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N3BOJ

Kommuieken maTwHe, KOju ce Kao aHTUTYMOPCKH areHcu Beh Iyke Bpeme KOpHCTE Y
MEIUIMHY, Jecy NUCIUIATHHA, KapOoIUIaTMHA M OKCAIMIUIATHHA. 3a AHTUTYMOPCKO JIEjCTBO
KOMIUIEKCA IUIaTHHE OJrOBOpHE Cy uHTepakiuje komruiekca ca JIHK monexkynuma. Tagan
MEXaHu3aM KOJUM KOMIUIEKCH IUIATHHE WCI0JhaBajy CBOJy AHTUTYMOPCKY aKTHUBHOCT HHjE
noTnyHo jacaH. CmaTpa ce Ja je To HacTajame OM(YHKIIMOHATHOT MPOU3BO/Ia Y MHTEPAKIU]JU ca
moutekyiaom JIHK. Tloctoju 3Hatan Opoj mpyrux Owomosiekyiaa (Maid MOJIEKYJIH, CH3MMH H
JIPYr'd TMPOTEMHH) KOjU MOTYy Ja pearyjy ca MOMEHYTHM KOMIUIeKcMMa IuiatuHe. [lojaBa
cropenHux edekara MPUIMKOM Tepardje, Kao MTO Cy HeMPOTOKCUYHOCT, TaCTPOTOKCUYHOCT,
OTOTOKCHYHOCT, KapAHMOTOKCUYHOCT M HEYPOTOKCHYHOCT, JOBOJIE C€ Y BE3y ca MHTEPAKIIHjOM
n3Mely KOMIUIeKca TiIaTHHE W OWOMOJIEKyJia KOjU CaJp’ke aToM CyMIiopa. YmpaBo 300r
MHOTOOpPOJHMX  CHOpenHuX edexata ©  PE3UCTEHTHOCTH, OTpaHW4YeHa je  yrmoTpeda
AHTUTYMOPCKUX KOMIUIEKCA MJIATHHE Y METUIIUHHU.

[Tocnenmux [neleHuja CHHTETHCAH j€ 3HaTaH Opoj HOBUX KOMILIEKCA, KOJU CY
CTPYKTYPHO CIMYHM IIUCIUIATUHU (KJACMYHU KOMIUJIEKCH IUIaTMHE) W KOMIUIEKCa KOjJU
CTPYKTYpHO HHUCY CIMYHU LMCIJIATHHHU (HEKIACUYHU KOMIUIEKCH IUIaTHHE), a CBE y IHJbY
MpoHaJakemha KOMILIEKca KOju he y oJHOCY Ha IUCIUIATUHY MOKAa3UBaTH Mamby TOKCUYHOCT U
PE3UCTEHTHOCT, a Behy e(pUKacHOCT U pacTBOPJbUBUCT Yy Boau. HapouuTo je 3HayajHa cuHTE3a
HEKJIACHYHMX IUIATHHCKUX KOMIUIeKca, Kao 1mto cy komiwiekcu Pt(IV) koju ce mory opaiHo
yrnotpebsbaBaTH, 3aTuM crepHo 3amtuhenn komruiekcu Pt(ll), momunHykineapHu KOMILIEKCH
Pt(I1), ka0 1 KOMIUIEKCH IJIATHHE KOJU CAAPKE CYMIIOP.

WuTepakiidje MOHOHYKJICApHUX W AWHYyKIeapHux komiuiekca Pt(ll) ca pasmuuntim
S-ngonopckuM 1 N-TOHOPCKUM JHraHauMa BpJIio Cy 3HauajHe ca OMOJIONIKEe U MEIUIIMHCKE TauKe
rieauITa. Y ToKymajy Aa neduHumeMo ogHoc u3Mely cTpykType U (yHKIMje HOBE TpyIie
[UTOTOKCUYHUX M TIOTCHIMja THO AHTUTYMOPCKHUX JeIUIEHha, y OKBHUPY OBE JIOKTOPCKE
JHcepTalje, MpoydyaBaHe Cy CYICTHTYIIMOHE pEaKIfje MOHOHYKJICApHUX W JIUHYKICApHUX

xomruiekca Pt(I1) ca pazmuuntum S-moHopckum u N-IOHOPCKUM OHOMOJIEKYIHMA.
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JloOujern pe3ynrtaTi npuKa3aHu Cy ciieiehuM peaociaeiom:

v Pesynratn wcnuTHBama KUHETHKE W MEXaHHM3Ma CYICTUTYIHOHHX pEakiuja CTEPHO
samrruliernx MoHoHyKIeapaux komrurekca [(TL®Y)PtCI]* u [Pt(tpdm)CI]* ca 6uonomky BakHIM
S-nonopcknMm nuranauma: S-Met-L-Cys, L-Met, GSH u L-Cys, ka0 u ca OHOJOIIKHA BaKHUM
N-ngonopckum smranauma: L-His, Ino, 5°-GMP u 5’-IMP. Peaknuje cy npahene nomohy Uv-Vis
cnektpodoTomerpuje Ha Tpu Temneparype (288, 298 u 308 K). Cse peakiuje cy u3yuyaBaHe Kao
peakmuje pseudo-mpsor pema Ha pH =~ 5, y Bogenom pacteopy 0,1 M NaClO, y koju je momat
10 mM NacCl, xako 6u ce crpeunsia CIOHTaHa XMIPOJIM3a KOMILIEKCA.

Pen peakTMBHOCTH MCHUTHBAHUX S-IOHOPCKHX juranana je: S-Met-L-Cys > L-Met >
GSH > L-Cys. Tuoetrpu (S-Met-L-Cys u L-Met) cy peaktuBamju ox troiaa (GSH u L-Cys).
Belia peakTHBHOCT KOMILIEKca ca tpdm ImranaoM y ogHoCy Ha Komiureke ca TL™Y murammom
MorJjia 61 Jja ce mpUMuile YTUIajy BOTYMUHO3HOCTHU terc-0yTi rpyna.

Pen peaxtuBHOCTH mMcnutuBaHuXx N-moHOpckmx ynmranana je: L-His > Ino > 5°-GMP >
5’-IMP. JloOujenn pen peakKTHBHOCTH TOCJIEIUIIA j€é BUXOBHUX CTPYKTYPHUX M €JIEKTPOHCKHX
CBOjCTaBa.

JloObujeHa HeraTMBHA BPEIHOCT 3a €HTPOIH]Y aKTHBHUpPama MOTBPAWIIA je aCOIHjaTHBHU

MEXaHU3aM.

v Pesyarat uWcnuTHBama KUHETHKE M MEXaHHM3Ma  CYNCTUTYIMOHHMX  peakiluja
nuHyKIeapHux auxiaopuao komiuiekca [{trans-PtCI(NH;)2}.(u-mupasun)](ClO,), (Ptl), [{trans-
PtCI(NH3)2}2(u-4,4’-ounmupuaun) | (ClO4),-DMF - (Pt2) u  [{trans-PtCI(NH3)2}2(u-1,2-bis(4-
mupuaun)eran)](ClO,), (Pt3), y BomeHom pactBopy 25 mM Hepes nydepa va pH = 7,2 u
BUXOBUX auakBa  amamora  [{trans-Pt(NHs)2(H20)}o(u-mmpasun)]**  (Ptla), [{trans-
Pt(NHs)2(H20)}2(u-4,4’-6umupuanu)]* (Pt2a) u  [{trans-Pt(NHas),(H20)}2(1-1,2-bis(4-
mupuamn)eran)]*” (Pt3a), ma pH = 2,5 y Bomenom pactBopy 0,01 M NaClO,, ca Guonomku
BakHuM N-moHOpckuM nuranguma: 1,2,4-tpuazomom, L-His u 5’-IMP. Peakuuje cy mpahene
Uv-Vis crniekrpodotomerpujckn Ha Tpu Temmeparype (288, 298 u 310 K). Ce peakuuje cy

u3yvaBaHe Kao peakiuje PSeudo-mpBor peja.
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Pen peakTHBHOCTH MCIIMTUBAHMX IUXJIOPUI0 KoMIuiekca je: Ptl > Pt2 > Pt3, a muxosux
nuakBa aHaiora: Ptla > Pt2a > Pt3a. /[uakBa KOMIUIEKCH CY pEaKTUBHHJH O] CBOJUX JUXIOPHUIO
aHajora mrTo ce obOjammbaba jaunHoMm Bese Pt-Cl. JIoOujeHn pem peakTHBHOCTH TOCICIHIA je
yTUIaja UHEPTHUX M MOCTHHUX JIMTAHA/Aa Ha SICKTPOPHUIHOCT U peakTuBHOCT jaBa joHa Pt(ll) y
JIMHYKJIEpAaHOM KOMIUIEKCy. Pesynrtatm ykasyjy ma u PH BpemaHoCT yThde Ha pPEaKkTHBHOCT

KOMIUIEKCa IIpemMa Hykieopuiy.
Pen peakTMBHOCTH MCITUTHBAHMX Juranaza je: 1,2,4-rpuazon > L-His > 5°-IMP.

JloOujeHa HeraTMBHA BPEIHOCT 3a €HTPOIHM]y aKTUBHpama NOTBpPAMJIA j€ acOLMjaTUBHU

MECXaHU3aM.

v Pesynratm wucnuTHBama KHHETHKE M MEXaHHM3Ma CYINCTHTYIHOHHMX  peaKiiuja
IMHYKIeapHHX nuakBa kommuiekca [{trans-Pt(NHs),H,OYo(u-1,4- mnamuno6yran)]**  (Ptda),
[{trans-Pt(NH3):H,0}2(u-1,6-mmamnuoxexcan)]**  (Ptéa) u  [{trans-Pt(NHs),H20},(u-1,8-
,I[I/IaMI/IHOOKTaH)]4+ (Pt8a), ca 6uosomku BaxxauM N-moHOpckuM aurananma: 5’-GMP, L-His u
MUPUIUHOM, Kao U ca S-moHopckuM juranauMma:; L-Cys m GSH. Ce peakiyje cy nzydaBaHe Kao
peaknuje pseudo-npsor pena. Mcnutusama cy uzBohena y Bogenom pacteopy 0,1 M NaClO,
Ha pH = 2,5. Peakmuje cy mpahene UV-Vis cnexkTpodoTOMETpHjCKM HA TPU TEMIIEpaType
(288, 298 u 308 K).

Pen peaktuBHOCTM HcnUTHBaHUX KoMIuiekca je: Pt8a > Pt6éa > Pt4a. JloOujennu
pe3ysITaTd yKasyjy Ja alKaHJAdMaMUHCKH MOCTHH JIMTaHM y AMHYKiIeapHuM Komiuiekcuma Pt(11)
KOHTPOJIUIIY MTPOLIEC CYNCTUTYIUje. MOCTHH JTUTaH I KOJU CalipyKu aln(paTHIYHU HU3 Ca BHIIE O]
6 YrJb€HUKOBUX aToMa OHeMoryhaBa eJeKTpOHCKY KOMYHHKAIUjy u3Mely joHa MeTraia, Tako Ja
JMHYKJICAPHH KOMIUIEKC TIONIPHMa KapaKTEPUCTUKE MOHOHYKIICAPHOT.

3a cBa TpM HCIUTHBAaHA KOMIUIEKCA peJ PEaKTUBHOCTH HUCIHUTUBAHUX N-ITOHOPCKHX
muranaga je: 5’-GMP > L-His > nupumun, a S-moHopckux nuranamga: L-Cys > GSH.

WcnutuBanu nurangu L-Cys u GSH pearyjy 6pxe ox N-moHOpckux Hykieogwmia oko 3 1o 4

nyTa.
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SUMMARY

Platinum complexes, cisplatin, carboplatin and oxaliplatin, like anti-tumor agents, have
long been used in medicine. For the antitumor activity of platinum complexes the interactions
between complexes and DNA are responsible. The exact mechanism of the way how the
platinum complexes exert their antitumor activity is not completely clear, it is considered that the
formation of bifunctional product with DNA is responsible for the anti-tumor activity. There are
a number of other biomolecules (small molecules, proteins and enzymes) that can react with
platinum complexes. The occurrence of side effects during the treatment, such as nephrotoxicity,
gastrotoxicity, ototoxicity, cardiotoxicity and neurotoxicity, is also associated with the
interactions between platinum complexes and biomolecules containing a sulfur atom. Because of
many side effects and resistance, the use of anti-tumor Pt(1l) compounds in medicine is limited.

In recent decades a significant number of new complexes, which are structurally similar
to cisplatin (classic platinum complexes) and complexes that are not structurally similar to
cisplatin (nonclassical platinum complexes) are synthesized with the aim of finding a complex
that will exhibit lower toxicity and resistance, higher efficiency and solubility in water compared
to cisplatin. Of particular significance is synthesis of the nonclassical platinum complexes, such
as Pt(IV) complexes which can be used orally, then, the more sterically protected Pt(Il)
complexes, polinuclear Pt(11) complexes and platinum complexes that contain sulfur.

Interaction of mononuclear and dinuclear Pt(Il) complexes with various S-donor and
N-donor ligands are very significant from the biological and medical point of view. In an attempt
to define the relationship between structure and function of a new group of cytotoxic and
potentially anticancer compounds, this doctoral thesis presents a study of the substitution
reactions of mononuclear and dinuclear Pt(ll1) complexes with various S-donor and
N-donor bio-molecules.

The results are presented in the following order:
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v Results of the kinetics and mechanisms of the substitution reactions of sterically
hindered mononuclear complexes [(TL®")PtCI]* and [Pt(tpdm)CI]* with biologically important
S-donor ligands: S-Met-L-Cys, L-Met, GSH and L-Cys, and biologically relevant N-donor
ligands: L-His, Ino, 5-GMP and 5-IMP. The reactions were monitored by Uv-Vis
spectrophotometry at three temperatures (288, 298 and 308 K). All reactions were studied under
the pseudo-first order conditions at pH ~ 5, in an aqueous solution of 0.1 M NaClO, to which is
added 10 mM NacCl in order to prevent spontaneous hydrolysis of the complexes.

The order of reactivity of the studied S-donor ligands is: S-Met-L-Cys > L-Met > GSH >
L-Cys. Thioethers (S-Met-L-Cys and L-Met) were more reactive than thiols (L-GSH and Cys).
The larger reactivity of the complex with tpdm ligand relative to the TL™" ligand could be
attributed to the effect of the bulkiness of the terc-butyl groups.

The order of reactivity of studied N-donor ligands is: L-His > Ino > 5-GMP > 5-IMP.
The obtained order of reactivity is a result of their structural and electronic properties.

The resulting negative value of the entropy of activation is confirmation of an associative

mechanism.

v Results of the Kkinetics and mechanisms of the substitution reaction of dinuclear
dichlorido complexes [{trans-Pt(NHs),Cl}(u-pyrazine)]** (Ptl), [{trans-Pt(NHs),CI},(u-4,4’-
bipyridyl)]** (Pt2), and [{trans-Pt(NHs),Cl}2(u-1,2-bis(4-pyridyl)ethane)]** (Pt3) in aqueous
solution of 25 mM Hepes buffer at pH = 7.2, and their diaqua analogs [{trans-Pt(NH3),H,O}(u-
pyrazine)]** (Ptla), [{trans-Pt(NHs),H,O}:(u-4,4’-bipyridy)]** (Pt2a), and [{trans-
Pt(NH3)2H,0}2(u-1,2-bis(4-pyridyl)ethane)]** (Pt3a) at pH = 2.5 in an 0.01 M NaClO, aqueous
solution, with biologically important N-donor ligands: 1,2,4-triazole, L-His and 5 '-IMP.
Reactions were monitored by UV-Vis spectrophotometry at three temperatures (288, 298 and
310 K). All reactions were studied under pseudo-first order conditions.

The order of reactivity of investigated chlorido complexes is: Pt1> Pt2> Pt3 and for their
diaqua analogues: Ptla > Pt2a > Pt3a. Diaqua complexes are more reactive than dichlorido
complexes which is explained by the strength of Pt-Cl bonds. The obtained order of reactivity is
due to the influence of inert and bridge ligands on the electrophilicity and reactivity of two Pt(Il)
ions in dinuclear complexes. Results indicate that the pH value of the solution also affects the

reactivity of the complexes towards nucleophiles.



Enuca CenumoBuh JOKTOpCKa Te3a | Summary

Order of reactivity of the studied ligands is: 1,2,4-Triazole > L-His > 5'-IMP.
The resulting negative value of the entropy of activation is confirmation for an

associative mechanism.

v Results of the kinetics and mechanisms of the substitution reaction of dinuclear diaqua
complexes [{trans-Pt(NHs),H20}2(u-1,4-diaminobutane)]** (Pt4a), [{trans-Pt(NHz):H,O}2(u-
1,6-diaminohexane)]** (Pt6a) and [{trans-Pt(NHs),H20},(u-1,8-diaminooctane)]** (Pt8a), with
biologically important N-donor ligands: 5-GMP, L-His and pyridine, as well as, S-donor
ligands: L-Cys and GSH. All reactions were studied as pseudo-first order reactions. The tests
were performed in an aqueous 0.1 M NaClO, solution at pH = 2.5. Reactions were monitored by
UV-Vis spectrophotometry at three temperatures.

The obtained order of reactivity of the complexes is: Pt8a > Pt6a > Pt4a. These results
indicate that alkandiamine bridge ligands in dinuclear Pt(11) complexes influence on the process
of substitution. Bridging ligands containing aliphatic chain with more than 6 carbon atoms
prevents electronic communication between the metal ions, so than dinuclear complex assume
characteristics of mononuclear complexes.

For all three complexes the reactivity of the studied N-donor ligands is: 5-GMP >
L-His > pyridine and for S-donor ligands is: L-Cys > GSH. Studied ligands L-Cys and GSH

react faster than N-donor ligands about 3 to 4 times.
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O3HAKE U CKPAREHHLE

Uv-Vis

CIIEKTPOCKOMH]ja Y YITPaJbyON4acTOM M BUAJBUBOM JIENTy CIIEKTpa

"H NMR MIPOTOHCKA HYKJI€APHO MarHeTHa Pe30HAHTHA CHEKTPOCKOIHja

IR nH(paIpBeHa CIEKTPOCKOIHja

D JUCOIMJaTUBHU MEXaHU3aM

A acoOIMJaTUBHU MEXaHU3aM

I MEXaHU3aM U3MEHE

Ea €HEepruja aKTUBUpaba

R racHa koHcranta (8,314 JK'M™)

T temriepatypa y Kensunosum crenennma (K)

AH* MIPOMEHA SHTAJIIH]e aKTUBUPAHA

AS” MpOMEHA EHTPOTIHjE AKTHBHpAha

AG” npomena cioboaue I'mocose (Gibbs) enepruje

AV” MPOMEHA 3al[PEMUHE aKTUBUPAHA

N Asorazpos (Avogadro) 6poj (6,022 - 10°° mol™)

h ITnankoBa (Planck) koucranta (6,626 - 10°* Js)

P MIPUTHCAK

A ancopO1uja pacTBopa

t BpeMe y CeKyHaama (S)

k KOHCTaHTa Op3WHE XEMHU]JCKE peaKIluje

¢} KOHCTaHTa Op3WHE XEMHJCKE peaKIlfje Koja ce oJurpana Io
COJIBOJIUTHYKOM YTy

ko KOHCTaHTa Op3MHE peaKIyje TUPEKTHE CYIICTUTYIIH ]S

K. KOHCTaHTa Op3WHE NMOBpPATHE CYIICTUTYIIMOHE PEaKIIHje

Ko (haxkTop y4ecTarocTu

Kobsd KOHCTaHTa Op3uHe peakiuje pSeudo-mpBor pea

Ka KOHCTAHTa KHCEJIOCTH

[UCTUIATHHA cis-muammunguxaopuoraruHa(ll)

CiS-[PtClz(NHg)z]

TpaHCIUIaTUHA trans-muamvusaauxnopuaoruiatuaa(Il)

trans-[PtCl,(NHs)2]

KapOoTUTaTHHA cis-muammuH( 1, 1 -iukno0yran mukapookcusiaro)miatuna(1l)

OKCaJuIIaTHHA (1R,2R)-mnammunnukinoxekcan(okcanaro )miataHa(1l)

HeJarIaTuHa cis-muammuararkormatiuaa(ll)

n00araTHHa cis(trans-1,2-mukno6yran-bis(mernnamune-N,N ) miaruna(ll)-nakrar

UTIPOTUIATHHA JMXUAIPOKCUIOAUXIOPH10-Dis(u3onponuaamus )miatuHa(1V)

JIHK Ne30KCHPHOOHYKIIEMHCKA KUCEINHA

1,2-(GpG) 1,2-ryanumun(3’- 57)ryano3ux

1,2-(ApG) 1,2-aneno3un(3’- 5’)ryaHo3ux




Eunuca Cenumosuh

AOKTOPCKa TC3a Crucak o3Haka u CKpaheHI/ILIa

1,3-(GpG) 1,3-ryanmmn(3’- 5°)ryano3us

1,4-(GpG) 1,4-ryanunmmn(3’- 57)ryano3ux

Hela S3 henujcka nuHMja KapIimHOMa rpirha MaTepuIle

MCF7 henujcka nrHMja paka J0jKe

TL™ 2,6-bis[(1,3-mu-Tepu-OyTHIMMHIA30IMH-2-UMUHO )METHJ | TUPHTTH

tpdm TePIUPHIUHIMMETaH

BBR3464 trans-[ouc[trans-muamMunxmopuomiaTiaa(-xekcan-1,6-
JMaMMHKH)|] 1aMMHUHIUTaATHHATETPAHUTPAT

Ptl [{tranS-PtCKNHg)z}z(,u-HI/Ipa?,I/IH)] (C|O4)2

Pt2 [{trans-PtCI(NH3)2}2(u-4,4’-6unupuaun)] (ClO4)2- DMF

Pt3 [{trans-PtCI(NH3)2}2(u-1,2-bis(4-mupuann)eran) | (ClO,),

Ptla [{trans-Pt(N Hg)z(Hzo)}z(,lt-HI/IpaSI/IH)]4+

Pt2a [{trans-Pt(NHa)2(H20)}»(u-4,4’-6ummpumnn)]

Pt3a [{trans-Pt(NHa3)2(H20)}2(x-1,2-bis(4-mmupumm)eran)]**

Ptda [{trans-Pt(NHs)2(H20)}2(u-1,4- muamunoGyran)]

Pt6a [{trans-Pt(NHs)2(H20)}2(u-1,6- mamuuoxexcan)]**

Pt8a [{trans-Pt(NHs)2(H20)}»(u-1,8-mmamumookran)]**

DAMP 2-(IMMeTHIIaMHHOMETII ) (hEeHT

COD UKI0-1,5- oxTaguen

DMF TuMeTuIhopMamMug

S-Met-L-Cys S-metmin-L-nucrenn

L-Met L-meTroHuH

GSH TIIYTaTHOH (y-TJIyTaMUII-IUCTEUHUII-TIIULINH)

L-Cys L-timcrenu

TU THOYypea

L-His L-xuctunun

Ino WHO3UH

5’-GMP r'yaHo3uH-5’-MoHOdochaT TMHATPU]yMOBA CO

5’-IMP HWHO3WH-5"-MoHO(DochaT qTuHATPHjyMOBa CO

Py MUPUIUH

Gly TJIALUH

dien JMETUIIEHTPUAMUH

terpy 2,2:6,2 -TepnupuauH

pic MTUKOJIMH

Gly-Met [JIMII-METUOHUH

bpma bis(2-mupuaunmeTra)aMuH

Hepes nydep N-2-xuapokcupoetunnunepasui-N’-2-eTancynduHa KUcenuHa

Tris mydep tris(xuapoKcuIoOMeTHI)aMUHOMETaH

oTf TpudayopuaoMeTaHcyapoHat

OUOTHH 5-[(3aS,4S,6aR)-2-okcoxekcaxuapo-1H-tueno|[3,4-dJumuaazon-4-
WJI|TICHTAaHOMHCKA KHCEINHA

KP1019 trans-[ rerpaxmnopuno-bis(1H-unnazon)pyrennjym(11l) | umunazon
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NAMI-A [trans-RuCl4L(S-dmso)pyrenujym(I11)] (L = Mmunazon)

RAPTA-C ([Ru(n®-arene)Cly(pta)], (pta = 1,3,5-rpuasa-7-hochaTpuinKioseKan)

RM175 [(6udenmn)Ru(en)CI]PFg
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YBO/

JoHu mpenazHuUX MeTana, Ka0 ¥ KOMIUICKCHA jeMIbEHa jOHA MpeNla3HuX MeTalia, UMajy
BEOMa BAXHY YJIOTY y Pa3IMYUTHM OMOXEMHCKUM W MeTaboiamdkuM mporecuma. Otkpuhem
AHTUTYMOPCKUX KapaKTepuCTHKa nucruiatuie, npe 40 roauHa, 3anounimhe MpUMeHa KOMITIEKCa
MeTaja y MeIUIUHCKE CBpxe.[1'4] Jlanac ce nucraTMHa M H€HU aHAJIO03U CBPCTaBajy Y jeHE O]
Haje()MKACHUJUX XEMOTepaneyTHKa 3a JICUCHEe Pa3IMuMTHX BpcTa KaHiepa (Oemmke, rpimha
MaTepuile, TeCTUCa M jajHuKa). Melyrum, ynorpeOy aHTHKAHIIEPOTCHUX JIEKOBa Ha 0a3u
IUIaTUHE TpaTe pa3uyuTh TpobiemMu. Bennka TOKCMYHOCT W PE3UCTEHTHOCT CY TIJIaBHU

(5.1 Mo cana je TecTupaHO BUIIE

poosIeMH KOju ce cycpehy y KIMHUYKO] MPUMEHH ITUCTITIaTHHE.
o1 4000 jenumema MIaTUHE Ka0 MOTEHLMJATHUX aHTUTYMOPCKHX JIEKOBa, ca IIUJbEM J100Mjama
IIUTOCTaTHKA ca MakbOM TOKCHYHOIThy W MamoM pe3ucteHTHomihy. EBoiylnja ekoBa mpoTHB
KaHIlepa Ha 0a3W IJIaTHHE JIeN je MpuMeEp KaKo HEOYEKMBAHO OTKpuhe MOXKe Ja J0oBene /0
MpOHAJIacKa Jieka MPOTUB jeJTHE 0J1 HAJCMPTOHOCHHU]UX 00JIECTH nanac.>®

ITopen mononykieapaux komruiekca Pt(I1), mocneamux roguHa BerKa MmaxkKemba yeMepeHa
je mpeMa KOMIUIEKCMMa KOjH y CBOjOj CTPYKTYpH HMajy BHWIIE joHa MeTana. Pasmor 3a
MHTEPECOBAKEM Y OBOj O0JIACTH jeCTe CIOCOOHOCT OBHMX KOMILIeKca na ca mojekyinom JTHK
rpajie IPOMU3BOJIE KOjU C€ CTPYKTYPHO PAa3JIMKYyjy OJl OHHX KOje Ipaje IUCIUIATHHA ¥ CIHMYHH
KOMIUICKCH, IITO HCTOBPEMEHO TIOAPa3yMeBa [OTIIYHO APYraunje aHTHTYMOPCKO NOHAIAmbe. ")

PazymeBame usbeBa U MeXaHU3aMma JIeIOBamba, Takole, 0/ CYNITHHCKOT je 3Hauyaja MpH
NM3ajHUPAY JIEKOBA U BUXOBO] KIMHUYKO] yrmoTpedu. CXoqHO ToOMe, 32 TeMy OBE JOKTOPCKE
JHcepTalyje n3adbpajii cMO Ja MPOy4aBaMO KMHETHKY U MEXaHM3aM CYIICTUTYIIMOHUX peakinja
HEKMX MOHOHYKJICApHUX W JuHyKieapHux komiuiekca Pt(ll) ca Ouomosekymuma, a ¢ mubeM
MpoHaacKa HOBHX jeautberba Pt(l) ca moTeHMjaiHOM aHTUTYMOPCKOM aKkTHBHOIIIY.

VY OKBHpY OBE TOKTOPCKE JHUcepTalije MPUKa3aHU Cy pe3ysITaTH JOOHjeHN IPOYyYaBamkEeM
CYIICTUTYIIMOHUX PeaKiija MOHOHYKJICApHUX U TUHYKIeapHuX komiuiekca Pt(I1) ca pasmuuntum
S-noHopckrM U N-ZOHOPCKUM OGMOMOJIEKYIHMA.

Ha mnouerky aucepranmje, y Omnwmem Oeny, omMcaHa je Jocajallma yrnorpeda

KOMILIEKCa jOHAa MeTala y MeAWIMHCKe cBpxe. Takohe, aat je mpersex komruiekca Pt(I1) koju

|1



Enuca CenmumoBuh JIOKTOpCKa Te3a | YBOJ

MOKa3yjy aHTHTYMOPCKE KapaKTepUCTUKE. JleTabHO Cy ONMCaHW IUHYKICapHH KOMILICKCH
Pt(Il), xoju cnagajy y HOBY TeHepalnjy aHTUTYMOPCKUX KOMIUIEKCA, IPU YeMY je HalpaBJbeHa
napajiena usMelly MOHOHYKJIeapHUX M auHykKieapuux komiutekca Pt(l1). Jlar je ocBpTr Ha
Jocaallkba UCTPaKHBakba, KOja YKIbYUyjy MHTEpPaKIHje Kako MOHOQYHKIMOHATHHUX, TaKO H
oudyakiuonanuux komruiekca Pt(ll) ca pasmuuutum  S-moHopckuM U N-ZOHOPCKHM
onomosiekynmuma. Ha xpajy Onwmez Oena mpukazaH je HAYWH UCHUTHBAFA CYNCTHUTYITHOHUX
peakiije KBaJpaTHO-IUTAHAPHUX KOMILIEKCA.

Y Ekcnepumenmannom Oeny, TOpel NMPUIIPEMe KOPHUIITCHHX peareHaca W pacTBOpa,
OMHCaHEe Cy CHHTE3¢ HOBHMX KOMILJICKCA, KA0 W METOJI¢ KOPHIITEHE MPUIMKOM HCIIUTHBAba
KHHETHKE CYIICTUTYIIHOHUX PEaKIIHja.

Y Pezyimamuma u Ouckycuju pesyimama TPUKA3aHU Cy pe3yiITaTH H3ydaBaHUX
peakiuja cienehum perociaeioM:

- IIpBo cy mpukasaHu pe3ynTaTH JAOOWjeHH HCIUTHBAkEM KHHETHKE M MEXaHH3Ma
CYIICTUTYITUOHUX peakmuja KOMILJIEKCa [Pt(tpdm)CI]* " [(TL®YPtCI]",
xaopuno(tepnupuaunameran )miatiuaa(1l)-xmopug u xnopu0-2,6-bis[(1,3-au-terc-
OyTHIMMHKIa30IMH-2-uMHUHO )MeTw JmupuauHiiaTuaa(Il)-mepxmopar, ca OHOJONIKH BayKHHM
S-noHopckuM JuranauMa: S-metwi-L-miucrennom  (S-Met-L-Cys), L-mertnonunom (L-Met),
rinyratronoM (GSH) u L-tiucrenrom (L-Cys).

- Hakon Ttora mpuKazaHM Cy pe3yJITaTd HCIUTHBAka KHHETHKE W MEXaHU3Ma
CYNCTHTYIIHOHHX peakiuja KOMILIEKCa [Pt(tpdm)CI]* u [(TL®YPtCI],
xanopuao(reprupuanameran)miatuaa(1l)-xmopug u xmopuao-2,6-bis[(1,3-au-terc-
OyTHIMMHKIa30IMH-2-uMKUHO )MeTw [mupuauHiiaTuaa(Il)-mepxmopar, ca OHOJOMIKA BayKHHM
N-gonopckum juranguma. L-xuctmauaom  (L-His), wunosmrom  (Ino), r'yaHO3uH-5-
monodocharom (5’-GMP) u unosun-5’-monodocharom (5°-1IMP).

- 3aruM Cy T[pHKa3aHW pPE3yATaTH KCIUTHBAba CYICTHUTYIIMOHHUX PEakiluja
muHyKieapaux auaka  kommuekca Pt(ll), [{trans-Pt(NHs)2(H20)}(u-mmpasun)]**  (Ptla),
[{trans-Pt(NH3)2(H20)}2(u-4,4>-6urmpumnn)]** (Pt2a) u  [{trans-Pt(NHs)2(H20)}2(u-1,2-bis(4-
mupummn)eran)]””  (Pt3a), ka0 u guxigopmmo  kommuiekca  [{trans-PtCI(NHa)z}»
(u-mupasun)](ClO4), (Ptl), [{trans-PtCI(NH3).}2(u-4,4’-ounupuann)](ClO4),-DMF (Pt2) wu
[{trans-PtCI(NH3),}2(u-1,2-bis(4-mupumun)eran)](ClOs),  (Pt3), ca OHONOmIKH  BaXHUM

| 2
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N-goHopckuMm  jmranguma: 1,2 4-tpuazonom, L-xuctumunom (L-HiS) wu  wHO3MH-5’-
moHodocdartom (5°-1MP).

- Ha xpajy mormaBiba naT je JeTajbaH ONHUC pe3yiTara JOOHMjCeHUX WCIIHTHBAHEM
KWHETUKE M MEXaHW3Ma CYICTHTYLIMOHUX peakifja AMHYKICapHUX JHaKkBa KoMiuiekca [{trans-
Pt(NHs)2(H20)}2(u-1,4- nnamuroGyran)]** (Ptda), [{trans-Pt(NHs)2(H20) }2(u-1,6-
mmamunoxekcan)]*t (Pt6a) u  [{trans-Pt(NHs)z(H20)}2(u-1,8-nnamunookran)]** (Pt8a) ca
Ouosomky BaXHMUM N-JIOHOPCKUM JIMTaHAMMA: TyaHO3HMH-5’-MoHOdochartom (5’-GMP),
L-xuctumuaom (L-His) u mupumuaom (Py), ka0 W ca OHMOJIONIKH BaKHHM S-IOHOPCKHM

nuranguma: L-tiucrennom (L-Cys) u rmyratnonom (GSH).

Pe3ynratu oBe nokTopcke aucepraiyje MyOIMKOBaHU Cy Y OKBHPY 4 HaydHa pajna y

Mel)yHapOoJHUM YacoNHCUMA.

| 3
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1.0MIITH JIEO

1.1. IpumeHa KOMILJIEKCA jOHA MeTAJIa Y AaHTUTYMOPCKOj Tepanuju

Pozenbeprosum (Rosenberg) orkpuhem aHTHTYyMOPCKHMX KapaKTEpHUCTHKAa KOMILIEKCA
mucmiatune, Cis-[PtCl(NHs)2], (cis-auammunauxnopunomnatuna(ll)), 1965. roaune, 3amouninse
ynotpeda jequmemha Ha 0a31 joHa IUIATHHE Y TepaneyTcke CBpxe,[1'4] TaKo Ja ce JJaHaC HEKOJMKO
KOMITJIEKCA TUTATHHE KOPUCTH Y JICUCHY a3 IMIUTHX BPCTa TyMOpa.

[Topen koMILIekca IIATHHE, Y MEIUIIMHU C€ TIOCIISIBUX TOIMHA HHTCH3UBHO KOPHUCTE H
KOMILJIEKCH TajgoiuHujyma. Haume, Tokom jenHe roguHe ynorpedbu ce oko 20 MHUIIMOHA J03a
KOMILJIEKCa Ta/loJIMHMjyMa, Kao KOHTPAacTHUX areHaca. Takole, 3HauajHO MecTO 3ay3uma u
TEXHEIM]yM, KOJU C€ KOPUCTHU y paauoTepanuju (oko 20 MUIHOHA 7032 OBOT METaa UCKOPUCTH
ce TokoMm roaune). Ilopen oBa Tpu HeeceHIMjaJlHa MeTajla CBaKe T'OJUHE CE CHUHTETHILIE Ha
XUJbaJe jeANbEmha APYTUX, KaKO €CEHIINjaTHUX, TaKO W HEECEHIIMjaTHUX METaya, MpU 4eMy ce
caMo Heka OJ1 FbHX HAIa3e y PasInduTHM (ha3aMa MEIUIMHCKHX HCIHTHBamba. oo
Ha Cnumm 1.1. mpuka3aH je Tako3BaHHM MEIUIIMHCKH TIEPHOJHH CHCTEM eJieMeHaTa.

Paznuuntrm 60jama 03HAYEHO je Y KOj€ CBPXE €€ KOPHUCTE JeTUHEHA M0 JeAMHUX enemenara.[®
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Cnuka 1.1. Meouyuncku nepuoonu cucmem elemeHamd.

EnemenTu o3HayeHu:

0eoM 00joM — eJIeMEeHTH eCeHIIHjaJTHU 32 YOBeKa

3e51leHOM 00jOM — PaInOU30TOIHU

IJ1aBOM 0OjOM — eJIeMeHTH KOjH ce TPeHYTHO KOPHCTe y Tepanuju

HapaH[IaCTOM 00jOM — eJIeMEeHTH KOjU ce KOPUCTe Y IjarHOCTHIN

Naxo je npomo Bume oj 30 roguHa o MOYyeTKa yrnoTpede LUCIUIATHHE y Tepanuju

pa3IMUuTUX BpCTa TyMOpa, OHa C€ M JaHacC HajBI/IH_IC KOpHUCTH Yy OB€ CBpXC.[S]

[Topen

nucriaTuie, TtectupanHo je oko 4000 npyrux xommiekca Pt(II), kao mnoTeHuMjasHuUX

aHTUTYMOPCKHUX JIEKOBA, JIOK C€ CaMO HEKOJIMKO HBUX MPUMEBYje y Tepanuju Tymopa, Cnuka 1.2.

KapOomnnaTtuna je ogoOpena 3a ynorpeOy 1989. rogune, okcanumiuarunaa 2002. roguse, 10K ce

HeJarjiaThHa, Jo0ariaTiHa ¥ XenTariaTuHa kopucte camo y Janany, Kunu u Jyxxunoj Kopeju.
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MehyTtum, 1 nopen BEIUKOT ycIexa, [UCIIaTHHA MMa U HEKOJIMKO HEeJ0CTaTaka, Tj. ’beHa

ynotpeba u3za3uBa BEMKH Opoj HEeXEJbeHUX JejcTaBa. Takohe, ynmoTpeOoM HMUCIUTATHHE JI0J1a3U

710 TI0jaBe PE3UCTEHTHOCTH.

0 H, o
HsN Cl N O
Nopt 0 Pt
HN- i HN- 0 N 0 Yo
H>
o}
IUCIIJIaTuHa Kap6OHJ]aTI/IHa OKCaJIuIJiaTuHa
H2 H2 @)
O N O
H:N__ 0 N o) N O
Pt P P
H3N ¢] N/ o o N o)
H2 H2 ©
HCaIlJiaTuHa JnaboIuIaTuHa XCrrarjiaTuHa
OH === oo o}
3
0------ N_ O
Pt
O------- N \o
Hs
OH 2. o}
JUITUKIIOITIJIaTHHA

Cnuka 1.2. Cmpyxmyphe ¢hopmyne nexux komniexca Pt(Il) koju ce kopucme kao

AHMUMYMOPCKU JIEKOBU.

Jlasba ucTpakuBama y 0BOj 00JaCTH yCMEpeHa Cy Ka CHHTE3M HOBHUX KOMILJIeKca Koju he

MOKa3uBaTH aKTUBHOCT Ha BeheM Opojy TymMopa, N3a3MBaTH MambH OpOj HEXKEJBEHUX JIejcTaBa U

,6
Maby PC3UCTCHTHOCT. [5.6]
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Kpajem 80-tux romuna npouutor Beka, ®apen (Farell) ca capaguuinmma nonasu Ha uzaejy
na OM HeJoCTallM LMCIUIATHHE MOTJIM Jia C€ TpeBa3ul)y CHHTE30M MOJHHYKJICAPHUX KOMILIEKCA
Pt(Il). OHM CHUHTETHIIY HEKOJMKO KOMIUIEKCAa Y KOjUMa Cy JBa MOJIEKYJa TPAHCIUIATUHE WIIH
LMCIUIATHHE [I0BE3aHa ani(aTHIHNM JaHIeM pasmmante ayxkue, 31

Hob6ujenn munykineapan komruiekcn Pt(II) mmajy Behe mo3uTHMBHO HaenekTpucame y
OJIHOCY Ha MOHOHYKJIeapHe komiuiekce Pt(II), mTo moBOAM 1O jayWX €IEKTPOCTATUYKHX
uHTepakija m3mehy wmosexkyna JIHK wu xommiekca, 4YuMme je OJIaKIIaHO BE3WBAE.
®nexcuOmIHOCT anudaTUYHOT JaHIa y AMHYKJICAPHOM KOMIUIEKCY, Takohe, omoryhaBa 0oJbe

BesuBambe ca JIHK. Mehyrum, camo jeman on 0 caja CHHTETUCAHUX TOJMHYKICAPHUX

kommiekca Pt(II), xommiexkc BBR3464, Cnuka 1.3., mpomao je mnpBy ¢a3y KIMHUYKUX
[15,16]

WCIIUTUBAA, anu 300T TIOKa3aHe HECTAOMJIHOCTHM y KpPBU HHJe MpoInao apyry ¢asy
I/ICHI/ITI/IB&I—I;&.[17'18]
H, 4
HaN-_ o N\/\/\/H\N NH il \Pt/CI
2 ~
I N . HN" SNH,
3 SUINO NN
HsN NH,

Cnuka 1.3. Cmpyxmypua gpopmyna komnieca BBR3464.

