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n3BO/J

VcnutruBame KOMILIEKCa MJIaTHHE 3HAYajHO je ca OMOJIOIIKOT W MEIUIIMHCKOT acIeKTa.
Hexu kommnekcu Pt(11) kao mTo cy nucrnnarnHa, kKapOOIuIaTHHA M OKCAIUIUIATHHA HHTE3UBHO €&
KOPUCTE Y XeMOTEpanuju Kao aHTUTyMOpcku peareHcu. [locneamux 40 roauHa Benuku Opoj
APYruX IJIATUHCKUX jeIUECHha CHHTETUCAHO je ca IUJbEM Jla Ce MOCTUTHE 00Jba aKTUBHOCT y
OJHOCY Ha IUCIUIaTHHY. HemaBHO, Mmoueno ce ca CHHTE30M HEKJIACHYHHMX IJIATUHUCKUX
KoMIUIeKca, kao 1mro cy Pt(IV) xommiekcu, koju MOTy OpajiHO Ja ce yrnoTpeOsbaBajy, CTEPHO
samtuhenn Pt(ll) komruiekcu, momunykneapau Pt(ll) xoMriekcu, KOMIJIGKCH TUTATHHE KOjU
campke cymmop, UTA. Mana Tadan MexanusaH kojum Pt(ll) xomriuiekcu ucrnosbaBajy CBOjY
AHTUTYMOPCKY aKTUBHOCT HUje MOTITYHO jacaH, cMarpa ce Jia CBOjy akTUBHOCT komruiekcu Pt(l1)
UCT0JbaBajy MHTepakiujoM ca moinekyiaoM JIHK, dopmupajyhu OndyHKIHOHATHH MPOU3BOJIL.
ExcriepumenTtn cy mokasanu fAa je BesuBame nucratuHe 3a JIHK kunernuku a He
TEPMOJAMHAMHYKKA KOHTpOJHCaH mpouec. Mehyrum, ymorpeda IUIATHHCKUX AHTUTYMOPCKUX
jequmema OTpaHMuYCHa je I0jaBOM CHOpeqHMX edekara M pe3ucTeHTHOCTH. Takohe, mama
PacTBOPJBUBOCT Y BOJICHUM PAacTBOpPHUMA je OJATHH e(peKaT KOju yMamyje KIMHUYKY ynoTpeOy
OBHX jeIUCHA.

[MTocToju Benuku Opoj OHMOMOIIEKyNIa KOju MOTY Jia pearyjy ca komiuiekcuma Pt(1l), kao
IITO Cy MaJli MOJICKYJIU, IPOTEMHH U eH3uMu. Beh y kpBu, rae anturymopcko jeaumemne Pi(11)
OvBa YHETO MyTeM HIbEKIHUje WIN MH(]Y3UjOM, MOCTOJH HEKOJIUKO MOJIEKYJlIa KOjU MOTY Jia ce
Bexy ca Pt(ll) kommiekcom. Besupame 3a JIHK Bomu 1o mpomene y koHpopMaImju mpoTeHHa U
OMOJIOIIKO] aKTUBHOCTH, HAPOUHUTO KaJla Cy Y MHUTamy eH3UMcke peakiuje. CyMmop-10HOPCKH
MOJIEKYJIM UMajy BETUKU a(UHUTET mpeMa IJIaTUHU U GOpMHpPajy jaKo CTaOMIIHY Be3y. YIpaBo
uHtepakuuja komiuiekca Pt(ll) ca cymmop-moHOpcKMM OMOMOJIEKyTMMa IOBE3aHa je ca
CIOpenHUM e(eKkTHMa Kao IITO Cy He(YPOTOKCHUYHOCT, TracTPO-TOKCHUYHOCT, OTOTOKCHUYHOCT,
KapJIMOTOKCUYHOCT U HEYPOTOKCHYHOCT.

HcnutrBama KOHKypeHTHHX peakiuja komiuiekca Pt(ll) y cmemn ca L-mer u 5’-GMP
MoKa3ayia cy Ja MoCToju TpaHcdep MIaTUHE O] THOeTapcKor juranaa Ha N7-ryanuH, na npema
Tome Pt-S(THOeTap) mpou3BoaAM MpeACTaBIbajy pe3epBoape miatuHe 3a BesuBame ca JJHK. Mako
j€ CYNCTHUTYIIMja THOETpa T'YaHHHOM yoOHuajeHa, Huje mpuMeheHa HujenHa TpaHchopMmalmja us

Pt-S(tuon) y Pt-N7 xoopaunamujy.
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3a WCIHTUBakEe KHHETHKE W MEXaHW3Ma CYICTUTYIIMOHMX peakihja KOMILICKCHA
jenumemsa Pd(I1) mpexacraBbajy moroase Mozene, jep pearyjy 10°-10° myra 6pike 01 aHATOrHEX
komruiekca Pt(ll), mpu yemy UM je cTpyKTypa M MOHalIalke y pacTBOPHMa rOTOBO MJICHTUYHO.
300r jako BedIMKOTr aUHUTETA MpeMa CyMIIOp- M a30T-JIOHOPCKUM JIMTaHIUMa, Kao U jakKo
BEJIMKE PEaKTUBHOCTH, celiekTuBHOCT komiuiekca Pd(Il) mpema GuomonekynuMma je mana, IITo
orpaHnyaBa ymnoTrpeOy OBUX jeMICHAa Ka0 aHTUTYMOpPCKMX peareHaca. [locienmux roauHa,
ytBheHo je na Heku komruiekcu Pd(ll) nmajy aHTUTYMOpCKY aKTUBHOCT.

Y OKBUpYy OBOr paja MpPEACTaBJbCHU Cy pe3yiTatd JO0OUjeHH CYNCTHTYLUOHUM
peaknujama pasmuuntux  Pt(I11) w Pd(ll) xommiekca ca cymmop- ©u  a30T-IOHOPCKUM
Hykneopunuma. JlobujeHn pe3yiaTaTu npeAcTaBbeHH ¢y cieaehum pegom:

e Cyncrurymmone peaknuje [PtCl(bpma)]*, [PtCl(gly-met-S,N,N)], [Pt(bpma)H:0]* u

[Pt(gly-met-S,N,N)H,0]" kommekchux jona ca L-mer, GSH u 5’-GMP ucnurusase y

0,1 M NaClOs kao peakuuje mceyno-npBor pena y (OyHKOUjH O]l KOHICHTpalHje H

temeparype UV-VIS cnekrpodoromerpujcku. Peakuumje  XJIopuao — KOMIUIEKca

ucnutuBane cy y npucyctsy 10 mM NaCl u wa pH oxo 5, mok cy peakuuje akBa

KOMILTeKkca ucnutusade Ha pH = 2,5. [PtCl(bpma)]” xommnekcHu joH je peakTUBHU|U Yy

omHocy Ha [PtCl(gly-met-S,N,N)] xommiekc. Takohe, akBa KOMILICKCH JOHH CYy

PEaKTUBHUJU O] OAroBapajyhnux XJIOpUA0 KOMIUICKCHUX joHA. AKTHBAIIMOHU MapaMeTpu

3a CBe HCIHUTUBAHE peakldje yKa3yjy Ha acolMjaTUBHH MexaHu3aMm. Peakiuje

[PtCI(bpma)]* u [PtCI(gly-met-S,N,N)] kommekca ca 5°-GMP ucrmruane cy "H NMR

crextpockonujcku Ha 298 K. pK, Bpennoct [Pt(gly-met-S,N,N)H,0]" xommiekcHor jona

uzHocu 5,95, JI®T w3pauynaBama Ha B3LYP/LANL2DZp xuOpumHoj Teopuju
byHKIIMOHATHE TycTHHE, oka3yjy na je DT enepruja 3a Pt-N7(guo) (Quo je ryaHo3uH)
3HATHO Mama y ogHocy Ha Pt-S(tmoerap). Koopaunanuja ryanuna 3a LsPt (Ls: terpy,
bpma, dien u gly-met-N,N,S) ¢parment je y cBuMm ciydajeBuMa (haBOpH30BaHH]a.

W3pauynaBamuMa J00MjeHH pe3yNTaTH TOJpXKaBajy eKCHepUMEHTaIHO mnpuMmeheny

cynctutyuujy tTuoerpa nomohy N7-GMP.

e lcnutuBaHe Ccy cyncTuTynuoHe peakiuje komruiekca Cis-[Pt(NHs)2Cl:], [Pt(SMC)CLy],

[Pt(en)Cl;] u [Pt(dach)Cl;], ca uzabpanum OnoJIONMIKM BaYKHUM JIUTAHIAMMA, Ka0 IITO CY:

5’-GMP, L-xuc u 1,2,4-tpuazoin. Ce peakuyje cy ucnutubane y 25 mM xenec nydepy y

npucyctBy 5 MM NaCl na pH = 7,2. Peakuuje cy ucnuTUBaHe Kao peakiuje Tceyno-



U3600

npBor pena y ¢yHkuuju on konueHrpanuje Ha 310 K Uv-Vis crektpodoTomerpujcku.
JIBa KOHCEKYTHBHa KOpaka, MpH uYeMy 00a 3aBHce O] KOHLEHTpaluje Hykieodwuia,
3amakeHa cy y CBUM ciydajeBuMa. KoHcTanTa Op3uHe npyror-pena 3a 06a peakijpoHa
kopaka omanma ciueaehum pemom: [Pt(SMC)CL]™ > cis-[Pt(NH3).Cl,] > [Pt(en)Cl] >
[Pt(dach)Cly]. IDT u3pauyHaBama mokaszana cy na je y racHoj ¢asu Pt-N7 mpowusBon
crabunuuju 3a 31 1o 33 kcal/mol y omHocy Ha Pt-S(Ttroerap) mpousBoj 3a UCIIMTHBAHE
komiuiekce Cis-[Pt(NHs)2Cly], [Pt(SMC)Cl;] u [Pt(en)Cl;]. U3pauynaBawuma nooOujeHu
pe3yiITaTH MOoApXKaBajy eKCIIepUMEHTATHO IpuMeheHy CyNICTUTYIIM]y THOETpa BE3aHOT 3a
Pt(Il) xommuiekc momohy N7(5’-GMP). OBu pesyaratu mokasyjy Aa je 3aucta
Pt-N7(Gua) npousBoa crabuiHuju y oaHOCy Ha Pt-S(tnoerap) npousBo.

Cunterucana cy nsa HoBa komiuiekca Pd(I) ca 6uc(umunazoinH-2-MMUHO) JTUTAHMMA,
[(TL®)PACIICIOs u [(BL™)PACI,]. Kpucranue crpykrype komriuiekca ojapeheHne cy
midpakujom X-3paka. KoopauHammona reoMeTpuja OKO MalagdjyM aroma je
KBaj[paTHO-TUTaHapHa ca Oxarom maucrop3ujom Pd-N1 Besa, ca HEHTpalHUM a30TOM W3
TL® nurannma wsmocu 1.944(2), n kpaha je y oaHOCy Ha Bese ca Apyra aBa a3oTa W3
TL®Y 2,034(3) u 2,038(3) A. Kommneke ca BL™ uma comune nyxune Beza Pd-N,
2,031(2) u 2,047(2) A. Kunernka u MexaHu3aM CyICTUTYIHOHHX PEAKINja KOMILIEKCHOT
jona [(TL®")PACI]* ca myxneodummma 5°-GMP, L-mer u L-xuc ncnurusana je stopped-
flow Texuukom ca npomenssrBoM Temieparypom y 0,1 M NaClO4 y npucyctsy 10 mM
NaCl ma 298 K. Pen peaktuBHoctn je: L-mer > 5°-GMP > L-xuc. PaBHOTexe
dbopmupama KoMIuiekca uzmel)y [(BL™YP(H20)2]*" u [(TL®")Pd(H,0)]*" kommiekcHux
joHa ca HekuM Ouonomku 3HayajHuM juranguma (L-mer, 5°-GMP u L-xuc) Takohe cy
ucrniutuBane. Jlare cy KOHCTaHTe CTAOMIIHOCTH HOBO(OPMHUPAHMX KOMIUIEKCA, Kao |
IUCTPUOYITMOHU TUjarpaMu pacroesie HacTaIuX KOMIUIEKCHUX YecTHla Y (YHKIU]U O]
pH. Ynopehyjyhu nobujene Bpenoctu 10gfi10 3a 5’-GMP, L-xuc u L-MeT KoMILIeKce
HajcTaOWIHKUjH KOoMILUTEeKC HacTaje ca 5’-GMP, a 3atum ca L-xuc u L-mer y ciydajy oba
koMmIutekcHa jona [(BL™)Pd(H20)2]*" u [(TL®")Pd(H.0)]*.

Cyncrurymuone peakuuje [Pt(bpma)H.0]** u [PtCl(bpma)]" xommiekca ca a3o0t-
JIOHOPCKUM Juranauma 1,2,4-Tpra3osiom, mupa3ojioM ¥ MUPUIA3UHOM HCIIHTUBAHE Cy Y
0,1 M NaClO4 Uv-Vis cnekrpodoromerpujcku. Peaknuje akBa KOMILJIEKCA HCITUTHBAHE

cy Ha pH 2,5, a peaknuje xinopuno komiiekca y npucyctsy 10 mM NaCl, kako 6u ce
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CIpedmia Xuapon3a Komiuiekca. JloOujeHe BpeTHOCTH KOHCTaHTH JAPYror-penia yKasyjy
Ha TO JIa Cy KOMIUIEKCH ca Dbpma nuraHnoM peakTUBHHU]U Y OJHOCY Ha KOMIUIEKCE ca
IUETUICHTpUaMUHOM. Y o00a ciyyaja akBa KOMIUIEKC jeé PEAaKTUBHUJU OJ XJIOPHJIO
KOMIUIeKca.  PeakTHMBHOCT  yna3HMX  JIMraHajga  omaga — ciaexehum — penom:
1,2,4-tpuazon > nupuAa3uH > MUpa3oi. AKTUBAIMOHU MapaMeTpu cy onpelheHu 3a cBe
peaxuuje. JoOHjeHa HeraTHBHA BPEIOCT 33 GHTPOIHjy akTHBHpama (AS?) mogpxasa A

nnu |, Mexanuzam.
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SUMMARY

The chemistry of platinum complexes is important from the biological and medical point
of view. Some Pt(ll) complexes, viz. cisplatin, carboplatin and oxaplatin, are extensively used in
chemotherapy as anticancer drugs. Over the last 40 years many other platinum drugs have been
developed in an attempt to improve on cisplatin. More recently, there have been efforts to direct
the design of non-classical platinum complexes, such as orally active Pt(IVV) complexes,
sterically hindered Pt(ll) complexes, polinuclear Pt(I1) complexes, sulfur-containing platinum
complexes, etc. Although the precise mechanism of a anti-tumour 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. Experiments have demonstrated that
cisplatin binding to DNA is Kkinetically rather than thermodynamically controlled. However, the
application of platinum drugs has been greatly hampered by drug resistance and several side
effects. Moreover, poor solubility in agueous solution is also inconvenient in clinical use.

There are many other potential biomolecules that can also react with these Pt(ll)
complexes, such as small molecules, proteins and enzymes. In fact, already in blood, where the
Pt drug is administered by injection or infusion, several molecules are available for kinetic and
thermodynamic competition. The binding to DNA eventually leads to an altered protein
conformation and changes in biological activity, especially when enzymatic reactions are
affected. Sulfur-containing molecules have a high affinity for platinum and could form very
stable bonds. Moreover, the interaction of Pt complexes with sulfur-containing biomolecules has
been associated with negative phenomena such as nephrotoxicity, gastrointestinal toxicity,
ototoxicity, cardiotoxicity and neurotoxicity.

Competition studies of Pt(I1) complexes with L-met and 5’-GMP have demonstrated that
a transfer from thioether ligand to N7-guanine site can occur, with the result that such Pt-
S(thioether) adducts can presumably serve as a drug reservoir for platination at DNA. Although
such substitution of thioether by guanine seems to be common, any measurable transformation
from Pt-S(thiol) to Pt-N7 coordination was not observed.

For kinetic and mechanistic studies, Pd(Il) complexes are suitable model compounds
since they react ca. 10%-10° times faster than their Pt(I1) analogues, whereas their strucural and
equilibrium behaviour are very similar. Because of their strong affinity towards S and N donor
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ligands, as well as their high reactivity, the selectivity of certain Pd(Il) complexes towards
biomolecules is lower, limiting the possibility of developing compounds with antitumor
reactivity. In recent years, however, it has been shown that certain Pd(Il) complexes can also
show antitumor activity.

Here, we reported the obtained results for substitution of different Pt(ll) and Pd(Il)
complexes with sulfur- and nitrogen-donor nucleophiles. The obtained results are presented in
this order:

e The substitution reactions of [PtCl(bpma)]*, [PtCI(gly-met-S,N,N)], [Pt(bpma)H,O]*" and
[Pt(gly-met-S,N,N)H,O]" with L-met, GSH and 5-GMP were studied in aqueous
solutions in 0.1 M NaClO,4 under the pseudo-first-order conditions as a function of
concentration and temperature using UV-VIS spectrophotometry. The reactions of the
chlorido complexes were followed in the presence of 10 mM NaCl and at pH ca. 5,
whereas the reactions of the aqua complexes were studied at pH = 2.5. The [PtCl(bpma)]*
complex is more reactive towards the selected nucleophiles than [PtCI(gly-met-S,N,N)].
Also, the aqua complexes are more reactive than the corresponding chlorido forms. The
activation parameters for all studied reactions suggest an associative substitution
mechanism. The reactions of [PtCl(bpma)]” and [PtCl(gly-met-S,N,N)] with 5’-GMP
were studied by using *H NMR spectroscopy at 298 K. The pK, values of the
[Pt(gly-met-S,N,N)H,O]" complex is 5.95. DTF calculations at the B3LYP/LANL2DZp
hybrid density functional calculations show that the DFT energy for Pt-N7(guo) (guo is
guanosine) is much lower than Pt-S(thioether). In all cases the guanine coordination to
the L3Pt (Ls: terpy, bpma, dien and gly-met-N,N,S) fragment is much more favorable than
the thioether coordinated form. The calculations collectively support the experimentally
observed substitution thioethers from Pt(l1) complexes by N7-GMP. This study could
throw more light on the mechanism of the active platinum antitumor complexes.

e Substitution reactions of the complexes cis-[Pt(NHs),Cl;], [Pt(SMC)CI]’, [Pt(en)Cl,] and
[Pt(dach)Cl,], with selected biologically important ligands, viz. 5’-GMP, L-his and 1,2,4-
triazole, were studied. All reactions were studied in aqueous 25 mM Hepes buffer in the
presence of 5 mM NaCl at pH = 7.2 under pseudo-first-order conditions as a function of
concentration at 310 K using UV-VIS spectrophotometry. Two consecutive reaction
steps, which both depend on the nucleophile concentration, were observed in all cases.
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The second-order rate constants for both reaction steps indicate a decrease in the order
[Pt(SMC)CI;]” > cis-[Pt(NH3).Cl;] > [Pt(en)Cl;] > [Pt(dach)Cl,]. DFT calculations
(B3LYP/LANL2DZp) showed that the Pt-N7(Guo) adduct in the gas phase is more stable
than Pt—S(thioether) by ca. 31-33 kcal/mol for the studied complexes cis-[Pt(NH3).Cl.],
[Pt(SMC)CI;]" and [Pt(en)Cl,]. The calculations collectively support the experimentally
observed substitution of thioethers bound to Pt(ll) complexes by N7(5’-GMP). Finally,
this result clearly show how much the Pt-N7(Gua) adduct is more stable than the Pt-
S(thioether).

Two new complexes with bis(imidazolin-2-imino) ligands, [(TL®")PdCI]CIO, and
[(BL™)PdCI,], were synthesized. The crystal structures of these complexes were
determined by X-ray diffraction. The coordination geometries around the palladium
atoms are distorted square-planar, with the Pd-N1 distance to the central nitrogen atom of
the TL™" ligand, 1.944(2), being shorter than those to the other two nitrogen atoms of
TL'®Y, viz. 2.034(3) and 2.038(3) . The BL™ complex displays similar Pd-N distances
of 2.031(2) and 2.047(2) A.The kinetics and the mechanism of the substitution reactions
of the [(TL®™")PdCI]* complex, with nucleophiles 5°-GMP, L-met and L-his were studied
using variable-temperature stopped-flow techniques in aqueous 0.1 M NaClO4 with 10
mM NaCl at 298 K. The order of reactivity of ligands is: L-met > 5’-GMP > L-his. The
complex formation equilibria of [(BL™)Pd(H,0),]** and [(TL®")Pd(H,0)]*" with some
biologically relevant ligands (L-met, 5-GMP and L-his) were also studied. The
stoichiometry and stability constants of the newly formed complexes are reported, and
the concentration distribution of the various complex species has been evaluated as a
function of pH. Comparing the values of logfiio for 5-GMP, L-his and L-met
complexes, the most stable complex is complex with 5’-GMP followed by L-his and L-
met for both complexes, [(BL™)Pd(H,0),]** and [(TL®")Pd(H.0)]*".

Substitution reactions of the complexes [Pt(bpma)H20]*" and [PtCl(bpma)]*, with the
nitrogen-donor ligands 1,2,4-triazole, pyrazole and pyridazine were studied in aqueous
0.1 M NaClQO, using variable-temperature UV-VIS spectrophotometry. The reactions of
the aqua complex were studied at pH 2.5 and those of the chlorido complex were studied
in the presence of 10 mM NacCl to prevent their hydrolysis. The values obtained for the
second-order rate constants indicate that the complexes with bpma are more reactive then
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those with diethylenetriamine. In both cases the aqua complexes are more reactive than
the corresponding chlorido complexes. The reactivity of the incoming ligands follow the
order: 1,2,4-triazole > pyridazine > pyrazole. Activation parameters were determined for
all the reactions and the negative entropies of activation (AS?) support an A or I,
mechanism.
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[Ipena3Hu MeTall M BUXOBE PEaKLUje MMajy Ba)KHY yJIOTY Yy TEXHHYKUM IpoliecuMma
(kaTanm3a, eKCTpakiuja ¥ TpedninhaBambe METATHUX KOMIUIEKCA) y OMOJOTHjH U MEIUIMHU
(6uomnomku TpaHcep eNEeKTPOHA, TOKCHKOJIOTHja W KOpPHIIhEHhEe METaTHHX KOMIUIEKCa Kao
JeKoBa). JoHM Merana Haja3e cBe Behy mprMeHy y OHOJIOIIKAM CHCTEMHUMa 33 TEPareyTCKy
IPUMEHY MM Kao TUjarHOCTHYKA cpeacTBa. KoMmIiekcu MeTasia KOpHCTE ce 3a JIeYeHhe MHOTHUX
Oonectu (KaHIep, apTpUTHC, Tujaberec, AnxajMepoBa 00JIeCT, UTH), alld y3 ClIab0 pa3yMeBame

1,2 .
buoxemujcka ucTpakuBama

IbUXOBOI MEXaHU3Ma JIeJIOBalba y OHOJIOIIKUM CHCTEMHUMA.
Takohe HUCY yCTaHOBHJIa MEXaHU3aM JIejCTBAa HABEACHUX KOMILIEKCA MeTaja. JenaH o/ rIaBHUX
[UJbeBa OMOHEOPraHCKe XeMHje TPEHYTHO je MCIHUTHBAKE MEXaHHu3aMa JelloBarkba METATHUX
KOMILIEKCA y GHOJIOIIKMM CHCTeMHMa, ™

OtkpuheM aHTUTYMOpDHHMX KapakTepHUCTHKa KOMILJIEKca IHCIIaThHE KpajeM 1960-ux
TrOJWHA TOKPEHYTa Cy OINCEXHA HCTPKMBAMA IUIATHHCKHX jeinmbersa.’ YCmex LuciiaThHe
M3a3Bao je BEIMKU MHTepec 3a pa3Boj HoBux Pt(ll) xommiekca, Tako 1a ce JaHac KapOoIuiaTHHA
Y OKCAJUIUIATHHA HWHTEH3WBHO KOPHCTE Ka0 aHTUTYMOPCKH JIEKOBH. Melytum, ycrneauna je u
CHHTE€3a MHOTHX JIPYTHX IUIATHHCKUX KOMILJIEKCa, ca [IUJbeM J1001jamba jeInmbeba Koje Ou nMano
Behy OMOJIONIKY aKTUBHOCT a Malby TOKCUYHOCT Y OJTHOCY Ha LIUCIUIATUHY.

[Topen WHTEH3UBHOT HCIUTHBAaKHa KMHETHUKE M MEXaHHW3Ma CYINCTUTYIHMOHHUX peakiija
ougynkimonanaux komrviekca Pt(ll), koju mpencraBipajy MOTEHIMjATHE XEMOTEpAIreyTHKE,
UCIUTHBAHU cy U MOHO(yHKuMoHanHU Komruiekcu Pt(ll). MoHOGYHKIIMOHATHE KOMILJIEKCH
IPEICTaB/bajy MOJEN MOJIEKyJe, KOju MOTY Jla c€ KOpPUCTEe 3a HCIHTUBAKE NPBOT KOPaKa
uHTepakiuje komruiekca Pt(11) u Guomornekyna.

Kommnekcn Pd(ll) m3asuBajy maxmy yciea Tora mITO MOKa3yjy WACHTHYHO XEMH]jCKO
noHamrame kao u xomruiexch Pt(Il), amu pearyjy 10°-10° myra 6pxe. Jlobujenn pesymarati
unTepakiuja komiuiekca Pd(ll) ca duomonekynuma, Mory na ce mpumene Ha komiuiekce Pt(l1).
Kommnekcu Pd(1l) He mokasyjy aHTHTyMOPCKY aKTHBHOCT.

VY 0oKBHpY OBE JOKTOpPCKE IUCEpTaluje MPUKA3aHU Cy pe3yaTartu aodujeHu npahemem
cynctutynnonux peaknuja komruiekca Pt(l) u Pd(ll) ca pasmuumtum cymmop- u a3ort-

JOHOPCKUM OuomonekynuMma. Y OmmreM Aeny eTabHO Cy OMHCaHe CYNCTUTYIMOHE peaKiuje

KOMIIJIEKCHUX jeIUEHha, Ka0 M METOJIe 3a oApehuBame MeXaHU3Ma CYNICTUTYLIMOHUX PEaKIIHja.
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JleTaJbHO Cy TpUKa3aHe CYINCTUTYLHMOHE peakifje KBaJpaTHO-TUIAHAPHUX KOMILJIEKca ca
noceOHUM OCBPTOM Ha (hakTope KOju yTUdy Ha Ipouec cyrnctutyiuje. Takolhe, nar je nperien
OMOJIOIIKE aKTUBHOCTH HEKHX OJl MpeJasHUX MeTaja, NMpU YeMy je HajBehuM JenoM OmmcaH
HAYMH aHTHTYMOpPCKOT JejcTBa komiuiekca Pt(11). [lar je nperien nocafalimux HCTpaKUBamba Ha
N0Jby MHTEpaKiuja OM(PYHKIHMOHATHUX U MOHOQpYHKuHoHaTHUX Komriutekca Pt(Il) u Pd(Il) ca
Pa3NIUYUTUM CYMIIOpP- U a30T-AOHOPCKMM OuomoiekynuMma. Y ExcnepuMeHTanHOM 1eny, cy
nopeJ npurpeMe KopuirheHux peareHaca U pacTBOpa, OMUCAHE CHHTE3€ HOBHX jeIUb-CHA Ka0 U
MeToie KopHuiheHe MPUINKOM HCIHUTHBAKba KHHETHKE MOMEHYTUX CYICTUTYLHOHUX peakiyja,
Kao U MeToze 3a u3ydaBame xumposmse komriekca Pt(I1l) u Pd(I1). V nornasmy Pesynratu u
IMCKyCHja pe3ynaTara MpBO Cy MpHKa3aHU JIOOWjeHH pe3yaTaTd HCHHUTHBAKA KUHETHKE H
MeXaHH3Ma CYNcTUTynuonux peaknuja [PtCl(bpma)]” u [PtCl(gly-met-S,N,N)]" u muxoBux aksa
ananora ca L-mer, GSH u 5’-GMP y 3aBucHOCTM oOJ TeMmmeparype U KOHIEHTpaluje
Hykieo(dunaa. 3aTUM Cy NpUKa3aHE CYNCTUTYIHMOHE peakiuje OM(yHKIMOHAIHUX KOMILIEKCA
Pt(Il) ca a3zot-noHopckum nuranauma (1,2,4-tpuasoniom, L-xuc u 5’-GMP), ucnurusane npu
¢uzuonomkoj pH 7,2. JlerasbHO Cy ONMHMCaHU pe3yJaTaTH NOOMjEeHW MCHUTHBAKEM PABHOTEKE U
KAHETHKE CYICTUTYLIIMOHHMX peakija oOuc(uMuaa3onud-2-umuHo) komruiekca Pd(ll) ca
OMOJIOIIKM 3HAYajHUM JIMTaHIUMa. Y TOKY H3paJe OBEe Te3€ CHHTETHCaHa Cy JBa HOBa
kommwiekca Pd(11), [(TL®*)PdCI]CIO, u [(BLiPr)PdClz], 1a cy y OBOM JIelly IPUKa3aHU PE3yNITaTh
PEHITeHCKO-CTPYKTYpPHE aHaJIM3€ OBHX KOMIUIEKca. Takole, MCIMTHBaHA je M KHHETHKA U
MeXaHH3aM CYNCTHTYIHOHHUX peakuuja [PtCl(bpma)]” n [P‘[(bpma)(HZO)]2+ KOMIUICKCHUX jOHA
ca 1,2,4-TpuazosioM, THUPA30JIOM U TUPUAA3HHOM, U JOOUjEHH PE3YITATH CYy CYMHUPAHU y OBOM
neny. [lopen mpukasza noOMjeHHX pe3yaTara CYNCTUTYLMOHHMX peakluja, JaT je OCBPT U Ha
ypahena JI®T uspauyHaBama 3a cucreme u3mene Gua/SMe;.

Pesynratu oBe JOKTOpCKe nucepTanuje 00jaB/beHH Cy Y OKBHPY 5 HAy4YHUX pajoBa y

MMO3HATHUM MHTCPHAIIUOHAJIHUM HYaCOIINCHUMaA.
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1. OMNIITH AEO

N3yuaBame KMHETHKE peaklije uMa 3a [IMJb YIBphuBame Op3uHE KOJOM O] peakTaHarta
HacTaje MPOM3BOJ peakilyje, 3aTUM yTBphMBamE yTHIAja peasIUUTUX MapameTapa (IpomMeHa
KOHIIGHTpallMje peakTaHata, pH, mpomeHna Temmeparype U MPUTUCKA, YBOheme KaTalu3aTopa,
UTA.) Ha Op3uHy peakuuje. YTBphUBame €NEeMEHTApHUX PEaKIMOHUX KOpaka KOju BOJE Ka
HACTaHKY IPOM3BOJIa peakiyje Tj. oxpehuBame MexaHH3Ma peakifje je Takohe jenan o1 HubeBa
n3yuyaBamba KHHETHKE peakunuje. MexaHuszaM peakiifje Moapa3yMeBa U aHAIW3y HAuWHA Ha KOjU
ce Be3a pacKu/a, a 3aTUM U HauMHA Ha KOjU ce HOBa Be3a Gopmupa. Mopa ce yzetu y o03up aa
CBaKH eJIEMEHTApHU KOPaK peakilfje UMa CBOj MEXaHW3aM, TaKo Ja je KOMIUIETHO O0jallmbermne
PEaKIMOHOT MEXaHNU3Ma TEIIKO JIOCTHXKAH IHJb.

Ca Illeme 1.1. Moe ce BUAETH LITAa CE CBE MOpaA Y3€TH y 003Up MPUIKKOM ojpehrBama

MEXaHH3Ma XEMH]CKe peaKiuje.”

KHHETHKA PeaKIije  mrmmmmmmmmmmmmmmmmmresererdh - MeXaHH3M PeaKiEje

SaBACHOCT O}
Mepeme kotcramie 6psuie =% Konnenrpagje, pH,
TeMIeparype, OpETHCKA

EsMmEpH]jckR MT yoxeﬂn MEXAHM3AM

Teoperckn 3aKoH Gpsule Teopmja

Ilema 1.1. Kopayu y o0pelusarny mexanuszma xemujcke peaxyuje.’

[Ipoy4yaBame MexaHM3Ma HEOPraHCKUMX pEaklMja Harjlo 3alo4yhibe Ca  pPa3BojeM

OpraHoMeTasHe M OHOHEOPraHCKE XEeMHje, OJHOCHO ca pa3BOjeM HOBHMX EKCIIEPHUMEHTAIHUX
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texuuka  (Uv-Vis  cmekrpodoromerpuja,  NMR  cmekrpockommja,  stopped-flow

cnekrpodortomerpuja, HPLC, utn.).

1.1. CyncTutynnoHe peakinuje KOMIUICEKCHUX jeNbeHha

CyIncTUTYIIMOHE peakifje KOMIUIEKCHUX jeUbeha MOTy OuTH enekTpoduine (Sg) uim
HykneoduiaHe (Sy) y 3aBUCHOCTH OJ1 TOTa Ja JI y MPOLECY CYNCTUTYLHUjE T0Ja3u 10 3aMEHe
[IEHTPAJIHOT JOHA MEeTaJa WM JUraHa/a. YKOJIHUKO Ce y TOKY PEeaKlrje CyICTUTYHILIE JOH MeTaa
Tj. eneKTpodmi, y MHUTaky je peakiuja eiekTpodmine cyrncrutyuuje, jeanauuna (1.1.1), a
YKOJIUKO C€ BPIIIHM 3aMEHa JINTaHa/1a, KOMIUIEKC TIOJUIekKE PEAKIINjH HYKICO(PUIHE CYIICTUTYIIH]E,

jennaunna (1.1.2).

[ML,] + M'==—> [M'L,] + M Se 1.1.1

[ML,] + X = [ML41X] + L Sn 1.1.2

Hykneoduine cyncTuTynHone peakiuje, npema Jlanrgopay u I'pejy (Langford, Gray),®
OJIBHjajy C€ M0 TPH pa3InYUTa MEXaHU3Ma:
» JlucouujatuBHOM Mexanusmy (D)
» AconujaTuBHOM MexaHusMmy (A)

» Mexanusmy usmene (1)

| Mexannzam

Llema 1.2. Mexanusmu Hykieoguine cyncmumyyuje KOMNiIeKCHUX jeOurberva.
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Kox mucormjatuBHor Mexanusma (D) y mnpBoM cCTymmy peakidje [I0Jia3d 0
IUconujanyje jeaHor jmraHaa L w3 koopauHaimone cdepe KOMIUIEKca, MPU YeMy HacTaje
MHTEpMEMjep ca CMalbeHUM KOOPJMHAMOHUM OpojeM. Y cienehem crynmy yna3Hu juranj X
ce Be3yje 3a LeHTpaltHu joH Mmetana. C oO3UpOM Ja je MpBU CTyNaw pEakluje CIOpHjU, OH
onpehyje ykynHy Op3uHYy peakiirje CylCTUTYIIH]E.

Kon acommjatuBHOr Mexanuzma (A) y mpBoj ¢dasu ymasnu snmrang X ce Besyje 3a
LEHTpPAJIHU JOH Merana, rpagehu nHTepMenujep ca moBehaHuMM KOOpAWHAIIMOHUM OpojeMm, a
3atuM, y apyroj ¢asm ommaszehm nurang L Hamymta koopauHanuoHy cdepy KOMILIEKca.
Peakmuja rpahema uHTepMenujepa ca mopehaHuM KOOpAWHAIMOHUM OpOjeM je CIOopHja M OHa
onpehyje Op3uHY OBOT TIpOIIECca CYIICTUTYIIH]E.

Mexanuszam usmene (1) je mporec ko kora ce, y npBoj $asu, ynasuu jaurana X Besyje
eJIEKTPOCTATUYKUM CHJIaMa 3a CHOJhallllby KOOPAMHALMOHY chepy komrmiekca. [Totom monaszu
70 MHTrpalyje yAa3HOT JIMTaHJa U3 CIOJhAIlllbe Yy YHYTpAlllby KOOPIUHALMOHY cdepy y3
HCTOBpPEMEHY MHTpauujy ojnaseher nuranna L w3 yHyTpamme y CHoJballllby KOOPAMHAMOHY
chepy. Kpajuu mpouec je packumame Bese usmely komruiekca u ojrazeher muranga. OBaj
MeXaHHU3aM, 33 Pas3IUKy O] IPETXOJHA JBa HEMa MHTEpMeIujepa ajdl MOCTOjU MPEIa3Ho CTambe,
Tj. IpOLIEC TIOCENyje CBOJY €HEPrujy aKTUBHpama. MexaHn3aM U3MEeHE ce MOXKe MOJIeNIUTH Ha [, 1
lg MexaHU3Me. YKOJIMKO MpoIlec pacKuaama Be3e nMel)y HEeHTpaTHOT joH merana u ojyiaseher
muragaa L uma Behu yruimaj Ha Op3uHy peakiyje, MexaHu3aMm ce obenexana ca lg, a yKoIuko
npoiiec popmupama HOBE Be3e u3Mel)y eHTpalHOT joH MeTana U yaaszHor jguragaa X uMa sehu

yTHIA] HA GP3MHY XeMH]CKe Peakirje, MeXaHu3aM ce obenexana ca I,.%”

1.2. AKTMBaIMOHM MapaMeTPH

OnpehuBame MexaHU3Ma XEMHUJCKE peakKlMdje 3aCHHUBA CE€ Ha aHAIM3U JOOHMjeHUX
BpPEIHOCTH TepMoaMHaMuukux mapamerapa (Ea, AH?, AS”, AV”), koju kapakrepumry oapehenu
nporiec. Jenan ox OMTHHMX MoJaTaka je BPEIHOCT KOHCTaHTE Op3uHe XeMujcke peakuuje k, 3a
yrje onpehuBame MOCTOjU BEIUKH Opoj EKCIepuMEeHTaTHMX Merona. M30op oxarosapajyhe
METOJIe 3aBUCH Kako 0J Op3MHE Ipolieca KOjU ce MpoydaBa, TaKo U OJ OCOOMHA y4YECHHKa

. . 8
XEMH]CKE peakLuje.
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[To3HaBame BPETHOCTH KOHCTaHTE Op3WHE XEMHJCKE peakluje Ha pa3IuduTHM
TemmnepaTypama omoryhaBa oapehuBame OCTaIMX TEpMOJMHAMHUYKUX Tapamerapa. BpemHoct

enepruje aktuBuparma E, onpelyje ce momohy Apenujycose (Arrhenius) jexnaunse (1.2.1).5%°

k =k exp(~E,/RT) (1.2.1)

y K0joj je k koHcTaHTa Op3uHe XeMujcke peakuuje, ko hakrop yuecranoctu, R racHa koHcTaHTa
u T rtemmeparypa Ha Kojoj je oapeheHa BpegHOCT KoHCTaHTe Op3uHe. JlorapuTmoBamem

jennauune (1.2.1) nobuja ce uzpas
Ink =Ink, - E,/RT (1.2.2)

y KoMme moctoju juHeapHa 3aBUCHOCT INK ox 1/T. OBa 3aBHCHOCT je JIMHEapHa y YKeM
temreparypaoM uHTepBay on 30 - 40°C. To 3HauM Ja MO3HABAaKEM BPEAHOCTH KOHCTAHTE
Op3uHE XEMHJCKE peakKlldje 3a HajMamke TpU TeMIeparype, rpaduukuM IyTeM, MOXE ce
OJpeMTH BpeaHOCT wiaHa —E /R, omHOCHO, BpeaHOCT eHepruje akTUBUpama 3a U3y4aBaHy
peaxiujy.®?

[Ipomena entanmnuje aktuBupama AH” onpelyje ce u3 jennaunne (1.2.3).
AH” =E, -RT (1.2.3)

[Ipomena entponuje akTHBMpama AS® je BeldMYMHAa KOja NPENCTaB/ba MEPHUIIO
HeypeheHOCTH cucTeMa, OJHOCHO, npoMeny cioboaue (Gibbs-ose) enepruje AG™ ca mpoMeHOM

temneparype T u Moxe ce uzpasuru nomohy jennaunne (1.2.4)

[O'(A—G)j = —AS” (1.2.4)
dT

Bpemnoct AS”™ onpehuje ce na ocHoBy Ajpunrose (Eyring) jennaunne (1.2.5)
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k—ﬂexp[ AG j (1.2.5)

“Nh L RT

C 063upoM 1a ce mpomeHa ciaoboaue enepruje AG” Mosxe U3pa3sUTH IPEKO IPOMEHE €HTAJIITH]E

aKTHBHpamba U IPOMEHE EHTPOIINje aKTUBUPaba, jeqHaunHa (1.2.6)

AG* = AH* + TAS” (1.2.6)

3ameHoM y u3pasy (1.2.5) nobuja ce jennaumna (1.2.7)

RT AS” AH”
k =——ex exp| — 1.2.7
il p[ Rj p[ j 1.27)

JloraputmoBameM jeanaunne (1.2.7) nobuja ce uzpas

In LS =1n R +AS _AH (1.2.8)
T Nh R RT

Ha ocnoBy u3pasza (1.2.8) Bunumo na nocroju auHeapHa 3asucHoct In(k/T) ox 1/T, 1j. rpaduuku

Ha OCHOBY OB€ jeIHaYMHe M3 Haruba nobujeHe npase ojapehyje ce BpeJHOCT MPOMEHE SHTAIIH]e
aKTUBUpama, a U3 OJCEYKa MpaBe M3pauyyHaBa C€ BPETHOCT MPOMEHE EHTPOIHje aKTUBHPAMA.
Ipeu wian In(R/Nh), je koncranTa u Ha 25°C n3uocn 23,8.1%*

[ToBe3aHoCT KOHCTaHTEe Op3MHE XEMHjCKE peakluje U MPOMEHE 3alpeMuHe aKTHBHPAmba

AV” nara je Banr-Xodosom (Van't Hoff) jexnaunnom (1.2.9)

[d(lnk)j _ AV’ (1.2.9)
dP J; RT -

Bpennocr 3a AV” nobuja ce mpahemeM NpoMeHe KOHCTaHTE Op3HMHE XEMHUJCKE peakuuje y

3aBUCHOCTH O/l IPUTUCKA, & Ha OCHOBY jeqHaunHe (1.2.10)
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AV* = —bRT (1.2.10)

y K0joj b mpencrasiba naru6 npase Ink = f(P). 3anpemuna aktusupama AV” cactoju ce U3 aBa

ynaHa, jenHauynna (1.2.11).

AV7t = Aviint + AV¢50| (1211)

[IpBu unan AVt OHOCH Ce Ha IPOMEHE Y MHTEPHYKIICAPHUM PACcTOjarbuMa M YTIIOBUMA
Be3a NPWIMKOM HACcTajarba akKTHBMPAHOT KOMIUIEKCA, IOK APYrd uiaH AV s Onucyje IpoMeHe y
HaeNleKTpucamy, Kao M JUIOJHE MHTEPaKLHUje y aKTHUBHPAHOM KOMIUIEKCY. 3aTO, YKOJHKO
pearyjy HaeJeKTpPHUCAaHU JOHU y TPOIECY CYINCTUTYIH]e AOMPUHOC APYTOT WiaHa MOXE OUTH
Behu oz mpBor, Na BPEJHOCT 3alpeMHHE aKTUBUPamba HUje MOYy3IaH KpUTEpHjyM 3a ojpehuBame
MexaHu3Ma. Melhytum, kazma y TOKy mIpolieca CyICTUTYIHje HeMa IPOMEHa y HaelleKTpHCamby,
apyru unad y uspasy (1.2.11) moxe ce 3aHeMapuTH, Tj. TaJa 3alpeMHHA aKTHBHpAamba 3aBUCH
camo o1 AV7in. Y ToM ciyuajy je Bpeanoct AV” HajoysiaHuju KPUTEPUjyM 3a oapehuBarbe

MexaHu3Ma CyHCTI/ITyI_II/Ije.lz'13

1.3. OapehuBame MexaHU3Ma HYKJIEO(HIHUX CYNICTUTYIIHOHUX PeaKIuja

OnpehuBame MexaHH3Ma HYKJICO(QHIHE CYNCTUTYLMOHE peakifje BPIIM c€ Ha OCHOBY
BPEIHOCTH TEPMOIMHAMUUKHX IapaMerapa,’ > Koji KapaKTepUIIy MpoydaBaHH mporec. Jemam
0]l MmapaMeTapa MoMOhy Kora ce Ha BpJIO jeTHOCTAaBAaH HAUYWH MOXE MPETUMHHAPHO OJIPEIUTH
MeXaHU3aM CYICTUTYIIHje je KOHCTaHTa Op3uHe XeMHjcke peakuuje. Ha ocHOBY jeiHauMHA KOje
KapaKTEpHUIIy MpoIlece NUCOIMjaTUBHOT, acoljaTuBHOT U Mexann3ma m3mene ([llema 1.2) puau
ce Jla je MpoIlec CYNCTUTYIHje MO IUCOIMjaTUBHOM MEXaHHU3MY peakiyja MpBOT pena, a Io
aCOIMjaTUBHOM MEXaHU3MY peakiuja apyror pera. C TUM y Be3H, YKOJUKO C€ IMPHIUKOM
u3yuyaBamba HEKE peakilfje yCTAaHOBHM Ja NpUpOjAa YIa3HOI JIMraHaa He yTHYe Ha Op3uHy
peakiuje, Taga ce paad O AMCOLUjaTHBHOM WM Iy MexaHusmy cymncrutynuje. M obpHyTO,
YKOJIMKO Op3uHa XeMHjCKe peakiifje 3aBUCH OJ1 IPUPOJIE YIIa3HOT JIMTaH/a, peakiifja ce JeliaBa

110 aCOUHMjaTHBHOM i I, Mexanmsmy cyncrutymmje.’”’
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[Toy3nanuju kpuTepujyM 3a oapehuBame MeXaHU3Ma je MO3HABAKE BPEJAHOCTU NMPOMEHE
enTponuje akTuBupama AS”. IlomTo je eHTponHuja akTMBUpamba MepUIIO HeypeheHocTn crcrema,
a Ha OCHOBY Ca3Hama Jia ce KOJ pa3InYUTUX MeXaHu3ama (opmMupa uHTepMenujep ca Behom mim
MamoM Heypehenomrhy, oBaj mapamerap omoryhaBa oapehuBame MexaHU3Ma CYNCTUTYIHjE. Y
ciydajy D MexaHu3ma HacTaje MHTEpMeIujep ca CMalbeHUM KOOPAMHAIMOHUM OpojeM, 0JTHOCHO,
nosehaBa ce Heypehenocr cucrema u AS” uma mosuTHBHY BpeaHocT. Koj aconujaTMBHOT
MeXaHM3Ma HacTaje MHTepMenujep ca MoBehaHMM KOOpIMHALMOHMM OpojeM M cMamyje ce
Heypehenoct cucrema oaHOCHO AS” MMa HeraTtMBHY BpeaHoCT. Y ciydajy | Mexanusma AS™ je
NPUOIINKHO jeTHAKO HYJIIH.

Hajnoy3nanmju kputepujym 3a oxapehuBame MexaHU3Ma je BpEAHOCT IPOMEHe
3anpeMuHe aKkTHBHpama.'° Vsumajyhnm y o63up BpCTY HHTepMeamjepa KOX PasIHUMTHX
MexaHu3ama, nosehame nputrcka he yop3aBatu peakuuje Koje ce JelIaBajy mo A MexaHusMmy, a
ycriopaBati peakuuje no D Mexanusmy. 3aTo, HeraTuBHa BpeaHocT AV™ ykasyje Ha A wm I,

MEeXaHM3aM, a MO3UTUBHA BpemHocT AV™ ykasyje Ha D mmm lg Mexanmsam cymcrurynuje. Y

cllyyajy MeXaHu3Ma U3MeHe, MPUTHCAK He yTU4e 3HauajHHje Ha Op3uHY CYIICTUTYLH]E.

1.4. CyncTutynnoHe peaknuje KBaIpaTHO-IVIAHAPHUX KOMILIEKCa

KBanpaTHo-Tu1aHapHe KOMILUIEKCE Tpajie JOHW MeTana ca § enekrpoHa y d opburtanama. Y
oBy rpymy cnaaajy Pt(I1), Pd(Il), Au(Ill), Ir(I), Rh(I) u Ni(Il) (y nojeauaum ciy4ajeBuMa) jOHH
metana. Ommra ¢GopMmynaa OBUX KOMIUIGKCHUX jemumema je [MLiL,TX], omHocHO, oHm ce
cacToje O] IEHTPAJIHOI jOHAa MeTaja M 4YeTHpH jurapaa. OBa rpyna KOMIUICKCHHUX jeIMbCHA
nocexyje Dap IPyITy CHMETpHje, TaKko 1a Cy Be3e MeTall-IHraH;| yeMepeHe ayx X- i y-oce.™

Cyncrurynuone peakiuje komriekca Ir(I) u Rh(I), kao u Pd(II) u Au(lll) omurpagajy ce
Beoma Op30. Mehyrum, cyncturynuoHe peakuuje komriuiekca Pt(II) oaurpaBajy ce 3HATHO
criopuje.” Y TaGemn 1.1. mate cy KOHCTaHTe GP3HHE 3a CYIICTHTYLMOHE PEakKimje KOMIUIEKCa
Ni(II), PA(II), Pt(IT) u Au(Ill), Ha OCHOBY OBHX BPEAHOCTH c€ MOXe BuaeTH na komruieke Pt(Il)

pearyje 3HaTHO CIIOpHje y OJTHOCY Ha OCTale.
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TaGena 1.1. Koncrante Op3uHe ¥ TEpPMOJAMHAMHYKY ITapaMETPH 3a PEaKlnje CYIICTUTYLIH]Ee

LHjaHUIHOT joHa y KoMmmuiekcnma trma [M(CN),]™.*°
k2 AH? AS” AV?
M?tst kJmol™ JKmol? cm®mol™?
[Ni(CN).]* 2,3x10° 21,6 -51 -19
[PA(CN)4]* 8,2x10 23,5 -129 -22
[Pt(CN)4]* 1,1x10 25,1 -142 -27
[Au(CN)4] 6,2x10° 40,0 -38 +2

Peaxiiija CyIICTHTYIHjE JIMTaHAa KO KBaJPaTHO-TUIAHAPHIX KOMILIEKCA ' MpHKa3aHa je
Ha [llemn 1.3.

Ll L7

Llema 1.3. Peakyuja cyncmumyyuje 1ueanoa Koo K6aOpamHo-niaHapHux KOMNIeKcd.

Ha ocnony Illeme 1.3 Moxe ce BUIETH J1a Y KOOPAWHAIIMOHO] chepr KOMIUIEKca J10Ja3u
70 CYNCTHUTYLHje auranaa X ynasHuM jurasaoMm Y. Jlurana T ce namasu y trans-mosjoxajy y
onHocy Ha ojazehu nmurang X .

CymncTuTyniMoHe peakiuje KBaJpaTHO-IUIAHAPHUX KOMIUIEKCAa OJIBHjajy ce Mo JiBa
KAHETHYKa IyTa. JegaH je T3B. JUpPEKTHa HyKIeO(QWIHA CYINCTHUTYIMja OKapakTepUCcaHa

KOHCTaHTOM Ko, jennaunna (1.4.1).

k
IMLLTX] + Y == [MLL,TY] + X

(1.4.1)

10
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Llema 1.4. Mexanuzam cyncmumyyuje 1ueanoa u emepeemcKku npogun peaxyuje

cyncmumyyuje Koo K8aopamHo-niaHapHux KOMNIeKcd.

JIpyru je CONBOJMMTUYKH MYT, OKapaKTepucaH KOHCTAaHTOM Op3uHe Ki, Mo KoMe ce y IpBoj
(a3u BpIIM CYNCTUTYIMja TUTaHAa X pacTBapadyeM S, a IoToM, y Ipyroj ¢gasu nurang Y yiasu y

KOOpAMHAIIMOHY cepy KOMIUIEKca, 3aMeryjyhn MoJIeKyn pacTBapaya.

k
ML LTX] + S == [MLL,TS] + X (1.4.2)
[MLiL,TS] +Y == [MLL,TY] + S (1.4.3)

W3pa3 3a Op3uHy CYNCTHTYLMOHE peakuuje oOyxBaTa 00a KMHETHYKAa IyTa W IpHKa3aH je

jenHaunHoM (1.4.4).

BRZINA= k,[ML, L, TX]+k,[ML,L,TX][Y] (1.4.4)

11
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OnaHOCHO

BRZINA= (K, + k,[Y)[MLL,TX] (1.4.5)

Ha Illemu 1.4. mpuka3aH je MexaHu3aM CYICTHUTYIHje JHUraHaa KoJ KBaApaTHO-TFIAHAPHUX
koMmiiekca. M3 Illeme 1.4. ce moxe ce BUAETH JAa yjaa3HU JMrasa Y Mpuiasd KBaJpaTHO-
TUIAHAPHOM KOMIUIEKCY IO HOpMalHHM yriioM, ¢opmupajyhu kBagpaTHy nupamuay (3).
Hacrana xBagpaTtHa mupaMuia ce TpaHchOopMulle y TpPUTOHANHY Ounupamuay (5), a moTom
MOHOBO y KBaJpaTHy nupamuny (7), anmu ca oazehum nurangom X Ha Bpxy nupamuzae. Ha
Kpajy mpoleca CYNCTHTYLHje pacKuaameM Bese u3Mmel)y merana u nuranga X THOHOBO ce
dopmupa kBanpaTHo-1IaHapHu KoMiuieke (9). [pena3Ha crama cy okaparepucaHa mojoxajuma

2,4,6u8.

1.5. ¥YTunaj pasagunTux (aKkTopa Ha PeaKTHBHOCT KBaJAPaTHO-IJIAHAPHMX
KOMILIEKCa

Ha Op3uHy ojBHjama CYNCTUTYLHMOHHMX peaKlMja KBaJpaTHO-IUIAHAPHUX KOMILIEKCA

yruue Behu 6poj ¢dakTopa, y Koje crajajy: yTHlaj LEeHTPATHOT joHa MeTana, edekar oanaseher

nurasaa, edexaT yiaasHor JUraHaa, yTulaj JIMraaa Koju ce Haja3u y trans-moioxajy y oJHocy

Ha ojuta3zehu nurany (trans-egekar). ExcriepuMeHTaHi YCIIOBH IO/ KOJUMA C€ CYIICTHTYIIUOHA

peaknuja onBuja (pacTBapay, joHCKa cuja pacTBopa, pH BpemHOCT, MPHCYCTBO KaTaau3aTopa

WM HHXUOUTOPA) Takohe yTuay Ha Op3uHY peakiuje.

1.5.1. ¥YTunaj ueHTpajJHOr joHa MeTaJa

Edekar neHtpamHOr joHa MeTasia Ha Op3WHY CYICTUTYHH]Ee KBaJApaTHO-TUIAHAPHHUX
KOMILJICKCA j¢ BeOMa BEIMKH. YOUYEHO je Ja PEaKTHBHOCT KOMIUIEKCA y 3aBHCHOCTH O] BPCTE
jona merana omana y mm3y Ni(ll) > Pd(11) > Pt(11).° Benuka pasnuka y peakTHBHOCTH OBHX
KOMIUIEKCa MOXe Jia ce mpumnuiine nopacty Benuuune jona meraia ox Ni(ll) (83 pm) mo Pt(l1)
(94 pm), wrro gompunocu ma Ni(ll) mosxe MHOTO Nakiie na noBeha KoopAMHAIIMOHHU OpOj Tj. 1a
Harpajd MHTEpMEIujep TPUTOHATHO-OMIHMpaMHIAIHE CTPYKType MPEKO KOora ce OAWUIpaBajy

CYICTUTYLIMOHE peaKinje KBaJpaTHO-TuIaHapHuX Komruiekca (Llema 1.4).54

12
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M=Ni k, =33 Mls!
Et3P///’, \\\\\C| 2

™ EtOH
M\ + py — > M=Pd k=058 M5!

PEt,
M=Pt k,=6,710° M 15!

. . . 1
Cnuka 1.1. Koncmanma 6p3une 3a peakyuje cyncmumyyuje KOMniekca joHa memand.

