Cnuka 3.15. 'H NMR cnexmap 3a peaxyujy (5 mM) [Pt(dach)Ql] xomnaexca ca (5 mM)
5-GMP y D,O na 22 °C; Q) - cro6o0an 5'-GMP; (x) - koopounosanu 5’-GMP

3.2.3. HPLCmMertona

Peakmmje cyncrurynuje [Pt(dach)Cl] u [Pt(en)Ch] kommnekca ca L-His u3yuaBane cy
HPLC meronom. McnutuBama cy BpuieHa y Boau Ha PH = 7,2y mpucyctBy 25 mM xenec
nybpepa u 10 mM NaCl. PactBopu komIuiekca, KOHIEHTpanmuje 5 MM, u nuranna,
koHneHtpamnuje 100 mM, cy uyBanu y tepmoOsioky Ha 37 °C3a BpeMe peakiuje. Y KOJIOHY je
UECKTOBAH PAcTBOP JIOOWjSH MEIIakheM UCTHUX 3allPeMUHA PAcTBOpPA KOMIUIEKCA H JIUTaHIa.

Ha Cnumm 3.16je npukasan xpomatorpam ao0ujen 3a peakiujy [Pt(en)Cl] kommiekca
ca L-His, cuuman y tauno aedunucanum Bpemenckum uatepBanmuma (0,5, 24, 96, 168, 240 h).
[Tocne moma cara Ha XpoMmMaTorpaMmy Ce€ youaBa Majli CHTHAll ca PETCHIMOHUM BPEMEHOM
2,0 MuHyTa, KOjU c€ IpUIKCYje MPOAYKTY peaklyje, JOK jeé UCTOBPEMEHO JTOMHUHAHTAaH CUI'HAJ
MoJIa3HOT KoMIuiekca Ha 2,5 MuHyTa. BpemMeHoM uHTeH3uTeT curHana Ha 2,0 MuUHYTa pacte Ja
Oou Hakon 7 mana (168 h)meroB MHTEH3UTET OMO TOTOBO HJCHTUYAH WHTCH3UTETY CHIHAA
MOJa3HOT KoMIUIeKca. Takole, Ha Xpomarorpamy ce MOXE YOYWTH W Majld CHTHal Ha
3,0 munyTa. OBaj cUrHal oJAroBapa MPOW3BOJY HPBOr KOpaka peakiuje cyrmcrutyiuje. [locne
10 mana (240 h) y cucremy je mpucyTaH camo jelaH Kpajibl HPOHM3BOJ M BeoMa Maia

KOHHGHTpaL[I/Ij d HCU3pCAaroBaHOI' KOMILJIICKCA.

-69 -



Pezyimamu u ()uCchuia pesyimama

* +
*
*
k *
A
. /U\\
E 240 h
*
H 168 h
/—ﬂ 96 h
+H
24 h
JJ
0.5h
2 4 6 8 10 tmin)

Cnuxa 3.16. HPLC xpomamoecpam 3a peaxyujy (5 mM) [Pt(en)Cl] xomniexca u (100 mM)
L-His na pH = 7,2, 37 °CA = 250 nm; (J - [Pt(en)CL] xomnrexc; (+) - npoussoo peaxyuje

Ha Cmumm 3.17 je mnpukasaH XxpomarorpaM JOOMjeH 3a peaklujy CYICTUTYLHje
[Pt(dach)Cl] xommiekca ca L-His. OBa peakuuja je u3y4aBaHa MmoJi HCTUM €KCIIEPHUMEHTATHIM
ycnoBuma kao peaknuja [Pt(en)Ch] xommiekca ca L-His. Anannzom xpomartorpama yodeH je
curHan Ha 2,5 MUHYTa, KOjU OJroBapa MOJa3HOM KOMIUIEKCY, W CHTHaJI Ha 2,8 MHHYTa, Of
npoaykra peakmnuje. [locne 10 maHa, y peaknMOHOM CHCTEMY je JCTEKTOBaH caMO jelaH
MPOM3BO/] peaKilrje, Kao ¥ BeoMa Majia KOHIICHTPAI1ja HeH3PearoBaHOT KOMILICKCA.

HPLC meromom je motBpheHo ma y ucnutuBanuM peakijama riatuaa(lV) komruiekca

ca L-His nacraje camo jeman mpou3BoJI peakiiuje.

-70 -



Pezyimamu u ()uCchuia pesyimama

mAU
*

240 h

168 h

M
M

n)

+
2 45678910“""

Cnuxa 3.17. HPLC xpomamoepam 3a peaxyujy (5 mM) [Pt(dach)CJ] « (100 mM) L-Hisua
pH=7,2, 37°CA =360 nm; (J - [Pt(dach)Ck] xomnrexc; (+) - npouszeod peaxyuje

3.3.Peaykuuja kommiekca [Pt(bipy)Cl4], [Pt(dach)Cl,] u [Pt(en)Cl;] momohy

riIyrTaTuoHa, L-HI/ICTCHHa U L-MeTHOHMHA

3.3.1. Stopped-flowcnexkTpodoromerpujcka Mmepema

Penoxkc peaknuje kommiekca [Pt(bipy)Cl], [Pt(dach)Ci] u [Pt(en)Cl] ca GSH, L-Cysu
L-Met usyuasane cy va pH = 2,0 (0,01 M HCIQ) y npucycty 0,2 M NaClnomohy stopped-
flow cnekrpodoromerpuje. Peakuumje cy uzydaBane npahemem npomene ancopOiyje pacTBopa
Ha oaroBapajyhoj TamacHoj ny>xunu y GpyHkiuju BpemeHna. CBa KMHETUYKA Mepema Cy n3BoheHa
Ha Ttemmeparypu on 37 °C, kao peakuuje nceyoo-npBor pena. CTpykTypHEe GdopMmylie
WCIUTUBAHUX JMraHaaa cy npukazane Ha Counm 3.18,10k cy cTpykTypHE hopMmysie KOMILIeKca

[Pt(bipy)CL], [Pt(dach)CJ] u [Pt(en)Clk] npuka3zane y onesbky 3.2,Cruka 3.9.
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Cnuxka 3.18. Cmpykmypue gpopmyne ucnumu8anux iueanaod

Bpemnoctr 3a koHCTaHTe Op3WHE peakiidje nceydo-mpBor pena, Kopsq U3padyHare cy
nomohy kommjyrepckor mporpama Origin 6.1. 3aBucHocT arcopOaHIle ca BpeMEHOM Jaia je
Haj0o0Jbe cllarame KaJia je mocMaTrpaHa Kao eKCIIOHEHIIMjanHa (pyHKIMja IPBOT pefa.

JloOujeHe 3aBUCHOCTH KOHCTaHTE OpP3UHE peakiirje nceydo-npBor peaa, Kopsdy PYHKIHju

KOHIICHTpaIl¥je JuraHaaa nprukasane cy Ha Ciurm 3.19.
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Cnuxa 3.19. 3asucnocm koncmamme 6p3une peakyuje nceyoo-npeoz peod, kopsg 00

konyenmpayuje aueanaoa va PH =2,0 (0,01 M HCIQ) u 0,2 M NaClua 37 °C

Ca Ciuke 3.19 moxe ce BHJIETH Ja je y CBUM IPOy4YaBaHUM CHCTEMHMMa J0OHjeHa

JMHEapHa 3aBHCHOCT KOHCTaHTE Op3WHE peakiuje nceydo-mpBor peaa, Kopsq 01 KOHIIEHTpAIHje

muranga. CBe mpaBe Mpoja3e Kpo3 KOOPAMHATUBHU IOYETaK, IITO HCKJbydyje MoryhHocT

MOCTOjaba TMapayieTHUX WM MOBpAaTHUX peaknuja. [loBe3aHOCT KOHCTaHTe Op3WHE peakije

nceydo-npBor pena, Kopsqg ¥ KOHCTaHTe Op3HMHE peakuuje Apyror peaa, Ky, Aarta je jerHadYMHOM

(3.3.1.1).

kobsa = Ko[L]

(3.3.1.1)

Komncranre Op3une peakiyja apyror peaa, Ko, onpehene cy u3 Harnba q00MjeHUX NpaBa u

npukaszaHe cy y Tabenu 3.3.
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Tabena 3.3. Koncrante Op3uHe peakmnuja apyror pena, kKp, wmsyuaBanux [Pt(bipy)Cl],
[Pt(dach)Cl] u [Pt(en)Ch] xommnekca ca GSH, L-Cysu L-Met na 37 °C

Komrutekc pH GSH L-Cys L-Met
k/M st
[Pt(bipy)Cl] 2,0 210+ 20 118 +6 50 + 4
2,0 190 + 20 107 +5 48 +5
7.7 980 + 40 350 + 50 150 + 20
7,7 10+1 - -
[Pt(dach)Cl] 2,0 62 +3 57 +3 39+3
2,0 60 + 3 54 +1 35+ 2
7.7 920 + 70 340 + 40 134+5
7,7 1,5+0,5 - -
[Pt(en)Ch] 2,0 31+2 20+1 14+1
2,0 302 19+2 13+1
7.7 870 + 90 330 + 40 130 £ 20
7,7 1,1+0,1 - ]

90,01 M HCIQ u 0,2 M NaCl;:°0,01 M HCIQ; 25 mM xenec nydep u 0,2 M NaCl;
925 mMxenec nydep

Ha ocHoBy monaTtaka u3 Tabene MOXKe c€ 3aK/bYUMTH Jja PEAKTUBHOCT HCIUTHBAHUX
komiiekca omama y uHmsy. [Pt(bipy)Cl] > [Pt(dach)Cl] > [Pt(en)Clk], mox peaktuBHOCT
JWraHaja y CBUM ciydajeBuma onana y Huzy: GSH > L-Cys > L-Met.

Jla Ou ce yTBpAuMO YTHIA] MPOMEHE KOHIEHTpAlMje XJIOPHIHUX jOHA Ha Op3UHY
pelyKIMje CBe peaklyje Cy HCIUTHBAaHE W y OACYCTBY xyopuaa Ha PH = 2,0.M3pauynare
BPEIHOCTH 3a KOHCTaHTY Op3WHE peakiuja apyror peaa, Ky, cy takohe nare y Tabemu 3.3.Ha
OCHOBY JOOHjEHHX BPEIHOCTH MOXKE€ CE YOUYMTH Ja KOHCTaHTe Op3uHe peaykmmje, Ko, y
MIPUCYCTBY W OJICYCTBY XJIOpHIa UMa]y MPUOJIHUKHO UCTE BPETHOCTH U J]a XJIOPUIHHU JOHH HEMA]y

yTHUIaj Ha OP3UHY penyKIMje, IITO Ce y MOTITYHOCTH CIIaXe ca JINTEPaTypHUM nonauuma. 4
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C o03upom nga cy kommuiekcu miatube(lV) jako WHEPTHH mpema CYICTUTYIHOHUM
peakijamMa, OHM pajivje MOJUIeKY peakifjama MPeHoca eNeKTPOHa 10 MEXaHU3MY YHYTPAIlhe
chepe. Penykimjy komrekca miatude(lV) yjeaHo mpatu M mpoMeHa reoMeTpHje KOMILISKCa, Tj.
J07a34 JI0 TIpolleca PeIyKTHBHE eIMMHHANMje. MexaHu3aM YKJbydyje HYKICOo(DHIHU Harmaj
pelyKTaHTa Ha jenaH oj tranS«oopIuHOBaHHUX XJIOPUIO joHa y Komiuiekcy miaruHe(lV), kama
ce QopMmupa MOCTHa Be3a MNPEKO Koje ce Bpiuu TpaHcdep enekrpoHa. [lorom, nomasu 1o
eIIMMUHAIM]e aKCHjalHUX JIUraHaja IITO BOAM 1O (opMHpama KBaapaTHO-IUIAHAPHOT
komiekca miaruse(l), 7980141143

Ha Illemn 3.4 je mpukazaH peakIMOHM MEXaHHM3aM 3a PEIOKC-PEaKIHje KOMILIEKCca
wiatuae(lV) ca Tmonuma u Tmoerpuma Ha PH = 2,0.Y npBoM peakinoHOM KOPaKy peIyKTHBHE
enmuMuHanuje nomohy Trona, RSH, nacraje cynadenun xmnopua, RSCI, koju Beoma 0Op30
xunponusyje 10 RSOH. On 3aTuM pearyje ca joll jeIHUM MOJISKYJIOM THOJIAa W Jiaje KOHauaH
npomssog RSSR,okcrmoBann o6mmk THOMA. ® [IpBH PEaKUHOHH KOPAK je CIOp MPOLEC W OH
onpehyje Op3uHy peakiuje. Y peakiuju ca Tuoerpom, L-Met, y nporecy peaykuuje gobuja ce

oarosapajyhu kommiekc miatuae(ll) u cyndokcua, okcuaoBaHu 0OJIMK JTUTaHA.
[Pt(N-N)Cl,] + RSH—2 [Pt(N-N)Cl,] + RSCI + H + CI criop nporec

RSCI + HO—> RSOH + H + CI

Op3 mporiec
RSOH + RSH—RSSR + HO

[PYN-N)CI,] + MeSR + HO —2» [P(N-N)Ch] + MeS(O)R + 2H +2CF
N-N = bipy, dach, en; RSH = GSH, L-Cys; MeSR = L{Me
Llema 3.4.
Bbp3una kojom ce kommiekcu miatude(lV) peaykyjy jako 3aBUCH 01 0COOMHA aKCHjATHUX
Y €KBAaTOPHUjATHUX JIMTaHaJa, MpU YeMy j€ YTHUIaj JIMraHaja y aKkCHjaJIHOM TI0JIOKa]y 3HATHO

n3paxeHuju. Peaykimja ce Beoma Op30 0JIBUja YKOJIMKO Cy aKCHjaJIHU JIUTAHIIU XJIOPHUJIO jOHH,
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IITO Ce JOBOJIU y BE3y ca HUXOBOM elleKTpoHeratuBHommhy. EjekTpoHeraTHBHUjU JHTaHIN
nakme Jgectabmwin3yjy komiuiekce riatuHe(lV), mTo omoryhaBa Op3y peaykuujy 10
oarosapajyhux komruiekca ratuae(ll). 52,144

Takolhe, mo3HaTo je a2 BOJYMHWHO3HH MHEPTHM JHMTraHAM nectabunusyjy miatua(lV)
KOMIUIEKCE y IPOLECHMa peiyKIuje,”> ITO je MOTBPHEHO pesyiTaTHMa IpPUKA3aHHM y OBOj
nucepranuju. Hamme, ynopehuBameM CTPYKType MHEPTHUX eKBaTtopujaiHux juranana (bipy,
dach, en)moxe ce pehu na je eTWICHIMAMUH HajMambe BOJIYMHHO3aH y OJHOCY Ha JIpyra JBa
JWraHja, a je TO pa3jior HajMame peakTUBHOCTH KoMmiutekca [Pt(en)Ch] y npouecy peaykimje,
a yjenHo u HajBehe peakruBnoctu [Pt(bipy)Clh] xommnekca.

bpsuna penyknmje kommuiekca riarube(lV)  3aBHMCH O EBHXOBOT  PEJIOKC-
norerumjana.”> > 131 croppeMeno, peIoKc-MOTEHIMjaN OBHX KOMILIEKCA jaKO 3aBHCH O
SNEKTPOH-TIPUBIAYHUX CHJIa AKCHUjaTHUX JIMTaHAJa M BEIWYMHE WHEPTHHUX EKBAaTOPH]jaTHUX
nuranaga. BpeaHocT penokc-notennurjana 3a kommieke [Pt(en)Cl] je -160 mV,a 3a komruiekc
[Pt(dach)Cl] je -90 mV>® Ose BpegHoCcTH Cy y CarlacHOCTH ca HOGHjeHHM peIoM
PEaKTHBHOCTH 3a OBa JIBa KOMIUIEKca. To moapazymeBa Ja ako je peIoKC-TIOTeHIHjall KOMIUIeKca
wiatuae(lV) Behwu, nporec peaykiuje je OpkH, mMTO je y CKiaaay ca Beh myOJHKOBaHUM
pesynraruma.’’>2

Penocnen peakTHBHOCTM HCIHMTHUBAHHMX JIMTAHAZA Ce MOXKE 00jacHHTH yropehuBamem
crpykrype tnoerpa (L-Met) ca tnomuma (GSH, L-Cys).Tuoetpu cy cnabuju peayKTaHTH y
oaHOCy Ha THOJE. [lopen Tora, THOETPH y CBOjOj CTPYKTYPH MOCEAY]Y METHI TPYIy AUPEKTHO
BE3aHy 3a aTOM CyMmIiopa Koja oTeXkaBa Mpuia3 U HyKJIeOpUITHH Hamaj JIMraHja Ha aKCHjaJHU
XJIOpHO JMraHi y Mouekyny komiurekca.’®® Ha oBaj HaunmH ce Moke 0GjaCHHUTH HajMarba
peaktuBHOCT L-Met.

Penyknuja kommiekca [Pt(bipy)CL], [Pt(dach)Cl], [Pt(en)Ck] ca GSH, L-Cysu L-Met
ucnutuBana je u Ha pH = 7,2 (25 mMkenec nmydep) y npucyctey 0,2 M NaClmomohy stopped-
flow cnextpodoromerpuje. Peaknuje cy usyuaBane Ha 37 °C,moj ycioBUMa peakimja nceyoo-
npBor pena, npahemem mpomeHe amcopOiyje pacTBopa y (GpyHKIMjU BpeMeHa Ha ojapeheHum
TaJacHUM JykKhHama. JoOujeHu pe3ynTaTu cy Jaiu HajOooJbe cllarame Kaja cy mocMaTpaHu Kao
CKCIIOHCHIIMjalTHa (PYHKIMja MPBOT pelia. 3a CBe HCIUTUBAHE CUCTEME U3padyyHATe BPEIHOCTH 3a
KOHCTaHTe Op3WHE peakiinja nceydo-npBor peaa, Kopsq Cy mprukasane rpaguuky y 3aBUCHOCTH O/

koHueHTpanuje ymranaaa (Crnuka 3.20).
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Cnuka 3.20. 3asuchocm Kowcmanme OpsuHe peaxyuja nceyoo-npeoe peod,
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Kobsa 00

konyenmpayuje aueanaoa na PH = 7,2 (25 mNkenec nygep) u 0,2 M NaCl na 37 °C

VY cBUM cily4ajeBUMa IOCTOjH JIMHEapHa 3aBUCHOCT KOHCTaHTe Op3MHE peakliuja nceyoo-

npBor pena, Kopsg 01 KOHIEHTpauuje iuraHana. Takohe, y cBuMm cimydajeBuMa ce mpumehyje

3HaqajaH 0ACCYaK Ha Fpa(l)I/ILII/IMa, KOjI/I oroBapa KOHCTAaHTHU kl. W3 parnba paBa, Ha OCHOBY

jennaumne (3.3.1.2), m3pauyHaBa ce BPEIHOCT KOHCTaHTE Op3WHE Tporeca penykmuje, Ko.

Bpennoctu cy npukaszane y Tabenu 3.3.Ha 0CHOBY OBHX BPEJHOCTH MOXKE C€ 3aKJbYUUTH Ja je&

penociicn pPCeakKTUBHOCTU HMCIIMTUBAHUX KOMILUJICKCA U JIMTaHadd UACHTUYAH PEAOCIICHY KOjI/I je

nobujen Ha pH = 2,0.

Kobsd= K1 + ko[L]

(3.3.1.2)

[To3nato je ma mosekynu koju caapyke trnonny rpyny (GSH, L-Cys)umajy ckioHOCT Ka

ayToKcHIanuju Koja je katanmzoBana jounma Cu(ll) u Fe(lll).
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ayTOKCHJIallMje Ha KHUHETHYKa MEpErma, W3BPIIEH jeé KOHTPOJHU EKCHEPHUMEHT 3a PEakiujy
[Pt(bipy)Cly] xommuiexca ca GSH,Ha pH = 7,2.Y 0BOM €KCIIEpUMEHTY y pacTBOp KOMIUIEKCA U
muranga gogato je 0,5 mM EDTA na 6u ce enmumuHrCcao MOryhu KaTaiuTHUku edekar joHa
Metaina. [Ipe moverka peakiuje, Kpo3 pacTBOpP KOMIUIEKCA U JIMTaHAaJla je MPOIMYIITEH FaCOBUTH
a3or HajMamwe 30 MHMHYyTa Ja OM ce M3 pacTBOpa YKJIOHHMO KUCeOHHMK. Moxe ce pehu na He
MOCTOje 3HAYajHE Pa3IMKe y BPEIHOCTHMA 32 KOHCTAHTY Op3uHe Kopsd 10OMjeHE HAa OBaj HAYMH
(Kobsg = 51,46 §) u y oncyctBy EDTA (Kopsa = 52,00 §) 3a HajMambH OJIHOC KOHIICHTpAIWja
KOMILJICKCA W JINTaH/a, JOK BPEIHOCTH 3a KOHCTaHTY Kopsg3a HajBehn ogHOC KOHIlGHTpamuja
KOMIUIEKCA M JuraHaa usHoce Kopsg = 72,36 gu Kobsd = 72,00 g Jaxne, uCKJpyueHa je
MoryhHoct ayrokcumanuje GSHmTo ce y NOTIYHOCTH CiaKe ca pe3yJTaTuMa Koje je 00jaBHo
Enmunr (Elding)

3a OoJbe pasyMeBame PeaKkIMOHOT MeXaHW3Ma, Kao M MOpeKsa ojceyka Ha rpaduimma
(Cnuka 3.20), peakiuje ucnutHBaHUX KoMmiutekca ca GSH cy mpoydaBaHe W y NPHUCYCTBY
pa3IMYUTHX KOHIIEHTpanuja xyiopuaa, Ha PH = 7,2.Y Tabenmu 3.4 cy nmate BpeIHOCTH 3a
KOHCTaHTe Op3uHE peakija Apyror penaa, Ky, u ojaceuka, Ki, y TpPUCYCTBY pa3IHUMTHX
KOHIIEHTpaIlfja XJIOpHUaa, JOK je HHUXOBa 3aBHCHOCT Y OJIHOCY Ha KOHIICHTpAIU]y XJIOpHIa 3a
komruieke [Pt(bipy)Cl] npukasana va Crnunm 3.21.Ha ocHOBY OBHX pe3yJsiTaTa MOKE C€ YOUMTH
na ce OpojHE BPEIHOCTH 3a KOHCTaHTY moBehaBajy ca mopacToM KOHIEHTpaIje XJOpuaa y
pactBopy. To 3Haum ga Beha KOHIEHTpalMja XJIOpHAa TMOCpeayje y peayKTHBHO-
SIIMMHUHAIIMOHOM IpoIiecy y o0a peakiuoHa myTa, o3HayeHa kao Ky u Ki. Jegnaunna (3.3.1.2)je
npomupena ca jennaunHoM (3.3.1.3)3a peakiujy [Pt(bipy)Cl] xommiekca ca GSH. Bpeanoctu
3a K3 u K4 cy m3padynare u3 Haruba mpaBux 3aBUCHOCTH ca rpaduka Ha Ciunu 3.21wu usHoce

ks=(2,4+0,1) 10 M*s* u ks = (5,7 + 0,5) 10° Ms™.

Kobsa= ka[CI'] + ka[CI][GSH] (3.3.1.3)
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Ta6ena 3.4. BpenHoctu koHcrante Op3uHe K m onceuka, Ki, y TpUCYCTBY pasmuuuTHX
KOHIIEHTpaIMja XJIOpHAa 3a peakiuje ucrnuTuBanux komiuiekca miatuHe(lV) ca GSH Ha
pH = 7,2 (25 mVkenec nydep) u 37 °C

[CIM ko/M st ky/st
[Pt(bipy)CL] 6e3 NaCl 10+1 0,51 £ 0,02
0,02 1149 4,9+0,2
0,05 230 + 40 10,8 +0,5
0,10 450 = 20 17,7+0,5
0,15 760 £ 80 25+2
0,20 980 + 40 42,8 +0,5
[Pt(dach)Cl] 6e3 NaCl 1,5+0,5 0,038 + 0,005
0,02 91+7 3,7+0,2
0,05 - -
0,10 - -
0,15 - -
0,20 920 + 70 352+0,5
[Pt(en)Ch] 6e3 NaCl 1,1+0,1 0,0034 + 0,0005

0,02 87+8 28+0,1
0,05 - -
0,10 - -
0,15 - -
0,20 870 + 90 27+2

1200 Y. 60 e

1000 - 50 1

800 1 40 7 :

600 - 30 1

4 *
400 20 1 79
200 10 1
o [CITM 0 [CIYM

0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25

Cnuxa 3.21. 3asucnocm xoncmanme 6p3une K, u ooceuxa Ky 00 xonyenmpayuje xaiopuda 3a
peaxyujy [Pt(bipy)Cl] xomnaexca ca GSH, pH = 7,24 37 °C

-79 -



Pezyimamu u ()uCchuia pesyimama

MexaHu3aM peakiyja 3a CBe UCIIMTHBAaHE cucTeMe Ha PH = 7,2Moe ce mpecTaBuTH oMohy

eme 3.5,rne kp kapakrepuiie KOHCTaHTY Op3UHE TpoIIeca PeAyKIIHje.

k
[Pt(N-N)Cl5(H,0)]" + RS + Cr—2»> [Pt(N-N)Cl,] + RSCI + Ci+ H,O cmop mporec

RSCl + HHO— RSOH + H + CI
RSOH + RS—» RSSR + OH  Opsrmpouec

ka
[Pt(N-N)Cly(H,0)]* + MeSR + Cl — > [Pt(N-N)CL] + MeS(O)R + 2Cl+ 2H"
[ne je:

[Pt(N-N)Cly(H,0)]* + CF === [P{(N-N)Cl,] + H,0

cl cl cl
N | Cl N Cl k N | cl N | cl
~ t/ < \Pt/ L Cl 1 < ~ t/ < ~— t/
= + —_— P + P
<N/| i N > cl N/| i N7 ¢l
Cl cl I |
|C|
N cl
cl < —p
N _Cl N\| Cl _ NT | el
<N/P<CI ' <N/Tt<c:| e T
| |
; <N\F'>t/ ©
N/| ¢
c o

N-N = bipy, dach, en; RS nenporonosanun GSH, L- Cys; MeSR = L-Met

Illema 3.5.
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VY npBOM peakiMOHOM KOpaky, Koju ojapelyje Op3uHy peakimje, y CUCTEMY je MPUCYTaH
akBa kommekc, [Pt(N-N)Ck(H.0)]", xoju 3aTum pearyje ca XIOpPUIHHM jOHHMA U TPaju
xomrutekc [Pt(N-N)Cl]. Oaj kominieke nabe cTyna y peakuujy ca peayKyjyhuM areHcoMm mito
JOBOJU 10 Tpolieca peaykimje u Gopmupama oarosapajyher komruiekca ruiatune(ll). Beha
KOHIIEHTpaluja Xjopuaa y pactBopy nosehasa ctadminoct komruiekca [Pt(N-N)Cly].

Jla OM ce MOTBPAMIIO MPHUCYCTBO aKBa KOMIUIEKCA y CHCTEMY, Tj. MPOIEC XHUAPOIH3E
MOJa3HOT KOMILIEKCa, MMOCMAaTpaHa je MpOMeHa amncopOimje pactBopa y (YHKIHjU TallacHe
Oy)XHHEe 3a cepujy pactBopa komiuviekca [Pt(en)Cl], y oxmcyctBy xiopuma u y HpHUCYCTBY

pasMuuTHX KoHIleHTpanuja xjaopuaa (Ciuka 3.22).

a) b)

0.54 mocie 1 h 0.5 mocae 1 h

0.3

0.2+
nocie 1 qana

0.1

. T T T T T | 0.0 T T T T T 1
330 360 390 420 450 480 510 330 360 390 420 450 480 510

nm nm
c) d)
054 nocze 1 h 054

mocae 1 h

|

0.4

0.3

0.2 1 0.2

nocne 1 qana\\ nociae 1 qana

0.1+ 0.1

0.0 T T T T T 1 0.0 T T T T T 1
330 360 390 420 450 480 510 330 360 390 420 450 480 510

nm nm

Cnuka 3.22. Uv-Viscnexmpu pacmeopa xomnnexca [Pt(en)Cly] (1 x 10°M) na pH = 7,2u 37 °C
cnumanu a) y oocycmey NaClnocne 1 h, 3 h, 4 h, Dana; b) y npucycmsy 0,05 M NaClrocre
1 h, 3 h, 4 h, Dana; c) y npucycmey 0,1 M NaClnocre 1 h, 3 h, 4 h, Dana; d) y npucycmey
0,2 M NaClnocre 1 h, 3 h, 4 h, bana
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VcnutuBama cu BpieHa npu KouieHtpamujama o 0,05, 0,1u 0,2 M NaCl,a Uv-Vis
CIIEKTPH Cy CHHUMaHHU Iociie TauHo nedunaucanor BpemeHckor uatepsaia (1 h, 3 h, 4 lt 1 nana).
Ha ocHOBy 100MjeHHX pe3ynTata MOXe Ce BHJCTH Ja arncopOaHIa 3HAYajHO OIaja y CHCTEMY
o0e3 nonaror NaCl,rze je xunponusa Haj3acTyrubeHHja. Y cuctemuma y kojuma je noaat NaClca
nopactoM koHneHrpaiyje goaator NaCl cy3ouja ce mporec Xuapomu3e U IpoMeHe arcopOaHiie
Cy Mame.

Takohe, caummen je UV-Vis crmekrap pacTBopa aksa kxommiekca [Pt(en)Ch(H.O)]" y
KOjH je MOTOM, JUpeKkTHO y KuBeTy, mpoaat uBpct NaCl mo xounenrpanuje 0,2 M. Criekrap je
CHAMJbCH NMOHOBO HakoH 1 nana, a 3atuMm cy ynopehuBanu (Cnmka 3.23). Jlomatkom NaCly
pacTBop amcopbumja ce nosehapa, mTo 3Ha4M Aa je kommuekc [Pt(en)Ch(H.0O)]" npesenen y
[Pt(en)Clh]. Ha oBaj HauuH je jomr jenqHom notBphena unmennna na ce gogatkom NaCl cyzouja
XMIpOJIU3a KoMIUlekca, kKao u ga koumentparuja NaCl uma yrumaja Ha KOHCTaHTy Op3uHE

penykuuje, Ko.