Kako 6u ce 100mo0 nuTocTaTHK ca 00JFUM KapaKTepHCTHKaMa O/ LUCIIIIATHHE, YCIICIHIIH
Cy CHHTE3a M HCIHTHBAamE KOMIUIEKCa APYruX joHa Merana. Kommiekcn Koju cy, 70 cana,
mokasanu Hajoose pesyarate cy kommieken Ru(IVII).M Anecno (Alessio) ca crojum
capaJIHUIIIMa CUHTEeTHIIe KoMIUieKe o3HadeH kao NAMI-A, Cnuxka 1.4., koju je npo1ao npBy U

Aapyry (1)33}/ KIIMHUYKUX UCIIMTHUBambA.
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Cnuka 1.4. Cmpykmypne ¢hopmyne Ru(ll/Ill) komniexca Koju cy nokasanu 3Havajmy

AHMUMYMOPCKY AKMUGHOCM.

Kowmrurexe Ru(IIl), ca o3nakom KP1019, cunrterucan y rpynu Kernepa (Keppler), rakohe

[5,20,21]

je npomnrao mIpBY (I)a3y KIMHUYKHUX HUCIIHUTHBAbA. Hopez[ TOr'a, OPraHOMETAaJIHU apCHa

komruiekcn Ru(ll) mokasanu cy obehaBajyhie IIMTOTOKCHYHE KapaKTEPUCTUKE.

| 8
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Hucnnatuna, apyru komiuiekcu Pt(Il), mommnykneapuu komiuiekcu Pt(I1), kao u Behuna
komruiekca Ru(l1/I11), LUTOTOKCHYHOCT WCmOJbaBajy BesuBameM 3a Monekyn JIHK.®f
[locnenwux roaMHa pas3BHjeHa je HOBa Ipyla KOMIUIEKCA joHAa MeTala KOju HUTOTOKCHYHOCT
UCIoJhaBajy Be3yjyhu ce 3a oapeleHe nporenHe, ykbydyjyhu u eH3uMe, a He 3a JIHK.®?2 Opu
KOMIUIEKCH Cy TIOKa3aJli HEKOJIMKO 00JbMX KapaKTepPUCTUKA y mopelemy ca HUCIUIATHHOM H 0]
CIIMYHUM KOMILIEKCHMA. Y OBY TpyIly KoMIuiekca criaaajy komrmiekcu Au(Ill).

Jou Au(lll) je mzoenextponcku ca jonom Pt(ll) m rpagm xomIuiekce ca KBajpaTHO-

L2
1aHapHoM reomerprjo, >

na IpescTaBjba J00OpOr KaHAWIaTa 3a CHHTE3Yy KOMILIEKca Koju Ou
MOTJIH JIa TIOKaXy 00Jbe aHTUTYMOpPCKe ocodune o1 komruiekca Pt(I1). Mehyrum, 3a pazmuky ox
komiiekca Pt(Il), anamoran xommiiekcu Au(Ill) moxazanu cy ce ka0 pelaTUBHO HECTAOWIIHW,
HApOYUTO Ha CBETIOCTH. 3a KoMIUiekcHa jeaumema Au(lll) kapakrepuctuuno je na npu
(U3MOJIONIKMM YCIOBUMA JIAKO MOJUIEKY PEAYKIMJU 10 €JeMEHTapHOr 3jaTa. YTpaBo W3
HaBeJEeHUX pasiora, ucrnutuBame Komiwiekca Au(lll) ka0 aHTHTYMOpPCKHX jenibema OWIIo je

3aI0CTaBJbCHO OYKW HH3 T'OJUHA. IToueTxkom JCEBCACCECTUX IOAWMHA CHUHTCTHUCAHO je HCEKOJIMKO

HoBux koMmiuiekca Au(Ill) xoju cy mokasuBanu Behy cTabuiaHOCT, Kao U J00pe (dapMaKoJIOIKe

ocoOuHe. Mehy MIPBUM, HaIrao ce KOMILJIEKC [Au(DAMP)X5],
(DAMP = 2-(numermimaMuHOMeTHI)(PEHHI), KOjU je TI0Ka3ao 3HAYajHy AaHTHTYMOPCKY
axTiBHOCT. 2*%°]

[Tocnenmux map roauHa uHTEH3UBHO ce ucnutyjy komruiekcu Os(I), Ir(IIT) u Rh(III),
KOJH HCII0JhaBajy aKTHBHOCT TaKO INTO C€ Be3yjy 3a crenuduuHe npoTenHe. Heku on oBHX
KOMIUIEKCa ToKasanu ¢y ooehaBajyhe pesynrare kao uutoctaruim. !

[ToceOHy rpylly aHTUTYMOPCKHUX JIEKOBa Ha 0a3u KOMIUIEKCa joHa MeTajia MPeCcTaBbajy
komruiekcu Pt(IV). JloOpa kapaktepuctuka komruiekca Pt(IV) je ma cy oHM WHEPTHHjH O
komruiekca Pt(I1), Tj. Texxke momIexy CYNCTUTYIIMOHMM peakiidjama, MTo oMoryhaBa JIaKiiu
TPaHCIIOPT  Kpo3  opraHu3am 70 obojenor TkuBa. MmporuatuHa, — Cis,trans,cis-
[PtCl2(OH)2((NH2CH(CHj3),),], Cauka 1.5., nponuia je cBe Tpu (a3e KIMHHYKHX HCITUTHBAbA,
alli ce Ha Kpajy MOKa3ajio Jia jeé Mame aKTHBHHA O] LUCIUIATUHE M HUje PErmcTpOBaHa 3a
KIMHUYKY yIIOTpeOy.

Kowmrutekcu Pt(1V) HakoH yHOILIeHa y Opranu3am Jako ce peaykyjy y kommieke Pt(ll), a

HaJlaJb€ CBOjy aKTUBHOCT MCIOJhABA]Y Ka0 M KOMILJIEKCH Pt(II).[26'29]
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Cnuka 1.5. Unponnamuna.

[Tomrro je xanuep Bojeha GoJiecT y CBETy MO OpOjy CMPTHUX HMCXOJa, MPOHATAKEHE
edukacHe Tepamnuje je o4 KibydHor uHTepeca. [loctoju Benuka BepoBaTtHoha aa Jiek 3a KaHIEp
MOXe Ja Oylne Jequmelhe HEKOT joHAa MeTalla, TaKo Ja Cy HCTpakhBama y OBOj 00JacTu

CBPCUCXOJHA U O BEJIHUKOI 3Haqaja.

1.2. AHTHTYMOpPCKA aKTHBHOCT KomIuiekca Pt(l1)

Hucrnatuna, Cis-[PtCl(NHs);], mos3mara je ox 1845. romune. Ibeny Ownonomky
aKTHBHOCT OTKpmin cy Posenbepr (Rosenberg) u capaguummu 1965. rogune. OTtkpuhem
AHTUTYMOPCKUX KapaKTePUCTHKA IHCIUIATUHE MPAKTUYHO 3alo4YhE-e Pa3Boj METUIIMHCKE
HEOpraHcke XCMI/Ije.[30’3l] VY npBy a3y KIMHHYKUX HCIUTHUBaWma IUCIIaTHHA je ynuta 1971.
roJIMHE, a ’eHa KIIMHUYKa yrnoTpebda ogodpena je ox 1978. FO,I[I/IHC.[SZ]

Hucnnatuna je HajeuKacHUja y Jeuemhy KapluHOMa TECTHCa, jajHUKa, Oelnke, rpauha
Marepulle, ruiyha, riaBe W BpaTa, Tako Ja ce roAulImke ynorpedbu oxo 500 munmoHa 103a
wucruaruse. 223

3a pa3nuKy O] IHUCIUIATHHE, WeH u3oMep TtpadciiatuHa, trans-[PtCl(NHs),], ne
MoKa3yje aHTUTYMOpCKY aktuBHOCT. Ha Cnunu 1.6. mpukazaHe cy CTpykTypHEe Qopmyne aBa

FCOMeTpI/IjCKa HU30MEpa OBOT' KOMILJIICKCA.

|10



Enuca CenmumoBuh JOKTOpcKa Te3a | Ommtu 1eo
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Cnuxka 1.6. Cmpykmypue ¢hopmyne yucniamune u mpanHcniamume.

AHTUTYMOPCKY aKTHUBHOCT KOMIUIEKCH IJIATUHE OCTBApY]y Be3uBameM 3a moJiekyn JTHK,
u TO mpBeHCTBeHO 3a TeHercky JIHK koja ce Hamasm y Hykieycy, TOK je Be3a ca
mutoxonapujaiaHoM JIHK mame oaroBopHa 3a aHTUTYMOPCKY axtusHoct. 24 Kaga xomruiekc
mnatuHe jgocne a0 moiekyna JJHK, moryhHoctn 3a koopaumHOBameM cy paznuunte. BesnuBame
komiiekca 3a JIHK mnpBencTtBeno ce nemaBa mpexko N7 aTtoma T'yaHMHA, JOK je Mambe
3acTynJbeHO Be3uBamwe 3a N7 u N1 arome anennHa u N3 aToM IUTO3MHA. [33:35]

C oO3upom Ha TOo nma moisekyn JIHK y cBOjUM KOMIIEMEHTapHUM CIIUPATHUM
CTpYKTypama CajJp>KH pa3InYUTy CEKBEHIly MYPUHCKUX U MUPUMUIANMHCKUX 0a3a, yCTaHOBJHEHO
je na je ca 65% 3acTymibeHO KoopauHOBame koMiiekca tuna 1,2-(GpG), oAHOCHO, Be3a TPEKO
nBa monekyina 5’-GMP koju ce nHamaze Ha ucrom nanny /JIHK. Oxo 25% je 3actymbena Besa
tuna 1,2-(ApG), 1j. Be3a ca ageHo3uH-5'-MoHOpochaTom u 5’-GMP cmemTeHUM Ha CympOTHUM
JIHK nanmuma. OcTaiyd Ha4yMHM Be3HMBamka (MOHO(YHKIMOHAIHO BE3UBAIE KOMIUIEKCA, Be3e
tuna 1,3-(GpG) mpeko ryaHo3WHa CMEIITEHHX Ha CympoTHOM JjaHmy mosekyna JIHK, uta.) cy
Mame 3acTynjbeHu. Ha Cnunu 1.7. npuka3anu cy pa3lu4yuTH HAUMHU Be3HBamba IUCILUIATUHE 3a

MOJIEKYJ JIHK.[267]

|11
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]

Cnuka 1.7. Hauunu xoopounosara yucniamure 3a /[HK (neso) u kpucmanna cmpylcmypa[6

Ha

Kojoj ce 6uou koopounosarbe komniexca Pt(Il) 3a eyanun uz JIHK (decno).

Y hemuju ce Hamaze W apyru OMOMOJEKYNIH, Koju Takohe Mory jga pearyjy ca
KoMIulekcuMma MatuHe. IloceOHO Benuku aUHUTET KOMIUIEKCH IUIAaTHHE IO0Ka3yjy INpeMa
OMOMOJIEKYJIMMA KOJU CaJIpsKe CyMIIOp, KAaKO y THOJTHOM, TaKO U Y THOETapCKOM OOJHKY.

Haume, Pt(ll) kao Meka” KHCelMHA IPajid jaKO CTAOMJIHA jeUbEba ca S-I0HOpUMaA Kao
,MekuM~’ Oa3zama. Hacrana jeaumema Cy OArOBOpHa 3a II0jaBy TOKCHMYHUX edexaTa
(HEPOTOKCHUYHOCT, ~HEYPOTOKCHYHOCT, KAPAUOTOKCUYHOCT, OTOTOKCHYHOCT HUTA.) H
pesucrentHocTd. IlomTo je KoHUeHTpauuja THoya, ykbydyjyhu GSH u L-Cys, y
UHTpaleayaapHoj Teqnoctr oko 10 MM, mpermnocraBiba ce na he Behu meo kommiekca Pt(I1)
OWUTH Be3aH 3a CyMIIOp U3 OMOMOJIEKYIa, Ipe Hero MITo jole 10 MoJeKyna JIHK 1363

KoopauHoBamwe komiuiekca Pt(ll) 3a cymmop u3 THOeTpa je KMHETHYKH (paBOPH30BaAH
nporec. Hacrana Besa Pt-S(tuoerap) moxxe na ce packune y npucyctsy mosekyna JJHK, 1j. N7
atoM 5’-GMP MoXe Ja CYNCTHTYHIIE MOJNCKYN THOETpa M3 HACTANOr jeammersa. ! U3 Tux
pasznora ce jenumera Tuma Pt-S(tmoerap) cmarpajy ,,pesepBoapom” komiuiekca Pt(ll) y

OpraHusMy, Tj. HOTOJHMM HHTepMeaujepoM y peakuuju kommiaekca Pt(II) u JIHK. Besa

|12
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Pt-S(Troerap) Moxe J1a ce pacKHHE U Y PUCYCTBY MOJIEKYJIa THOJIA, OJHOCHO, CYMIIOp U3 THOJIA
CYIICTUTYHUIIIE CYMIIOP W3 THOETpa, MPH YeMy je Hacraja Be3a Pt-S(THOI) TepMoauHAMUYKH
crabunamnja. Takohe, moxe nohm m mo aupextHor BesuBama Pt(Il) 3a cymmop u3 momekyna
THOJA, a HacTana Be3a Pt-S je jako crabwiHa u Temko packuawBa. CMaTpa ce J1a je HacTajame
jemumema Tuna Pt-S(THON) OATOBOPHO 3a MOjaBY TOKCHYHHMX e(dekaTta TOKOM KOPHUIITEHA
KOMITJICKCA IUIAaTHHE Kao aHTUTYMOPCKHX areHaca. 3a packuaame Be3e Pt-S(Twon) manac ce
KOPHCTE jeIMbeha MMO3HATa Kao ,,3aIlITUTHU areHCH”’, a TO CY jJeANbErmha Koja caipikKe CyMIIOp |
koja cy BpJio jaku Hykneopwm (TU, GSH, L-Cys, nuetmimutnokapbamar, THocynadar, OHOTHH
ury,). B3840

[Iponecu koju ce omurpasajy y henuju y TOKy mpuMeHe aHTHTYMOPCKHX areHaca Ha 0a3u

komruiekca Pt(11) npukaszanu cy Ha Illemu 1.1.

yaa3 [CI']=104mM

Hlema 1.1. Yuymaphenujcku npoyecu npuiukom npumere aHmumymopcKux a2enaca

Ha ba3u naamune.
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Ha ocHOBY Hampen peyeHor, Mpoy4yaBame CYNICTUTYIIMOHUX peakiyja n3Mely Komriekca
Pt(I) u S-gonopckux u N-ITOHOPCKUX OMONOMIKKA BaXKHUX MOJICKYJa, 3HAYajHO je jep MOMaxe y
poHaJIAKeHky KOMIUIeKca Koju he ucnospaBatu Behy peakruBHocT npema ¢pparmentuma JIHK, a
Mamby PEaKTHBHOCT IpeMa S-JI0OHOPCKHM MOJIEKYJInMa. YjeIHO, MPOydaBame CYNCTUTYIIHOHUX
peakimja OBOT TUIIA MPEJCTaBba MPBH KOPAK Ka MPOHAJIAKEHhy KOMIUIEKca Koju he mokasuBaTu

3aJJ0BOJbaBajyhe aHTUTYMOPCKE KapaKTEPHCTUKE.

1.3. CyncrurynuoHe peakinuje komiuiekca Pt(ll) ca Ouosomikm BakHUM

MOJIEKYJIHMA

VY nokymajy ma neduHHIIEMO OJHOC W3Mel)y CTpyKType M peakTHBHOCTH KOMILIEKCA
Pt(Il), ka0 TOTCHIMjaTHUX AHTUTYMOPCKHX JCIHIbCHA, Y OKBHUPY OBE JIOKTOPCKE Te3e
poy4aBaHe Cy CYNCTHTYIIMOHE peakiifje MOHOHYKIICapHUX W JuHyKiIeapHux komruiekca Pt(l1)
ca S-nmoHOpckUM U N-IOHOPCKMM OHOJIOMIKM Ba)KHHUM MOJICKYyIUMa. [ JIaBHU IIUJb MCITUTHBAMKbA
OBOT THIIa peakiuja jecte onapehuBame ycimoBa moj Kojuma he HOBH KOMILIEKCH CEJIEKTHBHO
pearoBaTu ca OWOMOJICKYJMMa W JaBaTH CTaOWIHE MPOW3BOJAE peakmnuja. Pasynratn oBuX
HCIIUTHBAKkA, Takol)e, MOTY Ja TOMOTHY Mpu U300py oaroapajyhux xkomruiekca koju he 6utu
BPEIIHU TECTUPAbA.

Monodyukimonaaau komiiekcu Pt(I1) cy komiutekcu duja ce koopauHammoHa cdepa
cacToju OJi WMHEPTHOT TPUICHTATHOT JIMTaH/a, a YETBPTO KOOPIUHAIIMOHO MECTO 3ay3uma
nalwitan uran], Hajuenthe ximopua wim Boja. [Tomto moMeHyTH J1abWilaH JIMraH1 MOKE JIAKO J1a
Cce  CYICTHTYHINE, TMpOydYaBambe CYINCTUTYIMOHUX peakiyja OBUX KOMIUIEKCA  je
M0jeIHOCTaBJCHO. 3aTO CYy MOHOQYHKIIMOHAJIHM KOMIUIGKCH IIOTOJHUM MOJIEN MOJICKYIH 3a
W3yuYaBambe CYICTUTYLMOHHX peakiuja ca S-I0HOPCKUM H N-ZOHOPCKHUM OHOJIONIKK Ba)KHUM
Mouiekyauma. Takohe, 300r cBoje CTPYKType MOHOQYHKIIMOHAJIHH KOMIUICKCH HE MOTY Jia ce
KoopauHyjy 3a n18a N7 aroma u3 mosiekyna JJHK u 3aTo He noka3yjy aHTUTYMOPCKY aKTHBHOCT.

HajBume cy u3yuaBaHe CYICTUTYLHOHE peakiivje MOHO(DYHKIIMOHAIHHUX KOMILIEKCa
omte popmyie [Pt(NNN)X], rne NNN npencraBsba TpuASHTAaTHH JUTaH KOOPIHHOBAH ITPEKO
Tpu asotosa atoma 3a Pt(Il), mox je ca X o3Hauen nabunan nuraua. Kommiexcu [Pt(dien)CI]",

(dien = nuetunentpuamun), [Pt(bpma)Cl]*, (bpma = bis(2-nupumunmernn)amun), [Pt(terpy)CI]",
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(terpy = 2,2":6',2"-teprmpumun) u [Pt(tpdm)CI]*, (tpdm = Tepmupuaunmeran), Hajuemhe cy
npoydaBaHHM KOMILIEKCH U3 oBe rpyne. Takohe je umcnutuBan komiuieke [Pt(gly-met-N,N,S)Cl],
(gly-met-N,N,S = rimunmn-mernonuH), y xome je munentun koopauHoBaH 3a Pt(ll) jon mpeko
aroma S u nBa atoma N. Ha Cimum 1.8. mpencraBibeHe cy CTpyKTypHE (OpMyie HaBEACHUX

KOMIIJIICKCA.

00C O

<\E/>_’ ' \

H;N—FP1—NH; ;S_P'_N"!
a R |
[P dien)Cl)* [Pt(gly-met-N,N,S)Cl1]| [Pt(bpma)CI1|™

; il
[Pr(terpy)CI* [Pt(tpdm)CI]*

Cnuxka 1.8. Cmpyxkmypne ¢hopmyne monogynxyuonannux komniexca Pt(I1).

Kommexcu [Pt(bpma)CI]*, [Pt(terpy)CI] u [Pt(tpdm)CI]* kapaxTepuctuunu cy mo Tome
IITO M C€ y CTPYKTYPH WHEPTHOT JIMTaHJIa Hajla3u MUPHUIUH. [I[pUCycTBO MUPUIAMHCKOT ITpCTEHA
y kommutekcy Pt(l1) mosehasa enexkrpoduinnoct jona Metana. Haume, mUpUaAMH UMa CIIOCOOHOCT
npey3nMarba Jella HaelIeKTpUcama ca jona Merana uunehn ra jomr nosurusaujum. 4 Iopex
TOra, youeHa je U M-NOBpaTHa JOHAIMja eJEKTPOHCKE I'YCTUHE ca yJIa3HOT JIMTraH/Ja Ha XeJaTHU
JIMra{, WTO JTOBOJM 10 cTa0miIn3anuje Ipeina3Hor cTamba KBaJpaTHe OUNMpaMuie y OJHOCY Ha
ocHOBHO crame. ! OBaj edekar je Haju3paKEHUJU KaJla ce MUPHUAMH Hanas3u y trans nonoxajy y

OJIHOCY Ha JIMTraHJ KOjI/I CC CYICTUTYHUUIC. CXOI[HO TOMEC, OYCKHBAHO je Aa PCAKTUBHOCT
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[Pt(terpy)Cl]" xommuekca 6yme Hajseha. MelyyTum, Mako Cy 3a BENHMKY PEaKTHBHOCT OBOT
KOMIIJIEKCA OJI'OBOPHE €JIEKTPOHCKEe WHTepakmuje usmely terpy nmranma u Pt(11),"Y Ha
KapaKTePHCTUKE OBOI KOMIUIEKCAa BEJIWKH YTUIAj MMa BOJYMHUHO3HOCT terpy muranma. Y
peakujama cyrnctuTynuje kommiekca [Pt(terpy)Cl]” ca pasmmumtum TmoeTpuMa M THOJHMA

[43-45] Koja ce YIpaBo

BUIIE TyTa je TOTBpeHAa HEroBa HEPEAKTUBHOCT IpeMa THOETPHMA,
objammaBa yTHuIajeM crepHor epekra. Bemuka peakTuBHOCT komiutekca [Pt(terpy)Cl]" mpema
THOJIMMA O0jalImkaBa Ce€ HACTAHKOM HMHTPAMOJIEKYJIICKE BOJOHHMYHE Beze m3Mmely mpoToHa ca
TUOJIHE Tpyne H ojjazeher XJIopuao JiuWraHjga, 4YMMe C€ JOJaTHO CTaOWJIM3yje TMpena3Ho
CTame. [43,44,46]

Ha ocHoBy BpenHOCTH 3a KOHCTaHTE Op3uHE KOje cy mpuka3zane y Tabemu 1.1., Mmoxe na
ce youn na kommieke [Pt(terpy)CI]” pearyje 3uatHO 6pxe (oko 10 myra) y ogHoCy Ha npyra mBa

47 4
IIpHUKa3aHa KOMHJ’ICKC&.[ 8]

Ta6ena 1.1. Koncrante Op3uHe CyncTHTYIHOHUX peaknuja komruiekca Pt(Il) ca S-goHOpCKHM

o6uomonexkynuma Ha 298 K.

komnnexcu  [Pt(gly-met-S,N,N)CI] [Pt(bpma)CI]* [Pt(terpy)CI]”

2
AU2AHOU [I\:blol l;?l]
L-Metl"! 5,0+ 0,2 14+1 -
GSHM 3,4+0,2 41+0,1 (5,8 +0,1) "10*
TUM] - - (1,72 +0,02) 10’
L-Cyst®! - - (37,8 £0,1) 10°

Benuka peaktuBHOCT komiutekca [Pt(terpy)]Cl™ mocnenuna je mperxoaHo o6jamimeHor
yruuaja mupuanackux jennanna.*t*4 Mama peaxtuBHoCT KOMIUIeKCa ca gumentugom Gly-Met
Kao JIMTaHJOM, MOKE Ja ce OOjaCHH CTepHHM YTHIajeM METHJ Tpyle Koja ce Hajiasu
KOOpPIMHOBaHAa Ha aTOMy CyMIIOpa M KOja OTeXaBa Mpuia3ak Hykieo(duia joHy Merana
npwmkom cyncrutyumje.*’! Ca gpyre crpame, Beha peakTmBHOCT KoMIUIeKca ca bpma

JUTaHAoOM TMOCIeAMIa je TMPHUCYCTBA JBAa MHUPUAMHCKA NPCTEHA Y KOOPIUHALMOHO] chepu
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KOMIUIEKca. YTIpaBo onucanu eekat MUpUIMHCKHUX jenHuIla cBpcTaBa oBe komiuiekce Pt(l) y
IpyIy KOMIUICKCA Pa3jIMYUTHX OJl KJIACHYHUX aHTUTYMOPCKU akTUBHHX komruiekca Pt(Il), rae
oBakaB e(dekaT HHje HpI/IMeheH.[Al'AZ]

Kowmmnexke [Pt(tpdm)CI]*, xoju y cBojoj CTpyKTypu caip:ku TPHIUPUAMHMETAH U KOJU je
ctpykrypHo cimuan  [Pt(terpy)CI]® kommiexcy, Takohe je KOpHMIITEH 3a H3ydaBame
CYNCTUTYLIMOHUX pPeaKiyja ca HEKONMKO pasimuntux omomolnekyna.’ Mako je xomruiekc
[Pt(tpdm)CI]" ctpykTyprO cimuan kommiekcy [Pt(terpy)Cl]*, onu mokasyjy moTmyHO pasimduTe
KapaKTePUCTUKE Yy CYNCTUTYIHOHUM peakijama. Ca Cnuke 1.8. MoXxe /1a ce BUAM JJa KOMITJIEKC
[Pt(tpdm)CI]" y cBojoj cTpykTypu MMa TpM TNHPUAMHCKA TIPCTEHA Pa3BOjeHA METHIECHCKOM
rpyriom. OBa, Haum3rien Mana pasiiKa y CTPYKTYpHM KOMIUIEKCa MHOTO yTWYe Ha Op3uHy
OJIUTpaBama CYNMCTUTYIHOHUX peaknnja. KoHcTanTa Op3uHe peakiyje CyNnCTUTYIHje KOMIUIEKCa
[Pt(terpy)CI]* ca THoypeom m3nocu k*® = (1,72 + 0,02) x 10" M's™, u 10® nyra je Beha ox
KOHCTaHTEe Op3WHE peakudje CyNCTUTymuje komruiekca [Pt(tpdm)CI]™ ca Tmoypeom, umja
KOHCTaHTa Op3uHe peaknuje m3Hocu K,>° = (12,1 + 0,1) x 107 M1t 4 CMmatpa ce na je
cMameHa peakTHBHOCT [Pt(tpdm)Cl]" kommiekca mociemmua CTPyKTypHHX MoaudHKaImja.
Kommexc [Pt(terpy)Cl]" je mmamapan, 1ok ce yBohemeM IBe METHICHCKE IpyIe Y KOMIIIEKC
[Pt(tpdm)CI]" mapymasa nnanaproct. Takohe, 3a kommexc [Pt(tpdm)CI]* xapakrepuctiuno je
na pearyje ca L-Met, 1ok je mo3saro aa xomruieke [Pt(terpy)CI]" ue pearyje ca tnoerpuma.t*”!

Cyncrurynmone peakumje komruiekca [Pt(dien)Cl]" ommrpasajy ce mHajcmopmje y
nopeljerby ca CYNCTUTYLIMOHIM PeakiiijamMa KoMIuIeKca npukasannx ua Coun 1.8.°0%2

[lopen w3yuaBama CYNCTUTYIMOHUX pEaKlMja ca pa3IHIYUTHM S-JOHOPCKUM U
N-moHOpcKHM GroMmonekynuma, komruieke [Pt(dien)C1]" ucrnutuBan je y peakimju ca L-Met n
5’-GMP wucrospemero, "H NMR CHeKTpOCKOHCKI/I.[4O] OBa KOHKYpEHTHA peakilfja OJUrpaBa ce
tako mTo ce 3a kommiekc Pt(II) mpso Besyje L-Met, a HakoH Tora ciemu CyNCTUTYLHja
koopauHoBaHor L-Met monekynom 5°-GMP. Hakon Hekor BpemeHa mnpumeheHo je na y
peakipoHo] cMemn gomuHEpa komiuiekc  [Pt(dien)(N7-GMP)]**, Cmmka 1.9. Osom
CYINCTUTYLIMOHOM peakuujoM Mnoka3zaHo je na N7 arom ryanuHa u3z 5-GMP wmoxe na
CYICTUTYyHIIE S-TOHOpa U3 KoMmIuiekca. JloOujeHu pe3ynTar MpeacTaBiba JOII jeAHY MOTBPIY

YUIEHUIIE Jla ce jelumberma Thuna Pt-S(Troerap) cmarpajy ,,pesepBoapom” komiuiekca Pt(Il) y

OpraHu3sMy, Tj. HOTOJTHUM HHTepMenujepoM y peakiuju komuiekca Pt(II) u JIHK, Ciuxka 1.9.
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Cnuxka 1.9. "H NMR cnexmap cyncmumyyuone peaxyuje komnuexca [Pt(dien)CI]* (10 mM) ca
emewom L-Met u 5-GMP, y oonocy 1 : 1 : 3; 20e je 1 cuenan 3a [Pt(dien)(L-Met)]**, 2 cucnan
3a [Pt(dien)(N7-GMP)]**, 3 cuenan 3a cno6oonu L-Met u 4 cuznan 3a cno600nu 5°-GMP.HY!

[To3znato je na 5°’-GMP He Moxe na cyncTuTyuIne THOI Koju je Be3aH 3a joH Pt(II), Tj.
Be3a Pt—S(Ttnos) He MOXe [a ce pacKHHE y MPHUCYCTBY 5°-GMp. 16304 Melhytum, uzydaBameM
KOHKYPEHTHE CYNCTHTYIHOHE peakuuje m3mely xommiekca [Pt(dien)Cl]" ca cmemom GSH u
5’-GMP, mnoxkazano ce nma pH yrudye Ha TOk oaurpaBama oBe peakuuje. Ha pH = 2,5 Ttnonna
rpyna y w™oiekyny GSH je mnpoToHoBaHa, Tako 1a je jeOUHH JOOWjeHU MPOU3BOL
[Pt(dien)(N7-GMP)]?*.*! Melyrum, na weyrpanmoj pH, Ha Kojoj ce oxBHja Be3MBame
aHTUTYMOpCKUX KoMIuiekca 3a JIHK, TnoiHa rpyma je ckopo MOTIIyHO JAEPOTOHOBAHA M JIAKO CE
Besyje 3a Pt(Il). IIpema Tome, Ha HeyTpanHoj pH monekyn 5’-GMP ne moke na ce TakMu4u ca
GSH u jemunn no6ujern npoussox je [Pt(dien)(GS)]*.[° lo6ujenn pesynrar ce y mormynoctu
Clla)ke ca YMIEHHUIIOM Ja je Be3a Pt-S jako cTabmiiHa M TEMIKO pacKuJIuBa, IITO, Takohe,
noTBphyje mpernocraBky jAa je rpaheme jeaumema Tuma Pt-S(THOI) oArOBOpHO 3a MOjaBy

TOKCHYHHUX e(beKaTa TOKOM KOPHUIITCHA KOMIUICKCA IIJIATUHE KA0 aHTUTYMOPCKUX pcarcHaca.
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1.4. Junykineapuu komiuiexkcu Pt(Il)

®apen (Farell) je mocraBuo TeMesbe y pasBojy MMOJMHYKICAPHHUX HEKIACHIHUX
komiuiekca Pt(l). Hamme, oH je mpBM CHHTETHCAO M HCIHMTHBAO AHTHUTYMOPCKY aKTHBHOCT
noymuykieapuux komiuiekca Pt(ll), xao mTo cy Tpunykieapuu komiuiekc BBR3464 wu
IMHyKIeapHH KoMmIuieke (2,2/c,c-bn). 770!

[NonunykneapHu KomIuiekcu rpajae 3HayajHo pasznuuute JJHK npousBoae on nucnnatune
1 kapOormiatuae. OBM KOMIUIEKCH YTJIaBHOM ce Be3yjy 3a o0a manna JIHK u cxomno Tome najy
CTaOWJIHM]e TPOM3BOJAE KOJU Cy OTIOPHHUJH Ha pereHeparujy oj mueruiatune. " Hyxuna
MOCTHOT JIMT@HJa, Kao W YyKyIHa BeJIMYMHA OBHX KOMIUIEKca, yTudy Ha mnoBehame
(bnexcudbumHocTu Hactanor JJHK mpousBopa.

[TonuuykneapHu KOMIUIEKCH CYy OJ1 XeMHJCKOT U OMOJIOIIKOT MHTEpeca, jep Ha JIMHHUjaMa

. 737
TymMoOpa Toka3yjy Behy akTHMBHOCT 01 wuermaruse. 70

C o03upomM Ha TO, MOTIM OM Ja ce
KOpPHUCTE Kao aHTHUTYMOPCKU areHcu 3a henmje Koje cy pe3uCTEeHTHE Ha IUCIUIATUHY, ITO UX
YMHUA UHTEPECAHTHHUM 3a POYYaBambe, KAaKO FeHEePaTHO, TAKO U Y OKBHPY OBE JJOKTOPCKE Te3€.

[Momunykineapan xkomrmiekcu Pt(ll) nmpukasann ma Cimkama 1.3. m 1.10. cagpxe win
monodyukinonande (BBR3464, Dec) wimn Oudynkumonamne (NNpy um NSpy cucrem)
KoopauHaione cdepe, mpu uyemy cy y oba caydaja Pt(ll) menTpum moBesaHm mpeko
(bnexcuOnIHOT anudaTHIHOT JIaHIIA.

Crpykrypy BBR3464 moxemo ommcaru kao jase trans-[PtCI(NHs),]" jenunume nosesane
ca HekoBaneHTHOM TerpaaMuackoM [Pt(NHz)2{HoN(CH2)sNH2}:)?" jemmanmom. Oaj kommmieke
je jemaH oOJ MPBUX IUIATHHCKUX JIEKOBa Jpyraddje CTPYKTYpe Yy OJHOCY Ha  KJIaCHUHY
UCIUTATHHCKY CTPYKTYPY, KOjH je yiao y apyry a3y KIMHUYKAX UCTIUTHBAbA.

Kommnekc Dec wuma gBa jona Pt(ll) xoja cy KoopauHOBaHA TpPUACHTATHUM
bis(mupuauIMeTHIT)aMUHCKHM JIMTAHIOM, y KOMe Cy ABe DIS(MUpHIuIMeTHI)aMHHCKE jeTHHUTIE
[OBE3aHe MPEeKo anu(aTHYHOr JaHL@A ca JeceT MeTHIeHCKuX rpyma.’’) OBaj KoMILIekc je
JMHYyKIeapHu aHanor kommiexcy [Pt(opma)Cl]™.

Y [OpomuiocTH €y CKOPO CBH AHTUTYMOPCKH JIEKOBM Ha 0asd IUIATHHE CaIpKaid
ucksbyunBo N-moHOpcke nurange. Mehyrum, y mocnenmux 10 roguHa cBe BHIIIE CE CHHTETHIITY

KOMIIJIICKCH KOjI/I CaZIpiKe S',Z[OHOpCKe JUrabgac.
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Camnep (Sadler) m capagHunM TOpBH Cy CHHTETHUCAIU S-aHAJIOT JOOPO HM3YYECHOM
komiuiekcy [Pt(en)Cly], xommieke [Pt(CH3SCH,CH,SCH3)Cl;], koju je moka3ao akTHBHOCT Ha
MCF7 henujckoj nuHHMjU paka I[OjKG.US] Takolhe, ucnutuBanu cy U AUHYKIEAPHU KOMILJIEKCU

Pt(1l) ca uaeptaum nuranauma S,N-tuma, Ciuka 1.10.

/ \

N— N

o TL Y/ an\ — |’

Cl | N— N

NNpy | I

Cl I‘Dt N‘(CHZ);N pPt——Cl
7\ o N
\ / 7200 NI A
N— N L L
Cl F|I>t S (CHZ)n S PIIt Cl

Cl Cl

NSpy

Cnuxa 1.10. Cmpyxmypue popmyne nexux ounykneaprux komniexca Pt(11), n = 4, 6, 8, 10.

IMpennoct BBR3464 u ciauunux KoMiulekca jecte y Behem Haenekrpucamwy (4+) y
OJTHOCY Ha HEYTpaJlHE MOHOHYKJICapHE KOMILJIEKCE, LITO Y3pOKyje A0OpY pacTBOPJEMBOCT U
edHKaCHE eleKTpoCcTaTHYKe HHTepaKimje ca Monekymom JIHK, >

Kunernuka uctpaxxuBama komiuiekca BBR3464 ca GuopeneBaHTHUM HyKiIeo(pHInMa
kao mro ¢y TU, L-Met u 5'-GMP wussohena cy na 310,5 Ku pH = 7,4 (0,1 M NaCl) y 25 mM
Hepes nydepy. (501

Benuka KOHL[CHTpaI_[I/Ija XJIOpUJa KOpUIITCHA je 3a CIIpCYaBameC peaKuI/Ije XUAPOJIU3C U

HacTajambe XuApokcuo Bpeta. Peakuuje ca TU, kao u ca L-Met, onurpasajy ce y aBa y3actonHa
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CYICTUTYLIMOHA KOpPaKa, TJIe y MPBOM KOpaKy J10Jla3u J0 CYNCTUTYIH]e 00a XJIOPHUIO0 JUTraHaa, a
3aTUM C€ y APYroM KOpaKy CYICTUTYHUIIE JUAMUHCKHA MOCTHH JIUrayja. Ynopehusame 1o0ujeHnx
BPEHOCTH KOHCTAaHTH Op3WHA peakiifja Apyror pena, Tadena 1.2., 3a CYIICTUTYIIMOHE peaKilnje
ca TU u L-Met jacHo moka3syje na je TU 6ospn Hykineodmn ox L-Met. 3atum, npumehen je jacan
JONIPUHOC TapajieniHe peaknuje komiuiekca BBR3464 ca xiopumom ymecTto ca Apyrum
MonekynioM L-Met. Cymcrurynmja  xmopuma Hykineopmwmma TU u  L-Met  y3pokyje
nabunmusanujy Bese Pt-N y trans nonomajy,[so] IITO JIOBOJIU JO Jerpajaiuje KOMIUIeKca
BBR3464 nakoH KoopauHOBama Hykieoduiaa. OBakBo moHamame Komruiekca BBR3464
npumehero je u panuje ox crpane ®apenose (Farell) u Ban Ennukose (van Eldik) rpyne.[so'sz] v
omHocy Ha S-moHopcke Hykineopwre TU u L-Met, BesmBame 5-GMP He moBomu 10
nabmm3anrje Pt-N Bese y trans mosoxajy, mrto y3poKyje Ja TMaMUHCKH MOCTHHU JIUTaHJ] 0CTaje
BE3aH, a TPUHYKIICAPHU CUCTEM OCTaje HETAKHYT y AYrOM BPEMEHCKOM repuoy. %)

Junykneapan komruiekc Dec campkut MOHO(MYHKIIMOHATHY KOOPAWHAIMOHY cdepy u
muamuacku MocT uamel)y Pt(11) jona. OcuoBna pasnuka usmel)y BBR3464 u Dec je mito cy Pt(1)
joHu y KoMIutekcy Dec KoOpIrMHOBaHM XEIaTHUM aMHHCKUM JIMTaHaoM ca mupuauHoM (Cruke
1.3.u 1.10.).

Kunernuka ucnuTrBama auaksa komiiekca Dec-(H,0), na pH = 2 (0,01 M CF3;SO3H)
ca TU u L-Met nmokazana cy ga ce CyNCTHUTYLIHOHE peakiidje OJWrpaBajy y JBa y3acTOITHA
Kopaka. Haume, cymncTuTynmja KOOpAMHOBAHOT MOJIEKyJa Boje mpaheHa je pacKugameM jeaHe
Be3¢ joHa MeTana i NHPUAMHCKE jeuHume. )

Juxmopuno xomiuiekc Dec wcnutuBan je y peaknuju ca TU, L-Met u 5’-GMP, kao
Hykiaeoduarma, npu ¢usnosomkum yeiaosuma Ha 310,5 Ku pH = 7,4 (0,1 M NaCl) y 25 mM
Hepes nydepy. Cynctutyrmone peakiuje mocrajy cnopuje y Huzy: TU > L-Met > 5°-GMP, mto
MOXKE J1a ce BUIU Ha OCHOBY nojaraka u3 Tabene 1.2. 3a cBe Hykineodune npumehena je camo
jemHa peakiuja, Tj. CYNCTUTyLHUja o0a XJIOpUI0 JuraHajaa. 1o 3Ha4M Ja ce CYINCTUTYIH]ja
JMAMHHCKOT MOCTHOI JIMIaHIA MM JAexenaTusamuja nupuamsa He aemasa.®™  Ose
CYICTUTYLIMOHE PEaKluje yKasyjy Ja yrmotpebda XelnaTHOT JIMTaHIa JOBOIH 10 CTAOMJIH3allHje
KOMIUIEKCa TIpeMa JlajbeM HYKJICO(PHIHOM Hamaay W WHXUOHMpa OTHYIITake alu(paTHIHOT
MOCTHOT JIMTaH/Ia, KA0 U Pasrpaby AMHyKIeapHor cucrema. ™)

OOn4HO, KOMIUIEKCH ca OWJEHTATHOM KOOPAMHAIIMOHOM cdepoM mokasyjy Behy

OUTOTOKCUYHY AKTHBHOCT Y OJHOCY Ha KOMIIJICKCEC Ca CaMO je)IHI/IM YIIPAKEHBCHUM MCCTOM 3a
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KOOpl[I/IHOBaH)e.[SA] Ha ocHoBy kapakrepuctuka komruiekca Dec, cuHTeTHcaH je jomn jemaH
munaykineapan komiuiekcHu cuctem Pt(I11), NNpy, koa kora jeiaH MUPUAMH U jelaH CEKYHIapHH
amuH (MUKoJIMIaMUH octatak) rpane oudynkunonanau Pt(I1) kommueke (Cnuka 1.10.).

