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Beh oyowcu nuz eoouna nocmoju unmepec 3a usyuasarba y ooaacmu KOOpOUHAYUOHE
xemuje naamune(ll). Osa ucmpasicusarva 0obujajy y c80joj akmyeiHoCmu, HAPOYUMo HAKOH
omkpuha anmumymopcke akmuenocmu komniexca niamure(ll) u niamune(lV). Omkpuhe Oa
komnnexcu niamune(ll) kamanusyjy cenekmusHy Xuoponusy nenmuoue geze y Nenmuoumda u
npomeurHumMa, npu epao O1acUM eKCnepUMEeHmantHumM yCiosuma, omeapa mo2yhinocm oa ce 06u
Komnuekcu y 6yoyhnocmu Kopucme Kao cunmemuuxke memanonenmudasze. 3602 moza cy
peakyuje komnnexkca niaamune(ll) ca nenmuouma npeomem UHMEHIUBHUX U3VUABAILA Y
ucmpaxcusauxoj epynu npogh. Munowa Bypana. Ilpeomem oee O0okmopcke oucepmayuje
npeocmas/bd HACMABAK 08UX UCPANCUBAFA U OOHOCU Ce HA CUHMmMe3e MOHOHYKIeAPHUX U
OuHyKkaeapuux komniexca niamure(ll) u ucnumusaroe peaxyuja 08ux KOMnieKca ca NenmuouUMd
Koju caopoice amunokuceaune L-memuonun u L-xucmuoun. Osea ucmpasxcusarea cy pahena y
Hncmumymy  3a  xemujy  Ilpupoono-mamemamuukoe  ¢akynmema y  Kpazyjesyy y
ucmpasicusauxoj nabopamopuju npogecopa op Munowa . Bypaua.

Temy ose ooxmopcke Oucepmayuje npeonodxcuna je op Cuescana Pajxkosuh, eéanpeonu
npoghecop Ilpupoono-mamemamuuxoe ¢axynmema y Kpacyjesyy, rojoj ce 3axeamyjem na
pazymesarsy, Cmpn/bery u HOOPULYU NPUIUKOM U3paoe U NUcara 06e OOKMopcKe oucepmayuje.

Benuxy 3axsannocm oyeyjem npogecopy op Munowy HU. Bypany ca Ilpupoono-
mamemamuuxoe gaxyrmema y Kpaeyjesyy, na mecebuunoj nomohu y moky uzpaoe u nucarba
0ge ducepmayuje.

3axsamyjem ce npogecopy op Kusaouny /. Byeapuuhy ca Ilpupoono-mamemamuuxoe
¢axynmema y Kpazyjesyy xao u op Ayvwanku Padanosuh, nayunom casemnuxy Hncmumyma sa
xemujy, mexvonoaujy u memanypeujy, beoepao 3a xopucne caseme u cyzecmuje y moxy nucaroa
oucepmayuje, Kao u 3a yuewthe y Komucuju 3a oyeHy u 000pany 00OKmopcke oucempayuje.

Tlocebny 3axsannocm uzpasicasam npogh. op ¥Ypwynu Puxneeckoj (Urszula Rzchlewska) u
beamu Bapszajmuc (Beata Warzajtis) ca Yuueepzumema Aodam Muykujesuu y Ilo3nary
(Ilowcka) koje cy ypaoune penoceHocmpykmypHe ananuze komniekca niamure(ll) u 3nauajno
oonpumnene uHmepnpemayuju pesyaimama.

Hajeehy 3axeannocm oyeyjem mojum pooumenmuma u nopoouyu, Kao u npujamesuma.

Kpazyjesay, 2015.
Japxo I1. Awanun
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N-alleTUNTIINIINH
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N-aneTHIrIuIUI-XUCTUINH
N-aueTuArIuuuI-XUCTUAUII-TIUIAH
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N-aneTunTIUIUI-ME THOHWIT-TIP OJTHIT-TITUITUI-TIU I H
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N-anetnin-L-MeTHOHMI-TIIMIIII-L-XUCTU AUI-TIIMITHHAMMUT
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N-auetuii-L-MeTHOHUIT-TTPOJINH
N-anerun-L-MeTHOHUI-TIPOTUI-TIULIAI-TIIUIITH
N-anetwii-L-cepuin-MeTHOHUH
N-anerun-L-tpuntodan

alaHuH

aJaHUJI-CepUH

anaruoTeHcuH 11

aneno3unTpudocdar
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Gly-Gly-Gly
Gly-Gly-Met
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L-Met
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U3BOJ

HcnutuBama peakuuja komiuiekca miuatuae(ll) ca mentuanma v mpoTeHMHHMA CYy
MoKasajga Jla OBU KOMIUIGKCH TIPEACTaBJhajy J0Ope KaTaIUTUYKE pearcHce 3a
XUAPOIUTHUYKO PACKHUIAE TENTUIHUX Be3a y OBUM MOJIeKyJlnMa. OBH KOMILUIEKCH C€
KOOpAMHY]y 3a XeTepoaToM y OOYHOM HHM3y aMHHOKHcenuHe L-mernonuna wiu L-
XUCTHJIMHA M KaTajuu3yjy pacKujame NenTHIHE Be3e Yy 4YH]y CTPYKTypy YJa3u
KapOOKCUITHA TPYIa HEKe O/ HaBeJIEHUX aMHHOKHCeNnHA. Mlako je oBa 00J1acT MHTEH3UBHO
U3ydyaBaHa y TOKY THIPETXOJHUX HEKOIHMKO JCIeHH]ja, CENEeKTUBHOCT U MEXaHH3aM
packuama MenTHIHE Be3€ Y MeNnTuaMMa Koju caapxe L-metrnonns u L-xuctuaus nmomohy
Pt(Il) xommiiekca jour yBek HHUCY MOTIIYHO OOjalImbeHH. Y LMJbY HBUXOBOT Je(UHHCAbA
HEOIXOJIHO je JAeTaJbHUje U3y4yaBaTH KaTanuTuuyku ytuiaj komruiekca Pt(Il) Ha peakimmje
XUApONU3e TenTHaa Koju caapxke L-metmoHwH u L-xuctuauH. Y 0BOj aucepranuju
OpUKa3aHU Cy pe3yiATaTH CHEKTPOCKONCKUX HCIUTHUBAKA XUIPOIUTUYKUAX peakija
NEeNTHAa KOju caaipke L-MeTHOHWH M L-XUCTUAMH y MPUCYCTBY Pa3TUYUTUX KOMIUICKCA
Pt(1I).

Ipumenom 'H NMR crektpockonmje m3ydaBaHe cy peakumja [Pt(en)(Me-mal-
0,0")] u [Pt(en)(Me,-mal-O,0")] xomrekca (en je erminenauamMut, Me-mal u Me,-mal cy
OWJICHTATHO KOOPJIWHOBAHHM aHjOHU 2-METHIMAIOHCKE OIHOCHO 2,2-TUMETHIMAIOHCKE
kucenune) ca nentuauma Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-GlyNH, u Ac-L-Met-
Gly-Gly-L-His-Gly. Cse peaknuje cy ucnutubane y 1:1 Mosckom oJHOCY oarosapajyher
matuHa(Il) komnekca u nentuaa, y 50 mM  docdatnom nydepy nmpu pH BpennocT on

7,4 y D,O xao pactBapauy u Temmneparypu on 37 °C. Haheno je na mpu oBum



eKCIIEpUMEHTAJIHUM YyCIIOBUMa y TpBOj ¢da3u nomnasu jgo dopmupama Pt(Il)-menrua
KOMIUIEKCa KOJU CaJp>Kd MOHOAEHTATHO KOOPJMHOBAHM MAJIOHATO JIMTaHI M TENTH]
MOHOJIEHTaTHO KOOPJMHOBAH IPEKO aTroMa CyMmIopa W3 METHOHHHCKOT OCTaTrKa. Y TOKY
BpeMeHa y oBoM wuHTepMmenujepHoM, [Pt(en)(Me-mal-O)(Ac-L-Met-Gly-S)]” oarOCHO
[Pt(en)(Me,-mal-O)(Ac-L-Met-Gly-S)], kommuiekcy Joja3d /10 HHTEPMOJICKYJICKE
CYINICTUTYLIM]€ MOHOJIEHTaTHO KOOPJMHOBAHOT MAJIOHATO JIMTAHAA Ca MOJIEKYJIOM BOJIE
u3 pactBapada. MelytuMm, y peakivjaMa ca menTUANMA Koju caapke L-metnonuH u L-
XUCTHJIMH y OOYHOM HH3Yy, WHTEPMUIUJEPHH KOMIUIEKC MOJJIEKE HHTPAMOJIEKYJICKO]
CYINICTUTYLIU]U NIPH YEMY CE MOHOJIEHTATHO KOOPJAMHOBAHHU MAJIOHATO JIMTaH]l 3aMemYje ca
N3 atomom a3zora u3 L-xuctuauna.  CyncTturyija MOHOJEHTAaTHO KOOPAMHOBAHOT Me-
mal u Me,-mal ca mMonekynoMm Boje A0BOAU 10 (GopMUpama XUIPOIUTHUYKH AKTHBHOT
Pt(Il)-nentun xommiekca, koju Katanusyje xuaponusy Met-Gly nentuane Beze y Ac-L-
Met-Gly aumenTtuny. MelhytuM, UWHTpamMoJieKylIcKa CYNCTHTYIHja MOHOACHTATHO
KOOPAMHOBAHUX MAaJIOHATO aHjoHA ca N3 aToMoM menTtuzia Koju caapxe L-meTrnoHuH u L-
XUCTUJIMH y OOYHOM HH3Yy JA0BOAM A0 (popmupama BeoMa CTAOMIHOT XUAPOIUTHUYKU
HeakTuBHOT S, N3-makpoxenatHor Pt(Il)-nentua kommiekca.

Y npyrom Jeny OBOr paJa CHHTETU30BAaHO je IMeT HOBUX JAMHYKJICAPHUX
{[Pt(L)Cl]o(u-X)}Cl, xommuiekca (L je OumeHTaTHO KOOPAMHOBAH ETHIICHIUAMHUH, en; (+)-
1,2-nponuiieHInamMuH, 1,2-pn; n300yTHIICHIUAMUH, ibn; trans-(x)-1,2-
nuamMuHouukioxekcad, dach; a X je mupasuH, pz win nupunasut, pydz). CTpykType oBUX
KOMITIEKCA Cy MPETIOCTaB/beHe Ha ocHOBY pesynrata 'H u °C NMR crekTpockonuje u
eneMeHTapHe  MukpoaHaimuse. Kpucranne  crpykrype  {[Pt(en)Cllo(u-pz)}Cl,  u
{[Pt(en)Cl]x(u-pydz) }Cl, xomrmuiekca cy oapeheHe mMpUMEHOM pPEHATCHCKE CTPYKTYpHE
aHamu3e. CHHTETH30BaHM KOMIUIEKCH Cy TPEBEACHU y oAroBapajyhe akBa KOMILIEKCE,
([PLLYHO)(u-pz)}*™*  u  {[Pt(en)(H,O0)]2(u-pydz)}**. Tlpumenom 'H NMR
CIEKTPOCKOMNUje MCHHUTHUBaHE Ccy peakuuje xuaponuze Met-Gly nentunne Bese y Ac-L-
Met-Gly mumentuay y mpucycTBy MoHoHykieapHor [Pt(en)(H,0),]** u aunykieapHor
{[Pt(en)(HzO)]g(,u—pz)}4+ komruiekca. Opmrosapajyhu mentun u Pt(Il) kommiekcu cy
pearoBanu y 1:1 u 2:1 monckum oxnocuma. Peakiuje cy usydyaBane y pH obxactu ox 2,0
10 2,5 y DO kao pactBapauy Ha 37 °C. KatanuTuuka cBOjCTBa JUHYKJIEAPHOT KOMILJIEKCA
cy mopeljeHa ca oxroBapajyhumM cBojcTBIMa 3a aHAIOrHE MOHOHYKIeaprH [Pt(en)(H,0),]*
komIuiekc. Haheno je ma je, y ogHOCYy Ha MOHOHYKIICAPHH [Pt(en)(HzO)z]2+ KOMILIEKC,
oaromapajyhu nuHyKI€apHU {[P‘[(en)(Hzo)]2(,u-pz)}4+ KOMIUIEKC 3HAaTHO e(uKacHUju

KaranusaTop cenexktuBHe xuuponuse Met-Gly mnentunHe Beze y  Ac-L-Met-Gly
I



munentuny. Pasnuke y KaTaIUTUYKUM CBOJCTBUMA MOHOHYKJIEAPHOT M TUHYKIJIEAPHOT
matuHa(Il) koMIekca cy o0janmbeHe YHHEHUIIOM a OB KOMIUIEKCH Y peakiuju ca Ac-
L-Met-Gly nunentumom ¢dopmupajy pasznunuute uHTepMenujapHe miatuHa(ll)-mentua
KOMILJIEKCE.

Takohe, mnpumenom 'H NMR CHeKTpoCKOIHMje H3y4aBaHe Cy peakije
munykreapaux {[Pt(en)(Hy0)]a(u-pz)}** u {[Pt(en)(H,0)]x(u-pydz) }* kommmexca ca Ac-
L-His-Gly u Ac-L-Met-Gly-L-His-GlyNH, nentuauma. CBe peakiuje cy usydasane y pH
obmactu ox 2,0 mo 2,5 na 37 °C y D,0O kao pactBapauy. Haheno je na muHykieapHu
MAPA3UHCKU KOMIUIEKC, {[Pt(en)(HzO)]z(,u—pZ)}4+ MoKasyje 3HaTHO Behy KaTaluTU4Ky
CIOCOOHOCT XMIpOJHM3e TNENTHIHE Be3e Yy OAHOCY HAa aHaJOTHU NUPUIA3UHCKU
{[Pt(en)(HzO)]z(,a—pydz)}4Jr KOMIUIEKC. /[uHyKkiieapHu {[Pt(en)(HzO)]z(,u—pz)}4Jr KOMILJIEKC,
cenextuBHO xuaponusyje His-Gly nentuany Besy y Ac-L-His-Gly agunentuny. MehyTtum,
Ha ocHoBy 'H NMR crektpockormje 3akipydeHo je na y peaxmuju {[Pt(en)(H,0)]x(u-
pydz)}4Jr ca Ac-L-His-Gly ne nonasu no xoopauHoBama munentuna 3a Pt(I) jon. Kao
MoCIeINIIa OJICYCTBa KOOpJMHAIMje aToMa a3oTa uMuaazonoBor npcreHa Ac-L-His-Gly
munentuaa 3a Pt(Il) jon He nmonmasu 10 XUApoiM3e NMENTUAHUX Be3a Y OBOM IMENTHIY.
Taxohe, {[Pt(en)(H,0)]»(1-pydz)}*" koMILIEKC ce KOOpAMHYje CaMO 3a aTOM CyMIIOpa
MeTHOHMHCKOT octatka y Ac-L-Met-Gly-L-His-GlyNH, terpanentuny u Xuaposiusyje
caMmo MENTUAHY Be3y Koja yKJby4yje KapOOKCHIIHY TpyIly MeTHOHUHA. Mel)yTum, aHanoruu
{[Pt(en)(HzO)]z(y—pz)}4+ KOMIIJIEKC C€, TOpeJl aToMa CyMIIOpa U3 METHOHHMHA KOOP/AUHY]e
U 3a aTtoM aszora xuctuauHa y Ac-L-Met-Gly-L-His-GlyNH, terpanentuny, npu uemy
XUIpONN3yjy TENTHIHE Be3e Koje cajapke KapOokcwiHy rpyny L-mernonmna u L-
XUCTHJIMHA. 3aKJbyuy€HO je Ja ce y MoNunenATtuauma koju caapxe L-metwmonuH u L-
XUCTHJIMH MOXK€ MOCTHNM PEruoCeleKTMBHO pacKUIamke MENTHIHE Be3e Koja YKIbydyje
KapOOKCHIIHY Tpyny L-METHOHMHA YKOJMKO C€ Kao KaTajau3aTop KOPUCTH THHYKJICApHU
{[Pt(en)(H20)]2(u-pydz) } ** komruekc.

Ha xpajy, mpumerom 'H NMR crekTpockommje wW3ydaBaHe Cy peakiiije
{[Pt(L)(HzO)]Q(ﬂ—pZ)}4+ komruiekca (L je GumeHTaTHO KOOpAMHOBAH en, 1,2-pn, ibn, dach,
Pz je MOCTHU NHUPA3MHCKH JUraHj) ca N-auetwioBaHuM L-metnonunrnunuHoMm (Ac-L-
Met-Gly), y pH o6nactu ox 2,0 1o 2,5 u Ha 37 °C. Y CBUM MCHUTHBAHUM pEakiidjama
HalleHO je ma nonmasu 10 cenekTuBHe xuaposmsze Met-Gly nentugne Bese. bpsuna
XMIpONM3e OBE TENTUAHE Be3e omaza ca noBehameM CTepHOr edekTa JIurasaa

koopauHoBaHor 3a Pt(I) jon (en > 1,2-pn > ibn> dach). Mehyrtum, y peakuuju oBux



KOMITJIEKca ca BHUIIKOM aumnentuaa (1:2 mojcku omgHOC) HHUje Moryhe mpartutw yTHIaj
OMJCHTATHO KOOPJAWHOBAaHOT Juranna L yciaen pasnarama auHykieapHor —Pt(ID)

KOMIIJICKCA.

Kuwvyune peuu: mononykieapuu Pt(I) xommuiexkcu, nunykneapau Pt(Il) xommexcu, L-
METHOHWJI-TJIMIMH, L-XUCTHIWI-TJIMIWH, TEeNTHAH KOju canpxke L-metmonmH u L-
XMCTHIMH, XUAPOIN3a, aHjoH: T uHTepakimje, 'H NMR CIeKTpockomuja, peHAreHcka

CTPYKTYpHA aHaJIH3a.



SUMMARY

Studies of the platinum(Il) complexes have shown that they can be promising
reagents for hydrolytic cleavage of peptides and proteins. These complexes bind to the
heteroatom in the side chain of methionine or histidine and promote cleavage of the amide
bond involving the carboxylic group of this anchoring amino acid. The consistent
regioselectivity in the cleavage of histidine- and methionine-containing peptides promoted
by platinum(Il) complexes and the mechanism of these hydrolytic reactions are not
completely understood yet. A better knowledge of the coordination chemistry of histidine-
and methionine-containing peptides with platinum(Il) complexes is necessary for
understanding the regioselectivity of peptide and protein cleavage promoted by such
complexes.

'H NMR spectroscopy was applied to the study the reactions of [Pt(en)(Me-mal-
0,0’)] and [Pt(en)(Me,-mal-O,0’)] complexes (en is ethylenediamine, Me-mal and Me,-
mal are bidentate coordinated anions of 2-methylmalonic and 2,2-dimethylmalonic acids,
respectively) with N-acetylated Ac-L-Met-Gly and Ac-L-Met-L-His-type peptides (Ac-L-
Met-L-His, Ac-L-Met-Gly-L-His-GlyNH, and Ac-L-Met-Gly-Gly-L-His-Gly). All
reactions were realized at 37 °C with equimolar amounts of the Pt(II) complex and the
dipeptide at pH 7.40 in 50 mM phosphate buffer in D,0. In all these reactions the ring-
opened Me-mal and Me;-mal Pt(Il) adducts as an intermediate products were detected in
solution for more than 48 h. We found that during this time in the reaction with Ac-L-Met-
Gly these monodentate bound malonate ligands have been replaced by water molecule

leading to the formation of the corresponding aqua Pt(II)-peptide complex which further



promotes the regioselective cleavage of the peptide. However, in the reaction with Ac-L-
Met-L-His-type peptides a selective intramolecular replacement of these malonate anions
by the N3 imidazole nitrogen atom from histidine residue was occurred. This replacement
reaction leads to the formation of the S, N3-macrochelate Pt(Il)-peptide complex which was
shown as very stable and hydrolytically inactive for more than two weeks.

In the second part of this work, five dinuclear {[Pt(L)Cl],(u-X)}Cl,-type
complexes (L is  ethylenediamine, en; (%)-1,2-propylenediamine, 1,2-pn;
isobutylenediamine, ibn; frans-(£)-1,2-diaminocyclohexane, dach and X is bridging
pyrazine (pz) or pyridazine (pydz) ligand) have been synthesized and characterized by
elemental microanalyses, NMR ('H and '"“C) spectroscopy and single-crystal
{[Pt(en)Cl]2(u-pz) }Cl, and {[Pt(en)Cl]o(u-pydz)}Cl, complexes X-ray diffraction. The
chlorido complexes were converted into the corresponding aqua species, {[Pt(L)(H,O)].(u-
pz)}* and {[Pt(en)(H,0)l»(u-pydz)}**. "H NMR spectroscopy was applied to study the
reactions of dinuclear {[P‘[(en)(Hzo)]g(,u—pz)}4 and mononuclear [Pt(en)(HzO)z]2+ complex
with the N-acetylated L-methionylglycine (Ac-L-Met-Gly). The peptide and the
corresponding platinum(II) complex were reacted in different molar ratios and all reactions
were performed at 2.0 < pH < 2.5 in D,0 as a solvent at 37 °C. The better catalytic ability
of the dinuclear {[Pt(en)(HzO)]z(,u—pz)}4+complex than the corresponding mononuclear
Pt(II) complex can be attributed to the presence of different hydrolytically active Pt(Il)-
peptide complexes formed during the reaction with the Ac-L-Met-Gly dipeptide.

Also, the "H NMR spectroscopy was applied to study the reactions of dinuclear
{[Pt(en)(HzO)]z(,u—pz)}4+ and {[Pt(en)(HZO)]z(,u—pydz)}4+ complexes in the hydrolysis of
the N-acetylated L-histidylglycine (Ac-L-His-Gly) and L-methionyl-glycyl-L-histidyl-
glycineamide (Ac-L-Met-Gly-L-His-GlyNH;). All reactions were performed in the pH
range 2.0 — 2.5 and at 37 °C in D,0. It was found that the pyridazine Pt(Il) dimer is
significantly less active than its pyrazine Pt(II) analog, which is probably due to an
increased steric effect exerted in the former complex by the ortho-position of the two
nitrogen atoms. Consequently, {[Pt(en)(H,0)]>(z-pydz)}** only binds to the methionine
sulfur atom of the Ac-L-Met-Gly-L-His-GlyNH,; peptide and promotes cleavage of amide
bond that involves the carboxylic group of methionine. In contrast, the analogous pyrazine
Pt(II) dimer reacts with both methionine and histidine residues of this tetrapeptide,
promoting cleavage of amide bonds involving carboxylic groups of both of these anchoring

amino acids. Considering these results it can be assumed that in the polypeptide containing
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both methionine and histidine residues the regioselective cleavage of the amide bond
involving only the carboxylic group of methionine can be achieved successfully by using
the presently investigated pyridazine-bridged Pt(Il) complex.

Finally, the hydrolytic reactions between {[Pt(L)(HzO)]z(,u—pz)}4+—type complexes
(L is ethylenediamine, en; (+)-1,2-propylenediamine, 1,2-pn; isobutylenediamine, ibn; (+)-
trans-1,2-diaminocyclohexane, dach and pz is bridging pyrazine ligand) and the N-
acetylated L-methionylglycine dipeptide (Ac-L-Met—Gly) were studied by 'H NMR
spectroscopy. All reactions were performed in the pH range 2.0 - 2.5 and at 37 °C. In all
investigated reactions Pt(II) aqua complexes bind to the methionine side chain of Ac-L-
Met-Gly dipeptide and promote the cleavage of the amide bond involving the carboxylic
group of methionine. It was found that the amount of hydrolyzed dipeptide strongly
depends from the steric bulk of bidentate coordinated diamine ligand L in
{[Pt(L)(HzO)]z(ﬂ—pZ)}4+ complex (en > 1,2-pn > ibn > dach). However, in the reaction
with an excess of dipeptide the influence of the nature of diamine ligand L on this
hydrolytic process could not be observed due to the fact that slow decomposition of

{[Pt(L)(HzO)]g(,u—pz)}4+ complex was occurred.
Keywords: mononuclear platinum(Il) complex, dinuclear platinum(Il) complex, L-

methionyl-glycine, L-histidyl-glycine, L-methionine- and L-histidine-containing peptides,

hydrolysis, anion- - -7 interactions, 'H NMR spectroscopy, X-ray crystallography.
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1. OIIITHU JEO

KommuiekcHa jenumema Mpela3sHuX MeTalla HMMajy BeJIHKY NpUMEHY Yy TEXHUIH,
MEIHUIUHU U Onojoruju. Hekn KOMIUIEKCH joHa mpela3HuX MeTalia, CaMu WM Y KOMOMHALUjU
ca IpyruM jeIbebuMa, Beh Ty>Ku HU3 roJIMHa Ce KOPUCTE Y MEAMIIMHU 32 JICUCHE Pa3InUIuTUX
obomema. Kowmmimexkcm wMerama ce 'y MEOUIUHM  KOPUCTE Kao  aHTHUTYMOPCKH,
AHTUMHKPOOUOJIONIKH, aHTUPEYMATCKH, paanodapMalieyTcku, KOHTPACT W XEJIaTHU arcHCH.
Hoguja uctpaxuBama y 0BOj 0071aCTH ycMepeHa Cy Ha CHHTE3Y HOBUX KOMIUIEKCHHX jeIUbCHA
KOja c€ MOry NpPUMEHUTH y MEIUIIMHH Kao TEpareyTCKM areHCH WM Kao CpeicTBa 3a
JMjarHOCTUKY. M3y4yaBama mHTepakuuja komrekca miatune(Il) ca 6Guomonekynuma, Kao IITO
Cy TICTITUIY W TIPOTEWHH, UMajy BEJIWKH 3Ha4aj 300T TOTa IITO CE OBa jeAHbCHa MOCICIHUX
HEKOJIMKO JIeIeHHja KOPUCTE y MEAWIMHM Kao aHTHuTymMopcku arercu [l1]. Ilopex Tora,
komriiekcu miatune(Il) y peakuuju ca nentuanMa U MPOTEUMHUMA, KOjU Y O0YHOM HU3Y CajpiKe
amuHoKHcennHe L-mernonuH, L-uucrenH u L-XucTuauH, KaTanusyjy CEJIEKTHUBHY XHIPOJIHU3Y

menTuaHe Bese [2-4].
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1.1. AHTUTYMOPCKA AKTHUBHOCT MOHOHYKIJIIEAPHUX KOMIIJIEKCA
IJIATHHE(I)

N3yuaBamwa y 00jJacTH aHTUTYMOpPCKE akKTHBHOCTH Komruiekca ratuHe(Il) m muxose
NpUMEHE y MEIUIMHH 3amoyesia Ccy ca  OTKpuheM  aHTHUTYMOpPCKE  aKTUBHOCTH
cis-muammubauxigopunoruiatnaa(ll) komrmexkca wim  nucratua, cis-[PtClo(NHs),] (B.
Rosenberg, 1964. rogune). Kommiekce cis-[PtCl,(NH3),] je npBu nyt kinHu4ku tectupan 1971.
rogune, a ox 1978. ronune je omobpeHa meroa ynorpeda y Jiedemy TyMOpa jajHuKa U TeCTHUCA.
On Tama anTutymMopcku komruieken iatuae(Il) ce kopucte y Xemuorepanuju Kao areHCH — 3a
pa3nmuunMTa TyMOpCcKa 000JheHa, Kao IITO Cy KOJOPEKTAIHH, TEHUTOYPUHApHU U
HemuKpohenujcku Tymopu Iutyha [5-9]. IlucniaTtiHa ce KOpUCTH BHIIE O] TPU JCLEHHjE Y
XEeMHOTEpanuju, OWI0 Kao CaMOCTaTHH aHTUTYMOPCKM areHC MM Yy KOMOWHAIMjHU ca JPYTHM
anTuTyMOopckuM areHcuma [10]. TIpobGnem mpumeHe NHCIUIATHHE KOJ TpeTMaHa TyMopa je
TOKCHUYHO JI€jCTBO OBOT KOMIUIEKCA (HEPPOTOKCUYHOCT, HEYPOTOKCUYHOCT, KapAUOTOKCUYHOCT,
My4YHHHa, onajaame Koce u ap.) [11-13], orpanmueHa pacTBOpJbMBOCT M T0jaBa PE3UCTEHIIN]E
HaKoH Jyke npumene [14]. MHoru TymMOpH 1OKa3yjy IpUPOJIHY PE3UCTEHTHOCT Ha IUCIUIATHHY,
JIpYTH TIOCTa]y PE3WCTEHTHU TOKOM TpeTMaHa [15], mox y ¢asm meracrase IUCIUIATHHA je
HeepUKacaH aHTUTYMOPCKH areHc [16]. YV nuipy nmpoHanaxema KOMIUIEKCa, KOju he nmatu mamy
TOKCUYHOCT O] IMCIUIaTHHE, MOCJIEeABUX HEKOJIUKO JICIeHH]ja CUHTETH30BaH j€ BEJIUKU Opoj
komiuiekca TuiatuHe(Il) Koju cy CTPYKTypHO CIMYHHM UMCIUIATHHH (KAACUYHU KOMAAEKCU
niamume), Ka0 W KOMIUIEKCH KOjU C€ CTPYKTYpHO HE MOTY IIOBE3aTH ca LUCIIAaTHHOM
(nexnacuunu komnaexcu naamune) [17].

Opx xomIiekca Koju ¢y mpHKa3aHu y Tabenu 1, met KoMIuiekca miaTHHe: KapOoriaTHHa,
OKCAJIMIUTATHHA, HEJAIJIaTHHA, JIOOAIUIaTHHA M XeNTaIUIATHHA YILIU CY Y KIMHHYKU yIoTpeoy,
JIOK je HEKOJIMKO KoMIuiekca y (a3u KIuHUYKuX ucrnutubama [18,19]. Kapbornaruna [20] u
okcanuruiatiHa [21] cy perucTpoBaHU Kao HUTOCTATHIIM W HAIUIA Cy TPUMEHY y KIMHUYKO]
npakcu. Hepannatuna [22] ce kopucTtu y Janany KoJ TpeTMaHa Tymopa TJiaBe, Bpara, TeCTHca,
rtyha, jajauka, rpnuha matepuile, 1 HeMukpohenujckux Tymopa ruryha. Xenrarmartuna [21,22]
ce KOPHUCTH KOJ] TpeTMaHa TyMmopa skenyna y Jyxnoj Kopeju. JloGannartuna [23] je omoOpeH kao
nuTocTaTuk y KuHu 3a jeueme XpoOHUYHE MHjENIOUIHE JIEYKEMHje, MeTacTa3ze Tymopa J0jKe U

MHUKpoOhenrjcKor KaHIeporeHor oboskema rmiyha. CBakd Ol OBHX KOMIUIEKCA TOCENyje HEKe
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ocoOMHE Koje HeMa nuciuiatTuHa. Ha mpumMep, HelariaTiHa ©Ma XeJIaTHU JIUTaH]] KOJU TTOJIEXe
peakiujamMa CyINCTUTYIIMje W MEXaHHW3aM JIejCTBa CJIMYaH Kao IucIUiaThuHa [24], amu je oBaj
KOMIUIEKC T0Ka3a0 Mamy He(POTOKCHYHOCT U HEYPOTOKCHYHOCT y OJIHOCY Ha LMCIUIATUHY U
KapOormiatuny [25].

Melhyrum, MHOTa jeHMmbEHa Koja Cy IMOKa3ana 3aBUIHE Pe3yaTaTe Y MPEIKIUHHYKHM
UCIUTHBAakbUMa HHCY Hallla MPUMEHY Y KIMHUYKO] Tpakch. Pa3nor ToMe je TOKCHYHOCT
HOBOCHMHTETHU30BaHUX JCIUICHa, O€3HayajHa aHTUTYMOpPCKAa aKTHUBHOCT M BeoMa ciala
pacTBOpJbMBOCT. Hekn o KOMIUIEKCa KOjU HUCY HallUIM MpakTUdHy npumeny cy JM-11, PAD,
enjoriatuna [26], 3enuraruna [27-30], nuknoruaram [31], cnuporuiatuna [32,33], ka0 1 HeKu
nosmnaykenapau komruieken matune(ll) BBR-3464 [27], aporutatuna [28] uth (Buau Tabemny 1).
[MukonmatuHa [34] je y Tpehoj ¢a3u KIMHMYKMX WCIUTHBaKba, Kao IMTOCTAaTHK ca Moryhom
NPUMEHOM 3a TPETMaH MHUKpohenujcKor TyMmopa ruryha.

Oxraenapcku komiuiekeu miaaruHe(IV) cy Mame peakTHMBHHM Yy OJHOCY Ha KBapaTHO-
wranapae komriekce tuiatuHe(Il). IlpermocraBka je ma ce xommiuekcn toatune(I1V), y
MPHUCYCTBY PENYKIIMOHUX CYICTAHIIM Y OPTaHU3MY, PeayKyjy Ao komruiekca muatuae(Il), koju
3aTUM HCTO0JbaBa]y aHTUTYMOPCKY akTHBHOCT [35]. C 003upoM Ha OBY YHEEHUILY, KOMIUIEKCH
miatuHe(IV) ce moTeHmWjaslHO MOTY TpPUMEHUBATH OpaTHO y XeMuoTepanuju. Mehyrum,
carparutatuHa [29] Huje npomwia Tpehy a3y KIMHUYKUX UCIIUTUBAKA, KA0 OPATHU IUTOCTATHK
3a TpeTMaH KapuuHoma mpoctare. OpmaruiatuHa (TeTparuiatuHa) [36] xkao HUTOCTAaTHK HHje
npomao npBy (a3y KIMHUYKUX HCIUTHBAaWKa, JOK je umnporuiatuHa [37] y apyroj dasm
KIMHUYKUX WCOUTHBamka. HexkebeHH cropenHd eQekTH W BeoMa HHUCKE AaHTUTYMOPCKE
aKTHUBHOCTH y TIPBOj M JIpyroj (ha3u KIMHUYKUX UCIIMTHBAMmA Cy TJIABHU PA3io3 3a OYCTajame
0J1 IPUMEHE MPETXOTHO MOMEHYTHX KOMIIJIKCA IJIATHHE Y XeMHOTEepaIuju.

[TomrTo je pesucTeHLMja TJIaBHO OrpaHUYEHE KIMHUYKE INPUMEHE aHTHUTYMOPCKHUX
komiiekca tuiatune(ll) m mmarune(IV), HajBakHMja KapakTEpUCTHKAa HOBHX aHTUTYMOPCKHX
KOMILJIeKca MiaTtuHe Tpeba aa Oyae CIocOOHOCT mpeBasuiakema henmujcke pesucTeHnuje. Y
CTBapy, MHOTH HOBOCHHTETH30BaHH KomruiekcH tuiatuHe(Il) mokasyjy yxu criekrap aenoBama u
Mamby PE3HCTEHTHOCT Yy ofHocy Ha komiiekce miatuHe(ll) koju ce Hamase y KIMHHUYKO]
ynotpebu [38]. Kommuiekcn minatuHe KOju c€ CTPYKTYPHO PA3NIMKYjy O IUCIUIATHHE U HEHUX
aHajora, TNpyxajy OpojHE MOTYNHOCTH 3a TpOHATAKEHE AHTUTYMOPCKHX areHaca 4uju ce

MeXaHHU3aM JIeJI0Bama Pa3jInuKyje o] MEXaHu3Ma JiesioBama Iucruiatuae [39,40].
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Ta6esa 1. Auturymopcku komriekcu matuae(ll) u mnarune(IV) u BUXOB KIMHUYKH CTAaTyC
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1.1.1. MexaHnu3aMm Jej10Bamba MUCIJIATHHE

MexaHnn3zaM KOjUM IUCIUIaTHHA audyHayje y henuje jouml yBeK HMje Yy HOTIYHOCTH
pazjammbeH. Panuje ce cmarpano ma mucmiatuHa audyHayje y henujy yriaBHOM MacHBHOM
nudy3ujoM, Kao HeyTpalHH Mojekyil. Mehyrtum, kacHuje je Hal)eHO Ja LUCIIIaTMHA MOXe
mudyHaoBaTH y henmujy ¥ myTeM aKTHBHOT TPAHCIIOPTA, ITOCPEICTBOM ILIazMa-MeMOpaHCKOT
6akap Ctrlp tpancroprepa (Cauka 1). Mexanu3am OBOT aKTHBHOT TPAHCIIOPTA jOII YBEK HHjE

NOTITYHO O0jalmeH [41].
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Cauxa 1. Hlemarcku npuka3 qudyHa0Bamka MUCIIIATHHE y hellujy MacuBHOM AU(Y3UjOM H

aKTUBHUM TpaHcriopToM [42]

PenatuBHo Hucka konuentpauuja Cl jona y hemuju (oko 4 mM) je morogna 3a
XUAPOJIUTUYKE peakldje LUCIUIaTUHE, Tako Ja ce y MNpBoj (a3u jegaH XJIOpUIO JIMTaH]
cynctuTyume ca MojekyiaoMm Boge (Cimka 2). Haxon dopmupama cis-[PtCI(H,O)(NH;3),]"
KOMIIJIeKCa, J10Ja3u 70 Jlajbe CYNCTUTYLHUje XJIOPHUIO JIMTaH[a ca MOJEKYJIMMa BOJAE, a 3aTHM
JlaJbe XUJIPOJIN3e aKBa-JepuBarTa py 4yeMy HacTtajy HeyrpainHu komiuiekcn riatuae(ll), koju He
Mory naa pearyjy ca JIHK. 360r XxuaponuTuikux peaxkiyja y henmju cmamyje ce aHTUTyMOpCKa
aKTUBHOCT LUcCIUIaTHHE. [IO3UTHBHO HaEeNEKTPUCAHH IPOU3BOIN XHUAPOIUTHYKHUX peaKiuja

nucruiatuie y henuju pearyjy ca JIHK mto 1oBoau 10 aHTUTYMOPCKE aKTUBHOCTH IIUCTITIATUHE.
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. +H20 i . +H2O , n
Cis-[PtCly(NH3),] === cis-[PtCI(NH5),(H,0)] cis-[Pt(NHs3)o(H,0),]
+CI" +CI" ‘
+H* || -H* (pKa = 6,85) +H*|[-H* (pKa =5,93)
/
cis-[PtCI(NH3),(OH)] cis-[Pt(NH3),(OH)(H,0)]*

|
+H* || -H* (pKa = 7,87)
/

cis-[Pt(NH3),(OH),]

Cauxa 2. Hlemarcku npuka3 peakinja XuIpoian3e HUCIUIAaTHHE

AHTHTYMOpCKa aKTUBHOCT IUcCIUTaTHHE Oasmpa ce Ha peaknuju ca JIHK y henuju, nmpu
yeMy HacTajy KOBAJICHTHE Be3e ca HykiieoOa3ama [43,44]. [Ipu ¢usnonomkoj pH Bpennoctu N7
aTOM a30Ta W3 TyaHWHA TMPEJACTaB/ba Hajuelmhy aKIEeNnTOPCKH IEHTap XHJIPOJIM30BAHOT
KOMIUIEKCa IUCIUIaTHHE. AHTHTYMOpPCKa aKTHBHOCT IMCIUIATHHE HAjBEPOBATHHUjE TIOTHYE O]l
tako3BaHor 1,2-untpanandanor d(GpG) naumna koopauHoBama Pt(I) 3a JIHK (Cnuka 3).
KoopaunoBame uucruiatude 3a JJHK y3pokyje AucTOp3ujy EeHE CIUpaHEe CTPYKType, LITO

JIOBOJIM JI0 MHXUOWIIH]je peruthkaije u Tpanckpurmuje JJTHK.

Mpotenn AHK
WHTpananyaxo yMpexaBare
1,2-d(GpG) ympexasate

60-65%

WHTepnan4aHo
d(GpG) ympexasare >1%

WHTpanaHyaxo
1,3-d(GpXpG) ympexasare

WHTpanaxyaHo
1,2-d(GpA) ympexasate
0-25%

Cuauka 3. Pa3nuuuTy HaUMHY Be3uBama nuciuiatuae 3a JJHK [42]



Onwmu 0eo

Kao mro je wnampen ommcano wuHTepakuuja muciiatuae ca JIHK  ycrnoBibaBa
AHTUTYMOPCKY akTHUBHOCT komruiekca miuatuHe(Il). Mehyrtum, y opranusmy mocroje ¥ MHOTH
JIpyrd OMOMOJIEKYJIM KOJU MOTY pearoBat ca IucriaTiHoM. Hajaenrhe TakBu MOJIEKYNTH BMajy
y ctpykTypu THONHE (-SH) mnn Tnoerapeke (-SCHs) rpymne. Hakon nudyHnnoBama UCIUIaTHHE Y
henujy, THONHA TpyMa NUCTEHHA U3 TIIyTaTHOHA U METAJIOTHOHEHHA (MIPOTeHH 00TaT HUCTEHHOM)
ce koopaunyje 3a Pt(Il) jou [45] u crpeuaa untepakuujy Pt(Il) ca JIHK a camum Tum 1 meHO
AHTUTYMOPCKO JieioBame [46]. IHTepakiuja nucIuiaTiHe ca CyMITOP-BE3UBHHUM JIMTaHIMMa MMa
HeratuBaH edeKarT Ha WEHY aHTUTYMOPCKY akThBHOCT. OBe WHTEpaKifje WHXHOUpajy
AQHTUTYMOPCKY AaKTHUBHOCT IIMCIUIATHHE, CTBapajy PE3UCTEHTHOCT M W3a3MBaJy TOKCHYHO
nenoBame. HakoH ayxer no3mparma HUCIUIATHHE y OpraHU3MYy TallijeHara jJoyasu 10 nosehama
HHUBOA TJyTaTMOHA M METAJIOTHOHEMHA y KpBH [47], a KOOpJMHOBame TIJIyTaTHOHA 3a
IUCIIJIATUHY je KaTaln30BaHO 1yTaTHoH S-TpaHcdepazom (GSTs). Hacramu GS-Pt(Il) kommuieke
ce n3banyje u3 henuja momohy ATP-3aBucue mymmne (GS-X nymna) (Cnuka 4) [48]. Tepanujcku
edekar nucrulaTuHe 3aBUCH on  (opmmpama anykata ca JHK y hemuju, xoju mHxubOGupa

perukanujy u Tpanckpunuujy JHK.

Cuamnka 4. Be3uBame ITUCIITIATHHE 32 TIYTATHOH U METAJTOTHOHEHUH [42]
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1.2. IOJIMHYKJIEAPHU KOMIIJIEKCH IIVIATUHE(II)

Tpehoj renepanuju aHTUTYMOPCKM aKTHBHUX KOMIUIEKCA IUIaTHHE, KOju ce BehmHOM
HaJlla3e y MPEAKIMHUYKUM WCIHTHBamkUMa, Topen komiuiekca tuiatuHe(IV), mpunamajy u
nosiHykiaeapau komiiekcu riatune(ll) [49]. OBu KoMIUIEKCH Y CBOjOj CTPYKTYpH CajipiKe Ba
WIM BUIIE jOHAa MeTana Koju cy MelycoOHO moBe3aHHm MOCTHUM nuranguma [6,50-56]. Kao
MOCTHU JIMTaHIU HajBHIIE cy KopuinheHu (rexcuOuimHN anudpaTUyHU JUAMHHH WIH KPYTH
MOCTHHM JIMTaHIHW, Kao INTO Cy MOJeKyiu azoja u asmHa [50,51,56-59]. Paznor Bemumkor
MHTEPECOBakha 32 M3ydaBame MONMHYKIeapHuX Komruiekca matuHe(Il) je muxoBa crmocoOHOCT
na ca monekynom JIHK ¢opmupajy mpousBoae Koju ce CTpYKTYpHO PasiMKyjy OJf OHUX Koje
dbopmupajy MUCIUIATHHA U CITMYHU KOMIUICKCH.

[IpoGiem mpumene MoHOHYKJIeapHUX Komiuiekca tuiatuHe(ll) y nedemy Tymopckmx
000sbeHa je, MOpel TOKCUYHOT JIeJI0Bakha U OTPAHUYCHE PACTBOPJHMBOCTH I110jaBa PE3UCTECHIIN]E
HaKOH nayxke npumene. lcrpaxuBama cy mokasama aa Tymopcke henmje mokasyjy Mamy
PE3UCTEHTHOCT MpeMa JUHYKJICAPHUM KOMILJIEKCUMA y OJHOCY Ha MOHOHYKJIEapHE KOMIUIEKCEe
matuae(Il) [60]. dunykneapan komrekcu tuiatuae(Il) koju y ¢B0Ojoj CTPYKTYpH HMajy HCTE
MOHO(DYHKIIMOHATTHE JIUTAH/Ie MOTY TIOCTOjaTH Kao cis- U trans-reoMeTpujcku nzomepu. Haheno
je nma cy cis- u30Mepu KWUHETHMYKM HWHepTHHju y peaknujama ca JIHK. C o0G3mpom mga
noJiMHyKJIeapHu Komiuiekcu miuatuHe(ll) y pacTBopy mocTtoje y KaTjoHCKOM OOJUKY HHXOBa
pPacTBOPJBUBOCT Y BOM je Beha y ofHOCY Ha HEyTpallHe MOHOHYKJIeapHe KoMIuiekce [61].

Haheno je na cepuja BBR nmonunykneapuaux xommiekca miatuae(ll) (monmmnykneapHu
KOMITJIEKCH KOjH caapske anudaTUIHe TuaMuHe Kao MOCTHe nuranie) pearyje ca JJHK Opxke y
OJIHOCY Ha mucIUiaThHy [62,63]. McTpaxkuBama Cy moka3ana J1a OBH KOMIUIEKCH OCTBapyjy
npyraunju HauuH Be3uBawa ca JIHK y oanocy Ha mucrumaruny [55]. Jeman on mpBux
ucnutuBaHux  nonuHykieapuux — 1wiatuHa(ll)  kommnekca,  {[trans-PtCl(NHai),].(u-trans-
Pt(NH3)2(NH2(CH2)6NH2)2)}4+ (Cnuka 5, xomruiekc 1, BBR3464,) nuje mpomao II da3zy
KIMHUYKUX UcTHTHBama. Haheno je nma tpunykneapu xomruiekc 1, y in vitro ycioBuma,
nokasyje Behy IMTOTOKCHYHY aKTUBHOCT Mpema hemrjama Koje Cy pPe3sUCTEHTHE Y OJHOCY Ha
nucruiatuHy. Mehytum, najba KIMHUYKA MCIIUTUBAama Cy Mokasana ja komruiekc BBR3464 ne
MOKa3yje LUTOTOKCUYHY aKTUBHOCT IIPpeMa XyMaHUM KaHILEPOreHWM henujama M 3aTo Cy Jajba

WCIIUTHBamka 00ycTaBJbeHa [64].
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Jpyra renepanuja MoJIMHYKJICAPHUX KOMIUIEKCa riaTuHe, kommmiekcu 2 (BBR3571) u 3
(BBR3610) (Cnuka 5), caapxe nse miatune(ll) jeauauie koje cy moBe3aHe MOJMAMHHOM Kao

MOCTHHUM JIMT'aHAOM.

4+
cl NH Y HsN CI“
>Pt< /\/\/\/Nz\ /NH3 >Pt<
H3N H /Pt\ /\/\/\/HzN NH3
2 HaN N
Ho
1
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3 \/\/ \/\/\
>Pt< N \NH3
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“4+
S\Pt/ \/\/\/\N/\/ \/\/\/\N/ \NH
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Cauxa S. CtpykrypHe Gopmyse noauHykieapHux komruiekca mmatuHe(Il) ca mommamMuHCKUM

MmoctHuM Jmrananma, 1-BBR3464, 2-BBR3571 u 3-BBR3610

JuHykneapHu KOMIUIEKCH 2 U 3 Cy MOKa3alu CIMYHY aHTUTYMOPCKY aKTHBHOCT Kao W
komiuieke 1. Mehytum oBu komruiekcu, nHAYKYjy G2/M 3actoj henmjckor nukinyca y henujama
JIMOMa, JIOK IUCIUIATHHA HMHAyKyje amonrto3y. OBO je jemaH o] OUPEKTHUX JOKaza Jia ce
MEXaHH3aM AaHTUTYMOPCKOT JIeJOBamka MOJUHYKICAPHUX KOMIUIEKCA IUIATUHE pAa3NIUKyje Yy
OJIHOCY Ha IHcIuiatuHy [65]. WcTpaxkuBama cy mMokasayia Ja je KOMIUIEKC 3 e(pUKacHUjU Ha
hemje HCT-116, DLD1, SW480 u HT29 xaprmHoMa nebernor 1peBa y 0JIHOCY Ha KOMIUTeKC 1,
LUCIUIATUHY U okcanuiuiatuny. [lopexa Tora, nctpaxuBama Ha pa3nunuuTUM (pocoaunuamuma cy
MoKa3aja Jla Cy KOBAICHTHE W HEKOBAJICHTHE WHTEPAKIMje YKJbyueHEe Yy HauMHY BE3HMBamba
MO3UTHBHO  HACNIEKTPHCAHWUX  TOJHMHYKJICAPHUX KOMIUIEKCa IUIATHHE Ca  HETaTHBHO
HaenekTpucanuM ¢ochonununuma [62]. C gpyre cTpaHe, BHCOKAa IIUTOTOKCHYHOCT TOpe
HaBEJICHUX KOMILUIEKCa Y MUKPO- O HAHO-MOJAPHOM OIICETy MOXKE Jia JIOBElEe 10 PEIaTUBHO
YCKOT TEpareyTCcKOr WHAECKCA U CTOTa MOYKE€ OTPAHUYHUTU HUXOBY KIMHUYKY IPUMEHY. Y IHIBY

MMpeBasuIaXXCemkba OBOI Hp06neMa, CUHTCTU30BaAHU CY KOMIUICKCU Ca CTCPHO CYICTUTYHCAHUM
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MOJIMAMUHCKHUM JIMTaHAMMA, KOJU Cy Mame PEaKTHBHH Yy in Vitro yCIOBHMA, alld Cy y CTamy Ja

ocnob6ahajy crepHO CyNICTUTYHCaHE TPYyIE Y in Vivo YCIOBUMA.

o)
F ‘|2+
H3N HZ N |-|3’\l\|3t/cI
N -~ \/\/ \/\/\ PR
Pt\ H NH,
CI/ NH, 4 2
o) o)
2+
H3N Hz N HSN\Pt/CI—I
N P N NN N
Pt\ ” NH,
CI/ NH3 5 2

Cauka 6. CtpykTypHE popMylie TUHYKJIEAPHUX KOMILIEKCA IJIATHHE Ca CYNICTUTYHCAHOM

AMHWHO I'pYIIOM Y IMOJIMAMHUHCKOM MOCTHOM JIMT'aHAY

Kommneken 4 u 5§ (BBR3537) (Cnuka 6) cy nepuBatu komiuviekca 2 (Cnmka 5).
Kommiekcu, koA KOjUX jé aMHUHO Tpyla y MOCTHOM JIMTAaHIY CYICTUTYHCaHa, Cy MOKa3alu
3HATHO Mamy IIUTOTOKCHYHOCT Y OJHOCY Ha KOMIUIEKCE KOjU HeMajy 3alTHNeHy aMHHO TpyILy
(xomrutekc 2, cnuka 5). Mel)yTuMm, MUTOTOKCHYHOCT KOMIUIeKca 4 U S5 HUje TOCIIeuIa IhUX0BEe
xuapomm3e npu  ¢uszunonomkom pH. Kommutekcu 3 m 4 ce Besyjy 3a JIHK y muOoro Behem
nporeHTty (90% omnocHo 74%), nok camo 33% komruiekca 2 U 6% HUCIUIATUHE OCTBAjy]y MCTH
HAuMH Be3uBama [66]. Oba koMILIeKkca Takohe noka3yjy MambH aQUHUTET IpeMa XyMaHOM CEpyM
aIOyMHHY y 0JHOCY Ha KomIuiekce 1 u 2, mTo yka3yje Aa MOJU(PUKOBAKHEM MOCTHUX JIMTAHMAA Y
MOJMHYKJICAPHUM KOMIUIEKCHMa IbHUXOBA peakifja ca MPOTeHHUMA y KPBH MOXe OWUTH 3HATHO
cMameHa [67].

Hunykneapuu Pt(Il) kommuieke 6 (Cnuka 7) y CTpyKTypHU CaApKH aHTPAXUHOH, KOJU UMa
ocobuny (myopecreHigje mro oMoryhaBa na ce KOMIUIEKC MpaTd ToMohy ¢iIyopeciieHTHe
MuKpockomnuje. KoMiuieke 6 mokasyje BUCOKY HUTOTOKCHYHY aKTHBHOCT y ofHocy Ha A2780

henuje, mpu yemy je KOMIUIEKC ca HajKpahruM aMUHOAIKWII JJAHIIEM HajaKTHBHH]H.

10



Onwmu 0eo

ik
o) HN/Hn\N—Pt—CI
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Cauxka 7. Illemarckum npukaz aunykieapHor Pt(II) kommiekca koju caapku JepuBar

AHTXpaxXnHOHA

Mehytum, nHaheno je na cy mnonuHykineapHu komiuteken matuHe(Il) ca 1,1/1¢
CTPYKTYPHHM MOTHBOM IIOJJIOKHU pasjiaramy y MPHUCYCTBY HYKIICO(HIIAa KOjU CallpiKe CyMIIOp
(1,1/t,t u 1,1/c,c o3nauaBa: 1,1 ce onnocu Ha O6poj omnazehux rpymna ca Pt(Il) jona; t,¢ wmm c,c je
reoMeTpHja y 0JIHOCY Ha MOCTHHM JIUTan). Jpyrum peunma, CyrcTUTyIja XJIOpHI0 JIMraHaja ca
CYMITOp JTOHOPCKHM JIMTaHAMMa, MOKE J1a JOBEAE /0 €IMMHHAIM]E€ MOCTHOT TOJIMAMUHCKOT
nuranga 30or frans-edexkra aroma cymmnopa [68]. OBe peakmuje TOBOAE 10 pasliarama
MOJIMHYKJICAPHUX KOMILIEKca U noBehama BUXOBOT TOKCHYHOT edekTa y opranusmy. Hacymnpot
TOME, y KOMIUIEKCHMa KOoju umajy 1,1/c,c reomeTpujy, HAKOH CYNICTUTYIUj€ XJIOPHUIO JIMTaHa ca
CYMIIOp JIOHOPCKUM MOJIEKy/lInMa, He Jona3u 10 packuigama Pt(Il)-mocTHu nurang Bese.
NzyuaBama peakmmja 1,1/c,c muaykneapaunx komruiekca muiatuae(Il) ca mykieodunuma koju
cajip>ke CyMIIop cy mokazana fga ca THoiaHoM rpynom u3 GSH nactaje crabumaun GS-mocTHH
MakpoxenaTt [69], 1Ok y peaknuju ca THOETPCKMM aTOMOM cymIiopa u3 N-aneruioBaHor L-
METHOHHMHA, HACTa]y pa3IMunuTh AuHYyKIeapHu komiuiekcu matuae(Il), a mpumehena je u cropa

enumuHanmja NH; muranga [70].

11
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Cauka 8. Crpykrypna ¢opmyna aunykieapHor  Pt(I) xommexkca ca  1,2-

JUaMHUHOIUKIIOXCKCAHOM U ITOJJMaMHUHCKHUM MOCTHHUM JIMT'aA0OM

Hunykneapuu tuiatuHa(ll) wommueke 7 (Cimka 8), koju cagpku OHUIEHTAaTHO
KOOpAMHOBaH 1,2-TMaMUHOIIMKIOXEKCAH MpPEJCTaB/ba aHAJOr OKCAJUIUIaTHHE. Y OJIHOCY Ha
koMmruieke 3 (Cnuka 5), oBaj KOMIUICKC CapKu OMJICHTATHO KOOPJAMHOBAHU TUAMUHCKH JINTAH]I,
TaKo J1a je crpeyeH trans-edekar u OMJASHTaTHU KOOPAUHOBAHU JIMAMUH OCTaje KOOPJIWHOBAH 3a
miatuHy(Il). Brosomnka akTHBHOCT OBHX KOMITJIEKCA jOIIl yBEK HUje ucnuTaHa [71].

Hunykneapuu moHopyHkunonanuu Pt(Il) kommnexkcu 8 n 9 (Cnuka 9) mokazanu cy Behy
IIUTOTOKCHYHOCT y Topehemy ca mucmiaatnHoM npema henujeckum nuaujama A549. Kommieke 8
nokasyje 3HaTHO Behy aHTHTYMOPCKY akTHBHOCT y mopehemy ca komiuiekcom 9. Peakmmje
komiuiekca 8 ca GSH (riyratmonom) cy BeoMa crmope 300r CTepHOT edeKTa apoMaTHYHOT
MOCTHOT Jiurania. Mehytum, Hal)eHO je ma y peakmujama KOMIUIeKca 8 ca cyMIop JTOHOPCKHM
MOJICKYJTUMa He JI0JIa3u JI0 packuaama Be3e u3mely Pt(Il) m mocTHOT uranga.

BonyMHHO3HM JUTaHIIM KOJU CY Y CIs TOJOXKajy Y OAHOCY Ha JIMTAaHJ KOJH Ce€ JIaKo
CYNCTUTYHIIIE YTUYYy Ha Op3WHY peakiuje noiuHykiaeapHux komiuiekca ratuHe(Il) ca GSH.
Kommuieke 8 mma mHoro Behy cnoco6HocT BesuBama 3a JIHK y ognocy Ha komruieke 9. Taxobe,
komriiekc 8 Beoma nako opmupa 1,3- u 1,4-untpananyana BesuBama ca JJHK, nok xomruieke
9 npBenctBeHo (opmupa 1,4-uHTpananyaHo Be3uBame. OBU pe3ynTaTH MOKa3yjy J1a MOCTHU
JUTaH UMa KJbYYHY YyJIOTY y HauMHy Be3uBama komruiekca ruiatune(Il) 3a JIHK, kao u Ha
IUTOCTAaTUYHY aKTUBHOCT JUHYKJIeapHuX komruiekca miatude(Il).

Hunykneapuu Pt(Il) kommiexen 10 n 11 (Cnuka 9), mopen monodyakinnonamaux Pt(11)
jenuHmIa, caapke W ¢GoroauMHaMudku TeparneyTcku areHc Si(IV)-dramoumjanun. OBwH
nunykineapuu Pt(Il) xommuieken nokasanu cy 0ospy nurotokcuyHocT npema Hela henwmjckoj

JVHHjH XyMaHOT paka rpiunha marepuie [72].
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Cauxa 9. CtpykrypHe dopmyne 1,1/c,c monopyHkunonanuux nunykineapaux Pt(Il) kommuekca
@8 u 9), u l,l/c,c MOHODYHKIMOHATHUX KOMIUIEKCa KOIYTOBaHHMX ca (OTOJMHAMUYKUM

TeparneyTCKUM areHcoM CHIININ]jyM-dTanorrjanuaom (10 u 11)

[Tomunykneapan komriekcu twiatune(ll) 1-5 (Cnuka 5 u 6), 7 (Ciouka 8), 12 u 13
(Cnruxka 10) xao MOCTHe JMraHie caap)ke OuoreHe TMOJHMAaMHHE  CIEPMHJIUH,
H,N(CH,);NH(CH;)4sNH,, u cniepmun, HoN(CH,);NH(CH,)sNH(CH;)sNH, [73]. Kommiekcu 12
u 13 nokasyjy HOpUIMYHO BUCOKY AHTUIPOIM(EpPaTUBHY U LMTOTOKCHUYHY AKTMBHOCT IpeMa
HeLa hemujama u HSC-3 tuny henuja, a ®»ux0B yTHIla] Ha 3apaBe henuje je peBep3uOMiIaH

HAKOH IPEKU/A YHOILIEHA JieKa [74].



H, H,
HZN\Pt/H—(CH2)4—N\Pt/N _(CH2)4_H\Pt NH,
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Canka 10. CtpyktypHe GopMmyie moJauHyKJIeapHux komiuliekca ruatue(ll) xoju kao MocTHH

TuraH caapike anmrdarnane monmraMune criepmuanH 12 u cniepmus 13

Kao mTo je paHuje momeHyrto, y CHHTE3M JuHyKIeapHux Komiuiekca Pt(II) kao

He(pIeKCUOMITHN MOCTHU JIMTaHAu KopuitheHu cy moinekyinu asuHa [75]. CtpykTypHe Gopmyre

HCKUX JUHYKJIICAPHUX KOMIIJICKCA HJ'IaTI/IHe(H) Ca MUPAa3WMHOM U HHCrOBUM CYICTUTYHCAHUM

JepuBaTHMa npukaszane cy Ha caunu 11. Ha mpumep, nunykneapuu Pt(II) kommiekcu, Koju Kao

MocTHe Juranne cajapxke auasune (Cnmka 11), mokasanm cy 3HaTHO Behy HHMTOTOKCHUYHOCT

npeMa KanieporenuM henmjckum nuHujama WIDR (meGemor npesa) m IGROV (jajuuka) y

OJIHOCY Ha IUcIIaTHHY. Takole 0BM KOMIUIEKCH Cy NOKa3aJld U3Yy3eTHY LIMTOTOKCUYHOCT IpeMa

L1210 henujckoj mTuHUjK TE€yKeMH]je KOJI MUIIIEBA KOja je pe3UCTECHTHA Ha NUCIIaTHHY [76,77].

NH5 NH5 ‘|4+

| @ |
HyN—Pt—N N—Pt—NH,
N |

OH, OH,
14

@N = N//—\\N N//_\\N N//_\<N
e

diazin pz 2,3-diMepz 2,5-diMepz

Cuamuka 11. J[unykiieapHu KOMITJIEKCH {[ﬂ'al’lS-Pt(NH?,)z(HQO)]z(ﬂ-(diaZin)}4+ TUIIA
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Hunykneapuu Pt(II) kommuieke 15 (Cauka 12), K0ju Ka0 MOCTHU JIMTaH[ CaJIp>KU TTHPA30JT
u OH" jon xao omma3ehu nurana, mokaszao je oko 40 myra Behy IMTOTOKCHYHOCT y mopehemy ca
nucriatuaoM npema MCF-7 henujama. OBaj xomruiekc pearyje 3HaTHO crniopuje ca JIHK nu
TJIaBHU TIPOM3BOJ peakiuje je uHTpanandanu 1,2-d(GpG) anykt. ¥ nopehemwy ca auctop3ujoMm
1,2-d(GpG) ympexkaBama H3a3BaHOM UHUCIUIATHHOM o 55-78°, komruiekc 15 uHIyKyje

pENaTUBHO Majle CTPYKTypHE IpoMeHe Ha ABocTpykom xenukey JJHK ox camo 15° [78,79].

O

/7
HsN NH;
Spy Pt~
S N\~
HaN Q NH;
15

Cauka 12. /lunykneapuu ratuHa(ll) komrieke ca mupa3oioM Ka0 MOCTHUM JIUTaHIOM

MoctHu nwraHx y TpuHyKJIeapHoM 3N-xemaTHOM MoHodyHKiuoHaiHOM  Pt(ID)
komruiekcy 16 (Cruka 13) mame je hiaexcubunan y ofHOCY Ha amudaTHIHE MOJUaAMHUHE, alld je
baexcubmwHMju y opehemy ca auasuHUMa W Ira3ojduMa. 300T CTPYKType MOCTHOT JIMTaHJIa
komiuieke 16 rpaau Beoma noBosbHe Bese ca JIHK. ¥V mopehewy ca nucrmaruaom komrieke 16
nmokasyje 00Jby MUTOTOKCHYHOCT y ogHocy Ha P-388 u A549 henmjcke nunuje. Haheno je na
oBaj komIuiekc y peakmnujama ca GSH popmupa MoHO- U THUCYTICTUTYHCAHE MPOU3BOIE KAO IITO
¢y [Pt:CI(OH),L(GS)1** u [Pt3(OH),L(GS),]** [80]. 3axBabyjyhn koMOuHAIMjH (IeKCHOHIHOT
MOCTHOT JIMTaHJla U HEroBe BeNWYHHE, Koja oapehyje pacrojame uzmehy Pt(I1) jona, komreke
16 moxe y peakiuju ca JIHK na ¢popmupa untpa- u unrep-nanuyana JJHK ympexaBama.