[Pt(en)CL(H,0)]" ca 0,2 M NaCl

/ CHUMJbeH mocie 1 gana

[Pt(en)CL(H,0)]
6e3 NaCl

00 . T T T T T T T T T T T 1
330 360 390 420 450 480 510
nm
Cnuxa 3.23. UV-Vis cnexmpu pacmeopa xomnaexca [Pt(en)Ch(H-0)]" (2 x 103M) y oocycmey
NaCl (obeneancen yprnom d60jom) u y npucycmsy 0,2 M NaClcuumwven nocne 1 oana (obenexcen

ypeerom 60jom)
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ITojaBa onceuka ce, ca apyre cTpaHe, MOXKE€ OO0jaCHUTH CTBapameM TUHYKJICapHOT
npenasHor crama m3melhy komruiekca matuHe(lV) u mnatune(ll) ca xmopumHuUM joHOM Kao
MocTHHM JurangoMm. Kao pesynrar tpancdepa enekrpoHa xomiiekce muatune(lV) rydm nBa
aKcujanHa Juranaa u npenasu y komruieke miature(ll), mox ce monaszuu miartuHa(ll) komriekce
okcuayje mo miaruue(lV). Ca mopacToM KOHIIEHTpAIMje XJOPHIA y pacTBOPY JaKiie je
YCIIOCTaBJbakhe MOCTA.

Pesynratn y TabGenu 3.3 mokasyjy na Op3uHa KOjOM Ce OJIBHja PEAyKIMja KOMILIEKCA
wiatuae(lV) mo xomrutekca turatune(ll) 3aBucu m ox kmcemoctd pactBopa. Ha pH = 7,2
penykimja je oko 5-30 myrta Opxa Hero Ha PH = 2,0,mTo ce M0BOAM Yy Be3y ca pa3IMuUTUM
NPOTOJIMTHYKUM OONHMIMMa Jurananga. V3 nurepaTypHHX MojaTaka Cy IO3HaT€ KOHCTAHTE
kucenocty 3a GSH (pka1 = 2,05 pKx = 3,40 pKis = 8,79 pku=9,49), L-Cys (pki=1,9 pkeo =
8,1 pKas = 10,9)u L-Met (pKa1 = 2,65 pKpo = 9,08)'*' Ha OCHOBY OBHX TOJaTaka MOXeE ce
3aKkJbyuuTH Aa je Ha PH = 2,0tnonna rpyna y monekyinuma GSHu L-Cys nporoHoBana, na je
dbopmupame akTuBUpajyher komiuiekca otexxano. Ha pH = 7,2tuonne rpyne GSHu L-Cys cy
napIyjaiHo JACMPOTOHOBaHE MTO yTUYe Ha moBehame Op3uHe peakiuje. PeakTHBHOCT THOJATa
(RS) nupektHO 3aBHCH 01 0A3HOCTH MPOTOHA, JOK CTEPHU e(pEKTH HEMajy BEJIMKH YTHIQ] Ha
Op3uHy peakije. BpeqHOCTH 3a KOHCTaHTy Op3uHE peaykije Hekux komiuiekca ruiatune(1V)
KOj€ YKJbY4Yy]y CBE MPOTOJMTHYKE OOJMKE THOJA Cy paHHje z{equHcaHeso U OHE Cy Yy
carjacHOCTH ca pesynratuma y Tabemn 3.3.

Oxcupanuja tHoetpa, L-Met, je takohe daBopmzoBana Ha BummM PH BpegHOCTHMA
pactBopa. Tpancdopmaija THoeTpa 0 cyapOoKCHIa Ce OJBHja HAMAI0M XHUIAPOKCHIHE TPyIe Ha
aTOM CyMIOpa, HAaKOH uera Ccleau JenpoToHanuja jgodujeHor mpowusBona. I[Iporec
JenpoToHanuje ce Texxe onsuja Ha PH = 2,0.Ha oBaj HauuH ce oOjamimaBa Beha peakTHBHOCT

L-Met na pH = 7,2.
3.3.2.'H NMR mepema

Penyknujom komruiekca tuiatuae(lV) kao kpajibl NMPOM3BOIM HACTAj)y OAroBapajyhu
xommexe miatuue(ll) i okcHmoBaHM 06K peaykTanaTa. ° Jla Gu ce IOTBPINIA YMIHEHHIA A
ce Kao TJaBHU TNpou3BojJ peakuuje uamely xommuiexca ruatuHe(lV) um rimyratmona nobwuja
xomiutekc TatuHe(ll) m okcmmoBanm o0nmk riyratnoHa, GSSG, mcnuTHBaHa je peakiuja

[Pt(en)Ch] xommiekca 1 GSHmomohy *H NMR crekrpockommje. Peakimja je n3ydasana y DO
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Ha 22 °Cu pD = 6,4 (pD = pH + 0,4%° Paxu anamuse pesynrata yropehusanu cy crexrpu ()
(4 mM) penykoBanor obmika GSH, (b) (2 mM)okcunosanor obimka GSSGu (C) cmere
(2 mM) [Pt(en)Cl] xommiekca ca (4 mM) GSH (Crnmka 3.24).

|

Cnuxa 3.24. '"H NMR cnexmpu y DoO na 22 °Cu pD = 6,43a a) 4 mM GSH, b) 2 mM GSSG,
C) npous600 peaxyuje 2 mM [Pt(en)Cl] komnrexcau 4 mM GSH

dopmupame okcuaoBaHOr o0iuKka rinyratioHa, GSSG,y Toky peakimje je moTBpheHo
OJICYCTBOM MYJITHUIUIETA Ha XEMHJCKOM IMoMepamy O = 3 PPM, KOju TOTHYE OJI MPOTOHA
Cys-RCH rpyme u3 monekyna GSH. Ha xemujckom nomepamy 6 = 3,06 ppmu 6 = 3,36 ppm
HacTaje ay0ser aybieTa Koju ce, Takohe, MOry IpUMETUTH Yy crnekTpy okcuioBaHor GSSG.Y
CHEeKTpy je mpuMeheH M CUrHaJl Ha XeMHUjcKoM moMepamy 6 = 3,35 ppm,koju oxarosapa
MetuiaeHckuM npotonuma tuiatuHa(ll) xomriiekca, nok curhan Ha 6 = 3,37 ppmoarosapa
MmetuiaeHckuM nporornnMma tuatuHa(lV) komrutekca. Ha oBaj HaumH motBphena je pemykuuja

komriuiekca iatuae(lV), kao u okcuaanuja mosiekyna GSH.

3.4. UcnuTuBame CYyNCTUTYHHOHUX PEaAKIHja HOBHUX JIHHYKJIeapHUX

miaatuna(ll) koMmiekca ca THOypeoM, IJIyTATHOHOM H I'yaHO3HH-5'-MoHO(pOChaTOM

Cyncrurynuone peakimje munykieapaux [{ transPtCl(NHg)z} 2(u-mupazun)](ClO,),
(Pt1), [{transPtCI(NHs)2}2(u-4,4-ounpuaun)](ClOy4), - DMF (Pt2) u [{transPtCI(NHs)2} 2
(u-1,2-6uc(4-mupumun)eran)|(ClO,), (Pt3) xommiaekca ca Tu, GSHu 5-GMP npoyvaBane cy
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Uv-Vis cniekrpodortomerpujcku Ha 37 °C.Peaknuje cy ucnutuBane Ha PH = 7,2y 25 mMxenec
nypepy y3 noxatak 20 mM NaCl. Peakimje cyncturynyje aHajlOTHHX JHAaKBa KOMIUIEKCHUX
joHa [{ trans-Pt(NHs)2(H20)} 2(u-mmapazun)] ** (Ptla), [{transPt(NHs)2(H20)}2
(u-4,4'-6umupuaun)]** (Pt2a) u [{ transPt(NHs)2(H20)} o(1+1,2-6uc(4-mpummn)eran)]** (Pt3a)
n3yyaBane cy Ha pH = 2,5y 0,01 M NaClQ. Ha Cnukama 3.25, 3.26u 3.27 npukaszane cy

CTPYKTYPHC (bopMyne HCIIMTHBAHUX KOMILJICKCA U JIMT'aHaaad.

Cl NH H3N Cl
/////, N 3 3 ///// \\\\\\

H3N/ PQN/ \ V\/ I:>t\\\N Hs
\—/

o),

[{transPtCI(NH),} o(u-mupasun)](ClO,), (Pt1)

NH HsN Cl
Cl/////, \\\\ 3 3 //,/,' \‘\\\\\\

HN/ P&N \ o N/ Pf\NH <CIOA)2*DMF
N A

[{ transPtCI(NH),} 2(u-4,4’-ounmupuann) | (ClO,), - DMF (Pt2)

H3N,/// ’ \\\\\\\CI
NH; — 'pi

Pt \
NN AT T

Cl

[{ trans-PtCI(NHs)2} 2(u-1,2-6uc(4-mupunun)etan)](ClO,), (Pt3)

Cnuxka 3.25. Cmpyxkmypue ¢popmyne komnaexca Ptl, Pt2, Pt3

-85 -



Pezyimamu u ()uCchuia pesyimama

4+

HZO,// \\N Hsy HaNj, WO
R N/ \Mpt\
N/

[{ trans-Pt(NHs)»(H-0)} o(u-mupasun)]** (Ptla)

0y, N HSN//, WO

/ \ Pt\NH
a \ /" 3

[{ trans-Pt(NHs)»(H,0)} o(u-4,4’-6umupunnn)]** (Pt2a)

—_— 4+

HZO,// \\\N — /"pf‘\NH
o \/ \ /™

[{ trans-Pt(NHs)»(H-0)} o( 1-1,2-6uc(4-nupumun)eran)]* (Pt3a)

Cnuxka 3.26. Cmpyxkmypne ¢popmyne jona Ptla, Pt2a, Pt3a
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SH S
O '(';
HOOC N_ _~ COOH
\(\)LH \/ HZN/ \NHZ
NH, o)
GSH Tu
0
:J}\l
‘ NH
3
0 N NH,
_O T—
>

Cnuxka 3.27. Cmpykmypne popmyne ucnumusanux iueaaoa

Cynctutuiione peaknuje auHykineapuux ratuHa(ll) komrutekca ca  OHONOIIKH
3Havajuum Hykieopunuma (lllema 3.6) nemamajy ce y jaBa y3actonHa kopaka. [IpBu kopak
nojipasymMeBa CYINCTUTYIHjy jemHOr oj JaOwiHuX (XJIOpHIO WM aKBa) JIMraHaja u3
KOOpAMHAIMOHE c(epe IMOJIA3HOT KOMIUIEKCa. Y APYroM KOpakKy ce BPIIU CYNCTUTYIHja jOII
JEeIHOT O MaOWIIHUX JIUTaHa/la U3 KoopAuHauoHe cepe nuHykiaeapHor komiiekca. [Iporec je
OKapakTepHcaH JBeMa KOHCTaHTamMa Op3WHE. KOHCTAaHTOM Kj, KOja Tpe/cTaB/hba KOHCTAHTY
Op3uHe peakiyje APYror pesia 3a NPBU KOpPaK CYNCTHTYIH]E, © KOHCTAHTOM Kp, KOja Tpe/icTaBsba

KOHCTaHTY Op3HMHE peakiije Jpyror pesia 3a Ipyru Kopak CylCcTUTYIH]e.
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NH;  NHz Ny X NH;  NHz Ny x NH;  NHs
X—Pt—L—Pt-X == Nu—Pt—L—Pt-X === Nu—Pt—L—Pt—Nu

NH;  NH, NH3  NHj NH; — NH,

X =H)0, CI
Nu = Tu, GSH, 5-GMP

L = nupasuH, 4,4’- ountupuaus, 1,2-6uc(4-nupunni)eTan
Ilema 3.6.

CBe peaknuje Ccy wu3ydyaBaHE Kao peaklHje nceyoo-TPBOT pena, Npu UYemy je
KOHIICHTpallMja JIMTaHajga Owja y BEJMKOM BHIIKY y OJHOCY Ha KOHIIEHTPALM]y MOJa3HOT
KomIuiekca. [loBe3aHOCT KOHCTaHTe Op3MHE peaKilyje nceyo-MpBor peja 3a MPBU U IPYTH KOPaK

cyncrurynuje, Kopsdit Kopsda ca koHcTanTama Ky u Ky nata je jemnaunnama (3.4.1)u (3.4.2):

Kbsar= ki[Nu] (3.4.1)
Kbsa2= ko[Nu] (3.4.2)

Ha cnuin 3.28 npukaszanu Cy eKCIIEpUMEHTATHO JO0MjEHU PEe3yITaTH 3aBUCHOCTH Kopsd1
U Kopsd2 OJ1 KOHIICHTpaIlMje JIMTaHada 3a peakifje CYNCTUTYIHje MCIHMTUBAaHHMX jauakBa Ptla,
Pt2a u Pt3a xommiekca va pH = 2,5y 0,01 M NaClQ. Kao miro ce Moxe BHICTH y CBHM
clyyajeBUMa je JoOujeHa JMHeapHa 3aBUCHOCT. Takole, cBe noOujeHe IpaBe Iojase U3
KOOPJIMHATUBHOT TIOYETKA, IITO 3HAYU JIa j€ MOCTOjarhe MOBPATHUX WJIM IMapajelIHuX peakiiyja

HCKJbYYEHO.
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Ptla
6 12
Kopsar /s™ MpBY kopak 10? Kopsap /S ™ Apyrv kopak GSH
10 A
4 g
5'-GMP.
61 n
2 2l
2 4
0 T T T T 'mﬂwM 0 10° [LYM
0 1 2 3 4 5 6 o 1 ) 3 4 5 .
Pt2a
36 10 y -
22 10% Kopsg1 /S ™ NpBKU KOpak Tu 10" Kobsd2 /S ApYyr1 Kopak
28 1 8 1 GSH
24 1
6 e
20 1
16 N
12
8 1 5
N 3
3 10° [LJ/M
ol : . . . IM[WM o ' ' ' ' ' [L]
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Pt3a
16 6
10° Kopear /™ npeu Kopak 10° Kopsaa /8™ Apyrv kopak GSH
12 A
4 -
g -
2 -
4 -
5-GMP
’*/‘—’*’*—3’— 10° [LYM
0 T T T T T 10 [Ljm 0 T T T T T [L]
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Cnuxa 3.28. 3asucnocm xoncmanme 6p3uHe peaxyuje nceyoo-npeoe peoa 3a npsu, Kopsdy U 3a

opyeu, Kopsdqa xopax cyncmumyyuje Ptla, Pt2a u Pt3a xomniexcnux jona 00 xonyemmpayuje
nueanada na 37 °C, pH = 2,5 0,01 M NaClQ
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BpenHocTu 3a KOHCTaHTe Op3uHE peakuuja apyror pena, Ki u Ko, u3pauynarte u3 Haruba

NOOMjeHMX TpaBa, npukaszane cy y Tademu 3.5.

Tabena 3.5. Koncranre Op3uHe Apyror pejia 3a CyNCTUTYLIMOHE peakuuje nuaksa Ptla, Pt2au

Pt3a kommiekcuux jona Ha 37 °C, pH = 2,5 0,01 M NaCIQ

Ptla
IIpeu xopak 10%ky/M s AH?/kJ mol* AS13 K'mol™
Tu 78000 + 2800 - -

GSH 35600 + 800 - -
5-GMP 17300 + 800 46 + 2 -56+5
Jpyau kopak 10%ko/M s AH?/kJ mol* AS13 K'mol™

Tu - - -
GSH 1800 + 100 - -
5'-GMP 1140 + 50 41+1 -94 + 3
Pt2a
Ipsu kopax 10%ky/M st AH?/kJ mol* AS1J K*mol™*
Tu 540 £ 20 - -

GSH 310+ 20 - -
5'-GMP 94 +5 77+2 -23+5
Jpyeu kopak 10k /M st AH?/kJ mol* AS1J K'mol™*

Tu - - -
GSH 12,7+0,2 - -
5'-GMP 10,3+0,9 113 +2 -89+5
Pt3a
Ipsu xopax 10°ky/M s AH?/kJ mol* AS1J K*mol™*
Tu 260 £ 10 - -

GSH 99 +3 - -
5'-GMP 32,0+0,5 64 +3 -48 + 8
Hpyau kopak 10Pk/M s AH?/kJ mol* AS13 Kt mol*
Tu - - -

GSH 9,1+0,8 - -
5'-GMP 6,4+0,2 53+1 -95+ 3

Ha ocHoBy nmobOujeHnx mojaTaka jacHO c€ BUIM Ja pejl PEaKTHUBHOCTH HCTUTHBAHUX
JIMaKBa KOMILJICKca onajaa y Hu3y: Ptla > Pt2a > Pt3a. Hajseha peaktuBHOCT Ptla kommiekca
ce MOJKE TPHUIHCATH CMamemy eleKTpoHcke ryctuHe Ha muiatuHa(ll) joHy, mTo je m3a3BaHO
T-aKIENTOPCKUM 0COOMHAaMa MOCTHOT JIMTaH/1a MMpa3rHa, KaJla MeTal MocTaje eaeKTpopIHujU,

11a je Be3uBarbe yIa3Hor Hykieoduma opxe.
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Kommnexkcuu jouu Pt2a u Pt3a nokasyjy oko 100 myTa Mamy peakTUBHOCT y nopehemy
ca Ptla Ilpupona 4,4-6unvpumuna u 1,2-6uc(4-nupuanin)eraHa Ka0 MOCTHHX JIMTaHaIa HE
oMoryhaBa 100py €lEeKTPOHCKY KOMYHMKanujy usMmel)y aBa joHa Merana, ra Cy OHM Mambe
enekTpoduITHu.

Pen peakTMBHOCTM W3ydyaBaHMX JUraHajga omajga y Huzy: Tu > GSH > 5-GMP.Y
cinydajy Tu kao Hykieodusa, IpBH CYIICTUTYIIMOHU KOPakK je jako Op3a peakiiyja, y K0joj 10J1a3u
10 cymcrutynmje oba maGuaHa Moiekyma Boge. " JIpyrH KOpaK CYICTHTYLHje je 3HATHO
CIIOpHUjU U OH INPE/CTaBJba CYNCTUTYLIM]y MOCTHOT JIMTaHJa MOJIEKYJIOM TU, IITO je mocieauma
CHaXXHOT trans-edexra Beh koopauHOBaHe TU y MpBOM Kopaky peakivje. Ko azor-moHOpCKUX
JIMraHaja oBaj edeKar je 3HaTHO cabuju. >+

[Topen Tora, komriekc Ptla pearyje ca TU nBa pena BenmuuuHe OpKe y OJJHOCY Ha JApyre
UCNHUTUBAHE JWAaKBa KOMIUJIEKCE, IITO je y CarjacHOCTH ca IyOJIMKOBAaHMM pe3ylTaTHMa 3a
peaKiije CpONHNX AMHYKIeapHux Komiuiekca miatuue(ll) ca Tu 16118152

PeaktuBHocT GSH mpema m3ydaBaHUM KOMIUIGKCHMMA j& 3HATHO Mama. Y3umajyhu y
063up pKa Bpensoct 3a GSH (pkay = 2,05 pKo = 3,40 pKs = 8,791 pKas = 9,491* Ha
pH = 2,5 thonHa rpyna je mpoOTOHOBaHA, IITO JOBOJAW JO OTEKaHE KOOpIAHMHAIMjEe aToMa
CyMIiopa 3a jOH MeTaJa.

Peakuuje cyncrutynuje ca GSH ce Ttakohe onBujajy y mBa kopaka. IIpBu kopak
npecTaBba CYNCTHTYLH]Y jeAHOT JaOMIIHOT MOJIEKYyJa BOJE TPUIENTHAOM, JIOK C€ Yy APYroM
KOpaKy BpIIM 3aMeHa JpYyror JAa0WIHOT MOJIeKyJda Boje. Ha OCHOBY moparaka IaTHX Yy
Tabemu 3.5, Moxe ce BUIETH Ja je Apyru peakunonu kopak 30-50myra criopuju y ogHOCY Ha
npBu. To ce Moxe oOjacHUTH ToBehamkeM CTEPHHX CMETHHU KOj€ HACcTajy HaKOH KOOPAHMHAIU]E
npBor monekyina GSH. Ilopex Tora, apyru peakiuoHU KOpak je CIOpHju U 300T MPOMEHE
YKYITHOT HaeJleKTpucama KoMIUlekca. Hamme, HakoH Be3uBama jeaHor wmosekyna GSH
HACJIGKTPUCAkEe KOMIUIEKCa ce cMmamyje on 4+ Ha 3+, ynMMe ce HCTOBPEMEHO CMambyje
enektpoduaHocT mratuaa(ll) joua.

HcnuruBame unTepakiuja GSH ca nunykineapuum komriuiekcuma rnatuae(ll) mory
UMaTl BEJUKUM OWOJIOIIKM 3Hauaj, ysumajyhum y o03up npa je GSH Haj3acTyrubeHHju
uHTpane ynapau tuoi. J{oopo je mosuaro aa riatuHa(ll) jon mako pearyje ca GSH,tako na ce
oK0 67% yHeTe HMCIUIATHHE Y OpraHu3aMm Besyje ymnpaso 3a Mosiekyn GSH.U3 tux paznora GSH
ce KOPHMCTH Kao 3alUTUTHHU PEareHc, MpH YeMy ce YHOCH Yy OpraHu3aM Ipe M HAKOH yrnoTpebe
mucriatuie.”© Fherosa ymora je ABOCTpyKa, jep OH MMa CIOCOOHOCT aKTHBALWje, ald M

- 153 .
JleaKTUBAaIMj€ IUCIIaThHe. — Takohe, mpuMeheHo je ma ce peakTUBHOCT LHUCIIIaTHHE rmoBehaBa
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YKOJIMKO Ce€ y opranusam yHocH 3ajeHo ca GSH. Mexanuzam oBor mporeca jour yBeK HHje
MOTIYHO pa3jalllkbeH U MPEAMET j€ MHOTOOPOJHUX UCTPaKHBambA.

Peaxmuje cynctutynyje ucnuTuBanux auakea Ptla, Pt2a u Pt3a xommiekca ca 5'-GMP
ce Takohe smemraBajy y JBa y3acTollHa Kopaka. [loa n3aOpaHUM eKCIIepUMEHTAJIHUM yCJIOBHUMA
(pH = 2,5),ko0opaunanuja 3a matuHa(ll) jou ce onsuja mpexo N7 atoma Hykieotuaa, jep je N1
aroM mox oBuM ycioBuma mpotoHoBaH (pKa = 9,3).TIpBu kopak peaxije IMpeacTaBiba
CYNCTUTYLIHJy jE€JHOI MoJleKyla Boje MojekyioM 5-GMP, nok ce y apyrom kopaky
CYICTUTYUIIIE U JIPYyTU MojeKyn Boje. CTepHe CMETHEe MOCTHHUX JIMTaHala ce y MPBOM KOpaKy
MOTY 3aHEMapuTH, jep je MpucyTHa cioboana potamuja oko Pt-N Besa. Mehyrum, y apyrom
KOpaKy CTepHE CMETH-¢, HacTalle Kao IMOCIenulla Be3WBama jeJHOT MOJIEKYJa HYKIICOTHA, Ce
Mopajy y3etu y o63up. HaenexkTpucame KOMIJIEKCa MOKE UMATH Ba)KHY YJIOTY Y pasyMeBamby
PEaKTUBHOCTH KOMILIEKCA TpeMa HykJeoTuay. HakoH koopauHanuje npBor mosekyna 5'-GMP
HaeJIeKTPUCAake KOMILIEKCa Ce CMamyje Ha 2 +, IITO 3a MOCIeAnIly uMa rnoBehame eJIeKTPOHCKE
T'yCTHHE JOHa MeTaJla, YMME C€ 3HaYajHO YCIopaBa JAPYyru KOpak.

Ha ocHoBy momaraka m3 Tabene 3.5 Moke ce BHUACTH Ja je TPOIEC CYICTHTYIIH]jE
M3yYaBaHUX akBa komiuiekca ca 5'-GMP wHajcnopuju y omHocy Ha ocrtaie. On omaOpaHux
nuraHaaa jeauHo modiekyn 5-GMP cmaga y rpyiy a30T-JIOHOPCKHX JMraHaaa, a Joopo je
No3HaTo Ja je y mpouecy cyncrutynmje komiuiekca martune(ll) d¢opmupame Pt-S Bese
KHHETHIKH (haBOPHU30BAHO, 0K CY jenumersa ca Pt-N Be3om TepMoauuamuaky crabumamja. >

Peaxiuje cyncrutynuje auxiaopuno Ptl, Pt2 u Pt3 xommnekca cy ucnurusane Ha 37 °C
u pH = 7,2 (25 mMxenec nydep) y npucyctsy 20 mM NaCl.Cse peaknuje cy npahene moj
yCIIOBUMa peakiinja nceyoo-mpBor peia, Ipy 4eMy je KOHIIEHTpaIyja Jiuranaa owia Hajmame 10
nyta Beha y 0JIHOCY Ha KOHIIGHTpAIM]y TMOJIa3HOT KoMriuiekca. [loBe3aHOoCT KOHCTaHTe Op3uHE
peakiyje nceyoo-NpBOI pena 3a NPBH U APYIM KOpak CyncTHTynHje, Kopsd1 B Kopsda ca

koHctanTama K; u ky mara je jennaunnama (3.4.3)u (3.4.4):

Kobsd1= ki[NU] (3.4.3)
Kbsa2= ko[NU] (3.4.4)

Cyncrurynunonu npouec auxiopuno Ptl, Pt2 u Pt3 xommiekca ce Takohe Bpm y aBa
y3acToIHa Kopaka, Kao 1mto je npukazano Ha llemu 3.6.Ha Cnoumm 3.29mnpukasana je nuHeapHa
3aBHCHOCT KOHCTaHTE Op3MHE peakiuje ncey0o-pBOT peAa 3a MpPBU W APYTH KOPaK
cynctutyiuje, Kopsdii Kopsgz Y QYHKIMjU KOHIEHTpanuje nuranaaa. M3padyHare BpeHOCTH 3a

koHcTaHTe Ky 1 Ky nare cy y Tabenu 3.6.
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Ptl1
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Cnuka 3.29. 3asucnocm xoncmanme 6p3une peaxyuje nceyoo-npeoe peoa 3a npeu, Kopsds U 3a

opyeu, kopsda xopax cyncmumyyuje Pt1, Pt2 u Pt3 xomnaexca 00 xonyenmpayuje nueanada na
37°C, pH=7,2, 20 mM NaCl
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Ta6ena 3.6.Koncrante Op3uHe APyror peaa 3a CYNCTUTYIIHOHE peakiuje auxiaopuao Ptl, Pt2 u

Pt3 xommuiekca va 37 °C, pH = 7,21 20 mM NaCl

Ptl1
IIpsu kopax 10%ky/M st AH?/kJ mol* AS1J Ktmol™*
Tu 156 + 7 - -

GSH 9 +4 - -
5'-GMP 8,7+0,6 72+2 -32+5
Jpyeu xopak 10Pk/M s AH?/kJ mol* AS13 K'mol*

Tu - - -
GSH 16,8 +0,5 - -
5'-GMP 1,4+0,1 68 + 6 -57£19
Pt2
IIpsu kopax 10%ky/M st AH?/kJ mol* AS13 K'mol™*
Tu 130 +7 - -
GSH 79+3 - -
5-GMP 6,1+0,4 73+2 -33+5
0,71 +0,08
Jpyeu kopak 10k /M st AH?/kJ mol* AS1J K*mol™*
Tu - - -
GSH 7,7+0,6 - -
5'-GMP 1,2+0,1 63+5 -75+15
Pt3
IIpeu xopak 10%ky/M st AH?/kJ mol* AS13 Kt mol*
Tu 80+4 - -
GSH 36+2 - -
5-GMP 49+0,3 75+2 -35+6
0,57 + 0,01
Hpyau kopak 10Pk/M s AH?/kJ mol* AS13 K'mol™
Tu - - -
GSH 3,3+0,2 - -
5'-GMP 0,63 £ 0,04 77+2 -32+5

*oucranra onpehena

nomohy "H NMR crekTpockomnuje
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Ha ocHOBy noOujeHHMX pe3ynTata MOXE C€ YOUYHTH Ja pPEenocie] pPEeaKTUBHOCTH
WCIUTHBAHUX KOMIUIEKca omaaa y Huzy. Ptl > Pt2 > Pt3. OBaj penocien peakTHBHOCTH je Y
CarjJacHOCTH Ca PeIoCye/IoM KOju je MOOWjeH 3a MCIUTHUBAHE aHAJOTHE JHAaKBa KOMIUIEKCE Ha
pH = 2,5.

Penocnen peakTuBHOCTH KOpHWIINEHMX JIMTaHaJa je UCTH Kao y CIy4ajy peakiuja
CYICTUTYIMje nuakBa komruiekca: TUu > GSH > 5-GMP.3a peakuujy ca Tu apyru xopak je
M3Y3€THO CIIOp, jep BE3WBAKEM j€HOT MOJIeKyna TU nonasu 10 noBehama 1a0MITHOCTH MOCTHOT
JUraHja, Kao mocieauia cHaxHor transedekra. 3a pasnuky oa tora, GSHu 5-GMP ca
WCIUTHBAHUM KOMIUIEKCHMA pearyjy Tako IITO C€ y MPBOM KOpPaKy CYINCTUTYHIIE jeAaH, a y
JIPYrOM peaKIMOHOM KOpaKy APYTH XJIOPUIHU jOH.