Cyncrutyiuone peakiuje n3mel)y komruiekca NNpy u TU wa pH = 2 (0,01 M CF3;SO3H)
n 298 K mpahene cy kako O ce yYIBpAMO YTUIA] Iy)KHHE MOCTHOT JIMTaHIA Ha
cyncruryiujy. %! TTpumehena cy npa ysacromma cynmeruryumsa kopaxa. IIpBu Kopak He
3aBUCH OJ] AY)KMHE JIaHIa, JOK JpYyrd KOpak 3aBUCU OJ JyXKuHe jdaHua. [lupuaun ca
T-TIOBPAaTHOM JIOHAIIMjOM JIOMHHHpA y TIPBOM KOPaKy CYICTUTYIMje U MpuUMopasa yiazak 1U y
trans momnosaj y onHocy Ha mera. OBaj mporec aetasbHHje je omucad Ha lllemu 1.2. Hakon
KOOpJMHOBama MpBOr Mosiekyida TU, yTumaj nupuamHa ce KOMIIEH3Yyje JaKUM G-JAOHOPCKHUM
MOCTHUM JIMTaHANMa, U peakKiyja MocTaje Cropuja ca moBehameM AyKUHE JIAHIA T]. PEAOCIE]
peaktuBHOCTH KoMmIutekca Oraaa: 4ANNpy > 6NNpy > 8NNpy > 10Npr.[85'86]

Hcnurana je u nurorokcnunoct NNpy kommiekca kopuintewmeM ,, Alamar Blue® tecra
Ha hemujckum muHMjama Hela S3  kapumHoma rpnmha matepunie. O CBHX TECTHpPaHHX
KOMILJICKCA IIMTOCTATHYKY AKTHUBHOCT j€ moka3zao camo komiuiekc 10NNpy, ca Hajayxum

METHIICHCKHUM J'IaHHCM.[87]

B L B
2 3 | . 4
P: ||;(}\KP|-"“'"R=
Q L L —F L [:" ‘-\"'rh‘
N + _ _ A .
H;l'}'lr: l':- -H“: HI{-}fl'r.P!t-\'I'I}"HHI HJU_F!"' \NHR; . OH, = Hylb l"f"'[lt"""NHRE
H0 O 1hl-'i" HTU.( ‘:\'r‘) |‘N’_I.,) L H;ﬂ( ‘xl.‘/l
. : OH, L, |
i,0—py W VHR
| "'.\'P,/J
on,  _

06e mocyhnocmu npezpahuearva

Hlema 1.2. Busyenusayuja paznudumux KOOpOUHAYUOHUX chepa mOoKOM CYNCmumyyuje npeoe

monexyna éode ca TU (L).[8>5!
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WcnutuBanu cy kommuieken 10NNpy ca: TU, L-Met, GSH u 5’-GMP na 298 K u pH = 2
(0,01 M CF3SO3H), rae koMIuieke moctoju kao terpaaksa Bpcta. [Ipu Tome, mpumeheHa cy aBa
y3aCTOIIHA pEaKIMOHAa KOpaka KoOja MOTry Ja C€ MPUIUILY Y3aCTOMHO] CYNCTUTYIHjH
KOOPAMHOBAHHUX MOJIeKyia Bojae. KoopamHamumona cdepa KOMIUIEKCa OCTajeé HETaKHYTa TOKOM
IYTOT BPEMEHCKOT IEPHO0/Ia, IITO OMET MOKE Jia C€ MPHIIUIIEC XeIaTHOM e(eKTy, KOju IITUTH
KOMIUIEKC OJ1 pa3rpajimbe. PeakTMBHOCT CIIMTUBAHMX JIUTaHaaa omnajga y auzy: TU >> 5°-GMP >
L-Met > GSH, Ta6ena 1.2. OBa cHaxkna untepaknuja usmehy komriekca Pt(ll) u S-moHOpCKIX
HyKJIeoduIa 0] HHTEpeca je y CMUCTY HBHUXOBE CIIOCOOHOCTH Jia IITUTE OJ1 MOjaBe HEXKEIHEHUX
NejcTaBa, MOCEOHO TMPOTHB HEPPOTOKCHYHOCTH. 3aTo ce 3a cy30ujame KOOpAMHOBama
komruiekca Pt(11) 3a S-monopcke nporente mory kopuctutd TU wm L-Met.®8 Iltasuure, na
pH = 2, N-moropcku mykieodun 5’-GMP moxe na ce TakMudu ca S-TOHOPCKUM HyKJIeopriuma
L-Met u GSH. Oga 3anaxxama oJ1 TOCEOHOT Cy HHTEpeca jep Cy, Mpu (PU3NOJIONIKUM YCIIOBUMA,
yHyTap henmuje  NPUCYTHH  S-JIOHOPCKH  OWOMOJIEKYJM Y  PEIaTHBHO  BEJIUKUM
KOHHeHTpaHI/IjaMa.[go'sl]

OsakBo monamame komiuiekca 10NNpy motephyje mpermocraBky na ce yBohemeMm
XEJIaTHOT JINTaH/la Yy KOOpPJIWHAIMOHY cdepy KomIiuiekca moBehaBa meroBa CTaOWIHOCT H
cMamyje MoTYhHOCT Jierpajaiyje, kao mto je nmpuMeheno y cirydajy BBR3464 komirexca. [

AxtuBHa Bpcra Komruiekca 10NNpy-(H,0)4 va pH = 7,4 je MOHOAKBATPUXHIPOKCUIO
KOMILIEKC, TJIe je jemaH 1abmiaH MoJIeKyl Boje octao BesaH 3a Pt(ll) jou. ¥V ckmaay ca tum, Ha
0BOj PH BpemHOCTH WMaMO jeJHY CYICTHUTYIMOHY pEaKIHjy, I[P YeMy pPEaKTUBHOCT
Hykieodwuna onaaa y cienehem au3y: GSH > TU > L-Met.[®"] MehyTtum, y ciydajy peaknuje ca
TU u GSH, mnpumehena je u Beoma criopa peakiiyja JEKOMIIO3HUIM]e TUHYKICAPHOT CUCTEMA,

alli TeK rocie 24 sara.
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Ta6esa 1.2. [Ipernen KOHCTaHTH Op3WHA CYNCTHTYIIMOHHX Peakifja KOOPAUHOBAHOT XJIOPHUIA

WIA MOJIEKYJIa BOJIE Ca Pa3NUYUTUM HYKJIeo(WwIMMa, MpH pa3IUuuTHM Temieparypama u pH

BpCAHOCTHUMA.

JIUAHOU TU L-Met 5-GMP Ped.
ky

Komnjekcu [M-l S-l]
BBR3464° 0,20+ 0,01 0,041 +£0,001 0,0193+0,0003 [80]
BBR3464-(H,0),° 52+0,2 - - [80]
Dec? 9,80+0,02  0,060+0,003 11,8+0,2 [83]
Dec-(H,0)," 611 +3 7,3+0,0 - [83]
10NNpy-(OH)3(H,0)° 0,424 + 0,007 0,030 £0,001 - [87]
10NNpy-(H;0)4° 52,2+0,3 1,86 + 0,00 3,75 £ 0,07 [87]
10NSpy-(H,0)," 203 +3 - - [85,86]

#308,5 K, pH = 7,4, 0,1 M NaCl; "298 K, pH = 2, 0,01M OTf; ©308 K, pH = 7,4, 0,1 M Hepes

VYKOIMKO c€ yMECTO MOCTHOT JIUTaHJla aMUHCKOT THIa YINOTpeOu JUraH/ THOETapCKOT
tuma aoduja ce komruiekc 10NSpy, koju nma cacBuM apyraudrje MOHAIIAkE Y CYNICTUTYIIMOHUM
peaknujama o anasiorsor 10NNpy komrmiekca. Koa oBuX KOMIUIEKCa aTOM CyMIIOpa, ca CBOJUM
JaKUM G-JIOHOPCKUM e(eKTOM, T0BOAU JI0 Jabuiu3aiuje KOOpAMHOBAHOT MOJIEKYa BoJie y trans
nojoxajy u nmopehaBa peakruBHocT 10NSpY KomIUIekca, kao mTo je mpukazaHo y Tabemu 1.2.

[IpoyuaBane cy peaknuje CyncTuTynuje Terpaaka komiiekca NSpy ca TUnapH =2 u
298 K128 [IpBU KOpak CYNCTUTYLHMOHE PEaKilfje je CYNCTUTYlLMja MoJieKyla Boae y trans
MOJIOXKA]y Y OJIHOCY Ha aToM CyMIlopa W3 MOCTHOT suranna. Takohe, mpumeheno je na O6p3unHa

MIPBOT KOpakKa CyINCTUTYIIHje 3aBUCH OJ1 Ay XKHHE anudaruyHor janua, [lema 1.3.
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IHlema 1.3. Ilpeonoowcenu mexanuzam cyncmumyyuonux peaxyuja NSpy komnaexca na pH = 2

ca TU kao Hymeocbuﬂom.[ss'%]

[lema 1.3. wmuycTtpyje peakuuje cymncrutynuje 3a NSpy kommiuekce Ha pH = 2
yKJpyuyjyhu u pasaumunto nonamame 10NSpy-(H,0)4 kommutekca. Xmopuao komrieke 10NSpy
MoKa3yje MUTOCTaTUIKy akTUBHOCT ca |1Cso Bpeqnomhy o 21 £9 uM.[Bgl

VBua y CYINCTHTYIHMOHE peaknuje mnoiauHykiaeapuux komiutekca Pt(I1) ca TU xao
HYKJICO(pHIOM jacHO TIOKazyje HEKe HOBE TpEHIOBE. YBohewme NUPHIAUHCKUX TMPCTEHOBA
nosehasa enekrpodunaocT Ha jory Pt(ll) 36or m-akumenTopckor edekra MUPUIAHCKOT MPCTEHA.
3aTo je Op3MHA CYNCTUTYLIMOHE peakiuje Koj komrmuiekca BBR3464, 6e3 m-aknenTopckux
nuranaaa, Mama (k; = 5,2 M'ls'l) o1 Op3uHE CYNCTUTYIIMOHE peakiuje koMiuiekca Dec-(H,0),,
ca aBa m-akientopcka juranaa Ha ceakoMm Pt(Il) mentpy (ki = 611 M'ls'l). OBa TeHjeHHja
cycpehe ce U KOJI MOHOHYKJICApPHUX komiwrekca. ! VYBohewem S-gonopa, xkommiekc 10NSpy
MoKasyje 3HaTHO OpKy cyncTuTyuujy y ogHocy Ha NNpy koMIiiexc.

N xox oBUX KOMILIEKCa akBa aHANO3U Cy JIAOWJIHMjU Ta CY M peakiuje CYNCTUTYIIH]e

Opke y mopehemy ca XJIOpUI0 KOMITJIEKCUMA.
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1.5. CyncTutynuoHe peaknyje KBaApaTHO-IJIAHAPHUX KOMILIEKCA

KBajpaTHO-IIIAHApHE ~KOMILIEKCE rpajge joHM MerTama ca d°  eIeKTPOHCKOM
KoHurypanujom. Y oBy rpymy cnaaajy jouu metana Pt(I1l), PA(IT), Au(Ill), Ir(I), Rh(I) u Ni(II)
(y mojenuuuM ciaydajeBuma). Ominra GopMmysia 0BUX KOMIUIEKCHUX jeaumbera je [MLiLoTX],
OJTHOCHO, OHHM C€ CcacToje OJl LEHTPAJTHOT joHAa MeTaja W 4eThpu jauranga. OBa rpyma
KOMIUIEKCHUX jelumbeha moceayje Dap Tpymy cuMeTpuje, Tako Ja Cy Be3e MeTal-JIMTaH[
yeMepeHe ayx x-oce i y-oce.*!

Cyncrurynunone peakuuje kommiekca Ir(I) u Rh(I), kao u Pd(II) u Au(Ill), onurpasajy
ce Beoma Op3o0. MehyruMm, cyncrutynuone peakuuje komriuiekca Pt(Il) omurpasajy ce 3HaTtHO

criopuje. 1901

. 1,92
CYHCTI/ITYI_[I/IOHa p€aKkija JHraHja KoJ  KBaJApaTHO-IIaHAPHHUX KOMHJ’IeKca[g o2

npukasana je Ha lllemu 1.4.

L L,

’ ’

.

T—M—X + Y » T— M—Y + X

/

I—l L]_

Hlema 1.4. Cyncmumyyuona peaxyuja 1ueanoda Koo K8aopamuo-niaHapHux KOMNieKcd.

Ha ocnoBy Illeme 1.4. Mmoxe fa ce BUAM Ja y KOOPIUHALIMOHO] Chepr KOMILJIEKCa 0J1a3u
10 cynctutynuje auranga X ynaazHuM nuranjgom Y. Jlurann T ce Hanmasu y trans momnoxajy y
oJlHOCy Ha ojyiazehu nurann X .

CyncTutynMoHe peakluje KBaJpaTHO-IUIAHAPHUX KOMIUIEKCa OJBMjajy ce IO JBa
KUHETHYKa MyTa. JenaH je T3B. OupekmHa HyKIeoQuiHa cyncmumyyuja, OKapaKTepHcaHa

KOHCTaHTOM K, jennaunna (1.5.1).
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k;
[MLILTX] + Y == [MLyL,TY] + X w5
15.1

Hpyru je congonumuuxu nym, OKapakTepHcaH KOHCTaHTOM Op3uHe Ki, 1o kKome ce y
npBoj (hasu BpIIM CYNCTUTYLHM]jA IUTAaHAA X pacTBapadeM S, a MoToM, y Ipyroj ¢asu, murang Y

ylla3u y KOOpAWHAIMOHY cepy KOMIUIEKca, 3aMeryjyhn MoJIeKys pacTBapaya.

k
[MLL,TX] + S == [MLyL,TS] + X (1.5.2)
[MLleTS] +Y — [MLleTY] + S (1.5.3)

N3pa3 3a Op3uHy CYNCTUTYIIMOHE peakiuje, Koju oOyxBaTa 00a KHHETHYKA ITyTa,

npukasat je jeanaunHom (1.5.4).

BRZINA= kl[M L1L2TX]+ kZ[M L1L2TX][Y] (1.5.4)
OnHOCHO,
BRZINA= (k, + k,[YDIMLL,TX] (1.5.5)

Ha Illemu 1.5. mpukazan je MexaHH3aM CYICTUTYLHjEe JHraHga KOJ KBaJApaTHO-
raHapHux komruiekca. M3 Illeme 1.5. moxe na ce BUaM Aa yina3HW Juradn Y Tpuiia3u
KBaJ[paTHO-TUTAHAPHOM KOMIUIEKCY TIOJ MpaBuM yriioMm, rpaxehu kBaapatHy mupamuay (3).
Hacrana kBagpatHa nupamuna tpaHchopMulle ce y TpUroHanHy Oumnupamuay (5), a motom
MIOHOBO Yy KBaJpaTHy nupamuny (7), anmu ca ojazehum nurangom X Ha Bpxy nupamuze. Ha
Kpajy mpolieca CyNCTUTYLM]e, pPacKuIambeM Be3e u3mely Metana u auranzia X, MOHOBO C€ Ipau

KBajipaTHO-TUTaHapHu Komiuteke (9). IlpenmasHa crama Cy OKapkaTepucaHa MOJIOXKajuMa

2,4,6u8.
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Hlema 1.5. Mexanuzam cyncmumyyuje 1ueanoa u emepeemcKu npo@ui Cyncmumyyuone

peaxyuje Koo K8aOpamHo-NIAHAPHUX KOMNJIEKCA.

Hykneodunne cyncrurynmone peakuuje nupema Jlanrdgopay (Langford) u I'pejy

(Gray)[gl] OJIBHjajy C€ M0 TPU pa3InyuTa MEXaHU3Ma

v TucoumjatuBHOM Mexanusmy (D)

v' AcouujaTuBHOM MexaHu3my (A)

v' Mexanuszmy usmene (1)

MexaHu3MH o/iBHjama Npuka3anu cy Ha llemu 1.6.
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I Mexanuszam

ML s ML XL s M X]
l®
L
A Mexamnaw (X) / p'\\ D Mexanusa
Ml

[MLy X ]
®+

+C

[MLys X1 |+ Q

Ilema 1.6. Mexanuzmu nykneo@uine cyncmumyyuje KOMNJIEKCHUX jeurbervba.

Kon muconujatuBaor mexanusma (D), y npBoj ¢as3u peakiuje, 101a31 10 AUCOLHUjaIHje
jemHor nuranga L u3 koopauHanuone cdepe KoMIUiekca, MpU 4eMy HacTaje MHTEpMeaujep ca
CMambeHUM KOOpAMHALMOHUM OpojeM. Y cnenehoj ¢asum ymasHum nurang X Besyje ce 3a
ueHTpaiaHu joH Merana. C o03upom Ha To jAa je mpBa (asza peakuuje criopuja, oHa oxapehyje
YKYIIHY Op3UHY CYIICTUTYLIMOHE PEaKLHUje.

Kon acormjaruBHor mexanusma (A), y npBoj ¢asu, ymasuu surann X Besyje ce 3a
LEHTpaJIHU joH MeTana rpajaehu uHTepMenujep ca mnoBehaHuM KOOPIMHALMOHMM OpojeMm, a
3atuM, y Jpyroj ¢asu, oanasehum nurana L Hamymita KOOpAMHALMOHY cdepy KOMILIEKCA.
Peakiuja rpahema uHTEpMEaMjepa ca moBehaHMM KOOpAMHAIMOHUM OpojeM je cropuja U oHa
onpelhyje Op3uHY OBOT TpoIEca CYTIICTUTYIIH]E.

Mexanuzam u3mene (1) je mporiec ko kora ce, y npBoj ¢asu, yina3Hu Juraia X Besyje

CJIICKTPOCTATUYKHUM CHJIaMa 34 CIOJballllby KOOPAWHAIIUOHY C(I)epy koMmiIuiekca. [lotom nmomasmu
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70 MUTpallMje YJIa3HOT JIMTaHJa W3 CIOJhAlllbe Y YHYTpalllkhy KOOpAMHALMOHY cdepy y3
HCTOBpEMEHY MUTpaiujy ojiaseher nmuranga L U3 yHyTpamme y CHOJbAllbY KOOPAMHAIMOHY
chepy. Kpajmu mpornec je packumame Be3e m3mel)y komruiekca m ojyraseher nuranma. OBaj
MEXaHH3aM, 3a Pa3jIuKy OJ1 IPETXOIHA J[Ba, HEMa UHTEPMEHjepa, alld IIOCTOJU MPEIa3HO CTambe,
Tj. TIPOIIEC MOCEIYje CBOjJy €HEePTUjy aKTHBHpama. MexaHh3aM H3MEHEe MOXKE Jia ce MOJEeNU Ha
mexanusMe |, u lg. Ykonuko mporec packugama Be3e H3Mel)y IEHTpaJHOT joHA MeTana U
omnaseher nuranna L uma Behu yrunaj Ha Op3uHY peakmmje, MexaHu3aMm ce obenexkana ca lg, a
YKOJIMKO TPOIIEC HacTajama HOBE Be3e M3Mel)y MEeHTpaHOT joHA MeTaya U yla3HOT JuraHga X

. . . 1,92
nMa Behu yTuilaj Ha Op3UHYy XeMHJCKe peakilfje, MexaHu3aM ce ooenexana ca ;. [91.92]

1.6. AKTMBallMOHU TapaMeTPH

OnpehuBame MexaHW3Ma XEMHJCKE peakilMje 3acHHBAa C€ Ha aHaJIu3u JIOOHMjeHHX
BPEJHOCTH TepMOAMHAMMYKUX mnapamerapa (AH”, AS”, AV"), koju kapakrepumy oapehenu
nporiec. Jeman o7 OMTHUX TOJIaTaka jecTe MO3HaBamke BPEAHOCTH KOHCTaHTE Op3WHE XEMH]jCKE
peaknuje K, 3a umje oapeljuBame MOCTOjH BEIUKH OpOj CKCIEPUMEHTATHHMX MeTona. M36op
oaroBapajyhe Meroje 3aBUCH Kako 0J Op3MHE Mpolieca KOju Ce mpoydaBa, TaKo M O] 0COOMHA
YYECHUKA XEMH]CKE peaKque.[gg]

[lo3HaBame BpETHOCTH KOHCTAHTE Op3WHE XEMHUJCKE peakiyje Ha pa3IuduTHM

TeMIieparypamMa omoryhaBa ojpehuBame OCTaquX TEPMOJMHAMUYKUX NapaMerapa. Bpemnoct

CHEpruje aKkTuBHMpama, E, ompehyje ce momohy ApenujycoBe (Arrhenius) jeanaunne
(1.6.1).0%

k = k,exp(~E,/RT) (1.6.1)

y K0joj je K koHcTaHTa Op3mMHE XeMHjcke peakiwuje, Ko pakrop ydecransoctu, R yHuBep3anHa
racHa KoHctaHta M T Temmeparypa Ha Kojoj je ojpeheHa BpeTHOCT KOHCTaHTe Op3uHe.

JloraputmoBameM jenHaunne (1.6.1) nobuja ce u3pas:
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Ink =Ink, —-E,/RT (1.6.2)

y KoMe Tmoctoju JuHeapHa 3aBucHOCT INK y ¢yukmmju ox 1/T. OBa 3aBUCHOCT je JiMHeapHa y
y)KEM TEeMIIepaTypHOM HHTepBaity. To 3HaYu Ja MO3HABAWkEM BPEIHOCTH KOHCTAHTE Op3HWHE

XEMH|CKE peakilije 3a HajMame TPH TeMIeparype, TpaduvKuM ITyTeM, MOXE Jia C€ OJpeau

BpeHOCT WiaHa —Eo/R, OXHOCHO, BPEIHOCT eHEepIHje aKTUBHpaba 3a U3ydaBany peakiujy. >
IIpoMeHa eHTannuje akTuBUpama, AH”, oapehyje ce u3 jernaunne (1.6.3).
AH* =E, —RT (1.6.3)

[IpoMeHa eHTpONMje aKTHBMpama, AS”, je BelIMuMHAa KoOja NpPEACTaBJba MEpPHIIO
HeypeheHOCTH cucTeMa, OJHOCHO, mpoMeHy cioGoane I'm6cose (Gibbs) emepruje, AG”, ca

npoMmeHoM Temneparype T u Moxe 1a ce uzpasu nomohy jeanaunse (1.6.4).

(O'(A—G)j —_AS? (1.6.4)
aT

Bpemnoct AS” oapebyje ce Ha ocnoBy Ajpunrose (Eyring) jennaunne (1.6.5).

RT AG”
k=—aexp| - 1.6.5
Nh Xp( RT J ( )

[Ipomena cnoGoaue enepruje AG™ Moxe Oa ce M3pa3sd NPEKO IIPOMEHE EHTAIIIH]E

aKTHBHpPAaba U TIPOMEHE SHTPOIIHje aKTUBUpamba, jeaHaurnHa (1.6.6).
AG” = AH” + TAS” (1.6.6)

3amenom y uspasy (1.6.5) nobuja ce jeanaunna (1.6.7).
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RT AS” AH”
k=—=¢ exp| — 1.6.7
Nh xp( R jxp( RT] ( )

JloraputmoBameM jennaunne (1.6.7) noduja ce n3pas:

In K =In R +AS _AH (1.6.8)
T Nh R RT

N3 u3paza (1.6.8) Buaumo na nocroju suHeapHa 3aBucHocT In(k/T) ox 1/T. Ha ocHoBy

OBe jeqHaynHe rpaduyKy ce U3 Harmoda ao0ujeHe mpase oapel)yje BpeIHOCT IPOMEHE SHTAIIN]e
aKTUBHparma, a U3 OJCEUYKa MpaBe M3padyHaBa Cce€ BPEIHOCT MPOMEHE CHTPOIHje aKTHBUPAMA.

Ipeu uian, In(R/Nh), je koHCTaHTa Koja Ha 273 K usHocu 23,8.1°%%!

1.7. OnpehuBame MexaHN3Ma HYKJ/JI€O(PUIHUX CYNICTUTYIITHOHUX peaKkuuja

OnpehuBame MexaHn3Ma HYKJICO(HIIHE CYNCTUTYIHMOHE pPEaKilyje BPIIA C€ HA OCHOBY
BPEIHOCTH TEPMOAMHAMIYKKX T1apamerapa, ! koji KapaKTepHUILy IpoyYaBaHH Mpoliec. Jeaan
0]l TapaMeTapa nmoMohy kora, Ha BpJIO jeHOCTaBaH HAYMH MOXE MPEITUMHHAPHO J1a CE OJIPEIH
MEXaHu3aM CYIICTHTYILHM]e j€ KOHCTaHTa Op3WHE XeMHjcKke peakmnuje. Ha ocHOBY jeqHaumHa
peaknuja xKoje kapaktepumy npouece D, A u | mexanuzma (Illema 1.6.) Buam ce aa je mporuec
cyncruryiuje nmo D MexaHn3my peakiiyja mpBor pena, a mo A MeXaHu3My peakiyja Apyror peaa.
C TuMm y Be3u, YKOJIMKO Ce MPUIMKOM H3yuaBama HEKE Peakilfje yCTaHOBH Jia MPUpPOa yIa3HOT
JUraHja He yTude Ha Op3WHy peakiuje, Tafa ce paau o D wim Iy mexanusmy cyncrutynuje. U
0OpHYTO, YKOJUKO Op3MHA XEMHU]CKE peakilvje 3aBUCH O] MIPUPOJIC YJIA3HOT JIMTaH/Ia, PeaKiiuja
ce nemasa o A mimn I, Mexanusmy cyncruryuuje. 9

[Moy3nanuju kputepujyMm 3a onpehuBame MexaHu3Ma je MO3HAaBaWkhEe BPEIHOCTH MPOMEHE
enTponuje aktuBupama AS”. TIomTo je eHTpoNnHja aKTHBUpamba MEPHIIO HEYPehEHOCTH ChCTEMA,

4 Ha OCHOBY Ca3Hamba a CC KOJ PAa3/IMYUTUX MEXaHH3aMa I'paau I/IHTepMe,I[I/Ijep ca BehoM wnm

MamboM HeypeheHomihy, oBaj nmapamerap omoryhasa ojapehuBame MexaHU3Ma CYNCTUTYLHjE. Y
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ciydajy D mexanu3ma HacTaje MHTEpMeIujep ca CMalbeHUM KOOPAMHAIMOHUM OpojeM, OJTHOCHO,
nosehasa ce Heypehenoct cucrema u AS™ uma nosutusHy BpeaHocT. Kox A MexaHu3Ma HacTaje
WHTEpMeUjep ca moBehaHuM KoopAWHAIMOHMM OpojeM M cMamyje ce HeypeheHocT cucrtema,
onHoCcHO, AS” MMa HeraTuBHy BpeaHOCT. Y ciaydajy | Mexanusma AS™ je npuONIMIKHO jeqHAKO
HYJIH.

Hajmoy3manuju kputepujym 3a onapehuBame MexaHM3Ma je€ BPEIHOCT TIPOMEHE
3anpeMHuHe aKTHBI/Ipa}La.[97’98] VY3umajyhu y 003up BpcTy HHTEpMenujepa KOJ Ppa3InduTHX
MexaHu3ama, nopehame nputrcka he na yop3asa peakiiyje Koje ce JeliaBajy no A MexaHusmy, a
Ja ycropasa peakuje mo D MexaHu3My. 3aTo, HeraTuBHA BpegHocT AV” ykasyje Ha A umm I,
MEeXaHH3aM, a MO3WTUBHA BpemHocT AV™ ykasyje ma D mmm Iy mexanusam cymcrurynuje. Y

ClTy4ajy MeXaHW3Ma U3MeHe, MPUTHUCAK He YTUYE 3HaYajHuje Ha Op3UHY CYIICTUTYITH]C.
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3AJJATAK PAJIA

[Ipenmer oBe AOKTOpCKE aucepraiyje OWO je MCIUTHUBAKE CYINCTUTYLIIMOHUX PEakiuja
crepHo 3amtuheHnx MoHoHykIeapuux komiuiekca Pt(Il) u munykneapuux kommiekca Pt(l), ca

OHMOJIOIKY BOKHUM JuranauMma. HaBejeHa ucnuTrBama MOTY Jia c€ MMoJIejie Ha clie/iehn HaurH:

v HcnuthBamke KHHETHMKE HM  MeEXaHM3Ma  CYICTHTYIIMOHHX  peakihja  CTEePHO
samrhennx MoHoHyKneapunx komrmrekca [(TL®Y)PtCI]" u [Pt(tpdm)CI]* ca Gromomkn BaxkHIM
S-nonopcknMm nwrapauma: S-Met-L-Cys, L-Met, GSH u L-Cys, kao u ca OHOJIOIIKH BaXKHUM
N-mgonopckum nurapanma: L-His, Ino, 5’-GMP u 5’-IMP, y Boaenom pacteopy 0,1 M NaClO,
Ha pH = 5. Peaknuje cy npahene Uv-Vis criektpodoTomeTpujcku Ha Tpu Temieparype (288, 298
u 308 K).

v HcnutuBame KHHETHKE M MEXaHM3Ma CYICTUTYLIMOHHX peakidja JWHYKICapHUX
muxsopuao komiuiekca Ptl, Pt2 u Pt3 (y Bogenom pactBopy 25 mM Hepes nydepa va pH = 7,2)
U BHUXOBHX auakBa aHamora Ptla, Pt2a u Pt3a (ma pH = 2,5 y Bomenom pacrBopy 0,01 M
NaClOy) ca 6uonomku BaxxkuuM N-moHopckuM juranauma: 1,2,4-tpuaszosnom, L-His u 5°-IMP.

Peaxkmuje cy nmpahene Uv-Vis cektpodoromerpujcku Ha Tpu Temmeparype (288, 298 u 310 K).

v HcnutrBame KHHETHKE U MEXaHU3Ma CYIICTUTYIIMOHHUX peaKiyja TUHYKIeapHUX JUaKBa
komiutekca Pt4a, Pt6éa u Pt8a ca 6monomniku Bakaum N-goHopckum nuranauma: 5’-GMP, L-His
U MUPUAMHOM, Ka0 U ca OHOJIOIIKH BaXXHUM S-mgoHopckuM nuranauMma: L-Cys m GSH, y
BojgeHoM pactBopy 0,1 M NaClOq4 Ha pH = 2,5 Peaknmje cy mnpahene UV-Vis
cnekTpodoToMeTpHjck Ha Tpu TemmepaType (288, 298 u 308 K).
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2. EKCIIEPUMEHTAJIHM TEO

2.1. Pearencu u pacTtBopu

MicnuTHBaHM MOHOHYKJeaphn Kommieken [Pt(tpdm)CIICI u [(TL®)PtCIICIO,,
xaopuno(repmupuauameran )miatiuaa(1l)-xmopug u xnopuo-2,6-bis[(1,3-au-terc-
OyTHIIMMU 130 H-2-UMKUHO )MeTi [iupuauniviatuHa(ll)-nepxmnopar, cuHTeTHCaHu cy mo Beh
pannje nyGmukosaruM npoueaypama.®® Cuntesa mmramaga TL®Y (2,6-bis[(1,3-1u-terc-
OyTHIIMMUIA30JIMH-2-UMUHO )METWIT [upuIuH) U tpdm (TepnupuauHauMeTaH) Takohe je paHuje
Hy6J'II/IKOBaHa.[1OO’101] Uucrtoha moOujeHUX jequm-eha TMOTBphEHA je eIeMEHTATHOM aHAIU30M,

Uv-Vis criexrpodoromerprjom, IR 1 'H NMR crekrpockommjom.

HcenutuBann auHykiaeapuu kommiaeken  [{trans-PtCI(NH3).}(u-mupasun)](ClO,),
(Pt1), [{trans-PtCI(NHz3)2}2(u-4,4’-6unupuann) |(ClO4)2-DMF (Pt2) u [{trans-PtCI(NH3)2}-(u-
1,2-bis(4-mupumun)eran)](ClO4), (Pt3), cunTeTHCanm Cy mpema paHHje MTYOJHKOBAHO]
npouezxypn.[lozl Kao momasHM KOMILIEKC 3a CHHTE3y OBUX auHYKiIeapHux Komruiekca Pt(l1)
kopuiiren je trans-[PtCI(NH3)2(DMF)](CIO,), a ka0 MOCTHM JTMTaHI¥ KOPHUIITEHU Cy MHPa3uH,
4,4’-ounupuaud u 1,2-bis(4-mupuamn)eran. Ynctoha nobOujeHMX jemursema MOTBpheHa je

eneMenTanHoM aHanusoM, Uv-Vis ciexrpodoromerpujom, IR u *H NMR crexrpockommjom.

HcnuruBanu JAMHYKJIeAPHHU KOMILIEKCH [{trans-PtCI(NH3),}2(u-1,4-
muamunoOytan)]Cly, (Pt4), [{trans—PtCI(NH3).}2(u-1,6-nnamunoxekcan)]Cl, (Pt6) u [{trans-
PtCI(NH3)2}2(u-1,8-nuamunookran)|Cl,  (Pt8) cunuTeTHcanu cy mpema paHuje MyOJIMKOBAHO]
npoueaypu.'%® Kao nomassm kommiexc 3a cuHTe3y OBHX IMHYKIeapHMX Komiuiekca Pt(ll)
kopuinrena je trans-[PtCl(NHs),], a xao mocThu juranau KopumiTenu cy 1,4-auamMuHOOyTAaH,
1,6-muamunoxexkcan u 1,8-muamuHookTan. Yuctoha mo0MjeHHX jeaumema NOTBpheHa je

eJIeMEHTaIHOM aHanu3oM, Uv-Vis cnektpodoromerpujom, IR u "H NMR CHEKTPOCKOIH]OM.
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Cymmnop-nonopckn  Hykjaeopuan S-mermwi-L-ucrenn  (S-Met-L-Cys)  (Sigma),
L-umcrenn (L-Cys) (Acros), rayraruon (GSH) (Sigma), u L-mernonun (L-Met) (Sigma),
a30T-T0HOPCKH HYKJIeo(puau ryaHo3uH-5’-monodocdar aunarpujymona co (5°-GMP) (Acros),
L-xuctumun (L-His) (Sigma), wHo3uH (Ino) (Acros), nupumua (Acros) W HWHO3HMH-5’-
moHodochar auaarpujymona co (5’-IMP) (Sigma), 1,2,4-tpuazon (Acros), Ka0 U MOCTHH
quranau nupasun (Aldrich), 4,4’-6unupumuna (Acros) u 1,2-bis(4-nupugun)eran (ACros),
1,4-nmmamunoOyran (Aldrich), 1,6-mmamunoxexcan (Aldrich) u 1,8-amamunookran (Aldrich),

KOPHILITEHU Cy 0€3 MpeTXOoAHOT npeynihaBama.

Ocranu pearencu, kao mto cy NaOH (Acros), NaCl (Acros), NaClO, (Merck), NaOD
(Acros), AgCIO, (Aldrich), HC1O4 (Merck), CH3OH (Merck), C,Hs-O-C,Hs (Merck), DMF
(Acros), D,O (Deutero GmbH 99 %) (Acros), DCI (Acros), COD (Aldrich), [Pt(COD)CI,]
(Aldrich), trans-[PtCl,(NH3)2] (Aldrich), K,PtCl, (Aldrich), Hepes ydep
(N-2-xumpokcuerunnunepasnH-N’-2-etancynduana kucennHa) (ACros) Takohe cy KOpHIITECHH

0e3 npeTxoHOr npeunihaBama.

CBHU BOJICHM pacTBOPH MPUIIPEMAHHU Cy Y OUJECTUIIOBAHO] BOIM.

2.2. Cunrese

2.2.1. CuHTe3a MOHOHYKJIeapHor kKomiuiekca [Pt(tpdm)CI]CI

KoMruieke je cuHTetncaH no my6nukoasoj mpoueaypu.* IMonasma cyncranua 3a
cunte3y komiuiekca je KoPtCly ExBuBasieHTHa KoJM4MHA pacTBopa IukiookTagueHa (COD) y
oz (10 cm®) nomaBana je kam mo kam pactopy KoPtCls (1 mmol) y Boau (10 cm®), y3 Memame
y TOKY jemHor cata. Ciiabo pactBopseuBH komiuieke [Pt(COD)Cl;] npodunrpupan je, ocyiieH u
MOMEIIAaH ¢a CeKBMMOJIADHOM KOJHYMHOM JuraHga tpmd, koju je pacTBOpeH y CMemid
Mmetanos/Boaa (50/50, v/v). CycneH3uja je MelIaHa HEKOJIMKO caT Ha TemnepaTypu on 323 K.
Hakon xmahema 10 coOHe TemmepaTrype pacTBOp jeé OCTaBJbeH Npeko Hohu Ha XJIagHOM.

JloOujeHn XyTH Tajor OJIBOjeH J€ OJl pacTBOpa, NMPEKPUCTAIMCAH Y BOAM M OKapaKTepHcaH
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PEHATEeHCKO-CTPYKTYPHOM aHAJIM30M, elIeMeHTaIHOM aHainu3oM, Uv-Vis u IR criektpockonujom.
U3zpauynato: PtN3Ci7H15Clp: H: 2,87; C: 38,2; N: 7,97. Haheno: H: 2,66; C: 38,3; N: 7,13. Amax
267,0 nm; vna/cm—"764 (Pt—N), 1469 (C—N), 1607 (C=N), 3400 (O—H).

2.2.2. Cunte3a MoHOHYKJIeapHor kommaekca [(TL®Y)PtCI]CIO,

Kommnekc je cuHTeTHCaH N0 MyOJMKOBAHO] npouenypn.[gg] Pacteop TL™" (200 mg;
0,405 mmol) y Boxu (10 cm®) KojaBaH je Kam Mo Kall y eKBHBAJICHTHY KOIMYHHY CYCIICH3MjE
[Pt(COD)Cl,] y Bomm (10 cm®), Ha coGHOj Temmeparypu. Bpemocr pH monemena je Ha
5 momaBamem pactBopa 0,1 M HCIO,4. Cmerna je 3arpeBana 48 catu Ha temnepatypu oxa 323 K,
HAKOH Hera je 3alpeMHHa PacTBOpa cMarmbeHa Ha 5 CM°. Tanokerme MPOM3BOIA jé MOCTHTHYTO
noxatkom 3acuhenor BogeHor pacrteopa NaClO,; (20 cm®). Jlo6ujenu Ttamor xyre 6oje
npoduITprpaH je, nerpan aneroHoM (2 X 10 cm®) u ocymen mox Bakyymom. Jlo6HjeHH TalIor je
oKapakTepucaH enemenTanHoM anammoM u 'H NMR. TIpusoc: 0,210 g (72%). WUzpauyraro:
Ca9H47CLN;,O4Pt: H: 6,54; C: 48,09; N: 13,54. Haheno: H: 6,40; C: 47,74; N: 13,47.
dn(200 MHz, D,0) 7,64 (2H, d, m-Py), 7,72 (1H, t, p-Py), 4,60 (4H, s, Py-CH>) u 1,47 (36H, s,
CCHs).

2.2.3. CunTe3e JUHYKJIEAPHUX JUXJIOpHA0 kKomiiekca Ptl, Pt2 u Pt3

A. CHHTE32 M0JA3HOT KOMILJIEKCA

trans-[PtCI(NH3),(DMF)](CIO,)

YV 5 cm® pactBopa kommekca trans-[PtCl,(NHs)2] (0,1 g; 0,33 mmol) y DMF pozar je
jenan exsuBanieHT AgCIlO4 (0,069 g; 0,33 mmol), Takohe pactopen y DMF. Tako mobujenu
pacTBOp MelIaH je nmpeko Hohu y Mpaky, a Hactanu Oenu tanor AgCl ozaBojeH je uehemem Kpo3
Millipore ¢untep ca Beamuraom mopa on 0,20 um. Pactsop trans-[PtCI(NHz)2(DMF)](CIO,)

KyTe 00je KOPHIITEH je Kao MoJjia3Hi KOMIUIEKC 3a CHHTEe3y AuHyKIeapHux komiiekca Pt(l1).
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b. Cunrte3a kommiaekca Ptl

[{trans-PtCI(NH3),},(u-mupa3zun)|(Cl1O,);

PactBopy komiutekca trans-[PtCI(NH3)2(DMF)](CIO,4) (0,145 g; 0,33 mmol) y kanuma
je noxar pactBop MoctHor juranjga nupasuna (0,013 g; 0,165 mmol) y DMF, y oasocy 2 : 1
(KoMIUIeKC : MOCTHH Jurana). Tako J0OHMjeHr pacTBOp MeIIaH je Ha coOHOj TeMrepaTypu 3 cara
y Mpaky. [locne ymapaBama HacTajld TajJoT CBETJIO JKyTe 00je UCIIpaH je AUETUIIETPOM, a IOTOM
OCTaBJbEH JIa ce CyIn Ha Ba3ayxy. [Ipunoc: 0,141 g (52,80%). N3pauynaro 3a C4H16NgPt2Cl4Os:
C: 5,94; H: 2,00; N: 10,40; Hahero: C: 6,38; H: 2,10; N: 9,95; *H NMR (D,0, 25 °C) & (ppm)
2,0 (m, 2H, NHy); 8,63 (m, 1H, CH, nupa3un).

B. Cunresa komiiexca Pt2

[{trans-PtCI(NH3),},(u-4,4’-onnmmpuann)]|(ClO,4),- DMF

PactBopy komrutekca trans-[PtCI(NH3)2(DMF)](CIO,) (0,145 g; 0,33 mmol) y kamuma
je momat pactBop mMocTHor ymranaa 4,4'-6unupuauna (0,025 g; 0,165 mmol) y DMF, y oxHocy
2 : 1 (komIIIeKC : MOCTHHM JIUTaH). Tako J0OMjeHU pacTBOP MEIIAaH je Ha COOHO] TeMIiepaTypu 3
catra y Mpaky. I[locie ymapaBama Ha BakyyMm ymapuBauy HacTald TaJloOl CBETJIO XXyre 0oje
UCIpaH je AUETHIIETPOM M OCTaBJbEH Ja ce cylmnd Ha Baznyxy. Ilpunoc: 0,220 g (69,64%).
Uspauynato 3a Ci3H27N7Pt,Cl,Og: C: 16,31; H: 2,84; N: 10,24; Haheno: C: 16,79; H: 2,80; N:
10,08; *H NMR (D-0, 25 °C) & (ppm) 2,0 (m, 2H, NH,); 2,93 (s, 1H, CHs, DMF); 7,28 (m, 1H,
CH, 4-tmupuaun); 8,02 (s, 1H, CHO, DMF); 8,59 (m, 1H, CH, 4- nupuaun).