1.5.2. Edekar yaa3nor u oajaaseher auranga

Bbp3uHa cyncTUTylroHe peakije KBaJpaTHO-TUIAHAPHOT KOMIUIEKCA 3aBUCH O BPCTE,
OJTHOCHO HYKJICO(QUITHOCTH YnazHOT juranjaa. Koja Benukor Opoja CyNCTHUTYIMOHHX peaKluja
Pt(Il) xomrutekca koHCTaHTa Op3uHe, ko, pacte y cieneheM HU3Y yJIa3HUX JIMTaHAA:

H,O < NH3< Cl-:py< Br <I'< CN < PR3

. . 9 . .
OBaj penocines IMraHaza je aatT Ha OCHOBY BPEIHOCTH Npy,” Tj. HyKJICO(PUITHE pEaKTUBHOCTH, KOja

ce nedunuiie Ha ocHOBY jenHauunne (1.5.2.1).

trans-[PtCl,(py),] + Y — trans-[PtCl(py),Y]" + CI (1.5.2.1)

npu 4eMy ce KOHCTaHTa Op3MHE OBe peakuuje obenexana ca Ky kama je Y = MeOH, u Tana

Npt = 0. BpemHocT 3a Npty Citydajy Apyrux Turanaga 100Mja ce Ha OCHOBY jeqHaunHe 1.5.2.2.
nee = log ka/ks (1.5.2.2)

Bpennoctu 3a Hyki1€0(MIHY PeaKTUBHOCT, Npy, HEKUX JIMTaHaza fnare cy y Tabemn 1.2,

13
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TaGena 1.2. BpenHoct HykJIeo(pHIHE pEaKTUBHOCTH, Npt, 32 yiIa3He Jurasae Y y

peakuuju (1.5.2.1).

Jlurang CI NH; py Br I CN’ PR3
Npt" 3,04 3,07 3,19 4,18 5,46 7,14 8,93
Ped. 9,14

Ha ocnoBy BpenHoctu u3 Tabene 1.2. BUaM ce a YKOJIMKO j€ YJIa3HM JIMTaH[ ,,MeKIIa’’
0aza To je meroBa HykJIeoduiHa peakTuBHOCT Beha. Ha mpumep, HykieoduiHa peakTHBHOCT
pacre y Hm3y ClI' < Br' < I', a o je yjenqHo u cMmep y KoMe pacte ,,Mekoha’’ OBHX JMTraHaja.
JacHo je na he Behy peakruHocT pema Pt(II), kao ,,Mek0j’’ KMCETMHU UMATH ,,MeKIIa’’ 6aza.’

Konx cyncrurynnonux peakiuja Pt(11) komriekca yodeHa je nuHeapHa 3aBUCHOCT u3Mely

nopacra koHcraHte Op3une, 109 Kz, ¥ Npt BpeqHOCTH, Kao mTo je npukazano Ha Cum 1.2.

Cnuka 1.2. 3asucnocm logka 00 npe 3a peaxyujy trans-[PtCla(py)2/ ca pasnuuumum

Hykneoguiuma y memarony na 298 uiu 303 KY

Ha ocnoBy jemnaumne (1.5.2.3), oapehyje ce Bpemnnoct 3a S, ¢paxmop uykneopuine

OUCKpUMUHAYUje, KOJU UMa KapaKTepUCTHUHY BpeaHocT 3a oapehenu Pt(Il) kommeke. Hberosa

14
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BpemHOCT ce onapehyje u3 Haruba mpaBe 3aBHCHOCTH logks on Npr. BpemHocTr S 3a HEKOIHKO

Pt(II) kommuiekca nate cy y Tabemn 1.3.

logkz = s(npy) + logky’ (1.5.2.3)

TaGena 1.3. Bpennoctu akropa Hyki1eopmiHe TMCKPUMUHALH]E, S, 32 HEKOJIHUKO

n3abpanux komruiekca Pt(Il).

Komrekc s’

trans-[PtCl(PEts),] 1,43
trans-[PtCl(AsEts),] 1,25
trans-[PtClx(py)-] 1,00
[PtClx(en)] 0,64
[PtBr(dien)]” 0,75
[PtCI(dien)]” 0,65
[Pt(dien)(H,0)]** 0,44

Ped. 14

PenatuBHO Mana BpeaHOCT S 3a KOMILIEKC [Pt(dien)(H.0)]*" y OJHOCY Ha Jpyre
komruiekce Pt(Il) ykasyje Ha To Aa je yTuIaj yJla3HOT JUraHAa Majd, OJHOCHO Jia je TIOMEHYTH
KOMIUIEKC JI0OCTa PEaKTHBAaH KaJa Cy y MUTamby CYINCTUTYyLHOHE peakiuje. To je cBakako
moBe3aHo ca uumeHuroM Aa je HpO mako omnazehm nmurama. Ha Cnumu 1.3. mpukaszana je
3aBucHOCT logks o1 Npt 32 Tpu pasnuuurta komruiekca Pt(ID).

Peakiuje cyncTtuTynuje KBaapaTHO-TUTAHAPHUX KOMILJIEKCA 3aBHCE W O] IPHPOJIE
omnaseher muranga.’ ™ vV ciydajy komruiekca Pt(Il) mokaszano ce ma Op3uHaA CyIICTUTYIIH]E Ommaa

y cnenehem HU3Y:

H,0>Cl >Br >1"> N3 >SCN >NO, >CN

OBaj edexar mpeacTaBba MEpUIIO JAaOMIHOCTH Be3e MeTal-oisiazehu jaurasza, a caMmum
TUM YKa3yje Ha Op3uHy KojoM ojiazehu murang moxxke aa ce cymncrutyuie. Kao mro ce moxe
BUJICTH MOJIEKYJ BOJIC KA0 U XaJIOTEHH, CE JIAKO CYIICTUTYHIILY a CyMIIOP-IOHOPCKHU JIMTaHIU Kao
U IMjaHUIHU JOH TEeXe, IITO je TOBE3aHO Ca TBPAO-MEKUM KapaKTepHCTHKaMa I'pajiuTesba Be3e

MCTaJI-JIUTaHA.
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28 trans[PICL(PEL,),]
V)
s 1]
9 .
[PCYdien)]"

0 transPtCLy(en)]

25—
5.0
-15 T T T ]
25 5.0 15 10
Hpy

Cnuka 1.3. 3asucrnocm logks 00 np 3a mpu komnaexca Pt(Il).*®

1.5.3. Trans-edexar
Kox xBagpaTHO-TIIaHApHUX KOMIUIEKCA HA Op3MHY CYICTUTYLIMOHE peakKiiyje, a Takohe u

Ha KOHCTaHTY Op3uHE, BEJMKH yTUIaj IMa MHEPTHU JIUTaH[ KOju ce Hayasu y trans-mosioxajy y
9 Jurammm ce MOry

onHocy Ha omnasehu murana. Taj edekar je mosnar kao trans-edexar.

IIOACIMTH Ha CJICIIChI/I Ha4YuH:

G-J10HOP: OH < NH3< ClI'<Br <CN’, CO, CH3', <I"'<SCN'< PR3< H
m-aknenTop: Br <I'<NCS < NOZ' <CN < CO, C2H4
TTonapi3abHIHOCT JIMTan/Ia y trans-mososxkajy 10BOIH 10 rojase trans-edexara.’ IIto je

nosiapuzabuinHocT auranaa Beha trans-egekar je jaun. Edekar je MHOAYKTHBAaH M IPEHOCH Ce ca

uneptHor ymranaa (I) mva meran (M), a ca metana Ha nabunau jurasg (L). Ha oBaj HauuH trans-

edekar UCIoJbaBajy JIUraHIu G-JOHOPH.
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VY cnyuajy nuraHaga m-goHopa Aojasu 1o rpahema mopatHe m-Bese usmely nmranga y
trans-mosio’kajy M joHa MeTana, MpH 4YeMmy ce CTa0WiIn3yje MpeNa3Ho CTame, Tj. aKTUBHPAHH
KOMIUIEKC CTPYKTYpe TpUTOHalIHEe Ounupamuzie. Y akTUBUPAHOM KOMILIEKCY ce JHurasa y trans-
noyioxkajy, oxanmazehm W yma3HM JMraHj Hajmase |y paBHM, IITO HM omoryhaBa

n-komyrnkarmjy. 14

Mana rpaheme nonaTHe m-Be3e NPUBPEMEHO yuBplIhyje Be3y joHa
MeTaja ca JIMTaH/IOM, OCHpOMalllyje ce eJIeKTPOHCKa I'yCTHHA OKO METaJla, TAKO /1a JIUTaH[ JIAKO

yIlla3® y KOOPAWHAMOHY cepy U rpaau Be3y y3 GopMUpame TPUTOHAIHE OUIHpaMUe.

1.6. Xuaposm3a M XuApaTauMja jona Meraja

CBu jonu, Oe3 o03upa Ha TO Ja JU Cy MO3UTUBHO MM HEraTUBHO HACNEKTPUCAHH,
pacTBapameM y BOAU ce xuaparuiry. EHepruja xuaparanuje, y ciiydajy joHa MeTalia, MOXe Ja ce
neUHHINE Kao KOJWYMHA €HEpruje Koja ce 0Cio00au Kaga cio0O0aH joH MeTala Mpenia3u u3

racHe (pase y BOJGHH PacTBOp U IIPH ToMe ce xuaparuire,' jexnaunna (1.6.1).

M"(g) + nH,0 —> M"(aq) (1.6.1)

Enepruja xunparamuje, nocieauna je uHTepakiuja usmely jona merana u Boje. Kaga ce jon
MeTana, Hal)e y BOJEHOM PacTBOPY, OH C€ OKPYXYje MOJIEKyJIHMa BOJE, TP uyeMy ce popMHpajy
TpH XHJpaTalroHe chepe.

JoHM Merama BeNMKOI pajujyca a MaJIoT HaelleKTpHucama IMOIKY XuapaTauuju. Y
rpyly MeTaja KOjU XHIPaTHIIy CHajajy jOHH ajKalHUX W 3eMHOAIKAIHMX MeTana (u3y3eB
Oepuwinjyma). JoHM MeTaja Major pajujyca a BEJMKOT HaeleKTpUCama TOJUICKY XUIPOIH3H

(AP, Fe®* ...

17
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Chabe elexrpocTaTnuke
HHTepaKIHje

Jaxe CICKTPOCTATHYKE
HHTEpaKiHje

Cnuka 1.4. Ilpuxas enexkmpocmamuykux unmepaxkyuja uzmehy monekyna ooe u jona memand.

Enexkrpocrarnuke WHTEpakuuje u3Mmel)y joHa MeTana BEIUMKOT HAENIEKTHUCAma U BOJIE
. + .
JIOBOJBHO CY jake jaa noBeay Ao ocinobahama H' jona u3 monekyna Boge (Crnuka 1.4.), mro ce

MoXe mpukasaTu jeqHauynaoMm (1.6.2).

pIM(H,0), 1" [Mp(OH)q(Hz0) o #9*  +qH (1.6.2)

Ha ocnoBy jemnaumne (1.6.2) Bumu ce Oa ce OBH jOHM MeTaja IIOHAMIAjy Kao

14,19 . . . .
KHCCIIMHE, HoBuja ucrpaxuBama cy mnokasana Jia YKOJIMKO j€ yrao KOjU 3akjamna oca Koja

0 ..
IIpoJia3u Kpo3 BE3Y METAI-KUCCOHHUK U BE€3a KHUCCOHUK-BOJOHHUK Behu ox 50 , Ta] JOH METajaa

XUIPOJIH3Yje, a YKOIHKO je yrao Mamu o1 50°, jon merana xuaparume,?’ Ciuka 1.5.

(W
/ ~ 500

Cauxa 1.5.
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Y mporecy XHOpOJM3€ joHA MeTaja, y IOYETKY MPBO HACTa)y MOHOHYKJICAPHH
XUJIPOTUTHUYKH KOMIUJICKCH THUIIA [M(HZO)(n-l)(OH)]Z'l, KOjU c€ 3aTHM Yy JaJbeM TOKY peakiiuje

J@9*. OH jouu cy mocTau

noyumepusyjy najyhu nommnykineaprHe xkommiekce tuma [My(OH)
JMTaHad, KOJU UMajy BEITUKY CIIOCOOHOCT J1a Be3yjy BHIIE OJ jeJHOT joHa MeTaja, Ma Cy CaMHUM
TUM OJrOBOPHH 32 (JOPMHpA-E MOJUHYKICAPHUX XUAPOIUTHUKUX KOMIUIEKCA.

Xuaponusa joHa MeTajia 3aBUCH O IPUPOJIE M KOHIIEHTpanuje jona metana. [Topen tora,
OHa 3aBHUCH O]l TeMIIepaType, jOHCKE CHJIE pacTBOpa, NMPHUPOJE pacTBapaya Kao M IPUCYCTBA

onpeheHnx CyncTaHuu Koje MOTY Jia rpajie KOMIUIEKCHA jeIbCHba.

1.7. Jonu mpesia3HMX MeTaJIa y MeAUIIMHHA

JoHM mpenasHuX MeTala UMajy 3HayajHy NPUMEHY Yy TEXHHYKUM MpoIllecuMa, OMOJIOTHH
¥ MEIUIMHU. Y TPYIU Mpella3HuX MeTajla Hajla3e ce KaKo €CEHIMjaTHU TaKo W HeeCEHIIHjaTHU
joHn merana. /laHac je mo3HaToO Ja ce BENIMKH Opoj KOMIUIEKCA IMpela3HUX MeTala KOPHCTH Y
JeYey pa3IMuuTHX 00JecTH (KaHlepa, apTpuTuca, aujabereca, ANTixajMepoBe 00JIECTH, UT/I.).
Mebhytum, Mano ce 3Ha O caMOM MEXaHH3MY JIeOBamba OBUX KOMIUICKCHUX JEIUIbCHA Y
OHOJIOMIKIM CHCTeMHUMa. ™

['maBHM 1MJb TIPHU IW3ajHUPAhy aKTUBHUX jeIUCHHA j€ TTOCTH3amhe KOHTPOJIE TOKCHYHUX
(cmopennux) eexata U ycMepaBambe JIejCTBa MeTana Ha ojpel)eHo TKUBO, opraH win henujy rae
MeTan Tpeba Ja UCIOJbU CBOje /AEJjCTBO. JOHHM MeTaja yBoje ce y OHOJIOUIKE CHCTEME Kako Ou
UCTIOJbUIIA TEPAINEYTCKO JIEjCTBO, a TMOHEKAJ ce KOpUCTe M y aujarHoctuyke cBpxe. [locroje
HAYMHH 32 OJICTPAHBAE BUIIKA jOHA METalla U3 OMOJOMIKAX CHUCTeMa YBOhHEHEM MOJIeKyla
(TMram;a) Koju MMajy BENMKM aQHHHTET mpeMa joHuMa Merana.”’ BHOMeIHIMHCKA HeoprancKa
XeMHja UMa 3a IIMJb CUHTETHCAae HOBHMX TEPANeyTCKHX M JMjarHOCTHYKHUX areHaca Koju he
oMoryhHTH jederbe i MPEeBEHIH]y M IHjarHOCTHKY GOJNIECTH KOje Cy JaHAC HeH3IeunBe. >

Ha Cnumu 1.6. mpexactaB/beHHM Cy jOHHM MeTala 4Mja jelub-CHha Cy Hallla 3Ha4yajHy

IIPUMEHY Y MEJUIIMHCKE CBPXE, IIPE CBEra y JIeUewhy KaHIlepa.
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Cnuka 1.6. Ilepuoonu cucmem enemenama na kome cy 60jomM 03HAUEHU eleMeHMU Yujd

jeourera noKazyjy anmumymopcKy akmueHOCM.

OtkpuheM aHTUTYMOPCKHMX KapaKTepUCTHKa LHCIUIaTUHE, mnpe oko 40 ronauHa,

23,24
Mebhytum, u mocne 30

NPAaKTUYHO 3al0YMIbe Pa3BOj MEIUIMHCKE HEOPraHCKe XeMHje.
rOJIMHA aKTUBHOT KOpHINNeHka IUCIIATUHE Y JICUCHhY KaHIepa (BpaTa, jajHiKa, UT/.), OHa 0CTaje
HAjIIPUMEHEHUJU aHTUTYMOPCKH JIEK M JaHac. TOKOM roJiMHa CHMHTETHCAHO je M 0J00peHO 3a
ynotpedy LIMpPOM CBETa HEKOJMKO aHajora IMCIIaTHHE, Kao ITO Cy KapOoIulaTuHa u
OKCAJUIUIATHHA. YIPKOC BEJIMKOM YCIEXy IUIATUHCKUX jeluiemha y Jeuelhy KaHlepa,
CyouaBaJI0 Ce M ca BEJIMKUM HEAOCTallMMa OBHUX MeaukameHarta. [Ipe cera orpanudeH Opoj
KaHIlepa Ha KOju JIeNyjy, Kao M BEJIMKH Opoj criopeqHux edexaTa npu Kopuiihemy MIaTHHCKUX
AHTUTYMOPCKUX jequmbema (moBpahame, HEPPOTOKCHMUHOCT, KapAMOTOKCUYHOCT,...). Oko
JieceTaK IUIATMHCKUX jelMibeara OJ00peHO je 3a MEIUIMHCKY ynoTpeOy. Mehyrum, Hu ca
JeIHUM O]l BUX HHje ce MpeBaszuiuIa ynorpeda IMCIIATHHE, a Takohe joIl yBeK HHCY pelieHU
npoOJeMH ca KOjuMa ce CyouaBajio TOKOM yIoTpede UCTIaTHHE.

JlaHac ce aHTUTYMOpCKAa jeIWIEHha MOTY TMOJEIUTH y JBE Tpyle: KIAaCUYHH H

HEKJIaCUIHU xeMoTepaHeyH/IuI/I.2’25’26 [MucrutatiHa 1enyje Ha Taj HA4YMH IITO JOBOAHM JO

mucrop3uje JIHK, ma ce TepmuH ,,KI1acHYHU XeMOTEpaIeyTUlli’~ KOPUCTHU 32 OHA jeIUbEha Koja
uMmajy 3a mery JJHK u mweny nucropsujy. YBoJe ce Opyru METAIM Yy CHHTE3H KIACUYHHX

AHTUTYMOPCKUX areHaca, Kako OM ce MpeBa3MIUIM HEraTMBHU €PeKTH Koje ca coboMm Hoce
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IUTATUHCKA aHTUTyMOpcka jeaumerma. Ha Cnunum 1.7. mpukasaHa cy jenumberma paslIuduTHX
MeTaja, a Koja Crajajy y Irpyny KIacHYHUX XeMOTeparneyTHka U Koja ce Haja3e y pa3iInuuTHM

(azama MEeMIIMHCKUX UCIIUTHBAaA TIPH uyeMy Jajy obehaBajyhe pesynrare.

(b) © \ e —
o'y Q n &

=/
M
Cla, Tﬂ*cn HY Cla, | oC1 e
T, R“\ X l z
cl cl a” | Y
Y
Me s

M =0s, Ru

Me H

KP1018

(h) ~ (i)

Qs
.
_nY

Gfef

| HN
S Drug Discovery Today

Cnuxa 1.7. Kracuunu xemomepaneymuyu: (a) KpucmanHa cmpykmypa, Ha Kojoj ce euou eesd
yucniamune u JJHK;, (b) NAMI-A; (c) KP1019; (d) omwma ¢hopmyra pymenujym(ll) u
ocmujym(ll) apena xomnaekca; (e,f) npumepu yumomoxcuunux pymenujym(ll) apena komnnexca,
(g) Mmooen koju nokasyje uumepaxyujy pymenujym(ll) apena womnnexca u JHK;

(h)[9-Ru(azpy)Cly/. (i) npumepu yumomoxcuunux ocmujym(Il) apena komniexca;’

Ju3ajHupame ,,HEKIACHUYHUX XeMOTepameyTuka’’ yCIequsio je HakoH oTKpuha
penentopa u ¢akropa pacta y hemujama kanmepa. OBo oTkpuhe omoryhmio je pa3Boj HOBE
cTpaTervje y AM3ajHUpamy AHTUTYMOPCKHUX jelUbeHa, Tj. YKa3ajlo je Ha TO Ja YIpaBo
perienTopu U (hakTOpHU pacTa y KaHIEpOTeHUM henrjamMa MOTy OMTH HOBa MECTa 3a BE3UBALC.
CxoHO TOME YyCIIeIUIa je CHHTE3a jeIubemha Koja Ou Onia moroHa 3a Be3UBAE HA MMOMEHYTA
Mecta y hermuju, tj. ,, HeKITaCHYHHUX XeMOTepaneyTnka ca MPOTEHHUMA W H3UMIMA KA0 [HJBHIM

rpynama 3a Be3uBame. Ha Crumu 1.8, npukazanu cy HEKH 0] BHUX.
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Cnuka 1.8. Ilpumepu anmukanyepozeHux jeourbertbd ca NPOMeuHUMa U eH3UMUMA Kao YUbHUM
epynama: (a) znamo(ll) komnnexc; (b) znamo(lll) mezo-mempaapunnop@upurcku komniexc; (C)
KP46; (d) eanujym mpuc-marmonam;, (€) DW1; (f) Ru" apene xomnnexcu ca (pta) nuzandon:; (q)
Komniexkc kobaima ananoe acnuputy; (h) xekcakapbonun Oukooanm KOMNIeKc ca HyKieo3uoom

2
KQo au2aHooM.

VY by mpoHaNaXKema jeiubeha ca MTO O00JbHMM aHTUTYMOPCKHM KapaKTEepUCTHKaMa,
anmu Takohe M ca IITO MambUM CHOpPEIHUM e(QeKTHMa BelIHMKa MaXmka IOKIama Ce Pas3Bojy
jenumema Koju he y opranusmy jJa uMajy yJjaory mpeKkypcopa, T3B. Mpo-JIeKa, OBE CYICTAaHIE y
TOKy MeTabonu3Ma ociobahajy jequmema Koja MoKaszyjy aHTUTYMOPCKY akTUBHOCT. OBa BpcTa
jenumerba Hajuemthe ce akTHBHpPA (OTOXEMHJCKEM IPOLIECHMA,” OKCHIAIHM]OM HIIH PELyKIIHjOM,
Ka0 M CYNCTUTYIMOHUM peakiujama. Jlu3ajHupame OBUX jelUI-EHha 3aXTeBa IMO3HABAGE
KOHCTAHTH CYIICTUTYIIMOHUX peakKiifja, peloKC MOTeHIHjaa, (hoToXxeMuje, 0COOMHA MeTana, Kao

1-3
U IIO3HAaBaHC e(beKTa KOOPAWHOBAHUX JIMTaHAJa Y KOMIIJICKCY Ha aKTUBHOCT TOTI' KOMIIJICKCA.

28-31

VY oBy rpymny jenumema crnanajy goroakruBHa jeaumema Pt(IV), Kao u jenumema Pt(IV)

22



Onwmu oeo

Koja pemykimjom mpemaze y Pt(I**?*. Takolhe Ty cnamajy u jenumerma reoxha, kobaira,
poxujyma u pyrenujyma.’>

dapexn (Farell) ca capagauIiMa je IpBU MYT J0IIA0 HA HJE]y J1a CHHTETHIIE KOMIUIEKCHO
jenumeme ca Ba aroma Pt xoja cy moBe3aHa (DIeKCHOMIHUM MOCTHUM JIMTaHAOM, U Koje he
MMaTH TOTEHIHMjalTHy AHTHTYMOPCKY AakKTHBHOCT.® HakOH CHHTe3¢ HCIHTHBABHMA je
YCTAHOBJHEHO 1A JONAsH 10 Be3WBama auHyKineapHor kommiaekca 3a JIHK.3'*® 3arum je
yclenuiIa CUHTe3a U aHTUTYMOPCKO HcIuTHBame Beher Opoja nunykineapHux komriekca Pt(1D),
OpU 4YeMy Cy C€ Kao MOCTHHM JIMTaHAM KOpPHUCTWIA Hajuemhe XeTepOLMKIHHMYHA a30TOBa
jeumberha’ MM MOJIEKYJTH Ca a30TOBHM JOHOPCKHM aTOMAMA M TyTHM and()aTHIHuM HA30M.>
[Topen nuHYKI€apHUX CHHTETHCAHU Cy U TpuHyKiIeapHH komruiekcH Pt(Il), koju ce mory

oudynkmonanto Beatu 3a JJHK. 04

Taxohe, cuHTeTHCAHU CY M JUHYKJIEAPHH KOMILIEKCH ca
. . 42-44

paznuuuTuM joHMMa Mertaia. Hajuemrhe cy To Pt, Cu mnu RU komruiekcn. CuHre3a oBor

TUIIA MOJIEKyJa MMa 3a IIMJb, KA0 M Yy CBUM IPETXOJHHUM CJIy4ajeBUMa, MOCTHU3ame O0JBHX

AHTUTYMOPCKHX KapaKTEpUCTUKA KOMILJIEKCA Y OJTHOCY Ha LIUCILIATHHY.

1.7.1. Kiiacu4yHa NJIATHHCKA AaHTUTYMOPCKA jeiNbemha

HctpaxuBama y 007acTH IpUMEHEe KOMIUIEKCHUX jeNIbEHha Y MEAULIMHU 3al0YHbE ca
otkpulieM aHTHTYMOPCKHX KapakTepucThka mucruiatiue.! JlaHac je IHCIIaTHHA y PYTHHCKO]
yInoTpeOu Kao XeMOTepaneyTuK IIHpoM cBeTa. HakoH ycmexa LUCIUIATHHE CHHTETHCAH je
BEJIMKH OpOj aHAJIOTHUX JEUbECHHa, IPU YEMY Cy CBa jeIU-CHAa MMalla HEKOJIHKO 3aj€IHUUYKUX
KapaKTepHCTUKA!

v BudyHKIHOHAIHA KOMILIEKCHA jeIM-EHba Ca CIS-TeOMETPHjOM
v" Omnmre popmysie PtX,(amin),, rae X, npeacraBiba aBa J1a0MIHA MOHOJAEHTAHTHA
WM jefaH JIaOwiaH OMIIEHTATHH JIMTaHi, a (amin); Cy WHEPTHU a30T-TOHOPCKHU
JIMTaHA
v A30T-IIOHOPCKH JIUTaH/IH cajpske HajMarbe jenny N-H Be3y.
[Topen Benukor Opoja CHHTETHCAHHMX jEAMIbEHA CBEra HEKOJIMKO HUX j€ YIUIO Y MEAUIUHCKY
ynotpeGy a Behuua ce jomr yBek Hamasu y nperTkauHuaknaM uenuTHBamuma.’>*® Ha Com 1.9.

IpeJCcTaB/beHa Cy KOMIUIEKCHA jeIUbeba IIaTHHE KOja ce Halla3e y MEAULMHCKO] YIIOTpeOu.
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Cnuka 1.9. Cmpykmype KOMNIEKCHUX jeOurberba naamuHe Koja ce Haiaze y KIUHU4Koj ynompeou
Wupom ceema; CMpPYKmMypa KOMNieKca niamume Koju ce opaiHo  ynompeb.pasa

46
(campaniamuna).

[InatuHa ¥WMa BeMUKUM aQUHUTET IMpeMa CyMIIOpY, [a HAKOH YHOILICHa KOMIUIEKCa
IUIATUHE Yy OpraHu3aM I[IOCTOjU BeJMKAa MOTYNHOCT 3a Be3MBaWmE€ Ca CYMIIOP-IAOHOPCKHM
OMOMOJIEKYJINMA, KOJUX UMa Y BEIMKUM KOJMYMHAMa Y OOJIMKY MEeNTHAa, MPOTEHHA U €H3UMa ca
aMUHO KucenuHama: L-nucrenn u L-Mer. Be3uBame KoMIuIeKca IJIaTUHE €A CyMIIOP-IOHOPCKUM

4148 Mehyrum, oxpehern aeo

OMOMOJIEKY/IMMa OATOBOPHO je 3a I0jaBy TOKCHYHHUX edekara.
KOMIUIEKCA IJIaThHE OMBa BE3aH ca a30T-JOHOPCKUM OMOMOJIEKYIMMa (aMUHO-KHCEIMHAMa I
JAHK). AHTUTyMOpKa aKTMBHOCT KOMIUIEKCA IUIaTMHE j€ TOCIEHIa HUXOBOT BE3MBamba 3a
mouekyn JIHK, u To mpBerctBeHo 3a rerercky JIHK koja ce Hamas3u y HyKIeycy, JOK je Be3a ca
mutoxouapujanaom JJHK Mame 0AroBopHa 3a aHTHTYMOpCKy akTiBHOCT.'® Kama xomruiekc
wiatune nocre 1o monekyna JIHK, moryhHoctu 3a xoopauHanujy cy pasnuuute. BesuBame
komiuiekca 3a JIHK ce mpBenctBeno nemaBa mpeko N7 aToma TyaHHHA, JOK je Mambe
3acTymubeHo BesuBame 3a N7 u N1 atome amenumna m N3 atom uHT03HHa.47’48 C o63upom na
mouiekyn JIHK y cBOjUM KOMIUIEMEHTApHUM CIHPATHUM CTPYKTypama CaapXKH pPa3IuduTy

CEKBEHILy NMYypUHCKHX M NUPUMUIMHCKUX 0a3a, YCTAaHOBJHEHO je Ja je ca 65% 3acTynsbeHa

KoopauHaija komruiekca tumna 1,2-(GpG), oxHocHO, Be3a mpeko aBa mosekyna 5’-GMP koju

24



Onwmu oeo

ce Hanaze Ha cynpotHuM Jannuma JTHK. Oxo 25% je 3actymibena Besa tuna 1,2-(ApG), 1j. Be3a
ca ameHo3uH-5-MoHO(ocharom u 5’-GMP cmemrenum Ha cynmpotHuM JIHK nmanmmma. Ocranu
HAUYMHU Be3MBama (MOHO(YHKIMOHATHO Be3MBame KoMiuiekca, Bese Tuma 1,3-(GpG), Bese
MPEeKO I'yaHO3MHA CMEIITEHUX Ha ucToM JaHiy mosiekyna JIHK, utn.) cy mame 3actymbenu. Ha
Crr 1.10. puKa3aHy Cy pasiHYUTH HA9HHY BE3HBaba HUCILIATHHE 32 Moneky: JJHK. >0
Mehytum, kao mto je Beh HamomeHyTo, y henuju ce Hanase u Jpyru OMOMOJIEKYIH, KOJU
tTakohe Mory ga pearyjy ca kKomiuiekcuMma ruiatuHe. [loceOHO Benuku aQMHHUTET KOMILICKCH
IUIATHHE TI0OKa3yjy MpeMa OMOMOJIEKYIHMa KOjU Calp)Ke CYMIOp, KaKO y THOJHOM Tako U Y
tuoerapckom obnuky. Haume, Pt(ll) kao Meka” kucenuHa rpaad jako CTaOWIIHA jeMBbCHA ca
cymnop aoHopuma (,,Mekum” Ga3ama). Hactana jenumema cy OAroBOpHA 3a MOjaBy TOKCHUHUX

edekata (HEHPOTOKCHUIHOCT, HEYPOTOKCHYHOCT, pe3UCTEHTOCT UTH.). [lomTo je KoHIeHTpamuja

tuona, ykipydyjyhu GSH wu L-mmcremn, y wuHTpauemdynapHoj TeyHocTd oko 10 mM,

npernocrariba ce na Behu geo komruiekca Pt(ll) 6ua Beszan 3a cymmop u3 OHOMOJIEKYJIa, MPe
K 45-48

Hero mro jaohe go monekyna J{H

Cnuxa 1.10. Hayunu xoopounosarsa yucniamure 3a J[HK.
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BesuBame komiuiekca Pt(I1) 3a cymmop u3 THOeTpa je KHHETHYKH (PaBOpU30BaH MPOIIEC.
Hacrana Pt-S(Tnoerap) Be3a Moxke ce packunyru y npucyctBy moiekyrna JHK, tj. N7 atom
5’-GMP Moxke aa CyNCTUTYHUIIE MOJIEKY THOETpa U3 HACTAJIOT jCI[I/IHJCH:a.Sl W3 tux paznora ce
jenumerma tumna Pt-S(tuoerap) cmarpajy ,,pesepBoapom’ komiuiekca Pt(ll) y opranmsmy, Tj.
MOTOJTHUM MHTepMeaujepoM y peakuuju komruiekca Pt(II) u JIHK. Pt-S (tTuoerap) Besa moxe ce
PAacCKMHYTH U y MPHUCYCTBY MOJIEKYyJa THOJA, Tj. CyMIIOp W3 THOJA CYICTUTYHILIE CYMIIOp U3
THOETpa, Mpu yemy je Hactana Pt-S (THoxn) Be3a TepMmoanHamuuku crabuiHuja. Takohe, mMoxke
nmohu u 1o mupektHor BesmBama Pt(Il) 3a cymmop u3 Monekyna tuona, a Hactana Pt-S Besa je
jako crabmiHa W Temko packuauBa. Cmarpa ce na je rpaheme jeaumerma tuma Pt-S (THomn)
OJITOBOPHO 32 TOjaBy TOKCHMYHHMX edekara TOKOM KopHuIinhema KOMIUIEKCa IUIaTHHE Kao
aHTUTYMOPCKUX peareHaca. 3a packuaame Pt-S (Tmon) Beze JaHac ce KOPHCTE jeqUbCHa
Mo3HaTa Kao ,,3allITUTHU areHcH”, a TO Cy jeIUbemha Koja caJpike CyMIOp M KOja Cy BPJIO jaKu
HyKIneopunn (aueTuiaauTHOKapOamar, THoypea, THOCYNI(daT, TIyTaTuoH, L-mucrenH, OMOTHH

45,4951
UT/.).

7
Ekstracelularni
[CI] =104 mM

izlu€ivanje ulaz

Cnuka 1.11. Yuymaphenujcku npoyecu npuisukom npumene aHmumymMopCKux azeHaca

Ha bazu naamune.
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1.8. Unrepakumje oupyHkunonaanux kommiekca miaarune(Il)

Jla O6u ce mocturia mro 0oJba CTpaTervja y IMpoIecy AW3ajHUPaka aHTUTYMOPCKUX
KOMIUIEKCA IUIaTUHE, a TUM U 00Jba €(UKACHOCT OBHX jEIMI-CHa, HEONXOJHO je MO3HaBaTH
HAaUYMH Ha KOJU TOMEHYyTa jeIUIbCHha pearyjy ca pazIMuyuTHM CYMIIOp- M a30T-IOHOPCKUM
OonomonexkynuMa. 3HauajHe HH(OpMaIFje 0 MIOMEHYTUM WHTepaKIijamMa J00HjeHe Cy U3 BEIIUKOT
Opoja cTyamja crmpoBeleHUX y IN Vitro ycioBuma, Mmehy Kojuma ce Hala3W HUCIHUTHBAHE
CYNCTUTYLIMOHOHUX pEaKlMja KOMIUIEKCa IUIaTHHE ca pa3IuuuTHM OHMOMOJIeKylIuMa Mpu
Pa3NIUYUTUM EKCIIEPUMEHTAIHUM YCIOBUMA.

46-49

[{ucnnaTuHa je HajUCIMTUBAHU]U OM(PYHKIMOHAIHA KOMIUIEKC IJIaTHHE. JletaspHo je

46,47,52
K.

OINMCAaH HA4YMH KOOPJAMHOBaWma LMUCIJIATUHE 3a Mozekyn JH [Topen unTepaxiuje ca

KJIACUYHUM HyKJIeo3H11HMa,53'55 poydaBaHe Cy MHTepakuuje ca Mosekynruma AMP, ADP u ATP,
ox kojux Hajselly peakTHBHOCT mnokasyje tpudocdar.”® IlpoyuaBame cy W HHEpakumje ca
CYMITOP-IOHOPCKUM Ouomonekynuma, L-nimcrennom, GSH, L-mer. Jlocamammu myOnuKOBaHU
pe3ynTtaTu nokaszyjy aa je tuon GSH peaktuBHHjU 011 L-uucrenna.”’ V peakujama ca L-mer,
MOJIEKYJl aMUHOKHUCEIHHE ce OuaeHTatHo koopaunyje 3a Pt(I1) rpagehn S,N-xemar. Ykonuko je
aMHHOKHMCENIMHA TPUCYTHA Yy BHUIIKY MOXXe JohM M /10 OMISHTATHOI KOOPAMHOBama JIBa
MOJIEKYJIa AMUHO-KUCEINHE 3a P‘[(II)-jOH.58 HcnuTtuBaHe cy Takohe M KOHKYPEHTHE peakiivje
m3melhy mwmcriatune, L-mer u 5°-GMP y cmemmu, mpu ueMy Kao NPIU3BOJ peakiuje
npeonnagasa komiuieke [Pt(NH3)2(N7-GMP),], ok ce jenumema [Pt(N,S-Met)(N7-GMP)(NHs)]
u [Pt(N,S-Met);] Hanasze y Bpjio Maium KOHueHTpaquaMa.59 YKOJIHKO Ce y PEaKimoHOj CMEIIn
nopexn ¢parmenta JIHK Halhe momnexyn THOma, OUeKkyje ce Aa HeMa KOHKYPEHTHUX peakiuja, Tj.

60,61 .
MebhyTum HOBHja HCTpaKUBama Cy MoKa3aja ce U3BECHA

Pt(Il) ce koopauHyje camo 3a THOIL.
kommmuunna Pt(ll) koopaunyje ca 5-GMP (< 16 %), nok je y najsehem mporenty (> 80 %)
OcTBapeHa KOOpIUHAIIH]a ca tronom.” Nuaue je mo3uaro na Pt(ll) maxo pearyje ca GSH, Tako
na oko 67% yHeTe LMCIUIaTHHE Y opraHu3am OuBa Be3aHo ca GSH. Ympaso u3 tux paznora GSH
ce KOPUCTH Kao ,,3alITUTHU peareHc’’, Mpu YeMy ce YHOCH y OpraHu3aMm Ipe U HaKoH ynotpede
mucrunataue.”® Viora GSH je aBoctpyka, jep mma MOryliHOCT 1a aKTHBHpAa WM JI€aKTHBHPA
mucrutatuay.” Hanme mpumeheHo je a ce peakTHBHOCT IHuCIIaTHHE moeliaBa YKOTHKO ce Y
opranuzam yHocu 3ajenHo ca GSH. Melyrum, jomr je HejacHo Ha koju HaunH GSH mosehaa
edukacHocT, nako ce 3Ha jaa (Pt-GSH) npousBon 6uBa TpancnoproBan u3 henuje HakoH 12 catu

[IPEKO TPAHCIHOPTHOT MEXaHU3Ma BE3aHOT ca ATP-om.%
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[Topen nucniaTHHE UHTEH3UBHO CY N3Y4aBaHU CTPYKTYPHO CIMYHHU KOMIUIEKCH Y KOjUMa
Cy Hajuelle jeJjlaH Wik 00a MOJIeKyJia aMOHHUjaKa 3aMEHCHU Pa3IMYUTUM JIMTaHIUMa, Kao IITO je

npukaszano Ha Cruru 1.12.

COOH
NH, Ho NH,
N\ /CI
H,N—Pt—Cl /Pt\ Hy,C—S—Pt—Cl
N Cl
Cl H, Cl
[PtCly(en)] [PtCl,(dach)] [PtCL,(SMC)]

— TH
N—Pt—Cl
\ 7/ |
Cl
[PtCly(amp)] [PtCL(bipy)]

Cnuxa 1.12. Komnnexcu cmpykmypHo ciudhu yucniamuHu

Kommuieke [PtCly(en)], koju y cB0jOj CTPYKTYpH YMECTO aMOHHjaka MMa OHJIEHTaTHO
BE3aH eTWICHIMAMUH, HWHTE3MBHO € HWCHHMTHUBAaH. Y peaklyjamMa ca CyMIIOpP-IOHOPCKUM
muraggoM GSH Hacrajy AuHYyKIIeapHHM KOMIUIEKCH Ca JBa MOCTHA JIMTaHJA KOjU MOTHYY O
monexyna GSH.* V peakrjama ca L-mer, aBa x70puo nuramga ce cyncruryumry aajyhn S,N-
Xenar, 10K y peakuuju ca 5’-GMP nonasu o cyncrutyiuje o6a MOJIeKyla XJIOpUaa MOJIEKYJIOM
5-GMP.® Ucmurmame cy cymcrurymmone peakumje  [PtCly(en)] ca  pasmmumTiM
AMHHOKHCEIMHAMA HIIH TIENITHAMMA KOJI Cajipyke a30T-TOHOPCKE TPyIIe, Kao MITO je XUCTHIHH.
Mebhytum, ako ce y CTPYKTYpH MOJEKyla HHEPTaH ETWICHAMAMUHCKM MPCTEH 3aMEHH
MoJiekyaoM Mesen, 300r cTepHUX cMeTHH L-MeT ce KOOpauHyje caMO MOHOJEHTATHO MPEKO
atoma cymmopa.®’

OKCAIMIUIATHHA, YHja je aHTHTYMOpCKa akTWBHOCT moTBphena 1978. rom,® y cBojoj
CTPYKTYpH CaJpX{ KOOPIMHOBAaH JWAMHUHOIMKIOXEKCaH Kao Juranna. Hakon oTkpuha
AHTUTYMOPCKE aHTUBHOCTU OKCAJHUIUIATUHE YCIIEJHUIIO j€ BEJIMKO WHTEPECOBAME 32 KOMILIEKCE
KOJH Yy CBOjO] CTPYKTYPH CaJip>Ke€ TIOMEHYTH MHEPTHH Juranja. Dach nurann je cneruduuan mo

TOME LITO CAJPKU JBa aCHMETPUYHA YIJbeHHKOBa aToMa. OH MOXe J1a TIOCTOju y OOJIUKY TpH
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uzomepa: Cis-R,S-dach, trans-R,R-dach wu trans-S,S-dach, ox xojux je npBH HajMame
AHTUTYMOPCKH aKTWBaH, a nochenmu HajBuine. Kommuieke [PtCly(dach)] y cymcruryimonnm
peaknujama ca CyMIop- U a30T-AOHOPCKHM JIMTaHJMMa Ce MOHAIla FOTOBO MJICHTUYHO Kao M
TPETXOHO MOMEHYTH KoMmmuiekcH mucruiatiaa u [PtCly(en)].%%° Mehyrum, npumehero je na
IIPU peaKIUju OKCATUIIaTHHE ca cmemoM L-meT u 5°-GMP nonasu 1o ¢popmupama npousBoaa
y KOMeE je y jeTHOM cirydajy kKoopauHoBaH 5°-GMP, a y npyrom L-meTHoHUH, a Aa mpu ToMe HE
JONask 0 KOHKYpEeHTHHX peakrmja.” Ilopen cymerurymmonnx peakummja [PtCly(dach)]
KOMIUIEKCA MCIUTHUBAHE Cy U peakilfje aHaJOTHUX KOMIUIEKCA y KOjuMa Cy XJIOPHUIO JIUTAHIH
CYICTUTYHCAHU Pa3IMUUTHM OMJICHTATHUM JIUTaHaAnMa, Tj. komruiekcu tuna: Pt(dach)(CBDCA),
Pt(dach)(gly) u Pt(dach)(L-met). Kox oBux komrmekca mpumeheHO je na y peakiujama ca
L-meTnonnnom nonasu no rpahema S,N-xenata, 1ok ce y peakuujama ca 5’-GMP u GSH nonasu
10 ocnobahama KooOpauHOBaHOT MoJjekyna JyabwiHor juranga CBDCA, gly wmu L-met u
KOOPIMHOBamba 1Ba Mojiekyna 5’ -GMP wmu GSH.™ Kapakrepucriuno je ma npuposa omaseher
muranaa, 1j. CBDCA, gly unu L-met y Benukoj mepu yruue Ha Op3uHy KojoMm he ce onBujaTu
npoliec CyNCTUTYLH]je, IPU YeMy Behy peakTHBHOCT y OJIHOCY Ha CBa TPU KOMILIEKCA MOKa3yje
[PtCl,(dach)].”

3a pa3nuKy OJl MPETXOJHO OINUCAaHMX KOMIUIEKCA, KOJU Y CBOjOj CTPYKTYpH HMajy
KoopauHOBaH amuHCKU Jurann, komiuieke [PtCl(SMC)] uma koopauHoBaH S-meTwu-L-
IUCTEHH. Y peaklyjaMa ca a30T JOHOPCKHM MOJeKylnuMa kao mTo cy 5°’-GMP, INO u 5’-IMP
aKBa aHAJIOT OBOTI' KOMILJIEKCA MOKa3yje BEOMa CIMYHO MOHAIIalke Ka0 M MPETXOJHO HABEICHU
aMUHCKH KoMiulekcu. Hamme oH Tpamgu mpomsson Tuma [Pt(SMC)Xy]*, rae X mnpencraBba
5°-GMP, INO u 5’-IMP.%* Melyrum, npumelieHo je 1a ce CYNCTHTYIM]a IPBOT MOJIEKYIa BOJE
olIBHja JocTa OpKe y OJHOCY Ha CYICTUTYIHjy Opyror Moiekynaa Boje. OBa mojaBa je
nocuenuna jakor trans-egexta KOOPAMHOBAHOI CYMIIOpa W3 aMHMHO KHCEHUHE S-meTui-L-
muctenHa. Cymrurynuone peaknuje [PtClo(SMC)] kommnekca ca muranauma 5°-GMP, INO,
GSH u L-mer ucnutuBaHe cy y QyHKIMjU Pa3IMYUTUX KOHIIEHTpAIMja XJIOpUIa Y pacTBOpY,
rJIe je YOUCeHO Jia MPU BUCOKUM KOHIeHTpalja xiopuaa (Behum oxg 10 mM) koHcTanTa Op3uHe
peaknuje XuIpoJiu3e KOMIUIEKCa je jelHaka HYJIH, Tj. Ja je XUAPOJU3a KOMIUIEKCA MOTIIYHO
cripeuena.’”

VYBohemeM NHPUAMHCKOT MpCTeHAa y KOOPAMHALMOHY c(epy KOMIUIEKCa, Kao KOJ

[PtCly(amp)] wu [PtCly(bipy)], moctwxke ce 3HaTHO Beha peakTHBHOCT KOMIUIEKCA Y
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CYNCTUTYLIMOHHM pEaKklijamMa Kako ca CyMIIOp- TaKO M ca a30T-IOHOPCKUM JuraHanMma. Beha
peaktuBHOCT [PtCly(amp)] u [PtCly(bipy)] KoMmiiekca mocneauna je elIeKTpoHCKe KOMYHHUKAIH]je

u3Mel)y THPHIMHCKHX TPCTEHOBA M joHA Merana. >’

Ha ocHOBy pe3ynrata HCHOUTHBaBba
cyncrutyunonux peaknuja [PtCly(amp)] u [PtCla(bipy)] xommuiekca ca tuoypeom, L-meT u
5’-GMP moxe ce MpUMETUTH a OBU KOMIUIEKCH pearyjy Ha MOTIYHO MJICHTUYaH HA4YWH Kao M
rope onucanu komriekcu. Onu ca L-mer rpage S,N-xenat, 1ok ca Tuoypeom u 5°’-GMP nonasu
10 cymncturyiuje oba Monekyna xjopuaa (umu Boae) ca 5’-GMP u TﬂoypeOM.65 Koncranra
Op3une cymnctutyiuje 3a komruieke [PtCly(amp)] je oko aBa myra Beha y ogHOCY Ha BpPEeJHOCTH
KoHCTaHTH Op3une cymncrutynuje kon  [PtCly(dach)] u [PtCly(en)], mok je KoMIUIEKC
[PtClx(bipy)] oxo 10 myra peaktuBHHju. Mehyrum, kon komiuiekca [PtCly(bipy)] Huje Omio
Moryhe pasrpaHu4MTd NPBU U JAPYTH KOPaK peakiyje, LITO je MOCIEANIa YNICHHIIE /1a Ce U
JeTHOM W JIpYroM XJIOPUIHOM joHY y trans-momoskajy Hajlaze MUPUANHCKA IPCTEHOBH, TaKO Ja
ce 06a CCTHTYHIITY TOTOBO HCTOM Op3uHOM. >

JlaHac TOCTOjU MHTEpECcOBamke 3a CHHTE3y OmpyHKIHoHamHUX Komruiekca Pt(II), xoju
HUCY CTPYKTYPHH aHaJ03H HucraTuHu. CHHTE3a OBUX je[IMIHEHa UMa 3a IIHJb MPEBA3UITIAKEHE
HE/IOCTaTaka IUCIJIATUHCKUX jeNbera, Tj. moBehaHa akTHUBHOCT Ha BeheM Opojy pa3mUYHuTHX
TymMOpa, Kao ¥ cMameme ToKcMyHuX edekara. Kommiexcu Pt(Il) yrmaBHoM Hucy
¢dayopoclieHTHa jenumema. Mehytum pasBojeM (hiayopoclieHTHE MUKpPOCKOIHjE, KOja MOXe JAa
omoryhu mpaheme Heke cylcTaHie Kpo3 OpraHu3am, JOLUUIO C€ Ha HJEjy /Ja Ce CHHTE30M
¢dayopocuentHux komruiekca Pt(ll) ca aHTHTyMOpCKHUM KapakTepuUCTHKaMa MOXKE IMPaTUTH
HEroB IyT O] YHOILIEWa y opraHuszaMm 10 koopauHoBawa 3a JHK. Ilpu cunTesm xomuiekca
Pt(Il) yBoze ce THranHamM Koji MMajy (IYOPOCIEHTHE KapaKTEepHCTHKE, © ' Kao WITO Cy Ha Tp.
murasza Aopy n A9pyp.”®" Ha Comum 1.13. [IPUKA3aHE Cy CTPYKTYpE HEKOJIMKO KOMILIEKCA

wiatuHe(1l) ca ¢yopocueHTHUM muranma, 20
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cis-[PUA9opy)Cla]  cis-[P(A%pyp)dmso)Cl]  cis-[PUAIpyp)(dmso)(cbdca)]

Cnuka 1.13. Heku 00 komnnexca niamune(ll) koju noxazyjy ¢pnyopocyenmuy axmugnocm.

HoBocunterncann kommiekcu ca Cnmke 1.13. mcnutuBanu cy y in Vitro ycimoBuma y
unrepakuuju ca JIHK. HoBu kommnekcu Pt(ll) mokasamu cy Oosby akTBuHOCT Ha BehuHUM
Tymopckux hemmja y ommocy Ha mmcmmarnay.’*® KapakrepicTHuHO je 1a KOMILIEKC CiS-
[Pt(bapda)Cl;], ca nBa MoJsiekya aHTpalieHa, HUje OCETJHUB Ha WHAKTUBAIIH]Y Ca GSH.%

Hekonmuko crymuja je mokaszajgo nga je Koj crepHo 3amrtuhenux komiuiekca Pt(l1)
MHETPAKIMja ca MHTPALCTYIapHAM THOTHMA cMamena.” CXOJHO TOME CHHTETHCAHH Cy
komruieken Pt(ll) ca XeTepouMKIMYHUM aMHHHAMA KOjU Cy TOKa3aid OWOJIOIIKY aKTHBHOCT.

Ha Cnumu 1.14. npukasana cy 1Ba HOBOCHHTETHCaHA KOMILJIEKCA ca XHHOKCAmuHOM.

Cl(2)

? 5.
P(1) N(4) S(1)
N Q/O”“_° ci)
CI(1) - ‘ Z l 3
X H L —— ] ___.N("
| N@  cu@) P C(9)
— N\H c@_ N(1) —@ o
N © CE) ceh [ .
o) ‘ ' ./ P 9
o] C©) C(6) ec
hinoksalin-2-karboksiamid C(9) o )
gnxea N e \ o\.
N@) C) H'L_ 5 NO
(=)
cis-[Pt(gnxca)(MeCN)Cl,] [Pt(gnxca.y)(dmso)Cl]

Cnuka 1.14. Cmpyxmypa gqnxca nueanoa,; Kpucmanne Cmpykmype 08a niamuHcKa KOMnieKca ca

qnxca 1eaHoom.
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1.9. UaTepaknuje MmoHOQYHKIHOHATHUX KoMILiekca Pt(11)

Monodyukimonaaau komriekcu Pt(l1) cy koMmIiekcu Koju y CBOjOj CTPYKTYpPH CaapiKe
jedaH WHEepTaH TPUACHTATHU JIMTaH, JOK YETBPTO KOOPAMWHAIIMOHO MECTO 3ay3uMma JjaOuiaH
Hajuemhe  XJOpUIO JHUTaHi. YmpaBo 300r OBakBe CTPYKType W HemoryhHoctu
oudyHkIMOHANHOT Be3uBama 3a Mouiekyn JIHK, monodyHkumonanmnu komrmiekcu Pt(l1) we
UCI0JbaBaJy aHTHUTYMOPCKE Kapakrepuctuke. MehyTtum, jenHo Mecto 3a KOOpPAMHALM]Y Y
MHOTOME TI0jeIHOCTaBJbyj€ UCIIUTUBAE CYIICTUTYIIMOHUX Peakliija OBUX KOMIUIEKCA, Ma Cy U3
TUX pa3yiora MHTEH3MBHO UCIIMTUBAHE PEaKiije OBUX KOMIUIEKCA Ca CyMIIOP- U a30T-JOHOPCKUM
nuragauMa. MoHO(YHKIMOHAIHU KOMIUIEKCH TPEACTaBJbajy MOJET MOJIEKYNe 3a MCIUTHBAE
MHTEpaKIfja KOMIUIEKca IUIATHHE U OMOMOJIEKyJIa.

BepoBarHo HajBehe MHTEpeCcOBambE 32 HCIUTHBAKE CYIICTUTYIIMOHUX peaKiifja N3a3Baju
cy mMoHo(dyHKImoHanmHu Komruiekcu ommre dopmyne [Pt(NNN)X], rme NNN mpencrasiba
TPUICHTATHY JIUraH Koju je moBe3ad 3a Pt(ll) mpeko Tpu a3oT-noHOpCcKa atoma, a X je abuinan
JUraHa, npu demy je To Hajuemthe xijopuao joH. CBakako, HAajUHTEH3MBHHjE HCIIMTHUBAH
KoMILTeKc u3 oBe rpyme je [PtCl(dien)]” xommnekcHor jona, npuxasan za Ciunu 1.15., xoju y
KBaJpaTHO-TUTAHAPHO] PaBHHU CaJpXH TPUACHTATHO-KOOPJMHOBAaH OueH-cku cucteM (dien =
IUETWICHTpUaMUH Wik 1,5-muamuHo-3-a3aneHTan), OOK YEeTBPTO KOOPIMHAIIMOHO MECTO

3ay3uMa XJOPUAO JINTAHI.

Cnuxa 1.15. Cmpyxmypna gpopmyna [PtCI(dien)]” xomnaexcroz joua.

[ocToju Benuku Gpoj pesysTaTa IpoydaBama CyICTHTYIHOHUX peakuuja [PtCl(dien)]”

KOMIIJIICKCHOT jOHa ca pa3jiMuuTuM JIMaHAuMa W T1pU Pa3JIMIUTUM CKCICPUMCHTAITHUM
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ycnosuma. Y peakiujama komriexcror jona [PtCl(dien)]” ca GSH mpouec cyncrurymuje 3aBucu

ox PH BpeaHOCTH TpH KOjoj ce peakimja mpoydasa.®>

Ha pH > 7 xao jenuHu mpou3BoA
peaximje 106Mja ce MoHOHyKIeapHu kommiekc [Pt(dien)GS]*, mox ce ma pH < 7 dopmupa
muaykteapan kommieke [{Pt(dien)}.GS]** ca GSH kao moctauM mmrangom. Takole, y mpouecy
CyHCTUTyLHUje noja3u Ao nenporoHauuje GSH, mro je mpumeheHo m y peakuujama Apyrux
xommmrekca Pt(11) ca tnommma.” Ykomuko ce kao murams KOPUCTH THOETAp S-METWI-TIIyTaTHOH,
peakiyje Cy 3HATHO Op)ke, ald je NMPOHM3BOX Ca THOJIOM TEPMOIMHAMHYKH CTAGHIHHjH.®
VropehuBameM BpeJHOCTH KOHCTAaHTH Op3mHa peaknmja cymnctutynuje [PtCl(dien)]”

. 88-92
KOMIUICKCHOT JOHA C€a Pa3/IM4YuTUM TUOJIUMA U TUOTCpUMA

npuMeheHo je BEeTUKO OJICTYNAmke
3a GSH y onnocy Ha apyre tuose. C 063upom na je GSH tpumnenTua ca MOJIEKYIOM IUCTEUHA Y
CpeAMHH, MPETIOCTaBJbAIO0 Ce J1a OM MPOIeC CYNCTUTYIMje OMO 3HATHO CIIOPUJH y OJHOCY Ha
L-uucrenn. MehyruM, ekcrepuMeHTaqHO J0OMjeHEe BpEAHOCTH YKa3zyjy Ha MHOTO Behy
peaktuBHOCT GSH. To ce o6jammaBa MOroJHOM I'€OMETPUJCKOM CTPYKTYpPOM MOJIEKYJa, Koja
MPOY3POKYje CTBapame WHTPAMOJEKYJICKE BOJOHWYHE Be3e y KOjOj YUECTBYje MPOTOH THOJ
rpyme, ycien dera je 3HaTHO moBehaHa HYKICO(PHUIHOCT aromMa CyMmIlopa, a CaMHM TUM H

57,90,91
PEaKTUBHOCT.