YnopehuBamem peaktuBHoctd Ptl, Pt2 m Pt3 kommuiekca ca HWUXOBUM JHaKBa
aHaJo3UMa MOXE C€ YOUYHTH 3Ha4ajHO Mama PEaKTUBHOCT XJIOPHIO KomIulekca. CmameHa
PEaKTUBHOCT C€ JOBOJW y Be3y ca jabwiHomhy ojanasehux nurananma, Kao M ca CMambeHOM
enekTpoduaHOmhy MeTajgHOr IIeHTpa, KOja HacTaje Kao IMOCJeIuIla CMambema YKYITHOT
HaeJIeKTpUCaba KOMIUIEKCA.

HcnutuBameM peakiyja CYNCTUTYIHje HW3y4YaBaHMX Komiuiekca ca 5-GMP Ha
pasIUYUTHM TeMmIiepaTypama omoryhwio je oapehuBame BpeaHOCTH TEPMOIMHAMHYKUX
napamerapa, TaGene 3.5 u 3.6. Heraruue Bpemmoctd 3a AS’ ykasyjy Ha aconujaTHBHH
MEXaHH3aM CYNCTUTYIIH]j€, KOjU TPEeCTaBiba ONIITE MpuxBaheH MeXaHHW3aM 3a CYNCTHTYIHOHE

peakiuje KBaapaTHo-TuilaHapHux komiutekca riatuae(ll). 13,155

3.4.1."H NMR kunermuka mMepema

Kunernka cyncturynnonux peakmmja auxigopumo komiuiekca [{ trans-PtCl(NHg)2} 2
(u-4,4-ourupuun)|(ClOy), - DMF (Pt2) u [{trans-PtCI(NHs)2} o(u-1,2-6uc(4-mupu )
eran)](ClOy4), (Pt3) ca 5'-GMP ucnurusana je "H NMR crekxrpockommjom y DO na 22 °C.
Peakimje cy npahene y momapuom oxHocy 1 @ 2 omiutekc . auranm), A0k je pD BpemHocT
pactBopa 6uina 6,7.

3a u3yuaBame kuHeTHke ca 5’-GMP oBom MeTomom Hajuenihe ce KOPUCTE CHTHAIU 3a

H1' u H8 mpoTtoHe U3 MojeKyna HyKJIOTHA, jep C€ Ha OCHOBY NPOMEHA HUXOBHX XEMH)CKUX
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noMepama HajooJbe MOXKe TpaTUTH KoopauHanuja npeko N7 atoma Hykimeoruaa 3a miatuay(ll)
JOH.

V ciyuajy peakuuje cycnrutyimje Pt2 xommiekca (Cruka 3.30)CHHIIIET KOjU IIOTHYE O
H8 nporona ce mpekiana ca MyJITHIZIETOM HAcTaJIOT MIPOM3BOJIA PeaKIyje, TaKo Ja 0Baj CUTHAI
HUje KopHuIIheH 3a u3pauyHaBama. Y cliydajy OBE peakluje mocMatpas je nyoser H1' nmporona
u3 Mosiekyna 5’-GMP, xoju ce ko c10001HOT (HEKOOPIMHOBAHOT) JMTraHAa Hanasu Ha O = 5,95
ppm. HTeH3UTET OBOr CHUTHAJIA CE€ TOKOM pEakIiMje cMamyje, I0K C€ UCTOBPEMEHO TI0jaBJbyje

curran Ha 0 = 6,12 ppnox koopauaoBaHOT 5’-GMP, uiju UHTEH3UTET Ca BPEMEHOM pPacTe.

27040 s

24860 s

20500 s

Cnuxa 3.30. *H NMR cnexmpu 3a peaxyujy (10 mM)Pt2 komnrexca u (20 mM) 5-GMPua
22 °C, pD = 6,7, (*) - HY cuenan croboonoe 5’-GMP; (+) - HL1' cuenan xoopounosanoz
5-GMP; (°) - CH cuenan uz 4-nupuouna; (A) - H8 cuenan cnoboonoe 5’-GMP;, () - H8 cuenan
npeoe koopounosanoz 5’-GMP; (A) - H8 cuenan opyeoe koopounosanoe 5'-GMP

Ha Cmmup 3.31 mpukasamn cy "H NMR crmexrpu 3a peakumjy cymcrurymmje Pt3
KomIiekca 1 Mojekyna 5'-GMP. Takolhe, y oBoM ciydajy curHan ox H8 npotona u3 monekyna
5’-GMP nuje Ouno moryhe mpaTuTH M3 MPETXOTHO MOMEHYTHX pasziora. MHTeH3uTeT mybnera

H1’ nporona u3 5’-GMP 3a cnoboxan nurang Ha & = 5,90 ppnte BpeMeHOM cMamYje, I0K ce Ha
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XEeMHjCKOM ToMepamy O = 6,05 ppmmnojaBibyje curHan koopauHoBaHor 5-GMP, uuju

HUHTCH3UTCT BPCMCHOM pacCTc.

o +
Mo L - s 63100 s
A . D A [} + *
Ao, ) I . e 58220 s
A O A ° ! + | *
NS JtA s ‘ o 53340 s
O
A . )i o, e 40120 s
O A o
A JN M A I,M * 31400 s
=) ° T
~h % ; i 22680 s
e JLA M M * 6980 s
O A o *
,.‘.m,m...ﬂ . My, M 1500 s

T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 ppm

Cnuxa 3.31. *H NMR cnexmpu 3a peaxyujy (10 mM)Pt3 komnaexca u (20 mM) 5-GMPrua
22 °C, pD = 6,7, (*) - HY cuenan croboonoe 5’-GMP; (+) - HL1' cuenan xoopounosanoz
5-GMP; (°) - CH cuenan uz 4-nupuouna; (A) - H8 cuenan cnoboonoe 5’-GMP; () - H8 cuenan
npeoe koopounosanoz 5’-GMP; (A) - H8 cuenan opyeoe koopounosanoe 5'-GMP

C 003upoM 1a Cy y TOKY peakiiyje MoYeTHEe KOHIEHTpaluje Juranaa (Cap) U KOMILICKCA
(Coo) pasimumte, BpEAHOCT 3a KOHCTAHTY Op3uHe K; oapeljeHa je Ha ocHOBY jemnaumne (3.4.1.1).
KoHIieHTpanuja mnpou3BoAa peakidje MpBOT KOopaka CYINCTUTYIHMjEe O3HA4YeHa j€ ca X, a

M3padyHara je Ha OCHOBY MOBPIIMHE CUTHAJIA KoopAnHOBaHOT 5'-GMP.

1 In Cho (CaO -X

_ )
klt B Cao "Cho  Cao (CbO - X) (321

Ha Cmukama 3.32 u 3.33 mnpukazane cy Tpapuuke 3aBUCHOCTH WiaHa
(2/(Cao-Co0))*IN[(C bo* (CaoX))/(Cac*(Cbo-X))] ¥ dyHKIMjH BpemeHa t 3a peakiuje komiuiekca Pt2 u

Pt3 ca 5-GMP. OBa 3aBucHOCT je JMHEapHa, a Jo0WjeHa IMpaBa Mpoja3d Kpo3 KOOPIWHATHU
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novyerak. Bpemnoctu 3a koHcTaHTy Ki, onpelieHe w3 marmba mpase, mate cy y Tabemn 3.6.
Koncranra Op3uHe Ipyror Kopaka CyNCTHTyLMje HMje oapeleHa, jep y OKBUpY Iepuona

n3y4yaBama peakiyja, CylcTUTYyLHja HUje Ona 3aBplieHa.

300

250 A

200 1

150 A

100 1

50 1

(L/(cao-coo)*In[(C bo*(Cao-X))/(C a0*(Coo-X))]

0 10000 20(0())0 30000 40000
t(s

Cnuxa 3.32. 3asucnocm (1/(Cao-Co0))*IN[(C bo*(CaoX))/(Cac*(Cbo-X))] v @pyuryuju epemena t 3a
peaxyujy cyncmumyyuje Pt2 komnnexcau 5’-GMP ua 22 °Cu pD = 6,7

IN
o
.
]

N

o O
!
]

10000 20000 30000
t(s)

o

Cnuxa 3.33. 3asucnocm (1/(Cao-Co0))*IN[(C po*(CaoX))/(Cac*(Cbo-X))] v @pyuryuju epemena t za
peaxyujy cyncmumyyuje Pt3 komnnexca u 5’-GMP una 22 °Cu pD = 6,7
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Komrcrante Gpsute peakumja cyncrurymuje Ki onpeherne 'H NMR crextpockommjom cy
oko 10 myra Mame y OJHOCY Ha KOHCTaHTe Op3uHe ucTUX peaknuja nodwmjeHe Uv-Vis
criektpodoTomMeTprjcku. JeqaH o pasjora je Taj mTo cy peakuuje npahene momohy Uv-Vis
criekTpooTomerpa m3ydasane na 37 °C, ok cy 'H NMR crekTpockomujoM m3ydaBame Ha
22 °C.C npyre ctpaHe, KHCEJIOCT pacTBopa Takohe mma yTHIlaja, jep cy peakuuje npahene
criekTpodoTomMeTpujcku m3vuaBane Ha PH = 7,2.]loOujene BpemHOCTH 3a KOHCTaHTe Ki ce y

: 112,156
,I[06p0_] MEpH CJIAXKY Ca JIUTCPATYPHHUM HoAalMMa 3a CPOAHE JUHYKIICAPHE KOMILJICKCE.

3.4.2. OnpehuBame pK, Bpeanoctu [{trans-Pt(NH3)2(H20)}2(u-nupaszun)]** (Ptla),
[{trans-Pt(NH3)o(H20)}2(u-4,4"-6umupuann)] ** (Pt2a) | [{trans-Pt(NH3)2(H,0)}>

(1-1,2-6uc(4-mupuann)eran)]*” (Pt3a) KoMmIeKCHHX joHa

pKa Bpemnoctm Ptla, Pt2a u Pt3a kommiekcHux jona ognpehene cy Uv-Vis
ciiekrpodoromerpujcku Ha 25 °Cy npucyctey 0,01M NaClQ,. CrekrpanHe npoMeHe HacTale
HAKOH CBaKor joaatka cranaapaHor pactBopa NaOH npukaszane cy Ha Ciukama 3.34, 3.351

3.36.

1.4-
1.2-
1.0

0.8|

0.6

0.4

0.2 1

0.0 =
T T T T T T T T T 1
200 250 300 350 400 450 500

nm

Cnuxa 3.34. Uv-Viscnexpmu 0obujenu moxkom mumpayuje ouaxsa Ptla komnnexcnoe jona y pH
obnacmu 00 2 0o 10y 0,01 M NaClQ na 25 °C.Vuemuymu epagux: 3asucnocm ancopbanye
00 pPHua A =380 nm
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0.0 T T T T T — = 1
200 250 300 350 400
nm

Cnuxa 3.35. UV-Vis cnexpmu dobujenu moxom mupayuje ouaxeéa Pt2a xomnnexcnoe jona y pH
obnacmu 00 2 0o 10 y 0,01 M NaClQ na 25 °C.Vmemuymu epaghux: 3asucnocm ancopbanye
00 PHHa A =285 nm

2.4~
204
1.64\\

1.2+

0.8

0.4

0.0 T T T T T T T T T T — T 1
200 220 240 260 280 300 320 340

Cnuxa 3.36. UV-Vis cnekpmu dobujenu moxom mupayuje ouaxséa Pt3a komnnexcnoe jona y pH
obnacmu 00 2 0o 10 y 0,01 M NaClQ na 25 °C.Vmemnuymu epaghux: 3asucnocm ancopbanye
00 pPHHa A =280 nm
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Ha ocHoBy rpaduka 3aBucHoctu PH pactBopa oj ancopbaniie Ha oapelheHo] TanmacHo]

nyxuHH, oapehyje ce PKy BpeaHOCT KOOPAMHOBAHMX MOJIEKYJa BOJIE, HA OCHOBY jeHAuYWMHE

(3.4.2.1).

y=a+ (b-a)/(1+2,718((x - pKar/m) + (C - b)/(L + 2,718((x - pKar)/N)) (3.4.2.1)

VY 0Boj jenHaunHM X ce oxHOCH Ha PH, ay Ha amncopOaniyy. [lapamerap a npeacraBiba BpeJHOCT
aricopOaHIle Ha IMOYETKY THUTpalmje, D je amcopbaHma y TOKy THUTpalgje, I0K C O3HayaBa
BpeIHOCT amcopOaHIle Ha Kpajy TuTpauuje. [lapamerpu M U N Cy y3eTH Kao ONTHUMAIIHE
BpeaHocTH arcopbaHiie y Toky tutpainuje. C 003upoM aa Ccy M3ydaBaHU KOMIUIEKCH JIHMaKBa

joHH, u3pauyHare BpenHocTH 3a PKa1u PKaz cBakor on mux aare cy y Tabenu 3.7.

Ta6eaa 3.7. pK, BpennocTu 3a Ptla, Pt2au Pt3a koMmiuiekcHe joHe

PKa1 PKaz
Ptla 3,94 £ 0,07 50+0,5
Pt2a 4,6+0,2 5,69 + 0,05
Pt3a 4,58 + 0,06 55+£0,3
Perf 3,93 +£0,03 5,69 + 0,03
Hegd 4,07 £ 0,02 5,27 + 0,06
Det 4,03 £ 0,04 5,06 £ 0,06
“Ped. 117

VcnutuBanu qUHYKJIEApHU KOMIUIeKcH cajapike jaBa ruiatuaa(ll) jona koju cy mehycoOHO
MoBe3aHu pasznuuutuM MocTHuM Jsmranguma (Cnmka  3.26). Bbuxoe pK, Bpemnoctn
MIPBEHCTBEHO 3aBHCE OJ1 pacTOjama joHa MeTalla U FlbUXOBE EJeKTPOHCKe TycTHHE. [IpeTxomHo je
MOMEHYTO J1a KOHYTOBAaHHU 7-€JICKTPOHCKM CHUCTEMH Y MOCTHUM JIUTAHJMMa I[OJIP)KaBajy
CIIEKTPOHCKY KOMYHHKAILMjy H3Mel)y 1Ba joHa MeTala Kox auHyKiIeapHux xommiekca.”®t’ To
noapasymena ja kpahe pacrojame u3mely joHa mMerana moBehaBa BUXOBY €NEeKTPOPMIHOCT, a

caMHM THM U KucesocT. 3ato ¢y PKar u pKaz BpeanocTu 3a Ptla Himke y o1HOCY Ha BPEIHOCTH

nooujene 3a Pt2au Pt3a. [lociie nenpoToHaiiyje mpBor KOOPMHOBAHOT MOJIEKYJIAa BOJIC, Y CBUM
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UCNIUTUBAHNUM JIMHYKIICAPHIM KOMILIEKCHMa, YKYITHO HaelIeKTPHUCAmhe KOMILIEKCa Ce CMambyje O
4+ na 3+. To 1oBOIM /10 OMaIama eNeKTPOGUITHOCTH APYTroT METAITHOT IEHTPA, A CY BPEIHOCTH
3a PKa2 y cBuM cirydajeBuMa Behe y 0JJHOCY Ha BpeHOCTH 3a PKay.

VY Tabenu 3.7 mpukazane cy auteparypHe BpeaHocT 3a PKai u pKaz nuHykieapHux
kommurekca trma [P(N,N,N’,N’- memparuc(2-mupuamnmeran) nuamun(H,0),]*, koju y cBojoj
CTPYKTYpH MMajy MOCTHM juraun ca 5, 7 u 10 mermnenckux rpyna. CTtpykTypHa (opmyia
JMXJIOPHUIO aHajora OBOT KOMIUIEKca je mpukazaHa panmje Ha Cmunu 1.10. Ha ocHoBy
JUTEpaTypHUX TIOAaTaKka MOXe ce HOTBpAUTH Ja Ha PK, BpeIHOCT BENWMKM YyTHIQ] HMa
pacrojame u3Mel)y aBa metanHa HeHTpa. Ha To ykasyje u Mama paznuka usmely pKai u pKaz
BPEIHOCTH KOJI KOMIUIEKCA KOjU Kao MOCTHH JIMTaHJ HWMa YIJbOBOJOHWYHHM Hu3 on 10
METHJICHCKUX TPyMa y OJHOCY Ha OHE KOMILJIEKCE KOJ| KOjUX je Mame pacTojame u3Mehy nBa

MeTajHa [eHTPA.

3.5.UcnuTHBak-€ HUTOTOKCHYHOCTH KoMIuiekca maatune(lV) u

AMHYKJIeapHuX KoMmiuiekca miuatuHe(ll)

[{uroToxcuunoct okraeaapckux komruiekca miatude(lV), [Pt(bipy)Cly], [Pt(dach)Cl] u
muaykiteapuux komruiekca miaatuHe(ll) Ptl, Pt2 m Pt3, ucnuTtuBana je mpema XyMmMaHUM
henmujckum muaUjama Tymopa jajauka (TOV21G), nedenor npea (HCT-116)u Me3eHXUMATHUM
matnyHuM henujama nobujenum u3 nepudepue kpeu (MSC). Ha Cimiu 3.37 npukaszanu cy
pe3yiTaTtd ucnuTUBama. JloOujeHm pesyntatu cy ynopehuBaHu ca IIMTOTOKCHYHOIINY

[UCIUIATHHE MTpeMa UCTUM henrjcKkuM JTHHHjaMa.
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viable cells [%]

HCT 116

2039 7.8 15.6 31.12

KM

62.25

——Pt1
—&-Pt2
—+—Pt3
—/—[Pt(dach)Cl4]
=O=[Pt(bipy)Cl4]

—o—cisplatin

TOV21G

viable cells [%]
-
o

7.8

15.6 31.125

62.25

125

——[Pt(dach)Cl4]
-0 [Pt(bipy)Cl4]

viable cells [%]

UM
Msc ——Pt1
--Pt2
140 ——Pt3
——[Pt(dach)Cl4]

_203.9 7.8 15.6 31.12 62.25

UM

125

=O=[Pt(bipy)Cl4]
=e—cisplatin

250 500
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Cnuxka 3.37. [{umomoxcuunocm mecmupanux komniexca mepena nomohy MTT mecma

CBU MCIIUTHBAHU KOMIUIEKCH MOKa3yjy IIUTOTOKCHYHOCT MpeMa TeCTHPaHUM hesujCcKuM
nuHUjaMa. BbuxoBa akTUBHOCT 3aBHUCH O] BPCTE, /103€ KOMILJIEKCAa M BpeMeHa u3iarama. Hajpehu
nuToToKCHMuHU edekar je npumehen nmpema TOV21G henujama. O MCIIMTUBAHUX KOMILIEKCA,

[Pt(dach)Cl] na HwxuM KOHIIEHTpalMjaMa UCTIOJbaBa 3HATHO Behu IUTOTOKCHYHHU edeKar.



Pezyimamu u ()uCchuia pesyimama

HCT-116 henuje cy oTnopHuje Hero ocraje henujcke JUHHjE MPEMa IUTOTOKCUYHOM
edexTy ncnmtuBaHuX KoMmIuiekca. 1 y oBom ciryuajy Hajepukacuuju je [Pt(dach)Cl] kommiekc,
KOjH MOKa3yje CIMYHY IUTOTOKCHYHOCT Ka0 M IUCIIATHHA.

Kommnexcu Pt2 u Pt3 nokasyjy 3HauajHy uutorokcuyHocT npemMa MSChenujama, anu 'y
nopehewy ca mwmuma kommiekcu Ptl, [Pt(dach)C)] u [Pt(bipy)ClL] cy mnokazamu Behun
[IUTOTOKCUYHU e(heKarT.

Ha ocHOBY nuTepaTypHHX mojaraka Moxe ce yrnopenutu murorokcuaHocT [Pt(dach)Cl]
KOMIIJICKCA Y OJHOCY Ha CTPYKTYPHO ciauuHe Komiuiekce nmpema L1210/0henujckum nmuHujama
neykemuje. Ona omama y Husy: [Pt(dach)Cl] > [Pt(en)Ck] > [Pt(en)(OCOCH).Cl;] >
[Pt(ipa)Ch(OH);] > [Pt(en)Ch(OH),].>* Juuykneapun xommiexkcu mratune(ll), crpykrypHO
CIIMYHU Ca HCOUTHBAaHUM KOMIUlekcuMa y oBoj gucepranuju, [{CiS-PtCI(NHg)2} 2
(u-mupazun)|(NO3z), u  [{ cis-PtCI(NHs)2} o(u-upumazun)|(NO3),, Ccy moKasanu 3HAYajHY
IMTOKCUYHOCT TpeMa henwjama Tymopa jajHMKa, a 3HATHO HIKY mpeMa henwjama Tymopa
nebenmor 1peBa y mopehemy ca nucratuaom. Cepuja HOBHX AMHYKJIEAPHUX KOMILIEKCA
wiatuae(ll) ca nukapOokcuiaatuma Wi cyindariMa Kao MOCTHHM JIMTAHIMMa Cy IMOKa3asld

. 157
BenMKy akTuBHOCT npema HCT-116henujama, ciMdHO OKCAIMILIATHHU.
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3AK/bYYAK

Ha OCHOBY I[O6I/Ij€HI/IX pe3yiTara 'y OKBUPY OBE JOKTOPCKE ,I[PICGpTaI_II/Ije MOTY CC U3BCCTHU

crnenehu 3aKkJbyuIiy:

1. Pesyrmamu ucnumueara Kunemuke cyncmumyuuonux peaxyuja [Pt(en)Ch] u

[Pt(dach)CL] komnnaekca ca 5’-GMP u L-His yka3yjy oa:

. HcnuruBanu xomiuiekcn miatuHe(ll) wMajy Benmuku aduHHUTET mpeMa H3y4aBaHUM
a30T-JOHOPCKUM JIMTaHAUMA.

. Kommneke [Pt(en)Ch] je peaxtuBumju y omanocy Ha [Pt(dach)Cl] kommekc, miro
yKa3yje Ja PEeaKTHBHOCT HM3y4YaBaHUX KOMIUIEKCA 3aBHCH OJ CTPYKTYpEe WHEPTHHX
OUJICHTAaTHUX JIMTAHAJA.

. L-His je peaktuBHUju yna3HU IMravy y onHocy Ha 5’-GMP.

. Ha ocroBy ‘H NMR 1 HPLC mepema je 10ka3saHO IPHCYCTBO CaMO jeIHOT (hHHATHOT

npoun3Boaa y p€akKuOHOM CUCTEMY.

2. Pesynmamu ucnumusara cyncmumyyuonux peaxyuja [Pt(bipy)Cl], [Pt(en)ClL] «

[Pt(dach)Cly)] komnnaekca ca azom-oonopckum nuzanouma ykasyjy oa.

. W3zyuaBann xkomruiekcu turatuae(lV) mocenyjy BequKH adUHHUTET mpema oJadbpaHuM
a30T-noHOpckuM nuragauma (L-His, 5’-GMP).

. Penocnen peaktuBHocTn komiutekca matuHe(lV) y peaknujama ca 5-GMP omana y
mu3y: [Pt(bipy)Clk] > [Pt(en)Chk] > [Pt(dach)C]], mro yka3yje na peakTHBHOCT
KOMILJICKCA 3aBUCH OJ1 CTPYKTYpE HHEPTHUX JINTAHAIA.

. VY cyncrurynuonuM peakiujama ca L-His kommutekc [Pt(en)Ch] je peaktuBHHMju y
onnocy Ha [Pt(dach)Cl] kommuiekc.

. L-His je y cBum peaknujama 6061 HyKieodua y ogaocy Ha 5’-GMP.

. Cyncrurynuone peakiije komiuiekca rmiatuae(lV) mnpahene cy Op3uM mporecom

penykuuje 1o oarosapajyhux komiiekca riatuae(ll).
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. [pumerom *H NMR u HPLC mertoza yrBpljeHO je mpHCYCTBO CaMo jeXHOT (GHUHATHOT

npoun3Boaa y UCIIUTUBAHUM CUCTCMUMA.

3. Pesynmamu ucnumuearwa peaxuuja peoyxuuje [Pt(bipy)Cl], [Pt(dach)Ck] u

[Pt(en)Cl] komnnekca ca Guonomku 3nauajuum cymnop-00HopCKUM JTUZAHOUMA YKA3Y]Y OQ:

. PeakTHBHOCT HCIIUTUBAHUX KOMIUIEKCA 3aBHCH OJ] CTPYKTYpE MHEPTHUX JIMraHaj a u
omana y uzy: [Pt(bipy)Cl] > [Pt(dach)Cl] > [Pt(en)Ch].

. Penocnen peakTuBHOCTH M3ydaBaHux auranaza je. GSH > L-Cys > L-Met.

. Iporec peaykimje komiuiekca miatuae(lV) je 6pxu Ha puzunosomkoj pH = 7,2uero
y kucenoj cpenunu Ha pH = 2,0.

. Penykuuja komruiekca miatuae(lV) y mpucycTBy CyMIop-JOHOPCKUX JIMTaHaa OJ(BHja
ce [0 MEXaHU3MYy PeAYKTHUBHE eIMMHUHALIM]e U Kao (MHATHYU NPOU3BOHN HACTAj]y

onrosapajyhu komruiekc maatuHe(ll) 1 okcuaoBaHU OOJHK JTUraHaa.

4. Pesyimamu UCNUMUGAIA CYNCMUMYUUOHUX PeAKUUjad HOGUX OUHYKIEApHUX
naamuna(ll) komnaexca,  [{trans-PtCI(NHs)2}o(u-nupaszun)|(ClOy),  (Ptl), [{trans-
PtCI(NHs)2}, (u-4,4-ounupuoun)|(ClO4), - DMF (Pt2) u [{trans-PtCI(NHs)2}o(u-1,2-0uc
(4-nupuoun)eman)] (ClOs), (Pt3) u muxosux ouaxea ananoca ca ouonowKu 3HauajHum

HyKeounuma ykaszyjy oa.

*  Penocnen peakTHBHOCTH HCITUTHBAHUX JUHYKIeapHUX KoMmIutekca matune(ll) y
peakuyjama CyncTUTynyje onajaa u Husy. Ptl>Pt2 > Pt3.

*  IIpupoga MOCTHOT TUTaHa UMa BEJIMKH YTHIIA] HA PEAKTUBHOCT N3Y4aBaHUX
JTMHYKJICAPHUX KOMILIEKCA.

*  HcnuruBanu qunHykieapHu auaksa komiuiekcu wiatune(ll) cy nmokasamu Behy
peaktuBHOCT Ha PH = 2,5y nmopehewy ca peakTUBHOIINY BUXOBHX JUXJIOPUIO aHAJIOTA
Ha pH =7,2.

. PeakTUBHOCT HCIUTHBAHMX JIMTaHAa onajaa y Hu3zy: Tu > GSH > 5’-GMP.

«  HeraruBue BpennocTr 3a AS” ykasyjy [a ce mpoLec CYNCTHTYIH]e OBHX KOMILIEKCA

0JIBHja 110 aCOIMjaTUBHOM MEXaHU3MYy y 00a peakioHa Kopaka.
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*  3a cBe n3y4aBaHe akBa Komruiekce onpehene cy pK, BpegHocTH.

*  pKaiu pKazBpennoctu 3a Ptla cy Huke y oHOCY Ha BpeqHOCTH JtoOujeHe 3a Pt2a
u Pt3a.

5. Pesyrmamu ucnumuearmwa yumomorkcuuhux ocoouna naamuna(lV) u

ounykneapnux naamuna(ll) komnnexca yka3zyjy oa:

*  Kommrekc [Pt(dach)Cl] na HmxuM KOHIIEHTpalHjaMa UCIoJbaBa 3HaTHO Behu
IIUTOTOKCHYHM e(eKaT y OJHOCY Ha Jpyre McIuTHBaHE KoMIuiekce npema TOV21Gu
HCT-116henujama.

*  Kommiekcu Pt2 u Pt3 noka3yjy cimuny nurotokcuaHocT npema MSC henujama kao u
MCIUTATHHA, a y mopehemy ca muma komiiekcu Ptl, [Pt(dach)d] u [Pt(bipy)Cl]

nokasyjy jom Behu muroTokcuynm edekar.

- 107 -



Jlumepamypa

10.

11.

12.

13.

14.
15.

16.

JIMTEPATYPA

L. Ronconi and P. J. Sadl@gord. Chem. Rev., 2007,251, 1633-1648

P. C. A. Bruijnincx and P. J. Sadl@dv. Inorg. Chem., 2009,61, 1-62

M. A. Jakupec, M. Galanski, V. B. Arion, C. Gattinger and B. K. KeppleDalton
Trans., 2008, 183-194

a) B. Rosenberg and L. V. Cangture, 1965,205, 698-699; b) B. Rosenberg, L. V.
Camp, J. E. Trosko and V. H. Mansoiature, 1969,222, 385-386; c) B. Rosenberg and
L.V. CampCancer Res., 1970,30, 1799-1802; d) B. Rosenberg, L. V. Camp, E. B.
Grimley and A. J. ThomsahBiol. Chem., 1967,242, 1347-1352

L. R. Kelland, B. A. Murrer, G. Abel, C. M. Gidamenico, P. Mistry and K. R. Harrap,
Cancer Res., 199252, 822-828

R. van EldikCoord. Chem. Rev., 2007,251, 1649-1662

C. H. Langford and H. B. Gray, lnigand Substitution Processes, Benjamin, New York,
1974, ch. 2

M. L. Tobe and J. Burgess, limorganic Reaction Mechanism, Longman, England, 1999,
ch.2,4

Z. D. Bugati¢, u Kinetika i Mehanizam Supstitucionih Reakcija, PMF Kragujevac,
1996, pp. 12-32

M. Kotowski and R. van Eldik, ibnorganic High Pressure Chemistry, Kinetics and
Mechanism, Ed., R. van Eldik, Elsevier, Amsterdam, 1986,%kIf, 4

R. van Eldik, T. Asano and W. J. Le Nolilaem. Rev., 1989,89, 549-593

l. Gal, uMehanizmi Neorganskih Reakcija, Nawna knjiga, 1979, ch. 2, 3

C. E. Housecroft and A. G. Sharpelnarganic Chemistry, Prentice Hall, Essex,
England, 2001, ch. 6, 19, 20, 25

K. J. Laidler, irChemical Kinetics, Harper and Row, New York, 1987, ch. 4, 6

J. H. Espenson, @hemical Kinetics and Reaction Mechanism, 2" Ed., McGrow Hill,
New York, 1995, ch. 2, 6

S. A3perger, i€hemical Kinetics and Inorganic Reaction Mechanisms, 2" Ed., Plemium
Publishers, New York, 2003, ch. 2

- 108 -



Jlumepamypa

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.
31.