I'. Cunrte3a komiuiexkca Pt3

[{trans-PtCI(NH3),}.(u-1,2-bis(4-mupuana)eran)](ClO,),

PactBopy kommiekca trans-[PtCI(NH3)2(DMF)](CIO,) (0,145 g; 0,33 mmol) y kanuma
je monat pactBop MoctHoOT ymranaa 1,2-bis(4-mupuann)erana (0,030 g; 0,165 mmol) y DMF, y

omHocy 2 : 1 (koMmjekc : MOCTHHM Jurasf). Tako m0OHjeHH pacTBOp MellaH je Ha COOHOJ
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Temmneparypu 3 cata y mpaky. [lociie ynmapaBama HacTaia TaJOT CBETIIO KyTe 00je HCIpaH je
JTUETUIETPOM, a 3aTHM OCTaBJb€H Ja ce cymu Ha Bazayxy. [lpunoc: 0,195 g (64,78%).
U3zpauynato 3a Ci2H24NgPt,ClsOg: C: 15,80; H: 2,65; N: 9,21; Haheno: C: 15,16; H: 2,71; N:
9,06; 'H NMR (D0, 25 °C) & (ppm) 2,0 (m, 2H, NH,); 2,88 (m, 2H, CH,, eran); 7,28 (m, 1H,
CH, 4-tupunun); 8,59 (m, 1H, CH, 4-nupunun).

2.2.4. CuHTe3e IMHYKJIEAPHUX JUAKBa KoMIulekca Ptla, Pt2a u Pt3a

[IpeBohemwe muHyKICapHHX AUXIOpUAO Komrwiekca Ptl, Pt2 m Pt3 y nmakBa jone
[{trans-Pt(NHs)2(H20)}2(u-mmpasun)]** (Ptla), [{trans-Pt(NHs)(H20)}(u-4,4’-6ummpumim)]**
(Pt2a) u [{trans-Pt(NHs)2(H20)}2(x-1,2-bis(4-mupunmn)eran)]”* (Pt3a) mnocrurmyro je
nomatkoMm mo naBa ekBuBasieHTa AgClO4 y pacTBOpe MMXJIOPUAO KOMIUIEKCA W 3arpeBambeM
cMmerie 8 catu Ha Temmeparypu oa 323 K y3 mempectano memame. Hactamu 6enu tamor AgCl
nporehen je kpo3 Millipore ¢unrep ca Benmunaom nopa ox 0,20 pum, mpu 4emy ce HapOUUTO
BOJMJIO padyHa 1a y (UITpAaTy HeMa Tparosa joHa Ag', Tj. Ja Cy IMXIOPHAO KOMIUIEKCH

IMOTIYHO INPCBECACHU Yy JUaKBa YCCTUIIC.

2.2.5. CunTe3e TUHYKJEAPHUX AUXJOpHA0 kKomiiekca Pt4, Pt6 u Pt8

A. Cunrte3a komiLiexca Pt4

[{trans-PtCI(NH3),},(u-1,4-muamunooyran)|Cl,

YV 3 cm® pacrBopa trans-[PtCl,(NHs),] (0,1 g; 0,333 mmol) y DMF y kammma je zogato
2 cm® pacTBOpa MOCTHOT IHMTaHZIa 1,4-muamuno6yrana (0,0147 g; 0,166 mmol), Ttakohe
pactBopeHor y DMF, y ogHocy 2 : 1 (koMmjiekc : MOCTHM Juranj). Tako 100MjeHH pacTBOP
MelaH je 24 cara y mpaky Ha Temrneparypu ox 323 K. Jlobujenu tasnor 6exe 60je 0J1BOjeH je 01

pacTBOpa uehe}LeM, HUCIIpaH OUCTUWIICTPOM UM OCTABJbCH [a CC CYIIM Ha Ba3AyXy. HpI/IHOCZ
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0,080 g (69,87 %). Uspauynaro 3a C4H24ClsNgPto: C: 6,98; H: 3,51; N: 12,21. Haheno: C: 7,05;
H: 3,60; N: 12,25. *H NMR (200 MHz; DMSO-dg): 6 = 2,50 (bs, 4H, CHy); 3,35 (bs, 4H, CH,).

b. Cunresa komiuiexca Pt6

[{trans-PtCI(NH3),},(u-1,6-nuamunoxexcan)]Cl,

Y 3 cm® pactBopa trans-[PtCl,(NHs),] (0,1 g; 0,333 mmol) y DMF vy karmwma je xoaro
2 cm® pacrBopa MocTHOr Jsmramiaa 1,6-amamuHoxekcana (38,4 pL 60% pacteopa ca
p= 0,84 g/cm3; 0,0194 g; 0,166 mmol), takohe pactBopenor y DMF, y oarocy 2:1 (koMIutekc :
MOCTHHU JraHn). Tako noOujeHn pacTtBop MemaH je 24 cata Ha Temneparypu ox 323 K.
Jlobujenu tamor Gene 00je 0JBOJEH je 011 pacTBopa 1ehemeM, ucpad JUETHIETPOM U OCTABJHEH
na ce cymu Ha Basayxy. [Ipunoc: 0,1032 g (86,43 %). Uspauynato 3a CgHsClsNgPts: C: 10,6;
H: 3,94; N: 11,73. Haheno: C: 10,51; H: 3,83; N: 11,71 'H NMR (200 MHz; D,0):
0=1,28—-1,47 (m, 4H, CHy), 1,57 — 1,78 (m, 4H, CHy); 2,63 — 2,73 (m, 4H, CH)).

B. Cunre3a kommiekca Pt8

[{trans-PtCI(NHs),},(u-1,8-muamunooxran)]|Cl,

Y 3 cm® pactsopa trans-[PtCl,(NHs),] (0,1 g; 0,333 mmol) y DMF y kanuma je 1oaro
2 cm? pactBopa MocTHOr jwranga 1,8-muammuookrana (0,0240 g¢; 0,166 mmol), Taxohe
pactBopeHor y DMF, y ognocy 2 : 1 (koMmIuiekc : MOCTHH juraHa). Tako goOujeHH pacTBOp
MeraH je 24 cata Ha temnepatypu o1 323 K. Jlo6ujenu tanor 6ene 60je 0/1BOjeH je 0]l pacTBOpa
nehemeM, ucpaH IUETHICTPOM M OCTaBJbEH Jla ce Cymd Ha Basayxy. Ilpunoc: 0,098 g (79,03
%). Nspauynaro 3a CgH3ClsNgPty: C: 12,91; H: 4,33; N: 11,29. Haheno: C: 13,01; H: 4,50; N:
11,43. 'H NMR (200 MHz; DMSO-ds): 6 = 1,27 (bs, 6H, CHy); 2,50 (bs, 4H, CH,); 4,02 (bs, 4H,
CHy,).
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2.2.6. CuHTe3e AMHYKJEapHHUX JMaKBa KoMIuiekca Pt4a, Pt6a u Pt8a

[IpeBohewe muHyKI€apHUX auXIOpuao Komruiekca Pt4, Pt6 u Pt8 y nmakBa jone
[{trans-Pt(NH3)2(H20) }o(u-1,4-mmamuuo6yran)]**  (Ptda),  [{trans-Pt(NHs),(H20)}2(u-1,6-
mmamunoxekcan)]*t  (Ptéa) wu  [{trans-Pt(NHs)o(H20)}2(u-1,8- nnamunookran)]**  (Pt8a)
MMOCTUTHYTO je nojmaTkoM 1o jaBa ekBuBaieHTa AgClO4 y pacTBope TUXIOPUIO0 KOMIDICKCA U
3arpeBameM cmerie 24 cata y Mpaky Ha temneparypu on 313 K y3 Hempecrano mermiame.
Hacranu tanor AgCl npouehen je kpo3 Millipore ¢unrtep ca BeauunnoM mopa oa 0,20 pum, mpu
YeMy ce HapOuyMTO BOJWJIO padyHa 1a y GUiTpaTy HeMa TparoBa joHa Ag', Tj. 1a Cy AMXIOPHJIO

KOMIUICKCH IMOTITYHO MPEBCACHU Y JHAKBA YCCTUIIC.

2.3. UucTpyMeHTH

Uv-VisS crnekTpu M KHHETHYKH mojand cHuManu cy Ha Perkin Elmer Lambda 25
(9 henuja) u 35 (jenna henuja) Uv-Vis aBo3pauHuM CieKTpopOTOMETPUMA Ca TEPMOCTATHPAHOM
1,00 cm kBapitaom Suprasil kuBeTom.

pH BpeanocTu pactBopa mepene cy momohy Mettler Delta 350 qurutamunor pH-metpa ca
KOMOWHOBAHOM CTaKJICHOM eJIEKTPOoIoM. EnekTposie cy kanudprucane pacTBOpHUMA CTaHAAPTHUX
nydepa pH 4, 7 u 9 nobujenum ox Sigma-e.

Enemenranue ananuse (C, N, H) ypahene cy na Carlo Erba Elemental Analyser 1106.
'H HMR cniekrpu caumanu cy Ha Varian Gemini 2000, 200 MHz NMR  criektpomerpy.
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2.4. Uv-Vis ciekTpo(oTOMEeTpHjCKa Meperha

Cyncrutynuone peaknuje cy mnpoydaBane UV-VIS crnekTpopoTOMETpHUjCKH Ha TpH
temnepatype (288, 298 u 308 (wm 310) K). Kako 6u ce mocturiau ycioBu peakije pseudo-
IpPBOT pela y CBUM HCIUTHBAHUM CHCTEMHMa KOHIIEHTpAaIMja JIMTaHIa Ouia je y BEITHMKOM
BUIIKY, HajMame 10 myTa, y 0JHOCY Ha KOHIEHTPAIIH]y MOJIA3HOT KOMILIEKCA.

Pagna TanmacHa nyxuHa onpelieHa je CHUMameM CIIeKTapa peakIHoOHE CMelIe Y
oapeheHNM BpEeMEHCKUM MHTEpBaIuMa Yy OICery TajacHuX maykuHa msmely 220 u 600 nm. Kao
pajHa TajacHa Ay)KMHa y3MMa Ce€ OHa TajacHa JIy)XWHa Ha Kojoj je Hajseha mnpomena
arcopOaHIle ca BpEMEHOM.

CnexktpodoTomerpHjcko oapehuBame KOHCTaHTe Op3uHE peakinje PSeudo-mpBor peaa,
Kobsd, BpIIH ce mpahemeM MpoMeHe arcopridje pactBopa A; ca BpeMeHOM t Ha ojapeljeHoj

[92]

TaJaCcHO] TY>KHHH, Ha OCHOBY jemHauunHe (2.4.1).

In(A, —A_)=In(A, -A_)—k,,t (2.4.1)

3aBucHoct IN(A; — Ax) o1 BpemeHa t je muHeapHa, Tako Ja ce U3 Haruba mpase 100uja
BPEIHOCT 3a Kopsg. Benmuumua Ag mpeacraBiba arncopiiinjy pacTBopa Mpu HYJITOM BPEMEHY, TOK
BeMUYnHA A, TIPEJCTaBJba ANICOPIIU]Y PAaCTBOPA HAKOH ,,06CKOHAYHO™ Tyror BpeMeHa (0OWYHO
nocie 8-10 momyBpeMeHa peaKque).[gz] JloObujerna BpeaHOCT 3a KOHCTAHTY Op3WHE peakiuje
pseudo-nipBor pena, Kopsd, MPEACTaB/ba CPEAby BPEAHOCT 4 10 5 HE3aBUCHUX KHHETHYKUX

Mepemba.
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2.4.1. Peakumje CymcTHTYHHje MOHOHyKJeapHux kommiekca [(TL®Y)PtCI]* u
[Pt(tpdm)CI]*

Kunetnka W  MexaHW3aM  CYNCTUTYLUMOHHMX  peEakldja CTEpHO  3allTHNEeHHX
MoHoHyKeapHux komimiekca [(TLE")PtCI]" u [Pt(tpdm)CI]* ca Guowkn BaxHIM S-I0HOPCKEM
muranguma: L-Met, S-Met-L-Cys, GSH u L-Cys, xao u ca 6uosiomku BaxxauM N-TOHOpPCKUM
nmuranguma: L-His, Ino, 5’-IMP u 5’-GMP, ucnutuanu cy Uv-Vis crieKTpopoTOMETPHjCKOM
METOJIOM Ha OJroBapajyhnM TalacHUM JIy)XHHaMa, npahemeM MpoMeHe arcopIiije pacTBopa ca
BpeMeHoM. Y Tabenu 2.1. gat je mperiyieq TaJacHUX Ty>KMHA Ha Kojuma cy mpaheHe peakiuje

HUCIIMTHBAHUX KOMIIJICKCA Ca OI[a6paHI/IM JUranjuMma.

Tabena 2.1. Tamacue nyxuHe AM(nm) Ha Kojuma cy mpaheHe CYICTUTYIIMOHE pEaKInje

HUCIIMTHBAHUX KOMILJICKCA Ca OJIa6paHI/IM JIMranjuMa.

[Pt(tpdm)CI]*  [(TL®“)PtCI]* [Pt(tpdm)CI]* [(TL®“)PtCI]
S-Met-L-Cys 264 nm 266 nm L-His 325 nm 260 nm
L-Met 263 nm Ino 312 nm 315 nm
GSH 267 nm 5’-GMP 350 nm
L-Cys 245 nm 260 nm 5’-IMP 315 nm 320 nm

VY CBUM WCIUTHUBAHMM CHCTEMHMa KOHIIEHTpalHja JUraHaa Owia jé y BeJIHKOM BHIIKY,
HajMawe 20 myTa, y OJHOCY Ha KOHLEHTpAIH]y MOJa3HOI KOMIUIEKCA, Kako OM ce MOCTHUIIIH
ycioBH peaxuuje pseudo-mpsor pena. CyNCTHTYIHOHE peakiyje 3anodene cy Memamem 0,5 cm’
pactBopa xomiuiekca Pt(Il) ca 2,5 cm® pacTBOpa JIUTaH/a.

CBe peakuuje nzyuyaBade cy Ha pH = 5 y Bogerom pactBopy 0,1 M NaClOy, y koju je
nonat 10 mM NaCl kako 61 ce cripeunia ClIOHTaHA XUAPOJIN3a KOMILIEKCA.

IlepxnopatHa cpenuHa ojgaOpaHa je 3a H3ydaBame peaklyja, jep jeé MOo3HaTo Ja ce
HepXJIOpaTHH joH He koopauHyje 3a Pt(I1) jOH.[104]
Cyncrurymuone peakiuje kommiekca [(TLBY)PtCI]" ca S-Met-L-Cys, L-Cys u L-His

npahene cy Ha Tpu Temnepatype (288, 298 u 308 K), kao u CyncTUTYIIMOHE peakiije KOMIUIeKca
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[Pt(tpdm)CI]* ca L-Cys u L-His. Ca ocramum muranmuma peakuuje cy mpaheHe camo Ha

temneparypu ox 298 K.

2.4.2. Peakuuje CyncTUTylHMje TUHYKJIeAPHUX AUXJI0pUI0 KomIuiekca Ptl, Pt2 u Pt3

U IbUXOBUX AuaxkBa aHajora Ptla, Pt2a u Pt3a

Kunernka W MexXaHW3aM CYICTHTYIIHOHHUX peakluja IWHYKICAPHHUX JUXIOPHUIO
xomIuiekca Ptl, Pt2 u Pt3 u muxoBux auaxsa ananora Ptla, Pt2a u Pt3a ca Guosnomku BaxxauMm
N-goHopckum smranguma: L-His, 1,2, 4-tpuasonom wu 5°-IMP  wucnutuBanu cy Uv-Vis
CHEKTPO(OTOMETPHJCKOM METOJIOM Ha ojAroBapajyhum TajacHUM AyXHHama, MpahemeM
MIPOMEHE arCoPIIIIMje PacTBOPa ca BPEMEHOM.

VY CBUM UCHHUTHBaHHM CHCTEMHMa KOHIICHTpAIIHMja JIMTaH/Aa je OWiia y BEIMKOM BHIIIKY,
HajMame 10 myTa, y OJHOCY Ha KOHIICHTPAIM]y IMOJa3HOT KOMIUIEKCA, KaKo OU ce TMOCTHUTIIH
ycinoBH peakiuje pseudo -mpsor peaa. CynCTUTYIIHOHE peakiije 3amovesie ¢y MemameM 1,5 cm®
pacTtBopa KoMmIuiekca ca 1,5 cm® pacTBopa JIMraHjaa.

Peakmnuje muxmopuao nuHykineapHux komiuiekca Ptl, Pt2 u Pt3 usyuaBane cy Ha
pH = 7,2 y Bonenom pactBopy 25 MM Hepes nydepa, y koju je nogat 20 mM NaCl, kako 6u ce
cIpedmsia CIIOHTaHa XuIpoJim3a komiuiekca. Bpennoct pH noaemena je momohy 0,01 M HCIO4
u 0,01M NaOH.

Hepes u Tris nydepu cy nHajuemhe kopumteHu mydepu y heaujcKuM TecTOBHMA, Tj.
MPUJIMKOM HUCIUTHBama HHTepakiuje komiuiekca Pt(I) m monekyma JIHK y hemuju. Hepes
nydep u3abpaH je u3 pasiora MITO je BOJIYMHHO3HHJH MOJIEKY] Y OJHOCY Ha Tris mydep, ma je
Be3uBame Hepes mydepa 3a jon Pt(Il) ycnen crepHux cMeTHH CKOPO MOTIYHO I/ICKJLleeHo.[los]

Peakuuje nuakBa aHaiora OBHX KOMIUIEKca u3ydaBaHe cy Ha pH = 2,5 y BomeHOM
pactBopy 0,01 M NaClO,4. Kox oux peaknuja pH BpenHocT noaemniena je momohy 0,1 M HCIO,,

Cge peakmuje cy npahene Ha 310 K, ¢ Tum mto cy peakiuje Ptl u Ptla kommiekca ca

1,2,4-tpuazonom npahene u Ha Temneparypama o 288 K u 298 K.
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2.4.3. Peakuuje cyncTuTynmje IMHyKJIeapHUX JHaKBa KomIiuiekca Pt4a, Pt6a u
Pt8a

KuneTrrnka n MexaHW3aM CYIICTUTYIIMOHUX pPEaKlHja IWHYKICAPHUX JHAKBa KOMILJIEKCA
Pt4a, Ptéa u Pt8a ca Owonomku BaxkuuM N-moHOpckuM aurapauma: 5’-GMP, L-His wu
MUPUIMHOM, Kao ¥ ca OMOJIONIKY BaXKHUM S-noHopckuM smranguma: L-Cys u GSH, ucnuruanu
cy Uv-Vis cnexkrpooToOMEeTpHjcKOM METOJAOM Ha OJAroBapajyhuMm TajmacHUM Ty)KHUHama,

npahemeM MPOMEHE arcopmIrje pacTBOpa ca BPEMEHOM.

Pagna TamacHa nyxuHa onapeheHa je CHUMameM CHEKTapa peaklUOHE CMele Yy
ozpeheHuM BpeMEHCKUM HMHTEpBaJMMa Yy OICery TajacHux ayxuHa nsmehy 220 u 450 nm, kao

mTo je npukazano Ha Counwm 2.1.
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Cnuka 2.1. IIlpomena manacne oyscune, A, ca spemenom (At = 60s), 3a cyncmumyyuony
peakyujy komnaekca Ptda (10*M) ca aueanoom L-Cys (10°M) y 0,1 M NaClO,, 10mM NaCl,
napH =25 uT =298 K

CyrICTI/ITyI_[I/IOHe peaKuI/Ije 3arouciic Cy McCIlambEM 0,5 cm3 pacTBOpPa KOMIIJICKCA Ca

2,5 cm® pactBopa imranga. KoHIeHTpamuja nurasza OMia je y BENMKOM BHIIKY, HajMarbe
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10 myra, y ogHOCY Ha KOHIICHTpAlMjy MOJA3HOT KOMIUIEKCA, KaKo OM Ce MOCTUTIHM YCIOBH
peakmuje pseudo-mpBor peza.

CBe cymcTuTyIMOHE peaknuje TUHYKIeapHHX auakBa Komiuiekca Pt4a, Pt6éa u Pt8a
u3ydaBane cy y BomeHoMm pactBopy 0,1 M NaClO, ma pH = 2,5. Kox oBux peakmuja pH
BpenHoct nojemena je momohy 0,1 M HCIOa.

CymncTuTtynmoHne peaknuje OBUX KOMIUIEKca ca N-JZOHOpPCKHM Jmraniaom 5°-GMP
npahene cy Ha Ha Tpu Temneparype (288, 298 u 308 K). Ocrane peakiuje npahene cy camo Ha
temmneparypu o1 298 K.

JloOujenu pe3ynTaTH aHadu3upaHu cy noMmohy kommjyrepckux nporpama OriginPro 8 u

Microsoft Excel 2007.
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3. PE3YJITATU U TUCKYCHUJA PE3YJITATA

3.1. Pe3y.11TaTn HCIIMTUBaAlba KHHETHKE U MEXaHU3MaA CYNCTUTYIHOHHUX peammja

[(TL®YPtCI]* u [Pt(tpdm)CI]* kommiaekca ca S-Met-L-Cys, L-Met, GSH u L-Cys

CrpykrypHe ¢opMyie HCIUTUBAHUX KOMIUIEKca mpukazaHe cy Ha Cmoumm 3.1., a

CTPYKTYpHE popMyJie HICIUTUBAHUX Juranasaa Ha Coumu 3.2.

[Pt(tpdm)CI]* [(TL®BYPtCI]*

Cnuka 3.1. Cmpyxmyphe ¢hopmyne ucnumu8anux KOMNJIEKCd.
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NH,

0]
S OH S
o) NH,
S-Met-L-Cys L-Met
SH
O
" H NH,
HOOC Y\/ ~ N._~ COOH Hs\)\”/OH
N
H
NH, O O
GSH L-Cys

Cnuka 3.2. CmpykmypHe ¢hopmyne ucnumu8anux 1ueanaod.

Usyuasane peakuuje [(TLEY)PLCI* u [Pt(tpdm)CI]" xommiexca ca GHONOLIKE BaXHUM
S-noHopckum Juranauma:  S-Met-L-Cys, L-Met, GSH u L-Cys mory na ce mnOpHKaxy
jennaunaoM (3.1.1).

[(X)PtCI]* + Nu t:z [(X)PtNu]** + CI (3.1.1)
2

X=TL®" tpdm
Nu= S-Met-L-Cys, L-Met, GSH u L-Cys
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[To3Hato je ma ce CYNCTUTYIIMOHE peakilvje KBaapaTHO-TUTAHAPHUX KOMIUIEKCA OJBHjajy
no 1Ba KuHerHuka myta.”? Jenau je congoaumuuku nym, y TOKy KOra MONEKY]I pacTBapaya
yIlla3u y KOOPAMHAIMOHY c(hepy KOMIUIeKca M KOOPAMHYJE Ce 3a JOH MeTalla, HaKOH 4era JI0JIa3H
70 Op3e CYICTUTYIH]e KOOPIMHOBAHOT MOJICKYJIAa pacTBapava yjJa3HUM HykieopwioM. [pyru
OyT je nym Oupekmue HYyKIeoQuiHe cyncmumyyuje, y TOKY Kora JI0Ja3d A0 JTUPEKTHE
CyICTUTYIMje ojuta3eher nuranma HykiaeoduimoMm. Y H3y4aBaHHM peakifjamMa COJBOJUTHYKH
nyt je cy3oujen momatkom 10 mM NaCl y pacTBop KoMmIuiekca, Tako Ja C€ MyT JUPEKTHE
HYKJICO(DUITHE CYICTUTYIH]jE OIUTpaBa PEBEP3UOUIIHO, KA0 IITO j€ MPHUKA3aHO JeTHAYMHOM
(3.1.1). Ipu ycmoBuma peakidje PSeudo-mpBor pesa, KOHCTaHTEe Op3WHE KOje KapaKTEpHUIIy
MPOIIeC CYNCTUTYIIM]Ee MOTY Jia C€ OJpeJie U3 JTUHEapHEe 3aBUCHOCTH KOHCTAHTE Op3WHE peakiivje
pseudo-tipBor pena, Kopsd, 01 KOHIIEHTpaIMje Hykiaeoduaa, npema jennaunuu (3.1.2). M3 naruba
nobujene mpaBe oapeljyje ce koHcraHTa Ko, Koja KapakTepuie MyT AUPEKTHE HYKIeOo(DUIHE

CYICTHUTYIIHjE, JOK ce W3 ojceuka onapehyje koHcranta K, Koja KapaKTEpHIE MOBPATHY

peakiujy.
Kobsd = K2 [CI'] + ka [NU] (3.1.2)

ExcniepuMeHTanHO I0OMjeHH pe3yaTaTH 3aBHCHOCTH  Kopsg OJ  KOHIICHTpAIlHje

HyKjIeodwmna npuka3zanu cy Ha Cnukama 3.3. u 3.4.

| 49



Enuca CenmumoBuh JIOKTOPCKA Te3a Pesynraru u quckycuja pesyiarara

18 13
10%Kopsa/St 308 K 10*Kopsalst
S-Met-L-Cys L-Met
12 1 1
6 1 0,7 4
288 K
102[S-Met-L-Cys]/M 107[L-Met]/M

0 - T T 04 . :

0 04 08 12 0 04 038 12

6 35
10%Kgpsals™ 104kobsd/3-1
GSH 3 1
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4
* 2
15
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2 B
1 4
L 4
0,5
102[GSH]/M 107[L-Cys]/M
0 T T 0 T T T T T
0 0,4 0,8 1,2 0 0,2 0,4 0,6 0,8 1 1.2

Cnuxka 3.3. Koncmanme 6psune peaxyuje pseudo-npeoe peoa, Kopsd, v pyrryuju 00

KOHYeHmpayuje Hykieoguia u memnepamype, 3a Cyncmumyyuore peaxkyuje Komniekca

[(TLBYPLCI]* ca S-Met-L-Cys, L-Met, GSH u L-Cys y 0,1 M NaClO,, 10 mM NaCl u pH = 5.
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25
103k0b5d/5_l 104k0bsd/5>1
S-Met-L-Cys 12 1 L-Cys 308K
8 298K
15
® 288 K
4 /./-/./-/./
102[S-Met-L-Cys]/M 102[L-Cys]/M
05 . 0 .

o
o
~
o
©

0 04 08 12 12

Cnuxka 3.4. Koncmanme 6psune peaxyuje pseudo-npeoe peoa, Kopsd, v pyrryuju 00

KOHYeHmpayuje Hykieoguia u memnepamype, 3a Cyncmumyyuore peaxkyuje Komniekca

[Pt(tpdm)CI]* ca L-Cys u S-Met-L-Cysy 0,1 M NaClO,, 10 mM NaCl u pH = 5.

Kox cBHMX M3y4aBaHMX CYNCTUTYIIMOHUX PEaKIMja 3aBUCHOCTHU Kopsg OJ1 KOHIICHTpAIIUje
HyKJIeoduIa cy JIMHEapHe, Kao mTo Moxe na ce Buau ca Cnuka 3.3. u 3.4. Koncranrta 6p3uHe
peakmmje Apyror pena, Kp, Koja kKapakTepwuIlle HacTajame MPOM3BOAa, oapeleHa je m3 Harmba
IpaBe 3aBHCHOCTH Kopsg O KOHIIEHTpaluje Hykieodmiaa. Oaceyak ykasyje Ha IOBpATHY
peakijy, Koja je okapakTepucana KoHcTtantoMm K., Bpennoctu nobujeHnx KoHCTaHTH Op3une, Ko
u ko mare cy y Tabemu 3.1. IlpahemeM CYNCTHTYIMOHHMX peakiMija Ha TPH Pa3IMUHTE
Temneparype oxapehenu cy aktupaumonu mapamerpu AH,” m AS;” Ha ocHoBy AjpuHroBse

(Eyring) jeanaunne (1.6.5, ognocuo 1.6.8), Tabemna 3.1.
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Tabena 3.1. Koncrante Op3uHEe ApYyror pena M aKTUBALMOHM THapaMEeTPH CYNCTHUTYIHOHUX
peaxuuja xommrekca [(TLBY)PtCI]" u [Pt(tpdm)CI]* ca S-Met-L-Cys, L-Met, GSH u L-Cys y
0,1 M NaClO4, 10 mM NaCl u pH = 5.

[(TL®YPtCI]*
2 - # #
S A T 101k21 k-2[1CI1] AH, 1 Alsz 1
[nm] [K] [M™s™] [M™s™] [kIJmol™] [JK"mol™]
288 32+0,1 (3,4+0,1) 10™
S-Met-L-Cys 266 298 8,7+0,3 (4,1+0,2)10° 9+1 263 +3
308 12,5+0,1 (1,3+0,2)10°
L-Met 263 298 59+0,1 (5,0 £0,1)'10? - -
GSH 267 298 38+04 (1,0 +£0,2) 10 - -
288 1,7+0,1 (8,1+0,5)10™
L-Cys 260 298 2,0+0,1 (22+0,2)10° 50+10 -120+40
308 2,3+0,3 (4,4 +0,2) 10
[Pt(tpdm)CI]*
2 - # #
AU2AHOU n T lqlk_zl k_zq: Il] Al 1 Alsz 1
[nm] [K] [M™7s™] [M™7s™] [kdmol™] [JK™mol™]
S-Met-L-Cys 264 298 12,1+0,2 (8,4 +0,1)10° - -
L-Met? 298 6,21 + 0,05 (9,9 +0,3)10° 3143  -164+9
GSH? 298 1,79 + 0,01 (5,2 +0,8) 10° 48+4  -120+10
288 2,9+0,1 (1,6 +0,8) 10
L-Cys 245 298 45+0,3 (2,2 +0,3) 10 30+1  -185%3
308 7,0+03 (2,8 +0,2) 10
“[49]
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Kunernukn mojamu jacHO TOKa3yjy Jia Cy HYKICO(PIIM KOJU CaapXe CyMIIOp BeoMa
J00pH YITa3HU JIMTAHIU Y CYIICTUTYIMOHUM peakiujama komruiekca Pt(l1).

Pen peaxtuBHOCTH McnMTHBaHMX Juranaga je: S-Met-L-Cys > L-Met > GSH > L-Cys.
OBaj pen peakTUBHOCTH y CKJIJTy jé ca FhbMXOBOM CTPYKTYPOM U €JIEKTPOHCKUM CBOjcTBUMA. M3
JIO00HMjeHOT pela PeaKTUBHOCTH MOXE Ja ce 3akjbyud aa cy Thoerpu (S-Met-L-Cys u L-Met)
peaktuBaHju ox THoda (GSH m L-Cys). Paznuka y HykineodmiHOCTH onabpaHuUX THOETapa M
THONA O0jalikaBa ce MO3UTUBHUM WHIYKTHBHUM edektrom CHs;— rpyre Ha atomy cymmopa y
MoJieKylly THoeTpa. OBaKkBO 00jallIlbebe Y CKIady j€ ca TUTEepaTypHUM nogamuma, 474955106, 107]

Bosba peakruBHOCT Hykimeodpmra S-Met-L-Cys y nopehemy ca L-Met morna 6u ga ce
npunuire crepaoM edekry. Hawmme, L-Met mnocenyje jemny —CHp— rpymy Buimme of
S-Met-L-Cys. C o003upom Ha TO Aa ce M3ydaBaHE CYNCTHTYIMOHE pPEakldje OIMTPaBajy IO
acollMjaTUBHOM MEXaHHU3MY, OYEKMBAHO je Jja Op3uHa peakiifje jako 3aBUCH O] KapaKTepHUCTUKa
S-IOHOPCKHX ylIa3HUX JITaHAa.

VYnopehuBameM BpeJHOCTH KOHCTAHTH Op3MHA CYNICTUTYLIMOHUX pPeaKifja HUCIUTUBAHUX
xommwrekca [(TL®Y)PtCI* u [Pt(tpdm)CI]* ca myxmeodmmma L-Cys u GSH moxe ma ce
3aksbyun nga je GSH peaktuBuuju y omnocy Ha L-Cys, Tabema 3.1. GSH je tpumentun ca
HOopMasiHOM menTuaHoM Be3oMm m3Mmely L-Cys u Gly m HeyoOM4ajeHOM NENTHIHOM BE30M
usmelly ammuo rpyme L-Cys um kapOokcuimHe rpyme Oounor nanma L-Glu (rmyramuHCke
kucenune). Ilomro je monekyn L-Cys y HEHTpy TpUIENTHIA, OYCKHUBAH je CIIOPHjU IPOIEC
CYIICTUTYIH]je Y oHOCY Ha ciobonan L-Cys. MehyTum, ekciepuMeHTaIHO T0OHjeHe BPEAHOCTH
nokazaie cy aa je GSH peaktuBauju. O0janimeme ce Hajla3u y oJroBapajyhoj reoMeTpujcKoj
cTpyktypu Moiiekyna GSH, y K0joj IMOCTOjU U3JI0KEHOCT aTOMa CyMITOpa U3 THOJIHE TPYIIE, IITO
ra unHa noroguuM 3a cyncrutynujy. >0 1% TIpy sanatium excriepumenranaum ycnosnma,
cymnop u3 thoine rpyne GSH je y moTimyHOCTH IenMpOTOHOBaH, IITO JI0JATHO ToBehaBa BHEroBy
HyKIeopUIHOCT, a THMe M peakTuBHOCT. Beha peaktuBHocT GSH y omHOCy Ha japyre Tuolie
npuKasaHa je u y mureparypu. o0 04108

UcnutuBanu nurangn S-Met-L-Cys, L-Met, GSH u L-Cys nmoanexy nenpoToHOBamYy
(S-Met-L-Cys: pKa= 2,0, pKyz = 8,74; L-Met: pKay = 2,28, pKa, = 9,21; GSH: pKy = 2,05,
PKaz = 3,40, pKaz = 8,72; L-Cys: pKar = 1,9, pKa, = 8,10, pKas = 10,1), ma cxomHo TOMe,
CYNCTUTYLIMOHE peakiyje y KOojuMa Y4ecTBYjy OBHU JIMTaHAM MPEACTaBibajy CIOXKEHEe Ipolece,

Kao 1ITO je mpuka3aHo Ha [llemama 3.1. u 3.2.
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+  HSCH,CH(NH3")COOH L —
f ke
+  HSCH,CH(NH3")COO" ke
[(X)PtCI]* ‘ Koo [TpousBoau
+ “SCH,CH(NH;"COO LI
I Kas "
+ "SCH,CH(NH,)COO" — —

Hlema 3.1. Cyncmumyyuone peakyuje ucnumueaHux MOHOHYKIeAPHUX CMepHO 3aumuhenux

T B
komnaexca ca muonuma,; X=TL"", tpdm.

kg
+ RSCH,CH(NH;")COOH —>

17 Kal

k

+ + - 2

[(X)PCI]" + RSCH,CH(NH;")COO E— [Ipou3BoH

1,Ka2

Ks

+ RSCH,CH(NH,)COO® —»

Hlema 3.2. Cyncmumyyuone peaxyuje UCRUMUSAHUX MOHOHYKIEAPHUX CIepHO 3auumuhienux

LtBU

, tpdm.

Komniekca ca muoempuma, X=T

Ha ocnoBy Illema 3.1. u 3.2. Moke /1a ce 3aKJby4M Ja CYNCTUTYLIMOHE peaKliuje 3aBUCe

ox pH BpemHocTn. Y pamujuM nerpakuBassival

yrBpheHo je na npomene pH y pacnony on
1 o 6 Mano yruuy Ha KOHCTaHTy Op3uHe peakuuje. CBe CyNCTUTYIIMOHE peakiije u3ydaBaHe cy

Ha pH = 5; nakne, y pactBopy je nenpoTtoHoBaHa camo —COOH rpyna ncnuTHBaHUX JUraHazaa
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IITO 3HAYajHO HE yTUYe Ha OpP3WHY peakinje, jep Cy 3a CTBapame KOMIUICKCA OJTOBOPHE THOJHA
u tHoetapcka rpyma. Y ciuyuajy GSH, na pamnoj pH Bpemnoctu, —COOH wu —SH rpyma
(pKa1 = 2,05, pKa2 = 3,40) cy nenporoHoBane. Jlakie, peakiiuje ca KoHcTtantama op3une Kz, K3 u
K4 nompuHOCe Mame 01 5% y OJHOCY Ha YKYIIHY KHHETHKY peakidje, IITO je y IpaHHIlaMa
rpelike KHHETHYKHX Mepewma U ojpehuBama akTMBanMoHMX Tmapamerapa. Takobe,
YCIIOCTaBJbaAbE MHTPAMOJICKYJICKUX BOJOHUYHUX BE3a, KOje YKJbY4yjy IPOTOH M3 THOJHE TpYIIE,
JOJIATHO CTa0WIN3Yjy TIPeNla3HO CTame y TPOIECy CYINCTUTYLH]jE M, CaMUM THUM, yOp3aBajy
nporec. [%6/641101

N3 Tabene 3.1. Moxe n1a ce BUIU Jja Cy BPEIHOCTH KOHCTAaHTE Op3UHE peakiuje Jpyror
pena, ko, Behe Koz cymcTuTynHoHHX peakuuja kommiekca [Pt(tpdm)Cl]” y ogHoCcy Ha BpenHOCTH
xoucrante 3a kommmexc [(TL®Y)PtCI]*. Mama peaxtusroct kommiekca [(TL®Y)PtCI]
MOCJIE/UIIA j& CTEPHUX CMETHH y3POKOBAHHUX MPUCYCTBOM JIBE BOJYMHHO3HE terc-OyTui rpyme,
IITO OTEXKaBa TpHUia3 yiaa3HoM juranay. OcuM Tora, OBaj KOMIUIEKC CaIpXKH BOJYMHHO3HY
UMHJIA30JIMH-2-UIMUHO TPYyIy Ca H3PaKEHHUM EIeKTPOH-JIOHOPCKUM CrocoOHocTHMa. Jlakie,
mana peaxtusHocT Kommekca [(TL™Y)PtCI]* moxe na ce mpummire meroBUM CTPYKTYPHHM 1
€JIEKTPOHCKUM ocoGuuama. ™

Ucnmtuparu kommieke [Pt(tpdm)C1]* nmoxa3syje mcTu pes peakTHBHOCTH Ka0 KOMILIEKC
[Pt(dien)CI]* (xoHcTaHTa Op3mHE peakiMje APYror pexa 3a peakuujy m3Mmehy Komruiekca
[Pt(dien)CI]* u L-Met na 298 K y 0,1 M NaClO, ca 10 mM NaCl je 6,22-10% M*s* %) ok je
Mar-¢ PeakKTHBaH y OJJHOCY Ha CTPYKTYpPHO ciidaH KoMutekc [Pt(terpy)CI]".

Kommueke [Pt(terpy)Cl]" wma mmaHapHy CIPYKTYpy H H3paXeHY T-eIeKTPOHCKY
KOMYHHKaIMjy u3Mely nupuauHa u jona merana. Kommnekc [Pt(tpdm)CI]™ uma, Takohe, Tpu
MUPUIUHCKE JeIUHMIIC Y MHEPTHOM Juranay pasnsojene —CHy— rpymama. 30or terpaemapcke
CTPYKTYpE OKO BE3WBHUX METHJICHCKHX TpyIa, MUPUINHCKE jeIUHUIIC CYy MpUMOpaHe aa Oymy
BaH paBHU Y K0joj ce Haja3M joH merana. OBaKkBa reoMeTpuja MHEPTHOT JIMTAHJa Y KOMIUICKCY
[Pt(tpdm)CI]" 3Hauajuo yTHde Ha cMameme T-TIOBpAaTHE AOHANMje u3Mel)y MHPUIMHCKHX
MIPCTEHOBA U jOHA METaJIa, IMTO Y3POKYje 3HAYajJHO CMAKmCHE PEAKTHBHOCTH OBOT KOMILICKCA Y
omuocy Ha [Pt(terpy)Cl]*. Kpucranna crpykrypa kommiekca [Pt(tpdm)CI]Cl jacno noxasyje
0OJCTyName 0J IIaHapHe ctpykrype.[*”

DFT u3pauynaBama cy, Takohe, mokasana pasjiuke y peay peakTuBHoOcTH tpdm u terpy

KOMIIJICKCA. [49]
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3.2. Pe3y.11TaTn HCIIMTUBaAba KHHETHKE U MEXaHU3Ma CYINCTUTYUHMOHUX peammja

[(TL®YPtCI]* u [Pt(tpdm)CI]* kommiexca ca L-His, Ino, 5°-GMP u 5°-1MP

CtpykTypHEe (QOpMyNne HCIUTHBAHMX KOMIUIEKca mpukaszaHe cy Ha Cmumm 3.1., a

uenutuBauux mranana Ha Coum 3.5.

0
N7 D)
A NH
(@) 7/
V1 <N |N/)
<N| o HO 0
cy M
Hon nM
L-His Ino
0 0
KW7 q7 13
A NH N NH
7 7
AL L P
0 N™ "N” “NH, 9 N™ =N
-o—%—o 0 0—P—0 0
o o
Hon nM Hoy mH
5-GMP 5-IMP

Cnuka 3.5. CmpykmypHe ¢hopmyne ucnumusanux iueanaod.

WsydaBane cymcturyimone peakimje kommiekca [(TL®Y)PtCI]" u [Pt(tpdm)CI]* ca
OMOJIONIKK BaXHUM N-moHOpCKuUM juranmuma: L-His, Ino, 5-GMP u 5’-IMP mory na ce

npukaxy jenHaunHoM (3.1.3).
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[(XPCI]* + Nu 2w

[(X)PtNu]** + CI
k2

(3.1.3)
X=TL"®" tpdm

Nu= L-His, Ino, 5’-GMP u 5’-IMP

VY mormasipy 3.1. ommcaH je HauWMH OJ[BHjarba CYINCTUTYIMOHHUX peakifja KBaJPaTHO-
IJIaHAPHUX KOMILJIEKCa.