Ipumikom peakumje cyncrurymmje [PtCl(dien)]” xommekcror jona ca L-mer,?%0%%
KA0 MPOM3BOJ PeaKiiije MPBEHCTBEHO HacTaje KoMIuiekcHH jou [Pt(dien)(S-Met)]**. Tlpumehero
je nma camo y jako kucenum pactBopuma (PH < 1) moctoju MoryhHOCT 3a MPOTOHOBaHE
TepMUHAJIHE amMHHO-Tpyrne dien-ckor cucrema, IITO JOBOAM 1O OTBapama jEAHOT XEJIATHOT
npcrera u MoryhHoctn 3a crBapame S,N-helata.®® Tlpomec cymcrurymmje [PtCl(dien)]
KOMIUIEKCHOT joHa u L-mer mpoydaBan je m y upucyctBy 5-GMP, y3 mpermocraBky 3a
OCTOjarbe KOHKYPEHTHHX peakumja.’’ V Tom ciyuajy, xommmexc Pt(Il) mpso pearyje ca
L-meT dopmupajyhu [Pt(dien)(S-Met)]** mpou3BOJ, a motoM Molekyn 5-GMP cymncruryumie
KOOpAHHOBaHH L-MeTnoHuMH rpagelin TepmommHamudkn craGuuamju  [Pt(dien)(N7-GMP)]*
KOMILIeKCHU joH. [lopen Tora, Pt-S(MeTnOHMH) Be3a MOXKe Ja c€ paCKHHE y NPUCYCTBY HEKHX
NENTHIA WIH MPOTEHHA KOJU Y CBOM CAaCTaBYy CaJpiyKe XUCTHUIMH, y3 HACTaHAK IPOU3BOJA TJIE j&
Pt(ll) xoopauHoBana 3a N1 aTtomM HMMHUAA30JI0BOT HpCTeHa.96 VY peakiuju ca HYKICOTHIOM
5-IMP, koopauHammja ce Takohe octBapyje camo mpeko N7 aroma.’” Mehyrum, ykommko ce
peakije u3Bojie ca HyKIeoTHIuMa y KojuMma ce Ha N7 aTromMy a30Ta Hajlaze METHII-TpYIIe Be3a ce

ocrBapyje mpexo N1 aroma.®® V peakumjama ca 5-AMP kommiekcanm jon [PtCl(dien)]*
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koopaunyje ce 3a N7 umu N1 atom a3ora, anu je Be3a ca N7 aToMoM 3acTynJbeHH]a, JIOK ce ca
noseharmem Temneparype rmosehasa konmenTpanuja Pt-N1 mpomssona.”

V peaknujama [PtCl(dien)]” xommuekcHOr joHa ca THOETpHMAa WM HYKIEOTHAMMA Y
npucyctsy GSH HacTajy Bpio cTabuianu koMmiekcHu jor Tuma [Pt(dien)SG]”, mro jorn jexsom
notBphyje unmenuy 1a je Pt-S(Trounm) Besa HajcTabUIHH]a ¥ TEIIKO pacKummBa.” OHa ce MoXe
pPacKMHYTH caMO Yy TMpHCYCTBY ojapeheHux Hykineoduiaa ca cymmopoM, Kao IITO CY:
JMeTHIMTHOKapOamar, TtHocyndar, THoypea.! MHTEpECaHTHH Cy TNOKYIIAjHd XHIAPOJIH3E
Pt-S(GSH) Bese y npucyctBy jona npenasunx merama Cu(IT) mmm Zn(11).1%°
[Toce6HO WHTEpecOBame MOCIEAHBUX TOJAWHA TOCTOjJU 33 WCIHUTHUBAKRE PEAKTUBHOCTH

komiuiekca Pt(ll) y umjoj xoopauHamoHoj cepy ce Hana3M jelaH WM BUILE MUPUANHCKHX

npcreHoBa. KoMIiekcu Koju y CBOM cacTaBy calipke NUPUANH Npukazanu cy Ha Counu 1.16.

an & £

HQN—Pt—NHQ 2N—Pt—NH2
OH2 OH2 OHs
aaa apa aap

D

pap ppp

Cnuxal.16. Komnnexcu niamune(Il) ca nupuournom y koopouHayuouoj cghepu; a = amu,

P = RUPUOUH.

[MpucycrBo nmupuauHcKor npcreHa y komiuiekcy Pt(ll) mosehaBa enexrpoduiaHocT joHa
MeTana. Haume nupuans uma crnocoOHOCT Mpey3uMama Jieia HaeleKTpHcama ca MeTana ynHehu
ra jour mosuTHBHHjM. > Tlopes Tora youeHa je  m-IoBpaTHA OHAIHja eIeKTPOHCKE T'YCTHHE

Ca YyJIa3HOT JinraHaa Ha XCJIaTHH JIMTaH[, IITO JOBOAU OO CTa6I/IJ'II/I3aI_II/Ije MMpeJIa3HOI CTama
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72,73

KBaJpaTHe-OMMHUpaMHJIE Y OJJHOCY Ha OCHOBHO CTambe. PeakTHBHOCT KOMILIEKCA TPUKA3aHUX

Ha Crunm 1.16. pacre cnenehum penocienom:

aaa < apa < aap < pap < app < ppp

HcnutuBama cy mokasana Ja yBol)emeM MHPHIMHCKUX MOJICKYIa y KOOPIHHAIOHY
chepy KomIiekca He camo Ja ce mnosehaBa JTaOMIIHOCT KOMILJIEKCA Yy CYICTUTYLHOHHM
peaknujama, Beh momnasu u a0 npomeHe pKa BpeaHoctu akBa Komruiekca. Kommiekc aaa mma
Hajsehy Bpemnoct pKa, mok ppp mma HajMamwy. To 3HauMm na ce yBohemeM HUPUIMHCKHUX
MoJIeKy1a Moxe monemasarn pKa Bpexmoct komrurekca.” Tymopeke hemije pasiukyjy ce o
HopManiHuX henuja ympaBo mno crneunduunoj Bpeanoctu pH. To je Bpio 3HawajHO y IU3ajHY
HOBHMX aHTHTYMOPCKHUX KOMIUIEKCA Yy KOjUMa ce MOJM(PUKALMJOM T-aKLIENTopa MOXKe MocThhu
pKa koja 61 oarosapana pH Bpeasoctn TymMopcke hennje.

Haxo cy 3a BelHMKY PEeaKTUBHOCT OBOT' KOMILJIEKCA OJITOBOPHE €JIEKTPOHCKE WHTEPaKIHje
usmely terpy nuranma u Pt(II),72 BOJTYMUHO3HOCT lerpy nwranjga wMma BENUKH YTHIA] Ha
KapaKTepHCTHKe OBOT KoMIUlekca. Y peakiujama cyncrurynuje [PtCl(terpy)]” xommiexcHor
JOHa ca pa3IMYUTHM THOETpUMAa M THOJIMMA BHIIE MyTa je MOTBpeHa HeroBa HEPEAKTUBHOCT
npema TtHoerpuMa, % koja ce, ympaBo, objamrmaBa yruiajem crepHor edexrta. Mama, y
peaxmujama [PtCl(terpy)]” xommaekcHoOr joHa ca HEKHMM S-METHJI-THOETPUMA M THOHHMA MOTY
HACTATH JMHYKJIEPAHH KOMILICKCH IUIATHHE y KOjMMa je MOCTHH JIMraHj S-MeTHi-rpyma.
Benmuka peaxrusHoct [PtCl(terpy)]” xommiekca mpema Tmonmuma o6jalimbaBa ce HACTAHKOM
MHTPAMOJICKYJICKE BOJOHHYHE Be3e M3Mel)y MpoToHa ca THOJHe-Tpyne U ojyazeher XJIopuuo
JUTaH]Ia, YUME CE JIOJIaTHO CTa0MIIN3Yje TpeIa3Ho crame, 01103105

Hexonuko npoussoa peakuuje nzmely [PtCI(terpy)]” xommnekca u JIHK dparmenara je
CHHTETHCAHO M OKapaKTEPHCAaHO PEHIJCHCKO-CTPYKTYpHOM aHAJIM30M, Y KojuMa je yTBpheHo
MPUCYCTBO jaKUX MHTPAMOJIEKYICKMX BOJOHHYHHUX Be€3a KOj€ JIOJIATHO YTHUY Ha CTaOMIIN3aLujy
npomssoza peaxumje. " Komriexcuu jon [PtCl(terpy)]” y pactopiMa mMa TeHaeHImjy 1a

198 TTa 6u ce To crpeunio, 3a H3ydYaBame

rpaxu aumepe Beh npu kommeHTpamjama o 10° M.
peakiyja CYNCTYTylHjeé OBOT KOMIUIEKCHOT JOHAa KOPHCTE c€ pa30lakeHH pacTBOPHU
KoHIeHTpammje oko 10° M.

Kommexcuu jou [Pt(tpdm)CI]" ctpykrypHo ciuuan [Pt(terpy)Cl]" kommuexcroMm jory. Y

HEroBOj CTPYKTYpH u3Mel)y MUPUIMHCKUX MPCTEHOBA YBEACHE Cy MeTuJeHCKe rpyme, Crnuka
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1.17. On pearyje ca cyMmIop- M a3oT-ZOHOPCKMM MOJIEKYIMMa Ha HJIECHTHYaH HA4YWH Kao U
[Pt(terpy)CI]" anu 3mauajuo cropuje. PeaxtusHoCT KommaekcHor jona [Pt(tpdm)CI]” je rotoso
ucTor pena senuunHe kao u [Pt(dien)Cl]*. Kapakrepucruuno 3a [Pt(tpdm)CI]" xommnekcuu jon

je na pearyje ca L-mer, 3a pasmuky og [Pt(terpy)CI]*. M

ugh ol
OO

Cl

[Pt(tpdm)C1]"
Cnuxa 1.17. Cmpyxmypna popmyna [Pt(tpdm)CI]" xomnnexcroz jona.

Be3 063upa mTO y CBOjOj CTPYKTYpPH CafpKH MuUpHAMHCKe Monekyine, [Pt(tpdm)CI]™ ne
NoKasyje BeNMKy peakTuBHOCT. CMaTpa ce Ja je CMambeHa PEaKTUBHOCT OBOI KOMILIEKCA
nocneauna CTpykTypHux Mmoaudukarmja. Kommnekcun jon [Pt(terpy)Cl]" je nmamapan, mox
yBOlemeM JiBe MeTHJIeHCKe TpymHe y KomiiekcHu joH [Pt(tpdm)CI]" mapymasa ce mmamapsocr,
IITO Y3pOKyje cMarbeHy peakTuBHoCT.

Ilopen xomiuiekca ca TpuaeHTaTHUM JurasaoM NNN Tuna, HWHTEPECaHTHH CY
kommiexcr ca NCN (rze je C = -CH wm -CgHs) 1 NNC nuranmuma (rae je C = -CgHs ),**! xao
1 SNS (S = mermwrrromernn)™? u NSN murammma,™™ momohy kojux je mcrmTHBaH yTHIA]
TPUACHTATHUX JIMTaHaga ca Pa3IUYUTHM JOHOPCKUM aTOMUMa Ha Op3UHY CYICTHTYLMOHUX
peakmuja komruiekca Pt(11).

[Tokazano ce ma Heku MoHO(pyHKuMoHamHU Komruiekch Pt(II) mokasyjy wusBecHy
anTHTYMOpCKY aktuBHOCT. ™ Jeman takas xommieke je [PtCI(NH3)z(tupraun)]Cl, npu demy je

114

npumeheno aa ce o koopaunyje 3a JJHK monodynkumonanno npeko N7 U3 ryaHuHa, — Kao

mTo je npukazano Ha Coumm 1.18.
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Cnuka 1.18. Ilpojexyuja cmpyxmype [{HK 3a kojy je ée3an MOHODYHKYUOHATHU KOMNIIEKC

Pt(I1) npexo N7 uz eyanuna.***

JoHCKM pacTBapauM TOCTajy TMOMyJapHH YIOpaBO 300r BeTUKE MOTEHIUjaHE
uHIycTpUjcke mpumeHe. VcrpakuBauka rpyma van Eldik-a je momuia ma unejy ma ucnutyje
CYIICTUTYLIMOHE peaknuje Beh mo3Hatux MoHOQYHKIHMOHamHHX Komiuiekca Pt(Il) y joHckum
TeunocTiMa. > OBa HCTPAKHBAHa HMAjy 34 LHJb 1a OTKPH]y OP3HHY M MEXaHH3aM OUIPaBarba
CYICTUTYLIMOHHX pPEaKIlfja y JOHCKUM Te4HOCcTHUMa. Heke ol KopuIIheHnX jOHCKUX T€YHOCTH, Y

OBUM HCIIUTUBABKBLUMA, CY:

Kartjon AHjoH
0 0 o®
N, B / (I?\ F,C——Ss—00 \S/
NN/ /C/ \C\ 3 /o/ \o
\—/ z \N (o} CaHs
[emim]” [dca] [OT(] [EtOSO;]

YoueHo je Ja MCXaHHu3aM CYHCTI/ITYI_II/IjC IJIAaTUHCKUX KOMIUICKCA Yy jOHCKI/IM TCYHOCTUMA OCTaje

UCTH, anu 1a Op3KHa y BEINKOj MEpH 3aBUCH OJ BPCTE JOHCKE TEYHOCTH. YTJIaBHOM CE€ peaKiyje

. . . 115
OJIUTPaBajy 3HATHO CIIOpPHUjE Y OJHOCY Ha UCTE PEaKIlhje Y METAaHOIy U BOIH.

1.10. Komnuiekeu Pd(I1)

Mertamu Ni, Pt u Pd nanaze ce y ucrToj rpynu nmepuaoHoOr cucrema, mehyrum, camo

) . 47
KOMIUIEKCHA jeluibea Pt mokasyje aHTUTYMOPCKY aKTUBHOCT.  [JIaBHH pasjior OHOJOIIKe

37



Onwmu oeo

aKTUBHOCTH KoMIUIekca Pt yiexxu y Op3uHHM CYNCTUTYLMOHHMX pEakidja, Koje ce OJIUrpaBajy
criopo.t®" Kommekcrna jemumema Pd(ll) €ecTo ce kophcTe Kao MOZEN MOJEKYIH 3a
MCIINTHBAE KMHETHKE M MEXaHW3Ma CYCIICTHTYIMOHHX peakmuja jep pearyjy 10°-10° myra
Opxe on ananmorHux komrutekca Pt(ll). Xemujcko mnoHamame y pacTBOpHMAa CTPYKTYPHO
CIMYHEX KoMIUIeKcHHX jemumema Pt(l) u Pd(ll) je wmmentnuno.’™® 36or jako Bemmkor
apuHUTETa IIpeMa CYMIIOp M a30T JOHOPCKHM JIMTaHIUMa, Ka0 U jaKO BEIIMKE PEaKTUBHOCTH,
cenektuBHOCT komiuiekca Pd(ll) mpema Omomonekynuma je mana, IITO OrpaHWYaBa yroTpeOy
OBHUX jeIMbCHa KA0 aHTUTYMOPCKUX peareHaca.

Bemukun Opoj crpykrypHo anamornux komruiekca Pd(ll)  kommuexcuma  Pt(l1)
CHHTETHCAHO j¢ M HWCHUTHBAaHA jeé KMHETHKAa M MEXaHM3aM CYCICTUTYLMOHHMX peakluja ca
pa3nmuuuTHM OnoMolieKynuma. VcnutuBane cy cyncrutynnone peakiuje komriekca [PdCly(en)]
ca pa3TUYUTHEM CYMIOpP H  a30T-AOHOPCKUM  OHMOMOJICKYIUMa, TpU  Pa3THYUTAM
eKCIIEpUMEHTAIHUM ycloBUMa. Tako, y peakuujama ca L-mernonmnom Hactaje S,N-xenar.
Mebhyrtum, y peakuuju ca S-metui-L-mucrennom He gonasu a0 Gopmupama S,N-xenara, Beh ce
aBa MoJjekyna tuoerpa koopaumuyjy 3a Pd(ll). Takohe je wucnutuBana peakTHBHOCT
erwieHauamMuHckux komiuiekca Pd(ll) xon kojux cy y CTpyKTypH €TWIICHIMAMHUHA HEKH O]
AMHUHCKHMX BOJIOHUKOBHX aTOMa 3aMECH-EHH METHJI- HITM €THII-Tpynama. 300T IPUCYTHUX CTEPHUX

W9y peakumjama ca N-moHOpCKHM

CMETHM PEAKTUBHOCT OBUX jEIMIbEHA j€ yMambeHa.
Hykieosuauma u Hykieotuauma, [PACly(en)] xommieke, pearyje mmeHTH4HO oxaroBapajyhem
komiuiekcy Pt(ll), koopaunyje ce nmpBeHcTBeHO Tpeko N7 aTtoma a3oTa, 1ok je Beza mpeko N1
3aCTYyIJbCHA Y Mamb0j MepH. PeakTHBHOCT HYKJICOTHIa U3PAXKEHHU]a je Y OJHOCY Ha PEaKTUBHOCT
HYKJIE03H1a, 300T HacTajarkba MPOU3BOAA KOJH Cy JO0JaTHO CTA0MJIM30BAHU WHTPAMOJIEKYICKHM

BOJOHMYHEM Besama. 2> 2> Heku of MPOU3BOJIa OBUX XEMHJCKHX pEaKifja Cy H30J0BaHH WU

OKapaKTepHCaHH, Kao WITo je ciy4aj ca [Pd(en)(N7-IMP),] kommmiekconm. '

Takohe cy ucnuTuBaHe MHTEpakuuje M Apyrux OmdyHkunoHanmHux komiuekca Pd(ID),
aHAJIOTHUX KOMIUIGKCMMa IulaTHHe. JemaH on TakBux komiuiekca je [PACI(SMC)]. V
peakijama [PACl(SMC)] xommiekca ca ¢parmentuma JHK (INO, 5-IMP u 5’-GMP)
yrBpheno je 1aa je momekyn 5-GMP  majéosm  mykmeopmn.'”  Kommmekc ca
1,2-muaMUHITMKIOXEKCAHOM HMCMUTHUBAaH je y peakiujama ca GSH u okcumoBanum GSH mpu

gemy nomasu g0 (opmupama S,N-xenara,'?® 1ok ce y peakumjamMa ca HyKICOTHIMMA M

¢parmentuma JIHK nonama Ha yobrudajeH HauuH.
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[Mopen cyncrurynmonux peaknuja [PdCly(dach)] kommuiekca ncnutuBane cy u peaxiuje
AQHAJIOTHUX KOMIUIEKCA Yy KOjUMa Cy XJIOPHUIO JIMTaHAM CYNCTUTYHCAHU Pa3IHYUTUM
OuneHTaTHUM JMraHauMa, Tj. komriekcu Tuma: Pd(dach)(CBDCA), Pd(dach)(gly), Pd(dach)(L-
met) u Pd(dach)(ox). HaBenenu xomiuiekcu ucnutuBaHu cy y peakijama ca INO, 5’-IMP wu
5°-GMP.'*" Kapaxrepuctruso je 1a nmpupoza omaseher mmranma Tj. CBDCA, gly, L-met mu ox
y BEJIMKOj MEpH yTHUe Ha Op3uHy KojoM he ce o7BHjaTh MpoIeC CYICTUTYIH]E, IPH YEMY je pea

PEaKTUBHOCTH cnenehu: 2’

Pd(dach)(gly) > Pd(dach)(ox) > Pd(dach)(CBDCA) » Pd(dach)(L-met)

on m3abpanux Hykineoduna 5’-GMP je pearoBao HajOpxe.

Kao u y ciyuajy Pt(ll) komruiekca, CHHTETHCAHU CY U UCIIUTUBAHU MOHO(DYHKIIMOHAITHU
kommuiekcu Pd(II). Jeman onx m3yuaBanux xommiekca je [PACI(N,N,S-Gly-Met)] y kome ynory
TPUACHTATHO-KOOPAMHOBAHOT juranaa uma aunentun Gly-Met xoopaunoBan 3a Pd(l1) mpeko
aToMa CymIiopa U3 MoJjekyna L-mer, a30Ta U3 menTHuHE Be3e M a30Ta U3 TEPMUHAIHE aMHHO-
rpyne. IloHamame oBOr KomIuiekca y peaknujama ca TuonmmuMma (L-tmcremnom, GSH,
DL-neHMIMIaMHHOM) j€ WACHTHYHO IOHAIIAKkY OCTAIMX MOHO(YHKIMOHAIHMX KOMILIEKCa
Pd(I1) u Pt(11).1%®

Uzyuasama [PdCI(dien)]” xommmekcHor joma y peaknujamMa ca CyMIOp M a30T
JOHOPCKUM OMOMOJIEKYJIMMA Cy BpJIO MHTEpEcaHTHa paau yrnopehuBama NOOMjEHUX pe3ynTara
ca pesynratuma jaooOujeHuMm y ciydajy komruiekca Pt(ll). Tako, y peakumjama ca THOIHMA
(L-umcrenrom, GSH, DL-neHMumiaaMuHOM) J0J1a3d JIO CYICTUTYLHUjE XJIOPUIO JIUTaH/a
MoJiekyaoM tuosia. Monekyn GSH je HajpeakTuBHUjH, 10K je peakiuja ca DL-neHnuniaMuaom
Hajciopuja. Ca mopactom PH BpemHocTH, mopen Hactajama komiiekca 1:1, mpumeheno je
PHCYCTBO JMHYKICAPHHX KOMIUIEKCA €4 CYMIIOPOM Kao MOCTHHM JHragzom.’> IlomrTo
eKCIIEpUMEHTAIHN YCIOBH JaKO YTHUY Ha ojipel)eHe mporece CyrcTUTYIHje, YIIPaBo je y ciaydajy
peaxmuje cyncrutynuje [PACI(dien)]” xommnekcaa ca L-uucrennom 1 GSH ucnuTHBAaH yTHIA]
MPOMEHE PAcTBapaua, jOHCKE CHIe PacTBOPa, PH BPEIHOCTH ¥ IIPHUCYCTBA aHjOHCKHX TEH3HIA. .
V peakuujama ca ¢parmentuma JJHK mosexyna, [PdCI(dien)]” xommiekcnu jon pearyje
dopmupajyhu mpomssoze npexo N7 atoma asora. '

[TpucyctBo nupuamHCKor npcreHa y komiuiekcy Pd(Il) moBehaa enexTpoduiiHoCT joHA

MeTajia Ha UCTH HauuH kKao u koj komriuiekca Pt(II). Tako cy mcnuTuBama mokasana aa je
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komiuieke [PACly(bipy)] 3unatHo peakrtuBHHju y omHOocy Ha [PdCly(en)] m To y peakumju ca
THOYpeoM, TeTpameTruaTHoypeom u 5’-IMP, mTo je cBakako moOcieauIia TMPHCYTHUX
MUPUIMHCKUX Mouekyna.”? Mehyrum, xommiexkc Pd(I1) ca mumepusuuom, [Pd(Pip)(H20)2]%,
KOjU Takohe mMa CHOCOOHOCT ENEeKTPOHCKE KOMYHHUKAIHM]e ca JOHOM MeTajla, y PEeakiuju ca
5’-GMP mnoka3yje Mamy peakTHBHOCT HETO aHAJIOTaH KOMIUIEKC ca €TWJICJHAMHUHOM, IITO Ce
cMaTpa Ja je TOCIeAWIa CTePHHUX cMeT .2 pKa Bpeanoct [Pd(Pip)(HZO)z]2+ KOMIIJIEKCHOT
JOHa je Mama Tj. KOMIUIEKC je KHCEIHUjH y OJHOCY Ha KOMIUJIEKC ca eTHJICHAMAMHHOM, IITO je
CBAKaKO IOCIC/NIIA TT-eIeKTPOHCKE KOMYHHKaIuje n3mely munepusuna u Pd(I1)-jona.*®

Kox monodyukimonanaux komiuiekca Pd(I1) youeno je ma xao u xon komriekca Pt(l1)
O0poj M pacnopea MUPUAMHCKHX jeIMHHUIA Y TPUAEHTATHO KoopauHoBaHOM NNN 10HOpCKOM
JUraHay y BEJIHMKO] MEpU yYTUYY HA PEAKTUBHOCT KOMIUIEKCA. YTHopehuBameM peakTUBHOCTH

NMOMCHYTHX KOMIIJICKCA UCITOCTABUJIO CC JIa PCAKTUBHOCT OIlaaa y cneneheM HU3Y:

[PdCI(terpy)]” > [PdCl(bpma)]” > [PdCI(dien)]”

IITO jé CBAKaKO y CarjacHOCTH ca OpojeM MHUPUAMHCKUX JeJMHHULA Y KOMIUIEKCY IITO j€ U Y
carTacHOCTH ca pesynratmma gooumjenmm  3a  Pt(ll) xommiexce.'™  Kommzekchnm jom

[Pd(terpy)CI]* me pearyje ca tmoerpmma,®

a'y peakiujama ca tuoauma (GSH, L-uucrenH u
DL-nennmmnamus)™®® oH ce monama wuentnuro terpy kommiekcy Pt(l1). Vmopehusamem
OJlHOCA KOHCTaHTH Op3MHa peakifja CYyNCTUTYLHUje oJaroBapajyhux MOHO(YHKIMOHAIHUX
xomruiekca Pd(I1) i Pt(Il) ca Tmonma HajMama pa3iiuka y peakTUBHOCTH je y ciy4dajy terpy
KOMILIEKCa, =0

VY peakuujama ca ApyruM amMuHOKHcenuHama win (parmentuma JIHK monekyna,
[PACI(terpy)]” xommekcHOr joHa pearyje 3HaTHO 6p>1<e.137 Takohe ce Beha peakTuBHOCT OBOT
KOMILJICKCHOT jOHa y OJHOCY Ha octaine MoHo(dyHKimoHanHe komruiekce PA(Il) mpumehyje u y
peaKiyjaMa CyCTHTYIH]e ca MHPUAMHOM i Para-IepuBaTiMa mupiauHa, >

Kowmriexcuu jou [Pd(bpma)(H,0)]** ncnutuBan je y peakimjama ca cepyjoM JTHraHa/a:
CI, I', Br, SCN’, TU, DMTU u TMTU.2® Pen peaktuBHOCTH mMOcMaTpaHux JjuraHazaa je: I >
DMTU > TU > SCN" > TMTU > Br > CI', o je y cariacHOCTH ca eJIEKTPOHCKUM M CTEPHUM
edexrrma. HaBenenu kommeke pearyje oko 10° myra 6pixe ox omrosapajyher Pt(I1) anamora.'®
OBU pe3iyTaTd joIl jeJHOM TIOKa3yjy KOJIMKO NPHCYCTBO NHUPUAMHCKUX MoOJeKyia yBehaBa

Op3uHy CYNCTUTYIHMOHUX peaknuja. Takohe, McIUTHBaHA je W PEAKTUBHOCT MHUPHAWHA U
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nepuBara mapuanHa npema [PACI(bpma)]* kommiexcuoMm jory,™* a yrepheno je na peaktuBHOCT
JlepyBaTa IAPH/INHA 3aBICH OJ] KAPAKTEPUCTHKA IPUCYTHHX CYNCTHTYeHaTa. >

[PACI(bpma)]” xoMIIekcHU joH HCIMTUBAH je Y peaKiijaMa ca a30]uMa M AUa3UHEMA,
crieupIYHOM IPYIIOM IIECTOWIAHAX U METOWIAHMX a30T-T0HOPCKHX XeTepormiia. ™’ Asomn cy
Jjako 3HayajHU ca OMOHEOPraHCKOI CTAaHOBMIITA, C 003MPOM Jla UMHJIA30J1 U3 XUCTUANHA yIa3u y
cacras xemonporenta."*" Taxolje a3omu mory 1a nHxuOHpajy BesuBame CO 3a Heke HTOXPOME,
JIOK HEKH JepuBaTH TpUa30Jia IMOKa3yjy aHTHOAKTEepHjCKO J€jCTBO Ha TMaTroreHe OakTepuje
oumaka. *’ Jemumema Koja y CBOM caTaBy Cajpe NHPHAA3HH, MUPHANH Kao W Apyra
XETEPOIMKINYHA jeTUCHha KOPUCTE CE y TEPAINUjCKe CBPXE 32 JICUCHE PEyMaTCKOT apTPHUTHUCA,
0CTEOapTpHTHCA, OCTeonopose, mcopujase u ap.*** Ilopex Tpwasoma, W AepuBATH Ha GasH
MMPHIA3HHA ¥ [IHPa30Jia [OKa3yjy aHTHOAKTEPHICKO ¥ aHTUTJBHBHYHO aejctBo. ™ Asomm, kao u
JMa3WHU C€ YeCTO KOPUCTE KA0 MOCTHH JIMTAHIU TNpH rpaliery MUHYKICapHHX KOMIUIEKCa
Pt(11).2%° Op wmcnutuBanux asona W auasuHa najsehy peaktuBHocT mpema [PdCl(bpma)]”
KOMILTIEKCHOM jOHY HMa TPHA30JI, [IETOWIAHH PCTeH.

Kao u y cnyuajy xommiekca Pt(I1) u kommiekchu jon cTpykrypHo ciuuan [PACI(terpy)]
KOMIUIEKCHOM jOHY, TIPH YeMy Cy u3Mel)y MUPUANHCKUX MIPCTEHOBA YBEACHE METHIICHCKE T'pYIIe,
unja je Qopmyna [Pd(tpdm)CI]" pearyje ca cymmop- u a3oT-ZOHOPCKMM MONEKYIHMa Ha
uaeHTHYaH HaunH kao u [PACI(terpy)]” amu muoro myra crnopuje. PeakTHBHOCT KOMILIEKCHOT
jona [Pd(tpdm)CI]" je rotoBo mcror pena semuuune kao u [PdCI(dien)]”. Kapakrepuctuuno 3a
[Pd(tpdm)CI]* je ma pearyje ca L-mer, 3a pasmuky ox [PdCl(terpy)]*.*°

[Mocnenmux nap roMHa YHHE CE HAIOPH JIa Cc€ YBOhEHEM pa3IMUUTHX BPCTa JIUraHaaa y
koopauHaiony cgepy komiuiekca Pd(ll) mobuje kommiaekc koju he naa wucmosbaBa
IUTOTOKCUYHY akTHBHOCT. CuHTeTHcaHo je ocam kommiekca Pd(Il) y komOunanumju ca
4-tonmyeHcyndonmi-L-amuno kucenunoM u auuMuHoM (bipy nim phen), mpu yemy cy CBUX ocam
KOMIUIEKCAa TMOKa3aJd aKTUBHOCT Ha henujama kapuuHoma. Hajehy akTHBHOCT mmokaszao je
[Pd(phen)(TsleuNO)] H,0.}* Cunrerncan je xommnexc Pd(Il) ca mmrasmoM koju y cBojoj
CTPYKTYpHU caiapXu NUpuauH u amui, N-(4-xmopodennn)-3-mupuanakapookcuamui. JooujeHu
KOMIUIeKC uMa trans reometpujy. YTBpheHo je na ce Besyje 3a JIHK u nma umcnospaBa
IIUTOTOKCUYHOCT 3a Heke henuje kanuepa. MelyTum, akTHBHOCT HaBEACHOT KOMILIEKCA Mamba je

146
y oxHocy Ha koMmiuieke Pt(ll) ca ucroumenum muranmom. - Tlopen aHTUTYMOPCKE aKTUBHOCTH,

Heku kKomiuteken Pd(II) mokasyjy akTHBHOCT MpOTHUB TyOepKyno3e, Kao IITO je KOMIUIEKC
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trans-[PdXz(isn)2] (X= Cl, N3, SCN, wiu NCO; isn = H30HUKOTHHAMH]), MPH YEMYy je
HAJaKTUBHUjU KOMILIEKC ca N3. OBHM KOMIUIEKCH TOKa3yjy M aHTUTYMOPCKY aKTHBHOCT ajH
3HATHO Marby y OJHOCY Ha IcIuiaTHHy. !’ AmmHoamkoxonu kao mto cy (-)-edenpun, (-)-
HopedenpuH, L-nponuHon, L-Banunon u L-u3zoneyunnon kopuimheHu ¢y y CHHTE3H KOMILIEKCa
Pd(I1), pyi yeMy HaCTamH KOMILIEKCH TI0Ka3yjy H3BECHY aHTHTYMOPCKY aKTHBHOCT.

XenaTHU JMTaHAW 3ay3UMajy BakKHO MECTO Y MOJIEPHO] OpPraHOMETAIHO] XEMUjH,
XOMOTeHO] KaTammsn, *° ka0 y Guoneopranckoj xemujir.">° Bemuku 6poj pasmuuntix Schiff-6asa,
KOPHCTH ce Kao MOMONHM JINTaHIM Y PeakiujaMa KaTalH30BaHWM MPENasHuM MeTamama. ™
3axBasbyjyhu BEJIMKOM yclieXy TMMMUHCKHX JHMTaHaja, aHAJIOTHU JIMTaHIH Ca CTHICHOM WIIN
MUPUIMHOM Kao MOCTHHMM JIMTaHJIOM KOju TOBe3yje Ouc(MMHIA30JIMH-2-UMUHO) JIMTaHJE Cy
cuHTeTHCaHu. HaBeneHu nuranam ca Ouc(MMHUIA30JMH-2-UMUHOM) CaJip’K€ UMHH Kao JOHOD,
KOjH je jako 0a3aH M caMUM THUM HM3Yy3€THO jaK HYKJICO(WI, IITO j€ MOCIEAMULA CIIOCOOHOCTH
MMHa30710BOT MPCTEHA Ja CTAaOWIM3yje MO3UTHBHO HacleKTpucame.>> Bemnka eleKTpoH-
JIOHOPCKA CIIOCOOHOCT OBUX JIMTAaHA/la, K0 U BEJIMKA PEaKTUBHOCT MpeMa MpeasHuM MeTalluma,
noTBheHa je cuHTe30M Beoma peakTHBHOT Oakap(l) KomIuiekca W CHHTE30M MOJHOJCHCKUX U
PYTCHMJYMCKUX CEHJBHY KOMIUIEKCA, KOJU  CagpXe joml M  LUKIOXENTaTpUeHHI,

154,155 .
LUKJIONIEHTAJUEHUTI U apeHa JIMTaHJe. Taxolhe, oBu JuraHau MMajy CriocOOHOCT J1a Tpaje

156

KOMIUIEKCE ca MeTalMMa U3 IpBe Tpyne npena3Hux merana tj. Mn —Zn.” V okBupy oBor pazaa

cuHTeTHCcaHa cy nBa komruiekca Pd(ll) ca muranauma oBor Tuma.
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3AJIATAK PAJIA

[Ipenmer oBe MOKTOpCKE JHceTpandje OHO je MCIUTUBAKE CYNCTUTYIMOHHMX peakKiuja

komruiekca Pt(11) u Pd(Il) ca Guosomniku 3HauajHuM Juranauma. HaBeneHa ucuTuBama MOTY ce

IIOJCIMTH Ha CJICIIChI/I Ha4YuH:

43

VcnuTuBame KUHETHKE U MEXaHH3Ma CYNCTUTYIHOHUX peakuuja [PtCl(bpma)]” u
[PtCI(gly-met-S,N,N)]* kommiekcHuX joHa u akBa aHanora ca L- mer, GSH u 5°-GMP y
0,1 M NaClQy4, Ha tpu Temneparype (288, 298 u 308 K).

[paheme peakiuja oudynkunonanuux komruiekca Pt(Il) ca 1,2,4-tpuazomnom,

L-xuc u 5’-GMP y 25 mM xenec nydepy, Ha 310 K, pH 7,2.

Cunre3a u Kapaktepysanuja 2,6-6uc[(1,3-mu-mepy-0yrnnumuaazonnH-2-

umuHO )MeTwi [mupuauaa u 1,2-6ucl(1,3-1u-u30nponuiMuIa30IuH-2-UMHHO ) |eTaHa.
Pennrencko-crpykrypra ananusa [(TL®')PACI|CIO, u [(BL™)PACI,] xommuiekca.

PaBHOTEXa M KHHETHKA CYNCTUTYIIMOHUX peakuuja ouc(MMUAA30IMH-2-UMHHO)

komiuiekca PA(l1) ca Guostomiky 3HaYajHUM JTUTaHAUMA.
KHHETHKA 1 MEXaHH3aM CYIICTUTYLHOHUX peakiuja [PtCl(bpma)]* u [Pt(bpma)(H.0)]**
KOMILICKCHUX joHa ca 1,2,4-tpuazoiioM, nupasosioM u nupuaazuHoMm y 0,1 M NaClO,, na

Tpu Temmnepatype (288, 298 u 308 K).

JOT uzpauynaBama 3a cucrem pazmene Gua/SMe;.
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2. EKCOEPUMEHTAJIHU JEO
2.1. Pearencu u pacTBOpH

Kommrekcu [PtCl(bpma)]CIH.0, [PtCI(gly-met-S,H,H)]H.0, [PtCl(en)], [PtCl(dach)],

[PtCI(SMC)] u [PdCI(COD)] cy cunretrcanu 1o paHuje mMyOIMKOBaHHM HOCTyHLII/IMa.157’128’

18181 Yycroha nobujennx jenmmema moTBphieHa je eneMentapHoM amammsom, IR, Uv-Vis
CHEKTPO(HOTOMETPH]OM U 'H HMR CHEKTPOCKOITHjOM.

1,2,4-tpuazon, L-mernonuH, L-XxucTUANH, TIIyTaTHOH, TUHATPUJyMOBA CO T'YaHO3UH-5’-
MoHodocdara, ouc-(2-nUpuIUIMETHI )aMUH, S-metun-L-miucrend, eTUJIEHIUaMUH,
1,2-nMaMUHOLMKIIOXEKCAaH, MUPUIAa3UH, TNHPa30ji, METAaHOJ, N-XeKcaH, TeTpaxuapodypa,
tonyen n KO'Bu nabasssenn cy ox Fluka, Acros Organics win Aldrich n xopumhenu cy 6e3
MPeIXoHOT IpeunirhaBama.

K,PtCl, (Strem Chemicals), PdCI, (Strem Chemicals), cis-[PtCl,(NH3),] (Aldrich), D,O
(Deutero GmbH 99 %), CF3SOsD (Aldrich, 98%) CF3;SO3zH (Aldrich), xemec mydep
{H-2-xunpoxcuermnnunepasud-H’-2-etancynduana xucenmna}  (Aldrich) cy Takobe
npurpeManu 0e3 mpeaxo Hor npeuunirhaBama.

Cyncrurynmone peakije komiuiekca [PtCly(en)], [PtCly(dach)], [PtCL(SMC)] u
Cis-[PtCl(HH3);] cy wm3ywaame y 25 mM xenmec nydepy. Xemec u  TpuC
(Tpuc(xuapokcumeTnI)aMUHOMETaH) nydepu cy Hajuenthe kopuiiheHu mydepu y henujckum
TECTOBMMA, Tj. NPWIMKOM HUCIUTHBama uHTepakuuje komrwiekca Pt(I1) u momexyna JJHK vy
hennju. Xenec mydep je n3abpan U3 pasnora MTO je BOJIYMUHO3ZHHJU MOJIEKY] Yy OJIHOCY Ha TPHC
nydep, na je BesuBame xenec nydepa 3a Pt(Il) jon ycien crepHHX CMETEHH CKOPO HOTITYHO
ucksbydeno.®® CyncTHTYIHOHE peakimje NpeocTanmux KOMILIeKca ucrmthBae cy y 0,1 M
HaClOy, jep je mo3HaTO 1a ce MepXIopaTHy joH He Koopauuyje 3a Pt(11) u Pd(11).'®?

IMpeBohewe xmopumo wommiekca [PtCl(bpma)]CIH.0, [PtCl(gly-met-S,H,H)]'H.0,
[(TL®)PACIICIO4 u [(BL™)PA(CI),] y aKBa YECTHUIIE MOCTHTHYTO j€ TOJaTKOM CKBUBAJICHTHE
komunHe AgClO4 y pactBope xnopuno dectuna. JJoOujeHn pacTBopu Cy 3arpeBanu 3 - 4 carta
na 40-50 °C y3 menpecrano Memame y mpaxy. Hacramu tanor AgCl nponehen je kpos Millipor
(unTpe, IpH YeMy ce HApOUUTO BOAMJIO pauyHa [a y HacTaaoM pacTsopy Hema Ag’ jona, Tj. na

j€ XJIOpHI0 KOMIUIEKC TOTIYHO MPEBECH y aKBa YECTHILY.
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3a morteHunomerpujcke tutpanuje xopuithen je 0,1 M NaOH, koju je mpunpemibeH
nosiazehn 0 KOHIEHTpOBaHOr pactBopa p.a. uucrohe (Merck), pactBapamem y cBexe
MPOKYyBaHOj OuaectunoBaHoj Boau. KoHIEHTpanMja TpHUIPEMIbEHOT pacTBopa ojpeheHa je
TUTPAIMjOM ca KaJlujyM-Xuaporendranarom. 3a nmpunpemame nepxiopHe Kucenune kopuurhena
je HCIOs p.a. (Merck, ,,Suprapure™). KoHueHTpamuja pacTBOpa KuCeTUHE ojnpeleHa je
noTeHnuomerpujckoM tutpanujom ca 0,1000 M HaOH y3 meTun mpBeHO Kao WHAMKATOP.
Konnenrpauuja kopunrhene nepxiopue kucenune 6una je 0,1028 M, a konnenrpanuja pactsopa
XUJPOKCHUIA, KOPUIITNEHOT 3a JAajbe MOTEeHIMOMETpUjcke TuTpanuje 6una je 0,1012 M.

PactBop 0,1 M HaClO, npunpemsben je pactBapamem HaClO4, p.a. (Merck) y
OounectunoBaHoj Boau. KoHIeHTpaiuja oBor pactBopa onpeheHa je ymapaBameM IO3HATe
3alpeMUHe pacTBOpa J0 CyBa.

CBH BOJIEHU PacTBOPU MPUIIPEMAHH Cy y OMIECTHIIOBAHO] BOIH.

2.1.1. Cunresa quranaja:

1,2-6uc[(1,3-mu-mepy-OyrunuMuaa3onud-2-umuHo)Jetan  u  2,6-6uc[(1,3-qu-mepy-

OYTHIIMMHUIA30JTHH-2-UMUHO )METUJI |TUPUINH, Cy IPUIIPEMAHU 10 MyOIMKOBAHO)] Hpouez[ypn.154

Cunresa 2,6-6uc|(1,3-qu-mepy-0yTHINMHUIA30IUH-2-UMHAHO)METHWI | I PUIUHA:

1,3-nu-mepy-6yTHIANMHIA301UH-2-WneH, 1

V pactBop 1,3-au-mepy-Oyrunmumunazonus-conu (5 g, 22 mmol) y rerpaxuapodypany (40 ml)
nonaje ce NaH (0,66 g, 27 mmol). JloOujeHa peakinuoHa cMmella MellaHa je ce Ha COOHOJ
temmeparypu 10 muHyTa, HakoH uera ce nomaje KO'Bu (0,25 g, 1,4 mmol) u nacrasu ca
MerrameM peakipone cmemre 5 do 6 h Ha coOHoj Temnepatypu. Llehemem u cymemem mox
BaKyyMoM ce Ji00uja cBeTio-kyTH npax (2,9 g, 69 %).
1,3-nu-mepy-6yTHIAMMHIA30TUH-2-TPUMETWICHITWINMUH, 2

Y pactBop 1,3-nu-mepy-oyrunumunazonud-2-umuaed (1) (1,242 g, 10 mmol) y Tonyeny (20
ml), noxar je y xammma Tpumerwicwimi asua (14 mmol) Ha coOHOj TemmneparypH, Hacrana
peakimoHa cmemra pediaykroBana je 24 h y kipyuajyhem tonyeny. Llehemem u cymemem mon
BaKyyMOM ce JJoOHja CBETJIO-XKYTH Ipax, KOJH MOKe Jia ce mpekpucranuine cyonmumanmjom (1,33

g, 73 %).
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1,3-nu-mepuy-6yTHIANMHIA30TUH-2-UMHH, 3

PactBop 1,3-1u-mepy-0yTunuMuaazonuH-2-TpuMermiicuiimimmuta (2) (1 ekBUBaieHT) TpeTupan
je ca Bumkom CH3OH (15 exBuBanenara) Ha cooHoj temmeparypu 30 muHyra. PactBapau je
UCIIapeH I0JI BaKYyMOM M TPOM3BOJ EKCTpaxoBaH N-xekcaHoM. Llehemem u cymemem mon
BakyyMoM ce jgobOuja cBerio-xyru mpax (0,95 g, 98 %). Enemenrapua anamusa: Habheno: C,
67,39; H, 11,01; H, 21,27. Uspauynaro 3a C11H1Hs: C, 67,65; H, 10,84; H, 21,51. Jy (270 MHz,
CeDs, 25°C): 5,94 (2 H, s, HCH), 1,39 (18 H, s, CCH3) ppm. éc (100,52 MHz, C¢Dg): 6 = 153,1
(HCH), 107,0 (HCH), 53,8 (HCMe), 27,7 (CCHj3) ppm.

[((TL®"H,)(OTs).]

VY pactBop 2,6-6uc[(Tozunokcu)merwi|nupuauna (4,47 g, 10 mmol) y rerpaxunpodypany (70
ml), nonar je y kanuma pactBop 1,3-nu-mepy-Ooyrunumunaszonus-2-umuna, (3) (3,965 g, 20,3
mmol) y terpaxunpodypany (30 ml) Ha cobHOj TemmnepaTypu. [loOujeHa peakuuoHa cMmema
pedaykroBaHa je y kiby4ajyhem terpaxuapodypany 24 h. Jlobujenu tanor je npouehen, ucrnpan
ca terpaxuapodypanom (2 x 20 ml) u cymen nox BakyymoM. V30510BaH je pyKHYacTh Mpax
(6,30 g, 71%). EnemenTapna ananusa: Haheno: C, 61,45; H, 7,23; H, 11,63; S, 7,48. 3pauynato
3a C43Hs3H706S:2: C, 61,62; H, 7,58; H,11,70; S, 7,65. oy (400 MHz, D,0): 7,91 (1 H, t, p-Py),
7,64 (4 H,d), 7,49 (2 H, d, m-Py), 7,40 (4 H, s,;HCH), 7,31 (4 H, d), 4,05 (4 H, s, Py-CH,), 2,35
(6 H, s), 1,63 (36 H, s, CCH3) ppm. Jc (100,53 MHz, D,0): 156,1, 143,4, 142,5, 139,9, 139,1,
129,6, 125,8, 121,3, 117,4, 61,5, 53,7, 29,1, 20,4 ppm. m/z (FAB+) 665 (M+ — OTs, 54%), 494
(M+ — H(OTs)3, 100).

2,6-6uc[(1,3-an-mepy-6yrnaumMuaasoann-2-uvuno)meri ] mupuman, TL®E

Cycnensuja [(TL®"H2)(OTs),] (7,25 g, 8,65 mmol) y terpaxunpodypary (120 ml) oxualena je
ua 0 °C, u 3atum je KO'Bu (2,329 g, 20,76 mmol) moxar y cycnensujy. Peakiuona cmeria
MenaHa je Ha coOHoj Temmeparypu 2 h. JloOujenu tanor mpoiieheH je U CyIIeH Moja BaKyyMOM,
3aTHM je MpOou3BOJ ekcTpaxoBaH cMmemoM TtosyeHa (50 ml) u n-xekcana (50 ml), a moTom
npouehen. Jlobujen je O6emm mpax (4,1 g, 95%). Enemenrtapna anammsa: Haheno: C, 70,56;
H, 9,55; H, 19,83. Uspauynaro 3a Cy9Hs7H7: C, 70,55; H, 9,59; H, 19,86. 4 (400 MHz, C¢De):
8,02 (2 H, d, m-Py), 7,72 (1 H, t, p-Py), 6,02 (4 H, s, HCH), 5,38 (4 H, s, Py-CHy), 1,43 (36 H, s,
CCHj3) ppm. dc (100,53 MHz; C¢Dg): 164,1 (0-C), 146,5 (HCH), 136,2 (p-C), 118,7 (m-C), 108,4
(HCH), 58,1 (C-Py), 54,4 (HCMe), 29,5 (CCH3) ppm. J4 (400 MHz, acetone-d6): 7,69 (1 H, t,
p-Py), 7,55 (2 H, d, m-Py), 6,35 (4 H, s, HCH), 4,85 (4 H, s, Py-CH2), 1,56 (36 H, s, CCHj5)
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ppm. o (400 MHz; CDsCH): 7,67 (1 H, t, p-Py), 7,48 (2 H, d, m-Py), 6,33 (4 H, s, HCH), 4,79
(4 H, s, Py-CHy), 1,53 (36 H, s, CCH3) ppm. m/z (Cl) 493 (M+, 36%), 437 (M+ —tBu, 100), 380
(M+ — 2tBu, 58) itd.

Cunresa 1,2-6uc|(1,3-1u-mepy-0yrnauMuia30IMH-2-UMAHO) |eTaHa

1,3-qun3onponui-4,5-1uMeTHIUMHUIA30IUH-2-UMHH, 1

PactBop 1,3-munsonponui-4,5-mMMeTHIMMUIa30IUH-2-TpUMeTHICHTINIMMUAHA (1 €KBUBAJICHT)
tperupan je BumkoM CH3OH (15 ekBuBanenara) Ha co6Hoj Temnepatypu 30 MunyTa. PacTBapau
je ucmapeH moJ BaKyyMOM U IPOM3BOJ €KCTpaxoBaH N-xekcaHoM. Llehemem u cymemeMm mnox
BaKyyMOM ce Jo0uja CBEeTJIO-KyTH npax. EnemenTtapua ananmusa: Haheno: C, 67,29; H, 11,15; H,
21,45. Uzpauynato 3a C11H21Hs: C, 67,65; H, 10,84; H, 21,51. 4 (270 MHz, C¢Ds): 4,31 (1 H, s,
HH), 4,17 (2 H, sept, *Jun = 6,8 Hz, CHMe), 1,63 (6 H, s, CH3), 1,37 (12 H, d, *Jun = 7,2 Hz,
CHs3) ppm. dc (100,52 MHz, C¢Ds): 153,4 (HCH), 113,3 (HCMe), 44,8 (CHMe), 20,4 (CHMe),
9,6 (HCMe) ppm.

[(BL™"HZ)(OTs)]
VY pactBop 1,2-6uc(to3mnokcu)erana (1,67 g, 4,5 mmol) y ronyeny (60 mL), noxat je y xanuma

pactBop 1,3-aumsonponui-4,5-mumernnumugazonud-2-umud (1,76 g, 9 mmol) y rtonyeny
(20 mL) na co0OHOj TemmnepaTypu. 3aTuM je peakiroHa cMeria 3arpejaHa Ha 90 °C u memrana 15
h, a motom 3arpejana Ha 105 °C u memrana 7 h. Jlo6ujenu Taior je nportieheH, ucrpas ToayeHOM
(5 x 20 ml) u cymen non Bakyymom. M3omnoan je 6enu npax (2,70 g, 79%). Haheno: C, 59,80;
H, 8,20; H, 11,01; S, 8,16. WMspauynaro 3a CsgHeoHsOsS2: C, 59,97; H, 7,95; H, 11,04; S,
8,43%.0n (400 MHz, D,0): 7,64 (4 H, mult, o-H), 7,32 (4 H, mult, m-H), 4,78 (4 H, sept, HCH),
3,27 (4 H, s, CHy), 2,36 (6 H, s, p-CH3), 2,25 (12 H, s, CCH3), 1,47 (24 H, d, CHCHs) ppm. dc
(100,52 MHz, D,0): 142,5 (p-C), 142,1 (HCH), 139,8 (i-C), 129,6 (m-C), 125,5 (0-C), 123,9
(HCCHsy), 49,8 (CHy), 48,7 (HCH), 20,7 (p-CHs), 20,6 (CHCH3), 9,2 (CCHj3) ppm.
1,2-ouc[(1,3-mu-mepy-6yTuammMuaa30/InH-2-AMIHO) |eTaHa

Cycnensuja [(BL™"H2)(OTs)2] (9,00 g, 11,83 mmol) y terpaxuapodypany (200 ml) oxmnahena je
na 0 °C, u 3atum je KO'Bu (3,18 g, 28,4 mmol) nonat y cycrnensujy. Peakirona cMmeria Memana
je Ha coOHoj Temmniepatypu 12 h. JloOujenu tanor npoueheH je u CylieH Mo BakyyMOM, 3aTHM je
mpou3BOJ ekcTpaxoBaH cMmemoM TtojyeHa (60 ml) u w-xekcana (40 ml), a morom mporuehen.

Jlo6ujen je Oenu mpax (4,66 g, 95%).. Enemenrapua ananusa: Haheno: C, 68,85; H, 10,82; H,
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19,88. Uspauynaro 3a CsHasHg: C, 69,19; H, 10,64; H, 20,17. 4 (400 MHz, acetone-d6): 4,45
(4 H, sept, HCH), 3,47 (4 H, s, CH,), 1,96 (12 H, s, CCH3), 1,30 (24 H, d, CHCHz3) ppm. ¢6H
(400 MHz; CgDg): 4,77 (4 H, sept, HCH), 4,24 (4 H, s, CH,), 1,70 (12 H, s, CCH3), 1,25 (24 H,
d, CHCHs) ppm. oH (270 MHz, THF-d8): 4,43 (4 H, sept, HCH), 3,45 (4 H, s, CH>), 1,93 (12 H,
s, CCHs), 1,29 (24 H, d, CHCHs) ppm. 6C (100,52 MHz, C¢Dg): 149,8 (HCH), 115,3 (HCCH5),
55,0 (CHy), 45,9 (HCH), 21,0 (CHCHj3), 10,4 (CCH3) ppm

2.1.2. CuHre3a KOMILIEKCA:

Xopuno-2,6-ouc[(1,3-mu-mepy-6yTunnmMmnaa3oimH-2-
umuno)verna]mupumnananazujym(l1)-nepxaopar, [(TL®Y)PACI]CIO,:

PactBop nuranma 2,6-6ucl(1,3-nu-mepy-0yTunuMuaa3onnH-2-UMHAHO )METUJ [ THPUTHA (TL®Y)
(200 mg, 0,405 mmol) y Bogm (10 cm®) nozar je y kamuMa y ekBuMoIapHy cycrensujy PACly y
Bogu (10 cm®) ma coGuoj Temmeparypu, pH je momemrena ma 5 nomarkom 0,1 M HCIO,.
Jlobujenu pactBop je pedurykroBan 24 h Ha 50°C. HakoH Tora, 3arpeMuHa pacTBOPA je CMambeHa
Ha 5 ¢M® ymapaBareM, a POM3BOI je TATOKEH JoxaTkoM 3acuhieror pacreopa HaClO4 (20 cm®).
Hakon duTparmje mpou3Bo je ucrpan anerosoM (2 X 10 cm®), a TaMHO LpBerH mpax je cyureH
noJ1 BakyyMoM. [Ipon3Boj je KpUCTaIMCaH y CMEIIW aneToH/eraHoi. TaMHO LpBEeHH KpUCTAIN
cy w3omoBaHu, wucnpann ameromoM (2 x 10 cm®) u cymensm mox Bakyymom. IIpmHOC
250 mg (94%). Haheno: C, 47,8; H, 6,2; H, 13,5. Uzpauynato 3a C3yHs,Cl,H;04Pd: C, 47,9;
H, 6,97; H, 13,0; on (200 MHz, D,0) 7,56 (2 H, d, m-Py), 7,45 (1 H, t, p-Py), 4,57 (4 H, s, Py-
CH,) u 1,68 (36 H, s, CCHs).