32.

33.

34.
35.

J. Burgess and C. D. Hubbardidvancesin Inorganic Chemistry, Eds., R. van Eldik
and C. D. Hubbard, Elsevier, Amsterda603, ch. 2

K. H. Thompson and C. Orvig, @oncepts and Model Systems in Bioinorganic
Chemistry, Eds., H. B. Kraatz and N. Metzler-Nolte, Wiley-MCWeinheim, 2006,
ch. 25

B. D. Glis¢, U. Rychlewska and M. buran,Dalton Trans., 201241, 6887-6901

M. Milovanové, A. Bekovié, V. Volarevi, B. Petrow, N. Arsenijevé and Z. D.
Bugati¢, J. Inorg. Biochem., 2010,104, 944-949

V. Volarevé, M. Milovanovié, A. BPekovié, B. Petrové, N. Arsenijevé and Z. D.
Bugatfi¢, J. BUON, 2010,15, 768-773

M. Arsenijevé, M. Milovanovi, V. Volarevi, A. bekovic, T. Kanjevac, N. Arsenijevj
Sbuki¢ and Z. D. Bugati¢, Med. Chem., 2012 8, 2-7

P. J. Sadler, iMetalsin Medicine, University Science Books, 2007, pp. 95-135

T. W. Hambleyscience, 2007,318, 1392-1393

A. Fuertes, C. Alonso and J. M. Pe@®em. Rev., 2003,103, 645-662

B. Lippert,in Cisplatin, Chemistry and Biochemistry of Leading Antitumor Drugs,
Wiley-VCH, Zuruch, 1999

J. ReedijkChem. Rev., 1999,99, 2499-2510

M. A. Jakupec, M. Galanski and B. K. Keppleev. Physiol. Bioch. P., 2003, 146,
1-54

J. Kozelka, F. Legendre, F. Reeder and J. Gtt&rd,Coord. Chem. Rev., 1999,
190-192, 61-81

T. Soldatovi and Z. D. Bugati¢, J. Inorg. Biochem., 2005,99, 1472-1479

F. Basolo and R. C. JohnsonCordination Chemistry, 2" Ed., Science Reviews,
London, 1987, ch. 6

a) E. Wong and C. M. Giandomenidghem. Rev., 1999,99, 2451-2466; b) E. R.
Jamieson and S. J. Lippatem. Rev., 1999,99, 2467-2498; cJ. Reedijk Chem.
Rev.,1999,99, 2467-2498

Y. Jung and S. J. Lippar@hem. Rev., 2007,107, 1387-1407

N. J. Farrer and P. J. Sadkust. J. Chem., 2008,61, 669-674

M. D. Hall, C. T. Dillon, M. Zhang, P. Beale, Cai, B. Lai, A. P. J. Stampfl and T. W.

- 109 -



Jlumepamypa

36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

53.

HambleydJ. Biol. Inorg. Chem., 2003,8, 726-732

A. R. Battle, G. B. Deacon, R. C. Dolman andT.Hambley Aust. J. Chem., 2002,55,
699-704

P. J. Bednarski, R. Grunert, M. Zielzki, A. Wef, F. S. Mackay and P. J. Sadlénem.
Biol., 2006 13, 61-67

F. S. Mackay, J. A.Woods, H. Moseley, J. Fesgu#. Dawson, S. Parsons and P. J.
SadlerChem. Eur. J., 2006,12, 3155-3161

M. D. Hall H. R. Mellor, R. Callaghan and T. W. HambldyMed. Chem., 2007,50,
3403411

L. Ronconi and P. J SadIBalton Trans., 2011,40, 262-268

M. Campone, J. M. Rademaker-Lakhai, J. Bennd@nB&. Howell, D. P. Nowotnik, J. H.
Beijnen and J. H. M. Schelle@sncer Chemoth. Pharm., 2007,60, 523533

R. P. FeazellN. Nakayama-Ratchford, H. Dai and S. J. LippakdAm. Chem. Soc.,
200727,84388439

l. H. L. HamelersR. W. H. M. Staffhorst, J. Voortman, B. de Kruijif, Reedijk, P. M.
P. V. Henegouwen and A. |. P. M. de Kro@iin. Cancer Res., 20094, 12591268

M. Galanski, M. A. Jakupec and B. K. Keppfewrr. Med. Chem., 2005,12, 2075-2094
D. Lebwohl and R. Canettaur. J. Cancer, 1998,34, 1522-1534

T. G. AppletonCoord. Chem. Rev., 1997,166, 313-359

M. D. Hall and T.W. Hambley;oord. Chem. Rev., 2002,232, 49-67

M. D. Hall, H. L. Daly, J. Z. Zhang, M. Zharig, A. Alderden, D. Pursche, G. J.
Foran and T. W. Hambleyletallomics, 2012,6, 568-575

J. Kasparkova, O. Novakova, O. Vrana, F. InthiNatile and V. Brabed/ol.
Pharmacol., 2006,70, 1708-1719

N. J. Wheate, S. Walker, G. E. Craig and R.,@ahton Trans., 2010,39, 8113-8127
J. J. Wilson and S. J. Lippatdorg. Chem., 2011,50, 3103-3115

S. Choi, C. Filotto, M. Bisanzo, S. Delaneyllagasee, J. L. Whitworth, A. Jusko,
C. Li, N. A. Wood, J. Willingham, A. Schwenkand K. Spaulding,norg. Chem., 1998,
37, 2500-2504

S. Choi, S. Mahalingaiah, S. Delaney, N. R.l&laad S. Masoodnorg. Chem., 1999,
38, 1800-1805

- 110 -



Jlumepamypa

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

M. S. Davies, S. J. Berners-Price and T.W. Hambnorg. Chem., 2000,39, 5603-5613
L. R. Kelland, C. F. J. Barnard, K. J. Melligh, Jones, P. M. Goddard, M. Valenti, A.
Bryant, B. A. Murrer and K. R. Harr&ancer Res., 199454, 5618-5622

N. P. Johnson, J. L. Butour, G. Villani, lE. Wimmer, M. Defais, V. Pierson and V.
Brabed?rog. Clin. Biochem. Med., 1989,10, 1-24

M. Gordon and S. HollandérMed. Chem., 1993,24, 209-265

L. Pendyala, J. W. Cowens, G. B. Chheda, ®)uta and P. J. Creave@ancer Res.,
1988,48, 3533-3536

A. S. Singin, A. S. Mas’ko, L. K. Moldovanou&, A. Lobanova and N. G. Serebryakov,
Khim.-Farm. zh., 1985,19, 1046

O. Novakova, O. Vrana, V. |. Kiselevalah BrabecEur. J. Biochem., 1995,228, 616-
624

L. T. Ellis, H. M. Er and T. W. Hamblegust. J. Chem., 1995,48, 793-806

S. C. Chaney, S. Wyrick and G. K. T@llancer Res., 1990,50, 4539-4545

H. Kawaguchi, N. Maruyama, T. Ama and T. YaBui). Chem. Soc. Jpn., 1992,65, 175
M. L. Tobe and A. R. Khokhak,Clin. Hematol. Oncol., 1977,7, 114-137

R. Kidani, M. Kizu, M. Miyazaki, A. Noji, Y. Mauzawa, N. Takeda, M. Akiyama,
H. Eriguchi, M. Pinedo and J. H. SchornageCamcer Chemotherapy 2, Platinum and
Other Metal Coordination Compounds, Néwk, 1996, pp. 43

Y. A. Lee, S. S. Lee, K. M. Kim, C. O. Lee andS. SohnJ. Med. Chem., 2000,43,
1409-1412

R. Song, K. M. Kim and Y. S. SoH, Korean Chem. Soc., 2000,21, 1000-1004

S. Choi, R. B. Cooley, A. S. Hakemian, Y. Crrhbhee, R. C. Bunt, S. D. Maupas, J. G.
Muller and C. J. Burrowd, Am. Chem. Soc., 2004,126, 591-598

G. K. Poon, P. Mistry, F. I. Raynaud, K. R. tdg@; B. A. Murrer and C. F. J. Barnadd,
Pharmaceut. Biomed., 1995,13, 1493-1498

a) R. M. Roat and J. Reedijld, Inorg. Biochem., 1993,52, 263-274; b) J. L. van der
Veer, A. R. Peters and J. Reedijk,Inorg. Biochem., 1986,26, 137-142

S. Choi, L. Vastag, J. C. Larrabee, M. L. Peidq K. B. Schaberg, B. J. Fowler,

R. K. Sandwick and G. Rawjfhorg. Chem., 2008,47, 1352-1360

M. Galanski and B. K. Keppldnorg. Chim. Acta, 2000,783, 300-302

-111 -



Jlumepamypa

73.

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

91.
92.

S. Choi, R. B. Cooley, A. Voutchkova, C. H. bguL. Vastag and D. E. Knowles,
Am. Chem. Soc., 2005,127, 1733-1781

J. ReedijkEur. J. Inorg. Chem., 2009, 1303-1312

A. EastmarBiochem. Pharmacol., 1987,36, 4177-4178

Y. Kido, A. R. Khohkar and Z. H. SiddiBjochem. Pharmacol., 199447, 1635-1642
L. Pendyala, P. J. Craven, R. Perez, Zd&dnowicz and D. Raghave@ancer
Chemoth. Pharm., 1995,36, 271

E. G. Talman, Y. Kidani, L. Mohrmann ahdReedijkJnorg. Chim. Acta, 1998,283,
251-255

K. Lemma, J. Berglund, N. Farrell and.LElding, J. Biol. Inorg. Chem., 2000,5, 300-
306

K. Lemma, T. Shi and L. I. Eldingorg. Chem., 2000,39, 1728-1734

A. R. Battle, R. Choi, D. E. Hibbs and T. W.rifaey, Inorg. Chem., 2006,45, 6317-
6322

L. Cubo, T. W. Hambley, P. J. S. MiguwelCarnero, C. Navarro-Ranninger and A. G.
QuirogaDalton Trans., 2011,40, 344-347

B. P. Esposito and R. Najj&pord. Chem. Rev., 2002,232, 137-149

S. Komeda, M. Lutz, A. L. Spek, M. Chikamand J. Reedijkl. Inorg. Chem., 2000,39,
4230-4236

N. J. Wheate, C. Cullinane, L. K. Webstied J. G. CollinsAnti-Cancer Drug Des.,
200116, 91-98

B. A. J. Jansen, J. Van Der Zwan, H. Den Duill8rouwer and J. Reedijk, Med.
Chem., 200144, 245-249

S. Komeda, M. Lutz, A. L. Spek, Y. YamanakaS&to, M. Chikuma and J. Reedik,
Am. Chem. Soc., 2002,124, 4738-4746

N. A. Kas’'yanenko, E. E. F. Aia, A. A. Bogdand¥ V. Kosmotynskaya and K. I.
YakovlevMol. Biol., 2002,36, 745-752

N. J. Wheate and J. G. Colli@gord. Chem. Rev., 2003,241, 133-145

Y. P.Ho, S. C. F. Au-Yeung and K. K. W. Twed. Res. Rev., 2003,23, 633-655

N. J. Wheate and J. G. Colligyrr. Med. Chem.-Anti-Cancer Agents, 2005,5, 267-279

S. Komeda, G. V. Kalayda, M. Lutz, A. L. Sp¥k,Yamanaka, T. Sato, M. Chikuma and

-112 -



Jlumepamypa

93.

94.

95.

96.

97.

98.

99.

100.
101.
102.
103.
104.

105.

106.

107.

108.

109.
110.

J. Reedijk]. Med. Chem., 2003,46, 1210-1219

G. V. Kalayda, S. Komeda, K. Ikeda, T. Sato,Wiikuma and J. ReedijEur. J. Inorg.
Chem., 2003, 4347-4355

G. V. Kalayda, B. A. J. Jansen, P. Wielard JHTanke and J. Reediji, Biol. Inorg.
Chem,, 2005,10, 305-315

N. Farrell and Y. Qunorg. Chem., 1989,28, 3416-3420

H. Erfirk, J. Maigut, R. Puchta and R. van Eldilglton Trans., 2008, 2759-2766

T. D. McGregor, Z . Balcarova, Y. Qu, M. C. iy&®. Zaludova, V. Brabec and N.
Farrell). Inorg. Biochem., 1999,77, 43-46

J. W. Cox, S. J. Berners-Price, M. S. DaviesQ¥ and N. Farrell). Am. Chem. Soc.,
2001,123, 1316-1326

V. Brabec and J. Kasparo®xug Resist. Update., 2005,8, 131-146

I. KostovaRecent Pat. Anti-Canc., 2006,1, 1-22

D. Reddy and D. Yaganynt. J. Chem. Kinet., 201143, 161-174

N. FarrellComment. Inorg. Chem., 1994,16, 373-389

Y. Zou, B. van Houten and N. FarrBlipchemistry, 1994,33, 5404-5410

N. Farrell. T. G. Appleton, Y. Qu, J. Dolferts, A. P. Soares Fontes, K. A. Skov and Y.
ZouBiochemistry, 1995,34, 15480-15486

a) N. Farrell, S. G. de Almeida and KSkov,J. Am. Chem. Soc., 1988,110, 5018-
5019; b) N. Farrell, Y. Qu and M. P.dHer,J. Med. Chem., 1990,33, 2179-2184;

c) J. D. Roberts, B. van Houten, Y. & N. FarrellNucleic Acids Res., 1989,17,
9719-9733; d) A. Kraker, W. Elliott, Ban Houten, N. Farrell, J. Hoeschele and J.
Roberts]. Inorg. Biochem., 1989,36, 160

M. E. Oehlsen, A. Hegmans, Y. Qu and Nrdfaid. Biol. Inorg. Chem., 2005,10, 433-
442

J. Kasparkova, O. Novakova, O. Vrana, &rdfl and V. Brabediochemistry, 1999,
38, 10997-11005

K. J. Mellish, Y. Qu, J. N. Scarsdale &hdrarrell,Nucleic Acids Res., 1997,25, 1265-
1271

D. P. Bancroft, C. A. Lepre and S. J. kifghJ. Am. Chem. Soc., 1990,112, 6860-6861
D. Fan, X. Yang, X. Wang, S. Zhang, J. Ma®ing, L. Lin and Z. Gual. Biol. Inorg.

- 113 -



Jlumepamypa

111.
112.
113.
114.

115.

116.
117.
118.

119.

120.

121.

122.

Chem., 2007,12, 655-665

Q. Liu, Y. Qu, R. van Antwerpen and N.reblyBiochemistry, 2006,45, 4248-4256

N. Summa, J. Maigut, R. Puchta and R.BEidik, Inorg. Chem., 2007 46, 2094-2104

J. D. Roberts, J. Peroutka and N. Fattdihorg. Biochem., 1999,77, 51-57

a) M. B. G. Kloster, J. C. Hannis, D. Qudfman and N. FarrelBiochemistry, 1999,38,
14731-14737; b) V. Brabec, J. Kaspagk®. Vrana, O. Novakova, J. W. Cox and N.
FarrellBiochemistry, 1999,38, 6781-6790; c) J. Kasparkova, J. Zehnulova, NrdHar
and V. Brabed, Biol. Chem., 2002,277, 48076-48086; d) Y. Qu, N. J. Scarsdale, M. C.
Tran and N. Farrel, Biol. Inorg. Chem., 2003,8, 19-28; e) Y. Qu, N. J. Scarsdale, M.
C. Tran and N. Farrell,Inorg. Biochem., 2004,98, 1585-1590; f) A. Hegmans, S. J.
Berners-Price, M. S. Davies, D. S. ThepA. S. Humphreys and N. FarrdllAm.

Chem. Soc., 2004,126, 2166-2180; g) Y. Qu, M. C. Tran and N. FarrélBiol. Inorg.
Chem., 2009,14, 969-977

a) D. J. Jodrell, T. R. J. Evans, W. StewB. Cameron, J. Prendiville, C. Aschele,

C. Noberasco, M. Lind, J. CarmichaelD&bbs, G. Camboni, B. Gatti and F. De Braud,
Eur. J. Cancer, 2004,40, 1872-1877; b) T. A. Hensing, N. H. Hanna, H. Hllgawater,
M. G. Camboni, C. Allievi and M. A. Saoski, Anti-Cancer Drug., 2006,17, 697-704;

c) G. Scagliotti, S. Novello, L. Crine, De Marinia, M. Tonato, C. Noberasco, G.
Selvaggi, F. Massoni, B. Gatti and Gantboni, Lung Cancer, 2003, 41, 223-225;
d) A. H. Calvert, H. Thomas, N. Colombb, Gore, H. Earl, L. Sena, G. Camboni, P.
Liati and C. Sesdayr. J. Cancer, 2001,37, 260-265

A. Hofmann and R. van EldiRalton Trans., 2003, 2979-2985

H. Erirk, A. Hofmann, R. Puchta and R. van Eldilglton Trans., 2007, 2295-2301

A. Mambanda, D. Jaganyi, S. HochreutherRwnghan Eldik Dalton Trans., 2010,39,
3595-3608

M. E. Oehlsen, A. Hegmans, Y. Qu and NrdHatnorg. Chem., 2005,44, 3004-3006

M. E. Oehlsen, Y. Qu and N. Farretbrg. Chem., 2003,42, 5498-5506

J. W. Williams, Y. Qu, G. H. Bulluss, E.vAtado and N. Farrelinorg. Chem., 2007 ,46,
5820-5822

M. Willermann, C. Mulcahy, R. K. O. Sighl, M. Cerda, E. Freisinger, P. J. S. Miguel,
M. Roitzsch and B. Lippettorg. Chem., 2006, 2093-2099

- 114 -



Jlumepamypa

123.

124.

125.

126.
127.
128.
129.
130.
131.
132.
133.
134.
135.

136.
137.

138.
139.

140.
141.
142.

143.
144.
145.

B. A. Howell, R. Rashidianfar, J. R. Gl&Bs,). Hutchinson and D. A. Johnsénorg.
Chim. Acta, 1988,142, 181-183
N. Summa, W. Schiessl, R. Puchta, N. Heik and R. van Eldiknorg. Chem., 2006,
45, 2948-2959
T. G. Appleton, J. R. Hall, S. F. Ralph &dS. M. Thompsonnorg. Chem., 1984,23,
3521-3525
K. Mikkelsen and S.O. NielsehPhys. Chem., 1960,64, 632-637
A. R. Khokhar, Q. Xu, S. Al-Baker and JBear,Inorg. Chim. Acta, 1992,194, 243-246
U. Fekl and R. van Eldikypr. J. Inorg. Chem., 1998, 389-396
T. Soldato¥i Z. D. Bugati¢ and R. van EldikDalton Trans., 2009, 4526-4531
Z. D. Bugai¢, F. W. Heinemann and R. van Eldxalton Trans., 2004, 279-286
J. Arpalahti and B. Lippettjorg. Chem., 1990,29, 104-110
J. P. Caradonna and S. J. Lipplamt,g. Chem., 1988,27, 1454-1466
M. Mikola, K. D. Kilika and J. ArpalahtGhem. Eur. J., 2000, 3404-3413
M. PerutzNature, 1970,228, 726-734
J. A. Tainer, E. D. Getzoff, K. M. Beem, JR&chardson and D. C. RichardsdnMol.
Biol., 1982,160, 181-217
B. J. Cordemnorg. Chim. Acta, 1987,137, 125-130
A. Hofmann, D. Jaganyi, O. Q. Munro, Geliriand R. Van Eldiknorg. Chem., 2003,
42, 1688-1700
D. Jaganyi, A. Hofmann and R. van Eldikgew. Chem., 2001,40, 1680-1683
J. A. Joule and G. F. SmithHaterocyclic Chemistry, 2" Ed., Chapman and Halll,
London, 1978
T. Shi, J. Berglund and L. I. Eldingorg. Chem., 1996,35, 3498-3503
K. Lemma, D. A. House, N. Retta and IEIHing, Inorg. Chim. Acta, 2002,331, 98-108
K. Lemma, A. M. Sargeson and L. I. Eldihgzhem. Soc., Dalton Trans., 2000, 1167-
1172
T. Shi, J. Berglund and L. I. EldidgChem. Soc., Dalton Trans., 1997, 2073-2077
T. Shi and L. I. Eldingpnorg. Chim. Acta, 1998,282, 55-60
S. Choi, L. Vastag, C. H. Leung, A. M. BE&®. E. Knowles and J. A. Larrabegorg.
Chem., 200645, 10108-10114

- 115 -



Jlumepamypa

146.

147.

148.
149.
150.
151.

152.

153.

154.

155.
156.

157.

L. Ehrenberg, M. Harms-Ringdahl, I. Fedakcand F. Granaticta Chem. Scand.,
198943, 177-187

R. M. Smith and A. E. Martel, @ritical Sability Constants, Vol. 6, 2 Suppl., Plenum
Press, New York, NY, 1989

M. Sinisi, F. P. Intini and G. Natileorg. Chem., 201251, 9694-9704

S. Hochreuther, R. Puchta and/dh Eldik,Inorg. Chem., 2011,50, 8984-8996

S. Hochreuther and R. van Eldigrg. Chem., 2012,51, 3025-3038

T. Soldatoyj S. Jovanow, Z. D. Bugati¢ and R. van EldikDalton Trans., 2012 41,
876-884

H. Erirk, R. Puchta and R. van Eldiyr. J. Inorg. Chem., 2009, 1331-1338

E. Volckova, L. P. Dudones and R. N. Béd¥®rm. Res., 2002,19, 124-131

J. BogojeskiZ. D. Bugati¢, R. Puchta and R. van Eldiyr. J. Inorg. Chem., 2010,
5439-5445

C. D. Hubbard and R. van EldikCoord. Chem., 2007,60, 1-51

Z. D. Bugai¢, J. Bogojeski, B. Petro§j S. Hochreuther and R. van EldiXalton
Trans., 2012,41, 12329-12345

T. Boulikas, A. Pantos, E. Bellis and Rrigtofis,Cancer Ther., 20075, 537-583

- 116 -



BUOT'PA®UJA

Cuexana JoBanoBuh je pohena 18.08.1982. romgmne y

[Mapahuny. OcHoBHy mikony 3aBpmmia je y OOpexy, a

cpenwmy, dapmaneyrcku  TexHuuap |y hympujm.
[Mpuponno-maTematnuku (akynrer, rpyma xemuja, YHuBep3ureta y KparyjeBiy
ymucana je mkosicke 2003/2004. romwue, rme je mumiomupana 2008. roamHe ca
npoceunom oueHom 9,41. Jlokropcke crynuje, cmep Heoprancka xemuja, ymmcana je
mkosicke 2008/2009 roaune. Ox 08.04.2009. roaune pagau Ha [IpupoaHO-MaTeMaTHYKOM
dakxynrery y KparyjeBiy kao ucrpaxkuBad-npunpaBuk, a oa 11.05.2011. roaune y
CBOJCTBY HCTpaKMBava-capagHuKa. AHraxxoBaHa je Ha mpojekty Op. 172011 xoju
¢uHaHcupa MUHHUCTApCTBO MPOCBETE, HAYKE W TEXHOJOMIKOT pa3Boja PemyOiuke
Cpouje. On 01.08.2010. mo 01.10.2010. motom ox 01.07.2011. no 01.08.2011. kao u on
01.10.2011. no 01.11.2011. rogune GopaBwmia je Ha MuctutyTy 3a Heoprancky xemujy

VYuusepsurera 'y Epnanreny, Hemauka, y rpynu npodecopa Pynu Ban Ennuka.

- 117 -



This article was downloaded by: [Narodna Biblioteka Srbije]

On: 22 April 2013, At: 05:39

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
{:E'.FE]EEI.].M-“LTJDN Publication details, including instructions for authors and

subscription information:
CHEMISTRY http://www.tandfonline.com/loi/gco020

UV-Vis, HPLC, and *H-NMR studies of
: . 5 the substitution reactions of some
N0 Pt(1V) complexes with 5'-GMP and L-

o Bilas ot histidine

“ SneZana Jovanovié * , Biljana Petrovi¢ * & Zivadin D. Bugaréié¢ *

% Faculty of Science, Department of Chemistry, University of
Kragujevac, R. Domanoviéa 12, PO Box 60, Kragujevac 34000,
Serbia

Version of record first published: 02 Jun 2010.

To cite this article: SneZana Jovanovié , Biljana Petrovié & Zivadin D. Bugargié¢ (2010): UV-Vis,

HPLC, and "H-NMR studies of the substitution reactions of some Pt(IV) complexes with 5"-GMP and
L-histidine, Journal of Coordination Chemistry, 63:14-16, 2419-2430

To link to this article: http://dx.doi.org/10.1080/00958972.2010.490296

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gcoo20
http://dx.doi.org/10.1080/00958972.2010.490296
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Narodna Biblioteka Srbije] at 05:39 22 April 2013

Journal of Coordination Chemistry e Taylor & Francis
Vol. 63, Nos. 14*16, 20 Julyf20 August 2010, 2419-2430 Taylor & Francis Group
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Substitution reactions of [PtCly(en)] and [PtCly(dach)] with guanosine-5-monophosphate
(5-GMP) and r-histidine were studied by different experimental methods. By UV-Vis
spectrophotometry, these reactions were investigated under pseudo-first-order conditions at
310K in 25 mmol Hepes buffer (pH =7.2) and 10 mmol NaCl to prevent the hydrolysis of the
complexes. [PtCly(en)] reacts slightly faster than the [PtCly(dach)]. Also, L-histidine is a better
nucleophile than 5-GMP. Final "H-HMR spectra of the substitution of Pt(IV) were in a good
agreement with the spectra of Pt(I) complexes with the same nucleophiles, confirming the
assumption of the reduction of Pt(IV) complexes during substitution. The same reactions were
studied by high-performance liquid chromatography comparing the chromatograms during the
reaction. The changes in the intensity of signals and their retention time show that at the end of
substitution, there is only one dominant product in the system. We conclude that substitution
of these Pt(IV) complexes is followed by rapid reductive elimination and final product is
substituted Pt(II) complex.

Keywords: Pt(IV); Kinetics; Histidine; 5'-GMP

1. Introduction

Platinum complexes are recognized to be biologically very important since Rosenberg’s
discovery of the antitumor activity of cis-[PtCl,(NHj3),] [1-3]. About 3000 platinum(II)
complexes have been synthesized and investigated in an attempt to improve the
antitumor activity, lower toxicity, and to design a drug that is able to overcome
resistance [4-6]; only about 30 platinum complexes have entered into clinical trial.
Interactions of different platinum complexes toward deoxyribonucleic acid (DNA) as
well as interactions with other biomolecules were the major goal of research [7-11].
Platinum(IV) complexes have not been extensively studied because potential
reactivity toward DNA was not expected for such inert molecules [12]. Pt(IV)
complexes are stable in acidic conditions, so they could be applied orally as a drug.
Now, there is growing interest in Pt(IV) complexes because of their anticancer activity,
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especially since some of these complexes are toxic to tumors which are resistant to
cisplatin [13]. Upon entering into the cell, there are two metabolic pathways for Pt(IV)
complexes: reduction by agents present in the cell (glutathione, ascorbic acid) or direct
interaction with DNA in the nucleus. The first pathway leads to well-known
interactions of Pt(II) complexes, while the second proposes the formation of an
adduct between Pt(IV) and DNA [14, 15].

Many papers describe that the reduction of platinum(IV) complexes is essential for
their antitumor activity. The kinetic inertness of platinum(IV) complexes increase the
opportunity for reaching the cell target. Different modification in their structures,
especially changing the axial ligands, could affect the solubility and ability to enter into
the cell before being reduced [13].

Published results for the substitution of different Pt(IV) complexes show that their
reactivity depends on their reduction potential [13, 16]. For diammine complexes of
platinum, the structure variation of diammine ligand has less effect on the rate of
reduction, but the nature of axial ligands has higher influence on reduction potential
[13, 17]. When axial ligands are chloride, reduction is very fast compared with
carboxylate or hydroxide.

Reactivity of Pt(IV) complexes toward nucleotide guanosine-5-monophosphate
(5-GMP) is frequently studied [16-20]. Nucleotide is coordinated to Pt(IV) via N7 of
purine base as for Pt(II) complexes. Depending on reaction conditions, there is a
possibility to substitute more than one chloride with 5-GMP, but, usually reductive
elimination occurs during substitution. Reduction could be catalyzed in the presence of
Pt(IT), however, Pt(Il) does not need to be an analog to Pt(IV) to accelerate the
substitution [17]. Using different methods of analysis confirmed that two electrons
needed for the reduction come from the sugar portion of 5-GMP [16-19].

We report here the study of the substitution between [PtCly(en)] and [PtCly(dach)]
with 5-GMP and 1-histidine using UV-Vis spectrophotometry, 'H-NMR spectroscopy,
and high performance liquid chromatography (HPLC). It was envisaged that this study
could throw light on the mechanism of the interactions of platinum(IV) complexes
with nitrogen-bonding ligands and also provide a better understanding of the
mechanism of platinum metabolism. Structures of studied complexes and ligands are
shown in figure 1.