3aBHCHOCT KOHCTaHTe Op3uHE peakije PSeudo-mpBor pena, Kopsd, 01 KOHICHTpAIHje
HyKJIeoduia, onucana je jeqaadynHom (3.1.4).
Kobsd = K2 [CI'] + ko [NU] (3.1.4)

[TomTo je mocMarpaHa 3aBHCHOCT JIMHeapHa (yHKIHja, W3 Harumda jo0ujeHe mpase
onpelhyje ce koHcTaHTa Kz, KOja KapaKTepHIIe MYyT TUPEKTHE HYKICODHITHE CYIICTUTYIIH]E, TOK

ce u3 ojiceuka oapelhyje koHcTanTa K., K0ja KapaKTepHIlie IIOBPaTHY PeakIlujy.

Jlobujena 3aBHCHOCT aricopOaHIle OJ BpEeMEHa, Ha ojAroBapajyhoj TamacHO] IyKHHH,

IocMaTpaHa je Kao eKCIoHeHIMjaHa GyHKIIU]a Ipyror peaa u npukasana Ha Cnuim 3.6.

=eKCIIEPUMEHTAIHO
=3padyHaTo
2

T
0 5000

t(s)

T
10000

Cnuka 3.6. I pagux 3aeucnocmu ancopboanye 00 8pemena Cyncmumyyuone peaxyuje KOMnieKkca

[Pt(tpdm)CI]* ca L-His (3,64 x 10° M) na 325 nm, T =298 K y 0,1 M NaClO, « 10 mM NaCl.
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Hykieodua npukazanu cy Ha Cnukama 3.7. u 3.8.

ExcnepumeHTanHo 00MjeHH  pe3yiTaTH

104k0bsd/5_1

L-His

308K

298K

288K

0

1 2

3

4

105k0b5d/5'1

5'-GMP

103[5"-GMP]/M

3

35

4

10

3aBUCHOCTH

kobsd

01 KOHIICHTpAIHje

105k0bsd/3-1

Ino

103[1no]/M

18

14 1

lOAkobsd/S'l

5'-IMP

103[5"-IMP]/M

05 1

15

25

3 35 4

Cnuxa 3.7. Koncmanme 6p3une peaxyuje pseudo-npeoe peoa, Kopsd, v pynkyuju 00

KOHYeHmpayuje Hykieoguia u memnepamype, 3a Cyncmumyyuore peaxkyuje Komniekca

[(TLIBU)PtCI]+ ca L-His, Ino, 5’-GMP u 5’-IMP y 0,1 M NaClO4 u 10 mM NaCl.
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25 18
105K gpsqst 10%Kopsgs™
308K

20 Ino

14
15 1

10 1

¢ 288K

5 |
10%[L-His)/M 103[Ino]/M

0 - T T 0,6
0 1 2 3 4 0 1 2 3 4

14

105k0b5d8'1

5'-IMP

12 4

10 1

109[5-IMP}/M

0 1 2 3 4

Cnuxa 3.8. Koncmanme 6p3une peaxyuje pseudo-npeoz peoa, Kopsd, v pyrryuju 0o
KOHYenmpayuje Hykieoguia u memnepamype, 3a Cyncmumyyuone peakyuje KOMniekca

[Pt(tpdm)CI1* ca L-His, Ino u 5-IMP y 0,1 M NaClO4 « 10 mM NacCl.

Bpennoctu mobujenux xonctantu Opsuue, K; u Ko mare cy y Tabemu 3.2. Ilpahemem
CYNCTUTYLIMOHHMX peaKkidja Ha TPH pas3IHuuTe TemIieparype ojapeheHn cy axTHBaIlMOHH
napamerpu AH,” u AS,” ma ocnoBy Ajpunrose (Eyring) jemmaumne (1.6.5, omnocno 1.6.8),
Tabena 3.2.

Ha ocnoBy monataka u3 TaGene 3.2. moxke ma ce Buau Aa cy N-ZOHOPCKH JTUTaH[IU:
L-His, Ino, 5°-GMP u 5’-IMP no6pu yna3Hu JMraHad y HCHUTHBAHUM CYICTHTYLHOHUM
nporiecuMa. YropehuBambeM BpPEIHOCTH KOHCTaHTH Op3uHE apyror pema, K, Moxke ma ce

3aKJbY4H Ja j€ pe/l peaKTUBHOCTH UCIIMTUBAHUX Juranazaa: L-His > Ino > 5°-GMP > 5’-IMP.
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Tabena 3.2. Koncrante Op3uHE ApYyror pena M aKTUBALMOHM MapaMEeTPH CYNCTHUTYIHOHUX

peaxuuja kommiekca [(TLEY)PtCI* u [Pt(tpdm)CI]* ca L-His, Ino, 5°-GMP u 5>-IMP y 0,1 M

NaClO4 u 10 mM NaCl.

[(TL®YPtCI)*
JUSaHOU A T 10%k 10°k-[CI] AH, AS;”
[nm] [K] [M?s™] [M?s™] [kdmol™]  [IK™mol™]
288 1,30 + 0,04 2,6+0,1
L-His 260 298 2,91 + 0,03 12,9+0,1 37+1  -166+4
308 3,82 £ 0,03 17,7+0,5
Ino 315 298 1,6 0,2 2,3+0,2 - -
5-GMP 350 299 1,38 + 0,05 1,4+ 0,1 - -
5°-IMP 320 298 1,06 + 0,01 10,9 +0,2 - -
[Pt(tpdm)CI]*
2 3 - # #
I ) T 101|<21 10 k-lz[(lil ] AH; 1 Alsz 1
[nm] [K] [M™7s™] [M7s™] [kdmol™] [JK™mol™]
288 1,1£0,1 0,42 £0,2
L-His 325 298 3,0+0,1 1£0,2 46+1  -135%4
308 42+0,2 3,4%0,1
Ino 312 298 2,01 0,01 8,42 £ 0,03 - -
5-GMP? 298 1,63 0,04 . ] ;
5-1IMP 315 298 1,32 + 0,06 6,6 +0,1 - -
“[49]
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Kunernuku nonanu u3 Tabene 3.2. Takohe jacHo moka3zyjy aa je L-His HajpeakTuBHUjU
N-moHopcku Hykneo¢wmi. Pasznuke y peakTHBHOCTHM KOPHIITEHUX HYyKJIeo(uia mocneauna cy
CNIEKTPOHCKUX M CTepHUX edekara. CTepHO HajMambH 0] UCIIUTHBAHUX HykiIeoduia je L-His, na
CXOJIHO TOME€ HajOpke U pearyje.

Xereponukiuaan nMua301 y L-His je murans ca aBa KOHKypeHTHA ToHOpcka atroma N1
1 N3. V OHOJIOIIKHUM CHUCTEMUMA TMOCTOje OpOjHH METAJONPOTEHHU Yy KOjUMa Cy JOHH MeTaia
KOOPJIMHOBAaHU 3a UMUa30J 3 L-xuctuauna rpeko aroma N1 u N3 [112113]

WNno3zun, 5’- GMP u 5’- IMP 3a jon mertana Hajuenthe ce KOOpAuHYjJy Ipeko atoma N7 u
N1, ¢ TuM ITO je y HEYTPAIHUM U CJ1a00 KUCEIUM CpeiHaMa MoTBphEeHO KOOPIUHOBAKE MPEKO
atoma N7 [62114-116]

Kunernukn momamm u3 Tabeme 3.2. moka3yjy Ja je y peakipjamMa ca HCIIUTHBAHUM
koMIiekcuma Ino peakruBauju ox 5°-GMP u 5°-IMP. Beha peaktuBHocT IN0 mocnenuma je
JNENMMMHUYHE TIpeacolrjamnuje komiuiekca ca ¢pochataum rpynmama u3 5°-GMP u 5°-IMP, unme ce
ycnopaBa mporiec cyrnctutynuje. OBaj THN HHTEPAKIH]E j€ EIEKTPOCTATHYKH M JOBOIU [0
cMambemhema eekTuBHEe KoHIeHTpanuje pocdara. Kako Ino y cBojoj cTpykTypu Hema docdaTHy
Tpyny, OMMMCaHU OOJIMK UHTEPAKITH]E Ce HE nemasa.®

Pen peakTHBHOCTH KOPUIIITEHUX JIMTAHA/IA Y CarJIACHOCTH je ca JINTepaTypHUM TOJauMa
3a CYNCTHTYLHOHE peakiuje MCTHX HykiIeouna ca kommiekcuma [Pt(SMC)(H,0),]" M
[Pt(Met)CL] ™8 i [Pt(pic)(H20),]*" .M Mehyrum, y peakumjama kommiexca [Pt(terpy)(H,0)]**
ca oBUM HykiIeopunauma, HajBehy peakTuBHOCT TmoKazyje S5’-GMP. Peakumje komriuiekca
[Pt(terpy)(H,0)]** cy ussohene ma pH = 2,5, a mpu t0j pH BpemHoctu ocatan neo
HYKJICOTH/IA Y IOTIYHOCTH J€ MPOTOHOBAH.

Kommneken [Pt(tpdm)CI]" u [(TL®Y)PtCI]* umajy ucTu pen peakTHBHOCTH Ka0 KOMILICKC

[Pt(dien)CI]*, Ta6ena 3.3.
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Tabena 3.3. Koncrante Op3uHe APYror peaa CYNCTUTYIHOHUX pEaKiHja cepuje PasTuuuTHUX

xommtexca [Pt(L)CI]" ca 5°-GMP na 298 K.

[Pt(L)CI
k2
L [M™s?] Ped.
terpy (1,98 + 0,08)-107 [120]
bpma (5,48 + 0,06)-107 [47]
dien (1,91 + 0,06)-107 [40]
tpdm (1,63 £ 0,04)-10" [49]
TL®Y (1,38 + 0,05)-107 o0Baj paj

Mebhyrum, kommexe [Pt(bpma)Cl]" pearyje ca 5’-GMP MHOTO Gpske HEro HCITHTHBAHH
KoMIUTeKcH. Pasior 3a Behy peaxtmBHOCT Kommmiekca [PtCl(bpma)]®, a moce6HO KoMmmiekca
[Pt(terpy)Cl]*, y mopehemy ca ocTaauM KOMIUIEKCHMA, jecTeé IIPHCYCTBO ITHPHIMHCKHX
MPCTEHOBA Y KOOPAMHAIIMOHO] chepr oBuX KomIuiekca. OBO je AeTajbHO M3y4aBaHO 3a CEPH]y
MoHOGYHKIIMOHATHUX KoMmiuiekca Pt(Il) ca TpumeHTtatHuMm nwranguMa y kKojuma je Opoj u
MONOXaj AMHHO M NHPMAMHCKAX rpyma  cucreMcku  Bapupao.”!  Ipucycrso
T-aKIENTOPCKUX JIMTaHajga moBehaBa eIeKTpOQMIHOCT jOHA MeTala W THME OJIaKIIaBa

nykreoduinn Hanaz. 4

tBu)PtC|]+ HOCIIE/MIA j€ CTEPHUX CMETHHU YCIe.n

Mama peaktuBHOCT KoMmiuiekca [(TL
MPUCYCTBA JIBE BOJyMHHO3HE terc-0yrui rpyne. [lopea Tora, peakTHBHOCT KOMILJIEKCA yMambyje
U HMHIA30JHMH-2-MMUHO TIpyla ca jaKuM eJICKTPOH-IOHOPCKMM KamanuTeToM. Mamba
peaxtuBrOocT Komruiekca [(TL®Y)PtCI]* y ommocy na xommiexe [Pt(tpdm)CI]* omucana je y

nornassby 3.1.
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3.3. Pe3yJTaTH MCNUTHBAKHA KHHETHKE M MEXaHM3MAa CYNCTUTYHHMOHHUX peakuuja
auaykJeapaux kommiekca Pt(l1), nmaksa Ptla, Pt2a u Pt3a u quxaopumo Ptl, Pt2 n

Pt3, ca 1,2,4-tpuazonom, L-His u 5’-IMP

CyncTuTyIMOHe peakiije UCIUTHBAHUX JuHYyKiIeapHux komiuiekca Pt(ll) ca Guosoniku
BaxHMM N-moHOpckuM nuranauma: 1,2,4-rpuazonom, L-His u 5’-IMP usyuaBane cy Uv-Vis
cnektpodoToMerpujcku, TmpahewmeM mnpomeHe amcopOaHIle Yy (QYHKUMJU BpeMeHa Ha
oxrosapajyhum tamacHuM ayxuHama. CBe peakiije Cy M3ydaBaHe Kao peakije pseudo-mpsor
pena Ha Ttemmeparypu onx 310 K, ¢ tum mTo cy peakuuje komrmuiekca Ptla u Ptl ca
1,2,4-TpuazonoM npoydaBaHe u Ha Temmeparypama ox 288 K n 298 K.

CrpykTypHe (popMylle UCTIMTHBAHUX JUTaHaaa npukasaHe cy Ha Cmmkama 3.5. u 3.9., a

CTPYKTYpHE opMylie HCIUTHBAaHUX KoMIulekca Ha Cnukama 3.10. u 3.11.

N 1“\ 5
o
(

1,2,4-tpuazon

Cnuka 3.9. Cmpykmypna ¢hopmyna ucnumusanoe aueanoa 1,2,4-mpuazona.
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4+
NH;

NH;

[{trans-PtNH3),(H20)}o(u-mupasun)]** (Ptla)

NHj

/

\
\

NH;

4+
NH3

NH;

[{trans-Pt(NHs3)2(H20) }2(u-4,4’-6ummpumnm)] * (Pt2a)

NHs

/

H,0—Pt— N

NH;

4+
NH;

N —Pt—OH,

\ /

NH;

[{trans-Pt(NHs3)2(H20)}2(u-1,2-bis(4-mupummn)eran)]** (Pt3a)

Cnuka 3.10. Cmpykmypue ¢popmyne ucnumueanux komniexca.
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N_Tt_CI (C|O4)2

NH; NH;

[{trans-PtCI(N H3)2}2(,u-HI/Ipa31/IH)](C|O4)2 (Ptl)

NH3

Cl—Pt— N

NH3

2 YWaNNi
\ / |

NH3

(CIO4)2* DMF

[{trans-PtCI(NH3)2}2(u-4,4’-6unupuaun)](ClO,4), - DMF (Pt2)

NH;

NH;

— ’ ’
Cl_lt_ N/ \J—<\:/>N Fl’t cl
' < - > NH;

(C|o4)

[{trans-PtCI(NH3)2}2(u-1,2-bis(4-nupumun)eran) |(ClO,4), (Pt3)

Cnuka 3.11. Cmpykmypue ¢popmyne uchumueanux KomMniekca.
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CyrncTuTynoHe peakifje OBUX KoMIuIeKca Mory ja ce npukaxy Lllemom 3.3.

NH; NH;

X— Pt—L—Pt—X

NH, NH,
Nu
5 [
X
NH, NH3

Nu— Pt—L—Pt—X

NH; NH;
Nu
k_2 %
X

Nu— Pt—|—Pt—Nu

NH3 NH3

X =H,0, CI
Nu = 1,2,4-tpuazomn, L-His, 5’-IMP
L = Iupasun; 4,4’-6unupuani; 1,2-bis(4-nupuamn)eran

Hlema 3.3. Cyncmumyyuone peaxyuje ucnumueanux ounykneapnux komniexca Pt(Il) ca

N-donopckum Hyxneoguiuma.
CyInCTUTYIIOHE peakiije UCIUTHBAHUX TuHyKIeapHux komiuiekca Pt(Il) omBujajy ce y

JiBa KOpaka KOJU 3aBHUCE O]l KOHIEHTpaluje Hykieopuia, a OKapakTepucaHe Cy KOHCTaHTama

Op3uHe peakiiyje Apyror penaa, Ki u Ko, Ilema 3.3.
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3.3.1. Pe3yaraTy HCHUTHBAKA KHHETHKE U MEXaHU3MAa CYNCTUTYIHOHUX peaKiuja
JAUHYKJeapHHX JHaKBa KoMmIuiekca Ptla, Pt2a u Pt3a ca 1,2,4-tpua3zonom, L-His n

5’-IMP

Peaknuje nquakBa aunykieapaux komriekca Pt(Il), Ptla, Pt2a u Pt3a, uzydaBane cy Ha
pH = 2,5 y Bomenom pactopy 0,01 M NaClO4 Ilpu oBoj pH BpeaHocTH HCIHUTHBAHH
KOMIUIEKCH TI0CTOJ€ y TMaKBa 06n1/11<y.[121]

JloOujeHe koHcTaHTe Op3uHe peakiuje Pseudo-mpBor peaa, Kopsar ¥ Kobsaz, ¥ QyHKIHjH 011
YKYITHE KOHIIeHTpaIje Hykieoduia, onucane cy jenHaunnama (3.3.1.1) u (3.3.1.2). 13 naru6a
NOOMjeHnX JIMHEApHUX 3aBHUCHOCTH ojnpel)yjy ce koHcTtanTe Ki U Kp, Koje KapakTepuIry Iyt

JTUPEKTHE HYKJIEO(QUIHE CYINCTUTYIMjE€ MOJIeKyla BOJA€ HYKIEOopHIOM, TOK Ce€ M3 OJceuKa

onpelyjy korcrante K u K, koje kapakTepuiny peakiujy ananuje (Illema 3.3).

Kobsd1 = kl[NU] +kq (3.3.1.1)

Kobsdz = K2[Nu] + k- (3.3.1.2)

ExcriepuMeHTaIHO JOOHMjeHH PE3yATaTH 3aBHUCHOCTH Kopsq1t M Kopsgz OJ1 KOHIICHTpAIHje
HyKjIeoduia npukazanu ¢y Ha Couru 3.12.

W3pauyHate BpeAHOCTH 3a KOHCTaHTe Op3uHE apyror pena, Ki u Ky CyInCTUTYIHOHHX
peaknmja auHyKIeapHux amakBa kommuiekca Pt(ll)  ca  N-moHOpckMM  IMraHapMa:

1,2,4-tpuazonom, L- His u 5’-IMP, nare cy y Tabenu 3.4.
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Ptla
30 3 . 18
103k, /s 4 -1 1,2,4-
obsd1! npeu Kopak 12, 4-Tpuason ] 10%Kgpsd2ls dpyau Kopak TPHA30JL
25
14 -
20 A 12 A
10 A
15 1
8 .
10 1 6
L-His
5 1 4
5-IMP 5"-IMP
x 2 1
0 10°[L]/M 103[LIM
0 : : : : :
0 . 2 3 4 5 6 0 1 2 3 4 5 6
Pt2a
10 3 T 77 . 7
9 | 10%opsa/s” npeu Kopak S TPIASOS 10*Kopsda/s™ Apyau kopak 1,2,4-Tpuasos
6 4
g |
7 1 5 ]
67 L-His 4 4
5
4 A 3 1
3 1 5 ]
2 "
5-IMP 1]
1
o 103[L}/M 103[L/M
u T T T T 0 T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Pt3a
9 45
3 - 4 -1
o | 10% Kopsqa /st npeu Kopak 10%Kobsdz/s dpyau Kopak 1,2,4-Tpuazon
1,2,4-Tpua3zon 4.0 1
71 35 1
6 30 4
5 1 25
4 2,0 1
3 15
2 ) 1,0 -
L-His
1
; 05 1
o : . oo > \MP 10[L}/M
' ' 10°[L/M 00 ‘ :
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Cnuxka 3.12. Koncmanme 6psune peaxyuje pseudo-npeoe peoa y ¢hynrkyuju 00 konyenmpayuje
HyKeoghuna u memnepamype 3a npéu, Kobsd1, U 3a opyeu, Kopsdz, Kopax cyncmumyyuonux
peakyuja ouaxea komniexca Ptla, Pt2a u Pt3a ca 1,2,4-mpuazonom, L-His u 5°-IMP na

pH =25y 0,01 M NaClO4 na 310 K.
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Tabena 3.4. Koncrante Op3uHE Ipyror peaa M aKTUBALMOHM HapaMeTpH CYNCTHUTYIHOHUX

peaknuja auakBa komiuiekca Ptla, Pt2a um Pt3a ca 1,2,4-tpuazonom, L-His u 5’-IMP Ha

pH=2,5 y0,01 M NaClO, na 310 K.

KOMNJIeKC Ptla
- A 107K 10%k4 AH ASy”

[nm]  [M*sh] [s1] [kJ mol™] [JK™mol™]
1,2,4-triazole 315 45040 0,047 60 £ 2 -39+5
L-His 327 149+38 0,026 - -
5’-IMP 327 25%2 0,009 - -

Opyeu Kopax 10%k; 10%k, AH, AS,”
[M*s™] [s7] [kJ mol™] [JK*mol™]
1,2,4-triazole 202 0,043 82+2 -55+6
L-His 4,2+0,4 0,018 - -
5’-IMP 2,7+0,1 0,006 - -
KOMNJIeKC Pt2a
A 107k 10% 4 AHY ASy”
npeu Kopak 1.1 1 1 A -l
[nm]  [M™s7] [s7] [kJ mol™] [JK"mol™]
1,2,4-triazole 325 1605 0,001 - -
L-His 329 7247 0,074 - -
5°-IMP 336 11,8+0,8 0,017 - -
10%k; 10%k, AH, AS,”
opyau Kopax 14 L L L L
[M™s™] [s7] [kJ mol™] [JK"mol™]
1,2,4-triazole 9,0+0,8 0,008 - -
L-His 4,0+0,2 0,006 - -
5°-IMP 3,7+0,3 0,004 - -
KOMNJ1eKc Pt3a
A 10%k 10%k 4 AH;* ASy”
npeu Kopax 1.1 1 -1 -1 -1

[nm]  [M™s7] [s7] [kJ mol™] [JK"mol™]

1,2,4-triazole 240 104 +4 0,132 - -

L-His 263 13,6+0,8 0,013 - -

5°-IMP 351 11+0,1 0,015 - -
10%k; 10%k, AH, AS,”

opyau Kopak L4 L L L
[M™s™7] [s7] [kJ mol™] [JK"mol™~]

1,2,4-triazole 48+0,5 0,012 - -

L-His 1,8+0,1 0,004 - -

5’-IMP 09+0,1 0,004 - -
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Kunernukn momanu w3 Tabeme 3.4. mokasyjy na je 3a o0a peakimmoHa Kopaka pel
PEaKTUBHOCTH McIUTHBaHUX auakBa komiuiekca Pt(Il): Ptla > Pt2a > Pt3a, 3a cBe ucnuruBane
N-moropcke Hykimeodwre. JloOwjeHn pe3yaTraTd Cy y CarjlaCHOCTH ca  paHUjuM

nyOMKanujama. [121]

Kao mro moxe ma ce BUIM, HajpeakTHBHHUjU KoMIuieke je Ptla. Benmka
nabmiHOCT KoMIulekca Ptla Moske 1a ce mpuIMie CMamelhy €IEKTPOHCKE T'yCTHHE Ha jOHY
Pt(11), y3pokoBaHe m-moBpaTHOM JOHAIMjOM MOCTHOT JIMTaH[a nupasuHa. Kao mocieania oBor
nenoBama, Pt(Il) jon y Ptla xommuiekcy mocrtaje eneKTpodUIHUjU, HITO JOBOAH 0 Opsker
Be3uBama ynazHor Hykieoduna. Kommexcu Pt2a u Pt3a pearyjy cmnopuje y omHocy Ha
koMmiiekc Ptla, jep y BHXOBUM CTpyKTypamMa MOCTHH JIMTAHIIU Y3POKY]y Mamy T-TIOBpAaTHY
JOHAIN]Y ¥ Y Mab0j MEPH CMatbyjy €IEKTPOHCKY TycTHHY Ha joHy Pt(l |).[121] V kommiekcy Pt3a
nBa jona Pt(Il) cy HajBuie ymasbeHa, IITO TOBOIM O CMAambCHE CICKTPOHCKE KOMYHHKAIU]E
u3melhy mux y nopehemwy ca untepakumjama y kommiekcuma Ptla u Pt2a (Cnuka 3.10.).

VYnopehuBameM BpeAHOCTH KOHCTAaHTH Op3WMHE peakimje Ipyror pera, MOXe aa ce
3aKJbYYH J1a je pell PEaKTUBHOCTH HCIUTHBaHMX juraHana: 1,2,4-tpuazon > L-His > 5’-IMP.
Hajpeha peaktuBHOCT 1,2,4-TpHazona Moxe Ja ce mnpunuine cTepHoM edekry. Hanme,
1,2,4-tpuazon je HajMamK 0J1 CBUX UcTUTHBAaHUX JuraHaaa (Tabema 3.4. u Cnuka 3.9.).

[To3nato je ma 1,2,4-tpuazon Moxe aa ce koopaunyje 3a komruieke Pt(Il) mpeko atoma
N1, N2 u N4, [122] JIOK XeTepouukiandHu cuctem L-HIiS mocemyje 1Ba KOHKYpeHTHa JOHOPCKa
atoma, N1 u N3. Ha pH = 2,5 nurang 5’-IMP moxe na ce xoopauHyje 3a JAMHYKJICApHU

komruiekc Pt(II) mpeko atoma N7,[83.121]

) [123]

Ipyu 4eMy HacTaje TepMOJMHAMHUYKH CTa0HMIHA Be3a
Pt-N (myxieobaze

N3 Tabene 3.4. Moxe Ja ce BUAM Jia CY Y CBUM HCIHTHBAHUM CHUCTEMHUMa BPEIHOCTH
KOHCTaHTe Op3uHe peakiuje K; Behe oa BpeaHOCTH KOHCTaHTe Op3uHe peakije Ko, Mcnuruanu
JUTaH/I1 Cy jJakd HYKJICOpHIH ca ToOpPUM eIeKTPOH-I0HOPCKUM KalaluTeToOM, 300T yera HaKOH
KOOpMHOBAama MpBor Juranza 3a jenan ox Pt(11) jona, Taj jon nocraje doraruju enekrpornma. C
0031MpOM Ha TO J]a Ce IMPEKO MOCTHOT JIMTaH/Ia OJ[BHja €ICKTPOHCKA KOMYyHUKaIMja u3mely jona
MeTainia, nmoBehame eNeKTpOHCKE T'YyCTHHE Ha jeIHOM jOHY Y3pOKyje moBehame eIeKTPOHCKE
T'YCTHHE U Ha JIpYroM joHy, ynHehu ra Mame elneKTpopUIHUM U Mamke peakTuBHUM. [locnenuna
OBE MHTEpakKIiMje Cy Mame KOHCTaHTe Op3MHE peakiuje 3a APYrd CYNCTUTYLHHOHU KOpaK y

nopehemy ca IpBUM KOPAKOM.
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Jlpyru peakumoHH KOpak CyNCTHUTYHIHOHUX peakuuja uzmehy 5’-IMP u xomriekca Ptla
u Pt2a je oko 8-9 myra cmopuju y OoJHOCY Ha NpPBH PEAKUMOHHM KOopak. MehyTum, KOMIUIEKC
Pt3a nokasyje UCTH pe peakTHBHOCTH 3a 00a CyncTuTynnoHa kopaka. Haume, nBa jona Pt(Il) y
komiuiekcy Pt3a onBojena cy MoctHuM surasaom  1,2-bis(4-nupuann)etaH, Tako Jga je
pactojame u3Mel)y BUX JOBOJHHO BEJHKO JIa cripedr Mel)ycoOHY eIeKTpOHCKY KOMYHUKANH]Y. Y
oBoM KoMmIuiekcy oba jona Pt(II) mokasyjy mcre TepMOAMHAMUYKE M KUHETHYKE OCOOMHE H
MOHAIIaJy c€ MOTIYHO HE3aBUCHO jeAaH of Jpyror. OBe ocoOuMHE AMHYKIEAPHUX KOMILIEKCa
Pt(IT) oGjammene cy y CyNCTUTYITMOHUM peakiidjama ca 5°-GMP. [

[MpoyuaBameM CYNCTUTYIIMOHHMX peaknuja komiuiekca Ptla (ma pH = 25) ca
1,2,4-tprazonioM Ha TPH pa3NIUYHTE TeMIlepaType, oapel)eHH cy aKTHBAIlMOHH MapaMeTpu
(Cruka 3.13.). AxruBarmonn mapamerpu AHi, AHy, AS;” u AS,” wuspauymarm momohy
Ajpunrose (Eyring) jemxnaunse (1.6.5, ogrocHo 1.6.8), matu cy y Tabenu 3.4. CBH aKTHBAIHOHH
napaMeTpH IMojp:KaBajy acolMjaTUBHU MEXaHH3aM 3a CBE CYINCTHTYIHMOHE peakiuje. 3HayajHO
HeraTuBHa EHTPONMja aKTHUBUpama yKazyje Ha TO Ja y HM3ydaBaHUM CHUCTEMHUMA, y MPOLECY
aKTUBUpama, JaKo JOMHUHHUpPA HacTajalkbe Be3e. BpeaHoCT eHTpomnuje akTUBHpama 3a JIPYyru

CYINCTUTYLIMOHU Kopak Beha je y 0JHOCY Ha BpPEJHOCT 3a MPBH KOpaK.

Ha Ciumm 3.13. mpukasan je Ajpunros (Eyring) amjarpam 3a o6a peakiMoHa KOpaka

CYIICTUTYITMOHE peakirje nuakBa komruiekca Ptal ca 1,2,4-tpuazosnom.
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-230

-240 -\.\.\
]
-250 ~
-260 -\'\\\
~ e # 1 1
= -270 4 T B AS=-39+/-5JK" mol
e — #_ 1
§ 280 4 o — AH," =60 +/- 2kJ mol
£ oo ® AS’=-55+-6JK" mol
z AH =82 +/-2kJ mol?
& -300 A
s10{ A A AS "=-120+/-30J K mol”
3204y \\\A\\\\\\ AH_" =58 +/- 9 kJ mol™
I A v AS [ =-217+-103 K mol®
-330 ——— -

T T T T T T T T T
0,00320 0,00325 0,00330 0,00335 0,00340 0,00345 0,00350

AH_" =32 +/-3kJ mol”

UT K]

Cnuka 3.13. Ajpunzos (Eyring) oujacpam 3a 06a peakyuona Kopaxa cyncmumyyuone peaxyuje

ouaxea komnuexca Ptal ca

1,2,4-mpuazonom y 0,01M NaClO4 na pH =2,5u A = 315 nm.
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3.3.2. Pe3yJraTy HCIUTHBakba KHHETHKE U MEXaHM3MA CYNCTUTYHHMOHMX peakiuja
AUHYKJeapHHX TUXJopuao kommiekca Ptl, Pt2 m Pt3 ca 1,2,4-tpuasonom, L-His u

5’-IMP

Peaknumje muxmopuno auaykineapaux komiuiekca Pt(Il), Ptl, Pt2 u Pt3, uzyuaBane cy Ha
pH =7,2 y 25 mM Hepes nydepy u npucycrsy 20 mM NaCl.

CrpykrypHe QopMmyne UCOUTHBAHUX KOMIUIekca mpukazaHe cy Ha Ciuum 3.11. a
CTPYKTypHE OpMyIie UCTTUTUBAHUX JnraHana Ha Cnukama 3.5. u 3.9.

VY mormasipy 3.1. ommcaH je HauWMH OJ[BHjarba CYICTUTYIMOHHUX peEakifja KBaJPaTHO-
MJIaHAPHUX KOMIUIEKca. Y M3ydaBaHUM peakiMjaMa COJIBOJUTUYKU YT j€ Cy30UjeH 10daBameM
20 mM NaCl,™Y na ce peakiuje oJBHjajy MpeMa jeJHaynHaMa Kao IITO je MPUKa3aHO Ha
[lemn 3.3.

JloOujeHe KoHCTaHTE Op3uHE peakirje pPSeudo-mpBor peaa, Kopsdi ¥ Kobsdz, Y PYHKIH]jH 011

YKYITHE KOHIIEHTpaluje Hykieoduia, onucane cy jeqnaunnama (3.3.2.1) u (3.3.2.2)
Kobsar = Ka[CIT + ki[Nu] (3.3.2.1)
Kobsd2 = kz[Cl] + kz[NU] (3.3.2.2)

IIpu ycnoBuma peakmnmje PSeUdO-pBOr pena, KOHCTAaHTE Op3MHE peakiuje Koje
KapaKTepHIy TpOoIeC CYNCTUTYIHjE MOTY Jia C€ OJpeie M3 JIMHEapHE 3aBUCHOCTH KOHCTaHTH
Op3une peakiuje pseudo-mpBor pena, Kobsqr U Kopsdz, O YKYIIHE KOHICHTpamuje Hykjieodua,
npema jeanaunnama (3.3.2.1) u (3.3.2.2). U3 Haruba nobujene mpase oapel)yjy ce koncrante, Ki
u Ky, Koje KapaKTepHuIly MyT AUPEKTHE HYKJICO(UIHE CYIICTUTYIH]E, TOK OJCCUaK MpeaCcTaBba
k1[CI u ko[CIT.

ExcriepuMeHTaNHO J0OUjeHH pe3ynTaTd 3aBUCHOCTH Kopsdi U Kopsd2z OJ1 KOHIIEHTpaliuje
HyKJeoduna npukazanu cy Ha Crnuim 3.14.

W3payynate BpeAHOCTH 3a KOHCTaHTe Op3WHE peakiuje apyror peaa, Ki u ko,
CYIICTUTYIIMOHHUX peaKiuja IuHyKieapHux auxmopumo komruiekca Pt(ll) ca N-moHOpckum

muranauMma: 1,2, 4-rpuazonom, L-His u 5°-IMP natu cy y Tabenu 3.5.
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103k0bsd1/5'1

npeu Kopak

1,2,4-Tpuazon

L-His

1,4

1,2 4

104kobsd2/571

Opyau Kopak

1,2,4-Tpua3zon

l .
L . " P |
o . - - 103[L)/M
) ) ) ’ 103[L)/M 0,0 ; ;
Pt2
3,0 1,0
3 -1 1,2,4- 4] -1
10%Kopsar/s npeuKkopak Tpasos 10%Kopsaz/s dpyau Kopak
25 | 1,2,4-rpua3on
’ 0,8
2,0 1
0,6 1
15 1
0] L-His 04 1
05 A‘///r/ 02 |
5'-IMP
. 103[L}/M
00 N ' ' ' TI°[LM . 0.0 ' '
0 1 2 3 4 5 6 o 1 3 5 6
Pt3
16 1,4
103Kopsqr/s™ 10K gpsg/s™t
npeu Kopak obsd2
1,4 1 P P 1,2,4-Tpuason 12 9pyau kopak
g 1,2,4-rpua3zon
1,2 A
1,0 1
1,0 4
0,8 .
: L-His
08 1 L-His
0,6 1 o8
04 - 04 1
5-IMP
0,2 1 5'-IMP 02 - -
- = > * 103[L]/M
>0 0 1 > 2 4 OLIM 00 ' '
0 1 3 5 6

Cnuka 3.14. Koncmanme 6psune peaxyuje pseudo-npeoe peoa y ghynryuju 00 konyenmpayuje

Hykaeoguna u memnepamype 3a npsu, Kopsai, U 3a opyeu, Kopsdz, KOpak cyncmumyyuoHux

peakyuja ouxaopudo rkomniexca Ptl, Pt2 u Pt3 ca 1,2,4-mpuazonom, L-His u 5°-IMP na

pH = 7,2 (25 mM Hepes nygep), 20 mM NaCl na 310 K.
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Tadena 3.5. Koncrante Op3uHe ApPYror pena M akTHBAIMOHMU IMApaMeTpU CYICTUTYLHOHHX

peaknuja auxiaopuao komiuiekca Ptl, Pt2 u Pt3 ca 1,2,4-tpuazonom, L- His u 5’-IMP Ha
pH =7,2 y 25 mM Hepes nypepy 1 20 mM NaCl na 310 K.

KOMNJIeKC Ptl
A 107K 10%k4[CIT AH ASy”
npeu Kopax 1 1 4 1 1 1 1
nm S s mo mo
[nm]  [M™s7] [M™s™] [kJ mol™] [JK"mol™]
1,2,4-triazole 311 784 0,196 63+2 -42 + 6
L-His 328 10,2+0/4 0,025 - -
5’-IMP 328 42+0,2 0,003 - -
Opyen Kopax 107k, 10%k[CI AH,” ASy”
[M*s™] [M*s] [kJ mol™] [JK*mol™]
1,2,4-triazole 1,7+£0,2 0,002 58 +2 -91+8
L-His 1,22 +0,01 0,002 - -
5’-IMP 0,68 + 0,05 0,001 - -
KOMNJIeKC Pt2
A 10%k 10%k4[CI] AH;” NSy
npeu Kopakxk 1 1 1 1 1 1 1
[nm]  [M™s7] [M™s™] [kJ mol™] [JK™mol™~]
1,2,4-triazole 327 32,608 0,085 - -
L-His 338 7,509 0,05 - -
5’-1IMP 330 10+0,1 0,006 - -
2 2 - # #
Opyeu kopax 10 1(2 . 10 |§2[1C| ] AH, X AS, 1 1
[M™s™] [M™s™] [kJ mol™] [JK"mol™]
1,2,4-triazole 0,99 £ 0,05 0,002 - -
L-His 0,86 £ 0,07 0,002 - -
5’-IMP 0,37 £0,01 0,002 - -
KOMNJ1eKc Pt3
A 10%k 10%k4[CIT] AH,? AS,”
npeu Kopak a1 11 1 1 1
[nm]  [M™s7] [M™s™] [kJ mol™] [JK"mol™]
1,2,4-triazole 246 16,4+0,1 0,026 - -
L-His 285 6,208 0,025 - -
5’-IMP 330 0,68 +£0,08 0,003 - -
Opyen xopa 10%k; 10%, [CI] AH,” AS,”
[M™s?] [M™s?] [kJ mol™] [JK*mol™]
1,2,4-triazole 0,83+0,01 0,002 - -
L-His 0,76 £ 0,02 0,007 - -
5’-IMP 0,10 £0,01 0,002 - -
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YnopehuBameM BpeJHOCTH KOHCTAHTH Op3WHE peakije Qpyror peaa 3a oba peakinuoHa
Kopaka, ki m Ky Moxe ma ce BHOM Ja je pel PEaKTUBHOCTH MCIUTHBAHHX JIMTAHAJA!
1,2,4-tpuazon > L-His > 5’-IMP. JloOujenu pex peakTUBHOCTH MCTH je KAaO M KOJ aHAJIOTHHX
JMaKBa KOMIUIEKca, mTo je objammeno y normasby 3.3.1. VmopehuBamem mobujenux
pesyirara 3a koHcrante Ky u Ko u3 Tabena 3.4. u 3.5., MOXe /1a ce 3aKJbY4H Ja CYy JUXIIOPHJIO
KOMILIEKCH Maibh¢ PEaKTHBHHU O] CBOJUX JIMAKBa aHaiora, jep je moopo mo3Haro aa je Besza Pt-Cl
jaJa oj Be3e pt-0.1121

Kunernukn momamm m3 Tabeme 3.5. mokasyjy Aa je 3a o0a peakioHa KOopaka pej
PEaKTUBHOCTH WCHHUTHBAHHUX TUXJOpUIO KoMmIiuiekca: Ptl > Pt2 > Pt3 3a cBe ucnuTuBaHe
N-noHopcke Hykneodune. OBakaB pel peaKTUBHOCTH OOjallmaBa C€ HAa HAYMH Kao IITO je
OTIHCAHO Y TOTJIaBJby 3.3.1.121

[MpoyuaBameM CYNCTUTYIIMOHMX peaknuja Komimwiekca Ptl (pH = 7,2) ca
1,2,4-Tpra3oyioM Ha TPH pa3IndInuTe TeMiieparype oapelhenu cy aktuannonu napamerpu (Ciauka
3.15.). AkruBammonn mapamerpu AHi", AH,", AS;” u AS,” uspauynatu momohy AjpuHrose
(Eyring) jemnauune (1.6.5, omrocHo 1.6.8) matu cy y Tabenu 3.5. CBU aKTHBAIIMOHH ITapaMeTpH
MOJP>KaBajy acoI[MjaTUBHM MEXaHW3aM 3a CBE CYINCTUTYIIMOHE peakiuje. 3Ha4ajHO HeraTUBHA
SHTPOIMja aKTUBUPamka yKa3yje Ha TO Jla y M3y4aBaHHM CHCTEMHMA, Y TPOIECY aKTHBUPAbA,
Jako JIOMHUHHpa HacTajamke Be3e. BpeaHOCT €HTpomnuje aKkTUBUpama 3a JPYTH CYNCTUTYIIMOHU

Kopak je Beha y olHOCY Ha IIPBU KOpaK.

Ha Cruu 3.15. npukaszan je Ajpunros (Eyring) mujarpam 3a 00a peakinpoHa Kopaka

CYIICTHTYIIMOHE pPeakiuje Tuxiopuao komrmiekca Ptl ca 1,2,4-tpuasosnom.
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Cnuka 3.15. Ajpuncos (Eyring) oujacpam 3a oba peakyuona Kopaka Cyncmumyyuone peaxyuje

ouxnopuoo komniexca Ptl ca 1,2,4-mpuazonom y 25 mM Hepes nygepy, 20 mM NacCl

Y Tabemu 3.6.

CYIICTUTYITMOHE peakiinje ucnuTuBanux komuiekca ca TU u 5°-GMP.

HapH=7,2u A=311nm.

MpHKa3aHe Cy KOHCTaHTe Op3WHE peakluje Jpyror peaa 3a
[L21]
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Ta6esa 3.6. KoncranTte 6p3uHe Ipyror pena CyNCTUTYIIHOHUX PeakKildja TUXIOPHUI0 KOMIUIEKCca

Ptl, Pt2 u Pt3 ca TU u 5’-GMP na pH = 7,2 y 25 mM Hepes nydepy 1 20 mM NaCl na 310 K.