Xopwuno-1,2-6uc[(1,3-mu-mepy-6yrnaumuaa3onnt-2-umMuHo) | erannanagujym(l1),
[(BL™")PCI,]:

PactBop mwranpa 1,2-6uc[(1,3-nu-mepy-0yTunuMuaa3oiiuH-2-UMHHO)|eTaHa (BLiPr) (103 mg,
0,247 mmol) y Terpaxugpodypany (10 cm®) nomar je y kammma y pactsop [Pd(COD)Cly] (70
mg, 0,245 mmol) y terpaxugpodypany (10 cm®) Ha co6HOj Temmeparypu. JoOHjeHH pacTBOP
meman je 12 h. Hakom Tora 3ampemmHa pacTBOpa je cMamena Ha 10 ¢m® ymapasamewm, a
POM3BO je TAllOKeH H0aTkoM H-xekcana (40 cm®). HakoH duiTparje mpou3Boj je HCIpaH
H-xekcaHoM (2 x 10 cm®), a TaMHO IpPBeHM mpax je CyIIeH HOX BakyymoM. Ilpomssoj je

KpHCTaIMCaH H-XeKcaHoM/Terpaxuapodypanom. HapaHacTo-1[pBeHH KPHCTAIU Cy H30JO0BaHH,

48



eKcnepumermajiHu o0eo

ucrpany N-xekcanoM (2 X 10 cm®) u cymenu mox Bakyymom. Ilpumoc: (120 mg, 82%) Hahewo:
C, 49,6; H, 7,7; H, 13,6 Uzpauynaro 3a C24Hs4HsPdCly: C, 48,5; H, 7,4; H, 14,15); 6u(270 MHz,
THF-dg) 5,70 (4 H, sept, HCH), 2,74 (4 H, s, CH>), 2,18 (12 H, s, CCH3), 1,68 (12 H, d, CHCHj5)
u 1,51 (12 H, d, CHCHj); 6¢(67,93 MHz, THF-dg) 155,1 (HCH), 119,5 (HCCHjs), 58,6 (CHy),
48,2 (HCH), 21,2 (CHCHg), 20,5 (CHCHj3) u 9,1 (CCH).

Cunte3e  gwranama  1,2-ouc[(1,3-nu-mepy-OyTHIMMUAA30IMH-2-UMHHO) [eTaHA U
2,6-6uc[(1,3-mu-mepy-O0yTHIMMHAIA30IMH-2-IMHHO )METHII |TUPUIMHA, Kao W KOMILIEKca
[(TL®Y)PACIICIOs u [(BL™)PA(CI);] ypalere cy y unepraoj armochepu Ha Schlenk munuju
MYEEHO] aprOHOM TI0JT BHCOKHM TIPHTHCKOM y Bakyymy (1x10™ Torr), xoja je xmaljena Teunnm
azoroM mwin y ,,glovebox’” (MBraun 200B) mymeHoM aproHoM. ¥ cBUM CHHTe3aMa KOpuIIheHU
Cy amcodyTHU pacTtBapaud, mnpeuuinthenu momohy MBraun cucrema 3a mpeuunnrhaBame.
[Tpeunurhenu pacTBapayu Ip>KaHU Cy MPEKO MOJEKYJICKHUX CUTA (4A) npe kopuuthema. Ce oBe
cuHTe3e ypaleHe cy Ha MHCTUTYTY 3a aHAJIUTHYKYy M HEOPraHCKy XeMH]y, YHHBEp3UTETa Y

BbpaynmiBajry, Hemauka.

2.2. UHCTpyMeHTH

3a mepewe pH pactBopa xopumihen je HI 9107 Microprocessor Hanna Instrument
pH-MeTap ca KOMOMHOBAaHOM CTaKJICHOM €JEKTPOJOM CTaHaapAu3oBaHoM mnomohy Fischer-
cragaapaaux mygdepa (pH = 4,00; 7,00; 11,00).

Enemenrapue ananmmse (C, H, H) ypahene cy na Carlo Erba Elemental Analyser 1106.

Uv-Vis ciektpu caumanu cy Ha Perkin Elmer Lambda 35 Uv-Vis cniekrodoromerpy ca
tepmoctatupanom 1,00 cm kBapurom Suprasil kusetom. Stopped-flow mepema BpieHa cy Ha
Applied Photophysics SX.18MV stopped-flow uncrpymenty.

'"H HMR cnextpu crumanu cy ma Varian Gemini-200, Bruker DPX 200, 300 u 400
criekTpomeTpy. pD Mepemsa cy Bpmena momohy inoLab Sex Tix® Mic pH mukpoenexTpoe.

[ToreHnmoMeTpHjcKka MCIHUTUBAka H3BoleHa cy momohy ayromarcke Oupere Dosimat
(Methrom 686) moxen 665.

Pennrencko-crpykrypue ananmze ypahene cy na Oxford Diffraction Xcalibur S

Iu(paKkToOMeTpy.
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Cunte3a  suranaga  (1,2-6uc[(1,3-nmu-mepy-OyTunuMuaa30duH-2-UIMHUHO) |e€TaH |
2,6-6uc[(1,3-au-mepy-0yTHIMMUIA30JIMH-2-UMHHO )Me T [nupuanH ) ypahene cy Ha Schlenk

auHUjM Wiy y ,,glovebox’” (MBraun 200B).

2.3. Kunernuka Mepema

2.3.1. Peaknuje [PtCl(bpma)]” u [PtCI(gly-met-S,H,H)]" u mux0BHX aKBa aHajo0ra
ca L-mer, GSH u 5’-GMP.

KuneTtnka peaknuje CyNCTHUTYIHje KOOPAMHOBAHOTI XJIOpHUIA MM MOJIEKyJa BOJE M3
kommiekcHux jona [PtCl(bpma)]*, [PtCI(gly-met-S,H,H)]*, [Pt(bpma)(H:0)]*" u [Pt(gly-met-
S,H,H)(H20)]*" onpeljusama je Uv-Vis crekrpodoromerpujcku. OBe CYICTHTYILHOHE PEaKiuje
Cy TpoydaBaHE Kao peakmnuje nceyoo-mpBor pena. CyNCTUTYIIMOHE pEaKIHje KOMILIEKca
npahene cy Ha Tpu Temnepatype (288, 298 u 308 K). Peakuuje xaopuao komiiekca u3ydaBaHe
cy y 0,1 M NaClO4 y xoju je mogat 10 mM NaCl kako Ou ce crpeunsia XuIpojin3a KOMILIEKCa.
Peakuuje akBa xomruiekca m3ydaBaHe cy Ha PH 2,5 oBa pH BpenHoct je monemena momohy
0,1 M HCIOa.

Pagna TamacHa nyxuHa onpeheHa je CHUMameM CIEKTapa peaklIHOHEe CcMele Yy
olpeheHnM BpEMEHCKMM MHTEpBAJUMa y OICEry TalacHUX AyxuHa u3mely 220 u 450 nm. Kao
panHa TajacHa IyXKMHAa y3MMa Ce OHa TajlaCHa Jy)KMHAa Ha Kojoj je Hajeha mpomena y
ancopOumju ca BpeMeHoM. CyICTUTYIIMOHE peakiiuje cy 3amovere memameM 0,5 cm’ pacTBopa
KOMILTEKca ca 2,5 Cm°® pacTBopa nwramga. KoHieHTpamuja muragia 61ia je y BEIHKOM BUIIKY
(najmame 20 myTa) y OJHOCY Ha KOHLEHTpALHUjy KOMIUIEKCA, KaKo O ce 00e30equin yCIOBH
peakuuje nceyoo-npBor peaa. CriekTpohoToMeTpHjcKo oapehuBame KOHCTaHTe Op3UHE peakiyje
nceyoo-npBor peaa, Konsd, BpIIU ce mpahemeM MmpoMeHe arcopOuuje pacTBopa A; ca BpeMeHoM t

Ha oapeljeHoj TanacHoj xyxuHM, Ha OCHOBY jemHaumue (2.3.1.1).
IN(A, —A_)=In(A, —A_ )—K .t (2.3.1.1)

3aBucHoct lH(A; — Ax) o1 BpeMeHa t je TuHEapHa, Tako Jia ce U3 Haruoa mpase J00Kja BPEIHOCT
3a Konsa, Bemuumna A, mpencraBsba ancopOuujy pacTBOpa HaKOH ,,06CKOHAYHO™ Tyror BpeMeHa

(obuuyro mocne 8-10 momyBpeMeHa peaKque).7 JloOujeHa BpeaHOCT 3a KOHCTAHTY Op3WHE

50



eKcnepumermajiHu 0eo

peakiuje nceydo-npBor pena, Kopsd, TPEICTaBiba CPEAby BPEAHOCT HajMamke 4 10 5 HE3aBUCHUX

KHMHCTHYKUX MCPCHA.

2.3.2. Peaknuje Oumdpynkuumonaanux kommiaexkca Pt(ll) ca 1,24-tpuasosiom,

L-xuc u 5’-GMP.

Kunetnka u MexaHuzam cynctutyimonux peakmuja Cis-[PtCl,(NHs)2], [PtCly(en)],
[PtCly(dach)] u [PtCl,(SMC)] komrutekca ca ca 1,2,4-tpuaszosnom, L-xuc u 5’-GMP usyuaBane
cy Uv-Vis criekrpodoromerpujcku. Pagna tanacHa nyxuHa onpeleHa je cHUMameM crieKTapa
peakIMoHe cMele y oape)eHMM BpEMEHCKMM WHTEpPBAIMMA M y OICETy TalacHUX Ty)KHHA

uzmehy 220 u 450 HM kao wTo je npukazaHo Ha Ciuiy 2.1.

311,

Baa

Cnuka 2.1. Ilpomena UV-Vis cnexmpa ca epemenom (At = 60S) 3a peaxyujy cyncmumyyuje
[PtCI(SMC)] (2 10™*M) komnaexca u 1,2,4-mpuazona (1.6 10°M) y xenec nydepy (25 mM), pH
=7,2,5mM HaCl, T = 310 K.

Konnenrpauuja aurapaa Ouia je y BeJMKOM BHIIKY (HajMame 20 myra) y OJHOCY Ha

KOHIIEHTpAIM]y KOMIUIEKca, Aa Ou ce 00e30emmn ycIoBU peakiuje nceydo-mpBor pena. Cee

peakuuje cy u3Bohene y 25 mM xenec nydepy pH = 7,2, na 310 K y3 npucycrso 5 mM NaCl.
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2.3.3. Peakumje [(TL®")PACI]" ca L-mer, L-xuc u 5’-GMP.

Cyncrurymuone  peakmmje  [(TL®Y)PACI]*  kommuiekcror joma ca  L-mer,
L-xuc u 5’-GMP wu3zyuaBane cy cnekTpooTOMeTpUjcKu MpahemeM mpoMeHe amcopOuuje ca
BPEMEHOM Ha paJIHOj TajacHO] MyxuHH. PagHa tamacHa myxuHa oxapehena je Ha Beh omucan
HauuH. Peakumje cy oTHoYMmaine MeHIalkbeM EKBUMOJAPHHUX PacTBOpa KOMILIEKCa M JIUTaHa
mupekTHo y Stopped-flow unctpymenty. OBe CyncTUTYIIMOHE peakiiije ¢y Takole mpoyuaBaHe
Kao peakiuje nceyoo-npBor pena, Ha 298 K y 0,1 M NaClOs, y xoju je nonar

10 mM NacCl, kako 6u ce cipeuniia XupoJIn3a KOMILICKCA.

2.3.4. Peakumje [PtCl(bpma)]* u [Pt(bpma)(H.0)]* ca 1,2,4-Tpuasoom, nupazonom

N MUPUTASUHOM

KHHETHKa 1 MEXaHH3aM CYNCTUTYHHOHHX peakumja [PtCl(bpma)]” u [Pt(bpma)(H20)]**
KOMIUICKCHUX joHa ca 1,2,4-Tpua3oiioM, MHPa30JIoM W MHPHUIA3HMHOM u3ydaBaHe cy Uv-Vis
ciekTpooToMeTpujckoM MetonoM. KoHIeHTpanuja Juranjga Oujla je y BEJIHMKOM BHIIKY
(najmame 20 myTa) y OJHOCY Ha KOHILIEHTPALUjy KOMIUIEKCA, KaKo O ce 00e30equiIn yCIOBH
peakije nceyoo-npBor pena. CymncTuTynimoHe peakiuje 06a KOMIUIEKCHa joHa mpaheHe cy Ha
Tpu Temneparype (288, 298 u 308 K). Peakuuje [PtCl(bpma)]* usyuasane cy y 0,1 M NaClO, y
koju je momar 10 mM NaCl. Peakimje [Pt(bpma)(H20)]** koMmiuiekcHoOr joHa m3ydaBaHe cy Ha

pH 2,5, koja je moaemena momohy 0,1 M HCIO..

2.4. CiektpodpoTomerpujcka Turpaunja [Pt(gly-met-S,H,H)(H20)]*" jona

Kommiekcru joun [Pt(gly-met-S,H,H)(H20)]*" TutpoBaH je crexTpodoToMeTprjcKu
crangapaauM pactBopoM NaOH na 298 K. Jla Ou ce n3zberna kopekuuja ycien paz0naxuBama,
3a THTpanHjy je kopumhena Benuka sanpemuna (300 cm®) pactBopa kommexca. IIpomena pH u3
2 y 3 mocturuyra je gogatkoM tadyHo onpehene konmmuune uBpcror NaOH. 3atum je pactBop
tutpoBal 0,1000 unu 1,0000 M cranpapaaum pactBopom NaOH nmomohy mukponumnerte. Jla 6u
ce m30erja KOHTaMHHAlLlMja pacTBOpa KOMIUIEKCA YCIEN Ypamama CTAaKICHE eJIEKTPOoJe Y

3 . .
pacTBOp KOMILIEKCA, OJi pacTBOpa KOMIUIEKCA Y3MMaHM Cy alMKBOTH (2 C€mM”) kojuma je pH
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BpeHOCT MepeHa. PeBep3uOminHOCT TUTpamuje 6uno je Moryhe moctuhu y CBakOM TPEHYTKY

nonatkom pactBopa HCIO,.

2.5.'H HMR mepema

Kunernka peaxmuja kommaekcux jona [PtCl(bpma)]™ u [PtCl(gly-met-S,H,H)]" ca
5°-GMP m3yuaBana je 'H HMR crnekrpockomujcki. PacTBOpH KOMILIEKCA M JIMTaHZa Cy
NPUIIPEMAaHN HENOCPETHO Mpe CHUMama. Mepema Cy BpIIeHAa y KUBETH IIMPHHE S5-mMmm
tepmocrarupanoj ca Bruker B-VT 3300 (DPX)/3000 (DRX) variable-temperature jenuauiom.
CBa xemmjcka momepama cy jgata y omgHocy Ha TSP. 10 mmm 12 mM pactBop KoMIUIekca
npuIipeMan je pactBapameM komriuiekca y 300 UM D,O nemocpenHo mpe moyeTrka M3Bohema
exkciepuMmenTta. Jla Oum ce mocturia Oosba pPAaCTBOPJEMBOCT KOMIUIEKCa, KopuitheHa je
yaTpa3ByuHa kajna. PactBop 5’-GMP npumnpeman je takohe pactBapamem 10 wim 12 mM y 300
UM DO, nakon uyera je pD oBor pactBopa (pD = pH + 0,4)*** nonemen Ha 7,0 mogaTkoM

pactBopa CF3SO3D. Cu ciektpu cy cHumanu Ha 298 K.

2.6. IloTeHIMOMeTpPHjCcKA Mepema

CBe MOTEHUMOMETpPHUjCKE THUTpanuje u3BoheHe cy y OaJoHy ca JIBOCTPYKHM 3HJIOM.
ToxoM cBHX THTpanuja oJp)KaBaHa je KoHcTaHTHa Temrepartypa (298 + 0,1 K), kpyxemem
TEPMOCTAaTUpaHEe BOJE Kpo3 3ujoBe OanmoHa. Kpo3 pacTBop TOKOM THTpauuje ce IMPOBOIMO
TacoOBUTH a30T Kako Ou ce o0e3bemmia mHEepTHA aTMocdepa M Memame. PacTBop je momaTHO
MemaH y3 rnmomMoh MarHeTHe Mmemanuie. PacTBop ankanuje je MOCTENEeHO JO0JaBaH y MauM
ammksoTiMa (0,005-0,01 cm®) nomohy ayromarcke oupete. [I[pomMena moTeHmujana OenexeHa je
MoCJIe CBAKOT JojaTka TUTpaHTa. [IpoTokon TuTpanuje n3abpaH je Ha TaKaB HAYHMH J1a PeaKiiyje
XAJPOJIN3E W KOMIUICKCHpama IPOTHYY Y YCJIOBUMA TOTOBO HJCHTUYHHM Ca CTBApHOM
paBHOTE)XOM. [IpoceuHo Bpeme ycrmocTaBbamba KOHCTAHTHOT IMOTEHIMjaja 3a CBAaKy TauyKy Ha
MOYETKY THUTpanuje Ouio je 5 MiH, a KacHHje 3HATHO BUIIIE.

KoncranTe crabunHoct koMiuiekca onpehusane cy tutpamujom 1,0 u 2,0 mM pactBopa
KomIuiekca cranaapanuM pactBopoM NaOH. Koncrante popmupama komiiekca oapehusane cy
TUTPAIljOM pacTBOpa y KOME je OJHOC KOHIIEHTpaluja Komruiekca W juragga 1:1 m 1:2
(komruiexc : nmramz). PactBop koju ce TMTpyje mMao je 3ampemumy oz 20,0 cm®. Kao joncka

cpenuna kopwurihes je 0,1 M NaClO,.
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2.6.1. O0pana pesyarara

Yectuie koje cy ce Qopmupane y MmpoydyaBaHMM CHCTEMHMa MOTY Jia C€ IpejcTaBe

cieaehoM ommToOM jeJTHAaYUHOM:

p[(X)Pd(H0).] + rH+qL = [(X)PdyH/Lg] + HH;O; fpqr

X =TL® or BL™

u=1or?2
L = L-metnonun, L-xuctumnu u 5’-GMP
{(X)PGpHrLq]
Ppar =

[{(X)Pt(H,0) 1 P[H]" [L]"

Tpu pasnuunre BpCTe PAaBHOTEXE Cy y3eTe y 003Mp: a) MPOTOHOBaWmE JHUraHaa o)
XUIIPOTTU3a [(BLiPr)Pd(HZO)z]2+ u [(TL®)Pd(H,0)]** kommexcuux JOHA ¥ B) OIIITA PABHOTEXA
ca TpU KOMIIOHEHTE, Koja yKJbydyje ciydaj kaza je I = 0, Tj. ¢dopmupame dYHCTUX
[(BLP)Pd(H20)2]*" u [(TL®")Pd(H;0)]*" xommiexcrux jona. HeratuBHe BpemHocTH 3a I
yKa3yjy Ha (opMupame XHAPOKCO KoMIiuiekca. KoHcTaHTe mpoTonn3e juraHajga U KOHCTaHTE
XHUIPOTTU3E [(BLiPr)Pd(HZO)z]2+ u [(TL®")Pd(H,0)]* xommuiexkcHux joHna ogapehene cy y
MOCEOHNM EKCIIEPUMEHTHUMA. Y TPOLECy HCHUTHBAaka TPO-KOMIIOHEHTHE paBHOTEXE (B)
ounapuu moxenu (a) u (0) cy cmarpanu mo3HatuM. KoHcTaHTe cTaOMIHOCTH KOMILIeKca fpgr
u3pauayHate cy momohy kommjyrepckor mporpama HYPERQUAD2006.'%°

KoncranTe crabminoctu popMupama KoMIuiekca ojpel)eHe cy TecTupameM pasiuduTux
moryhux mozena. Mojen Koju Jaje HajOOJbe CTaTUCTUYKO Clarame M KOjU je y CKIamy ca
nojanEMa THTpaIuje y3er je y 063up.'® JIHcTpuOyrHoHy aujarpaMu pacrojene 9YecTHIa y

dyrKumjn o1 pH, upranu cy momohy nmporpama HYSS. ™’

2.7. KBaHTHO XeMHjcKa MeToa

B3LYP/LANL2DZp, xubpuana Tteopuja (yHKIMOHANa TYCTHHE, ca ICEYIO-

168,169

MOTEHIIMjAIOM TPUMEHEHA je Ha MeTale. TokoMm onmTHMH3aIMje CTPYKTypa caMo Ce

CHMeTpHja y3MMaJa Kao KOHCTaHTa. 3a m3pauyHaBama kopumrhen je GAUSSIAH mporpam.'’™
Yruiaj pactBapada kopurosas je kopumhermeM ,,single-point calculations meroxa a y3 momoh

CPCM '™ popmanmsma 1j. B3LYP(CPCM)/LANL2DZp//B3LYP/LANL2DZp.

54



2.8. PeHAreHCKO-CTPYKTYPHA aHAJIM3a

eKcnepumermajiHu o0eo

2.8.1. Kpucramorpadexu nogauu 3a [(TL®')PdCI|CIO, kommeke

Tabena 2.1. Kpucranorpadcku momamny 3a KOMIUIEKC [(TL®*)PdCI]CIO,

Momnekyncka popmyna
M

Temmeparypa
Kpucran

IIpocTtopHa rpymna
Jumensuje henuje

3anpemMuHa

Z

I'ycruna(u3padyHara)
AOGCOpNINOHN KOSPHUIIUJESHT
F(000)

BennuuHa kpucrana

O omcer

WNupex omncer

Bbpoj cakymsbeHux pedraexcuja
HesaBucue peduekcuje
Cnarame ca © =28,00°
Kopekuuja ancopbumje

Max 1 min TpancmucHja
Ped. meTona

Data/ restraints / parameters
2

R

R (cBu momarm)

Hajsehu nudpakumnonu nuk

C29H47C|2H7O4Pd
735,04

100 K
MoHOKJIMHNYAH
P21/H ,
a=9,0962 (2) A
b =13,0994 (3) A
c=29,6124 (6) A
3503,26 (13) A®
4

1,394 Mg/m®
0,725 mm™

1528

0,22 x 0,11 x 0,07 mm?®
2,74 to 28,28°

a=90°
B =96,852(2)°
y =90°

-12<=h<=12, -17<=k<=17, -39<=1<=39

60498
8571 [R(iut) = 0,0637]
98,5%

Semi-empirical from equivalents

1,00000 and 0,95131

Full-matrix least-squares on F

8571/0/400
1,017

R, = 0,0444, wR, = 0,0974
R:; =0,0879, wR, = 0,1070

0,739 /-1,132 e. A

PenjreHcKo-cTpykTypHa anammsa kpucrana [(TL™')PACI|CIO, kommnekca ypaljena je Ha

Oxford Diffraction Xcalibur S nudppakromerpy xopunthersem Mo Ko pagmjarmje (4 = 0.71073
A). Kopexnuja ancoprniuje u3Bpeniena je Ha 0CHOBY MynTucKaHoBa. CTpyKTypa je meduHicaHa
xopumliereM MeTozie HajMamuX KBagpara, F2, momohy nporpama SHELXL-97 (G.M. Sheldrick,

VYuusepsurer y GoOttingen, Hemauka). Jeman Mosiekyn eTaHoa, KOjU HHje MOTao jaa Oyie
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3a0BoJbaBajyhie paduHucaH ykiIomeH je mnomohy mporpama SQUEEZE (A.L. Spek,

Vuusep3urer y Utrecht, Xonannuja). HaBenena ¢popmyina u u3BeJeHN apTaMeTp Oa3upaHu Cy

Ha TOME JIa CE jellaH MOJICKYJ €TaHoJa Halla3u y cBakoj acumerpuuHoj jeauaunu. CCDC 6poj

pedepenue je 808222. Ananusza momeHyTor KoMmIuiekca ypahena je Ha MHctuTyty 3a

Heoprancky u  AHamuTHuUKy

XeMujy,

YHusep3urera

Kpucranorpadpcku noganu natu cy y Tabenn 2.1.

2.8.2. Kpucranorpadekn noxanu 3a [(BLT")PACl,] kommaeke

y  bpaynmBajry,

Hemauxka.

Tabena 2.2. Kpucranorpadcku moaamny 3a KOMIUIEKC [(BL™)PdCI,]

Monekyncka popmyna
M

Temmeparypa
Kpucran

IIpocTtopHa rpyna
Humensuje henuje

3anpemMuHa

Z

I'yctuna(u3pauyHara)
AOGCOpNINOHN KOCPHUIIUJESHT
BennuuHa kpucrana

® oncer

Bbpoj cakynibeHux pediaexcuja
HesaBucue peduekcuje

Ped. meTona

2

R

Hajsehu nupakunonu nuk

C24H44C|2H6Pd
593,95

143 K
TpukimHnYaH
P-1

a = 8.9184(1)
b = 10.6686(1)
¢ = 15.6865(2)

o = 102.2305(7)°
B = 95.6647(8)°
vy =104.1218(7)°

1396.64(3)A°

2

1.412Mg/m’

0,88 mm™

0.25 x 0.30 x 1.02 mm®
2.9t0 25.3°

18974

4786

Full-matrix least-squares on F

1,08

R; =0.0308, wR, = 0.0806

0.39/-0.87¢.A°

PeH/IreHCKO-CTPYKTypHa aHanmsa kpucrana [(BLP)PACI,] xommmekca ypalena je Ha

Oxford Diffraction Xcalibur S nudppakromerpy xopunrherem Mo Ko pagujarmje (4 = 0.71073

A). Kopexnuja ancoprnuje u3Bpelnena je Ha 0CHOBY MynTHcKaHOBa. CTPYKTypa je peduHicaHa

xopumliereM MeTozie HajMamuX KBagpara, F2, momohy nporpama SHELXL-97 (G.M. Sheldrick,

VYuusep3urer y Gottingen, Hemauka). CCDC 0poj pedepenre je 808223. Ananuza nomeHyror
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KoMmIuiekca ypahena je Ha Mucturyry 3a Heoprancky u AHaIMTHUKY XeMH)y, YHUBEP3UTETA y

BbpaynmiBajry, Hemauka. Kpucranorpadcku nogauu gatu cy y Tabenu 2.2.
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pe3yamamu u duckycuja pezyamama

3. PE3YJITATU U TUCKYCHUJA PE3YJITATA

3.1. Pe3yaratm MCNUTHBaKHa KHHETHKE M MEXaHM3Ma CYNCTHTYIHOHHX pPeaKiuja
[PtCl(bpma)]® m [PtCI(gly-met-S,N,N)] m muXoBHX akBa aHajora ca
L- mer, GSH u 5’-GMP.

Cyncrutyuone peakuuje mMoHodyHkumonamnux Pt(ll) xomruiekca ca L-mer u GSH

npoyuaBane cy UV-Vis cnekrpodoTtomerpujcku. Peakimje axBa KOMIUIEKCHHX —jOHA,

[Pt(bpma)H,0]* u [Pt(gly-met-S,N,N)H,O]", ucrmrusase cy y 0,1 M NaClO4 na pH 2,5, ok cy

CYTICTHTYIIMOHE Peakiuje XIopuao KomruekcHux jona, [PtCl(opma)]” u [PtCI(gly-met-S,N,N)],

ucnutuBane y 0,1 M NaClO4 na pH = 5. 10 mM NaCl nonar je y pacTBop XJIOpHIO KOMILJIEKCA

Kako Om ce cmpeumna xuaponusa komiuiekca. Ha Cmunum 3.1. mpukazaHe cy CTpPYKTypHE

dbopMyIie ICTUTHBAHUX KOMIUIEKCA U JIUTaHaa.
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Cnuka 3.1. CmpyxmypHe gpopmyne npoyuasanux KOMnieKca u iueanaod.



pe3yamamu u duckycuja pezyamama

Ha Camkama 3.2. m 3.3. mpuKa3aHe Cy EKCIEPHUMEHTAIHO J0OWjeHEe BPEIHOCTH
3aBHCHOCTH KOHCTaHTE Op3WHE nceyoo-mpBOT pena, Kopsd, Y (YHKIMjH O]l KOHIICHTpAIHjE
JUraHja, Ha Tpu temmneparype (288, 298, 308 K).

CyICTHTYIMOHE peaKiyje XI0puao KoMIekcHux jona, [PtCl(bpma)]” u [PtCI(gly-met-

S,N,N)], ca muranauma L-metr u GSH mory ce npeacrasutu [1lemom 3.1.

ky

[PtL;CI]" +Nu [PtL;Nu]** + CI

-2

THO +Nu

[PtL;H,0]**
+CI

L; = bpma, gly-met
= L-Met, GSH

z
!

Llema 3.1.

Kao mto je Beh HamomeHyTo, MO3HATO je Ja ce CYNCTUTYLHOHE peakluje KBaJpaTHO-
IITAHAPHAX KOMIUIEKCA OIBHjajy MO ABa KHHETHYKa myrta. IIyT JMpeKTHe HyKieo(uiHe
cyncrurynuje Ha Illemu 3.1. OkapaktepucaH je KOHCTAaHTOM K, JOK je COJIBOJMTHYKH YT
okaparepucan kKoHcTaHToM Kji. IToBezaHocT kOHCTaHTH Op3MHE 3a 00a IyTra ca KOHCTaHTOM

Op3uHe nceydo-npBor pena, Kopsd, Aata je jeanaunsom (3.1.1):

kobsd = kl + kz[N U] (311)
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10 25

10%zpeals” [PtCI(bpma)]* Wheds™  [PtCI(bpma)]*

15

4 297.9K 10
287.9K
288.1 K
27 5
10°[L-met]/M 10%[GSH]/M
0 0
0 05 1 1.5 2 25 0 0.5 1 15 2 25
25 3
10°Kobsals™ 10°Kobsals™
“*% [PtCI(gly-met-S,N,N)] »/5" [PtCI(gly-met-S,N,N)]
5 ]
2
15 4 308.1K
" 298.1 K
1 .
05 M
. 10°[L-met]/M 10°[GSH]/M
0
° 05 t 15 2 25 0 05 1 15 2 25

Cnuxa 3.2. 3asuchocm koncmaume OpsuHe peakyuje ncey0o-npgoz peod, kopsa 00
KoHyenmpayuje nueanda u memnepamype 3a peaxyujy cyncmumyyuje [PtCl(bpma)]” u
[PtCI(gly-met-S,N,N)] ca aueanouma L- mem u GSH y 0,1 M NaClOs, [CI'] = 10 mM u pH oko
5.

25 10

10%ansals™ [Pt(bpma)H,0]2* 10°kense/s™  [Pt(bpma)H,0]2*
2 8 308.1 K
1.5 6 298.0K
1 4 288.2K
288.0K
05 2
10%L-met]/M 10°[GSH]/M
0 0 T T
0 0.4 0.8 1.2 0 0.5 1 15
35
3 E 10%kobsa/s™ ’ .
a4 10k py(gly-met-S,N,N)H,O]* 5 ] ° [Pt(gly-met-S,N,N)H,0]*

298.1 K

288.0K

107[L-met]/M 10%[GSH/M

o 0.5 1 15 2 25 0 05 1 15 2 25

Cnuxa 3.3. 3asuchocm koncmanme Opsune peakyuje ncey0o-npgoz peod, kopsa 00
KOHyenmpayuje nueanda u memnepamype 3a peakyujy cyncmumyyuje [Pt(bpma)H.0]*" u
[Pt(gly-met-S,N,N)H,0]" ca ruecanouma L- mem u GSH y 0,1 M NaClO,, pH =2,5.
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CBe CyICTHTYIIMOHE peakifje XJIOpHUI0 KOMIUIeKca ojBrjaie cy ce y npucycrsy 10 mM NaCl,
YUME je MOCTUTHYTO CIIPEYaBamEe XUIPOIN3E KOMILICKCA Tj. KOPAaK OKapaKTepUCaH KOHCTaHTOM
k-1 je cy30wujeH.

CyYICTUTYLHOHE peakiuje akBa KoMIuekcHux jona [Pt(bpma)H20]1%* u [Pt(gly-met-

S,N,N)H,0]" ce onBujajy Ha HauMH Kao MWTO je mpuKazano Ha Illemu 3.2.:

ks

[PtL;H, 0" + Nu [PtL;Nu]** + H,0

L; =bpma, gly-met
Nu = L-met, GSH

Lllema 3.2.

Koncranra Kz, mpeacraBba KOHCTaHTY Op3WHE JAMPEKTHE HYKICO(PHIHE CYICTUTYLH]E,
JOK KOHCTaHTa K3 mpencraBiba KOHCTaTy Op3uHe moBpaTHe peakuuje. Besa msmely ks, Kz u

KOHCTaHTe Op3uHE ncey0o-npBor peaa Kopsg 1ata je jennaunaom (3.1.2):
Kes =K +K;[NU] (3.1.2)
JloOujeHe BpEIHOCTH KOHCTAHTH Op3WHE, Kao M BPEAHOCTH TEPMOJAMHAMHUYKHX

napamerapa AH” u AS” 3a cymcrurymuoHe peakumje u3ydaBanmx kommiekca Pt(Il) ca

muranguma L-met u GSH, nate cy y Tabemn 3.1.
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pe3yamamu u duckycuja pesyamama

TaGena 3.1. Koncrante Op3uHe M aKTUBAIIMOHU ITapaMeTPH 3a IPOydyaBaHe CYIICTUTYLIMOHE PeaKLnje

[PtCI(gly-met-S,N,N)] #

[PtCl(bpma)]™?

A T 10%k, AH AS? A T 107k, AH AS?
nm K Mgt kimol* JK'mol* nm K Mgt kImol* JK'mol*
L-meT 247 2881 3,7+0,1 275 2881 10,6+0,9
298,0 50+0,2 20+1  -201+2 297.9 14+1 24+4 179 +13
308,1 6,8+0,1 308,1 2+1
GSH 247  288,0 22+0,2 280 287,9 2,7+072
298,1 3,4+0,2 30+1  -171+3 2080 4,1+0,1 20+3  -203+12
308,1 53+0,2 3080 5,002
5-GMP° NMR 2980 (4,49 +0,04)x10? NMR 2980 5,48 +0,06
[Pt(gly-met-S,N,N)H,0]"® [Pt(bpma)H,0]**°
A T 107k, AH AS? A T 107k, AH AS?
nm K Mgt kimol* JK'mol* nm K Mgt kImol* JK'mol*
L-meT 280  288,1 6,1+0,2 260 288,0 71+1
298,0 76+01 18+2  -206+8 298,2 104 + 4 24+4  -160+12
308,1 10,5+ 0,4 307,9 144 + 4
GSH 260  288,0 33+0,1 260  288,2 32+1
298,1 51+0,2 30+1 -168+4 298,0 39+1 17+2 209 +8
308,1 8,1+0,2 308,1 49 +2

Joncka jaunna 0,1 M NaClOy; ®pH oko 5, 10 mM NaCl
PpH = 2,5; pH = 7; 298 K
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Ha ocHoBy mopmaraka u3 Tabene 3.1. Mmoxe ce BuaeTu na ce L-mer moka3ao kao 60Jbu
nykieopun y ogaocy Ha GSH. boska peaktuBHOCT L-MeT Moke ce 00jaCHUTH YHMELEHUIIOM Ja
METHJI IpyIia, Koja ce Hajla3u BE3aHa 3a aTOM CyMIIOpa y MOJIeKyiny L-mer, moka3syje mo3uTuBHH
MHAYKTHBHH eekat, unme nosehaBa HyKJI€O(QHIHOCT CyMIopa U3 THOeTapcke rpyne. JJooujeru
pe3yiTatd, Cy BeoMma 3aHMMJbMBU M3 pasyiora 1mTto Pt-S(THoerap) jenumema MpeacTaBibajy
,,pesepBoape’’ Pt(ll) y opranusmy, OJHOCHO OBa jenWbCHA Cy MOTOJHU HHTEPMEIHjEpU Y
peaxumjama Pt(I1) joma n JIHK #7217

[To3naro je ma Pt-S(troerap) jenumerme Moxke aa ce Tpanchopmuiie y Pt(11)-N7(GMP)
jemumeme. [la Ou ce moOWIO IITO BUIIE KBAHTUTATUBHUX MOJATaKa O PA3HLU y CTAOMIHOCTH
uamehy Pt(l)-AHK u Pt-S(tmoerap) jenumema, Bpmena cy J®T u3pauyHaBama Ha MOJACIY
peaknuje (jemHauuna 3.1.3), rae L npencrasipa: terpy, bpma, dien, gly-met-S,N,N.

[LsPt-(N7-guanine)]** + S(CHs); —— [LsPt-S(CHa),]>" + guanine (3.13)

[Tpumeheno je na y cBUM MmocMaTpaHuM ciydajeBUMa KOOpIMHanMja ryaHuHa 3a LsPt je
(daBopH30BaHa y OJHOCY Ha KOOpAMHAIMjy THOoeTpa. Kako kommiekcu ca terpy m bpma
JMTaHJIOM UMajy Y CBOM CacTaBy HMHPHIUHCKE MPCTEHOBE, NMPHIMKOM KOOPIMHOBAMmba I'yaHHHA
Hehe nohm no nomartHe crabunmsanuje ycien rpahema Bomonmune Bese: NH(LsPt)O. 3a
pa3nuKy oj muX Koja komiuiekca ca dien u gly-met-S,N,N nuranmgom nosasu 1o crabuinsaiyje
IPUIMKOM KOOpJIMHAIIMje T'yaHWHa, Irpal)eleM MOMEHyTe BOJOHUYHE Be3e, Koja KOJ KOMILJIeKca
ca dien-om WU3HOCH 1,79 A a  Koj KOMILTEKCa ca gly-met-S,N,N
1,90 A. Ucnocrasumo ce na xox [Pt(guanine)(gly-met-N,N,S)]" nomasu o Gmare poTarmje 0ko
Pt(11)-N7 Bese (yrao poramuje je S-Pt-N7-Ocg: 67,5 ymecro panuje xopurnrheror N-Pt-N7-Ocg:
47,3). 30or poramuje He m0yia3u A0 Tpaljera BOJAOHWYHE Be3e, MITO MmoBehaBa MUHHMAIIHY
eneprujy [Pt(guanine)(gly-met-N,N,S)]" nmpoussoza 3a 4 kcal/mol. Mehyrum, 6e3 063upa mTo He
70J1a3M J10 rpaljema BOJOHUYHE Be3e, U 1aJbe je KOOpAWHAIMja T'yaHHHa (haBOPU30BaHA.

Ja Oum ce oxpenuo yrunaj pactBapada, BpuieHe cy CPCM  wu3pauyHaBama
(B3LYP(CPCM)/LANL2DZp//B3LYP/LANL2DZp). Ha ocHoBy BpemHoctu u3z Tabene 3.2.
BU/IM Ce J1a KaJla ce y3Me y 003Hp yTHllaj pacTBapada eHEpruja ce y CBUM Cy4ajeBUMa CMambU 32

50%, anmu 1 1aske je KOOpAMHALMja 'yaHHHA (PaBOpU30BaHA.
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Ta6ena 3.2. I®T uszpauynaBama 3a mojen peakiujy (3.1.3)

B3LYP(CPCM)/LANL2DZp//

Ls B3LYP/LANL2DZp B3LYP/LANL2DZp
(kcal/mol) (kcal/mol)

terpy 27,7 13,0

bpma 28,7 12,8

dien 34,1 11,0

Gly-Met-N,N,S 21,5 9,5

Gly-Met-N,N,S 17,5 8,5

(6e3 BogoHUYHE BE3e)

[PtCI(bpma)]" u [Pt(bpma)H.0]** KOMILIEKCHH jOHH Cy pPEKaTHBHH]H y OXHOCY Ha
[PtCI(gly-met-S,N,N)] u [Pt(gly-met-S,N,N)H,O]" xommnekcHe joHe. Mama peaKTHBHOCT
komiuiekca ca gly-met-S,;N,N nurangom Moxxe ce 00jaCHUTH CTEPHUM YyTHUIAjeM METHI TpyIIe,
KOja ce Haymasum KoopauHoBaHa Ha cymmopy gly-met-S,N,N-a, u koja orTexaBa mpuiazax
wywieopuna Pt(ll) jomy npunmkom cyncrutynuje. Ca ngpyre crtpane, Beha peakTHBHOCT
KOMILUIEKca ca bpma numranmom mnocienuma je mpucycTBa JBa MUPUAMHCKA TpPCTEHA Y
KOODAMHAIIMOHO] cdepr  KOMIUIeKca. YTHULA] NHPUAMHCKOT TPCTeHa, Ha  Op3uHy
CYIICTUTYLIMOHHX peaKiyja MpoydaBaH je 3a cepujy MoHOpyHKumoHanHux komruiekca Pt(Il) y
KOjHMa Cy TON0Xaj M 6poj MUPHAMHCKHX MPCTEHOBA MeaHW.'> IIpHCYCTBO T-aKIENTopa y
KOOPAMHAIIMOHO] chepr KOMIUIEKca moBehaBa eleKTpOQHUITHOCT EHTPAIHOT jOHA MeTaja, YuMe
ce mocIemnyje BesuBame HykiIeo(uma.>’> VipaBo onmmcaHn e(ekaT MHPHANHCKOT MPCTEHa
cBpcraBa oBe komruiekce Pt(Il) y rpymy komriekca pasauyuTuX O] KIACHYHHX aHTHTYMOPCKH
axtuBHUX Pt(ll) kommiekca, rie oBakas edexat Huje mpumeheH.

VcnutuBaHu akBa KOMIUIEKCH TMOKa3yjy Behy peakTMBHOCT y OJIHOCY Ha XJIOPHIO
komiuiekce. KoopaunoBanu mosekyn Boje 3a Pt(11) jon Moxe ce 1ako CyNCTUTYHCATH, Y OJTHOCY
Ha XJIOpUJ, KOju crmajga y jade Hykieoduie. CaMuM TUM XJIOPU[ je U Texke oinaszeha rpyna.
Cyncrutynuja xtopuaa L-met je 3 myta 6psxa kox [PtCl(bpma)]” kommiexcHor jona Hero kon
[PtCI(gly-met-S,N,N)] xomrmiekca, 1ok ce cymncrutyija xiaopuaa ca GSH ozBrja TOTOBO HCTOM
opsumom. Cyrcrutyiuja Morekyna Boge L-mer kox [Pt(bpma)H20]*" kommrekcHor jona je 14
nyra Opsxa mero kon [Pt(gly-met-S,N,N)H,O]", u 8 myra 6pxa y cnydajy xama je GSH
cynctuTyeHT. JloOujeHe BpEIHOCTH KOHCTaHTH Op3WHE 3a CYICTUTYIIMOHE peakiuje

[PtCI(bpma)]* kommmekcror jona ca GSH 106po ce craxy ca mogarmma u3 nureparype.’’”> Ha
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OCHOBY BpeqHOCTH KOHCTaHTH Op3uHe (Tabena 3.1.), Moxe ce BUAETH Ja je OJHOC KOHCTaHTU
op3une (K, u Ks) xmopumo u akBa komruiekca ca gly-met-S,N,N nmurannom usmehy 1,5 u 2, 1ok je
UCTHU OJIHOC KOJ KOMILIeKca ca bpma nurannom u3mely 7 u 10. Mana pasnuka y peaKTUBHOCTH
akBa M xiopuao komruiekca ca gly-met-S,N,N yimranmzoM, Moxe ce O4eKUBATH YCJEI CTEPHOT
edekra uneptHor gly-met-S,N,N nuranna.

Ha ocnoBy Cnuka 3.2. u 3.3. MOXXe ce BHJIETH Jia KOJI CBUX CYNCTUTYLIMOHHX peakiuja
MOCTOju ojicedak (ox 6 X 10* o 2 X 103 S'l) Ha TpaduKy 3aBUCHOCTH Kobsg 01 KOHIICHTpAIIH]jS
Hykneoduna, 6e3 o63upa mTO Ccy KOpUIIheHH HYKICO(WIH CyMIIOP-IOHOPCKU HYKICO(HIIH.
[TocTojame osceuka Moxe ce 00jaCHUTH MocTojambeM peBep3nbminne peakuuje (Lema 3.1.), koja
ce jaBJba ycien nosehane enekTpoGUIHOCTH HEHTpaTHOT joHa MeTana. Ko XJIopuao KoMIuiekca
y pactBop oBuX Komiuiekca nonaBaH je 10 mM NaCl, kako Ou ce cnpeumna xuaposuza
KOMIUIEKca Tj. (OpMHUpame aKBa YecTUIE M Kako OM ce clpednsia MapajeinHa peakiuja.
[ToBpatHa peakiuja je youeHa W KOJ akBa Komruiekca. To ce Takohe Moke 00jaCHHTH CTEPHUM
epextuma komiiekca u jmranana. [PtCl(gly-met-S,N,N)] xommiekc nma BOJIyMHUHO3HY METHII
rpyny y Cis monoxajy, nok [PtCl(bpma)]” xommiekcHu joH MMa ABa MHPUIMHCKA IIPCTEHA
takohe y CiS monoxajy (Cinuka 3.1.).

AxTHBaMOHM Tapamerpu oxapeheHu cy Ha ocHoBy Ajpurrose (Eyring) jemnaumne n
npukasanu ca y Tabenn 3.1. Heratusne Bpennoctn AS™ ykasyjy Ha acOLMjaTHBHM MEXaHH3aM,
KOjU TpeJCTaB/ba OMIITE NpuxBaheH MeXaHHW3aM 3a CYINCTHUTYIHMOHE peakifje KBaJpaTHO-

IJIaHApHUX xomrrekca, 51"

3.1.1. '"H NMR kunernuka mepesa ca 5’-GMP

KuHeTHKa CyNCTUTYHMOHMX peaknuja xjopuao kommuiekca [PtCl(bpma)]” wu
[PtCI(gly-met-S,N,N)] ca 5’-GMP nwuranmom ucnuTHBaHA je 'H NMR CHEKTPOCKOIHJOM.
Cyncrutynpone peaknuje cy m3sohene y DO ma 298 K. pD (pD = pH + 0.4)""" Bpexnocr
pactBopa nojemiena je va 7,0 nogatkom CF3SO3D.

ITo3nato je na ce 5’-GMP npercTBeHo KoopauHyje mpeko N7 atoma,”’ amu y npusmmmy
u N7 u NI aromu mory nma Oyamy morojgHa mecra 3a KOOpAMHAIM]y Yy 3aBHCHOCTH on pH
pactBopa. IloTBpheHOo je Buime myra ga ce y HEYTpPaTHO] WU Cabo KHUCENO] CpeIuHH

57,178-180
P.

KoopauHaiuja octapyje npeko N7 uz 5’-GM Peakmuja xoopaunanuje 5’-GMP 3a

Pt(Il) jon ucnutuBaHMx KoMmIUiekca npaheHa je momepaweM H1’ m H8 mporona mu3 mosnekyna

65



pe3yamamu u duckycuja pezyamama

5’-GMP, 3aro mro oBu npoToHH HajO0IBE pediekTyjy npomene. H1’ u H8 nmpotonu cnoboanor
5’-GMP nanaze ce Ha 3HATHO HW)KMM XEMH]CKUM IOMepamHMa Y OJHOCY Ha UCTE NMPOTOHE
KOOPJAMHOBAHOT 5’-GMP. HNuren3zurer cUrHajIa H8 MPOTOHA c110001HOT
5’-GMP (6 = 8,16 ppm) y peakuuju ca [PtCl(gly-met-S,N,N)] onazna ca BpemeHOM, a yjeaHo ce
110jaBJbyje HOBHM CUTHaJI KoopauHoBaHOT 5’-GMP Ha xemujckom nomepamy 6 = 8,71 ppm, xoju
takohe motmue onx H8 mporona. Ilpu peaxumju [PtCl(bpma)]” xommiekcHOr joHa curzan
KoopauHoBaHor 5’-GMP rmojaBibyje ce Ha XeMHjCKOM Tomepamy ox O = 8,62 ppm, mTo
oxrosapa H8 mporony.

KoncranTa Op3une apyror pena, Kz, onpehena je Ha ocHoBy jenHauune (3.1.1.1):

Kt=— 2 (3.1.1.1)

- a,(@p —X)

re ap MpeAcTaB/ba IMOYETHY KOHICHTpAIM]y peakTaHata, a X IPeCcTaB/ba KOHICHTPALU]Y
IPOH3BO/IA.

I'yrexemoa (Guggenheim) szasucuoct™® X/ag(@-X) y (yHKIWMjH 0X BpeMeHa 3a
cyncrutynmone peaximje [PtCl(bpma)]™ u [PtCI(gly-met-S,N,N)] xommnekca ca 5-GMP je
TUHeapHa, Kao mTo ce Moxke BuneT ca Crnuke 3.4. u 3.5. BpenqHoct KoHCTaHTe Op3uHE peakinje
apyror pena, Ko, m3pauyHara je u3 Harmba mpaBUX 3aBUCHOCTH X/ag(8o-X) y QYHKIUjH Of
BpPEMCHA, a Ha OCHOBY jeanauntue (3.1.1.1).

Cyncrurynuona peakuuja [PtCl(gly-met-S,N,N)] kommiekca ca 5’-GMP oasuja ce oko
50 myra cropuje y oAaHOCy Ha HcTy peakiujy ca L-mer u GSH (Ta6ema 3.1.). 3narHo Mama
peaktuBHOCT 5’-GMP Moxe ce mpunucaTi CTEPHOM YTHUIA]y BOJTYMHHO3HOT MoJiekyna 5’-GMP
M KOMIUIEKCA, KOJU CaJpXH BOJIYMHHO3HY METWI rpymy. MehyTum, CyncTUTYIMOHE peakiuje
[PtCl(bpma)]” xommiekca oBHjajy ce TOTOBO MCTOM Op3MHOM Kao u y ciydajy GSH u L-mer

(Tabema 3.1.).
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Cnuka 3.4. Guggenheim-osa 3asucnocm Xlag(ag-X) y pynxyuju 00 epemen, 3a cyncmumyyuony

peaxyujy [PtCl(gly-met-S,N,N)] (6 mM) ca 5’-GMP (6 mM), pH = 7,0, 298 K.
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Cnuka 3.5. Guggenheim-osa 3asucnocm Xlag(ag-X) y pynxyuju 00 epemena 3a cyncmumyyuomny

peaxyujy [PtCl(bpma)]™ (6 mM) ca 5’-GMP (6 mM), pH = 7,0, 298 K.
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Axo ymopeauMo KOHCTaHTe Op3uHe, Ky, 1OOMjeHe 3a CYICTHTYLMOHE peakiuje
[PtCl(bpma)]” u [PtCl(gly-met-S,N,N)] kommmekca ca 5-GMP (TaGema 3.1.) Moxkemo
npumetuty 1a je [PtCl(bpma)]” xoMmiekc 3HATHO PEAKTUBHM]HU, IITO CE OTET MOKE HPUITHCATH
crepHoM edekry Bomymunosne Mmetui rpymne y [PtCl(gly-met-S,N,N)] xommekcy, a Takohe u
eNeKTPOHCKUM epeKTUMa MUPUAMHCKUX npcTeHoBa u3 [PtCl(bpma)]” xommuekcuor joma. M3
cBera 0 caja peueHOr MOXKE Ce 3aKJbY4uTH Ja Ha PH BpeaHoctuma oko 7,0 a30T-IOHOPCKH
HYKJICO(DUIM HE MOTY JIa CE TAKMHUYE Ca CYMIIOP-ITOHOPCKUM (THOJUMA WIIH THOSTPHUMA) aMHHO

KHCEeJIMHAMa U NeNTHMMA, IITO je Y CarJlaCHOCTH ca Beh myOIuKoBaHUM pe3ynTaTHMa.6l’87

3.1.2. Oapehusame pKa spexnoctu [Pt(gly-met-S,N,N)H,0]" kommiexcHor jona

pKa Bpemmoct [Pt(gly-met-S,N,N)H,0]" koMmiekcHor joHa TOApa3syMeBa KHCENOCT
KOOPJIMHOBAHOT MOJIEKyJa BOJE, KOja 3aBUCH OJf CTPYKTYpe KOMIUIEKCA H EIEKTPOHCKHUX
edekata y KOMIUICKCY. YKOJIUKO y KOMIUIEKCY MTOCTOJU BHIIIE T-aKIENTopa, KOMIUIEKC he umaru
HIUXKy pKa Bpe;[HO(:T.72 Ha Cnumm 3.6. mpukazane cy npomene y UV-VIS cnekTpy TOKOM
TUTpaIuje [Pt(gly-met-S,N,N)H,0]" kommmiekca. Cam MPOILIEC XUAPOJIM3Ee KOMIUIEKCa MOXKeE ce

npeacTaBuT jeaHadnHoM (3.1.2.1):

[Pt(gly-met-S,N,N)(H,0)]" + H,0 K [Pt(gly-met-S,N,N)(OH)] + HsO0"  (3.1.2.1)

I'padux 3aBucHoctu pH ox abcopbanue, Ha oapelheHoj TaracHOj AYKUHU, KOpHUIINEH je
3a onpehuBame pPKa BpeaHOCTH KOOPIMHOBAHOT MoJieKyna Boje. JloOujeHa 3aBUCHOCT
npukasana je Ha Ciounu 3.6. m3pauynara pKa BpegHoct komruiekca uznocu 5,95 + 0,04 u Hanasu
ce mpukazana y TaGenmu 3.3., rae cy mpukaszaHe u PKa BpeaHOCTH 3a CTPYKTYpHO CIIHYHE
KOMILIEKCE.

Jlo6ujena pKa Bpeanocrt 3a [Pt(gly-met-S,N,N)H,0]" kxommexchu jon mmxka je ox pKa
BpemHoctd 3a [Pt(dien)H20]%, amu je Buma y omsocy Ha pKa BpeIHOCTH KOMIUIEKCA KOJH
calpke THUPUIUHCKU TPCTEH, [Pt(bpma)(H.0)]** u [Pt(terpy)(H.0)]**. Ilosuato je nma
KOMILJICKCH KOJjH Y CBOM CacTaBy MMajy JiBa MUPUAMHCKA npcteHa (bpma) wim tpu nupuanHcka
npcTeHa (terpy) mokasyjy Behy peakTuBHOCT 300T cMameHe elekTpoHcke ryctuHe Ha Pt(l1)

nentpy.
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Cnuka 3.6. Ipomene cnexmapa moxom mupayuje [Pt(gly-met-S,N,N)H,O]" xomnrexcnog jona
6asom y pH oracmu 00 1 0o 11. Cppygy-metsnnzop+ = 1,2 X 10° M 3 0,1 M NaClOy4 na 298 K.

Ymemnymu epaghux: 3asucnocm ancopbanye 00 pH na A = 261 nm.

Ta6ena 3.3. pKa Bpeanoctu Pt(1l) akva kompleksa.®

[Pt(dien)H,0]** [Pt(Gly-Met)(H,0)]*  [Pt(bpma)(H.0)]**  [Pt(terpy)(H,0)]*"  Pedepenua

6,26 £ 0,10 5,53+0,07 4,62 + 0,04 72
5,95+0,04 Ogaj pan
5,49 +£0,08 139

? Joncka jaunna = 0,10 M (NaClOy), 298 K

3.2. Pe3yaraTu 100MjeHH MCIUTHBAKEM peakuuja OM(PYHKIMOHAJIHUX KOMILIEKCca

Pt(I1) ca 1,2,4-Tpua3zonom, L-xuc u 5’-GMP.

Kunernka CyNCTUTYIMOHHMX peakiuja dYeTupu pasnuuuta komruiekca — Pt(l1)
Cis-[PtClo(NHs),], [PtCly(en)], [PtCly(dach)] u [PtCI(SMC)] ca 1,2,4-tpuaszonom, L-xuc u
5’-GMP ucnutuBana je npu ¢usnosomkum yciaosuma, PH = 7,2, va 310 K y xenec mydepy.

CrpykrypHe (hopmyre HCIUTUBAHUX KOMILIEKCA U inraHaaa aare ¢y Ha Crurm 3.7.
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Cnuxa 3.7. Cmpyxmypre hopmyne ucnumusanux KOMIIeKca u iueanaod.

JloGujeHa 3aBUCHOCT arcopOaHIe 0/1 BpeMeHa Ha oaroBapajyhoj tanacHoj Ay>KuHU (puTOBaHA je

Kao eKCIIOHeHIIMjasiHa QYHKIMja IpyTor pena, 1 npukaszana je Ha Cnunu 3.8.
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Cnuxa 3.8. Ipagux 3aeucnocmu ancopbanye 00 6pemeHa 3a peakyujy Cyncmumyyuje
[Pt(en)Cly] xomnaexca ca 1,2,4-mpuaszonom (1.6 x 10% M) na 222 nm, T = 310 K, 25 mM xenec
nyghep, pH = 7,2 u' 5 mM NaCl.