2. Experimental

2.1. Chemicals

Potassium-tetrachloroplatinate (K,PtCly) was purchased from Strem Chemicals. The
ligands, ethylenediamine (en) (Merck) and (1R, 2R)-1.2-diaminocyclohexane (dach)
(Acros Organics), as well as nucleophiles, 5-GMP sodium salt (Acros Organics) and
L-histidine (His) (Merck), were used without purification. Hepes buffer (N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid) obtained from Aldrich and D,O
(Deutero GmbH, 99.9%) were used as received. All other chemicals were of the highest
purity that were available commercially. Ultrapure water was used for spectro-
photometric measurements while for the liquid chromatography water with HPLC
purity was used.
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Figure 1. The structures of investigated complexes and ligands.

[PtCly(en)] and [PtCly(dach)] were prepared according to the published procedures by
adding H,0, to the solution of Pt(II) complexes in acidic water with the presence of
NaCl to avoid the formation of hydroxo complexes [19, 21]. Chemical analysis,
'"H-NMR, and UV-Vis spectroscopic data were in good agreement with the previously
obtained data. Anal. Calcd for PtC¢N,H 4Cl,: H, 3.10; C, 15.97; N, 6.21. Found: H,
2.82; C, 15.22; N, 5.94. Anal. Calcd for PtC,N,HgCly: H, 2.02; C, 6.04; N, 7.06. Found:
H, 1.88; C, 6.82; N, 6.79.

2.2. Instrumentation

Chemical analyses were performed on a Carlo Erba Elemental Analyser 1106. UV-Vis
spectra were recorded on Shimadzu UV 250 and Hewlett-Packard 8452A diode-array
spectrophotometers. UV-Vis kinetic measurements were carried out on a Perkin Elmer
Lamda 35 double-beam spectrophotometer equipped with thermostated 1.00 cm quartz
Suprasil cells. The temperature was controlled throughout kinetic experiments to
+0.1°C. HPLC results were obtained on a Shimadzu LC solution chromatograph with
an SDP-M20A diode array detector. 250/4 NUCLEOSIL 100-5 C;3 was used as a
column CC. Nuclear magnetic resonance (NMR) spectra were acquired on a Varian
Gemini-2000 spectrometer at 295 K with a commercial 5mm Bruker broadband probe.
All chemical shifts are referenced to trimethylsilylpropionic acid (TSP).

2.3. Kinetics measurements

Kinetics of the substitution reactions of [PtCly(en)] and [PtCly(dach)] with 5-GMP and
L-histidine were studied spectrophotometrically by following the change in absorbance
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Table 1. Rate constants for substitution reactions of Pt(IV) complexes with L-histidine and 5-GMP at
310K in 25mmol L' Hepes buffer (pH=7.2) and 10 mmol L' NaCl.

L-Histidine 5'-GMP

Aom) 102 kM T'sTh 10° ky(s™  a(mm) 107 k(M 's7h 10° ky(s™h

[PtCly(en)] 250 3.2940.05 0.114+0.03 360 2.04£0.04 0.070 +0.003
[PtCly(dach)] 360 3.0440.09 2.3+0.6 360 1.9340.08 1.24+0.5

0.013

0.012

< 0.011 +

0.010

0.009 ~

T T T T T T T T T T T T 1
0 5000 10,000 15,000 20,000 25,000 30,000
t(s)

Figure 2. Kinetic traces for the reaction between [PtCly(en)] (0.2 mmol L") and 5-GMP (10 mmol L") at
310K, A =360nm, pH=7.2, 25mmol L~' Hepes, 10 mmol L' NaCl.

at suitable wavelengths as a function of time at 310 K [22]. The working wavelength for
each reaction system was determined by recording the spectra of reaction mixture over
the wavelength range between 220 and 450 nm. These values are presented in the table 1.
The reactions were initiated by mixing equal volumes of the complex and nucleophile
solutions (1.5mL) in the quartz cuvette. Concentration of ligand solution was always
large enough (at least 10-fold) to provide pseudo-first-order conditions. The kinetic
traces gave an excellent fit to a single exponential (an example is shown in figure 2). All
reported pseudo-first-order rate constants, k.psq, represent an average of two to four
independent kinetic runs (data are given in Supplementary material, tables 1S and 2S).

2.4. "H-NMR measurements

"H-NMR measurements of reactions between complexes and nucleophiles were done
with a freshly prepared sample of the reactants. A 5mmol L™ solution of the complex
was prepared in 300 uL D>O approximately 10 min prior to the start of the kinetic
experiment. The solution with the same concentration of ligands (300l DO,
5mmol L' ligand) was added to the solution of the complex to initiate the reaction.
NMR spectra were recorded at 298 K over a period of several days until the completion
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of the reaction. No buffer was used to prevent the increased activation of the complexes
due to the coordination of phosphate [23] or interfering signals in the observed peak
areas. The pH* (pD=pH+0.4, [24]) changed slightly from 8.0 to 7.5 upon the
completion of reaction.

The pH meter was calibrated with Fischer-certified buffer solutions of pH 4.00, 7.00,
and 11.00. Meter readings were corrected for deuterium isotope effect by adding 0.4
units to the display readout. The pD was adjusted with 0.01-0.05mol L™! solutions of
NaOD and DCI.

2.5. HPLC measurements

For HPLC determinations isocratic method was used with water as a mobile phase.
Before measurement, the system was calibrated. The calibration was done with eluent
which consists of acetonitrile and water, in different ratio, starting from
MeCN:H,O=100% :0%. The calibration is finished when only the water flows
through the column. Then, the other parameters depending on reaction should be
specified (pressure, flow rate, and working wavelength).

Reactions between studied Pt(IV) complexes with L-histidine were studied by this
method. For each reaction the solutions of complex and ligand in 25mmol L™" Hepes
per 10mmol L™" NaCl were mixed at the beginning and kept in thermo-blocker at
310K during the reaction. At defined time intervals, a sample of reaction mixture
(20 uL) was injected to the column and chromatograms recorded.

3. Results and discussion

Kinetic studies for substitution reactions of [PtCly(en)] and [PtCly(dach)] complexes
with 5-GMP and tr-histidine were followed spectrophotometrically as pseudo-first-
order reactions at 310K in 25mmol L™' Hepes buffer (pH=7.2) and 10 mmol L™
NaCl to prevent the hydrolysis of complexes. Following the changes in absorbance at
suitable wavelengths as a function of time, we calculated the values for pseudo-first-
order rate constants, kqpsq, using Microsoft Excel and Origin 6.1.

Generally, the substitution of these Pt(IV) complexes can be described by scheme 1,
where one of the chlorides from the coordination sphere of starting complex is
substituted with entering ligand, characterized by rate constant k.

We obtained the graphs shown in figures 3 and 4 from the experimentally obtained
values for k,psq at different ligand concentrations, where linear dependence is confirmed.
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Figure 3. Pseudo-first-order rate constants, kopsq, as a function of ligand concentration for substitution
reactions of [PtCly(dach)] at 310K, in 25mmol L™ Hepes buffer (pH = 7.02) with addition of 10 mmol L™
NaCl.
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Figure 4. Pseudo-first-order rate constants, kopsq, as a function of ligand concentration for substitution
reactions of [PtCly(en)] at 310K, in 25mmol L™" Hepes buffer (pH =7.02) with addition of 10 mmol L™
NacCl.

The value of k, could be calculated using equation (1), from the slope of the
observed straight line. The rate constants of all studied reactions are summarized
in table 1.

kobsda = k1 + ko[L] (1)

From the data, [PtCly(en)] reacts slightly faster than [PtCly(dach)] and r-histidine is
better a nucleophile than 5-GMP. These results could be easily explained by comparing
the structures of en and dach, as well as the structures of the entering ligands.

The reactivity of these complexes toward nucleotide was already explained by Choi
et al. [17].
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Scheme 2. Proposed mechanism for the reaction of Pt(IV) complexes with 5'-GMP.

Scheme 1 also describes that slow substitution of Pt(IV) complex is followed by very
fast reduction to corresponding Pt(II) complex; the rate constants for reductive
elimination are not determined. However, the proposed mechanism for the reduction of
these Pt(IV) complexes in the presence of 5-GMP is shown in scheme 2.

After coordination to platinum complex via N7 of 5-GMP molecule, the attack of
oxygen of phosphate on C8 position of purine base causes the transfer of electron pair
of double bond to nitrogen. Further electron transfer leads to the reductive elimination
and formation of square-planar Pt(II) complex substituted with 8-0x0-5-GMP. This
mechanism of substitution followed by reduction as well as the presence of final Pt(II)
product were confirmed by NMR in solution [16-20].

The substitution and reduction of Pt(IV) complexes with L-histidine is shown
in scheme 3. The inner-sphere transfer of electrons of double bond via coordi-
nated nitrogen to platinum gives the final square-planar Pt(II) complex substituted
with an imidazolone derivative of vr-histidine, which is formed as a product of
oxidation [25].

The same substitution reactions were studied by "H-NMR and the obtained spectra
confirm the previous results. In the solution observed by mixing an equimolar
concentration of [PtCly(en)] complex and L-histidine, after 24 h the signal between 7.2
and 7.9 ppm is dominant (figure 5). After 48 h, slight separation between the signals of
coordinated and free ligand is monitored, while after 7 days these two signals are at
7.930 ppm for coordinated L-histidine and 7.878 ppm for free L-histidine. To confirm
that the reduction of Pt(IV) occurs and that the final product is Pt(II) complex, we
followed the same conditions as the reaction of [PtCl,(en)] and r-histidine (time
dependence is shown in figure 4S, Supplementary material). The spectrum of the
reaction mixture after 7 days is the red-colored spectrum (figure 3). After 7 days,
the two signals, for coordinated and free L-histidine, are at the same chemical shift for
the [PtCly(en)] and [PtCly(en)] complexes (see figure 5S in “Supplementary material™),
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Scheme 3. Proposed mechanism for the reaction of Pt(IV) complexes with L-His.
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Figure 5. '"H-NMR spectra of the reaction between [Pt(en)Cl,] and L-histidine.

confirming that during the reactions the reduction of Pt(IV) to Pt(II) occurs in reactions
with r-histidine.

In the reaction between [PtCly(en)] and 5-GMP the signal of free ligand is at
8.225 ppm (figure 6). The signal of coordinated 5-GMP, which intensity increase with
the time, is at 8.768 ppm. The red colored spectra in figure 6 is the final spectrum
obtained during the reaction of [PtCly(en)] with 5-GMP (stepwise kinetics is shown in
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Figure 6. 'H-NMR spectra of the reaction between [Pt(en)Cly] and 5'-GMP.

figure 3S, Supplementary material). The similarity between the final "H-NMR spectra
provide the conclusion that the final product of the reaction between [PtCly(en)] and
5-GMP is Pt(II) complex (in figure 6S in Supplementary material are compared just
these two final spectra).

The reactions of [PtCly(dach)] with 5-GMP and vr-histidine were also studied by
"H-NMR (figures 1S and 2S, Supplementary material). For the reaction with
L-histidine, the signal of coordinated ligand is at 8.462 ppm and its intensity increases
with time. In the reaction of [PtCl,(dach)] with L-histidine, we again obtained the signal
at 8.462ppm (figure 7S, Supplementary material), indicating that in reactions of
[PtCly(dach)] with r-histidine there is a reduction of Pt(IV) to Pt(II). However, in the
spectra (1S Supplementary material) a downfield shift of the signals results from
changes in pH.

For reaction with 5-GMP, the free ligand is at 8.200 ppm. When the nucleotide reacts
with the complex, a signal at 8.630 ppm appears with an increase in the intensity during
the reaction (2S Supplementary material). After 24 h, this signal exists as a doublet
because 5-GMP is partially coordinated to Pt(IV) and the Pt(II) complex is reduced.
But after few days, when the reduction is almost finished, signal at 8.630 ppm becomes a
singlet [16].

Reactions of [PtCly(en)] and [PtCly(dach)] with r-histidine were monitored by HPLC
as well. In the column the thermostated solution obtained by mixing appropriate
complex and ligand solutions is injected. The chromatograms for the reaction between
[PtCly(en)] and r-histidine at different time intervals are shown as figure 7. After mixing,
a very small signal at 2.0min appears while a very broad signal of free L-histidine is
dominant. During the reaction, the signal at 2.0 min increases and after about 7 days the
signals of product and free rL-histidine have the same intensity. Also, a small peak at
3.0min could be seen in the spectra, possibly a product of the first step. Its
concentration is very small and appears in the spectra when the concentration of free
L-histidine decreases. After about 10 days, only the final product and a small
concentration of free ligand are observed in the solution.
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Figure 7. HPLC chromatograms for reaction between [PtCly(en)] and r-histidine at pH=7.2, T=310K,
A =250nm; [*] — L-histidine (Retention time, RT =2.5min); (+) — product (RT =2.0 min).

Figure 8 shows the results for the reaction between [PtCly(dach)] with r-histidine
using HPLC method. There is a signal of free L-histidine at 2.5 min and a signal of the
product of the reaction at 2.8 min. A signal at 6.9 min is already known as the free
complex from the published results [16]. After about 10 days, only one product of the
reaction and a small concentration of free ligand exist. Narrowing of the signal at the
beginning of the reaction supports the fact that a substituted product of Pt(IV) complex
could be present in the solution, but at the end we have only one reduced product.

4. Conclusion

The reactivity of Pt(IV) complexes depend on the structure of inert bidentate ligand as
well as the structure of the entering nucleophiles, 5-GMP and r-histidine. The
substitution reactions of [PtCly(en)] are faster than those with [PtCly(dach)], while the
smaller L-histidine nucleophile reacts faster than 5-GMP. The substitution reactions
were followed by fast reduction of Pt(IV) to Pt(II) complexes. Using different methods
of analysis, the assumption that the final products in these reactions are Pt(II)
complexes is confirmed. These results contribute to the understanding of the
interactions of Pt(IV) complexes with some biologically important nucleophiles.
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Figure 8. HPLC chromatograms for the reaction between [PtCly(dach)] and r-histidine at pH=7.2,
T=310K, A =360 nm; [*] — L-histidine (RT =2.5min); (+) — product (RT =2.8 min).
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ABSTRACT: The reactions of platinum(ll) complexes, [PtCly(dach)] (dach = (1R,2R)-1,2-
diaminocyclohexane) and [PtCl,(en)] (en = ethylenediamine) with biologically relevant ligands
such as 5'-GMP (guanosine-5’-monophosphate) and L-His (L-histidine) were studied by UV—
vis spectrophotometry, 'H NMR spectroscopy, and high-performance liquid chromatography
(HPLC). Spectrophotometrically, these reactions were investigated under pseudo-first-order
conditions at 310 K in 25 mM Hepes buffer (pH 7.2) and 10 mM NaCl to prevent the hydrolysis
of the complexes. The [PtCl,(en)] complex reacts faster than [PtCly(dach)] in the reaction with
studied nucleophiles. This confirms the fact that the reactivity of studied Pt(Il) complexes de-
pends on the structure of the inert bidentate ligand. Also, the substitution reactions with L-His
are always faster than the reactions with nucleotide 5-GMP. The reactions of |PtCl,(dach)] and
[PtCly(en)| complexes with L-histidine are studied by 'H NMR spectroscopy. The obtained rate
constants are in agreement with those obtained by UV-vis. The same reactions were studied by
HPLC comparing the obtained chromatograms during the reaction. The changes in intensity of
signals of the free and coordinated ligand show that after a few days there is only one dominant

product in the system. © 2010 Wiley Periodicals, Inc. Int ] Chem Kinet 43: 99-106, 2011

INTRODUCTION

The chemistry of platinum(Il) complexes is impor-
tant from a biological and medicinal point of view.
Some Pt(II) complexes are extensively used as an-
ticancer drugs in chemotherapy. For instance, cis-
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diamminedichloroplatinum(II), cisplatin, cis-[PtCl,
(NHj3),], is one of the most widely used anticancer
drugs. Its effectiveness against ovarian and testicular
cancer is well established. It is now generally accepted
that the interactions of cisplatin with DNA are respon-
sible for the antitumor activity [1-8]. On the other
hand, this use has been limited by toxicity to the kidney
and other side effects (nausea, vomiting, neurotoxicity,
etc.) [5,9,10]. Over the past few decades, about 3000
platinum(II) complexes have been synthesized and in-
vestigated in an attempt to improve the better antitumor
activity, lower toxicity, and to design a drug that is able
to overcome resistance [7,11,12]. So far, only about 30
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Figure 1 Structures of investigated complexes and ligands.

platinum complexes have entered clinical trial. Primar-
ily, the interactions of different platinum complexes
toward DNA as well as the interactions with other
biomolecules, which can react with platinum, were the
major goal of research [3,4,6,13,14]. Platinum has a
strong preference to bind at the N7 atom of guanine
on DNA. The binding to DNA eventually leads to an
altered protein conformation and changes in biological
activity, especially when enzymatic reactions are af-
fected [5,6,10]. Despite its remarkable pharmacolog-
ical activity, the drug cisplatin presents heavy disad-
vantages such as relatively limited spectrum of activity
and high toxicity [3,4,13].

With the aim to extend our earlier work [15—
18], we investigated and reported here study of the
substitution reactions between [PtCly(dach)] (dach
= (1R,2R)-1,2-diaminocyclohexane) and [PtCl,(en)]
(en = ethylenediamine) complexes with 5-GMP
(guanosine-5'-monophosphate) and L-His (L-histidine)
using different experimental methods: UV-vis spec-
trophotometry, '"H NMR spectroscopy, and high-
performance liquid chromatography (HPLC). Since
a bifunctional addition of Pt(II) complexes to DNA
found to be critical for their cytotoxicity [1-6], we se-
lected [PtCly(dach)] and [PtCly(en)] complexes with
different combinations of amines as inert ligand in the
coordination sphere. The [PtCl,(en)] complex is usu-
ally used as a model complex for cisplatin, whereas the
[PtCl,(dach)] complex is structurally similar to oxali-
platin, a third-generation platinum drug [6]. The study
of the interactions of these platinum(IT) complexes with

nitrogen-bonding biomolecules, constituents of DNA
(5-GMP), peptides, and proteins (L-His), could pro-
vide a better understanding of the mechanism of the
platinum(II) drug metabolism. Different experimen-
tal methods were used for the kinetic measurement
depending on the properties of studied systems. The
structures of studied complexes and ligands are pre-
sented in Fig. 1.

EXPERIMENTAL

Chemicals

Potassium-tetrachloroplatinate(Il) (K,PtCly), a start-
ing complex for the other synthesis, was obtained from
Stream Chemicals, Inc. (Newburyport, MA, USA).
The ligands ethylenediamine (Merck & Co., Inc.,
Whitehouse Station, NJ, USA) and (1R, 2R)-1,2-
diaminocyclohexane (Acros Organics, USA, Morris
Plains, NJ, USA) as well as nucleophiles guanosine-
5’-monophosphate sodium salt (Acros Organics) and
L-histidine (Merck) were used without further purifica-
tion. Hepes buffer (N-2-hydroxyethylpiperazine-N’-
2-ethanesulfonic acid) obtained from Aldrich (Sigma-
Aldrich, St. Louis, MO, USA) and D,0 (CIL, Inc.,
Andover, MA, USA; 99.9%) were used as received.
Ultrapure water was used for the spectrophotomet-
ric measurements, whereas for the liquid chromatog-
raphy water with HPLC purity was used. Literature
procedures were used for the synthesis of [Pt(en)Cl;]
and [Pt(dach)Cl,] complexes [15,19]. The chemical

International Journal of Chemical Kinetics DOI 10.1002/kin
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analysis, '"H NMR, and UV-vis spectroscopic data
were in good agreement with the previously obtained.
Anal. Caled for PtC,N,HgCly: H, 2.47; C, 7.37; N,
8.59. Found: H, 2.23; C, 7.01; N, 8.31. Anal. Calcd for
PtC¢N,H4Cl>: H, 3.71; C, 18.96; N, 7.37. Found: H,
3.34; C, 18.02; N, 7.01.

Instrumentation

Chemical analyses were performed on a Carlo Erba el-
emental analyser 1106. UV-vis spectra were recorded
on Shimadzu UV 250 and Hewlett—Packard 8452A
diode-array spectrophotometers. UV-vis kinetic mea-
surements were carried out on a Perkin—Elmer Lamda
35 double-beam spectrophotometer equipped with
thermostated 1.00 cm quartz Suprasil cells. The tem-
perature was controlled throughout all kinetic exper-
iments to +0.1°C. HPLC results were obtained on a
Shimadzu LC solution chromatograph with an SDP-
M?20A diode array detector. The column CC 250/4 NU-
CLEOSIL 100-5C,g was used. The NMR spectra were
acquired on a Varian Gemini-2000 spectrometer at 298
K. The measurements were performed with a commer-
cial 5-mm Bruker broadband probe. All chemical shifts
are referenced to trimethylsilylpropionic acid).

UV-Vis Measurements. The kinetics of the substitu-
tion reactions of [PtCl,(en)] and [PtCl,(dach)] com-
plexes with 5'-GMP and L-His was studied spectropho-
tometrically by following the change in absorbance at
suitable wavelengths as a function of time at 310 K.
The working wavelength for each reaction system was
determined by recording the spectra of a reaction mix-
ture over the wavelength range between 220 and 450
nm. These values are presented in the Tables 1S and
2S in the Supporting Information. The reactions were
initiated by mixing the equal volumes (1.5 cm?) of
the complex and ligand solutions in the quartz cuvette.
The reactions were studied under pseudo-first-order
conditions with ligand concentration in at least 10-fold
excess. The kinetic traces gave an excellent fit to a
double exponential (an example is shown in Fig. 1S in
the Supporting Information). All reported pseudo-first-
order rate constants, kopsg, r€present an average value
of two to four independent kinetic runs for each exper-
imental condition (data are given in Tables 1S and 2S
in the Supporting Information).

'H NMR Measurements. 'H NMR measurements of
the reactions between [PtCly(en)] and [PtCl,(dach)]
complexes and L-His were done with a freshly pre-
pared sample of the reactants. A 5-mM solution of the
complex was prepared in 300 pL. D,O approximately

International Journal of Chemical Kinetics DOI 10.1002/kin

10 min prior to the start of the kinetic experiment. The
solution with the same concentration of ligand (300 uL
D,0, 5 mM ligand) was added to the solution of the
complex to initiate the reaction. 'H NMR spectra were
recorded at 295 K over a period of several days un-
til completion of the reaction. No buffer was used to
prevent increased activation of the complexes due to
coordination of phosphate [20] or interfering signals in
the observed peak area. The pD (pD = pH + 0.4, [21])
was adjusted with 0.01-0.05 M solutions of NaOD and
DCIL

HPLC Measurements. For the HPLC determinations,
the isocratic method was used with water as a mobile
phase. Before measurement, the system was calibrated.
The calibration was done with eluent, which consist of
acetonitrile and water, in different ratios, starting from
MeCN : H,O = 100% : 0%. The calibration is finished
when only water flows through the column. Then, the
other parameters depending on the reaction should be
specified (pressure, flow rate, working wavelength).

Reactions between [PtCly(en)] and [PtCl,(dach)]
complexes with L-His were studied by using this
method. For each reaction, the solutions of complex
and ligand in 25 mM Hepes with 10 mM NaCl were
mixed at the beginning and kept in a thermo-blocker at
310 K during all reaction time. At defined time inter-
vals, a sample of reaction mixture (20 nL) was injected
to the column and recorded chromatograms.

RESULTS AND DISCUSSION

Here we report the results of kinetic measurements
for the substitution reactions of [PtCly(en)] and
[PtCl,(dach)] complexes with 5-GMP and vr-His.
All reactions were followed spectrophotometrically as
pseudo-first-order reactions at 310 K in 25 mM Hepes
buffer (pH 7.2) and 10 mM NacCl to prevent the hy-
drolysis of complexes. We monitored the changes in
absorbance at suitable wavelengths as a function of
time. Calculation of values for pseudo-first-order rate
constants, kqpsd, 1S performed using computational pro-
grams Microsoft Excel and Origin 6.1. By fitting these
data as a two-exponential model in which the ampli-
tudes have an opposite sign, we obtained the values
for the pseudo-first-order rate constants for the first
(kobsa1) and the second (kopsaz) steps of the substitu-
tion. The values are summarized in Tables 1S and 2S
in the Supporting Information. Substitution reactions
of square-planar complexes usually proceed according
to two parallel pathways, viz. direct nucleophile at-
tack and solvolytic pathway in which a highly labile
aqua complex is formed in the rate-determining step
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Figure 2 Pseudo-first-order rate constants for the first (kobsd1) and the second (kopsq2) steps of the substitution reactions of the
[PtCl,(dach)] complex with 5'-GMP and L-His as a function of ligand concentration at 310 K, in 25 mM Hepes buffer (pH 7.2)

with the addition of 10 mM NaCl.

[22]. However, due to the presence of 10 mM NaCl
solvolytic step is eliminated and the reaction goes to
equilibrium. Also, the analyses of the changes in ab-
sorbance, AA, as a function of entering nucleophile
concentration supported an equilibrium (see Fig. 2S in
the Supporting Information) because the absorbance
change associated with the first reaction decreases to a
much larger extent than the absorbance change associ-
ated with the slower reaction with increasing amount
of entering ligand. This provides the evidence that both
steps are reversible as well as the evidence that the first
reaction is the faster one [19,23,24]

Thus, substitution reactions of the studied com-
plexes with the selected nucleophiles occur in two
subsequent reversible steps, according to the reactions
given in Egs. (1) and (2). The first step represents the
reversible substitution of one chloride ion from the co-
ordination sphere of the started complex. This step is
characterized by the rate constant k; for the forward
reaction and k_; for the back reaction. The second step
is also reversible substitution of another chloride ion,
where k; is a signed rate constant for a direct process
and with k_, rate constant for the back reaction.

[PCly(L)] + Nu 2 [PCHNwL)]* + CI= (1)
ki
[Pt(CD(Nu)(L)]* + Nu k_’<—2 [PtNu),(L)*F +CI™ (2)
ka

where L = dach or en and Nu = 5'-GMP or L-histidine.
The observed rate constants for these two reactions
can be expressed as given in Eq. (3)

kobsdl = k—1 + ki[Nu]  kopsar = k—p + kz[Nu] (3)

The obtained pseudo-first-order rate constants first
(kobsa1) and the second (kobsq2) steps of the substitution
were plotted versus the concentrations of the entering
nucleophiles. A linear dependence of the nucleophile
concentration was observed for all reactions (Figs. 2
and 3).

The rate constants k; and k, are calculated accord-
ing to the Eq. (3) from the slope of the observed straight
lines for the first and the second steps, whereas the val-
ues for the reverse rate constants (k_; and k_,) were
obtained from the intercept. All rate constants are sum-
marized in Table L.

It is well known that 5'-GMP could coordinate to
metal ions through N1 and N7 ions, depending on the
pH of the solution. At pH 7.2, the N1 atom is proto-
nated (pKa (N1) = 9.3), pKa (N7) = 2.48)) [19], so
the coordination to Pt(II) occurs via N7. In the case of
substitution with amino acid, the coordination to Pt(II)
could occur via N1 and N3 nitrogen atoms of imida-
zole ring. At pH 7.2, just N3 is completely deproto-
nated (pKa (N3) = 6.5) and the bond forms via N3
[18].

As explained before, the first reaction step occurs
via nucleophilic attack of the N7 donor atom of purine
base comprising 5'-GMP or N3 donor atom of the im-
idazole ring in the case of the reaction with L-His,
resulting in the formation of a product by departing
one chloride ion from the starting complexes. Accord-
ing to the values for k| given in Table I, the [PtCl,(en)]
complex reacts faster than [PtCl,(dach)] in the reac-
tions with both N-donor biomolecules. This differ-
ence in reactivity of the studied complexes can be as-
cribed to the coordination geometry of the inert ligands
[18,19,25]. The reactions with [Pt(dach)Cl,] were ex-
pected to be slower than those with [Pt(en)Cl,], as the

International Journal of Chemical Kinetics DOI 10.1002/kin
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Figure 3 Pseudo-first-order rate constants for the first (kobsd1) and the second (kobsa2) steps of the substitution reactions of the
[PtCl,(en)] complex with 5-GMP and L-His as a function of ligand concentration at 310 K, in 25 mM Hepes buffer (pH 7.2)

with the addition of 10 mM NaCl.

Pt(IT) center should be less electrophilic because of
the positive inductive effect of the cyclohexane ring
[19].

The reactivity of ligands is the same for both
complexes and follows the order: L-His > 5'-GMP.
L-His is smaller then 5'-GMP so it could easier to form
the bond with a metal ion considering that at pH 7.2
the N3 atom of the imidazole ring of L-histidine and
N7 atom of purine base of 5'-GMP are deprotonated
[18, 19,25]. Also, the difference in the reactivity of
these nucleophiles can be accounted for in terms of
steric effects. 5'-GMP is sterically more crowded
than L-histidine, and that can be the reason why the
reactions with 5'-GMP are a bit slower.

The rate constant k_;, which is independent of nu-
cleophile concentration, is determined from the inter-
cept of the graph of kgpsq1 vs. [L]. It is very small,
about three orders of magnitude smaller than k;, and
contributes little to the observed rate.

The second step is the substitution of another chlo-
ride ion from the coordination sphere of studied Pt(II)
complexes, resulting in formation of 1:2 complexes
[19]. Rate constants for the forward, k,, and reverse
reactions, k_,, are also listed in Table I. However, the
second step is slower compared to the first step for all
substitution reactions, about 1015 times, respectively,
because the formation of a bond with another molecule
of nucleotide is prevented. However, the order of reac-
tivity of nucleophiles in the second step is the same as
it was in the first step.