3a pasnuky ox monmnykiaeapHux Pt(I) komruiekca koju caapike, MOCTHE (prieKCHOMITHE
anudaTtuyHe MONMAMUHCKE JUTaHae, nonuuykieapan komruiekcn 17 u 18 (Cnmka 13) umajy
orpannyeny QuexcubmmHocT. O0a KOMIUIEKCa TOKa3yjy HUTOTOKCHYHY AKTUBHOCT TIpema
hemjckum nuHMjama xymanor xematoma (Hep(G2) m XymaHOr KOJOpPEKTaTHOT KapIuHOMa

(HT29) npu uemy je xommuieke 17 mame akTUBaH y 0IHOCY Ha KoMIuIekc 18.
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Cauxa 13. CtpykrypHe popmyne nonuHykiaeapHux komriekca miatuHe(Il) ca dnexcubuinum

U KPYTUM MOCTHUM JIMT'aHIUMa

Tpunykneapun kommiekcun 19-21 (Cnuka 14) cy crpykrypHu anano3u BBR3464
komriekca (1). [IpucycTBo jemHor WM JBa aMHUHCKa JIMTaHIa Ha IEHTPAHOM jOHY MeTala,
omoryhaBajy nogatne HekoBajeHTHe uHTepakuuje ca JJHK. Kommuiekcu 19 u 20 nokasyjy Behy
IIUTOTOKCUYHOCT y OJHOCY Ha LUCIUIaTHHY MpeMa henujcKkuM JHHHjaMa XyMaHOI KapIuHOMa
jajuuka (A2780, A2780dsR u A2780ZD0473R). 3a pa3nuky of muciiaTiuae, Komruiekcu 19-21
dbopmupajy uarepnandane GpG agykre. Mehyrum, Hal)eHo je 1a Cy OBH KOMITJIEKCH HECTAOMITHU

u y henuju onasu 10 BUXOBOT pasnarama [81-83].
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Cauxa 14. Tpunykneapan komruiekcu ratune(Il) ca jemnum unm aBa aMHHCKA JIMTaHJa Ha

nentpasnom tiatuHa(ll) jory

Haleno je na cy HekoBanenTHe nHTepakiyje komriekca miarune(Il) ca JIHK ox Bemukor
3Hayaja y IMoOrJiely LUTOTOKCMYHOCTH Komruiekca [84]. HoBu TpenaoBu y au3ajHUpamby
IIUTOCTAaTHKa Jpyre reHepanuje MmoJuHykiaeapHux komiuiekca miaatuHe(Il) gokycupanu cy Ha
KOMIIJIEKCE KOjU MOTY OCTBapUTH HekoBaseHTHe uHTepakuuje ca JIHK [85]. Tpunykiaeapuu
Pt(Il) xommnexe 22 (TriplatinaNC) (Cauka 15) je crpykrypHu anamor BBR3464, y xojem cy
xnopuao nuranau cyrncrutyucanu ca NHo(CH,)sNH,. Komrmuteke 22 mokasyje MEKpOMOIapHY
aKTUBHOCT IpeMa henujckuM JIMHHjaMa XyMaHor KapliuHoMma jajHuka [86]. Ilomro komruieke He
MOXX€ OCTBapuTH KoBaJlleHTHY Be3y ca JIHK, oH ocTBapyje HCKJbYYHMBO HEKOBAJIEHTHE

UHTEpaKIyje.

NH3 NH; NH5 _’ 6+
H, H, | H, H,
H3N(CH2)6H2N_Pt_N _(CH2)6N —Pt_N _(CH2)6N _Pt_NHz(CHz)GNHg
NH; NH; NH3
22

Cauka 15. Ctpykrypna popmyna tpunykieapror Pt(I1) kommiekca (TriplatinaNC)
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[TocneamUx HEKOIMKO TOJWHA CHUHTETH30BAHW CYy W TECTUPAHW HEKOHBEHLMOHATHH
nosimHykiaeapan komriuiekcu toiatuHe(Il) ca pasmuuutum MoctHuUM suranguma (Cruka 16).

Hexku on mux nokazanu cy 3aBUJHY aHTUTYMOPCKY akTUBHOCT [87,88].

H,

N

\Pt

¥ N
H / \O

Cauxka 16. CrpykrypHe ¢dopMyne HEKOHBEHIIMOHAIHUX TMOMYHYKJICApPHUX KOMILIEKCa

wtatune(1l)

TectoBu Ha henmjckum nuHujama xymanor kapuuHoma Hela, HepG2, KB u AGZY-83
cy mokasanu aa komruieken 23 u 24 (Cnuka 16) moka3yjy Behy HMTOTOKCHYHY aKTUBHOCT U
crenn(UYHOCT y OIHOCY Ha KOHBEHIIMOHAIHE XeMuoTepamneyTcke arence. Kommiekc 23 Besyje
ce 3a JIHK koBaseHTHOM Be30M, aiu TIIOCTOjeé M HEKOBaJIeHTHEe uHTepakuuje [87].
Terpanykneapuu Pt(II) xommiekc 25 (Cnuka 16) Besdyje ce 3a XyMaHH cepyM ajlOyMHH
xuApohOOHNM U EeJIeKTPOCTATUYKMM HWHTEpakiyjama. 300r THX WHTEpaKkiuja hemmjcka
aricopIIHja OBOT KoMIIIeKca je 3a oko 20 myra Beha y 0JJHOCY Ha IIUCIIIIATHHY.

Kommnekc 26 (Ciomkxa 17) je nurotokcuuyan npema HL-60 (He3penu rpanynonuTu

neykemuje), HCT-8 (kapumnom pebenor ipea), MCF-7 (kapumnom mpojke), BGC-823
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(xapumHoMm sxenyna) u EJ (kapuunom Oemmke) henmjckum nunujama ca ICsy BpeqHoctuma oJt
0,02; 1,70; 4,00; 0,98 u 1,02 uM. LDsy je 815.3 mg/kg, mrTo je 3HaTHO BHUIIE y OJHOCY Ha
UCIUIATHHY W KapOorutatuny. [lopen Tora, oBaj KOMIUIEKC MOKa3yje 3Ha4ajHy aKTUBHOCT TIpeMa
A2780 u HCT-116 xox mumesa y no3u o 12 mg/kg, akTUBHOCT je CIIMYHA [UCIIATUHU Y J03U
on 4 mg/kg. OBU pe3yaTaTu MOKasyjy Jla HOBH JUHYKEAPHU KOMIUICKCH IUIATHHE MOTJU OWTH

oOehaBajyhu areHcu 3a Jiedeme TyMOPCKHX 000Jbema [88].

NN
Pt Pt
VA VAN

H,
26

Cauxka 17. Ctpykrypna popmyna {[Pt(Cx-NHy)I],(u-I),} kommekca

1.3. XHUJPOJIM3A IIENTUJA ITIOMORY KOMIUVUIEKCA IIJNIATUHE(I) H
MHAJTAINIYMAI)

[TpoTennu cy KJby4HM TpaJuBHU €JIEMEHTH KuBe henuje cBakor opranusma. I[Iporennu
Kao OWJIOIIKM TOJMMEPH HACTajy TMOBE3MBAHEM BEIHMKOT Opoja aMHHOKHCEIMHA MENTHIHOM
Be3oM. CBakdM NpPOTEMH HMMa jeIMHCTBEHY aMHHOKHCEIMHCKY CEKBEHIly Koja je onpeheHa
CEKBEHIIOM HyKJeoTHaa y reny. MelycoOnum moBesuBameM Buiie of 100 amMHHOKHCETHHA
HacTajy mporeuHH, a Mame of 100 mentuau. [lenTuam xao M MPOTEMHH MMajy BEOMa BaXKHY
OMOJIOLIKY YJIOTY M MOTY OMTH XOPMOHM (XOPMOHHM XMIIOTajaMmyca U XUMOo(pHU3e OKCUTOLUH U
Ba30NPECUH, aJ[PEHOKOPTUKOTPONMH, XOPMOHHM TyIITepade, WHCYJIUH, TJIyKaroH WuT/I.),
AQHTUOMOTHLIM (NEHUIMINH j€ U3MEHCHU TUIENTH/ BaJlMHA U LUCTEUHA), IPEHOCHOLU HEPBHUX
umnysica (MEHTanenTuau eHKeQaluHU), KOeH3UMHU (TJIyTaTMOH Kao OKCHJ0-peAyKIMOHU
KOEGH3MM), @ MOTY OMTH U BPJIO jaKd OTPOBU (HEKH 3MMJCKU OTPOBU Cy MENTHUIH) WIH YIa3UTH Y
cacTaB [IUTOCTAaTHKA. Y MHOTMM OMOJIOLIKUM IpoliecuMa J0Ia3H 0 XUIPOIU3e MEeNTHIHE Be3e Y
nenTuauMa u nporenHuMa. [lomyBpeme Xuaponu3e HeaKTUBUPAHE MENTHAHE Be3€e y HEYTPAIHO)]
cpenunu je oko 500 roguna [89]. Ca xemujcKe TayKe TIAeAUIITa eKCTPEMHA HHEPTHOCT YHHU OBY

BE3y BeOMa MHTEPECAaHTHOM. 3a pacKuJame INeNTHIHE Be3e KOpHUIINeHM Ccy pa3InduTe
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MPOTEOTUTUYKN CH3UMH, AJIM j€ HHXOBa NMPUMEHA OIpaHUYEHA C 003UPOM Ha CTPUKTHE YCIIOBE
teMriepatype u pH Bpeanocrtu cpenune [90].

CenexkTHBHa XUIPOIN3a MENTHIA U TIPOTENHA j& BPJIO 3HAYajaH IMOCTYIAK 3a ojapehnBame
CEeKBEHIIe MPOTEeHHa, Kao U 3a JApyre Ouosomke TpaHcopMmalyje OBHX CIOKECHUX jEAUICH-A
[90]. HajjennoctaBHMju peareHCHM KOjU Cy KOPUIINEHM 3a XHUAPOJIU3Y IMENTHUIHE BE3E CYy
nujaHorer-o6pomun (CNBr), 3-6pom-3-metnn-2-(2’-aurpodenuncyndennn)-ungonenn (BNPS-
ckaron), N-OpomcykumHumua u wmHorum Jnpyru [91]. Ewnponentumasze mokasyjy mo0Opo
KaTaJIUTUYKO JI€JCTBO M CEJIEKTUBHOCT, aJIM MECTa Ha KOjUMa Ce MEeNTUIN U IPOTEHHHU LENajy Ccy
MHOTOOpOjHa, a MoOujeHn (parMeHTH Cy 4ecTo BeoMa ciiokeHn. OBako moOujeHn GparMeHTH
IpOTEeMHAa MOTY OWTH pa3iU4HuTe MY)KWHE W YECTO Cy HEMOTOJHH 32 JaJbe CEKBEHIIMOHHCAIbE.
Ynorpebom CNBr moxe ce 3a00uhu Taj mpoOsem, aau OBaj peareHC je BeoMma HEMOCTOjaH U
TOKcH4aH. 300T Hampe HaBeIeHNX YMIEHHUIIA HEONXOHO je Ouo Hahu HOBe peareHce Koju he
uMatu Behy CeNneKTHBHOCT U jaye n3pakeHa KaTaJTUTUYKa JIejCTBA.

VY ToKy mocienme TpU JCleHHje, Ka0 HOBH peareHCH 3a XUAPOJIM3Y MENTHIHHX Be3a
YecTo ce KOpHCTe KOMIUIEKCHM joHa mpenasHux wmetana [3,4,92]. OBH KOMIUIEKCH MOTY
CEJIGKTUBHO XHJIPOJIM30BATH MENTUAHE Be3e y MenTuanMa u nporenHuma. Ocum Tora Imro ce
Kopucrte 3a ojpehuBame CeKBEHIE NMPOTEMHA, KOMIUIEKCH METala Cy HAlUId MPUMEHY KOJ
CHHTE3a Pa3NNuuTHX IpoTenHa. [lopen Tora, OBM peareHCH ce MOTY KOPHCTUTH U 32 U3y4aBarbe
KoH(popmarmja u apyrux ocobuna mporenHa. Takole, n3ydyaBameM MeXaHH3Ma M0 KOJeM jOHU
Ipena3HuX MeTajla KaTajdu3yjy CeJICKTHUBHY XUPOJIM3Y IENTHIHE BE3e MOXKE Ce pa3jaCHUTU
yJiora joHa MeTaja y akTUBHUM LIEHTPUMa IPUPOJHUX MTPOTeasa.

HctpaxkuBama y O0BOj oOjacTu Cy T[OKaszaja Ja KOOPAWHOBAHKE KOMILUIEKCA
nanagujyma(ll) m mmatune(Il) 3a O6oynm Hu3 Hekux amuHOKucenwHa (L-xuermmuna, L-
MeTHOHMHA U L-Tpunrodana) noBoaM 10 XMIpOiM3e IENTHAHE Be3e Koja je Hacraia u3
KapOOKCWJIHE Tpyny KoopauHoBaHe amuHOkucenune [93-95]. Illema peakuuje xuumpoiuse
HNEeNTUAHE Be3e Koja je HacTajga U3 KapOOKCWIIHE TpyINy KOOpPAWHOBAHE aMHHOKHCEIUHE
IpUKa3aHa je Ha caumu 18.

[Ipumena kommuiekca mnatuHe(ll) w mamagujyma(ll) y HaBeneHUM XUIAPOIUTHYKHM
peakifjama mpecTaB/ba HOBY METOJy 32 CEJICKTHBHY XHUIPOIU3Y NENTHIHE Be3€ Y MEeNTUIuMa U
nporerHnMa. JleTajbHO je M3ydaBaH MEXaHHM3aM OBHX XHAPOJUTUYKHUX peakiuja Tectupajyhu

paszmuunte kKomruiekce naigaaujyma(ll) m marune(Il) xoju y 6ynyhnocta mory Hahu mpakTuaHy
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Cauka 18. Ommra meMa XHIpOoJu3e TMENTHUIAHE Be3e y MeNnTHUANMa M MPOTeMHWMa momohy

komruiekca rmiatuHe(1l)

[IpBa m3yuaBama XHUAPOIUTUYKUX DPEaKlMja MENTUAAa W MPOTEHHA WCIUTHBAHA Cy ca
kommiuekcuma matuHe(Il), amm ce yOp3o mpenulo Ha Mame CTa0MiIHE KOMILIeKce
nanaaujyma(ll). YTBpheHo je nma XWUIPOIUTHYKH aKTHBHU Komruiekcn manaaujyma(ll) wu
wiatune(Il) Mopajy umatu, o yKymHO 4eTupH, HajMame JBa KOOPAMWHAIMOHA MECTa CI000aHA
(JemHO 3a KOOPJIMHOBAKE 3a OOUHM HU3 aMUHOKHCEIMHE, a APYro 3a MHTEPAKIU]y ca HajOInKoM
MIENITHHOM BE30M Koja ce packuzia). [Ipema ToMe, moTpeOHO je Ja KOMIUIEKC Callp>Kh HajMambe
JBa JaOWiIHA JMraHja, Kao INTO jé MOJEKYJl BOJAE, Tako Ja ce Op30 MOry CYICTUTYUCATH Yy
peakuuju ca mentuanMma. [Ipeocrana nBa KOOpAWHAIMOHA MECTa Y CTPYKTYpU KBaJIpaTHO-
rtanapaor komruiekca rmarune(ll) wnm nananujyma(ll) 3ay3uma Heku OMICHTATHY JIMTaHI, KOJU
OCTaje KOOPIMHOBAaH 3a JOH MeTaja y TOKY XHIPOJUTHYKUX peakuuja. McrnutuBaHu cy
KOMIUIEKCH Ca pa3IU4YUTUM OWJEHTAaTHUM JIMTaHIUMa, KOJU HMMajy pa3IuuyuTe CTepHE HU
KHHETHYKE e(pexTe.

Ha cioumm 19 npukazanu cy komiuiekeu nanagujyma(ll) koju cy nokazanu KaTaluTHUKy
aKTUBHOCT y peaknujama ca nentuauma. [Ipukazanu Pd(Il)-akBa xomriuiekcu noOujeHU Cy 07
oxrosapajyhux xmopuao xommiekca tanoxkemeM Cl° joma ca Ag' jomnma [96]. Kana ce xao
karanusarop ynorpeou [Pd(H,0)4]*" koMIueke Xuaporusa IenTHAHE Bese je BeoMa Op3a, aiu

Ha pH > 2,0 nona3u no nonmmepusanuje nanaaujym(Il) komriekca mpexko XuAPOKCHIINX TPyIIa.
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Cauka 19. CrpykrypHe popmyne Hekux komruiekca nanmaaujyma(ll) koju cy xopumhenu kao

KaTaJu3aTOPH 3a XUAPOIU3Y MENTHIA U IPOTEUHA

Ocranmu xommiekcu Pd(Il) mpukasanu Ha ciumm 19 cy 3Ha4ajHO CTaOMIIHUJU MIPH OBAKO

HuckuM pH Bpennoctuma. Ako ce akBa simranj y Pd(Il) kommnekcnMa npukasanum Ha ciunm 19
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CYIICTUTYHIIE Ca HEKUM aHJOHCKHM JIMTaHJOM KaTaJUTHYKa CIIOCOOHOCT OBOT KOMIUIEKCA Ce
3HaTHO cMamyje. Tako Ha mpumep, [PAC1,]* KOMIUIEKC HMa 3HATHO Mamy KaTaluTUUYKy
akTUBHOCT y oxHocy Ha [Pd(H,0)4]*" xommiexe. C 063upom 1a ¢y komruieker mananujyma(ll) u
mnatuae(Il) IMjaMarHeTHYHHE BUXOBE PEeakiMje ca MeNTHAMMA ce MOry mpaTutd momohy 'H u
BC NMR cnexrpockomnmje. [ormro Pt jesrpo mva HykIeapHH CIiH Y% moTpeGHe nHdopMaImje
o ctpykrypu Pt(Il) kommiekca mory ce takohe, 100UTH U3 195pt NMR criektapa. NMR cniektpu
pazmmuuTix komrviekca ruratuHe(Il) u nanagujyma(ll) ca amuHOKHCenMHAMa M TENTUIUMA CY
neTasbHO onucanu y autepatypu [97]. Kon mentuaa koju He caapixe XeTepoaroM y OO4YHOM
HU3y, na Ou momnwto mo koopauHamuje PA(I) m Pt(Il) 3a Hexkm om aroma W3 TENTHIHE Be3e
HEOMXO/HO j€ Jia C€ OBH JOHW MeTasla MPETXOAHO MOHOJEHTATHO KOOPJIMHY]Y 32 aTOM a30Ta U3
N-tepMunanHe amuHo rpyne. Y cienehoj (a3u oBu joHH MeTalla ce€ KOOPAMHY]Y 3a aTOM a30Ta
U3 TICNTUIHE Be3e, IITO 3aXTeBa HEroBy JenporoHanujy. Ha oBaj HaumH moxke nohu 10
MOTIIYHOT KOOPJIMHOBaWka jOHA MeTaja 3a MEeNTHJ MPH YeMy HAcTajy KBaJpaTHO-TUTAHAPHH
KOMIUIEKCH KOjU CaJp>Ke TP XelaTHa IeTouwiana npcrexa [98].

3a paznuky oz Pt(Il), PA(Il) jon memporoHyje menTuaHu a30T MpH Beoma HUCKuM pH
BpenHocTuMa [99]. Tako Ha mpumep, HaheHo je na cy pKa BpeaHOCTH J1eNIpOTOHOBama a3oTa
nentuade Beze y tpunentuay Gly-Gly-Gly y peaknuju ca PA(II) jonom mpubnmxHO 2 3a IPBY H
4 3a Apyry nenTuaHy Besy [99].

bounu HU3 menTuaa Koju YMHE aMuHOKUcennHe L-mucrenn, L-metnonun u L-xuctuaun
ce MHoro nakuie koopaunyje 3a PA(IT) u Pt(Il) jone y omHOCY Ha a30TOB aToM U3 N-TepMHUHAIHE
amuHO rpyne. OBH joHH MeTajla c€ KOOPJAUHY]Y 3a O0YHM HU3 MIPEKO THOJHOI aTOMa CyMIIOpa U3
[UCTEHHA, THOETApCKOI aromMa CyMIlopa M3 METMOHMHA M JIBa MMHUAA30JI0Ba aTOMa a30Ta U3
xuctuauHa. HakoH KoopanHaiyje 3a HeKd 0J1 HaBeIeHUX aTomMa U3 OOYHOT HH3a, MOHOJECHTATHO
koopauHoBanu Pd(II) jom Beoma mako, mpu pH < 2,0 aenpoToHyje TMENTHIHU a30T CYCEIHE
NEeNTHIHE BE3€ U Ipaju CTa0WIaH XelaTHH KoMIulekc. OBaKO HACTalIHM XelaT CTEPHO yCIopaBa
xuaponusy onropapajyhe mentumsHe Beze. Hacympor oBome, koopamnanmja Pd(II) jona 3a
KapOOHWJIHM  KHCEOHMKOB aToM IIeNTHAHE Be3e ToBehaBa mapuujasHO  TTO3UTHBHO
HACJIEKTPHCAkhe Ha aTOMY YIJbEHUKA IITO JOMPHHOCH OPKOj XHIPOJHM3HU NenTuaHe Bese [99].
XenaTHU MajaaujyM-TIENTHIHA KOMILUICKC, HACTa0 KOOPAMHOBAKEM OJIroBapajyher KoMIuiekca
Pd(II) mpeko HeKOr oja JOHOPCKMX aToMa M3 OOYHOT HU3a M ACTMPOTOHOBAHOT aromMa azoTa

Haj6HI/I)Ke INENTHUJHE BEC3€ KOja C€ HajJ1a3n Ha N—TepMI/IHaJ'IHOj CTpaHu IICITHOA, NPEACTaBJba
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BEOMa KpyT cucTeM Koju oHemoryhasa nunrepakuujy Pd(II) jona ca cycenHom nenTugHoOM Be3oM

Ha KapOOKCHIIHO] CTPAHU MENTH/IA, a CAMUM TUM U EeHY XUIPOJIU3Y.

1.3.1. Xuapouamusza mnentuaa Koju cajap:ke amMHuHOKHcequHe L-mernonmn m L-umcremn

nomohy MoHoHnyk/Ieapuux komiuiekca miaaTune(Il) m managmjyma(Il)

Jouu Pt(Il) u Pd(II) cy “mexe” Jlyncose (Lewis) kucennHe U JIaKO ce€ KOOPAMHY]Y 3a
THOJIHY rpyny u3 L-mucrenna m tuoerapcky rpyny u3 L-metnonuHa m S-merun-L-nucrenna.
MOHO/IGCHTaTHO KOOPJMHOBaHW JOHW OBUX MeETaja CE€ MOTYy XeJaTHO KOOPJMHOBATH 32
JICIPOTOHOBAHU TENTHIHM a30T CycelHEe MenTHaHe Be3e. bp3nHa HacTajamba OMIEHTATHOT
MeTal-NeNnTu KOMIUIeKca JIupeKkTHo 3aBucu o pH Bpeanoctu pactBopa. Ilopen Tora,
OugeHTaTHa KoopauHamMja joHa wMmertana (T3B.  S,N-koopauHanuja) (¢aBOpuU3OBaHa je
dbopmupameM NeTowIaHOr (KOA LHUCTEHMHA) WIM MIECTOYJIAHOr (KOJ METHOHHMHA) XEJNaTHOT
npcreHa (13B. xeramuu epexam) [98,100,101].

[IpBa ucnuTuBama cy nokasasna aa koopauHoBameM Pt(Il) 3a 60uHM HU3 aMUHOKHCETHA
METHOHHWHA, [IUCTEUHA U S-METUJI-IIUCTEHHA Y TIENITHIMMA JOBOJIM JI0 XUAPOIU3E MENTHIHE BE3e
KOja HacTaje U3 KapOOKCUJIHE Tpyre KoopauHoBaHe amuHOkucenuHe [102]. OBa xuuaponusa
nentuaHe Bese y mpucyctBy Pt(Il) komruiekca ce omurpaBa y KHceloj cpeawHH. Pesynraru
UCNIUTUBaKka Cy IOKa3ald Ja ce XUApojHu3a ojromapajyhe mentuaHe Be3e He JemiaBa 300r
KHCeJle CpelnHe pacTBopa Beh mop yrumajem onroapajyher komruiekca maruae(Il).

Xugponuza nentuaa, kao mro cy Ac-L-Met-Gly, Leu-Gly, Ac-L-Met, penykoBanu
IJIyTaTUOH M S-METUJI-TIIyTaTHoH, je ucnutuBaHa y pH obnactu ox 0,8 mo 7,0. Kommiekcu
miatuHe(Il) koju cy kopumrheHw 3a peakiMje XHIPOJIM3€ OBHX TMENTHIA TMPEACTaBIbajy
CTpYKTypHe aHainore komruiekca naigagujyma(ll) (Buan Couky 19). Ilopen xoMmriuiekca uuje cy
CTPYKTYpHE dopMyIie IpuKa3aHe Ha ciunu 19, ucnutuBanu cy u Apyru komiuiekcu matuae(1l)
KOjU CcaJpKe XelaTHO KoopauHoBaHe 2,2’°-OmmmpuauH (bpy), nuerunentpuamus (dien) u
2,2°,6,6’-TepiupuauH (terpy) nuraszae. 3a KapakTepucame KOMIUIEKCa KOjU HACcTaj)y y peakiuju
Pt(Il) ca S-moHOpCKMM IWraHguMa, Kao W 3a ojpehuBame BpPEIHOCTH KOHCTaHTE Op3uHE
xuaponuse, kopuuthena je '°Pt, *C u "H NMR cnekpockonja.

PesynTatu ucnuTHBama Mokasyjy Ja y CiIydajy Kaga aMHHOKHCEIHHAa y OOYHOM HH3Y
TIENTHIA HEe CaJIp KU IOHOPCKH aToOM ToroiaH 3a koopauHoBame Pt(1l) jona, kao Ha mpumep Leu-

Gly, HC O0JIa3n A0 XUAPOJIU3C MCITUIHE BE3C. HpeMa TOMC, XUAPOJIM3a MCIITUa KaTaJIn30BaHa
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jonumma merana Moryha je camo y ciyyajy koopauHoBama Pt(II) 3a Hekm on xerepoaroma y
6ouHoMm Hu3y. KuHeTnuka ncnuTHBama Cy 1okasaja Jja Cy peakiifje XUJIpoinu3e MenTHIHE Be3e
IPBOT pelia y OJHOCY Ha KOMIUIEKC IUIATHHA-TIENTH/I, a BPEAHOCT KOHCTAHTE Op3UHE XUAPOIIN3e
ce cMamyjy ca noehamwem pH BpenHoct pactBopa. Takole, XJIOpUAHU JOHH KOOPAWHOBAHU 32
Pt(Il) nuxubupajy peakuujy xuaponuse nentuaa. Haheno je ga xox xJopuao KoMIuiekca mpBo
Mopa aohu 10 Xuaponuse oaroBapajyher xiopuao Juranja, Tj. BEroBe CYNCTHTYIMje ca aKBa
JUTaHAo0M, J1a Ou y HapeaHoj (a3u HACTallM aKBa KOMIUJIEKC KaTaau30Ba0 XUAPOJIU3Y MENTHIHE
Be3e. Ha oBaj HaumH MOTBphEH je BeIMKM 3HA4a] KOOPAWHOBAHOT aKBa JIMTAHNIA Y MEXaHU3MY
XUJIPOJIN3E NENTUIHE Be3e y npucycTBy komruiekca Pt(Il).

Karanutuuka cnocobnoct Pt(II) kommiekca 3aBUCH 0Of1 BpcTe MOJUACHTATHOT JIMTaH[A
KOOPJIMHOBAHOT 3a OBaj JoH MeTana. Tako, Pt(Il) kommiekcu ca TpUACHTaTHUM JIMTaHIMMa, Kao
mTo cy terpy win dien, KOOpAUHYjy ce 3a OOYHU HH3 Y MENTUIY, aJli He MOTY XHJIPOJIH30BaTH
HNenTuaHy Be3y. M3 oBora ce Moke 3aKJby4HTH Ja Cy HajMame J[Ba cl000JHA KOOpAMHAIIMOHA
MecTa y KBaapaTHoO-iaHapHoM komiuiekcy Pt(I) meomxomna na Ou oBaj KOMITJIEKC MOKa3ao
KaTaIUTUIKy criocoOHoCT. [Tox cnoGomHuM KOOpAMHAIMOHUM MECTOM Ce MOoJIpa3yMeBa Jia je 3a
Pt(Il) jon kKoOpIMHOBAH HEKH MOHOJICHTATHM JIUTAH/ KOjU je ci1aboM BE30M MOBE3aH Ca JOHOM
MeTana (Ha nmpuMmep akBa quranm). O aBa ci1o0o1Ha KoopanHaoHa Mecta y komruiekcy Pt(1D),
JeIHO je HEeONXOHO 3a KOOPAUHALIM]Y 3a XeTepoaToM y 60YHOM HM3Y menTtuaa (tpsa ¢asza), 0K
ce TMPEeKOo APYror KOOpAWHAIMOHOT MECTa OJIBMja MHTEpaKIMja joHa MeTaja ca oJroBapajyhom
NENTHIHOM BE30M Koja xuaponmsyje (apyra ¢aza). Haheno je ma crepuu edekar OugeHTaTHO
KOODAMHOBAHOT JIMTaHJa KMa YTHUIQ] Ha XWUIPOJM3Y TMENTUAHE Be3e. Tako Ha mpumep,
BOJIYMHWHO3HM OWJJICHTATHW JIMTaHA, Kao INTO je OWNMUpUIAWH, Yy TOTIYHOCTH HWHXHOUpPA
xuapoauTHuke peakuuje. Ca mMame BOJTYMHHO3HUM JIUTAaHIUMa, Kao IITO j€ eTHICHAWAMUH,
NOJyBpeMe XHIpoJM3e ce Mepu JaHnMma. MehyTum, Kaga ce Kao Karaliu3aTop KOpPUCTH
[Pt(H,0)4]** MOJIyBpEME XHPOJIM3€E j€ CBera HEKOJMKO yacoBa. Ha OCHOBY OBMX MCIHUTHBamba
yTIBphEeHo je ma A0 XHIpoiau3e MEenTHIHE Be3e jaosaszu camo oHja kaga je Pt(Il) jon moBosbHO
073y MEenTHIHE Be3e.

[IpBu pe3ynraTé MCIHUTHBaKkA peaklyja XHIPOJIH3E MENTHAAa Y MPUCYCTBY KOMILIEKCA
nanagujyma(ll), kao mro cy [Pd(HzO)4]2+ u [PACLy)* (Cnuka 19) cy nmokasaiu jga cy OBH
KOMITJIEKCH MHOTO €UKACHHU]H Y 0JTHOCY Ha aHanorHe komruiekce tiatuae(Il). Tako Ha nmpumep,

y peaknuju komruiekca Pd(IT) ca Ac-L-Met-Gly monyBpeme peakiuje Xuaposim3e OBOT MENnThHaa
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je mame ox 30 munyta [103]. Pesynratu xoju cy 10OUjeHH Ha OCHOBY JI€TaJbHUX KMHETHUKHX
ucnuTuBama cepuje nunentuga Ac-L-Met-X, roe X npeacrasssa Gly, Ala, Ser, Val, Leu u Ala-
Ser, manu cy BeIMKHU JONMPUHOC U3ydaBamky MEXaHW3Ma XUAPOIUTHUKUX PEaKinja MenTuaa Koje
cy karamm3oBaHe komruiekcuma mnanaaujyma(ll) [104]. Kao karamuzatopu kopumiheHu cy
[PA(H,0)4]**, [Pd(en)(H,0),1** u [Pd(dtco)(H,0),]** kommmekcn (rae je dtco 1,5-
JIMTHOLMKIIOOKTAH), JIOK Cy peakije XUIpoin3e u3ydaBane Ha temmeparypu ox 40 °C no 50 °C
u npu uHtepBany 1,0 < pH < 2,0. V cBuM ciydajeBUMa peakiifja XUApoau3e nentuaa Ouna je
pPErHoCeeKTUBHA, MIPU YeMY XUAPOJIM3Yje€ caMmo MENTHIHA Be3a KOja je HacTaja U3 KapOOKCUITHE
rpyne MeTuoHuHa. Y cinydajy Ac-L-Met-Ala-Ser nentuna Hal)eHO je ga y mpUCYCTBY KOMILIEKCA
nanagujyma(ll) xunponusyje camo Met-Ala nentunna Be3a. HaBeneHu nenTuam ce pasiukyjy y
C-TepMHHAITHO] aMUHOKHCEIMHH (CTEpHO Cy pa3nuuute). McnurtuBama mokasyjy Z1a CTepHH
edexaT OBMX aMHUHOKHCEIMHA 3HAYajHO yTUYE Ha BPEJHOCTH KOHCTAHTE Op3MHE XUAPOIU3E,
TaKo J1a BOJIyMUHO3HHU]je C-TepMUHAITHE aMUHOKHCEIIMHE CMambyjy BbeHy BpeaHocT. Haheno je na
cynctutyeHTH Ha a-C u [-C yrJbeHHKOBHM aTOMHMa CMamyjy BPEIHOCTH KOHCTAHTE Op3HWHE
peakiuja, OJHOCHO YCIIOpaBajy peakiujy Xuapoim3e. Pe3ynrath mcnuTHBama MOKa3yjy na je
yrunaj cyncruryeHra Ha »C  yribeHHMKOBOM artomy mnpuOmmkHo 100 myra mamH, 0K
cynctutyeHT Ha 6-C aToMy Hema edekar Ha Op3uHy XuIposuse nentuaHe sese [104].

VYrunaj crepHor edexra Ha Op3WHY XHUAPOIHM3E MOXKE CE YIMOTPEOUTH 3a TIOCTHU3AmE
CEJIGKTUBHOCTH y CEKBEHIIMOHHUCAmY TMENTHAA U MPOTerHa. Pe3ynTaru nokasyjy Ja je BpeIHOCT
KOHCTaHTe Op3uHe XUIPOJIu3e KO MenTuaa Ko Kojux je omnazeha rpyma Ala-Ser 3a monoBuny
Mama y OJIHOCY Ha OBY KOHCTAHTY Kaaa je ojasdeha rpyma camo Ala. Ha ocHoBy Tora je
3aKJbYUYCHO J1a Peaklyje ca AYTUM CYNCTUTYEHTHMa MOpPajy OUTH CIIOpHje y OJHOCY Ha peaklinje
ca kpahum naHIMa, HaKo J0JIa3H 10 pacKuIama UCTe TMEeNTHIHE Be3e y 00a ciayyaja.

Haheno je ma Op3una u mexanuzam xuaponuse Met-Gly nentunne Bese y Ac-L-Met-Gly
NenTHly MCKJBYYHMBO 3aBUCH OJf NpUpOJEe OWJIEHTaTHO KOOpAMHOBAaHOr juraHaa Ly
namagmjym(Il) xomrurekcuma tuma [Pd(L)(H,0),1*, rme je L ermmenamamus (en), 1,2-
nporuneHauamMud (1,2-pn), uzoOyrunenauamud (ibn), 1,2-amammHouukinoxekcan (dach), N-
metuietwienaguamMud  (Meen), N,N,N’,N’-teprpamerunerunenauamud (Megen), S-metuin-L-
muctenH (MeS-L-Cys), L-mernonun (L-Met) u 2,5-autnoxekcan (dth) [105]. Pesynratu
UCIUTHBAKka IO0Ka3yjy Ja Cy KOMIUIGKCH ca OWJIEHTAaTHO KOOPJMHOBAaHUM JTHAMHHCKHM

JUraHanuMa e(QUKaCHUjU KaTalu3aTOPU XHUIPOJH3e MENTHIHE Be3€ y OAHOCY Ha KOMILIEKCE ca
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OMICHTaTHO KOOPJAMHOBAHUM S-METHII-L-IUCTEenHOM, L-METHOHUHOM U 2,5-TUTHOXEKCAHOM.

1.3.2. Mexanu3zam XHApoju3e MEeNTHIA KOju caap:ke amMuHOKHceauHe L-mermonun u L-

nucrenH nomohy Mmononykieapunx komiiekca niaarune(Il) m managujyma(Il)

MexaHu3zaM peakifje XUApONIu3e MenTuaa y NpucyctBy Komiuiekca matune(Il) u
nanaaujyma(ll) kao katanuszaTopa je BeoMa CIOXKeH. XHUIPOoJau3a MenThaa ca KOMIUIEKCUMa OBa
JIBA jOHA MeTaJla JeTaJbHO je U3yyaBaHa U MO3HATe Cy KWHETHUYKE BPEIHOCTH MHOTHX peakiyja.
Kao mro je mosznato, Pd(II) u Pt(Il) jonn nmajy Benuku apuHUTET 32 CyMIIOp-BE3UBHE JIUTAH/E U
Op30 ce KoopauHyjy 3a OouHuM HuU3 L-nucrenHa, S-merun-L-umcrenHa u L-meTnoHuHAa.
YommreHo ce Moxe pehu 1a ce peakuuje XUApoiu3e MENTUIAHE Be3e MOTY OJIBUjaTH Ha JBa
HaunHa (Cnuka 20). [IpBa da3za y oBum peaknmjama je MoHojaeHTaTHa koopauHaiuja Pt(Il) u
Pd(II) jona 3a 604HM HU3 menTHIA. AKO C€ OBaKO KOOpaWHOBaH Komruieke manaaujyma(ll) mame
KOOpPJIMHYj€ 3a JENPOTOHOBAaHU NENTUAHU a30T, IPU YEMY HACTaje CTa0MIaH XeJIaTHU KOMILIEKC,
HE J0J7a3¥M [0 XUAPOJH3e MenTHIHE Beze. MehyTum, ako KOMIUIEKC MeTalla MHTeppearyje ca
KapOOHMJIHUM aTOMOM KHCEOHHMKA W3 MENTHUIHE Be3e Xuupoiusa je moryha. MHTepakiuja jona
MeTala ca KHCEOHHMKOBMM aTOMOM YCIOBJbaBa IOJIapU3allMjy KapOOHWIHE TIpyme, Ia
KapOOHWIJIHU aTOM YIJbEHHKA MOCTaje MapIHjaHo MO3UTHBAH M MTOT0JaH 33 HYKJICO(pHIHN Hama/
MoJjieKyna Boje. Monekyn BoJie y OBOM Clly4yajy MOTHYE U3 pacTBapaya, I1a e OBaj MEXaHHU3aM
Ha3UBa eKCMepHAIHU HaYuH PAacKuaama MenTuaHe Bese. Jpyra moryhHocT je 1a MoyieKys Boje
KOOPJIMHOBAH 3a jOH MeTajla BPIIM HYKJICO(MWIHU Hamaj Ha yribeHWK KapOOHWIIHE Tpyre H3
onrosapajyhe nenrtuHe Be3e. MojeKkys Bojie HEONXO/IaH 3a XUIPOJINU3Y Y OBOM CIIy4ajy MOTHYE
U3 KOMIUIEKCa MeTala, [a Ce 0Baj HAYMH HA3WUBA UHIMEPHATHU MeXaHU3aM PacKuIama MenTHIHE
Bese. Kao mro ce Buam, pasnmka m3Mel)y oBa /Ba MeXaHH3Ma je y TMOPEKIy MOJIEKysla BOJE.
Taxohe, moryhe je na ce oBa peakuuja ojaBHMja KOMOMHaLMjoM oBa JABa MexaHuzMa. OOa
MeXaHHM3Ma UMajy UCTH KUHETHYKH 1yT [104].

Excrepnannu Hanaj je TOMUHAHTaH Kajaa je paBopu3oBaHo (GopMUpaE MPCTEHa, Kao Ha
npuMep KOJA XHMIpoiu3e S-MEeTWI-IIyTaTHOHA, IJe HacTaje LIECTOWIAHW XeNaTHU MpPCTEH.
WNurepHannu mexanuzam je (paBOpU30BaH y Clay4yajy Kajaa AyKMHa OOYHOr HHM3a oMoryhasa
WHTEPAKIM]y MOJIEKYyJIa BOJIE M3 KOMILJIEKCa ca MENTHIHOM Be30M Koja c€ pacKuja, 0K je Tana
eKCTepHaJIHH MexaHM3aM Hemoryh jep 3axTeBa HacTajambe Behux mnpcreHoBa (Behux of

HIECTOWIAHOT TIPCTeHa) KOju ¢y Beoma HectaOminu [104]. [Ipema ToMe, y KOHKPETHOM CIIy4ajy
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xuaponu3a Ac-L-Met-Gly nentuga Mopa ce oJIBUjaTH IO MHTEPHATHOM MEXaHU3MYy, jep Ou 3a

eKCTepHAIIHU MEXaHU3aM OMJIO HEONXOHO Ipal)ee ceIMOWIaHOT XEIaTHOT MIPCTEeHa

\ HN—CH,COOH
CH—C

(CHZ)n \\O
\s
e \M/
RN
aktivacija | inhibicija
' l
HN—CH,COOH o o)
\ O+ s/ L ’ //

PN s A
<C<'z>n \,0 (CH2>n K N CHCO0H (Cl\ﬂz)n N——CH,COOH + H*

: OH /
S—M S—M—o
/ / N /
H.C H;C M H-C
3 / \ 3
eksternalni napad internalni napad amidna N-koordinacija

M = Pt(ll) ili Pd(ll)

Camka 20. lllemarcku NpUKa3 uHmepHanrHoz M eKCmepHanHoz HAYMHA XHUAPOJIN3E MENTHIHE

Bese y npucyctBy Pt(Il) u Pd(II) kommexca [104]

Ha ocHoBy NMR CHeKTpOCKONCKMX IMOJaTaka 3akJby4eHO je Ja pPa3InduTe
XUJIPOJIUTUYKU aKTUBHU KOMITJIEKCH Jla]y pa3inuuTe MpousBoze xuaponuse. Kaga ce y pactBop
nentuzxa goaa [PACly]* katanuTiuky akTiBHA BopMa je MoHOHYKIeapHH manamujym(Il)-merruz
KoMILIeKC. MehyTim, kana ce mentuz momema ca [Pd(H,0)4]** HacTaje nuHYKICapHH KOMILIEKC
y KOME Cy TEepMHHAJIHU Juranau Mmosiekyiau Bojae (Cnuka 21). CBM akBa JHUTaHId y OBOM
KOMIUICKCY CY Y {7ans-moJjioxkajy y OJJHOCY Ha THOETapCKH JHTaHa 300T 4era cy BpJIO JIAOWIHU
(trans-edext). HacynpoT oBoMe MOJIEKYIIH BOJIE Cy Y MIPUKA3aHOM KOMIUIEKCY Y Cis-TION0Xajy Y
OJIHOCY Ha cymcTpaT 300or dera je moryha meroa Xmapoim3a. Ha OCHOBY KWHETHYKUX H
CTEPEOXEMHJCKUX edeKaTa MOXKE C€ 3aKJbYUHTH J1a Cy AMHYKJICAPHU KOMIUIEKCH KaTAIUTHYKH

MHOTO e(QUKacHHjU y OJHOCY Ha ojropapajyhe MOHOHYyKJI€apHE KOMIUIEKce. Y Ciydajy
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[Pd(en)(H20),]**, [PdMesen)(H,0),1*" u trans-[Pd(py)>(H,0),]*" asor-moHOpcKkn Iwnrasmu ce
CYNCTUTYHIIIY ca MOJIEKyJIrMa BOJie, IPH ueMy HacTaje nuHykieapanu naiaaujym(Il)-nentua

KOMILICKC HICHTHYAH OHOME KOji HacTaje y peaximju ca [Pd(H,0)4)** (Cimka 21) [105,106].

;

Iz

@)

Cauka 21. CrpykrypHa (Qopmyna KaTaIMTHYKA akKTUBHOT nuHykieapHor Pd(ID)-menrua
KOMIUIEKCA KOjU HAcTaje y Peakiiju MenTuaa Koju caipike THOCTAPCKH aTOM CyMIIopa y 604HOM

JaHITy ca [Pd(H20)4]2+ koMmIuiekcoM [104-106]

V cnyuajy menuTtHBama peakimja [Pd(dtco)(H,0),]*" koMIuIekca ca MenTuanMa Koju y
OOYHOM HH3Yy caJp)Ke THOETapCKu aroM cymmnopa kuHetHukn u NMR momamm ykasyjy Ha
MOCTOjarkbe TUHYKICAPHOT XUAPOJIUTUYKM aKTUBHOT KOMILUIEKCA KOjU MMa JaBa OungeHrarHa 1,5-
TUTHONMKIIOOKTaHCKa (dtco) nmuranma (Crnuka 22). OBaj AMHYKIaeapHM KOMIUICKC HEMa akBa
JUTaHNIe, AJIM j€ WIMaK XUAPOJIMTUYKM akThBaH. Katamutuuku aktuBHa Gopma mamanujym(Il)-
TIENTH]] KOMIUICKCA HACTaje MUCOIH]allijoM jeIHOT OJ MENTHIHUX JINTaHaja U3 JUHYKICapHOT
Komiuiekca. [lpucycTBo ci10060AHOT NenTHIa y paBHOTEKHO) PeaklMjU, IPUKa3aHOj Ha CIUIH 22,
notBpheno je momohy NMR cnekrpockonuje. Ha oBaj HaumH ¢opmupa ce jeIHOMOCTHH
KOMIUIEKC KOjU MMa JIBa aKBa JIUTAHJa y MOJIOKajy KOjU je HEONXOJaH 33 XUPOJIU3Y MENTHIHE

Bese (Cnmka 22).
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Caunka 22. CtpykrypHa (opMmysa AUHYKICAPHOT XUAPOIUTUYKH aKTMBHOT KOMILIEKCA
KOjH HacTaje y peakluju NeNnTuaa Koju caapke L-MeTHOHMH wiM S-MeTHi-L-IucTenH ca

[Pd(dtco)(H,0),]* [104]

Ha ocnoBy NMR 1 kuHeTHYKHX M3ydaBama peakifja MHXUOUIM]je Tpolieca XUAPOIn3e
NenTHIHE Be3e MOTBpheHo je Aa AUHYKJIeapHU KOMILIEKC MpEeACTaB/ba KAaTAIUTUYKU AKTHBHY
dopmy. YV OBUM KOMIUIEKCMMA IMOCTOjU MOTYhHOCT 3a WHTEpakiujy jaBa joHa Merana. OBa
KOOIIEpaTHUBHOCT jOHAa MeTaja, Takole je 3amakeHa M KOJ| JWHYKJICapHHX KOMIUIEKca KOjH

xuaponu3yjy ¢ochopauecrapcke Beze y IHK u PHK [107].

1.3.3. Xwuapoausza mnenTtuaa Koju caapxke aMUHOKUceauHy L-xuctuauH mnomohy

MOHOHYKJeapHuX koMmmJiekca nagaaujyma(Il) u nnarune(Il)

ATOMH a30Ta UMHJIA30JI0BOT MPCTEHA W3 AMUHOKHCEIIMHE XUCTHUAMHA UMajy H3paKeH
aduauTeT 32 KoopauHoBamwe ca PA(Il) u Pt(Il) joruma. Y mentuamMa HaKOH KOOPIWHOBAMKbA jOHA
MmeTtana 3a N3 aToMm a30Ta IMHUIa30JI0BOT IIPCTEHA JI0JIa3H 10 XeJIaTHOT BEe3UBambha jOHA MeTaja 3a
jelmaH, Ba WM TPU TENTHIHA aToMa a30Ta MpH ueMy ce (Gopmupajy XelaTHH KOMIUIEKCH.
XenaTHU KOMIUIEKC KOjU MIPH TOME HACTaje Caap>KU jelaH MIECTOWJIAHH MPCTEH KOjU je HAcTao
KOOpAMHOBamkeM N3 aroma a30oTa W3 MMHJA30Jia M NenTuaHor azorta. [lopem Tora, Hacramm
MeTaJ-TeNTH]] KOMIUIEKC MOYKE HMAaTH jOII je/IaH, OJJHOCHO MaKCHMAJIHO JBa IETOYWIAHA XeJIaTHa

IpcTeHa KOju caJpike KOOpAMHOBaHE MENTHIHE aToMe a3oTa. Kao mTo je paHuje MOMEHYTO
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Pd(II) jon je Beoma edukacaH y JEHPOTOHOBAKY IMENTHUAHOI a30Ta, aKO j€ MPETXOTHO
KOOpAMHOBAH 3a aTOM a30Ta UMH1a30J10Bor mpcreHa [99,109-114]. V nentuauma Koj KOjux je
XUCTUANH N-TepMHUHATHA aMHUHOKHUCEINHA HacTaje Beoma ctabminan Pd(Il)-menrun komreke y
kome je Pd(II) koopauHOBaH mpexko N3 aTomMa WMHUAA30J0BOT MPCTEHA M a30Ta TEPMHUHAIHE
amuHo rpyne [115]. Ha oBaj HaunH Hactaje xuaponutnuku HeakTuBad Pd(II) kommiekc y kome
je Pd(II) jon ymasmeH oJ THeNTHIHE Be3€ Yy YH]y CTPYKTYpy yJa3u KapOOKCHIIHA Tpyra
XUCTHJIUHA, TaKO Jla HE J0Ja3u J0 HEeHe XUAPOoJu3e. AUeTUioBameM N-TepPMHHAIHOT Kpaja y
HNenTHIMMa KOju cajapke N-TepMUHAIHM XUCTUAMH CHpedyaBa ce OMJeHTaTHAa KOOpAWHAIMja
MeNTHIAa 32 KaTajau3aTop, MTO WMa 3a MOCIEIUIly HacTajame xuaponmuTndku aktuBHOT Pd(ID)-
MEeNTH]] KOMILJIEKCa KOjU JOBOJIW 10 XHApOJIM3e TenTuaHe Besze. [Ipumenom 'H NMR
crektpockonuje wucnutuBane cy peaknuje Pd(II) xkommnekca ca Ac-L-His-Gly nentumom
[95,116]. ¥V peakuMoHOj cCMENIM OBOT IUMENTHIA U [Pd(en)(HzO)2]2+ KOMILJIEKCA Y MOJICKOM
oxuocy 1:1 u pH oxo 2,0 Ha ocHOBY pesynrata 'H NMR crexrapa moTBpheHo je mocrojame mer
nanagujym(Il)-mentua kommiiekca, o3HaueHux y oBoM paay kao A, B, C, D u E (Cnuxa 23).
EtunennmnamMubcku smrana ocraje koopauHoBaH 3a Pd(Il) y toky peaknuje ca Ac-L-His-Gly
MENTUOM jep a30TOBHM aTOMHU HMMHJA30ja MMajy ciad trans-edexat, 3a pa3ivKy OJ aToma
cyMropa W3 METHOHWHA, KOju 300T jakor frans-epekra JOBOAM [0 CIMHUMAIIH]C
€TUJICHIUAMHUHCKOT JIMTaHJa W3 [Pd(en)(H20)2]2+ koMmriekca. Iler mamagujym(Il)-mentug
KOMILTEKCA Koju HacTajy y peakrmju [Pd(en)(H,0),]* ca Ac-L-His-Gly nnentudukoBanu cy Ha
OCHOBY pa3inka y xemujckum nomepamuma 3a C2H u C5H npoTroHe nMUAa307I0BOT MIPCTEHA.
JloOujeHe BpeIHOCTH XEMHUJCKUX IOMEpama Cy Yy CarjacHOCTH ca IyOJMKOBaHUM
pe3ynTatuMa 3a peaxiujy [Pd(en)(H,0),]*" komrutekca ca Ac-L-His-Gly nentugom u meropum
nepuBatuma [102,118,119]. ¥V kommiekcuma A u B mamagujym(Il) jon je KoopanHOBaH MpeKo
N3, onHocHo NI atoma a30Ta M3 MMHJa30J0BOr npcTeHa. Y kommiekcy C oba a3oroBa aroma
MMHUA30JI0BOT TIpcTeHa ¢y koopauHoBaHa 3a Pd(II), Tako ma oBaj mpcTeH mpeacTaBjba MOCT

u3mehy nBa nanaaujym(Il) jona.
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Ac-L-His-Gly + [Pd(en)(H,0),]%*

I
Y f
0 0
H I H H H Il H H
v N—C—C—N—C—C—OH wvwwN—C—C—N—C—C—OH
H (l:H | Ho | g
2 OH, CHz  on, R
7 SN—Pd? —NH 7 N—~Pd?*—NH,
Ve
HNJ H,N H,0 NJ H,N
N 7
A Pd2*
/ N\ C
A H,oN NH,
0
H Il H H
wvwwN—C—C—N—C—C—OH
Ho ] ] y
CH,
OH
ZNT 2
/ H Il H H
v N—C—C—N—C—C—0—Pd?*—NH
o N Ho [ |
HN/ \NH
2 2 / NH
1/ E
H,O
B 2 %
Pd2*
/N
H,N NH,
___/
Y
0
H Il H H
vwwN—C—C—N—C—C—OH
Nl{z/ C|3H Il? !
AP
NH, N N
NH D

Cauxka 23. llemarcku npukas cTpykTypHux hopmyna namagujum(Il)-nentun kommiekca
KOju Cy okapakTeprcany Ha ocoBy 'H NMR crekTpockomnuje y peakumju aumerntiaa Ac-L-His-

Gly u weroBux N-MeTUIIOBaHUX JepuBaTa ca [Pd(en)(HgO)z]2+ koMmriekcoM [117]
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Kommiekc D Hacraje w3 KOMIUIEKCa A HAKOH JCTPOTOHOBamAa TMENTHIHOT a30Ta U
meroBor koopauHoBama 3a Pd(II). Pesynratn mokasyjy na je pKa BpegHoCT nenpoTOHOBama
MENTUIHOT a30Ta Ha OKO 2, win Mama ykoiauko je Pd(I) jom koopmuHoBaH 3a OOYHHM HU3
amuHokucenune [98]. Kommnexkc E canpxu Pd(II) xoopaunoBan 3a NI artoMm a3zoTa
UMHJIQ30JI0BOT  MPCTEHa W JENPOTOHOBAaH  KAPOOKCHIHM  KHCEOHHK  C-TepMUHAIHE
amuHOkucenuHe. [TocTojame KoMIIeKca KOju CapiKu JBa MOJIEKYJIa MENTH1a KOOPIUHOBAaHA 3a
Pd(II) jon Huje norBpheno. ITomyBpeme xunponuse nentuaHe Bese y Ac-L-His-Gly nunentuny
npu pD 1,36 u temneparypu ox 60 °C je oxo 50 mana. Meljyrum, y npucycTBy €eKBUMOIAPHE
kommunse [Pd(en)(H,0),]*" koMILIekca meTHHA Be3e XHAPOIN3Yje MHOTO OpsKe M XHIPOIH3a je
KOMIUIETHA 32 Mame O] 2 JlaHa.

Ha ocHOBY KMHETHMYKHMX MCIUTHBamba pPeakifja ca MeNTHIuMa KOjU cajpie METHOHUH
3aKJbYUYCHO je Jla Cy peKIMje Xuaponunse npeor peaa. Haheno je na je 3a Xuaponu3y HEONXOTHO
KoopauHoBame nentuzaa 3a PA(Il) u na je XxuaponuTuyka peaknyja HHTPaMOJIEKYJICKOT TUIa, Kao
u 1O 1a ce oasuja npexo nentua-Pd(Il) kommnekca. [IpucycTBo c10001HOT TIUIIMHA U O/ICYCTBO
cnoboane cupheTHe KUCENWHE Y PEaKIMOHO] CMENIM HAKOH 3aBpIICHE peakilfje JoKasyje na
XUAPONIM3yje camMo TeNnTHIHA Be3a Koja caApKu KapOOKCWIHY Tpyny XuctuauHa. llpu
ynopeaHuM excriepumentTuma ca Ac-Gly-His nentuaom Hal)eHo je 1a HUjeaHa MenTHIHa Be3a He
xuaponusyje. Ilpema Tome, pe3ynTatu mokasyjy na y peaknujama ca Pd(Il) xommuiekcuma u
HeNnTUANMA KOjH cajpXke cI000AHY KapOOKCHWIHY TPYNy XHUCTHUIMHA HE J0JIa3U 0 XHIPOJIN3e
nentuaHe Bese. Tako y Tpunentuny Ac-Gly-His-Gly camo His-Gly mentuana Bese xuapomnusyje,
1ok npeoctane ase nentuane Beza Ac-Gly u Gly-His He xunponusyjy.

[IpBa umcnuTHBama peakuumja xuaponusze BpmeHa cy mpu 1,46 < pH < 2,61 [95].
VYTBpheno je na cy koHuentpamnuje kommiekca A u B y oBoj pH obnactu koHcTaHTHE, IOK ce
koHuentpamuje komriekca C, D u E cmamyjy ca cmamewmem pH Bpeanoctu. Kao mro ce u3
ciuke 23 BUIH, CaMo j€ KOMILJIEKC TUTIA A KaTaJTUTHYKU aKTUBaH. Jlpyru HaYmHU KOOPMHOBaHka
NeNTHIa 3a KaTaluu3arop Jajy KaraauTudkd HeakTuBHe manaaujym(Il)-mentua komruiekce.
MehytumMm, cBe peakiuje y pacTBopy cy peBep3ubuinHe u HeakTuBHU nanaaujym(Il)-nentun
KOMIUIEKCH MOTY Tpeh y aKkTHBHM KOMIUIEKC THMa A, TakO 1a TMEeNTHIHA Be3a Ha Kpajy
KOMIUIeTHO Xuupoiu3syje. Edexar omnazehe rpyme Ha Op3wHY XUApPOIW3E UCHHUTHUBAH j€ HA
cepuju aunentuna Ac-L-His-X tuma, y xojuma C-repmuHanHa amuHokucenuHa X je Gly, Ala,

Ser, Thr, Leu, Phe mmu Tyr. IlomTo je mpupoma menTuaHe Be3e y HABEACHUM TMENTHINMA
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UACHTUYHA, OP3UHE HEeHE XUAPOJIN3E JeIUHO 3aBUCH O Ipupoae 6oyHOr Hu3a C-TepMUHATHUX
aMUHOKHCEJIMHA. 3a MeT Off celaM HCHUTHBAHMUX NeNTHIa BPEIHOCTH KOHCTaHTE Op3uHE
XUIPOJIU3e JINHEAPHO Omaaajy ca noBehamem crepHor edexra C-TepMHHATHE aMUHOKHCEIINHE.
Ha ocHOBYy BpemHocTH KOHCTaHTe Op3uHe Xuuponm3e His-X nenTugHux Be3a MOXKe ce
3aKJBYYMTH Ja Op3uHa xuapoiuse 3aBucu oj MoryhHoctu wuHrtepakiuje Pd(I) jona ca
MENTHIHOM BE30M Koja Xuapoinu3syje. Bpennoctn koHCTaHTe Op3MHE XUAPOJIM3E MENTHIHE Be3e
3a Ac-L-His-Ser u Ac-L-His-Thr nentuzne oacrymnajy ox JuHeapHOCTH. AKO ce y3Me y 003up
crepan edekar omnazehe amuHokucenuue (Ser u Thr) y oBa nBa menTuaa Xuaposmsa MenTuIHe
Be3e je MHoro criopuja. OBo ce MoXxe 00jacHUTH Ha OcHOBY pe3ynrara NMR crnekTpockomnuje u
MOJIEKYJICKOT MOJeNpama. XUIPOKCHIIHA rpyna u3 0ouHor Hu3a Ser U Thr rpagu BOJOHUUYHY
BE3y.

V peakumjama mmely mamammjym(I) kommrekca tima [Pd(L)(H,0),]*" v kojuma je L
XEJIATHO KOOPJWHOBAHU TUAMHHCKH JMraH (eTWICHIUaMuH, en; 1,2-nponuieHauamul, 1,2-pn;
N-MeTueTHIICHAnaMUH, Meen; M300yTUJICHINAMUH, ibn; " NN,N’ N -
TeTpaMeTWIeTWICHIuaMuH, Meyen) unu S,N-KOOpJMHOBaHa aMHUHOKHUcenuHa (S-meTui-L-
nucrend, MeS-L-HCys u L-metnonnn, L-HMet) u Ac-L-His-Gly nentuaa y pH o6nactu ox 2,0
no 2,5 na 60 °C oxsuja ce cenextuBHa xuaponusa His-Gly menrumne Bese [120]. Bpsuna
XHIIPOJIHM3e MENTHIHE Be3e omajna ca moBehamem crepHor edekra komruiekca (en > 1,2-pn >
Meen > MeS-L-HCys > ibn > L-HMet > Mesen) mTo ce 10BOAM y Be3y ca CTEpHUM edeKThuMa
KaTajam3aTropa.

V peakuuju [Pd(L-Ala-N,0)Cl] u [Pd(L-Ala-N,0)(H,0),]" xommnekca ca Ac-L-His-Gly
3a Mame o7 24 cata Ha pH ox 1,5 mo 2,5 onBuja ce xommutetna xuaponn3a His-Gly mentuaHe
Beze. XUpoJIM3a OBOT MENTH[A je CeleKTHBHA. Y peakuujama mi3mehy oa naBa mamagujym(Il)
komiiekca U Ac-Gly-His u Ac-Gly-Gly-His mentupa, koj kojux je kapOOKCHUIIHA Tpyra
XUCTHAMHA ciobonHa, xuaponusyjy Ac-Gly u Gly-Gly mentumne Bese, AOK y peakimuju ca
tpunientugoM Ac-Gly-His-Gly xuapomusyjy Ac-Gly u His-Gly nentuane Bese. Mexanuzam
OBHX HECEJICKTHBHHUX XHJPOJIUTUYKUX PEaKIrja CaJp KU SITUMMHUHAIIN]Y XeJIaTHO KOOPANHOBAHOT
L-Ala nurannma y moia3HOM KOMIUIEKCY TpaheHy KOOpAMHOBAaKkEM JBa MOJIEKyNa BOJE 3a
nanaaujym(Il) joH, kao u XxenaTHy KOOpIWHAIIHM]Y OBOT jOHA 3a MenTHa npeko N3 aroma a3ora u3
MMM/1a30J1a U JIEIPOTOHOBAHOT MenTUAHOr azora [121].