CBe cymncTUTynMOHE peakiuje wu3ydaBaHe cy y mnpucyctey 5 mM NaCl. Osa
konueHTpanuja NaCl uzabpana je kako Ou ce 00e30earIM YCIIOBH CIIMYHH yClIoBUMa y henuju,
I'JIe je KOHIEHTpalyja Xiopuaa npuodamkaa 4 mM.

CymncTuTyoHe peakiyje M3y4aBaHOT KOMIUIEKca ca Hu3a0paHUM HyKJeopHinMma
OJIUTpaBajy ce y JiBa y3acTolHa Kopaka. CBaku KOpak je peBep3nOMiIHa peakiifja Koja ce 0/1BHja
Kako je npukaszano jennaunHama (3.2.1 u 3.2.2).

K,

[PULICE] + Nu <= [P(L)(Nu)CI]" + CF (3.2.1)

1

[Pt(L)(Nu)(CD]* + Nu [Pt(L)(Nu),]** + CI (3.2.2)

L = dach, en, SMC, (NH3);
Nu = 5’-GMP, L-xuc, 1,2,4-tpuazon

Koncranra peakumje nceydo-npBor peaa, Kopsd, 32 MpoydyaBaHH MPOIEC CYNCTHTYIH]E

nara je jeqnaunHoM (3.2.3) u (3.2.4):
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Kobsd1 = K1 + K2[Nu] (3.2.3)
Kobsaz = K3 + k4[NU] (324)

Peakumja aupektHe HyKIeOoQHIHE CYNCTUTYIMje OKapaKTepUCaHa je KOHCTaHTama Ko u
Ka, NOK je peBep3uOHIHM TIPOLIEC OKapakTepucaH KoHcTaHTama Ky u Ks.

Ha Cmuum 3.9. mpuka3zaHe cy €KCIEPHUMEHTAIHO J00MjeHe 3aBHCHOCTH KOHCTaHTE
Op3uHE peakiiyje ncey0o-npBor pena, Kopsd, 3a jeaH n3adpaH KOMILICKC.

Ca Cmuke 3.9. Moxke ce BHAETH Ja je Y CBUM IPOYYaBaHUM CYICTUTYLHOHHM
peaknujama Ao0MjeHa JMHEapHa 3aBHCHOCT KOHCTAHTE Op3WMHE peakluje nceyoo-TIpBOT pena,
Kobsd, Ol KOHILIeHTpauuje Hykieopwmna. Takohe Moke ce youuTw Ja y CBUM HOCMaTpaHUM
cllyyajeBHMa MOCTOjU 3Ha4YajaH OJICeYaK.

ITo3znaro je, na ce 5’-GMP koopaunyje 3a metanne jone npeko N1 u N7 atoma, amu y

7.57,178-180 pKa

HEYTpalHO] M ci1abo Kucenoj cpeauHu (paBopH30BaHO je BesuBame mpeko N
BpenHocT 3a 1,2,4-Tpuazon u3HOCH 2,30,181 Tako na je Ha pH Bpegnoctu 7,2 1,2,4-tpmazon
MOTITYHO JICTIPOTOHOBAH U jako je nobap Hykineodui. 1,2,4-tpua3zon Moxke /1a ce KOOpAUHYje 3a
Pt(Il) jom mpeko N1, N2 wu N4 aroma.'®  Xerepormkmmunm — crcrem
L-xuc moxe ma ce koopauHyje kao ounentarau juraaa npeko N1 u N3 atoma. ¥V Guosomkum
CHCTEMHUMa TOCTOJU BEIMKH OpOj METAJIONpPOTENHA y KOjuUMa je METaJHH jOH KOOPAMHOBAH 32
MMK1a30J1 U3 XxuctTuanHa u 1o npexo N1 umm N3 183184

JloOujeHe BpemIHOCTH KOHCTAaHTW Op3WHE, 3a NPBH M JAPYrH KOPaK, MPOydaBaHUX
CYICTUTYLIMOHMX peakiuja, nate cy y Tabenu 3.4.

Hajeehy peakTHBHOCT 0] mpoydaBaHUX JiTaHazaa nokasyje 1,2,4-tpuazon (Tabena 3.4.),
1ok L-xuc mokasyje UCTH pel peakTUBHOCTH kKao U 5’-GMP. Koncranta Op3uHe OupeKkTHe
peakuuje y ciuydajy L-xuc je Hemrto Beha y oOJHOCY Ha HMCTYy KOHCTaHTY KOJ
5’-GMP. Pa3nuka y peakTHBHOCTH OBa JiBa HYKJIEO(HIIa OCIEIHUIA j€ eNEKTPOHCKUX U CTEPHHUX
edexara. 5’-GMP je BomyMHHO3HHMjU MOJIEKYN Y OJHOCY Ha L-xuc, mto Moxe na Oyae pasior

3amTo cy peakiuje ca 5’-GMP criopuje.
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Cnuka 3.9. 3asucnocm roncmaume 6p3une peakyuje nceyoo-npeoe peod, Kopsd 00
KOHYenmpayuje aueanoa 3a npsu u opyeu kopax peaxyuje cyncmumyyuje [Pt(SMC)Cl2]™ na

T =310 K y 25 mM xenec nygepy, pH = 7,2 u 5 mM NaCl.

73



pe3yamamu u duckycuja pezyamama

TaGena 3.4. Koncrante Op3uHe 3a mpoy4yaBaHe CyncTHUTynuoHe peakiuje Ha 1T = 310 K, y 25

mM xenec nydep, pH = 7,2 u 5 mM NaCl.

IIpBu Kopak

5’-GMP L-xuc 1.2.4-tpuazon
10° k, 10k, 10° k, 10 kq 10° k, 10° k,
Mgt st Mgt st Mgt st

[Pt(dach)Cl,] | 2,2+01  33+1  64+02 26+01 59+01 12+01
[Pt(en)Cl,] 44+03 030+004 7,9+07 18+01 99+01 7,3+01

[PSMC)Cl,] | 593+4 0,70£0,08 352+6  99+1  454+2 3,0+02

cis-[Pt(NH3).Cl;] / / 80+03 45+04 120+04 7,4%05
Apyru xopak
5’-GMP L-xuc 1,2,4-tpuazon
10% k4 10° ks 10% K4 10° k3 10° k4 10" k3
Mgt st Mgt st Mgt st

[Pt(dach)Cl,] | 2,0£0,1 08+01 48+04 22+06 64+05 10+06

[Pt(en)Cl,] 3002  35%3 11+1 76+1 11+1  11+01
[PYSMC)CL] | 172 11+3 33+1 58 + 2 24+1 0,7+0,01
Cis-[Pt(NHs),Cl] / / 11+1 20+1 128+02 81+02

Ha ocHoBy BpemHoctH KoHCTaHTH Op3une, Tabema 3.4., Moke ce YOUuuTH JAa Cy
U3y4aBaHU a30T-AOHOPCKU JIMTaHmu no0pu Hykineopunu y mponecy cyrncrutymmje Pt(ll)
KoMIUIekca. Ynopelhyjyhu BpeqHocTn KoHCTaHTe Op3uHe, Ky, peakuuje Apyror peaa 3a HpBU
KOpaK CYICTUTYIHMje HW3Yy4aBaHM KOMIUIEKCH TOKa3yjy cieaehm pea  peakTHMBHOCTH:
[Pt(SMC)Cl,]" > cis-[Pt(NH3).Cl,] > [Pt(en)Cl;] > [Pt(dach)Cl;]. Bemuka peakTuBHOCT
[Pt(SMC)CI;]” xommekca y oqHOCY Ha Apyre Npoy4aBaHe KOMILIEKCE MOCIEHIIA je jakor trans-
eeKTa KOOPAMHOBAHOI aTomMa cymmopa u3 S-metmi-L-nimctenna. 7rans-edexar oBOr THIA

yOUeH j€é W MpU paHUJUM paJOBUMa ca HCTHUM KOMIUIEKCOM. ~ PeakTHBHOCT KOMILIEKCA
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cis-[Pt(NHs).Cl;], [Pt(en)Cl;] u [Pt(dach)Cl,] 3aBucu ox BOJIyMHHO3HOCTH MHEPTHOT JIMTAHJA.
[Pt(dach)Cl;] xommiekc je HajBOTYMHHO3HHMjU M CAMHM THUM CYIICTUTYLIMOHE pEaKIuje OBOT
KoMIUIekca cy cropuje y oanocy Ha Cis-[Pt(NH3).Cl;] u [Pt(en)Cl]. Ca nmpyre crpane
cyncrurynuone peakuuje [Pt(dach)Cly] xommiekca cy cmopuje y omHOCy Ha peakiyje
[Pt(en)Cl;], jep Pt(Il) mocraje Mame enekTpoHEraTuBaH yciie ] MO3UTUBHOT HHIYKTUBHOT eeKTa
IMKIIOXEKCAHOBOT MpCTeHa. >

KoHcTanTe Op3uHE CyNCTUTYIIMOHUX PEaKliMja 3a APYTd KOPaK Cy CIIOpHje Yy OJHOCY Ha
ucTe KOHCTaHTe 3a mpBH Kopak (Tabema 3.4.). Penocien peakTHBHOCTH KOMIUIEKCA 3a JPYTH
kopak cyncrutyiuje je: [Pt(SMC)Cl]” > cis-[Pt(NH3).Cl;] > [Pt(en)Cl;] > [Pt(dach)Cl,]. Ono
IITO CE MIPBO MOXE YOUHTH je 1a je paznuka y peaktuBHocTH [Pt(SMC)Cly]” xomruiekcHor joHa u
mpeoctajia TP KOMIUIEKCA Mama HEro y Cciydajy NpBOT Kopaka. Mama peakTHBHOCT
[Pt(SMC)CI;]" xomIiekcHOT joHa KO IpYror peakIMOHOT Kopaka je MOCIEIHIa CYIICTUTYIIN]je
Cl y trans y omHOCy Ha a30TOB aTOM M3 KOOPIMHOBAHOT S-MeTHJI-L-mctenna u Cis y onHocy Ha
CYMIIOPOB aTOM 3 S-MeTwi-L-1iucrenHa.

Y pannjuM pagoBuMa’

UCIHUTUBAaHA je KUHETUKA W MeEXaHU3aM CYNCTUTYLHOHHX
peakiuja [Pt(SMC)Cl,]” komriekcHOT joHa ca OMOJIONIKH 3HAYajHUM JIMTaHuMa Y GYHKIHJU OJT
KOHIIeHTpauuje xmopuaa, Ha pH = 2,5 u 7,2. [Ipumeheno je na u Harud U ojcedak, KOju Cy
no6ujenu u3 rpaduka JTUHEapHe 3aBUCHOCTH KOHCTAaHTe Op3MHE peakiiyje 7cey0o-TIpBoT peaa
KOHIIEHTpalyje HykiIeo(puia, 3aBuce 0] KOHIEHTpaluje XJIOPUIHOT JOHA Yy pacTBOPY 3a CBAKY
IpOy4YaBaHy CYICTUTYIHOHY peakiujy. [Ipu BenMKoj KOHLEHTpalMju XJIOPUIHHUX jOHA
KOHCTaHTa Op3MHE JAMPEKTHE peaklldje MMa BPEIHOCT TOTOBO jeJHAKy HYINH, IITO yKasyje Jaa
BUIIAK XJOPHIHUX JOHA CKOPO MHOTIYHO CIpeyaBa 3aMEHY XJOPUAHOT jOHA M3 KOMILJIEKCa
yiaa3HuMm nurannoM. Koncranre Op3uHe nooOujena 3a cyncrutynuone peakiuje [Pt(SMC)Cly]
KoMIulekcHOr joHa ca 5’-GMP y oxBupy oBor paga no0po ce ciaxy ca JHUTEpaTypHUM
nonarma.'® V nemasanm pagosuma™® mpoyuasane cy cyncrurynmone peaxumje [Pt(en)Cly] u
[Pt(dach)Cl;] xommuiekca ca 5’-GMP u L-xuc y npucycrsy 10 mM NaCl. [looujene BpeqHocTu
KOHCTaHTH Op3uHE JAPYyror pefa 3a peakuujy ca L-xuc roroBo cy uaeHTHuuHe kao u 'y Tabenu 3.4.
(10,5 + 0,3 10° Ms™ 3a [Pt(en)Cl] u 6,4 + 0,4 10° Ms™ 3a [Pt(dach)Cl,]), a y cnyuajy 5’
GMP-a xoHcTaHTe cy Mame y OJHOCY Ha BpeaHocTH u3 Tabene 3.4. Ha OCHOBY H3J10KEHOT

MoXe ce 3akJbyunTH 11a je kopumhenu 5 MM NaCl noBosban na cy30mje COMBOIUTHYKN KOPAK.
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AxBa xommiekcuu jon [Pt(SMC)(H,0).]" takohe pearyje ca 5’-GMP y nBa y3actomua
peaknnoHa kopaka. Koncranra Op3uHe Apyror peia 3a MpBU PEakIMOHU KOPaK M3HOCH 22,44 +
0,82 M?s™, ok 3a apyru xopak msnocu 0,24 + 0,02 M™'s™ %

peaxuuje [Pt(en)(H20)2]** u [Pt(dach)(H20)2]** takohe ca 5’-GMP. KoscranTa 6p3uHe gpyror

IIpoy4aBaHe Cy U CyIICTUTYLIHOHE

pejia 3a IPBH peakiuoHn Kopak 3a [Pt(en)(H20)2]* kommnexcru jon usnocu 3,9 + 0,1 M™'s™ a 3a
[Pt(dach)(H20)2]** usmocu 5,8 + 0,2 M's™.% Ono mro ce Moxe mpumerntu je y cBum
Clly4ajeBUMa aKBa KOMIUIEKC PEAaKTUBHHJU OJ] XJIOPHIO KOMIUICKCA.

VYrunaj ognasehe rpymne Ha mpouec cyrncrutyiuje [Pt(dach)(CBDCA)], [Pt(dach)(N,S-
metrnonuH)] u [Pt(dach)(gly)] xommiekca ucnurusas je 3a Behu Opoj Hykineodwuna ykpydayjyhu u
5°-GMP.” VnopeljuBameM BpeIHOCTH KOHCTAHTH Op3WHE APYrOT peia 3a CYICTHTYLHOHY
peaxuujy ca 5°-GMP, jacro ce Buau 1a je [Pt(dach)Cl,] xommieke peaxrusruju (2,2 102 M?s™?)
y nopehemy ca [Pt(dach)(CBDCA)] (0,352 + 0,002 10° M™s™) u [Pt(dach)(gly)] (1,77 + 0,001
10° M'ls'l). Ouurnenno je aa mpupona xenara, Tj. O-O (CBDCA), N-O (rnunun) win S-N

(L-meT) urpa BakHy yiory y kuHeTn4koM nonamramy Pt(11) komriekca.

3.2.1. 1T u3payyHaBama 3a cucrem pazmene Gua/SMe,

[Mpenazak Pt-S(tuoerap) y Pt-N7(GMP) koopamHanumjy mokazao ce kao yoOuuajeH y
ouonomknm mponecuma, 88 Koo 6u ce casmano memTo BhIIe 0 camoM mpomecy
npenacka Pt-S(tmoerap) y Pt-N7(GMP) xoopauHanujy BplieHa cy KBaHTHO-XEMHjCKa
u3padynaBama. [Ilpumenom (B3LYP/LANL2DZp) u3pauyHaBama, mokasajio ce Kao WITO je U
OUEKMBAHO JI00po ciarame u3Mel)y m3pauyHaBameM IpeaBul)eHE T'€OMETPHjCKEe CTPYKType U
eKCIIEPUMEHTAIHO OJpel)eHe M MyONMKOBaHE T€OMETPHJCKE CTPYKTYpe, IITO je MPHKa3aHO Ha
Crrn 3.9. 3a [Pt(en)(Gua),]*".

VY Tabenu 3.5. npukaszane cy BpenHoctu nyxuHe Pt-N Besa m oarosapajyhux yriosa,

no0ujeHe peHAreHCKOM aHaTM30M U u3padyHaBamweM (B3LYP/LANL2DZp).
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Cnuka 3.9. Uspauynasarwem (B3LYP/LANL2DZp) npedsulena cmpykmypa [Pt(en)(Gua)z]*", C-

cumempuje ca anmunapaneanum Gua.

Ta6ena 3.5. M3abpanu kpucranorpapcku noganu u u3pauynaru (B3LYP/LANL2DZp) nonanu

32 TEOMETPHJCKY CTPYKTYpPY KOMILIEKCa.

Pt-N_[A]  Pt-Nowmp-ike [A] N_- Pt- N_-Pt-N__[] Nemp-tike-
-Nemp-like [°] -Pt-Nemp-iike [°]
Pt(dach)(N7-Gua),]”*  2,07; 2,07 2,08; 2,08 93,9; 93,4 82,7 90,7
[
Pt(en)(N7-Gua),]** 2,07; 2,07 2,08; 2,08 93,3; 93,3 82,8 90,8
[
Pt(en)(N7-Gua),]* **°  2,04; 2,04 1,97; 1,97 94,6; 94,6 83,9 87,0
[
[Pt(en)(5’GMP-N7),'®  2,04; 2,04 2,05; 2,05 94,4; 94,4 82,3 89,1
Pt(en)(1,3,9-TMX]** ' 2,03; 2,03 2,02; 2,02 95,5; 91,7 83,8 89,1
[
[Pt(en)(acv),]* 1% 2,05; 2,00 2,01; 2,03 94,8; 92,6 82,7 90,1
[Pt(en)(N7-acv),]****  2,03; 2,02 2,04; 2,02 95,4 83,4 89,4

ExcrepuMeHTanHo go0ujena nyxuna sese Pt-N(GMP) je 3a 0,1 A mama y ommocy Ha
u3pauyHaty BpenHoct (TaGena 3.5.). Melytum, cBakako Tpeba y3eTn y o03up Jia je HaBeICHU
eKCTIIEpUMEHTAIHN ToJaTaK J00ujeH npe 35 roavHa M Ja TeXHHKa y TO BpeMme HHje Ouia Ha

calallitbEM HUBOY.
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Monekymn Gua y [Pt(L)(Gua),]* wmory na Gyly CMCIITGHH apaneaHO MM
antunapaienso ca Cp-cumerpujom. Ilapanennu monokaj Gua je yCTaHOBJbEH KOJ
[Pt(NHs)2(Gua);]** memrro je mano craGummmju y racHoj ¢asu (2,7 kcal/mol) u y CPCM
(0,6 kcal/mol) u o3nauen je kao TepmoHeyTpanHu. MehyTum, cBu KpucTajgorpadcku mMoaanu
ykazyjy na cy Gua monekynu pacnopeheHu aHTHMapajenHo, IITO je MOocienuiia CTepHHUX
cmeTH. To je mocnenniia BOTYMUHO3HHX OOYHUWX JiaHana y Monekyny Gua. Tlomamu koju ce
Hanaze y Tabenu 3.5. natu cy 3a anTunapaieiate KoHpopmepe.

Kako Ou ce moOwinu mTo MOY3AaHUjU, MPE CBeTa KBAaHTHUTATUBHH TOJAIM O PA3NIUILHU Y
cradbmwinoctu u3Mely Pt-S(tuoerap) u Pt-DNK koopaunarnmje, Bpmene cy JPT uspauyHaBama

Ha peakuuju moneny (3.2.1.1.)

[PtL)(N7-Gua)]”" + SR, —>  [PY(L)(SR2)(N7-Gua)]** + Gua

[PtL)(SR)(N7-Gua)”* + SR, —> [PHL)(SR.)]>* + Gua N

VY naroj jemnaumnm (3.2.1.1.) ampokcumanuja ryaHuHy je ryaHo3uH, a S(CHa):
npe/CTaBJba TEHEPHUKU THOeTap. V3pauyHaBama Cy BplIeHa 3a 00a CYIICTUTYLIMOHA KOpaKa.

VY cBUM mOCMaTpaHUM cliydajeBUMa (paBOpH30BaHUje je Be3uBambe ryanuna 3a Pt(NHs)o,
Pt(en) u Pt(dach) ¢parment y oqHOCy Ha Be3WBame THOETpa 3a HaBeleHe (parmeHrte. [IpBu
peakiuoHu Kopak y racHoj ¢asu Pt-N7(Gua) je cradbunauju 3a 31 mo 33 kcal/mol, nox apyru
peaknuonu kopak Pt-N7(Gua) crabunnmju 3a 32 go 34 kcal/mol (Ta6ena 3.6.). Kommiekc
[Pt(NH3)2(Gua);]** uma nBe Bomommume Bese msmehy Gua m C=O u NHs; ox 1,87 A
[Pt(dach)(Gua);]** wuma aBe BomoHmune Bese msmehy Gua m C=O u dach ox 1,83 A, mox
[Pt(dach)(Gua)(SMe2)]*" uma jemny Bomommuny Besy msmehy Gua u C=O u dach ox 1,90 A
[Pt(en)(Gua)2]** uma nBe BomoHmMuHe Bese m3meljy Gua u C=O u en ox 1,80 A.

Kako Oum ce m30erno ma ce mpu M3pauyHaBamy y3uMa y oO3up edekaT pacrBapauya,
m3ppiiena cy CPCM wuspauynaBawa (B3LYP(CPCM)/LANL2DZp//B3LYP/LANL2DZp).
Mehyrum, enepruja (Tabena 3.6.) noOujeHa oBUM H3padyyHaBamKHMa Mama je 3a 50%, amu je
KOOp/AMHAIIM]a IPEKO TyaHuHa (paBOpHU30BaHa.

Pesynratu nobujenn DT kankynanujom, npukazanu y Tabenu 3.6., cy npBu pe3ynraTu
Koju jacHO moka3zyjy koiumko je Pt-N7(GMP) koopmunamuja crabwinuja ox Pt-S(tmoerap)

KoopauHanuje. JloOMjeHn pe3ylTaTd Cy jako BaXHH € OO3MpPOM Ja je YCTaHOBJBEHO Ja
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Pt-S(Tnoerap) jenmmema TNpencraBibajy ,,pesepBoape’’ Pt-jenumerma y opraHusmy, Koja y

CBaKOM TpPEeHYTKy Mory na ce cyncruryuiny ca JJHK, Tj. Pt-S(tnoerapu) cy unaTepmenujepu y

npotecy BesuBama Pt-jenumema 3a JIHK u rpaheme Pt-N7(Gua) jeaumema.

47,48,174,187,194

TaGena 3.6. Uspauynara emepruja y kcal/mol sa msmeny Gua/SMe, y [Pt(NH3)2(Gua)]*",

[Pt(en)(Gua),]** u [Pt(dach)(Gua).]*".

Merona [Pt(NH:);(Gua),]** + SMe, —  [Pt(NH:)(Gua)(SMey)]* + Gua
I'ac. daza 0,0 1316
CPCM 0,0 +105
[PUNH2)2(Gua)(SMe2)]* + SMez  ——> [P(NH2):(SMez).]* + Gua
I'ac. daza 0,0 1335
CPCM 0,0 +13.9
[Pt(dach)(Gua),]** + SMe, —— [Pt(dach)(Gua)(SMey)]** + Gua
I'ac. daza 0,0 1312
CPCM 0,0 +12.2
[Pt(dach)(Gua)(SMe)]*" + SMe2 —— [Pt(dach)(SMe,)*]*" + Gua
I'ac. daza 0,0 1322
CPCM 0.0 119
[Pt(en)(Gua).]™* + SMe, ~ —>  [Pt(en)(Gua)(SMe,)]*" + Gua
I'ac. daza 0,0 +32.8
CPCM 0,0 +13.0
[Pt(en)(Gua)(SMey)]** + SMe2 ~ ——»  [Pt(en)(SMey)]”" + Gua
I'ac. daza 0,0 +34.0
CPCM 0,0 +125
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3.3. Pe3yaraTu 100HjeHH MCTIUTHBAKEM PABHOTEXKe W KHHETHKE CYNCTHTYIHOHUX
peakumuja Oouc(MMHUIA30JIUH-2-UMHHO) KOMILTeKca Pd(II). Kpucranna

crpykrypa [(TL®Y)PACI]CIO, u [(BL™")PACIL,] kommiaekca.

3.3.1. Cunre3a 2,6-ouc[(1,3-nu-mepy-6yTHIMMAAA30IUH-2-UMHHO)METHJI | TUPHIAHA

1 1,2-6uc[(1,3-au-n30nponuIMuaa30IMH-2-HMHHO) |eTaHa

Haxon Bpykaprosor (Brookhart) u I'mdcosor (Gibson) otkpuha, kpajem 1990 ronune, na
KOMILIEKCH Tpeia3Hux Metaina ca Schiff-oBom 6azom 2,6-6uc(MMUHO)THPUIMHOM MPEACTABIbA]Y
BEOMa aKTHBHE KATAIH3aTOPE NPH MoauMepr3ammju oneduna >’ takossann munuep nurasm
NPUBYKIIM Cy BEIHKY Naxiby. > JIHrang Koju ce cacToji M3 MUPHANHA, Ka0 MocTa u3Mmely aBa
UMUIa30JIMH-2-UMHHA, TpeactaB/ba aHanor Schiff-oBuM nuHIEp Juranauma, amum ca

u3pakeHUjuM Oa3sHuM KkapakTtepuctukama. Ha Cmumu 3.10. mpukazaHa je CTpyKTypa

CHUHTETHCAHOT Juranja. Ca ciauke ce MOTy BUAECTH PE30HAHTHE CTPYKTYpPE JIMTaH/a.

TLtBu
LT L) T
N M N
&7\ Nr ) @ ©)
R R R R”
A B

Cnuka 3.10. Cmpykmypua ¢homyna u pe3onanmua cmpykmypa CUHmMemucanoe 1ueanod.

Jluraux  2,6-6uc|(1,3-ma-mepy-6yTHINMIA30HH- 2-uMuHO )MeTHn Jmupumns,  (TL®Y)
CHHTETHCaH je mojasehu oz 2,6-Ouc(XUIPOKCUMETUI)IUPUINHA, KOjU je TPEBEICH y AUecTap

. 199 .
pEaKIujoM ca n-TOJYCHCYI(OHUT XJIOPUAOM, = Kao mTo je mpukazano Ha Cmumm 3.11.

80



pe3yamamu u duckycuja pezyamama

Peakumjom noOujeHor ectpa ca nBa ekBHBaJeHTa 1,3-nu-mepy-OyTUIMMUAA30IUH-2-UMUHA
noGuja ce [(TL®"H,)(OTs)2] y jako Bemmkom mpuaocy. U3 [(TL®'H2)(OTSs),] jenumena nurang,
(TL®") ocnobaha ce memporonammjom ca sumkom KO'BU (Cimka 3.11.). JoGujenu murans
(TL®") je Genmu mpax, Ha Basmyxy crabmuman. Jluramx je amammsupad “H u ®C NMR
CIIEKTPOCKOIHMjOM M MAaceHOM CIIEKTpOMEeTpujoM. YpaheHa je elneMeHTapHa aHajlu3a Kako
N00MjeHOT JHUraHjga Tako M Mel)y mpou3Boja M y CBUM ciydyajeBUMa npumeheHa cy moopa
cnarama u3mely mspauyHatux u gobujenux BpenHoctu. [locturuyro je m n1obpo criarame ca

154
JIUTEpPaTypHUM MOAALMMA.

2 OTs
NH
X JJ\ tB
| 5 tBu\N N/ u A( N >Z_
THF, A r
OTs OTs
TTSCI w< >(
(TLB"H,)(OTs),
\
| THF| KOrBu
G
N
=z
OH OH
X

|
Ai/N N N\?L‘
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Cnuxa 3.11. Cunmesa 2,6-ouc/(1,3-ou-mepy-6ymurumudazonum-2-umuno) memui] nupuouna,

(TL®) aueanoa.

. 1 13
Hobujena momepama y "H u ~“C NMR cnekrpuma (caumanu y CgDsg) 3a cuHTEeTHCAHU NHTaHA

154
700po ce craxy ca MoJanumMa 13 JJuTepaType.
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Cruxa 3.12. *H u 3C NMR cnekmap cunmemucanoe 2,6-6ucl(1,3-ou-mepy-

OVMUTUMUOA3ZO0JIUH-2-UMUHO)MEMUTL| NUPUOUHA.

1,2-6uc[(1,3-1u-u30npONUINMHIA30JIMH-2-UMUHO) |eTaH  je OWJIEHTATHU JIMTAaHJ KOju
npunaga  rpynu  Ouc(MMUIa3oNuH-2-UMHUHO)  Juranaxa. Jluramamm  1,2-6uc(1,3,4,5-
TEeTPaMETUIUMHUIA30IMH-2-UMIUHO )eTaHa (BLMe), 1,2-6uc(1,3-quuszonpornui-4,5-
TUMETHIIMMUIA30]IMH-2-UMUHO )eTaH (BLiPr) u 1,2-6uc(1,3-mumepy-0yTynuMunazonuH-2-
umuno)etan  (BL™®Y) cumrermmy ce momasehm ox 1,2-eramamona Koju ce MNPEBOIM Y
1,2-etunenautocyndoHaT peakujoM ca  P-ToidyeHCylIdoHmn  xyuopuioMm. Peaxmujom
1,2- etunenautnocyndonara ca nBa ekBuBaieHTa 1,3-nmuusonponyn-4,5-1uMeTHIMMHAIA30IHH-
2-uMuHa 106Hja ce jenumere ommte Gopmyne [BLTH2](OTS), y Benukom mpusocy. lo6ujena
CO jako je pacTBOpPHA y MOJIAPHUM pacTBapayuma Kao mTo cy Bojga, DMSO unu aneronutpui, a
cCaMMM THM HEpAacTBOpHA y HEMOJApHHM pPacTBapauMMa Kao IITO Cy N-XEKCaH, TOJYEeH WU
terpaxuapodypan. M3 [BLRH,](OTS), crnoGonan muran go6mja ce y CKOPO KBAHTHTATHBHOM
npuHocy aenpotoHanujoM ca Bumkom KOtBuU. JloObujenu nurana je Oenu mpax craOuiiaH Ha

Ba3yxy. CunTeTHCann nmurana okapakrepucan je "H i *C NMR crexrpockommjom i ypahema
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je ememeHTapHa aHanu3a. [loOujeHM pe3ynTaTd cy ce Io0po ciaraid ca JHTepaTypHHM
nonarma. > Ha Crmwmm 3.13., meMaTcky je mpuKkasaH HadHH 100ujamba 1,2-6uc(MMHIa30 I H-2-

MMUHO )ETaH JINTaHaa.

NH
R

R
J\ R R N — N_ R
, N TsO(CH,),0Ts | =N = ]
>__< — : N N
R 1]
, - Toluen, 15 h 90°C, 7 h 105°C I:I{ I R

BLMe: R =Me, R' = Me

R R

2h, mesanje | KO'Bu, THF

BL™": R =iPr, R'= Me R R
1Bu. — ' , | |
BL®B“ R=7Buy,R'=H R N N R
L~ =CT
' N N
R | | R
R R

Cruka 3.13. Cunmesa 6udenmanux muzanada BLR

ch\ /CH3 H3C\ CHg
CH; 1,30 ppm CIH CIH
CH; 1,86 ppm O N N-__~CHs
CH  4,77ppm [ = v I
CH, 4,24 ppm He” Y N NeH
/CH\ CH\
H3C CHa H3c/ CHs
—
_ ¥ U_
s, . i JLk_.J
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Cnuka 3.14. *H u *C NMR cnexmap cunmemucanoe 1,2-6uc(1, 3-0uusonponun-4,5-

OUMEMUTUMUOAZOJIUH-2-UMUHO) M AH.
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3.3.2. PeHAreHCKO-CTPYKTYPHA aHAIU3a [(TL®")PACI]CIOsn [(BLiPr)PdClz]

KOMILJIEKCA.

Kommiexe [(TL®Y)PACIICIO, cunrerncan je peaxmmjom TL™®Y mmramma ca PdCl, y
BOJIeHOj cpeannu Ha PH 5 u Tanoxen noparkom 3acuhenor pactBopa NaClO4. MoHokMHUYAaH
kpuctan [(TL®Y)PACI]CIO,; xommekca nobujeH je u3 ameroH/eTaHon pacTBopa. Molekyicka
cTpykrypa onpehena je mudpakuujom X-3paka. [loOujeHa cTpyKTypa KOMIUIEKca MpHUKa3aHa je

ga Cauuu 3.15.

oY

= C4
-@ A

C54

CT \. -

'|[,=} O
N3
C13(Y Yy C11

Cnuka 3.15. Cmpykmypa [(TL®")PACI]CIO, komnnexca.

Jenunnuna hemuja cacroju ce w3 [(TL®Y)PACI]" xarjona u ClO4” anjona, npn demy Hema
qmpexTHe Bese m3Mely Merana m mepxuopara. Y karjomy TL®' mmramm xoopmumoBaH je
tpugentatHo 3a Pd(ll), mok 4eTBpTO KOOpAMHAIIMOHO MecTo 3ay3uma xyopuia. CTpykrypa
KOMILIEKCca 6Iaro oJCTyNa OJ KOIUIAHAPHOCTH, TAKO Ja CyMa 4eTHpH CiS yria usHocu 360,6°.
Vrnosu Be3a N-Pd-N (80,90(10)° u 81.05(10)°) 3HauajHo cy MamK y oHOCY Ha yrao Bese N-Pd-
Cl (99,86(7)° u 98,74(7)°). Pd-N1 Be3a m3nocu 1,944(2) A, u kpaha je y oaHocy Ha Bese apyra
nBa azotoBa atoma u Pd(I)-jona, xoje m3Hoce 2,034(3) m 2,038(3) A. Jlyxwuua Bese Pd-Cl
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usHocu 2,3258(8) A. Cimuan Haumn koopmmHOBama youeH je kon kommiekca Cu(ll) tuma
[(TL®")CuCI]*.*** Mmunasonos mpere je 3ay3eo mepeHARKyIapHy OPHjCHTAI]Y y OQHOCY Ha
paBaH Koja je neduHHCAaHA METAJOM M Be3aMa KoOje je MeTal OCTBapuo, Ha INTa YKazyjy
MHTEpIUIaHAPHU YIII0BH KOju n3Hoce 86,2° u 88,1°.

Peaxumjom BL™ smramma ca [Pd(COD)ClL] y Terpaxuapodypany mobujen je
[(BL™)PACI,] xommuiexca kao Hapanmacro-upsenn mpax. "H NMR y  THF-dg nokasyje na je
porarja umuaazosoor npereHa oko N-C Bese ycropena Beh Ha coOHOj TemmnepaTypu, Ha IIITa
yKa3yjy JABa ayOiieTa Koja MOTHYY OJl AMjaCTePEOTOICKHX H3OMpONuiI MeTul rpyna. LpBeHu
KpPHCTall TOTOMHHM 3a aHanu3y audpakmujom  X-3paka. JloOujenu cy u3 THF/n-xekcan

pacTBOpa, a MoJeKyicka crpykrypa [(BL™)PACI,] kommiekca nprkasana je va Comrm 3.16.

Cuka 3.16. Cmpykmypa [(BL™)PAC,] komnnexca.

JIMMMUHCKY JIUTaH] KoopauHoBaH je ounmeHtatHo 3a Pd(ll)-jona ca yrimom Bese N1-Pd-
N2 ox 81,84(8)°. Komrmuiekc ozcTyma oj KOIUTAHAPHOCTHA MAKO CY JIMTAHAU OKO IajiaiijyMOBOT
aToMa pacropeheHr MOTHYHO IJIaHApHO, HA IITa yKa3yje cyma yriioBa Koja m3Hocu 360,0°.
JloGujene Bpennocty 3a nyxune Pd-N Besa cy 2,031(2) u 2,047(2) A u cimune cy Bpensoctuma
no6ujerum kox [(TL®Y)PACIICIO; kommimekca. M3pakeHa je NEpaMHAaIM3aldja a30TOBHX
atoma N1 u N2, mTo ce youaBa Ha OCHOBY CyMe€ YIJIOBa KOjU OKPYXKY]y TIOMEHYTE€ aTome, a
uzHoce 347,5° u 341,2°. IMua30yi0B MpCTEH OPHUJEHTUCAH je MEPIEeIUKYIapHO Y OJHOCY Ha

KoopauHaiony cdepy. Takole, youeH je WHTepIUIaHapHM yrao u3Mely JBa NpCTeHa Koju
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u3Hocu 18,2°. CimuHe CTpyKTypHE KapakTtepuctuke youeHe cy koa Pd(Il) xommekca koju
200

canpyku yurang 1,2-6uc(l,3-mtuMeTHIMMHTa30UH-2-UMHHO )eTaH.
3.3.3. Kunernka cyncrurymmonnx peakumja [(TL®Y)PACI]* kommiexcHor jona ca

OHOJIOIIKH AKTHBHHUM JIUMTAaHAUMA

Kunernka cyncrutynuje xmopuasor jora us [(TL®Y)PACI]" xommuiexca ca nurammnma
5’-GMP, L-met u L-xuc ucnurusana je y 0,1 M NaClO, y xoju je nogatr 10 mM NaCl na 298 K.
3a npahewe cyncrutynuonux peaknuja kopunthen je stopped-flow ypebhaj ca mpomensbrBoM
TeMIepaTypoM, MpH uemy je npaheHa mpomeHa arncopOaHile Ha oapeleHoj TanacHo] MYKUHU Y
¢ynkuuju BpemeHa. CBe CYNCTUTYIMOHE peakiifje M3ydaBaHE Cy Kao peakiuje nceyo0o-TpBOT
pena, Tako 1a je KOHIEHTpauuja Hykieoduia Owia Hajmame 10 myra Beha. NaCl je momar y
pacTBOp XJIOPUAO KOMILJIEKCAa KaKo OM ce crpednia crioHTana xuaponusa. CTpykTypHe popmyie
MIPOy4YaBaHOT KOMIUIEKca U Juranaaa nare cy Ha Coaunu 3.17. Jluranam cy onabpaHu Ha OCHOBY
pas3nuKa y HyKJIeo(pUIHOCTH, CTEPHOM e(eKTy U OMOJIONIKO] aKTUBHOCTH.

Koncranta Op3uHe nceyoo-nipBor pena, Kopsd, JUPEKTHO je MPOMOPIHOHAIHA

KOHIICHTpalUji HyKJIeouIIa, ITO ce MOKe BUAETH U3 jeaHaunne (3.3.3.1.).

Kobsd = K2[Nu] + k1 (3.3.3.1)

Cyncrutynpone peakimje [(TL®Y)PACI]" xommiexca onBumjajy ce mo [Ba KMHeTHUKa
MyTa, MITO je KAPAKTEpPHCTHIHO 3a BehHMHy KBaJpaTHO-MTAHAPHEX KOMIUIeKca.  ITyT JHpeKTHe
HywieopunHe cyncruryinuje Ha Illemm 3.2. OkapakTtepucaH je KoHCTaHTOM Kp, 1OK je
COJIBOJIMTHYKY ITyT OKapaTepucaH KoHcTaHTOM Kj. [ToBe3aHocT KoHCTaHTH Op3uHeE 3a 00a myTa

ca KOHCTaHTOM Op3HHE nceydo-TpBor pena, Kosd, Aata je jeanaunaom (3.3.3.1):

k
[(TLBYPACI] + L —— [(TLBY)PALP" + CI°
kg
H,0 g
[(TL")Pd(H,0)]**

L =5'-GMP, L-Met and L-His

Lllema 3.2.
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KOHIIeHTpanuje Hykieopuna (L).
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[(TLBYPACI* [(BL")PdCL,]
0
N (0]
)\ N OH
(IDI N N NH, </ |
'o—F|>—o o N NH,
o]
How nf
guanozin-5'-monofosfat L-histidin
0
S
H30/ OH
NH3
L-metionin

Cnuxa 3.17. Cmpykmyphe gpopmyne UCRUMUBAHUX KOMNIEKCA U TUSAHAOA.

Koncranra K; He 3aBuCH 0J KOHIEHTpaluje Hykjieo(duia, Majia je ¥ Majo JOMPHUHOCH

BpeOHOCTH Kohsg. KoHcTanTa Op3une npyror pena Ko, koja mpeactaBiba KOHCTaHTY Op3WHE

cyncruTynmje xaopuao jona w3 [(TL®Y)PACI]" kommmekca npeacrasmenn cy y Tabemn 3.7. u Ha
Cnuun 3.18.

nobuja ce wu3 Haruba TmpaBe 3aBUCHOCTH Kopsd

JloOujeHn eKCHEepUMEHTATHH pe3yJaTaTH 3a IpoLec
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Ta6ena 3.7. KoncranTa Gp3uue peakije Apyror peaa 3a npouec cyncrurymuje [(TLEY)PACI]*
komruiekca ca 5’-GMP, L-mer, L-xuc y 0,1 M NaClO4 u 10 mM NacCl.

k2298/M-l S-l klls-l
5’-GMP 30,30 £ 0,47 0,064+ 0,001
L-meT 80,76 £ 1,55 0,037+ 0,001
L-xuc 20,07 +£ 0,38 0,048+ 0,001

1.2

Kobsa/s™

0 0.004 0.008 0.012

Cnuxa 3.18. Koncmanma 6p3une peakyuje nceyoo-npgoe peda y QyHKyuju 00 KOHyeHmpayuje
nykneoduna 3a cyncmumyyuone peaxyuje [(TLB)PACI]* komnrexca y 0,1 M NaClO4 u 10 mM
NaCl na 298 K.

Ha ocHoBy pe3ynrara npukazanux y Tabenu 3.7. u Ha Ciunm 3.18. Moxe ce mpuMeTHTH
Ia je pemocien peakTUBHOCTM jmraHaga ciuenehu: L-mer > 5°-GMP > L-xuc. Hajseha
peakTUBHOCT L-MeT y onHOCy Ha Jpyra aBa KopuirheHa JUraHja O4YeKHBaHa je ¢ 003MpoM Ja
L-meT cnama y rpyny CyMIOp-Be3WBHHX Hykieopwmia u uMa Beiauku apunuter npema Pd(l1)
komiuiekcuma. Hanme, mosuaro je ma Pt(l1) u Pd(l1) mocenyjy Benuku apuHHUTET IpemMa CyMop-

. . 139,201
BE3MBHUM HYKJIEO(UINMAa, IITO je U MOKA3aHO Y MHOTUM PaHUJUM HUCTPAKHBAmHUMA. L-mer
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pearyje 4 myra Opxe y ogaocy Ha 5’-GMP u L-xuc. 5’-GMP u L-xuc umajy roToBO UACHTUYAH
pen peaktuBHocTH (Tabena 3.7.) ca Hemrro mano Behom peakruBHouthy 5°-GMP-a. Onu cy a30T-
JIOHOPCKU HYKJICO(WIH U MpeMa TOME MMajy Mambu adpuHHUTET 3a BesuBamwe ca Pt(I1) u Pd(I1)
KOMILICKCHMA.

Ha ocHOBY BpeHOCTH KOHCTAaTH Op3uHE CYNCTHTYLHOHUX PEaKlija KOMIJICKCHUX joHa
[Pd(dien)CI]* u [(TL®")PACI]* ca 5’-GMP, moxe ce MPUMETHTH JIa je KOHCTaHTa Op3uHe y
cinydajy cymetutynuonux peakmuja [Pd(dien)CI]" oko 100 myra Beha mero y ciydajy
[(TL®")PACI]*.?** Mana peaxruBHocT ncnmrtuBator kommiekca, [(TL®Y)PACI]* mocnemuna je

CTepHE 3aKJIOHEHOCTH YCIIEel IPUCYCTBA JIBE mepy-OyTHII TPy Y KOMIUICKCY.

3.3.4. lloTeHIHOMETPHjCKA HCTUTHBAKA

Kuceno-6asue pasrorexe [(TL®Y)Pd(H20)]* u [(BL™)Pd(H,0),]*" kommiekcHux joHa
Ka0 M KOMIUIEKCUPAmhE Yy TP KOMIIOHEHTHOM CHUCTEMHMa: KOMIUIEKCHH jOH ([(BLiPr)Pd(HZO)z]2+
i [(TL®Y)Pd(H,0)]*") /H* wm OH7 nurang (5’-GMP, L-mer mm L-Xuc), KapakTeprcaHu cy
($UTOBaKEM MOTEHIIMOMETPUJCKHX TUTPALMOHUX KPHBHX 33 Pa3IUUUTE KHUCEN0-0azHe MoJere.
Ha noyetky je OMJI0 HEOITXOAHO J1a c€ MPBO UCIHTA XUAPOIU3a KOMIUICKCHHUX jOHA IOJ] MTOTIIYHO
UJCHTUYHUM  EKCIIEPUMEHTATHUM YyCJIOBHMA, Kako OW ce HaKOH TOra HCIUTHUBAIO
KOMIUIEKCHUPAEe ca JIMraHauMa. BpeHOCTH KOHCTAaHTH JAWCOLIMjallMje JUTaHala y3eTe cy M3
nuTeparype,$2203:204

3a MOTEeHIMOMETPHjCKEe TUTpaluje KopumheHa je crakjieHa enekTponaa. Kao joncka
cpenuna kopuuthen je 0,1 M NaClO4 na 298,0 K. Kako Ou ce Hamrao MoJiel Koju Jiaje HajooJbe
Cllaralbe ca eKCIEePUMEHTAIIHUM MojanuMma Kopuithenu cy cienehn Mojenu KOMIUIEKca:
monomepw, (1, 1, 0); (1, 2, 0); (1, 1, 1); (1, 1, 2); (4, 2,1); (1, 2, 2); (1,1,-1), (1,1,-2) u mostumepH,
(2, 1, 0); (2, 2, 2); (2, 2, 1); (2,1,-1); (2,1,-1). Onu cy yKJbYYEHH Y KOMIIJYTEPCKH MPOTpamM
Hyperquad2006. Tokom pauyna ananutuuku napamerpu (Mo, Ho and Lo) Ounu cy KOHCTaHTHHU.
Kopunthene cy pasmuumre ctpateruje: 1) ¢ukcupane cy omabpaHe KOHCTaHTe Kako Ou ce
M0jeJHOCTaBHJIa ONTUMU3AIMja MPOLEAYpe 2) peayKoBaH Opoj eKCIEepUMEHTATHO NOOHjeHUX
Tayaka YKJby4yeHHMX y pauyH 3) ¢uroBaHM Ccy eKcHepuMeHTaaHM mogauu. CBaka TUTpanuja
TpeTupaHa je mojeanHadyHo. CBaku KOMIUIEKC MpoHal)eH TOKOM payyHa YKJbYYHMBaH j€ Kao

MOJIA3HU MOJIeN 3a Jasbu pauyH. Hajoossu Moaen onabpaH je Ha ocHOBY cienehux kputepujyma:
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1) najmama BpenHoct U, 2) cranaapaHa jAeBHjalfja 3a KOHCTaHTe cTaOwiIHOCTH Mawa ox 0,15

log jemmauna 3) cranapaHa AeBUjandja pe3uayana NoTeHIrjala JeuHIcaHa je Kao:

s = {eweT /(N —k)}1/2

riae je € Bektop pesuayana noteHnujana (Eops — Ecac), W je ,, Texxuncku matpukc’’, N je 0poj
nocmarpama u K je Opoj MpOMEHJbMBUX MapaMeTapa, MpH 4eMy je CTaHIapAHa JeBHjauuja y
ounTaBamy 3anpemune Gmra 0,0005 cm® a y oumraBamy mortenrmjana 0,1 mV. x2 (ITupcono
TECT) HaM yKa3yje KOJHKO je T00po (pUTOBame MOTCHIIMOMETPH]CKE TUTPAIlMOHE KpuBe, ca 95%
MOY3aHOCTH ca IIECT CTereHa cino0ojie, a u3HOCH Mame of 12,6. M3abpanu ceT KoMILIeKca, Kao
U onromapajyhe KOHCTaHTe CTaOMIHOCTH mpukazaHu cy y Tabemu 3.8. Ty cy takohe matu u

CTaTUCTHYKHU TapaMeTpH KOjU Ie(UHHUIICY KBATUTET PUTA.

3.3.4.1. Kuceno-6a3ua pasnorexa [(BL™")Pd(H,0),]*" u [(TL®YPd(H,0)]*"

KOMILJIEKCHX jOHA.

KoHncranTe xuaponuse [(BLiPr)Pd(HZO)z]2+ komIuiekca onapehene cy turpanujom 1,0 u
2,0 mM  pactBopa kommuiekca ca NaOH. IloreHumomerpujcku mojaanu (UTOBAHU CY
KopuihemeM pasuYuTUX KHceno-0a3Hux Mozena. [lokazano ce ga je HajOo/BM MOAEN, OHAj
koju y3uma y o03up cinenche xommiekce: (1,0,-1), (1,0,-2) u (2,0,-1), mro je mpukaszaHo

jenHaunHama 1- 4.

[(BL™Pd(H;0).]"" = [(BL™)Pd(H0)(OH)]" + H* (1)
100 10-1

[(BL™YPd(H,O)(OH)]" = [(BL™)Pd(OH),]* + H* (2)
10-1 10-2

[(BL™)Pd(H.0)2]*" + [(BL™Pd(H.0)(OH)]" +—

100 10-1
[(BL™)(H,0)Pd-(OH)-Pd(H,0)(BL™7J** + H,0 (3)
20-1
[(TL®YPA(H,0)]* = [(TL®Y)Pd(OH)]* + H* (4)
100 10-1
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Hob6ujerne pK, Bpennoctu mare cy Tabenu 3.8. pK, BpemHoctu 3a [(TL®")Pd(H,0)]**
KOMILIEKC u3HOocH 9,74, a 3a KOMILIEKC [(BLiPr)Pd(HZO)z]2+ pKa1 u pKy2 m3Hoce 6,18 u 10,07.
KoHcranTa paBHOTEX)E AMMEpHU3aIyje [(BL™)Pd(H20)2]*" xommnexca usuocu log K = 4,24
(=log P2o1 — 10g Pro-1). 3a cimuan kommexe, [Pd(bpma)H20]*, pKa ussocu 6,67,"* nok 3a
[Pd(dien)(H20)]*" usrocu 7,16.%° 3a [Pd(dien)(H.0)]** kommiekc no6ujeHa je 1 BpeaHoCT 3a
pKa ox 7,74.%° JloGujene pasmmumre pK, BpemHOCTH MOCIHEAWIA Cy pasTHUMTHX

205,206
WcnoutuBann

CKCIIEPUMEHTAIIHUX yCJIOBA, Ipe CBera TeMepaType M JOHCKE CHIIe.
[(TL®")Pd(H20)]*" komrekcH# joH y CBOjO] CTPYKTYPH Caapyi MHPHIMH, ali Takohe caapiku
U CTEPHO 3aKIIOHCHE JBE MMHUIA30JIU-2-UMUHO JEAWHHIIE Ca jaKOM EJIEKTPOH-IOHOPCKOM
cnocoononrthy. Ha ocHoBy Tora, moxke ce pehu nma mobujena BpemgHocT 3a PK, je mocnenuia
EJIEKTPOHCKUX U CTPYKTYPHHX KapaKTEpPHCTHKA OBOT jeaumera. JloOujeHa pa3inyura BpeaHOCT
3a pKa1 32 KOMIUIEKCHH jOH [(BLiPr)Pd(HZO)z]2+ y OJJHOCY Ha BpeaHOCTH 3a PKj1 32 KOMIUIEKCHA
jor [Pd(en)(H20)2]* (pKar = 5.15) u [PA(AEP)(H20)2]*" (pKar = 4,59),2"*® je mocrenuua jake
€JIEKTPOH-IOHOPCKE CIIOCOOHOCTH UMUA30JINH-2-UMHUHA.

JuctpuOyMonn  aujarpam 3a Ipolec  XUAPOJIM3e KOMIUICKCHUX  jOHa
[(TL®YPA(H0)]* u  [(BL™)Pd(H.0)]** npuka3ad je Ha Cmunu 3.19. Konmenrtpamwmja
monoxuapokco xommrekca(l,0,-1) koju motmue ox kommiekca [(TL®Y)Pd(H20)]%, pacre ca
nopactom PH. Koa koMIiekcHOT joHa [(BL™Pd(H20),]*" y pH o6mactu uzmely 2 u 10 mocroje
nBa komiuiekca, U-xuapokco (2,0,-1) u monoxuapokco (1,0,-1). KonueHrparuja -XHUAPOKCO,
(2,0,-1), xommiekca pacte a0 PH 6 u mpernocraBiba ce Ja HAcTaje JAMMEPH3AIH]jOM
[(BL™)Pd(H20),]*" u [(BL™)Pd(H,0)(OH)]*  xoMIuiekcHHX joHA, Kao IITO je MMKA3aHO

jemHadnHOM 4.
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Cnuka 3.19. Jucmpubyyuja pazniudumux KomnieKcHux yecmuya y ¢yuxyuju oo pH 3a

[(TL®)Pd(H,0)]** (2 mM) . [(BL™)Pd(H.0),]%" (2 mM) na 298 K.

Tabena 3.8. KoucranTe cTaOMIHOCTH KOMIUIEKCA HACTAIMX Yy peaknuju  u3Mmehy
[(BL™)Pd(H,0).]*" u [(TL®)Pd(H,0)]*" ca 5-GMP, L-xuc u L-mer y 0,1 M NaClO, ua 298
K.

log fpar+ 0

KoM [(BL™")Pd(H,0),]* [(TL®)Pd(H,0)1**

(p.a.) 5"-GMP Lxic  Lemer 5-GMP  Lxmc  L-wer

(1,0-1)  -618(5) 9,74(2)

(1,0-2)  -16.25(7)

20-1)  -194()

(1,1,0) 861(6)  7.235)  618(7) 6,35(7) 483(7) 433(2)

(1,1,1) 15949)  14,12(7)  13,89(8) 14,61(5)

(1,1,2) 2054(9)  18,94(9)  19,85(9) 14,23(9)

2 2 2 2 _ 2 _ 2 _

Cremucr. © iy 1270 1265 L gy 1350 104 1271 1264

s=1,23 s=2,24 §s=163 s=124 s=196 s=2,07
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Tabena 3.9. Jlobujene pK, BpeaHocTH 3a M3ydyaBaHE KOMILUIEKCHE jOHE [(TL®"Pd(H,0)]*" u

[(BL™YPd(H,0),]*.

pKal pKaZ
[(TL®)Pd(H.0)]* 9,74 /
[(BL"™")Pd(H,0).I** 6,18 10,07

3.3.4.2. Kommiekcupame [(TL®YPd(H20)]*" ca 5’-GMP mam L-mer mim L-xuc.

Koncrante  crabunmHocTH — KomIuiekca — onapehuBaHe cy  TUTpalMjoM — CMeIle
[(TL®Pd(H,0)]*" (1,0 mM) koMmILIekcHOr jona ca nmuranguma (5°-GMP, L-met win L-xuc) y
onHocy 1:1 mmm 1:2 (meran : nmrana). PaBHoTexe 3a komriuiekce ommte dopmyne MplqH,
(M = [(TL®Pd(H,0)]*, L = 5-GMP, L-mer wm L-xuc) onpehuBane cy kopumhemem
nporpama HYPERQUADZ2006.

JloOujeHe BPEAHOCTH KOHCTAHTH CTAOWJIHOCTH 32 WCIUTHUBAHU [(TLtB“)Pd(HZO)]2+
KOMILIEKCHH joH nate cy y Tabemn 3.8. Pesyrraru 3a [(TL®")Pd(H,0)]**-L cucrem ykasyjy Ha
To na je momio a0 Qopmupama 1l:1 koMmIuiekca, ka0 M MPOTOHOBAHUX M HEMPOTOHOBAHUX
oOmuka. JluctpubynnoHu nujarpam QGopmHpama KOMIUIEKCHUX YECTHLAa y peakuuju usmely
[(TL®)Pd(H,0)]*" u 5’-GMP, L-xuc u L-mer naru cy na Ciuuu 3.20.