The substitution reactions of [PtCl(dach)] and
[PtCl,(en)] complexes with L-His were studied by 'H
NMR spectroscopy. These reactions are followed in
a 1:1 molar ratio at pD 8.42 for a period of 5 days.
Second-order rate constants, k;, were calculated from
Eq. (4).

kit =——— “)

Table I Rate Constants for the First and the Second Steps of the Substitution Reactions of [PtCl,(en)] and
|PtCl,(dach)] Complexes with L-His and 5'-GMP at 310 K in 25 mM Hepes Buffer (pH 7.2) and 10 mM NacCl
L-His 5'-GMP
103 kM~ 1571 109k (s71) 103 kM~ s7h 100k (s7h
First step
[PtCl(en)] 10.5+0.3 6.7+ 1.8 6.5+0.2 25+04
0.75 £+ 0.06%
[PCly(dach)] 6.4 + 0.4 1.5+0.1 49402 1.1+£0.2
0.68 £ 0.02¢
Second step
10%k, M~ 1571 107 k_5 (s™) 10* koM~ s~ h 107 ky s™hH
[PtCl;(en)] 7.7+0.6 42402 55+02 32+1.0
[PtCly(dach)] 6.5+0.3 2.8 +0.1 4.7 +0.1 1.44+0.6

“Rate constants determined by using '"H NMR at 295 K.

International Journal of Chemical Kinetics DOI 10.1002/kin
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Figure 4 Guggenheim plots for the reaction of [PtCly(dach)] and [PtCly(en)] complexes (5 mM) with L- histidine (5 mM) at
pD 8.42 and 295 K.

where x is the concentration of the formed product of is 5%) of suitable proton signals in NMR spectra of free
the substitution reactions, whereas ay is an initial con- and coordinated ligand during the reaction time. The
centration of complex (and ligand) [22]. Calculations values of the rate constants were determined from the
were performed by relative integration (estimated error Guggenheim plot. The slope of the straight line, which
+
+
+
+*
A e 48 h
I *
& +
*|
24 h
*
| _ 5h

\f\_ "
1.5h
M
w, 05h

4 >

1 2 3 4 5 6 T 8 9 t (min)

Figure 5 HPLC chromatograms for the reaction between [PtCly(dach)])](5 mM) and r-histidine (100 mM) at pH 7.2, T =
310 K, A = 360 nm; [*]: L-histidine (retention time = 2.1 min); (4): product (retention time = 2.5 min).
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passes through the zero, represents the value of the rate
constant k;, as shown in Fig. 4. The calculated values
are presented in Table 1. These values are lower, about
8—12 times, than the rate constants determined by UV-
vis because the NMR measurements are performed at
295 K.

The results obtained by NMR confirm the proposed
kinetics. However, obtained spectra show that there
was only one product of the substitution reaction in all
studied systems. Analyzing spectra obtained in the re-
action between the [PtCl,(en)] complex and L-histidine
(Fig. 3S in the Supporting Information) two signals
could be seen at 7.930 ppm for free and at 7.878 ppm
for coordinated L-histidine. The signal of coordinated
ligand appears after 24 h of the reaction, and its in-
tensity increases with the time. After 5 days, the con-
centration of free and coordinated ligand is almost the
same.

For the reaction between the [PtCl,(dach)] com-
plex and L-histidine, the signal of coordinated ligand
appears at 8.462 ppm, which increases during the re-
action. At the same time, a signal of the free ligand
decreases (Fig 4S in the Supporting Information).

For better understanding of kinetics, the reactions
of [PtCly(en)] and [PtCl,(dach)] complexes with L-
histidine were monitored by HPLC as well. In the col-
umn, the thermostated solution obtained by mixing of
an appropriate solution of complex and ligand was in-
jected. The chromatograms for the reaction between
the [PtCl(dach)] complex and L-histidine at different
time intervals are shown in Fig. 5. Half an hour af-
ter starting the reaction, on the chromatogram a signal
appears at 2.1 min, which comes from free L-His and
signal at 2.5 min, which originates from the reaction
products. The area of peaks of the free ligand at the
beginning is much greater than the area of product,
which corresponds to their relative concentration in
the solution. After 2 days, only one product matches
the reaction.

The chromatograms of the reaction between the
[PtCl,(en)] complex and L-His are presented in Fig. 5S
in the Supporting Information. At the beginning of the
reaction, only the peak of the free ligand at 2 min dom-
inates. After 24 h, the concentration of free ligand and
the product are almost the same. After about 2 days,
only the signal of the final product at 2.4 min is pre-
sented in the solution.

CONCLUSION
This study demonstrates the structure—reactivity rela-
tionship of some bifunctional Pt(I[) complexes. On the

basis of the obtained results, it could be concluded that

International Journal of Chemical Kinetics DOI 10.1002/kin

the reactivity of [PtCly(en)] and [PtCl,(dach)] com-
plexes depends on the structure of inert bidentate lig-
and, type of entering ligand, as well as conditions un-
der the substitution reactions. Namely, the substitution
reactions of [PtCly(en)] and [PtCl,(dach)] complexes
are a two-step process, leading to the formation of the
final product where both chloride ions from the start-
ing complexes are substituted with the nucleophile.
Complex [PtCl,(en)] reacts faster than [PtCl,(dach)]
complexes. This can be attributed to the steric and
electronic effects of bidentate ligands. All studied sub-
stitutions are faster with L-histidine than with 5'-GMP.
Since nitrogen-bonding ligands have a high affinity for
the Pt(II) complexes, the rate of substitution depends
on the type and the structure of entering nucleophile as
well as on the pH value of the reactions. Finally, these
results could contribute to the better understanding of
the interactions of some bifunctional Pt(I) complexes
with biologically important nucleophiles, constituents
of DNA peptides and proteins.
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Abstract

The reduction of the Pt(IV) complexes [PtCly(bipy)], [PtCls(dach)] and [PtCls(en)] by
glutathione (GSH), L-cysteine (L-Cys) and L-methionine (L-Met) was investigated by
stopped-flow spectrophotometry at pH 2.0 (in 0.01 M perchloric acid) and at pH 7.2 (in
25 mM Hepes buffer). Kinetic measurements were performed under pseudo-first order
conditions with an excess of the reducing agent. The order of the reactivity of the studied
complexes was [PtCls(bipy)] > [PtCls(dach)] > [PtCls(en)], and reactivity of investigated
reducing agents followed the order GSH > L-Cys > L-Met. All the reactions between the
selected Pt(IV) complexes and the sulfur donor biomolecules proceeded by a reductive
elimination process that included nucleophilic attack by the reducing agent on one of the
mutually #rans-coordinated chloride ligands, which led to a two-electron transfer process.
The final products of the redox reactions were the corresponding reduced Pt(II)

complexes and the oxidized form of the reducing agents.

Keywords: Pt(IV) complexes; reduction; glutathione; L-cysteine; L-methionine
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Introduction
It is well known that the clinical efficiency of cisplatin, cis-[PtCI;(NHs3),], is limited by
many toxic side effects, such as dose-limiting nephrotoxicity, drug resistance of the
tumor cells and a narrow range of activity.' Further studies in this field revealed a number
of different Pt(II) complexes, structurally similar to cisplatin, with reduced toxicity, but
still not suitable for longer application.”* To date, about 3000 different platinum
complexes have been synthesized and investigated in an attempt to improve the antitumor
activity, to lower the toxicity and to design a drug that is able to overcome cell resistance.
However, only about 30 platinum complexes have hitherto entered clinical trials.””
Significant among them are Pt(I[) complexes with a trans-geometry, dinuclear Pt(II)
complexes and Pt(IV) complexes.'**

Platinum(IV) complexes have shown considerable promise as antitumor agents.

Their octahedral geometry introduces two additional ligand sites, and the high kinetic

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
Published on 16 April 2013 on http://pubs.rsc.org | doi:10.1039/C3DT50751C

inertness of the complexes lowers their reactivity as well as the prospect of side reactions.
Thus, the potential advantages of Pt(IV) complexes are based on the fact that they remain
in the higher oxidation state in the bloodstream due to their lower reactivity. This can
diminish the loss of the active drug and lower the number of side reactions that lead to
toxic side effects.*’

Compared to the Pt(I) complexes, some complexes of Pt(IV) can be orally
administrated since the amount of the complex that is lost or deactivated on the way to
the target cells is relatively small. For example, satraplatin is the first orally applicable Pt
drug in a clinical trial.'' On the other hand, the lipophilicity of the Pt(IV) complexes is an

important factor for their oral administration.*'?
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Pt(IV) complexes are inert in ligand substitution reactions relative to their Pt(I)

analogues.”” "

Upon entering into the cell, there are two metabolic pathways for Pt(IV)
complexes, viz. reduction by agents present in the cell, such as glutathione, L-cysteine, L-
methionine and ascorbic acid, or direct interaction with DNA molecules in the cell
nucleus. The first pathway leads to the well-known reactions of Pt(II) complexes,16
whereas the second pathway involves the formation of an adduct between Pt(IV) and
DNA 718

Elding and co-workers'’?

studied in detail the reduction of various Pt(IV)
complexes, such as  tranms,trans,trans-[PtCl,(OH),(NH;3)(cha)],  cis, trans,cis-
[PtCI,(OH),(NH3)(cha)], trans-[PtCl4(NHj)(thiazole)], trans-[PtCly(NH;3)(cha)], cis-
[PtCI4(NH3)(cha)], cis-[PtCl4(NH3),], and trans,cis,cis-[Pt(OCOCHj3),Cl,(NH3)(cha)],
where cha = cyclohexylamine, with different thiols and ascorbic acid as reducing agents.
The most of these reactions followed an inner-sphere reductive-elimination mechanism
that involved attack of the reducing agent on the halide coordinated frans to the good
leaving group, leading to a two-electron transfer process. The final products of these
reactions were the corresponding reduced Pt(II) complexes and the oxidized form of the
reducing agents.

Although most evidence indicates that Pt(IV) compounds are reduced to Pt(II) by
potential cellular reducing agents, the underlying reaction mechanism is still poorly
understood. The relation between the structures of the Pt(IV) complexes and the rates and
mechanisms of their reduction should be strongly connected. Published results for the

reduction of different Pt(IV) complexes showed that their reactivity depended on their

reduction potential.*'"'#2*** For diammine complexes of platinum, the structure
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variation of the diammine ligand had less effect on the reduction potential, whereas the

11 - 21,2226
nature of the axial ligands exerted a stronger influence.”

When the axial ligands were
chloride, the reduction was very fast when compared to those of carboxylate or hydroxide
complexes.”’

In this study, the reactions of [PtCly(bipy)], [PtCls(dach)] and [PtCls(en)] with
glutathione (GSH), L-cysteine (L-Cys) and L-methionine (L-Met) were investigated by
stopped-flow spectrophotometry. The influence of acidity on the rate of reduction of the
Pt(IV) complexes could reveal more information on the relationship between their
structure and chemical behavior due the interaction with the selected biomolecules. The

structures of the studied complexes and reducing agents are presented schematically in

Fig. 1.

Fig. 1
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Results and discussion

The redox reactions of [PtCls(bipy)], [PtCls(dach)] and [PtCly(en)] with GSH, L-Cys and
L-Met were studied at pH 2.0 (0.01 M HCIO4) in the presence of 0.2 M NaCl, by
following the changes in absorbance at suitable wavelengths as a function of time.
Single-exponential traces were obtained under all experimental conditions. The
calculated values for the pseudo-first order rate constants, kopsq, are given in Tables S1-S3
(ESI). The suggested pathways for the reduction of the selected Pt(IV) complexes by the
thiols and thioether at pH 2.0 are presented in Scheme 1. In the first step, the reductive

elimination by RSH results in the production of RSCI, which hydrolyzes rapidly in the
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subsequent step to form RSOH, which in turn reacts with another RSH molecule to form
the final product RSSR.*' The first step of this reaction sequence is the rate-determining

process.

k
[PtCl,(N-N)] + RSH 2 [PtC1,(N-N)] + RSCI+H"+Cl"  slow

RSCI + H,O—> RSOH + H + CI }
fast
RSOH + RSH—> RSSR + H,0

k B
[PtC1,(N-N)] + MeSR + H,0 —= [PtCI;(N-N)] + MeS(O)R + 2H" +2Cl
N-N = bipy, dach, en; RSH = GSH, L-Cys; MeSR = L-Met
Scheme 1
The dependence of the observed rate constants, kopsq, On the concentration of the reducing
agents can be express by Eqn. (1), where k; represents the second-order rate constants for
the rate-determining step of all reaction systems:

kobsa = ko[Reducing agent] (1)

All plots of kgpsa vs. reducing agent concentration were linear and passed through the

origin. This indicates that possible parallel or back reactions are insignificant or absent
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(see Fig. 2, Figs. S1 and S2 (ESI)). The second-order rate constants (k) obtained from

the slope of the observed plots are summarized in Table 1.

Fig. 2

Table 1

The obtained results clearly show that the reactivity of the studied complexes followed
the order: [PtCly(bipy)] > [PtCly(dach)] > [PtCls(en)]. The order of reactivity of the
selected reducing agents was: GSH > L-Cys > L-Met.

To determine the influence of added chloride on the reduction rate at
pH 2.0, the same reactions were investigated in the absence of NaCl. The calculated rate
constants are also given in Table 1, whereas the linear plots of kopsq vs. reducing agent
concentration are shown in Figs. S3-S5 (ESI). The values of ky,sq are given in Tables

S4-S6 (ESI). It was found that the rate constant for reduction, k,, was independent of the
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chloride concentrations, which is in agreement with previously published results.”

Since Pt(IV) compounds are in general inert toward substitution, reduction of
Pt(IV) complexes by thiols and thioether occurs by the attack of a sulfur atom on one of
the trans coordinated ligands (inner-sphere mechanism). The reduction of Pt(IV) halide
compounds by reducing agents follows a reductive elimination process. It was proposed
that this mechanism involves the attack of the reductant on one of the mutually trans
coordinated chlorides in the Pt(IV) complex, which leads to a two-electron transfer via a
chloride-bridged complex. Furthermore, the reduction is followed by loss of two trans

8,20,21,28,29

chloride ligands and the formation of the corresponding Pt(II) complex. The rate
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of the reduction of Pt(IV) complexes strongly depends on the type of ligands in the axial
and equatorial positions. The axial bridging ligands are usually halide ions, which
correlates with their electronegativity. More electronegative ligands promote
destabilization of the Pt(IV) complexes, which resulted in a faster reduction process.26 In
the case of complexes that do not have axial chloride ligands but some others, such as
acetate ligands, the reduction was slower and followed an outer-sphere mechanism.?***
On the other hand, bulky inert equatorial ligands destabilized six-coordinated Pt(IV)
complexes and allowed a faster reduction to the four-coordinated Pt(II) complexes.%’30
This was confirmed by the results obtained in the present study since ethylenediamine is
less bulky than the other two chelates, bipy and dach, and the reduction of the [PtCls(en)]
complex was the slowest, whereas [PtCly(bipy)] showed the fastest reduction rate.

The rate of reduction of Pt(IV) complexes depended on their cathodic reduction
potential.'”'***?° Namely, the cathodic potential depends on the electron-withdrawing
power of the axial ligands as well as on the bulkiness of the inert equatorial ligands. The
published value for the cathodic potential for [PtCls(en)] was -160 mV and was -90 mV
for [PtCl4(dach)].26 This trend is in good agreement with the obtained order of reactivity
in the studied case, since the higher value for the cathodic redox potential should
correlate with a faster reduction process.**®

The lowest reactivity observed for the thioether (L-Met) of all studied reducing
agents can be accounted for since thioethers are in general less powerful reducing agents

than thiols. Furthermore, another possible reason is the steric hindrance of the methyl

group, which is directly linked to the sulfur atom.®
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The reduction of [PtCly(bipy)], [PtCls(dach)], [PtCls(en)] with the selected
biomolecules was also investigated at pH 7.2 (25 mM Hepes buffer) in the presence of
0.2 M NaCl by stopped-flow spectrophotometry at 310 K. Single-exponential traces were
obtained for all the reactions. The calculated values for the pseudo-first order rate
constants, kopsg, are reported in Tables S7-S9 (ESI). A linear dependence of kgpsq on the
reducing agent concentration was observed for all studied reactions (Fig. 3, Figs. S6 and

S7, ESI), which can be described by Eqn. (2).

Fig. 3

kobsa = ki + ko[Reducing agent] 2)

From the slopes of the observed lines, the second-order rate constants, k;, for the redox

reactions were calculated, see Table 1. The obtained results showed the same order of

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
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reactivity for the studied complexes and reducing agents at pH 7.2 as was observed for
the reactions at pH 2.0. However, there was a significant difference in that all the
observed dependencies at pH 7.2 did not pass through the origin and showed significant
intercepts (k;). In order to investigate this observation further, the reactions between the
studied complexes and glutathione were studied at different chloride concentrations. The
values for the pseudo-first order rate constants obtained under such conditions are
reported in Tables S10-S12 (ESI), and the plots of kgsq as a function of glutathione
concentration for the [PtCly(bipy)] complex in the presence of different concentrations of

chloride are reported in Fig. S8 (ESI). The values of the intercept (k;) and slope (k;) for
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the studied reactions as a function of chloride concentration are summarized in the Table
2. Both these rate constants increased strongly with increasing chloride concentration.
The dependences of the rate constants k; and k; on the chloride concentration are shown
in Figs. S9 and S10 (ESI), respectively, from which it follows that both rate constants
depended linearly on the chloride concentration. This suggests that the higher chloride
concentration mediates the reductive elimination process via both reaction paths
represented by k; and k,. Thus, Eqn, (2) can be extended to Eqn. (3) for the reaction
between [PtCly(bipy)] and glutathione, where k3 and k4 were determined from the slopes
of the plots in Figs. S9 and S10 and had the values (2.4 = 0.1) x 10° M s and (5.7 +

0.5) x 10° M? s™", respectively.

Table 2

kobsa = k3[Cl'] + ks4[ C1'][ glutathione] 3)

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
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The proposed pathway for the reaction at pH 7.2 is shown in Scheme 2.

k
[PtCl;(H,O)(N-N)]" + RS + CI N [PtCI,(N-N)] + RSCI + CI' + H,O slow

RSCI + H,0 —> RSOH + H' + CI
RSOH + RS—» RSSR + OH- fast

kz
[PtCly(H,0)(N-N)]" + MeSR + CI ——— [PtCI1,(N-N)] + MeS(O)R +2CI" + 2H"

10
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where:

[PtCl;(H,0)(N-N)]" + CI' === [PtCI4(N-N)]+ H,O

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
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Scheme 2

In the first step, the rate-determining step, the aqua complex, [PtCl;(H,O)(N-N)]™ is
present in the system that reacts with chloride ions to give the [PtCl4(N-N)] complex.
This complex reacts further with the reducing agents leading to the formation of the
corresponding Pt(Il) complexes. The higher chloride concentration in the solution, the

greater is the stability of the [PtCl4(N-N)] complex.

11
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In order to confirm the hydrolysis of the complexes under the investigated
experimental conditions, the change of absorbance as a function of wavelength was
monitored for a series of solutions of the [PtCls(en)] complex (1 x 10~ M) in the absence
of chloride and in the presence of different concentrations of chloride. Three NaCl
concentrations were investigated: 0.05, 0.1 and 0.2 M (Fig. S11, ESI). The spectra of
each solution of the complex was recorded after 1 h, 3 h, 4 h and 1 day, and then
compared. It can be seen that the absorbance significantly decreased when chloride were
absent from the solution and hydrolysis of the [PtCls(en)] complex was rapid, while
higher concentrations of chloride suppresed the hydrolysis process.

In a separate experiment, an aliquot (3 ml) of the solution of complex
[PtCl3(H,0)(en)]", was transferred into a cuvvete and UV-Vis spectrum was recorded.
An appropriate amount of solid NaCl was added in the cuvvete to the concentration
0.2 M NacCl, and UV-Vis spectrum was recorded, after 1 day (Fig. S12, ESI). Comparing
the spectra it can be seen that the absorbance increases with addition of chloride in a
solution of complex [PtCl3(H,O)(en)]", and this complex is converted to the [PtCly(en)].

The appearance of the intercept could be explained by a dinuclear transition state
between Pt(II) and Pt(IV) complexes through chloride as a bridging ligand. The above-
mentioned transition state, as a result of a two-electron transfer between the divalent and
the tetravalent metal ions, the formerly Pt(IV) species loses the two axial chloride
ligands, leading to the reduced Pt(II) species. However, the Pt(II) species will be oxidized
to Pt(IV) species that have two chloride ligands in the axial positions®*”' (Scheme 2). As
the formation of a bridge between complexes of Pt(II) and Pt(IV) occurs through a

chloride ligand, higher chloride concentrations in the solution could facilitate the

12
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formation of the bridge. The reduction to the Pt(II) complexes is faster at pH 7.2 than at
pH 2.0, which leads to the formation of larger amounts of complex Pt(II). In addition, due
to the faster reduction, the chlorides were released faster at pH 7.2 than at pH 2.0, which
led to higher chloride concentrations in the solution.

The obtained results also showed that the rate of reduction strongly depended on
the acidity of the solution. At pH 7.2, the reductions were about 5-30 times faster than at
pH 2.0. This observation is connected with the structures of the ligands and their
deprotonation constants. The acid dissociation constants for GSH are pK,; = 2.05, pKa, =
3.40, pKa3 = 8.79 and pK,4 = 9.49, for L-Cys, they are pK,; = 1.9 pKy; = 8.1 and pK,3 =
10.9, and for L-Met, they are pK,; = 2.65 and pK,, = 9.08.%

The employed amino acids and peptide represent different protolytic forms
depending on the pH (Figs. S13-S15, ESI). At pH 2.0, the formation of a bridged
activated complex is very difficult, but at pH 7.2, deprotonation of the thiol group

increased the reaction rate by a factor of between 5 and 30. Elding ef al. defined the

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
Published on 16 April 2013 on http://pubs.rsc.org | doi:10.1039/C3DT50751C

reduction rates of Pt(IV) complexes that include all protolytic constants of the thiols.”!
Their results for GSH and L-Cys are in very good agreement with the present data in
Table 1, viz., the reactivity of the thiolates (RS") was directly related to the proton
basicity, whereas the steric factor had little influence on the reaction rate. The oxidation
of the thioether, L-Met, is also favored at higher pH. Transformation of thioether to
sulfoxide occurs through attack of a hydroxyl group on the sulfur atom and further
deprotonation of the obtained product. At pH 2.0, the occurrence of this process is more

difficult, which could be the explanation for the higher reactivity of L-Met at neutral pH.

13


http://dx.doi.org/10.1039/c3dt50751c

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
Published on 16 April 2013 on http://pubs.rsc.org | doi:10.1039/C3DT50751C

Dalton Transactions

Page 14 of 27

View Article Online

To confirm that the reduction of the Pt(IV) complexes leads to the formation of
Pt(Il) analogues through the reductive elimination pathway, the reaction between
[PtCly(en)] and GSH was studied by '"H NMR in D,O at 295 K and at pD 6.4 (pD = pH +
0.4). The spectra of (a) free glutathione, (b) oxidized glutathione and (c) the product of
the reduction of [PtCls(en)] by GSH are summarized in Fig. 4. The formation of GSSG
during the reaction could be verified by the disappearance of the multiple peaks at 3 ppm,
assigned to the Cys-fCH, group of GSH, and the appearance of doublet of doublets at
3.06 ppm and 3.36 ppm, typical for free GSSG. In this region, the signal of the
corresponding Pt(I) complex appeared at 3.35 ppm, while the signal at 3.37 ppm was

ascribed to the remaining Pt(IV) complex in solution.

Fig. 4
Experimental

Materials

Potassium tetrachloridoplatinate(IT) (K,PtCls) was purchased from Strem Chemicals. The
ligands ethylenediamine (en) (Merck), (/R,2R)-1,2-diaminocyclohexane (dach) (Acros
Organics) and 2,2"-bipyridyl (Aldrich), and the nucleophiles glutathione (Acros
Organics), L-cysteine and L-methionine (Aldrich) were used without further purification.
Hepes buffer (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) was obtained from
Aldrich. All other chemicals, such as NaCl (Lachema), AgClO4 (Aldrich), HCIO4
(Reanal), EDTA (Acros Organics) and D,O (Aldrich) were of the highest commercially

available purity. The complexes [PtCly(bipy)], [PtCls(dach)] and [PtCls(en)] were

14
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prepared according to published procedures.””* All solutions were prepared in doubly
distilled water.

The aqua complex, [PtCl;(H,O)(en)]", was prepared by the addition of 1
equivalent AgClO, into the solution of the complex [PtCls(en)] in perchloric acid
(1 x 10° M) at pH 3.0, under stirring in the dark at room temperature, for 2 h. The
precipitated AgCl was filtered off using Milipore filters. The obtained aqua complex was

used as proof for the hydrolysis of the [PtCly(en)] complex.

Instrumentation

The UV-Vis spectra were recorded on Shimadzu UV 250 and Hewlett-Packard 8452A
diode-array spectrophotometers with thermostated 1.00 cm quartz Suprasil cells. The
kinetic measurements were performed on an Applied Photophysics SX.18MV stopped-
flow instrument coupled to an on-line data acquisition system. Nuclear magnetic

resonance ('H NMR) spectra were acquired on a Varian Gemini-200 spectrometer at 295

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
Published on 16 April 2013 on http://pubs.rsc.org | doi:10.1039/C3DT50751C

K. All chemical shifts are referenced to trimethylsilylpropionic acid (TSP).

Kinetic measurements

The redox reactions were investigated by stopped-flow spectrophotometry at pH 2.0
(0.01 M HCIOy solution) and at pH 7.2 (25 mM Hepes buffer) in the presence of 0.2 M
NaCl. To determine the effect of chloride on the reduction rate, the same reactions were
investigated at pH 2.0 in the absence of chloride. All kinetic measurements were
performed by following the change in absorbance at suitable wavelengths as a function of

time at 310 K. The selected wavelength for each system was determined by recording the

15
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spectra of the reaction mixture over the wavelength range between 220 and 500 nm and is
given in Tables S1-S9 (ESI). Reactions were initiated by mixing equal volumes of both
solutions of the complex and reducing agent directly in the stopped-flow instrument and
were followed for at least five half-lives of the reaction. Kinetic measurements were
performed under pseudo-first order conditions (10-30 fold excess of the reducing agent).
Higher concentrations of the reducing agent could not be used due to differences
observed in the recorded spectra that pointed to a more complex reaction sequence (see
Fig. S16, ESI). The pseudo-first order rate constants, kg5, Were calculated as the average
value from five to seven independent kinetic runs. Experimental data are reported in
Tables S1-S9 (ESI).

It is known that molecules that contain thiol groups are sensitive to autoxidation
catalyzed by metal ions such as Cu(Il) and Fe(III).” The rate of autoxidation increases
with increasing pH.** In order to check whether autoxidation had an effect on the present
kinetic measurements, control experiments were conducted for the reactions of the
[PtCly(bipy)] complex with glutathione at pH 7.2. In these experiments, both the complex
and glutathione solutions contained 0.5 mM EDTA in order to eliminate the possible
catalytic effect of any traces of metal ions. Before the reactions were initiated in the
stopped-flow instrument, solutions of the [PtCls(bipy)] complex and glutathione were
flushed with nitrogen for at least 30 min in order to remove dissolved oxygen. No
significant discrepancy between the values of kgpsq obtained in these experiments and
those performed in air-saturated solutions was observed (see data in Table S7, ESI). This
finding is in agreement with the results reported by Elding et al.> For the calculation of

the kinetic data, Microsoft Excel and Origin 6.1 programs were used.

16
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Conclusion

The present results show that the reactivity of the studied complexes follows the order
[PtCly(bipy)] > [PtCls(dach)] > [PtCls(en)]. The reactivity depends of the structure of the
spectator ligands, because bulky inert equatorial ligands destabilize six-coordinated
Pt(IV) complexes and enable faster reduction to the corresponding Pt(II) complex. The
obtained order of reactivity of the investigated ligands is GSH > L-Cys > L-Met. L-Met
is a less powerful reductant than the thiols. The steric hindrance of the methyl group
could be a further reason for the lower reactivity.

The rate of reduction strongly depends on the acidity of the solution. At higher pH
values, the process is much faster due to the easier formation of the bridged intermediate
with the deprotonated form of the thiols. In addition, the thioether converts to the
sulfoxide faster in neutral than in acidic medium. At pH 7.2, hydrolysis of the starting

complex occurs and the formed aqua complex, [PtCl3(H,O)(N-N)]", reacts with chloride

Downloaded by University of Belgrade on 09/05/2013 10:51:22.
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ions forming [PtCl4(N-N)]. Furthermore, an increase in chloride concentration leads to
increasing of intercepts, due to the facilitated formation of a bridge between Pt(IV) and
Pt(IT) complexes. All these results confirm the fact that the reduction of complexes Pt(IV)
involves a two-electron transfer process and the loss of axial ligands to form the

corresponding square-planar Pt(II) complex.
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Fig. 1 Schematic structures of the investigated Pt(IV) complexes and reducing agents.
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Fig. 2 Pseudo-first order rate constants plotted as a function of reducing agent (L)
concentration for the reactions of the [PtCly(bipy)] complex at pH 2.0 (0.01 M HCIO,) in

the presence of 0.2 M NaCl at 310 K.
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Fig. 3 Pseudo-first order rate constants plotted as a function of reducing agent (L)

concentration for the reactions of the [PtCls(bipy)] complex at pH 7.2 (25 mM Hepes

buffer) in the presence of 0.2 M NaCl at 310 K.
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Fig. 4 "H NMR spectra recorded in D,O at 295 K and pD 6.4 (pD = pH + 0.4) of a) 4 mM
GSH, b) 2 mM oxidized glutathione (GSSG), c) the final spectrum of the reaction

between 2 mM [PtCly(en)] and 4 mM GSH.
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Table 1 Second-order rate constants for the reactions of the selected Pt(IV) complexes

with GSH, L-Cys and L-Met at different pH at 310 K.