TU 5°-GMP
10%;
KoMnjiekKkc [M-l S-l]
Pt1 156 + 7 8,7+0,6
Pt2 130+ 7 6,1+04
Pt3 80 + 4 1,2+0,1

YnopehuBamem BpemHOCTH 3a KOHCTaHTe Op3uHe y Tabemama 3.5 m 3.6. Moxe ma ce
3aksbyurn ga TU pearyje 5 mo 100 myra Opke y OIHOCY Ha HMCHUTHBaHE N-IOHOPCKE
Hykieodune. [oOujeHn pe3yaTaTH Cy OYEKHWBaHH, jep j€ MO3HATO Ja MOJIEKYJIH KOJU CalpikKe
CyMIIOp MMa]y BEIUKU aQUHUTET IpeMa IUIATHHUA U MOTY Jia Tpajic Beoma CTabuiiHe ese. 2

Ocum Tora, mHTepaknuja komiuiekca Pt(ll) ca Guomonekymnma Koju caapike CyMITOp
MOBE3aHa je ca HETaTUBHHM I0jaBaMa, Kao IITO Cy HEe(MPOTOKCHUYHOCT, TaCTPOMHTECTHHAIHA

TOKCUYHOCT, OTOTOKCUYHOCT, KapJAHOTOKCHYHOCT U HeypoTokcuyHOcT. 5’-GMP pearyje mano

opxe ox 5°-IMP, mTo MoXxe fa ce MpUIUIe CTEPHUM U €IEKTPOHCKUM e(eKThuMa.
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3.4. Pe3yjaraTu MCIUTHBaKa KUHETHKE U MEXaHH3MA CYNCTHUTYHHOHHUX peakiuja
AUHYKJIeapHUX THAKBA KoMIuUlekca Ptda, Pt6a u Pt8a ca S-moHopckum juranguma

L-Cys u GSH u N-gonopckum juranauma 5°-GMP, L-His u nupuannom

CrpykTrypHe ¢opmysie HCIHTHBAHUX KOMIUIEKca mpukasane cy Ha Cmunm 3.16. a

CTPYKTypHE opMyJie HCTUTHBAHUX Juranana Ha Crnukama 3.2., 3.5. u 3.17.

4+
L v
Hzo_ Pt_ NHz(CHz)nNHZ_ Pt_OH2
NH; NH;
, Ptda

4
6, Ptba
8, Pt8a

n
n
n
Cnuka 3.16. Cmpykmypue ¢popmyne ucnumu8arHux KOMnieKcd.

AN

| _—

N
Py (mupuaun)

Cnuka 3.17. Cmpykmypua popmyna ucnumusanoe 1ueanod nupuounda.

Opnabpanu HykiIeo(uiIM Cy rpaJUBHU €IEMEHTH HEKUX OMOMOJIEKYIa U MOTy Jia ce Hal)y

Ha nmyty Metabonu3ma komruiekca Pt(1) mo obosenor TkuBa.
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I'enepanno, mo3Hato je nga kama ce komiuteke Pt(ll) ynece y hemujy, rae je
KOHIIeHTpauyja xjopuaa oko 4 MM, nmonasu 10 XuApOJIU3e KOMIUIEKCa M Tpejacka y akBa
gectuiy.? Y cknany ca TiM 3a n3ydaBarme 1 pasyMeBarbe IpoLieca CyNCTHTYIHjE 01abpaHH Cy
aKBa o0iMIM ITUHYKIeapHux komiuiekca Pt(11).

CymncTutynone peakuuje WCIHTUBAHUX JUHYKiIeapHux Komruiekca Pt(Il) ca

S-noHOpckuM 1 N-TIOHOPCKUM HYKJICO(HIMMa OJIMTPaBajy ce Kao IITo je mpuka3ano Ha Illemu

3.4.

NH; NH,
H,0——Pt—— NH,(CH,),NH,— Pt——OH,
NH; NH,

+2Nu

NH, NH,
Nu—— Pt—— NH,(CH.,),NH,— Pt— Nu

+2H,0
n=4,6,8

Nu = L-Cys , GSH, 5’-GMP, L-His u Py

Hlema 3.4. Cyncmumyyuone peakyuje ucnumusanux ounykieapuux komniexca Pt(Il) ca

S-donopckum u N-donopckum nueanouma.
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[Ipomene amcopbaHile ca BpeMEHOM Ha OJ[roBapajyhoj TalacHOj AYXUHU Yy peaKiHju

koMmruiekca Ptda ca pasnuuntiM KoHIeHTpanrjama guranga GSH, npukazane cy va Courm 3.18.

0.3

0.25

0.2

0.1

0.05 -

t(s)

200 400 600 800 1000 1200 1400

o

Cnuka 3.18. IIpomene ancopbanye y o0peheHom epemerHcKom nepuoody 3a CynCmumyyuoHy
peaxyujy xomnaexca Ptda ca GSH (v pasnuuumom monaprom oonocy o0 1 : 10 0o 1 : 50) na

360nm, T =298 K, 0,1 M NaClO,, pH = 2,5.

3aBHCHOCT KOHCTaHTe Op3uHe peakuuje PSeudo-mpBor peaa, Kopsd, Y QYHKIM]U O yKyIHE
KOHIIEHTpalMje Hyklieoduia onucana je jeanadunom (3.4.1).

Kobsa =k2[NU] + ke (3.4.1)

ExcriepiMeHTaIHO  JOOMjeHH pe3yiTaTd 3aBUCHOCTH  Kopsd OJl  KOHIIGHTpAIlHje

Hykseo¢wuia npukazanu cy Ha Crnukama ox 3.19. no 3.24.
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25 8
102K gpeals? 10%Kgpsals *

2 4 Cys | GSH

05 1

103[GSH]/M

103[Cys]/M

0 1 2 3 4 5 0 2 4 6

Cnuka. 3.19. Koncmanme op3une peaxyuje pseudo-npeoe peoa, Kopsd, y 3a6ucrocmu 00
KOHYenmpayuje Hykieoguna u memnepamype, 3a cyncmumyyuone peaxyuje komniexca Pt4a ca

Cysu GSHy 0,1 M NaClO4 na pH = 2,5.

103k0bsd/5-1 103k0b5d/5'1

103[5'-GMP]/M 103[L-His]/M

0 2 4 6 0 05 1 15 2 25 3 35 4 45 5

45
103k0bsd/sl

NHUPHIUH

15

103[Pyr}/M

0 05 1 15 2 25 3 35 4 45 5

Cnuka. 3.20. Koncmanme 6p3une peaxyuje pseudo-npeoe peoa, Kobsd, ¥ 3a6ucnocmu 00

KOHYenmpayuje Hykneoguna u memnepamype, 3a cyncmumyyuone peakyuje komniexca Ptda ca

5’-GMP, L-His u nupuounom y 0,1 M NaClO4 na pH = 2,5.
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20 2
103k0b5d/S'1 102k0bsd/3-1

16 16

Cys

12 12

103[Cys]/M 103[GSH}/M

0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 4,5 5

Cnuka. 3.21. Koncmanme op3une peaxyuje pSeudo-npeoe peoa, Kopsd, y 3a6ucrocmu 00

KOHYenmpayuje Hykieoguna u memnepamype, 3a cyncmumyyuone peakyuje komniexca Ptba ca

Cysu GSH y 0,1 M NaClO4 na pH = 2,5.

12 8
10%Kgpsq/st 308K 103Kgpsalst

103[L-His)/M

103[5'-GMP]/M

0 2 4 6 0 2 4 6

10%K gpeals?

MUAPHIHH

103[Pyr]/M

0 2 4 6

Cnuka. 3.22. Koncmanme 6p3une peaxyuje pseudo-npeoe peoa, Kopsd, y 3a6ucrnocmu 00
KOHYenmpayuje Hykieoguna u memnepamype, 3a cyncmumyyuone peakyuje komniexca Ptba ca

5’-GMP, L-His u nupuounom y 0,1 M NaClO4 na pH = 2,5.
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102K gpsqlst 102K gpsalst
55

L-Cys 2 GSH
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35 1
05

103[L-Cys)/M 103[GSH]/M

25
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Cnuxa 3.23. Koncmanme 6p3une peaxyuje pseudo-npeoez peoa, Kopsd, ¥ 3a6ucnocmu 00
KOHYenmpayuje Hykieoguna u memnepamype, 3a cyncmumyyuone peakyuje komniexca Pt8a ca

Cysu GSH y 0,1 M NaClO4 na pH = 2,5.

16 16

103K gpsa/s™ 208K 103K gpsa/S L

12 4

12

103[5'-GMP]/M 103[L-His]/M

0 1 2 3 4 5 6 0 2 4 6

103K gpsal/st

7 NHPHIUH

103[Pyr]/M

Cnuxka 3.24. Koncmanme 6psune peaxyuje pseudo-npsoe peoa, Kobsd, ¥ 3a6uchocmu 00

KOHYenmpayuje Hykneoguna u memnepamype, 3a cyncmumyyuone peakyuje komniexca Pt8a ca

5’-GMP, L-His u nupuournom y 0,1 M NaClO4 na pH = 2,5.
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[Momanu cy u3pauyHaTH Kao eKCIIOHEHIHjaTHa (QyHKIHja APYror peaa npemMa jeAHaYuHu
(3.4.1), y x0joj je ca k; obenexxeHa KOHCTaHTa Op3WHE AMPEKTHE peakiuje, a ca K, KOHCTaHTa

Op3uHe peakiyje ananuje, npema lllemu 3.4.

VY Tabenu 3.7. matu cy noOMjeHU pe3yNTaTH 3a KOHCTAHTE OpP3MHE CYNCTHUTYITUMOHHUX
peakiyja TUHYKJICApHUX IrakBa komruiekca Pt4a, Pt6a u Pt8a ca S-moHopckum nuranmuma:

L-Cys u GSH u N-nonopckum muranmuma: 5°-GMP, L-His u mupuiHOM.
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Pesynraru u quckycuja pesyiarara

Tabena 3.7. Koncranre Op3uHe Opyror peia CyncTUTYIHMOHUX peakiuja Komruiekca Ptda, Pt6a

u Pt8 ca omabpanum N-monopckum u S-poHopckum jmranauma y 0,1 M NaClO, Ha

pH = 2,5.
KoMnaeKxc Pt4a
3
AUSAHOU A T k12 1 10_1( 2
[nm] [K] [M™s™] [s7]
L-Cys 355 298 K 3,2+04 0,62 +0,01
GSH 360 298 K 1,2+0,1 0,30 +£ 0,04
5'-GMP 350 298 K 0,96 + 0,07 0,51 +0,02
L-His 240 298 K 0,95 + 0,07 26+0,2
Py 224 298 K 0,80 + 0,03 0,05 +0,01
KoMnjaeKc Pt6a
3
AUSAHOU M T klz 1 10_1( 2
[nm] [K] [M™s™] [s7]
L-Cys 260 298 K 3,4+04 1,3+0,1
GSH 360 298 K 3,37 £ 0,04 15+0,1
308 K 1,7+£0,1 1,1+0,2
5'-GMP 315 298 K 1,3+0,2 0,56 £ 0,01
288 K 0,85+ 0,04 0,46 £ 0,01
L-His 310 298 K 1,1+£0,1 0,20 £ 0,01
Py 274 298 K 1,00 £ 0,07 0,33+0,01
Komniekc Pt8a
3
AUSAHOU A T k12 1 10_1( 2
[nm] [K] [M™s™] [s7]
L-Cys 260 298 K 48+0,1 285+0,5
GSH 243 298 K 3,47 £ 0,03 0,010+ 0,001
308 K 2,10 £ 0,08 1,3+0,2
5'-GMP 310 298 K 1,71 +£0,08 0,60 £ 0,01
288 K 1,32 £ 0,04 0,10 £ 0,01
L-His 255 298 K 15+0,2 5,0+0,6
Py 277 298 K 0,93 +0,03 1,98 + 0,08
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VY cBuM cityyajeBUMa JI00OMjeHE Cy Malie BPEAHOCTH 3a KOHCTaHTe K, mTO yKasyje aa
pacTBapay He MOKe €(PEeKTHBHO J1a CYIICTUTYHUIIIE KOOPMHOBAHH HYKJIEO (.

[Ipoy4yaBameM cyncTUTYIHOHUX peakuuja ca 5’-GMP Ha Tpu pasznuuute Temmeparype
(288 K, 298 K u 308 K), oxpehenu cy axkrupauuonu napamerpu AH,” m AS,” Ha ocHOBY
Ajpunrose (Eyring) jennauune (1.6.5, ogrocno 1.6.8), Ta6ena 3.8.

Ta6ena 3.8. AKTUBaIIMOHM TTApaMETPH CYNICTUTYIIMOHUX peaknrja komruiekca Ptba u Pt8a
ca 5’-GMP y 0,1 M NaClO, na pH = 2,5.

Komniekc Ptba
AH, AS,” AH-," AS-7
[kdmol™] [JK*mol™] [kJmol™] [JK*mol™]
5-GMP 2+4 -180 + 10 20+ 1 -166 + 4
Komniekc Pt8a
AH, AS, AH-," AS-y
[kimol?] [JK mol™] [kdmol™] [JK™mol™]
5-GMP 14 +1 -206 + 3 91+2 -40+6

Cyncrutynmone peaknuje auHykieapaux komruiekca Pt(Il) oaBujajy ce y nBa y3actomHa
KOpaka, Kao WITO MOXe Ia Ce BHAM W3 JHTEPAaTypHHX momaraka.’ 211212l v nppoy
CYICTUTYLIMOHOM KOPaKy JI0JIa3W J0 CYINCTHTYIIH]E jeTHOT JIAOMIIHOT JIMTaHja (XJIOpuia WM
BOJIC) U3 KOOPJIUHALIMOHE chepe KOMILIEKCa, JIOK C€ Y IPYroM CYICTUTYIIMOHOM KOPaKy OJBHja

. 85,121,125,126
CYNCTHTYIHMja Apyror mabmmHor mrama.l ]

Y u3y4aBaHHM CYNCTUTYLIHOHUM
peakiujamMa TMpPBU CYNCTUTYUHMOHH Kopak je Op3 (500-1000 cexkynau) u mpencTaBiba

CYIICTUTYIIM]y 00a nabunHa monekyna Boae, Cnuka 3.25.
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Cnuka 3.25. [Ipomena ancopbanye ca 6pemeHom 3a Cyncmumyyuony peakyujy komniexca Ptoa

(1x 10* M) ca 5*-GMP (4 x 10 M) na 315 nm, T = 298 K, 0,1 M NaClOs, pH = 2,5.

JIpyru CyNCTUTYIIMOHH KOpaK ce 3HaTHO criopuje oasHja (120-180 MunyTa), mto MoKe
Ja ce TPUIUIIE JISKOMIO3UIMJU JUHYKICApHUX KOMIUIEKca Yycien jakor trans-edekra
koopauHoBaHuxX Hykieoduna (Illema 3.4.), mTo je, Takohe, y CKjIaay ca JHMTEPATYpPHHUM
1o tarma, 15355 56.64.107-109]

bynyhu nma cy cBe CyNCTHTYyIMOHE peakluje Ipoy4aBaHe KiacuaHoM UV-Vis
CHeKTpo(OTOMETPHUjOM, JICTEKTOBAaH j€ caMoO jeJaH KOpakK peakiuje, KOJju IMpeacTaBba
CYIICTUTYIM]y 00a nabunHa nuranja, [lema 3.4.

W3 Tab6ene 3.7. Mmoxe 1a ce BUaH aa ¢y N-1oHOpcKH quranad 5°-GMP, L-His u nupuaun
7I00pH yia3HH JMTaHIM 3a MPOIeC CYNCTUTYIHje AuHykiaeapuux komiuiekca Pt(I1). Ha ocHoBy
BPEIHOCTH KOHCTaHTe Op3MHE 3a AUPEKTHY PEeaKilnjy CYICTUTYIH]e, Ko, MOXe /1a ce 3aKJbydH Jia
je 3a cBa TpHM HCIUTHBaHAa KOMIUIEKCA pell PEaKTHBHOCTH juraHama: 5°-GMP > L-His >
TTUPUIVH.

Melytum, pasznuke y BpeAHOCTHMa KOHCTaHTe Op3uHe Ko 3a peakiuje N-ITOHOpPCKHX

nuraHaza Hucy Benuke. KoHcTanTa Op3uHE 3a CYyNCTUTYLMOHY peakuujy komiuiekca Pt4a ca
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5"-GMP je ko, = 0,96 M?s™ 1ok je 3a cyncruryumoHny peakiujy xomiuiekca Ptda ca L-His
ko = 0,95 Ms™. OakBa pasnika y peakTHBHOCTH MOYXe Ja C¢ NPHITHIIE YHIbCHAL 1a Cy CBa
Tpu N-goHOpCKa JMranjga xerepouukinu. [lupuamn nma Bpeanoct pKa = 5,25, a umugazon y
L-His uma pKa = 6,0, nox nypun y mosekyny 5’-GMP wuma pKa = 6,2. Ha ocuoBy pKa
BPEIHOCTH MOXe Ja ce BuM aa je 5’-GMP Hajjaua 6a3a u HajO0IBM HYKIICO(DHIT, a MaJie pa3lIuKe
y J00MjeHMM KOHCTaHTamMa Op3WHE Cy, YIPaBo, IMOCIEIWIIAa MaJle pasiuke y O0a3HOCTH
HyKJIeopuia.

Jlobujenn pe3ydaTaTH TOKazyjy Ja MCHUTUBAHM KOMIUIEKCH JIAaKO pearyjy ca
S-nmoHopcknm muranauMa. Mcnmrusanu smranau L-Cys u GSH pearyjy Opxe on N-moHOpCcKux
nuraHazaa, oko 3 10 4 myra, Tabena 3.7. OBakBU pe3yiATaTH Cy CACBUM OYEKHMBaHH, Jep j€ T00po
no3Haro ga Pt(l1) uma Benuku ahuHHUTET MpeMa jeUbEBbIMa Koja caapiKe CyMIToP.

AHamM30M KOHCTaHTH Op3WHA peakifje CYICTUTYIHje MOXKe Ja Ce 3aKbydd Ja
PEaKTHBHOCT KOMIUIEKCA 3aBUCH OJI CTPYKTYpE alKaHAMAMHUHCKHX MOCTHHUX JHraHana. Hanwme,
pel peakKTHBHOCTH UCTIMTUBAHKMX KoMIuiekca je: Pt8a > Pt6a > Pt4a. HajpeakTHBHU]H KOMILIIEKC
jé OHaj KOju CcaapXH ajJKaHIAWAMHHCKM MOCTHHM JHUTaHa 1,8-IMaMHUHOOKTaH, a HajMambe
peaKkTHBaH OHAj KOJU CaP KU MOCTHH JInraH/ 1,4-auaMuHOOyTaH.

®apen (Farell) u capaguuim mounm cy 10 3aKjbydka jJa ce u3Meljy 1Ba joHa MeTana y
MYJITUHYKJIEADHUM KOMIUIEKCMMa Hehe OCTBapUTHU €NeKTPOHCKa KOMYHHKaIMja YKOJIHKO Ce
n3Mely BUX HaJla3u yrJbOBOJIOHWYHHU JIaHall osipehene z[ym/IHe.[67'69‘7‘71'76‘103] Ha ocnHoBy npyrux
JTUTEepaTypHUX IojaTaka MmoTBpheHo je ma ce u3mely aBa joHa MeTalia, KOju Cy OJBOJEHH HU30M
KOJU caipXu 6 U BUILIE aTOMa yrJbeHHKa, Hehe OCTBapUTH eNeKTPOHCKAa KOMYHUKallja U OHU he
ce  TMOHAamlaTU  HE3aBMCHO Tj. Kao  JIB€  [O3UTUBHO  HaeJEeKTpUCAaHE  Tpyme
[Pt(NHa)2(NH,R)OH,] 2" [£5:121:125-128]

Haume, ny:xuna anudaruysor gaHma o 2-6 yribeHIKOBUX aToMa yTHYE Ha €JIEKTPOHCKY
KOMYHHKAIHjy u3Mel)y joHa Merana, mTO KOJ UCIUTUBAHUX KOMIUIEKCA IOBOAU JI0 CMamheHmha
PEaKTUBHOCTH y mopehemy ca MOHOHYKJIeapHUM KOMILIeKcuMa. MehyTuM, Koa AMHYKIeapHUX
KOMILJIEKCA KOjU caJipke aaudaTHUHU JIaHall JyKU 01 6 yrIbeHUKOBUX aToOMa, MOTIIYHO IIpecTaje
€JIIEKTPOHCKAa KOMYHHUKalrja u3Mel)y joHa MeTana, Tako Ja JAUHYKJICAPHU KOMIUIEKC MOMpHMa
KapakTepUCTUKE MOHOHYKJeapHoTr. Ha Temespy Tora, ouekyje ce Hajseha pEaKkTUBHOCT

komIuiekca Pt8a, a HajMama peakTUBHOCT KoMIiekca Pt4a.
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3AK/bYYAK

Ha ocHoBy nmoOujeHuX pe3ynrara y OKBHPY OBE JOKTOPCKE IWCEpTaIfje MOTY Ja ce

u3Beny caeaehu 3akibydiiu:

1. Pesynmamu ucnumueara KuHEeMUKe U MEXAHU3MA CYHCHIUMYUUOHUX
peaxyuja  [(TL®Y)PtCI]CIO, u [Pt(tpdm)CI]CI komnaexca ca S-Met-L-Cys,
L-Met, GSH u L-Cys

v

<

<

WcnutBann MoHOHyKieapHu komiwiekcn Pt(ll) mokasyjy Benuku aduHHTET
nmpema ojabpaHuM S-moHOpckuM JsmmraHauMa  (S-Met-L-Cys, L-Met, GSH wu
L-Cys).

Kommexke [Pt(tpdm)CI]* je peaxruBruju y ogsocy Ha kommiexe [(TL®Y)PtCI]*
Penocnen PEaKTUBHOCTH ACITUTUBAHUX JIMragaaa je: S-Met-L-Cys
> |L-Met > GSH > L-Cys.

Tuoetpu S-Met-L-Cys u L-Met, peakruBauju cy ox trona, GSH u L-Cys

Peakumje oBa xBa crepHo 3amruhena kommiekca Pt(I), ([(TL®Y)PtCI]" wu
[Pt(tpdm)CI]"), ca McnuTHBAHMM IHMTaHAMMA, TEKy IO ACOIMATHBHOM MEXaHH3MY,

IOTO IIoApKaBa HEraTUBHA BPEAHOCT 3a ASi

2. Pesynmamu ucnumuearba KuHeMUKe U MEXAHUIMA CYRCHMUMYUUOHUX
peaxyuja  [(TL®Y)PICIICIO, u [Pt(tpdm)CI]CI komnaexca ca L-His, Ino,
5’-GMP u 5°-IMP

v

HcnutuBanu MoHonykieapuu komiutekcu Pt(1l) mokasyjy Benuku adunuTeT mpema

omabpanum N-monopckum suranauma (L-His, Ino, 5°-GMP u 5°-1IMP).
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v

Penocnen peaktuBHOCTM McnuTHBaHUX jauraHaga je: L-His > Ino > 5-GMP >

5’-IMP.

HeraruBra Bpemmoct 3a AS™ ykasyje ma peaxiuje oBa aBa crepHO 3amrrulicHa
xommrekca Pt(Il), ([(TL®Y)PtCI]" u [Pt(tpdm)CI]*), ca mcnmTHBaHEM nuraHmmma,

TEKY 110 aCOIMjaTUBHOM MEXaHU3MY.

3. Pe3lemamu ucnumuearbd KuUHeémuKe u mexanuma cyncmumyuuonux

peaxyuja ounyKkneaprhux ouxaopuoo komnaekca Ptl, Pt2 u Pt3, u muxoseux ouaxea

ananoza Ptla, Pt2a u Pt3a, ca 1,2,4-mpuazonom, L-His u 5’-IMP

v

Pemocnen peakTUBHOCTH WCNUTHBAHUX JUHYKJIeapHHX Komruiekca Pt(ll) y
peakiyjama CyICTUTYIMje onaaa y Husy: Ptl > Pt2 > Pt3.

[Ipupoga MOCTHOT JIMTaHJA WMa BEJIMKH YTHIA] HA PEAKTHBHOCT H3ydaBaHUX
JTUHYKIICAPHUX KOMIUIEKCA.

WcnutuBanu auHykiaeapHd guakBa komruiekcu Pt(ll) mokazamm cy Behy
peaktuBHOCT Ha PH = 2,5 y mopehemy ca peakTuBHOmNY HBHUXOBUX TUXIIOPHIO
aHajora Ha pH = 7,2,

PeakTHBHOCT WMCIUTHBAHUX JIMTaHaga omaga y Hu3y: 1,2, 4-tpmason > L-His >
5’-IMP.

Heratusne BpegHocTH 3a AS” ykasyjy Ja ce mpolec CylnCTHTYIHje OBHX KOMILIEKCA

0JIBHja MO aCOIMjaTUBHOM MEXaHU3MY y 00a peakimoHa Kopaka.

4, Pe3yﬂmamu ucnumuearnad KUuHemuke uU mexaHuma cyncmumyuuonux

peaxkyuja OunykieapHux ouaxea Komniexca Ptda, Ptéa u Pt8a ca L-His, Ino,

nupuounom u 5’-GMP, kao u ca L-Cys, u GSH

v

Pemocnen peakTHBHOCTM HMCHOUTHUBAHUX JAWHYKIeapHux komiuiekca Pt(ll) vy

peaknMjama CyncTuTyuuje onajga y Huzy: Pt8a > Pt6a > Pt4a.
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V' JloGujenn pe3yiTaTH MOKa3yjy Aa HPUPOAA YIA3HOT JMIAHAa, Ko M AyKHHA
QIKaHIMAMUHCKOT MOCTa, UIpa BaXHY YIOTY Yy KHHETHYKOM I[OHALIABkY
nuHykineapHux komruiekca Pt(Il).

v Pej peakTHBHOCTH MCHHTHBAaHMX JuraHana je cnexehu: L-Cys > GSH > 5°-GMP >
L-His > nupunun

v\ Pex peakTHBHOCTH yIa3sHMX JuraHana je takas ga L-Cys u GSH, kao S-moHOpcKu
nurana, pearyjy opke ox 5-GMP, L-His u nwupumuna, xao N-moHOpCKHX
JUTaHa/a.

v\ MexaHu3aM CYINCTHTYLMOHMX peakiHja je acOlMjaTHBaH, ITO je mnoTBpheHo

HeraTHBHOM BpenHomhy 3a ASY,

Pesynratn u3yuaBama peaknuja MOHOGYHKIHOHATHUX KoMmiuiekca Pt(ll) ca wHepTHHM
TPHUIICHTATHUM JIMTaHMMa, KOJH HE MOTY IIOKa3UBaTH aHTUTYMOPCKY aKTHBHOCT, KOPUCHH CY 3a
pa3yMeBame MPBOT peakiuoHor Kopaka komiuiekca Pt(ll) ca OnosomKKM BaXKHUM MOJICKYITUMA.
Takole, 0B1 KOMIUIEKCH Cy JOOPH MOJEIH 32 U3y4aBame CYNCTUTYIIMOHUX PeaKilhja KBaIpaTHO-
TUTAHAPHUX KOMIUIEKCA.

Pesyntatn poOujeHn y OKBHpPY OBE JOKTOPCKE MAWCEpTalHje IOMpPUHOCE O0JheM
pasyMeBamy MeXaHHM3Ma WHTepakiuje auHykiacapuux komiuiekca Pt(I1) ca N-moHOpckuM u
S-ZIOHOpPCKKMM JIMTaHIuMa 1 oMoryhaBajy 00Jbe pa3ymMeBame yTUIlaja MOCTHHX JUraHaaa usmely
nBa jona Pt(ll) ma mexanmsam merabosm3ma ruiaTuHe. Takole, 0BO HCTpaKMBambe MOXKE JATH
JOTIPHHOC Y PacBEeTJbaBalky yTHUIIAja JTY)KUHE alKaHIMAMUHCKOT JIaHIA, KA0 MOCTHOT JINTAaH[a,
Ha PEaKTHUBHOCT JUHYKJICAPHUX KOMILIEKCA.

OcuM HaBeIEHOT, pa3ylTaTH OBHUX HCIMTHUBakba MOTY Jia I[OMOTHY IpH HU300py
onrosapajyhux KoMIUIeKca 3a Jlajba TECTHPambA.

JletraJbHO TIO3HaBamke MHTEpakiMja wu3Mel)y KOMIUIEKCa TpeliasHuX MeTana |
OMOMOJICKYJIa, Ka0 U CTA0MIIHOCTH HACTAIMX MPOU3BOA, O] PA3IMYUTUM CKCIICPUMEHTAITHUM
yclI0BMMa, 0J1 (yHIAMEHTAIHOT je 3Hauyaja 3a Oynyha ucTpaxuBama HOBUX (apMaKOJIOIIKHUX

cpeacraBa u OTKpI/Iha AJITCPHATUBHUX TIOCTYIIdAKa JICUCHA TyYMOpaA.

|92



Enuca CenmumoBuh JIokTopcka te3a | Jluteparypa

[1]
[2]
[3]
[4]

[5]
[6]
[7]
[8]

[9]

[10]

[11]
[12]

[13]

[14]

[15]
[16]

JINMTEPATYPA

B. Rosenberg and L. V. Camp, Nature, 1965, 205, 698.

B. Rosenberg, L. V. Camp, J. E. Trosko and V. H. Mansour, Nature, 1969, 222, 385.

B. Rosenberg and L. V. Camp, Canc. Res., 1970, 30, 1799.

B. Rosenberg, L. V. Camp, E. B. Grimley and A. J.Thomson, J. Biol. Chem., 1967, 242,
1347.

E. Alessio, in Bioinorganic Medicinal Chemistry, Wiley-VCH, Weinheim, 2011, ch. 1-4.
P. E. N. Barry and J. Peter Sadler, Chem. Commun., 2013, 49, 5106.

N. Farrell and Y. Qu, Inorg. Chem., 1989, 28, 3416.

J. W. Cox, S. J. Berners-Price, M. S. Davies, Y. Qu and N. Farrell, J. Am. Chem. Soc.,
2001, 123, 1316.

A. Mukherjee and J. Peter Sadler, in Metals in Medicine, Therapeutic Agents, Wiley
Encyclopedia of Chemical Biology, Ed., T. P. Begley, John Wiley & Sons, Hoboken,
2009, vol. 3, pp. 80.

P. Caravan, in Metals in Medicine, Imaging Agents, Wiley Encyclopedia of Chemical
Biology, Ed., T. P. Begley, John Wiley & Sons, Hoboken, 2009, vol. 3, pp. 66.

P. Faller and C. Hureau, Chem.—Eur. J., 2012, 18, 15910.

N. J. Farrer and J. P. Sadler, in Bioinorganic Medicinal Chemistry, Ed., E. Alessio,
Wiley-VCH Verlag GmbH & Co. KGaA, 2011, pp. 1.

N. Farrell, T. G. Appleton, Y. Qu, J. D. Roberts, A. P. S. Fontes, K. A. Skov, P. Wu and
Y. Zou, Biochemistry, 1995, 34, 15480.

S. J. Berners-Price, M. S. Davies, J. W. Cox, D. S. Thomas and N. Farrell, Chem.—Eur.
J., 2003, 9, 713.

N. P. Farrell, S. G. De Almeida and K. A. Skov, J. Am. Chem. Soc., 1988, 110, 5018.

C. Sessa, G. Capri, L. Gianni, F. Peccatori, G. Grasselli, J. Bauer, M. Zucchetti,
L. Vigano, A. Gatti, C. Minoia, P. Liati, S. Van den Bosch, A. Bernareggi, G. Camboni
and S. Marsoni, Ann. Oncol., 2000, 11, 977.

|93



Enuca CenmumoBuh JIokTopcka te3a | Jluteparypa

[17]

[18]

[19]

[20]
[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]

C. Manzotti, G. Pratesi, E. Menta, R. D. Domenico, E. Cavalletti, H. H. Fiebig,
L. R. Kelland, N. Farrell, D. Polizzi, R. Supino, G. Pezzoni and F. Zunino, Clin. Cancer
Res., 2000, 6, 2626.

G. Pratesi, P. Perego, D. Polizzi, S. C. Righetti, R. Supino, C. Caserini, C. Manzotti,
F. C. Giuliani, G. Pezzoni, S. Tognrella, S. Spinelli, N. Farrell and F. Zunino,
Br. J. Cancer, 1999, 80, 1912.

F. Wang, H. Chen, S. Parsons, I. D. H. Oswald, J. E. Davidson and P. J. Sadler,
Chem.—Eur. J., 2003, 9, 5810.

A. Bergamo and G. Sava, Dalton Trans., 2007, 1267.

C. G. Hartinger, M. A. Jakupec, S. Zorbas-Seifried, M. Groessl, A. Egger, W. Berger,
H. Zorbas, P. J. Dyson and B. K. Keppler, Chem. Biodiversity, 2008, 5, 2140.

L. Ronconi and J. P. Sadler, Coord. Chem. Rev.,2007, 251,1633.

Z. E. Housecroft and A. G. Sharp, in Inorganic Chemistry, Essex, England, 2001, ch. 6,
19.

R. V. Parish, B. P. Howe, J. P. Wright, J. Mack, R. G. Pritchard, R. G. Buckley,
A. M. Elsome and S. P. Fricker, Inorg. Chem., 1996, 35, 1659.

R. G. Buckley, A. M. Elsome, S. P. Fricker, G. R. Henderson, B. R. Theobald,
R. V. Parish, B. P. Howe and L. R. Kelland, J. Med. Chem., 1996, 39, 5208.

P. D. Braddock, T. A. Connors, M. Jones, A. R. Khokhar, D. H. Melzack and
M. L. Tobe, Chem.-Biol. Interact., 1975, 11, 145.

V. H. Bramwell, D. Crowther, S. O’Malley, R. Swindell, R. Johnson, E. H. Cooper,
N. Thatcher and A. Howell, Cancer Treat. Rep., 1985, 69, 409.

P. D. Bonomi, D. M. Finkelstein, J. C. Ruckdeschel, R. H. Blum, M. D. Green,
B. Mason, R. Hahn, D. C. Tormey, J. Harris and R. Comis, J. Clin. Oncol., 1989, 7, 1602.
R. J. Schilder, F. P. LaCreta, R. P. Perez, S. W. Johnson, J. M. Brennan, A. Rogatko,
S. Nash, C. McAleer, T. C. Hamilton and D. Roby, Cancer Res., 1994, 54, 709.

J. P. Sadler, in Metals in medicine., University Science Books, 2007, pp. 95.

T.W. Hambley, Science, 2007, 318, 1392.

R. B. Weiss and M. C. Christian, Drugs, 1993, 46, 360.

B. Lippert, in Cisplatin, Chemistry and Biochemistry of Leading Antitumor Drugs,
Wiley-VCH, Zuruch, 1999, pp. 183.

| 94



Enuca CenmumoBuh JIokTopcka te3a | Jluteparypa

[34]
[35]
[36]

[37]

[38]
[39]

[40]
[41]

[42]
[43]
[44]
[45]
[46]

[47]

[48]
[49]

[50]
[51]
[52]
[53]

[54]
[55]

M. A. Fuertes, C. Alonso and J. M. Perez, Chem. Rev., 2003, 103, 3.

J. Reedijk, Chem. Rev., 1999, 99, 2499.

M. A. Jakupec, M. Galanski and B. K. Keppler, Rev. Phys. Biochem. Pharm., 2003, 146,
1.

J. Kozelka, F. Legendre, F. Reeder and J. C. Chottard, Coord. Chem. Rev., 1999, 190-
192, 61.

J. Reedijk, Eur. J. Inorg. Chem., 2009, 1303.

M. A. Jakupec, M. Galanski, V. B. Arion, C. G. Hartinger and B. K. Keppler, Dalton
Trans., 2008, 183-194.

T. Soldatovi¢ and Z. D. Bugar¢i¢, J. Inorg. Biochem., 2005, 99, 1472.

A. Hofmann, D. Jaganyi, O. Q. Munro, G. Liierh and R. Van Eldik, Inorg. Chem. 2003,
42, 1688.

D. Jaganyi, A. Hofmann and R. van Eldik, Angew. Chem. Int. Ed. Engl., 2001, 40, 1680.
B. V. Petrovié, M. 1. Puran and Z. D. Bugar¢i¢, Met-Based Drugs, 1999, 6, 355.

N. M. Kosti¢, Inorg. Chem. Comm., 1988, 8, 137.

7. D. Bugarci¢, B. V. Pordevi¢ and M. 1. Puran, J. Serb. Chem. Soc., 1997, 62, 1031.

M. Casumano, M. L. Di Pietro, A. Giannetto and P. A. Vainiglia, J. Inorg. Biochem.,
2005, 99, 560.

7. D. Bugar¢i¢, J. Rosié, B. Petrovié, N. Summa, R. Puchta and R. van Eldik, J. Biolog.
Inorg. Chem., 2007, 12, 1141.

7. D. Bugar¢i¢, G. Liehr and R. van Eldik, Dalton Trans., 2002, 2825.

B. Petrovi¢, Z. D. Bugar¢ié, A. Dees, |. Ivanovi¢-Burmazovi¢, F. W. Heinemann,
R. Puchta, S. N. Steinmann, C. Corminboeuf and R. van Eldik, Inorg. Chem., 2012, 51,
1516.

E. L. M. Lampers, K. Inakagi and J. Reedijk, Inorg. Chim. Acta, 1988, 152, 201.

M. 1. Buran, E. L. M. Lampers and J. Reedijk, Inorg. Chem.,1991, 30, 2648.

N. Bose, S. Moghaddas, E. L. Weaver and E. H. Cox, Inorg. Chem., 1995, 34, 5878.

J. M. Tauben, M. Rodrugez, I. Zubiri and J. Reedijk, J. Chem. Soc. Dalton Trans., 2000,
369.

K. Lemma, S. K. C. Elmroth and L. I. Elding, J. Chem. Soc. Dalton Trans., 2002, 1281.
B. Petrovi¢ and Z. D. Bugarci¢, J. Coord. Chem., 2001, 53, 35.

| 95



Enuca CenmumoBuh JIokTopcka te3a | Jluteparypa

[56]
[57]
[58]
[59]

[60]

[61]
[62]
[63]

[64]
[65]
[66]
[67]
[68]

[69]
[70]
[71]

[72]
[73]
[74]
[75]

[76]

[77]

7. D. Bugar¢i¢ and B. V. Pordevié, Monatsh. Chem., 1998, 129, 1267.

A. K. Fazlur-Rahman and J. G. Verkade, Inorg. Chem., 1992, 31, 2064.

L. M. Lampers and J. Reedijk, Inorg. Chem., 1990, 29, 217.

K. J. Barnham, M. 1. PBuran, P. S. Murdoch and P. J. Sadler, J. Chem. Soc., Chem.
Comm., 1994, 721.

Y. Chen, Z. Guo, P. S. Murdoch, E. Zang and P. J. Sadler, J. Chem. Soc., Dalton Trans.,
1998, 1503.

M. I. Buran and S. U. Milinkovi¢, Aust. J. Chem., 2000, 53, 645.

J. Arpalahti and P. Lehikonen, Inorg. Chem., 1990, 29, 2564-2567.

S. S. G. E. van Boom, B. W. Chen, J. M. Tauben and J. Reedijk, Inorg. Chem., 1999, 38,
1450.

7. D. Bugaréi¢, F. W. Heinemann and R. van Eldik, Dalton Trans., 2004, 279.

H. Sigel, S. S. Massoud and N. A. Corfu, J. Am. Chem. Soc., 1994, 116, 2958.

N. Bose, S. Moghaddas, E. L. Weaver and E. H. Cox, Inorg. Chem., 1995, 34, 5878.

N. Farrell, Comments Inorg. Chem., 1995, 16, 373.

V. Brabec, J. Kasparkova, O. Vrana, O. Novakova, J. W. Cox, Y. Qu and N. Farrell,
Biochemistry, 1999, 38, 6781.

Y. Qu and N. Farrell, J. Am. Chem. Soc., 1991, 113, 4851.

N. Farrell, Y. Qu, L. Feng and B. van Houten, Biochemistry, 1990, 29, 9522.

J. W. Cox, S. J. Berners-Price, M. S. Davies, Y. Qu and N. Farrell, J. Am. Chem. Soc.,
2001, 123, 1316.

V. Brabec and J. Kasparova, Drug Resist. Updates, 2005, 8, 131.

N. Farrell, S. G. de Almeida and K. A. Skov, J. Am. Chem. Soc., 1988, 110, 5018.

N. Farrell, Y. Qu and M. P. Hacker, J. Med. Chem., 1990, 33, 2179.

J. D. Roberts, B. van Houten, Y. Qu and N. P. Farrell, Nucleic Acids Res., 1989, 17,
9719.
A. Kraker, W. Elliott, B. van Houten, N. Farrell, J. Hoeschele and J. Roberts, J. Inorg.
Biochem., 1989, 36, 160.
A. Mambanda, D. Jaganyi, S. Hochreuther and R. van Eldik, Dalton Trans., 2010, 39,
3595.

| 96



Enuca CenmumoBuh JIokTopcka te3a | Jluteparypa

[78]

[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]

[89]
[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]
[99]

G. Bogdanovi¢, V. Koji¢, T. Srdi¢, D. Jakimov, M. Djuran, 7. D. Burgarci¢, M. Balti¢
and V. V. Baldi¢, Metal-Based Drugs, 2002, 9, 33.

Q. Liu, Y. Qu, R. van Antwerpen and N. Farrell, Biochemistry, 2006, 45, 4248.

N. Summa, J. Maigut, R. Puchta and R. van Eldik, Inorg. Chem., 2007, 46, 2094.

M. E. Oehlsen, Y. Qu and N. Farrell, Inorg. Chem., 2003, 42, 5498.

M. E. Oehlsen, A. Hegmans, Y. Qu and N. Farrell, J. Biol. Inorg. Chem., 2005, 10, 433.
H. Ertirk, J. Maigut, R. Puchta and R. van Eldik, Dalton Trans., 2008, 2759.