ITo3znaro je na ce 5’-GMP koopaunyje 3a jone metana npexko N1 u N7 atoma, anu Takohe
Ia je KoopauHOBame mpeko N; aroma y HeyTpaaHO] MM OJaro KHCENOj CpeIuHU
daBopuzosano.’%?® L-xuc je TpWAEHTATHH JMraHI KOjU MMa aMHHO TPyIy, MMHIA3071 H
KapOOKCHIIHY TpyIy Kao Moryha MecTa 3a KoopauHOBame. L-xuc ce koopaunyje Hajuenthe kao
TJIMIUH WK Ka0 XUCTHIMH. Y OHUOJIOIIKAM CHCTEMHMA IMIOCTOjU BETUKU OpOj METano-mpoTenHa,
y KOjiMa Cy jOHH MeTalia Be3aHH 3a HMHIA30.1 W3 XucTHanHa pexo Np mmn Na '8318

Ha Cnumm 3.20. Moxe ce youuTu J1a KoMIulekcupame ca 5’-GMP mounme roToBo Ha
caMOM TIOYETKy THUTpanuje kama Hacraje komruiekc (1,1,1), koju MakCUMyM KOHIICHTpAIIHje
noctmxke Ha PH 6. Kommiekc (1,1,0) moumme na ce cdopmupa Ha pH 6 u Makcumym
KoHIleHTpanuje noctmwke Ha PH oko 11. 5’-GMP ¢opmupa y pactBopy IpOTOHOBaHH KOMILIEKC

(1,1,1), npu uemy je pK; Bpeanoct Hactaor npotonoBaHor komriekca 8,25 (logfiia — 10gfi10).

93



pe3yamamu u duckycuja pezyamama

Kox peaknuja xomruiekcupama ca L-xuc, xommiekc (1,1,0) nacraje Ha pH 5 u makcumym

noctmxke Ha pH 9,5. Xuapokco koMruieke mpucyras je Ha PH Behem ox 9.

5’ GMP L-xuc
100 S 100 R
110
gy - \100 B
T
BO ~ B0~
o.\:s E"Eg
40 40 -
2 e 0.1
0 . : : = o e .
4 & pH B 10 & & pH 10 12
L-meT
100
100

80 -

60 ~

£

40

4 V112
20 ~
G A H ¥
4 g pH 3 10 12

Cnuxa 3.20. JJucmpubyyuja pazruuumux KomniekcHux uecmuya y @yuxyuju 00 pH 3a
[(TL®)PA(H.0)]*" - L, 1 : 2 cucmem: L = 5-GMP, L-xuc u L-wem na 298 K.
CrrLuypdrHzo)2+ = 1,0 MM CL = 2,0 mM.

L-mer ¢popmupa kommuieke (1,1,0) moueBmu ox pH 5, n1a 6u MakcUMyM KOHIICHTpaIuje
nocturao Ha PH 9. Xuapokco kommieke npucytan je na PH Behem ox 9. Kommuekc (1,1,2)
INPUCYTaH je OJ caMor IOYeTKa THTpaluje, ca MAKCUMyMOM KOHIIGHTpalMje Ha MOYETKY
TUTpaIyje, 1a OU HaKOH TOra KOHIIEHTpallMja KOMILJIEKca y pacTBopy onaza jao pH 5.

YnopehuBamem gooOujeHux Bpeanoctu l0gfii1o (Tabenma 3.8.) 3a peakiuje
KomIuiekcupama ca 5’-GMP, L-xuc u L-mer Buau ce aa HajcTaOMIHHMjU KOMIUIEKC HAcTaje y

peakuuju ca 5’-GMP, a 3arum ca L-xuc u L-mer. Pd(Il) u Pt(Il) umajy uspaxen apunuter 3a
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BE3MBAE CA CyMIIOP-IOHOPHMA M a30T-IOHOpHMa.'’ VCTambeHO je MHUIUbEHE 1a ce MPBO
¢dopmupa Beza u3mely Pt(ll) jona u cymmop-noHopckor Hykieodwuia, a Aa 3aTUM JI0JIa3u JI0
packuama MOMEHYTE Be3€ M CTBapama TEPMOJAWHAMHUYKM CTAOMIIHUJeT MPOM3BOJA Y KOME je
ocrapera Besa Pt(11)-JIHK.'®" JI®T wuspauynaBama mokasana cy kommko je Pt-Nz(Gua)
npou3Boj cTabmwimHHjU y oxaHocy Ha Pt-S(tmoerap) mnpomssox. (B3LYP/LANL2DZp)
u3pauyHaBama 3a komiiekce Cis-[Pt(NHs)2Cly], [Pt(en)Cl;] u [Pt(dach)Cl;] mokasano ce na je 3a
NPBU KOpaK CYNCTUTYIIMOHE peakiuje y racHoj ¢a3u yrepheno je na je Pt-N7(Gua) crabunauju y
omHocy Ha Pt-S(tmoerap) 3a 31 mo 33 kcal/mol, a 3a npyru xopak CyncTHTYyLMOHE peakuuje

210
l.

crabmwiauju 3a 32 no 34 kcal/mo W3pauyHnaBama 3aucrta TOTBphyjy eKcriepuMeHTHMa

npumeheny cyncrurymujy Pt-S(troerap) npoussoza ca N7(5’-GMP). 2%

3.3.4.3. Komiuiekcupame [(BL™")Pd(H,0)2]*" ca 5’-GMP nan L-mer win L-xuc.

Koncrante  crabumHocTH — KomIuiekca — onapehuBaHe cy  TUTpalMjoM — CMelle
[(BL™)Pd(H20)2]* (1,0 mM) kommuiekcHor jona ca nuranauma (5’-GMP wnu L-met wimm L-
xuc) y ogrocy 1:1 mim 1:2 (mertan : nurann). PaBHoTexe 3a Kommuiekce ommrre Gopmyne MyLqH:
(M = [(BL™Pd(H20):]*", L = 5°-GMP, L-mer mm L-xuc) onpehuBane cy xopunrhemeM
nporpama HYPERQUADZ2006.

3a  cucrem [(BL™)Pd(H,0),]*-L eKCIIEPUMEHTATHU  MoJalu  JOOHWjeHH
MOTEHIIMOMETPHJCKOM THTpauujoM (GHUTOBAHU Cy y3uUMajyhu y o0O03Mp pasiauyuTe MOJeIe.
Mopenu koju cy Aanu Hajoosbe cnarame natu ¢y y Tabenu 3.8. HajnpuxBaTibuBUjU MOJAETH CY
komIutiekcu ca cienchum xoeunujentuma: (1,1,2), (1,1,1) u (1,1,0). Juctpubyunonu aujarpam
dopMupama KOMIUICKCHHX decTHia y peakimju msmehy [(BL™)PA(H20).]** u  5’-GMP,
L-xuc u L-mer gar je va Crnunu 3.21.

Ca mucTpubyImoHor aujarpama dopmupama kommiekca mmehy [(BLT)PA(H.0):]* u
5-GMP, Buau ce ma cy y kwucenoj cpeaunu nomuHaHtHe Bpere cy (1,1,2) m (1,1,1) ca
NPOTOHOBaHMM MoJieKynoMm 5’-GMP. Makcumanny xonueHtpauujy (1,1,1) xoMIuieke nocTike
oko pH 6. Ha pH Bpemnoctu u3Han 6, moumme na ce ¢dopmupa komrwieke (1,1,0), na Oum
MakCUMyM KoHIleHTpanuje aocturao Ha PH 9.5. Xumpokco xommiekcu (1,0,-1) u (1,0,-2)

IIPUCYTHHM Cy y pacTBopy Ha PH n3nan 10.
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L-xmc

100

28

Cnuxa 3.21. Jlucmpubyyuja paziuuumux KOMRIIeKCHUX wecmuya y @yuxyuju 00 pH 3a
[(BL™PA(H.0).]*" - L, cucmem: L = 5-GMP wmu L-mem wm L-xuc na 298 K.
Cr@LipnpdH20)212+ = 1,0 MM C_ = 2,0 mM.

L-xuc, takohe ¢opmupa nBa komiuiekca y kucenoj cpemurn u 1o (1,1,2) u (1,1,1).
dopmupame KoMIUIeKca ca aenpoToHoBanuM jmranaoMm (1,1,0) mounme o pH 5, na 6u ox pH 7
y pactBOopy mouenu jaa Hacrajy xuapokco kommiekcu (1,0,-1) u (1,0,-2). L-mer y kucenoj
cpenunu takohe popmmpa nBa kommiekca (1,1,2) u (1,1,1). Ox pH 6 mpucyran je KOMIUIEKC
(1,1,0) a makcumyM KoHIeHTpanuje nomTmwke Ha PH 8.5. Xuapokco KOMILICKCH TM0jaBJbYjy ce
Ha pH u3Han 6.

Kommuieke koju Hactaje peakuujom ca 5’-GMP je ctabuiaHHju y OJHOCY Ha KOMILIEKCE
koju Hacrajy ca L-xuc m L-mer (logfpqr, Tabema 3.8.). Ymopehyjyhu Bpemnoctn l0gfi 1,0

(Tabema 3.8.) MOke ce YOUUTH Cy KOMILJIEKCH KOjU HACTajy ca [(BL™Pd(H20),]*" CTaOWITHH]U Yy
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OJIHOCY Ha KOMIUIEKCEe KOjU HacTajy ca [(TL®YPd(H,0)]* y Ccily4ajy CBa TPH HCIUTHUBaHA

muranga (5°-GMP, L-met nm L-xuc).

3.4. Pe3yniTaTH 100MjeHH MCIUTHBAKEM KHHETHKE M MeXaHH3Ma CyNCTHTYNHOHHX
peakmmja [PtCl(bpma)]" wu [Pt(bpma)(H.0)]* kommaexcHnx joma ca

1,2,4-Tpua3oJioM, NMPA30J10M ¥ MHUPUAAZHHOM

Cyncrurymuore peaxumje [PtCl(bpma)]” u  [Pt(bpma)(H20)]** kxommutekcrux joHa ca
1,2,4-tpuazonom, MUPa30JIOM U MUPUAA3MHOM IpOoydaBaHe Cy crnekTpodoromerpujcku y 0,1 M
NaClO, na tpu temmeparype (288, 298 m 308 K). Peakuuje akBa KOMIUICKCHOT jOHA,
[Pt(bpma)(H20)]**, cy usyuasane ua pH = 2,5. Oa pH BpearocT je mogemena nogarkom 0,1 M
HCIO,, y pacTBop xnopuno komminekca. Y pactsop [PtCl(bpma)]” xommnekcHor jona momart je
10 mM NaCl, xako Ou ce crnpeumna xunposnsa komiuiekca. Ha Crmumm 3.22. mpukaszaHe cy

CTPYKTYpHE (popMylie TpOydyaBaHUX KOMILIEKCA U IMTaHA 1a.

B H 7 _ 2+
| H
atly |
N—Pt—N / \ | o
N—Pt—N
B | OH,
[PtCl(bpma)]* [Pt(bpma)H,0]>*
y . y
v W
\ / iy /N L,{
pirazol piridazin 1,2 4-triazol

Cnuka 3.22. Cmpykmypue gopmyne xomnaexca [PtCl(bpma)]* u [Pt(bpma)H.0]* u

aueanada 1,2,4-mpuasona, nupuoazuna u nupazond.
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Illemom 3.3. mpukaszan je mpouec cymctutynuje [PtCl(bpma)]” xommexca ca 1,2,4-

TPUA30JIOM, MUPA30JIOM U IMUPUIA3UHOM.

k
[Pt(bpma)CI[* + L ——=— [Pt(bpma)L]>* + CI
kl
H,0 s
[Pt(bpma)H,0]>"

Llema 3.3. L = 1,2,4-mpua3zon, nupazon u nupuoasun

Ha ocnoBy Illeme 3.3. Moxe ce BHIETH Ja C€ MPOLEC CYINCTUTYIMje OABHja 1O JBa KMHETUYKA
MyTa, MTO je KAPaKTEPHCTHUHO 3a KBAJPATHO-TLIAHAPHE KOMIUIeKce.. CBAKM KMHETHUKH YT je
OKapaKTepucaH KOHCTaHTama Op3uHe, K, Koja mpeicraBjba KOHCTAHTY Op3WHE JUPEKTHE
peakije u K; Koja mpeacTaBiba KOHCTaHTy Op3WHE peakiyje Koja ce OJaurpaBa IO
COJIBOJIUTUYKOM MYTY.

Koncranra Op3uHe nceyoo-npBoOr pena MmoBe3aHa je ca KoHcTaHTama Ko u Ki cienehom
JeTHAaYUHOM:

Kobsa = K1 + Ko [L] (3.4.1)

Ha Couum 3.23. mpuka3zaHu Cy eKCHEpHUMEHTATHO NOOMjeHH pe3yiTaTd 3aBUCHOCTHU
KOHCTaHTe Kobsg O KOHIEHTparmje Hykneopmuma 3a peakuuje [PtCl(bpma)]” ca nurammuma

1,2,4-Tpuazonom, MTUPa30JIOM U TUPUAA3MHOM Ha TPH TEMIEpaType.
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107K, p5a/S™ 10 Kopea/s™!

Pirazol g Piridazin

»

288.1K

"

10[pirazol]/M 102[piridazin]/M

0.00 0.50 1.00 1.50 2.00 2.50 0.00 0.50 1.00 1.50 2.00 2.50

10%Kopsd/s™

1,2,4-triazol

102[1,2,4-triazol]/M

0.0 0.5 1.0 1.5 2.0 2.5

Cnuxa 3.23. 3asuchocm KoHcmawme Op3uHe peakyuje nceyoo-npeoz peod, kopsd 00
Konyenmpayuje aueanoa 3a peaxywjy cyncmumyyuje [PtCl(bpma)]T ca aueanouma

1,2,4-mpuazonom, nupuoasurnom u nupazoiom y 0,1 M NaClOsu 10 mM NacCl.

3a cBe TmpoydyaBaHE CYINCTUTYIHMOHE peakiMje 3aBUCHOCT KOHCTAHTE Kopsg O
KOHIIEHTpallje Hykieopuna je JIuHeapHa Ha cBe Tpu Temreparype, Crnuka 3.23. KoHcranta
Op3uHe Apyror pena, Ko, koja kapaktepuiie Op3uHy HacTajama MPOU3BOA, TOOHja ce U3 Harnoa
npaBe 3aBUCHOCTH KOHCTaHTE Kopsg OJ1 KOHIIEHTparuje Hykieoduna. [Ipahemem peakuuja Ha Tpu
Temmepatype oMoryhmno je ompehuBame akTuBanmonux mapamerapa AH” um AS”. Jlobujene
BpPEIHOCTH KOHCTAaHTW Op3WHE, Ka0 M aKTUBAIMOHUX Ilapamerapa 3a Mpoy4daBaHHM IPOIEC

cyrncrutyiuje, aare cy Tadenu 3.10.
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Tabena 3.10. Koncrante Op3uHE W aKTUBAIMOHU MapaMeTpu 3a peakluje CYNCTHTYLH]e
[PtCl(bpma)]" u [Pt(bpma)(H.0)]*" kommnexcHux jona ca 1,2,4-Tpua3onioMm, MUPA30JIOM H

nupuaazuHom y 0,1 M NaClO..

[PtCl(bpma)]*
A T ks 10°k, AH? AS?
nm K M5t st kJmol™ JKmol?
MPa3ol 268 288,1 0,05 + 0,002 0,29 £ 0,02
298,0 0,07 + 0,003 0,50 + 0,04 15+2 2177
308,1 0,08 + 0,002 1,10 £ 0,02
MUPUIA3UH 267 288,0 0,11 +0,01 0,38 £ 0,07
298,0 0,15+0,01 0,66 + 0,06 12+3 -221+£13
308,0 0,17 £ 0,01 1,47 £0,09
1,2,4- 253 288,1 0,27 £ 0,01 0,42 +£0,01
TPHA30I 298,0 0,42 £0,01 0,52 £ 0,01 22+ 4 -179+ 14
308,1 0,52 +£0,01 1,15+ 0,01
[Pt(bpma)H,0T**
A T ky 107k 4 AH? AS” Ky
nm K M5t st kJmol™ JKmol?
UPa3on 330 288,0 0,59 + 0,06 0,72 £ 0,08
298,1 0,69 + 0,03 1,10+ 0,04 10+1 212 +4 62,72
308,0 0,84 + 0,03 1,59 +£0,02
MUPUIa3HH 431 288,0 0,61 +0,03 0,01 +0,003
298,0 0,81 +0,02 0,22 £ 0,02 41+8 -129 £ 26 368,18
308,1 0,96 + 0,02 0,41 +0,02
1,2,4- 360 288,1 1,31+0,04 0,17 £ 0,06
TPHA30I 298,0 2,21 +£0,03 0,26 + 0,04 293 -142 £ 11 850
308,1 3,07+0,10 0,42 £ 0,10

Ha ocnoBy Bpeanoctu npukazanux y Tabemu 3.10. moxe ce Buaetu aa cy KopuurheHu
JauraHg  ao0pu ynasHu juraHgu y nponecy cymcrutyiuje Pt(l1). Hajpehy peaktuBHOCT ont
NpOy4YaBaHUX JUraHajaa nokasyje 1,2,4-Tpuas3on, 3aTUM NUpHAA3MH Ta nupason. JobujeHu pex

11

PEaKTHBHOCTH je y CKiagy ca kucenomhy H CTPYKTYpoM mpoydaBaHux imuranama,’’ pKa
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2.18! Takohe

BpenocT 3a 1,2,4-tpuazon uzHocu 2,30, 3a mupupasuH 2,33 u 3a nupazon 2,5
1,2,4-Tpuazon je meTOYWIaH! MIPCTEH, JOK Cy MUPHUAA3HH U MTUPA30JI IMIECTOUJIAHH IPCTCHOBH.
CymncTutynimoHe  peakiyje akBa  KOMIUIEKCHHUX  joHa [Pt(bpma)(H,0)]** ca

1,2,4-Tpuazonom, NUPa30JIOM U TUPUAA3HHOM OJUTPABAjy Ce MPeMa JaToj jeAHAYNHU:

ky

[Pt(bpma)H,0]*" + L [Pt(bpma)L]*" + H,O (3.4.1)

-1
y K0joj K1 mpencraBiba KOHCTAaHTY Op3MHE AMPEKTHE peakiuje, MoK K-1 mpeacraBiba KOHCTAHTY
Op3uHe noBpatHe peaknuje. Koncranra 6p3une peakiuje apyror pena Ki oapehyje ce u3 Haruba
npaBe 3aBUCHOCTH Kopsg O KOHIEHTpamnuje HykiIeodmna. ExcnepumentanHo moOujeHe

BPEIHOCTH 3aBUCHOCTH Kopsg O/ KOHIIEHTpaluje Hykieoduia npencraBibere cy Ha Cuim 3.24.

10K psalS™ 10%K psals™
4 Pirazol

Piridazin

[

o

10?[pirazol}/M 10%[piridazin}/M |

0.0 0.5 1.0 15 2.0 25 00 0.5 1.0 1.5 2.0 25

10%K,p59/s™

1,2,4-triazol

107[1,2 4-triazol]/M

0.0 0.5 1.0 1.5 2.0 25
Cnuxa 3.24. 3asuchocm KoHcmawme Op3uHe peakyuje nceyoo-npeoz peod, kopsd 00

Konyenmpayuje nueanda 3a peaxyuwjy cyncmumyyuje [Pt(bpma)H.01% ca  nueanouma

1,2,4- mpuazonom, nupudazurnom, nupazonrom va pH=2,5y 0,1 M NaClOj.

101



pe3yamamu u duckycuja pezyamama

[ToBe3aHOCT KOHCTaHTE Op3WHE peakije APYyror pena Ki ca KOHCTAHTOM nceydo-TIPBOT

pena Kopsd 1aTa je jennauntom (3.4.2):

Kops = K1 + ki [L] (3.4.2)

JloOGujeHe BpEeAHOCTH KOHCTaHTU Op3WHE, Ka0 M aKTUBAIMOHUX IapaMeTapa 3a CYNCTUTYLHOHE
peaxuuje [Pt(bpma)(H20)]* ca 1,2,4-TprazosioM, THPa30I0M U MHPUAASHHOM, 1ate ¢y y Tabemnn
3.10.

Pen peaktuBHOCTH KoOpWIIheHHX JIUTaHaJa TPH CYNCTHTYHMOHUM peakiujama
[Pt(bpma)(H20)]** komIIekcHEX joHa HetH je kao y ciaydajy [PtCl(bpma)]* kommekcHor joHa.
Kopuurthenu a3onu u 1ua3uHu Cy KUCENMHE, 1A je CAMUM TUM HBHXOBa HYKJICO(DUITHOCT MOBE3aHa
ca criocoGromly fa majy nporon. Peakmmije [Pt(bpma)(H,0)]** xomriexcHor jona n3yuaBane cy
Ha pH 2,5. Ha oBoj pH BpenHocTu cBa Tpu JMrasja cy JAENPOTOHOBAHA, IITO UX YHMHU JOOPUM
ynasauM smrapauma. Cynerurynpone peakumje [Pt(bpma)(H20)]* kommiekcHux jona Hucy
MorJIe Ja ce mpoydaBajy Ha PH BpenHoctn HMXKOj o1 2,5, jep OM ce y TOM ciydajy U MOJa3HH
[Pt(bpma)(H.0)]** komiexcHu JOH TIOHAIIao Kao kucennna.’® [Tpumeheno je moOpo cnarame
no6MjeHnX pesynTata 3a cyncturymuoHe peaxmuje [PtCl(bpma)]t wu [Pt(bpma)(H.0)]**

140,182
Moutekyn Boae

KOMILUICKCHUX jOHa ca TOJaliMa U3 JIMTepaTrype 3a CIUYHE KOMILICKCE.
koopaunaoBaH 3a Pt(I1) u Pd(Il) jone je naGunan Jurang u J1ako MOJUIOKAH CYIICTUTYLHUH jauuM
nykreopurom,’> mro je M YowsHBO Ha OCHOBYy mojaraka naatux y Tabemum 3.9.
[Pt(bpma)(H20)]** komIIekcHH joH pearyje Gpike y OAHOCY Ha H3ydaBaHH XJIOPH/I0 KOMILIEKC.
PeakTuBHOCT KOMILIEKca Koju cazapke nHepTHU TpyraeHTaTuHH NNN-moHOpCKHM nuranpg
ca MUPUAMHCKUAM TIPCTEHOM Yy BEJIMKOj MEpU 3aBUCH O]l Opoja M AUCTpHOyLHje MUPHIUHCKUX
HpCTeHOBa.72 [PtCI(bpma)]* u [Pt(bpma)(H.0)]* camp)ke JBa MHUPUAMHCKA TMPCTeHA Y CIS
nonoxajy y omHocy Ha ognasehy rpymy. Hacympor osum kommiekcuma [PtCl(dien)]”

KOMILJIEKCHOT jJOHA, Ka0 U HETOB aKBa aHAJIOT, HE CaJpKe MUPHUINHCKU MPCTEH U pearyjy 3HaTHO

cropuje y 0JIHOCYy Ha mpoydaBanu bpma xomriekc, Tabena 3.11.
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y 0,1 M NaCIOx.
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[Pt(dien)H,0]*"*

10%ky/M™*s%(298 K)

[PtCI(dien)]"

10%/M s k(298 K)

1,2,4-tpuazon 21,80+ 0,5 7,12 £ 0,03

NUpUIa3UH 10,30 £ 0,11 1,29 + 0,07

TUPa30JI 3,88 £ 0,02 1,29 + 0,07
[Pt(bpma)H,0]** [PtCl(bpma)]”

ki/M?*s?(298 K)

ko/M?*s(298 K)

1,2,4-tpuazon 2,21 +0,04 0,42 +0,01
MUPUIa3HH 0,80 + 0,02 0,15+0,01
UPa3oi 0,69 +£0,03 0,07 £ 0,002

Ped. 182

[MpucyctBo mnupuauHckor mnpcrena y komiuiekcy Pt(l1) u Pd(ll) jona mnosehasa
eJIEKTPO(MIIHOCT joHA MeTaia, IMITO HAacTaje Kao MOCJIEANIA MO3UTUBHOT WHAYKTHBHOT e(eKTa
NUPUINHA, Tj. TUPUAUH UMa CIIOCOOHOCT Mpey3uMaba Jieja HaeJeKTpUcama ca MeTana, YnHehu
jOH Meraia jorr no3utuBHUjUM. Komiuiekcu ca bpma nurannom nokasyjy BeIMKy peakTUBHOCT U
300r T-TIOBpaTHE JOHAILIMje EJIEKTPOHCKE T'YCTHHE ca YJIa3HOT JIMTaHAa, IITO JOBOAU [0
cTabuiu3alyje Ipena3Hor CTama KBajJpaTHE-OMNMUpaMHIE Yy OJHOCY Ha OCHOBHO CTambe.
PeaktuBHocT komiiekca Pt(I1) ca maeptHum tpumentatHuM NNN-IOHOPCKMM JIMTaHIOM pacte
cienehuM pemom: aaa < apa < aap < pap < app < ppp (a mpeacraB/ba aMHUHCKY Tpymy, P
IIpeACTaBIba HI/IpI/I,Z[I/IH).72 [MpoyuaBanu bpma komruiekcu mokazamu cy oko 10 myra Behy
peaktuBHOCT y mnopehemy ca dien kommiekcuma, mTO ce A0OpO Cliaxe ca mojanuma u3

72
JUTEpaType.
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Ha ocHOBy paHuje myOnmKoBaHUX pe3ydarata 3a cyncrutyiuoHe peakiuje Pd(l1)
kommexca’®, npumehyje ce 1a je pea peakTUBHOCTH juraHana uctu kao u kox Pt(I1), kao u na
je bpma kommuiekc Takohe peaxtuBHuju on dien xomruiekca. Pd(ll) xommiuekcHa jenumerma
MOKa3yjy BEJIUKY CIMYHOCT Y XeMH]CKOM ToHaIamwy ca Pt(l1) kommiekcHIM jeumbemuma, ma ce
300r TOora KoMmIuiekcHa jeaumema Pd(Il) uecro kopucre kKao Mozaenu 3a TpPOydYaBambE
MHTEPAKIMja ca pasTHanTuM HyKIeodumnMa jep pearyjy 10%-10° myra Gpixe y oxmocy na Pt(Il)
xomrmrekce. 2" Yopelyjyhn ocobune jona merana, BumbiBo je aa Pt(ll) jou cmama y rpymy
MeKIux kucenuHa y ognocy Ha Pd(I1). Camum tam  Pt(11)-Cl Besa y [PtCI(bpma)]* crabunnuja
je y omHocy Ha ucty Besy y [PdCI(bpma)]’. CxomHo Tome u cymcrutynmone peakuuje Pt(l1)
komiexca cy 10° myra cnopuje. Onnoc peaxrusrocrtu [Pt(bpma)(H20)]%* u [Pd(bpma)(H20)]**
je 10,

Jlobujere BpemnHOCTH akTHBAMOHMX mapamerapa AH” i AS” mpuxasamu cy y Tabemu
3.10. 3uauajuo HeraTuBHe BpeaHOCTH AS” yKasyjy Ha acouMjaTMBHH MexaHm3aM. JloOHjeHH

140,182
pe3yiTatu 100po ce ciaaxy ca MmojanuMa u3 JUTepaType.
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3AK/bYHUAK

3ak/byuak

Ha ocHoBYy no0OujeHNX pe3ynraTa y OKBHPY OBE JOKTOPCKE IUCEepTaIje MOTY € U3BECTH

cnenehu 3aKspydnu:

Pesyﬂmamu ucnumuearba@ KuUHEemuUKe U mexanuima Cyncmumyuuonux peakuuja

[PtCI(bpma)]” u [PtCI(gly-met-S,N,N)] u muxosux axea ananoza ca L-mem, GSH u 5’-GMP

YKasyjy oa:

u3y4aBaHu cymrop-moHopcku yuranau (L-mer u GSH) umajy Benuku apuHUTET 32
xommtexce [PtCl(bpma)]* u [PtCI(gly-met-S,N,N)] u muxoBse axBa aHasnore.

L-mert je 6osbu HYKIeodun y ogaocy Ha GSH.

Kommexcuu jon [PtCl(bpma)]” je peaxtusuuju y omuocy na [PtCI(gly-met-S,N,N)]
komIuiekc. Takohe, akBa KOMIUIEKCH Cy PEAaKTUBHHUJU y OJHOCY Ha XJIOPHIO
KOMILJICKCE.

AKTHBAallMOHU TIApaMETPU 3a CBE MOCMAaTpaHe peakiyje yKa3yjy Ha acOLHUjaTHBHH
MEXaHH3aM CYICTHTYIH]E.

JDT u3pauyHaBama Cy mokasajia ja je ryaHuH koopauHanmja 3a LsPt (Ls: terpy,
bpma, dien, gly-met-N,N,S) daBopu3zoBanuja y onHOCY Ha KOOpIMHAIM]Y THOETpA Y
cBuM ciydajeBuma. OBUM je moTBpheHo ja je Tpanchopmanuja u3 Pt-S (tmoerap) y

Pt-N7 xoopaunanujy yobudajeH mporec.

Pesynmamu 0obujenu ucnumuearem peakuuja OUGYHKUUOHATHUX KOMNJIEKCA

Pt(Il) ca 1,2,4-mpuaszonom, L-xuc u 5’-GMP ykazyjy oa:

105

HcnutuBann Ou¢ynkiumonanau komruiekcu Pt(ll) mmajy Benmuku aduuuTeT mpema
usyuaBanuM N-goHOpckuMm muranauma (1,2,4-tpuason, L-xuc u 5’-GMP).
HajpeakTuBHUju 07 McnuTUBaHUX juraxHaza je 1,2,4-tpuason, a 3atum 5’-GMP na
L-xuc.

VcnutrBaHn KOMIUIEKCHM HMMajy cienehn pea peakTUBHOCTH y Cllydajy oba Kopaka
cyncruryuuje: [Pt(SMC)Cl,]™ > cis-[Pt(NH3).Cl,] > [Pt(en)Cl;] > [Pt(dach)Cl.].

JDT uzpauyHaBamuMa Ha koMiiekcuma Cis-[Pt(NHs)2Cly], [Pt(en)Cly] u [Pt(dach)Cl;]
notepheHa je Tpanchopmanuja u3 Pt-S(tuoerap) y Pt-N7 xoopaunaumjy. [IpBu myr je
yrBpheHo komuko je Pt-N7 mpowmsBoxa crabumnuju ox Pt-S(troerap) mpousBona. 3a

NPBH CYNCTUTYIIMOHU KOpak y racHoj ¢asu Pt-N7 mpousBon crabunnuju 3a 31 no 33



3AK/bYHUAK

kcal/mol y onnocy Ha Pt-S(tnoerap) nmpousBoj, IOK 3a Opyru peakuuoHu Kopak Pt-N7
npou3Boj crabwinuju 3a 32 g0 34 kcal/mol y oxgnocy Ha Pt-S(tmoerap) mpowusso.
Kako Ou ce m30ersio na ce mpu u3pauyHaBamy y3UMa y 003up edekar pacTBapadya,
W3BpIIEHA cy CPCM H3padyHaBama (B3LYP(CPCM)/LANL2DZp
/IB3LYP/LANL2DZp). Enepruja nobujena oBUM M3padyHaBamuMa Mama je 3a 50%,

aJlv je KOOpAMHAIMja IPEKO T'yaHnHa (aBOPH30BaHa.

Pesyﬂmamu doﬁujelm ucnumuearbém paeHomerice U KuHemuke CyncmumyuuoHux

peaxyuja ouc(umuoazonun-2-umuno) komnaexkca Pd(11) ykazyjy oa:

KoHcranTe craOmiHOCTH KoMIuiekca uiMel)y [(TL®YPACIICIO; u [(BL™)PACL] u
Ouononiky aktuBHEX Juraaga (L-mer, 5’-GMP u L-xuc) nokasyjy na 06a KoMIuiekca
dbopmupajy crabwiHe TpOU3BOJE ca u3adpaHuM JwuraHauMa. Y oba choydaja
HajcTaOMIITHHjU KOMIUIEKC HacTaje ca 5’ -GMP.

Pen peakTMBHOCTHM HCHMTHBAHUX HYyKJIeOo(pHIa y CYINCTHUTYHHOHHM peakildjamMa ca
[(TL®"PACI]* kommiexcom je: L-mer > 5’-GMP > L-xuc, mTo je y ckiamy ca
EJIEKTPOHCKUM U CTEPHUM e(eKTHMA.

CTpykTypa HOBO CHHTETHCAHHMX KOMILIEKCA [(TLtB”)PdCI]CIO4 u [(BLiPr)PdClz]
ompehena je mudpakumjom X-zpaka. OOa KoMIUIeKca Cy KBaJpaTHO-TUIAHAPHE

reoMeTpuje ca 01aromM ITUCTOP3UJOM.

Pesyﬂmamu 005UjeHll ucnumuearbem KuUHemuKe u mexanuima cyncmumyuuonux

peaxyuja [PtCl(bpma)]* u [Pt(bpma)(H:0)]** komnnexcnux jona ca 1,2,4-mpuazonom,

RUPA30710M U RUPUOAZUHOM YKA3Y]y 0a:
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CyncTurynuoHe peakiuje kommiekcHux jona [PtCl(bpma)]” n [Pt(bpma)H,0]**
OJIBHjajy ce€ MO acOlMjaTUBHOM MeEXaHU3My, IITO NOBphyje HeraTMBHA BPEIHOCT 3a
SHTPOIIN]y aKTHBHPAha.

NcnutuBanu N-moHOpPCKH JTUTaHIW Cy MO0OpU HYKICOPIIA TPH YEMY je HUXOB pej
peaktuBHocTH cienehu: 1,2,4-tpuazon > nupuaasuH > MTHUPa30JL.

Kommiekcau jou [Pt(bpma)H20]** je peakruBuuju y oxmocy ma [PtCl(bpma)]
KOMIUIEKCHH jOH.

Kommiekcru jor [Pt(bpma)H.O]*" je peaxrmBumju y ommocy Ha [Pt(dien)H.0]**

KOMIUIEKCHH jOH.
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buorpaduja

JoBana borojecku (pol). Pocuh) je pohena 10.11.1980. ron. y KparyjeBiy. OcHOBHY
mKony je 3aBpumiia y I'pyxu, a cpeamy, IIpBy KparyjeBauky rumasujy y Kparyjesuy. Ha
[TpupogHo-MaTeMaTHuku (PakynTeT, OJCeK XeMuja ynucana ce mkoisicke 1999/2000. rox., rae je
muruiomupana 2004 ca mpoceuynom orieHoM 9.41. Kao Haj0opH AUIITOMUPAHU CTYICHT XeMHU]E Y
mkosickoj 2003/04 mobuna je Harpagy CprCKOT XeMH|CKOT APYyIITBA. Marucrapcky Te3y Mo
HacnoBoM: Mexanusam peaxyuja OuoiowiKu 3HAYajHux aueanada u xomniaexca niamune(ll),
onopanuna je 2006. rox. Jlokropcke cryauje, cMep Heoprancka xemmja ymucana je IIKOJICKE
2006/2007. 01.01.2005 rox. mpumibeHa je y pagHu ogHoc Ha [IpupogHO-MaTeMaTHYKOM
dakynrery y KparyjeBiy kao ucrpaxuBau-npunpaBHuk, a ox 08.05.2008. ron. uzabpana je 3a
acucreHta Ha Heopranckoj xemuju. TpeHyTHO Boau BexxOe u3 mpeamera Buina HeopraHcka
xemuja, Heoprancka xemuja 2, Uunycrpujcka xemuja | 1 MexaHu3mMu HEOPraHCKHX peakiyja.
Takohe je anraxoBana Ha mnpojekTy 172011 xoju ce ¢uHaHcupa on cTpaHe MuHHCTapCcTBa
npocsere 1 Hayke. Ox 01.10.2007. no 31.12.2007. roa. xao u ox 01.03.2008. no 31.04.2008.
roa. OopaBwia je Ha MHctuTyry 3a Heoprancky m AHaNIWTHUKY XeMH]y, YHUBEp3HUTETa Yy

Braunschweig-u, Hemauka, y rpynu npodecopa Mathias-a Tamm-a.
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Summary. Substitution reactions of the complexes [Pt(dien)H,01>* and [PtCl(dien)]*, where dien =
diethylentriamine or 1,5-diamino-3-azapentane, with some nitrogen-donor ligands such as 1,2,4-tri-
azole, pyrazole, and pyridazine, were studied in an aqueous 0.10 M NaClO, at pH = 2.5 using variable-
temperature spectrophotometry and 'H NMR spectroscopy. The second-order rate constants indicate
that the aqua complex, [Pt(dien)H,O]**, is more reactive than the corresponding chloro complex,
[PtCl(dien)]". The reactivity of the used ligands follows the order: 1,24-triazole > pyridazine >
pyrazole. Activation parameters were determined for all reactions and the negative entropies of
activation (AS7) support an associative ligand substitution mechanism.

Keywords. Platinum(Il); Kinetics; Mechanism; Azoles; Diazines.

Introduction

In the last a few years our work has been concentrated on the study of reactions of
different Pd(Il) and Pt(Il) complexes with sulphur- and nitrogen-bonding nucleo-
philes including some biomolecules [1-6]. These interactions could be very impor-
tant not only from the fundamental point of view. Since some Pt(Il) complexes have
been used as anticancer drugs [7], these interactions are also very important in biology
and medicine. Coordination compounds of Pd(II) and Pt(II) with tridentate ligands
such as diethylentriamine (dien), bis(2-pyridylmethyl)amine (bpma) or 2,2":6',2"-ter-
pyridine (terpy) provide very useful substrates for studies on ligand substitution reac-
tions of square-planar complexes. However, these tridentate ligands form very stable
mononuclear complexes with Pd(II) and Pt(I) even in very acidic pH [8, 9].

The five-membered ring containing two or three nitrogen atoms (azoles) were
found to be of great interest from a bioinorganic chemistry point of view, since the

* Corresponding author. E-mail: bugarcic @kg.ac.yu
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I;I + III 2+
> ¢
H,N—Pt—NH, HzN—th—NHz
Cl OH,
[PtCl(dien)]* [Pt(dien)(H,0)]**
N X QA
Z "NH | X PINEENN
_ W \/
pyrazole pyridazine 1,2,4-triazole
Formulae 1

imidazole group of histidine acts as a ligand in most of the known haemoproteins
[10]. Moreover, azoles were found to inhibit the binding of CO to the sodium
dithionite-reduced ferrous cytochrome and the activity of reconstituted P-450 by
binding to cytochrome in a one-to-one stoichiometry. Imidazole derivatives and
1,2,4-triazole [11] are considered to be of potential interest to coordination chemists
because they can be used to link studies on the metal binding properties of nitro-
genous bases with information on the proton affinities in the gas phase [12, 13], in
aqueous solutions and aprotic solvents [14], and on their H-bonding capacities [15].

Recently we published the results of complex-formations between Pd(II) com-
plexes with azoles and diazines [16]. As an extension of that work we studied and
report here the kinetics of the complex-formation between monofunctional
[Pt(dien)H,0)*" and [PtCl(dien)]* complexes with nitrogen-donor ligands, such
as 1,2,4-triazole, pyrazole, and pyridazine, in an aqueous 0.10 M NaClO,4. All
reactions were studied as a function of nucleophile concentration and temperature.
The reactions on [Pt(dien)H,O]** were studied at pH = 2.5, while the substitution
on the chloro complex was studied in the presence of 5SmM NaCl. The studied
reactions can be presented by Egs. (1) and (2).

[Pt(dien)Ho01F + L = [Pt(dien) L2 + HyO (1)
k-
k.
[PtCl(dien)]" + L —= [Pt(dien)L]*" + C1~ (2)
k>

The structures of the complexes and ligands are shown as Formulae 1.

Results and Discussion

The observed pseudo-first-order rate constants, ks, as a function of the total
concentration of nucleophile are described by Eq. (3) for reaction (1).

kobsa = k—1 + ki [nucleophile] (3)
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Fig. 1. Observed pseudo-first order rate constants, kypsq, s a function of ligand concentration and
temperature for the substitution reactions on [Pt(dien)(H,0)]** complex in 0.10M NaClO, at
pH=25

A least-squares fit of the data according to Eq. (3), resulted in values for the
forward anation rate constants (k;) and the reverse aquation rate constant (k_;)
according to reaction (1). The second-order rate constants (k;) were obtained di-
rectly from the slope from plot of ku,eq Vs. entering nucleophile concentration [17].
The experimental results are summarized in Fig. 1, and rate constants and activa-
tion parameters for reaction (1) are given in Table 1.

In the case of the chloro complex [PtCl(dien)]*, reaction (2) proceeds accord-
ing to two parallel associative reaction paths [17]. One involves the rate-determin-
ing formation of a solvento-complex (ks-path in Scheme 1) followed by rapid
substitution of the coordinated solvent molecule (S). The other reaction involves
direct nucleophilic attack by the entering ligand (k,-path in Scheme 1).

The observed pseudo-first order rate constant (kynsq) as a function of the total
concentration of entering nucleophile is given by Eq. (4).

kovsa = k3 + ka[nucleophile] (4)

The solvolysis rate constant (k3;) independent of the concentration of L, is
usually small and contributes little to the observed rate. It can be determined from
the intercept of the graph of kgnsq vs. [L]. The second-order rate constants (k,)
characterizing the formation of the product complex, can be evaluated from the
slope of a plot kgpsq vs. [L]. All reactions of the chloro complex were studied in the
presence of a slight excess of chloride ions (5 mM) to suppress spontaneous sol-
volysis reactions. The experimental results for the displacement of chloride from
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Table 1. Rate constants and activation parameters for the substitution reactions of monofunctional

Pt(IT) complexes in 0.10 M NaClO4

[PtCl(dien)]™
A T 10%, 10%; AH? AS?
nm K Y s~ kJ mol ™! JK 'mol™!
Pyrazole 290 288.0 0.45+0.05 1.61 £ 0.06 2+2 —215+6
298.0 0.67 & 0.04 2.15+£0.05
308.0 0.88 & 0.08 2.91+0.08
Pyridazine 440 288.0 0.73 £ 0.06 1.38 + 0.07 28+6 —190 £ 20
298.2 1.29 + 0.07 2.31+0.08
308.1 1.71 £ 0.07 3.27 £0.07
1,2,4-Triazole 330 288.0 4.15 4+ 0.04 4.14 4+ 0.05 30+4 —165+ 11
298.1 7.12+£0.03 5.39 £ 0.04
308.0 10.10 £0.20 7.07 £0.03
[Pt(dien)(H,0)**
A T 102k, 10%_, AH# AS#*
nm K Y 5! kI mol ™! JK 'mol™!
Pyrazole 280 288.1 2.04 +£0.02 2.31+0.03 3347 —163+22
298.1 3.88 £0.02 3.20+£0.03
307.9 5.25+0.03 5.09 £ 0.03
Pyridazine 285 288.0 4.68 £+ 0.02 2.2240.02 41+38 —129 £+ 26
298.2 10.30 £0.11 2.87 +0.01
308.1 15.01 £0.20 4.90 +0.02
1,2,4-Triazole 260 288.1 10.6 £ 0.1 0.68 £+ 0.02 49 + 1 —94+3
298.0 21.8+0.5 4.56 +0.06
308.0 422402 14.1+0.1
MLX+Y ko, ML3Y + X

S = solvent

Scheme 1

ks fast
+S +Y
MLsS

[PtCl(dien)]" are also summarized in Table 1, and presented in Fig. 2. As can be
seen, in all cases kqpsq depends linearly on the entering ligand concentration.
The coordinated water molecule on Pd(II) and Pt(II) centres has been shown to
be very labile and can easily be substituted by stronger nucleophiles [18]. Indeed,
the aqua complex, [Pt(dien)H,O]*", is much more reactive than the corresponding

chloro complex, [PtCl(dien)]"™ (see Table 1).

The kinetic data clearly show that these nitrogen-containing nucleophiles are
very good entering ligands for Pt(II) complexes. From a comparison of the reactivity
(Table 1) it can be concluded that 1,2,4-triazole (five-membered ring) is the most
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Fig. 2. Observed pseudo-first order rate constants, kopsg, s @ function of ligand concentration and
temperature for the substitution reactions on [PtCl(dien)]" complex in 0.10 M NaClOy,, [C1"] =5 mM

reactive ligand. Pyridazine (six-membered ring) is more reactive than pyrazole. This
order of reactivity is in relation with their acidity. The pK, values for the used
ligands are: 2.30 for 1,2,4-triazole, 2.33 for pyridazine, and 2.52 for pyrazole [19].

These results are in agreement with the already published results with Pd(II)
complexes [16]. Of course, Pd(Il) complexes are much more reactive than Pt(Il)
complexes. The difference in the reactivity of the nucleophiles used can be explained
in terms of electronic effects. However, the sensitivity of the reaction rate on the
entering ligands is in line with that expected for an associative mode of activation.

The second order rate constants were studied as a function of temperature. The
obtained activation parameters, AH7 and AS7, are summarized in Table 1. All
available activation parameters support the operation of an associative mechanism
[17]. The significantly negative activation entropies for the forward reactions (1)
and (2) suggest that the activation process in the studied systems seems to be
strongly dominated by formation [17]. The results are in an excellent agreement
with similar data reported for related systems [16].

NMR Results

The substitution reaction of the [PtCl(dien)]* complex with 1,2,4-triazole was also
studied by 'H NMR spectroscopy as pseudo-first order reaction with large excess
of the nucleophile. The chemical shifts from the dien-system of unreacted
[PtCl(dien)]* complex are between 2.9-3.2 ppm. On the other hand, the chemical
shifts of the dien-system from the substituted product are between 3.2-3.4 ppm.
The downfield moving of these signals is the result of changed chemical environ-



6 J. Rosic et al.

i

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
6/ppm

Fig. 3. '"H NMR spectra of the reaction of [PtCl(dien)]* and 1,2,4-triazole

ment of the tridentate ligands caused by substitution of the chloro ligand. The 'H
NMR spectra of the substitution reaction of the [PtCl(dien)]™ with studied nucleo-
phile is presented in the Fig. 3.

The NMR spectra of five-membered 1,2,4-triazole consists of one singlet at
8.37 ppm, what is evidence of the presence of two CH-groups shaped with nitrogen
atoms. In the process of substitution of the [PtCl(dien)]™ complex with 1,2,4-tri-
azole theoretically two types of products can be obtained. One when the platinum
is coordinated through the N(1) or N(2) atoms, and the other with the coordination
via N(4). First product of coordination will give two different signals in '"H NMR
spectra because the influence of metal ion is not equal for both protons. The other
way of reaction will give only one signal. The obtained signals of products are at
8.55, 8.61, and 8.80 ppm. Taking into account the chemical shifts, and the intensity
of these signals it can be concluded that the signal at 8.61 ppm corresponded to
product where the platinum is coordinated to N(4). Other two equal-intensity sing-
lets, at 8.55 and 8.80 ppm, present the chemical shifts of protons when the platinum
is coordinated via N(1) or N(2) atoms.

Materials and Methods

Chemicals and Solutions

The complex [PtCl(dien)]Cl was prepared as described in the literature [20]. The
chemical analysis, UV-VIS spectra, and 'H NMR spectral data were in good agree-
ment with those obtained in earlier preparations [1-3]. The chloro complex was
converted into the aqua analogues in solution by addition of an equivalent of
AgClOy, heating to 40°C for 1h, and removing the AgCl precipitate by filtration
through a 0.1 yum pore membrane filter. Great care was taken to ensure that the
resulting solution was free of Ag™ ions. Since perchlorate ions do not coordinate to
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Pt(II) [21], the kinetics of the complex formation reactions were studied in per-
chlorate medium. The ionic strength of the solutions was adjusted to 0.10 M with
NaClO, (Merck, pa). The complex, [Pt(dien)H,0]*" was stable under selected
experimental conditions (pH =2.5), and the hydrolysis of the complex was negli-
gible [22]. The reactions of the chloro complex were also studied at pH=2.5,
adjusted in a similar way as for the aqua complex, only to the solutions of the
chloro complex 5mM NaCl was added to prevent solvolysis. Ligand stock solu-
tions were prepared without further purification shortly before use by dissolving
the chemicals: 1,2,4-triazole (Fluka), pyrazole and pyridazine (Acros). Highly pur-
ified, deionised water was used in the preparation of all solutions.

Kinetic Measurements

Spectral changes resulting from mixing Pt(I) complex and ligand solutions were
recorded over the wavelength range 220—-550 nm to establish a suitable wavelength
at which kinetic measurements could be performed. The kinetics of the substitution
of coordinated water or chloro were followed spectrophotometrically by monitor-
ing the change in absorbance at suitable wavelengths. Reactions were initiated by
adding 0.5 cm?® of Pt(IT) complex solution to 2.5 cm?® of thermostated ligand solu-
tion in the UV-VIS spectrophotometric cell, and they were followed for at least
8 half-lives. Complex formation was monitored as an increase in absorbance for
pyrazole at 290 nm, for pyridazine at 285 nm, and as a decrease in absorbance at
260 nm for 1,2,4-triazole. The reactions were studied under pseudo-first order con-
ditions with ligand at least in a 10-fold excess. The ionic strength of the reaction
mixtures was kept constant at 0.10 M with NaClO4 and pH was 2.5. The tempera-
ture was controlled throughout all kinetic experiments to +0.1°C.

The observed pseudo-first order rate constants, k..q, were calculated as the
average value from two to three independent kinetic runs. Observed experimental
data are reported in Tables A1-A6 (Appendix) and are summarized in Figs. 1 and 2.

NMR Measurements

NMR measurements were performed by a Varian Gemini 200 MHz spectrometer.
Reactions were carried out in a NMR tube. D,O (Aldrich Chemical Company, Inc)
was used as a solvent. The chemical shifts were reported in ppm relative to 7SP
(sodium trimethylsilylpropane-3-sulphonate, 6 = 0). The reactions were studied at
298 K.

pD measurements were also performed at 298 K. The pH meter was calibrated
with Fischer-certified buffer solutions of pH = 4.00, 7.00, and 11.00. Meter readings
were corrected for the deuterium isotope effect by adding 0.4 units to the display
readout. The pD was adjusted with 0.01-0.05 M solutions of NaOD and DCI.
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Appendix

Table Al. Observed pseudo-first order rate constants as a function of ligand concentration and
temperature for the reaction between [Pt(dien)](H,0)]** complex and pyridazine in 0.1 M NaClOy,
pH=25

T/K 1072 prrazo]c/M 1073 kobsd/571
288.1 0.53 0.31(6)
0.80 0.42(6)
1.06 0.46(6)
1.47 0.53(5)
2.00 0.63(6)
298.1 0.27 0.44(6)
0.53 0.54(6)
0.80 0.61(5)
1.06 0.69(5)
1.47 0.92(6)
2.00 1.10(5)
307.9 0.27 0.63(6)
0.53 0.82(5)
0.80 0.92(5)
1.06 1.06(6)
1.47 1.28(5)

Table A2. Observed pseudo-first order rate constants as a function of ligand concentration and
temperature for the reaction between [Pt(dien)(H,0)]>* complex and pyridazine in 0.1 M NaClOy,
pH=25

T/K 10_2 prridazine/M 10_3 kobsd/s_1
288.0 0.53 0.48(6)
0.80 0.61(5)
1.06 0.69(5)
1.47 0.90(5)
2.00 1.17(4)
298.2 0.27 0.57(6)
0.53 0.84(5)
0.80 1.11(5)
1.06 1.33(4)
1.47 1.79(5)
2.00 2.37(4)
308.1 0.27 0.91(5)
0.53 1.28(4)
0.80 1.67(5)
1.06 2.09(4)

1.47 2.71(4)
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Table A3. Observed pseudo-first order rate constants as a function of ligand concentration and
temperature for the reaction between [Pt(dien)(H,0)]*" complex and 1,2,4-triazole in 0.1 M NaClOy,
pH=25

T/K 1072 Ctriazole/M 1073 kobsd/571
288.1 0.53 0.65(5)
0.80 0.91(5)
1.06 1.18(6)
1.47 1.62(5)
2.00 2.20(6)
298.0 0.27 1.03(6)
0.53 1.56(5)
0.80 2.19(5)
1.06 2.87(4)
1.47 3.67(5)
2.00 4.77(5)
308.0 0.27 2.53(6)
0.53 3.63(5)
0.80 4.90(4)
1.06 5.74(4)
1.47 7.66(5)

Table A4. Observed pseudo-first order rate constants as a function of ligand concentration and
temperature for the reaction between [PtCl(dien)]t complex and pyrazole in 0.1 M NaClO,
[CIT]=5mM

T/K 1072 Cpyrazole/ M 10~ kopsa/s ™!
288.0 0.53 1.82(6)
0.80 1.97(6)
1.06 2.17(5)
1.47 2.31(6)
2.00 2.50(5)
298.0 0.27 2.34(6)
0.53 2.54(5)
0.80 2.65(5)
1.06 2.81(5)
1.47 3.21(6)
2.00 3.47(4)
308.0 0.27 3.10(5)
0.53 3.42(5)
0.80 3.61(6)
1.06 3.94(5)

1.47 4.15(4)
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Table AS. Observed pseudo-first order rate constants as a function of ligand concentration and
temperature for the reaction between [PtCl(dien)]t complex and pyridazine in 0.1 M NaClOy,
[CI"]=5mM

T/K 1072 prridazine/M 1074 kobsd/571
288.0 0.53 1.8(6)
0.80 2.0(6)
1.06 2.1(5)
1.47 2.4(5)
2.00 2.9(6)
298.2 0.27 2.7(6)
0.53 3.0(5)
0.80 3.2(5)
1.06 3.8(6)
1.47 4.2(5)
2.00 4.9(5)
308.1 0.27 3.8(6)
0.53 4.1(6)
0.80 4.6(5)
1.06 5.1(5)
1.47 5.8(4)

Table A6. Observed pseudo-first order rate constants as a function of ligand concentration and
temperature for the reaction between [PtCl(dien)]* complex and 1,2,4-triazole in 0.1 M NaClOy,,
[CIT]=5mM

T/K 1072 Cuiazole/ M 1073 Kopsa/s ™!
288.0 0.53 0.67(6)
0.80 0.75(6)
1.06 0.80(6)
1.47 1.01(5)
2.00 1.27(5)
298.1 0.27 0.76(6)
0.53 0.94(5)
0.80 1.07(5)
1.06 1.27(6)
1.47 1.56(5)
2.00 2.00(4)
308.0 0.27 1.00(5)
0.53 1.25(5)
1.06 1.75(4)
1.47 2.16(5)
2.00 2.76(4)
References

[1] Soldatovi¢ T, Bugar¢i¢ ZD (2005) J Inorg Biochem 99: 1472
[2] Petrovi¢ BV, Bugaréi¢ ZD (2005) Aust J Chem 58: 544



Thermodynamic and Kinetic Studies 11

(3]

(4]
[5
(6]
(71

—_

(8]

(91
[10]
[11]
[12]
(13]
[14]
[15]

[16]
[17]
[18]
[19]
(20]

(21]
(22]

Vasié V, Zivanovié¢ M, Cakar M, Savié J, Nedeljkovic J, Bugarcié 7D (2005) J Phys Org Chem
1: 441

Bugarcié 7D, Heinemann FW, van Eldik R (2004) Dalton Trans 279

Bugarcié 7D, Soldatovié¢ T, Jelié R, Alguero B, Grandas A (2004) Dalton Trans 3869
Bugarcié 7D, Jan&ié D, Shoukry AA, Shoukry MM (2004) Monatsh Chem 135: 151

(a) Reedijk J, Teuben MJ (1999) In: Lippert B (ed) Cisplatin Chemistry and Biochemistry of
Leading Anticancer Drugs, Wiley-VCH, Ziirich, pp 339-362 (b) Reedijk J (1999) Chem Rev 99:
2467 (c) Jamieson ER, Lippard SJ (1999) Chem Rev 99: 2467 (d) Jakupec MA, Galanski M,
Keppler BK (2003) Rev Phisiol Biochem Pharmaco 146: 1 (e) Wong E, Grandomenico CM
(1999) Chem Rev 99: 2451

Bugarcié 7D, Liehr G, van Eldik R (2002) J Chem Soc Dalton Trans 951

Bugarcié 7D, Liehr G, van Eldik R (2002) J Chem Soc Dalton Trans 2825

Sundberg RJ, Martin RB (1974) Chem Rev 74: 471

Hitchcock CA (1991) Biochem Soc Trans 19: 782

Taft RW, Anvia F, Taagepera M, Catalan J, Elguero J (1986) J Am Chem Soc 108: 3237
Meot-Ner M (1988) J Am Chem Soc 110: 3071

Catalan J, Elguero J (1983) J Chem Soc Perkin Trans 2:1869

Ibraham MH, Duce PP, Prior DV, Barratt DG, Morris JJ, Taylor PJ (1989) J Chem Soc Perkin
Trans 2: 1355

Bugarcié ZD, Nandibewoor ST, Hamza MSA, Heinemann F, van Eldik R (2006) Dalton Trans
2984

Tobe ML, Burgess J (1999) Inorganic Reaction Mechanisms, Addison Wesley Longman Inc.,
Essex, p 74

Kotowski M, van Eldik R (1986) In: van Eldik R (ed) Inorganic High-Pressure Chemistry:
Kinetics and Mechanisms, Ch 4. Elsevier, Amsterdam

Joule JA, Smith GF (1972) Heterocyclic Chemistry. Chapman and Hall, London

Annibale G, Brandolisio M, Pitteri B (1995) Polyhedron 14: 451

Appleton TGA, Hall RJ, Ralph SF, Thompson CSM (1984) Inorg Chem 23: 3521

Bugarcié 7D, Petrovié¢ BV, Jelic R (2001) Trans Met Chem 26: 668



J Biol Inorg Chem
DOI 10.1007/s00775-007-0283-1

ORIGINAL PAPER

Kinetics and mechanism of the substitution reactions
of [PtCl(bpma)]*, [PtCl(gly-met-S,N,N)] and their aqua
analogues with L-methionine, glutathione and 5'-GMP

Zivadin D. Bugar¢i¢ - Jovana Rosi¢ -
Biljana Petrovi¢ - Nadine Summa *
Raph Puchta - Rudi van Eldik

Received: 7 June 2007/ Accepted: 23 July 2007
© SBIC 2007

Abstract The substitution reactions of [PtCl(bpma)]®,
[PtCl(gly-met-S,N,N)], [Pt(bpma)(HZO)]2+ and [Pt(gly-met-
S,N,N)(H,0)]* [where bpma is bis(2-pyridylmethyl)amine
and gly-met-S,N,N is glycylmethionine] with L-methionine,
glutathione and guanosine 5'-monophosphate (5'-GMP)
were studied in aqueous solutions in 0.10 M NaClO,4 under
pseudo-first-order conditions as a function of concentration
and temperature using UV-vis spectrophotometry. The
reactions of the chloro complexes were followed in the
presence of 10 mM NaCl and at pH ~ 5, whereas
the reactions of the aqua complexes were studied at pH 2.5.
The [PtCl(bpma)]* complex is more reactive towards the
chosen nucleophiles than [PtCI(gly-met-S,N,N)]. Also, the
aqua complexes are more reactive than the corresponding
chloro complexes. The activation parameters for all the
reactions studied suggest an associative substitution
mechanism. The reactions of [PtCl(bpma)]* and [PtCl(gly-
met-S,N,N)] with 5'-GMP were studied by using '"H NMR
spectroscopy at 298 K. The pK, value of the [Pt(gly-met-
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S,N,N)(H,0)]* complex is 5.95. Density functional theory
calculations (B3LYP/LANL2DZp) show that in all cases
guanine coordination to the L3Pt fragment (Lj is terpyri-
dine, bpma, diethylenetriamine, gly-met-S,N,N) is much
more favorable than the thioether-coordinated form. The
calculations collectively support the experimentally
observed substitution of thioethers from Pt(I) complexes
by N7-GMP. This study throws more light on the mecha-
nistic behavior of platinum antitumor complexes.