VcnutuBama peaknyja XUApPOJIU3€ TMENTHAHUX Be3a Yy TMOJUIENTHANMA IOoMohy
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nanagujym(Il) komrekca cy mokasana na, nopen xuaponuse His-X nentuane Bese (X je 6uio
KOja aMHUHOKHCEJIMHA), XUIPOJIM3yje U TEeNTHIHA Be3a Koja ce Hajla3u y CYCEICTBY Be3e Koja
CaJpXKu aMUHO TPYIy U3 XHUCTUAMHA. Tako, pe3yaTaTu ucnutuBama peaknuja Ac-Gly-Gly-His-
Gly nentuna ca nananujym(Il) komruiekcuMa cy mokasanu Ja y OBOM MENTUAY Xuaponusyjy His-
Gly u Gly-Gly nentuane Bese. Xuapoiausza OHOJOLMIKM AaKTUBHOT MenTuja aHnruoTeHcuHa II
(Asp-Arg-Val-Tyr-Ile-His-Pro-Phe) ca [Pd(en)(HzO)z]2+ KBaHTHUTATHBHO je WMcnuTuBaHa [122].
Haheno je nma ce xuaponmsza His-Pro mentumne Bese y oBom menTuay onBuja Op30, JOK je
xuapomm3a Tyr-Ile Be3e 3HATHO cropvja W OHa 3axTeBa EIMMHHAIM]Y CTHJICHIAAMHUHCKOT
muranga ca Pd(Il) joma. McnutuBama peakumja Xuaponu3e S-OKCHIOBAHOT OOJIMKAa WHCYIHMHA
nomohy komruiekca nanaaujyma(ll) cy mokaszana na ce y naniy B oBor nentuma takohe, packuma
NenTH/HA Be3a KOja ce Haja3u y CYCEACTBY Be3e KOja CaJpKH aMHUHO TpYINy XHUCTHJWHA.
MebhyTtuM, y CBUM HaBeAECHUM cCllyyajeBUMa Hal)eHO je Ja He J0Ja3H 10 XUAPOJIHU3E MENTHIHE
BE3€ Y UMy CTPYKTYpPY YyJ1a3u aMHHO Tpyla U3 XuctuauHa. [IpeTxoHO OmMcaHu pe3yiTaTtu Cy
BEOMa 3HAYajHH M ca acleKTa MOTeHIIMjalHe MpuMeHe Komruiekca nanaaujyma(ll) 3a cenexTuBHO
pacKuIame NeNTUIHIX Be3a y MPOTEHHNMA.

[Henapuk (Sheldrick) u capagHui cy UCIUTHUBAIHN PEAKIHje aHTUTYMOPCKH aKTHBHUX
cis-[PtCI,(NH3),] u [Pt(en)(HgO)z]2+ KOMILJIEKCa ca TeNTHAUMAa KOJU CaJpKe METHOHHH.
Peakiuje cy ucnurubane y pH o6xactu 2,5 - 11,0 na 40 °C, npumenom Teune xpomarorpaduje
nox Bucokum upurtuciuma (HPLC), maceme cmexrpomerpuje (MS) m 'H u Pt NMR
cnektpockonuje. Haheno je ma y peakuujama [Pt(en)(H,0),]** kommuiekca ca au- u TpH-
HnenTuauMa Koj Kojux je L-metnonun N-tepMmuHanHa amuHokucenuHa (Met-Gly, Met-Gly-Gly,
Gly-Met, Gly-Gly-Met u Gly-Met-Gly), y 3aBucHoctn on pH BpemHocTH pacTBOpa, HacTajy
[Pt(en)(peptid-N,S)]** u [Pt(en)(peptid-N,N’)]* komrureken [123]. Hacympot ToMe, y peakimjama
n3Mel)y nenTuia Koja Kojux MeTHOHUH Huje N-tepmuHaiHa amuHokucenuna (Gly-Met, Gly-Gly-
Met u Gly-Met-Gly) u [Pt(en)(H,0),]** koMIUIekca, y KHCEIOj CPEAUHH, Y TIPBO]j (asu HacTaje
[Pt(en)(peptid-N,S)]" kommiekcna Bpcta. Mehytum, pu Buimum pH BpetHOCTHMA y peakiidjama
OBOT KOMIUIEKCA ca MNeNTHAMMa JOMHMHAHTHA BpcTa y pacTBopy je [Pt(en)(peptid-N,N’)]*
komIuiekc. HaljeHo je ma y cBUM mpeTXxoHO MCIUTHBAHUM PEaKIlfjaMa He J0JIa3H 10 XUAPOIIn3e
TMENTHIHAX Be3a, jep HacTajy [Pt(en)]**-menTna KOMIIEKCH KOjU CY XUAPOTHTHYKH HEaKTHBHHL.

UcnutuBane cy u peakmuje cis-[PtClo(NH3),] xommiekca ca mentuauMa KoOju caipike

metnonnH, Gly-Met u Gly-Gly-Met, kao u N-anerunoBanux nentuaa Ac-L-Ser-Met, Ac-L-Met-
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Gly, Ac-L-Met-Pro, Ac-Gly-Met-Gly, Ac-L-Met-Pro-Gly-Gly u Ac-Gly-Met-Pro-Gly-Gly [124-
126]. Haheno je ma ogmax HakoH Melllalkba y CBUM peakidjaMa JI0JIa3d 10 MOHOJECHTATHOT
KOOpJIMHOBAama TMENTUAa MPEeKo aromMa cymropa MeTHOHHMHCKOT octaTtka 3a Pt(Il) jon. Hakon
MOHOJICHTaTHE KOOpJHMHAIMje MeNnTHaa, J0ia3u 10 Op3e HHTPAMOJIEKYJICKE CYNCTUTYIH]je
apyror xjopuno auranaa y Pt(I) kommekcy, npu yeMy Hactaje penatuBHO ctabuinHu Pt(1D)-
MENTH]T KOMIUIEKC Y KOME je TeNTu/ OUJICHTaTHO, TPEKO aTOMa CYMIIOpa METHOHUHCKOT OCTaTKa
U JICIPOTOHOBAHOT aToMa a30Ta MEeNTHIHEe Be3e, KoopanHoBaH 3a ratuny(Il).

VY peakunju cis-[PtCl,(NHj3),] kommiekca u Gly-Met y pH ob6nactu 2,5 - 10,0 He mona3u
JI0 XUAPOJIM3e MENTHIHE Be3e, jep ce AWMENTHI TpuaeHTaTHO KoopauHyje 3a Pt(I) mpu gemy
nacraje crabunan [Pt(Gly-Met-N,N’,S)(NH3)]" kommuekc [124]. Halheno je ma cenexktuBHa
xuaponusa nentuaHe Bese y npucyctBy cis-[PtClp(NH3),] xommuiekca MCKIbYyYMBO 3aBUCH OJT
M0JI0Kaja METHOHMHCKOT OocTaTka y nentuaumMa. Kaja ce MeTHOHHH Hanla3yu Ha N-TepMHHAIHOM
Kpajy, Koju je 3amTuheH, noja3u 10 CeNeKTHBHE Xuaponuze Met-Z mentuaHe Bese (MenTHan
tuna Ac-L-Met-Z-). Melhytum, y criydajy nentuaa koju umajy -X-Y-Met-Z ceKBeHIly 10J1a31 10
xuaponu3e X-Y nentunHe Bese. Axo ¢y X, Y U Z aMUHOKHUCEITMHE KOje y O0YHOM HU3Y HEMajy
XeTepoaToM Koju ce Moke koopauHoBaTu 3a Pt(Il) xumapommsza ce omsuja mpu pH < 6,0
[124,127].

Kommuiekc cis-[PtClo(NHs),] karanu3syje cenexktuBny xuaponusy Ac-Gly Beze y Ac-Gly-
Met-Gly tpunentuny npu pH < 6,0. Tpunentuz ce tpunentatao koopaunyje 3a Pt(I) mpu uemy
Hactaje [Pt(Ac-Gly-Met-Gly-S,N,N)(NH3)] kommuekc. Y pactBopy je nHakoH 10 catw,
npumerom HPLC xpomarorpaduje 1 'H NMR crnexrpockomnuje, aerexroan [Pt(Gly-Met-Gly-
S,N,N’)(NH3)] xommiekc, kao u cno0onHa cupheTHa KHCEeTnHa. Y HEeyTpaiHoj U ciabo 06a3Hoj
cpenuan (pH > 6,0) He q0Ma3m 10 XUAPOIM3E MENTHIA B Yy pacTBOPY je mpucytan camo [Pt(Ac-
Gly-Met-Gly-S,N,N’)(NH3)] xommiekc. Y peakuuju mnucrmiatuae u Ac-Gly-Met-Gly, y 1:2
MOJICKOM OJTHOCY, HE€ JI0JIa3u JI0 XMIPOJU3€ MEeNTHIa U TIaBHU Mpou3Boi peakuuje je [Pt(Ac-
Gly-Met-Gly-S,N,N’)( Ac-Gly-Met-Gly-S)] kommnekc [125].

IIpu pH > 4,0 cis-[PtCly(NHs3),] kommneke karanusyje xuaponusy Ac-L-Ser nentumnne
Bese y Ac-L-Ser-Met numnentuny. Ha pH = 4,4 koHunentpamnuja mpow3BOJIa XHAPOIH3E je
MUHUMaIHA, Me)yTHM TOKOM BpeMeHa u ca noBehamem pH BpenHocTH pacTBOpa KOHIIEHTpAIIH]ja
pou3Boaa Xuaponmuse pacre, na 6u y pH obmactu ox 7,0 mo 9,5 xoHmeHTpanuja ciobogHe

cupherne kucenuune Owma Hajpeha [125]. ¥V pH obmactu on 2,8 mo 10,0 cis-[PtCla(NH3)s]
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KaTalu3yje CEeJEeKTHBHY XHAPOJHM3Y TMENTHIHE Be3e Koja caapku KapOokcwiHy rpymy L-
MetnoHnHa y Ac-L-Met-Gly u Ac-L-Met-Pro nunentuauma [126]. 3a paznuky ox Ac-L-Met-Pro,
y HEeyTpaJlHO] U ciiabo 0a3Hoj cpenunu, Met-Pro mentugHa Be3a y Ac-L-Met-Pro-Gly-Gly He
xunponusyje [126,127].

HcnutuBane cy xuapoiauTuuke peakuuje uzMely pasnmuutux Pt(Il) kommiekca tuma
[Pt(L)CL] wu [PYL)(CBDCA-0,0°1 (L je erwienguamuH, en; () -Tpanc-1,2-
nuaMuHoOIMKIoxekcan, dach, (*)-1,2-mpomwmnenmuamun, 1,2-pn, a CBDCA je 1,1-
nukIooyranankapookcmwinu adjoH) u Ac-L-Met-Gly ngunentuaa Ha 37 °C ca eKBUMOJapHUM
kommuanaama Pt(Il) kommiekca n munentuaa Ha pH = 7,4 y 50 mM docharaom mydepy. [lox
OBHUM €KCIIEpUMEHTAJIHUM YClIOBUMa je nmpuMmehena crnopa xuaponusa Met-Gly nentugHe Bese.
Xunponusu oBe Beze nperxoan Gopmupame xuaposutuuku aktuBHOT [Pt(L)(H,O)(Ac-L-Met-
Gly-9)]" xommnnekca. Peakuuja xuaponuse Ac-L-Met-Gly nunentuza je 6pxa y ciydajy Pt(Il)
KOMIUIEKCAa KOjU CaJpiKe XJIOPHIO JHUraHa y oaHocy Ha oxaroBapajyhe Pt(Il) xommiekce ca
CBDCA nuranmom. bp3una xuaponuse menTuaa omaga ca mnosehameMm cTepHOr edexTa

komiuiekca Pt(Il) y uu3y en > 1,2-pn > dach [128].

1.3.4. Xwuapoausza mnenTHaa KOju caap:xke aMHUHOKHceJIuHY L-meruonumn mnomohy

AUHYKJIEAPHUX KoMIuiekca nanagujyma(ll)

WNwmajyhu y Buny na y MHOTMM €H3WMHMa aKTHBHU IICHTAp CaApXKH TUHYKICApHU
KOMIUIEKC, 32 UCIIUTUBAKE XUIPOIUTUYKUX peakiyja ca NeNTHIUMa U TPOTeMHUMa KOpPHUIITheH!
cy auHykieapHu komiuiekcu manaaujyma(ll). OBu komrmiexkcu Hajuemhe y MOCTY caapike
CYyMIIOP-IOHOPCKE aToMe U I00pO Cy MO3HATH Y KOOPAUHANMOHO] XeMuju [129].

Heke wmeramoxuaponase, Kao IITO Cy JICYIUH-aMUHOICNITHAa3a W METHOHUH-
aMUHOTIENITH/Ia3a, UMajy AWHYKICApHU aKTHBHH I[EHTAp ca JBa joHA MeTaja KOju YYECTBY]Y Y
XUAPONIU3U. JenaH ce KOOpAuHyje 3a TepMUHAIHY aMUHO TPYIy W aKTUBUPA HYKICO(HI
cTtabmnsyjyhu mpenasHo crame, JOK JIpYrd mojapusyje KapOOHWIHY Tpyny W cTabuiusyje
TeTpaeaapcku uHTepmenujep. OBU pe3ydaTaTd Cyrepuily Ja JUHYKICApHU U TOJIMHYKIICApPHU
komiuiekcu Pd(I) u Pt(I) mory Outn eduKacHUjU KaTaqu3aTOPH 3a XHIPOIHM3Y Y OJHOCY Ha
MOHOHYKJICapHE Komruiekce. JluHykieapHu [PdQ(H-SPh)z(SOl)4]Z+ kommuieke (Cnmka 19)
KopuITheH je Kao KaTalau3aTop 3a XUAPOJIM3Y MENTHAHE Be3e Yy pPa3iMuduTHUM IMEeNnTHIANMA KOjU

caapxke L-mernonun tuma Ac-L-Met-X (X je Gly, Val, Phe ili Ala) [108]. CBe peakuuje cy
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WCIUTHBAHE y alleTOHY Kao pacTBapady, TakO J1a je JHUraHA KOjU C€ JIAKO CYICTUTYHIIE Yy
JUHYKJIEAPHOM KOMILJIEKCY MOJIEKYJ BOJE WJIM ALETOH. Y OBOM KOMIIJIEKCY MOCTHHM THOJATHHU
JUTaHj ce HE MOXKE CYICTUTYHCAaTH ca JOHOPCKUM Trpynama u3 nentuaa. Ha cmabo u
PEeBEP3UOMITHO KOOpAMHOBake MeTHOHUHA U3 nenTtuaa 3a PA(I) yrude trans-epexat THOTATHUX
aToMa CyMITOpa KOojH ce Hajlaze y koMmruiekcy. Haheno je ma y nmpucyctBy munaykieapsHor [Pda(u-
SPh),(sol)4]** komIwIekca y aleroHy kao pactBapauy Met-Ala nentunna Bese y Ac-L-Met-Ala
TUTIENITUAY XuIpoiusyje oko 80 myra Opxe y OJIHOCY Ha XUIPOJIU3Y Yy BOJIEHOM PacTBOPY Y
IIPUCYCTBY [PtCl4]* xommexca. Ha OCHOBY UCIHUTHBaWba PEaKLINja XUIPOJIN3€E AUMENTHAA THUIA
Ac-L-Met-X koju umajy paznuuuty C-TepMHHAIHYy aMUHOKHcenuHy (X) 3akibydeHo je Ja
BOJYMHHO3HOCT OBE AMHUHOKHCEJIMHE 3HAuajHO yTude Ha Op3uHy xwuiaponuse. Kopucrehn
JUHYKJIEapHE KOMIUIEKCE Kao KaTajau3aTope 3HATHO C€ CMamyje IOJyBpEME XHUIPOJIH3E.
[TomyBpeme xuaponuze Ac-L-Met-Ala je 35 muHyTa Ha COOHOj TeMIepaTypH, a caMo 5 MUHYTa
na 50 °C. Ilpema Tome, [PdZ(H'SPh)2(SOI)4]2+ je BeoMa peaKTHBaH HEECH3MMCKH KaTallu3aTop

XHUAPOJIN3C IICIITUAHC BE3C.

1.3.5. Xwuapoau3a mnentHaa KOjU cajp:ke amMuHOKHceauHy L-tpuntodan mnomohy

koMmiuiekca nanagujyma(ll) u nnarune(Il)

KoopanHoBame joHa eCEHIMjaTHUX MeTaja 3a WHAOJOB TPCTEH aMHHOKHUCEIHHE
TpunrodaHa HUje MO3HATO y OMONOMKUM cucTeMuMa. Melyytum, y peakumju aunentuaa Ac-L-
Trp-X (roe je X = Ala, Val unu ValOMe) ca Pd(Il) u Pt(Il) kommiexkcuma, Koju caupke
KOOpAMHOBaH anetoH, Haheno je aa ce uuaonoB y-C atom (C3) xoopauHyje 3a HaBeIEHE jOHE
metana [93]. IlpermocraBka je Ja ce KOOPAMHOBAHU AalleTOH Y OBMM KOMIUIEKCHMA JIaKIle
cyncruryuiie ca C3 aToMoM yribeHHKa W3 MHJI0JIa Y OJHOCY Ha akBa JUTaHI. BomymMuHO3HHja
C-TepMUHaTHA aMUHOKHCEJIMHA YCIOpaBa peakiifjy KOOpINHOBamba TpUNTO(aHa 3a joH MeTaa.
Ho xoopauHoBama uHposoBor C3 aroma oiia3u caMo OHJA Kaja je Ha pacroliaramby U HEKU
XETepoaToM, TaKo Ja ce MENTHI MoXe OUIEHTaTHO KOOPAMHOBATH 3a JOH MeTaja. Y peakuuju
Ac-L-Trp-X nentuaa u Pd(Il) kommiekca Apyro MeCTo KOOPJHMHOBAaMbA je KUCEOHUKOB aTOM U3
kapoonmwitne rtpyne (Crnuka 24). bugeHTatHO KOOPAMHOBAHM jOH MeTaja CEJIEKTHBHO
xuaponusyje camo Trp-X mentuany Besy. Y anetony koju caapxu HClO,4 y KOHIEHTpanuju of

1,010° M XUIPOIIM3a IIENTUIHE BE3E j€ KOMILUIETHO 3aBpIleHa 3a Marbe o1 24 cara Ha 50 °C.
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NHX

=G, NH,

M = Pd(ll), P(ll)

Cauxka 24. Haunn koopaunoBama Pd(II) umu Pt(Il) kommnekca 3a Ac-L-Trp-X nentune [93]

MehytuMm, y BOJEGHHUM pacTBOpUMa HeMa KoopAuHoBama C3 aroma wuHIONIA 32
noTeHnujatHo akTuBHe Komruiekce matuHe(Il) m mamamujyma(ll), a camum TuM Hema HH
XuIposuse nentuaHe Bese. Karanuszaropu koju caipike TPUIEHTATHE JIMTAHAE HUCY aKTHUBHH,
Jep ce He Mory OMaeHTaTHO KoopauHoBaTH 3a nentuia. Mako namagujym(Il) komminekcu nmajy
MHoro Behu apuHuTET 32 KOOPAMHOBaKkHE XUCTHIMHA U METUOHUHA Y OJHOCY Ha TpUNTOo(aH, oBe
XUIPOJUTHYKE Peakiyje O0TBapajy HOBe MOTyhHOCTH y OMOaHATUTHYKO] Mpakcu. Vcnutuame
yTUIlaja pacTBapaya Ha XUAPOIM3Y NENTHAHE Be3e ca MENTHANMA KOjU Caap)Ke XUCTUAMH,
METHOMHUH WM TpunTodaH Cy IMoKas3aja Ja y BOJECHHUM pacTBOpUMA, C O0O3MPOM Ha BEIHKH
apunuter Pd(Il) u Pt(Il) jona 3a cymmop u a30T JOHOPCKE arome, JOMHMHAHTHO j€ PacKUIame
NENTUIHUX BE€3a Yy OKOJIMHM XHUCTHIWMHA WIM METHOHMHA. Hacympor oBoMe, y OpraHckum
pacTBapauMMa OJIBUja C€ XUAPOJIM3a IENTUAHE Be3e Yy OKouuHM Tpunrodana. I[lpumena
HEBOJICHUX pacTBapaya 0TBapa HOBO MoJbe mpuMeHe koMiutekca matune(Il) u managujyma(ll) 3a

XUJIPOIU3Y XUJIPO(HOOHUX MENTUAA U TPOTEHHA.
1.4. XUAPOJIN3A TPOTEUHA IIOMORY KOMIIVIEKCA ITPEJIASHUX METAJIA

['maBHM pa3yior MpUMEHE CHHTETHYKHX IpoTea3a Koje campxke mamanujym(Il) jom je
notpeda 3a PerHoCeNeKTUBHOM XHUAPOIM30M TMpoTerHa. Jla Ou ce CHHTETHYKH KaTaln3aTopH

MOIJIM TPUMEHUBATH Yy OBY CBpPXY HEOXOJHO je nAa Oyly MOroJHU 3a IPUMEHY Y
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OMOaHATUTHYKO] Mpakcu. PaHuju pe3ynaTaTu UCIMTHUBAKA XUIPOIUTHUYKUX PEAKIMja XUCTUIAMH,
METHOHHWH U TpunTo(daH Be3uBHHUX mentuia ca nanaaujym(ll) kommiekcuma cy MOTBpAWIHN Aa
OBM KOMIUIEKCH MOTY HMMAaTH M MpakTH4Hy MpuMeHy. Kao mTo je mpeTrxoJHO HaBeaeHo,
komiuieken Pd(II) permocenekTMBHO packuiajy MENTUAHE Be3e Yy OJIM3MHU KOOPIMHOBAHUX
OOYHHMX HH30Ba, OOMYHO XUCTHIWHA M MeTHOHMHA. OBe JBE aMHHOKHCEIMHE Haja3e ce y
MPOTEHHUMA Yy MPOCEKY OKO 5,5 %, Tako Ja ce BEIMKU (PparMeHTH MOTY CEKBCHITMOHHCATH U
OPUIIPEMHUTH 3a Jpyre Ouoxemujcke TtpaHchopmanuje. Ykimamamem mnamagujyma(ll) wus
peaknuoHe cMmenie noOujeHn (parMeHTH MPOTEHMHA MOTY C€ KOPHUCTUTH Jajbe 0e3 HaKHaHE
obpaze. IlomTo je packumame MENTHIHE BE3€ XUAPOJIUTHIKHU Tpoiiec (HUje PEAOKC peakija),
aMUHO U KapOOKCHUITHE Tpyre Yy pparMeHTUMa MOTY C€ PEKOMOMHOBATH Ha pPa3jiNduTe HAuUHE U
IpaJuTy HOBE MENTH/IHE BE3e.

VYTuiaj kondopmaiuje Ha peruoceseKTUBHY XUIAPOJIN3Y MENTUIHUX Be3a UCIUTHBAH je
Ha cerMeHTy npoternHa muoxemepurpuHa [130]. CekBeHna cermeHTa Muoxemepurpusa je Ac-L-
E-V-V-P-H-K-K-Nle-H-K-D-F-L-E-K-I-G-G-L-NH,. OBaj monunentua y BOJCHOM pacTBOpY,
npu pH 2,0 Ha 40 °C, uma kordopmarujy cnodoare crmpaie, 10k ce Ha 22 °C y 50% BojeHOM
pactBopy Tpudayopoeranona (TFE) nenTua Hamasu NpeTekHO y O-XeMHUKCY. brito ma ce mentu
HAla3d y O-XEIHKOMIHO], WIH CioGoaHOj crmpanHoj kouopmanuju [Pd(en)(H,0),1*
KaTanu3aTrop ce KoopauHyje 3a ob6a, His5 u His9, ocratka. Kondopmanuja cnoboane crimpanie
HeMa edekat Ha Op3uHy KoopauHoBama Pd(II) karanusatopa 3a His5 u His9 ocrarke, anu o-
XeJIMKCouIHA KOoH(popMaIrja cMamyje Op3uHy HHTEpaKIIH]je MOJUIEeNTHIa U KaTaau3aTropa, IITo
jé W OuYeKMBAHO 3a KBajpaTHO-TuTaHapHe Komiuiekce managujyma(ll) [131]. Karammzatop
CEJIGKTUBHO XHWJIPOJHM3yje MENTUIHY Be3y y o0e koH(opmaiuje, Mpu 4emy caMo Be3a u3Mehy
V3-P4, onnocHo apyra menTtuaHa Be3a JieBo on His5, mojyieske XUIPOTUTHUKUM peakiifjama.
Pesynratu ucnutuBama Cy mokasald Ja je XUApOoJn3a 3HaTHO Opka Kaja je mentu y cio00aHoj
KOH(pOpMAIIIjH Y OJHOCY Ha O-XEIIMKCOU/IHY.

[IpBu mpoTenH KOJ KOTa je CeNeKTHBHO PACKMHYTa MENTHIHA Be3a Y3 KaTaIUTUYKO
nejctBo komruiekca nanaaujyma(ll) je muToxpom ¢ u3050BaH U3 cpia Koma. MoJeKylicka Maca
oBor npotenHa je 12,4 kDa u canpxu 104 aMHHOKHCENHHE, a HEroBa TepIMjapHa CTPYKTypa je
no3Hara. Y CTPYKTypd OBaj MENTHJ CaApKh HET MecTa 3a Koja ce MOTY KOOPJIMHOBATU
nanaaujym(Il) koMrsiekcu, o1 KOjuX TpU MeCTa MPHUMaAajy XUCTHIAUHCKOM, a 1BA METHOHHHCKOM

6ouHoM octatky. [lenTuaHa Be3a y LIUTOXPOMY C j€ CEIEKTUBHO PACKHHYTa y KHUCEJO0j CPEANHU
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na 40 °C nomohy Pd(I) kommuekca [132]. McnuTuBama XUAPOIU3E MPOTEUHA CA PA3IUUYUTUM
komiuiekcuma mnananujyma(ll) cy mokaszanma ga je yrmaBHoM 60% mpoTenHa XHJIIPOIM30BATIO.
MelhyTtum, ako ce Kao Kataau3aTtop yrnoTpeou [Pd(dtco—OH)(H20)2]2+ MOMEIIaH ca MPOTEUHOM Y
mouickom oaocy 1:10 Ha 40 °C u pH oko 1,7, naheHo je na HakoH 2 jaHa Tpajara peakije
xuaponusyje 80% mnporeuna. [lomohy EnmanoBe nerpanammone merone onpehenHo je mecto
packujama MpoTenHa, a pe3yaTaTd MoKadyjy Aa je camo mentuaHa Be3a u3mely His18-Thrl19
packunyTa. Ha ocHOBy Tora 3akibydeHo je Ja mecTo koopaunHosamwa Pd(II) moxe Outn Hisl8
nnu Cys17.

Mecro koopaunoBama Pd(I) jona 3a mutoxpom ¢ yTBpheHO je Ha OCHOBY YIOPEIHHX
eKCliepuMeHaTa ca pasnuuuTuM TpunentuauMma. Tako, mnentun Ac-L-MeCys-His-Ala y
npucyctBy Pd(Il) karanuzaropa ce packuna wuckbyunBo usmel)y His u Ala, mro 3Haun na ce
XHUJIIPOJIK3a OJIBUja Ha TOTIYHO MCTOM MecTy Kao y uutoxpomy c. Ilentun Ac-L-MeCys-Ala-
Gly, xoju He cagpXu aMUHOKHCEIUHY XUCTHJIWH, XUApoiu3yje uckibyunBo usmehy MeCys u
Ala, a ytBpheHo je nma He nmoiasu 10 XUAPONU3E APYrUX MENTHUAHMX Be3a. Ha oCHOBY oBHX
UCIUTHBama 3akibydeHo je aa ce PA(I) koopaunyje 3a muToXpom ¢ uckibyunBo npeko Hisl8, a
He npeko Cys17 [133].

HcrpakuBama cy mmokasaia fa ca nosehamem O6poja monosa nanaaujyma(ll) y omnocy Ha
IPOTENH, Kao U ca MoOoJbIIambeM eNeKTPoPopeTcKe pe3oyIyje, IUTOXPOM C Ce pacKHa Ha joII
HEKOJMKO MecTa. MelhyTum, 3akjbydeHO je Ja je XHUIpoju3a U y OBOM cCiydajy Owuiia
pEernoceneKTUBHA, OJJHOCHO JelaBa ce MCKJbYunBO y Onm3uau Met u His ocraTtka, mpu yemy
XUIpoNau3yje Apyra MeNTHIHA Be3a JIeBO, WJIM MpBa MENTHAHA Be3a JECHO, OJl MecTa
KOOpAMHOBamka KaTtanu3aropa 3a nporerH [122]. Ha ocHOBY cBuX Hampea M3HETUX pe3yiTara
OUUTIIE/IHO j€ J1a Ce XMIPOJIH3a JIENIaBa, KaKo Y KPaTKUM MENTHANMA, TAKO U Y TPOTEUHUMA.

EdukacHuja celekTMBHA XHUApPOIM3a IUTOXpPOMAa C TOCTUTHYTa j€ MPUMEHOM
[Pt(en)(Hzo)z]2+ xomiuiekca. Hakon 24 cara na 40 °C u pH 2,5 npumenom anamurtuuke HPLC
xpomatorpaduje u EamanoBe nerpagannone Metoze oapeheHo je MecTo Ienama MpOTEHHa, a
pes3yiTaTH MoKa3yjy Aa Jojas3u 10 xuapoiuse camo Met-X mentunHe Bese. JlerekroBana cy Tpu
dparMeHTa KOjU HACTajy YCJIeN XHUAPOIUTHUYKOT packumama Met65-Glu66 u Met80-1le81
NeNTHIHUX Be3a y muroxpomy c. llemtumna Met-Pro Be3a He Xxuaponusyje y HPHCYCTBY
MPOTEOJIUTUYKUX €H3WMa, JIOK y TPUCYCTBY [Pt(en)(H,0),]** koMIuiekca Homasu 1O HCHE

xugpoimse. Takolje, Hahero je ga [Pt(en)(H20),]*" KOMILIEKC CEIEKTHBHO XHAPOIN3Y|e IPOTCHH
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0oBuH [3-ka3euH [134].

WcnuTuBaz je yruuaj yaTpajbyOM4acTUX MU MUKpOTanaca Ha XUAPOJIU3Y LIUTOXPOMA C Y
MPUCYCTBY [Pt(en)(H20)2]2+ KomIuiekca. Kama ce peakimmoHa cMemia W3J0XKH JI€jCTBY
yaTpasbyonuactux tanaca ox 300 nm, HaleHo je na ce koHcTaHTa Op3uHe xuaponuse Met-X (X
j€ aMHHOKHCEIIMHA KOja HE CaapKh XETepoaTroM y OOYHOM HHU3Y) IENTHIHE BE3€ yIBOCTPYYH,
alv Ja TpU TOME JOJIa3W M JIO CIOpEeIHUX peaknuja. Mehytum, ymoTrpebomM MuKpoTaiaca
xuzaponusa je 6pxa 2-3 nyra Ha 60 °C, ognocuo 7 nyra Ha 100 °C, npu yemy He 0Jasd 10
CIIOPEIHUX peakiyja. YTHIIA] TeMIepaType Ha Op3uHy XHIPOJIH3E MENTHIHE Be3e Y MPUCYCTBY
Pt(Il) u Pd(I) xommiekca je 100po MO3HAT, JOK je YTHIQ) MHUKpOTajaca Ha OBE peakifje joIll
YBEK HEJOBOJFHO WUCIHTaH. XHUAPOJIM3a MENTHAA M MPOTEHHA TOJ YTHIIAjJeM MHKpoTajaca y
npucyctBy Pt(II) xommnekca je meroma xoja he BepoBaTHO Hahu CBOje MECTO y CHHTE3U U
MoM(UKOBakY MPOTEHHA, Kao U 'y Obnorexnonoruju [135].

[TpoTenn MHOrIOOMH M30JI0BAaH U3 CPUaHOT MHUIIMNha KOWa MMa MOJIEKYJICKY Macy OKO
17,6 kDa. Oxo 80% mpoTenHa UMa O-XEIUKCOMIHY CTPYKTYPY, @ Y CTPYKTYpPH HHUCY NPHUCYTHE
KOBaJIeHTHE Be3e. Iberosa crpykrypa ce jocTa pa3iukyje y OJHOCY Ha CTPYKTYpy NpOTEeHHa
nuroxpoma ¢. O CBUX KOMIUIEKCAa KOJU Cy KOpHWIINEHHW 32 WCIUTHUBAKE PEaKIHja XHUIIPOIU3E
MHOTIOGHHA Hajbosbe pesyaTare je mokazao [Pd(dtco-OH)(H,0),]** xommieke [136]. Hakon 24
cara unkyb6auje Ha 60 °C u y pH obnactu o 6,2 10 3,2 KOJIMYMHA XMAPOJIU30BAHOT MENTHIA CE
kpehe ox 39% no 85%. Pesynraru mokasyjy na JeHarypaiyja IpoTeHHA HE YTHUYE Ha Op3HHY
XUIpONu3e U Aa Op3uHa XHUIPONIU3e, Ka0 U MECTO pacKuaama Be3e, JeIUHO 3aBHCE OJf MecTa
KoopauHoBama nanaaujym(Il) komrurekca 3a IpOTEHH U O] FHEeTOBE OKOJINHE.

Kaga ce Muornobun u [Pt(en)(HgO)z]zJr KOMIIJICKC TIoMenIajy y 1:5 MoJIckoM OJIHOCY, Ha
60 °C u pH 2,5, Xxuaponu3yjy camo JBe NENTHIHE BE3E, KOje caapiKe KapOOKCHIHY rpyny Met55
u Met131 [137].

Kommiekcn nanaaujyma(ll), trans—[Pd(py)z(H20)2]2+, [Pd(en)(H20)2]2+,
[Pd(dach)(H,0),]** u [Pd(dtco-3-OH)(H,0),]*" (rze je py = mupumus, en = eTunenanamust, dach
= l,4-muazouuknoxentad u dtco-3-OH = 1,5-1UTHONMKIOOKTAaH-3-01) Cy WCHOUTUBAHU Kao
KaTalu3aToOpU 3a XUAPOJIN3Y NMPOTeHHa, OOBUH cepyM alnOyMuHa, cepyM aJOyMHHA H30J0BAHOT
W3 KPBHU CBUIE M ajJOyMHWHA HM30JIOBAHOT W3 KOKOMIHjer jajeta. KoMImiekcn M MpOTEHHH Cy
Memann y MojckoMm oaHocy 8:1 mmm 16:1 ma pH = 4,6, a 3atum cy peakimoHe cMelie

nHKy6upane Ha 60 °C gBa mama mwi Ha 50 °C mect gama. Ocum [Pd(dtco-3-OH)(H,0),]1*
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KOMIUIEKCa KOjH j€ TI0Ka3a0 KaTaJUTHYKy HHEpTHOCT, npeocraira Tpu Pd(Il) kommuiekca
cenekTuBHO xunponusyjy X-Ser unu X-Thr nentuane Bese, kao u nentuaHe Bese y onmm3unu His
u Met ocratka. ¥ 60BuH anOymuny monaszu a0 xuaponuse Glu57-Ser58, Gly85-Asp86, Leul03-
Ser104 u Lys285-Ser286 nentuaHux Be3a, aIOyMHUH M30JI0BaH U3 KPBU CBUEHE XHUIPOIHM30BA0 je&
camo Ha jeaHoM wMecty (Lys285-Ser286), mok anOymMuH H30JI0BaH M3 jajeTa KOKOIIKE
xuaponu3yje Ha yetnupu mecta (Ala6-Ser7, Ala220-Ser221, Gly237-Thr238 u Met239-Ser240)
[138].
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2. MIPEIMET UCTPAXKUBAIHA

VY OKBHUpPY OBE IOKTOpPCKE AWcepTalyje mnpeaBuleHa je CHHTE3a M KapaKTepH3aluja
HOBUX MOHOHYKJICAPHUX U IUHYKJIeapHUX Komiutiekca tuiatune(Il), koju cy cTpykTypHU aHaJI031
komruiekca matuHe(1l) koju mokasyjy aHTUTYMOPCKY akTHBHOCT. Takolhe, mpensuleHo je na ce
IPUMEHOM CIEKTPOCKOIICKMX METO/a, MpPU pa3IUYUTUM EKCHEPUMEHTATHUM YCJIOBHMA,
UCIHUTAjy peakiyje MenTHaa KOoju caapke aMuHokucenuHe L-metnoHmH u L-xuctuamu ca
MOHOHYKJICAPHUM U TUHYKJIeapHUM KomruiekcuMma ruiatuae(1D).

V npsom gery paxa npeasuhero je xa ce npumerom 'H NMR criekrpockomnuje, mpu pH
Bpeanoctu 7,4 y D,O kao pactBapauy u temmepatypu 37 °C, ucrimrajy peaknmje [Pt(en)(Me-
mal-0,0")] u [Pt(en)(Me;-mal-O,0")] xommiekca (en je etwinenenuamut, Me-mal u Me,-mal cy
OMJICHTaTHO KOPJIMHOBAHU aHjOHU 2-METUJIMAJIOHCKE U 2,2-IMMETUIMAJIOHCKE KUcelnHe) ca N-
arieTusioBanuM L-metnonmn-riaunuHoM (Ac-L-Met-Gly) u nentuauma Koju y cB0joj CTPYKTypH
caapxke amuHokucenuHe L-metnonun u L-xuctugun, Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-
Gly-NH; u Ac-L-Met-Gly-Gly-L-His-Gly. [lopen tora, mimanupaHo je ga ce pe3yaTaTH OBHUX
WCIUTHBAKka JOBOJIC Y BE3y Ca MEXaHW3MOM TOKCUYHOT JIEIOBamka aHTUTYMOPCKHX KOMILIEKCa
mratuae(ID).

MoaudukoBameM paHHjUX TIOCTyNaka 3a CHHTE3y JAMHYKJICApHUX KOMILIEKCa
wiatnae(Il), kKoju Kao MOCTHU IUTaHa cajapke pas3iuyuTe AMa3uHe, y OBOj AMCEpTalMjU

npeasuheHa je cuHTe3a W KapakTepu3anuja HoBuxX aunykiaeapHux {[Pt(L)Cl],(u-X)}Cl,
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koMmIuiekca (e je L eTwienauamu, en; (+)-1,2-nponuinenanamut, 1,2-pn; n300yTHICHIMAMIH,
ibn; trans-(x)-1,2-nuamunonukinoxekcad, dach; a X je mupasun, pz; win nupuaasuH, pydz).
Kapakrepuzanuja oBUx KoMIUIeKca M3BpLIMhe ce Ha OCHOBY pe3yiTaTa MUKpOAHAIHM3€, Kao U
IIPUMEHOM 'H NMR u “C NMR CIIEKTpOCKomnuje. MoJeKyacka CTPYKTypa TUHYKJIEApHUX
komrekca riatuae(Il) onpenuhe ce Ha OCHOBY pe3yiTara peHIreHCKEe CTPYKTYpHE aHaJIH3e.

Iopen Tora, mpumerom 'H NMR crektpockoruje ncrmralie ce peakije XHApOimse
Met-Gly nentuane Beze y Ac-L-Met-Gly nunenTtuny y npucyctBy asa matuaa(ll) komruiekca,
mononykieapror [Pt(en)(H,0),]** u mumykimeapror {[Pt(en)(H.0)lo(u-pz)}* vy 1:1 u 2:1
MOJICKOM ojtHOCY, ¥ pH oGmactu oz 2,0 1o 2,5 y D,O kao pactBapauy Ha 37 °C. Peaknuja Ac-L-
Met-Gly numentua ca [Pt(en)(H,0),]*" ucnuruahe ce y Bumky Pt(Il) xomruiexca (1:2 Momncku
onnoc). Takohe, mopeauhe ce 6p3una xuaponuse Met-Gly nentunne Bese y Ac-L-Met-Gly y
HPUCYCTBY MOHOHYKJIEapHOT U AuHyKJIeapHor riatiuHa(Il) kommiekca.

ITIpumenom 'H NMR CIIEKTPOCKONHUje HcnuTHBahe ce KaTaJuTUYKO JIEjCTBO aKBa
JepuBaTa JAuHyKIeapHux komruiekca —miatune(I), {[Pt(en)(HzO)]z(y—pz)}4+, {[Pt(1,2-
pn)(H0)La(u-p2)} ™, {[Peibn)(H0)a(-p2)} ™ m {[Pt(dach)(H0)la(-pz)} ", Ha xuapommsy
nentuaHe Bese y Ac-L-Met-Gly. JloOujeHu pe3ynTaTé OBHX HCIUTHBama rmopenunhe ce ca
onroeapajyhuM pesynratuma 3a peakiiije MOHOHYKJIICApHOT [Pt(en)(H,0),]*" kommmekca. CBe
peakuuje ucnutubahe ce 1:1 u 1:2 monckom ogHocy, y D,O kao pactBapauy wa 37 °C u'y pH
obmactu ox 2,0 1o 2,5.

Hunaykneapuu xaopuno {[Pt(en)Cl]x(u-pz)}Cl, u {[Pt(en)Cl](u-pydz)}Cl, kommuiekcu
he ce mpeBecrn y omrosapajyhe axa gepusare {[Pt(en)(H,O)l»(u-pz)}*, ommocHO
{[Pt(en)(H,0)]2(u-pydz) }**. TIpumenom 'H NMR crekrpockomnmje ucrmutuBahe ce peakimje
muaykieapuux {[Pt(en)(H,0)o(u-pz) }** u {[Pt(en)(H,0)]2(u-pydz) }** xomiurekca ca Ac-L-His-
Gly u Ac-L-Met-Gly-L-His-GlyNH, nentuauma. Ce peakuuje uzydaBahe ce y pH obnactu ox
2,0 no 2,5 na 37 °C. Taxohe, nmopeauhe ce xkatanutuika crocoOHocT 1Ba aunykineapHa Pt(Il)
kommirekca, {[Pt(en)(H,0)]o(u-pz)}* u {[Pt(en)(H,0)]2(u-pydz)}**, Ha xumpomusy memrtuame
Be3e MEeNTHIa KOjU Cagp)Ke aMHUHOKHCENWHe L-MeTHOHMH W L-XHCTUAWMH, y 3aBHCHOCTH O]

npupoac MOCTHOT' TUA3UHCKOTI JIMTaH/1a.

45



Excnepumenmannu oeo

3. EKCIIEPUMEHTAJIHU AEO

3.1. Xemukajuje u peareHcu

Xemukamuje u peareicu D,O, DNOs;, NaOD, DMSO-ds, etunenauamun (en), (£)-1,2-
nponwieHauamMut  (1,2-pn), uzoOyrunennuamu (ibn), (£)-trans-1,2-1MaMHUHOIMKIOXEKCAH
(dach), mupaszun wmm 1,4-nuasus (pz), mupuaasu win 1,2-nua3un (pydz), MallOHCKa KHCEITHHA
(Homal), 2-metunmanoncka kucenuna (Me-Hpomal), 2,2-mumernn mamoHcka kucenuHa (Me,-
Homal), K,[PtCly], nentumm L-mernonmn-roumuH (L-Met-Gly), L-metnonmn-L-xuctuaua (L-
Met-L-His), L-xuctuaun-rmumus (L-His-Gly) cy na6aBmenu ox Sigma-Aldrich Chemical Co.
[Tentanentun L-metnonun-raumut-rinnui-L-xuctuaun-rauiud (L-Met-Gly-Gly-L-His-Gly) je
HaOaBsbeH on Bachem A.G. Terpamentua, N-anetwnoBanu L-mMeTnoHuWI-rimunui-L-xuctuani-
rmunuHamu] (Ac-L-Met-Gly-L-His-GlyNH,), je cuntetnzoBan nomohy Fmoc-chemistry metozne
[139,140]. CunTetnzoBanu nentuj je npeuninher kopumhemeM cemurpenapatuBHe RP-HPLC
xpomatorpaduje, a yucroha My je mposepeHa nomohy anamurnuke HPLC xpomatorpaduje u
SJIEKTPOCTIPE] JOHU3AUOHE MaceHe crekTpoMeTpuje. Ocrane XxeMuKaluje ynoTpeOsbeHe Y OBOM
paxy Owmiie Cy KOMEpIMjaJTHH TMPOM3BOJM aHAJIMTHYKOT CTEIeHa YHCTOhe W KYIJbEHE CYy Ol
nomaher mpousBohawa. 3a mpurnpemame pacTBOpa HaBEIEHHUX peareHaca ynorpeOsbeHa je

OngecTHIIOBAHA BOA.
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3.2. AnleTWjiOBam-€ TEPMHUHAJTHE AMUHO rpyne y NenTuaumMa

3a aneTwioBamke TEPMUHAIHE aMUHO-TPYNE Yy MenTuauMa L-mMeTHoHwI-riaunuHy, L-
METHOHWI-L-xuctununy, L-xuctuaun-rimmuuny,  L-MeTHOHWI-TIUII-TIHIAI-L-Xuctuam-
MIMLIUHY yIIOTpeOJbeHa je MeTo/1a Koja je paHuje onucana y aureparypu [94,103].

YV mTo Mamoj 3anpeMuHH riammjanse cupheTHe Kucemmue pacTBoputd 5,010 mola
menTHaa ¥y oBaj pactBop moxaté 7,510 mola (70,9 pl) amxuapuma cupherre KucemmHe.
PactBop ce Mema Ha cOOHOj TeMIIepaTypH 3a BpeMe OJ1 TPH caTa, a 3aTUM OCTaBH Ja HCHapH 10
cyBa. Y BehuHu ciaydajeBa 1o0uja ce yJbacTa CyNCTaHLa KOja MpeACTaBiba alleTUIOBAaHU MENTHI.
YucT aneTHIIOBaH! MENTHI MOXKE ¢e JOOUTH MPEKPUCTAIMCABAKEM U3 CMEIIIe BOJa-alleTOH, HITH
HEKOT JPYror OPTaHCKOT pacTBapaua. AIETUIOBAHU TENTH] Y KPUCTATHOM OOJIMKY MOXE ce
JOOUTH U pacTBapameM yJbaCTOI OCTAaTKa y BOJAM, a 3aTHUM MCIapaBambeM pacTBOpa Ha COOHO]
TeMriepaTypu 1o cyBa. [lo morpebu oBaj mOCTyIlak ce MOKE€ IMOHOBUTH BHIIE IyTa. Ymcroha

aleTHIIOBAHOT MenTh/a mpoBepena je momohy 'H NMR crektpockomnnije.

3.3. Moounjame [Pt(L)Cl;] komiuiekca

[Tnatuna(Il) kommiekcu tuna [Pt(L)Cl,] (roe je L 6GuaentarHo koopauHoBaHu en, 1,2-
pn, ibn nnu dach nuaMuHCKY JTMTaH) CHHTETU30BaHH CYy IO MOIU(HUKOBAHOM TOCTYIIKY KOjH j€
paHuje onucaH y nureparypu [ 141-143].

V 10 ecm’ Boge pacteoputi 0,2076 g (5,010 mola) K[PtCly] u momaTi eKBHMOIApHY
KoMuuHy oaroBapajyher mumamuuckor nuranga L. Jlobujenu pactBop 3akucenutu (pH = 3,0)
nonasameM pacteopa HCI xoruentpammje 1,0 mol/dm’. Peakimony cmemy 3arpesatu Ha 80 °C
3a BpeMe oA 2 carta. CBU KOMIUJIEKCH KPUCTAIUIILY W3 MaJie 3allpeMUHE BOJCHOT pacTBOpa Ha
cobHoj Temneparypu. M31aBojeHe KpucTajae KOMIUIEKCa OJBOJUTH IiehemeM, uchpartu ca Mayio
XJIAJHE BOJE, a 3aTHM €TAaHOJIIOM M CYIIMTH Ha Ba3ayXy. UUCTH KOMIUIEKCH Cy I0OWjeHu
MIPEKPUCTAIN3AIII]OM U3 MaJle KOJIMYMHE TOTUIe BoJie U XaheweM. Uncroha u cactaB KoMIiekca
npoBepenn cy nomohy pesynrara enementapue Mukpoananuse, H u °C NMR crekrpockomnuje.
3a canmambe 'H u °C NMR cnekrapa [Pt(L)Cly] koMmiekca kao pacTBapad xopuihieH je

DMSO-dp.
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Wspauynaro 3a [Pt(en)Cly] = C,HgN,Cl,Pt (Mr = 326,08): C, 7.37; H, 2,47; N, 8,59.
Haljeno: C, 7,48; H, 2,43; N, 8,59 %. '"H NMR (DMSO-ds, 250 MHz); & (ppm) 2,24 (s, 4H,
2CH,), 5,30 (s, 4H, 2NH,); ">C NMR (DMSO-ds, 250 MHz); & (ppm) 48,76 (CH,).

W3pauynaro 3a [Pt(1,2-pn)Cl,] = C3H;oN,CL,Pt (Mr =340,11): C, 10,59; H, 2,96; N,
8,24. Haheno: C, 11,15; H, 3,17; N, 8,05 %. '"H NMR (DMSO-ds, 250 MHz); & (ppm): 1,11 (d,
3H, CHs), 2,10 — 2,58 (m, 3H, CH u CH),), 5,12-5,39 (m, 4H, 2NH,); *C NMR (DMSO-d;, 250
MHz); 6 (ppm): 15,71 (CH3), 52,49 (CH,), 55,42 (CH).

Wzpauynaro 3a [Pt(ibn)Cl,] = C4H;,N,ClLPt (Mr = 354,14): C, 13,57; H, 3,42; N, 7,91.
Haleno: C, 13,15; H, 3,47; N, 7,88 %. '"H NMR (DMSO-ds, 250 MHz); & (ppm): 1,24-1,29 (m,
6H, 2CH3), 2,30 (s, 2H, CHy), 5,14-5,36 (m, 4H, 2NH,); °C NMR (DMSO-ds, 250 MHz); &
(ppm): 15,85 (2CH3), 58,10 (CH>), 60,28 (C).

Wspauynaro 3a [Pt(dach)Cl,] = C¢H14N,CLL,Pt (Mr = 380,17): C, 18,96; H, 3,71; N, 7,37.
Halerno: C, 19,20; H, 3,49; N, 7,46 %. "H NMR (DMSO-ds, 250 MHz); & (ppm) 1,06 (m, 4H,
2CH; ox C4 u C5), 1,63 (m, 4H, 2CH, ox C3 u C6), 2,07 (m, 2H, 2CH ox C1 u C2), 4,98-5,71
(m, 4H, 2NH,); *C NMR (DMSO-ds, 250 MHz); & (ppm) 24,08 (2CH,, C4 u C5), 31,27 (2CH,,
C3u C6), 62,66 (2CH, C1 u C2).

3.4. loomjame [Pt(en)(L-0,0’)] koMIIeKca

[Tnatura(ll) xommmexkcn Tuma [Pt(en)(L-O,0°)], (rme je L-O,0° OunerratHo
KOOpPAMHOBAaHU aHJOH MAJOHCKE, 2-METUJIMAJIOHCKE U 2,2-TUMETHIMAIIOHCKE KHCEIUHE IMPEKO
KHCEOHMKOBHX aTomMa KapOOKCHJIHMX Ipylia) CHHTETU30BaHU Cy 110 MOAM(PHUKOBAHOM MOCTYIKY
KOjH je paHHje onucaH y nutepaTtypu [144].

[naruna(Il)-axa xomruteke [Pt(en)(H,0):]** moGujen je Memramem oxrosapajyher
[Pt(en)Cl,] xommekca ca AgNO; y monckom oanocy 1:1,95 mpu pH Bpennoctn 2,0 y
onrosapajyhoj 3anpemunu H,O, Ha HAYMH KOjU je paHUje onucaH y aurepraypu [96].

NznBojenn tanor AgCl oxBojutu mnehemem. Y pacTtBop oaroBapajyher akBa KOMIUIEKCa
JIOJTIaTH €KBUMOJIAPHY KOJWYHHY uBpcTor ymranga Hpomal, omrnocro Me-Homal wim Me,-Homal
u nBa exBuBasieHTa NaHCO;3; oOpauyHaTor y ogHocy Ha juranj. PeakiuoHy cMmelny MemaTu Ha
60 °C 3a Bpeme ox 3 carta. Oarosapajyhu KOMIUIEKCH KPUCTAIMIILY U3 Majle 3allpEMHUHE BOAEHOT

pacTBopa Ha coOHOj Temmeparypu. Yuctoha u cacraB KOMIUIEKCAa MPOBEpEHH cy momohy
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pesyirara eaeMeHTapHe MUKpPOAaHAIU3e, 'H u *C NMR cnekrpockomnuje. [IpuHoc je oxo 50—
60%.

N3pagynaro 3a [Pt(en)(Me-mal-O,0°)] = CcH,N,O4Pt (Mr = 371,25): C, 19,41; H, 3,26;
N, 7,55. Haljeno: C, 19,50; H, 3,22; N, 7,48 %. '"H NMR (D,0, 200 MHz); & (ppm) 2,57 (s, 4H,
2CH,), 4,16 (q, H, CH), 1,37 (d, 3H, CH3); °C NMR (D,0, 200 MHz); & (ppm) 16,54 (CH3),
50,79 (2CH,), 53,68 (CH), 183,30 (C=0).

N3pagynaro 3a [Pt(en)(Me,-mal-O,0°)] = C;H14N,O4Pt (Mr = 385,28): C, 21,82; H,
3,66; N, 7,27. Haljeno: C, 21,54; H, 3,42; N, 7,43 %. '"H NMR (D0, 200 MHz); & (ppm) 2,59 (s,
4H, 2CH,), 1,77 (d, 6H, 2CH3); *C NMR (D,0, 200 MHz); & (ppm) 27,87 (2CHs), 50,68
(2CHy), 55,32 (C), 185,63 (C=0).

OBu mojany cy y CKiagy ca paHuje o0jaBJbeHUM BpeaHocTuMa 3a oaroBapajyhe Pt(1l)

komriuiekce [145,146].

3.5. Joomjame {[Pt(L)Cl]>(X)}Cl, kommiekca

Kommieken tuna {[Pt(L)Cl]2(u-pz)}Cl, (rne je L OuaeHTaHTHO KOPAMHOBAHU JAMAMUH:
en, 1,2-pn, ibn mmm dach, a X je MocTHM Jurang nupasuH (pz) wiaM nupuaasuH (pydz) cy
no0ujeHu u3 onrosapajyhux moHonykieapaux komruiekca tuna [Pt(L)Cl,] mo moaudukoBanom
MOCTYIIKY KOJH j€ paHHje onucaH y qureparypu [57,147].

Mononykieapan komruiekcn tuna [Pt(L)(dmf)CI]NO; (raoe je dmf qumetmidopmamu),
nobujenn cy memameM oarosapajyher xmopuao-komiekca ([Pt(L)Cl,]) ca AgNO3 y Mosickom
onnocy 1:0,98 y numerundopamumay Kao pactBapady.

V 5 cm’ aumernndopmamuia pacteopuru 0,0553 g (3,2510 mola) AgNO;. V oBako
noGujenn pactBop momatd cycmemsujy [Pt(L)Cly] xommrekca (3,3210% mola) y 10 cm’
mumetundopmamuia. Peakipony cMmenry yBUTH y aTyMHUHYJYMCKY (OJIMjy W OCTaBUTH IPEKO
HohM y3 MelIame Ha coOHOj Temneparypu. M3asojenu tanor AgCl oasojutu nehemwem, a 01en0
Kyt pactsop [Pt(L)(dmf)CI]" xommiekca y aumeTunpopMaMugy KOPHCTH C€ Kao II0Ja3Ha
cyIicTaHia 3a cuaresy oaroapajyhux muaykneapaux {[Pt(L)Cl],(u-X)}Cl, kommuiekca.

V pacteop kxoju caapxku [Pt(L)(dmf)CI]" xommnuekc naraHo ykamaBaTé pacTBOp KOjH je
nobujen pacreapamem 1,6910* mola mupasuna (pz), oxHocHo mmpumasuHa (pydz) y 5 cm’

mumetundopmamuia. PeaknmoHy cMmemry yBUTH y allyMHHYjyMCKY (OJHjy M OCTaBUTH Y3
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Melame Ha CcoOHOj TemmepaTypu oko 12 h. Ha poraunmoHoM Bakym yrmapuBauy HCIApHUTH
qumetundopMamMul, a CyBU OCTaTak MCIPATH HEKOJIMKO IyTa ca erpoM. HakoH ucmnapaBama
eTpa, CyBH OCTATAK je PACTBOPEH Y IITO Mar0j 3anpemutn 0,5 mol/dm® LiCl. Jlo6ujeru pactBop
octaBuTH y (pmxuaepy npeko Hohu. Ceerio xyte kpuctane {[Pt(L)Cl]»(¢-X)}Cl, kommiekca
0/1BOjUTH Tie)emeM, UCTIpaTH ca METaHOJIOM, 3aTUM €TPOM M CYIIUTH Ha Ba3ayxy. [IpuHoc je 30—
40%. Ymctoha wm cactaB KOMIUIEKCa TIPOBEPEHHW Cy TOMONy pe3yaTaTa eJeMeHTapHe
mukpoananmse, 'H i °C NMR crektpockomnuije.

N3pauynaro 3a {[Pt(en)Cl]o(u-pz)}Cl, = CgHyNeCl4Pt, (Mr = 732,25): C, 13,12; H,
2,75; N, 11,48. Haljeno: C, 13,16; H, 2,98; N, 11,19%. 'H NMR (D0, 200 MHz); & (ppm) 2,68-
2,79 (m, 8H, 4CH,), 9,03 (s, 4H, 4CH); °C NMR & (D,0, 200 MHz); (ppm) 52,34 (4CH,),
153.46 (4CH).

Uzpauynaro 3a {[Pt(1,2-pn)Cl],(u-pz) }Cl, = C1oH24NeCLPt; (Mr = 760,31): C, 15,80; H,
3,18; N, 11,05. Haheno: C, 15,45; H, 3,19; N, 10,82%. '"H NMR (D,0, 200 MHz); 6 (ppm) 1,34
(d, 6H, 2CH3), 1,45-2,98 (m, 4H, 2CH,), 3,11-3,32 (m, 2H, 2CH), 9,01 (s, 4H, 4CH); °*C NMR
(D,0, 200 MHz); 6 (ppm) 17,83 (2CH3), 54,52 (2CH,), 59,86 (2CH), 153.44 (4CH).

Mspauynaro 3a {[Pt(ibn)Cl],(u-pz)}Cl, = CaHasNeClPt, (Mr = 788,36): C, 18,28; H,
3,58; N, 10,66. Haheno: C, 17,84; H, 3,63; N, 10,47%. '"H NMR (D,0, 200 MHz); 6 (ppm) 1,42-
1,48 (m, 12H, 4CH3), 2,66 (s, 4H, 2CH,), 9,13 (s, 4H, 4CH); °C NMR (D,0, 200 MHz); &
(ppm): 25,96 (4CH3), 60,09 (2CH»), 63,61 (2C), 153.36 (4CH).

N3pauynaro 3a {[Pt(dach)Cl],(u-pz)}Cl, = CisH3,NeClsPt, (Mr = 840,43): C, 22,87; H,
3,84; N, 10,00. Haheno: C, 22,56; H, 3,94; N, 9,56%. 'H NMR (D,0, 200 MHz); & (ppm) 1,27-
1,62 (m, 8H, 4CH,, C4,C5), 1,76-2,08 (m, 8H, 4CH,, C3,C6), 2,45-2,61 (m, 4H, 4CH, C1,C2),
9,00 (s, 4H, 4CH); °C NMR (D,0, 200 MHz); & (ppm): 26,55 (4CH,, C4,C5), 34,56 (4CH,
C3,C6), 65,151 65,30 (4CH, C1,C2), 153.31 (4CH).

Uzpauynaro 3a {[Pt(en)Cl],(u-pydz)}Cl, = CsHyoNeCl4Pt, (Mr = 732,25): C, 13,12; H,
2,75; N, 11,48%. Haheno: C, 13,16; H, 2,98; N, 11,19%. '"H NMR (D,0, 200 MHz); & (ppm):
2,78-2,82 (m, 8H, 4CH,), 8,14 (m, 2H, C4H u C5H), 9,58 (m, 2H, C3H u C6H); °C NMR
(D,0, 200 MHz); 6 (ppm): 51,10 (4CHy»), 137,33 (2CH, C4 u C5), 164,36 (2CH, C3 u C6).
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3.6. Jlobujame [P(L)(H,0),1** u {[Pt(L)(H,0)],(u-X)}** xommrexca

Momonykreapan [Pt(en)(H,0),]** kommuteke je moGujer m3 oxrosapajyher [Pt(en)Cl,]
KOMIUIeKca, y peakiuju ca 1,98 exBuBanenara AgNO3 [96]. Cyx ca peakuroHoM cmemmom (pH =~
2) YBUTH Yy alyMUHHjyMCKY (ONMjy M OCTaBUTHM IpeKko Hohu y3 Memiame Ha COOHOJ
temriepatypu. M3nBojenn tamor AgCl onBojutu nehemem, a CBeKH pacTBOp akBa KOMIUIEKCa
qyBaTH Y QPKHAIEDY.

JvHyKiileapHd KOMIUIEKCH THUIIa {[Pt(L)(HzO)]g(,u—X)}4+ (rme je L: en, 1,2-pn, ibn umm
dach, X je pz wmm pydz) cy nobujenm wu3 oarosapajyhux xmopumo {[Pt(L)Cl]x(u-X)}Cl,
KOMIUIeKca, y peaknuju ca 3,98 exBuBaneHara AgNO;s y oaroBapajyhoj 3anpemunu D,0O, Ha
Ha4yMH KOoju je panuje nybnukoBaH [96]. Cya ca peakunoHom cmemom (pH = 2) yButu y
ATYyMUHHJYMCKY (onmjy u ocTaBUTH mpeko Hohm y3 Memame Ha cOOHOj TeMmMmepaTypH.
Wznsojern tanmor AgCl onBojutu nehemem, a CBEKE PAacTBOpE aKkBa KOMILIEKCA YyBaTH Y
dpmxuepy. ITomohy 'H NMR creKTpocKommje MoBpeMeHO MPOBEPUTH BHUXOBY YncTOly H Yy
cinydajy oaropapajyhe mpomeHe akBa KOMIUICKCA WM pasrpaamke IMOJIA3HUX KOMILIEKCa,

IPUIPEMHTH cBek pactBop auaykieapHor {[Pt(L)(H,0)]o(4-X)}* komiwekca.

3.7. Mepeme pH Bpegnoctu

Csa pH mMepema cy pahena na 25 °C. 3a oBy cBpxy ynorpebsbeH je pH-merap Iskra MA
5704, xoju je xamuOpucan y ogHocy Ha @umepose (Fischer) mydepcke pactBope 3a pH = 4,0 n

pH = 7,0. 3mepene pH BpenHOCTH HUCY KOPUTOBAHE Y OJJHOCY Ha ACYTEPUjyMCKH edekar.

3.8. Mukpoananusa

Muxkpoanammze 3a C, H u N mapamerpe pahene cy y MUKpOaHATUTHUYKOM OJEIbEHY
Wucturyra 3a xemujy Xemujckor Qaxynrera, YHuBep3urera y beorpamy m Ha Xemujckom

dakynrery, Texnonomkor YHauBepsurera y Bapmasu, [Tosbeka.

3.9. NMR (‘H u “C) mepema

3a caumame 'H i °C NMR crexrapa ynotpe6sbenn cy D,0 i (CD3),SO (DMSO-ds) kao

pactBapaun u TSP (Harpujym-3-(TpuMeTwicuInm)-nponuonar-2,2,3,3-d,) kao pedepeHTHH
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crannapa. Cnektpu cy cuumanu Ha Varian Gemini 2000, Bruker AC 250 u Bruker AM360
NMR cnekrpomerpuma. CBe peakiuje cy u3Bohene y ctanaapaaum NMR kuBetama npeunuka 5
mm.