Complex pH GSH L-Cys L-Met
ky/M s
[PtCl4(bipy)] 2.0 210+ 20 118+ 6 50+ 4
2.0° 190 + 20 107 £5 48 + 5
7.2¢ 980 + 40 350 + 50 150 + 20
7.2¢ 10+ 1 ; i
[PtCly(dach)] 2.0° 62+3 57+3 39+3
2.0° 60 + 3 54+1 35+2
7.2¢ 920 + 70 340 + 40 134+ 5
7.2¢ 1.5+0.5 - -
[PtCly(en)] 2.0 31+2 20+ 1 14+1
2.0° 3042 19+2 13+1
7.2¢ 870 + 90 330 + 40 130 + 20
7.2¢ 1.1+0.1 - -

20.01 M HCIO; in the presence 0.2 M NaCl; ° 0.01 M HCIOj in the absence of NaCl; €25
mM Hepes buffer in the presence 0.2 M NaCl; ¢ 25 mM Hepes buffer in the absence of

NaCl
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Table 2 The values of the rate constants k; and k, for the reactions between the Pt(IV)

complexes and glutathione (Scheme 2) in the presence of different concentrations of

chloride at pH 7.2 and 310 K.

[CI/M ki/s! kyM's!
[PtCLy(bipy)] In the absence of 0.51+ 0.02 10+ 1
NaCl
With 0.02 49+02 114+9
With 0.05 10.8+0.5 230 + 40
With 0.10 17.7+0.5 450 + 20
With 0.15 2542 760 + 80
With 0.20 42.8+0.5 980 + 40
[PtCly(dach)] In the absence of (038 + 0.005 1.5+0.5
NaCl
With 0.02 3.7+02 91+7
With 0.20 352+0.5 920 + 70
[PtCli(en)] In the absence of 0.0034 = 0.0005 1.1+£0.1
NaCl
With 0.02 2.8+0.1 878
With 0.20 27 +2 870 +90
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Reduction of some Pt(IV) complexes with biologically important sulfur-

donor ligands

SneZana Jovanovi¢,” Biljana Petrovié,” Zivadin D. Bugar¢i¢®* and Rudi van Eldik"*

The reduction of the Pt(IV) complexes [PtCls(bipy)], [PtCls(dach)] and [PtCls(en)] by
glutathione (GSH), L-cysteine (L-Cys) and L-methionine (L-Met) was investigated by
stopped-flow spectrophotometry at pH 2.0 (in 0.01 M perchloric acid) and at pH 7.2 (in
25 mM Hepes buffer).
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Substitution behaviour of novel dinuclear Pt(i1) complexes with bio-relevant

nucleophilest
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The novel dinuclear Pt(11) complexes [{¢rans-Pt(NH;),Cl},(u-pyrazine)](ClO,), (Ptl),

[{ zrans-Pt(NHs;),Cl},(u-4,4-bipyridy))](ClO,),-DMF (Pt2), and [{rans-Pt(NH;),Cl},(u-1,2-
bis(4-pyridyl)ethane)](ClO,), (Pt3), were synthesized. Acid-base titrations, and temperature and
concentration dependent kinetic measurements of the reactions with biologically relevant ligands such
as thiourea (Tu), glutathione (GSH) and guanosine-5-monophosphate (5'-GMP) were studied at pH
2.5 and 7.2. The reactions were followed under pseudo-first-order conditions by stopped-flow and
UV-vis spectrophotometry. '"H NMR spectroscopy was used to follow the substitution of chloride in the
complex [{trans-Pt(NH,),Cl},(u-4,4’-bipyridyl)](C10,),-DMF by guanosine-5-monophosphate
(5"-GMP) under second-order conditions. The results indicate that the bridging ligand has an influence
on the reactivity of the complexes towards nucleophiles. The order of reactivity of the investigated

complexes is Ptl > Pt2 > Pt3.

Introduction

It is well known that platinum complexes such as cisplatin, carbo-
platin and oxaliplatin are extensively used for the treatment of dif-
ferent types of cancer.! Negative side effects during treatment (such
as vomiting, resistance, nephrotoxicity, ototoxicity, neurotoxicity,
cardiotoxicity, efc.) encouraged researchers to design new classes
of platinum complexes with improved anti-tumour properties.
The third generation anti-tumor complexes such as orally active
Pt(1v) complexes, sterically hindered Pt(i1) complexes, polynuclear
Pt(11) complexes and sulphur-containing platinum complexes, are
now being tested in pre-clinical trials.>* These polynuclear Pt(1r)
complexes consist of either two or three platinum centres that
are linked through a flexible bridge such as an aliphatic chain,*
or a rigid bridge that consists for instance of azole molecules.®
The reason for the increasing interest in multinuclear complexes
is their ability to form DNA adducts that differ significantly from
those formed by cisplatin and related complexes,® which results in
a completely different anti-tumour behaviour. Some of the azole-
bridged dinuclear platinum(ir) complexes are highly effective in
vitro in cisplatin-resistant cell lines, as well as in several tumour cell
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lines.”® As a main structural feature, the azole-bridged complexes
possess a leaving hydroxo group, an appropriate Pt - - - Pt distance,
and some flexibility to provide the 1,2-intrastrand cross-links with
a minimal distortion of the DNA.

It is well known that once anti-tumour complexes are in
the bloodstream they remain intact due to the relatively high
concentration of chloride ions (~100 mM). After entering into
the cell via either passive diffusion or active uptake, the complexes
undergo aquation by which a chloride ligand is displaced by a
molecule of water due to a much lower chloride ion concentration
(320 mM) inside the cell. These hydrolyzed species bind to
DNA in competition with sulfur-containing molecules that also
have a high affinity for platinum.® In addition, the interaction
of Pt complexes with sulfur-containing biological molecules has
been associated with negative phenomena. Reactions with thiol
groups (SH) of protein side chains (e.g. in metallothionine and
glutathione) are thought to trap and deactivate the drug before it
reaches its cellular DNA target to form intrastrand cross-links with
guanine bases, the most likely cytotoxic adduct.’ Glutathione,
a tripeptide with a sequence y-glutamylcysteinylglycine (y-Glu-
CysH-Gly, GSH), is frequently the most prevalent intracellular
thiol with concentrations up to 10 mM and is the most abundant
low molecular weight peptide. The understanding of the chemical
transformations of dinuclear Pt(i1) complexes with biologically
relevant nucleophiles under physiological conditions is of special
concern for pharmaceutical and biomedical research.

In this study we synthesized different dinuclear Pt(11) complexes
starting from transplatin using various types of bridging ligands
(the structures of the complexes are given in Fig. 1). We determined
pK, values of the coordinated water ligands and investigated sub-
stitution reactions of these complexes with biologically relevant
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Fig. 1 Structures of the investigated dinuclear platinum(ir) complexes.

H
H
HOOC N_~COOH
i BN
NH, o] 2

O=—=wn

NH,

Glutathione (GSH) Thiourea (Tu)
[¢]
NH
=
N NH,

Guanosine 5’-monophosphate (5’-GMP)

Fig. 2 Structures of the investigated nucleophiles.

nucleophiles (Fig. 2). Thiourea (Tu) is a strong sulphur containing
nucleophile with a high solubility and can act as a good model
nucleophile since it combines the ligand properties of thiolates
(n-donor) and thioethers (o-donor, m-acceptor). Thiourea has
also for a long time been used as protecting agent to minimize
nephrotoxicity following cisplatin treatment.'* Glutathione (GSH)

is present in the cell, while guanosine-5’-monophosphate (5'-
GMP) is used as a model for binding to nucleobases.'

The reactions were studied in aqueous solution at pH 2.5 and
7.2 using UV-vis spectrophotometric, stopped-flow and '"H NMR
spectroscopic techniques.

It was envisaged that this study could throw more light on
the mechanism of the interactions of dinuclear platinum(ir) anti-
tumour complexes with N- and S-donor ligands, and also provide
a better understanding of the mechanism of chemo-protection and
platinum metabolism.

Experimental
Chemicals

The nucleophiles thiourea, glutathione and guanosine-5'-
monophosphate sodium salt used in the kinetic measure-
ments were obtained from Acros Organics. Transplatin,
trans-[Pt(NH;),CL], pyrazine, 4,4"-bipyridyl, and 1,2-bis(4-
pyridyl)ethane, used for the synthesis of the new complexes, were
also obtained from Acros Organics.

Synthesis of Complexes

The studied complexes [{trans-Pt(NH;),Cl},(U-pyrazine)](ClO,),
(Ptl), [{ trans-Pt(NHs;),Cl},(u-4,4"-bipyridyl)](C1O,),- DMF (Pt2),
and [{trans-Pt(NHs;),Cl},(u-1,2-bis(4-pyridyl)ethane)](ClO,),
(Pt3), were synthesized following the literature procedure
reported by Reedijk et al.®®

Preparation of trans-[Pt(NH,),Cl(dmf)](C10,). To a stirred
dimethylformamide (DMF) solution of trans-dichlorodiamine
platinum(1r) 0.1 g (0.33 mmol), a DMF solution of AgClO,
was added drop wise in a molar ratio of 1:1. The mixture was
stirred overnight in the dark and the AgCl precipitate was then
filtered off. The resulting pale yellow DMF solution of trans-
[Pt(NH;),Cl(dmf)](ClO,) was used as the starting material for the
preparation of the dinuclear platinum(1r) complexes.

Preparation of the dinuclear Pt(11) chloro complexes. To a
stirred DMF solution of trans-[Pt(NH;),Cl(dmf)](C10,) (0.33
mmol) obtained as described above, a solution of the ligands
(pyrazine, 4,4’-bipyridyl and 1,2-bis(4-pyridyl)ethane) was added
drop wise in the molar ratio 2: 1 (complex : bridging ligand), and
the solution was stirred at room temperature for 3 h in the dark.
For the synthesis of Ptl pyrazine, for Pt2 4,4"-bipyridyl and for
Pt3 1,2-bis(4-pyridyl)ethane were added as bridging ligands. The
solution was then rotary evaporated and the residue was washed
with diethyl ether. A light yellow powder was obtained and left
to dry in the air for all synthesized dinuclear Pt(i1) complexes.
The results obtained from the analysis of the complexes are given
below.

Ptl complex. Yield 0.141 g (52.80%) Anal. Calc. for
C,H (N¢Pt,Cl,04: N, 10.40; C, 5.94; H, 2.00. Found: N, 9.95; C,
6.38; H, 2.10. '"H NMR (D,0, 25 °C) 6 2.0 (m, 2H, NH,), 3 8.63
(m, 1H, CH, pyrazine).

Pt2 complex. Yield 0.220 g (69.64%) Anal. Calc. for
C;H,,CLN,O,Pt,: N, 10.24; C, 16.31; H, 2.84. Found N, 10.08; C,
16.79; H, 2.80. '"H NMR (D,0, 25 °C) § 2.0 (m, 2H, NH,) 6 2.93

This journal is © The Royal Society of Chemistry 2012
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(s, IH, CH;, DMF), 6 7.28 (m, 1H, CH, 4-pyridine), 6 8.02 (s, | H,
CHO, DMF), 4 8.59 (m, 1H, CH, 4-pyridine).

Pt3 complex. Yield 0.195 g (64.78%) Anal. Calc. for
C,H,,CI,NO4Pt,: N, 9.21; C, 15.80; H, 2.65. Found: N, 9.06;
C, 15.16; H, 2.71. '"H NMR (D,0, 25 °C) & 2.0 (m, 2H, NH,), &
2.88 (m, 2H, CH,, ethane), 8 7.28 (m, 1H, CH, 4-pyridine), & 8.59
(m, 1H, CH, 4-pyridine).

Preparation of the dinuclear Pt(i1) diaqua complexes

The solutions of the diaqua Ptl, Pt2 and Pt3 complexes were
prepared from the corresponding dichloro complexes by addition
of the corresponding amount of AgClO, to a solution of the
chloro complex and stirring at 50 °C for 8 h. The white precipitate
that formed (AgCl) was filtered off using a Millipore filtration
unit, and the solutions were diluted. Great care was taken to
ensure that the resulting solutions were free of Ag* ions and
that the chloro complexes had been converted completely into
the aqua species. The solution was acidified with HCIO, to pH
2.0 (for determination of the pK, values) and pH 2.5 (for kinetic
measurements). The resulting solution was diluted with water to
give the desired complex concentration of 0.20 mM. The ionic
strength was adjusted to 0.01 M with NaClO,.

Chemicals and solutions

Nucleophile stock solutions were prepared shortly before use by
dissolving the chemicals in purified water. All other chemicals
were of analytical reagent grade. Ultra pure water was used in
all experiments. Since it is known that perchlorate ions do not
coordinate to Pt(11) and Pd(11) in aqueous solution,* the kinetics of
the ligand substitution reactions were studied in 0.01 M NaClO,
(Merck, p.a.). The pH of 2.5 of the solution was adjusted with
HCIO, and NaOH, whereas for pH 7.2 a freshly prepared 25 mM
Hepes buffer (Acros Organics) was used. NaCl was used to adjust
the chloride concentration.

Instrumentation

Chemical analyses were performed on a Carlo Erba Elemental
Analyser 1106. UV-vis spectra were recorded on Hewlett-Packard
8452A diode-array and a Perkin Elmer Lamda 35 double-beam
spectrophotometer equipped with thermostated 1.00 cm quartz
Suprasil cells. The pH measurements were recorded on a Jenway
4330 pH meter with a combined Jenway glass microelectrode
that had been calibrated with standard buffer solutions of pH
4.0, 7.0 and 10.0 (Merck). The KCI solution in the reference
electrode was replaced with a 3 M NaCl electrolyte to prevent
precipitation of KClO, during use.'®!* Kinetic measurements on
fast reactions were monitored using an Applied Photophysics
SX.18 MV (v4.33) stopped-flow reaction analyzer coupled to an
online data acquisition system. The temperature of the instrument
was controlled to within £0.1 °C.

Determination of the pK, values of the diaqua complexes

All pH measurements were made separately outside the stock
solution. Small vials were used for sampling aliquots (3 ml) of
the diaqua complex. After pH measurements, the complex was
discarded to avoid its in situ precipitation as a chloride derivative.

The solution was titrated with NaOH within the pH range of 2-9.
An example of the spectral changes recorded during the titration
is shown for the diaqua Pt3 complex in Fig. 3. To avoid dilution
effects due to addition of the titrant, a large volume (250 ml) of
metal complex was used for titration and small granules of crushed
pellets were used within the pH range of 2-3. NaOH solutions of
decreasing concentrations were used in a manner that ensured
that as many evenly distributed points were collected on the rising
or falling sections of the titration curve. After each addition of
titrant, the solution was stirred before its pH and respective spec-
trum were recorded. The sample aliquots from each absorbance
measurement were returned back to the stock solution after use.

24 040
2.0
1.6

1.24

Absorbance

0.8

0.4

o+
200 220 240 260 280 300 320 340
Wavelength, nm

Fig. 3 UV-vis spectra of the diaqua Pt3 complex recorded as a function
of pH in the range 2 to 10 at /=0.01 M (NaClO,) and 25 °C. Inset: titration
curve at 280 nm.

Kinetic measurements

Spectral changes resulting from mixing dinuclear Pt(11) complex
and nucleophile solutions were recorded over the wavelength range
220 to 600 nm to establish a suitable wavelength at which kinetic
measurements could be performed (see Tables S2-S7, ESI). All
kinetic measurements were performed under pseudo-first-order
conditions, i.e., at least a 10-fold excess of the nucleophile was
used. The temperature was controlled throughout all kinetic
experiments to +0.1 °C. Reported rate constants represent an
average value of at least three to five independent kinetic runs
for each set of experimental conditions (see Tables S2-S77). All
the reactions of the diaqua complexes were studied at pH 2.5
(0.01 M NaClO,). Kinetic measurements for all the dichloro
complexes were investigated at pH 7.2 in 25 mM Hepes buffer
with the addition of 20 mM NaCl (see Fig. S1 and Table S1,
ESIf). The concentration of 20 mM NaCl was enough to suppress
spontaneous hydrolysis of the dichloro complexes as shown by the
data in Fig. S17.

"H NMR measurements

"H NMR kinetic experiments of the dichloro complex Pt2 with 5’-
GMP were studied on a freshly prepared sample of the reactants.
A 10 mM solution of the complex and 20 mM solution of the
ligand were prepared in 300 ul of D,0, 30 min prior to the start of
the kinetic experiment. The solution of the ligand was added to the
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Table1 Summary of pK, values for the deprotonation steps of the
investigated diaqua complexes

Pt1 Pt2 Pt3
j 3.94+0.07 4.6+0.2 4.58 £0.06
pK.» 5.0+0.5 5.69 +0.05 55+0.3

solution of the complex to initiate the reaction. NMR spectra were
recorded at 22 °C over a period of several days until completion of
the reaction was reached. No buffer was used to prevent increased
activation of the complexes due to coordination of phosphate, or
interfering signals in the observed peak area. The pH*(pD =pH +
0.4) changed from 7.2 to 6.7 during the reaction. The NMR spectra
were acquired on a Varian Gemini-200 spectrometer. All chemical
shifts are referenced to TSP (trimethylsilylpropionic acid).

Results and Discussion
Determination of pK, values for the diaqua complexes

The spectral changes observed during a pH titration of the diaqua
Pt3 complex are shown in Fig. 3 (see Fig. S2 and S3 for the
corresponding data for the Ptl and Pt2 complexes, respectively,
ESTI¥). The pK, values were determined from titration traces taken
from the absorbance at a specific wavelength as a function of the
pH (see inset in Fig. 3). The titration data for the complexes were
fitted to the following equation for the determination of both pK,
values,'”'® and the obtained data are summarized in Table 1.

y=a+(b-a)/(l +2.718*%(x — pKu/m)) + (c - b)/(1 + 2.718*
((x = pK.»)/n))

In this equation x refers to pH, and y represents the absorbance
value. The parameter a represents the value of the absorbance at
the beginning of the titration, b represents the absorbance during
the titration and c¢ represents the absorbance at the end of the
titration. The parameters m and n are used to optimize the titration
curve.

The investigated complexes are characterized by two Pt(In)
centres that are linked by different bridging ligands (Fig. 1). The
aqua ligands coordinated to each platinum centre can exhibit
different pK, values depending on the distance between the two
Pt(11) centres. The conjugated m-electron system in some of the
bridging ligands supports electronic communication between the
two platinum centres and contributes to the pK, values.”® The
platinum centres in the studied complexes are thermodynamically
and kinetically independent of each other, and for all the
complexes two pK, values (Table 1) were observed. A shorter
distance between the two Pt(i1) centres results in the addition of
the charges on the platinum centres by which each platinum centre
becomes more electrophilic and thus more acidic, which leads to
lower pK, values than that found for 2+ charged platinum centres
of mononuclear complexes. The pK,, value of the diaqua Ptl
complex is in agreement with recently published pK,, values,”
and lower than for the Pt2 and Pt3 complexes, and could be
associated with the m-acceptor ability of the pyrazine ligand in
Ptl. Following deprotonation of the first coordinated water in all
the dinuclear Pt(11) complexes, the overall charge of the complex
decreases from 4+ to 3+ and the electrophilicity and acidity of
the second platinum centre also decreases. These effects account

for the smaller difference between the pK,, and pK,, values (see
Table 1).

Kinetic measurements

The kinetics of the substitution of coordinated water and chlo-
ride in the dinuclear platinum(i1) complexes was investigated
spectrophotometrically by following the change in absorbance at
suitable wavelengths as a function of time at 37 °C. The proposed
reaction pathways for the reaction of the dinuclear Pt(11) complexes
with biologically relevant nucleophiles are presented in Scheme 1.
The reactions with the diaqua complexes were performed at pH
2.5 to assure that complexes Ptl, Pt2 and Pt3 are present in the
diaqua form based on the pK, values reported in Table 1. Then
reactions with the corresponding dichloro complexes were studied
at pH 7.2 in the presence of NaCl in order to mimic biological
reaction conditions.

NH; NH;

X— Pt—IL—Pt—X

NH;  NH
Nu
Il
X
NH; NH;

|

Nu—Pt—L—Pt—X

NH; NH;
Nu
I
X
NH; NH;

NH;3; NH;

X =H,0, CI'
Nu = Tu, GSH, 5’-GMP
L = pyrazine, 4, 4’-bipyridyl, 1, 2-bis(4-pyridyl)ethane

Scheme 1 Proposed pathways for the reaction of the dinuclear Pt(ir)
complexes with a series of nucleophiles. (In the reaction with thiourea the
fast step refers to the substitution of both labile aqua or chloro ligands
and is represented by the second order rate constant k).

The substitution reactions of all the studied dinuclear Pt(1r)
complexes proceeded in two subsequent reactions steps that both
depended on the nucleophile concentration. All kinetic traces gave
an excellent fit to a double exponential function, typical for a two-
step reaction. The so-obtained pseudo-first-order rate constants,
kopsar and ko, calculated from the kinetic traces were plotted
against the concentration of the entering nucleophiles. A linear
dependence on the nucleophile concentration was observed for all
the studied reactions (see Fig. 4 and 5), and only in the case of
the dichloro complexes (Fig. 5) was a small intercept occasionally
observed. The linear fits passing through the origin indicate that
possible parallel or backward reactions are insignificant or absent,
whereas the observed intercepts for the dichloro complexes are
ascribed to the back reaction with the excess chloride present
in solution to prevent the spontaneous hydrolysis of the dichloro

This journal is © The Royal Society of Chemistry 2012
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Pseudo-first-order rate constants plotted as a function of nucleophile concentration for the first and second substitution reactions of the diaqua

Pt1, Pt2 and Pt3 complexes by Tu, GSH and 5-GMP at pH = 2.5, 0.01 M NaClO, and 37 °C.

complexes. The dependence of the observed pseudo-first-order rate
constants, k. and kg, On the concentration of the entering
nucleophile can be presented by eqn (1) and (2), where k, and k,
represent the second order rate constants for the first and second
substitution reactions of the dinuclear Pt(11) complexes.

Kapsar = ki [Nu] (1

Kopsar = Kz [Nu] 2)

Reactions of the diaqua Pt1, Pt2 and Pt3 complexes with Tu, GSH
and 5’-GMP

Under the selected experimental conditions (pH 2.5), the substi-
tution of the aqua ligands in the complexes involved two reaction

steps determined by the second-order rate constants k, and k,
(Scheme 1). The obtained results for both reaction steps are
summarized in Table 2.

In the case of thiourea as the nucleophile the first reaction turned
out to be very fast, whereas the second reaction was extremely
slow, and both steps showed a dependence on the thiourea
concentration. The fast step was assigned to the substitution
of both labile aqua ligands, whereas the second step was be
ascribed to the displacement of the bridging ligand as a result
of the strong trans effect of coordinated thiourea. This effect is
the strongest for thiourea as an S-donor nucleophile, followed
by glutathione and guanosine-5’-monophosphate. Due to the
observed decomposition of the dinuclear bridged complex during
the subsequent slow reaction with thiourea, this process was not
studied in any further detail. The data in Table 2 and Fig. 4 clearly
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Fig.5 Pseudo-first order rate constants plotted as a function of nucleophile concentration for the first and second substitution reactions of the dichloro
Ptl, Pt2 and Pt3 complexes by Tu, GSH and 5-GMP at pH = 7.2 (25 mM Heppes buffer), 20 mM NaCl and 37 °C.

show that the Ptl complex reacts two orders of magnitude faster
with thiourea than the corresponding diaqua complexes of Pt2
and Pt3. This is in agreement with other published results for the
reactions of related dinuclear Pt(11) complexes with thiourea.'”*®
The higher lability of the Ptl complex can be ascribed to the
decrease in electron density on the platinum centre caused by the -
acceptor ability of the pyrazine ligand, by which the metal centres
in Ptl become more electrophilic and favour the rapid binding
of the entering nucleophile. The Pt2 and Pt3 react significantly
slower because the nature of the bridging ligand is such that less
n-back bonding can occur to increase the electrophilicity of the
metal centres.

In the case of the substitution reactions with glutathione, we
observed a lower reactivity than with thiourea. The kinetic traces
showed two reaction steps. Over time the first reaction step with
GSH for all the dinuclear platinum(i1) complexes was complete,
and it was possible to study the second substitution step (see Fig.
4). If we take into account the pK, values of glutathione, viz. pK,, =
2.05, pK,, = 3.40, pK,; = 8.79 and pK,, = 9.49,” the SH group
will be partially protonated under our experimental conditions
(pH 2.5). Coordination primarily takes place through the sulphur
donor and the reactions go to completion. In the reactions with
glutathione the first step could be described as a substitution of the
first aqua molecule by glutathione, while the second substitution

This journal is © The Royal Society of Chemistry 2012

Dalton Trans., 2012, 41, 876-884 | 881


http://dx.doi.org/10.1039/c1dt11313e

Downloaded by University of Belgrade on 22/04/2013 13:44:52.
Published on 08 November 2011 on http://pubs.rsc.org | doi:10.1039/C1DT11313E

View Article Online

Table 2 Second-order rate constants for the reactions of the diaqua Ptl,
Pt2 and Pt3 complexes with Tu, GSH and 5-GMP at pH =2.5 (0.01 M
NaClO,) and 37 °C

Pt1

First step 10 ky /M s AH?/kJ mol™ AS*/J K™ mol™
Tu 78000 £ 2800 — —

GSH 35600 + 800 — —

5-GMP 17300 + 800 46+2 -56+5

Second step 10? ky/M 1 g7 AH?/kJ mol™! AS*/J K mol™!
Tu — — —

GSH 1800 £ 100 — —

5-GMP 1140 = 50 411 -94+£3

Pt2

First step 10> k, /M 57! AH?/kJ mol™ AS?/J K™ mol™!
Tu 533+ 15 — —

GSH 310+ 22 — —

5-GMP 94+5 77+2 -23+5

Second step 10% ky/M 57! AH?/kJ mol™ AS*/J K mol™
Tu — — —

GSH 12.7+£0.2 — —

5-GMP 10.3+£0.9 113+2 -89+5

Pt3

First step 10 ky /M g7t AH?/kJ mol™ AS*/J K mol™
Tu 260 £ 10 — —

GSH 99+3 — —

5-GMP 320+0.5 64+3 —-48£8

Second step 10% k,/M™ 57! AH?/kJ mol™ AS?/J K™ mol™!
Tu — — —

GSH 9.1£0.8 — —

5-GMP 6.410.2 53+1 -95+3

step is substitution of the second aqua molecule. The slower
reaction for the second step as compared to the first could be
explained by the steric effect after the coordination of the first
GSH, and by the charge on the complex. After coordination
of the first glutathione the overall charge of the complexes is
reduced from 4+ to 3+. This leads to a decrease in electrophilicity
on the Pt(11) centre, which causes a slower second substitution
step.

The interaction of glutathione with the dinuclear platinum(ir)
complexes has biological importance because glutathione is the
most prevalent intracellular thiol. It is important to note that
glutathione has been used as a protecting agent and administered
before or after cisplatin.!® Cisplatin readily reacts with glutathione
and as much as 67% of the administered platinum has been found
to coordinate to glutathione. However, the role of glutathione
appears to be dual: glutathione both activates and deactivates
cisplatin.?’ Higher effectiveness of cisplatin has also been demon-
strated by co-administering cisplatin and glutathione in patients.
For now it is not clear whether the increase in effectiveness is due
to the reduced toxicity or due to the modification of the platinum
drug by binding to the metal.

The substitution reactions with guanosine-5-monophosphate
were over during the observed reaction time and kinetic traces also
showed two substitution steps. Under our experimental conditions
(pH 2.5) only the N7 position of 5’-GMP will bind to the dinuclear
Pt(11) complexes, since at this pH the N1 position is protonated
(pK, = 8.88). The first step of the substitution reaction could
be interpreted as substitution of the first water molecule by
the nucleophile, whereas the second step is substitution of the
other water molecule by 5-GMP. The steric hindrance may not

significantly differ for the first step as free rotation around the
Pt-N azine bonds is present within both of them. However, for
the second step effects of steric hindrance should be considered,
as caused by the binding of the first nucleophile.”® Moreover,
the charge of the complex may also play an important role
because after the coordination of the first 5-GMP?* the charge
of the complex is 2+ and the second substitution reaction is
much slower. Furthermore, the substitution process is slow in
comparison with S-donor ligands. It is well know that Pt-N
complexes are thermodynamically more stable products. The most
reactive complex is Ptl due to the m-acceptor ability of the
pyrazine ligand that causes a decrease in the electron density on
the platinum centre. The Ptl complex is around 100 times more
reactive than the Pt2 and Pt3 complexes. The second reaction step
is around 10 times slower than the first step for all substitution
reactions. The order of reactivity of the complexes are Ptl > Pt2
> Pt3 (Table 2). In comparison with thiourea and glutathione
5’-GMP is less reactive. The reactivity of GSH for the first step
is around 30 times higher, but for the second step we observed
almost the same reactivity as for 5-GMP.

Reactions of the dichloro Pt1, Pt2 and Pt3 complexes with Tu,
GSH and 5-GMP at pH 7.2

The reactions of the dichloro dinuclear platinum(i) complexes
were studied at pH 7.2 in 25 mM Hepes buffer in the presence of
20 mM NacCl at 37 °C. All the substitution processes showed two
reaction steps determined by two second-rate constants k, and &,
(Scheme 1). In Table 3 all the data for substitution by thiourea,
glutathione and guanosine-5-monophosphate are summarized.
Only in the case of thiourea was it not possible to study the second
reaction step because labilization of the bridging ligand as a result
of the strong frans-effect of Tu. The order of reactivity of the
nucleophiles for all complexes is Tu > GSH > 5’-GMP. Dichloro
complexes are less reactive than their diaqua analogues, partly
because of the stronger Pt—Cl bond and the lower electrophilicity
of the platinum centre of the chloro complexes arising from the
lower overall charge of 1+. Plots of the pseudo-first-order rate
constants as a function of the nucleophile concentration for all
substitution processes are given in Fig. 5.

Glutathione is around 10 times more reactive than 5’-GMP for
both reaction steps. In the light of the fact that the reactions
were studied at pH 7.2, it should be considered that GSH is
deprotonated to an extent of 95% such that GS™ represents the
reactive species.”? The order of reactivity of the complexes is Ptl
> Pt2 > Pt3. The reason could be the short distance between
the two Pt(11) centres and the resonance effect of pyrazine that
induces electronic communication between the two Pt(11) centres.
Furthermore, the m-acceptor ability of pyrazine causes a decrease
in electronic density on the platinum centre and makes it more
electrophilic.