Keywords Platinum(Il) complexes - Thioethers -
Guanosine 5’-monophosphate - Kinetics - Mechanism

Introduction

The chemistry of platinum complexes is important from
a biological and medicinal point of view. Some Pt(II)
complexes, viz., cisplatin, carboplatin and oxaliplatin, are
extensively used as anticancer drugs in chemotherapy.
Over the last 30 years many other platinum drugs have
been developed in an attempt to improve on cisplatin
[1-4]. More recently, there have been efforts to direct the
design of nonclassic platinum complexes, such as orally
active Pt(IV) complexes, sterically hindered Pt(II)
complexes, polynuclear Pt(II) complexes and sulfur-con-
taining platinum complexes [5, 6]. Although the precise
mechanism underlying the antitumor action of platinum
drugs is not fully understood, the activity has been
accounted for in terms of the interaction between the
metal complex and DNA primarily by forming bifunc-
tional adducts [1, 2]. Experiments have demonstrated that
cisplatin binding to DNA is kinetically rather than ther-
modynamically controlled [7]. However, the application
of platinum drugs has been greatly hampered by drug
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Fig. 1 Structures of the
complexes and ligands studied
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resistance and several side effects [8—12]. Moreover,
poor solubility in aqueous solution is also inconvenient
in clinical application.

There are many other potential biomolecules that can
also react with these Pt(II) complexes, such as small mol-
ecules, proteins and enzymes. In fact, already in blood
where the Pt drug is administered by injection or infusion,
several molecules are available for kinetic and thermody-
namic competition [8—10]. Binding to DNA eventually
leads to an altered protein conformation and changes in
biological activity, especially when enzymatic reactions are
affected. Sulfur-containing molecules have a high affinity
for platinum and could form very stable bonds. Moreover,
the interaction of platinum complexes with sulfur-contain-
ing biomolecules has been associated with negative
phenomena such as nephrotoxicity, gastrointestinal toxicity,
ototoxicity, cardiotoxicity and neurotoxicity [7—12].

Competition studies of Pt(I) complexes with L-methi-
onine (S-met) and guanosine 5’-monophosphate (5’-GMP)
have demonstrated that a transfer from the thioether ligand
to the N7-guanine site can occur [13—18], with the result
that such Pt—S(thioether) adducts can presumably serve as
a drug reservoir for platination at DNA [9]. Although such
substitution of thioether by guanine seems to be common,
any measurable transformation from Pt—S(thiol) to Pt-N7
coordination was not observed [19, 20]. The Pt—S(cysteine)
bond is considered to be kinetically more inert.

Monofunctional Pt(II) complexes such as [PtCl(dien)]”
or [PtCl(terpy)]* (dien is diethylenetriamine and terpy is
terpyridine) are very useful models for studying the
ligand-substitution reactions of square-planar complexes.
We have reported the kinetics of the complex-formation
reactions of [Pt(terpy)X]2+, where X is H,O, CI,
L-cysteine and guanosine, with some nitrogen-donor and

@ Springer

\

o NH, NH— Pt—Cl

x

H—N—pPt—cCl N

’OOCK—}\CH} @

[PtCK(Gly-Met-N,N,S)] [PtCl(bpma)l*

3
0._OH ~

H,N

Glutathione Gua

sulfur-donor biologically relevant nucleophiles [21, 23].
It has recently been shown that some monofunctional
complexes of Pt(I) also have antitumor activity [24, 25].
With the aim to extend our recent work [26, 27], we
report here kinetic studies on complex-formation reac-
tions of [PtCl(bpma)]*, [PtCl(gly-met-S,N,N)] and their
aqua analogues with 5-GMP, glutathione (GSH) and S-
met [bpma is bis(2-pyridylmethyl)amine, gly-met-S,N,N
is glycylmethionine]. These nucleophiles were investi-
gated because of their different nucleophilicity, steric
hindrance, binding properties and biological relevance.
The structures of the complexes and nucleophiles studied
are shown in Fig. 1.

Materials and methods
Chemicals and ligands

The ligands S-met, GSH, 5'-GMP sodium salt, bpma and
gly-met-S,N,N were obtained from Fluka and Acros
Organics, and were used without further purification.
Potassium tetrahloroplatinate (K,PtCly) was purchased
from Strem Chemicals. D,O (Deutero, 99.9%), CF;SOs;D
(Aldrich, 98%) and CF3SOzH (Aldrich) are commercially
available and were used as received. All the other chemi-
cals were of the highest purity commercially available.
Ultrapure water was used for the kinetic as well as spec-
trophotometric measurements. Nucleophile stock solutions
were prepared shortly before use by dissolving the chem-
icals. The ionic strength of all solutions was 0.10 M,
adjusted with NaClO,4. NaCl (10 mM) was added to the
solutions of chloro complexes to prevent their spontaneous
hydrolysis.
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Synthesis of complexes

The complexes [PtCl(bpma)]Cl and [PtCl(gly-met-S,N,N)]-
H,0, chloro(glycyl-L-methioninato)platinum(Il) monohy-
drate, were prepared according to published procedures
[23, 28, 29]. Chemical analysis, '"H NMR and UV-vis
spectroscopic data were in good agreement with the previ-
ously obtained data. The two aqua complexes were
prepared from their corresponding chloro complexes by
addition of the corresponding amount of AgClO, to a
solution of the chloro complex and stirring at 323 K for 8 h.
The white precipitate that formed (AgCl) was filtered off
using a Millipore filtration unit, and the solutions were
diluted. Great care was taken to ensure that the resulting
solutions were free of Ag* ions and that the chloro com-
plexes had been converted completely into the aqua species.
Since it is known that perchlorate ions do not coordinate to
Pt(IT) and Pd(II) in aqueous solution [30], the kinetics of the
complex-formation reactions were studied in perchlorate
medium. The ionic strength of the solutions was adjusted to
0.10 M with NaClO,4 (Merck, pro analysi). The pH of the
solutions was adjusted to 2.5 with HC1O, and NaOH.

Instrumentation and measurements

A 300-MHz NMR spectrometer (Bruker Avance DPX 300)
and a Carlo Erba Analyzer 1106 were used for complex
characterization and chemical analysis, respectively. All
chemical shifts were referenced to trimethylsilylpropionic
acid in D,O (TSP). UV—vis spectra for the determination of
the pK, value and for kinetic studies were recorded using a
PerkinElmer Lamda 35 double-beam spectrophotometer
equipped with thermostated 1.00-cm quartz Suprasil cells.
Temperature was controlled to +0.1 K. The pH of the
solution was measured using a Mettler Delta 350 digital pH
meter with a combination glass electrode. This electrode
was calibrated using standard buffer solutions of pH 4, 7
and 9 obtained from Sigma. In D,O solutions, pD was
measured with an inoLab SenTix® Mic pH microelectrode.
All pD measurements were performed at 298 K.

Kinetic measurements

The kinetics of the substitution of coordinated chloride or
water was followed spectrophotometrically by following
the change in absorption at suitable wavelengths as a
function of time. The working wavelengths were deter-
mined by recording the spectra of the reaction mixture over
the wavelength range between 220 and 450 nm and are
given in Table 1. All kinetic experiments were performed
under pseudo-first-order conditions. The reactions were

initiated by mixing equal volumes of complex and ligand
solutions (1.5 mL) in the quartz cuvette. The concentration
of ligand solution was always large enough (at least a
tenfold excess) to provide pseudo-first-order conditions.
The kinetic traces gave an excellent fit to a single expo-
nential. All reported pseudo-first-order rate constants, kopsq,
represent an average value of two to four independent
kinetic runs for each experimental condition. All reactions
were studied at three different temperatures.

Determination of the pK, value of the
[Pt(gly-met-S,N,N)(H,0)]" complex

Spectrophotometric pH titrations of complex solutions
were performed with NaOH as a base at 298 K. To avoid
absorbance corrections due to dilution, a large volume
(300 mL) of the complex solution was used in the titration.
The change in pH from 2 to approximately 3 was achieved
by addition of known amounts of crushed pellets of NaOH.
The consecutive pH changes were obtained by adding
drops of saturated solutions of NaOH, 1 or 0.1 M, using a
micropipette. To avoid contamination released by the pH
electrode, it was necessary to take 2-mL aliquots from the
solution into narrow vials for the pH measurements. The
aliquots were discarded after the measurements. The total
reversibility of the titration could be achieved by sub-
sequent addition of HCIOy,.

'"H NMR measurements

'"H NMR kinetic experiments on the chloro complexes,
[PtCl(bpma)]* and [PtCl(gly-met-S,N,N)], with 5'-GMP as
an entering nucleophile were studied on freshly prepared
samples of the reactants in D,0O. The measurements were
performed with a commercial 5-mm Bruker broadband
probe thermostated with a Bruker B-VT 3300 (DPX)/3000
(DRX) variable-temperature unit. All chemical shifts are
referenced to TSP. A 10 or 12 mM solution of the complex
was prepared in 300 pL D,O approximately 10 min prior to
the start of the kinetic experiment and put in an ultrasonic
bath until complete dissolution (2 min). A total of 300 puL
of a solution of 10 or 12 mM 5-GMP in D,0, whose pD
(pD = pH + 0.4) [31] was adjusted with CF3SO3D to 7.0,
was added to initiate the reaction and the spectra were
recorded immediately as a function of time at 298 K.

Quantum chemical methods
We performed B3LYP/LANL2DZp hybrid density func-

tional theory (DFT) calculations, i.e., with pseudopotentials
on the heavy elements and the valence basis set augmented

@ Springer
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Table 1 Rate constants and activation parameters for the reactions studied

[PtCl(gly-met-S,N,N)]*

[PtCl(bpma)]* *

Amm) T(K) 10%, AH” AS* A@mm) T(K) 10%, AH” AS*
™M sh (kJ mol™) (J K mol™) ™M1ts™h (kJ mol™) (JK'mol™)
S-met 247 288.1 3.7+0.1 20 + 1 201 %2 275 288.1 106+09 24+4 -179 + 13
2080 5002 2979  14=x1
308.1 6.8 0.1 308.1  22%1
GSH 247 288.0 2202 301 171 =3 280 2879 27+02 20%3 203 = 12
298.1 3402 2980 4.1=x0.1
308.1 53 %02 3080 5.0x02
5-GMP° NMR  298.0 (4.49 +0.04) x 1072 NMR  298.0 5.48 +0.06
[Pt(gly-met-S,N,N)(H,0)]" ® [Pt(bpma)(H,0)]** *
Jmm)  T@K)  10%; AH™ AS* Amm)  TX)  10%; AH” AS*
™M 1tsh kJmol™  (J K mol™) M'sh  @mol™ K mol™)
S-met 280 288.1 61+02 18x2 206 + 8 260 288.0 71+ 1 24 + 4 -160 = 12
298.0 7.6 £0.1 2082 104 x4
308.1 105+ 04 307.9 144 x4
GSH 260 288.0 3301 30=1 -168 = 4 260 288.2 321 17 %2 209 + 8
298.1 5102 298.0 391
308.1 8.1x0.2 308.1 49 +2

Ionic strength 0.10 M (NaClO,)

S-metL-methionine, GSH glutathione, 5'-GMP guanosine 5'-monophosphate, gly-met-S,N,N glycylmethionine, bpma bis(2-pyridylmethyl)amine

* pH ~ 5, 10 mM NaCl
®pH 25
¢ pH 7; 298 K

with polarization functions [32—-39]." While optimizing the
structures, we applied no constraints other than symmetry.
In addition, the resulting structures were characterized as
minima by computation of vibrational frequencies. The
relative energies were corrected for zero point vibrational
energies throughout. The Gaussian 03 suite of programs
was used [47]. The influence of the bulk solvent was eval-
uated via single-point calculations using the CPCM [48, 49]
formalism, i.e., B3LYP(CPCM)/LANL2DZp/~/B3LYP/
LANL2DZp and water as a solvent.

Results and discussion

Reactions with S-met and GSH

The substitution reactions of monofunctional complexes of
Pt(Il) with S-met and GSH were studied under pseudo-first-
order conditions using UV-vis spectrophotometry. The
substitution reactions of the aqua complexes, [Pt(gly-met-

S,N,N)(H,0)]* and [Pt(bpma)(H,0)]**, were studied in

! The performance of the computational level employed in this study
is well documented; for example, see [40-46].

@ Springer

0.10 M NaClO, at pH 2.5, whereas the substitution reac-
tions of the corresponding chloro complexes, [PtCl(gly-
met-S,N,N)] and [PtCl(bpma)]*, were studied in 0.10 M
NaClO4 at pH ~ 5. A total of 10 mM NaCl was added to
the solutions of the chloro complexes to prevent the
spontaneous hydrolysis reaction.

The plots in Figs. 2, 3, 4, and 5 indicate that ks for
these substitution reactions (the data are given in Tables
S1-S8) increases with increasing nucleophile concentration
and that significant intercepts are observed in all cases.

Substitution reactions of square-planar complexes can in
general proceed according to two parallel pathways [50],
viz., direct nucleophile attack characterized by rate con-
stant k,, and an aquation pathway in which a highly labile
aqua complex is formed in the rate-determining step given
by k; in Scheme 1.

Under pseudo-first-order conditions, these rate constants
can be determined from the slopes and intercepts of the
plots given in Figs. 2 and 3 according to Eq. 1:

kobsa = k1 + ko [nucleophile]. (1)

However, under our selected experimental conditions
(viz., 10 mM NaCl added to the chloro complexes), the
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order rate constants, Kopsq, as a 4 | 10°Kkobsals™ L-methionine 10"Kobsals glutathione
function of nucleophile 31
concentration and temperature 25 |
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[Pt(gly-met-S,N,N)(H,O0)]* 2 1
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Fig. 5 Observed pseudo-first- 25 10
order rate constants, kgpeq, as 10°Kobsals™ L-methionine 10°Konsals” glutathione
a function of nucleophile 2 | 8 | 2081 K
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NaClO, at pH 2.5 | 4 2882 K
288.0 K
0.5 2 |
10%[L-met)/M 10’[GSH]/M
0 T r 0
0 0.4 0.8 1.2 0 0.5 1 15

parallel aquation reaction can be suppressed since the
addition of chloride accelerates the k_; step, and the
observed kinetic data can be ascribed to a reversible
substitution process. The same is true in the case of the
aqua complexes for which no parallel aquation reaction can

occur. The kinetic data in Figs. 4 and 5 suggest that the
substitution reactions involve a reversible process
characterized by the rate constants k3 for direct substitution
of coordinated water by the nucleophile and k_3 for the
reverse aquation reaction shown in Scheme 2.
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k
[PLL:CIIY + Nu <— [PtL;Nu]*

: \ [PtL;H,0]” /

+CI
L; = bpma or gly-met
Nu = S-met, GSH or 5-GMP

Scheme 1 Substitution reactions of square-planar complexes. Nu
nucleophile, bpma bis(2-pyridylmethyl)amine, gly-met glycylmethio-
nine, S-meri-methionine, GSH glutathione, 5'-GMP guanosine 5'-
monophosphate

2+ ﬁ» 2+
[PtL;H,0] + Nu <k— [PtL;Nu]” + H,O

-3

L3 =bpma or gly-met
Nu = S-met, GSH or 5-GMP

Scheme 2 The substitution reactions involve a reversible process

These rate constants were obtained from the linear
dependence of k,,sq on the nucleophile concentration
according to Eq. 2:

kobsa = k_3 + ks[nucleophile]. (2)

The dependence of the observed rate constants on the
nucleophile concentrations and temperature resulted in rate
constants and activation parameters (AH” and A §7) for
the displacement of coordinated water or chloride, which
are summarized in Table 1.

The nucleophilic attack of these ligands occurs via the
sulfur donor of the thioether group in the case of S-met,
and of the thiol group in the case of GSH. S-met appears to
be a better nucleophile than GSH under these experimental
conditions (Table 1). This could be explained by the
positive inductive effect of the methyl group on the sulfur
donor. Moreover, these results are very interesting because
Pt—S(thioether) adducts have been postulated to be a drug
reservoir for platinum at DNA and may act as intermediate
platinum compounds to transform them into Pt—-DNA ad-
ducts [9, 51-53]. Pt—DNA adducts are bound to platinum
ions via the guanosine moieties at N7.

Transformation from Pt-S(thioether) to Pt-N7(GMP)
coordination seems to be common. To obtain more quan-
titative data for the stability differences between Pt—-DNA
and Pt—S(thioether) adducts, we performed DFT calcula-
tions applying the model reaction (Eq. 3) (L3 is terpy,
bpma, dien, gly-met-S,N,N), where guanine approximates
the guanosine-based interactions and SR, represents a
generic thioether:

@ Springer

Table 2 Density functional theory calculations for the model reac-
tion given in Eq. 3

L; B3LYP/LANL2DZp B3LYP(CPCM)/
(kcal mol™) LANL2DZp//
B3LYP/LANL2DZp
(kcal mol™)
terpy 27.7 13.0
bpma 28.7 12.8
dien 34.1 11.0
gly-met-S,N.N 21.5 9.5
gly-met-S,N.N 17.5 8.5
(without hydrogen
bonding)

terpy terpyridine, dien diethylenetriamine

+ SR, — [L3Pt - SRZ}2+ + guanine.
3)

In all cases guanine coordination to the L;Pt fragment is
much more favored than thioether coordination. Since
terpy and bpma have pyridines as external coordinating
moieties, the guanine-coordinated species will not gain
extra stabilization by NH(L;Pt)---O hydrogen bonds as in
the case of dien (1.79 10\) and gly-met-S,N,N (1.90 A). For
[Pt(guanine)(gly-met-S,N,N)]* we turned off the hydrogen-
bonding-based additional stabilization by a slight rotation
around the Pt—N7 bond (twist angle S—Pt—-N7-O¢¢ of 67.5°
vs. N=Pt—-N7-Oc¢ of 47.3° used before), which leads to a
4 kecal mol™" less stable local minimum. Without this
hydrogen bonding, guanine coordination is still clearly
favored.

To evaluate the bulk solvent effects, we performed sin-
gle-point CPCM calculations [B3LYP(CPCM)/LANL2D
Zp//B3ALYP/LANL2DZp]. As shown in Table 2, the DFT
calculated energy is lowered to less than 50% although
guanine coordination is still clearly favored.

The [PtCl(bpma)]* and [Pt(bpma)(H,0)]** complexes
are more reactive than [PtCl(gly-met-S,N,N)] and [Pt(gly-
met-S,N,N)(H,O])*. This can be explained by the steric
effect of the coordinated S—CHj; group in the cis position in
[Pt(gly-met-S,N,N)(H,O)]" and [PtCl(gly-met-S,N,N)].
Moreover, another reason for the higher reactivity of the
[Pt(bpma)(H,0])** and [PtCl(bpma)]* complexes is the
presence of two pyridine rings in the coordination sphere.
This has been studied in detail for a set of monofunctional
Pt(I) complexes with tridentate ligands in which the
number and position of the amine and pyridine groups were
systematically varied [23]. The presence of m-acceptor
ligands promotes the electrophilicity of the metal center
and thereby the nucleophilic attack [23, 54]. This behavior
distinguishes these complexes from classic platinum drugs
where such effects are not present, and the higher

[L3Pt - (N7-guanine)]*"
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electrophilicity of the metal center further leads to the
occurrence of the k_, step, i.e., aquation of the adducts
formed.

The aqua complexes studied are more reactive than the
corresponding chloro complexes. The coordinated water
molecule on Pt(II) centers has been shown to be very labile
and can more easily be substituted than a stronger nuleo-
philic leaving group such as chloride. The substitution of
chloride by S-met in the [PtCl(bpma)]* complex is 3 times
faster than in [PtCl(gly-met-S,N,N)], whereas the substitu-
tion of chloride in these complexes by GSH is
approximately the same. It is a little faster in the case of the
[PtCl(bpma)]* complex. Substitution of water in the
[Pt(bpma)(H2O)]2+ complex by S-met is 14 times faster
than in the case of [Pt(gly-met-S,N,N)H,O]" and 8 times
faster for the reactions with GSH. Furthermore, the results
obtained for the reaction of [Pt(bpma)(HZO)]2+ with GSH
are in good agreement with earlier published results [55].
The smaller difference in the reactivity between aqua and
chloro complexes could also be explained by the steric
effects of the complex and the bulkiness of the ligands as
well. The difference in the reactivity in the complexes with
gly-met-S,N,N is between 1.5 and 2, whereas in the case of
the bpma complexes it is between a factor of 7 and 10.

An intercept is observed for all the reactions studied
(from 6 x 107 to 2 x 10 s7") in spite of sulfur-bonding
nucleophiles being investigated. This is ascribed to a
reverse reaction induced by the higher electrophilicity of
the metal center in these complexes compared with classic
platinum drugs. In the case of the chloro complexes, extra
chloride was added (10 mM) to suppress the spontaneous
hydrolysis of the complexes, i.e., formation of the aqua
species, and to prevent parallel reactions. Reverse reactions
were also observed in the case of the aqua complexes,
which could be explained by steric effects of the complexes
and nucleophiles. The [PtCl(gly-met-S,N,N)] complex has
a voluminous methyl group in the cis position, and
[PtCl(bpma)]* has two pyridines also in the cis position
(Fig. 1).

The thermal activation parameters were determined
from the variable-temperature data using the Eyring
equation, and are summarized in Table 1. The negative
AS” values for all reactions are indicative of an associative
substitution mechanism, which is well accepted in the lit-
erature for square-planar complexes [26, 56].

"H NMR kinetics with 5'-GMP

"H NMR spectroscopy was used to investigate the substi-
tution reactions of the chloro complexes [PtCl(bpma)]* and
[PtCl(gly-met-S,N,N)] with 5’-GMP. The substitution
reactions were studied in D,O at 298 K. The pD (.e.,

pH + 0.4) [31] of the reaction mixture was adjusted with
CF;SO;D to 7.0. It is known that the N7 site of 5'-GMP is
strongly favored to bind to metal ions [57], but in principle
both N1 and N7 of 5-GMP can coordinate depending on
the pH of the solution. Binding through the N7 position in a
neutral or weakly acidic medium has been verified [22, 58—
60]. The region of the H1' and H8 protons of 5'-GMP is
most suitable to reflect the changes from coordination at
N7, so these signals were used to follow the reaction. The
signals for the H1’ and H8 protons of free 5-GMP are
shifted downfield following coordination to the Pt(II)
center. The 'H NMR peak intensity of the H8 proton of free
5'-GMP (6 = 8.16 ppm) decreases in intensity, and a new
peak for coordinated 5'-GMP appeared in the spectrum at ¢
= 8.71 ppm in the reaction with [PtCl(gly-met-S,N,N)], and
at 6 = 8.62 ppm in the reaction with [PtCl(bpma)]*. Sec-
ond-order rate constants, k,, were obtained from Eq. 4:

X

2f = ———
ao(ag —x)’

(4)

where ag is the initial concentration of reactants and x is the
concentration of the product.

The Guggenheim plots [61], in which x/ag(ag — x) is
plotted against time for the reactions of [PtCl(gly-met-
S,N,N)] and [PtCl(bpma)]Jr with 5-GMP, show straight
lines that pass through the origin as shown in Figs. 6 and 7
(Tables S9, S10). The values of the second-order rate
constant, k,, was calculated from the slopes of these lines
according to Eq. 4, and are included in Table 1.

The reaction of [PtCl(gly-met-S,N,N)] with 5'-GMP is
approximately 50 times slower than the reactions of this
complex with S-met or GSH. This could be accounted for
in terms of steric effects of the incoming 5-GMP and the

140-
120—-
100-
80 |

60

x/(a,(a,x))

40

20

k=4.5+/-0.04*10*M" s

T T T T T T T T T T
100000 150000 200000 250000 300000
time [s]

T T T
0 50000

Fig. 6 Second-order Guggenheim plots of x/ay(ay — x) versus time
for the reaction of [PtCl(gly-met-S,N,N)] (6 mM) with 5'-GMP
(6 mM), pH 7.0 and 298 K. The slope equals k» (M~ s7")
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Fig. 7 Second-order Guggenheim plots of x/ag(ag — x) versus time
for the reaction between [PtCl(bpma)]* (4.72 mM) and 5'-GMP
(4.72 mM), pH 7.0 and 298 K. The slope equals k, (M~' s7")

complex as well. On the other hand, for the reactions with
[PtCl(bpma)]” the rate constants are of the same order of
magnitude, but S-met is the best nucleophile and 5'-GMP is
the poorest one. However, the [PtCl(bpma)]* complex is
much more reactive towards 5-GMP than [PtCl(gly-met-
S,N,N)], which could be accounted for in terms of steric
crowding of the complex. This means that at or near neutral
pH, the nitrogen-bonding bases cannot compete with sul-
fur-containing (thiol or thioethers) amino acids and
peptides. This is in agreement with earlier published find-
ings [14, 62].

Acidity of the [Pt(gly-met-S,N,N)(H,O)]* complex

In general there is a correlation between the pK, values of
coordinated water molecules and the electronic structure of
the complexes. The more m-acceptors in the complex, the
lower the pK, values [23]. Figure 8 shows an example of
the spectral changes observed during the pH titration of
[Pt(gly-met-S,N,N)(H,O)]". In the pH range from 2 to 11,
the spectra exhibit three different absorbance maxima, and
two isosbestic points. This suggests that there are only two
species present in solution as a function of pH, viz., aqua
and hydroxo complexes. The overall process can therefore
be represented by the reaction in Eq. 5:

Pr(gly-met-S, N, N)(H:0)]*
Ka
+ H,O = [Pt(gly-met-S, N, N)(OH)] + H;O™. (5)

Plots of absorbance versus pH at specific wavelengths
were used to determine the pK, value of the coordinated
water molecule. The data were fitted using a nonlinear

@ Springer

0.6

0.4

0.2

T
290 330 370
A(nm)

T
210 250

Fig. 8 Spectra recorded for the titration of [Pt(gly-met-S,N,N)
(H,0)]" with base in the pH range 1-11. The concentration of the
complex was 1.2 X 10*M in 0.10 M NaClO, at 298 K. Inser:
Absorbance versus pH at the specified wavelength

least-squares procedure, as shown in the inset in Fig. 8.
The pK, value for this complex is 5.95 + 0.04 and is
summarized along with data for related complexes in
Table 3.

The reported pK, value is lower than the corresponding
value for the [Pt(dien)(H,0)]** complex, but higher than for
the complexes with pyridine rings, viz., [Pt(bpma)(H,0)]**
and [Pt(terpy)(Hzo)]2+. It has also been shown that com-
plexes with two (bpma) or three (terpy) pyridine rings are
more reactive as a result of a decrease in electron density on
the Pt(Il) center [23]. As a consequence, a lower pK, value
for the [Pt(gly-met-S,N,N)(H,O)]* complex than for
[Pt(dien)(HzO)]zJr could be accounted for by the strong cis
effect of the coordinated S—CHj; group of the gly—met-
S,N,N ligand as compared with the effect of NH, group of
the dien ligand.

Conclusions

In conclusion, this study demonstrated that sulfur-bonding
nucleophiles have a high affinity for Pt(II) complexes. S-met
is a better nucleophile than GSH under the selected experi-
mental conditions. The [PtCl(bpma)]* complex is more

Table 3 pK, values for Pt(II) aqua complexes

[Pt(dien) [Pt(gly- [Pt(bpma) [Pt(terpy) References
HOP* met-SNN) (H0)*  (H0)]
(H0)1*
6.26 = 0.10 5,53 +0.07 4.62 +£0.04 [23]
5.95 = 0.04 This work
5.49 +0.08 [28]

ITonic strength 0.10 M (NaClO,), 298 K
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reactive than [PtCl(gly-met-S,N,N)]. Also, the aqua com-
plexes are as expected more labile than the corresponding
chloro forms. The activation parameters for all the reactions
studied suggest an associative substitution mechanism. The
pK, value of the [Pt(gly-met-S,N,N)(H,0)]" complex is
5.95. Transformation from the Pt—S(thioether) to nitrogen
coordination, e.g., Pt—-N7(GMP), seems to be common, and
here DFT calculations (B3ALYP/LANL2DZp) showed that in
all cases guanine coordination to the L3Pt fragments (L3 is
terpy, bpma, dien, gly-met-S,N,N) is much more favorable
than coordination of thioether. The calculations collectively
support the experimentally observed substitution of thioe-
thers bound to Pt(II) complexes by N7-GMP.
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Substitution reactions of the complexes cis-[Pt(NH;3),Cl,],
[Pt(SMC)Cl,], [Pt(en)Cl,], and [Pt(dach)Cl,], where SMC =
S-methyl-L-cysteine, en = ethylenediamine and dach = 1,2-
diaminocyclohexane, with selected biologically important li-
gands, viz. guanosine-5'-monophosphate (5'-GMP), L-histi-
dine and 1,2,4-triazole, were studied. All reactions were
studied in aqueous 25 mMm Hepes buffer in the presence of
5mM NaCl at pH = 7.2 under pseudo-first-order conditions
as a function of concentration at 310 K by using UV/Vis spec-
trophotometry. Two consecutive reaction steps, which both
depend on the nucleophile concentration, were observed in

all cases. The second-order rate constants for both reaction
steps indicate a decrease in the order [Pt(SMC)CL,|~ > cis-
[Pt(NHj3),Cl,] > [Pt(en)Cl,] > [Pt(dach)Cl,]. DFT calculations
(BBLYP/LANL2DZp) showed that the Pt-N7(Guo) adduct is
more stable than the Pt-S(thioether) adduct for the studied
complexes cis-[Pt(NH3),CL], [Pt(SMC)Cl,]~, and [Pt(en)Cl,].
The calculations collectively support the experimentally ob-
served substitution of thioethers bound to Pt complexes by
N7(5'-GMP). Finally, this result could be the first to clearly
show how much the Pt-N7(Gua) adduct is more stable than
the Pt-S(thioether).

Introduction

Transition metals and their reactions are in general im-
portant in the environment, in technical processes (catalysis,
extraction and purification of metal complexes) and in bio-
logy and medicine (biological electron transfer, toxicology
and use of metal complexes as drugs). Moreover, nonessen-
tial metal ions are very often used in biological systems
either for therapeutic application or as diagnostic aids. For
instance, metal complexes have been used for the treatment
of many diseases (cancer, arthritis, diabetes, Alzheimer’s,
etc.), but with little understanding of their mechanism of
action in biological systems.['”l Biochemical studies have
not clearly established the molecular basis for the activity
and mechanism of action. The growing field of bioinor-
ganic chemistry is presently dealing with the clarification of
the mechanisms of action of metal complexes in biological
systems.['=3]

The discovery of the antitumor complex cisplatin in the
late 1960s initiated extensive investigations of platinum
compounds.[*! The success of cisplatin has aroused much
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interest in the development of new Pt!! complexes, such that
today carboplatin and oxaliplatin are extensively used as
anticancer drugs. However, many other platinum drugs have
been developed to improve on cisplatin.5>-71

Today it is generally accepted that the antitumor activity
of platinum drugs can be ascribed to interactions between
the metal complex and DNA.P-?! There are many other po-
tential biomolecules that can also react with the Pt!! com-
plexes, such as small molecules, proteins and enzymes.[]
Sulfur-containing biomolecules have a high affinity for
platinum. However, these interactions have been associated
with negative phenomena such as nephrotoxicity, gastroin-
testinal toxicity and neurotoxicity.>1

At present it is not clear how the Pt" species reach the
DNA, because Pt" has a high affinity for binding to sulfur
donors that compete with nitrogen donor ligands such as
DNA bases.>:!% Intracellular concentrations of mercapto
groups could be as high as 10 mm. A conventional hypothe-
sis is that sulfur-containing nucleophiles initially bind to the
platinum center and then convert to platinum-DNA com-
plexes, thermodynamically more stable products. Model
studies under physiologically relevant conditions have con-
clusively shown that the kinetic preference of Pt'! is for bi-
orelevant thiols (cysteine, glutathione) rather than for 5'-
GMP.'0:151 Methionine bound to platinum may be replaced
by thiols or nucleobases,!'* 8] whereas the Pt—cysteine bond
is considered to be kinetically more inert.!'%1° Pt—sulfur ad-
ducts have been postulated to be a drug reservoir for plati-
num at DNA and may act as intermediates of platinum

tII

compounds and transform them into Pt-DNA ad-
ducts.'-12] However, platinum drugs could be deactivated
@WILEY 1@
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in reactions with cysteine-rich proteins like glutathione.!'?!
Moreover, these proteins could substitute coordinated bases
of DNA from Pt-N7(DNA) adducts and also thioethers
from Pt-S(thioether) products to form very stable Pt-S-
(thiolate) bonds.[''"4 Therefore, several sulfur-containing
compounds, such as diethyldithiocarbamate (ddtc), sodium
thiosulfate (sts), thiourea (tu), and glutathione (GSH), con-
sidered as so-called rescue or protective agents, have been

i Extracellular
[CI] = 104 mM

excretion uptake
Scheme 1. Schematic presentation of the levels of action of cisplatin

and possible biological consequences.
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Figure 1. Structures of the studied complexes and ligands.
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developed for use in co-administration with the aim to
modulate the formation of very stable Pt—S(thiolate) bonds
(see Scheme 1).[10]

With the aim to extend our earlier work of the interac-
tions of Pt!! complexes with N-bonding ligands,[1%18:1] we
investigated the complex-formation kinetics of cis-[Pt(NHj3),-
CL], [Pt(SMC)Cl,], [Pt(en)Cl,], and [Pt(dach)Cl,] with se-
lected biologically important ligands such as guanosine-5’-
monophosphate (5'-GMP), vr-histidine and 1,2,4-triazole.
This set of nucleophiles was selected because of their differ-
ence in nucleophilicity, steric hindrance, binding properties
and biological relevance (structures are shown in Figure 1).

Results and Discussion

Reactions with Nitrogen Donor Nucleophiles

The kinetics of the substitution reactions of four dif-
ferent mononuclear Pt'" complexes, viz. cis-[Pt(NH3),Cl],
[Pt(SMC)CI,] (in the deprotonated form), [Pt(en)Cl,], and
[Pt(dach)Cl,], were investigated under physiological condi-
tions at 310 K and pH = 7.2 in Hepes buffer. Hepes and
Tris, tris(hydroxymethyl)aminomethane, buffers are usually
used in cell tests and DNA binding studies of Pt drugs.
Hepes buffer was selected because it is sterically more
crowded then Tris and does not coordinate to Pt as Tris
does.”I The observed time trace at suitable wavelengths was
fitted to a two-exponential function in which the ampli-
tudes have opposite signs as shown in Figures2 and S1
(Supporting Information). The substitution reactions we
studied in the presence of 5 mm chloride to be close to the
conditions in the cell where the concentration is ca. 4 mM.

experimental trace
064 e calculated trace
0.5+
0.4
A
0.3
0.2
0.1+
T T T T T T T T T T T T T T 1
0 2000 4000 6000 8000 10000 12000 14000
t(s)

Figure 2. Absorbance-time trace recorded for the reaction of
[Pt(en)Cl,] with 1,2,4-triazole (1.6 X 102 M) at 222 nm, 7 = 310 K,
25 mm Hepes buffer, pH = 7.2 and 5 mm NaCl.

The reactions of the studied complexes with the selected
nucleophiles occur in two subsequent steps. Both substitu-
tion reactions are reversible and proceed according to the
reactions given in Equations (1) and (2). The observed rate

Eur. J. Inorg. Chem. 2010, 54395445



Reactions of Different Bifunctional Pt Complexes with Nucleophiles

constants for two reactions can be expressed as given in
Equation (3). Direct nucleophilic attack is characterized by
the rate constants k, and k4, and the reverse reactions are
presented by the rate constants k; and ks.

kZ
[Pt(L)CL] + Nu == [Pt(L)(Nw)CIJ]* + CI 1)
ki
key
[Pt(L)(Nu)(CD]* + Nu = [Pt(L)(Nu),>* + CI ?)
k3
Kovsar = ki + Io[Nul; kopsaz = k3 + ka[Nu] (3)

L = dach, en, SMC, (NHj3),; Nu = 5'-GMP, L-histidine, 1,2,4-tri-
azole

The plots in Figures 3 and S2-S4 (Supporting Infor-
mation) indicate that both reaction steps exhibit a linear
dependence of kg On the nucleophile concentration and
that meaningful intercepts are observed in all cases.

Nitrogen donor ligands such as 5'-GMP, L-histidine, and
1,2,4-triazole were used in this investigation. The reactions
with all nucleophiles revealed two substitution steps. In the
first step the nucleophile substitutes one chloride ion, and
in the second step the other chloride ion is substituted as
shown in Equations (1) and (2). It is known that 5'-GMP
can coordinate to metal ions through the N1 and N7 posi-
tions, but binding through the N7 position in a neutral or
weakly acidic medium has been verified.?!l The pK, value
for 1,2,4-triazole is 2.30,*2! so at a pH of 7.2 it is deproton-
ated and can act as a good nucleophile. 1,2,4-Triazole can
coordinate to the Pt jon through N1, N2 or N4.?’I The
heterocyclic imidazole system in L-histidine forms a biden-
tate ligand with two competitive donor atoms N1 and N3.
In biological systems there are numerous metallo-proteins
in which a metal ion is bound to a histidine imidazole
through N1 or N3.[2423]

On the basis of the data reported in Table 1, the most
reactive N-donor nucleophile is 1,2,4-triazole. L-Histidine
has the same order of reactivity as 5'-GMP and is only
slightly faster than 5'-GMP. The difference in the reactivity
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Figure 3. Pseudo-first-order rate constants as a function of nucleo-
phile concentration for the first and second steps of the substitution
reactions of [Pt(SMC)Cl,] at 7= 310 K, 25 mm Hepes buffer, pH
= 7.2 and 5 mm NaCl.

of these nucleophiles can be accounted for in terms of elec-
tronic and steric effects. 5'-GMP is sterically more crowded
than L-histidine, and that can be the reason why the reac-
tions with 5'-GMP are a bit slower.

The kinetic data in Table 1 clearly show that these nitro-
gen donor nucleophiles are very good entering ligands for
Pt complexes. From a comparison of the values of the sec-
ond-order rate constants for the first reaction step, k», it
can be concluded that the order of reactivity is [Pt(SMC)-
Cl,]- > cis-[Pt(NH;),Cl,] > [Pt(en)Cl,] > [Pt(dach)Cl,].
The high reactivity of [Pt(SMC)CI,] can be attributed to
the strong trans-labilization effect of the coordinated sulfur

Table 1. Rate constants for the studied substitution reactions at 7= 310 K, 25 mm Hepes buffer, pH = 7.2 and 5 mm NaCl.

First step

5'-GMP L-Histidine 1,2,4-Triazole

103 k, 104 k, 103 k, 104 k, 10% k, 103 k,

M's! 1 Ms ! 1 Mg ! .-
[Pt(dach)Cl,] 22+0.1 33+1 6.4+0.2 2.6+0.1 59=+0.1 1.2+0.1
[Pt(en)Cl,] 44+03 0.30 +0.04 7.9+0.7 1.8+0.1 9.9+0.1 7.3+0.1
[Pt(SMCO)Cl,] 593+4 0.70 = 0.08 352+6 99+ 1 454 +2 3.0+0.2
cis-[Pt(NH3),Cl,] / / 8.0+0.3 4.5+04 12.0+0.4 74+0.5

Second step

5'-GMP L-Histidine 1,2,4-Triazole

10 ky 10 ks 10 ky 10 ks 103 ky 10% k5

M ls! s M lst s! M ls! s
[Pt(dach)Cl,] 2.0=+0.1 0.8+0.1 48+04 22+0.6 6.4+0.5 1.0+0.6
[Pt(en)Cl,] 3.0+0.2 35+3 11+1 76+ 1 11+1 1.1+0.1
[Pt(SMC)Cl,]~ 17+2 11+3 33+1 58+2 24+1 0.7+0.01
cis-[Pt(NH;),Cl,] / / =1 20+ 1 12.8+0.2 8.1+0.2
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atom from the S-methyl-L-cysteine chelate. Such labilization
has clearly been illustrated by an earlier study.l*®! The reac-
tivity of the complexes cis-[Pt(NHj3),Cl,], [Pt(en)Cl,] and
[Pt(dach)Cl,], depends on steric effects. The [Pt(dach)Cl,]
complex is the sterically most crowded one, and the reac-
tions are found to be slower than those with [Pt(en)Cl,] and
cis-[Pt(NHj3),Cl,]. The reactions with [Pt(dach)Cl,] were ex-
pected to be slower than those with [Pt(en)Cl], as the Pt!!
center should be less electrophilic because of the positive
inductive effect of the cyclohexane ring.[?”)

The reactions for the second step are significantly slower
than for the first step in all cases (see Table 1). The order
of reactivity for the second step is: [Pt(SMC)CL,]™ > cis-
[Pt(NHj;),Cl,] > [Pt(en)Cl,] > [Pt(dach)Cl,]. The difference
in reactivity between [Pt(SMC)Cl,]" and the other com-
plexes is less than in the case of the first reaction step. The
slower reactions of [Pt(SMC)CI,] are assigned to the dis-
placement of the second CI™ ion trans to the nitrogen donor
of coordinated S-methyl-L-cysteine and cis to the sulfur
atom.

In an earlier study,!'® the kinetics and mechanism of li-
gand-substitution reactions of [PtCl,(SMC)] with biolo-
gically relevant ligands were studied as a function of chlo-
ride and nucleophile concentration at pH = 2.5 and 7.2. It
was observed that the slope and intercept obtained from
the linear dependence of the observed rate constant on the
nucleophile concentration strongly depended on [CI'] for all
studied substitution reactions. At higher [Cl ], the rate con-
stant for the forward reaction is almost zero, indicating that
addition of excess chloride almost completely suppresses
the displacement of chloride by the entering nucleophile.
The obtained rate constant for the reaction with 5'-GMP
agreed well with the previously published value.'® In a re-
cent study®® of the substitution reactions of [Pt(dach)Cl,]
and [Pt(en)Cl,] with 5'-GMP and L-His in the presence of
10 mm NaCl, the obtained values of the second-order rate
constants for the reaction with L-His are almost identical
{10.5X 103 M 's! for [Pt(en)Cl,] and 6.4 X 103 M 's! for
[Pt(dach)Cl,]}, and for 5'-GMP the constants are even less

than in the present study. From these trends we conclude
that a concentration of 5 mm NaCl should be sufficient to
prevent the solvolysis step.

The aqua complex, [Pt(SMC)(H,0),]*, also reacts with
5'-GMP in two reactions steps. The second-order rate con-
stant for the first reaction step 22.44 M 's™!, and for the
second step 0.24 m 1571261 Also the complex-formation re-
actions of the aqua complexes, [Pt(en)(H,O),]>* and
[Pt(dach)(H,0),]**, were studied for 5'-GMP. The second-
order rate constant for the first reaction step for
[Pt(en)(H,0),]*" is 3.9 M 's! and for [Pt(dach)(H,O),]** is
5.8 M 's1.71 In all cases the aqua complexes were found
to be more reactive than the chlorido complexes.

The effect of the leaving group on the reactivity of
[Pt(dach)(CBDCA)], [Pt(dach)(N,S-methionine)], and
[Pt(dach)(gly)] was studied for different nucleophiles includ-
ing 5'-GMP.I"! On comparing the values for the second-
order rate constants for the first reaction step for the reac-
tion with 5'-GMP it is clear that [Pt(dach)Cl,] is the most
reactive (22X 103m's") compared to [Pt(dach)-
(CBDCA)] (0.352x 103 m's™!) and [Pt(dach)(gly)] (1.77
103 m's71). It follows that the nature of the chelate, viz.
0-0 (CBDCA), N-O (glycine) or S-N (I-Met) plays an im-
portant role in tuning the kinetic behavior of the Pt com-
plexes.

DFT Calculations for Gua/SMe, Exchange

Transformation from Pt-S(thioether) to Pt-N7(GMP)
coordination seems to be common in biological pro-
cesses.[' 131 We performed quantum chemical calculations
to gain more insight into this process. The applied level
(B3LYP/LANL2DZp) shows, as expected, a good geometri-
cal correlation between calculated and published experi-
mental structures, as exemplarily shown for the calculated
[Pt(dach)(N7-Gua),]** structure (Figure 4) and related pub-
lished X-ray data. Whereas the Pt-N bonds and angles
show only small deviations throughout Table 2, the experi-

Figure 4. Calculated (B3LYP/LANL2DZp) C,-symmetrical structure of [Pt(en)(Gua),]** with antiparallel Gua moieties.
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Table 2. Selected structural data from calculated (B3LYP/LANL2DZp) geometries and X-ray data for Pt(en) complexes.

Pt-N; [A] Pt-Nompaike [A] - Ni-Pt-Nempaike [°] NL-Pt-N¢ [] Namp-ikePt-Namp-iike [°]
[Pt(dach)(N7-Gua),>* 207,207  2.08,2.08 93.9, 93.4 82.7 90,7
[Pt(en)(N7-Gua),]** 2.07, 2.07 2.08, 2.08 93.3,93.3 82.8 90.8
[Pt(en)(N7-Gua),]**?%1 2.04, 2.04 1.97, 1.97 94.6, 94.6 83.9 87.0
[Pt(en)(5'GMP-NT7),]3% 2.04, 2.04 2.05, 2.05 94.4, 944 82.3 89.1
[Pt(en)(1,3,9-TMX)]>*B31 2.03, 2.03 2.02, 2.02 95.5,91.7 83.8 89.1
[Pt(en)(acv),]> B2 2.05, 2.00 2.01, 2.03 94.8, 92.6 82.7 90.1
[Pt(en)(N7-acv),]> 33 2.03, 2.02 2.04, 2.02 95.4 83.4 89.4

mental Pt-N(GMP) bond is 0.1 A too short compared to
the other X-ray data and the calculations. We therefore sug-
gest that this difference could be due to methodic difficult-
ies in X-ray structure determinations 35 years ago.

The Gua moiety in [Pt(L)(Gua),]** can be arranged
either parallel or antiparallel with C, symmetry. The paral-
lel arrangement in [Pt(NH3),(Gua),]*" is only a bit more
stable in the gas phase (2.7 kcal/mol) and in CPCM
(0.6 kcal/mol) and is best addressed as thermoneutral. In
contrast, all the X-ray structures show the Gua moieties
throughout to be arranged antiparallel, which can be clearly
attributed to the bulky side chains of the GMP-like ligands.
The data in Table 2 are for the antiparallel arranged con-
former, to be congruent with the experimental values.

To obtain more quantitative data for the difference in
stability between Pt-DNA and Pt-S(thioether) adducts,
DFT calculations were performed on a model reaction
[Equation (4)] [L: (NHj),, ethylenediamine, (1R,2R)-trans-
1,2-diaminocyclohexane], where guanine approximates the
guanosine base interactions and S(CHs), represents a ge-
neric thioether. The calculations were performed for both
substitution steps. Coordinates of the calculated structures
are reported in Table S23 (Supporting Information).

[PUL)(N7-Gua),* + SR, — [PUL)SR)(N7-Gua)P* + Gua
[Pt(L)(SR5)(N7-Gua)]** + SR, — [Pt(L)(SR»),]** + Gua 4)

In all cases guanine coordination to the fragments
Pt(NHs3),, Pt(en) and Pt(dach) is much more favored than
thioether coordination. For the first step in the gas phase
Pt-N7(Gua) is more stable than Pt-S(thioether) by ca. 31—
33 kcal/mol, and for the second step by 32-34 kcal/mol.
The complex [Pt(NH3),(Gua),]** has two H-bonds between
Gua C=0 and NH; of 1.87 A, [Pt(dach)(Gua),]** has two
H-bonds between Gua C=0 and dach of 1.83 A, [Pt(dach)-
(Gua)(SMe,)]** has one H-bond between Gua C=0 and
dach of 1.90 A, and [Pt(en)(Gua),]** has two H-bonds be-
tween Gua C=0 and dach of 1.80 A.

To evaluate the bulk solvent effects, single-point
CPCM calculations [B3LYP(CPCM)/LANL2DZp//B3LYP/
LANL2DZp] were performed. As shown in Table 3, the
DFT-calculated energy is lowered to less than 50% al-
though guanine coordination is still clearly favored. Finally,
this result could be the first to clearly show how much the
Pt-N7(Gua) adduct is more stable than the Pt-S(thioether)
adduct. This is important since Pt-S(thioether) adducts
have been postulated to be a drug reservoir for the binding

Table 3. Energy calculations in kcal/mol for Gua/SMe, exchange on [Pt(NH3),(Gua),]**, [Pt(en)(Gua),]** and [Pt(dach)(Gua),]** accord-

ing to Equation (4).

Method [Pt(NH;),(Gua),]** + SMe, — [Pt(NH3),(Gua)(SMe,)** + Gua
Gas phase 0.0 +31.6
CPCM 0.0 +10.5
[PUNH,)(Gua)(SMe,)P* + SMe, = [PUNH2)(SMes)of + Gua
Gas phase 0.0 +33.5
CPCM 0.0 +13.9
[Pt(dach)(Gua),]** + SMe, — [Pt(dach)(Gua)(SMe,)** + Gua
Gas phase 0.0 +31.2
CPCM 0.0 +12.2
[Pt(dach)(Gua)(SMe))I** + SMe, — [Pt(dach)(SMe,)*** + Gua
Gas phase 0.0 +32.2
CPCM 0.0 +11.9
[Pt(en)(Gua),]** + SMe, — [Pt(en)(Gua)(SMe,)]** + Gua
Gas phase 0.0 +32.8
CPCM 0.0 +13.0
[Pt(en)(Gua)(SMe,)l** + SMe, — [Pt(en)(SMe,),** + Gua
Gas phase 0.0 +34.0
CPCM 0.0 +12.5
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of platinum to DNA, which may act as intermediates and
then be transformed into Pt-N7(Gua) adduct.l®!'%

Conclusions

On the basis of the data presented in this report, we con-
clude that the studied Pt'' complexes have a high affinity
for the studied N-bonding nucleophiles of which 1,2,4-tri-
azole is a better nucleophile than 5'-GMP and vr-histidine.
The reactivity of the complexes is in the order: [Pt(SMC)-
ClL,]" > cis-[Pt(NH3),Cl,] > [Pt(en)Cl,] > [Pt(dach)Cl,].
DFT calculations (B3LYP/LANL2DZp) for the complexes
cis-[Pt(NH;3),Cl,], [Pt(en)Cl,] and [Pt(dach)Cl,] showed that
the Pt-N7(Gua) adduct is more stable than the Pt-S(thio-
ether) adduct. For the first step in the gas phase Pt—
N7(Gua) is more stable than Pt-S(thioether) by ca. 31—
33 kcal/mol, and for the second step by 32-34 kcal/mol.
The calculations collectively support the experimentally ob-
served substitution of thioethers bound to Pt!! complexes
by N7(5'-GMP).

Experimental Section

Chemicals and Solutions: The ligands, guanosine-5'-monophos-
phate sodium salt, L-histidine, 1,2,4-triazole, S-methyl-L-cysteine,
ethylenediamine and 1,2-diaminocyclohexane were obtained from
Fluka, Acros Organics or Sigma and were used without further
purification. Potassium tetrachloridoplatinate (K,PtCly) was pur-
chased from Strem Chemicals. Hepes buffer {2-[4-(2-hydroxyethyl)-
piperazin-1-yllethanesulfonic acid} was obtained from Aldrich,
D,O (Deutero GmbH, 99.9%) is commercially available, and both
were used as received. All the other chemicals were of the highest
purity commercially available and were used without further purifi-
cation. Ultrapure water was used in all experiments. Nucleophile
stock solutions were prepared shortly before use by dissolving the
chemicals. The complexes [Pt(SMC)Cl,] (isolated in the protonated
form from 0.1 M HCI), [Pt(en)Cl,] and [Pt(dach)Cl,] were prepared
according to published procedures.**3¢ Elemental analysis, 'H
NMR and UV/Vis spectra of these complexes were in good agree-
ment with the previously obtained data. Cisplatin, cis-[Pt(NH3),-
Cl,], was purchased from Aldrich.

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

Kinetics Measurements: The kinetics of the substitution of coordi-
nated chloride or water was followed spectrophotometrically by
monitoring 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 20-fold excess. The reactions
were initiated by mixing 0.5 mL of Pt complex solution with
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2.5mL of thermostatted nucleophile solution in the UV/Vis cu-
vette, and reactions were monitored for at least 8 half-lives. The
observed pseudo-first-order rate constants, k., represent an
average value of two to four independent kinetic runs for each ex-
perimental condition. All reactions were studied at 310 K and pH
= 7.2 in the presence of 5mM NaCl. The experimental data are
summarized and reported in the Supporting Information
(Tables S1-S22).

Quantum Chemical Methods: B3LYP/LANL2DZp hybrid density
functional calculations, i.e., with pseudo-potentials on the heavy
elements and the valence basis set augmented with polarization
functions, were performed.l3”-38] During the optimization of the
structures no other constrains than symmetry were applied. In ad-
dition, the resulting structures were characterized as minima by
computation of vibrational frequencies. The relative energies were
corrected for zero-point vibrational energies (ZPE) throughout.
The GAUSSIAN suite of programs was used.*°! The influence of
the bulk solvent was evaluated by single-point calculations using
the CPCM formalism,*” ie., B3LYP(CPCM)/LANL2DZp//
B3LYP/LANL2DZp and water as solvent.