Peakuuje [Pt(en)(Me-mal-O,0’)] u [Pt(en)(Me,-mal-O,0’)] xommiekca ca N-
anerunoBanuM nentuguma Ac-L-Met-Gly, Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-GlyNH, u
Ac-L-Met-Gly-Gly-L-His-Gly mpahene cy momohy 'H NMR cnekrpockomuje. ITnatuna(ll)
KOMIUICKCH M TIETITUIM MelaHu ¢y y 1:1 monckom onHocy, aupektHo y NMR kuBern y 50 mM
dbocharHom mydepy. Konnenrpamnuja pactBopa HakoH Memama Ouia je 10 mM y omHOoCcy Ha
peakranre. Hasenene peakuumje cy umssohene Ha temmneparypu ox 37 °C, a pH Bpemnoctu
peakuuone cmere 6una je 7,4.

Koncrante Op3une peaknuja [Pt(en)(Me-mal-O,0°)] u [Pt(en)(Me,-mal-O,0")]
xommiekca ca Ac-L-Met-Gly u  Ac-L-Met-L-His cy oxapeljene npumenom 'H NMR
cnekrpockonuje. ExBumonapue konuunHe ruatuHa(ll) kommiekca u onrosapajyher qumentuaa
cy memiane y NMR kuBetu. Konnenrparuja pactBopa HakoH Memiama je ouna 10 mM y ogHocy
Ha peakTaHTe, a 3anpemuna 0,6 cm’. HaBezene peaxije cy uzBohene Ha remneparypu ox 37 °C,
a pH BpennocTtu peakimone cmemie O6mna je 7,4. Peakuuje ¢opmupama xomiuiekca la u 1b
(Cnuka 27), mocMarpaHe Cy Kao peakiuje apyror pena. Bpemnoctu xoHctantu Op3uHa (k)

nobujene cy U3 Harnba mpase Kaja ce U3 jeJHaYMHe 3a PeaKilfjy Apyror peaa:

ki=—00>

2
a,(a,—x)

uspa3 x/ap(ap-x) mocmatpa y GyHKIHjH BpeMmeHa (f). Y OBOj penauuju dp je TOYETHH
koHneHTpanuja Pt(Il) kommekca, a x konnenrpanuja Pt(Il)-nentun kommuiekca (1a u 1b, Cnuka
27) y Bpemeny ¢ [147].

Peakmmje dopMupama XHIPOJUTHYKK AKTHBHOI KOMIUIEKCa 2 M3 KOMIUIeKca la u
MmakpoxenaTHor komruiekca 4 u3 1b (Cnuka 27), mocmarpaHe Cy Kao peakiifje MpBOT pea.
Bpennoctu xonctanTtu Op3uHa (k) moOujeHe cy u3 Haruba mpaBe Kajla ce U3 jeTHAYMHE 3a

peaxIjy mpBor pena:

a
kt=In—"
at

uspas Iln(a,/a,) nocmatpa y GyHKIHju BpemeHa (). Y 0BOj penanuju apje konuentpauja Pt(Il)-

nentun kommiekca (1a u 1b), a a,;je KoHIIEHTpaIMja UCTOT KOMILJIEKCa Y BpeMeny ¢ [147].
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Peakmuje nsmehy MmoHOHYKII€apHOT [Pt(en)(HzO)2]2+ u nunykieapHor {[Pt(en)(H,O)],(u-
pz)}** komruiekca ca N-arernmnoanum aumentinoM Ac-L-Met-Gly nsydasane cy momohy 'H
NMR cnekrpockonuje. MOHOHYKI€apHH KOMIUIEKC W AUNENnTun Memanu ¢y y 1:1, 1:2 m 2:1
MOJICKMM OJHOCHMA, JOK Cy peaklyje AMHYKIeapHOT KOMILJIeKca U JTUMenTuaa n3ydaBane y 1:1
u 1:2 monckum ogHocuMa. [lodeTHa KOHIIEHTpalMja AMIENTHAAa U KoMIuiekca je Omma 40 mM.
Peakiuje cy nsBohene Ha temneparypu ox 37 °C, a pH BpeaHocT peakinmone cmerie oua je y
omcery 2,0-2,5.

Peakmmje wu3melyy N-amerunmoBanor mumnentuga Ac-L-Met-Gly u  muHykieapHUX
miatuHa(ll) kommiexkca Thna {[Pt(L)HZO]z(,u—pz)}4+ (rme je L OmmeHTaTHO KOOPAWMHOBAHH €n,
1,2-pn, ibn wmm dach murann) usyuasane cy nomohy 'H NMR crekrpockonuje. Oxrosapajyhn
nunykineapun matuHa(ll) KomIuiekc w menTu MemaHu ¢y y MoJCKuM ogHocuma 1:1 m 1:2
nupektHo Y NMR kuBeru. [loueTHa KoHIEHTpalMja AUNENTHAA U aKBa KOMIUIeKca je ouna 40
mM. Peakuuje cy usBohere Ha temmeparypu ox 37 °C, a pH BpeqHoCT peakuuone cmernie ouia
je y omcery 2,0-2.5.

Peakiuje m3mely munykneapuux {[Pt(en)(H,0)]2(u-pydz)}** u {[Pt(en)(H20)]2(u-pz)}*
KoMIiekca ca  N-anerunoBanuMm gunentuanma (Ac-L-His-Gly u  Ac-L-Met-Gly) u N-
auermnoBanuM TterparentuioM Ac-L-Met-Gly-L-His-GlyNH, npahene cy momohy 'H NMR
cnektpockonuje. [ToueTHe KOHIIEHTpalMje menTuaa u Komruiekca cy omie 40 mM. Peaknuje cy
usBohene na temneparypu o1 37 °C, a pH BpeanocT peakuuone cMmenie 6una je y oncery 2,0-2,5.
Peaxuuje mmatuna(ll) xommnexkca ca Ac-L-His-Gly u Ac-L-Met-Gly u3Bohene cy y 1:1
MOJICKOM OJIHOCY, JOK cy peakuuje muatuna(ll) kommiekca ca Ac-L-Met-Gly-L-His-GlyNH,

n3Bohene y 1:1 u 1:2 MOJICKUM OTHOCHMA.

3.10. PenareHcka cTpyKTypHa aHAJIM3a

Pennrencka crpyktypHa ucnuTHBama 3a  kpuctaine  {[Pt(en)Cl]y(u-pz)}Cl, u
{[Pt(en)Cl]»(u-pydz)}Cl, xommiekca cy BpuieHa Ha 0a3u Mepema HMHTEH3UTEeTa peduiekcuja
nomohy mudpakromerpa Ttuma Xcalibur kappa-geometry amdpakromerpa MpPUMEHOM
CrysAlisPro coprsepa [148] u Mmonoxpomarcke Mo Ka pamujamuje (A = 0,71073 A). IMogauu o
EKCIEPUMEHTATHUM MEpeHhHMa, PE3Yy/ITaTH PEHATNeHCKE CTPYKTYpHE aHalu3e Kao M JIpyru

PECICBAaHTHU IMOJalH 3a TOMEHYTE KOMIUICKCE Cy IMMPUKa3aHu y Tabenu 2.
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CrtpykType KOMILUIeKca Cy pelleHe noMohy nupekTHux meroxaa yrnorpedbom SHELXS-86
nporpama [149], nok je 3a yraumaBame cTpykTypa ynorpeOsbeH mporpam SHELXL-97 [149].
JloOujenn WHTEH3WTETH Cy KopuroBaHum 3a edexrte amcopobumje [148]. CBu atromMu TeXH Of
BOJIOHMKA CYy yTaulkhaBaHW aHU30TPOITHO. BOJOHMKOBM aTOMU BE3aHM 3a YIJbEHUKOBE aTOME CY
cMeInTeHn Ha m3padyHaTe nosunmje (Mermnencku C-H = 0,97, apomatnmunu C-H = 0,93 u
amuacku N-H = 0,90 A). [To3ummje cBUX BOJOHHMKOBHX aTOMa Cy yTaulaBaHE TaKO INTO Cy
BUXOBU U30TPOITHU TemIiepatypHu (¢akropu ¢pukcupanu Ha BpeaHocT 20% Behy oa u30TpomHux
TeMIiepaTypHuX (pakTopa aTomMa Ha KOjuMa ce Hamasze. 3a rpaduuky Mpe3eHTaln]y KPUCTATHUX
cTpykrypa ynorpedssenu cy nmporpamu SIEMENS [150] u MERCURY [151]. Kpucranorpadcku
noxanu cy aenonoBanu y "Cambridge Crystallographic Data Centre” 6poj CCD C895153 3a
{[Pt(en)Cl]2(u-pz) }Cl,, u CCDC 946083 3a {[Pt(en)Cl](u-pydz) }Cl, komriekce.

Tabena 2. Kpucranorpadcku u npyru ekcnepumentannu nojaauu 3a {[Pt(en)Cl],(u-pz) }Cl, n

{[Pt(en)Cl]»(u-pydz) }Cl, kommuiekce

Kommrekc {[Pt(en)Cl]»(u-pz) }Cl, {[Pt(en)Cl]»(u-pydz) }Cl,
EMHI/IpI/I_] CKa (bopMyna CgH,(Cl4NgPts CsH,oCL1NgPt,
Monekyncka Maca 732,28 732,28
Kpucrannu cucrem MoHOKIMHWYaH MoOHOKIMHUYAH
[IpocTopHa rpymna P2/n C2/c
Temneparypa (K) 295 295
[Mapamerpu jeaunnune henuje
a(A) 5,07703(9) 12,1865 (2)
b (A) 12,6594(2) 10,4368 (2)
c(A) 14,1839(2) 14,3753 (3)
B(°) 97,7545(16) 103,721 (2)
V(A% 903,29(2) 1776,19 (6)
Z 2 4
Tun panujanuje Mo Ka Mo Ka
ArncopOunoHu KoehuIujeHT 16,06 16,34

p (mm™)
Jumensuje kpucrana (mm)

0,20 x 0,20x 0,10

0,25x0,20x 0,15

Tmin> Tmax 0,405; 1,000 0,082; 0,185
bpoj cakymbenux pedexkcuja 20103 17632
bpoj He3zaBucHux pediiekcuja 1588 1570
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bpoj ynorpebspeHnx
peduiekcuja

Mertona yraumaBamwa CTPYKType

R[F*>20(F%)]

wR(F?)

S

bpoj ynorpebibenux

pednekcuja y nporecy

yTaumbaBama CTPYKTYpe

bpoj mapamerapa

Apmax (€ A3)

Aprm (€ A3)

1545 [I > 20()]

F2
0,014
0,035
1,2
1588

91
0,65
-0,35
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1428 [I > 20(D)]

F2
0,019
0,048
1,21
1570

91
0,49
-1,10
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4. IMCKYCHUJA PE3VJITATA

4.1. CHUHTE3A n KAPAKTEPU3ALIUJA MOHOHYKJIEAPHUX n
JUHYKJIEAPHUX KOMIIVIEKCA IINIATUHE(I) U UCIIUTUBAIE IbUXOBUX
PEAKILIMJA CA IEIITUAUMA

buomenunuHcka HEOpraHcka XeMuja je BakHa o0yiacT OMOHEOpraHCKe XeMuje, Koja
¥uMa 3HauajHy MPHMEHY Yy HCIHUTHBAY HOBUX TEPANEYTCKUX M TUjarHOCTUYKUX areHaca y
dapmarieyTckoj u KIMHHYKO) mpakcu. [lo3nato je ga ce neku xomruiekcu maatune(Il), kao
HITO Cy ILMCIUIaTMHA, KapOOIUIaTUHA M OKCAJIMIUIATHHA, KOPHCTE y XEMHOTEepamuju Kao
antutymopcku arencu [10,20,21]. TTopen mononykieapaux komiuiekca muatuHe(ll) n vexn
nuHykIeapau komruieken toratuHe(1l), ca mupa3uHOM Kao MOCTHUM JIMTaHIIOM, CYy TOKa3alH
3HAYajHy AHTUTYMOPCKY akTMBHOCT [75-77]. IlpobGneM mnpuMeHe OBUX KOMIUIEKCA Y
MEIUIIMHU  j¢é FHUXOBO TOKCHYHO J€jCTBO  (HE(POTOKCHYHOCT, HEYPOTOKCHYHOCT,
KapJIMOTOKCUYHOCT, MyYHHHA, ONa/Ialbeé KOCe W Jp), OrpaHHuYEHa PacTBOPJPUBOCT U TOjaBa
pe3ucTeHnrje HakoH mayxe mnpumeHe [11-16]. Bosse mo3HaBame MexXxaHW3Ma peakiyja
komruiekca miaruae(Il) ca mentuauma u APYruM OUOJIOIIKHM 3HAYAJHUM MOJICKYJIMMA j€ O]
BCIIUKOT 3Haqaja 3a TYMAUCHhE MEXaHM3Ma IbUXOBOI' aHTUTYMOPCKOI' 1 TOKCHUYHOTI' ACJIOBamhA.

Jlocapammy pe3yinTaTd UCIUTHBAKA CY MOKA3aId J]a C€ TOKCUYHO JEjCTBO KOMILIEKCa
wiatuHe(Il) Moxe 00jacCHUTH HHUXOBOM pEakIjoM ca OMOMOJIEKyIuMa KOjU ce Hajasze y

JbY/ICKOM OpraHu3My (aMMHOKHCEJIWHE, MENTHIU, MPOTEUHH U Jp.), @ KOJU CaapKe CyMIIOp
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noHopcke arome. M3ydyaBame peakuuja komruiekca iarune(Il) ca nentuanma je mokasano ga
ce OBU KOMIUIEKCH KOODIHMHY]Y 3a HeKy oJ amuHokucennHa (L-mermonun, L-niucrenn, L-
XMCTHJIMH) KOje ce Hajaze y O0YHOM HH3Yy OBHX Onomosiekyna. OBe MHTepakiuje Hajuerihe
uMajy 3a MOCIEeAUIly XMIPOJIU3y MEeNTUHE Be3e y MEeNTHIUMa, IITO Ce JOBOAU y Be3y ca
TOKCUYHUM JIEJIOBaheM aHTUTYMOpPCKHX KoMmiuiekca turatuHe(Il) [94]. Ynpkoc ynmenunu 1a
Cy peakiyje XHApOoJM3e TMenTuaa y NpucycTBy Komiuiekca tiatuHe(ll) wuHTeH3uBHO
u3ydyaBaHe y TOKY IIOCJENIeHEe TpU JEeHH]e, MEXaHW3aM KaTaJIUTHUYKOI JEJOBamka OBHUX
KOMIIJIeKCa Ha XUAPOJIU3Y MENTHHE BE3€ je jOoII yBeK HEJOBOJHHO pa3jalllbeH W MPEeACTaBIba
MpeaIMeT HaJHOBHJUX MCIHUTHUBama y o0sactu OnoHeoprancke xemuje. Takohe, HaheHo je ma
HEKH JAMHYKJIeapHH KomIiekcu naigagujyma(ll) cenekTuBHO packuaajy MenTHIHE Be3e y YHjy
CTPYKTYpY yJ1a3u KapOOKCHIIHA IpyIia KOOpAMHOBaHEe aMHHOKHcenuHe [108].

Nmajyhm y By OMOJIONMIKY 3HAaYa] OBUX peaKifja U BUXOBY MOTCHIIM]ATHY IPUMEHY
y OWOaHATUTHYKO] TMpaKCH, OBa JOKTOpCKAa Juceprainuja ce OaBU CHHTE30M HOBHUX
JuHyKneapHux komiuviekca IutathuHe(Il) u  uenuTHBameM MeXaHM3Ma  XUAPOJIUTUUYKUX
peakiija MenTuaa Koju cajipike aMUHOKHcenuHe L-xuctuauH u L-MeTHOHMH y NpHCYCTBY

Pa3IMIUTHX MOHOHYKJICAPDHUX U JUHYKJICAPHUX KOMILJICKCA HJ'IaTI/IHe(H).

4.1.1. UcnuTuBame peaknuja MOHOHYKJIeapHuX KoMmIulekca miuatune(Il) ca menruauma

Koju caap:xe L-mernonnn u L-xuctuaun

Peakuuje [Pt(en)(Me-mal-O,0")] u [Pt(en)(Me,;-mal-O,0’)] xommiekca (en je
eTuiieHeMaMuH, Me-mal u Me,-mal cy OMIeHTaTHO KOPJWHOBAHH aHjOHH 2-METHUIMAJIOHCKE
u 2,2-TUMETHIIMAJIOHCKE KHCeIrnHe) ca N-aneTuiaoBaunnM L-metnonun-riuiuHoM (Ac-L-Met-
Gly) u menTuauMa KOju y CBOjOj CTPYKTypu caapxe L-mernonuH u L-xuctuaus, N-
aneTunoBaHuM  L-metnonumn-L-xuctugunom  (Ac-L-Met-L-His), L-metnonun-riaumun-L-
xuctuauia-rauiamMuiom (Ac-L-Met-Gly-L-His-GlyNH,) u L-metnonun-raunui-raummi-L-
xuctugua-rmameEoM  (Ac-L-Met-Gly-Gly-L-His-Gly), cy wusyuaBane momohy 'H NMR
cnektpockonmje. CBe peakmnuje cy wu3Bohene y 1:1 monckom onmHocy oxaroBapajyher
wiatuHa(ll) komnekca u nentuga y S0 mM docdarnom mydepy npu pH Bpeanoctu on 7,4 u
Ha Ttemriepatrypu ox 37 °C. CrpykrypHe dopmyne ucnutuBaHux IutatuHa(ll) xomruiekca
npHKa3aHe Cy Ha CIMLU 25, oK ¢y oaroBapajyhe dopmyne HCIUTHUBAHHUX MENTHIA JaTe Ha

ciuni 26.
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SO Qeas

[Pt(en)(Me-mal-O,0")] [Pt(en)(Me,-mal-O,0")]

Cauxa 25. Crpykrypue dpopmyne ucniutuBanux riarusa(ll) kommiekca

o) o)
H H
HaC N OH HaC N OH
N N
o) o) o) o)
N’3 1’
S P N__NH

H5C H;C
Ac-L-Met-Gly Ac-L-Met-L-His

3

Ac-L-Met-Gly-L-His-GlyNH,

o)
H
T Aﬁ >
o)
N’s ’
1
N__NH
HsC Ac-L-Met-Gly-Gly-L-His-Gly

Cauxa 26. CtpykrypHe ¢hopMyse HCTUTUBAHUX NENTH/IA
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Y oBUM KOMIUIEKCHMa OWJEHTAaTHO KOOPAMHOBAaHM ETWJICHIMAMHUH HE IOJUIeXKe
peakijama CyICTHTYIHje U ocTaje kKoopauHoBaH 3a Pt(II) joH TOKOM peakIMoHOT BpeMeHa
[152]. MebhyTtum, OunmenTatHO KoopauHOBaHUM Me-mal u Me,-mal nmurangu y roratuna(ll)
KOMIUIEKCHMA TIOJIeXKY CYNCTUTYLIUJU y peakifjamMa ca HaBeneHuM nentuauma. Haheno je na
y peakuujama [Pt(en)(Me-mal-O,0°)] u [Pt(en)(Me,-mal-O,O’)] kommuiekca ca Ac-L-Met-Gly
J0J1a3u 710 crope, cenekTtuBHe xunaponuze Met-Gly nentuHe Bese, 10K y peakiMjamMa OBUX
Pt(Il) xommutekca ca Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-GlyNH, u Ac-L-Met-Gly-Gly-L-
His-Gly mentuauMa, He J0J1a3u 10 XUAPOJIM3E MENTHIHE Be3e. Y OBUM peakilfjama HacTajy

cTabuiinu MakpoxenaTHu ruiatuHa(ll)-nenTua KoMIekcu.

Peaxyuje Pt(Il) komnnexca ca Ac-L-Met-Gly

[lemarcku npukaz xuaponuTuukux peakiuja [Pt(en)(Me-mal-O,07)] u [Pt(en)(Me,-
mal-0,0")] xommnekca ca Ac-L-Met-Gly nunentumom par je Ha ciunum 27. Kama ce
onrosapajyhu Pt(II) xommnekc u Ac-L-Met-Gly momemajy y 1:1 monckom omHOCy, mon
HaBEJICHUM eKCIIEPUMEHTAJIHUM YCJIOBMMa, HAaKOH |5 MMHYTa peaknMOHOT BpEeMEHa Y
pactBopy je wuneHtudukoBan uuTepMmeaujepHu Pt(Il)-mentun xommiexkc la (Cnuka 27).
dopmupame MHTEPMEIUjEpPHOT KOMIUIeKca la KOju caap>KM MOHOAECHTATHO KOOPJIMHOBAHU
Me-mal, ogsocHo Me,-mal, je Gp3 mpouec 1 Moxe ce nparutd y 'H NMR crieKTpy Ha OCHOBY
CMamema WHTeH3uTeTa curHama Ha 2,11 ppm kojm mormue ox S-CHs; mnportona
HekoopauHoBaHOT Ac-L-Met-Gly aunentuaa u nosehama HHTEH3UTETa CUTHANA Ha 2,38 ppm
koju oxrosapa S-CHiz nmporonuma aunentuna xoopauHoBaHor 3a Pt(Il) jon mpeko aroma
CyMITOpa METHOHMHCKOT ocTaTka y komriekcy la (TaGema 3).

Takohe, ¢dopmupame wunHTepMenujepHor [Pt(en)(Me-mal-O)(Ac-L-Met-Gly-S)]
koMmriekca (la) koju Hacraje y peakuuju aurnentuga Ac-L-Met-Gly ca [Pt(en)(Me-mal-
0,0")] ce moxe mparuti y 'H NMR criextpy. Mntensutern curnana Ha 4,16 ppm (q, J =
6,92 Hz), xoju nmotuue on a-CH mporona m curnana uva 1,37 ppm (d, J = 6,96 Hz), koju
notuye ox CHj3 mpoTtona OuaeHtatHOo KoopauHoBaHor Me-mal muranga y [Pt(en)(Me-mal-
0,0’)] KOMIUIEKCY TOKOM PEaKIMOHOT BPEMEHA OMa/iajy JIOK MHTEH3UTETH HOBUX CUTHAJA HA
3,29 (q, J =7,02 Hz) 3a a-CH u 1,24 ppm (d, J =7,14 Hz) 3a CH3, xoju oxnrosapajy OBUM
nporoHnMa 3a Me-mal nurann y komrmiekcy la Tokom Bpemena pacty (Cnuka 27 u Tabena
3).
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Cauka 27. lllemarcku npukas peaknuja Ac-L-Met-Gly, Ac-L-Met-L-His, Ac-L-Met-Gly-L-

His-GlyNH, u Ac-L-Met-Gly-Gly-L-His-Gly nentuna ca

[Pt(en)(Me-mal-O,0")] u

[Pt(en)(Me;-mal-O,0")] kommnekcuma. [lentuaum u oarosapajyhu Pt(Il) kommiekcu cy

pearoBanu y 1:1 MOJICKOM OCHOCY
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Ta6ena 3. '"H NMR xemujcka momeparba (5, ppm) 3a MPON3BOJE KOjH HACTA]y y peaKiijama
[Pt(en)(Me-mal-O,07)] u [Pt(en)(Me,-mal-O,0°)] ca Ac-L-Met-Gly nunentumom npu

¢busnonomkum ycnosuma (pH = 7,4 u 37 °C) y D,0O kao pactBapauy

Kapakrepucrtuuna "H NMR XEMUjCKa ToMepama
(0, ppm; J,Hz)*

Peakrant/IIponsBos

o-CH- CH3- (CH3)2- CH3- Gly-
mal mal mal Met CH,
Ac-L-Met-Gly 2,11(s) 3,78 (s)

4,16(q) 1,37(d)

[Pt(en)(Me-mal-O,0")] J=692 J=696

[Pt(en)(Me,-mal-O,0")] 1,77 (s)

3,29(q) 1,24(d)

[Pt(en)(Me-mal-O)(Ac-L-Met-Gly-S] (1a) T=7.02 J=7.14

2,38 (s) 3,78 (s)

[Pt(en)(Me,-mal-O)(Ac-L-Met-Gly-S] (1a) 1,27 (s) 2,38 (s) 3,78 (s)
[Pt(en)(H,0)(Ac-L-Met-Gly-S]" (2) 2,38 (s) 3,78 (s)
cinoboan Me-mal 1,31(d)

ciobonan Me,-mal 1,34 (s)

cnoboman Gly 3,56 (s)

*VY cBUM KOMILJIEKCHMa MYJITUIUIET METHIIEHCKHUX TPOTOHA je LeHTpHupaH Ha 2,70 ppm.

OBa xemHjcKka TIOMEpama Cy Yy CarjlaCHOCTH ca ojroBapajyhum 3a oTBapama
[IECTOWIAHOT TPCTEHa, OWJEHTAaTHO KoopAuHOBaHOr Me-mal nuranma y peakiujama
[Pt(en)(Me-mal-O,0")] xommiekca ca Ac-L-Met u Met-Gly [153]. ®opmupame 1la
MHTEpMeAnjepHoT KoMIUulekca y peakiuju [Pt(en)(Me,-mal-O,0°)] u Ac-L-Met-Gly moxe ce
[PaTUTH Y 'H NMR CIIEKTPY Ha OCHOBY CMamheHha WHTEH3UTETa CUHIIeTa Ha 1,77 ppm Kkoju
MOTHYE OJ METHJI TPOTOHA OMIEHTATHO KoopAuHOBaHOT Me,-mal nuranna y [Pt(en)(Me,-mal-
0,0’)] KoMIUIeKCY | MopacTa MHTEH3WTETa HOBOT CMTHaNIa Ha 1,27 ppm Koju oAroBapa OBUM
npoToHuMa 3a Me,-mal nurana MoHojaeHTaTHO koopauHoBaH 3a Pt(Il) jon (komruiekc 1la,
Cimnka 27 u TaGema 3). Mehyrum, npumenom 'H NMR crnekrpockonnje, Huje moryhe
NPAaTUTH OTBapame OMAEHTAaTHO KoopauHoBaHOT mal-O,0’ mpcrena y peakuuju [Pt(en)(mal-
0,0’)] kommuiekca (mal-O,0’ je GUIEHTAaHTHO KOPJAWHOBAH aHjOH MaJIOHCKE KHCeTnHe) ca Ac-
L-Met-Gly, 36or Op3e umsmene kucenumx o-CH, mpoToHa ca neyTepucaHMM TPOTOHHMA
pactBapada (D,0). Takohe, 1o H/D-u3Mene mona3u u kaja ce ciIo00Ha MAJIOHCKA KUCEITHMHA

pactBopu y DO [154,155]. @opmupame uHTEpMEAMjepHOT 1a KOMIUIEKCa MOXKE CE MPaTUTH
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TOKOM BpE€MEHa Kao peakuuja aApyror pena. Haheno je na je peakuuja [Pt(en)(Me-mal-O,0")]
ca Ac-L-Met-Gly (k; = (26,20 + 0,62)10° M"'s™") oko mect nyra 6pxa y 0HOCY Ha aHAIOTHY
peakiujy [Pt(en)(Me,-mal-O,0’)] komiuiekca ca uctuMm aunentuaom (k, = (4,05 £ 0,04) x10°
‘M) (TaGena 4).

Tabena 4. Koncrante Op3une 3a peaknuje [Pt(en)(Me-mal-O,0")] u [Pt(en)(Me,-mal-O,0")]
komriekca ca Ac-L-Met-Gly u Ac-L-Met-L-His aunentunuma, npu (HU3HOIOMKAM

yeaosuma (pH = 7,4 u 37 °C) y D,O xao pactapauy

Koncranra apyror pena 3a KoncranTa mpBor pena 3a
(dopMHpame KOMITIEKCa OTBOPEHOT - KoHBep3ujy lay 2
Peakumja npcreHa 1la (Ac-L-Met-Gly) u 1b | (Ac-L-Met-Gly) u 1b y 4 (Ac-
(Ac-L-Met-L-His) L-Met-L-His)
10°ky/M's™! 10°k/s™
[Pt(en)(Me-mal-O,0")]
+ (26,20 £ 0,62) (3,02 £0,02)
Ac-L-Met-Gly
[Pt(en)(Me,-mal-O,0")]
+ (4,05 £0,04) (1,45 £0,02)
Ac-L-Met-Gly
[Pt(en)(Me-mal-0,0")]
+ (11,95 +£0,31) (5,22 £0,03)
Ac-L-Met-L-His
[Pt(en)(Me,-mal-0O,0")]
+ (6,19 £0,02) (5,98 £0,03)
Ac-L-Met-L-His

Tokom peakiuje XUAPOIUTUUKA HEAKTUBHM KOMIUIEKC la mpenasu y XUAPOIUTHUYKU
akTUBHU Komruiekc 2 (Cnuka 27). CyncTuTyiija MOHOJCHTAaTHO KOOpAMHOBaHUX Me-mal u
Me;,-mal nuranazna ca MOJEKYJIOM BOJAE MOXKE C€ MPaTUTH Y 'H NMR CIIEKTPY Ha OCHOBY
CMamemha UHTeH3UTeTa 1yosera Ha 1,24 ppm u cunriera Ha 1,27 ppm Koju OTUYY OJ] METUII
IPOTOHA MOHOJIEHTAHTHO KOpAMHOBaHUX Me-mal, ogHocHO Me,-mal, n nmopacta MHTEH3UTETa
curana Ha 1,31 ppm u 1,34 ppm koju moTudy oj oaroapajyhux mporoHa ciobogaux Me-
mal u Me,-mal muranama (Tabema 3). Ha cimmm 28 mpukasar je neo 'H NMR crekrpa

peakuuje [Pt(en)(Me,-mal-O,0’)] kommeca ca Ac-L-Met-Gly Tokom BpemeHa.
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Ciuka 28. Jletoeu 'H NMR cnektapa 3a peakuujy [Pt(en)(Me;-mal-O,07)] ca
eKBUMOJIApHOM KoimurHOM Ac-L-Met-Gly munentuaa y Gpyskiuju Bpemena uva 37 °C y 50
mM docdaraom nydepy (pH 7,40) y D,O kao pactBapauy y ogHocy Ha TSP kao pedepeHTHn
crannapn, (m) mpotoHu merun rpyne Mep-mal y [Pt(en)(Me;-mal-O)(Ac-L-Met-Gly-S)]
KOMIUIEKCY, (A ) IPOTOHU METHII Tpyrie ciaoboaHe Me,-mal u (@) mpotonu metun rpyne Me,-

mal y [Pt(en)(Me,-mal-O,0’)] komIiekcy

IIpomena koHuentpauje [%] kommiekca la, cmo6oguHor Me-mal u Me,-mal, kao u
npoMeHa KoHIeHTpanuje ucnutuBanux [Pt(en)(Me-mal-O,0°)] u [Pt(en)(Me;-mal-O,0")]
KoMITIeKca 3a Bpeme on 48h mpukaszana je Ha cinuiy 29. M3 oBe ciamke ce MOXKe BUICTH Ja
KOHIIEHTpaIuja Komriekca la pacre Tokom npBux 5 h peakuumonor Bpemena 3a Me-mal u 15
h 3a Me,-mal xommuiekc. Hakon oBor BpemeHa KoHieHTpanuja la omama u mocie 48h y
pacTBOpy je TpUCYTHO OKO 25% oBor komiiekca. CymncTUTylMja MOHOJEHTATHO
KoopAuHoBaHOT Me-mal onHocHO Mey-mal nuranjga y koMmiuviekcy la ca Moiiekysiom Boje,
0JIHOCHO HacTajame KoMIluiekca 2 u3 la, mocmarpasa je kao peakuuja npsor peaa. Ha ocHoBy
'H NMR Mepema U3padyyHaTo je J1a BPeIHOCTH KOHCTAaHTH Op3MHE 3a OBE Peakiuje W3HOCE:
k=@3,02+ 0,02)‘10'6 s! 3a Me-mal, ognocno k = (1,45 £ 0,02) 10 s! 3a Mey-mal (Tabena
4).
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A — [PuemMemal-O)(Ac-LMet-Gly-S]T (1a) b — [Pt(en)(Mez-mal-O)(Ac-L-Met-Gly-S)I (1a)
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Cauxa 29. BpemeHncka 3aBUCHOCT MpoMeHe KoHueHTpauuje [%] Me-mal, [Pt(en)(Me-mal-
0,0’)] u [Pt(en)(Me-mal-O)(Ac-L-Met-Gly-S)] 3a peakunjy [Pt(en)(Me-mal-O,0°)] ca Ac-
L-Met-Gly (a) u Me,-mal, [Pt(en)(Me,-mal-O,0’)] u [Pt(en)(Me,-mal-O)(Ac-L-Met-Gly-S)]
3a peakuujy [Pt(en)(Me,-mal-O,0’)] ca Ac-L-Met-Gly (b)

Panuju pesynrartu cy mokaszanu jaa koopauHoBaHu Mouiekyn Boae y Pd(Il) m Pt(Il)
KOMIUIEKCHMa HMMa 3HA4ajHy yJOTy y pPeaKlHjaMa PErHOCENEKTUBHE XHUAPOJIM3€ MENTHIHE
Be3e y TNenTuauMa KOju caapke aMuHOKucenuHe L-metnmonuH wu  L-xuctuann
[95,116,117,120,121,156]. IIpema TomMe, HAKOH CYNCTUTYIIM]€ MOHOJEHTATHO KOOPAMHOBAHOT
Me-mal u Me,-mal nmuranga y komruiekcy la ca MoJIeKyJoM BOJE HAacTaje XUIPOTUTHYKH
aKTHBaH KOMIUIEKC 2, KOju KaTanusyje xuapoiausy Met-Gly nentunne Bese y Ac-L-Met-Gly
qunentuay (Cnuka 27). Xuapoiu3a OBE MENTHHE Be3e Ce MOXKE MPaTUTH Yy 'H NMR
cnektpy. MHTeHsuter curHaima Ha 3,78 ppm KOjU TOTHYE OFf TIAUIMHCKHX MPOTOHA
HEXUPOJIM30BAHOT TETTH/IA Ce CMamYje, JOK HHTEH3UTET CUTHajIa Ha 3,56 ppm Koju moTuye
on -CH,- nmpoTtona cnoboaHor riuirHa ca BpeMenoM pacte (Tabena 3). lomatkom raumuHa y
peakInoHy CMEITy J0Jla3| J0 MoBehama WHTEH3WTETa CUTHaia Ha 3,56 ppm, 4uMe je jacHO

NOTBpPhEHO Aa OBaj CUTHAJ MOTHYE Of CIOOOAHOr IMUIMHA. M3 o1HOCA MHTErpana curHaia
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CI00OMHOT TIMIIMHA W CHTHaja KOjU OAroBapa IMoYeTHO] KoHueHTpauuju Ac-L-Met-Gly
u3padyHar je npoueHat xuaponuse Met-Gly nentuane Bese.

Katamutnuka cmocobHocT  [Pt(en)(Me-mal-O,0”)] wu  [Pt(en)(Me,-mal-O,0")]
KOMIUIEKCa y HCIUTHUBAaHUM peaknyjama je ojapeheHa wu3pauyyHaBameM IMPOICHTA
xuaponu3oBanor Ac-L-Met-Gly y Toky BpeMeHa, IMOJ HaBEJCHHM EKCIIEPHUMEHTATHUM
ycioBuma. KoHreHTpamnuja co00MHOT U XHAPOJIU30BaHOT TUTIIENTHAA je olpehnBaHa cBakmx
YeTHpHU caTa, a peaknuja je mpaheHa y TOKy celaMm JaHa. BpemMeHCKa 3aBHUCHOCT peakiivje
xunponuze Met-Gly nentunne Bese y peaknujama Ac-L-Met-Gly aunentuna ca [Pt(en)(Me-
mal-0,0")] u [Pt(en)(Me,-mal-O,0’)] komIiekcuma je nmpukazana Ha ciauiu 30.

Y oBoMm pany mnopeheHe cy KaTalUTU4YKE CIIOCOOHOCTH [Pt(en)(mal-O,0")],
[Pt(en)(Me-mal-O,0")] u [Pt(en)(Me,-mal-O,0")] kommuekca y xwuznponauzu Met-Gly
nentuaHe Be3de y Ac-L-Met-Gly mumentuny, ca panuje ucnutuBanuM [Pt(en)Cly] m
[Pt(en)(cbdca-0O,0°)] komrexkcuma (Crmuka 30) [128]. Kao mro ce Ha ciommm 30 moxe
BUJIeTH, KatamuTuika crocooHoct Pt(Il) kommekca pacte y cienehem Husy: [Pt(en)(cbdca-
0,0°)] < [Pt(en)(Me;-mal-O,0")] < [Pt(en)(Me-mal-O,0")] < [Pt(en)(mal-0,0")] <
[Pt(en)Cl;]. Paznuke y KaTaJMTHUYKO] CIOCOOHOCTHM OBHX KOMILJIEKCAa MOTY C€ TPUIUCATH
crepHoM edekty omnazeher anjonckor (CI, mal, ogHocHO cbdca) nmurannma. Takohe, ca
rpadpuka koju je wmHceproBan Ha ciaumu 30 ce Moxke Bumetn na tpu Pt(Il)-mamonaro
KOMIUIEKCa, KOJH C€ Pa3iMKyjy 1Mo Opojy METHII TpyIa Be3aHUX 3a -YTJbEHUKOB aToM, UMajy
pa3IMUYUTy KaTaJUTHUYKy crocoOHOCT. Ilporenar xuaposnse mentujaHe Be3e y TUNCHTHIY
omama y cneachem Husy: mal > Me-mal > Me,-mal (Cnuka 30), mTo ykasyje Ha JUPEKTHY
3aBHCHOCT Op3uHE XHIpoyiu3e U Opoja MeTus rpymna y ojiazehem manonaro naurangy. o
UCTOT 3aKJby4Ka C€ MOXKE JOhHM M Ha OCHOBY Nopeljera KHHETHYKUX ToJlaTaKa MPUKa3aHUX Y
Tabenu 4. 13 oBe Tabene ce BUIU Aa CYIICTUTYIIHja MOHOJCHTAaHTHO KOOpAMHOBaHOT Me,-mal
JUTaHIa ca MOJICKYJIOM BOJIe Y KOMIUIEKCY 1a je nBa myTa criopuja y OJHOCY Ha oaroBapajyhy
cynctutyjy Me-mal nuranga. @opmupame XUAPOIUTHYKHA aKTUBHOT KOMITIeKca 2 je ¢aza
Koja oxapehyje Op3uHy peakuuje xuaponuse Met-Gly mentunne Bese. Pasznuka y Op3unHu
CYINICTUTYIIMj€ MAaJOHATO JIMTaHJa 3aBUCH U O]l CTAOMIHOCTH HHUXOBUX HMHTEPMEIUjEePHUX

KOMIIJICKCa (KOMHJ’IGKC la) KOjI/I CaZIpiKC MOHOJACHTATHO KOOPAMHOBAHU MaJIOHATO JIMT'aH.
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Cauxa 30. Bpemencka 3aBucHocT peakiuje xuaponnsze Met-Gly nentuane Bese y Ac-L-Met-
Gly nunentuny y peaknuju ca ca paznuuutum Pt(II) kommnexkcuma. MucepToBanu rpaduk

npukasyje xuapommsy Met-Gly Bese y npucyctBy Tpu Pt(Il)-manonaro xomruiekca 3a Bpeme

OJ1 ABA AaHa

Peaxyuja Pt(Il) xomniekca ca nenmuouma xoju caopyce L-memuonun u L-xucmuouwn y

OOUHOM HU3Y

Peaknuje [Pt(en)(Me-mal-O,0’)] u [Pt(en)(Me,-mal-O,0’)] komIuiekca ca nmenTuaIuMa
KOoju y OOYHOM HU3Y caapke amMuHOKHcenuHe L-metnonnH n L-xuctuaun (Ac-L-Met-L-His,
Ac-L-Met-Gly-L-His-GlyNH, u Ac-L-Met-Gly-Gly-L-His-Gly, ciuka 26), cy u3y4yaBaHe
npumeoM 'H NMR crekrpockormje. CBe peaxiuje ¢y usBohere y 1:1 Moickom omgHOCY
onrosapajyher Pt(II) kommuiekca n nentuaa y 50 mM docdarnom nydepy npu pH BpennocTn
on 7,4 y D,O u temneparypu ox 37 °C. YV CBUM HCHUTHBAaHHMM peakiijama HakoH 48 h
uaeHTU(UKOBaH je y pactBopy camo jenan Pt(Il)-mentun kommnexc 4 (Cnuka 27). Kao mro je
MpHUKa3aHo Ha ciunu 27, y KoMIuiekey 4 nenTtuj je xenatHo koopauHosas 3a Pt(I) jon mpeko
N3 aroma UMHIA30J0BOT MpcTeHa L-XWcTUAMHA M THOETapCKOI aToMa CcymIiopa

L-metnonnna. WcnutuBane peakmuje mpaheHe cy 3a Bpeme on 15 mana, mpu demy je
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3aKJbYUCHO J1a je KOMIUIeKC 4 BeoMa cTaOWiIaH U J1a He J0Ja3u 10 XUAPOJIU3E TENTUIHE Be3e.
Y HaBeneHuM mnentuauMa HalleHo je na y TpBOj (a3 OBUX peakluja J0Jla3d 10
MoHoJieHTaTHe koopanHanuje Met-His-cekBenne nentuaa 3a Pt(Il) mpexo Tnoerapckor atoma
cymMmriopa MeTuoHuHa. Popmupame 0BOT MHTepMeaunjepHor npoussoaa (1b) je 6p3 mpouec, u
MOXE CE€ TPaTUTH y 'H NMR CIIEKTPY Ha OCHOBY CMam€Hha MHTEH3UTeTa curHaina Ha 2,10 —
2,11 ppm koju OTUYY O] S-METHJI MPOTOHA HeKoopanHOBaHuX Ac-L-Met-L-His, Ac-L-Met-
Gly-L-His-GlyNH, u Ac-L-Met-Gly-Gly-L-His-Gly mentuma w mnoBehama WHTEH3UTETa
curHana Ha 2,57 — 2,60 ppm, koju oarorapa S-METWI NPOTOHMMAa OBHUX MENTHIA
koopauHoBanux 3a Pt(Il) jon mpeko atroma cymmopa MeTHOHUHCKOr ocrtartka (Tabena S5).
Xemujcka momepama 3a (popmupanu 1lb wHTEpMETUjepHU KOMIUIEKC Cy Y CarjJacHOCTH ca
XEMHjCKHM TOMepamuma 3a paHuje ommcane peaknuje Pt(II) komruiekca ca pa3nuuuTiM
nentuauMa koju caapxke L-metnonmn [126,152]. [la 6u momio 1o Gopmupame KOMITIEKCa
1b, omHocHO 1m0 MoHOAeHTaHTHe KoopauHamuje Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-
GlyNH; un Ac-L-Met-Gly-Gly-L-His-Gly nentuna 3a [Pt(en)(Me-mal-O,0’)] u [Pt(en)(Me,-
mal-0,0")] koMIiekce a0ja3u 0 OTBapama MaJOHATHOT TMPCTEHA y OBUM KOMILUIEKCHMA.
OBaj mporec ce MOXe MpaTuTH y 'H NMR CIEKTPYy Ha OCHOBY pa3lIUKe y XEMH)jCKUM
noMmepambnuMa MeTwi mnporoHa Me-mal u Me,-mal nuranaga OWIEHTAaTHO, OJHOCHO
MoOHOAEeHTaTHO KoopauHoBaHux 3a Pt(Il) jon. Xemujcka momepama cy NpUOTIKHA ca
XEeMHjCKUM ToMmepamuma 3a peaknuje [Pt(en)(Me-mal-O,0")] u [Pt(en)(Me;-mal-O,0")]
komriekca ca Ac-L-Met-Gly aunentumom (Tabenma 3). Koncrante apyror pema 3a
dopmuparme kommiekca 1b cy oxpehene Ha ocroBy 'H NMR mepema u nare cy y TaGemnu 4.
WuTensurer nybnera Ha 1,37 ppm (koju nortude oj MeTwi nporoHa Me-mal y [Pt(en)(Me-
mal-0,0")]) u cunrnera Ha 1,77 ppm (Koju MOTHYE OJ METWUI mpoToHa Me,-mal y
[Pt(en)(Me;-mal-O,0’)] KOMIUIEKCY) c€ TOKOM BpPEMEHa CMamyjy, TOK MHTCH3UTETH HOBUX
curHaia Ha 1,24 ppm u 1,27 ppm KoOju TOTHYYy OJ METHJI MPOTOHA MOHOJEHTATHO
KOOPJIMHOBAaHUX MasloHaTo Juranana y komiuiekcy 1b ([Pt(en)(Me-mal-O)(Ac-L-Met-L-His-
S)I', omnocHo [Pt(en)(Me,-mal-O)(Ac-L-Met-L-His-S)]) Tokom Bpemena pacty. Peakumja
dbopmupama komrmuiekca 1b je peakiuja npyror pega M Ha OCHOBY II03HATE TIOYETHE
koHneHTpanuje Pt(Il) komruekca u mpoMeHe MHTErpaia Harpea OMUCAaHUX CUTHaja oapeheHe
cy KoHcTaHTe Op3uHe 3a peakuuje [Pt(en)(Me-mal-O,0°)] u [Pt(en)(Me,-mal-O,0")]

komruiekca ca Ac-L-Met-L-His. [lopehemem OpojHMX BpeAHOCTH KOHCTAHTH OBHUX PEaKIHja
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(ko = (11,95 + 0,31)10° M's”! 3a Me-mal u ko = (6,19 + 0,02)10° M's"! 3a Me,-mal
KOMIUIEKC) ca KoHcTaHTama 3a peakinuje Pt(Il) kommekca ca Ac-L-Met-Gly nunentumom,
3aKJbYYCHO je na ce (opmupame kKomiuiekca la u 1b onBuja mpuOIMKHO UCTOM Op3UHOM
(Tabena 4).

VY npyroj ¢aszu peakuuja Pt(Il) kommnekca u Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-
GlyNH; n Ac-L-Met-Gly-Gly-L-His-Gly nentuga Hactajy BeoMa cTaOWIaH MaKpOXEJIaTHH
Pt(I)-nentuny womruiekcu 4 (Cnmka 27). Kowsepsmja 1b y kommnexkc 4 mpahena je
WHTPAMOJIEKYJICKOM CYIICTUTYIIMjOM MOHOJICHTAHTHO KOpAMHOBaHOT Me-mal, ogHocHO Me,-
mal nuranga u3z komiiekca 1b, ca N3 aToMoM a30Ta MMHIA30JI0BOT MPCTEHA XUCTUIHUCKOT
ocratka. dopMmupame KoMIulekca 4 MOXe ce NpaTUTH Yy 'H NMR CIIEKTPY Ha OCHOBY
CMamamba HHTEH3UTETa CUTHAJIA KOjJU MOTUYY OJ1 MeTHJI poToHa Me-mal u Me,-mal nmuranaga
MOHOJICHTAaHTHO KoopauHoBaHUX 3a Pt(II) joH, TOK MHTEH3WUTET CHTHAJIA METHJI TIPOTOHA 3a
HekoopauHoBane Me-mal u Mey-mal nuranze BpemMeHOM pacTe. XeMHjCKa IOMepama
CUTHaJa KOjJU OJIroBapajy MOHOJIEHTAaTHO KoopAuHoBaHMM Me-mal u Me,-mal nuranguma y
KoMmIuiekcy 1b u HeKOOpAMHOBAaHUM JIMTaHIMMa Cy WACHTUYHA ca XeMH]CKHM MOMepambhMa
KOja oJIroBapajy 3a peakiujy popmupama KoMmiuiekca 2 u3 la kommiekca (Cnuka 27, TaGena
3). Ilopen Tora, popmupame makpoxenarHor Pt(Il) kommiekca 4 Moke ce mpaTUTH MTPUMEHOM
'H NMR cnektpockonuje. MuTensurer curnana koju motuay ox C2H u CS5H mporona
HEKOOPJAMHOBAHOT HMMHMJIA30J1a U3 XUCTHIMHCKOT OCTaTKa CE CMambyjy TOKOM BpPEeMEHa, JIOK Ce
y CIIEKTPY jaBJbajy JBa HOBAa CHUTHaJAa KOJU TOTHYY OJ] MCTHX IMPOTOHA MaKpPOXEIaTHOT
KoMIUIeKca 4.

Kao mro ce Moxxe BUIETH M3 MojaTaka npukazaHux y Tabenu 5, xemujcka momepama
3a C2H mporone cy Beha (Ad = 0,22 - 0,31 ppm) y ogHocy Ha xeMujcka momepama CSH (Ad
=0,12 - 0,17 ppm), mrTo ce Moxke mpunucatu ynmbeHu aa je C2H nporon Onmxu HeHTpy
KOOpAMHOBaWa, ogHocHO N3 atomy azora [119,157,158)]. Bpennoctu KOHCTaHTH NPBOT peja
3a peakliyje MHTPAMOJIEKYIICKE CYICTUTYIHje, OMHOCHO (hopmupame xomruiekca 4 u3 1b 3a
Me-mal komrureke n3uocu k = (5,22 + 0,03)10%s™, ok je 3a Me,-mal k = (5,98 + 0,03)10 %"
' TIopeherem GpojHIX BPEIHOCTH OBHX KOHCTAHTH Ca OPOJHHM BPEIHOCTHMA KOHCTAHTH 3a
peakiujy Gopmupama komruiekca 2 u3 la (TabGena 4), moxke ce 3ak/byduTH Aa je N3 aTtom
a30Ta UMMJA30JI0BOT MpCTeHa y mentuauma ca -Met-His-cexkBeHiom 0osbu HYyKIEOpMI y

OJIHOCY Ha MOJIeKyna Boze y peakiuju ca Ac-L-Met-Gly munentugom. Haheno je na y cBum
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ucnutuBaHuM peaknujama Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-GlyNH, u Ac-L-Met-Gly-
Gly-L-His-Gly nentuaa ca Pt(I) komrnexcoM gona3u 1o MakpoxenaTHe S,N3-KoopauHaluje
nentuna. Takohe, Opoj TIMIMHCKUX ocTaraka (jenaH wid ABa) u3Melly METHOHHMHCKOT H
XUCTUIUHCKOT OCTaTKa HE yTHYe Ha Op3uHy QopmHpama XHUIPOIUTUYKH HEAKTHBHOT

KoMmruiekca 4.

Ta6eaa 5. 'H NMR xemujcka momepama (5, ppm) 3a menruie ca -Met-His-cekBeHIoM 1
onroBapajyhux wmakpoxenatux Pt(I)-mentun kxomiuiekca 4 KOjU HacTajy y peakUuju
[Pt(en)(Me-mal-O,0")] u [Pt(en)(Me,-mal-O,0")] kommiekca ca nentuauma Ha pH 7,40 u
37 °C y D,O.

Mmunaszonosu
[MenTun/Makpoxenar Pt(Il)-nenu HpOTOHH S-CH, Glyl Gly2 Gly3
KoMIUTeKC 4 CH, CH, CH,
C2H C5H
Ac-L-Met-L-His 8,44 7,20 2,10
[Pt(en)(Ac-L-Met-L-His-S,N3)]* 8,13 7,08 2,58; 2,60
Ac-L-Met-Glyl1-L-His-Gly2-NH, 8,31 7,19 2,11 3,93 3,93

[Pt(en)(Ac-L-Met-Gly-L-His-Gly-NH,-S,N3)]* 8,09 7,02; 6,97 2,57 398 3,93

Ac-L-Met-Gly1-Gly2-L-His-Gly3 8,61 7,34 2,11 4,04 396 3,80

[Pt(en)(Ac-L-Met-Gly-Gly-L-His-Gly-S,N3)]* 8,07 7,09 2,59 4,00 394 3,81

Ha ocHOBY OBUX HCHHTHBama MOXKE C€ 3aKJbYUHUTH Ja y peakuujama [Pt(en)(Me-mal-
0,0")] u [Pt(en)(Me,-mal-O,0’)] kommiekca ca N-anetunoBanum Ac-L-Met-Gly, Ac-L-Met-
L-His, Ac-L-Met-Gly-L-His-GlyNH, un Ac-L-Met-Gly-Gly-L-His-Gly nentuauma mnpu
¢uznonomkum ycrnosuma (pH = 7,4 u 37 °C), y npBoj ¢azu gomnasu go dpopmupama Pt(Il)-
HEeNTH]I KOMIUIEKCA KOJU CaJAp KM MOHOJEHTATHO KOOPJMHOBAHU MAaJIOHATO JIMTAH[ U MENTH]
MOHOJICHTaTHO KOOPAMHOBaH IPEKO aromMa CymIiopa W3 METHOHMHCKOr octartka. OBaj
WHTEPMEIMjEPHH TPOM3BOJ je CTadWiaH Yy pacTBOPY UM TIOUICKE BEOMa CIOPO]
MHTEPMOJIEKYJICKO] CYIICTUTYLIM]H ca MOJIEKYJIOM Boje y peakiuju ca Ac-L-Met-Gly, ogHocHO
MHTPaMOJIEKYJICKO] CYIICTUTYLIUJU ca N3 aTOMOM a30Ta MMHUAA30JI0BOT IPCTEHA XUCTHIUHCKOT
ocratka y peakiujama ca Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-GlyNH, u Ac-L-Met-Gly-
Gly-L-His-Gly nentuauma. Cyncruryiuja Me-mal u Me,-mal ca Moiekysiom Bojie TOBOJIN 110

dopmupama xunpoiautudku aktuBHOr Pt(Il)-menTma xommiexca Koju KaTanusyje BeoMma
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ciopy xuaponuzy Met-Gly mnentugHe Bese y Ac-L-Met-Gly nunentumy. Mebhytum,
MHTPAMOJIEKYJICKa CYNCTUTYIMja MOHOJEHTAaTHO KOOPAMHOBAaHMX MajoHAToO aHjoHa ca N3
atomMmoM u3 Ac-L-Met-L-His-tuna mnentuga noBoau 10 (opMmupama BeoMa CTAOMIHOT
XUJPOJUTUYKHN HEaKTUBHOT MakpoxenatHor Pt(Il)-nmentua komrmiekca.

Ogu pesynrara nokasyjy aa Pt(Il) kommiekcn MOTy Aa XUAPONU3Yjy IENTUIHY BE3y Y
NenTHIMMa KOjU Cajip)ke aMUHOKHUCENINHY L-MeTHOHUH mpu ¢u3nongomkuM ycinoBuma pH u
TeMIiepaType, MoXKe OWTH O] 3Hadaja 3a OoJbe pa3ymMeBame TOKCHYHOT edeKTa
antutymopckux Pt(II) kommiekca. Takole, MmakpoxenaTHO KOOpAMHOBaWmE Nentuaa ca -Met-
His-cekBennom 3a  Pt(II) xommiiekce Moxe ce JOBECTH Yy Be3y Ca TOKCHMYHUM e(eKToM
antutymopckux Pt(Il) kommiekca. OBU pe3ynraTu MOTY OUTH O] 3Ha4aja KOJ CHHTE3€ HOBUX
KOMIIJIeKCa IJIaTHHE KOju he moTeHIujaaHo nMaTth Behy aHTHUTYMOpPCKY aKTHBHOCT M Mambe

TOKCHUYHO IOCJI0BaKLC.

4.1.2. CuHTe3a ¥ KapakTepu3aluja [IMHYKJeapHuUX KoMmiuiekca muatude(ll) wu

HCIIUTUBALEC IbUX0OBHUX peammje ca nmenTuauma

VY oBom pany cunTternzoBaHo je mer HoBux aunHykieapHux {[Pt(L)Cl]»(u-X)}Cl,
komruiekca (tme je L ermnmenamamuH, en; (%)-1,2-mpommnenaumamuH,  1,2-pn;
M300yTUIEHANAMUH, ibn; trans-(+)-1,2-nnamMmunornukinoxekcan, dach; a X je nupasuH, pz; uiu
nupuasuH, pydz). CTpyKType OBHX KOMIUIEKCA CY IIPETIOCTaB/beHe Ha OCHOBY pesynrara 'H
1 C NMR CIIEKTPOCKOIIMje U eJIEMEHTapHe MHKpoaHanu3e. KpucramHe CTpyKType
{[Pt(en)Cl]»(u-pz)}Cl, u {[Pt(en)Cl](u-pydz)}Cl, xommiekca cy oxapeheHe NTpUMEHOM
peHarencke crpykrypue anamuse. Ctpykrypue ¢opmyne Pt(Il) xommekca nmpukasane cy Ha
cmnu 31. [llemaTcku mpuKa3 peaklyje CUHTE3€ OBUX KOMIUIEKCA je JaT Ha ciuiu 32.
Mononykneapau tiatuHa(ll) komrmmexkcn [Pt(L)Cly]-tunma (Cnuka 32) mobujeHu cy y
peakuuju K,PtCly m exBumonapHe koiaumuuHe oarosapajyher nuamuHckor juranjga (L), y
CKJIaJly ca TIOCTYIIKOM KOjH je omucaH y nureparypu [57,128,145]. ¥V aumerundopmamuay kao
pactBapauy y peaknuju [Pt(L)Cl,] komruiekca u ekBumonapae konumunHe AgNOs gomasu 10
CYIICTUTYIMj€ jeTHOT XJIOPUJO JIMTaHJa ca MOJIGKYJIOM pacTBapava. ¥ peakiuju J0OujeHor
[Pt(L)CI(DMF)]" kxomIulekca ¥ NHMpa3MHa OJHOCHO MHUPHAA3MHA, NPHKA3aHO] HA CIAMIM 32,
Hactaje aunykieapHu {[Pt(L)Cl]y(u-X)}Cl, kommueke. CBU KOMITJIEKCH CYy KPUCTAMCAIN U3

BozieHor pactBopa LiCl. ¥V ekciepuMeHTanHOM ey Aucepraliyje mnoj opojem 3.5 mpukazanu
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cy NMR rnojany CMHTETH30BaHUX KOMILJIEKCA M OHHM CY Y CarjlaCHOCTH ca pe3ysTaruma 3a
CIIMYHE KOMIUIEKCE KOjU Cy paHuje ommcaHu y swmreparypu [57,120,128]. Kao mTo je
npukazaHo Ha ciaunu 31, cBu ucnutuBanu Pt(Il) komrmiekcu Mmajy MOCTHH MUPa3UHCKH,

OJIHOCHO MUPUIA3WHCKHU JIUTAH]] U Pa3IUKYjy c€ y OMIEHTAaTHO KOOPAMHOBAHOM THAMHHCKOM

murannay L.

CI CI “ 2

H,N—FP t—N N— —

&/NHZ HzN\)

{[Pt(en)Cllx(u-pz)}**

cl cl _‘ 2+
H,N—Pt— —Pt—NH,
H,C | \\ // | CH,
HSCK/ NH, H,N \)<CH3

{[Pt(ibn)Cl]y(x-pz)}**
H2

[\/
P
/ N\

H2 /

CI CI

XA

{IPt(1,2-pn)Cllp(u-pz)}**
Cl Cl

o

2+

H,N—Pt—N

TIAI

{[Pt(dach)Cl]y(u-pz)}**
H2

\/j
RN

A

{[Pt(en)Clly(u-pydz)}**

Camnka 31. CtpykrypHe hopmyne aunykiaeapHux Pt(II) kommiekca

CHUHTETH30BaHM KOMIUIEKCH Cy TIpEeBEIEHH Yy onarorapajyhe akBa KOMILIEKCE,
{[Pt(L)(H,0)]2(u-pz)}** u {[Pt(en)(H,0)2(u-pydz)}**. IIpumernom 'H NMR crekTpockormuje
u3ydaBaHe cy peakuuje quHykineapuux Pt(Il) kommiuekca ca mentuauma Koju 'y 00YHOM HH3Y
caJip)ke aMUHOKHUceNnuHe L-mMeTroHWH u L-xuctuamH: N-aleTUIoBaHH L-METHOHWI-TIUINH
(Ac-L-Met-Gly), L-xuctumun-rmumua (Ac-L-His—Gly) u L-metrnonun-raummr-L-xuctu -
rinuHamu (Ac-L-Met-Gly-L-His-GlyNH;) (Cnuka 26).

TepMmuHanHa aMHHO Tpyna y OBHM IENTHAMMA j€ alleTHJIOBaHA Ja OW ce CIpedniio
weHo koopauHoBame 3a Pt(Il). Peaknuje xommiekca Pt(I1) ca mentuauma cy nsyyaBane y pH

obmactu ox 2,0 no 2,5 na 37 °C y D,0 kao pactBapauy.

71



Luckycuja pezyimama

Cl 2- | 2- N N oH.12*
N Tk N L N ago, N\ O
Pt — Pt\ - L /Pt\ o L /Pt\
- - - Ag
o’ | K [N N N oH,
visak KCI
N cl c N N * N c
| DMF |
N/ AN / +0.5 mol X N/ L N/
L Pt Pt L){c,<—— ||L Pt - Pt
/ \X/ . - DMF,-AgCI / + AgNO, /7 \
N N visak LiCl N u DMF N Cl

L =en, 1,2-pd, ibn, dach; X = pzili pydz
Cauxa 32. lllemarcku npukas cuntese aunykieapaux {[Pt(L)Cl],(u-X)}Cl, kommiekca

Kao mro cy nperxoaHa ucTpaknBama Mokasaia, Kucella CpeliHa y OBHM peaklirjaMma
je HeomxomHa ga Oum ce cmpeumwsio (Gopmupame moauMepHUX Xuapokco-raTuHa(Il)
KOMIUJIEKCA, KOjU Cy XHIPOJUTUYKKM HeakTuBHU [95,116,117,152,183,184]. XenaTHu
JUAMUHCKU ¥ MOCTHH MHPA3UHCKH OJHOCHO MHUPHUAA3WHCKH JIMTaHIN Y OBUM KOMIUIEKCHUMA
Cy HHEpTHM Y OJJHOCY Ha CYNCTUTYLMOHE Peakifje U O4eKyje ce Ja OCTaHy KOOPAMHOBAHU 32
wiatuHy(Il) jon Tokom peakuuje ca Ac-L-Met-Gly, Ac-L-His—Gly u Ac-L-Met-Gly-L-His-
GlyNH, nentuauma.

Onuc xkpucraanux crpykrypa {[Pt(en)Cl]2(n-pz)}Cl, u {[Pt(en)Cl]2(n-pydz)}Cl,

KOMILJIEKCA

Onuc kpucraade crpykrype {[Pt(en)Cl]>(u-pz)}Cl, kommiaekca. Kpucramne
crpykrype {[Pt(en)Cl]o(u-pz)}Cl, u {[Pt(en)Cl],(u-pydz)}Cl, xommiekca cy mpuKa3aHe Ha
cmun 33. Pe3ynraru peHJAreHCKe CTPYKTYpHE aHaliM3e Cy IMOKa3ajiu Ja Cy CHMHTETH30BaHU
komiuieken TtuiatuHe(Il) auaykneapum u ga cy naBa Pt(II) joma mnoBe3aHa MOCTHHUM
MUPA3UHCKUM OJHOCHO MUPHUAA3UHCKUM JuranaoM. OmadpaHu reOMETPHUjCKH MapameTpu 3a
{[Pt(en)Cl]2(u-pz) }Cl, xomrekc natu cy y Tademnu 6.

Kommuiekc {[Pt(en)Cl]x(u-pz)}Cl, xpucranume y P2;/n mpocTopHoj rpynu u mocenyje
neHTap uHBep3uje Tako jga uma C; cumerpujy. O6a aroma tutaruae(ll) nmajy mpubamkHO
KBaIpaTHO-TIAHAPHY TeoMeTpH]jy, ca jenHom Pt-Cl Besom, jeqaom Pt-N nupasun (pz) Be3oM u
nBe Pt-N Beze koje motuyy o OMJEHTATHO KOOPJIWHOBAHOT €THJICHIMAMUHCKOT JIMTaHJa.
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Pacrojame Pt---Pt je 6,7890(3) A u omrosapa cpenmoj Bpexnsoct ox 6,815(8) A koja je

U3payyHaTo Ha OCHOBY 17 KpHCTalHUX CTpPYKTypa, Koje cajapxke nuHykiaeapHu Pt(II)

KOMIUIEKC Cca MUPAa3HHOM KAa0 MOCTHHUM JIMTaHAOM y Kpuctanorapdckoj 6azu momaraka CSD

[185] (CSD = Cambrige Structural Database).