Y. Qu and N. Farrell, J. Am. Chem. Soc., 1991, 113, 4851.

S. Hochreuther, R. Puchta and R. van Eldik, Inorg. Chem., 2011, 50, 8984.

S. Hochreuther, R. Puchta and R. van Eldik, Inorg. Chem., 2012, 51, 3341.

S. Hochreuther and R. van EIldik, Inorg. Chem., 2012, 51, 3025.

J. Reedijk, Chem. Commun., 1996, 801; J. H. Burchenal, K. Kalaher, K. Dew,
L. Lokys and G. Gale, Biochimie, 1978, 60, 961.

S. Hochreuther, R. Puchta and R. van Eldik, Inorg. Chem., 2011, 50, 12747.

S. Asperger, in Chemical Kinetics and Inorganic Reaction Mechanisms, 2" Ed., Plemium
Publishers, New York, 2003, ch. 2.

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

M. L. Tobe and J. Burgess, in Inorganic Reaction Mechanism, Longman, England, 1999,
p. 70; p. 364.

7. D. Bugaréié, in Kinetika i Mehanizam Supstitucionih Reakcija, PMF Kragujevac,
1996, pp. 12-32.

I. Gal, in Mehanizmi Neorganskih Reakcija, Nau¢na knjiga, 1979, ch. 2, 3.

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

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

M. Kotowski and R. van Eldik, in Inorganic High Pressure Chemistry, Kinetics and
Mechanism, Ed., R. van Eldik, Elsevier, Amsterdam, 1986, ch. 1, 3, 4.

R. van Eldik, T. Asano and W. J. Le Noble, Chem. Rev., 1989, 59, 93.

M. Burovié, J. Bogojeski, B. Petrovi¢, D. Petrovi¢, F. W. Heinemann and 7. D. Bugarcic,
Polyhedron, 2012, 41, 70.

| 97



Enuca CenmumoBuh JIokTopcka te3a | Jluteparypa

[100]

[101]
[102]

[103]
[104]

[105]
[106]
[107]

[108]
[109]
[110]

[111]

[112]
[113]

[114]
[115]
[116]
[117]

[118]
[119]
[120]

D. Petrovi¢, L. M. R. Hill, P. G. Jones, W.B. Tolman and M. Tamm, Dalton Trans.,
2008, 887.

A. N. Vedernikov, J. C. Huffman and K. G. Caulton, Inorg. Chem., 2002, 41, 6244.

S. Komeda, G. V. Kalayda, M. Lutz, A. L. Spek, Y. Yamanaka, T. Sato, M. Chikuma
and J. Reedijk, J. Med. Chem., 2003, 46, 1210.

N. Farrell, Qu Y, L. Feng and B. Houten, Biochemistry, 1990, 29, 9522,

T. G. Appleton, J. R. Hall, S. F. Ralph and C. S. M. Thompson, Inorg. Chem., 1984, 23,
3521.

A. R. Khokhar, Q. Xu, S. Al-Baker and J. L. Bear, Inorg. Chim. Acta, 1992, 194, 243.
B. Petrovié and Z. D. Bugaréi¢, Aust. J. Chem. 2005, 58, 544.

G. Annibale, L. Cattalini, L. Canovese, G. Michelon, G. Marangoni and M. L. Tobe,
Inorg. Chem. 1983, 22, 975.

T. Shiand L. I. Elding, Inorg. Chem. 1996, 35, 735.

7. D. Bugar¢ié, G. Liehr and R. van Eldik, J. Chem. Soc. Dalton Trans. 2002, 951.

V. Vasié, M. Cakar, J. Savi¢, B. Petrovi¢, J. Nadeljkovi¢ and Z. D. Bugar¢ié, Polyhedron
2003, 22, 279.

J. Bogojeski, R. Jeli¢, D. Petrovi¢, E. Herdtweck, P. G. Jones, M. Tamm and
7. D. Bugar¢ié, Dalton Trans. 2011, 40, 6515.

M. Perutz, Nature, 1970, 228, 726.

J. A. Tainer, E. D. Getzoff, K. M. Beem, J. S. Richardson and D. C. Richardson,
J. Mol. Biol., 1982, 160, 181.

J. Arpalahti and B. Lippert, Inorg. Chem., 1990, 29, 104.

J. P. Caradonna and S.J. Lippard, Inorg. Chem., 27, 1454,

M. Mikola, K. D. Kilika and J. Arpalahti, Chem. Eur. J., 2000, 3404.

7. D. Bugaréi¢, T. Soldatovié, R. Jeli¢, B. Alguero and A. Grandas, Dalton Trans.,
2004, 3869.

T. Rau and R. van Eldik , Inorg. Chem., 1997, 36, 1454.

F. F. Prinsloo, J. J. Pienaar and R. van Eldik , J. Chem. Soc. Dalton Trans., 1995, 2564.
D. Petrovi¢, B. Stojimirovi¢, B. Petrovi¢, Z. M. Bugar¢i¢ and Z. D. Bugar¢ié, Bioorgan.
Med. Chem., 2007, 15, 4203.

|98



Enuca CenmumoBuh JIokTopcka te3a | Jluteparypa

[121]

[122]
[123]

[124]

[125]
[126]
[127]
[128]

T. Soldatovié, S. Jovanovié, Z. D. Bugar¢i¢ and R. van Eldik, Dalton Trans., 2012, 41,
876.

J. Rosi¢, B. Petrovi¢, M. 1. Djuran and 7. D. Bugarci¢, Monatsh. Chem., 2007, 138, 1.

7. D. Bugaréi¢, J. Bogojeski, B. Petrovi¢, S. Hochreuther and R. van Eldik , Dalton
Trans., 2012, 41, 12329.

N. Summa, W. Schiessl, R. Puchta, N. van Eikema Hommes and R. van Eldik , Inorg.
Chem., 2006, 45, 2948.

H. Ertirk, A. Hofmann, R. Puchta and R. van Eldik, Dalton Trans., 2007, 2295.

H. Ertirk, R. Puchta and R. van Eldik, Eur. J. Inorg. Chem., 2009, 1331.

D. Jaganyi, V. M. Munisamy and D. Reddy, Int. J. Chem. Kinet., 2006, 38, 202.

P. O. Ongoma and D. Jaganyi, Trans. Met. Chem., 2013, 38, 587.

|99



Enuca CenmumoBuh JIOKTOpcka Te3a | buorpadwuja

BUOT'PA®UIA

Enuca Cemumosuh pohena je 05.07.1972. rommne y Cjenunu. OCHOBHY IIKOJTY
3agpumiia je y Kmagaunm, a cpeawy y Cjenurn. OCHOBHE akaJeMCKe CTyAWje ymucaia je
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Kao mpodecop xemuje pammna je ox 01.09.1997. no 31.12.2009. rogune y Byxumy y
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mikosicke 2010/2011. roauue Ha ITpupoaHO-MaTEMaTHIKOM
tdakynrery y Kparyjesiy.

baBu ce WcIUTHBamEM HMHTEpaKIMja MOHOHYKIICAPHUX U

nuHyKIeapaux komiurekca Pt(11) ca 6uonmomku 3HauajHIM

JMragauma.
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Introduction

The interactions between platinum(Il) and sulfur-bonding
nucleophiles could be very important since some platinum(II)
complexes are used as anticancer drugs.!'™ The use of
platinum(II) complexes as anticancer drugs has been limited by
toxicity and side effects that cause interactions between plati-
num(Il) complexes and sulfur-bonding biomolecules.!
Lately, investigations were undertaken in an attempt to obtain a
better understanding of the interactions between different
platinum(II) complexes and some sulfur-bonding ligands,
especially thiols and thioethers.[*™'!]

Platinum(II) as a ‘soft’ acid forms very stable compounds
with sulfur donors (‘soft’ bases). Since the concentration of
thiols, including glutathione (GSH) and L-cysteine, in intra-
cellular liquid is ~10 mM, it is assumed that most of the Pt drug
binds to sulfur before it reaches the DNA.!'>'%13] The interac-
tion of Pt"' complexes with thioethers is the kinetically favoured
process. The resulting Pt—S(thioether) bond may be terminated
in the presence of DNA, i.e. the N7 atom of 5-GMP can
substitute the molecule of thioether.’®!%!* For these reasons,
S-bound Pt" complexes are so-called Pt-reservoirs in the body,
i.e. they are suitable intermediates in the reaction of Pt" com-
plexes with DNA. However, on the other hand, pt! complexes
can bind to sulfur from thiol molecules and the resulting
Pt—S(thiol) bond is very stable and cannot be easily broken. In
addition, the Pt—S(thioether) bond can be terminated in the
presence of thiol molecules. It can be assumed that compounds

Journal compilation © CSIRO 2013

ofthe type Pt—S(thiol) are responsible for the occurrence of toxic
side effects during the employment of Pt"" complexes as anti-
tumour reagents. The Pt—S(thiol) bond can be broken in the
presence of compounds known as ‘rescue agents’, which are
exclusively S-containing compounds, such as diethyldithio-
carbamate (DEDTC), thiourea (TU), thiosulfate, GSH, cysteine
and biotin.[!

With the aim of extending previous work on complexes
whose structure contained the tridentate ligands, 2,6-bis[(1,3-
di-tert-butylimidazolin-2-imino)methyl]pyridine (TL™") and
terpyridinedimethane (tpdm),!'"'>~'"! a study of complex for-
mation between [(TL™®")PtC1]" and [Pt(tpdm)CI]" and some
thiols and thioethers (Fig. 1.) in aqueous 0.1 M NaClO, solution
in the presence of 10 mM NaCl, to prevent the spontaneous
hydrolysis of the complexes, is reported herein.

Results and Discussion

The substitution reactions of the studied complexes
[(TL™")PtCI]" and [Pt(tpdm)CI]" with S-Met-L-Cys, L-Cys,
GSH and L-Met can be represented by Eqn 1.

[(X)PLCIF + L === [(X)PL" + I (1)

2
X = TL® tpdm
L = S-Met-L-Cys, L-Cys, GSH and L-Met

www.publish.csiro.au/journals/ajc
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Fig. 1.

It is generally known that the substitution reactions of square-
planar complexes proceed according to the two parallel associa-
tive reaction paths.l'® One path involves the rate-determining
formation of the solvento complex followed by rapid substitu-
tion of the coordinated solvent. The other reaction involves
direct nucleophilic attack by the entering ligand. In the present
study, all reactions were performed in the presence of 10 mM
NaCl whereby the solvolysis pathway was suppressed, while the
direct nucleophilic attack proceeded in a reversible manner
(Eqn 1). Under pseudo-first-order conditions, these rate con-
stants can be determined from a plot of the linear dependence
of kopsa versus the total nucleophile concentration, according
to Eqn 2. The slope of the line represents k,, whereas the
intercept represents k_, [C1™]. All kinetic data are summarised
in Tables S1-S6 (Supplementary Material).

The observed pseudo-first order rate constants, kgypgg, as a
function of the total concentration of nucleophile concentration
are described by Eqn 2.

kobsa = k—2 [C17] + &y [L] (2)

Dependences of kqpsq On the nucleophile concentration are
shown in Figs 2 and 3.

For all the studied substitution reactions, the dependences of
kobsa On the nucleophile concentration were linear. The second-
order rate constants k,, characterising the formation of the
product complex, was evaluated from the slopes of the plots
of kopsa versus [nucleophile] (Figs 2 and 3). The use of three
reaction temperatures enabled the determination of the activa-
tion parameters AHZé and AS7 for the forward reactions. The
results are summarised in Table 1.

535

S
N /N\lt/NY}L
&NK | N\)
cl
[(TL™BYPLC*
NH,
S OH

O
S-methyl-L-cysteine (S-Met-L-Cys)

O
L-cysteine (L-Cys)

Structure of studied complexes and ligands.

The kinetic data clearly show that these sulfur-containing
nucleophiles are very good entering ligands for Pt" complexes
(Table 1). The order of reactivity of the studied nucleophiles
was: S-Met-L-Cys > L-Met > GSH > L-Cys. This order of
reactivity is in relation to their electron properties and structures.

From the obtained order of reactivity, it could be concluded
that the thioethers (S-Met-L-Cys and L-Met) were more reactive
than the thiols (GSH and L-Cys). The difference in nucleophi-
licity of the selected thioethers and thiols could be explained by
the positive inductive effect of the methyl group on the sulfur
atom from the thioether. Additionally, this is in agreement with
literature data.l’” "' The influence of different electronic and
steric properties of thiols and thioethers towards Pt and Pd"
complexes were nicely explained.!'”?% The better reactivity of
S-Met-L-Cys than of L-Met towards the studied complexes
could be attributed to the steric effect. Namely, L-Met has one
more —CH, group than S-Met-L-Cys.

The sensitivity of the reaction rate towards the c-donor
properties of the entering ligands is in line with that expected
for an associative mode of activation.

Comparing the values of the rate constants of substitution
reactions of the studied complexes [(TL™®")PtCI]" and
[Pt(tpdm)C1]" with L-Cys and GSH, a higher reactivity of
GSH compared with L-Cys was registered. GSH is a tripeptide
that contains an unusual peptide linkage between the
amine group of L-cysteine (which is attached by a normal
peptide linkage to an L-glycine) and the carboxyl group of the
glutamate side-chain, with an L-cysteine molecule at the
centre. It was assumed that the substitution process was
much slower compared with that of L-cysteine. However, the
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Fig.2. Pseudo-first order rate constants as a function of nucleophile concentration for the substitution reactions of [(TL™®")PtC1]" with S-Met-L-Cys, L-Cys,

GSH and L-Met in 0.1 M NaClO, and 10 mM NacCl.
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Fig. 3. Pseudo-first order rate constants as a function of nucleophile concentration for the substitution reactions of [Pt(tpdm)CI]* with L-Cys and S-Met-

L-Cys in 0.1 M NaClO,4 and 10 mM NaCl.

experimentally obtained values showed a much higher reactiv-
ity of GSH. This was explained by a suitable geometrical
structure of the molecules, in which exposure of the sulfur
atom from the thiol group was observed, making it suitable for
substitution.!'*?""2* Under the employed experimental condi-
tions, the sulfur from the thiol group of GSH is fully depro-
tonated, resulting in a significantly increased nucleophilicity of
the sulfur atoms and therefore higher reactivity. These dis-
crepancies of GSH compared with other thiols were shown in
earlier publications.*'>¥

The studied ligands, S-Met-L-Cys, L-Cys, GSH and L-Met,
undergo deprotonation (S-Met-L-Cys: pK,; = 2.0, pK,» =8.74;
L-Cys: pK,1 = 1.9, pK,, =8.10, pK,3 = 10.1; GSH: pK,; =2.05,
pKa =3.40, pK,3=28.72; L-Met: pK,; =2.28, pK,» =9.21).
Therefore, substitution reactions involving these ligands
represent complex processes consisting of a series of reactions,
as shown in Scheme 1 for the thiols and Scheme 2 for the
thioethers.

Based on Schemes 1 and 2, it could be concluded that the
substitution process depends on pH. In previous studies,** it



Kinetic Studies

537

Table 1. Rate constants and activation parameters for the substitution reactions of [(TL®")PtCl]* and [Pt(tpdm)CI]*
complexes with S-Met-L-Cys, L-Cys, GSH and L-Met in 0.1 M NaClO,4 and 10 mM NaCl

T [K] 102k, M~ 's71] kL [CIT M 's™Y] AHZ [kJmol '] ASF [JK 'mol™']
[(TL®YptC*
S-Met-L-Cys 288.0 3240.1 (34+0.1)10°*
298.0 8.7+0.3 (4.13+0.20)10 94+0.3 —263+1
308.0 12.5+0.1 (1.34£0.20)10>
GSH 298.0 3.8+0.4 (1.02+0.20)102
L-Cys 288.0 23403 (8.13£0.50)10~*
298.0 2.0+0.1 (2.25+0.20)10 3 48+£13 —1204+40
308.0 1.740.1 (4.44+£0.20)10 2
L-Met 298.0 59+0.1 (5.01+0.10)10 2
[Pt(tpdm)C1]*
S-Met-L-Cys 298.0 12.1£0.2 (8.4+0.1)10 2
GSH* 298.0 1.794+0.01 (5.2+£0.8)103 48 +4 —118+13
L-Cys 288.0 2.92+0.10 (1.6+0.8)1072 301 —185+3
298.0 45403 (2.2+0.3)102
308.0 7.04+0.30 (2.8i0.2)1072
L-Met* 298.0 6.21£0.05 (9.9+0.3)10° 31+£3 —~164+9
ARef. [11].
. ky From Table 1, it can be seen that the second order rate
+  HSCH,CH(NH;)COOH T constants, k,, for the studied reactions of the complexes,
ﬂ Kat [(TL™")PtCI]" and [Pt(tpdm)CI]", are higher for the substitu-
. _ ky tion reactions of the [Pt(tpdm)CI]" complex. The low reactivity
* HSCH,CH(NH;)COO of the studied [(TL™*)PtC1] ™ is the result of the bulkiness of the
[(X)PtCI]* ﬂ Kaz Products tert-butyl-groups. In addition, this complex contains bulky
ks imidazolin-2-imine moieties with a strong electron-donating
+ SCH,CH(NH;)COO™ ——> capacity. Hence, the low reactivity of the complex [(TL™")
ﬂ K PtCI]* can be attributed to the both the electronic and structural
Ky properties of this compound.®!
+ “SCH,CH(NH,)COO™ —_— The studied complex [Pt(tpdm)C1]" had almost the same order
of reactivity as the [Pt(dien)CI]" (dien = diethyenetriamine)
Scheme 1. X =TL"™", tpdm. complex (second order rate constant for the reaction between
[Pt(dien)CI]" complex and L-Met at 298 K in 0.1 M NaClO, with
K 10mM NaCl was 6.22 x 10°M~'s™'®)). The [Pt(tpdm)CI]"
+  RSCH,CH(NHj)COOH ——> —] complex is structurally similar to the complex [Pt(terpy)CI]*
ﬂ K, (terpy = 2,2':6/,2"-terpyridine), both of the complexes have three
K pyridine units in the inert ligand, the only difference being that the
[XPCI" +  RSCH,CH(NH;)COO™  —— Products complex with the tpdm ligand has CH, group bridges between
P the adjacent pyridine groups. It is already known that the
ﬂ e [Pt(terpy)Cl]" complex has unusually high reactivity compared
+  RSCH,CH(NH,)COO~ ke ] with many other Pt" complexes.l*®! The high reactivity of the

Scheme 2. X =TL™", tpdm.

was shown that changes in acidity in the pH range from 1 to 6
have little influence on the reaction rate constants. In the present
study, the pH was ~5; hence, in solution, only the dissociation
of the —COOH groups of the studied ligands occurs, which does
not influence the reaction rate, since the thiol and thioether
groups are responsible for complex formation. In the case of
GSH, at the employed pH, both the —COOH and the thiol
groups (pK,, =2.05) are dissociated. The substitution process
with thiols is accompanied by deprotonation of the thiols.
In addition, the transition state is stabilised by the formation
of intramolecular hydrogen bonds involving the proton from the
thiol group.?*2* Thus, the reactions with rate constants /s, k5
and k4 contribute less than 5 % to the overall kinetics, which is
within the limits of error of the kinetics measurements and the
determinations of the activation parameters.

[Pt(terpy)Cl]" complex was explained in earlier studies by the w
back-bonding effect of the aromatic in-plane coordinated pyridine
ligands.[%] However, in the corresponding complex with tpdm
chelate, the pyridine ligands are forced to be out-of-plane with the
metal centre because of the tetrahedral arrangement around the
bridged methylene groups. This should have a significant effect
on its 1 back-bonding ability and its reactivity. This was indeed
found to be the case. The reported crystal structure of the
structurally similar [Pd(tpdm)CI]Cl complex clearly shows
the deviations from the planar arrangement found for the corre-
sponding terpyridine complex.""! DFT calculations were
performed in an effort to account for the orders of magnitude
difference in the reactivity of the tpdm and terpy complexes.!'!!

Conclusions

In conclusion, obtained results show that the substitution reac-
tions of two sterically hindered Pt" complexes ([(TL™®")PtCI]"
and [Pt(tpdm)C1]™) proceed via an associative mechanism, as
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supported by negative values of the entropy of activation. The
studied S-bonding ligands are very good nucleophiles for these
complexes, and the order of reactivity is: S-Met-L-Cys >
L-Met > GSH > L-Cys. The thioethers (S-Met-L-Cys and
L-Met) are more reactive than thiols (GSH and L-Cys). These
results also show that the complex with tpdm ligand is more
reactive than complex with TL™®" ligand.

Experimental
Chemicals and Solutions

S-Methyl-L-cysteine (Sigma), L-cysteine (Acros), glutathione
(Sigma) and L-methionine (Sigma) were used without further
purification. [(TL™®")PtC1]C10, and [Pt(tpdm)CI1]Cl complexes
(where TL™" is 2,6-bis[(1,3-di-tert-butylimidazolin-2-imino)
methyl]pyridine and tpdm is tripyridinedimethane) were pre-
pared according to published procedures.!" !> The preparation
of the ligands TL™" and tpdm was also previously pub-
lished.?”-**) All the other chemicals were of the highest purity
commercially available and were used without further purifi-
cation. Elemental analysis and the '"H NMR spectra of the
complexes were in good agreement with previously obtained
data.['""!31 Ultra-pure water was used in all experiments.
Nucleophile stock solutions were prepared shortly before use.

Instrumentation and Measurements

UV-vis spectra and kinetic traces were recorded on a Perkin-
Elmer Lamda 35 double-beam spectrophotometer in thermo-
stated 1.00cm quartz Suprasil cells. The temperature was
controlled to +0.1°C. The pH of the solution was measured
using a Mettler Delta 350 digital pH meter with a combined
glass electrode. This electrode was calibrated using standard
buffer solutions of pH 4, 7 and 9 obtained from Sigma. '"H NMR
measurements were performed on a Varian Gemini 2000,
200 MHz NMR spectrometer.

Kinetics Measurements

The kinetics of the substitution of the coordinated chloride was
followed spectrophotometrically by following the change in
absorbance at suitable wavelengths as a function of time. The
working wavelengths were determined by recording spectra of
the reaction mixture over the wavelength range 220—450 nm. All
kinetic experiments were performed under pseudo-first-order
conditions, for which the concentration of the nucleophile was
always in at least a 20-fold excess. The reactions were initiated
by mixing 0.5mL of the Pt"" complex solution with 2.5 mL of
thermally equilibrated nucleophile solution in the UV-vis
cuvette, and reactions were followed for at least 8 half-lives. The
observed pseudo-first-order rate constants, kopsg, represent an
average value of four to six independent kinetic runs for each
experimental condition. All substitution reactions were studied
in 0.1 M NaClQOy,4, which was chosen because it is well known
that perchlorate ions do not coordinate to Pt" or Pd" in aqueous
solution.*”) Some of the reactions were studied at three tem-
peratures (288, 298 and 308 K). The experimental data are
summarised in the Supplementary Material (Tables S1-S6). The
values of the constants and other thermodynamic parameters
were determined using the computer programs Microsoft Excel
2007 and OriginPro 8.

Supplementary Material

Observed pseudo-first order rate constants under various
conditions are available as Supplementary Material on the
Journal’s website.
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Abstract The kinetics of the complex formation reactions of
two [(TL®")PtCI]™ and [Pt(tpdm)CI]" complexes (TL™®" =
2,6-bis[(1,3-di-tert-butylimidazolin-2-imino)methyl]pyridine
and tpdm = terpyridinedimethane) with N-donor ligands,
L-histidine (L-His), inosine (Ino), inosine-5-monophos-
phate (5'-IMP) and guanosine-5'-monophosphate (5'-GMP),
were studied. All reactions were studied under pseudo-first-
order conditions as a function of nucleophile concentration
and temperature in aqueous 0.1 M NaClO, solution in the
presence of 10 mM NaCl using variable-temperature Uv—
Vis spectrophotometry. The order of reactivity of the studied
ligands is L-His > Ino > 5’-GMP > 5'-IMP. This order of
reactivity is in relation to their electronic properties and struc-
tures. The mechanism of the substitution reactions is associative
in nature as supported by the negative entropy of activation.

Keywords Pt(II) - Substitution - Kinetics - Mechanism -
Reactivity
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Introduction

Presently, platinum drugs are playing a major role within
established medical treatments of cancer [1-6]. The clini-
cal success of cisplatin has produced an interest in syn-
thesis of structurally different platinum metallodrugs that
might exhibit better cytotoxic properties, hopefully
accompanied by different antitumor specificities. Thus,
various classes of platinum compounds were intensely
investigated during the last decades as potential anticancer
agents. Although the precise mechanism of the antitumor
action of platinum drugs is not completely understood, the
activity has been explained by the interactions between the
complex and DNA primarily by forming bifunctional
adducts [1-6].

Complexes of Pt(Il) with inert tridentate nitrogen-donor
ligands such as diethylenetriamine (dien), bis-(2-pyridyl-
methyl)amine (bpma), 2,2":6',2"-terpyridine (terpy), 2,6-
bis[(1,3-di-tert-butylimidazolin-2-imino)methyl]pyridine
(TL™") and tripyridinedimethane (tpdm) are very useful
models for studying the ligand substitution reactions of
square-planar complexes [7-11]. These complexes are
monofunctional, and they do not show antitumor activity,
but they are very useful for the study of the first step of the
reaction with biologically important molecules. In the
reported studies, there are several different nucleophiles
among which are L-histidine, amino acid, a part of most
proteins and guanosine-5’-monophosphate a fragment of
DNA, the classic targets for Pt(Il) complexes [1-6].

The study of complex formation between [(TLB%PtC1]™
and [Pt(tpdm)CI]" and L-histidine (L-His), inosine (Ino),
inosine-5’-monophosphate  (5-IMP) and guanosine-5'-
monophosphate (5'-GMP) (Fig. 1) in aqueous 0.1 M NaClO,
solution in the presence of 10 mM NaCl is reported herein.
This work is an extension of the previous work on complexes

@ Springer
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whose structures contained the tridentate ligands, TL™®" and

tpdm [11-15].

Results and discussion

The substitution reactions of two different complexes
[(TL™")PtC1]™" and [Pt(tpdm)C1]* with L-His, 5'-GMP, Ino
and 5'-IMP were studied spectrophotometrically in 0.1 M
NaClO,4 to which was added 10 mM NaCl to prevent the
spontaneous hydrolysis of the complexes. These substitu-
tion reactions can be represented by Eq. 1.

[(X)PCI]T + L 11;2 [(X)PL]** + CI™
—2

X = TL™", tpdm, L = L-His, 5-GMP, 5'-IMP and Ino

The observed time trace at suitable wavelengths was
fitted to a one-exponential function as shown in Fig. 2.

It is generally known that substitution reactions of
square-planar complexes proceed according to the two
parallel associative reaction paths [16]. One path involves

(1)

Fig. 1 Structure of studied
complexes and ligands

[Pt(tpdm)CI]*
(0]
N
NH
<1 )
NT >N
(0]
HO 1
(@) _O_|:I>
&
T
Inosine

@ Springer

the rate-determining formation of the solvent complex
followed by rapid substitution of the coordinated solvent.
The other reaction involves a direct nucleophilic attack by
the entering ligand. In the present study, all reactions were
performed in the presence of 10 mM NaCl whereby the
solvolysis pathway was suppressed, while the direct
nucleophilic attack proceeded in a reversible manner
(Equation 1). Under pseudo-first-order conditions, these
rate constants can be determined from a plot of the linear
dependence of kgnsq versus the total nucleophile concen-
tration, according to Eq. (2). The slope of the line repre-
sents k,, whereas the intercept represents k,[Cl™]. All
kinetic data are summarized in Tables S1-S7 (Electronic
Supporting Information, ESI).

The observed pseudo-first-order rate constants, kopsq, as
a function of the total concentration of nucleophile are
described by Eq. (2).

2[CI7] + kp[L] (2)

the dependencies of k,nsq On the nucleophile concentration

are shown in Figs. 3 and 4.
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Fig. 2 Absorbance-time trace recorded for the reaction of
[P(tpdm)CI]* with L-His (3.64 x 1072 M) at 325 nm, T = 298 K
in 0.1 M NaClO4 and 10 mM NaCl

For all the studied substitution reactions, the depen-
dencies of kgnsq On the nucleophile concentration were
linear. The second-order rate constants, k,, characterizing
the formation of the product complex, were evaluated from
the slopes of the plots of ks Versus [nucleophile] (Figs. 3, 4).
The use of three reaction temperatures allowed the deter-
mination of the activation parameters AH3 and AS} for
the forward reactions for the substitution reactions of the
L-His. The results are summarized in Table 1.

Nitrogen-donor ligands L-His, 5'-GMP, Ino and 5'-IMP
according to Table 1 are good entering ligands for Pt(Il)
complexes. From a comparison of the values of the second-
order rate constants for the forward reaction step, k, it can

Fig. 3 Pseudo-first-order rate 4

be concluded that the order of reactivity of the used ligands
is L-His > Ino > 5-GMP > 5-IMP. The heterocyclic
imidazole system in L-His is a bidentate ligand with two
competitive donor atoms N; and Nj3. In biological systems,
there are numerous metalloproteins in which a metal ion is
bound to a histidine imidazole through N; or N3 [17, 18].
The purines, Ino, 5'-IMP and 5’-GMP have two metal ion
binding sites, versus N; and N5, but binding through the N5
position in a neutral or weakly acidic medium has been
verified [19-22].

The kinetic data (Table 1) clearly show that Ino is more
reactive toward the studied complexes than either 5'-IMP
or 5'-GMP, which could be due to a partial pre-association
of the metal complexes with the phosphate groups in 5'-
IMP and 5'-GMP by which the actual substitution process
is slowed down. Such an interaction could be purely
electrostatic in nature and diminishes the effective con-
centration of the phosphate containing nucleophiles. The
order of reactivity of the used ligands is in a good agree-
ment with the results for the same nucleophiles reacting
with [Pt(smc)(H,0),]" (smc = S-methyl-L-cysteine) [23],
[Pd(met)Cl,]* (met = L-methionine) [24] and [Pd(pi-
¢)(H,0),)** (pic = 2-picolylamine) [25]. On the contrary,
in the reactions of [Pt(terpy)(HQO)]2+ with the same
nucleophiles, the most reactive one was 5'-GMP, but in this
case, all reactions were performed at pH = 2.5, so the
phosphate residue on the nucleotide was fully protonated.
In the case of Ino, no phosphate group is present and this
interaction does not occur [8].

On the basis of the data reported in Table 1, the most
reactive N-donor nucleophile is L-histidine. The difference
in the reactivity of the used nucleophiles can be accounted
for in terms of electronic and steric effects. L-His is

constants as a function of 10K gpsafs!

nucleophile concentration for
the substitution reactions of
[(TL®*)PtC1]" with L-His, 5'-

L-His

5
GMP, Ino and 5’-IMP in 0.1 M 2
NaClO,4 and 10 mM NaCl

308K 7 10%kg /st

298K

288K 3

10°5-GMP)/M
0 1 ‘ ‘
0 1 2 3 4 0 0.5 1 1.5 2 25 3 35 4
° 105K gy /st 18
obsa/S ° 10*K psa/s!
8
5'-IMP

6 14 *
4
5 103[InoJ/M 103[5'-IMP)/M

1
0 1 2 3 4 0 0.5 1 1.5 2 2.5 3 35 4
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Fig. 4 Pseudo-first-order rate 25 18
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Table 1 Rate constants and activation parameters for the substitution reactions of [(TL™®")PtC1]* and [Pt(tpdm)CI]" complexes with L-His, 5'-

GMP, Ino and 5-IMP in 0.1 M NaClO, and 10 mM NaCl

[(TL™BptC1)* [Pt(tpdm)CI]*
T(K) 10%k, 10°k,[C17] AHF AS5 10%k, 10’k ,[C17] AHF ASY
M~ ls7! M~ s7! kJmol ! JK 'mol ™! M~ s7! M~ st kKJmol ™! JK 'mol ™!
L-His
288 1.3 4+ 0.04 26+0.1 1.12 £ 0.1 042 + 02
298 2.9 +0.03 129 + 0.1 37 + 1 —166 + 4 3.04 £+ 0.1 1.0 £ 0.2 46 + 1 —135+4
308 3.8 £+ 0.03 177 £ 05 419 £ 0.2 3.39 4+ 0.1
5-GMP
298 1.38 £ 0.05 14+ 0.1 / 1.63 + 0.04° / / /
Ino
298 1.6 £ 02 23402 / 2.0 £ 0.01 8.4 £ 0.03 / /
5'-IMP
298 1.06 + 0.01 10.9 + 0.2 / 1.32 + 0.06 6.63 + 0.1 / /
@ Ref. [11]

sterically the least crowded, and that can be the reason why
the reactions with L-His are fastest.

The complexes [Pt(tpdm)Cl]Jr and [(TL’Bu)PtCI]+ had
almost the same order of reactivity as the [Pt(dien)Cl]"™
(dien = diethylenetriamine) complex (Table 2). On the con-
trary, the complex [Pt(bpma)Cl]t (bpma = bis(2-pyridyl-
methyl)amine) reacts with 5-GMP much faster than the
studied complexes (Table 2). The low reactivity of the com-
plex [(TL™®%)PtCI]™* can be attributed to the structural prop-
erties of this complex, namely this complex in the structure
contains bulky tert-butyl-imidazolin-2-imine moieties. In
addition, this complex contains bulky imidazolin-2-imine
moieties with a strong electron-donating capacity. The reason
for the higher reactivity of the [PtCl(bpma)]* complex and

@ Springer

especially of the [Pt(terpy)CI]* complex is the presence of
pyridine rings in the coordination sphere. This has been studied
in detail for a set of monofunctional Pt(Il) complexes with
tridentate ligands in which the number and position of the
amine and pyridine groups were systematically varied [26].
The presence of m-acceptor ligands promotes the electrophi-
licity of the metal center and thereby the nucleophilic attack
[26, 27]. The complex [Pt(tpdm)CI]* has a three pyridine units
in the inert ligand, but the tpdm ligand has CH, group bridges
between the adjacent pyridine groups. In the complex with
tpdm chelate, the pyridine ligands are forced to be out-of-plane
with the metal center because of the tetrahedral arrangement
around the bridged methylene groups. This has a significant
effect on its m back-bonding ability and its reactivity [11].
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Table 2 Second-order rate constants, k,, for the substitution reac-
tions of series of different [Pt(L)CI]" complexes with 5'-GMP at
298 K

L ko M~ 's™h Ref.

tpdm (1.63 £ 0.04) x 1072 [11]
TL™BY (1.38 £ 0.05) x 1072 This work
dien (191 + 0.06) x 1072 [9]

Terpy (1.98 + 0.08) x 10° [28]
bpma (5.48 £ 0.06) x 1072 [10]

From Table 1, it can be seen that the second-order rate
constants, k,, for the studied reactions of the complexes,
[(TL’B“)PtCI]+ and [Pt(tpdm)Cl]+, are higher for the sub-
stitution reactions of the [Pt(tpdm)Cl]" complex. The
lower reactivity of the studied [(TL™®"PtCI]" is the result
of the greater bulkiness of the this complex.

The temperature dependence of these rate constants for
the reactions with L-His enabled the calculation of the
activation enthalpies and entropies by use of the Eyring
equation. Rate constants and activation parameters derived
from these experiments are summarized in Table 1.

Conclusions

The substitution reactions of two Pt(II) complexes contain-
ing different chelating inert ligands with selected nucleo-
philes were investigated. These results show that the
complex with tpdm ligand reacts faster than the complex
with TL®"ligand, which could be explained by the bulkiness
of the inert TL™" tridentate ligands. The order of reactivity of
entering ligands is L-His>Ino>5-GMP>5'-IMP which is in
correlation with their electronic and structural properties.
The mechanism of the substitution reactions is associative, as
indicated by the negative values of AS™.

Experimental
Chemicals and solutions

Guanosine-5'-monophosphate sodium salt (Acros), L-histi-
dine (Sigma), Inosine (Acros) and Inosine-5'- monophos-
phate disodium salt (Sigma) were used without further
purification. [(TL’B“)PtCI]CIO4 and [Pt(tpdm)CI]Cl com-
plexes (where TLBY is 2,6-bis[(1,3-di-tert-butylimidazolin-
2-imino)methyl]pyridine and tpdm is tripyridinedimethane)
were prepared according to published procedures [11, 13].
The preparation of the ligands TL®" and tpdm was also
previously published [29, 30]. All the other chemicals were
of the highest purity commercially available and were used
without further purification. Elemental analysis and the 'H

NMR spectra of the complexes were in good agreement
with previously obtained data [11, 13]. Ultra-pure water
was used in all experiments. Nucleophile stock solutions
were prepared shortly before use.

Instrumentation and measurements

UV-VIS spectra and kinetic traces were recorded on a
Perkin-Elmer Lambda 35 double-beam spectrophotometer
in thermostated 1.00-cm quartz Suprasil cells. The temper-
ature was controlled to =+ 0.1 °C. The pH of the solution was
measured using a Mettler Delta 350 digital pH meter with a
combined glass electrode. This electrode was calibrated
using standard buffer solutions of pH 4, 7 and 9 obtained
from Sigma. 'H NMR measurements were performed on a
Varian Gemini 2000, 200 MHz NMR spectrometer.

Kinetics measurements

The kinetics of the substitution of the coordinated chloride
was followed spectrophotometrically by following the
change in absorbance at suitable wavelengths as a function of
time. The working wavelengths were determined by record-
ing spectra of the reaction mixture over the wavelength range
220450 nm. All kinetic experiments were performed under
pseudo-first-order conditions, for which the concentration of
the nucleophile was always in at least a 20-fold excess. The
reactions were initiated by mixing 0.5 ml of the Pt(Il) com-
plex solution with 2.5 ml of thermally equilibrated nucleo-
phile solution in the UV-Vis cuvette, and reactions were
followed for at least 8 half-lives. The observed pseudo-first-
order rate constants, kypsq, represent an average value of four
to six independent kinetic runs for each experimental con-
dition. All substitution reactions were studied in 0.1 M
NaClO,, which was chosen because it is well known that
perchlorate ions do not coordinate to Pt(Il) or Pd(Il) in
aqueous solution [31]. Some of the reactions were studied at
three temperatures (288, 298 and 308 K). The experimental
data are summarized in the Electronic Supporting Informa-
tion (Tables S1-S7). The values of the constants and other
thermodynamic parameters were determined using the
computer programs Microsoft Excel 2007 and OriginPro 8.
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Abstract The substitution reactions of dinuclear Pt(II) com-
plexes [{tmns—Pt(NH3)2C1}2(,u-pyrazine)]2+ Pt1), [{trans-
Pt(NH;),Cl}»(u-4,4' -bipyn'dyl)]2+ (Pt2), and [{trans-Pt(NHsz),
Cl}2(,u-1,2-bis(4-pyridyl)ethane)]2+ (Pt3) and their aqua
analogues with nitrogen-donor nucleophiles 1,2,4-triazole,
L-histidine (His), and inosine-5’-monophosphate (5'-IMP)
were studied under pseudo-first-order conditions as a func-
tion of concentration and temperature using UV-Vis spec-
trophotometry. The reactions of the chlorido complexes
were followed in aqueous 25 mM Hepes buffer in the pre-
sence of 20 mM NaCl at pH = 7.2, whilst the reactions of
the aqua complexes were studied at pH 2.5 in 0.01 M Na-
ClO,. Two consecutive reaction steps, which both depend on
the nucleophile concentration, were observed. The order of
reactivity of the investigated complexes is Ptl > Pt2 >
Pt3, and the order of reactivity of the nucleophiles is 1,2,4-
triazole > His > 5'-IMP for both steps. The results indicate
that the bridging ligand has an influence on the reactivity of
the complexes toward nucleophiles.
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article (doi:10.1007/s11243-014-9899-5) contains supplementary
material, which is available to authorized users.
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Introduction

Anticancer drugs such as cisplatin, carboplatin, and oxa-
liplatin are widely used for the treatment of different types
of cancer [1-5]. However, these complexes also show
harmful side effects such as nephrotoxicity, ototoxicity,
neurotoxicity, cardiotoxicity [1-5]. Many studies have
been focused on the search for new classes of platinum
complexes with improved antitumor properties. The third-
generation antitumor complexes such as sterically hindered
and polynuclear Pt(II) complexes, sulfur-containing plati-
num complexes, and orally active Pt(IV) complexes are
now being tested in preclinical trials [6-9].

The development of Pt(II) complexes with more than
one metal center, mainly dinuclear Pt(Il) complexes, star-
ted with the group of N. Farrell [10]. Dinuclear Pt(IT)
complexes form with DNA products that differ signifi-
cantly in structure, sequence specificity, and formation
kinetics from those of cisplatin [11]. The polynuclear Pt(II)
complexes consist of either two or three platinum centers
linked through a flexible bridge such as an aliphatic chain
[12], or a rigid bridge that consists, for example, of azole
moieties [13]. These polynuclear Pt(II) complexes are
sufficiently flexible to provide 1,2-intrastrand cross-links
with a minimal distortion of the DNA [11]. The biological
activity of polynuclear Pt(II) complexes depends on their
geometry and also on the nature of the linkers connecting
the Pt(Il) centers [14-16].

The five-membered azole rings with two or three
nitrogen atoms have been found to be very important in
bioinorganic chemistry. They can inhibit the binding of CO
to the sodium dithionite-reduced ferrous cytochrome and
can affect the activity of reconstituted P-450 by binding to
the cytochrome in a 1:1 stoichiometry [17]. The imidazole
group of L-histidine acts as a ligand in those hemoproteins
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Fig. 2 Structures of the investigated nucleophiles along with the
adopted abbreviations

that are responsible for the uptake of oxygen as well as
electron transfer cytochromes [18].