Supporting Information (see footnote on the first page of this arti-
cle): Tables S1-S22 report the observed pseudo-first-order rate con-
stants for the first and the second reaction steps as a function of
nucleophile concentration for the reactions between the studied
complexes and 5'-GMP, L-histidine and 1,2.4-triazole in 25 mm
Hepes buffer, pH = 7.2 and [CI'] = 5 mm. Table S23 contains the
coordinates of the calculated structures. Figure S1 presents the ab-
sorbance-time trace recorded for the reaction of cisplatin with
1,2,4-triazole (1.6 X 102 M) at 224 nm, 7 = 310 K, 25 mm Hepes
buffer and pH = 7.2. Figures S2-S4 report plots of the pseudo-
first-order rate constants as a function of nucleophile concentration
for the first and the second steps of the substitution reactions of
cis-[Pt(NH3),Cl,], [Pt(en)Cl,] and [Pt(dach)Cl,], at 7" = 310 K,
25 mm Hepes buffer, pH = 7.2 and 5 mm NaCl.
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Abstract Substitution reactions of the complexes
[Pt(bpma)HzO]2+ and [PtCl(bpma)]*, where bpma is bis-
(2-pyridylmethyl)amine, with the nitrogen-donor ligands
1,2,4-triazole, pyrazole and pyridazine were studied in
aqueous 0.1 M NaClO, using variable-temperature UV—
VIS spectrophotometry. The reactions of the aqua complex
were studied at pH 2.5, and those of the chloro complex
were studied in the presence of 10 mM NaCl to prevent
their hydrolysis. The values obtained for the second-order
rate constants indicate that the complexes with bpma are
more reactive than those with diethylenetriamine. In both
cases, the aqua complexes are more reactive than the
corresponding chloro complexes. The reactivity of the
incoming ligands follows the order: 1,2,4-triazole > pyr-
idazine > pyrazole. Activation parameters were deter-
mined for all the reactions, and the negative entropies of
activation (AS™) support an A or Ia mechanism.

Introduction

Cancer is one of the leading diseases in the world, so the
development of new Pt(Il) compounds as potential antitu-
mor drugs is a major interest [1, 2]. As well as the standard
Pt(II) compounds (cisplatin, carboplatin and oxaliplatin),
dinuclear Pt(Il) complexes have also been developed [3, 4],
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material, which is available to authorized users.
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and the exploration of Pt(IV) complexes is a growing field
of research [5]. All this research has one major goal,
to develop more potent and less toxic drugs. Compounds
of Pt(Il) with inert tridentate nitrogen-donor ligands, such
as diethylenetriamine (dien), bis-(2-pyridylmethyl)amine
(bpma) and 2,2':6',2"-terpyridine (terpy), are of interest,
because they are a very suitable models for mechanistic
and kinetic studies of the reactions of platinum(Il) anti-
cancer drugs with sulphur- and nitrogen-donor ligands.
These complexes do not show antitumor activity.

Azoles and diazines are very important from a bioin-
organic point of view, since the imidazole group of histi-
dine is a constituent of most of the known hemoproteins
[6]. Compounds that contain pyridazine or pyridine are
used as therapeutic agents for rheumatoid arthritis, osteo-
porosis and other conditions. Derivatives based on triazole,
pyridazine and pyrazole can also show antibacterial effects
[7]. Some antitumor active complexes of Pt(Il) have azoles
or diazines in their structures [8], also azoles and diazines
are often used as bridging ligands in the synthesis of
dinuclear Pt(IT) complexes [3, 4].

As an extension of our earlier work [9], we here report
the kinetics of complexation between the monofunctional
complexes [Pt(bpma)H,0]*" and [PtCl(bpma)]™ and nitro-
gen-donor ligands, namely 1,2,4-triazole, pyrazole and pyr-
idazine (Fig. 1). All these reactions were studied in aqueous
0.1 M NaClQy; those of the aqua complex were studied at
pH 2.5, and those of the chloro complexes were studied in
the presence of 10 mM NaCl to prevent their hydrolysis.

Experimental

1,2,4-triazole (Fluka), pyridazine and pyrazole (Acros)
were used without further purification. [PtCl(bpma)]Cl
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Fig. 1 Structures of studied
complexes and ligands
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H,0 was prepared according to a published procedure [10].
All the other chemicals were of the highest purity com-
mercially available and were used without further purifi-
cation. Elemental analysis, '"H NMR and UV-VIS spectra
of this complex were in good agreement with the previ-
ously obtained data [10]. Ultra-pure water was used in all
experiments. Nucleophile stock solutions were prepared
shortly before use.

The aqua complex [Pt(bpma)H,O]*" was prepared
starting from the corresponding chloro complex. The
conversion was performed by addition of the corresponding
amount of AgClOy to a solution of the chloro complex in
water and stirring for 3 h at 50 °C. The white precipitate of
AgCl was filtered off using a Millipore filtration unit, and
the solutions were diluted. Great care was taken to ensure
that the resulting solution was free of Ag™ ions and that the
chloro complex had been converted completely into the
aqua form. It is well known that perchlorate ions do not
coordinate to Pt(II) or Pd(I) in aqueous solution [11].

The products of the reactions were characterized by 'H
NMR spectroscopy and elemental analysis. Found for:
C,6H17CILNsPt  ([Pt(bpma)(pyridazine)]Cl,): H, 3.5; C
35.6; N 12.6 Anal. Calcd: H, 3.1; C, 35.2; N 12.8. '"H NMR
(200 MHz, D,0): 4.14 (4 H, s, Py—CH,), 7.49, 8.64, 9.2, (1
H, d, m-Py; 1H, d, o-Py; 1 H, d, pyridazine), 7.73, 7.31, 7.5
(1 H, t, p-Py; 1 H, t, m-Py; 2 H, t, pyridazine), 2.0 (s, N-H)
ppm. Found for: C;5H;¢C,IN5Pt ([Pt(bpma)(pyrazole)]Cl,)
H, 3.2; C33.2; N 13.1 Anal. Calcd: H, 3.0; C, 33.8; N 13.1.
"H NMR (200 MHz, D,0): 4.14 (4 H, s, Py—CH,), 7.49,
8.64,7.34,8.11 (1 H, d, m-Py; 1H, d, 0-Py; 1H, d, pyrazole;
1H, d, pyrazole), 7.73, 7.31, 6.56 (1 H, t, p-Py; 1 H, t,
m-Py; 1 H, t, pyrazole), 2.0 (s, N-H) ppm. Found for:
C14H;5CoINgPt ([Pt(bpma)(1,2,4-triazole)]Cl,) H, 2.9; C
31.8; N 15.8 Anal. Calcd: H, 2.8; C, 31.5; N 15.7. "H NMR

@ Springer

(200 MHz, D,0): 4.14, 8.78, 8.29 (4 H, s, Py-CH,; 1 H, s,
1,2,4-triazole; 1H, s, 1,2,4-triazole), 7.49, 8.64 (1 H, d, m-
Py; 1H, d, 0-Py), 7.73, 7.31 (1 H, t, p-Py; 1 H, t, m-Py), 2.0
(s, N—-H) ppm.

Instrumentation and measurements

UV-VIS spectra and kinetic traces were recorded on a
Perkin-Elmer Lamda 35 double-beam spectrophotometer in
thermostated 1.00-cm quartz Suprasil cells. 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.
Chemical analyses were performed on a Carlo Erba Elemental
Analyser 1106. '"H NMR measurements were performed on a
Varian Gemini 2000, 200 MHz NMR spectrometer.

Kinetics measurements

The kinetics of the substitution of coordinated chloride or
water was followed spectrophotometrically by following
the change in absorbance at suitable wavelengths as a
function of time. The working wavelengths were deter-
mined 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 0.5 ml of Pt(II) 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, Koy,
represent an average value of two to four independent
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kinetic runs for each experimental condition. All reactions
were studied at three temperatures (288, 298 and 308 K) in
0.1 M NaClOQy. Substitution reactions of the aqua complex
[Pt(bpma)H,0]>" were studied at pH 2.5, adjusted by
adding a solution of 0.1 M HClO,4. The experimental
data are summarized in the Supporting Information (Tables
S1-S6). The values of constants and other thermodynamic
parameters were determined using the computer programs
Microsoft Excel 2007 and OriginPro 8.

Results and discussion
The substitution reactions of the complex [PtCl(bpma)]™

with 1,2,4 - triazole, pyridazine and pyrazole can be rep-
resented by Scheme 1.

k
|Pt(bpma)Cl]* + L———  |Pt(bpma)L]** + CI"

kI
H,0 L

|[Pt(bpma)H,0]**

Scheme 1 L = Pyrazole, pyridazine or 1,2,4-triazole

10%Kop sals™
PYRAZOLE

From Scheme 1 can be seen that the substitution reac-
tions proceed according to two parallel associative reaction
paths; this has been reported to be the case for most square-
planar d® metal complexes [12]. One path involves the
rate-determining formation of the solvento complex (k;)
followed by rapid substitution of the coordinated solvent.
The other reaction involves direct nucleophilic attack by
the entering ligand (k»).

The observed pseudo-first-order rate constants, ks, as a
function of the total concentration of nucleophile are
described by Eq. 1.

Kops = ki + kZ[L] (l)

Figure 2 shows the dependence of k.,s on nucleophile
concentration at three temperatures.

For all the studied substitution reactions, the depen-
dences of ks of nucleophile concentration are linear at all
three temperatures. The second-order rate constants kj,
characterizing the formation of the product complex, were
evaluated from the slopes of plots of ks versus [nucleo-
phile] (Fig. 2). The use of three temperatures allowed
determination of the activation parameters AH” and AS™.
The results are summarized in Table 1.

The kinetic data clearly show that these nitrogen-con-
taining nucleophiles are very good entering ligands for

8

10% Kopsals™

PYRIDAZINE

308.1K
2 1 4 1

298.0K

88.1 K
A 288.1 2
10?[pyrazole}/M 102 [pyridazine)/M
0 T v y T 0 v v v v
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15
10°Kopsq/S™
1,2,4-TRIAZOLE

10 4

0 v

102[1,2,4-triazole}/M

0.0 05 1.0

15 20 256

Fig. 2 Pseudo-first-order rate constants as a function of nucleophile concentration for the substitution reactions of [PtCl(bpma)]™ with pyrazole,

pyridazine and 1,2,4-triazole in 0.1 M NaClO4 and 10 mM NaCl
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Table 1 Rate constants and activation parameters for the substitution reactions of [PtCl(bpma)]* and [Pt(bpmal)HzO]2+ complex in 0.1 M

NaClOy
[PtCl(bpma)]™*
2 T ko 10°k, AH” AS*
nm K Y s ! kJmol ™! JK 'mol™!
Pyrazole 268 288.1 0.05 + 0.002 0.29 + 0.02 15+2 217 £7
298 0.07 + 0.003 0.50 + 0.04
308.1 0.08 + 0.002 1.10 + 0.02
Pyridazine 267 288 0.11 + 0.01 0.38 + 0.07 12 +£3 —221 £ 13
298 0.15 £ 0.01 0.66 £ 0.06
308 0.17 £ 0.01 1.47 £ 0.09
1,2,4-triazole 253 288.1 0.27 £ 0.01 0.42 + 0.01 2+ 4 —179 + 14
298 0.42 £ 0.01 0.52 £ 0.01
308.1 0.52 + 0.01 1.15 + 0.01
[Pt(bpma)H,0]**+
A T K, 10° k AH” AS™ K,
Nm K Mgt s7! kJmol ! JK 'mol™!
Pyrazole 330 288 0.59 + 0.06 0.72 £ 0.08 10+ 1 —212+4 62.72
298.1 0.69 £ 0.03 1.10 £+ 0.04
308 0.84 + 0.03 1.59 + 0.02
Pyridazine 431 288 0.61 + 0.03 0.01 + 0.003 41 + 8 —129 + 26 368.18
298 0.81 + 0.02 0.22 + 0.02
308.1 0.96 + 0.02 0.41 + 0.02
1,2,4-triazole 360 288.1 1.31 + 0.04 0.17 £ 0.06 29 + 3 —142 + 11 850
298 221 £ 0.03 0.26 + 0.04
308.1 3.07 £ 0.10 0.42 £+ 0.10
Pt(Il) complexes (Table 1), in good agreement with the Kobs = k1 + k;[L] (3)

literature [13, 14]. The most reactive nucleophile is 1,2,4-
triazole followed by pyridazine and then pyrazole. This
order of reactivity is in relation with their acidities and
structures [15]; the pKa values for the ligands are 2.30 for
1,2,4-triazole, 2.33 for pyridazine and 2.52 for pyrazole.
Also 1,2,4-triazole is a five-membered ring, but pyridazine
and pyrazole are six-membered rings [16].

The substitution reactions of the aqua complex
[Pt(bpma)H,0]*" with 1,2,4-triazole, pyridazine and pyr-
azole can be represented by Eq. 2.

k
[Pt(bpma)H,0]*" +L k: [Pt(bpma)L]** + H,0 (2)

-1

Here, k; is the second-order rate constant for the forward
anation reaction, and k_; is the rate constant for the reverse
aquation reaction. The second-order rate constants k; were
obtained directly from the slopes of plots of kg, versus
entering nucleophile concentration. The observed pseudo-
first-order rate constants, K., as a function of the total
concentration of nucleophile are described by Eq. 3.

@ Springer

The experimental results are shown in Fig. 3, and the
rate constants and activation parameters are given in
Table 1.

The orders of reactivity of the three incoming ligands are
the same as in the case of [PtCl(bpma)]+. These azoles and
diazines are acids, so their nucleophilicities are associated
with their ability to give a proton, which is in agreement
with the results given in Table 1. The reactions of
[Pt(bpma)HzO]2+ were studied at pH 2.5; at this pH, all
three ligands are partially deprotonated, which makes them
better nucleophiles. The pH could not be reduced below
2.5, since the starting Pt(I[) complex can also act as an acid
[17]. The results obtained for [PtCl(bpma)]Jr and [Pt(bpma)
H,O]*" are in good agreement with those reported for other
complexes [18]. The coordinated water ligand on the Pt(Il)
and Pd(II) centers is evidently very labile and can easily be
substituted by stronger nucleophiles [19]. [Pt(bpma)H20]2+
reacts faster than the chloro complex.

The reactivity of the complexes that contain inert tri-
dentate NNN-donor ligands, with pyridine rings, largely
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Fig. 3 Pseudo-first-order rate constants as a function of nucleophile concentration for the substitution reactions of [Pt(bpma)H2O]2+ with

pyrazole, pyridazine and 1,2,4-triazole at pH = 2.5 in 0.1 M NaClO,

depends on the number and distribution of the pyridine rings
[20]. [PtCl(bpma)]Jr and [Pt(bpma)Hzo]2+ contain two
pyridine rings in cis position, so relative to the leaving
ligand. In contrast to these complexes, [PtCl(dien)] " and its
aqua analog do not contain pyridine rings and react much
more slowly than the bpma-complexes (Table 2). The
presence of the pyridine group increases the electrophilicity
of the metal center by accepting back-donation of electron
density from the metal center, making it more positive. The
other reason for this high reactivity of the bpma complex is
n-back-donation of the additional electron density from the
entering nucleophile to the chelating ligand, which stabilizes
the five-coordinate transition state in comparison with the
ground state. The observed reactivities for the Pt(Il) com-
plexes containing inert tridentate NNN-donor ligands follow
the order: aaa < apa < aap < pap < app < ppp (where a
is an amine group and p is pyridine) [20]. In our study,
the bpma complex showed ca. tenfold greater reactivity
compared to the dien complex, which agrees well with the
literature [20].

In our earlier work [18], we studied substitution reac-
tions of the corresponding Pd(I) complexes. Because of
the similarities in chemical behavior of Pd(I) and Pt(II)
complexes, Pd(II) complexes are often used as models for

Table 2 Rate constants for the substitution reactions of bpma and
dien complexes in 0.1 M NaClO4

[Pt(dien)H,0]** #
10%k,/M~1s71(298 K)

[PtCl(dien)] ™
104M~ s k,(298 K)

1,2,4-triazole  21.80 + 0.5 7.12 £ 0.03
Pyridazine 10.30 + 0.11 1.29 + 0.07
Pyrazole 3.88 + 0.02 1.29 + 0.07

[Pt(bpma)H,01** [PtClL(bpma)]*

ki/M~'s71(298 K) ko/M~'s71(298 K)
1,2,4-triazole 2.21 £ 0.04 0.42 £+ 0.01
Pyridazine 0.80 + 0.02 0.15 £ 0.01
Pyrazole 0.69 £ 0.03 0.07 £ 0.002
 Ref. [9]

the study of interactions with different nucleophiles,
although they react much faster (10°~10° times faster) [21,
22]. The results of these studies confirm that the Pd(II)
complexes react faster (Table 3). Comparing the properties
of the metals, it is clear that Pt(II) is a softer acid than
Pd(II). Therefore, the Pt(II)-Cl bond in [PtCl(bpma)]™ is
more stable than the same bond in [PdCl(bpma)]+, SO
substitution reactions of the Pt(II) complex are 10° times

@ Springer
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Table 3 Rate constants for the substitution reactions of correspond-
ing Pt(II) and Pd(II) complexes in 0.1 M NaClO4

[PtCl(bpma)]™*
/M~ 's71(288 K)

[PACl(bpma)]* ?
1073M~'s7'k,(288 K)

1,2,4-triazole 0.27 £ 0.01 1.04 £ 0.04

Pyridazine 0.11 £ 0.01 Very fast

Pyrazole 0.05 =+ 0.002 0.73 £ 0.007
[Pt(bpma)H,0]*+ [Pd(bpma)H,0]*+ *
k/M~'s71(288 K) 1074M~'s7'k,(288 K)

1,2,4-triazole 1.31 &+ 0.04 251 £+ 0.11

Pyridazine 0.61 £0.03 Very fast

Pyrazole 0.59 £ 0.03 1.17 £ 0.08

4 Ref. [18]

slower. The reactivity ratio between [Pt(bpma)HZO]zJr and
[Pd(bpma)H,0]*" is 10,

The obtained activation parameters, AH” and AS™ are
summarized in Table 1. The significantly negative AS”™
supports the assignment of an associative mechanism.
However, the activation process in the studied systems
seems to be strongly dominated by bond formation. The
results are in excellent agreement with data reported for
similar systems [9, 18].

Conclusion

In conclusion, this study shows that the substitution reac-
tions of the [PtCl(bpma)]Jr and [Pt(bpma)HZO]2+ proceed
via an associative mechanism, as supported by negative
values of the entropy of activation. The studied N-bonding
ligands are very good nucleophiles for these complexes,
and the order of reactivity is as follows: 1,2.4-triazole >
pyridazine > pyrazole. The complex [Pt(bpma)H,0]*" is
more reactive than [PtCl(bpma)]™*. The Pt(I) complex with
bpma is more reactive than the corresponding complex with
dien ligand.

@ Springer
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Equilibrium studies of the reactions of palladium(ir) bis(imidazolin-2-imine)
complexes with biologically relevant nucleophiles. The crystal structures of

[(TLB")PACI|CIO4 and [(BL*")PdCL,]+
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The kinetics and the mechanism of the substitution reactions of the complex [(TL®*)PdCI]*, where
TL™" is 2,6-bis[(1,3-di-tert-butylimidazolin-2-imino)methyl]pyridine, with nucleophiles
(guanosine-5’-monophosphate (5’-GMP), L-Methionine (L-Met) and L-Histidine (L-His)) were studied
using variable-temperature stopped-flow techniques in aqueous 0.1 M NaClO, with 10 mM NacCl at
298 K. The order of reactivity is: L-Met > 5-GMP > L-His. The formation equilibria of
[(BL™)Pd(H,0),]**, where BL™ is 1,2-bis(1,3diisopropyl-4,5-dimethylimidazolin-2-imino)ethane, and
[(TL®)Pd(H,0)]** with some biologically relevant ligands (L-Met, 5-GMP and L-His) were also
studied. The stoichiometry and stability constants of the newly formed complexes are reported, and the
concentration distribution of the various complex species has been evaluated as a function of

pH. Comparing the values of logf, , for 5-GMP, L-His and L-Met complexes, the most stable complex
is with 5’-GMP followed by L-His and L-Met for both complexes, [(BL*")Pd(H,0),]** and
[(TL®)Pd(H,0)]**. The crystal structures of [(TL®")PdCI]CIO, and [(BL*")PdCl,] were determined by
X-ray diffraction. The coordination geometries around the palladium atoms are distorted
square-planar, with the Pd-N1 distance to the central nitrogen atom of the TL™ ligand, 1.944(2) A,
being shorter than those to the other two nitrogen atoms of TL™®", viz. 2.034(3) and 2.038(2) A. The
BL* complex displays similar Pd—N distances of 2.031(2) and 2.047(2) A.

Introduction

For kinetic and mechanistic studies, Pd(i1) complexes are suitable
model compounds since they react ca. 10*~10° times faster than
their Pt(11) analogues, whereas their structural and equilibrium
behaviour are very similar.! Because of their strong affinity towards
S and N donor ligands, as well as their high reactivity, the
selectivity of certain Pd(i1) complexes towards biomolecules is
lower, limiting the possibility of developing compounds with
antitumor reactivity. In recent years, however, it has been shown
that certain Pd(11) complexes can also show antitumor activity.?
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Chelation plays an important role in modern organometallic
chemistry and homogeneous catalysis,® and also in bioinorganic
chemistry.* Numerous variations of Schiff base ligands have
been prepared and extensively investigated as ancillary ligands
in transition metal-catalyzed reactions.>® Inspired by the great
success of these diimine ligands, analogous ethylene- and pyridine-
bridged bis(imidazolin-2-imine) ligands such as TL®" and BL™
were introduced (Fig. 1), in which the imine donor sites are highly
basic and exhibit strong nucleophilic properties as a result of
the ability of the imidazole ring to effectively stabilize a positive
charge.” The strong electron-donating capacity of these ligands
towards transition metals was documented by the preparation of
highly reactive copper(l) complexes and by the isolation of co-
ordinatively unsaturated 16-electron molybdenum and ruthenium
half-sandwich complexes containing ancillary cycloheptatrienyl,
cyclopentadienyl and arene ligands.?® In addition, these ligands
proved capable of forming stable complexes with the first row
transition metals Mn—Zn."

In this contribution, we report kinetic studies for the ligand
substitution of [(TL®*)PdCI|CIO, with 5-GMP, L-Met and L-
His using stopped-flow techniques. We have also studied complex
formation of [(TL®*)Pd(H,0O)]** and [(BL*)Pd(H,0),]** with 5’-
GMP, L-Met and L-His by potentiometric measurements. This

This journal is © The Royal Society of Chemistry 2011
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set of nucleophiles was selected because of their difference in
nucleophilicity, steric hindrance, binding properties and biological
relevance; their structures are shown in Fig. 1.

Results and discussion
Preparation and structure of [(TL®VPdCI]C1O,

The complex [(TL®YPACI]CIO, was prepared by the reaction of
TL™® with PdCl, in aqueous solution at pH 5, followed by addition
of a saturated aqueous solution of NaClO,. Single crystals of
[(TL®YPdCI]CIO, were obtained from acetone/ethanol solution,
and the molecular structure was determined by X-ray diffraction
analysis (Fig. 2). The unit cell is composed of [[TL®YPdCI]* cations
and ClO,™ anions with no direct metal-perchlorate interaction.
In the cation, the TL®" ligand coordinates to palladium in a
tridentate fashion, and the fourth coordination site is occupied by
a chloride ion. The palladium atom resides in a slightly distorted
square-planar environment, and the sum of the four cis angles
is 360.6°, with the N-Pd-N angles of 80.90(10)° and 81.05(10)°
being significantly smaller than the N-Pd—Cl angles of 99.86(7)
and 98.74(7). The Pd-N1 distance to the central nitrogen atom of
the TL™®" ligand, 1.944(2) A, is shorter than those to the other two

Structures of the studied complexes and ligands.

Fig.2 ORTEP drawing of the [(TL®")PdCI]* cation in [(TL®*)PdCI]CIO,
with thermal displacement parameters at 50% probability. Selected
bond distances [A] and angles [°]: Pd-N1 1.944(2), Pd-N2 2.038(2),
Pd-N3 2.034(3), Pd-Cl 2.3256(8); N1-Pd-N3 80.90(10), N1-Pd-N2
81.05(10), N3-Pd-N2 160.51(9), NI-Pd-Cl 175.08(7), N3-Pd-Cl
99.86(7), N2-Pd—Cl1 98.74(7).

nitrogen atoms, viz. 2.034(3) and 2.038(2) A. The Pd—Cl distance
is 2.3256(8) A. In a similar fashion to that observed for related
cationic copper(i1) complexes of the type [(TL®*)CuCl]*,** the
imidazole rings adopt perpendicular orientations with respect to

6516 | Dalton Trans., 2011, 40, 6515-6523
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the plane defined by the metal and the metal-bound atoms as
indicated by interplanar angles of 86.2° and 88.1°.

Preparation and structure of [(BL*")PdCl,]

The reaction of BL™ with [Pd(COD)ClL] (COD = 1,5-
cyclooctadiene) in THF solution afforded the complex
[(BL™)PACl,] as an orange-red solid. The '"H NMR in THF-
dy indicates that rotation of the imidazole rings around the
N-C bonds is already slow at room temperature, resulting in
the observation of two well-resolved doublet resonances for the
diastereotopic isopropyl methyl groups. Red crystals suitable for
X-ray diffraction analysis were isolated from the THF/n-hexane
solution, and the molecular structure [(BL*)PdCl,] is shown in
Fig. 3. The diimine ligand is coordinated to the palladium atom
in a chelating, bidentate fashion with an N1-Pd-N2 bite angle of
81.84(8)°. Accordingly, the palladium atom resides in a distorted
square-planar environment, although the ligand geometry around
the Pd atom is perfectly planar as indicated by an angle sum
of 360.0°. The Pd-N bond lengths of 2.031(2) and 2.047(2) A
are similar to those observed for [(TL®YPdCI|CIO, (vide supra). A
pronounced pyramidalization of the nitrogen donor atoms N1 and
N2 is observed as the sums of the surrounding angles are 347.5°
and 341.2°, respectively. The imidazole rings are perpendicularly
oriented relative to the palladium coordination sphere, and the
interplanar angle between the two rings is 18.2°. Similar structural
features have been described for a PdCl, complex containing the
related ligand 1,2-bis(1,3-dimethylimidazolin-2-imino)ethane."

Fig. 3 ORTEP drawing of the [(BL™)PdCl,] with thermal displacement
parameters at 50% probability. Selected bond distances [A] and angles
[°]:Pd-NT1 2.031(2), Pd-N2 2.047(2), Pd—Cl1 2.3348(6), Pd—CI2 2.3360(6),
NI-C3 1.356(3), N2-C14 1.359(3); N1-Pd-N2 81.84(8), Cl1-Pd-CI2
93.39(2), N1-Pd-Cl1 94.12(6), N2-Pd-CI2 90.65(5).

Kinetic studies of the complex formation of [(TL*®PdCI|CIO,

The kinetics of the substitution reactions of coordinated chloride
from the complex [(TL®')PdCI]CIO, with the ligands 5-GMP,
L-Met and L-His (Fig. 1) was investigated in aqueous 0.1 M
NaClO, with 10 mM NaCl at 298 K, using a variable-temperature
stopped-flow spectrophotometer, by monitoring the change in
absorbance at suitable wavelengths as a function of time. 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. NaCl was added to the solutions
of the chloro complexes to prevent their spontaneous hydrolysis.

The pseudo-first-order rate constants were found to be linearly
dependent upon the concentration of Nu, as presented in eqn (1).

kopsa = Ka[NU] + Ky (1

In the case of complex [(TL®')PdCI|CIO,, the substitution
reactions proceed according to two parallel associative reaction
paths, which was reported to be the case for most square-planar
d® metal complexes.”? One path involves the rate-determining
formation of a solvent complex (k) followed by rapid substitution
of the coordinated solvent. The other reaction involves direct
nucleophilic attack by the entering ligand (k,) as presented in
Scheme 1.

[(TLPPACT) L — 2

Ky
H,0 4

[(TLI‘BLI)PdL]2 Froer

[(TL™®")Pd(H,0)**

L =5"-GMP, L-Met and L-His

Scheme 1

The solvolysis rate constant k,, independent of the concentra-
tion of L, is very small and contributes little to the k.. The
second-order rate constant k,, characterizing the formation of the
product complex, can be evaluated from the slope of a plot k.
vs. [L]. The experimental results for the displacement of chloride
from [(TL®*)PdCI]CIO, are summarized in Table 1 and presented
in Fig. 4.

Comparing the results shown in Table 1 and in Fig. 4, we notice
the following order of reactivity of the nucleophiles: L-Met > 5’-
GMP > L-His. The higher reactivity of L-Met relative to 5-GMP
and L-His is in line with expectation, since L-Met is a sulfur-
bonding nucleophile and has a high affinity for Pd(i1) complexes.
It is well known that Pt(11) and Pd(11) have a strong affinity towards
sulfur, and this has been shown in many previous studies.*** 5’-
GMP and L-His have almost the same order of reactivity, with
5’-GMP being slightly faster. L-Met reacts about 4 times faster
than 5-GMP and L-His; these are N-bonding nucleophiles and
accordingly have lower affinities for the Pd(11) and Pt(11) complexes.

From the values of the second-order rate constant for the
substitution reactions of [Pd(dien)Cl]* (dien = diethylenetriamine)
and [(TL™®)PdCI]* with 5-GMP, it can be concluded that the
complex [Pd(dien)Cl]* is 100 times more reactive's than the
[(TL™®)PACI]* complex. The low reactivity of the studied complex,
[(TL™®)PACI]*, could be explained by the bulkiness of the tert-
butyl groups.

Table 1 Second-order rate constants for the reactions of [(TL™®")PdCI]*
with 5-GMP, L-Met, L-His in 0.1 M NaClO, and 10 mM NaCl

k™ /M s kys!
5-GMP 30.30 £ 0.47 0.064+ 0.001
L-Met 80.76 £1.55 0.037+0.001
L-His 20.07 £0.38 0.048+ 0.001

This journal is © The Royal Society of Chemistry 2011
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Fig. 4 Pseudo-first-order rate constants as a function of nucleophile
concentration for the substitution reactions of [(TL™®")PdCI]CIO, in 0.1 M
NaClO, and 10 mM NaCl at 298 K.

Potentiometric studies

The acid—base equilibrium of  [(TL™®™)Pd(H,O)**,
[(BL®)Pd(H,0),}** and also complex formation in the three-
component system, [(BL™)Pd(H,0),]** or [(TL®*)Pd(H,O)]** /H*
or OH/5-GMP or L-methionine or L-histidine, were
characterized by fitting the potentiometric titration data to
various acid—base models. First it was necessary to characterize
the hydrolysis of the complex ions under exactly the same
experimental conditions as for the complexation study. The values
of the acid dissociation constants of the ligands are taken from
the literature.''®

The experimental data were obtained by glass electrode Emf
measurements in 0.1 M NaClO, medium at 298.0 K. To find the
model that gives the best fit to the experimental data, the following
complexes and various combinations thereof were included in
Hyperquad2006 calculations: monomers (1,1,0); (1,2,0); (1,1,1);
(1,1,2); (1,2,1); (1,2,2); (1,1,-1), (1,1,-2) and polymers (2,1,0);
(2,2,2); (2,2,1); (2,1,-1); (2,1,-1). During the calculations the
analytical parameters (M,, H, and L,) were held constant. The
pure hydrolytic complexes and the protonated ligand species
were not refined during the calculations. Different strategies were
employed in the refinement operations: (i) fixing selected constants
to simplify the optimization procedure, (ii) reducing the number
of experimental points included in calculations, (iii) “piecewise”
fitting of the experimental data. Initially, each titration was treated
separately. All complexes found in this way were included as
the starting model for subsequent calculations. The best model
was chosen using these criteria: (a) the lowest value of U, (b)
standard deviation in the calculated stability constants less than
0.15 log units, (c) standard deviations in potential residuals,
defined as:

s={eweT /(N —k)}1/2

where e is a vector in potential residuals (Ey,, — E.), w is a
weighting matrix, N is the number of observations and k is
the number of variable parameters, with standard deviations in
volume readings of 0.0005 ¢cm® and standard deviations in the
potential readings of 0.1 mV, that should be less than 3.0. (d)
goodness-of-fit statistics, y* (Pearson’s test) at 95% confidence level

with six degrees of freedom, less than 12.6, and (e) reasonably
random scatter of potential residuals without any significant
systematic trends. The final accepted set of complexes is given
in Table 2. Statistical parameters, which determine the quality of
the fit, are also given.

Acid-base equilibria of [(BL™)Pd(H,0),]** and
[(TL™Pd(H,0)*

The hydrolysis constants of the complexes were determined by
titrating 1.0 and 2.0 mM solutions with NaOH. Their acid-base
chemistry was characterized by fitting the potentiometric data to
various acid-base models. The best fit model was found to be
consistent with species of the compositions (1,0,—1), (1,0,-2) and
(2,0,—1), as given in eqn (2) to (5). The calculated values of the
hydrolysis constants are given in Table 2.

[(BL™)Pd(H,0),]"" == [(BL™)Pd(H,0)(OH)]' +H*

(2)
100 10—1
[(BL™)Pd(H,0)(OH)]" == [(BL™)Pd(OH),] +H" 3)
101 10-2
[(BL™)Pd(H,0),]*" +[(BL™)Pd(H,0)(OH)]" —=
100 10-1 @
[(BL™)(H,0)Pd-(OH)-Pd(H,0)(BL™)*" +H,0
20-1
[(TL®")Pd(H,0)]" == [(TL™)Pd(OH)" + H" 5)

100 10-1

The pK, of coordinated water in [(TL®")Pd(H,O)]** is 9.74,
and for [(BL™)Pd(H,0),]** the pK, and pK,, are 6.18 and
10.07. The equilibrium constant (K) for the dimerization reaction
was determined to be log K = 4.24 (= log By, — log Bi.)-
The similar complex [Pd(bpma)H,O]** has a pK, of 6.67,'
the pK, of coordinated water in [Pd(dien)(H,O)]** is 7.16.”
For the same complex, the pK, was reported as 7.74. The
difference in the values could be explained by different experi-
mental conditions, ionic strength and temperature.”” The complex
[(TL®)Pd(H,O)]** has a pyridine group and, in addition, it
contains bulky imidazolin-2-imine moieties with a strong electron-
donating capacity, and thus, the low pK, value can be attributed
to the electronic and structural properties of this compound.
Comparing pK,, of the [(BL™)Pd(H,0),]** with [Pd(en)(H,0),]**
(pK,, =5.15) and [PA(AEP)(H,0),]** (pK,, =4.59),>**2 shows that
the [(BL™)Pd(H,0),]** has a minimum value that can be attributed
to the strong electron-donating capacity of imidazolin-2-imine.

The distribution diagrams for the hydrolyzed complexes of
[(TL®*)Pd(H,0)]** and [(BL*)Pd(H,0),]** are shown in Fig. 5.
The concentration of the monohydroxo species (1,0,—1) increases
with increasing pH. In the case of [(BL™)Pd(H,0),]** in the
pH range from 2 to 10, there are two species, the p-hydroxo
(2,0,-1) and monohydroxo (1,0,—1). The p-hydroxo species in-
creases until the pH reaches around 6; this species is assumed
to form through dimerization of the [(BL™)Pd(H,0),]** and
[(BL™)Pd(H,0)(OH)]* complexes via a hydroxo group as shown
in eqn (4).
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Table 2  Stability constants of [(BL™)Pd(H,0),]** and [(TL™®)Pd(H,0)]** with 5-GMP, L-His and L-Met formed in a 0.1 M NaClO, ionic medium, at

298 K
log B, £ 0
Species (p,q.1) [(BL™)Pd(H,O0),]** [(TL™)Pd(H,O)F
5-GMP L-His L-Met 5-GMP L-His L-Met
(1,0-1) -6.18(5) -9.74(2)
(1,0,-2) -16.25(7)
(2,0,-1) ~1.94(5)
(1,1,0) 8.61(6) 7.23(5) 6.18(7) 6.35(7) 4.83(7) 4.33(2)
(1,1,1) 15.94(9) 14.12(7) 13.89(8) 14.61(5)
(1,1,2) 20.54(9) 18.94(9) 19.85(9) 14.23(9)
Statistics X =13.33 x> =12.70 x> =12.65 X =12.44 X =13.59 x> =11.04 X =12.71 x=12.84
s=1.03 s=1.23 s=2.24 s=1.70 s=1.63 s=1.24 s=1.96 §=2.07
100 100
[(TL*B)Pd(H, O [(BLP)P(H, 00,12
1 00
201
80 -
60 - 60 -
® 2

40 < 40

20 - 20

0 T T — 1 0 T T T T

8.5 G.EDH 105 1.5 4 6 pH 8 10 12

Fig. 5 Distribution of various species as a function of pH in [(TL®*)Pd(H,0)]** (2 mM) and in [(BL™)Pd(H,0),]*" (2 mM) at 298 K.

Complex formation of [(TL®*Pd(H,O)]** with 5'-GMP,
L-methionine and L-histidine

The formation constants of the complexes were determined by
titrating solution mixtures of [(TL®YPd(H,O)I** (1.0 mM) and
the ligand (5’-GMP, L-methionine or L-histidine) in concentration
ratiosof 1 : 1 and 1:2 (metal : ligand). The equilibria for the species
of general formula M,L H, (M = [(TL®Pd(H,0)]**, L = 5-GMP,
L-methionine or L-histidine) were calculated using the computer
program HYPERQUAD2006.

The global formation constants calculated for the studied
[(TL®)Pd(H,0)]** complexes are given in Table 2. The results
for the [(TL®")Pd(H,0)]**-L system showed the formation of the
1: 1 species and its deprotonated and protonated form. The distri-
bution diagrams for complex formation of the [(TL™®")Pd(H,O)]**
with 5-GMP, L-methionine and L-histidine are given in Fig. 6.

It is known that 5’-GMP can coordinate to metal ions via the N,
and N; positions, but binding through the N, position in a neutral
or weakly acidic medium has been verified.?*** The pH-dependent
binding of 5-GMP has been reported before.** L-histidine is a
tridentate ligand having amino, imidazole and carboxylate groups
as binding sites, but only two binding sites are involved in complex
formation. L-histidine coordinates in either a glycine-like or a
histidine-like mode. In biological systems, there are numerous
metalloproteins in which a metal ion is bound to a histidine
imidazole through N, or N;.25%

From Fig. 6, it can be seen that complex formation in the case
of 5’-GMP starts almost at the beginning of the potentiometric
titration by formation of the (1,1,1) complex, and the maximum
concentration is reached at about pH 6. The complex (1,1,0) starts
to form at pH 6, and the maximum concentration is reached
at about pH 11. For the complex formation with L-histidine,
formation of the complex (1,1,0) starts at pH 5, and the maximum
concentration is observed at about pH 9.5; the hydroxo species
is present at pH 9 and above. For L-methionine, formation of the
complex (1,1,0) starts from pH 5, and the maximum concentration
is reached at about pH 9; the hydroxo species (1,0,—1) is present at
pH 9 and above. From the beginning of the titration, the complex
(1,1,2) is present, and the concentration of this complex decreases
until pH 5. 5-GMP forms the protonated complex (1,1,1), and the
pK, of this protonated complex is 8.25 (logf;; — logBi1o).

Comparing the values of logf, , , for 5-GMP, L-histidine and L-
methionine complexes (Table 2) the most stable complex is with 5’-
GMP, followed by L-histidine and L-methionine. Pd(11) and Pt(1r)
have a high affinity for sulfur donors that compete with nitrogen
donor ligands such as DNA bases.””?® A conventional hypothesis
is that sulfur-containing nucleophiles initially bind to the platinum
center and then convert to platinum-DNA complexes as the
thermodynamically more stable products.® DFT calculations
show by how much the Pt-N,(Gua) adduct is more stable than the
Pt-S(thioether) adduct, these calculations (B3LYP/LANL2DZp)
for the complexes cis-[Pt(NH;),Cl,], [Pt(en)Cl,] and [Pt(dach)Cl,]
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Fig. 6 Species distribution diagrams for the [(TL®")Pd(H,O)]** -L, 1:2
systems: L = 5-GMP, His and L-Met at 298 K. Ciqrmpgaop = 1.0 mM
Cp=2.0 mM.

showed that the Pt-N,(Gua) adduct is more stable than the Pt—
S(thioether) adduct. For the first step in the gas phase Pt-N,(Gua)
is more stable than Pt-S(thioether) by ca. 31 to 33 kcal mol™,
and for the second step by 32 to 34 kcal/mol.** The calculations
collectively support the experimentally observed substitution of
thioethers bound to Pt(11) complexes by N,(5-GMP).** However,
Pt-S(thioether) adducts have been postulated to be a drug
reservoir for platinum at DNA and may act as intermediates
of platinum compounds and transform them into Pt-DNA(N;)
adducts.”” Our results from the equilibrium measurements support
the observation that Pd(11)-N; adducts are more stable than Pd(1r)—
S(thioether) adducts.

Comparing the values of the logf,,, (Table 2) for
[(BL™Pd(H,0),]** and for [(TL®"Pd(H,O)]** it can be deduced
that [(BL™Pd(H,0),]** forms more stable complexes with all three
ligands (5-GMP, L-histidine and L-methionine).

Complex formation of [(BL*")Pd(H,0),]** with 5'-GMP,
L-methionine and L-histidine

The formation constants of the complexes were determined by
titrating solution mixtures of [(BL™)Pd(H,0),]** (1.0 mM) and the
ligand (5-GMP, L-methionine or L-histidine) in concentrations of
1:1and 1:2 (metal:ligand). The equilibrium for the species of the
general formula M,L H, (M = [(BL™)Pd(H,0),}**, L = 5-GMP,
L-methionine or L-histidine), were calculated using the computer
program HYPERQUAD2006.

For the [(BL*)Pd(H,0),]**-L system, the potentiometric data
were fitted to various models. The best model for each ligand
to metal concentration ratio is shown in Table 2. The most
acceptable model was found to be consistent with the formation
of complexes with stoichiometric coefficients (1,1,2), (1,1,1) and

(1,1,0). The distribution diagrams for complex formation of the
[(BL™)Pd(H,0),]** with 5-GMP, L-methionine and L-histidine
are given in Fig. 7.

From the distribution diagram of the [(BL*")Pd(H,0),]** com-
plex and 5-GMP species (Fig. 7), it can be seen that in acidic
medium the predominant species are (1,1,2) and (1,1,1) with
protonated 5-GMP. The maximum concentration for the (1,1,1)
species occurs at about pH 6.

At pH 6 and above, the species (1,1,0) starts to form, and the
maximum concentration is reached at pH 9.5. The hydroxo species
(1,0,-1) and (1,0,-2) are present at pH 10 and above. L-histidine
also formed two complexes in acidic medium, (1,1,2) and (1,1,1).
The formation of a complex with deprotonated ligand (1,1,0)
started from pH 5, and from pH 7 hydroxo complexes, (1,0,—1)
and (1,0,-2), began to form. L-methionine in acidic medium also
formed two species (1,1,2) and (1,1,1). From pH 6, complex (1,1,0)
is present with a maximum concentration at pH 8.5. Hydroxo
species (1,0,—1) and (1,0,-2) appear from pH 6.

The most stable complex is with 5-GMP, rather than with
L-histidine or with L-methionine (logf,,,, Table 2). Comparing
the values of the logfB,,, (Table 2) it can be concluded that
the complexes with [(BL*™Pd(H,0),]** are more stable than
[(TL®YPd(H,0)]** with all ligands (5-GMP, L-histidine and L-
methionine).

Conclusions

The molecular structures of the complexes [(TL®*WPdCI]CIO, and
[(BL™)PACl,] were determined by X-ray diffraction analysis. The
coordination geometries around the palladium atoms are distorted
square-planar.

The stability constants obtained from the equilibrium mea-
surements of the [(BL*)Pd(H,0),]** and [(TL®")Pd(H,0)]** with
some biologically relevant ligands (L-methionine, guanosine-5'-
monophosphate and L-histidine) show that both complexes form
very stable complexes with selected ligands. In both cases, the
most stable complexes are formed with 5-GMP. The order of the
reactivity of the studied nucleophiles towards [(TL®*)PdCI]* is:
L-Met > 5-GMP > L-His.

Experimental
Chemicals and solutions

The ligands L-methionine, guanosine-5-monophosphate sodium
salt and L-histidine were obtained from Fluka, Merck and Acros
Organics respectively, and were used without further purification.
PdCl, and [Pd(COD)CI,] were purchased from Strem Chemicals.
The preparation of the ligands BL™ and TL™®" had been previ-
ously published.® All other chemicals were of the highest purity
commercially available.

The sodium hydroxide solution was prepared from concentrated
volumetric solutions p.a. (Merck) by diluting with freshly boiled
doubly distilled water, cooled under a constant flow of purified
nitrogen. The alkali concentration was checked by titration
against potassium hydrogen phthalate. For the preparation of
perchloric acid solution, HCIO, p.a. (Merck, “Suprapure”) was
used. The concentration of the resulting solution was determined
by potentiometric titration with 0.1000 M NaOH with methyl red
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indicator. Concentration of perchloric acid solution was 0.1028 M
and concentration of the sodium hydroxide solution was 0.1012 M.
An initial solution of NaClO, was prepared by dissolving
NaClO,, p.a., (Merck) in doubly distilled water. The concentration
is determined by steaming a known volume of solution to dryness.
The concentration of the NaClO, solution was 0.1 M. Chemical
analysis, UV-VIS and 'H NMR spectral data were in good
agreement with those obtained in previous preparations.

All manipulations of air-sensitive materials were performed
with the rigorous exclusion of oxygen and moisture in flame-
dried Schlenk-type glassware either on a dual manifold Schlenk
line, interfaced to a high vacuum (1 x 10 Torr) line, or in an
argon-filled glovebox (MBraun 200B). All solvents were purified
by a solvent purification system from MBraun, and stored over
molecular sieves (4 A) prior to use.

Preparation of the complexes

[(TL®)PACI|CIO,. A solution of TL™®" (200 mg, 0.405 mmol)
in water (10 cm?) was added dropwise to a suspension of PdCl,
(equimolar) in water (10 cm®) at ambient temperature. pH was
adjusted to 5 by adding a solution of 0.1 M HCI. The mixture
was heated at 50 °C for 24 h, after which the solvent volume was
reduced to 5 cm® and the product was precipitated by addition

of a saturated aqueous solution of NaClO, (20 cm?). Filtration,
washing with acetone (2 x 10 cm®) and drying in vacuo afforded
the product as a deep-red solid. The product crystallized from an
acetone/ethanol mixture. Deep red crystals were isolated, washed
with acetone (2 x 10 ¢cm?) and dried in vacuo (250 mg, 94%).
(Found: C, 47.8; H, 6.2; N, 13.5 Calc. for C; H;,CL,N;0,Pd: C,
47.9;H, 6.9; N, 13.0); 6,(200 MHz, D,0) 7.56 (2 H, d, m-Py), 7.45
(1 H, t, p-Py), 4.57 (4 H, s, Py-CH,) and 1.68 (36 H, s, CCH,).

[(BL*)PdCL]. A solution of BL™ (103 mg, 0.247 mmol) in
THF (10 cm®) was added dropwise to a solution of [Pd(COD)Cl,]
(70 mg, 0.245 mmol) in THF (10 cm®) at room temperature.
During the addition of the ligand, the reaction mixture turned
orange, and the solution was stirred for 12 h, after which the
solvent volume was reduced to 10 cm®. The product precipitated
upon addition of n-hexane (40 cm?). Filtration, washing with n-
hexane (2 x 10 cm®) and drying in vacuo afforded the product
as an orange-red solid (120 mg, 82%). (Found: C, 49.6; H, 7.7,
N, 13.6 Calc. for C,,H,N(PdCl,: C, 48.5; H, 7.4; N, 14.15);
6u(270 MHz, THF-d,) 5.70 (4 H, sept, NCH), 2.74 (4 H, s, CH,),
2.18 (12 H, s, CCH,), 1.68 (12 H, d, CHCH;) and 1.51 (12 H, d,
CHCH,;); 6c(67.93 MHz, THF-d;) 155.1 (NCN), 119.5(NCCH3),
58.6 (CH,), 48.2 (NCH), 21.2 (CHCHj;), 20.5 (CHCH;) and 9.1
(CCH,).
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Preparation of aqua complexes

The aqua complexes [(TL®")Pd(H,O)]** and [(BL*)Pd(H,0),]*
were prepared starting from the corresponding chloro complexes.
The conversion was performed by addition of the corresponding
amount of AgClO, to a solution of the chlorido complex and
stirring for 3 h at 50 °C. The white precipitate that formed (AgCl)
was filtered off using a Millipore filtration unit, and the solutions
were diluted. Great care was taken to ensure that the resulting
solution was free of Ag* ions and that the chloro complexes had
been completely converted into the aqua form. Since it is well
known that perchlorate ions do not coordinate to Pd(ir) and Pt(1r)
in aqueous solution,®! potentiometric titrations were studied in
perchlorate medium.

Instrumentation and measurements

Potentiometric measurements were carried out using a Mettler
Delta 350 digital pH meter with a resolution of £ 0.01 mV, with
a combination glass electrode. This electrode was calibrated using
standard buffer solutions of pH 4, 7 and 9 obtained from Sigma.
Titrant was delivered from a Metrohm (Donau, Swiss) Dosimat
model 665 autoburette. The constant temperature was maintained
with a VEB Prufgerite model E3E circulating ultrathermostat.
Kinetic measurements on the Pd(i1) complex were carried out
on an Applied Photophysics SX.18MV stopped-flow instrument
coupled to an on-line data acquisition system. The temperature
was controlled throughout all kinetic experiments to £ 0.1 °C. All
kinetic measurements were performed under pseudo-first-order
conditions, i.e., at least a 10-fold excess of the nucleophile was
used. '"H NMR measurements were performed on a Varian Gemini
2000, 200 MHz NMR spectrometer.

Potentiometric measurements

All titrations were performed in a double mantled, thermostated
glass vessel closed with a Teflon stopper. A constant temperature
of (298 = 0.1) K was maintained by circulating thermostated
water through the jacket. Purified and oxygen-free nitrogen gas
was bubbled through the solution to provide an inert atmosphere
and for stirring. Additional stirring was achieved with a magnetic
stirrer. To reduce the concentration of the hydrogen ion, the alkali
was added stepwise from an autoburette in small aliquots (0.005—
0.01 ml). The potential was monitored after each addition of
titrant. The titration protocol was chosen in such a way that
the hydrolysis and complexation reactions would proceed in the
conditions as close to true equilibrium as possible. To achieve this,
the potential readings were taken every 2 min until steady values to
0.1 mV min™' were obtained. The average equilibration time for
each point was 5 min at the beginning of the titration and 10 min
when complexation occurred.

The stability constants of the complexes were determined
by titrating 1.0 and 2.0 mM solutions of each complex with
the standard NaOH solution. The formation constants of the
complexes were determined by titrating solution mixtures of
complexes and the ligands in concentration ratios of 1:1 and
1:2 (complex:ligand). The titration solution mixtures had a
volume of 20.0 mL. The ionic strength was adjusted by 0.1 M
NaCloO,.

Data treatment

The species formed in the studied systems were characterized by
the general equilibrium:

pIX)PA(H,0),] + rH + ¢L = [(X)Pd,H,L,] + nH,0; B,,,
X =TL™ or BL™

n=1or2

L = L-methionine, guanosine-5’-monophosphate and histidine
[{(X)Pt}, H,L, ]

B,y =

H(XP(H,0),} ' [H] [L)

where L is the deprotonated molecule of the ligand and the charges
have been omitted for convenience.

Three kinds of equilibria were to be considered in the present
study: (a) protonation of ligand anion; (b) hydrolysis of the
[(BL™)Pd(H,0),]** or [(TL™®)Pd(H,0)]** ion and (c) general three
component equilibria, which include the case r = 0, ie., the
formation of pure binary complexes of [(BL*)Pd(H,0),]** or
[(TL™®)Pd(H,O)**. Negative values of r denote hydroxo com-
plexes. The overall protonation constants of the ligand anions, and
stability constants of hydrolytic complexes of [(BL*)Pd(H,0),]*
or [(TL®)Pd(H,O)]** ions, were determined in separate exper-
iments. Thus, in evaluation of the three-component equilibria
(c), the binary models (a) and (b) were considered as known.
The concentration stability constants of complexes, f3,,, were
calculated with the aid of the suite of computer programs
HYPERQUAD2006.

The stoichiometry and stability constants of the complexes
formed were determined by testing various possible composition
models. The selected model gave the best statistical fit and was
chemically consistent with the titration data without giving any
systematic drifts in the magnitude of various residuals, as described
elsewhere.® The species distribution diagrams were obtained using
the program HYSS.*

Kinetic measurements

The substitution reactions of the [(TL®*)PdCI]* complex with the
nucleophiles 5-GMP, L-Met and L-His were studied spectropho-
tometrically by following the change in absorbance at suitable
wavelengths as a function of time.

Spectral changes resulting from the mixing of the complex and
nucleophile solutions were recorded over the wavelength range
200 to 400 nm to establish a suitable wavelength at which kinetic
measurements could be performed.

Substitution reactions of [(TL®*)PdCI]* were initiated by mixing
equal volumes of complex and ligand solutions directly in the
stopped-flow instrument and followed for at least eight half-lives.
The substitution process was monitored as change in absorbance
with time under pseudo-first-order conditions.

The observed pseudo-first-order rate constants, kg, were
calculated as the average value from four to six independent
kinetic runs using the program OriginPro 8. Experimental data
are reported in Tables S1-S3, ESI.1

X-ray structure determination of [(TL®")PdCI]CIO,

Crystal data: C; Hy;;CLLN,;OsPd, M = 781.10, monoclinic, P2,/n,
a=9.0962(2), b = 13.0994(3), ¢ = 29.6124(6) A, B = 96.852(2)°,
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Z =4,V =3503.26(13) A%, D, = 1.481 Mg m™, u =0.73 mm™,
T =100(2)K. Data collection: A crystal 0.22 x0.11 X 0.07 mm was
used to record 60455 intensities to 26 57° on an Oxford Diffraction
Xcalibur S diffractometer using monochromated Mo-Ko radia-
tion (A = 0.71073 A). An absorption correction was performed
on the basis of multi-scans. Structure refinement: The structure
was refined anisotropically on F? using the program SHELXL-97
(G. M. Sheldrick, University of Gottingen, Germany). Hydrogen
atoms were included using rigid methyl groups or a riding model.
The final wR2 was 0.1055 for 400 parameters and all 8568 unique
reflections, with conventional Rl (F > 4c(F)) 0.0443; max. Ap
0.73 ¢ A3; S 1.01. One distorted molecule of ethanol, which
could not be refined satisfactorily, was removed using the program
SQUEEZE (A. L. Spek, University of Utrecht, Netherlands). The
quoted formula and derived parameters are based on one molecule
of ethanol per asymmetric unit. CCDC reference number 808222.

X-ray structure determination of [(BL™)PdCl,]

Crystal data: C,,H,CLN(Pd, M = 593.95, triclinic, PI, a =
8.9184(1), b = 10.6686(1), ¢ = 15.6865(2) A, o = 102.230(7), B =
95.665(8), y = 104.122(7)°, Z =2, V = 1396.64(3) A°, D, = 1.412
Mg m>, u=0.88 mm™, T = 143(1)K. Data collection: Suitable
single crystals for the X-ray diffraction study were grown from
THF/benzonitrile/hexane. A clear red prism was stored under
perfluorinated ether, transferred into a Lindemann capillary, fixed,
and sealed. Preliminary examination and data collection were
carried out on an imaging plate device (Nonius DIP2020) with a
Nonius cooling device at the window of a sealed tube with graphite
monochromated Mo-Ko. radiation (A = 0.71073 A). A total of
18974 reflections to 20 57° were recorded, and an absorption
correction was performed on the basis of multi-scans. Structure
refinement: The structure was refined as above. The final wR2 was
0.0806 for 310 parameters and all 4786 unique reflections, with
conventional R1 (F > 4c(F)) 0.0308; max. Ap 0.38 ¢ A=; S 1.08.
CCDC reference number 808223.
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