(@) 0)
Cauka 33. Kpucraine cTpykrype {[Pt(en)Cl]g(,u—pz)}2+ (a) m {[Pt(en)Cl]z(y—pydz)}2+ 0)
KOMIUIEKCHUX KaTjoHa. Enumnconu cy matu ca 40% BepoBaTHOhe, a BOJJOHMKOBU aTOMHU CY

NpUKa3aHu Kao Maje cepe MPOU3BOJHHOT IPEUHUKA.

Tabena 6. Jlyxune e3a (A) n yrnosu Besa (°) y {[Pt(en)Cl]2(u-pz) } Cl, koMIIIEKCY

Pt1—N1 2,032 (3) Pt1—N3 2,018 (3)
Pt1—N2 2,040 (3) Pt1—Cl1 2,2980 (10)
NI1—Pt1—N2 83,24 (12) N1—Pt1—Cll 92,82 (10)
N1—Ptl—N3 175,61 (12) N2—Ptl—Cl1 175,67 (9)
N2—Pt1—N3 93,51 (11) N3—Ptl—Cl1 90,52 (8)
Ptl-NI—Cl1—C2  -41,0 (4 C2—N2—PtI—NI  132(2)
N1—Cl1—C2—N2 52,1 (4) N2—Ptl—NI—C1 15,7 (3)

C1—C2—N2—Ptl -38,5 (4)

JIBa xJI0pHI0 M JIBa €TUJICHAMAMHUHCKA JIMTAaHa cy Mel)yCoOHO y trans OpHjeHTAINju
Tako Ja {[Pt(en)Cl]g(,u-pz)}2+ KOMIUIEKCHH KaTjOH MMa IIeHTap uHBep3uje oaHocHo C;

MOJIEKYJICKY cuMeTpujy. Ilomoxkaju atoma koju Cy IUPEKTHO KoopauHoBanu 3a Pt(Il)
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ozxctynajy mame ox 0,045 A on mpoceune pasmu. ITomoxkaju atoma Pt ofcTymajy omx ose
paBuu 3a camo 0,010(1) A, a y oasocy Ha paBan mpcrena 3a 0,084(6) A. lyxune Pt-N Besa
UMajy OYeKHMBaHE BpeAHOCTH, caMo cy Pt-N(ermnenauamuH) pacTojama He3HaTHO Beha
(2,032(3) u 2,040(3) A), y oanocy Ha Pt-N(mupasun) (2,018(3) A), mro je mocnenuna sehe
CJIEKTPOHCKE TYCTHMHE Ha aroMy a3oTa mupa3uHa y mnopehemy ca aroMuMa a3ora
erunenguamuna. Jyxuna Pt-Cl Besa msHocu 2,298(3) A. Vrnosu xoje rpage N1-Pt-Cl(1),
Cl1-Pt-N3 u N3-Pt-N2 Beze cy 92,8(1)°, 90,5(1)° u 93,5(1)°, mok yrao NI1-Pt-N2 vy
METOWIAHOM XeJIATHOM MpcTeHy je camo 83,2(1)°. BpemHoct oBor yria je y cariacHOCTH ca
cpenwoMm BpenHomhy N-Pt-N  yrimoBa y kommuiekcuma matuHe(Il) xoju  cagpike
eTHIIeHAnaMuH (cpeama BpemHocT yria je 83,33(6)° m m3pauyHaTa je Ha OcHOBY 207
crpykrypa ca R< 5% [185]). KoopaunoBanu nupasuHcku npcreH Hanazu ce Bad Pt(I)
KBaJ[paTHO-TIJIAHAPHE PaBHHU.

Huenapcku yrao usmel)y nBe paBHH, jeHE y KOjOj C€ HAJIa3W MHUPA3UHCKU MPCTEH U
npyre kBaapatHo-maHapae paBau Pt(Il) jona u3nocu 58,4(1)°. duenapcku yriosu 3a Cl1-Pt-
N3-C3 pasnau usnocu -60,6(3)°, mok 3a Cl1-Pt-N3-C4 uznocu 122,9(3)°. ETrnenanaMuHcku
MIPCTEHOBH 3ay3UMajy yBHUjeHY (fwist) koHpopMalyjy (jenan uma A, a apyru 0) y OJHOCY Ha
alpOKCUMAaTHBHY OCYy Jpyror pena koja mnpuOmmkHo mponasu kpo3 C1-C2  Besy.
Kondopmanuja nerousanor AuaMuHCKOT nipcteHa oapehena je Ha 6a3u “Cremer-Pople“-oBux
napamerapa 1 ouu usHoce 0,439(4)A u -92,0(4)° (pauynartu nporpamom PARST/WinGX)
[186].

Kpucraano naxoBame {[Pt(en)Cl]2(#-pz)}Cl, kommiaexkca. KomriekcHu KaTjoHU
{[Pt(en)Cllo(z-pz)}**, bopmupajy KoloOHE Hyk a-lpaBua, ca pacrojamem ox 5,077(1)A
m3mely Pt(Il) jona m mupasmnckux npcreHoBa (Cnuka 34). HexoopImHOBaHU XJIOPUIHH
aHjonu (Cl2) ce Hana3ze WM3HAA W UCIOJ MUPA3UHCKUX MPCTEHOBA U YYECTBY]Y Y aHjOH'"'T
MHTEepaKllijamMa ca apoOMaTUYHUM MpPCTEHOBHMMA mnupasuHa. IlupasuHcku npcteH uma Behy
€JIEKTPOHCKY TYCTHHY Yy OJTHOCY Ha TPUA3MHCKU TPCTEH TJe je BehrHa aHjoH' - T MHTEPAaKIIHja
youeHa. EkcrepuMEHTaJlHO W TEOPHjCKH j€ JIOKa3aHO Jila HaKOH KOOpPJWHAIH]e
XETepOoapOMaTUYHUX TPCTEHOBA 3a JOH MeTana, J0Jla3u 10 jayux aHjoH' ' T HHTEpaKIuja
[164,169,171,187]. CxomHO TOME, Yy HUCHUTHBAHOM KOMIUICKCY IHPA3HMHCKU TIPCTCH je
JI0IaTHO aKTHBUpaH KoopauHoBamweM 3a j1Ba Pt(II) nentpa. Pactojame Cl2---C, (C, 03HauaBa

IeHTap NUpasMHCKOr npcrena) uznocu 3.410A, nmox yrao Cl2---Cg---CI2 usmocu 12,9°.
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Mascal u capagHuIM Cy HalmUIM Ja Cpeame pacTojame u3Mel)y XJIOpHIHOT aHjoHa U
apomatiaHOr mpcteHa 1,3,5-Tpuasuna msHock 3,2 A [166]. Kao mro ce ca cimke 34 Moxe
BuzetH, Cl2 aHjoH y4yecTByje y BOJOHHYHOM Be3nBamy ca N—H rpymnama ueTupu KOMIUIEKCHA
katjoHa. [lapamerpu BojmoHMYHUX Be3a cy aatu y Tabenu 7. KoopanHoOBaHH XJIOPHUIO aHjOH
(Cl11) He yuecTByje y BOJOHHMYHHM Be3aMa WIHM OWJIO KOJUM JAPYTUM HMHTEPMOJEKYJICKUM

WHTEpaKIiijama.

Cauka 34. CnenmuduyHe MHTEPMOJICKYJICKE HMHTEpakifje n3Mmel)y KOMIUIEKCHOT KaTjoHa U
HEKOOPJMHOBAHUX XJIOPUAHUX aHjoHa Yy KpuctanHoj crpykrypu {[Pt(en)Cl]a(u-pz)}Cl,
kommiekca. NH "Cl BogoHHuHe Bese cy obOerexeHe UCTIPeKHIaHUM JIMHUjaMa, TOK aHjoH: -7
WHTEepaKiyje u3Mely XJIOpUIHOT aHjoOHAa W MHPA3HHCKOT MPCTeHA Cy MpHUKa3aHe IPTHIIAMA.

[Tpukazanu cy camo H aTomMu kKoju y4ecTBYjy y BOJOHUYHUM Be3aMa
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Tabena 7. JlyxuHe 1 yriioBU MHTEPMOJIEKYJICKHX BogoHMYHMX Be3a y {[Pt(en)Cl].(u-pz)}Cl,

KOMILIIEKCY

D—H---A D—H (A) H---A (A) D---A (A) D—H---A (°)
N1—HI1B---CI2 0,90 2,44 3,291 (3) 156,9
N1—H1A---CI2" 0,90 2,41 3,230 (3) 150,9
N2—H2A---CI2" 0,90 2,46 3,313 (3) 157.4
N2—H2B---CI12"" 0,90 2,34 3,211 (3) 161,9

Onuc xpucraade crpykrype {[Pt(en)Cl]|.(u-pydz)}Cl, kommiekca. Komrmuiekc

{[Pt(en)Cl]2(u-pydz)}Cl, (Cnuka 33a) xpucranuiie y HeHTpocuMeTpudHoj C2/c mpoCTOPHO]

rpynu ca Z = 4. Ogabpanu reomerpujcku mapamerpu 3a {[Pt(en)Cl](u-pydz)}Cl, xomrmuiekc

mate cy y tabemnm 8. 3a pasmuky ox {[Pt(en)Cllo(u-pz)}** karjoma, y kome iBa

eTUJICH/IMaMUHCKA NIeTOYJIaHa MPCTeHa 3ay3uMajy KoH(opmMalije CynpoTHor xenuuurera (A u

8), xommiekcun Katjor {[Pt(en)Cl]o(u-pydz)}** koju mocemyje C, MOIEKYICKY CHMETPH]Y,

¥Ma JIBa €TUICHIUAMHHCKA MPCTEHA Y V6uUjeH0j KOHPOPMAIIH]H UCTOT XESIUIUTETa, TO JeCT O Yy

Clly4yajy MOJIeKyJa pUKa3aHor Ha ciauny 33a.

Tabena 8. Jlyxune Besa (A) u yrnosu sesa (°) y {[Pt(en)Cl],(u-pydz) }Cl, kommiekcy

Pt1—N2 2,011 (4) N3—C3 1,325 (7)
Pt1—N3 2,027 (4) N3—N3! 1,342 (9)
Pt1—N1 2,048 (4) C2—Cl 1,497 (8)
Pt1—Cl1 2,3036 (15) C3—C4 1,368 (9)
N1—Cl 1,471 (7) C4—C4! 1,340 (14)
N2—C2 1,482 (7)

N2—Pt1—N3 179,55 (18) C3—N3—N3' 118,9 (3)
N2—Pt1—N1 82,77 (17) C3—N3—Ptl 123,0 (4)
N3—Pt1—NI1 97,67 (18) N3'—N3—Pt1 117,82 (13)
N2—Pt1—Cl1 90,68 (13) N2—C2—C1 107,8 (4)
N3—Pt1—Cl1 88,88 (13) N1—C1—C2 108,1 (4)
N1—Pt1—Cl1 173,34 (13) N3—C3—C4 123,0 (6)
C1—NI1—Ptl 107,7 (3) C4'—C4—C3 118,0 (4)
C2—N2—Ptl 111,9 (3)

Cumerpujcke Tpanchopmanuje: (i) -x+2, y, -z+1/2

Hyxune Beza Pt-N u Pt-Cl mmajy ouekuBaHe BpEOHOCTH W MOTY C€ TMOPEIUTH ca

Qy’KUHaMa Be3a y CIMYHUM KPHCTAIHMM CTpyKTypama y kojuma ruiatuHa(ll) mma [N;Cl]
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KoopauHaijy. Yrao u3mely aBe paBHU y kojuma ce Hamaze Pt(I) jonum je 52,0(1)°, mok
nuenapcku yrao usmely KBaJgpaTHO-IUIaHapHE paBHM y KOjoj ce Hamasu Pt u paBHH
MUPUAA3UHCKOT TMpCTeHa H3HOCHU 76,5(2)°. Y aHanorHoM NUPa3uHCKOM KOMILIEKCY OBH
VIJI0BU c€ paznukyjy u uzHoce 0° omHocHo 58,4(1)°. AToMu miaTuHe MMajy KBaJpaTHO-
wianapHy koopauHauujy y [PtN3Cl]" jenumunmu u Huje Hal)eHO 3HauajHO OACTYNAESE OJf
npaBor yria. Y NUpUAa3MHCKOM MOCTHOM JIMTaHJy JIBa JOHOPCKAa aroma a3oTa Hajase ce Y
opmo TIOJNOXkajy, 300T yera je MHTPaAMOJICKYJICKO pacTojame m3Mel)y 1Ba aToMma IUTATHHE O
3.2535(4) A kpahe oz aBoctpykor van der Waals-oBor pagujyca 3a Pt [1,72 x 2 = 3.44 A] u
MHOro Kpahe y omHOCy Ha pacrojame Ba Pt aroma y amamorHom {[Pt(en)Cl]o(u-pz)}**
KOMIUIEKCHOM KaTjoHy (6.7890(3) }’\). MoctHa ynora pydz nuranga je moapkaHa momohy
napa WHTPaMOJIEKYJICKMX BOJIOHMYHHUX Be3a KOje YKJbY4yjy aMHHO TPYIy jelHE KOMIUICKCHE
JEeIMHMIIE TJIATUHE U XJIOPUIO JIUTaH Apyre KOMIUIEKCHE JeMHUIIE IIJIaTUHE, IITO JOBOIU 110
JIoJaTHE cTabWiu3anuje AUMEpPHE CTPYKType W HW3a3MBa MPUMETHY HPEHATPIAHOCT OKO

TJIATHHCKUX IIEHTapa u Xjaopuao jauranana (Cnuka 35).

Cauxa 35. Ilpukaz crpykrype {[Pt(en)Cl],(1-pydz)}Cl, xommiekca KOju Tpe3eHTyje
MOJPIIKY KOjy 00e30el)yjy BOJAOHMYHU MOCTOBU OHWJEHTATHO] MOCTHO] (YHKIUjU

NUPUIA3UHCKOT IIPCTEHA
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MelhytuMm, TIaBHY CTPYKTYpHY Kapaktepuctuky mauHykieapHor {[Pt(en)Cl]a(u-
pydz) }Cl, komrmiekca mpecTaBsbajy napou uatepmosiekynckux NH---CI'---HN BogoHMYHUX
Be3a, KOje MMajy BaXHY YJOTY Y CYNPaMOJEKYJCKO] MOAPIIIM MMPH MOCTHOM IOBE3UBAY
u3mehy nBa Pt(I) meranna nentpa momohy KOOpAUHOBAHOT MUPUAA3ZHHCKOT npcTeHa (Crnuka
35). OBe BomOHHMYHE HHTEpaKiUje CTaOWIM3yjy MOJEKyIcKy cTpykTypy {[Pt(en)Cl],(u-
pydz) } Cl, komruiekca.

OBO je y CyNpOTHOCTH Ca yJIOTOM HEKOOPIMHOBAHOT XJIOPHIHOT aHjOHA y CIUYHOM
{[Pt(en)Cl],(u-pz) }Cl, xommiekcy, y kojem Cl aHjoHW, KOjU c€ Halla3e W3HAJ U KCIIOA
NUPA3UHCKUX TIPCTEHOBAa YYeCTBY]Y Yy AaHjoOH:--T HWHTEpaKkliHjamMma ca apOMaTHYHUM
NPCTEHOBHMA, HA Taj HAuWMH CTaOWIHM3yjyhu Mpe KpHCTaIHYy HEro MOJEKYJCKY CTPYKTYpY.
Crpykrype xomruiekca miatuHe(ll) koje cy mo cama nemonoBane y Kpuctanorpadckoj 6a3u
nomaraka y KemOpunry (CSD Bep. 5.34 + 2 axypupama [185]) campke HCKIBYYHUBO
MOHOJIEHTAaTHO KoopauHoBaHu nupuaasuHcku gurana (POSPIW & POSPOC [188]), mok je
MOHOJIEHTaTHAa W OWJEHTaTHAa MOCTHA KOOpJHMHAIMja yodeHa y ciy4ajy kKomiuiekca Pt(IV)
(PILMUS [189] u ZEWKOB [190] monoaentratna; HERCEM [191] OunentatHa MoCTHa
KoopauHaryja). Y tom cmuciy, ctpykrypa {[Pt(en)Cl],(x#~pydz) }Cl, komrmiekca Koja caapxu
nap NH---Cl---HN HHTepMOIEKYJICKUX BOJOHHYHHUX JIMHKEpPA KOJH HWIpajy BaXKHY YJOTY Y
CYIpaMOoJIeKyJICKO] MOAPUINM NP MOCTHOM noBe3uBawy uzMelhy nsa Pt(II) meranna nentpa
noMohy KOOpJIMHOBAHOT MUPUAA3UHCKOT NMPCTEHA j€ jeINHCTBEHA.

Kpucranno mnaxoBame {[Pt(en)Cl]| (#-pydz)}Cl, kommiekca. Y KpucTaiHOj
pemeTku KoMIuieKcHu KatjoHu cy pacnopehern y (001) cmojeBe (cimka 36). Monekynu u3
CYCEIHHX CJIOjeBa Cy IMOBE3aHU C-KIM3HOM PaBHH M IIOMEPEHU Cy Y OJTHOCY Ha OHE KOjU JIekKe
y CYCeIHHMM CJIOjeBHMa. XJIOPUIAHHM aHJOHH ce Takole Haja3e y OBUM ClIOjeBUMA. AMHHCKHU
JUTaHAM Cy JOHOPM Y BOJOHMYHMM Be3aMa JOK  XJIOPUAHU JOHH HMajy YIOTY
yeTBopocTpykux akmentopa (Cnuka 36). ¥ tabenu 9 nare cy 1y>XKMHE U YIJIOBU BOJOHUYHHMX
Be3a Y kpucrtanHoj ctpykrypu {[Pt(en)Cl],(u-pz)}ClkomMinekca, KOOpAMHOBAHU XJIOPHUIHU
a”joH (Cll) HHMje yKkJpy4YeH y BE3UBamby BOJOHHMKA WM OWJIO KOJUM JAPYTUM CHEHU(PUIHUM

HHTCPMOJICKYJICKUM I/IHTepaKI_II/Ij amMa.
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Camka 36. ITakoBame {[Pt(en)Cl],(x-pydz)}Cl, momekyma mocmaTpaHoO Iy b-TipaBIia.

Ocenuena o6nact npukasyje jenat (001) monexycku cioj

Ta6ena 9. [ly>)xuHe U yriioBM UHTPAMOJIEKYJICKHX U HHTEPMOJIEKYJICKMX BOJOHUYHUX Be3a y

{[Pt(en)Cl]»(u-pydz) } Cl, kommnekcy

D—H---A D—H (A) H---A (A) D---A (A) D—H---A (°)

UHMPAMONEK)ICKe 60()0HLHH€ 6es3e

N1—H]1B---CI1' 0,90 3,02 3,645 (5) 128
UHMEPMONEK)IICKE BOOOHultHe eese

N1—HIA---CI2 0,90 2,28 3,154 (5) 166

N1—HIB---CI2" 0,90 2,67 3,425 (5) 142

N2—H2A.--CI2" 0,90 2,34 3,215 (5) 162

N2—H2B---CI2" 0,90 2,32 3,191 (5) 162

Cumetpujcke TpanchopMalirje Koje ce oJlHoce Ha akienTopcku atom (A): (1) -x+2, y, -
z+1/2; (i1) -x+3/2, y+1/2, -z+1/2; (iii) x+1/2, y+1/2, z; (iv) -x+3/2, -y+1/2, -z.
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HcnutuBame peakumja xuapojuse N-anerwnoBanor aunentuga Ac-L-Met-Gly y

npucycry {[Pt(en)(H0)]L(u-pz)}** u [Pt(en)(H,0),:]** kommiekca

Xuaponutuuko packuname Met-Gly nmentugne Bese y Ac-L-Met-Gly aunentuny y
npucycry asa miatusa(ll) kommiekca, MoroHyKIeapHor [Pt(en)(H,0),]*" 1 auHykieapHor
{[Pt(en)(H,0)]2(u-pz)}** (en je GHACHTAHTHO KOOPAMHOBAHH CTHICHINAMHH, PZ j¢ MOCTHH
TUPA3HHCKH, MK |, 4-1uasuH, Turan), ucnuTuBano je npumerom 'H NMR crekrpockomnje.
OproBapajyhu nentun u Pt(Il) komruiekcu cy pearoBanu y 1:1 m 2:1 MoickoM omHOCY.
Peakuuje cy usyuyaBane y pH ob6nactu oxg 2,0 mo 2,5 y D,O kao pactapauy Ha 37 °C. ITopen
Tora, peakimja gumentuga Ac-L-Met-Gly ca [Pt(en)(H,0),]** ucnurusana je y sumxy Pt(IT)

koMmriekca (1:2 MOJICKH 07THOC).

Peaxyuje nnamuna(ll) komnnexca ca exgumonapnom koauvunom Ac-L-Met-Gly ounenmuoa

Y  peakumjama  { [Pt(en)(HzO)]z(y-pz)}4+ u [P‘[(en)(HzO)g]2+ KOMILJIEKCa ca
ekBUMoOJIapHOM  KonmmuuHOM — Ac-L-Met-Gly  numenTtuma, 1oa  Hampex  ONMHMCAHUM
eKCIIEPUMEHTAIHUM YCJIOBHMA, y TIPBOj (a3 1ojla3u A0 CIOHTAaHOT KOOPAWHOBAMA aToMa
CyMIIOpa METHOHUHCKOT ocTaTka aurnentuaa 3a Pt(Il) jon, npu yeMy HacTaje XUIPOIUTUYKU
aktuBHM  TutatuHa(ll)-menTun — KOMIUTIEKCH, [Pt(en)(Ac—L—Met—Gly—S)(HZO)]2+ 1) m
{[Pt(en)(AC-L—Me'[—Gly—S)](,l,l—pz)[P‘[(en)(HzO)]}4+ (2). Ilemarckum mnpHKa3 HCIUTUBAHUX
peakuuja xuaponuze Met-Gly nentunne Bese y Ac-L-Met-Gly y mpucycTBy MOHOHYKJICApHOT
u auaykiaeapHor komruiekca riatune(ll) nat je na cimnm 37. KoopamHoBame aToMa cymropa
U3 METHOHHMHA je BeoMa Op3 TpoIec M JaKo Ce MOXE MPATUTH NPUMEHOM 'H NMR
cniektpockonuje. Cunaraer Ha 2,11 ppm koju moTuyde o1 S-METHJI MPOTOHA HEKOOPAMHOBAHOT
Ac-L-Met-Gly nunenTtuma BpeMEHOM c€ cMamyje, TIOK WHTEH3WTETa CHHIJIeTa Ha 2,54 ppm,
KOjU TOTHYE O] S-METHJI MPOTOHMMA KOOPJIMHOBAHOT MEeTHOHMHCKOT ocTtartka 3a Pt(Il) jon
BPEMEHOM pacte. XeMHjcKa IoMepama oaroapajyhux mporona 3a miaaruna(ll) komrmuiekce,
munentun, narepmenujepue iaruHa(ll)-nenTun KoMIekce, Kao U 3a MPOU3BOIE XUIPOIH3E
nata cy y Tabemu 10. OBa xeMHjcKa ToMepama Cy y CarjacHOCTH ca XEMHU]JCKUM MTOMepambuMa
MIPOU3BO/IA PeaKIirje KOoju HacTajy y peaknujama tuiatuHa(ll) komriekca ca nmentuauMa Koju

caaprke MmeTuonuH [94,152,192,193].

80



Luckycuja pezyimama

Il
Ac-L-Met-Gly (Ac =CH4C— )

20<pH<25
t=37°C
[Pt(en)(H0),]** {[Pt(en)(H20)lo(-p2)}**
; o |
\
Ac Ac NH o
\ H,0 AN
NH o NH 0 /—<
f o (w ¢
E—NH OH E—NH OH S O \_/OH
O H3C/| K | 2
~S /S ;=
HaC | H3C HoN— N—Pt—NH2
N—Pt OHy N—Pt—OH2 K/ |
K/ NH, HoN
K/NHQ NH2 2
eksternalni mehanizam 1 internalni mehanizam {[Pt(en)(Ac-L-Met-Gly-S)](1-p2)[Pt{en)(HoO)l} 4
[Pt(en)(Ac-L-Met-Gly-S)(Ho0)]2* | l
Ac
Ac \
NH NH
s © + Gl s O + [Pt(en)(H20)%* + Gly
HyGC™ HyC™ —
—Pt— Hy,N——Pt—N N
HoN Fl't OH» > \ \ y
K/NHZ K/NHz
3 4
[Pt(en)(Ac-L-Met-S)(H,0)]2* [Pt(en)(Ac-L-Met-S)(pz) ]2+

Cauxa 37. llemarcku npuka3 peakuuja xuaponuse Ac-L-Met-Gly nunentuna y npucycrBy
[Pt(en)(H20):1*" 1 {[Pt(en)(H,0)2(u-pz)}** xommiexca. Jlumentux u oxrosapajyhu Pt(Il)

KOMIUIEKC pearoBaHu cy y 1:1 Mosickom ogHOCy

VY ucnuTBaHUM peakijama Hal)eHo je a JoJa3u A0 XHIPOJu3e MENTHIHE Be3e Koja
noTuye o KapOOKCHUITHE rpylie METHOHMHA. XHUAPOJK3a MEeNTUIHE Be3e npaheHa je mpuMeHoM
'H NMR cnekrpockonuje. Cunriier Ha 3,99 ppm Koju mOTHYE OJ METHJICHCKHX TPOTOHA
IJIMIMHA y KOMIUIeKcuMa 1 U 2 TOKOM peakiije Omnajaa, JOK MHTEH3UTeT CHHrjiera Ha 3,77
ppm koju oxaroapa -CH,- mporoHmMa ci1000JHOT TJHMIIMHA BpPeMEHOM pacte. JlomaTkom
TNIMIMHA Y PEaKIMOHY cMelly, y kojoj ce Hamasu miatuHa(ll) xommuiekc u numentun
WHTEH3UTET cCUHIIeTa Ha 3,77 ppm ce nosehaBa, ynme je MOTBpheHO Aa 0Baj CUTHAT MOTHYE
0J1 METHJICHCKHX MPOTOHA cIo0oHOT rmiuHa. M3 ogHOca nHTerpana cuHriera Ha 3,99 ppm

koju motuay o -CH,- TMIMHCKUX TPOTOHA Yy WHTEPMEIUjepHUM Komruiekcuma 1 u 2
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(xonHmeHTpaija komruiekca 1 u 2 jenHaka je mo4yeTHoj KoHueHTpauuju Ac-L-Met-Gly) u
cioboAHOT MMIKHA Ha 3,77 ppm u3padyHaT je npoueHat xuaponause Met-Gly nentuane Bese.
Hakon 24 h y pactBopy cy mopen ciobogHor riauiuHa npucytHu [Pt(en)(Ac-L-Met-Gly-
S)(H,0)1** (3) u [Pt(en)(Ac-L-Met-Gly-S)(pz)]** (4) xommuieken (Couka 37), Ha OCHOBY dera
je 3aKJpy4eHO Ja OMJEHTATHO KOOPAMHOBAHW ETHJICHAWAMUH MpPEJACTaB/hba CTA0WIAH €0
MoJIeKyJa U ocTaje koopauHoBan 3a muatuHy(Il). Takohe, Huje HaheHo mga monasu 10 mpoMeHe
WHTEH3WUTeTa curHaia Ha 2,54 koju nmotuue oa CH3-S nmpoTtoHa KoopMHOBaHOT METHOHWHA 32

Pt(I1) jou (Tab6ena 10).

Ta6eaa 10. '"H NMR xemujcka momeparsa (8, ppm) 3a IIpOH3BOJE KOjH HACTA]y y peaKiijama
[Pt(en)(H20),]*" 1 {[Pt(en)(H,0)]o(-pz) }** ca Ac-L-Met-Gly munentumom y pH o6nactu oz
2,0 no 2,5 na 37 °C y D,0O kao pactBapauy

Junentun/Pt(Il) kommexce/ Kapaxkrepucrtuuno '"H NMR noMepame
Peakunonu npousson (S, ppm)
Ac-L-Met-Gly 2,11 (s, MetCH3); 3,99 (s, GlyCH,)
{[Pt(en)(HZO)]z(,u-pz)}4+ 2,64 (s, enCH,); 9,03 (s, pzCH)
[Pt(en)(H,0),]™" 2,64 (s, enCH,)
[Pt(en)(Ac-L-Met-Gly-S)(H,0)]** (1 u 7) 2,54 (s, MetCH3); 2,84 (s, enCH,)

2,54 (s, MetCHs); 2,70; 2,84 (25, enCH,);

4+
{[Pt(en)(Ac-L-Met-Gly-$)](u-pz)[Pt(en)(H.0)]} ™ (2) 9,03 (s, pzCH)

[Pt(en)(Ac-L-Met-S)(H,0)]** (3) 2,54 (s, MetCHj3); 2,84 (s, enCH,)

2.53 (s, MetCHj3); 2.89 (s, enCHy); 8.75—

2+
[Pt(en)(Ac-L-Met-S)(pz)]™ (4) 9.00 (m, pzCH)

[Pt(en)(Ac—L—Met—Gly—S)z]2+ 5) 2,54 (s, MetCH3); 2,89 (s, enCHo»)
2,53 (s, MetCH3); 2,89 (s, enCHs»); 9,03 (s,
([Pten)(Ac-L-Met-Gly-S)Lp2) |+ () (o MEHCH: 289 0, enCHI 030
pzCH)
Cno6onan riunuH (Gly) 3,77 (s, GlyCH,)
CnoGonan nupas3uH (pz) 8,66 (s, pzCH)

Melytum, XUIPOIUTUYKA aKTUBHU {[P‘[(en)(Ac—L—Me‘[—Gly—S)](/vl—pz)[Pt(en)(HzO)]}4+
KOMILIEKC (2), Koju Hactaje y peakumju  Ac-L-Met-Gly ca {[Pt(en)(H,O)l.(1-pz)}*, je
HectabmiaH w HakoH 24 h nmonasu no packumama jemue Pt(Il)-N(pz) Bese. Packumame
iatuHa(Il)-iMpa3suH Bese Moke ce MpaTHTH Ha OCHOBY IOMepama CUTHajla y apOMaTHYHOj
00JacTu KOju NOTUYY OJf METUHCKUX MpOTOoHa nupasuHa. Cunrier Ha 9,05 ppm Koju noruye

Ol MCTHUHCKHUX IIPOTOHA IIMpA3HMHA Y AUHYKJICAPHOM KOMIIJICKCY, OAHOCHO XHAPOJIUTHUYKHU
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AKTUBHOM KOMIUIEKCY 2, ca BPEMEHOM OIaja, 10K MHTEH3UTET CUMETPUYHOI MYJITHUILIETa Y
obnactu ox 8,75 - 9,00 ppm (Tabena 10), koju MOTUYE O] MOHOJCHTATHO KOOPIUHOBAHOT PZ
muranza 3a Pt(Il) jou y [Pt(en)(Ac-L-Met-Gly-S)(pz)]** kommekcy 4 pacte (Cimka 37).

Iojaa cumerpuusor Myatumiera y 'H NMR crekTpy ykasyje Ha pacKuaame jeiHe
Pt(Il)-N(pz) Be3ze y kxommiekcy (2), mpu uYemMy UYETHPH MUPA3HHCKA MPOTOHA TOCTAjy
HEEKBUBAJIEHTHA U y CIIEKTPY I10jaBJbyjy C€ JABa MYJITHUILIETa 300T BUIIMHATHOT KYIIOBaHA.
CuMeTpuyHH MYITHUIUIET KOJU IMOTHYE OJ] MOHOJICHTaTHO KOOPJAMHOBAHOT MUpa3uHa HaleH je
u 3a cis- u trans-[Pt(NH3)2(pz),](NO3), xao u 3a [Pt(tmda)(pz),](NOs3), (tmda je N,N,N’,N -
tetrametilendiamin) kommuiekce [159]. Kommiekc 4 koju Hactaje HakoH packuaama Pt(I)-
N(pz) Bese je Beoma crabunan u y 'H NMR crekTpy Hema curHanza Ha 8,66 ppm Koju
oaromapa cioboanoM nupasuny [159] uu nHakon 10 nana peakiuje. BpemeHcka 3aBUCHOCT
xunponmse Met-Gly mentuane Bese y Ac-L-Met-Gly y nmpucyctBy {[Pt(en)(HZO)]2(,u-pz)}4+ u
[P‘[(en)(H20)2]2+ KOMIUIEKCA Y Pa3IMYUTHM MOJICKMM OJHOCHMA IpHKa3aHa je Ha ciauiu 38.
Haheno je ma HakoH 1Ba caTa pEakIMOHOT BpeMEHAa Yy peakIHuju MOHOHYKIJICapHOT
[Pt(en)(Hzo)z]2+ KOMITJICKCA ¥ €KBUMOJIApHE KOJWYMHE TUIenTHaa Xuapoiusyje 35% Met-
Gly mnentunne Be3e. Mehyrum, y TpUCYCTBY JMHYKIIEAPHOT {[Pt(en)(HgO)]z(y-pz)}4+
KOMIUIEKCa XUAPOJH3a je ABa myTa Opxka u xuaponusyje oko 70% Met-Gly nmentuane Bese.
Haxon 24 h y npucycTBy MOHOHYKJIEAPHOT KOMILIEKCa XUPOIU3yje OKo 56% menTuaHe Be3e,
JIOK je y mpucyctBy aunykineapHor 83% Met-Gly Bese je packunyro. Ha ocHOBy Tora
3akJbydeHo je na je aunykneapHu {[Pt(en)(H,O)]a( y—pz)}4+ KOMIUIEKC OOJbH KaTallu3aTop
CeJIeKTUBHOT packumama Met-Gly mnenTtunne Be3e y OAHOCY Ha MOHOHYKJICApHU
[Pt(en)(H,0),]** komrureke. Mmajyhu y Buy 607by KaTATHTHYKY CIIOCOOHOCT JAUHYKICAPHOT Y
OIHOCY Ha MOHOHYKJICAPHU KOMIUJIEKC, HWCIUTUBAIM CMO PEaKIH]y [Pt(en)(H20)2]2+
koMmriekca ca Ac-L-Met-Gly, moa Hampen HaBeleHUM €KCIEPUMEHTATHUM yClIoBUMa, y 2:1
MoJjickoM oxHocy. Kao mto ce Ha ciauuum 38 Moske BHAeTH, Hal)eHO je na je xuaponnsa Met-
Gly nenTunne Be3e y 0BOj peakifju Opxa y 0JHOCY Ha XUAPOITY3Y y PUCYCTBY €KBUMOJIApHE
kommuuHe MoHoHykieapHor Pt(Il) kommekca.

Mebhytum, Xuaponusa MENTHIHE Be3e y MPHUCYCTBY [Ba MyTa Behe KonnduHe
MoHoHykieapHor [Pt(en)(H,0),]** koMmIuiekca y ofHOCY Ha HENTHI je CIOpHja y OZHOCY Ha
XUAPOJU3Y Yy TPUCYCTBY EKBUMOJApHE KOJIWYMHE IUHYKIEAPHOT {[P‘[(en)(HzO)]z(/l-pz)}4+

komiuiekca 1 Ac-L-Met-Gly (Buau ciuky 38). Beha karanutuuka ak THBHOCT JTUHYKJICAPHOT
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KOMILIeKca y mopehery ca MOHOHYKJICAPHHM KOMIUIEKCOM, MOXE C€ IPUIHCATH

CTPYKTYPHUM pa3JIMKaMa IbUXOBUX XUAPOJIHUTUYKA aKTUBHUX l'IJ'IaTI/IHa(H)—HeHTI/II[ KOMILJICKCa

1 u 2 (Cnuka 37).

B {[Pt(en)(H,0)](-p2)}** : Ac-L-Met-Gly =1:1
B [Pt(en)(H.0).]"" : Ac-L-Met-Gly =2:1

B [Pt(en)(H.0),J** : Ac-L-Met-Gly =1:1

B {[Pt(en)(H.0)a(-pz)}*" : Ac-L-Met-Gly =1:2 *

Xupponusa Met-Gly nentuaHe Bese, [%)]

6 24h

Cauxa 38. Bpemencka 3aBucHocT peakiuje xuaposmze Met-Gly nentuane Bese y Ac-L-Met-
Gly munenruny y peaxuuju ca miarusa(Il) kommiekcnma *V peaxrmju [Pt(en)(H,0),]%" ca

BHIIKOM JUIICIITHAA HC O0JIa3U OO0 XUAPOJIN3C IICIITUIHC BE3C

Mexanuzam xunaponusze Met-Gly menTugHe Be3e y MNPUCYCTBY MOHOHYKJICApPHOT
[Pt(en)(H20)2]2+ KOMILIeKca Moke ce obOjacHuTHm Ha nBa HaumHa (Cruka 37) [44-46]. Tlo
npBoM MmexanusMmy Pt(II) joH wuHTeppearyje ca aToMOM KHCEOHHMKAa IENTHAHE Be3e Koja
XUAPOJIM3Yje W Tojapu3yje KapOOHWIHY TpyIy, MpU YeMy KapOOHWIHHM YIJbEHHUK IOCTaje
napIyjagHo MO3UTHBAH M MOTOJaH 3a HYKJICO(DMIHM Hamaj MOJEKyjla BOJE M3 pacTBapaya
(excmepnannu mexanuzam). Jlpyra MoryhHOCT je Ja MOJIEKYN BOJE KOjU je KOOPAUHOBAH 3a
Pt(Il) jon munTeppearyje ca kapOoHUTHUM C-aTOMOM CyceqHe MEeNTHIHE Be3e KOoja MOIJIeKE
XUJPOIU3U (UHmMepHannu mexanuzam). 3a XUIPOIU3Yy NENTH]HE Be3e MO OBOM MEXaHU3MY
MoJIeKyIt Boge koopauHoBat 3a Pt(Il) jou y xommiekcy 1, [Pt(en)(Ac-L-Met-Gly-S)(H,0)]*",

C€ MOpa HaJIazuTu y ONMU3MHU Kap60HI/IJ'IHOP aTOMa YI'Jb€HUKA NCUTUAHEC BE3C KOja CC pacKkuaa.
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Mehytum, mMoryha je W komMOMHaNMja OBa JBa MEXaHWU3Ma, Kao IITO j€ TPUKA3aHO Yy
komiuiekcy 2. Panmju pesynratm cy mokasanm aa moisekyna Bojge y Pd(II) m Pt(Il)
KOMITJIEKCMMA MMa Ba)KHY YJIOTY y peakifjaMa peruocesieKTUBHE XUAPOJIN3e MEeNTHIHE Be3e
y menTtuauMma Koju caapke amuHokucenuHe L-xuctuamn u L-metwmonun [116,117,120,
121,156, 183,184,194]. V xunponmutnuku aktuBHOM Komruiekcy 2 ({[Pt(en)(Ac-L-Met—Gly-
$)1(u-pz)[Pt(en)(H,0)]}**, Cimka 37), Pt(I) joH 3a KOjH je KOOPAMHOBAH IHIICIITHI MPEKO
aToOMa CyMIIOpa W3 METHOHMHCKOT OCTaTKa IoJjapu3yje KapOOHWIHY TIpyIy NENTUIHE Be3e,
py 4YeMy KapOOHWIIHH YTJbEHHK IOCTaje MapIijaJHO MO3UTUBAH U TMOT0/IaH 32 HyKJICO(pHITHH
Hanaj MoJjiekyia Boje. Bojga HeonxozHa 3a Xuaposn3y, Yy OBOj peaklidju, IOTUYE O JPYror
Pt(Il) jona nunykineapHor komiuiekca. /Isa Pt (II) jona moBe3aHa MOCTHUM apOMaTHYHUM
aura"jaoM (pz) y KOMIUIEKCY 2 cy ehuKacHMjU KaTajau3aTopu y OJHOCY Ha JiBa IyTa Behy
KONMYMHY MOHOHYKIeapHor Pt(en)(H,0),]*" kommexca y oxmocy Ha mentun. Jlsa
wiatuHa(ll) jona y xomriekcy 2 HCTOBpEMEHO YUECTBY]Yy Y pacKuaamy MENTUIHE Be3e, je1aH
TaKo IITO ToJIapu3yje KapOOHUIIHU aTOM KHCEOHHUKA, a IPYTH Jaje BOJY KOja je HEOMXO/IHa 3a
xugpoinsy. Meljyrum, jenan Pt(Il) jon y moronykiteaproM [Pt(en)(H,0),]*" kommuiekcy He
MOY€e MCTOBPEMEHO IMOJIapu30BaT KapOOHWIIHY I'PYyIy M JIaTH MOJIEKYJ BOJE HEONXOJaH 3a
XUIponu3y mentuaHe Bese. OBU pe3yaTaTH Cy y CarjliaCHOCTH ca PaHUjUM pe3yiTaruma 3a
peakije XUApoiu3e MENTUIHE Be3e y MeNTHANMA KOjH CaJpKe METHOHHH y TPUCYCTBY

JTUHYyKJIeapHuX Komiuiekca nanaaujyma(ll) koju cagprxke MmocTHe THONATO Juranzae [176-178].

Peaxyuje nnamuna(ll) komnnexca ca euwxom Ac-L-Met-Gly ounenmuoa

Peakumje xwuapommsze Met-Gly mentumne Bese y Ac-L-Met-Gly nunentuny y
MPUCYCTBY [P‘[(en)(HgO)z]2+ u {[P‘[(en)(HZO)]2(,1.1-pz)}4+ KOMIUIEKCAa HW3y4YaBaHE Cy Yy BHIIKY
munientuga. Oarosapajyhu Pt(Il) xomruiekc m gunenTwa cy momemanu y 1:2 MOJICKOM
onnocy, y pH ob6mactu on 2,0 no 2,5 y D,O kao pactBapauy Ha 37 °C. dopmupame
[Pt(en)(Ac-LMet-Gly-S),1** (5) u {[Pt(en)(Ac-L-Met-Gly-$)],(u-pz)}** (6) xommiekca
(Crmka 39) moxe ce mpartutu npumenoM 'H NMR crexrpockomuje. Cunrier Ha 2,11 ppm
KOjH MOTHYE O S-METHJI IPOTOHa HeKoopauHoBaHOT Ac-L-Met-Gly nunenTuia BpeMeHOM ce
cMmamyje, TOK HMHTEH3WTeTa CHUHIIeTa Ha 2,54 ppm, KOju MOTHYE OA S-METHUJI MPOTOHA
KOOPAMHOBAHOT MeTHOHHHCKOT octaTtka 3a Pt(Il) jon Bpemenom pacrte (komruiekcu 5 u 6,

Cnuka 39 u Ta6ena 10).
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Ac-L-Met-Gly
20<pH<25
t=37°C

{Pt(en)(H,0)lo(u-p2)y**

(u visku)

[Pt(en)(H20),1**
Ac l
NH o
0 <
NH OH
HSC/T CHy
H;N——Pt—— S

hidroliticki neaktivan kompleks
[Pt(en)(Ac-L-Met-Gly-S),]>*

OH OH
A AC\ fo)
c o]
S NH
H,C | HsC ‘
H2N—Pt—N\ /N—Pt—NH2
K/NHZ HzN\)

hidroliticki neaktivan kompleks
{[Pt(en)(Ac-L-Met-Gly-S)Io(u-pz)}**

lposle 4h
Ac
\
NH o)
§—NH OH
¢
3 7\
HsC + N N
| \—
HoN Pt——OH, L.
| pirazin
K/ NH,

hidroliticki aktivan kompleks

2 [Pt(en)(Ac-L-Met-Gly-S)(H,0)]**

Cauxa 39. Illemarcku mnpuka3 peakiuja [Pt(en)(HzO)2]2+ u {[P‘[(en)(HzO)]z(,u—pz)}4+

KoMIIekcuMa y BUIIKY Ac-L-Met—Gly aunentuna (1:2 MOJICKH 0HOC)

Haxon nBa cata peakilMOHOI BpeMEHa y 'H NMR cnekTpy curHain Ha 2.11 ppm je

MOTITYHO HECTAa0, Ha OCHOBY Yera je 3ak/by4eHO Jla je LEeJIOKYyIHa KOJMYMHA JIHUIENTHAA

koopauHoBaHa 3a Pt(Il) jon. Takohe, Hal)eHO je 1a TOKOM peakinje HE J0JIa3H J0 PacKuaama

HujenHe nentuaHe Bese y Ac-L-Met-Gly, mto yka3syje na cy miaruHa(ll)-mentun KoMmiekcu

5 1 6 xunponutnuky HeaktuBHA. Y peakimju [Pt(en)(H,0)]*" u Ac-L-Met-Gly, Huje Haljero
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J1a J10J1a3M 10 pacKuama MENTHIHE Be3e, YaK M KajJa ce peakiifja rmocmarpa 3a Bpeme oa 4
nana. Ilopen Tora, Hema npomeHa y 'H NMR CIIEKTPY 32 UCIIUTHBAHY PEAKIHjy TOKOM OBOT
BpPEMEHa, IIITO MOTBphyje /1a je KOMIUIEKC 5 BeoMa CTa0WJIaH TMOJ| IaTUM €KCIIEPUMEHTaTHUM
ycnoBuMa. MelyTum, XHIPOIMTUYKH HEAKTMBAaH KOMIUIEKC 6, KOjU HacTaje y peakiuju
{[Pt(en)(HgO)]z(,u-pz)}A'Jr koMmriekca U Ac-L-Met-Gly numentuga je HecTaOWIaH IO
OTIMCAaHUM EKCIIEpUMEHTATHUM YCIIOBUMAa W HaKOH 4 caTa peakiuje HaleHo je ma mona3u 10
packunama jeare Pt(I1)-N(pz) Be3e npu uyemy Hacraje XuApoJuTHIKK akTuBaH [Pt(en)(Ac-L-
Met-Gly-S)(H,0)]** kommiekc (komrmiekc 7). OBaj KOMIUIEKC je CTPYKTYPHO HICHTHYAH ca
KOMILIEKCOM 1, Koju HacTaje y peakimju MoHoHyKIeapHor [Pt(en)(H,0),]** kommekca i Ac-
L-Met-Gly munentuga (Cnuka 37). YV 'H NMR CHEKTPY MOXE C€ MPaTUTU (POPMHUPAE
KOMIIJIeKCa 7 Ha OCHOBY CMamema MHTEH3uTeTa cuHriera Ha 9,03 ppm, koju morude on
YeTHPH E€KBUBAJICHTHA MPOTOHA MOCTHOT NMHUPA3MHCKOT JIMTaHAa y KOMIUIEKCY 6 u mopacta
WHTEH3UTETA CUHTIIeTa Ha 8,66 ppm, Koju motude of ciaodoaHor nupasuna (Tadena 10). Oa
peakuuja je cropa u HakoH 48 catu y pacTBOpy je mpucyTHo camo oko 30% ciobomHor
nupasuHa. Hacrtanu komreke 7 je XUApOJUTHYKN aKTHUBAH U Y 'H NMR CIIEKTPY jaBJba c€ U
HOBHU cHHTJIET Ha 3,77 ppm, KOju MOTHYE O]l METHJICHCKUX MPOTOHA cI000AHOr riuuuHa. M3
oJHOCa MHTerpana cuHriera Ha 3,99 ppm koju motuuy of -CHj- IIHIMHCKUX MPOTOHA
cnobognor Ac-L-Met-Gly u cnobomnor rmmnuua Ha 3,77 ppm Hu3padyHaT je MpOIEHAT
xunaposnse Met-Gly nentuHe Bese.

Haljeno je ma y peaxuuju {[Pt(en)(H,0)]»(u-pz)}** xommieka ca Ac-L-Met-Gly y 1:2
MoJICKOM oaHocy, camo 30% Met-Gly Beze xuaponu3yje 3a Bpeme of 24 cara (Ciuka 38), 10k
HakoH 48 h xunponusyje oko 50% oBe Beze. Ha 0CHOBY NpeTXoHUX MCIHUTHBAJbA MOXKE CE
3aKJbYUUTH J1a cy nuHykjiaeapHu komruiekcu Pt(Il) 6ospu katammzatopu XuApOJIM3E MENTHIHE

Bese y Ac-L-Met-Gly aunentuny, y nopehemy ca MoHoHyKineapHuM Pt (II) koMruiekcom.

HUcnutuBame peakumja xuaposuse Ac-L-His-Gly u  Ac-L-Met-Gly-L-His-GlyNH,
NnenTHaa y NpucycTBY {[Pt(en)(HzO)]z(y-pz)}‘” " {[Pt(en)(HzO)]z(,u-pydz)}‘” KOMILIEKCA

Hunykneapuu {[Pt(en)Cl]x(u-pz)}Cly u {[Pt(en)Cl],(u-pydz)}Cl, xommiekcu, ciauka
31 (en je OMaEHTAHTHO KOOPAWHOBAHW €TWJICHIWAMUH, PZ j€ MOCTHH NMHUPA3UHCKU U pydz je
MOCTHU THPUAA3MHCKH JIUTaHM), 4Ydja je CTpPyKTypa NOTBpheHa Ha OCHOBY pe3yiTara

pPEHIreHCKEe CTPYKTypHE aHaiu3e, NpeBeJeHH Ccy Yy ojarosapajyhe akBa JepuBarte,
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{[Pt(en)(H,0)]2(u-pz)}**, omrocHo {[Pt(en)(H,0)2(u-pydz)}**, mo mocrymky koju je omucan
Y eKCIIepHMEHTAITHOM JIeTy OBOT paja (mornaesbe 3.6.). [Tpumenom 'H NMR criekTpockorije
W3ydaBaHE Cy pEaKIHje IUHYKJICAPHHUX {[Pt(en)(HZO)]z(/J—pz)}4+ u {[Pt(en)(H,O),],(u-
pydz)}** kommiekca ca Ac-L-His-Gly u Ac-L-Met-Gly-L-His-GlyNH, (Cimka 26). Cse
peaknuje cy uzydaBane y pH o6mactu ox 2,0 mo 2,5 na 37 °C y D,O kao pactBapauy. Kao
HITO Cy IMpeTXoJHa MCTpaKMBama II0Ka3zaja, KHUCela CpeUHa y OBHUM peakifjama je
HEOMXoAHa Ja Ou ce crnpedmwio GopMupame MoIuMepHUX xuapokco-turatuHa(ll) kommiekca
KOjU Cy XHMIPOJIUTUYKU HeakTuBHU [95,116,117,152, 183,184]. buneHTaTHO KOOPAMHOBAHH
eTWJICHIMaMUH, MOCTHU TTUPA3UHCKHU U TMUPUJIA3UHCKH JIMTaH/U MPEICTaBIbajy cTabuiiaH €0
MOJIEKyJa U O4eKyje ce Ja ocTany koopauHoBanu 3a Pt(Il) Tokom peaknuje ca Ac-L-His-Gly

u Ac-L-Met-Gly-L-His-GlyNH, nentunnma.

Peaxyuje ounykneapnux nnamuna(ll) komnaexca ca Ac-L-His-Gly ounenmuoom

Kana ce exkBumonapHa KoqnunmHa {[Pt(en)(HzO)]z(,u-pz)}4+ KOMIUIeKca momerta ca Ac-
L-His-Gly nunientunom, y pH obnactu ox 2,0 1o 2,5 Ha 37 °C, y pacTBOpy Cy HaKoH 48 caTu
dopmuparn  {[Pt(en)(Ac-L-His—Gly-N3)](u-pz)[Pt(en)(H,0)]}** u {[Pt(en)(Ac-L-His—Gly-
NI )](,u-pz)[Pt(en)(HZO)]}4+ komiieken (Crmuka 40a m Tabema 11). OBH KOMIUIEKCH Cy
OKapakTepHCaHW Ha OCHOBY pa3iHka y XxemujckuM rnomepamuma 3a C2H u C5H mporone
MMHIA30JI0BOT TIPCTEHA W OHU TIPEJICTaBJbajy n3oMepe y kojuma je Ac-L-His-Gly nqunenTua
npeko N3 wiu NI aroma UMHUIa30JI0BOT PCTEHAa MOHOACHTATHO KoopauHoBaH 3a Pt(Il) jow.
Xemujcka noMmepama 32 C2H u CS5H nporoHe mMuaa3oioBor npcreHa amMMHOKHcenuHe L-
XUCTUUHA CY y CarjlaCHOCTH Ca XeMH]jCKUM MTOMEpamiMa 3a CIIMYHE KOMIUIEKCE KOjU HACTajy
y peakijama Ac-L-His-Gly pgumentuma ca MOHOHYKIIEApHUM [Pd(en)(HzO)z]2+
[95,116,117,152] u [Pt(dien)Cl]" xommiexcuma [157]. Ha ocHOBY oBor nopehema 3ak/by4eHo
je ma ce Ac-L-His-Gly mumentun xoopauuyje 3a munykieapuu {[Pt(en)(H,0)]a(u-pz)}**
KOMIUTEKC HAa HCTH HAYMH Kao M 3a MoHomykmeapue [Pd(en)(H,0),]** u [Pt(dien)CI]*

komruiekce (Tabena 11).
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{[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-S)](z-pydz)[Pt(en)(H,O)]}**
ili
{[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-8)](#-pz)[Pt(en)(H,O)[}**

= pirazin ili piridazin

Cauxa 40. (a) CrpykrypHe ¢opmyne minatuHa(ll) mentun komruiekca Koju

HACTajy y

peakuuju {[Pt(en)(HzO)]z(‘u—pz)}4+ ca Ac-L-His-Gly. ¥V peakuuju terpanentuna Ac-L-Met-

Gly-L-His-GlyNH, ca {[Pt(en)(H,O)l»(u-pz)}** y 1:2 monckom ommocy dopmupajy ce

aHaimorau komiuiekcu. (b) CtpykrypHa ¢opmyna xuaponutuyku axtuHor Pt(II)-memrun

KOMILIEKCa Koju Hacrtaje y peaktuju {[Pt(en)(HoO)a(u-pz)}** u {[Pt(en)(H,0)]o(u-pydz) }**

ca ekBuMosapHoMm komrmarHoMm Ac-L-Met-Gly-L-His-GlyNH, rterpanentuma

Panuja wucnutuBama peakiyja wu3Mel)y menTuaa KOju CcaapKe XUCTUAWNH U

MOHOHYKJICAPHUX KOMILJIEKca ommre (opmyie [Pd(L)(H20)2]2+ (L je OwunmentaTHO

KOOpPJZAWMHOBAH TWMAMHUHCKHU JII/IFaH)I) Cy noKasajia J1a je XUAPOJUTUYKN aKTUBAH KOMIIJICKC KO

Kora je menTuna mpeko N3 aTtoMa a3ora mMuaazona koopauHoBaH 3a Pd(II) jon, mpu yemy
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XUApONIN3yje  TeNnTHUIHAa Be3a Koja  CaApXKM  KapOOKCWIHY Tpymy  XHCTHIMHA

[95,116,117,120,152,156,192,195].

Ta6eaa 11. '"H NMR xemujcka momepassa (8, ppm) 3a Pt(Il) mentu KoMILIeKce KOju HAcTajy

y peakumjama {[Pt(en)(H,0)2(1-pz)}** ca  Ac-L-His-Gly u Ac-L-Met-Gly-L-His-GlyNH,

HenTUANMA
XeMujcka moMepama
[Mentua/Pt(1l)-nentun kommiekc (pH = 7.0) (0, ppm)
C2H C5H
Ac-L-His—Gly 8,61 7,33
{[Pt(en)(Ac-L-His-Gly-N3)](u-pz)[Pt(en)(H,0)] } ** 8,09 7,10
{[Pt(en)(Ac-L-His-Gly-N1)](u-pz)[Pt(en)(H,0)] } ** 7,96 6,95
[Pd(en)(H,0)(Ac-L-His-Gly-N3)]** 8,03 7,11
[Pd(en)(H,0)(Ac-L-His-Gly-N1)]** 7,87 6,89
[Pt(dien)(Ac-L-His-Gly-N3)]** 8,00 7,12
[Pt(dien)(Ac-L-His-Gly-N1)]** 7,88 6,85
Ac-L-Met-Gly-L-His-GlyNH, 8,63 7,31
{[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-N3)](u-pz)[Pt(en)(H,0)] } ** 8,07 7,09
{[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-N1)](u-pz) [Pt(en)(H,0)]}** 7,92 6,92
{[Pt(dien)(u-Ac-L-Met-Gly-L-His-GlyNH,-N3)[Pt(en)(H,0)]} ** 8,14 7,10
{[Pt(dien)(u-Ac-L-Met-Gly-L-His-GlyNH,-N1)[Pt(en)(H,0)]} ** 7,88 6,89

OBaj HaYMH KOOpIMHOBama oMoryhasa 61u3ak KOHTakT akBa guranjaa ca Pd(Il) jona u
HNeNnTUAHE Be3e Koja XHMIApoiau3yje. BbUAeHTaTHO KOOpPAWHOBAaHM ETWJICHAWAMHH U MOCTHH
IIMPA3HHCKHU JIUTaHy ocTajy koopauroBanu 3a Pt(Il) jou y peaxumju {[Pt(en)(H,0)]o(u-pz) }**
ca Ac-L-His-Gly. ¥V ucnutuBanoj peakuuju Hal)eHO je Ja Jo7a3u 10 XHIPOJIH3E IMENTHIHE
BE3€ KOja caJp’ku KapOOKCUIIHY TPYINy XUCTHUAMHA. XHUIPOJu3a TMEenTuaHe Be3e mpaheHa je
MIPUMEHOM 'H NMR cnektpockoruje. Cunrier Ha 3,89 ppm KOju MOTHYE O] METHJICHCKHX
nporoHa rauuuHa y Ac-L-His-Gly numentuny TOokoM BpeMeHa oOmajaa, JOK HHTEH3UTET

cunriera Ha 3,77 ppm koju oarosapa -CH,- mpoTroHuma ciio00JHOT TJIMIMHA BPEMEHOM

pacrte. JlogaTkoM TIMIIMHA Y PEAKIIMOHY CMeNly y K0joj ce Hana3u ruatuHa(ll) kommuieke u
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JUTICTITU MHTEH3UTET CUHIJIeTa Ha 3,77 ppm ce nmoBehaBa, yume je MOTBplEHO Ja 0Baj CUTHAI
[OTHYE OJ] METHJICHCKHX MPOTOHA cloOofaHor riuuiuHa. M3 oxnoca unrterpana 3a -CHoy-
IPOTOHE CI0OOOTHOT TIMIMHA U MHTETpaja CUrHaja KOju OJroBapa IMOYETHO] KOHIICHTPALUjH
Ac-L-His-Gly u3pauyHnar je npouenat xunponusze His-Gly mentuane Beze. Hakon 48 catu
naljeno je ma oko 50% His-Gly mentuzane Bese xumpomnsyje. Melyyrum, Ha ocroBy 'H NMR
CIIEKTPOCKOIIHje 3aK/bydeHo je ma y peakumju {[Pt(en)(H,0)]o(u-pydz)}** ca Ac-L-His-Gly,
[OJ] HAaNpe] OIMUCAHUM CKCIIEPUMEHTATHUM YCIOBHUMa, HE JI0NIa3d JI0 KOOPIMHOBamba
munentuaa 3a matuHa(ll) jon, HM 3a Bpeme ox 48 catu. Kao mocnemumna oncycrsa
KOOpAMHAllMje aToMa a30Ta MMHUAA30J0BOr npcreHa aunentuaa 3a Pt(Il) jon, He nonasu no
XHUJIPOJIN3e MENTHIHE BE3e.

Paznuka y peakTHBHOCTHM oOBa [JBa JuHyKJIeapHa Kowmriekca ruiatune(Il),
{[Pt(en)(H,0)]2(u-pz)}** 1 {[Pt(en)(H,0)]2(u-pydz)}**, ca mMuaa30noBum mpcreHoM U3 Ac-
L-His-Gly moxe ce, 06e3 cyMme, MpPHUIHCATH MPUCYCTBY Pa3IMUYUTHX MOCTHHX JUTaHAA Y
oBUM KoMmIiekcuma. OpacyctBo  koopauHoBamwa  Ac-L-His-Gly 3a  Pt(Il) jon y

{[Pt(en)(HzO)]g(,u—pydz)}4+ KOMIIJIEKCY j€ TMOCIeINIIa CTEPHUX CMETHHH.

Peakyuje  ounmykneapnux  nnamuna(ll)  xkomnaexca ca  Ac-L-Met-Gly-L-His-GlyNH;

mempanenmuoom

V peakumjama {[Pt(en)(H,0)]o(u-pz)}** u {[Pt(en)(H,0)]o(u-pydz)}** xommiekca ca
ekBuMosiapHoM KoianmunHoM Ac-L-Met-Gly-L-His-GlyNH, terpanentuna, y pH o6mnactu on
2,0 mo 2,5 Ha 37 °C, nonasu 10 CHOHTaHOI KOOpPAMHOBAama aTOMa CyMIIOpa METHOHHUHCKOT
ocratka Tterpanentunaa 3a Pt(Il) jon. KoopaunoBame Ac-L-Met-Gly-L-His-GlyNH, npeko
aToMa cymmnopa u3 L-MeTnoHuHa je Beoma Op3 Mpolec U JJaKO Ce MOXKE IMPAaTUTH HPUMEHOM
'H NMR cnekTpockonuje. Cunrier Ha 2,11 ppm koju moTuue oa S-METUI HPOTOHA
HekoopauHoBaHOT Ac-L-Met-Gly-L-His-GlyNH, Terpanentuia BpeMeHOM ce cCMamyje, 0K
MHTEH3UTeTa cuHriera Ha 2,50 ppm, koju motuye of S-METUJ MPOTOHA KOOPIMHOBAHOT
meTHoHHHCKOT octaTtka 3a Pt(I) jon Bpemenom pacte. KoopauHoBame aroma cymmnopa u3 L-
METHOHMHA 32 JUHYKIICAPHH <{[Pt(en)(HzO)]z(,u—pz)}4+ KOMIUIEKC KOMIUIETHO j€ 3aBpIICHO 3a
10 mMunyTa, a y cayuajy {[Pt(en)(H,0)]o(u-pydz)}** kommiekca 3a 30 munyra. OBa Xemujcka
MoMepama Cy y CarflaCHOCTH Ca XeMHjCKUM MTOMepamiMa MPOU3Bo/ia peakiiije KOju HAcTajy y

peakuujama mnatuHa(ll) kommiekca ca  menTUaMMa  KOjU  caapke  L-MeTHOHWH
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[94,152,192,193]. Kana ce nunykneapuu Pt(I[) xommuiekc m TeTpamentus nomemiajy y 1:1
MOJICKOM OfHOCY, pe3ynrtatd 'H NMR crekrpockonuje Cy IOKasaqd 1a He JO0Ia3H 0
KOOpAMHOBama aromMa a3oTa wuMuaazonoBor mnpcreHa L-xucruamaa 3a  Pt(I)  jow.
MoHozeHTatHa koopauHanuja Ac-L-Met-Gly-L-His-GlyNH, 3a {[Pt(en)(H,0)]2(u-pz)}** u
{[Pt(en)(HzO)]2(,11-pydz)}4+ KOMITJICKCE JOBOJU 10 (hopMHpama J1Ba XUAPOJIUTHIKA aKTHUBHA,
matuHa(Il)-mentug KOMITJIEKCa, {[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-S)](u-
p2)[Pten)(H,O)}* 1 {[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-S)](u-pydz)[Pt(en)(H,0)]} **
(Cnuka 40b), Koju KaTan3yjy peruoceiaeKkTuBHy xunpoian3y Met-Gly nentunne Bese y Ac-L-
Met-Gly-L-His-GlyNH, terpanentiy. Xuapoiusa mentuaHe ese npahiena je npumenom 'H
NMR cnekrpockonuje. MHTEH3UTET curHana Ha 3,94 ppm KOju TOTHYE OJf METHIICHCKHUX
npoTOHa ruiuHa (TIUIMH y cycenctBy L-mernonuna) y Pt(Il)-terpanentun komruiekcuma
({[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-$)](u-pz)[Pt(en)(H,0)]}** u {[Pt(en)(Ac-L-Met-Gly-
L-His-GlyNH;-S)|(u-pydz) [Pt(en)(HzO)]}4+, cimuka 40b ce cMamyje TOKOM BpPEMEHa, 0K ce
MHTEH3UTET curHaiga Ha 3,85 ppm Koju MOTHYE O METUJICHCKUX NMPOTOHA N-TEPMHUHAIHOT
rmunuaa  y  Gly-L-His-GlyNH, Bpemenom moBehaBa. [lomatkom Gly-L-His-GlyNH,
TPUIIENTHIA Y PEaKkIHOHy CMelly Joia3u 1o noBehama MHTEH3UTETa curHaua Ha 3,85 ppm,
IITO TOTBphyje 1a OBaj CUTHAJT MOTHYE O] METUICHCKUX NMPOTOHA N-TepMHHAIHOT IMTUIMHA Y
Gly-L-His-GlyNH, tpunentuay. M3 oqHoca nHTerpana curaana Ha 3,94 ppm, Koju mOTUIY O]
-CH,- rIMIMHCKUX MPOTOHA Y UHTEPMEINjepHUM KaTanuThuaku aktuBHUM Pt(1l)-TeTpanentun
KOMITJIEKCHMa M WHTETpajia CUTHaja Ha 3,85 ppm, m3padyHaT je MpoIeHar Xujapoiausze Met-
Gly nentunne Bese. Haljeno je na makon 48 caru Ha 37 °C, xumponusyje 80% Met-Gly
nentumHe Bese y npucyctBy {[Pt(en)(H,0)la(u-pz)}** u camo 50% y mprcycTBY
{[Pt(en)(H,0)]2(u-pydz) }** kommmexca.