The activation parameters AH”* and AS” (Tables 2 and 3)
were calculated by using the Eyring equation for the reactions
with guanosine-5-monophospate at pH 2.5 and 7.2. All available
activation parameters support an associative mechanism. The sig-
nificantly negative activation entropies suggest that the activation
process in the studied systems seems to be strongly dominated by
bond making.?
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Table 3 Second-order rate constants for the reactions of the dichloro Pt1,
Pt2 and Pt3 complexes with Tu, GSH and 5-GMP at pH = 7.2 (25 mM
Hepes buffer) in the presence of 20 mM NacCl at 37 °C

Pt1

First step 10 ky /M s AH?/kJ mol™ AS*/J K™ mol™

Tu 156 £7 — —

GSH 99 +4 — —

5’-GMP 8.7+0.6 72+£2 -32+5

Second step 10? ky/M™ 57! AH?/kJ mol™! AS*/J K mol™!

Tu — — —

GSH 16.8£0.5 — —

5’-GMP 1.4+0.1 686 -57+19

Pt2

First step 10% k, /M s AH?/kJ mol™ AS?/J K™ mol™!

Tu 1307 — —

GSH 79+3 — —

5-GMP 6.1+0.4 73+2 -33+5
0.71£0.03¢

Second step 10? ky/M™' 57! AH?/kJ mol™ AS*/J K mol™

Tu — — —

GSH 7.7£0.6 — —

5’-GMP 1.2+0.1 635 -715%15

Pt3

First step 10% k, /M s AH?/kJ mol™ AS*/J K™ mol™!

Tu 80+ 4 — —

GSH 36+2 — —

5-GMP 49+0.3 75+2 -35+6

Second step 102 ky /M 57! AH?/kJ mol™! AS?/J K" mol™!

Tu — — —

GSH 33402 — —

5’-GMP 0.63+0.04 77+2 -32+5

“Rate constant evaluated by NMR experiments, pD = 6.7 and 22 °C.

"H NMR Kkinetics

"H NMR spectroscopy was used to investigate the substitution
reactions with 5-GMP in aqueous solution at pD 6.7 and
22 °C. The substitution kinetics were studied under second order
conditions with an initial molar ratio of 1:2 for the dichloro
Pt2 complex : 5-GMP. Considering that the initial concentrations
of 5-GMP and the complex, ¢,, and ¢, respectively, can be
expressed by ¢,y # ¢y for the first reaction step, we applied eqn
(3) for the determination of k,. The concentration of the 1:1
product, i.e. singly substituted complex, is represented by x.** The
concentration x is calculated considering the area of the signals
for free 5’-GMP and coordinated 5-GMP (ESI, Table S8%).

kll — 1 In CbO(CaO 7x)
c Cao(Chy —X)

3)

a0 — S0

The integral of the singlet of the H8 proton in 5-GMP was
unavailable to measure because there was a multiplicity of product
signals, and we therefore used the intensity of the doublet of the
H1’ proton of 5-GMP. The intensity of the signal for free 5-GMP
at 5.95 ppm decreases during the reaction, whereas at the same
time a signal for coordinated 5-GMP appears around 6.12 ppm
and increases with time. A plot of the right hand side of eqn (3)
versus reaction time resulted in a straight line passing through the
origin (see Fig. 6). The value of k, was obtained from the slope
(see Table 3) when one 5-GMP molecule was coordinated. The
second reaction step does not go to completion during the selected
reaction time and was not considered.

300
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Fig. 6 Second order plot for the reaction of the dichloro Pt2 complex (10
mM) with 5-GMP (20 mM) (in the molar ratio complex : ligand = 1 :2).
The y-axis represents the right-hand side term of eqn (3) at pD = 6.7 and
22°C.

The value of k, obtained for the substitution of chloride by 5’-
GMP investigated by '"H NMR spectroscopy is smaller then the
value obtained from UV-vis spectrophotometry. The main reason
is the effect of temperature since the reaction was studied at 22 °C
ascompared to 37 °C in the UV-vis measurements. The obtained &,
value is in agreement with literature data for the related dinuclear
platinum(11) complexes.'*

Conclusion

The new dinuclear platinum(i) complexes  [{trans-
Pt(NH,),Cl},(u-pyrazine)|(C10,), (Ptl), [{trans-Pt(NH;),Cl},(u-
4,4’-bipyridyl)](C1O,),-DMF (Pt2) and [{trans-Pt(NH;),Cl},(u-
1,2-bis(4-pyridyl)ethane)](ClO,), (Pt3), were synthesized and the
kinetics of the complex formation with Tu, 5-GMP and GSH
were studied. It was shown that the diaqua and dichloro Ptl
complexes are the most reactive. The short distance between the
two Pt(11) centres involved electrostatic interactions between the
metals that increased the electrophilicity of both Pt(i1) centres.
The increase in electrophilicity of the platinum centres leads to
the lower pK, values in the case of the diaqua Ptl complex (pK, =
3.94 £ 0.07) and also an increase in reactivity. In all complexes
the two platinum centres are independent, so it was possible to
determinate two pK, values and also separate rate constants
for the two reaction steps in the reactions with glutathione and
guanosine-5"-monophosphate. The results have shown that the
bridging ligand has an important influence on the reactivity of
the complexes towards the selected nucleophiles. The order of
reactivity of the complexes for all substitution processes is Ptl
> Pt2 > Pt3, whereas the order of reactivity of the investigated
nucleophiles is Tu > GSH > 5-GMP.
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Abstract The substitution reaction of the Pt(IV) complex
[PtCl4(bipy)] with guanosine-5'-monophosphate (5'-GMP)
was studied by UV—Vis spectrophotometry. This reaction
was investigated under pseudo-first-order conditions at
37 °Cin 25 mM Hepes buffer (pH = 7.2) in the presence of
10 mM NacCl to prevent the hydrolysis of the complex. The
substitution of chlorides in [{trans-Pt(NH;),Cl},(u-1,2-
bis(4-pyridyl)ethane)](Cl0,4), (Pt3) complex by 5'-GMP
was followed by 'H NMR spectroscopy under second-order
conditions. Very similar values for the rate constants of both
substitution steps were obtained. The Pt(IV) complexes,
[PtCly(bipy)] and [PtCly(dach)], as well as dinuclaer Pt(II)
[{trans-Pt(NH;3),Cl},(u-pyrazine)](ClOy), (Ptl), [{trans-
Pt(NH;),Cl1},(u-4,4"-bipyridyl)](C10,), - DMF (Pt2) and
[{trans-Pt(NH;3),Cl},(u-1,2-bis(4-pyridyl)ethane)](Cl1O,4),
(Pt3) complexes, displayed potent cytotoxic activity against
human ovarium carcinoma cell line TOV21G and lower
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activity toward human colon carcinoma HCT116 cell line at
the same concentrations. Our data indicate that these plati-
num complexes could be explored further, as potential
therapeutic agents for ovarian cancer.

Introduction

The use of platinum coordination compounds in cancer
chemotherapy has been extensively studied following the
discovery of the therapeutic properties of cis-diamminedi-
chloroplatinum(II) (cis-[Pt(NH3),Cl,], cisplatin) by Rosen-
berg et al. [1, 2]. Cisplatin is one of the most widely utilized
antitumor drugs, exhibiting high efficacy against solid
tumors, particularly testicular and ovarian cancer [3-5]. The
anticancer activity of cisplatin is based on its ability to form
intrastrand covalent adducts with DNA by binding of Pt to
the N7 atoms of two adjacent guanine bases [0, 7]. However,
the clinical efficiency of cisplatin, cis-[PtCl,(NH;3),], is
limited by toxic side effects, in particular a dose-limiting
nephrotoxicity, by drug resistance in tumor cells, and by a
narrow range of activity [8, 9].

Platinum(IV) complexes have greater inertness than the
corresponding Pt(II) complexes. Hence, these complexes may
have some advantages, such as: allowing oral administration,
reduced toxicity, and decrease in the amount of the complex
that is lost or deactivated on the path to the target cell [10].
Platinum(IV) complexes have enormous potential as anti-
cancer agents in terms of both high activity and low toxicity.
About 3000 Pt(IV) complexes have been synthesized and
investigated in an attempt to improve the antitumor activity,
lower toxicity and to design a drug that would be able to
overcome resistance. Only about 30 platinum complexes have
entered into clinical trials [11, 12]. However, it is generally
believed that since Pt(IV) complexes are less reactive in
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ligand substitution reactions relative to their Pt(I) analogues,
they must be reduced to Pt(II) species before binding to DNA.
Upon entering into the cell, there are two metabolic pathways
for Pt(IV) complexes: reduction by agents present in the cell
(glutathione, ascorbic acid) or direct interaction with DNA in
the nucleus. The first pathway leads to well-known interac-
tions of Pt(II) complexes, while the second proposes the
formation of adducts between Pt(IV) and DNA [13, 14].
Multinuclear complexes of platinum(II) represent a third
generation of antitumor drugs the same as platinum(IV)
complexes [15]. These complexes consist of either two or
three platinum centers that are linked trough a flexible
bridge such as an aliphatic chain [16] or a rigid bridge that
consists for instance of azole molecules [17]. The reason for
the increasing interest in multinuclear complexes is their
ability to form DNA adducts that differ significantly from
those formed by cisplatin and related complexes [18],
which results in a completely different antitumor behavior.
These complexes usually exist in cationic forms in solution
and hence have high solubility in water; some of them are
active in both cisplatin-sensitive and cisplatin-resistant cell
lines [19, 20]. The biological activity of polynuclear plati-
num complexes may be modulated by geometry and num-
ber of leaving groups in the platinum coordination sphere as
well as by the nature of the linkers connecting the platinum
centers. In contrast to the mononuclear complexes, such as

Fig. 1 Structures of the
investigated complexes
and 5'-GMP ‘

[PtCly(bipy)]

@ Springer

antitumor cisplatin and clinically ineffective transplatin, in
the dinuclear case both geometries are antitumor active
[21]. As the structure of the DNA adducts determines repair,
protein recognition, and other downstream cellular events,
an understanding of their formation and biological conse-
quences is essential to further drug development.

We report here the cytotoxic activity of some newly
synthesized platinum(IV) and dinuclear platinum(II) (see
Figs. 1 and 2) complexes on two human carcinoma cell lines:
TOV21G (ovarian cancer cell line) and HCT-116 (colon
cancer cell line), indicating their potential therapeutic use for
treatment of ovarian and colon cancer. In addiction, we
studied the substitution reactions of the platinum(I'V) com-
plex [PtCly(bipy)] (Fig. 1) and dinuclear Pt(II) complex
[{trans-Pt(NH;3),Cl},(u-1,2-bis(4-pyridyl)ethane)](C10,),
(Pt3) (Fig. 2) with guanosine-5'-monophosphate (5'-GMP)
using UV—Vis spectrophotometric and "H NMR techniques
to clarify the mechanism of these interactions.

Experimental

Chemicals

Potassium tetrachloroplatinate (K,PtCly), a starting complex
for the other synthesis, was purchased from Strem

[PtCly(dach)] cis-[PtCL(NH;),]
o}
NH
/
N NH,

Guanosine -5’-monophosphate
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Fig. 2 Structures of PR
investigated dinuclear
platinum(II) complexes NH;
Cl—Pt—N N—Plt—Cl (Cl104)2
NH; NH;

[{trans-Pt(NH3),Cl},(u -pyrazine)](ClOy4),, Pt1

NH3

Cr— Pt— <::>—<:>N—Pt—c1 (c10,),* dmf
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Cl— Pt—

t—Cl (ClOy),

NH3

[{trans- Pt(NH3),Cl},(u -1,2-bis(4-pyridyl)ethane)](C10y,),, Pt3

Chemicals, while cisplatin, cis-diamminedichloroplati-
num(Il), cis-[PtCl,(NH3),], were purchased from Aldrich.
The ligands (1R,2R)-1,2-diaminocyclohexane (dach) (Acros
Organics), 2,2'-bipyridyl (bipy) (Aldrich) as well as nucle-
ophile guanosine-5'-monophosphate sodium salt (5'-GMP)
(Acros Organic) were used without further purification.
Hepes buffer (N-2-hydroxyethylpiperazine-N'-2-ethanesul-
fonic acid) was obtained from Aldrich. Transplatin, trans-
[PtC1,(NH3),], pyrazine, and 4,4'-bipyridyl,1,2-bis(4-pyri-
dyl)ethane, which were used for synthesis of dinuclear
complexes, were also obtained from Acros Organics. The
complexes [PtCly(bipy)], [PtCly(dach)] were prepared
according to the published procedures [22], while the dinu-
clear platinum(Il) complexes, such as [{trans-Pt(NH;),
Cl},(u-pyrazine)|(ClO4),  (Ptl), [{trans-Pt(NH;3),Cl},
(u-4.,4'-bipyridyl)](Cl0,),DMF (Pt2), and [{trans-Pt(NH3),
Cl},(u-1,2-bis(4-pyridyl)ethane)](ClOy), (Pt3), were synthe-
sized according to the literature procedures [23, 24].
Chemical analyses were performed on a Carlo Erba
Elemental Analyser 1106. UV—Vis spectra were recorded
on Shimadzu UV 250, Hewlett-Packard 8452A diode-array

spectrophotometers and a Perkin-Elmer Lambda 35
double-beam spectrophotometer, equipped with thermo-
stated 1.00 cm quartz Suprasil cells. The temperature was
controlled throughout all kinetic experiments to £0.1 °C.
The '"H NMR measurements were recorded on a Varian
Gemini-200 spectrometer.

Cell culture

Two human carcinoma cell lines, TOV21G (ovarium) and
HCT-116 (colon), were purchased from the American Type
Culture Collection and cultured in 1:1 mixture of MCDB
105 and Medium 199 (TOV-21G) and DMEM (HCT116),
supplemented with 10-15 % fetal bovine serum, 100 units/
mL of penicillin and 100 mg/mL of streptomycin. Human
mesenchymal stem cells (MSC) from peripheral blood
were kindly provided by Dr Diana Bugarski (Institute for
Medical Research, University of Belgrade, Serbia) and
maintained in DMEM with 10 % FBS. All cells were
cultured and treated at 37 °C in a humidified incubator
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containing 5 % CO,. All reagents were purchased from
Sigma Chemicals.

UV-Vis measurements

Nucleophile stock solution was prepared shortly before use
by dissolving the chemicals in purified water. All other
chemicals were of analytically reagent grade. Highly
purified, deionized water was used in the preparation of all
solutions. All kinetic measurements were performed under
pseudo-first-order conditions, that is, at least a 10-fold
excess of the entering nucleophile was used. The working
wavelength for reaction system was determined by
recording the spectra of reaction mixtures over the wave-
length range between 220 and 450 nm. The reaction was
initiated by mixing equal volumes of the complex and
nucleophile solutions (1.5 mL) in the quartz cuvette.

The substitution reactions of platinum(IV) complex
[PtCl4(bipy)] with 5'-GMP were studied spectrophotomet-
rically by following the change in absorbance at suitable
wavelengths as a function of time at 37 °C. These reactions
were followed in 25 mM Hepes buffer (pH = 7.2) in
addition of 10 mM NaCl to prevent the hydrolysis of
complex. All reported pseudo-first-order rate constants,
kobsds Tepresent an average value of two to four independent
kinetic runs for each experimental condition (data are given
in the Tables 1S in Electronic supplementary material).
Rate constants were calculated using the computer pro-
grams Microsoft Excel and Origin 6.1.

'"H NMR measurements

'H NMR Kkinetic experiment of [{trans-Pt(NH3),Cl},
(u-1,2-bis(4-pyridyl)ethane)](ClO0,4), (Pt3) complex with
5'-GMP was studied on a freshly prepared sample of
reactants. A 10-mM solution of the complex and 20-mM
solution of the ligand were prepared in 300 pL. of D,O,
10 min prior to the start of the kinetic experiment. The
solution of the ligand was added to the solution of the
complex to initiate the reaction. NMR spectra were
recorded at 22 °C, over a period of several days, until
completion of the reaction was reached. No buffer was
used to prevent increased activation of the complexes due
to coordination of phosphate, or interfering signals in the
observed peak area. The pH*(pD = pH + 0.4) changed
from 7.2 to 6.7 during the reaction. All chemical shifts are

referenced to TSP (trimethylsilylpropionic acid). The 'H
NMR measurements were recorded on a Varian Gemini-
200 spectrometer. Acquisition parameters for the 'H
experiments were pulse sequences S2 pul length 21.0
degree, relaxation delay 1.0 s, acquisition time 4.0 s, 56
repetitions, and sweep width 3000.3 Hz.

Cytotoxicity assay (MTT test)

Cell viability was assessed by the MTT assay. Cells were
harvested from the culture during the exponential growth
phase and seeded into 96-well culture plates at 5 x 10°
cells/mL (TOV-21G and HCT-116) and 1 x 10° cells/mL
(MSC) in fresh medium, 100 pL/well. After a 24 h time
period, cells were treated with selected concentrations of
complexes for 3 days. Control wells were prepared by
addition of culture medium. Wells containing culture
medium without cells were used as blanks. After incuba-
tion, drug-containing medium was discarded and replaced
with serum-free medium containing 15 % of MTT
(5 mg/mL) dye. After additional 4 h of incubation at 37 °C
in a 5 % CO, incubator, medium with MTT was removed
and DMSO (150 pL) with glycine buffer (20 pL) was
added to dissolve blue formazan 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 calcu-
lated using the formula: % of viable cells = ((TS — BGO)
— E/(TS — BGO) x 100), where BGO is for background of
medium alone, TS is for total viability/spontaneous death
of untreated target cells, and E is for the experimental well.

Results and discussion
Reactions of [PtCly(bipy)] complex with 5'-GMP

The substitution reactions of Pt(IV) complexes with the
biologically relevant molecule 5-GMP have been fre-
quently studied [22, 25-29]. It is well known that 5'-GMP
can coordinate to metal ions through N1 and N7 atoms,
depending on pH of the solution. At pH = 7.2, N1 is
protonated (pKa = 9.3 [30-34]), and coordination of
5'-GMP to Pt(IV) and Pt(Il) complexes is via N7 of the
purine base. Previously, for the reactions of a few Pt(IV)
complexes with 5-GMP two reaction steps were found,

Scheme 1 Proposed reaction Cl Cl
pathways for the reaction N Cl N N7-GMP N7-GMP
between [PtCl,(bipy)] complex < \Pt/ + 5-GMP i, < \lLt/ - <N\Pt/
I -Cl'/sl -2CI'/f:
and 5'-GMP ~ \C1 slow N/ | N - 2Cl /fast N e \(:1
Cl Cl
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one slow which was substitution and the fast one which  Reactions of [{trans-Pt(NH;),Cl},(u-1,2-bis(4-
was reduction. The final reaction product was a substituted pyridyl)ethane)](Cl10,), (Pt3) complex with 5'-GMP

complex of Pt(I) [22]. The suggested mechanism for the

reaction of the [PtCly(bipy)] complex with 5-GMP could  'H NMR spectroscopy was used to investigate the substitution
be the same (Scheme 1). The substitution reaction of one reactions of dinuclear Pt(Il) complex [{trans-Pt(NH3),Cl},
chloride ligand in Pt(IV) complex with nucleophile is (u-1,2-bis(4-pyridyl)ethane)](ClO,), (Pt3) with 5-GMP in

characterized by a second-order rate constant (k).

The observed pseudo-first-order rate constants, kqpeq as a
200

function of the total concentration of nucleophile could be
described by Eq. 1. The rate constant for the reduction

180

The first step

x
reaction was not determined. ;'% 160 -
< 140+ .

kobsa = k1 + k2 [L] (1) % 120

The obtained value of rate constant k, for substitution of ;‘3 100 -
one chloride in [PtCly(bipy)] complex with 5'-GMP, at §: 80 -
37 °C in 25 mM Hepes buffer (pH = 7.2) with addition of E 60 -
10 mM NaCl, is (5.9 £ 0.3) x 1072 M~ s7! while the T a0/ -
value of k; is (8.4 & 2.0) x 107> s™'. The observed small & 0 -
intercept (k;) is ascribed to the back reaction with the § 0 ' ' ' ' '
excess chloride present in solution to prevent the 0 5000 10000 15000 20000 25000 30000
spontaneous hydrolysis of the complex. t(s)

If we compare the reactivity of the investigated complex 500
with already published results, it could be seen that the 450 - The second step
order of reactivity of Pt(IV) complexes toward the bio- ™ 400 -
logically relevant nucleophile 5'-GMP is [PtCly(bipy)] > £ 350 -
[PtCly(en)] > [PtCly(dach)] [22]. The substitution behavior ’é: 300 -
for [PtCly(bipy)] depends on the m—acceptor properties % 250 -
of the inert ligand 2,2'-bipyridyl. As a result of these g 200 -
properties, there is an increase in electrophilicity of the E 150 -
platinum center and reactivity toward entering nucleophile g 100
(5-GMP). The slightly greater reactivity of [PtCly(en)] T 50
complex than [PtCly(dach)] could be explained by com- 0

paring the structures of inert ligands ethylenediamine and
trans-1,2-diaminocyclohexane [22]. A major influence on
the reactivity of [PtCly(dach)] is steric hindrance, while in

0 10000 20000 30000 40000 50000 60000 70000

t(s)

Fig. 4 Second-order plot for the reaction of the dichloro Pt3 complex

th? case of [PtCl4(.bipy)] the most important influence (10 mM) with 5'-GMP (20 mM). The y-axis represents the right-hand
arises from electronic effects. side term of Eq. 2 and 3 at pD = 6.7 and 22 °C

Fig. 3 "H NMR spectra of the +
reaction between 10 mM ___Jq.__}‘\—_ " J“\_—- - X 63100 s
dichloro Pt3 complex and o
and 22 °C (where * is the l + _n
Hl1'signal of free 5'-GMP, PR e = ‘: 4 53340 s
while + is the H1signal of
coordinated 5’-GMP) A l M —':J! N2N0s
| l M e -Jl 31400 s
J| l
. Mo . | e | 22680 s
M L My, L 1500 s
90 85 80 25 20 65 60  wm
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aqueous solution at pD 6.7 and 22 °C. The substitution kinetics
was studied under second-order conditions, with an initial
molar ratio of 1:2 (complex:5'-GMP). Considering that the
initial concentrations of 5'-GMP and the complex, ¢, and cjo,
respectively, can be expressed by c,o # cp0, We applied Eq. 2
for the first reaction step in order to determine k. The con-
centration of the 1:1 product, that is, singly substituted com-
plex, is represented by x. The concentration x is calculated
considering the area of the signals for free 5'-GMP and coor-
dinated 5'-GMP (estimated error is 5 %, Electronic supple-
mentary material, Table 2S).

1 Cho(Cao — X)

kt = In
Cao — Cho Cao(cbo - .X)

(2)

The integral of the singlet of the H8 proton in 5'-GMP was
unavailable to measure because there was a multiplicity of
product signals, and we therefore used the intensity of the
doublet of the HI1' proton of 5-GMP (see Fig. 3). The
intensity of the signal for the free 5-GMP at 5.90 ppm
decreases during the reaction, whereas at the same time a
signal for coordinated 5'-GMP appears around 6.05 ppm and
increases with time (Fig. 3). A plot of the right side of Eq. 2
versus reaction time resulted in a straight line passing through
the origin (see Fig. 4). The value of the second-order rate
constant k, when one 5-GMP molecule is coordinated, was
obtained from the slope andis (5.7 & 0.1) x 103M s L

The value for the rate constant for the second substitu-
tion process (k,) could be determined from Eq. 3. A plot of
1/c, versus time gives a straight line, from which the value
for the rate constant k, results from the slope and the
intercept is l/c,o (see Fig. 4). We obtained very similar
values for the rate constants of both substitution steps. For
the second substitution step, the obtained value of k, is
(4.60 £ 0.02) x 10> M~ 57!

1 1
a = a + kot (3)

The value of k, obtained for the substitution of the first
chloride by 5-GMP investigated by "H NMR spectroscopy,
is smaller than the value obtained from UV-Vis
spectrophotometry [24]. The difference between the rate
constants is a consequence of temperature effects (37 °C
during UV-Vis measurements) and also of slightly
different pH compared to pH*(pD = pH + 0.4). The pH*
changed from 7.2 to 6.7 during the reaction [24]. The rate
constant k, is the same order of magnitude as the value
obtained for the second substitution step, investigated by
UV-Vis spectrophotometry [24]. The two Pt(II) centers in
[{trans-Pt(NH;3),Cl},(u-1,2-bis(4-pyridyl)ethane)](C10,),
(Pt3) complex act completely independent of each other and
show the same thermodynamic and kinetic properties. The
obtained values are in agreement with literature data for the
related dinuclear platinum(IT) complexes [35].

@ Springer

Cytotoxic activity of platinum complexes

We compared the cytotoxic capacity of these platinum
complexes toward TOV21G, HCT116 tumor human cell
lines, and human MSC, normally dividing cells rapidly
(Fig. 5).

All the complexes displayed a dose-dependent and time-
dependent cytotoxicity toward the tested cell lines, but the
highest cytotoxic effect was shown toward TOV21G cells
(Fig. 5). The complex [PtCly(dach)] at lower concentra-
tions induced significantly higher cytotoxic effect toward
TOV21G cells than the other four complexes.

HCT116 cells were more resistant to cytotoxic effects of
the selected complexes (Fig. 5). Again, [PtCly(dach)] was
the most efficient and exerted very similar activity toward
HCT116 cells as cisplatin.

80 TOV21G
——Pt1 =n=[PtCl4(dach)]
g ;g ~0=Pt2 ==[PtCl4(bipy)]
2 5
8 40
% 30
K8 20
> 10
0 A . . : : : : .
3.9 7.8 156 31.12562.25 125 250 500
uM
160 1 HCT 116 ——Pt{ ——[PtCl4(dach)]
140 1 ~O=Pt2  ==[PtCl4(bipy)]
120 1 —4—P13  —g=cisplatin

100 &=

viable cells [%]

0 ; . . . il L ¥
20 139 78 156 31.125 6225 125 250 500
MM

140 l MSC ——Pi1 —t—[PICH(dach)]
120 ~0-Pt2 =o=[PICl4(bipy)]
— g Pt3 —@=cisplatin
& 100
B
0 80
8 0
()]
5 40
T
S 20
0 T T T T Y Y _—
20 J3.9 7.8 156 31.1256225 125 250 500
HM

Fig. 5 Cytotoxic activity of tested complexes measured by MTT test
(Mean + SE)
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The complexes Pt2 and Pt3 displayed cytotoxicity
toward MSC similar to cisplatin, but the other three com-
plexes Ptl, [PtCly(dach)], and [PtCly(bipy)] were more
toxic.

The cytotoxicities of a series of Pt(IV) complexes such
as [PtCl,(OH),(en)], [PtCl,(OH),(ipa)], [PtCl,(OCOCH3),
(en)], [PtCly(en)], and [PtCly(dach)] were studied toward
L1210/0 cell line. The highest cytotoxicity toward this cell
line is shown by [PtCl4(dach)], and it decreases in the
order: [PtCly(dach)] > [PtCly(en)] > [PtCl,(OCOCHs),(en)] >
[PtC1,(OH),(ipa)] > [PtCl,(OH),(en)] [27]. Satraplatin
(JM-216), which is structurally similar to our investigated
Pt(IV) complexes, shows a high cytotoxicity toward ovar-
ium carcinoma cell line [36]. The cytotoxicity of our
[PtCl (dach)] complex is very similar to the cytotoxicities
of previously investigated Pt(IV) complexes [27].

The dinuclear azine-bridged Pt(II) complexes, for
example, [{cis-Pt(NH;3),Cl},(u-pyrazine)](NO3),, [{cis-Pt
(NH;),Cl},(u-pyridazine)](NO3), show significant cyto-
toxicity for the ovarium carcinoma cell line and a lower
cytotoxicity toward colon cancer cell line, compared to
cisplatin [23].

A new chiral ligand, 2-(((1R,2R)-2-aminocyclohexyl)
amino)acetic acid (HL), was designed and synthesized to
prepare a series of novel dinuclear Pt(II) complexes with
dicarboxylates or sulfate as bridges. All compounds
showed antitumor activity to HCT116 very close to the
activity of oxaliplatin and better than our the dinuclear
Pt(II) complexes [36]. Also, dinuclear Pt(II) complex,
{[cis-Pt{NH3),Cl],(u-4,4'-methylendianiline) }(NO3),, is
highly cytotoxic against the murine leukemia (P-388) and
the human non-small-cell lung cancer (A-549) cell lines,
and it is more cytotoxic than cisplatin at most concentra-
tions tested [37].

Conclusion

The substitution reaction of the [PtCl (dach)] complex with
5'-GMP is a slow process and followed by fast reduction of
Pt(IV) to Pt(II) complexes. The obtained rate constant, k,,
is comparable with those obtained earlier with similar
Pt(IV) complexes [22].

However, the substitution reactions of the investigated
dinuclear  [{trans-Pt(NH;3),Cl},(u-1,2-bis(4-pyridyl)eth-
ane)](Cl10,4), (Pt3) complex with 5'-GMP proceeds via two
reaction steps. The first step is substitution of one chloride by
5-GMP (5.7 £ 0.1) x 107> M~ ! s7!, while the second
step is substitution of another one (4.60 + 0.02) x
107 M~' s™'. Both rate constants are very similar.

All tested complexes displayed cytotoxic activity against
TOV21G cell line, with lower activity toward HCT116 at the
same concentrations. The complex [PtCl4(dach)] at lower

concentrations induced significantly higher cytotoxic effect
toward TOV21G cells than the other four complexes.
These results could contribute to better understanding of
the interactions of Pt(IV) complexes with some biologi-
cally important nucleophiles and their antitumor activity.
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