As an extension of our earlier work with dinuclear Pt(II)
complexes [19], we have carried out a kinetic study of
complex formation between three dinuclear Pt(II)

@ Springer

Scheme 1 X = H,0,Cl™; Nu = NH; NH,
1,2,4-triazole, His, 5’-IMP; L =

pyrazine, 4,4'-bipyridyl, 1,2- X— Pt—[—Pt—X
bis(4-pyridyl)ethane
NH; NH;
Nu
[
X
NH; NH;

Nu—Pt—L—Pt—X

NH; NH;
Nu
k21 L@
X

complexes (Fig. 1) and different nucleophiles (Fig. 2) in
aqueous solution at pH 2.5 and 7.2 using UV-Vis spec-
trophotometry. The results are reported in this paper. Our
aims were to throw more light on the mechanism of
interactions of dinuclear Pt(Il) complexes with N-donor
ligands and also provide a better understanding of the
influence of the bridging ligands on the mechanisms of
platinum metabolism.

Results and discussion

The substitution reactions of dinuclear Pt(II) complexes
with nitrogen-donor nucleophiles were investigated by
UV-Vis spectrophotometry by following the change in
absorbance at suitable wavelengths as a function of time
at 310 K. The proposed reaction pathways for all the
observed substitution processes are presented in
Scheme 1. The substitution reactions of all three dinuclear
Pt(II) complexes proceeded in two successive reaction
steps that were both dependent on the nucleophile
concentration.

Reactions of the diaqua complexes

The substitution reactions of the diaqua complexes were
studied at pH 2.5 (0.01 M NaClQ,). At this pH, the aqua
complexes exist in the diaqua form, based on their pK,
values [19]. The complex formation reactions involve two
reaction steps determined by the second-order rate con-
stants k; and k, [k, and k; for direct substitution of a water
ligand by nucleophile, and k_; and k_, for anation
(Scheme 1)].
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Table 1 Second-order rate constants for the reactions of the diaqua Ptl, Pt2, and Pt3 complexes with 1,2,4-triazole, His, and 5'-IMP at
pH = 2.5 (0.01 M NaClO,) and 310 K

Complex Ptl

First step 102k, M~ 's™h 102 k_; 71 AHY (kJ mol™") ASY (3 K~''mol™"
1,2,4-Triazole 446.5 4+ 37.2 0.047 60 + 2 —3945

His 149.1 + 7.6 0.026 - -

5'-IMP 248 + 1.6 0.009 - -

Second step 10 k, M~1s7h 10 k5 (s7H AHF (k] mol™}) ASF (J K™ ' mol™
1,2,4-Triazole 20.1 + 2.1 0.043 82 + 2 -55+6

His 42404 0.018 - -

5'-IMP 27+ 0.1 0.006 - -

Complex Pt2

First step 102 k; M~ s™h 107 k_, (s7h AHY (kJ mol™h) AST (J K" mol™)
1,2,4-Triazole 159.9 + 44 0.001 - -

His 719 + 7.4 0.074 - -

5'-IMP 11.8 £ 0.8 0.017 - -

Second step 102 k, M~ s7h 10 k5 (s7H AHZ (k] mol™}) AS3 (J K~ ' mol™)
1,2,4-Triazole 9.0+ 0.8 0.008 - -

His 40402 0.006 - -

5'-IMP 37 +03 0.004 - -

Complex Pt3

First step 102 k; M~ s7h 10 k_y (s7H AHY (kJ mol™}) AST (J K™ ' mol™)
1,2,4-Triazole 104.4 + 3.6 0.132 - -

His 13.6 £ 0.8 0.013 - -

5'-IMP 1.1+0.1 0.015 - -

Second step 10k, M~'s7h 10%_, (s7H AHF (k] mol™h) AST (J K" mol™)
1,2,4-Triazole 48 £ 0.5 0.012 - -

His 1.8 + 0.1 0.004 - -

5'-IMP 0.93 + 0.14 0.004 - -

The observed pseudo-first-order rate constants, ks, as a
function of the total concentration of nucleophile are
described by Egs. (1) and (2).

kobst = ki [L] +k_;
kopsz = ka[L] + k_»

(1)
(2)

The obtained rate constants for both reaction steps are

summarized in Table 1.

Figure 3 shows the dependence of k,sq On nucleophile
concentration for the aqua complexes Pt1, Pt2, and Pt3.
The order of reactivity of these diaqua Pt(Il) complexes

for the first and second reaction steps, for all nitrogen-
donor nucleophiles, is Ptl > Pt2 > Pt3. The present
results are in good agreement with those obtained in our
previous studies [19]. The most reactive complex is Ptl

(Table 1), which can be attributed to the decrease in
electron density on the platinum center caused by the -
acceptor ability of the pyrazine ligand. The metal centers in
Pt1 are thus more electrophilic and favor the rapid binding
of the entering nucleophile. Complexes Pt2 and Pt3 react
more slowly because the bridging ligands provide a weaker
1 back-bonding interaction and so increase the electron
density on the metal centers compared to Ptl [19]. In the
Pt3 complex two, the Pt(II) centers are separated by the
greatest distance and there is less electronic communica-
tion between them compared to Pt1 and Pt2 (Fig. 1).
The order of reactivity of the studied nucleophiles is
1,2,4-triazole > His > 5'-IMP. It is known that 1,2 4-tria-
zole can coordinate through N1, N2, and N4 to Pt(I) [20].
L-Histidine has two competing donor atoms N1 and N3 for
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coordination. Under our experimental conditions (pH 2.5),
the 5’-IMP will bind through N7 to the dinuclear Pt(II)
complexes [19, 21], and the resulting Pt-N (nucleobase)
bond is thermodynamically very stable [22]. 1,2,4-Trizole
is the most reactive nucleophile (Table 1, Fig. 3). Its high
reactivity can be attributed to steric effects. Namely, 1,2,4-
triazole is the least sterically hindered among the ligands
studied.

From Table 1, it can be seen that the values for the rate
constant k; are higher than the values for the rate constant
ko in all studied systems. The ligands employed here are
strong nucleophiles with good electron-donating capacity,
so coordination of the first ligand to one of the two Pt(Il)
centers makes this center more electron rich. Since the two
Pt(Il) centers are in electronic communication through the
bridging ligand, increase in electron density on the one
Pt(II) center will cause increase in electron density at the
other Pt(I) center also, making it less electrophilic and less
reactive. The result of this interaction is smaller rate con-
stants for the second substitution step compared to the first.

The second reaction step, for the substitution reaction
between 5'-IMP and complexes Ptl and Pt2, is around 8-9
times slower than the first step. However, complex Pt3

@ Springer

shows the same order of reactivity for both steps. Since the
two Pt(I) centers in the Pt3 complex are separated by the
1,2-bis(4-pyridyl)ethane bridging ligand, the distance
between the two metal centers is sufficient to prevent
electronic communication between them. Hence, in this
complex, the Pt(Il) centers show the same thermodynamic
and kinetic properties and act completely independently of
each other. These properties of dinuclear Pt(Il) complexes
have already been observed in their substitution reactions
with 5'-GMP [21].

Reactions of the dichlorido complexes

The reactions of the dichlorido dinuclear platinum(Il)
complexes were studied at pH 7.2 in 25 mM Hepes buffer
in the presence of 20 mM NaCl [19] at 310 K. All the
substitution processes showed two reaction steps deter-
mined by two second-order rate constants k; and k;
(Scheme 1).

It is known that the substitution reactions of square-
planar metal complexes proceed according to two parallel
pathways [23]. One involves the formation of a solvent-
coordinated complex, followed by rapid substitution of the
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Table 2 Second-order rate constants for the reactions of the dichlorido Pt1, Pt2, and Pt3 complexes with 1,2,4-triazole, His, and 5'-IMP at
pH = 7.2 (25 mM Hepes buffer) in the presence of 20 mM NaCl at 310 K

Complex Ptl

First step 102k, M~ s 10%_, [CITT M~ s7) AH? (k] mol™") ASY (3 K~''mol™"
1,2,4-Triazole 77.9 + 3.7 0.196 63 +2 —42+6

His 102 £+ 0.4 0.025 - -

5'-IMP 42402 0.003 - -

Second step 107 k> (M’1 s7h

10%_, [CIT] M~ s™h

AHZ (k] mol™!) AST (J K™ ' mol™!)

1,2,4-Triazole 1.67 £ 0.16 0.002 58 +£2 —91+8
His 1.22 + 0.01 0.002 - -

5'-IMP 0.68 £ 0.05 0.001 - -

Complex Pt2

First step 102 ky M~ s™h 10%_; [CITT M~ s7h AHY (k] mol™h) AST (J K" mol™)
1,2,4-Triazole 32.6 £ 0.8 0.085 - -

His 75+09 0.050 - -

5'-IMP 1.0+ 0.1 0.006 - -

Second step 107 ko (Mf1 sfl)

10%_, [CIT] M~ s7h)

AH3 (k] mol™}) AS3 (J K™ ' mol™)

1,2,4-Triazole 0.99 + 0.05 0.002 - -
His 0.86 + 0.07 0.002 - -

5'-IMP 0.37 + 0.01 0.002 - -

Complex Pt3

First step 102 k; M7t s™h 10%_; [CITT M~ s™h AHY (kJ mol™h AST (J K™ ' mol™!)
1,2,4-Triazole 16.4 + 0.1 0.026 - -

His 6.2 + 0.8 0.025 - -

5'-IMP 0.68 & 0.08 0.003 - -

Second step 102k, M1 s7H 10%_, [CITT M s AH¥ (k] mol™h) AST (J K™ mol™)
1,2,4-Triazole 0.83 £+ 0.01 0.002 - -

His 0.76 + 0.02 0.007 - -

5'-IMP 0.10 & 0.01 0.002 - -

Table 3 Second-order rate constants for the reactions of the di-
chlorido Ptl, Pt2, and Pt3 complexes with TU and 5-GMP at
pH = 7.2 (25 mM Hepes buffer) in the presence of 20 mM NaCl at
310 K

TU [16] 5'-GMP [16]

ky M s™h kM~ s™h
Complex Ptl 156 &+ 7 8.7 + 0.6
Complex Pt2 130 &= 7 6.1 £04
Complex Pt3 80 + 4 1.2 £ 0.1

coordinated solvent by the entering nucleophile (solvolytic
pathway), while the other involves a direct nucleophilic
attack by the entering nucleophile. The solvolytic pathway
was suppressed through the addition of 20 mM NaCl, and

the reaction goes to equilibrium (Scheme 1). Under
pseudo-first-order conditions, these rate constants can be
determined from a plot of the linear dependence of kgpsq
versus the total nucleophile concentration, according to
Egs. (3) and (4). The slope of the line represents k| or k»,
while the intercept represents k_ [C17] or k_, [C1™]. These
reactions were studied in the presence of a large excess of
CI". The Cl™ dependence of the kinetics has been (rea-
sonably) assumed.

The observed pseudo-first-order rate constants, ks, as a
function of the total concentration of nucleophile are
described by Egs. (3) and (4).

kopst = k_1[C17] + ki [L] (3)
kobs2 = k_2[C1"] + ky[L] (4)
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Table 2 summarizes all the data for the substitution of
dinuclear Pt(IT) complexes by 1,2,4-triazole, histidine, and
inosine-5’-monophosphate. The order of reactivity of the
nucleophiles is  1,2,4-triazole > His > 5'-IMP.  The
obtained order of reactivity is the same as for the aqua
complexes, and the same explanation can be applied.
Comparing the obtained results for k; and k, from Tables 1
and 2, it can be seen that the dichlorido complexes are less
reactive than their diaqua analogues, due to the stronger
Pt—CI bond [19]. Plots of the pseudo-first-order rate con-
stants as a function of the nucleophile concentration for all
these substitution processes are given in Fig. S1.

The order of reactivity of the dichlorido complexes is
Ptl1 > Pt2 > Pt3. Again, similar arguments to those made
above can be used to explain [19].

The activation parameters AH” and AS™ (Tables 1, 2)
were calculated using the Eyring equation for the reactions
with 1,2,4-triazole at pH 2.5 and 7.2 (see Figs. S2 and S3,
Supporting Information). The activation parameters sup-
port an associative mechanism for each of these reactions.

The significantly negative activation entropies suggest
that the activation process in the studied systems is strongly
dominated by bond making. The value of the activation
entropy of the second substitution step is larger than that of
the first.

In Table 3 are shown the second-order rate constants for
substitution reactions of the studied complexes with thiourea
(TU) and guanosine-5'-monophosphate (5'-GMP) [19].

According to the rate constants reported in Tables 2 and 3,
it can be seen that TU reacts faster (5-100 times) than the
presently studied N-donor nucleophiles. These results are
expected since it is known that sulfur-containing molecules
have a high affinity for platinum and can form very stable
bonds [9]. The interaction of Pt(Il) complexes with sulfur-
containing biomolecules has been associated with undesirable
phenomena such as nephrotoxicity, gastrointestinal toxicity,
ototoxicity, cardiotoxicity, and neurotoxicity. Guanosine-5'-
monophosphate, 5'-GMP, reacts somewhat faster than 5'-
IMP, which may be due to steric and electronic effects.

Conclusion

The substitution reactions of dinuclear Pt(II) complexes
with nitrogen-donor ligands 1,2,4-triazole, His, and 5'-IMP
proceed in two successive reaction steps that both depend
on the nucleophile concentration. The most reactive com-
plex is Ptl. The short distance between the two Pt(Il)
centers in this complex allows for electrostatistic interac-
tion between the metal centers, causing an increase in the
electrophilicity of both Pt(Il) centers and higher reactivity
toward nucleophiles. The order of reactivity of these

@ Springer

ligands is 1,2,4-triazole > His > 5'-IMP, which can be
explained by steric and electronic effects. This work has
shown that the nature of the bridging ligands can strongly
influence the reactivity of such dinuclear Pt(IT) complexes.

Experimental
Materials and methods

1,2,4-Triazole, L-histidine, and inosine-5’-monophosphate
sodium salt, transplatin, trans-[Pt(NH;3),Cl,], pyrazine,
4,4'-bipyridyl, and 1,2-bis(4-pyridyl)ethane were all
obtained from Acros Organics. The dinuclear Pt(II) com-
plexes, such as [{trans-Pt(NH;3),Cl},(u-pyrazine)](ClOy4),
(Pt1), [{trans-Pt(NH3),Cl},(u-4,4’-bipyridy])](Cl1O4),-
DMF (Pt2), and [{trans-Pt(NH;),Cl},(u-1,2-bis(4-pyri-
dyDethane)](ClO4), (Pt3), were synthesized according to
the literature procedures [19, 24].

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(Il) or Pd(Il) in
aqueous solution [25], the kinetics of the ligand substitu-
tion reactions were studied in 0.01 M NaClO, (Merck,
p-a.). The pH 2.5 was adjusted with HC1O, 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.

Preparation of the dinuclear Pt(Il) diaqua complexes

The solutions of the diaqua Pt1, Pt2, and Pt3 complexes
were prepared from the corresponding dichlorido com-
plexes by the addition of the corresponding amount of
AgClOy to a solution of the chlorido 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. The greatest care was taken to
ensure that the resulting solutions were free of Ag" ions
and that the chlorido complexes had been converted com-
pletely into the aqua species. The solution was acidified
with HCIO, to pH 2.5 for kinetic measurements. The
resulting solution was diluted with water to give the desired
complex concentration. The ionic strength was adjusted to
0.01 M with NaClOy,.

The products of the reactions were characterized by 'H
NMR spectroscopy and elemental analysis, with results
presented below:
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[{trans-Pt(NH3),(1,2,4-triazole) },(u-pyrazine) [(ClOy)4: 'H
NMR (200 MHz; D,0): 6 = 8.73 (s, 1H, CH, pyrazine),
8.55 (s, 2H, CH, 1,2 4-triazole) Anal. Calcd. for (C;9Hss.
CI4N,06Pt) C, 18.4; H, 4.4; N, 13.5. Found: C, 18.1; H,
4.1;N, 13.6

[{trans-Pt(NH3),(1,2,4-triazole) },(u-4,4’"-bipyridyl)]
(C104),:'H NMR (200 MHz; D,0): 6 = 7.45 (m, 1H,
CH, 4-pyridine), 8.76 (m, 1H, CH, 4-pyridine), 8.52 (s,
2H, CH, 1,2,4-triazole) Anal. Calcd. for (C,y4Hs6Cly
N,O6Pty) C, 22.1; H, 4.3; N, 12.9. Found: C, 22.2; H,
4.5; N, 13.0

[{trans-Pt(NH3),(1,2,4-triazole) } ,(u-1,2-bis(4-pyridyl)
ethane)](C104),: '"H NMR (200 MHz; D,0): § = 2.91
(m, 2H, CH2, ethane), 7.42 (m, 1H, CH, 4-pyridine),
8.81 (m, 1H, CH, 4-pyridine), 8.56 (s, 2H, CH, 1,2,4-
triazole) Anal. Calcd. for (C,7Hg3CI4N1,0¢6Pty) C,
24.1; H, 4.7; N, 12.5. Found: C, 24.3; H, 4.9; N, 12.7
[{trans-Pt(NH3),(L-histidine) } ,(u-pyrazine)](ClO4)4: 'H
NMR (200 MHz; D,0): 6 = 8.74 (s, 1H, CH, pyrazine),
7.80 (d, 1H, CH imidazole), 7.28 (d, 1H, CH, imidazole),
3.98 (t, 1H, CH), 3.36-3.32 (m, 2H, CH,). Anal. Calcd.
for (C,7Hg;CI4N1,O50Pt) C, 22.9; H, 4.7; N, 11.9.
Found: C, 23.0; H, 4.9; N, 11.9.
[{trans-Pt(NH3),(L-histidine) } ,(u-4,4"-bipyridyl)](ClOy4) 4:
'"H NMR (200 MHz; D,0): 6 =7.55 (m, 1H, CH,
4-pyridine), 8.78 (m, 1H, CH, 4-pyridine), 7.78 (d, 1H,
CH imidazole), 7.17 (d, 1H, CH, imidazole), 3.88 (t, 1H,
CH), 3.25-3.21 (m, 2H, CH,). Anal. Calcd. for (C3,Hgg.
CI4N,0,0Pt,) C, 26.1; H, 4.6; N, 11.4. Found: C, 25.8; H,
4.3; N, 11.0.

[{trans-Pt(NH3),(L-histidine) },(u-1,2-bis(4-pyridyl)eth-
ane)](C104),:'H NMR (200 MHz; D,0): § = 2.89 (m,
2H, CH2, ethane), 7.40 (m, 1H, CH, 4-pyridine), 8.80
(m, 1H, CH, 4-pyridine), 7.82 (d, 1H, CH imidazole),
7.35 (d, 1H, CH, imidazole), 4.01 (t, 1H, CH), 3.38-3.33
(m, 2H, CH2) Anal. Calcd. for (C35H75C14N1202()Pt2) C,
27.7; H, 5.0; N, 11.1. Found: C, 27.6; H, 4.7; N, 10.9
[{trans-Pt(NH3),(5'-GMP) },(u-pyrazine)](ClO4),: 'H
NMR (200 MHz; D,0): 6 = 8.74 (s, 1H, CH, pyrazine),
0 8.10 (s, 1H, CH, 5-GMP), 6.21 (t, 1H, CH, 5-GMP),
4.35-4.13 (m, 2H, CH,, 5-GMP), 4.05 (t, 1H, CH, 5’'-
GMP), 3.65 (t, 1H, CH, 5-GMP), 2.64-2.38 (m, 2H,
CHQ, SI-GMP) Anal. Calcd. for (C35H73N16014P2Pt2) C,
30.1; H, 5.2; N, 16.0. Found: C, 30.0; H, 5.1; N, 15.8
[{trans-Pt(NH3)»(5'-GMP) } ,(u-4,4’-bipyridy)](C104)4:
'"H NMR (200 MHz; D,0): 6 = 7.55 (m, 1H, CH,
4-pyridine), 8.78 (m, 1H, CH, 4-pyridine), 6 8.01 (s,
1H, CH, 5-GMP), 6.19 (t, 1H, CH, 5-GMP),
4.32-4.11 (m, 2H, CH,, 5-GMP), 3.98 (t, 1H, CH,
5-GMP), 3.55 (t, 1H, CH, 5-GMP), 2.55-2.32 (m,
2H, CH,, 5-GMP) Anal. Calcd. for (C4oH74N60;4
P,Pt;) C, 33.0; H, 5.1; N, 15.4. Found: C, 33.2; H,
5.2; N, 15.6

[{trans-Pt(NH3),(5'-GMP) },(u-1,2-bis(4-pyridyl)eth-
ane)](Cl0,),: '"H NMR (200 MHz; D,0): § = 2.95 (m,
2H, CH2, ethane), 7.45 (m, 1H, CH, 4-pyridine), 8.83
(m, 1H, CH, 4-pyridine), ¢ 8.12 (s, 1H, CH, 5'-GMP),
6.22 (t, 1H, CH, 5-GMP), 4.34—4.15 (m, 2H, CH,, 5'-
GMP), 3.99 (t, 1H, CH, 5-GMP), 3.62 (t, 1H, CH, 5'-
GMP), 2.57-2.36 (m, 2H, CH,, 5'-GMP) Anal. Calcd.
for (C3oHeoN16014P>Pt) C, 32.6; H, 4.8; N, 15.6.
Found: C, 32.7; H, 5.0; N, 15.9

Instrumentation and kinetic measurements

UV-Vis spectra were recorded on a PerkinElmer Lambda 25
spectrophotometer with automatic cell changer and Peltier
temperature controller and a PerkinElmer Lambda 35 double-
beam spectrophotometer equipped with thermostated 1.00-
cm quartz Suprasil cells. The pH measurements were recor-
ded 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 KCl
solution in the reference electrode was replaced with a 3 M
NaCl electrolyte to prevent precipitation of KC10,4 during use
[26, 27]. The '"H NMR measurements were recorded on a
Varian Gemini-200 spectrometer. Chemical analyses were
performed on a Carlo Erba Elemental Analyser 1106.

Spectral changes resulting from mixing solutions of the
appropriate dinuclear Pt(I) complexes and nucleophile
were recorded over the wavelength range of 220-600 nm
to establish a suitable wavelength at which kinetic mea-
surements could be taken. All kinetic measurements were
taken under pseudo-first-order conditions, i.e., at least a
tenfold excess of the nucleophile was used. The tempera-
ture was controlled throughout all kinetic experiments to
40.1 °C. Reported rate constants represent an average
value of at least three to five independent kinetic runs for
each set of experimental conditions (see Table S1-S8). All
reactions of the diaqua complexes were studied at pH 2.5
(0.01 M NaClQy). Kinetic measurements for all dichlorido
complexes were investigated at pH 7.2 in 25 mM Hepes
buffer with the addition of 20 mM NaCl. The concentration
of 20 mM NaCl was enough to suppress spontaneous
hydrolysis of the dichlorido complexes [19].
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The substitution reactions of the small bio-molecules and dinuclear

Pt(I11) complexes with alkanediamine linker
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Substitution reactions of the complexes [{trans-Pt(NHz);H;,0},(u-1,4-diaminobutane)]**
(1), [{trans-Pt(NHs),H,0}2(x-1,6-diaminohexane)]** (11) and [{trans-Pt(NHz);H20}2(u-
1,8-diaminooctane)]** (111), with nucleophiles: L-cysteine (L-Cys), glutathione (GSH),
guanosine-5’-monophosphate (5°-GMP), L-histidine (L-His) and pyridine were studied in

using variable-temperature UV-Vis spectrophotometer.
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Abstract

The substitution reactions of the complexes [{trans-Pt(NHz),H20}2(x-1,4-
diaminobutane)]** (1), [{trans-Pt(NH3):H,0}2(u-1,6-diaminohexane)]**  (11) and [{trans-
Pt(NHs),H20},(x-1,8-diaminooctane)]**  (111), with nucleophiles: L-cysteine (L-Cys),
glutathione (GSH), guanosine-5’-monophosphate (5’-GMP), L-histidine (L-His) and pyridine
were studied in 0.1 M NaClO4 aqueous solutions at pH = 2.5. The substitutions were studied
under pseudo-first-order conditions as a function of concentration and temperature using
Uv-Vis spectrophotometry. At three different temperatures (288, 298 and 308 K) the reactions of
the Il and 111 complexes and 5’-GMP were studied. The order of reactivity of study ligands is:
L-Cys > GSH > 5’-GMP > L-His > pyridine and the order of reactivity of the complexes is:
I < Il = I1l. The obtained results indicate that the structure of the alkanediamine linker in the
dinuclear Pt(ll) complexes controls the substitution process. The negative values reported for
entropy of activation confirmed the associative substitution mode. These results are discussed in

order to find the connection between structure and reactivity of the dinuclear Pt(I1) complexes.

Keywords: Dinuclear, Pt(I1), Substitution, Kinetics, Mechanism



Abbreviations

| = [{trans-Pt(NHs),H2,0},(u-1,4-diaminobutane)]**
Il = [{trans-Pt(NHs),H,0},(x-1,6-diaminohexane)]**
111 = [{trans-Pt(NHzs),H20},(u-1,8-diaminooctane)]**
5’-GMP = guanosine-5’-monophosphate

GSH = glutathione

L-Cys = L-cysteine

L-His = L-histidine



Introduction

Metal complexes found an important place in the treatment of various cancers [1-4].
Among these complexes are differente transition metal complexes such as: Pt(ll), Pt(IV),
Au(l11), Ru(lli/1) and polynuclear Pt(ll) complexes [1-4]. These complexes are developed in
order to find compounds that would demonstrate greater anti-tumour activity, less toxicity and
resistance compared to cisplatin. The di- and treenuclear Pt(l1l) complexes could be promising
anti-tumour agents in cisplatin resistant cells since they exhibit different DNA adducts [5-8].
They have similar substitution behavior than their mononuclear analogues. A general dark side
of polynuclear complexes is the possibility of biotransformation and therefore loss of their
cytotoxic ability. This decomposition of a polynuclear structure into mononuclear Pt(ll)
complexes and the aliphatic linker was reported by for the reaction with different S-containing
nucleophiles [9-15].

The most desirable reaction that should occur after the introduction of Pt(11) complexes in
the cell is the binding of the Pt drug to the DNA to form DNA adducts, which are responsible for
the cytostatic activity [1-4,16]. But, inside the cell many different nucleophiles are present,
particularly S-containing compounds, which often react with the Pt complex as reported in the
literature [11-15]. In this work we focus on the nature of the substitution reactions with
L-cysteine and GSH as a strong S-containing nucleophile and with few N-containing
nucleophiles (L-histidine, guanosine-5’-monophosphate and pyridine). The chosen nuceophiles
are small molecules that exist in the human body and could be found on the road of Pt(Il) drug to
the diseased tissue. Also, the aim of this study is to show the dependence on the chain length of

the alkanediamine linker on the reactivity of the studied dinuclear complexes.



It is generally known that when the complexes of the Pt(ll) entering the cell where the
concentration of chloride is approximately 4 mM leads to the hydrolysis of the complex and the
conversion into the aqua particles [16]. Accordingly to this it was chosen to study and understand
the substitution behavior of the aqua complexes of dinuclear Pt(I1) complexes.

The studied complexes and ligands are presented in the Fig. 1 and 2.

(Fig. 1. about here)

(Fig. 2. about here)

Results and discussion

The substitution reactions between dinuclear Pt(l1l) complexes and sulphur- and nitrogen-

bonding nucleophiles can be represented by Scheme 1.



NH; NH,

H,O—— Pt ——NHy(CH,),NH,—— Pt——H,0
NH, NH3
+2 Nu
n=46o0r8
Ko || ko
NH, NH,
Nu——Pt ——NH,(CH,),,NH, Pt——Nu
NH, NH;

+2 Hzo
Nu = L-Cys, GSH, 5'-GMP, L-His and pyridine

Scheme 1

The pseudo-first order rate constants, Kqpsg, Which were observed as a function of the total

concentration of nucleophile are described by egn. 1

Kobsd = K2[Nu] + k- (1)

Figure 3, 4 and S1-4 (Supporting Information) shows the dependence of Konsg Of

nucleophile concentration for the studied I, Il and 111 complexes.

(Fig. 3. about here)

(Fig. 4. about here)



The least-squares fit of the data according to eqgn. (1), resulted in values for the forward
anation rate constants, ko, and the reverse aquation rate constant, k,, according to Scheme 1.
Both of these constants characterized the first step which presents the substitution of both water
molecules, Scheme 1. In all cases the substitution reactions are characterized by small values for
ko (see Fig. 3, 4 and S1-S4 in Supporting information) illustrating that the solvent cannot
effectively displace the coordinated nucleophile.

The temperature dependence of rate constants enabled the calculation of the activation
enthalpies and entropies by use of the Eyring equation. Rate constants and activation parameters

derived from these experiments are summarized in Table 1 and 2.

(Table 1 about here)

(Table 2 about here)

The substitution reaction of the dinuclear Pt(ll) complexes with the biologically
significant nucleophiles occur in two consecutive steps as shown earlier in the literature [17-21].
The first step involves the substitution of one labile (chloride or aqua) ligands in the coordination
sphere of the starting complex. In the second step substitution of the second labile ligands in the
coordination sphere of the complex occurred [17-21].

In the investigated substitution reactions the first substitution step is fast (finished
between 500 and 1000 s), which leads to substitution of both labile molecules of water. The
second substitution step is considerably slower (it is not finished after 4 or 5 hours) and can be

attributed to the decomposition of dinuclear complex, as the result of a strong trans-effect of the



coordinated nucleophiles (Scheme 1) as have been indicated earlier in the literature [17-23].
Since, all substitution reactions were followed by using UV-Vis spectrophotometry it was
impossible to detect substitution of the one labile ligand and then the substitution of other labile
ligand. Instead of this, it was possible to detect just one step which represents the substitution of
both labile ligands, Scheme 1.

The nitrogen donor ligands 5°-GMP, L-His and pyridine, according to Table 1 are good
entering ligands for dinuclear Pt(ll) complexes. From a comparison of the values of the second
order rate constants for the forward reaction step, kp, it can be concluded that the order of
reactivity of the used ligands is: 5’-GMP > L-His > pyridine for all three studied complexes.
However, the difference in rate constant k, between N-donor nucleophiles is not very big, for
example constant k; for the reaction between complex | and 5°-GMP is 0.96 M™s™ and the same
constant for the reaction of complex | and L-His is 0.95 M™s™. Such differences in the reactivity
as well as obtained rate constants can be attributed to the fact that all three ligands are N-donor
heterocycles. The most crowded ligand is 5°’-GMP followed by L-His and the less crowed one is
pyridine, but order of reactivity which were obtained is opposite to steric effect. However, the
difference between the pyridine and imidazole rings (L-His) is that imidazole is a five membered
ring with two conjugated N atoms, which make imidazole electron rich and good nucleophile.
Pyridine is six membered ring with one N atom, and has lower nuclepohilicity compared to
imidazole, so the pyridine will react slower than L-His. The fastest reactions with 5’-GMP can
be attributed to the good nucleophilic characteristics of the purine bases. The small difference in
the rate constants which were obtained for the studied N-donor ligand surely can be attributed to

the combination of the steric and electronic effects.



However, it has been shown that these complexes easily react with S-containing
nucleophiles. The investigated nucleophiles L-Cys and GSH about 3 to 4 times react faster than
N-containing nucleophiles, Table 1. The obtained results are fully expected since it is well
known that Pt(I1) easily react with soft basis (such as sulfur).

An analysis of the rate constants for the displacement of the coordinated aqua ligands by
the studied nucleophiles shows that the structure of the alkanediamine linker controls the
substitution process. Namely, the order of reactivity of the studied complexes is: I < Il = I11.
The most reactive complex is with 1,8-diaminobutane alkanediamine linker, and the slowest one
is with 1,4-diaminooktane linker.

On elongating the aliphatic chain between the two metal centers, the influence of both
Pt(11) metals on each other can be controlled. Farrell et al. observed that at a specific chain length
the two metal centers in multinuclear complexes will not interact with each other [5-15]. It is
known from the literature that if the two part halves are separated by six or more atoms, an
independent reaction of the two positively charged [Pt(NH3)2(NH,R)OH,]** groups can be
expected [17-23].

Namely, the length of the aliphatic chain between the two metal centers of 2 to 6 carbon
atoms can influence the electronic communication between the Pt(ll) ions which affect the
reactivity of the complex, ie. it leads to a decrease in the relative reactivities compared to the
mononuclear complex, which is in our case transplatin. Since, it is known that transplatin reacts
immediately and very fast [24,25], by introdusing the aliphatic chain between two molecules of
transplatin we are slowing down the reactivity of the complex. However, with the bridging
ligand containing a long aliphatic chain with more than 6 carbon atoms, the electronic

communication between the metal ion is lost, so that the dinuclear complex started to acquire the



characteristics of monouclear complexes. On that basis, it was expected the highest reactivity of

I11 complex and least of | complex.

Conclusion

The substitution reactions of three dinuclear Pt(ll) complexes containing alkanediamine
linker with different length (4, 6 and 8 carbon atoms) with selected nucleophiles were
investigated. The obtained results show that the nature of entering ligand as well as the length of
alkanediamine linker play an important role in the kinetic behavior of dinuclear Pt(Il) complexes.
The order of reactivity of entering ligands is such that L-Cys and GSH as sulfur-donor ligands
react faster than 5°-GMP, L-His and pyridine as N-donor ligands. The mechanism of the

substitution reactions is associative supported by the negative values of AS?,

Experimental

Chemicals and Solutions

The  L-cysteine,  glutathione, guanosine-5’-monophosphate  sodium  salt,
L-histidine, pyridine, 1,4-diaminobutane, 1,6-diaminohexane, 1,8-diaminooctane and transplatin
were obtained from Acros Organic or Sigma Aldrich and used without further purification. All
the other chemicals were of the highest purity commercially available. Ultra-pure water was used

in all experiments. Nucleophile stock solutions were prepared shortly before use.

10



The complexes [{trans-Pt(NH3)2Cl}2(u-1,4-diaminobutane)]** (1,
[{trans-Pt(NH3)2Cl}2(u-1,6-diaminohexane)]** (11) and [{trans-Pt(NH3)2Cl}2(u-1,8-

diaminooctane)]** (111) were prepared by modifying the published procedures [8].

Synthesis of the [{trans-Pt(NH3),Cl},(u-1,4-diaminobutane)]Cl; (1)

In the solution of the trans-[Pt(NHs),Cl;] (0.1 g; 0.333 mmol, 2 eq) in DMF (3 ml) a
solution of ligand 1.4-diaminobutane (0,0147 g; 0,166 mmol, 1eq) in DMF (2 ml) was added
drop wise. The mixture was stirred 24 hours at the 50 °C. The white precipitate was removed by
filtration, washed with diethyl-ether and left to dry in the air. Yield (80 mg, 69.87 %).

'H NMR (200 MHz; DMSO-dg): & =2.50 (bs, 4H, CH,), 3.35 (bs, 4H, CH,)

Anal. Calcd. for (C4H2ClsNgPty) C, 6.98; H, 3.51; CI, N, 12.21; Found: C: 7.05; H: 3.60; N:
12.25.

Synthesis of the [{trans-Pt(NH3),Cl},(u-1,6-diaminohexane)]** (11)

In the solution of the trans-[Pt(NH3),Cl;] (0.1 g; 0.333 mmol, 2 eq) in DMF (3 ml) a
solution of ligand 1.6-diaminoxeane (38,4 uL; 0,0194 g; 0,166 mmol, 1eq) in DMF (2 ml) was
added drop wise. The mixture was stirred 24 hours at the 50°C. The white precipitate was
removed by filtration, washed with diethyl-ether and left to dry in the air. Yield (103.2 mg,
86.43 %).

'H NMR (200 MHz; D,0): § = 1.28 — 1.47 (m, 4H, CH,), 1.57 — 1.78 (m, 4H, CH,), 2.63 — 2.73
(m, 4H, CHy)

Anal. Calcd. for C¢H,5ClsNgPt,: C, 10.6; H, 3.94; N, 11.73; Found: C: 10.51; H: 3.83; N: 11.71.
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Synthesis of the [{trans-Pt(N H3)2CI}2(,u-1,8-diaminooctane)]2+ 1))

In the solution of the trans-[Pt(NHs).Cl;] (0.1 g; 0.333 mmol, 2 eq) in DMF (3 ml) a
solution of ligand 1.8-diaminoctane (0,0240 g; 0,166 mmol, 1eq) in DMF (2 ml) was added drop
wise. The mixture was stirred 24 hours at the 50°C. The white precipitate was removed by
filtration, washed with diethyl-ether and left to dry in the air. Yield (98 mg, 79.03 %).

'H NMR (200 MHz; DMSO-dg): & = 1.27 (bs, 6H, CH,), 2.50 (bs, 4H, CH,), 4.02 (bs, 4H, CH,)

Anal. Calcd. for CgH3,CIsNgPto: C, 12.91; H, 4.33; N, 11.29; Found: C: 13.01; H: 4.50; N: 11.43.

The conversion of these complexes into the aqua analogs was performed by adding the
corresponding amount of AgCIO, to the solution of the chlorido complexes, heating to 40 °C and
removing the formed AgQCI precipitate by filtration through the 0.2 um membrane filter. The
clear filtrate contains the aqua complex because, it is well known, the perchlorate ion does not

coordinate to Pt(ll) [26].

Instrumentation and measurements

UV-Vis spectra and kinetic traces were recorded on a PerkinEImer Lamda 25 and 35
double-beam spectrophotometer in thermostated 1.00 cm quartz Suprasil cells. The temperature
was controlled to + 0.1 °C. The pH of the solution was measured using a Mettler Delta 350
digital pH meter with a combined glass electrode. This electrode was calibrated using standard
buffer solutions of pH 4, 7 and 9 obtained from Sigma. *H NMR measurements were performed
on a Varian Gemini 2000, 200 MHz NMR spectrometer. The elemental analysis was done on a

Carlo Erba Elemental Analyser 1106.
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Kinetic measurements

The Kkinetics of the substitution of the coordinated water were followed
spectrophotometrically by following the change in absorbance at suitable wavelengths as a
function of time. The working wavelengths were determined by recording spectra of the reaction
mixture over the wavelength range 220 to 450 nm. All kinetic experiments were performed
under pseudo-first-order conditions, for which the concentration of the nucleophile was always
in at least a 10-fold excess. The reactions were initiated by mixing 0.5 ml of the Pt(I1) complex
solution with 2.5 ml of thermally equilibrated nucleophile solution in the UV-Vis cuvette, and
reactions were followed for at least 8 half-lives. The observed pseudo-first-order rate constants,
Kobsd, represent an average value of four to six independent kinetic runs for each experimental
condition. All substitution reactions were studied in 0.1 M NaClO4 at pH 2.5, adjusted by adding
a solution of 0.1 M HCIO,4. 0.1 NaClO,4 was chosen because it is well known that perchlorate
ions do not coordinate to Pt(I1) or Pd(ll) in aqueous solution.”®’ Some of the reactions were
studied at three temperatures (288, 298 and 308 K). The experimental data are summarized in the
Supporting Information (Tables S1 — S15). The values of the constants and other thermodynamic
parameters were determined using the computer programs Microsoft Excel 2007 and OriginPro

8.
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Fig. 1. Structure of the studied complexes.



SH
0 H
HOOC Y\)L N N._~COOH
H
NH, 0

Glutathione (GSH)

O

N NH
/
N N NH,

Guanosine-5'-monophosphate (5'-GMP)

X

_—
N

Pyridine

Fig. 2. Structure of the studied ligands

NH;

HS OH

o]

L-Cysteine (L-Cys)

O

N

{ | >
N NH,
H

L-Histidine (L-His)



20 2
103K pgfS?

16

12 4

103[Cys]/M

103[GSH}/M

0 1 2 3 4 5 0 1 2 3 4 5

Fig. 3. Pseudo-first order rate constants as a function of nucleophile concentration for the
substitution reactions of complex Il with Cys and GSH in 0.1 M NaCIlO, at pH = 2.5 and
298 K.



12

103K gpeq/S™t

308K 103K /S

103[5'-GMP]/M

109[L-His]/M

4 6 0

103K gpeqfSt

Pyridine

103[Pyr)/M

Fig. 4. Pseudo-first order rate constants as a function of nucleophile concentration for the

substitution reactions of complex Il with 5°-GMP, L-His and pyridine in 0.1 M NaClO, at
pH = 2.5. The reactions with 5’-GMP are studied at tree temperature (288, 298 and 308 K) and

the reactions with L-His and pyridine are studied at 298 K.



Table 1. Rate constants for the substitution reactions of I, Il and 111 complexes with some N- and S-bonding nucleophiles in 0.1 M

NaClO,4 and pH = 2.5.

T(K) ko 10°k, ko 10%k ko 10%k
M-ls-l M-ls-l M-ls-l M-ls-l M'ls'l M'ls'l
L-Cys 298K 325+04 0.62 +0.01 3.38+04 1.3+0.1 48+0.1 28.5+05
GSH 298 K 1.25+0.1 0.3+0.04 3.37+£0.04 1.5+0.1 3.47+0.03  0.01+0.001
308 K / / 1.67 £0.1 1.09 £ 0.20 2.10+0.08 1.27+0.2
5-GMP 298 K 0.96 + 0.07 0.51 +0.02 1.33+0.2 0.56 + 0.01 1.71 +£0.08 0.6 +0.01
288 K / / 0.85+0.04 0.46 + 0.01 1.32 £ 0.04 0.1+0.01
L-His 298 K 0.95 + 0.07 2.6+0.2 1.13+0.1 0.2+0.01 1.48+£0.2 4.98 +0.6
Pyridine 298 K 0.80 +0.03 0.05 +0.01 1.0 +£0.07 0.33+0.01 0.93 £0.03 1.98 £0.08




Table 1. Activation parametars for the substitution reactions of the Il and 111 complexes with 5°-GMP in 0.1 M NaClO, and

pH = 2.5.
1 11
AH,” AS,” AH-," AS-y" AH,” AS,” AH-," AS-,"
kimol?  JK'mol? kJmol? JKmol? kJmol? JKmol? kJmol* JKmol?

5’-GMP 22+4 -183+14 29+1 -166 + 4 14+1 -206 £ 3 91+2 -40+6
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