Peakuuje Ac-L-Met-Gly-L-His-GlyNH, terpanenTtuaa ca {[Pt(en)(HzO)]z(,Ll-pz)}4+ u
{[Pt(en)(H,0)]2(u-pydz) }** usyuasane cy y Bumxy Pt(I) xomrmrekca. Junykneapun Pt(Il)
KOMIUIEKCH U TETpaIenTua cy nomemanu y 2:1 momapaom ognocy, y pH obnactu ox 2,0 no
2,5y D,0 kao pactBapauy Ha 37 °C. V peakuuju {[Pt(en)(H,0)]o(u-pz)}** ca Ac-L-Met-Gly-
L-His-GlyNH,, mopex  {[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-S)](u-pz)[Pt(en)(H,0)]}**
Komriekca, aa Hosa Pt(II) TerpamenTtun komiuiekca ce Qopmupajy y pactBopy. OBH
KOMIUIEKCH Cy U30MEpH y KOjUMa je TeTpamentu] npeko aroma asora (NI omnocHo N3) L-

xuctuguHa koopauHoBaH 3a Pt(II) jon. CTpykType OBUX KOMIUIEKCA Cy HJCHTHYHE ca
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CTPYKTypama KOMIUIeKca Koju HacTajy y peakumju {[Pt(en)(H,0)]o(u-pz)}* xommiekca ca
munentagom Ac-L-His-Gly (Cruka 40a u Ta6ema 11). ¥V peaxumju {[Pt(en)(H,0)2(u-pz)}*
ca Ac-L-Met-Gly-L-His-GlyNH, y Bumky Pt(II) xommnekca HaheHo je nma monasu 10
xuaponuse ase nentuaHe Bese. [lopen xunponmze Met-Gly mentuane Bese (XUIAPOIUTHUKH
aKTHBaH KOMILJICKC [Pt(en)(Ac-L-Met-Gly-L-His-GlyNH,-S)](u-pz)[Pt(en)(H,0)] }4+)
xuaponusyje u His-GlyNH, nentuany Be3sy y uujy CTpyKTypy yna3u kKapOokcwiHa rpyna L-
xuctuanHa. Xuapomm3a His-GlyNH, mnentugHe Be3e mocnenuia je KOOPAMHOBama
TeTpanenTuaa mpexo N3 3a Ipyrd MOJEKys AUHYKICapHOT KOMIUIEKca. XHUIposn3a NenTHIHEe
Be3e npahena je npumenoM 'H NMR crexrpockonuje. MHTeH3MTeT CHrHATA Ha 3,94 ppm KOju
NOTHYE O] METHJIEHCKUX IpPOTOHa N-TepMuUHaJHOr TinunuHamuna y Ac-L-Met-Gly-L-His-
GlyNH,; ce cMamyje TOKOM BpeMeHa, JIOK C€ WHTEH3UTET curHaia Ha 3,70 ppm Koju moTuye
o MetuieHckux npotoHa cinoboanor GlyNH, Bpemenom mosehasa. [lomatkom GlyNH; y
peaKIuoHy CMeITy Jo0J1a3u 110 rmoBehama MHTCH3UTETa curHana Ha 3,70 ppm, mrTo notBphyje
Jla OBaj CUTHAJ MOTHYE O]l MeTWJIeHCKHX mpoToHa cnobogHor GlyNH,. M3 ognoca unTerpana
curHazia Ha 3,94 ppm u uHTerpana curtana Ha 3,70 ppm, u3padyHar je MpoLeHaT XUIPOJIn3e
His-GlyNH, nentuane Beze. Haheno je na Hakon 48 caTu y BHIIKY {[P‘[(en)(HzO)]z(/,l—pz)}4+
KomIuiekca xuapoinusyje oko 80% Met-Gly u 28% His-GlyNH, nentuane Bese. Mehytum y
peakuju  Ac-L-Met-Gly-L-His-GlyNH, Terpanentuma ca {[P‘[(en)(HzO)]Z(,u-pydz)}4Jr
KoMmIiekcoM y 1:2 monckom opHocy, xuaponusyje camo Met-Gly mentugna Besa. Y 0BOj
peakumju He ponasu go  xuaponm3e His-GlyNH, mnentmmne Bese, jep arom aszota
nmuazonoBor npctera (N1 ogrocHO N3) 300T CTepHUX CMETHH HE MOXKE J1a ¢€ KOOpIUHYje
3a Pt(Il) jon y {[Pt(en)(HZO)]g(,u—pydz)}4+ KoMIUIeKcy. Ha OCHOBY mpeTxogHux pesyirara
MOXXEMO 3aKJbYYUTH Ja KaTaJMuTH4Ka CrmocoOHOCT nBa nuHykieapHa Pt(Il) komrmekca,
{[Pt(en)(HgO)]z(,u-pz)}4+ u {[Pt(en)(HzO)]z(,u-pydz)}4+, Yy XUAPOJIU3U NENTUAHE BE3€ MENTHIA
KOJU caJp)ke aMUHOKHCeNTuHe L[-MeTHOHMH M L-XHCTHIWH, 3aBUCH OJ NPUPOAE MOCTHOT
muasuHcekor nuranga. Junykneapuu Pt(Il) koMruiekc Koju Kao MOCTHH JIMTaHA CaApiKd
MHUpa3UH je MHOTO O0JbH KaTalIn3aTop XUIAPOIH3e MENTHIHE Be3e Y HCIUTHBAHUM NEeNTHANMA
y OJHOCY Ha KOMIUIEKC y Kome je mupuaazuH MocTHU jurann. ok {[Pt(en)(H,O)],(u-
pydz) }* KoMIIIEKC pearyje caMo ca aTOMOM CYMIIOpa M3 METHOHHHCKOT OCTATKa M KaTalu3yje
xuaponu3y Met-Gly mentuane Bese, ananorau nupasuncku Pt(Il) aunykieapHu KOMIUIEKC,

pearyje ca xerepoaToMuMa 13 OOYHOT HU3a METHOHHHA U XUCTUANHA U KaTallu3yje XUAPOIU3Y
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Met-Gly u His-GlyNH, nentugnux Be3a. Pasnuka y KaTaauTHYKO] CIIOCOOHOCTH OBa JBa
munykieapHa Pt(I) kommuiekca, moxe ce objacautu nonoxajeM Pt(Il) jona y mupasuHCKOM H
nupuaasuacKoM kommiekey. Y {[Pt(en)(H,0)]x(u-pydz)}* xommiexcy asa Pt(Il) joma cy Ha
BeoMa MaJioM pacTojamy of 3,2535(4) A, jep cy y MOCTHOM NMUPUIA3MHCKOM JIUTaHIy aTOMH
a3oTa Cy y orfo-Tosoxkajy, 3a pasmKy o pacrojama Pt(Il) joma y {[Pt(en)(H,0)]o(u-pz) }**

6,7890(3) A, y xome cy Pt(Il) joHn moBe3aHMM MOCTHHMM MMPA3HHCKHM JIMTAHAOM y KOME CY
atoMu a3oTa y para-nonoxajy. Jomatao y {[Pt(en)Cl]>(u-pydz)}Cl, xomruiekcy mocTtoje
WHTPaMOJIEKYJICKe BOJOHUYHE Be3e u3Mel)y amMuHO rpyne koopauHoBaHe 3a jeany Pt(ID)
jemuuuny u xjuopuao aHjoHa ca gpyror Pt(Il) joma. ¥V oaroBapajyhem akBa anasory,
{[Pt(en)(H,0)]»(u-pydz) }**, X10puIHH aHjOH je CYIICTHTYHCAH ca MOJIEKYJIOM BOJE, IPH 4eMy
BOJIOHMYHE BE3€ IOCTAjy jaue, a CaMUM THM M pacTojaHje MeTal-IuraHj rnocraje kpahe. Ha
OCHOBY OBOTa MOXXEMO 3aKJbYYHTH JIa PErHOCENeKTHBHA XHUAPOJHN3a MENTHIHE BE3€ Yy KOjy
ylla3u KapOOKCUIIHA Tpyla aMUHOKHUCENMHE L-MeTHOHUHA Y TTOJUIIENTHANMA KOJH CaapKe 00e
AMUHOKHCEJIMHE, METUOHUH U XUCTUJUH, ce MOxe noctuhu ynorpedom aunykneapror Pt(Il)

KOMITJIEKCa KOJU Ka0 MOCTHH JIUTaH 1 caapku nupunazud (Crnuka 41).

N ﬁ‘ W L
X

HsC {[F’t en)(H,0)lx(1-pydz)}*
Cauka 41. lllemarcku mpuka3 peruoceIeKTUBHE XUIPOJIM3€ TMENTUIHE Be3e y KOjy yiasu

Kap6OKCI/IJ'IHa rpymna MCTUOHHMHA y HNOJUIICIITUAY KOjI/I Caip’Kh MCTUOHUHCKH U XUCTHIUHCKHA

604HH JIaHaLl y IprcycTBy auHykieapror { [Pt(en)(H,0)]o(u-pydz) }** kommuiekca
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HcnutnBame peaknmja xuapoJuse nentujaHe sese y Ac-L-Met-Gly nomohy pasaumunrnx

{[Pt(L)Cl]x(u-pz) }Cl, kommiekca

VY oBoM Jneny pana cuHTeHH30BaHM cy AuHykjieapHu riatuHa(ll) xommnexcn tuma
{[Pt(L)Cl]2(u-pz)}Cl, (L je (£)-1,2-mponunennuamus, 1,2-pn; nu300yTuieHAMAMHH, ibn;
trans-()-1,2-nuamuHonukiioxekcad, dach; pz je MocTHHM nuranj nupasuH uiu 1,4-1uasuH;
Buagn Cruky 31). JloOMjeHM KOMIUIEKCH Cy OKapakTepucaHH MoMohy pesynrara
mukpoanammse xa C, H u N napamerpe u NMR ("H u °C) cnexrpockomnuije.

VY Tabemu 12 npukazanu cy NMR nonpanu 3a {[Pt(L)Cl]2(u-pz)}Cl, xommnekce. OBu
CIEKTPOCKOIICKM TOAALM Cy Yy CarJIaCHOCTH ca OJroBapajyhuM pesyiaTaTuma 3a CIHYHE
KOMITJIEKCE KOjU Cy paHuje ommcanu y juteparypu [57,120,128]. Kao mTo je moka3zaHo Ha
ciumi 31 cBu ucnimtuBadu Pt(Il) koMIuiekcn umajy HCTH MOCTHU TTMPA3WHCKH JIMTaHI, alld Cce
pas3nuKyjy y OMIEHTaTHO KOOPAMHOBAHOM JTHAMHHCKOM JUranay L. Y oBoM pamy mpuMeHOM
'H NMR  CIIeKTpoCKOn#je HCIUTHBAH j€ YTHIA] GUICHTATHO KOOPAMHOBAHOT JHAMHHCKOT
nuranaga L Ha xuaponusy nentuaHe Bede y N-aretusnoBaHoMm L-mernonmn-raununy (Ac-L-
Met-Gly, Cnuka 26). TepMuHaiHa aMUHO TPyIa y OBOM JTUIENTH/Y j€ alleTUIOBaHa Ja Ou ce
CIpeunsio OMJACHTaTHO KoopanHoBame aunentuaa 3a Pt(Il) jon u Ha Taj HaunH oHemoryhwia
XHUJIPOJIN3a MENTHIHE BE3e.

Y nuiby WUCHUTHBama yTHIAja CTepHOT edexTa OWIEHTAaTHO KOOPJAMHOBAHOT
JTMaMUHCKOT jranaa L Ha Op3uHy xuaponuse nentugaHe Bese y Ac-L-Met-Gly nunentuny,
cunternzoBanu  {[Pt(L)Cl]x(u-pz)}Cl, komruiekcu cy mpeBeleHH Yy onarorapajyhe axsa
KOMILJIEKCE, {[Pt(L)(HzO)]z(y—pz)}4+. Peaxmuje u3mehy Pt(Il)-axBa xommiexca u Ac-L-Met-
Gly cy usyuaBane ua 37 °C y pH o6nactu ox 2,0 no 2,5, y D,O kao pacrBapauy. Peakiuje
u3mely xomruiekca Pt (II) u Ac-L-Met-Gly usBohene cy mupexktHo y NMR kuseru y 1:1,
oaHocHO 1:2 moisickoMm ojiHOocy. Kao mito cy mperxojHa uCTpakMBama IOKazala, KHUcela
CpeIuHa y OBUM peakiyjama jeé HEONXOAHa Ja O ce CIpeumsio GOpMHpPAKmE OJIUTOMEPHUX
xunpokco-mnatuHa(ll) komiulekca, KoOju cCy XHMIPOIUTUYKK HeakTuBHU [116,183,184].
XelaTHU WAMUHCKH Jurasgu Ly {[Pt(L)(HzO)]z(,u-pz)}4+ KOMIUIEKCHMA TPEICTaBIbajy
CTa0MJIHM /€0 MOJeKyna M ocTajy koopauHoBanu 3a Pt(II) jom y Toky peakinuja ca

nunentugom Ac-L-Met-Gly.
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Ta6ena 12. Kapaxrepuctunaaa NMR (‘H 1 °C) xemujcka momeparsa 3a {[Pt(L)Cl]2(z-pz) }Cl,
KomIuiekce. HaBeneHa xeMujcka oMepama Cy y CcarjlaCHOCTH Ca MPETXOIHO 00jaBJbeHUM 3a

cimane matuHa(ll) kommekce [57,120,128]

Kapakrepuctuuna '"H NMR Kapakrepuctuuna ~C
Maaruna(Il) kommiaexe .
noMepama (J, ppm) NMR nomepanja (6, ppm)
([Pt(en)Cl1x(p2)}Cly 2,64 9,03 52,34 153,46
(s, enCH,) (s, pzCH) (enCH,) (pz)
1,34 17,83
(d, 1,2-pnCH3;), (1,2-pnCHs;),
{[Pt(1,2-pn)Cl],(z-pz) }Cl, 2,45-2,98 s i’;)(l:H) 54,52 I?I::;)M
(m, 1,2-pnCH,), ’ (1,2-pnCH,),
3,11-3,32 59,86
(m, 1,2-pnCH), (1,2-pnCH),
1,42-1,48 (ibzr15(,39l—i)
([Pt(ibm)Clx(16p2)} Cl, (m, ibnCH3), 9,13 60.09 ’ 153,36
2,66 (s, pzCH) o (pz)
(s, ibnCH)), (bnCEL),
63,61
(ibnCH),
1,27-1,62 26,55
(m, dachCH,, C4,C5), 9.00 (dach, C4,C5),
{[Pt(dach)Cl],(x-pz) } Cl, 1,76-2,08 ’ 34,56 153,31
(m. dachCH,.C3.C6). &P | (ach. c3.06). (p2)
2,45-2,61 65,15 u 65,30
(m, dachCH,C1,C2), (dach, C1,C2)

Peaxyuje {[Pt(L)(H:0)]x(u-pz)})** komnexca ca exeumonaprom xomuwunom Ac-L-Met-Gly

ounenmuoa

VY mperxogHOM ey OBOT paja Ha OCHOBY HMCIHMTHBamka PEaKIMja TUHYKICAPHOT
{[Pt(en)(H,0)]2(-pz)}** koMImIeKkca ca IMENTHAMMA, KOJH y CBOjOj CTPYKTYpU campike L-
METHOHWH, 3aKJbydmian cMo fAa cy naunykineapuu Pt(II) xommiexcn Beoma eduxacHu
KaTAIUTUYKH PEareHCH 3a XUAPOIU3Y MENTUIHE BE3€ Y UHjy CTPYKTYPY yia3u KapOOKCHIIHA
rpyna L-mMetnonuHa. Y 0BOM JIeNy IucepTalrje, U3BPIICHO je opeheme Op3nHe XUApoIin3e
Met-Gly mnentugHe Bese y Ac-L-Met-Gly paumentumy y TIPUCYCTBY Ppa3IMUUTHX

{[Pt(L)(H20)]2(1-pz)}** KoMILIeKca KOju ce pasimKyjy y OHICHTATHO KOOPIMHOBAHOM

JIMaMUHCKOM Jurany L.
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OH

+  {[PHL)(HO)]o(u-p2)**
(L = en, 1,2-pn, ibn ili dach)

/
H3C 20<pH<25
Ac-L-Met-Gly t=37°C
HaC\ HgC\
Cc=0 C=0
/ /
HN H2>D HN
<_S’§ NH —NH OH
o \/ OH
HiCT ] HeC™ ] ./ 2
, _ /:\
HoN— Pt—N N— Pt NHy,  HoN— N—Pt—NH2

&/NHz HQN\Q

internalni mehanizam

|
%/NHZ HZNJ

eksternalni mehanizam

{[Pt(L)(Ac-L-Met-Gly-S)](-p2)[PH(L) (H2O)}**
intermedijerni hidroliticki aktivan platina(Il)-peptid kompleks

OH + Gly
I

N——Pt—NH2

&/NHZ HZN\Q

{[PH(L)(Ac-L-Met-S)](-p2) [PH(L) (H20)]}**
Cauka 42. Illematcku mpuka3 peakuuje xuaponuse Ac-L-Met-Gly nunentuaa y npucycTBy

€KBUMOJIAPHE KOJUYNHE JUHYKIICAPHUX {[Pt(L)(HzO)]z(]J—pZ)}4+ KOMILJIEKca
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Peakmuje {[Pt(L)(HQO)]Z(ﬂ-pZ)}4+ ca Ac-L-Met-Gly aunentumom wucnutuBane cy y pH
obnactu ox 2,0 mo 2,5 nma 37 °C. IllemMaTcku IMpHKa3 MCIMTUBAHUX Peakiyja Xuaposiuze Met-
Gly nentunne Besze y Ac-L-Met-Gly y mpucyctBy {[P‘[(L)(HQO)]Q(,u-pZ)}4+ KOMIUIEKCA JIaT je
Ha couum 42. Kao mrTo ce M3 OBe CIMKE MOXKE BHACTH, oaMaxX HakoH Mmemama Pt(ID)
KOMITJIEKCa ca €KBUMOJapHOM KosmuuHOM Ac-L-Met-Gly numenrtuma monasu 10 CIIOHTaHOT
KOOpJIMHOBama aroma cymmopa u3 L-mernmonmna 3a Pt(Il) jon, mpum dYemy Hacrtajy
xunponautrdku aktuBHU iatuHa(Il)-nentun komrmiekcu omnre Gopmyne {[Pt(L)(Ac-L-Met-
Gly-5)l(u-p2)[PUL)H,0)]}*".

Y CBUM UCHHTHBAaHUM pEaKlHjaMa XWAPOJUTHYKA aAKTUBHU HWHTEPMEIUjCPHH
{[Pt(L)(Ac—L—Met—Gly-S)](,u-pz)[Pt(L)(HzO)]}4+ KOMIUIEKC KaTajau3yje XUAPOJU3Y TEITHIHE
Be3€ y KOjy yJna3u kapOokcuiHa rpyna L-mernonnna. Xugponusa nentuaHe Bese mpahena je
MIPUMEHOM 'H NMR cnekTpockonuje. MHTEeH3uTeT cHHTrIeTa Ha 3,99 ppm, KOju moTuye on
METHJICHCKUX MPOTOHA TIuIHa y aunentuny koopauaosanor 3a Pt(Il) y {[Pt(L)(Ac-L-Met-
Gly-9)](u-pz)[Pt(L)(H,0)] e KOMIUIEKCY, Oaja y TOKY peakiuje, 10K MHTEH3UTET CUHIJIeTa
Ha 3,77 ppm kxoju onrosapa -CH,- mpoToHuMa CIIOOOAHOT TJIUIIMHA BPEMEHOM PACTe, BUACTU
ciuKy 43.

JonatkoMm rthnunuHa y peaknuoHy cmemy y NMR kuBetn y Ko0joj ce Hamasu
watuHa(ll) kommieke u qUNenTua MHTEH3UTET CHHIIeTa Ha 3,77 ppm ce nosehasa, ynme je
MOTBPhEHO /1a 0Baj CUTHAII MOTHUYE OJT METUJICHCKUX TPOTOHA cioboaHor rimnuHa. Y3 ogHOCa
uHTerpana cunriera 3a -CHp- rmumuHcKe mpoToHe CI0OOAHOT TIIHMIMHA M OBHX MPOTOHA U3
qunentuaa koju je koopauHosad 3a Pt(Il) y unrepmenujepuom {[Pt(L)(Ac-L-Met-Gly-S)](u-
pz)[Pt(L)(H,0)]}** komrutekcy uspauyHar je mpouenar xumpommse Met-Gly nentumse Bese.

Peakuuje xuaponuse npahene cy 24 cara, npu 4yemy je Hal)eHO Ja je y pacTBoOpy,
nopea  CIOOOMHOT TJMIIMHA, TMPHUCYTaH H {[Pt(L)(Ac—L-Met—S)](/J—pz)[Pt(L)(HzO)]}4+
KOMIUIEKC, Ha OCHOBY 4Yera j€ 3aKJbY4eHO Ja OMJACHTATHO KOOPIAWHOBAHU JUAMUHCKHU JIUTAH]
L npencraBspa cTabuian €0 MOJIEKYJa M OBaj JUTaH[ ocTaje koopauHoBaH 3a rmiatuny(Il) y
toxy Bpemena. Takohe, y 'H NMR crekTpy Hema IIpoMeHa y apoMaTH9HO] 00/IacTH CHIHAIA
KOjU TIOTUYY OJf METUHCKUX MPOTOHA NMUPAa3UHA Y TUHYKIICAPHUM KoMIulekcuMa (Buau Tabemy
12). ¥V Toky oBor peakuuonor mnepuona konmenrpanuja {[Pt(L)(Ac-L-Met-Gly-S)](u-
pz)[Pt(L)(HzO)]}4+ KOMIUICKCa W CJI00OJHOT TJHWIIMHA YBEK j€ jeJAHAaKa IIOYETHO]

koHIeHTpanuju Ac-L-Met-Gly nunentuna. Bpemencka 3aBucHOCT peakuuja xuaponiuse Met-
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Gly nentunne Beze y Ac-L-Met-Gly gunenTtuay y mpuUCYCTBY pa3IMUUTUX JUHYKJICAPHUX
kommekca mratuae(ll), ommre gopmyie, {[Pt(L)(H,O)(u-pz)}*, nprkasana je Ha cimumm
44. Ha ocHOBy mojaTaka KOju Cy INpHUKa3aHW Ha ciumu 44 MOXKe ce 3aK/byduTH Ja ce
KonuunHa XuaponuszoBaHor Ac-L-Met-Gly naumentuna cmamyje ca moBehameM crepHOT

eexra mnatuHa(ll) kommiekca.
(a) . (b)
A ®
A
A
5
24 h
L 0.5h
T T

T l T I T l T |
4.00 3.90 3.80 3.70 410 4.00 3.90 3.80 3.70 ppm

Cauka 43. BpeMeHCKa 3aBUCHOCT IPOMEHE WHTCH3WUTETA CHUTHANIA Yy '"H NMR CIIEKTPY Y
peaxtmju  {[Pt(en)(H,0)o(zpz)}* (a) u {[Pt(dach)(H,0)1»(z-pz)}** (b) kommiekca ca
ekBUMOJIapHOM KoimmuuHOM Ac-L-Met-Gly nunentuna. Peaknuje cy ucnuruBane y pH
obnactu 2,0 — 2,5 Ha 37 °C y D,O kao pacteapady. Curnanu obenexxenn kao (A ) oaroBapajy
METHJICHCKUM TIpoToHMMa mmnuHa y  Ac-L-Met-Gly  gunentugy MOHOICHTATHO
KOOPAMHOBAaHOM 3a auHykieapuu ruiatuHa(ll) xommiiekc, M0k curHamu oOenexeHu Kao (®)

0JIrOBapajy METUJICHCKUM IPOTOHMMA CII000HOT INIMIUHA

JacHO ce BWAM Ja MPOMEHOM OHMJIEHTATHO KOOPJMHOBAHOT JMAMUHCKOT JIUTAaHIA Y
Pt(Il) xommiiekcy Op3uHa xuaponuse omaaa cieaehum pemom: en > 1,2-pn > ibn > dach.
Taxohe, u3 cimke 44 Moxe ce 3aKJbY4nTH Ja je HakoH 30 MuUHYTa, peakiuja Xxuaponnze Met-

Gly nmentuane Bese y Ac-L-Met-Gly y npucycrsy {[Pt(en)(H,0)]2(z-pz) }* kommekca ckopo
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JBa TyTa Opka y OXHOCY Ha peakumjy oBor mmmentmaa ca {[Pt(ibn)(H,0)a(u-pz)}**
KOMILJIEKCOM, uiau 1,5 myra Opxa y OgHOCY Ha {[Pt(l,2—pn)(H20)]2(,u—pz)}4+ KOMILJIEKC.
MelhytuM, TOKOM HCTOT BpeMeHa KOJMYMHA XUAPOJIU30BAHOT MAMICNITHAA Y MPHUCYCTBY
{ [Pt(dach)(Hzo)]2(,u—pz)}4+ KOMILJIEKca je ocaM IyTa Mama y oanocy Ha {[Pt(en)(H,O)]o(u-
pz)}** xommekc. Haheno je na makom 24 h y mpucycry {[Pt(dach)(H,0)a(u-pz)}**
KoMIulekca xuaponuszyje camo 30% Met-Gly mnentugHe Be3e, JOK y IPUCYCTBY
{[Pt(en)(HZO)]z(,u-pz)}4+ KoMITIekca xuapoiusyje npeko 80% Met-Gly nentumnae Bese y Ac-
L-Met-Gly aunentuay. bp3una xuaponuse nentugHe Bese y Ac-L-Met-Gly munentumy
3aBUCH O]l KaTAIUTHYKE CIIOCOOHOCTH WCIUTHUBAaHMX JUHYKJIEAPHHX  KOMILIEKCa
{[P‘[(L)(HZO)]Z(,u—pZ)}4+ Y MOJKE C€ MPUTUCATU CTEPHOM e(DeKTy OMIEHTATHO KOOPJAUHOBAHUX

JTUaMHUHCKHUX JuTraHazna L.

100

Xuaponusa Met-Gly nentngHe Be3se, [%]

Cauka 44. BpemeHcka 3aBUCHOCT peakuuje xuapoinse Met-Gly nentuane Bese y Ac-L-Met-

Gly munentuay y peakiujama ca pasnuantuM { [Pt(L)(H,0)2(u-pz) }** kommmexcnma
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Yerupu aquamuHcka auranga L (en, 1,2-pn, ibn u dach) koopaunoBamem 3a Pt(Il) jon y
{[Pt(L)(H20)]2(1-pz)}** koMIurekcuma (opMHpajy MeTOWIaHe XelaTHE IMPCTCHOBE, a
pasnuKyjy ce mo Opojy yribeHHKOBHX aToMa y cB0joj cTpykrypu (Buam Cnuky 44). Haheno je
na 6p3uHa xuapommse Met-Gly nentuanae Beze y Ac-L-Met-Gly qunenTtumay muHeapHo omaaa
ca moBehamem Opoja aroma yribenuka y L nuranny (Cnuka 45). Panuju pesynrartu
HCIIUTUBaKa peaKuI/Ija XUAPOJIU3E MCITUAHC BE3C Y MCIITHIUMA KOjI/I CaJIpiKC aMHUHOKHUCCIIMHY
L-XucTuauH y npucycTBy pa3IMUUTUX MOHOHYKJIeapHHX Komiuiekca nanaaujyma(ll) mokaszamna
Cy Jla ce CTPYKTYpHUM Mojau(uKaiMjaMa KaTaiu3aropa MOKE CMambUTH Op3uHA XHUIPOJIH3E
nentuaHe Bese [120]. [Ipema Tome, mopenehu Hamre pe3ynrare 3a XHIPOJIU3Y MENTHIHE BE3eE
nenTujaa Koju cajapke L-MEeTHOHMH y NpUCYCTBY pPa3IMUMTUX JAMHYKJIEAPHMX KOMIUIEKCa
{[Pt(L)(HZO)]z(u-pz)}‘Pr ca paHHje MOOMjCHHM pe3yiTaTHMa XHIPOJU3e TENTHIHE Be3e Y
NenTHIMMa KOjH caapke L-XUCTHINH y MPUCYCTBY pa3IMUYUTUX MOHOHYKJICAPHUX KOMILIEKCa
[Pd(L)(H20)2]2+ (L je OupmeHTaTHO KOOpAWHOBaHW auaMuHCKHU Jwuranm) [120], moxxkemo
3aKJbYUUTH Ja C€ MHXHOHWIIM]ja XUAPOJIUTHYKUAX PEaKIfja MOKE MPUITUCATH CTEPHOM €eKTy

KaTaJi3aTopa.

8o

60 1.2-pn

ibn
40 A

al dach

XupponuzoeaHa Met-Gly, [%)]

2 3 4 5 6

Bpoj yrimeHnkoBux atoma y nuraHay L
Cauxa 45. 3aBucHocT xonmunHe xuapoiausoBaHor Ac-L-Met-Gly nunenTtuna ox O6poja atroma
YIJbE€HHKA y Jurangy Ly {[Pt(L)(HQO)]z(/J-pZ)}4+ koMmIuiekcy. Konununna xuaponusoBaHor

qunentua je onpehena 2 cata HAKOH MOYETKA peaKiyje

VYrunaj creprHor edekra OWIEHTATHO KOOPAWHOBAHOT TUAMUHCKOT jJuranga L Ha
Op3uny xumaponuze Met-Gly mentumne Be3e ce Moxke oOjacHMTH momohy jBa MexaHWU3Ma

XUJIPOJIUTAYKOT DPAaCKHIama MEeNnTHAHE Be3e Katanu3oBaHe komruiekcuma Pd(I) u Pt(ID)
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[116,117,194], Bunetn ciuxy 42. Ilo nmpBom mexanusmy minatuHa(ll) joH y komrmuiekcy
{[P‘[(L)(Ac—L—Met—Gly-S)](,u-pz)[Pt(L)(HzO)]}4+ (Cnuka 42) wuHTEppearyje ca aToMOM
KHCEOHMKA TENTUIHE Be3e KOja XUAPOJIM3Yje W IMoyiapu3yje KapOOHWIHY Tpymy, TpU 4eMy
KapOOHWIHU YIJbEHHK TOCTaje MapIlfjaiHO MO3WTHBAH M IMOTOAAH 33 HYKJICO(DHIHU Hamas
MOJIEKyJla BOJE W3 pacTBapaya (excmepuainu mexanuszam). Jpyra wmoryhHocT je na
matuHa(Il) joH 3a KOju je KOOPIMHOBAH JMIIETITH] TIPEKO aToMa CyMIopa U3 METHOHHHCKOT
ocTaTaka, moyiapusyje KapOOHUIIHY Tpyly HEeNTHIHE Be3e, MPU YyeMy KapOOHUIIHH YIJbeHHK
MoCTaje TMaplyjalHO MO3UTUBAH M TMOTOAaH 332 HYKJICOQWIHM Hamaja MoJieKyna Bojae. Bona
HEOMXOJHa 3a XUIPOJHU3y, Y OBOj peakuuju, noruye ca apyror Pt(Il) jona aunykmneapHor
KomIiekca (unmepnannu mexanusam). [Ipema Tome, na Ou JOILIO A0 pacKUAAmkE MENTHIHE
BE€3€ M0 EKCTEPHAITHOM WJIM WHTEPHAITHOM MexaHu3My, Mopa aohu a0 untepakuuje Pt(Il) jona
ca TenTUIHOM Be3oM. MHTepakiuja, a caMiM THM W XUApOJH3a TMENTUIHE Be3e, je CIopHja
mro je crepHu edexkar OWAGHTATHO KOOPAMHOBAHOT JHWAMUHCKOr Jmrapa Loy

{[Pt(L)(H20)]2(1-pz)}** kommrexcuma Behu.

Peaxyuje {[Pt(L)(H>0)]u-pz)}** komnnexca y npucycmey suwixa Ac-L-Met-Gly ounenmuda

Peakmuje {[Pt(L)(HzO)]g(,u-pz)}4+ KOMILJIEKCa ca Ac-L-Met-Gly aunentumaom
UCIIMUTUBAHE Cy y MOJICKOM oxnocy 1:2 y pH o6mactu ox 2,0 go 2,5 na 37 °C. Cse peakumje
cy npaheHne npuMeHoOM 'H NMR cnekrpockonyje. lllemarcku nmprkas HCIUTUBAHUX pPeakKlyja
JaT je Ha cinuiy 46.

[Tnatuna(ll)-nentua KomIuIexc, {[Pt(L)(Ac-L-Met-Gly-S)]2(,u-pz)}4+, KOjU Hacraje y
peakuuju  Ac-L-Met-Gly ca {[Pt(L)(HzO)]z(,u-pz)}4+ je Hecrabwian ¥ HakoH 30 MuHyTa
peakiMoHOT BpeMeHa, fojiazu 1o packuaama jense Pt(II)-N(pz) Bese. Packuname Pt(11)-N(pz)
B€3¢ MOXKE Ce MPATUTH Ha OCHOBY IOMEpama CUTHala y apOMaTH4HO] 007acTH KOjU MOTHUY
O]l METHHCKUX MPOTOHA NHpasuHa. VHTeH3uter cunriera y obmactu 9,00 — 9,13 ppm koju
MOTUYE OJ] MOCTHOT MHUPA3UHCKOr JINTAHJA Y {[P‘[(L)(HZO)]Z(,u—pZ)}4+ KOMIUIEKCY (XeMHujcKa
noMmepama oBor cuHriera 3asuce onx Bpcre Pt(II) xommuiekca) ca BpemeHOM omaja, JOK
WHTEH3UTET CUMETPUYHOT MYATHIUIETa y obnacta ox 8,75 - 9,00 ppm, xoju moTtuye on
MOHOJICHTATHO KoopauHOBaHOT pz nuranga 3a Pt(Il) jon y [Pt(L)(Ac-L-Met-Gly-S)(pz)]2+
koMmruiekey (Cnuka 46) BpemeHoMm pacrte. [lojaBa cuMeTpUYHOT MYJTHILIETa y 00JacTH O

8,75 nmo 9,00 ppm ykasyje Ha packumame jenune Pt(I)-N(pz) Bese y {[Pt(L)(Ac-L-Met-Gly-
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4 .
$H2(u-pz)}*" KOMILIEKCY, IPU YEMY YETHPH NMPA3HMHCKA IIPOTOHA [0CTajy HEEKBUBAICHTHA U

1 . .
y 'H NMR cnektpy nojaBibyje ce CHUMETPUYHU MYJITHILIETa 300T BULIMHAIHOT KYILIOBambAa.

{[Pt(L)(HO)lo(u-p2)y*" + 2 Ac-L-Met-Gly

2,0<pH<25
t=37 °C
e HaC,
3 —
\ﬁ::O . OH Cl:—O
HN :> HN <0
NH <__\V'NH OH
s O poS ©
H3C/ I 3 |

—_— N —P R
H,N Plt NG N | t—NH,
%/NHZ HN__ 5
{[Pt(L)(Ac-L-Met-Gly-S)]o(u-pz)}**

lnakon 30 min

MO HiC.
0 ¢=0 o
HN i
NH
i O
Hy,e™$ s ©
3 I /= \ + H3C/ |
HZN_'T_N\\ N H2N—F|>t—OH2
L
K/NHZ Q'/NHZ
[Pt(L)(Ac-L-Met-Gly-S)(pz)]?* [Pt(L)(Ac-L-Met-Gly-S)(H,0)]2*

Cauxa 46. lllemaTcku nprKa3 peakiuje JTUHYKICapHUX {[P‘[(L)(HzO)]z(y-pz)}4+ KOMILIEKCa
ca Ac-L-Met-Gly munentugom y 1:2 monckom oxHocy. Cee peakuuje cy usgohene y pH

o6nactu ox 2,0 no 2,5 va 37 °C

CHUMETpUYHHM MYJITUIUIET KOjU MOTHYE OJf MOHOJEHTATHO KOOPJWHOBAHOT MUpPA3HHA
HaheH je W Kox cIMYHUX Komruiekca cis- u  trans-[Pt(NH3)2(pz),]J(NO3), kao u 3a
[Pt(tmda)(pz):]J(NO3), (tmda je N,N,N’,N’-terpameTwieHAnaMuH) Komruiekce [159].
Packuname jenne Pt(II)-N(pz) Beze xomrieTHO je 3aBpiieHO 3a Bpeme oa 4 h u KoHayHH
MpOM3BOAM OBE peaknuje cy MoHoHykieapHu Pt(Il) kommuiekcm ca MOHOIEHTaTHO

KOOPAMHOBAHHM pz nuranoMm. Moronykmeapun komrmiekc [Pt(L)(Ac-L-Met-Gly-S)(pz)]**
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KOMILIEKC je crabmman n y 'H NMR crektpy He mojaBibyje ce curHait Ha 8,66 ppm Koju
oJromapa cilio00OJHOM MHUpPa3WHy HU HAKOH JBa JaHa. MehyTum, yodyeHa je Beoma cropa
xunponmza Met-Gly nentuane Beze y Ac-L-Met-Gly aunentuay. Xuapoiu3a NeNTHIHE BE3e
y OBHM peakiujamMa KaTanu3oBaHa je MoHoHykieapuuM [Pt(L)(Ac-L-Met-Gly-S)(pz)]**
komiekcoM. IIpema tome, y peakumjama {[Pt(L)(H,O)a(u-pz)}* ca Ac-L-Met-Gly y 1:2
MOJICKOM OAHOCY Op3uHy xuaponusze Met-Gly nentuaHe Be3e HE MOKEMO IOBE3aTH ca
MPUPOJIOM XEJATHOT JMAMUHCKOr Juranjga L y JuHykIeapHOM {[Pt(L)(HzO)]g(,u—pz)}4+
KoMIuiekcy. Ha ocHOBY noOHjeHMX pe3yaTaTa MOXKE C€ 3aKJbYUWTH, J1a c€ MOAU(HUKAIIN]OM
JIIAHYKJIEAPHOT {[P‘[(L)(HZO)]Z(,u-pZ)}4+ KOMIUIEKCA, OJTHOCHO YBOh)EHEM CTEpPHO BEIHKOT
JUAMHHCKOT JUTaHa L, Moke moctuhu MHXHOWIMja XUAPOJUTHYKOT PACKHIamka TEITHIHE
Be3€ y Koja yna3u kapookcwiHa rpyna L-metnonuna u3 Ac-L-Met-Gly agunentuna. [loOujenu
pe3ynaTaTu Cy O] 3Hauyaja KoJl CHHTE3€ HOBHX MOJHHYKJIeapHUX komruiekca rutatune(ll) xoju
MOTY OUTH BpJjo epUKACHH KAaTaau3aTOPHU CEJICKTUBHE XHUIPOIHM3E TENTHAa KOjU Caapike

AMUHOKHCEINHY L-MeTHOHUH y O0YHOM HH3Y.
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5. 3AK/bYYAK

Y peaknujama Ac-L-Met-Gly nunentuga ca [Pt(en)(Me-mal-O,0’)] u
Pt(en)(Me,-mal-O,0")] xomIuiekcuma nipu (GU3MOIOMKUM yciaoBuMma pH u temmeparype,
noia3u 10 Beoma crope xunaponuze Met—Gly mentuane Bese, 0K y peakiyjama OBUX
Pt(Il) xommuekca ca Ac-L-Met-L-His, Ac-L-Met-Gly-L-His-GlyNH, u Ac-L-Met-Gly-
Gly-L-His-Gly nentuauma He J07a31 0 XUAPOJINU3E MENTHIHE Be3e. Y OBUM peakiyjama
HacTajy crabunnu makpoxenatHu ruatuHa(ll)-nmentun kommiuekcu. Haheno je na Gp3una
xunponuze Met-Gly nentuane Beze y Ac-L-Met-Gly nunentuay y npucyctBy tpu Pt(1I)-
MaJIOHATO KOMIUIEKCA, KOJU C€ Pa3iIMKyjy 1Mo Opojy METHJI TpyIa Be3aHUX 3a O-YTJbEHUKOB
aToOM, JUPEKTHO 3aBUCH 0] Opoja METHJI TpyMa y MajJoOHATO JUTaHAy U omnaaa y cienehem
Hu3y: mal > Me-mal > Me,-mal

JloGujeHu pesynratd Ccy TMOKa3ald Ja je y OJHOCY Ha MOHOHYKJIEapHU
[Pt(en)(H20)2]2+ KOMIUJIEKC, ojAroBapajyhu auHykieapHu {[Pt(en)(HzO)]z(y-pz)}4+
KOMIUIEKC 3HATHO e(UKacHMjU KaTauu3arop celekTuBHe xuuaponuse Met-Gly nmentuane
Be3e y Ac-L-Met-Gly nunentuny. Pa3znuke y KaTamUTHYKUM CBOjJCTBUMa MOHOHYKJICAPHOT
u aunykieapHor miaruHa(ll) koMiuiekca cy o6jalmeHe YNHBEeHULIOM /12 OBH KOMITJIEKCH Y
peakmmju ca Ac-L-Met-Gly nmunentugaom Qopmupajy pasiuuuTe HWHTEPMEINjepHE
matuHa(Il)-menTua komruiekce.

VY peakuujama IUHYKJICAPHUX {[Pt(en)(HzO)]z(,u—pz)}4+ u {[Pt(en)(H,O)]»(u-
pydz)}** xommmexca ca Ac-L-His—Gly u Ac-L-Met-Gly-L-His-GlyNH,, naljeno je ma
JUHYKJICAPHU THUPAZUHCKU KOMILUIEKC, {[Pt(en)(HzO)]z(y—pz)}4+, nokasyje 3HaTHO Behy

KaTaJIUTUYIKY CIIOCOOHOCT XUApoJin3e IMenTuaHe BE3C, Yy OJAHOCY Ha aHAJIOTHU
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MUPHUIA3UHCKH «{[P‘[(en)(HzO)]2(,u—pydz)}4+ komruiekc. Haheno je ma {[Pt(en)(H,O)],(u-
pz)}4+ KoMIUIeKe, cenekTuBHO xunponusyje His-Gly mentunny Besy y Ac-L-His—Gly
JTUTICTITAY. ATOM CyMmMIlopa METHOHMHCKOT ocTtatka u3 Ac-L-Met-Gly-L-His-GlyNH,
TeTpamnenTuia ce KOOpIWHYyje 3a {[Pt(en)(Hzo)]2(,u—pydz)}4+ KOMIUIEKC TIpU YeMy
XUAPOIN3yje caMO TMENTHAHY Be3y Koja YyKJbydyje KapOOKCHIIHY T'pyIy METHOHUHA.
Meljyrum, 3a ananorau {[Pt(en)(H,O)]2(1-pz)}** KoMILIEKC ce KOOpAMHYje aToM cyMmIopa
METHOHHHA, Kao MU atom aszora xuctuauHa wu3 Ac-L-Met-Gly-L-His-GlyNH,
TeTpamnenTuaa, Npu 4eMy XHUIPOIn3yjy IENTHIHE Be3€ KOje YKIbYUY]y KapOOKCUIIHY TPYIy
L-metnonnna u L-xuctuauHa. 3akjbydeHO je Ja ce y MOJMMEenTHANMAa Koju caapxe L-
METHOHUH U L-XHCTHIUH MOXKe MOCTHhH PEernoCeNeKTUBHO PAacKUIame TENTHIHE Be3e
KOja YKJbYuyje KapOOKCUIIHY Tpyny L-MeTHOHHHA, YKOJIHMKO C€ Kao KaTalu3aTop KOPUCTH
{[Pt(en)(H,0O)]2(u-pydz) }4+ KOMIIJIEKC.

VY peakmujama {[Pt(L)(HQO)]Z(ﬂ'pZ)}4+ komIutiekca (L je OuieHTaTHO KOOpIMHOBAH
en, 1,2-pn, ibn, dach, pz je MocTHM mnHpasuHCKH Iurana) ca N-aueTunoBaHuM L-
meTuoHunrauHOM (Ac-L-Met-Gly), maleno je na 6p3una xuaponuse Met-Gly nentugne
Be3e omaja ca noBehamem crepHor edekra nuranmaa koopaunoBanor 3a Pt(Il) joun (en >
1,2-pn > ibn> dach).

JloOujeHn pe3ynTratd y OKBUPY OBE JIOKTOPCKE JUCEpTAIMje MPEeCTaBIbajy
OpUTHHAIIHU HAay4YHU JIOMPUHOC M3YyYaBamkhy MEXaHU3Ma CENEKTUBHE XUIPOJIM3E MENnTHAa
KOju y OOYHOM HHU3Y caapxe amMuHokucenuHe L-metnonuH u L-xuctuamn mnomohy
nunykieapanx komruiekca Pt(Il). Pesynratu u3 oBe nucepranuje cy o 3Hadaja 3a CHHTE3Y
HOBUX JUHYKJICAPHUX KOMIUIEKCA TMpEIa3HUX MeTala KOjU C€ TMOTEHIHjaJIHO MOTY
NPUMEHUTH KAa0 CHHTETHYKE METaJOIeNTUAa3e 3a CEJICKTUBHY XHUAPOJIU3Y MENTHAa U
npoTenHa y by olpehuBama muUXoBe cioxeHe cTpykrype. Ilopen tora, pesynrtaTu
norpuHoce  00JbEM pa3yMmMeBamby MEXaHM3Ma TOKCHUYHOT [I€I0Baka AHTUTYMOPCKHX
KOMIUIEKCa IUIaTuHe, W y OyayhHocTM Mory OWTH O 3Hayaja 3a CHHTE3Y HOBHUX
AHTUTYMOPCKHUX KOMILJIEKca IUIaThuHE koju he mMaTu Behy aHTUTYMOPCKY aKTUBHOCT H

Malk€ TOKCUYHO ACI0BaKLEC.
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BUOI'PAD®UIA

Hapko II. Amanun je pohern 09. 12. 1976. romune y KparyjeBiy. OcHOBHO H
CpeAmeIIKOICKO oOpa3oBame (TexHuuKka IIKoNa — XEMHjCKO-TEXHOJIOUIKH CMep) CTeKao je y
KparyjeBiyy. Ha Ilpupomno-maremarnuku daxynrer y KparyjeBmy, rpyma Xemuja (cmep
UCTpaXXHBame M Pa3Boj) ymucao ce mkoiacke 1997/98. rogune, rae je u aumniaomupao, maja 2003.
roJuHe, ca mpocedyHoM oreHoM 8,32. JlokTtopcke crynuje ynucao je mkosicke 2006/07. roaune
Ha [IpupomgHo-mMaTtematuukom dakynrery y KparyjeBmy, cmep Heoprancka xemuja. On mapra
2006. roguHe je y CTalHOM pagHOM ojaHocy Ha [IpupomHo-maremMaTHUKOM (akynTery y

KparyjeBiy y cBojcTBY XxemujcKkor aHaiauTuyapa y UHCTUTYTY 3a XeMujy.
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TH NMR spectroscopy was applied to the study the reactions of [Pt(en)(Me-mal-0,0)] and [Pt(en)(Me,-
mal-0,0")] complexes (en is ethylenediamine, Me-mal and Me,-mal are bidentate coordinated anions of
2-methylmalonic and 2,2-dimethylmalonic acids, respectively) with N-acetylated Ac-.-Met-Gly and Ac-L-
Met-1-His-type peptides (Ac-L-Met-1-His, Ac-.-Met-Gly-1-His-GlyNH, and Ac-i-Met-Gly-Gly-1-His-Gly).
The use of Me-mal and Me,-mal Pt(II) complexes in the above reactions allows convenient monitoring
of their biscarboxylate group via methyl peaks by '"H NMR measurements. All reactions were realized
at 37 °C with equimolar amounts of the Pt(Il) complex and the dipeptide at pH 7.40 in 50 mM phosphate
buffer in D,0. In all these reactions the ring-opened Me-mal and Me,-mal Pt(Il) adducts as an interme-
diate products were detected in solution for more than 48 h. We found that during this time in the reac-
tion with Ac-.-Met-Gly these monodentate bound malonate ligands have been replaced by water
molecule leading to the formation of the corresponding aqua Pt(Il)-peptide complex which further pro-
motes the regioselective cleavage of the peptide. However, in the reaction with Ac-.-Met-L-His-type pep-
tides a selective intramolecular replacement of these malonate anions by the N3 imidazole nitrogen atom
from histidine residue was occurred. This replacement reaction leads to the formation of the S,N3-macr-
ochelate Pt(II)-peptide complex which was shown as very stable and hydrolytically inactive for more

than two weeks.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Recent years have witnessed an increasing interest in the study
of the interactions of platinum(Il) and palladium(Il) complexes
with sulfur- and histidine-containing peptides and proteins [1-
4]. This interest was induced through the facts that interactions
of platinum(Il) complexes with methionine or cysteine residues
in peptides and proteins are thought to be responsible for a variety
of biological effects, such as deactivation of platinum(Il) antitumor
complexes, development of cellular resistance to platinum drugs
and to toxic side effects, such as nephrotoxicity [5]. The presence
of histidine has also been established in a large number of enzyme
active centers [6] and the histidyl residue is probably the most
important metal-binding site in biological systems [7,8]. Moreover,
interest in the study of the interactions of platinum(Il) [9-11] and
palladium(Il) [10-24] complexes with methionine- and histidine-
containing peptides and proteins also become of cardinal impor-
tance after the discovery that their aqua complexes can be promis-
ing reagents for the hydrolytic cleavage of the above-mentioned

* Corresponding author. Tel.: +381 34 300 251; fax: +381 34 335 040.
E-mail address: djuran@kg.ac.rs (M.I. Djuran).

0020-1693/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.ica.2012.11.004

peptides. In general, it was shown that these complexes bind to
the heteroatom in the side chain of methionine [9-16] or histidine
[10,11,17-25] and promote cleavage of the amide bond involving
the carboxylic group of the anchoring amino acid. The influence
of different factors, such as pH, temperature, solvent and steric ef-
fects of the substrate or catalyst, on this hydrolytic reaction has
been extensively investigated in the past two decades. Up to
now, most of these investigations were performed in strong acidic
media, whereas only a few reports concerning this hydrolytic reac-
tion between methionine- and histidine-containing peptides and
platinum(Il) antitumor complexes under physiologically relevant
conditions have been reported [26-30]. The findings that Pt(II)
complexes can cleave peptides and proteins under physiologically
relevant conditions of the pH and temperature can have impor-
tance for a better understanding of the toxic side effects of Pt(II)
antitumor drugs. Our recent studies of the reactions between var-
ious Pt(II) complexes of the type [Pt(L)Cl,] and [Pt(L)(cbdca-0,0'] (L
is ethylenediamine, en; (#)-trans-1,2-diaminocyclohexane, dach;
(¢)-1,2-propylenediamine, 1,2-pn and cbdca is cyclobutane-1,1-
dicarboxylate) and Ac-.-Met-Gly dipeptide showed that hydrolysis
of the Met-Gly amide bond in this peptide occurred under physio-
logical conditions of pH and temperature (pH 7.40 and 37 °C) [31].
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The cleavage of this peptide was much slower in the reaction with
[Pt(L)(cbdca-0,0'] than with [Pt(L)Cl,] complexes. Difference in the
catalytic abilities between these two type of Pt(Il) complexes was
attributed to the different stability of their intermediate
[Pt(L)(cbdca-0)(Ac-.-Met-Gly-S)]~ and [Pt(L)CI(Ac-L.-Met-Gly-S)]
complexes, respectively. The higher stability of the initially formed
[Pt(L)(cbdca-0)(Ac-.-Met-Gly-S)]~ complex with respect to the
analogue [Pt(L)CI(Ac-.-Met-Gly-S)] intermediate product is in
accordance with the slow replacement of its cbdca ligand by a
water molecule, finally resulting in the formation of the hydrolyt-
ically active [Pt(L)(H,0)(Ac-.-Met-Gly-S)]" complex. These findings
are in accordance with those previously reported that very stable
ring-opened [Pt(NH3),(cbdca-0)(1.-HMet-S)] complex was detected
during the reaction of carboplatin with .-HMet and that similar
ring-opened species was also found in the urine of animals treated
with carboplatin (carboplatin, [Pt(NH3),(cbdca-0,0)], is a widely
used second generation anticancer drug) [32]. Malonate complexes
of Pt(II)-am(m)ine exhibited antitumor activity without the neph-
rotoxic effects of cisplatin, cis-[Pt(NH3),Cl>] [33,34].

We report here reactions of peptides with methionine (Ac-L-
Met-Gly) and both methionine and histidine in the side chains
(Ac-L.-Met-1-His, Ac-L.-Met-Gly-i-His-GIyNH, and Ac-L.-Met-Gly-
Gly-1-His-Gly) with carboplatin analogues, [Pt(en)(Me-mal-0,0)]
and [Pt(en)(Me,-mal-0,0’)]. Our use of 2-methylmalonate (Me-
mal) and 2,2-dimethylmalonate (Me,-mal) in the place of cyclobu-
tane-1,1-dicarboxylate (cbdca) allows convenient monitoring the
biscarboxylate group via methyl peaks by 'H NMR measurements.
Also, [Pt(en)(Me-mal-0,0’)] and [Pt(en)(Me,-mal-0,0')] complexes
showed better solubility in comparison with analogue [Pt(L)
(cbdca-0,0')] (L is en, dach and 1,2-pn).

2. Experimental
2.1. Materials

Distilled water was demineralized and purified to a resistance
greater than 10 MQ cm™'. The compounds D0, ethylenediamine
(en), malonic acid (H,mal), 2-methylmalonic acid (Me-H,mal),
2,2-dimethylmalonic acid (Me,-H,mal) and K;[PtCl4] were ob-
tained from the Aldrich Chemical Co. All common chemicals were
of reagent grade. The dipeptide r-methionylglycine (1-Met-Gly)
was obtained from the Sigma Chemical Co. The dipeptide .-methio-
nyl-i-histidine (L.-Met-L-His) and pentapeptide L-methionylglycyl-
glycyl-i-histidylglycine (1-Met-Gly-Gly-1-His-Gly) were obtained
from the Bachem A.G. The tetrapeptide N-acetylated-L.-methionyl-
glycyl-i-histidylglycineamide (Ac-L.-Met-Gly-1-His-GlyNH,) was
synthesized by manual solid phase peptide synthesis using
Fmoc-chemistry [35,36]. The peptide was purified using semi-pre-
parative RP-HPLC, and analyzed by analytical HPLC and electro-
spray ionization mass spectrometry. The terminal amino group in
this peptide was acetylated by a standard method [12]. The
[Pt(en)Cl,] complex was synthesized according to a procedure pub-
lished in the literature [37-39]. The purity of the complex was
checked by elemental microanalyses. Anal. Calc. for [Pt(en)Cly] =
C,HgN,ClLPt (FW =326.08): C, 7.37; H, 2.47; N, 8.59. Found: C,
7.32; H, 2.50; N, 8.52%.

2.2. Syntheses of [Pt(en)(Me-mal-0,0’)] and [Pt(en)(Me,-mal)]
complexes

The [Pt(en)(Me-mal-0,0’)] and [Pt(en)(Me,-mal-0,0’)] com-
plexes were synthesized by modification of the procedure pub-
lished in the literature [40].

The chlorido complex [Pt(en)Cl,] was converted into the corre-
sponding diaqua complex by treatment with 1.95 equivalents of

AgNOs3 at pH 2.00, according to a published method [41]. The solid
AgCl was removed by filtration in the dark. To the clear solution of
the [Pt(en)(H,0),]?>* complex, equimolar amounts of the solid Me-
H,mal (or Me,-H,mal) acid and two equivalents of NaHCO5; were
added. The mixture was stirred at 60 °C for 3 h. All the complexes
were crystallized from water by cooling in a refrigerator. The pure
complexes were obtained by recrystallization from small amount
of water. The yield was between 50% and 60%. Anal. Calc. for
[Pt(en)(Me-mal-0,0")] = CsH12N,04Pt (FW =371.25): C, 19.41; H,
3.26; N, 7.55. Found: C, 19.50; H, 3.22; N, 7.48%. Anal. Calc. for
[Pt(en)(Me,-mal-0,0’)] = C;H14N,04Pt (FW =385.28): C, 21.82; H,
3.66; N, 7.27. Found: C, 21.54; H, 3.42; N, 7.43%.

2.3. NMR (H and '3C) characterization (D>0, 200 MHz)

[Pt(en)(Me-mal-0,0")]: 'H NMR, 6 (ppm) 2.57 (s, 4H, 2CH, from
en), 4.16 (q, H, a-CH from Me-mal), 1.37 (d, 3H, CH5 from Me-mal);
13C NMR, ¢ (ppm) 16.54 (CH; from Me-mal), 50.79 (CH, from en),
53.68 (CH from Me-mal), 183.30 (C=0 from Me-mal).

[Pt(en)(Me,-mal-0,0")]: "H NMR, é (ppm) 2.59 (s, 4H, 2CH, from
en), 1.77 (s, 6H, 2CH; from Me,-mal); '*C NMR, 6 (ppm) 27.87 (CH3
from Me;,-mal), 50.68 (CH, from en), 55.32 (C from Me,-mal),
185.63 (C=0 from Me,-mal).

These data are in accordance with those reported previously for
the corresponding Pt(II) complexes [39,42].

2.4. Measurements

All pH measurements were realized at ambient temperature
using an Iskra MA 5704 pH meter calibrated with Fischer certified
buffer solutions of pH 4.00 and 7.00. The results were not corrected
for the deuterium isotope effect.

The reactions of Ac-.-Met-Gly, Ac-L-Met-1-His, Ac-L.-Met-Gly-L-
His-GlyNH, and Ac-L.-Met-Gly-Gly-1-His-Gly with the platinum(II)
complexes in 50 mM phosphate buffer at pH 7.40 in D,0 were fol-
lowed by 'H NMR spectroscopy using a Varian Gemini 2000 spec-
trometer (200 MHz). Sodium trimethylsilylpropane-3-sulfonate
(TSP) was used as an internal reference. The final solution was
10 mM in each reactant. All reactions were performed at 37 °C.

Equimolar amounts of the platinum(Il) complex and the peptide
were mixed in an 5 mm NMR tube and the rate constants were
determined from the proton NMR data recorded at appropriate
time intervals. The formation of the ring-opened complexes 1a
and 1b (Fig. 1) in the reactions of [Pt(en)(Me-mal-0,0’)] and
[Pt(en)(Me,-mal-0,0')] complexes with Ac-i.-Met-Gly and Ac-L-
Met-1-His dipeptides, respectively, was fitted to a second-order
process [43] by plotting x/a.(a, — x) against t (a, is the initial con-
centration of the Pt(Il) complex and x is the concentration of the
corresponding ring-opened complex at time t). The concentrations
of [Pt(en)(Me-mal-0,0’)] and [Pt(en)(Me,-mal-0,0')] complexes
were determined by integration of the resonances for the CHs pro-
tons of bidentatly coordinated Me-mal at 1.37 and Me,-mal at
1.77 ppm and those for these protons at 1.24 for Me-mal and
1.27 ppm for Me,-mal both coordinated in monotopic fashion of
the corresponding ring-opened Pt(II)-peptide complex.

The deatachment of Me-mal and Me,-mal ligands from the
ring-opened Pt(Il)-peptide complexes 1a and 1b leading to the for-
mation of the aqua Pt(Il)-peptide complex 2 and macrochelate
complex 4 (Fig. 1), respectively, was fitted to a first-order process
[43] by plotting In(a./a;) against t (a, is the concentration of the
corresponding ring-opened Pt(Il)-peptide complex and a; is the
concentration of this complex at time t). The concentrations of
the ring-opened complexes 1a and 1b were determined by integra-
tion of the resonances for the CHs protons of the Me-mal at 1.24
and Me,-mal at 1.27 ppm coordinated in monotopic fashion to
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Fig. 1. Different pathways of the reaction of the Ac-i.-Met-Gly and Ac-L.-Met-His-type peptides with [Pt(en)(Me-mal-0,0')] and [Pt(en)(Me,-mal-0,0’)] complexes. The
corresponding Pt(II) complex and peptide were mixed in a 1:1 M ratio and all reactions performed at pH 7.40 and at 37 °C in 50 mM phosphate buffer in D,0.

the platinum(II) and those for these protons of the free Me-mal and
Me,-mal ligands at 1.31 and 1.34 ppm, respectively.

3. Results and discussion

The reactions of [Pt(en)(Me-mal-0,0')] and [Pt(en)(Me,-mal-
0,0')] complexes (en is ethylenediamine, Me-mal and Me,-mal
are bidentate coordinated anions of 2-methylmalonic and 2,2-dim-
ethylmalonic acids, respectively, with N-acetylated Ac-.-Met-Gly
and Ac-1-Met-L-His-type peptides (Ac-L.-Met-1-His, Ac-.-Met-Gly-
L-His-GlyNH, and Ac-i-Met-Gly-Gly-L-His-Gly) were studied by
'H NMR spectroscopy. All reactions were performed with equimo-

lar amounts of the platinum(Il) complex and peptide at the pH 7.40
in 50 mM phosphate buffer in D,0 and at 37 °C. Under these exper-
imental conditions ethylenediamine ligand remains bound to the
Pt(II) [33], while bidentate coordinated Me-mal and Me,-mal li-
gands in the platinum(Il) complexes undergo substitution during
their reactions with peptides. In the reactions of [Pt(en)(Me-mal-
0,0")] and [Pt(en)(Me,-mal-0,0’)] complexes with Ac-L.-Met-Gly
very slow hydrolytic cleavage of the Met-Gly amide bond was ob-
served, while in the reactions between these Pt(Il) complexes and
peptides containing both L.-methionine and L-histidine amino acids
in the side chains no hydrolysis of these peptides was observed and
only macrochelate platinum(Il)-peptide complexes formed as a fi-
nal products. In all these reactions an intermediate Pt(Il)-peptide
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Table 1

Characteristic proton NMR chemical shifts for the reactions of [Pt(en)(Me-mal-0,0')] and [Pt(en)(Me,-mal-0,0')] with Ac-i.-Met-Gly dipeptide at pH 7.40 in 50 mM phosphate

buffer in D0 and at 37 °C.

Reactants/products Characteristic '"H NMR chemical shifts (5, ppm; J, Hz)?
o-CH-mal CHs-mal (CH3),-mal CHs-Met Gly-CH,
Ac-L-Met-Gly 2.11(s) 3.78 (s)
[Pt(en)(Me-mal-0,0")] 4.16 (q,]=6.92) 1.37 (d, ] = 6.96)
[Pt(en)(Me,-mal-0,0")] 1.77 (s)
[Pt(en)(Me-mal-O)(Ac-.-Met-Gly-S)]~ (1a) 329 (q,J=7.02) 1.24(d,]=7.14) 2.38 (s) 3.78 (s)
[Pt(en)(Me,-mal-O)(Ac-L.-Met-Gly-S)]~ (1a) 1.27 (s) 2.38 (s) 3.78 (s)
[Pt(en)(H,0)(Ac-L-Met-Gly-S)]" (2) 2.38 (s) 3.78 (s)
Free Me-mal 1.31(d)
Free Me,-mal 1.34 (s)
Free Gly 3.56 (s)
¢ In all complexes the multiplet for methylene protons of en is centered at 2.70 ppm.
Table 2 |
Observed rate constants for the reactions of [Pt(en)(Me-mal-0,0')] and [Pt(en)(Me;-
mal-0,0')] complexes with Ac-i-Met-Gly and Ac-i-Met-L-His dipeptides. All rate
constants were obtained from 'H NMR measurements at pH 7.40 in 50 mM
phospahate buffer in D,O and at 37 °C. &

Reactions

Second-order rate
constants for
formation of the ring-
opened complexes 1a
(Ac-L-Met-Gly) and
1b (Ac-.-Met-1-
His)10%ky/M 's~!

First-order rate
constants for
conversion of 1a into
2 (Ac-L-Met-Gly) and
1b into 4 (Ac-.-Met-1-
His)108 k/s !

[Pt(en)(Me-mal-0,0")] (26.20 £0.62) (3.02+0.02)
+ Ac-1.-Met-Gly

[Pt(en)(Me,-mal-0,0")] (4.05+0.04) (1.45£0.02)
+ Ac-L.-Met-Gly

[Pt(en)(Me-mal-0,0")] (11.95£0.31) (5.22+£0.03)
+ Ac-L.-Met-L-His

[Pt(en)(Me,-mal-0,0")] + (6.19£0.02) (5.98 £0.03)

Ac-1-Met-1-His

products containing ring-opened Me-mal and Me,-mal rings were
detected in solution.

3.1. Reactions of Pt(Il) complexes with Ac-1.-Met-Gly

The schematic presentation of the reactions of Ac-L-Met-Gly
dipeptide with two platinum(Il) complexes, [Pt(en)(Me-mal-0,0')]
and [Pt(en)(Me,-mal-0,0")], is given in Fig. 1. When an equimolar
amount of the Pt(Il) complex was incubated with Ac-.-Met-Gly dipep-
tide under the above-mentioned experimental conditions, the first
product observed in solution after 15 min of the reaction was an
intermediate complex 1a (Fig. 1). The formation of this intermedi-
ate product containing monodentate coordinated Me-mal (or
Me,-mal) ligand was evidenced in the 'H NMR spectrum by the
simultaneous decline of the resonances at 2.11 ppm, arising from
the S-methyl protons of free Ac-.-Met-Gly, and growth of the
resonance at 2.38 ppm, corresponding to these protons for the
dipeptide coordinated to Pt(Il) through the sulfur atom (Table 1).
Additionally, formation of the intermediate complex 1a for the
reaction of Ac-.-Met-Gly dipeptide with [Pt(en)(Me-mal-0,0)]
was followed from difference in the chemical shifts of the reso-
nances for o-CH at 4.16 (q, J = 6.92) and CH3 malonate protons at
1.37 ppm (d, J =6.96 Hz) for [Pt(en)(Me-mal-0,0')] and those for
these protons of 1a at 3.29 (g, J=7.02) and 1.24 ppm (d, J=
7.14 Hz), respectively (Fig. 1 and Table 1). These chemical shifts
are in accordance with those previously reported for the ring-
opened Me-mal-O adducts containing monodentate coordinated
thioethers in the reactions of the [Pt(en)(Me-mal-0,0’)] complex
with Ac-.-Met and Met-Gly [33]. Formation of 1a in the reaction

| s
1 .
\
_A
_\

) 0.5h

Fig. 2. Parts of the 'H NMR spectra recorded during the reaction of [Pt(en)(Me,-
mal-0,0')] with an equimolar amount of Ac-.-Met-Gly dipeptide as a function of
time at pH 7.40 and at 37 °C in 50 mM phosphate buffer in D,O with TSP as the
internal standard. The resonances assigned as (M), (a) and (®) correspond to the
methyl malonate protons of the [Pt(en)(Me,-mal-0)(Ac-L-Met-Gly-S)]~, free Me,-
mal and [Pt(en)(Me,-mal-0,0')], respectively.

of Ac-.-Met-Gly with [Pt(en)(Me,-mal-0,0')] was observed in 'H
NMR spectrum from difference in the chemical shifts of the singlet
for the methyl Me,-mal protons at 1.77 ppm for [Pt(en)(Me,-mal-
0,0')] and that for these protons at 1.27 ppm due to the complex 1a
(Fig. 1 and Table 1). However, in the present study the formation of
the ring-opened complex in the reaction of [Pt(en)(mal-0,0')] (mal
is bidentate coordinated anion of malonic acid) with Ac-L-Met-Gly
could not be followed by 'H NMR spectroscopy based on the o-CH,
protons of malonate anion because of the rapid exchange of its
methylene protons with deuterium from D,O solvent. Also, this ex-
change occurred when pure malonic acid was dissolved in D,0. The
coordination of malonic acid to Pt(II) complex additionally acti-
vates H/D exchange [44,45].

The formation of the ring-opened adducts 1a in the above
investigated reactions was followed during time and second-order
rate constant for the reaction of [Pt(en)(Me-mal-0,0')] with Ac-1-
Met-Gly, k,=(26.20+0.62) x 10 3M s !, was six times lager
from that for the reaction of this peptide with analogue
[Pt(en)(Me,-mal-0,0")] complex, k,=(4.05%0.04) x 10> M1 s~!
(Table 2).

It was found that complex 1a under the above mentioned
experimental conditions was converted into the hydrolytically ac-
tive complex 2 (Fig. 1). This conversion proceeds through the
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(a) —— [Pt(en)(Me-mal-O)(Ac-L-Met-Gly-S)] (1a)

- == free Me-mal

&0+ 0 [Pt(en)(Me-mal-0,0)]
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Fig. 3. Time dependence of relative percentages of Me-mal and Me,-mal species (based on the CH; malonate protons) for the reactions of [Pt(en)(Me-mal-0,0')] (a) and
[Pt(en)(Me,-mal-0,0')] (b) complexes with an equimolar amount of Ac-i-Met-Gly dipeptide at pH 7.40 in 50 mM phosphate buffer in D,O and at 37 °C.

detachment of the monodentate coordinated Me-mal and Me,-mal
ligands from Pt(II) and their replacement by water molecules. The
conversion of 1a into 2 is evident in the 'H NMR spectrum by the
simultaneous decline of the doublet at 1.24 and singlet at 1.27 ppm
due to the methyl protons of monodentate coordinated Me-mal
and Me,-mal ligands, respectively, and the growth of these reso-
nances at 1.31 and 1.34 ppm for the free Me-mal and Me,-mal li-
gands, respectively (Table 1). The parts of 'H NMR spectra
measured during time for the reaction between [Pt(en)(Me,-mal-
0,0")] and Ac-.-Met-Gly are presented in Fig. 2. The plots illustrat-
ing the changes in concentration [%] of 1a and free Me-mal and
Me,-mal ligands during 48 h are presented in Fig. 3. From this fig-
ure it can be seen that concentration of 1a was increased in the
first 5 h for the Me-mal and 15 h for the Me,-mal ring opened com-
plex. After this time the concentrations of these ring-opened ad-
ducts were decreased finally being about 25% after 48 h. The
first-order rate constants for the conversion of 1a into 2 were
determined by '"H NMR measurements, k = (3.02 £ 0.02) x 107 ¢s~!
for Me-mal and k =(1.45 + 0.02) x 10~ %s~! for Me,-mal (see Sec-
tion 2 and Table 2).

We found that complex 2, obtained after displacement of mono-
dentate coordinated Me-mal and Me,-mal ligands from complex
1a by water molecule, promote the regioselective cleavage of the
Met-Gly amide bond in the Ac-L-Met-Gly dipeptide (Fig. 1). This
hydrolytic reaction is very slow and it could be followed success-
fully by '"H NMR spectroscopy. The resonance at 3.78 ppm corre-
sponding to the glycine protons of the non-hydrolyzed peptide
decreased while that at 3.56 ppm for free glycine increased (Ta-
ble 1). Upon addition of glycine to the reaction mixture, its reso-
nance was enhanced. The amount of hydrolyzed Met-Gly amide
bond in the complex 2 was determined by integration of the reso-
nance for the glycine protons in the non-hydrolyzed peptide and
that for the free glycine. In this study we compared the catalytic
abilities in the cleavage of the Ac-i-Met-Gly dipeptide for Pt(II)
complexes with malonate-type ligands, [Pt(en)(mal-0,0')],
[Pt(en)(Me-mal-0,0’)] and [Pt(en)(Me,-mal-0,0")], with those for
previously investigated [Pt(en)Cl;] and [Pt(en)(cbdca-0,0)]
complexes [31] (Fig. 4). From this figure in can be concluded that
the catalytic abilities of these Pt(Il) complexes increase in the

following order: [Pt(en)(cbdca-0,0)] <[Pt(en)(Me,-mal-0,0")] <
[Pt(en)(Me-mal-0,0')] < [Pt(en)(mal-0,0)] < [Pt(en)Cl,]. This find-
ing can be attributed to the steric influence of the leaving ligands
on the catalytic properties of the Pt(II) complexes indicating that
cbdca ligand is more sterically demanding in comparison with
bidentate malonate-type or monodentate chlorido ligands. This is
clearly demonstrated in the reaction of Ac-.-Met-Gly dipeptide
with three malonate Pt(II) complexes which differ in the number
of the methyl groups attached on the o-malonate carbon atom.
The rate of the cleavage of this dipeptide was decreased in the fol-
lowing order: mal > Me-mal > Me,-mal (see inserted chart in
Fig. 4). This undoubtedly confirms that inhibition of the hydrolytic

g 2 - mal
= Me-mal
H
E 80 1 :
‘E' 5 0 Me,-mal
2 4
3 =
T 6042
L
2
8
k]
=
E 40
2
} —+— [Pt(en)Cl2]

#~ [Pt(en)( mal-0,0)]
—a— [Pt(en)(Me-mal-0,0)]
—m— [Pt(en)(Mez-mal-0,0)]

(%]
o

e [Pt(en)(cbdca-0,0)]

2 4 6

day(s)
Fig. 4. The time dependence of the hydrolytic cleavage of the Met-Gly amide bond
in the Ac-1-Met-Gly dipeptide with different Pt(II) complexes. All reactions were
realized at 37 °C with equimolar amounts of the Pt(Il) complex and the dipeptide at
pH 7.40 in 50 mM phosphate buffer. The inserted figure shows the hydrolysis of the
Met-Gly bond in the presence of three malonato-Pt(I)-type complexes during
2 days.



250

Table 3
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Characteristic '"H NMR chemical shifts (4, ppm) for the Ac-.-Met-1-His-type peptides and corresponding macrochelate Pt(II)-peptide complexes 4 formed in the reaction with
[Pt(en)(Me-mal-0,0')] and [Pt(en)(Me,-mal-0,0")] complexes at pH 7.40 and at 37 °C in D,0. The chemical shifts of monodentate coordinated Me-mal and Me,-mal ligands of the

ring-opened complexes 1b are identical with those for complex 1a shown in Table 1.

Peptide/macrochelate Pt(II)-peptide complex 4 Imidazole protons S-CHs Gly1CH, Gly2CH, Gly3CH,
C2H C5H

Ac-1-Met-1-His 8.44 7.20 2.10

[Pt(en)(Ac-L-Met-L-His-S,N3)]" 8.13 7.08 2.58,2.60

Ac-1-Met-Gly1-1-His-Gly2-NH, 8.31 7.19 2.11 3.93 3.93

[Pt(en)(Ac-L-Met-Gly-1-His-Gly-NH,-S,N3)]* 8.09 7.02, 6.97 2.57 3.98 3.93

Ac-1-Met-Gly1-Gly2-1-His-Gly3 8.61 7.34 2.11 4.04 3.96 3.80

[Pt(en)(Ac-L-Met-Gly-Gly-L-His-Gly-S,N3)]* 8.07 7.09 7.09 2.59 4.00 3.94 3.81

reaction was effected by the methyl group in the leaving malonate
ligand. The same conclusion can be drawn from our kinetic data
presented in Table 2. From this table we can see that replacement
of monodentate coordinated Me,-mal ligand by water molecule in
the ring-opened complex 1a (Fig. 1) was two times slower in re-
spect to the corresponding Me-mal complex, both resulting in
the formation of the hydrolytically active complex 2. Difference
in the replacement of these two ligands can be correlated with dif-
ferent stability of their ring-opened complexes.

3.2. Reactions of Pt(1l) complexes with Ac-L-Met-1-His-type peptides

In the second part of this study we used '"H NMR spectroscopy
to investigate the reactions of [Pt(en)(Me-mal-0,0’)] and
[Pt(en)(Me,-mal-0,0)] complexes with peptides containing both
L-methionine and r-histidine amino acids in the side chains,
namely Ac-i.-Met-1-His, Ac-1.-Met-Gly-1L-His-GlyNH; and Ac-L.-Met-
Gly-Gly-1-His-Gly (Ac-L-Met-L-His-type peptides). When an equi-
molar amount of Pt(II) complex was incubated with the corre-
sponding Ac-i.-Met-L.-His-type peptide under the above
mentioned experimental conditions only one Pt(Il)-peptide com-
plex in these reactions was observed in solution as a final product
after 48 h (see Fig. 1, complex 4). As it was shown in Fig. 1 complex
4 has bidentate coordinated peptide via the N3 atom of the imid-
azole ring and methionine sulfur atom. The complex 4 was showed
as very stable product during time and no hydrolysis of amide
bonds in the above investigated peptides had been observed dur-
ing two weeks. The formation of this macrochelate complex pro-
ceeds in two steps. The first step of this reaction is monodentate
coordination of Ac-i.-Met-i-His-type peptide to the Pt(II) through
the methionine sulfur atom. This reaction yields to the formation
of the ring-opened complex 1b which was evidenced in the 'H
NMR spectrum from difference in the chemical shifts of the methyl
protons for the free at 2.10-2.11 and these protons for the Pt(Il)-
sulfur bound peptide at 2.57-2.60 ppm after 15 min (Table 3).
These chemical shifts are in accordance with those previously re-
ported for the reactions of Pt(Il) complexes with different methio-
nine-containing peptides [10,30]. The monodentate coordination
of Ac-L.-Met-L-His-type peptides to the [Pt(en)(Me-mal-0,0’)] and
[Pt(en)(Me,-mal-0,0")] caused the opening of the malonate rings
in these complexes. This ring-opening process can be followed in
the '"H NMR spectrum from difference in the chemical shifts of
the methyl malonate protons for bidentate and those for these pro-
tons of monodentate bound Me-mal and Me,-mal ligands. These
chemical shifts are almost identical with those for the reactions
of [Pt(en)(Me-mal-0,0’)] and [Pt(en)(Me,-mal-0,0')] complexes
with Ac-L.-Met-Gly dipeptide (see previous section and Table 1).
The second-order rate constants for the formation of 1b were
determined from 'H NMR measurements (Table 2). The doublet
at 1.37 and singlet at 1.77 ppm due to the methyl malonate pro-
tons of [Pt(en)(Me-mal-0,0')] and [Pt(en)(Me,-mal-0,0')] com-
plexes, respectively, were decreased during time and new

resonances at 1.24 and at 1.27 ppm for these protons in the
ring-opened [Pt(en)(Me-mal-O)(Ac-L.-Met-1-His-S)] and [Pt(en)(Me,-
mal-0)(Ac-L.-Met-1-His-S)] complexes, respectively, had been
appeared. The concentrations of the starting Pt(Il) complex and
corresponding ring-opened species were determined during time
by integration of the above-mentioned resonances. The second-order
rate constants for the reactions of [Pt(en)(Me-mal-0,0’)] and
[Pt(en)(Me,-mal-0,0")] complexes with Ac-L.-Met-L-His are similar
with those for the reactions between these Pt(II) complexes and
Ac-1-Met-Gly dipetide, k,=(11.95 +0.31) x 10> M~ 's! for Me-mal
and k;=(6.19£0.02) x 10> M ' s~ ! for Me,-mal (Table 2).

The second step of the reaction between Pt(Il) complexes and
Ac-L-Met-His-type peptides is conversion of 1b into 4 (Fig. 1). This
conversion proceeds through the intramolecular replacement of
monodentate coordinated Me-mal and Me,-mal ligands from 1b
with the N3 imidazole nitrogen atom of the histidine residue.
The conversion of 1b into 4 is evident in the 'H NMR spectrum
by the simultaneous decline of the resonances due to the methyl
protons of the Me-mal and Me,-mal coordinated in monotopic
fashion to the Pt(II) and growth of those for these protons of free
Me-mal and Me,-mal ligands. The chemical shifts for these reso-
nances are almost identical with those observed for the conversion
of 1a into 2 in the reaction of [Pt(en)(Me-mal-0,0')] and
[Pt(en)(Me,-mal-0,0’)] complexes with Ac-.-Met-Gly dipeptide
(Table 1). Additionally, the conversion of 1b into 4 can be followed
in the 'H NMR spectrum from difference in the chemical shifts of
the C2H and C5H imidazole protons for the free and N3-bound his-
tidine side chain to Pt(II) (Table 3). From Table 3 it can be seen that
the C2H and C5H resonances are upfield shifted after peptide coor-
dination through the N3 nitrogen atom of the imidazole to Pt(II).
The higher field chemical shifts for the C2H (A =0.22-0.31 ppm)
with respect to the C5H proton (Ad = 0.12-0.17 ppm) can be attrib-
uted to the fact that this proton is closer to the N3 binding center
[46-48]. The first-order rate constants for conversion of 1b into 4,
k=(522+0.03) x 10%s! for Me-mal and k=(5.98+0.03) x
10-%s~! for Me,-mal, are lager from those for the conversion of
la into 2, k=(3.022002)x 10 ®s™' for Me-mal and k=
(1.45+0.02) x 10~ %s~! for Me,-mal (Table 2). This can be attrib-
uted to the fact that N3 nitrogen atom of imidazole ring from
Ac-L.-Met-1-His dipeptide is better nuclephile than water molecule
in the reaction with Ac-.-Met-Gly dipeptide. We found that the
same S,N3-coordination mode of the Pt(Il) occurred in the reactions
with Ac-i-Met-1-His, Ac-1.-Met-Gly-1-His-GlyNH, and Ac-.-Met-
Gly-Gly-1-His-Gly peptides. Also, no influence of Gly residue (one
or two) inserted between Met and His anchoring amino acids on
the formation rate of complex 4 was observed.

4. Conclusions

From the present investigation, it can be stated that the reaction
of [Pt(en)(Me-mal-0,0’)] and [Pt(en)(Me,-mal-0,0')] complexes
with N-acetylated Ac-.-Met-Gly and Ac-.-Met-L-His-type peptides
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under physiological conditions (pH 7.40 and 37 °C) primarily pro-
ceeds with the formation of the ring-opened malonate adducts
containing monodentate methionine bound peptide to the Pt(II).
These ring-opened species are present in solution for more than
48 h and during that time the monodentate coordinated malonate
ligand (Me-mal or Me,-mal) has been slowly replaced intermolec-
ularly by water for Ac-.-Met-Gly or intramolecularly by the N3
nitrogen atom from the histidine residue for Ac-L.-Met-L-His-type
peptides. Replacement of the Me-mal and Me,-mal ligands by
water molecules leads to the formation of the hydrolytically active
aqua Pt(Il)-peptide complex which further promotes slow hydro-
lysis of the Met-Gly amide bond in the Ac-.-Met-Gly dipeptde.
However, intramolecular replacement of these malonate anions
by the histidine residue of Ac-L.-Met-L-His-type peptides leads to
the formation of very stable and hydrolytically inactive macroche-
late Pt(II)-peptide complex. The previous results confirming that
the ring-opened carboplatin adducts containing monodentate thio-
ethers were also observed in the reactions of the anticancer drug
carboplatin with a variety of sulfur-containing amino acids
[49,50] together with those for the presently investigated reactions
of carboplatin analogues [Pt(en)(Me-mal-0,0')] and [Pt(en)(Me;-
mal-0,0')] with methionine-containing peptides contribute to the
current hypothesis that the ring-opened adducts of chelated dicar-
boxylate platinum anticancer complexes with methionine deriva-
tives could play important role in their mechanism of action.
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1. Introduction

Pyrazine, a weak base, acts as a monodentate or bridging
bidentate ligand in transition metal chemistry. As a bridging
bidentate ligand it commonly exhibits a simple and controllable
coordination mode and possesses small steric hindrance, there-
fore it has been recently utilized as a building unit for molecular
architectures with transition metals [1-3]. Another interesting
property of this ligand is modification of its basicity as a
consequence of coordination to transition-metal fragments [4].
Combined together, the two properties make the pyrazine ligand
a good alternative to triazine in studies on anion- - -7 interactions
in metal complexes and their utilization for building new molec-
ular architectures. The involvement of pyrazine and oxo anions in
anion- - -7 interactions has already been reported [5,6]. In this pa-
per we demonstrate the presence of such interactions between
chloride and pyrazine units.

The term anion-- -7 interaction to describe an attractive and
non-covalent contact geometry, derived from quantum chemistry
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calculations, in which an anion is placed above the center of an
aromatic ring appeared in the literature ten years ago and initiated
a continuous discussion concerning its presence and structure
determining role [7,8]. On the basis of the results derived from
theoretical calculations and searches of the Cambridge Crystallo-
graphic Database (CSD), the authors have demonstrated the
existence of anion---m interactions involving mainly electron
deficient aromatic systems, although the involvement of non-
electron-deficient aromatic rings was also considered as possible
whenever the aromatic ring was simultaneously interacting with
a cation [9]. The existence of anion- - - interactions in metal com-
plexes stemming from encapsulation of a chloride anion by four
pyridine rings has been noted in 2004 [10]. Notably, the authors
pointed out that the observed chloride: - -pyridine anion- - -7 inter-
actions were favored because the pyridine rings are coordinated
to copper ions, which enhances their electron-poor character. Fol-
lowing this report, other papers demonstrating the enhancing role
of metal coordination in anion---7 interactions have appeared
[6,11,12]. To date, there are many reports on this subject due to
the various possible applications of these interactions in supramo-
lecular chemistry, including design of anion receptors and trans-
porters across bilayer membranes [13,14]. The most recent
perspective on the subject has been published by Reedijk and co-
workers [15]. Notably, anion- - -7 interactions have been reported
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as being persistent in solution and in the gas phase [16], and a re-
view on the studies of these interactions in solution has appeared
only very recently [17].

From the other side, recent studies showed that the thiolate-
bridged (MesN),[Pd,(¢-SPh),Cl4] complex in the reactions with
different methionine-containing peptides of the type Ac-L.-Met-X
(X is Gly, Val, Phe or Ala) was a very effective hydrolytic reagent
in the cleavage of these dipeptides in non-aqueous solvents [18].
An important advantage of dimerization is the possibility of coop-
eration between the metals, as was shown for hydrolysis of DNA,
RNA and their models catalyzed by polynuclear metal complexes
and metalloenzymes [19-24]. The above mentioned findings sug-
gested that polynuclear platinum(II) complexes could also be good
reagents for amide bond hydrolysis in reactions with methionine-
containing peptides.

In the present study we have synthesized and structurally char-
acterized the new pz-bridged binuclear {[Pt(en)Cl],(x-pz)}Cl, com-
plex. This complex was converted into the corresponding aqua
complex, {[Pt(en)(H,0)]2(u-pz)}*, and '"H NMR spectroscopy was
applied for comparison of its catalytic activity in the hydrolysis of
N-acetylated .-methionylglycine (Ac-L-Met-Gly) dipeptide with that
of the mononuclear [Pt(en)(H,0),]** complex. All the reactions were
investigated at 2.0 < pH < 2.5 and at 37 °C in D,0 solution.

2. Experimental
2.1. Materials

Distilled water was demineralized and purified to a resistance
greater than 10 MQ cm™'. The compounds D0, DNO3, NaOD, eth-
ylenediamine (en), pyrazine (or 1,4-diazine), pz and K;[PtCl,] were
obtained from Aldrich Chemical Co. All common chemicals were of
reagent grade. The dipeptide L-methionylglycine (.-Met-Gly) was
obtained from Sigma Chemical Co. The terminal amino group in
this peptide was acetylated by a standard method [25]. The
[Pt(en)Cl,] complex was synthesized according to a procedure pub-
lished in the literature [26]. The purity of the complex was checked
by elemental microanalyses and NMR ('H and '3C) spectroscopy.

2.2. Preparation of [Pt(en)(dmf)CI[NOs

The [Pt(en)Cl,] complex was converted into the corresponding
monodimethylformamide (dmf) complex [Pt(en)(dmf)CI|]NO3 by
treatment with 0.98 equivalents of AgNOs, according to a
previously published method [27]. To a solution of 55.3 mg
(0.325 mmol) of AgNO; in 5 cm® of dmf was added a suspension
of 108.3 mg (0.332 mmol) of [Pt(en)Cl,] in 10 cm® of dmf. The mix-
ture was stirred overnight at room temperature in the dark. The
precipitated AgCl was removed by filtration and the resulting pale
yellow dmf solution of [Pt(en)(dmf)CI]NO5 was used as the starting
material for the preparation of the required pyrazine-bridged binu-
clear platinum(Il) complex, {[Pt(en)Cl],(z-pz)}Cl,.

2.3. Preparation of the {[Pt(en)Cl],(u-pz)}Cl, complex

A dmf solution of the pyrazine ligand (pz) (13.29 mg,
0.166 mmol) was added dropwise to a solution of [Pt(en)(dmf)-
Cl]NOs. The mixture was stirred at room temperature in the dark
for 3 h. The solvent was then rotary evaporated and the residue
was washed with ether. The crude product was dissolved in a mini-
mal amount of 0.5 mol/dm? LiCl aqueous solution. The obtained
solution was left overnight in the dark. The pale-yellow precipitate
of {[Pt(en)Cl](u-pz)}Cl, was removed by filtration, washed with
methanol and then ether, and air-dried. Yield 48.61 mg (40%). Anal.
Calc. for {[Pt(en)Cl]>(u-pz)}Cl, = CgHyoNgCl4Pt, (FW =732.25): C,

13.12; H, 2.75; N, 11.48. Found: C, 13.16; H, 2.98; N, 11.19%. NMR
("H and '3C) characterization (D,0, 200 MHz). 'H NMR (8, ppm):
2.68-2.79 (m, 4CH,, en), 9.03 (s, 4CH, pz): '*C NMR (5, ppm): 52.34
(4CH,, en), 153.46 (C2, C3, C4 and C5, pz).

2.4. Preparation of [Pt(en)(H;0),F** and {[Pt(en)(H;0)[s(u -pz)}**

The [Pt(en)Cl,] and {[Pt(en)Cl],(x-pz)}Cl, complexes were con-
verted into the corresponding aqua complexes by treatment with
1.98 and 3.98 equivalents of AgNOs, respectively, according to a
previously published method [28]. In each case, the formed solid
AgCl was removed by filtration in the dark, and the fresh solutions
of the aqua complexes were kept in a refrigerator and used in sub-
sequent experiments.

2.5. Analyses

Elemental microanalyses for carbon, hydrogen and nitrogen
were performed by the Microanalytical Laboratory, Faculty of
Chemistry, University of Belgrade.

2.6. pH Measurements

All pH measurements were realized at ambient temperature
using an Iskra MA 5704 pH meter calibrated with Fischer certified
buffer solutions of pH 4.00 and 7.00. The results were not corrected
for the deuterium isotope effect.

2.7. "H NMR measurements

The 'H NMR spectra of DO solutions containing TSP (sodium
trimethylsilylpropane-3-sulfonate) as the internal reference were
recorded with a Varian Gemini 2000 spectrometer (200 MHz).
Fresh solutions of the [Pt(en)(H,0),]** and {[Pt(en)(H,0)]s(u-
pz)}** complexes and Ac-.-Met-Gly were prepared separately
(the initial concentration of each reactant was 40 mM) and then
mixed in an 5 mm NMR tube, and spectra were recorded at appro-
priate time intervals. All reactions were performed at 2.0 < pH < 2.5
and at 37 °C. The reactions between the platinum(Il) complexes
and Ac-.-Met-Gly dipeptide were investigated in the following mo-
lar ratios: [Pt(en)(H;0),]*":Ac-.-Met-Gly =1:1, 2:1 and 1:2 and
{[Pt(en)(H20)]o(1t-pz)}*":Ac-L.-Met-Gly = 1:1 and 1:2. The 'H NMR
spectra were acquired using the WATERGATE sequence for water
suppression. Typical acquisition conditions were as follows: 90°
pulses, 24000 data number points, 4 s acquisition time, 1 s relaxa-
tion delay, collection of 16-128 transients and final digital resolu-
tion of 0.18 Hz per point. All proton NMR spectra were processed
using the Varian V NMR software (version 6.1, revision C). The
chemical shifts are reported in ppm.

2.8. X-ray analysis of the {[Pt(en)Cl]»(u-pz)}Cl, complex

Diffraction data for the {[Pt(en)Cl],(u-pz)}Cl, complex were
measured with a Xcalibur kappa-geometry diffractometer using
CrysAlisPro software [29] and monochromated Mo Ko radiation
(7=0.7173 A). Crystal data and experimental details are summa-
rized in Table 1. The structure was solved by direct methods using
sHELXs-86 [30] and refined by full-matrix least-squares calculations
on F? with sueixi-97 [30]. The intensity data were corrected for
absorption effects [29]. Anisotropic displacement parameters were
refined for all non-hydrogen atomic positions. Hydrogen atoms at-
tached to the carbon and nitrogen atoms were placed in calculated
positions (methylene C-H = 0.97, aromatic C-H =0.93 and amine
N-H=0.90A). During the refinement isotropic displacement
parameters for H-atoms were assigned 20% higher than the isotro-
pic equivalent for the atom to which the H-atom was bonded. All
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Table 1
Crystal data for {[Pt(en)Cl],(u-pz)}Cly.

Crystal data

Chemical formula

Ml‘

Crystal system, space group
T (K)

a(A)

b (A)

c(A)

B ()

v (A%)

z

Radiation type
p(mm™")

Crystal size (mm)
Data collection
Diffractometer
Absorption correction

Timin, Tmax

CgH5oClLNgPt,-2(Cl)
732.28

monoclinic, P2;/n
295
5.07703(9
12.6594(2
14.1839(2
97.7545(16)
903.29(2)

2

Mo Kot

16.06

0.20 x 0.20 x 0.10

)
)
)

Xcalibur
Multi-scan
0.405, 1.000

No. of measured, independent and observed 20103, 1588, 1545

[I>20(I)] reflections

Rint 0.026

(sin 0/A)max (A™1) 0.595

Refinement

R[F? > 26(F?)], wR(F?), S 0.014, 0.035, 1.20
No. of reflections 1588

No. of parameters 91

No. of restraints 0

H-atom treatment H-atom parameters
constrained

ApPmaxe APmin (e A7) 0.65, —0.35

Table 2

Selected geometrical parameters [A] for {[Pt(en)Cl],(u-pz)}Cl,.
Pt1-N1 2.032(3) Pt1-N3 2.018(3)
Pt1-N2 2.040(3) Pt1-Cl1 2.2980(10)
N1-Pt1-N2 83.24(12) N1-Pt1-Cl1 92.82(10)
N1-Pt1-N3 175.61(12) N2-Pt1-Cl1 175.67(9)
N2-Pt1-N3 93.51(11) N3-Pt1-Cl1 90.52(8)
Pt1-N1-C1-C2 —41.0(4) C2-N2-Pt1-N1 13.2(2)
N1-C1-C2-N2 52.1(4) N2-Pt1-N1-C1 15.7(3)
C1-C2-N2-Pt1 ~38.5(4)

H-atoms were refined as riding. siemens [31] and Mercury [32] com-
puter graphics programs were used to prepare the drawings. Se-
lected bond distances and angles are reported in Table 2.
Hydrogen-bond parameters are listed in Table 3. Atomic coordi-
nates, anisotropic displacement parameters and tables of all bond
distances and angles have been deposited at the Cambridge Crys-
tallographic Data Centre (Deposition No. CCDC 895153).

3. Results and discussion
3.1. X-ray structure of the {[Pt(en)Cl]>(u-pz)}Cl, complex

The molecular structure and labeling scheme are shown in Fig. 1
and selected bond distances and angles are listed in Table 2. X-ray
analysis has unequivocally confirmed that the {[Pt(en)Cl]y(u-
pz)}Cl, complex is a binuclear complex of Pt(II) bridged by the pyr-
azine ligand. In the crystal the complex is positioned on an inver-
sion center and thus possesses C; symmetry. Each platinum(II)
atom exhibits an approximately square planar coordination, with
one Pt-Cl bond, one Pt-N bond of pyrazine (pz), and two Pt-N
bonds of the same chelating diamine (en) ligand. The Pt - -Pt dis-
tance is 6.7890(3)A, comparable with the mean value of
6.815(8) A obtained from 17 observations for crystal structures

Table 3

Hydrogen bond parameters for {[Pt(en)Cl],(u-pz)}Cl,.
D-H.-- D-H (A) H--A(A) D---A(A) D-H---A (°)
N1-H1B-- -C12_ 0.90 2.44 3.291 (3) 156.9
N1-H1A.--CI2' 0.90 241 3.230 (3) 150.9
N2-H2A---CI2° 090 246 3313(3) 1574
N2-H2B- - -.CI2" 0.90 2.34 3.211 (3) 161.9

Fig. 1. Perspective view of the dinuclear complex cation {[Pt(en)Cl],(u-pz)}*".
Atomic displacement ellipsoids are drawn at the 40% probability level. The
molecule possesses a center of symmetry, so only the asymmetric part of it has
been labeled. The other half of the molecule is generated from the original
coordinates by symmetry transformation 1 —x, 1-y, —z.

containing a discrete pyrazine-bridged Pt(Il) dimer, deposited in
the CSD [33]. The C; molecular symmetry ensures the mutually
trans orientation of the two Cl and (en) ligands. The atoms involved
in the Pt(II) square coordination deviate less than 0.045 A from the
mean plane through the three nitrogens and Cl1. The Pt atom devi-
ates from this plane by only 0.010(1) A and from the pyrazine best
plane by 0.084(6) A. The Pt-N distances are in the expected range,
with the Pt-N(diamine) distances only slightly longer (2.032(3)
and 2.040(3)A) than the Pt-N(pyrazine) distance of 2.018(3)A,
probably a consequence of the more negative charge on the pyra-
zine nitrogen as compared with the diamine nitrogens, and the Pt-
Cl bond measures 2.298(3) A. The N1-Pt-Cl(1), C11-Pt-N3 and N3-
Pt-N2 angles are 92.8(1)°,90.5(1)° and 93.5(1)°, respectively, while
the N1-Pt-N2 angle in the five-membered chelate ring is only
83.2(1)°, a value similar to the mean N-Pt-N angle in other plati-
num complexes with ethylene diamine (mean value of 83.33(6)°
for 207 observations in structures with R < 5% [33]). The coordi-
nated pyrazine ring is oriented out of the Pt(II) square plane. The
dihedral angle between the pyrazine-ring plane and the square
plane around Pt(II) amounts to 58.4(1)°, and the CI1-Pt-N3-C3
and Cl1-Pt-N3-C4 torsion angles are —60.6(3)° and 122.9(3)°,
respectively. The diamine rings adopt the usual twist conformation
(one / and the other §), with an approximate twofold axis passing
throuch the C1-C2 bond (Cremer and Pople parameters calculated
with parst included in the WinGX package [34] are 0.439(4) A and
—92.0(4)°).

3.2. Crystal packing of the {[Pt(en)Cl]»(u-pz)}Cly complex

The complex cations form columns extending along the a-direc-
tion, with distances of 5.077(1) A between Pt(Il) ions and the pz
rings (Fig. 2). The uncoordinated chloride anions (CI2) are located
above and below the pyrazine rings and are involved in anion-n
interactions with these aromatic rings. Pyrazine rings are typically
less electron poor than triazines, where the majority of anion-n
interactions have been observed, but it has been demonstrated,
both experimentally and theoretically, that coordination to the
metal dramatically enhances the disposition of aromatic rings to-
ward anion- - -1t binding [6,11,12,35]. Accordingly, in the investi-
gated complex the pyrazine ring is activated by coordination to
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Fig. 2. Specific intermolecular interactions in the crystal structure of {[Pt(en)Cl],(u-
pz)}Cl, involving complex cations and uncoordinated chloride anions. NH.--Cl
hydrogen bonds are marked by dotted lines while anion- - -7t interactions are shown
by broken lines joining the chloride anion (green ball) with the centre of gravity of
the pyrazine ring (gray ball). For clarity, only H-atoms involved in hydrogen bonds
are displayed. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

two Pt(II) metal centers. The CI2.--Cg distance (Cg stands for the
center of gravity of the pyrazine ring) amounts to 3.410 A, while
the angle between the normal to the pz ring and the CI2. - -Cg- - -CI2
line is 12.9°. For comparison, Mascal et al. have calculated an equi-
librium distance of 3.2 A between chloride and the aryl centroid in
the Cl™--.1,3,5-triazine complex, with the anion positioned on the
C3-axis above the triazine ring [8]. Moreover, the CI2 anion acts as
a hydrogen bond acceptor from N-H groups belonging to four dif-
ferent complex cations situated in its neighborhood. The hydrogen
bond parameters are listed in Table 3. Notably, the coordinated
chloride anion (ClI1) is not involved in hydrogen bonding or any
other specific intermolecular interactions.

3.3. 'H NMR investigation of the hydrolytic reactions of the N-
acetylated dipeptide Ac-L.-Met-Gly in the presence of
{[Pt(en)(H;0)]o(u-pz)}** and [Pt(en)(H;0),** complexes

The hydrolytic cleavage of the Met-Gly amide bond in the Ac-i-
Met-Gly dipeptide in the presence of two platinum(Il) complexes,
binuclear {[Pt(en)(H,0)],(¢-pz)}** (en = bidentate coordinated eth-
ylenediamine and pz = bridging pyrazine (or 1,4-diazine) ligand)
and the mononuclear [Pt(en)(H,0),]*" was investigated by 'H
NMR spectroscopy. The corresponding peptide and platinum(II)
complexes were reacted in 1:1 and 2:1 M ratios and all reactions
were performed at 2.0<pH<2.5 in D,O as the solvent and at
37 °C. Additionally, the reaction between [Pt(en)(H,0),]** and the
Ac-1-Met-Gly dipeptide was realized with an excess of the plati-
num(Il) complex (2:1 M ratio, respectively). As was shown in pre-
vious studies [36-39], acidic solutions are needed to suppress the

formation of hydroxo-bridged oligomeric Pt(II) complexes, which
are catalytically inactive.

3.3.1. Reactions of platinum(Ill) complexes with an equimolar amount
of Ac-L-Met-Gly

The mixing of [Pt(en)(H,0),]** and {[Pt(en)(H,0)],(u-pz)}*"
complexes with an equimolar amount of Ac-.-Met-Gly dipeptide
under the above-mentioned conditions resulted in the spontane-
ous coordination of these two platinum(ll) complexes to the
methionine sulfur atom of the dipeptide. Different reaction path-
ways for the hydrolytic cleavage of this dipeptide in the reactions
with the two Pt(Il) complexes are presented in Fig. 3. The coordina-
tion of Ac-L.-Met-Gly through the sulfur atom of methionine shifted
the resonance for the methyl protons of free methionine at
2.11 ppm downfield to 2.54 ppm after its coordination to Pt(II)
and this reaction was almost completed after 10 min (Table 4).
These chemical shifts are in accordance with those previously re-
ported for the reaction of platinum(Il) complexes with different
methionine-containing molecules [40-43]. The monodentate
coordination of Ac-i-Met-Gly to the [Pt(en)(H»0),]** and
{[Pt(en)(H,0)],(u-pz)}** complexes resulted in the formation of
two platinum(Il)-peptide complexes [Pt(en)(Ac-.-Met-Gly-S)
(H,0)]*" (1) and {[Pt(en)(Ac-1-Met-Gly-S)](u-pz)[Pt(en)(H,0)]}**
(2) (Fig. 3). Complexes 1 and 2 are intermediate products and they
promote the regioselective cleavage of the Met-Gly amide bond in
the Ac-.-Met-Gly dipeptide. This hydrolytic reaction can be fol-
lowed successfully using '"H NMR spectroscopy by observing the
glycine protons in complexes 1 and 2 and these protons for free
glycine. The resonance at 3.99 ppm, corresponding to the glycine
protons of the dipeptide attached to platinum(Il) in complexes 1
and 2, decreased while that at 3.77 ppm for free glycine increased.
Upon addition of glycine to the reaction mixture, the resonance at
3.77 ppm was enhanced. Due to the fact that after 10 min all the
Ac-.-Met-Gly was bound to platinum(ll) (no resonance at
2.11 ppm was observed in the 'H NMR spectrum), it can be as-
sumed that the concentrations of complexes 1 and 2 were equal
to the initial concentration of the dipeptide. According to this,
the hydrolytic cleavage of the Met-Gly amide bond in complexes
1 and 2 was determined by integration of the resonances for the
glycine protons of the dipeptide attached to the platinum(II)
(3.99 ppm) and for the protons of the free glycine (3.77 ppm) (Ta-
ble 4). The changes in concentrations of free glycine and non-
hydrolyzed complexes 1 and 2 were followed over time and the
sum of their concentrations was always equal to the initial concen-
tration of Ac-.-Met-Gly. The hydrolysis of the Met-Gly amide bond
was followed over 24 h and no change in the chemical shifts of the
resonances at 2.54 and 2.64 ppm for the methyl protons of the
methionine and methylene protons of ethylenediamine, respec-
tively, were observed, indicating that the ligands were bound to
platinum(II) all the time (complexes 3 and 4; Fig. 3 and Table 4).
However, when the reaction between {[Pt(en)(H,0)],(u-pz)}**
and the Ac-L.-Met-Gly dipeptide was followed for more than 24 h,
some changes in the aromatic region of the 'H NMR spectrum oc-
curred. These changes were manifested through the fact that the
singlet at 9.03 ppm for the bridging pyrazine ligand decreased
while two symmetric multiplets in the range 8.75-9.00 ppm
slowly increased (Table 4). The appearance of these two new mul-
tiplets indicates that one Pt(II)-N(pyrazine) bond in complex 2 was
broken and that the four pyrazine protons of this ligand coordi-
nated in a monotopic fashion to Pt(II) (complex 4, Fig. 3) were split
into two multiplets because of vicinal and long-range coupling.
Symmetric multiplets for monodentate coordinated pyrazine were
also observed for cis- and trans-[Pt(NHs)>(pz)2](NOs), and for the
[Pt(tmda)(pz),](NOs3), (tmda is N,N,N',N'-tetramethylenediamine)
complex [1]. The platinum(Il) complex 4 (Fig. 3), with a monoden-
tate bound pyrazine ligand, was very stable and no resonance at
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I}
Ac-L-Met-Gly (Ac=CH;C— )

20<pH<25
t=37°C
[Pt(en)(H20),1** {Pt(en)(HO)a(u-p2)}**
: o
Ac Ac NH
\ H,0 N\ 0
NH o NH 0
At fal R
%—NH OH é'—NH OH O \_/
S O S HyC™ R THz
HaC” ,// H3C/l HZN—Pt/—N\ RN
HoN——Pt—OH, HoN——PRt—O0H; ~—7 |
K/| NH HzN
NH, NH; B
external attack 1 internal delivery {[Pt(en)(Ac-L-Met-Gly-S)](1-pz)[Pt(en)(H0)}**
[Pt(en)(Ac-L-Met-Gly-S)(H20))2* | j
Ac
Ac\ \
NH NH
<_S,>OH <_$*OH
o + Gl 0 + [Pt(en)(H20)21** + Gly
S _S
HaC HaC | _
HoN—Pt—N N
HoN Tt OHp ) \ N/
K/NHZ NH;
3 4

[Pt(en)(Ac-L-Met-S)(H,0)]2*

[Pt(en)(Ac-L-Met-S)(p2)>*

Fig. 3. Schematic presentation of the hydrolytic reactions of the Ac-.-Met-Gly dipeptide with an equimolar amount of the platinum(Il) complex.

Table 4

Characteristic '"H NMR chemical shifts observed in the reactions of the [Pt(

37 °C. All spectra were recorded in D,0 solutions containing TSP (sodium

en)(H,0),]** and {[Pt(en)(H,0)],(-pz)}** complexes with Ac-L.-Met-Gly at 2.0 < pH < 2.5 in D,0 and at
trimethylsilylpropane-3-sulfonate) as the internal reference.

Dipeptide/Pt(I) complex/reaction product

Characteristic 'H NMR resonances (5, ppm)

Ac-L.-Met-Gly

{[Pt(en)(H,0)]a(1-pz)}**

[Pt(en)(H,0),**
[Pt(en)(Ac-L-Met-Gly-S)(H,0)]** (1 and 7)
{[Pt(en)(Ac-1-Met-Gly-5)](1t-pz)[Pt(en)(H,0)}*" (2)
[Pt(en)(Ac-L-Met-S)(H,0)]** (3)
[Pt(en)(Ac-L-Met-S)(pz)]** (4)
[Pt(en)(Ac-L-Met-Gly-S),]?* (5)
{[Pt(en)(Ac-L-Met-Gly-S)]o(u-pz)}** (6)
Free glycine (Gly)

Free pyrazine (pz)

2.11 (s, MetCH3) 3.99 (s, GlyCH,)

2.64 (s, enCHy) 9.03 (s, pzCH)

2.64 (s, enCHy)

2.54 (s, MetCH3) 2.84 (s, enCH;)

2.54 (s, MetCH3) 2.70, 2.84 (2s, enCH;) 9.03 (s, pzCH)

2.54 (s, MetCH3) 2.84 (s, enCHy)

2.53 (s, MetCH3) 2.89 (s, enCH,) 8.75-9.00 (m, pzCH)
2.54 (s, MetCH3) 2.89 (s, enCH,)

2.53 (s, MetCH3) 2.89 (s, enCHy) 9.03 (s, pzCH)

3.77 (s, GlyCH»)

8.66 (s, pzCH)

8.66 ppm for free pyrazine [1] was detected in the 'H NMR spec-
trum, even after this reaction was prolonged to 10 days. The time
dependences of the hydrolytic cleavage of the Met-Gly amide bond
in the reactions between different molar ratios of the platinum(II)
complex and Ac-L.-Met-Gly dipeptide are given in Fig. 4. When an
equimolar amount of [Pt(en)(H,0),]*" was mixed with this dipep-
tide, only 35% of the Met-Gly amide bond was cleaved after 2 h.
However, in the reaction with the binuclear {[Pt(en)(H,0)].(u-
pz)}** complex, this cleavage was two times faster and about 70%
of the Met-Gly amide bonds were cleaved in the same time. Finally,
after 24 h in the presence of the binuclear Pt(II) complex, more
than 83% of the Met-Gly amide bond hydrolyzed, while with the
mononuclear [Pt(en)(H,0),]*" complex, about 56% of this bond
had cleaved. However, when the reaction of the mononuclear
[Pt(en)(H,0),]*" complex with Ac-i.-Met-Gly dipeptide was per-

formed under the above-mentioned experimental conditions in
an excess of the Pt(Il) complex (2:1 M ratio), the cleavage of the
peptide was faster than with equimolar amounts of these reac-
tants. The hydrolysis of the dipeptide in the presence of two equiv-
alents of the mononuclear [Pt(en)(H,0),]** complex was still
slower than that with an equimolar amount of the binuclear
{[Pt(en)(H,0)]o(1-pz)}*" complex (see Fig. 4). The better catalytic
ability of the binuclear {[Pt(en)(H,0)]-(u -pz)}* complex in com-
parison with the mononuclear [Pt(en)(H,0),]>* complex can be
attributed to the structural differences of their hydrolytically ac-
tive platinum(Il)-dipeptide complexes (complexes 1 and 2;
Fig. 3). Hydrolysis of the Met-Gly amide bond in the presence of
the mononuclear [Pt(en)(H,0),]*" complex can occur by two possi-
ble limiting mechanisms, both represented in complex 1 (Fig. 3)
[44-46]. The first possibility is that the platinum(II) ion interacts
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B {[Pt(en)(H.0)]o(u-pz)}** : Ac-L-Met-Gly = 1 : 1
| [Pt(en)(H,0)2]*" : Ac-L-Met-Gly = 2 : 1

8 [Pt(en)(H20)2]*" : Ac-L-Met-Gly =1 : 1

B {[Pt(en)(H,0)L(u-pz)}* : Ac-L-Met-Gly =1:2"*

IN o) ®
< i i

Hydrolyzed Met-Gly amide bond, [%]
N
o

2 6 24h

Fig. 4. Time dependence of the hydrolytic cleavage of the Met-Gly amide bond in
the Ac-1-Met-Gly dipeptide with platinum(Il) complexes at 2.0 <pH < 2.5 and at
37°C. *No hydrolysis of the amide bond was observed in the reaction of
[Pt(en)(H,0),]** with an excess of dipeptide.

with the oxygen atom of the scissile amide bond. This interaction
polarizes the carbonyl group and activates its carbon atom toward
attack by a water molecule from the solvent (external attack). For
the reaction to occur by this mechanism, the platinum(IIl) and car-
bonyl oxygen atoms should be proximate. The other possibility is
that an aqua ligand on platinum(II) is delivered to the carbon atom
in the amide bond (internal attack). For the cleavage of the amide

Ac-L-Met-Gly
20<pH<25
t=37°C

[Pt(en)(H,0),]**

D.P. ASanin et al./Polyhedron 51 (2013) 255-262

bond to occur by this mechanism, the aqua ligand on platinum(II)
should be proximate to the carbonyl carbon of the scissile amide
bond. Additionally, it was found that a coordinated aqua ligand
in PA(II) and Pt(II) complexes plays an important role in promoting
the regioselective cleavage of the amide bond in histidine- and
methionine-containing peptides [36,44-50]. Two platinum(II) cen-
ters bridged with one aromatic pyrazine ligand in the hydrolyti-
cally active complex 2 are more efficient in the hydrolysis of the
scissile amide bond than even two equivalents of the mononuclear
[Pt(en)(H,0),]** complex (Fig. 4). The two platinum(ll) centers in
complex 2 can simultaneously participate in the cleavage of the
scissile amide bond, one by polarizing the carbonyl oxygen atom
and another by delivering a water molecule. Meanwhile the single
Pt(1I) ion in the mononuclear [Pt(en)(H,0),]*" complex is incapable
in promoting these two interactions simultaneously. Our latest re-
sults for the good catalytic ability of the binuclear platinum(II)
complex in the cleavage of the Ac-.-Met-Gly dipeptide are also in
accordance with those previously reported for the reaction of a
binuclear palladium(Il) complex having thiolate bridging ligands
with different methionine-containing peptides [19] and for differ-
ent polynuclear complexes with nucleic acids and phosphate esters
[20,51].

3.3.2. Reactions of platinum(Il) complexes with an excess of Ac-.-Met-
Gly

The hydrolytic cleavage of the Met-Gly amide bond in the
presence of the [Pt(en)(H,0),]*" and {[Pt(en)(H,0)],(u-pz)}** com-
plexes was studied with an excess of the Ac-.-Met-Gly dipeptide.

(in excess)

{[Pt(en)(H,0)L(u-p2)y**

:

Ac

AN
NH o
o} /_<
NH OH
S
H3C/| f|3H3
H,N—Pt— S
| /Ac
N
NH, O H o

OH

hydrolytically inactive complex
[Pt(en)(Ac-L-Met-Gly-S),]2*

2

OH OH
Ac 0
Ac O AN
\NH NH
NH NH
[¢]
[¢]
S S
HiC™ HyC™™ |
HoN—Pt—N N—Pt—NH
2 | \ /, l 2
k/NHz HzN
6
hydrolytically inactive complex
{[Pt(en)(Ac-L-Met-Gly-S)lo(u-pz)}**
l after4 h
Ac
N\
NH (0]
Crbds
H C/S ° + N/ \N
3
| —
H,N——Pt—OH, .
pyrazine

K/NHZ
7

hydrolytically active complex
[Pt(en)(Ac-L-Met-Gly-S)(H,0)]2*

Fig. 5. Reaction pathways of the [Pt(en)(H,0),]*" and {[Pt(en)(H,0)]y(1-pz)}** complexes with an excess of the Ac-.-Met-Gly dipeptide (1:2 M ratio, respectively) at

2.0<pH<2.5 and at 37 °C.
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The two platinum(Ill) complexes, [Pt(en)(H,0):]** and {[Pt(en)
(H,0)]2(u-pz)}*, and the corresponding dipeptide were mixed in
a 1:2 M ratio, respectively, and all reactions were performed at
2.0<pH<2.5 and at 37°C. The formation of the [Pt(en)(Ac-L-
Met-Gly-S),|** (5) and {[Pt(en)(Ac-L.-Met-Gly-S)]»(u-pz)}** (6)
complexes was evidenced by the simultaneous decline of the res-
onance at 2.11 ppm, arising from the S-methyl protons of free
Ac-1.-Met-Gly, and the growth of the resonance at 2.54 ppm, corre-
sponding to the S-methyl protons of the peptide coordinated to
Pt(Il) through the sulfur atom (complexes 5 and 6; Fig. 5 and Table 4).
These reactions were followed over time and no resonance at
2.11 ppm for the free peptide was observed in the 'H NMR spectra
after 2 h. In addition, during this time, no cleavage of any amide
bond in Ac-i-Met-Gly was observed, indicating that the plati-
num(Il)-peptide complexes 5 and 6 are hydrolytically inactive.
Moreover, in the reaction between [Pt(en)(H,0),]*" and Ac-v-
Met-Gly, the hydrolytic reaction was not observed, even when
the reaction was prolonged to 4 days. Additionally, no changes in
the 'H NMR spectrum for this reaction were observed during this
time, confirming that complex 5 is very stable under the employed
experimental conditions. However, the hydrolytically inactive
complex 6, formed in the reaction between the {[Pt(en)(H0)]»
(u-pz)}** complex and the Ac-.-Met-Gly dipeptide, was unstable
under these experimental conditions and after 4 h of reaction, it
was converted into the hydrolytically active [Pt(en)(Ac-L.-Met-
Gly-S)(H,0)]** complex 7. This complex is structurally identical
with complex 1, obtained in the reaction between equimolar
amounts of the mononuclear [Pt(en)(H»0),]** and Ac-1-Met-Gly
dipeptide (see Fig. 3). The conversion of 6 into 7 was evident in
the TH NMR spectrum by the simultaneous decline of the singlet
at 9.03 ppm, due to protons of the bridging pyrazine ligand, and
the growth at 8.66 ppm, due to the free pyrazine ligand (Table 4).
This conversion was very slow and only 30% of free pyrazine was
detected in the solution after 48 h. Along with the resonance for
the free pyrazine ligand, a new resonance at 3.77 ppm was also de-
tected in the '"H NMR spectrum. This resonance was assigned to
free glycine protons and its intensity increased upon addition of
glycine to the reaction mixture. This undoubtedly confirmed that
inactive complex 6 was converted into the hydrolytically active
species 7, which further promotes the cleavage of the Met-Gly
amide bond. The amounts of the hydrolysis products in this reac-
tion were determined from the known initial concentration of
Ac-1-Met-Gly and from the integrated resonance of the free gly-
cine. It was found that in the reaction of the {[Pt(en)(H,O)](u-
pz)}*" complex with a two times bigger amount of the peptide,
only 30% of the Met-Gly bond had hydrolyzed after 24 h (see
Fig. 4). However, when this reaction was prolonged for a further
24 h, the amount of the hydrolyzed amide bond was about 50%.

4. Conclusions

The X-ray elucidation of the pyrazine-bridged {[Pt(en)Cl],-
(u-pz)}Cl, binuclear complex confirmed the trans configuration of
its complex cation and the existence of anion- - -1 interactions be-
tween the uncoordinated chloride and electron-deficent pyrazine
ring. The reactions of [Pt(en)(H,0);]** and {[Pt(en)(H0)],(u-
pz)}** with the Ac-i-Met-Gly dipeptide at 2.0<pH<2.5 and at
37 °C are remarkably selective in the cleavage of the amide bond
involving the carboxylic group of methionine. In comparison with
the single Pt(Il) ion in the [Pt(en)(H,0),]** complex, the two Pt(1I)
ions bridged with one aromatic pyrazine ligand in the {[Pt(en)(H,.
0)]2(u-pz)}** complex are more efficient in the hydrolysis of the
Ac-1-Met-Gly dipeptide, even when the hydrolytic reaction was
performed with an excess of the mononuclear complex. Moreover,
when the reaction of the platinum(Il) complexes was investigated

with an excess of the dipeptide, only the binuclear {[Pt(en)(H,.
0)2(1-pz)}** complex was shown to be a capable catalytic agent
in the hydrolysis of the dipeptide. The better catalytic ability of
the binuclear {[Pt(en)(H,0)].(x-pz)}** complex than the corre-
sponding mononuclear Pt(Il) complex can be attributed to the
presence of different hydrolytically active Pt(Il)-peptide com-
plexes formed during the reaction with the Ac-.-Met-Gly dipep-
tide. These results together with those previously reported for
the reaction of a binuclear palladium(II) complex having thiolate
bridging ligands [18] should be taken into consideration when
designing new polynuclear platinum(Il) and palladium(Il) com-
plexes as effective agents in the hydrolysis of methionine-contain-
ing peptides. Studies aimed at investigating these new possible
synthetic metallopeptidases are in progress.
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Four binuclear {[Pt(L)Cl],(u-pz)}Cl,-type complexes have been synthesized and characterized by elemen-
tal microanalyses and NMR ('H and '3C) spectroscopy (L is ethylenediamine, en; (+)-1,2-propylenedi-
amine, 1,2-pn; isobutylenediamine, ibn; trans-(+)-1,2-diaminocyclohexane, dach and pz is bridging
pyrazine ligand). The chlorido complexes were converted into the corresponding aqua species, {[Pt(L)
(H,0)]5(p-pz)}**, and 'H NMR spectroscopy was applied to study their reactions with the N-acetylated
1-methionylglycine, Ac-L-Met-Gly. The {[Pt(L)(H,0)]»(u-pz)}*" complex and dipeptide were reacted in
1:1 and 1:2 M ratios, respectively, and all reactions were performed in the pH range 2.0-2.5 and at
37 °C. In the reactions with equimolar amounts of the reactants all Pt(II) aqua complexes bind to the
methionine side chain of Ac-L-Met-Gly dipeptide and promote the cleavage of the amide bond involving
the carboxylic group of methionine. It was found that the amount of hydrolyzed dipeptide strongly
depends from the steric bulk of bidentate coordinated diamine ligand L in {[Pt(L)(H,0)]»(z-pz)}** com-
plex (en>1,2-pn > ibn > dach). However, in the reaction with an excess of dipeptide the influence of
the nature of diamine ligand L on this hydrolytic process could not be observed due to the fact that slow
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decomposition of {[Pt(L)(H,0)]o(¢-pz)}*" complex was occured.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Hydrolytic reactions of uncatalyzed peptide bonds are extre-
mely slow. Enzymes are commonly used as cleavage agents for this
reactions but investigation of the hydrolytic reactions promoted by
metal complexes suggested that they can be applied for cleavage of
unactivated amide bonds very efficiently. Recent years have wit-
nessed an increasing interest in the study of the interactions of
platinum(Il) [1-3] and palladium(Il) [2-16] complexes with sulfur-
and histidine-containing peptides and proteins [17-20] as effective
catalyst for the hydrolytic cleavage of the above mentioned
peptides.

In general, it was shown that aqua complexes of these metal
ions spontaneously bind to the heteroatom in the side chain of
methionine [1-8] or histidine [2,3,9-16,21] and promote cleavage
of the amide bond involving the carboxylic group of the anchoring
amino acid. The hydrolytic reactions of methionine-containing
peptides with different palladium(II) complexes were investigated
[3,8,9,21-23] and it was shown that different promoters produce
different hydrolytically active palladium(Il)-peptide complexes.
Thus, in the reactions of methionine-containing peptides with

* Corresponding author. Tel.: +381 34 300 251; fax: +381 34 335 040.
E-mail address: snezana@kg.ac.rs (S. Rajkovic).

0277-5387/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.poly.2013.08.016

[PdCl4]?>~, the active form was a mononuclear palladium(Il)-pep-
tide complex, while with [Pd(H,0),]** and [Pd(en)(H,0),]*" com-
plexes, binuclear hydrolytically active palladium(Il)-peptide
complexes bridged with two methionine side chains were formed.
Moreover, it was shown that these binuclear palladium(II)-peptide
complexes are more efficient than the corresponding mononuclear
complex in promoting the hydrolysis of the scissile amide bond in
methionine-containing peptides. In accordance to this, the reac-
tions of the thiolate-bridged (MesN),[Pd,(u-SPh),Cl4] complex
with different methionine-containing peptides of the type Ac-L-
Met-X (X is Gly, Val, Phe or Ala) showed that this complex was
an effective catalyst for the rapid cleavage of methionine-contain-
ing dipeptides in non-aqueous solvents [24]. An important advan-
tage of dimerization is the possibility of cooperation between the
metals, as was shown for hydrolysis of DNA, RNA, and their models
catalyzed by polynuclear metal complexes and metalloenzymes
[25-30]. Very recently in one of our laboratories we compared
hydrolytic abilities of two Pt(Il) complexes, mononuclear
[Pt(en)(H;0),]*" and binuclear {[Pt(en)(H,0)],(u-pz)}**, in the
reaction with Ac-L-Met-Gly dipeptide. It was shown that two Pt(II)
ions bridged with one aromatic pyrazine ligand in the {[Pt(en)
(H20)]2(u-pz)}** complex are more efficient in the hydrolysis of
the Ac-L-Met-Gly dipeptide, even when the hydrolytic reaction
was performed with an excess of the mononuclear complex. Our
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latest findings for {[Pt(en)(H,0)]o(1-pz)}*" complex [31] together
with those for different binuclear Pd(II) complexes [24] showed
that polynuclear Pt(II) and Pd(II) complexes can be perspective cat-
alytic reagents for amide bond hydrolysis in the reactions with
methionine-containing peptides.

In this work, an attempt was made to gain further insight into
selective hydrolysis of the methionine-containing peptides in the
presence of different binuclear platinum(Il) complexes. For these
purposes, the 'H NMR spectroscopy was applied to study the
influence of the chelating diamine ligand L in {[Pt(L)(H,O)],
(u-pz)}**-type complexes (L is ethylenediamine, en; (#)-1,2-pro-
pylenediamine, 1,2-pn; isobutylenediamine, ibn; trans-(+)-1,
2-diaminocyclohexane, dach and pz is bridging pyrazine ligand)
on the hydrolytic cleavage of the Ac-L-Met-Gly dipeptide.

2. Experimental
2.1. Materials

Distilled water was demineralized and purified to a resistance
greater than 10 MQ cm™'. The compounds D0, DNO5, NaOD, eth-
ylenediamine (en), (+)-1,2-propylenediamine (1,2-pn), isobutylen-
ediamine (ibn), trans-(+)-1,2-diaminocyclohexane (dach), pyrazine
(or 1,4-diazine), pz and K;[PtCl4] were obtained from the Aldrich
Chemical Co. All common chemicals were of reagent grade. The
dipeptide L-methionylglycine (L-Met-Gly) was obtained from the
Sigma Chemical Co. The terminal amino group in this dipeptide
was acetylated by a standard method [4].

2.2. Preparation of {[Pt(L)Cl]y(u-pz)}Clo-type complexes (L is en, 1,2-
pn, ibn or dach)

The binuclear platinum(Il) complexes of the type {[Pt(L)Cl],
(u-pz))Cl, were synthesized from the corresponding mononuclear
[Pt(L)Cl;] complexes by modification of the procedure published in
the literature [31,32].

Preparation of [Pt(L)Cl;]: All mononuclear Pt(II) complexes were
prepared with minor modification of a method previously used in
our laboratory for the preparation of a series of [M(L)Cl,] com-
plexes (M is Pt(Il) or Pd(Il); L is bidentate coordinated diamine or
amino acid) [15,23,33]. K,PtCl, was dissolved in water and mixed
with an equimolar amount of diamine ligand (L). The pH of the
solution was adjusted to ca. 3 by addition of 1 M HCI and mixture
was stirred at 80 °C for 2 h. All complexes were crystallized from
water at room temperature. The pure complexes were obtained
by recrystallization from warm water and than cooling at room
temperature. The experimental results of the elemental analyses
for C, H and N parameters for all investigated Pt(II) complexes
are in accordance with theoretical values calculated for [Pt(L)Cl,]
complexes.

Preparation of [Pt(L)(dmf)CI[NOs: The solid [Pt(L)Cl,] complex
was converted into the corresponding monodimethylformamide
(dmf) [Pt(L)(dmf)CI]NO3 complex by treatment with 0.98 equiva-
lents of AgNO5 on the following manner. To a solution of 55.3 mg
(0.325 mmol) of AgNO5 in 5 cm?® of dmf was added a suspension
of 0.332 mmol of [Pt(L)Cl,] in 10 cm? of dmf. The mixture was stir-
red overnight at room temperature in the dark. The precipitated
AgCl was removed by filtration and resulting pale yellow dmf solu-
tion of [Pt(L)(dmf)CI]NOs was used as the starting material for the
preparation of the required pyrazine-bridged platinum(Il) com-
plexes, {[Pt(L)Cl](u-pz)}Cl,.

Preparation of {[Pt(L)Cl]>(u-pz)}Cly: The dmf solution of the pyr-
azine ligand (pz) (13.29 mg, 0.166 mmol) was added dropwise to
the solution of [Pt(L)(dmf)CI]NOs. The mixture was stirred at room
temperature in the dark for 12 h. The solvent was then rotary

evaporated and the residue washed with ether. The crude product
was dissolved in a minimal amount of 0.5 mol/dm® LiCl aqueous
solution. The obtained solution was left overnight in the dark.
The pale-yellow precipitate of {[Pt(L)Cl]o(u-pz)}Cl, was removed
by filtration, washed with methanol and then ether, and air-dried.
Depending of the type diamine ligand L the yield of {[Pt(L)Cl],
(u-pz)}Cl, complex was between 30-40%. Anal. Calc. for {[Pt
(1,2—pn)Cl]2(,u—pZ)}C12 = C10H24N6C14Pt2 (FW =760.31 ): C, 15.80;
H, 3.18; N, 11.05. Found: C, 1545; H, 3.19; N, 10.82%. Anal
Calc. for {[Pt(lbn)Cl]z(,u—pZ)}Clz = C12H28N5Cl4pt2 (FW = 78836)
C, 18.28; H, 3.58; N, 10.66. Found: C, 17.84; H, 3.63; N, 10.47%. Anal.
Calc. for {[Pt(dach)Cl]z(,u—pZ)}Clz = C1GH32N6CI4Pt2 (FW = 84043)
C, 22.87; H, 3.84; N, 10.00. Found: C, 22.56; H, 3.94; N, 9.56%.

2.3. Preparation of {[Pt(L)(H-0)](u-pz)}**

The {[Pt(L)Cl]o(x-pz)}Cl, complexes were converted into the
corresponding aqua complexes by treatment with 3.98 equivalents
of AgNOs, according to a previously published method [34]. In each
case, the formed solid AgCl was removed by filtration in the dark,
and the fresh solutions of the aqua complexes were kept in a refrig-
erator and used in the further experiments.

2.4. Measurements

All pH measurements were realized at ambient temperature
using an Iskra MA 5704 pH meter calibrated with Fischer certified
buffer solutions of pH 4.00 and 7.00. The results were not corrected
for the deuterium isotope effect.

The NMR spectra of D,0 solution containing TSP (sodium
trimethylsilylpropane-3-sulfonate) as the internal reference
were recorded with a Varian Gemini 2000 spectrometer
(200 MHz). Fresh solutions of aqua complexes and dipeptide
were prepared separately and then mixed in 1:1 and 1:2 M ra-
tios, respectively. The initial concentration of dipeptide and
aqua complexes solutions were 40 mM. All reactions were per-
formed in the pH range 2.0-2.5 and at 37 °C. Elemental micro-
analyses for carbon, hydrogen and nitrogen were performed by
the Microanalytical Laboratory, Faculty of Chemistry, University
of Belgrade.

3. Results and discussion

Four binuclear {[Pt(L)Cl],(u-pz)}Cl,-type complexes have been
synthesized and characterized by elemental microanalyses and
NMR ('H and '3C) spectroscopy (L is (+)-1,2-propylenediamine,
1,2-pn; isobutylenediamine, ibn and trans-(+)-1,2-diaminocyclo-
hexane, dach; see Fig. 1). The schematic presentation of the reac-
tion for the syntheses of these complexes is given in Fig. 2. The
spectroscopic results of these complexes are in accordance with
those for similar complexes in literature [15,23,32] and with pro-
posed formula {[Pt(L)Cl],(u-pz)}Cl, (Table 1). As it was shown in
Fig. 1, all investigated Pt(II) complexes have the same bridging pyr-
azine ligand but different chelating diamine ligand L. In the present
study we investigated the influence of this chelating ligand L on
the hydrolysis of the amide bond in the N-acetylated L.-methionyl-
glycine dipeptide (Ac-L-Met-Gly). The terminal amino group in this
peptide was acetylated to protect its binding to the Pt(Il) atom. In
order to investigate the influence of structural changes in the che-
lating diamine ligand L on the hydrolysis of Ac-L-Met-Gly dipep-
tide, all chlorido Pt(Il) complexes were converted into the
corresponding aqua species, {[Pt(L)(H,0)]o(u-pz)}**. The plati-
num(ll) aqua complex and dipeptide were reacted in 1:1 and
1:2 M ratios, respectively, and all reactions were performed in
the pH range 2.0-2.5 and at 37 °C. As was shown in our previous
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Fig. 1. Schematic drawing of the binuclear {[Pt(L)Cl]»(u-pz)}Cl, complexes. These complexes were converted into the corresponding aqua species, {{Pt(L)(H,0)],(u-pz)}*",
and used in the reactions with the N-acetylated -methionylglycine.
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Fig. 2. The schematic presentation of the reaction for the synthesis of binuclear {[Pt(L)Cl](u-pz)}Cl,-type complexes (L is ethylenediamine, en; (+)-1,2-propylenediamine,
1,2-pn; isobutylenediamine, ibn; trans-(+)-1,2-diaminocyclohexane, dach and pz is bridging pyrazine ligand).

Table 1
Characteristic NMR ('H and '3C) chemical shifts for the {[Pt(L)Cl]5(x-pz)}Cl,-type complexes. These chemical shifts are in accordance with those previously reported for similar
complexes [15,23,32].

Platinum(II) complex

Characteristic 'TH NMR resonances (5, ppm)

Characteristic '*C NMR resonances (5, ppm)

{[Pt(en)Cl]x(p-pz)}Cl,
{[Pt(1,2-pn)Cl]5(p-pz)}Cly

{[Pt(ibn)Cl]o(u-pz)}Cl

{[Pt(dach)Cl]5(p-pz)}Cl,

2.64 (s, enCH,)

1.34 (d, 1,2-pnCHs),
2.45-2.98 (m, 1,2-pnCH,),
3.11-3.32 (m, 1,2-pnCH),

1.42-1.48 (m, ibnCH3),
2.66 (s, ibnCH,),

9.03 (s, pzCH)
9.01 (s, pzCH)

9.13 (s, pzCH)

1.27-1.62 (m, dachCH,, C4,C5),
1.76-2.08 (m, dachCH,,C3,C6),
2.45-2.61 (m, dachCH,C1,C2),

9.00 (s, pzCH)

52.34 (enCHy) 153.46 (pz)

17.83 (1,2-pnCHs), 153.44 (pz)
54,52 (1,2-pnCH,),
59.86 (1,2-pnCH),

25.96 (ibnCH3), 153.36 (pz)
60.09 (ibnCH,),
63.61 (ibnCH),

26.55 (dach, C4,C5), 153.31(pz)
34.56 (dach, C3,C6),
65.15 and 65.30 (dach, C1,C2),

studies [11,21,22], acidic solutions are needed to suppress
the formation of hydroxo-bridged oligomeric Pt(Il) complexes,
which are catalytically inactive. All chelate diamine ligands L in
{[Pt(L)(H,0)]5(u-pz)}** complexes are inert to substitution and

expected to remain bound to the platinum(Il) atom during the
reactions with Ac-L-Met-Gly dipeptide. The reactions of {[Pt(L)
(H20)]2(u-pz)}** complexes with Ac-L-Met-Gly were followed by
applying 'H NMR spectroscopy.
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3.1. The reactions of {[Pt(L)(H,0)]x(p-pz)}** complexes with an
equimolar amount of Ac-L-Met-Gly dipeptide

Recently we investigated the reactions of binuclear {[Pt(en)
(H20)]2(u-pz)}** complex with methionine-containing peptides
[31]. This pyrazine-bridged Pt(II) complex was shown as very
effective hydrolytic reagent in the cleavage of these peptides. As
continuation of this study, here we compared the rate of hydrolysis
of the Ac-L-Met-Gly dipeptide in the presence of {[Pt(en)(H,0)]»
(u-pz)}** complex with those for three new binuclear {[Pt(L)(H,-
0)2(p-pz)}** complexes having different bidentate diamine ligand
L. When an equimolar amount of {[Pt(L)(H,0)]2(u-pz)}** complex
was incubated with Ac-L-Met-Gly, under the above mentioned
experimental conditions, all reactions resulted in formation of
platinum(Il)-dipeptide complex {[Pt(L)(Ac-L-Met-Gly-S)](u-pz)
[PE(L)(H,0)]}** in a yield of 95% for less than 30 min (Fig. 3). The
monodentate binding of the platinum(Il) to the methionine side

(0]
Il

chain was registered from the simultaneous decline of the reso-
nance at 2.11 ppm due to the S-methyl protons of the free dipep-
tide and the growth of a resonance at 2.54 ppm corresponding to
these protons for the dipeptide coordinated to platinum(Il)
through the sulfur atom. These chemical shifts are in accordance
with those previously reported for the reactions of platinum(II)
complexes with different methionine-containing molecules
[1-3,35]. In all investigated reactions the intermediate {[Pt(L)(Ac-
L-Met-Gly-S)](u-pz)[Pt(L)(H,0)]}** complex is hydrolytically
active species and promotes the regioselective cleavage of the
Met-Gly amide bond in the Ac-L-Met-Gly dipeptide. These hydro-
lytic reactions can be followed successfully using 'H NMR
spectroscopy by observing the methylene glycine protons in
{[Pt(L)(Ac-L-Met-Gly-S)](u-pz)[Pt(L)(H,0)]}** complex and these
protons for the free glycine, see Fig. 4. As can be seen from this
figure, the resonance at 3.99 ppm corresponding to the methylene
glycine protons of the dipeptide attached to platinum(Il) in

(L = en, 1,2-pn, ibn or dach)

H
HaC N C OH
° + {PUL(HO)p(wp2)}*
S
/

H,C
Ac-L-Met-Gly
H3C.
\/c=o
HN sz o
—NH OH
0 OH
HsC l | 2
H,N——Pt—N N—Pt——NH,
R
Q/NHQ H,N L

external attack

20<pH<25
t=37°C

S
HC ]

/ —

HoN—Pt— N—Pt—

L
Q/NHZ HZN\Q

internal delivery

{IPt(L)(Ac-L-Met-Gly-S)](u-pz) [PH(L)(HO)}**
intermediate hydrolytically active platinum(II)-peptide complex

HaC._
70
HN
OH + Gly
o
Hae S OH,
3
H N—F|’t N N P|t NH
2 ‘ - 2
N\ 7 ‘
Q/NHZ HoN L

{[Pt(L) (Ac-L-Met-S)|(u-p2)[Pt(L)(H0)]}**

Fig. 3. The reaction scheme of the hydrolytic reaction of the Ac-L-Met-Gly dipeptide with binuclear {[Pt(L)(H,0)],(1-pz)}**-type complexes. The corresponding Pt(Il)-aqua
complex and dipeptide were mixed in a 1:1 M ratio and all reactions were performed at 2.0 < pH < 2.5 and at 37 °C.
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Fig. 4. Parts of the "H NMR spectra recorded during the reaction of {[Pt(en)(H,0)],(x-pz)}** (a) and {[Pt(dach)(H,0)]2(u-pz)}** (b) complexes with an equimolar amount of
Ac-L-Met-Gly dipeptide as a function of time in the pH range 2.0-2.5 and at 37 °C. The resonances assigned as (a) and (®) correspond to the methylene glycine protons of Ac-
L-Met-Gly dipeptide monodentate bound to the binuclear platinum(Il) complex and these protons for the free glycine, respectively.

{[Pt(L)(Ac-L-Met-Gly-S)](u-pz)[Pt(L)(H,0)]}** complex decreased,
while that at 3.77 ppm for these protons in the free glycine in-
creased. Upon addition of amino acid glycine to the reaction mix-
ture, the resonance at 3.77 ppm was enhanced. The amounts of
the non-hydrolyzed dipeptide coordinated to platinum(Il) complex
and hydrolysis products were determined from the known initial
concentration of Ac-L-Met-Gly and from the integrated resonance
for the methylene protons of the free glycine. The changes in con-
centrations of the free glycine and non-hydrolyzed dipeptide in
{[Pt(L)(Ac-L-Met-Gly-S)](1-pz)[Pt(L)(H,0)]}** complex were deter-
mined every 30 min during 24 h. During this time the total
amounts of {[Pt(L)(Ac-L-Met-Gly-S)](u-pz)[Pt(L)(H,0)]}** complex
and free glycine was always equal to the initial concentration of
Ac-L-Met-Gly dipeptide. The time dependence of the hydrolytic

100 1

80 1

60 1

40 1

20

Hydrolyzed Met-Gly amide bond, [ %]

0.5 6 24 h

Fig. 5. Time dependence of the hydrolytic cleavage of the Met-Gly amide bond in
the Ac-L-Met-Gly dipeptide with an equimolar amount of {[Pt(L)(H,0)],(x-pz)}*-
type complex.

cleavage of the Met-Gly amide bond in the reactions between dif-
ferent binuclear {[Pt(L)(H,0)]»(u-pz)}*" complexes and Ac-L-Met-
Gly dipeptide is given in Fig. 5. From this figure it can be concluded
that the amount of the hydrolyzed Ac-L-Met-Gly dipeptide de-
creased in the following order: en > 1,2-pn > ibn > dach. Therefore,
the amount of hydrolyzed Ac-L-Met-Gly dipeptide in the reaction
with {[Pt(en)(H,0)](u-pz)}** complex after 30 min is almost two
or one and a half times larger than with {[Pt(ibn)(H,0)],(u-pz)}**
and {[Pt(1,2-pn)(H,0)]2(p-pz)}** complex, respectively. However,
during the same time the amount of hydrolyzed Ac-L-Met-Gly
dipeptide in the presence of {[Pt(dach)(H,0)]o(u-pz)}*" was eight
times smaller than with {[Pt(en)(H,0)]»(u-pz)}** complex. Finally,
after 24 h in the presence of the {[Pt(dach)(H,0)],(u-pz)}*" com-
plex only 30% of the Met-Gly amide bond hydrolyzed, while with
the {[Pt(en)(H,0)](u-pz)}*" complex more than 80% of this bond
had cleaved. Difference in the hydrolytic abilities of the
investigated binuclear {[Pt(L)(H,0)]»(u-pz)}** complexes can be
attributed to the steric bulk of their bidentate coordinated diamine
ligand L. In Fig. 6 we compared the catalytic abilities of en, 1,2-pn,

80 4

Hydrolyzed Met-Gly, [%]

0 T T T T
2 3 4 5 B
Number of carbon atoms in ligand L

Fig. 6. Dependence of the amount of hydrolyzed Ac-L-Met-Gly dipeptide on the
number of carbon atom in the structural skeleton of ligand L of {[Pt(L)(H,O)]x( -
pz)}** complex. The amount of the hydrolyzed dipeptide was determined after 2 h
of reaction.
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ibn and dach Pt(II) binuclear complexes in the cleavage of the Met-
Gly amide bond of Ac-L-Met-Gly dipeptide after 2 h of reaction. In
spite of the fact that all diamine ligands L in the investigated
{[Pt(L)(H,0)]2(p-pz)}** complexes form five-membered chelate
ring, it is obvious that the amount of hydrolyzed peptide was de-
creased by increasing the number of carbon atom in the structural
skeleton of ligand L. Our latest findings that inhibition of the
hydrolytic reaction can be achieved by structural modification of
the catalyst are in accordance with those for different mononuclear
Pd(Il) complexes and histidine-containing peptides [15]. Summing
up together our results related to the hydrolytic cleavage of methi-
onine-containing peptides in the presence of different binuclear
{[Pt(L)(H,0)]o(1t-pz)}** complexes with previous results with histi-
dine-containing peptides and different mononuclear [Pd(L)
(H,0),]?* complexes (L is bidentate coordinated diamine ligand)
[15], we can conclude that inhibition of the hydrolytic reaction
can be attributed to the steric bulk of the catalyst. These findings
can be explained in terms of two possible limiting mechanisms
for hydrolytic cleavage of the peptide bond promoted by Pd(II)
and Pt(Il) complexes [10-12], see Fig 3. First possibility is that
the platinum(Il) atom coordinated to the methionine side chain
polarizes the carbonyl group in the scissile peptide bond and acti-
vates its carbon atom toward attack by water molecule from the
solvent (external attack). For the reaction to occur by this mecha-
nism the Pt(II) and carbonyl oxygen atoms should be proximate.
Another possibility is that an aqua ligand from the second Pt(II)
atom in the binuclear {[Pt(L)(H,0)],(1-pz)}** complex is delivered
to the carbon atom in the amide bond (internal delivery). For the
cleavage of the amide bond to occur by this mechanism an aqua
ligand at Pt(II) should be proximate to the carbonyl carbon of the
scissile amide bond. As can been seen, any of these proposed mech-
anism requires a close approach of the pendant catalyst to the adja-
cent peptide bond and this interaction can be hindered by the steric
bulk of diamine ligand L in {[Pt(L)(H,0)]»(x-pz)}** complex.

3.2. The reactions of {[Pt(L)(H20)](u-pz)}** complexes with an excess
of Ac-L-Met-Gly dipeptide

The reaction between {[Pt(L)(H,0)].(u-pz)}*'-type complexes
and the Ac-L-Met-Gly was followed in an excess dipeptide. The
corresponding Pt(II) complex and dipeptide were mixed in 1:2 M
ratio, respectively, and all reactions were performed under the
above mentioned experimental conditions. The first '"H NMR spec-
trum ran after 30 min of reaction indicated that the decomposition
of the corresponding binuclear {[Pt(L)(H,0)],(u-pz)}** complex oc-
curred. The singlet appeared in the region at 9.00-9.13 ppm for the
bridging pyrazine ligand of {[Pt(L)(H,0)]2(u-pz)}** complex
(chemical shifts of this singlet is dependent from the type of Pt(II)
complex) decreased while two symmetric multiplets in the range
8.75-9.00 ppm increased. The appearance of these two new multi-
plets indicates that one Pt(II)-N(pyrazine) bond of Pt(II) complex
was broken and that the four pyrazine protons of this ligand coor-
dinated in a monotopic fashion to Pt(Il) ion were split into two
multiplets because of vicinal and long-range coupling [36]. The
decomposition of the binuclear complex was finished after 4 h
and final product in this reaction was mononuclear platinum(II)
complex with a monodentate bound pyrazine ligand. This mono-
nuclear complex was stable during time and no resonance at
8.66 ppm for free pyrazine ligand [31] was detected in the 'H
NMR spectrum after 2 days. However, during this time slow hydro-
lysis of the Met-Gly amide bond in Ac-L-Met-Gly dipeptide was oc-
curred. This hydrolytic reaction was promoted by the presence
mononuclear Pt(Il) complex resulted from decomposition of the
corresponding binuclear complex. Considering this, we were not
able to correlate the rate of hydrolysis of Ac-L-Met-Gly dipeptide

with the nature of the chelating diamine ligand L in {[Pt(L)(H,-
0)2(u-pz)}** complex.

4. Conclusions

In this paper, it was demonstrated that by modification of the
binuclear {[Pt(L)(H,0)]2(u-pz)}*" complex by the introduction of
a sterically hindered diamine ligand L, inhibition of the hydrolytic
cleavage of the amide bond involving the carboxylic group of
methionine can be achieved. These results should be taken into
consideration when designing new polynuclear platinum(Il) com-
plexes as effective agents in the hydrolysis of methionine-contain-
ing peptides. Studies aimed at investigating these new possible
synthetic metallopeptidases are in progress.
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Treatment of [Pt(en)Cl,] complex with pyridazine lead to the formation of new diplatinum(IIl) coordina-
tion compound {[Pt(en)Cl],(u-pydz)}Cl,, which was characterized by NMR spectroscopy and single-crys-
tal X-ray diffraction. X-ray analysis revealed that the needed support for the pyridazine bridge formation,
which in other metal complexes has been mostly provided by additional bridging units coordinated to
metal centers, might come from supramolecular interactions such as intermolecular hydrogen bonds.
This complex was converted into the corresponding aqua complex, {[Pt(en)(H,0)],(u-pydz)}*, and 'H
NMR spectroscopy was applied for comparison of its catalytic activity with that of the analogous pyra-
zine-bridged {[Pt(en)(H,0)],(u-pz)}** complex in the hydrolysis of the N-acetylated i-histidylglycine
(Ac-1-His-Gly) and r-methionyl-glycyl-i-histidyl-glycineamide (Ac-L-Met-Gly-L-His-GlyNH,). All reac-
tions were performed in the pH range 2.0-2.5 and at 37 °C. It was found that although dimerization, in
general, improves significantly the hydrolytic potency of Pt(Il) complexes, the pyridazine Pt(Il) dimer
is significantly less active than its pyrazine Pt(II) analog, which is probably due to an increased steric
effect exerted in the former complex by the ortho-position of the two nitrogen atoms. Consequently,
{[Pt(en)(H,0)]2(u-pydz)}** only binds to the methionine sulfur atom of the Ac-L.-Met-Gly--His-GlyNH,
peptide and promotes cleavage of amide bond that involves the carboxylic group of methionine. In con-
trast, the analogous pyrazine Pt(Il) dimer reacts with both methionine and histidine residues of this tet-
rapeptide, promoting cleavage of amide bonds involving carboxylic groups of both of these anchoring
amino acids. Considering these results it can be assumed that in the polypeptide containing both methi-
onine and histidine residues the regioselective cleavage of the amide bond involving only the carboxylic
group of methionine can be achieved successfully by using the presently investigated pyridazine-bridged
Pt(II) complex.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

quence of coordination to transition-metals [4]. Combined to-
gether, the two properties make the pyrazine ligand a good

The observed recent interest in the chemistry of binuclear plat-
inum(II) complexes with bridging pyrazine (pz) ligand has several
reasons. First, it was found that this ligand exhibits simple and
controllable coordination mode and possesses small steric hin-
drance, therefore can be utilized as a building unit for molecular
architectures with transition metals [1-3]. Another interesting
property of this ligand is modification of its basicity as a conse-
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0277-5387/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
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alternative to triazine in studies on anion- - - interactions in metal
complexes, and their utilization for building new molecular archi-
tectures. For example, in our recent X-ray investigations of the
{[Pt(en)Cl]2(p-pz)}Cl; binuclear complex we have demonstrated
the existence of anion- - -7 interactions between the uncoordinated
chloride and the electron-deficient pyrazine ring [5].

The second important reason for the investigation of the pyra-
zine-bridged Pt(II) complexes stems from our recent findings that
the aqua form of the {[Pt(en)Cl],(u-pz)}Cl, complex is a very effec-
tive catalytic reagent in the cleavage of the amide bond in methi-
onine-containing peptides [5]. We have shown that two Pt(II)
ions bridged with one aromatic pyrazine ligand are more efficient
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in the hydrolysis of the Ac-.-Met-Gly dipeptide than a single Pt(II)
ion in the [Pt(en)(H,0),]** complex. The better catalytic activity of
{[Pt(en)(H20)]2(p-pz)}** complex in comparison with the corre-
sponding mononuclear [Pt(en)(H,0),]** complex has been ex-
plained by possible cooperation between two pyrazine-bridged
Pt(Il) ions. Very recently, we have investigated the hydrolysis of
the amide bond in methionine-containing peptides in the presence
of various {[Pt(L)(H,0)]5(pn-pz)}**-type complexes (L stands for
bidentate-coordinated diamine ligands, such as ethylenediamine,
(¢)-1,2-propylenediamine, isobutylenediamine, trans-(t)-1,2-
diaminocyclohexane) and demonstrated that inhibition of this
hydrolytic reaction can be achieved by structural modification of
the binuclear {[Pt(L)(H,0)].(u-pz)}** complex [6].

In the course of the above investigations we now report the
synthesis and X-ray structural characteristics of a new pyrida-
zine-bridged {[Pt(en)Cl],(u-pydz)}Cl, complex. This complex was
further converted into the corresponding aqua complex, {[Pt(en)
(H20)]o(u-pydz)}**, and 'H NMR spectroscopy was applied for
comparison of its catalytic activity with that of the analogous pyr-
azine-bridged {[Pt(en)(H,0)]o(u-pz)}*" complex in the hydrolysis
of the N-acetylated r-histidylglycine (Ac-L-His-Gly) and L-methio-
nyl-glycyl-i-histidyl-glycineamide  (Ac-L.-Met-Gly-1-His-GlyNH,).
All reactions were performed in the pH range 2.0-2.5 and at 37 °C.

2. Experimental
2.1. Materials

Distilled water was demineralized and purified to a resistance
greater than 10 MQ cm™'. The compounds D0, DNO3, NaOD, eth-
ylenediamine (en), pyrazine (pz), pyridazine (pydz) and K;[PtCl,]
were obtained from the Aldrich Chemical Co. All common chemi-
cals were of reagent grade. The dipeptide L-histidylglycine (L-His-
Gly) was obtained from the Sigma Chemical Co. The tetrapeptide
L-methionylglycyl-L-histidylglycineamide (L-Met-Gly-L-His-
GlyNH,) was synthesized by manual solid phase peptide synthesis
using Fmoc-chemistry [7,8]. The peptide was purified using semi-
preparative RP-HPLC, and analyzed by analytical HPLC and electro-
spray ionization mass spectrometry. The terminal amino group in
these peptides was acetylated by a standard method [9].

2.2. Preparation of the {[Pt(en)Cl],( u-pydz)}Cl, and {[Pt(en)Cl]5(u-
pz)}Cl, complexes

The {[Pt(en)Cl],(u-pz)}Cl, was prepared by a published proce-
dure [5]. The purity of the complex was checked by elemental
microanalyses and 'H NMR spectroscopy.

The {[Pt(en)Cl](u-pydz)}Cl, complex was synthesized by mod-
ification of the procedure published in the literature [5,10,11]. The
mononuclear [Pt(en)Cl,] complex was converted into the corre-
sponding monodimethylformamide (dmf) complex
[Pt(en)(dmf)CI]NO3 by treatment with 0.98 equivalents of AgNOs.
To a solution of 62.6 mg (0.368 mmol) of AgNO5 in 5 cm® of dmf
was added a suspension of 122.6 mg (0.376 mmol) of [Pt(en)Cl;]
in 10 cm® of dmf. The mixture was stirred overnight at room tem-
perature in the dark. The precipitated AgCl was removed by filtra-
tion and resulting pale yellow dmf solution of [Pt(en)(dmf)CI]NO;
was used as the starting material for the preparation of the re-
quired pyridazine-bridged platinum(Il) complex, {[Pt(en)Cl]x(u-
pydz)}Cl,.

The dmf solution of the pyridazine ligand (13.93 pl,
0.188 mmol) was added dropwise to the solution of
[Pt(en)(dmf)CI]NOs. The mixture was stirred at room temperature
in the dark for 12 h. The solvent was then rotary evaporated and
the residue washed with ether. The crude product was dissolved

in a minimal amount of 0.5 mol/dm? LiCl aqueous solution. The
obtained solution was left overnight in the dark. The pale-yellow
precipitate of {[Pt(en)Cl],(u-pydz)}Cl, was removed by filtration,
washed with methanol and then ether, and air-dried. Yield
55.07 mg (40%). Anal. Calc. for {[Pt(en)Cl],(u-pydz)}Cl, = CgHyoNe-
Cl4Pt, (FW =732.25): C, 13.12; H, 2.75; N, 11.48. Found: C, 13.16;
H, 2.98; N, 11.19%. NMR ('H and '3C) characterization (DO,
200 MHz). 'H NMR (5, ppm): 2.78-2.82 (m, 4CH,, en), 8.14 (m,
C4H and C5H pz), 9.58 (m, C3H and C6H, pz); >*C NMR (6, ppm):
51.10 (4CH,, en), 137.33 (C4 and C5, pz), 164.36 (C3 and C6, pz).

2.3. Preparation of {[Pt(en)(H20)]x(p-pz)}** and {[Pt(en)(H20)]( u-
pydz)}* complexes

The {[Pt(en)Cl]o(u-pydz)}Cl, and {[Pt(en)Cl]x(u-pz)}Cl, com-
plexes were converted into the corresponding aqua complexes by
treatment with 3.98 equivalents of AgNOs, respectively, according
to a previously published method [12]. In each case, the formed so-
lid AgCl was removed by filtration in the dark, and the fresh solu-
tions of the aqua complexes were kept in a refrigerator and used in
the further experiments.

2.4. Measurements

All pH measurements were realized at ambient temperature
using an Iskra MA 5704 pH meter calibrated with Fischer certified
buffer solutions of pH 4.00 and 7.00. The results were not corrected
for the deuterium isotope effect.

Elemental microanalyses for carbon, hydrogen and nitrogen
were performed by the Microanalytical Laboratory, Faculty of
Chemistry, University of Belgrade.

The 'H NMR spectra of D0 solutions containing TSP (sodium
trimethylsilylpropane-3-sulfonate) as the internal reference were
recorded with a Varian Gemini 2000 spectrometer (200 MHz). Fresh
solutions of the {[Pt(en)(H,0)],(u-pydz)}*" and {[Pt(en)(H,0)],
(u-pz)}** complexes, dipeptide Ac-1-His-Gly and tetrapeptide
Ac-1.-Met-Gly-1-His-GlyNH, were prepared separately (the initial
concentration of each reactant was 40 mM) and then mixed in an
5 mm NMR tube and spectra were recorded at appropriate time
intervals. All reactions were performed at 2.0<pH<2.5 and at
37°C. The reactions between {[Pt(en)(H,0)],(u-pydz)}** and
{[Pt(en)(H20)]o(1-pz)}*" complexes and Ac-1-His-Gly dipeptide
were investigated in 1:1 while with these complexes and Ac-i-
Met-Gly-1-His-GlyNH; in 1:1 and 2:1 molar ratios, respectively.

2.5. X-ray analysis of the {[Pt(en)Cl]5(u-pydz)}Cl, complex

Diffraction data for {[Pt(en)Cl],(¢-pydz)}Cl, complex were
measured with a Xcalibur kappa-geometry diffractometer using
CrysAlisPro software [13] and monochromated Mo Ko radiation
(=0.71073 A). Crystal data and experimental details are summa-
rized in Table 1. The structure was solved by direct methods using
sHELXs-86 [14] and refined by full-matrix least-squares calculations
on F? with sueixi-97 [14]. The intensity data were corrected for
absorption effects [13]. Anisotropic displacement parameters were
refined for all non-hydrogen atomic positions. Hydrogen atoms at-
tached to the carbon and nitrogen atoms were placed in calculated
positions (methylene C-H = 0.97, aromatic C-H =0.93 and amine
N-H=0.90A). During the refinement, isotropic displacement
parameters for H-atoms were assigned 20% higher than the isotro-
pic equivalent for the atom to which the H-atom was bonded. All
H-atoms were refined as riding. siemens [15] and MErcury [16] com-
puter graphics programs were used to prepare drawings. Selected
bond distances and angles are reported in Table 2. Hydrogen-bond
parameters are listed in Table 3. Atomic coordinates, anisotropic
displacement parameters and tables of all bond distances and



Table 1
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Crystal data for {[Pt(en)Cl],(u-pydz)}Cl,.

Crystal data

Chemical formula

Ml'

Crystal system, space group

T(K)

a, b, c(A)

B(°)

vV (A%)

V4

Radiation type

u (mm~1)

Crystal size (mm)

Data collection

Diffractometer

Absorption correction

Tminr Tmax

No. of measured, independent and
observed [I > 2a(I)] reflections

Rint

(Sin 0/2)max (A1)

Refinement

R[F? > 26(F?)], wR(F?), S

No. of reflections

No. of parameters

No. of restraints

H-atom treatment

APmaxs APmin (€ A7)

[CsH20ClN6Pt,1**-2(Cl)
732.28
monoclinic, C2/c

295
12.1865(2), 10.4368(2), 14.3753(3)
103.721(2)
1776.19(6)

4
Mo Ko
16.34

0.25 x 0.20 x 0.15

Xcalibur

analytical

0.082, 0.185
17632, 1570, 1428

0.030
0.595

0.019, 0.048, 1.21
1570

91

0

H-atom parameters constrained
w = 1/[02(F2) + (0.0169P)* + 12.551P]
where P = (F2 + 2F%)/3
0.49, -1.10

Table 2

Selected bond distances and angles for {[Pt(en)Cl],(u-pydz)}Cl, (A, °).
Pt1-N2 2.011 (4) N3-C3 1.325 (7)
Pt1-N3 2.027 (4) N3-N3 1.342 (9)
Pt1-N1 2.048 (4) c2-C1 1.497 (8)
Pt1-Cl1 2.3036 (15) C3-C4 1.368 (9)
N1-C1 1.471 (7) C4-C4! 1.340 (14)
N2-C2 1.482 (7)
N2-Pt1-N3 179.55 (18) C3-N3-N3' 118.9 (3)
N2-Pt1-N1 82.77 (17) C3-N3-Pt1 123.0 (4)
N3-Pt1-N1 97.67 (18) N3-N3-Pt1 117.82 (13)
N2-Pt1-Cl1 90.68 (13) N2-C2-C1 107.8 (4)
N3-Pt1-Cl1 88.88 (13) N1-C1-C2 108.1 (4)
N1-Pt1-Cl1 173.34 (13) N3-C3-C4 123.0 (6)
C1-N1-Pt1 107.7 (3) C4i-C4-C3 118.0 (4)
C2-N2-Pt1 111.9 (3)

Symmetry code(s): (i) —x+2,y, —z+1/2.

Table 3

N-H- - -Cl hydrogen-bond parameters for {[Pt(en)Cl]>(u-pydz)}Cl,.
D-H--A D-H (A) H--A (A) D--A (A) D-H--A (°)
intramolecular hydrogen bond
N1-H1B--Cl1! 0.90 3.02 3.645(5) 128
intermolecular hydrogen bonds
N1-H1A---CI2 0.90 2.28 3.154(5) 166
N1-H1B..-CI21 0.90 2.67 3.425(5) 142
N2-H2A.--CI21 0.90 234 3.215(5) 162
N2-H2B---CI2"V 0.90 2.32 3.191(5) 162

Symmetry code(s): (i) —x +2,y, —z+1/2; (ii) —x +3/2,y + 1/2, —z + 1/2; (ili) x + 1/2,

y+1/2,z; (iv) —x+3/2, —y +1/2, —z.

angles have been deposited at the Cambridge Crystallographic Data
Centre (Deposition No. CCDC 946083).

3. Results and discussion

New binuclear {[Pt(en)Cl]>(u-pydz)}Cl, (pydz is pyridazine),
which is an analog of the previously reported {[Pt(en)Cl],(u-pz)}Cl,
complex (pz is pyrazine), has been synthesized and characterized
by elemental microanalysis, NMR (*H and '3C) spectroscopy and
X-ray crystallography. In the present study these two complexes
were converted into the corresponding aqua complexes,
{[Pt(en)(H20)]x(u-pydz)}** and {[Pt(en)(H,0)]x(u-pz)}**, and their
catalytic activity in the hydrolysis of the amide bond of Ac-L-His-
Gly and Ac-1.-Met-Gly-1-His-GlyNH, peptides have been compared
by using '"H NMR spectroscopy (Fig. 1). The terminal amino group
in these peptides was acetylated to protect its binding to Pt(II). All
reactions were performed in the pH range 2.0-2.5 and at 37 °C. As
was shown in many previous studies [17-22], acidic solutions are
needed to suppress the formation of hydroxo-bridged oligomeric
Pt(II) complexes, which are catalytically inactive. The chelate eth-
ylenediamine, bridging pz and pydz ligands in these complexes
are inert to substitution and are expected to remain bound to the
platinum(Il) atom during the reactions with Ac-L-His-Gly and Ac-
1-Met-Gly-1-His-GlyNH, peptides.

3.1. Crystal structure of {[Pt(en)Cl]»(u-pydz)}Cly

The {[Pt(en)Cl]y(u-pydz)}Cl;, crystallizes in the centrosymmet-
ric space group C2/c with Z = 4. Details are given in Table 1. Draw-
ing of the molecular structure of the cation is depicted in Fig. 2. In
crystal, the cation {[Pt(en)Cl],(u-pydz)}** possesses C, symmetry,
one consequence of which is that the two ethylenediamine five-
membered rings present in a molecule adopt conformation of the
same helicity, which is ¢ for the molecule presented in Fig. 2." This
is contrasted with the {[Pt(en)Cl],(u-pz)}** complex cation, in which
the rings adopted antipodal conformations. Selected bond distances
and angles are given in Table 2. The Pt-N and Pt-Cl bond lengths are
in the expected ranges; similar distances were found in the crystal
structures of other platinum complexes with an [N5Cl] environment.
The tilt angle between the neighboring platinum coordination
planes, defined by three nitrogen atoms and a chloride ion, is
52.0(1)°, while the interplanar angle between the Pt coordination
plane and the pyridazine ring plane amounts to 76.5(2)°. In the anal-
ogous pyrazine complex the two values were markedly different, i.e.
0.0 and 58.4(1)°, respectively. The Pt atoms are square-planar coor-
dinated (angle sum is 360.0°), and no significant deviation from the
right angle is present within the [PtN3CI]* unit. As a result of the two
ortho-arranged nitrogen donor atoms of pyridazine, the distance be-
tween intramolecular Pt atoms (3.2535(4) A) is shorter than a double
van der Waals radius for Pt [1.72 x 2 =3.44 A], and much shorter
than in the closely related {[Pt(en)Cl]y(u-pz)}** cation
(6.7890(3) A) [5] but comparable to the Pt.--Pt distances found in
several multiply-bridged platinum(Il) complexes. The pydz bridge
is supported by a pair of intramolecular hydrogen bonds between
the amine group of one platinum unit and the chlorido ligand of an-
other platinum unit, which provides an additional stabilization of
the dimeric structure and causes noticeable crowding around the
Pt(II) centers and the chlorido ligands (Fig. 3). However, a key struc-
tural feature of the investigated bisplatinum(II) complex is a pair of
NH- - -Cl™---HN hydrogen bond linkers (CI2 and its two-fold equiva-
lent) that play a role of supramolecular supporters of a bridge
formed between the two Pt(II) metal centers by the coordinated pyr-
idazine (Fig. 3). This is contrasted with the function of an uncoordi-
nated chloride anion in a closely related {[Pt(en)Cl],(u-pz)}Cl,
complex, in which the CI~ anions, located above and below the

! 1t should be noted that in this centrosymmetric crystal there is an equal amount
of molecules possessing the ethylenediamine rings in A conformation.
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Fig. 1. The binuclear platinum(Il) complexes and N-acetylated histidine- and methionine-containing peptides employed in this study.

Fig. 2. Perspective view of the {[Pt(en)Cl],(u-pydz)}** complex cation. The molec-
ular cation occupies two-fold symmetry site. The symmetry independent part of the
complex is marked by labeled atoms. Displacement ellipsoids are drawn at 40%
probability level and H-atoms are shown as spheres of arbitrary radii.

pyrazine rings, are involved in anion- - - interactions with these aro-
matic rings, thus stabilizing crystal rather than molecular structure.
Platinum(Il) pydz complexes deposited in the Cambridge Structural
Data Base (CSD ver. 5.34 + 2 updates) [23] contain solely monoden-
tate pyridazine ligand (POSPIW & POSPOC [24]), while both mono-
dentate and bidentate bridging coordination are seen in Pt(IV)
complexes (PILMUS [25] and ZEWKOB [26] monodentate; HERCEM
[27] bidentate bridging). Moreover, the CSD search has revealed that
in 85 out of 86 structures, in which pyridazine ligand is coordinated
to two metal centers, a single pyridazine bridge is either supported
by other pyridazine bridges or by second bridging unit(s) such as
metal-metal bond, coordinated sulfido, sulfato, oxido, hydroxido,
chlorido, iodido, methyleno, azido, nitrato, carbonylo, perchlorato,
thiocyanato groups, or other binucleating macrocycles and rings,
the only exception being the presence of a single pyridazine bridge
in infinite helical complexes with sliver salts [28]. In this respect,
the reported complex cation, containing a pair of NH--.Cl---HN
hydrogen bond linkers that play a role of supramolecular supporters
of a bridge formed between two metal centers by the coordinated
pyridazine is unprecedented.

Fig. 3. View of the {[Pt(en)Cl],(u-pydz)}Cl, complex showing a support provided by
the hydrogen-bond bridges for the bidentate bridging function of the pyridazine
ring.

3.2. Crystal packing of the {[Pt(en)Cl]5(u-pydz)}Cl, complex

In the crystal lattice the complex cations are arranged in (001)
layers (Fig. 4). The molecules in the neighboring layers are related
by the c-glide plane and are shifted with respect to the ones lying
in the neighboring layers. The chloride anions are also located in
these layers. The amine ligands are donors of hydrogen bonds to-
ward the chloride atoms acting as fourfold acceptors (Fig. 4,
Table 3). As in the crystal structure of {[Pt(en)Cl],(u-pz)}Cl,
complex, the coordinated chloride anion (CI1) is not involved in
hydrogen bonding or any other specific intermolecular
interactions.
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Fig. 4. Packing of the {[Pt(en)Cl],(u-pydz)}Cl, complex molecules viewed along the b-direction. Shaded area displays one of the (001) molecular layers.

3.3. '"H NMR comparative study of the hydrolysis of Ac-1-His-Gly and
Ac-1-Met-Gly-1-His-GlyNH, peptides in the presence of
{[Pt(en)(H:0)]x(1-pz)}*" and {[Pt(en)(H>0)]x( p-pydz)}** complexes

3.3.1. Ac-1-His-Gly

When an equimolar amount of {[Pt(en)(H,0)],( u-pz)}** was incu-
bated with Ac-1-His-Gly dipeptide at 37 °C and 2.0 < pH < 2.5 only
two NMR detectable {{Pt(en)(Ac-L-His-Gly-N3)](u-pz)[Pt(en)(H,0)] }**
and {[Pt(en)(Ac-L-His-Gly-N1)](nu-pz)[Pt(en)(H,0)]}** complexes
were observed in the reaction mixture after 48 h (Fig. 5aand Table 4).
These complexes, distinguished on the basis of the chemical shifts of
imidazole protons, were linkage isomers of each other with a uni-
dentate coordination of binuclear {[Pt(en)(H,0)],(u-pz)}** complex
via the N3 or N1 atom to the imidazole ring of Ac-L.-His-Gly dipep-
tide. The chemical shifts of the C2H and C5H imidazole protons for
these complexes were compared with those for the reaction
of Ac-1-His-Gly dipeptide with mononuclear [Pd(en)(H,0),]**
[17,20-22] (en is bidentate coordinated ethylenediamine) and
[Pt(dien)Cl]" complexes [29]. It follows from this comparison, that
the Pt(II)-peptide complexes formed in the reaction of the binuclear
{[Pt(en)(H,0)]2(u-pz)}** complex and Ac-1-His-Gly are identical to
those formed in the reaction of this dipeptide with [Pd(en)(H,0),]**
and [Pt(dien)CI]" complexes (Table 4). The previous experiments
with various histidine-containing peptides and various mononu-
clear [Pd(L)(H,0),]*" type complexes (L stands for the bidentate
coordinated diamine ligand) showed that only monodentate coordi-
nation of the peptide via the N3 atom of the imidazole to the Pd(II)
ion effects hydrolytic cleavage of the amide bond involving the car-
boxylic group of histidine [17,20-22,30-33]. This was explained by
the fact that this coordination mode permits the necessary close ap-
proach of the Pd(II) ion and its aqua ligand to the scissile peptide
bond. In the reaction between {[Pt(en)(H,0)],(¢-pz)}* and Ac-1-
His-Gly, no release of either ethylenediamine or pyrazine ligands
from Pt(Il) was observed. During this reaction, the '"H NMR reso-
nance at 3.89 ppm due to the Gly protons of Ac-L-His-Gly dipeptide
decreased, while that at 3.77 ppm of free glycine increased. Upon
addition of glycine to the reaction mixture, its resonance was en-
hanced. This undoubtedly confirmed that in the Ac-L-His-Gly dipep-
tide the hydrolysis of the amide bond involving the carboxylic group
of histidine has occurred. The concentrations of Ac-L.-His-Gly and the
hydrolysis products were determined from the known initial con-
centration of the dipeptide and from the integrated resonance of
the free glycine. The cleavage of Ac-L-His-Gly was regioselective

and about 50% of the His-Gly bond in this dipeptide has cleaved after
48 h.

In the reaction between {[Pt(en)(H,0)],(u-pydz) and
Ac-1-His-Gly, under the above mentioned experimental conditions,
no binding of the platinum(II) complex to either N3 or N1 nitrogen
atoms of imidazole ring was observed during 48 h. As a consequence
of the absence of Pt(II) coordination to the imidazole ring, no hydro-
lysis of any of the amide bonds has occurred. Difference in the reac-
tivity of the two platinum(II) complexes, {[Pt(en)(H,0)]o( u-pydz)}**
and {[Pt(en)(H,0)]y(u-pz)}**, with imidazole ring of the Ac-L-
His-Gly can without doubt be attributed to the presence of different
bridging ligand in these complexes.

}4+

3.3.2. Ac-L-Met-Gly-1-His-GlyNH,

Mixing of the {[Pt(en)(H,0)]»(u-pz)}** and {[Pt(en)(H,0)],
(u-pydz)}** complexes with an equimolar amount of Ac-L-Met-
Gly-1-His-GIyNH, at 37°C and 2.0<pH<2.5 resulted in the
spontaneous coordination of these two platinum(Il) complexes to
the methionine sulfur atom of the tetrapeptide. The coordination
of Ac-1-Met-Gly-1-His-GIyNH, through the sulfur atom of
methionine shifted the resonance for the methyl protons of free
methionine at 2.10 ppm downfield to 2.50 ppm and this reaction
was completed after 10 min for the {[Pt(en)(H,0)],(u-pz)}** com-
plex and after 30 min for the {[Pt(en)(H,0)],(u-pydz)}** complex.
These chemical shifts are in accordance with those previously re-
ported for the reaction of platinum(Il) complexes with different
methionine-containing molecules [5,6,22,30,34,35]. With an equi-
molar amounts of the reactants, no coordination of the investi-
gated binuclear Pt(Il) complexes to the nitrogen atoms of the
imidazole ring was observed. The monodentate coordination of
Ac-1-Met-Gly-1-His-GlyNH, to the {[Pt(en)(H,0)],(u-pz)}* and {[Pt(en)
(H20)]2(u-pydz)}** complexes resulted in formation of two plati-
num(Il)-peptide complexes {[Pt(en)(Ac-L.-Met-Gly-1-His-GlyNH,-S)]
(n-pz)[Pt(en)(H,0)]}** and {[Pt(en)(Ac-L.-Met-Gly-1-His-GlyNH,-
$)](u-pydz)[Pt(en)(H,0)]}** both containing sulfur-coordinated
methionine side chain (Fig. 5b). These complexes are intermediate
products as they further promote the regioselective cleavage of the
Met-Gly amide bond in the Ac-.-Met-Gly-1-His-GlyNH, tetrapep-
tide. This hydrolytic reaction can be monitored successfully using
the TH NMR spectroscopy by comparing the glycine protons (Gly
next to Met) in the Pt(Il)-tetrapeptide complexes with those in
the Gly-1-His-GlyNH, hydrolytic product. The resonance at
3.94 ppm corresponding to the glycine protons of the tetrapeptide
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Fig. 5. (a) Two Pt(Il)-peptide complexes formed in the reaction of Ac-L-His-Gly with {[Pt(en)(H,0)],(1-pz)}**. The same mode of histidine coordination was observed in the
reaction of Ac-L.-Met-Gly-L-His-GlyNH, tetrapeptide with an excess of {[Pt(en)(H,0)],(x-pz)}** complex (1:2 molar ratio, respectively). No coordination of histidine side chain
was observed in the reaction between these two peptides and analog {[Pt(en)(H,0)],(x-pydz)}** complex. (b) Schematic drawing of the hydrolytically active methionine
bound Pt(II)-peptide complex formed in the reaction of {[Pt(en)(H,0)]o(#-pz)}** and {[Pt(en)(H,0)],(u-pydz)}** complexes with an equimolar amount of Ac-L-Met-Gly-1-His-

GlyNH, tetrapeptide.

Table 4

Identification of the Pt(Il)-peptide complexes according to the chemical shifts of the
imidazole protons for the reactions of {[Pt(en)(H,0)],(u-pz)}** complex with Ac-1-
His-Gly and Ac-1.-Met-Gly-1-His-GlyNH, peptides. All reactions were performed in the
pH range 2.0 < pH < 2.5 and 37 °C. No coordination of {[Pt(en)(H,0)],(u-pydz)}** with
histidine side chain was observed in the reaction with these peptides. These chemical
shifts were compared with those for the reactions of [Pd(en)(H,0),]** and
[Pt(dien)Cl]* with Ac-i-His-Gly [20,29] and [Pt(en)(H0),]** with Ac-L-Met-Gly-L-
His-GlyNH, [30].

Peptide/Pt(Il)-peptide complex Imidazole Ref.

protons (J,
ppm)
C2H C5H
Ac-1-His-Gly 8.61 733 This
work
{[Pt(en)(Ac-L-His-Gly-N3)](p-pz)[Pt(en)(H,0)]}** 8.09 7.10 This
work
{[Pt(en)(Ac-L-His-Gly-N1)](u-pz)[Pt(en)(H,0)]}** 7.96 6.95 This
work
[Pd(en)(H,0)(Ac-L-His-Gly-N3)]>* 8.03 7.1 [20]
[Pd(en)(H,0)(Ac-L-His-Gly-N1)]** 7.87 6.89 [20]
[Pt(dien)(Ac-L-His-Gly-N3)]**2 8.00 7.12 [29]
[Pt(dien)(Ac-L-His-Gly-N1)]>** 7.88 685 [29]
Ac-1.-Met-Gly-1-His-GlyNH, 8.63 731 This
work
{[Pt(en)(Ac-L-Met-Gly-L-His-GlyNH>-N3)]( u- 8.07 7.09 This
pz)[Pt(en)(H,0)]}** work
{[Pt(en)(Ac-L.-Met-Gly-L-His-GlyNH,-N1)]( u-pz) 7.92 6.92 This
[Pt(en)(H,0)]}* work
{[Pt(dien)( y-Ac-L-Met-Gly-L-His-GlyNH,- 814 7.10 [30]
N3)][Pt(en)(H,0)]}**
{[Pt(dien)( u-Ac-L-Met-Gly-L-His-GlyNH,- 7.88 6.89 [30]

ND)][Pt(en)(H0)]}*"

2 pH 7.0.

v>» 4%?/

N
\1{[F’t (en)(H,0)ly(u-pydz)}**

Fig. 6. Schematic presentation of the regioselective cleavage of the amide bond
involving the carboxylic group of methionine in the theoretically proposed
polypeptide containing both methionine and histidine residues, promoted by the
binuclear {[Pt(en)(H,0)],(u-pydz)}** complex.

attached to platinum(ll) in the {[Pt(en)(Ac-.-Met-Gly-L-His-
GlyNH,-S)](p-pz)[Pt(en)(H,0)[}** and {[Pt(en)(Ac-L-Met-Gly-L-
His-GlyNH,-S)](u-pydz)[Pt(en)(H,0)]}** complexes has decreased
while that at 3.85 ppm for Gly-1-His-GlyNH, has increased. Upon
addition of Gly-1-His-GlyNH, tripeptide to the reaction mixture,
the resonance at 3.85 ppm was enhanced. The amount of the
hydrolyzed Met-Gly amide bond in the Pt(Il)-tetrapeptide com-
plexes was determined by integration of the above mentioned res-
onances. It was found that after 48 h, 80% of this amide bond was
hydrolyzed with {[Pt(en)(H,0)]»(u-pz)}** and only 50% with
{[Pt(en)(H20)]2(x-pydz)}*".

The hydrolytic cleavage of the Ac-L.-Met-Gly-L-His-GlyNH, tetra-
peptide was studied in the presence of an excess of {[Pt(en)
(H0)]x(p-pz)}** and {[Pt(en)(H,0)]5(u-pydz)}*" complexes. The
Pt(II) complex and the peptide were mixed in 2:1 molar ratio,
respectively, and all reactions were performed at 2.0 < pH < 2.5
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and 37 °C. In the reaction of {[Pt(en)(H,0)]o(1t-pz)}** with Ac-L.-Met-
Gly-1-His-GlyNH,, along with {[Pt(en)(Ac-L.-Met-Gly-L-His-GlyNH,-
$)](u-pz)[Pt(en)(H,0)]}**complex, two new Pt(Il)-tetrapeptide
complexes were detected in solution. These new complexes resulted
from coordination of {[Pt(en)(H,0)],(u-pz)}** complex to either N3
or N1 nitrogen atom of the imidazole ring. The structures of these
complexes were identical to those for the reaction of the {[Pt(en)(H,.
0)]2(u-pz)}** complex with Ac-.-His-Gly dipeptide (Fig. 5a and
Table 4). In the reaction between {[Pt(en)(H,0)],(u-pz)}** complex
and Ac-L-Met-Gly-L-His-GlyNH,; performed in an excess of the Pt(II)
complex two amide bonds had been hydrolyzed. We found that
along with the hydrolysis of the Met-Gly amide bond promoted by
coordination of the Pt(II) to the methionine side chain, the other
amide bond of this tetrapeptide, namely the one involving the car-
boxylic group of histidine, was also cleaved. As we discussed for
Ac-1-His-Gly dipeptide, the cleavage of the latter bond in Ac-L-
Met-Gly-1-His-GlyNH, resulted from the binding of Pt(Il) to N3
imidazole nitrogen of the histidine side chain. During hydrolysis of
this amide bond, the 'H NMR resonance at 3.94 ppm due to the
GlyNH, protons of Ac-i-Met-Gly-1-His-GlyNH, decreased, while
that at 3.70 ppm of free GlyNH, increased. Upon addition of GlyNH,
to the reaction mixture, its resonance was enhanced. The amount of
the hydrolyzed His-GlyNH, amide bond was determined from the
known initial concentration of tetrapeptide and from the integrated
resonance of free GlyNH,. We have found that in the presence of an
excess of the {[Pt(en)(H,0)],(-pz)}** more than 80% of the Met-Gly
and 28% of His-GlyNH, amide bonds in the Ac-L-Met-Gly-L-His-
GlyNH, tetrapeptide were cleaved after 48 h.

When Ac-1.-Met-Gly-1-His-GlyNH, tetrapeptide was mixed with
an excess of {[Pt(en)(H,0)],(u-pydz)}** complex (1:2 molar ratio,
respectively), under the above mentioned experimental conditions,
only hydrolysis of the amide bond involving the methionine car-
boxylic group of amino acid (Met-Gly amide bond) has occurred.
As a consequence of the absence of the Pt(Il) coordination to the
imidazole ring no hydrolysis of the amide bond involving the his-
tidine carboxylic group has occurred. This can be attributed to the
large steric hindrance between this complex and the imidazole
ring of the histidine side chain.

4. Conclusions and prospects

Our investigations aimed at the catalytic activity between two
binuclear Pt(Il)-aqua complexes, {[Pt(en)(H,0)]5(u-pydz)}** and
{[Pt(en)(H,0)]2(u-pz)}**, in the hydrolysis of the amide bond
of methionine- and histidine-containing peptides point that
the pyrazine-bridged Pt(II) complex is more reactive with these
peptides than the analogous pyridazine complex. While the
{[Pt(en)(H,0)],(u-pydz)}** complex only reacts with methionine
sulfur atom and promotes the sole cleavage of the amide bond
involving the carboxylic group of this amino acid, the analogous pyr-
azine Pt(Il) dimer reacts with both residues promoting cleavage of
the amide bonds involving the carboxylic groups of both methionine
and histidine. Such catalytic disparity might be explained by a hid-
den position of the Pt(II) centers in the {[Pt(en)Cl](u-pydz)}Cl,
complex caused by their close proximity due to the ortho-substitu-
tion (the two Pt(Il) centers are only 3.2535(4) A apart), compared
to the separation of 6.7890(3) A in {[Pt(en)Cl],(u-pz)}Cl,, and an
additional steric hindrance from the amine ligand, which in
{[Pt(en)Cl],(u-pydz)}Cl, is hydrogen bonded to the chlorido ligand
belonging to the other Pt(Il) center. Displacement of this chlorido li-
gand by a water molecule would make this hydrogen bond shorter

due to the shortening of the metal-ligand bond distance. Consider-
ing these results we can propose that the regioselective cleavage of
the amide bond involving the carboxylic group of methionine in the
polypeptide containing both methionine and histidine residues can
be achieved successfully by using the presently investigated pyrid-
azine-bridged Pt(II) complex (Fig. 6). This finding should be taken
into consideration in designing new binuclear Pt(Il) complexes for
the regioselective cleavage of peptides and proteins. Studies aimed
at investigating these new possible synthetic metalpeptidases are
in progress.
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Aobujarbe 6Guno  Koje aAunnoMe npema CTYAWJCKMM  MporpaMuMma  Apyrux
BMCOKOWKONCKUX yCTaHOBa,

s [a Cy pPe3synTaTh KOPEKTHO HaBeAeHU n
e 1@ HUCaM KPWWO/Na ayTopcKa npasa U KOPUCTMO WHTENEKTYasiHy CBOJUHY ApYyrvx
nnua.
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OBPA3ALU 2.
M3jaga 0 MCTOBETHOCTM LWITAMNAHE N ENIEKTPOHCKE Bep3uje AOKTOPCKOr pana

MMe u npesume aytopa ,AHP#O /] Auwhyuy
Bpoj ynuca 14/06¢
Cryamjckn nporpam AL ORTDPCE PEABLEMCLE (OTVOUIE

Hacnos pana CHRTESA i kAAAKTEMININ NOYHYAERPINX WAINY KLEAPI SohonFLCH MpTme()  nenprwsane  BIORBIE  PEALkIA (A
Mewtop g Cheacanp _ PAIKOBURK NELMY WA

Nornucaumn -Aﬂm 7 Awpyuy

u3jasrbyjeM Aa je wraMnaHa sep3nja Mor AOKTOPCKOr paaa MCTOBEeTHa e/1eKTPOHCKO]
Bep3uju  Kojy cam npepao/na 3a objas/puBarbe Ha o noprany AururanHor
penosuTopujyma YHusep3surTera y Kparyjesuy.

[o3so/masam aa ce objase MOjU NUYHM NogauM Be3aHu 3a Aobujarbe akaaeMcKor 3Barba
AOKTOpa Hayka, Kao WTo Cy uMe 1 npesuMme, roguHa un Mecto poherwa n patym oabpaxe
paaa.

OBu nnyHK nogaumn Mory ce o6jaBuTu Ha MpEXHUM CTpaHuuama aurutanHe bubnuorexe, y
eNeKTPoOHCKOM KaTtanory v y nybnukauunjama YHusep3autera y Kparyjesuy.
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OBPA3ALU 3.

W3jasa o kopnwhery

Osnawhyjem Yausep3autercky 6ubnuoteky aa y [AMrutanHu penosutopujym YHueepsuteta
y Kparyjesuy yHece Mojy AOKTOPCKY AUCEpTauunjy noj HacnoBoM:

CHTEID N _LArAKTELNISUNIND  MOBOHIKAEALHUX 1] LupYKNELLH X

Koja je Moje ayTopcKo Aeno.

J[ncepTaumnjy ca CBUM NpUno3vmMa npeaao/na caMm y enekTpoHckoMm opmaTy noroaHoM 3a
TPajHO apxusuparse.

Mojy AOKTOPCKY AucepTaumnjy noxparbeHy y AurutanHu peno3uTtopujym YHusepauterta y
Kparyjesuy Mory Aa KOpWUCTE CBW KOjU nowTyjy oapeabe caapxaHe y ogabpaHom Tuny
nuuexue KpeatusHe 3ajegHuue (Creative Commons) 3a Kojy cam ce oany4yno/na.

. AyTOpPCTBO
. AYyTOPCTBO - HEKOMEPUNjanHo
3. AyTOpCTBO — HeKomepuunjanHo — 6e3 npepaae
4. AyTOPCTBO — HEKOMEPLMJANHO ~ AENNUTU NOA UCTUM yCnoBuMa
5. AytopcTteo - 6es npepape
6. AYyTOPCTBO ~ AE/UTY NOA UCTUM YyCnoBuMa

(MonuMo fia 3a0KPYyXUTe CaMo jeaHy 04 wecT noHyheHux nuueHun, 4uju je kparak onuc
Aar je Ha obpacuy 6poj 4.).
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